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Domestic production.—Although so many varieties of gem stones are 
known to occur in the United States, many of which afford fine speci- 
mens, While a few valuable stones are exclusively indigenous, the annual 
output is still very small in comparison with the prospective extent of 
the field. It is impossible to obtain exact statistics of the product, but 
an extensive correspondence with experts and dealers justifies an esti- 
mite of between $50,000 and $60,000 as the sales in 1882 of cut gem 
stones of domestic production, exclusive of the gold quartz souvenirs, 
which should be credited to precious metal mining. The value of the 
stones before cutting was much less—probably little above $10,000, as 
about four-fifths of the market value of the stones represents the enhance- 
ment due to eutting. This apples more strictly to the common gem 
stones; and in the ease of agates and moss-agates the valne of the un- 
eut stones is often not one per cent. of the price of the gems after cut- 
ting. The amount stated as the value of uncut stones is of those sold 
to be cut; besides which, as shown in the accompanying paper by Mr. 
Kunz, there are sales of small amounts, to tourists and collectors, of 
stones which are valued merely as specimens, and which do not reach 
the gem market. 

Few persons are familiar with the appearance of gem stones in their 
native state; so that while quartz pebbles are often mistaken for rongh 
diamonds, garnets for rubies, ilmenite for black diamonds, ete., on the 
other hand it is quite probable that many valuable occurrences have 
escaped notice. The competition of the cheap foreign cutting is also a 
disadvantageous factor. 

Imports and re-exports.—The following tables show tlie values of foreign 
stones imported and re-exported during a series of years. They prob- 
ably include small quantities of American stones, as these are sometimes 
eut in Europe and thus lose their identity. 


Precious stones importcd into the United States during the fiscal years specified (specie values), 
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Values. 
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Values. 
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Precious stones of foreign production exported from the United States during the fiscal ycars 
specified. 
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An annual importation of $8,000,000 worth of precious stones (to say 
nothing of the considerable quantities Smuggled, which escape the 
record), shows that this country is an exceptionally heavy purchaser— 
as would be supposed even in the absence of statistics. The imports 
vary greatly in different periods and are largely determined, as may be 
seen by acomparison of the years cited, by changes in the general pros- 
perity or by speculative profits. The new tariff law fixes the duty on 
precious stones of all kinds at 10 per centum ad valorem. 


AMERICAN GEMS AND PRECIOUS STONES. (a) 
By Gro. F. KUNZ. 


In the United States, systematic mining for gems and precious stones 
is being carried on at only two places, viz., Paris, Maine, and Stony 
Point, North Carolina. In other cases where gems are found they are 
either met with accidentally, or occur in connection with other materials 
that are being mined, or in small veins which are only occasionally met 
with. They are often gathered with little system on the surface, as is 
the case with the sapphire, garnet, and olivine found in Montana and 
New Mexico; or from the beds of streams and decomposing rock, as 


«This paper is the result of an application by Mr. Williams to Messrs. Tiffany & 
Co., of New York City, for the purpose of obtaining certain facts relative to the gems 
and precious stones of the United States. I may here state that whatever informa- 
tion is presented is due to the usual courtesy and generosity of that firm, whenever 
they can assist in advancing science or art, in placing at my disposal not only all the 
facts and material at their command, but also the time required by me in collecting 
whatever other existing data there might be relative to this subject. In view of the 
little that has been published and the paucity of reliable facts, it is hoped that the 
deficiencies in this article may be overlooked.—G. F. K. , 
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the moss-agate from Colorado; or on beaches, as the agate, chlorastro- 
lite and thomsonsite from Lake Superior. 

Nearly all the gems found in these ways are sent to the large cities 
in small parcels, or are sold at the localities to tourists, or are sent 
to other localities to be sold as having been found in the vicinity. 
Many of the gems are known only locally, some to mineralogists only, 
and others that are mentioned here are known only to a certain few 
who constitute the gem collectors of the United States, and whose one 
object is to find something that possesses the qualities of a gem or 
precious stone, for the purpose of enriching their cabinets ; still a list 
of this kind will be of interest and value to tLe mineralogist and to 
many others who may have never known of their existence in this 
country, to whom this knowledge may have a commercial value; should 
some of these minerals be met with in sufficient quantities and of good 
quality; it may also direct attention to what has a value and has not 
heretofore been utilized. Wherever a gem is mentioned from the sale 
of which a small amount has been realized, it is mentioned merely to 
note its occurrence in this country, whereas in other countries the gem 
is often foand of better quality and in larger quantities. <A list is 
added of the principal gems that have not been found in this country, 
and also a list of those that have not been found elsewhere. 

We know that the mound builders have worked the turquois mines of 
New Mexico, that they have made arrow and spear points of rock crys- 
tal, smoky quartz, and obsidian, and that they have buried crystals of 
quartz with their dead; that the fluorite of Hardin county, [linois, was 
by them worked into ornaments. and that some of the most beautiful 
agatized and opalized woods, agates, jaspers, and obsidian were by them 
worked into arrow-points, and now after a long time are mounted as 
ornaments by the white man, the precious stones thus serving a double 
purpose. 

Diamonds.—Diamonds have been occasionally found at a number of 
localities in the United States, but as yet at no place has more than an 
occasional crystal occurred, never enough to warrant any extended min- 
ing for them. The diamond found at Manchester, opposite Richmond, 
Virginia, weighing after it was cut over 10 karats, is worthy of mention. 
An occasional stone has also been found at the Portis mine, North Car- 
olina, Hall county, Georgia, (a) and with platinum in Oregon. They are 
also reported from Idaho, San Juan county, Colorado, and from Cher- 
okee Flat and several other localities in Butte county, California. A 
beantiful crystal that cut a remarkably fine three-eighths karat stone 
was found near San Francisco. Two crystals weighing over2 Karats each 
areon exhibition at a jeweler’s in Indianapolis, and are said to have been 
found in Indiana. Within the past year a diamond is reported to have 
been found in Missouri by a hunter who was stopping to take a drink 
of water ata small brook. This diamond weighs 24 karats, and by some 


a American Journal of Science, I1., ii., 253, and xv., 373. 
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experienced judges is pronounced of Brazilian origin, so that the occur- 
rence is somewhat doubtfal. 

Many experienced geologists hold to the opinion that so many of the 
associations of the diamond are present in North Carolina that they have 
hopes of their being found there. The garnet districts of Arizona and 
New Mexico may also be looked upon as favorable for the occur- 
rence of this gem. 

No estimate can be put on the annual amount found. Many reported 
finds of diamonds of large value in the newspapers are either myths or 
are based on the finding of rock crystal or even glass, and a diamond 
value is attached, as in the case of the Missouri diamond mentioned 
above. It would be possible for diamonds to occur and be for a long 
time overlooked in a district inhabited or frequented by no one who 
really knows the diamond in its rough state, whereas rock crystal is 
often mistaken for diamond. 

{[Mr. John H. Tyler, sr., of Richmond, Virginia, furnishes the follow- 
ing account of the large diamond found at Manchester: 

‘This diamond was found in Manchester, Chesterfield county, just 
opposite Richmond, by a laborer engaged in grading one of the streets. 
It was brought to me to ascertain its character and value. I pro- 
nounced it at once a very valuable diamond, and recommended the 
finder to keep it carefully and to see me again about it. I did not 
know his name, and have not seen him since. The next [ heard of this 
stone it was on exhibition at Ball, Black & Co.’s store in New York, 
and that it had been sold by the finder to some one in New York for 
$1,800, though I could have got for him $5,000 for it. I understand 
that it was sent to Germany to be cut. It was an octohedron, and had 
only one small black spot near one of the points, thus enabling it to be 
cut to great advantage. I was the first to examine and pronounce upon 
it.” } 

Sapphires and rubies—Sapphires and rubies have been found at Ver- 
non, New Jersey, but always more or less opaque, aud although a num- 
ber have been cut from this locality, the probability is that there has 
not been a single gem. 

At the Jenks mine, Franklin, Macon county, North Carolina, where 
corundum mining was being carried on some years ago and has re- 
cently been resumed, the mineral being mined for use as a grinding and 
polishing substance, fully fifty gems were found, some of them weighing 
two karats. Only about one-half of these were of good color, most of 
which were really gems in every sense of the word.(a) The colors were 
rich blue, violet blue, ruby red, light red, pink, and yellow; and others 
were colorless. No one of these gems had a higher value than possibly 
$100. The smaller ones were the richest in color. 

The prineipal locality for sapphires in the United States is in the gar- 
net districts near Heiena, Montana; Santa I'é, New Mexico; southern 


a Collection of Dr. Jos. Leidy. 


486 MINERAL RESOURCES. 


Colorado, and Arizona. Tere they oecur in the sand, associated with 
peridot, pyrope and almandine garnet. From this distriet they are sent 
to the cities in odd lots, as they happen to be met with, and uo regular 
searching for them is carried on. They are often found with the asso- 
ciated gems on ant-hills, which abound in this district. Two gems (a) 
trom here may be mentioned, although weighing only one-eighth of a 
karat each, one of which was a true rnby red, and the other a sapphire 
blue, colors rarely met with. The gems are usually of a light green, 
greenish blue, light blue, bluish red, light red, and red; also, of all the 
intermediate shades. They are usually dichroic, and often blue in one 
direction and red in another, or when viewed through the length of the 
crystal, and frequently all the eolors mentioned will assume a red or red- 
dish tinge by artificial light. A very interesting piece of jewelry (b) was 
made of these stones in the form ofacreseent; at one end the stones were 
red, shaded to a bluish red in the center and blue at the other end; by 
artificial light the color of all turned red. Perfect gems of from four to 
six karats each are frequently met with. Oceasionally erystals are 
found which would afford ruby and sapphire asterias of a poor quality. 

The value of the gems that are cut of material found in this district 
amounts to fally $2,000 per annum. There are, however, a great many 
found that are never cut, owing to the higher cost of cutting, and the 
greater skill required in cuttingthis gem. 

Spmel.—Spinel has been only oeceasionally met with in gem form in 
the United States. From the locality near Hamburg, Sussex county, 
New Jersey, may be mentioned specimens of a smoky-blue, a velvety- 
green, and a dark-tinted claret color; they are all very good gems and 
weigh about two karats each. (¢) Some half dozen very fine ones from 
San Luis Obispo, California, of very good quality and weighing abont 
two karats each, are also worthy of note. (d) 

Topaz.—VTopazes have been found in Arizona, New Mexico, and oc- 
casionally in southern Colorado. Those from the last-named loeality 
are of a beautiful light-blne color, and one (e) of them weighed over 30 
karats. They have also recently been found at Pike’s Peak, (f) Colorado, 
and more recently at Stoneham, (g) Maine. At both the last-named loeal- 
ities they occur in large crystals, but if cut into gems weuld afford 
only small stones of little value. The color of the Pike’s Peak topaz 
is light blue, and it is quite clear. The price of such stones is regu- 
lated by the color, perfection, and size. The supply vields less than 


a Collection of G. I’. Kunz. 

bColleetion of Tiffany & Co, 

«Coeetion of Rev. Alfred Free, 

d Collection of James W. Beath. 

eColection of Tiffany & Co. 

Jf American Journal of Science, October, L==2. 

gy American Journal of Science, W1., xxv., No, 146, p. 1613; and New York Academy of 
Sciences, November 7, [°32. 
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$100 a year at present; but it is probable that this amount will be in- 
creased in the near future by the Pike’s Peak production. 

Beryl, emerald, aquamarine.—Emerald has been found at Stony 
Point,(a) Alexander county, North Carolina, in crystals, some from eight 
to ten inches in length associated with hiddenite, rutile, and garnet. 
The crystals as a rule have a white core, and although as mineral speci- 
mens they are grand, yet few gems have been found up to the present 
time, and these of second grade. Future developments may, however, 
bring some fine gems to light. Beryl, spodumene, and the associated 
minerals have been found on the Lyons property, adjoining that of the 
Emerald and Hiddenite Mining Company. 

Aquamarine has been found at a number of localities in America, 
the principal among thein being Royalston, Massachusetts; Actworth, 
New Hampshire; Grafton, Vermont; Burke county, and Stony Point, 
North Carolina; Paris, Maine; Fitchburg, Massachusetts; and Avon- 
dale, Pennsylvania. The richest known gems from any known locality 
have been found at Royalston, (b) Massachusetts, and although small are 
almost as blue as the sapphire. Large clear gems of a light-blue and 
sea-green tint have been found at Actworth, Grafton, and Stony Point, 
at the latter locality shading into the beryl-emerald. At Stoneham, 
Maine, two fine crystals have been found in a pasture; one of which 
will farnish a fine blue gem over 20 karats in weight. The crystal of 
which only one half was found is 5 inches long and 1 inch across; it is 
equal in color to any from Siberia, but has been badly broken by frost 
or by the hand of some one who was ignorant of its valne. 

The entire amount of beryl gems found in the United States in the 
last ten years would not bring over $2,000, and they are scarcely known 
to others than collectors. 

Phenakite.—Phenakite has recently been found at Pike’s Peak, Colo- 
rado, (c) in crystals of sufficient size and quality to furnish fair gems. Some 
fair sized crystals of remarkable clearness were found here recently. 
They are equal in point of quality to any found elsewhere, and further 
finds may produce crystals equal in size to those from Siberia. Though 
rare, this gem is colorless, and hence its value is almost purely mineral- 
ogical. 

Zircon.—Zircon has not yet been found in this country in pieces suffi- 
ciently large or good to warrant cutting. Some very small erystals of 
good color have been found in Burke county, North Carolina, and the 
ends of some of the Saint Lawrence county, New York, zircons might 
eut into very small imperfect gems; but nothing further of more than 
mineralogical value has been found. 

Garnets.—The garnets found in New Mexico and Southern Colorado, 


aCf. paper by Mr. W. E. Hidden, p. 500, of this report, and American Journal of 
Science, xxii., 439, 1881. 

b Collection of G. F. Kunz. 

c American Journal of Science, October, 1882. 
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and there called “rubies,” are as fine as those from any other known 
locality, the blood-red being the most desirable. Very fine almandine, 
hyacinth yellow, and other colors, are also found associated with olivine 
and sapphire. Chester county, Pennsylvania, bas afforded some fair 
gems, and some quite fine ones have been found at Stony Point, North 
Carvlina, and at other localities, but the ouly ones used as gems are 
from New Mexico, Arizona, and Colorado, which yield annually about 
$5,000 worth of cut stones. As an example of their quality, a remark- 
ably fine one was sold to a gem connoisseur for $50, but equally good 
stones have often sold for much less. 

Essonite (cinnamon garnet)—Essonite has been found in very fine 
erystals at Phippsburg and Warren, New Hampshire; Raymond, Maine; 
and at many other points in America. Yet only occasionally crystals 
are found that will eut gems even of value to collectors. 

Grossularite has recently been found in perfect, opaque crystals in 
Gila cafion, Arizona. 

Tourmaline.—The principal source of tourmaline in the United States 
js the famous locality, Mount Mica, at Paris, Maine, which place has from 
time to time produced some of the handsomest achroites, rubellites, indiec- 
olites, and green tourmalines known. The tints of the green, blue, pink, 
and yellow tourmalines found here are usually of the light and most desir- 
able shades. (a) Work is now being earried on. The yield for 1882 was 
something over $2,000, and the entire quantity of gems that have from 
time to time been taken from this locality at the higher rate asked for 
them as American gems would possibly amount to from $50,000 to 
$65,000. 

Colored tourmalines have been found at Hebron, Norway, and Au- 
burn, Maine. Extended work imay bring as fine gems to light here as 
at Paris, Maine, as the indications are equally good at all these places. 

Colorless and brown tourmalines, which cut into fair gems, (b) have been 
found at De Kalb, New York. The fine black from Pierpont and the 
fine brown from Gouverneur, in the same State, have no value as gems. 

Lolite.—Iolite has been found at Haddam, Connecticut, in pieces of a 
dark-blue color and sufficiently clear to eut small gems, but these were 
of local and mineralogical value only, owing to their small size. 

Spodumene.—Spodumene has been found transparent at two localities 
in the United States, the variety hiddenite or “ lithia emerald” at Stony 
Point, Alexander county, North Carolina, and a variety of amethystine 
color at Branehville, Connecticut. : 

Hiddenite, (c) or “ lithia emerald,” is found associated with emerald, 
beryl, rutile, and garnet; the more valuable is the rich grass-green, and 
israrely met with. Quite perfect gems of good color, weighing 24 karats, 
have been ent. The light-green, yellow, yellow-green, and colorless 


b Collection of Dr. Joseph Leidy. 
cCf. paper by Mr. W. E. Hidden, p. 502 of this report. 
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have a lower value. -The green is a new and strictly American gem, 
and the demand exceeds the supply. This and the tourmaline are the 
only gems that are being actively mined at present. The total sale of 
gems found and sold from the beginning of operations in August, 1880, 
to the close of 1882, amounted to about $7,500, the yield in 1882, during 
which only preparatory work was being done, being about $2,000 worth 
of gems. 

The Branchville spodumene (a) would afford only very small gems of a 
light amethystine color. The alterations in color which have taken place 
have entirely changed it to what might almost be called a defunct gem, 
which would otherwise have afforded material for gems over one inch in 
thickness and several inches in length. The color before the alteration 
was probably much richer. The Branchville variety has only a miner- 
alogical value. . 

Danburite—Danburite (b) has been found in considerable abundance at 
Russell, New York. Only an occasional crystal is clear enough to cut 
even a small gem. The color is usually wine-yellow, honey-yellow, or 
yellowish brown. It has not yet been used as a gem. 

Rock crystal (quartz).—Rock erystal is found at a great many locali- 
tiesin America. In Herkimer county, at Lake George, and throughont 
the adjacent regions in New York State the calciferous sandstone con- 
tains single crystals, and at times cavities are found filled with doubly 
terminated crystals often of remarkable perfection and brilliancy; these 
are collected in numbers, cut, and often uncut are mounted in jewelry 
and sold to tourists under the name of ‘‘ Lake George diamonds.” Those 
sold in large cities under the same name are, however, often simply paste 
or glass, which possess more brilliancy but have not the same durabil- 
ity. Of the Herkimer erystals possibly $5,000 worth are sold per an- 
num. In Arkansas, at Crystal Mountain and in the region for about 
forty miles around Hot Springs, large veins of quartz are frequently 
met with. The quartz is taken to Hot Springs and Little Rock by 
the wagon load by the farmers, who often do blasting to secure the 
erystals, looking for them at such times as their crops need no atten- 
tion. In the course of a year possibly 100 loads are sold, principally as 
mementos, to the visitors at these resorts. Crystals are also sent to 
other localities for sale. Usually only one-half of the crystal is clear, 
and a clear space over two inches square is quite uncommon. Thesale 
of the uneut ones from this region amounts to fully $10,000 per annum. 

At Hot Springs clear, rolled pebbles are often sold, that have heen 
found on the banks of the Ouachita; these are more highly prized than 
the crystal, as the common fallacy prevails that they cut clearer gems. 
The searcity of these and the demand for them has so worked upon the 
cupidity of some that they have learned to produce rolled pebbles by 
putting numbers of the crystals in a box which is kept revolving for 


a American Journal of Science, i., 318, 1879. 
, bAmerican Journal of Science, UI., xx., 111., 1880. 
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afew days by a water power. Any expert, however, can discern the 
difference, since the artificial ones are a little whiter on the surface. 

Many localities in Colorado furnish fine specimens, and all along the 
New Jersey coast at Long Branch, Atlantic City, Cape May, and other 
places, transparent pebbles are found in the sand, and are sought after 
and found by the visitors, who often have them cut as souvenirs. 

Large masses of clear rock crystal have been found in North Caro- 
lina, and would be of nse in the arts. 

At all of these places large quantities of the quartz cut in gems, 
seals, and all manner of ornaments are sold as having been found in 
the vicinity. Sometimes even the stones that have been found by the 
visitors and brought by them to be cut are exchanged for those already 
eut and bronght here from Bohemia, Oldenburg, and the Jura, where 
cutting is done on a large scale and by cheap labor; the ent stones 
costing delivered in America not more than one-tenth of the price of 
cutting done here, as the rock crystal in the articles really costs very 
little. . 

The annual sale of cut stones and money expended in cutting, at the 
different localities, may amount to $20,000 or more per annum, and the 
sale of specimens to as much more. 

The clear crystal for optical purposes nsed in this country is almost 
eutirely Brazilian, not that the American is not fine enough, but the 
good material found here rarely reaches the proper channels, and the 
Brazilian is cheap and is used from custom. 

Smoky quartz or cairngorm.—Smoky quartz, smoky topaz, or eairm- 
gorm, is found in large quantities at and near Pike’s Peak, Colorado. 
It is also found to some extent at Anteros Summit, Colorado; Magnet 
Cove, Arkansas; Burke and Alexander counties, North Carolina, and 
at other points. The Pike’s Peak material is sent abroad in large quan- 
tities for entting, and the larger part 1s retnrned to be sold in tourists’ 
jewelry, principally at Denver and Colorado Springs, Colorado; Hot 
Springs, Arkansas, and other western cities and resorts. The sum 
realized from the ent material amonnts to fully $7,500 annually, and 
the crystals sold to fully $2,500 more. 

Rose quartz.— Rose quartz ocenrs in large masses at Albany and Paris, 
Maine; Southbury, Connecticut, and at many other places in Ameriea, 
but as yet it has not been used at all in the arts or as a gem. 

[Gold quartz.—Rieh pieces of gold quartz are worked into jewelry and 
souvenirs on a considerable scale in San Francisco, and toa less extent 
in many of the larger towns In the mining regions. Some of the gold 
mines in California, Oregon, Idaho, and Montana have furnished very 
fine specimens, which are especially handsome when the quartz is clear 
al the gold penetrates it in compact stringers. Gold miners, however, 
often have a prejudice against what are known as “specimen mines; ” 
that is, mines furnishing ore of this class. A few years ago it was esti- 
mated that $50,000 worth of this gold quartz was thus manntactured 
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annually, but both the demand and the supply have latterly declined.— 
fee VV, JV. | 

Amethyst—Amethyst has been found on Deer Hill, at Stowe, in a 
vein fully one-quarter ofa mile long, and at other places in Oxford county, 
Maine; Chester county, Pennsylvania; in Colorado and Virginia and 
other regions, although not affording as large fine gems as the Brazilian 
or the Siberian. It is not used except for mineralogical gem collections. 
There are a great many amethyst erystal groups sold to tourists and 
collectors, and the sales from this source may amount to from $1,500 to 
$2,000 per annum. 

' Sagenite—Sagenite, “rutile in quartz,” ‘“fleche Vamour,” or “ Venus’s 
haiv stone,” is found at many localities in the United States. The prin- 
cipal supply comes from Jredell, Alexander, and other counties in North 
Carolina. The rich red, golden yellow, brown, and intervening shades 
are often cut into oval seals and charms for use as jewelry. The stone 
gives a very pleasing effect by sun or gaslight. The quantity used an- 
nually will amount to over $250 as gems, and as much more for mineral 
specimens. 

Thetis hair stone.—Thetis hair stone, near Sneach Pond at Cumber- 
land, Rhode Island, is occasionally inet with in fair pieces, and is used 
to a limited extent in jewelry, probably less than $100 per annum. 

Hornblende in quartz is found at Diamond Hill, Rhode Island, and 
is used to some extent in jewelry, principally in the cheaper grades. 
The amount nsed annually is probably worth about $500. 

Agate and chalcedony.—Agate and chaleedony are found in a great 
many localities in America. Among them may be named Agate bay, 
Lake Superior, where large numbers of small banded agates, usually of 
a red color, are found. These are quite extensively cut and are sold to 
tourists who visit Lake Superior. Some fine large agates are found in 
different parts of Colorado and through the Rocky mountains, many of 
them very beautiful; though only a small proportion are cut or polished, 
owing to the cheapness of the agates from Brazil and Uraguay, which 
are cut and sold at so much lower rates in Germany. Nearly all the 
polished agate speeimens sold in America are from the German market. 
Possibly $2,000 worth of American agates are sold annually. 

Moss agate—Of all the Ameriean stones used in jewelry there is no 
other which is sold so cheaply, and of which so much is sold, as the 
moss agate. Those found in the brooks and streams ealled “river 
agates” are the most desirable. Nearly all are sent abroad for cutting 
and then most of them are returned for home use. When this stone 
was fashionable fiue ones were worth from $10 upwards, and as many 
as $20,000 worth were sold a year, but at present they are used only in 
cheap and tourists’ jewelry. The principal sourees of supply are Utah, 
Colorado, Montana, and Wyoming Territory. At present the moss agates 
collected amount to about $12,000 to $15,000 worth per annum, and the 
demand is declining. 
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Silicified wood.—Wood agate, wood opal, and silicified woods of all 
kinds are found in great abundance in Colorado, California, and others 
of the western States and Territories. For colors, variety, and the 
polish they admit, they are uneqnaled clsewhere; a great many articles 
of cheap jewelry and a variety of fancy articles are made from this ma- 
terial and are sold principally to tourists. Some pieces having a marked 
and desirable peculiarity or beauty are often sold at fancy prices. The 
quantity annually cut and sold amounts to nearly $10,000, and besides 
a large quantity is sold as cabinet specimens. 

Jasper.—Jasper is found at many localities and in a great variety of 
colors in the United States. <A fine green jasper is reported to have 
been found at Norman’s Kill, (@) New York, fine red, yellow, and brown 
at Murphy’s, Calaveras county, California, in great variety, and also in 
parts of Colorado. Near Colyer, Graham county, Kansas, is a bed of 
banded jasper; the colors are mainly red and yellow, with bands of 
white, and these bands are so remarkably even that the stone would 
furnish an excellent material for cameo work. Should this style of 
jewelry come into vogue again this may prove of considerable value; 
as it is, the beautiful red and yellow are so strikingly relieved by the 
white that it makes a fine ornamental stone. Jasper is very little used 
in the arts, for so common a stone, and the entire annual sales would 
not be more than $1,000. 

Novaculite—Novaculite is found at Hot Springs, Arkansas, and has 
been used to a very limited extent for cutting figures, such as owls and 
birds, for jewelry. It is pure white, and makes a very pretty orna- 
mental stone. The amonnt sold is now less than $100 worth per 
annum. 

Epidote.—Epidote, although found in many localities in the United 
States and in very large crystals ranging from brown to green in color, 
is only translucent or semi-opaque when in very minute crystals, and 
no American gems of this mineral have come to our notice. 

Idoerase.—Idocrase, although found in fine erystals of a dark-brown 
eolor at Warren, New Hampshire, Sanford and Raymond, Maine, and 
other localities, rarely oecurs with sufficient transparency to ent even 
small desirable gems. 

Chrysolite, olivine, peridot.—Peridot is found of very good quality in 
small, olive-green, pitted grains or pebbles, associated with garnet and 
sapphire, in the sands of Arizona, New Mexico, Colorado, and Montana. 
This material affords smaller gems than those from the Levant, and as 
the demand seeins to be for the large peridots and also the richer olive- 
green color peculiar to these, and not to the American, for these reasons 
only a small number of the American are eut into gems, and $500 will 
fully cover the amonnt sold annually. 


aA fine specimen of heliotrope or bloodstone is reported toe have been found here, 
but the same tinder reported a similar and entirely unreliable occurrence in Texas, and 
the stones from both are evidently of foreign origin. 
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Rutile.—Rutile has been found of sufficient compactness and luster 
in Alexander county, North Carolina, and at Graves mountain, Geor- 
gia, to be used as a gem.(a) The rutile from the former locality, when 
cut, more closely resembles the black diamond in color and luster than 
any other known gem. If enough could be found fit for cutting, it 
would become popular asarich mourning gem. Therutile from Graves 
mountain, when cut, more nearly approaches the garnet in color, and 
is therefore not as desirable. 

Hematite —Hematite, althongh found at many localities in the United 
States, is rarely compact enough for cutting, and is not used for that 
purpose, owing to the cheapness of the foreign mineral and cheap-cut 
gems sent to this country. Some exceptionally small, richly-colored 
pieces have been found near Gainesville, Georgia. The cut specimens 
sold at the Lake Superior resorts are almost entirely of foreign stone 
and cutting. ; 

Isopyre.—Isopyre(b) is found in small veins from one to three inches in 
width at the iron mines near Dover, New Jersey. In colorit very nearly 
resembles the darker green jasper, or, in other words, bloodstone with- 
out the red spots. It is used only as a gem in the cabinets of collectors. 

Prehnite.—Prelhnite (c) has been found at a number of localities in the 
United States, and gems have been cut from material found at Bergen 
Hill and Paterson, New Jersey. 

Zonochlorite.—Zonoehlorite has been found only at Neepigon bay, 
Lake Superior, and is scareely known as a gem, except to collectors, 
some of the specimens showing the rich dark-green tints, arranged in 
concentric layers, and are very beautiful. 

Turquois.—This stone has been found at three localities in the United 
States—Los Cerilles, New Mexico, Turquois mountain, Cochise county, 
Arizona, and at a point in Southern Nevada. At the latter place it occurs 
ip veins of small grains in a hard shaly sandstone. The color of this 
turquois is arich blue, almost equal to the finest Persian, and the grains 
are so small that the sandstone is cut with the turquois in it, making a 
rich mottled stone for jewelry. The principal sale for this stone is in 
San Francisco. At Los Cerillos some pieces have a decided blue color 
when found or broken, but show a marked tendency to turn green, and 
usnally become quite green in a very short time. 

At Turquois mountain the normal color appears to be green, although 
at times a faint shade of blue is perceptible. 

[Prof. W. P. Blake writes to the American Journal of Science, March, 
1883, coneerning this new locality of green turquois, as follows: 

“In this Journal, March, 1858, I directed attention to the occurrence 
in New Mexico of a green turquois highly prized as a gem by the abori- 
gines and known as ‘ Chal-che-we-te. The eompletion of the railway 


a American Journal of Science, III., xxi., 1881, i., 227. 
bCollection of F. A. Canfield. 
_ - Collection of G. F. Kunz. 
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along the valley of the Rio Grande has made the Cerillos mountain, in 
which the gem occurs, much more accessible than it was, and the ancient 
mine has been reopened and worked to some extent by astern capital- 
ists, as made known by Professor Silliman. ‘The stone is in consequence 
more abundant than before, and at Wallace Station on the railway 
very good specimens can frequently be obtained of the Pueblo Indians. 

‘“T have reeently visited another locality where chalchuite occurs and 
was mined by theaneients. This is in Cochise county, Arizona, about 20 
miles from Tombstone, in an outlying ridge or spur of the Dragoon 
mountains, and not far from the stronghold of the Apache chief, Cochise, 
so long the terror of that region. This elevation is now known as the 
‘Turquois mountain,’ and as there are several deposits of argentiferous 
ores near it, amining distriet has been formed ealled the ‘Turquois dis- 
trict? 

“At the turquois loeality there are two or more ancient exeavations 
upon the south face of the mountain, and large piles of waste or débris 
thrown out are overgrown with century plants, yuecas and ecactacex. 
It has not been worked for a long time, and probably never by the 
Apaches. The excavations are not as extensive as at Los Cerillos, and 
it is more difficult to find specimens of the mineral. It is evidently much 
less abundant than at the New Mexican locality. Enough of the gem was 
obtained, however, by searching in the waste heaps, to show that it is 
identical in its appearanee with the New Mexiean echalehuite. The rock 
is also similar, aud the chalehuite occurs in seams and veinlets rarely 
more than an eighth or a quarter of an inch in thickness. 

“The color is light apple-green and pea-green, precisely that of the 
New Mexican stone, as generally seen. There is in some fragments a 
faint shade of blue as at Los Cerillos, but the true normal eolor app “ATS 
to be green rather than blue. 

‘“Thespecifie gravity I find to be, of two different fragments, 2.710 and 
2,828. The first was slightly porous and earthy, and the second dense, 
hard, and homogeneous. These results are ligher than I obtained with 
the specimens from the surface at the New Mexican locality, viz., 2.426 
to 2.651. Two determinations recently made gave 2.500 as the specifie 
gravity ot two partly-cut stones from the old Cerillos locality.” 

Mr. F. IF. Chisolm furnishes the folowing additional partienlars con- 
cerning the New Mexican turquois: 

‘“Turquois is found in the Rocky Mountain division only on Mount 
Chalchihuitl, in Santa Fé county, between the Santa Fé and Galisteo 
rivers, about 20 miles southeast of Santa Fé. The mountain is com- 
posed of eruptive rocks, probably of Tertiary age, and is distinguished 
from the other peaks of the Cerillos range by its white eolor. The 
origin of the Los Cerillos turquois, in view of late observations, Is not 
doubtful. Chemically, it is a hydrous aluminum phosphate containing 
3.51 per eent. copper. Neglecting this constituent, the formula for 
turquois requires, phosphorie acid, 32.6; alumina, £6.09; water, 20.5. 
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“Evidently the decomposition of the feldspar of the ‘trachyte’ 
furnished the alumina, while the apatite or phosphate of lime, which 
the microscope detects in thin sections of the Cerillos rock, supplied 
the phosphoric acid. It seems probable that the bluish-green color of 
the mineral is due to the associated copper, which is derived from the 
copper ores occurring in the Cerillos mountains. 

“The turquois occurs in thin veinlets or concretions throughout the 
mass of yellowish white rock. The coneretions or ‘nuggets’ are 
covered with a crust ot nearly white aluminous rock, and on being 
broken generally afford the commoner and less valued varieties of the 
Stone, such as are cut roughly and sold on the Atchison, Topeka, and 
Santa Fé trains by the Indians at the towns of Wallace and Algodones. 
Fine stones of sky-blue color and of considerable value are extremely 
rare, and many tons of rock may be broken before finding a stone 
which could be classed as a gem. 

“The observer is deeply impressed on inspecting this locality with 
the enormous amount of labor which in ancient times has been expended 
here. The waste of débris excavated in the former workings covers an 
area of at least 20 acres. On the slopes and sides of the great piles of 
rubbish are growing large cedars and pines, the age of which must be 
very great. That considerable quantities of the stone have been 
obtained can hardiy be questioned. The early Mexican settlers attached 
great value to the turquois, as do the Indians of the present day. It is 
a matter of history that these mines were well developed in 1680, in 
which year a large section of the mountain suddenly fell in as a result 
of undermining the mountain by the Indian miners, killing a consider- 
able number of them.” | 

All the American turquois is sold to either tourists or collectors, or 
in the jewelry trade only as oddities. The material cut and sold as 
gems annually amounts to about $1,500. That cut into specimens and 
sold amounts to fully as mueh more. 

Labradorite (Labrador spar).—Uabrador spar is found in large quan- 
tities in Lewis and Essex counties, New York, and in bowlders all the 
way down to Long Island and New Jersey in the drift from the New 
York counties named above. It is scarcely used at allin the arts, owing 
to the cheapness and superiority of the same mineral from Labrador. 

Amazon stone.—Pike’s Peak, Colorado, and several localities in North 
Carolina, furnish this mineral, which is often cut and is generally used 
in cheap and tourists’ jewelry. The quantity of material thus cut and 
sold amounts to over $1,000, while that sold as mineral speciinens 
brings probably two or three times that amount. ° 

Sunstone.—Sunstone of very good quality, almost equal to the Nor- 
wegian, is found at Media, Delaware county, Pennsylvania, and at 
Orange Court-house, Amelia county, Virginia. It is as yet used toa 
very limited extent, and the annual sales may amount to about $250. 

Moorstone.— Moonstone of very good quality, resembling the St. Goth- 
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ard variety, and not the Ceylonese, is found at Media, Pennsylvania, 
and at Orange Court-house, Virginia. The quantity sold amounts pos- 
sibly to over $250 annually. 

Hlwolite.—sleovlite has been found in some abundance, aud of a very 
compact, rich, flesh, cinnamon, and yellow-brown color that would war- 
rant its use for certain purposes in jewelry, at Magnet Cove, Arkansas. 

Obsidian.—American obsidian is scarcely used at all in jewelry, al- 
though found in masses in California and others of the Pacific States. 
The Pitt River country is a well-known locality, and furnishes hand- 
sone specimens of “mahogany obsidian.” The streaked marekanite, 
so valied, has been used, but to a very limited extent, probably amount- 
ing to not more than $100 annually. 

Chilorastrolite—Chlorastrolite is found only at Isle Royal, Lake Sape- 
rior, where it occurs in the form of rolled pebbles which have fallen or 
worn out of the trap rock. They are entirely opaque, of a green color, 
mottled with stellations, and admit of a high polish. It is one of the 
few strictly American gems. Large numbers are sold annually to tour- 
ists who visit the Lake region. Chlorastrolites measuring one inch in 
length and of good color have sold for $50. The annual sales amount 
to fully $2,500. 

Thomsonite.—Thomsonite is found at Grand Marais, Lake Superior; 
in color flesh-red, with zones of green, red, and white, resembling the 
eye-agate, the peculiarly soft tones of color making it a very pretty 
stone. Itis cut to some extent, and possibly from $500 to $750 worth 
is sold every year, prineipally to tourists. 

Diopside.—This mineral has been found at De Kalb, (a) New York, in 
short, stout, oily green crystals, in color resembling the erystals from 
Ala, in Piedmont. Specimens have been found sufficiently large and 
clear to ent into gems weighing from 6 to 8 carats each, and recently 
crystals have been obtained whieh in size and perfeetion rival the > 
foreign, and some will furnish gems of 12 to 15 karats each. This is 
the only known loeality for this gem in the United States. 

Opal_—Opal has not yet been found in the United States of sufficient 
merit to entitle it to the name of a gem. 

Willemite—This stone (b) has been found sufficiently transparent at 
Iranklin, New Jersey, to make a very fair gem. The color is of a rieh 
yellow, in shade between the topaz and chrysobery] trom Brazil, with the 
vitreous luster of the Tavetsch titanite. One erystal furnished seven 
gems,one of them weighing over 8 carats. As this gem occurs in colors 
of rich brown and one of the richest greens, we nay in time expeet to 
see gems in both these varieties. 

Rhodonite.—Rhodonite is found ina number of loealities in the United 
States. At Cummington, Massachusetts, it oceurs in fine large pieces 


a Now York Acadeiny of Sciences, Mareh, 182. 
b Collection of I. A. Cantield. 
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ide of manganese, equal in every respect to the finest from Russia. It 
also occurs in pink and flesh colored masses mixed with rhodocrocite, 
at the Alice mine, Butte City, Montana. It has been very little used 
in the arts. 

 Bowenite.—This variety of serpentine is found in some quantity at 
Smithfield, Rhode Island. Its rich color, peculiar toughness, and hard- 
ness, recominend its use where jade has heretofore been employed. 

Wiliamsite.—This variety of serpentine from Texas, a town of Lan- 

caster county, Pennsylvania, has been used to a limited extent as a 
substitute for jade, it being more easily cut and usually of a more pleas- 
ing color. The amount realized from this stone is not more than $100 
per annum. : 
- Fluorite.—Fluorite has been found at many localities in the United 
States, some of the richest colors in Hardin county, Illinois, at Rose 
Clare, Shawneetown, and Elizabethtown. In the mounds in this region 
it is occasionally found shaped into ornaments by the hand of prehis- 
toric man. (a) This is the only use it has had as yet as an ornament in 
the United States. The amount mined here for the arts figures over 
$15,000 per annum. 

Fossil coral.—The fossil corals found in lowa, near Dubuque, have 
been used to some extent in jewelry, shaped into stones for cuff, shirt, 
and vest buttons, the light cream color making a very quiet, rich 
stone for this purpose. The amount used is less than $250 per annum. 

Malachite.—Malachite, although occurring in many localities in the: 
United States, and in considerable abundance at times as one of the 
ores, or associated with the other ores of copper, is however very rarely 
found in a form fit for cutting, and no cut specimens have come under 
our notice. 

Jet.—This substance has been found in abundance and of very good 
quality in El Paso county, Colorado, and in some parts of Texas. As 
yet it has not been utilized in the arts, although it is likely to be at no 
distant day. A large number of pieces have been polished for cabinet 
specimens, and the sale of these in the last seven years has probably 
amounted to several thousand dollars. 

Andalusite is found at a number of localities, and recently in erystals 
one inch in diameter and six inches long at Gorham, near Sebago lake, 
Maine; yet no transparent gem stones have been furnished from any 
American locality. 

Chiastolite (macle)— Many hundred beautiful crystals of this mineral, 
with its curious cross-like markings, have been found; yet no use pas 
been made of it for gem purposes, although a number are sold abroad 
for this purpose. There are occurrences at Lancaster, Massachusetts, 
and in California. 

Natrolite occurs at many localities in beautiful crystals, but too small 
to cut for gems. 


‘ aCollection of G. F. Kunz. 
32 MR / 
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Catlinite (pipestone).—This mineral is found in large beds in the 
upper Missouri region, and in Pipestone county, Minnesota. As yet it 
has only been used by the Indians. It would furnish a cheap orna- 
mental stone. 

Axinite has not been found in fine or large enough crystals to furnish 
gems. 

Titanite (sphene).—This mineral is met with in abundance in fine black 
and brown erystals, yet no gems have been found in the United States, 
although it oecurs in such rich, vitreous, yellow gems in Switzerland. 

Cassiterite has not been observed exeept in fractured erystals, and 
none have been found clear enough to cut even a small gem. The wood- 
tin of Durango, Mexico, is used to a very limited extent on the Pacific 
coast, the stone being simply polished flat. . 

Amber has been found at Gay Head, Martha’s Vineyard, and Nan- 
tucket, Massachusetts; at Harrisonville, (a) Gloueester eounty, near 
Trenton, uear Camden, and all through the marl region of New Jersey; 
and at a number of other localities in the United States; but only 
rarely of a quality or in sufficient quantity to warrant its use in the arts. 

Jadeite—An impure variety is found near Kaston, Pennsylvania; 
and it has reeently been brought from Alaska in the form of ornaments, 
and has also been found in place there. This mineral has not been 
used in the arts as yet from any American locality. 

Ilvaite.—This mineral has not been found in compact or large enough 
pieces to afford gem stones. 

Lapislazuli has not been found at any Amceriean loeality. 

Pyrite is found in beautiful crystals, and in compact masses of a fine 
yellow eolor at many American Joealities, notably in Gilpin county, 
Colorado. It has little or no value as an ornament, although it has 
been used to some extent abroad in former times. 

Sodalite is found associated with cancrinite, elolite, and in fine blue 
patches and masses, some several inches aeross and one inch thiek. 
Fine pieces are of rare oecurrenee, and the stone is only a mineralogi- 
cal gem. 

List of gem stones known to occur in the United States. 


Achroite (tourmaline). Catlinite. 

Agate (quartz), Chalcedony (quartz). 
Agatized wood (quartz). Chiastolite. 
Almandine (garnet). Chlorastrolite. 
Ainazon stone (inierocline). Chondrodite. 
Amber. Chrysolite. 
Amethyst (quartz). Danburite. 
Agnamiarine (beryl). Diamond. 

Asteria. , Diopside (pyroxene). 
Beryl. | Elxolite (nephelite). 
Bloodstone. Emerald (beryl). 


Epidote. 
Essonite (garnet), 


Bowenite (serpentine). 
Cairngorm (quartz). 


a American Journal of Science, March, 1823. 
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Fléche d’amour (quartz). 
Fluorite. 

Fossil coral. 

Garnet. 

Grossularite garnet. 
Heliotrope. 

Hematite. 

Hiddenite (spodumeiie). & 
Hornblende in quartz. 
Idocrase. . “« 
Indicolite (tourmaline). 
Tolite. 

Isopyre. 

Jade. 

Jasper (quartz). 

Jet (mineral coal). 
Labradorite. 

Labrador spar (labradorite). 
Lake Geerge diamonds (quartz). 
Lithia emeralds (spodumene). 
Macle. 

Malachite. 

Moonstone (feldspar group). 
Moss agate (quartz). 
Novaculite (quartz). 
Obsidian. 

Olivine (chrysolite). 
Opalized woed (opal). 
Peridot (chrysolite). 
Phenakite. 

Prehnite. 


Pyrope (garuet). 

Quartz. 

Rhodenite, 

Rock crystal (quartz). 
Rose quartz (quartz). 
Ruby (corundun.). 
Rubellite (tourmaline). 
Rutile. 

Rutile in quartz (quartz). 
Sagenite (quartz). 
Sapphire (corundum). 
Silicified weod (quartz). 
Smoky quartz (quartz). 
Smoky topaz (quartz). 
Spinel. 

Spodumene. 

Snnstone (feldspar). 
Thetis hair stone (quartz. ) 
Thomsonite. 

Tourmaline. 

Topaz. 

Turqnois. 

Venus hair stone (quartz). 
Willemite. 

Williamsite (serpentine). 
Wood agate (quartz). 
Wood jasper (quartz). 
Wood opal (opal). 
Zircou. 

Zonochlorite (prehnite). 


499 


List of species and varieties found in the United States, but not met with in gem form. 


Axinite. 
Andalusite. 
Cassiterite. 
Chrysoberyl. 
Cyanite. 


List of species aud varieties not yet identified in any form in the United States. 


Alexandrite. 
Cat’s-eye chrysoberyl. 
Cat’s-eye quartz. 
Chrysobery] cat’s-eye. 
Chrysoprase. 


| Ilvaite. 


Opal. 

Prase (quartz). 
Sphene. 
Titanite. 


Demantoid. 
Euclase. 
Lapislazulite. 
Ouvarovite. 
Quartz cat’s-eye. 


List of gem stones occurring only in the United States. 


Bowenite. 
Chlorastrolite. 
Chondrodite. 
Hiddenite. 
Lithia emerald. 
Novaculite. 


Rutile. 

Thetis hair stone. 
Thomsonite. 
Willemite. 
Williamsite. 


| Zonochlorite. 
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THE DISCOVERY OF EMERALDS IN NORTH CARGCLINA, 
By W. E. HIppen. 


Sixteen years ago the site of the North Carolina emerald mine was cov. 
ered with a dense primitive forest. Less than ten years ago the locality 
was, iniueralogically, a blank ; noth nes known to exist there having 
any special interest or value. It is c@#fain, though, that this region 
has produced, of late years, some of th€ most remarkable and beautiful 
specimens of emerald, spodumenc, beryl, quartz, rutile, and monazite 
thus far discovered in the United States. 

In a few localities in Alexander county crystals would be found of 
the common opaque beryl, but now and then a semi-transparent prism, 
having a decided grass-green tint, much resembling the famous crystals 
from Siberia, would be found and offered for sale in the county towns. 
These came to have the name among the farmers of ‘green rocks” and 
‘¢oreen bolts.” 

Ina périod of about six years there were found loose in the surface soil, 
on three plantations in this county, a few beryls having a tint verging 
distinetly on the true emerald color, none of which crystals, however, 
were deep colored enough or sufficiently transparent for use as gems. It 
was the sight of two of these so-called ‘‘ green bolts” that prompted me 
to visit the locality where they were found, and to make a search there 
for the true emerald. I cannot understand why prospecting was not 
commenced long ago, where such favorable signs were so common; that 
such indications could receive only passing notice seems inexplicable. 
No higher inducement than the following had ever been held out to the 
farmers to look for these “green bolts”: ‘A visiting colleetor had 
offered the munificent sum of one dollar for a dark green transparent 
crystal as long as his finger.” 

Such is the history of the emeralds found in this county before I 
commenced systematic mining for them. The Jocation of the mine now 
being worked was obtained in the following manner: A corps of work- 
men were employed to dig a series of deep ditches in directions that 
would cut the strata at different angles. The site chosen for work was 
ou the spot where at least six of these ‘ green bolts” had been found. 
This location was shown to me by the farmer who had picked up the 
crystals while plowing. Not knowing then their manner of occurrence 
in situ, and having no preeedent to work by, I expected by this plan to 
strike a vein bearing them. 

live weeks were spent (July-August, 18580) before any success was 
met with, and then at a depth of cight feet was discovered a “blind 
vein” (so called because it had no outerop) bearing very small emeralds. 
In this vein, and outnumbering the emeralds fifty to one, was discovered 
the new emerald-green gem, which was such a surprise to the scientific 
world, and which was destined to answer the same purpose and have 
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equal value with the gem [ had been seeking for. I refer to the emer- 
ald-eolored spodumene now known as ‘hiddenite.” 

The search for emeralds in North Carolina is so interwoven with my 
discovery of emerald-green spodumene that I cannot tell the story of 
one without the other; the two minerals oceur intimately associated, 
and while mining for the one the other is constantly found. 

This blind vein yielded very handsomely of the new mineral, but very 
sparingly of emeralds. <A tunnel for the purpose of drainage was cut 
to this vein, a distanee of 261 feet, mostly through rock. A shaft was 
sunk upon it to the depth of 56 feet, at which point it showed its poeket 
nature by “pinching out.” Up to this time over 80 of these veins have 
been found within an area of 40 feet square, carrying emeralds and 
hiddenites. All these veins maintained nearly the same character of 
dip, thickness, length, and associations. Other pockets were found that 
yielded only quartz, rutile, miea,and monazite crystals of great beauty; 
others yet whose walls were covered exclusively with finely crystallized 
dolomite, caleite, apatite, rutile, pyrite, quartz, or mica. In one in- 
stance a pocket contained only mica erystals and one pellucid, golorless 
beryl that had both ends brilliantly terminated. I mention the above 
associated minerals to show the diversity in these pockets, although 
they are so near together. In the rock mining the presence of small 
streaks of massive quartz or of mica bedded in a contra-direction to the 
strike of the country rock, leads to an open pocket containing gems not 
many feet distant. 

The largest emerald yet found in this mine was 84 inches long and 
weighed nearly nine ounces. It was the largest of nine fine erystals 
contained in a single pocket; (a) their color was excellent, and they were 
all transparent, though somewhat flawed. ‘The greatest number of em- 
erald crystals found in one pocket at this mine was 74. This find oc- 
curred in the spring of 1882. Some of these were between 2 and 5 inches 
long; the majority were very small. 

This mine is situated about 55 miles southeast in an air line from the 
Blue Ridge mountains. The contour of the country is low-hilly; its 
altitude about 1,200 feet. The prevailing rock is gneiss, the strata run- 
ning north-northwest and south-southeast with a nearly vertical dip. 
The gems and erystals occur in open pockets of very limited extent, 
which are eross-fractures or shrinkage-fissures. They are usually nearly 
perpendicular in position. The most striking feature of the geology of 
this region is the great depth of earth “that everywhere mantles and 
conceals the rocks. This is readily discovered to be, for the most part, 
merely the result of the decomposition in situ of the exposed edges of 
underlying strata” (Kerr). At this mine the unaltered rock is found at 
4 depth of 26 feet, and is of unusual hardness, especially where it walls 
the gem pockets. 


aFor complete description of this remarkable pocket, see Transactions of the New 
York Academy of Sciences, March, 1882. 
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My prospecting has proved these gems to exist in a narrow belt run- 
ning east and west, and scattered over a distance of three miles; in this 
belt signs of eross-fissures are very abundant, and it is a very common 
ocenrrence to find crystals of beryl, quartz, rutile, ete.. perfectly pre- 
served, scattered over the surface soil. 

In regard to the commereial valuc of the North Carolina emerald it 
should be stated that the majority of the crystals have had little value 
for gem purposes; as cabinet specimens they were unpreeedented, and 
as such had ready sale at prices ranging froin $25 to $1,000 each. The 
best ent stones did not exeeed in value much above $32 per carat. I’rom 
the largest crystals gems could have been cut, but as scientific speci- 
mens the erystals in their entirety had greater value. The smallest 
erystals have thus far had the best color, and have furnished the purest 
gems. It may be interesting to note that the entire expenses of the 
work at this locality, done under the writer’s supervision, have been 
more than repaid by the sales of gems and erystals diseovered there. 


HIDDENITE—-THE NEW EMERALD-GREEN GEM. 
By W. E. Pippen. 


This new variety of spodumene was unexpectedly discovered in the 
manner deseribed in the foregoing seetion. It was named by Prof. J. 
Lawrence Smith, of Louisville, Kentucky, who was the first to deter- 
mine its true chemieal nature. (a) 

Crystals of spodumene, quite transparent, of a pale yellowish-green 
color, had been found in the surface soil some five years ago, before the 
discovery of this gem variety was made, but they were so rare and un- 
attractive as to receive only passing attention; so mueh did they 
resemble the pyroxene found at Traversella, Switzerland, that they 
passed under the name of diopside. Their mode of occurrenee is pre- 
cisely that of the emeralds at the same loeality. Hiddenites and emer- 
alds are found intimately associated, but one or the other always pre- 
dominates in number; there will be many crystals of hiddenite and 
only a few emeralds, or vice versa. 

The color of hiddenite is emerald green, of various shades, deepest 
and richest when viewed through the longest axis, and verging more on 
the yellow shades of the emerald, when examined throngh the prism. 
The gems usually are of a delightful green, which is distinet from that 
of the emerald, having more liquid brillianey and fire. They rarely 
contain flaws. The rough mineral oecurs as slender prisms, with the 
color generally more intense at one of the extremities. The largest 
crystal yet found is 24 inches long. The largest ent gem weighed about 
24 carats. The prismatic cleavage is remarkably perfeet, yielding sur- 
faces of the highest luster; this feature is a source of trouble to the 


a American Journal of Science, Vol. XXT.. p. 128. 
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lapidaries, as the gem is liable to split while undergoing the cutting 
process. The stone is found to be harder across the ends than across 
the sides. 

Composition of hiddenite. 
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Its behavior before the blowpipe is peculiar. When heated to red- 
ness, but not fused, it loses its color, but regains it on cooling—a reac- 
tion analogous to that afforded by the emerald. Its specific gravity is 
3.19. Its hardness across the crystals is above that of the emerald. In 
value it ranges from $32 to $200 per carat, according to the depth and 
purity of its color. The demand, at home and abroad, has from the 
first been far in excess of the production of the mine. 

A force of 20 men (at times 30) are kept constantly at work in the gem 
quarry, and a company is engaged at present in solving the problem of 
mining gems, tn situ, at a profit. The nominal capital is $200,000, with 
a paid up capital of $20,000. The title of the company is “The Emer- 
ald and Hiddenite Mining Company.” Its success thus far has been 
very flattering. 
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PRECIOUS STONES. 


By GeorcE F. Kunz. 


Introduction.—This paper slightly repeats some of the material of the 
former one in the 1882 report, but this is scarcely to be avoided. The 
time allowed for the first paper was scarcely sufficient for consulting 
the literature to any great extent, and it was prepared from material at 
hand or from personal observation. The interval of over a year has 
afforded the time necessary to inquire into and verify the authenticity 
of this matter. Where the material has been duplicated, it is only -in 
part, and fuller or more authentic facts are added in this report. A 
number of localities are mentioned where, although no gems have as 
yet been found, the material at times is very nearly good enough for 
gems; or else from the small amount of development, the possibility of 
gems being found in the future may fairly be inferred. A few locali- 
ties are mentioned where specimens unexampled as such have been 
found, and have a claim on the gem Collector, since they are gem min- 
erals; and also where they have been of financial value to the finders, 
although little or no gem value may be attached to them, as in the case 
of the Pike’s peak amazonstone and smoky quartz, and the Monroe spi- 
nels. Mauy of these are as beautiful, if not more so, in their pative form, . 
than they are after having undergone the cutting process, as for ex- 
ample some of the Utah topazes, beryls from North Carolina, and many 
others, a fact of which almost any one would be convinced by a visit to 
some of our finer cabinets. The catting of such material, therefore, for 
the higher money value, is really vandalism and should be discouraged 
by all scientists. 

A most important find of gem materials and specimens during the 
past year was at the Auburn, Maine, locality (a), which from July, 1883, 
to July, 1884, afforded possibly about $1,000 worth of tourmaline speci- 
mens, and the other minerals netted about $500 more. These were taken _ 
out in one month’s work, and since then fully $500 more has been real- 
ized on those taken out by the various persons working the locality. 

The tourmaljines and beryls found in the last work done by the Mount 
Mica Mining Company during the summer of 1882 were still in the pos- 
session of the company, and were offered for sale in the summer of 1884 
at Bar Harbor, Mount Desert, Maine. Some were there readily sold as 


a See paragraph on tourmaline, page 743. 
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Maiue gems. The cut gems owned by the company in the early part of 
the summer of 1884 were valued by them as follows: 


Tournialines; Trois S10 ta G000 Gah os ice cscs cca eccctiscveccnaccsccvaasebesacccasesceuseacsoussess 2, 
Beryls and aquamarines, from $5 to $50 moh... 2... 2... c eee cence e cen ence cence cee nenesceenencees 1,083 

There are about $400 worth of uncut specimens. No work was done 
here in 1884. 

The beryl locality at Stoneham (a), Maine, bas yielded fully $700 worth 
of gems and specimens to the different workers, one crystal selling at 
$75 for gem material. Some very fine blue beryls were found here. 

The topaz locality, though it produced no topaz, from other minerals 
yielded the workers over $500 by the sale of herderite, columbite, and 
associated minerals. 

Work was suspended by the mining company at Stony Point, North 
Carolina, at the end of August, 1883, and was resumed for about two 
weeks during July of 1884. Since July, 1883, perhaps $500 has been 
realized from the work done. The work of 1883 brought to ligbt some 
of the finest crystals that have yet been found, for color, but of second- 
ary gem value. The largest of these was about 3 inches long and very 
perfect. The two weeks’ work of 1884 discovered a few very fine quartz 
crystals containing rutile, and some containing asbestus or byssolite (f); 

‘also very five rutile crystals, though no gems. When work will be re- 
sumed is not definitely known. The adjoining property is reported to 
have been purchased with a view. to working at some future time. The 
indications on Mr. John Lackey’s property look very well for the class 
of minerals found in this section.(b) 

Since October, 1882, the Pike’s peak topaz and phenakite locality has 
been searched to some extent, and the topaz and phenakite taken from 
it thus far would be valued at fully $1,500, one crystal of topaz being 
held at $100, and one phenakite also at fully ‘his amount. Two topaz 
gems cut from the stones found here were worth fully the same each 
after the cutting. 

The Crystal peak locality, near Florissant, Colorado, has yielded 
perhaps $1,000 worth of topaz, some specimens associated with phena- 
kite aud on amazonstone, and a vumber of fine amazonstone crystals. 

A number of stones enumerated here, although below 7 in barduess, 
and even below 6, may suggest to some that they are too soft for any 
gem or ornamental uses. Thus apatite and fluorite are too soft for cut 
gems, yet beautiful cups, vases, etc., can be made of the latter. Ser- 
pentine and catlivite could be successfully worked where apatite could 
not, because they are opaque and do not show scratches, and an even, 
good color will always appear. It is only by adapting any mineral to 
its proper use that it can be made a success. 

One of the finest displays of gem minerals since 1876 was the North 
Caroliva exhibit in the fall of 1883 at the Mechanics’ Fair at Boston. 


a‘* Mineral Resources of the United States, 1862,” page 437. 
b See paragraph on beryl, page 738. 


PRECIOUS STONES. 725 


In this were some of the finest North Carolina quartzes, from White 
Plains and other localities; remarkably brilliant rutiles from Mitchell 
and Alexander counties; beautiful amethysts, some of them-rutilated ; 
some remarkable Alexander county emeralds, and blue, green, and yel- 
low beryls, and many others that as a rule were quite new to the gen- 
eral public as gem minerals. 

Delusire finds.—During the past year a number of articles have ap- 
peared in regard to the finding of valuable gems, which have proved 
otherwise on investigation; and as newspaper statements are at times 
copied into the literature, it may be well to give them notice from some 
reliable source. 

The “Blue Ridge sapphire,” or the “Georgia marvel,” as it was called 
by the press, was found nearly two years ago in a brook in Georgia, in 
the Blue Ridge mountains. It was estimated to be worth about 850,000 
by the owner, who had been assured of its authenticity as a sapphire by 
two southern jewelers, and arrived at its valuation by taking into 
account its weight. Anything scratched by a file is sure to be pro- 
nounced glass, whether that or really topaz or some equally bard stone; 
while, on the other hand, the common fallacy may prevail that anything 
not touched by a file is to be regarded as a genuine stone, even though 
it may be only glass. In this instance the gem proved to be a piece of 
rolled blue bottle glass, and its owner could be convinced of this only 
when he saw a platinum wire coated with a melted fragment of the 
material. 

Another was a stone plowed up by Mr. James M. Smith, of Gibson- 
ville, Guilford county, North Carolina, pronounced a genuine emerald, 
weighing 9 ounces, by some loca] expert, who tested it, and with the mi- 
croscope showed that it contained various small diamonds. Its value 
was estimated up in the thousands, and $1,000 was reported to have been 
refused for it by its owner. As it was believed to be the largest known 
emerald, it was expected by its owner that it would realize him many 
thousands. Being therefore too valuable to be intrusted to the express 
company, he put bimself to the expense of a trip to New York, where it 
proved on examination to be a greenish quartz crystal, filled with long, 
hairlike crystals of green byssolite or actinolite, on which were series 
and strings of small liquid cavities that, glistening in the sun, led to 
the included diamond theory of the local expert. As $5 was the best 
offer received for the stone, it was returned to North Carolina. . 

The “ Wetumpka ruby,” from Elmore county, Alabama, the property 
of Mr. James W. Thomas; was supposed to be a ruby of 6 ounces’ weight 
“after cutting away all the roughness.” Owing to its value, it was de- 
posited in the Wetumpka bank vault, and on no consideration would 
be sent to any one on approbation. A small fragment sent to Mr. L. P. 
Gratacap, of New York, and examined by him, led him to believe that 
it was only a common garnet, and from its stated quality of no value, 
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even if aruby. Doubtless it is one of the large rough garnets so often 
found in the South. 

Another is a quartz (?) crystal found by Mr. James Pepper, of Dan- 
bury, North Carolina, which was examined and pronounced to be a 
genuine diamond by the local jewelers, and valued at 87,000. 

The diamond discoveries so often reported are not to be wondered at. 
In one of the southern States one of the late geologists who had mach 
to say as to the “immutability of human events that wonld eventually 
lead to the finding of diamonds, rubies, sapphires, and emeralds in his 
State,” knew so little of the diamond that he actually sent a common 
paste imitation to New York to inquire as to its genuineness as a dia 
mond. Yet bis remarks have often been copied, especially a story that 
a bottle of diamonds that were worth many thousands of dollars was 
thrown away before they were recognized. 

Utilization of precious stones.—During the last ten years taste in 
farniture and decoration in the United States has reached so higha 
degree that every conceivable new idea which has been or is applied 
anywhere on the face of the earth has been resorted to. Minerals, asa 
rule, have been only slightly utilized, owing principally to the want of 
familiarity with them and the methods of applying them so us to avoid 
coldness and inappropriateness. In one of the finest pairs of carved 
rosewood silver-paneled pedestals in this country the dull effect of the 
rosewood was very much relieved by the insertion of a number of small 
round cabochon pieces of a dark red Texas agate, these additions really 
giving all the necessary brilliancy where polished wood was an effect 
not desired. Our large list of cheap and beautiful ornamental stones, 
such as jasper, agate, silicified woods, turquois, rose quartz, and a large 
number of others, might be introduced with advantage into the inlaid 
work on clocks, mantels, and fine furniture. The atilization of rock 
crystal for hand glasses is mentioned on page 750. 

One of the new departures in the United States in the uses made of 
the common stones is the introduction by a leading New York firm of a 
line of American stone goods, similar to the Scotch jewelry, the designs 
of which will be so improved and American gem stones used to such a 
extent in them that they will undoubtedly find a ready sale, and before 
the year is closed may be universally sold throughout the United States, 
displacing many of the cheaper varieties of gold and silver pins. Some 
of the minerals used are agate, moss agate, jasper of all colors, rhodonite, 
pyrite, labradorite, Chester county moonstone, and other cheap Aweri- 
can minerals. The designs are crowns, knots, tliistles, shepherds’ 
crooks, nails, horseshoes, crescents, daggers, keys, spears, umbrellas, and 
a large variety of others suggested by the variations of forms and colors 
shown in the kaleidoscope. 

The following few items may perbaps be of sufficient interest to eD- 
title them to mention in this report: During the last three years % 
novelty has appeared in the form of a so-called mineral clock, consisting 
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of a plain wooden case, asually in the form of a house, and completely 
covered with specimens about an inch square of pyrite, galenite, ama- 
zonstone, ores from celebrated mines, and other Colorado minerals. 
They are glued on, and, as a rule, numbers are pasted on each referring 
to a list of the minerals on the back of the case. The clock part con- 
sists of a Connecticut Yankee clock. They have sold remarkably well 
since they were introduced, $15,000 worth in 1882, $11,000 in 1883, and 
$20,000 worth in 1884, to be retailed at an advance of 33 percent. In . 
addition there are a large number of paperweights, inkstands, aud a 
variety of objects miaile that huve netted several thousand dollars per 
year more. 

Arrow points.—Mr. H. C. Stevens, of Oregon City, Oregon, writes 
that since 1878 he has personally handled 35,0u0 fine arrow poitts, 
peculiar to Oregon, and that fully 50,000 in all have been found by 
different persons. Before 1878 perhaps an equal number were found. 
Fully $3,000 have been realized on these in cash sin¢e 1878. At present 
few are found, except after a heavy freshet and overflow of the river 
banks, where the greater number have been found. These poiuts at 
times represent the highest examples of savage stone chipping, and are 
_ Teally so often gem materials that the demand for them as articles of 
jewelry is not surprising. The prices range from $1 to $2.50 each for 
the finer ones, which are usually made of rock crystal; flesh-colored, 
red, yellow-brown or mottled jasper, obsidian, or various colors of 
chalcedony. They are principally sold in the East, scarcely any being 
sold in Oregon for jewelry. They are not made by the present Indians 
of Oregon. Fine suites of Oregon arrow points were exhibited by Mr. 
M. F. Savage at the Bartboldi Loan Exhibition at the New York | 
Academy of Design, December, 1883. 

Trilobite ornaments.—The trilobites found in various parts of the 
United States are used, when of the proper form, ds charms, scarf pins, 
and other ornaments. Perhaps 99 per cent. of those used for these 
purposes are found in the vicinity of Cincinnati, especially near Cov- 
ington, Kentacky. The species is Calymene senaria, which, as a rule, 
are found curled up, evidently in dying, and therefore eppear either 
round or slightly oval in form, making very neat charms, aud the 
smaller ones very pretty scarf pins. They varyin sizefrom one-fourth 
inch to 2 inches in diameter, and are sold at the locality at from 25 cents 
to $5 each, according to beauty or perfection. The casts of the Caly- 
mene senaria, variety blumenbachii, if perfectly flattened out and perfect 
in form, are worn at times as scarf pins. As they are entirely limestone, 
the surface, as a rnle, is covered by thousands of microscopic brilliant 
crystals of calcite, the glitter of which is very effective. A number of 
fi.e trilobites are sold apnhually at Trenton Falls, especially the Ceraurus 
pleureramthamus and Asaphas gigas from the Trenton limestone. They 
are sold, however, more as tourists’ mementoes than as objects of orna- 
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ment. Twenty-five dollars is often asked for large fine specimens of the 
Asaphas gigas. 

Cat’s-eye minerals.—The following minerals found in the United States, 
when fibrous or cut across the cleavages in cabochon effect, will show 
the cat’s eye ray: 

Corundum: At Ellijay creek, Macon county, North Carolina, Mr. E. 
A. Hutchins cut a dark brown, almost black, crystal of corundum that 
furnished along en cabochon gem, two-thirds of an inch across, that shows 
the cat’s-eye ray distinctly. 

Chrysoberyl: The chrysoberyla of Stow, Peru, and Canton, Maine, | 
would cut into poor cat’s-eyes. 

Beryl: The beryls of Stoneham, and some of the North Caroliva 
beryls, especially those from Alexander county, would furnish cat’s- 
eyes, altbough not fine. 

Quartz: Quartz filled with actinolite, from Cumberland Hill, Rhode 
Island, makes a.very fine quartz cat’s-eye. This is the Thetis hairetose 
of Dr. Jaskeou. 

Hornblende: A fibrous black hornblende from near Chester, Massa- 
chusetts, afforded an imperfect cat’s-eye. 

Pyroxene: A white compact fibrous pyroxene from Tyringham, Mas- 
sacbusetts, made a curious white cat’s-eye. ; 

Labradorite: Some of the Labrador spar, when filled with included 
miuverals aud impurities, will show a cat’s-eye ray; this is especially ap- 
plicable to the mineral found in Orange county, New York, and tbat 
also in the northern part of the State. 

Hypersthene, bronzite, and enstatite, when ‘fibrous and cut across the 
fiber, produce a cat’s-eye effect, and are sold abroad for this purpose to 
’ @ very limited extent. 

Limonite: Limonite from Salisbury (Connecticut), Richmond (Mas- 
sachusetts), and other American localities, would at times cut intoa 
gem showing the cat’s-eye ray. 

Aragonite and gypsum satin spars: These both produce the cat’s-eye 
effect. 


LOCALITIES OF PRECIOUS STONES IN THE UNITED STATES. 


Diamonds.—Referring to the paper on American gems, in “ Mineral 
Resources of the United States, 1882,” containing information furnished 
by Mr. John H. Tyler, sr., about the Manchester diamond, having siuce 
been enabled to obtain a more complete history of it, as it is possibly the 
largest diamond really found in the United States, I herewith present 
the facts. The first record I have been able to obtain is from the New 
York Evening Post of April 28, 1855, which says: “‘ We were shown 
yesterday, on board the steamsbip Jamestown, what is said to be the 
largest diamond ever discovered in North America. It was found sev- 
eral months ago by a laboring man at Manchester, Virginia, in sowe 
earth which he was digging up. It was put in a farnace for melting 
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iron, at Richmond, where it remained at red heat for two hours and 
twenty minutes. It was then taken out and found to be uninjured and 
brighter than ever. It was valued in Richmond at $4,000.” This stone 
was next in the possession of Capt. Samuel W. Dewey, now of Philadel- 
phia, aud by him was named the Oninoor or “sun of light,” though it has 
more generally been known as the Dewey or Morrissey diamond. It 
then passed through many hands. It was cut at an expense of $1,500 
by Mr. H. D. Morse, and at one time $6,000 was loaned on it. This 
diamond was a slightly rounded trigonal trisoctahedron. Its original 
weight was 233 carats, and after cutting it weighed 11}} carats. As 
it is off-color and imperfect it is to-day worth not more than 
from $300 to $400. Exact copies of it in glass, as it was found, 
and also as cut, were deposited in the United States mint at Phila- 
delphia, by Capt. S. W. Dewey, and also at the Peabody museum in 
New Haven. Electrotypes of it may be seen in a number of cabinets. 

The first diamond found in North Carolina was at the ford of Brin- 
dletown creek, by Dr. F. M. Stephenson. Jt is an octahedron in form, 
and is valued at $100. Another, in the possession of Professor Feather- 
stonhough, was found in the same neighborhood by him. A third, ob- 
served in Mr. D. J. Twitty’s collection by General Clingman, anil de- 
scribed by Prof. C. U. Shepard, was found at Twitty’s mine, Ruther- 
ford county. In form this is a distorted hexoctahedron, yellowish in 
eolor. A fourth was found by Dr. C.'L. Hunter, near Cottage Home, 
Lincoln county, in the spring of 1852. It is said to be greenish in color- 
and in form an elongated hexoctahedron. Another, in the possession 
of Dr. Andrews, of Charlotte, was found at Todd’s branch, Mecklen- 
burg county. It was said to ve a perfect crystal and of a good white 
color. Dr. Andrews reports also the finding of a black diamond 
the size of a chincapin by three persons, who crushed it, believing a 
diamond could not be broken. He found that the fragments scratch 
corundum very readily. 

Dr. Genth reports two diamonds from the Portis mine, Franklin 
county, one of them avery beautiful octahedron. A small diamond 
was found on the headwaters of Muddy creck, in McDowell county, and 
diamonds have also been reported in weight frequently from one-half 
carat up to over 2 carats, from J.C. Mills’s mines,in Burke county. Some 
of these, examined by Mr. James B. Mackintosh, proved to be quartz, and 
another supposed diamond, found in some gravel from this mine, in the 
State collection at Raleigh, I found not to be a diamond, but zircon. 
The diamonds in North Carolina are usually found associated with 
gold, monazite, xenotime, zircon, octahedrite, and other minerals. Dr. 
Genth(a) says this débris is the result of the old gneissoid rocks, 
such as mica-schist and gneiss, in which graphite is always found. 

In a letter to the New York Sun Mr. C. Leventhorpe mentions the 


« “Mineral Resources of North Carolina,” Journal Franklin Institute, November 
and December, 1871, 
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finding at his placer mine, in Rutherford county, of a diamond of bad 
color, which was pronounced a diamond and placed in the Amberst 
College collection by Prof. C. U. Shepard. The same article also men- 
tions a fine white diamond. valued at $400, found in a South Carolina 
placer by Mr. Twitty, and states that Mr. Twitty has a diamond 
weighing 3 grains in his possession which was taken in White county, 
Georgia, from a “long tom.” 

In the cabinet of Mr. Samuel R. Carter, of Paris, Maine, are two small 
crystals of diamond weighing less than one-eighth carat, which were 
found in March, 1866, at the Horshaw placer gold mine, Racoochee val- 
ley, White county, Georgia, one by Dr. A. C. Hamlin(a), of Bangor, and 
the other by Mr. H. Ashbury. They are opaque and have no definite 
form. Several stones of fine quality have been found here. 

At the May, 1867, meeting of the California Academy of Sciences 
Prof. B. Silliman exhibited four diamonds found in California. One, 
from Forest Hill, El Dorado county, weighing 0.369 gram (= 5.673 
grains = 14 carats), was of good color with a small cavity and a disel- 
oration on one of the solid angles. This crystal, which was not entirely 
symmetrical, was found at a great depth from the surface, in a tunnel 
running into the auriferous gravel at Forest Bill. Another was found 
at Freneh Corral, in Nevada county, weighing. 0.3375 gram (= 5.114 
yrains = 1} carats). It was very symmetrical in form, remarkably free 
from Haws, and slightly yellowish, its color having been altered by hav- 
ing been subjected toa red heat. It had been found in the deep gold 
warbiugs and was thrown out from the cement. The third was the 
property of Mr. M. W. Belshaw, weighing 0.2345 gram (= 3.619 grains, 
little less than 1 carat). This crystal is distorted, aud has several re- 
entering angles and cavities. Four others besides this have been found 
in the search for gold at Fiddletown, Amador county, in the gray 
cemented gravel underlying a stratum of so-called lava or compact 
ashes. The other one shown was the property of Mr. George E. Swith, 
who states that it was found at Cherokee Flat, Butte county, and that 
he had seen fully fifteen diamonds from this locality; these were all 
found in the deep gravel washings, and were believed to have come 
from a stratuin 3 feet thick, forming part of a superincumbent mass of 
material 25 feet thick. Mr. Rémond (db) is quoted as authority for the 
occurrence of diamonds at Volcano, which may be the same locality a8 
Fiddletown. Professor Whitney at this meeting stated that diamonds 
had been found at from fifteen to twenty localities in California, the 
largest that had come to his notice weighing 7} carats, having been 
found at French Corral. 

Prof. B. Silliman (c) mentions that platinum, almandine garnet, chro- 
mite, epidote, gold, iridosmine, limonite, magnetite, pyrite, quartz, rutile, 
pobilietinatinnaniendahasncieinemiailcenniiicipieniniins imi: Captains: “eeige hi niente 

a Leisure Hours among the Gems,” A. C. Hanlin, page 49, Boston, 1884. 


b ‘Geology of California,” Vol. 1., page 276. 
o American Journal of Science, Vol. 6, 1876, 
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topaz, and zircon are associated with the diamond at Cherokee, Butte 
county, California. 

Mr. W. P. Carpenter (a), of Placerville, states that while he was 
assisting Mr. W. A. Goodyear, assistant State geologist, in 1871, they 
found several diamonds in the hands of persons who did not know what 
they were; one of these was purchased as a specimen by Mr. Goodyear, 
who had found’ some specimens of itacolumite 3 miles east of Placer- 
ville, but had kept them as curiosities. The gravel in the chanuel is 
capped by lava from 50 to 450 feet in depth, and of late years is worked 
by steam cement mills. Hesays he knows of instances where fragments 
of broken diamonds have been found in cleaning up the batteries. He 
gives the following list of the finders of diamonds near Placerville: 
Charles Reed and Mr. Jeffries, each one; Thomas Ward & Co., three, 
two white and one yellow (one of these is now in the possession of Mr. 
Ashcroft, of Oakland, who had it cut in England); Cruson & Olmstead, 
four, one(b) of which, 3; inch in diameter, was sold to Mr. Tucker, of 
San Francisco, for $300; Thomas Potts, one small flawed stone, which 
was sold to Mr. Goodyear for $15; Jacob Lyon, one light-straw colored, 
about the size of a medium pea, and several fragments from the tail- 
ings of a cement mill at the Lyon mine; A. Brooks, one, small white; 
E. B:eutfeld, one, smull yellow, weighing two grains, which had passed 
through a cement mill; one was found by Mrs. Henderson in some tail- 
ings that were washed for gold, and is most probably the one mentioned 
in the 1882 report as having been found near San Fraucisco. 

Mr. H. G. Hanks visited Cherokee Flat, with the intention of stnudy- 
ing the celebrated diamond localities, and was informed by Mr. A. Mc- 
Dermott, of Oroville, of a diamond the size of a pea and quite round, 
which had been sent to him in 1862. They are found in cleaning up the 
sluices and undercurrents. The first notice of a diamond being found 
here was in 1853. The largest one, now in the possession of Mr. Jobn 
More, weighs 2} carats, 9 grains. Fifty to sixty stones in all have been 
found here, of which some were rose-colored and yellow, and others 
white, and all were associated with zircon, platinum, iridium, magnetite, 
gold, ete. ; 

Microscopic diamonds were reported from the platinum sands of the 
Trinity river by Prof. F. Woehler, of Gottingeu, with similar associa- 
tions as at Cherokee. In all the northern counties of California drained 
by the Trinity river, in the vicinity of Coos bay in Oregon, and on the 
banks of Smith river, Del Norte county, diamonds may be looked for in 
the fumes and sluices. 

A fine diamond from the Spring Valley mine at Cherokee, Butte 
county, was presented to the California State museum by Mr. G. F. 
Williams, superintendent of the mine. Two diamonds from here, one 
cut and one uncut, are in the possession of Mr. and Mrs. Harris, ot 


a Second report of the State mineralogist of California. 
b Mentioned in Whitney’s ‘‘Auriferous Gravels of tha Sierra Nevada.” 
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Cherokee. Mrs. W. C. Hendricks, of Morris Ravine, near Oroville, has 
also a fine Cherokee diamond set inaring. A diamond found in 1861, 
weighing 6 grains (= 14 carats) is now in the possession of Mr. John 
Bidwell, of Chico. It was from a locality 14 miles northwest of Yankee 
Hill, Butte county, and has been cut in Boston. 

Mr. C. G. Yale furnishes the fotiowing notes on the California occur- 
rences: “ For a period of more than thirty years the placer miners of 
California have occasionally picked up small diamonds. The bydraulic 
_ washings at Cherokee, Butte county, have been the most prolific. The 
diamonds are usually found by the miners when cleaning up their sluices 
or while washing off the bed rock, though in some few instances they 
have been picked up on the surface. As a general thing the gravel 
in which they occur is mixed with lava, ashes, or other volcanic matter; 
zircon, platinum, iridium, magnetite, etc., being associated with tbe 
diamonds. While many of these stones have been of good color, brill- 
iant and perfect, none weighing over 34 carats bave been found in the 
State. In size they have ranged usually from about half a carat down 
to stones «f microscopic dimensions, the latter being numerous in a few 
localities. So far as known $500 is the highest price for which any 
California diamond in the rough has been sold, though large numbers 
have found purchasers at prices ranging from $10 to $50, and not a few 
at as much as $100. The stones have been of all colors, white, yellow, 
straw, and rose, and many of good water. A few small diamonds have 
been found also in the placer diggings of Idaho, being of about the same 
quality aud occurring under the same conditions as in California. In 
neither region have diamonds been made the object of special search, 
those found having been picked up by miners while washing gravel for 
gold. Fragments of diamonds bave been noticed in the tailings from 
the quartz mills, being the remains of stones which have been broken 
under the stamps.” 

Since February, 1884, numerous notices have appeared in the press of 
the fiuding of diamonds under very peculiar circumstances. A jeweler of 
Milwaukee purchased from a lady customer for $l a stone which he 
represented as being a topaz. The stone was reported to have been 
found eight years before at Eagle, Waukesha county, Wisconsin, hav- 
ing been thrown out from a depth of 60 feet while excavating a well. 
Two sinall stones are also reported to have been found here, each weigh- 
ing less than one-half carat, the larger one first found weighng about 15 
carats. One of the smaller stones I examined. All three stones are 
said to resemble those fuund at the Cape. The 15-carat stone is slightly 
off-color, and would, therefore, be worth only about $300 at the outside 
on its merits asa diamond. It has been offered at $1,000, owing to its 
being the first diamond found in Wisconsin, and it was supposed by the 
owner that it would be purchased for the State cabinet. Laving care- 
fully examined a quantity of the gravel sent to different. persons, I have 
failed to find anything but the regular débris from glacial drift, ant, 
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as remarked by ove gentleman, believe if the box were to be filled with 
the drift material from New York City the owner would not discover 
the difference. 

In the latter part of 1883 a diamond was reported to have been found 
at Nelson hill, near Blackfoot, Deer Lodge county, Montana. This 
stone is described as being colorless, and in form dodecahedral, with 
triangular markings, but is more likely a trigonal trisoctabedronu with 
curved faces. Its specific gravity is said to be about 3.5; its weight 
about 12 grains. 1t was pronuunced by an old diamond dealer of New 
York as really a diamond. The person now owning it came into its 
possession through a Chinaman, who panned it out and handed it to 
him, and he thinks he has seen many similar stoves in the mine. | 

Mr. J. D. Yerrington, of New York, iuforms me of a brown diamond 
weighing 1 carat, and yielding when cut a gem weighing one-half carat, 
which was found near Philadelphus, Arizona. Two pieces of blue bottle 
_ glass that bad been rolled so as to lose all form, were naturally supposed 
by the finder to besapphires, being in the same locality with the diamond. 

To insure the finding of diamonds in a new district one of the best 
methods is to familiarize the searchers with the luster principally, which 
can be readily accomplished, as once partly carried out by Mr. Dwight 
Whiting, of Boston. He suggested selling to the miners small imper- 
fect diamond crystals (bort), mounted in a very inexpensive manner, 
so as that the entire ring or charm could be sold at from $5 to 810. 
Several thousand searchers thus prepared would soon ascertain whether 
diamonds really existed, and the erystal would also serve for testing 
the hardness of the stone as well as the luster. One of the minerals 
most likely to be mistuken for the diamond is a form of small quartz 
crystal found principally at Santa Fé and Gallup, New Mexico; Fort 
Defiance, Arizona; Deadwood, Dakota; and Shell creek, Nevada. 
They range in size trom 1 to 5 millimeters, and the prism is nearly or 
entirely obliterated. In addition to this, as a rule, the surface is slightly 
roughened, aud by an inexperienced person is easily mistaken for an 
octahedron, which is almost universally considered to be the ouly dia- 
mond shape. 

The well-known “Arizona diamond swindle” was an adroit one, and 
the locality could hardly have been better selected ; but it should not 
have received so much credence, since gem minerals are so readily rec- 
ognized by means of their local characteristics by gem-collectiug min- 
eralogists. 

SAPPHIRE GEMS. 


Corundum.(a)—In North Carolina many corundum localities have been 
opened, and the material found is often of a very fine color even if not 
of gem quality. It was first found in the State by Gen. T. C. Clingman, 
who came upon a large dark mass‘of the cleavable variety, 3 miles be- 
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low Marshall, in Madison county. Later on it was found by Dr. C. L. 
Hunter in reddish and bluish masses at Crowder’s mountain, and also 
at Chubb’s aud King’s mountains, Gaston county. 

The largest deposits of the finest material, however, are those in Macon 
couuty, near Franklin (see ‘‘Mineral Resources of the United States, 
1882,” page 485). A very interesting variety from here, in addition to 
the gems, is a white and blue banded form which would afford carious 
gem stones. The Culsagee or Corundum Hill vein is from 10 to 14 feet 
thick. Other Macon county localities are Jacobs & Haskett’s mine, on 
Ellijay creek ; Robinson’s mine, Sugartown Fork; Houston’s mine, and 
Moore & Higton’s mine. 

At the Jenks mine, at Franklin, was found probably one of the finest 
known specimens of emerald-green sapphire (oriental emerald). It is 
the transparent part of a crystal of corundum 4 by 2 by 14 inches, from 
which several gems could be cut that would together furnish from 80 to 
100 carats of very fine, almost emerald-green gems (uot too dark, as 
the Siamese), the largest possibly fully 20 carats in weight. As this 
gem is one of the rarest known, it makes this specimen a very valuable 
one. It is now in the fine cabinet of Mr. Clarence S. Bement, with a 
suite of the choicest crystals found at this mine, and its value is over 
$1,000. 

From vear Franklin(a) a curious brown variety was found which 
shows a distinct asteria in sunlight or artificial light when the stone is 
cut en cabochon. Similar crystals have recently been found near Frank- 
lin by Mr. E. A. Hutchins, and more recently Dr. T. M. Chatard, ata 
locality 12 miles from Franklin, found a fine dark brown variety with 
bronze-like reflections. 

In the Hogback mine, Jackson county, on the feldspar banging wall, 
sapphire is met with in crystals; at the Cullakenee mine at times a 
deep ruby-red corundum is found, and also at Penland’s on Shooting 
creek, in Clay county. Two miles northeast of Pigeon river, near the 
crossing of the Ashville road, in Haywood county, and 2 miles north of 
this on the west fork of Pigeon river, at the Presley mine, are found 
some of the finest colored specimens of blue and grayish-blue corun- 
dum. Twenty miles northeast of this, at the Carter mine, fine white 
and pivk corundum is found in crystals and in a laminated form. 

Blue, bluish-white, and reddish corundum is found at Swannanoa 
Gap, Buncombe county. 

Mr. J. A. D. Stephenson found fine hexagonal prisms of a pale brown- 
ish corundum at Belt’s ridge, and more recently some very fair colors 
from several new localities near Statesville, North Carolina. 

A very fine black corundum crystal is in the Vaux cabinet at the 
Philadelphia Academy of Natural Sciences, the locality given being 
Buncombe county, North Carolina. This cabinet has also a fine ruby- 


_- 


@ Transactions New York Academy of Natural Science, March, 1884. 


PRECIOUS STONES. 735 


colored corundum from Buck’s creek, Clay county, and another from 
Hogback, Jackson county. 

_ The gravel deposits of Burke, McDowell, and Rutherford counties 
contain small grains and crystals of corundum usually altered into 
damourite. 

Mr. E. A. Hutchins, who is doing much to develop the corundum 
properties of North Carolina, has some very fine opalescent and deep 

_indigo-colored corundum from near Franklin and elsewhere in Macon 
county. 

One of the principal Pennsylvania localities is near Black Horse, 
near Media, Middletown township, Delaware county; the cleavage 
plains of the crystals show a bronze luster, and the crystals have 
usually fixed asterias shown ‘by Dr. Isaac CU. Lea(a) to be produced by 
included crystals. They are here found in a feldspathic rock. Near 
here are also crystals, found loose in the soil, at times 4 to 6 inches in 
length. After sinking a 60-foot shaft fully BU tons were mined here, 
but work has been abandoned. 

Mineral Hill, near Media, has furnished large brown and altered 
crystals. 

Near Village Green, Ashton township, Delaware county, large brown 
crystals have often been found with the brown luster. Dr. Genth men- 
tions « small mass of grayish and blue corundum with good cleavage 
in the vicinity of the chrome mines, Lancaster county, Pennsylvania. 

Iu Chester county, near Fremout, West Nottingham township, and 2 
miles south of Oxford, corundum has been observed with albite. Near 
Unionville, Newlin township, are several localities of interest. also 14 
wiles north of this locality loose crystals 3 to 4 inches in length were 
found in the soil. (b) 

Mr. W. W. Jefferis described a new locality ou the sonth side of the 
Serpentine ridge, in Newlin township, Chester county, and fully 500 
pounds of massive blue corundum had been taken out. 

Mr. Louis Zimmer, of New York, possesses a fine large crystal of co- 
ruudum of a deep blue color, found by him 40 miles north of Richmond, 
Louisa county, Virginia. 

Professor Wilson, of Chicago, is reported to have found a large de- 
posit of corundum at Lone mountain, Pennsylvania. Good blue corun- 
dum has been found on Sequale creek, Georgia. 

Prof. C. U. Shepard (c) mentions specimens of asteriated sapphire 
from Litchfield, Connecticut, lacking, however, the transpdreney requi- 
site to a good gem. 

Hoffmann(d) mentions impure columnar corundum in fragments nearly 
1 inch in diameter from Silver Peak, Nevada. | 


a Proceedings Philadelphia Academy of Natural Sciences, May, 1869. 
b Proceedings Mineralugical Section Philadelphia Academy of Natural Sciences, 
1879. 

' @**Report on Minerals of Connecticut,” 1837, page 64. 

d ‘‘ Mineralogy of Nevada.” 
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In Dr. F. A. Genth’s suite of corundums are some that would afford 
opalescent stones with fixed stars, and other interesting forms from 
North Carolina and Pennsylvania. Many fine examples of corundums 
that would afford mineralogical and interesting gems from Pennsylvania 
are in the cabinets of Mr. W. W. Jefferis, now of Philadelphia, Mr. 
Lewis Palmer, of Media, and Dr. Cardesa, of Claymont. Specimens 
fiom Pennsylvania and North Carolina are to be found in the cabinets 
of Mr. Clarence 8S, Bement, Col. Joseph Wilcox, and Dr. Isaac Lea, and 
in the W. 8S. Vaux cabinet at the Philadelphia Academy of Natural 
Sciences. At present, however, the finest of the sapphires for the gem 
trade really all come from near Helena, Montana, collected there by the 
niners in the sluice boxes of the placer mines. These are rolled crys- 
tals, rarely over one-quarter to one-half inch long, and the colors are 
pale but brilliant. In the gravels of the upper Missouri river, in Mon- 
tana, corundum is also found in placer mining. 

The largest known crystal of sapphire(a) is the one found at the 
Jenks mine near Franklin, Macon county, North Carolina, about 1872. 
It weighs 312 pounds aud is both red and blue (ruby and sapphire) in 
color. It is now in the Shepard collection at Amherst College, and es 
caped the disastrous fire of 1882, which destroyed so many of the fine 
objects there. 


Chrysoberyl has been found at Stow(b), Mainc, in masses weighing 5 
pounds each, ani also iv single distorted crystals 3 by 5 by 1 inches, of 
an opaque color; these may in part furnish very poor chrysobery] cat’s- 
eyes. Large masses have also been found at Canton, Maine, of a some- 
what similar character; and recently, perfect, small, and very distinct 
crystals of no gem value have been found in fibrolite at a new locality in 
Stow, Maine. Peru, Maine, has also afforded some crystals, though this 
locality is now exhausted. Mr. N. H. Perry found one small, very per- 
fect crystal at Tubbs’ Ledge, Maine, and it has also been observed at 
Speckled mountain, and at Stoneham, Oxford county, Maine, near the 
Stow line, by Professor Veriill; also at Norway. 

Rev. Frederick Merrick stated that he had collected fifty years ago 
some crystals that he believed would furnish gems, but perhaps not of 
the finest quality, at Haddam, Connecticut, an old and well-known local- 
ity, now exhausted. The Greenfield locality, 1 mile north of Saratoga 
Springs, New York, atforded many beautiful crystals, but is now also 
exhausted. ‘It was also found in New Hampshire in granite, at the deep 
cut of the Northern railroad at Orange Summit. None of these locali- 
ties, however, have furnished a fine gem. The most promising localities 
are those near Stow, Peru, and Canton, Maine, and gems, if found at 
all, will be likely to be found here. The alexandrite variety of chryso- 
bery] has not been observed at any American locality. 


a See paper on corundum, Popular Science Monthly, Vol. XXII., page 452, February, 
1874. 
b Transactions New York Academy of Sciences, January 2%, 1883. 
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Spinel.—Mr. Silas C. Young, who has collected minerals in Orange 
county, New York, for over twenty years, writes that in the past he 
bas collected small ruby spinels, also others of a smoky and purple tipt 
sufficiently clear to cut, and that the locality at Hamburg, New Jer- 
sey, was discoVered by his father over fifty years ago. The region of 
granular limestone and serpentine in which spinels abound is from Am- 
ity, New York, to Andover, New Jersey, a distance of 30 miles. Mon- 
roe, Norwich, and Cornwall (New York), and Vernon, Sparta, Franklin, 
and Hamburg (New Jersey), are well-known localities. The locality 
known as Monroe, New York, which furnished the monster spinel crys- 

‘tals so well known to collectors of twenty years ago, is really some- 
where between Monroe and Southfield. Its exact location was known 
only to two persons, Mr. Silas Horton and Mr. John Jenkins, both miner- 
alogists, who worked it for some years by moonlight for secrecy, and 
from it took crystals that realized over $6,000. The locality furnished 
many fine crystals that were ruined in blasting and breaking out. Since 
the death of the former winers the position of this most wonderful 
locality has been unknown. All this region has afforded an occasional 
gem stone. 

The galnite from the Deak mine, Mitchell county, North Carolina, is 
of a very dark green color, translucent on the edges, and appears to be 
compact enough for cutting. The localities of Franklin and Sterling, 
New Jersey, have afforded some of the finest known crystals of this 
mineral, which would cut into mineralogical gems. At the lead mine 
at Canton, Georgia, some fine ones were found on galenite. Dr. F. A. 
Genth mentions in his “Contributions to Mineralogy” large, rough crys- 
tals 9 centimeters long from the Cotopaxi mine, Chaffee county, Colo- 
rado. Mr. William Tatham, of Philadelphia, sent me a specimen of 
gahnite from some lead mine in New Mexico; the crystals were from 
one-eighth to three-eighths inch across, brighf polished octahedrons em- 
bedded in galenite. This most interesting and curious association was 
accompanied with massive garnet. The crystals were translucent on 
the edges. This locality may rightfully be regarded one of the most 
interesting for this variety, and it is to be regretted that more exact 
information cannot be obtained regarding it. At none of these places 
has this material been found sufficiently fiue to make a good gem. 

Topaz.—The Platte mountain topaz locality, near Pike’s peak, de- 
scribed by Rev. R. T. Cross(a) and by Mr. Whitman Cross(b), has 
been prospected very extensively during the last fourteen mouths, and 
many fine crystals of topaz have been found, some of them vielding 
cut stones from 10 to 193 carats each in weight, and in color ranging 
from colorless to a rich cinnamon brown, and entirely free from flaws. 
One of the larger ones, belonging to the cabinet of Mrs. M. J. Chase, 

weighs 125 carats, and is as fine a gem as America has produced of any 


a American Journal of Science, October, 1883. 
b American Journal of Science, O¢tober, 1882, 
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kind. These crystals are equal in quality to many of the finest of the 
same size from Siberia, and one fragment of good color but flawed has 
been found here which weighed 2 pounds. The crystals found in this 
locality, over one bundred in all, during fourteen months, have sold for 
nearly $1,000, at a valuation of from 50 cents to $100 each. At Crys- 
tal peak, near Pike’s peak, on large amazonstone crystals, topaz is 
found of a slightly different type, with phenakite, and also different 
in form, from the Pike’s peak variety. Some occur over 1 inch long 
and quite thick. Prof. J. E. Clayton, of Salt Lake City, visited the 
locality mentioned, and it was also visited by Lieutenant Simpson in 
1847. Here the topaz occurs in some isolated mountains west of the 
Sevier lake, and 140 miles southwest of Salt Lake City by the road. 
The rock is an eruptive uverflow of trachyte full of amygdaloidal cavi- 
ties, in which the topaz crystals are found; they are also disseminated 
through the body of the rock. The crystals are usually small, from 1 
to 100 millimeters long, and from 5 to 8 millimeters across. The wine 
color, yellow, aud blue are very uncommon, the general color being 
limpid white; they are very brilliant and of remarkable transparency, 
closely resembling the Durango, Mexico, and the Chaffee county, Col- 
orado, varieties, especially the latter, which in the same rock is asso- 
ciated with small fine crystals of garnet. In the scarcity of water the 
locality presents almost insuperable obstacles, but will no doubt be re- 
visited iu the near future. The Stoneham, Maine, locality bas furnished 
scarcely a fair crystal during the year. Genth and Kerr(a) mention 
that the Crowder’s mountain topaz is very doubtful, proving on exam- 
ination to be kyanite. Pycnite occurs in fine columnar aggregations of 
2 yellowish and brownish-yellow color, associated with garnet, near 
White’s Mills, Gaston county, North Carolina. 

Diaspore.—Possibly the finest known diaspores are those which were 
found at the corundum locality near Unionville, in Newlin township, 
Chester county, Pennsylvania. The crystals were from one-half to 14 
inches in length, and one-quarter of an inch in thickness. The color 
varies from a white to a fawn color inclining to a topaz, while others 
are at times of slightly brownish tint. They closely resemble topaz in 
appearance, and would afford gems as fine as any yet obtained. ‘The 
finest of these are in the cabinets of Dr. Isaac Lea and Colonel Joseph 
Wilcox, of Philadelphia. 

The emery mines of Chester, Massachusetts, have produced a few 
small crystals which might be cut iuto minute cabinet gems. 

Mr. John C. Trautwine, of Philadelphia, obtained some minute acicular 
erystals in a cavity of massive corundum at the Culsagee mine, North 
Carolina, General T. C. Clingman also observed the mineral associated 
with blue corundum near Marshall, Madison county, North Carolina. 

Beryl and emerald.—Prof. Parker Cleveland (b) mentions having seen 


“Minerals and Mineral Localities of North Caro!ina,” page 53. 
b ‘*Miueralogy aud Geology,” by Parker Cleveland, Boston, 1822, page JA4l. 
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several emeralds from Topsham, Maine, of a lively beautiful green color, 
scarcely, if any, inferior to the finest Peruvian emeralds; also two (a) 
rose-colored beryls as having been found at Goshen, Massachusetts. 
The finding of av emerald at Haddam, Connecticut, of a deep green 
color, an inch in diameter and several iuches in length, is mentioned 
in Bruce’s Mineralogical Journal, Vol. V.,1, ag belonging to Colonel 
Gibbs’ cabiuet. , 

As no true emeralds are iv existence from Haddam or Topsham, these 
may really refer to very dark green beryls. 

Of emerald specimens some of the finest in color, though of little gem 
value, were found during the summer of 1883 at the Stony Point mine, 
in North Carolina. The finding of fine beryls and emeralds of pale color 
collected by Mr. J. A. D. Stephenson on the property of J. O. Lackey, 
1 mile southwest of the Stony Point deposit, and a short distance from 
the Lyons property, on which the same mineral was found by Mr. 
Smeaton, of New York, shows that the deposit is evidently not acci- 
dental, and that there is encouragement for future work in this region. 
Beryl is found in greenish-yellow and deep greeu crystals, resembling 
the Siberian, in the South mountains 9 miles southwest of Morganton, 
Burke county; in the Sugar mountains at Shoup’s ford, Dietz’s, Huff- 
man’s, and Hildebrand’s, aud in smaller crystals in Jackson county. 
One fine blue-green crystal in quartz was found at Mills’s gold miue, 
Burke county, and one fine transparent green crystal from near here is 
now in the cabinet of Mr. M. T. Lynde, of Brooklyn. Fine blue-green 
aquamarine occurs at Ray’s mine on Hurricane mountain, Yancey 
county, North Carolina. Clear green beryls have been found at Balsam 
Gap, Buncombe county; Carter’s mine, Madison county ; Thorn,mount- 
ain, Macon county; E. Balch’s, Catawba county ; Fort Defiance, Cald- 
well county, and ut Wells, Gaston county. Sowe crystals 2 feet Jong . 
and 7 inches in diameter, that would cut into gems with small clear 
spots, occur 4 miles south of Bakersville creek, and still others, larger, 
at Grassy creek, North Carolina. 

The Stoneham, Maine, beryls have flocculent centers, with fibrous ap- 
pearance, and some of these may cut into beryl cat’s-eyes. 

Beautjful transparent beryls have been found at Streaked mountain, 
Norway, Lovell, Bethel, and Franklin plantation, Maine, and very good 
ones also at Mount Mica and Grafton, Maine. The best locality, how- 
ever, is the ove at Stoneham, mentioned in the last report.(b) Here 
some perfect gems over 1 inch long were cut from the material, and the 
work duriug the last year has yielded aquamarines of a good blue 
color, the aggregate values of which amount to over $700. 

At Albany, Maine, Mr. N. H. Perry has recently found beautiful trans- 
parent golden yellow beryls that would cut into perfect gems of over 


a ‘‘ Mineralogy and Geology,” by Parker Cleveland, Boston, 1822, page 344. 
b ‘* Proceedings American Association for the Advancement of Science,” 1883. 
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2 carats each. One fine-cut light sea-green aquamarine bery] from 
Sumner, Maine, in Mrs. Merchant’s cabinet, weighs about 7 carats. 

One remarkably fine deep-blue gem from Royalston, Massachusetts, 
weighing over 10 carats, is in the United States National Museum, and 
in the same collection is one weighing 14 carats from Portland, Con- 
necticut, equal to almost any from Brazil for depth of blue color. Both of 
these localities have at times afforded fine clear material. Some very 
clear white stones are obtained at Pearl hill, in Fitchburg, Massachu- 
setts, and are sold by the local jewelers. Dr. A. C. Hamlin owns a 
very fine golden yellow bery] of 4 carats from this locality. 

Fine crystals of beryl of almost emerald green color, also beautiful 
yellowish green and bluish beryls, are found in Deshong’s quarry, near 
Leiperville, Pennsylvania; the crystals are at times 12 inches long, of 
a yellowish green color. At Shaw & Ezra’s quarry, near Chester, at 
Upper Providence, and in Middletown, Concord, and Marple townships, 
fine specimens have been found. Tine beryls also have been observed 
at White Ulorse, 3 or 4 miles below Darby, Pennsylvania. Bluish green 
aud blue beryls occur in the vicinity of Unionville, Newlin township, 
and on Brandywine battlefield, in Birmingham township. One crystal, 
of # dark tourmaline green tiut, over one-half inch long, in the cabinet 
of Mr. Michael Brodley, of Chester, Pennsylvania, is from Middletown, 
Delaware county, and would afford a fine gem. Some of the gems from 
here, especially those from the John Smith farm, have much the ap- 
pearance of bluish emeralds. The finest American golden yellow beryls 
are found at the Avondale quarries, Delaware county, Pennsylvania. 
A 20-carat gem is in the cabivet of Mrs. M. J. Chase, and material for 
another is in the cabinet of Mr. Clarence 8S. Bement. Mr. B. B. Cham- 
berlain has lately found six fine yellow beryls, 1 to 2 carats each, iu 
‘ Manhattanville, New York City. 

The variety of beryl found at Goshen, Massachusetts, and called 
gosheuite, occurs in pieces transparent enough to afford gems. 

Phenakite.—About fifty crystals of phenakite have been found during 
the last year, of which fully one-quarter would aoffrd gems, some over 
6 carats in weight and absolutely pellucid; the largest erystal found 
was 3 inches across; the finer ones are equal in quality to the Siberian. 
They have been observed at the locality near Pike’s peak(a), aud 
also near Crystal peak small ones on amazonstone. At the topaz 
locality at Florissant, El Paso county, Colorado, phenakite(b) occurs in 
small but very interesting crystals implanted on microcline amazonstoue. 
They are rarely over 5 millimeters in size, and are very transparent and 
colorless, and would afford minute gems. 

Euclase.—Only one mention is made of euclase in the United States.(¢) 


a W. Cross, in American Journal of Science, October, 1882. 
b Identified by Mr. W. Cross in Decomber, 1684. 
¢ ‘Minerals and Mineral Localities of North Carolina,” 188]. 
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In this case several crystals were reported as found at the residence of 
Mr. Morrill, Mills’s Spring, Polk county, North Carolina, by Gen. T. L. 
Cliugman, in washing the gold sand at this locality, and Dr. F. A. 
Genth says this mineral was not eucluse. 

Zircon.—At a locality near the Pike’s Peak tol] road, due west from 
the Cheyenne mountains (a), zircons are found in a soft yellow miferal 
ina quartz rock. The crystals found here are the most beautiful ever 
found of this mineral, nearly always brilliant and often transparent; in 
color generally a rich reddish brown, although at times pink and boney- 
yellow, some few emerald-green crystals also having been found. They 
are rarely over one-eighth inch in diameter, as a rule not over one tenth, 
and yet some of them would furnish very interesting small gems. 
Opaque zircon is found at several localities in the Pike’s Peak district, 
in one case associated with amazonstone and in another with astro- 
phyllite, also with a flesh-colored microline in the same region, and in a 
quartz rock. No gems have been found in these localities. Zircon is 
abundant in the gold sands(b) of Polk, Burke, McDowell, Rutherford, 
Caldwell, Mecklenburg, Nash, Warren, aud other senivit les in North 
Carolina, in nearly all the colors peculiar to Ceylon; yellowish brown, 
brownish white, amethystine, pink, and blue. They have many planes, 
but are too minute to furnish gems of any value. Gen. T. L. Clingman, 
in 1869, obtained within a few weeks 1,000 ponnds of the well-known 
brownish crystals from Buncombe county, North Carolina. They occur 
in equal abundance at Anderson, South Carolina. The latter are readily 
distinguished from the North Carolina crystals, being much larger, often 
linch across, and the prism is nearly always very small, the crystal 
being made up often of the two pyramids only. 

Fine crystals of this mineral have also been found in Lower Saucon 
township, Northampton county, Pennsylvania, and three-fourths of a 
mile north of Bethlehem. The gravels of the Delaware and Schuylkill © 
rivers contain considerable quantities of very minute nearly colorless 
crystals of zircon. Some fine ones over 1 inch in length have been 
found at Litchfield, Maine, and all through the cancrinite and sodalite 
rocks near them. In the Canfield cabinet are some of the finest known 
black zircons, perfect crystals over 1 inch long, which were found near 
‘Franklin, New Jersey. 

Andalusite.—The andalusites of Upper Providence, Delaware county, 
Pennsylvania, described by Prof. E. S. Dana(c), are worthy of men- 
tion from the fact of their remarkable size, one of the crystals weighing 
7 pounds, although not fit for gem purposes. 

Andalusites of a fair pink color not entirely perfect, but stil of & 
quality to produce mineralogical gems, were found to some extent at’ 


a American Journal of Science, October, 1382. 
b “Minerals and Mineral Localities of Nerth Carolina,” 1881, page 44. 
oe American Journal of Science, III., Vol. IV., December, 1472. 
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Westford, Massachusetts(a), some of the crystals being 2 inches long 
and one-fourth inch across. 

No new crystals have been found at the Gorham, Maine, locality(b), 
of which a brief mention was made in the last report. 

Andalusite has been found on the slope of Mount Wiley, Standish, 
Maine, by Mr. Lucien Holmes, of Standish ; the crystals are fully one- 
quarter to three-eighths of an inch in diameter and of a good flesh-pink 
color; they would cut into very fair mineralogical gems. While col- 
lecting ou the Dresser farm, back of the Lucien Holmes farm, I found 
some crystals similar to the above, equally as transparent, associated 

‘with crystals of pyrrhotite in a quartz ledge. The locality associations 
being identical at the three places, although 6 miles apart, would lead 
to the inference that this mineral must occur in some abundance in this 
vicinity, and that these are only outcrops of the same rock, which may 
yield some fine gems if the proper amount of work he expended there. 

Prof. W. P. Blake (c) first observed that in Mariposa county, Cali- 
fornia, in the drift of the Chowchilla river, near the old road to Fort 
Miller, chiastolites are found in great abundance in fine crystals, show- 
ing the dark crosses on a white ground iu a remarkably perfect and in- 
teresting manner. They are also found in the stratum of conglomerate 
which caps the hills above the streams, and these were doubtless all 
originally in place in the slates a little higher up the river. Smaller 
and less perfect ‘‘ macles” are found in the slates at Hornitos on the 
road to Bear valley. The Mariposa, California, crystals, are rather the 
finer. 

The interesting and well-known illustrations in Dana’s “System of 
Mineralogy,” page 372, well indicate the endless variety of markings 
that may exist in this mineral and the beautiful ornamental effects that 
could be produced, serving also purposes of personal adornment. 

Lancaster and Westford, Massachusetts, have produced many of the 
finest “‘macles” ever found. 

Schorlomite——The schorlomite of Magnet Cove, Arkansas, as 4 rule 
is penetrated by white crystals of apatite, but at times is very free from 
all foreign matters, and very compact, breaking with a very bright co- 
choidal fracture. Its superior hardness impressed me enough to try 
and see the effect in gem form. It proved on cutting to yield a dead 
black stone of not quite as metallic a luster as rutile, but rather a mod- 
ification between it and black onyx. As it occurs in sufficient quantity 
we have here material that will form a new and fine mourning gem; 
stones can be cut of any size to perhaps over 20 carats, as the mineral 
occurs to fully this size. The first stone cut was over 6 carats in weight. 
It is. the only gem of metallic luster over 7 in hardness. 

Staurolite.—The staurolite of Fannin county, Georgia, 12 miles south- 


aSchool of Mines cabinet, New York. . 
b ‘Proceedings American Association for the Advancement of Science,” 1683. 
* —oW. P. Blake: ‘“ Mineral Localities of California,” 1866, 
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east of Ducktown, Tennessee, first described by Prof. E. 8. Dana(a), 
has furnished some of the fivest known twinnings of this material. 
From their beauty these have found a sale abroad as ornaments and 
charms, and are more highly regarded than those found at Bretagne, 
France, which the superstitious believe were dropped from Heaven, 
according to the legend. They occur twinned in single and double 
crosses, aud large quantities were found in decomposed rock, of which 
perhaps oue-tenth were perfect crystals. They usually require a certain 
amount of scraping and cleaning when found. 

Some fine brilliant crystals are found at Windham, Maine, some of 
the twins forming fine crosses. Occasionally crystals are found here 


that would afford small mineralogical gems, if cut. Their use for nat- ; 


ural ornameuts is exceedingly limited abroad, and here they are used 
scarcely at all. ° 

’ §taurolite is found also at Franconia and Lisbon, New Hampsbire, in 
mica slate; on the shores of Mill pond, loose in the soi]; at Grantham ; 
at Cabot, in Vermont; at Chesterfield, Massachusetts; at Bolton, Litch 
field, Stafford, Tolland, and Vernon, Connecticut; on the Wissahickon, 
8 miles from Philadelphia, in abundant reddish brown crystals; and at 
Canton, Georgia, at the lead mine. 

It is also found at the Parker mine, Cherokee county, North Carolina, 
in fine twins; also on Persimmon, Hanging Dog, and Bear creeks, Madi- 
son county, and Tusquitee creek, Clay county. At the latter localities 
it is found in argillaceous and talcose slates. 

Some staurolite macles similar to a chiastolite are described by Dr. 
C. T. Jacksonv from Charlestown, New Hampshire, which by insensible 
shades pass into andalusite macles. 

Tolite—The late Dr. Torrey possessed a fine seal made of a cube of 
iolite from the albite granite of Haddam, Connecticut, that displayed its 
dichroitic properties to the greatest perfection, the blue being remark- 
ably fine. Though this locality promised well, the supply of gem 
material was scant. It hus been found near the Norwich and Worces- 
ter railroad, between the Shetucket and Quinnebaug, where the gneiss 
has been quarried for the road. At Brimfield, Massachusetts, ov the 
road Jeading to Warren, it occurs with andalusite in gneiss, and also 
near Norwich, Connecticut. It is found also at Richmond, New Hamp- 
shire, with anthophyllite in a talcose rock. No gems ure being found 
at present. 

Tourmaline.—One of the remarkable tourmaline localities(b) of the 
world is Mount Apatite, on the Hatch farm, Auburn, Androscoggin 
county, Maine, the locality first discovered by Mr. S. R. Carter. It 
was worked by Mr. N. H. Perry, who first found the true vein in 1882, 
and obtained probably one thousand five hundred crystals. They are 


a American Journal of Science, Vol. XI., May, 1876, page 385. : 
b American Journal of Science, Vol. XXVII., April, 1864. “ Proceedings American 
Awociation for the Advancement of Science,” 183. 
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usually colorless, light pink, light blue, bluish pink, light golden, and 
sections show the characteristic variety of color, such as blue and pink, 
green and pink, when viewed through the end of the crystal. Some of 
the faintly-colored crystals afforded gems that were considerably darker 
after the cutting. 

Daring the last summer the north side of this locality has been worked 
by Mr. G. C. Hatch and Mr. T. F. Lamb, and much darker material has 
been found, especially the green colors, some of which equal anything 
found at Mount Mica. Rude black crystals were observed here 8 inches 
in diameter and 12 feet long, and at times inclosing quartzite. Several 
specimens were almost emerald color, and would afford gems. This 
promises well to afford fine gems for some time to come, as well as the 
Mount Mica locality. 

Mr. Lucien Holmes, of Standish, Maine, found crystals of green, red, 
aud blue tourmaline on the Hussey farm, but they were not of gem 
quality, although very good as crystals. As little work has been done, 
this locality might improve by development. The specimens at Bates 
College, Lewiston, labelled “ Baldwin,” are supposed to have been found 
at this locality. 

During the last year Mr. E. G. Bailey and Dr. A. C. Hamlin have 
opened the Mount Black locality at Rumford and Andover, Maine. 
The indications here are quite good for gems, and a quantity of rubellite, 
a great quantity of lepidolite, spodumene 3 feet long, cookite, ambly- 
gonite, and other minerals similar to those of the Mount Mica, were 
taken out, none however of gem quality. ‘ 

The tourmaline mentioned in Hamlin’s “Tourmaline,” page 72, ¥a8 
found about 1860, by Augustus Lane, at Welcome’s Corner, on the 
Boutelle farm. This specimen was first recognized by Dr. Hoar. The 
locality is about balf a mile from the Hatch farm, and the indications 
were found by Dr. Hamlin on working, in 1860 and 1862, to be the same 
as at the Hatch farm. 

The localities in Maine that have furnished fine tourmalines are 
Mount Mica at Paris, two localities at Auburn, Hebron, Norway, Mount 
Black in Andover and Rumford, as well as the Standish locality; the 
two latter have furnished no gems. , 

Some of the finest of the cut rubellites and green tourmalines are in 
the possession of Prof.C. U. Shepard and members of his family. Jné 
of the most magnificent known green tourmalines is one, the color of 
which is described by Professor Shepard as of a chrysolite-green, and 
having a blue tinge, while less yellow and more green than chrysolite. 
It is 1 inch long, 3 inch broad, and 1 inch thick, and finer than any of 
the Hope gems. One fine rubellite of two-thirds this size, and equally 
tine, one pink topaz one-half this size, and one remarkable rebellite thé 
size of the large green tourmaline, are also in possession of this family. 

The Hamlin cabinet (a), the first crystal of which was found in 1820, 


a See ‘The Tourmaline,” by A. C. Hamlin. 
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contains many hundred fine rubellites, indicolites, achroites, and fine 
pink, green, yellow, and other colored tourmalines, mostly from Paris, 
Maine. It is the finest tourmaline collection in the warld, and really 
would farnish full suites for a dozen cabinets. One wonderful dark gem 
of 28 carats, 1 inch long, one achroite of 23 carats, and many fine stones 
of nearly every known shade of color of this gem, are found in this 
cabinet. 

The DeKalb, New York, locality of white tourmalines afforded a few 
fine crystals. The choicest of thesc, in the cabinet of Mr. Clarence S. 
Bement, is over 1 inch long, and would cut into a gem weighing over 
10 carats, that for light yellow color would be equal to that from any 
American locality. 

Dr. Genth(a) mentions beaatiful light yellow, brownish yellow, and at 
times white crystals, at Bailey’s limestone quarry, .East Marlborough, 
Pennsylvania; yellow crystals at Logan’s limestone.quarry, West Marl. 
borough ; brown, light yellow, at times transparent, at Jobn Nivin’s 
limestone quarry, New Garden township ; and green tourmaline in tale 
bas been found near Rock Spring, Lancaster county. Very beautiful 
crystals of black tourmaline are found in Delaware county; near Leip- 
erville, it is found in crystals of 5 inches in Jength and 13 inches thick, 
and well terminated ; also in Marple township, terminated with two low 
rhombohedra. These are about as fine as black crystals are ever found. 
Bluish and brownish green tourmaline is found in fine crystals, pene- 
trating damourite and diaspore, at Unionville, Newlin township. 

The brown tourmaline found near Amity, and called xanthite, Mr. 
S.C. Young informs me he has observed transparent enough to cut 
into gems. 

A small, well terminated, transparent green tourmaline (b) was found 
by Colonel Mills, on Silver creek, Burke county, North Carolina; also 
a black crystal 4 inches long, inclosed in a green bery} crystal. 

Garnet group.—Although the garnets found in the diamond mines at 
the Cape of Good Hope, the so-called Cape rubies, are larger in size, 
and perhaps equal to those of Arizona, New Mexico, etc., by daylight, 
yet there is undoubtedly no finer garnet found that looks better in the 
evening than those from the garnet regions of the United States. The 
dark color in Cape garnets remains by artificial light, whereas with the 
American garnets nothing but the clear blood color is visible. They ure 
of fine quality and plentiful on the Great Colorado plateau. Hoffmonn 
mentions good thongh small crystals of garnet from Black Cajion, Col- 
orado river, Nevada. Fine small almandine garnets are also found in 
the trachyte of White Pine county, Nevada. Some very fine crystals 
of garnet have been found during the summer at Round mountain, 
Albany, Maine, by Mr. Edgar D. Andrews. The large dodecahedral 
and trapezohedral garnets, coated externally with a brown crust of 


—— 


a ‘Preliminary report on the Mineralogy of Pennsylvania,” page 96. 
_ 6“ Minerals and Mineral Localities of Nerth Carolina,” page 52. 
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limonite, but usually on breaking showing a bright and very comract 
material, are often as fine in color as the Bobemian gem waterial, and 
should find a ready use for watch jewels and other like purposes. Some 
-of these crystals weigh 20 pounds, and would afford large dishes or 
cups measuring from 3 to 6 inches across. Some have been cnt into 
very fine gems. They are found in Burke, Caldwell, and Catawba 
counties, North Carolina. A very large quantity has been found about 
8 miles southeast of Morganton, in Burke county, and also near Warlick, 
in the same county. Another good locality is 4 miles from Marshall. 
Many of them are very transparent, varying in color from the purple 
almandine to a pyrope red. Many tons have been crushed to make 
“emery” and the sandpaper called garnet papvr. The peculiar play of 
color is often due to the inclusions. In these, as well as thore from 
Stony Point and elsewhere, at times nearly one-quarter of the entire 
crystal is taken up by ¢avities of fluid, acicular crystals, etc. 

Pyrope of good color has been observed in the sands of the gold 
washings of Burke, McDowell, and Warren counties, North Carolina. 

The Avondale, Pennsylvania, quarry has furnished some of the finest 
known crystals of common garnet as specimens, one of them measuring 
24 inches across (in a piece of quartzite), in color a rich purplish red, 
with beautiful natural polish and remarkably sharp angles. It is, per- 
haps, as fine as it is possible for this mineral to occur in crystal form, 
and is in the cabinet of Mr. C. S. Bement. 

Iron-vlumina garnet is found in Concord township, at Deshong’s 
quarry, Shaw & Ezra’s quarry, and at Upland, near Chester; also in 
Darby, Acton, Lower Providence, Haverford, and Radnor townships, 
Pennsylvania. A dark red variety, similar to pyrope in color. is found 
in the bed of Darby creek, near the Lazaretto, in Delaware county. 
Some peculiar garnets of a deep blood-red color have been mistaken for 
pyrope, but an analysis made by Mr. C. A. Kurlbaum proved them to be 
true garnets. Many garnets have been cut by collectors from both 
Chester and Delaware counties, and some of these were of very fair 
quality. At Acworth, Grafton, and Hanover, New Hampshire, gar- 
nets of gem value have often been found. At Russell, Massachusetts, 
a vein of garnet, very dark in color, and called there black garnet (not 
melanite), was opened during the last two years, and many fine crystals 
have been taken out, partly by Mr. Daniel Clark, of Tyringham, Massa 
chusetts. These have been sold as specimens only, or exchanged for 
minerals, and were valued at fully $1,000 in all. 

Beautifal transparent essonites one-fourth inch in diameter have been 
found at the Avondale quarry, Pennsylvania. They are entirely trans- 
parent and quite flat, being usually found between plates of mica. A 
few have been found equal to the Ceylon essonites. Essonite has been 
found of good quality at Milton plantation, and at the Carter, Perry, 
and Wild properties, Oxford county, Maine. Very fine essonites, red 
and fine yellow, were formerly found at Phippsburg, Maine, Mr. George 
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W. Fisa, of Philadelphia, found some of the most beautiful natural 
gems of microscopic yellow garnets in the cleaning out of a small 
cavity at the microlite locality near Amelia Court-House, Virginia. In 
the cabinet of Dr. Isaac Lea are some crystals of a rich, dark, oily green 
grossularite, transparent, from 1 to 5 millimeters long, that were found 
at the Good Hope mine, California. Some very fair crystals of a rich 
green grossularite, from 1 to 5 millimeters in eae, are found at 
Hebron and West Minot, Maine. 

The colophonite from Willsborough, New York, although of a bean- 
tifally rich, irridescent color, has never been utilized, owing to the small 
size of the grains and the friability of the large masses. At Franklin, 
Sussex county, New Jersey, immense crystals of the different varieties, 
melanite, polyadelphite, colophonite, etc., have been found, but rarely 
in crystals that would afford a gem. 

The beautiful and rare garnet, ouvarovite, was first described as occur- 
ring in this country by Prof. C. U. Shepard(a), as having been found 
in minute nearly transparent emerald-green crystals one-tenth inch in 
diameter at Wood’s chrome mine, Lancaster county, Pennsylvania. 
The ouvarovite from Oxford, Canada, adjoining Newport, Vermont, on 
Lake Memphremagog, is found in large quantities, at times in masses 
over 1 foot across. The crystals, however, are very small, being rarely 
over one-sixteenth inch across, though usually of a good color. The white 
garnet from here, described by Dr. T. Sterry Hunt(b), although not in 
crystals, is identical with the fine crystals found at Wakefield (c), Can- 
ada, and has been cut into white gems. The Wakefield ouvarovite is 
much finer than the Oxford crystals, some one-fourth inch across having 
been found, one of which is now in the cabinet of the late Mr. John 
G. Miller, of Ottawa, Canada. 

Garnets are found at many localities in California and Arizona. Ac- 
cording to Prof. W. P. Blake they have been found at the following 
places in California: Rodgers mine, in the eastern part of El Dorado 
county, @ green grossular stone in copper ore; near Petaluma, Sonoma 
county, associated with specular iron, calespar, and iron and copper 
pyrites; in the Coso district, Inyo county, in large semi-crystalline 
masses of a light color, some specimens of which were taken to San 
Francisco under the impression that they contained tin; 3 miles from 
Pilot Hill, El Dorado county, in blocks several feet thick ; also in Plu- 
mas, Mono, Fresno, Los Angeles, and San Diego counties. Garnets 
occur in great quantities in mica-schist at the mouth of the Stikeen 
river, near Fort Wrangel, Alaska. Blood-red stones are plentifal on 
the Nacimiento desert, near Fort Defiance, rortheastern Arizona. They 
are found here in the loose sand, having probably been brought by the 
action of water from a point 50 miles to the north, where they occar in 

@ American Journal of Science, 2, XLI., page 216. 
b “ Geolugy of Canada,” 1863, page 496. 
¢ ‘Proceedings American Association for the Advancement of Science,” 1883. 
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the so-called syenite. This is thonght to be the place where the perpe- 
trators of the famous “diamond swindle” procured the garnets with 
which they salted the bogus diamond field. In the western part of 
Arizona, on the same parallel with Fort Defiance, garnets have been 
observed on both sides of the Colorado river. 

Kyanite.—The finest American kyanites were possibly those formerly 
found at Chesterfield, Massachusetts, a fine example of which is in the 
British Museum cabinet at South Kensington. The crystals in this are 
all distinct, of a fine dark blue color, and would cut into some small 
mineralogical gems. 

At the locality at Derby creek, Moon’s ferry, Delaware county, Penn- 
sylvania, fine deep azure-blue blades 5 and 6 inches long have been 
fuund, which would afford gems if they were thicker. Blue, green, and 
gray specimens are found at East Bradford. 

Fine crystals are found, together with lazalite, at Chubb’s and Crow- 
der’s mountains, Gaston county, North Carolina, on the road to Coop- 
er’s gap. 

In Maine kyanite is*found in fine crystals at Windham. 

The old localities are Worthington, Blanford, Westfield, and Lancas- 
ter, Massachusetts; Litchfield and) Washington, Connecticut; Strat- 
ford, Salisbury, and Bellows Falls, Vermont; near Wilmington, Dela 
ware, and at Willis mountam, Buckingham county, also 2 miles north 
of Chancellorsville, Spottsylvania county, in Virginia. 

No really fine gems have as yet been produced from American kya- 
nite. 

Danburite is found in considerable quantity at Russell, New York. 

Lithia emerald (hiddenite)—Lithia emerald, or hiddenite, has been 
found in very small quantities at Stony Point, Alexander county, North 
Carolina, since the spring of 1883; nearly all the gems sold by the com- 
pany now are, therefore, of old material. usually small stones, or else 
rather light colored. 


SILICA GROUP. 


Transparent quartz —In Herkimer county, New York, quartz crys- 
tals have been collected by many for their remarkable brilliancy and 
perfection, rivaling even those found in the Carrara marble; many col- 
lections of them have been made, notably one by Rev. Bogert Walker, 
of Herkimer. There are a number of others at Middleville, Little Falls, 
Canajoharie, and other places. Many are sold along the railroads, 9 
two-ounce vial of them usually bringing $2. Crystals with a drop of 
water bring from $1 to $30; single fine limpid ones, from 10 cents to 
$25. Attimesthey are brilliant, transparent, and perfect as any known 
substance, whiter even than any diamond. Curious groupings or iv- 
clusions, such as bitumen, pearl spar, etc., also bring fauey prices. 

Many fine crystals were obtained where the railroad was opened, at 
Middleville and Newport, also at Little Falls, on the line of the West 
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Shore railroad. The old diggings at Little Falls have been worked so 
extensively that the highway has been encroached upon, thus partly 
preventing further digging. There crystals are in demand all over the 
United States, several men being required to dig nearly all the time to 
supply the demand from all quarters. At Diamond point and Diamond 
island, Lake George, the same crystals occur as in Herkimer county, 
and are extensively sold there. 

Some of the most magnificent known groups of quartz were formerly 
obtained at the Ellenville lead mines, Ulster county, New York, some 
of the finest of which are now at the American Museum of Natural His- 
tory, New York City. Tew, if any, of these were used for gem.purposes, 
although many were sold as souvenirs at the locality over twenty years 
ago. The Sterling mine at Antwerp, New York, furnishes small, fine, 
doubly-termiuated dodecahedral crystals, and the same forms, slightly 
different, are also found in the specular iron at Fowler, Herman, and 
Edwards, Saint Lawrence county; Diamond hill, Lansivgbarg, is an 
old but poor locality, and Diamond island, Portland harbor, Maine, is 
well known for the sinall but bright crystals found there. 

Dr. Genth, in *‘ Preliminary Mineralogy of Pennsylvania,” mentions 
crystals from 14 to3 inches across, short and thick, but with clear 
pyramid, from Nazareth, Northampton county, Penvsylvania; also fine 
crystals, 14 inches long and wide, from Crystal springs, on Blue mount- 
ain, iu Busbkill township. 

The highly modified crystals from Diamond Hilland Cumberland Hill, 
Rhode Island, also the fine ones from White Plains and Stony Point, 
Alexander county, and from Catawba and Burke counties, North Caro- 
lina, are worthy of mention, and lately formed the subject of a crystal- 
lographic memoir by Prof. Gerhard vom Ratb. 

The San Francisco Bulletin of July 16, 1884, mentions the finding of 
a large deposit of crystal or pebble stones on the Santa Margarita 
rancho, San Diego county, California, special reference being made to 
one specimen of pure crystal 8 inches in diameter. 

Mention is made by Dr. Daniel G. Brittou(a) in a paper on the folk 
lore of Yucatan, in quoting the language of Garcia that the natives 
were converted from Pagan idolaters to Christian idolaters, and speak- 
ing of the belief in witchcraft and sorcery among them, that the wise 
wen divine with a rock crystal and that it bas great influence over 
their crops. Their occurrence in the mounds of Arkansas, North 
Carolina, and elsewhere, and the abrasion of the crystalline edges, 
Would lead to the inference that they were not collected only to bury 
With the dead, but that they were carried by the natives for a long time 
to produce certain influences, and having been used for such purposes 


were probably buried! with them as their property. Personal observa- . 


tion in Garland and Montgomery counties, Arkansas, carried on at times 
40 miles from the Crystal mountain locality, showed these crystals 


@ Folk Lore Journal, Auyust, 1883, 
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associated with a quantity of some of the finest chipped arrow points of 
chalcedony anywhere found, and yet no trace of a chipped crystal could 
be found among them. In a number of the mounds leveled by the 
farmers in cultivating, and not worked systematically, many single 
crystals of quartz were revealed, which may, however, have been kept 
for their beauty and symmetry by the Indians. These masses of trans- 
parent quartz, especially from North Carolina, would afford perfectly 
clear crystal balls, at least 2 to 4 inches in diameter, and a few have been 
cut over 2 inches. 

A large mass weighing 5 kilos was recently brought from Alaska, 
and was only a part of an original mass which must have weighed 20 
kilos. It afforded clear crystal slabs for hand glasses 3 by 5 inches. 
The superiority of this material over glass lies in the fact that it does 
not, like glass, by its color detract from the rosiness of the countenance. 
A fine glass of this kind is in the Dresden “ green vaults.” 

Amethyst.—One of the finest American amethysts was lately shown 
me by Mr. L. M. Ives, of New York City. The color was nearly equal 
to the finest Siberian, and the crystal would afford a gem three-eighths 
inch arcoss. It was found by Mr. Ives, 14 miles from Roaring brook, vear 
Cheshire, Connecticut. 

Amethyst of a light purple and at times pink color is found in erys- 
tals 3 inches long and over in large abundance at Clayton, Rabon 
county, Georgia. At times these have large liquid cavities contain- 
ing movable bubbles of gas. They are of little gem value, although fine 
as specimeus. Some five amethysts in the Hamlin cabinet are from 
Oxford county, Maine. Very fair crystals were formerly found at Mount 
Crawford, Surray, Waterville, and Westmoreland, New Hampshire. 
Some very fair crystals have been observed at Bristol, Rhode Island. 
Dr. F. A. Genth(a) mentions magnificent specimens from Delaware and 
Chester counties, Pennsylvania. Among the principal localities may 
be mentioned the farms of 8. Entrikin, William Gibbon, Mrs. Faalkes, 
and Dr. Elwayne, in East Bradford township; in Pocopson township, 
Johu Entrikin’s and Joseph B. Darlington’s; Birmingham township, on 
Davis B. Williams’s farm; in Charlestown township about 1 quart of 
loose crystals were obtained ; on Charles Passmore’s farm, Newlin town 
ship, about 100 pounds have been found. Mr. W. W. Jefferis(}) au- 
nounced that ametbysts of a rich purple color had been found in the 
northern part of Newlin township. Spleudid crystals, one weighing 7 
pounds, though not gem material, were fuund at Morgan Hunters farm 
in Upper Providence. Otber localities are Astor, Concord, Marple, and 
Middletown townships. Near Twaddle’s paper mill, in Birmingban, 
they ure found in clusters, and in isolated crystals near Dutton’s mill; 


a“ Prelimivary report on the Mineralogy of Pennsylvania,” page 57, B. . 
b ‘Proceedings Philadelphia Acailemy of Natural Science, Mineralogical Section,” 


page 44. | 
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also at Chester and Thornbury, Delaware county, Pennsylvania, where 
many fine gems have been found, well known among the cabinets. 

Hoffmann mentions ametbyst on the mesa near the mouth of the Rio 
Virgen, Nevada. In Llano and Burnett counties, Texas, some very fair 
amethysts huve been found; and at Grand Rapids, Wood'county, Wis- - 
consin, also in the amygdaloid on the Lake Superior shore, and in Michi- 
gan in trap rock at Keweenaw Point and Point Aux Peaux, Monroe 
county. 5 

In the Yellowsone National Park and at Holbrook, Arizona, ame- 
thysts line the hollow trunks of agatized trees, varying in color from 
light pink to a dark purple, and forming a beautiful contrast with the 
chalcedony and banded agate sides of these specimens. They occur also 
in small crystals at Nevada and neighboring localities on Bear creek, 
Clear Creek county, on the summit of the range east of the Animas, 
Colorado. The Lake Superior variety found at Prince Arthur’s land- 
ing, often of large size, is spotted with the coating of red mosslike 
murkings so well known, giving them a moss-amethyst effect, if cut, 
though as a rule the coating is so even as to cover the entire surface, 
and nothing but a brick-red color is visible unless the crystals are 
broken. Notwithstanding the abundance of this mineral, but few gems 
could be cut from this locality. The West Shore railroad tunnel at 
Weehawken, New Jersey, brought to light a few very fair amethyst 
specimens in the volcanic rock. 

The most remarkable amethyst as yet found in the United States has 
lately beeuw deposited in the National Museum by Dr. H. 8. Lucas. It 
is a turtle-shaped prebistoric chipping, measuring 2? inches in length, 
2 inches in width, and 14 inchesin thickness. The entire piece is trans- 
parent, flawless, and would afford a remarkable gem if cut. 

Citrine is mentioned by Hoftmann(a) as occurring at Tuscarora, Guld 
Mountain, and in Palmetto cafion, Nevada. At Taylorsville and Stony 
Point, North Carolina, a number of clear pieces of this material were 
found that cat fair stones weighing over 1 ounce each. Occasionally 
at the Herkimer and Lake George localities quartz crystals have a fine 
citrine tint. 

Smoky quariz.—The quartz of Herkimer county, New York, and 
Diamond island and Diamond point, Luke George, is ut times of a 
variety of beautiful smoky tints and exceptionally pellucid. Some fine 
sm >ky quartz has been found at Goshen, Massachusetts, and by Mr. 
Gideon Bearce at Minot, Maine. A mass of fine clear smoky quartz 
Weighing’over 6 pounds, with clear spaces several inches across, was 
found in the summer of 1884 on Blueberry hitl, Stoneham, Maine; and 
a fine cry stal over 4 inches long and 2 across, ve y clear in parts, was 
found near Mount Pleasant, Oxford county. Dr. Genth(b) mentioned 
smoky quartz near Philadelphia; on the Schuylkill, near Reading, Berks 


a‘*Mimeralogy of Nevada.” 
b ‘‘Preiiminary report on the Mineralogy of Pennsylvania,” page 58. 
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county; near Hammerstown, Dauphin county; in Upper Derby, near 
Garret’s road tollgate, and near the Kellyville schoolhouse, all iu Dela 
ware county; also at the tunnel near Phoenixville, and in East Not. 
tingham and Birmingham townships, Chester county. In certain parts 
of Delaware und Chester counties the amethyst and smoky quartz grad- 
ually shade into each other, a characteristic peculiar also to many 
from the North Carolina localities. Alexander, Burke, and Catawba 
counties and other localities afford fine smoky quartz crystals. Some 
very fine ones have been found at Iron Mountain, Missouri. 

From a region 20 miles west of Hot Springs, for about 6!) miles west- 
ward, the quartz crystals as a rale are all doubly terminated and de- 
tached, and are found loose in the sand between the breaks or veins in 
the sandstoue, which somewhat resembles the calciferous sandstones of 
Herkimer, New York. At that part of this region called ‘the gem 
country,” nearest Hot Springs, the crystals are quite white, but grad- 
ually shade into a dark smoky color at the other end of the district. 
As a rule all the quartz is filled with fluid cavities. Some four handred 
crystals with liquid inclusions were obtained from two veins of sand 
within three days. 

Most of the cut articles of smoky quartz sold at the tourist localities 
are of foreign material cut abroad at a very low figure. Smoky quartz 
pebbles are rarely found iu the sands along our coasts. At the water- 
ing places, such us Long Branch and Cape May, they are, however, 
occasionally found and cut as souvenirs. 

The Pike’s peak region at Bear creek is by far the richest locality for 
smoky quartz,and many thousands of crystals have been procured from 
1 inch to those from 1 foot to over 4 feet long.(a) Considerabie of this 
material hus been sent abroad for cutting. Crystals are also found on 
Elk creek and the Upper Platte. Smoky quurtz is found near Placer- 
ville, El Dorado county, California, in the placers. A fine large crystal 
6 inches in diameter was in the cabinet of Dr. White, of Placerville. 

A specimen of the rose quartz from Stow, Muine, cut into a long 
double cabochon from a massive transparent piece of quartz, distinct!y 
shows the asteria effect similar to the star sapphire, if viewed by sun- 
light or artificial light. 

Aventurine(b) quartz hus not been observed from any American local- 
ity in fine specimens, ulthough mentioned by Dr. F. M. Endlich as oc- 
curring ov Elk creek, Colorado. Prof. John Collett has lately found 
u few small specimens of white aventurine quartz pebbles in the drift 
near Indianapolis. 

Rose quartz.— At Stow, Albany, Paris, and a number ot other locali- 
ties in Maine, the veins of quartz shade from white, transparent, and 
opalescent resembling byaline quartz, often without any imperfections, * 
through faintly tinted pink and slightly salmon colored, into a rich rose 


—_—_— 


~~ 


aDr. A. E. Foot’s cabinet. 
p Tenth Annual Report, F. V. Hayden, Geological Survey, 1876, page 160. 
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color, thus forming a beautiful series of tints of color that have merit for 
@common gem or for ornamental stone work. Possibly as fine trans- 
parent opalescent rose quartzes as have ever been found were recently 
obtained, in pieces free from all flaws, of a fine rose-red with a beautiful 
milky opalescence 4 by 5 inches in size, at Round mountain, Albany, 
Maine. A beautiful opalescent quartz has been found at Daw river, 
Stokes county, North Carolina. Rose quartz is found at many locali- 
ties in the granites of Colorado, also in.fine specimens at the head of 
Roaring fork, from near Clear creek, and on Bear creek. It is men- 
tioned by Hoffinann, from Tuscarora, Moray, and Carlin, and Silver 
Peak, Nevada(a); also by Sweet(b) in crystals from Grand Rapids, 
Wood county, Wisconsin. 

Prase.—Prase is found always crystallized at the various limonite de- 
posits on Staten Island, New York. As specimens the mineral is very 
good indeed ; groups of crystals are often 8 or 10 inches across, although 
the crystals are rarely over one-half inch long and one-eighth inch in 
diameter. The color as a rule is a dark leek green of no gem value. 

Prof. W. P. Blake(c) mentions a greenish-tinged quartz resembling 
datolite in color, from the French lode, Eureka district, California. 

Hoffmann, in the “ Mineralogy of Nevada,” mentions prase in crys- 
tals at Reese river, San Antonio, and occasionally on the mountain 
near Silver Peak. 

A translucent leek-green variety(d) of chalcedony and quartz occurs 
in the syenitic range of the Lehigh, especially at the allanite locality, 5 
miles east of Bethleliem, Pennsylvania. Prase is found at Blue hill, 
Delaware county, iu doubly-termivated crystals, in curious crossings 
and rosettes several inches across; also in inferior specimens near Dis- 
mal run, Delaware county. Very fine quartz(e) occurs in its massive 
variety at George Van Arsdale’s quarry, Bucks county; in Delaware 
county at Radnor; and in East Bradford township, Chester county. 

Quartz inclusions.—The quartz inclusions as they occur in some varie- 
ties are sometimes of great beauty, and constitute an importaut part of 
the American gem minerals. As some of these are quite rare and lit- 
tle known among collectors, mention of a few of the leading American 
localities may not coine amiss.(/) 

Two of the finest known specimens of rutilated quartz are of Ameri- 
cau origin; they are massive smoky quartz, evidently parts of one 
crystal. One of them was originally in the possession of the late Dr. 
Chilton(g) as early as 1847, and is now in the Vaux cabinet at the 
Philadelphia Academy of Sciences. It is about 7 by 34 inches, and is 

7 a‘ Mineralogy of “Nevada.” 
bSweet’s ‘‘ Minerals of Wisconsin.” 
e‘‘ Catalogue of Minerals of California,” 1866, page 20. 
d Preliminary report on the Mineralogy of Pennsylvania, page 59. 
ePrelimiuary report on the Mineralogy of Pennsylvania, page 58. 


J 8ee also paragraphs on rutile, amethyst, and garnet. 
g “Proceedings American Association for the Advancement of Science,” 1849. 
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completely filled with transparent essonite-red crystals of rutile, some 
of which are over 6 inches long and from the thickness of a knitting 
needle to that of a thin lead pencil; the larger crystals are slightly 
flattened. The other belongs to Prof. Oliver P. Hubbard(a), of Darts- 
mouth College, and is 7 inches long by 3 inches across, and of a rich 
smoky color. The included crystals are a fine essonite-red, but not 
thicker than a knitting needle. Both were brought from some Ver- 
mont locality now uuknown; believed, however, not to be Bethel or 
Rochester, notwithstanding these localities have furnished many fine 
crystals of similar size filled with beautiful rutile. Beautiful pieces of 
quartz 3 by 4 inches, and fine crystals of quartz penetrated by beautifal 
clove-brown and black rutile, were formerly found at Middlesex, Ver- 
mont. 

Rutilated quartz of unexcelled beauty, the rutile usually brown, red, 
golden, and black, has been found at many localities in Randolph, 
Catawba, Burke, Iredell, and Alexander counties, North Carolina; and 
during the last year, at the emerald mine at Stony Point, crystals of 
quartz have been found 3 inches in length, and filled with rutile as 
thick as a knitting needle. Fine pieces of quartz 4 inches square, con- 
taining acicular rutile of a rich red color, were found near Amelia Coutt- 
House, Virginia. Some five acicular crystals of rutile in limpid quartz, 
in the possession of Mr. Joseph Wharton, were found neur Knitzer’s, 
Lancaster county, Pennsylvania. 

Mr. Samuel R. Carter has in his cabinet cut specimens of pieces of 
blaish quartz filled with small acicular crystals of indicolite, somewhat 
resembling rutile in quartz, with the exception of the blue color. These 
were found in pieces over 1 inch square at the famous tourmaline local- 
ity at Mount Mica, Paris, Maine. 

The mining operations at Stony Point, North Carolina, brought to 
light a number of crystals of quartz, some 4 inches long and 3 inches 
across. Large pieces of quartz 3 inches square, filled with what appears 
to be asbestus or byssolite, form interesting and pretty specimens. 
The inclosures of what appears to be githite in red fan-shape crystals 
from North Carolina also form very pretty and interesting gem stones. 

A fine limpid erystal(b) of quartz, 1 inch long and two-thirds of an 
inch in diameter, penetrated by fine green crystals of actinolite one-half 
millimeter in diameter, is said to have been found at some Virginia 
locality. The so-called Gibsonville emerald(c), exactly similar to the 
above, the crystal being 3 by 2 inches, was plowed up in a field at Gib- 
sonville, North Carolina. 

Some crystals of limpid quartz have been found in California con- 
taining particles of native gold; one of these was said to be 1 inch 
long, and inclosed a scale of gold about the size of the end of a finger 


a “Proceedings American Association for the Advancement of ra 1249. 
; Cabinet of Tiffany & Co. 
c See page 725. P 
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nail. Two of these inclusions, not so large, are in the possession of 
Rev. W. C. Hovey, of Minneapolis, Minnesota. 

In Nevada county, California, in the Grass Valley mines, quartz is 
often found supporting gold between the crystals. Pellucid crystals of 
quartz, some 1 inch long and three-fourths of an inch across, filled with 
a very brilliant stibnite projecting in all directions and some of them 
curiously bent, were found at the Little Dora mine, Animas forks, San 
Juan, Colorado, Mr. John W. Palmer, of Chicago, owning a very fine 
one. This material is capable of being made into one of the finest of 
this class of gems that have been found at any locality. 

The beautiful specimens of limpid milky quartz, and also quartz 
crystals, the latter at times from three-fourths of an inch to 2 inches - 
long, are found penetrated by crystals of black hornblende varying in 
size from acicular to those one-sixteenth inch in diameter and at times 
6 inches long. They interlace and penetrate the quartz in every direc- 
tion, making a very beautiful gem and ornamental stone. Fine pieces 
6 inches square have been found. It occurs at the quarry at Calumet 
hill, Cumberland, Rhode Island, where the workmen, as a rule, know- 
ing its value, secure the best specimens for disposal to the greatest ad- 
vantage. Some hundreds of pounds of this material were sent abroad 
a few years ago to be cut up for jewelry at Idar and Oberstein. As, 
however, work has been suspended at the locality, the mineral is likely 
to become somewhat uncommon. Cut specimens sell at from 50 cents 
to $5, and specimens polished on one side at from 25 cents to $5. This 
locality is one of the best known for this association. 

Among other inclusions that might be utilized for gems may be men- 
tioned the following: Crystals of quartz filled with specular iron found 
at the Sterling mine, Antwerp, New York; quartz including scales of 
hematite from King’s Mills, Lredell county, North Carolina; dolomite 
in pellucid quartz of Herkimer county, New York; crystals of quartz 
containing crystals of the green spodumene (hiddenite) from Stony 
Point, North Carolina, and fine inclosures of chlorite and mica, green 
when viewed through the side of the prism, from several North Caro- 
lina localities. 

The corals and sponges of Tampa bay, Florida, which are so often 
found there altered to chalcedony by the sileceous waters, are at times 
filled with fluid that was imprisoned while the regular deposition of 
silica closed the apertures that admitted the siliceous water. These, 
as well as the ones found in Uruguay, the so-called hydrolites, or water- 
stones, are always lined with drusy quartz. If not as beautiful as those 
from Uruguay, they are even more interesting, and have been sold at 
. from $2 to $20 each. 

The crystals of quartz from the Herkimer (New York), North Caro- 
lina, aud Arkausas loealities, containing fluid cavities with moving 
bubbles, are at times cut into ornaments which are not only interesting 
but pretty. One of these pure limpid crystals with a crescent-shaped 
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cavity, from Little Falls, was mounted in a pair of gold ice-tongs to 
represent a cake of ice. These crystals are valued at from $1 to $25 
each. In Rabun county, Georgia, the fine amethysts often contain 
these cavities nearly 1 inch long, and would afford good gems, as would 
also those from Stow, Maine. 

The quartz pseudomorphs, after calcite cleavages, from the locality 2 
or 3 miles northwest from Rutherfordtown, Rutherford county, North 
Carolina, at times contain liquid in irregular-shaped cavities, and from 
their breaking out in good shape can be utilized for curious ornaments, 
This variety of quartz was also found by Mr. J. A. D. Stephenson in 
Iredell county. Possibly the finest specimen is one belonging to Mr. 
W. B. Dinsmore, of New York City. It is about 1 inch long and the 
surface is coated with a beautiful bluish white chalcedony with a carious 
rough surface, and it is perfect on all sides, with a free movement of 
the bubble. It is so thin and so filled with liquid that the liquid would 
weigh fully twice as much as the quartz walls. It is of the proper size 
and sufficiently beautiful for personal ornament. As nearly as can be 
ascertained it is from some locality in Georgia. 

In the cabinet of Dr. Isaac Lea, of Philadelphia, there are perhaps 
thousands of remarkably fine and unique inclusions in quartz, as well 
as in all known gems, probably, in fact, every known form of mineral 
inclusion, forming undoubtedly the finest cabinet of “included min- 
erals” in the world, the result of scores of years of keen observation 
and careful microscopic work. In the cabinet there are, of course, 
many stones which could be cut into fine gem stones, but which possess 
a higher interest as mineralogical specimens. 

Agate and chalcedony.—The “trap” along the Connecticnt river, especi- 
ally at Amherst and Conway, Massachusetts, and Farmington, East 
Haven, Woodbury, and Guilford, Connecticut, affords agates of consid- 
erable beauty, though rarely over 3 inches across. The so-called chal- 
cedonic balls of Torringford are very handsome when polished, and 
the rich carnelian shades with milky translucency afford a pleasing con- 
trast. Many of these were cut into the form of sealstones as early as 
1837(a), which were fully equal to any from abroad in the delicate ar- 
rangement of the layers and the richness of the colors. At Natural 
Bridge, Jefferson county, New York, fine agates have been found. The 
Belmont lead mine, Saint Lawrence county, has afforded some very 
good chalcedony. White, yellow, and blue chalcedony of good size was 
found 4 miles east of Warwick, at Bellvale, Orange county,*New York, 
by Dr. W. Horton.(b) 

Chalcedony is found in Delaware county, Pennsylvania, principally 
at Middletown aud Marple. Brown botryoidal masses occur at the Hope- 
well mine; also, at Williston, West Nottingham, West Goshen, and 
London Grove townships, in Chester coanty:s & pale blue variety a at 


a 1C. U. Shopard: ‘* Mineralogical ‘Report of Connecticut, m 1837. 
b‘* Geological Survey of New York,” 1840; Report on Orange county minerals. 
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Cornwall, Lebanon county; near Rock spring and Wood’s mine, in 
Lancaster county; between Clay and Hamburg; also, at Flint hill, 
Berks county; in Cherry valley, Munroe county; at Conshohocken, 
Montgomery county, and at other localities in Pennsylvania. From 
many of these localities, especially in Delaware and Chester counties, 
ringstones, sealstones, aud other ornaments are worn by the residents 
who have had them cut from local material. 

Agates are found abundantly on the entire Lake Superior shore, aud 
along the Mississippi river, especially in Minnesota, and fine chalce- 
dony occurs 5 miles north of Grand Rapids, Wisconsin. Agate and 
chalcedony are both found at the Fox river, Illinois. Agate, chalcedony, 
and carnelian are found near Van Horn’s well, Texas, and near Hot 
Springs, Arkansas. 

The agates of the Yellowstone National Park and Holbrook, Arizona, 
equal any yet found. 

A rich fawn and salmon colored chalcedony has been found in Burke 
county, North Carolina, by E. A. Hutchins. At Caldwell’s, Mecklen- 
burg county; near Harrisburg and Concord, Cabarrus county, and Gran- 
ville, Orange county, and in other localities in North Carolina, fine 
agates and chalcedony have been found. 

In Colorado chalcedony is found 8 miles south of Cheyenne mountain 
at the Los Pinos agency at Chalk Hills; on the bluffs near Wagon. 
Wheel Gap and along the upper Rio Grande valley; in Middle and 
South parks, Buffalo park, Fair Play, Frying Pan, Trout creek, Gun- 
nison river, and frequently in drift accumulations. 

Agate is found in fine specimens lined with amethyst on the summit 
of the range of the Animas, clouded white and gray in the lower tra- 
chytic formations of the Uncompahgre group. It occurs in a variety 
of forms, clouded, banded, laminated, and in a variegated form, at 
the Los Pinos agency ; also in the South park in the drift, in the lower . 
Arkansas valley, on the Frying Pan, and throughout the Middle park 
in the form of onyx and sardonyx, on the lower Gunnison and adjacent 
regions. 

Prof. W. P. Blake(a) mentions large masses of white chalcedony, 
delicately veined and in mammillary sheets, near the Panoches, in 
Monterey county, California; on Walker river, Nevada; also of a fine 
pink color near Aurora, Esmeralda county, Nevada; and in pear-shaped 
nodules in the eruptive rocks between Williamson’s Park and Johuson’s 
river, Los Angeles county, California. 

Beautiful pebbles of agate and chalcedony are avandia along the 
beach of Crescent City, California, and are often cut 4s sonvenirs ; 
they are usually of a light color. In the pebbly drift of the Colorado 
river they are more highly colored, more abundant, and of larger size; 
many of the surf-worn pebbles of the Pescadero beach, California, are 
agate and quartz, of Maid fine bright colors; eevasiongily these are 


a“ Minerals of California,” page 9, 1866. 
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utilized as gem stones. Fine agates and jaspers are found about the 
Willamette, Columbia, and other rivers in Oregon. Beautiful red and 
yellow carnelian and sardonyx result from the silicification of the corals 
and sponges at Tampa bay, Florida, and although the pieces are not 
large, the colors being natural are very good. 

The silicified bones of the atlantasaurus found at Morrison, Colorado, 
have at times a coarse cellular structure, infiltrated with carnelian, giv- 
ing a very pleasant effect of a brilliant red striped and mottled appear- 
ance. 

Chalcedony coats and incloses the crystallized cinnabar of the Red- 
ington-and other mines of California; and these crusts, if cut with the 
cinnabar, form very pretty and interesting gem stones. . 

Silicified coral.—The true silicified corals found at Schoharie, New 
York, along the Catskills, and at a large number of other American 
localities, form very pretty gem stones. Some similar to the so-called 
fossil palm wood from India have been observed at a few localities in 
New York State. One very interesting black siliceous coral form with 
large white markings was found at Catskill, New York; when cut across 
the large white columnar lines the effect was very pleasing and orna- 
mental. 

Silicified wood.—.In the valley of the east fork of the Yellowstone 
river, and in the volcanic Tertiary rock, which here attains a thickuess 
of 5,000 feet and is made up of fragmentary volcanic products which 
have apparently been redistributed by water and now form breccias, 
conglomerates, and sandstones, Mr. W. H. Holmes(a) mentions the oc- 
currence of silicified wood in great abundance, and iu some cases the 
trunks are in situ in these strata. 

In the valley of the main Yellowstone, in the Gallatin range, and 
about the sources of Caiion and Boulder creeks, also near the divide at 
the head of Boulder creek, and at a number of points above this line, 
may be observed trunks many feet in height and of gigantic propor- 
tious, standing iu the identical strata in which they grew. In general, 
these strata are horizontal. Three miles south of Gardiver’s river, at an 
elevation of 6,000 feet above the sea, silicified trunks are found in sand- 
stone belonging to the same strata. On the south side of Third caiion, 
opposite the mouth of Hell-roaring creek, is a massive promontory, in 
which many fine trunks are exposed in a conglomerate. At Amethyst 
or Specimen mountain some of these trunks have been found 10 feet in 
diameter. Many thousands of silicified trees are found ; in some cases 
the structure is well preserved, and in other cases completely agatized 
or opalized, and lined with crystals of calcite, quartz, and beautifal 
amethysts. In this locality mauy of the finest specimens of American 
silicified wood are found. 

The workmen on the Denver and iiew Orleans railroad in 1882(b), 


a ‘‘Geology of the Yellowstone National Park,” page 48. 
bA. E. Foote, Naturalist’s Leisure Hour, July, 1882, page 32. 
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while within 20 to 30 miles of Deuver, Colorado, between Cherry and 
Running creeks, were met by an obstacle in the form of a buried forest. 
The trees are of various sizes, all silicified and agatized, and buried at 
depths of from 10 to 20 feet; they are.very perfect and are met with in 
& half dozen localities. | 

Numerous newspaper articles have appeared on the utilizing of the 
petrified forests near Holbrook, Arizona, by a company which is making 
large ornaments of the material, and which have gradually driven the 
so-called California and Mexican onyx out of the market. A com- 
pany has been formed, however, and a large exhibition of this material 
was made at New Orleans, and a quantity of the mineral was sold, 
usually as small paper weights or for small jewelry ornaments. The 
company has been reorganized, and with its new sawing machinery 
- hopes to be able to cut table-tops, tiles, and for other like purposes. 
The material is one of the finest known for color and hardness that 
could be used in this way. A stump, 18 inches across and 3 feet high, 
was sold to a Russian at New Orleans. Immense quantities of the 
material exist in Arizona and in magnificent specimens. One in the 
Peabody museum is fully 24 inches across and very compact; some of 
the trunks are at times magnificently lined with quartz and amethyst. 
One tree, fully 100 feet long, spanning a chasm and making a natural 
bridge, is one of the attractions. Some use may arise for the material 
if cheap polishing and slitting can be introduced, and no doubt in the 
near fature some developments will be made in this line, since a second 
company has obtained property adjoining that of the company doing 
the work. The cutting of some sections of a 12-inch trunk into bottoms 
for solid silver trays is one of the novelties introduced by a leading 
jewelry firm. 

Moss agate-—Moss agate was formerly found near Hillsborough, 
Orange county, North Carolina. The agatized trees from Holbrook and 
Specimen mouut show these mosslike inarkings more like the fine tree- 
stones from Brazil than our common American agate. One curious 
stalactite of chalcedony, about 3 inches long and having the appearance 
of a piece of common sperm candle, had a black core through its entire 
length about the size of a candle wick, making it at first sight scarcely 
distinguishable from a half-ased candle. It was unfortunately cut into 
@ nuimber of matched stones for cuff-buttons, which were very unique 
with the beautifal black central dot. 

In-the southeastern part of Humboldt county, Nevada, are large quan- 
tities of moss agate of the dendritic and “ fortification” forms, which, 
however, have been utilized to a very limited extent. 

Moss agate has been very sparingly used during the past vear, the 
sales amounting to not over $1,000. Siuce the recent introduction into 
cheap jewelry of the Chinese natural green and: artificially-colored red 
and ye:low moss agate, the sale of the American has almost entirely fallen 
off. A so-called moss agate is found at Roek Springs, Lancaster county, 
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Pennsylvania, and also near Reading, Berks county. A beautiful moss 
jasper is found in Trego county, Kansas. 

Chrysoprase.—Possibly the best American chrysoprase was found 
within the last year by Mr. F. E.. Monteverde, at Nickel mountain, near 
the town of Riddle, Douglas county, Oregon. The chrysoprase was 
observed in small veins about one-eighth inch thick, and furnished a 
number of flat stones of a rich green color, that were over 1 inch square; 
it occurs in a vein of serpentine associated with the nickel ores. 

Traill(a) mentions chrysoprase from New Fane, Vermont, which min- 
eral Prof. J. D. Dana refers to green quartz and not chrysoprase, 
although it was also so-called at the locality where found. 

A fine green-colored specimen intermixed with a black hornblende 
that would afford gems 1 inch across was shown to me by Mr. E. A. 
Hutchins, of New York, and was found at some locality in Macon 
couyty, North Carolina. 

Mr. Thomas A. Tabor, in 1839, mentions in a letter to Dr. C. A. Lee 
the occurrence of chrysoprase in Chester county, Pennsylvania, with- 
out any description of its quality, though one would infer that it wasof 
gem quality, since Mr. Tabor was a jeweler. Dr. F. M. Endlich(d) 
mentions chrysoprase as of rare occurrence in Middle park, Colorado. 

Opal.—Beantiful fire opal without any opalescence is found in Wash. 
ington county, Georgia, and was first described by Prof. G. J. Brush, 
who has the finest piece in his cabinet. It is a vein about one-fourth 
inch thick and 2 inches square. 

Common opal occurs rarely in small masses of a greenish and yellow- 
ish white with vitreous luster, at Cornwall, Lebanon county, Pennsyl- 
vauia. It is found at Aguas Calientes, Gilson gulch, at ldaho Springs, 
Colorado, in narrow seams in the granite, and most of it is brownish. 
Mr. J. W. Beath states that he had seen fine opal specimens showing 
play of colors, said to have come from the Idaho Springs locality. At 
Colorado Springs it occurs milk white in color. 

The following is communicated by Mr.C.G. Yale: *‘ While the precious 
opal bas never been found in the Pacific division, the common kind 
occurs in numerous localities. Large and very beautiful opalized 
wood is frequently found in the hydraulic mines of California. Small 
stones in great number are also taken out of some of the drift mines. 
A few of these being infiltered with the oxide of manganese, giving 
them the appearance of being filled with moss or possessing other pe- 
culiarites, are enough sought after to give thew some little value.” 

Hoffinann(c) mentions opal in magnificent colors (evidently opalized 
wood) with silicified wood, and states that on breaking some of the 
large trunks at San Antonio, Nevada, fine specimens were obtained. 


a “ Quartz and Opal,” page 35. 

bd‘ Catalogue of Minerals found in Colorado,” 1876; tenth annual report of the 
Hayden Survey, page 150. 

ce“ Mineralogy of Nevada,” 
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Hyalite occurs with cachalong at several! localities in Yavapai county, 
Arizona ; at the Philips ere bed, Putnam county, New York ; and cach- 
along at Bellevale, 4 miles east of Warwick; in Burke and Scriven 
counties, North Carolina; in yellow fluorescent coatings upon gneiss at 
Frankford, Pennsylvania, and at Avondale, Delaware county, in bluish- 

green ; also at Megarge’s paper mill on the Wissabickon. Hyalite oc- 
 eurs at Concord, Cabarrus county, and the Culsagee mine, Macon county, 
North Carolina. Associated with semi-opal it is mentioned in the Mount 
Diablo range about 30 miles south of Mount Diablo. 

Prof. W. B. Blake(a) mentions that a rich white variety of opal is 
fonnd at Mokelumne Hill, Calaveras county, California, or on the hill 
near that place known as Stockton bill, on the west side of Chile gulch. 
A shaft had been sunk 345 feet, and the opals were found in a thin 
stratum of red gravel. They varied in size from that of a kernel of 
corn to a waluut, many of them contaiving dendritic infiltrations of 
oxide of manganese resembling nioss. In 1866 about a bushel of these 
stones were raised in a day, and were reported to have a market value. 
A milky variety similar to the above, and without fire, is found with 
the magnesite on Mount Diablo, 30 miles south of the mountain; also 
in the foot hills of the Sierra at the Four creeks. 

Beautiful pieces of a moss-marked opal, similar to moss agate, are 
found in Trego county, Kansas. They are often and 4 inches across. 

Semi-opal is found together with the chalcedonies at the Los Pinos 
agency, and north of Saguache creek, Colorado, in trachyte. 

Geyserite—Some of the geyserite from the geysers in Yellowstone 
park, especially at Firehole river, occurring in such a variety of con- — 
cretionary and imitative forms, night be used for small ornaments. 

Jasper.—Dr. Genth mentions that cat’s-eye has been observed in sev- 
eral localities; a fair hexagonal crystal with the pyramid of greenish 
color, resulting from very fine fibers of actinolite disseminated through 
it, came from York county, Pennsylvania; it is found also 5 miles east 
of Bethlehem at the allanite locality, but not of gem quality. 

A curious dark-gray piece of quartz was observed from the West 
Shore railroad tunnel at Weehawken, New Jersey(b), that was filled 
with what seemed to be byssolite, but really may be an altered pecto- 
lite, and would cut a tolerably fair mineralogical cat’s-eye. 

The so-called Thetis hairstone described by Dr. Jackson(c), found 
at Cumberland, Rhode Island, is really a quartz cat’s-eye, and some 
very fair cat’s-eyes have recently been cut from it by Mr. Edwin Pass. 
more, one of them nearly two-thirds of an inch long, and quite equal 
to many from Hoff, Bavaria. 

Little or no novaculite has been used during the last year for orna- 
mental purposes, although it has some use as streakstones for miner- 


a ‘“‘ Catalogue of California Minerals,” 1866, page 18. 
bCabinet of G. F. Kunz. 
9 ‘‘ Geology of Rhode Island,” 1839. 
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alogical work, being better adapted for this purpose than anything else, 
owing to its hardness and pure white background. 

Red jasper is found on Sugar Loaf mountain, Maine, and a fine yellow 
with chalcedony has been found at Chester, Massachusetts; fine red 
and yellow also by Dr. Horton 4 miles east of Warwick, at Bellvale, 
Orange county, New York ; pebbles of fine red occur along the Had- 
son river from Troy to New York, especially at Hoboken, Fort Lee, and 
Troy, where the jaspery rock outcrops. The so-called green jasper of 
Norman’s Kill from the Hudson river slates was used by the Indians 
for arrow points. 

Jasper agate is found in considerable quantity at Diamond Hill, Cam- 
berland, Rhode Island, in all shades of white, yellow, red, and green; 
these colors are also all intermixed in one specimen, usually mottled, 
aud at times beautifully banded in irregular seams of white, creamy 
browa, greenish, and brecciated. It is found in large quantities, and 
although fully 1,000 pounds is taken away every year by visitors and 
collectors, not over $100 worth is sold or polished per annum. 

_ Large pieces of fine yellow jasper have been found at Tyringham, 
Massachusetts, by Mr. Daniel Clark, of that place. 

In Pennsylvania(a) jaspers more or less impure are abundant in the 
drift of the Delaware and Schuylkill rivers; also in Berks county, near 
Reading. Brownish-yellow is found at West Goshen, Chester county, 
and a reddish brown variety near Texas, Lancaster county, and a brown 
banded variety at the hydropathic establishment near Bethlehem. 
The arrow heads found in this vicinity and near Easton are mostly 
made of jasper. The jaspery sandstone so plenty near Mauch Chunk 
might be utilized for large ornamental work with advantage. 

In North Carolina fine jasper, banded red and black, is found in 
Granville, Person county; bright brick-red and yellow at Knapp’s, 
Reed’s Creek, Madison county; at Warm Springs; at Shut-in Creek in 
Moore county; also in Wake county, and elsewhere in the State. 

In Texas fine jasper has been found near Fort Davis, Bexar county, 
and at Barilla Springs, where are found the jaspery agates called Texas 
agate. . 

The moss jasper of Trego county, Kansas, is equal to any yet 
found. 

Fine yellow, brown, and red jasper is found at the Los Pinos agency; 
throughout the Middle and South parks; along the Gunnison, iu the 
Dakota group; on the Arkansas, Grand, White, Animas, and other 
rivers of Colorado, in the drift, and in some of the trachytes, mostly 
red, green, and brown. A very fine specimen was found at the junction 
of Lost Trail creek and the Rio Grande, Small bat smoothly worn 
pebbles of jasper and agate are quite plenty on the shores of Lake 
Tahoe, California. Red and green jasper are very abundant in the 


a ‘Preliminary report on the Mineralogy of Pennsylvania,” page 60. 


PRECIOUS STONES. 7163 


neighborhood of San Francisco, though not of fine quality; some of 
this stone has been used in building and for sidewalks. 

Fine red jasper is found on the Little Colorado river, New Mexico, 
and also on the Willamette, Oregon. The latter region evidently fur. 
nished the material for the fine arrow points of Oregon. 

The banded jasper found near Colyer, Graham county, Kansas, red, 
yellow, and other colors, with even white bands, affords blocks over 1 
foot long and 6 to 8 inches wide, and really merits the attention of 
workers in ornamental stone, as it is unrivaled in the world for banded 
jasper. 

Bloodstones in beautiful specimens with the red markings very fine 
are found at Chatham county, Georgia. Some fine heliotropes from 
here are in the cabinet of W. W. Jefferis. Heliotrope was formerly 
found in veins in slate at Blooming Grove, Orange county, New York. 
Some very fine pieces have been found near the Willamette river, Or- 
egon, aud of fine quality near the South park, Colorado, and below the 
Uncompahgre, near Grand river. 

Basanite was found by Dr. Horton(a) at Canterbury and Cornwall, 
New York. It is also sparingly found in nearly all the drift north of . 
New York City, and in that of the Delaware river from Easton, Penn- 
sylvania, down to the State line. 

Gold quartz.—The gold found in California quartz is worth about 
$16.50 per ounce, but jewelers will give willingly from $20 to $30 for 
each ounce of gold contained in such material as they can use. The 
price of specimens varies according to their beauty from $3 to $40 per 
ounce of quartz. The specific gravity of the mineral is taken, after 
which the gold value is ascertained by a table called Price’s table. The 
amount of this material in the rough sold for jewelers’ purposes is vari- 
ously estimated at from $40,000 to $50,000 per annum, $1,000 to $2,000 
worth being often purchased at one time. One lapidary at Oakland, 
who eurploys several assistants, purchased nearly $10,000 worth within 
one year, and a large jewelry firm in San Francisco, during the same 
time, purchased nearly $15,000 worth of this material. 

Great care must be taken in the selection of the quartz. The stone 
used must be large enough to bear the rough treatment of the diamond 
saw and the lap wheel of the polisher; all of the ore is friable, and 
some of it crumbles to pieces while undergoing these processes. For 
the same reason all the pieces set in cabinet work are small; the saw 
hanging in the gold in the slitting prevents the cutting of large pieces, 
as the wafer like slabs are apt to be broken by this resistance while 
being separated from the block. Pieces 4 by 2 inches are quite rare, 
although fine pieces 4 inches square are at times seen. 

Rarely more than one-half of the ore purchased finds its way into the 
mounting owing to this breakage and the trimming into shape. Nearly 
all the cutting of this material is done at Oakland, California. 


a ‘‘ Geological Survey of New York,” 1840. 
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The white gold quartz of California is mainly supplied from the fol- 
lowing counties: Butte, Calaveras, El Dorado, Mariposa, Nevada, 
Placer, Sierra, Tuolumne, and Yuba. 

The black gold quartz, a quite recent novelty, is found at the Sheep 
Ranch mine, Calaveras county, and at Sutter creek, Amador county, 
California. 

The so-called rose gold quartz is made by backing a translucent 
quartz with the desired shade of carmine paste, and forms an effective 
contrast to the opaque white and black gold quartz with which it is 
usually mounted in some design. 

Single stones for scarf pins, rings, and sets of pin and earrings, sell 
from $2 to $10 each, and occasionally exceptionally fine or carious 
pieces bring higher prices. 

It is not many years since gold quartz has been utilized to any great 
extent in jewelry. At first the designs were usually simple and the 
mountings very modest, but the demand has created a supply of the 
most elaborate designs, and at present it is used in every conceivable 
form of jewelry, and in articles of personal or house adornment of al- 
most unlimited variety, such as canes, paper weights, writing cases, 
perfume bottles, fan sticks, bracelets, watch chains, and lace pins, the 
latter in such designs as shovels, picks, and other mining emblems. 

In certain kinds of furniture it is used as paneling; and here, asin 
the jewelry, the effect is better brought out by added colors, such as 
are afforded by agate, moss agate, silver rock, smoky quartz, pyrite, chal- 
copyrite, cinnabar, malachite, turquois in the matrix, and other bright 
minerals. 

Much of the jewelry made of this material is sold to tourists from 
the eastern States and from other countries. Eleven hundred dol- 
lars’ worth was recently purchased by an Asiatic embassy, and scarcely 
any one visiting California fails to purchase a memento. The sale is 
increasing. 

The best taste as a rule is not exercised in the designs. Many are 
too large and ungainly for personal adornment, and many others are 
not as well mounted as most of the other jewelry sold with them. Per- 
haps not one article in ten sold will have much if any wear. There is 
much room for improvement in the line of this work. 

One of the large designs made of gold quartz, representing — ca- 
thedral of Notre Dame, at Paris, is valued at $20,000. It stands about 
12 inches high, and is perhaps the finest piece of gold quartz work pro- 
duced. 

A mass of gold quartz(a) weighing 160 pounds was hydraulicked out 
of the bank of the Nevada Hydraulic Company at Gibsonville. The 
bowlder was smoothly washed and had the appearance of having beet 
ground in a pothole. Its estimated value was $2,500, but its real worth 
was dears; © since it was valuable for lapidaries’ purposes. 


oS 


a Jeutlers’ Circular, Vol. XIV., page 258, September, 1883. 
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It is stated that some years since a Mr. Thiery devised a method of 
fusing quartz and throwing in lumps of heavily alloyed gold, and allow- 
ing the material to cool in molds of required sbapes. It is said the 
mingling of the metal and the quartz was complete, but the quartz 
had a milky, unnatural glasslike appearance entirely unlike the gold 
quartz it was intended to represent. Messrs. LeDuc, Connor & Laine, 
on applying fora patent for an imitation gold quartz produced by 
means of electricity, found that a similar patent had been issued nearly 
fifty years ago toa New York man. However, notwithstanding they 
were not able to obtain the monopoly, they started as manufacturers of 
jewelers’ quartz, but abandoned it, as it proved so unsatisfactory. 


Actinolite.—The emerald-green glassy actinolite of Concord township, 
Pennsylvania, is very fine and might be utilized in some form, possibly 
the compact, as a form of cat’s-eye. An inlaid ornament of this mineral 
taken from an old piece of furniture in London daring the early cat’s- 
eye excitement netted the persons who cut it up hundreds of dollars. 

Rutile——The rutile of Middletown, Connecticut, was cut into gems 
that were almost ruby in color, as early as 1836, by Prof.C. U. Shepard. 

. The finest small brilliant geniculated crystals are found at Mill- 

holland’s Mills, White Plains, at John Lackey’s farm, near Liberty 
Church, and at Wilson’s near Poplar Springs, in Alexander county, 
North Carolina. These have furnished some of the finest cut black 
rutile, which more closely approaches the black diamond in appearance 
than any other known gem. Some of the lighter colored ones furnished 
gems closely resembling common garnet. 

Beautiful long crystals, at times transparent red, have been found, 
ranging in thickness from that of a hair to one-quarter and in some few 
cases nearly two-thirds of an inch across, and from 1 to 6 inches in 
length, at Taylorsville and vicinity, and at Stony Point, North Carolina. 
These are very brilliant and at times doubly terminated. 

Beautiful erystals are also found in quartz and loose in the soil at 
Sadsbury township, Pennsylvania, for 7 miles along the valley, espe- 
cially near Parksburg, where double geniculations and geniculations 
forming complete circles are found, weighing over 1 pound. This isthe 
“money stone,” so called by the inhabitants of the district, as it is often 
looked for because they can obtain money for it from the collectors; 
some of the finer small ones are worn as ornaments. 

Some of the beautiful geniculated nigrine from Magnet cove would 
also well serve the purpose of ornament. These and the Alexander 
county rutiles are possibly the finest in the world. 

Azxinite has been observed with the essonite and idocrase at Phipps- 
burg and Wales, Maine, and also at Cold Spring, New York. The best 
American locality is the one near Bethlehem, Pennsylvania, first found 
by Prof. F. Prime, jr., and Dr. Reopper, and described by Prof. B. W. 
Frazier.(a) These crystals, colorless, pale yellowish, and brown, are 


a American Journal of Science, December, 1882. —— 
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at times one fourth inch long, and future finds in this vicinity may 
bring some gems to light; up to this time no stones suitable for fine cut- 
ting have been found, though a few might furnish mineralogical gems. 

Jade.—Among the implements collected by the Point Barrow (Alaska) 
Expedition were a number made of dark green jade. This mineral is 
suppesed to be found in a place somewhere to the east of Point Bar- 
row. 

Rhodonite—Rhodonite has been found in an extensive bed at Blue 
Hill bay, Maine, on Osgood’s farm; also in bowlders at Cummington, 
Massachusetts, and in the neighboring towns; at Warwick, Massacha 
setts; in Irasburgh and Coventry, Vermont; near Winchester and Hins- 
dale, New Hampshire; and at Cumberland, Rhode Island. 

The Alice mine, at Butte City, Montana, has produced a large quan- 
tity of rhodonite associated with rbodocrosite, and it has here been 
used to some extent us a gem stone. 

It has recently been described by Mr. William North Rice(a) as oc- 
curring at the White Rocks, Middletown, Connecticut—only in a limited 
quantity, however. 

The variety fowlerite, found at Franklin, Hamburg, and Sterling, 
New Jersey, is also very fine in color. 

Rhodonite has recently been used very effectively in combination 
with unpolished or stone-finished silver, as handles for very ine orna- 
ments, the rose color streaked with black presenting a very pleasing 
contrast. 

Epidote.—Fine crystals of epidote have been found at Haddam, Uon- 
necticut, which might ‘yield small gems. The large crystals in quartz 
at Warren, New Hampshire, were all too opaque, though fine as cabi- 
net specimens. 

At Roseville, in Byram township, Sussex county, New Jersey, epi- 
dote was formerly found in good crystals that would afford mineralog- 
ical gems. 

Dr. F. A. Genth(b) mentions a crystal of epidote in the cabinet of 
the University of Pennsylvania, from the gold washings of Rutherford 
county, North Carolina. This crystal is strongly pleochroic, like the 
so-called puschkinite from the auriferous sands of Katherinenburg, in 
the Ural mountains, and would cut the best American gem yet found. 

Sone fine highly complex forms have been observed at Hampton's, 
Yancey county, North Carolina, by Mr. William Earl Hidden.(c) The 
Yancey county crystals would also possibly afford cabinet gems, none 
of them as fine, however, as the Tyrolese epidote. 

In Chester county, Pennsylvania, crystals 3 inches in length have 
been found. The principal localities are the Smith and McMaullin farms, 
West Bradford township; East Bradford, where dark green specimens 


a Science, Vol. I., No. 2), page 601. 
b‘‘ Minerals and Mineral Localities of North Carolina,” 1881, page 44. 
o Ibid., page 86. 
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occar, and Taylor's mill, West Goshen. In East Marlboro’ township it 
occurs in yellowish-green crystals, and at McCloud’s farm and Pearce’s 
old mill, Kennett township. In the limestone quarries of London Grove 
and Sadsbury townships it occurs in bottle-green crystals. 

Idocrase.—Idocrase or vesuvianite that would yield small gems has 
been found at Phippsburg, Maine.(a) A beautiful wine-colored variety (b) 
is mentioned as occurring near New Hope, Bucks county, Pennsylvania. 

At the locality 14 miles from Sanford, Maine, idocrase occurs in un- 
limited quantities, one ledge being fully 30 feet wide, made up almost 
entirely of this mineral associated with quartz and occasionally with 
calcite. Some of the crystals are 7 inches long, and the smaller ones 
would afford fair gems at times. 

Idocrase is mentioned by Endlich as occurring in Jarge crystals on 
Mount Italia, Colorado, and north of the Arkansas river, in granite. 

Cassitertte.—The finer crystals of cassiterite found at Hebron, Norway, 
and Paris, Maine, would afford mineralogical gems. 

The claims in the Temescal range, in San Bernardino county, as well 
as the locality near San Diego, California, will possibly produce speci- 
mens of this nineral equal to that from Durango, Mexico. 

The important occurrence at the Broad Arrow mines, 2 miles from 
Ashland, Clay county, Alabama, may produce both the crystals and 
the stream tin. The Black Hills of Dakota locality is a tine one for the 
gem. On Jordan creek, Owyhee county, Idaho, Prof. W. P. Blake 
mentions very fine specimens of wood tin one-eighth to one-half inch 
across, of very pure and clean material. Cassiterite has also been 
fuund in large quantities in North Carolina, though scarcely any of 
these localities have produced « single fine gem. 

Chondrodite.—The finest known crystals of chondrodite, and the finest 
known gems of this mineral, have been found at the Tilly Foster mine, 
Brewster’s, New York. The gems are few in number, and one of the 
finest is a cut stone (c) measuring one-half by one-quarter inch, of a 
transparent garnet colour. Another(d), an essonite-colored crystal, is 
one-quarter by onv-eighth inch, and another(e), of a red essonite color, 
is one-quarter by one-quarter inch. The two latter, though uncut, 
would furnish fine gems. The finest of these crystals are in the Allen 
cabinet, now at the Johna Hopkins University, and in the mineralogical 
cabinet of the Peabody museum. The gems are so few as only to serve 

for mineralogical rarities. 
'  Turquois.—Mr. Bernard Moses recently brought to New York a 
series of finely colored specimens of the American varieties of turquois, 
obtained at Mineral Park, Mohave county, Arizona. They were from 


a Cabinet of Gideon Bearce, West Minot, Maine. 
b George Rogers: ‘‘ Geological Report of Pennsylvania,” Vol. II., page 685. 
e Cabinet of F. A, Canfield. 

@ Cabinet of C. Bullman. 

e Cabinet of F. A. Canfield, 
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three veins, varying in width from 1 to 4 inches, about 100 yards apart, 
running almost parallel and traceable for nearly half a mile. They 
show evidences of having been worked by the Indians and Spaniards, 
and a large number of stone hammers were found. 

One of the largest masses of the American turquois is in the posses- 
sion of Prof. W. P. Blake; it is 24 inches long, 1? inches wide, and 
weighs 75.5 grams. 

No work is carried on at present at the Los Cerillos mines, the recent 
investment to work that focality having proved unsuccessful. Some of 
the specimens sent east showed a fine blue color, which, however, was 
artificial, as proved by dipping for a moment in ammonia. Along 
the line of the railroad turquois is sold to some extent by the Indians 
of the San Domingo pueblo, New Mexico, the men, women, and chil- 
dren coming some distance from the road to sell them. They are ground 
into round or heart-shaped ornaments, which are drilled with a crude 
form of bow-drill called by them “malakates.” The drilling point is 
made of either quartz or agate, and the wheel to give it velocity was in 
one instance made of the bottom of a cup. The selling price of the 
ornaments is now very low. Rey. R. T. Cross states that one string 
made up of many hundreds of stones was valued at the price of a pony. 
Turquois was used by the ancient Mexicans to inlay obsidian orn 
ments, and also together with pyrite for making mosaic inlays and in- 
crustations, thus forming many rich and curious effects. 

Hoffmann (a) mentions turquois from the mountains 5 miles north of 

Columbus, Nevada. The specimens are of a pale blue color, although 
some fine ones have been obtained. 
. Very little of the American turquois seems to find sale except as 
tourists’ souvenirs or mineralogical gems; yet for ornamental or inlay- 
ing work it might have quite a sale, were it properly introduced, as the 
green color would contrast favorably with many stones or wood. 

Hematite.—See 1882 report. 

Ilvaite.—Mr. R. D. Rand (b) observed some small black crystals of 
ilvaite in a narrow calcite vein in gneiss at Flat Rock tunnel on the 
Philadelphia and Reading railroad, opposite Manayunk. 

This mineral forms a curious deep black gem and is one of the few 
that can be used to represent the initial “I” in jewelry work made up 
of the initial letters of gems. It would also represent the letter “ Y,” 
although the name yenite has been rejected. 

It is reported as occurring with hornblende and magnetite, traversing 
quartz, in slender brown-black or black crystals at Cumberland, Rhode 
Island, and formerly also at Milk Row quarry, Somerville, Massachv- 
setts. No material for really fair gems has as yet been found in the 
United States. 

Pyrite.—The small groups of brilliant pyrite occurring with the slate 


Se 


a ‘‘Mineralogy of Nevada.” 
“Preliminary repor on the Mineralogy of Pennsylvania,” page 2. 
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found through the coal regions, are trimmed and cut into ovals, squares, 
and other shapes, and sold for mounting as scarf pins, lace pins, ear rings, 
and ring stones, as well as other ornaments. Fine single crystals are 
also sold for ornaments, principally at Mauch Chunk and the summit 
of the Switchback road, and by the local jewelers at Ashland, Shenan- 
doah, and Mahoney City. The finest specimens used here are from the 
Raven Run mine, 6 miles from Mahoney City. 

Many fine single crystals with a very high polish have been found at 
Black Hawk and other localities in Colorado, which are often sold for 
ornaments, just as they are found, at Denver, Colorado Springs, and 
other places in the West. These are compact enough to cut into the 
faceted gem, known in Europe as “ marcasite,” which has been almost 
entirely superseded by bright steel jewelry. 

Diopside.— Associated with the garnets from Fort Defiance (Arizona), 
Gallup (New Mexico), and other localities in that vicinity, small pieces 
of almost emerald-green diopside are found—evidently a chromium diop- 
side similiar to that found with the South African diamonds. Asa 
rule they ure too small to afford gems of any value, but a few pieces 
have been found that are of sufficient size for very small gems. This 
would be a very desirable addition to the list of American gem locali- 
ties, if the specimens were found in any size or quantity. 

At the De Kalb (New York) locality, some very large crystals were 
found in 1884, several over 3 inches long and 1 inch thick, with clear 
spots of gem material, promising to afford cut stones weighing 20 to 30 


carats. 
FELDSPAR GROUP. 


The greenish variety of orthoclase, called lennilite by Dr. Isaac 
Lea(a), found at Lenni Mills, Delaware county, Pennsylvania; the 
pearly variety called delawarite by Dr. Lea, and the bluish-green sub- 
transparent of an aventurine character, the bright particles being hex- 
agonal hematite(?), called cassinite by Dr. Lea, found at Blue hill, 2 
miles north of Media, are all at times of fine enough color to make a com- 
mon gem or ornalental stone. 

Large bowlders of labradorite are often met with in the towns of Lewis, 
Moriah, McIutyre, Newcomb, and Westport, also in Green, Lewis, 
Orange, Schoharie, Saint Lawrence, and Warren counties, New York. 
Within a few miles of Amity, in Orange county, Mr. Silas C. Young 
broke up a mass of fine material for specimens, weighing over two tons, 
that showed the chatoyant play of colors very well. 

In Pennsylvania it occurs at Mineral hill, Chester county, and oppo- 
site New Hope, Bucks county; and also in the Wichita mountains, Ar- 
kansas. 

Mention is made by Genth and Kerr(b) of a curious white variety as 
occurring at_ the Cullakenee mine, Clay county ; also, large crystals in 

a ‘‘ Proceedings Philadelphia Academy of Sciences,” May, 1866. — 
b ‘‘ Minerals and Mineral Localities of North Carolina,” page 48, 
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the trap at Shiloh Church. On the road to Charlotte, Mecklenbarg 
county, and near Bakerville, on Toe river, specimens showing a slight 
blue chatoyancy are also found. 

Rockport, Massachusetts, formerly afforded many finely colored pieces 
of amazonstone. Some fine green crystals have also been found at 
Paris, Maine, and at Mount. Desert material that will cut into fair gems 
is occasionally met with. 

One large, fine light green crystal, over 6 incnes long, was found near 
Amelia Court House, at the microlite locality. 

On the John Smith farm, Middletown, Delaware counvy, Pennsyl- 
vania, many shades of green feldspar, passing into the cassinite and 
delawarite, are found in the soil in loose bowlders up to 20 inches in 
diameter. 

Eleolite.—The eleolite of Gardiner and Litchfield, Maine, would ad- 
mit of a very good polish, and at times the color is greenish and would 
look quite well. Some of the Salem, Massachusetts, variety would 
also do for this purpose. 

Leopardite—A compact variety of orthoclase, which is spotted with 
hydrated sesquioxide of manganese, called leopardite(a), is abundantly 
found near Charlotte, Mecklenburg county, and also in Gaston 
county, North Carolina. It is a variety of porphyry with crystals of 
disseminated quartz. This material is found in large masses and would 
furnish a good ornamental stone if polished. It would also furnish ma- 
terial for a cheap gem stone. 

Moonstone.—At Van Arsdale’s quarry(b) near Feisterville, Bucks 
county, Pennsylvania, orthoclase is found in crystals from one-half to2 
inches in length, usually, however, in cleavage masses of gray or gray- 
ish-black colors, which show the blue chatoyancy, as well as many va 
rieties of labrador spar, and make a very fine variety of moonstone. 

The albite occurring in such beautiful specimens at Mineral hill, 
near Media, in Middletown, Delaware county, Pennsylvania, shows the 
blue chatoyancy remarkably well, aud is there called “moonstone.” It 
might well be, and is doubtlessly rightfully classed under this head, 
since the appearance differs so slightly from an orthoclase moonstone, 
and it is the effect that really gives it its name. 

The greenish-gray granular albite or oligoclase found in the serpen- 
tine at the magnesia quarries, West Nottingham township, Chester 
county, Peunsylvania, shows a faint blue moonstone luster. 

The beautiful feldspar found by Mr. W. W. Jefferis, with the saa- 
stone at Pearce’s paper mill, shows the blue chatoyancy equal to apy 
labrador spar. It may be the latter or oligoclase(?). The finest exam- 
ples of this mineral from an American locality, very closely resembling 
the Ceylon in quality, transparency, and color, have been lately found 


a ‘‘Minerals and Mineral Localities of North Carolina,” Genth and Kerr, page 5l. 
b‘‘ Preliminary report on the Mineralogy of Pennsylvania,” page 89. 
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at Amelia Court House, Virginia, by Mr. George W. Fiss, of Philadel- 
phia, who had two very fine gems over one-fourth of an inch across. 

Peristerite has been found in some abundance in the town of McComb, 
Saint Lawrence county, New York, associated with common orthoglase; 
itoccurs by the ton, and many of the specimens show the beantiful light 
blue chatoyant effect. Mr. C. D. Nimms has also observed this mineral 
a8 far north as Bythurst, Canada, 9 miles north of Perth; also in the 
towns of Pierrepont, Russell, and in at least a dozen other places in 
this section of New York State. Some specimens make a very fine gem 
stone, differing somewhat from labradorite and moonstone. Mr. Charles 
A. Dana, of New York, has bad a number of these flesh-colored pebbles 
of orthoclase found on Long Island sound, near his home, at Glen Cove, 
New York, cut en cabochon, making thus a very effective salmon-colored 
stone. 

Perthite, found so plenty in Canada, at Perth, Ontario, is likely to be 
found in the United States as bowlders, and possibly in place. This 
forms a very curious and rich-colored gem stone, with its bright aven- 
turine reflections. 

A very fine oligoclase occurs at Dixon’s quarry, Newcastle county, 
and a fine striated variety at West Chester, Delaware county, Penn- 
sylvania. 

Sunstone.—Very good sunstone (oligoclase ?), with very fine reflec- 
tions, has been fonnd near Fairville, Pennsbury township, Pennsylvania. 
Sunstone (oligoclase ?) occurs at Mendenball’s lime quarries, Penns- 
bury, Chester county; also in Ashton township, some of which is a 
grayish-white color with coppery reflections; and also a curious variety 
of sunstone in moonstone (albite) is found, showing double reflections. 

A very fine green and red sunstone is found near Media. On John 
Scofield’s farm, in Middletown township, Delaware county, moonstone 
and sunstone in small nodular lumps are scattered through the soil. 
About 1 ton has been taken out since the locality was discovered. On 
John Hibberd’s farm, in the same townsbip, moonstone in bowlders is 
found. A very fine sunstone, the orthoclase of which is a very rich 
salmon color and quite transparent and streaked with white, showing 
the aventurine effect beautifully, is found at Glen Riddle, Delaware 
county. 

Another beautifal variety is found in the hornblende at Kennett 
township, Chester county; this, Dr. Genth thinks, is most probably an 
oligoclase. The greenish orthoclase, sometimes in bright green pieces, 
also pale green, and at times much spotted with brownish tints, all 
showing a very good sunstone effect, is found at Mineral bill, Middle- 
town, and in Upper Providence, Delaware county. The orthoclase of 
Frankford, Pennsylvania, with the géthite disseminated through it, 
approaches the sunstone in appearance very closely. 

On the Horace Greeley farm, at Chappaqua(a), New York, small pieces 


a “ Proceedings New York Academy of Sciences,”: Vol. I. 
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of an orthoclase sunstone were found, almost as fine as any of the 
Norwegian. 

Obsidian.—_Smoky, transparent obsidian that would cut well, and 
form ‘a curious variety somewhat resembling the ‘‘ Moravian bottle 
glass” (moldavite), but not so green, has been found in rounded pebbles, 
over 1 inch across, near Santa Fé, Mew Mexico. 

A porphyritic and spherolitic obsidian is found under the trachyte 
on Gunnison river, and a heavy vein of porphyritic obsidian near the Rio 
Grande pyramid, continuing from there southward through the trachytic 
bed. Nodules occur in the lower members of the trachytic veins. 

A dike of obsidian, light gray and clear with concentric structure, sets 
from the Colorado Central lode near Georgetown, north of Saguache 
creek. Hoffmann mentions obsidian in fine pieces and very abundant as 
occurring 10 miles southeast of Silver Peak, Nevada. Across the State 
line, 5 miles in Owen valley, California, it is found in red fragments, and 
also banded with alternate layers of-black and brown. Obsidian oc- 
curs in large, fine black pieces, and mottled black and brown, and in 
small layers, in a moss rock at Obsidian cliffs, Yellowstone park. 


Octahedrite.—Octahedrite is reported as occurring in small crystals 
at Dexter’s lime rock at Smithfield, Rhode Island, and in flat tabular 
glassy crystals of a pale green color and very brilliant in the gold sands 
' of the Brindletown mine(a), Burke county, North Carolina. ‘These 
would possibly afford small gems, nothing, however, to compare with 
the beautiful blue crystals from Brazil, so splendent at times as to be 
mistaken for diamonds. 

Brookite, arkansite, microlite—At the Ellenville, Ulster county, New 
York, lead mines some remarkable flat, ruby-red crystals of brookite 
have been found, and at Magnet cove, Arkansas, remarkably brilliant 
crystals of the variety of this mineral known as arkansite occur in great 
profusion, at times a transparent honey yellow. The mineral does not, 
however, readily admit of polish. One fine crystal of microlite in the 
cabinet of Mr. C. S. Bement, is about three-eighths of an inch long, and 
in part arich honey-yellow color, having all the color of topazolite, with 
@ higher luster. This might possibly be added to the list of American 
gem minerals. This crystal was found at Amelia Court House, Vir- 
ginia. Some few of the microlites found at the Amelia Court Honse 
locality are of sufficient transparency to afford gems, the color ranging 
from an essonite red to that of a rich spinel yellow and remarkably 
brilliant. 

Microlite has the highest specific gravity of any known gem, being 
about 6. . 

Ilmenite.—At Magnet cove, Arkansas, the ilmenite is found in such 
fine bright crystals as to form natural ornaments, and will, besides, a4- 
mit of a fine brilliant polish. 


a “‘ Minerals and Mineral Localities of North Carolina,” 1881 page 84. 
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Allanite—The allanite found in large masses and crystals in Amherst 
county, Virginia, is very compact and bright black in color, and would 
form a black metallic gem stone. 

Sodalite, cancrinite—At Litchfield and South Litchfield, Maine, soda- 
lite, el~olite, and cancrinite are found in bowlders in size from that of 
the fist to those weighing many tons. They lie scattered over the sur- 
face for a distance of about 4 miles. One mile and a half west of this 
line, across a pond in West Gardiner, these minerals are found asso- 
ciated with zircon, as in South Litchfield. On some of the West Gar- 
diner farms there are ledges of rocks that are evidently the source of 
these bowlders. The bowlders occur principally on the farms of Moses 
True, Capt. Joseph Wharff, and Rufus Smith. 

The deep-blue and azure-blue sodalite and cancrinite, a rich yellow, 
and occasionally in hexagonal crystals, occur sparingly in seams in this 
tough elzolite and lepidomelane rock. The seams are from 1 millimeter 
to very nearly 1 inch in thickness; some of the white seams found are 
evidently altered sodalite; the cancrinite has been found 2 inches thick. 

Violet and azure-blue sodalite have been found associated with elso- 
lite, biotite, and zircon in a syenite vein at Salem, Massachusetts. 
Enongh has been found within the last two years at South Litchfield to 
give it some gem importance. A number of distinct bexagonal crystals 
of fine waxy yellow cancrinite, as a rule embedded in the deep-blue so- 
dalite, have also been found ; also pink and greenish masses, and masses 
of rich yellow, 2 inches in thickness, which could be used the same as 
sodalite. 

Scapolite.—The pink and purplish scapolite found at Boston, Massa- 
chausetts, will polisl’ nicely and form a neat ornamental gem stone. 

Lazulite.—Lazulite in dark-blue crystals and crystalline masses is 
found at Crowder’s and Chubb’s mountains in Gaston county, North 
Carolina, and at Coffee Gap, Sauratown. mountains, Stokes county. 
At Graves mountain, Lincoln county, are found the finest sky and dark- 
blue crystals known. This mineral would make an opaque gem or orna- 
mental stone, as the color, although lighter, is often as rich as lapis- 
lazuli. 

Cobaltite is occasionally cut abroad and resembles a flesh-colored 
pyrite when cut. It is not found of fair quality at any American lo 
cality. 

Zincite, franklinite, and willemite(a), as found intermixed in the zinc 
mines at Franklin, New Jersey, are at times ground into charms and 
paperweights and ornaments of different kinds, principally by the 
miners. They do not admit of a very fine polish, however, thongh they 
present a good appearance. A curious brown serpentine containing 
zinc, described by Prof. C. U. Shepard, was also cut and polished by 
the miners here. 

Enstatite and bronzite.—Enstatite and bronzite are found half a mile 


@ See also “ Mineral Resources of the United States, 1882,” page 496. 
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west of Texas, Pennsylvania, and in beautiful massive foliated varieties. 
Bronzite was observed by Dr. Genth(a) near Crump’s serpentine 
quarry, near Media, in Middletown township, and also near Henry 
Hipple’s, in Marple township, forming the mass of Castle rock; also in 
Newton township near the lime kiln,and near Radnor’s, Delaware 
county. Bronzite and enstatite occur in large quantities at Bare Hills, 
Maryland. 

Titanite.—At Bridgewater station, Delaware county, Pennsylvania, 
some remarkably fine crystals of titanite have been found. Some of 
them, over 1 inch long and very transparent in parts, are a rich 
greenish yellow and a vitreous golden, equaling in color the finest 
from the Tyrol], und some would afford gems weighing from 10 to 20 
carats each, that would show a play of colors rather adawantine than 
opalescent. Some of the fine crystals from this loeality are now in the 
cabinet of Mr. C. S. Bement, the W.S. Vaux cabinet, Academy of Nat- 
ural Sciences, Philadelphia, and in the Peabody museum, New Haven. 

Many yellow crystals(b) over 1 inch long have been found in the horn- 
blendic gneiss on the Schuylkill near Philadelphia, and yellow crystals 
with sunstone at W. Cloud’s farm and Pearce’s paper mill, in Kennett 
township, Chester county, Pennsylvania. 

Chlorastrolite.—One of the largest known perfect chlorastrolites is in 
the cabinet of Mr. M. T. Lynde, of Brooklyn, Long Island, a gem meas- 
uring 14 by 1j inches. A fine pair of chlorastrolites over half an inch 
across are in the possession of Mr. F. A. Canfield. 

Datolite—The compact, opaque, white, creamy, and flesh-colored 
varieties of datolite found at the Minnesota, Quincy, Marquette, Asb- 
bed, and other mines in the copper region of Lake Superior, admit of a 
very high polish, and make an excellent opaque gem or ornamental 
stone. Notably one especially fine nodule over 4 inches across, with 4 
flesh-colored center shading off into gray and creamy tints, was found 
at the Delaware mine, and is in the cabinet of Mr. C. 8. Bement. 

Thompsonite.— Large quantities of thompsonite have been cut into gem 
stones during the last year, the cutting consisting almost entirely of a 
rounding off of the pebble so as to show the concentric and other mark- 
ings to the best perfection. Some of them, over an inch in diameter, 
have been polished. As arule the small ones are the finest material. 
The lintonite is really a variety of the thompsonite and polishes very 
nicely, either alone or when occurring with the flesh-colored forms of 
thompsonite. 

Natrolite.— Many veins of natrolite, and more particularly one large 
surface, representing over 300 square feet of the mineral, were met with 
at shaft No. 2 of the West Shore railroad, at Weehawken, New Jersey. 
Although this quantity afforded millions of crystals, scarcely any were 
stout enough to afford gems of this beautiful limpid and white mineral, 


a ‘Preliminary report on the Mineralogy of Pennsylvania,” page 63, 
b Ibid., page 27, 
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so abundantly found here and all along Bergen hill where any tunnel- 
ing has been carried on. 

Fine crystals are found in the Lake Superior copper region. None 
has been sold for gems in the United States, though it is occasionally 
used as an initial gem for the letter “ N” in initia? jewelry. 

Pectolite—Among the Eskimo implements collected by the United 
States Signal Service at Point Barrow, Alaska, and examined by Prof. 
F, W. Clarke(a), was a supposed jade, which he found on analysis to 
be a new and interesting variety of compact light-green pectolite ; spe- 
cific gravity, 2.873. This was obtained from some point east of Point 
Barrow, on the Kowak river, and forms an interesting and unexpected 
addition to this line of gem stones. 

Apophyllite (also called fish-eye stone) is really too soft for gem pur- 
poses, though repeated references are made to it by gem writers. 
The Erie tunnel, Bergen hill, afforded thousands of fine doubly-termi- 
nated detached crystals, less than one-fourth inch in diameter, that were 
really bedutiful as ornaments; thissame tunnel afforded a single crystal4 ~ 
inches in diameter. Some beautiful ones have also been found at the 
Cliff mine and other localities in the Lake Superior copper region, at 
times being perfect specimens of limpidity. The West Shore railroad 
tunnel at Weehawken, New Jersey, was the first locality in the United 
States to produce pink and flesh-colored crystals. Many beautiful ones 
were found here, though not as fine as the Andreasberg or the Mexican 
varieties. This and the Lake Superior locality would both afford ma- 

terial for cutting. 

Apatite—Apatite was found in such remarkably perfect and fine- 
colored crystals at the tourmaline locality at Auburn, Maine, by Mr.N. 
H. Perry, that the hill on which the tourmalines were found has been 
named Mount Apatite. These crystals were transparent green, pink, 
and violet, and so much :esembled tourmaline as at times to have been 
mistaken for it. Some of the local collectors attempted cutting some 
of them, but the hardness is too low for a transparent gem. 

Crocidolite.—Crocidolite was observed by Col. Joseph Wilcox(b) in 
long, delicate fibers of a blue color, in one of the western counties of 
North Carolina. 

Mr. Theo. D. Rand found a dark-bluish, fibrous mineral at the Falls 
of the Schuylkill, and Prof. W. T. Roepper(c) found at Coopersburg, 
associated with white and brownish-white garnet, bluish-white crys-_ 
talline fibrous coatings, which may belong here. 

Crocidolite was also observed near Cumberland, Rhode Island, and 
at Eland Fountain, Orange river, New Jersey, though none of gem value 
has yet been found in the United States. 

Serpentine.—The many fine varieties of serpentine found in the United 


a American Journal of Science, III., Vol. XXXVIII., page 63. 
b ‘‘ Minerals and Mineral Localities of North Carolina,” 1881, page 41. 
¢ “ Preliminary report on the Mineralogy of Pennsylvania,” page 10, 
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States would admit of use in some cases as ornaments. The dark-green 
noble serpentine of Newburyport, Massachusetts, was cut into oak and 
other leaf-like forms, very effectively indeed, by Mr. F. Osgood, of that 
place. The bandsome yellow serpentine of Montville is also of the pre 
cious variety. 

The beautiful varieties of serpentine or verd antique from Harford 
county, Maryland, admit of a fine polish. 

The serpentines of Saint Lawrence county, as also those of Cornwall, 
Monroe, and Warwick townships, Orange county, the ophiolite of New 
York city and vicinity, the serpentine of New Rochelle, New York, also 
some of the Hoboken, New Jersey, and the Staten Island varieties are 
useful for ornamental and occasionally for gem purposes. 

At Swneham, Maine, green and red damourite(a), altered from topas, 
was cut into different odd forms and charms by local collectors. At 
Deer Isle, also, serpentine of a very light-green color occurs. 

The serpentine of Texas, Mineral Hill, Newtown, Marple, Middle 
town, and other localities in Delaware county, Pennsylvania, are also 
very fine. 

The serpentine from the neighborhood of Patterson(b), Caldwell 
county, North Carolina, is of a dark greenish-black color, and admits of 
a fine polish. 

The serpentinous substance named pelhamine by Prof. C. U. Shep 
ard(c) admits of avery good polish and with a very curious effect. 

Dr. F. A. Genth mentions as being found at Easton, Pennsylvania, 
a bowenite frequently containing a small quantity of tremolite; it is of 
@ greenish and reddish-white color and of great tenacity. This is evi- 
dently the so-called jade mentioned in the report for 1882. The easy 
working of this material, and the effective designs that can be made 
from it, recommend it as having fully as much merit for tourists’ jewelry 
as the various teeth, beans, and other like things that are sold for this 
purpose. 

Fluorite.—The clear varieties of colored transparent fluorite are des- 
ignated as false ruby, emerald, sapphire, topaz, amethyst, etc. Mavy 
fine specimens of the green have been found at Muscalonge lake, Saint 
Lawrence county, New York, at times crystals over 1 foot across. 

The Hardin county, Illinois, localities are the largest deposits in the 
United States, and some thousands of tons are annually mined here; 
crystals of the richest purple, yellow, red, rose-colored, green, and other 
varieties are very common. It differs from the English in that the 
crystalline faces in nearly all cases are dull and the colors show only 
by transmitted light. Some crystals 1 foot across were observed here. 

On the Cumberland river, Tennessee, some of the finest American 
crystals of a blue- green variety have been found; wine and honey- 


ee ee - 


a American Journal of Science, May, 1885. 
b Genth and Kerr’s “ Minerals of North Carolina,” page 57. 
e “Contributions to Mineralogy,” 1876. 


PRECIOUS STONES. 177 


yellow ones also at Saint Louis, Missouri, in the -geodes in the lime- 
stone. Fine crystals are found at Pike’s peak, Colorado. 

One of the most remarkable varieties of this mineral is a chlorophane 
from the microlite localities(a) at Amelia Court Hotse, Virginia. This 
fluoresces by the heat of the hand, and when » cut stone was placed in 
a vial of warm water, showed distinctly in a dark room, thus making a 
new form of gem, i. e., a tluorescent gem stone, though not hard enough 
for any kind of wear. 

Fossil coral.—The lows fossil corals have during the ‘last year been 
sold more largely than heretofore for jewelry, paper weights, and speci- 
mens. One Philadelphia lapidary states that he sold over $250 worth 
in one year. It is sold to some extent at Iowa City and other places in 
Iowa, as well as at the regular tourists’ stopping places all over the 
United States. 

Lepidolite —Lepidolite has been found in large quantities in the past 
at Mount Mica, Paris, Maine, which bas afforded masses of 50 pounds 
of very fine color; at Hebron and Norway, aud more recently at Auburn, 
also at Mount Black, Rumford, Maine. As this mineral is used to some 
extent abroad for ornaments, such as dishes, vases, paper weights, etc., 
the similar utilization of the American material is suggested. 

Aragonite and xatin spar.—The aragonite “satin spar,” from near 
Dubuque, Iowa, especially in such fine form as at Rice’s cave, and in 
such remarkably fine forms as the “floss ferri-” variety, from near 
Rapid City, Dakota, would admit of the same uses as common satin 
spar. 

The satin spar (yypsum) ornaments, such as beads, eggs, and a variety 
of others, sold at Niagara Falls and many of the tourist places, are 
almost without exception imported from Wales, though some few com- 
mon white gypsum ornaments are at times cut frem gypsum found near 
Niagara. On Goat island large masses are vften found, and occasion- 
ally even under the fal!s, where all the material for all the ornaments 
sold here is supposed to have been found. Fine selenite occurs here, 
bat no satin spar. 

Malachite—One very five, compact, fibrous mass of dark green 
malachite, that would cut a beautiful cube 1 inch square, from the Mc- 
Calloch mine, Virginia, is in the cabinet of Mr. C. 8. Bement. 

Hoffmann mentiovs it in massive concretions iu Copper cafon, Galena 
district, and at Mineral Uill, Nevada. Some of the copper mines of 
Arizona aud New Mexico will undoubtedly furvish tine specimens when 
they are more developed. 

Mr. F. E. Monteverde has some gem specimens of malachite of very 
good quality, over 1 iuch across, from the Copper Queen mine, Bisbee, 
Arizona. Malachite has been found recently at the Globe and Arizona 
inines in fibrous and mamumillary masses, and in seams from 3 to 4 inches 
in thickness and of very fine color, in many respects equaling the finest 
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from Russia. A number of fancy articles have been made from it. At 
Ducktown, Tennessee, some fine radiated masses have been found that 
would polish well. . 

At the Jones mine, Berks county, Pennsylvania, very dark green and 
finely mottled malachite was found that would cut into fine gems over 
2 inches across. Some very fine specimens from here are in the cabinet 
of Mr. W. W. Jefferis. The material from this locality equals any from 
Russia, but the supply is very limited. 

Malachite is found in North Carolina in Guilford, Cabarrus, and 
Mecklenburg counties. At Silver Hill and Conrad Hill. in Davidson 
county, the fibrous variety has been observed, and at a number of other 
localities in the State, but rarely of any gem value. In the United 
States subtreasury, in New York City, are a few fine gem pieces of 
malachite from the Copper Knob mine in Ashe connty, North Carolina. 

Chrysocolla.—A beautiful compact chrysocolla, mixed with quartz, is 
found at the Allouez mine, Houghton, Lake Superior region. Some of 
the specimens would furnish fine, rich, bluish-green gems one-half inch 
square. 

Beautiful specimens, botryoidal and massive, greenish blue in color, 
have been found at the Jones mine, near Morgantown, Berks county, 
Pennsylvania ; and a fine specimen from some Arizona locality, coated 
with chaleedony, made some beautiful gems wheu the chalcedony was 
polished, allowing the botryoidal chrysocolla to show through. In one 
case these markings resemble a human head. 

Anthracite is used to some extent as jewelry, being carved and turned 
into small trinkets, such as compass cases, boots, hearts, anchors, and 
other small charms. It could readily be made into beads and round 
ornaments to be used for scarf pins, lace pins, bracelets, etc., in the 
same way as jet. It is also turned into cups, saucers, vases, candle 
sticks, and paper weights, and is carved by hand into a variety of small 
ornaments. The objects made often have one or more ridges of the- 
rough coal, the other portions being highly polished, thus making 4 
striking contrast. Most of the anthracite is worked at Mountain Top, 
near Glen Summit, Lucerne county, Pennsylvania. The material used 
is obtained at the Franklin mine at Ashley, the Spring Tunnel mine at 
Summit Hill, and at Nanticoke, Pennsylvania. These articles are sold 
at Scranton, Wilkes Barre, Pittston, Mauch Chunk, and at the Sum- 
mit Hill station on the Switchback railroad. From $2,500 to $3,000 
worth of these anthracite objects are sold annually. 

Catlinite or pipestone.—Catlinite, which is found in such large quan- 
tities in the Upper Missouri region, and especially in Pipestone county, 
Minnesota, is worked into a large variety of ornamental pipes, that are 
sold at from 75 ceuts or $1 each to as much as $5 and $10; at times as 
high even as $20 for very large pieces of carving. They are made ins 
variety of forms, mainly to sell readily, such as tomahawks with the 
pipe bowl in the back, and often pipes from 10 to 24 inches long have 
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one or more figures on the stem, which is sometimes made of several 
pieces, usually, however, of wood. Parts of the pipes are often laid 
out in designs that are filled in with lead. 

This stone is also worked into a variety of ornaments and into small 
charms of different kinds. These are offered and find a ready sale to 
persons visiting Minnehaha Falls, Lake Minnetonka, various hotels in 
Saint Paul and Minneapolis, and other cities in Minnesota and Dakota 
as far west as Fort Sully. The amount sold annually is perhaps 
$10,000 to $15,000 worth. This stone should surely find more uses 
from its compactness, easy working, and the fine polish it admits of. 
One curious spotted variety is very beautiful, and would make a good 
contrast with the regular red pipestone. 

Catlinite is also found at Rice lake, Barron county, Wisconsin. 

Amber.—Before the New York Academy of Sciences, February 5, 
1883, I exhibited and described an elongated, twisted mass of amber(a) 
of a rich yellow color, but opaque, weighing 12 ounces, that had been 
found on the shore at Nantucket, Massachusetts, evidently from the 
Tertiary deposits there. This mass more closely resembled the true 
amber than any other American specimen yet seen. 

The Rev. Phoebe Hanaford, at the same meeting, mentioned having 
found a small piece weighing about 1 ounce at the same locality. 
Amber has also been found at Martha’s Viveyard and at Gay Head. 

In a paper read before the New York Academy of Sciences, on 
the same .date, I described a mass of amber 20 inches long, 6 inches 
wide, and 1 inch thick, and weighing 64 ounces, found at Kirby’s 
marl pit, on Old Man’s creek, near Harrisonville, Gloucester county, 
New Jersey. A one-fourth-inch section showed a light grayish-yellow 
color. A section one-fourth inch thick showed a light, very transparent 
yellowish-brown color. The entire mass was filled with botryoidal- 
shaped cavities filled with glauconite or greensaud dnd a trace of vivi- © 
anite. .The hardness is the same as the Baltic amber, only slightly 
tougher and cutting more like horn, and the cut surface showing a 
curious pearly luster, differing in this respect from any other amber yet 
examined by me. This luster is not produced by the impurities, for 
the clearest parts show it the best. It admitted of a good polish. 
The specific gravity of a very pure piece of the carefully selected amber 
is 1.061, which is the lowest density on record, the usual amber range 
being from 1.065 to 1.081. It ignites in the same way as other ambers. 
It was found at a depth of 28 feet and under 20 feet of the Cretaceous 
marl, the amber being found in a 6-foot stratum of fossils. 

Dr. N. L. Britton has observed traces of amber near Camden, New 
Jersey, in the Cretaceous deposits. ; 

Dr. Charles C. Abbott(b) mentions having several times found small 
grains or pebbles of amber in the bed of Crosswick’s creek. These he 


a Now in the Amherst College cabinet. 
b Science, Vol. I., pago 594. 
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gave to Mr. W. 8. Vaux, of Philadelphia, and they are now at the 
Academy of Natural Sciences. He suggests that they are derived from 
the beds of clay which are exposed in the bluff forming the southern 
bank of the creek. There are Cretaceous clays nearer Trenton than 
Crosswick’s creek, in which occurs much fossil wood; in and on this 
grains of amber are not uncommon; they are usnally very small and 
difficult to detect. The wood is soft and very recent in appearance, 
burning with an uncertain, flickering flame. The amber is evidently 
derived from the sap of the wood. 

The late Professor Kerr(a) mentionec the finding of succinite in lumps 
of several ounces weight in Pitt county and elsewhere, in the Tertiary 
mar! beds of the eastern counties of North Carolina. 

Dr. Troost (lb) mentions that at Cape Sable, on the northern side of 
Magotby river and western shore of Maryland amber of several varie- 
ties occurs. One is entirely opaque in concentric zones of every shade 
of red, yellow, and brown, thus displayivg the most beautiful colors; 
another is a transparent yellow, and another is an earthy porous variety. 
It is found bere in the lignite beds in some quantity. It also occurs on 
the Chesapeake and Delaware canal iu Kent county, Delaware. 

Mr. C. G. Yale, of San Francisco, California, says that amber is com- 
mon in the lignite deposits on the peninsula of Alaska. It is also ob- 
_ tained in the alluvium in the delta of the Yukon river and in the vicinity 
of most of the Tertiary coal deposits on the Fox islands. being every- 
where an article of ornament with the natives, who carve it into rade 
beads. 

At no American locality is amber found of commercial value, and al- 
though the specimens above referred to are all called amber, they are 
undoubtedly, with the exception of the Nantasket amber, all from dif- 
ferent trees from those producing the Baltic amber, and analyses of 
. them would proveof considerable interest. 

Jet.—Jet occurs in the Wet Mountain valley, Trinchera mesa, south- 
east Colorado, and in the coal seams of most coal-bearing rocks of Colo- 
rado. The beautiful specimens of El Paso county, although sold largely 
for specimens, are very little if at all used for ornamental purposes, from 
the fact mainly that although this perhaps rivals any known jet, black 
onyx has almost entirely superseded this material in the United States, 
owivg to the greater hardness of the onyx and the cheapness with which 
it is furnished from Oberstein and Idar. 

Meerschaum.—Sepiolite, or meerschaum, has occasionally been met 
with in compact masses of smooth earthy texture in the magnesia quar- 
ries in West Nottingham township, Chester county, Pennsylvania. 
Only a few small pieces have been found, but they were of good qual- 
ity. It also occurs in grayish and yellowish-white masses in the ser- 
pentine near Stamp’s tavern, in Concord township, Delaware county. 


a ‘Minerals and Mineral Localities of North Carolina,” page 6&3. 
b Silliman’s Journal, page 182, 1832. 
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Masses weighing 1 pound, of a pure white material, have been found 
on the John Smith farm, Middletown, in the same county. 

It has been observed at the Cheever iron mine, Richmond, Massa- 
chusetts, of equally good quality, in pieces over 1 inch across. 

It has also been found in the serpentine at New Rochelle, Westches- 
ter county, New York. 


PRODUCTION OF PRECIOUS STONES IN THE UNITED STATES. 


While it is impossible to obtain exact returns of the values of the 
precious stones found in the United States, it is believed that the esti- 
mates given in the following table represent, roughly, the total values 
and the proportionate values of the several mineralogical species. Gold 
quartz, the value of which should be more properly perhaps included 
under the head of gold mining, is added at the close of the list. 


Estimated production of precious stones in the Uniled States in 1883 and 1884, 
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IMporTs. 
Diamonds and other precious stones imported and entered for consumption in the United Slater, 


1867 to 1884 inclusive. 
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In addition to the report on precious stones m the last volume, where 
the subject was treated in detail, the following pages are intended to 
show the progress in this field during 1885. 

Work was carried on at the Mount Mica tourmaline locality, Paris, 
Maine, during the months of June, July, and August of the present 
year, but no crystals of any value were found, all efforts being directed 
to the removal of the rock above the tourmaline layer. Messrs. N. H. 
Perry and I. M. Bailey also worked at the Rumford locality for a few 
weeks, some good specimeus were obtained. 

For two months during the summer of 1885 work was carried on by 
the Emerald and Hiddenite Mining Company, at Stony Point, North 
Carolina, under the direction of the superintendent, } Mr. W. E. Hiden 
and Ge flattering success. A remarkably lar ge pocket, contannns 
fine crystals of muscovite with brilliant crystals of rutile implanted on 
them, was found and sold as cabinet specimens for $750. While they 
were working in the soil overlying the rock nine crystals of emerald 
were found all doubly terminated and measuring from 25 millimeters 
(1 inch) to 77 millimeters (34 inches) in length and 42 millimeters (12 
inches) in width. This latter crystal is very perfect as a specimen; it 
is of a fine light green color and doubly terminated. It weighs 83 
ounces, only one fourth ounce less than the famous Duke of Devonshire 
emerald crystal, and is held by the company at $1,500 as a cabinet 
specimen, the nine crystals together being held at $3,000. 

Another of these crystals, which is doubly terminated, measures 63 
millimeters (24 inches) by 23 millimeters (44 inch), and is filled with 
large rhombohedral cavities, formerly containing dolomite. As min- 
eral specimens these crystals are quite unique. The only gem which 
has been cut from this find was found m a pocket at a depth of over 43 
feet. In color it is a pleasing light green, and weighs 423 carats. No 
erystal of finer color has yet been found in the United Sintes and this 
gem is held by the company at $200. 

During the recent mining the largest fine crystal of lithia emerald 
ever found was also brought to light. It measures 68 millimeters (23 
inches) by 14 millimeters (2 inch) by 8 millimeters (4 inch). One end 
is of very fine color, and onal afford the largest gem yet found of this 
mineral, weighing perhaps 54 carats. With this was a number of 
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superior erystals and some ounces of common pieces of the same min- 
eral. The owners estimate the worth of this entire yield of hiddenite 
at about $2,500 

A quantity of quartz filled with white byssolite or asbestiform min- 
eral, which makes very attractive specimens, is valued at $250. On 
the whole this is an encouraging find for this line of minerals. 

The locality for emeralds referred to in the last volume of ‘ Mineral 
Resources of the United States,” page 739, is only a duplication of the 
locality described as J. O. Lackey’s in the American Journal of Science, 
III. series, Vol. XXVII., page 153. 

Hiddepite has also been found during the past year in working the 
property known as the Morton tract, formerly known as Smeaton’s and 
Lyon’s properties (‘‘ Mineral Resources of the United States, 1883 and 
1884,” page 739). 

Among the fictitous reports of the finding of gems may be men- 
tioned that of the finding of three diamonds and about a dozen topazes 
in the gravel along the Sangamon river, near Springfield, [linois. 

What is perhaps the finest collection of rough diamond crystals in 
existence was exhibited during the past year by Messrs. Tiffany & Co. 
in New York. It consisted of 904 crystals, weighing in the aggregate 
1,87633 carats, and was valued at $30,000. This has since been re- 
turned to Europe. For description see ‘‘ Report of the American Asso- 
ciation for the Advancement of Science, 1885,” page 250. 

At the meeting of the British Association, held at Birmingham, Sep- 
tember, 1886, Prof. H. Carvil Lewis read a paper on “ Diamond-bearing 
Peridotite,” in which he said he had found in Kentucky, peridotite simi- 
lar to that which occurs in the Kimberley mine, and was convinced that 
a search would reveal the presence of diamonds in that State. Now, 
the diamonds in the South African deposits are accompanied by carbo- 
naceous shale which surrounds the mine, and is also scattered through 
the so called “blue stuff” in sizes varying from microscopic specks to 
large detached masses, and forming a sort of breccia, so to speak. The 
theory of the voleanic origin of these pipes was first advanced by Dr. 
HK. Cohen. In the opinion of the writer the peridotite alone is not suffi- 
cient to account for the diamonds, but rather its mixture with the shale. 
Unless this carbonaceous shale is present under similar conditions in 
Kentucky the outlook for diamonds is not encouraging. In further con- 
firmation of this view may be mentioned Prof. H. E. Roscoe’s discovery 
of an aromatic hydrocarbon on treating diamond earth with hot water. 
This hydrocarbon, which he separated by digesting the earth with ether 
and allowing it to evaporate, was crystalline, strongly aromatic, vola- 
tile, burned with a smoky flame, and melted at 50° C. It was unfortu- 
nate that the quantity of the substance obtained was too small to admit 
of a full investigation. (Proceedings of Manchester Literary and Philo- 
sophical Society, October 17, 1884, page 5.) 
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A recent London periodical made the statement that any one who 
found the sapphire and ruby in its original matrix would soon be called 
the * King of Rubies,” and that his fortune would be assured. This 
recalls the fact that Col. C. W. Jencks, of Boston, was the original 
finder of the true corundum gems tz situ at the Jencks mine at Franklin, 
North Carolina; that he obtained from this locality nearly all of the 
fine erystals in the best American collections. One of the most inter- 
esting of his finds is a piece of a blue crystal with a white band run- 
ning across it, and a place in the center where a nodule had dropped 
out.(@) This piece was cut and placed back in its original place, and 
the white band can be seen running across both gem and rock. Nearly 
all of the fine gems from this locality mentioned in the two previous 
reports were also brought to light by his mining. The gems were 
found here in their original matrix, bat they were of such rare occur- 
rence that it was not feasible to mine for them more thoroughly. The 
corundum mining has proved profitable, however, and is still carried 
on by Dr. Lueas. 

A number of beryls of fine blue color, resembling the Mourne mount- 
ain beryls, have been found near Mount Antero, in the Arkansas val- 
ley, Chaffee county, Colorado. One of these was 4 inches long and 
three-eighths of an inch across with cutting material init. The other 
erystals measured from 1 inch to 14 inches in length and one fifth to 
one third inch in width. 

The large beryl mentioned in ‘ Mineral Resources” for 1553 and 1884, 
has afforded the finest aquamarine of American origin known. It 
weighs 1532 carats and measures 35 by 35 by 20 millimeters. Itisa 
brilliant cut gem and with the exception of a few internal hair-like 
striations it is absolutely perfect. The color is a deep bluish green, 
equal to that of gems from any known locality. 

Mr. George I*. Breed, manager of the Valencia Mica Company, has 
ent from white beryls nearly 100 aquamarines, ranging from one half to 
4 carats in weight, and of a light blue color, which were found in their 
mica mine at North Groton, Grafton county, New Hampshire. 

A number of very fine, deep golden yellow, blue, and green beryls, 
equaling any ever found, were shown to the writer by Mr. M. W. Barse, of 
Olean, New York, Priel from his mica mine between New Milford and 
Litchtield, neewnetd county, Connecticut. Some tine blood-red garnets 
from here were cut into gems. Some other parties have sold stones 
from the same locality which are possibly new gems nearly as hard as 
the sapphire, and said to come from South America. Since these state- 
ments gained currency abroad a correction was deemed necessary. 
They are undoubtedly American beryls from the above locality. 

The finest large phenacite crystal ever found in the United States is 
the one in the possession of Mr. Whitman Cross. it was found at Crystal 
Park, oo weighs 59 pennyweights 6 grains, and measures 46,5 
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millimeters mm length and 32 millimeters in thickness. Occasional 
transparent spots are noticeable. Full descriptions of phenacite from 
Crystal Park and Florissant, Colorado, and of topaz from near Pike’s 
Peak and Devil’s Head mountain, Colorado, and also of that found 
in nevadite at Chaltk mountain, m the same State, are given by 
Messrs. Cross and W. F. Hillebrand in “ Bulletin No. 20 of the United 
States Gevlogical Survey, Washington, 13885.” Phenacite from the 
Florissant locality was also deseribed by W. li. Hidden in the American 
Journal of Science, ILL. series, Vol. XALX., page 249. These crystals at 
Florissant were first found by Mr. J.G. Heistand, of Manitou, Colorado. 

Thousands of garnet crystals found at Ruby mountain, near Salides, 
Chaffee county, Colorado, have been made into paper weights and sold 
to tourists. Those weighing a few ounces sell for about 10 cents each, 
and one weighing 14 pounds was sold. Regular printed lists running 
up to 4 pounds weight are sent out with seale of prices attached. They 
have a chlorite coating which can easily be removed. 

The finding in the heart of New York City, in Thirty-fifth street, 
between Broadway and Seventh avenue, of a garnet crystal as perfect 
as any ever found on this continent, and weighing 9 pounds 10 ounces. 
is of peculiar interest. 

A full account of the wood jasper deposit of Arizona was published 
in the Popular Science Monthly for January, 1886, and in the Setentific 
American for January. Several thousands of dollars’ worth of this 
material has been cut into paper weights, charms, and other articles of 
jewelry, or polished on one side for cabinet specimens. At the present 
time numbers of these articles are being cut and sold to tourists along 
the line of the Atchison, Topeka and Santa I*é railroad. ‘The base of 
the World-fund memorial to be presented to the eminent sculptor, M. 
Bartholdi, was made out of pieces of this stone. 

The compact quartzite of Sioux Falls, Dakota, has been quarried and 
polished for ornamental purposes. It is known and sold as “ Sioux 
Falls jasper,” and is really the stone referred to by Longfellow in his 
Hiawatha” as being used for arrow heads. This stone is susceptible 
of a very high polish and is found in a variety of pleasing tints, such 
as chocolate, brownish red, brick red, and yellowish. ‘The polished ma- 
terial has been soid to the amount of $15,000 during the last two years, 
and polishing works run by water power have been erected, and so in- 
geniously are they contrived that pillars, pilasters, mantels, and table 
tops can be made here as cheaply as anywhere. The pilasters of the 
German American Bank in Saint Paul, Minnesota, and the columns in 
the doorway of the Chamber of Commerce building in the same city are 
of this beautiful jasper. It is likely to become one of our choicest or- 
namental stones, especially effective in combination with the Minnesota 
red granite. Its great tensile strength, its high, almost mirror-like 
polish, the fact that though so highly polished, the stone is not slippery, 
the large pieces that can be quavried out, and the pleasing variety of 
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colors, all combine to render this one of the most desirable building 
stones. Polishing mills have been built of sufficient capacity to polish 
$100,000 worth per annum, and in view of the unequaled facility with 
which it can be prepared for use, it could be made into tablets, blocks, 
columns, and tiles with advantage, and employed for fine interior and 
monumental work or in the more artistic branches of stone work. Some 
good results have been obtained with the sand blast on polished sur. 
faces. 

A remarkable mass of rock crystal was recently sent to Messrs. Titfany 
& Co. from a place near Cave City, Virginia. Although it weighed 51 
pounds this mass was only a fragment of the original crystal, which 
weighed 300 pounds, but was unfortunately broken in pieces by the 
ignorant mountain girl who found it. Still this fragment will furnish 
slabs 8 inches square and 4 to 1 inch thick. The original crystal, if i 
had remained intact, would have furnished a crystal ball perhaps 43 to 
5 inches in diameter and almost perfect. It is likely that further work- 
ing in this locality would bring some fine material to light. (Trans. 
American Assoc. Adv. Science, 1886.) 

Mr. F. C. Yeomans, of Washougal, Washington Territory, has found 
quite a variety of fine agates and moss agates at the above locality. 

The menaccanite from Cumberland, Rhode Island, is often spotted 
with white quartz. Mr. HE. Passmore, of Hope, Rhode Island, has cut 
it into oval stones several inches long, which admitted of a fine polish. 
This quality, coupled with its hardness, makes it a desirable ornamental 
gem stone. 

It may be worthy of mention that the writer found pieces of peridot, of 
sufficient transparency to afford gems one-fifth inch long, in the largest 
mass of the Glorieta mountain, Santa Fé county, New Mexico, meteorite. 
(American Journal of Science., [1]. series, Vol. XX XII., October, 1886.) 

The turquois pseudomorph after apatite from Taylor’s ranch on the 
northeast side of the Chowchilla river, California, has been described 
by G. E. Moore and V.von Zepharooich (Zeitsch. fur Kryst.u. Min., Vol. 
X., p. 240). The turquois from Los Cerillos, New Mexico, has been fally 
analyzed and described by Prof. F. W. Clarke and Mr. J. S. Diller in 
the American Journal of Science, II]. series, Vol. XX XII., page 211, Sep- 
tember, 1886. Large quantities of this material have been sold, both as 
specimens and gems. Unfortunately many of those of tinest color were 
found to have heen artifically stained. A full series of this mineral has 
been presented to the National Museum. 

Malachite in large masses has been found at the Copper Queen mine 
at Bisbee, Arizona. One of these masses weighed 15 pounds and others 
were nearly as large. All were of good enough quality and large enough 
for tablet tops. 

Mr. F. F. Chisolm states that specimens of what appears to be 
amber were found in one of the Union Pacific coal mines in Wyoming 
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in 1885, but the tests are not yet completed, so that its genuineness 
eannot be asserted. He says: **The material which was brought to 
Denver was bard, highly electric, and of a good clear yellow color. Its 
fusion point was a little low, and the odor of a burning fragment slightly 
resembled that of burning indiarubber. In places the substance occurs 
2 inches thick. The exact place of its occurrence has not yet been as- 
eertained.” A few of the choice minerals and gems in the collection 
of Mr. Clarence 8. Bement were well described by Prof. Gerhard vom 
Rath in the Jewelers’ Circular, Vol. XVI., No. 12, January, 1886. 

Mr. William H. Andrews, of Gouverneur, Saint Lawrence county, 
New York, has a remarkable collection of 2,200 specimens of polished 
marbles, serpentines, jaspers, agates, and other ornamental stones, 
principally from Saint Lawrence, Jefferson, and adjacent counties. A 
variety of other minerals are also to be found in this collection, which, 
though the polishing is mainly the work of Mr. Andrews himself, is one 
of the most complete series of the kind in the United States. 

Popular articles have appeared during the year on North Carolina 
gem stones by Mr. C. D. Smith; on diamonds by William Wareing Ha- 
bersham (both of these appeared in Dizvie, published in Atlanta, Geor- 
gia, January, 1886), and an article on how hiddenite was formed, by 
Mr. W. E. Hidden, in Dixie, December, 1885. 

The National Museum collection of gems, formed by Prof. F. W. 
Clarke, is now one of the most complete for species in the United 
States, and as many of the gems are of more than average merit and 
all can have access to them, this is one of the best opportunities afforded 
the student in this country. The Popular Science Monthly for April, 
1886, contains a description of this collection, which, with additions to 
date, will also appear in the bulletin of the National Museum. 

An immense number of small collections of minerals have been sold 
during the past year, usually consisting of specimens not over 4 to 2 
inches square of a series of Some ten to fifty of the principal minerals, 
or the minerals of a section, or of polished and ornamental stones; sets of 
fifty; selling for from $1 to $5, are arrayed in cases or pasted to boards. 
The name which is given to them is generally copyrighted. Thousands 
of these collections are sold annually. 
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While it is impossible to obtain exact returns of the values of the 
precious stones found in the United States, it is believed that the esti- 
mates given in the following table represent, roughly, the total values 
and the proportionate values of the several mineralogical species. Gold 
quartz, the value of which should be more properly perhaps included 
under the head of gold miuing, is added at the close of the list. 
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By recalculating from the value of the diamond carat as used in differ- 


ent countries the equivalents in the metric system, the weights in the 
four places of decimals, according to Mr. Louis D’A. Jackson, in his 
‘¢ Modern Metrology,” page 377, will be found in the following table: 
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IMPORTS. 


Diamonds and other precious stones imported and entered for consumption in the United 
States, 1867 to 1885, inclusive. 
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PRECIOUS STONES. 


By GeorGce F. Kunz. 


In addition to the report on precious stones in the last volume, where 
the subject was treated in detail, the following pages are intended to 
show the progress in this field during 1885. 

Work was carried ov at the Mount Mica tourmaline locality, Paris, 
Maine, during the months of June, July, and August of the present 
year, but no crystals of any value were found, all efforts being directed 
to the removal of the rock above the tourmaline layer. Messrs. N. H. 
Perry and E. M. Bailey also worked at the Ramford locality for a few 
weeks, some good specimens were obtained. 

For two mouths during the summer of 1885 work was carried on by 
the Emerald and Hiddenite Mining Company, at Stony Point, North 
Carolina, under the direction of the superintendent, Mr. W. E. Hidden, 
and with flattering success. A remarkably large pocket, containing 
fine crystals of muscovite with brilliant crystals of rutile implanted on 
them, was found and sold as cabinet specimens for $750. While they 
were working in the soil overlying the rock nine crystals of emerald 
were found all doubly terminated and measuring from 25 millimeters 
(1 inch) to 77 millimeters (34 inches) in length and 42 millimeters (14 
inches) in width. This latter crystal is very perfect os a specimen; it 
is of a fine light green color and doubly terminated. It weighs 83 
ounces, only one fourth ounce less than the famous Duke of Devonshire 
emerald crystal, and is held by the company at $1,500 as a cabinet 
specimen, the nine crystals together being held at $3,000. 

Another of these crystals, which is doubly terminated, measures 63 
millimeters (24 inches) by 23 millimeters (+4 inch), and is filled with 
large rhombohedral cavities, formerly containing dolomite. As min- 
eral specimens these crystals are quite unique. The only gem which 
has been cat from this find was found in a pocket at a depth of over 43 
feet. In color it is a pleasing light green, and weighs 424 carats. No 
crystal of finer color has yet been found in the United States, and this 
gem is held by the company at $200. 

During the recent mining the largest fine crystal of lithia emerahi 
ever found was also brought to light. It measures 68 millimeters (23 
inches) by 14 millimeters (? inch) by 8 millimeters (4 inch). One end 
is of very fine color, and would afford the largest gem yet found of this 
mineral, weighing perhaps 54 carats. With this was a number of 
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superior crystals 4nd some ounces of common pieces of the same min- 
eral. The owners estimate the worth of this entire yield of hiddenite 
at about $2,500. 

A quantity of quartz filled with white byssolite or asbestiform min- 
eral, which makes very attractive specimens, is valued at $250. On 
the whole this is an encouraging find for this line of minerals. 

The locality for emeralds referred to in the last volume of “Mineral 
Resources of the United States,” page 739, is only a duplication of the 
locality described as J. O. Lackey’s in the American Journal of Science, 
III. series, Vol. XXVII., page 153. 

Hiddenite has also been found during the past year in working the 
property known as the Morton tract, formerly known as Smeaton’s and 
Lyon’s properties (‘‘ Mineral Resources of the United States, 1883 and 
1884,” page 739). 

Among the fictitous reports of the finding of gems may be men- 
tioned that of the finding of three diamonds and about a dozen topazes 
in the gravel along the Sangamon river, near Springfield, Ilinois. 

What is perhaps the finest collection of rough diamond crystals in 
existence was exhibited during the past year by Messrs. Tiffany & Co. 
in New York. It consisted of 904 crystals, weighing in the aggregate 
1,876}; carats, and was valued at $30,000. This has since been re 
turned to Europe. For description see “ Report of the American Asso- 
ciation for the Advancement of Science, 1885,” page 250. 

At the meeting of the British Association, held at Birmingham, Sep- 
tember, 1886, Prof. H. Carvil Lewis read a paper on “‘ Diamond-bearing 
Peridotite,” in which he said he had found in Kentucky, peridotite simi- 
lar to that which occurs in the Kimberley mine, and was convinced that 
@ search would reveal the presence of diamonds in that State. Now, 
the diamonds in the South African deposits are accompanied by carbo- 
naceous shale which surrounds the mine, and is also scattered through 
the so called “blue stuff” in sizes varying from microscopic specks to 
large detached masses, and forming a sort of breccia, so to speak. The 
theory of the volcanic origin of these pipes was first advanced by Dr. 
E. Cohen. In the opinion of the writer the peridotite alone is not suffi- 
cient to account for the diamonds, but rather its mixture with the shale. 
Unless this carbonaceous shale is present under similar conditions in 
Kentucky the outlook for diamonds is not encouraging. In further con- 
firmation of this view may be mentioned Prof. H. E. Roscoe’s discovery 
of an aromatic hydrocarbon on treating diamond earth with hot water. 
This hydrocarbon, which he separated by digesting the earth with ether 
and allowing it to evaporate, was crystalline, strongly aromatic, vola- 
tile, burned with a smoky flame, and melted at 50° C. It was unforta- 
nate that the quantity of the substance obtained was too small to admit 
of a full investigation. (Proceedings of Manchester Literary and Philo- 
sophical Society, October 17, 1884, page 5.) 
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A recent London periodical made the statement that any one who 
found the sapphire and ruby in its original matrix would soon be called 
the “King of Rubies,” and that his fortune would be assured. This 
recalls the fact that Col. C. W. Jencks, of Boston, was the original 
finder of the true corandum gems in situ at the Jencks mine at Franklin, 
North Carolina; that he obtained from ‘this locality nearly all of the 
fine crystals in the best American collections. One of the most inter- 
esting of his finds is a piece of a blue crystal with a white band run- 
ning across it, and a place in the center where a nodule had dropped 
out.(a) This piece was cut and placed back in its original place, and 
the white band can be seen running across both gem and rock. Nearly 
all of the fine gems from this locality mentioned in the two previous 
reports were also brought to light by his mining. The gems were 
found here in their original matrix, but they were of such rare occar- 
rence that it was not feasible to mine for them more thoroughly. The 
corundum mining has proved profitable, however, and is still carried 
on by Dr. Lucas. 

A number of beryls of fine blue color, resembling the Mourne mount- 
ain beryls, have been fonnd near Mount Antero, in the Arkansas val- 
ley, Chaffee county, Colorado. One of these was 4 inches long and 
three-eighths of an inch across with cutting material in it. The other 
crystals measured from 1 inch to 1} inches in length and one fifth to 
one third inch in width. 

The large beryl mentioned in ‘* Mineral Resources” for 1883 and 1884, 
has afforded the finest aquamarine of American origin known. It 
weighs 133} carats and measures 35 by 35 by 20 millimeters. Itisa 
brilliant cut gem and with the exception of a few internal hair-like 
striations it is absolutely perfect. The color is a deep bluish green, 
equal to that of gems from any known locality. 

Mr. George F. Breed, manager of the Valencia Mica Company, has 
out from white beryls nearly 100 aquamarines, ranging from one half to 
4 carats in weight, and of a light blue color, which were found in their 
mica mine at North Groton, Grafton county, New Hampshire. 

A number of very fine, deep golden yellow, blue, and green beryls, 
equaling any ever found, were shown to the writer by Mr. M. W. Barse, of 
Olean, New York, taken from his mica mine between New Milferd and 
Litcbfield, Litchfield county, Connecticut. Some fine blood-red garnets 
from here were cut into gems. Some other parties have sold stones 
from the same locality which are possibly new gems nearly as hard as 
the sapphire, and said to come from South America. Since these state-. 
ments gained currency abroad a correction was deemed necessary. 
They are undoubtedly American beryls from the above locality. 

The finest large phenacite crystal ever found in the United States is 
the one in the possession of Mr. Whitman Cross. It was found at Crystal 
Park, Colorado, weighs 59 pennyweights 6 grains, and measures 46.5 
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millimeters in length and 32 millimeters in thickness. Occasional 
transparent spots are noticeable. Full descriptions of phenacite from 
Crystal Park and Florissant, Colorado, and of topaz from near Pike's 
Peak and Devil’s Head mountain, Colorado, and also of that found 
in nevadite at Chaltk mountain, in the same State, are given by 
Messrs. Cross and W. F. Hillebrand in “ Bulletin No. 20 of the United 
States Geological Survey, Washington, 1885.” Phenacite from the 
Florissant locality was also described by W. E. Hidden in the American 
Journal of Science, III. series, Vol. XX1X., page 249. These crystals at 
Florissant were first fonnd by Mr. J.G. Heistand, of Manitou, Colorado. 

Thousands of garnet crystals found at Ruby mountain, near Salides, 
Chaffee county, Colorado, have been made into paper weights and sold 
to tourists. Those weighing a few ounces sell for about 10 cents each, 
and one weighing 14 pounds was sold. Regular printed lists running 
up to 4 pounds weight are sent out with scale of prices attached. They 
have a chlorite coating which can easily be removed. 

The finding in the heart of New York City, in Thirty-fifth street, 
between Broadway and Seventh avenue, of a garnet crystal as perfect 
as any ever found on this continent, and weighing 9 pounds 10 ounces, 
is of peculiar interest. 

A full account of the wood jasper deposit of Arizona was published 
in the Popular Science Monthly for January, 1886, and in the Scientific 
American for January. Several thousands of dollars’ worth of this 
material has been cut into paper weights, charms, and other articles of 
jewelry, or polished on one side for cabinet specimens. At the present 
time numbers of these articles are being cut and sold to tourists along 
the line of the Atchison, Topeka and Santa Fé railroad. The base of 
the World-fund memorial to be presented to the emiuent sculptor, M. 
Bartholdi, was made out of pieces of this stone. 

The compact quartzite of Sioux Falls, Dakota, has been quarried and 
polished for ornamental purposes. It is known and sold as “ Sioux 
Falls jasper,” and is really the stone referred to by Longfellow in his 
‘‘Hiawatha” as being used for arrow heads. This stone is susceptible 
of a very high polish and is found in a variety of pleasing tints, auch 
as chocolate, brownish red, brick red, and yellowish. The polished ma- 
terial has been sold to the amount of $15,000 during the last two years, 
and polishing works run by water power have been erected, and so in- 
genionsly are they contrived that pillars, pilasters, mantels, and table 
tops can be made here as cheaply as anywhere. The pilasters of the 
German American Bank in Saint Paul, Minnesota, and the columns in 
the doorway of the Chamber of Commerce building in the same city are 
of this beautiful jasper. It is likely to become one of our choicest or- 
namental stones, especially effective in combination with the Minnesota 
red granite. Its great tensile strength, its high, almost mirror-like 
polish, the fact that though so highly polished, the stone is not slippery, 
the large pieces that can be quaeried out, and the pleasing variety of 
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#olers, all combine to render this one of the most desirable building 
stones. Polishing mills have been built of sufficient capacity to polish 
$100,000 worth per annum, and in view of the unequaled facility with 
which it can be prepared for use, it could be made into tablets, blocks, 
colamns, and tiles with advantage, and employed for fine interior and 
monumental work or in the more artistic branches of stone work. Some 
good results have been obtained with the sand blast on polished sur- 
faces. 

A remarkable mass of rock crystal was recently sent to Messrs. Tiffany 
& Co. from a place near Cave City, Virginia. Although it weighed 51 
pounds this mass was only a fragment of the original crystal, which 
weighed 300 pounds, but was unfortanately broken in pieces by the 
ignorant mountain girl who found it. Still this fragment will farnish 
slabs 8 inches square and 4 to 1 inch thick. The original crystal, if it 
had remained intact, would have furnished a crystal ball perhaps 44 to 
5 inches in diameter and almost perfect. It is likely that further work- 
ing in this locality would bring some fine material to light. (Trans. 
American Assoc. Adv. Science, 1886.) 

Mr. F. C. Yeomans, of Washougal, Washington Territory, has found 
quite a variety of fine agates and moss agates at the above locality. 

The menaccanite from Camberland, Rhode Island,is often spotted 
with white quartz. Mr. E. Passmore, of Hope, Rhode Island, has cut 
it into oval stones several inches long, which admitted of a fine polish. 
This quality, coupled with its hardness, makes it a desirable ornamental 
gem stone. 

It may be worthy of mention that the writer found pieces of peridot, of 
sufficient transparency to afford gems one-fifth inch long, in the largest 
mass of the Glorieta mountain, Santa Fé county, New Mexico, meteorite. 
(American Journal of Science., III. series, Vol. XXXII., October, 1886.) 

The turquois pseudomorph after apatite from Taylor’s ranch ou the 
northeast side of the Chowchilla river, California, has been described 
by G. E. Moore and V.von Zepharooich (Zeitsch. fur Kryst. u. Min., Vol. 
X&., p. 240). The turquois from Los Cerillos, New Mexico, has been fally 
analyzed and described by Prof. F. W. Clarke and Mr. J. S. Diller in 
the American Journal of Science, ILI. series, Vol. XX XII., page 211, Sep- 
tember, 1886. Large quantities of this material have been sold, both as 
specimens and gems, Unfortunately many of those of finest color were 
found to have heen artifically stained. A full series of this mineral has 
been presented to the National Museum. 

Malachite in large masses has been found at the Copper Queen mine 
at Bisbee, Arizona. One of these masses weighed 15 pounds and others 
were nearly as large. All were of good enough quality and large enough 
for tablet tops. 

Mr. F. F. Ohisolm states that specimens of what appears to be 
amber were found in one of the Union Pacific coal mines in Wyoming 
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in 1885, but the tests are not yet completed, so that its genuineness 
cannot be asserted. He says: “The material which was brought to 
Denver was hard, highly electric, and of a good clear yellow color. Its 
fusion point was a little low, and the odor of a burning fragment slightly 
resembled that of burning indiarubber. In places the substance occars 
2 inches thick. The exact place of its occurrence has not yet been as- 
certained.” A few of the choice minerals and gems in the collection 
of Mr. Clarence 8S. Bement were well described by Prof. Gerhard vom 
Rath in the Jewelers Circular, Vol. XVI., No. 12, January, 1886. 

Mr. William H. Andrews, of Gouverneur, Saint Lawrence county, 
New York, has a remarkable collection of 2,200 specimens of polished 
marbles, serpentines, jaspers, agates. and other ornamental stones, 
principally from Saint Lawrence, Jefferson, and adjacent counties. A 
variety of other minerals are also to be found in this collection, which, 
though the polishing is mainly the work of Mr. Andrews himself, is one 
of the most complete series of the kind in the United States. 

Popular articles have appeared during the year on North Carolina 
gem stones by Mr. O. D. Smith; on diamonds by William Wareing Ha 
bersham (both of these appeared in Dixie, published in Atlanta, Geor- 
gia, January, 1886), and an article on how hiddenite was formed, by 
Mr. W. E. Hidden, in Dixie, December, 1885. 

The National Maseum collection of gems, formed by Prof. F. W. 
Clarke, is now one of the most complete for species in the United 
States, and as many of the gems are of more than average merit and 
all can have access to them, this is one of the best opportanities afforded 
the stadent in this country. The Popular Science Monthly for April, 
1886, contains a description of this collection, which, with additions to 
date, will also appear in the bulletin of the National Museum. 

An immense number of small collections of minerals have been sold 
during the past year, usually consisting of specimens not over } tu2 
inches square of a series of some ten to fifty of the principal minerals, 
or the minerals of a section, or of polished and ornamental stones; sets of 
fifty; selling for from $1 to $5, are arrayed in cases or pasted to boards. 
The name which is given to them is generally copyrighted. Thousands 
of these collections are sold annually. 


PRODUCTION OF PRECIOUS STONES IN THE UNITED STATES. 


While it is impossible to obtain exact retarns of the values of the 
precious stones found in the United States, it is believed that the esti- 
mates given in the following table represent, roughly, the total values 
and the proportionate values of the several mineralogical species. Gold 
quartz, the value of which should be more properly perhaps incladed 
under the head of gold mining, is added at the close of the list. 
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Estimated production of precious stones in the United States in 1883, 1884, and 1885. 
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By recalculating from the value of the diamond carat as used in differ- 
ent countries the equivalents in the metric system, the weights in the 
four places of decimals, according to Mr. Louis D’A. Jackson, in his 
‘¢ Modern Metrology,” page 377, will be found in the following table: 


Weight of a diamond carat in different countries. 


abe ocsucrescs aes 
abl sUpsiene suareneet 


Ney (ao = rye nse aR 


weight of dia- 
ORG ce sediaccecs 


MINERAL RESOURCES. 


Diamonds and other precious stones imported and entered for consumption in the United 


States, 1867 to 1885, inclusive. 
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PRECIOUS STONES. 
By GEorRGE F. Kunz. 


Mining during 1886.—As stated in the previous reports of this series, 
the search for precious stones in the United States is extremely irregular 
and is generally a side issue in mining other substances. Still, at Stony 
Point, North Carolina, and at Mount Mica, Paris, Maine, operations in- 
volving systematic mining are carried on for obtaining precious stones. 
At the former locality, which is controlled by the Emerald and Hiddenite 
Mining Company, nine emeralds were found which were valued at over 
$2,000. The large crystals, weighing 8} ounces, as well as the fine 
large lithia emerald, are now in the cabinet of Mr. Clarence S. Bement. 
The total production during 1886 amounted to perhaps $4,000. Par- 
ticulars concerning this locality were given on page 437 of the last report 
of this series. 

After three months of unsuccessful mining at Mount Mica, Paris, 
Maine, several pockets were found; one found in October contained 
cookite, decomposed feldspar, crystals of quartz, and, at the bottom, 
tourmalines either loose or embedded in the floor of the cavity. Over 
100 crystals were obtained, which will furnish more than 200 gems. 
The entire find was estimated to yield cut tourmalines to the value 
of about $5,000, and crystals, specimens, and associated minerals to 
the value of another $1,000. Two of the gems cut from these crystals 
weighed 34} and 274 carats,respectively. They were of a brilliant, rich 
grass-green color. Another gem of adeep blue-green color, and weigh- 
ing 8 carats, one green chrysoberyl of 74 carats, several yellow and a 
variety of blue gems, but no red or pink stones, were obtained. Messrs. 
N. H. Perry and E. M. Bailey found good specimens of tourmaline, but 
they were of little gem value. Messrs. T. Ff. Lamb and G. C. Hatch 
mined for a time at the Mount Apatite locality, near Auburn, Maine, 
and found tourmaline gems and minerals to the value of $500. This 
locality will be further worked. Quite a large number of the yellow, 
green, and white beryls, found in Litchfield county, Connecticut, have 
been nicely cut and extensively sold. Thecut gems sold during the past 
year are valued at $5,000, but a large part of this sum probably repre- 
sents the cutting and other necessary expenses. 

In connection with mining for substances, other than precious stones, 
many very considerable contributions have been made to the total output 
of gems. For example, at the mine of the Marion Bullion Company, 

595 


596 MINERAL RESOURCES. 


Marion, North Carolina, Colonel Deming has obtained some very good 
garnets in sufficient quantity to offer them to the trade; also, one fine 
amethyst of a magnificent purple color and over one inch across, fine 
aquamarines 1 to 6 carats in weight, and some beautiful chloritic inclu- 
sions in quartz, which, when polished, show very fine landscape effects. 
Among the finds which may be classed in general as accidental are the 
following : 

Garnet.—Of the large garnets from Salida, Colorado, previously re- 
ferred to, over a ton has been sold during the past year. Quantities of 
almandite garnet are said to have been found in the gravel of the placer 
mines near Lewiston, Idaho, in rolled and pitted grains from , to 4 
inch across. They would cut into gems and jewels for watches. 

Quartz.—The large masses of clear quartz referred to in the last re- 
port as having been found near Abingdon, Virginia, were in reality 
found in the mountains of Ashe and Mitchell counties, North Carolina. 
In addition to these, one large crystal weighing 190 pounds and two 
smaller ones, weighing 60 and 22 pounds respectively, have been found. 
Mr. D. A. Jones states thatall these masses were found within a distance 
of 5 miles—the one weighing 22 pounds on the land of Saint Leger 
Brooks, and the others on the farm of Dr. L. C. Gentry. There was 
also reported a finding of transparent crystals of quartz, one weighing 
642 pounds, another 340 pounds. When these reached New York, how- 
ever, they proved not to be crystals, but veins of translucent quartzite 
with crystalline markings of a group rather than of a single crystal, and 
the clear spaces which were only observed on these crystalline sides 
would not afford a crystal ball more than one inch in diameter. The 
larger part was almost white with flaws. Mr. P. A. Hubbard reports 
finding specimens of rock crystal and rutilated quartz on or near the 
surface ; one mass of the former weighed over 10 pounds and was quite 
clear, though fractured by frosts. Mr. J. P.M. Butler, of Trinidad, 
Colorado, reports finding large quantities of crystalline quartz with 
small doubly terminated crystals of quartz, resembling those from Herki- 
mer county, New York. These may be of value to the deglers selling 
to Western tourists. 

Topaz.—In Bulletin No. 27, United States Geological Survey, Prof. 
F. W. Clark describes topaz, and its alterations, from Stonebam, Maine, 
and also publishes an analysis of it. A topaz crystal weighing 18} 
ounces (587 grams) was found at Cheyenne Mountain, Colorado, about 
7 miles southwest of Colorado Springs. It is very perfect, but of little 
gem value. — 

Amethyst.—Among some ainethysts found at Deer Hill, Stow, Maine, 
during the last year, was one remarkable mass which furnished a gem 
weighing 25 carats, and of the deep purple color of the Siberian amethyst. 
Very fair amethysts have also been found at Burrville, Rhode Island. 

Jasperized wood.—Very little was done during the year 1886 in the 
development of the jasperized wood deposits of Arizona, but the base of. 
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the New York World memorial presented to the eminent sculptor, Bar- 
tholdi, was made of it. Preparations have been made to polish this 
material at Sioux Falls, Dakota, water power and other facilities being 
found there, and during the present year (1887) important developments 
are expected in the form of table tops 2 feet across made from a single 
section. 

Hydrophane.—An opaque white hydrophane of great interest has been 
found in Colorado and the finder has named it “‘ magic stone,” because, 
as usual with this mineral, it possesses the property of becoming abso- 
lutely transparent if water is dropped slowly on it from one to three 
minutes. It is so porous that if will absorb its own weight of water; 
it quickly recovers its opacity. The finder suggests that the stone be 
used for seals, rings, and scarf pins, as by reason of its opacity it would 
completely conceal portraits, mottoes, or mementoes which could be 
brought to view when desired by the application of alittle water. This 
is the finest hydrophane known. 

Chalcedony.—Near Cisco, Utah, a pink chalcedony has been found 
which admits of a high polish, but which has not yet been introduced 
in any quantity. 

Agate.—The beautiful little agate pebbles from the Pesvadero beach, 
in California, are sold in large quanties and in different forms, polished, 
and unpolished, and loose, or in vials of water. Occasionally some of 
them are found inclosing a pebble moving in liquid, like the hydrolites 
from Uruguay and the chalcedony from Tampa Bay, Florida. They 
vary in diameter from ', to 4, rarely 1 inch. 

Obsidian.—Mr. J. P. Iddings has contributed a paper to the Seventh 
Annual Report of the United States Geological Survey, describing the 
obsidian cliff in the Yellowstone Park, Wyoming, stating that it pre- 
sents the partial section of a flow of obsidian; the dense glass which 
forms the lower portion is from 75 to 100 feet thick. A remarkable 
feature about it is the development of prismatic columns which form 
its southern extremity, rising 50 or 60 feet, and being only 2 to 4 feet in 
diameter. The color of the material is for the most part jet black, but 
some of it is mottled and streaked with bright brownish red and various 
shades of brown (mountain mahogany), passing into dark or light yel- 
low, purple, and yellowish green. The great quantity and beauty of 
the material invite attention to its use in the arts. 

Azurite and Malachite.—Mr. T. A. Heistand obtained masses of azu- 
rite, and malachite resulting from the alteration of azurite, which, be- 
ing botryoidal in form and showing the two minerals in distinct layers, 
formed a most beautiful ornamental stone when cut across the tops of 
the mamillary masses (1 to 3 inches across) and carefully polished. 
There are from two to four alternate and concentric rings of each color, 
which produce a very novel and pleasing effect. If this were found in 
sufficient quantity it would make a very valuable ornamental stone. 
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As it is, there is barely enough of it to supply the cabinets. The stone 
is well worthy ofattention. Mr. W. A. Woodcock communicates that 
malachite, which is evidently of value in the arts, has been sent to him 
from the Yukon country, Alaska. 

Amber.—Mr. J. B. Livezey sent the writer a specimen piece of amber 
found on the southwest branch of Mantua creek, near the town of Sew- 
all, which is 13 miles below Camden, New Jersey. This specimen was 
taken from the lower marl bed, while the one from Harrisonville, de- 
scribed in a previous report, was from the middle marl bed. Informa- 
tion was also obtained that several other pieces had been found at the 
former locality, but they have been lost. 

Chrysoberyl.—Among some small rolled quartz pebbles sent to Messrs. 
Tiffany & Co., for examination, a transparent yellow chrysobery] was 
observed which would afford a 4 carat stone. 

Diamond.—In the summer of 1886 a diamond was found in the spring 
on the Alfred Bright farm at Dysortville, McDowell county, North 
Caroliva. While Mr. Grayson Christie’s son was drawing a bucket of 
water, his attention was attracted by the brightness ofthe stone. It was 
thought to be a diamond and sent to Messrs. Tiffany & Co., and was so 
proved to be by the writer. The stone is a distorted hexoctahedron with 
partial twinning; its length is 10 millimeters and its width 7 millime- 
ters. It is quite perfect and transparent, but having a grayish-yellow 
tint. Its specific gravity is 3.549+. This stone being more than an 
average find, the writer thought it would be of interest to visit the local- 
ity, and while there, in June, 1887, he fully authenticated all the facts 
of the finding. No trace of garnet, peridotite, or any of the associations 
of the diamond was found near the spot. The sediment at the bed of 
- the spring was taken out and carefully examined, as also were the sinall 
hollows on the adjacent hillside. This diamond must therefore have 
been transported in decomposing soil from distant higher ground in the 
vicinity during ® heavy freshet. Its value as a gem, not counting any 
value its American origin may attach to it, would be from about one 
huudred to one hundred and fifty dollars. A number of small stones, 
exhibited as diamonds, have been found at Brackettstown, near by. 
They are identical with the supposed fine diamonds found by Capt. J. 
C. Mills at his mine at Brindletown; that is, transparent zircon or 
smoky-colored quartz, the former of which has a luster that is readily 
mistaken for the diamond’s by an inexperienced person. A number of 
pieces of bort (rough diamond) exhibited as from the same section, I 
am informed on good authority, are of South African, and not North 
Carolina, origin. lt is to be hoped that the few legitimate finds which 
have actually occurred at this locality will not lead to any deceptions, 
which would greatly retard any natural development. 

The stone, 33 ounces, and said to be a diamond, and which was found 
by J. 8. Keyser in digging for coal near Ponca, Nebraska, proved not 
to be such, although the excitement it caused was certainly genuine. 
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Diamond cutting, though now carried on here much more extensively 
than ever before, has not always proved a profitable industry. The 
price for rough diamonds in the London market is so close, and they are 
disposed of so soon after their arrival, that unless purchases are made 
with the greatest possible judgment, the competition of the foreign cat- 
ters, who are convenient to the market, cannot be successfully met. 
For this reason the trade has in many cases been given up here, yet the 
standard of merit has been so raised that to-day the finest cutting is 
done in the United States. A large part of the work done here consists 
in improving and recutting old stones that have been cut in the East 
for weight only, or in more modern work that can be improved upon, 
and these branches are generally profitable. But even with a 10 per 
cent. duty on cat gems as a protection, it is not likely that we shall soon 
rival the great foreign cutting centers. Sards, bloodstones, and other 
cheap agates are often cut toa uniform size for mounting, because it is 
cheaper to fit the stone to the mounting.than the mounting to the stone, 
and such stones as are from time to time found here are generally cut 
in this country. 

At the time of the publication of the last report the writer had not 
heard of the occurrence of the shale in the Elliott county peridotite, hence 
the statement then made in regard to it; but important investigations 
have since been made in that locality. In his remarks on the “Genesis 
of the Diamond” (Science, Vol. VIII, p. 345), Prof. Carvill Lewis alluded 
to the peridotite of Elliott county, Kentucky, and suggested that it is 
well worth while to examine carefully all localities whose geological 
composition and history are analogous to those of the South African 
diamond fields. Mr. J. 8. Diller, in the American Journal of Science, 
August, 1886, refers to Prof. A. R. Crandall’s having discovered two 
dikes of eruptive rock in eastern Kentucky, about 7 miles southwest 
of Willard. Mr. Diller states that he found by microscopic examination 
that this rock belongs to the peridotites, and occurred in conjunction 
with a carbonaceous shale; although the exact contact of the two 
rocks was not exposed, hardened shale was found near the peridotite 
under such circumstances that the induration is certainly attributable 
to the influence of the eruptive mass. But this, he thinks, is not the 
strongest evidence that the peridotite is eruptive, for the peridotite 
itself includes many fragments of shale which were picked up on its way 
to the surface. The contact metamorphism has resulted generally in 
the development of a micaceous mineral, and the production from the 
shale of a rock such as has been designated spilosite. And in some 
notes on the trap dikes of Elliott county by A. R. Crandall and J. 8. 
Diller, published in the report on the geology of Elliott county by the 
Kentucky Geological Survey, Frankfort, Kentucky, 1887—also in Scei- 
ence, October 29, 1886—it is stated that although there were few 
exposures and the excavations made were inconsiderable, nevertheless 
he reached the conclusion that the shales had been distinctly metamor- 
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phosed by the peridotite, a fact which was most patent in the enveloped 
fragments of shale, which in one locality were quite numerous. He says 
that both forms of peridotite described by Professor Lewis occur ia Ken- 
tncky, but the brecciated form has not yet been found to contain dia- 
monds. In the advanced stages of metamorphosis little spheroidal 
bodies were found, pale yellowish to colorless translucent to transparent, 
and remarkably uniform in size. These generally appeared in a form 
very suggestive of the diamond, resembling a hexoctahedron with curved 
faces. Notwithstanding that some of their properties favored the view 
that they were diamonds more or less perfectly crystallized, their solu- 
bility in concentrated hydrochloric acid rendered such a view untenable, 
and even if they were diamonds their value would be comparatively in- 
significant because of their small size. In concluding, he says: “The 
dark shale, which is frequently enveloped by the peridotite, is some- 
what carbonaceous, but contains a small proportion of carbon as com 
pared with that of the South African diamond field. H. Carvill Lewis 
(Science, viii, p. 346) remarks concerning the South African mines, 
that “recent excavations have shown that large quantities of this shale 
surround the mines, and that they are so highly carbonaceous as to be 
combustible, smouldering for long periods when accidentally fired.” 
In the chemical laboratory of the United States Geological Survey Mr. 
J, Edward Whitfield determined 37.521 per cent. of carbon in the shale 
from near the Kimberley mine, while the blackest shale adjoining the 
peridotite near Charles Isom’s in Kentucky, he found to contain only 
0.681 per cent. of carbon. For this reason it appears to me rather im- 
probable that diamonds will be discovered at the locality in question.” 
Nevertheless, upon the invitation of Prof. J. R. Proctor, State Geolo- 
gist of Kentucky, Mr. J. S. Diller and the writer were sent by the 
United States Geological Survey to examine the locality, viz: Isom’s 
creek, Elliott county, Kentucky. The plan was to search by sifting 
and carefully panning the stream beds receiving the drainage directly 
from the surface of the peridotite. 

The peridotite alters and disintegrates readily; but, from the fact 
that the declivity of the surface is considerable, the transportation of 
material almost keeps pace with disintegration, and there is no great 
accumulation of residuary deposits upon the narrow divides and hill- 
sides. The specific gravity and durability of the gems found in connec- 
tion with peridotite are generally greater than those of serpentine and 
other products of its alteration. On this account the gems accumulate 
upon the surface and in favorable positions along adjacent lines of 
drainage. We enlisted the services of the pcople in the neighborhood 
to scrutinize the steep slopes, where gems weathered out of the perid- 
otite might be exposed. Particular attention was directed also to the 
examination of the solid rock and residuary deposits, which so closely 
resemble the material of the South African mines. 
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During a careful search over a small area for vearly two days, no 
diamonds were found; but this by no means demonstrates that dia- 
monds may not yet be discovered. 

The best time to search for gems in that locality is immediately after 
a heavy rain, when they are most likely to be well exposed upon the 
surface. It is proposed by those most interested to keep up the search 
economically, by furnishing to responsible individuals in the vicinity 
# number of rough diamonds mounted in rings, for comparison, that 
they may know what to look for under the most favorable circum- 
stances. 

Besides pyrope garnets, a few of which are good enough for cutting, 
several fairly good specimens of a green pyroxene were found. They 
resemble the same trausparent mineral from Arizona. The South 
African specimens of this mineral are a little more opaque, but of a 
richer green color. 

Artificial rubies.—The subject of artificial gems is at the present mo- 
ment of considerable interest. Early this summer the Syndicate des © 
diaments et pierres précieuses was informed that certain stones which 
had been sold as rubies from a new locality were suspected to be of ar- 
tificial origin. They were put upon the market by a Geneva firm ; and 
it was surmised that they were obtained by the fusion of large numbers 
of small rubies, worth at the most a few dollars per carat, into one fine 
gem worth from $1,000 to $2,500 per carat. 

Some of these artificial stones were kindly procured by Messrs. Tif- 
fany & Co. I was not, however, permitted to break them for analysis, 
to observe the cleavage, or to have them cut so as to observe the op. 
tical axes more correctly. It is possible, however, to detect the artifi- 
cial nature of this production with a mere pocket-lens, as the whole 
structure is that peculiar to fused masses. Examination elicited the 
following facts: The principal distinguishing characteristics between 
these and the genuine stones is the presence in them of large numbers 
of spherical bubbles, rarely pear-shaped, sometimes containing stringy 
portions showing how the bubbles had moved. These bubbles all have 
rounded ends, and present the same appearance as those seenin glass 
or in other fused mixtures. They are nearly always in wavy groups or 
cloudy masses. When examined individually they alwaysseem to be 
filled with gas or air, and often form part of a cloud, the rest having the 
waviness of a fused mixture. Some few were observed inclosing inner 
bubbles, apparently a double cavity, butempty. In natural rubies the 
cavities are always angular or crystalline in outline, and are usually 
filled with some liquid, or, if they form part of a “ feather,” as it is called 
by the jewelers, they are often arranged with the lines of growth. Hence 
the difference in appearance between the cavities in the natural gem and 
those in the fused gem is very great, and can readily be detected by the 
pocket-lens. I have failed to find in any of the artificial stones even a 
traco of anything like acrystalline or angalar cavity. Another distin- 
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guishing characteristic is that in many genuine rubies we find a silky 
structure (called “ silk” by the jewelers), which, if examined under the 
microscope, or under a ;4, to ,4; inch objective, we find to be a series of 
cuneiform or acicular crystals, often iridescent, and arranged parallel 
with the hexagonal layers of the crystal. When in sufficient number, 
these acicular and arrow-shaped crystals produce the asteriaor star-effect, 
if the gem is cut en cabochon form with the center of the hexagonal prism 
on the top of the cabochon. I have failed to find any of them in the 
stones under consideration, or even any of the markings of the hexag- 
onal crystal which can often be seen when a gemis held in a good light, 
and thelight allowed to strike obliquely across the hexagonal prism. Dr. 
Isaac Lea has suggested (a) that these acicular crystals are rutile, and in- 
‘teresting facts and illustrations have been published by him. From my 
own observations on many specimens, I believe there is little doubt of the 
truth of this hypothesis. My explanation is that they were deposited 
from a solution, either heated or cold, while the corundum was crystal- 
’ lizing,and I doubt very much whether they will ever be foundin any 
substance fofmed by fusion. The hardness of these stones was found 
to be about the same as that of the true ruby, 8.8, or a trifle less than 
9, the only difference being that the artificial stones were a trifle more 
brittle. The testing-point used was 4 Siamese green sapphire, and the 
scratch made by it was a little broader, but no deeper than on a true 
ruby, as is usually the case with a brittle material. After several trials 
it was faintly scratched with chrysoberyl!, which will also slightly mark 
the true ruby. 

The specific gravity of these stones was found to be 3.93 and 3.95. 
The true ruby ranging from 3.93 to 4.01, it will be seen that the differ- 
ence is very slight and due doubtless to the presence of the included 
bubbles in the artificial stones, which would slightly decrease the 
density. As a test, this is too delicate for jewelers’ use; for if a true 
ruby were not entirely clean, or a few of the bubbles that sometimes 
settle on gems in taking specific gravities were allowed to remain un- 
disturbed, it would have about the same specific gravity as one of these 
artificial stones. 

I found on examination by the dichroscope that the ordinary image 
was Cardinal red, and the extraordinary image a salmon red, as in the 
true ruby of the same color. Under the polariscope, what I believe to 
be annular rings were observed. With the spectroscope the red ruby 
line, somewhat similar to that in the true gem, is distinguishable, al- 
though perhaps a little nearer the dark end of the spectrum. Thecolor 
of all the stones examined was good, but not one was so brilliant as a 
very fine ruby. The cabochons were all duller than fine, true stones, 
though better than poor ones. They did not differ much in color, how- 
ever, and were evidently made by one exact process or at one time. 
Their dull appearance is evidently due in part to the bubbles. The 


a Proc. Philad. Acad. Sc., Feb. 16, 1869, and May, 1876. 
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optical properties of these stones are such that they are evidently indi- 
vidual or parts of individual crystals, and not agglomerations of crys- 
tals or groups fused by heating. In my opinion these artificial rubies 
were produced by a process similar to that described by Fremy and 
Feil (Comptes Rendus, 1877, p. 1029), by fusing an aluminate of lead 
in connection with silica in a siliceous crucible, the silica uniting with 
the lead to form a lead glass and liberating the alumina which crystal- 
lizes out in the form of corundum in hexagonal plates, with a specific 
gravity of 4.0 to 4.1, and the hardness and color of the natural ruby, the 
latter being produced by the addition of some chromium salt. By this 
method rubies were formed, which, like the true gem, were decolorized 
temporarily by heating. . 

It is not probable that these stones were formed by Gandin’s method 
(Comptes Rendus, X1X., p. 1342), by exposing amorphous alumina to the 
flame of the oxyhydrogen blowpipe, and thus fusing it toa limpid fluid, 
which, when cooled, had the hardness of corundum, but only the spe- 
cific gravity 3.45, much below that of these stones. Nor is it at all 
likely that they were produced by fusing a large number of natural 
rubies or corundum of small size, because by this process the specific 
gravity is lowered to that of Gaudin’s product. The same also holds 
good of quartz, beryl, etc. 

The French syndicate referred the matter to M. Friedel, of the Ecole 
des Mines, Paris, supplying him with samples of the stones for exam- 
jnation. He reported the presence of the round and pear-shaped bub- 
bles, and determined the hardness and specific gravity to be about the 
same as of the true ruby. On analysis he found them to consist of 
alumina, with a trace of chromium for the coloring matter. The cleav- 
age was not in all cases distinct, and the rough pieces given to him as 
examples of the gem in its native state had all been worked, so that 
nothing could be learned of their crystalline structure. When properly 
cut according to axes, they showed the annular rings. The extinction 
by parallel light was not always perfect, which he believed to be due 
to the presence of the bubbles. He states that he himself has obtained 
small red globules with these inclusions by fusing alumina by oxyhy- 
drogen light; and, although having no positive evidence, he believes 
these stones to be artificially obtained by fusion. 

On the receipt of M. Friedel’s report the syndicate decided that all 
cabochon or out stones of this kind shall be sold as artificial, and not 
precious gems. Unless consignments are so marked the sales will be 
considered fraudulent, and the misdemeanor punishable under the 
penal code, All sales effected thus far, amounting to some 600,000 or 
800,000 francs, shall be canceled, and the money and stones returned 
to their respective owners. 

The action taken by the syndicate has fully settled the position which 
this production will take among gem dealers, and there is little reason 
to fear that the ruby will ever lose the place it has occupied for so many 
centuries. 
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IMPORTS. 
Diamonds and other precious stones im and entered for consumption in the United 
States, br adem vecteatea ™ 


Diamonds Set in gold 


, Rough or | and other 
Glazier's. Dust. uncat. tenes aot ~ shor Total. 


| set. 


Fiscal ag ending June 


BBG. cesscccrccusssseessceces b BOOB Nacsevcesaselronnen veravs $1, 317, 420 $201 | $1, 318, 617 
BEBS . occ cecceccscovcceseses 4846 | 2.2 oc ccccac|eveseecccccs 060, 465 

TBOD. . cccescvcccnccccdesacece 445 $140 |....2..2000. 1, 997, 282 23 1, 907, 890 
2870. .ccocccacvccccccssenccss 9, 372 TL |eccccccccces 1, 768, 324 1, 904 1, 779, 271 
UST rccwccccccescccecccsines 076 17 jecccccsccces 2, 349, 452 2, 350, 731 
USTS . cccccncsccoysnccesescess 2, 386 89, 707 | ...-- 2, 939, 155 2, 400 3, 033, 648 
NBTS . oc cccesesccsesccceccccce|acceccsecess 40,424 $176,426 | 2,917, 216 326 3, 134, 392 
VB76 os ccnccnscsarcesccscaccue|seacecsucess 68, 621 144,629 | 2, 158, 172 lid 2, 371, 536 
UBTD. . ccccsccncessncecsnensacd|yousonssesee $2, 518 211,920 | 3, 234,319 |...-....-... 3, 478, 757 
RBIG. cece dcsudccsecnetcecedds|woccnnccescs 20, 678 186,404 | 2, 409, 516 45 2, 616, 643 
BEIT. can eveecescossscsecssoeclsoneccnasace 45, 204 78,033 | 2,110,215 1,734 2, 285, 246 
IBIS, Scccodecneccseseutccvcsslacsuan pause 86, 409 63,270 | 2,970, 469 1 | 8,071,173 
ISOs. cic caseatencecctsunsesslacsecnsoenes 18, 889 104,158 | 3, 841, 335 538 3, 964, 920 
NEDO se sane nanase Wonseens sesh tedees neases 49, 360 120,207 | 6, 600, 912 765 6, 870, 244 
TOBL. ccncscccccvcucvaceacssnc|scoveschossce 51, 400 233,596 | 8,320,315 1, 307 8, 606, 627 
LBBR: weccenccscarevess cvanssloqccacescnce 92, 853 449,313 | 8,377, 200 8, 205 8, 922, 571 
LBGS ...occsccnccacsccccseceeece|esecce senses 82, 628 443,996 | 7, 598, 176 (a)2, O81 &, 126, 881 
MBBS i ccciccepcdonsccscncenss 22, 208 37, 121 367,816 | 8,712,315 |.....-....-. %, 139, 460 
ABBS a5 as csi levceccsbeaccenes 11, 526 30, 426 371,679 | 5, 628,016 |............ 6, 042, 47 
IBS... ccc ccecesccseseseeoscom | 8, 949 | 32, 316 302, 822 | 7,015, 660 |............ 8, 259, 747 


il 
: i a 
= : $ z é 
y g 
a =z +] 
- 3 « 2 z g 
Fisca. years ending | 5 ra 2 B 4 
=> | Ba | a E ‘ 3 
BEE Se oeeeaeaeal ae 
=] | a a ° 
b 3 a oO =) | 4 4 =) A b m 
SOURS arta divconadcensances | ao Guinkil can xl exsebcchlecutveselseisanascheoauaes $62, 270 |........ $62, 270 
TOON: bvobdsvcapbonessulccact $70 | $269 |........ GOAT li cdccneshanceesun 22,4 $6,407 | 29,590 
WiC idgcccctuvacksdasdl icisaslanwiends 708 focesesx LAD lestchsunlisnnecs 18,975 | 3,908 | 25,172 
1ST) ccune tdidbscdsacalcneses ey eee AW iceawene « 37, 877 698 | 39,417 
IUlMeuacue taausaccsaasiscene S20) BOF tiass0s05 DN caketne $83 | 50,508 | 2,194 65, 037 
ee $151 | 1,310 |...... $1, 1, 534 230 | 63,805 | 5,608 | 74,470 
ROG Gan catusdessecdee TF) | ‘Si Gee Wedaecclsawscess ,448 | 1,057 527 | 28,152 270 | 33,155 
MONG cgaussasiunuseee 620 | 5,165 |...... 57 | 7,189 715 | 1,278)! 33,567] 2,002 | 51,373 
WU ascdvucaduachonss 203 5 DOT: \canteelsccusncs 15, 32 187 1090 «433,550 | 21,939 | 73,156 
JOT icancwyacasdeusaes 579 | 1,004 |(a)69 |........ 17, 307 718 | 28,650] 9,304 58, 860 
to Oe 82 i itsands 13,215 | 1,119 | 1,252 12,667 | 16,308 | 45,123 
ABtD: caunnacasussecess 138 BOE licacualivevcacs 17, 821 203 147 | 11,327 | 19,088 | 44,088 
SOOO iaccsvicsvesheccoen BE" |) Ri PAS: | conavctscccasat 36,860 | 2,317 62 5,492 | 30,849 | 77, 983 
RBOL visdiscandescdsece 486 | 1,700 |...... 5 | 42,400 | 1,102 89 2,501 | 72,754 | 121, 037 
OE ipatikcatonacscesun 901 | 5,084 /...... 111 | 72,479 | 4,174 | 1,474 669 | 56,118 | 141, 010 
MO stvnenspawendeuees SAT) iy Oe tadewadtenateast 40,166 | 38,472 681 | (b)1, 303 | 58, 885 | 107,416 
SHOE pbvacsinadestesusleacaes 6, 100 |...... 3,496 | 56,301 | 4,692 158 |......---| 43,169 | 113, 916 
WOO vednercnstasunses IDS Jeccsecmelcesace 6,541 | 21,722 | 38,242 GOD [eicsecce. 42,590 | 74, 87 
BEG ccensucstsesnouhual BOO Ticascusslocsase 17,379 | 27,215 | 5,665 pt a 23,417 | 74,179 
@ Not separately classified since 1877. b Not specified since 1883, 
Digitized by Goog le 


DEPARTMENT OF THE INTERIOR 


UNITED STATES GEOLOGICAL SURVEY 


J. W. POWELL, DIRECTOR 


MINERAL RESOURCES 


CF THE 


UNITED STATES 


CALENDAR YEAR 


ec. / é 


Pavitt) T,) DAY 


CHIEF OF DIVISION OF MINING STATISTICS AND TECHNOLOGY 


\ 
0 


WASHING TOm 
GOVERNMENT PRINTING OFFICE 
1888 


» 


Pte Ui> o lON Es: 


By GEORGE F. Kunz. 


Gem mining.—During 1887 no work was done either at Mount Mica, 
Paris, Maine, or at Stony Point, North Carolina, which are the two most 
noted localities where gems are sought for systematically. At Mount 
Apatite, Auburn, Maine, some work was carried on during the fall 
of 1857; $200 worth of tourmalines and $400 worth of other minerals 
were found. 

Several localities in North and South Carolina and Kentucky have 
been opened and ordinary mining operations carried on for the purpose 
of producig zircon, aud several other comparatively rare minerals 
which have been only looked upon as genis heretofore, but are now used 
for making the oxides of zirconium, lanthanum, cerium, ete. These 
oxides are needed for manufacturing purposes. 

The following table gives an approximation of the value of the gems 
produced in the United States during the past five years. It does not 
include about 20 tons of zircon and quite large quantities of allanite, 
monazite, and samarskite which were mined for use in manufactures 
as stated above. 
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LOUAITIRGS 0S oi Se ao) ae Dae aa eal 0 ee 
SP Ue OCU Sin ete ete ries owe chars $200 $2,000 | * $2, 200 
INV SODGRY Mace e eet ee seonceecm Oy et coca i 100 
ENO CARAS ner er 1000s teen. 1, 000 
CRE 5 on ee 200 300 | 500 
Emerald ..... BON aye Rem is orcse os ai ae CUES By 500 
NOG UNDS eect cece. cae e oe sees 100 500 : 600 
| MORRIE RIO a. Ce. ss aa kewulewtie ole oe Secale ae © .. eee 
IMO ViqNalte oooete co ccek eas cus 2, 500 7, 500 10, v00 
ME Geen 3 Ee wk Sia ee 10, 000 1, 560 11, 500 
Silicified wood ....@P............ Gai) Sd ee ee 5, QU0 
OG, A rere 1, 000 5, 000 6, 000 
POG TONG OR ee. ois « « cae « coeee eel dase ser ss ees 2,500 | 2, 500 
PSOE Ol ts ele 1, 500 500 | ~—- 2, 000 
| PNA ZONSTON Ol... ~ << cess ce. nc eee 3, 500 250 3, 100 
Catlinite (pipestone)........---.. TOS O00 ceemeremey: / 10, 000 
EERVOMEDOLILS oc sic ncin cise acs sss T0004 Sete: | 1, 000 
MeN Ce sneiene. pact hainc a ecers oo | DOOM foeetecs ee) 500 
PME IC Tite oc. eos ce; coe ee « 500 500 | 1, 000 
pornblende il quartz ......-.-. -- 500 | 100 | 600 
PAR GMIPSOMILG. ake cede desc cce a=! 250 500 7950 
LEAD DSS es eo a 200 100 300 
Dee R Oe tte ee ies Sale. cte sic wimierecase > al 1, 000 500 1, 500 
CATLOTAREHO TGs. .2c<2csece<c cues sal 500 1, 000 1, 500 
LOTR Tir oe eS ree 1, 500 500 2, 000 
ORES Ct a a | 1, 000 2, 000 3, 000 
MeeMMCtieeh Sors- vec ses ese oes encoun 2, 000 250 2, 200 
| oc RUCTOYS Rare 5 ae ee een | 2 000 500 2, 500 
RSE) DG ee ee 250 200 450 
Mie SINCOPA te a6 acbcine vane taweee ees 500 : 250 T30 
Relat More oie ata Ss eens ME oe TENE 2 Saletan || Semmes a 
TL oa re 47,300; 26,450 | 73, 750 
Ole AL? ees asia cesw cee = 40, 000 15,000 | 115, 0v0 
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Estimated production of precious stones 


1884, 
Bras = 2 
= oa eee 
alee as 
= awa xo 
Hest | Se 
Sees = 
Rore5| 82 | Total, 
Saco sas 
n eos BD 
ScZ5%!| se 
estes | oc 
azteca | \a 7a 
a be 
<2 $800 $800 
$250 1,500 | 1,750 
ey | eS cS 95 
200 400 500 
300 400 700 
ees 1,500] 500] 2, 000 | 
2,000 | 10,000] 22,000 
10, 000 1,500 | 11,500 | 
10, 000 500 | 10, 500 
1, 000 3,000} 4, 000 
Bee 2,500 | 2, 500 
2, 000 1,000 | 3,000 | 
» 500 250 | 2, 750 
10, 000 gece eee 10,600 | 
1,000 0...) 1,000 | 
500 0. eee | 500 
500 500} 1,000 
500 100 | 6U0 
250 500 | 750 
ia 4000, 7500 | "74; 500 
500! 1,000 | 1, 500 
1, 500 | 500 | 2, 000 
1, 000 2, 000 3,000 | 
2 000 250 | 2, 250 
2000 500 | 2,500 
O50 200) 450 
500 250 | 750 
54,275 | 28,550! 82,825 | 
40, 000 | 100, 000 |- 140, 000 | 
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Be a d Se by eS aaah a a 
an = 0 —e ae "= oO —i ab = & 
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mecca S= 5226 23 ao ke 52 
| Se a a 6aS5o0 Oo Oma) “aBoo09 ta A 
RSS25/] ab @5S°5 1 ae 20575) ss 
bPas-os| ae | Tota. |a2;-e5| as | Tota. | e595 | 95 | Total. 
Bess} S35 Sat's| Se Sha sme 
i oaks = ope ee Tm a2 23s fra pl 
Sees, ‘8 Soe .. | poe | sega. 3s 
SZ sss oe 2s his 3 | = Om ns 6 a 
aaoaal| 3 | Seong) aE ano cn eee 
b> | > | a ~ i > 
oe eee i) aa $60 $60 |... 0.3. coe eee 
Pee a paels. 2 oe $500 $250 500 {00 |... eee $500 $500 
ie $1,000); 250 | 1,250] *'1,000 |...-......|. 1,000 |" "gi, 500 |’ «S00. | 2, 000 
250 | 500 PE oe 5, 500 5, 500 500 3, OUU 3, 500 
ae | oe 3, 200 8, 000 200 5 90 |. ee ee st oe ed 
ee. me... 9° 50 3,500 | 1, 000 4,500 ||... 
500 100 Gu0 3, 500 2 QUO 5, 500 308 200 500 
2000 5, 000 7, 000 ©. 000 5, 000 7, 000 1, 500 3, 000 4, 500 
10, v0 1, 50 11, 500 10, 000 1, 500 11, 500 10, 000 1,500 | 11, 560 
5, 000 1, 500 6, 500 5u0 1, 000 1, 500 35, 000 1,000 | 36,000 
200 9500, 2, 700 1, 250 2, 000 3, 250 2, 500 1, 000 3. 500 
Peer. 2, 500 2 MOMs .c.2.| — 2,500 2, 500 2000 |.....2----| 2, 000 
1, 500 500 2) 000 1, 500 500 |. 2, 000 2' v0 500 9) 500 
2" 500 250 2,750 2, 00 250 2, 500 1, 500 200) 1,700 
emOOU <i... -- 10, 000 TO AOOO: |. cate cere 10, 000 5, O00} seeee : 5, 000 
ae | 2, 500 | 2500 |........----| 2, 500 2500 | ......- 1, 500 1, 500 
34 1, 600 1, 000 QUO! | one. 1, 0u0 BUO°} Soe 500 
ae : 250 250 iris een 15730, \oc cl <eeeeel es, ce 
», ae 300 300 Ze aaa tae 0002... ae 100 100 
250 500 750 100 300 400 950 500 750 
es TOG oo wo ol one BO) | cece 50 
1, 000 1, 000 2, 000 1, 000 1, 000 2,000 3, 000 1, 000 4, 000 
ee ee ese 500 500 1, 000 300 5110 800 
1, 500 2000 3, 500 1, 00 ° 000 3, 000 1, 000 1, 500 2, 500 
500 2, 000 2. 500 1, 000 1,0:0 2, 000 200 750 950 
2, 000 100 2,100 2 OUU 100 9,100 2,000 100 2, 100 
‘.: e560 [007/330 8008 08800 BO 00 56 
coc gnccs de een RUG: |. ee. 1, 000 1, 500 500 2, 000 
i en 750 | ce ee 7505). cn ee 3 eee Re. 
39,300 | 24,850 | 69, 850 49,000 | 29,510 | 78, 510 70,650 | 17,950 | 88, 600 
hyO00 |) 100,000 | 140,000 |............].2-.--.... 40 Oe cee ‘|. | 75, 000 
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States, 1867 to 1887 tnelusive. 


Diamonds . - 
a ‘Set in gold 
Fiscal years end- ery Rough or | and other 
ing June 30— Glaziers’.| Dust. nnent. stones not | ° Ores Total. 

s Bet metal, 
i ee $006 |.... 22.2. |ee eee $1, 317, 420 $291 | $1,318, 617 
NSS ae oe tere «sincere « dat | cocccc ae lemee aera 1, 060, 544 1, 465 1, 062, 493 
RU e ctec cece 445 $140 Nee erase 1,997, 282 23 1, 997, 890 
STA eee oo ieee eae 9, 372 Cl |ceees oeeees 1, 768, 324 1, 504 1,779, 271 
Teg. cc 976 Vie ee 2349, 482 256} 2, 350, 731 
1 eee 2, 386 S97 7OTeallie cee sce = 2, 939, 155 2, 400 3, 033, 648 
TSE ieee aa cs ae 40, 424 $176,426 | 2,917, 216 326 3, 134, 392 
ee deer ee ete bens we cmaee 68, 621 144,629 | 2,158, 172 114 2, 371, 536 
1S cae ee ee 32, 518 iiliee20 || 3,234,319 |... eee 3, 478, 757 
WAM en Nok coe 20, 678 186,404 | 2,409, 516 45 | 2,616, 643 
ete is oir ee he ot ewig own 45, 264 78,088 | 2,110, 215 1, 734 2, 235, 246 
TE ay | DS ee 36, 409 63, 270 2, 970, 469 1, 025 3, 071, 173 
NER stare iave cis a wretpiall's\=.4'e/e aneien 18, 889 104,158 | 3, 841, 335 538 3, 964, 920 
| (oe [ RA See ee | eee 49, 360 129, 207 6, 690, 912 765 6, 870, 244 
SG Mecca a cc vic cise a wialseic 5], 409 233. 596 8, $20, 315 1, 307 8, 606, 627 
ie eee ftemet « lenis «sakes 92, 853 449, 513 8, 377, 200 3, 205 §, 922, 571 
ee a | ere 82, 628 443,996 | 7,598,176 | (a@)2,081 | 8,126, 881 
1884........-2 22, 208 om lal SOi,clo | 8, 712, 315° |c2.22- oe 9, 139, 460 
1885......--.ae mt 526 30, 426 371, 679 5, 625, O16 |i .n. eee e ee 6, 042, 547 
1886........0m- 8,949 | 32, 316 B02, 822 | 7,915, G60 |..5..e7eeeee 8, 259, 747 
Pome teces. «- 9, 027 33, 498 202,000 |) 10, 526, 988°). .22. eee 1b, 831, 880 


a Not specified since 1883. 


Imports of substances not included in the forcgoing table, 1868 to 1887 inclusive. 
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1885... ) pee: 2) eee se Coiecieice | 3,240 | GOD" |. coe 42, 590 74, 878 
S66 455. |) OBL ee se salen 17,379 | 27,215 | 5,665 | 219 |......... 93,417 | 74,179 
WRT) 12 e247 ee 29,201 34, 238 |10,011 | 307 | ee. 35, 478 | 116, 584 


a Not separately classified since 1877. 


b Not specified since 1883. 


EHxeeptional discoveries of gems— Diamond.—In April, 1887, Mr. Lewis M. 
Parker,a tenanton the farm of Daniel Light, three-fourths of a mile 
northwest of Merrow Station, and 13 miles south of Atlanta, Georgia, 
found a diamond on the farm. The stone afterwards came into the pos- 
session of Mr. W. W. Scott, of Atlanta, whe sent it to the writer for 
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examination. It proved to be an octahedral crystal weighing 4,); carats 
(828 milligrams), two-fifths of an inch long and one-fourth of an ineh 
wide. It measured 9 by 10 by 7 millimeters, is slightly yellow and has 
one small black inclusion. The specific gravity was found to be 3.527. 
Curious long, shallow pittings mark the surface. A stone of from 1; 
to 2 carats could be cut from it. 

Mr. L. O. Stevens, of Atlanta, Georgia, has informed the writer that 
a colored man called on him during the past year with a 2-carat dia- 
mond, defective and of poor color, which he stated he had found in his 
garden within a few miles of Atlanta. He has shown no desire to sell 
or lend the stone for examination. 

Zircon.—Opaque green zircons in erystals 1 inch long and 13 inches 
wide, were found by Mr. Nimms in Saint Lawrence county, New York, 
at the town of Fine. They were curious, but not of gem value. Fully 
25 tons of this mineral will be raised during 18838, from Henderson 
county, Kentucky, for use in a new incandescent gas-burner manufact- 
ured in Philadelphia. 

Beryl.—Prof. Hugene A. Smith obtained from Coosa county, Alabama, 
some light golden yellow beryl of sufficient transpareney to furnish 
small gems. Blue green beryl! that afforded fair gems was reported by 
Mr. William KE. Hidden, from Mitchell county, near the Yancey connty 
line, North Carolina. 

Phenacite.—Dyr. 8. L. Penfield describes phenacite from Topaz butte, 
5 niles north of Florissant and the same distance from Mount Autero, 
Colorado. Mr. W. B. Smith describes the occurrence of topaz and 
phenacite at Topaz butte (Ameriean Journal of Science, February, 1887, 
ILL. Series, vol. 34, p. 130). An extensive find of phenacite erystals 
(few of gem value, however,) associated with aquamarine crystals, was 
made at Mount Antero, Colorado, in the fall of 1887. The phenacites 
were almost quartzoids in form. The occurrence is described by the 
Rey. lh. I*. Cross, in a note in the American Journal of Science, Febru- 
ary, 1887, p. 161, vol. 54. 

Garnet.—A variety of spessartite garnet was found at Amelia Conrt 
House, Virginia, in masses several inches across, and dark brown, dark 
red, or honey brown in color, which would afford cut gems from 1 to 10 
carats in weight. These are the finest specimens of this variety of 
garnet yetfound. Fully 15 tons of the almandite garnets of Salida, Col- 
orado, were found during the past year and sold as tonrists’or mineral- 
ogical specimens at from 30 cents to $l a pound. One absolutely per- 
fect dodecahedron weighed over 14 pounds. In the proceedings of the 
“Philadelphia Academy of Natural Sciences,” 1886, p. 355, Dr. George 
Koenig describes a titaniferous garnet from southwestern Colorado, and 
also analysis of schorlomite from Magnet Cove, Arkansas, which he 
finds to be titaniferous garnet. 

Tourmaline.—A large number of.green tourmalines, some quite stout 
and several inches in length, have been found at Franklin Furnace, 
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Sussex county, New Jersey, but although they are an important addi- 
tion to our mineralogical collections and the outer parts of some of the 
crystals are of arich almost chrome green, yet not a single one was ob- 
served which would eut a transparent gem of even 2 few carats. 

Prof. R. B. Riggs, of the laboratory of the Geological Survey, re- 
cently made over 25 analyses of tourmalines of all colors. He found 
the question of the color of the lithia tourmaline a very Interesting one. 
The eolor of the irou and magnesian varieties depends ou the amount of 
iron present. It ranges from the colorless De Kalb through all the 
shades of brown to the Pierrepont black, while the Hthia tourmaline, 
containing more or Jess manganese, gives the red, grecn, and blue, as 
well as the colorless varieties. The shades of color do not depend on 
the absolute amount of manganese present, but rather on the ratios ex- 
isting between that element andiron. Thus, wheuthe amount of man- 
eanese bears a specific proportion to the iron, we have the colorless, 
pink, or very pale green tourmaline. Au excess of inunganese produces 
the red varieties ; and if the iron is:in excess the various shades of green 
and blue result. 

Rubellite.—Mr. William Irelan, jr., reports the finding of transparent 
rubellite in fine erystals 1 to 2 inches long, in San Diego county, Cali- 
fornia. 

Hiddenite.—Rev. Alfred Free, in a report on a placer mine at Bracket 
Town, McDowell county, North Carolina, mentions the finding of a 
small erystal of spodumene of the hiddenite variety. He had also 
observed blue, green, and pink tourmaline at the same locality. 

Rock crystal. —In the last report reference was made to the oecurrence 
of rock erystal in what was believed to be a part of Virginia, but which, 
on visiting the’ locality, the writer found was reaily the mountainous 
part of Ashe county, North Carolina. My attention was first called to 
this loeality by the receipt thence, by Messrs. Tiffany & Co., of a 51-pound 
fragment of a large erystal, which was said to have been broken from a 
mass weighing 300 pounds by a twelve-year old mountain girl. This 
large crystal was found on the Mintor Blevin farm on Long Shoal ereek, 
in Chestnut Hill township, though crystals have also been found at two 
places 600 feet apart on the L. C. Gentry farm, about one mile from the 
tormer locality. All three places are 50 miles from Abingdon, Virginia, 
and 40 miles from Marion, Virginia. Crystals havealso been found close 
to the north fork of Piny creek, on the Saint Ledger Brooks farm. At 
the latter place was found a remarkably clear distorted erystal, weigh- 
ing 204 pounds, which is absolutely perfect, and is the finest ptece of | 
rock erystal ever found in the United States; and ou the Gentry farm 
one erystal was found weighing 188 pounds, and another weighing 285 
pounds. The latter was 29 inches long, 15 inches wide, and 13 inches 
thick, showing oue pyramidal termination cntireiy perfect aud another 
partly so; it sold for over $500 for use in the arts. A number of others 
have also been found, All these localities are on a spur of Phoonix 
mountain, and the crystals have all been found in decomposed erystal- 
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line roeks, principally coarse felspathic granite, which has all decom- 
posed even to a greater depth than that at which these crystals occur. 
Most of them are obtained by digging where one crystal has been found 
or striking and unearthing them with a plow. Altogether several 
dozen crystals have beeu found, weighing from 20 to 500 pounds each, 
aud future working will doubtless bring many fine ones to light. Some 
of these afford larger masses of clear rock crystal than have ever before 
been found in the United States, and suggest its use for such objects 
of luxury as crystal balls, clock cases, mirrors, ete., which are now to 
be seen in the Austrian treasury at Vienna. 

From the vicinity of Fairfax county, Virginia, Mr. James W. Beath 
obtained quartz with alternate green and white veinings, the green 
being produced by chloritic inclusions. When cut it forms an interest- 
ing ornamental stone, and several hundred dollars’ worth of it have 
been sold. 

Mr. H. L. Hosmer reports that crystals of smoky quartz a foot in 
length are occasionally found at Sterling, Montana. 

Chrysoprase.—Mr, William lrelan, jr., reports from Tulare county, 
California, beautiful semi-transparent chrysoprase of fine color. This 
has also been fonnd in Douglas county, Oregon. 

Agate.—At Sioux Falls, Dakota, the company that is cutting and 
polishing the agatized wood from Arizona and the quartzite found at 
Sioux L’alls has, after a great deal of experimenting, perfected the 
methods of sawing and polishing hard materials so as greatly to re- 
duce the cost. Among the objects produced were a round column 114 
inches wide and 21linches high, cut transversely across the tree, so that 
the heart was visible on two sides of it, with the radiations in all diree- 
tions; and sections measuring 25, 24, 174, and 13 inches in diameter, 
respectively, so highly polished that when turned with the back to the 
hight they form a perfect mirror. <All the specimens were brilliant in 
color and rivaled any work ever done in hard materials. The company 
has removed from the forest 180 tons of material, and 20 tons of sections 
have been ground down to show its characteristic beauties. Perhaps 
$100,000 worth is now undergoing the eutting and polishing process. 

Pectolite.—A massive pectolite of unusually dense structure has been 
announced by Mr. William P. Blake as occurring in Tehama county, 
California, in masses of considerable size and susceptible of a high pol- 
ish. Ina letter to the writer he gives the following description: “ It 
occurs in a vein, and is broken out in rough tabular masses from 2 to 
3 or more inches in thickness, but itis reported that much larger masses 
can be obtained. It is exceedingly tough and hard to break. The 
punctured surfaces are irregular, without cleavage, but have a silky lus- 
ter and crypto-crystalline strneture, exhibited in extremely fine insepar- 
able fibers, which are radial, curved, aud interlaced, and are’ perhaps 
embedded in a siliceous magma, but the fibers constitute the bulk of the 
mass. The color is white, with a delicate shade of sea green, and trans- 
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lucent. Exposed or weathered portions lose their porcelat-like trans- 
lucency, and become white and somewhat earthy in appearance, and 
exhibit the cry pto-fibrous structure with more distinetness. Specimens 
eut and polished across the end of a slab-like mass show on one side a 
narrow selvage of breecia, made up of fragments of the pectolite and 
of dark-colored wall rock mixed and firmly cemented together. On the 
opposite side or border of the mass there are distinetly formed parallel 
planes of concentri¢ layering, from the surfaces of which the fibers 
diverge. These layers and the brecciated border opposite show the 
vein-like formation of the mass between the walls. The hardness is 6 
to 6.5. In the blow-pipe flame it burns to a white enamel and gives off 
a little water. It may be found useful as an ornamental stone for 
making small objeets—cups, plates, handles, or for carving figures or 
inlaid work.” This is identical with the pectolite from Alaska, de- 
seribed by Prof. If. W. Clarke. 

Peristerite—Large quantities of persterite are reported by Mr. C. 
M. Skinner at Cavendish, Vermont., near Cavendish Falls, in the rail- 
road cut 22 imles northwest of Bellows Falls. 

Oligoclase.—Of great interest is the transparent oily green oligoclase 
containing small, white, starlike inelusions, which impart to the mass all 
the appearance of green glass, and with included white mimerals found 
ata depth of 400 feet in miea near Bakersville, North Carolina. It was 
found by Mr. Daniel Bowman. 

A very interesting variety of sunstone was found by Mr. J. A. D. Ste- 
phenson at the quarry in Statesville, North Carolina. Several hun- 
dred dollars’ worth of it has been sold as gems. » 

Albite.—In the Allen mica mines at Amelia Court House, Amelia 
county. Virginia., as a by-product in mica mining, a remarkable series 
of albite has been found, tabular, but measuring 4 to 7 inehes in Jength 
and forming large groups; also the same mineral in massive form of 
the moonstone variety, and tous of amazonstone in bright cleavages. 

Khodonite of the vanety known as fowlerite has been found in Franklin 
Furnace, New Jersey, in groups of rich, flesh colored crystals finer than 
ever before known. Some of these were 6 or 7 inches in length and sev- 
eral inches thick, forming groups @ foot across. Although of value for 
gem material they possess a higher mineralogical value, and more than 
$1,000 worth was sold for specimens. The rhodonite so well known as 
occurring in bowlders at Cunningdam, Massachusetts, has recently been 
traced to the ledge, and we may now hope to sce this stone used exten- 
sively for decorative and ornamental purposes, as at this locality it is 
one of the richest pink and flesh colored minerals known. 

Turquois.-—Additional evidence of the antiquity of the turquois work- 
ings of New Mexico and Arizona has been gathered by the Hemenway 
expedition, sent ont by Mrs. Hemenway. under the direction of Mr. 
Frank H. Cushing. ,Abert10 miles from Tempe, Arizona, where the ex- 
cavations are being made, a shell enerusted with turquois and garnet 
representing the form of a frog was found. 
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Oyantte.—Mr. Daniel A. Bowman communicates that the cyanite men- 
tioned in the last report was found near the summitof Yellow mountain, 
alongside the road to Marion, about £ miles southeast of Bakersville, 
North Carolina, at an altitude of 5,500 feet. Some of this is transparent, 
from one-eighth to one-half inch aeross and several inehes long. So 
rich is its color that it was sold for sapphire. Its low hardness unfits it 
to some extent for use as the gem for which itis to be worn. IJtisahand- 
some mineralogical gem, however. 

Crocidolite.—In the smerican Journal of Science, LIT Series, volume 
ot, page 108, Prof. A. A. Chester published analyses of the crocidolite 
fon Beaeon Ili]] Pole, Cumberland, Rhode Island, an interesting oc- 
currence of this mineral, though not in gem form. 

Labradorite.-—The well-known Labradorite rock in Lewis county, New 
York, is so plentiful that the reflection of the bowlders has given the 
river that runsthrough the locality the name of Opaleseeut river. This 
is being extensively cut as an ornamental stone. 

Mexican onyx.—The handsomest and lowest priced of our ornamental 
stones, and one which has been Introduced most extensively, is the so- 
called Mexican onyx or Tecalli, as it was first called, from the town of 
that name in the state of Pueblo, Mexico, where itis found. The deep 
colors are richer than those of any marble known, and its wavy stalag- 
nitie structure and the high polish which it cam take have made it pop- 
ular throughout the whole civilized world. With a metal mounting 
the effect is greatly enhanced. It oecurs in almost unlimited quantities, 
and fully $500,000 worth has been used in pute United States for table 
tops, mantels vases, ete. 
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in this, the fifth of the annual reports on precious stones in the 
United States, which have done mueh toward awakening a wide-spread 
interest in American gems, it was thought well to give a brief sketeh 
of some of the most important changes which are taking place in pre- 
cious stones at the principal sourees, which are usually foreign. 

Diamonds.—The author of the “Arabian Nights ” undoubtedly thonght 
that he was imagining the wildest and most improbable things when he 
described the collection of sueh treasures in the Valley of Diamonds 
by ‘* Sinbad the Sailor.” Yet when compared with the African mines 
this profusion of wealth has paled into utter insignifieance. A glimpse 
at these new valleys of diamonds will be interesting. The primitive 
method of washing was carried on for centuries by thousands of slaves, 
who, like those who built the pyramids, were driven by a master merci- 
lessly goading them on, whipinhand. To-day we have the most ingen- 
ious and powerful machinery, which allows fewer diamonds to escape 
than would the keenest ands mostidisciplinediarmy of washers: 


At the Kimberley:'diamond' mines'in South /Afriéa wetiderful pro@ress 
has been made in the fast decade. Abont 1877 the work of consolidat- 
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ing the different companies began. Originally the mines were worked 
as 3,238 separate claims, each 31 feet square, with a 73 foot roadway 
between every two claims; now these are all united in about forty 
companies. A mine in the early days was a bewildering sight. Miles 
of wire cables running from individual claims were stretched across it 
in all directions; to these were attached the buckets for carrying the 
earth, reef, or all rock of the mines, and at times water. Some of the 
claims were almost level with the surface, while others next to them 
might be eut down 200 feet, and others only 100 feet, yet all being worked 
independently. At the sides were endless belts with pockets for carry- 
ing the earth. One of the results of this independent system of work- 
ing was that rock was dropped so recklessly that it is said to have been 
as dangerous as the battlefield to stand around the ed ges of the claims. 
Not only was the loss of life great from this source, but also from the 
fulling of immense masses of reef, loosened by the blasting, which some- 
times buried a score of men at onee. But improved methods were 
eradually introduced. Steam railroads were run into the mine, and 
parts of it were leveled down. Millions of tons of reef required remov- 
ing, and the only way to accomplish this was to asSess every company 
in the mine proportionately. At first many mistakes were made, if 
mistakes they ean be ealled when the problems offered for solution 
were entirely new and untried. The yellow or surface soil which over- 
laid the blue stnif pulverized so readily that it could be taken to the 
washing machine direct; but as the claims were extended down into 
the blue rock this proved harder, and dynamite became necessary. In- 
mense quantities of it are now used for blasting. Through careless 
storing, 30 tons of dynamite, 10 tons of blasting pewder, and gelatine, 
in all worth $80,000, exploded on Jannary 10, 1884, with terrific effect; 
the smoke column, 1,000 feet high, was visible at the River diggings, 35 
miles distant. 

After the earth is raised it is put en the sorting ground, where it is 
partially disintegrated by water and the action of the atmosphere. it 
is then further broken up by hand and taken to the “compound” or 
diamond-sorting machine. After being more finely broken up it is 
passed down into large vats containing immense centrifugal wheels, by 
which, as they rapidly revolve, the rock is finely divided. The lighter 
minerals, such as quartz, mud, and mica, are then floated out, while the 
diamonds, garnets (some of which are exceedingly rich in color, and of 
large size and are sold under the naine of cape rubies), and other heavy 
minerals, are concentrated in the lower part of the “compound.” So 
thoroughly does this pulverize the rock and earth that all the diamonds, 
even those of the size of a pinhead, are saved. 

A prize of £5,000 was offered for the best tunnel or shaft system for 
use at the Kimberley mines, and the prize was awarded to the Jones 
system, whieh is'‘subk on the coffer-dam principle. At present there 
are seven shafts and inclined planes in the Kimberley mine alone, all 
sunk at some point in the reef outside of the mine. From 11,000,000 
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to 13,000,000 gallons of water are annually hoisted from the Kimberley 
mine at a cost of 6 pence per load of 100 gallons. 

In addition to many mites of aerial tramways, there are over 170 miles 
of tramway around the four Kimberley mines, 2,000 horses, mules, and 
oxen,and 350 steam engines, representing 4,000 horse power,are employed 
iu the works. For labor, £1,000,000 are annually expended, and over 
£1,000,000 for fuelandothersupplies. Thegrosscapitalofthecompanies 
is nearly £10,000,000. Over 10,000 natives, each receiving £1 per week, 
and 1,200 European overseers at an average wage of £0, are employed. 
It is now proposed to consolidate all the companies into an enormous 
diamond trust, with a capital of £10,000,000, but at the present quota- 
tions of the shares of the company they are valued at over £14,000,000. 
The supposition long held that this unification would ultimately be 
accoinplished is partly confirmed by the report, this spring, that the 
house of the Rothschilds, of London, is about to put in operation a 
project for the consolidation of the diainond mines into one gigantic 
trust for the regulation of prices and production. 

The South African mines yielded during the last ten years 27,878,587 
carats, valued at £31,717,341. The yield for 1887 was 3,646,599 carats, 
worth £4,053,552 at a valuation of £1 2s. 1$d. a carat. In December, 
1887, a single sale of rough diamonds was recorded of £150,000, and in 
February, 1858, of £200,000, or $750,000 and $1,250,000, respectively. 
The average value of a carat of diamonds for some years from the 
respective mines has been as follows: 


Average value of a carat of South African diamonds. 
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The product of the latter mine, while only one one hundred and twenty- 
fifth of the weight in carats, was worth one sixty-second of the entire 
product, the stones averaging much finer quality. 

The approximate annual yields for the last ten years have been as 


follows: 
Yield of South African diamonds during the past ten years. 
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Not only has the yield of the African inines been great, but the dia- 
monds have been of much larger average size than those from any of 
the old mines. The finding of a 17-carat stone in the Brazilian dig- 
gings was sufficient to secure the freedom of the fortunate slave who 
found it; but stones of this size are found by the hundred here. A 
100-earat stone seareely creates as much excitement as a stone of one- 
fifth the size did in Brazil. 

It is estimated that from one-fifth to one-quarter of all the yield never 
reached the proper owners, as the native diggers swallow and coneeal 
the diamonds in every possible manner. Heice it beeame necessary 
for the companies, in self-defense, to take extraordinary preeautions 
against this great loss, and overseers or special searehers were appointed, 
who made the most thorough examination of all who left the mines. 
Thenatives use mostingenious methods for the coneealment of the gems. 
On one oceasion some officers, suspecting that a kaffr had stolen dia- 
monds, gave chase and caught up with him just after he had shot one of 
his oxen. No diamonds were found upon the Kafir, it is needless to say, 
for he had eharged his gun with them, and after the disappearanee of 
the offieers he dug them out of lis dead ox. Diamonds have been fed 
to chiekens, and a post-mortem recentiy held over the body of a kafir 
revealed the faet that death had been caused by a 60 carat diamond 
whieb he had swallowed. Early in the history of the mines a detective 
foree, consisting of men, women, and ehildren, was formed, and the 
severest punishment is still inflieted on transgressors of the diamond 
act. None but those authorized by law, termed patented agents, less 
than fifty in number, are allowed to purchase or even to possess rougl. 
diamonds at Kimberley. 

The aetual loss of diamonds would not have been so great but for the 
irregular diamond buyers, or “ J. D. B.s,” as the “ fenees” are ealled, who 
sent the stones to England and undersold the company in the London 
market. It was aquestion at one time whether the mines could be prof- 
itably worked under such disadvantages. Within the last two years, 
however, this pilfering has been in great measure checked by the adop- 
tion of what is knownas the compound system, by which the * boys” 
are housed and fed under eontraet for a eertain term, provided with 
amusements and liquor, and thus kept apart from the influences of the 
vicious whites. Now the visitors who buy from native diggers what 
they suppose to be valuable diamonds and seerete them until they have 
passed beyond the reach of the officials, find to their disgust that they 
have purchased fae-similes in glass, perfect even to the charaeteristic 
yellow tint peeuliar to many diamonds from this locality. 

Diamonds weighing 35,000,000 carats, or over 74 tons, have been 
found here. In the rough their aggregate valine is £50,000,000, aud 
after cutting, £100,000,000, or nearly $500,000,000 more than the world’s 
yield during the two preeeding centuries. Of the whole yield not more 
than 8 per cent. can be said to be of the first water, 12 per cént. of the 


. PRECIOUS STONES. 567 


second water, 25 per cent. of the third, while the remaining 65 per cent. 
is called bort, a substance which, when crushed to powder, is of use in 
the arts for cutting hard substances and engraving. This must not be 
eonfounded with the earbon (carbonado) found in Brazil, an uncrystal- 
line form of the diamond, which, from its structure, is adapted for use 
in drills for boring and tunneling rocks, ete., and has never yet been 
found in South Africa. It is worth from six to ten times as much as 
bort. 

More diamonds weighing over 75 carats after cutting have been found 
since the African mines were opened than were known before. The 
Victoria, the Great White, or the Imperial Diamond, is supposed to be 
from South Africa. Concerning its early history very little is known; 
in faet, where the stone was found is only a matter of conjecture—a re- 
markable circumstance when we consider that it is the largest brilliant 
in the world. The original weight of the stone was 4573 carats, or 3.5 
troy ounces; after cutting, 180 carats, valued at £100,000. 

On March 28, 1888, there was found in the De Beers mine an octahe- 
dral erystal of diamond weighing 428) carats; it is not entirely white, 
having a slight yellow tinge. It was valued at £3,000. From its form 
it is believed that it will ent into a brilHant of 200 earats, henee it will 
be the largest known. 


Production of diamonds at the Griqualand West mines, Limberley, De Beer's, Dutoitspan, 
Bultfonteiu, and St. Augustine, from September 1, 1882, to December 31, 1887. 
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Comparative yearly exports of diamonds from January 1, 1853, to December 31, 1887 
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Imports of diamonds into Kimberley from the River diggings, from September 1, 1882, to 
Deeember 31, 1887. 
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Summary of imports of diamonds iuto Kimberley from September t, 1882, to December 
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Summary of production of diamonds at the Griqualand West mines for the year 1887. 
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Production of diamonds, Kimberley mine, from September 1, 1882, to Decenber 31, 1887. 
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The diamond mines at Salabro, Brazil, kuown as the Canavieiras, 
were discovered in 1882 by a poor miner who had worked in the earlier 
inines, now nearly exhausted: Theyvare’situated at a distance of two 
days’ journey from Canavieiras, near the river Pardo, and the gems are 
found at a depth of abont 2 feet in a red gravel. They are very fine in 
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quality, and are remarkable for their purity and whiteness, the crystals 
being of such a form that scareely any cleaving ts necessary. 

History repeats itself, and as, when the Brazilian mines were first 
diseovered, they sent the stones to India to enter the HKuropean markets 
in European wrappers, so Bultfontein diamonds were sent to Canavie- 
Iras to be shipped to Europe as the produet of that mine. 

So great was the rush for these mines at first that, notwithstanding 
the rumors of a malarial climate and epidemic diseases, by the end of 
the first year 3,000 miners were at work where shortly before was a 
virgin forest. or a time even this number was exeeeded. The other 
Brazilian mines have been only shghtly worked of late years. 

The recent concentration of some of the diamond mining companies 
in South Africa in their efforts to regulate the prodaction aud price has 
Jed to an increased interest in mines located in Brazil and India. Dur-. 
ing the pasf year the Madras Presidency Diamond Fields Company (lim- 
ited) has been organized with a capital stock of £190,000. To prove that 
the Indian mines are not yet exhausted, operations will be commenced 
at the Wadjra Karur field in the Madras presideney. On this field of 
oot acres was found a very fine 673 diamond crystal which furnished 
a 25 carat stone called the Gow-do-Norr, valued by the company at 
£15,000. An English company has recently been formed, under the 
name of the * Hyderabad Deccan Mining Company,” to work the mines 
In Krishna valley, India, where it is thonght that the famous Kohinoor 
diamond was found. 

Diamonds have been found in the Tertiary gravels and recent drift 
near Bingera in inverell, Australia; also along the Cudgeon river, 160 
miles northwest of Sydney, and in other districts. The colors are white, 
straw, yellow, light brown, pale green, and black. The largest stones 
yet found were cut into gems weighing 34 and 3 carats, respectively. 
A trial made by the Australian Diamond Mining Company produced 
190 diamonds, weighing 197% carats, from the washing of 279 loads of 
earth. These Australian fields can scarcely be called productive as 
yet, nor from present appearances do they seem likely to become for- 
midable competitors of the South African fields. ‘ 

India, Borneo, and Australia are now yielding very few diamonds, 
probably net more than 1 per cent. of the entire product. These three 
conntries, together with Brazil, yield probably less than 10 per cent. 
of the total output. 

imports of diamonds.—F rom the eustom import lists we find that after 
dedneting the approximate value of cut stones other than the diamond, 
we find that import duty was paid on about $90,000,000 worth of cut 
diamonds in the last twenty-one years; of these $68,000,000 worth were 
imported during the last ten years. In 1868 $1,000,000 worth were im- 
ported and $1,200,000 worth, inJ867,, pnt about, $10,000,000 iu 1887, or 
ten times as many as fwenty years ago, showing the inerease of. wealth 
and the great popularity of the diamond among Amerieans, the above 
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being the wholesale import figures. A single firm sells more eee the 
entire pnports of twenty years ago. 

Diamond dust worth $464,905 has been imported since 1878, $289,430 
worth from 1868 to 1878, and in 1869 to 1871 only $228 worth ; whereas 
with the opening of the Kimberley mines $80,707 worth were imported 
the first year, showing what great benefit the arts received from the 
opening of the African diamond mines. 

In 1878 the importations of uneut diamonds amounted to $63,270 5 in 
1887 to $262,357 ; the total for the decade was $2,728,214, while in 1883 
there were inported $443,996 worth, showing that aioe an we are cut- 
ting fonr times as many diamonds as we were in 1878, yet the importa- 
tions have been falling off. This is partly because in the years from 
1882 to 1885 a» number of our jewelers opened diamond-eutting estab- 
lishments, but have either given up the business or sold out to others ; 
for, in spite of the protective duty of 10 per cent. on cut stones, cutting 
ean not be profitably carried on here on a seale Jarge enough to enable 
one of the partners to reside in London, the great market for rongh dia- 
monds, to takeadvantage of every flactuation In the market, and purchase 
large parcels which can be cut immediately and converted into cash ; 
for nothing is bought and sold on a closer margin than rough diamonds. 

Diamond cutting.—The recent death of Mr. Henry D. Morse, of Bos- 
ton, known as the pioneer diamond cutter of the United States, brings 
to mind many interesting reminiscences. He has scarcely received the 
eredit ne deserved for his work. That he was the first in this country 
to cut diamonds is well known, and the best cutters in the United States 
to-day received their training under him. But educating young Amer- 
icans, both men and women, to his art, was not his greatest work. He 
showed the world that the art which had so long been monopolized by 
the Hollanders was degenerating in their Panis into a mere mechani 
eal trade. His treatment of the diamond has given a great stimulus 
to the industry both in the United States and abroad. Shops were 
opened here and in London in consequence of his success. Ile was one 
of the few who studied the diamond scientifically, and he taught Ins 
pupils that mathematical precision in cutting greatly enhances the 
beauty and consequently the value of the gem. His artistic eye, sonnd 
judgment, aud keen perception enabled hin to carry the art nearer to 
perfection than is often attained. 

It was in his shop that a machine for ancane diamonds was invented 
which did away in great measure with the tediousness and inaccuracy 
of the old manual process. ‘Thanks to his labors, we now have among 
us the best eutters in the world—men who can treat the diamond as it 
should be treated to develop its greatest beauty. The fact thatso many 
fine stones were recut here after he started his wheel led to a great 
improvement abroad in,, cutting, especially, in the French Jura and in 
Switzerland, whene.boeth, sexes are now employed at the trade; and, as 
a result, the diamonds sold to-day are decidedly better than those of 
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twenty years ago, before Mr. Morse turned his attention to the work. 
He, above all others, has shown us that diamond-cutting 1s properly an 
art and not an industry. 

There are at present about 12 cutting establishments in this country, 
employing from 1 to 50 men each, and in all about 100, at salaries rang- 
ing from $20 to $50 per week. Most of the cutting done here is of a 
high class, some shops being almost entirely employed in recutting stones 
previously cut abroad. Ten years ago nearly all the diamonds used in 
the United States were purchased through brokers or importers. To- 
day, owing to the marvelous growth of the diamond business here, and 
the faeilities for transatlantic travel, many of the large retail houses buy 
their diamonds direct in the European markets; and some have even 
established branches or agencies abroad. 

In 1877 an international syndieate composed of London, Paris, and 
Amsterdam jewelers, wishing to establish a uniform value for the carat, 
confirmed 205 milligrams as the standard, and this has been pretty 
generally used abroad. Recently the discussion of the question has 
been reopened, and it will probably end in the general adoption of the 
above standard in place of the twenty or thirty conflicting systems how 
in usein different parts of the world. . 

Twenty years ago the wholesale diamond merchants of Amsterdam 
did not exeeed Sin number; but the development of the African mines 
has given so great an impetus to the trade, that within the past decade 
several diamond exchanges or clubs have been established as headquar- 
ters for the transaction of business; one of these, the “ Handelsbond,” 
has a membership of $00 and owns a fine building, the rooms of which 
are so arranged with respect to light as to render deception difficult 
and to facilitate the sale of diamonds. Others known as the “ Golconda” 
and the *“‘ Koh-i-noor” are generally thronged with brokers and mer- 
chants, as also are the neighboring coffee houses. 

At present there are between 50 and 60 large diamond polishing es- 
tablishments, employing perhaps 3,500 polishers, who, however, no 
longer receive the princely wages of from $80 to $200 a week which they 
received when the African mines first began to prodnee so largely, and 
mueh higher prices were paid for produets of the second and third 
quality. When fortune siniled on them the cutters lived in Inxury; to- 
day they only receive $15 to $40 a week, and some even less than the 
former figure. To-day every establishment does its own selling. It 
will doubtless be eventually a question of the survival of the fittest, 
and the entire eutting will be controlled by a few powerful firms. 

Sapphire.—In 1852 a very remarkable discovery of sapphire was made 
in the Zanskar range of the northwestern Cashmere Himalaya, near the 
line of perpetual snow, a short distance from the village of Machel and 
one-half day’s journey--from- the itop-of--Umasi pass. The stones were 
found at the foot of a precipice, where a land slide had taken place, the 
ineluding rocks being gneiss and mica. 
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At first they were merely collected by the villagers, who were at- 
tracted by the beautiful colors; and so little was their value realized 
that they were used as flints for striking fire with steel. They were so 
abundant at first that one writer speaks of having seen about a hun- 
dred weight of them in the possession of a single native. Traders, how- 
ever, soon carried them to the distant commercial centers, where their 
value became known. There was an instant rush of jewelers’ agents to 
the locality of the mine, and the price rose rapidly until about £20 
per ounce was paid for good specimens, at which rate they have re- 
mained, The Maharajah of Cashmere promptly exercised his authority 
and sent a regiment of sepoys to take possession of the mines and 
harry the natives who were suspected of having stones in their posses- 
sion or any knowledge of new localities where the gems could be found. 
Any one they laid hands on who had money was suspected either of 
having sold sapphires or of being about to purchase them, and was de- 
spoiled or even imprisoned. This naturally enough had the effect of 
compelling seerecy. Several crystals were fouud weighing from 100 to 
300 carats each. During the first year of the discovery the Delhi jew- 
elers are said to have bought up more than £20,000 worth of these sap- 
phires. «Exceptionally fine sapphires to-day bring from $65 per carat 
to $125 per carat, which is less than before this great find. 

The acquisition of the Burmese ruby mines cost the British Govern- 
went a vast sum of money. On the wars of 1826 and 1852 England ex- 
pended $75,000,000 and $15,000,000, respectively, and after all this sac- 
rifice of treasure the Burmah and Bombay Trading Company claimed, 
four years ago, that King Thebaw, of Burmah, had arbitrarily ean- 
eeled the leases by which the company controlled the output of the 
ruby mines near Mandalay. A meeting was accordingly held at Ran- 
goon, on October 11, 1834, presided over by Mr. J. Thompson, agent for 
Messrs. Gillanders, Arbuthnot & Co. The result was the war of 1886, 
which involved the raising of an army of 50,000 men and an ontlay of 
$5,000,000, but the British Government gained control of the loug cov- 
eted ruby mines. The question which next presented itself was, how 
should they be worked? Several firms were desirous of securing the 
lease, and after the Indian Government had virtually closed a lease to 
Messrs. Streeter & Co., the London jewelers, at an annual rental of 4 
lakhs of rupees (£40,000), for a term of five and one-half years, with 
the privilege of collecting 30 per cent. on all stones mined by others, 
the home Government revoked the lease for some unexplained reason, 
probably on account of trade jealousies, althongh Mr. Streeter had ap- 
parently every assurance of the aeceptance of his proposition and had 
even made preparations to begin work at the mines. 

The ruby mines of Burmah are situated in the valley of the Mogok, 
51 miles from the bank of, the, Irrawaddy. ziver and about 75 miles 
north of, Mandalay, at,,an ,altitude, of 4,200 feet. -Concerning these 
nines very little has been learned up to the present, as they were always 
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the monopoly of the Crown and were jealously guarded. It was said 
that they paid King Thebaw’s Government annually 100,000 rupees and 
one year 150,000 rupees. Mining is carried on there by forty or fifty 
wealthy natives, who einploy the poorer townspeople at liberal wages; 
but at present only seventy-eight mines or diggings are in operation and 
. the work is Gone in the most primitive mauner. The gravel is carried in 
baskets. The holes from which they are taken are allowed to fill with 
water every night. <All of the gems are sent to Ruby Hall, Mandalay, 
to be valued. At present the royalty exacted by the English Govern- 
ment is 30 per cent. A stone was lately sold in Mandalay for 8,000 ru- 
pees, but without the knowledge of the officials. 

One thing, at least, we learned from the British occupation of Bur- 
mah, namely, that King Thebaw cid not own the dishes of rubies which 
were said to outrival anything known. His possessions of this kind 
proved to be only a few stones of poor quality. 

Watch jewels.—Abont 1,200,000 watches with jeweled works are an- 
nually manufactured in the United States, requiring about 12,000,000 
jewels, 7 to 21 for each watch; of these 5,000,000 are ruby and sapphire, 
and 7,000,000 are garnet jewels, valued at over $300,000. Most of them 
are imported, but the Waltham Company does its own cutting, employ- 
ing in this department about 200 hands, under the superintendence of 
Mr. W. R. Wills. About 15,000 earats of bort, in powdered form, are 
used annually in slitting and drilling these jewels. Nearly all the ruby, 
sapphire, and garnet used for jewels are imported, but it is hoped that 
American materials will soon be used. To be of value for this purpose, 
the material must be of some decided shade of red or blue, of a hard- 
ness greater than quartz, and free from fiaws. 

During the last decade new stones have come into favor, some neg- 
lected ones have regained their popularity, and still others, such as the 
amethyst and cameos, have been thrown out entirely. The latter, no 
matter how finely cut, would not find purchasers now at one-fifth of - 
their former value; about ten years ago they were eagerly sought after 
at from four to twenty times the present prices. Rubies were consid- 
ered high ten years ago, and a further rise was not looked for, but to- 
day they are still higher, a 9-3; earat stone having been qnoted. at 
$33,000. There is nodemand at present for topaz, yet a syndicate of 
French capitalists has been organized to control the tepaz mines of 
Spain in the expectation that after twenty years of disfavor this gem 
will again be popular. Coral has felt the change of fashion, for during 
the last three years the imports have been less than $1,000 per annum, 
and 1n fhe fast ten years in all $33,956, whereas in the ten years pre- 
ceeding $588,570 worth were imported. The popularity of amber, ou 
the other hand, 1s increasing. The imports of amber beads for the ten 
years, 1868 to 1878, «mounted to-less than $5,000, whereas during the 
last ten years $35,897 worth have been introduced.: Amber amount- 
ing to only $47,000 was imported from 1868 to 1878, but over $350,000 
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worth from 1878 to 1888. Brazilian pebbles worth $65,000 have been 
cut or sold ready for regrinding since 1878, and less than $3,000 in the 
ten years preceding. 

Ten years ago few of our jewelers earried more than the following 
stones in stock: Diamond, ruby, sapphire, emerald, garnet, and occa- 
sionally a topaz or aquamarine. The gem and mineralogical collee- 
tions containea a large series of beautiful stones, hard, and of rich color, 
but known here as “fancy stones” and by the Freneh as pierres de 
fantasie. Since then considerable interest has centered in these fancy 
stones, and any leading jeweler 1s not only expected to be familiar with, 
but to keep almost all of them in stock. This change may be partly re- 
ferred to the fact that since the Centennial Exhibition art matters have 
received more attention among us than before. 

The Duke of Counaught gave his bride elect a cat’s-eye ring as an 
engagement token; this was enough to make that stone fashionable and 
to increase its value greatly. The demand soon excended to Ceylon, 
where the true chrysoberyl cat’s-eye is found, and stimulated the search 
for them there. Iu the chrysobery] eat’s-eye the effectis the result of a 
twinning of the crystal, or of a deposit between its crystalline layers of 
other minerals in microscopic inclusions. If the stone be ent across 
these layers en cabochon, or carbunele cut, as it is called, a bright line of 
light will be noticed on the dome-like top of the stone. In price they 
range from $20 upwards; exceptional stones have sold at from $1,000 
to $8,000. | 

In the search for these chrysoberyl cat’s-eyes an endless series of 
chrysoberyls has been found, of deep golden, light yellow, yellow green, 
dark green, sage green, yellowish brown, and other tints. They are 
superb gems, weighing from 1 to 100 carats each, ranking next to the 
sapphire in hardness. They gave a great surprise to the gem dealers ; 
for it was found that the darker leaf green or olive green stones pos- 
sessed the wonderful dichroitie property of changing to columbine red 
by artificial light, the green being entirely subdued and the red pre- 
dominating. They were in fact alexandrites, a gem which had formerly 
been found only in Siberia, and even there of poor quality; though 
found in large crystals, a perfect gem of even 1 carat was a great 
rarity. Here, however, fine gems but rarely under 4 carats were found 
and an exceptional one weighed 67 carats. They can be numbered 
among the most remarkable gems known. Strange to say, among this 
alexandrite variety a few have been found which combine the char- 
acteristics of the cat’s-eye and the alexandrite and were accordingly 
named the alexandrite cat’s-eye. 

Moonstones also from this same province of Kandy, Ceylon, were 
brought to light by this search for cat’s-eyes... It would not be an over- 
estimate to:say that 100,000:6f. these.stones. have been mounted here in 
thelastfour years: ::Dhey varyin size-from one-eighth of an inch to nearly 
2 inches long and 1 inch thick, and many of them surpass anything 
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hitherto known of their kind in beauty and size, selling from 50 cents to 
$100 each, in a few exceptional cases $150. Those displaying the 
chatoyant white and the opalescent blue color are especially beautiful. 

The demand for the eat’s-eye also brought into demand the then rare 
mineral from the Orange river, South Africa, known as crocidolite, more 
especially that vaniety that has been altered to a quartz ecat’s-eye. In 
this stone an infiltration of siliceous material coated each fiber with 
quartz or chaleedony, giving it the hardness of 7. ‘This pleasing stone 
readily sold for 36 a carat, aud at the outset for even more; but owing 
to the excessive competition of two rival dealers, who sent whole ear- 
goes of it to the London market, the price fell to $1, or even to 25 cents 
per pound in large quantity. I’ven table tops have been made of this 
material by veneering. Vases, cane heads, paper weights, seals, charms, 
etc., were made of if and sold in large quantities. Burning it produced 
a bronze-like luster, aud by dissolving out the brown oxide of iron eol- 
oring an alinost white substance was obtained, which was dyed by allow- 
ing it to absorb red, green, and brown colored solutions. These, owing 
to the delicacy of the fibers, were evenly absorbed. Ten years ago this 
material was practically unknown, but so extensively has it been sold 
that to-day it is to be fonnd at every tonrist’s stand, whether on the 
higi, on Pike’s Peak, in Florida, at Los Angeles, or at Nishni Novgo- 
rod, showing how thoronghly organized is the system of distribution in 
the gem market. The green quartz cat’s-eye from Hof, Bavaria, has 
also been brought into use and quite extensively sold, but at present 
both these varieties are only used in the very cheapest jewelry. 

Since it has become generally known that Queen Victoria is partial 
to the opal, the old and stubborn snperstition concerning it, which is 
said to date from Scott’s “Anne of Geierstein,” has been slowly yield- 
ing, until now the gem has its share of public favor. During the last 
two years ten times as many opals have been imported as were brought 
here during the preceding decade, many of these being the fine Hunga. 
rian stones. Mexican fire opals are much more common, as those tou- 
rists know to their sorrow who buy these stones at exorbitant prices in 
Mexico, hoping thus to pay the expenses of the trip, until they find on 
reaching New York that they are worth only about a quarter of what 
they paid for them. 

The opal mines of Mexico are situated on the Hacienda Esperenza, 
near Queretaro. It is believed that a demand of 50,000 stones per 
annum could be supplied without raising the price perceptibly. 

The opal inines of Dubreck, Hungary, vield the Government a revenue 
of $6,000 annually. The output is so carefally regulated that the market 
is never glutted. 

About ten years ngo a new and very interesting variety of opal was 
brought from the Baricoo.river, Queensland,, Australia, where it was 
found in a highly ferruginous jasper-like matrixy sometimes apparently 
as a nodule and then again in brilliant colored patehes, or in specks 
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affording a sharp contrast with the reddish brown matrix, which admits 
of a high polish and breaks with a econchoidal fracture. Many of these 
stones are exceedingly brilliant. They are of the variety known as 
harlequin opals, their color being somewhat yellow as compared with 
the Hungarian stone, although not less brilliant. The rch ultramarine 
bIne opal is quite peculiar to this loeality, and the green variety almost 
transeends the Hungarian. A company capitalized at £200,000 has 
been formed, and the gems are extensively mined. Many curious little 
cameo-like objects, such as faces, dogs’ heads, and the lke, are made 
by entting the matrix and the opal together. 

Green beryls, blue and green sapphires, white and bluish topaz, gar- 
nets, and zircons have been found at New England in New South Wales, 
and precious opals are obtained from the Abercrombie river. 

During the last ten years the taste for collecting jade and other carved 
hard stone objects has greatly increased, especially among Americans, 
owing to the stimulus given by the Centennial, Paris and Amsterdain 
expositions, and the breaking up by sale of many of the large collec- 
tions. The value of carved jades ontside of China aid India ean not be 
far from $2,000,000. 

In the United States there are, perhaps, twenty buyers, who have pur. 
chased fully $500,000 worth of this material, many of the pieces being 
among the finest known, such as the private seal and other objects from 
the sacking of the Emperorof China’s summer palace. The finest pieces, 
brought over by Tienpan, inclInded some of the best that ever left 
China, and were intended for the Amsterdam exhibition; the choicest 
specimens of the Wells, Guthrie, Michael, and Hamilton palace collec. 
tions are now owned in the United States. Experienced agents have 
been frequently sent to India and China to secure the finest objects as 
they presented themselves. One collection alone is worth over $100,000 ; 
single objects sometimes selling for over $5,000, and one exceptionally 
fine specimen being valued at over $10,000, [Explorations in Alaska 
have bronght to light the fact that jade was used by the natives for im- 
plements, and it is almost proved that it is found not only as bowlders 
but also in situ. The National Museum, the Emmons, Everett, Peabody 
Mnseum, Canadian Geological Survey, Dresden, and otber collections, 
including the writer’s own, contain séveral hundred objects, at least, 
that are made of this Alaskan material. <A faet of interest im this con- 
nection is that Prof. F. W. Clarke found among the objeets collected 
for the National Museum one which, on analysis, proved to resemble 
pectolite so closely that he referred it to that species. It has the hard- 
ness of jade, a specific gravity of 2.873, and is pale green in color. The 
same discovery was made almost simultaneously by foreign observers. 

The theory that jadeite or chalchinitl was highly prized by the abo- 
rigines has been greatly strengthened during the last ten years. Prof. 
J. J. Valentine, in his paper before the American Antiquarian Society, 
April 27, 1881, on the Humbolit celt or votive adze and the Leyden plate, 
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two remarkable carved jadeites, offered some exceedingly interesting 
suggestions. The Humboldt celt was presented to Humboldt by Del 
Rio in 1803, and the Leyden plate was given to that museum by A. 8. 
Von Bramm, who found it near St. Felipe, close to the borders of Guate- 
mala, in Honduras. They are both 9 inches in length and 34 inches 
wide; the former 12 inches in thickness, and the latter only one-fifth 
inch. This similarity of dimensions suggests to me that the two ob- 
jects were originally part of one and the same celt. Before the same 
society, in April, 1886, Professor Putnam exhibited his remarkable se- 
ries of Nicaragnaand Costa Rica jadeites, which were all ornaments made 
by entting into halves, thirds, or quarters one large celt perforated by 
one or two drilled holes, in one instance two of them fitting together. 
The 16-pound adze exhibited by myself at the American Association 
for the Advancement of Science meeting of 1887, from which fully two 
pounds had been cut; the breastplate recently found measuring only one- 
half inch thickness; and the fact that even Burmese jadeite, when burned 
or exposed to a high temperature, will assume the grayish-green color of 
the Mexican, all tend to support Professor Fisher’s theory that this jade- 
ite originally came from there. Additional evidence is the striking re- 
semblance between the Maya and ancient Burmese styles of carving, 
although Dr. Meyer, of Dresden, firmly believes that this materia! will 
yet be found tn situ in Mexico. The imperial jade quarries of Burmah, 
in the Mogung district, 90 miles from Bhamo are leased by two compa- 
nies, who pay a royalty of $30,000 aunnally. The trade is entirely in the 
hands of the Chinese. At the Colonial Exhibition in London in 1886 
there were exhibited large rounded and waterworn blocks of jade weigh- 
ing hundreds of pounds called panaum by the Maories. Much of it is 
of the finest green color and was worked into charms, knife-handles, 
ete. Dr. W. Buller exhibited a fine collection of Maori ornaments and 
elubs, or neeris, heitikas, and other native ornaments made of this stone. 

Collections of gems.—A regrettable dispersion of jewels and precious 
stones took place in May, 1886, when the famous collection formed by 
the late Henry Philip Hope, and exhibited at the South Kensington 
Museum for many years, was sold at auction. The Hope collection in- 
eluded the “ Saphir Merveilleux” of Madame de Genlis’s “ Tales of the 
Castle ;” the King of Kandy’s eat’s-eye, the largest known, having a 
diameter of 14 inches; the Mexican Sun opal, carved with the head of 
the Mexican Sun God, and known since the sixteenth century; an 
enormous pearl, the largest known, weighing 3 ounces and measuring 2 
inches in length; the aqua-marine sword-hilt, made tor Murat, King of 
Naples; and also many curious diamonds, sapphires, emeralds, and sev- 
eral hundred unique and magnificent gems. Such a collection should 
have been preserved intact as a national possession. 

In 1886 it was decided by the French Assembly that the Crown jewels, 
with tne exception of the famous “ Regent” diamond, two of the Maz- 
arins, and a few historic pieces reserved for the national museums, 
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should be:sold at public auction. These exceptions were made because | 
it was feared that they would fall into the hands of Americans. The 
sale of this great historic collection took place in May, 1887. The forty- 
eight parcels were snbdivided into one hundred and forty-six lots, and 
there were sixty-eight buyers; the sales to twelve of them brought over 
100,000 franes each. The largest lot, the great corsage, which sold for 
$11,000 francs, was purchased by a single American firm, the largest 
buyer at the sale. The purchases of this firm amounted to 2,249,600 
franes, or about 34 per cent. of the entire sum realized; while as to 
quality the same firm obtained more than two-thirds of the finest gems, 
among them were three Mazarins; a pear-shaped rose brilliant weigh- 
ing 2422 carats, for 128,000 frances; a pear-shaped white brilliant weigh- 
ing 294 carats, for $1,000 frances; a white brilhant weighing 28,4 carats, 
for 155,000 francs; and an oval brilliant weighing 18,1), carats, for 71,000 
franes; or 435,000 francs for the four. All but one of their purchases 
were secured by private American customers. The great interest at- 
tached to this sale was due not only to the fact that many of the gems 
were of very fine quality, but also to their historic associations; the 
history of many of them could be traced back several hundred years. 

The collection of antique gems, numbering three hundred and thirty- 
one pieces, formed by. the late Rev. C. W. King, of Trinity College, 
England, the greatest of all writers on engraved gems, was sent to the 
United States for sale in 1881. This ecoliection represents the sum- 
ming up of Mr. King’s vast knowledge, and none has ever been more 
thoroughly stndied. Uis numerous writings mark an epoch in the 
study of this branch of archeology, and only the loss of his sight léd 
him to part with his treasure. The growing interest and taste in areh- 
eological matters in the United States induced him to send it here to 
be sold intact. In October, 1881, through the friendly mediation of 
Mr. Feuardent, it was pnrehased and presented to the Metropolitan 
Museum of Art by Mr. John Taylor Jolson, the president of the mn- 
seum, where it now remains. Near it will be placed the Sommerville 
collection. Mr. Maxville Sommerville, while spending the past thirty- 
two years of his life in Evrope, Asia, and Africa, has colleeted cameos, 
intaglios, seals,.and other historical gems, and as a result of his liberal 
expenditure of time and money he is to-day the owner of one of the 
most unique and valuable collections of engraved gems in the world. 
It numbers over one thousand five hundred specimens, including 
Egyptian, Persian, Babylonian, Ktruscan, Greek, Roman, Aztec, and 
Mexican glyptie, or jewel-earving art. All of these are represented by 
specimens of singular exeellenee, affording us a panoramic view of the 
achievements of civilized man in this direction. This remarkable col- 
lection, now at his home in Philadelphia, has been loaned to the Me- 
tropolitan Museum of Art, New York, where it will soon be placed on 
exhibition, and the publie will be afforded every facility to study the 
beautiful achievements of the glyptic art. 
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Of ereater antiquity and archeological value, beeause representing 
a period before gems were cut in the torm of intaglios, is the collection 
of the Rev. W. Hayes Ward, cousisting of 300 Babylonian, Persian, 
and other eylinders. Two hundred of these he himself colleeted in 
Babylon and its vicinity, and sold to the Museum at a nominal figure. 
Sinee that time he has collected 100 more eylinders. Many of them 
date from 2500 B.C. to 300 B.C., and are cut in lapis lazuli, agate, 
earnelian, hematite, chalcedony, jasper, sard, ete. 

The death of Dr. Isaac Lea, of Philadelphia, in his ninety-fifth year, 
deprived the world of a great investigator in the field of precious stones. 
During the last twenty years of his exeeptionally long and usefn! life, 
he devoted almost his entire time to studying the mieroscopic inclusions 
in gems and minerals, and the cabinet he left contains thousands of 
specimens of rubies, sapphires, chrysoberyls, tourmalines, garnets, 
quartz, ete., all of whieh he had subjeeted to the most rigid microscopie 
scrutiny, noting every interesting fact on the accompanying label. 
Only a small part of his work on this highly interesting subject has 
been published by the Philadelphia Academy of Sciences in two papers 
(in 1869 and 1876), but Dr. Lea made ample provision in his will for the 
publication of the remainder. His extensive collections of minerals 
and shells were bequeathed to the National Museum and the gem col- 
lection to his daughter. T’wo months before his death the writer spent 
two hours with him examining a Series of quartz inelusions, over which 
he worked with all the enthusiasm and brightness of youth. 

One of the many benefits traceable to the New Orleans Exposition 
was the appropriation given to the National Museum for their exhibit. 
This was wisely expended by Prof. I’. W. Clarke in the purehase of a 
complete series of precious stones, many of which, although not expen- 
sive, are still the finest in the United States, from an edueational stand- 
point. Sinee the exposition, many fine specimens have been added by 
purchase and donation, especially the diamonds and pearls presented 
by the Iman of Museat to President Buehanan, consisting of 138 dia- 
monds and 150 pearls, all of good quality. The collection numbers about 
1,000 specimens, and embraces almost every known variety of precious 
stone, many of them very fine examples. 
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PRECIOUS STONES. 


By GrorGeE F. Kunz. 


Gem mining.—During 1887 no work was done either at Mount Mica, 
Paris, Maine, or at Stony Point, North Carolina, which are the two most 
noted localities where gems are sought for systematically. At Mount 
Apatite, Auburn, Maine, some work was carried on during the fall 
of 1887; $200 worth of tourmalines and $400 worth of other minerals 
were found. 

Several localities in North and South Carolina and Kentucky have 
been opened and ordinary mining operations carried on for the purpose 
of producing zircon, aud several other comparatively rare minerals 
which have been only looked upon as gems heretofore, but are now used 
for making the oxides of zirconium, lanthanum, cerium, etc. These 
oxides are needed for manufacturing purposes. 

The following table gives an approxithation of the value of the gems 
produced in the United States during the past five years. It does not 
include about 20 tons of zircon and quite large quautities of allanite, 
monazite, and samarskite which were mined for use in manufactures 
as stated above. 
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Estimated production of precious stona 
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Hiddenite. ... 100 | 
Tourmaline. .. 
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tg) Pe 10, 000 
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in the United States from 1883 to 1887. 
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IMPORTS. 


Diamonds and other precious stones imported and entered for consumption in the United 
States, 1067 to 1887 inclusive. 


i 
‘ 


Fiacal years end- 


ing June 30— Glaziers’. 
1867 ...... $006 
1B06S  cecseicecs a4 
ROO is cds cece 445 
SROs sicasuaces 0, 372 
2 py Ba 076 
ty 2, 386 
NBT cae acsednctienemacent 
(i ASSET 

it) ir: eee 
BOtticsiacavess levcccreces 
BSS cnvinvisavwacclavecnencs> 
1676-5 Sabens 
BRUséwin vocwasthkeccawens 
| ane Veer 
ARR cccdsadasets Sackeweus 
| ee ae re 
WROD cee caycuas PA 
jf) Fae 22, 208 
2885... 2.2... -ee 11, 526 
RRB... &, 949 
yt 9, 027 


' ae ood pert 
ugh or | and other 
Dust. uncat. stones not 
act. 
satellite eal ace $1, 317, 420 
RTA HEP Re ' 060, 544 
OMG cccavcxscess 1, 907, 282 
acacia: 1, 768, 324 
1 RRS 2, 349, 482 
WRGEN. c cmcannas b 
40,424! $176,426 | 2917, 216 
68, 621 144,629 | 2, 158,172 
42. 518 211,920 | 3, 234, 319 
20, 678 146,404 | 2, 409, 516 
45, 264 | 74,031 | 2,110, 215 
36, 409 63,270 | 2,970, 469 
1, 889 104,158 | 8, 841, 335 
49, 360 129,207 | 6, 690, 912 
51, 400 233.506 | 8,320,315 
i 449,613 | 8,377, 200 
82. 628 443,906 | 7, 506,176 
37, 121 367,816 | 8,712,315 
30,426 | 371,679 | 5,62x, 916 
32,316 | 302,822 | 7,915, 660 
35,408 | 262, 357 | 10, 526, 998 
a Not specified since 1833. 
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Set in gold 
or other Total. 
metal. ; 
$791 $1,318,617 © 
1, 465 1, 062, 493 
23 1, 907, 890 
1,54 1, 779, 271 
2h 2, 350, 731 
2,400 | 3, 033, 648 
326 3, 134, 392 
114 2, 371, 536 
car tiitinn ies 8, 478, 757 
45 2, 616, 643 
1,734 2, 235, 246 
1,025] 8,071,173 
538 3, 964, 920 
765 6, 870, 244 
1,307 | 8, 606, 627 
3, 205 8, 822, 571 
(a)2, 081 8, 126, 881 
Wddeweaeaaas 9, 139, 460 
ah eee eaceek 6, 042, 547 
SewkCasantwe 8 259, 747 
Sree lv, 831, 880 


Imports of substances not included in the foregoing table, 1868 to 1887 inclusire. 
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a |=se! & 3 | x is. 2 a aé qa | 
A ae* os £ 8 ;} 8 3 « & S 
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W871. cclezcens a3 pee MOD aos cctscecas 87,877 | ‘608 | 39,417 
$68 chonaees 29 | 207 |........ ¢<u'|.....-. 83} 50,508 | 2,194] 65.037 
1873....| $131 | 1,310 |...... $i, 237 | 1,534 |°$505 | 230 | 63,805 | 5,608 | 74,47 
1876.00.| UIT | 1888 [once cclecncsene 1; 1,057 | 527| 28,152] 270) 33,155 
1875....| 520] 5,165 |...... "st | 7, tp | 715 1,258 | 33,567 | 2,902 | Bi 373 
1876....| 203 | 1,567 |...... Dehaneess 15,502} 187|'100| 33,559 | 21.939 | 73,156 
1477....| 579 | 1,904 |(a)60 |........ 17,307} 329| 718| 28,650| 9,304] 58 860 
1978...) 82| am4l...... 76 | 13,215 | 1,119 |1,252 | 12,6¢7 | 36,308 | 45,123 
1870....| 138 | . 966 |-.-.0.]---..2.- 17, 821 3|'147; 11.327 | 19.088 | 49, 088 
1880....| 87] 2,346 |......|....... |: 360} 2,317] 62! 65,492 | 30,849 | 77,988 
18Al....| 486| 1,700 |...... 5 | 42.400] 1,102} 89, 2.501 | 72.754 | 121/037 
1882....| 901| 8,084 |...... 111 | 72,479 | 4,174 |1,474| "Goo | 56, 118 | 141 010 
1883....| 14| 2,806 |....-. | 40, 166 | 3,472 681 | (b)2, 303 | 58, 885 | 107, 416 
1886....|...-. 6, 100 |...... 3,496 | 56,301 | 4.692 | 158 /........ 43, 169 | 113,916 
OMB .25.| TBE lsveous~clicocse G, 541 | 21,722 | 3,242 | 659 [22222222 42,500 | 74, 878 
1886... 284 | se tensliettads 17,370 | 27,215 | 5,665| 210}......... 23.417 | 74.179 
Veer. -2| 2 DAT ce. 35,201 | 34,238 {10,001 | 307 /-2222 2: 35, 478 | 116, 584 
a Not separately classified since 1877. 6 Not specified since 1883. 


Exceptional discoveries of gems— Diamond.—In April, 1887, Mr. Lewis M. 
Parker, a tenant on the farm of Daniel Light, three-fourths of a mile 
northwest of Morrow Station, and 13 miles south of Atlanta, Georgia, 
found a diamond on the farm. The stone afterwards came into the pos 
session of Mr, W, W. Scott, of Atlanta, whe sent it to the writer for 
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examination. It proved to be an octahedral crystal weighing 4); carats 
(828 willigrums), two-fifths of an inch long and one-fourth of an inch 
wide. It measured 9 by 10 by 7 millimeters, is slightly yellow and has 
one small black inclusion. The-specific gravity was found to be 3.527. 
Curious long, shallow pittings mark the surface. A stone of from 1; 
to 2 carats could be cut from it. 

Mr. L. O. Stevens, of Atlanta, Georgia, has informed the writer that 
@ colored man called on him during the past year with a 2-carat dia- 
mond, defective and of poor color, which he stated he had found in his 
garden within a few-miles of Atlanta. He bas shown no desire to sell 
or lend the stone for examination. 

Ziroon.—Opaque green zircons in crystals 1 inch long and 14 inches 
wide, were found by Mr. Nimms iu Saint Lawrence county, New York, 
at the town of Fine. They were curious, but not of gem value. Fully 
25 tons of this miueral will be raised during 1888, from Henderson 
county, Kentucky, for use in @ new incandescent gas-Lurner manufact- 
ured in Philadelphia. 

Beryl.—Prof. Eugene A. Smith obtained from Coosa county, Alabama, 
some light golden yellow beryl of sufficient transparency to furnish 
small gems. Blue green beryl that afforded fair gems was reported by 
Mr. William E. Hidden, from Mitchell county, near the Yancey connty 
line, North Carolina. 

Phenacite.—Dr. 8. L. Penfield describes phenacite from Topaz butte, 
5 miles north of Florissant and the same distance from Mount Antero, 
Colorado. Mr. W. B. Smith describes the occurrence of topaz and 
pbhenacite at Topaz butte (American Journal of Science, February, 1887, 
ILI. Series, vol. 34, p. 130). An extensive find of phenacite crystals 
(few of gem value, however,) associated with aquamariue crystals, was 
made at Mount Antero, Colorado, in the fall of 1887. The phenacites 
were almost quartzoids in form. The occurrence is described by the 
Rev. R. F. Cross, in a note in the American Journal of Science, Febru- 
ary, 1887, p. 161, vol. 34. 

Garnet.—A variety of spessartite garnet was found at Amelia Court 
House, Virginia, in masses several inches across, and dark brown, dark 
red, or honey brown in color, which would afford cut gems from 1 to 10 
carats in weight. These are the finest specimens of this variety of 
garnet yet found. Fully 14 tons of the almandite garnets of Salida, Col- 
orado, were found during the past year and sold as tourists’ or mineral- 
ogical specimens at from 30 cents to $1 a pound. One absolutely per- 
fect dodecahedron weighed over 14 pounds. In the proceedings of the 
“* Philadelphia Academy of Natural Sciences,” 1886, p. 355, Dr. George 
Koenig describes a titaniferous garnet from southwestern Colorado, and 
also analysis of schorlomite from Magnet Cove, Arkansas, which he 
finds to be titaniferous garnet. 

Tourmaline.—A large number of green tourmalines, some quite stout 
and several inches in length, have been found at Franklin Furnace, 
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Sussex county, New Jersey, but although they are an important addi- 
tion to our mineralogical collections and the outer parts of some of the 
crystals are of arich almost chrome green, yet not a single one was ob- 
served which would cut a transparent gem of even a few carats. 

Prof. R. B. Riggs, of the laboratory of tie Geological Survey, re- 
cently made over 25 analyses of tourmalines of all colors. He found 
the question of the color of the lithia tourmaline a very ivteresting one. 
The color of the irou and magnesian varieties depends on the amount of 
iron present. It ranges from the colorless De Kalb through all the 
shades of brown to the Pierrepont black, while the lithia tourmalive, 
containing more or less manganese, gives the red, green, and blue, as 
well as the colorless varieties. The shades of color do not depend on 
the absolute amount of manganese present, but rather on the ratios ex- 
isting between that element andiron. Thus, when the amount of man- 
ganese bears a specific proportion to the iron, we have the colorless, 
pink, or very pale green tourmaline. An excess of manganese produces 
the red varieties ; and if the iron is in excess the various shades of green 
and blue result. 

Rubellite—Mr. William Irelan, jr., reports the finding of transparent 
rubellite in fine crystals 1 to 2 inches long, in San Diego county, Cali- 
fornia. 

Hiddenite.—Rev. Alfred Free, in a report on a placer mine at Bracket 
Town, McDowell county, North Carolina, mentions the finding of a 
small.crystal of spodumene of the hiddenite variety. He had also 
observed blue, green, and pink tourmaline at the same locality. 

| Rock erystal.—In the last report reference was made to the occurrence 
of rock crystal in what was believed to be a part of Virginia, but which, 
on visiting the locality, the writer found was really the mountainous 
part of Ashe county, North Carolina. My attention was first called to 
this locality by the receipt thence, by Messrs. Tiffany & Co., of a51-pound 
fragment of a large crystal, which was said to have been broken from a 
mass weighing 300 pounds by a twelve-year old mountain girl. This 
large crystal was found on the Mintor Blevin farm on Long Shoal creek, 
in Chestuat Hill township, though crystals have also been found at two 
places 600 feet apart on the L. C. Gentry farm, about one mile from the 
former locality. All three places are 50 miles from Abingdon, Virginia, 
and 40 miles from Marion, Virginia. Crystals have also been found close 
to the north fork of Piny creek, on the Saint Ledger Brooks farm. At 
the latter place was found a remarkably clear distorted crystal, weigh- 
ing 205 pounds, which is absolutely perfect, and is the finest piece of 
rock crystal ever found iu the United States; and on the Gentry farm 
one crystal was found weighing 188 pounds, and another weighing 285 
pounds. The latter was 29 inches long, 18 inches wide, and 13 inches. 
thick, showing one pyramidal termination entireiy perfect and another 
partly so; it sold for over $500 for use in the arts. A number of others 
have also been found. All-these localities are on a spur of Phonix 
mountain, and the crystals have all been found in decomposed crystal- 
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line rocks, principally coarse felspathic granite, which has all decom- 
posed even to a greater depth than that at which these crystals occur. 
Most of them are obtained by diggitg where one crystal has been found 
or striking and unearthing them with a plow. Altogether several 
dozen crystals have been found, weighing from 20 to 300 pounds each, 
and future working will doubtless bring many finé ones tolight. Some 
of these afford larger masses of clear rock crystal than have ever before 
been found in the United States, and suggest its use for such objects 
of luxury as crystal balls, clock cases, mirrors, etc., which are now to 
be seen in the Austrian treasury at Vienna. 

From the vicinity of Fairfax county, Virginia, Mr. James W. Beath 
obtained quartz with alternate green and white veinings,'the green 
being produced by chloritic inclusions. When cut it forms an interest- 
ing oruamental stone, and several hundred dollars’ worth of it have 
been sold. 

‘Mr. H. L. Hosmer reports that crystals of smoky quartz a foot in 
length are occasionally found at Sterling, Montana. 

Chrysoprase.—Mr, William Irelan, jr., reports from Tulare county, 
California, beautiful semi-transparent clrysoprase of fine color. This 
has also been found in Douglas county, Oregon. 

Agate.—At Sioux Falls, Dakota, the company that is cutting and 
polishing the agatized wood from Arizona aud the quartzite found at 
Sioux Falls has, after a great deal of experimenting, perfected the 
methods of sawing aud polishing hard materials so as greatly to re- 
duce the cost. Among the objects produced were a round column 11} 
inches wide and 21linches high, cut transversely across the tree, so that 
the heart was visible on two sides of it, with the radiations in all direc- 
tions; and sections measuring 25, 24, 174, and 13 inches in diameter, 
respectively, so highly polished that when turned with the back to the 
light they form a perfect mirror. All the specimens were brilliant in 
color and rivaled any work ever done in hard materials. The company 
has removed from the forest 180 tons of material, and 20 tons of sections 
have been ground down to show its characteristic beauties. Perhaps 
$100,000 worth is now undergoing the cutting and polishiug process. 

Pectolite—A massive pectolite of unusually dense structure has been 
announced by Mr. William P. Blake as occurring in Tehama county, 
California, in masses of considerable size and susceptible of a high pol- 
ish. Ina letter to the writer he gives the following description: “ It 
occurs in @ vein, and is broken out in rough tabular masses from 2 to 
3 or more inches in thickness, but itis reported that much larger masses 
can be obtained. It is exceedingly tough and hard to break. The 
punctared surfaces are irregular, without cleavage, but have a silky lus- 
ter and crypto-crystalline structure, exhibited in extremely fine insepar- 
able fibers, which are radial, curved, and iaterlaced, and are perlaps 
embedded in a siliceous magma, but the &bers constitate the bulk of the 
mass. Thecolor is white, with a delicate shade of sea green, and trans- 
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lucent. Exposed or weathered portions lose their porcelain-like trans- 
lucency, and become white aud somewhat earthy in appearance, aud 
exhibit the cry pto-fibrous structur@ with wore distinctness. Specimens 
cut and polished across the end of a slab-like mass show on one side a 
narrow selvage of breccia, made up of fragments of the pectolite and 
of dark-colored wall rock mixed and firmly cemented together. On the 
opposite side or border of the mass there are distinctly formed parallel 
planes of concentric layering, from the surfaces of which the fibers 
diverge. These layers aud the brecciated border opposite show the 
vein-like formation of the mass between the walls. The hardness is 6 
to 6.5. In the blow-pipe flame it burns to a white enamel and gives off 
a little water. It may be found usefal as an ornamental stone for 
making small objects—cups, plates, handles, or for carving figures or 
inlaid work.” This is identical with the pectolite from Alaska, de- 
scribed by Prof. F. W. Clarke. 

Peristerite—Large quantities of peristerite are reported by Mr. C. 
M. Skinner at Cavendish, Vermont., near Cavendish Falls, in the rail- 
road cut 22 miles northwest of Bellows balls. 

Oligoclase.—Of great interest is the transparent oily green oligoclase 
containing small, white, starlike inclusions, which impart to the mass all 
the appearance of green glass, and with included white minerals found 
at a depth of 400 feet iu mica near Bakersville, North Carolina. It was 
found by Mr. Daniel Bowman. 

A very interesting variety of sunstone was found by Mr. J. A. D. Ste- 
phenson at the quarry in Statesville, North Carolina. Several bun- 
dred dollars’ worth of it has been sold as gems. 

Albite.—In the Allen mica mines at Amelia Court House, Amelia 
county. Virginia., as a by-product in mica mining, a remarkable series 
of albite has been found, tabular, but measuring 4 to 7 inches in length 
and forming Jarge groups; also the same mineral in massive form of 
the moonstove variety, and tons of amazonstone in bright cleavages. 

Rhodonite of the variety known as fowlerite bas been found in Franklin 
Furnace, New Jersey, in groups of rich, flesh colored crystals finer than 
ever before known. Some of these were 6 or 7 inches in length and sev- 
eral inches thick, forming groups a fuot across. Although of value for 
gew waterial they possess a higher mineralogical value, and more than 
$1,000 worth was sold for specimens. The rbodonite so well known as 
occurring in bowlders at Cunuingbam, Massachusetts, has recently been 
traced to the ledge, and we may now hope to see this stone used exten- 
sively for decorative and ornamental purposes, as at this locality it is 
one of the richest pink and flesh colored minerals known. 

Turquois —Additional evidence of the antiquity of the turquois work: 
ings of New Mexico and Arizona has. been gathered by the Hemenway 
expeditiop, sent out. hy Mrs.,Hemenway under the direction of Mr. 
Frank H.,Cushing. About10 miles from Tempe, Arizona, where the ex- 
cavations are being made, a shell encrusted with turquois and garnet 
representing the form of a frog was found, 


PRECIOUS STONES. . 563 


Cyanite—Mr. Daniel A. Bowman commupicates that the cyanite men- 
tioned in the last report was found near the summit of Yellow mountain, 
alongside the road to Marion, avout 4 miles southeast of Bakersville, 
North Carolina, at an altitude of 5,500 feet. Some of this is transparent, 
from one-eighth to one-half inch across and several inches long. So 
rich is its color that it was sold for sapphire. Its low hardness unfits it 
to some extent for use as the gemfor whichitistobe worn. Itisahand- 
some mineralogical gem, however. 

Crocidolite—In the American Journal of Science, [II Series, volume 
34, page 108, Prof. A. A. Chester published analyses of the crocidolite 
from Beacon Hill Pole, Cumberland, Rhode Island, an interesting oc- 
currence of this mineral, though not in gem form. 

Labradorite—The well-known Labradorite rock in Lewis county, New 
York, is so plentiful that the reflection of the bowlders has given the 
river that runsthrough the locality the name of Opalescent river. This 
is being extensively cut as an ornamental stone. 

Mexican onyx.—The handsomest and lowest priced of our ornamental 
stones, and one which has been introduced most extensively, is the so- - 
called Mexican onyx or Tecalli, as it was first called, from the town of 
that name in the state of Pueblo, Mexico, where itisfound. The deep 
colors are richer than those of any marble known, and its wavy stalag- 
mitic structure and the high polish which it can take have made it pop- 
ular throughout the whole civilized world. With a metal mounting 
the effect is greatly enhanced. It occurs in almost unlimited quantities, 
and fully $500,000 worth has been used in the United States for table 
tops, mantels vases, etc. 


FOREIGN SOURCES. 


In this, the fifth of the annual reports on precious stones in the 
United States, which have done much toward awakening a wide-spread 
interest in American gems, it was thought well to give a brief sketch 
of some of the most importaut changes which are taking place in pre- 
cious stoues at the principal sources, which are usually foreign. 

Diamonds.—The author of the “Arabian Nights ” undoubtedly thought 
that he was imagining the wildest and most improbable things when he 
described the collection of such treasures in the Valley of Diamonds 
by ‘‘ Sinbad the Sailor.” Yet'when compared with the African mines 
this profusion of wealth has paled into utter inusignificauce. A glimpse 
at these new valleys of diamonis will be interesting. The primitive 
method of washing was carried on for centuries by thousands of slaves, 
who, like those who built the pyramids, were driven by a master merci- 
lessly goading them on, whipinhand. To-day we have the most ingen- 
ions and powerfal machinery, which allows fewer diamonds to escape 
than would the keenest and most dis¢iplinéd: army “df washers. 

At the Kimberley dianiond mites in Stuth' Afriéa wotdértar progress 
has been made in the last decade. About 1877 the work of consolidat- 
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ing the different companies began, Originally the mines were worked 
as 3,238 separate claims, each 31 feet square, with a 74 foot roadway 
between every two claims; now these are all united in about forty 
companies. A miue in the early days was a bewildering sight. Miles 
of wire cables running from individual claims were stretched across it 
in all directious; to these were attached the buckets for carrying the 
earth, reef, or wall rock of the mines, and at times water. Some of the 
claims were almost level with the surface, while others next to them 
might be cut down 200 feet, and others only 100 feet, yet all being worked 
independently. At the sides were endless belts with pockets for carry- 
ing the earth. One of the results of this independent system of work- 
ing was that rock was dropped so recklessly that it is said to have been 
as dangerous as the battlefield to stand around the edges of the claims. 
Not only was the loss of life great from this source, but also from the 
falling of immense masses of reef, looseved by the blasting, which some- 
times buried a score of men at once. But improved methods were 
gradually introduced. Steam railroads were run into the mine, and 
' parts of it were leveled down. Millionsof tons of reef required remov- 
ing, and the only way to accomplish this was to assess every company 
in the mive proportionately. At first many mistakes were made, if 
mistakes they can be called when the problems offered for solution 
were entirely new and untried. The yellow or surface soil which over- 
Jaid the blue stuff pulverized so read:ly that it could be taken to the 
washing machine direct; but as the claims were extended down into 
the blue rock this proved harder, and dynamite became necessary. Im- 
mense quantities of it are now used for blasting. Through careless 
storing, 30 tons of dynamite, 10 tons of blasting powder, and gelatine, 
in all worth $80,000, exploded on January 10, 1884, with terrific effect; 
the smoke column, 1,000 feet high, was visible at the River diggings, 35 
miles distant. 

After the earth is raised it is put en the sorting ground, where it is 
partially disintegrated by water and the action of the atmosphere. It 
is then further broken up by hand and taken to the “ compound” or 
diamond-sorting machine. After being more finely broken up it is 
passed down into large vats containing immense centrifugal wheels, by 
which, as they rapidly revolve, the rock is finely divided. The lighter 
minerals, such as quartz, mud, and mica, are then floated out, while the 
diamonds, garnets (some of which are exceedingly rich in color, and of 
large size and are sold under the vame of cape rubies), and other heavy 
minerals, are concentrated in the lower part of the “compound.” So 
thoroughly does this pulverize the rock and earth that all the diamonds, 
even those of the size of a pinhead, are saved. 

A prize of £5,000 was offered for the best tunnel or shaft system for 
use at the Kimberley mines, and the prize was awarded to the Jones 
system, which is sunk on the coffer-dam principle. At present there 
are seven shafts and inclined planes in the Kimberley mine alone, all 
sunk at some point in the reef outside of the mine. From 11,000,000 
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to 13,000,000 gallons of water are annually hoisted from the Kimberley 
mine at a cost of 6 pence per load of 100 gallons. 

In addition to many miles of aerial tramways, there are over 170 miles 
of tramway around the four Kimberley mines, 2,500 horses, mules, and 
oxen,and 350 steam engines, representing 4,000 horse power,areemployed 
in the works. For labor, £1,000,000 are annually expended, and over 
£1,000,000 for fuelandothersupplies. The grosscapital of thecompanies 
is nearly £10,000,000. Over 10,000 natives, each receiving £1 per week, 
and 1,200 European overseers at an average wage of £5, are employed. 
It is now proposed to consolidate all the companies into an enormous 
diamond trust, with a capital of £10,000,000, but at the present quota- 
tions of the shares of the company they are valued at over £14,000,000. 
The supposition long held that this unification would ultimately be 
accomplished is partly confirmed by the report, this spring, that the 
house of the Rothschilds, of London, is about to put in operation a 
project for the consolidation of the diamond mines into one gigantic 
trust for the regulation of prices and production. 

The South African mines yielded during the last ten years 27,878,587 
carats, valued at £31,717,341. The yield for 1887 was 3,646,899 carats, 
worth £4,033,582 at a valuation of £1 2s. 14d. acarat. Iu December, 
1887, a single sale of rough diamouds was recorded of £150,000, and in 
February, 1888, of £250,000, or &750,000 and $1,250,000, respectively. 
The average value of a carat of diamonds for some years from the 
respective mines has been as follows: 


Average value of a carat of South African diamonds. 


Rimietlee Wl OBssiiescccinx wenctennneome downvcewmanaacen 7 64 
DIR FOS TANG (- 55 ch kpea paGioue oa5 oN eaeas @ sks neat noses 17 8 
BehGOnGein iccccceces cussecscescewasseavswwewwissesceus 18 24 
BC Oy ee Se ae a ee ae 24 7} 
at See Caen eee ee Seer eee mere ere 47 6 


The product of the latter mine, while only one one hundred and twenty- 
fifth of the weight in carats, was worth oue sixty-second of the entire 
product, the stones averaging much finer quality. 

The approximate annual yields for the last ten years have been as 
follows: 

* Yield of South African diamonds during the past ten years. 


Years Carats | Value 
i, RR ee PPC ET ERODES RRR ONE peereeee a ery ap es 2,540,000! £2, 672,734 
WOE ccanawady conics tacdsewsuasiees caChecbibwaeoeweukans 2, 610, Ove | 2, 864, 63L 
PS UR ES ee Rear Aes eheibanan cared 3,030,000! 3, 168, 000 
MOMS Sok, cchica vawnakuucnincsceavnunns tbadwavcsutevaleues aes 3, 315, VUU 4, 200, 000 
NEE er iciniys ct aeen enna eecins eupeennuasmeaneumansina | 2, 385, 000 | 3, 500, 000 
BRD a iccidcnsdawns duces bh cacecakccounnicu adden daedakan es | 2, 312, vod | 2, 359, 466 
BOGE: cinvadunncuabasincharaeucscswen weweadasaevankenaiewk 2, 204, 786 | 2, 228, 678 
STEEDS eins e4keh widaenamudeunelidonsdiamduidniniazeieen | > R87, 263 2, 228, 6BU 
Wisucbhacwh oadwwesascaseunn cd mauacaNe suucudteaccek seen 2, O47, 639 | 3, 261, 570 
SELLS | ERT 3, 046, 809 4, 033, 5X2 
River GSGIWEG osccci iio acewsdiepsbccedtaveuubwaiaeaskt 500, 000 1, 200, u00 
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Not only has the yield of the African mines been great, but tbe dia- 
monds have been of much larger average size than those from any of 
the old mines. The finding of a 17-carat stone in the Brazilian dig- 
gings was sufficient to secure the freedom of the fortunate slave who 
found it; but stones of this size are found by the hundred here. A 
100-carat stone scarcely creates as much excitement as 4 stone of one- 
fifth the size did in Brazil. 

It is estimated that from one-fifth to one-quarter of all the yield never 
reached the proper owners, as the native diggers swallow and conceal 
the diamonds in every possible manner. Hence it became necessary 
for the companies, in self-defense, to take extraordinary precautions 
against this great loss, and overseers or special searchers were appointed, 
who made the most thorongh examination of all who left the mines. 
The natives use most ingenious methods for the concealment of the gems. 
On one occasion some officers, suspecting that a kafir had stolen dia- 
monds, gave chase and caught up with him just after be had shot one of 
his oxen. No diamonds were found upon the kafir, it is needless to say, 
for he had charged his gun with them, and after the disappearance of 
the officers he dug them out of his dead ox. Diamonds have been fed 
to chickens, and a post-mortem recently held over the body of a kafir 
revealed the fact that death had been caused by a 60 carat diamond 
which he had swallowed. Early in the history of the mines a detective 
force, consisting of men, women, and children, was formed, and the 
severest punishment is still inflicted on transgressors of the diamond 
act. None but those authorized by law, termed patented agents, less 
than fifty in number, are allowed to purchase or even to possess rough 
diamonds at Kimberley. 

The actual loss of diamonds would not have been so great but for the 
irregular diamond buyers, or “ I. D. B.s,” as the “‘ fences” are called, who 
sent the stones to England and undersold the company in the London 
_market. It was aquestion at one time whether the mines could be prof- 
itably worked under such disadvantages. Within the last two years, 
however, this pilfering has been in great measure checked by the adop- 
tion of what is known as the compound system, by which the “ boys” 
are housed and fed under contract for a certain term, provided with 
amusements and liquor, and thus kept apart from the influences of the 
vicious whites. Now the visitors who buy from native diggers what 
they suppose to be valuable diamonds and secrete them until they have 
passed beyond the reach of the officials, find to their disgust that they 
have purchased fac-similes in glass, perfect even to the characteristic 
yellow tint peculiar to many diamonds from this locality. 

Diamonds weighing 38,000,000 carats, or over 7$ tons, have been 
found here. In the rough their aggregate value is £50,000,000, aud 
after cutting, £100,000,000, or nearly $500,000,000 more than the world’s 
yield during the two preceding centuries. Of the whole yield not more 
than 8 per cent. can be suid to be of the first water, 12 per cent. of the 
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second water, 25 per cent. of the third, while the remaining 65 per cent. 
is called bort, a substance which, when crushed to powder, is of use in 
the arts for cutting hard substances and evgraving. This must not be 
confounded with the carbon (carbonado) found in Brazil, an uncrystal- 
line form of the diamond, which, from its structure, is adapted for use 
in drills for boring and tunneling rocks, etc., and has never yet been 
found in South Africa. It is worth from six to ten times as much as 
bort. 

More diamonds weighing over 75 carats after cutting have been found 
since the African mines were opened than were known before. The 
Victoria, the Great White, or the Imperial Diamond, is supposed to be 
from South Africa. Concerning its early history very little is known; 
in fact, where the stone was found is only a matter of conjecture—a re- 
markable circumstance when we cousider that it is the largest brilliant 
in the world. The original weight of the stone was 4574 carats, or 3,5 
troy ounces; after cutting, 180 carats, valued at £100,000. 

On March 28, 1888, there was found in the De Beers miue an octahe- 
dral crystal of diamond weighing 4284 carats; it is not entirely white, 
having a slight yellow tinge. It was valued at £3,000. From its form 
it is believed that it will cut into a brilliant of 200 carats, hence it will 
be the largest known. 


Production of diamonds at the Griqualand [West mines, Kimberley, De Beer's, Dutoitepan, 
Bultfontein, and St. Augustine, from September 1, 1882, to December 31, 1887. 


Average per 
Years. Carats. Value. Gatak. 
| d. 
1S82, four months....2+<wecsssneassaceces 856, 353g | 21,119, 210 26 1 
IUBE as conse status pudkeudcvchesninuabsacscee 2,312, ug 2, 359, 466 20 4 
SOGG s cuctheiqanae tas cones Koauacneueaeekeons 2, 2U4, TAGS 2, 52, 623 23 2 
FR wencanacesausssamasnsususeensnesnentes 2, 247, 261 2, 228, 678 19 5 
NGOS cxuvccccucedbdcsciseveccwstindvcon wats 3, 047, 6399 8, 261, 574 21 5 
IONE «ng ucne ycomentes ccoseeess bench snnyasae 3, 646, 8093 4, 033, 582 22 Mt 
TOD, eissccnsamninaasumivaienuecssasnss | 14, 355, 1744 | 15, 565, 123 21 8h 
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z a. &. 
KO OCRE NEUES TERRE ER MEN eCENeEer aes 2, 413, | 2, 742,521 1 22 
sche Snedesdebeues oudnissctsebucoess 2, 263, 686 2, #07, 288 3 24 
<agaeeeeuneswdeesédsheesnianveesess 2, 440,7 2, 492, 755 13 20 
a ai aie ame apni eminem wie iene aie Gate ine 8, 135,432 | 3. 507,210 14 22 
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Imports of diamonds into Kimberley from the River diggings, from September 1, 1882, to 
December 31, 1827. 
Years. Carats. Value. sea cates. | 
a. a. 
en four: moma eeos ak Sask seas aesietee ccc e= 5,742] | 26,010 20 1) ° 
EERE ROS RAERARTRENRES! BL | 14, 800) | 37, 112 50 4 
19, 71g | 57, 689 68 St 
WOT ciavediwens patieaen ies scsane 27, 992 40 1b | 
OE wivenvcsistuiccange*- seakmawbeentaxteatiened 4m, 67 84, 820 43 10} 
GOUT siadicecc® ceccasaeuigecdaoeslcronelestcuvee: 46,171, | 95,433 41 4 


Summary of imports of diamonds into Kimberley from September 1, 1882, to December 
31, 1587. 


Whence imported. | Carats. Value. Fico pti aed 

| s. @ 

Colony. Sa roan SCE Oe OE ee ee eer ae | 130, 133 19 73 

Urange Free State .....00. :casseccciccccconccvcess 406, a 128 32 a 
River tischige (Barkly Weat).........----+-..-- 153, ovo | 337, 146 _ # 

S| RETA ce Ree 884g 970, 405 | 39 10% 


Averago 


Years. | Carats. Value. | per carat 
, s. d. 
 —~ eatabeonaaa ose wSdenun ves Hoe Weks ines 380,055, 2456, 420 | 23 1) 
 entutsiwnaaineniaiadinnc biwasiemniendiaiion 947,817§ | 846, 705 17 10 
GRE ANE A CAA DU RE ERE 642, 438 634, 332 19 9 
NMS seul n dic cuss pcacoee uous once aie A23, 774g | 458, 858 17 
WAS ax icocn neath caancuancntosaunaaasenesl 883, 503 19 1 
] RENRESE SARE ESN nae RAE IORI ON __ 1,883, +8324 | 1,410, 207 21 13 | 
Petals viwerieecnscavenassioenee 4,718, 81h | $, 600, 025 19 104 | 
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The diamond mines at Salabro, Brazil, known as the Canavieiras, 
were discovered in 1882 by a poor miner who had worked in the earlier 
nines, now nearly exhausted. They are situated at a distance of two 
days’ journey from Canaviciras, near the river Pardo, and the gems are 
found at a depth of about 2 feet in a red gravel. They are very finein 
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quality, and are remarkable for their purity and whiteness, the crystals 
being of such a form that scarcely any cleaving is necessary. 

History repeats itself, aud as, when the Brazilian mines were first 
discovered, they sent the stones to India to enter the European markets 
in European wrappers, so Bultfontein diamonds were sent to Canavie- 
iras to be shipped to Eyrope as the product of that mine. 

So great was the rush for these mines at first that, notwithstanding 
the rumors of a malarial climate and epidemic diseases, by the end of 
the first year 3,000 miners were at work where shortly before was a 
virgin forest. For a time even this number was exceeded. The other 
Brazilian mines have been only slightly worked of late years. 

The recent concentration of some of the diamond mining companies 
in South Africa in their efforts to regulate the prodaction and price has 
led to an increased interest in mines located in Brazil and India. Dur- 
ing the past year the Madras Presidency Diamond Fields Company (lim- 
ited) has been organized with a capital stock of £190,000. To prove that 
the [Indian mines are not yet exhausted, operations will be commenced 
at the Wadjra Karur field in the Madras presidency. On this field of 
554 acres was found a very fine 674 diamond crystal which furnished 
a 25 carat stone called the Gow-do-Norr, valued by the company at 
£15,000.. An English company has recently been formed, under the 
name of the ** Hyderabad Deccan Mining Company,” to work the mines 
in Krishna valley, India, where it is thought that the famous Kohinoor 


. diamond was found. 


Diamonds have been found in the Tertiary gravels and recent drift 
near Bingera in Inverell, Australia; also along the Cudgeon river, 160 
miles northwest of Sydney, and in other districts. The colors are white, 
straw, yellow, light brown, pale green, and black. The largest stones 
yet found were cut into gems weighing 34 and 3 carats, respectively. 
A trial made by the Australian Diamond Mining Company produced 
190 diamonds, weighing 19732 carats, from the washing of 279 loads of 
earth. These Australian fielils can scarcely be called productive as 
yet, por from present appearances do they seem likely to become for- 
midable competitors of the South African fields. 

India, Borneo, and Australia are now yielding very few diamonds, 
probably not more than 1 per cent. of the entire product. These three 
countries, together with Brazil, yield probably less than 10 per cent. 
of the total output. 

Imports of diamonds.—From the custom import lists we find that after 
deducting the approximate value of cut stones other than the diamond, 
we find that import duty was paid on about $90,000,000 worth of cut 
diamonds in the last twenty-one years; of these $68,000,000 worth were 
imported during the last ten years, In 1868 $1,000,000 worth were im- 
ported and $1,200,000 worth iy 1867, but about $10,000,000 in 1887, or 
ten times as many as twenty years ago, showing the increase of wealth 
and the great popularity of the diamond among Americans, the above 
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being the wholesale import figures. A single firm sells more than the 
entire imports of twenty years ago. 

Diamond dust worth $464,905 has been imported since 1878, $289,430 
worth from 1868 to 1878, and in 1869 to 1871 only $228 worth ; wherens 
with the opening of the Kimberley mines $80,707 worth were imported 
the first year, showing whut great benefit the arts received from the 
opening of the African diamond mines. 

In 1878 the importations of uncut diamonds amounted to $63,270; in 
1887 to $262,357 ; the total for the decade was $2,728,214, while in 1883 
there were imported $143,996 worth, showing that although we are cut- 
ting four times as many diamonds as we were in 1878, yet the importa- 
tious have been falling off. This is partly because in the years from 
1882 to 1885 a number of our jewelers opened diamond-cutting estab- 
lishments, but have either given up the business or sold out to others ; 
for, in spite of the protective duty of 10 per cent. on cut stones, cutting 
ean not be profitably carried on here on a scale large enough to enable 
one of thé partners to reside in London, the great market for rough dia- 
monds, to takeadvantage of every fluctuation in the market, and purchase 
large parcels which can be cut immediately and converted into cash ; 
for nothing is bought and sold on a closer margin than rough diamonds. 

Diamond cutting.—The recent death of Mr. Heury D. Morse, of Bos- 
ton, known as the pioneer diamond cutter of the United States, brings 
to mind many interesting reminiscences. He has scarcely received the 
credit he deserved for his work. That he was the first in this country 
to cut diamonds is well known, and the best cutters in the United States 
to-day received their training under him. But educating young Amer- 
icans, both men and wowen, to his art, was not his greatest work. He 
showed the world that the art which had so long been monopolized by . 
the Hollanders was degenerating in their hands into a mere mechani 
cal trade. His treatment of the diamond has given a great stimulus 
to the industry both iu the United’ States and abroad. Shops were 
opened here and in London in consequence of bis success. He was one 
of the few who studied the diamond scientifically, and he taught his 
pupils that mathematical precision in cutting greatly evhances the 
beauty and consequently the value of the gem. His artistic eye, sound 
judgment, and keen perception enabled him to carry the art nearer to 
perfection than is often attained. 

It was in his shop that a machine for cutting diamonds was invented 
which did away in great measure with the tediousness and inaccuracy 
of the old manual process. ‘Thanks to his labors, we now have among 
us the best cutters in the world—men who can treat the diamond as it 
should be treated to develop its greatest beauty. The fact that so many 
fine stones were recut here after he started his wheel led toa great 
improvement abroad, in, cutting, especially in the French Jura and in 
Switzerland,,.where both sexes are now employed at the trade; and, as 
@ result, the diamonds sold to-day are decidedly better than those of 
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twenty years ago, before Mr. Morse turned his attention to the work. 
He, above all others, has shown us that diamond-cutting is properly au 
art and not an industry. ; 

There are at present about 12 cutting establishments in this country, 
employing from 1 to 50 men each, and in all about 100, at salaries rang- 
ing from $20 to $50 per week. Most of the cutting done here is of a 
high class, some shops being almost entirely employed in recutting stones 
previously cut abroad. Ten years ago early all the diamonds used in 
the United States were purchased through brokers or importers. To- 
day, owing to the marvelous growth of the diamond business here, and 
the facilities for transatlantic travel, many of the large retail houses buy 
their diamonds direct in the European markets; and some have even 
established branches or agencies abroad. 

In 1877 an international syndicate composed of London, Paris, and 
Amsterdam jewelers, wishing to establish a uniform value for the carat, 
confirmed 205 milligrams as the standard, and this has been pretty 
generally used abroad. Recently the discussion of the question has 
been reopened, and it will probably end in the general adoption of the 
above standard in place of the twenty or thirty conflicting systems now, 
in use in different parts of the world. 

Twenty years ago the wholesale diamund merchants of Amsterdam 
did not exceed 8in number; but the development of the African mines 
has given so great an impetus to the trade, that within the past decade 
several diamond exchanges or clubs have been established as headquar- 
ters for the transaction of business; one of these, the “* Handelsbond,” 
has a membership of 800 and owns a fine buildiug, the rooms of which 
are so arranged with respect to light as to render deception difficult 
and to facilitate the sale of diamonds. Others known as the “Golconda” 
and the “‘ Koh-i-noor” are generally thronged with brokers and mer- 
chants, as also are the neighboring coffee houses. 

At present there are between 50 and 60 large diamond polishing es- 
tablishments, employing perhaps 3,500 polishers, who, however, no 
longer receive the princely wages of from $80 to $200 a week which they 
received when the African mines first began to produce so largely, and 
much higher prices were paid for products of the second and third 
quality. When fortune smiled on them the cutters lived in luxury; to- 
day they only receive $15 to $40 a week, and some even less than the 
former figure. To-day every establishment does its own selling. It 
will doubtless be eventually a question of the survival of the fittest, 
and the entire cutting will be controlled by a few powerful firms. 

Sapphire.—In 1882 a very remarkable discovery of sapphire was made 
in the Zanskar range of the northwestern Cashmere Himalaya, near the 
line of perpetual snow, a short distance from the village of Machel and 
one-half day’s journey from. the top of Umasi pass. The stones were 
found at the foot of a precipice, where a land slide had taken place,-the 
including rocks being gneiss and mica. 
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At first they were merely collected by the villagers, who were at- 
tracted by the beautiful colors; and so little was their value realized 
that they were used as flints for striking fire with steel. They were so 
abundant at first that one writer speaks of having seen about a hun- 
dred weight of them in the possession of a single native. Traders, how- 
ever, soon carried them to the distant commercial centers, where their 
value became known. There was an iustant rush of jewelers’ agents to 
the lo¢ality of the mine, and the price rose rapidly until about £20 
per ounce was paid for good specimens, at which rate they have re- 
mained. The Maharajah of Cashmere promptly exercised his authority 
and sent a regiment of sepoys to take possession of the mines and 
harry the natives who were suspected of having stones in their posses- 
sion or any knowledge of new localities where the gems could be found. 
Any one they laid hands on who had money was suspected either of 
having sold sapphires or of being about to purchase them, and was de- 
apoiled or even imprisoned. This naturally enough had the effect of 
compelling secrecy. Several crystals were found weighing from 100 to 
300 carats each. Daring the first year of the discovery the Delhi jew- 
clers are said to have bought up more than £20,000 worth of these sap- 
phires. Exceptionally fine sapphires to-day bring from $65 per carat 
to $125 per carat, which is less than before this great find. 

The acquisition of the Burmese ruby mines cost the British Govern- 
ment a vast sum of money. On the wars of 1826 and 1852 England ex- 
pended $75,000,000 and $15,000,000, respectively, and after all this sac- 
rifice of treasure the Burmah and Bombay Trading Company claimed, 
four years ago, that King Thebaw, of Burmah, had arbitrarily can- 
celed the leases by which the company controlled the output of the 
ruby mines near Mandalay. A meetirg was accordingly held at Ran- 
goon, on October 11, 1884, presided over by Mr. J. Thompson, agent for 
' Messrs. Gillanders, Arbuthnot & Co. The result was the war of 1886, 
which involved the raising of an army of 30,000 men and an outlay of 
$5,000,000, but the British Goverument gained control ot the long cov- 
eted ruby mines. The question which next presented itself was, how 
should they be worked? Several firms were desirous of securing the 
lease, and after the Indian Government had virtually closed a lease to 
Messrs. Streeter & Co., the London jewelers, at an annual rental of 4 
lakhs of rupees (£40,000), for a term of five and one-half years, with 
the privilege of collecting 30 per cent. on all stones mined by others, 
the home Government revoked the lease for some unexplained reason, 
probably on account of trade jealousies, although Mr. Streeter had ap- 
pareutly every assurance of the acceptance of his proposition and had 
even made preparations to begin work at the mines. 

The ruby mines of Burmah are situated in the valley of the Mogok, 
51 miles from the bank of the Irrawaddy river and. about 75 miles 
uorth of Mandalay, at an altitude of 4,200 feet. Concerning these 
mines very little has been learned up to the present, as they were always 
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the monopoly of the Orown and were jealously guarded. It was said 
that they paid King Thebaw’s Government annually 100,000 rupees and 
one year 150,000 rupees. Mining is carried on there by forty or fifty 
wealthy waives: who employ the poorer townspeople at liberal wages; 
but at present only seventy-eight mines or diggings are in operation and 
the work is Gone in the most primitive manner. The gravel is carried in 
baskets. The holes from which they are taken are allowerl to fill with 
water every night. All of the gems are sent to Ruby Hall, Mandalay, 
to be valued. At present the royalty exacted by the English Govern- | 
ment is 30 per cent. A stone was lately sold in Mandalay for 8,000 ru- 
pees, but without the knowledge of the officials. 

One thing, at least, we learned from the British occupation of Bur- 
mah, namely, that King Thebaw did not own the dishes of rubies which 
were said to outrival anything known. His possessions of this kind 
proved to be only a few stones of poor quality. 

Watch jerels.—About 1,200,000 watches with jeweled works are an- 
nually manufactured in the United States, requiring about 12,000,000 
jewels, 7 to 21 for each watch; of these 5,000,000 are ruby and sapphire, 
and 7,000,000 are garnet jewels, valued at over $300,000. Most of them 
are imported, but the Waltham Company does its own cutting, employ- 
ing in this department about 200 hands, under the superintendence of 
Mr. W. R. Wills. About 15,000 carats of bort, in powdered form, are 
used annually in slitting and drilling these jewels. Nearly all the ruby, 
sapphire, and garnet used for jewels are imported, but it is hoped that 
American materials will soon be used. To beof value for this purpose, 
the material must be of some decided shade of red or blue, of a hard- 
ness greater than quartz, and free from flaws. 

During the last decade new stones have come into favor, some neg- 
lected ones have regained their popularity, and still others, such as the 
amethyst and cameos, have been thrown out entirely. The latter, no 
matter how finely cut, would not find purchasers now at one-fifth of 
their former value; about ten years ago they were eagerly sought after 
at from four to twenty times the present prices. Rubies were consid- 
ered high ten years ago, and a further rise was not looked for, but to- 
day they are still higher, a 9,5; carat stone having been quoted at 
$33,000. There is nodemand at present for topaz, yet a syndicate of 
French capitalists has been organized to contro] the topaz mines of 
Spain in the expectation that after twenty years of disfavor this gem 
will again be popular. Coral has felt the change of fashion, for during 
the last three years the imports have been less than $1,000 per annum, 

and in the fast ten years in all $33,956, whereas in the ten years pre- 
ceding $388,570 worth were imported. The popularity of amber, on 
the other hand, 1s increasing. The imports of amber beads for the ten 
years, 1862 to 1878, amounted to less than $5,000, whereas during the 
last ten years $35,897 worth have been introduced. Amber amount- 
ing to only $47,000 was imported from 1868 to 1878, but over $350,000 
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worth from 1878 to 1883. Brazilian pebbles worth $65,000 have been 
cut or sold ready for regrinding since 1878, and less than $3,000 in the 
ten years preceding. 

Ten years ago few of our jewelers carried more than the following 
stones in stock: Diamond, ruby, sapphire, emerald, garnet, and occa- 
sionally a topaz or aquamarine. The gem and mineralogical collec- 
tions containea a large series of beautiful stones, bard, and of rich color, 
bat known here as “‘fancy stones” and by the French as pierres de 
fantasie. Since then considerable interest has centered in these fancy 
stones, and any leading jeweler is not only expected to be familiar with, 
but to keep almost all of them in stock. This change may be partly re- 
ferred to the fact that sinve the Centennial Exhibition art matters have 
received more attention among as than before. 

The Duke of Connaught gave his bride elect a cat’s-eye ring as an 
engagement token; this was enough to inake that stone fashionable and 
to increase its value greatly. The demand soon ex:ended to Ceylon, 
where the true clirysobery! cat’s-eye is found, and stimulated the search 
for them there. In the chrysobery! cat’s-eye the effect is the result of a 
twinning of the crystal, or of a deposit between its crystalline layers of 
other minerals in microscopic inclusions. If the stone be cut across 
these layers en cabochon, or carbuncle cut, as it is called, a bright line of 
light will be noticed on the dome-like top of the stone. In price they 
range from $20 upwards; exceptional stones have sold at from $1,000 
to $8,000. 

In the search for these chrysoberyl cat’s-eyes an endless series of 
chrysoberyls has been found, of deep golden, light yellow, yellow green, 
dark green, sage green, yellowish brown, and other tiuts. They are 
superb gems, weighing from 1 to.100 carats each, ranking next to the 
sapphire in hardness. They gave a great surprise to the gem dealers; 
for it was found that the darker leaf green or olive green stones pos- 
sessed the wonderful dichroitic property of changing to columbine red 
by artificial light, the green being entirely subdued and the red pre- 
dominating. They were in fact alexandrites, a gem which had formerly 
been found only in Siberia, and even there of poor quality; though 
foand in large crystals, a perfect gem of even 1 carat was a great 
rarity. Here, however, fine gems but rarely under 4 carats were found 
and an exceptional one weighed 67 carats. They can be numbered 
among the most remarkable gems known. Strange to say, amoung this 
alexandrite variety a few have been found which combine the char- 
acteristics of the cat’s-eye and the alexandrite and were accordingly 
named the alexandrite cat’s-eye. 

Moonstones also from this same province of Kandy, Ceylon, were 
brought to light by this search for cat’s-eyes. It would not be an over- 
estimate to say that 200,000 of these stones have been mounted here in 
thelast four years. .They vary ia size from one-eighth of an inch to nearly 
2 inches long and 1 inch thick, and many of them surpass anything 
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hitherto known of their kind in beauty and size, selling from 50 cents to 
$100 each, in a few exceptional cases $150. Those displaying the 
chatoyant white and the opalescent blue color are especially beautiful. 

The demand for the cat’s-eye also brought into demand the then rare 
mineral from the Orange river, South Africa, kuown as crocidolite, more 
especially that variety that has been altered to a quartz cat’s-eye. In 
this stone an infiltration of siliceous material coated each fiber with 
quartz or chalcedony, giving it the hardness of 7. This pleasing stone 
readily sold fur $6 a carat, and at the outset for even more; but owing 
to the excessive competition of two rival deslers, who sent whole car- 
goes of it to the London market, the price fell to $1, or evento 25 cents 
per pound in large quantity. Even table tops have been made of this 
material by veneering. Vases, cane heads, paper weights, seals, charms, 
ete., were made of it and sold in large quantities. Burning it produced ~ 
a bronze-like luster, and by dissolving out the brown oxide of iron col- 
oring au almost white substance was obtained, which was dyed by allow- 
ing it to absorb red, preen, and brown colored solations. These, owing 
to the delicacy of the fibers, were evenly absorbed. Ten years ago this 
material was practically unknown, but so extensively has it been sold 
that to-day it is to be fouud at every tourist’s stand, whether on the 
Rigi, on Pike’s Peak, in Florida, at Los Angeles, or at Nishni Novgo- 
rod, showing bow thoroughly organized is the system of distribution in 
the gem market. The green quartz cat’s-eye from Hof, Bavaria, has 
also been brought into use and quite extensively sold, but at present 
both thesg varieties are only used in the very cheapest jewelry. 

Since it has become generally known that Queen Victoria is partial 
to the opal, the old and stubborn superstition concerning it, which is 
said to date from Scott’s “Aune of Geierstein,” has been slowly yield- 
ing, until now the gem has its share of public favor. During the last 
two years ten times as any opals have been imported as were brought 
here during the preceding decade, many of these being the fine Hunga. 
riav stones. Mexican fire opals are much more common, as those ton- 
rists kuow to their sorrow who buy these stones at exorbitant prices in 
Mexico, hoping thus to pay the expenses of the trip, until they find on 
reaching New York that they are worth only about a quarter of what 
they pald for them. 

The opal mines of Mexico are situated on the Hacienda Esperenza, 
near Queretaro. It is believed that a» demand of 50,000 stones per 
annum could be supplied without raising the price perceptibly. 

The opal mines of Dubreck, Hungary, yield the Government a revenue 
of $6,000 annually. The output is so carefully regulated that the market 
is never glutted. 

About ten years agoa new and very interesting variety of opal was 
brought from the Baricoo river, Queengland, Australia, where it was 
found in # highly ferruginous jusperJike matrix, sometianes apparently 
a8 a nodaole and then again in brilliant colored patches, or in specks 
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affording a sharp contrast with the reddish brown matrix, which admits 

of a high polish and breaks with a conchvidal fracture. Many of these 

stoves are exceedingly brilliant. They are of the vuriety known as 

harlequin opals, their color being somewhat yellow as compared with 

the Hungarian stone, although not less brilliant. The rich ultramarine 

blue opal is quite peculiar to this locality, and the green variety almost 

transcends the Hungarian. A company capitalized at £200,000 has 

been formed, and the geins are extensively mined. Many curious little ' 
cameo-like objects, such as faces, dogs’ heads, and the like, are made 

by cutting the matrix and the opal together. 

Green beryls, blue and green sapphires, white and bluish topaz, gar- 
nets, and zircons have been found at New England in New South Wales, 
and precious opals are obtained from the Abercrombie river. 

During the last ten years the taste for collecting jade and other carved 
hard stone objects has greatly increased, especially amoug Americans, 
owing to the stimulus given by the Centennial, Paris and Amsterdam 
expositions, and the breaking up by sale of many of the large collec- 
tions. The value of carved jades outside of China aud India can not be 
far from $2,000,000. 

In the United States there are, perhaps, twenty buyers, who bave pur. 
chased fully $500,000 worth of this material, many of the pieces being 
among the finest known, such as the private seal and other objects from 
the sacking of the EmperorofChina’s summer palace. The finest pieces, 
brought over by Tienpau, included some of the best that ever left 
China, and were intended for the Amsterdam exhibition ; the choicest 
specimens of the Wells, Guthrie, Michael, and Hamilton palace collec. 
tions are now owned in the United States. Experienced agents have 
been frequently sent to India and China to secure the finest objects as 
they presented themselves. One collection alone is worth over $100,000; 
single objects sometimes selling for over $5,000, and one exceptionally 
fine specimen being valued at over $10,000. Explorations in Alaska 
have brought to light the fact that jade was used by the natives for im- 
plements, and it is almost proved that it is found not only as bowlders 
but also in situ. The National Museum, the Emmons, Everett, Peabody 
Museum, Canadian Geological Survey, Dresden, and other collections, 
including the writer’s own, contain several hundred objects, at least, 
that are made of this Alaskan material. A fact of interest in this con- 
nection is that Prof. F. W. Clarke found among the objects collected 
for the National Museum ove’ which, on analysis, proved to resemble 
pectolite so closely that be referred it to that species. It has the hard- 
ness of jade, a specific gravity of 2.873, and is pale green in color. The 
same discovery was made almost simultaneously by foreign observers. 

The theory that jadeite or chalchiuitl was highly prized by the abo- 
rigines has been greatly strengthened during the last ten years. Prof. 
J.J. Valentine, in bis paper before the American Antiquarian Society, 
April 27, 1881, on the Humboldt celt or votive adze and the Leyden plate, 


PRECIOUS STONES. - 577 


two remarkable carved jadeites, offered some exceedingly interesting 
suggestions. The Humboldt celt was presented to Humboldt by Del 
Rio in 1803, and the Leyden plate was given to that museum by A. 8. 
Von Bramm, who found it near St. Felipe, close to the borders of Guate- 
mala, in Honduras. They are both 9 inches in length and 3} inches 
wide; the former 1? inches in thickness, and the latter only one-fifth 
inch. This similarity of dimensions suggests to me that the two ob- 
jects were originally part of one and the same celt. Before the same 
society, in April, 1886, Professor Putnam exhibited his remarkable se- 
ries of Nicaragua and Costa Rica jadeites, which were all ornaments made 
by cutting into halves, thirds, or quarters one large celt perforated by 
one or two drilled holes, in one instance two of them fitting together. 
The 16-pound adze exhibited by myself at the American Association 
for the Advancement of Science meeting of 1887, from which fally two 
pounds had been cut; the breastplate recently found measuring only one- 
half inch thickness; and the fact that even Burmese jadeite, when burned 
or exposed to a high temperature, will assume the grayish-green color of 
the Mexican, all tend to support Professor Fisher’s theory that this jade- 
ite originally came from there. Additional evidence is the striking re- 
semblance between the Maya and ancient Burmese styles of carving, 
although Dr. Meyer, of Dresden, firmly believes that this material will 
yet be found in situ in Mexico. The imperial jade quarries of Burmah, 
in the Mogung district, 90 miles from Bhamo are leased by two compa- 
nies, who pay a royalty of $30,000 annually. The trade is entirely in the 
hands of the Chinese. At the Colonial Exhibition in London in 1886 
there were exhibited large rounded and waterworn blocks of jade weigh- 
ing hundreds of pounds called pananm by the Maories. Much of it is 
of the finest green color and was worked into charms, knife-handles, 
ete. Dr. W. Baller exhibited a fine collection of Maori ornaments and 
clubs, or neeris, heitikas, and other native ornaments made of this stone. 

Collections of gems.—A regrettable dispersion of jewels and precious 
stones took place in May, 1886, when the famous collection formed by 
the late Henry Philip Hope, and exhibited at the South Kensington 
Museum for many years, was sold at auction. The Hope collection in- 
cluded the “ Saphir Merveilleux” of Madame de Genlis’s “ Tales of the: 
Castle;” the King of Kandy’s cat’s-eye, the largest known, having a 
diameter of 14 inches; the Mexican Sun opal, carved with the head of 
the Mexican Sun God, and known since the sixteenth century; an 
enormous pearl, the largest known, weighing 3 ounces and measuring 2 
inches in length ; the aqua-marine sword-hilt, made for Murat, King of 
Naples; and also many curious diamonds, sapphires, emeralds, and sev- 
eral hundred unique and magnificent gems. Such a collection should 
have beeu preserved intact as a national possession. 

In 1886 it was decided by the French Assembly that the Crown jewels, 
with the exception of the famous “ Regent” diamond, two of the Maz- 
arins, and a few historic pieces reserved for the national museums, 
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should be sold at public auction. These exceptions were made because 
it was feared that they would fall into the hands of Americans. The 
sale of this great historic collection took place in May, 1887. The forty. 
eight parcels were subdivided into one hundred and forty-six lots, and 
‘there were sixty-eight buyers; the sales to twelve of them brought over 
100,000 francs each. The largest lot, the great corsage, which sold for 
811,000 francs, was purchased by a single American firm, the largest 
buyer at the sale. The purchases of this firm amounted to 2,249,600 
francs, or about 34 per cent. of the entire sum realized; while as to 
quality the same firm obtained more than two-thirds of the finest gems,s 
among them were three Mazarins; a pear-shaped rose brilliant weigh- 
ing 2423 carats, for 128,000 francs; a pear-shaped white brilliant weigh- 
ing 22} carats, for 81,000 francs; a white brilliant weighing 28, carats, 
for 155,000 francs; and an oval brilliant weighing 18, carats, for 71,000 
francs; or 435,000 francs for the four. All but one of their purchases 
were secured by private American customers. The great interest at- 
tached to this sale was due not only to the fact that many of the gems 
were of very fine quality, but also to their historic associations; the 
history of many of them could be traced back several hundred years. 
The collection of antique gems, numbering three hundred and thirty- 
one pieces, formed by the late Rev. C. W. King, of Trinity College, 
England, the greatest of all writers on engraved gems, was sent to the 
United States for sale in 1881. This coliection represents the sum- 
ming up of Mr. King’s vast knowledge, and none has ever been more 
thoroughly studied. His numerous writings mark an epoch in the 
study of this branch of archeology, and only the loss of his sight led 
him to part with his treasure. The growing interest and taste in arch- 
ological matters in the United States induced him to send it here to 
be sold intact. In October, 1881, through the friendly mediation of 
Mr. Feuardent, it was purchased and presented to the Metropolitan 
Museum of Art by Mr. John Taylor Johnson, the president of the mu- 
seum, where it now remains. Near it will be placed the Sommerville 
collection. Mr. Maxville Sommerville, while spending the past thirty- 
two years of his life in Europe, Asia, and Africa, has collected cameos, 
intaglios, seals, and other historical gems, and as a result of his liberal 
expenditure of time and money he is to-day the owner of one of the 
most unique and valuable collections of engraved gems in the world. 
It numbers over one thousand five handred specimens, including 
Egyptian, Persian, Babylonian, Etruscan, Greek, Roman, Aztec, and 
Mexican glyptic, or jewel-carving art. All of these are represented by 
specimens of singular excellence, affording us a panoramic view of the 
achievements of civilized man in this direction. This remarkable col- 
lection, now at his home in Philadelphia, has been loaned to the Me 
tropolitan Museum of Art, New York, where it will soon be placed on 
exhibition, and the public will be afforded every facility to study the 
beautiful achievements of the glyptie art. 
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Of greater antiquity and archeological value, because representing 
a period before gems were cut in the form of intaglios, is the collection 
of the Rev. W. Hayes Ward, cousisting of 300 Babylonian, Persian, 
and other cylinders. Two hundred of these he himself collected in 
Babylon and its vicinity, and sold to the Museum at a nominal figure. 
Since that time he has collected 100 more cylinders. Many of them 
date from 2500 B.C. to 300 B. C., and are cut in lapis lazuli, agate, 
carnelian, hematite, chalcedony, jasper, sard, etc. 

The death of Dr. Isaac Lea, of Philadelphia, in his ninety-fifth year, 
deprived the world of a great investigator in the field of precious stones. 
During the last twenty years of his exceptionally long and useful life, 
he devoted almost his entire time to studying the microscopic inclusions 
in gems and minerals, and the cabinet he left contains thousands of 
specimens of rubies, sapphires, chrysoberyls, tourmalines, garnets, 
quartz, etc., all of which he had subjected to the most rigid microscopic 
scrutiny, noting every interesting fact on the accompanying label. 
Only a small part of his work on this highly interesting subject has . 
been published by the Philadelphia Academy of Sciences in two papers 
(in 1869 and 1876), but Dr. Lea made ample provision in his will for the 
publication of the remainder. His extensive collections of minerals 
and shells were bequeathed to the National Museum and the gem col- 
lection to his daughter. Two months before his death the writer spent 
two hours with him examining a series of quartz inclasions, over which 
he worked with all the enthusiasm and brightness of youth. 

One of the many benefits traceable to the New Orleans Exposition 
was the appropriation given to the National Museum for their exhibit. 
This was wisely expended by Prof. F. W. Clarke in the purchase of a 
complete series of precious stones, many of which, although not expen- 
sive, are still the finest in the United States, from an educational stand- 
point. Since the exposition, many fine specimens have been added by 
purchase and donation, especially the diamonds and pearls presented 
by the Iman of Muscat to President Buchanan, consisting of 138 dia- 
monds and 150 pearls, all of good quality. The collection numbers about 
1,000 specimens, and embraces almost every known variety of precious 
stone, many of them very fine examples. 
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By GEorGE F, KUNz. 


No systematic miuing for precious stones was carried on during 1888, 
although two small crystals of emerald, valued at about $100, were 
found at the mines at Stony Point, Alexander county, North Carolina. 

Diamonds.—Considerable excitement prevailed during the spring at 
Morris Station, 13 miles south of Atlanta, Georgia, where the diamond 
described on page 558 of Mineral Resources for 1887 was found; and 
much was said at the time as to the resemblance of this locality to that of 
other diamond-produeing districts ; but no further discoveries have been 
reported, although there was every reason to believe, from the state- 
ment of the local newspapers, that extensive working would be carried 
on. During the summer of 1888 a small clougated hexoctahedral erystal 
of diamond, weighing seven-sixteenths of a carat, was reported to have 
been found by Mr. C. O. Helm on the farm of Mr. Henry Burris, about 
300 yards from the Cabin Fort creek, hussell county, near Adair county, 
Kentucky. While walking through an old field Mr. Helm observed 
a small, bright stone in the gravel. On investigation it proved to be a 
diamond, octahedral in form, with curved faces, lustrous, but shghtly 
off color. The rock in the vicinity is said to be composed of granite 
dikes, slates and quartz, feldspar, magnetic iron ore, flint, garnets, 
etc., scattered through hills of clay. 

Beryl, phenactte, and topaz.—During the summer of 1888 prospeseim 
was carried on near the top of Mount Antero, Colorado, at an altitude 
of from 12,000 to 14,000 feet above the lével of the sea, and several 
pockets of crystals of blue beryl and phenacite were found. The blue 
beryls resembled those from Mourne mountain, Ireland, except that | 
they were very curiously etched and partly eaten out. From the 
crystals, perhaps a hundred in number, material was obtained which 
furnished cut gems weighing from 1 to 12 earats. They were of good 
blue color, although often containing the characteristic beryl] stria- 
tions. The crystals and gems together brought about $600 or $700. 
The phenacites were found implanted on quartz and beryl, and crystals 
valued at more than $500 were obtained, although none of them were 
suitable for cutting. On January 12, 1858, near Little Robinet’s store 
and Little River church, in the vicinity of Russell Gap road, Alexander 
county, North Carolina, a farmer, while plowing, found a crystal of dark, 
sea-green beryl, weighing 28 ounces, parts of which would furnish gems 
weighing from 1 to 20 carats each. This beryl resembles that variety 
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found at the Stony Point emerald mine, 10 miles distant, and at the 
Miller farm, 12 miles distant, and also that found in Alexander county. 
This stone would furnish larger gems than auy previously found in 
North Carolina. During May, 1887, Mr. E. D. Andrews discovered a 
deposit of crystals of topaz and phenacite on Bald mountain, North 
Chatham, New Hampshire. The crystals were trausparent, light blue, 
and sherry colored, the larger specimens measuring over 2 inches in 
length. None of the phenacites were more than half an inch in diame- 
ter and all were very primitive in habit. The find was worth about $700. 

Garnet.—During the past year considerable attention has been paid 
to the gathering of the blood-red garnets, the so-called “ Arizona and 
New Mexico rubies.” The Navajo Indians have collected and sent from 
their reservation several hundred pounds of these, among which were 
some fine gems. Three splendid ones were valued at $75, $50, and $30, 
respectively. Some of these garnets are believed to have been pounded 
from what is evidently a peridotite rock. This theory requires verifi- 
cation, as no Government survey has been made of the locality. Of the 
variety of spessartite garnet found in the Allen mica mines at Amelia 
Conrt House, Virginia, mentioned in Mineral Resources for 1887, page 
459, a number of irregular masses with a crystalline exterior were ob- 
tained, which on cutting furnished fine gems very similar in color and 
luster to the essonite or hyaciuth of Ceylon. The cut stones varied 
from 1 to 100 carats in weight. 

EHpidote.—Specimens of epidote in brilliant crystals, 1 inch in length 
and one-half inch in diameter, apparently dark or black, but perfectly 
transparent, showing a deep grass green and brownish yellow when 
viewed in different directions, have been found by Rey. C. D. Smith, 1 
inile from Rabun Gap, Rabun county, Georgia. They occur in single 
simple crystals and twins, identical tn habit with those from Unter Sultz- 
bachthal, Tyrol. They were found in veins of pink granite rock on the 
south slope of the Blue Ridge mountains. The locality promises to 
afford crystals as fine as the famous Tyrolese gems, although the size 
may be smaller. 

Agatized wood.—Large quantities of the agatized and jasperized wood 
from Arizona, for which the name “shinarump” (the name used by 
the Indians) has been suggested as appropriate by Maj. J. W. Powell, 
have been taken from the locality, and have been cut into sections and 
polished for table tops, tiles, and for other ornamental purposes. Some 
of these have been prepared for exhibition at the Paris exposition. One 
monster stump, weighing 2,); tons, was sent to New York City, and 
when polished had a surface of 404 by 36 inches—as large a polished 
surface of so hard a snbstance as is known. 

Fire opal.—A. specimen of fire opal, 14 by 1 by 4 inch, evidently a 
water-worn fragment, was found near John Davis river, in Crook 
county, Oregon. It is transparent, grayish white in color, with red, 
green, and yellow flames. The play of colors equals in beauty that of 
any Mexican material, and it is the first opal found in the United States 
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that exhibits color. Undoubtedly better material exists in the loealit 
where this was found. 

Dumortierite.— About the same time that Messrs. Riggs and Diller 
found that the blue mineral supposed to be indicolite was identical 
with damortierite in Harlem, New York, masses of quartz were discoy- 
ered in Yuma county, Arizona, heavily seproonated with dumortierite 
and of an indigo-blue color, and which when polished resembled the 
blue lapis‘lazuli, and would serve the same purpose in jewelry, as the 
quartz is harder than lapis lazuli. 

Tourmaline.—Among some very interesting minerals found by Messrs. 
C. E. Beecher and 8. A. Robinson, at Newcomb, Essex county, New 
York, were some remarkable specimens of born tourmaline. The 
emaeiale although not so fine as those from Gouverneur, New York, | 
were frequently sufficiently transparent to offer material for at least one 
hundred gems, weighing from 1 to 10 carats. They varied from golden 
brown to topaz-yellow in eoior. | 

Rhodonite.—This mineral, which has been known to occur in bowlders 
near Cummington, Massachusetts, has been traced to the ledge. Fine 
masses, weighing several hundred pounds, have been blasted out, and ; 
efforts will be made during the coming year to introduce this as an orna- 
mental stone, it beingas beautiful as the Siberian variety, which is so ex- 
tensively used for table tops, mantel pieces, paper weights, etc., in hussia. i 

Turquois.—Considerable mining of a desultory character has been 
carried on at the turquois mines near Cerrillos, New Mexico, by the In x 
dians and hunters, who obtained the turquois in a primitive manner by 
building fires against the wall rock and then cracking off large masses 
by throwing water on it. This method, however, invariably destroys 
the color. Some of the material sent from this locality during the past, 
year was in form of thin veins entirely free from rock. In color it was 
almost equal to the poorer Persian material, and should find a ready 
use aS an ornamental or decorative stone. The recent releasing of the 
property is likely to prevent the existing method of working the locality. 
A new deposit of turquois was opened during the year in the Holy Cross 
“mining district, 30 miles from Leadville, Colorado, which is very simi- 
lar to the variety from Arizona and New Mexico. the color being, if any- 
thing, a better blue. At this locality there was no evidence of prehis- 
toric mining. Until recently the impression in the vicinity was that 
the turquois was an ore of copper. 

Gadolinite—This stone admits of a high polish, and is of a deep 
velvet-black color. During the last year large quantities of it were ob- 
tained near Bluffton, in Llano connty, Texas, 22 miles from Buypnet. 
The oceurrence of this gadolinite was somewhat similar to that of 
allanite in Amherst county, Virginia. It has more than ordinary interest 
from the fact that it contains from 40 to 50 per cent. of yttria. About 
1,000 pounds were found in a single pocket, associated with xenotime, 
fergusonite, and enxenite. Onecrystal weighed 11 pounds, another 13 
pounds, and a single group weighing 40 pounds was obtained. The pro- 
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, duetions of this loeality exceeded in quality and size anything yet ob- 
tained. 

Fluorite—About four years ago a small vein of fluorite was diseov- 
ered in the Archaean limestones in the town of Macomb, Saint Lawrence 
-eounty, New York. It was worked irregularly from time to time until 
_ last summer, when the vein suddenly widened, breaking through into 
an opening or cavity 22 feet in length and varying in width from 8 to 18 
feet. The top, bottom, and sides were lined with a magnificent sheet of 
erystals, varying from 1 to 6 inehes in diameter, and each in turn forming 
_ part of larger composite crystals. Between the floor and the walls was 
a layer of partly-decomposed calcite, which was readily removed, so that 
eroups of erystals weighing from 10 toseveral hundred pounds eaeh, and 
one of them measuring 2 by 3 feet, were easily detached. The cavity 
contained at least 15 tons of fluorite. The habit of the crystals is, in 
nearly every instanee, that of the simple eube, but slightly-developed 
_ faces of the octahedron are often present. Almost all the crystals have 
on the surface a small, botryoidal elevation, an even coating of brown 
hydrodolomite, which is readily removed with diluted hydrochlorie 
acid. The erystals are well colored, but the surfaces are dull. The 
fluorite is of a uniform light sea-green color, except where itis attached 
to the gangue, or at the junction of the erystals. Lere there are small 
spots of a rich emerald-green from 1 to 2 inehes in diameter. This find 
is Strikingly like that of the famous Museallonge lake localities of forty 
years ago, except that the erystals are of a finer color and oeeur in 
larger groups. The occurrence of a second deposit in this connty leads 
the hope that fluorite may exist here in commereial quantity available 
for the arts. 

Amber.—For the last fifteen or twenty years travelers have occasion- 
ally brought specimens of a remarkable amber from some loeality in 
southern Mexico. The information that has been gained concerning it 
is bronght to the coast by natives, who say that 1t occurs in the inte- 
rior so plentifully as to be used by them for making fires. The color of 
this amber is arieh golden yellow, and when viewed in different positions 
it exhibits a remarkable fluorescence, similar to that of uranine when dis- 
solved in water, which it also resembles in color. A specimen now In 
the possession of Mr. M. T. Lynde, of Brooklyn, New York, measures 
4 by 3 by 2 inehes, is perfeetly transparent, and is even more beautiful 
than the famous so-called opalescent or green amber found in Catania, 
Sicily. This material would be extremely valuable for use in the arts. 
It is believed that an expedition has started for the locality in the inte- 
rior where it is found. 

New developments in foreign localities. —The Burmese ruby mines were 
leased to a powerful London syndicate in November, and machinery 
was immediately sent to Mandelay, Burmah, for the purpose of pros- 
peeting and working the mines. From all appearances active explora- 
tions will take place during 1889, and within a short time it will be 
definitely known whether or not these mines are exhausted. 
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By GreorGe F. Kunz. 


During 1890 work was carried on at the tourmaline locality at Mount 
Mica, Paris, Maine. The work was more or less successful and over 
$2,000 worth of fine gems were obtained. For the first time in the 
history of America, turquois of fine color, in many respects equal to the 
Persian, was mined at the Castilian mine between Los Cerrillos and 
Santa Fé, New Mexico, of which over $10,000 worth was sold in 
1890. These stones are well received by the gem trade, as the Persian 
mines have proved less and less prolific for many years past. Tur- 
quois has also been discovered in the Burro mountains, Grant county, 
New Mexico, and Saguache county, Colorado. Of especial interest 
among newer discoveries was the finding of a few crystals of diamond 
on Plum Creek, Pierce county, Wisconsin, where they were found in 
searching for gold under conditions almostidentical with the finding of 
diamonds in North Carolina. ‘The option was obtained on a tract of 
4,000 acres on the Missouri River near Helena, Montana, for the pur- 
pose of mining sapphires. <A preliminary examination made at the 
sapphire locality in Montana reveals the fact that sapphires exist in 
large quantities in the gold glacial gravels that lie immediately on the 
bed rock, a green slate. From present appearances extensive workings 
will be carried on for these fancy-colored stones, which are not true ruby 
red nor true sapphire blue. The success of the enterprise depends very 
much upon how many of these peculiar-colored gems the markets of 
the world will absorb. 

As in former years, large quantities of garnets have been found in 
the vicinity of Gallup and Fort Wingate, New Mexico, and Fort Defi- 
ance, Arizona, whereas the search thatis still being carried on at Ison’s 
Mills, Elliott county, Kentucky, with the hope of finding diamonds 
there, has brought to light the fact that immense quantities of ruby 
red garncts—pyrope—exist in that vicinity. 

With the exception of a single pebble of fire opal deseribed in a for- 
mer report, no true gem opal had been found in the United States. 
During 1890, however, near Whelan, southwest of Colfax, Washington, 
almost on the Idaho and Washington line, a brilliant fire and noble 
opal has been found filling the cavities of amygdaloidal basaltic rock, 
the cavities of which vary in size from that of a peato a large walnut. 
Some of these opals have sold for almost the price of fine noble opals 
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LARRIIO non soocnseoconpeOseCaDAaLsn 2, 000 3, 000 500 
POINT A ZANT SLOM Ol ecic cares occ cine sie camee 2, 500 2, 750 250 
Catlinite (pipestone).-............. NOSO00M esos ce 10::000 |: 1050009) |Ba2eeseeeee 
POUEONM POLI GS!a)cc<2c\-ccsce cece cee s Te GO0N Roceee meee 1, 000 2, 500 
MIU INO DICOS me aicia isicsisieinisicinersieaisieeciete SUOM ieee srsten 500 1, 000 
Sm bins Tb Besos ecoonsceseosear 500 1, 000 250 
Hornbljende in quartz....-.....-... 500 600 300 
MOM SOMILG! a aascs a ncas cle ccc cnc ce 250 750 500 
MNT OMSIG Osc e te ciscs cies sias cic oc oie wieise| eines 4 saen cca] isan seecleefeacaciee cs |l Wie O08 Samer 
LG! 6 eeoneceoneereGunOCoNGE EhoT 4, 000 4, 500 1, 000 
(HMVOTASGEOMLO. ac vccccmccceecce ccs 500 1, 500 |). oc nee cee noel scsceeeene | eee 
BIG TOLS Oise ere also cccicislcle sic cae s 1, 500 2, 000 2, 000 
WPLG Spa PA LObstetarciclo'cis cis wisineinionie.e cc nie 1, 000 3, 000 2, 000 
AMMIGHIINES saoaseocueTecodeeeeeenee 2, 000 2, 200 100 
IRS IGR o econedanpooccoonneooEepeses 2, 000 2,500 1.20. ss sececc) ccc eee eee 
SWUSOS) cseaaccocaS Soo OOESeEeeaG 260 450 100 
leis ULE ON Ares tcia Seles wials sie= 0 oc se 500 vi] PE ER llocaaacuss) 
PRU OW eer eia so iclc aiaisic[eicicic.n onic ow aicies|lacc sie cpmeace|ee-ac.cnimcelsececeeeell | OOM See 
PR OUA recess sawn sia nici woes 54, 275 28, 550 82, 825 30, 550 69, 850 
Goldaquanizescanceics<s<cc<os0c 52. ‘40,000 | 100,000 | 140,000 100,000 } 140, 000 
. 
\ 
- 
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1887. 


Value of stones found and 
sold to be cut inte gems. 


SO OI) OOOO) (i ei es ee ie es ee ee ee ee ee es fe ee ee eee (eer re 


Se ees ee es Eo aes 


1886. 
rs be = wows 
o =) 
hes. | &e aoa. 
eecks 3 & Bese 
soas. 5° eoes. 
Segis| 3 aSEs 
gee-8| 3s 335-3 
as ae Total. | 22-99 
ase a} 8° See 5 
eect Bi 2S @ os 
wag 2 & sons 2 
Smear ne, Oo Za 
Zak = eat 
os nias Sigs) See el 
Sot 2g =S aorped 
aauorm Oa an Q nya 
> > a 
200S00 Seer Ee $60 $60 
$250 500 iO ulncrecetetesc crac 
AOOOR seas... =: - 1, 000 $1, 500 
ee 5, 500 5,500 500 
3, 000 200 3, 200 
3, 500 1, 000 4,500 
3, 500 2, 000 5, 500 300 
2, 000 5, 000 7, 000 1, 500 
10, 000 1, 500 11, 500 10, 000 
500 1, 000 1, 500 35, 000 
1, 250 2, 000 3, 250 2, 500 
_o epee 2, 500 2. 500 2, 000 
1, 500 500 2, 000 2, 000 
io 250 2, 250 1, 500 
CS 10, 000 5, 000 
ee , 500 D500 Iie oes | 
HOQOS |sicinw css ° 1, 000 500 
14D | Seen oseeee 1, 750 
DOOM reersic sass. a Om [res rerevae sneer 
100 300 400 250 
coca cnooed SSCOseEees See 50 
1, 000 1, 000 2, 000 3, 000 
500 500 1, 000 300 
1,000 2,000 3, 000 1, 000 
1, 000 1, 000 2,000 200 
2, 000 100 2,100 2, 000 
200 100 300 50 
TOU Me a <. <2 < 1, 000 | 1,500 
730 yiesecnaeeene 0 eee tterotocectete rere 
49, 000 29,510 78, 510 70, 650 
_ seccoessb60 Bee £0) QOD Voseeecaanese 
ay 


mis 
nn 
oS 
= 


i 


weer eto ees 


1888, 
Biss Es 
eee el 
Bass A & 
See oe | ee 
geres| 24 
Total. ai -s5 ay Total. 
See |e 
Cee ae lees 
oie ) 
gzaae| es 
aisia|) ae 
a be 
oe ssn) $500 |.........---4 $500] «$500 
2, 000 $500 100 600 
3,500 300 500 800 
650 |e 650 
1000} eee 100 
"300° | 200 | BOO |. .ccsscrscssleces sae 
4, 500 1, 000 3, 000 4, 000 
11; 500 10, 000 1, 150 11, 150 
36, 000 1,000 | 15,000 16, 000 
3, 500 2" 000 1, 500 8, 500 
2, 000 1,500 |e 1,500 
2,500 2, 000 500 2, 500 
1, 700 1, 500 200 1.700 
5, 000 5, 000 |. 2 oes ee 5, 000 
1, 500 1,500 |): scene 1, 500 
500 500: |aaeeetene 500 
See te 100 |. 2. s.esccccl Ae 
750 300 200 500 
eee 
4, 000 3, 000 1, 600 4, 000 
800 300 500 800 
2, 500 1, 500 1, 500 3, 000 
950 200 750 950 
2, 100 2, 200 300 2, 500 
100°|25- ee 100 
150: |oecteceee+eelss see 
2, 000 2, 500 500 3, 000 
i edd Cd eee enn Cees 
88. 600 37,650} 27,200 64, 850 
75,000: |eweasca oncas|Soee. ae 75, 000 
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Production of precious stones, ornamental minerals, etc., in 1889 and 1890. 


cs) oy Se 
o > as 
8 Se |Fas = 
3 |e€. Boss 
aN eee leer ate 
Names of gems | nu | 2 BZ |p oes 
or precious Sonne os 
stones. SS |e 8 8-a2 
% SSG Zaes 
| tag tsi 3e 
g yur lgas= 
= Ae ee re 
lo ee 
va - a 
1889. - 

Sapphire........ $2, 600 | $6,725 |......-- 
BERR casena de Wrersiocee:e 300 $150 
Aquamarine....| 225 597 150 
Te MMCUROh a reise |s0 226) cc.cc 2% 200 
Iheyiain Betecaneee 100 200 200 
Turquoise ....-- 10, 000 | 23,175 500 
PRGMHIMINGH. +4) 2,050) | 2, 250)|2. 5... 
(GEEDTICIR BaaGeeee 510 | 1,633 675 
(COTE; coeeeeeee 510 ya Fist) || ile tet) 
Amethyst ...... 15 We do conseas 
lose quartz - 200 400 200 
Smoky quar tz ..| 700 4, 007 225 
oldsonitz..-..|) 6, 000 SOD |locosaoon 
Rutilated quartz 2 Bi Beeesene 

Dumiortierite in 

GWG WW o acesego|Baocogapancoace 250 
Quartz coated 

with chalced- 

UMN énaoe BEEEe 1, 000 2,000 | 2,000 
Chrysoprase.... 50 200M Eee cers 
A gatized and jas- | 

perized wood. . 42,725 | 53,000 175 
Banded and moss | 

MSW Glee acs 0s. | accesses 80 550 
PM AON SONG =. |... <= |ooces ce 500 
evtlib@races 2.<.0= < 100 500 1, 500 
Chiorastrolite. . 200 300 200 
Thomsonite..... 100 200 200 
aOR LOmeerst ss) siccie sc <]eucicee. 500 
Fossil coral..... 100 200 500 
Azurite and mal- 

AYSINDILG). 6 dea eo oe GC |peasgone 2, 087 
Catlinite (pipe- 

SUOME)). AoocS GAnISAOeecs] REAR es 5, 000 
ZAR REDD [Son Se ROE eee Cee ee 16, 000 
Gadolinite, fer 

gusonite, etc. 

(OQ) eeccoqnGueee Senne) Seem 1, 500 
Monazito (a). 5, 26 pee eres doce 1, 000 
HPOUMMTIENIE (Gls. |ssaccec|+ ss ooses 200 
Wooden orna- 

ments decora- 

ted with min- 

CIS (O)csccese Beaeeeel BeSoseee 15, 500 
Miscellaneous 

navel (@) sual eeeecsa Semtercs s 20, 000 

BR otallss<.2. 107, 645 | 81, 162 


or eae | 


Total value. 


$6, 725 
450 
747 
200 
400 


23, 675 | 
2, 250 | 


2, 308 
14, 000 
98 

600 

4, 239 
9, 000 
30 


250 


4, 000 
200 


53, 175 


630 
500 
2, 000 
500 
400 
500 
700 


2, 037 
5, 000 
16, 000 


1, 500 
1, 000 
200 


15, 500 
20, 000 


188, 807 


s [a4 [ages 
le 
B |e. ieee 
& o2 eee 
& | ogee ee 
Names of gems | au, | 989 PERS 
or preeious 28 B¢eS |55a> 
stones. 3s t Sete . 
ez 2) ys [el Se 2 
on Sa te f=" a a= Fo es 
S) SPS oe) = 
2 Tm 
e Cc. ae tao is) _ 
a 225 22 | 3 
o Coors 4 Cha) 
- perk pases! e 
1890. 
Sapphire.......- $2, 600 8 SO 25 ee $6, 725 
Einerald assess: ee ween. 
| Aquamarine... 7 PEE HRSA Sco cuclococscac 
| Phenacite. ......-|...0.2. 4B occ. 2 oe] cee ee eee 
(ROPHZ Mace asec | wadtde see --| 
Turquoise ..-... |10,000 28,175 $500 | 28, 675 
Tourimaline..... 1, 08 2,200) Sea 2, 250 
Garnet. se) ee 510 | 1, 638 675 | 2,308 
(NEMA; aonsccnco 510 | 2,750 | 11,250 | 14,000 
AGMTOUIN SIE Se cscollosacss< |_| an «| eee . 
Rose quartzoa. cals nets eet 200 200 
Smoky quartz . 700 | 2,000 225) ||) azo 
Gold quartz. .-.-. 6,000 | 9,000 j....._.. 9, 000 j 
Rutilated quartz|..--.--]. 32-52 seeeeree eee 
Dumniortierite in 

quan’... 2222 |oo.cceleeenetes 250 250 
Quartz coated 

with chalced- 

(Hi) AER ena OnAIRooadod ncacsooc 2,000 | 2,000 
Chrys opraseeece|ea-sec| peers 200 200 
A gatized and jas- | 

perized wood..| 1,000 | 5,000 | 1,000 | 6,000 
Banded and moss 

jasper.......-.]....22slece ene eeleee eee ee 
Amazon Stone) a-||\eeeee | sees 500 500 
rite sss eee 100 500 | 1,500] 2,000 
Chlorastrolite - 100 200 200 400 
Thonisonite ..-.. 100 200 200 400 
Ww oOrite we -Saccalescieee| see 500 500 
Fossil coral..... 100 200 500 700 
Azurile and nal- 

ACHIte. . . 2.220) e0 2 <c.|e<isere eel ee etetne ein] eeeneeeeeeame 
Catlinite (pipe- 

StONG):« -.2/.c.secils cestenve leyoeueeee 5,000 | 5,000 
Wooden  orna- 

ments decora- 

ted with min- 

erals| (0) vs.c<allsccoeea|eeeeeeee 15, 500 | 15, 500 
Miscellaneous 

MINETALS (Cc) ee wate atoll 20, 000 | 20, 000 


Total .....|....-.-| 58,633 | 60, 200 |118, 833 


a Used to extract the rarer elements for chemical purposes, 
b Such as clocks, horseshoes, boxes, eto. 


o For cabinets, museums, etc. 
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PRacious STONES. 


By GEORGE FREDERICK KUNZ. 


Introduction.—Since the last report on this subject was prepared, 
definite and systematic mining has been carried on at seven places in 
the United States, viz: Near Los Cerrillos and in Grant county, New 
Mexico, for turquoise with much success and profit; extensively for 
Sapphire in connection with gold on the Missouri river, near Helena, 
Montana, with what commercial success is not known; for opal, with 
fair success, at Gem City, Washington State; for tourmaline at Mount 
Apatite and Mount Mica, both in Auburn, Maine, and for emeralds and 
lithia emerald in Alexander county, North Carolina, during 1891, but 
with little success. 

Production.—The following table gives the output of the various 
gems and precious stones during 1891: 


Product of rough gems before cutting, for the year 1891. 


Gems. Value. Gems. Value. 
a : en =| { 
BIST GE Ol Sepa reststettie sc a /nielaini= «i= wisio ce $150,000 || Agatized and jasperized wood .-| $2,000 | 
ROT) 22 IS claiainininicte|a = 0niniciseiaie/e.<nia.00 Sy UU), H) Lesh cog sameaebe Bae oeceses 1, 500 
AMMO peels = = = <iso ais ass cce . 10,000 | Chlorastrolite......-....--.---+- | 500 
Tourmaline .......-- omenamecsene | 0000 |Chomsomite...-0 us --...---.---. 200 | 
Con ity, 5.6 Sen 0005 || WossmeeOngh 2 =. fag... ece ees | 1, 000 ! 
NGGTIC Oboes ite ere =< sai<s sian a ieie' 1,000 || Catlinite (pipestone) -.-.-.....-. 5, 000 
Emerald and lithia emerald ..... | IF O00F Ornaments. 2.2. c= ae. once sai 15, 000 
PUAN ALIN Ocesasic cscs ccecene- ah COD a lb AMET. dk cessoneeoococesereerecae 100 
QDS ootojeqooanaonaspuneccaccs | 10, 000 | iMistollancous_--.-2-----------.- 15, 000 
Smoky quartz........---... pesiee 5, 000 \ 
Gold:quartz......--...22cc..0e. | 6, 000 Tots eee | 236, 300 | 
t 


Estimated production of precious stones in the United States from 1884 to 1891. 


ns 


1884. | 1885. 1886. 1887. 1888. 1889. | 1990. 1891. 


Species. [<< s ——__| |] | | | | -—_—__—. 

Value. | Value. |-Value. | Value. | Value. | Value. | Value. | Value. 

AD TAMONG We aism is. 1s0 0 (cea E800! | ereieie sates, OUD noeose 484 onc ARES Ge Me erean > AMBeBGaS Boboasecc 
Sapphire gems........... 1, 750 $500 750 $500 $500 | $6,725 | $6,725 | $10, 000 
Chrysoberyl ....--.-....- PY lees A oe SORES beet c ditto o55 ee Eee ce MEE eed icoscocc: 
PLODAZ, «2 5.-ssaceee Eielciavcisis H 500 1, 250 1, 000 2, 000 600 4000 See cemce 100 
LS) papseO CREE eoaa cece 700 750 5, 500 3, 500 SOD! |oceeciea «| cccacee els eee 
MBHOMACIUO ac clesiscicise ere ell See eete Cte Sat eee liso esis oe |ecceceses 650 900) |2<cotecee (ee ee eee 
LORE ates BES eeemencaes Seocnonas 3, 200 BS PANE er ecscic 100 ABO: eee a1, 000 
PEEVAINONIGO ors 0 vic'e an ne cin sjce|eneneeiaae 2, 500 45004 <cocerees | ceeeeeeee |aen. cere - fgee sce ao cc 
Tourmaline............-. ; 2,000 60 5, 500 1 eee 2,250} 2,250! 3,000 
Smoky quartz...........- ' 12,000! 7,000] 7,000/ 4,500; 4,000} 4,232/ 2,995] 5,000 
Ae ee ec. occ 11,500 | 11,500] 11,500] 11,500] 11,150] 14,000! 14,000] 10,000 

ilicified wood........-.. | 10, 500 6, 500 Ie 5008 ee sosOU0ge 1G" 000! |..2.-..--|----. 0 ee eee 

ot 4, 00 | 2,700} 3,250] 3,500} 3,500 | “2,308 | 2,308) 3,000 

Anthracite .............. | 2500 2500/12 509 12,000) 11500 |..-.....-|-..--caccleeeeeme 


| 
a For cabinets, museums, ete. 
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Estimated production of precious stones in the United States from 1884 to 1891—Cont’d — 


tf 


‘ - 


“a 


1885. 1886. | 1887. 1888. 1839, 1890. 1891. 


Species. | Se ee | ee ————— | = ae 
Value. | Value. Value. | Value. | Value. | Value. | Value. I 
; i 
Yh ee $2,000} $2,000! $2,500 | $2,500 
Amazonstone ......---.- 2, 750 2, 250 1, 700 1,700 | 
Catlinite (pipestone)..... 10,000 ; 10,000 5, 000 | 5, 000 | 
Arrow points............ 2, 500 2,500} 1,500 1, 500 
WT OOILES sajeeseicrie ee cree 1, 000 1, 000 50 500 
| Sagenitic rutile.......... 250 1, 750) |eaccesee|se sees see 
| Hornblende in quartz.... 300 200 100 j...257 2: 2... eee 
Ie homsonito)c-s-seessee 750 400 | 750- 500 
MIDIOD SOB. «te <seseo see 100 -|ocaeere 50 |...-.0-.c|a. 22a 
HEAT A LOM ec ciciccetapemece maa 2, 000 2, 000 4,000 | 4, 000 |. - «sj. | eee 
| Chiorastrolite eer sete a1) ls O0 On eee 1, 000 800 800 
eLUTQOIS:. ese see se nese 3, 500 3, 000 2, 500 3, 000 
| Moss agate -....-.-..---. 2, 500 2, 000 950 950 
PATHOL S tin cons cisis sos =2se 2,100 2,100 2, 100 2, 500 
JASPOla assess +s Aopnecces| “A RUY |eepnosanadlscoonocae beonagoos 100 
| Sunstonewmenes «ccs cenee 350 300 150 |.2..--...|.-..-.-.--|-- see 
iEwesieoral.....%c.....| 9500..-.aeeee 1, 000 2, 000 3, 000 
PRCUMMLON 0. noo, Price scs [un fl oaes 750 700 |eonnes-- 2]. Score] mene 
WAM AM ALIN O5:< oii <.o5.< cin sae tis tee neste ae ate rere ioe eare fr ayela.cie) <:« | eretepnaielelats 
PROSC/QUAT UL He se.cicema sina cane aeetelea eee tere | cree oie fBistevste - chasi|a steve ne fe 
Golatquartz 52... 5-226 140,000 | 40,000! 75,000 | 75,000 
Rutilated quartz......... PO ocr ORES Cre eer i HeACe cn looong iica 
DOHA HE BEEN NC THOT) onl eeReeod oogoudt Su lscoacqcadlocsoaccod|soccn. on | 
Quartz coated with chal- 
CEG age Gace nes Ae Bee sAbose soaonosocdllosscuoace | sooococadicocosdaas 
(OUN ASIN SS CS a ee Been oe eRe cloacae solocanouatallooodoepec 
Agatized and jasperized 
SyOOC Wass. 5. . ame. Se eee. | sateen | EE S| eer tan | Se Se cel 
Banded and moss jasper.|.....-...)-.-..---. Joneenenee |owwcvecccloccaroncn| 
AR TTOR ICOM a3: :s siete Mas sl etic = eee le aac sere eeine ote os Coe 
Azurite and malachite..-|).-----.-\s-----.-- | BP eee sees beadesonc 
ZACCOW(O,) Smee Meee os acc s/c | cceie eoece lo cece Megs rotate << Src eters | Serene 
Gadolinite, fergusonite, 
(GUTOR (JAGR ccna cis! [sno cael PRR fain 5 ei eee een acae 
RUGTRWARE) (C9) aneeaeppoono a 4 FP gos PRR AS ea eon oea boats 
Spodumene (@)....--.... He eee. Re eee Se decaren ids soosce % 
W ovoden ornaments deco- 
maLedawathwniinerals; (B)ilee.cescelacaamer «- lem caceeei nee ces cer sees | 15, 500 15, 000 | 
Ojtt ll sa sSecees eae | Ec ee ere ceeicre Pee Cee eee 5, 000 
C7 10 oie (iGiewcies «-|- suieoe eset. «52 oe re = |---+--00-|- one 1, 000 
Miscellaneous miner- : rit 
TUS (acc Os a CAE PPR! rena ey hn ch cacalGookodthas | 20,000 | 20, 000 
LS, a ee | 222,825 | 209,850 | 118, 850 | 163, 600. | 189, 850 | 188, 807 | 118, 838 | 


a Including lithia emerald. 
6 Used to extract the rarer elements for chemical purposes. 
¢ Such as clocks, horseshoes, boxes, etc. 


Diamonds.—In connection with the occurrence of diamonds in the - 
United States, mention should be made of certain recent discoveries in 
the Northwest. In the Engineering and Mining Journal, December 
13, 1890, page 686, a communication appeared from Mr. G. H. Nichols, 
of Minneapolis, Minnesota, stating that in a review of Gems and 
Precious Stones of North America, published in that journal, no refer- — 
ence had been made to the occurrence of diamouds in Wisconsin, where — 
he had found several small stones. The writer immediately put himself 
in communication with Mr. Nichols, and from him obtained the follow- 
ing particulars: 

In the summer of 1887 Mr. Nichols was engaged in prospecting for 
gold on Plum creek, Rock Elm township, Pierce county, Wisconsin, in 
company with Mr, W. W. Newell and. Mr. C. A. Hawn, of Rock Elm. 
While sluicing for gold one of their workmen detected a bright stone, 
which proved to be a diamond, in gravel taken from the bank of the 
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stream ata depth of some few feet below water level. Bad weather inter- 
rupted the work at that time, but subsequently they resumed the search, 
‘and several more diamonds were found by other members of the party. 
Nothing more was done in 1887, but in panning three miles farther up 
the stream Mr. Newell found another diamond, much distorted and 
off color. in the summer of 1888 actual sluicing for gold was begun, 
and in three weeks’ time in the gravel at the washout four diamonds 
were found. One came from the surface of the gravel bed and one 
from a pit some 30 rods distant, at a depth of 5 or 6 feet below water 
level. The most perfect stone was obtained by a workman, who se- 


_ cretedit. 11889 prospecting was resumed on the west branch of Plum 


creek, and here Mr. Nichols found another diamond in gravel taken 
from the sluice. Two or three small ones were also found in the tailings. 

Gold occurs all along the main branches of Plum creek, as well as 
along the smaller runs of their extreme headwaters from 2 to 5 miles 
from their junction. From Mr. Nichols the writer received a series 
of specimens both of the gold-bearing sands in which the diamonds 
sent to him for examination were reported to have been found, and 
three of the diamonds weighing, respectively, 33 of a carat (160.5 
milligrammes), 7; of a carat (46 milligrammes), and 3; of a carat (19.25 
inilligrammes). Only the largest of these would cut into a stone of any 
value. It is a hexoctahedral crystal with rounded faces, white, with a 
slight tinge of grayish green, and could be cut into a perfect brilliant 
of about 33; of a carat. On one side isan L-shaped depression with 
rounded faces in which there are minute grains of sand. The next in 
size is a Slightly yellowish elongated hexoctahedron. The surface is 
less smooth than that of the larger one and is entirely covered with 


small crystalline markings. The smallest one is an elliptical hexoc- . 


tahedral twin, with a dull surface. In color it resembles the second. 
The sand sent by Mr. Nichols, when examined by the microscope, was 
found to contain the following minerals besides the quartz grains: 
magnetic iron, titanic iron, almandite garnet in grains and in minute 
perfect dodecahedrons, small transparent brilliant crystals, none more 
than one-third the size of a pin’s head, of what appeared to be spessar- 
tite or essonite garnet, numerous grains and rolled crystals of monazite 
and one small grain reported to the platinum, but this was lost before 
the writer could examine it. The whole material is thus seen to resem- 
ble in many particulars the gold-bearing sands of Burke county, North 
Carolina, and Hall county, Georgia. This matter is interesting as a 
new locality for diamonds, but it is very doubtful if these sands will be 
more prolific or the discovery have any greater commercial value than 
the gold sands of the southern Alleghenies up to the present time. 
Diamonds in meteorites.—A remarkable account has been published 
by Prof. George A. Koenig, of the University of Pennsylvania, regard- 
ing the discovery of what appears to be diamond, or at least the dia 
mond form of carbon, in a meteorite from Cation Diablo, Arizona, sent 
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to him for examination by Prof. A. E. Foote, of Philadelphia, who ob- 
tained it at the locality in 1891. The following is a summary of this 
account: (a) 

The piece examined weighed adout 16 pounds; it was one of anum- 
ber, some of which were very large. On attempting to cut it, remark- 
able hardness was at once observed, and the edge of the half-inch 
chisel was repeatedly broken. Presently an intensely hard spot was 
reached where a black powder was produced instead of chips. This 
powder carefully collected amounted to about four-tenths of a grain. 
The spot was found to be a round cavity, about half an inch across, 
through which the cutting machine had passed, leaving the halves on 
both sides lined with a black mammillary coating, resembling black 
diamond. On attempting to polish the sections of the meteorite on an 
emery wheel, the latter was cut to pieces where it met with this cay- 
ity, and corundum was easily cut into grooves by the black coating. 
The powder dissolves in nitric acid, yielding a red solution resembling 
iron carbide and leaving a black residue. The latter with sodium hy- 
drate yields an intenseamber yellow or gold-colored liquid, from. which 
acids give no further precipitate. The residue, fused with hydrosodium 
sulphate, left a substance in which the microscope revealed minute par- 
ticles, some black and others partially transparent, and one white 
spherical grain. These had no effect on polarized light. Unfortu- 
nately, however, they were lost by an accident before further examina- 
tion could be made. | 

During 1891 work was carried on for a number of months at Isons 
Mills, Elliott county, Kentucky, at the periodotite dikes previously 
examined by Dr. Diller and the writer by direction of the U.S. Geolog- 
ical Survey. It was supposed at that timethat as these dikes contained 
carbonaceous shale under conditions similar to those at the south 
African fields diamonds might also be found there. Although it was 
suggested previously (b) that the paucity of the carbon in the Kentucky 
shale precluded the possibility of its containing diamonds, yet a num- 
ber of gentlemen have carried on operations there during 1890 and 1891 
with the hope that diamonds may at some time be obtained. These 
efforts have not yet met with success. 

Sapphire.—The sapphire locality in Montana is being developed. 
The mineral is found to be somewhat abundant in the gravel bars of 
the Missouri river for a distance of some 6 miles. The principal points 
are those known as Ruby bar, French bar, Spokane bar, and Eldo- 
rado bar. Of these, the central point is the Spokane bar, at Stubbs 
ferry on the Missouri, some 12 miles east from the city of Helena. 
Although these bars had been partially sIniced for gold, no systematic 
attempt had been made to work them for gems until 1891. Some of 
the sapphires had occasionally been sent to large cities, but they never 
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until recently received mach recognition, owing to the high price of 
cutting sapphire gems and the small demand existing for stones other 
than of deep color, such as true ruby red or sapphire blue. In 1889 an 
area of about 4,000 acres (64 square miles) was purchased, or the op- 
tion obtained upon it, by a company capitalized at £450,000, which 
contemplates working Eldorado bar and the other bars for a distance 
of about 6 miles. 

The company has had the property examined by mining engineers, 
whose estimate is that Eldorado bar will yield some 2,000 cunces of 
sapphires to the acre. Only a part of these, however, may be of such 
quality as to warrant cutting for gems. The stones found exhibit a 
great variety of colors, chiefly the lighter shades of red, yellow, blue, 
and green. The latter tint is found quite pronounced, being rather a 
blue green than an emerald green. Nearly all them, when finely cut, 
have an apparent metallic luster, strikingly peculiar to the stones from 
this locality. No true red rubies, nor true blue sapphires, the colors 
demanded by the public, have been found, the other shades having 
thus far been only sought by the collectors. It is claimed that there 
is an abundance of gold, and time only can tell whether the enterprise 
can be a success. 3 

Several minor companies have been formed or are contemplated. 
One, known as the Spokane Sapphire Company, embraces that part of 
the river, near Stubbs ferry, and on what is known as Spokane bar, and 
one is said to have been formed to protect the interest of the Montana 
Sapphire and Ruby Company. At all these bars the sapphires are 
principally found in a layer of auriferous glacial gravel a few inches in 
thickness, which reposes directly on a slaty bed rock. While work was 
going on at Ruby bar, a mastodon tusk, 3 feet in length, was found in 
the sapphire layer. = 

Among some of the associated minerals observed were white topaz in 
brilliant crystals not over one-fourth of an inch in length, similar to 
those from Thomas mountain, Utah; rounded grains of garnet, some- 
times as large as a pea and rich ruby red in color, often erroneously 
called rubies; cyanite in broken translucent crystals, which are white 
with blue patches, one-half an inch in length and one-eighth of an inch 
in diameter; cassiterite (stfeam tin) in rolled concentric nodules, none 
over one-fourth of an inch in diameter; limonite pseudomorph after iron 
pyrites, in a variety of imitative and concentric shapes, showing a radi- 
ated structure when broken; chalcedony in smali irregular and imita- 
tive pieces, often an inch in length; and white calcite in small rolled 
masses. / 

In regard to the original source of the sapphire itself it is worthy of 
note that during the winter of 1889 and 1890 an eruptive dike was 
found cutting the slaty rock at Ruby bar, on which rests the glacial 
gold gravel. In this eruptive rock were found crystals of sapphire, 
pyrope garnet, and sanidine feldspar. There seems little doubt that 
all the sapphire along the bars of the Missouri river has come from the 
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breaking down of a rock similar to this. Itis evident that some out- 
croppings have been eroded by glacial action north of all the bars, but : 
from what precise locality is not yet known. It can not have come froni : 
the dike at Ruby bar, as this locality is 6 miles south of Eldorado bar, 
where a quantity of sapphires were found, but rather from some others 
now worn away or covered over farther to the north. Mining in this 
district will probably bring to light other dikes, as did the drifting of 
a level at Ruby bar some hundreds of feet from the outcrop of the orig- 
inal 4-foot dike. Therock is shown by Mr. H. Miers to be a vesicular mica- ; 
augite-andesite, containing an abundance of brown mica and porphyritic ; 
crystals of angite.(w~) The ground mass consists chiefly of feldspar micro- 
lites with a considerable amount of glassy interstitial matter and much 
magnetite. Many of the cavities are occupied by a brown glass which 
appears yellow in thin sections and displays a spherulitic structure 
originating in the sides of the cavities. | 

It is of course difficult to say whether or not the sapphires have been 
caught up by the augite-andesite from schists or other rocks cut through 
in coming up, as may have been the case in the occurrences in the Hifel 
Laacher See, at Unkel, and in Auvergne at Espailly, France. 

Owing to the prominence given to the Montana sapphires by the 
press some thousands of these stones have been sent east and to other 
centers by the people residing in the vicinity of the district where they 
are found, for cutting. The result has been that many of them have 
been cut in the belief that they have a value as gems far beyond their 
true commercial one. With them many garnets also have been sent” y 
frequently exceptionally fine in color. 

Emerald.—The mining for emerald and lithia emerald has been ecar- 
ried on for ten years by the Emerald and Hiddenite Mining Company, 
organized in 1881, with a nominal capital of $100,000. Work was car- 
ried on for some time during the summer of 1891, and abont 1,500 carats 
of lithia emerald (hiddenite) and a few small emeralds were obtained, 
although all were of little value. . 

Turquois.—During 1890 and 1891 turquois of fine quality and of gem 
value has been found in the United States. The main locality is the 
one near Los Cerrillos, New Mexico; the others known are in Grant 
county, New Mexico. 

During the early part of 1890, what is known as the Castilian tur- 
quois mine was leased and a number of men put to work by Mr. Jd. 
A. Allen, of Chicago, Hlinois. This mine is 7 miles from Los Cerrillos, 
New Mexico, on the road from that place to Santa I'é, and about 14 
miles from Bonanza, with another one adjacent to it. At both these 7 
places an immense amount of working was done- centuries ago by the 
Indians, as the hundreds of stone hammers observed by the writer in- 
dicate. This property has been opened during the past year, a shaft 
has been sunk 75 feet, and a lode opened for about 40 feet. The veinor — 
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lode is nearly due east and west. Although the rock is the same, the 
color of the turquois is superior to that found at the old mine, and a 
number ot other mines have been opened in this vicinity. Thousands 
of stones were obtained during the two years’ operations. Many of 
them are of fine blue color, quite equal to the best Persian, and ma- 
terial has been obtained choice enough to insure a sale amounting to 
fully $200,000. A single stone has been sold for about $4,000. The 
discoveries have proved especially valuable at a time when the Persian 
mines have almost ceased to yield. 

Two new localities for turquois have been discovered in the Burro 
mountains, near the old Paschal smelting works, about 15 miles south- 
west of Silver City, in Grant county, New Mexico. This discovery re- 
sulted in the forming of an eastern company, which is finding fine 
material. 

This company, organized in October, 1891, under the name of the 
Azure Mining Company, under the laws of the State of New York and 
incorporated, has a number of turquois mines in New Mexico, but up 
to the present has paid especial attention to but one mine, the Azure. 
This has been steadily worked and several thousands of dollars’ worth 
of turquois have been sold. The colors range from a deep sky-blue to 
a blue with a faint tint of green, the fine material being limited in 
quantity. The stones produced at this mine always have a tint of 
green, due either to a partial change in the mineral or to a local varia- 
tion. They are not by any means an ideal turquois blue, but they fur- 
nish good merchantable material, and if they continue to keep their 
color it is believed that they will eventually drive out of the market the 
Egyptian and the poorer quality of American stones. Up to the present 
time the output of good turquois has not much more than paid for the 
expenses of the enterprise. After selling the turquois for seven 
months the owners claim that thus far they do not know of a single 
stone that has changed color. 

The turquois traverses the rocks in seams and streaks, one mass of 
which measured 8 inches in diameter and was one-eighth to one fourth | 
of an inch in thickness. A heap of débris 50 feet in height and quan- 
tities of small fragments of weathered turquois show that this locality, 
like the other New Mexican ones, was extensively worked by the abo- 
rigines. 

About 12 miles from this deposit is an Indian graveyard. In every 
grave that has been opened a few polished or irregular-shaped turquois 
beads have been found. a 

As to the use of turquois by the aborigines, the writer observed some 
interesting facts in New Mexico recently while witnessing the annual 
festa,” which is held on Angust 4 in honor of the patron saint of the 
Indians of the pueblo of Santo Domingo, a point lying about three 
miles west by south from Wallace Station, on the Atchison, Topeka and 
Santa Fé railroad. This “festa” is attendetl by many Indians of the 
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neighborhood, including the San Felipe, Navajo, Isleta, Acoma, and 
Jicorilla Apache tribes, and a curious custom is maintained. A carved 
wooden image of the saint, about four feet high, which is said to date 
from the time of the reconquest in 1692, is carried in procession through 
the principal streets to a small tent made of the finest Navajo blankets. 
Here it is placed on an improvised altar and various offerings are pre- 
sented to it. Among these are strings of turquois beads, both round 
and flat, of the choicest color, which are suspended from the ears of 
the figure and from a string which encircles its neck, while on its 
breast is hung one of the curious turquois-encrusted marine clam- 
shells, similar to one which Licut. F. H. Cushing found in the exeava- 
tions near Tempe, Arizona.(a) With the exception of a black band of 
obsidian running across the center, the entire exterior of the shell is 
covered with a sort of miniature pavement of little squares of tur- 
quois cemented to it with a black shellac-like substance obtained from 
the “ grease-wood” plant common in New Mexico and Arizona. 

Tourmaline—The Mount Apatite Mining Company, organized in 
1891, kept a small force of men at work at Mount Apatite, Auburn, 
Maine, during that summer and obtained a large quantity of material 
in the form of mineral specimens, but few gems of any value. The 
operations carried on by private parties yielded during 1890 about 
$1,000. 

In September, 1881, the Mount Mica Tin and Mica Company was 
organized under the laws of the State of Maine, proposing to explore 
and mine the deposits in Oxford county, which were believed to be 
rich in tin, mica, tourmaline, and the minerals of the lithia group. 
Their principal property was the Bowker farm, situated on the famous 
Mount Mica, in the town of Paris, Oxford county, Maine, about 4 miles 
distant from South Paris station, on the Grand Trunk railroad. The 
company was organized with a nominal capital, the stock being entirely 
held by the directors and officers. Work has been carried on from 
time to time at this locality, generally when the farm hands in the 
vicinity were not otherwise employed. This is true as well of the mine 
at’ Hebron, Maine, also secured by the company. Single gems have 
been obtained valued at over $500 each, and in all at least $15,000 
worth have been found since 1881. A number of these have been sold 
and others retained by the directors, in whose collections they have 
been placed. The bulk of the crystals—the famous Hamlin collec- 
tion of tourmalines—has been sold by Dr. A.C. Hamlin and presented 
by Mr. James A. Garland to the mineralogical cabinet of Harvard 
University. This collection will be more fully described and figured 
in colors in a publication which Dr. Hamlin is now preparing. It 
contains the finest crystals of tourmaline on the matrix found at Mount 
Apatite, and the finest collection of minerals found associated with 
tourmalines at this locality, collected by Mr. Thomas F. Lamb, of Port- 
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Jand; also, a series of nearly one hundred crystals from the same place, 
collected by the late Prof. N. H. Perry, and a number of other crys- 
tals from other Maine collections. Uarvard University, therefore, 
now possesses the finest known series of colored tourmalines in the 
world. 

_ A new locality for pink tourmaline is given by Mr. Oreutt in a report 
on the minerals of the Colorado desert.(a) Itis found in the mountains 
of Lower California, south of the Alamo mines (though whether within 
the actual limits of the desert or not, he does not specify), in an iden- 
tical association with that from Rumford, Maine, and from Rozena, Mo- 

ravia, viz, rose-colored tourmalines in fepidalite. 

Quar soa interesting discovery has been made at Placerville, 
Eldorado county, California; by Mr. James Blackiston, in a quartz 
ledge running north and south and dipping eastward from 45 to 50 
degrees. The rock of the ledge, which is partly decomposed and partly 
compact, is traversed for perhaps 100 feet by a vein of crystallized 
quartz varying in width from 6 inches to over a foot. This vein is also 
decomposed, and is filled in with areddish earth or sand and can be dug 
into with a stick or board. It was full of quartz crystals of all sizes, 
from that of a man’s finger up to large dimensions, some of the crystals 
weighing as much as 80 or 99 pounds. 

Several of these, over 50 pounds in weight, were pellucid and free 
from flaws; while others have peculiar interest from remarkable ineln- 
sions of chlorite, 3 to 5 millimeters in thickness, at several depths in 
the erystal, thus marking successive stages of crystal growth and 
making very striking “phantoms,” generally of green chlorite on 
white quartz layers. Of still greater interest, however, are other 
quartz crystals, 2 to 4 inches in length and half as much in diameter, 
containing ator near their centers inclusions resembling groups or elus- 
ters of dolomite or siderite crystals cream-white to brown in color, and 
consisting of many curved rhombohedra from 2 to 4 millimeters in di- 
aineter. — 

Quartz crystals containing inclusions of goethite crystals, have been 
found in the Tarry Allrange, 40 miles west of Colorado Springs, and 
cut into beautiful ornaments resembling quartz penetrated by erystals 
of black rutile. 

Smoky quartz—F ine erystals of smoky quartz, one of them 34 inches 
in length and 13 inches in diameter, have been found in Three-Mile 
gulch, 3 miles southeast of Helena, Montana. 

Hydrolites.—Thin shells of chaleedony filled with water and contain- 
ing a moving bubble, measuring from 4 to 14 inches in diameter, are 
frequently found on the Oregon coast near Yaquina bay and Astoria. 

In a report on the minerals of the Colorado desert, Mr. C. R. Oreutt 
mentions “ water-agate” (hydrolite) from Canyon Springs, and beautiful 
agates and chalcedonies in the drift of the desert and seattered over 
the mesa- like formations that border the depressed plains. 


aC. R. 2. Orcutt, Tenth Annual R Report of the State Mineralogist of California, 1890. 
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Agate—Agate in bowlders from a few inches to a foot across, of 
rich red, brown, and mottled tints, is found in the vicinity of Austin 
Bluffs, near Colorado Springs and Colorado City, Colorado. 

Agatized wood.—In the eighth annual report of the U. S. Geological 
Survey for 1886-87, Prof. Lester F. Ward, has contributed the most ex- 
haustive treatise on the geological distribution of fossil plants through- 
out the world, including silicified and agatized wood, that has appeared 
up to the present time. He says: 

‘These remarkable petrifactions are believed to occur in the Shina- 
rump group of Powell, and their mode of occurrence is described by 
him in his ‘Geology of the Uintah mountains,’ 1876, p. 69. These great 
trees of stone are believed by the Indians to be the shafts of their 
thunder-god, Shinauav, and from this Major Powell named the group, 
which he regards as of Cretaceous age.” 

On visiting Chalcedony Park, the nearest of the three so-called for- 
ests in this formation on the Atlantic aud Pacific railroad, the writer 
found it to be about a mile square and inclosed by table lands from 50 
to 100 feet in height. Nearly all the agatized wood is found on the flat 
plain below these table lands, and rests on layers of sandstone. The 
lower layer is chocolate-red, another white, another black, and another 
a compact sandstone, gray, and on these rests a layer of white sand- — 
stone in which all the wood at this locality originally belonged. By the 
washing and weathering away of this formation, the tree trunks have 
rolled down to the level plain below,.and none of them were ever in 
place there. In the upper layer, where they belong, no trunks occur 
in the upright position, nor were any roots visible; and since none of 
the trees retain any of the original bark, it seems very probable that 
all this deposit was once the bed of an inland sea or lake. 

There exist two more deposits of jasperized wood, distant respec- 
tively 8 and 16 miles from Chalcedony Park; and also a number of out- 
crops of this material are seen along the line of the Atlantic and Pa- 
cific railroad, although the quality is not as fine as that of the three 
original deposits. 

Within 3 miles of Los Cerrillos, New Mexico, there is a small fossil 
forest of agatized and jasperized wood, closely resembling that of the 
Chalcedony Park in Arizona. ‘Iwo sections from this locality, weigh- 
ing about a ton each, are to be seen in the collection of the Historical 
Society of New Mexico, at Santa Fe. 

Dr. Alexis A. Julien, who has made a careful microscopic study of the 
jasperized wood, made the following communication to the New York 
Microscopical Society at the January meeting, 1892: ‘In the jasperized 
wood from Arizona, many of the wood cells aratraversed by the well- 
preserved mycelium of a fungus, secreting iron oxide, of which the still 
living species has already been described.—[Jour. of the N. Y. Micro- 
scopical Society.] The fine threads are silicified and heavily coated 
with yellowish to reddish brown ferric oxide, and, by their minute and 
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close Peiching, form spongy masses of cylindrical shape, often some- 
what curved or spiral, and of a little less diameter than the wood cells 


along which they lie. It was often noticed in.a sliced thin section of 


the silicified wood that these spongy cylinders of iron oxide adhered 
mostly to the same side of the wood cells which inclosed them. In 
other cases, the walls of several wood cells appeared to be broken 
down in the vicinity of the larger ocherous cylinders, as if by erosion, 
through the ageucy of the organism, producing irregular cavities, now 
filled with clear quartz. 

“Another mode of growth of the fungus was well shown in inany 
branching plants whieh have insinuated themselves within the thin 
Jamelle, which make up the walls of the wood cells, and so have crossed 
over several cells throngh-and inside of their walls, but without enter- 
ing the cells. 

“The mode of introduction of the fungus into the wood is clearly 
shown in many thin veins of agate, which cross the sections and indi- 
cate cracks in the trunk of the original tree. In these veins, as well as 
in the erosion cavities referred to above, many fungus spores were ob- 
served sprouting into mycelium, of which some of the branches were 
noticed penetrating through the walls of the neighboring wood cells. 
From these, as well as from other facts observed on the plant now living, 
the following conclusions were drawn: 


“1, That the tree fell and was submerged in a shallow sheet of gently © 


running water, such as that which oozes through the cedar swamps of 
the Atlantic coast down to the sea, at the present day. 

<2. The wood tissue of the tree was attacked by the water fungus 
immediately after its fall, and this growth mainly progressed on the 
lower side of the cells in the prostrate tree. After the decay and loosen- 
ing of the bark, the floating spores of the fungus evidently made their 
entrance into the tree, through the cracks in its trunk. 

“3. The slowly moving current under the swamp brought by infil- 


tration into the wood cells a constant supply of water, charged with _ 


organic salts of iron, ete. The coloration of the wood has been effected, 
not by chemical or mechanical agency, but entirely by organic secre- 
tion and deposit of ferric mace, etc., by this interesting species of water 
fungus. 

“4, The complete silicification of the wood finally ensued, with a 
deposit of the chalcedonic and crystalline quartz, producing varieties 
of jasper, banded chalcedony, ruin agate, ete. 

“Tn the silicified wood from Barillas Springs, Texas, still more deli- 
cate and complex forms of the same fungus were detected in a perfect 
state of preservation.” 


Opal.—In August, 1890, Mr. James Allen, a jeweler, of Yonkers, New _ 


York, detected what prota to be fire opal in a heap of rocks thrown 
out in digging a well, fr om a depth of 22 feet, on the farm of William 
Leasure, near Whelan, 20 miles southwest: of Colfax, in Washington 
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State, lat. 47 north, long. 117 west. This point is about midway be- 
tween the Coeur D’Alene and the Nez Perces Indian reservations, near 
Moscow, Idaho, almost on the-line of Idaho and Washington. The 
material was rather plentiful, as the last 4-feet of the rock contained 
cavities filled with precious opal. The rock is a basalt in which most or 
nearly all the feldspar and pyroxene, as well as the green mass, appears 
to have been altered. Some original constituent may have changed, 
but whether or not it is olivine it is difficult to determine, because of 
the crystalline aggregate character of the pseudomorphic mass. The 
pieces vary from the size of a half pea to that of a hen’s egg, and are 
found in vasicular lava; the smaller nodules are very rich in color, but 
the larger ones often have little or no play of colors. The quality of 
some of the specimens examined was very fine, and if the material is 
as abundant as supposed, and is properly worked, it is likely to be one 
of the most promising of our precious stones, from a financial point of 
view. Mine buildings have been erected and the locality has been 
named Gem City. A company was organized in June, 1891, under the 
laws of Colorado, with a capital of $250,000, and the operations com- 
menced in July. Up to the first of October about $280 was expended 
for mining and supplies, and after paying for lapidary work and other 
expenses, the yield was $3,500 worth of opals, which were sold at from 
$30 to $55 a carat. Someof these prices were in excess of that of Hun- 
garian material of equal or finer quality. This spring, owing to the 
unusual weather, about three weeks’ time was lost, and work was in- 
terrupted by water and snow three times; still, with an expenditure of 
about $1,200 up to date, the results Nae more than doubled in both 
quantity and quality, one very superior stone having been found and 
sold at an extraordinary figure—much higher than the prices quoted 
above. The work is carried on by about 20 men, and is much in the 
nature of an open quarry. As it progresses into the hill the top soil 
becomes deeper, but the layer of black basaltic rock next to it and over- 
lying the softer opal-bearing rock remains of about the same thickness. 
Considerable veins of ocher are met with and various kinds of clay; 
and good opals are often found embedded in so-called “ soap holes,” in 
a greasy, fine-grained, and very tenacious clay. Kernels of opal, all of 
good quality, are found in hollow amygdules in the rock, the cavities 
being generally larger than the opal. ' 
Hyalite—Hyalite, transparent and in great quantity, breaking with 
an apparent starch-like fracture, has been found in Lake county, Cali- 
fornia, by Mr. H. H. Myer. Very fine hyalite in thick seams was ob- 
served in the trap rock at the falls of the Willamette river, at Oregon 
City, Oregon, and in beautiful botryoidal masses in the Weiser valley 
lava fields, about 20 miles north of Weiser, Idaho; at both the latter 
localities it is equal to the hyalite from Waltsch, Bohemia. 
Garnet.—Large quantities of purple almandine garnet, in the form of 
rolled fractured pieces, have been found along the Columbia river in 
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Washington and Oregon. These vary in weight from one-half a carat 
to one-half an ounce. Many of them are good for gem purposes or for 
watch jewels, and their color is often equal to the best Indian “ alman- 
dine” garnet. 

Malachite—From the Copper Queen mine at Bisbee, Arizona, fully a 
ton and a half of beautiful specimens of malachite have been obtained, 
many of which were polished and. sold in Colorado for mineral speci- 
mens. 

Titanite, Sphene.—A. very remarkable discovery of titanite has been 
made by Mr. Ernest Schernikow at the celebrated Tilly Foster iron 
mine at Brewster’s, Putnam county, New York. Several hundred mag- 
nificent crystals have been obtained, varying in size from 1 to 2 inches 
in length; nearly all have highly polished faces, and scme are beauti- 
fully twinned. They are of fine yellow shades; many are transparent 
and several are large enough to cut into gems of from 1 to 15 carats 
each. These were found during the Berea of the upper surface in 
the new excavations at the mine. 

Aboriginal lapidary work.—A visit to Oregon City elicited the fact 
that Mr. H. O. Stevens and others had found about 150,000 small 
arrow points on the beaches of the Willamette river at Oregon City, 
Oregon, between the years 1860 and 1890, principally in two places. 
One is on the east bank of the Willamette, 300 or 400 feet north of the 
bridge, where the banks are 15 to 30 feet high, and covered with a 
dense growth of fir and ash trees, some of them 3 feet in diameter. The 
arrow points are found in a layer from 14 to 3 feet below the surface. 
The other locality is what is known as Green Point, half a mile above 
the bridge, where a small creek enters the Willamette river; there the 
banks have receded some 250 feet since 1861, and during the freshet of 
1890 over 200 feet. As a result, an island 100 feet in length has been 
formed in the middle of the river. At both these places the arrow points 
are gathered by boys and local collectors immediately after a freshet. 
In the débris of the river are to be found large quantities of broken 
fragments of obsidian, agatized wood, jasper, and other materials from 
which the arrow points were made; also large diorite hammers, weigh- 
ing from 2 to10 pounds each. There is every indication that these 
arrow points were not made by the modern Indians, or they would not 
have existed in such quantities, nor at such depth as the large growth 
of the trees would indicate. Arrow points, equally fine, are found 
under similar conditions along the Columbia river. The modern Ore- 
gon Indians do not know how to make even rude ones, and have never 
offered arrow points for sale. 
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ABRASIVE MATERIALS: 


By E. W. Parker. 


BUHRSTONES. 


The production continued to decrease. The number of pairs of bulr- 
stones made from domestic stone in 1891 was 596, with an aggregate 
value of $16,587. This is a decrease in value from that of 1890 of 
$7,133. The product in 1891 distributed by States was: New York, 
esopus stone, 353 pairs, worth $8,806; Pennsylvania, cocalico stone, 94 
pairs, worth $3,801, and Virginia, Brush Mountain stone, 149 pairs, 
worth $3,980. The value of the annual product since 1883 is shown in 
the following table. It is probable that the figures for 1888 and pre- 
vious years are in excess of the actual product, the reports having been 
based on the estimates by operators of the total yield of their respece- 
tive regions, and not from a compilation of individual returns. 


Value of buhrstones produced in the United States since 1883. 


cere een eo ea eS a a ee a A as 


l 
Years. | Value. | Years. i Value, 
a =| ——_ 
gag Scat. . 8. scenes mepee es [50K000 |) 1888. .000.0..2.-200cesseee ee | $81, 000 
CET RES & | al I See PO | 150, 000 |) 1880 .......--.2eeeeeeeeeeneee eee | “36,155 
AG SNM. . . 2oisnsic eee eee | 100, 000 |, 1890 ...... 2... -2.esseeeee esse eee : 93,720 
TCG ee. Ma cy cue | 140, 060. ||. 1991 .....<2.000ceecencee- een | 16,587 


BST sete cc dere Aa eae eee | 100, 000 | 
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Value of buhrstoncs and millstones imported into the United Siates from 1868 to 1891. 


ee a ae ee 


\ Made | : Made | 
Years ended—|! Rough. jintomill-| Total. || Years ended—! Rough. |intomill-' Total. 
stones. stones. 
June 30,1868..| 974/224 |......05.- ; $74,224 |} Tune 80, 1880..) $120,441 | $4, 681 | $125, 072 
1869-.| 57,9421 $2,419: 60,361 1881..| 100,417 3,495 | 103,912 | 
1870..} 58, 601 2,297 | 60, 898 1882..| 103, 287 747 | 104, 034 
1871..{ 35,406 3,698 | 39,104 1883..| 73,418 272 |. 73, 685 
1872..{ 69, 062 5,967 | 75,029 1884..| 45, 837 263 | 46, 100 | 
1873..| 60, 463 8,115 | 68,578 1885..| 35, 022 455! 35,477 | 
1874..] 36,540} 43,170} 79,710 || Dec. 31,1886..| 29,278 662 | 29,935 | 
1875..)} 48,068} 66,991) 115,059 1887..| 23, 816 191! 24, 007 | 
1876..) 37,759} 46,328] 84,087 1888..| 36,523 705! 37,228 | 
1877..| 60, 857 23, 068 83, 925 |] 18. 40, 432 452 | 40, 84 ¢ 
1878..) 87,679 1,928 | 89,607 1890..{ 32, 892 1,103} 33,995 } 
1879..} 101,484 | 5, 088 106, 572 1891..| 23, 997 42 | 24,039 | 
nn eee | ee 
GRINDSTONES. 


The value of grindstones produced in the United States increase 1 
from $450,000 in 1889 to $476,113 in 1891. The quantity represented 
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by this value in 1891 was about 60,000 tons. Practically all of the prod- 
uct is from Michigan and Ohio, the portion obtained from California 
aud South Dakota, the only other producing States, being insignificant 
in comparison. ‘The annual production of grindstones since 1880 may 
be seen by the following table: 


Value of grindstones produced in the United States, 1880 to 1891, inclusive. 


Years. Value. | Years. - Value. 

ee |___ 2 ee 

meet)...-...-2 ae ar $500, 000 || 1886 ......... EE She. et $250, 000 
ell | Sy a 224, 400 
0) MOO, 000 I 1S8Re |. ec. ce sees cee 281, 800 
sl oa. ee Pere a. a ee 39, 587 
Ob oo -|Me5r0, COO S80 22... Me oe... een 450, 000 
oS ee Beew00 Geol sae se cece ee 476, 113 


Grindstones inported and entered for consumption in the United States, 1868 to 1891 in- 
elusive. 


: Finished. Unfinished or rough. 
Years ended—- 


Quantity. |, Value. | Quantity. | Value. value. 


: : Long tons. Long tons. } 
oo i rn one) ches ee ae eee $35, 215 $60, 855 
N39 errs ee eesonades||sascoodsesce JIB) (SUS) | samosdoaade 99,715 | - 115,593 
10) eens oe PES tial ey ae ee 96, 444 125, 605 
JH OL, cece fais Sisieints arecei= 385 43, 781 3, 957. 15 60, 935 104, 716 
LD oo oR COGIC ECE 1, 202 13,453 | 10,774.80} 100. 494 113, 947 
SUB eeic> caSeeee eee 1, 4387 17, 033 8, 376. 84 94, 900 111, 933 
BS epee remeepeteralaia.<: ¢ arocc rasa 1, 443 18, 485 7, 721.44 87, 525 106, 010 
GIS) sdacesneeeeeeee nese 1, 373 17, 642 7, 656. 17 90, 172 107, 814 
BUSS eyeretarsrate a:stereis <i wccraicnaci 1, 681 20, 262 6, 079. 34 69, 927 90, 189 
HIGH Mee eerste (a\cle-ciaie stem <0 1, 245 18, 546 4,979.75 58, 575 Diy Wet 
ISHS 2 coe ACEO Ieee eters 1, 463 21, 688 3, 669. 41 46, 441 68, 129 
heli) Boa eee Vaosaoccosds 1, 603 24, 904 4, 584.16 52, 343 77, 247 
ISS () eeeeelctee sincera a wie eee 1, 573 24, 375 4,578. 59 51, 899 76, 274 
TEM, ssanocsoo noe er eee 2, 064 30, 238 5, 044.71 |- 56, 840 87, 128 
IER séccconcese eoeeeaees 1, 705 30, 286 5, 945. 61 66, 939 97, 225 
1 CER eres cree eee cee 1, 755 28, 055 6, 945. 63 77, 197 105, 852 
ee roe area t)ccewascasenl--oe---es 86, 286 
TED. anomde poascasS oan S86 ldnooc ed S566 PeeeneS one laco come eel teen 50, 579 
Wire, alll, TER od5 888 cbee 0G qseeoes CSS RSOCe sees) Semen =| |eeneeem ena) seinen (a)39, 149 
LAO) sake rags Mapes 4 oa Gta een aie i eee Dea (a)50, 312 
"i te enna joc 3ga  aekee GAaeee has Ek See a Piciiaalae (a)51, 755 
EY) 2 cneoc G Shae SEC ERTS Sele oS cigee ee |e se mami oe ee an (ee (a@)57, 726 
eA Me | a lok. leew ne saculacontuoecs (a)45, 115 
“St! Goesooe— Ae eee Be ee Jeeepececeeee | Bee oe, (a) 21, 028 


(a) Classed as finished or unfinished. 


OILSTONES AND WHETSTONES. 


This industry is controlled practically by one firm, the Pike Mannu- 
facturing Company, of Pike Station, New Hampshire. Through the 
courtesy of Mr. EK. B. Pike, vice-president, the following report con- 
cerning the business for 1891 has been furnished: The novaculite 
form which oustones are made is obtained from Garland county, Ark- 
ansas, and Orange county, Indiana. Of the former there are two vari- 
eties, the Arkansas, which is of bluish-white color, semitransparent, 
and very finely grained, and the Washita, not so finely grained, more 
opaque, and of pure white color. The Indiana stone is known as Hin- 
dostan or Orange stone, and varies in color from white to a buff or 


sm 
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orange. The total amount of rough stone produced in Arkansas in 
1891 was 1,029,840 pounds and in Indiana 514,060 pounds, nearly all 
of which was shipped to Pike Station, New Hampshire, for manufac- 
ture. In addition to this a small amount of Labrador stone from 
Truxton, New York, and chocolate stone from Lisbon, New Hamp- 
shire, was produced. _ To complete the list must be added sandstone 
from Indiana made into kitchen and shoemakers’ rubstone, and Indian 
Pond and Lanesville scythestones quarried at Haverhill and Piermont, 
Grafton county, New Hampshire, and Orleans county, Vermont. Be- 
sides the domestic stone, the Pike company handles Water-of-Ayr stone 
from Scotland, some Turkish oilstone, and Belgian and German razor 
hones. . 
The company reports the following domestic product marketed: 


tf 

Value | 
Washitaistone,/460)000 pounds) <r e ee o = o oe nine a nem wien me mire aoe a= alee $55, 000 
Ankansas\stone, 15,000 ponnds ---- = 222 nae oe em am cre cicieieim ie =e nlelnl ale ele ale cere 20, 060 
Labrador’stone, 2,000 pounds... 2... -...2.6.0. ecee oe ce eee eee eee coe ss eee eer 200 


Hindostan stone, 300,000 pounds 
Sandstone, 120,000 ponnds..........-.-..---.-- 
Chocolate stone, 15,000 pounds 
Syehestoucs, 14, 0Q0WLOSS << <n cece s = ce enon ces eer cies eerie reise sealers cles = ies 


Of the above sales the following is furnished as as estimate of the 
quantity exported. It should also be stated that the foregoing, as well 
as the following, figures are not taken from the books, but are suffi- 
ciently correct to serve all practical purposes. 

The exports were about: 


Estimated exports of whetstones in 1891, 


. 


| Value 
Seythestones, 8, 000sross - 2-2. << eve ere elae cin esterase eee tate tere | $20, 000 | 
WW ashita stoné;160, 000 pounds”... --5 .222.cecssee Jee see eee ee eee ene 18, 000 
Arkansas; stone; 7,500 pounds: «..... < secciscieemieicinis Se seine ee eee olstefele) ere io oe 10, 000 
Hindostan stone, 100,000 pounds.-.........-.---------.------- ee wa wie w ciao wieleieic eee 3, 500 
EL OLA cer cleis s/s =o) Buna) 0:5 chaidisie elo nave cre aise Slcte stare sci ayete-eicse kia wcll ee ee 51, 500 


Estimated imports of whetstones in 1891. 


Value. 


Turkey stone, 1,500 pounds. ......---.---- ene een eee c en ee nee ener eee e ce ecceseenes $300 

Scotchistones (all Kinds),6,000 pound’s 22sec cre oe oe oie w cele eee ele leleele ars teleeeteeteaee 600 

Razor hones, 800 Goze. os oes vaecncesivwnncicis scescicisrs aiic ciclea sels cise sclele ee metreeeetettnmians 1, 200 

English scythestones, 60) SPO8S! «0.6.05 <0 cc0canienencicecisenicn cicieeelcicic aicicleveceietteteteteettieate 300 

Norway Ragg scythestones, L0sfT0ss «2... scijsieneesiencceseeeciee os ciencieniecietemiesete ees 

German emery scythestones, 25,000... ...... cesneo% sees nc cis cis oo ces selec eel eei eee 500 
Tota). = 6 cocci deicisscecsccccscsweusleeselsesaciisisiccsciisiciesncilestitnet pattenieertaers 2, 950 | 
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Imports of hones and whetstones for the years 1880 to 1890. . 
Years ended June 30— Value. — Years ended Vecember 31—. Value 
UMMM So. ccc ces daes cccncess po OS ||| Ute co donee eee GOCE eee eee $21, 141 
a WIG oo occa ce ove oe ee 24,093 
DAT EM os, 5s sonic ot vceaaeeceacs DUGOON BML CBee Avere ao’ ave:cieis. sieis-eeverereers Mretiaie 30, 676 
SP eS co.cc an cccaac cacsecsc SO MESH |e S ler stots /-/s\Bvajavs -o-aia svaveisie aieiaiere sis a= 27, 400 
MINE eno oc cc cacccccuenee eae eGroulign ||P Leonean. c.< <. SM ..c.c sce cece cca 37, 454 
4 nae Oy CEE |. re ee 35, 344 


EMERY AND CORUNDUM. 


Corundum and emery are distinguished from each other m that the 
former is oxide of aluminuin alone, while the latter is an intimate mix- 
ture of oxide of aluminum with oxide of iron. 
more valuable mineral, being harder and of greater durability. Both 
ininerals are used chiefly for the manufacture of abrasive wheels, the 
production of which is controlled by a few firms. 

The product in 1891 cousisted of 1,513 tons of emery and 752 tons of 


corundum, worth together $90,230. 


output of corundum. 


Corundum is by far the 


The combined tonnage is in excess 
of the product of 1890, but the value decreases $965, the difference 
being due to an increased production of emery and a decrease in the 


The product is from Rabun county, Georgia; Macon and Jackeum 


counties, 


North Carolina; Westchester county, New York; Chester 


county, Pennsylvania, and Hampden county, Massachusetts. 
The following table shows the annual product of corundum and emery 


since 1881: 


Annual product of corundum and emery since 1881. 


Value. 


Years Quantity. 
Short tons 
SES SIPEG clarsic.cicie cc.<.0 
ROU eco ciccees vec 500 
= US Sa er fasciere ciciwcieisie 550 
BUS Set eee lasaicisisiciee ols 600 
SSB RMR Ec ecceaiciec cc 600 
EEG poaeane nae aes 645 


$80, 000 
80, 000 
100, 000 


108, 000 


108. 000 
116, 190 


Quantity. | Value. 
Short tons 

108, 060 

91, 620 

105, 567 

89, 395 
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Emery imported into the United States from 1867 to 1891, inclusive. 


Pulverized or 


Ore or rock, ground. 


Grains. 
Years ended— 


|Quantity.| Value. |Quantity.| Value. Quantity. Value. 


Pounds. Fons. Pounds. 
DiS BUb MEL on nal Sencooncedlacenascoos 428 
I8G82 2.2.5. ene ceneee clos coerce 85 
TSO9 ca oc naste stele fees ce 964 
UST Ovatac loots, tracer loners areas 742 
US VIE es Select aces | eee ce eee 615 
1872-2 lees eee ee ee 1, 641 : 
1973. 610,117 | $29, 706 755 | 26,065 | 343,828] 15,041 
NS ae oa 331, 580 16, 216 1, 281 43, 886 69, 890 2, 167 
W875... 487, 725 23, 345 961 31, 972 85, 853 2, 990 
jeooos 385, 246 18, 999 1, 395 40, 027 77, 382 2, 533 
UST. =~. 343, 697 16, 615 | 852 21, 964 96, 351 3,603 |Reeeaseee 
1878..... 334,291 | 16. 359 1,475 | 38,454] 65,068 1, 754 
1879..... 496, 633 24, 456 2, 478 58,065 | 138,556 4,985 
1880..... | 411, 340 20, 066 3, 400 76,481 | 223, 855 9, 202 
8S 454, 790 22,101 2, 884 67,781 | 177,174 7,497 
1882..... 520, 214 25, 314 2, 765 69,432 | 117, 008 3, 708 
1983.2 474,105 | 22, 767 2,447 | 59,282] 93,010 3,172 
LSSteeeee 143, 267 5, 802 4,145 | 121,719 |” 513,161 21,181 
IDLE, Gulp AREER E ae 228, 329 9, 886 2,445 55,368 | 194,314 8, 789 
S860 eee 161, 297 6, 910 8, 782 88,925 | 365, 947 24, 952 
at EY eres 367, 239 14, 290 2,078 45, 033 | @144, 380 6, 796 
1888..... 430,397 | 16, 216 5.175 03° 287 |. 0M ccc Saree 
1889..... 508, 347 18, 937 5, 234 BBP 727 jaccben- coe eeeeeeeeee 
AS89022... 534, 968 20, 382 3, 867 GT, 939) | o. Socec daseturd Pee 
1S9TERs 4 | 90, 658 |. 3, 729 Pa, Biko) 67,578 | cceceess| sc cc eee ee 


a@To June 30, only; since classed with grains. 
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PRECIOUS FONES. 


By GEORGE F. KUNZ. 


This paper is founded on and is a résumé of the nine papers on the 
precious stones of the United States written since 1882 for the annual 
reports of the Division of Mining Statistics and Technology of the U.S. 
Geological Survey, on a report for the Eleventh United States Census, 
and ‘the following is a condensation of these, together with additional 
information obtained from studying the collections in the United States 
and from personal examination of many of the localities where gems 
are found, and some notes on the gems and precious stones shown 
at the World’s Columbian Exposition. The reader should also consult 
‘Gems and Precious Stones of North America.”(a) 

Systematic mining for gems.—Although nearly all the known varieties 
of precious stones are found in the United States, there has been very 
little systematic exploration for them until very recently, as the indica- 
tions seldom justified the investment of much capital in such search. 
Whereas mining for precious stones was only carried on in two States 
in 1889, the following gems were mined in 1893: Tourmaline in Maine, 
emeralds in North Carolina, turquois in New Mexico, sapphires in Mon- 
tana, and opal in Washington state, Idaho, and Oregon. Otherwise 
the gems are found accidentally in connection with other substances 
that are being mined. They are often gathered on the surface, as is 
the case with garnet and olivine in Arizona and New Mexico; or in 
sluicing for gold, as with the sapphires from Montana; or in connection- 
with mica mining, as the beryl from Connecticut and North Carolina; 
or from the beds of streams and decomposing rocks, as the moss agate 
from Wyoming; or on the beaches, as the agate, chlorastrolite, and 
thomsonite from the shores of Lake Superior. 

Nearly all of the gems found in these various ways are sent to the 
large cities in small parcels or are sold in the neighborhood to tourists, 
or sent to other places to be disposed of as having been found where 
they are sold. 

DIAMONDS. 


The occurrence of diamonds in the United States is chiefly confined 
to two regions, geographically quite remote. The first is a belt of 
country lying along the eastern base of the southern Alleghenies, from 
Virginia to Georgia, while the other extends along the western base of 
the Sierra Nevada and Cascade ranges in northern California and 


, a New York: 1892. 8vo, 363 pp., 24 pl. Scientific Pub. Co. 
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southern Oregon. More recently (1891) they have been found in Wis- 
consin. In all three regions alike, the diamonds are found in loose 
deposits of gravel and earth, associated with garnets, zircons, iron 
sands, monazite, anatase, and particularly with gold, in the search for 
which they have usually been discovered. These loose deposits are 
merely the débris of the crystalline rocks of the adjacent mountaifis, 
and therefore present a general similarity, although the ages of the 
rocks themselves are widely different. The rocks of the Blue Ridge 
and eastern Alleghenies are of ancient Archean and Cambrian ages, 
while in the western belt the Sicrra Nevada rocks were not elevated 
and metamorphosed until the middle or later Mesozoic. From this 
general resemblance of conditions the details of discovery in the two 
regions are very similar, and in both occasional diamond crystals are 
found, accidentally picked up on the surface, or more frequently en- 
~ countered in the search for gold, sometimes in placer mining and some- 
times in the flumes and sluices of hydraulic workings. 

There have been various reports of the finding of diamonds in other 
parts of the country, but little or no positive evidence. A supposed 
- diamond field in central Kentucky has been the subject of much study 
and discussion on account of the resemblance of the rock to that of 
the diamond-bearing region of South Africa; but upon closer examina- 
tion important differences are recognized, and the diamonds are yet 
to be discovered. The formations in the eastern portions of the United 
States where diamonds have really been found are entirely different 
from those of Sonth Africa, and are more like those of the diamond 
fields of Brazil and of parts of India. The diamonds found in the 
United States are evidently from much older rocks than those of South _ 
Africa, and if they have ever occurred in rock similar to that in Kim- 
berly there is nothing to indicate it now, since the rocks in Ameri- 
can diamond-bearing localities are mainly granitic. 

North Carolina, so rich and varied in mineral resources, has long 
been known to yield some gold; and a few diamonds have been found 
in the same region, either loose in the soil or taken from the washings 
of auriferous gravel. The portion of the State is that known as the 
Piedmont region, a belt of country lying, as its name indicates, at the 
foot of the mountains, along the eastern base of the Blue Ridge. The 
rocks here are metamorphic and crystalline, with some Cambrian beds a 
little farther west. 

Quite a number of small diamonds have been obtained since 1860 
from the various points in this region, and they probably occur sparingly 
distributed throughout the auriferous belt of the Carolinas and northern - 
Georgia. In therude and hurried methods of gold-washing employed, 
they may often have been overlooked in the past, and now lie buried 
in the piles of sand that stretch for miles along the water courses. 

On passing into Georgia the same metamorphic belt, with its locali- 
ties for gold, itacolumite, and to some extent diamonds, extends across 
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the State to the Alabama line. In several of the counties lying along 
this belt diamonds are said to have been found; and it is quite possi- 
ble that, as in North Carolina, they may occur occasionally in the 
entire line of country adjacent to the crystalline rocks. 

Many notices have from time to time appeared, both in local news- 
papers and in scientific journals, of the occurrence of diamonds in 
California. They seem in all cases to have been imbedded in the 
auriferous gravels and thence washed out in the search for gold. 
These gold-bearing gravels are of two classes: first, loose material in 
the valleys and bars of modern streams, and, second, great accumula- 
tions, now covered with masses of iava and compact tufa, which occupy 
the valleys of more ancient streams, trenching the sides of the Sierra 
Nevada and running down into the valley of California, which lies be- 
tween the Sierras on the east and the Coast Range on the west. Be- 
tween these lava streams, which run out as spurs from the Sierras and * 
from the divides between the modern streams, the latter have formed 
their own gravel deposits, partly from the wear of the old accumula- 
tions and partly from that of the mountain sides, as at first. The sur- 
face diggings and placers of the early prospective days of California 
were of course in these modern gravels and bars. The older gravels, 
equally rich, are worked either by the hydraulic process, or when com- 
pacted into what are called “cement beds,” by stamp mills. It is in 
these deposits that the diamonds have been found, picked from the 
sluices and flumes. In the case of the cement beds, only fragments 
are obtained, as the diamond crystals have been crushed under the 
stamps. There is much in the mode of their occurrence that recalls at 
first sight the diamond mines of Brazil and South Africa. In Brazil 
the matrix is also a gravel, and is frequently cemented into a conglom- 
erate ‘“‘cascalho” by oxide of iron. The first recognition of diamonds 
in the State goes back to the early gold-seeking days of 1850, when 
Mr. Lyman, a clergyman from New England, was shown a crystal 
about the size of a small pea, with convex faces, and of a straw- 
colored tint. He saw it for a moment only, yet its general aspect was 
enough to identify it as a true diamond, and the interesting fact was 
published.(a) 

The first diamond from the Cherokee district, Butte county, was ob- 
tained in 1853. This has since proved one of the principal localities in 
the State. In 1854 Melville Attwood called attention, in a newspaper 
article, to the similarity of the California deposits to the diamantiferous 
gravel and conglomerate of Brazil, with which he had become familiar 
by a residence there. He advised that search be made and care exer- 
cised, lest diamonds should pass unheeded in the gold washings. Since 
then diamonds have been reported from a number of points, and at 
present, according to Mr. Henry 8. Hanks, formerly state mineralogist, 


aAm. Jour. Sci., 11, Vol. 8, p. 294, Sept., 1849. 


PRECIOUS STONES. 759 


fivecounties, Amador, Butte, E] Dorado, Nevada, and Trinity are known 
to have yielded them. Other localities and larger numbers are yet, in 
his judgment, to be discovered. 

A few small diamonds have been found in the placer diggings of 
Idaho, of about the same quality, and occurring under the same condi- 
tions as those in California. Some excitement has occasionally arisen 
about these Idaho diamonds. In 1864 to 1866 local and mining papers 
made many references to reported or anticipated discoveries; but 
nothing of any importance was found. In the winter of 1892-1893 
the matter has again attracted some attention, only small quartz crys- 
tals and no diamonds were found, the name Diamond Basin having 
given color to the reported nanes: Diainond Basin lies on the Snake 
river in Owhyhee county, Idaho. The excitement, intense for a time, 
subsided before the winter was over. 

A few years ago reports were started of the eanathh g of diamonds in 
central Kentucky. Prof. Edward Orton, the State Geologist of Ohio, 
visited the district and observed certain resemblances to the diamond- 
bearing region of South Africa. He found dykes of eruptive rock (peri- 
dotite) breaking through fissures in shale, and spreading to some extent 
over the adjacent country. Garnets and other associated minerals de- 
rived fiom the decomposition of the peridotite were found, suggesting 
the possibility of a diamond yield from the similarity of ie conditions 
to those of Africa. And the diamonds found at Dlaschkowitz, Bohemia, 
the writer attributes to similar conditions of occurrence.(a) 

Similar investigations and results were reported by Prof. A. R. Cran- 
dall.(b) 

It had been previously suggested by Messrs. E.J. Dunn, EK. Cohen, 
H. Huddleston, and Rupert Jones, that the South African diamonds 
were formed in asort of voleanic mud (Mr. Huddleston), by a process 
rather hydrothermal than igneous, resulting from the action of steam 
in contact with magnesian mud, under pressure upon carbonaceous 
shales. 

In the chemical laboratory of the U. 8. Geological Survey, Prof. J. 
Edward Whitfield found 37.52 per cent. of carbon in the shale from hear 
the Kimberly mine, while in the blackest shale adjoining the peridotite 
of Kentucky he found only 0.68 per cent. of carbon. The peridotite at 
the time of its intrusion must have been forced up through a number of 
coal beds and at a greater depth it penetrated the Devonian black shale, 
which is considerably richer in carbon than the shale now exposed at 
the surface. | 

A. smnall diamond field has lately been found in Pierce County, Wis- 
consin. Here gold occurs in the gravel and sand along Plum Creek and 
its smaller tributaries; and some sluicing has been done by private par- 
ties. During 1887 and 1888 several small diamonds were found in the 


a Trans. Am. Inst. Min. Engineers, 1892, p. 241. 
b Note on the peridotite of Elliott county, Kentucky. Am. Jour. Sci., 11 Vol. 32, 
p. 121, Aug., 1886. 
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auriferous sands a little below the level of the stream; the largest is a 
rounded hexoctahedron of abont three-fourths of a carat and eould be 
cut into a brilliant of about three-sixteenths of acarat. The others are 
quite small. 

SAPPHIRE. 


Corundum is found in the United States chiefly in the crystalline rock 
along the Appalachian mountains from Chester, Massachusetts, to 
northern Georgia, Colorado, and Montana. At Chester, where the de- 
posits have long been worked, the mineral exists mainly as emery; no 
geims have ever been found. Inthe metamorphic rocks of the Highlands 
of New York and northern New Jersey corundum is somewhat abundant. 
At Vernon, New Jersey, from 1850 on, erystals of sapphire and ruby 
corundum have been found, but always opaque; so that among many 
specimens obtained, some of which have been cut, scarcely any has fur- 
nished a transparent gem. It is of interest to note that near Mandalay, 
in Burmah, rubies oceur similarly associated with limestone; henee they 
are generally found detached and separated from their original matrix. 

Mr. C. W. Jenks, in 1870, commenced mining at Corundum Hill, 
Franklin, North Carolina, and obtained about one hundred gems; but 
althongh found here in their original matrix, they were so infrequent 
that it was found unprofitable to mine for them alone. Several sap- 
phires, true blue and violet blue, weighing over one carat each, were 
discovered, as well as several fine rubies. The work was discontinued 
for some years owing to the financial crisis of 1873, but has lately been 
resuned by the Hampden Emery Company, which now own the mines. 
It is not easy to learn what success they have had, but certainly few or 
no gems have appeared in the market of late from that locality. Some 
very interesting specimens from here are shown in the North Carolina 
exhibit of the World’s Columbian Exposition, Minesand Mining build- 
ing, and a very remarkable 90-ponnd mass of red and blue banded sap- 
phire from the lands of the Sapphire Valley Company, near Franklin, 
North Carolina, in the Tiffany gem collection in the northwest gallery 
of the Mines and Mining building. 

The largest erystal of corundum ever found, five times larger than 
any other known erystal, is one early discovered by Mr. Jenks and 
described by Prof. C. U. Shepard. It is now in the cabinet of Amherst 
College, but it was injured by the disastrous fire of 1882, which de- 
stroyed many fine specimens of the Shepard collection. In variety of 
color the North Carolina corundum excels.. It was found gray, green, 
rose, ruby-red, emerald-green, sapphire-blue, dark-bine, violet, brown, 
yellow, and of all intervening shades, and colorless. Many specimens 
have been cut and mounted, especially of the blue and red shades, and 
make good gems, though not of the choicest quality. Several fair rubies 
of 1 carat each have been found; a blne sapphire, 1 carat in weight, 
isin the United States National Museum at Washington, and a series 
of fine red and blue crystals have been deposited there by Dr. 8. F. 


PRECIOUS STONES. 761 


Lucas, and a series from a recent find in the Tiffany exhibit, northwest 
gallery, Mines and Mining building, World’s Oolumbian Exposition. 

In Montana, sapphires are found at what are known as ldorado Bar, 
Emerald Bar, French Bar, Ruby Bar, and for some 6 miles along the 
Missouri River; also in Missoula county, 70 miles distant. Stubb’s 
Ferry, 12 miles east of Helena, is about the central point of the Mis- 
souri river district. Although these bars hac been sluiced for gold, no 
systematic attempt had been made before 1891 to work them for gems. 
Occasionally sapphires were sent to the large cities, but owing to the 
cost of cutting them, and the small demand for any other than the true 
ruby-red or sapphire-blue stones, they received but little recognition. 

The greater part of the region above described passed in 1891 into 
the hands of an English company bearing the name of the Ruby and 
Sapphire Mining Company, which has since obtained a large number of 
stones, some of which have been cut and exhibited in London. They 
embrace a great variety of the lighter shades—red, yellow, blue, and 
green. The latter color is quite pronounced and rather a blue green 
than an emerald green. Nearly all the stones, when finely cut, have a 

-certain metallic luster strikingly beautiful and peculiar to the sapphires 
from this locality. No true red rnbies or true blue sapphires have been 
found. A fine series of these gems was shown by Mr, Spratt in the 
Montana exhibit of the Mines and Mining building, World’s Columbian 
Exposition, and mounted in jewelry by an American jeweler in the 
Manufacturers’ building. 

At all these bars along the upper Missouri the sapphires occur chiefly 
in a layer of auriferous glacial gravel, afew inches thick, which lies 
immediately in a slaty bed rock. Associated in the same layer were 
topaz in small crystals, garnets of a rich, ruby-red color, often mistaken 
for and called rubies, cyanite in broken crystals, cassiterite (stream tin), 
and other commoner miuerals. The original source of the sapphires 
found at these bars is indicated in an eruptive dike, found cutting the 
slaty rock at Ruby Bar, on which rests the glacial gravel. In this 
eruptive rock there were found crystals of sapphire, pyrope, garnet, and 
sanidine feldspar. There seems no doubt that all the sapphire along 
these bars of the Missouri is derived from the breaking down, by glacial 
action, of a rock similar to this. ~The outcrop at Ruby Bar can not, 
however, account for the deposit of sapphires at Eldorado Bar, 6 miles 
to the north; and it will be necessary to await further discoveries before 
attempting to determine the exact source of these gems. 

Mr. H. Miers finds the rock at Ruby Bar to be a vesicular mica-augite- 
andesite, containing an abundance of brown mica and porphyritic 
crystals of angite. The ground mass consists chiefly of feldspar micro- 
lites with a considerable amount of glassy, interstitial matter and much 
magnetite. Many of the cavities are occupied by a brown glass which 
appears yellow in thin sections and displays a speculitic structure 
originating in the sides of the cavities. 
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Itis of course diffienlt to say whether or not the sapphires could have 
been eaught up by the augite-andesite from sehists or other roeks cut 
through in eoming up, as may be seen in the case of the occurrences 
in the Hifel Laacher See at Unkel, and in Auvergne (Espailly), France. 

During 1892 excavating and mining have been actively pushed on 
the property of the Ruby and Sapphire Mining Company, under the 
superintendence of the well-known mining engineer, Mr. E. G. Wood, 
who, it is said, lays considerable stress on the placer gold that he hopes 
to find in eonneetion with the sapphires. During 1892 none or few 
gems from this property have been placed on the American market, 
although they have been publicly shown in England, and several minor 
gems have been cut and their product placed on the New York market. 
Up to this time it is impossible to state whether the gem market of the 
world will aecept these “ faney-eolored” stones in quantity when the 
demand in the past has only been for the standard ruby and sapphire. 
A number of minor deposits have been found and considerable interest 
has been shown in the property adjoining that of the larger company. 
Various lots of gems have been sent to New York, but the sale for the 
year, ineluding those sold by the Helena (Montana) jewelers, does not_ 
exceed perhaps $5,000, the sales generally being to tourists who are 
passing throug} or visiting Montana. 

In October, 1892, the Montana Gold and Gem Mining Company was 
incorporated by some of the best known men in Helena. The property 
owned by the new company, comprising about 2,000 acres, is situated 
partly on Emerald Bar, about 15 miles from Helena, and partly at the 
mouth of Priekly Pear creek, covering 2 miles on both sides of the 
creek. The company proposes to mine for gold as well as for gems. 

During the past year sapphires have also been found in Missoula 
county, 30 miles west of Phillipsburg, on the west fork of Rock creek, 
and 70 miles from the Missouri River locality. The sapphires obtained 
here are of yellow, blue, green, and other colors, associated with gar- 
nets, pyropes, ete., oceurring in a gravel bed which is 4 feet in depth 
down to the bed rock, and is overlaid by 3 feet of loam. The sap- 
phires are all found in this bed, and appear to be exceedingly plentiful, 
from ten to twenty being found in every pan of the gravel. The eolors 
are steely blue, green, yellow, and a few pink or reddish stones. 


SPINEL. 


Spinel fine enough to be eut into gems has but rarely been found in 
the United States. A few specimens of a smoky blue or velvety green, 
and of a dark-tinted claret eolor, weighing about 2 carats eaeh, have 
been found near Hamburgh, Sussex county, New Jersey. Some half 
dozen from San Luis Obispo, California, of very good quality and of 
nearly 2 earats each, were brought to the notice of the writer by Mr. 
James W. Beath, of Philadelphia, Pennsylvania. A locality believed 
to lie between Monroe and Southfield, in Orange county, New York, 
was known to only two collectors, both now deceased. They seeretly 
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worked the place on moonlight nights from 1862 to 1866, and extracted 
the monster crystals of black spinel peculiar to Orange county. From 
the sale of these specimens they realized over $6,000, although many 
fine crystals were ruined in blasting and breaking out. Since the 
death of these workers the location has been lost. 


TURQUOISE, 


This mineral is found near Los Cerrillos, Santa Fé county, and in 
the Burro Mountains, Grant county, New Mexico; in the Turquois 
mountains, Cochise county, and in Mineral Park, Mohave county, 
Arizona; near Columbus, Nevada; in Saguache county, Colorado, and 
Taylor’s Ranch, Fresno county, California. The first-named locality 
is part of a group of conical mountains situated about 22 miles southeast 
of Santa Fé, New Mexico, and north of the Placer or Goid mountains, 
from which they are separated by the valley of the Galisteo river. 
They are composed of yellow and gray quartzite sandstones with por- 
phyritic dykes. 

During the past two years turquoise has been actively mined for by 
two companies, the American Turquoise Company and the Azure Tur- 
quoise Company; a few minor attempts by others have been made. The 
first of the two above-named companies, engaged in mining 6 niles from 
Los Cerrillos, New Mexico, reopening some of the mines originally 
worked by the Indians, and have found turquoise equal in color to the 
finest Persian material. Its stability in retaining color is equally great, 
not changing within a short time, as does the Egyptian turquoise, which 
was so extensively placed on the market about the time when the Per- 
sian mines were ceasing to yield. In 1891 the writer had started on a 
trip to Persia, intending to visit the famous mines of turquoise, when 
the first specimens from this district were sent to him at Berlin with a 
fixed price on each gem. Word also reached him of the scarcity of the 
true turquoise in Persia, and-he subsequently had opportunity at Nijni 
Novgorod, of seeing nearly all the yield of the year. He returned to 
the United States, giving up the projected trip, and purchasing only 
the finest gems, as nearly all the material shown, although held at high 
prices, was not up to the standard of the American turquoise. Stones 
have been found at these new localities weighing up to 60 carats each, 
one of which was sold for about $4,000; and it is now possible for the 
first time in the past halfcentury to match a perfect turquoise necklace, 

The Azure turquoise mines are in Grant county, New Mexico. The 
material is of rather a robin’s-egg blue; that is, with a faint greenish 
tinge. This may be due either to a partial change or metamorphism 
which has taken place while the turquoise was in the rock, or it may bea 
local peculiarity. The stones are not the sky-blue of the more northern 
locality, but it is claimed by the owners of the mine that they are not 
subject to change of color. Turquoise has always been known as an 
unstable gem. Even the finest Persian stones are liable to change occa- 
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sionally with scarcely any warning, the alteration probably being due 
to the turquoise coming in contact with acid exhalations from the skin 
or with fatty acids or alkalies in soap, although wearers of turquoise 
are especially warned to remove the rings while washing their hands. 
Recent observations also indicate that turquoise is liable to injury from 
perfumes. The sale of turquoise during the year 1891 from these two 
localities has probably exceeded $100,000, and, for 1892, $175,000, and a 
greater amount for 1893 is expected, as quantities of this gem from an 
American market have been sold abroad for the first time. This gem 
has given the most substantial evidence of gem mining in the United 


States. 
TOPAZ. 


The gem topaz has been found in Huntington and Middletown, Con- 
necticut; Stoneham, Maine; North Chatham, New Hampshire; Deseret, 
Utah; at Nathrop, Chalk mountain, Crystal Park, Florissant, aud Devil’s 
Head mountain, Colorado, and at Ruby mountain, Nevada, and crystals 
have recently been seen by the author from Palestine, Texas. - The first 
discovery of topaz in the United States was at Trumbull, Connecticut, 
where it was found in a vein associated with chlorophane. Probably 
the most brilliant and beautiful crystals of North American topaz are 
those from Thomas mountain, Deseret, Utah, an isolated and arid ele- 
vation about 6 miles long. These crystals are larger than those from 
Nathrop, California, always white, evidently have been decolorized by 
heat or exposure to sunlight, and equally as brilliant as those from San 
Luis Potosi, Mexico, which they closely resemble, and exist in quantity 
great enough to suggest their use as an abrasive. 

Many fine large topaz crystals have been found at Crystal Park, near 
Pike’s Peak, 1 Paso county, Colorado. The crystals from this locality, 
remarkable for their color and clearness, have been fuliy described by 


Messrs. Whitman Cross and William IF’. Hillebrand under the title of 


‘Minerals from the neighborhood of Pike’s Peak, Colorado.” (a) 

At Devil’s Head mountain, in the Colorado range, some 30 miles 
north of Pike’s Peak, the topaz is found in isolated and usually loose 
crystals surrounded by distorted smoky quartz. The principal color 
is cherry, although wine-yellow, milky-blue, and colorless crystals 
were found. (b) 

Since the discovery of these Colorado localities it is estimated fully 
$6,000 worth of topaz have been sold as crystals and gems, notably a 
erystal weighing 184 ounces (587 grams), found at Cheyenne, Colorado, 
during 1886, and two sherry-colored gems weighing 125 and 193 carats. 
During 1882 crystals from Herndon Hall, in the vicinity of Stoneham, 
Maine, were determined by the writer to be topaz, and further search 
resulted in the finding of a quantity of erystals. 


a Am. Jour. Sci., 111, Vol. 24, p. 282. : 
b Contributions to the Mineralogy of the Rocky Mountains, p. 70 et seq.; Bulletin 
No. 20 of the United States Geological Survey, Washington, 1885. 
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During 1888 nearly 100 erystals, associated with phenacite, were found 
on Bald mountain, New Hampshire, which is only a few miles from the 
Stoneham locality. They were colorless, light green or sherry colored 
on the outer sides, and colorless in the center. The largest one meas- 
ured 14 inches in height and the same in thickness. In habit these 
crystals closely resemble those from Cheyenne mountain, Colorado, 
and some of them are equal in quality, though not in size, to any found 
in Colorado. 

TOURMALINE. 


Tourmalines of gem value were first discovered by Elijah J. Hamlin, 
at Mount Mica, Paris, Maine, in 1826. He, with several members of his 
family, among them the person of Dr. A. C. Hamlin, have worked the 
original locality at Mount Mica, Paris, Oxford county, Maine, finding 
from time to time remarkable specimens of tourmaline, some single 
stones of which have been sold for $1,000 apiece. The gem has been 
found in various shades of green, grass green, olive green, pink, red, 
blue, yellow, and white. [or the past ten years this ee has been 
worked by the Mount Mica Gem Company. 

Enough gems have been found in this locality to realize over $50,000. 
The finest collection of crystals from this locality is the combined col- 
lection of the discoverer and Dr. A. C. Hamlin, and presented by 
James A. Garland, Esq., of New York city, to the Mineralogical Cab- 
inet of Harvard University. The famous Hamlin tourmaline necklace 
was exhibited in the Tiffany Pavilion at the 1893 World’s Fair. 

Some of the fine gems in this locality were in the possession of the 
late Dr. Charles I. Sheppard, and a fine series of crystals from the 
- 'Tenny collection are in the Peabody Museum, Yale University. 

Tourmalines were discovered at Mount Apatite, Auburn, Maine, in 
1893. Several thousand crystals have been found, their value aggre- 
gating about $5,000. The work was carried on in a desultory manner, 
and all the tourmalines from this locality being retained in their original 
crystalline condition. Tourmaline of gem value have also been found 
at Hebron and other localities in Oxford county, Maine. 

In July, 1893, on the summit of one of the San Jacinto mountains in 
Riverside county, California, tourmaline was discovered in float erys- 
tals, generally green or black. Some good green, rose, red, white, and 
blue were found. The green crystals, on being broken open, were 
found to contain red and white centers. One crystal 9 inches and 
another 6 inches long were found and a number of gems were obtained. 
Work is now being done on the vein. 


BERYL (EMERALD, AQUAMARINE). 


The emerald variety of beryl is found in Alexander county, North 
Carolina. Emeralds and beryls suggesting thein have been found at 
five different points, with quartz, rutile (the latter some of the finest 
ever found), dolomite, muscovite, garnet, apatite, pyrite, etc., all in 
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fine crystals. One of these localities, Stony Point, is about 35 miles 
southeast of the Blue Ridge and 16 miles northeast of Statesville, 
North Carolina. The country has a rolling surface, and lies about 1,000 
feet above the sea. The soil, which is not rich, is generally a red, grav- 
elly clay, resulting from the decomposition of the gneissoid rock, and 
hence under these circumstances it is easy to find the sources of miner- 
als discovered on the surface. The unaltered rock was found at Stony 
Point at a depth of 26 feet and is unusually hard, especially the walls 
of the gem-bearing pockets. The Emerald and Hiddenite Mining 
Company was organized in 1881 to work the property at Stony Point, 
and has done so irregularly for periods varying from one week to 
eight months of each year. The entire output (including specimens of 
other minerals and other gems) since the organization of the company 
in 1881 to the present time amounts to about $15,000. Some crystals 
have been found here measuring 8 inches in length and weighing 10 
ounces, but no gem obtained has been sold for over $100. At Stone- 
ham, Maine, many transparent crystals of beryl] have been found, and 
at least $3,000 worth of gems have been sold from this locality; one 
gem weighed 1333 carats. At Mount Antero, Colorado, at an altitude 
of 14,000 feet, many beautiful crystals of beryl were found resembling 
in color and habit the crystals from Mourne mountain, Ireland; one 
erystal measured 4 inches in length, many of these afforded small gems, 
and fully $5,000 worth were cut into gems. 

A dark-green beryl, weighing 25.4 ounces, part of which would fur- 
nish gems of some size, was found in January, 1888, near Russell Gap 
road, Alexander county, North Carolina, and fine gems from this 
crystal were shown in the North Carolina exhibit and in the gem col- 
lection in the northwest gallery of the Mines and Mining buildimg, 
World’s Columbian Exposition. Deep golden brown and golden yel- 
low crystals have been discovered in Mitchell county. Yellow and 
green beryl gems have been found in Alabama, near Coosa, Rockford 
county. The largest known beryl erystals have been obtained at 
Alger’s Hill, near Grafton, New Hampshire, weighing 2,900 pounds 
and measuring 4 by 2 by 24 feet. They were valueless as gems. 
White and pale gems have been found at Grafton and South Ack- 
worth, New Hampshire, Mount Mica and Hebron, Maine. Very fine 
golden yellow beryls have been found at the Avondale quarries, Dela- 
ware county, Pennsylvania; one weighed 3544 carats and another 20 
carats. Six fine yellow beryls were found at Manhattanville, New 
York city. At amica mine between Litchfield and New Milford, Con- 
necticut, many beryls, deep yellow, light yellow, yellow green, light 
green, and white have been found during the past seven years, which 
were cut into gems and extensively sold, the former under the name 
of golden beryl. About $17,000 worth of beryls from this locality 
were sold within four years by the owner of the mine, S. L. Wilson. 
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PHENACITF. 


Phenacite was first identified in the United States in 1888 in the 
Pike’s Peak range, El Paso county, Colorado, in fine crystals. Since 
then it has also been fonnd on Mount Antero, where the erystals oceur 
at an altitude of about 14,000 feet in a region of almost perpetual snow, 
accessible for only a short period in the summer. Some crystals of 
phenacite were described by the author as occurring on Bald mountain, 
North Chatham, New Hampshire, near the State line between Maine 
aud New Hampshire, and also in the neighborhood of Stoneham, Maine. 
From all the localities gems have been cut from the transparent crystals. 


GARNET. 


The pyrope (precious) garnets are found in the United States, in IWew 
Mexfco, Arizona, southern Colorado, and Utah, where they are often 
miscalled rubies. In New Mexico they occur, it is believed, only on 
the Navajo reservation, where the Indians collect them largely from ant 
hills and scorpion holes, and are also said to pound them out of rocks. 
They are associated with olivine and chrome pyroxene. In north- 
eastern Arizona they occur in loose sand, and have probably been 
brought by the action of water from a point 50 miles to the north, where 
they oceur, as the writer believes, in a peridotite rock. In western 
Arizona (on the same parallel with Fort Defiance), on both sides of the 
Colorado river, garnets are similarly associated with grains of peridot, 
a chrome pyroxene and a hyaline chalcedony. Here also they are found 
on the ant hills and near the excavations made by scorpions, and are 
collected by soldiers and Indians, and sold to the Indian traders who 
send them to the large cities in lots of an ounce and upwards. They 
vary from an eighth to a quarter of an inch in diameter and a few 
measure one-half inch across. They have never been found in place 
by any geologist, and it has been suggested that they are derived from 
some lower cretaceous sandstone, but it is very evident, from the asso- 
ciated minerals, that they have weathered out of a peridotite rock under 
an identical mode of occurrence as the pyrope garnets in Bohemia, 
Elliot county, Kentucky, and Kimberly, South Africa. 

Although the garnets found in washing and mining for diamonds in 
south Africa (the so-called ‘Cape Rubies”) are larger than. those of 
Arizona and New Mexico, and perhaps equal to them in color by day- 
light, the latter are much superior by artificial light. Only the clear 
blood-red hue is then visible, while in the “cape rubies” the dark color 
remains unchanged. They are much used as gems, the annual sales 
amounting to about $5,000 worth of cut stones. A few remarkably 
fine ones have brought from $50 to over $100 each, though others 
equally good have been sold for much Jess. Fine stones of 1 carat 
bring from $1 to $3 each, and exceptional ones even $5. They seldom 
exceed 3 carats. Pyrope garnet of good color that has furnished gems 
has been found in the sands of some of the gold washings of North 
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Carolina. The peridotite rock of Elliott county, Kentucky, contains 
quantities of deep ruby-red grains of pyrope, locally regarded as rubies, 
having a specific gravity of 3.675 and varying from one-tenth to one- 
quarter inch in diameter. They are sometimes as fine in color as the 
Bohemian garnets, which they closely resemble. The lower cost of 
cutting stones abroad and the smaller size of the Kentucky garnets 
somewhat precludes the possibility of making them profitable to search 
for, although it might be possible to encourage the cutting by farmers 
in their leisure time, on the house industry system of the “ Jura,” Bohe- 
mia, and other European gem-cutting centers. 

Large crystals of almandite garnet, some weighing 20 pounds, not 
fine enough for gems, but which might be cut into dishes or cups, 
measuring from 3 to 6 inches across, have been found near Morgantown 
and Warlick’s Mills, in Burke county, North Carolina, and in Rabun 
county, Georgia. Many of them are transparent in part, varying in 
color from the purple almandine to pyrope red. Tons of these have 
been crushed to make “ emery,” and the sandpaper called garnet paper. 
The peculiar play of color observed in the North Carolina garnets is 
often due to inclusions. In those of Rabun county, Georgia, some- 
times nearly one-quarter of the entire specimen is taken up by fluid 
cavities and acicular crystals of rutile. Quantities of fine purple 
almandine garnets are found in the gravel of the placer mines near 
Lewiston, Idaho, and near Helena, Montana, in rolled and pitted 
grains, from one-sixteenth to 1 inch across, and would cut into good 
gems or jewels for watches. Hoffman mentions good small crystals 
from Black canyon, Colorado river, Nevada. Fine small almandines 
are also found in the trachyte of White Pine county, Nevada. Tons 
of almandite garnet, generally opaque, are fonnd in the gold washings 
near Helena, Montana, suggesting use as an abrasive, as is the garnet 
found and mined in large quantities in Lewis county, New York. 

The Alaska garnets, so well known for their remarkably perfect 
crystals, which contrast beautifully with their dark gray matrix, occur 
in quantities near the mouth of the Stikeen river, in the vicinity of 
Fort Wrangel, Alaska. They are found ina bed of mica schist, and 
when quarried out are carried about a mile to the river, and thence 
by boat to Fort Wrangel. Over $1,000 worth are annually sold as 
specimens. 

Spessartite (manganese alumina garnet) is the most interesting gar- 
net yet found in this country, and never found as a gem anywhere else. 
It was found in Amelia county, Virginia, a few years ago in the work- 
ing of the Allen mica mines. A cut stone weighing 96 carats is in the 
Tiffany-Morgan collection in the American Museum of Natural His- 
tory, New York. Fine examples are shown in the Mines and Mining 
building and in the Manufactures building, and a remarkable one in 
the Smithsonian Institution collection, U. 8. Government building, of 
the World’s Columbian Exposition. Fully $5,000 worth of this gem 
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were found, and as the mica mines have since been closed as unprofita 
ble, this gem will undoubtedly become very rare. 

Essonite, cinnamon garnet, cinnamon stone, or the hyacinth of the 
jeweler, has been found of good quality in Oxford county, Maine. Very 
fine essonites, red and yellow, were formerly found at Phippsburg, 
Maine, and at Warren, New Hampshire. Beautiful essonite crystals 
one-fourth of an inch in diameter, entirely transparent and quite flat, 
have been found between plates of mica at Avondale quarry, Pennsyl- 
vania, aud near Bakersville, North Carolina. Some of these would eut 
into fine gems over a carat in weight. 

Middenite, lithia emerald, spodumene, ete-—In 1881 Mr. J. A. D. Ste- 
phenson called the attention of Mr. William E. Hidden to a transparent 
spodumene and to the locality in which it was found. Mr. Hidden, 
supposing the mineral to be diopside, sent the specimens for examina- 
tion to Dr. J. Lawrence Smith, who on investigation found it not to 
be diopside, but a transparent variety of spodumene, and named it after 
Mr. Hidden, who sent him the crystals. The crystals were first found 
loose in the soil with emeralds, but systematic mining revealed them 
in attached veins of the wallsof the rock. The spodumeneis generally 
more or less altered, hence its pitted or eaten-out appearance; but when 
found in the rock ae crystals are quite perfect and poche The 
crystals are always transparent, and range from colorless (rare) through 
light yellow and yellowish green into deep yellow emerald green. Some 
times an eutire crystal has a uniform color, but generally one end is 
yellow and the other green. Its hardness is 6.5 on the prism faces. At 
first considerable difficulty was found in cutting it, owing to its remark- 
ably perfect prismatic cleavage, which is very lustrous. Gems have, 
however, been cut up to 24 carats in weight. Its specific gravity varies 
from 3.18 to 3.194. . 

The yellow color exhibited by the mineral in even the darkest green 
gems will prevent its competing with the true emerald. The Siberian 
demantoids or Uralian emeralds, as the green garnets are variously 
termed (erroneously olivine), resemble the hiddenite somewhat, but are 
generally darker, and in addition to their brilliancy have a play of fire or 
color that has made them highly popular, especially in the very small 
sizes, the small green garnets selling for a greater price than emeralds 
of the same size. When lithia emeralds were first introduced they had 
a considerable sale because of their novelty as a strictly American stone 
and from the newspaper notoriety which they gained through the con- 
troversy as to the true discoverer. Hence for atime the demand ex- 
ceeded the supply, which, from the desultory working of the mine, was 
limited. Thus a 24 carat ore was sold for $500, and a number of stones 
brought from $40 to over $100 a carat. The total sale of all the gems 
found from the beginning of operations in August, 1880, to the close of 
1892 amounted to about $8,000, 
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Peridot (olivine chrysolite) is found in the form of small olive-green 
pitted grains in the sands of Arizona and New Mexico and at Ison’s 
mills, Elliott county, Kentucky. In the two former loealities they are 
called Job’s tears (on aecount of their pitted appearance). These afford 
smaller gems than those from the Levant. As the demand seems to be 
for large peridots of the richer olive-green color, which is not possessed 
by those from the United States, $5,000 would be an outside valua- 
tion for the American peridots cut into gems sinee 1880. 

Olivine in meteorites.—There have been found in several instances in 
the United States—Eagle Station, Carroll county, Kentueky, and Kiowa 
county, Kansas—meteorites of the type known as pallasites, containing 
olivine in crystals or masses disseminated through the iron. Some of 
these olivine grains have been fine enough to furnish good peridot gems. 
The meteorite found in Kiowa county, Kansas, is a true pallasites 
with very sharply defined erystals of bright yellow olivine, which 
break out and leave their easts in the iron; the one from Carroll 
county, Kentucky, consists largely of olivine with the iron traversing it 
inirregular meshes and fillings. In the Turner and Liberty mounds in 
the Little Miami valley, Ohio, some pieces have been found both nat- 
ural and hammered into articles of use or ornament of a similar palla- 
site iron, but apparently not identical with either of these other falls, 
and in the meteorite found in Glorietta mountain, Santa Fe county, 
New Mexico, olivine grains were found, and from all four of these mete- 
orites the olivine has been cut into what might truly be ealled a 
celestial gem. 

Quartz (rock crystal) has been found near Long Shoal ereek, on a spur 
of Pheenix mountain, in Chestnut Hill township, North Carolina, also 
at two places 600 feet apart (about 1 mile from the former crystals), one 
weighing 285 pounds, that was 29 inches long, 18 inches wide, and 13 
inches thick, showing one pyramidal termination entirely perfect and the 
other partly so; also another speeimen that weighed 188 pounds, as 
well as many pieces weighing from 10 to50 pounds each. A crystal ball 
over 5 inches in diameter, and a number of art objects made from the 
rock erystals found, were exhibited at the World’s Columbian Exposti- 
tion; these were all of American work. A rock erystal ball from the 
summit of Mount Antero, Colorado, was shown in the Mines and Min- 
ing building of the World’s Columbian Exposition. It measured a 
trifle less than 6 inches in diameter. It is not perfect, but quite equal 
to the crystal balls of the eighteenth century. 

At Lake George, in Herkimer eounty, and throughout the adjacent 
regions in New York, the caleiferous sand rock contains single erystals 
and at times large cavities are found filled with doubly terminated 
erystals often remarkably perfect and briliiant. ‘These are colleeted in 
numbers, and both natural and cut specimens are mounted in jewelry 
and sold to tourists under the name of “ Lake George diamonds.” A 
remarkably choice collection of fine quartz crystals was shown by Mr. A. 
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B. Crim, of Middleville, New York, in the west gallery of the Mines 
and Mining building, World’s Columbian Exposition. 

At Crystal mountain, Arkansas, and in the region around Hot 
Springs for about 40 miles, large veins of quartz are frequently met 
with in a red sandstone, the exact geological horizon of which has not 
yet been accurately defined. They are mined by the farmers, who bring 
them to Hot Springs in wagons and sell them to local dealers and tour- 
ists. At least $10,000 worth are annually sold to be taken away as 
mementoes. Great quantities of imitation (paste) diamonds are sold 
to the unwary as cut rock crystals, and quantities of foreign crystals 
as Arkansas quartz of local cutting. 

Many localities in Colorado, notably Mount Antero, yield fine speci- 
mens of quartz, All along the Atlantic coast, at Narragansett Pier, 
Long Branch, Atlantic City, Cape May, Old Point Comfort, and other 
places, transparent pebbles are found in the sand and are much sought 
after by visitors, who often have them cut as souvenirs. At many such 
places the local lapidaries have been known to substitute for pebbles 
found on the beach foreign-cut quartz, cairngorm, topaz, crocidolite, 
moonstone from Ceylon, and even glass, obtaining twice the value of 
the foreign gem for the price of the supposed lapidary work. Many 
thousands of dollars’ worth of such stones are soldannually. At all of 
these resorts large quantities of the quartz pebbles are cut into gems 
and seals, and all manner of ornaments are sold as having coming from 
the vicinity. Sometimes even the stones found by the visitors and 
intrusted to lapidaries for cutting are exchanged for cut stones brought 
from Bohemia, Oldenburg and the Jura. Cutting is done abroad on so 
large a scale aud by labor so poorly paid that the cut stones can be 
delivered in this country at one-tenth of the price of cutting here, as 
the rock crystal itself has but little value. In the West there are many 
dealers who sell so-called “Rocky Mountain Gems,” the entire stock 
frequently not containing a genuine stone, all being glass imitations. 
The same is true of all the blue moonstones and various stones sold in 
great quantity at the World’s Columbian Exposition. 

Amethyst is found on Deer hill, at Stow, Maine, where there is a vein 
of amethystine quartz which has been traced fully one-quarter of a mile 
and has furnished thousands of crystals during the last twenty years. 
A few have been of some gem value. Among some found in 1885 was 
@ reinarkable mass that yielded a gem weighing 25 carats of the deep 
purple color of the Siberian amethyst. Fine amethysts have been 
obtained at Mount Crawford, Surry, Waterville, and Westmoreland, 
New Hampshire. At Burrillville and at Bristol, on Mount Hope bay, 
Rhode Island, fine amethysts were found and used as ornaments over 
sixty years ago. Crystals of fine quality, though not affording gem 
material, one weighing seven pounds, have been found in Upper Provi- 
dence township, Delaware county, Pennsylvania. Fine crystals and 
gems have becn found in western North Carolina, and in Rabun county, 
Georgia, The mode of occurrence of the above gem is identical with 
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thosein the Taljan and other mines in the governmentof Perm, Uralmoun- 
tains, Asiatic Russia, which mines have furnished the finest known gems 
for a century and a half where single stones have sold for $500 each. 

Perhaps the most unique gem in the U. 8. National Museum at 
Washington is an amethyst found at Webster, North Carolina, and 
deposited by Dr. H. 8S. Lucas. It was originally of a turtle-shaped 
form, which has unfortunately been lost by chipping; and it is said 
when found to have borne marks of the handiwork of primitive man. 
It now measures 52 inches in length, 24 inches in width, 13 inches in 
thickness and weighs 42 ounces Some very fair amethysts have been 
found on the Lake Superior shore and in trap rock at Keweenaw pong 
and elsewhere in the upper peninsula of Michigan. 

Smoky quartz, also known as smoky topaz, cairngorm, and citrine, is 
abundant at and near Pike’s Peak, Colorado; also to some extent on 
the summit of Mount Antero, Colorado; Three-Mile Gulch, near Helena, 
Montana; Magnet Cove, Arkansas; Burke and Alexander counties, 
North Carolina, Oxford county, Maine, etc. At Pike’s Peak it occurs 
in pockets in a coarse pegmatitic granite, often associated with beauti- 
ful crystals of amazon stone and flesh- colored and other feldspars. The. 
largest Pike’s Peak erystal found is over 4 feet in length. A beautiful 
faceted stone measuring $4 millimeters (33 inches) was shown by Messrs. 
Tiffany & Co. at the World’s Columbian Exposition, found in 1891 on 
Mount Antero, Colorado. The Pike’s Peak material is sent abroad im 
large quantities to be eut, and the larger part is returned to be sold in 
tourists’ jewelry, principally at Denver and Colorado Springs, Colorado; 
Hot Springs, Arkansas, and in other Western cities and summer 
resorts. The sum realized from the cut material amounts to about 
$7,500 annually, and that from the crystals sold to $2,500 more. Most 
of the cut articles of smoky quartz sold at the tourists’: resorts are 
either from foreign localities or are American material. cut abroad. 
Smoky quartz pebbles are occasionally found along the Atlantic coast 
at Long Branch, Cape May, etec., and cut as souvenirs, 

Rose quartz oceurs in large masses at Albany and Paris, Maine, 
Southbury, Connecticut, and at many other places in the United States; 
but as yet it has not been used in the arts or as a gem. At Stow, 
Albany, Paris, and other localities in Maine the quartz veins shade 
from white-transparent and opalescent—resembling hyaline quartz 
often without any impertections—through faintly tinted pink and sal- 
mon into a rich rose color, thus forming a beautiful series of tints for 
eems or for ornamental work. Specimens of this rose quartz, when 
eut into double cabochons or spherical objects, distinctly show the as- 
teria effect, similar to the star sapphire. Possibly as fine transparent, 
opalescent, rose quartz as has ever been found was obtained at Round 
mountain, Albany, Maine, in pieces measuring 4 by 5 inches in size, 
free from all flaws and of a fine rose red, with a beautiful milky opales- 
cence. A sphere 24 inches in diameter and various art objects cut 
from this material are shown at the World’s Columbian Exposition. 
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Gold quartz —When clear, compact, white quartz contains veins, 
streaks, or spots of fine gold, it is worked into jewelry and souvenirs 
_on @ considerable scale in San Francisco. The mines in California, 
Oregon, Idaho, and Montana have furnished very fine specimens, espe- 
cially when the quartz is clear and the gold penetrates in compact 
stringers. The gold found in California quartz is worth about $16.50 
an ounce, but jewelers willingly give $20 to $30 for each ounce of gold 
contained in material that they can thususe. The price of specimens 
is governed by their beauty, varying from $35 to $40 per ounce of 
quartz. The specific gravity of the mineral is first taken, after which 
the gold value of the quartz is ascertained by Price’s table. The 
amount of this material sold in the rough for jewelers’ purposes is 
variously estimated at from $40,000 to $50,000 a year, $1,000 to $2,000 
worth being often purchased at one time. One lapidary at Oakland, 
California, where most of the cutting of this material is done, bought 
nearly $10,000 worth within a year; and a large jewelry firm in San 
Francisco, during the same time, purchased nearly $15,000 worth. 
A clever imitation of this was patented some years ago by a San Fran- 
cisco lapidary, who put grains of gold from common gold quartz in a 
magma of molten white glass the color of a milky quartz. 

Novaculite (whetstone or honestone) is a fine grained, compact, sand- 
stone-like substance, found in large pieces at Hot Springs, Arkansas, 
and employed to a limited extent for eutting into figures such as birds 
for jewelry. It is extensively used for whetstones, which have a world- 
wide reputation as Washita whetstones. Its compactness and the 
purity of its white color make it a very pretty ornamental stone and it 
should be used for this purpose more than it has been. 

Sagenite.—Rutilated quartz of unexcelled beauty (rutile in quartz, 
Fleche d’amour, or Venus’ hairstone), the rutile usually brown, red, 
golden, and black, has been found in many places in Randolph, Catawba, 
Burke, Iredell, and Alexander counties, North Carolina. Fine pieces 
of quartz, 4 inches square, containing acicular rutile of a rich red color, 
have been found near Amelia Court House, Virginia. Cut specimens 
command prices ranging from 25 cents to $5 each, and at one time 
about $500 worth was sold annually. The specimens found here are 
quite equal to the variety found in Japan, and are even better adapted 
for use in jewelry than the remarkable transparent masses over a foot 
across, procured from Madagascar, in which the erystals of hornblende 
are too large. Quartz crystals with inclusions of goethite have been 
found in the Tarry-All mountains 40 miles west of Colorado Springs, 
and cut into beautifnl ornaments resembling quartz penetrated by 
acicular rutile. 

The most magnificent specimen known was found in bowlders from 
the vicinity of Hanover, New Hampshire, during the years 1830 to 1850. 

Thetis’ hairstone, of Dr. Charles T. Jackson, is found near Sneatch 
Pond, Cumberland Hill, Rhode Island, is occasionally met with in fair . 
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pieces and_is used to a very limited extent in jewelry. It is transpa- 
rent quartz so completely filled with acicular crystals of green actino- 
lite as to make it quite opaque. Probably $100 worth was at one time 
sold annually to be cut into seals and charms. . 

Dumortierite in quartz.—This is a rare species, a nearly pure silicate 
of alumina, very near staurolite in composition, but without the iron; 
it exists in small amounts at Harlem, New York, and has of late been 
found in some quantity at Clip, Yuma county, Arizona. Here it oe- 
curs as a dense fibrous inclusion in quartz, to which its deep blue color 
imparts the appearance of lapis-lazuli in masses one foot square. As 
the quartz and the dumortierite are about equal in hardness, the mass 
polishes well and yields a fine dark blue ornamental stone. <A locality 
was discovered in Riverside county, California, in July, 1893. 

Agate.—Agate is not produced in sufficient quantity in the United 
States to admit of exportation. The annual production and sale here 
does not exceed $2,000. Nearly all the agate jewelry sold in this coun- 
try, as elsewhere throughout the world, comes from Oberstein and Idar 
on the river Nahe in the Duchy of Oldenburg, where the mannfacture 
of such articles has flourished for over three centuries. 

Agate pebbles, in quantity small and of great beanty, are at Agate 
Bay, Lake Superior. These are sold to the tourists at all the Lake 
Superior cities. 

Agate in bowlders from a few inches to a foot across, of rich red 
brown and mottled tints, is found in the vicinity of Austin Bluffs, near 
Colorado Springs and Colorado City, Colorado. InColorado, chalcedony 
is found 8 miles south of Cheyenne mountain, at the Los Pinos Agency, 
at Chalk Hills on the bluffs near Wagon Wheel Gap, and along the 
upper Rio Grande valley, in Middle South Park, Buffalo Park, Fair 
Play, Frying Pan, along Trout creek and Gunnison river, and fre- 
quently in drift accumulations. In Pinal county, Arizona, large quan- 

tities of amygdules of beautifully banded agate are found, often coated 
with opal. They vary from 1 to 8 inches in diameter, and when broken 
are generally light bluish gray or light gray in color. They would be 
extremely beautiful if cnt and polished. Seven miles south of Cisco, 
Utah, there are extensive beds of flesh red, pink, and salmon-colored 
agate, which received considerable press notice under the name of 
‘‘blood-agate,” and a company has been formed to work it. 

The beautiful little agates found on Pescadero beach in California are 
sold in large quantities and in different forms, polished and unpolished, 
loose or in vials of water. Occasionally some of these are found inclos- 
ing a pebble moving in liquid, like the hydrolites from Uruguay and 
the chalcedony from Tampa bay, Florida. These pebbles, which may 
well be called sealed flasks, vary from one-tenth to one-fourth of an ineh 
and rarely are one inch in diameter. They are also found on the Ore- 
gon coast near Yaquina bay and Astoria, where they average an inch 

. or more in diameter. They are of quite frequent occurrence in pebbles 
little larger than a pea at Pescadero beach near San Francisco. An- 
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other locality is Canyon Springs in sonthern California, as reported by 
Mr. Orcutt. He also reports beantiful chalcedonies and agates in the 
drift of the Colorado desert and the neighboring mesas. Fine exam- 
ples of chalcedony replacing coral and sponges are also found at Tampa 
bay, Florida, a few holding more than half a gill of water each. The 
chalcedony coatings on the blue and green chrysocolla occuring in the 
cavities of the Copper Queen mine, Arizona, are very beautiful if ent 
with their inclosures and form some of the prettiest and most interest- 
ing gem-stonesever found. Fully $10,000 worth of this material has 
been sold in its natural state for cabinet specimens. 

Chrysoprase is found in a vein of serpentine in the nickel mines at 
Nickel Mount near the town of Riddles, Douglas county, Oregon. 
It occurs there in veins over an inch thick in the nickel ore, and a few 
fine rich green stones several inches square have been obtained. Some 
were shown in the sonthwest gallery of the Mining building in the 
World’s Columbian Exposition. Some fine stones were also found near 
Visalia, Tulare county, California, by Mr. M. Braverman. 

Jasper Bloodstone or heliotrope in beautiful specimens with very fine 
red marking is found in Chatham county, Georgia. Heliotrope was for- 
merly obtained in the veins in slate at Blooming Grove, Orange county, 
New York. Good specimens have been found near the Willamette 
river, Oregon, near the South Park, Colorado, and below the Uncom- 
pahgre near Grand river. 

Silicified wood, also known as wood agate and wood opal, is found in 
great abundance in Colorado, California, Arizona, New Mexico, and 
other western States and ‘Territories. The agatized wood found at 
Chalcedony Park and elsewhere in Arizona is one of the most beantiful 
high-class ornamental stones known. Magnificent collections of pol- 
ished specimens, some nearly 3 feet in diameter, are shown in the Ari- 
zona and South Dakota exhibit and in the Manufactures Building of 
the World’s Columbian Exposition. . 

On a visit to the locality for the Eleventh Census the writer found that 
Chaleedony Park. near Holbrook, Arizona, the nearest of the so-called 
forests in the formation on the Atlantic and Pacific railroad, is about a 
mile square and is inclosed by table lands from 50 to 100 feet high, com. 
posed of several beds of variously colored sandstone, red, white, black, 
ete. Nearly all the agatized trunks are found lying on the plain below, 
but they were never in place there. They have been weathered ont in 
the decomposition of the upper layer of sandstone and have rolled down 
upon the plain. None of those remaining in the upper layer are found 
in the erect position, nor were any roots visible, and, since none of the 
trees retain any of the orginal bark, it seems probable that all this 
deposit was once the bed of an inland sea or lake. Another deposit, 3 
miles from Los Cerrillos, New Mexico, very closely resembles that of 
Chalcedony Park, in Arizona. Two sections from this locality, weigh- 
ing about a ton each, are in the Historical Society’s collection at Santa 
Fé, New Mexico. 
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Prof. A. A. Julien, in a communication to the New York Micro- 
scopical Society, in January, 1892, announced the discovery of the well- 
preserved mycelium of a fungus, secreting iron oxide in the jasperized 
wood from Arizona. To which he attributes the coloration of the agate 
as detailed in the last report of this series. 

Agatized wood in large quantities, consisting of trees from 12 to 35 
feet in length and from 18 inches to 2 feet in diameter, has been found 
near Calistoga, in Napa county, California. True examples of agatized 
and opalized wood and bluish chalcedony associated with quartz are 
found in the vicinity of Gallatin, Montana, great quantities of which 
were collected by Dr. Albert C. Peale and Prof. George P. Merrill, and 
later by Prof. Frank H. Knowlton, of the United States Geological 
Survey, for the United States National Museum. 

OPAL. 

Opal was not observed as a precious stone in the United States until 
1889. Since then it has been found in gems equal to the Hungarian in 
Washington State, Idaho, and Oregon. 

In August of 1890 a fine opal was detected in digging a well near 
Whelan, 20 miles southwest of Colfax, in Washington State. This was 
in latitude 47 degrees north and longitude 117 degrees west, about 
midway between the Coeur D’Alene and the Nez Perce Indian reserva- 
tions, near Moscow, Idaho, almost on the line between Idaho and Wash- 
ington. It occurred more or less plentifully, and the last 4 feet of the 
rock contained cavities filled with precious opal. This opal occurs in a 
basalt, in which most if not all of the feldspar and pyroxene as well as 
the green mass appears to be altered. Buildings have been erected 
and the locality named Gem City. The total yield of these mines, dur- 
ing the suininer and fall of 1891, amounted to over $5,000; the opal is 
fine, in many respects equal to the best material from the Hungarian or 
Australian mines. A gem weighing 34 carats from this district was 
held at the extravagant figure of $500, partly perhaps on account of 
its American origin, and a rough mass of 2 ounces at $1,200. If the 
material is as abundant as supposed, and is properly worked, it is likely 
to be one of the most promising of our precious stones from a financial 
point of view, notwithstanding the abundance of fine stones now being 
found in Queensland and more recently at Wileannia, New South Wales. 

Some remarkable fine fire opals have been found 30 miles from Hep- 
ner, Morrow county, Oregon. At this place, immediately overlying a 
bed of hardened or baked clay. or silicified slate, there is a deposit of 
eruptive ashes about 4 feet in thickness. This, in turn, is overlaid by 
red lava and other lavas to the top of the mountain. In this bed of 
ashes are found large nodules or spherical masses from 1 to 40 per cubic 
yard. These vary in size from one to several feet. On breaking them 
open, they are found to obtain some kind of opal, of which one in twenty 
is a fire opal or a noble opal. It is estimated that some $20,000 worth 
of specimens have been obtained here during 1892; niany of these were 
stolen at the Spokane fair so that the estimate may be exaggerated. 
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Quite a number of opals of good quality have been found in the 
Owyhee mountains at Opaline, 20 miles from Silver City, Owyhee 
county, Idaho, and about 30 miles from Boisé City. In the north- 
western part of that county there are extensive lava beds in which are 
layers of tufa; in this tufa and in the overlying stratum some very fine 
opals, weighing from 3 to 20 carats, have been found; they are generally 
associated with hydrophane and some have been sold for from $5 to 
$40 a carat. Opals have also bee discovered in Latah county, Idaho, 
where they are mined by two companies, and near Moscow in the same 
State. <A fine collection was shown in the Idaho exhibit. Mines and 
Mining building, World’s Columbian Exposition. 

A white opaque variety of hydrophane in rounded lumps from 5 to 
25 millimeters (one-fifth to 1 inch) in diameter, with a white, chalky, or 
glazed coating, somewhat resembling the eacholong from Washington 
county, Georgia, has been found in Colorado. It is remarkable for its 
power of absorbing liquid. When water is allowed to drop slowly on 
it it first becomes very white and chalky and then, by degrees, perfectly 
transparent. This property is so striking that the finder has proposed 
for it the name “magie stone,” and has suggested its use in rings, 
lockets, charms, ete., to conecal photographs, or other objects which 
the wearer wishes to reveal only at his pleasure. 


MOONSTONE. 


Moonstone, albite variety, has beer found in fine large masses at the 
Allen mica mines, Amelia eounty, Virginia, and in Delaware county, 
Pennsylvania. Very few moonstones that are transparent have been 
fonnd in the United States. During 1892 transparent moonstones in 
very beautiful sinall crystals (too small to be of value) were found in 
some quantity by Clement Hightower on the headwaters of the San 
Francisco river, a tributary of the Gila, 18 miles east of the Arizona line, 
New Mexico. No moonstones are found on our coast; those so reported 
are of Ceylonese origin and passed off as of Ameriean origin. 


SUNSTONE, 


Beautiful varieties of orthoclase sunstone are found near Crown 
Point and Chappaqua, New York. It also occurs at Amelia Court- 
House, Amelia county, Virginia. <A very interesting variety of sun- 
stone was found by Mr. J. A. D. Stephenson at a quarry in Statesville, 
North Carolina; the reflections are as fine as in that found at Twedde 
strand, Norway, but the spots of color are very small. Several hun- 
dred dollars worth from this locality have been sold as gems. 

Labrador spar is found in large quautities in Lewis and Essex coun- 
ties, New York, and as bowlders in the drift all the way down to Long 
Island and New Jersey. In Lewis county the bowlders are so plentiful 
in one of the streams that it has been named Opalescent river. Large 
quantities of this labradorite rock are quarried at Keesville, Essex 
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county, New York, for monumental and building work. It is polished 
there for similar purposes at a cost of about $1 a square foot, and finds 
a ready sale under the name of Au Sable granite. It somewhat resem- 
bles the labradorite from IKief, Russia. 

Amazonstone (microcline) is found at Pike’s Peak, Colorado, in cavi- 
ties,in a coarse pegmatite granite with smoky quartz crystals, often of 
huge size, and with flesh-colored-and white feldspars. When associ- 
ated with smoky qnartz it makes a most pleasing and effective combi- 
nation. Many thousand amazonstone crystals of the most beautiful 
green color have been obtained, measuring from one-half an inch to over 
12 inches in length, and of different shades of green, from the lightest 
and most delicate toa deep apple green. The crystals are often in 
groups, the bases of which are covered with white albite. The groups 
in the New York State Museum at Albany, in the collections of Mr. 
Clarence 8S. Bement in Philadelphia, and of Mr. Frederick A. Canfield 
in Dover, New Jersey, are among the finest known. It is frequently cut 
into gems or ornamental stones, and large quantities are sold annually 
to tourists. 

Several localities in North Carolina also furnish this mineral. Rock- 
port, Massachusetts, formerly afforded riehly colored pieces and some 
fine green crystals have been found at Paris, Maine; also at Mount 
Desert, Maine, material that would cut into fair gems is occasionally 
met with. Several light-green crystals over 6 inches long, and one 
over 10, were found in the Allen mica mines, Amelia Court-House, 
Virginia. From the Pike’s Peak locality over $10,000 worth have been 
sold as specimens at prices as high as $200 for a single specimen. 
Over $1,000 worth from this place is annually cut into touristy’ jewelry, 
In Middletown, Delaware county, Pennsylvania, many shades of green 
feldspar passing into cassinite and delawarite are found in the soil in 
loose bowlders up to 20 inches in diameter. 

Obsidian in nodules is found in the lower members of the trachytic 
dike. There is a dike of light gray and clear obsidian with concentric 
structure near the Colorado Central lode, north of Saguache creek, 
near Georgetown, Colorado. Obsidian in fine pieces is very abundant 
10 miles southeast of Silver Peak, Nevada, and at Obsidian Cliff, in 
the Yellowstone Park, Wyoming. This locality is described by Mr. 
Joseph P. Iddings, (a) who says: “The cliff presents the partial sec- 
tions of a floor of obsidian, the dense glass constituting the lower por- 
tion, which is from 75 to 100 feet thick. One of its remarkable fea- 
tures is a primitive column forming its southern extremity, which rises 
50 or 60 feet and is only 2 to 4 feet in diameter. 

Chondrorite that could be cut into gems has been found at the Tilly 
Foster mine at Brewster’s, New York. During 1891 and 1892 some 
fine transparent garnet-colored crystals were found measuring one- 
half by one-fourth inch and a few over 4 inches across, some of which 
would furnish fine gems. 


a Seventh Annual Report of the United States Geological Survey, p. 254 et seq. 
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JADE. 


As regards origin, some early writers have attributed the Alaskan 
nephrite native implements to a Siberian source. Native reports 
pointed to a source known as the Jade mountains north of the Kowak 
river, about 150 miles above its mouth, and after several attempts the 
spot was visited in 1882 by Lieut. G. M. Stoney, U. S. Navy. He 
collected specimens of jade in sitn and a number of samples were 
examined. A magnificent series of archeological objects of Alaskan 
jade is in the United States National Museum. Lieut. Stoney found 
that the implements and jade in situ are identical, thus disposing of 
the theory that their presence in Alaska is to be accounted for 
upon the basis of trade with Siberia. That theory is also negatived 
by the discovery announced by Prof. George M. Dawson, of small 
nephrite bowlders on the upper part of the Lewis river, not far from 
the eastern boundary of Alaska. But these nephrites are also strikingly 
like those from many other localities. The most remarkable specimen 
of jade (nephrite) or pectolite found on this continent is the bowlder 
(weight 474 pounds) from southern Oregon, now in the James Terry 
collection of the American Museum of Natural History, New York, 
which museum during 1892 acquired the George IF’. Kunz collection of 
449 specimens of jade and allied minerals, which with the Terry, the 
“Squier and Davis,” the Lieut. Emmons, the Bement, and the objects 
formerly owned by the Museum, makes this the finest collection of 
archeological jade known. No American jade has as yet been utilized in 
thearts. The compact pectolite found in Alaska and in Tehama county, 
California, is tough, and resembles some white Chinese jade and would 
make the best known substitute for it. The so-called jade from near 
Candelaria, Nevada, of which there was quite a mine, proved to bea 
green agalmatolite, a soft mineral of no little value as an ornamental 
stone but useful in the arts as a powder. ‘ 

Khodonite, so extensively found and eut in Russia, has been little util- 
ized in this country. It has been found in an extensive bed at Blue 
Hill bay, Maine, and on Osgood’s farm near Cummington, Massachu- 
setts, in very fine large masses and in the neighboring towns, in War- 
wick, Massachusetts, in Irasburg and Coventry, Vermont, near Win- 
chester and Hinsdale, New Hampshire, and at Cumberland Hill, Rhode 
Island. 

ZEOLITIC GEMS. 

Among the Zeolitie gems may be mentioned Zonochlorite, referred 
to prehnite by Hawes. This gem was found at Neepigon bay, Lake 
Superior, by Dr. A. E. Foote, in 1877, and is generally of a dark-green 
color, its name being suggested by the bandings which are characteristic 
of it. A few thousand dollars would represent the commercial value of 
all the stones found. 

Chlorastrolite is found on the beach at Isle Royal in more or less 
profusions, where they are weathered out from the Amygdaloid rock in 
which they are found. They vary in size from that of a pea toa few 
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exceptional stones measuring nearly 2 inches in length, generally selling 
from 25 cents to $5 each by the jewelers of the Lake Superior region; 
$25 to $100 have been paid for a few of the remarkable stones. For 
the past twenty years from $1,000 to $5,000 worth of these stones have 
been annually sold to be cut into gems or to be taken away as sou- 
venirs. 

Thomsonite, generally flesh-colored and beautifully marked with 
white bandsand with green layers (Jintonite), is found in great pro- 
fusion at Grand Marais, Minnesota. This stone is also weathered from 
Amygdaloid rock, andis generally in grains varying in size from the 
pea to more than an inch across. Ten dollars is an exceptional price 
for even the finer specimens; they can generally be bought for from a 
few cents to several dollars each. In the past ten years from $500 
to $1,500 worth have been sold annually. 

Fossil coral, generally (Favosites) compact with a grayish-cream 
color, is found in beautiful masses at Iowa City, Iowa, and in pebbles 
at the beach at Petosky, Michigan. At the latter place it is known as 
Petosky marble. The local jewelers in both places cut and polish this 
material into paper weights, charms, ete., and $1,000 to $2,000 worth 
are sold annually. 

Rutile is found in beautiful, brilliant crystals in Alexander county, 
North Carolina. In this district the crystals are generally compact 
enough to admit of the cutting into brilliant stones, with a luster that 
hey are almost indistinguishable from the cut black diamond. 

Pyrite is more or less sold for ornamental: purposes in two districts 
in the United States. First at Wilkesbarre and other parts of the 
Pluma coal district, where the thin crusts of brilliant crystals are cut 
nto oval, square, and other forms for scarf pins and other ornaments. 
In this form several thousand dollars worth are sold annually. In Col- 
orado single erystals or small groups of brilliant crystals in their nat- 
ural position and to thé value of several thousand dollars worth are 
sold annually. It is not cut into faceted forms as is the same mineral 
in France, which is known there as marcasite. 


TITANITE (SPHENE). 


A very remarkable discovery of titanite has been made at the cele- 
brated Tilly Foster iron mine, at Brewster’s, Putnam county, New 
York, where Mr. E. Schernikow obtained several hundred magnificent 
erystals from 1 to 2 inches in length. Nearly all have highly polished 
faces, and some are beautifully twinned. They are of fine yellow shades, 
many of them transparent, and a ntunber are large enough to cut into 
gems of from 1 to 15 carats each. These were found in the summer of 
1891, and are among the finest titanites that have been observed in any 
recent locality, equaling some of the best erystals from Tavetsch or 
other celebrated places of occurrence abroad. Over $1,000 worth were 
sold as gems. Some of the finest crystals are shown in the southwest 
gallery of the Mines and Mining building at the World’s Columbian 
Exposition by Mr. George L. English, and a fine cut gem of ten carats 
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is in the collection of the United States National Musenm. Some fine 
gems have been obtained at Bridgewater station, Delaware county, 
Pennsylvania, and small crystals at Magnet Cove, Arkansas. 


PRODUCTION. 


The following table shows the valne of the precious stones produced 
in the United States from 1885 to 1892, inclusive: 


Estimated production of precious stvacs in the United States from i885 to 1892, 


1888. | isso. | 1990. | 1891. | 1892, 


1885. | 1886, | 1887. 


Species. amend |G 
i Value. Value. | Value. | Value. | Value. | Value. | Value. | Value. 
| eS a ee Oo 
. f | | 
MraTM ON dese ee cs alatsictsiai-ics oie )- peri. AG) lok aantee eGR teen Meee eee Perper Cr oo: 
Sapphire gems. --....-.-.j $5U0 | 750 | $500 $500 | $6, 725 | $6,725 | $10,000 $20, 000 | 
Chrysohberyl ........-.-.. liso eholb-ooleces Gee ene ee ae PE . 
iow | 1,250} 1,000} 2,090 600 CCT Seen Ue 100-1, 000 
eo oees wen cdecess 750 | 5,500} 3,500 SUGKeEa. 2.25. Rete ; 1,000 
errenieitommee serene, Beco ce lel cose esdloceec. se. 650 | PU A cor 
TIVO eevee cer sec < os scve 3, 200 By AU | basebaaes 100 | S16) |paoaeeees @1 000) eee 
Maidenite .......-.. | 9,500} 4,500 |.........|.--. Ae ed ee ae 
Mourmalineg. -.....-.-....| 600 5, 500 BOON |e teciere< 2, 250 2, 250 3, 000 3, 000 
DIMOKWMALUZ + .c-~5 50. - 7, 000 7, 000 4, 500 4,000 4,232 2,220 5, 000 5, 000 
| canara 11,500] 11,500 | 11,500} 11,150) 14,000 | 14,000 | 10,000 | 10,000 | 
Silicified wood........... 6, 500 1,500 | 36,000 | 16,000 |.....-... Ge eT INCOR RAR cc / 1,000 
oles 2'700| 3,250/ 3,500] 3,500| 2,308! 23,308} 3,000| 5,000 
Anthracite ...........--. 2.500} 9.500] 2,000| 1.500 |.........'....0--.ee eee eee ' 35.000 
at 2,000} 2,000] 2,500} 2,500, 2,000, 2,000, 1,500 1,500 
FAMAZONSUONG . 002... cee oe 2,750 2, 200 1, 709 1, 700 | 500 | 500 px sen cao 1, 000 
Catlinite (pipestone)..-... 10,000 | 10, 000 5, 000 5,000 | 5, 000 | 5,000. 5,000 ' 5,000 
PAET@ Ws, DOINGS... 2.00.05. 2, 500 2, 500 1,500 i BUY asodancear “oaagooour joteeseees ' 1, 000 
ePrilObites!a-a+.--<.--< =. 1, 000 1, 000 500 GN) ioaooences Lcesecce @-ceaes. ee 
Sagenitic rutile.......... 230 iL, EAD) |. cases Bocloanaenace|Sooseeuce Weve a(sicls\eioiel ain ale eieiels | ceetersremenrete 
Hornblende in quartz.... 300 200 | aC hg ee | oa: Pee te |. =<. wise) eo 
Pe OMI SOMIb@seeee ects t= 750 400 | 750 500 | 400 409 200 | 500 
WiopSid Gece ssc e-- WOO" | Bee. = BOM asesee Dee Oe Naina Cae Ree 500 
Lo 2,000} 2,000, 4,000] 4,000'.... .... | cesta ae / 2,000 
Chionastrolite:..-......-. jeeeeencee 1, 009 | 800 800 | 500 400 | 500 500 
Turquoise ......---.-..-- "3,500 | 3,000, 2,500] 3,000 | 93,675 | 28,675 | 150,000 | 175, 000 
WIE | 9,500 2,000 | 950 Q50B ee en rec| Soo ee pe ie 1, 500 
Wiietiyst -....--..-..-. 4 2,100 2, 100 2,100 2,500 | hel EA rcs BaBssoasnt 200 
ESTING) oc 5 SCC Re ee, een ne eee St Or Cee HOO css see Less one eae | oe 
SMMSUONO Meee == += =< Sot 850 300 GOB etre rete ycievey craic cise eterenelace cl. olsen areas 2:8 ost aloteeteteres 
Wosail CGral...c..c.c. 00% beceee-ss 1,000 | 2,000; 3,000 | 700 700 | 1,000| 1,000 
IPOUNG I Clerets slice = wie era -totes = 750 (LD: | Seecsbocm Gornros oan serertese WWeacrersvere ite ete aoe Geone 
PNGMAMATING csc 2<c eee ce ose ss se BR aean ce eeeaerrene Woe stateless: i Ligon | 1, 000 (a) 
WROSCQUALC oc cecceete os ets woes = == eee Vereen eee eee Views <5 2a 600 | 5008.0. see 200 | 
ieeliquartz...........0<3 140,000 | 40,000 | 75,000' 75,000} 9,000} 9,000 6,000 15,000 
TEU ERG! CUMETRUA SaGodece. gesnsbcodlRacddoeca|lase Sauce Eooucoooc BUEGOESSOGD Boogunded Boconocor 
Dumortierite in quartz .. ...-..... Perafereeete = si|eccrae Jeera caeaias 250 250 §-.01.<0.- coh goceeene 
Quartz coated with chal- | | 
COMM oo cescongocnadend ecusaneca loooooseac [te esarevotersraucvc sitejetevate 40005)" 2) 000M 222m. oe 500 
(OW SO DR Eo ooscaGcpacnqsocogbend J sooceosae jnepopecas Jonencoced 200 | Atl) Voeeocooo: 100 
Agatized and jasperized | 
OL cae nee eee ee ees ceo: Mees B, 58,175 | 6,000) 2,000 | 10, 000 
Banded and moss jasper.'......... lee. GES noes aa onGr: DE aOne sod O30) (22 fans Beene Sea eee 
INO) Geagecansaseeeore eee | 500 | 500! |<..0<cosse eee 
Azurite and malachite eal Sarl Poe PPO slewerre nee Pe a ecmrcciasoc 
cicero eee ee T6000 |... eae 
Gadolinite, furgusonite, | ! 
BO) tac a osccnsicSan eseaevcss | DAR aren pes ee ee 1500.) cecOnen eee | eee 
iP Monazite (6)! ......o20--- (pesanosar eee Pearle ea nee WS ens elie 1,000 2225 ee Beco See 
Spodumene (8) .....-..-- leon aes eae Nae eiaiee eB acoene | \asenceeme 200 Pe ee aalh. eens Eee 
| Wooden ornanients deco. | | | 
rated with minerals (c).!......... Denia ne era Stare ere terelcicinve oie rereie 15,500 | 15,500} 15,000 | 15,000 
70> ee eee eee Ee ean Eee ere ae: Peace eect leneee. 5,000 | 10,000 
SALTO Liners see coe eee acre hedGeds ne eee eS ea ee eid ee eS |e 1,000 1,000 
_ Miscellaneous miner- | 
| BUNS (Ce crore cierotssiciseicietiellenie siete cies [seee renee jrceceeeee Sree ceeve 20,000 | 20,000 | 1, 000 ; 20,000 
| TH et ope oo See | 209, 859 ; 118, 850 | 163, 600 | 139, 850 | 188, 807 | 118,833 | 235,300 | 299, 000 
1 { ' 
a See Beryl. c Used to extract the rarer elements for chemical purposes. 


b Including lithia emerald, gd Such as clocks, horseshoes, boxes, ete. 
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PReCIeO > Ss lTONES. 


By GEORGE F. Kunz. 


INTRODUCTORY. 


The value of the rough gems produced in the United States during 
1893 decreased, as will be seen by the table on the following page, 
from $312,050 in 1892, to $264,041. This decrease is principally due to 
the financial depression. A considerable proportion of the total sales 
of rough gems found in the United States is to tourists who purchase 
these as souvenirs of some locality visited, and but for the increase 
in sales to tourists at the World’s Columbian Exposition, it is probable 
that the decrease in value would have been very much more consider- 
able. 

In spite of the decline in production above noted, the year 1893 was 
characterized by a number of interesting gem discoveries, including a 
diamond weighing 344 carats, found in a new district, Oregon, Dane 
county, Wisconsin. An interesting fact was proved, that the supposed 
diamonds in the Canyon Diablo meteorites are really diamonds, and 
the first instances are recorded of the polishing of a diamond by means 
of the diamond dust obtained from meteoric iron. The finding of small 
rubies of fairly good color in Macon county, North Carolina, gives 
ground for the belief that larger and better stones may be found there 
by more extended development. 

it is interesting to note further that, in spite of the financial depres- 
sion, $143,136 worth of American turquoise was sold—a greater amount 
probably than has ever been sold from the Persian mines in a single 
year. The finding of a remarkable 66-carat green tourmaline at Paris, 
Maine, and the discovery of a new tourmaline locality in the San Jacinto 
mountains, in California; the development of the opal industry in Idaho, 
where the gems are quite equal to those of Hungary, and in sufficient 
quantity to make the United States prominent even compared with 
Hungary, Queensland and the more recent remarkable find in Wil- . 
cannia, New South Wales, and some new moss agate from Hartville, 
Wyoming, with interesting possibilities for inlaid and ornamental 


work, are among the notable developments of the year. 
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PRODUCTION. 


The following table shows the value of the precions stones produced 
in the United States trom 1883 to 1893, inclusive: 


Estimated production of precious stones in the United States from 1883 to 1893. 


1883. 1884. 1885. 1886. 1887. 1888. 
Species. ee aS SS EE ES SS 
Value. | Value. | Value. | Value. | Value. | Value. 

SEIGUEIT ON OlWetatslatatatsiclcie'e <ieicieielnle wim’ «|\c<in o.oo eyajel= $800) |e cecee = $60 |... .-.-5.00<)osseeeeene 
ISADDHIFG cess. cece. ss ceccece $2, 200 1, 750 $500 750 $500 $500 
Chrysoberyl ...-.-.-.....-.---- 100 PF eecGeeoood boscosdend BasHrenaad||adosoccacs 
oy 1, 000 500 1, 250 1, 000 2, 000 600 
Beryl] (aquamarine, etc.)...--- 500 700 750 5, 500 3, 500 800 
1 NUTSIE 5a se caoonnsepbocodedsl boqooedcod|bocoasccccllbaosceogoug| sooo 9agend jacosopanod 650 
Tin @enll . oocegeeceeeeoeEEe Sone ENO boaoacbane 3, 200 Bra00! | Gascsccewd 100 
Hiddenite (Lithia emerald) -... COOH Poe Reena 2, 500 4) 500 |ios snes. <a |oenseecere 
PLOMTMALING >. .- cc «<sccs cacccas|«sscemnens 2, 000 600 5, 500 500 | cc.seeseee 
Smoky quartz .......-..--.-.. 10, 000 12, 000 7,000 7, 000 4, 500 4, 000 
COCR IAo bc cond boo BO OOO BOOCesee 11, 500 11, 500 11, 500 11, 500 11, 500 11, 150 
Silicified wood.......-..--.--- §, 000 10, 500 _ 6,500 1, 500 36, 000 16, 000 
(ITE is 50600 COS COCHOROEOBOSOES 6, 000 4,000 2, 700 3, 250 3,500 3, 500 
PAMPHTACILE 2.0. cccceccsecsces 2, 500 2, 500 2, 500 2,500 2, 000 1, 500 
SEG LOle te cienine caiecico-=-----+- 2, 000 3, 000 2, 000 2, 000 22500 2, 500 
Amazon stone......-----.----- 3, 750 2, 750 2, 750 2, 250 1, 700 1, 700 
Catlinite (pipestone).........- 10, 000 10, 000 10, 000 10, 000 5, 000 5, 000 
ALLOW points ..--..-----eeeeee 1, 000 1, 000 2,500 2, 500 1, 500 1, 500 
brilobitest.--..-+-.-.------.--- 500 . 500 1, 000 1, 000 500 500 
Hornblende in quartz...-..... 600 600 300 200 HOO Neesoopocec 
Thomsonite....-..------------ 750 750 750 400 750 500 
Diopside.....-...-.-..-. Sconce HNN |iscanoooasa AO) nscagndeca 50} |Eeeesn cic 
PAM IGOL Peo cinciaieiccis cs isisiaieisic'eisie 1, 500 4,500 2, 000 2, 000 4, 000 4, 000 
Chlorastrolite .........------- 1, 500 W500: | ccciseenins 6 1, 009 800 | 
PRUTOWMOISG see. = 0 = cc ccc scence - 2, 000 2,000 3,500 3, 000 2, 500 3, 000 
Moss agate ....-...--cce ene nee 21, 000 3, 000 2, 500 2,000 950 950 
CUNY EE ~ oon ccncescs-eerees: 2, 250 2, 250 2,100 2,100 2, 100 2, 500 
MASP ace ccc cscs ccccscwccece 2,500 DE BOON etearars atc <1o15i| stelers ovayaysiarall a oe cve'oreyeicte 100 
PSUS CONG ieee ccc << <is<ccccce 450 450 350 300 150: |.2aeeeeee 
HLOSSINCOMAle ee. <262c~- +76 oc: 750 | 7X0) Ils consooges 1, 000 2, 000 3, 000 
LOM eneioniscisia(siac cicls siacisis << cence t «|e os0ecc sere 750 YU Boe cas Gondecoe. 
Gold quartz -........-.-...--- 140, 000 40, 000 75, 000 75, 000 
Rutilated quartz 250 UEC Beescsossolbccasssac 
NaCI Obeeiio< cece oc son ncencacee fT) Neo os coon cellososaceocallsoneuscacdloosaacose 


a a | a | | | 


ues oe 209,850 | 118,519 163,600 | 139,850 
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Estimated production of precious stones in the United States from 1883 to 1893—Cont’d. 


| 1889. 1890. 1891. 1892. 1893. 
Species. —<—<—$—$——| | | — 
Value. Value. Value. Value. Value. 
Diamond . -.2.-:..cce- secwiciec eos eee eee sel eee ees o> «|| siete see aerate $125 
Sap pMive meee cseeeeceeeeeccre $6, 725 $6, 725 $10, 000 $20, 000 10, 000 
WRU DY © steremisis cre ale <teie ic eis cials(e eters lereteterm ere mentite | store eteteteiereraieis | ete sinters eraret fetal | eteretereneereeetatete 150 
DOM osouncosoonocenpessesa000 A400) |eewicicta sc sree 100 1, 000 100 
Beryl (aquamarine, ete.) ------ TALIA | Bitte ie re <e'e wiclene 1, 000 1, 000 500 
JOKSIEYONIG) GaosacossosbooencnDs 200) |< sc cc wc cde en cwics cscce|cccs celeste amet 
Mmietaldee a scscceccweeesccce ss AGO Mec ecco ese 1, 000 |...-0825cee0|-ee eee 
MOMTMALTMION- 22s veces ce ececese 2, 250 9, 250 8, 000 3, 000 5, 000 
Opal) veces cniscicecicwciocicrestereeres seme ere lemeeine see esi= 5, 000 10, 000 5, 000 
POP GOt: sa.sccs cic.s0cce sieccaec cell eeeeeeoe: oe poceence cess 1, 000 1, 000 500 
STORY (CAVA Wo coosesoconcoasec 4, 232 2, 225 5, 000 5, 000 5, 000 
Quartz, rock crystal .......-.. 14, 000 14, 000 10, 000 10, 000 10, 000 
SULT CUME MEG OOGN cs o:sccs coe vere eee | eee eee ns tecimeteine | acc ccc cancer 1, 000 1, 250 
Garnet (pyrope, almanditeand 
essOnite)! 2. 52 ..< stems ccces 2, 308 2, 308 3, 000 5, 250 2, 000 
PATI GT ACMUO=/0:0:<i01c'5 crc sieves eietere let Ee clare ce ae res acs wratarsiee nee 3, 000 3, 000 
JEM ATT naaooooseoposeoUSodSoGKOT 2, 000 2, 000 1, 500 1, 500 1, 500 
PACA ZONUSUO Le aetel-ceeite eine eet 500 500 | cccecccsoae 1, 000 1, 000 
Catlinite (pipestone) .........- 5, 000 5, 000 5, 000 5, 000 5, 000 
ENSGRONG FOOD come gosccoonassd|acoccoogsoes|ooasnnrecegsl|sanonocmsasa 1, 000) | Jectreeeeeteees 
EhoOmso nite: =a esse eee { 400 400 200 500 | 500 
Diopside ........--eccsseooseee lo conde adeno d|GeRGucacesed bscoucboodce 500 105 
ANGE ep no dd jcoeeEonosooc os6bno |loosone 609 6H) BEECOCUREE ne! Eee eeinersoc 2, 000 1, 000 
Chlorastrolite -...-..-...--.--- i 500 400 500 500 50 
Murquoiseeseses--<-eeee ess | 23, 675 28, 675 150, 000 175, 000 1438, 136 
Moss agate......----.--------- | pono oo onsopd|looasoRbooedE|Geudeccoccas 1,500 2, 000 
Amethyst. .-.--+------0-+++--- 4X3} |lsancoanoncan|socods osases 200 5 
Mossill coral 2... -a-ssecee> +> <1 700 700 1, 000 1, 000 1, 000 
Rose quartZ.-..---.ece-------- 600 QD |losococosesee 200 100 
(GoldiquantZessssees--co- <r 9, 000 9, 000 6, 000 15, 000 10, 000 
Rutilated quartz...-.--------- BO nun ee cece s| ee cee eons n | ore ce <a eeteetee | eee 
Dumortierite in quartz...-.... 250 PAD Neeecoobooes PRPs scclloccoosccnase 
Quartz coating cbrysocolla .... 4, 000 2, 000 |osce2- sees 500 |s.2-csenees 
Chrysoprase ...--.-.----------- 200 200 |lncnoancosecs 100 |s-eeeeeeeeee 
Agatized and jasperized wood - 53, 175 6, 000 2, 000 10, 000 20, 000 
Banded and moss jasper....... 630 |. sc aceww nbs oe ceeane weds on soso eel eee 
CU graben, .28 kopapaesbonccoccod BSeGseeepeo nul Scemeecosasnlsenomenonsod 100» | i eee 
INTO oo ode pesca pucosooDDSuD 500 500 [see ceeee--sc]s--- sco. ce ce eee 
Azurite and malachite ...-.... DOB: «|e oceerete aeioe mee oo eee 1, 000 |... seer 
TRGLWAE sogoc0 coo sac ononBEbeodlsooccspseandlocosaccasccd|[soaonocaneese 200 |... cccteremeterer 
FARE (0) ecooscnoacgneneccse6s 16,000 |.........--.)o-22-+ -- eee [pce we se eee | eee 
Gadolinite, fergusonite, etc. (a) 1,500 |....-.2--2.+|0ce0-s005 0-]---- 25 cee eee eee 
Monazite (@) .-.-.------------- 1,000 Jecccceccnccs| ace cen cane c[eaiice =< ccc +e] 
Spodumene (q@) .-----.----.---- 200! | or 2e:sccicisieeilleca co = <.c0s'e | satel slots ete aiaja. 5 eS 
Wooden ornaments decorated e 
with minerals (b)--......-.--- 15, 500 15, 500 15, 000 15, 000 15, 000 
SRO) GR IEIS oscce—oneses casens goSosslscoonenssuedlosesaocosecal|sscoocecccs- 500 
Miscellaneous minerals (ce) .---. 20, 000 20, 000 15, 000 20, 000 20, 000 
ING tial yerstarstetalatersicnteiaterevcatere 188, 807 118, 833 235, 300 312, 050 264, 041 


a Used to extract the rarer elements for chemical purposes. 
b Such as clocks, horseshoes, boxes, etc. 
e Collection and souvenir minerals. 


DIAMONDS. 


During the year 1893 several interesting discoveries of diamonds 
were made in the United States, although this is not a regular dia- 
mond-producing country. In December my attention was called by 
Prof. William H. Hobbs, professor of mineralogy and metallurgy in 
the University of Wisconsin, at Madison, to a diamond that had been 
found in Oregon township, 24 miles southwest of Oregon Village, in 
Dane county, Wisconsin. Through his courtesy the stone was sent to 
the writer by the finder, Mr. Charles Devine, of the place just named. 
The diamond was found by him while husking corn, in October, 1893, 
in a rough, stony field which had been under the plow for forty 
years. The bank of clayey earth in which it was found contained a 
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large number of rounded pebbles of quartz, but no other of the asso- 
ciated minerals of the diamond; and as the entire district consists of 
glacial drift coming from the north, a diamond bed is not likely to 
exist in the immediate vicinity, but is rather to be looked for in the 
direction from which the drift came. 

The diamond is a rhombic dodecahedron, deeply pitted with circular; 
elongated, reniform markings. In color it is slightly grayish-green. 
But it is one of those diamonds in which the color is likely to be 
superficial, and it would probably cut into a white gem. Its weight 
is 344 carats. This is the second authentic occurrence of diamond 
in Wisconsin, the other occurrence being at Plum Creek, Pearce 
county, of three small stones, the largest of which weighed 23 earat, 
see the last report (p. 759). A 16-carat diamond was reported to 
have been found, also in glacial drift, at Waukesha, Wisconsin, in 1884. 
Some litigation resulted from its finding, and considerable doubt 
was expressed at the time as to the genuineness of the discovery. 

A small elongated crystal 7 mm. long and 4 mm. in diameter, weigh- 
ing three-fourths of a carat and of a bright, light canary color, with 
polished surfaces, was found in the vicinity of Kings Mountain, North 
Carolina, during the summer of 1893. Mr. H. S. Durden, of the Cali- 
fornia State Mining Bureau, reports that two small diamonds were 
obtained in 1892 and 1893; at Cherokee, Butte county, California. One 
weighed 2 carats. 

The London Mining Journal of May 6, 1893, states that important 
discoveries of diamonds have been made in the Landak district of 
Borneo. Landak is about three days by steamer from Singapore, and 
the district has been declared by experts to be not only gem-bearing but 
auriferous. A large number of diamonds have been taken from the 
beds of streams. Under ordinary circumstance this would require 
dredging or diving, but at an interval of every five or six years the 
streams become so abnormally dry and shallow that the beds can be 
reached without difficulty. 

Diamonds in meteorites.—The discovery of diamonds in the Canyon 
Diablo meteoric iron was first announced by Dr. A. HE. Foote in the 
American Journal of Science for July, 1891 (Vol. XLit, pp. 413-417). 
Diamonds have previously been noted in the Novy Urej Russian mete- 
orice stone by Latchinoff and Jerofeieff, and in the Arva, Hungary, 
meteoric iron by E.Weinschenck. On cutting the Canyon Diablo mete- 
orite it showed extraordinary hardness, a day and a half being consumed 
and chisels destroyed in the process of removing a section. In the 
cutting, the chisels had fortunately gone through a group of small 
cavities, which on examination were found to contain hard particles 
that cut through polished corundum easily, while the emery wheel used 
to polish the surface was ruined. The grains exposed were small and 
black, and Prof. Geo. A. Koenig pronounced them diamonds because 
of their hardness and their indifference to chemical reagents. The 


684 MINERAL RESOURCES. 


extreme hardness was subsequently verified by the writer, who care- 
fully examined the type specimen. 

Dr. Oliver W. Huntington has contributed much valuable informa- 
tion in regard to this meteoric iron. The results were first announced 
in Science, on April 8, 1892, and were read in detail before the Ameri- 

ean Academy of Arts and Sciences on May 11, 1892, and afterwards 
published in the Proceedings, new series, Vol. XXII, p. 252, and in 
Science of July 8, 1892. 

He placed 100 grams of iron in a perforated platinum cone suspended 
in a platinum bow] filled with acid, the cone being made the positive 
pole and the dish the negative pole of a Bunsen cell. The iron slowly 
dissolved, leaving on the cone a large amount of black slime. This 
was carefully collected and digested over a steam bath for many hours 
first with aqua regia, and afterwards with strong hydrofluoric acid. 
Most of the residue disappeared, but there remained a small amount 
of white grains which resisted the acids, and, when carefully separated 
by hand, resembled fine beach sand. Under the microscope they were 
found to be transparent and of brilliant luster. One of the grains was 
then mounted upon a point of metallic lead and drawn across a watch 
crystal, when it gave the familiar singing noise characteristic of a 
glass-cutter’s tool and with the same result, namely, cutting the glass 
completely through. It deeply cut glass, topaz,and a polished sap- 
phire. 

Subsequently M. C. Friedel says, in the Bulletin de la Société Fran- 
caise de Mineralogie (No. 9, p. 258, December, 1892), that he took a 
fragment of the Canyon Diablo meteorite, weighing 34 grams, with the 
characteristic Widmannstattian figures, and treated it with hydrochloric 
acid. He digested the residue in aqua regia and obtained a black pow- 
der. After various treatments he thus separated about 0:35 gram of a 
powder, which he presented to the Academy. No grains were found 
measuring more than 0°5 mm., the powder being fine and impalpable, 
capable of scratching corundum, and sinking in a solution of iodide of 
methyl having a density of 3°3. He also burned some of the black 
residue, and as a product obtained CQ. 

Atthe meeting above referred to of the Academy of Arts and Sciences 
Dr. Huntington showed to the members, under a microscope, the slightly 
yellow transparent grains he had obtained, and called attention to their 
adamantine luster. Not enough of the clear material was obtained at 
the time for a chemical test, and, on account of the association of the 
diamond grains with amorphous carbon, such a test would not have 
been conclusive without a perfect mechanical separation. The writer 
suggested that if enough of the clear grains could be obtained to polish 
a diamond it would be a conclusive test. 

For this purpose about 200 pounds of the meteoric iron was carefully 
examined, and specimens which appeared to contain diamonds were 
dissolved. The method used will be published by Dr. Huntington later. 
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After enough material had been separated by him, on September 11, 
1893, Dr. Huntington and the writer were enabled, through the cour- 
tesy of Messrs. Tiffany & Company, to try the desired experiment in 
their diamond-cutting pavilion in the Mining Building of the World’s 
Columbian Hixposition.(a) They had prepared a new skaif or wheel, 
104 inches in diameter, which was placed in position after having been 
specially planed down and prepared with the radiating scratches so as 
to be easily charged with diamond powder. A diamond was then sol- 
dered in a metal dop and placed on the clean wheel, which made 2,500 
revolutions per minute. This diamond was tried for more than five 
minutes by itself without the slightest polish resulting, and no mark- 
ings other than such as would be produced by the minute shattering of 
the diamond at extreme edges, due to the friction, as when a diamond 
is placed on an uncharged wheel. A cleavage weighing five thirty-sec- 
onds of a carat was set with solder in the metal dop, ready to be 
placed on the wheel, the diameter of which where the stone was to be 
placed was 4 inches. The wheel was then charged with the residue 
from the meteorite (the powder mixed, as usual, with oil). 

The moment that the diamond was placed on the wheel a hissing 
noise was apparent, showing to an expert that the material was really 
cutting the diamond. In three minutes a flat surface measuring 3 mm. 
by 1 mm. had been ground down and polished. A small crystal with 
a natural face up was then set in the metal dop, the crystal being a 
complex twin, weighing four thirty-seconds of a carat. It was first 
tried on a projecting angle. Thecutting was very slow for about seven 
minutes as the natural face of a diamond is always exceedingly hard. 
The position of the stone was then slightly changed, and a face measur- 
ing 2 mm. by 1 mm. was ground on the stone and cut. Three minutes 
later the surface had been cut down somewhat and a decided polish 
was produced on the triangular face, which was 3 mm. by 1.25mm. The 
fragment used was one of the octahedral faces of a crystal. The face 
ground down was at the angle of 45 degrees with the octahedral face. 
The entire time of this experiment was fifteen minutes. The two experi- 
ments having been made with great care with both of us present, we 
can not hesitate to pronounce the material diamond, or a substance 
with the same hardness, color, luster, and brilliancy. (b) 

The diamond industry.—The great interest manifested in the dia- 
mond-cutting industry at the present time makes a statement of the 
condition of.this, and the allied industries abroad, opportune. 

-At Amsterdam, which is the chief diamond-cutting center at present, 
there are 52 large factories and about 20 small ones, using steam as a 
motive power, where the rough diamonds are cut into brilliants and 
roses. The largest of these is the establishment of Messrs. Boas 


a This was announced in the American Journal of Science, Vol. xLv1, December, 
1893, pp. 469--472. 
b Paper read by G. F. Kunz before Chicago Academy of Science, September 15, 1893. 
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Brothers, which counts 600 mills, turning as many cylinders or “skaifs.” 
Every one of these is occupied by one polisher; and these, with the 
number of “setters” (verstellers) and apprentices, bring the total up 
to at least a thousand persons for this single factory. If we estimate 
that the 52 large establishments have an average of but 60 mills each, 
or a total of 3,120 mills, and that the 20 small ones average 20 mills 
each, making 400 mills, we have in all 3,520 wheels or skaifs. Then 
counting for each mill or wheel, including polishers, setters, appren- 
tices, scaive-scrapers, and machinists, at least two persons, we have 
7,040 employés. To these must be added the diamond cleavers and 
cutters, about 460 persons, of whom one-quarter are women, giving a 
total of 7,500 persons for Amsterdam. Now, the large diamond-trad- 
ing club, composed of diamond merchants and brokers, nuinbers about 
900, and the two smaller ones about 400, with perhaps 100 additional 
dealers who transact their diamond business in the cafés in the vicinity 
of the clubs. Adding to these the merchants and brokers who do not 
frequent any of these places, and the employés of the one steam dia- 
mond-cutting shop at Rotterdam, we have about 10,000 persons in all 
engaged in the diamond spoilt in Holland. 

‘Antwerp has been rapidly becoming one of the greatest diamond- 
cutting centers. Whereas in 1870 there were 4 mills and 200 diamond 
workers, in 1895 there were 78 mills and 4,000 workers, and diamonds are 
annually cut to the value of 12,000,000 francs. London comes third 
in importance, where the diamond polishers, brokers, importers, and 
dealers in rough diamonds must number about 1,000 persons. St. 
Claude and adjoining cities in the Jura mountains, in France, have 
several diamond-cutting establishments that employ in various capaci- 
ties about 1,000 people. Paris comes next with several diamond 
works, as also a great number of diamond merchants and brokers; 
these will reach above 500 individuals. Geneva and Berlin each pos- 
sess a diamond-cutting shop, at each of which perhaps 100 people are 
employed; and, finally, Hanau, the jewelry center in Hesse, Germany, 
where much goldsmiths’ work is done, and where a few years ago were 
established two large diamond mills and four or five small ones, all 
operated by steam power, which on an average employ 500 persons. 

In Idar and Oberstein about 1,000 more are similarly engaged, giving 
a total of above 16,500 persons occupied in the diamond business in 
Europe; but this does not include the merchants, dealers, and work 
people who set diamonds in jewelry, or any of the white and colored 
population engaged in diamond mining at the Cape and in Brazil. If 
we estimate, therefore, the number ofdealers in Europe at about 4,000, 
and about 200 in the United States and elsewhere, and the workers at 
the mines, which at present are not carried on with great activity, at 
between 7,000 and 8,000 persons, we reach a total approximating 
28,000 people at the principal diamond centers of the world. When we 
read, therefore, that in past centuries 60,000 persons were working at 


PRECIOUS STONES. 687 


some of the Indian diamond mines at one time, this statement is perhaps 
not exaggerated, since with the aid of modern machinery more is accom- 
plished by 1,000 persons than formerly by twenty times that number. 

Roughly speaking, there probably are in the entire world some 6,500 
cutters and about 8,000 dealers in diamonds, who carry in their stock 
$350,000,000 worth of stones, which is probably one-third of the world’s 
entire possession at the present time; as the total value of all the 
diainonds known is over $1,000,000,000. 

To compare present Penaihons with those of the past, it is instructive 
to note the enormous increase in the production of diamonds, and the 
important industrial changes wrought thereby, which have resulted 
from the discovery and working of the great South African mines. 
During the past quarter century, 10 tons of diamonds, selling for more 
than $300,000,000 uncut and $600,000,000 after cutting, have been 
’ added to the world’s wealth—an amount more than twice as great as 
was known to exist before. This vast value is in the most concentrated, 
portable, and ornamental form, and more convertible than anything 
except gold and silver. Its accumulation has built up cities like Kim- 
berley, and maintained important industries in Amsterdam and other 
eenters. The De Beers Company, Limited, a single corporation, with 
stock having a market value quoted at over $90,000,000, controls more 
than nine-tenths of the entire output, and popilates) same maintains the 
price. As a result, diamond-cutting industries have been established 
such as were not mieaphe of before, employing thousands of people in 
immense mills, where the cutters hire only the benches at which they 
do their work. 

Mr. Gardiner F. Williams, superintendent of the De Beers Diamond 
Mining Company shows that diamonds were mined and sold worth 
£3,239,389 during the past year. The expenditures amounted to 
£1,695,293 and the profits to £1,544,096. Through improved mining 
facilities they have been able to mine the blue stuff for 3 shillings 6 
pence per load, formerly 5 shillings and 6 pence, and that they have 
increased the amount on the floors by 981,557 loads, equaling £2,500,000 
on the floors. 

In this country diamond cutting has been carried on with some suc- 
cess, and the following statistics and historical notes may properly be 
appended here. The official census of 1890 reports as follows regard- 
ing the diamond-cutting industry in the United States: In New York 
in 1889 there were sixteen firms engaged in cutting and recutting dia- 
monds, and in Massachusetts three. Cutting has also been carried on 
at times in Pennsylvania and Illinois, but this has been discontinued. 

In 1889 seven of the New York firms ran on full time, but the others 
were unemployed, respectively, for 14, 50, 61, 120, 125, and 240 days, 
owing to inability to obtain rough material at a price at which it could 
be advantageously cut. The firms fully employed were generally the 
larger ones, whose business consisted chiefly in repairing chipped or 
imperfectly cut stones or in recutting stones previously cut abroad, 
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which, owing to the snperior workmanship in command here, could be 
recut at a profit, or else in recutting very valuable diamonds when it 
‘was desired, with the certainty that the work could be done under their 
own supervision, thus guarding against any possible loss or exchange 
for inferior stones. 

It will be seen from the following table that the industry employed 
236 persons (69 under age), who received $148,114 in wages. Of the 
19 establishments, 16 used steam power, which was usually rented. 
Foot power was used in but one establishment. Three of the firms 
were engaged in shaping black diamonds for mechanical purposes, for 
glass cutters and engravers, or for use in the manufacture of watch 
jewels. The average weight of the material before and after cutting 
is also given in the table. The marked difference in the prices of 
diamonds, as shown, is due to variations in their weight and quality. 

Beginning in the latter part of 1888, and lasting through 1889, there 
was a marked increase in the price of rough diamonds, resulting in 
rapid advances of from 20 to 25 per cent. at a time, amounting in all to 
an increase of from 80 to 100 per cent. above the prices of the previous 


years. 
Census of the diamond-cutting industry, 1889. 


Massa- | New York.| Total. 


chusetts 

Niumper Of sworks).- coco. oocc ss ccceceme ee ce 3 16 19 
Weight of material before cutting. ..carats.. 4,100 50, 244 54, 344 

Weight after cutting into gems, watch jow- 
els, and for mechanical uses ....... carats.. 1,580 23, 425 25, 005 
Value after cutting into gems..............-- $41, 000 $965, 716 | $1, 006, 716 
Number of men employed. -.-.............---- 11 156 167 
Average wages per day .....-...-------..---. $4. 10 $3. 49 $3. 53 
Average number of days employed ......-.... 300 229 234 
Number of boys employed ......-......-....- 4 65 69 
Average wages per day ...-.-.--..-.--+------ $1.17 $0. 62 $0. 65 
Average number of days employed .......... 300 211 216 
Motalbwaceseesecac-nscicis ic cccie serie seine s mene $14, 932 $133, 180 $148, 114 
Value of machinery used in cutting..-....... $3, 000 $74, 050 $77, 050 

IMPORTS. 


The diamonds used in this industry are all imported, for, as already 
mentioned, they are but rarely found in the United States. The follow- 
ing table gives the imports of rough diamonds for a series of twenty- 


one years: 
Imports of rough or uncut diamonds since 1873. 


Years ending June 30— Value. Years ending June 30— Value. 


TG eee sos a cae $176, 420 || 1685. 2..ceo esses eee $371, 679 
Tilt) ce en 144°629)|| 1886.00.98 eens semen 302, 822 
TE coe Oot ae 911,920 || 1607... 0c. cet ees scecccueee 262, 357 
Cp co eee 186,404: ll, 1888s.0<c2casvenmuenne eee -| 322, 356 
S077 eee. 78, 033:ll 1860sc500 etcetera 250, 187 
Tae ee 63, 270’ || 1800... soe ieee 513, 611 
1970... eee ae ae 104, 153 || 1601.22: 20ees ee 804, 626 
TURBO ee ee cocci: 129,207 ll 1809. csc. ccc. ts eee 1, 032, 869 
1 RE corey a ee 233,500 || 1809 v0.0 ce. scee cores su meemeee 802, 075 
iy ee 2 ee ee 449, 513 je 
TRB... cuit ee eos os 443, 996 Total for 21 years...... 6, 251, 550 
SGM So ccccace eee ee sbcase ss 367, 816 
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Piggy ds and other precions stones imported and entered for consumption in the United 
Slates, 1S67 to 1893, inclusive. 


amonds. } 
ll a ant other [Seein gold} 
Years ending— me : Sea or other ‘otal. 
. g Glaziers’.| Dust oer ce eens mee inetal. 
——— 

June 30, 1867..-.-. SG |soousoosoclocconocongse $1, 317, 420 $291 | $1,318, 617 
SOB mls ale || ponpesocdsllocoocoaseaec 1, 060, 544 1, £05 1, 062, 493 
USO 9S 445 SILOM occa cine ss 3 | 1,997, 282 23 1, 997, 890 
1870.2--.+ 9, 372 Ale | 1,768,324 1,504 | 1,779, 271 
eto oneoa 976 Ue loossoseeeeie | 2, 349, 482 256 | 2,350,731 
e72..-22- Oa | aE il ae 2,939, 155 2,400 | 3, 083, 648 
LT 3 eSec6o Gace eee 40, 424 $176,426 | 2,917, 216 326 | 3,184, 392 
See .a| onc n = mains 68, 621 144,629 | 2,158, 172 114 | 2,371, 536 
MeO beecia eta 3 cea csc > 32, 518 PAW EPA || Gh AG SO | Soneencaanc 3, 478, 757 
MSO stevatets oll «i= injeln'o:e\c 20, 678 186,404 | 2,409, 516 45 | 2,616, 643 
JI eeesca |Seoce cose 45, 264 78, 033 2,110, 215 1,734 | 2, 2385, 246 
Meee (efetel| «(6:2 =. « U6, 409 63,270 | 2,970, 469 1,025 | 3,071,173 
Weert sisin1s.cis cis = = 18, 889 104,158 | 3,841, 335 538 | 38, 964, 920 
ie Qoncodal paanemenee 49, 360 129, 207 | 6,690, 912 765 | 6, 870, 244 
SS o|'<Ieiomin's <s:is 51, 409 233, 596 | 8, 320, 315 1,307 | 8, 606, 627 
“TIRE 66ae6 Geese 92. 853 449,513 | 8, 377, 200 3,205 | 8, 922, 571 
MSS meee [fea ces - care 82, 628 443,996 | 7,598,176 @2,(81 | 8,126, 881 
1884...... 22, 208 37, 121 BXOL tel || GRYARA Baby esc casedae 9, 139, 460 
1885...-.. 11, 526 30, 426 371, 679 | 5,628,916 |............ 6, 042, 547 
Dec. 31,1886...... 8, 949 32, 316 B02 822) || 7, QO )GB0N ee oe ccs sae 8, 259, 747 
ieo7...--- 9,027'| 33, 498 262, 357 | 10,526,998 |.........-.- 10, 831, 880 
1888...... 10, 025 29, 127 244, 876 | 10, 223, 630 |......-..--. 10, 557, 658 
1889...... 8, 156 68, 746 196, 294 | 11, 704,808 |............ 11, 978, 004 
NSO Eee 147,227 | 179,154 349, 915 [b12, 429, 395 |...-.-..---. 13, 105, 691 
a NSO oa 5<- 565,623 | 125, 688 408,198 | 11,657, 079 |....-.....-. 12, 757, 079 
IEPA eee 532,246 | 144, 487 516, 153 | 13, 328, 965 |.........-.- | 14, 521, 85] 
WSO Sects 357, 939 74, 235 444,137 | 9,321,174 |.-........-- 10, 197, 505 


$$ $e 


a Not specified since 1883. 
6 Includes stones set and not specially provided for gince 1890, 
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The importation of rough or uncut diamonds in 1880 amounted to 
$129,207 ; in 1889 to $250,187, and the total for the decade was $3,133,529; 
while in 1883 there was imported $443,996 worth, showing that there 
was 94 per cent. more cutting done in 1889 than in 1880, but markedly 
more in the years 1882 and 1883. The large increase in importation is 
due to the fact that in the years 1882 to 1885 a number of American 
jewelers oyened diamond-cutting establishments, but the cutting has 
not been profitably carried on in this country on a scale large enough 
to justify branch houses in London, the great market for rough dia- 
monds, where advantage can be taken of every fluctuation in the mar- 
ket and large parcels purchased which can be cut immediately and 
converted into cash, for nothing is bought and sold on a closer margin 
than rough diamonds. 

The average wages paid in the United States are $2 per carat less 
bench expenses. In Boston $3 per carat and higher is paid. In one 
New York shop, where mathematical accuracy is demanded, $4 per 
carat is paid. During 1893 diamond cutting was carried on in the 
United States by 15 firms, employing each from 1 to 20 men, the total 
number amounting from 130 to 150, consisting of diamentl cleavers, 
cutters, polishers, etc. 

The American public demands a much higher quality of cutting than 
the dealers of the European markets. The result is that more time is 
consumed, and hence a higher rate of remuneration is demanded, But 
at present less is often paid for cutting here than in Amsterdam. 

Good European workmen receive an equivalent of about $2 per 
carat in the shops there, while their bench expenses are less than they 
are in this country. When one considers also the fact that better work 
is required here for the same wages, it will be seen that there is small 
inducement for Amsterdam cutters to emigrate. 

This subject of diamond-cutting in the United States is worthy of 
consideration when we remember that there have been imported into 
the United States since 1868 more than $175,000,000 worth of diamonds, 
and about $15,000,000 worth in the year between June, 1892, and 
June, 1893. Of these, the original rough stones could not have cost 
more than one-half. The difficulty with the diamond-cutting industry 
in this country is due, as above noted, to the inability of the dealers to 
obtain the rough stones at first hand, and the fact that diamond-cut- 
ting is an old-established industry, and in many ways waste is pre- 
vented by a more economic system of working. 

The pioneer diamond-cutter in the United States was Mr. Henry D. 
Morse, of Boston, Massachusetts, who in early life learned the engraver’s 
art and later became a jeweler. In 1869, Mr. Morse had delivered to 
him the Dewey diamond,- weighing 2534 1. canted which was found near 
Richmond, Virginia, ae by adroit mmapalnne and due regard to 
lights and Begmerr ic relations, produced from the rough stone a gem 
weighing 1142 carats, which permanently established his reputation as 
a cutter ae melehen 
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Shortly after the great yields of the South African diamond fields 
began to attract the attention of the trade in 1871, Mr. B. 8. Pray, of 
Boston, at that time engaged in the African diamond trade, brought 
to this country a parcel of rough diamonds with the intention of seeing 
what Mr. Morse could do in the way of cutting. The two men associ- 
ated themselves in business, and in a short time the industry of dia- 
mond cutting: was an established fact in this country... The Morse 
Diamond Cutting Company was the style of the firm, and American 
dealers watched the result of the undertaking with much interest. 
Dutch workmen were employed at first, working under Mr. Morse’s 
supervision. Conformably with their long-established custom, the 
workers maintained secrecy with respect to their art; but Mr. Morse, 
already familiar with the work, took pains to acquaint himself with all 
details, which he communicated to apprentices in a shop established 
in the suburbs of Boston. When the former finally struck, Mr. Morse 
was ready for them, and his American hands, men and women, took 
the places of the Amsterdam cutters at once. 

The firm of Crosby, Morse & Foss, which succeeded the Morse 
Diamond Cutting Company, was dissolved in 1875, Mr. Morse going 
into business on his own account as a cutter and dealer in diamonds. 
_ In 1887 he again associated himself with one of his old partners, under 
the style of Henry D. Morse & Charles D. Foss. Mr. Morse died on 
January 2, 1888, after having lived to see the art introduced by him 
extended to about a dozen cutting shops in this country at the time of. 
his death. ; 

In 1870 Mr. Herrmann started the New York Diamond Cutting Com- 
pany, in New York city. In his attempt to establish this industry in 
the United States he has sunk three fortunes, but he still has faith in 
this ultimately becoming a diamond-cutting center. 

Both Mr. Morse and Mr. Herrmann taught the art of diamond cutting 
to girls, which led to the taking up of this industry by women, not 
only on this side of the Atlantic but to a large extent in France, Swit- 
zerland, and other European countries. It was really these pioneer 
diamond cutters that increased the taste and proficiency of the workers 
abroad; for cutting diamonds as they did, with mathematical precision, 
they created a demand for such work here, which the foreign cutters 
had to acquire the skill to meet; and the result was a style of diamond 
cutting never before equalled. 

Changes in cutting machinery.—In Mr. Morse’s shop, in 1872, Mr. C, 
M. Field invented the first diamond-cuttirg machine, which has made 
it possible to do the work faster and with more precision than by the 
old hand process. It has been adopted in some of the larger establish- 
ments in the United States, although abroad its true value has not yet 
been fully recognized. 

Sir Henry Bessemer has devised for the London cutters an endless 
rope that furnishes the power for as many as ten diamond mills at the 
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same time, thus doing away with the long belt for each machine. Now, 
an individual dynamo for each mill is suggested, thus dispensing with 
the belts entirely, saving power and making it pOscibile to cut diamonds 
with more cleanliness than with a moving belt. This is also of interest 
when one realizes that small dynamos could be attached directly to 
precious-stone polishing wheels, to the gem-cutting lathe, or, better 
still, to the revolving drill, such as is used for the dentist’s work and 
gem engraving, thus producing, as in the days of ancient Greece and 
Rome, more artistic finish than would be possible by the horizontal 
lathe method. This method of gem engraving was fully described by 
the writer in a paper read before the New York Academy of Sciences, 
May 25, 1884. 
SAPPHIRE. 


About $20,000 worth of sapphire was sent abroad in 1892, but during 
1893 more Montana sapphires were actually sold than in any previous 
year, probably on account of the company’s endeavor to introduce them 
into the London market, and also because of the large influx of people 
into this country and particularly to the World’s Columbian Exposi 
tion, where a lapidary cut and sold these stones in one of the main 
aisles of the Mining Building. , 

At a meeting of the Montana Sapphire and Ruby Company, held in ~ 
London, December 18, 1893, a deficit of £6,000 was shown, £158 only. 
- having been realized Hom the sale of the gems during the past year. 
It was also shown that in this company, which was supposed to have 
been incorporated with a capital of £450,000, apparently not more than 
one-tenth of that amount had been subscribed; as the underwriters, 
among whom were the Marquis of Lorne, the Duke of Portland, and the 
Duke of Leinster, representing £370,000, had withdrawn, so that in 
reality only £45,000 had been actually paid in. 

Among other sapphire deposits in Montana is one of 1,500 acres on 
the west fork of Rock creek, 25 miles west of Phillipsburg, in Gran- 
ite county, on the east slope of the Bitter Root range. The specimens 
obtained here are red, pink, yellow, blue, and amethyst of various 
shades. The matrix is an argillaceous slate. Another deposit of about 
2,500 acres is situated on Dry Cottonwood creek, about 5 miles east of 
the mining camp of Champion and on the western slope of the main 
ridge. Within the few days that this was worked, about 25 pounds of 
sapphires were foynd. On Rock creek the alls is about 60 stones 
to the pan of gravel, and about 30 stones to the pan at Bed Rock; 
on Cottonwood creek. Mr, F. RB, Walker mentions a locality for 
sapphires as occurring about 125 miles northwest of Helena, Montana, 
The earliest mention of the finding of sapphires in Montana goes back to 
May 5, 1865, when they were found by Mr. Ed. R. Collins, an earnest 
and reliable prospector, on claim No. 4, before the discovery of Eldo- 
rado Bar. A stone was cut by Messrs. Tiffany & Co., and another by 
Messrs, M, Fox & Co., New York City. Mr, Collins also sent stones to 
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an Amsterdam diamond cutter and other parties abroad, endeavoring to 
tind a market for them. 


RUBY. 


On the Reeves farm, near Franklin, Macon County, North Carolina, in 
an alluvial deposit, some very interesting crystals of ruby have been 
round in flat, hexagonal, tabular forms, occasionally 10 to 12 millimeters . 
in diameter and from 2 to 5 millimeters inthickness. Some of these crys- 
tals were of fairly good ruby color. One gem weighed when cut three- 
fourths of a carat; a number of others weighed from one-sixteenth to 
one-half of a ame & all of good color and quite equal to the medium 
rubies from Burmah, one gem selling for $50. Some investigation has 
been made, but as bot they not been found in sufficient quantities to 
warrant working the ground. Associated with these rubies are some 
irregular fragments of almandite garnet, very light in color, which, when 
cut, produced stones of unusually brilliant, rare, and beautiful tints, 
many of which have found ready sale at from $2to $10 each. In many 
respects this was one of the most beautiful varieties of almandite garnet 
ever found. 

It is to be hoped that the Burmah Ruby Mining Company will be 
more prosperous under its new lease, for which it will now pay the sum 
of 300,000 rupees instead of 400,000, as formerly, the Government, 
ewercr, receiving a royalty of 30 per cent. on all rubies found,.and 
the company relinquishing its right to mine for rubies in the ital of 
Upper Burmah, but securing the exclusive right to mine for rubies in 
the Mogok district, where the mine is situated and to which rubies 
have hitherto been confined. Up to 1893 the company has not been 
fortunate enough to declare a dividend. 


TURQUOISE. 


In 1893 turquoise has been more actively and more successfully 
mined than any other gem. The Azure Mining Company reports that 
material enough was mined to cut about 20,000 carats of turquoise 
during the year. Half of these were very good material, many of 
them small stones cut in Europe; and as the average selling price was 
$5 per carat, the production for the year amounted to $50,000. This 
company has adopted the system of offering to replace any stones that 
may change color; and every stone is marked with a small circle 
engraved on the back, showing it to be from this company’s mines. Of 
the thousands sold, they claim that none have as yet been returned. 
Many of the stones found are of a paler blue than those formerly mined, 
and have met with ready sale. 

The American Turquoise Company obtained and sold from its various 
mines $90,136.39 worth of fine blue turquoise during 1893. 

The “ Persian,” situated near the old Castilian, 18 miles from Los 
Cerrillos, New Mexico, is another turquoise claim recently taken up by - 
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ex-Governor Bradford L. Prince, of New Mexico. It is contemplated 
to work the claim under the name of the New Mexico Turquoise Com- 
pany, but since October 6, no developments have been made. 

Mr. M. W. Porterfield, of Silver City, New Mexico, has found traces of 
turquoise on the surface half a mile from the Azure mine, in the Burro 
mountains, 15 miles south of Silver City, and has made excavations to 
the depth of about 18 feet. The turquoise has the characteristic green 
color of that in the Burro mountains. Whether any fine material will 
be found by further digging is a question. 

Two other groups of turquoise mines are described by Mr. William E. 
Hidden as occurring in New Mexico. (See American Journal of Science, 
November, 1893, vol. 46, pp. 400-402, and the Jewelers’ Circular, 
November 1 and November 8, 1893.) The first group is 15 miles south- 
east of the Azure Company’s mines, in what is known as the Cow Spring 
district. Some prospecting had been done for turquoise, and 60 miles 
in a southerly direction the locality showed evidences of prehistoric 
workings; the matrix containing the trachyte is very similar to that in 
the Burro mountains. The nearest railroad station, 22 miles north of 
this locality, was abandoned because of the scarcity of the blue—the 
only valuable—shades of turquoise, the scarcity of water, and the arid 
condition of the surroundings. 

The most important locality observed by Mr. Hidden is in Dofia Ana 
county, in the Jarilla mountains, 150 miles east of the Burro range 
The mines are situated here in an arid and desolate region, Las Cruces 
being 50 miles west, and El Paso 50 miles south. The turquoise is 
described as occurring in trachyte containing minute crystals of quartz 
implanted in fine crystals of pyrite, granular jarosite and gypsum 
coating some of the same. A shaft 70 feet deep has been sunk on the 
contact with the porphyry, and turquoise was traced all the way down. 
This is the light green material called ‘‘Shoo-ar-me.” The writer 
believes that the phosphoric acid of the turquoise may have been derived 
from the limestone beds, adjacent to the trachyte, that may have cov- 
ered this trachyte at no very distant date, and suggests that the oxida- 
tion of the pyrite evidently resulted in the decomposition of the kaolin, 
limonite, gypsum, and jarosite, and that this is a produet of a subse. 
quent kaolin, the kaolin being earlier, and the turquoise a secondary 
formation, basing his opinion upon the fact that the majority of tur- 
quoise deposits are semiglobular or reniform in outline, although compact 
masses are found wholly occupying small cavities. 

The tendency of the turquoise is said to be toward the blue, more so 
than at the two other localities, although green varieties were observed 
which were attributed to alteration. The turquoise found at a depth of 
25 feet or taken from rock was of a rich blue, but it rapidly faded after 
being detached from the matrix and becoming dry. At all three of 
the localities described by Mr. Hidden the discoveries were due to the 
investigation of old turquoise workings which had been considered 
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merely copper stains. Ancient pottery which was unearthed made it 
probable that the place had been abandoned for several hundred years. 

Messrs. Bell & Barber have opened what they term the Blue Gem 
mine and Manitou mine, at Village Grove Post-Office, Colorado, 25 miles 
south of Salida. All the turquoise found there up to the present time 
has been of a fair blue color, but mostly fissured and veined with small 
dark streaks. Few have been sold up to 1894. 

George M. Bowers, of Los Angeles, California, reports the discovery ot 
turquoise on the side of Turquoise mountain, near Clingman, Arizona, 
40 miles from the Colorado river. 

Turquoise is reported as occurring twelve miles from Hedi, King . 
River District, Victoria, Australia, where it is found in veins in a gray 
slaty rock. The color is pale blue shading to dark green. Up to 
the present no fine gems have reached the gem marts, but it is believed 
by the miners that they will be obtained by deeper mining. 


TOURMALINE. 


At the historic Mount Mica locality at Paris, Oxford county, Maine, 
some work was carried on during the summer of 1893, resulting in the 
discovery of a number of large green crystals, one of which furnished 
one of the finest tourmaline gems ever found on this continent, being 
of a clear grass-green color and weighing 633 carats. The total find 
of minerals and gems at Mount Mica for the year 1893 amounted to the 
value of $3,000. Among the crystals of tourmaline were some fine 
ones tipped with red, while the shafts were green with a transverse band 
of indigo blue at the middle portion. 

Mr. Charles Russell Oréutt announced a new and remarkable occur- 
rence of pink tourmaline in lepidolite, similar to that of Rumford, 
Maine, 12 miles south of Temecula, near San Luis Rey river, in San Diego 
county, the southern county of California, and it has already become 
celebrated from the abundance and beauty of the specimens yielded, 
as much as 20 tons having been sent Hast for sale. Through San 
Diego county runs the Peninsula range, rising several thousand feet 
between the coast and the Colorado desert. In these granite moun- 
tains are dioritic intrusions and some metamorphic schists, etc. West 
of thé summit lies a parallel belt of granitic rock characterized by dikes 
of pegmatite, in one of the largest of which occurs this great deposit of 
lepidolite with tourmaline. In Pala, a little west of Smith’s mountain, in 
the Peninsula range, San Diego county, California, a ledge of lepidolite 
containing rubellite has been traced for over half a mile. It consists of 
a coarse granite, penetrating a norite rock, and including masses of 
pegmatite. Small garnets occur in the granite, and black tourmaline, 
with a little green tourmaline. 

The lepidolite appears in the southern portion, finally forming a defi- 
nite vein which at one point is 20 yards wide. The rubellite is chiefly in 
clusters and radiations, several inches in diameter, also occasionally as 
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' single crystals, and the specimens of deep pink tourmaline in the pale 
lilac mica are remarkably elegant. About 18 tons were mined during 
1892. No work has been done since then. 

Tourmalines are mined at the California gem mine, the San Jacinto 
gem mine, and the Columbian gem mine, near Riverside, California. 
These three mining claims cover the ground on which the tourmaline is 
found, and are situated in the San Jacinto range of mountains in River- 
side township, California; at an altitude of 6,500 feet, overlooking Hemet 
valley and the Cohuilla valley, and are 27 miles from the railroad. The 
formation in which the crystals are found is a vein from 40 to 50 feet 
wide running almost north and south through the old erystalline rocks 
which make up the mountain range. 

The vein in some placesconsists of pure feldspar, or else feldspar with 
quartz, in others all mica, and in others rose quartz and smoky quartz. ~ 
The tourmalines vary in size from almost micrograins to erystals 4 
inches in diameter. They are most plentiful in feldspar, but are found 
in other portions of the vein, sometimes in pockets and sometimes igo- 
lated. The larger crystals angele have a green exterior and are red 
or pink in the center. Some of the crystals contain green, red, pink, 
black, and intermediate colors: others Boo are all of uniform tint— 
red, pinks colorless, or blue. 

Associated with the tourmalnies are rose quartz, smoky quartz, aste- 
riated quartz, and fluorite, and some of the quartz was penetrated with 
fine, hair-like crystals of tourmaline, strikingly like a similar occurrence 
of rutile. One of the finest specimens found is now in the Harvard 
College collection at Cambridge, Massachusetts. Another is in the 
American Museum of Natural History, New York City. 

A fuller description is contained in “The Bullion,” El Paso, Texas, 
pp. 3-4, February 13, 1894. 


BERYL, EMERALD, AQUAMARINE. 


No work was done at the emerald and hiddenite mine in Alexander 
county, North Carolina, during 1893. 

According to the last report of the British minister at Bogota, the 
celebrated emerald mines of Muzo are situated about 80 miles to the 
north and northwest of Bogota, on the banks of the river Minero. 
They are Government property, but are farmed out to a Columbian- 
French syndicate at a yearly rental of $11,250 (£2,250). The working 
expenses can be roughly estimated at $50,000 (£10,000) per annum, 
and the mines yield a fair profit, the production of emeralds being of 
the value of about $100,000 (£20,000) annually. The rough stones are 
mostly sent to Paris to be cut, as native work is inferior to foreign. 
These mines are situated in a very rough, wild country, with nearly 
impassable roads; at the present time there are about 300 natives 
employed there. The mode of working is by open cuts, the debris 
being washed down the river by water collected in a reservoir built 
above the level of the mine. 
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The Emerald Mining Company of Colombia was reorganized during 
the year 1891 in London, and it was believed by the company that 
emeralds quite as fine as those from the famous Muzo mine would be 
found. The property was purchased for $1,100,000, all of which, except 
$10,000, was paid for by the shares of the company, in the expectation 
that emeralds would be obtained much sooner than they have been. 

Mr. A. M. Field, of Asheville, North Carolina, reports that he has sold. 
89 beryls from Mitchell and Yancey counties, value $311.40. The- 
prices vary from $1 to $20 per carat. 


GARNET. 


Mr. Field also found 118 garnets, worth $117, in Burke and Macon 
counties, North Carolina. The value per carat was from $1 to $10. 

The essonite locality in Phippsburg, Maine, was worked by Mr. T. P. 
Lamb in 1893, and specimens valued at $250 were obtained. 


MOSS AGATE. 


At Hartville, Wyoming, large masses of moss agate, weighing from 
40 to 50 pounds each, and covered on the outside with a white calcare- 
ous incrustation, have been found in a limestone rock on a 100-acre 
claim. When they are cut into translucent slabs, they show the mag- 
nificent black dendritic or moss-like markings in a most striking man- 
ner. Some table tops of this elegant material were exhibited in the 
Wyoming section of the Mining building at the World’s Columbian 
Exposition. About 4,000 pounds have been found. 


HYDROLITE. 


Some remarkable specimens of hydrolite from the Cowlitz district, 
Washington State, were shown the writer by Mr. J. P. H. Morris, con- 
sisting of agate replacing fossil marine shells. Some of these silicified 
shells were nearly 2 inches across and of a beautiful white color, and 
were replaced by quartz and chalcedony, and filled with water and 
moving bubbles of air. They were valued from $1 to $15 each. 

DUMORTIERITE. 


Mr. John Stewart, of Los Angeles, California, informs me that he has 
found dumortierite in quartz on the land of Mr. Carey, 50 miles north 
of Yuma, and 11 miles west of the Colorado river on the Colorado 
desert, and about 25 miles from the Southern Pacific Railroad track. 
Here it occurs in blocks weighing several hundred pounds and upwards, 
and varies from dark blue to light blue and a mixture of blue and 
white, the occurrence being similar to that at Clipp, Yuma county, 
Arizona. . 

Mr. Stewart believes that this material can be delivered for $200 per 
ton on cars, and as the dumortierite thoroughly impregnates the quartz 
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rock, this ought to find a market as a high-class ornamental stone. I[t is 
mistaken here for lapis lazuli. The locality where this dumortierite 
oceurs can be worked only in the winter or in the rainy season, as the 
water has to be hauled from the Colorado river, and the climate is too 
hot from June until December for horses or white men in that locality. 


OPAL. 


Opals were discovered in Idaho during the surmmer of 1892 by Mr. 
George Shirley, Mr. F. B. Schermerhorn, and Mr. H. C. Anchor, who 
kindly furnished me with the following information. 

The Owyhee opal mines of Idaho are situated on section 13, township 
1 north, range 4 west, Boise meridian, about 3 miles from Snake river 
in Owyhee county. The work done on the mine amounted to about 
eight months’ work for twomen. Theopal taken out amounted to about 
7,000 carats in the rough, varying from transparent fire opal to the finest 
white noble opal; but nearly all that they found was given away or 
poorly marketed. They are found in a dike or vein of dark blue or 
black andesite rock, 25 feet in thickness, running in a northwest and 
southeast direction with a nearly perpendicular pitch. This crops ont 
on the surface for a distance of about 750 feet in length by 25 feet wide. 
In the center of this dike is a stratum of jasper, very hard, 4 to 5 feet 
wide, on each side of which the opals are found in seams and flat pockets. 
Opals have been traced for a distance of 250 feet along the surface. 
The greatest depth reached is about 20 feet, all open cuts. 

North of and parallel with this dike is a smaller dike traced for about 
50 feet in length, by 8 feet in width.: It has produced about 1,000 
carats of good stones. 

The North America Gem and Opal Mining Company, which works 
the mines at Moscow, Idaho, did no work during the year 1893, owing 
to a litigation with a former owner; but it is believed that in 1894 
active operations will be carried on. ; 

Opals were announced as having been discovered on a school section 
in Lincoln county, Washington, and a committee was appointed to 
investigate and report upon the discovery. It proved not to be a genuine 
find. 

During the past two years opals have been found at Wilcannia, New 
South Wales, which in quality are quite equal to those from the famous 
Hungarian mines. It is reported that about 500 men are already on 
the fields and an immense amount of work and prospecting is going on. 
The opals found here are generally free from the yellow tint which 
the Queensland stones show by transmitted light. They are found in 
a fossiliferous sandstone rock. Many of the fossil univalve and bivalve 
shells are entirely changed to a beautiful noble opal, as is also the case 
with wood and branches of trees found ir the same district. Some fine 
stones weighing nearly 50 carats each have been obtained at this place. 
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STAUROLITE. 


During 1893 a large quantity of small crystals of twinned cruciform 
erystals of staurolite have been found in Patrick county near the Henry 
county line, Virginia, and they have been. drilled at one end, a small eye 
inserted, and sold as lucky charms. About $500 worth were sold during 
the past year. 


JADEITE. 


There are at present two groups of jadeite quarries in Upper Burmah, 
which the French vice-consul says are situated respectively at the 
summit of the mountain near the village of Jawmaw and in the valley 
of the river Uru, the latter commencing near Sanka and extending for 
some miles below the mountain. The geographical position of Jawmaw 
is in latitude 25 degrees and 44 minutes north latitude, and 96 degrees 
and 14 minutes east longitude, while Sanka is about 6 miles from the 
east coast. According to all accounts, the river mines are the oldest, 
those on the mountaintop having only been discovered some’ fifteen 
years ago. In the valley of the Uru the jade is found in blocks in the 
alluvial sediment of the river. Where it is imbedded or is found in 
‘heavy masses, a primitive method for obtaining the material is adopted, 
namely, heating by fire on the surface, the reduction of the temper- 
ature during the night sufficing to crack the rock, and then by pure 
force the blocks are broken into transportable pieces. The mines are 
claimed by a native, who collects a royalty on all the jade produced 
at a variable revenue. The jadeite, Feitsui or imperial jade, harder 
than jade (nephzite) but not so tough, is a striking example of the 
favor that certain persons bestow upon a particular article, whereas 
others look upon the same article with indifference, and would not 
give centimes for that which the others have paid gold. The Bur- 
mese, but principally the Chinese, appreciate a fine piece of jadeite 
as much as—if not more than—gold. For example, a piece of jadeite, 
-only sufficient for a bracelet, will fetch 400 to 500 rupees, whereas in 
Europe it would not fetch a small part of that amount. While China 
and Burmah are the only markets for the sale of jadeite, it should 
not be forgotten that the population of these two countries is at least 
450,000,000, ready to buy all available jade. However this may be, 
and whatever the price of jadeite as an article of commerce, the fact 
is certain that it exists in inexhaustible quantities. If methodical 
processes of extraction were put in operation, if dynamite replaced 
the savage methods now employed, if one head in place of a hundred - 
directed the work, the production of jadeite could be made enormous. 
But will a European company methodically work the deposits, in place 
of the Kachin savages who exploit them now?” The vice-consul replies: 
“Tt is improbable, because the difficulties of the undertaking would be 
too great.” 


700 MINERAL RESOURCES. 


The revenue for 189293 was 35,000 rupees and for the year 18934, 
52,000 rupees. 


LAPIS LAZULI. ~. 


One of the many remarkable objects in the Montez collection, 
Anthropological Building, at the World’s Fair, was an immense mass of 
lapis lazuli measuring 26 inches by 14 by 8, and weighing 360 pounds, 
found in astone grave in the vicinity of Chankas, Peru. The lapis lazuli 
was of a fine blue color and this is one of the largest masses known. In 
the Montez collection there was also anumber of small idols and figurines 
of light green and dark green turquoise, the blue color having been 
destroyed by burial, if it had ever existed. These were obtained in 
the same region of Chankas, in a stone grave. With them were some 
small] animals made of sodalite mistaken for lapis lazuli, also found in 
the vicinity of Chankas, near Cuzco, Peru. The entire collection has 
been acquired by the Field Columbian Museum at Chicago. 


LABRADORITE. 


The original locality on the coast of Labrador has been. prospected 
for the past two years, and, Lloyd .& Taber, of New York, have: 
obtained an extensive Government grant of the only available deposits, 
from which they have already obtained four tons of good material. 


~ GEM EXPLORATION IN CEYLON. 


Mr. Barrington Brown in January, 1893, presented a report on gem- 
mining to the Ceylon Gem and Mining Syndicate, limited. In this 
report he says that the rock formations of the island are chiefly gneiss, 
permeated occasionally by graphite, garnet, and occasional beds of 
limestone, and suggests that the latter may be the source of the spinels 
which are occasionally found with the rubies and sapphires. 

In the districts visited the gems are generally found in beds of gravel 
ealléd illan by the natives. Usually a number of beds of this ilan, 
occur, one over the other, separated by strata of alluvial matter in the 
form of mold or clay. The problem which presents itself to those in 
the syndicate is to find inexpensive methods of working the lower beds 
of gravel; as the upper strata have undoubtedly been frequently 
worked in the search for gems during the many centuries in which 
gem mining has been carried on by the Singalese, as well as by the 
natives of India, who have visited the island for this purpose. There 
is only one instance mentioned of valuable gems being found in the 
main mass of gneissoid rock. They are always found in the gravel, 
and hence the rocks have‘never been searched. Mining is entirely 
carried on in the beds of streams and rivers, both ancient and modern, 
where the gems must have either fallen from the overhanging rocks, 
or come from the wearing down of rocks at some distance from the 
river by tributary streams. 
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Rubies, sapphires, cat’s-eyes, alexandrites, etc., are the gems sought 
for, but with these zircon, chrysoberyl, tourmalines, spinels, garnets, 
and other gems are also obtained. It is proposed to work the streams 
by means of dredges and other improved mining machinery. The 
properties mentioned are in Ratnapura, Rakwanne, and Doloswella. 
In the district acquired by the syndicate are several localities in the 
province of Sabaragamuwa. The gems occurring here are true sap- 
phires, rubies, and cat’s-eyes. Many valuable ones have been found, 
and the localities have been worked from time immemorial. 


ARTIFICIAL PRECIOUS STONES. 


Frequent references have been made in the public press during the 
year 1893 to Mr. Thomas A. Edison’s experiments in prodicing artificial 
rubies and sapphires. As so much stress is laid commercially on the 
success of such attempts, inquiry was made of him by the writer as to 
whether his results had been satisfactory or not. He responded as 
-follows: “The experiments to which you refer were given up because 

-it-;was found impossible to produce stones free from bubbles, which 
rendered them useless for cutting edges.” This referred to their use as 
points for the phonograph, but the same objection would render them 
valueless as gems. 

In reference to a statement that the Cowles Electric Smelting and 
Aluminum Company is suffering an infringement on its patent for 
making artificial diamonds by means of an electric furnace, Mr. Cowles, 
the inventor, informs me that the statement is incorrect in so far as it 
relates to the subject of artificial diamonds, they never having produced 
any diamonds. Therefore another reputed artificial diamond discovery 
has been withdrawn. The Cowles brothers claim that they were the 
first to put on record the direct reduction of silicon from silica in the 
presence of carbon and in the absence of a base metal to alloy: with the 
product, and-they claim that the product they secured is the same as 
the substance “ carborundum” (a) lately introduced as a polishing mate- 
‘rial. In this substance the Carborundum Company has discovered that 
there is carbon in combination with the silicon, forming a carbide, They 
now hold a patent secured on the composition of the carbides, | 

The new composition known as carborundum is essentially a carbide 
of silicon, containing silicon 69:10 per cent. and carbon 30:20 per cent, 
Dr. Mulhauser gives the specific gravity of green crystals as 3:22; Mr, J. 
W. Richards, 3:0123, Jn form the crystals are hexagonal, either in flat 
plates or in short, stout rhombohedral plates, varying from one-half to 
24 millimeters in diameter. This material has been used as a high- . 
class abrasive for wheels, dental tools, glass grinders, etc. 

In August, 1893, the writer, while examining the hardnessof carborun- 
dum, found that it readily scratched red, blue, white, pink, and yellow 

a“‘Carborundum” by Acheson. See Journal of the Franklin Institute, June 1, 


1893; and William P. Blake, Engineering and Mining Journal, September 9, 1893, 
pp. 270-330, September 23, 1893, . . 
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corundum in the form of fine gems. It having been suggested that this 
material would cut and polish a diamond, an experiment was made on a 
new wheel in the mining building at the World’s Columbian Exposition. 
After several trials it was found that the carborundum used would not 
scratch or polish the diamond, but on the other hanu it was easily 
seratched by diamond cleavages and crystal faces. | 

This experiment is only mentioned as it precludes any possibility of 
the material which has been found in the Canyon Diablo meteorite being 
any compound of carbon and silicon, such as the new interesting and 
valuable abrasive material just mentioned. But it establishes the fact 
that we have here an artificial substance that exceeds all natural sub- 
stances except the diamond in hardness, ¢. ¢., being harder than 9, but 
still far distant from 10, 
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PRECIOUS STONES 


By GEORGE FREDERICK KUNZ. 


Among the principal items of importance to the precious stone in- 
dustry in 1894 is (1) an article by Prof. William H. Hobbs calling 
attention to the fact that the Wisconsin diamonds are probably dis- 
tributed through the Kettle moraine, on the Green Bay Lobe of the 
Glacial Ice sheet; (2) the finding of a 10{-carat diamond at Dowagiae, 
Mich.; (3) the developing of a new ruby mine hear Franklin, Macon 
County, N. C.; (4) the finding of emeralds at Mitchell’s Peak and near 
Earl Station, N. C.; (5) the memorial to Congress to preserve the 
world-renowned agatized forest in Arizona; (6) the finding of a remark- 
able compact variscite, giving a new ornamental stone, utahlite; (7) the 
smaller output of turquoise mines due to the depressed financial con- 
dition; and (8) the skillful financiering by which the output of diamonds 
has been regulated and sold for $17,500,000 for 1895, due to the efforts 
of Cecil Rhodes, organizer and life governor of the De Beers Diamond 
Mining Company. 

DIAMONDS. 
LOCALITIES. 


Wisconsin.—A. very interesting relation is coming to view among the 
occurrences of the diamonds occasionally announced from the drift 
region of the Northwest. In previous reports, reference has been made 
to several of these, particularly to the large one (1533 carats) found in 
1876 in digging a well at Eagle, Waukesha County, Wis., and to the 
several sinall ones, none of a carat’s weight, found in prospecting for gold 
along Plum Creek, Pierce County, Wis., from 1887 to 1889. In 1893 a 
diamond crystal of 3.83 carats was found in a clay bank at Oregon, 
Dane County, Wis., on the farm of Mr. Judson Devine; it is a rhombic 
dodecahedron, somewhat modified. and distorted and much rounded. 
This is also the form of the Eagle stone, though the latter is yellowish 
in color, while the Oregon crystal is white. It now appears that another 
diamond of the same form, weighing 24} carats, wine-yellow in color, 
and strongly resembling the Eagle crystal, was found in 1884 at Kolils- 
ville, Washington County, Wis., on the farm of Henry Endlich. It is 
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now in the possession of his widow. who retains it as a memento of 
her husband. It measures three-fourths by one-half by three-eighths 
inches. 

On comparing these several occurrences, it has been shown by Prof. 
William H. Hobbs, of Madison, in a paper read before the Wisconsin 
Academy of Sciences, December 30, 1893 (Amer. Geol., vol. 14; July, 
1894; pp. 31 to 37), that the three larger and remarkably similar crys- 
tals from Eagle, Oregon, and Kohlsville, all occur in the Kettle moraine 
of the Green Bay Lobeof the Ice sheet. Those from Plum Creek, which 
are smaller and of different form, were from a stream bed some 20 miles 
from another lobe of the Kettle moraine, but within the area of the 
older drift. The source, or more probably the sources, of these drift- 
borne diamonds must of course lie to the northward, and may be to 
some extent indicated by the glacial strize. Professor Hobbs points out 
that there are two regions where basic intrusive rocks have cut through 
carbonaceous shales, aS in South Africa; one of these is in northwest- 
ern Wisconsin, in the Menominee district, and the other northwest of 
Lake Superior, in the vicinity of Pigeon River. The courses of the 
stric from the Menominee region extend southward to the Green Bay 
moraine, and those from Pigeon River come down not far from the 
locality of Plum Creek. Somewhere in those regions it may be that 
diamond mines will yet be discovered, under conditions resembling the 
African; and occasional specimens will be encountered in the drift to 
the south. 

Michigan.—An additional discovery bearing marked relations to these 
has lately been made on the other side of Lake Michigan. This is a 
diamond crystal of 10% carats, measuring 13 by 9 by 11 mm., a hex- 
octahedron, found in Glacial Drift at Dowagiac, Mich., and the finder, 
Mr. I'red. B. Blackmond, states that he made an extensive search, 
but that no other stone was found. Dowagiac is in southwestern 
Michigan, between Niles and Kalamazoo. 

California.—Mr. W. P. Carpenter, of Placerville, Cal., who has from 
time to time reported the finding of diamonds im auriferous gravel, 
under the usual conditions of their occurrence on the Pacific Coast, 
has lately obtained two crystals, one weighing over 7 grains troy and 
the other 6, of rounded form and rough surface, each nearly one-fourth 
of an inch in diameter and faintly tinted, the larger with a greenish 
shade and the smaller with pale yellowish. As many as forty or fifty 
small diamonds have been taken from the gravel at this place from 
time to time in the past; but since stamp mills have been employed 
little is found but the crushed fragments encountered in “ panning up” 
the amalgam taken from the batteries. Mr. Carpenter proposes to 
work his section of the channel by other means, and avoid the possible 
loss of diamonds of more value than the gold. The occurrence is 
similar to that of other California diamonds—in the hard compacted 
gold-bearing gravel eccupying ancient river channels now filled and 
overlain by igneous rocks. 
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Montana.—At Deer Lodge, Mont., Mr. Owen Eierson obtamed in 
1894 a brilliant white diamond weighing 3:5, carats. Unfortunately it 
is flawed and would not cut a stone of much more than one carat. 

The rumor that appeared in the press early in 1895 as to the discov- 
ery of brilliant diamonds at Mount Edgecombe, near Sitka, Alaska, 
was entirely without foundation. It was fully denied by Mr. John G. 
Brady, of Sitka, who informed this office that the report arose from 
his remarking that diamonds might possibly be found on Mount Edge- 
combe, where, he thought, the geological formation presented some 
resemblances to that of the South African diamond fields. 

In the chapter in this report by Mr. George I*. Becker on a Recon- 
naissance of the gold fields of the Southern Appalachians, he states 
(p. 272, Part ITI): 

The direct association of gold and diamond anywhere in the world is known in 
only one instance, and this has never before been described in print. Professor 
Arzruni showed me the specimen, exhibiting it some years ago, and now gives me 
permission to make it known. In1887the Royal Polytechnic High School at Aachen 
acquired from Mr. Ernst Winter, a diamond dealer in Hamburg-Eimsbuttel, a gray, 
opaque, flawed, Kimberly diamond. which shows at two points inclusions of native 


gold in grains. It seems that this native gold must be considered as a constituent 
of the basic eruptive rock in which the Kimberly diamonds oceur. 


British Guiana.—In the gold fields of British Guiana Mr. EK. P. Wood, 
commissioner of mines, reports the occasional finding of diamonds in 
panning gold, and hence judges that they may occur in some abundance 
in the auriferous gravels, and that search for them might be worth 
while, as only a few would be noticed in the ordinary washing for gold. 

Australia.—A good deal has been said and hoped for as to the occur- 
rence of diamonds in South Australia, and Mr. Calvert has published an. 
article in a London mining journal on the prospect and probability of 
such discoveries, comparing the voleanic intrusions and the conglom- 
erates of several South Australian localities with those of South Africa 
and Brazil. Recently the statement has appeared that a diamond has 
been forwarded to the government geologist of the province from Mount 
Kingston, where it was found by the sender in panning for gold. It is 
a perfect crystal, a little over one carat in weight, with curved faces 
and slightly tinted with yellow. 

India.—It is announced that Dr. King, director-general of the geo- 
logical survey of India, has been sent by the Indian Governinent to 
examine diamond mines in the native state of Panna, in Bundelkund, 
and report upon the best mode of operating them. 

South Africa.—From the report of Gardner F. Williams, the manager 
of the De Beers diamond mine, we ascertain that from June, 1893, to 
June, 1894, the De Beers diamond mines produced $14,000,000 from 
2,000,000 loads washed; 0.89 carat to a load, at a value of $6.10 a carat. 
The average yield per load, 16 cubic feet, was 1,600 pounds. The min- 
ing was done with a profit of $5,645,000, and a dividend was paid of 
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$4,935,000. The 2,606,362 loads of earth on the floor was valued at 84 
cents a load. This was formerly counted at $1.26 a load; the lower 
cost is due to improved facilities and to changing the hours of labor 
from twelve to eight hours a day. [or the past few years the entire 
output has been sold in rough to English dealers; that is, the rough 
diamonds have been sold in London. 

In January of the present year the Antwerp and Amsterdam dealers 
formed a syndicate and endeavored to break the English control of the 
rough-diamond market by offering a higher figure than the English 
syndicate had bid for a three months’ option on the entire output. The 
English syndicate then made a higher offer for the whole product of 
1895, and a sale to them took place of over $17,500,000, the limit fixed 
for the output this year, thus by clever financiering adding stability to 
the price of diamonds in the face of the greatest panic of modern times. 


With increased American demand, the price may advance. 


The following table shows the diamonds and other precious stones 


IMPORTS. 


imported into the United States from 1867 to 1894: 


Diamonds and other precious siones imported and entered for consumption in the United 


States, 1867 to 1894, inclusive. 


: ; ae 
| Diamonds. a Seu 
r . and other | gold or 
TEESE NE | Glaziers MaDact 'Roughor stones not| other Total. 
| | * | uncut. set. metal. 
| June 30,1867...-.-- } $906 !.-..--.-- jl .-<-.--! "$1, 317, 420 $291 | $1, 318, 617 
| 1868....... | Acai. #2 i ee 1, 060, 544 1,465 1, 062, 493 
1869) see. | 445 S140 14. . 2eece: 1, 997, 282 23 1, 997, 890 
AS 70ers | 9, 372 Gilt || Rbeaee ees 1, 768, 324 1, 504 1 719, 208 
18712 976 | 1a. oe! 9, 349, 482 256 2, 350, 731 
1872 2eeeee 2, 386 ot UG || We ar eesce 2, 939, 155 | 2, 400 3, 033, 648 
1873.98. eee 40,424 | $176,426 | 2,917, 216 396} 3,134,392 
1874 556.5) bee ee 68,621 | 144,629! 2,158,172 114 2, 371, 536 
1875222... 2 bees eee 32,518 | 211, 920 Ba 204, S19 Ieee ee 3,478,757 | 
1376 22. Rane ee 20,678 | 186, 404 2, 409, 516 45 2,616,643 | 
1877.2 45,264 | 78,033] 2,110,215 1,734 | 2, 235, 246 
1878.0 al [ee 36,409 | 63,270| 2,970,469 1,025 | 3,071,173 
1379.22: See 18, 889 104, 158 3, 841.335 08 3, 964, 920 
1880.22.14 eee ee 49, 360 129, 207 6, 690, 912 705 6, 870, 244 
| 188] 5 oe: css ees } 51, 409 233, 596 8, 320, 315 1, 307 8, 606, 627 
1989.2... ||; en 92,853 | 449,513 | 8 377, 200 3,205 | 8, 922, 571 
1880 eee. aoe eee 82, 628 443, 996 7, 598, 176 a 2,081 8, 126, 881 
1884e ere. 22, 208 Se | 367, SIGNS, 712,315 eee eer 9, 139, 460 
1885 ee 11,526 | 30,426] 371,679 5,628,916 |-.........| 6, 042, 547 
Dec. 31, 1886......- 8,949 | 32,316 | 302,822] 7,915,660 |..-....... 8, 259, 747 
1887 2eeen es 9, 027 33, 498 262, 357 11810, 526, 998 Weae 10, 831, 880 
| SSS eee 10, 025 29, 127 244, 8761010, 223, 630 0 eee 10, 557, 658 
1889 3er 8, 156 68, 746 196, 29.2411, 704, SOSHIE=- ===. 11, 978, 004 
} 1S800c2eaer 147, 227 179, 154) 349, 915 NN2, 429, SOD eee eee. 13, 105, 691 
189122 565, 623 125, 688 1)) 408, 198 P12, 657, O79), (Re. 2-2. UPA Ar ME 4) 
1002226. oe 532, 246 144, 487 516, 153 N13, 328, 96Daleee ee 14, 521, 851 
1893.22. ae 357, 939 74, 255 444, 137 | 9,321, 17 tale ae eee 10, 197, 505 
18945052: 82, 081 53, 69% TOR; S041 0, S08, Ola) secs eee 6, 768, 393 


« Not specified since 1883. 


5, 868, 067 


b Includes stones set and not specially provided for since 1890. 
The greatest diamond of any tine, surpassing even Tavernier’s origi- 
nal Great Mogul, was found at the Jagersfontein mine in June, 1893. 
It weighs 971 carats, exceeding any diamond ever known; it is a fine 
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blue-white in color, except one slight spot in the center. It is valued 
at $2,000,000, and it was believed would cut a drop stone of 600 carats 
or a brilliant of over 400. The Emperor William was looked upon as 
a probable buyer, but in February, 1895, it was said to have been pre- 
sented by the President of the Orange Free State to Pope Leo XIII. 

A very novel and interesting experiment was lately reported from 
London, viz, the burning of diamonds in liquefied oxygen, by Professor 
Dewar. He heated diamonds red-hot and dropped thei in the liquid 
oxygen, but the intensely low temperature cooled them, and they sank 
without igniting. He then tried again, heating a diamond extremely 
with a blowpipe; this one caught fire on touching the liquefied gas, and 
burned steadily on the surface of the oxygen, the diamond became 
opaque from the carbon dioxide produced. Professor Dewar also 
performed the same experiment with graphite. 


RUBY. 


North Carolina.—The occurrence of rubies was noted in Mineral 
Resources, 1893 (page 693). In regard to the locality the following 
information is furnished by responsible parties: They are found in a 
valley some 3 niles long and one-half to five-eighths of a mile wide, trav- 
ersed by a stream. ‘The valley is occupied by the débris of calcareous 
rock, which occurs at its upper end. Rubies are found in the gravel, 
which forms a stratum from 2 to 10 feet thick, lying from 3 to 20 feet 
below the surface, and have also been traced into the limestone as 
their natural matrix. The latter rests upon granite. 

Exploration and prospecting show the gravel to exist and to contain 
rubies throughout the entire valley, but not beyond it. The ruby crys- 
tals are of fine color, often of large size, and frequently transparent. 

Material has been found that has yielded fine transparent cut rubies 
of three-fourths of a carat. If stones can be found of large size that 
combine color, transparency, and perfection this will prove a very im- 
portant discovery, and it is thought that systematic search may bring 
larger material to light. 

SAPPHIRE. 


Montana.—Sapphires have recently beeu obtained in the alluvial 
gold washings near Judith River, Choteau County, Mont. These differ 
from those found near Helena and other localities, Inasmuch as they 
are decidedly bluer—frequently as blue as a fair-colored Ceylonese 
stone—sometiines with a purplish tint. 

Mr. IT’. EK. Crutcher, of Helena, Mont., reports sapphire deposits 
existing 25 miles west of Phillipsburg, Mont., on the west fork of the 
Rock Creek, on the east slope of the Bitter Root range, comprising 
1,500 acres in extent. Here 75 pounds of crystals were obtaied; the 
gems were light shades—light blue, pink, yellow, and purple. The ma- 
trix is identical with that of the Missouri River deposits near Helena, 
a vesicular inica-augite andesite. Another mine is situated 5 miles 


600 MINERAL RESOURCES. 


east of the mining camp of Champion, in Deer Lodge County, on Dry 
Cottonwood Creek, on the western slope of the mountain range; but 
its 2,500 acres have never been worked except in a very small way. 

A valuable contribution to science is the preliminary report on the 
corundum deposits of Georgia, by Mr. Francis P. King, published 
under the auspices of Prof. W. 8S. Yeates, State geologist of Georgia, 
by the State of Georgia, in 1894. This gives a fairly complete compi- 
lation of the history of corundum and its associated minerals, and 
will be followed by the corrected report at a later day. 


EMERALD. 


North Carolina.—In July, 1894, a new locality of true emeralds was 
discovered by Mr. J. lL. Rorison, miner of mica, and Mr. D. A. Bowman, 
on the Rorison property, 14 miles from Bakersville and 14 miles from 
Mitchells Peak, Mitchell County, N. C. Here, at an elevation of 5,000 
feet, on the Big Crabtree Mountain, occurs a vein of pegmatite some 5 
feet wide, with well-defined walls, in mica schist. This vein carries a 
variety of minerals besides its component quartz and feldspar, among 
these being garnets; translucent reddish and black tourmaline, the 
latter abundant in slender crystals; beryls, white, yellow, and pale 
green; and the emeralds. These latter are chiefly small, 1 to 10 mm. 
wide by 5 to 25 mm. long, but some have been found two or three times 
greater than the larger sizes named. They are perfectly hexagonal, 
generally well terminated with basal planes, and are clear and of good 
color, with some promise for gems. They very strikingly resemble the 
Norwegian emeralds from Arendal. The vein outcrops for perhaps a 
hundred yards, with a north and south strike. The results thus far 
obtained are only from about 5 feet depth of working, so that much 
more may be looked for as the vein is developed. 

South Carolina.—A. little north of the crest of the Blue Ridge, and 
some 50 miles south of the emerald locality at Stony Point, Alexander 
County, N. C., a second new occurrence of emerald is reported by Mr. 
J. Meyer, of Charlotte, N. C., who had found near Earle Station, N.C., 
between Blacksburg, S. C., and Shelby, N. C., a broken fragment of 
emerald of good color, better than anything observed from North Car- 
olina. Though somewhat flawed, it was cut into a faceted stone, of 
trapeziform or subtriangular shape, weighing 4+% carats, that quite 
closely resembles the material from the Muzo mines of New Grenada. 


BERYTI. 


Maine.—During the past year the Trenton Flint and Spar Company, 
of Topshain, Me., in mining for feldspar, came upon a number of pock- 
ets filled with remarkable crystals of beryl—green, yellow, and white. 
Some of these were doubly terminated crystals 5 inches long and an 
inch in diameter. Nearly all possessed more or less transparency, and 
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would cut into gems, some of them being quite equal to those from the 
Ural Mountains. Their cutting is, in some cases, marred by what is 
nevertheless a very interesting mineralogical feature, viz, what appears 
to be a highly developed rhombohedral cleavage indicated by shadowy 
planes visible within the crystal. Their forms are also interesting; 
some are perfect quartzoids, with extremely regular hexagonal pyra- 
mids; others were slightly tapering, showing very acute scalenohedral 
planes. 
QUARTZ GEMS. 


The amethysts of the metamorphic belt of the Kastern United States 
appear to be of richer and deeper color than those found in igneous 
rocks, although the crystals are apt to be not uniform in color. They 
have been found at many localities from Maine to Alabama, in some 
cases quite as fine in color as those from Ceylon or the Urals. Such 
are those formerly found at Deer Hill and Stowe, Me. Other localities 
are in Pennsylvania, in Upper Providence Township, and elsewhere in 
Delaware County; in North Carolina, near Statesville, Iredell County, 
and in Burke and Lincoln counties, and in Rabun County, Ga. 

Maine.—During 1894 Mr. George k. Howe, of Denmark, Me., has 
obtained many fine amethyst crystals, and has had a number of gems 
cut from them that were of a remarkably deep purple color. 

Pennsylwania.—During the past year a quantity of amethyst was 
obtained at Upper Providence Township, Delaware County, Pa., and 
a number of fine gems were cut, one weighing 33 carats; a superb deep 
purple stone exceeding that weight now forms a part Os the Lea col- 
lection in the United States National Museum. 

North Carolina.—Prof. T. K. Brunner reports the following quartz 
gems as being found in North Carolina: Amethyst in Catawba, Macon, 
Wake, Lincoln, and other counties; smoky and citrine variety of quartz 
abundant in Iredell, Mitchell, and Alexander counties; rose quartz and 
asteriated quartz in Iredell and Cabarrus counties; hornblende in 
quartz im Iredell, Alexander, and Burke counties; rutilated quartz 
principally in Ivedell and Alexander counties. 

California.—Mr. Henry 8. Durden, curator of the State mining bureau 
at San Francisco, reports hornblende in quartz from Tyler’s ranch, 
Oleta, Amador County, Cal., and also from Fairplay, Eldorado County, 
and dumortierite 25 miles from Ogilby, San Diego County. 

Wyoming. Mr. H. I. Crane has opened a ledge of moss agate 6 
inches thick in a limestone 5 feet wide and running half a mile, at 
Hartville, about 100 miles north of Cheyenne, Wyo., and but 9 miles 
from the railway. The agate as quarried is quoted at $200 a ton. 
The owner is J. M. Grogan, who was prospecting for copper. 

Arizona.—A memorial! from the legislative assembly of Arizona has 
eee presented to Congress, ees that the HUE covered by the 


he Appeal to Congress for ae Eee tion of a Forest Tract. Washington, ome 19; 1895. 
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petrified forest be withdrawn from entry until the advisability of 
making a public park of it can be decided. The lands are in Apache 
County, are 10 miles square, and, according to the memorial, are cov- 
ered by trunks of trees some of which measure over 200 feet in length 
and from 7 to 10 feet in diameter. The legislature represents that 
“ruthless curiosity-seekers are destroying these huge trees and logs 
by blasting them in pieces in search of crystals, which are found in 
the center of many of them, while car loads of the limbs and smaller 
pieces are being shipped away to be ground up for various purposes.” 
The park, or ‘chalcedony forest,” 1s annually visited by hundreds of 
scientific men and travelers from every State. To make it a public 
park would preserve the tract from vandalism and injure no one, as 
there are no settlers upon it. A cowboy rode over the agatized bridge 
with his horse, endeavcring to break down the tree crossing the chasm, 
and was disappointed at not succeeding. 


TURQUOISE. 


Owing to the stringency of the times and the condition of one of 
the companies the output of turquoise, of which so large a quantity 
was mined during 1891 and 1892, was limited to not more than $30,000 
for the year 1894. Turquoise has been found at several localities in 
Arizona, New Mexico, and more recently in Texas, north of El] Paso, 
but no new mines of value have been opened. 

A large amount of a remarkably beautiful sky-blue turquoise-like 
substance was found in an extensive vein near Phenix, Ariz. This 
was at first supposed to be turquoise, but being too soft, it was chem- 
ically examined in the Geological Survey laboratory by Prof. F. W. 
Clarke, and proved to be a hard compact chrysocolla. 


UTAHLITE. 


Utah.—An interesting discovery has been made of compact nodular 
variscite in Cedar Valley, near old Camp Floyd, Utah, by Mr. Don 
Maguire. The rock is a crystalline limestone, with layers of black 
pyritiferous siliceous slate. In the latter occur the nodules, varying 
from the size of a walnut to that of a cocoanut. They are covered with 
a thin, lainellar, ferruginous crust, beneath which lies the compact varis- 
cite of various shades of rich green. This is a new form of occurrence 
for this species and has attracted considerable attention abroad, both 
as a novel mineral and an ornamental stone of quaint beauty. The 
locality, which is a spur of the Oquirrh Mountains, has been visited 
and examined by Mr. Maguire. He finds that it is somewhat abundant, 
but that only careful hand work can be used to extract the pieces from 
the rock. The writer suggests that the name utahlite would not be 
inappropriate for it. Mr. Maguire searched for traces of ancient work- 
ing, but without success, though some stone articles and a rock with 
picture inscriptions were found 1n the vicinity. 
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GARNETS, ETC. 


During the past few years the Indians on the Navajo Reservation 
have found a greater quantity of garnets and peridots than there has 
been demand for, and the result is that there is a large surplus stock 
on hand at the various agencies. 

Tourmaline from a new locality was discovered by Albert C. Bates 1 
mile from Moosup, Conn., of a light-green color and of transparent gem 
quality, one crystal being 9 inches long, three-fourths at the largest 
end and tapering gradually. About thirty smaller crystals were found, 
but all with poor terminations. The largest perfect gem was 92 carats. 
From Eustis, frontier County, Nebr., small pebbles from the Platte 
River were sent for examination. Among them were observed some 
grains of labradorite showing a beautiful chatoyancy quite equal to 
that from Labrador. 

Lieut. Constant Williams, of the Navajo Agency at Fort Defiance, 
Ariz., obtained a quantity of dark, almost emerald-green, specimens of 
diopside that would cut into gems of from one to two carats each. 

Cyanite, in rich blue and green blades, weathered out of the rock, has 
been found near Red Bluff, Madison County, Mont., by J. L. Ulerg. 


OPAL AND HYALITE. 


Utah.—Hyalite and banded opal are described by Mr. T. Beck, of 
Provo, Utah, as occurring in Beaver Valley, Utah, some 3 miles from 
Granite Peak. The locality is a low hill, covered by a laminated 
deposit of silica, partly opal and partly hyalite, of no great thickness, 
but covering several acres in extent. It is much disintegrated and 
decomposed, but with care the material can be taken out in slabs or 
plates sometimes a foot square, varying in color. What appear to be 
disintegrated and broken-down geyser-cones occur with this material, 
which is conformable to the slopes of the hill, and probably represents 
a deposit from ancient geysers. A few miles away are boiling springs 
and an extinct crater. 

AMBER. 


Texas.—Amber in small nodules was found near Pendennis, Lane 
County, Tex., by L. W. Hasting, mining expert, of San Antonio, Tex. 
The color of the amber is a rich brown, more closely resembling burmite. 

JET. 

New Mexico—Mr. A. Monier reports from the vicinity of Santa Fe, 

N. Mex., a fine black jet, evidently found in soine quantity. 
PRODUCTION. 


The product of precious stones in recent years is shown by the follow- 
ing table: 
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Estimated production of precious stones in the United States from 1883 to 1893. 


1883. 1884. 1885. 1886. | 1887. 1888. 
Species. =" =e = ——— 
| Value. Value. | Value. Value. | Value. Value. 
ool 2 ee S mle: M1) 5 ee 
Dinnonl 2cacces- 5-605 oeee ele ee S800 MSs. 222s.o4 $603) .2 22a ae ail cere. ee 
Dap Dire. -c2cse sce oes oe $2, 200 1, 750 $500 750 $500 $500 
Chir xSobery lio. esc. 42. ees 100 25 Maes soe ood BR oe wes oe ee eee 
MOpaZ Resets cota eee 1, 000 500 J, 250 1, 000 2, 000 600 
Beryl (aquamarine, etc.).... 500 700 750 5, 500 3, 500 800 
PHN ACHE. . os a: wis echigteeicn <a core =o cre -E eer eet oats BE eet ears 2 d| Peateetore 2 ae || een 650 
Emerald. sccc eee ee ae SOOWIE. .=-.- - 28 3, 200 3, 200 |ceeeeeeee a 100 
Hiddenite (lithia emerald). - G00] ease. . oe 2, 500 4, 500 | cee AB See eee 
Tourmaline. .: cehes-ces. 4 a eee 2, 000 600 5, 500 BOOU Maeren: cates 
Smoky Quartgo2seees 3. 10, 000 12, 000 7, 000 7, 000 4,500 | 4, 000 
Quartz..{. eee oe 11,500} 11,500}/ 11,500} 11,500} 71,5004 11,150 
Silicified wood.........-.--- 5,000 10, 500 6, 500 1,500] 36,000) 16, 000 
Garnet ceecuu cece eee 6, 000 4,000. 2, 700 3, 250 3, 500 | 3, 500 
Anthracitecets-- = 2. 2, 500 2, 500 | 2, 500 2, 500 2, 000 1, 500 
IPN Tit cise. oe eee ee oe 2,000 | 3, 000 | 2, 000 2, 000 2,500 2,500 
Amazon stone.....-.-.-. 2. 3, 750 | 2, 750 | 2, 750 2, 250 1, 700 1, 700 
Catlinite (pipestone)....... 10, 000 10, 000 10, 000 10, 000 | 5, 000 5, 000 
Arrow POlltsos.eos5cs5- a 1,000] 1,000 2, 500 2,500 | 1, 500 1, 500 
THLODItOS «22 ee eee | 500 500 1, 000 1, 000 500 500 
Hornblende in quartz.....-. 600 600 300 200 100; eee | 
PROMS ONIGs24.< cacao ae . 750 750 750 400 750 500 | 
Diopsid@s22- 2.42.25 -cose. ee SIU | Ste Soe e UCU || ee SO ol ees es | 
I @Ot® Wee 2 cece eae ae 1, 500 4, 500 2, 000 2,000 4,000 4, 000 
Chlorastrolite<:-.------<2" + 1, 500 1, 5OOWNese< . ose 1, 009 800 800 
SLIGO MOISO cee cereneee ees 2, 000 2, 000 3, 500. 3, 000 2, 500 3, 000 
Moss a6 ates 25-2 es 21, 000 3, 000 2, 500 2, 000 950 950 
Amethyst oio3-.. eeeeecme | 2, 250 2, 250 2, 100 2, 100 2, 100 2, 500 
Jaspers. 2-2: 2, 500118 2,500 Ie. ... einen: . Alem ee 100 
SuNStONC -2-.-0--ee2 == ae 450 | 450 350 300 1507 |eeee eee 
Fossil corals... -25-o--e 750 | (OU eects oc 1, 000 | 2, 000 3, 000 
Rutile ~. ss<55 cae Secor w et etereser ew eeeeiiiete shemeveve opeee 750 T5004. occa eee. oe 
Gold. quartz: 22ece-.-+ 50.m | 115,000 | 140, 000 140, 000 40,000 = 75, 000 75, 000 
Mutilated. quartz ---2-25-284 ee ree boone 250 NBGEN | Gameooseed Peon: She 2 
RE Cridot:.c. os <eee were oie 300 LOOW 4: <2 2. Ble 5.5 22. aU nee Meee ee ee 
Totaliees.225 eee: | 206,050 | 221, 975 209,850 | 118,519 | 163,600] 139, 850 


Estimated production of precious stones in the United States from 1883 to 1898—Cont’d. 


1889. 1890. 1891. 1392. 1893. 
Species. | ——— Jl |= 


Value. Value. | Value. Value. Value. 
Diamond icu.2 see ee ee ee | Bee eke oe of! Pecos | $125 
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Estimated production of precious stones in the United States from 1583 to 1595—Cont’d. 
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a Used to extract the rarer elements for chemical purposes. 
b Such as clocks, horseshoes, boxes, etc. 
c Collection and souvenir minerals. 
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PREFACE, 


In presenting the fifth volume of this work we gratefully acknowledge the 
enthusiastic reception which the previous volames have met with and the many 
testimonials of warm approval and commendation which have been accorded to 
them. The following extracts from the preface to Volume I. outline the objects 
in view when this stupendons undertaking was inaugurated, and the pages of the 
volumes themselves testify how far these aims have already been attained: 

“This volume is a result of the development of the annual statistical numbers 
of the Engineering and Mining Journal, and owes its existence to the apprecia- 
tion with which these statistics have been received by business men, by experts, 
and by others interested -o the mineral industry throughout the world. 

‘“The modern newspaper has made promptness in furnishing information not 
only familiar, but indispensable to the man of affairs, and accurate and timely 
statistics have now become absolutely necessary for the intelligent direction of 
industry, trade, and legislation. The collection of such statistics in an industry 
which extends over the face of the entire globe is, however, a work so vast and 
difficult that it has hitherto been considered impossible except through the 
unlimited resources of governments; and as the machinery of government is not 
adapted to the rapid attainment of results, the statistics of the mineral industry 
have been so tardily collected and published in all countries that their value has 
been greatly impaired. . . . For many years the Yngineering and Mining 
Journal, as the leading representative of this great industry, has accumulated 
vast stores of statistical information relating to it and has greatly improved the 
machinery for the collectic a of these statistics. . . 

‘The universal appreciation of the work done by the ‘Buginsiring and Mining 
Journal called for its extension, and consequently in this initial volume there are 
given, for the first time, the statistics of substantially all the minerals and metals 
produced in the United States and in many other countries for the full year: 
1892, and often from the earliest times. This series of annual volumes it is 
intended shall, in due time, cover the entire mineral industry of the world, giving 
its statistics, its technology, and its trade, each succeeding volume not repeating 


the data given in previous issues, but supplementing them, and carrying forward 
the current history of the industry almost to the day of publication. Unaided 
by any governmental powers to enforce the making of returns, we have relied for 
success solely upon personal courtesy and confidence and upon the intelligent 
appreciation of the value of the work to the industry at large, and this great 
volume is the monument we have erected to the courtesy of those whose prompt 
and willing co-operation has alone rendered ita success possible. Long experience 
in this kind of work has fully demonstrated the fact that men are in general 
more willing to give important and correct information to the private individual 
who can be held responsible for its proper use than to the more or less impersonal 
‘government.’ It is indeed extremely rare that any producer neglects or refuses 
to give full, truthful, and satisfactory replies to our requests for informa- 
tion. . . 
. Accuracy should always be the first care of the statistician, but it is scarcely 
less important to the business man that the information should be promptly fur- 
nished. Belated statistics are ancient history, of little practical value in the 
active affairs of an industry, or as a guide for legislation affecting it. 

Subjects which are uppermost in the business world naturally demand the 
greatest attention in this industrial work. . 

“Much attention has been devoted to the subject of cost of production. The 
itemization of cost is the first essential step in securing economy in producing 
any article, and the history of every country and of every industry has shown 
that prosperity, whether national, industrial, or individual, is, in a general way, 
inversely proportional to the cost of supplying the rest of the worid with what 
one produces. The great economies which command the markets for products 
are due, not to reductions in wages, but to increased knowledge and intelligence, 
and are accompanied by higher remuneration and a betterment of the condition 
of those engaged in the industry. . . 

“Tt is the object of the Engineering ond Mining Journal to give in detail, and 
of this supplemental volume of the Journal to summarize, the facts which show 
how such results are accomplished; to photograph, as it were, from time to time, 
the condition of the several departments of the mineral industry in various parts 
of the world, placing within the reach of all the information that intelligence can 
apply to the reduction of cost in producing and marketing the useful minerals 
and metals and in promoting the welfare of those engaged in this industry. In 
every country this information will enable those who legislate for and those who 
administer this industry to doso with an intelligent appreciation of the conditions 
affecting it in its every department, and, widely disseminated, will promote the 
national prosperity. 

“It is with the very greatest regret that we have been obliged in this work to 
use other than the metric system of weights and measures, which are now legal- 
ized in nearly every civilized country and should be universally adopted. The 
necessity of conforming to custom and popular prejudice in a work so expensive 
as this explains the use here ef that nightmare of weights and measures which, 
as 8 relic of barbarism, survives and is used in all English-speaking countries as 
‘the English aystem.’ We have, however, where possible, reduced the number 
of varieties of measures as used in the publications of the United States Govern- 


PREFACE. ¥ 


ment. All foreign statistics are given in this work in metrio weights, and the 
United States products are given in the metric system as well as in the customary 
weights. .. . 

“The advertising pages of this book will well repay the careful perusal and 
study of every reader who wishes to be well informed upon the present condition 
of the mineral industry. They give an admirable and practical insight into the 
present state of the mining and metallurgical arts, for in them nearly every 
manufacturer or dealer of note in this country advertises the machines, appli- 
ances, and processes which are now in vogue, or which it is sought to introduce, 
while the names and qualifications of the most eminent members of the engineer- 
ing professions indicate the importance and directions of modern mining and 
metallurgy. These advertising pages are no less important to those who desire a 
clear knowledge of the means by which this country has come to be far the most 
important producer of minerals and metals, than to him who wishes to know 
where to get that full and reliable information concerning the values of proper- 
ties, machinery, processes, and products which should precede the investment of 
capital.” 

Had any doubt existed as to the utility and even absolute need of such a work 
as this, it would have been quickly dispelled by the prompt and enthusiastic 
recognition of its value and the unstinted and unanimous words of praise which 
welcomed in every part of the world the first volume of THE MINERAL INDvUs- 
TRY, Its Statistics, TECHNOLOGY AND TRADE. It is not too much to say that 
probably no other technical book was ever so universally praised, as is shown in 
the brief extracts given on another page from some of the thousands of letters 
received, and doubtless never before was a technical book sold in so large 
numbers within so short a time. These results are extremely gratifying not 
alone from a business standpoint, but chiefly because they constitute a flattering 
evidence of the value of the work as a whole, and of the ability of the many 
specialists who contributed to its pages. 

This success has increased the obligation we are under to the great captains of 
the industry throughout the world who have, with uniform courtesy and unlim- 
ited confidence, furnished the data which alone have permitted the compilation and 
prompt publication of these valuable statistical volumes. 

From the very first the amount of useful material grew so rapidly with the 
plans for the work that it quickly became evident that the book must become 
larger and more costly than anticipated. The original object has, however, 
been kept in view of placing it within the reach of all. 

The importance of collecting in this volume, as far as possible, the existing 
statistics of production, imports, exports, and consumption of the various minerals 
and metals in every country, and the large space devoted to this and to the 
description of the best existing practice in the chief departments of metallurgy and 
chemical technology, have crowded over into the current issues of the Engineering 
and Mining Journal and into succeeding volumes of this book much valuable infor- 
mation, and retarded the issue of this book beyond the date at which it is expected 
fatare volumes will appear. 

The data collected in the five volumes present already a good foundation on 
which to commence an intelligent study of the industry and of the conditions 
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which affect it, and we earnestly invite the co-operation in this work of all who 
possess further facts which may be of use in it. 

This introduction may be appropriately ended with the following closing para- 
graph of the preface to the first volume: 

“No one can appreciate more fully than the statistician himself the limits and 
shortcomings which are inseparable from all statistical work of this character. 
As further facts come to light and a higher degree of accuracy rewards our con- 
tinuous efforts to render these volumes trustworthy, corrections will be made in 
the statistics should errors of importance be found. He is but a dishonest statis- 
tician who retains known important erroneous statements in order that the public, 
in its ignorance, may believe, from the absence of corrections, that his figures are 
accurate. Readers of this book are therefore earnestly requested to notify its 
editor of any errors or omissions which may be found in it, in order that correc- 
tions may be made in subsequent volumes, and suggestions which may render 
future volumes more valuable will be gratefully received.” 


RicHakgp P. RorHWwELL. 


GEMS AND PRECIOUS STONES. 


THE mining of gems and precious stones has not yet become an important 
industry in the United States, the production in 1896 amounting to only about 
200,000 in value. The more part of this was in sapphire and ruby from Montana, 
and turquoise from New Mexico. In the former State several claims in the vicinity 
of Phillipsburg were worked in 1896, and a considerable output is reported from 
them. Sapphire and ruby mining is also being carried on in North Carolina, 
mention of which will be found under the caption “ Sapphire.” 

In New Mexico the American Turquoise Company has been exploiting mines 15 
miles south of Santa Fé, and some fine specimens of turquoise are reported 
to have been found at Hatchita in the southern part of Grant County, while the 
mines in the Burro Mountains, a short distance south of Silver City, have been 
exploited somewhat extensively. 


AMBER. 


THE production of amber in Germany in 1895 was about 440 tons, or nearly 100 
tons more than in the previous year. By far the larger part of this is put out by 
the two mines of Palmnicken and Kraxtepellen, belonging to the firm of Stantien 
& Becker, while the smaller part is obtained by dredging and searching the shore 
of the Baltic Sea. The industry employs about 1200 persons. 

The occurrence and production of amber in Burma is described in the article 
on that country in a subsequent part of this book. 


DIAMONDS. 


DiaMonps are obtained from Kimberley, Jagersfontein, and the Bloemhof dis- 
trict, in South Africa; from Brazil, and from India. By far the more part come 
from Kimberley, where the mines are owned by the De Beers Consolidated Com- 
pany, which controls prices by regulating its output to the demand of the market. 

The production of Jagersfontein, which is situated in the Orange Free State 
about 80 miles from Kimberley, in 1896 was 218,886 carats, valued at £382,780. 

In the Bloemhof district, South African Republic, diamonds are obtained from 
the gravel of the Vaal River. The production in 1895 was 2469 carats, valued at 
£4938. The production of diamonds in Cape Colony, practically the whole being 
from Kimberley, was 2,507,408 carats, valued at £3,013,578, in 1894, and 3,622,344 
carats, valued at £4,775,016, in 1895. 

De Beers Consolidated Mines, Limited, continues to be one of the most remark- 
able enterprises in the world. The dividend paid for the year ending June 30, 


‘234 THE MINERAL INDUSTRY. 


1896, was at the rate of 40¢ per annum, as compared with 25¢ per annum dit 
buted for 1894-5, a balance of £329,357 being carried forward to the credil 
1896-7. The diamonds sold in the year ending June 30, 1896, realized £3,165,. 
while the working expenses were £1,452,528. The working expenses inclu 
£60,225 for depreciation of machinery and plant, and £206,754 for inte 
upon the company’s debentures. The profit of £1,712,854 was increase 
£2,019,087 by £100,817 received from rents and dividends on sundry inv 
ments, £82,231 representing profits on the realization of investments, £% 
derived from miscellaneous revenue, and £116,001 from the balance brought 
ward from 1894-5. The dividend declared for 1895-6 absorved £1,579, 
£92,539 was invested in consols on reserve-funds account, £17,609 was applie 
repayment of expenses incurred in certain debenture-conversion operations, 
£329,357 was carried forward, as already indicated. The average yield of 
monds per load of “ blue” handled by the company in 1895-6 from De Beers 
Kimberley was 0.91 carat. The average value of each carat of diamonds ra 
was 26s. 9d., so that the average value of each load of “ blue” was 24s. 44d. 
increased price was obtained for diamonds in 1895-6, and the directors antici 
that this rise will be maintained. The quantity of “blue” and lumps on 
floors at the close of June, 1896, was 3,674,357 loads, as compared with 3,452 
loads at the close of June, 1895. The company commenced working the pre 
mine (Wesselton) in 1896-7, the lessee’s contract having expired. Includin 
reserves, its debenture capital, and its share capital, the company at thd clos 
June, 1896, possessed resources to the aggregate amount of £10,207,704. 

India, which was once famous for its diamonds, now produces very few. 
cording to the official statistics the output was 2103 carats, valued at 16,251 ra) 
in 1894, and 215 carats, valued at 19,506 rupees, in 1895. 

There are no statistics of the production of diamonds in Brazil, and the 
much difference of opinion as to the future of the industry in that country an 
those who have had experience there. Some hold that it is still in its inf 
and will become important when more scientific methods are introduced, v 
others assert that the best ground has been worked over already. ‘The 
important fields that have been exploited are in the Serra das Lavras Diar 
tinas and the Serra da Sincora at the headwaters of the Paraguassu River, ix 
deep pools of which diamantiferous gravel is raised by divers. Recent): 
American imported diving-suits for carrying on this work. On the & 
Itaraca, near Salobre in the southern part of Bahia, there are important dep 
which furnish very fine stones and are now being worked. Associated with 
Brazilian gems is a good deal of boart and carbonado, reference to which is x 
under the caption “ Abrasives,” in the first part of this volume. 

Diamonds have recently been found in British Guiana on the Himars 
Mazaruni and Potaro rivers. Some of these deposits may be profitably work 

The Kimberley mines were described by William Crookes in the Jmperial J 
tute Journal, January, 1897. See also “ Diamonds, Where they Occur, and | 
to Search for Them,” by Melville Atwood, Engineering and Mining Jows 
August 15, 1896. 


* D, E. Headley, Engineering and Mining Journal, Aug. 22, 1896. 
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SAPPHIRE. 
By CHARLES N. JENKS. 


SAPPHIRE, sometimes called telesia, is the hardest of gems next to the diamond; 
it erystallizes in the rhombohedral division of the hexagonal system, the six-sided 
donbly terminated prism being the most common form. Its sp. gr. varies from 
3.907 to 4.16, with a mean of about 4, and it stands at 9 in Mohs’ scale of hard- 
ness. The composition of the mineral varies somewhat as well as the hardness 
and specific gravity. The question of specific gravity will be referred to later. 

The sapphire is unacted upon by acids and is infusible before the blowpipe, but 
if finely pulverized is soluble in fused borax and partially soluble in potash. 
With steel it strikes fire, but not so readily as some of the silicates. By collision 
it becomes luminous, the light varying with the color of the stone, in some 
instances purple, in others a deep cherry-red. Its diaphaneity varies from trans- 
parent to translucent. Sapphire exhibits a great variety of colors, and nine 
gems are designated according to this difference, namely: Oriental sapphire, ruby, 
emerald, asteria, topaz, amethyst, chatoyant, girasol, and white or colorless 
sapphire.* The index of refraction of sapphire is 1.76, and this high figure 
accounts for its great brilliancy. 

The blue or Oriental sapphire is the true jeweler’s sapphire; its color is generally 
attributed to protoxide of iron, or possibly to uranium. When of a carmine-red or 
pigeon-biood color the gem is called Oriental ruby, and when deep green (not too 
dark), Oriental emerald. The coloring material for both the ruby and emerald is 
thought (almost certainly) to be chromium oxide. If the gem is violet, it is called 
Oriental amethyst; if yellow or reddish yellow, Oriental topaz. These and other 
shades are thought to be produced by different proportions of oxide of iron. 

The Oriental emerald and ruby are the most valuable of all gems, the emerald 
taking precedence on account of its extreme rarity. The emerald of commerce 
is not, however, to be confounded with the corundum or true Oriental emerald. 
Stones bearing this name obtained from Pern and Bogota are largely silica, and 
are comparatively soft and lacking in the brilliancy which is the distinguishing 
feature of the corundum emerald. This‘ is also true of the hiddenite or lithia 
emerald. Both these so-called emeralds stand only at 7 in the scale of hardness 
and are of a lower und variable specific gravity. Of the true Oriental emeralds 
there are only a few in existence and these are of enormous value. A ruby of the 
finest pigeon-blood color, free from flaws, is worth per carat, when over one carat 
in size, several times more than a diamond of the first water. But the true ruby 
should not be confounded with the spinel ruby, which is an inferior and entirely 
different gem. 

Among the foreign localities where the Oriental corundum gems are found may 
be mentioned India, Ceylon, China, Armenia, Siberiaand Bohemia. Burma, Siam, 
and Ceylon yield the finest rubies. The Mogok district, which covers an area of 
about 100 sq. miles in Upper Burma, about 70 miles from Mandalay, has for 


* The use of the terms topaz and amethyst to designate varieties of the sapphire or ruby is licensed by 
Dana, but on this account they should not be confounded with the minerals topaz and amethyst proper, and 
when applied to the ruby should be qualified by the adjective “Oriental.” In any case it is bad nomencia. 
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ages supplied the finest blue and red sapphires. The Ceylon stones are ne 
value. The Siam ruby is usually light red in color and dull in luster; whil 
sapphire is of a dark, dull blue without the laminous silken gloss which i 
distinctive mark of the Burma and Ceylon stones. 

According to Streeter the original matrix of these stones was probably cr 
line limestone, the disintegration of which has distributed them along the 
sides and valleys where they are found. The credit of the first discove 
corundum gems in sifu belongs to Col. Charles W. Jenks of Boston, who eai 
1872, while mining for commercial corundum at Corundum Hill, in ¥ 
County, N. C., at a depth of 10 to 75 ft., found Oriental sapphire and 
crystals imbedded in the chlorites and vermiculites between two walls of ol 
rock. This discovery was followed by a further find of the corundum ge 
the alluvial gravel at one or more points below the veins; and later at L 
Creek, Raybun County, Ga., sapphire and ruby crystals were also found by 
Jenks in situ and in the placer below. 

About 100 true gems of Oriental sapphire, ruby, and emerald were | 
out by Col. Jenks at this time and by the writer, who, under the direction | 
father, superintended the washing. A few of these crystals brought good | 
as gems, being pronounced by experts equal in color and brilliancy to any Or 
stones of the same size. Some of the finest specimens were never cut, but 
eagerly purchased by the British Museum and foreign collectors; also b 
leading American colleges and collectors, including Tiffany & Co. of New ‘ 
The writer remembers one specimen which he saw picked from the wash-bos 
mass of blue sapphire semi-transparent (a fragment of a large crystal) and 
the size of a turkey’s egg. This had one perfect termination, of a pure pi 
blood color, which at the extreme end was without flaw or fracture, perfectly | 
parent. This specimen was sold in London to an English collector for $250 

Mr: George F. Kunz, the distinguished gem expert, says of one of these cr 
discovered at this time: ‘‘ At the Jenks mine was found probably one of th 
known specimens of emerald-green sapphire (Oriental emerald). It is the | 
parent part of a crystal 4 by 2 by 14 in., from which several gems could bh 
that would together furnish from 80 to 100 carats of very fine almost em 
green gems (not too dark as the Siamese are), the largest possibly fully 20 
in weight. As this gem is one of the rarest known, it makes this specimen : 
valuable one.”’ 

Only about three months was spent by Col. Jenks in actual washing for 
The financial panic of 1872-3 suddenly closed the mines, and in consequet 
the death of his partner in the enterprise the property went into litigatior 
after being tied up for a number of years it passed out of his control. 
this time the corundum gems have been picked up at intervals at the san 
at different points within the gem-bearing area of North Carolina and Ge 
but no more systematic washing was done until early in 1896, when a New 
syndicate, The American Prospecting and Mining Company, began placer n 
at one or more points in Macon County, N. C., a short distance from Coru 
Hill. This work is still in progress, but the success in finding gems can 
learned. At three other points in Macon and Jackson counties small c: 
of good color and brilliancy have been found in situ within the past year. 
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Among the other localities where sapphires are found in considerable number 
may be mentioned the deposits near Helena, Mont., where a large number of 
small ** gem gravel ’’ sapphires are found in the bars on the bed of the Missouri 
River and in some of its tributaries. These stones when cut possess a peculiar 
and beautiful metallic luster, but on account of their uniformly pale color do not 
rank with the gems from the Orient. The Sapphire and Ruby Company of 
Montana, Limited, which was organized in London some years ago to work these 
deposits and had a paid-in capital of $2,500,000, has never been financially suc- 
cessful for this reason. Sapphires are also found in Southern Colorado, Arizona, 
and near Santa Fé, where they are associated with gurnets and peridotes, and are 
often found in the sands on and near the countless anthills. Those that the 
writer has seen in and from these localities are generally of a better color than the 
Montana stones, having also a wider range of color, with some remarkably fine 
specimens of red and blue. <A few sapphires have been found at Vernon, N. J., 
but they were generally opaque and unfit for gems. 

The corundum gem deposits of North Carolina and Georgia are of much greater 
extent than any similar single deposit of the Eastern Hemisphere. They are 
known to occur in Macon, Jackson, and Transylvania Counties in North Carolina, 
aud in Raybun County, Ga., at intervals through a territory 40 miles in length 
by 15 in extreme width and comprising about 500 sq. miles. ‘The deposits or 
sources of supply are at an average altitude of 3500 ft., or only a little less than 
the Burma fields, which average about 4000 ft. The placer occurrences are 
almost precisely identical with some of the most famous of the foreign washings, 
the geological as well as the topographical conditions being much the same. 

A series of exhaustive tests made by the writer show an average of the crystals 
of both localities to be structurally alike, and the mean hardness (9) and specific 
gravity (4) are the same. An analysis of both the sapphire and the ruby from 
three different localities in North Carolina and Georgia also gave almost identical 
results with those from Burma, Siam, and Ceylon. An average of three analyses 
of the blue sapphire of India and one of North Carolina compare as follows: 


Logs in 
Decomposition, 


Magnetic 


Hardness. | Alumina, Dotda OF iro: Lime. Silica. 


Biue sapphire of Indla..... ..... 9 7 0.28 0.54 
Bioe sapphire of North Carolina. 9 98.06 WD capes 0.23 0.33 


Acids do not act upon the sapphire from either localities, and both remain 
unaltered before the blowpipe. The fracture of the sapphire of India, Montana, 
North Carolina, and Georgia is identical. Their hardness varies somewhat in 
different localities, that of the North Carolina blue being apparently a trifle more 
(Corundum Hill, N. C., Cullasegee, N. C., Sapphire, N. C.) than the blue 
sapphire of Siam and Ceylon and about the same as that of Burma, Bactria, 
and Montana crystals. These are all a little harder than the red (ruby) and 
other colors from the same and different localities. This may be due to a 
greater proportion of silica in the raby, an average of six analyses showing about 
2.67% more than the average of the six analyses of the blue sapphire before referred 
to. Mr. Chenevix’s analysis of the ruby of India, which has been widely quoted, 
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is: Alumina 90%, magnetic oxide of iron 1.24%, silica 5.25%; loss of 1.8% in de 
position. Prof. J. Lawrence Smith’s analysis of the ruby of India was: Alu) 
97.32%, magnetic oxide of iron 1.094, silica 1.214. 

A peculiarity of the North Carolina crystals that dues not seem to occur 
where is that in the same specimen may occur all the colors characteristic of 
of the nine corundum gems. ‘The writer bas seen in one large semi-transp: 
crystal the Oriental sapphire, ruby, emerald, topaz, amethyst, and col 
sapphire. No locality in the world has thus far produced such magnificent ca 
specimens of corundum as the fields of North Carolina. 

The North Carolina deposits have the most favorable gangue for a perfect 


* formation, consisting in muny instances almost entirely of the chlorites and 


vermiculites, and when they are systematically washed there is no reason 
they may not prove of equal importance with those of the Orient. It is a 
although it will be disputed by the trade, that several hundreds of cara 
corundum gems, mostly of an inferior quality (the reason for this being that 
are mostly surface specimens), are annually obtained by the natives of } 
Carolina, by strolling prospectors and others within this gem area, but wi 
systematic mining. These are handled principally through local dealers i: 
rough or sold to curio collectors, and their identity is in mostyases lost. 

In the opinion of the writer, who has carefully studied the several Ame 
localities, the reasons why sapphires have not been found in Montana in g 
abundance, of better color, and no more than three or four carats in weigh 
that in the eruptive dike carrying the crystals they are very scattering and 
small in size. Occasional fine specimens have been and will be found, but 1 
commercial quantity. These same reasons apply to all other localities I 
visited in the United States, with the single exception of the few deposit 
limited area in Georgia and of the large gem areain North Carolina. The k 
sapphire crystal ever found in either hemisphere was taken from the Jenks 
(Corundum Hill) in 1872 at the time of the first work. It weighed 312 
and was both red and blue, ruby and sapphire, in color. It is now in the Sh 
collection at Amherst College, Mass. 

Sapphires, rubies, and emeralds, highly crystallized and of brilliant luster. 
been artificially produced by Deville, Feil, Frémy, and others, and are des 
at length by Kunz, Miers, and other authorities on gems. These are, hov 
small in size, rarely exceeding 4 carat in weight, and are consequently 
especial value, as genuine stones of this size may be purchased by the pound. 
artificial product is readily detected by the expert, as it is more brittle and | 
brilliant, and under a magnifying glass the cavities (which occur in both n: 
and artificial stones) in the artificial stone are of a cloudy appearance and gic 
in shape, while in the true Oriental stone they are angular or crystalline. | 
ure only a few of the more common tests, the spectroscope, polariscope, and d 
scope revealing other differences. In detecting readily any spurious or so- 
corundum gems from the true Oriental stone several methods are em} 
by experts. One is by determination of the specific gravity of the spec 
Another is by use of the Roentgen rays; the true sapphire is, like flesh, 
parent to the rays, but their imitations are, like bones, opaque to them. 
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THE SaPPHIRE (RuBy) MINEs oF Burma.* 
By T. TRAFFORD WYNNE. 


THE principal ruby-producing district of Burma is the country near Mogok, 
which is situated 90 miles north of Mandalay. Kyatpyin is the present head- 
quarters of the Ruby Mines Company, and a 15-mile circle around this place 
would contain nearly al] the mines now being worked. 

Geological.—The country rock is usually a very hard gneiss, varying to granite, 
or a soft micaceous schist. Large hill masses of culc-spar are met with which 
have evidently been forced by some upheaval through the gneissic formation. 
These masses, of which the hill called Pingudoung, near Kyatpyin, is the most 
prominent example, contain fissures and caves usually filled with ‘* byon.’? This 
“byon,’’ in which the rubies are usually found, varies from a somewhat tenacious 
clay with smal], rounded quartz and other pebbles to a fine gravel almost like 
river sand. In color it may be from dark red to light yellow. 

The great bulk of the ‘‘ byon ”’ is found as an alluvial deposit in valleys which 
show these characteristics, viz., a more or less shallow basin, closed at the lower end 
by a barrier of hard rock, and with a stream flowing through it. The ‘‘ byon’”’ 
having presumably been brought down by the denudation of the hills above into 
these basins, the rock barriers have acted as riffles, and, while allowing the lighter 
mud to flow over, have held up the heavier ruby-bearing ground. Those valleys 
also contain a varying quantity of calc-spar in huge boulders to smal! pebbles, and 
the greater the quantity of this the better seems to be the quality of the ‘‘ byon.”’ 

Rubies are also found in some places with the calc-spar matrix, but the stones 
are imperfectly formed and fall of flawa; and even if they were of any value, no 
method of extracting them from the matrix without injury has yet been discovered ; 
hence no attempt is now being made to work these mines. 

Exploitation.—After various failures the English company finally decided to sink 
a pumping pit at the lower end of the Tagoungnandine valley, and to use the 
available water-power to drive part of the machinery. A 4-ft. Pelton wheel was 
erected at a point about three-quarters of a mile below the rock-barrier, at the 
lower end of the valley, where 100 ft. of effective head of water was available, 
and the power was transmitted by means of wire ropes to the pumps. A 4-in. 
centrifugal was found sufficient to drain the excavation toadepth of 50 ft. during 
the dry weather, a 6-in. being required during the rains. 

A third valley was opened up in a different manner. In order to save the heavy 
pumping costs, the valley being quite waterlogged and under water for several 
months in the year, it was decided to drive a tunnel through the rock barrier at 
the lower end, and so drain the valley toa depth of 40 ft. A tunnel 10 ft. by 
10 ft. was driven for a length of 500 ft., the entrance being in a ravine, where a 
good tip for the spoil, as well as a site for the washing plant, was obtained. The 
washer erected there is driven by water-power, and the present cost of excavating, 
hanling, washing, and sorting is only 0.55 Rs. per load of 15 cn. ft. Unfor- 
tanately this plan is not feasible at Mogok, at least not for the large valley, as the 
length of tunnel required would make the cost prohibitive. 

All these valley deposits are worked in the same manner. When the ground 


* From a paper read before the Iustitution of Mining and Metallurgy (London), Jan. 20, 1897, 
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has been drained, either by pumps or drainage tunnel, the surface soil is stri 
off, and tipped to waste, the byon being loaded into trucks, and either run thn 
the tunnel, or wound up an incline and run to the washer. On arrival at 
washer, it is tipped on a grizzly to remove all large stones, and is then fed ir 
revolving trommel, covered with 1-in.-square wire mesh, all the byon pa 
through this mesh going directly to the pans, while what is discharged throug! 
end of the trommel, principally stones and lumps of barren clay, is remove 
further treatinent. The washing pans used are either of the Whitmore & Bi 
or Davy Paxman type, both giving equally satisfactory results, the quantity 
ing through each pan before it is necessary to wash out varying from 3000 to 
cu. ft., according to the nature of the byon, as when much clay is found wit! 
byon the washing is very much more difficult than when it is sandy nature. 

The concentrated byon left in the pan, about 70 to 80 cn. ft., is run i 
locked receptacle, from which it is fed to classifying trommels, in which 
washed in a strong stream of water, to remove all the sand. The different 
are then picked over by specially selected sorters, and all valuable stone 
removed; or the deposit may be again treated in a pulsator, which still fu 
reduces the quantity, and then it is passed to the sorters. 


TURQUOISE, 


TURQUOISE, which is a hydrous phosphate of aluminum, is derived chiefly 
Persia, where it occurs in seams as wide as 6 mm., or in irregular patches ij 
breeciated portions of a porphyritic trachyte and the surrounding clay-slate 
Nishdpur in the northern part of the kingdom. The mines are situated o 
southern slope of Mt. Ali-Mirsa, northwest of the village of Madén, at an elev 
of 5000 to 6000 ft. The Reish mine is the only one worked vigorously at pr 
This is opened to a depth of about 90 ft. The turquoise-bearing rock ia hy 
in sheepskin bags, and the waste sorted out at the surface. ‘The good stone i: 
sent to Meshed, where it is dressed, cut, and packed for export. 

Since the Abdur Rezai mine caved in, turquoise of perfect color is very | 
found, though in all probability the hill contains considerable good stone. 
Reish mine furnishes stones of good shape, but their color soon fades. Acco 
to a recent report of the British vice-consul at Meshed, although good ston 
rare, there is an abundance of imperfect ones, which are eagerly bought, sin 
Orientals prize them, and the poorest persons like to possess one in a ring, e 
it is green and spotted. Some of the stones now found look excellent at firs 
the color soon fades, a green tinge develops, or white spots appear. Some « 
spots can only be detected at first with the aid of a magnifying-glass, but 5 
ally become larger, and finally spread across the stone. ‘The color of most 
turquoise can be temporarily revived by dampness. In Meshed no one ° 
dream of buying a turquoise without having it in his possession for some 

Besides the Nishipir mines turquoise is found in the Megara Valley, | 
from the Karkaralinsk (Kirghiz Steppes), Semipalatinsk, Siberia; in the — 
Tube Mountains in Turkestan, 50 versts from Samarkand, where it occurs i1 
onite, etc., in seams in a silicious clay-slate, which were worked at some unk 
time in the past. 
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By GEORGE F. KUNZ. 


INTRODUCTION. 


The most important events in connection with precious stones during 
1896 are (1) the presentation of some interesting conclusions by Prof. 
William H. Hobbs, who attributes the origin of the Wisconsin diamonds 
to the Green Bay lobe, or the Pigeon River district immediately north 
of it; (2) the publication of the interesting results of investigations by 
the late Prof. H. Carvill Lewis on the genesis of the diamond, which 
brings forth much strong evidence of its origin from the distillation of 
hydrocarbons in carbonaceous shales that have been penetrated by 
peridotite or other volcanic intrusions;' (3) the finding in quantity at 
Yogo Gulch, Montana, of sapphires of as fine a blue as the best Ceylonese 
gems, although scarcely over 1 carat in size, and of three small diamonds 
from the same State; (4) the continued finding of the green, red, blue, 
and multicolored tourmalines, and a perfect crystal, 10 inches long, at 
Haddam Neck, Connecticut; (5) the finding of large crystallized beryls, 
many of them of gem value, in the feldspar quarries at Topsham, Maine; 
(6) the continued output of fine turquoise in the Los Cerrillos and 
Grant County mines of New Mexico; and (7) the visit to the United 
States of Prof. Henri Moisson, whose interesting lectures and experi- 
ments on the production of artificial diamonds were of the greatest scien- 
tific interest, although these gems are as yet commercially unavailable. - 


DIAMONDS. 


An additional contribution to literature upon the occurrence of iso- 
lated crystals of diamonds in Wisconsin, by Prof. William H. Hobbs, 
of the University of Wisconsin, appears in an interesting article in the 
Neues Jahrbuch fiir Mineralogie, 1896, vol. 11, pp. 249-251, with map, 
describing four localities; and, in a letter to the writer, Professor 
Hobbs describes two additional localities. One stone of 63 carats was 
found at Saukville, Ozaukee County, 6 miles northwest of Milwaukee, 
and another of 2; carats at Burlington, Racine County, the latter 
found by Mrs. G. Pufahl, of that place. These two stones were exam. 
ined by Professor Hobbs and thewriter. The larger stone is a flattened, 


1 These results are published in the volume on the Genesis of the Diamond, edited by Professor 
Bonney, of London. 
11838 
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distorted trisoctahedron; finely white in color, with two yellow stains; 
irregular, uneven surface, and with a deep octahedral impression on 
one side. It would perhaps cut to better advantage if it were cleaved, 
in which case it would probably produce two fine stones of over 1 carat 
each. The Burlington stone had a faint greenish color, which may be 
entirely exterior, as is the case with the diamond described from the 
Oregon locality. This crystal is an elongated twin, being tetrahedral 
in general form, and hence could be cut into a pear shape to better 
advantage than into a brilliant. 

Professor Hobbs writes that the Saukville and the Burlington dia- 
monds were found in the “ Kettle moraine” of the Lake Michigan lobe, 
like the other Wisconsin diamonds referred to farther on. The Sauk- 
ville stone is from the widened portion (interlobated) of the moraine 
between the Green Bay and the Lake Michigan lobes. The other is 
located on a cuspate portion of the moraine of the Lake Michigan 
lobe near the boundary of Dllinois. These finds have considerable 
interest. . 

A diamond crystal was also found in 1886 by Mr. Louis Endlich, 
of Kohlsville, Washington County, Wisconsin. It was examined by 
Prof. William H. Hobbs, and found to be a rhombic dodecahedron 
of pale-yellow color, 20 millimeters in length and 13 millimeters in 
width, with an average thickness of 10 millimeters, and strongly 
resembling the stone found at Lagle, Wisconsin. The crystal is 
somewhat distorted. Its weight is 21 carats. 

The diamonds found at Eagle, Oregon, and Kohlsville are of the 
same crystalline form, each having the faces of the dodecahedron 
showing vicinal planes of the hexakisoctahedron. The faces show 
also irregularities and depressed areas. The diamonds found at Eagle 
and Kohlsville are ‘‘Cape white,” a very pale yellow; the one found 
at Oregon is almost white, with a faint greenish tint. In regard to 
their occurrence in Wisconsin, the interesting problem is readily solved 
on examining Professor Chamberlin’s glacial map, where Eagle, Kobls- 
ville, and Oregon are all seen to lie on the “ Kettle moraine” of the 
later Glacial epoch. These diamonds were evidently transported from 
the north to the points at which they were found. If one studies from 
these points the ice movements as indicated by the traces of the glacier, 
one will readily see that these diamonds undoubtedly have a common 
origin, possibly in the northeastern part of the State, on the middle 
line of the Green Bay lobe, or perhaps in a still farther northeasterly 
direction. It is therefore of remarkable interest to find that along the 
State line, in the vicinity of the Menominee River, basic eruptive 
rocks are present in graphitic slates; and hence it is not improbable 
that the origin of the diamonds is of this character, as is the case 
in South Africa. The locality is one that has been little searched, and 
it is highly probable that diamonds may yet be found there. The 
diamonds of the Plum Creek district apparently differ in their source, 
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although they were found only a few miles from the Kettle moraine, 
and may possibly have been washed out of the Menominee under the 
glacial action in this region; but they probably had their source in the 
region of the Pigeon River, where the geological conditions are iden- 
tical with those observed on the Menominee. 

There were recently for a time in the possession of Mr. H. Vrees- 
lander, of New York City, three diamond crystals sent by Mr. A. F. 
White, of Butte, Montana, and claimed to have been found in that State. 
One was a trigonal trisoctahedron, 1,5; carat, with large oval markings 
over the entire crystal, which was of a faint yellow; one side of it was 
broken. The second was an octahedron of one-sixteenth carat, with 
rounded faces, an apparent twinning being visible on the edges; this 
was also a faint yellow in color. The third was an acute octahedron 
of one-thirty-second carat, with dulled faces, giving it a ground-glass 
effect, and showing a considerable growth on the octahedral faces, 
although the edges of the crystal were long and not so well developed. 
Some investigation is to be carried on at the locality. 

The annual reports of the condition and production of the great 
South African diamond mines have been presented with extreme full- 
ness. The leading points of general interest are summed up and 
included here, this being so important an element in the world’s pro- 
duction of gems. 

The following statement of the condition of the diamond-mining indus- 
try is gathered from the admirable report of Mr. Garduer F. Williams, 
manager of the De Beers Diamond Mining Company, Limited, and 
formerly of Oakland, California: 

The two leading mines, the De Beers and the Kimberley, the only ones 
that are much worked at present, give the following statistics for the 
year ending June 30, 1896: 

The output of “blue-ground” at the De Beers mine was 1,554,225 
loads (16 cubic feet to a load); at the Kimberley mine 1,143,884 loads 
(together with 67,470 loads of “reef-rock” or waste); the total for both 
being 2,698,109 loads of blue-ground, as against 2,525,717 for the year 
before; an increase of 101,083 loads. The cost per load at the De 
Beers mine was 4s. 7.7d., a8 against 48. 3.6d. the previous year; at the 
Kimberley mine 4s. 10.3d., as against 6s. 2.6d. the previous year. On 
June 30, 1895, there were in sight at the De Beers mine about 3,300,000 
loads of blue-ground. As new workings have been carried down, the 
amount revealed between the 1,000 foot and 1,200-foot levels is esti- 
mated at 4,400,000 loads; giviug a total of 7,700,000 loads. Deducting 
from this the output (as above) of over 1,500,000 loads, there remain 
fully 6,000,000 loads in sight; an amount equal to about four years’ 
demand. 

At the Kimberley mine at the close of last year some 1,800,000 loads 
were in sight above the 1,200-foot level; the carrying down of the 
‘“ Prospect shaft” to 1,520 feet and the opening of intermediate levels 
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every 40 feet have revealed about 3,300,000 loads more; making in all 
over 5,000,000. Deducting the output for the year of somewhat over 
1,000,000 loads (as above), leaves about 4,000,000 Joads now in sight; 
again about four years’ supply at vresent rates of output. 

At the De Beers mine the water removed amounted to an average of 
3,877 gallons per hour, as against 5,231 the previous year; at the Kim- 
berley, 7,894 gallons per hour, as against 9,882 before. A tunnel has 
been carried around this mine at the top of the melaphyr, to prevent 
surface water from getting down into the loose débris in the open mine; 
this has proved very successful, and no “ mud-rushes” have occurred 
since. 

The De Beers mine has not been deepened, the “rock-shaft ” remain- 
ing at 1,233 feet; but a tunnel on the 1,200-foot level has been com- 
pleted, and the main rock-chute from the levels above connects with 
it. This tunnel, 955 feet long, was driven to the northeastern side of 
the mine, in order to give better ventilation to that portion of the work- 
ings, and has had the desired effect. The Kimberley mine has reached 
the greatly increased depth of 1,585 feet on the “ Prospect shaft” 
above mentioned, and levels have been opened in this deep portion 
every 40 feet. ; 

The following table gives the amount of “blue-ground” brought up 
and placed for treatment: 


Amount of “ blue-ground” brought up and placed on the floors ready for treatment. 


| : De Beers. Kimberley. Total. 


| 5 week da 
f 
| Loada, Loads. Loads. 
On June 30, 1895................ | 1,974, 127 725, 106 2, 699, 233 
Output for the year. ........-... 1, 554, 225 1, 143, 884 2, 698, 109 
Total ......2..2.0-e0ce eee | 8,528,352 | 1,868,990 | 5, 397, 342 
Washed and crashed during the | 
A ee ee 1,565,631 | 1,031, 395 2, 597, 026 
Remaining June 30, 1896. . 1, 962, 721 $37, 595 2, 800, 316 


A considerable amount of the material remaining on the floors is of 
the kind known as “hard blue,” or “lumps,” which does not readily 
disintegrate by exposure. Much of this, however, is now crushed by 
improved machinery. 

The output from the De Beers mine has been materially reduced: by 
scarcity of native labor and by interruption from “mud rushes” on 
certain of the levels, surface water getting access to the loose material 
and breaking into the workings. 

The 2,597,000 loads of material washed and crushed during the year 
from the two mines yielded 2,363,000 carats of diamonds; so that the 
average yield has been 0.91 carat per load, as against 0.85 carat for the 
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year previous. The total-cost of mining and washing has averaged 
7s. 0.1d. per load, as compared with 6s, 10.8d. the year before. 

As diamonds are now valued at the general rate of about 30s. per 
carat, the proceeds, on the basis of 0.91 carat per load, would be about 
£1 7s., from which the cost of 7s. a load is to be deducted. The com- 
pany, however, did not realize quite this amount, as they contracted 
with a syndicate to take the entire yield of the year at 27s. 6d. per 
carat. The net proceeds, therefore, as given in the report of Mr. Cecil 
Rhodes, are £1,900,000. 

One very large diamond was obtained at the De Beers mine, on the 
840-foot level, in June last. It was a pale-yellow octahedron of 503} 
carats, but somewhat flawed and cracked. In size this is the largest 
stone yet obtained from the mines of this district. 

In his report Mr. Cecil Rhodes dwells on the financial history of the 
De Beers Consolidated Company since its formation in 1888. It then 
owed £5,000,000; its indebtedness now is £3,500,000. In the interval it 
has not only paid large dividends, but has bought £1,250,000 worth of 
consols, and has purchased the Wesselton, Gordon, Bulfontein, and 
Dutoitspan mines. These acquisitions, which comprise all the impor- 
tant mines immediately adjacent, and are now nearly complete, have 
been made with the profits alone, and not by any increase of capital. 
In the last year, out of the net profit of £1,900,000, the amount paid in 
dividends was £1,500,000, and the rest has been spent for expenses and 
the purchase of the new Gordon mine. The diamonds obtained were 
all taken by a syndicate at 27s. 6d. a carat, up to 200,000 carats a month. 
This syndicate has its branches and connections all over the world, and 
disposes of the diamonds at a profit. The same arrangement has been 
made with it to June 30, 1897, and an option extended to Decem- 
ber 31. 

A curious feature reported by a correspondent of the Jeweler’s Cir- 
cular, September 23, 1896, page 7, is the fact that great numbers of 
valuable diamonds are in the possession of native African chiefs, often 
far remote from the mines. These were accumulated in former years, 
when supervision was less thorough and the native laborers had large 
opportunities for theft. Many were sold to the “I. D. Bs.” (illicit dia- 
mond buyers) on the spot, but many also were retained and taken 
home by the men on their return to their tribes; and these for the 
most part went into the hands of the negro chiefs. Indeed, it was 
often made a condition by a chief that anyone of his people who went 
to work in the mines should bring him back a diamond as a present; 
and this condition was entorced by severe punishment, or even death, 
in case of failure. As @ consequence, many of the chiefs obtained 
numbers of fine stones, which they treasure more as charms or talis- 
mans than for their commercial value, of which they had little knowl- 
edge. Of late some enterprising parties have made long journeys into 
the uncivilized regions, with no little risk and hardship, to endeavor 
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to procure some of these diamonds by barter. In some cases the chiefs 
refuse to sell at all; in others they demand impossible prices; but some 
have been obtained, chiefly for liquor, and especially for guns. One 
trader thus procured six diamonds of more than 200 carats each; and a 
small company has secured in four months diamonds worth £35,000 at 
the mines. 

In the Bingara diamond field, according to the report for 1895 of the 
department of mines and agriculture of New South Wales, some 
work is going on steadily, and the new locality, Boggy Camp, has 
attracted a good deal of attention. Some 300 acres of diamantiferous 
“ground” had been taken up here, and several parties were actively 
operating. Only two of these had obtained important results up to the 
end of 1895, one haying taken about 3,000 stones from the washings, 
and the other 1,100. The total value of these is about £400. They 
are not large, averaging about three to a carat, though a few have been 
found of greater size, up to 2 carats. For these rather small diamonds 
there is not very much demand, and as the deposits have been known 
and worked more or less for some years, it does not seem likely that 
they contain many large stones or can become important factors in the 
world’s diamond supply. The stones are washed from a pebbly drift, 
everlain by basalt, and resting upon granite; the drift also yields some 
tin ore. There seems to be a large development in New South Wales of 
a condition similar to that of the “‘sublava” gravels of California, old 
river channels filled by igneous outflows, and yielding gold, platinum, 
and here diamonds, being described in various parts of the colonial 
report. Comparing the conditions with those of South Africa, the Gov- 
ernment geologist, Professor Putnam, states that the area occupied ly 
the diamond-bearing river drift is quite extensive, and he believes that 
the source of the diamonds will, in time, be traced to volcanic “ pipes,” 
as at Kimberley, but that the area is so largely covered by the basaltic 
flows that the pipes are concealed from observation. 

To those interested in the use of the diamond for industrial purposes 
the following fact may be of interest: | 

In reference to bort, which is extensively used for slicing, engraving, 
and polishing, a case has recently come up in the New York custom- 
house from which it appears that this name, or that of diamond dust, 
is to some extent used commercially for a polishing powder composed of 
lime and silica. A New York firm imported some of this material under 
a name which was translated ‘polishing powder” in the invoice, and 
then objected to paying the 2 per cent duty upon it, on the ground 
that it should be admitted free, as diamond dust or bort. Analysis 
showed its composition, but the importer testified that it was commer- 
cially known as bort or diamond dust. The decision was, that even 
were this the case, the provision for free admission was intended only 
for the real bort, and should not cover other substances that might be 
merely so called—presumably for the purpose of evading the duty. 

In the report of the department of mines and agriculture of New 
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South Wales for 1895 is a valuable report upon diantond drills, their use, 
results, and cost. The departinent has a superiotendent of diamond 
drills, Mr. W. H. J. Slee, under whose direction drills are rented and 
operated, and who presents and tabulates the year’s work. In 1895 the 
entire depth bored was 299 feet, scarcely more than half that in the 
year previous. The total cost for boring was somewhat reduced, being 
$7.34 instead of $8.73 per foot. The amount of diamonds used, how- 
ever, was very much greater, their value being 90 cents per foot, as 
against 18 cents per foot the year previous—a result due to great hard- 
ness in the rock bored. The average rate of boring was 9.34 inches per 
hour; most of it a 4-inch bore through porphyry, in the gold mines at 
Captains Flat. 

A writer in the Engineering and Mining Journal gives a description 
of asimple outfit for a miner or prospector looking for diamonds in 
placer beds. After classifying the gold and diamond placers of Brazil 
and California under three groups, as (1) surface and ravine diggings 
(the “dry diggings” of the first African discoveries), (2) river beds, 
either at low water or exposed by artificial diversion (the “river dig- 
gings” of Africa), and (3) ancient river beds, covered by volcanic out- 
flows or otherwise no longer occupied by streams, he recommends to the 
diamond seeker the following outfit: A light pick, a sbovel, a ‘‘ miner’s 
wallet,” or long bag for carrying the gravel, etc., to water (size 4 feet 
8 inches long by a foot and a half across), and two screens or “riddles” 
with meshes of three-fourths and one-eighth inch, respectively, 
together with a tub for washing, easily made by cutting a barrel in 
half, or else a rubber bath tub, and a sheet of rubber cloth to sort the 
washed gravel upon. To examine it he should have a watchmaker’s 
lens (two powers) and a hardness scale, made by fixing a chip of dia- 
mond, one of corundum, and one of quartz, with lapidary’s cement, 
into the end of a piece of glass tubing or of a pencil from which the 
rubber has been removed. The lapidary’s cement melts easily over a 
spirit lamp, may then be easily molded with the fingers, and becomes 
very hard and firm. 

To examine for diamonds, the coarse riddle is fastened above the fine 
one, the gravel put into the upper oue, and all immersed in the tub and 
washed and shaken. The coarse stones are retained in the upper rid- 
dle, and the sand and earth pass through both into the tub, leaving all 
the finer gravel in the lower riddle. This latter is detached from the 
other, aud its contents are again washed and shaken, till the heavier 
portions have settled at the bottom; itis then quickly turned out on the 
rubber sorting cloth, which should be spread close by. The heavier 
stones will then be on the top, and may be examined with the Jens and 
the hardness scale. 

The writer of the article states that he has had much experience in 
the Brazilian placers, and believes that such simple directions will have 
value, as there are frequent inquiries from miners and prospectors, and 
very little definite information is to be found in published authorities. 
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To the above-described outfit may be added a simple silver, iron, or 
bronze ring, with a natural octahedron of diamond brazed in it for a 
hardness test; also some sheets of emery paper, or paper coated with car- 
borundum, so that when a stone is found that resembles a diamond, if 
it be rabbed for a few moments on the paper and any visible mark be 
made on it, one can be sure that it is not a diamond. 

During 1896 a long trial was conducted in the United States circuit 
court to determine whether or not certain firms had violated the con- 
tract-labor Jaws by bringing in diamond cutters and polishers. It was 
decided in the negative. During this trial a large amount of valuable 
testimony bearing on the history of diamond cutting in the United States 
was taken, nearly everyone who had ever engaged in this industry being 
called upon to testify. 

The remarkable discovery of Prof. Henri Moisson, of the Institute 
of France, alluded to in the last report (page 904), of a method for pro- 
ducing diamonds artificially by the rapid cooling of highly carbonized 
iron from fusion at very high temperatures, whereby the exterior is solid- 
ified, and the interior thus becomes subject to an enormous pressure, has 
not led to any commercial results, as the diamond crystals thus obtained 
are extremely minute. Bnt it has great scientific interest and has 
been drawn into relation also with the occurrence of diamond carbon 
in meteorites. At the reception tendered him October 27, 1896, by the 
united scientific societies of New York, Professor Moisson performed 
his classic experiment of producing artificial diamonds by the method 
described in the last report. He was successful, and at the time 
stated that he had performed the experiment 300 times without failure, 
but that not more than one-half of a carat of diamond was produced 
by the 300 experiments. 

Professor Rossel, of the University of Berne,. has undertaken an 
inquiry as to the possible presence of diamond carbon in very hard 
steels, and in some extremely tough varieties of iron from the bottom 
of blast furnaces, where the pressure is very great. The result has 
proved the correctness of this suggestion, as Professor Rossel has 
obtained from such sources minute particles having octahedral crys- 
tallization and presenting all the physical properties of diamond. The 
largest of these do not exceed half a millimeter in diameter, but they 
suggest the possibility of more important results in the course of fature 
experiment.! 

Among various fraudulent schemes resorted to for the purpose of 
deceiving the public regarding diamonds, a notably ingenious one has 
been exposed during the past year. Certain parties operating in Phila- 
delphia as a center, and claiming to have branches in New York and 
other cities, by large signs and extensive advertisements in the papers, 
announced extraordinary opportunities for procuring genuine diamonds 
at $l each, and had a display window filled with the supposed gems in 


1 Journal Officiel ustré de YExposition Nationale Suisse, 1896. 


Google 


PRECIOUS STONES. 1191 


showy settings. Every tenth stone was to be a real diamond; the rest 
were announced as “ genuine white topaz, impossible to detect from 
diamond.” Experts were “defied to distinguish them,” etc. The 
Pennsylvania Retail Jewelers’ Association, through its officers, under- 
took an investigation and laid the facts before the district attorney as 
a fraudulent lottery. The ‘“‘ white topaz diamond ” proved to be cheap 
paste, and the settings to be 5-carat gold only. As to the one-tenth 
of trne diamonds no evidence was obtained, and their existence was 
highly uncertain. Proceedings have also been begun against the same 
party for similar practices in Cleveland and Providence, the claims 
aggregating over $12,000. This system of deception has been set on 
foot in nearly every large city in the United States. 


GENESIS OF THE DIAMOND. 


There has recently been published a volume of small size, but of 
especial interest and importance, in regard to the origin of diamonds. 
This is none other than the posthumous issue of the full papers of the 
late Prof. H. Carvill Lewis, edited by his friend, Prof. T. G. Bonney, of 
London.' It will be remembered that Professor Lewis was the first to 
present a clear and definite theory of the origin of the South African 
diamonds, as resulting from the intrusion of igneous rocks into and 
through carbonaceous shales, and the crystallization of the carbon 
throughout the rock as it cooled, from hydrocarbons distilled from the 
shale that had been broken through. These views, now for the most 
part accepied, and subsequently confirmed by other and very interest- 
ing parallel discoveries, he presented in two papers read before the 
British Association for the Advancement of Science at its meetings 
held in 1886, at Birmingham, and in 1887, at Manchester. Before he 
was able, however, to prepare them for publication and carry them to 
the greater completeness that he desired, Professor Lewis succumbed 
to an attack of typhoid fever, which removed one of the most brilliant 
and capable of the rising scientists of this country. Agreeably to 
his expressed wishes, his material was intrusted to his friend and 
colaborer, Prof. George H. Williams, of Johns Hopkins University; but 
by a strange fatality, before the latter had time to arrange and edit 
these papers, he too fell a victim to the same disease in 1894, The 
work was then committed to Professor Bonney and, is at last given to 
the scientific world. 

The book consists of an introductory note by Mrs. Lewis; a preface 
by Professor Bonney; the two papers of Professor Lewis himself, with 
some later notes and references by the editor; a brief account of similar 
material from other localities, belonging to Professor Lewis, also by 


1Papers and Notes on the Genesis and Matrix of the Diamond, by the late Henry Carvill Lewis, 
M. A., F.G.8., profeasor of mineralogy in the Academy of Natural Sciences, Philadelphia, professor of 
geology in Haverford College, U.S. A. Edited from his unpublished MSS. by Prof. T. G. Bonney, 
D. Se., LL. D. F. R. S., etc. Longmans, Green & Co., London and Bombay, 1897. Pages xvi, 72. 
2 plates. 
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the editor; a closing note on some other manuscripts of Professor 
Lewis, and a full index. There are also two plates and a uumber of 
smaller illustrations, the latter from Professor Lewis’s own drawings. 

The first paper, ““On a diamond-bearing peridotite and on the his- 
tory of the diamond” (1886), is brief, dealing with the general character 
and occurrence of the diamantiferous rock at Kimberley and outlining 
Professor Lewis’s theory. 

The second paper, “The matrix of the diamond” (1887), is more 
extended, and goes into an exhaustive discussion and comparison of the 
various aspects, contents, and alterations of the rock, which he finds 
to be different from any previously. described, and therefore proposes 
for it the name kimberlite. Its main character is that of a highly basio 
porphyritic peridotite, filled with olivine crystals and grains, more or 
less altered, and various other minerals, serpentine, tremolite, etc., with 
bronzite, rutile, perofskite, pyrope garnets, micaceous minerals, and 
other formas, and at times brecciated in structure, filled with fragments 
of carbonaceous shale brought up from below. The shales are of Tri- 
assic age, the “Karoo beds” of that region, and the intrusion of the 
peridotite in the great “pipes” or chimneys that constitute the mines 
is therefore proved to be of a later, though not exactly determined 
period. 

The question has sometimes been raised whether the diamonds them- 
selves may not have been carried up from a deeper source in rock below, 
instead of originating in the peridotite, and the occurrence of broken 
crystals has been cited in support of this view. Professor Lewis, how- 
ever, disposes very completely of this idea in two ways: He refers to 
the well-known fact that each of the great mines or “pipes” yields 
diamonds that have, in some respects, a type or character peculiar to 
that one and different from the others; so that African experts, and 
even those who have never been there, can recognize from which mine 
any diamond has come. Further, as to the broken crystals, he shows 
that breakage not unfrequently occurs after the diamonds are removed 
from the rock, and points out that this is a result of strain in their for- 
mation, as indicated by microscopical and optical examination, and that 
such a condition is known to produce ruptures and explosions in other 
minerals. It may be added here, although Professor Lewis does not 
speak of it, that many crystals must. be broken in the blasting of the 
rock, the shoveling and carting of the loosened material, and the various 
mechanical processes employed at the mines, and that pieces of such 
broken crystals would .be separated and scattered to various parts of 
the dumping floors, never to be recognized as fragments of the same 
one when finally recovered perhaps at very different times. 

The rock itself is a dark green compact material, resembling serpen- 
tine, and containing a large proportion of olivine in grains and crystals; 
several green minerals that, from the resemblance of their color, are 
not conspicuous from the ground mass (enstatite, chrome-diopside, 
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smaragdite, and bastite); a mica, probably biotite, more conspicuous 
and quite abundant, and frequent grains of pyrope garnet, sometimes of 
gem quality and miscalled “Cape rubies.” Of smaller disseminated 
minerals are to be noted perofskite, quite frequent, and magnetite, 
chromite, ilmenite, and picotite, less so, though common. Rare and 
minute occurrences are apatite, epidote, orthite, tremolite, tourmaline, 
rutile, sphene, and leucoxene. As decomposition products there are 
serpentine and calcite, abundant, and zeolites, chalcedony, and talc, 
' also cyanite(?). These, with the diamonds and the included fragments 
of carbonaceous shale, make up the contents of this remarkable rock. 

Professor Lewis then goes into a detailed account of the mode of 
occurrence of these minerals, beginning with the most conspicuous 

_ species—the olivine—which is remarkable for its fine cleavage surfaces 
and very interesting in its alterations. These are chiefly (1) into ser- 
pentine, proceeding from without inward, and penetrating along crev- 
ices and fractures, also sometimes in the form of chrysotile, producing 
a velvety border or coating to the grain; (2) tremolite, more internal, 
the fibrous structure developing parallel to the vertical axis and domes 
of the olivine crystals; (3) when both these alterations are present and 
have gone so far as to obliterate most or all of the olivine, a tale-like 
substance intervenes between them, in which are developed minute 
needles of rutile, arranged parallel to the faces of the olivine crystal. 
The rock contains every stage of these changes, from pure bright unal- 
tered olivine to those forms that have borders of serpentine or chryso- 
tile, or incipient tremolite fibers within, to the complete alteration just 
described. The relation of all these to similar phenomena in other 
rocks and in meteorites is discussed with much fullness. 

Professor Lewis then takes up the smaragdite, chrome-diopside, 
bastite, and enstatite (or bronzite, for it is just on the line between the 
two varieties). The two first named are, in some cases, fine enough 
in color and clearness to yield gems, and also sometimes the bronzite. 
All are colored by chromium. ‘The diopside occasionally gives rise to 
calcite by alteration. 

The mica is next considered. As all who are familiar with the rock 
are aware, it is the most prominent of the contained minerals to the eye. 
It is somewhat anomalots in character, being chemically a biotite, but 
optically nearer to phlogopite. It occurs in several distinct ways: (1) as 
included crystalline masses or plates, apparently an original ingredient 
of the rock; (2) surrounding grains of pyrope; (3) rarely as a result of 
the alteration of enstatite; aud (4) as a metamorphic product from the 
included fragments of shale; and the first form has produced, by hydra- 
tion, the vermiculite variety called vaalite, which occurs freely in the 
decomposed peridotite so largely known as the “‘blue-ground.” 

After referring to the pyrope garnets, and suggesting that the vari- 
ous garnetiferous serpentines are doubtless derived from the decompo- 
sition of similar peridotites, as further indicated by their likewise 
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containing olivine, bronzite, chrome-diopside, etc., the author mentions 
another variety of garnets as found in this rock, very small, very bril- 
liant, very hard, colorless or greenish, and extremely difficult to distin- 
guish from small diamonds. These he is inclined to refer to demantoid. 

The remark is made that while perofskite is familiar in various non- 
feldspathic igneous rocks, it has not been found in peridotite until 
Professor Williams recognized it in the peculiar rock from Syracuse, 
New York, and that later Professor Lewis identified it in the similar rock 
from Isoms Creek, Kentucky, where it had been previously regarded 
as anatase. These three rocks—those just named agd the African— 
are the only known occurrences of what is here named kimberl ite. 

After going into some particulars as to the minor minerals found in 
this rock, Professor Lewis then takes up the base or ground mass and 
discusses it minutely. He terms it “‘a more or less homogeneous ser- 
peutinous mass,” very difficult to study by reason of its decomposed 
condition, consisting now of a mixture of serpentine with calcite and 
some other products of alteration, the original structure being wholly 
lost. 

Fragmental inclosures are frequent, “‘both of the adjoining shale and 
diabase, and also of more deeply seated granite, gneiss, eclogite, and — 
other related rocks.” Of these the shale predominates, sometimes 
making the rock a breccia. The shale itself is highly charged with 
carbon, so as to be quite combustible; but the included fragments are 
altered, having lost their carbon and become harder, sometimes even 
metamorphosed to a micaceous structure, as before referred to. In size 
they vary from large masses, in the upper part of the mines, called by 
the workers “ floating-reef,” to small fragments, diminishing in number 
and size in descending. 

The author goes into a detailed petrographical and chemical discus- 
sion as to the original character of the rock, in which it is hardly pos- 
sible to follow him in a review, and finding no known rock that presents 
identical characters, he proposes for it the name kimberlite. This he 
designates as ‘a porphyritic volcanic peridotite of basaltic structure,” 
and notes three forms of its occurrence: (1) kimberlite proper, a typi- 
cal porphyritic lava; (2) kimberlite breccia, the same rock broken and 
crushed by volcanic movements and crowded with included fragments 
of shale; (3) kimberlite tuff, the fragmental and tufaceous portion of 
the same rock. These varieties graduate into one another, and all 
occur together in the same neck or crater, the second, however, being 
most abundant and most productive of diamonds. 

He treats of the origin of the brecciated structure, which has caused 
much discussion, some geologists regarding the whole rock as a sort of 
tufa or voleanic mud, while others hold that it is a true outpouring lava 
that has carried up fragments of the rocks broken through in its course, 
and has since been largely decomposed. Professor Lewis urges the 
latter theory strongly and supports it by many arguments, while the 
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editor, Professor Bonney, evidently inclines ‘to the Other view, advo- 
cated by Prof. W. H. Huddlestone in 1885, and by some others. There 
is not space here toreview Professor Lewis’s several arguments for the 
true igneous character of kimberlite and against the tufaceous theory. 
The one to which Professor Bonney accords chief importance is the 
identity of the rock with that from Syracuse, New York; aud Elliott 
County, Kentucky, where it occurs in actual dikes, such as are not found 
in tufas. The brecciated character which is so marked is referred by 
Professor Lewis to three causes, acting either separately or perhaps 
together. These are (1) rapid cooling and shrinkage; (2) “friction 
brecciation,” from contact with the wall-rock, and (3) subsequent move- 
ments and explosions in the crater itself, below. He illustrates and 
parallels the first of these from meteorites, to some of which this rock 
bears marked resemblance both in structure and in contents, and the 
others from well-known occurrences in terrestrial volcanic rocks. 

The third section of the volume is occupied with a detailed account, 
from specimens and notes of Professor Lewis, of the two other known 
occurrences of kimberlite, at Syracuse, New York, and Willard, Ken- 
tucky. The identity of these with the African rock, in almost all 
particulars, is remarkable, and as they form definite eruptive dikes 
Professor Lewis’s views as to the latter are strongly confirmed. 

It remains only to call attention to other and later facts which tend 
to bear out the views presented in this remarkable posthumous article. 

The presence of a residual hydrocarbon in the rock of the African 
diamond mines was shown by an interesting and important observation 
of Sir Henry E. Roscoe,! which is alluded to by Professor Lewis in his 
second paper and has frequently been cited in discussions of the sub- 
ject. He found that the “blue ground,” on treatment with hot water, 
yielded an aromatic hydrocarbon, which he was able to separate by 
digesting the blve ground with ether and evaporating the solution. It 
then appeared as a crystalline aromatic solid, burning with a smoky 
flame (showing it rich in carbon), volatile, and melting at 50° C. 

The bearing of this fact on Professor Lewis’s theory is clear. He 
holds that the igneous rock, breaking through the highly carbonaceous 
Karoo shales (37.5 per cent of carbon,)’ became charged with vola- 
tilized hydrocarbons distilled from the shale, and that in cooling these 
had crystallized. partly into diamonds and partly into the many car- 
bonadoes, larger and smaller, which are distributed, through the rock. 
Professor Roscoe’s material strongly confirms this theory, which indeed 
he himself propounded. 

Daubrée’s discussion of the analogy of the occurrence of diamond in 
meteorites and in the South African kimberlite appeared in the Comptes 
Rendus, 1890, pp. 110-118. 

On September 22, 1886, a meteorite fell at Novo Urei, in the province 


1 Proc. Lit. Philos. Soc. Manchester, Vol. XXIV, 188, p. 5. 
2J.E. Whitfield, analyst; see Gems and Precious Stones of North America, by G. F. Kunz, 1889, p. 33. 
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of Pensa, Russia, which ‘was found to contain about 1 per cent of dia- 
mond carbon in the form of gray particles. 

In 1887 Mr. Fletcher! described the new mineral, cliftonite, a black 
substance with a hardness of 2.5 and a density of 2.12, occurring in cubes 
with faces of the dodecahedron or tetrahexahedron in the meteorite 
of Youndegin, West Australia. This suggested a graphitic alteration 
of diamond, a view taken by Brezina? regarding this new species and 
certain graphitic crystals of cubic type observed long before in the 
Arva meteorite and regarded as pseudomorphs after pyrite by Hai- 
dinger,’ but later by Rose as after diamond.‘ Similar crystals were also 
known in the Sevier iron of Cocke County, Tennessee. 

In 1891 the discovery of diamond, or at least of diamond carbon, in 
some quantity in the meteoric iron of Cajion Diablo, Arizona, was 
announced by the late Prof. A. EK. Foote’ and Dr. George A. Koenig. 
In July, 1892,° Dr. O. W. Huntington gave further experiments on the 
same material, confirming the determination of Professors Foote and 
Koenig; and in December of the same year similar results were pub- _ 
lished by Mr. M. C. Friedel.? A crucial test was then proposed by the 
author and carried out in the presence of Dr. Huntington at the World’s 
Fair at Chicago, September 11, 1893, namely, the cutting of polished 
faces on pieces of diamond with some of the carbon powder from the 
cavities of the Caiion Diablo meteorite.® 

In the meantime Prof. Henri Moisson, of Paris, had been making his 
now celebrated experiments on the artificial production of diamonds 
from the cooling, under extreme pressure, of highly carbonized iron 
fused in a specially constructed electric furnace.® 

All these facts, taken together, form a remarkable series of confirma- 
tory evidence for the views advocated by our late countryman in regard 
to the production of this most precious of gems, the origin of which 
has been so obscure a problem in mineralogy and geology. Another 
point of great scientific interest developed in the course of these investi- 
gations is the close similarity, both in composition and in structure, 
existing between some of these rarer igneous rocks of our globe and 
the extra-terrestrial visitants that come to us from space. 

It is a matter for national pride that this remarkable investigation 
should have been made by an American scientist; and a deep debt of 
gratitude is due both to the English editor, Professor Bonney, for this 
labor of love alike to science and to a deceased friend, and to Mrs. 
Lewis, who has so carefully sought to preserve and to make public these 
papers of her brilliant and lamented husband. 


'Mineralogical Magazine, Vol. VIT, p. 121. 

2 Ann. Mus. Wien, Vol. IV, 1889, p. 102. 

3Pogvendort?, Aunalen, Vol. LXVIT, 1846, p. 437. 
4{Beschr. Meteor., 1864. p. 40. 

5Am. Jonr. Scei., 3d series, Vol. XLIT, 1891, pp. 413-417. 
Science, p. 15. 

Bull. Soc. Francaise de Minéralogie, No. 9, p. 258. 
8Am. Jour. Sci., Dec., 1893, 2d series, Vol. XLVI. and Mineral Resources for 1893, pp. 683-685. 
9 Mineral Resources, 1895, pp. 903, 9U4. 
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RUBY. 
NORTH CAROLINA. 


Concerning the discovery of true rubies in the Cowee Valley, in 
Macon County, North Carolina (first noticed in Mineral Resources for 
1893, p. 693; more fully in that report for 1894, p. 599, and again last 
year, p. 905), it is of interest to state that this locality has lately been 
visited and examined by the eminent authority, Mr. C. Barrington 
Brown, whose joint article with Professor Judd! on the ruby mines of 
Burma was reviewed in this report for last year.2. The results of this 
investigation are to be presented to the Royal Society of London in a 
similar article by the same two eminent authorities, and it is hoped that 
it may be published in time to embody the main features of it in the 
next issue of this report. 

At present all that can be stated as to Mr. Brown’s conclusions is 
that the manner of occurrence of the rubies here is claimed to be new 
to science, and to have important bearings upon the genesis of the Bur- 
mese gems. 

Prospecting has been extended for over 3 miles up and down the 
Cowee Valley, and the “bottom” and “hillside” gravels bave been 
shown to be ruby-bearing throughout. At one point near the head of 
the valley the gems have been found in situ, and prospecting is in 
progress to determine the nature and extent of this occurrence. 

Associated with the rubies are found various minerals, notably some 
very beautiful almandine garnets, which yield cut gems of remarkable 
brilliancy and color. There are also found gray, blue, and magenta 
corundum, and small quantities of gold, sperrylite (platinum arsenide), 
monazite, zircon, and rutile. 

The best ruby crystal thus far obtained here weighs about 63 carats, 
and is claimed to be of fine quality. It has not yet been cut, however, 
and its gem value can not definitely be determined. It-is believed by 
those engaged in developing this locality that a veritable ruby-beariug 
district, similar to that of Burma, has at last been discovered in North 
Carolina, but under conditions unexpected and novel in character. 


BURMA. 


In a paper recently presented before the Institution of Mining and 
Metallurgy of London, Mr. T. Trafford Wynne has given very full accounts 
of the history and methods of mining in the ruby district of Burma, in 
the Mogok Valley. Much of his description, though with some little 
variation of detail, is substantially identical with that given in the 
report of Messrs. Brown and Judd, referred to above. He describes the 
three native methods in much the same way: The “Twinlones,” or 


1Philos, Trans. Royal Soc. London, Vol. CLX XXVIT, 1596, pp. 152-228. 
Seventeenth Ann. Rept. U.S. Geol. Survey. Part III (Mineral Resources), 1896, pp. 905-906. 
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“Twins,” pits dug in alluvial deposits down to the gem gravel, for 
which he uses the native name Byon; the “ Hmyaws” (hmyaudwins of 
Brown and Judd), a sort of hydraulic mining of the hill wash, or 
alluvium along the hillsides; and the “Loos” or ‘“Loo-twins,” i. e., 
cave mines, where the gems are gathered from fissures and cavities in 
the limestone rock. The chief points in which Mr. Wynne’s account 
varies from the other are in the statement that the alluvium has 
been subjected to a sort of natural riffing process, by ridges of rock 
crossing the valleys, over which the lighter and finer material has 
been carried, while the coarser and heavier, containing the gems, has 
been retained above them; and in his account of the Hmyaw-twins, or 
‘“Water-mines,” wherein he states that the cutting down of the banks 
is done by hand and the water allowed to fall from as great a height as 
possible upon loosened masses of clay and gravel, carrying the disinte- 
grated material into boarded channels, where it is stirred with hoes, etc., 
and the heavy “Byon” caught in a box at the lower end, and the light 
mud washed away. The “Byon” is then picked over by hand. 

He adds that this form of mining is chiefly in the hands of the head- 
men of the villages, as there is considerable expense to be met in mak- 
ing ditches and bamboo flumes, etc., betore profits can be realized. 

Mr. Wynne then goes on to give later accounts of the introduction 
of European methods. The English company that now holds the 
mining rights from the Government made various attempts with little 
result for some time, but finally established a successful experiment 
in working at the lower end of the Tagoungnandine Val‘ey. Here 
there was available a 100-foot head of water power. This was employed 
to drive a 4-foot Pelton wheel pump at the mining pit. As it was 
found to work successfully, the same method is being extended into 
the main valley of the Mogok. Another process is also employed at 
one point—that of tunneling through the rock barrier that obstructs 
the drainage of the valley and causes it to hold so much water in the 
soil. The tunnel was 10 by 10 feet and 500 feet long, and drained the 
valley to a depth of 40 feet; a washing plant was erected there, driven 
by water power. The total cost of excavating, hauling, washing, and 
sorting for a load of 15 cubic feet is a little over half a rupee. This 
method, of course, is available only in the smaller valleys, where the 
rock barrier is narrow. 

This same paper and various other recent references mention the 
discovery of a ruby district at a point known as Nanyaseik, some 60 
miles northwest of Mogoung, where fine gems are reported to occur 
through a considerable area. No very definite accounts of this region 
are yet attainable, but some parties connected with the Burma ruby 
mines have visited it and report that it is likely to prove a serious 
rival to Mogok. 
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SAPPHIRE. 
MONTANA. 


The existence of sapphire in the State of Montana has been known 
for some years past, and has attracted considerable attention. Several 
localities are now known, and several distinct modes of occurrence, 
They were first found in transported gravels along the bars of the 
upper Missouri; ‘then they have been found in the earthy product of 
decomposed dikes, and lastly farther down in the unaltered igneous 
rock itself, the succession thus presenting a close parallel to the his- 
tory of the diamond workings in South Africa. 

The first published description of the Montana sapphires was by the 
late Dr. J. Lawrence Smith.' He said: 

These pebbles are found on the Missouri River near ita source, about 61 miles 
above Benton. They are obtained from bars on the river, of which there are some 
four or five within a few miles of each other. Considerable gold is found on these 
bars, it having been brought down the river and lodged there, and the bars are now 
being worked for gold. The corundum is scattered through the gravel (which is 
about 5 feet deep) upon the rock bed. Occasionally it is found in the gravel and 
upon the rock bed in the gulches, from 40 to 50 feet below the surface, but it is very 
rare in such localities. 

A fuller account of the conditions and yield was given by the author 
in his volume on Gems and Precious Stones of North America, pub- 
lished in 1890 (pp. 48-49). He subsequently visited the locality and 
examined it carefully, publishing the results in the appensr to the 
same work (pp. 340-342). 

In 1891 the first serious attention began to be paid té the mining of 
sapphires in this district. The bars consist of an auriferous glacial 
gravel, and in working them for gold, sapphires were obtained as a 
by product. By 1890 companies began to be formed and claims taken 
up and examined with a view to sapphire mining. The region extends 
for some 6 miles along the Missouri River, the central point beiug Spo- 
kane Bar, 12 miles east of Helena. Other names, such as Emerald Bar, 
Ruby Bar, French Bar, Eldorado Bar, etc., were given to different points 
of the area. The gravel rests on aslaty bed rock and contains a variety 
of minerals besides gold and sapphires—small crystals of white topaz; 
garnets in rounded grains, often of rich color and miscalled rubies; 
cyanite; stream tin; chalcedony; limonite pseudomorphs after pyrite 
nodules, etc. At Ruby Bar two facts of great significance were encoun- 
tered bearing on the age of the gravel and the source of the gems, The 
writer saw and measured a mastodon tusk 3 feet long, embedded in the 
sapphire layer of the gravel; and a dike was found cutting the slaty 
bed rock beneath, in which were crystals of sapphire, pyrope, and sani- 
din. All these facts were described by the writer,’ together with an 


1Am., Jour, Svi., Sept., 1873, 3d series, Vol. VI, p. 185. 
2? Mineralugical Mayazine, London, Vol. IX, 1891, p. 396. 
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account of the rock, by Mr. H. A. Miers,’ who characterized it as a 
‘vesicular mica-augite-andesite,” abounding in brown mica and por- 
phyritic crystals of augite, with a ground mass of feldspar microlites 
and brown glassy interstitial matter, with magnetite. 

Two years before, indeed (in 1889), the writer had seen some speci- 
mens of a trachytic rock, inclosing well-defined crystals of sapphire 
similar to those of Eldorado Bar, from a dike somewhat farther up the 
river. These facts, which were referred to in Gems and Precious Stones 
of North America (p. 49), and the appendix (p. 341), sufficiently showed 
the source of the gems as coming from the erosion of dikes of igneous rock. 

More recently sapphires have been found throughout a considerable 
district lying some 75 to 100 miles east of the Missouri bars, the prin- 
cipal poiut being Yogo Gulch, on the Yogo Fork of Judith River, near 
its headwaters, in Fergus County, Montana, on the eastern slope of 
the Little Beit Mountains. The nearest town is Utica, 15 miles to the 
northwest, in the same county. The sapphires occur over a somewhat 
extended area, which is being explored and laid out in claims. They 
are embedded in a yellow earthy material, from which they may be 
washed out by sluicing, as for gold, the heavy crystals gathering at 
the bottom. Mr. 8.8. Hobson, of Great Falls, Montana, the original 
discoverer of the gems at Yogo Gulch, states that there are at that 
point two dikes containing sapphires, which have been traced for a dis- 
tance of 7,500 to 8,000 feet in an east-west course, about 800 feet apart. 
One of these is 75 feet wide, and consists of ‘yellow earth” (i. e., is 
completely decomposed). It has been found that what was supposed 
to be the end of the ‘‘vein” is really a 50-foot tault, and that the vein 
can be traced very much farther. In working down to a greater depth 
the unaltered igneous rock has been reached. These Yogo Gulch 
sapphires have been referred to by the writer in the Sixteenth and 
Seventeenth Annual Reports of the United States Geological Survey. 

Other localities are also coming to light in the same State. One of 
these is at Rock Creek, Granite County, 30 miles from Phillipsburg, 
where the gems are reported of good blue color, with other tints, and 
some pale rubies; another is on Cottonwood Creek, 18 miles from Deer 
Lodge, the stones being of varied colors—red, pink, yellow, and occasion- 
ally blue; the third has been recently announced in Choteau County. 

As regards the gems themselves, marked differences appear in those 
from the two principal Montana regions. All are of small size, but the 
crystallization differs markedly. Those from the Missouri gravels are 
characterized by the presence of the prismatic faces, with the basal 
plane, and rarely any of the rhombohedral modifications, the prevail- 
ing forms being hexagonal, either prismatic or so short as to be tabular. 

A beautiful example of this type is figured in Gems and Precious 
Stones of North America, colored Pl. I, Fig.C. The specimens from the 
minor localities have generally a similar type of form. The Yogo Gulch 


' Loe. cit. 
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crystals, on the other hand, are largely rhombohedral, with the basal 
plane more or less present, but the prismatic and pyramidal faces hardly 
at all. The rhombohedral X, which is prominent in these crystrals, as 
shown in figures and descriptions by Mr. J. H. Pratt,' has the remark- 
able interest of being new to this species. Other very noticeable 
features, which the writer was the first to observe and point out, are the 
striations on the basal plane parallel to its intersections with the 
rhombohedron, and sometimes rising into steps as the oscillation 
becomes a replacement, as well shown in Mr. Pratt’s figures, and the 
singular depressions on the basal plane in other crystals, their sides 
being formed by faces of the inverse rhombohedron, sometimes meeting 
in a point and at other times truncated and floored by a basal plane. 

We have here two distinct types of crystallization in the same min- 
eral from the same State, and produced apparently under similar con- 
ditions in igneous rocks, It will be extremely interesting to learn by 
further exploitation and study whether these two types bear any fixed 
or definite relation to the particular variety of eruptive rock in which 
they occur. The accounts thus far given of the rocks examined seem 
to suggest such a possibility. | 

A petrographical description of the Yogo Gulch rock will be given by 
Prot. L. V. Pirsson, of Yale University, in the American Journal of 
Science. 

He regards the rock as a dark basic lamprophyre, consisting mainly 
of biotite and pyroxene, having its closest affinities with the monchi- 
quite group, of which he considers it a basic unaltered type. It is much 
richer in the ferromagnesian components, while lacking the feldspars 
of the minette group, though it has some relations with them and with 
the “‘ shonkinites,” before described, from this region.” 

Professor Pirsson regards this occurrence as an important addition 
to our knowledge concerning pyrogenetic corundums. He holds that 
the clear-cut forms of the crystals, and also their general distribution, 
prove them to have been crystallized out of the magma as definitely 
as the well-formed phenocrysts of feldspar in a porphyry disclose their 
origin. Their form and occurrence, moreover, agree with the important 
experiments and conclusions of Lagorio,? viz, that corundums originat- 
ing in an igneous rock form flat hexagonal tables with low rhombo- 
hedra, and also correspond to the experiments of Morozcewicz,‘ which 
showed that molten glass of a basic character dissolves alumina in 
considerable quantity, and that on cooling crystals of corundum and 
spinel separate out. 

As to the value of the Montana sapphires in jewelry, it is hardly 
possible yet to predict how far they may be really important. Much 
beautiful material has already been obtained, but little of high value. 


1A paper to appear in Am. Jour. Sci, for September, 1897. 
2 Am. Jour. Sci., 3d series, Vol. L, 1895, p. 467. 
3 Zeitach. fiir Kryatallographie, Vol, XX1V, 1895, p. 281. 
‘Ibid. 
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Those from the Missouri bars had a wide range of color—light blue, 
blue-green, green, and pink—of great delicacy and brilliancy, but not 
the deep shades of blue and red, that are in demand for fine jewelry. 
As semiprecious or “fancy” stones, however, they have value. 

The Judith River region is more promising, the colors varying from 
light blue to quite dark blue, including some of the true “cornflower” 
tint so much prized in the sapphires of Ceylon. Others incline to 
amethystine and almost ruby shades. Some of them are “peacock 
blue” and some dichroic, showing a deeper tint in one direction than 
in another; and some of the “cornflower” gems are equal to any of the 
Ceylonese, which they strongly resemble, more than they do those of 
Cashmere. Several thousand carats were taken out in 1895 from a 
preliminary washing of 100 loads of the “earth.” Of these, 200 carats 
were of gem quality, and yielded, when cut, 60 carats of fine stones, 
worth from $2 to $15 a carat. All, however, are small, none having 
yet been obtained of more than 14 carats in weight. 

Mr. T. E. Crutcher, of Helena, Montana, reports that sapphires have 
been found in some abundance and of good size and quality in the 
northeastern part of Choteau County, and that a number of claims 
have been located. The character of the stones found is similar to that 
of the sapphires from the bars of the Missouri. 

Small ruby corundums are reported by Mr. H. H. Rusby, of Gallinas 
Spring, New Mexico, to have been found in San Miguel County, but 
no particulars are given as to their quality or mode of occurrence. A 
single specimen of ruby corundum is mentioned by Mr. E. C. Blackuey, 
of Custer, South Dakota, as having been found near that place. The 
occurrence of crystals of ruby-red corundum in hornblende slates in the 
Lower Gem mines, Towns County, Georgia, is reported by Mr. Ferereto 
8. Ropes, of Franklin, North Carolina. 


BURMA. 


Over the signature of F. C. Gates, revenue secretary, there were 
‘published at Rangoon, Burma, on November 4, 1895, the printed rules 
concerning the mining for rubies and other precious stones in the 
Upper Burma ruby district. These are given to the various workers 
‘and treat of the cutting of stones, the buying, selling, and transporta- 
tion of them, and supplementary rules and lists. Gems are worked 
for in the north, south, east, and west of the Sangyin region, and 
during the last five years the work has been carried on more espe- 
cially in the Mandalay district, which covers about 500 acres. 

Dr. Max Bauer, of the University of Marburg, in Hesse, presents an 
‘admirable paper on the occurrence of ruby in Burma in the Separat- 
-Abdruck aus dem Neuen Jahrbuch fiir Mineralogie, Geologie, und 
‘Palaeontologie, Jahrg. 1896, vol. 11, pp. 197-238, with one plate. This 
article exhaustively describes the occurrence of ruby, spinel, and the 
associated minerals in that country. 


Google 


PRECIOUS STONES. 1203 


BERYL AND EMERALD. 


During the past year many fine crystals of beryl of gem value have 
been found at Topsham, Maine, one a crystal 12 inches long and 2 
inches in diameter. 

Dr. A. Bibbins, of Baltimore, Maryland, reports transparent beryl 
found at H. H. Wright’s quarry, Hampden, Baltimore County, occur- 
ring in pegmatite, with hornblende, associated with almandine garnets. 
Occasionally one would pass for a gem. 

Mr. J. L. Rorison, Bakersville, North Carolina, has found some very 
good specimens of emerald crystals, quite dark in color on the outer 
edge, with white or very light interiors, thus resembling the crystals 
found at Arendal in Norway. Work was carried only to a depth of 6 
feet, and nothing of gem value was found, but the specimens were 
interesting in their resemblance to those from the Norwegian locality. 


TOPAZ. 


Mr. G. F. Moore, of Roseberry, Boise County, Idaho, who has for 
some years worked gold-gravel mines about 100 miles north of Boise, 
has found in the gravel a large waterworn crystal of topaz identical in 
habit with those from the Alabaschka locality in the Urals. The crys- 
tal is of a greenish color, weighs 1,110 carats, and measures 50 milli- 
meters in length and 46 millimeters at its greatest breadth. Associated 
with it are amethyst crystals, all found on the bed rock. This is the 
first discovery of topaz reported from Idaho, and the occurrence in 
the gravel suggests that a locality exists from which this specimen 
was transported and where perhaps finer material may be found. 

An interesting article on topaz and other western minerals by May- 
nard Bixby appeared in the Mineral Collector for October, 1896, Vol. 
III, pp. 113-114, with plate. Mr. Bixby calls attention to the remark- 
able groups of opaque topaz from Thomas Mountain Utah. These are 
larger than similar transparent crystals, and are definitely terminated, 
and it is believed that their opacity is due to the occurrence in them 
of kaolinite crystals. Another locality is described 35 miles southwest 
from Simpson Springs, Utah, where the largest fine transparent topaz 
isobtained. The colorless crystals are obtained on the surface, and, as 
previously noted in this report, fine colored ones are obtained in the 
matrix at some depth, the colorless variety being evidently originally 
wine-colored specimens that have been decolorized by exposure to light. 
Wine-colored topaz crystals have always been known to be sensitive to 
light, whether they be from the Ural, Japan, New Zealand, Utah, or 
Mexico. Mr. Bixby also notes a new locality for topaz somewhere near 
Livingston, Montana, these being of good size and resembling those 
from Crystal Peak, Colorado. 

Topaz has been found in some quantities near Oban, New South 
Wales; but no particulars have as yet been received, and no important 
sales reported. 
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TOURMALINE. 


Dr, A. C. Hamlin, of Bangor, Maine, reports the finding of a tourma- 
line 74 inches long by 3 inches wide at Mount Mica, Paris, Maine. It was 
presented to the Garland-Hamlin collection of tourmalines in the min- 
eralogical cabinet of Harvard University. 

Mr. A. C. Bates published an interesting article in the Mineral Col- 
lector for July, 1896, and describes the tourmaline at Haddam Neck, 
Connecticut. At this locality a tourmaline crystal has lately been 
obtained nearly 10 inches in length and an inch in diameter, partially 
transparent, and of a very rich green color; it is now in the collection 
of Mr. Clarence S. Bement, of Philadelphia. Many other choice and 
remarkable specimens have been procured at this locality during the 
year. 

D. C. Morgan & Co., of Waynesville, North Carolina, report crystuls 
of transparent green tourmaline from the vicinity of that place. 


CHRYSOLITE. 


Mr. W. A. H. Schreiber; Webster, North Carolina, reports olivine 
(chrysolite, peridot) in granular masses, of a very bright yellow-green 
color and susceptible of a fine, high polish, from Jackson County, 
North Carolina. This would be of some interest as an ornamental 
stone if obtained in any amount. 


GARNET. 


In California, according to Mr. Braverman, of Visalia, several varie- 
ties of garnet occur in Tulare County. He reports essonite (cinnamon 
garnet) at Three Rivers, pyrope (specimens only, but these to the value 
of $50) on Rattlesnake Creek, and topazolite near the chrysoprase 
locality, 12 miles northeast of Visalia. Almandine garnet is reported 
from South Dakota, on Elephant Gulch, Custer County, as abundant, 
by Mr. Blackney, of Custer. , 


QUARTZ. 


The crystals of quartz with fluid inclusions from Herkimer County, 
New York, often contain curiously formed masses of bitumen, moving 
bubbles of gas, etc. During the past year one of the most interesting 
of these was found. In a group of three crystals was a cavity in which 
was a tiny amber-colored spider-shaped inclusion, having small projec- 
tions of a lustrous black hydrocarbon, evidently of a bituminous nature, 
the form of the group being exactly that of a spider, which moved freely 
in the fluid as the crystal was turned. 

The extent to which tourist mineral-buying is encouraged is shown 
in the estimate that 15,000 pounds of crystals of quartz were obtained 
from Montgomery, Salina, and Garland counties, Arkansas, and sold 
in the city of Hot Springs for the sum of $5,000, during the year 1896. 
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Mr. P. McGill, of Oheyenne, Wyoming, states that quartz (rock crys- 
tal) is found in considerable quantity about 18 miles west of that place, 
in Cheyenne Pass. Mr. T. C. Hopkins, State College, Pennsylvania, 
reports the finding of some very brilliant crystals of quartz, singly and 
doubly terminated, 2 miles north of White Haven, Luzerne County, 
Pennsylvania, in seams of red quartzite of the Mauch Chunk red-shale 
formation. The crystals were quite as clear as those from Herkimer 
County, New York, and measured from one-half inch in diameter down 
to microscopic size. Beautiful clusters of small quartz in crystals are 
announced as occurring at Autauga, Alabama, by Prof. E. A. Smith, of 
the university of that State. Rock crystal has been found in three 
localities in Tulare County, California—Drum Valley, Three Rivers, 
and Yokohol—as reported by Mr. Braverman, of Visalia. 

Dr. Bibbins, of Baltimore, reports a crystal of smoky quartz from 
Harford County, Maryland, 8 inches in length and 33 inches in diame- 
ter, and also the finding of pebbles of smoky quartz in the Potomac 
gravel derived from the waste of the area of rocks from which crystals 
are obtained. This fact, of course, indicates the occurrence of the 
mineral in some quantity. Orystals of 40 pounds each in weight are 
reported by Mr. R. M. Chatham from the vicinity of Elkin, Surrey 
County, North Carolina. Large crystals of smoky quartz, 4 to 5 inches 
in diameter, are obtained at Bandy Creek, Lemhi County, Idaho, 
as stated by Mr. Cary Wright. The specimens are in the collection 
of Mr. J. M. Parfets, of Salmon, Idaho. Smoky quartz is mentioned 
as plentiful by Mr. Blackney, of Custer, South Dakota, but without 
particulars as to locality. It is also reported in Guadaloupe County, 
New Mexico, on the Pecos River, by Mr. H. H. Rusby, of Gallinas 
Spring. | 

Rose quartz occurs in enormous quantities in the granite region of the 
Black Hills, according to Mr. Blackney, of Custer, South Dakota; gold 
quartz is also abundant. It is often rich in color, and has been used to 
some extent as an ornamental stone. Specimens were brought from 
there by Dr. Jenney in his first trip to the Black Hills. 

Dr. Willis E. Everette, of Tacoma, Washington, has found in that 
State some very interesting crystals of hyaline quartz, in which there 
has been a partial alteration, aud which, when cut, give peculiar inter- 
nal reflections. 

Rutilated quartz in good specimens is reported from near Glenville, 
Jackson County, North Carolina, by Mr. Ferereto 8S. Ropes, of Franklin. 


AMETHYST. 


Rutilated amethyst crystals from Box Creek, in the Black Hills ot 
South Dakota, are reported by Mr. A. C. Blackney, of Custer. Mr. 
G. L. Chase, of Colorado Springs, Colorado, reports some beautiful 
crystals of amethyst from the southern portion of Goochland County, 
Virginia. Another amethyst locality in the same State is given by 
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Mr. J. Benjannn Dflon, of Livingston, Nelson County, who announces 
fine crystals of it near that place. 

The return to fashion of the amethyst has done much to encourage the 
opening of the old locality for the small but dark-purple specimens of 
this mineral occurring in the Auvergne district, in France, where this 
industry is now receiving some attention. Many interesting facts have 
been gathered and recorded by M. Demarty, of Clermont-Ferrand, 
where the mines are now located. In the Auvergne there are found, in 
addition to these, ruby, sapphire and zircon (hyacinth variety), beryl 
(emerald), topaz, resinite opal, agate, jasper, perlite, turquoise, quincite, 
retinite, spinel, olivine, garnet, and other species of precious and orna- 
mental minerals. 

To obtain a grant in France to exploit precious stones it is necessary 
to be the proprietor of the land. Some 40 hectares are embraced in 
the amethyst mines (placer), but much of this area is not exploitable, 
as the amethyst is rarely found limpid and transparent. The mines are 
situated about 40 kilometers from Clermont, at three principal points, 
viz, the Ravine, the Fountain, and La Sablonniére (the sand pit). The 
stone of the vein at the Ravine is about 2.5 meters in thickness. It 
is not available for jewelry, as it is nearly all opaque and traversed by 
white zones, but the effect is very agreeable, and it is used for fancy 
objects, such as jewel boxes, stamp boxes, cane heads, button and glove 
hooks, etc. The stone is sold in blocks in the rough at $30 for 220 
pounds. The working is done in trenches down to 8 meters in depth. 
Ina part of this vein the rock is seamed with agate and chalcedonic 
opal of a milky blue. 

The Fountain is the most important vein, and was exploited about 
150 years ago by the Spaniards. A trench has been opened 390 feet in 
length to a maximum depth of 8.5 meters. The vein is composed of 
four or five small ones which branch off, then join and unite into one 
or two more important small veins. The aspect is very irregular, and 
the thickness varies from 0.01 to 0.9 meter. When the small veins 
come together they form pockets, where the handsomest stones and the 
. finest crystals are found. The vein does not follow a straight line, but 
an irregular one, and is strongly inclined. Sometimes the finest stones 
are at the surface; sometimes it is necessary to search for them at a 
depth of 20 meters, so that a shaft of 3 by 2.5 meters has been sunk 
to that level. This shaft is divided, one part being for ladders and 
one for the litt which brings up the material. The water is taken 
out by the aid of a suction and flowing pump. Powder is never used, 
although the gangue (granulite) is often very hard, because powder 
shatters the rock too much and also blackens it. The stone extracted 
from the mine is sorted by hand so as to separate the barren portions; 
and the whole is washed in running water by two women. Then it is 
carted to aroom for rough hewing and trimming, where a woman, by 
means of a machine, breaks the stone into pieces of variable size, making 
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the choosing and sorting easier. The stone is then passed to another 
room, where two women, with the aid of steel hammers, separate the 
good parts from the poor. The stones thus sorted have the size of 0.005 
meter to 2 or 3 centimeters, rarely 4 centimeters. They are then sent 
to Clermont, where two skilled workmen, with the aid of a special 
reflecting apparatus, choose the stones which can be cut and reject the 
others. The fine-colored pieces, perfectly transparent, are sold accord- 
ing to their size, from 120 to 800 francs per kilogram. The imperfect 
stones are used for the manufacture of beads for rosaries, and are worth 
from 20 to 30 francs per kilogram, according to size. The mine pro- 
duces weekly about 2 kilograms of first quality and good size; 2 kilo- 
grams first quality, smaller; and 4 kilograms second quality. There 
remain 8 to 10 kilograms of the imperfect stones, from which can be 
picked out 2 or 3 kilograms for rosary beads. At present 6 miners are 
employed in the extraction; 2 women for washing; 1 cart driver, for 
transporting the stones from the mine to the sorting-room; 1 woman 
for trimming and 5 for sorting; 2 lapidaries at Clermont for choosing 
the stones and 1 to select the stones; in all, 10 men and 8 women. The 
cutting is done in the French Jura and in Germany. There has been 
constructed at Clermont a lapidary’s workshop, and in the future the 
cutting of the amethysts of Auvergne, and of perlites, zircons, hya- 
cinths, sapphires, and resinite opals, all of them Auvergne stones, will 
be done at this place. 

At the Sablonniére vein some exploration has been done, but the 
vein has not yet been worked, as it does not seem to be very good. 
The land, the material, the plant, and the outlay necessary for this 
extensive mining for amethysts represent a capital of 250,000 francs. 
The production is good and the sale easy, as the amethysts of Auvergne 
are again coming into fashion, and many have been imported into the 
United States, frequently selling under the name of Siberian amethyst. 


CHRYSOPRASE. 


Mr. M. Braverman, of Visalia, California, sends some farther accounts 
of the chrysoprase locality near that place, described in the report for 
last year, page 913. He estimates the amount taken ont during 1896 
at $400, more than half of it for cutting, the rest for specimens. 
Another locality has been opened quite recently on Deer Creek in the 
southeastern part of Tulare County. Up to the time of Mr. Braver- 
man’s report all that had been obtained was pale in color, but the 
parties were working in the hope of finding better material farther 
down. Of the two other localities in the same county, mentioned in 
the last report, nothing further is stated. 


AGATE. 


Mr. P. McGill, of Cheyenne, Wyoming, reports several localities of 
agate minerals in that part of the State, viz: moss agate on Reshaw 
Creek, 50 miles northwest from Cheyenne; rainbow agate from Wolf 
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Oreek and Fox Creek, 45 miles southwest; and jasper bloodstone (helio- 
trope) in large quantities from the Chugwater, 50 miles northwest from 
Cheyenne. 

Moss agate has been found at Soldiers’ Delight, Baltimore County, 
Maryland, by Miss Eleanor Goucher, daughter of the president of the 
Woman’s College of Baltimore. 

The name enhydros, or hydrolite, is given to certain chalcedonic con- 
cretions containing a fluid, usually water. These are in fact agates in 
an incomplete or interrupted stage of formation. Prof. Henry A. Ward, 
of Rochester, New York, has lately found some remarkable examples 
of them in Afghan Border, India, quite as fine as those from Uruguay. 

The name “cyclops” has been given to a peculiar occurrence of red 
and white chalcedony in concentric layers, specimens of which, sent 
from Chihuahua, Mexico, have been cut and polished and placed upon 
the market as a new semiprecious stone. The speciinens for the most 
part are small nodules, averaging perhaps half an inch across, and are 
more or less hemispherical. The center consists of a little nodule of 
red chalcedony, and thisis overlain and surrounded by clear or trans- 
lucent colorless chalcedony. When the convex surface is polished en 
cabochon the red center shows very strikingly, producing an eye-lhke 
effect; and the stones inake attractive rings, scarf pins, and the like. © 
They were first sent to Mr. E. J. Smith, of Chicago, who proposed for 
them the name “cyclops.” 


OPAL. 


Opal mining is assuming considerable importance in New South 
Wales, especially in the Wilcannia district. The locality, occurrence, 
and prospects are treated of in the annual report of the department of 
mines and agriculture, New South Wales, issued in 1895. The chief 
point is the small mining town of White Cliffs, 62 miles from Wilcannia 
and 16 miles from the nearest railway station. About 300 men are 
steadily employed in opal mining at this place. The rock is Cretaceous, 
and carries seams or veins of common opal, in which occur patches of 
fine gem material. These are claimed to improve in quality and fre- 
quency with increasing depth. The opal seams appear to run soine- 
what in layers, one of the shafts showing three distinct levels at 10, 
20, and 30 feet. Work has been carried down to 50 feet, which is much 
deeper than any previous!level. At that depth there is no sign of 
change in the opaliferous rock, and therefore the extent to which the 
gems may occur is stillunknown. Some of the material is unsurpassed 
in quality, though it varies much, the price ranging from $2.50 to 
$10.50 per ounce, with an average of perhaps $5 at the mines for the 
fine material. One stone, obtained in 1895, brought $500, and two 
“patches” were found that yielded 36,000 and $15,000, respectively. 
In some cases the opal replaces fossil wood and shells, Estimates of 
the total yield are difficult, owing to the loose and careless manner in 
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which the miners keep their accounts, but enough could be traced to 
show that the opals sold at the mines had yielded at least $30,000 in 
1895, and probably much more, and in three years fully $135,000. The 
total output since the field began to be worked may reach $500,000. A 
large area of neighboring country is still unexplored as to the occur- 
rence of opal, and Mr. W. H. J. Slee, chief inspector of mines, is dis- 
posed to think that there may be a wide extension of the gem-bearing 
district. Years ago he obtained specimens of opal, occurring with 
gypsum, from Milparinka, a point 160 miles from White Cliffs, and he 
now believes that. it may be found at many points between those places 
and Wilcannia and the Queensland border. Should this prove to be 
the case, it will be highly interesting to trace the relation of these opal 
fields to those already exploited in Queensland, described in the report 
for last year. : 

A remarkable opal was brought to the United States in 1896 from 
Australia, which is of interesting origin. It was originally a section 
of an opalized tree, no trace of the beautiful color being visible except 
at the broken ends. This, by careful cutting, afforded an opal of 271 
carats, in many respects the largest fine opal in the United States, and 
although of a vegetable origin the cellular structure has been replaced 

so that not a trace of the original woody structure is visible. 

Dr. Bibbins, of Baltimore, reports a brown and milky opal, with 
hyalite, from Bare Hills, Maryland, found by Dr. A. C. Spencer. 

Mr. Warren M. Foote, of Philadelphia, Pennsylvania, reports opal- 
ized wood in magnificent compact masses up to 1 foot in diameter, sus- 
ceptible of a high polish and showing the replacement in detail of wood 
cells, fiber, and structure by a lustrous brown and yellow semiopal, 
from Clover Creek, Lincoln County, Idaho. 


TURQUOISE. 


The British consul at Meshed has treated exhaustively of the ancient 
turquoise mines of Persia in an article in the London Times. The great 
source of the world’s supply of turquoise has long been the locality in 
Khorassan,in northern Persia. Anciently it was obtained in Arabia, 
and recently the New World has become prominent, Arizona and New 
Mexico yielding largely. The Persian mines are constantly worked, 
however, though in a rude oriental fashion; but they are rarely vis- 
ited, and hence considerable interest attaches to this account from 
Meshed, the nearest important commercial town. 

Nishapur, the name usually given to the locality, is situated about 
400 miles due east from Teheran. The mines are a few miles from 
Nishapur, at an elevation of some 6,000 feet above sea level. Ascend- 
ing gradually through low hills, with villages where the miners live, 
the visitor comes to an east-west ridge, with the turquoise mines lying 
along its southern face for a distance of about half a mile. Only one, 
known as the Reish mine, is at present actively worked. There is little 
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or no system employed, as the mine is leased with a precarious tenure, 
and the holders may be thrown out at any time by a higher bidder; 
their only effort, therefore, is to get as much as possible out of it with 
the least present cost. 

The entrance is a cave-like excavation near the top of the ridge, about 
12 yards across, with a vertical shaft of 15 feet in diameter going down 
some 80 or 90 feet. At the top of this shaft two men recline with their 
backs against the cave wall, and turn with their feet a wooden wheel, 
which brings up a sheepskin bag, holding perhaps a peck of débris. 
This is taken out, emptied, and replaced by a third man, and then sent 
down by a “run” of the wheel to a point about halfway down the 
shaft, where two more men, on a ledge, are similarly engaged. At 
the mouth of the cave a number of men are seated together, breaking 
up the pieces of rock with small hammers. Whenever a good-sized 
piece of turquoise is found, it is laid to one side to be sent to Meshed. 
The finer débris is sifted and picked over by a large number of boys. 

The bags come up rapidly and contain much turquoise of various 
grades. The mine produtes large amounts, but a good deal of it is 
inferior—some greenish, some liable to fade, and some affected with 
whitish spots. Really fine stones are rare; but the Orientals use the 
defective material as well, for they all esteem it, and the poorest, if 
possible, must have some kind of a turquoise, if only a greenish or 
faded one, set in a tin ring. AIl the work thus far done, however, 
reaches very little into the hill; and from the abundauce of the gem 
wherever the rock is opened there must be a great deal of fine material 
not yet approached. Even before the hill is reached the surface is 
seen to be strewn with fragments of turquoise in various stages of alter- 
ation, from green and flawed pieces to a chalky yellowish mass entirely 
changed in appearance. On entering the cave one sees that the rock 
walls are.seamed with blue and green streaks of turquoise. But much 
that looks well when first obtained is liable to fade or turn green. In 
some cases white specks appear, which gradually enlarge until they 
destroy the vilue and beauty of the stone; and at Meshed, where the 
product is taken to be cut and exported, no one will purchase a tur- 
quoise until he has had it in his possession for some days. After cut- 
ting at Meshed, they are at once exported, their price rising as much 
as tenfold at that place, where it is hard to buy fine, perfect stones now, 
though in former years they could be had there at quite moderate rates. 
Turquoises are cheaper now in Constantinople, Tiflis, and even in India, 
than they are in Meshed. 

Turquoise has been discovered in Australia at a locality named 
Mount Lorigan, in New South Wales. Indications are favorable, and 
considerable work has been done, but no important results are as yet 
reported. 

M. Carnot, in the Bulletin of the Mineralogical Society of France, 
vol. xviii, 1895, pp. 119-123, gives an analysis of the turquoise from the 
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Burro Mountains, Arizona, and compares it with an analysis made of 
the Persian turquoise, as follows: 


_ Analyses of turquoise. 


el 
| 
Phospho- Copper | Ferrous | 
A Alumina Lime Water (Quartz. MnoO, 
iP on (A103). | oxide | oxide | (Gao). | (H,O). orclay. MgO, F. 


(CuO). (FeQ). 


Burro Moun- | Per cent.! Per cent.| Per cent.| Per cent. | Per cent.| Per cent. Pr.ct. 
tains ....... 28.29 | 34.32 7.41 0.91 7.93 18. 24 | 2.73 | Trace. 


iaivaokaase 29.43 | 42.17 5. 10 si istic a 18.59 | .21 } Trace. 


These results show the Arizona material to differ chiefly in the pres- 
ence of calcium oxide and the absence of most of the iron. M. Carnot 
also emphasizes the fact that all the iron in both ig in the protoxide 
state; whereas in the standard analyses heretofore given it has been 
regarded as mainly sesquioxide. Turquoise analyses present consider- 
able variation; but M. Carnot deduces, as a formula to which they may 
all be fairly referred— 

P,05(A1,03,Cu3, Fe;,Ca3)O3+ Al,O,+5H,0. 


JADEITE. 


Prof. Max Bauer, in the Jahrbuch fiir Mineralogie, 1896, vol. i, p. 85, 
announces the discovery, based upon specimens of jadeite from an 
unknown locality in Thibet, that this mineral is a component ofa rock 
consisting of plagioclase, nephelite, and jadeite, the last sometimes pre- 
ponderating to the exclusion of the other two. He remarks thatif the 
jadeite here is, as usual, a member of the group of crystalline schists, 
we have in that case the first occurrence of nephelite in other than 
eruptive rocks. 

Prof. L. V. Pirrson, in the American Journal of Science, fourth series, 
vol. 1, 1896, p. 401, says: 

Is appears to us, however, that this interesting occurrence of nephelite may prove 
to be of great importance in explaining the origin of jadeite, whose significance in 
the crystalline schists has never been understood, and it may also furnish one 


explanation why, among all the varieties of metamorphosed igneous rocks occurring 
among the crystalline schists, those containing nephelite have not been found. 


WARDITE. 


This is anew mineral that may possess some interest as a semi- 
precious stone. It was described by Mr. J. M. Davison in the 
American Journal of Science for August, 1896. It occurs in coat. 
ings and concentric layered masses, with an odlitic or spherulitic struc- 
ture, encrusting cavities in the massive variscite from Utah. Its color 
is light green, or bluish green; luster, vitreous; hardness, about 5— 
greater than variscite; and specific gravity, 2.77. In composition it is 
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a hydrous phosphate of alumina, with 6 per cent of soda, a little mag- 
nesia aud iron, and a trace of copper protoxide. The formula derived 
comes very close to turquoise; but the presence of the soda and the 
comparative absence of copper are marked distinctions. It seems to form 
a third member of a group in which peganite and turquoise precede it— 
phosphates of alumina in which the water increases regularly. The 
species was named in honor of Prof. Henry A. Ward, of Rochester, 
New York. 
SMITHSONITE. 


Golden-yellow carbonate of zinc, locally known as “Turkey fat,” 
occurs in beautiful mammillary masses in the Morning Star mine, Yell- 
ville, Arkansas. The coloring matter of this is undoubtedly greenock- 
ite (sulphide of cadmium). These, when cut and polished, form very 
pleasing ornamental stones. The coloring is richer than in any of the 
smithsonite found at the ancient zinc mines of Laurium, in Greece, 
which have been worked for two thousand years. Some fine examples 
of this mineral are now in the cabinet of the United States National 
Museum and in the Field Columbian Museum at Chicago. These were 
found by Mr. W. A. Chapman, of Yellville, Arkansas, and were cut by 
Prof. F, W. Clarke, of the United States Geological Survey. 


AMBER. 


A remarkable article on the fossilized woods of the United States, by 
Prof. F. H. Knowlton, of the United States Geological Survey appeared 
in Science for April 17, 1897, new series, Vol. III, p. 582. He treats 
largely of the occurrence and geology of the amber deposits of Cape 
Sable, Maryland; of those near Canyon Diablo, Arizona; in the vicinity 
of the Black Hills, South Dakota; at Trenton and Camden, New 
Jersey; and in Chesapeake and Delaware counties, Maryland. He 
also traces the amber in the Magothy River district, Maryland, to a 
tree, the cell structure of which he has studied, and which he has 
named, for the present, Cupressinoxrylon bibbinsi. 

A paper of much interest, on amber, appeared during the past year in 
the form of an address delivered at the Ipswich meeting of the British 
Association for the Advancement of Science, by Dr. Conwentz, curator 
of the Provincial Natural History Museum at Dantzic, and perhaps the 
greatest living authority upon amber. This address, although dealing 
generally with the amber of the Baltic and of northern Europe, had 
special reference to that found on the east coast of England. After 
distinguishing the three species of fossil resin associated under the 
name of amber—the soft varities termed gedanite and glessite, and the 
harder succinite, or amber proper—Dr. Conwentz presents the facts, 
gathered at many points, as to the occasional occurrence of succinite 
on the British coast, and fixes its limits. It is found more or less in 
Norfolk and Suffolk, extending southward to Essex and northward to 
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Yorkshire, chiefly cast up on the shore or brought in by fishermen’s 
nets. Quite a little local industry exists at some points in cutting 
and polishing it into charms aod ornaments. These are also now 
imported from Prussia, and sold to visitors sometimes as local material; 
but Dr. Conwentz is satisfied that most of it is truly English. The 
interesting deduction is made that the prehistoric amber articles found 
in graves, etc.,in England, dating back even to the stone age, are 
probably of native material, and not derived from the Continent, as has 
been generally supposed. They are not abundant; and the amber 
known to be now obtained along the British coast would account for 
all the ancient objects without the necessity of inferring a foreign 
source. 

As to the general occurrence of amber, the source is a bed of clay 
and green sand, in which it occurs with fossil wood, etc., partly in Sma- 
‘land and partly under the Baltic, and from which it is washed out and 
cast up on the shores not only of Prussia, but of Denmark, southern 
Finland, and several of the Baltic islands. Then it is found at points 
on the coast of Holland and England, indicating a wide extension of 
the Smaland bed, to some extent at least under the present German 
Ocean. The age of this bed is Lower Oligocene, and the age of the 
amber itself and of the trees that produced it is thus carried back to the 
later Eocene. Dr. Conwentz discusses the nature of the associated 
wood, and finds no difference in its microscopic structure from that of 
modern pines, so that the separate genus Pinites is not warranted, and 
the amber pine should be known as Pinus succinifera. Probably, how- 
ever, other coniferous trees shared in the production, especially of the 
associated glessite and gedanite, and leaves and flowers of several such 
species are preserved in pieces of amber. In addition, many traces of 
other groups of plants are similarly inclosed, some of which are of great 
interest, as indicating the presence in northern Europe of a number of 
genera and families related to the present flora of Asia and North 
America, and showing a warm temperate climate. This conclusion is 
not new, but the facts as presented in Dr. Conwentz’s paper are of great 
geological interest in confirming it. 


USE OF GEMS. 


The use of jewels for ecclesiastical purposes is growing more frequent. 
The most remarkable article of the kind in this country was presented 
during the past year to Trinity Church, New York, by Prof. Thomas 
Egleston, founder of the School of Mines, Columbia University, who has 
for many years been a vestryman of that church. A peculiar interest 
attaches to this object in several ways. It is in itself a collection of 
elegant stones, many of them of rare varieties, obtained during years of 
travel with exceptional opportunities. Professor Egleston collected 
them and gave them to his wife, who died in 1895; and they have now, 
with their settings, been made into this very beautiful and striking 
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memorial gift—a jeweled communion chalice in memory of Mrs. Augusta 
McVickar Egleston, the design being Professor Egleston’s. 

The chalice is 9 inches high and half that width. It rises from a cup 
embossed with fleur-de-lis crosses, set with rich purple Ural amethysts 
and Indian carbuncles. The highly ornamented stem that supports 
this has three blue sapphires, two yellow diamonds, and a ruby-red 
Nevada garnet set into it, while the top of the base bears six Ceylonese 
chrysoberyls and a green tourmaline from Maine. Below, the sides of 
the base form six vertical panels; three of these bear repoussé designs 
in gold—of the Crucifixion, the Adoration, and the Baptism of Christ, 
respectively—separated by three floriated panels, two of passion flow- 
ers and one of a jeweled cross. All these are set with beautiful gems; 
the passion flowers in one of the panels have an emerald for the center 
of each, in the other a sapphire; the cross consists of five stones, the 
one at the intersection beiug a yellow sapphire; the left arm, a red zir- 
con; the right, a moldavite (the rare green volcanic glass of Moravia); 
above is a green sapphire (‘Oriental emerald”), and below a green 
zircon and an andalusite. At the top of the panel is a star ruby 
(asteria), and at the bottom a Brazilian topaz. At the foot of the cross 
are two garnets, one from Nevada, ruby-red, the other a green deman- 
toid (“‘Uralian emerald”) from the Ural Mountains; around it, in the 
four spaces, are four rubellites. 

This description may give an idea of the richness and rarity of the 
gems in this unique object. All the panels and the foot of the chalice are 
similarly inlaid, the latter with six Ceylonese moonstones alternating 
with Siriam carbuncles, and between these twelve green garnets. In 
all there are 180 stones, and the list of species includes amethyst, anda- 
lusite, chlorastrolite, chrysoberyl, diamond, emerald, garnet, moldavite, 
moonstone, peridot, ruby, sapphire, tourmaline, topaz, and zircon, and 
many of these in rare shades of color. 

Among the most novel aspects of fashion in reference to diamonds, 
mention may be made of two points: the interest taken in colored dia- 
mounds, and the engraving of initials, monograms, etc., on the faces of 
table diamonds. In regard to the former, the increasing abundance 
of white stones is leading to a demand for the much rarer colored ones 
among those who purchase objects of elegant luxury without regard to 
cost. The remarkable Egleston memorial chalice, just described, has 
among its rich jewel decorations a number of colored diamonds. ‘rhe 
De Beers Company has in its office at Kimberley a case containing 
perhaps a dozen diamonds of peculiar elegance and value, several of 
which are colored. Some are deep blue, and one of considerable size is 
a flawless stone of deep rose color, believed to be the finest pink dia. 
mond known. It can not be purchased. 

The engraving of diamonds, though by no means nev, is coming into 
vogue somewhat again; and work of the kind is announced as done by 
some jewelers in this country, for the first time. Mary Queen of Scots 
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is said to have possessed a large diamond engraved with her coat of 
arms, which is now owned by a private collector in England. A fine 
specimen is also in the Tiffany collection at the Field Columbian Museum 
at Chicago. This is a large stone on which is carved a likeness of 
William IT of Holland. The work is said to have occupied the artist, 
Devrees, for five years. At the late Antwerp Exposition was shown a 
finger ring and a cross, each cut out of a single piece of diamond. The 
process is conducted by means of a very small revolving drill, similar 
in its action to the dentist’s drill, making 3,000 to 10,000 revolutions 
per minute. It is manipulated with the fingers, like a pencil, the oper- 
ator dipping the tip from time to time into a mixture of oil and diamond 
dust. Of course, the work is extremely slow, and requires the utmost 
patience and skill. It necessarily spoils the brilliancy of the stone, by 
interfering with the reflection and refraction of light that give the dia- 
mond its chief ‘beauty, and must be regarded rather as a tour de force 
than as a branch of really ornamenta) art. 

At no time in the past decade has there been such a iagpe demand 
as there is at present for the colored precious stones of all varieties, 
including emeralds, rubies, and sapphires, fine examples of which 
have commanded prices never before equaled. The lesser gems, such 
as topaz, a Spanish variety of quartz, amethyst, and many others, have 
been used for purse tops, cardcases, and even ornaments for silver- 
mounted cut glass, etc., so that the demand has nearly equaled the 
supply; and not only jewelers but silversmiths have been using the 
colored gems in great quantities. _ 

The prolific occurrence of beautiful opal in Queensland and New South 
Wales, and the great ingenuity displayed in the jeweler’s art, have led 
to a number of peculiar forms of cutting. First, in the form of round 
beads that are drilled, producing the effect of pearls with an iridescent 
play of colors; frequently there is strung between the beads a rondelle- 
cut diamond, emerald, amethyst, or topaz, the rondelle being a flat 
bead with faceted edges. Another form of cutting is one in which the 
opal bead is cut in two, forming hemispheres, and between the two 
‘halves there is set a diamond, emerald, topaz, or rock-crystal rondelle, 
the whole forming « perfect bead, the brilliant-cut transpareut gem of 
whatever color, in the center, furnishing a wonderfully pleasing effect 
to this otherwise crystallized rainbow. 


GEM LITERATURE. 


An interesting article on precious stones has appeared in the volume 
issued by T. K. Brunner, secretary of the State Board of Agriculture, 
Raleigh, North Carolina, entitled North Carolina and its Resources, 
1896, pp. 107-113, the article being illustrated with colored plates of 
nine specimens and numerous illustrations of North Carolina gem min- 
erals, The report is very clear, and as it contains a full description of 
the minerals of the State, it can not fail to be a valuable aid to geolo- 
gists and naturalists, as well as to investors. 
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Prof. F. W. Rudler, of the Royal School of Mines, London, has pre- 
pared a new edition of the Handbook to the Museum of Practical 
Geology, Jermyn street, London, which has been issued in 8vo, viii, 
167 pp., and is sold by the museum only. This is the guide and descrip- 
tive catalogue of one of the most comprehensive and admirably dis- 
played museums in Europe. There are many references to precious 
stones (pp. 101-119), and in the museam itself there are beautiful and 
characteristic, and often unique, examples. The collection, being so 
central in the world’s greatest metropolis, does much to create a taste 
for precious stones and to serve as a reference collection to all who 
visit it from all quarters of the globe. 

In the report of the United States National Museum for 1894, pp. 
633-750, an admirable article appears on the study of primitive methods 
of drilling, by Mr. J. D. McGuire. In this report Mr. McGuire treats 
exhaustively of the primitive methods of chipping, drilling, and engrav- 
ing, from: the earliest times to our own day, giving various forms of 
aboriginal drills from ancient Egypt to the present, and throwing much 
light on the subject of prehistoric and savage stone cutting. 

In the Alphabetical Dictionary of Namesof Minerals; Their History 
and Etymology, by Prof. Albert H. Chester, New York, 1896 , 8v0, 320 pp., 
Wiley and Son, there are given about 5,000 names of minerals and 
gems, with the references to the original authorities, This is a great 
convenience as a check list to all interested in minerals and Precious 
stones. 

Artificial minerals are scarcely within the province of this report. 
Carburundum is a mineral that has never existed in nature, but for an 
abrasive its only peer is the diamond. It has been formed in large 
quantities in magnificent crystals, which, although not transparent, 
are highly polished, and as a crystallized brilliant product are quite 
equal in elegance to any mineral found. These are now made on an 
immense scale by the Carborundum Company at their works at Niagara 
Falls, the motive power of which is electricity generated by Niagara 
water power. 
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PRODUCTION IN THE UNITED STATES. 


Production of precious stones in the United States in 1896. 
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POPC OU cee snk odes os Sodee eh Gene Oe tea tee b einer Eee aos ea eeteoceouks 500 
Quartz, crystal 5.662626 sec. Cksces ctiscs cates de wi annatee tess dase weeeeets cece 7, 000 
Smoky Quartz sncscc eeu niece ceases ces eee eeu ree tee eseehes 2, 500 
R086 GQUUIbE ce 6 oes hod Sess sk dew aise oe S34 Weta eneesed tee deat eemecen 500 
AMOthy sb: ce Gecko on sea eee se geine mqetee ees eeu aeaien erg wher S ag Balin 500 
PUASG sesso cise one nn cin be hee Rema ow pee eed eee Sete Sits eee Se 100 
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GEMS AND PRECIOUS STONES. 


THE production in 1897 was valued at $101,000, against $200,000 in the previous 
year. We are now convinced that the statistics for 1896 were exaggerated. It is 
obvious that the collection of statistics concerning these stones is not capable of 
the same precision as in the case of the commercial metals. Of the production 
in 1897 we make the following division: Sapphire, $15,000; ruby, $1000; tourma- 
line, $5500 ; quartz crystal, $25,000 ; smoky quartz, $1500 ; gold quartz, $4000 ; 
agate, 31000; moss agate, $1500; silicified wood, $2500; garnet (pyrope), $2000; 
amazon-stone, $1000; turquoise, $30,000; fossil coral, $500; arrow-points, $500. 

Turquoise was produced in the United States in 1897 in New Mexico and 
Nevada, chiefly in New Mexico, where several companies are engaged in the busi- 
ness. Among these are the American Turquoise Co., of New York; the Occi- 
dental & Oriental Turquoise Mining Co., of Silver City, N. Mex.; the Silver City 
Turquoise Mining Co., also of Silver City; and the Azure Mining Co., of Net 
York. The ‘Tiffany group of turquoise mines, 18 miles south of Santa Fé, which 
have been operated for several years by the American Turquoise Co., were sold 
out under a mortgage and bought in by some of the old owners, who organized a 
new company to operate them. 

The existence of turquoise in Nevada is a new discovery. The mineral is found 
in Lincoln County, in the southeastern part of the State, at the foot of Sugar 
Loaf Peak. The country rock is mica schist. The zone in which the turquoise 
occurs is about half a mile wide and a little more than a mile long. In this zone 
there has apparently been no fissuring, with the exception of the intrusion of one 
large dike which is about 250 ft. wide and shows clearly for 4500 ft. in length. 
The largest and purest specimens of turquoise are found in this dike, sometimes 
showing on the surface, in nodules which vary from the size of a pin-head to an 
average walnut. Mr. George Simmons, of Vanderbilt, Cal., from whom we have 
received this information, reports that he has found several prehistoric workings 
and numerous stone implements. 

Two cross-cuts have been driven to open the turquoise-bearing rock, one at a 
depth of 35 ft. and the other at about 20 ft. A shaft 25 ft. deep has also been 
sunk, besides several 10-ft. holes. The turquoise from this place has been mar- 
keted at Denver, New York, and Los Angeles. One stone weighing 64 carats 
was found, and another weighing in the rough 176 carats. Owing to the 
irregular shape of the latter, however, it would not cut to more than 88 carats, 
It was valued at %6000. 
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Dr. Gustav Eisen, of the California Academy of Sciences, reports the discovery 
of turquoise deposits in California, near the junction of California, Nevada, and 
Arizona. The rocks containing turquoise are scattered over an area of 30 to 40 
miles, but the principal ones, both as regards quality and quantity, occur in a zone 
not more than 15 miles long by 3 or 4 miles wide. The mineral is found in seams 
and small pockets in volcanic rock. The deposits appear to have been worked in 
prehistoric time. : 

Sapphire.—The productiofi of these stones as heretofore was made only in 
Montana. The occurrence of sapphire in this State, especially in Yogo Gulch, 
in Fergus County, was described by George F. Kunz in the American Journal 
of Science, Vol. IV., December, 1897, who says that as to the value of the 
Montana sapphire in jewelry it is hardly possible yet to predict how far it may 
be really important. Much beautiful material has already been obtained, but 
little of high value. That from the Missouri bars has had a wide range of 
color (light blue, bluish green, green, and pink) of great delicacy and brilliancy, 
but not the deep shades of blue and red that are in demand for fine jewelry. As 
semi-precious stones, however, they have considerable value. 

The Yogo Gulch-Judith River region is more promising, the colors varying 
from light blue to dark blue, including some of the true “cornflower ” tint so 
much prized in the sapphire of Ceylon. Others incline to amethystine and almost 
ruby shades, Some of them are “ peacock-blue ” and some dichroic, showing a 
deeper tint in one direction than in another; and some of the “ cornflower ” gems 
are equal to any of the Ceylonese, which they strongly resemble, more than they 
do those of Cashmere. 

Quartz Crystal_—An important discovery of quartz crystal was made in the 
Green Mountain mine, Chile Gulch, Calaveras County, Cal. John E. Burton 
having been informed that nine years ago a few of these crystals had been found 
by the workmen when tunneling down the channel of the old river bed, whence 
they were taking out gold-bearing gravel, decided to continue the tunnel parallel 
with the old river bed at about 60 ft. from the center of the channel. The tunnel 
was thus continued for a total distance of 960 ft. Crystal was found in the last 
160 ft., and nine drifts to the right and left also showed crystal, except the first 
one. The area of crystal-bearing gravel was consequently proved to be extensive. 
In about five months’ work 24,495 lb. of crystal was produced. Some of these 
crystals were sufficiently large to cut balls from 8 to 14 in. in diameter. The 
largest single crystal weighed 152 lb., while a group of 47 crystals weighing 2200 
lb. was obtained. According to George L. English the largest crystal ball in 
existence is a fraction more than 7 in. in diameter, and is owned by the Museum 
of Natural History in Paris. It was cut in Japan and was purchased for about 
$20,000. A ball slightly more than 6 in. in diameter, owned in New York City, 
cost $25,000. The Burton crystals are now being cut by Tiffany & Co., in New 
York, and until they are cut their value cannot be determined. 


Geys AND Precious STONES IN FOREIGN COUNTRIES. 


Diamonds.—Diamonds were discovered on the Rietfontein farm, about 20 
miles from Pretoria, aud one mile east of Van der Merwe Station on the Nether- 
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lands Railway, between Pretoria and Delagoa Bay, and on the top of a kopje on 
the Megaliesberg Range. According to all accounts the formation, which is 
more or less similar to that of Kimberley, is very promising. A new diamond 
field has been proclaimed by the Governor of Cape Colony in the district of 
Barkley West, Griqualand West. 

According to the report of the De Beers Consolidated Mines for the year ended 
June 30, 1897, the receipts from diamonds produced were £3,722,099, the work- 
ing expenses being £1,330,599. After charging off a large amount for deprecia- 
tion and interest on obligations, there was left a profit of £2,032,561, out of which 
dividends amounting to £1,579,582 were paid. A balance of £683,048 remained 
at the end of the year. The production of the two chief mines of the company 
was as follows: 


De Beers. | Kimberley. Total. 
Blue round hoisted, loads........ 1,542,963 972,926 2,575,889 
Waste hoisted, OY | 100,651 64,799 165,450 
Blue ground worked, loads........ 1,982,800 1,078,488 8,011,288 
Blue ground on floors, June 8... 1,572,884 782,088 2,304,917 
Diamonds obtelned, CBTAUB 8. ilo Sach: 0500s 0 ede a Stas ioe eien Boe Dhsead 
? carats, 


Average per load worked......... : seidlee a ¥aelsewibin |e eidiars dieiea we aiere 0.92 


The load is 1600 lb. In addition to the blue ground above reported, the com- 
pany had 271,777 loads raised from the Premier mine, but this was not worked. 
The cost of mining per load was $1.27; cost of washing, 50 cents; total, $1.77, 
against $1.68 in the previous year. The yield of diamonds was 0.92 carats, against 
0.91 karats in the previous year. The average amount received for diamonds sold 
was $6.45 per karat, against $6.43, and the value realized per load $5.93, against 
$5.85. 

In washing the gravel in the De Beers works it was discovered that a shaking 
table with a rapid side motion when covered with grease of a certain consistency 
would hold the diamonds, while all the other minerals of which the deposit is 
composed would flow over the grease to the end of the table, Experiments with 
a small machine were so satisfactory that a number of large machines are now 
being constructed with a view of doing all the sorting mechanically. 

The dividends paid by the De Beers Consolidated Mines since 1888 have been 
as follows: 


1000 os Sahaceneeesavatneass £789,791 | 1802........cececesecereee £987,280 | 1895... coceeeccae sees £987,289 
1OO0 : concics exsicicsuueseosaaus 888,575 | 1899........ccccccsceceers 987,230 | 1896..........csccceeceeece 1,579,582 
WOOL ci cpccsaies cick vanes Oeseee 967,289 | 1804... ..ccccccccc eee eeeee 987;239 


The diamond-mining industry is steadily progressing in New South Wales. In 
1896 prospecting work was carried out on all the leases on the Bingara field. It 
is estimated that the output from the field was 3000 carats, the lowest value 
obtained being 6s. per carat. The Boggy Camp diamond mines, situate about 
15 miles west of Tingha, employ about 60 men. In some of the best mines 
on the field the wash is fonnd 4 ft. thick, yielding about 10 carats to the load. 
The stones are of good quality and pure white. 

An interesting occurrence of tin ore and diamonds is described in the report 
of the Department of Mines and Agriculture of New South Wales for 1896. 
Gravel containing cassiterite in workable quantity, together with diamonds, was 
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discovered in that year at Boggy Camp, 15 miles west of Tingha, which ha; been 
for some time a productive tin field. The pay streak at Boggy Camp, which is 
from 30 to 50 ft. below the surface, averages from 2 to 7 ft. in thickness, the 
width of the lead not yet having been ascertained. One load of gravel yielded 
515 stones.of 184 carats aggregate weight, and 42 loads furnished 600 carats of 
diamonds, and tin-stone at the rate of 13 lb. per load. The pay streak is a 
quartz-pebble drift underlying a large hill of basalt, Mr. E. F. Pittman, the 
government geologist, who examined the occurrence, considers that the basalt 
filled what was originally an oval-shaped depression. The gravel rests on granite, 
and granite can be traced entirely around the basalt. The diamonds are white 
and of good quality, and it is thought that when the gravel is drained the district 
will make a considerable production. 

Opal.—The opal-mining industry in Queensland is confined to the Cretaceous 
areas in the far West and Southwest, where this gem is met with at from a few 
feet from the surface down to 40 ft. It occurs as a rule in bands or beds that 
deviate very little from the horizontal, and which at one time formed the bottom 
of shallow inland seas. The majority of men engaged in this industry follow it 
only in spare time between other occupations. 

The White Cliffs opal-field in New South Wales shows considerable develop- 
ment, The principal gem merchants in Europe have now agents on the field for 
the purchase of opal. At the present time there are 400 miners on the field, and 
all the claims are being fully worked. The value of the output is about £25,000 
per annum. 

Opals of good quality and apparently in commercial quantity have been found 
at the Tairua Valley, in the Cape Colville Peninsula, New Zealand. Another 
discovery was made beyond Mt. Somers in Canterbury. ‘These stones also occur 
in the Ohinenuri Valley, and in connection with the last there is promise of an 
industry developing since a company has been organized in pence lane for their 
exploitation. 

Rubies.—According to a patent * by Gin & Leleux artificial rubies are made 
from a mixture of 95% of alumina and 3¢ of sesquioxide of chromium, which are 
melted and volatilized in an electric furnace, heated by an alternating current, 
and the gaseous products led through a tube to a condensing chamber heated to 
1500° C. To facilitate the formation of large crystals, a mixture of moist air and 
hydrochloric acid is forced under pressure into the tube; or, whilst moist air is 
passed through the tube, small quantities of fluoride of aluminium or cryolite are 
cast on to the hearth of the furnace from time to time, thus causing the forma- 
tion of hydrofluoric acid. The fine crystalline deposit formed in the condensing 
chamber and tube is removed periodically, and can be utilized in place of emery. 

Topaz.—New deposits of topaz of various color and valuable as a gem have been 
discovered in the neighborhood of Ekaterinburg, which is the center of the Rus- 
sian trade in topaz, as well as in other precious stones. The production of pre- 
cious stones in the Ourals is increasing in importance, especially that of sapphire 
and alexandrite, the latter being remarkable for its green reflections by day and 
ruby color by night. 


* Eng. Patent No. 19,082, Sept. 9, 1896. 
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By Gnorak BF. WuNZ. 


INTRODUCTION, 


Some of the salient teatures of the year are the finding of rock erys- 
tal at Mokelumne Hill, California, of such purity and size as to almost 
rival the dapanese, and the sneeessfaul cntting of these in dhe United 
States upto 7 inches in diameter; the inereased output of Pergis 
County, Montana, sepphire mines, and the yielding of fine blue gems 
up to 2 carats each, and the discovery ofa new locality where the stones 
are ’ore varied in color thin those of any known locality; the con: 
tinued output of the New Mexiean tirquoise mines and the opening 
upofmines in Nevada; the finding of magnificent green and other 
colored tourmalines at Paris Hill, Maine, and Haddam Neck, Connee- 
Lieut; the inereased sale of Australian opal; greater use ofall Che tiney 
or semiprecious stones; the greater portation of unent dismuonds, 
and the inerease of the diamond-cutting industry i the United States ; 
the unprecedented increase in the importation of cut diamonds; the 
revival of the precious stone industry in the United States, and the 
positive great future advance in the price of pearls and emeralds, and 
the sulvance in the price of diamonds. 


DIAMOND. 
UNITED STATES. 


No more diamonds bave been found during the Jast year me the 
region of the (erminal moraine of Wisconsin, One of 6 carats, how- 
ever, has been obtained at Milford, Ohio, not fir from Cinema, 
bout the extreme southernmost point to whieh the moraine extends, 
and considerably cast of any heretofore found, Prot W. UL. Tobbs, of 
the University of Wiscousin, who has taken so immech interest in the 
investigation of this matter, is proposing w systematic search along 
the line of the moraine in which a number of geologists will cooperate. 
He believes that many inore diamonds must tave been found from 
lime to time and be now lying unsuspected, as did some of the others 


aT 
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for yours, mmong local gatherings of odd pebbles, ete, tn firm honses 
near tle ioraigal dine. THe proposes to publish the coneral thets in 
(he newspapers, endeaver fo bring Co Tight any sneb stones that exist, 
and enconrage searel (or others, Ue hopes thas to gain additional 
data for loeating the source whenee Che diamonds enme. This leas 
now disposed to believe to be the unexplored wilderness betaveen 
Labrador and clames Bay. 

Thos Gir seventecn have been discovered, ranging from 2b enrats to 
Jess Chan J carat inweight, Ent these matst be only a small (raetion of 
those distributed through the @reat trass of momion) material, and 
would tndieate considerable abundances abt the unknown sorree or 
SOLES, 

In California Ma Oh We. Porner, of fhe Mnited States Geological 
Survey, will take a ostndy of the California dismond delds and will 
prepare the resulis of his tavestigadion in a (iture menor, 


SOUTTIT AVRICA.|: 


The great diamond produetion af Wintberley has gone on during the 
lnstoyearatomedh Che same rates of cost, prodit, and yield) as) eiven ain 
the reports for the two preceeding years, Phe work us thoroughly 
Mnderstoed and systemmdtized, ama the produetiow is limited to an 
now SuMieient (oO maintain the sapply and meet the denuiud without 
lowering prices. Tadeed, in his aditress to Cle stoehholders, Mar Ceeil 
Whodes states that, in view of somewhat hivher rates oblatmed fram 
the dimmond syndisite which purehases the entire proditet by eou tract 
from year to year ii is proposed ¢o reduce the output fo some extent 
for fhe nest Gwelvenmonth, while maiutuning equal dividends. The 
De Beers Company controls essentially the Bal@lonteinand Diatoitspan 
mines, bit does uot operate Chem, ts workings being confined to the 
De Boers, Kimberley, and Premier mines. The last-named is lass rieh 
than (he odlevs, but las a large area and is very easily worked, so that 
aomimeh less cost of production compensates for a osmadier yield, The 
Premier bas thus far been worked only toon depth of P25 feet, but 
lower levels are now fo be opened, The Qe Beers Mine has bee ear. 
nied down Co and bevond (4000 feet, and the Wimberley to t00) feet: 
but the mam work of Giking oat reek is done at ligher levels—in the 
Kimberley between (200 and 1, M0 feet, 

Dinmond mining im South Afriea proved even more suecesstul in 
ISUS than in the previews year, With the reenlated output sold awhead 
to Jnne, 100, and with the retura ef prosperity over nearly allot the 
eivilized globe, the demand for diamonds was ereater thaw ever, 

The iia repert of Mr Gardner EL Williams, manager of the erent 
De Reors imine, made Co thal corporation, tells as uit che cost of ex trae: 
{ion has been somewhat vedueed, but that the yield of diamouds per 
‘toad (16 eubie feet) has fallen fram O82 to QS0 carat. This is 
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explained in the reports by thestatement that a good deal of waste” 
and ‘“reef” roek has been sent up, and that certain poor portions have 
been worked. Mr, Williams claims that this is due partly to carelessness, 
and that otherwise the indications are generally as favorable as ever, 

The force of men employed has been largely increased. Native labor 
has been abundant and cheap, owing to the heavy losses of cattle by 
the rinderpest, whereby the natives have been forced to seek employ- 
Inentatthe mines. There were over 11,000 negroes in the componnds at 
the time of the last report, and 1,519 whites engaged—an inerease of 
nearly 200 whites and 4,000 blacks since the previous year.’ 

The automatic sorter described in the last report? has proved so sue- 
cessful that twelve of the machines have been construeted and are in 
operation; this has resulted in a large reduetion in the foree of hand 
sorters, both white and black. 

The cost of production has been lowered, in the De Beers and Kim- 
berley mines. about 9d. per load, involving a total saving of £130,000 
during the year. This is chiefly due to a very large output and to 
abundant cheap labor. The cost per load averaged at these two mines 
6s. T4d., and at the Premier 2s, 7.1d.; and the yield in diamonds was, 
respectively, 0.80 earat and 0.27 carat, 

The actual results for the year were: 


Operations at De Beers, Wimberley, and Premicr mines, with output and value af diamonds 
produced, 


Carats of 


ps Prices realiz 
diamonds * realized 


Loads ef blue Loads of blue 


hoisted, washed. Pitstsil therefrom. 
; 

| £ & di. | 

De Beers and Kimberley.| 3, 332, 688 | 3, 259, 692 | 2, 603, 250 Syd eaul 3h 8: 

y- | ? , 

ADTOMIGT ee reee ere se s.=/ | 1, 146, 954 G1, 722 189, Sob ° 196,659 18 & 
| 4 : —* ar 

Toth eee oe | 4,479, 672 3,951,414 | 2,792,606 | 3,617,871 13 11 

} ' 


ee — 


The amount of “blue ground” reported as “in sight” was estimated 
as 9,000,000 loads in the De Beers and 4,000,000 in the Kimberley 
while in the Premier there were 2,750,000 loads above the 125-foot 
level, and 4,000,000 loads brought to view by further exploration to 
167 feet, in all 6,275,000 loads. The total in the three mines would 
thus be over 15,000,000 loads, 


TSee table in report for 1897: Nineteenth Ann. Rept. U.S. Geol. Survey, Part VI (cont'd), p. 499. 
IIbid., p. 499. 
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The tmancial statement of the company for the year ending Jnne 
30, 18958, is as follows: 


Financial statement De Beers consolidated mines. 


e Bye 
Amount realized from diamonds produced..........-.....---.--- 3, 647, 874 13 11 
Expenses, inelading— A Bros 
Amounts written off machinery and plant 
ACCOM Coen ee I ee ee eee Th Wt) OLS 
Redemption of debentures and obligations.. 132,000 0 0 
Jnsarest OnMVOVG se ee ew ee es eee Too it 
— 18100 ah es 
i 2) 14 eee se ere em eye SR SD St 9: A ee ene! arievincmih a ATS. Lege) 
Profit and loss account, 
£ a al, 
Balaneeied aha 6 cae y.ce oes ree Ole ae eee eye eee 1, (it; 695 “12°38 
Duves turrets wml POC SS cee ee ee ee ee poe Seed 
Interest. On Consol ese. coc. s eee ee er ee ere eee 31,036 0 10 
From other sOURCOSiga-.tc es cere er ee eee ee eee Jvolsoe tn, ot 
a8 Seed 
Balanee (rom plevious yedesess ee eee 683,047 17 11 
Less lite governor's reniimerdtion)-c.noesn 158,003 15 2 
——————._ 525,044 2 9 
"Dob cca t ei a 5 wi ee ere eer ae eee eters ci wea, @ eecietararere are 2,399,493 16 7 
Of which— 
Dividends paid and provided tors. sas. ee es eee 1,579,582 0 0 
Weser vey Lenin eae eee eer eee ese rece siladie) il ( 
Balance: to neNxt:) Gari coos soe mere ce en eee een res 748,488 6 7 


2Pp0t 40s 10med 

The dividends have been maintained at the same rate—40 per cent— 
and the balance is seen to be considerably larger than that from the 
previous year. The reserve fnnd, invested in English consols, has been 
increased trom £1,148,133 12s. 7d. to a present amount of £1,179,556 
16s. 7d. 

Unofticially it is understood that the entire ontpnt las been arranged 
for with the syndicate until Jnne 50,1900. There has been an npward 
tendency in the diamond market for some months, and the year 1900 
will chronicle the greatest importation into the United States that has 
ever been known, and never have so many stones been cut. In faet, 
many sizes and kinds can be purchased in the United States, of Ameri- 
ean entting, at a lower rate than abroad, 


SOURCE OF TITE DIAMOND. 


As regards the actual source of the African diamonds, the trend of 
recent opinion has been rather toward the view that they are not 
indigenous to the blne ground, but bave been bronght up from greater 
depths, althongh there has been a vast amount of discussion of the 
problem, as has been noticed in these reports for several years past. 
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Some new facts have lately come to view, reported by Prof. T. G. Bonney 
in a recent lecture before the Royal Society of London, that would 
clearly indicate a deep-seated source. Ln Griqualand West, about 40 
iniles from Wimberley, are situated the Newlands mines. Here, some 
two years ago, the manager, Mr. Trubeubach, picked up a specimen 
containing small diamonds apparently embedded in garnet. Heat once 
began to colleet and examine certain garuetiferous bowlders that 
occur in the blue ground, sometimes at depths of 200 or 500 feet. One 
or two of these bowlders were found to contain diamonds, visible either 
on the surface or ou breaking. They consist of the somewhat rare rock 
eclogite, a mixture of red garnet and a light-green angitic or, perhaps, 
hornblendic mineral. They are waterworn bowlders, and evidently 
represent a mass of eclogite, from which they were detached at a remote 
period, and which must have then been exposed at the surface, though 
now deeply buried. This eclogite terrane, eroded certainly prior to 
the deposition of the (Triassic) Karoo shales and to all the igneous 
outbreaks that have traversed them, would thus be indivauted as the 
original home of the diamonds. It must have been largely decomposed, 
probably furmshing much of the included fragments of the ‘blue 
ground,” and in that condition, together with the hard bowlders and 
the vet harder diamonds, have been largely carried upward in the 
igneous extrusions that have filled the “pipes” of the mines. 


ORIGIN OF THE DIAMOND. 


Ina paper by Prof. T. G. Bonney, in the Edinburgh Review, a general 
outline was given of the diamond conditions in Africa and the theories 
regarding the deep-seated origin of the gem, as connected with the 
experiments of Moissan, and the indications derived from meteorites, 
ete. Beginning with a brief account of the great Karoo formation, of 
Triassic age, covering an area of some 200,000 square miles in South 
Africa—east and west from the Spitzkopf to the Red Heights near 
Middleburg, and north and south from the Black Mountains to the 
Vaal, and containing, like the Trias of our Atlantie States, interbedded 
sheets of igneous rock, with little indication of violent disturbanee, and 
none whatever of voleame outbreak—he passes to the snbsequent 
formation of the diamontiferous “ pipes” that break through the Karoo 
strata. These are regarded as due to explosive outbreaks from great 
depths caused, possibly, by aceess of water to highly heated regions, 
with outbursts of steam and heated imud carrying np quantities of 
fragnients of the lower rocks and filling the “gigantic blow-holes” with 
a imnixed volcanic breccia. The pipes were thus formed catastrophically 
and filled gradually by suecessive outpourings from below. 

Such is the supposed history of the * blue-ground,” decomposed above, 
but becoming hard and compact below, and diamond bearing thronghont. 
Stress is laid on the fact that each opening is somewhat different in the 
character and aspect of its diamonds, so that experts can judge from 
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whieh mine any stene has come. The conditions of their formation are 
seen to be those necessary tor the liquetaction of carbon, which usually 
vaporizes at extreme temperatnres withont fusing. After discussing 
the experiments and calenlations of Dewar, as to the boiling point and 
critical pressure. the methods lately employed by Moissan are described, 
whieh need not be reviewed agin here. 

The question of how far Moissan’s artifieial conditions of fused iron 
with dissolved carbon under enormous pressnre may aetually exist mn 
the earth’s lower crast is then treated. The Ovitak iron is regarded 
asa convincing argument in suppork of the view that sueli mist be 
largely the case. The analogies of true Ineteorites, and the oecnrrenee 
of carbon in some of them, form a coineident line of evidence. Bunt in 
particularly the Canon Diablo irons, contaming diamond carbon, are 
discussed in conneetion with the peenliar “walled crater” of Sunset 
Knoll, This latter is regarded as strikingly similar in structure to the 
Kiniberley * pipes,” thongh ona far larger seale, a ‘erater of elevation,” 
by upthrnst throngh the surrounding strata of a@ plain, and snrronnded 
by these peeulariron-earbon ejeeta. These are considered, therefore, to 
be terrestrial and not meteoric, and to afford strong support to the 
theory of diamond origin thus presented. 


GENESIS OF THE DIAMOND. 


The question of the genesis of the diamond las been approaehed 
from anew quarter in the last year in an elaborate paper by Prof. O. A. 
Derby,' discussing the indications and conditions of diamond oceur- 
rence in Brazil. The conelusions that have been reached on this 
subject as to the diamonds of South Africa, Professor Derby shows 
plainly, can not apply mn South America; and, although the data are 
at present inconclnsive for the formation of any detinite theory, yet it 
is elear that the differences are so great that we mnst recognize distinct 
modes of diamond production on the two continents. The Atriean 
occurrence, in “necks” or * pipes” of basic igneous ontbreaks, deeom- 
posed above, but passing into perdotite below, is abundantly elear, 
and the only controversy is that already referred to in these reports,? 
whether the carbon is an original constituent of the igneous rock 
(authogenic), crystallized at great depths and pressures, alter the man- 
ner ot Moissan’s recent experiments, or is (allothigemie) derived from 
‘arbouaceous strata broken through by the molten rock in its upward 
movement, as suggested by the ineluded fragments of the Karoo shales. 

int nothing of this kind ocenrs in the Brazilian mines, and the slight 
approaches to similar conditions in the neighborhood of one or two of 
them would never have been thonght of in connection with the dia- 
mond save for the endeavor to tind some Atrican resemblance in their 

Brazilian evidenes on the cenesis of the diamond, by Orville A. Derby, Jour, Geol, Feb.- Mar, 1898, 
pp. 121-166. 


2Kiehteenth Aun, kept. V8. Geol, Survey, Part VY ceont’d), pp. 1191-1196; Nineteenth Aun, Rept. 
U.S. Geol. Survey, Part VI (vont’d). pp. & 10. 
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association. Leaving aside, of course, all beds that are plainly the 
result of recent surface drainage, Professor Derby goes into a very 
minute study of the indications as to the diamonds in situ that appear 
at a few localities. These present three types, In one, at Agua Snuja, 
near Bagagem, in western Minas Geraes, micaceous and stanrolitic 
schists are cut by granite dikes and quartz veius, and overlain by sand- 
stone beds with intercalated trap sheets, augitic in charaeter and judged 
to be Triassie in age. In the neighborhood are other ernptive rocks, of 
a pyroxene-magnetite-perotskite type, but not pertdotites, and not dis- 
tinctly connected with the diamonds, the latter being found in a bed 
overlying the rocks before deseribed and containing fragments of all of 
them, greatly decomposed. After reterring to the ditference in the 
character of the eruptive rocks, Professor Derby adds theremark: “Ty, 
as some hold in regard to the Kimberley occurrence, the diamond is the 
produet ot metamorphic action on carbon-bearing rocks and not an ele- 
ment of the eruptive rock itself, this last difference would lose inneli of 
itsimportance. In this case the Kimberley and Agua Suja oecurrenees 
would fall into line as phases of the same phenomenon of contact 
metamorphism.” This is almost the only Brazilian oeenrrence that 
even suggests any likeness to the African. 

The other two types are in connection, the one with itacolumite, and 
the other with quartz veins in “residual” clays. The former associa- 
tion, long since noted and often described with more or less accuracy, 
is especially treated of in this article at Grao Mogol, 100 miles north of 
the celebrated diamond beds of Diamantina, in Minas Geraes. After 
eonsiderable diseussion Professor Derby finds the evidence inconeln- 
sive. The itacolumite, ‘whether one or two series are represented, is 
a metamorphosed clastic, and no decisive evidence can be presented vo 
place the diamond in the elass of vither the autnogenie or the allothi- 
genie elements of this rock.” 

The third mode of occurrence is best shown and largely discussed at 
Sao Joao de Chapado. Here the rock is a body of clays of various 
types, al] apparently due to the decomposition of a series of crystalline 
schists or phyllites, and of pegmatite veins that traversed them, of 
whieh only the quartzose portions have survived. Whether these peg- 
matites were originally segregation veins or intrusive dikes is not clear, 
though Professor Derby inelines to the latter view; and whether the 
diamonds in the elays originated in the pegmatite or in the sehists it 
seems hardly possible to ascertain, even with minute examination. But 
the general fact remains that there is here no relation whatever to the 
African genesis, and that distinet odes of origin must be recognized 
for the diamond at different points. 

A further contribution to the African discussion as to diamond ori- 
gin has been made by Dr. [. Friedliinder, in the Geological Magazine.! 
Moissan’s method of erystallizing carbon in molten iron at enormous 
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pressure has been strongly presented by some as the probable sonree 
of the Kimberley diamonds, at great depth, As all the iron in the 
diamautiferous roeks is in combination, and not in the metallic state, 
it becomes necessary to assume that the erystals must have risen by 
gravity, through the supposed mass ot liqnid iron, into the silicates 
floating upon the top of it, like the slag in an iron furnace. Fried- 
liinder’s experiments now indicate that the fased silicates would dis- 
solve the varbon crystals. He melted a small piece of olivine with a 
gas blowpipe, and, keeping it fused, stirred it with «a small rod of 
eraphite. On eooling, the olivine was found to be full of minnte erys- 
tals, which on careful examination gave all the indieations of diamond— 
octahedral or tetvahedral form, high refraction, hardness above cornn- 
dun, insensibility to acids, burning away in oxygen, etc. From these 
tacts he infers that the action of such molten silicates, in the course of 
their extrusion, on carbonaceous rocks wonld readily explain the African 
mode of oceurrence withont recourse to hypothetical masses of fnsed 
iron at great depths and pressures—a view already discussed in this 
report for 1596,! 


AUSTRALIA. 


A number of diamond loealities are now known in different parts of 
Australia, some of which are yielding good stones, though notin large 
quantities or of large size. Jn October of last year reports came 
from Perth, Western Australia, of mach excitement over diamond dis- 
coveries at a place called Nullagine, in the northwestern part of that 
eolony, and there was in consequence a great rosh thither, but no 
details are given. Mr. John Pinmmer, of Sydney, New South Wales, 
has published a letter? in which he reviews the general snbject at 
various Australian localities. The finest stones thus far found are 
those from the Cndgegong River,’ which tlows from the Anstralian 
Alps throngh a gold-bearing district in the northwestern part of New 
Sonth Wales; but they are not numerous, and fhe search for them has 
nof been pursued, as the gold industry is found to be more certain and 
profitable. Tn the northern part of the same colony the Bingera and 
lnverell localities! are regularly worked. Most of the stones are small, 
many are of poor eolor, but some are fine and bring good prices in 
Europe. All are very hard, a feature which makes them expensive to 
ent, but whieh gives them extreme value for industrial nses, such as 
drills, ete. 

At Mittagong, some 75 miles south of Sydney, diamonds are found 
indrift. They are often straw-colored, and someare of beantiful deeper 
yellow shades. A few other localities are referred to where diamonds— 
occasionally valuable stones—have been obtained in connection with 


! Eighteenth Ann, Rept. U.S. Geol. Survey, Part V (cont'd), pp. 13-18. 

2 Watchmaker, Jeweler, and Silversmith, Vul. NXAIV, 1898. 
3Vighteenth Ann. Rept. U.S. Geol. Survey, Part V, 1896, p. 10. 
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gold washing. One thus found over ten years ago was eut into a 
4-carat brilliant that brought £10 and another £14 10s. They usually 
average about four stones to a carat, however, aud the prices range 
from 4s. 6d. to Ss. per carat. 

All the Australian oeeurreuces are in drift or alluvial deposits, and 
the sonrees are yet unknown. One attempt was begun to seek for 
them in deep ground, but after cntting throngh an overlying basalt 
the enterprise was stopped by the death of its promoter and has not 
yet been resumed. 


CHINA. 


The oceurrence of diamonds in Shan-tung provinee, China, has been 
occasionally noted, and United States Consul Fowler, of Chefoo, has 
made references to it,! and in April last wrote giving an account from 
a correspondent living near the locality where they have been found, 
which he deseribes as a low sandy ridge extending southward parallel 
to the main road passing throngh the market town of Li Chua Chuang. 
For some 8 miles along this ridge diamonds are found, not abundantly, 
because no search for them is nade. The people say that this wonld be 
useless, believing the gems to be produced by the action of rain upon 
the soil—thus confonnding washing out with production, as frequently 
seen in Europe and elsewhere—and being imbued with the idea that 
stone implements and the like, found on the surface after rains, have 
fallen from the clouds. The diamonds are picked up from time to time 
by workers in the fields, and are bought by agents or dealers who come 
from Pekin. Most of them are small and off-color, although some good 
stones are found, even ‘as large as a hazelnut,” and the poorer ones 
are valuable for drills. Prices are good, the usual rate for first-water 
stones at the spot being abont 2,000 “ large eash” ($240 Mexican) peroue- 
hundredth of a native ounce, which latter equals 14 ounces avoirdupois, 
The correspondent states that of recent years the business has rather 
deelined; but he thinks that the diamond field there is well worth 
intelligent exploitation, and that the whole neighborhood is rich in 
mineral resources awaiting development. 


RUSSIA. 


The oeeasional finding of diamonds on the western slopes of the 
Ural Mountains is quite well established. Early in the present cen- 
tury Humboldt suggested their possible oecnrrence there. In 1829 the 
first stone was found. More were found in 1830, and a few others 
at intervals until about IS74, but subsequently there has been little 
search, as the results do not pay expenses. These stones were found 
in the valley of the Poludenka, a small affluent of the Kama, about 160 
miles above Perm, the chiet point being what is known as Adolph 
Guleb. Diamonds up to 3 earats have oecasionally been found in the 


1Consular Reports, No. 198, March, 1897, p. 384. 
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Poludenka Valley tn placer workings for gold) and platinum, as with 
us tn California, The geology of Adolph Gulch presents nothing 
peculiar, The valley is excavated in a tossiliterous limestone, and near 
the placer quartzite, occurs with argillaceous schists. The surthee 
deposits show half a meter of soil, a dike thickness of gravel, 1 or 2 
meters of debris of quartz and limestone, and beneath this a eravel 
stratum with fragments of all the neighboring rocks, and limonite, 
specidar iron, magnetic sand, a little gold, and occasionally diamonds. 

ln Russitn Lapland also a few diamonds have been found along the 
-aatsjoki River, The bed rock is gneiss, cut by dikes of granite and 
pegmuttite, and in the river gravel ecur rolled garnets, zireon, corn 
dum, rutile, and tourmaline, with an oecasional diamond, but none of 
asize to warrant search. The reek conditions and associations here 
bring to mind the account given by Professor Derby, in his article 
already referred to, of the third type of diamond occurrence in Brazil 
under the different conditions of a glaciated and nonglaciated country. 

Mr. R. Welmkacker has recently reviewed the Mnssian diamond ocenr- 
rences,' and the preceding notes are abridged from his paper, 


CARBON INDUSTRY OF BRAZIL. 


United States Consul Furniss, of Bahia, has recently given a consular 
report upon the earbon industry of Brazil, whieh is contined to the 
State of Bahia. The demand tor carbonado, formerly small, has of late 
years become very great, with the growing importance of diamond 
drills, ete, In modern mining, The main region lies far in the interior 
of the State. Alter going by water from Bahia to Sao Felix, and 
thence by rail to Bandeira de Melo, where the production begins, the 
Vieher distviet lies further np the Paragassa River, over a rough and 
hilly country aecessible only by mnie track, 

The carbons occnr under three conditions, but always in the loose 
conglomerate known as cascatho. his is reported as found (J) over- 
lying wclay and under the river silt, in the beds of the Paragassa and 
iis alilnent, the San Antonio; (2) above a similar clay and beneath a 
layer of rock (an igneous outtlow?) on the slope of the adjacent Serra 
de Lavras Diamantinas: aud (3) throughout the adjacent region gen- 
erally, overlain by surface deposits of earth, ete. Tt is not altogether 
Gear what relation these three oceurrences of eascalha bear to one 
another, as described tm this account. Only the first and second are 
worked to any extent. 

The working in the river beds is contined to the dry season, about 
half the year, and consists of diving and filling bags with the easecalho, 
A spot not over 20 feet deep is chosen, where the current is slow, and 
here a pole is planted, The divers slide down and climb up this pole, 
and while below they serape away the silt and fill their bags, whieh 
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are, on a signal, drawn up by other men in “dugout” canoes. The 
divers acquire much skill, remaining beneath the water for a full 
minute, or even more, and removing the cascalho down to the clay. 
The bags are emptied on shore, out of reach of the river, and the con- 
tents lett in heaps to be washed and picked over in the rainy Season, 
when the rivers are too deep and too rapid for working. 

In the mountains the overlying rock is drilled through, and the cas- 
calho removed through tunnels and piled up, to be washed—by means 
of slnices built on the slopes—when the wet season comes. Mr. Fur- 
Hiss states that more carbons are produced here than re the river 
beds. Some little working has been done in the level country, but 
only along the streams, for away from the river there is a lack of water 
to wash the eascatho. The bed Ties at about lee water level and fills 
as soon as it is excavated. 

The carbonados vary trom the size of a grain of sand to the cele- 
brated one tound in 1891, which weighed 975 carats, and to that found 
in 1896, whieh weighed over 3,000 carats. Those from L to 3 earats 
are most valued, as large ones have to be broken, resulting in much 
loss. ‘The one of 975 carats, mentioned above, br aun $19,500 in Paris, 
but when broken into aiiaiie pieces did not by any means realize that 
amount. The present price is about $5 a grain, or $22.50 a carat, 
which high figure is owing to the large demand aon small supply, the 
latter due to the crude modes of production. The material is shipped 
principally from Bahia to Kurope, but little as yet being brought to 
this country. 


DIAMOND CUTTING. 


The Thirteenth Annual Report of the Commissioner of Labor deals 
extensively with subjects relating to the comparison of hand and 
machine work in respect to cost of production, time saved. and the 
like. Among other data those concerning diamond cutting are given, 
and itis shown that machinery applied to this Industry has reduced 
the time, but increased the cost. Three carats are ent by machine work 
in anes ‘nine hours, as compared with one himdred and thirty-two 
hours by hand, a gain in time of approximately 1 to 3.38, but the cost 
is increased trom S1LS4 to $26.25, a ratio of about 1 to 1.76. In other 
words, rather more than half the gain in time is lost in expense, The 
great increase of diamond cutting in the United States in the last year 
is shown by the large importations of rough diamonds, and notwith- 
standing so low a duty as 10 per cent on the ent stones (the greatest 
preventive to sinngeling) there are many sizes of diamonds which can 
be cut and sold for less in the United States than they cost when im- 
ported. The quality of much of the material is of a higher order: hence 
a higher grade of cutting is produced than in most of the stones of 
foreign importations. 
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DIAMOND SAW. 


The diamond-toothed saw for entting stone, referred to in former 
reports, is becoming prominent in the preparations for the Paris Expo- 
sition of 1900. It has been perfeeted and introduced by M. Felix 
Fromholt, a French engineer. As thus far employed for hard stones 
it is of cireular form, a steel disk of about 2 ineters diameter, rotated 
by steam power, and having set in its edge, as teeth, 200 common dia- 
mond erystals, worth about 32.50 a carat. It is run at 300 turns a 
ininute, at which rate it advances into hard stone abont 1 foot in that 
time. for soft stones every fifth tooth is a diamond, the other teeth 
being of steel, and the rate of advance is mach less; but at only twelve 
revolutions a minute this saw advances abont 3 feet. These have been 
used in the shops at the Champs-Elysées for the past year with entire 
satisfaction, doing all sorts of stone eutting and dressing with sharp, 
clean onthnes and at acost of but one-eighth to one-tenth as compared 
with hand labor. An alternating saw of the same character, to eut 
blocks of stone several feet in height, is now to be set up. 


CORUNDUM. 


SAPPHIRES IN MONTANA. 


A report has lately been nade upon the extensive sapphire and gold 
mining property on Yoyvo Creek, in Fergus and Meagher counties, 
Montana, which also comprises the locality of the sapphires of that 
district referred to in the report for 1896.1 The report gives many partic- 
ulars as to the gold placers and the method of working them, and also 
treats of the sapphires, though more with reference to future than topres- 
ent exploitation, and with few particulars as to color or quality. The 
sapphires ocenr in certain parts of the gold placers, and have been traced 
to their source in a “vein” (dike) traceable for some 3,000 feet within 
the property covered by the aecount.2 Mr. Barnes, the engineer, states 
that two shafts have been sunk in this “ vein,” one of them over 60 feet 
deep, showing the size of the vein and the quality and amount of sap- 
phires contained in it to continue unchanged to that depth. The roek 
above is soft, but becomes harder in descending, so that it is diffieult to 
mine and impossible to wash when bronght up. Exposed to the air, how- 
ever, it disintegrates, and the stones are then easily washed ont. As 
soon as the rather limited surface deposits are exhausted, therefore, he 
considers that mining by shafts, levels, aud stopes will be permanently 
profitable. The season for outdoor operations is from five to seven 
months; but shaft mining can be carried on in the winter, the material 
being thrown out to freeze and thaw. pending a washing season in the 
spring and summer. Animmense iron pipe system and special mining 
facilities have been introduced, and a greater yield is expected in 1899, 


1 Eighteenth Ann. Rept. U.S. Geol. Survey, Part V, p. 22. 2 EDICsy Pennes 
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The total amount reported as taken out during the year 1595 is 
425,776 carats. Of these 2,099 were of extra tine quality—rated A 1 
in the statement—25,646 were of first grade, and 101,169 were of second 
grade. The remainder, nearly 300,000 carats, were chiefly what are 
known as “eulls“—small, tlat, hexagonal crystals, used for watch 
jewels—with some of still inferior grade. Among the finer stones 
were some sapphires equal in eolor and brillianey to any known; but 
unfortunately all were of small size, the largest averaging between 1 
and 2 carats each. The stones are all sent to the company’s offices in 
London, and thenee to the Continent for eutting. The stones are then 
sorted, and the bnlk of the finer ones are reimported to the United 
States; the poorer stones could not be eut economically enongh in this 
country. The yield of the year for the State ot Montana is estimated 
to be fully ten times that of all the sapphires previonsly found there. 


ORIGIN OF CORUNDUM. 


A valuable paper has recently appeared on the manner of formation 
of the corundum deposits of North Carolina, by Mr. J. H. Pratt, of the 
geological survey of that State.! It is coming to be seen more and 
more elearly that the same material may be produced in different ways, 
and that determinations as to its origin in one loeality may be entirely 
imapplicable to that in another locality. This fact has been already 
illustrated by the artiele of Professor Derby, previously referred to, on 
the origin of the diamonds of Brazil as compared with those of Africa. 
The occurrence of corundum in association with crystalline limestones, 
as in Burma and in Orange County, New York, is widely different from 
its relations in the southern Appalachians or in Montana. The artiele 
of Messrs. Brown and Judd, referred to in this report for 1896,? dis- 
eussed elaborately the mode of origin of the Burma rubies as a product 
of alteration. The Montana sapphires, on the other hand, are elearly 
seen to be erystallized ont from dikes of igneous rock. My, Pratt, in 
his recent article, goes into a very minute examination of the oecur- 
rence and associations of the southern eorandum in relation to the 
‘<«lunite” rocks, which are regarded as clearly a form of peridotite in 
whieh the olivine is so abundant as to constitute the mass of the rock, 
though freqnently altered to serpentine. These dunites, aceording to 
Mr. Pratt and to other recent observers, are elearly igneous outbreaks 
and intrusions through and into the gneisses of the region, and the 
eorundum has erystallized out from them in the proeess of eooling. 
The experiments of Morozceviez,’ as to the solubility of aluminum in 
basic molten glass and its separation on cooling, form the basis of 


1On the origin of the corundum associated with the Peridotites of North Carolina, by J. UH. Pratt: 
Am. Jour. Sc1., Vol. VI, Part IV, p. 59. 

2Seventeenth Ann. Rept. U.S. Geol. Survey, Part ITI, pp. 905-906. 

3Sixteeuth Ann. Rept. U.S. Geol. Survey, Part 1V, p.599; Eighteenth Ann. Rept. U.S. Geol. Survey, 
Part V, pp. 21-23. e 

4Eighteenth Ann. Rept. U.S. Geol. Survey, Part V, p. 23. 
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Mr. Pratt’s argument. He traees two types of cornundiin veins, those 
between gneiss and dunite, which he calls contact veins, and those 
entirely in dunite, termed dnnite veins, each with various combinatious 
and alteration products fauking them, viz, chlorites, vermiculites, ete., 
the relations of which are diseussed. The separation of the eorundnm 
from the fluid mass of intruded danite would begin at the outee or 
first-cooled portions and form a peripheral zone, while in some cases 
it would extend mnward and downward into the mass of dunite for a 
greater or less distance, Krosion of the upper portions of such a mass 
would remove the top or crest of the peripheral zoue and leave the 
wall portions as contact verns and the penetrating portions as dunite 
veins, Just as now found, with their original connection obliterated. 
The contact veins appear to strike downward indefinitely, while the 
dunite veins gradually narrow and “pinch out”—a eondition well ex- 
plained by this theory, The view that the separation of the almmina 
would take place ina peripheral zone is supported by comparison with 
recent researches by Messrs. Vogt and Adams on the separation of sul- 
phide ores from molten gabbros, in which this mode of differentiation 
is Shown to have oceurred in the process of cooling, and it appears to 
correspond closely in many respects with the position and relations of 
these corundum deposits. 


PRODUCTION OF CORUNDUM. 
NORTH CAROLINA. 


Mr. T. WW. Bruner, of Raleigh, North Carolina, says in regard to the 
cornndun at Cornndum TH, Macon County, North Carolina, Git he 
is Informed that last year’s production “amounted to several thousand 
dollars.” 

ALASKA. 


During the last year the writer has seen good gray and pink speci- 
mens of asteriated corundum from a locality on Copper River, in the 
Juneau Indian Reservation, Alaska. 


ONTARIO, 


The corundum found in Canada, in the connties of Hastings and 
Nenfrew, Ontario, was briefly referred to in the last report.! | Further 
investigation has been made under direction of the Dominion Govern- 
ment, and it seems as though the yield may prove highly important, 
A full aeconnt has been published by Mr. Archibald Blne, of Toronto, 
in the transactions of the American Institute of Mining iEngineers.? 
In that paper, after treating of the occurrence of cormnmdun in other 
regions, especially in the United States and im farther India, a sketch 


Nineteenth Aon. Rept. U.S. Geol. Survey, Part VI, pp. 11-12. 
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is given of the gradual recognition of its presenee in Outario, Occa- 
sional observations lad been made for some fifty years, but only 
recently las its abuudance or its Importance been recognized. The 
first notice of corundum erystals was by the late Dr. T. Sterry [unt, 
who found them, with green diopside aud other minerals, in a erystal- 
line limestonein Burgess Township, in 1847, while engaged in a geolog- 
ical reconnaissance with the late Dr, Wilson, of Perth. In 1876 Heury 
tobillard, a farmer in Raglan Township, Renfrew County, had his 
attention called toa rock full of curious erystals, ‘like eruet stoppers,” 
which were prononnced by @ local ‘‘expert” to be apatite, and for some 
years efforts were made to sell the property as an apatite mine, very 
naturally without success, 

Two years ago the mineral was identiticd by Protessor Miller as 
cornudum, In 1887 some bowlders of the rare rock nepheline-syenite, 
containing corundum crystals, were found on the shore of Lake 
Ontario, near Cobourg, by Professor Coleman, of the School of Practi- 
eal Science at Toronto, These were recently identified with a rock 
found in place by Mr. Blue, in Dungannon Township, where it forms a 
large outcrop. About the same time Mr. Aruistrong, a farmer, discov- 
ered corundum in Carlow Township, Hastings Couuty, but did not 
know its character. Speciniens lately came into possession of Mr. 
Ferrier, lithologist of the Geological Survey, who recognized them and 
at once began investigation. Guided by Mr. Armstrong, he found the 
locality in 1896, and its importance was then established, 

In 1853 the late Mr. Alexander Murray made a geological reconnois- 
sunce of the country between the Ottawa and Georgian Bay, but the 
results were very general and of little practical consequence. Forty 
years later, in 1595, the Dominion geological survey delegated Dr. 
Frank D. Adams to make a geological reconnoissanee of the same 
region, and he, with his assistants, has since that time been engaged 
upon the work. The area examined covers abont 35,000 square miles, 
its four coruers being in the townsliups of Dighy, Finlayson, Hagarty, 
aud Grimstborpe. The northern part of the area is Laurentian, while 
the sonthern aud eastern portions are occupied by limestones and 
eneisses of the Grenville series. In the townships of Faraday and 
Dungannon a large developuient of nepheline-syenite was discovered 
and traced for 7 iniles in an east and west course. 

During the last two seasons Prot. W. G, Aliller, of the Kingston 
School of Mining, has been engaged, for the Ontario government, ina 
special investigation of the occurrences of corundum. rom the first 
point of discovery in Carlow, above referred to, he traced the eorun- 
diferous belt eastward across that and the adjoining towuships, Raglan 
and Lyndoeh, to the shore of Clear Lake. near Sebastopol, in Rentrew 
County, a distance of 30 miles. Its width varies from a half mile to 3 
miles or more, aud its area covers some 60,000 acres, During his 
secoud year Professor Miller was able to trace it in the other direction 


aw hey MINERAL RESOURCES. 


from Carlow as far as Glamorgan Township, in Haliburton County, thus 
making a total length of 75 miles, and finding a greater breadth in the 
region traversed before. Corundum oeeurs at many points in the 
western portion, and largely at Dungannon. The rock is chietly 
nepheline-syenite, and it occupies nearly 800 square miles. Over most 
of this region the mineral rights are held by the Crown, 

Another belt of similar rock, with some corundum, has been located 
in Peterboro County, at Methuen, some 45 miles southwest from Car- 
low. This has been traced by Professor Miller for 6 miles, with a 
width of 2 miles, in a northeast and southwest course along the Blne 
Mountains, to the shore of Stony Lake. 

Mr. Blue then describes more particnlarly his own observations at 
several points along the greater belt, viz, the Block location in Brnde- 
nell Township, the Robillard hill in Raglan Township, the Armstrong 
location in Carlow Township, and the Dungannon oceurrenee near York 
Itiver, the principal affluent of the Madawaska. At the first of these 
the erystals are thiekly studded in syeniteroek, with ontcrops of nephe- 
line-syenite close by. At the second the crystals are larger, running up 
from small sizes to five inches Jong and half that diameter. They are 
in syenite wherever it outerops for a mile along the hillside. They 
are also in nepheline-syenite, thongh smaller, but finely shaped. The 
corundum forms at times one-third of the rock mass, and the quantity 
insightisenormous. At the Armstrong place a fine exposure some 300 
feet long by 30 feet high is shown by the sealing off of the rock. Here 
the gneiss has been thrown into an areh by an upthrust of a mass 
of syenite, which in its turn has been cut by a dike ot pegmatite. 

Jorundam erystals abound in the exposed faee of the syenite, and are 
also seen in the pegmatite where it joins the syenite. The rock from 
this point, taken without selection and tested at the Kingston Sehool 
of Mining, yielded from 12.75 to 15.5 per cent of corundum. The Dun- 
gannon locality is a ridge of nepheline-syenite nearly 100 feet wide and 
half that height, thickly strewn with small crystals of corunduin of pearly 
to bine tints, sometimes partly altered to a white mica (damourite?), 
A sample examined yielded 10 per cent of the mineral and was remark- 
ably free from iron, As the nepheline gangue itself has 30 per cent of 
alumina, Mr. Blue snggests that this rock may prove a valuable ore, 
especially on aecount of the absence of iron. 

The remainder of the article deals in part with the question of the 
manufacture of aluminum from corundum, In the ten years from 1887 
to 1597 the prodnetion of aluminum in the United States advanced 
from 19,000 pounds to 4,000,000 pounds, while the price fell from $3.12 
to 573 cents a pound. So great a progress in so short a time implies a 
very rapid future development in the use of this metal. The Canadian 
eorundnm appears to be remarkably well adapted as an ore, from the 
readiness with which it ean be separated from the gangue and from 
the absence of adhering products of alteration. These points are also 
of importance in the preparation of abrasives. 
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Mill tests have also been econdueted under Professor Delxalb, of the 
engineering department of the Kingston School of Mining, to ascertain 
the proportion of corundum in the dike roek, the best methods of 
separating it, ete., with results that appear very promising as to the 
commercial value of the deposits. The tests indicate that the cost of 
milling need not exceed SL a ton, and ou a large seale might be con- 
siderably Jess, yielding 500 pounds of nearly pure cornidum to a ton of 
rock, making an average of 15 per cent. Analyses made last winter 
at Kingston have produeed ecorundnm as fine as 99.6. If it ean be 
worked freely at sueli rates as these, the material may be of great 
importance, not only as an abrasive bnt as an ore, containing as it does 
53 per cent of alumina, while bauxite and cryolite—the present main 
sonrees—have but 26 and 15 per cent, respectively. The district has 
abundant water power from the Mudawaska River and its tributaries, 
which fact is of importanee in the eost of milling and coneentrating. 
It is suggested, as nepheline fuses at a low heat and as much as 25 
per cent of corundum has beep found in the nepheline gangue, that 
the cornndum be separated by fusing the uepheline, which does not 
injure the cornndnm. 

No gem material has thus far been obtained; bnt there is hope that 
some may be found by further examination of localities 


RUBY. 
BURMA. 


The report of the Burma Ruby Mining Company for the year 1897 
was very diseonraging. Neither the reduction of the eapital nor the 
new arrangements with the Indian Government were able to prevent a 
deficit in the year’s returns, which amounted to £8,102, and, even 
deducting the surplus left from capital reduetion of £5,598, a net loss 
of £2,504 remains, The company’s income from license fees of native 
miners was so redueed by the prostration and distress caused by plague 
and famine that it was less than half that of the previous year—£9,976 
in 1897 against £22,534 in 15406—and barely one-third of that of the 
year before, when it was £28,277. This is the company whose stock 
was so tumultnously taken up at enormous premituns on its first 
organization a few years ago, but which has never yielded a dividend. 


SIAM. 


Dnring the last year an important account has appeared concerning 
the rnby and sapphire workings in Siam, by Mr. H. Warington Smyth, 
I. G.5., formerly director of the department of mines in that country.’ 
Mr. Smyth visited and examined two or three loealities more or less 
noted tor these minerals. He found one to be a myth, with little or no 
foundation. To two—the celebrated Chantabun region, and another 


‘Five Years in Siam (1891-1896), by H. Warington Smyth, F.G.S., etc.; 2 vols.; London, John 
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some 600 miles to the north wong the Mekong (or Cambodia) River, 
where it forms the boundary between the French possessions of Upper 
Anam and the northern extremity of Siamese territory, close to the 
border of Burmah—he gave careful attention, This latter locality he 
fonnd to be of no great importance for sapphires, although it has yielded 
some, and of no tnportanee at all for rubies. Of the Chantabun region 
he gives quite a full account, Lying on the east side of the Gulf of 
Siam, between 12° and 15° north latitude, about 125 intles due southeast 
from Bangkok, it extends into the interior for a considerable distanee 
sastward toward Battambang and the borders of (French) Cambodia. 
itis divided by the Patat range of hills, running nearly north and south 
and forming the divide between the streams that flow westward into 
Golf of Stam and those that are affluents of the Lower Mekong (or 
Cambodia) River to the east. It has been generally stated, and was 
so mentioned in an acconnt given in the Seventeenth Annual Report 
of the United States Geological Survey, Part JHE (continued), page 
907, that the rubies ave found only on the western or gulf side of this 
dividing range and the sapphires on the eastern or Inland side, but Mr. 
Smyth found tlis to be not altogether the case, as some fine rnby nines 
are worked on the interior slope, at its southern portion, on the upper 
waters of the Battambang River, there called the Klong Yai, 

The gems are worked partly in the stream beds and partly in a defi- 
nite layer that underlies muck of the district at varying deptlis. There 
seem, indeed, to be frequently two gem layers, the upper oue near the sur- 
fnee, irregnlar and “patehy” in distribution, doubtless due to erosion, 
and the other lying deeper under several fect of clay (sometimes with 
bowlders), and being clearly a deeomposition produet of an underlying 
basalt. Mr. Smyth deseribes this rock as very hard when exposed, 
but when encountered beneath the ruby layer, while its aspect is pre- 
cisely the same, the hammer sinks into it like a paste, though every 
grain and erystal is apparently in situ. The ruby layer itself is a tena- 
cious clay with harder fragments not all worn. 

The basalt, sometimes hard and ringing and at other times in various 
degrees of decomposition, as deseribed, is the general eountry roek. 
The hills and ridges show hard quartzite, whieh is perhaps an altered 
sandstone. No absolate recognition of the gem in the basalt rock lias 
been noted, thongh hercynite and augite crystals are seen on weathered 
surfaces, In the ruby layer oecur also poor sapphires, ordinary corun- 
dum, topaz, zircon, and ilmenite, and at some points magnetite and 
handsome garnets—oecasionally sold by the natives to unskilled pur- 
chasers asrubies. Lower down in tlie valleys there is evidenee of stream 
action in transporting and redistributing these hill-slope deposits, 
which are af first bat little changed froin the actual decomposed basalt. 
Mr. Smyth thinks that the streams at some places are evel now rede- 
positing in their beds gems which have been washed out from the edges 
of the higher and older deposits, which he regards as antedating the 
present lines of drainage. 
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These are the conditions on the west of the Patat hills in the rnby 
districts of Chantabun and Krat. On the east lies the Pailin district, 
chiefly, though, as above stated, not exclusively, yielding sapphires. 
Here the general facts are similar, though with many local variations 
which it is impossible to specify here, .Again the two layers are noted, 
the one irregularly distributed near the surface, the other beneath 
several feet of clay aud itself consisting of clay, doubtless derived from 
decomposing basalt and containing magnetite crystals and what Mr. 
Smyth likens to coneretionary nodules or decomposed pebbles—prob- 
ably the reunded forms so frequently assumed by the more resisting 
portions of decaying igneous roeks. 

The other district. far to the north and inland along the Upper 
Mekong, las yielded some sapphires, bnt no rubies ot any account. 
The mode of occurrence is in genera) similar m stream beds and in a 
definite layer from 12 to 20 feet below the surface, Some Burmese 
Shans who had had experienee in gem mining, reeognized small rolled 
crystals of hereynite in the beds of streams tlhowing into the Mekong 
from the west. They lad learned to assoeiate these with rnbies and 
sapphires, and they seareled until they found the gem layer, which is 
rather gravelly and full of pebbles and fragments of basalt, which forms 
the country rock here, as at Chantabun and Pailin, and deeonmoses to 
a claylike substance in the same way. It underlies the gem gravel 
and forms ‘a long tlat-topped hill, in which all the gem-bearing streams 
have their rise,” evidently a great outilow sheet. It is deseribed as 
‘a glassy basalt (porphyritic olivines and angites, in a base of lath- 
shaped feldspars, augite, magnetite, and glass),”! mneh like that of 
Chantabun. 

Mr. Smyth notes rather a curious ditierence between rubies and 
‘sapphires, in that the latter are often found as entire rolled crystals, 
their hexagonal form showing distinetly even when much worn by 
attrition, while rnbies appear far more brittle and are usually found in 
fragments. “Tn Siam,” he says, ‘the fault of the sapphire is generally 
in its coloring; of the ruby.in the number of its fractnres.” 

In both these gem distriets the prospectors and workers are almost 
entirely the Shan people—the natives of the region known as the Shan 
States, in the extreme northerm part of Siam, and beyond on both 
sides of the npper Mekong, chiefly in Burma. These people are very 
sturdy, active, and independeut. and possess remarkable ability in 
searching for gems—amouiting to a kind of enthusiasm—and in judg- 
ing of their value when fonnd. They are almost the only people who 
can live and work in the diggings in the pestilential climate of the 
Chantabin region, which is almost unendurable to Huropeans and 
very wearing on even the native tribes. They are spirited and inde- 
pendent in a quiet, detemnined way, and will brook no jmesh or unfair 
treatment or oppressive restrictions. Mr. Smyth describes the inauner 
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in whieh this quality was shown when the company that has lately 
seared control of imeh of the Chantabun region undertook to impose 
some restrictions on the freedom of the Shan workers, such as their 
scHing whatever they found toa company’s agent at hisown valuation, 
attempting the right of search, and so forth, The result was simply 
depariire of he men for other fields or for their Burman domes, 
leaving the mines almost without workers, At oue of the principal 
points he found only 200 diggers, instead of 2,500, and at another he 
found only ST, instead of 6,300, the desertion being due to these causes, 
Yet the Shans are ready cnough to respond to fiir tresdiment, and Mer, 
Smnyth emphasizes the faet that the success of Maropetn companies in 
Siam will depend hiargely on (heir recognition and consideration of tle 
rights of these peaple, who alone ean really operate the mines, 


EMERALD AND Bteyh. 


The emeralds of the aneient world all appear to laive come from the 
nines of PT pper Keypt. They were mniuse from very remote antiquity, 
and were greatly prized down Co the later Roman and byzantine tunes, 
The locality was thea, for some reason, gradiuadly abandoned, and it 
became so completely Tost that the souree of emeralds was long 
Hoknowl. Wher they were found in the New World, derived from 
the mines near Bogota, in Colombin, iG was tmagined by many that 
these gems dad formerly reached lMnrope trom Mastern Asia by trade 
With American across the Pacitie. The Ural emerald mines were not 
discovered until later, and dave uot been worked for years, so that 
Colombisn has been practically the ouly modern sources of the gens. 
Some years ago the ancient Meyptian mines were rediscovered by M. 
Oaillaud, and Ghe mystery of the former sonree was thus solved, [tis 
how announced that the khedival government Jas granted a con- 
cession do oan Mnelish syndicate, of whieh Mr Streeter, dhe eminent 
jeweler and gem expert of London, is a deading member, to reopen and 
work these quines. They are sittuled inoa depression ina range of 
hills or mountains of metamorphic roeks lying parallel to the Red Sea, 
There are two principal ceoters—thiat of debel Zalira, where M, 
Cailland made his former discovery, and another some lOamiles farther 
south, uamed Stkal or Sikali, The results of this enterprise will be 
awentedh with taterest. 

In ESOS the Russian mines at Pakow:aji dIrave been opened up and 
considerable work done will some, even Wo not with thatlertng results. 
The mines at Votersulzbachthal in ihe Tyrol duave also been reopened 
and worked, but with little timarctal success up to date. 

New Milford, Connecticut, is yielding some Gue material During 
thedast year, as stated by Mr 8.) Wilson, there has been prodiced 
200 pounds of aquamarine, valued at S100, and abou€ 200 pounds of 
golden beryl, also wordless 100, 
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In North Carolina the workings for beryl tn Mitchell, Yancey, Macon, 
and tredell counties, according to Me. "P. i. Braner, of Raleigh, pro- 
diced about $1,000 worth last year. 

Ina paper ou Notes on North Oarolina Minerats, by J.T Pritt,’ the 
ocenrrenace of emerilds ia Mitchell County is desertbed. This is the 
sme occurrence previously noted in this report for Psod. 

Mr. Pratt states that the vein carrying beryl is of i pegmatitte 
character, consisting ehietly aC quartz and an atbite feldspar, with 
tourmaline, garnet, and the beryl as accessory minerals, tle country 
rock being @neiss and biotite schist The writer lias seen many speci- 
inens from this locality, bie ouly tow that afford even small gems. 


TOURM ALIEN BE. 


The celebrated lovality at Mount Mica, Oxford County, Maine, las 
been worked during Che year past with (itr suceess, and also that at 
Haddam Neck, Connecticut, 

The exploitation of the Mount. Mieu loeality during recent years has 
been by no means for the comntercial value only of Che gem material 
sought or found, but largely in the titerest of screncee—a tact of abuost 
nique inferest i iining Operations. Tn E898 tnndreds of fons of 
rock were blasted) trom the eastern side at the ledge, but at dirst with 
simallresalt, By August and Seplember, however, cavities were struck 
containing dine erystals—dark blue-green, green, and red. Some of 
these were magnificent as specimens, 9 or LO inehes long abd 3 inches 
in diameter, bit not of gem quality, the gem material coming chietly 
fram simatier crystals, fin Oetober deeper cavities were reached, with 
crystals of red and blue-green Ghat yielded some tine gems, Many of 
these erystals were of extreme bewmity, and characteristic th Gheir color 

mavintions—pink at the base and grass-preen above, with a yellow- 
green zoue between; this latter has appeared in several cases this 
year, while a few years ago blue central bands occurred, A crystal 
6G ineles tong and hall an ineh wide wis rich clear bhie, with wa ineh 
of red at the bases another, blag tn its lower ball) passing Chroogh 
white and pink to a grass-green at the upper end. Phe Gints and come 
binwtions vary greatly mn dillerent caviies, Some colorless ones (clio 
ites) were obtained, but most of the gem insatertal was green. Phe total 
value (or the year is estimated at over 82,000, 

A special oxhibition of American colored tommmalines, hoth ent and 
nent, (rom this locality and that of Haddaat, Connecticut, was mide 
to the American Association for the Advaneement of Science dirhige 
its session abl Boston in Angust, ISOS. This was under the direetion of 
Mr. Angustus ©. Hatlin, of Paris, Maine, and also in conneetion with 
the Garland-Thantin tourmaline collection belonging to Harvard Uuil- 
versity, with other material displayed tor the occasion. 


- -_ = - 
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An important article on the chemical composition of tourmaline, by 
Prof. S. L. Pentield and Tl. W. Foote, has lately appeared.'! In this 
extended and exhaustive paper the authors begin by stating some of 
the diflicnities that have stood in the way of the exact analysis of 
tourmaline and made its chemical formula a matter of some uncertainty 
hitherto. Passing over the earliest analyses, by Vauquelin and Klap- 
roth, before lithinm was known, or boron recoguized as a constituent, 
and beginning in 1518, with the discovery of the former and the finding 
of both as present in tourmatines, the first real series of analyses was 
published by Gmelin in 1827. In 1845 another set of analyses was made 
by Hermann, in which he showed the iron to be ferrous. Tn 1850 Ram- 
mielsberg published thirty determinations, made with great care, but 
still defective in many particulars; these he reviewed and revised in 
1870, reaching conclusions much more satisfactory, and developing 
formulas for the principal varieties that probably are nearly correct. 

In 1588 Protessor Riggs published twenty analyses of American 
fourmalines, execrted with great care in the laboratory of the United 
States Geological Survey, and developed a general graphic tormula, 
which several German analysts discussed, partly sustaining and partly 
criticising the work of Riggs. In 1895 Prot. F. W. Clarke discussed 
the whole subjeet further, and proposed four struetural formulas. Com- 
paring the resnits of these and some other analysts, it appears that 
all tend toward a single type of acid from which, by various replace- 
meuts, the several varieties of tourmaline are derivable. This acid is 
given slightly different formulas, but one or two appear several times, 
from Naminelsberg down, avhieh are—H.)B.Si,O2 and HoB.Si;Oo,. 

The anthors concluded that the present need was not so much for 
many new analyses as for a few made with extreme care on material of 
special purity. They tirst selected for this purpose perfectly colorless 
tourmaline (achroite) from Dekalb, New York, and transparent green 
erystals from Haddam Neck, Connecticut. The methods used ‘and pre- 
cautions employed in the analyses are described in detail. The results 
proved so close to previous determinations that turther analysis was 
decied needless, and the work of stndying the theoretical composition 
was taken np in the light of all the previous discussions. 

The work of the varions authorities cited is then reviewed and com- 
pared, The general result arrived at is that “all tourmalines are 
derivatives of a complex boro-silicic acid, H.,B Si,O0.,” (see above), and 
that this formula is not likely to be altered by future analysis, althongh 
its structure may be more tully understood. Two of the hydrogens 
are hot replaced in any of the varieties, but always appear in hydroxyl; 
whenee it is judged that they belong with the boron, and the acid 
becomes Hy(BOTHE). Si, Ojo. 

Of this, alupniwn replaces one-half or more of the hydrogens; and 
the view is reached that “an ahuninum boro-silicie acid TH,A);( BOL), 


1 Am. Jour. Sci., February, 1899, pp. 97-125. 
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Si,O,. is characteristic for all varieties of tourmaline.” The struetural 
formula tor this body is then given, and the idea set forth that the ‘“inass- 
etlect” ot this complex radical, with its valence of nine, controls or 
dominates all types of tourmaline, in their erystalographic, electrical, 
and optical properties, irrespective of the proportions in which the 
nine hydrogens are replaced by metals—aluminum, magnesium, iron, 
or alkalies. 

Then follows a comparison of analyses, and a discussion as to the 
replacements just alluded to, showing the relations of the well-known 
types of (1) lithia tourmalines, (2) iron tourmalines, (3) magnesia-iron 
tourinalines, and (4) magnesia tourmatines. In all these alumina is 
present also, in ratios diminishing, from group (1) to group (4), trom 
6.7 to 1.6: and the alkaline metals diminish in nearly parallel ratios. 
The fusibility is highest in group (1), and falls with the increase of iron 
and magnesia. 

The geological ocenrrence of these groups is of interest. The lithia 
group (1), often delicately colored and at times eleav and gem-like, is 
associated in pegmatite veins with soda and potash feldspars, lepido- 
lite, and muscovite; the second and third groups are the ordinary black 
or very dark tonrmalines of granites, gneisses. and schists, and also 
oceur somewhat in pegmatites, with the first gronp; while those of 
gronp (4) ocenr chiefly in erystalline magnesian limestones, associated 
with phlogopite mica, pyroxene, amphibole, scapolite, etc. These, and 
also the groups (2) and (3), are regarded as due to heated water vapors, 
containing fluorine compounds and boracie acid, given oif during the 
slow cooling of intruded igneous masses; and eases are referred to in 
which sneh contact metamorplisms have been noted. 

Further discussion is then given to the suggestion before alluded to, 
of the “mass-effeet” of a highly complex radical in determining the 
physical charaeters of closely related varieties of minerals, as exem- 
plitied not only in tourmalines but in other groups, even of species that 
are nearly allied, as in the garnet-sodalite group, which is cited as an 
illustration. Even more, sucha controlling radical appears to influence 
the chemieal characters also, in allowing metals to enter into partial 
isomorphons replacements which they would not do m simpler salts. 
A very interesting tield is thus opened for study. 

The paper is one of much importance, and gives a better under- 
standing of the tourmaline group than has ever before been reached. 


TURQUOISE. 


Tn last year’s report mention was made of new tirqnoise localities in 
Nevada and southern California. Within the last year further discov- 
eries have been made in both States and in Arizona; and it appears 
that this nineral is widely distributed through the region where these 
States and Arizona adjoin or approach one another. The chief locat- 
ties announced are three—at a point in Nevada 18 miles east of the 


580 MINERAL RESOURCES. 


town of Vanderbilt, California; at Turquoise Mountain, Arizona; aud 
throughout a considerable region south of Death Valley, in San Ber- 
nardino County, California, west of the Colorado River, but near the 
point of junction of the States and Territory above named. 

The Nevada locality was discovered by Mr. George Simmons, a pros- 
pector familiar with the region. It lies about 5,000 feet above sea 
level, some 12 miles east of the California line. Mr. Simmons going 
ont tarther than usnal on the desert atter a rain, found a mountain 
showing ‘“float-rock” with blue-green stains, suggesting copper; but 
as he had seen the turquoise mines in New Mexico, he recognized these 
as probably the same thing, and ere long, by searching, found it in 
place. 

He sent specimens to friends in New Mexico, was assured of its gen- 
uineness, and at onee located a claim and began work. He subse- 
quently took a quantity of turqaoises to Denver and had them cut, and 
later engaged a skilled German lapidary to come to the mine with him 
and do the eutting on the spot. This arrangemeut has been carried 
out, and there was at last accounts a well-titted-up establishment on 
the side of the mountain, some distance below the nine, where the gems 
procured were cut and polished for direct shipment and sale to jewelers. 
One stone, found in the first explorations, of a pale. robin’s-egg eolor, 
weighed 644 carats, and another 107 carats, 

The mine is high up on the mountain side, and the gem-bearing rock 
is described very vaguely as “a traehyte, or white, soft conglomerate,” 
traversed by blue-green veins and streaks, which here aud there expand 
into “kernels” or nodules, the turquoise being covered with a white 
‘“talcose” coating, Comparing this with the accounts of other locali- 
ties in this report, it appears that they are generally similar, and the 
‘elalky conglomerate” is donbtless a decomposed quartzite or quartz- 
ose pegmatite. Seams of hard, white quartz and oxide of iron stains, 
where pyrite crystals have decomposed and left casts, are associated 
with the richest parts of the gem roek, and are regarded as “signs.” 

As elsewhere, ancient working is evident here, from old dumps, exca- 
vations, stone tools, and a “village site” on a tlat ledge lower down the 
mountain, with mortars, pottery, ete., and rubbing and polishing stones 
of especial interest. Nothing of this last kind is reported from the great 
mining sites in southern Cilifornia, nor are there any rock carvings 
reported here; whence it would seem that these localities had been 
worked by different people. 

A very interesting announcement eomes trom Prof. E. H. Barbonr, of 
Lincoln, Nebraska, as to the occurrence of turquoise in the form of 
rounded pebbles in the drift in Brown Connty, Nebraska. They are 
said to be of fine quality. aud several pieces have been cut as gems. 
This observation points to an entirely new and unsuspected locality for 
turquoise in the northern part of the country. Other minerals occur 
with it—barite, celestite, selenite, calcite, pyrite, ete.—which together 
may aid in the search for the actual source. 
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Turquoise in Arizona has been known for many years, but not worked 
to any umportantextent. The localities known as Turquoise Mountain, 
in Cochise County, and Mineral Park, in Mohaye County. have both 
been repeatedly noticed, the former as long ago as 1858, by Prof. Wil- 
liam P. Blake, and the latter as yielding some good material in 1883. 
During the last year further discoveries have been made and claims 
located at the former loeality. which is only some 20 miles from the 
town of Kingman, and is now but 2 miles from a branch railroad to 
Chloride. 

Turquoise Monntain is one of the peaks of the Cerbat Range, which 
runs a little west of north from Kingman toward the Colorado River. 
It presents no peculiar features, save inuch “float rock” showing traces 
of turquoise, remains of ancient dumps and workings, and terraced 
camping gronnds where the aboriginal miners dwelt. On one of these 
terraces a cutting was made that opened an ancient UTiL, avout o 
feet wide, which was uncovered for 5 feet. This old shaft contained 
many stone hammers and chisels, all worn by use, and had been filled 
to within a foot or two of the top—evidently intentionally—with tur- 
quoise “float” and débris. The indications showed that the method of 
building fires against the rock had been pursued, as in the New Mext- 
can turgnoise mines, and then quenching them with water, and breaking 
up the masses thus loosened with the stone tools. Some of the latter 
were of great size and could have been used only by large and powerfiul 
men. 

The new cutting was carried 25 feet directly into the mountain side, 
traversing many veins and seams of turquoise. Some of these were 
regular planes, others varied in thickness, developing into nodnilar 
masses. These nodules whieh yield the larger and thicker stones were 
found in a kaolin-like material and were buff or whitish externally, 
but blue within.’ Toward the surface the turquoise was more or less 
broken up and decomposed, and the bine color altered to green; but 
both color and hardness improved on going deeper into the rock. The 
latter is described as a partly decomposed gold-bearing quartz, oeca- 
sionally becoming rose quartz; farther up the mountain are porphyry 
dikes. It is proposed to use the blue veined turqnotse-bearing rock as 
a beautitn] ornamental stone. and bloeks of it have already been sent 
to New York to be worked into pedestals, mantels, et. 

One inass of pure turquoise of unusual size, though not of gem qual- 
ity, weighing 9 onnces, was sent from this locality to Prof. Wilitam 
P. Blake, who said that it was the largest unmixed piece that he had 
ever seen, anil regarded it as highly promising for deeper working. 

Mr. Frank Aley, of Globe, Arizona, also reports an ancient mine as 
discovered in that vicinity with hundreds of tons of rock excavated, 
and the stone tools of the old workers. No particulars are as yet given, 
however, as to its present or prospective value. 


IWitb this account way be compared that of the Nishapur occurrence as civen in vhis report for 
1896: Eighteenth Ann. Rept. U.S. Geol. Survey, Part V (cont'd), pp. 31, 32. 
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Diving 1898 turqnoise mining was earried on to some extent at Las 
Cruces, New Mexico, 56 miles northeast of 1 Paso, by A. De Meules. 
Unfortunately, operations were brought 10 a close by the assassination 
of Lhe discoverer and owner of the mine, 

Reference was made in this report for last year! to a turqnoise 
discovery at Manvel, California, near Death Valley, wilh traces of old 
workings, and also to specimens from another point in the same neieh- 
borhood being in the California State Museum. During the spring of 
IS9S8 mnch more extended discoveries were announced in that region 
and important explorations made, with a good deal of excitement in 
some of the Sau lrrancisco papers over beth the gent prospects and the 
archeological remains. This new turquoise district covers quite au 
extensive area in the northeastern part of San Bernardino Connty, 
near the point of junction of California with Arizona and Nevada, [t 
Is west of the Colorado River and some 60 miles northward from Man- 
vel, the nearest railroad station, by wagon and trail over a very rgged 
and desert country, 

On the reports of prospectors reaching San Francisco as to a great 
group of ancient turquoise mines with cave dwellings, stone impte- 
ments, and recks inseribed with inscriptions, an exploring party was 
ormamized by the Sau Franeiseo Call, and Mr. Gustav Kisen, of the 
Californian Academy of Sciences, became attached to it as archivologieal 
erpert. 

The thrquoise district, as deseribed by Mr. Kisen and others of the 
party, occupies an area of 30 or dOiniles in extent, but the best mines are 
ina smatler section, about 14 miles long by 3or-in width. The region 
is conspicnously voleaitic in aspect, being largely covered with oullows 
of trap or basaltic rock reaching ontward from a eentral group of 
extinet craters, These flows extend for many miles in all directions, 
and appears long low ridges, separated by valleys and canyons of the 
wildest character, Among these basaltic recks and in the valleys are 
found smatler areas of low, rounded hills ot decomposed sandstones 
and porphyries, traversed at times by ledges of harder crystalline 
recks, quairizites, and sehists, lu the canyons aud ou the sides of these 
hills are the old (nrquoise mines, appearing as sancerlike pits, (rome 45 
to 30 feet aeross and of half that depth, but generally much tiled up 
with débris, They are seattered about everywhere. Around them the 
ground consists of disintegrated quartz reck, Hike sand or gravel, full 
of fragments and little nodes of tirqnoise, Whenever the quartzite 
ledges onterop distinetly Chey show the blue veins of turquoise, some: 
times In narrow seams, sometimes on nodules or in pockets. The mode 
of ocenrrence appears closely fo resemble that at Turquoise Mountain, 
Arizona, elsewhere deseribed in this report, iA few prospectors have 
due into the old, ialt-fided depressions and found stones of good color 
and quality, and ordinary ones may be picked up almost anywhere out 


— 


INinetecnth Ann. Repu. Mart Vi (contd), p. Sd. 
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of the deeomposed quartz. Stone tools are abundant im the old work- 
ings, amd the indications are plain that this locality was exploited ona 
great. scale and probably for a long period, and must have been au 
important sonree of the turquoise used among the ancient Mexicans. 

From an arehwological point of view this locality possesses remark- 
able interest. The canyon walls are full of caverns, now filled up to a 
depth of several feet with apparently wind-blown sand and dust, but 
whose blackened roofs and rudely sculptured walls indicate that they 
were occupied for a long time by the people who worked the mines. 
In the blown sand were fonnd stone implements and pottery fragments 
of rude type, incised but not painted. The openings to these caves 
are partially closed by roughly built walls composed of trap blocks 
piled upon one another with no attempt at fitting and no cement, but 
evidently made as a mere rnde protection aguinst weather and wild 
beasts. 

The tools, found partly in the caves and largely in the mine pits, are 
earefully wrought and polished from hard basalt or trap, chielly ham- 
mers and adzes or axes, generally grooved for a handle and often of 
large size. Some are beantifully perfect, others mneh worn and bat- 
tered by use. 

The most impressive feature, however, is the abundance of rock 
carvings in the whole region. These are very varied, conspienous, anid 
peculiar, while elsewhere they are very rare. Some are recoguizable 
as “Aztee water signs,” pointing fhe way to springs; but most of them 
are unlike any others known, and furnish a most interesting problem 
to American archawologists. They are numbered by many thousands, 
earved in the hard basalt of the cliffs or, more frequently, on large 
blocks of the same rock that have fallen and Jie on the sides of the 
valleys. Some are combinations of lines, dots, and curves into various 
devices; others represent animals and men; a third and very peculiar 
type is that of the “shield figures,” in which complex patterns of lines, 
circles, cross hatchings, ete., are inscribed within a shield-like outline 
perhaps 3 or 4 feet high. 

One curious legend still exists among the neighboring Indians that 
is im no way improbable or inconsistent with the facets. The story was 
told Mr. Eisen by “Indian Johnny,” sou of the Pinte chief, Tecopah, 
who died recently at a great age, and who in turn has received it from 
his father. Thousands of years ago, says the tale, this region was the 
home of the Desert Mojaves. Among them suddenly appeared, from 
the west or south, a strange tribe searching for preeious stones among 
the rocks, who made friends with the Mojaves, learned about these 
mines, and worked them and got great quantities of stones. These 
people were unlike any other Indians, with lighter complexions and hair, 
very peaceful and industrious, and possessed of many curious arts. 
They made these rock carvings and taught the Mojaves the same things. 
This alarmed and excited the Piutes, who distrusted such strange novel- 
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ties and thought them some form of insanity or bac medieine, and 
resolved on a War of extermination. This they undertook, and after a 
long and desperate contest most ot the strangers and Mojaves were 
slain, since which time, perhaps one thonsand years ago, the mines 
have been abandoned. Mr, Kisen connects this account with the exist- 
ence of a fair and reddish-haired tribe, the Mayos (not Mayas), in parts 
of Sinaloa and Sonora, some of whom may have reached these mines 
and earried on a turquoise trade with Mexico, 


GARNET. 


Reference has been made by the writer in the report for 1895, and 
also in the last two reports,! to a very beautiful pale-red garnet, cutting 
into brilliant gems, found with the ruby corundim of Cowee Valley 
Macon County, North Carolina, This garnet was supposed to be 
almandite, and was so reported; but it now appears that it may prove 
to be more nearly related to pyrope, and it has lately been described 
under the proposed name of rhodolite, in two papers by Messrs. W. E. 
Tlidden and J. H. Pratt. 

The paper describes its ocenrrence in the valleys of Masons Branch, 
a small stream flowing from Lyle Kiob, a spur of the Cowee Moun- 
tains. No crystals have yet been found, nor has it been traced to its 
matrix, all the material thus far obtamed being in rolled tragments. 
The color is light, often very beautiful, of rose-red and pink tints, and 
it possesses, when cut, a brillianey unusual among garnets, and com- 
pared by the anthor to the green dematoid garnet of the Ural. 

These marked peculiarities seemed to call for more detailed examina- 
tion as toits preeise character, and careful analyses were made, It was 
fonnd not to be ahmandite in any ordinary aeceptation and approached 
more hearly.to pyrope froin its large content of magnesia, averaging 17 
per cent. Phe authors regard it as an Intermediate type, and while not 
calling It a species, term it a new variety. The mean of two analyses, 
very close in themselves, gives true garnet ratios, which yet do not 
econlorm to either pyrope or almandite. The theory is presented that 
it is avimixed variety, consisting of two molecules of a magnesia-almmina 
garnet (pyrope) and one of an iron-alumina garnet (almandite). The 
results were recalenlated on this liyypothesis and fonnd to aceord quite 
closely with the theoretical composition of sueh a substanee. The 
fonmula this indieated is the folowing: 


Re Mg;Al,. Ife,Al, (S1O,4)s. 


It may be here noted that several analyses of pyrope, among those 
given in Dana’s Mineralogy, approach quite closely to the composition 
of this new variety In their lower percentage of magnesia and higher 


Eighteenth Ann. Rept. U.S. Geol. Survey, Mart V. (cont'd), p19; Nineteenth Ann, Rept., Part 
VI. (cont'd), p. 13, 

?Rhodolite, a new variety af garnet; Am. Jeur, Sci., 4th series, Vol. V, 1895, pp. 293-298, and also in a 
paper on the Associated Miucrals of Whodolite, Am. dour. Sei., Vol. VI, Dee., 1898, pp. 463-468. 
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amount of iron than in normal pyrope, and that these are the gem 
varieties from New Mexico and South Africa. This fact strongly sug- 
gests that these “Cape rmbies” and “Arizona rubies” may prove to be 
not trne pyropes, but other oceurrences of the newly recognized 
rhodolite. 

The wean of the two analyses gives the following result: 


Analysis of garnet from North Carolina. 


Constituent. | ler vent. | 
Lt Omni OW RE oleate ga.cacaciee oo8% Wheel 
PUTCO sto. 5. occ cece asks seudwwleccesn 93. 13 
I e:0, better ater Motaletanarsalsie acca Minicie Kiera cle sis aleletie esate (sie ore 1 M18) 
IERYO) So Gees Goad Base ea ee oer Wi Se 
NAGS Fete ete ee tae es eee wie Sen mecea 17.23 

(OHO iid 2S ASS Me ERS eee nee ale oe ge 582 
TMC tears eso oa cbectenvene ceunloc cs 100,32 


* 


On the theory of a mixture variety containing one molecule of 
almandine aud two of pyrope, and recalculating the above result, with 
the ferric iron inehided with the alumina and the Jime with the mag- 
nesia, the comparison appears as follows: 


Theoretical and recalenlated composition of North Carolina garnet, 


Constituent. Theoret- Recalen- 
ical. ' dated. 
ca a 

Per cent, Fter cent, 

SI QOieeee ies ss. ods eisea SHave es repay pers ae toe 41.48 11. 76 
RE aoe gw oie a eth Se eee ee 23. 50 Dihel1 
VELEN G Js 5 ey ee ASE IN 16.59 aa, 
MgO 5 DSS SOC eee in sino ooo DL 1X, 43 18.21 


It will be seen by examining the analyses in Dana’s Mineralogy, page 
441, how markedly these results differ from normal pyrope and how 
near they are to analyses Nos. 7, 11,12, and 13, as there included, 


TOPAZ. 


A. paper has been published! within the last year by Mr. Arthur S. 
Fakle on topaz crystals in the collections of the National Museun. 
The discussion is entirely crystallographic, but contains much that is 
of interest to scientific mineralogists. After describing the forms and 
noting the faces on the topazes from foreign localities—Alabashka, the 
Ilmen Mountains, Nertchinsk, Saxony (Schneckenstein), Australia, 


1Proc. U.S. Nat. Mus., Vol. XXL, pp. 361-369. 
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Japan (three localities), Brazil, and Mexico (San Luis Potosi, Zacate- 
“us, Durango), le gives those from four North American localities— 
Pikes Peak and Nathrop, Colorado, the Thomas Range, Utah, and 
Stoneham, Maine. The first and last of these resemble those of the 
Itmen Mountiins, and the Nathrop and Utah erystals those of Mexico. 


OLIVINE. ° 


So much interest attaches to the remarkable occurrence of olivine in 
bowlders near Thetford, Vermout, that the following statement reeard- 
ing the discovery and identification of it has been abtained from Prof. 
Oliver P. Ttubbard, late of Dartmouth College, who first brought it 
into notice. Tle says: 

In (852, while driving by the farm now owned by Mr. P. W. Mout, in Thetford, 
Vermont, }eame toa considerable rock (G00 te 800 pounds) in the middle ot the 
roadway, with a carriage track on each side (a condition of one hundred yers?). 
lts various colors suggested 2 conglomerate, but removing with my sledee a seale 
as large asmy land, it proved trappean with nodules of olivine, 

I visited the place sone years later; the rock was gonue—to be a header te a bar- 
post—and the read truek was straight. DT bonght the reck and sent it by railread 
to Dartmouth College, at Hanever, New Hampshire, At this time 1 discovered 
new by, in the meadow, a dozen similar pieces, from 800 to 2,000 pounds in weight, 
more or less buried. ‘These were subsequently unmbered with paint and cata- 
logned, On splitting mine, the brilliant surfaees were found filled with nodules of 
olivine, ofall sizes up to 4 inehes in dinmeter, Specimeus were sent (oe yvarions 
cabinets, The olivine was analyzed in the Sheftield Scientitie Sehool, at New 
Haven,! 

One mass of 1,500 pounds is now in Columbia University, New York 
City; one of 1,200 or 1,100) pounds is at the United States Military 
Academy, at West Point; another is in tle Ameriean Museum of Nat- 
ural History, New York City. This last presents a imass of olivine 7 
by -Linehes, pale yellow green, but only transparent in part. Smatler 
ones of 600 pounds and Jess are in the University of Chicago and in 
the New York State Museum at Albany, New York. Tn Angust, 1896, 
Mr. C. Hl. Richards discovered in Corinth, Vermont, 2U miles north of 
the locality, a dike in mica slate of similar composition, from 6 to 10 
feet wide, and traced it for hal(a mile; this is the probable sonree of 
the bowlders. Tle obtained here crystals of olivine measuring 2.08 by 
1.82 inches.? ; 

FINCGN, 


Ma. PL WK. Bruner, of Raleigh, North Carolina, mentions that zir- 
eons, Lirge and richly colored in honey-ved and brown shades, lave 
beet found in lredell County, North Carolina, some of the crystals 
weighing as mnel as 2 ounces. 


See Diva's Mineralogy, 4th cditiou, p. 185. 
2Nature, Octobur 25, 1897, p. 622, 
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QUARTZ, 
ROCK CRYSTAL. 
CALIFORNIA. 


Mention was inade in this Report for 1597, p. 15, of a discovery of 
remarkably large quartz crystals in California, promising to yield 
material suitable fer crystal balls and other handsome objects, Further 
accounts have been received during the last year and some of the 
erystals ent into fine spheres, ‘The locality is at Mokelumne Hill, Cala- 
veras County, and the specimens are found in the compacted filling of 
one of the old river channels that are so marked a feature of Californian 
geology. Mr. John 1. Barton, who is engaged in tuking out the erys- 
tals, describes them as lying irregularly in every sort of position in the 
old tilling, Some are close to the rim rock or ancient river bed, 
enibedded in coarse colored gravel and **vement,” stained and discolored 
externally, but in some cases clear and briliiaut within, Over the “rim 
reek” is a cream-colored clay and then a coarse, wet sand, much com- 
pacted, in which are tonnd clean, iandsome-looking erystals, though 
all are muddy and require thorough washing. Two little “stopes” or 
partly timbered drifts have been run into this deposit for several yards, 
and the sides, faces, and roots are seen fo be thil of crystals, A large 
mimiber have been taken out and much more is in sight. One erystal 
ineasures 19 by 15 by 14 inches, another 14 by 14 by 9 inches, ete. 

A nimber of these specimens have been sent to New York, and 
speeial machinery for cutting them into balls has been put up. One 
ball has been tinished, Itis of flawless perfection and has a diameter 
of 54 inehes, and is one of the finest in the country; it is valned at 
$3,000, Other beautiful spheres have been eut from specimens from 
the sume California locality. Two balls of 74 inches in diameter were 
ent also, but these were not tlawless. 

This is an interesting and promising addition to American minerals 
available In the ornamental arts, as hitherto only occasional pieces of 
rock crystal possessing snfficvient size and transparency to serve for 
any snch purpose have been found in the United States. Japan, Brazil, 
Madagascar. and the Alps have heretofore been almost the only sources. 

It will be an interesting geologival problem to aseertain the place of 
origin of these grand crystals now strewn in the old ehannels, As 
they are not much rolled, and lie so thickly in a limited space, it seems 
that they can not be far removed from their point of ocenrrence, and 
the snggestion arises that some cavern or open vein lined with the 
crystals has been cut through by the ancient stream, and perhaps 
entirely obliterated, near the spot where they are now found. 
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PHANTOM QUARTZ, 


Some very fine specimens of quartz erystals showing snecessive 
stages of growth—often called “ phantom crystals ”—have been obtained 
recently from Placerville, California. iA large nnmber of these have 
been sent to dealers and collectors, and others are fonnd trom time to 
time, thongh only a few out of many that occur are choice enough to 
be valuable. They are found embedded in clay, having apparently 
fallen from the walls of @ mine or cavity in which they occur, the pre- 
eise location of which has not been stated. The erystals vary from an 
inch to a foot im length and from 1 to 20 ponnds in weight. Some are 
brilliant, clear rock crystal; others smoky; others dull and opaqne, or 
coated with a thin layer of white silica on some of the sides. All show 
“phantoms” more or Jess numerous and marked. 

Some extensive work was done in mining for amethyst in the quartz 
vein at Denmark, Maine, and some beautifnl specimens were obtained, 
many of gem value. Among them was a faultless polished brilliant 
crystal of the most intense purple, 5 inches high, 3 inehes wide, 4 
inches thick and equal to any crystal ever found at any known loeality. 


OTHER VARIETIES. 


At New Milford, Connecticut, according to Mr. 8. C. Wilson, smoky 
quartz to the amonnt of 200 pounds, and worth $104, has been obtained 
during the year. 

Mr. T. K. Bruner, of Raleigh, North Carolina, states that large 
amethysts of good color are still found in Lincoln Connty, together 
with smoky and lighter colored varieties. It is not possible, however, 
to give the value of the annual prodnet. 

In a list of local minerals furnished by the Peabody Academy of 
Science, at Salem, Massachusetts, the following are noted among the 
more interesting quartz varieties: Citrine and cairngorm stone, in the 
Roekport Company’s granite qnarry at Rockport, Massachusetts ; 
smoky quartz and morion, in the Pomroy quarry at Gloucester; horn- 
blende in qnartz, on Salem Neck, and actinolite in quartz (Thetis’s 
hair stone), at Bass Point, Nahant. 

Very fine Thetis’s hair stone is reported by Mr. R. G. Coates, of Los 
Angeles, California, as occurring in that vicinity. 

Asteriated quartz is fonnd oecasionally in North Carolina, according 
to Mr. T. dX. Bruner, of Raleigh, but no particnlars are given as to 
locality. 

Mr. M. Braverman, of Visalia, California, reports coneerning the 
year’s output of gold quartz in that State that the valne of the 
material snitable for cutting was about 3100, found mostly at White 
River, in Tulare County. 


PRECIOUS STONES. 589 


Ina paper on “ Petroleum inclnsions in quartz erystals,”? Mr. Charles 
L. Reese describes specimens from Diamond post-ottice, near Gunters- 
ville, Marshall County, Alabaina, not far from thé Tennessee line. 
These are clear erystals of quartz, well formed, with triangular cavi- 
ties parallel to the faees, wherein occurs a brown liquid around the 
walls and a circular space within, which move ou turning the specimen 
about. In one crystal—the largest, about an inch by halt an inch— 
the liquid at first formed a globule in the cavity, but on experimenting 
with heat this globule burst violently and its contents gathered about 
the walls. Lhe liquid shows the fluorescent green of petrolenin, and 
some small erystals from the same place, when crushed in filter paper, 
gave greasy spots thereon, which sinelt and burnt like petroleum. 
This substance also oecurs in the neighborhood of the locality. 


CHRYSOPRASE. 


Mr. M. Braverman, of Visalia, California, reports that a new location 
has been found abont 1 mile east of Lindsay aud 18 miles south of 
Visalia; 500 pounds have been taken out so far, but only a small quan- 
tity of gem material was fonnd, Work is still going on at the Claim, 

Prof. N. H. Winchell, of Minneapolis, Minnesota, states that jasper 
(bloodstone) is common in the taconyte horizou of the Animikie, asso- 
ciated with “banded jaspers” im large pieces, many of which are hean- 
tiln] whem polished. 

Mr. A. Bibbins, of Baltimore, Maryland, who has made much miner- 
alogical exploration in that vicinity, reports the occurrence of carnelian, 
sard, and chalcedony at “Mme Old Field,” in Harford County; of jas- 
per at Soldiers’ Delight, Baltimore County, and of silicilied wood as 
common in the Potomae group of Maryland. 


OPAL (AUSTRALIAN). 


A paper read by Mr. FP. G. de Gipps, before the Australian Institute 
of Mining Engineers, gives numerous details as to the mode of occur- 
rence of the Australian opal in the White Clilf district, near Wilean- 
nia, New South Wales, described in this report for 1896.2 The point 
tliere relerred to, as to the relations of this field to that of Quecusland, 
is here stated to be that the Wileannia region lies “near the southeru 
edge of the Cretaceous basin of the interior of Qneensland, New South 
Wales, and South Australia.” The opal district, as far as explored, is 
about 15 miles long and from half a mile to 2 miles wide. The rocks 
are Cretaceous, of varied character, and Mr. de Gipps gives curions par- 
ticnlars as to the bands or “layers” of opal-bearing rock, referred to 
in the account above cited, He finds evidence that the opal nmst have 
been deposited during a long period of time, and in a peculiar way. 


1 Jour. Ain. Chemical Soc. for October, 1498, Vol. XX. No. 10. 
2Eighteenth Ann. Kept. U.S. Geol. Survey, Part V (cont'd), pp. 30,3). 
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A good deal oceurs in sandstone bowlders in the Cretaceous, which 
are worn, rounded, and often contain Devontan fossils, and have in 
some cases, after the introduction of opal, been broken and recemented 
with opal again, Another mode of oceurrenece is that in ‘nigger- 
heads” rounded silictous masses, varying from 1 to 100 pounds in 
weight, impregnated with opal. These appear to be coneretionary, 
judging from Mr. de Gipps’s aeecount that they generally contain a cen- 
tral portion of opalized wood, with septaria-like eraeks filled with opal. 
The bandstones, or opaliferous layers, are harder than the adjacent 
strata, aud contain shells and belemnites more or less altered to opal, 
and craeks filled with it. He also refers to it as oceurring in clay, 
caolin, Silicious beds, and in conneetion with gypsum (as mentioned at 
Milparinka, in. the account before eited).! Ile describes it as peeuharly 
clear when in gypsum layers, especially when the latter is in erystals. 
Curious masses of mixed carbonate and sulphate of lead, in flattish 
coneretious, oecur throughout the same beds, but do not seem to have 
any conneetion with the opal. 

Mr. de Gipps holds that all the faets indieate that the opal was 
deposited in a very fluid, gelatinous condition—e. g., the preseuce of 
included fragments and particles of elay, ironstone, wood, ete.. in the 
elear opal; also a very general stratification of it. the varving bands of 
eclor being horizontal, parallel to flat seams and transverse to vertical 
ones, entirely unlike the usual character of banded veins of infiltration. 
“This,” he says, “proves that the veins and cavities have not been 
subjeet to gradual deposition from silicious matter in a circulation of 
water, but filled by a gelatinous solution of silica, more or less pure, 
which had time to settle into zones, or horizontal bands.” <All of it, 
woreover, is cracked and fissured, as though from contraetion, and 
often retilled as by subsequent deposit, 

He gives farther particulars as to grades aud values. But little over 
oper cent of the opal found is “precious.” or suitable for jewelry; for 
good material the prices vary widely, up to S120 an ounce, or rarely 
$125. Color and ‘*pattern” are the chief conditions of price, those 
stones that show red fire being most esteemed, cither alone or mingled 
with yellow, green, or blue, ‘* Pattern” denotes the ditference in size 
of color, “pin fire” being where the eolors are in minute points or 
specks, “harlequin” where they are mingled in small patches or 
squares, and “flash fire” where there are broad gleams ot color across 
the stone. These three grades shade into one another more or Jess: 
the seeond is the rarest, and when fine and uniform, the most valued. 

During 1898 great quantities of gem material were found, a single 
find, it is said, having vielded £12,000 to £15,000, 


1 Kighteenth Ann. Rept. U. 8S. Geol. Survey, Part V (cont’d.), p. 3l. 
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Two or three years ago attention was -alled to a beautiful light-green 
mineral from Utah, whieh was thonght to be probably the same as 
utablite, the massive or nodular yariscite deseribed by the present 
writer under the former name in this report for 1594, p. 602, The exaet 
loeality of this mineral has lately been ascertained and its character lias 
been determined to be quite different. 1¢ was procured in 1895 by Mr. 
T. H. Beck, of Provo, Utah, in the Dugway mining district in Tooele 
County, in a low range of hills in a dry desert region, associated 
with fluorite, native silver, and decontposed auriterous pyrite. The 
rock is said to be trachytic, and “slate” is also reported. The mineral 
proves to he the rare species prosopite, a hydrons fluoride of alniminnm 
and caleinm, colored green by some copper compound, and mingled 
with quartz and perhaps fluorite. It is deseribed by Mr. W. Il. Hille- 
brand in the American Journal of Seienee for January, 1599, yp. 5a, wh, 
The analyses were at first somewhat perplexing, bnt after eliminating 
probable small admixtures, and assuining some little flnorite as con- 
tained, a result was reached that comes very close to the two previous 
determinations of prosopite from Saxony and Colorado, as follows: 


Analysis of prosopite from sereral localities. 


Constituent. Altenberg. Pikes Peak. Utah. 


| Ter cent. Per cent. Per cent. 
| Al... oe eee 93.37 22.02 22.74 
lt. ee 16.19 17.28 16.85 
| So, 35. 01 $3.18 29.95 
Pa... ey 1S Gy 18 
CO .., . ——— 12.58 13) cee 14. Se 
99, 36 99. 35 100, OO 


The view is taken by Mr. ]lilebrand that the water is probably pres- 
ent as hydroxyl, and the analyses favor the idea ot Penfield that 
hydroxyl in such eases replaces part of the thiorine. 

Whether this rare mineral occurs here in quantity sntiicient to be of 
use in the ornamental arts is not ascertained, but it is an interesting 
and beautiful addition to North American mineralogy. 


TIIOMSONITE. 


In regard to this mineral, which has to some extent been nsed as a 
semiprecions gem stone, and sold to tonrists in the Lake Snperior 
region, Prof. N. H. Winehell, of Minneapolis, says: ‘¢ That reported for 
several years from Minnesota (near Grand Marais) ts, mesolite, though 
thomsonite also occurs. Lintonite is worthy of being classed with the 
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gems. It is allied to the jacksonite of Whitney.” He adds that none 
of these minerals has as yet any commercial value, except the meso- 
lite, which, nnder the name of thomsonite, is sold to some extent as a 
gem 

From this aceount, these closely similar minerals would belong 
strictly as follows: Thomsonite, so ealled, under mesolite; lintonite 
nnder thomsonite proper, and jacksonite under prelnite. <All are 
related in composition and oceurrence, being hydrous alumino-silicates, 
but differ in details of chemical and physical strueture. They, as well 
as chlorastrolite aud zonoelilorite, are all found tiling amygdules in the 
trap recks ot the Lake Superior region, and are weathered out there- 
from and rolled on the beaches, Although resembling pebbles, they 
are not properly such, as only their surface polish aad not their rounded 
form is due to the action of the waves. 


CHLORASTROLITE. 


During 1598 seareh was continued for chlorastrolite at Rock Harbor, 
Isle Royale, Lake Superior, with exeellent result. Many thousand 
stones were found, some of them measuring an inch or more in length, 
and the value of the output was several thousand dollars. 

Professor Winchell, in an artiele on chlorastrolite and zonochlorite,! 
discusses these two minerals at some length and comes to the conelnu- 
sion that the former is probably a gennine species and the latter an 
impure or altered material. Chlorastrolite was first discovered by Dr. 
C. T. Jaekson and analyzed by J. D. Whitney, in 1847; in 1875 it was 
again analyzed by Ilawes, who concluded that it was rot a homogeneous 
mineral, and referred it to an impure variety of prehnite. Leeroix, in 
188s, referred it on optical grounds to thomsonite. Dana, in his last 
edition (1892), placed it among donbtful species in his “Appendix to 
zeolites.” 

It oecurs on the beaches of the south shore of Isle Royale, as rolled, 
pebble-like amygdules, and also in the trap rock. Its green color and 
stellate radiated structure (whence the name), with its capacity of bril- 
liant polish, have made it a favorite “local” gem stone. It has a higher 
index of retraction than thomsonite, and a distinet pleoehroism (light 
green and colorless), and the fine, compact fibers vary in brightness in 
convergent light, as they expose to observation the acnte or the obtuse 
angle. The mineral has a strong individuality, alike in structure, color, 
and constaney of optical orientation. Professor Winchell, therefore, 
thinks that the impurities noted by Hawes and Lecroix were acei- 
dental, and that when analyses are made with eare to exelude foreign 
mnaterial “its chemical characteristies will be found as distinct as its 
physical.” In this view he is sustained by the faet that mn sections 
made of specimens of it for the Minnesota Survey the mineral is found 
to be quite pure, with only a few little spherules of delessite. He 


1Am. Geologist, Vol. XN1II, No. 2, February, 1899. 
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believes, therefore, that small foreigu inelusions of quartz, delessite, 

prehnite, or oxide of iron are amply sufieient to account for its sup- 

posed want of homogeneity of eomposition in former analyses, 
Whitney's analysis is as follows: 


Analyses of chlorastrolite fram Lake Superior. 
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Some of the nodules Jack the characteristie stellate structure and 
present a dull green aspect, sometimes dark, sometimes verging toward 
a light green like that of lintonite, or into a white strnetureless sub- 
stance of less hardness, or a pinkish zeolitic mineral, like mesolite. 
These are not true chlorastrolites, and Professor Winchell thinks, after 
examining a large number of sneh forms, that “the green struetureless 
snbstance is a transition stage between elilorastrolite and mesolite, the 
iron element prevailing on one side and not on the other.’ Ue is dis- 
posed to identify this mineral with the zouochlorite of Foote (1873), 
thongh stating that he has not been able to examine the original 
material so named. Hawes reported it to be not a homoveneous sub- 
stance (1875), but to eontain green particles disseminated in a white 
mineral, It is but fair to the late Professor Foote, however, to recall 
that his zonoehlorite was not “structureless,” but was named from the 
fact that it presented coneentric layers or zones of lighter and darker 
Shades of green. 

Professor Winchell develops an interesting point. however, in his 
view that this undefined greenish mineral of these Isle Royale amyg- 
dnles grades into mesolite on one side and into chlorastrolite on the 
other, “the extremes only being identifiable.” and that ‘these two 
minerals are elosely allied in origin, structure, and composition, differ- 
ing principally in the content of iron.” They sometimes occur in the 
same anyegdule, either clearly defined or passing into eaeh other with 
nore or less of the green amorphous material between. 

The question as to the exaet nature of zonochlorite probably remains 
to be decided by further analyses and by the examination of thin see- 
tions. It is evidently a closely related substance, but presents a ehar- 
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acteristic strneture different from chlorastrolite, and comes from a dis- 
tinct locality, Nipigon Bay, on the north shore of Lake Superior, 

A company has been formed, under a New Jersey charter, to work 
the tungsten ores of the Hubbard nines, at Trumbull, Fairfield County, 
Connecticut. It may be that interesting gem minerals will be found 
there, as the Trumbull locality has long been famons not only for the 
tungsten minerals, wolfram, and scheelite, but for topaz, and also for 
fluorspar and its variety, chloroplanue. 

Transparent and nearly colorless fluorspar in pieces of 2 inches 
sqnare and over, if procurable in any quantity, would be valuable in 
the manutacture of some forms of optical goods. A demand exists for 
it that can not at present be readily met. 


MOLDAVITE. 


The question as to the origin of moldavite, whether the nodules in 
which it occurs are, as has been usually supposed. rounded and water- 
worn pieces from an ancient glass factory, or have a meteoric charae- 
ter, as lately urged by Dr. Suess, has attracted further disenssion, 
which is not likely to cease until the interesting problem is detinitely 
settled. Terr J. Bares has argued agaiust the glass theory, and Pro- 
fessor Kzekak in favor of it, on various grounds, the former inclining 
to the view of Suess. In December last a paper was read before the 
Bohmische Kaiser Franz-Josephs Akademie, of Prague, by J. N. Wol- 
drich, with photographs of numerous specimens, to illustrate the 
surface markings. Ie traces a likeness between these moldavite 
nodules, or pebbles (7), and certain obsidian bombs from Australia, 
some of the Bohemian specimens showiug indications of a hollow-bomb 
Structure, as well as peculiar “tinger like” and radially furrowed 
external markings. Their occurrence, too, in sandy deposits both in 
northern and southern Bohemia, which are referred to late Tertiary or 
early Quaternary time, is avery peculiar feature. Herr Woldrich is 
Jed to favor the theory of their extra-terrestrial origin. 

The writer has uo question as to the possible worn-glass theory of 
moldavite, having studied many thousand pieces, and the prevalence 
of the round and elongated bubbles, so eharacteristic of glass, the 
so-called finger pittings being nothing but Jarge bubble cavities that 
have been broken into by attrition. 


AUVERGNE MINERALS. 


In this Report for 18961 a sketch was given of the amethyst workings 
inthe Auvergne district of central France, recently undertaken and 
carried on by M. Demarty. There has appeared within the last year a 
valuable painphiet treating of the rocks, minerals, and precious stones of 
this celebrated region, prepared by M. Demarty for the use of tourists 


1Eightecoth Ann. Rept. U.S. Geol. survey, Part V (cont'd), pp. 2&, 29. 
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and scientific visitors.) The numerous precious and semiprecious 
stones of Auvergne are described as to their mode of occurrence, their 
degree of valne and abundance, and their principal localities. The 
rocks are then treated of briefly, and a section is added on the frauds 
and imitations of gems and the manner of distinguishing them. The 
amethysts and their exploitation and working are described quite fnlly, 
much as summed up in this report above cited, and the other gem stones 
also there mentioned, although there is hardly any systematic working 
for any but the amethyst, unless on a small scale here and there. Some 
rare varieties of the quartz and chalcedony groups are noted, asa clear 
blue quartz, termed “saphir de France,” occurring in small pebbles in 
certain stream beds, and fairly comparable in color with sapphire itself; 
also ared qnartz, called ‘“‘hyacinthe de compostelle,” or Bohemian ruby, 
in small bipyramidal crystals in a trachyte of the Puy de la Tache. 
Agate is abundant and varied, and is treated artificially to enhance its 
colors, asin Germany. Resinite opal occurs at various pomts, employed 
in ornamental work, inlaying, ete. ‘It presents,” says M. Demarty, 
“every color; brilliant white and dull white, pale brown, variegated 
watery green, black, yellow, chocolate, ete. At Sainte Nectaire la 
Haute, it is colored orange-yellow by arsenical sulphide—orpiment.” 
The opal has been deposited from thermal waters, even quite recently, 
and at times has covered vegetable growths, such as branches of rose 
bushes, pieces of wood, ete. 

Noble opal of great beauty, but in amounts too small for working, 
occurs at some points, and hyalite quite frequently. Opalized wood is 
rather abundant at several localities that are named, and is employed 
for cane heads, knife handles, and like objects. 

Zircon appears in some of the stream gravels and in place in some of 
the feldspathic granites, and also in trachyte at Capuein, Mont Dore. 
It is sometimes of fine red color, and capable of use in jewelry. 

Aniong inclusions aventnrine quartz occurs occasionally in Auvergne 
and at other French Jocalities, and some fine aventurine amethyst at 
Eseout. M. Demarty gives a rather full account, also, of the manufae- 
ture of tle artificial aventurine, with the formulas given by various 
experimenters. At St. Julien de Coppel occur remarkably fine den- 
dritic inclusions in agates, giving beautiful examples of moss agates, 
‘cagates herborisées, arborisées,” ete. Compact fibrolite is abundant 
and of mneh interest from its extensive use for implements by prehis- 
torie man. It oceurs at many points in place, and in streams as rolled 
pebbles whieh are not easily distinguished from quartz. M. Verniere, 
of Brioude, who is mentioned as possessing a remarkable collection of 
fibrolite specimens, gives as a distinetion the fact that quartz pebbles 
become more translucent in water, while fibrolites, on the other haud, 
become more nilky and opaque. 


ILes pierres d'Auvergne employées dans la jonillerie, la tabletterie, et les arts decoratifs; par J. 
Demarty, Membre de Ja Société francaise de Minéralogie, Paris, Paul Klincksieck, 52 Rne des Ecoles, 
1898, 8v0., pp. 64. 
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Chrysolite (peridot) is fouud in well-defined erystals at a few places, 
in volcanic tulfs, ete. and in the grannlar massive condition abundantly 
in the basaltic rocks threnghout the Central Plateau. 

Serpentine is widely present, especially in the Haute Loire. Obsid- 
lan, perlite, and retimite—voleanic glasses—are described and distin- 
guished, as also lolite (cordierite), which abounds in the granites and 
gneisses, Sometimes fine enough to be ent for gems (saphir d’ean). 

Beryls are uoted, and at two or three localities emeralds of some 
size, but not clear, These locwlities are Chantelouke, uear Limoges, 
and Bianchaud, in Puy de Dame. 

Of the garnets only almandite and melanite appear in Anvergne, 
the former frequently, the latter rarely. The almandites are sometimes 
of gem quality. Many localities are given, the ocenrrences being gen- 
erally in gneiss, mica schist, grannlite, or pegmatite, but in some cases 
apparently m trachytes and tuffs. 

Tourmaline is frequent, but usually black. Green and red crystals, 
however, of 1.5 em. in length, are found near St. pize, iu Haute Loire, 
and at one or two other localities. 

Topaz ocenrs in some of the stream gravels, but rarely of a size or 
quality to render it of value. 

Turqnoise ts mentioned (callaite) as found at one locality, not strictly 
in Auvergne, but near it, at Montebras, Crense, where it is associated 
with amblygonite and montebrasite, which are worked for lithia. As 
no allusion is made to the working of the turquoise, it is presumably 
not of gem quality or tn any valuable amount. 

Corundum is not rare in Auvergne, and various forms of vecurrenee 
are noted—in the nepheline-dolerites of St. Sandoux, in the tibrolite 
in the vicinity of Brioude, in garnetiferous pegmatite near Fix, and 
in several sfream beds as rolled crystals, The finest are found thus, 
together with olivine, augite, ete, and pebbles of the blne quartz, 
“saphir de France.” Some of the corundums are fine blue and deep 
velvely red, and the red zireons and blue quartz are somewhat con- 
founded with them, 

Marbles, alabaster, and Huorspar are dealt with, the latter being a 
very frequent metalliferous vein material, and at some points named 
flrmishing fine crystallized specimens, 


RUSSLA. 


The writer lately published an account of some of the principal local: 
ities of gems and precious stones in the region of the eastern Ural 
Mountains,’ Phe paper deseribes the modes of access fo the mining 
regions of the Ural, and gives the results of personal examination of 
many of the most interesting points, with Jistorical matter, and 


‘A trip to Russia and the Ural Mountains; a lecture delivered by George I. Kunz before the 
Frauklin Institute, Philadelphia, April 20, 1898. From the Journal of the Franklin Institute, Sep- 
tember, 1898, 37 pp., 8°. 
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general observations on the people, the trade, and various plysical 
peculiarities of the district. The visit was made several years ago, 
and the acconnt is supplemented by iuteresting additions from the 
papers prepared by leading Russian geologists and mineralogists for 
the Ural excursion of the International Geologieal Congress in 1897. 
The gold and platinum workings are treated of at some length, espe- 
cially the latter, with reference to the derivation of the inetal from 
serpentine—itself an altered peridotite. The great tron works of Zla- 
toust and Kasli, their remarkable products, and the distribution thereof 
far into the interior of Asia, are described, as are also the copper mines 
of the Demidoff estate at Nijui Tagilsk, and the malaehite there 
obtained that is so famons in Russian art. The gens proper are next 
dealt with; the phenacites and alexandrites; the emerald mines of 
Takowaja, abandoned years ago on account of the prohibitive rates 
charged by the Government for the right of working them: the splen- 
did beryls and topazes of Alabashka: the rnbellites of Sarapulka; and 
the *‘reyal” amethysts found at several points in the government of 
Perm, in which all these and many other gem localities are comprised. 
The green demantoid garnets, or “ Uralian emeralds” of jewelry, from 
Poldnewaja, in the Orenberg government, are deseribed, also the rare 
gem euclase. The paper then takes up the ornamental or semiprecious 
stones—the malachite, lapis lazuli, labradorite, rhodonite, and the 
wonderfully beautiful varieties of jasper. These and the great estab- 
lishments in Russia for entting them and making elegant objects of 
art, from the most delicate to the most massive, are treated of some- 
what fully. An account of the management of these imperial cutting 
works at St. Petersburg, Nkaterinburg in the Urals, and Kolivan in 
the Altai, together with their characteristic and remarkable products, 
oeeupies the remainder of the article, with the addition of some curious 
notes upon archeological researches in portions of the Ural district. 


CARNBORUNDUM AND PHE CARBIDES, 


The industrial importance of carborundum as an abrasive, next only 
to diamond, and the great interest of the diseoveries and experiments 
of M. Moissan and others in the production of a numerous body of 
similar carbides, new to science, by means of the electric furnace, have 
led to a considerable literature on this snbjeet, which has during the 
last year been collated and indexed by Mr, J. A. Mathews in a paimph- 
let published by the Smithsonian Tnstitution.' 

Over thirty carbides are noted in this paper, with their mode of 
preparation, leading properties, and bibliography. Referenee will be 
made here only to a few that, owing to great hardness, present fea- 
tures of possible importanee mm ways siinilar to carborunduim, though 
as yet no others appear to have been so utilized. A compound of 


1 Review and bibliography of the metallic carbides, by J. A. Mathews, Smithsonian Miscell. Collec- 
tions, No. 1090, Washington, 1898, p. 32. 
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alnminiin, beren, and carbon, expressed by wAdC2By,, is referred to 
us possessing extreme hardness, between cornndimm and diamond, but 
the notiee is brief and the substance ts little known, The reference 
goes back to Hampe, in the American Chemist for 1876, Moissan has 
found a boron carbide (B.C) in bright black crystals, harder than car- 
borunduin, wifh which faeces may be cnt upon diamond. Another 
boron carbide (BC, or B.C.) is net so hard, and fuses at a high heat. 
The chrominm, uraninin, vanadiuin, and zirconinm earbides are all 
harder than qnartz, and several ofhers are spoken of as “very hard,” 
but withont speeifications, 

It is annonneed that the Carborundin Company, of Niagara alls, 
New York, proposes to introduce its material ina new form—that of 
acarborundum paper and cloth—and to bring it forward in competition 
with the emery, sand, and garnet papers now so largely used, The 
sarborunduin, in fine grades, will be attached to cloth or paper, and 
from its great hardness would, uo doubt, tn this application find exten- 
sive and important use in many arts and indnstries. A new building 
for the manufacture of this preparation on a large scale is to be added 
to the company’s works. 


AMBEROLD. 


The utthzation of small pieces and fragments of amber by compress 
ing them with the ard of heat, and perhaps some partial solvent, mnto 
inasses hardly distinguishable from natural amber, has been known 
and praeticed for years past in North Germany, and, while etlecting a 
large saving of material, has impaired the standing of real amber. 
Mr. EK. 1. Gaylord, of Bridgeport, Conneeticut, claims to have invented 
a& process of this kind superior to that of the Baltie manufacturers, 
and to be able to produee amber artieles of any shape or size, perfect 
In aspect, highly polished, and transparent. Mb. Gaylord claims that 
his process utilizes not only the small pieces, as abroad, but the chips 
and fragments not heretofore saved. Fhe method is said to tend itself 
especially to the making of articles inlaid with gold or silver, and to 
have many fine possibilities, but the details are not given, aud its actnal 
importance remains to be ascertained, 
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In the following table is given a statement of the prodnetion of 
precious stones in the United States in 1896, 1897, and 189s; 


Production of precions stones in the United States in 1896, 1897, and 1898. 


il a ! 
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The following table shows the value of the diamonds aud other 
precious stones imported into the United States from L867 to 1898: 


Value of diamonds aud other precious stones imported and entered for consumption in 
the United States, 1807 to 1898, inclusive, 


Diamonds, Dismonds Set in 
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Rough or .o¢ stones not other etal 
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THE SCIENTIFIO PUBLISHING COMPANY. 


GEMS AND PRECIOUS STONES. 


Tue only features of interest in the mining of gems and precious stones in the 
United States in 1898 were connected with the production of ruby and tur- 
quoise, which are engaging considerable attention. Elsewhere in the world 
the main supply of diamonds continued to come from South Africa and ruby 
from Burma, while Persia remained the chief source of turquoise. 

Amper.—Amber, the mineral succinite, is produced chiefly in Germany, 
where the production in 1896 was 440 metric tons, which was about 100 more 
than in 1895. The mines and business which were formerly in the bands of 
Stantien & Becker have now been taken over by the Prussian government. 
A small amount of amber is obtained from Myitkyina in the Hukong Valley of 
the Bhamo district of Upper Burma, where it is otained by mining at depths 
of 70 to 80 ft. Lumps weighing as much as 1,000 lb. are found sometimes. 

Diamonps.—The De Beers Consolidated Mines, Ltd., reported for the 
year ended June 30, 1898, receipts of £3,647,874 13s. lld., from diamonds 
sold, and an expenditure of £1,870,079, including amounts written off for 
depreciation of machinery, redemption of debentures, etc. Dividends amount- 
ing to £1,579,582 were paid and £748,488 6s. 7d. was carried forward. The 
average yield per load for the De Beers and Kimberley mines was 0-80 carat, 
worth 21s. 21d., or 26s. 62d. per carat; for the Premier mine the yield was 
0-27 oarat, worth 5s. 8:22d., or 20s. 93d. per carat. The price received for 
diamonds showed a slight decrease as compared with the previous year. The 
amount of blue ground and lumps on the floor, June 30, 1898, was 3,619,945 
loads, including 729,039 at the Premier mine. At the annual meeting of the 
company at Kimberley, December 19, the Right Hon. C. J. Rhodes, quoting 
Gardner Williams, the general manager, as to the condition of the mines, said: 
‘“‘Although there was a falling off in the yield in 1898 this was due only to care- 
lessness of the contractors in the mine in separating waste and blue grave); 
and the fault has been remedied. At the De Beers mine an area of blue 
ground 730 200 ft., which should yield 1 carat per load is being dug on the 
1,200-ft. level. Besides this there is almost an equal area in the west end of 
the mine which has been called poor heretofore, but will probably pay, and is 
to be tested thoroughly. The Wesselton mine is yielding nearly 32 carats per 
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100 loads and paying between £300,000 and £400,000 per annum. The posi- 
tion of the De Beers Co. is highly satisfactory. The net return for the six 
months ending December 31, 1898, was about £924,000. Expenses are from 
£150,000 to £160,000 per month, of which £100,000 is for mining and the 
remainder for sinking fund, interest and other charges. The company is receiv- 
ing 20s. 8d. per carat for Kimberley and De Beers diamonds and 20s. 6d. for 
Wesselton, but will get a better price in 1899. The entire product is sold to 
the syndicate which controls the diamond-cutting industry. This syndicate 
imposes upon the company the condition of not putting diamonds unneces- 
sarily upon the market, wherefore the company has no intention of increasing 
its output.”’ 

The production of De Beers Company in 1897-98 was 2,753,000 carats, from 
3,260,000 loads (725 kg. per load) against 2,769,000 carats, from 3,011,000 
loads in the previous year. 

The De Beers Co. keeps a close watch upon all new discoveries of diamonds 
and considers that through its agents it has better opportunity than any out- 
aider to secure control of new and valuable finds. During 1898 an examina- 
tion was made of the Rivas mine in the Orange Free State, which proved to 
contain diamonds, but in too small quantities to make the undertaking attrac- 
tive. Reports were also received as to the Schuller mine, near Pretoria, and 
its competition is not feared, although, it may be remarked, the feeling be- 
tween Mr. Rhodes and the Transvaal government are not of a nature to permit 
close relations toward the investigation or acquisition of a rival diamond pro- 
ducer in the South African Republic. 

The Jagersfontein mine, in the Orange Free State, produced in 1897-98 
232,433 carats from 2,421,503 loads (725 kg.), against 220,212 (from 2,147,- 
427 loads) in 1896-97, and 205,000 (from 1,905,000 loads) in 1895-96. The 
Rivas diamond mine, in the Orange Free State, also made a small production 
in 1898. 

Upward of 10,000 carats of diamonds from the Schuller mine were exhibited 
in Johannesburg in December, which were described as small and of poor 
color. The mine is said to show two pipes, 2 furlongs apart, one 630 ft. in 
diameter, yielding 63 carats per 100 loads, and the other 550 ft. yielding 42 
carats per 100. The mine, known also as the Rietfontein, and owned by 
Lewis & Marks, has been tested by drilling to a depth of 500 ft. The stones 
are usually covered with a reddish film, which is removed by boiling in acid. 
Previous to November the largest stone that had been found was of 57:75 
carats. About a mile west, J. B. Robinson has a mine, called the Montrose, 
on which he is erecting machinery. About 5 miles north the Bynestpoort Ex- 
ploration and Developing Syndicate has tested an alluvial stratum about 
2-5 ft. thick, which is said to yield on average of 3°56 carats per load. The 
diamonds are not of very high quality the average produced being worth only 
15 to 17s. per carat; a plant of 50 loads per day capacity is being erected 
It is not yet two years since the first diamond was discovered in the Pretoria 
district. The Transvaal government has already promulgated a new law, con- 
sidered rather onerous, to regulate the new industry. 
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The total production of the Schuller diamond mines in 1898 was registered 
as 10,823 carats, valued at £9,192. This production was obtained from 15,000 
loads of red soil, representing the top stratum about 2 or 3 ft. thick on the 
easternmost of the twg pipes mentioned above. This quantity of gravel was 
treated by one machine, having a capacity of 300 to 500 loads per day, 
according to the nature of the gravel. Below the top stratum there is a 
stratum of yellow soil, 30 ft. thick, and below the latter is the blue ground of 
the pipe. Blue ground is now being ‘“‘ floored ’’ preparatory to washing. The 
actual production of the mine in 1898 was larger than reported, a good many 
stones of the better class being known to have been stolen. 

For a description of the practice in washing diamondiferous gravel in South 
Africa the reader is referred to the paper on ‘‘Progress in Ore Dressing and 
Gold Milling,’’ by R. H. Richards, elsewhere in this volume. The diamondif- 
erous rocks of Monastery, in the Orange Free State, 30 miles south of Win- 
burg and 140 miles from the Jagersfontein mine, and those of Griqualand, 
were described by A. Lacroix in the Bulletin de la Société Francaise de 
Minéralogie, 1898, Vol. XXI., pp. 21-29. 

An exploration party sent recently by the Portuguese government to the 
country lying between the Tembe and Umbeluzi Rivers, in Portuguese Suouth 
Africa, has Jocated diamondiferous ground over a large area. The announce- 
ment of this discovery caused considerable excitement at Lourengo Marques. 
Considerable interest was excited in 1898 by some new finds in the Nullagine 
district, situated at the headwaters of the Congoon River and not very far from 
the Pilbarra gold field in northwest Australia. Diamonds were first discov- 
ered in this district in 1891, in connection with the gold ores of Pilbarra. A 
smal] consignment was shipped in 1897. The diamonds are said to occur in 
a conglomerate in which the stratification resembles the South African banket 
reefs. Diamond fields have been iocated in the Province of Shantung, China, 
and it is said that they are worth development. 

Although Brazil was once the most important diamond-producing country 
in the world, and the excellent quality of the stones makes them highly valua- 
ble, diamond mining has been comparatively neglected of late in that country, 
being carried on only by individuals or small associations working in a crude 
manner. The production at present is probably about 40,000 carats a vear.* 
The larger part of the stones found in Brazil at the present time is cut in 
that country either at Diamantina, Gouvea, or Riode Janeiro. A new company 
the (Boa Vista) has lately been organized in Paris with a capital of 2,000,000 
fr. to carry on systematic mining on a large scale in the neighborhood of 
Diamantina. This company intends to exploit what is believed to be the 
original deposit from which the diamonds were washed into the Santa Maria 
River, an affluent of the Jequitinonha, the most famous of all the diamond 
rivers of Brazil. 

Diamond Cutting.—About 50¢ of the world’s production of diamonds goes 
to Belgium for cutting, the remainder being done chiefly in Amsterdam. The 
Belgian and Dutch cutters buy the rough stones in London, whither they are 

____ ® British Consular Report, Miscellaneous Series, No. 494, February, 18099. 
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shipped from South Africa. The value of the rough diamonds purchased by 
the Belgian cutters and the wages paid to their employees since 1893 have 
been as follows, the wages being given in brackets after the value of the rough 
stones: 1894, $7,750,000, ($772,000); 1895, $9,650,000 ($965,000); 1896, 
($1,061,500); 1897, $10,615,000 ($1,061,50). 

Carbonado, or bort, the black diamond which is used in diamond drills and 
for other abrasive purposes, is found commercially only in Brazil. The occur- 
rence and industry there are described by H. W. Furniss, United States 
Consul at Bahia,* who reports that they are found in the interior of 
the State of Bahia, in a district which is reached, from Bahia by boat 
to St. Felix and thence by rail to Bandeira de Mello, the edge of the 
diamond region. The carbonado is always found near the gem diamonds, 
The most productive region is further up the Paraguacu River, which 
is reached by a mule-back journey of two days. It is thought that diamonds 
and carbonado occur all through this section, but on account of the rude 
methods of mining only the bed of the Paraguacu and its tributary the San 
Antonio and the side of the Serra das Lavras Damantinas are worked. The 
carbons are found in a kind of gravel called ‘‘cascallo,’’ which occurs in the 
river beds beneath the silt and on top of a stratum of clay; on the mountain 
sides beneath a stratum of rock and above the same stratum of clay; and in 
the surrounding country beneath several strata of earth. The carbons are ob- 
tained from the river beds by planting a pole in a place not more than 20 ft. 
deep, where the current is not too rapid, up and down which native divers 
work, removing all the gravel down to the clay by means of sacks. This work 
is carried on during the six months of the dry season, being abandoned neces- 
sarily at the beginning of the rains on account of the strong current and 
greater depth of the river. During the rainy weather the gravel previously 
got is washed and examined for carbons and diamonds. The land deposits 
are worked by short adits, the accumulation of gravel being washed during 
the rainy season. These are more productive, being more accessible, than the 
river bottoms. Carbons vary in size up to 975 carats, which was the weight of 
one discovered in 1894; it sold in Paris for 100,000 fr. The most useful are 
those weighing from 1 to 3 carats. Larger stones have to be broken, 
in which there is always a loss, since they have no cleavage planes. About 
two years ago there was a local combination to keep up prices, but this failed, 
and since then the price has been maintained solely by the large demand, 
small supply and laborious method of mining. The small supply is due to the 
crude methods. Frequently two men obtain only three or four carbons in six 
months’ work. The carbons are bought by agents of the exporters in Babia. 

Quartz.—In Tue Miverar Inpvusrrey, Vol. VI., p. 256, reference was made 
to the discovery of large quartz crystals in the Green Mountain mine, Chile 
Gulch, Calaveras County, Cal. During 1898 a sphere entirely free from flaws 
5-5 in. in diameter was cut from one of these cryatals by Tiffany & Co. This 
is the largest perfect sphere ever made from an American crystal. It is 
valued at $3,000. 


* United States Consular Reports, December, 1898. 
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Rosy anp Sappoire.—Gem mining was prosecuted actively in 1898 at the 
ruby mines of the American Prospecting & Mining Co., in Macon County, 
N.C. A good many inferior sapphires and rubies were found there, and one 
pigeon-blood ruby weighing five carats. The New Mine Sapphire Syndicate 
was organized to exploit sapphire-bearing gravel along Yogo Creek, Mont. 

The world’s chief supply of ruby continues to come from Burma, where the 
most important of the deposits (described in Tue Minera Inpvustry, Vol. V.) are 
worked by the Burma Ruby Mines Co. Ltd. In 1895 this company produced 
56,108 carats, valued at 2,91,357 rupees. In 1896 the outturn yielded 6,87,- 
537 rupees, the expenses of the company being 4,31,892 rupees. In 1897 the 
yield was 8,02,452 and the expenses 6,78,934 rupees. Some excitement arose 
early in 1898 over the discovery of sapphires in the Muang Long district, on 
the right bank of the Me Yom River, in Siam. 

Rubies have long been esteemed as the most valuable of all gem stones. 
At the present time rubies under half a carat in weight cost £4 to £10 a carat, 
while rubies of four carats fetch £400 to £450. Stones of greater weight than 
four carats are of such exceptional occurrence that they command fancy prices. 
The two most important rubies ever known in Europe were brought from 
Burma in 1875, one weighing 37 and the other 47 carats. The smaller stone, 
it is said, brought £10,000 and the larger one £20,000. 

Artificial rubies were regularly on the market in London and Paris in 1898. 
Some gem experts said that they-could not distinguish them from the natural 
stone; others, including Mr. Claremont, who is the contributor of a paper in 
this volume, said that there was no difficulty in making the distinction. The 
stones are made by a company known as the Maiche, Ltd., exploying a process 
invented by Louis Maiche, which claims to be making a profit of £37,000 per 
annum. If this betrue it is obvious that a large number of the artificial gems, 
which are said to be beautiful, have already been marketed. 

Turquoise.—A recent report of the British consul-general at Meshed, 
Persia, says that the turquoise mines near Nishapur in Khorassan are at pres- 
ent held by the Malik-ut-Tujjar (head of the merchants) of Khorassan at a 
yearly rental of 24,000 tumans (about $24,000). There is great uncertainty 
about the continuity of the contracts, which naturally prevents any good work 
or improvements in the mines. The production can only be estimated ina 
very vague way, as there are no records whatever. 

There was considerable activity in turquoise mining in Arizona in 1898, an 
especially important development being made at Turquoise Mountain, in 
Mohave County, where ancient Aztec or Indian workings were reopened. Ac- 
cording to areport by A. B. Frenzel, veins of turquoise showed from the 
commencement of operations, increasing in width as the work progressed. 
Near the surface the stone was of poor color and quality, but as depth was 
gained the rock became firm and the turquoise solid and of better color, giving 
evidence of permanency. There is said to be a good deal of stone here which 
can be worked up to advantage in mantelpieces, columns, bases for clocks 
apd bronzes, pedestals, mosaics, etc. This material is the country rock inter- 
sected by veins of turquoise. The mines are 18 miles from Kingman. 


‘ 


278 THE MINERAL INDUSTRY. 


THE IDENTIFICATION OF GEMS. 
By LEOPOLD CLAREMONT. , 


Ir often happens that a dealer in gems, who has gained his experience by 
constantly handling large quantities of precious stones in the rough and cut 
states, is able to settle in a few moments some important question of dispute 
which it would take a clever mineralogist as many hours to decide, and it is 
surprising to what a degree of keenness the senses can be educated by the con- 
tinual concentration of the faculties upon minute details, enabling one not only 
to discriminate between gems of different kinds, but to pick out, say, from a 
parcel of cut diamonds weighing several thousands of carats, a single stone 
which owes its origin to a different mine from the remainder of the parcel. It 
is, however, impossible to overestimate the value of the methods of testing 
precious stones which have been placed at our disposal by the science of min- 
eralogy, by the application of which the keen judgment of the expert should 
be indorsed and made doubly sure. 

Before applying any test at all, the gem to be examined—unless it be a tur- 
quoise or an opal--should first be carefully studied with a view to discovering 
if possible the form in which it crystallized, since many gems which somewhat 
resemble each other in many other respects occur in forms appertaining to dif- 
ferent systems of crystallography. Unfortunately it is not always possible to 
discover more than a trace of the natural geometric formation, owing to the 
fact that precious stones are frequently found in more or less broken or water- 
worn fragments, which, especially in the case of highly modified forms, renders 
them not easily recognizable. At the same time careful note should be made 
of the fracture, indications of cleavage, and direction and nature of strie, all of 
which help in the diagnosis. 

Specific Gravity.—The specific gravity and the hardness should then be 
tested, after which the optical properties, which form a study in themselves. 
Following will be found a list of some of the gem stones, with their respective 
specific gravity, viz.: Diamond, 3-5; ruby, asteria and sapphire (blue, yellow, 
purple and green), 4°0; chrysoheryl, alexandrite, cymophane and catseve, 
3-7; spinel, ceylonite and ‘‘ Balas ruby,’’ 3°6; topaz, 3:5; emerald, beryl and 
aquamarine, 2-7; jargoon, jacenth, hyacinth and zircon, 4°6; pyrope and alman- 
dine garnet, 4:2; essonite, 3-66; tourmaline, 3:1; amethyst, cairngorm and 
rock crystal, 2:6; chrysolite, peridot and olivine, 3:3; turquoise, 2:7; opal, 
2-2; hiddenite and spodumene, 3°2; iolite, 2°6; phenakite, 2:9. 

All the mechanical methods formerly used for taking the specific gravity of 
precious stones by means of balances, etc., are too laborious and troublesome 
to be of much assistance, and cannot be compared with the simple method of 
immersing the doubtful stone in different liquids of known degrees of density. 
A liquid suitable for this purpose is methylene iodide, which can easily be 
diluted by the addition of benzine, thereby diminishing the density, and hence 
by a careful adjustment of their relative proportions the specific gravity can 
be regulated to a nicety, so that the density of even the most minute stone 
can be ascertained in a few moments; for instance, if it be desired to discover 


THE IDENTIFICATION OF GEMS. 279 


if a certain doubtful gem is chrysobery! or beryl, all that is necessary is to place 
it in a tube of methylene iodide together with a small fragment known to be 
beryl, to serve as an index. If it be beryl (2:7) it will float, if it be chrysobery] 
(3°6) it will sink immediately. In the former case, if the fluid be diluted and 
stirred until the index is exactly suspended, the doubtful gem will! also neither 
float nor sink, but remain poised beside it. The great drawback to this method 
is that many of the gem stones are heavier than methylene iodide. 

Another liquid used for determining the specific gravity of precious stones, 
and one which I find most convenient, is known as ‘‘ Sonstadt’s solution.’’ It 
consists of a solution of mercuric iodide and potassium iodide, and should be 
made up in several different vessels to different degrees of density, in which 
the gems will either float or sink, according to their relative weight, viz. : 
Solution A=3-17, solution B—2-9, solution C—2-67, and solution D—2-63. 
In solution A, spodumene, diamond, diopside, topaz, spinel, peridot, zircon, 
chrysoberyl, garnet, ruby, sapphire (and all other varieties of corundum gems) 
sink; and tourmaline, phenakite, turquoise, labradorite, beryl, emerald, quartz, 
iolite and adularia float. In solution B, tourmaline, turquoise and phenakite, 
which float in A, sink. In solution C, labradorite, beryl and emerald sink; 
and in D, quartz and iolite sink, but adularia floats. ‘‘Sonstadt’s solution’’ 
should be handled with great care, as it is highly corrosive and very poison- 
ous. It will be seen that this solution also is not sufficiently dense to float 
some of the heavier stones, but this difficulty has been removed by the discov- 
ery of a colorless solid compound which melts, at a fairly low temperature, to 
a clear liquid five times as dense as water, and therefore sufficiently dense to 
float all known precious stones. This compound isa double nitrate of silver 
and thallium, and possesses the remarkable property of mixing in any desired 
proportions with warm water, so that by dilution the specific gravity can be 
easily regulated. 

Preparation of Specific Gravity Solutions.—Sonstadt’s solution is easily pre- 
pared by making a saturated solution of potassium iodide in distilled water 
and adding to it mercuric iodide until no more is dissolved. Portions of the 
dense fluid thus obtained may then be diluted with water till they have the 
specific gravity required. Three fluid ounces (or say 100 oc.c.) is a convenient 
minimum quantity for each solution, and assuming that four are to be pre- 
pared, take 360 c.c. of distilled water and add 415 g. of potassium iodide, and 
6567 g. of mercuric iodide, which should be previously powdered and mixed 
together. Allow to stand for some days, shaking at frequent intervals; then 
filter the liquid to remove any suspended particles, and ascertain if the specifica 
gravity exceeds 3 by dropping in a gem, such as chrysobery], of about that 
density, which should float. If it does not, small portions of potassium iodide and 
mercuric iodide previously mixed and powdered in a mortar must be added till 
the required gravity has been attained. The whole bulk of liquid is then 
divided into four portions, each of which must be separately adjusted to the 
particular density required. This is a somewhat tedious and troublesome 
process, especially if any great degree of accuracy is desired; but since gems 
of the same nature may vary somewhat widely in density, an error not exceed- 
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ing ‘005 may be disregarded. The most accurate way of adjusting the solution 
is by means of a Sprengel tube, or a specific gravity bottle, preferably the 
former, on account of the high coefficient of expansion of the liquid and its 
great weight, which makes it desirable to work with a smaller quantity of 
material than most pyknometers are made to hold. Having ascertained the 
density, and assuming that it is too great, the proportion of water which must 
be added to get the density wanted may be calculated with approximate 
accuracy by means of the following formula: 

Let «=the number of parts by volume of the liquid which must be added to 
reduce the gravity to the required extent. Let s‘= the specific gravity of the 
solution, and let s’=—the specific gravity to which it is wished to reduce it. 
Then z=(s”—1)—(s'—s” 

Having diluted in accordance with the above calculation, take the density 
once more. After one or perhaps two further adjustments the gravity required 
will be obtained with all necessary exactness. However, instead of directly 
ascertaining the specific gravity of the solutions, they may be adjusted with 
all reasonable accuracy by dropping in gems of known specific gravity, and 
adding water, as in the case of the silver-thallium compound about to be 
described. If the gems of the right density for each solution are at hand, this 
is a much quicker method than that previously described, but it generally 
necessitates taking the gravity of a large number of stones before suitable ones 
can be found. 

Sonstadt’s solution, though not so subject to loss by evaporation as the silver- 
thallium preparation, and not acted upon by organic matter under the influence 
of light, nevertheless slowly changes in density by keeping, however well 
stoppered the bottles in which it is kept may be. It is therefore desirable to 
have some rapid means of ascertaining whether it is up to strength. For this 
purpose a pair of gems may be kept in each solution, one which just floats and 
one which just sinks when the respective solution is at its correct strength. 
If no such gems are available any maker of scientific apparatus will, if supplied 
with solutions of correct gravity, prepare glass bulbs weighted with mercury 
for use instead of the stones. By careful adjustment it is possible to make 
them so that they neither sink nor float, but remain in almost any position in 
which they may be placed when the liquid is at the right temperature; but of 
course any considerable departure from the temperature at which the densities 
have been adjusted will determine the sinking or floating of the bulb. 

The double thallium-silver nitrate may be made from the nitrates of silver 
and of thallium, both of which can now be purchased in sufficiently pure con- 
dition. For actual working purposes one fluid ounce of each solution is a 
sufficiently large quantity, but if expense is no great object more than this 
should be prepared, as the liquids rapidiy lose water owing to the high tem- 
perature (70-100° ©.) at which they have to be employed, and the density 
continually increases, but of course less rapidly with a large than with a small 
bulk. 

Assuming that two solutions of about 60 c.c. each are to be made, having a 
density of 4°0 and 3-5 respectively, weigh out carefully 170 g. of silver 
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nitrate and 265 g. of thallium nitrate, dissolve separately in distilled water, 
mix the two solutions in a porcelain basin and evaporate on a water bath, keep- 
ing the liquid protected as much as possible from both light and dust. Thecon- 
centration should be continued until a stone (e.g., a topaz or a garnet) having 
a carefully determined sp. gr. of 3:5, or a very little below, just floats. A little 
more than half the total volume should be set aside and the remainder further 
evaporated until a gem, such as a jargoon, with an observed density of 4 or a 
trifle below, rises to the surface. 

Since so high a temperature has to be employed it is absolutely necessary to 
frequently test the density of the liquids,and this is best done by keeping in them 
a pair of gems as recommended for Sonstadt’s solution. For convenience in 
working the latter is best kept in very wide-mouthed stoppered bottles, with no 
constriction at the neck. A pair of steel or ebonite forceps may be used to 
remove the gems, and a spare bottle containing distilled water should always 
be at hand in which to dip both gems and forceps after they have been with- 
drawn from the solution. Of course both should be wiped dry before being 
immersed in a fresh solution, otherwise the latter would be diluted and so 
altered in density by the adherent moisture. The water containing the wash- 
ings should of course be used over and over again, as it can be filtered and 
evaporated down to the right density to replenish the solutions when they 
require it. 

The silver-thallium solution is best kept in little flasks with wide and short 
necks, kept covered by a watch glass. When not in use each flask with its 
watch glass should be put into a wide-mouthed stoppered bottle with a little 
cotton woul at the bottom to prevent it shaking about. Before use the flasks 
and contents must be warmed to a temperature a little over 70° C., until the 
crystals have entirely dissolved, and the clear liquid must be made homogene- 
ous by gently shaking the flask so as to impart, without splashing, a circular 
motion to its contents. The heating is best carried out ina small hot air or 
water oven with a false bottom, on which the flasks can rest, and two glass doors 
on opposite sides, so that the solutions are easily seen. For greater conven- 
ience there should be circular holes (with copper lids) in the top, sufficiently 
wide to admit a flask with the watch glass resting on it. When the solutions 
are quite clear and homogeneous the gems may be introduced through the top 
of the oven, removing the little lid and then the watch glass, the latter always 
being replaced immediately. Asa cold stone dropped into a solution is liable 
to cool it down and to become coated over with crystals, it is as well to let the 
gems to be examined remain in, or on the top of, the oven a little while before 
they are tested. A pair of steel forceps should be used, and the coating of 
silver-thallium nitrate should be rinsed off the forceps and gems, as in the case 
of Sonstadt’s solution. This is best done in warm water contained in a small 
flask similar to that in which the solutions are held. On account of its greater 
cost the washings are of course even more worth keeping than in the case of 
Sonstadt’s solution. Great care must be taken to avoid getting the liquid on 
the hands, since no washing will remove the black stains it produces. 

Hardness.—By the hardness of precious stones is meant the degree which 


282 THE MINERAL INDUSTRY. 


they possess of resisting abrasion. Many of the hardest minerals cannot be 
scratched, although they can be easily broken, fractured or chipped. Emer- 
alds, diamonds and jargoona, for instance, have often been injured by a blow 
ora fall. This quality of hardness forms another very valuable means of iden- 
tifying precious stones, which, however, must be applied with discretion and 
care. There are 10 convenient standards of hardness used by mineralogists, to 
which specimens under examination may be compared, as follows: Diamond 
10, sapphire 9, topaz 8, quartz 7, feldspar 6, apatite 5, fluurite 4, calcite 3, 
rock salt 2, tale 1. Small pieces of these minerals cut into points and suitably 
mounted in handles are applied in succession to the doubtful gem, with the 
object of attempting to scratch it. 

When the gem neither scratches nor is scratched by any member of the scale 
the two stones may be considered of the same hardness. When it is scratched 
by the harder and scratches the softer of two test stones a good idea of its posi- 
tion between them may be gained by drawing all three stones with slight pres- 
sure across the surface of a fine, clean, hard file, and carefully noticing the 
different degrees of resistance to abrasion and the sounds produced. It requires 
some practice to acquire the delicacy of touch necessary to successfully perform 
this operation. The tools used in the process of cutting and polishing precious 
gems enable experienced gem cutters to appreciate the quality of hardness toa 
nicety, and thus dispense altogether with the system of scratching specimens 
with test stones. The following list shows the relative position of various gems 
in the scale of hardness: Diamond 10, sapphire 9-0, ruby 8-8, chrysobery] 8.5, 
spinel 8-0, aquamarine 8:0, topaz 8-0, zircon 7°8, emerald 7°8, tourmaline 7-5, 
phenakite 7:5, iolite 7:3, almandine garnet 7°3, essonite 7-0, amethyst 7-0, peri- 
dot 6-3, adularia 6:3, green garnet 6-0, opal 6-0, turquoise 6-0, lapis lazuli 5-2. 

Optical Properties. —These form most valuable means of identifying precious 
stones, and there are several scientific methods of a more or less practical 
nature which can be applied with the utmost advantage in this connection. 
These tests depend in the main part upon the refraction, single and double, 
and the absorption of light during its passage through the gems under exam. 
ination. It will be obvious that the natural broken and scratched surface of a 
rough stone is very detrimental to the successful use of some of the instruments 
about to be described; therefore it is in connection with the discrimination of 
cut and polished gems that they are introduced into this paper. 

Refraction.—The extent to which light is refracted by a translucent precious 
stone is a characteristic property most useful in determination. In the case of 
a facetted gem there is no need whatever to cut the stone into a prism, as was 
formerly supposed to be necessary, which, if the stone were of value, would be 
absolute madness. It is always possible to find two of the facets forming a 
convenient angle, and after carefully painting over the remainder of the gem to 
trace the ray of light passing through these facets, and thus to measure by 
means of the goniometer, not only the refraction, but the double refraction of 
the gem, no matter how great its refractive power. The little instrument 
known as the reflectometer is also useful for the purpose. It consists of 2 
hemispherical glass lens viewed by an eyepiece containing a graduated sca!r. 
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It only requires to be pressed against the gem upon which has been previously 
placed a drop of liquid possessing a higher refractive power than itself, such 
as monobromonapthalene. On looking into the eyepiece a shadow is seen over 
half the field of view, and its edge crosses the scale at a point which gives the 
exact refractive index of the stone. This method, however, is only useful to 
examine gems of low refractive power. 

The results of the measurements of the indices (for the yellow ray) of refrac- 
tion of a few transparent gems are here given: Diamond 2:75, jargoon 1°95, 
ruby 1-779, white sapphire 1°75, phenakite 1-675, topaz 1°621, aquamarine 
1-598, rock crystal 1°547. 

Pleiochroism, or the property possessed by colored, doubly refractive gems of 
appearing of different colors, and different degrees of density of color, when 
viewed in different directions of the crystal, is most easily recognized by the 
dichroiscope, although the effect is often observable to the unaided eye. The 
instrument consists of a cylinder 2 in. long and 1 in. in diameter, containing 
a cleaved crystal of Iceland spar. When the instrument is held to the eye two 
images of the square opening of the eyepiece are to be seen, which appear of 
different colors, or of identically the same color, according to the nature of the 
precious stone. 

If a gem under examination with the dichroiscope shows two images of the 
square opening of the instrument identical in color, no matter in which direc- 
tion it is viewed, the stone is singly refractive and may be a garnet, spinel or 
diamond, but cannot be a ruby, sapphire, topaz, chrysoberyl, aquamarine, 
emerald, or any other doubly refractive gem, all of which show twin colors of 
distinctly different hues from each other when viewed at right angles to the 
principal axis of the crystal. 

This is a very convenient and easy means of distinguishing gems occurring 
in the cubic form from those belonging to the other systems of crystallization, 
and is also a test which can be quickly applied to a doubtful specimen, either 
in the rough or cut state, enabling one often at a glance to decide between 
gems of the greatest value and others which are comparatively worthless. The 
characteristic twin colors of a few doubly refractive gems will prove of inter- 
est, the prime or natural color being mentioned first and the twin colors imme- 
diately following in parentheses: Ruby, red (crimson and carmine) ; sapphire, 
blue (dull green and blue); tourmaline, green (chartreuse green and bluish 
green); tourmaline, brown (dark orange and greenish yellow) ; tourmaline, red 
(salmon and rose pink); tourmaline, brownish red (mahogany brown and red) ; 
tourmaline, blue (green and blue); emerald, green (yellowish green and bluish 
green); peridot, green (brownish yellow and sea green); topaz, yellow (sherry 
yellow and pink); aquamarine, green (straw and grayish blue); chrysoberyl, 
yellow (golden yellow and greenish yellow); iolite, violet (drab and blue). 

The so-called interference figures seen on looking through a doubly refractive 
translucent stone, by means of a polarizing microscope, are very characteristic, 
and this method deserves to be used as a test for precious stones much more 
than it is at present. It is necessary to look tirough the stones in one given 
direction (parallel to the principal axis), and as there sometimes exists a great 
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difficulty in finding the exact direction in a cut and polished gem, which might 
possibly be from one projecting angle to another, this test is not often applied. 
This difficulty, due to refraction, may, however, be surmounted by immersing 
the gem in some liquid having nearly the same refractive power as itself, such 
as oil or glycerine, contained in a spherical glass bottle, whereby the stone 
may be easily held in almost any position, and the interference figure can 
always be seen. 

The spectroscope may be brought into use in distinguishing gem stones, as 
there are two gems which give different absorption bands across the spectrum, 
namely, jargoon and almandine garnet or carbuncle, and the effect can be seen 
even with a pocket instrument. 

Electrical Manifestations.—If a crystal of tourmaline be warmed it is electri- 
fied, one end becoming positive and the other negative. Advantage has been 
taken of this fact to make a very pretty test for the stone. If a mixture of 
powdered red lead and sulphur be blown through a sieve the particles become 
electrified by mutual friction, and if it then be shaken over a tourmaline which 
is being warmed the positively electrified end of the crystal attracts the nega- 
tively electrified yellow sulphur and the negatively electrified end of the crys- 
tal attracts the positively electrified red lead; thus one end of the stone becomes 
red and the other yellow. This ingenious test can of course be applied either 
to a rough crystal of tourmaline or to a cut and polished gem mounted as a 
jewel. 

Color.—In the discrimination of gems it is always advisable to apply as many 
different tests as possible to every doubtful gem, and to be guided by the 
results of them all, thus avoiding the possibility of being misled by any slight 
error which might occur by the application of a single test. It is unwise to 
place much reliance on the color of the precious stone with regard to its iden- 
tity, since there is no property of gems so unreliable and variable as this. 
The color of a precious stone is nevertheless of the greatest importance in 
regard to its market value, as even a slight variation in depth or tone often 
makes the difference between an immensely valuable and a common quality 
gem. The color of the ruby most highly prized is described as ‘‘ pigeon 
blood,’’ that of the sapphire ‘‘ royal blue’’ or ‘‘cornflower’’ blue. The finest 
emeralds are spoken of asof ‘‘ velvety green’’ richness, and fine white diamonds 
are termed ‘‘ blue white,’’ while a fine alexandrite should be pistachio green 
by daylight and a rich raspberry red by artificial light. Although every gem 
has a certain tone of color which is most highly prized, specimens occurring 
exactly of the desired tint are extremely rare; consequently those stones which 
present an appearance most nearly approaching it are of corresponding value. 

Turquoise.—In the foregoing remarks I have been concerned almost entirely 
with methods of identifying gems which ocour in nature in crystalline form, 
but there are two precious stones which are cryptocrystalline or amorphous, 
namely, turquoise and opal. 

Calliate, or the true turquoise, is a sky-blue opaque colloid stone, consisting 
of aluminum phosphate and hydrate associated with a hydrated phosphate of 
copper, and containing small quantities of phosphate of iron and manganese. 
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Its hardness is 6, and sp. gr. 2:7, which, however, must not be taken with the 
specific gravity solutions, since the stones may change color. The color of the 
turquoise is due to the presence of copper phosphate. Powdered turquoise 
becomes dark-blue when moistened with strong ammonia. 

There are two other substances which somewhat resemble the true turquoise; 
one is odontolite, a fossil bone or ivory colored with phosphate of iron, which 
is more opaque than turquoise and much softer; also its bony structure can 
always be seen under the microscope. There is also the mineral known as 
variscite, sometimes called callais or callainite, which has a hardness of 4, 
sp. gr. of 2:55, and is bluish green in color. 

Opal.—Among the various mineral species known as opal there is only one 
kind of value as a gem. This is the variety called ‘‘precious opal,’’ a beau- 
tiful translucent gem, which by transmitted light appears milky and cloudy, 
but by reflected light exhibits most brilliant prismatic colors reflected in 
patches of orange, red, blue and green. In composition opal consists essen- 
tially of silica, differing from rock crystal in being vitreous and containing 
combined water. Its sp. gr. is 2:2; hardness, 5-5 to 6. There is really no 
stone which resembles in any way the precious opal, and any specimen of 
fair quality can be easily recognized by its fiery play of colors. 

The common and valueless variety of opal, which does not exhibit the pris- 
matic colors, occurs in tixts of pinkish brown and yellow, and often shows 
agatoid and dentritic markings. Hydrophane is a variety which readily 
absorbs moisture, aud though not naturally transparent, becomes so (and some- 
times prismatic) on being immersed in water. It is of little or no value. 
Cachalong is fhe name given to these specimens of hydrophane which adhere 
to the tongue. . 

Nomenclature of Gems.—Many of the difficulties frequently experienced in 
distinguishing precious stones are due to the nomenclature of gems being so 
very faulty and confusing; for instance, a diamond is always called a diamond, 
no matter in what color it occurs, be it green, red, blue or yellow, but corun- 
dum has a different name for every color in which it is found. When red it is 
called ruby; the blue variety is called sapphire; the green, oriental emerald; 
the vellow, oriental topaz; the purple, oriental amethyst; and the asteroid 
variety is known as asteria. In the beryl family of gems the bright green is 
called emerald; the blue, aquamarine; while only the sage green is known as 
beryl]. The variety of chrysoberyl which has the property of changing from 
green by daylight to red by artificial light is called alexandrite, and the cata- 
eye is another variety of the same stone possessing a brilliant shimmering 
white line when cut en cabochon. 

All the many different kinds of zircon, or jargoon, receive the same name 
with the exception of the red one, which is called jacinth. Indicolite and 
rubellite are the blue and red varieties respectively of the tourmaline. Olivine 
is called peridot when it occurs green and chrysolite when it occurs yellow, 
but the topaz is always called a topaz, no matter if it be blue, white, pink or 
yellow. Spinels occur in every imaginable shade of color; the bright red ones 
are called Balas rubies, and the others are known as red, blue, green and pur- 
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ple spinels, as the case may be. Amethyst is a purple form of quartz crystal, 
which also occurs yellow, being known then as cairngorm or Scotch topaz. 

It should be borne in mind also that the same name has become associated 
with several absolutely distinct gems. No less than three different gem stones 
are known as topaz: (1) There is the ‘‘ Oriental’ topaz (corundum), (2) the 
true topaz, and (3) the Scotch topaz (yellow crystal); they can, however, be 
distinguished by their hardness and specific gravity. The beautiful golden- 
red stone called essonite is freyguently misnamed jacinth, which is the correct 
designation of jargoons of the same color. 

There are two or three varieties of quartz which, when properly cut and 
polished, display a ray of light somewhat resembling the true catseye. Al- 
though not approaching that costly and exquisite gem in luster or beauty of 
coloring, they have become known by the name of quartz catseyes. The emer- 
ald, amethyst and topaz must not be confounded with the Oriental emerald, 
Oriental amethyst and Oriental topaz, which are varieties of corundum, and 
are not infrequently known as ‘‘ fancy sapphires.’’ 

It is greatly to be regretted that ignorance and the desire of irresponsible 
venders of gems to deceive the unwary has caused absolutely fictitious and 
misleading names to be indiscriminately applied to certain stones, such as 
‘* Parisian diamonds,’’ ‘‘Cape ruby,’’ ‘‘ Rhine stone,’’ ‘‘Cornish diamonds,’’ 
‘¢ Evening emerald,’’ ‘‘Chinese catseye,’’ ‘‘ Brazilian sapphire,’’ etc. 
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PRECIOUS STONES. 
By Georece F. Kunz. 


INTRODUCTION. 


Among the principal items of interest relating to the production of 
cems in 1899 may be mentioned a general development of, and increased 
output from, the Yogo Valley sapphire mines in Fergus County, Mon- 
tana, and the finding of a fine blue stone that afforded gems up to 4 
carats in weight: also the discovery of remarkably brilliant sapphires— 
green, blue, pink, yellow, and brown—in many shades and tints, in 
Granite County, Montana; the continued output of turquoise from the 
mines in Grant County, New Mexico; the reopening of the turquoise 
property near Santa Fe, New Mexico; the development of the tur- 
quoise loealities in Nevada and California; 2 great advance in the price 
of emeralds and pearls; a decided increase in the price of all quali- 
ties of cut diamonds; a great increase in the amount of diamond cut- 
ting, especially of the finer qualities, in the United States, although 
this industry was materially affected because of the advance in prices 
during the latter part of the year: and, lastly, in general, a continued 
search for minor gems in North Carolina, Maine, Connecticut, and 
other States. 

DIAMOND. 


UNITED STATES. 


Much interest has been manifested in an important paper by Prof. 
W.H. Hobbs, entitled ** The diamond field of the Great Lakes,” whieh 
has appeared in the Popular Science Monthly. The whole history of 
the remarkable discovery of diamonds at various points along the line 
of the terminal moraine of the later ice sheet is here summarized and 
discussed. These successive discoveries have been noted in the Min- 
eral Resources reports, as they have been announced from year to 
year since 1890; and the entire ground has been covered by the obser- 
vations and studies of Professor Hobbs and the writer. The article 
referred to describes the seventeen diamonds from the morainal belt in 
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Wisconsin, Michigun, and, lately, Obto., in addition to which are 
descriptions of several very minute stones from the Phun Creek, Wis- 
consing locality. The Ohio discovery, brielly mentioned in this report 
for last year. isa pure and brilliant stone of six carats, found in 1897 
at Milford, Clermont County, by two litde daughters of Ma. J. RR. 
Tuavlor. lt is now the property of Mia. Herman Keek, of Cincinnati, 
and has been cut into a handsome gem. The others are nearly all 
preserved as found. 

Severn] of these diamonds remained for years in the possesstouw of 
farmers, who had accidentally come upon them and who kept thent as 
curiosities, huving no idea of their nature or value. Professor Hobbs 
believes that probably a number of others are still lying unsuspected 
mone’ the little colleeGions of pebbles and local ‘curios which aeen- 
mulate on the clock shelves of country farmhouses; and he is trying, 
by means of notices sent. to the people throughout the regions of the 
morainal belt, to bring to ight any that may still be unrecoenized and 
to nrouse interest and simulate seareh for other diamonds. 

The physieal characters of the stones are discussed in detail. Tn 
size they vary from the microscopic diamonds of Plum Creek to the 
Yt-carat stone foundat Koblsville, Wisconsin. The average weight is 
Gearatss but Professor Hobbs observes that this can not be taken as av 
tine average, “since only the larger stones are likely to be discovered 
until a systematic search is undertaken.” At Plum Creek, where the 
diamonds were found in panning a stream gravel, all were small (none 
over 2 carats), most of them very minute. 

The crystalline forms are of interest, especially the rhombic dode- 
ethedron from Oregon, Wisconsin, and those with faces of the hexoe- 
tuhedron from Eagle and Kohtsville, Wisconsin, and Downgiac, 
Michigan. 

The stones from Saukville and Burlington, Wisconsin, are trisoc- 
trnbedral and tetrahedral, respectively, and that from Ohio, now cut, 
wis reported as an octahedron. All are more or Jess rounded and 
distorted, and a few show twinning. 

In color the stones are white to pale yellow, or with a greenish 
tinge, probably, as is often the case, superticial, They are generally 
transparent, the degree of transparency varying. 

The most. interesting faets, however, in connection with these dia- 
monds concern their distribution and source, They lave been found 
at cioht localities, scattered through a region some 600 miles in leng dh 
and zoO miles in breadth, and extending from Plum Creek, Wisconsin, 
to Milford, Ohio, almost exactly from northwest to southeast. Six 
of the localities are close together, within an area about 200 miles 
square, near the center of which is the city of Milwaukee, and about 
equally distant from the two extremes named. 

Ht wus soon recognized that these Jocalities bore a close relation to 
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the moraine of the later ice sheet. Most of the stones were found in 
elacial deposits on the line of the actual terminal moraine. The one 
from Dowagiac. Michigan, was found on a moraine of recession, some- 
what behind the terminal one. Those from Plum Creek were found 
in stream gravel a little outside the moraine, but evidently washed out 
of it. The relations of the localities to the moraines are shown In a 
map prepared by Professor Hobbs from data furnished by Chamberlin, 
Leverett, Todd, and others, to whom reference is made in the paper. 
The next step is. of course, to endeavor to locate the unknown source 
by correlation of the glacial strie over this region and northward. 
The strive are plotted on this map and on another one from the works 
of the aforementioned glacialists and others, including in Canada 
Messrs. Upham, Bell, McInnes, and Low. The general result is that 
the striw of the diainond region are found to converge toward a point 
somewhere in the almost unexplored wilderness east ot James Bay, 
near the district assigned by Low and Tyrrell as the approximate 
center of movement of their Laurentide or Labradorean ice sheet. 

Professor Hobbs, in discussing the conditions of the diamond oceur- 
renee, advances two theories: (1) That the stones had been removed 
from their matrix by preelacial erosion, and were gathered np and 
transported hy the ice, with other loose material: or (2) that they had 
been enrried in pieces of their matrix, and that the latter had been 
abraded and broken up during the earlier stages of the ice advance, and 
the diamonds thus freed for separate transportation in the latter stages. 
Professor Hobbs inclines toward the former view, and quotes a letter 
from Professor Chamberhn to the same purport. 

As to the original locality, the question arises whether there may be 
more than one. On general principles this is hardly deemed probable, 
for diamonds in quantity are of rare occurrence, and the munber at the 
source or sourees must have been considerable. ‘Tt is likely.” says 
Professor Hobbs, “*that for every diamond that has been found there 
are a thousand still undiseovered in the drift.” Yet, as in Africa, 
there may be a district in which several diamantiferous outcrops may 
occur, yielding stones that differ to some extent from one another. 
The Oregon, Eagle, and Kohlsville stones are closely alike; the others 
differ somewhat in form and character. The width of the fan of 
distribution would indicate, if the source be one, or several near 
together, that it must lie far up toward the center of the glacial 
movement, 

For the further determination of these interesting points several 
lines of investigation are needful. In the first place. much work is 
necessury upon the direetion of strie in the wilderness south of Hud- 
son Bay, both to the east and to the west. It is also important. to 
seurch the moraine line farther eastward—that is, in Ohio, New York, 
and Penusylvania—in order to ascertain whether any diamonds can be 
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found there, and to determine the dimits of the fan of distribution. 
Should this he found to extend farther east, ‘the apex yee 
would seem to be located very near the center of the abradoreaun 
neve” Tn his inquiry Professor Tobbs is seeking to enlist the 
cooperation of all geologists divine near or working tong the morainial 
border, 

It is of interest here to recall the fact, which at the time had no 
peculiar significance, that in S907) the writer made reference to two 
ditmonds which had been exhibited for some time in Tndiantpolis and 
Which were said (0 have been found in Tadiannu They are deseribed 
us clongated hexoctiahedrons the Phin Creek and Dowingiae form of 
2 ocnmmts cach; but ne pardeuhurs regarding their occurrence were 
known, Tt would appear that these (wo stones came front some point 
about midway in the long interval between the Milwankee-Dowagine 
cent aren and the solitary occurrence in Ohio. 

lt is worth while, in this connection, to refer to the distribution of the 
Hinmond localities of Brazil, which ocenr at several distant points alone 
the Serm do Espinhage. and are believed by some experts to form part 
ofa dinmantiferous belt following the crest of that range for several 
hamdred miles. Tf such a condition existed in the Laurentide high- 
lands, the crossing by an ice sheet might casily distribute diamonds 
from severnl distinet sources throughout a long streteh of terminal 
Te 

Tennessee. "Vhe first record of the tinding of a diamond in the State 
of ‘Tennessee was inade by Ma. Charles Waller, of Union Crossroads, 
Rowne County. “Phe stone is perfectly white and thiwless. and weighed 
originally 8 carats. Tt owas found in close proxtaity to can indian 
mound on the south bank of the Chneh River, Roane County, ina 
very slaty soil Unfortunately. it was cut in New York before it was 
shown to the writer, so that no detailed description of the erystel is 
posstile. Ma. TL. W. Curtis bought the stone trom Mr. Waller, and 
after having iteut, when it weiehed £} carats, he sold it to Mir. Te. 4. 
Siunford, of Knoxville, Tennessee, for S150. 

Culifornia, \ paperon The Occurrence and Origin of Dinnonds 
in California, by Mr. Uh. W. Turner, of Washington, wis published (by 
permission of the Director of the United States Geological Survey) last 
year” Tn this arGicle Mr. Purner brings together and sumimnuizes the 
discoveries of dinmonds in the auriferous gravels of California, as 
deseribed, at ditterent. times, by Prof. L D. Whitney, Prof. Henry C. 
Hanks, and the writer, together with a few recent additions. ‘These 
lust, however, are neither numerous nor importint, for the general use 
of stamp mills destroys the diamonds that may exist in the hardpan 
eravel and their presenee is revealed only by fragments found in 
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the sluices and tailings. A nninber of localities are noted in Amador, 

sutte. Del Norte, Eldorado, Nevada, Plumas, and Trinity counties. 
Of these, Butte County, in the neighborhood of Cherokee Flat, and 
Eldorado County, near Placerville, have yielded a considerable num- 
ber. Plumas County is a new locality, from which Mr. J. A. Edinan 
recently reports the finding of some small diamonds, occurring in 
sands, at Gopher Hill and on Upper Spanish Creek. Most of the Cali- 
fornia diamonds are of small size; some have been cut, but many are 
held by the finders in their natural state. One, from Cherokee, 1s 
suid to be valued at $250; another is in the State Musenm of Min- 
eralogy. Ina recent letter to the writer Mr. George W. Kimble, of 
Placerville, states that there are ten or twelve erystals in the posses- 
sion of persons living in and near that place, which are valued by the 
finders at from $50 to $2U0 each. 

In his paper Mr. Turner refers to the African occurrence, and 
seeks to trace a possible source for the California diamonds in the 
serpentine rocks of the Sierra Nevada. In the maps of the gold helt, 
published by the Cnited States Geological Survey, he notes the occur- 
rence of serpentine masses in the vicinity of all the diamond localities 
reported; and though the rock itself does not appear in the gulches 
near Placerville, he cites Mr. Kimble as stating that serpentine peb- 
bles are frequent there in the diamond-bearing gravel, and are prob- 
ably derived from an outcrop + or 5 miles to the east. Mr. Turner 
suggests that a careful search in the local gravels of gulches lying in 
the serpentines may furnish a clue to the source of the diamonds scat- 
tered through the Tertiary gold gravels. 

The remainder of Mr. Turner’s paper is a summary and discussion 
of recent views as to the origin of the South African diamonds, as pre- 
sented by Messrs. De Launay, H. C. Lewis, and William Crookes, 
and by Professor Derby in his article —reviewed in this report for last 
year'—on the modes of diamond occurrence in Brazil. 

A specimen found last swmmer ina Tertiary gravel deposit at Nel- 
son Point, Plumas County, California, by Mr. F. CG. Mandeville, 
weighed about 2 carats and is valued at 875. [€ was determined and 
valued by Mr. A. W. Lord. jeweler, Quincy. California, and reported 
by Mr. J. A. Edman. 


AUSTRALIA. 


Australian Diamond Fields, Limited.—The company known as the 
Australian Diamond Fields, Limited, whose mines are adjacent to 
those of the Inverell company, has acquired a tract of land com- 
prising 50% acres, which is thought to be highly promising. Only a 
few acres, however, have as yet been worked, and it appears that the 
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paving wash dirt is not continuous, but Ties in patches and streaks. 
In view of these facts some disappointinent was felt at the annnal 
mecting of the stockholders of the company. but it was pointed out 
that only a stall fraction of the deposit had been tested, and that there 
was room for large and profitable developments to be made, besides the 
fact that there were associated tin deposits. The latest reports eive 
an account of eight loads of wash dirt, ytelding [82 carats of dia- 
monds—one of the largest averages yet attained. About £2,000 had 
been received during the year—£200 being for tin and nearly £700 
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from share dealings. If the output should continue sufficient to 
develop the property nore extensively, it was thought that it would 
prove yery valuable, 

Bingara—TVhe Bingara and Inverell diamond regions of New South 
Wales, to which references have been made in previous reports.’ have 
been continuously worked and explored. A paper read by Mr. tl. M. 
Porter, in 1898, before the Institute of Mining and Metallurgy of 
New South Wales, gives the results of some recent examinations, 
tovether with various data bearing on the mode of occurrence and the 
production. The conditions are as described in the reports for 1895 
and 1896, already mentioned, viz, a region of eranite traversed by a 
belt. of Carboniferous shale, and coyered at intervals by a gravelly 
drift containing diamonds and tin, while an outflow of Jasalt overlies 
aconsiderable portion of the whole. M1. Porter calls attention to 
the fact that in the region examined by him, the Bogey Camp district 
in the valley of the Gwydir River and its tributaries, some 10 miles 
southwest of Inverell and 30 miles east of Bingara, no diamonds are 
found in the tin-bearine drift beneath the basalt until the western 
edve of the Carboniferous helt has been passed. This belt has a 
NNW.-SSE. course across the upper tributaries of the Gwydir, whose 
general tlow is westward, with the slope of the region, which is about 
30 feet to the mile. After the Carboniferous belt has been crossed, 
diamonds are at once found im the patches and areas of the old river 
dritt. Mr. Porter maintains, therefore, that their source must he at 
or near the line of contact of the Carboniferous and the granite; he 
has traced it to apparently within a Iimit of a half mile, or to the 
deposit that vields diamonds in so great abundance, viz, at Daisey’s 
mine, just west of the contact line; none occurring at that distance 
northeast of it, although the other associated minerals are present. 
lifty loads were tested for this determination. Daisey’s mine, mere- 
ever, Which is close to the contact, is by far the richest of the district, 
and Mr. Porter regards tas doubtless very near the source. What 
connection there may be with the basalt is not yet clear, save that it 
has protected the old river gravels from later erosion, somewhat as in 
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California. The upper stratum of the drift ix sometimes covered 
with a conglomerate in which diamonds occur, Some have regarded 
this as a distinct rock, but Mr. Porter believes it to be simply a result 
of the overflow of the basalt cementing and compacting the gravel. 

With reeard to the diamonds theniselyes, the crystals are not large, 
their size usually ranging from one-sixteenth of a carat to 6 carats. 
One of between 6 and 7 carets has lately been found at the Star mine; 
fragments of larger stones also occur, one that was found indicating 
about 15 carets. Mr. Porter makes the surprising statement that 
large stones have not been looked for, the gratings used having only 
t- ane mesh, and all the lumps of dirt and cement above that s1ze 
being thrown out on the dumps without examination, and the material 
is either washed away by freshets or covered w ith more débris. The 
diamonds found are of all colors and shades; in torm they are chiefly 
octahedral. It is estimated thatabout 20.000 carats have thus far heen 
obtained at Bogey Camp. 

BRAZIL. 


In the United States Consular Reports, May 12, 1899, a very full 
account is given by Mr. Thomas C. Dawson, secretary of the American 
legation to Brazil, of the diamond and gold mines of the State of 
Minas Geraes, based on a recent visit of pe This great ne 
the most populous in Brazil—population, 3, 
the richest in mineral treasures, covers an area ot ay 20, 000 oe 
miles of clevated plateau, possesses a climate which is healthful and 
avreeable throughout the entire year, and is full of agricultural and 
mining resources both present and prospective, 

The diamond region has its center at Diamantina, a town with about 
5,000 inhabitants, 680 miles from Rio de Janeiro. It was founded 
asa gold-miners’ camp late in the seventeenth century, and in 1729 
diamonds were discovered there. The Portuguese Government at 
once claimed the stones, and for about a hundr . years diamond min- 
ing was a royal monopoly, until, in 1832, the Brazilian Government 
legalized private mining. Prior to that date the superintendents and 
contractors used negro slaves to work the mines, and the careless and 
wasteful methods employed have hopelessly covered with débris great 
areas of diamond-bearing gravels. 

Six diamond regions ade in Brazil, viz: (1) Diamantina; (2) Grao 
Magor, 150 miles to the north; (8) Bagagem, a less important district 
200 miles to the southwest, although here the celebrated Star of the 
South diamond was found in 1853, aaa the region is but imperfectly 
explored; (4) Chapada Diamantina, in the State of Bahia, noted for its 
black carbons; (5) Govaz, and (6) Matto Grosso, in the States of those 
hanes, respectively, 

Diamantina, Grio Magor, and Chapada are on or near the crest of 
the Serra do Espinha¢o, or its continuations, -vhich form the divide 


We MINERAL RESOURCES, 


between the great Sado Francisco River and the streams that tlow to 
the coast between Rio and Bahia, Some experts are of the opinion 
that all these localiGes belong to a diamantiferous belt following along 
the erestof the serra for perhaps 500 miles. 

There are four methods of working, Phe simplest is Ghat pursued 
In the small, steep stream valleys, with recky sides, well up on the 
slopes of the serra, Their beds are full of bowlders, and between 
these is the diamond-grayel known as the forwagio, which is easily 
recognized by the native prospector from certain minerals always sup- 
posed to be associated with the diamonds, Among them are gold, 
rutile, specular iron, tourmaline, and disthene (evanite). The formin- 
gio is dug out in the dry seasou, piled near the stream, and washed 
When the rains come. Fhe washing is done first: ina shallow exeava- 
tion, a vard or so in aren and a Tew inches deep. near the bank: the 
heavier and smaller stones are then Turther washed in a bates a 
wooden dish perhaps 380 inches in diameter, The concentrates are put 
Into the Tautea, with water, and tt is then shaken and whirled, the 
Hehter gravel being separated by a sort of centrifugal process and 
swept over the edge. Phe remaining gravel is finally hand pieked, and 
the diamonds (if any) are taken out. The batea process requires much 
skills it ts similar to vold-panning, but the lower density of diamonds 
renders them more Hable to be lost than gold. Phis method is the 
one generally used by the natives in both diamond and gold mining. 
The small stream workings are not now of much importance, having 
heen largely exhausted by generations of gold and dinmond seekers. 
Those who work them have usmdly litle or no capttal, and generally 
form stmul pares, who take their chances of finding virgin spots. 

The second, and principal, method is practiced in the larger stream 
beds, and requires considerable outhuy and a darge nunther of men, 
When the dry season opens, a portion of a river bed that is supposed, 
from documents or tradition, to be virgin ground is chosen. Above it 
is built a rough dam, and the water of the stream is conducted around 
it by asluieeway. The exposed bed is then seen to consist of sand, 
much of it from old workings, which has to be removed down to the 
formagio layer, whieh lies on the bed rock perhaps 80 or 40 feet below 
the surface. "Phe removal is etlected by means of wooden pans, hold- 
Ing thboutashovelful each, carried on the heads of neg@roes-—arslow and 
costly process. Attempts have been made to introduce earts and wheel- 
barrows, but withont success, owing to the native conservatism. Phe 
work must be prosecuted rapidly, for the tirst heavy rains of the autumn 
wash away the dam and till the great exeavation, The water that 
enters during the working time is removed by pups, operited dry 
overshot wheels run by water from the sluiceway. Mr. Dawson gives 
an interesting account of the rnde native pumps, ete. No metal is 
used th their construction, the Joints are mortised or bound with vines, 
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and there is no idea of detinite measurements, all being done by the 
eye. Yet the pumps are adequate and successful for ordinary opera- 
tions, not, however, for any special or novel conditions, such as some- 
timesarise, and of which he cites some instances, The formuacio gravel, 
when reached, is taken out, piled on the banks, and washed when the 
rainy season comes. The result is extremely uncertain, for it may 
have been worked at some carler time, in which case little or nothing 
is obtained. If not previously worked the yield is valuable. Much 
of the valley of the Jeqnitinhonha, the principle diamond-bearing river, 
has been worked at some time during the last two centuries from its 
source to Mendanha. Below that point the valley is too wide for such 
operations. This river-bed mining is conducted by local native com- 
panies, no foreign capital being engaged in it. 

The third method deals with the gup/aras—small gravel deposits on 
the slopes or sides of the valleys, like the ** hill wash” of the Burmese 
rnby mines, These spots, often only a tew aeres in area, are casually 
discovered and soon worked out, but are often exceedingly rich. 
Over 160,000 carats of diamonds were taken In one season from a 
single cupiara of only 6 acres. 

The fourth method is pursued high up on the serra, where the dia- 
monds oceur in conglomerates and clays— the sources whence they have 
heen carried down into the valleys by erosion. The rocks are far less 
rich than the stream beds, in which there has been a natural process of 
concentration; but there is much more of the material accessible. 
Some of them are soft und easily washed, but many are harder and 
less workable. After getting what diamonds they could from the 
softer-weathered portions, the Brazilians have tried to work the 
deeper deposits, when not too hard, by a sort of miniature hydraulic 
process, Rain water is collected in pools on the tops of the plateaus, 
and by means of a ditch is led to a promising outcrop, where it is made 
to wash wullies in the rock. An artifielal forma¢do is thus produced, 
which is treated Hike the stream gravel. This method is very limited 
and slow, beeause it is Impossible to colleet suficient water to do any- 
thing effective for more than a few days in the yvear—perhaps ten. as 
an average—and in some seasons no work at all can be done. Still, 
fortunes have been made from these chapada nines, and some of them 
have been worked in this scanty fashion for nearly a hindred years. 

A company composed of French capitalists and known as the Com- 
panhia de Boa Vista is now about to undertake work of this kind on a 
erent scale and with thoroughly scientific appHances. They have pur- 
chased a large tract of plutean, or chapada, of Gamantiferous con- 
elomerate, partially worked as above described, near Diamantina, 
Their director is Myr. Lavandevra, an American citizen born in: Cubit, 
av eraduate of Rensselaer Polytechnic Institute, and at one time 
engaged on the Panama Canal. We has met und overcome extreme 
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difficulties, requiring novel methods in both design and application. 
The result isa plant of the most modern construction, consisting of 
two laree reservoirs, at and near the top ef the chapada, for washing, 
and pumps operated by electric motors connected by wires with a 
dynanio station a thousand feet lower where water power is obtained 
from the Santa Maria River, the water being carried in a 20-inch pipe 
for over a mile, with w fall of 340 fect. The washing niaechinery was 
made jin Europe; the eleetrical machinery in America. All had to Le 
transported in ox carts or on mules over a hundred miles of moun- 
tain trails, and repairs and adjustments had to be provided for in a 
country where horseshoeing is the ait of metallurgical skill. The 
natives are very incredulous as to the enterprise; but it can hardly fail 
to be highly profitable if the conglomerate rock is anywhere near as 
rich as there is reason to suppose. This is the first step in the intro- 
duetion of modern scientific metheds in the Brazilian diamond country, 
and if it proves successful it will surely be followed by many others. 

The erystals obtained are generally sold by the tinders to purchasers 
who frequent the neighboring villaves, though many are taken to Dia- 
mantina and sold to regular dealers there, The prices vary widely, 
not only with the size and quality of the stones, but with fluctuations of 
the currency, and also with the needs of the seller. Ten dollars a carat 
(70 milreis) may be tuken as an average. The exported gems usually 
go to Paris or London, none coming direct to the United States, 
although this is the largest diamond-purchasing country in the world 
and consumes almost half of the Afriean product. My. Dawson thinks 
that American diamond buyers might better go to Brazil than to Europe 
for their purchases. The Brazilian stones generally have a higher 
value than the African, being whiter and commanding one-half more 
in price; colored diamonds also occur, the rose, blue, aud wine colored 
being highly prized. 

Reearding the amount produced, the lack of statistics renders it very 
dificult to ascertain. The buyers are, and always have been, so nu- 
merous and so scattered that no records can be bad, and all published 
statemicnts are merely rough estimates. Extensive mining began in 
1740, when the Portuguese Government gave the tirst lease. From 
1750 to 1770 was the period of largest production, which tradition 
places at 150,000 carats a vear. During the previous deeade it had 
averaged one-third of that amount. In 1771 the Government took 
charge of the mining, and some definite records were kept, which 
showed an annual outpnt of abont 40,000 carats. But a great deal of 
surreptitious mining was done by individuals, of which, of conrse, no 
records were made. This condition lasted until about the end cf the 
century, by which time the Government production had fallen to 
20.000 carats, while the contraband production is estimated to have 
been fully as large. With the political changes and uncertainties of 
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the Nupoleonie period, the Government mining was less carefully 
attended to and gradually gave place to private workings. Since 
then the production has varied much. The freedom of mining has 
tended to increase it, but the better-known and more accessible locali- 
ties have been gradually worked out and improved methods lave not 
been introduced. Sir Richard Burton, who visited Diamantina in L867, 
reported a prosperous condition and an annual output of $0,000 carats, 
The present production is estimated at about one-third that amount. 

Within the last thirty years an important diamond-cutting industry 
has grown up in Dininantina and the adjacent villages. The little 
mills are worked by water power; the process of cutting is the same 
as thatin Europe. The machinery comes from Holland, and the work 
is both well and cheaply done. Most of the stones are cutas brilliants. 
The manufacture of gold jewelry has also developed. The workmen 
are principally Portuguese, and are skillful and industrious. The 
designs are old-fashioned, and filagree work is popular. This jewelry 
is peddled about through the country and finds a ready sale. 

Dr. Eugene Hussak, of the Sehool of Mines, Sad Paulo, Brazil, has 
published? an admirable article entering fully into a deseription of 
the so-called favas found in the Brazilian diamond sands. This isa 
valuable contribution to the literatire on the oceurrence of diamonds 
in Brazil. 

These favus (the mune meaning bean or pea) are eiveular or flat, 
rounded and waterworn concretions or pebbles, measuring two-fifths of 
an ineh in width and from one-fifth to two-fifths of tm inch in length. 
They are yellow, leather brown, tile red, dark gray, or blue gray in 
color, compact in structure, and of high specific gravity. They are 
found everywhere in the washing of the diamond sands (caseallios), 
together with the accompanying minerals of the diamond— Leitmin- 
erule (boa forniagio). They were first deseribed by Damour,’ and are 
classified as follows: (1) Siliceous favas, generally yellow-brown jas- 
per or hornstone: (2) a hydrophosphate of alumina, with a specific 
eravity of 8.14; and (8) those termed by Damour echlorophosphate. 

In this investigation Dr. Hussak enters into an exhaustive descrip- 
tion of forms, appearances, and associations of all the minerals, with 
many references to the literature on the subject. Dr. Hussak has also 
carefully sorted the minerals from nine great mining districts, viz, 
Rio Paraguasst (Bandeira do Mello), San Isabel do Paraguasstt, Mte. 
Veneno, Andarahy, Lengoes, Pitanga, Salobro, and Sincora, and bas 
separated and civen a description of the 39 associated minerals, as fol- 
lows: Quartz, sandstone (siliceous slate) and jasper, orthoclase, biotite, 
muscovite, chlorite, talc, amphibole, epidote, garnet, sapphire and 
ruby, monuazite, xenotime. ceylonite, tibrocevlonite, fibrolite, disthene, 


1Tschermaks mineral, und petrog. Mittheil., Vol, XVIII, No, 4, 1899, pp. 384-359. 
Bull. Soc. géol. France, 2d series, Vol. X11, 1855-50. 
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diaspore, rutile, anatase, brookite, cassiterite, columbite, zireon, 
chrysoberyl, euclase, titanite, tourmaline, staurolite, lazulite, iimenite, 
magnetite, pyrite, limonite, psilomelane, marcasite, cinnabar, and gold. 

Me tinds that the blue-gray titantferous favas contain, according to 
analysis by Mr. W. Florence, the following constituents, showing them 
to be arkansite or anatase in pebble form: 


-lnalysis af blue-gray titaniferous favas from Brazil. 
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These favas have a specific gravity of 3.794, a hardness very near that 
of quartz, und are generally in oetohedral forms, but frequently in 
rolled pebbles. 
A faya from Rio Cipo gave a speeitie gravity of 3.95 and a hardness 
of 4. 
Analysis of faras from Rio Cipo, Brazil. 


[W. Florence. analyst.] 
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PRICE OF THE DIAMOND. 


The syndieate which purchased the diamond output felt that the 
couiing prosperity and increased demand warranted them in advancing 
the price of the gems. Commencing with May last they made several 
ndyvances of 5 per eent, until, in Deeember of the present vear (1809), 
the price of eut diamonds had increased 30 per cent. This advance 
was not due to any stringeney or lack of supply caused by the Trans- 
val war. to whieh many attribute it. The tnerense in price caused 
erent trouble among the diamond-cuttine firms, both abroad and in 
the United States, and in February, Lovo, it resulted in the shutting 
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up of many of the workshops. It is said that in Amsterdam alone 
2,500 diamond cutters suspended work, and in the United States about 
400. Many owners of old and what may be termed pre-African mine 
stones—that is, old Brazilian stones, which were poorer in cutting, as 
compared with modern methods, and generally imperfect—learning of 
an advance in the price of diamonds, thought this an exeellent oppor- 
tunity for them to dispose of their gems; but, not realizing that 
diamonds are always sold on a gold basis, and that many of their 
stones were bought when gold was at a premium of 2.70 and ata 
time when diamonds of more than 2 earats were extremely rare, 
their uttempts to dispose of them were naturally disappointing. 


SOURCE AND ORIGIN OF THE DIAMOND. 


The mueh-debated question of the source and origin of the African 
diamonds has heen approached afresh, in the light of recent observa- 
tions, by Mr. T. G. Bonney, in a lecture before the Roysl Society of 
London, June 1. 1899. After describing the strueture of the Kim- 
berley pipes and the associated minerals found in the blue ground, Mr. 
Bonney reviewed the theories as to their origin thus far held. The 
late Prof. H. Carvill Lewis regarded the rock as a porphyritie perido- 
tite more or less serpentined, sometimes passing into a tuff or breccia, 
and the diamonds are derived by the aetion of this heated material in 
traversing the carbonaceous Karoo shales." Others have regarded it 
asa clastie rock, a voleanic breccia in fact, formed by deep explosions of 
steam and heated waters, causing uprushes that broke through the sedi- 
mentary beds and filled the pipes thus made with débris from the rocks 
traversed and with fragments of crystalline floor rocks. This view 
was held by Mr. Bonney,’ and a somewhat similar one by Dr. William 
Crookes. The progress of investigation, according to Mr. Bonney. 
had lately reached a stage where the view that the ‘diamonds were 
derived from below, rather than formed in situ, had gained many sup- 
porters; no evidences of the former presence of peridotite had been 
found, and, lastly, diamonds had been discovered in so close relation 
with the pyvrope garnets that a common source was indicated. At a 
depth of 300 feet in the Newlands mine, in Griqualand West, the 
director, Mr. Trudenbach, haa found a specimen of pyrope partly 
embedded in blue ground and inclosing a small diamond, with others 
closely adjacent. Appreciating the importanee of this diseovery, he 
made further examination and collected a number of rounded bowlders, 
some of them a foot in diameter, whieh oceur in the blue ground to a 
depth of 300 feet. These were largely of eclogite, pyrope and chrome 
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1 Eighteenth Ann. Rept. U. S. Geol. Survey, Part V (Continued), pp. 1191-1195, 
* Nineteenth Ann. Rept. U.S. Geol. Survey, Part VI (Continued), pp. 500-501. 
3Thid, p. 602. 
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diopside, and on being lroken some were found to contain small 
diamonds. 

Mr. Bonney deseribes these remarkable specimens, several of which 
have been examined by himself and Dr. Crookes, and draws from them 
the following important conclusions: (1) The diamond here oceurs in 
truly waterworn bowlders of eclogite, which roek Is at least one 
original matrix of diamond; (2) the diamonds are derivative minerals 
and not formed inthe blue ground; (8) the bine ground is not an 
altered peridotite, but a volcanic breccia, as maintained by Bonney and 
Crookes. The extreme alterations in both the mass and the included 
freements are explained by the long-continued action of steam and 
heated water ascending through the pipes, which had been tilled with 
mingled débris of all the rocks down to the seat of the outbreak. 

It may be observed, in addition, that the bowlders found here, and 
also noted by Stelzner! at Kimberley, indicate a dland surface traversed 
by rivers and composed of these roeks (eclogite and diabase), at least 
in part. now buried beneath the entire depth of the Triassic Karoo 
shales, thus showing a great depression of this whole region from its 
Paleozoic level. The age of the crystalline rocks themselves ts, of 
course, unknown, though it is clearly very remote. These geologic 
aspects ime of ereat interest, although Mr. Bonney’s lecture deals mainly 
with the problem relating to diamond genesis, so largely discussed by 
himself and others. 


CORUNDUM GEMS. 
NORTH CAROLINA. 


The ruby corundwn of the Cowee Valley of North Carolina, first 
noted by the writer,® has recently been described quite fully man arti- 
dle On anew mode of occurrence of ruby in North Carolina.” by 
Prof. J. W. Judd and My. W. BE. Uidden.* Professor Judd, it will be 
remembered, was associated with Mr. C. Barrington Brown in the 
celebrated report upon the ruby mines of Burma, reviewed in this 
report for t895.4 In that artiele he gives some of the conclusions 
arrived at by Mr. Brown during his visit to the Cowee Valley district 
in £806, mentioned in the report of this bureau for that year’ as Hkely 
to yield interesting results. 

The tirst reports stated that the corundum crystals were found in 
the débris of a caleareous rock underneath the surface deposits of the 


ISitvimesb, und Abhand], der Gesell, Isis., Dresden, 1898. p. 71. 

* Mineral Resources of the United States, 1893, p. 693; Sixteenth Ann, Rept. U. 8. Geol. Survey, Part 
1V, po 599: Seventeenth Ann, Rept. ULS. Geol, Survey, Part INT (Continued), p. 905, Eighteenth Ann, 
Kept, Us. Geol, Survey, Part V (Continued), p, 1197. 

‘Am, Jour, Sei, Vol, VITT, dth series, No. 17, November, 1899, p. 370. 

fgeventeenth Aun. Rept. US. Geol. survey, Part TD (Continued), pp. 905-906, 

“Kighteenth Ann, Rept. U.S. Geol. Survey, Part V (Continued), p. 1197. 


PRECIOUS STONES. 19 


Cowee Valley, and had even been traced to a limestone matrix adjoin- 
ing. The resemblance to the Burman oecurrence was apparently 
striking, and the examination by Mr. Brown was awaited with interest. 
It now appears that the first accounts were not strictly correct, and 
that the crystals are not derived from a limestone at all, but from cer- 
tain highly altered basic silicate rocks, probably of igneous origin. 
The country rock is gneissie, often carrying garnet and corundum, but 
the Jatter is in elongated prismatic forms and not of gem quality. 
These gneisses are also traversed by dikes of peematite. Garnet is 
niined as an abrasive in some of eneissic rocks, ind mica is mined in 
the peginatite. None of the dunite rocks or derived serpentines which 
we associated with the noted corundum localities at Buck Creek, Elli- 
Jay, etc. are found in the Cowee district, though the distance between 
them is not vreat; and no limestones occur within 8 or 10 miles of the 
ruby-bearing alluvium. 

The surface deposits are underlain by several feet of gravel, beneath 
which is a soft, decomposed rock termed saprolite, resulting from 
the decay, in place, of basic silicates. The unaltered rock is found 
below, sometimes at considerable depths. The saprolite. washed and 
microscopically examined, is found to consist largely of scales of 
hydrous micas. through which are distributed the less-changed or 
unchanged minerals —tibrolite. staurolite, ete.—with rutile, menac- 
vanite, monazite, and spinel, much garnet (including the brilliant gem 
variety rhodolite. to which reference is made elsewhere), corundun, 
and a little gold and sperrylite. 


Ata depth of 85 feet this material begins to show fragments of basic 
rocks, and at lower depths gradually passes inte them. These basic 
rocks inelude hornblende-cclogite (garnet-amphibolite of some authors), 
amphibolite. and a basic hornblende-gneiss containing labradorite and 
perhaps anorthite. A. full description of these rocks is deferred until 
further explorations haye been completed and material obtained more 
free from alterations. Professor Judd states that ‘tit is as yet uncer- 
tain whether these rocks occur as dikes or as alternating interfoliated 
masses In the erystalline series.” 

The extreme decomposition of these basie rocks into the saprolite 
condition is thought to be connected with a very marked system of 
faults and slickensides by which they are traversed, and which must 
have afforded easy access to water, with consequent alteration. The 
saprolite contains much eclogite and amphibolite, sometimes in large 
pieces, which have exeaped disintegration, and these nsnally have 
nuclei of pure hornblende, Corundum is especially abundant adja- 
cent to these hornblende lenticles, sometimes pure and often in altered 
pseudomorphs, 

The corundum itself varies from white or colorless, through various 
shades of pink, to a true ruby tint, resembling the color of tine Burman 
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gems, and to other varieties of red. In nearly all instances the erys- 
tals have inclusions—the cloudy ** silk” of microscopic fibers, minute 
rutile and menaccanite, and sometimes well-developed garnets; but 
many small ones are of clear gem quality. The best crystals show the 
tabular form which Lagorio regards as belonging to corundum that bas 
crystallized from an igneous magma. So general, indeed, is this form 
that any long prismatic crystal found with the others is suspected of 
being derived from the adjacent: gneiss rock, in which this is the 
prevailing type. The crystals oceur either in the midst of the rock, or 
erouped in bands or nests, or in what appear to have been cavities, 
alike in the eclogite, the amphibolite, or the hornblende-gneiss. ** These 
spaces, when the corundum is pale colored, appear to have been filled 
up with the feldspathic material: but when the corundunt is of a ruby 
red, the surrounding space is filled up with chloritic material.” 

Alteration of corundum has taken place very extensively, as in 
Burma, apparently first by hydration and then by combination of the 
resulting diaspore with surrounding silicates. “‘[t 1s surprising to see 
the positive evidence of the former existence of hundreds of pounds 
weight of ruby and other corundum, where to-day only a few ounces 
of fragments or flakes remain.” These often exist as the centers of 
altered masses, which preserve the entire form of the original corundum 
crystals and are embedded in the rock. 

Passing, then, to the associated minerals, by far the most notable 
is the pnrplish-pink garnet, designated as rhodolite, which is else- 
where deseribed in this paper and has been reterred to in previous 
reports.’ Tt is found chiefly in rolled fragments, with corundum and 
the associated minerals, in the gravel and the saprolite. The only 
crystals thus far obtained are very small dodecahedrons and trapezo- 
hedrons, occurring as inclusions in the ruby corundum. This feature is 
peculiar to the Cowee district, being entirely unknown in the corun- 
diuns of the peridotite (dunite) areas or their contaet zones with the 
schists. There is ample evidence that these garnets crystallized first 
and the corundum later, more or less inclosing the former. Ruby 
erystals exhibit the garnets either partly or wholly included, and also 
often show cavities where the garnets have decomposed—artiticial 
easts reproducing the garnet forms. A striking figure is given of a 
low prism of corundum with three trapezohedral garnets about. half 
inclosed und half protruding. 

Spinel, so frequently an associate in Burma, is rare here, the ruby 
variety being entirely absent. Among minerals suggestive of contact 
alteration are sillimanite (fibrolite), cyvanite, staurolite, and iolite, the 
staurolite being sometimes clear and gem-like. The ferromagnesian 


lseventeenth Ann, Rept. U. S. Geol. Survey, Part IT] (Continued), p. 911; Eighteenth Ann. Rept. 
U.S. Geol. Survey, Part V (Continued), p. 1197; Nineteenth Ann, Rept, U.S, Geol, Survey, Part V1 
{Continned), p, 505, 
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silicates are chiefly a soda hornblende and a bronzite in transparent 
masses suitable for gems—an interesting novelty. Other species are 
zircon, monazite, rutile, and menaccanite, and among metallic species 
pyrite, chaleopyrite, nickeliferous pyrrhotite, blende. sperrylite, and 
gold, 

In sinnming up, the paper notes that three distinct modes of occur- 
rence for corundum are now recognized in North Carolina: (1) In the 
erystalline schists, as long prismatic crystals, usually gray. pink, or 
blue: (2) in the peridotites (dunites) that intersect the schists, espe- 
cially at the contact zones, the crystals, often large and yaried in color, 
but never, or very rarely, of gem quality: and (3) in the earnetifer- 
ous baste rocks of the Cowee district as small crystals, low hexagonal 
or tabular. and partly rhombohedral, frequently transparent and of a 
fine red color. The second of these modes of oceurrence has been 
described and discussed by Dr. J. H. Pratt in the article elsewhere 
reviewed in this paper. 

Throughout this region there seems to be nothing resembling the 
mode of occurrence in Ontario in syenitic dikes associated with 
nepheline. so fully described in the article of Professor Miller, also 
reviewed in this paper. This would indicate still a fourth association 
for corundum, entirely distinct, unless. indeed, the promised further 
examination of the basic roeks that have yielded the saprolite may 
develop resemblances. 

The forms of the Cowee crystals are quite fully treated in a snpple- 
mentary paper by Dr. Pratt, and compared with those of the sapphires 
from Yogo Gulch, Montana, described by him in 1897.1 It then 
appeared that the basal and prismatic types among Montana crystals 
were characteristic of the Missouri bars, while rhombohedral forms 
were mmurked in the Yogo Gulch specimens: and this difference was 
referred te in the paper just cited? as peculiar, in view of both types 
being derived fromm igneous rocks of the same general region. In the 
Cowee specimens, however, the two types appear from the same rocks, 
and no such distinction is recognizable. Some of the crystals are 
noted as having a very close resemblance to Montana specimens 
described in Dr. Pratt’s former article and others to Burman crystals 
studied and tigured by Dr. Max Bauer.® The striations, passing into tri- 
angular steps on the basal plane, also observed on Yogo Gulch sap- 
phires. are frequent and conspicuous on the specimens from Cowee. 

These forms of corundum crystals are considered by Lagorio, as 
already mentioned, to be characteristic of those that have separated 
from an igneous magma. The singular fact that the Cowee crystals 
were formed subsequent to the garnets which they inclose or envelop 


1 Am. Jour. Sci., 4th series, Vol. IV, p. 424: Eighteenth Ann. Rept. U.S. Geol. Survey, Part V (Con- 
tinued), pp. 1200-120). 

*Eightcenth Ann. Kept, U.S. Geol. Survey, Part V (Continued), pp, 1200-120). 

3 Neues Jahrb. ftir Mineral., 1896, Vol. IT, p. 197. 
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is considered in its bearing on this theory, with which tt at first seems 
Incompatible, the fusing point of garnet being tar below that of 
corundum. ‘The point ts noted, however, that an important distinction 
has been overlooked. "The temperature at whieh alumina is dissolved 
intmixture of silicates has no necessary connection with the fusing 
point of ahunina itself.” The perfect erystals of garnet prove that 
the rock inust have consohdated from a magma ina state of (perhaps 
mueo-leneous) fusion ata temperature below the fusing point of the 
garnets: and at such temperatures Morozewtez has shown that wlamina 
may be dissolved in basic magni nad slowly erystullize out. This con- 
dition would explain the peculiar relations of these minerals at Cowee. 

In closing, Professor budd alludes to the marked ditference between 
the corundum-bearing rock here and the limestone matrix in Barmah, 
wthoughinuch tn the association is very similar. THe recalls the views 
suggested by himself, that the Burman limestone may have been pro- 
dneed by the alteration of a dime feldspar.’ and sugeests that the 
original inagnia mnay not have differed very widely tn the two cases, 
although the resulting products are very unlike. He looks to further 
InvesUigution as promising much Heht on the manner of formation of 
cornndum when fuller data are cathered in the Cowee region as to the 
rocks and their associated minerals. 


CALIFORNIA. 


A very interesting discovery of cormuudin in Plumas County, Cali- 
formia, tints been made by Mi). A. Edman, in his studies of the great 
serpentine belt of that district. Plumas County is traversed at various 
points by large dikes, chietly of felsites and felsitic porphytries, Ata 
point near Che western base of the serpentine, a large felsitie dike, or 
‘ather pipe, outerops on the surface, and in’ the soil near if were 
found fragments of a feldspar containing corundum crystals. Further 
explorations have shown a layer of feldspar 4 feet wide between the 
dike matter and the serpentine. This feldspar is much altered in the 
vicinity of the intruded mass, and has since sutfered much decompo- 
sition, but contains few signs of developed corundum erystils. Phe 
feldspathic fragments found in the soil below the dike frequently con- 
(ain erystals of gray corundum, and single crystals are oecasionally 
obtained by washing the soil, 

The largest crystal thus far found is 2 inehes long by Linch wide, of 
nv bluish-eray color, and with a specific gravity of 8.96. Tn its interior 
it shows several blue zones parallel to the faces of the prism. The 
general habit of the erystals is Ghat of the hexagonal pyramid, tabular 
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The associated feldspar, which has not yet been fully determined, is 
probably a mixture of several varieties or species of that mineral with 
amorphous corundum, a fact which is indicated both by its varying 
hardness and by the frequently noted condition of the corundum crys- 
tals, from which small veins and strings of corundum ramify into the 
feldspathic mass surrounding them, This is a very peculiar feature 
and one rarely or never noted elsewhere, The deposit appears to 
verify remarkably the theoretical deductions drawa from the experi- 
ments of Joseph Morozewiez, as described in his late paper.’ 

Some speciiens from the outer edge of the feldspar zone indicate 
that the feldspathie matter, iv a plastic condition, has apparently pene- 
trated among the shattered fragments of the serpentine and cemented 
them into a breccia. 

No gems or clear crystals have yet been found, nor, indeed, have 
they been spectally searched for, but My. Edman will explore the bed 
of an adjoining guleh when a supply of water can be bad. The soil 
below the dike will also be carefully washed to determine whether any 
sapphires are present. The extent of the deposit has not yet been 
determined, 


CANADA. 


A full aceount of the corundum deposits of Canada, which were 
referred to in this report for 1807? has lately appeared in the Report 
of the Burean of Mines of Ontario, Vol. VIL. part 3, 1898. It describes 
iu detail the history, explorations. occurrence, and distribution of 
these apparently extensive and important corundum beds, as examined 
for the bureau by Mr. Willet G. Miller, the author of the report, and 
others associated with him as tield assistants or in special laboratory 
tests. Although corundum was reported near Burgess as long ago as 
1863." by the late Prof. TV. 8. Hunt, yet the locality had been almost lost 
sight of, and the occurrence had attracted little notice, In 1896 Mr. 
W. FE. Ferrier, lithologist, of the Dominion survey, recoguized and 
annonneed it from Carlow Township, in Llastings County.‘ The 
appointment of Mr, Miller for a special investigation followed in the 
next season, and the work here described was done between the 
months of June and November, 1807. One or two localities were 
thoroughly examined, the mode of vecurrence was determined, and the 
mineral then traced at several localities through a somewhat extended 
adjacent region. The occurrence near Burgess was looked wp and 
rediscovered, and other ocenrrences also were located in that vicinity. 

The corundum oceurs chiefly in dikes of svenite penetrating a dark- 


1 Experimentelle Untersuchungen tiber die Bildung der Minerale in Magma; Tschermaks mineral, 
und petrog. Mittheil., Vol. XVII, Nos, 2 and 3, pp. 105-240. 

£Twentieth Ann. Rept. U.S. Geol. Survey, Part V1 (Continned), pp. 670-573. 

3 Geology of Canada, 1868, p. 499, 

4 Rept. Bureau of Mines of Ontario, Vol, VI, pp. 61-63, 
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colored gneissie rock of Laurentian age, which itself ts regarded as of 
igneous character: originally a gabbro or gabbro-diorite. With these 
svenite dikes are closely associated other dikes of granite which do 
not carry corundim; and all are traversed by a dater series of veins 
and dikes of peematite, also barren of corundum. In this respect the 
earlier statement referred to in this report! must be modified. The 
only occurrence of corundum, other than in the syenite, is tht at the 
rediscovered locality at North Burgess, where itis found in erystalline 
limestone, as in Burma and northern New Jersey. ina wholly ditfer- 
ent association, The form here is that of small crystalline grains of 
rosy-red and blue colors, which are larder than topaz; but they have 
not been thoroughly analyzed and may possibly prove to be spinel. 
The syenite rock, which alone carries the corundum that has any 
value, presents some peculiar and interesting features. Tt contains 


quite dargely the mineral nepheline, and a curious relation, of at some- 
What inverse character, exists between the content of nepheline and 
that of corundum. "Phe reek is mainky feldspathic. in color usually 
pink, though often gray or white; hornblende is present. frequently, 
also a white und a black mica; but there is absolutely no quartz. The 
feldspar is more or less replaced by the related mineral nepheline, and 
corundum is often abundant. In the nepheline-svenite the corundum 
is less plentiful, sometimes absent, but. 1s erystiuls are well formed 
und distinet, while in the feldspathio svenite itis move abundant, but 
not so well formed. 

Mr. Miller deseribes how he made use of this difference in his explo- 
rations. When he encountered nepheline-svenite without corundum, 
by following the strike he soon found the uephelite diminishing in 
amonnt and the corundum coming in, The ordinury syenite sand the 
nepheline-syenite might be taken for rocks of distinet origin, were it 
nol forthe faet that they both contain corundum) and that they pass 
into each other, sometimes very gradually, sometimes quite abruptly. 

The Teldspars contain an average of about 20 per cent of alumina, 
while nephelite contains about 3-4 per cent. Tt would scem, therefore, 
that in some way the alumina present in the mass in excess of the feld- 
spurs has in seme cases combined with bases and silica as nephelite 
and in others remained free as corundum. A very interesting diseus- 
sion is given upon this point. The presence of corundum in igneous 
rocks has been attributed by some to their having eut through highly 
aluminous beds in the course of their extrusion and having thus taken 
up an excess of lumina, which crystallized out as corundum during 
the cooling of the mass. In the case of the nepheline-syenites this 
wltumina would unite with silien sind bases, if such there were In proper 
umount, o form nephelite. But Mr. Miller does not regard this con- 
dition as necessary. Te gives it as but one of three hypotheses to 
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account for the exeess of alumina, the others being that the rocks are 
either (1) re-fused sedimentary matter or (2) derived from an original 
magma mech in alumina, The gneissoid rocks whieh the syenite dikes 
traverse contain about 20 per cent of alumina—an average of three 
analyses—wwhile ordinary syenites, or those carrying mica, hornblende, 
or augite, contain from 16 to 17 per cent alumina, and nepheline- 
xyenites about 22 per cent alumina, Mr. Miller goes on to say: 

Thus there ix a difference between the alumina contents of the nepheline-syenite 
and other syenites of, on the average, 5 per cent. Since corundum is absent in parts 
of some of the dikes and inassex and is absent or very sparingly present in the whole 
of other dikes or masses, it may be safe to assume that the proportion of free alumina 
(corundum) in all of the syenite of all kinds in the distriet is less than 5 per cent. 
In considering the origin of the corundum the question then arises, Did that part of 
the magma from which the xyenites * * * originated possess a chemical eompo- 
sition similar to that of nepheline-syenite, and would this magma under the proper 
conditions have crystallized into a mass composed largely of nepheline-syenite with 
no free alumina, or was the part of the alumina now existing as corundum originally 
a constituent of nepheline or other mineral, and was this mineral decomposed, giv- 
Ing rise to less highly aluminous silicates and corunduni? 

The syenite dikes vary in width from a few inches to large masses 
covering considerable areas. The @ranite dikes and masses contain no 
corundum and were not particularly examined, once this feature was 
found to be constant. The relations of the two rocks are not yet 
determined, though Mr, Miller inclines to regard them as belonging 
to the same period. There is often close resemblance between them. 
but the presence of quartz in the granite and its absence in the syenite 
is a constant feature of distinction. The later series of dikes of 
pegmatite or coarsely crystalline granite also resemble some varieties 
of the syenite, especially those of coarser texture and pink color. 

Nepheline being generally a rare mineral, some curious mistakes are 
noted on the part of Iundowners. In one case it was mistaken for lime- 
stone, and persistent attenipts were made to burn it in kilns, with results 
more interesting to the miperalogist than to the lime seeker. In some 
Instances the nepheline was fused and the feldspar left as a sort of 
skeleton of the rock. Sometimes, when not quite fused, the nepheline 
had assumed a blue color on the surface, resembling the sodalite which 
is frequently associated with it. Another unprotitable experiment 
planned, but not carried out, was to ship a quantity of the rock to 
Detroit as a particularly pure feldspar for porcelain making. 

The region characterized by the presence of these syenites is now 
found to be quite extensive. The rock occurs uta number of points, 
Which fall into three somewhat parallel belts, with a course from a 
little north of east to south of west, in the counties of Renfrew, Has- 
tings, and Peterboro. These belts or bands ure, respectively, distant 
about 60, 40. and 20 niles NNW. from the Canadian Pacific Railway, 
on its course between Peterboro and Sharbot Lake. The northern 
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band is by far the most extensive «nd important. Tt has been traced 
by Mr. Miller and his assistants for a distance of some 80 niles in 
Renfrew County and the northern part of Hastings County, through 
the townships of Sebastopol, Brudencll, Lyndoch, Radeliffe, Raglan, 
Carlow, and Bangor, in all of whieh corundum oceurs. The second 
band of nepheline-svenite appears at two points—an area in Dunean- 
non and Faraday townships, Wastings County—and a smaller one west 
of it in Glamorgan Township, Peterboro County, on the edge of 
Haliburton, At these points, however, no corundum has yet been 
found. The third belt is represented by a small region in Methuen 
Township, Peterboro County, where corundum again occurs us in the 
northern belt. At present dhe Methuen locality is opened and worked 
for mica only, the corundum not being abundant. In some eases, how- 
ever, tis blue and somewhat translucent, making a nearer approach 
to vem yarieties Chin that from anywhere else in the Ontario region. 

The middle belt, as stated, carries no corundum. — [t has been studied 
by Dr. FLD. Adams and others on behalf of the Dominion survey, 
chietly in its geologic aspects and on account of the remarkable devel- 
opment of the nepheline-svenite. Mr. Miller thinks that probably 
corundian may eceur sparingly wt points, but that, not having been 
particularly sought. it has hitherto escaped notice, 

The northern belt is the only one in whieh corundun oecurs in quan- 
lilies or promtises to be commercially important. Tere the district is 
30 miles in lenethand varies in width Trom 3 or 4+ miles to 8 or 9 miles, 
and outerops have been found over in wea of 1 surly 100 square miles. 
Mueh of the report is occupied by a detailed account of these outerops, 
and the mode of occurrence of the corundum in each township. 

Mr. Miller, in closing this part of his report, treats of several inter- 
esting mineral occurrences In the corundum district, and particularly 
of a locality in Lyudoch Township, where beryl is found, with quartz 
and smazon-stone, together with some fluorite, and one or two rare 
mMinerus, apparently coluunbite and perhaps sannuskite or fergusonite, 
the former in some abundance and the last of special interest fron. its 
conneetion with beltum. These “rare earth” minerals are new to 
Ontario Province, and Mar. Miller discusses (heir mode of occurrence 
and association as compared with localities in the United States. 

Two supplementary reports follow, one on analyses of corundum 
and corundiferous reeks, by Mr. W. LL. Goodwin, and one on concen- 
(ration of corundum, by Mir. Courtenay De Kalb. of the Iiugston 
Schoolof Mining. Mi. Goodwin's report gives results of analyses of 
Cunadian corundum, showing a percentage of ahumina varving between 
oi. 26and Y7.27. Te then discusses methods of deterinining the amount 
of corundunt in rock samples, a work which is attended with consider- 
able dificulty. The method employed was based upon the vonsolu- 
bility of corundum, especially after ignition, in hydrofluoric aeid, 
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which dissolves the other rock contents. Some results are given, and 
the investigation is stated to be still in progress. 

The second paper is quite elaborate and deals with a varicty of tests 
and processes, being illustrated with tables and diagrams for crushing, 
separating, and concentrating. Mr. De Kalb concludes. among other 
results. that the prospect of emploving corundum as an ore of alumi- 
nun is not very promising. He obtained a product carrying over 99 
per cent of corundum, This contained, however, 0.4 per cent of siltea 
and 0.39 per cent of ferric oxide, while selected erains had nearly as 
much iron, though the silica was reduced to 0.07 per cent. As the 
aluminum manufacturers require a material that shall not contain more 
than 0.10 per cent of silica and 0.05 per cent of ferrie oxide, it appears 
that, without some further process of purification, the Canadian prod- 
uet can not compete with the purified bauxite mainly employed. and 
whether such process would be commercially practicable is doubtful. 


INDIA. 


An important account of the occurrence of corundum at various 
localities in the peninsula of India has lately been published by the 
Indian government as one of the issues of its geological survey.! The 
special treatment of corundum is by Mr. T. H. Holland. deputy super- 
intendent of the survey. After a veneral introduction regarding the 
interest that attaches to corundum, especially us a gem stone, and a 
brief historical account of it. a chapter is given to its mineralogical 
character, its crystallography, the variations in bardness and density 
between some of its varieties, its color and optical phenomena, its 
chemical constitution and alterations, its occurrence with iron in the 
form of emery, the processes und prospects for its artificial produe- 
tion,ete. The next chapter considers in some detail its geological rela- 
tions, comparing the Indian oceurrences with those of other regions, 
especially Burma and the United States. Mr. Holland notes the fact 
that it is only recently that corundum has been found /7 s/f. save in a 
very few localities, but that now enough occurrences of this nature are 
known to enable us to draw fairly detinite conclusions. These seem to 
show that corundum is properly and frequently an authogenie (or idio- 
morphic) mineral of igneous rocks—pure alumina separating carly from 
a cooling magma, toyether with other similar oxides present in excess, 
ina manner perfectly natural and exactly reproduced artificially by 
Morozewicz. The frequency of the occurrence of alumina in com- 
binations and the rarity, until recently, of its occurrence pure. have 
led to the prevailing idea that corundum has been derived from alumi- 


14 Manual of the Geology of India; Economic Geology, by the late Prof. N. Ball, C. B., LL. iD 
F. R.8.; Second Edition, Revised in Tarts; Part 1, Corundum, by T. H. Holland, A. R. ¢. Sh 185 (Gis Psi 
Deputy Superintendent Geological Survey of India. Calcutta, 189s. 
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nous silieates by eontact agency and other torms of local alteration. 
This view Mi. Holland believes to be true in some cases, perhaps tre- 
quently. but it does not countervail the clear evidence for his general 
areument. Asan instance of such processes he notes an oceurrence 
of corundum in the Coimbatore district of Madras, where it is quite 
ebundant in a coarsely crystallized red teldspar forming veins of 
instrusion In ekvolite-svenite. The crystals are evidently authovenic 
in the feldspar and are similar in form to those obtained by Moroze- 
wiez, but they are contined to the portions of the veins adjacent to the 
eleolite rock, which contains an excess of alumina. Here is plainly 
seen the influence of contact.’ The views of Mar. Judd. also on the 
secondary origin of the Burma rubies, described in this report.’ are 
recognized as probably correct. But My. llolland regards these cases, 
and others hike them, as of exceptional character. 

The principal occurrenees of corundum in India are of two kinds— 
(1) in association with basic rocks: (2) in association with acidic rocks. 
Both types are well represented. In the former, however, peginatite 
intrusions have usually been found in the vicinity. 

Cormudum associated with baste rocks.— Under the first head the 
baste rocks carrying corundum are jargely composed of pyroxene 
associated with some one of the spinelloid group. and, according to 
the character of these minerals, three subdivisions are noted, viz: 

(A) Ferruginons: the pyroxene being the hiehly ferriferons enstatite 
(or hypersthene) and the spinel cither hereynite (FeO, Al,O,) or the 
latter mingled with magnetite (FeO, Fe,O,). Tlmenite (FeTi,O,) may 
in these eases replace corundum (AI,O,). 

(3B) Ferromagnesian; with the pyroxene a less ferriferous enstatite 
and the spinelloid, pleonaste (MleFeO. AlL,O,). 

(C) Magnesian. Flere ivon is very sparingly present, and the spinel- 
loid is true ruby spinel (MeO. Al,O,). 

The isomorphous iron and imagnesian protoxides replace one 
another by insensible gradations, so that the rocks in some places 
combine or mingle the characters of the above-described eroups. 

The first and second of these associations (A and B) are described 
as found thus partly combined in the Mysore State, and are compared 
with the rocks carrying magnetite and emery in the Cortlandt series 
of New York and with similar rocks in Saxony. In Mysore the 
pyrexenic rock forms a hill adjoining an intrusion of olivine-bearing 
rock (peridotite) partly serpentinized, and consists largely of hypers- 
thene, with fibrolite, and a green spinel containing much minute 
magnetite. The whole association is closely like that of the emery 
heds of the Corthuidt series described by the late Prof. G. H. Wil- 


These accounts of the occurrence and association of the corundum are very interesting, from 
their close resemblance to these ip the Ontario and California localities described above, 
Sseventeenth Ann, Rept. U.S. Geol, Survey, Part TD) cContinued), p. 906. 
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liams, in whieh he noted a similar spinel intermediate between pleo- 
naste and hereynite, while the bereynite of the original loeality in the 
Bohmerwald. whence it was named, has a similar association with 
corundum. Fibrolite, too, is present at all three of these widely 
separated points. 

The late Dr. F. A. Genth described specimens of a pleonaste-her- 
eynite spinel from India, pseudomorphous after corundum; and Mr. 
Holland compares these with large, platy crystals of green spinel 
found by him in the Coimbatore district of Madras, and, with others 
from the Salem district, having pink corundum cores. 

Mr. Holland also refers to the extensive “* charnockite series” of 
southern India—largely pyroxene-bearing granulites in whieh hypers- 
thene is constantly present. These are associated with the Mysore 
corundum, and are closely allied to the rocks vielding emery in the 
Cortlandt series, and also to the pyvroxene-granulites of Saxony and 
the Bohmerwald. 

The Burman ruby occurrences are taken as un illustration of the 
third association (C). Here pyroxenic rocks again appear; but the 
rubies themselves were traced by Mr. C. Barrington Brown and Prof. 
John W. Judd! to crystalline Imestones intercalated with eneisses, 
These limestones are at times dolomitic (nagnesian), and the associated 
spinel is the magnesia-alumina variety, ruby spinel. Stress is laid on 
the fact that these limestones are connected with pegmatite, which is 
‘‘a constant feature also in the Madras corundum deposits.” and with 
pyroxene-vranulites similar to the charnockite series in Madras, and 
marked by aspecies very near to hypersthene. Just what is the manner 
of association of these pegmatites and granulites with the limestone 
beds is not stated. Professor Judd’s views are cited with acceptance as 
to the origin of the limestones from scapolites, formed by "* werneritiza- 
tion” from basic plagioclase feldspars, as bemg derived from originally 
igneous rocks. It is to be noted. however, that the corundum in these 
extremely altered rocks is, on Professor Judd’s theory, a highly see- 
ondary product: while Mr. Holland proceeds to compare the Burman 
occurrence with that of the Salem district of Madras—the first noted 
discovery of the mineral /# s/fu, which furnished the material used by 
Count Bournon in his celebrated memoir. It is here found in a gneiss 
largely composed of anorthite (indianite), and the mode of occurrence 
and associated minerals have lately been minutely studied by Lacroix, 
who :so finds similar associations in a rock from Ceylon. where lime- 
stones and pyrexenic rocks again appear and where precious corundum 
is frequent. ‘*Ceylon,” remarks Mr. Holland. ‘is geologically a con 
tinuation of the Madras Presideney.” . 

Graphite appears freely in the Burman limestones, and has been 
regarded as proof of their organic origin, as against Professor Judd’s 
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theory, My. Holland, however, reports finding it im pyroxene- 
eranulite and even In cheolite-svenite, wt localidies in Madras. 

The remarkable purple corundum of South Rewah is placed pro- 
visionally among the basie occurrences, though the relations of the 
rocks ure not yet fully understood. It is associated with chrome- 
spinel and a chromiferous mica, together with several other mincrals, 
notably euphyllite. 

Corundiin associated with acidic rocks. Vie most important oceur- 
rence of corundum in association with acidic rocks is that of the 
Kashinir sapphires, which are found in granite. The country rock is 
a schistose gneiss, with white feldspar, black mica. and garnets, and at 
one point intersiratified with siliceous Hmestone and anthophyllite 
(kiupilerite). Course pegmatite traverses the schists in veins, carrying 
tourmaline, cuclase, kKvanite, sapphire, and various other minerals, 

Another marked occurrence is that of a vein or bed of blue corun- 
dun, with kvanite and damounite, iu a coarse-grained quartz roek 
full of tourmaline and traversed by peematite veins, at Balarampur, 
Manbhum district, Bengal. This mica-corundum vein les at the june- 
tion between a body of metamorphic and “transition” rocks, The 
corundum erystds, which vary greatly in size and have usually a zoned 
or banded structure of blue and white, He inclosed in large, trreeular 
crystals of livht-blue kyanite, from whieh they are often separated by 
a thin layer of damourite. This fatter at times passes inseusitbly into 
the surrounding kyanite, showing an origin by alteration therefrom; 
but the corundum erystals are sharp and distinet, and eive no snywes- 
tion of being cores or residual portions of larger masses that have 
altered juto kyanite, as Dr. Genth held in many cases. Mr, Tolland 
corupares Dr. Genth’s account of blue corundum with kyanite, mica, 
and andalusite from Patrick County, Vireinia; and though the asso- 
ciated minerals and rocks are closely similar, he can find not only no 
indication of the origin of the Bengal kyanite from the corundum, 
but much evidence against it. He regards the sharp, clear corundum 
erystals as idiomorplhie, and the kyanite as formed around them and 
afterwards partly altered to the damourite, the excess of simple base 
sepiurating first, the remainder afterwards uniting with silica. 

A further ocenrrence In association with acidie rocks is that ma 
group of localities in the Salem district of Madras termed the Papura- 
patti area. Here the corundum is seattered through large lenticular 
inasses of orthoelase occurring in lines parallel to the strike (NIt.— 
SW.) of gneissic portions of the charnockite series, traversed by veins 
of granite (pegmatite). The relations of these roeks have not been 
fully worked out, as My. TLolland says, and, indeed, there appear to 
be some discrepancies between the accounts of them given in the 
chapter already referred to and in the one following. In the lenticles 
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of red to flesh-cotored orthoelise are found, besides the corundum, 
sillimanite (fibrolite), rutile, green and black spinels, and biotite, 
which last is markedly peripheral. Minute corundums ocenr through- 
out, as well as the large crystals: Jut it is interesting to note that 
around the Jatter the former have disappeared and the feldspar is 
pure, so that every large crystal is surrounded by a sbell or ** court” 
of pink, sometimes white, orthoclase, free from corundum inclusions, 
from one-eighth to one-fourth of an inch in thickness, which remains 
when the crystal is broken out. The same or a similar process has 
oceurred at other localities also: thus in the Sithampundi area, in the 
Salem district, referred to above as the anorthite (indianite) occur- 
rence, the pate-eolored corundum crystals and irreeularty shaped pieces 
sealtered through the anorthite-gueiss are usually enveloped in a calcite 
shell of about the same thickness. This would seem to be derived. as 
Professor Judd thinks the Burnin limestones have heen, by alteration 
from anorthite, for the reason that edjacent to them in other portions 
of the rock are found small red corunduims with a shell of anorthite 
partly changed into calcite. 

The whole chapter. while a very interesting and important contri- 
bution to our knowledge, gives the impression that more detailed 
exaniunation is needed. and extensive correlation of the varted modes 
of occurrence of corundtun now known, ere a full understanding ean 
he reached as to the development of this remarkable mineral. Very 
rapid progress bas been made in this direction within recent years, 
with the general result of proving its authogenie origin in igueous 
rocks of various kinds. As to its origin by processes of alteration, as 
held by Professor Judd for that of Burma. the facts just alluded to in 
the Sithampundi area in Madras may indicate a different aspect, though 
Mr. Holland does not refer to this. The Canadian oceurrences pre- 
sent, or at least suggest, close relationships with those of Coimbatore, 
and perhaps with those of Paparapatti. 

The next chapter of the paper, which is much the longest, is on the 
geographic distribution of corundum in both the Indian peninsulas. 
Ceylon not being included in this report, which is chiefly confined to 
Burma, Madras, and Mysore. the other tocalities, in many parts of 
India, being either litthe worked or. as in some cases, Httle known. 
It ix impossible in a brief review Hike this to attempt any analysis 
of the chapter; the main points have been already noted in these 
reports.’ also in the Burina report of Messrs. Brown and Judd. All 
that is known of the distribution of corundum in India is given, and 
the account is by far the most complete that has ever appeared. 

Chapter V of the paper is on ‘the uses of corundum and its pre- 
cious varieties.” So far as concerns the possible employment. of 
corundum as an ore of aluninum, Mr. Holland thinks that its value 
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as anabrasive will prevent such use, at least until the present supply 
of softer hydrated oxides shall fail. This subject: has been referred 
to, however, in recent reports of this Immreau, in connection with the 
Canadian corundum on the one hand and the rapidly growing mianu- 
facture of the new carbide abrasives on the other. 

The subjeet of ‘effective hardness” is next considered, and the dit- 
ference between mineralogical hardness and abrasive power noted. In 
the ense of corundum, sapphire is the hardest form, breaking with a 
sharp, conchoidal fracture, while ruby evystals, aud still more the ord- 
nary forms, cleave readily along what are not really cleavage planes, 
but parting planes upon which softer secondary products have devel- 
oped. Both fhe manner of breakage and the admixture, even in small 
quantities, of these decomposed produets tend to lower the abvasive 
power, Kinery, which contains a large proportion of magnetite, is 
nevertheless often superior to erushed corundum, a faet long ago 
noted by Mr. T. Dunkin Paret in the manufacture of emery wheels 
Stroudsburg, Pennsylvania, from the fret that its corundimn is of 
the sapphire variety, either in minute crystals or sharp fragments: so 
that unless the magnetite be in too great proportion its effective hard- 
ness is higher. The process of determining this hardness by Prof. 
J. Lawrence Smith's method is there described in detail, but a Tater 
and fuller disenssion of this whole subject has been given hy Prot, 
W.1. Emerson, an abstract of which appears elsewhere in the present 
report. 

The preparation of emery for the market, its use in various appli- 
cations, ete. are next deseribed. and some interesting accounts are 
eivenof native Indian lapidary work. Besides the * begri,” or ordinary 
lapidary, there are special borers or drillers (bidhiya), who perforate 
hard gems with a steel cimlet rotated with a bow and a leather strap, 
using cornndum: dust with 2 drip of water. Other processes of like 
character are described. It is interesting to learn that the ancient 
method of engraving seals, ete., with corundum is even yet in use in 
Lucknow and Kashinir; Dut the process is probably somewhat diller- 
ent. Corundum dust and oil are nsed. and the instrimment is a steel 
spindle tipped with a small copper disk and revolved against the face 
of the stone, 

Emery wheels, their varieties and uses, are quite fully desertbed: 
also their economy of time and labor as compared with grindstones, 
which they are fast replacing for many purposes. 

The remainder of the tifth chapter is oceupied with a discussion of 
corundmm as a gem. References are made to the folk lore of gem 
corundiuu in India, many of which appear in the writings of its classical 
authors, as to the power helonging to rubies and sapphires for good or 
il} fortune in all sorts of relations. «Both these gems are divided by 
Hindoo authorities into four castes or erades—Brahman, Kshatriva, 
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Vaishya, and Shudra, in descending order—according to their quality. 
The native cutting, still practiced, although considerably diminished 
by the superior methods of European work, is described on the anthor- 
ity of Mir. W. Hoey, who made a report some years since upon the 
industries of northern India. Three principal styles are employed: 
taura, flat on both sides, with beveled edges; mathaila, flat below and 
convex above (our cabochon), and tilakridar, flat below and faeetted 
above. Various details are also given as to prices paid native cutters, 
ete: 

The valne of ent stones is last treated, and the enormous increase in 
the value of rubies as they increase in size, when of fine quality, and 
the slight increase in the value of sapphires as they increase in size, 
are shown. Rubies of more than 4 carats are so rare as to have no 
regular estimable yalue. The largest ever brought to Enrope were 
two Burman rubies, imported in 1875, weighing, respectively, 37 and 
47 carats, reduced by cutting to 32°, and 38,°;, and said to have been 
sold for £10,000 and £20,000, respectively; but it is not known who 
the purchasers were. Many of the finest rubies are pierced—an evi- 
dence of Indian origin. Of these the most noted is that now in the 
erown of Victoria, Empress of India. It is said to bave been given 
to Edward, the Black Prince, in 1367, by Don Pedro, King of Castile, 
and to have been worn by Ifenry V. in his helmet, at Agincourt. 
This, however, is believed to be a spinel. 

The sixth chapter consists of an index to the literature on Indian 
corundum, both general and classified by provinces. This is followed 
by an extended glossary of native terms used in connection with the 
‘arious kinds of corundin, their uses, methods of cutting, etc. The 
report coneludes with a detailed index of localities. 


ABRASIVE EFFICIENCY OF CORUNDUM. 


An extended paper on this subjeet was read before the American 
Institute of Mining Engineers at its meeting in February, 1899, by 
Prof. W. HW. Emerson, of the Georgia School of Technology, Atlanta, 
Georgia, and published in the transactions of that society. The paper 
is divided into two parts: (1) The relation between the effective hard- 
ness of corundum and its content of water; (2) Smnith’s test as a means 
of determining the abrasive efficiency of corundum. The opinion has 
generally prevailed among students of the subject, several of whom 
are cited, that the differences in hardness noted among specimens of 
corundum have some relation to the amount of water present in the 
mineral, and that a large proportion of water—any amount much 
above | per cent—lowers the effective hardness. 

An elaborate investigation undertaken by Professor Emerson to 
determine this point is described in detail in the first part of the 
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paper. ‘The methods employed for determining the amount of water 
ina number of samples, and for its complete separation and the tests 
for hardness before and atter, are minutely described. The results 
are curiously negative, and show that no fixed relation can be traced 
between the efleetive bardnuess and the percentage of water, though 
Professor Emerson believes it probable that a very large water con- 
tent -over 2 per cent would impair the effective hardness. 

The remainder of the paper is given toa very exhaustive series of 
experiments as to the validity of the usual tests for the abrasive eth- 
ciency of corundum, The method almost exclusively pursued, known 
as Smith's test,’ consists in grinding a weighed amount of corundum 
to an impalpable powder on a weighed glass plate, and determining 
the abrasive etHciency by the loss of weight of the plate. The valid- 
ity of this process has been questioned in its application to emery 
and corundum wheels, where the abrading material is fixed and not 
loose: nnd Professor Emerson instituted these experiments to obtain 
some definite results. The apparatus which he devised for this pur- 
pose is minutely desertbed, as are also various methods for prepar- 
ine test pieces of corundum fixed ina cement. The substance to be 
abraded was a steel plate, and the most satisfactory cement was found 
to be water glass, with a strong solution of mixed chlorides of caletum, 
magnesium, and iron, the proportions being given in detail. A large 
number of tests were then made, for longer and shorter periods, and 
with all manner of precautions. The results were somewhat incon- 
clusive, with irregularities and exeeptions not easily explained. It 
was shown, boweyer, that there is little or no relation between the 
abrasive efliciency of corundums and their composition, or their water 
content, and that the Smith process is not appheable to corundum in 
a tixed state, however valuable it may be when the mineral is used in 
a powder. 


SAPPHIRES IN MONTANA. 


For some years? sapphires have been found in the float material on 
Rock Creek, Granite County, Montana, 35 miles northeast of Phibltps- 
burg, at the base of high mountain placers which were being pros- 
pected for gold. In the first material found the prevident color was 
the usual Montana green, interspersed with a number of stones of 
fancy colors. This suggested the idea that if the source could be 
traced, beds of separate colors might possibly be found. A search 
was decided upon, and Mr. D. Jankower, who made the exploration, 
concluded that the source could not be many miles away, because of 
the bi¢h hills surrounding the plaecers where the float prevailed. He 


IpPeseribed by Prof, J. Lawrence Smith in the American Journal of Science and Arts, November 
1850, 
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also found whence the ordinary waterworn float material is obtained. 
From the fact that the matrix still partly adheres to most of the stones 
found high up the creek. it 1s evident that the original source is but a 
short distance away. It is proposed to explore farther in that direc- 
tion during the coming season. 

The prevailing forms of sapphire are tabular hexagonal prisms and 
small elongated hexagonal prisins with pitted surface, which are 
remarkable for small colored spots, which, when properly cut. change 
the entire stone to yellow or brown. The red stones found are pale 
but pronounced rubies, many of them intensely brilliant: the vellows, 
many tints of brown, blne-greens, reds, and other colors, are distinet 
from those found at any other locality, and all of the colors are ren- 
dered more brilhant by artificial licht. 


EMERALD. 


As was predicted in our last report, there was an advance in the price 
of emeralds and pearls during 1899. The demand for emeralds was so 
great that the United States consul at Bogota, Colombia, My. McNally, 
states that at least seventy-tive foreign dealers visited that city at one 
tune; that all business in regard to emeralds cume to a standstill; that 
owners of the shops exposed their wares in the street, accepting hid 
after bid from the vender until a sale was made, at prices frequently 
ranging over a hundred per cent beyond those ever paid before: and 
as the principal mines were virtually at a standstill, there is apparently 
an absolute dearth of emeralds in Colombia, as those of every quality, 
even to the very poorest, were purchased. 

The excitement has also led to illegitimate attenipts to obtain emer- 
alds in various ways, and it is reported that ehurch treasures, statues 
of saints, ete., have been robbed of emeralds with which they were set. 
In the vieinity of the Muzo mine some of the natives have turned their 
chickens loose around the workings, with the intention of killing them 
in due time, in the hope of finding small emeralds in their crops; and 
other surreptitious devices have been employed for the same end. 

The demand for and searcity of emeralds has resulted in a search for 
them in every part of the world, including exploration and opening of 
the old mines at Habachthal. in the Tyrol; the opening of the nine at 
Takawaja, in the Ural Mountains, and of the Egyptian mines mentioned 
in the last report, as well as further search at the Emmaville mines, 
New South Wales. 

The high price of emeralds and the advance of more than 100 per 
cent cuused many to dispose of old stones of fine color, great purity, 
and large size, so that, although emeralds have never commanded so 
great a price as during the year 1899, there never has been a time when 
it was possible to obtain finer stones. 
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NORTH CAROLINA. 


Dr. George P. Merrill deseribes the emerald mine situated on Brush 
Creek Mountain, at Enstatoe, Grassy Creek Township, Mitchell 
County.’ The country rock is a very evenly banded micaceous eneiss 
and mica-(hiotite-)schist, dipping easterly ata high angle. The vein, 
so far as could be observed, is about 10 feet in width, and is less 
sharply differentiated from the country rock than are the veins in the 
nica nines near Bakersville. The vein material is quartz and feldspar 
(albite), with irregularly disseminated black tourmalines, black mica, 
garnets, Gtanie iron, and beryls. A large majority of the beryls are of 
the common opaque type, and of a vellowish color, the green varieties 
(emeralds) occurring very sporadically, sometimes In mica rock, some- 
times in the vein. Dr. Merrill agrees with Dr. J. H. Pratt? in regard- 
ing them as occurring for the most part along or near the contact of 
the vein and country rock. The erystals are of good color, but mostly 
small, those clear enough for facetted stones being, so far as observed, 
rarely over 3 or mm. in diameter, 

The extent of the vein is somewhat limited, being eut off by an 
intrusion of a@ fine-vrained mica-granite. It is evident that this vein 
is quite distinct from the ordinary mica-(mmscovite-)bearing veins of 
the county. Ht is not merely quite bare of muscovite. but ditfers 
also in the character of its other accessory minerals, and apparently cuts 
across the country rock ut a low angle, instead of running parallel 
thereto, as do the mica veins, 


BERYL AND AQUAMARINE. 


In North Carolina aquamarine mines are situated on the Wiseman 
property near Spruce Pine.* These veins, like the nica veins, run 
with the eneiss, and carry also muscovite, though net enough to be of 
economic Importance. The beryls are of a fine aquamarine tint, and 
some weighing 20 carats have been found.  TLoney-yellow beryls are 
common, fragments sufficiently clear for cutting having been found, 
hut they are not abundant. Asa source of aguamarine this locality 
In Very promising. 

The Wilson mine at Merryall, Connecticut, has been considerably 
enlurged during the last vear, and some excellent crystals of beryl] 
and golden beryl have been reported by Prof. W. H. Hobbs. Some 
very fine garnets also appear in the same peematite vein. 

The old beryl locality at Grafton, New Hampshire, was parthy devel- 

1Note on the Gem Mines of Mitehell County, North Carolina; read before the Geological Society of 
Washington, January, 1899. 


*Jour. Elisha Mitchell Sci. Soe., Vol. XIV, pt. 2, 1807, p. SO. 
8 Note on the Gem Mines of Mitchell County, North Carolina, by Dr. George P. Merrill. 
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oped in the summer of 1890, As there were indications of mica, beryl. 
and warnet, it was decided to develop the locality further in the summer 
of 1900. 

TOURMALINE. 


The article by Messrs. Penfield and Foote, deseribing their investiga- 
tions and couclusions as to the theoretical constitution of the tourma- 
lines, has been followed by one upon the same subjeet by Prof. F. W. 
Clarke, of the United States Geological Survey.' In this paper the 
results of Messrs. Penfield and Foote are in part accepted, and are cor- 
related with previous determinations by Professor Clarke, which have 
lately been revised and restated. The former have considered all tour- 
malines as derived from an alumino-boro-silicic acid (£1,,A1,B,51,0,,) 
with a valency of 9,two of the hydrogens being united to the boron 
as hydroxyls. Professor Clarke reaches a similar result, but gives 
the acid the formula—H,, AL,B,Si,O,,.. These expressions he reduces 
to a common basis of 6 atoms of silicon; and then, replacing the alumi- 
num by hydrogen, to show the ultimate acids, they become as follows: 


Pentield and Foote, 11, 339i;05,3 
Clarke, HBO, 


This is an approximation so close as to fall within the probable 
uncertainties of analysis. He presents a series of very careful analy- 
ses, computed from the article of Riggs, that Ne actually between 
these limits of variation. 

There are excellent analyses, however, which fail to conform alto- 
‘gether to this scheme, beyond any probable allowance for cither errors 
or impurities. The formula proposed, therefore. he feels can hardly 
be deemed final without fnirther qualification. 

Professor Clarke states the conditions requisite for a satisfactory 
constitutional formula as follows: 1t must (1) adequately express the 
constitution of the body, including all variations; (2) it must be appli- 
able to the full discussion of analyses and the distinet separation and 
expression of commingled isomorphous salts: and (8) it must indicate 
the relations of the species to allied minerals and those into which it is 
liable to alter. This third condition is equally important with the 
others. 

Alone this line the article proceeds to consider the close relation 
seen to exist between the tourmalines and the micas, both in associa- 
tion and in alteration, as well as in the mingling of isomorphous mole 
cules. Thus, we find a lithia group, composed of both micas and 
tourmalines, @ muscovite-biotite group, with iron tourmatlines, and a 
magnesian group of tonrmalines with phlogopite, in notable assocta- 
tion and parallelism. The general formulas of these muea types are 


1Am. Jour. Sci., August, 1899, Vol. VITT, pp. 111-121. 
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well known and generally accepted: and Professor Clarke maintains 
that the salts of the tourmaline acid are probably correlated to them, 
and introduces a somewhat detailed discussion, with structural for- 
mulas, to expound this view, As a result, he reaches a statement for 
the tourmaline acid, in linear form, as follows: 


ALGiONBO.), =. BOs a. Me 


In this form it is appHeable to a satisfactory disenssion of the 
numerous analyses, the hydrogens being partly or wholly replaced by 
metals in various groupings. — Intermixtures of such molecules in dit- 
ferent proportions ave then cousidered and found to yield results in 
which theory and analysis very closely agree. 

With great skill and ingenuity this method is tlustevated in a sue- 
cession of cases, A certain nwnber of molecules (usually three) being 
taken as yielding a mixture approximating toa given tourmaline, the 
result is caletdated and placed side by side with one or more of the 
best analyses of that variety, with very striking agreement. As this 
process is repeated, in suceessive instances, the correctness of the 
theory is forcibly impressed upon the reader. 

In the light of these evidences, Professor Clarke then returns to the 
theoretical grouping of the atoms in the molecules, and gives three 
structural formulas for the tourmatine types before referred to in con- 
neetion with the three mica types. ‘* These formule,” he says, “cover 
allof the established variations in the composition of tourmaline; they 
render the various replacements of isomorphous admixtures intelligible, 
and they indicate the directions into whieh the species commonly alter.” 

Some partial exceptions, some peculiar corollaries, and some addi- 
tional suggestions are noted at the close, but tm the main the results 
appear highly satisfactory, and nauk an important advance upon our 
previous understanding of this remarkable group. Professor Clarke 
feels, however, that future investigations may possibly modity our 
views. and prove the tourmalines to be derived from some complex 
boro-silicie acid yet unknown, as well as some other species, like axin- 
ite, danburite, datolite, ete. ‘A series of boro-silicie acids is theo- 
retically conceivable, and umtil this question has been considered, the 
constitution of all the minerals above mentioned must be regarded as 
unsettled.” 

At Pala, California, Ma. Charles Russell Orcutt has found white 
tourmaline (achroite), red tourmaline (rubellite) tn lepidolite, blne 
tourmaline (indicolite), and green tourmaline (Braziian emerald) in 
erystals of but shght gem value. 
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ROCK CRYSTAL. 


Rock crystal in large transparent masses was found by Mr. W. D. 
Wood in the vicinity of Bay City, Oregon. 

Rock crystal, in simple crystals and in groups and geodes, fairly 
abundant at various gold mines at Granite Basin, often of some size 
and beauty, ix reported by Mr..J. A. Edman, Plumas County, California, 


AMETILTYST. 


Mr. T. A. Heistand notes the oecurrence of amethyst in fine speci- 
mens at Cripple Creek, Colorado. 

Amethyst is reported by Mr. A. C. Bates, from Divide, 25 miles 
froin Butte, Montana. The purple eolor, though remarkable for 
brillianey and richness, is too unevenly distributed in the specimens 
to furnish cut gems of more than a carat. 

A beautiful crystal 24 by 1 inches, of pale color, resembling those 
from Rabun County, Georgia, was obtained ina coarse granitic rock 
by Mrs. Cora L. Cole, near Adair, Indian Territory. 

Some beautiful specimens of amethyst of a deep rich purple color, 
siniilar to those from Maine and from the Ural Mountains, were found 
in the Yukon district, Alaska, by Mr. Alfred G. Cunningham, and 
also in the American territory not far distant from Dawson City, 
Alaska. 

Blue quartz of a beantiful tint, and worthy to be ealled an orna- 
mental stone, is a constant constituent of the crystalline rocks of 
scutheastern Pennsylvania. Good specimens aré obtainable along the 
Pennypack Creek and near Neshaminy, Bucks County, and pebbles 
of a beautiful blue have also been found in the drift at Gibson Point, 
on the Schuylkill, by Mr. S. Harbest Hamilton. 


OPAL (PRECIOUS). 


An interesting form of precious opal, but in grains too small for 
cutting, was found by Mr. Ira EK. Moore, of IHornbeek, Louisiana, 
consisting of a inass of sandstone containing large seams of grains 
from 0.5 nm. to 8 min. across, cemented by precious opal hydrophane, 
giving the mass the eflect of a beautiful piece of opal, although friable 
and breaking into minute grains of no value. The origin was probably 
the same as the very interesting psendomorphs of wood, shells, bones, 
ete, at White Cliffs, New South Wales, where a fossiliferous sandstone 
has had all its fossils altered by the infiltration of heated siliceous or 
volcanic waters. 
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SEMIOPATL. 


A semiopal, white with a blue tint on a jaspery-colored rock, was 
found by Mr. J. M. MeCollam near Safford, Arizona. 

Mr. George W. Ostrander mentions the finding of semiopal, handed 
and mottled brown and gray, in great quantity at Lovelock, Nevada, 
with dendrites in the fissures, in a continuous vein of some leneth, 

Mr. L. 8. Getchell reports the finding of semiopal in small rounded 
nodules with a white coat of cacholong, at Pony, Madison County, 
Wisconsin. 

Giovanni D’Achiardi, professor of mineralogy. University of Pisa, 
publishes an exhaustive study on the specific gravity. composition, ete., 
of the various forms of opal-like minerals found in Tuseany, which he 
classifies as the common opals, simple opals, white, milky opaque, black, 
resinous eray, rose gray, and in San Piero in Campo, island of Elba, 
giving analyses from a large series of experiments as to specific 
gravity, absorption of water, and other properties.* 


GOLDEN OPAL. 


Under the name of golden opal a ready market has heen found for 
the tireless, reddish, vellow,and brown opal masses that are found with 
the rich fire opals at Queretaro, Mexico. This material formerly sold 
for only a few cents. Now it is facetted and sold for several dollars 
weurat, althongh the substance does not possess as much hardness as 
glass. and therefore bas very little durability for wear. 


CO. Leh UONA. 


Mi. J. A. Edman, of Meadow Valley, California. reports chalcedony 
pebbles of various colors on Upper Spanish Creek, above Green Flat. 
also a profusion of chalcedony of similarly varied colors and semiopel 
at un old extinct crater in the El Paso Range of Kern County. about 
l4 miles east of the Freeman post-office. Nearly a half bushel of 
nodules of a white chalcedony, translucent and almost transparent, 


with an opaline tint, measuring from 2 to | inch across, were forund 


~ 


by Myr. Charles Russel Orcutt very near San Diego, California. 


AGATE, 


A blue chalcedony (saphirine) of some beauty was found hy ae 
James E. Todd in the Bad Lands southeast of the Blaek Hills. nea 
a aay South Dakota. 

Che irles Palache, in the summer of ION, while on the Harriman 


I Bate 1tto dagli delle Societa Toseana di Scienze Naraialt Pisa, Proc. verb., Vol. XI, pp. 1-25. 
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Expedition, found abundance of agate (carnelian, chaleedony) beach 
pebbles weathered ont of basalt, on the shores of Popof Island, near 
the village of Sand Point, Shumagin Group, Alaska. 


SILICIFLED WOOD. 


Silicitied wood oceurs in the lowest member of the Newark forma- 
tion of the Pomperany Valley, Connecticut. One large trunk, owned 
at Sonth Britain, Connecticut, is clearly agatized, and has been identi- 
tied by Prof. W. LL. Hobbs. 

Silicified wood has been found at various points in the older gravel 
deposits, notably at the Bean Horn (¢) bydranlic mines in Plumas 
County, California, reported by Mr, J. A. Edman. 


JASPER (BLOODSTONE, NWELIOTROPE). 


Green, red, and red and white banded jasper have been fonnd by 
Mr. J. A. Edman in the slates and schists west of Meadow Valley, 
Plumas County, California, also green jasper in the serpentine near 
that place. 

TURQUOISE. 


Notwithstanding the many statements which have appeared in the 
press during the last year, to the effect that a syndicate or trust was 
being formed for the control of all the turquoise properties in the 
United States, no such consolidation has taken place, and all the mines 
are still working independently. 

Prof. Erwin Hinckley Barbour, of Lincoln, Nebraska, reports the 
finding of bone turquoise (odontolite), in the form of waterworn peb- 
bles of about the size of hazelnuts, in Brown County, Nebraska. 

Another interesting occurrence was a discovery in 1890, in a rather 
unexpected place, by the F. E. Hyde Expedition, under the guidance 
of Mr. Geo. R. Pepper. anthropologist, of turquoise in the Mancos 
Canyon, forming parts of interesting mosaics, or inlays. and carvings, 
the former consisting of tadpoles of various sizes, made out of a single 
piece of turquoise from 4 inch to 1 inch in length, many of which were 
of a rich green color, while others still retained some of the original 
blue color. These were all perforated below, on a ridge projecting 
beneath the object, so that they could be attached to a garment or 
necklace. They well represent the size, type, ete., of aboriginal tur- 
quoise carving. 

Of probably even greater interest were the frogs, nearly 3 inches in 
length, made of a rich black jet, neatly carved and polished, the form 
being somewhat idealized. These had two raised eyes of turquoise 
inserted, and alsoa band back of the eyes that extended two-thirds 
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across the object. This band was inade of turquoise, which was cut 
up broader below than above, so that the eyes could be firmly held 
without slipping into the groove, which was broad below and narrower 
aboye. The turquoise and jet were evidently found im the United 
States, the former probably in New Mexico, the latter in Texas. 


GARNET. 


Garnet (almandite) continues to be found in choice erystals at Avon- 
dale, Delaware County, Pennsylvania. Some of these crystals would 
probably cut into beautiful gems. Boothwin, Delaware County, Penn- 
sviyania, also yields some clear stones. These are reported by Mr. 
S. Larbest Hamilton, who also mentions that essonite was discovered 
recently with green fluorite at Seventieth street and Chester avenne, 
Philadelphia. Pyrope bas been found during the last year, as here- 
tofore, at Green Creek, Pennsylvania. 


RHODONTTE. 


Massive, light-colored rhodonite was observed in some abundance 
ina vold-bearing quartz vein at the head of Silver Bay, near Sitka, 
Baranof Island, Alaska, by Dr. Charles Palache while on the Harri- 
nan expedition. | 


CIR YSOCOLEA. 


Beautiful chrysoeolla, blue in color, which has been mistaken for 
turquoise, is mentioned by Mr. Roy Ilopping as occurring in some 
quantity in Kern County, California. 


DATLINITE, 


Dr. W. M. Beauchamp reports catlinite as abundant in New York 
State. from Montgomery County to Butlalo, in the form of Indian orna- 
ments, it having been introduced in Indian trade a little before the 
yoru TOU. 

AMBER, 


Prof. S. W. Williston mentions finding a number of specimens of 
amber frou the Mohaye Cretaceous of Kansas. The quantity is not 
great and the color very dark. The largest pieces weigh about 1 
ounce each, 


PRECIOUS STONES OF JAPAN. 


A paper by Mr. Kotora Jimbo, professor of mineralogy in the Science 
College. Imperial University of Tokio, entitled Notes on the Minerals 
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of Japan, has appeared recently, having been published in the Journal 
of the College of Seience of that institution, Vol. AT, Part IIT, isto. 
In this extended article of 75 pages Professor Jimbo has brought 
tovether a large body of information, hitherto scattered through yari- 
ous Japanese and European publications, regarding the mineralogy of 
his country, together with much inaterial of his own, based upon 
examination of some of the best private collections in Japan and those 
of the Science College of Tokio. 

So far as concerns precious stones, however, there is nothing of 
high importance, though most of the gem-vielding species are found. 
The eleay rock crystal that has furnished the beautiful spheres so 
much valued and sought for as articles of vertu is Inmited in amount 
and largely exhausted, Professor Jimbo states that in Kai Provinee, 
although ordinary erystals 6 inches in diameter or even larger are 
found, transparent Ones suitable for crystal balls are no longer procur- 
able. Ife deseribes a number of localities for crystallized quartz— 
colorless, smoky, and amethystine—and gives interesting accounts of 
parallel growths, ete., whereby two or all three of these varieties are 
developed together. Such are some erystals from Tanokamivama, in 
Omi Province, where a smoky erystal will be surrounded Joy a white 
or colorless zone, and this again by an overgrowth of small gray or 
purple erystals oriented parallel to the main one, ete. 

The paper is very full in its deseription of crystallographic phenomena, 
twinnings, etehings, and the like. Inelosures are treated also, and 
amony them are noted tourmaline, epidote, and native sulphur, as 
well as fluid cavities, which are at times peculiarly distributed in the 
quartz crystals. 


CHALCEDONY AND AGATE. 


Chaleedony and agate are found at various places, and a eompact 
ereen quartz (prase?) in the provinces of Izumo and Eehigo. Curious 
pseudomorphs of quartz after calcite are described from Osawa, in 
Shimotsuke Province, and others from a loeality in Mino Provinee, 
the latter in sharp-pointed rhombohedra. In the Aikawa and Arakawa 
mines Occur numerous peculiar pseudomorphs of quartz after barite, 
largely in the form of hollow casts from whieh the barite has been 
removed. Curious top-shaped chalcedonies from Uzen and Echigo are 
described as probably pseudomorphous ‘*atter broken pieces of some 
spherical mineral aggregate with radial fibrous structure, and consist 
of two flat cones united at bases.” They are 4 inch in diameter, and 
the apex of the cones bears either a depression or a rounded elevation. 

No mention is made of the rock in which these objeets oeeur, and 
in the absenee of information on that point, the suggestion arises 
whether they may not possibly prove to be silicitied sponges. 
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CORUNDUM. 


Corundum seems to oceur very scantily. At Takayama, in Mino 
Provinee, small flat hexagonal pieces and columnar grains, blue to 
bhush-white in color and less than a centimeter in diameter, ‘t were 
formerly collected.” In sections the blue is seen to have concentric 
zones and radial stripes of white, the zones presenting different fi 
of uniaxial and biaxial interference. 


gures 


OPAL. 


Opal is mentioned as found at two or tliree places, but no reference 
is made to its being beautiful or valuable. Some specimens are noted 
as showing irreeular, doubly refracting bands in thin sections. Hyalite 
formed in small spherules, either loose or aggregated by waters from 
hot springs, used to be found at Tateyama, in Etchi. Sillieitied wood, 
chietly coniferous, occurs at many points in the Cretaceous and Tertiary 
of Hokkaido, and elsewhere. 


CHRYSOBERYL. 


Chrysoberyl is noted only in a single instanee—a small trilling 
believed to be from Takavama, in Mino Province, in the collection of 
the Imperial geological survey. 


TOPAZ. 


Topaz receives considerable attention. ‘There are two main locali- 
ties—Takayama, in Mino, just mentioned, and Tanokumivama, Proy- 
inceof Omi. The characteristic features of those from the two districts 
are given in much detail, and may be sammarized as follows: The 
erystals of Mino are often rounded by rolling. They vary widely in 
size, from 0.2 to 12.5 em. in the longer basal diameter. In color they 
are of brownish and bluish tints, also sometimes colorless, occasionally 
a very rieh pale ereen, and sometimes showing a curious division into 
sections of different colors—bluish along the macrodiagonal or toward 
its extremities, and brownish along the brachydiayonal or at its ends. 
Basal sections show complicated optical anomalies, somewhat different 
from those in Brazilian topazes described by Braun.' In form the 
crystals are often long prismatic, terminated by domes or by pyra- 
midal or basal planes. Tnelosures were noted of tourmaline, cassiter- 
ite. and chlorite (4). besides fluid and gas cavities. The Omi crystals 
are less yaried in size, rarely less than 1 em. in diameter. They are 
usually colorless. though sometimes the bluish and brownish pleochro- 


1Optischen Anomalien, 1800, 
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ism is found. In form they are usually short prismatic, generally ter- 
minated by domes. The inclosed minerals noted were tourmalime, 
beryl (4), and monazite. A peculiar relation is observed between the 
Omi topazes and a flesh-red potash feldspar, with apparently two gen- 
erations of crystals—iun earlier one intererown with the feldspar, and 
a later one of small. double-terminated crystals formed upon it. 

Two analyses of Omi topaz, made by Mr. Takayama, chemist to the 
Imperial veological survey, are of interest because of their low per- 
centage of silica and rather unsnal amount of fluorine. 


Analyses of topaz from Onu, Japan. 


| Constituent. | I Of | Mean. 
| 
| 

| Pap cent: Percent. | Percent. 
SO) eres eee ete ais 31. 30 eollrenciay 31. 62 | 
Ell Bic siete gi gaa ab. 72 46. 59 56.65 | 
lo fares ae ee 18. 36 1SeO) £18.18} 
} 

MBatalive Pee eee 106. 38 | 


106.55 | 106,45 | 


TOURMALINE. 


No gem tourmalines are referred to at all in Professor Jimbo’s 
pauper. Black erystals are mentioned as occasionally found in pegma- 
tite at several localities, and some curious, nearly flat, rhombohedral 
forms, about 2 inches in diameter, with the prism almost wanting, at 
Goshodairn, in Shinano Provinee. Radiated ag¢regations of dark- 
brown tourmaline occur in a quartz vein in pegmatite at Obira, in 
Bungo Province, sometimes forming acicular inclusions in the quartz. 
Of interest in connection with the paper (elsewhere reviewed in this 
report) on tonrmaline and its relation to the micas, by Prot. F. W. 
Clarke, is the mention of a pseudomorph of mica after tourmaline, as 
noted at Yokogawa, Province of Witachi. 


GARNET. 


A number of varieties and localities ure reported, but as no careful 
analyses have yet been made, Professor Jimbo says that the Japanese 
garnets can only be provisionally described. From his account it 
would seem that almost all the species of the garnet group nist occur 
in Japan, but they are not yet identified and can not be definitely 
named. Various localities are mentioned for yellow and dark garnets, 
as well as the more commion varieties, and their modes of occurrence 
and erystalline forms are specially noted. A brown-red garnet, in 
erystals and in sand, from Kongosan, in Kawachi Province, is largely 
used in Tokio as a polishing material. 
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BERYL. 


This stone is reported from nearly the sume localities as the topaz 
above referred to, but nothing of actual @em quality is noted.  Taka- 
yama (Mino) yields some crystals, pale blue to nearly colorless, of 1 
em. in dinueter, with smoky quartz in pegmatite. Tanokamiyama 
(Omi) has frrnished some crystals of larger size, wp to 3 em. in diam- 
eter and four or five times that leneth, transparent to translucent, of 
greenish and Dhush tints. 

The general impression given by Professor Jimbo’s account is that 
of interesting possibilities in the future, when careful exploitation of 
the beryl and garnet localities shall have been etlected; but from the 
present data it is impossible to predict how far Japan has promise of 
becoming a geul-producing conntry. 


PRECIOUS STONES. ii 


PRODUCTION. 


In the following table is given a statement of the production of 
precious stones *n the United States from 1896 to 1899: 


Production of precious stones in the United States from 1896 to 1899. 


ig Stone. 1896. 1897, 3898. ial 

| 
DiNMONO eee eee een C rene eee saci None. None. None. $300 
Se pH Ines eee eet Aha eo $10, 000 $25, 000 $55, 000 6S, 000 
RUUD Maitre crete ts ener eters riot ote cleanin ciate | 1,000 None. 2, 000 3, 000 
PD OPA Zee wees ctee Nee creas = acters weicie as oe eraiare ee eres 200 None. 100 None. 
BervIg(aquaAmarine Tetc. estes sn see seme sees 700 1, 500 2,200 4, 000 
emmerall Qe cs AS aoa waree arent eet eee None. 25 50 50 
Phenacite:.seceecs saeco nen ieee wee wes None. None. None. None, 
Is WTS ip ay: NUD pL Steen ere yA eae 2a ar Le eee 3, 000 9, 125 4,000 2, 000 
Peridoti. 2 2te cs sseree arene eek eee nea neers 500 500) 500 500 
Quartzzenystalieeccscemsc aac sce meee ee eee eee 7, 000 12, 000 17, 000 12, OUO 
Smoky Quartz coscsteee cs seine aceite ees 2,500 1, 000 1, 000 None. 
Roose: quarta ce acece seco ce cece nace meciee cinemas 500 None. 100 100 
AMOCU y Steric Sates ere eters cere la eet omcicreete trae 500 200 250 250 
Prase isco. Beyata e rots ove acto) a iste (aavetaistere etoreio mice ste meraie 100 None. None. None. 
Goldiquartarces: sccoest eee ene eee neers 10, 000 5, 000 5, 000 500 
Rutilated quartz acc2encsneeeieoe a eeieecine ocr 500 None, 100 50 
Dumortieritesaniquarizs.. sees eee ae 50 | None. None. None. 
Agate... 2... dioralece lars ajniaielsloie oie lele serelsleratere-aisvsvesvaiaiys 1,000 1, 000 1,000 1,000 
MOSS ABATE FS eacese cee er eee r eae 1, 000 1, 800 1, 000 1, 000 
CHrVSOPTASe Ri aace cece eee eee ore 600 None. 100 100 
Silicified wood (silicified and opalized) ....... | 4,000 2, 000 2, 000 3, 000 
LO) 0):) ne eee nen Semi tare SAS BOCES ACCE 200 200 200 None. 
Garnet (almandite)s---5--6.e ee eee eee | 500 7, 000 5, 000 5, v0 
Garnct(pyrope)iae-ccee eee ee eee Ree e rere te 2, 000 2,000 2,000 2, OVO 
POpAaZOlitel2oc sem casce ease eee eee eC Renters 100 None. None. None. 
AMAZON SCONE ojo .0 ciciscinicisxccine weaeereelee ce ere stele 1, 000 500 500 250 
O]POCI US: soeiessieale cin aisiaie ciaistels erelsete eet ereeers 500 255) 10 20 
AlGonStON Gs. Vsceccoscees oc «ace See ee eee eee 250 None. None, None. 
TINO MO ISG eee ster SREP A SCORN OSG OOo 40, 000 55, 600 50, 000 72, O00 
Mitahlites(compact variscite) sssssereeermeeert 4 500 100 100 100 
@hiorastrohte, .cscc2-. coo ince eee eee eee 500 500 5, 000 3, 000 
MHOMSeOnlels. ccaceccees ce eee eee eee eee 500 500 1, 000 1, 000 
Brennite ne 22. ccc cence c-cek ee eee Ree eee errs 100 100 100 50 
Dipgid Os osc a. oS6.ces aleve eee eee eRe ee 200 100 | None. None. 
Epidote.d. 5 ovesccesdiornct eect eee ee 250 None. None. None. 
PYMG< oo soca osc ccd ce eee eee eee a 1, 000 1,000 1, 000 1, 0VU 
Malaehite:: .co:csccacc eee eee eee eer None. None. None. 250 
Rutile s5.225..csacee see eeeee eee eee: 100 809 110 200 
Anthracite ccc: afc eee ee 2, 000 1, 000 1, 000 2,000 | 
Catlinite (pipestone)ee.-. 4.54 ee ee 3, 000 2, 000 2,000 2,000 | 
Hossil corals se ce cen eeereeer ete ceca cn see 1,000 500 500 50 
ATTOW POLES ccececerem een ees ne occie + 1, 000 1, 000 1,000 1, 000 

lo DOU eerste eters eects sttiercieieie sis ers aicia'= 97, 850 1380, 673 160, 920 | 185, 770 i 
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IMPORTS. 


The following table shows the value of the diamonds and other 
precious stones imported into the United States fron.y367 to 1899: 


Diamonds and other precious stones imported and entered for consumption in the United 
States, 1S67 to 1899, inclusive. 


| Diamonds. | shhh eet 
fe ee — Sa n her Id or 
aa Glaziers’.| Dust. | Rough om Set. | Unset. <abbr ari rs 

June 30, 1867....- G00G |......... cs EE ER ees caanes $1,317,420 | $91 | $1,318,617 

“e, & 7.1 eee |= coca | ie ‘ee eee 1,000,544 | 1,465 | 1,062,498 

1869.2... 445 S140 jjeeeeeee ee ee eee. 1, 997, 2n2 23.) 1,997, 890 

IS70..... 9,372 pie mee ce Sear | ee 1,768,324) 1,504 | 1,779,271 

eee | 976 178 Bec. = fae leaeeeeecess 2,349, 482 256} 2,350, 731 

URS ace ee Ee SES GY Seeenoosde Seccace eae eee Seis 2,939,155 2,400 | 3,033,618 

Ric, 2’ 40,424 $176,426 ....... jqaeeetebeai: 2,917, 216 326 | 3,181,392 

tno eee | 68,6218 144,629 0 ...... et enere eee 9.158.172, 14. | 2,371, 530 

isis ee. 32,5198 211,920 B20...) eee §; 084,515 | ee. eee 3,473, 757 

InGho oe eee ae HO, 67mm | 186,404 Bo... 22:2. -... eee 2. 400/516 | 45} 2,616,613 

re eee Ae ae 45,209 @| 78,083 B...... eee : a 1,734 | 2,235, 246 

ISS: & 36,409 63,270 ....... Perea 2,970,469 | 1,025] 3,071,173 

Cy See, Score Is, S89 } 104,158 ....... Pee 3, S41, 335 538 | 3, 964,920 

istu®...% ...-...4 HY, 300m £129, 207%, 5 We woes saa 6, 690, 912 765 | 6,870, 244 

ISSE, ou. eee | 51,4098 233,596 }... 26. escnc eas” 8,320,315 1,307 | 8,106, 627 

(cree, eee | 92,853 449,513 )......- ae 8, 377,20. 3,205 | s, 922,771 

ee 2 Lee | | S2esesime 445, 906) oo scnne ote | 7,599,176 g2,s01 | 5, 126,881 

LS Ca Gc iva ee Spt onals | eee 9, 139, 460 

1805....% 11,506) 30,426 371,679 .....-.1.- eect Ee) ( 6, 042, 547 

Dee, 31, ISst..... 8,949 32,316 | S02; SOU ene eee .4 7,913, 680 }-....... 8, 259, 747 

ser... .! 9) 02'me 6G3, 10s O62, Bane eee oe cee 10,526,998 ........ 10, 831, SSO 

1S88.....4) 10,095 Ff) 29, 107M 214,876 8... 10) 233. 620 | 2.2.5. 10, 507, 658 

jae... S| OR 150A eS Fides 196801 2 ee. we 11, 701,508 1. -2 2 11, 97s, OO4 

ISMOL 117,227 ¥ dv9, 159m 340, 915 W.. Joe see. ee c12, 429, 395 f........ 13, 105, 691 

essed 565, 623 | 125, 68S (c) De CS OEE ae SERRE Boo scose 12, 75, o8S 

1S892.....9) 5B2, 246 | 144,487. foe. eee oe cone eee e eens B/S, 835, 115 cae 14,521, 851 

TANS... 357,929 | ‘74, 20mm. ce con , ee eee abo; 765, 310 1 oe 10, 197, 505 

11,2, -,0b BeOS | 58/GNMEEE..-- oso icccs cave ees 779201; 342 es -ces 7,427,214 

1MD5....9 107,463 | 195,558, 9 F. 222) eee eens | 76,380; 880 1. ...- 6, 573, 853 

IS9H. 2... 78,990 | 65,690 ...... wee e| (ct) (Dy "Wiis 474) Sieeeee... - 4, 618, 991 

IS97.. 22. b29, 576 | 167,118 1,396,726 | $330 | $2,789,924} 1,908,035 ..... .. 6, 276, 729 

1NYS..... §,058 |"240,665 2,513,800 | 6,622) 5,743,026) 1,650,770 ......-. 10, 162, 941 

| 1899.....] 2,428 | 618,354 (4,596,324 [13,385 | $8,795,542 [ 2, 882.496 5 ........ 17, 208, 531 


a Including also engravers’, not set, and jewels to be used in the manufacture of watches, from 1891 
te INO: from 1891 te 1896 miners’ diamonds are also Included. 

b Ineloding also miners’ and engravers’, not set. 

«Included with diamonds and other stones from 1891 to 1896, 

d Not speeiticed prior to 1897. 

« Inelndes stones set and not specially provided for since 1890. 

J ncluding rough or uncut diamonds. 

gy Not speeified since 1883. 
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GEMS AND PRECIOUS STONES. 


THERE was nothing new in the mining of precious stones in America during 
1899. The glacial deposits of Wisconsin which have been found to contain dia- 
monds have excited some interest from a purely scientific standpoint. Some 
prospecting has been done on them which has resulted in no new discoveries. 
The New Sapphire Mining Co., Ltd., continued to work the sapphire deposits 
cf Yogo, Mont., and an attempt was made to consolidate the various turquoise 
interests of New Mexico. 

Diamonds, Brazil—(By J. C. Branner).—The diamonds of Brazil consist of. 
brilliants and carbonados or black diamonds. 

From the discovery of diamonds in Brazil in 1772 until the discovery of the 
South African diamond fields in 1865, the bulk of the world’s supply came from 
there, but the development of the African mines practically abolished the 
industry. A considerable quantity of the Brazilian stones still appear in the 
market, but diamond mining is no longer carried on upon a large scale. 

The diamonds are not of widespread occurrence, but are confined, so far as our 
present knowledge goes, to comparatively small districts within the States of 
Bahia, Mines Geraes, Govaz and Matto Grosso. They occur for the most part 
in placers. Some diamond hearing deposits, however, are not stream gravels, 
but consist of the weathered and decomposed remains of metamorphic rocks. 
The stones are frequently found held fast in a conglomerate or pudding stone 
cemented by iron oxide. The beds of existing streams have furnished the greater 
part of the production. 

Mining is carried on upon a smal] seale as a rule. The methods in use for 
diverting the streams, handling the gravel and separating the diamonds are of 
the same character as those employed in the early days of diamond washing. 
Opinions differ as to the development of the industry by modern methods and 
machinery. My own observations led me to conclude that modern machinery 
and methods can be made to pay only in case of the discovery of very large 
diamond bearing deposits, where separations can be carried on for a long time 
in a comparatively small area. Brazil is without good roads and without skilled 
labor, and machinery therefore is expensive to operate or to move readily from 
place to place. It has been possible to operate the diamond mines of South 
Africa by means of machinery because the deposits are very limited in area. In 
Brazil. on the other hand, the diamond bearing gravels spread over thousands 
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of square miles, and are only locally profitable. The carbonados, or black dia- 
monds, are mined in the State of Bahia, and the output passes-through the 
hands of a single firm in the city of Bahia. The finest of these carbonados 
come from Saloboro, in the Serra Itaraca, near Cannavieiras, in the southern part 
of the State of Bahia, and from Lencoes, Sincora and Santo Ignacio, 306 km. 
west and a little south of Bahia. There are mines in other parts of the State, 
some located within ten leagues of the city of Bahia. It is an interesting fact 
that the rich Salobro district, 70 km. from Cannavieiras, was only discovered as 
recently as 1881. In 1890 one mine in this district yielded 54,000 oitavos* or 
drachms of diamonds. The diamond bearing gravel is from 1 to 2 m. thick. 
The stream beds have not been mined. 

The statistics of diamond production are necessarily difficult to collect. Even 
while the mines belonged to the Crown of Portugal, and all stones coming from 
them were supposed to pass through the hands of the intendente of the district, 
large numbers went illicitly into the European markets as contraband. The 
best available statistics show that the total output of Brazil from the discovery 
of diamonds up to, and including 1899, was 13,105,000 carats. 

According to Ernest von Hesse-Wartegg, diamonds were discovered in plough- 
ing, 19 miles to the S.E. of Itschoufu in the Province of Shantung, China. 
Some years ago United States Consul Fowler, in a statement to the Govern- 
ment,{ reported that a correspondent of his considered these fields well worthy 
of intelligent exploitation. The natives believe, as they frequently find the 
diamonds after a rainstorm, that they are produced by the action of the rain 
itself, and will not wash for them, although they are found for some 8 miles in 
extent on a low sandy ridge. 

The report of the De Beers Consolidated Mines, Ltd., of Cape Colony, for 
the year ending June 30, 1899, shows that the diamonds produced during that 
period were marketed for £4,038,421. The total expenditure amounting to 
£2,063,714, left a profit of £1,974,707, exclusive of other revenues. The aver- 
age yield per load for the De Beers and Kimberley mines was 0°7 carats. The 
value per carat was 29s. 7-2d. The yield at the Premier mine (Wesselton) was 
0°3 carats per load, and the value 22s. 10°1ld per carat. There were 4,034,716 
loads of blue ground and lump on the floors June 30, 1899. The contract with 
the syndicate for the disposal of their product expired April 1st of the current 
year, but it is anticipated that another one will be entered into on even more 
favorable terms. According to Cecil Rhodes, the holding of the De Beers Com- 
pany in Chartered shares and in the Mashona land railway had been disposed of 
to the advantage of the company. The assets of the London & South African 
Exploration Co., which included the Dutoitspan and Bulfontein mines, had 
been purchased, as well as the properties of the Kimberley Diamond Mining 
Co. for a total consideration of £1,725,000. A dynamite factory is in course 
of erection, which it is anticipated will add to the company’s products. 

Otto’s Kopje Mine, Cape Colony, seemed on the eve of success when the war 
broke out. It was stated on the relief of Kimberley that the machinery was 
still in good order, and that work could be resumed quickly. 

® Fight oitavos equal one ounce troy. + Consular Report No. 198. March. 1897, p 384. 
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It is said t':at diamonds have been found in an extinct crater in the Witries 
Hock Mountains in Natal. Diamonds were discovered about 1872 in the 
stanniferous alluvial near Inverell, New South Wales. While the production 
has never been large, a maximum quantity of 20,000 carats having been obtained 
at Boggy Camp, there are possibilities of an increased output on systematic pros- 
pecting work.. The diamond bearing wash is covered by basalt, and in places 
the wash rests on very soft decomposed granite. Overlying the wash in various 
places, more especially where the basalt comes in contact with the wash, is a 
cemented gravel in which diamonds have been found imbedded. The opinion of 
H. N. Porter* is that this was an overflow of lava. The writer believes that an 
extinct crater in what he terms “carboniferous mudstone” was the center of vol- 
canie activity, and the source of the diamonds found in the wash. The periodi- 
cal flooding of the low lying crater doubtless prevented the consumption of many 
of the diamonds, which later would be expelled in the period of activity. The 
hasalt itself he regards as a later flow. 

Notwithstanding Mr. Porter’s opinion, the Government Geologist does not 
believe that the original matrix of the diamonds was an cruptive rock. Samples 
of the alleged volcanic breccia from Bingara were pronounced to be of sedimentary 
origin. Nor in Mr. Jacquet’s opinion was there anything found to suggest the 
occurrence of a volcanic pipe. A report furnished by Messrs. Thos. Davies, 
F.G.S., and R. Etheridge, Jr., refers to the quality of New South Wales diamonds 
as follows: (1) That the diamonds in New South Wales in their physical char- 
acters are more nearly allied with those of Brazil than any other country; (2) 
they have been largely sold in London as such; (3) as regards color they differ 
practically but little from those of other fields; (4) the general absence of 
cleavage and macles is a point in their favor; (5) that the greater hardness of 
New South Wales gems will probably raise the cost of cutting, but this will be 
compensated for by their extra brilliancy. The diamonds found in this Colony 
generally average from 5 to 6 to the caret, although gems of 2 to 2°5 carats are 
occasionally found, and one of 5°62 carats has been recorded. The number ob- 
tained ner load varies greatly. The Round Mount (o. in 1886 washed 722 
loads for 2,685 carats, and from six loads obtained an exceptional yield of 
1,080 stones weighing 296 carats, which probably establishes a record as far 
as New South Wales is concerned. 

The Lace Diamond Mining Co., Ltd., formed in 1899, worked the Farm Ruby, 
near Kroonstad, Orange Free State, which consists of 1,385 morgen, on which 
400 claims at about the center of the farm have been taken up. The formation 
is said to be somewhat different from anything which has yet been found in South 
Africa. A portion of it was capped by basalt, which was considered an unfavor- 
able feature, though later explorations have shown the occurrence of gems of 
very good weight and quality in the vicinity of this rock. This overflow, how- 
ever, is by no means general and is considered to be float. The yellow ground 
was worked by the De Beers Consolidated mines, which held an option on the 
purchase of the property, and gave the following results: 5,683 loads yielded 
652 carats, equal to about 8°5 carats to the 100 loads. The tailings showed a 

¥ Transactions of the Institute of Mining and Metallurgy, Vol. VI. 
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further 13%, and, owing to the very crude machinery, it was anticipated that the 
re-treated tailings would show an equal amount. Since the company was formed 
blue ground was struck at the depth of 50 to 75 ft., though it has not yet been 
washed. Latest results show an average of about 16 carats per 100 loads of 
diamonds of fair quality. It was thought that when arrangements have been 
made for proper supervision of the boys that this yield will be increased, as at 
the present time they have unlimited opportunity for abstracting the largest 
stones. The mine is well situated for working, as it is 5 miles only from the 
Campbell coal mine, from which coal can be delivered at 15s: a ton. Water is 
abundant. 

The chimney at the Monastery Farm mine in the Orange Free State, 30 miles 
south, in Winberg, is rather small, occupying from 5 to 12 acres. Blue ground 
was struck at the depth of 81 ft., and resembles in appearance and its mineral 
constituents the country rock of Kimberley. 

The Jagersfontein mine reached its maximum production in July, during 
which month 22,219°75 carats, worth £45,908, were produced. The value per 
carat was extremely high. 

The total production of the Transvaal, according to Charles E. Macrum, late 
United States Consul to Pretoria, was 22,843 carats, valued at $212,812°04, of 
which 12,283 carats of a value of $171,437°06, came from alluvial mines, while 
from -the dikes 10,560 carats, valued at $41,374°98, were marketed. The river 
stones are generally larger and of better quality than those from the diamond- 
iferous dikes. The average value of the diamonds found at Reitfontein is $3°89 
a caret, which is much less than the average value of Kimberley diamonds, 
and less than half the value of those from Jagersfontein. The diamond bearing 
area of the Transvaal seems to be quite large. 

What may prove to be an important discovery was made at Hatherley, a few 
miles from Pretoria, where true diamondiferous ground is found 15 ft. from 
the surface. In general it may be said that much of the country surrounding 
Pretoria gives evidence of being diamond bearing. 

A peculiar feature of the laws formulated in 1898 regulating the mining of 
diamonds and other precious stones in the Transvaal, was the limitation of the 
number of employees ; not more than four white men being allowed to each owner. 
A license of £10 per head was imposed on those who intend to open up Govern- 
ment ground, and it .:as made obligatory to any one discovering precious stones 
to give notice -to the Government within 24 hours und#r severe penalty. 
Stringent clauses were also included in the act against illicit diamond buying. 

Claims have been made from time to time that diamonds existed in West 
Australia, and one company has been formed to work the alleged deposits. It 
went into liquidation the early part of 1899 without the shareholders or receiver 
being able to obtain much information. 

J. Milne Curran* gives some practical hints on the identification of diamonds. 
While the article does not treat the matter so thoroughly as Mr. Leopold Clare- 
mont’s contribution to THE Mrnerat Inpustry, Vol. VII.. the notes may be 
of benefit to prospectors to whom laboratory appliances are inaccessible. 

* Journal of the Royal Society of New South Wales, 1897, 
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Zircon is commonly mistaken for diamonds, owing to the surface luster of these 
stones being often finer than that of a diamond. ‘The test of cutting glass is 
frequently, though erroneously, relied upon, as a zircon used to advantage will 
scratch glass easily, while a true diamond will not mark glass if a rounded face 
is drawn along the latter. In a diamond ‘bearing country the prospector 
should carry a small plate of sapphire and a splint of diamond mounted on the ’ 
end of a short length of stout brass wire. The latter is known as a writing 
diamond and is inexpensive. 

The supposed diamond is set in the end of a stick of sealing wax, and while 
the wax is softened by heat the stone can be so arranged that a sharp solid angle 
or an edge projects. This can be done after a little practice by heating the stone, 
and quickly transferring it to the wax. Holding the stick of sealing wax, the 
stone to be tested is rubbed with a gentle pressure round and round, on the 
polished face of the sapphire plate. Not more of the sapphire need be used than 
the space covered by a pin’s head. After the friction is continued for half a 
minute, if the sapphire plate has lost its polish, and with a lens shows the point 
of contact “eaten into” or “burned,” the stone being tested is a diamond, since 
the diamond is the only stone that can cut into a polished plate of sapphire. 

The use of a writing diamond will, however, settle the matter at once. Ifa 
prospector draws a diamond over a smooth zircon and over an uncut diamond, 
the difference is apparent. Even with gentle pressure the writing diamond 
“eatches” or “drags” on the zircon, and a dull cutting noise is.made. When 
the writing diamond is gently rubbed on a real diamond, it (the writing diamond) 
does not “bite,” but glances and splits off in every direction, no friction due to 
cutting being apparent, and the sound produced is metallic-like and sharp. 

It may be well to remember that where zircons are found a considerable num- 
ber of the stones are red, or some shade of red, and on heating these colored 
stones become white and remain white on cooling. Red or green diamonds are 
exceedingly rare. These rough-and-ready tests will also distinguish between 
small and water-worn topaz and diamond stones which are also confused by 
prospectors. 

C. Margot proposes to distinguish real diamonds from the artificial by the 
property aluminum when in pencil form has of marking silicious substances, but 
not the true diamond. The surface of the gem under examination must be 
cleansed thoroughly, and freed from grease. 

In the thirteenth annual report of the United States Commissioner of Labor* 
there is a comparison between the cost of cutting four three-carat diamonds by 
hand and by machinery. The cost by machine work was considerably higher 
than by hand, but time was considerably shortened. Thirty-nine hours’ labor 
cut three four-carat diamonds when machines were employed, but 132 hours’ 
hand labor was required: The cost, however, was $26°25 against $14°84. 

Emeralds.—Emeralds are found in various parts of the Republic of Colombia. 
The famous mines of Muzo, near Bogota. which were worked before the Conquest 
(the uncut gems supplying a large part of the booty of the sixteenth-century 
pirates), have been continuously worked under Government leases since the year 
i the year 1898, p. — ==  —- i: 
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1568. No statistics of the output are available. The emeralds are found either 
in isolated crystals or together with uncrystallized corundum, imbedded in a 
mountain-side of limestone. The method of working is cutting away the barren 
surface-rock and then opening reservoirs to sluice off the débris until the lime- 
stone is laid bare, when the stones are broken out by expert laborers.* 

There was considerable excitement in Bogota during 1899, owing to a local 
boom in the price of emeralds, although the mines in the vicinity of that city, 
according to the English company which owns them are unproductive. There 
was a considerable quantity of uncut gems held by various people. The excite- 
ment rose to a great pitch, and these stocks were brought out. The prices 
mounted rapidly and sales were made at from three to four times the former 
value of the gems. The craze, however, subsided suddenly, and many unfortunate 
purchasers were left with stones which they had purchased at absurdly high prices. 

The English company’s lease of the emerald lands expires during the present 
year, and as yet no arrangements have been made for its continuation. 

The most important occurrence of this gem in New South Wales is at the 
Emerald Proprietary Co.’s mine at Emmaville. Emeralds were found in the 
tin drift for many years, but in 1890 they were discovered in situ. At this 
mine emeralds were found on the surface in disintegrated feldspathic material, 
slate rock and quartz, not very far from the slate and granite. On opening the 
ground it was seen that a reef or vein of silicious materials occurred in slate- 
rock or claystone. The reef travels or trends in a northeastern direction, dipping 
at a high angle to the southeast. At various points, proved to a depth of 100 
ft., shoots or pockets occur, containing quartz, topaz, tinstone, arsenical pyrites, 
fluorspar and kaolin. The shoots almost always carry emerald or beryl asso- 
ciated with the minerals named. Again some shoots consist for the most part 
of emerald and beryl only. 

The greater bulk of the marketable stone did not cut to a greater size than 
one caret. Some gems realized as much as £10 per caret; the ordinary ones 
bring much less, being rather light in color and resembling aquamarine. An 
analysis of a specimen by Mr. James Petrie showed H,O, 0°62% ; SiO,, 65°20% ; 
Al,O,, 17°80% ; BeO, 14-40% ; CaO, 1:0% ; MgO, 0°64% ; Na,O, 0°34%. These 
mines are now shut down, as the hardened formation encountered in depth does 
not contain the same quantity nor the same quality of emeralds as was found in 
the more decomposed rocks. 

A considerable quantity of emeralds has been found along the banks of the 
Tokova River, 50 miles from Ekaterineburg in Russia. Those of superior 
quality are discovered on the surface, while those found deeper are inferior. 

Opal.—The White Cliffs Opal Mining Co., Ltd., still controls the opal region 
in the vicinity of Wilcannia, New South Wales. The company has found it 
advisable to increase the percentage to its tributors from 50 to 75%. It is 
expected that when the percentage was based on the lower rate much of the most 
valuable mineral was disposed of privately by the tributors. The company has 
not been able to work satisfactorily on the wages system, and this was finally 
abandoned. Working here will always be expensive, as there is a lack of water, 

® Grainger and Treville, Transactions of the American Institute of Mining Engineers, Vol. XXVIL 
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and the local sanitary conditions are extremely bad. The Paranga opal fields, 
a few miles distant from White Cliffs, have been practically abandoned. About 
350 men are employed on the leases of the White Cliffs Opal Co., Ltd. A con- 
siderable number of men are working on abandoned ground, and are there work- 
ing to as deep as 50 ft. Good opal has been found at 40 and even 50 ft. Local 
prices have varied according to quality as well as market demand. In the case 
of special samples $100 an ounce has been obtained. 

Here the opal is found in Upper Cretaceous Sandstone, lining joints and fill- 
ing fissures both vertical and horizontal. The matrix is so friable that it is easily 
removed, and the gem released. Opal has been found in a strip of country nearly 
two miles wide and 12 to 16 miles long. In this area miners blindly sink shafts 
with the hope of finding opal seams. Experience has shown, however, that the 
probabilities of finding good stone are confined to certain localities that show no 
especially distinctive features. The opal is not confined to any single level, 
though appearance would indicate that the conditions under which the opal is 
found, ceases at a depth of from 50 to 60 ft. from the surface. The matrix is 
feldspathic and much of it contains sufficient lime carbonate to effervesce with 
cold hydrochloric acid, and may be classified as a marl. 

An extremely large block of opal was found in the earlier part of the year at 
Opaltown, Queensland. It was 15 in. wide and 11 ft. long. It is stated that 
$60,000 was offered for it. ; 

Rubies and Sapphires—The Burma Ruby Mines, Ltd., managed for the first 
time in its history to pay a dividend of 5%, though their richest mine at She- 
bontha was drowned out. The books showed a total profit for the year ending 
February 28, 1899, of £4,322, which was increased to £9,893 by a remission of 
royalties amounting to 2 lakhs of rupees. The Indian Government has deter- 
mined to remit the 4 lakhs of arrears still due under the original lease, and to 
reduce the yearly net rental for a term of years from Rs. 3,15,000 to Rs. 2,00,- 
000, subject to an increase in the Government share of the net profit from 20 to 
30%. The agreement is to last for five years and is subject to reconsideration 
at the end of that term. The mines have been worked by electricity since Septem- 
ber 5, 1898. The installation which has reduced working expenses by £500 a 
month, will shortly be doubled in size. The mine showed a mining profit of 
£11,470 as compared with a loss of £360 for the same period of 1898. 

Sapphires of every known shade from white to royal deep blue, have been found 
in New South Wales. At Tumberumba it is obtained chiefly in working recent 
alluvial deposits for gold. Associated with the sapphires there is spinel, topaz, 
andalusite, and garnet. The spinels are of excellent size and color. Sapphire 
is also found throughout the alluvial drifts of the tin districts of New England. 
While sapphires are abundant the production of good gem stones is exceedingly 
small, and when compared with good gems the New England stones show a want 
of life. 

J. Milne Curran believes that basalt is the original matrix of sapphire, as 
basaltic areas can always be found in the vicinity of localities where sapphires 
occur. 
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H. Warington Smyth, F. G. S.,* describes the ruby and sapphire deposits of 
Siam. The workings are partly alluvial in river beds, and partly by drifting in 
layers of a decomposed basalt rock, of which there are frequently two. Basalt 
is the general country rock, though no gems have been found in it when in an 
unaltered condition. Poor sapphires, corundum, topaz, zircon, and ilmenite, and 
at some points garnets occur in the ruby layers. On the upper Mekong River 
sapphires are found but no rubies of any account. Here also the gems are found 
in stream beds, and in a definite layer 12 to 20 ft. below the surface. 

The ruby and sapphire mines at Pailin, in the Battombong Province of Siam, 
are held by the Siam Exploring Co., Ltd., one of the affiliated companies of the 
Siam Co., Ltd. The mines are worked by Shans and Laos, licensed by the com- 
pany, who are allowed to dispose of the stones themselves. The prices obtained 
for the stones were poor, but recently have improved. 

Turquotse.—Mr. Gustav Eisen, of the California Academy of Sciences, describes 
the result of archeological investigations of the turquoise mines near Manvel, 
San Bernardino Co., Cal. The best mines are found in an area of 15 miles long 
by 3 miles wide. The region is covered with volcanic overflows from a central 
group of craters. These overflows extend for many miles in all directions. 
Between the basaltic ridges are found small rounded hills of decomposed rocks 
traversed at times by dikes of crystalline rocks and quartzites. On the sides 
cf these are pits from 15 to 30 ft. across, and of half that depth. Prospectors 
have found good stones of good color and quality in these half filled excavations, 
while ordinary ones are common. 

Caverns which have been the habitations of some prehistoric race, indicate that 
these mines were actively worked at one time. Hammers and axes made from 
hard basalt or trap, are frequently found. Some of the rock carvings indicate 
that these mines were known to the Aztecs, but others are unlike any previously 
described. It is believed, and the conjecture is supported by existing traditions, 
among the Mojave Indians, that these mines were worked by a tribe which came 
from the south and had communication with ancient Mexico. 

While turquoise has been found widely distributed through Southern California 
and Nevada, no stones of extreme value have been discovered as yet, though one 
weighed 107 carats and another 64°5. They were from a point about 18 miles 
east of Vanderbilt, Cal., and in Nevada. The turquoise is found in what is de- 
scribed as a trachyte or white soft conglomerate through which blue-green streaks 
and veins pass, here and there expanding into nodules. 

Turquoise was discovered in 1894 near Bodalla, New South Wales. Much 
of the stone is found to be porous and not as compact as it should be. The green 
tint of most of the stone is objectionable also. A few picked stones are, how- 
ever. of excellent quality. According to J. Milne Curran it occurs in this locality 
as (1) thin crust-like seams filling horizontal joints in the slate; (2) in rounded 
marble-like balls in vugs of the ste; (3) as concretionary matter in similar 
vugs; (4) in thin lenticular plates in black streaks associated with iron pyrites. 
The slate rock is dark in color, and is charged more or less with pyrites contain- 
ing 2 dwt. of gold per ton. An analysis showed H,0, 21%: Si0,, 05%; CuO, 
145% ; Al,0,, 36°23% ; Fe,0,, 1°26% ; CaO, 1°7% ; B,O,, 31°9%. 


* Five Years in Siam, 2 volumes, London, John Murray, 1898. 
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Tue CUTTING AND POLISHING OF PRECIOUS STONEs. 
By LEOPOLD CLAREMONT. 


PreEciots stones were originally used as ornaments in their natural or uncut 
state by the ancient races and were valued more for amulets and their supposed 
magic and medicinal qualities than for their beauty. Subsequently the natural 
crystallographic faces of the gems were roughly polished to enhance the luster 
and for centuries later they were treated in this way and used for the embellish- 
ment of goblets, tankards, idols, thrones, etc., as well as for personal adornment. 

As time went on the ancients acquired the means of increasing the number 
of faces found on many gems, and in this crude way gems were not only polished 
but received additional faces which are now called facets. . 

From specimens of precious stones thus crudely cut it is apparent that 
the one object of the ancient lapidaries was to retain the size of the gems upon 
which they operated. Therefore no matter in what shape they were found or 
in what degree they were flawed or otherwise faulty, they were merely covered 
with polished surfaces without regard to symmetry, brilliancy or quality of 
color. The gems also were generally drilled through the center in order that they 
might be strung, sewn on to a robe, or dangled from a pendant or turban. Not 
infrequently they were beautifully and elaborately carved—as is still done by 
the natives of many parts of Asia—and in this way many magnificent gems 
were almost ruined. When they are placed upon the gem market of to-day, 
. which is by no means an uncommon occurrence, it is found that in order to 
remove the carving and drilling—work done at a gigantic expenditure of 
labor and energy—so great a loss of weight is incurred before the stones can 
be made suitable to the requirements of modern jewelry, that they are of con- 
eiderably less value than rough stones of the same quality and weight. 

There is no record of precious stones being cut with any regular system 
until as late as 1285, when a record occurs of a guild of gem polishers and 
cutters established in Paris. Records of diamond’ polishing toward the end 
of the fifteenth century have been found. 

Gem cutting was also an established industry at Nuremberg in 1370, where 
the lapidaries were termed “table polishers” and gained some distinction in 
their craft. It was not, however, until nearly 100 years later, 1456, that 
diamonds were cut in a regular system of faceting. 

A Frenchman named Louis de Berquem, a resident of Bruges, was the first 
to discover a method of so arranging the facets upon a diamond that the reflec- 
tion and refraction of the light were so greatly increased that he soon became 
famous throughout Europe. A guild of diamond cutters and lapidaries was 
established in Bruges in 1470, and many large diamonds which have figured 
conspicuously in history were entrusted to Louis de Berquem to recut. 

The pupils of Louis de Berquem dispersed to different cities, and formed 
new fields for the industry. Amsterdam, Antwerp and Paris became the centers 
of the diamond polishing industry and the cutting of colored gems flourished 
in Lisbon. In Paris the art for a time—notably under the influence of Cardinal 
Marzarin—progressed with rapid strides, owing doubtless to the reckless 
grandeur of the French Court. It gradually declined, however, and finally 
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disappeared from this city during the troubled times toward the end of the 
eighteenth century. 

In Holland the diamond cutting industry took the firmest root, and to this 
day it remains the staple business of Antwerp and Amsterdam. Until the 
beginning of the seventeenth century all the colored gems of any note were 
cut in Lisbon, and the beautiful work of the old Portuguese lapidarics is still 
to be found in many family jewels. The trade, however, like many other artistic 
crafts, was entirely in the hands of the Jews, and when they were expelled from 
the country at the end of the sixteenth century they betook themselves to other 
cities. Most of them settled in London, and their immigration into England 
has caused the finest colored stones to be cut in London, and Hatton. Garden 
‘ to be the principal gem market to-day. 

There is little record to be found of the methods employed in bygone times 
for polishing and cutting precious stones, but as the tools and machinerv used 


Fia. 1.—OLpD METHOD OF CUTTING AND POLISHING GEMS. 


by modern gem cutters are of the simplest character, it is probable that little 
change has taken place in the process with the exception of the introduction 
of motive power; at all events, during the last 100 years. The method of 
polishing diamonds before the introduction of steam is shown in Fig. 1, a 
description of which will be found unnecessary. 

The art of the modern gem cutter consists in so manipulating the rough stone 
as to produce a finished gem of the greatest value. With this end in view he 
first studies the rough stone, carefully noticing any flaws or other imperfec- 
tions, which it is his aim to remove, either entirely or partially; or, in the event 
of this being impossible, to hide as far as lies in his power. At the same time 
he bears in mind that the desired proportion and as much weight as possible is 
retained; and in the case of colored stones, the color must be reduced, retained, 
or adjusted according to the requirements of each individual stone upon which 
he works. When it is remembered that in nature no two gems occur identical 
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FIG. 3.—PREPARING THE HOLDER OF SEMI-MOLTEN METAL FOR EACH STONE TO BE CUT. 
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in every respect, it is obvious that the work of the lapidary is purely and simply 
one of skill, practice and judgment as the tools and apparatus with which the 
work is done are very simple. The manipulation of every stone requires 
brain work, and for this reason machines for cutting and polishing gems are 

utterly useless. ; 

The method of cutting diamonds is quite different from that of other precious 
stones. It consists of three processes: “bruting,” “cleaving” and “polishing.” 

Bruting consists in rubbing two diamonds together in such a way that by 
continual friction each can be made to assume a desired shape. (See Fig. 2.) 
Each diamond is cemented to one end of a stick or holder about 1 ft. in length, 
and one is held in each hand of the operator. The stones are then pressed one 
against the other with a rubbing motion over a trough containing a very fine 
sieve for catching the dust produced by the rubbing. The holders rest against 
small projections at the sides of the trough and considerable leverage is brought 
to bear upon the stones. The dust, called “diamond powder,” is collected in a 
box below the sieve and is used in other parts of the process as a 
polishing medium. By these means the diamonds are modeled into the 
required shape and they leave the hands of the bruter shaped in the form in 
which they are destined to be used as gems minus the flat polished surfaces 
known as facets, which are subsequently formed by polishing. 

It is sometimes necessary to divide a diamond into halves or to remove a 
small part from a stone which can afterward be cut into a.gem as well as the 
larger piece from which it has been severed. When this is to be done advantage 
is taken of the natural tendency of the diamond to divide along certain direc- 
tions (parallel to the faces of the octahedron) and the operation of “cleaving” 
takes place. 

The cleavage of diamonds is a responsible and difficult task and requires a 
very intimate knowledge of the crystallographic forms in which the stones occur. 
It is performed in the following way. (Fig. 2.) Upon the end of a wooden 
holder the diamond is cemented in such a position that the plane of cleavage to 
be used in the operation is parallel to the length of the holder. The holder 
is held firmly in position by being fixed into the center of a leaden weight which 
projects from the bench in front of the operator. The edge of a steel blade 
somewhat resembling a razor is held upon the diamond with the left hand 
and with the right hand a sharp blow with a slender rod is then delivered 
upon the back of the blade. The diamond divides along the plane of cleavage 
at a single blow and the operation is at an end in a few moments. While 
this is apparently quite easily performed, in reality it requires the greatest 
amount of skill. When the diamonds leave the hands of the bruter they are 
handed to an attendant who is seated at a bench in front of two flaring argand 
burners. (Fig. 3.) Small brass cups called “dops” ranging from the size of 
a tea cup to that of an egg cup are placed in the flames and a mixture of two 
parts of lead to one part of tin is placed in them. This soft metal quickly 
becomes semi-molten and by means of a pair of soft iron tongs the contents of 
each cup is fashioned into the shape of a cone, upon the apex of which a gem 
is embedded. Each iron cup filled with soft metal thus forms a holder for the 
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diamond which is now ready for polishing. From time to time, however, it 
is returned to the solderer for readjustment, as it is only possible to work 
upon the small part of a stone projecting from the metal. It is therefore neces- 
sary to remelt the metal and replace the stone with a different part of it 
projecting, until the polishing of the gem is finished. 

One man working diligently should be able to solder for six polishers. 

The polishing process is an arduous and delicate one. (Fig. 4.) The 
craftsmen are seated in front of revolving cast-iron wheels, very porous, which 
turn in a horizontal position at the rate of 2,000 revolutions per minute. The 
metal cup containing the diamond is held firmly against the surface of the 
wheel with a heavily weighted iron clamp. Each operator is able to manipulate 
four of these clamps at once, first examining one diamond and then another, 
occasionally plunging them into cold water to prevent friction heat from unsol- 


Fic. 5. Fie. 6. Fia. 7. 
Fias. 5, 6 AND 7.—Top, SIDE AND Back VIEWS OF THE ‘‘ BRILLIANT” CUTTING. 


Fia. 8. Fre. 9. Fig, 16. 
Figs. 8 aND 9.—Top AND SIDE VIEWS OF THE Fic. 10.—VIEW OF THE ‘“‘ BRIOLETTE” 
“Rose” CuTtTina. CUTTING. 


dering the stone, which would damage it considerably. Diamond dust which 
has been prepared for the purpose is mixed with a little olive oil and smeared 
upon the wheels. This together with the dust which comes from the gems 
themselves, gets into the pores of the cast-iron wheels and forms an erosive 
surface which polishes the faccts of the diamond. As the metal cups are fre- 
quently too hot to be handled with comfort, wooden holders are used to carry 
them. 

There are several forms in which diamonds are cut (see Figs. 5 to 9), and 
a short description of each is as follows: The “Brilliant” is the usual form, 
shown in Fig. 5. In the center is a large octagonal facet termed the “Table” 
surrounded by 32 smaller facets which extended from the table to the edge of the 
stone, comprising what is known as the “Girdle.” Fig. 7 shows the back of a 
“brilliant” cut diamond shaped to a pyramid, the top of which forms a small 
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facet known as the “Culette” or “Culet,” and there are 24 facets reaching 
from the Culet to the girdle. Fig. 6 shows the side view of a brilliant. 

The “Rose” (Figs. 8 and 9) is another form, used only for small thin stones 
which would not make brilliants. It consists of a number of triangular facets 
so arranged as to cover the front of the stone completely. The back of the 
rose is quite flat and not worked into an apex. The “Briolette”’ (Fig. 10) is 
pear-shaped and has no girdle, table or culet, but is covered with facets like 
those on the front of a rose. They are generally used for pendants. 

The working of all other precious stones is very different from that of the 
diamond. The gems are cut upon a copper disk into the surface of which 
diamond powder is continually pressed. The operator holds in the right hand 
a slender holder of ebony or ivory about the size of a pen-holder, upon the end 
of which the gem is cemented. A conical rest is used to steady the other end 
of the holder, thus causing the stone to press upon the wheel at any desired 
angle. The wheel is rotated by a crank operated by the left hand. 

When the gem leaves the cutter every thought and judgment necessary for 
the successful development of a gem from the rough stone has been bestowed 
upon it, and while all the facets have been accurately placed thereon, it is dull 
and lusterless and has to be polished. 

It is the work of the polisher to apply carefully every cut facet to the 
eurface of a revolving wheel upon which is spread rotten stone or other 
polishing material. The wheels are made of various metals, copper, tin, lead, 
gun-metal, bell-metal, brass, pewter, etc., to suit the specific hardness of the 
gems and an electric motor is used as power. Gems with a smooth convex 
surface are cut upon a lead wheel upon which emery dust is spread. They are 
subsequently polished on a metal wheel, or, if they are very soft—as opal or 
turquoise—wheels are used composed of wood, flannel, leather and silk. These 
wheels vary in size from 2 to 15 in. in diameter; they revolve vertically and are 
adjustable to a lathe head. Fig. 11 shows the process of polishing turquoises 
in this way. 

For carving gems very small disks and wheels the extreme edges of which 
are primed with diamond powder, are used in a lathe, and to divide a stone a 
small tin disk as thin as paper is used, on the principle of the circular saw. 
The description of the process of cutting and polishing precious stones sounds 
very simple, and it even appears simple to a casual observer watching it in 
progress, but the amount of skill, dexterity and judgment required by a success- 
ful gem cutter is very great. A gem of almost priceless value might be com- 
pletely ruined in a careless or thoughtless moment. 

It is greatly to be regretted that thousands of magnificent gem-stones are 
etill cut by ignorant persons without any regard whatever to the study of optics, 
physics, mineralogy or crystallography, which is quite necessary for the pro- 
duction of high-class lapidary work. It pays to recut stones which have been 
thus badly treated, for the loss of weight necessarily incurred in the operation 
is amply repaid by the increased brilliancy secured. 
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PRECIOUS STONES. 


By Grorcr F. Kunz. 


INTRODUCTION. 


The principal features of the precious-stone industry in the United 
States for the year 1900 may be summarized as follows: The continued 
mining of the fine blue sapphires in Fergus County, Mont.; the devel- 
opment of the fancy-colored sapphires in Granite County, Mont.; the 
systematic working of the beryl deposits in Mitchell County, Mont.; 
the increased output of the turquoise from Nevada and from Grant 
and Santa Fe counties, N. Mex.; the great sale of the turquoise cut with 
the rock under the name of ‘‘ turquoise matrix” from all localities; 
the cutting and selling of the western North Carolina emerald with its 
gangue under the name of *‘ emerald matrix ;” the mining of the purple- 
pink garnets in Macon County, N. C.; the discovery of colored tour- 
malines at a new locality in California; the further advance in the 
price of diamonds; the continued popularity and demand for pearls, 
emeralds, and rubies; the importation of nearly $4,000,000 worth of 
rough diamonds, that were all cut in this country; the stability of the 
diamond-cutting industry in the United States, even with the limited 
output of the South African mines; the continued importation and sale 
of the Queensland and New South Wales opals, and their cutting from 
the rough in the United States; and the presentation by J. Pierpont 
Morgan to the American Museum of Natural History of the great 
Tiffany collection of gems and precious stones shown at the Paris 
Exposition of 1900 and the Clarence S. Bement collection of minerals, 
many specimens of the latter collection being gem minerals of great 
beauty in their natural state. 


DIAMOND. 
UNITED STATES. 


In the United States diamonds are found in three distinct regions, 
as follows: (1) In Wisconsin, Michigan, Indiana, and Ohio, in the 
vicinity of the Green Bay lobe of the continental glacier; (2) in Georgia, 
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North Carolina, South Carolina, Tennessee, and Kentucky; and (8) in 
California, adjacent to the watersheds of the San Joaquin and Sacra- 
mento rivers, where they were first found in the United States. 

Diamonds haye been reported from at least six or more localities in 
Georgia, but these are doubtful occurrences. All these occurrences 
have been described in previous reports of this Bureau. 

The whole subject of diamond occurrences in the United States has 
been reviewed and brought up to date by the author, in a paper which 
will appear as a Bulletin of the United States Geological Survey. The 

discoveries reported during the last year are as follows: 

' An interesting occurrence of a diamond in Indiana, discovered within 
the last year, is recorded, with full details. The stone was an octahe- 
dron of + carats, with a yellow tinge, and had a black spot not quite 
central. It has since been cut into two stones, probably in the hope 
of eliminating the flaw, but without success, as both are affected by it. 
Their color is a peculiar greenish yellow, and their weights are 14 and 
eleven-sixteenth carats, respectively. 

This diamond was found in panning for stream gold, in material 
derived from glacial drift. In these respects its occurrence resembles 
most nearly that of the diamonds from Plum Creek, Pearce County, 
Wis. The glacial deposits of Brown and Morgan counties, Ind., con- 
tain a little gold, which is occasionally sought for in the stream beds, 
where some concentration has occurred. Late in the autumn of 1900 
2 farm hand of Mr. R. L. Royse, of Indianapolis, while panning in 
this way on a small tributary of Gold Creek, in Morgan County, about 
9 miles northeast of Martinsville, found this diamond. He sold it to 
his employer, Mr. Royse, for $25, from whom it was afterwards 
purchased by Mr. C. E. Nordyke, of Indianapolis. The latter gentle- 
man had it cut in Cincinnati by the Herman Keck Company, and 
retains the two stones above described. 

Prof. W. 5. Blatchley, State geologist of Indiana, says that two or 
three other small diamonds have been reported from the same neigh- 
borhood. The glacial material there was brought, according to Pro- 
fessor Blatchley, by the first ice invasion. This is another point of 
resemblance to the Plum Creek, Wis., occurrence, and of difference 
from those of the Kettle moraine localities. The relations and prob- 
able connections of these two sets of occurrences are discussed by 
Prof. William H. Hobbs, in his paper, elsewhere referred to, on The 
Diamond Field of the Great Lakes. 

The recent discovery of two diamonds in Tennessee is apparently 
well authenticated. Mr. H. W. Curtis, a jeweler of Knoxville, pur- 
chased one early in 1899 and another in February, 1900, both from 
the neighborhood of Knoxville. The first weighed 3 carats, but no 
further particulars regarding it have been obtained. The second 
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weighed 143 carats, and is described as white and flawless. It was 
found on the bank of Flat Creek at Luttrell, Union County, by an 
old gentleman; he noticed it as a peculiar bright pebble lying on the 
ground and picked it up. It was brought to Mr. Curtis, who recog- 
nized and purchased it. 

A diamond of 44 carats has been found in Alabama, in Shelby 
County. about 30 miles south of Birmingham. It was found by a little 
girl in earth used to fill up some low spots in a garden; some of 
this earth was close to the house, where water dripped on it from the 
roof, and here, after a rain, which had washed it clean, the child 
noticed the diamond and picked it up. It is estimated that the stone, 
which was pronounced an excellent one, would cut into a gem of 19 
carats, or perhaps a little more. It was sent to New York and exam- 
ined, but remains in the possession of the finder. 


SOUTH AFRICA. 


The annual report of the De Beers consolidated mines for the year 
ending June 30, 1900, issued by the great corporation, of which Hon. 
Cecil J. Rhodes is life governor and the eminent American engineer, 
Mr. Gardner F. Williams, is life manager, is a very voluminous docu- 
ment. It contains much unusual matter, connected with the African 
war, the siege of Kimberley, and the resulting interference with the 
operations of the company. Mining was suspended soon after the 
outbreak of hostilities, and the town was invested for five months, 
during which time all the energies and resources of the place were 
taxed for its protection. The mines of the company were an impor- 
tant factor in the defense of the town, as fortifications were constructed 
of and upon the extensive heaps of ‘‘tailings” of blue ground and 
débris; and on occasions of special peril some of the mining galleries 
were utilized as bombproof refuges for women, children, and the sick. 
Operations were resumed in March; but up to the end of the fiscal 
year of the company, in June, they were carried on only on a limited 
scale, in consequence of the difficulty in obtaining coal and laborers. 
Subsequently, however, as announced at the shareholders’ meeting, on 
December 28, the work was again getting into a more normal condition. 

In consequence of these great interruptions, which involved direct 
expenses and stopped the yield of diamonds for nearly half the year, 
the company decided to pay no dividend for the year ending June 30, 
1900. They have declared one, however, for the six months ending 
December 28, and hope in a short time to pay a bonus to the share- 
holders, to compensate in part for the loss of the usual dividend in the 
previous year. 

Compared with the preceding year the actual diamond output was 
reduced by more than one-half; but as the prices were higher the 
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value of the product was just about one-half. The figures are given 
in the table which follows. 


Production of the De Beers and Kimberley and Premier mines from 1898 to 1900. 


DE BEERS AND KIMBERLEY MINES. 


Loads of blue— 
pats ees Carats of | Amount pee of 
Year ending June 30— diamonds | realized | | saaaie 
Hoisted. Washed. found. thereon. anidoan: 
1S08 cone as ia ee ae 3, 332,688 | 3,259,692 | 2,603,250 | £3,451,214 | 2,377, 918 
AB OO rere ajeteaavnie ais) sTacaveie stoi clove ciclo eee eieieieaia 3, 504, 899 Soll dics: 2, 345, 466 8, 471, 060 2, 937, 784 
TOGO cst cc oes acc eels ed 1, 673,664 } 1,522,108 | 1,000,964 | 1,794,222 | 2, 722,595 
PREMIER MINE. 
NBS cree reer oe araiei aie oto bs ae rales ole aeons 1, 146, 984 691, 722 189, 3563 £196, 659 727, 089 
TE ee RE ee REI 2,032,771 | 1,662,778 | 496,762] 567,360 | 1,097, 082 
TSO 0 Re ales aed Sete oat eos re et Steen aN ea a 980, 210 736, 929 220, 7624 276,191 1, 340, 318 


GUIANA. 


Diamonds appear to be quite widely distributed over the globe, and 
new localities are coming to view year by year. The latest develop- 
ment is that announced from British Guiana, as reported to the Depart- 
ment of State by the American consul at Demerara, Mr. George H. 
Moulton. The existence of diamonds in Guiana has been known for 
some years, and quite a number of small stones were found as far back 
as 1890. ‘Three years later the colonial commissioner of mines alluded, 
in his report, to their known occurrence in gold placers, and predicted 
the discovery of ‘‘dry mines.” 

Diamond mining is now carried on about 250 miles south of the town 
of Bartica, which is situated at the confluence of the Essequibo and 
Mazaruni rivers. The spot is about 4 miles from the latter stream, and 
is reached by a narrow trail through a tropical jungle, through which 
everything must be carried by men. The journey from Bartica is long 
and hazardous. In March, 1900, 282 stones were brought out and 
sent to London, where they were valued at $12 per carat. Later, 400 
more were brought down—obtained by 9 men in 18 days, working with 
crude methods. They are octahedral crystals, ranging from very small 
size up to a carat and a half. 

From all reports a larger increase is predicted for the coming year, 
both in the number of stones produced and the extent of the deposits. 

In Dutch Guiana also diamonds have been found for years past in 
the tailings of gold washings. They have been for the most part 
sinall, and have attracted little attention, the gold being the main 
object; though one fine stone is reported to have been found by a Mr. 
Fennelly about ten years ago, who sent it to the United States and had 
itcut. Mr. J. H. Abbott, of Revere, Mass., who resided for a long 
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time at Paramaribo, and was extensively engaged in gold mining in 
Dutch Guiana, has described the frequent occurrence of small dia- 
monds in the ‘‘ tailings,” and believes that there may be rich possibili- 
ties of larger stones in the clay of the river bottoms below. No 
attention has been given to diamond mining, and the clay is unex- 
plored. Old worked-out gold claims, he thinks, that can be bought 
for a trifle, may yet prove of value as diamond beds. A serious difli- 
culty, however, is the unhealthfulness of the climate in these interior 
districts. White men can live well enough along the coast, but the 
interior is extremely malarious. Mr. Abbott describes the gold and 
diamond region as consisting of two belts, each about 25 miles wide, 
reaching from the coast inland across the three Guianas. The French 
section, nearest the coast, was operated first, then the Dutch, and then 
the British. It is in working this latter district for gold that the 
diamond discoveries above noted have been made in British Guiana. 


BRAZIL. 


An extensive drought in the diamond region of Brazil has rendered 
accessible stream beds not usually available by the rather crude 
methods there employed. As a result, an increased production of 
diamonds is reported, even to the extent of a threefold amount; though 
this estimate is hardly probable. Accurate data are not obtainable, 
however, as the duty of 16 per cent on the value for exported gems 
and a municipal tax of 1 per cent lead to a great amount of con- 
cealment and smuggling. It is stated that small rubies, suitable for 
watch jewels, are abundant in the diamond district, but that the low 
prices now prevailing do not render their collection profitable. It is 
perhaps a question whether these ‘‘rubies” may not more probably be 
pyrope garnets, as in South Africa. 


INDIA. 


M. G. Ramond has published’ an abstract of the latest and best 
information concerning the geology of British India, summing up the 
extended work of Prof. R. D. Oldham in his Manual of the Geology 
of India. While this article is strictly geological and does not deal 
with the production of precious stones, the subject of diamond occur- 
rence is briefly alluded to as follows: 


It is in the ancient Paleozoic region of the peninsula that the only formations 
belong in which, up to the present time, the diamond has been found in India. The 
only mines exploited have been among the Upper Vindhyan group, * * * at 
the base of the subdivision known as the Rewa slates, in the Karnoul and Cuddapah 
group, near Banganapali, and in the valley Mahénadi, near Sambalpur. But nowhere 
does the diamond exist in place; it is the alluviums and conglomerates that yield it. 
In India, therefore, it is always of detrital origin. 


1 Annuaire Géologique Universelle, Vol. X, 1893, pp. 595-654; Paris, 1895. 
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MINERAL RESOURCES. 
NEW SOUTH WALES. 


A valuable résumé of the diamond developments in New South 
Wales (repeatedly referred to in former reports of this Bureau) 
appeared in the annual report of the department of mines and agricul- 
ture of that colony for 1898. Diamonds were first discovered in 1851, 
on the Turon River and at Reedy Creek, near Bathurst. By 1860 they 
had been noted in four other districts of the colony, and subsequently 
ata number of points, widely separated, as also in adjoining sections 
of Victoria and South Australia. The first important discovery was 
in 1867, at the Cudgegong River (Mudgee), and from 3,000 to 4,000 
stones were obtained in that year. In 1872 the Bingera district came 
into prominence and attracted a host of diamond seekers; but the 
stones proved small and not very marketable, and interest fell off for 
some years. The Bingera district, however, has been reopened since 
1883, though with more or less interruption from lack of water, but 
it is now the second in importance of the New South Wales diamond 
fields. The chief one is in the Tingha division, at Boggy Camp, near 
Big River, Auburn Vale. The first discovery here was about 1884. 
This, too, is at times interrupted like the preceding. 


RUSSIA. 


The occurrence of diamonds in the Ural region of Russia was referred 
to in a previous report.’ A small pamphlet prepared for the Paris 
Exposition of 1900, on the mines of Lysva district, gives some later 
notes.” The general facts as to diamond occurrence in the valley of 
the Adolpho-log, a tributary of the Paludenka River, and the charac- 
ter of the gravels in which they are found, are much as stated in the 
report of this Survey for 1898. The total number obtained, however, 
is given as now exceeding 200. The stones are colorless, pure, and 
transparent, but for the most part small, the largest weighing 8 carets. 

L. Jaczewsky?® discusses the finding of a second diamond in the gold 
washings of Baladin, on the Melnitschnaja, a tributary of the Jenis- 
sel. The second diamond was found in the Rudkowshy mine, on the 
Totschilnij-K]jutsch, 25 kilometers above where the Melnitschnaja flows 
into the Pit. The diamond is colorless and transparent, partly show- 
ingacrosstwinning. It weighed thirteen-hundredths of a gram=one- 
half caret, with numerous partly developed, rounded trexatohedral. 

P. Jeremejeff also describes this same diamond as being found in 
the gold washings of the northern Taiga, in the Jenisseien Govern- 
ment.* 

1Twentieth Ann. Rept. U. S. Geol. Survey, Part VI (cont'd), p. 565. 
2Mines et Usines Metallurgiques du District de Lysva (Oural), Domain du Compte P. P. Schouvaloff. 


3Trans. Russian Imp. Min. Soc., Pt. 2, No. 36, 1899, pp. 42-43. 
4Traus. Russian Imp. Min. Soc. Pt. 2, No. 36, 1899, p. 34. 
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DIAMOND DRILL. 


An important work by Mr. G. A. Denny, the mining engineer, 
which appeared in England during the past year, discusses the use of 
diamond drills exhaustively and exclusively.’ The work is designed 
as ‘‘a practical handbook of the use of modern core drills in prospect- 
ing and exploiting,” and goes into all the aspects of the subject—geo- 
logical, mechanical, engineering, etc.—with tables and estimates as to 
the cost of machinery and of working. 

In regard to the carbons employed, Mr. Denny enters briefly into 
the advantages of certain varieties of carbon, giving the first place, by 
general consent of operators, to the black carbonados of Brazil, 
‘‘which combine with exceeding hardness the amorphous structure 
* * * rarely attained in the ordinary white stone.” Any variety 
of diamond free from flaws and not too highly crystalline may be used; 
but flaws are frequent in all diamonds but the carbonados, and render 
the stones liable to break under the pressure to which they are sub- 
jected in the ‘‘crown” of the drill. 

The carbons are set in the end of an iron ring, or ‘‘crown,” which 
of course wears rapidly in hard rock, notwithstanding the protection 
afforded by the carbons. Frequent resetting of the stones is therefore 
required. In the Transvaal mines beds of hornstone are frequent, and 
diabases that are even harder, as much as 8, and the wear is so great 
that resetting becomes necessary about every 10 feet, while in ordinary 
sandstones and quartzites a drill crown will last through two or three 
times that distance. In all these matters much depends on the skill of 
the drill operator, who must be able to judge as to the hardness of the 
rock, and graduate the rate of speed and the force applied accordingly. 


INCREASED VALUE OF CARBON AND BORT. 


A marked advance in the price of the diamond carbon used in boring 
and mining operations is reported during the past year, and is due to 
several concurrent causes. M. Jacques Baszanger, at the congress of 
boring engineers held in Frankfort, dealt with this subject, and gave 
three reasons for the rise in value. These were (1) the fact that the 
Brazilian carbonado product is controlled and practically *‘ cornered” 
by a single firm—which condition has led to (2) an effort to replace its 
use by that of ‘‘boort,” or bort, the African product, while (8) the 
Transvaal war had interrupted the operations of the De Beers Com- 
pany for several months. The consequence has been that the limited 
amounts of bort obtainable in the market have been sought for with 
great competition. 


1Diamond drilling for gold and other minerals, by G. A. Denny, with illustrative diagrams; pp. x, 
158, London, 1900. 
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A striking illustration of the fact just referred to and of its far- 
reaching results is furnished by the recent statement that prospecting 
operations in British Columbia have been impeded and almost sus- 
pended in consequence of the cost of bort, which has risen from $16 to 
S70 acarat. The expense of diamond drilling has thus been advanced 
from $1.50 to S4 per foot, with a very serious effect upon explorations 
by this process. 

CORUNDUM GEMS. 


SAPPHIRE. 
MONTANA, 


Reports from the Fergus County sapphire mines at Yogo indicate 
active and successful working. The gems occur in a vertical ** lead,” 
or *‘vein,” of clay, inclosed between walls of rock—i. e., in a decom- 
posed igneous dike. This material is taken out and washed, and the 
stones then sorted. The company that is operating the mines has 
worked down some 50 or 60 feet, but exploration has been made for 
200 feet, with the same occurrence of sapphires. Different portions 
along the dike vary widely in their yield of gems. In September last 
tive ** blocks” were reported as worked. One of these yielded 10,000 
carats. the other four only 8,000, one of them furnishing but 74. 

It is stated that quantities of corundum besides the gem variety are 
obtained, and that largé amounts of it are lying on the dumps, of no 
present value until railroad transportation is available. The most 
important gem yet found here wasa very deep blue fine stone of over 
34 carats. 

CORUNDUM. 


NORTH CAROLINA. 


New associations.—In studying the genesis of the ruby and the sap- 
phire in recent years it bas been found that corundum, long regarded 
as a somewhat rare species and principally contined to basic igneous 
rocks, really oecurs quite freely in varied associations in syenites, 
eneisses, and schists. Its abundant occurrence in connection with 
nepbeline-syenites in Canada has been described in the reports of this 
Survev.’ 

RUBY. 


MONTANA. 


The Granite County deposits, at Rock Creek. were worked during 
part of the summer, and an attempt was made to trace some of the 
gems to their original source in the rock. As to the success of this 
search no positive results have yet been reported. A large number 


iTwentieth Ann. Rept. U.S. Geol. Survey, Part VI (cont'd), pp. 570-572; Twenty-first Ann. Rept. U.S. 
Geol. Survey, Part VI (cont'd), pp. 437-441. 
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of gems were obtained from the beds and were cut at Helena. The 
proportion of red ones—rubies—was greater than heretofore, but none 
were found possessing the deep color of true oriental ruby. They 
were of light shades of red, beautiful, and extremely brilliant, but not 
so dark as desired. At least sixty occurrences of rubies were located 
on several miles of gulches. 

At no known locality, however, has there ever been found so great 
a variety of rich colors in corundum gems as here. At the Paris 
Exposition of 1900, there was shown a brooch of over 200 of these 
stones, ranging from 14 to 8 carats each, every one of a different tint 
or shade. Although the deep-red ruby and the ** velvet blue” or 
‘*cornflower ” sapphire were lacking, yet the richness and variety of 
the other kinds were unequaled; pale rubies, pink, salmon, passing into 
yellow, pure yellow, yellow brown and deep brown, pale blues and 
greens, blue-yreen, etc. Often a single stone would show two or three 
distinct shades of one color. Many of the colors have never been 
observed at any other locality. All were of unusual brilliancy, and 
improve greatly in artificial ight. The butterflies and other rich 
jewels made from these stones possess almost the beauty of natural 
insects 

BURMA. 


The Burma Ruby Mines, Limited, the company that was organized 
after the British occupation of Burma, and from which such fabulous 
results were anticipated but not realized, has finally succeeded in over- 
coming the obstacles which for years impeded its endeavors, and has 
actually begun to pay dividends. This result has been reached by 
several steps, aided by increased experience and improved methods 
of working. Three years ago the capital was reduced £120,000 by 
‘writing off” 8s. per share on 300,000 shares, The rent paid to the 
Government has also been largely reduced; first, by the Government 
consenting to cancel an accumulated debt of unpaid rental, amounting 
to 4 lakhs of rupees, or £25,000, and then by a reduction of rent from 
nearly £20,000 to £12,500, subject to an increase in the Government’s 
share of the net profits from 20 to 30 per cent. The result of these 
changes was that in 1899 there was for the first time a balance instead 
of a deficiency, and in 1900 a dividend of 12% per cent, amounting to 
£18,687 10s., was announced, leaving a balance of about half that sum 
to be carried over to the next year’s account. 

The Burma company is now producing fully one-half of the annual 
yield of rubies in the world. The original value of the gems as mined 
is more than doubled by the time that they reach the individual pur- 
chaser. The cost of cutting stones so hard as rubies is greater than 
that of any other gem except the diamond, and adds about 40 per cent 
to their value, as many are small; while in the course of their passage 
through various hands, their cost is further enhanced until it is esti- 


758 MINERAL RESOURCES. 


mated as about two anda half times the value as taken out of the 
ety Olle” 

The following figures, taken from the company’s annual statements, 
will give an idea of the progress made in the past seven years. They 
show strikingly the steady reduction in cost of working the ‘‘ byon” 
per load, the fluctuations in the royalty received from native workers. 
and the advance in the balance on ruby production: 


Operations at the Burma ruby mines. 


ee “pyon. | toss cost | govern: | “trom on sub 
assy ment. | natives. denount 
& kh 
TROS Oe ie el cae Ste en eae pee 20,089 | 29 2.75 | £12,708 | £20,585 £4, 535 
TS94 205 ae Pe Sete peer e ne re eee  e * 61, 080 8 10 11,276) 21,395 16, 744 
NUS seme bei Senne eee Re ener Ss ere. 148,740{ 38 9.75] 11,250) 28,277 27, 204 
T0173 ee cd co ee nie ees ee | 266,739| 3 1 18,437 | 22, 534 | 43, 529 
BOT OR) (ck wie oem nan (tuk ee nak Ree er fy 823;703/]) Fl | 22750)\) 20;cis 9, 976 | 52, 146 
TD SOR OG oe Galea tek cock ea oe ate tei Sone ene | 652, 456 12.86 | 16,674] 14,238 51, 469 
TROG 1000: 2. sneer Raid Ee tn eee 818, 135 10.89 | 14,769] 18,468 84,114 
EMERALD. 


NORTH CAROLINA. 


The emerald and hiddenite mine at Stony Point, Alexander County, 
N. C., formerly much noted, has been involved in litigation for several 
years past, and during this time nothing has been done there, or at 
least no discoveries have been reported or published. Few gem 
emeralds have been found here, but remarkable crystals, very finely 
formed and richly colored, and as much as 10 inches long, translucent 
to semiopaque, were taken out when the mine was first worked about 
twenty years ago. 

Limerald matriz.—A. novel and attractive stone has recently been 
brought forward under the name of ‘emerald matrix.” The emerald 
deposit at Big Crabtree Mountain, Mitchell County, N. C., described 
for the first time in this report’ has been lately worked by a New York 
company, and, although no transparent gems have yet been obtained, 
a beautiful ornamental stone has been developed. The crystals vary 
from one-eighth of an inch to 14 inches in diameter, and are rarely 
over 1 inch in length. They are not transparent, but have rather a 
fine emerald color, penetrating narrow veins of quartz and feldspar 
in an irregular manner. This green and white mixture is very pleas- 
ing; and as the feldspar has a hardness of 6.5, the quartz of 7, and 
the emerald of about 8, the whole can be cut and polished together. 
Pieces are cut en cabochon, showing sections of one or more emerald 
crystals on the top and sides of the polished stone. The name of 
‘‘emerald matrix” is given to this ornamental gem material. 


1Sixteenth Ann. Rep. U.S. Geol. Survey, Part IV, p. 600. 
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COLOMBIA. 


The emerald mines of Colombia, at Muzo and Coscuez, near POB Ete, 
are again to pass under a new management. In 1894 a seven years’ 
lease was granted by the Government to M. Macini, formerly French 
chargé Waffaires in Colombia, who “subsequently ivonadtenige it to a 
British company for $400,000 in cash and an annual payment of 
$30,000. New proposals are now to be made, the lease being about to 
expire. 

RUSSIA. 


P. Zemjatchensky, in a paper on the emerald and beryl of the 
Uralian Emerald Mines, states,’ first, that 85 versts northeast of Eka- 
terinburg, on the headwaters of the Starka, Tokowaja, and other right- 
fork streams, emerald mines were opened in 1832 in the Pyschma 
Bolschoi Reft region, two years after the first emerald had been found 
by a peasant. The developments lasted until 1837. They had de- 
creased in their output until 1852, when the Imperial Cabinet decided 
that the flow of the river was affected, which, together with the high 
cost of obtaining the emeralds and consequent unprofitableness of 
mining, led to the closing of the mine. 

Miklachewsky, who in 1861 or 1862 examined the mines, stated that 
from 1831 to 1862 emerald and beryl weighing 2,332.49 kilograms 
(5,131 pounds), and phenacite 82.16 kilograms (180% pounds), and 
chrysoberyl 39.95 kilograms (87.9 pounds) had been mined. Later 
several lessees worked the mine with more or less vigor and more 
or less financial success, resulting in the entire closing of the mine in 
1892. In the two and one-half years of workings they found 360 
kilograms (790 pounds) of emerald and beryl and 41 kilograms (90.2 
pounds) of alexandrite. Recently the mines have been rented by the 
New Emerald Mines Company, who have resumed operations. 


BERYL. 


Beryls of great size, like those of Acworth, N. H., and smaller crys- 
tals of gem quality, have been reported in the vicinity of Blandford, 
Mass. The large crystals were found in a quarry on the land of Mr. 
EK. Boise, where ledges of white quartz were being worked for use in 
the manufacture of glass and sandpaper. The crystals were very 
abundant, and many had the diameter of a keg or small barrel, though 
of rough texture. One of the finest, of uniform light green, with 
lateral planes nearly perfect, and about 5 feet in length and about 2 
feet in diameter, has been secured for the museum of Lehigh Univer- 
sity, South Bethlehem, Pa. 

The finer crystals, of smaller size, but yielding gem material, have 


1Travaux Société impériale des naturalistes de St. Pétersbourg, Vol. XXIX, part 5, pp. 1-19, 1900. 
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been found in bowlders and stone fences. One crystal, 5 inches long 
and 3 inches in diameter, is said to have yielded its discoverer $150 in 
New York. Most of the crystals obtained are smaller than those men- 
tioned, however. The source of these beryls is as yet unknown, but 
there is evidently a valuable locality in the neighborhood, doubtless to 
the north, whence these specimen pieces have been carried by glacial 
agency. Associated with the colored tourmaline described further on, 
at Mesa Grande, San Diego County, Cal., was a remarkable mass of 
transparent, rose-colored beryl, measuring 65 by 50 millimeters. It is 
evidently an etched fragment of a very large crystal, the etched faces, 
with marking and erosions, being visible all over it. Viewed by 
transmitted light it varies from a delicate rose color to a rich pink, 
almost that of a Brazilian topaz. 


TOPAZ. 


A recent article on the mode of occurrence of topaz near Ouro Preto, 
Brazil, by Prof. Orville A. Derby,’ gives the results of a study of the 
associated earths and rocks at the locality where this topaz is found. 
The crystals oceur in a dark-colored earth, which, from its minera- 
logical character and its geological relations, appears to represent the 
remains of an igneous dike in which the topaz was an original mineral. 
What the exact nature of the rock composing this dike was can not be 
ascertained, on account of its condition of extreme alteration. 


GARNET. 


OUVAROVITE. 


Very interesting is the discovery of the occurrence of richly colored 
ouvarovite near Carrville, Trinity County, Cal. The mineral occurs 
in small dodecahedral crystals, from 1 to 3 mm. in diameter, of the 
richest deep green, coating seams or cavities in chromic iron. These 
were mistaken for emeralds and announced as such, causing consider- 
able excitement for a time, but their form and association are conclu- 
sive as to their being chrome garnet. So far the crystals are small, 
but as an addition to the gem stones of the United States and as min- 
eralogical specimens they are of great interest. 

Mr. George L. Carr, of Carrville, one of the first discoverers, reports 
that all those found were at the surface, and that no development has 
yet been made. Further exploration will be awaited with interest. 

The suggestion arises that perhaps the mineral described in 1865 by 
Goldsmith,’ under the name of trautweinite, from Monterey County, 
Cal., may be an impure variety of ouvarovite. 


1Am. Jour. Sci., January, 1901, 4th series, Vol. XI, pp. 25-34. 
2pProc. Acad. Nat, Sci. Phila., 1865, pp. 9, 348-365. 
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TOURMALINE. 


In 1898, while prospecting in Mesa Grande Mountain, San Diego 
County, Cal., for lepidolite, a large ledge was observed that appeared 
to be a mass of this mineral. This locality is at an altitude of 5,000 
feet, in the Mesa Grande Mountain, a region in which no geological 
work had up to that time been done. The first few blasts showed that 
lepidolite was present in quantity, and also in larger and more brilliant 
scales than in the well-known locality at Palo, Cal. Both in the lepido- 
lite and in the associated quartz there are magnificent crystals of tour- 
maline, and, as at Palo, the rubellite variety predominates. The new 
locality differs, however, in having the tourmaline in distinct, isolated 
crystals. Many of these are translucent, or even transparent, and occur 
as large, separate crystals, with perfect prisms and terminations. 
They differ in both these respects from the Palo crystals, which are 
nearly opaque and grouped in radiations almost blending into the 
matrix 1, which latter is lepidolite, with rarely ever any quartzite. The 
rubellite seems the predominating variety at Mesa Grande Mountain; 
but there is also a large proportion of parti-colored crystals—i. e., 
those made up of three, four, or five distinct sections, as at Haddam 
Neck, Conn., and Paris, Me.; others present the Brazilian type, in 
which several different colored tourmalines appear, as though included 
one within the other. In the Brazilian forms, however, the interior 
of the crystal is generally red, inclosed in white, and the exterior 
green. This concentric arrangement is reversed in the crystals from 
Mesa Grande Mountain, which are generally green in the interior, or 
yellow green, inclosed in white, with the exterior red. The habit of 
the crystals is also very interesting, in that many of them, when doubly 
terminated, end in a flat, basal form of pyramid, and are not hemi- 
morphic, as tourmalines generally are. This, however, is not a con- 
stant feature, as one magnificent crystal, nearly 40 millimeters in 
diameter, is terminated with three low, rhombohedral (?) planes, which, 
from the peculiar markings upon them, suggest that this crystal may 
be a trilling. In this instance the termination is green, resting imme- 
diately upon white, then green. The largest section of a crystal is a 
fine pink, translucent rubellite (42 millimeters in diameter and 45 milli- 
meters in height; not flawless). Another is a brilliant, pink crystal, 
with a basal termination, 56 millimeters in height and 25 millimeters 
in diameter. | 

The gangue of Mesa Grande tourmaline is generally white, opaque 
quartzite, the crystals penetrating it in all directions. When the 
crystals occur in lepidolite they are generally opaque, but more dis- 
tinct than those at Palo, and always much larger. All the material at 
the Palo locality was taken from the surface, showing the result of 
more or less water acting on pegmatite rock, resembling in this respect 
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the locality at Paris Hill, Oxford County, Me. Owing to the great 
variety of crystals at Mesa Grande, and their size, perfection, and 
beauty, this locality may prove to be one of the most important yet 
found in the United States. Remarkable specimens of tourmaline 
inclusions in quartz, from Jefferson County, Mont., are described fur- 
ther on under the head of quartz inclusions. 

The results of the mining at Paris Hill, Oxford County, Me., and 
at Haddam Neck, Conn., were not as extensive as those of previous 
years. 

QUARTZ. 


QUARTZ INCLUSIONS. 


A very remarkable occurrence of tourmaline inclusions in quartz is 
described by Mr. A. P. Pohndorf, of Butte, Mont. About 22 miles 
southeast of that city, and 16 miles from Silver Star, Jefferson County, 
on the ridge between Little and Big Pipestone creeks, occurs a ledge— 
perhaps a dike—of very coarse pegmatite on the edge of the Butte 
granite area. ‘The rock is much broken up at the point described, and 
hence its exact relations can not be determined without further devel- 
opment; thus far it has only been excavated about 25 feet. 

In this coarse pegmatite are found crystals of orthoclase feldspar, 
perfect in form, from 8 to 14 inches in diameter; mica in small scales, 
sometimes filling cavities; black tourmaline, and very remarkable forms 
of quartz—colorless, smoky; and amethystine—the two former filled 
with tourmaline inclusions, but the latter free from them. Mr. 
Pobndorf describes smoky crystals up to 3 feet in length and 8 inches 
in diameter, more or less filled with acicular tourmaline. Many of the 
crystals, also, would be nearly colorless were it not for the tourmaline 
needles inclosed, which make the mass appear black. The amethysts 
sometimes occur in groups by themselves, at other times upon the 
smoky quartz arranged in parallel positions, and again as clear purple 
terminations to smoky crystals, of which the prisms are filled with 
tourmaline. In one instance Mr. Pohndorf obtained a double-termi- 
nated crystal of this kind—a black prism with clear amethystine 
pyramids. lt is very singular that the tourmaline inclusions, so 
marked in other varieties, are not to be found in the amethyst, even 
when part of the same composite is crystal. 

The tourmalines, which vary from delicate needless up to slender 
crystals as much as 54 millimeters in diameter, penetrate the quartz in 
every direction; but they sometimes present a zonal arrangement, such 
that the quartz crystals, when cut transversely, show beautifully 
marked ‘‘ phantoms” inclosed or defined by the tourmalines. Crystals 
4 inches or more in diameter, cut across in this way into polished sec- 
tions, are very beautiful, and equal to anything of the kind ever 
obtained. 
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Some of his finest specimens Mr. Pohndorf got from small pockets 
filled with seales of mica. These small mica flakes in many cases adhere 
to the sides of the quartz crystals, forming more or less of a coating, 
and occasionally they are inclosed in the quartz. The species of this 
mica has not yet been determined. 

Other interesting inclusions are reported by Mr. H. F. Wheaton, of 
Riverside County, Cal., from the San Bernardino Range, in the county 
of the same name, in the desert. Those noted are perfect transparent 
quartz crystals penetrated with beautiful rutile crystals, and associated 
with orthoclase feldspar and tabular hematite, an alliance recalling 
Habachthal and Tavetsch in the Tyrol; also colorless quartz crystals 
with chlorite ‘‘ phantoms,” including *‘minute grouped masses of a 
green color,” thought to be chrysocolla or epidote. 


AMETHYST. 


Amethystine quartz has been found by Mr. A. P. Pohndorf, of 
Butte, Mont., in a very singular association with smoky quartz full 
of acicular tourmaline. The amethyst is free from the tourmaline, 
although sometimes forming clear purple terminations to crystals that 
are so filled with it as toappear black. The particulars of this curious 
association, near Silver Star, Jefferson County, Mont., are given under 
the heading ‘‘ Quartz inclusions.” 


QUARTZ INCLUSIONS SAGENITIC. 


Many of the crystals of quartz found with the amethyst in Silver 
Creek, Jefferson County, Mont., are almost entirely permeated with 
tourmaline; others strangely so. Many of these crystals when cut in 
transverse sections show beautifully marked phantoms, inclosed in del- 
icate prismatic needles of tourmaline, penetrating the quartz in every 
direction, making this occurrence one of the most remarkable yet 
found. 


MOSS AGATE (MOSS JASPER). 


Chalcedony with dendritic markings, in masses from 15 to 18 inches 
across, and jaspery agate, with mosslike markings of a dark-brown 
color, are among the minerals collected by Mr. H. F. Johnson in the 
San Bernardino Mountains, in the county of that name, in the desert 
region of California, and reported by Mr. Wheaton, of Farm Springs, 
in the adjacent county of Riverside, Cal. 


THE ARIZONA PETRIFIED FOREST. 


The celebrated “‘ Petrified Forest” near Holbrook, Ariz., has been 
recently brought within easier access for tourists by the establishment 
of the new railroad station named Adamana, whence the forest can be 
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reached by a drive of 6 miles, although the most remarkable portions 
of it lie several miles farther southward. Most tourists visit only 
this nearer part, and the other sections are less known. <A recently 
published account goes quite particularly into the features of the whole 
area. 

At the first deposit, so called, several sections of land are strewn 
with the fallen and broken trunks, washed out by the erosion of the fine, 
grayish, sandy material in which they were embedded. Here is the 
noted Chalcedony Bridge, where one of the finest logs, nearly 4 feet in 
diameter at its base, spans a deep gully, with its ends resting on the 
banks and still partly covered up. Much of the wood in this part 
of the park is broken up and scattered over the ground in small 
fraginents. 

The second deposit, lying a few miles to the southeast, covers sev- 
eral hundred acres and presents certain differences in the material. 
Here many large trunks are found that are simply broken across into 
cylindrical sections 5 or 6 feet in length. The trunks are not so shat- 
tered as in the first deposit. This better state of preservation seems 
probably due to a more recent washing out of the trunks, with a con- 
sequently shorter exposure to atmospheric action. 

The third deposit, Chalcedony Park proper, is the largest of all, 
and lies chiefly in a wide canyon 5 or 6 miles across. Here the silici- 
fied logs occur by thousands, still half buried in the soft, sandy 
deposits, with smaller fragments strewn on every side. Some are 
long, almost entire trunks; others are broken into cross sections. 
Very few limbs or branches remain, though many of the logs retain 
the bark distinctly. Great beauty and variety of color are to be seen 
in the cross sections of the trees and in the scattered pieces. 

Fragments of the same character are found strewn over a wide 
extent of country, east and west, among the canyons and bad lands of 
this part of Arizona, and it appears as though the petrified trunks must 
exist over, or rather under, a large area, but are only expcsed where 
the inclosing material has been removed by erosion. 

The establishment of a nearer station, with easier access to these 
unique localities, will render more important than ever some form of 
Government protection for these natural treasures of beauty and 
interest. Such action was urged upon Congress as much as six years 
ago by the legislature of Arizona,’ and the bill for the preservation 
of prehistoric monuments and objects of scientific interest will come 
none too soon in the case of the Arizona petrified forest. 

A very full and careful account of the character and condition of 
this remarkable locality has been given by Prof. Lester F. Ward, of 
the National Museum, in a report to the Director of the United States 
Geological Survey. Dr. Ward visited the region in November, 1900, 


- Sixteenth Ann. Rept. U.S. Geol. Survey, Part 1V, pp. 601-602 
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and examined it with care, under directions from the General Land, 
Office and the Smithsonian Institution, with a view tosome such action 
as that advocated by the Arizona legislature. He strongly recom- 
mends the withdrawal of the area occupied by the petrified forest 
from private entry and its reservation as a national park. 

The relations of the three deposits previously described are made 
more clear in Dr. Ward’s report. The entire region is essentially a 
worn-down and eroded. plain, which had an original altitude of some 
5,700 feet above sea level, but of which the upper 700 feet have been 
cut down and carved out into valleys and gorges separated by ridges, 
mesas, and buttes. The plain consisted of sandstones and clays of 
varied and picturesque colors, nearly horizontal, the former consti- 
tuting the harder capping of the mesas. The age of the beds is 
regarded as Triassic, and this fact renders the fossil trunks of peculiar 
interest, as being far more ancient than the petrified forests of Cal- 
ifornia, Wyoming, and the Yellowstone Park, which are largely Ter- 
tiary. Nowhere are any of the fossil trunks in their place of growth. 
Most of them are strewn along the eroded valleys and have been 
washed out of the sandstone several hundred feet above in the course 
of its erosion. Ata few points they are to be seen in place in the 
sandstone, but only on reaching a elevation of some 700 feet above 
the valleys. One of these is on the western border of the largest, or 
southern, division. The bed is here a coarse, gray, pebbly sandstone, 
cross-bedded and containing numerous logs and branches, clearly in 
situ. The same bed, about 20 feet thick, was found. at various points 
at nearly the same elevation, but not always so rich in logs. Another 
point where the trunks are in place is at the extreme northern end of 
the area, half a mile northeast of the upper forest, or first deposit of 
the former account. The bed here has about the same elevation, but 
is only 400 feet above the forest, the drainage being southward. The 
sandstone forms the cap of a small solitary mesa, and in it, on its 
northeastern edge, is the gully spanned by the Chalcedony Bridge, 
which has, therefore, the especial interest of being in place. 

The fact that the trunks are not where they originally grew is evi- 
dent from several considerations: (1) The character of the bed contain- 
ing them—a coarse, fragmental deposit; (2) their positions—irregular 
and prostrate, nowhere erect, and (8) the dismemberment of the trees, 
with no branches or roots connected with the trunks, though branches 
are scattered about among the rest of the washed-out deposits. 

The original source of the wood, the beds in which the trees grew, 
must be sought higher up, and perhaps at some distance, in strata 
which were eroded to form the sandstones into which the trunks were 
borne, and which was probably covered up by Mesozoic seas and not 
raised until the great post-Cretaceous elevations began that have lifted 
this entire region a mile above the present sea level. 
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The present drainage, as above stated, is southward. About mid- 
way of the area lies the arroyo which, says Dr. Ward, ‘‘ has been 
mistaken for the famous Lithodendron Creek, so named by Lieutenant 
Whipple in 1853.” It pursues a southward course, winding irregu- 
larly among the buttes, and expanding widely toward its southern 
end, forms there the broad valley of the third deposit above described. 
It is plain that the sandstone was not uniformly filled with logs. 
There were centers of accumulation, as Dr. Ward calls them. Fossil 
wood is abundant all about, but the special deposits that have attracted 
so much interest are local. The first deposit is found at the northern 
end, in a valley opening out on the plain reaching to the Rio Puerco, 
and the second deposit occupies the slope of the eastern border of the 
area. | 

The report concludes with several recommendations as to what may 
wisely be done by the Government. These are made after conference 
with leading men in Arizona, both in political and business positions. 
The amount of material is immense, but this fact alone, as experience 
shows, affords no guaranty against ultimate serious despoilment. 
Thus far the specimens taken by tourists, and even the logs removed 
for use as an ornamental stone by the Drake Company, of St. Paul, 
Minn., have made no impression, but a more serious inroad was 
threatened by the organization of a company to grind the agatized 
wood into a substitute for emery. This project fell through, in con- 
sequence of the corundum discoveries in Canada, which led to a lower- 
priced production of emery, and it would not prove of much greater 
value than plain quartzite. But, sooner or later, in one form or 
another, the supply will be reduced and the finest specimens removed, 
unless some kind of protection is given. Dr. Ward recommends 
prompt withdrawal of the land from entry, careful scientific survey 
and mapping to ascertain the precise extent and distribution of the 
fossil forests, or log-deposits, and, based on this last, the creation of 
a public reservation, under suitable restrictions. Particularly, and 
immediately, steps are urged for the protection of the chalcedony 
natural bridge, which shows fissures that may cause it to fall if not 
ere long supported. 


The Drake Company, above referred to, made a fine exhibit of 
this elegant material at the Paris Exposition of 1900. The large size 
of the slabs and masses and their unusual richness of coloring unite 
to produce an ornamental stone of remarkable beauty. The works of 
the Drake Company are located at Sioux Falls, 8. Dak., where the 
great cutting and polishing machinery is operated by water power, 
and the polishing of large pieces of hard material is as successfully 
accomplished as at any establishment in the world. 
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OPAL. 


NEW SOUTH WALES. 


The opal production in the White Cliffs district of New South Wales 
has gone on with good results. The yield for the year was valued at 
the large amount of $650,000, an increase of about 40 per cent on the 
output of 1898. The total estimated value of the opal production of 
the colony to the close of 1899 is given as £376,598, or about $1,875,000, 
from which it will be seen that the production of the last year exceeds 
one-third of the whole amount. The popularity of the New South 
Wales opal continues, and more stones are sold in one year than were 
sold in an entire century previous to the discovery of the Australian 
mines. Many are remarkably beautiful, and the price is only one-third 
to one-tenth of those from the Hungarian mines. 


TURQUOISE. 


In the annual report to the Secretary of the Interior on the progress 
and development of the Territory of New Mexico for the year ending 
June 30, 1900, made by the governor, Hon. Miguel A. Otero, are con- 
tained numerous references to the wealth of New Mexico in precious 
stones, particularly turquoise. The statement is made that this Terri- 
tory has become already the chief source of the supply of turquoise to 
the world, and that its color and quality are unsurpassed. The great 
mine long spoken of as at Los Cerrillos is really a few miles north of 
that point, and the locality is named Turquesa. Here is the principal 
source, now known as the Tiffany mine. The output since 1890 is esti- 
mated, according to official reports, at a total value of $2,000,000, but 
the former owner claims that this is much below the reality, and that 
since 1893 the annual output has approached $1,500,000. This, on the 
other hand, may be overestimated. 


NEPHRITE. 


SIBERIA. 


The occurrence of nephrite in Siberia has only attracted attention 
within a comparatively recent period. Its existence at some localities 
in northern Asia was, indeed, quite certain, from the fact of its being 
so long known and so highly prized in China; but it was not discov- 
ered in place until 1850, when the noted Siberian explorer and pros- 
pector, Mr. J. P. Alibert, while seeking for the graphite mines that 
have since become so celebrated, had the good fortune to discover a 
locality of fine nephrite in the bed of the stream known as the Onot 
in eastern Siberia. 
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JADE, 
BRITISH COLUMBIA. 


Mr. Harlan 1. Smith has described’ a series of observations con- 
ducted by the Jesup North Pacific Exploring Expedition, upon prehis- 
toric village and burial sites at and near Lytton, in British Columbia, 
at the junction of the Fraser and Thompson rivers. Mr. Smith col- 
lected much interesting material, and notes among other stone imple- 
ments, the occasional occurrence of a light-green, translucent mineral, 
apparently nephrite, wrought into thin, delicate celts. These range 
from + inches in length, 14 inches in width, and only one-quarter inch 
in thickness, down to 1 inch in length, with the other dimensions pro- 
portionate. The grooves made in cutting them are visible in some 
examples, while in others they have been polished out. Those col- 
lected show all the stages of manufacture from bowlders on the river 
bank that had been grooved by grinding or rubbing with thin slabs of 
siliceous sandstone, to selvage pieces thus produced and then broken 
off, and celts still showing the break line, and finally those completely 
polished. Sandstone pieces or saws were obtained that fitted the 
grooves in the green stone. The whole account—bowlders, sandstone, 
and all the steps—recalls with singular minuteness the New Zealand 
jade occurrence and use. No analyses of the mineral are given, so that 
it is not certain what the nephrite may prove to be here. The bowl- 
ders, of course, indicate its occurrence in place somewhere higher up 
in the course of the river. Mr. Smith says that the coast Indians are 
accustomed to use the celts, mounted as adzes, to smooth and finish 
boards that have been split out with wedges. Many wedges, made of 
the antlers of elk, were among the implements associated with these 
specimens, and it is fairly presumable that the celts were used in the 
manner described. 


THOMSONITE (MESOLITE). 


The local gem stone from Grand Marais, Minn., usually designated 
thomsonite, is not really that species, but the closely allied mineral, 
mesolite, according to Prof. N. H. Winchell.’ 


Analyses of Grand Marais mineral. 
SiO, .| Al,O, | Cad, | NasOr mime OMmel eats: On lmrIcg: 


Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | 


40. 45 29. 50 10. 75 4. 76 0. 36 0.23 13. 93 
46.02 26. 72 9. 40 3. 76 389 81 12. 80 
40, 45 29, 37 10. 43 4.25 42 . 88 13. 23 


1Mem. Am. Mus. Nat. Hist., Vol. II, part 3, May, 1899. 
2Twentieth Ann. Rept. U. 8. Geol. Surv., Pt. VI (cont’d), 1899, pp. 591-592. 
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SODALITE. 


The Canadian section at the Paris Exposition of 1900 had specimens 
of a fine blue massive sodalite from Dungannon Township, Hastings 
County, Ontario. The color is very rich, closely resembling lapis 
lazuli, and the deposit could be easily opened and developed if any 
demand should arise for the mineral as an ornamental stone. It is 
beautifully adapted for mosaic, inlaying, etc., and was exhibited in 
the hope of bringing it into notice for such purposes. 


CHIASTOLITE MACLE. 


This mineral, a variety of andalusite, sold generally under the name 
of cross-stone (German Kreuzstein), has been found in Madera County, 
Cal., of fine quality and remarkable size. Fragments of crystals 
belonging to Mr. W. W. Jefferis are over 3 inches long and measure 
13 by 14 inches in diameter on the ends, the section being a rhombic 
prism. When polished these show the peculiar cross pattern that has 
given its name to the mineral, in rich black upon a white or fine sal- 
mon-colored ground, and sometimes with a black square or lozenge at 
the center from which the arms of the cross extend. 


OBSIDIAN. 


An interesting account has been given recently of the great obsidian 
imines in the State of Hidalgo, Mexico, by Prof. W. H. Holmes, of the 
United States National Museum.’ These are among the most remark- 
able and important of the prehistoric mines that are found in various 
parts of North America, and furnished a large part of the obsidian 
that is so widely distributed throughout the whole Southwest. In 
Mexico and Central America implements and fragments abound every- 
where, indicating extensive traffic, and at points like Tenochtitlan (the 
modern City of Mexico) and San Juan Teotihuacan the refuse deposits 
are black with thousands of pieces. 


PYRITE. 


The use of iron pyrites in Jewelry is not frequent, but it has recently 
come to be somewhat in vogue in a peculiar form. Old speciwens 
are occasionally seen in which pyrite has been cut and polished as a 
faceted stone, very brilliant in luster, but, of course, perfectly opaque. 
The new form in which this mineral is used in jewelry is that of a 
coating of small bright crystals, nearly uniform in size, forming a 
sparkling surface of even height. These coatings occur upon the sides 
of cavities or crevices in anthracite coal, more especially on the slate, 
and are used for jewelry and ornamental work to some extent just as 


1Amer,. Anthropologist, Vol. II, No. 3 (July-Sept., 1900), pp. 405-416. 
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they occur, the only cutting being that involved in smoothing the back 
and making the pieces of suitable size and shape for mounting. One 
firm, which claims to control the entire output of the pyrites which 
occurs in this form, made an exhibit of it at the Paris Exposition of 
1900, with the object of making it known as a novelty to European 
jewelers. 

Pyrite has recently been obtained in a rather novel form, which 
yields beautiful specimens for cabinets. The mineral appears in flat- 
tened lenticular disks, composed of radiating crystals, often accurately 
circular in outline and brilliant in luster, between the layers of coal 
shale or ‘‘slate,” from Marzon Creek, Illinois. 

Radiated spherical nodules of pyrite are familiar, and these are in 
fact only the same thing; but this highly flattened form is a novelty. 
The specimens measure 1 or 2 inches in diameter, and are known as 
‘*pyrite sans.” They are especially handsome when seen on the black 
ground of the shale. 


THE TIFFANY-MORGAN COLLECTION. 


In the American section of the Paris Exposition of 1900 was the 
Tiffany collection of precious and ornamental stones of the United 
states, and in the Diversified Industries section the Tiffany collection 
of foreign gems. In both collections were the finest obtainable exam- 
ples of the most perfect natural crystals, the choicest broken frag- 
ments, and rolled pebbles, as well as the largest and finest obtainable 
gems. These were all purchased to be combined with the collection of 
gems that constituted the central figure of the Paris Exposition of 
1889, and were presented to the American Museum of Natural History, 
New York, by the donor of the Bement collection, Mr. J. Pierpont 
Morgan, whose generous gift makes this collection of gems now in the 
American Museum of Natural History the first in existence. The col- 
lection is now being arranged in a special building—Morgan Hall. 
Both these collections were formed by the writer. 


THE BEMENT COLLECTION. 


The mineral collection formed by Mr. Clarence S. Bement, of Phila- 
delphia, has been known for years past as the finest private cabinet in 
America, and perhaps in the world. This last statement was made 
emphatically by no less an authority than Prof. Gerhard Vom Rath, 
of the University of Bonn, who published a series of notes upon it in 
the Verhandlungen der Naturh. Vereins d. preuss. Rheinl. und Westf., 
in 1884.‘ At that time the collection numbered some 9,000 speci- 
mens. It has since been increased to 10,500. Professor Vom Rath 
then said that it ought to become public property and should find its 


1Translated by the writer in 1886. 
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way into the United States National Museum. During the last year 
this unequaled collection has been purchased for the American Museum 
of Natural History at New York, through the munificent liberality of 
Mr. J. Pierpont Morgan. 


MINERALS AT THE PARIS EXPOSITION OF 1goo. 


The mineralogical and metallurgical exhibits at the Paris Exposition 
of £900 exceeded in beauty and scientific interest those of any previous 
exposition. Only a few leading points can be noted, but these will 
give some idea of the mineralogical and geological treasures assembled. 

In the exhibit made by the Alpine Club, of France, M. Demarty, 
well known as a specialist and a writer concerning the minerals of the 
Auvergne district, displayed a most interesting collection of the rocks 
and minerals of that remarkable region of central France. Promi- 
nent among these were the Auvergne amethysts, both in polished form 
and in small, dark, richly colored crystals, with jasper and other sili- 
ccous minerals found in association with them. 

In section 63 the Norwegian Government exhibited some of the most 
remarkable specimens of crytallized native silver ever found from the 
mines of Kongsberg—‘‘the mines of the pauper and the King,” as 
they are called—comprising many types of crystals, groups of cubes 
and cubo-octahedrons measuring as much as an inch on the face, also 
wires and ropes of silver nearly a foot in length, in masses weighing 
up to 1 pound each, besides isolated crystals, and masses of silver on 
the gangue. ‘There was also a superb collection of thorites and organ- 
zites; and columns of polished labradorite and gabbro 12 to 15 inches 
in diameter and over 20 feet in height. The labradorite is very 
dark in color, almost black, and the reflections are small and silvery 
blue. 

Another interesting exhibit was that of the soapstone from the 
quarry of Gudbrandsdalen, used in the interior decoration of the cathe- 
dral at Trondjhelm. 

In the Finland pavilion was shown the meteorite of the Bjurbo fall, 
a chondrite that fell on March 12,1899. The 800-pound mass, broken 
into many pieces, but with the crust unusually fresh and interesting, 
was well shown in a cylindrical glass case. 

The Russian section contained a magnificent collection of minerals 
from the Ural Mountains, splendid crystals of beryl, rubellite, topaz, 
etc., and a wonderful display of vases of rhodonite, malachite, lapis 
lazuli, and other characteristic Russian minerals; a single bowl of 
jasper from Kolyvan, Siberia, measured 8 feet in height and 6 in 
diameter. ‘There was also a superb collection of cut objects of jade 
and aventurine from the Imperial Lapidary works at Peterhoff. 
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Among the most remarkable, one might say sensational, exhibits 
in the whole exposition, was the jeweled map of France, presented by 
the Czar Nicholas II to President Loubet. This map is about one 
meter square, and is made entirely of Russian semiprecious stones, set 
as a mosaic, for the several departments and inlaid with gem stones 
for the cities. Each department is represented by one special stone— 
jade, onyx, agate, carnelian, malachite, etc., and a great variety of 
colored jaspers, for which Russia is noted. For the principal cities, 
Paris is represented by a ruby, Marseille by an emerald, Lyon by a 
diamond, Bordeaux by an opal, Lille by a turquoise, etc. The size of 
each stone is in proportion to the importance of the city or town. 
The value of this unique map is estimated at two million francs. The 
emerald alone that represents Marseille is valued at 900 rubles. Dur- 
ing the exposition it was displayed in the Russian section of the Art 
Industry Building. It is now in the museum of the Louvre, having 
been turned over to the Government of the French Republic by Presi- 
dent Loubet as properly national rather than private property. 

The only object comparable to this map is probably the jeweled 
globe belonging to the Shah of Persia, at Teheran, which has rarely 
been seen by Western eyes. 

Denmark appeared especially in her colony of Iceland, whence were 
displayed hundreds of pounds of Iceland spar, the crystals being of 
‘‘irreproachable transparency,” as the French express it. One crys- 
tal, nearly a foot in diameter, had its faces coated with magnificent 
zeolites—stilbite, epistilbite, heulandite, ete. 

The Baltic amber was shown in one of the most comprehensive col- 
lections ever made, prepared by Dr. Klebs, of Konigsberg, Prussia, 
the celebrated amber expert. This collection comprised all the vari- 
ous forms in which amber occurs and all the very interesting inclu- 
sions, as of woody matter, insects, spiders, moving bubbles, etc., all 
accompanied with full explanatory labels and a good catalogue. 

In the Austrian and Hungarian sections there was a magnificent col- 
lection of minerals, conspicuous among which were crystals of salt 
from the mines at Wielicza, which have been worked for hundreds of 
years; from Transylvania, realgar and orpiment, and a great variety 
of the oceurrences of native gold from the mines at Véréspatak. The 
Dubnik mines were represented by a fine collection of noble opals and 
hydrophanes. These mines are now worked under Government 
patronage, but the recently developed Australian opal fields are out- 
stripping them many-fold in production. 

The Servian pavilion contained some fine copper minerals, as well as 
magnificent crystals of cinnabar, the white chloride, and other mercury 
compounds. 

Passing from Europe to America, in the United States section there 
was shown a complete metallurgical exhibit of this country, prepared 
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by the chief of the department of mines, Mr. F. J. V. Skiff. Among 
American mineral dealers only one had an exhibit—Mr. Warren M. 
Foote, of Philadelphia—who showed a fine collection of both Ameri- 
can and foreign minerals. A very complete exhibit of the mineralogy 
of the United States was for the first time prepared and shown under 
a cooperative arrangement between the Bureau of Mining Industry 
and a number of our leading universities, including Cornell, Prince- 
ton, Chicago, Michigan, and others. Some 4,000 specimens in all were 
displayed, the collection being made as complete as possible. It was 
arranged according to Dana’s Mineralogy, each institution taking one 
section of it. 

The Canadian exhibit, in charge of Mr. Fairbault, contained a noble 
collection of the minerals of the Dominion, notable among which were 
great crystals of apatite, polished slabs of labradorite, large masses of 
sodalite, and a great variety of gold and other precious minerals. 

In the Mexican section, in addition to the large variety of silver 
minerals usually shown, was a collection of beautiful specimens of 
crystallized boleite, cumengite, azurite, and other species from the 
famous mines at Boleo, in Lower California. 

The Australian and Japanese exhibits were especially notable. 
Among the gems of the entire collection were the extraordinary twin 
crystals of quartz from Japan. One of these were crystals from 9 to 
12 inches long at an angle of 45°. Superb groups of crystallized 
stibnite and an entire collection of the minerals of Japan, gathered by 
Mr. Tsunashiro Wada, and many specimens of remarkable beauty 
from a collection by Mr. Takudzi Ogawa, all are worthy of special 
mention. 

Unquestionably the finest collection shown by any government was 
that from West Australia, prepared by Mr. Holroyd, who with indefat- 
igable energy and great intelligence induced the many mine owners of 
that country to make an exhibit of gold and tellurium minerals such 
as never before has been seen. This collection is valued at not less 
than $200,000. In some cases several thousand dollars are represented 
ina single specimen. Every important mine in every district of West 
Australia was represented by masses of the rock, with free gold, gen- 
erally associated with tellurides; and besides the products of each 
mine, there were fine photographs or superb enlarged transparencies. 
The specimens were all freshly broken and unrubbed, and such large — 
rich masses of free gold, associated with either petzite, calaverite, 
hessite, or other tellurium minerals, have never been seen together 
before. At other times the gold is in spongy and wire forms, or in 
fine dust, which Mr. Holroyd calls ‘‘ mustard gold.” 

The French colony of New Caledonia showed magnificent examples 
of noumeite, garnerite, and associated species. 
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The richest mineral specimen at the exposition, however, one in 
which art has added to the work of nature, was the immense diamond 
from South Africa found in 1893 at Jagersfontein. It was then a 
crystal of 961 carats in weight, but has been cut into a brilliant of 239 
carats—a superb and faultless gem, blue-white in color, now known as 
the ‘‘ Imperial” diamond, and valued at $2,000,000. 

Several valuable handbooks were prepared for the Paris Exposition, 
dealing with mineralogy and mining, especially in Russia and Japan. 
Among these, reference should be made to the following: 

Catalogue des Objets exposées par les Usines de Taguil et de Lounia 
(Oural) appartenant aux héritiers de M. Paul Demidoff, Prince de 
San-Donato. 

This little pamphlet gave a carefully classified list of the extensive 
mineral exhibit from this famous mining region. 

Mines et Usines Metallurgiques du District de Lysva (Oural), 
Domain du Compto P. P. Schonvaloff. 

This handbook contained a large amount of valuable information as 
to the gold and platinum workings and the numerous metallurgical 
establishments of this portion of the Ural region, and has already been 
cited in regard to the occurrence of diamonds. 

Catalogue des Minéraux du Japon (collection de M. Tsunashir6 
Wada), pour Exposition Universelle de 1900, 4 Paris. Service Géo- 
logique Impérial du Japon; Tokyo. 

This pamphlet gives a list of some 350 numbers, comprising a fine 
selection of Japanese minerals, partly described above. 

An interesting paper on the pleochroism and polychroism of the 
historical locality of the island of Elba, by Prof. Giovanni D’Archiardi.* 

Dr. D’Achiardi dwells particularly on the coexistence of achroite, 
rubelite, indicolite, afrizite, and their variations of perpendicular and 
horizontal arrangements of color. 


JET. 


Mr. A. Bibbins, of Baltimore, reports two localities in the Arundel 
formation in Maryland, where lignite occurs of a quality sufficiently 
compact and fine-grained to take a high polish and be capable of being 
worked into ornaments; in other words, a true jet. One of these 
localities is at the iron mine at Loper Hall, the other at Fort Dorsey, 
both in Anne Arundel County, Md. The lignite is in both cases 
coniferous in structure, and at the second locality is described as 
‘*limonitized.” 


1 Pleocroismo e policromismo delle tormaline elbane, Pisa, 1900, pp. 1-7. 
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ARIZONA “MEXICAN ONYX” (ORIENTAL ALABASTER). 


The report of the governor of Arizona for the fiscal year ending 
June 30, 1899, shows great advances in the mining interests of the Ter- 
ritory, its remarkable mineral resources becoming better known and 
attracting capital from year to year, especially with the increase of 
transportation facilities. The turquoise mines and the Chalcedony 
Park have been elsewhere referred to in this and previous reports. 
But an interesting ornamental stone is the onyx marble, or Mexican 
onyx, found at Cave Creek, 45 miles northeast of Phoenix. Here a 
large deposit, covering 20 acres, has lately been opened by the 
Phoenix Onyx Company. The stone occurs in masses, or ‘‘ bowlders,” 
ranging from 2 or 3 cubic feet to 25, and even larger, but the latter 
are of inferior beauty. Its geological occurrence is not described, 
but in quality it is reported by experts to be the finest ever produced 
in the United States, and superior to any now obtained at the Mexican 
locality. It is taken to Phoenix in the rough, and there cut by saws 
and afterwards polished. The coloring is said to be very beautiful 
and very varied. 

Another onyx marble, in black and white zigzag bands, has been 
discovered at Kirtland Valley, and also near Greaterville, Ariz. 
Both of these are beautiful ornamental stones, and are beginning to 
be developed. 

CORAL. 


Coral, which has not been fashionable in jewelry for some years, is 
again coming into favor. The preference, however, is now given not 
to the deep red color, but to lighter shades; and these pale varieties 
are reported to have trebled in price within two years past. The Cor- 
allium rubrum is gathered from numerous banks off the coast of Sar- 
dinia, Sicily, northern Africa, and the Adriatic. It forms the basis 
of an important industry, as the annual yield of the Mediterranean is 
estimated to be from 150,000 to 200,000 kilograms, valued at about 
$1,500,000. Prices range widely, from $4 up to $600 per kilogram, 
according to color and quality, the average being perhaps $75. The 
pale pink varieties are at present the most valuable and expensive. 
Naples and Paris are the chief coral markets, and in the former most 
- of the sorting and preparing of the material is done, affording employ- 
ment to a large number of people. 
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CONCHITE, A NEW FORM OF CALCIUM CARBONATE, 


A novel and important contribution to mineralogy, in its relation 
particularly to such gem materials as coral and pearls, appeared in the 
Mineralogical Magazine (London) for November, 1900, under the title 
‘*Conchite, a new form of calcium carbonate,” by Agnes Kelly. The 
point brought out in this article and clearly determined by extensive 
and accurate studies and tests is that the carbonate of lime structures 
secreted by marine animals, besides some inorganic deposits, fre- 
quently consist, not of calcite, nor in any case of aragonite, as hereto- 
fore supposed, but of a new isomeric substance for which the name of 
conchite (from concha, a snell) is proposed. 

Numerous analyses of shells showed them to consist of carbonate of 
lime almost chemically pure, with about 3 per cent of organic matter. 
The carbonite, however, often differs in several important respects 
from calcite, and is never aragonite, as Rose, Sorley, and others gen- 
erally, following them, had believed from its superior hardness. This 
newly recognized form is very frequent in organic structures of vari- 
ous kinds, and also in deposits from certain springs, as at Carlsbad, 
and in boiler and kettle incrustations, when it is apt to contain traces 
of iron. It is not, however, universal in organic structures, some 
of them being calcite entirely and some containing both calcite and 
conchite in different parts of the same structure. Thus in J/yéelus 
and Penna, the outer layers of the shell are of calcite and the inner 
of conchite, and in Zeredo the valves are of conchite and tube of 
calcite, ete. 

A point of much geological interest is developed in the fact that 
conchite, being much less stable than calcite, is very rarely preserved 
in fossils; and that hence the question whether the shell remains or is 
represented only by a cast is determined by its composition as calcite 
in the former case or conchite in the latter. 
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PRODUCTION. 


In the following table is given a statement of the production of 
precious stones in the United States from 1896 to 1900: 


Value of product of precious stones in the United States from 1896 to 1900. 


Stone. 1896. | 
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1,500 
25 
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IMPORTS. 


The following table shows the value of the diamonds and other 
precious stones imported into the United States from 1867 to 1900: 


Value of diamonds and other precious stones imported and entered for consumption in the 


United States, 1867 to 1900, inclusive. 
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alncluding also engravers’, not set, and jewels to be used in the manufacture of watches, from 1891 
to 1894; from 1894 to 1896 miners’ diamonds are also included. 
bIncluding also miners’ and engravers’, not set. 
cIncluded with diamonds and other stones from 1891 to 1896. 


dNot specitied prior to 1897. 


e Includes stones set and not specially provided for since 1890 
fIncluding rough or uncut diamonds. 


g Not specified since 1888. 
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GEMS AND PRECIOUS STONES, 


THE most important feature in the mining of gems and precious stones in 
the United States during 1900 was the success attained by the New Sapphire 
Mining Syndicate, which greatly increased its output of sapphires from the 
mines at Yogo, Mont. As usual there was a small production of turquoise in 
New Mexico and California, and of rubies and sapphires in North Carolina. 
Among foreign countries Persia, Burma, Siam, South Africa, and Colombia 
continued to be the main source of supply of the most valuable gems. 

Dramonps.—Africa.—The report of the De Beers Consolidated Mines, Ltd., 
for the fiscal year ending June 30, 1900, shows that the total output of diamonds 
during that period was sold for £2,070,414. The profits, after deducting expendi- 
tures amounting to £1,616,217, were £454,196. From the De Beers mine there 
were hoisted 1,081,115 loads of blue ground, from the Kimberley mine 592,549 
loads, and from the Premier mine 980,210 loads. The total quantity of material 
washed at the De Beers and the Kimberley mines was 1,522,108 loads, which 
yielded 1,000,964 carats, or an average of 0°67 carats per load, while at the 
Premier mine 1,662,778 loads were washed, yielding 496,762 carats, or 0°30 
carats per load. The diamonds from the Premier mine realized the sum of 
£567,360, or 22s. 10d. per carat, against 20s. 9d. per carat for the preceding year, 
and the diamonds from the De Beers and the Kimberley mines £1,794,222, or 
35s. 10d. per carat, as against 29s. 7d. in the previous year. A new agreement 
for the sale of the company’s output of stones at an increased price was entered 
into on the 20th of April, 1899, which covers the period from April 1, 1900, to 
July 31, 1901. During the year the company purchased the claims, machinery, 
etc., of the New Bultfontein Mining Co. for the sum of £192,862, which trans- 
action will greatly facilitate the working of the Bultfontein mine. The opera- 
tions of the company were seriously hampered in consequence of the Transvaal 
war, and it was thought best to defer the usual dividends. A large sum, how- 
ever, amounting to £1,493,326, was written off the profit and loss account against 
the assets of the company. During the siege of Kimberley by the Boers, the 
pumps in both mines were kept going and no damage was done to the under- 
ground or surface plant. New discoveries of diamonds were reported in 1900 
from the May district of Cape Colony, and from the Kamemtka River, a tribu- 
tary of the Sanacka, in the Russian Urals. The Transvaal and Orange Free 
State mines were inactive, owing to the Boer war. 

Australasia.—Diamond mining in New South Wales during the latter half 
of 1899 was greatly hampered by the recurrence of the water famine, which has 
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annually visited the fields for several years past. The output amounted to 
25,874 carats, valued at £10,350, derived almost entirely from the Boggy Camp 
Field, 11 miles west of Tingha. Owing to the scarcity of water, mining in the 
Bingara field was confined almost entirely to exploration work. The principal 
mines operated in the Tingha field are the Invernell Diamond Fields, Ltd., The 
Soldiers’ Hill Co. and the Australian Diamond Fields, Ltd. The first mentioned 
has a very complete and modern diamond washing and saving plant with a 
capacity of 300 cu. yd. per eight hours. Water is taken from the Gwyder River 
over a mile distant. 

South America.—In Brazil there has been a revival of the diamond mining 
industry owing to the Transvaal war. It is almost impossible, however, to form 
an accurate estimate of the present production, as the State places a duty of © 
16% on the valuation in addition to the 1% tax demanded by the municipal 
government with the consequence that only a small proportion of the diamonds 
and carbons are declared. The value of the exports from Minas Geraes during 
the first half of 1900 were reported at 255,000 milreis ($140,000). Mr. A. 
de Jaeger estimates the total production of Brazilian stones at 12,000,000 carats, 
valued at $100,000,000. In 1880 the State of Minas Geraes yielded 5,000 
carats, but subsequently the output fell off to a few hundred carats. The most 
noted specimens from the Brazilian mines are the “Southern Star,” which 
weighed 253 carats in the rough, and the “Dresden” of 117 carats, both of which 
came from Bagagem. 

The diamondiferous deposits of British Guiana attracted considerable atten- 
tion in 1900, and efforts were made to find the original matrix of these valuable 
stones. Early in the spring a shipment of 282 specimens was made to London 
valued at the high figure of $12 per carat. Later in the year, 400 small stones, 
ranging up to 1°5 carat in weight, were brought to Georgetown. The locality 
of the deposits is about 250 miles up the Mazaruni River, a journey of from 
12 to 20 days from Georgetown. ‘The diamonds are found in a formation con- 
sisting of sandy pulverulent clay mixed with rounded and subangular pebbles 
and nodules of ironstone, of pieces of quartz, felsite and ironstone conglomerates 
with much ilmenite sand, rounded pebbles of schorl, pleonaste, small, white and 
faintly colored corundum and topaz. Digging has been carried to 7 ft. below 
the surface, and from 150 cu. yd. over 1,000 small size stones have been extracted 
of a generally pure color and water and shape, the largest weighing, perhaps, 
2 carats. In another part of the diggings 100 cu. yd. yielded over 1,000 stones. 
The gravels here are remarkable for the large number of transparent quartz 
crystals free from any trace of erosion. The district is heavily forested and is 
fairly healthy, though subject to frequent rainfall. 


DIAMONDIFEROUS DeEpPOsITs IN THE UNITED STATES. 
By Wm. H. Hosss. 
THE occurrences of diamonds in the United States seem to be largely confined 


to three regions, viz.: the stretch of country southeast of the Appalachian Moun- 
tain system between Virginia and Georgia, the belt west of the Sierra Nevada 
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and Cascade ranges in California and Oregon, and the region bordering upon 
the Great Lakes of the Laurentian system. 

Piedmont Region of the Southern Appalachian.—In the couthern portion of 
the Piedmont plateau 18 diamonds have been found and identified, most of 
them ranging from a fraction of a carat in weight to a little over 4 carats. One, 
however, the “Dewey” diamond, found at Manchester, Va., in 1855, weighed be- 
fore cutting 23°75 carats, and it is the largest diamond that has been found in 
the United States. In North Carolina diamonds have been found in Burke, 
Rutherford, Lincoln, Mecklenburg, Franklin and McDowell counties. From 
South Carolina one diamond has been reported, but upon rather unsatisfactory 
evidence since the stone has been lost and there is no evidence that it was ever 
examined by a competent mineralogist. In Georgia, diamonds have been found, 
it is claimed, in Habersham, White, Banks, Lumpkin, Hall, Forsyth, Gwinnett, 
Cabb, Clayton, Bartow, Carroll and Haralson counties. Nearly every diamond 
from this region of which a definite report has been made has an octahedral 
crystal form, though this is modified in some instances, as in the Dewey diamond, 
by combination with the trisoctahedron. One hexoctahedron has been reported. 

The diamonds are found in loose gravels and there can be little doubt that 
they are derived from the disintegration of the crystalline rocks in the Appa- 
lachian ranges to the northwest. Among the numerous types here represented 
are included ultrabasic igneous rocks and itacolumite, which latter in Brazil is 
diamondiferous but here is apparently barren. 

The Pacific Slope Region.—Like the region just described the California- 
Oregon region is one of placer gold mining, and it is in connection with this 
industry that the diamonds have been found. The earliest finds date almost as 
far back as the discovery of gold, the former State Geologist, J. D. Whitney, and 
the State Mineralogist, Henry G. Hanks, being the authorities for the determina- 
tion of the stones as diamonds. Mr. Geo. F. Kunz* mentions 30 stones which 
have been found and for which the identification seems tolerably satisfactory. 
A considerable number of others have been reported whose identity has not been 
established. The introduction of gravel stamp mills and the use of mercury to 
recover the gold from the sluices have been alike unfavorable to the discovery 
of diamonds, but fragments of diamond crystals continue to be reported in the 
tailings from the stamps. 

H. W. Turner, in his paper on “The Occurrence and Origin of Diamonds in 
California,”+ reviews the reports of Whitney and Hanks and on their authority 
enumerates 12 localities in Eldorado, Amador, Nevada, Butte, Trinity and Del 
Norte counties, at which diamonds have been found. From one of these locali- 
ties, Cherokee Flat in Butte County, no fewer than 56 stones were found accord- 
ing to Whitney. Of more recent finds, Turner reports 14 stones from the 
vicinity of Placerville, Eldorado County, a number from Plumas County, one 
from Tulare County, five from Oroville in Butte County and five from other 
localities. Of the recent Placerville finds two stones have been described by 
Kunz.t Each of these stones is nearly a quarter of an inch in diameter, the 


* Gems and Precious Stones of North America. New York. 1890. pp. 24-30. 
+ American Geologist. Vol. XXIIT . en. 182-191, March, 1890. 
¢ 16th Annual Report United Stafea Geological Survey, Point iv., p. 596. 


GEMS AND PRECIOUS STONES. 303 


larger one being of a greenish hue and the smaller one pale yellowish. The 
diamonds of the Pacific Slope are found in the auriferous gravels, and there can 
be but little doubt that they are derived from the crystalline rocks in the ranges 
to the east. All the localities in which diamonds thus far have been discovered 
are in the vicinity of serpentine masses, a fact which suggests an origin possibly 
similar to that of the South African diamonds. 

The Great Lakes Region.—In the region bordering upon the Great Lakes 17 
or more diamonds have been found at eight widely separated localities within the 
States of Wisconsin, Michigan and Ohio. In Wisconsin the diamonds occurred 
at Plum Creek, Rock Elm township, Pierce County, Oregon in Dane County, 
Eagle in Waukesha County, Kohlsville in Washington County, Saukville in 
Ozaukee County and Burlington in Racine County. In the two remaining 
States diamonds were found at Dowagiac in Cass County, Mich., and at Mil- 
ford in Clermont County, Ohio. All these localities are included in the drifted 
area and in or near the “kettle moraines” of the later glacial epochs. It is also 
worthy of note that all save the Michigan locality are on or near the outermost 
fringe of these moraines. This is believed to indicate that the diamonds which 
have been found and those which still lie buried in the drift, have been brought 
from their earlier home through the agency of the ice mantle at the time of its 
later invasion of the territory of the United States, and probably also at the 
time when it occupied its most advanced position. I have given this view in 
my paper on “The Diamond Field of the Great Lakes,”* and if it is correct there 
is much probability that the area in which was the early home of the lake 
diamonds may be located in the wilderness to the eastward of James Bay in the 
Dominion of Canada. The evidence for this is derived from a study of the ice 
scorings on the rock exposures within the glaciated territory and it will be aug- 
mented so soon as scientific exploration of the Hudson Bay region supplements 
the few data now available regarding ice movement in that territory. 

Unlike the diamonds from the other areas in the United States those found in 
the Lake region are large. With the exception of the Plum Creek specimens, 
which were quite small, they range in weight from 2°0625 to 15°375 and 21°25 
carats, the respective weights of the Eagle and Kohlsville diamonds. This larger 
size is doubtless explained by the fact that placer gold mining has been but little 
resorted to in the region in question, though the minute Plum Creek specimens 
were discovered in this way. The other specimens were discovered quite acci- 
dentally and stones of less than two carats’ weight would therefore be expected to 
escape detection. 

In none of the three diamond producing regions of the United States do the 
prospects warrant any mining operations carried out solely for the purpose of 
obtaining diamonds. In the southern Piedmont and in the Pacific Slope regions 
diamonds will continue to be found in connection with the placer workings for 
gold, and it is to be expected that diamonds will also occasionally be discovered 
in the kettle moraines of the Lake region, but workable deposits can only be 
looked for in the homes from which the stones have been carried. Because of 
the indications of an abundant source the Canadian locality offers the most 
~~”: Journal of Geology. Vol. VII, pp. 375-988, May-June, 180. 
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promise of success, but the time is yet hardly ripe for prospecting in the region 
for diamonds. 

In addition to the three regions described above, the State of Idaho should 
be mentioned in which a number of small diamonds have been found in connec- 
tion with the gold placers. In this region is perhaps to be included Blackfoot 
in Deer Lodge County, Mont., from which place Kunz reported the occurrence 
of an octahedral diamond in 1883.* 

EMERALDS.—The lease of the celebrated emerald mines of Muzo and Coscuez, 
Republic of Colombia, held for the past eight years by Mr. Macini, and trans- 
ferred by him to an English mining company, expires July 15, 1901. The Gov- 
ernment proposes to grant the concession, including rights of exploitation, use 
of buildings, etc., to the highest bidder for a term of 15 years. The concessioner 
must pay to the Government a premium not less than $200,000 gold and an 
annuity, the amount of which should be named in the bid. The Muzo mines 
were discovered in 1555 by Lancheros. Mining was begun in 1568 and has been 
continued ever since. No record exists of the quantity or value of the stones 
produced, although fortunes have been made for generations of leaseholders. 
The gems occur in isolated crystals or in lodes with calcite and parisite in a bitu- 
minous limestone of the Lower Cretaceous age, lying on a Triassic sandstone. 
The mine has the form of a tunnel 100 yards wide, with very inclined walls. 
Near the mouth are several very large reservoirs, the water of which is controlled 
by a system of gates. The overlying barren rock is cut out in benches and falls to 
the bottom and when this begins to fill, the water is turned on and the rock 
swept away. This operation is repeated until the limestone is laid bare, when 
the gems are carefully broken out. 

A large amount of exploration work has been done in the Emerald deposits of 
New South Wales which are located at Butler’s Reef, 10 miles from Emmaville. 
Some of the gems which were sent to England were highly praised, but the work 
has not been profitable. 

D. A. MacAlister} describes what are known as the emerald mines of Cleo- 
patra which lie in the mountain range extending a long distance parallel to the 
Red Sea within a few miles west of its coast, in a latitude a little south of Eofu, 
on the Nile. The mines of the Northern Etabi seem to have remained un- 
touched since their desertion after the fall of Rome. The workings are small 
passages burrowed in the emerald bearing schists, sometimes extending for a 
long distance. Many scattered ruins are there in which no doubt the mining 
population lived and the differences in style among them suggest they were occu- 
pied for a long time. 

GarNET.—The garnetiferous deposits of Bohemia from which for years the 
world’s supply of garnet was produced occur in the hilly Cretaceous district in 
the northeastern part. Of late the industry has been subject to many changes 
and the South African pyropes or “Cape rubies” have been in such greater de- 
mand that nearly all of the Bohemian workings have been abandoned except 
the extensive open pits at Podseditz. The South African garnet is obtained in 
the washing of the blue ground in the diamond district. It is possible that the 

* America, pp. 80-31. + Geographical Journal, November, 1900. 
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Bohemian industry will be revived, particularly if started on a large scale with 
improved mechanical methods, as the deposits cover an area of 27 sq. miles and 
a portion of it only has been worked. According to Hans Oehmichen a tenth 
of this district is exceedingly rich. The Bohemian garnet is of a fine, rich dark- 
red color sometimes passing into jacinth-red and occurs exclusively in grains 
of various sizes. It is classified as a magnesian alumina garnet containing 
lime, iron, manganese and chromium oxides. Distinct crystals are rarely found. 
The specific gravity ranges from 3°69 to 3°72, and the larger grains average 
0-44 g. in weight as a rule, although some have been recorded 1°5 in. in diameter. 

OpaL.—The White Cliffs Opal Mining Co., Ltd., operating the opal fields in 
the Albert mining district of New South Wales is practically the largest producer 
of noble opal. This field has increased its production and the value of the out- 
put for 1899 has been estimated at £135,000 as compared with £80,000 in 1898. 
During the middle of 1899 the number of miners was increased to over 1,000, 
with the result that an augmented quantity of opal was produced, causing a 
temporary glut on the market. During the last quarter of the year many miners 
left the field owing to the fall in prices, and the number was reduced to 750 by 
the end of 1899. The White Cliffs Opal Mining Co., Ltd., which had 350 tribu- 
tors working in their district in August, dismissed 300 of them, and other lessees 
followed the same course. It was expected that in 1900 the present surplus 
stock would be absorbed and higher values restored, particularly as the demand 
for the finer qualities is increasing. The nature of the product and*the uncer- 
tain and at times limited demand for it must always render the market liable 
to be overstocked. The water supply, ever a source of great anxiety, will be 
greatly improved by the government tank which is being constructed a mile 
south of White Cliffs on the Wilcanna Road. The great difference in price be- 
tween the various classes of opal, together with the fact that opal buyers do not 
as a rule record the weight of the purchase, renders the estimate of production 
very difficult. The weight of the output in 1899, however, from the post-office 
returns of opal parcels that passed through the mail, was 2,795 lb. avoirdupois. 
As to the outlying portions of the White Cliffs opal field, three-fourths of the 
miners employed on the Bunker Creek diggings, 12 miles from White Cliffs, have 
ceased operations and practically no attempt has been made during the year to 
extend the mining beyond the central field. 

The value of the production in Queensland in 1899 was £9,000, an increase of 
£355 above the value of the previous year’s output. This advance is rather 
remarkable as the district was parched for a great part of the time and the price 
of the stone had decreased. 

Rusy.—The Burma Ruby Co., Ltd., has declared a dividend for the year end- 
ing February 28, 1900, of 12°5%. After payment of rent and £9,943 to the 
Government there remains £25,050 available for the shareholders. During the 
year 818,135 loads of earth have been washed as compared with 652,456 loads 
in the previous year and £84,000 was received from the sale of stones. The 
company apparently controls all of the known ruby ground in Burma, and the 
Mines are estimated to produce more than one-half of the world’s output. A 
part of the ground included in the concession is worked by natives, from 1,000 
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to 2,000 of whom are licensed to dig for rubies; each native paying a royalty 
of 20 rupees (about $6) per month. The income derived from this source is 
large, being usually more than enough to cover the rent paid to the Indian Gov- 
ernment for the concession. The rubies are obtained from the alluvial ruby earth 
(byon) of the Mogok Valley. For a time the company was unable to work this 
earth at a profit, and an attempt was made to reach the source of the rubies by 
tunnelling into Pingutoung Hill. This hill is said to be of volcanic origin with 
an extinct crater at the summit. The rubies were supposed to occur in the 
volcanic pipe, similar to the occurrence of diamonds in the Kimberley mines, 
but the work proved unsuccessful and operations upon the hill were abandoned. 
Work is now being directed to the alluvial deposits, which the company is able 
to treat successfully owing to the use of powerful pumps for the removal of 
the water. The natives have in the past treated most of the surface byon, and 
the company is now treating those portions of the deposit which are below the 
original surface. About 6 ft. of the surface material is removed and the ruby 
bearing earth extracted by open cuttings. None of the excavations is as yet 
more than 40 ft. deep, but with improved machinery the depth will probably be 
extended even to bed rock, where it is supposed the largest and best rubies will be 
found. Formerly the richer material only in small quantities was treated, but 
experience has shown it is better to wash the whole of the byon. The produc- 
tive area of the valley contains approximately 20,000,000 loads of ruby-bearing 
ground. Estimating on the 11-months’ work ending January 31, 1900, the aver- 
age value per load was 50c., and the cost per load 27c., leaving a profit of 23c. 
per load. Although large stones are rare, several of fairly large size have been 
found by the Burma Ruby Co., Ltd., during the past few years. One weighing 
28 carats in its natural state and 18-5 carats after cutting, was recently sold for 
a large sum. Other large stones are now being cut. In the trade rubies are 
divided into eight classes, according to their size and color. 

SaPPHIRE.—Of the Eastern countries, Siam furnishes the finest sapphires, the 
gems approaching closely to the cornflower blue that is so highly prized. The 
most important mine is in Battembong district of Pailin. The sapphire-bearing 
stratum consists of clay and gravel and has a thickness of about 2 ft. The 
material is mined by pits, washed and the sapphires picked out by hand. Dark 
sapphires are found in Upper Burma associated with rubies, while Ceylon and 
Cashmere furnish paler crystals that are brilliant and effective as gems. In 
Victoria, Queensland and New South Wales large sapphires are frequently found 
in the auriferous gravels, but they possess usually a very dark color. Recently 
the “New Mine” sapphires from Montana have acquired recognition in the gem 
markets, and are by far the most valuable of the precious stones mined in the 
United States. The mines are located in Fergus County, Mont., 13 miles west 
of the town of Utica. Their discovery was made in 1895 by a placer mining 
company while engaged in working the bench gravels of Yogo Creek. It was 
believed at first that the gems came from the gravel, but it is now known that 
they occur in a dike of trap rock cutting limestones, which extends for a distance 
of 5 miles from the canyon of Yogo Creek. The material of the dike varies 
from the hard igneous rock to a soft yellow clay which is its decomposition 
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product. The soft material is washed into sluice boxes and the gems caught 
upon riffies, while the harder rock is first exposed to the weathe” for a year or 
more before washing.. Owing to the severity of the climate surface operations 
can only be carried on during the summer months. The gems are brilliant in 
luster, range in color from steel blue to cornflower blue and are quite free from 
cloudiness. It is stated that as much as $75 per carat is obtained for the finest 
stones. The New Sapphire Mining Syndicate which operates the mines had 
a very successful season, the yield of gems far exceeding that of previous years. 
A tunnel and double compartment shaft which will greatly facilitate opera- 
tions were among the year’s improvements. 

TURQUOISE.—The turquoise mines of Persia which yield the finest gems are 
located about 35 miles from Nishapour, in the Khorassan. The region is 
mountainous and the mines are from 5,000 to 6,000 ft. above sea level, lying 
on the southern slope of the summit of the range. They are controlled by a local 
firm which pays an annual rental of $14,000 to the government. At present 
only one mine is in full operation, with a weekly output of gems valued at about 
$400. The manner of working is very primitive. The miners reach the shaft 
through an inclined tunnel and from this point have to clamber down as best 
they can. The rock is broken by picks or by blasting and is then hoisted in a 
goatskin bag attached to a wooden wheel which is turned by two men. At the 
surface the rock is crushed by small hammers and the stones picked out by hand. 
Besides the underground mines there are surface diggings (khaki) extending a 
mile or more over the plain at the foot of the mountain. Work here is carried 
on by women and children who simply dig up and look over the earth. Not 
many first water stones are found at present; such as are discovered are im- 
mediately bought up by the wealthy Russians and Persians. 

New discoveries of turquoise were made at Weckersdorf, Thuringia, and near 
La Barranea, Sonora, Mexico. 

S. L. Penfield* discusses the probable composition of turquoise, this mineral 
being regarded by some mineralogists as made up of an aluminum phosphate 
colored by a copper salt. Mr. Penfield regards turquoise as a derivative of 
orthophosphoric acid in which the hydrogen atoms are replaced to a large extent 
by a univalent radical, the small amounts of copper and iron being regarded as 
constituents rather than impurities; therefore the composition of the mineral 
may be expressed by the formula [Al(OH),, Fe(OH),, Cu(OH), H],POQ,. . 

TOURMALINE.—Some work was done during the year in a tourmaline mine in 
San Diego County, Cal. It is stated that the gems obtained were of excellent 
color and of sufficient size to command a good price. They are found in a dike 
of granite 50 ft. or more in width, made up of lepidolite, spodumene, feldspar 
and quartz. The tourmalines range in color from water white to dark pink 
and some also show varying shades of green. 

® American Journal of Sctence, November, 1900. 
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PRECIOUS STONES. 
By Grorcr F. Kunz. 


INTRODUCTION. 


The chief points of interest concerning precious stones in the 
United States during the year 1901 are: 

(1) The finding of a diamond in Lee County, Ga., which adds a 
new locality to those previously known; (2) the increased yield of 
sapphires in Fergus County, Mont., where two companies are now 
engaged, and further exploration for the fancy-colored sapphires at 
Rock Creek, Granite County, in the same State; (3) an extensive 
output of rhodolite garnets in the Cowee Valley, Macon County, 
N. C., and also considerable mining in other parts of that State for 
blue, green, and yellow beryls, amethyst, and the new emerald- 
matrix; (4) continued activity in the remarkable locality for colored 
tourmalines at Mesa Grande, San Diego County, Cal., and the dis- 
covery of a new deposit adjacent to the first; (5) further work at 
several chrysoprase localities near Visalia, Cal., and the purchase or 
control of them secured by a company; (6) sustained and enlarged 
production of turquoises, chiefly in New Mexico, where several 
important companies are actively engaged in mining them, and the 
discovery of new turquoise localities in Colorado and Nevada; (7) the 
finding of epidote crystals, magnificent in size and color, at Prince of 
Wales Island, Alaska; (8) and the discovery of a beautiful jade-like 
compact idocrase in Siskiyou County, Cal. 

The importation of precious stones for the year 1901 at the port of 
New York amounted to about $22,500,000. The importation of dia- 
monds has exceeded that of any previous year, and never have larger 
or finer stones been brought into the United States. Emeralds have 
greatly increased in public favor; and coral, long out of fashion, has 
once more become popular. 

Although turquoise is now mined by six different companies, and 
they all have had fair yields, the popularity of the stone has been such 
that the entire product was consumed. 

The first year of the new century has been the greatest in the history 
of the precious-stone industry in the United States. 
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Never has the prosperity and growth of a country been more faith- 
fully indicated, as if by a sensitive barometer, than by the wonderful 
increase in values and business in the jewelry trade in the United States 
during the past year. Never were more diamonds, pearls, or emeralds 
sold, nor did fine gems ever before command better prices, nor were 
they ever more firmly held; and yet diamonds are likely to advance 
still further during the present year. 

Not since the famous looting of the Chinese Summer Palace in 1862 
have so many treasures of jade, rock-crystal, pearls, and other precious- 
stone objects reached not only this country but every country in 
Europe. The distressing fact remains that many objects, such as 
an altar set, or a writing set, or the funeral offering at the tomb of an 
emperor, an empress, or a noble, and made up of two or three pieces, 
were divided among several soldiers. Often a superb scepter, or some 
similar object, will have upon its upper side a thick coating of dirt, 
the firmly knit dust of ages, and the lower side will be as clean as it 
was when laid upon the tomb a century or more ago. No class of 
objects, whether the seal of the imperial post-office, or the tomb 
ornaments of generations ago, or the name of an emperor in jade, 
escaped the rapacity of the soldiers, who would secrete them in their 
baggage with other hard stones, or with metal objects, and then carry 
them in this crude manner halfway round the globe, thus breaking, 
scratching, and nicking objects of priceless and historic value. Never 
has the more open boast of ‘‘loot” been made within the memory of 
man. Frequently the objects offered for sale have a complete history, 
as having been the jade tablets of some famous altar. 

Thus three times has China been sacked of its priceless, precious Yu 
jade objects—at the looting of the Summer Palace, again during the 
Japan-China war, and finally in the late international war with China; 
so that to-day New York, Berlin, London, and Paris hold more such 
objects than any Chinese city. 


DIAMOND. 
UNITED STATES. 


The only authentic instance of the finding of diamonds in the United 
States during the year 1901 is that in Lee County, Ga. There are 
reports that several were found along the moraine line near Martins- 
ville, Ind., hut these rumors have not yet been verified. Great excite- 
ment concerning the supposed discovery of diamonds prevailed for a 
short time in Montana, but the supposed diamonds proved to be only 


quartz. 
GEORGIA. 


Reports have been made on several occasions in the past as to the 
finding of diamonds in Georgia, but these rumors have lacked full 
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confirmation. A reference to this subject was made in the volume of 
Mineral Resources for 1900. The repeated occurrences in North Caro- 
lina, however, and the similarity of conditions in upper Georgia, would 
afford grounds for expecting occasional diamond finds in the latter 
region. In November last a peculiar looking little stone was noticed 
and picked up by a lad on his father’s plantation in Lee County, a few 
miles from Columbus, Ga. When this was shown to a jeweler in that 
city he advised its being sent to Messrs. Tiffany & Co., of New York, 
as perhaps valuable. This course was taken, and the stone was pro- 
nounced a diamond and of good quality. The stone was u flattened 
hexoctahedron of 3.54 carats; it measured 10 by 8 by 6 mm., and 
was white, with a tint of green. The owner was Mr. B. F. Hudson, 
of Columbus, Ga. 
MONTANA. 


Toward the close of the year one or two prospectors in the north- 
eastern part of Fergus County, Mont., found a number of bright, 
white pebbles which they supposed to be diamonds. When these facts 
became known a furore began, and fora short time the excitement 
ran high over the diamond field in Montana, as it was claimed to be. 
Reports were widely circulated that New York experts had pronounced 
the stones to be genuine diamonds of fine quality. Prominent public 
men became interested, and capital was ready to enter into operations 
at once if the rumors proved true. The stones were soon found not 
to be diamonds, and it was then asserted that they must be white sap- 
phires; but the fact was finally recognized that. they were rolled crys- 
tals of dodecahedral (bipyramidal) quartz. In a few weeks the 
Montana diamond-field excitement had taken its place with the other 
similar furores that have from time to time excited the mining world 
for a brief period. 

SOUTH AFRICA. 


De Beers Consolidated Mines.—Considerable space was given in the 
last report of this division to the diamond mines of South Africa and 
the effects produced upon them by the war in reducing and partly 
suspending their operation during the year 1900. The succeeding 
year has witnessed a resumption of activity, which had, indeed, begun 
before; and the reports of the directors and of the general manager, 
presented at the annual meeting of the De Beers Consolidated Mines, 
December 23, 1901, show very marked advances. There have still, 
however, been many difficulties and limitations consequent upon the 
continued war. The natives have become so unsettled that the neces- 
sary labor is procured only with great trouble and with constant 
irregularity and uncertainty. The Government has required so much 
use of the railway line to Cape Town that the De Beers Company 
has been restricted in the transport of supplies, and has had to limit 
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operations correspondingly; and further, the Government has also 
made such heavy demands on the African coal produced at the Indwe 
mines that the company has been forced to import English coal in 
large quantity at greatly increased cost. 

On the other hand, the amount of work actually done was a great 
advance on the year before, the yield of diamonds having doubled, 
and the proceeds having more than doubled, owing to a continued rise 
in price. The company has again paid the usual dividend of 40 per 
cent, omitted in 1900, amounting to £1,579,582; and a balance of 
£2,887,999 is carried over. During the year the company bought out 
for £12,000 the last remaining private claims upon the Du Toits pan 
mine, and proposes soon to operate that mine on an extensive scale. 
A new contract has been made with the Diamond Syndicate for the 
sale of the total output at an increased price, and the De Beers Com- 
pany becomes a partner with the syndicate to share in any profit. 
Another important change has been effected in that the three “‘life 
governors,” Messrs. Cecil Rhodes, Alfred Beit, and Julius Wernher, 
who have heretofore received a fixed share in the company’s profits, 
have commuted that interest and now receive in its place 160,000 
shares of deferred stock, par value £2 10s. each, this amount being 
equally shared between them. The stock of the company is divided 
into preferred and deferred stock. The previous arrangement gave 
the life governors, together, one-fourth of all the profits, after 36 per 
cent had been paid in dividends on the preferred stock. The new 
agreement obviates various possibilities of complication, and is xegarded 
asa gain to the shareholders in general and a concession on the part 
of the governors. Mr. Rhodes personally did not favor it, but yielded 
to the views and wishes of his associates. The life governors are a 
self-perpetuating body, and upon the death of any one of them his 
place must be filled by the choice of his colleagues. A large part of 
the report is taken up with detailed explanations of this new arrange- 
ment, its motives, objects, and anticipated results. 

Preparations for more extended and more economical working of 
the mines are being carried on vigorously. The acting general man- 
ager, Mr. Alpheus F. Williams, goes largely into these matters in his 
report. A great deal of new and improved machinery is being installed, 
which will substitute automatic processes for much of the native labor, 
now difficult to procure and to regulate. Steam shovels, mechanical 
haulage lines between floors and crushing mills, devices for tipping 
and righting trucks, ete., are described among these improvements. 
The cold-storage plants at Cape Town and Kimberley, referred to in the 
last year’s report, have proved highly successful and profitable; the 
dynamite factory is progressing, though it has been delayed by the 
continuance of the war. ° 
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Bultfontein mine.—Operations have begun at the Bultfontein mine, 
148,086 loads having been hauled therefrom; but as they had not yet 
been washed, that number of loads remained on the floor at the close 
of the year. Of this, 2,443 loads were ‘‘yellow ground.” A great 
deal of development has been done down to 600 feet, and the ‘‘ blue 
ground” in sight is estimated at 13,000,000 loads. 

Premier mine.—The Premier mine, heretofore a shallow, open mine, 
though of large area, hax been developed to a depth of 500 feet. It is 
now operated on five levels—at 125, 185, and 240 feet as open work- 
ings, and at 460 and 500 fect underground, while the main shaft has 
been sunk 63 feet deeper. The amount of blue ground in sight was 
estimated at 12,850,000 loads. Much development has also been done 
here. 

The figures of production, as compared with the three previous 
years in whicii this mine has been worked, are as follows: 


Premier mime production from 1898 to 1901, inclusive. 


Carats | Price re- | Amount Maciel 
Year ending June 30— obtained | alized per| realized For es 

per load.| carat, | per load.| “) niet ‘tag 

Number. a. dd. 8s. ad. a. d, 
TOO os cmuisemxea dees ccanscarvaNeensnnasaey Sd anew Maes Lenses 0.27 20 9.3 5 &2 Stak 
Ds sic seas WR TRESS ae ae Cer eWdekes Gen wEches ase 30 2 10.1 6 9s 2 3.3 
LOO aisce ccut cri daedescevadec sade Wantes uss ceaownessclev Ne omsee . 2 0.2 7 5.9 2 7.5 
8 0.6 3 9.9 


LOG N ss.ase sig gensagnns sans nasasesescenewera cca eensanpopiencader - 295 27 3.7 


The actual number of loads and the yield of diamonds therefrom 
for the same period were: 


Premier mine operations from 1898 to 1901, inclusive. 


Loads re- Carats of 
" Loads Loads | 

Year ending June 30— maining on! diamonds 

hauled. washed, floors. | found. 

VI 2 ccenin vase Caede eaaeddenuba deen 4cuanaaepees neces 1, 146, 984 691, 722 727,039 , 189, 356 
(AUB sees Crete Ae 2,082,771 | 1,662,778} 1,097,082 | 196, 762 
HONS. ecascsivn san ciemmannonnccuehhgaeee uh aesermn dbs seam 980, 210 736, 929 1, 340, 313 220, 762 
MOO) oe esicnerntSeucon aexionchweuntyewenscseeeeceaseweneed 1,571,631 | 1,517,981 1, 393, 963 417, 399 


The total value of these diamonds was £610,831 4s. 10d., a much 
greater result than that of any previous year’s production from the 
Premier. 

The two great mines, the De Beers and the Kimberley, are for the 
most part treated together in the reports of the company. The fig- 
ures for the last year, as given below, in comparison with those of 
the three years preceding, show a great recovery from the setback 
produced by the war. 
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De Beers and Kimberley production from 1898 to 1901, inclusive. 


| Carats Price real-| Amount ae 
Year ending June 30— ‘obtained ized per | realized ob : 
‘perlowd. carat. [per load. ~), 

| Number, & 4. as ad. ! a. d. 
EE ne ry RTE TT ee ET eT eee Ty eee ching) 206 6.2) 21 2.1 G 7.4 
MOOS Fee cea paw ewivees Case lectnedsiauneaetasaauceccegens -71 29 7.2) W115 6 7.7 
| AL MTL AL DENTS TOPE ET 1.6 | 3510.2) 2 69| 7 62 
7.0) 8 3.1 8 56.0 


' 


It will be seen from these data that the yield per load has not only 
recovered from the diminution referred to in the report of this divi- 
sion for last year,* but has improved, and that the price of diamonds 
has continued to rise, being now higher than ever before in the history 
of these mines, and just about double what it was in 1889, previous to 
their consolidation. The increased cost of production, both in these 
mines and in the Premier, is due to the various unfavorable conditions 
above noted as results of the war, and to large amounts of development 
work. 

Taking the actual amounts of production and comparing them in 
like manner, the figures are as follows: 


De Beers and Kimberley operations from 1898 to 1901, inclusive. 


[Fractions of carats and of pounds are omitted.) 


Loads Carats of Amount 
Londs Lamas 

Year ending June 30— k remaining | diamonds | realized 

hauled. | washed. | on goon found. thereon. 
Nia crccins Caannie mania e EAs wp TS 3,332,688 | 3,259,692 | 2,377,913 | 2, 503, 250 | £3, 451, 214 
DODD oa ci eh oe CTR RR TEE DRE WE RESET OSS 3,HH,899 | 3,311,772 | 2,937, 784 2, HAS, 466 3, 471, 060 
1000 ect eee ee ep ees 1, 673, 664 1,522,108 | 2,722,595 1, 000, 964 1,794, 222 
ROG a rinnd cde acind adoca ema eeneeesacenban eARe 2,120,397 | 2,616,873 | 2,216,119 2,000, 495 3, 959, 383 


The market value of the year’s output is the largest in the history 
of the company’s working, owing to the fact before noted, that the 
price per carat has been higher than in any previous year. With the 
opening of the Bultfontein and other mines now controlled by this 
company, and the improved machinery and appliances constantly 
introduced, the yield of diamonds would seem certain to be further 
enlarged. It becomes a curious question whether the price can still 
continue to advance and the demand for an article of such pure lux- 
ury keep pace with the supply. This has been the condition thus far, 
and of course the company can at any time limit the output in the 
event of cither actual or anticipated fallin price. But with the preseat 
general prosperity this secms very remote. 


a Mineral Resources U, 8, 1900, p. 741. 
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GUIANA, 


The diamond mines on the Upper Mazaruni River, in British Guiana, 
were described at some length in the last report.¢ The United States 
consul at Demerara, Mr. George H. Moulton, has again given an 
account of these workings, under date of January 28, 1902.2 He 
states that the prospects are favorable and the local excitement great, 
only the difficulty and expense of reaching the district with proper 
facilities for working preventing a rush of explorers. Up to the 
date of his account the total of diamonds exported was valued at the 
custom-house at $50,000. Parties from New York had located claims 
and kept men at work, and in six weeks they obtained 8,227 small 
diamonds, weighing about 767 carats and valued at $9,600. This is 
about $12.50 a carat, much the same as the London valuation reported 
last year. 

Mr. Moulton states that there are now a dozen companies organized 
and new expeditions constantly starting for work. Although no data 
are given as to the area of diamond-bearing ground, it is clear from 
these facts that the prediction as to a large increase in the extent of 
the recognized deposits, made by the Government explorers, Messrs. 
Harrison and Perkins, and referred to in the last report (p. 752), has 
been already verified. The great obstacle to free and rapid develop- 
ment is the long journey in small boats from Bartica to the mines, and 
the necessity of carrying, from the final landing for several miles to 
the workings, everything on the heads of native laborers. Mr. Moul- 
ton suggests the advantage and the profitableness of a steam or elec- 
tric railway along the Mazaruni Valley as offering a favorable opening 
for capital. The project has already been broached, and it would be 
warmly welcomed in the colony 


BORNEO. 


The first extended account of the diamond-producing district of 
Borneo that has been accessible to the general scientific world has 
been published in the Annales des Mines for 1901, by M. Gascuel, a 
mining engineer.° This is not, indeed, a full account of the Bornean 
diamond beds, as it deals only with one of the most important of 
several regions; but it possesses very considerable interest, and adds 
much to our previous imperfect knowledge. 

Diamond-bearing deposits have been known and worked for cen. 
turies by the Malays, at both the eastern and the western extremities 
of the northern coast of the island. The latter region is that around 


a Minernl Resources U. 8. 1900, pp. 752-753. 

oU. 8S. Consular Reports, No, 1276, 

oe Les gisements diamantiféres de la région sud-est de l’ile de Bornéo (possessions hollandaises); par 
M. Gascuel, Ingénieur civil des Mines): Annales des Mines, Mémoires, tome XX, neuviéme série, 
Paris, 1901. 
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Landak, not far from Pontianak, the capital of the western district. 
The former is near Banjermassin, on the Martapoera River. 


CORUNDUM GEMS. 
SAPPHIRE. 


MONTANA. 


Montana is now becoming famous as a region productive of sap- 
phires, not only those gathered from the bars of the Upper Missouri 
for some years past, but recently and particularly the gems that are 
mined from the rock in Fergus County, in the now celebrated Yogo 
district. The rock in which sapphires occur at this point is a basic 
igneous outflow, the upper portion of which has been eroded away and 
only the dike left. This dike, nearly vertical, is seen cutting the 
country rock, which is a hard gray limestone above, underlain by a 
softer shale. The latter is visible only at the eastern end of the line 
of workings, where the country falls off to a small basin on the eastern 
slope of the Little Belt Mountains nearly to the level of the valley of 
Judith River. This point is about 2 miles north of the river and 10 
miles west of the town of Utica. From this eastern end the dike 
extends to the summit of Yogo Hill, 3 miles west, and thence 2 miles 
farther, across and beyond Yogo Creek, a total exposure of about 5 
miles, its course marked all the way by a line of shafts, drifts, and 
open cuts. 

Two companies are engaged in working this dike or ‘‘ vein,” as it is 
frequently though not correctly called—the New Mine Sapphire Syn- 
dicate, from the eastern extremity to the crest of Yogo Hill, and the 
American Gem Mining Company, from that point to and across Yogo 
Creek. All the work of the latter company is done by blasting; that 
of the former is partly by the hydraulic process. The methods 
employed are a curious combination of those of the California gold- 
workings and the South African diamond mines. As in the latter, 
the gangue of the gems is an igneous rock, hard below, but decom- 
posed above, in varying degrees, to a mere earthy mass at the surface. 
From this last the gems are separated by washing and sluicing, much 
in the manner of placer gold; though because of the less density of 
sapphires more care is necessary, and the sluice boxes must be less 
inclined, to prevent the gems from being carried over the riffles. 
Most of the New Mine Syndicate’s workings are surface openings and 
cuts, some of the latter very extensive. Water is carried from 
Yogo Creek, 10 miles distant, by a ditch and flume, with a parallel 
hydraulic pipe line, and a system of sluices extends all along the com- 
pany’s workings. 

Where the rock is much decomposed the hydraulic process is 
employed largely; as it becomes harder, powder is necessary to break 


PRECIOUS STONES. “7387 


it up. Then the rock is thrown out in dumps and allowed to disinte- 
grate by exposure to the weather, as with the African ‘“‘hard blue.” 
This process requires from a month to a year, according to the condi- 
tion of the material. Sometimes a stream of water is turned on the 
dumped rock, and the process thus expedited. When sufficiently 
decomposed, this material is subjected to the same washing process as 
the material naturally disintegrated. 

Some of the open cuts along the dike are very large. One is 700 
feet long and 0 feet deep; another, called the ** Blue Diamond cut,” is 
1,200 feet long and 50 feet deep at its greatest depth. The side of this 
latter cutting gives a very fine section of the dike, showing the entire 
gradation from the hard rock below to the soft surface condition. 
The former is bluish or gray, while the latter becomes brown, reddish, 
and yellowish, from oxidation of the contained iron. The decomposi- 
tion has extended to varying depths, in some cases to as much as 50 
feet from the surface. 

At some points tunnels have been driven several hundred feet into 
the hard rock, by both of the companies. The dike is fairly uniform 
in width, and maintains about the same richness in sapphires through- 
out. In the shale beneath the limestone at the eastern end the rock 
is somewhat different in character from that elsewhere, more basalt- 
like than in the limestone. 

In the washing the fine earth is carried away with the water, all 
hard lumps remaining are again thrown out on a dump to decompose 
further, and the sapphires, after several screenings, are picked out by 
hand. Allare saved, the larger for gems and the smaller for watch 
jewels, etc. The minute and imperfect ones are crushed and used for 
polishing powder, sometimes mixed with diamond dust in cutting the 
larger stones. The Yogo sapphires vary from very small ones up to 
gems of 4 or 5 carats in their natural state, though a few have been 
found of larger size—one of 8 carats in the American Gem Company’s 
portion (in the Fourth of July claim), and one of 9 carats in the Syn- 
dicate’s portion. The latter company sends its product to London for 
cutting, the former to Helena. 


CORUNDUM. 
UNITED STATES. 


A very important publication appeared during the past year in the 
extended paper of Dr. Joseph Hyde Pratt, State mineralogist of North 
Carolina, on The Occurrence and Distribution of Corundum in the 
United States.¢ In this pamphlet are brought together and system- 
atically treated all the recent discoveries and studies upon the origin 
and the distribution of corundum in all its forms at all North American 


a Bull. U. 8. Geol. Survey Mo, 180, 1901, p. 98. 
M R 1901——47 
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localities. Many of these have already been referred to by the writer 
in reports of this survey. 

For the last twenty years the fact has been gradually coming into 
recognition that corundum, formerly regarded as rare, is in reality 
much less so than was supposed, and that it has been developed in many 
kinds of rocks and under highly varied conditions. Dr. Pratt discusses 
the three varieties, as determined by their uses—gem material, corun- 
dum proper, and emery—and treats of the localities of each kind in 
full. 

The gem varieties exemplify well some of the differences in the 
character of the containing rocks just now alluded to. The Montana 
sapphires, in two of the chief localities—the bars of the Missouri and 
the more recent mines at Yogo Gulch —have been traced to their source 
in igneous dikes. In the latter the rock is termed by Dr. Pratt ‘‘a basic 
minette,” an intimate mixture of biotite and pyroxene; in the former it 
is a mica-augite andesite, apparently altered from an augite-mica sye- 
nite. The true rubies of Cowee Valley, Macon County, N. C., have 
not been fully traced to their parent rock, but the indications are that 
this is probably an amphibolite or eclogite. The rock underlying the 
gravels in which they occur is both greatly decomposed and greatly 
disturbed, but rocks of the types above named are found in and beneath 
the decomposed portion, and outcrops of similar material occur in the 
vicinity, which contain corundum, though not the ruby crystals. 

The first third of the bulletin discusses the very varied modes of 
occurrence of corundum in general; the middle third describes the dis- 
tribution, by important localities, of (1) gems, (2) corundum, and (3) 
emery; the concluding portion deals with methods of mining, uses, and 
manufacturing processes, and contains an almost complete list of Ameri- 
can localities. The paper is illustrated with numerous views and plates. 
It forms a most complete and valuable monograph on a subject of both 
practical and scientific importance, and it is remarkable that this, as 
well as the classic paper upon corundum by the late Prof. F. A. 
Genth,“ were both published by members of the staff of the North 
Carolina geological survey. It is not mentioned, however, that the 
supposed first recognized locality of corundum in the United States in 
reality is Anderson, Laurens County, S. C., where it was noted by 
Jobn Dickson in 1819.° 


MONTANA. 


In my last report® mention was made of large quantities of corun- 
dum, besides the sapphires, found in the Yogo district and lying on the 
dumps unused until transportation facilities shouldimprove. It seems 
that Montana corundum is now beginning to attract attention, and 


« Corundum, its Alterations and Associated Minerals; Philadelphia, 1873. 
6Gems and Precious Stones of North America, 1892, p. 42. 
¢ Mineral Resources U. 8. 1900, p. 756, 
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may prove important commercially. Thus far the only point where 
systematic exploration for it is in progress is in the south-central part 
of Gallatin County, near the headwaters of Elk Creek, among the 
foothills between Gallatin Valley and Spanish Creek Basin. 

Corundum was first found here some years ago by Mr. Harris Kirk, 
who owned a considerable area of ranch land in these hills, and when 
it was recognized several claims were located. Only of late, however, 
has any definite prospecting or surveying been done. The vein has 
been traced for 2 miles along a ridge south of Elk Creek, and some 
thirty trial pits have been sunk. The rock is gneiss, principally, and 
the corundum-bearing veins appear to be conformable to it and in close 
parallel association with bands of quartz, separated by garnetiferous 
and hornblendic schist. The general mode of occurrence recalls that 
of the corundum bands in gneiss described by Professor Pratt from 
two localities in North Carolina and noted in my ldst report,* though 
to which of his two types of gneiss occurrence that in Montana 
belongs can not yet be determined. The main vein consists of a white, 
friable feldspar, with walls and margins of vermiculite, which some- 
times increases in proportion until it forms a large part of the vein. 
Through these minerals the corundum is disseminated in crystals and 
crystalline grains, varying from a small fraction of an inch to 8 or 10 
inches in length, often as beautiful elongated hexagons, and forming 
from 15 to 75 per cent of the vein mass. The seam averages about 28 
inches in thickness along the outcrop, sometimes more, and has been 
traced downward to half the depth of a canyon formed by Elk Creek 
cutting through the ridge. This canyon is 800 feet deep, but the 
lower half is so obscured by a talus of fallen rocks that the vein could 
not be reached or seen. It appears, however, to dip regularly north- 
ward with the surrounding gneiss. 

The corundum is found upon trial to be of good quality for vitrify- 
ing and to make excellent wheels by the silicate process. A number 
of claims have been staked out, and a company has been organized. 
Mr. Leverett S. Ropes has paid much attention to the exploration and 
development of this mineral. 


CANADA. 
ONTARIO. 


Operations have begun regularly in the Ontario corundum region, 
described in the report of this division for 1898.2 The Canada Cortin- 
dum Company, Limited, of Toronto, with a branch office at Bridge- 
port, Conn., has erected works and started operations on the Robillard 
property, in Renfrew district, township of Raglan, 7 miles south of 


@Minerml Resources U. 8. 1900, p. 756. 
+’Twenticth Ann. Rept. U. S. Geol. Survey, Part VI, 1899. 
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Combermere. As the corundum-bearing rock forms a large outcrop 
over a high hill, abundant material is in sight for years to come by sim- 
ple quarrying, with no under-ground work. The rock averages from 12 
to 15 per cent of corundum, and it is found that the best material is 
produced when the mineral occurs well disseminated in rather small 
crystals; hence that portion of the deposit which presents this char- 
acter is being principally exploited at present. The works are already 
supplied with varied machinery of modern type—crushers, jigs, con- 
centrators, etc.—with a capacity of 20 tons a day; but more machinery 
is being added which will have double the capacity of that already 
installed, together with a magnetic separator for magnetite. Water 
power is the operating force. The present plant is, however, only 
experimental, and more extensive works are in contemplation. About 
45 men are now employed. A road is under construction to a land- 
ing on York River, 3 miles from the mine and + miles from Comber- 
mere. 

At the end of 1900 about 60 tons of sized corundum had been pro- 
duced here, and a large number of wheels manufactured therefrom. 
These are reported by all who have used them to be of the highest 
quality for abrasive work. 

Other companies are being organized to develop other portions of 
the Ontario corundum field. Among these, the Crown Corundum 
Company, Limited, will work the Methuen and Burleigh deposits, in 
Peterboro district. Like the Canada Company, above noted, this 
one also combines American and Canadian capital, its president being 
in Boston and its secretary in Toronto. 

Large exhibits of the corundum-bearing rock from this region 
were shown in the Canadian section of the Mining Building at the 
Pan-American Exposition at Buffalo. 


CORUNDUM AND ELZOLITE-SYENITES IN INDIA. 


Mr. Thomas H. Holland# has described the occurrence of eleolite- 
syenites in close association with corundum-bearing syenites in the 
Coimbatore district of Madras Presidency. These rocks, occurring 
together as they do, present a remarkable similarity to those of the 
corundum region in Ontario, Canada, described in the report of this 
Survey for 1898.’ The eleolite-syenite appears in several varieties; it 
is gneissoid in character, conformable to the surrounding and ihclos- 
ing gneisses. A remarkable feature is the presence of graphite in the 
rock mass and also in bands and lenses. Mr. Holland, in view of this 
feature, has sought carefully to determine the origin of the elexolite 
rock, whether igneous, as has been generally held, or otherwise; but 
he finds no absolute evidence, though inclining to the former view 


a Memoirs Geol. Suryey India, Vol. XXX, Pt. 11I, 19U1, pp. 169-220, 
oTwenticth Ann. Rept. U. 8. Geol. Survey, Pt. VI, 1899, pp. 18-21. 
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and regarding the foliation as imposed before full consolidation. If 
this be true, it presents the novel and important feature of the occur- 
rence of graphite in a properly igneous rock—a fact which, as Prof. 
L. V. Pirsson remarks, may be correlated with the occurrence of carbon 
in meteorites and of diamonds in the South African peridotite, and 
may lead to important conclusions tending to the solution of vexed 
problems in geology. The corundum appears in a highly feldspathic 
syenite associated with the eleolite rock, sometimes containing red 
garnet and sometimes chrysoberyl. The relations of the two syenites 
were not clear, but Mr. Holland regards them as differentiated prod- 
ucts from the same magma. 
RUBY. 


NORTH CAROLINA. 


Ruby matriz.—The well-known occurrence of pink and red ruby 
corundum in a green amphibole (smaragdite), at Buck Creek, Clay 
County, N. C., has been utilized for a new semiprecious stone. Pieces 
are selected in which the bright spots of red or pink ruby are inclosed 
in the bright-green matrix. The contrast is very pleasing, and the 
stone is being introduced under the name of ruby matrix and adds 
one more material of this kind to the opal matrix, turquoise matrix, 
and emerald matrix, which have become so popular of late. © 


BURMA. 


The Burma Ruby Mines Company, Limited, of which an account 
was given in the last report of this division,* has again made a suc- 
cessful showing, after a number of years of difficulty now apparently 
past. The first favorable results, announced last year, have been 
exceeded in the year ending February 28, 1902, as shown by the report 
of the directors’ annual meeting in June. A dividend of 174 per cent 
was declared (as against 124 per cent in 1900), amounting to £26,162 10s., 
leaving a net balance to be carried over of £10,123 17s., as against 
£8,881 5s. in 1900. 

The amount of gemmiferous earth (‘‘byon”) washed and the cost 
involved for the two years are stated as follows: 


Operations at the Burma ruby mines. 


‘ Number | Cost per 
Year. of loads. | load. 
d. 
LOG 6 oie Xa eiaP ASS TA NCES WNEE ASNT SS Re Wee es eas eee Sean ceeeee Oeteteoiseaeureas 818, 185 10.39 


SOO esses Sess SRS ICAI Sa TST Ee TAREE TENT R 947, 444 10,29 


— — ————- _— — ee ee 


Comparing these data with those given in the table for the previous 
seven years (on page 758 of the last report of this division, above cited), 


«Mineral Resources U. 8. 1900, pp. 757-758. 
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it will be seen that the yield continues to increase and the cost to 
diminish. 

The second electrical pumping plant has proved eminently success- 
ful, and a third has been ordered and has arrived, intended for a new 
mine, on which preparatory work was begun in January, 1902, and 
which was expected soon to be yielding gems. 


EMERALD. 
NORWAY. 


The old and well-known emerald locality at Arendal, Norway, which 
has lony yielded mineralogical specimens, was taken up for exploita- 
tion some two years ago, in the hope of obtaining gems, by the Nor- 
wegian and General Exploitation Company, Limited, of London, and 
an exhibit was made of gems and specimens at the Paris Exposition of 
1900. Many cut gems, most of them pale in color, but generally free 
from flaws, were shown. Up to this time, however, the mines have 
not been profitably worked, and the second annual report of the com- 
pany, presented on December 21, 1901, is not very promising. Work 
had been carried on through the year ina manner deemed entirely 
capable and satisfactory, but with small results in emeralds, though 
much fine beryl was procured. The uncertainty of emerald mining is 
referred to, and the statement made that ‘‘ first-class stones may be 
met with at any time.” The stock of emeralds on hand is valued at 
£934 19s. 8d., and the balance of the profit and loss account for the 
year is £2,110 11s. 6d. The stock of gems appears to have come over 
from the previous year, when it was valued at £1,127 3s. 9d., the 
diminution being due to sales made during the year. 

This occurrence of emerald strikingly resembles that at the Crab 
Tree Mountain, Mitchell County, N. C., which latter locality has 
afforded many of the emerald matrix specimens, and was first described 
by the writer in these pages.¢ 


GOLDEN BERYL. 
NORTH CAROLINA. 


Dr. J. H. Pratt exhibited, in the North Carolina section of mineral 
products at the Charleston Exposition, a crystal of golden beryl an 
inch and a half in diameter and over 2 inches long, taken from an 
Indian mound near Tesanty Creek, Macon County, N. C. This place, 
elsewhere referred to in this report as yielding fine amethysts, is not 
far from the Littlefield bery] mine, and it is supposed that this crystal 
must have come from that locality. This is the first noted occurrence 
of a beryl crystal in an Indian grave. 


aSixteenth Ann. Rept U.S. Geol. survey, Pt. LV, 1895, p. 600, 
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CIIRYSOBERYL. 
MANHATTAN ISLAND. 


Chrysobery]l is a mineral of such rare occurrence that the recogni- 
tion of another well-defined American locality for it is of considerable 
interest, even though the specimens found be very few. The Manhat- 
tan gneiss, of which the island on which New York is built is mainly 
composed, is very rich in the number of mineral species which it has 
yielded, though few of them are abundant or remarkable for elegance. 
The late Benjamin B. Chamberlin, an enthusiastic local mineralogist, 
whose collection was purchased after his death by the New York Min- 
eralogical Club and deposited with the American Museum of Natural 
History, where it still remains under mutual agreement, published a 
complete list of the minerals of the island, with bibliographical refer. 
ences to all previous treatment of the subject.“ In that list, which com- 
prised no less than 76 species and 111 varieties, chrysoberyl is men- 
tioned as having been found by William Niven, near High Bridge, 
**in small crystals on orthoclase,” in May, 1888, and also in the Fort 
George locality. ° 

During the last year, however, Dr. Wallace G. Levison has pub- 
lished a full account of two very well characterized specimens obtained 
by him on Manhattan Island, one in 1893 and the other in August last. 
The first was exhibited at a meeting of the New York Mineralogical 
Club, November 9, 1894, but was not then publicly noticed. A full 
description, with enlarged half-tone plate, was published in a pam- 
phlet by Dr. Levison, dated July 15, 1901, and a crystallographic 
account of it, with enlarged woodcut, by Dr. A. J. Moses.? After the 
discovery of the second and larger specimen, Dr. Levison prepared 
a second edition of the pamphlet entitled Crystals of Chrysobery]l 
from the Borough of Manhattan, New York City, issued under date 
of October 15, and including the later specimen. The two crystals 
were not found in the same locality, but about half a mile apart. 
The first was from Eighty-cighth street and Amsterdam avenue, 
the second from Ninety-third street and Riverside Park. Both 
show that they represent several grouped crystals, part of which have 
been lost. Both are of good color; the second and larger one is a very 
fine, delicate light green, while the other is more brownish or olive. 
In crystallization they are not alike, the first being, in the words of 
Professor Moses, ‘‘of the heart-shaped type, with prominent pyra- 
mid, described by Kathrein as occurring at the emerald mines of Tako- 
waia, Siberia, and is composed of two individuals with the usual twin- 
ning plane P (031). It is not tabular.” The dimensions are 8 by 10 
by 14mm. _ Professor Moses gives a full list of measurements for all 


«Trans. New York Acad. Sci., 1888. 
®Am. Jour. Sci., August, 1901 (4th ser., Vol. XII, No. 68, pp. 104-105). 
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the faces. The second specimen is a large tabular crystal, or rather 
several parts of one, some 8 mm. thick, and the larger portions over 
20 mm. in diameter. The striated a faces are broad and brilliant; no 
detailed measurements have been made of the others as yet. Both are 
in quartz, mingled with oligoclase feldspar. The specimens remain in 
the possession of the finder, Dr. Levison, of Brooklyn. 


GARNET. 
RHODOLITE. 


NORTH CAROLINA. 


In the report on Mineral Resources for 1898 reference was made 
at some length to the composition of the peculiar and beautiful gem- 
garnet from the Cowee Valley in North Carolina, for which the name 
of rhodolite has been proposed and generally adopted. At that 
time, as there stated, the mineral had been found only in rolled frag- 
ments, not in crystals, and its matrix was unknown. By a recent 
letter from Mr. W. E. Hidden, who is engaged in working the 
locality, it appears that these missing data are now to some extent 
supplied. He reports having found several crystals during the sum- 
mer of 1901, of considerable size, embedded in a decayed or saprolitic 
rock, though of what character is not stated. One crystal weighed 
as much as 34 pounds (avoirdupois) and yielded 300 carats of fine pale- 
red material, flawless and suitable for cutting. The crystal was a 
trapezohedron, and had developed ‘* parting planes” in all directions, 
but enough remained to yield the amount of gem material above men- 
tioned. Mr. Hidden also reports having found rhodolites inclosing 
green and yellow crystals of apatite. 

The yield for the year was about 200,000 carats, which may be 
valued approximately at $20,000 after cutting. Mr. Hidden esti- 
mates that seven-eighths of the total weight must be lost in shaping 
and cutting, certainly three-fourths, while many of the pieces found— 
perhaps one-half—are too small to cut profitably at the present rates. 

Very fine exhibits of these rhodolites, in the rough and also cut, 
were displayed in the North Carolina section of minerals and mining 
at both the Buffalo and Charleston expositions. 


PYROPE. 
NEW YORK. 


A number of small and brilliant garnets, probably of this species, 
were obtained Jast summer from a new opening in the peridotite out- 
crop at Syracuse, N. Y. They were too much shattered to have any 
value as gems, but are of much geological interest in adding a further 
point of resemblance in this rock to that of the African diamond mines 
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- and of Isoms Creek, Kentucky. It will be remembered that the late 
Prof. H. Carvill Lewis emphasized the similarity of the peculiar rock 
at these three points, and proposed for it the name of kimberlite.¢ 
The pyrope garnets, or ‘‘ Cape rubies,” of the African mines had their 
analogue in the pyropes found in the Kentucky rock, but none had 
before been obtained at Syracuse. Of course the discovery led to some 
excitement when these facts were made known, and sensational articles 
appeared, of the usual kind, about rubies and diamonds to be antici- 
pated at great depths in central New York. 


TOPAZOLITE. 


CALIFORNIA. 


According to Mr. Max Braverman, many fine groups of topazolite 
garnet were taken out during the year from the locality near eee, 
Cal., before referred to in these reports.” 


SPESSARTITE. 
CALIFORNIA. 


In addition to the interesting. tourmalines, rose beryl, and other 
material that have been found at Mesa Grande, San Diego County, 
Cul., may be noted spessartite garnet implanted on a garnet rock in 
brilliant crystals from 5 to 15 millimeters in diameter, with striated 
faces. The crystals are usually translucent and would only furnish. 
small transparent gems; but they possess great brilliancy. 


GROSSULARITE, WITH EPIDOTE. 
ALASKA. 


A remarkable discovery has been made during the past vear on the 
property of the Green Monster Copper Mine Company, near Sulzer, 
Prince of Wales Island, Alaska, of magnificent crystals, large in size 
and brilliant in color, of epidote and grossularite garnet, associated 
with twin crystals of quartz of the Japan type. The epidote crystals 
are implanted on a vein rock of epidote or on crystallized quartz, and 
are cither associated or coated with crystallized quartz. The crystals 
are generally isolated and distinct, are rather stout in habit, are bright 
dark green with brilliant luster and pistache-green reflections. This 
color is more pronounced on the broken and fractured pieces. They 
are almost invariubly twinned, and vary in size from 1 cm. to 15 cm. in 
length, in one case a single detached crystal weighing 359 grams (10 
ounces). 

The garnet is true grossularite, and is disseminated throughout the 


a Eighteenth Ann. Rept. U.S. Geol. Survey, Part V (continued), 1897, p. 11M. 
>Seventeenth Ann. Rept. U.S. Geol. Survey, Part III (continued), 1896, p. 911. 
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chalcopyrite of the copper mine, in which it occurs in isolated dodec- ’ 
ahedrons (*‘ 1”) with the trapezohedral faces slightly developed. The 
more brilliant crystals, however, are found in the limestone contact, 
where they occur with lustrous faces from 3 mm. to 12 mm. in diame- 
ter, varying greatly in color—pale cinnamon, pale brown, rich honey 
brown, dark brown, pale yellow brown, dark brownish green, smoky 
brown, and greenish black. All these are in the form of crystalline 
sheets over a paler mass, and are not detached as when found in the 
chalcopyrite. The paler-colored garnets are all smaller, the darker 
larger, some of the latter measuring 12 mm. on the face. 

The quartz occurs generally crystallized, associated with, upon, or 
under the epidote crystals, almost always doubly terminated, transpar- 
ent, and very often inclosed or coated with green chlorite. Among 
these are found crossed crystals. In habit the crystals are smaller at 
one end than at the other. The twin crystals resemble those of Japan, 
but none measure more than 1 inch in length. They are flat, and 
generally are coated with chlorite. The chalcopyrite forms a large 
vein mass, with quartz containing cavities in which are malachite crys- 
tals. It also incloses pyrrhotite, as well as the grossularite. The 
epidote is principally found at a contact with a limestone vein, as is 
frequently the occurrence. The finer crystals, however, are not found 
in the vicinity of the main copper mass. 


ALMANDITE. 
GERMAN EAST AFRICA, 


Another remarkable discovery in 1901 was that of garnet in Luisen- 
feld, German East Africa. The garnet is a variety of almandite with 
a color inclining to brown. It is brought to commerce in fractured 
pieces, probably originally large crystals. Some of these pieces 
measure over 1 inch in length and more than half an inch in thickness. 
Immense quantities have been found, and it has made its way exten- 
sively into the commerce of Europe in sacks weighing 50 or more 
pounds each. This garnet is largely transparent, and yields handsome 
gems of a rich brown-red up to 10 carats in weight. 


PERIDOT. 
UPPER EGYPT. 


One remarkable development of the year was the great quantity 
of peridot, olivine, or chrysolite, as the gem is known, fine examples of 
which at one time or another have existed among almost all well- 
known church treasuresof Europe. The original locality of these gems 
is unknown, at least in many cases, and, us the writer has suggested, 
they must date back to the time of the Crusades, having been brought 
from the East, and, from time to time, having found their way into 
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commerce from churches and cloisters by changes which time brings 
about, but which can not be explained except by such processes as 
those by which the jade and rock crystal objects have reached us 
from China during the past year. 

The new source, which is doubtless the old one rediscovered, is not 
yet precisely known, or rather made known, but it is somewhere in 
Upper Egypt, near the Red Sea. Large quantities of the mineral, 
hoth in crystals and broken pieces, have been brought to Europe and 
sold, and some have reached this country. Most of these are small, 
not over 1 or 2 carats, but very brilliant; some are as large as 20 or 
30 carats, but rarely more; a crystal of 90 carats and a mass of 190 
carats have also been found. In the earlier times pieces weighing as 
much as 204) or 300 carats were obtained, such as those to be seen 
in the Dom Schatz of the Cologne Cathedral, and in the American 
Museum of Natural History at New York. When the exact locality 
of the new supply can be reached and scientifically examined the mode 
of occurrence of such quantities of transparent olivine will be a mat- 
ter of much interest. 


VESUVIANITE (IDOCRASE). 
CALIFORNIA. 


In California there nas been a very interesting discovery of massive 
green vesuvianité, which seems capable of being used as an ornamental 
stone. It was found by Dr. A. E. Heighway, on land owned by him 
on the South Fork of Indian Creek, 12 miles from Happy Camp and 
9) miles from Yreka, in Siskiyou County. Here a hard and hand- 
some stone, varying from olive to almost grass green, and taking a 
fine polish, outcrops for some 200 feet along a hillside about 100 feet 
above the creek, and large masses have fallen into the bed of the creek 
below. It was at first supposed to be jade (nephrite), but proves to 
be vesuvianite. The fallen pieces were in some cases as much as 5 
feet square and 2 feet thick, of excellent quality for polishing, and of 
varying shades of light to dark green. The associated rock is precious 
serpentine. 

The mineral acts very feebly between crossed nicols. Its specific 
gravity, determined from two pieces, is 3.286. It closely resembles 
the mineral from the south side of the Piz Longhin, in the Bergellthal, 
also found in rolled pieces in the bed of the stream called the Ord- 
legna, near Casaccia, in the Upper Engadine. These were at first 
taken for jadeite,* but were positively identified as idocrase by the 
analyses of Berwerth.? It seems remarkable that the same mistake 
should have been made in both cases as to this massive idocrase, but 
its whole aspect is so jade-like that it is not surprising. The rich 


4 Fellenberg, Jahrb. Min., Vol. J, 1889, p. 103. bAnn. Mus. Wien, Vol. IV, 1889, p. 87. 
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translucent green color, fine-grained subsplintery fracture, and bril- 
liant luster when polished all strongly suggest jade. The polished 
surface shows minute pale streaks or flocculi, which still further 
heighten the resemblance. It is proposed that work be undertaken 
at once to develop this material, which, if obtained in sufficient quan- 
tity, would be an interesting addition to American ornamental stones. 


TOURMALINE. 
CALIFORNIA. 


The remarkable new locality of colored tourmalines at Mesa Grande, 
San Diego County, Cal., described in my last report® has continued to 
yield exceedingly choice material. It occurs on the same belt as that 
in which is found the lepidolite of Smith Mountain, and the close asso- 
ciation of this lithia mica with the colored lithia tourmalines, familiar 
elsewhere, leads to a belief that there may prove to be a zone of these 
valuable and interesting minerals traversing this region. At Mesa 
Grande the tourmalines occur in a vein of mingled quartz, lepidolite, 
and feldspar, which is exposed by erosion for a distance of some 300 
feet or more on the mountain side. The locality has been known to 
the Indians, who break up the rock by blasting, and thus get access to 
the cavities, in which the tourmalines chiefly occur. Many crystalsare 
also found loose in a red clay, resulting from the decomposition of the 
rock. 

The story runs that about twenty-five years ago some Indian chil- 
dren playing around their camp in this vicinity picked up an oddly 
shaped stone about 3 inches long, six-sided, and as thick as a lead pencil 
or thicker, which, when cleaned and rubbed, was found to he of a rich 
blue color, partly clear and very brilliant, like a sapphire. This, 
although not known or understood at the time by those who saw it, was 
probably the first tourmaline discovery in San Diego County. Sub- 
sequently other crystals were picked up by Indians and cowboys, who 
prized them for their attractive colors—blue, green, red, ete.—but had 
no knowledge of their real character or commercial value. Now, as 
above mentioned, the Indians have learned somewhat how to get them 
- from the rock. The spessartite garnet found at this locality has already 
been noted under ‘‘ garnet,” above. 

E. A. Wulfing, in a recent article,’ publishes his studies on the optical 
properties of the Elba and Haddam neck tourmaline, giving a series of 
comparative optical tables. 


@ Mineral Resources U. 8. 1900, pp. 761-762, 
>Centralbiatt fur Mineralogie und Geologie, 1901, pp. 299-302. 


PRECIOUS STONES. 749 


JADEITE. 
MEXICO. 


. Probably one of the most important recent discoveries of jadeite was 
that made in the excavations of the Escalerillas, immediately back of 
the cathedral of Mexico, near or upon the site of the great temple. 
This excavation was carried on during the years 1900 and 1901 and 
brought to light at least 2,000 beads of jadeite, jadeite tablets, many 
hundred copper objects, and a large and beautiful obsidian knife meas- 
uring 32 inches in length. This Dr. H. M. Saville believes to have 
been placed there as an offering at the time of the dedication of the 
temple. <A few fine specimens are -in the collection of the American 
Museum of Natural History. 


NEPHRITE. 


NEW ZEALAND. 


Reference was nade in the last report¢ to the discovery of nephrite 
in place in Siberia. A recent announcement of its occurrence in ser- 
pentine on D’Urville Island, New Zealand, is made in a paper by E. Dic- 
seldorff, referred to in the American Journal of Science for January, 
1902.2 This is the first discovery of nephrite in place in New Zealand, 
where it has so long been known and used, but heretofore always from 
bowlders. The mineral was found here both as nodular massex in ser- 
pentine and as bowlders, with the interesting difference that while the 
latter were essentially true actinolite, with no signs of alteration, the 
former showed uralitization, being in fact uralite-nephrite. This indi- 
cation bears out a suggestion made years ago by Arzruni that nephrite 
may in some cases be an alteration from an original pyroxenic mineral. 


MOONSTONE. 
NORTH CAROLINA. 


A very interesting new form of moonstone has been found by Mr. 
D. A. Bowman, near Bakersville, N. C. The moonstone is either 
white or gray feldspar, oligoclase, at times quite transparent, then 
translucent, being remarkable because, parallel to the cleavage planes, 
there are crystals of a red goethite that are unusually brilliant and 
iridescent by reflected light; so that in one position the stone may 
have the appearance of a moonstone, and inanother that of a sunstone. 

This moonstone occurs about 1 mile north of Bakersville, at the base 
of Medlock Mountain, on the land of W. G. Bowman, in a vein of 
granite and white feldspar in a hard, bluish-glistening schist, steeply 
inclined, and with a strike of about 15° north of east. The locality 
was exposed by a slide or washout in a great freshet in May, 1901, but 
the mineral was not discovered until some months afterwards. The 


@ Mineral Resources U. 8. 1900, p. 767. bAm. Jour, Sci., 4th ser., Vol. XIII. 
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moonstone itself forms a band or ‘‘streak,” rather narrow at times, 
but traceable for 200 or 300 yards across the cove in which it appears. 
Goethite is present also in small amounts in the adjoining bluish schist. 


FELDSPAR AS AN ABRASIVE. 


Dr. N. H. Winchell reports that efforts have been made at Duluth, 
Minn., to introduce labradorite as an abrasive material. When ground 
and properly cemented on a wheel which is revolved with sufficient 
velocity the application of steel to its surface causes sparks of hot 
steel to fly in the same way as from a corundum wheel. This labra- 
dorite is obtained from the anorthosite masses of Minnesota. 


QUARTZ. 
ROCK CRYSTAL. 
TENNESSEE. 


A very interesting occurrence of quartz crystals is reported from 
near Russellville, Hamblen County, Tenn. They are small but beau- 
tiful, and quite as brilliant as those from Herkimer County, N. Y., 
and interesting as being double pyramids, well developed, with the 
pyramidal faces elongated. They are found both colorless and smoky, 
and sometimes present peculiar forms of twinning. 


SMOKY QUARTZ. 
ALABAMA. 

Prof. Eugene A. Smith, of the University of Alabama, reports the 
discovery of very handsome crystals of smoky quartz in that State, 
near Zana, Tallapoosa County. Specimens were sent to New York to 
be tested as to their fitness for ornamental use, and two fine brilliants 


were cut, which left nothing to be desired in color or brightness. None 
of this material has yet been placed on the market. 


MONTANA. 

An immense crystal of smoky quartz weighing 934 pounds was found 
in Montana near Clear Creek, Jefferson County, by Mr. O. P. Chis- 
holm, of Boulder, Jefferson County, Mont. It measured 22 inches 
long and 13 inches wide, and before the fracture it must have been 25 
inches long. The prisms of the crystal were quite perfect, but the 
terminal planes had been broken. 


ROSE QUARTZ. 


SOUTH DAKOTA AND CALIFORNIA. 


The old locality for rose quartz in the Black Hills, in Custer County, 
S. Dak., is still somewhat worked, and there are immense quantities 
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of the mineral in sight. Mr. L. W. Stillwell, of Deadwood, reports 
having shipped 400 pounds of select material, during the year past, 
for jewelry and ornamental work. Some available for similar uses, 
and almost as good in color, has also been taken out at Yokohol, Tulare 
County, Cal. 
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RUTILATED QUARTZ. 
NORTH CAROLINA, 


A fine quality of rutilated quartz, well crystalized and perfect.7 
transparent, is found in the monazite mines near Shelby, Cleveland 
County, N. C., together with handsome garnets. 


AMETHYST. 


NORTH CAROLINA. 


Mining for amethyst has met with considerable success at Tesanty, 
on the creek of that name, Smith Bridge Township, Macon County, 
N. C., where a large vein occurs in an altered pegmatite. The devel- 
opment thus far has been entirely in a kaolinized rock in which the 
amethyst crystals, from one-half to 3 inches in length, are found loose 
with the quartz and mica in the kaolin. The entire vein when found 
had been uncovered to the depth of 20 feet by a landslide. It is evi- 
dent that further working will show the amethysts in the rock. In 
color the crystals are light and dark, the dark spots often of the 
deepest, richest purple; no finer amethysts have been found in the 
United States. Several thousand dollars’ worth of stones were sold 
from the first development work, 


ALASKA. 


During the past year some specimens of amethyst crystals contain- 
ing fine material were brought to the United States from Alaska. 
Further development of the amethyst vein known to exist is expected. 


BRAZIL. 


Brazil, one of the richest countries of the world in minerals, has for 
more than half a century been in constant communication with Ger- 
many in the matter of precious and semiprecious stones, as a leading 
source of supply to the celebrated polishing works at and near Ober- 
stein, in the valleys of the Nahe and the Idar. The last-named stream, 
a tributary of the former, has its source in the neighborhood of Erbes- 
kapples, the highest point of the Rhine province, in the elevated forest 
region of the Hunsrucks. In its descent to the Nahe, near Oberstein, 
it presents a succession of falls through a distance of about 24 miles, 
and supplies water power for more than sixty polishing works. The 
valley has a large population, the principal towns being Oberstein, 
which is a station on the Nahe-Rhine Railway, and Idar, half an hour 
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distant by train, on the river of the same name. These two towns 
receive precious and semiprecious stones for polishing from all parts 
of the world and export their products in like manner everywhere, 
manufacturing many special styles of work adapted to the tastes and 
demands of numerous races and tribes, both civilized and uncivilized. 
Oherstein, formerly entirely an agate-cutting district, is occupied espe- 
cially with the watch-chain industry, while the more general work in 
precious and semiprecious stones is in the hands of the Idar merchants. 

As the polishing industry has developed, the usual change has taken 
place from the water power which originated the industry to the use 
of steam, and lately to the use of electric motors. Not only is a great 
increase of power thus obtained, but the danger of lack of water in 
summer and the interruption by freezing in winter, both of which 
have been serious embarrassments, are alike obviated. 

All kinds of precious and semiprecious stones can be and are pol- 
ished at these numerous works, among the former being diamonds, 
rubies, emeralds, sapphires, etc., and among the latter agates, ame- 
thysts, opals, topazes, and the quartz gems in general. The polished 
products find ready sale all over the world. At times when one or 
another variety is out of fashion, and hence not in demand for jew- 
elry or for decorative work, the stones are put aside and kept in 
reserve until the public taste or fancy changes und brings them again 
into favor. 

Brazil has long furnished many varieties of the quartz gems, and of 
late has yielded especially the remarkable ‘‘almond agates” in great 
quantity, as well as the purple amethysts, which have held their 
place steadily in public esteem, despite the competing attractions of 
other gems. This enduring favor is largely due to the fact that there 
is in reality no other precious stone with the beautiful violet color of 
the amethyst. 

German agents and explorers are constantly engaged in the search 
for new localities and varieties of gem stones in Brazil, and indeed in- 
many parts of the globe, to supply material for the Idar and the 
Oberstein works. In the course of such exploitations there was 
found a few years ago an immense hollow ‘*almond,” or amygdaloid 
geode, of amethyst; or, in other words, a single amygdule in an 
igneous rock, far surpassing in size and elegance anything of the 
kind previously known. 

This wonderful geode or ‘‘druse” measured about 10 meters (33 
feet) in length, 5 (16.5 feet) in width, and 3 (10 feet) in height, 
and was estimated to weigh some 70,000 pounds (35 tons). It was 
lined with quartz, colorless at first, near the outside, but passing 
gradually, toward the interior, into a lining of richly colored amethyst 
crystals, many of them as large as a man’s fist, and with brilliant, lus- 
trous faces, as though polished by a lapidary. 
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It is unfortunate for science that a specimen so unique in its magnifi- 
cence should not have been preserved. But since the first discovery 
many parts have been broken away, and many lots bought by various 
gem prospectors for special uses, until there was no possibility of 
saving itasa whole. It has been partly put together as the ‘‘ Ame- 
thyst Grotto,” shown in the Disseldorf Exhibition of 1902 (class 11). 

The mode of occurrence of this great amygdule or geode may be 
briefly described as follows: The Serra do Mar, the mountain range 
parallel to the Brazilian coast, on passing into the State of Rio Grande 
do Sul, turns toward the west and declines in height, but its southern 
slope is somewhat rugged. Here are situated a number of German 
settlements, as Santa Cruz, Germania, St. Angelo, Silvina, Martens, 
New Berlin, Teutonia, New Petropolis, St. Leopold, etc., with a 
German-speaking population of perhaps 200,000. In Santa Cruz are 
many immigrants from Idar and its vicinity, who are of course 
familiar with the nature and occurrence of precious and semiprecious 
stones. The Serra is largely composed of granitic and igneous rocks, 
frequently covered by a mantle of red clay, resulting from the decom- 
position of the rocks by weathering. At an elevation of from 500 to 
1,000 feet (150 to 300 meters) above the sea, a red rock is largely 
present which often passes into melaphyr and amygdaloid, in which 
agates frequently occur. 

The principal district in which the agate amygdules are obtained is 
along the upper waters of the Garuky and its left-hand tributaries, 
north of Santa Cruz. They are generally found in the red soil above 
referred to as produced by the weathering of the igneous rocks. In 
the case of the great geode, this was true of its upper portion, while 
the lower part remained embedded in the underlying melaphyr. It 
was hence very difficult of extraction, especially as blasting could not 
be employed for fear of injuring or dislodging the elegant crystals. 
The upper part of the geode had been broken open, and the interior 
was filled with the red soil, in which, as in a unique flowerpot, had 
grown a palm + meters (13.5 feet) in height. 

The spot where it was found was north of Santa Cruz, und only 20 
miles distant in an air line, but the paths down the mountuain side are 
suitable only for transportation on mule back. Hence the large and 
heavy pieces, into which the great geode, or what remained of it, was 
finally broken, had to be carried by a much longer and very round- 
about way to reach a point of shipment. The pieces were ten in 
number and weighed 1,500 kms. They were carried on two-wheeled 
carts, each drawn by eight oxen, across several mountain streams to 
Villa Birra; then, by the Harrara railway to Santa Maria; then, on 
the Urugaryan railway, for 262 ks., to Targum-Taquary; thence by 
river steamer to Porto Alegro, and by raft to Rio Grande, where 
they were at last shipped to — The finest parts of this grotto 
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have been presented to the Tiffany-Morgan collection in the American 
Museum of Natural History, at New York, and to the Musée d’His- 
torie Naturelle, Jardin des Plantes, Paris. 


CAIRNGORM STONE, 


SCOTLAND. 


At the meeting of the British Association for the Advancement of 
Science in 1901,¢ Mr. E. H. Cunningham Craig gave an account of the 
celebrated locality of smoky quartz, Scotch topaz, or cairngorm stone, 
so called from Cairngorum, near Banff in Scotland. The search was 
formerly quite profitable, but is now very little prusecuted. At points 
near the great granite masses, shallow pits or trenches were dug in 
the decomposed rock that covers many of the flat hill tops and appears 
in the ‘‘corries” or ravines. Pieces of vein quartz, with muscovite 
and orthoclase crystals, in the decayed rock were regarded as surface 
indications of cairngorm veins beneath. Sections in the ‘‘ corries” show 
vertical or steeply inclined veins (or dikes) of tine granite traversing the 
coarser surrounding rock. These have a central zone of drusy cavi- 
ties and coarse crystallization with plates of muscovite, crystals of 
orthoclase, and more or less smoky quartz, together with occasional] 
beryls. The mode of occurrence seems to be identical with that of 
the amethyst crystals in this country from Maine to Georgia. Mr. 
Craig regards these veins as intrusions of a more highly differentiated 
material from and underlying magma into fissures formed in cooling. 
To the drusy cavities he attributes a like origin, and a subsequent fill- 
ing with acidic solutions from which the crystals developed. 


NONCRYSTALLINE QUARTZ. 


Numerous occurrences of the minor varicties of noncrystalline 
quartz minerals are reported every year. Some of these never prove 
important, while others may. In many instances, however, they 
possess interest and serve to develop more or less business in ‘‘ local” 
gem stones. Among those lately announced, the following may be 


referred to: 
AGATE. 


Some fairly good material, of red and other colors, has been obtained 
in Clarke County, Ala., and has been cut and polished in New York 
for sets of cuff buttons, etc., and for ornaments and small slabs. Prof. 
Eugene A. Smith, who reports these facts, states that this agate 
occurs in veins in the ‘‘ Buhrstone” division of the Claiborne forma- 
tion, in the Eocene Tertiary. 

Agate pebbles, or rather nodules, occur in and around the city of 
St. Paul, Minn., in the sand and gravel of the soil. They vary from 
very small size to that of a hen’s egg. Mr. E. C. Mitchell, president 


aReport Seventy-first Meeting, 1901, p. 664. 
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of the St. Paul Academy of Sciences, says that while few, especially of 
the larger ones, are at all choice, yet handsome agates are obtained at 
times. 

Mr. J. T. Jamison, of Mathis, Tex., reports very pretty moss agates 
from that vicinity, but not in any quantity. 

Moss agate from Oregon is described further on under jasper. 

It was reported lately from Philadelphia that a large vein of mottled 
and banded agate had been discovered on Chickies Ridge, Lancaster 
County, Pa., from which pieces large enough for table tops could be 


taken. 
CHALCEDONY. 


Beautiful chalcedony pebbles are found among the sand and gravel 
at low tide, north of the pier at Redondo Beach, California. They are 
believed to have come from strata of sand extending for a mile in the 
vicinity. Several of these pebbles have also been found during the 
past year in an Indian grave north of Redondo. 


CHRYSOPRASE. 


More or less mining has been done at the several chrysoprase locali- 
ties in Tulare County, Cal.; and a portion of the material taken out 
is really fine enough fo be valued for cutting. At the original locality 
at Venice Hill, 12 miles northeast of Visalia, some 300 pounds of 
chrysoprase were obtained. The partics who are working at this 
point have secured several thousand acres of adjoining land, and also 
the locality near Lindsay, 18 miles southeast of Visalia. This was 
first announced in Mineral Resources for 1898¢ as a chrysoprase local- 
ity; but Mr. Braverman, who has given so much study to these occur- 
rences, now calls it prase-opal. From the workings at Deer Creek? 
some 1,200 pounds were shipped to New York, but work has been sus- 
pended for a time. 

Mr. J. A. Edman, of Meadow Valley, Plumas County, Cal., reports 
prase as occurring in lenses in the serpentine belt und as pebbles in 
adjacent gravel deposits. It varies from light grayish-green to deep 
green, the latter said to be peculiarly suitable for ornamental uses. 
In Mineral Resources for 1899° green jasper was announced in a like 
occurrence at the same place. Whether both prase and jasper are thus 
found, or whether both are really a form of chrysoprase, is not yet 


certain. 
JASPER. 


OREGON. 


A discovery has been made of true bloodstone or heliotrope, and 
also of fine moss agate at Hood River, Wasco County, Oreg., by Miss 
aTwentieth Ann. Rept. U. S. Geol. Survey, Pt. VI (continued), 1899, p. 589. 


> Eighteenth Ann. Rept. U. S. Geol. Survey, Pt. V (continued), 1897, p. 1207. 
eTwenty-first Ann. Rept. U.S. Geol. Survey, Pt. Vi (continued), 1901, p. 455. 
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Nettie Hayes. The heliotrope is in fair-sized pieces, of deep green, 
with the red spots that characterize the variety well marked, making 
specimens as fine as those of India. The moss agate is not in rolled 
nodules, like many of the Western specimens, but in fragments, evi- 
dently from a vein or deposit. They are somewhat angular and only 
rounded on the edges. The markings are very fine. 


CALIFORNIA. 


Mr. J. A. Edman, of Meadow Valley, Plumas County, Cal., states 
that jaspers occur frequently thereabout, chiefly gray, light red, and 
white and red mixed, some of which would be suitable for ornamental 
use. 


MINNESOTA. 


Prof. Raphael Pumpelly reports a blood-red jasper and also a blue- 
gray chalcedony as occurring in the region west of Lake Superior. 
They are found in great abundance, the former on Hunter’s Island, 
and the latter near Gunflint Lake, both of which are on the boundary 
line of Minnesota and Ontario. 


NORTH WALES. 


A very remarkable discovery of jasper is announced in the English 
press as having been made in South Carnarvonshire, at Carreg-y-Plas, 
North Wales. The deposit appears in very large veins, from 10 to 
40 yards in width, exposed at intervals along the shore cliffs for 
some distance from Porthper Bay. The color is chiefly deep red 
varied with lighter tints, and the supply of material seems enormous. 
Specimens cut and polished at Birmingham are of fine quality and 
much admired. A syndicate is already proposing to undertake active 
work. 

PETRIFIED FOREST OF ARIZONA. 


In my last report® is given a résumé of the report of Dr. Lester F. 
Ward on the geological relations of the petrified forest of Arizona, 
made under directions from the National Museum and the General 
Land Office. The agatized logs were described as all washed out of a 
bed of coarse sandstone several hundred feet above the areas in which 
they now lie, and a few points were noted where they may be seen in 
place in the sandstone. This bed was referred in a general way to the 
Triassic. 

In a subsequent paper,’ Professor Ward has followed up this subject 
in a highly interesting manner. He describes the whole succession of 
Triassic beds in the region traversed by the Little Colorado River, and 


a Mineral Resources U. 8. 1900, pp. 763-766. 
6 Geology of the Little Colorado Valley: Am. Jour. Sci., 4th ser., Vol. XII, No. 72, Dec., 1901, 
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for the first time distinguishes them into definite series. He has 
traced three main divisions, which are named in ascending order, the 
Moencopie, the Shinarump, and the Painted Desert beds. The middle 
group, the Shinarump (already so named by Powell), is the source of 
the silicified logs. They occur more or less distributed through its 
entire thickness of 1,600 feet, and Professor Ward uses the presence 
of the fossil wood as a criterion to define the limits of the formation 
in certain cases, so characteristic is its general occurrence. There is 
a well-marked division of the Shinarump into a lower and an upper 
portion about equal in thickness (the latter of which he names the Le 
Roux beds), and there is much lithological variation in both members, 
but the wood appears throughout. The lower division is largely sand- 
stone and conglomerate, but interstratified with shales and marls, which 
often present brilliant colors, and all these together form the striking 
banded bluffs around the eroded areas of the Petrified Forest. The 
upper division is principally a body of variegated marls, especially 
conspicuous at the Middle Forest, which lies amid these Le Roux beds, 
while the other parts are in the lower section of the Shinarump. 

- These determinations by Professor Ward are of great interest, both 
as to the general geology of the region and as defining the exact horizon 
of the remarkable agatized forest. 

In further prosecution of the same subject, much interest attaches 
to discoveries of other localities, where the agatized trees are appar- 
ently in place, reported by Mr. James M. Pulver, Territorial geolo- 
gist of Arizona. He and his party found a fine group of fossil trunks 
in the foothills 12 miles east of Winslow, Ariz., about 45 miles from 
Chalcedony Park. Here great trees were standing erect, looking like 
the pillars of an ancient temple, in the face of a perpendicular sand- 
stone cliff. Some were 20 or 30 feet high and 4 to 6 feet across, and 
with roots running out below into the inclosing rock. One had fallen, 
leaving its niche or mold in the face of the cliff; others were precari- 
ously exposed; others just appearing, indicating that the rock was full 
of them. All about through the sandstone were branches, leaves, and 
fruits, from which it was seen that some of the trees were of a conif- 
erous type, similar to the Sequoia, and others were angiosperms. 

Another fine locality, though of limited extent, was found some 
miles farther west. Here, on a mountain slope, is a small forest, very 
perfectly preserved, even to the bark and roots. One large stump, 
on the summit of a little isolated mesa, with roots in position, meas- 
ured 14 feet in height and 264 feet in circumference at its base. The 
silicified tree, with its roots, had evidently preserved the surrounding 
material from complete erosion, and thus in a sense formed the little 
mesa on which it stands. 

The precise geological relation of these localities to the Shinarump 
horizon of Professor Ward is not given, and its determination will be 
of much interest. 
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New localities are constantly reported by prospectors and cowboys, 
and it seems evident that the fossil trees are widely distributed through- 
out northern New Mexico and Arizona. 

It would appear that this material was well known and highly val- 
ued among the Indians long before any whites had seen it, as many 
objects of use and ornament made from it—pestles, arrowheads, charms, 
etc.—are found from Zacatecas on the south to Wyoming on the north. 
The first white man who ever saw the locality is believed to have been 
Col. John W. Stedman, in 1851, who learned of it from some of the 
Zuifiis. A year later Prof. Jules Marcou, with a party of United States 
surveyors, examined the spot and made collections and reports. In 
the year following Lieutenant Whipple reached and named his ‘‘ Litho- 
dendron Creek,” which must have been some part of the Chalcedony 
Park, although Dr. Ward, as above noted, does not think that it was 
the main arroyo which he describes. From these reports of Govern- 
ment officers it became gradually known, though it was too remote for 
access by the tourist and the vandal until the opening of the railroad 
in 1880. 

OPAL. 


NEW MEXICO. 


A very interesting variety of green semi-opal has been discovered 
in Taos County, N. Mex., by Mr. A. C. Twining. The particulars of 
its occurrence are not yet reported. 


CUBA. 


Moss opal, in masses larger than a man’s fist, has been found in a 
bed of white cherty rock on the banks of the Yucatan River at 
La Cieba, 8 miles north of the city of Puerto Principe, Cuba, by Mr. 
C. H. Drake, of that place. The moss opal in general appearance 
closely resembles the large masses of moss agate found near Hartville, 
Wyo., but is entirely opal and not quartz. 


AUSTRALIA. 
NEW SOUTH WALES. 


The opal production in New South Wales, especially in the remark- 
able White Cliffs region in Wilcannia district, is described in the reports 
of this survey for 1896 and 1898.4 According to Mr. E. F. Pittman, in 
his work The Mineral Resources of New South Wales, this rich opal 
field was first discovered by a mere accident, as indeed has often been 
the case. In 1889 a hunter following a wounded kangaroo noticed a 
piece of bright-colored opal on the ground and picked it up. Further 


a Eighteenth Ann. Rept. U.S, Geol. Survey, Part V (continued), 1897, p.1208. Twentieth Ann, Rept., 
Part VI (continued), 1899, pp. 689-5965. 
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search revealed other pieces; trenches were then dug, and the mineral 
was discovered in place. From that time mining has been carried on 
more or less continuously, though much hindered at times by lack of 
water. Still, it has become a fixed industry, and a prosperous town- 
ship has been established at White Cliffs. The total yield since the 
discovery is estimated at £376,600, but it must really be much larger, 
as a great deal of the opal found is not reported. 

The mineral occurs in seams or layers in Cretaceous deposits, as 
described in the reports above cited. The variety of color and pattern 
is very great, and prices range correspondingly, from quite low up to 
$100 or even $125 an ounce, which is the unit of purchase in the 
rough. The types of pattern and color are described in a previous 
report.* Some other features as to the value of stones for jewelry may 
be here noted. The shape of a piece of opal may be important, as 
affecting the disposition of pattern and color, which may be fine on the 
edge and less so on the face, or vice versa. A thick piece, with a good 
edge pattern, may be cut up into a number of small fine stones, using 
that pattern for their main face; a thin piece, equally good in the edge 
pattern, could not be so treated. It is not easy to obtain separate 
stones of uniform character for sets of jewelry, and so such sets are 
usually cut from a single large piece, which is therefore worth much 
more per ounce than a corresponding number of smaller stones, equally 
tine, but not quite similar. The ground or body, again, is important; 
it should neither be too clear nor too opaque; and another difference 
lies in the matter of toughness or brittleness, in which the stones vary 
somewhat, greatly affecting their cutting and wear. Some single 
pieces from these mines have brought very high prices; one of 44 
ounces was sold for £100, and another of 9 ounces was valued at £700. 
These were local prices and would have been much higher in London. 

Dr. George Gurick in an exhaustive article’ describes fully his 
studies of these very interesting White Cliffs occurrences of noble opal 
and opal pseudomorphs. These deposits have been described from 
time to time by Dun’ and in many other publications cited by Dr. 
Gurick in his article. 

Dr. Gurick classifies the opal occurrences in the following five 
classes: 

1. As material filling small rents in various rocks, as sandstone, 
often rich with feldspar. 

2. As material filling cracks and wormholes in opalized wood. 

3. As the cementing material of a sandstone. 

4. Asa fossilizing material of wood, of Devonian crinoidal stems 
and parts, and of brachiopods and saurian bones. 

aTwenticth Ann. Rept. U. 8. Geol. Survey, loc. cit. 


b Neues Jahrbuch fiir Mineralogie, Vol. XIV, pt. 3, pp. 472-783. 
¢ Records Geol. Survey New South Wales, Vol. IV, Pt. IV, p. 300. 
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5. As first large pseudomorph after a radial crystalline aggregate. 

All these varieties are often opals of great beauty. Dr. Weisbach 
believed that the crystalline aggregates were originally sulphur. Dr. 
Pelikan believed them to be gypsum crystals. Dr. Gurick, how- 
ever, infers that they may be after gaylussite, similar to those from 
northern Germany. He also believes that where the noble opal 
shows by transmitted light a network of color slightly different from 
the mass itself, it may be a pseudomorph after calcite; yet at the 
same time it may be a minute remnant of the cellular structure of the 
saurian bones. This locality has produced during the past ten years 
more opals, and as fine if not finer ones, than have the famous Royal 
Hungarian mines in the centuries of their production. The stones 
are often of great size. They occur of the purest white with all the 
play of color that has been seen in opals from any precious opal 
locality, and the color reflections often have a great variation. More 
opals are now sold in a year than were sold in fifty years before the 
Australian mines were opened. 


TURQUOISE. 


Turquoise mining has been active during the last year. There are 
at least six companies now engaged in working for American tur- 
quoises, and it is a question that only time can decide how much 
increase of output the market will stand. Thus far, however, as the 
multiplication of companies shows, there is no sign of oversupply; 
the gem is in high favor, and novel and varied forms of cutting and 
setting it have been lately introduced. 

Turquoise mines have now been found in at least five States and Terri- 
tories—Arizona, New Mexico, California, Nevada, and Colorado. 


COLORADO. 


A new «nd apparently fine locality for turquoise has been discovered 
in Colorado, at Lajara; a mile and a half west of the Rio Grande and 
10 miles north of the New Mexico line. This, which is the first mine 
in the district, was discovered early in 1901. It is located in a little 
volcanic hill, and is surrounded with the usual evidences of ancient 
working—stone hammers, pieces of deerhorn, and the like. A large 
mass, reported to weigh 1,500 carats, was brought to Denver during 
the summer and greatly admired. This was not, however, pure blue 
turquoise, as was claimed in press notices, but was probably a rich 
piece of matrix. A company has undertaken to develop this mine and 
has loceted several claims. 


NEVADA. 


Another locality for turquoise in Nevada has been announced during 
the year past. Mr. William Petry, of Los Angeles, Cal., has discovered 
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a new deposit on Cactus Mountain, 50 miles east of Butler, Nye County, 
Nevada. The turquoise was traced by a large quantity of broken mate- 
ria] on the surface. A stone, weighing some 8 carats, was found, but 
the color is not the finest blue. Considerable work is being carried on 
in the hope of further developments. 


ARIZONA. 


Mr. C. D. Childers, also, of Whitehills, Mohave County, Ariz., has 
described what is apparently a new turquoise mine in that Territory 
near the Colorado River. Like all the rest, it bears evidence of former 
working, by Indians or earlier prehistoric people, in the form of stone 
hammers and carvings on adjacent rocks. No other particulars have 


yet been obtained. 
NEW MEXICO. 


In New Mexico, according to the published report of Governor 
Otero, there are some 60 or 70 turquoise claims, of which 10 or 12 are 
being worked with profit. Six important companies, as above stated, 
are actively at work and are furnishing the bulk of the world’s supply. 

During the Southwestern tour of President McKinley four beautiful 
turquoises from the Pofterfield mines in the Burro Mountains were 
presented to him by Governor Otero. The largest stone was a superb 
specimen of 20 carats weight. 

Turquoise is occasionally liable to fade. Some of the companies 
claim that their stones never change or lose color; if so, indeed, it is 
a remarkable fact in the case of a mineral so long regarded as unstable 
in this respect. Several of the companies give a guaranty that if one 
of their stones changes color within six months after its purchase 
from a retail jeweler, they will replace it with a new one. This is a 
great improvement on the old method of the Persian dealers, who 
were wont to decamp for parts unknown as soon as their turquoises 
were sold. In order to protect themselves against false claims the 
several companies have adopted the system of marking each of their 
stones by cutting a trade-mark on the back, an A for the American 
Turquoise Company, a circle for the Azure Company, a cross for the 
American Turquoise and Copper Company, a T for the Toltec, an 
arrow for the Himalaya, etc. 


APATITE. 


An unusual occurrence of apatite was made known in the fall of 1900, 
at Auburn, Me., on the farm of Mr. P. P. Pulsifer. The mineral was 
found in a matrix of quartz, and appeared in beautiful prismatic crys- 
tals, often transparent and richly colored, notably a fine purple in 
lighter and darker shades. It was first supposed to be tourmaline, and 
was announced as such. The whole ‘‘ find” was purchased for the 
collection of Harvard University. 
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CONCHITE. 


The new variety of calcium carbonate described under the name of 
conchite by Miss Kelly,* as well as that of Mr. Lacroix, called by him 
ktypteite, are questioned by Dr. H. Vater? and are held to be not 
really distinct from aragonite.. 


AMBER. 


Dr. Hapke states in a recent article’ that as early as 1875 seventy- 
five localities in northwest Germany where amber had been found had 
been described in the Journal of the Natural History Society of Bre- 
men. He notes five new occurrences in that region, thus making 
eighty in all. He mentions a single enormous piece weighing 3.125 
kilograms, 6.875 pounds, of mingled straw color and greenish yellow, 
which had been found in the 70’s by some fishermen in Langlutjensand, 
Other discoveries had also been made in clay and sand in Binnenlande. 
This amber of the northwest coast rarely shows inclosures, as it is mostly 
opaque or subtranslucent. Quite recently a rich discovery of amber 
has been made in the Elbemundung by crab fishers. One beautiful 
piece from Altenbruch weighs half a pound. . 

Dr. Goetze mentions? the finding of amber in pieces weighing 200 
grams—one-half pound—on the left bank of the Weser, at Blexen, 
opposite Geestemunde, in a brown to black deposit. 


EPIDOTE. 


Mr. QO. H. Blocker, of Old Fort, N. C., sends for examination some 
interesting crystals of epidote in brilliant prisms 14 inches in length, 
one-eighth inch in diameter, and dark green, but too dark to have 
value as gems. They are reported to occur 40 miles from Old Fort. 
The property may be explored further. 


CHLORASTROLITE. 


This mineral, long familiar from Isle Royale, Lake Superior, is 
announced as obtained also from Green Stone Island, south of the 
Isle Royale. No particulars are yet forthcoming. 


ZOISITE. 


Dr. F. Slavik ¢ discusses the occurrence of the well-known Moravian 
pink zoisite, describing the various localities and occurrences and giv- 


@ Mineral Resources U.S. 1900, p. 776. 

» Zeitschrift fir Krystallographie, Vol. XX XV, p. 149. : 

¢Nachtrag zu den Bernsteinfunden: Beitrige zur nordwestdeutschen Volks- und Landeskunde, 
herausgegeben vom Naturwissensch. Verein zu Bremen, Abhandl. 15, Heft 3, 1901, pp. 307-310. 

4 Bernstein an der Wesermiindung: Zeitschrift fiir Ethnologie, 34, 1900, pp. 428, 429. 

¢ Centralblatt fiir Mineralogie, 1902, p. 636, 
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ing an analysis made by Prof. Fr. Kovar, of Prag, who has chemically 
investigated the red zoisite of Borovina with the following results: 


Analysis of zoisile. 
Constituent. Per cent, 

BE Oe cc oreiisitscs se aede ices cakacpccued sobodancabcsdade dataset ececdseegdsecpiaUdenceskeeetdens suas $8. 91 
IPOS inewncwicmeenciahenessraiereecbewadeanatedanevenwakisedeesdakpakihouareeucesasn eRetaes 29. 38 
PGi Oe iicnkcivent vob cces coins REY oe aac w ee Sarees HOR Ewa be cue ease WaneucweusaaNsnsaneaseresee’ 4.46 
PER nee asses ee Sacer s bck ce ecens vadahe dba pcadenteadua edeechesSecopaabewoekeereneeeee 0.17 
CA bn a vik Walcne ein eta SS eAeed dL EMOTE EN ENSUE RAE NESS nese eN wares yeReeatasreunetesnenieers 25.18 
WE aide aw cieeS ew heseNsowe Te cabs ace w dee TENTSbenaNS Rs sdbae ee ETN aNstes ce wna ER TeewadeRaesswae’s 0.44 
Fog Osis ase e CS ae Sens wc d oa bd by chon Sbewacousescuusbubacbavenccecaubwoseeeceueatos 2. 06 

RED 2. cn cnacnsncscdebecspctdaponatipcakct« thaamabinweoavesadabauacisouetunecatoanenses 100. 60 


Zoisite has recently been used to some extent as a gem stone in the 
form of small round spheres. 


MISCELLANEOUS. 


Mr. Wm. E. Hidden reports a number of interesting minerals that 
may possibly prove to be of gem value, though as yet undeveloped, 
from Mason’s Branch, Macon County, N. C. Among these are green 
spinel, translucent and glassy; iolite, clear and chatoyant; sapphire 
corundum, in promising crystals; and bronzite, pale, transparent, and 
bronze-tinted. 


GEM CUTTING IN THE UNITED STATES. 


Within the last few years more attention than ever has been paid to 
the quaint and fanciful cutting of all precious stones, including the 
diamond. Whereas ten years ago scarcely any other form than the 
‘** brilliant” and the ‘‘rose” in diamonds were used, of late there has 
been a great demand for stones that are ‘‘ pear-shaped,” ‘‘ marquise,” 
‘* briolette,” and for table-cut stones in all forms—triangular, circular, 
hexagonal—and for stones cut also in the double rose, or ‘‘ rose-bril- 
liant” form. A modification of the latter, bearing 80 facets, 40 above 
and 40 below, has been patented under the name ‘‘ twentieth century 
cutting.” This is not unlike the old-fashioned rose-brilliant, in which 
some fancy stones have also been cut for some years past, but omits 
the culet and table entirely. 

The inventor claims that by eliminating the table and the culet the 
brilliancy of the stone is greatly increased. His patent is essentially 
on a shape formed of two cones, base to base, each cone made up of 
planes. Eight diamond-shaped planes meet at each apex, taking the 
place of the table at the top and the culet at the bottom of the prneant 
brilliant. 
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An instance of where a change of fashion or a lower rate of wages 
affects an industry may be recognized in the fact that from 1866 to 
1882 there were employed in the city of Providence, R. I., from 75 to 
100 men engaged in the lapidary- business, earning from $18 to $30 per 
week. A large part of the time they were engaged in cutting Wyo- 
ming moss agates and what was known as the Montana agate, which 
commanded a price of from $4 to $12 per dozen. But the cutting of 
these stones abroad at $4 per gross resulted in an entire collapse of the 
industry. A similar fact was also instanced when cameos and intagl- 
ios were in fashion, a period ranging from 1865 to 1885, when fully 
100 men were engaged in cutting intaglios and cameos in the city of 
New York. To-day there are less than four men so engaged, in con- 
sequence of the change of fashion, which has not favored that style of 
ornaments for some years past, though now there are indications of a 
return to them. 


GEM CUTTING IN EUROPE. 
GERMANY. 


Although there are only about 120 diamond cutters at Hanover, and 
not more than twice that number in all Germany, yet the Prussian 
commission of commerce has had under consideration the placing of 
a duty of 25 per cent ad valorem on all cut diamonds brought into 
Germany, which at present represent a value of about $4,000,000. 
The United States is the largest consumer of diamonds. The duty on 
cut diamonds is 10 per cent ad valorem, and rough diamonds are free. 

The jewelry industry of Germany is to a considerable extent con- 
centrated at the little towns of Hanau and Pforzheim, near Frankfort 
on the Main, and at the Oberstein-Idar district elsewhere described. 
There were in operation last year in Pforzheim more than 400 jewelry 
manufactories, giving employment to over 18,000 persons and pro- 
ducing an output valued at more than 60,000,000 marks. 


NETHERLANDS. 


The combined diamond-cutting industry of Antwerp and Amster- 
dam employs about 4,000 men. 

A serious strike has recently taken place among the Dutch diamond 
cutters, which has produced considerable agitation and trouble. 


FRANCE, 


A commission appointed by the minister of commerce to gather 
statistics as to the industrial position of France has recently examined 
and reported upon 38 establishments for working in precious metals 
and gems, most of which are in the Department of the Seine. There 
are three workshops for the cutting of diamonds and other precious 


PRECIOUS STONES. 765 


stones, employing 130 persons, of whom 15 per cent are women and 
children. The day is of ten hours, and the average daily wage is 8 
francs. Four establishments for cutting imitation gems were also 
visited; these employed 80 persons, 16 of whom (20 per cent) were 
women. ‘The day in these is eleven hours and the average pay 5 francs. 


GEM-CUTTING APPLIANCES. 


A great number of ingenious and intricate devices have been invented 
and patented during the last few years for the cutting of diamonds and 
other precious stones, a fact which bears evident testimony to the 
growth of interest and of business in this line. Among these, one of 
the latest is really in principle only an improved adaptation of a 
simple device that was used in Europe during the last century, and is 
still employed in Russia and to some extent in France. This is known 
as the cadrans. 

One of the new machines combines the features of this apparatus and 
of that employed in cutting the teeth in clock wheels, but is more com- 
plicated than either. It is very neatly constructed and weighs only 
about half a pound. A standard, adjustable both vertically and hori- 
zontally, carries a screw shaft support which is capable of being 
revolved about the standard and fixed in any position and at any 
desired angle. Adjustment pins on the side regulate a pointer ona 
scale or small dial at the top of the machine, showing the exact incli- 
nation at which the stone is held by the shaft. It is claimed to be pos- 
sible so to adjust the position of a stone that a series of facets—four, 
eight, or more—may be cut on a piece of gem material at any given 
angle and each angle and facet be mathematically symmetrical. 


. ANCIENT JEWELS. 


Among the most remarkable discoveries ever made of-ancient Egyp- . 
tian jewelry are those of Prof. Flinders Petrie, in his recent excavations 
at Abydos. The date which he assigns is as remote as 5000 B. C., 
but the workmanship in gold and jewels is marvellous. In exploring 
the tomb of King Zer, of the earliest of Mr. Petrie’s pre-Menean 
dynasties, it was found that the tomb had been entered for robbery at 
some unknown period in the past, and the plunderers had broken off 
the arm of the queen’s mummy and hidden it ina crevice of the wall— 
perhaps on being disturbed or alarmed—and had never returned to 
remove it. On taking off the wrappings Professor Petrie found four 
magnificent bracelets of gold with amethyst, turquoise, and lapis-lazuli 
in varied and elegant adjustments. The gold work was exquisitely 
fine and delicate, though the metal was pure and soft, apparently with 
no hardening alloy. The stones were beautiful and very strikingly 
and peculiarly arranged. 

Mr. Edward Ayer, of Chicago, IIll., possesses a number of amethyst 


766 MINERAL RESOURCES, 


beads, about a quarter of an inch in diameter, of the richest and deep- 
est purple, obtained by him at Dashour, Egypt, from the treasure in 
the tomb of Princess Meret, daughter of Amenhotep II, of the twelfth 
dynasty. 

COLORS OF PRECIOUS STONES. 

The colors of gems, and their liability at times to fade or to change, 
are of much scientific interest and also of considerable practical impor- 
tance. Much may be learned, undoubtedly, concerning these questions 
by careful experimentation with glass and like substances. These sub- 
jects have been studied with great care for years past, and some valu- 
able publications thereon have been issued by the late Mr. Thomas 
Gaffield, of Boston, Mass., a scientific glass manufacturer. 

As early as 1863 he began experiments as to the action of sunlight 
in changing the color of glass, which have thrown light to some extent 
upon similar phenomena in precious stones. Mr. Gaffield, who died 
December 8, 1901, had made extensiye collections of specimens and 
books illustrating these studies and experiments and the whole sub- 
ject of glass and porcelain manufacture. These he bequeathed to the 
Massachusetts Institute of Technology, and his minerals and gems 
were largely presented to the Boston Society of Natural History. 


LITERATURE, 
PRECIOUS STONES ON NEW YORK ISLAND. 


The reports of this Survey have contained from time to time notices 
of gem minerals—though rarely of gem quality—found on the island 
of New York, or more strictly, Manhattan. To these, chrysobery] is 
added in the present report (p. 26) from a new locality. Some of the 
Manhattan beryls have been cut and mounted, but among the garnets, 
beryls, tourmalines, zeolites, and smoky quartz of the island few 
specimens are capable of such use, though many are interesting and 
sometimes remarkable as minerals. A valuable pamphlet on the geol- 
ogy and mineralogy of ‘‘ Greater New York,” including the five bor- 
oughs lately consolidated (Manhattan, Bronx, Queens, Brooklyn, 
and Richmond), has appeared during the year from the pen of Dr. 
Louis P. Gratacap, of the American Museum of Natural History.¢ It 
is a very complete and up-to-date handbook of the geological struc- 
ture, topographical features, and mineral contents of this interesting 
area of the great metropolis. 


PRECIOUS STONES OF MADAGASCAR. 


A notable pamphlet has lately appeared on the mineralogy of Mada- 
gascar by Prof. Alfred Lacroix, of the Musée d’Histoire Naturelle of 


a Geology of the city of New York, by L. P. Gratacap, published by the American Museum of Nat- 
ural History. 82 pp., illustrated, 8°, 1901. 
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the Jardin des Plantes at Paris.¢ After treating of the general geology 
and mineralogy of the island, Professor Lacroix gives several pages 
to the precious stones. Diamonds are unknown, but corundum, spinel, 
chrysoberyl, topaz, beryl, garnet, tourmaline, and various quartz 
minerals are found in the auriferous alluviums, gathered by a natural 
concentration process, due to their density and hardness. Some of 
these species are also known in crystals, and even in the matrix, espe- 
cially the fine colored tourmalines. The rolled grains or little pebbles 
in the alluvium are clear and brilliant, but rarely large enough to be 
valuable, but few of the crystals have anything like such purity and 
elegance. This fact, which is general and in no wise peculiar to 
Madagascar, Professor Lacroix points out as due to the fact that 
crystals are apt to be fissured, and that thus, as well as by cleavage, 
they break up in the process of rolling and attrition in stream beds; it 
is the purest and finest portions that resist longest and so form a large 
proportion of the pebbles and grains. 

The corundum is sometimes colorless, pink, or a pale shade of blue 
or green, but generally very deep blue—too dark, indeed, for setting 
unless in very small stones. The rolled crystals show planes of the 
hexagonal prism, the base, and a very acute pyramid, and closely 
resemble those of Puy de Velay, in France. Their source is unknown 
as yet, whether from the volcanic rocks of the central ‘‘ massif” or, as 
Professor Lacroix thinks more probable, from the gneisses and granites. 
Crystals of opaque corundum also occur. 

Spinels, green but not of gem quality, are associated with the 
corundum. They are rolled out of all distinct crystalline form, but a 
similar spinel in distinct crystals occurs in limestone near the capital, 
Tananarive. 

Cymophane (chrysobery]l) is here announced for the first time from 
Madagascar. It is abundant at several placer localities in the form of 
grains, transparent, and of beautiful color, and it would be a fine gem 
stone if it could be of sufficient size. With it, and closely resembling 
it, are grains of yellow tourmaline, distinguishable by their lower 
hardness and density and greater fragility. 

Topaz appears in rounded grains resembling quartz. It is similar 
to that of Brazil, and would be of value if larger sized material could 
be found. Thus far none have exceeded a diameter of + mm. 

Bery! (aquamarine) is obtained of green or light blue color and one 
specimen of a delicate pink;’ but none have been seen in place. This 
and the two preceding species are judged to be from disintegrated 
pegmatite. 

Garnets are by far the most abundant species, being found in almost 


aMadagascar au début du XXme Siécle: (extrait) Minéralogie, par A. Lacroix, Paris, Société 
d' Editions Scientifiques et Littéraires, Jan., 1902, 41 pp., 8vo. 

OA fine pink crystal and a pink gem are in the Tiffany-Morgan collection, American Museum 
of Natural History, New York. 
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every stream bed of the gneissic region, and in place in the gneiss and 
in the pegmatite. These are chiefly almandites, well crystallized in 
the usual forms. An orange-yellow grossularite, or essonite, appears 
in some of the gold placers. 

Zircon, in small rolled crystals, is found in the same alluvium, but 
nothing of gem quality. 

Triphane (spodumene), transparent and light pink, is known from 
a single specimen. It might be an attractive gem stone if found in 
any amount. 

Tourmaline is much the most important precious stone of Madagas- 
car. The colored lithia types are found of a size and beauty equaling 
those of Brazil, Ceylon, or the Urals. The fragments in the streams 
are generally homogeneous in color, but the crystals exhibit the poly- 
chromatic character so frequent in this species, often being, like the 
Brazilian specimens, red within and green externally. A citron-yellow 
type is not uncommon, and occasionally a pure ruby red. A fine 
golden-yellow specimen was shown at the Paris Expositien of 1900. 

The crystals are found in place in quartz veins in the peanntes at 
several localities mentioned. 

Black tourmalines also abound in the pegmatites, often large, very 
regular in form, and very pure. 

Other minerals of the pegmatites that may prove of gem value are 
a beautiful green microcline (amazon stone), an opalescent orthoclase 
(moonstone), and klaprothite (lazulite) of a rich Prussian blue. 

It is for its masses of hyaline quartz, however, that Madagascar has 
been noted since the middle of the seventeenth century, when large 
irregular blocks of this material were first reported by travelers. In 
1658 Flacourt, in his history and map of the island, indicated its occur- 
rence at various points along the streams entering the sea opposite and 
near to Isle Ste. Marie, on the east coast. Since then many specimens 
have been brought to the museum at Paris, all of similar character. 
It occurs throughout the central gneissic region, especially in the 
northeastern part, and along the coast in the neighborhood of Vohé- 
mar. It has been obtained principally from this port and carried 
elsewhere by native boats and other vessels; whence the name of 
Vohémar has been generally given, in commerce and in collections, as 
the locality for all Madagascar quartz. 

Thus far only rolled masses from stream beds have been used. 
These are for the most part completely rounded, but sometimes large 
crystals of good form are found, weighing several hundred kilograms, 
and for purity, brilliancy, and perfection, unrivaled at any other 
known locality. Two-thirds of all the crystal balls sold as Japanese 
are really of Madagascar origin, and are cut either in Germany, 
France, or the United States. They are frequently over 5 inches in 
diameter. The writer saw a heap of 50 tons of transparent material 
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in Paris in 1891. Fine crystals are in the American Museum of 
Natural History and the Field Columbian Museum. The material is 
largely limpid and colorless, but is often full of fluid cavities disposed 
in horizontal or curved planes; and when these become very abundant 
the quartz is rendered milky, and hence unsuitable for either optical 
or ornamental uses. Some smoky quartz occurs with it, but in on 
less abundance. 

The quartz with inclusions is also often in large pieces, which _— 
polished form magnificent cabinet specimens. Examples may be seen 
in the Tiffany-Morgan collection at the American Museum of Natural 
History, and in the Tiffany-Higginbotham collection at the Field 
Columbian Museum, Chicago. 

The sources of this material are not yet known, and Professor 
Lacroix speculates somewhat as to whether it comes from quartz veins 
or from the pegmatites. The latter view is favored by the occasional 
presence of inclusions of mica scales and needles of tourmaline, the 
former by other cases where the quartz contains acicular rutile, 
lamelle of chlorite, and crystals of epidote and siderite. Besides the 
large masses and crystals, it occurs also in crystals of ordinary sizes, 
and presents colored varieties—amethystine, smoky, and yellow (false 
topaz). Some of the amethysts are very rich in color, and might be 
available for gem use equally with those of Brazil and Siberia. These 
occur both in the granites and schists and in the volcanic rocks; and 
there are also many varieties of chalcedony, onyx, and jasper, some of 
which may be valuable for ornamental uses. 
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In the following table is given a statement of the production of 
precious stones in the United States from 1896 to 1901: 


Production of precious stones in the United States from 1896 to 1901. 


Stone. 


TODAS vss ciescnswcccescoscseucseceeseerners 


PROCHACHEC 36 oo cevsccccncencceeseowesenas 
Tourmal Ne sicscncetinccavecadscencaeees 
POAC. 5 onnnc5 Scavevsarccnscengceses tnacs 
Qualts. CTFMB co ccigccscceccsccecessocens 
SmMOkyY QUAM sseessiccvedeccecuccscences 
Rose Quarts ........cccssecsecseccsseecees 


GOlG QuATEE .... 205 crdsedanpeseescecass 
Rutilated quartz .............e0eeeeeeeee 
Dumortierite in quartz 
Tourmalinated quartz 


ChrySoprase .... 222.2222 ee eee eee e eee eeeee 
Silicified wood (silicified and opalized. . 


Garnet (almandite) 


ROGGNG sis cconccevacesenvcnsycceanasnen 
Garnet (PFTOPE) scsi ees nse ees 
TORGROUUG; 2. ceccccccccspesadatestesscens 


TUNING si cassicccssvinsseccesswnweccins 
Utahlite (compact variscite) ............ 
Chlorastrolite .............--2ceeeeeeeees 
Nesolite (thomsonite, so called) 
Prehnlte icici cee ee teas 


Rut sscccviwsvawssavsreewsexercusneesse 
AEB PAOIER Uaoecsecccdechaccasacincoesess 
Catlinite (pipestone) 
Poel) COTA vies cccesesccccevessevecsvsees 


SO eee 


es 


1896. 


None. 
$10, 000 
1,000 


None. 
1,000 
1,000 


4, 000 


250 
1,000 
None. 
100 
2,000 
3,000 
1,000 
1,000 


97, 850 


1897. 


None, 


$25, 000 | 

None. | 
None. 
1,500 
2 
None. 
9,125 
500 
12,000 
1,000 
None. 
200 
None. 
5, 000 
None. 
None. 
None. 
1,000 
1,000 
None, 
2, 000 


1,000 


130, 676 


5, 000 
100 
None, 
None, 
1,000 
1,000 
100 

2, 000 


None. 
None. 
1, 000 
1,000 
100 

3, 000 
None. 
5,000 
None. 
2, 000 
None. 


None. 

None. 
1,000. 

1,000 
100 


None. 
None. 
None. 

8, 000 
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The following table shows the value of the diamonds and other 
precious stones imported into the United States from 1867 to 1901: 


Diamonds and other precious stones imported and entered for consumption in the United 
States, 1867 to 1901, inclusive. 


Year ending— 


June 30— 
ee $906 
EER 484 
WR nsescexn 445 
ED: | 9, 372 
ee 976 
WSs ceccacke | 2, 386 
RTS SES 
ae Beier 
Accson k csceynaaa 
A ao xinik 
Ts venzsavases | bss enact | 
WE ersentel cciaaesss 
eae ‘peecbehcta | 
a cece | 
SOB cress. b apoeay | 
1482.00... dane, 
ee RERRS 
ee ee 22,208 
1883........-...! 11,526 
Dec. 31— 

WB escaacss &, 949 
Seah | 9,007 
WR scsticnasaw | 10,025 
SOB. Seaisives 8, 156 | 
a 147, 227 
i Seen @565, 623 | 
re | 582, 246 | 
TM si tcieecences 357, 
Wor 82, 081 
epee | 307, 463 | 
ERA 78, 990 
WMP coves b 29, 576 
NORE 8, 058 
i eee 2, 428 
WOR sceses zis. 8, 333 
5, 864 


Glaziers’.| Dust. 


ee mea 
= ——— a —— I 0 
gg a lal 

RD, | ERLE Ne | eee $1,317,420 $291 | $1,318,617 
piastssaaiag Hasna cats odes patina Nal gasiaictoats 1,060,544 1,465] 1,062,493 
SRE Pexes gua fwacee Resse 1,997,282, 23] 1,997,890 
| A SEE ARR! 1,768,324! 1,504 | 1,779,271 
Fl vavawexeatacnemansbesnewinciee | 2, 349, 482 | 256 | 2,350, 731 
O08 Nacneeeccshcccaraeizeeesscd 2,939,155, 2,400 | 3,083, 648 
40,424 | $176,426 |........].........--- | 2917,216, 826 | 3,134,392 
68,621 | 144,629 |........|.........00. | 2,158,172’  114| 2,371,586 
TBIS | MG ONN leche cali seetee sce 8,234,319 |.......- 3, 478, 757 
20,678 | 186,404 |........]........-... | 2,409, 616 | 45 | 2,616,643 
eT | a oren 2,110,215 ; 1,734 | 2,285,246 
25;M00 | HBO |itsccchiccceseussee 2,970,469 | 1,025 | 8,071,173 
18,889 | 104,158 |........|...-...eee0 3,841,335 | 588 | 38,964,920 
49:900 | 220/908 jo sescukalvecceweaseas 6, 690, 912 765 | 6,870,244 
M000 | SURO hee Newsccecce css 8,320,815 | 1,807 | 8,606, 627 
92,853 | 449,513 |........).........00- 8,377,200 | 3,206 | 8,922,771 
82,628 | 443,996 |........ biweisuuiane 7,698,176 | 2,081 | 8,126,881 
97,38) O06 |oecesclicce 8,712,315 |........| 9,139, 460 
90,426 | 371,679 |........|............ 5, 628,916 |........ 6, 042, 547 
32,316 | 302,622 |........]......ses0--| 7,916,660 |........ 8, 259, 747 
$3,498 | 262,357 |........]...-..-.-2-. 10, 526,998 |........ 10, 831, 880 
99,127 | 244,876 '........|...00.0c000. 10, 223,630 |........ 10, 507, 658 
64,746 | 196,294 | EEO REE Ree ee | 11,704, 808 |........ 11, 978, 004 
179,154 | 349,915 |........].....0..00.. 12, 429, 395 |........ 13, 105, 691 
125,688 |  (¢) | insaitcan canes aumaM ‘12,065,277 |........ 12, 756, 588 
PUA 1. cvancapccecucdsalseuseecenves ‘13, 845,118 |........ 14, 521, 851 
ee i. J9, 765,311 |........ 10, 197, 505 
oe | | csewavsh mieews tae’ J7, 291, 342 j........ 7,427, 114 
135,568 |.......... Oe Ae 46, 54 esis 6, 573, 855 
| ee | (a) (4) | $4,474,911 |........ 4, 618, 991 
167, 118 |1,386,726 | $330 | $2,789,924 | 1,903,055 |........ 6, 276, 729 
240, 665 |2,513, 800 | 6,622 | 6,743,026 | 1,650,770 |........ 10, 162, 941 
618, 354 [4,896,324 13,388 | 8,795,541 | 2,882,496 |........ 17, 208, 531 
605,495 |3, 658,645 | 10,721 | 7,803,066 | 1,472,828 ........ 13, 558, 588 
831, 984 6, 502, 469 | 2,654 | 13,544,326 | 1,898,055 |........ 22, 815, 352 


atncluding also engravers’, not set, and jewels to be used in the manufacture of watches, from 1891 
to 1894; from 18% to 1896 miners’ diamonds are also included, 

5 Including also miners’ and engravers’ not set. 

¢ Included with diamonds and other stones from 1891 to 1896, 


a Not specified prior to 1897. 


¢ Includes stones set and not specially provided for since 1890. 
J Including rongh or uncut diamonds. 


9 Not specified since 1883. 
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GEMS AND PRECIOUS STONES. . 


THE progress of the gem and precious stone industries in the United States 
during 1901 was mainly in the great activity displayed in the turquoise mines 
of New Mexico and in the emerald-beryl mines of North Carolina, owing to the 
increased use of the matrix as well as the gems for jewelry. The sapphire mines 
in Fergus County, Mont., alzo were actively developed by two mining companies. 

Diamonps.—United States——The diamond deposits in the United States were 
fully described by William H. Hobbs, THE MINERAL INpDustRy, Vol. IX., 1900, 
p- 301. The production in diamonds for the year 1901, for the United States 
amounted to but $100 in value. The only new discovery of diamonds of interest 
in 1901 was the finding of a solitary gem in Lee County, Ga., the first ever found 
in that region. . 

Africa.—The report of the De Beers Consolidated Mines, Ltd., for the fiscal 
year ending June 30, 1901, shows that diamonds to the value of £4,628,845 were 
sold by the company during the year. After deducting expenditures of £2,194,207, 
the profit balance for the year was £2,434,639, from which dividends to the 
amount of £1,579,582 were paid. The average yield per load of blue ground and 
lumps from the De Beers and Kimberley mines for the fiscal year was 0°76 carats, 
at an average value per carat of 39s. 7d. ‘The average yield per load for the 
Premier mine, at Wesselton, was 0°295 carats valued at 27s. 4d. each. During the 
year the De Beers Co. purchased the claims of Mr. Leopold Herz in the Dutoitspan 
mine for £12,000; this mine now belongs wholly to the De Beers Co., except for 
the claims owned by the Griqualand West Diamond Mining Co., which are leased 
to the De Beers. A new contract for the sale of the diamonds has been entered 
into which gives the De Beers Co. a share in the profits of sale, as well as a higher 
price than formerly for the diamonds. During the latter part of the year the 
capital stock of the company was changed from £3,950,000, divided into £5 shares, 
to an issue of £4,500,000 divided into 800,000 shares of preferred stock at £2 10s. 
par value, and 1,000,000 shares of common stock of the same par value. The 
preferred stock will be entitled to dividends of 40% annually. Ten thousand pre- 
ferred shares are held in the treasury and the life governors accept 160,000 shares 
to cancel their rights which entitled them to 25% of all profifs made in excess 
of 36% on the stock. It is reported that negotiations for the purchase by the 
De Beers Co. of the Jagersfontcin mine were completed in 1901. American 
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electrical machinery to the amount of $135,000 was ordered, which included two 
Westinghouse-Parsons steam turbines of 1,000 kw. each, two 1,000 kw. direct- 
connected alternating current generators, all to be built by the Westinghouse 
Electric & Manufacturing Co., of Pittsburg, Pu. In the early part of the year 
a canary-colored diamond weighing in the rough 600 carats was found. As cut 
in 64 facets it weighs 207°75 carats, is absolutely flawless and has a very brilliant 
luster. It was exhibited at the Pan-American Exposition at Buffalo, in 1901. 

The Orange Free State & Transvaal Diamond Mines, Ltd., capitalized at 
£550,000 in £1 shares, owns, in the Orange River Colony, approximately 12,000 
acres, comprising the Kaal Vallai and Dirksburg freehold farms. The company 
also has leases of diamondiferous land east of Pretoria in the Transvaal. The 
company’s machinery is capable of handling 5,000 loads of clay per day, and 
250,000 tons of blue clay have been weathering on the floors during the Boer 
war. The Lace Diamond Mining Co., Ltd., capitalized at £250,000 in £1 shares, 
discovered diamonds on its property of 5,000 acres in 1898. From February to 
October, 1899, 47,017 loads of yellow ground were washed for a yield of 9,888°5 
carats, or 21-03 carats per 100 loads. Before the war machinery capable of treat- 
ing 1,000 loads per day of 12 hours was erected, and a duplicate of this plant is 
expected to be in operation by July, 1902. It is estimated that the company has 
three years of work in the yellow ground in sight before reaching the bed of blue 
clay known to exist in the lower levels of the property. 

Australasia.—The estimated production of diamonds for the year 1901 is 
valued at £9,756. The diamond output for New South Wales was much restricted 
in 1900 owing to the extended and protracted drought. The production being 
but 9,828-5 carats valued at £5,663 against 25,874 carats valued at £10,349 for 
1899. The mines of the Inverell Diamond Field Co., Ltd., at Copeton (formerly 
Boggy Camp) were closed during the greater part of the year pending a recon- 
struction of the company. The quantity of wash dirt treated during the year 
was 4,275 loads for a yield of 3,546°5 carats of diamonds, valued at £1,063. The 
Soldiers Hill Diamond & Tin Mining Co. recovered, from May, 1899, to De- 
cember, 1900, diamonds to the weight of 5,887°5 carats valued at £4,256. The 
Elliot Diamond & Tin Mining Co. during 1900 treated 140 loads of wash for 
a yield of 637 carats of diamonds and one short ton of tin. Operations were 
commenced November 1, 1900. The diamonds average 3 or 4 to the carat and 
have been sold locally for 16s. per carat. During 1900 the Australian Diamond 
Fields Co., of Copeton, treated 422 loads of wash for a yield of 466 carats of 
diamonds valued at £350. The Malacca mine treated 70 loads of wash for a yield 
of 202-5 carats of diamonds valued at £160. Other small holdings of the Copeton 
field produced 2,400 carats of diamonds valued at £1,583. The Bingara mining 
division produced almost nothing during the year owing to the great scarcity of 
water, the nearest stream being four miles away. Diamonds are reported at 
Watson’s creek, in the Bendemeer division and at Beryl, on the Cudgegong river, 
in the Mudgee mining district. At Nullagine, in West Australia, 230 tons of 
conglomerate were treated for a yield of 25 smail diamonds valued at £24, and 
777 oz. of gold. 

South America.—The principal diamond mining States of Brazil are Bahia 
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and Minas Geraes. The districts of Diamantina, Jequitinhonha, Abaithe, Baga- 
gem, and Saccado Veados, in Minas Geraes are the principal regions where mining 
is carried on. Diamantina is divided into the localities of Sopa, Boa Vista, 
Curalinho, and Lavras, the latter the richest diamond deposit in all Brazil. In 
the State of Bahia the most prominent districts are Sincova, Cannavieivas, and 
Salobro. The last-named district was supposedly exhausted in 1891, but recent 
investigations may lead to a revival of diamond mining there. The workings in 
this district were confined to the beds of the streains and shallow holes on the 
benches. The diamonds occurred in the naturally concentrated gravel beds, in 
pockets, with no regular system of occurrence. The lower diamondiferous strata 
was not explored owing to the limited resources of the miners and the frequent 
and disastrous floods. The exports of precious stones for the first seven months 
of 1901 from the State of Minas Geraes amounted to almost $250,000 in value. 

British Guiana.—During 1901 a large number of prospectors and mining 
companies were operating in the Mazaruni diamond fields. The route to the 
fields follows the coast for 20 miles from Georgetown, thence 50 miles up the 
Essequibo river to Bartica, from there to San-San-Kopai Landing about 1:5 miles 
above Putareng creek on the left bank of the Mazaruni river. Navigation is 
difficult on account of the numerous rapids and cataracts, and prospecting ex- 
peditions are costly to outfit. The expense of outfitting for three months for an 
expedition of eight men and transporting them from Georgetown to the diamond 
fields is $1,000. The principal diamond diggings are five miles back from the 
Mazaruni river. Among the prominent companies operating in the district are: 
The British Guiana Diamond Syndicate; the Fogel-Armeny Syndicate, at Sara- 
namoo; the Stripp, Menzies, and Morris Syndicate, on Jasper creek; the Mar- 
shall Syndicate; the Nascimento Syndicate; the Wieting Syndicate, between 
Putareng and Saranamoo creeks; the Barnard Syndicate, on Saranamoo creek ; 
the Forbes Syndicate; the Ho-a-Hing Kenswall Syndicate; the Harrison- 
Richter Syndicate; and the Biallosterski Syndicate, on Putareng creek. Some 
of the larger syndicates have their own boats plying between the diamond fields 
and Georgetown. The production of diamonds for the first three months of 
1902 was 3,426-5 carats, valued at $41,062 in contrast with a production for the 
same period of 1901 of 326 carats valued at $4,656. 

Dutch East Indies—Diamonds are found in Dutch Borneo near the sources 
and along the courses of the Martapoera, Riam Kiwa, Riam Kanan, and Bandjoe 
Irang rivers. The Bandjoe Irang field, formerly the most important, together 
with the region of Tjampaka, is worked out. All the fields are in the south 
eastern portion of Borneo, and still produce stones in small quantity but of good 
quality. 

India.—In 1900 Central India produced 169 carats of diamonds valued at $350. 

EmeERALDS.—Emeralds are mined in Mitchell County, N. C., and in Blacks- 
burg, S. C. The emeralds from Mitchell County are cut in the matrix, polished, 
and sold in quantities. 

The Muzo and Coscuez emerald mine in Colombia is the only one in the world 
which is worked continuously. The mine is very crudely worked, but the emeralds 
ere of fine color and excellent quality. Tl mine is located 50 miles from 
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Bogota, very near the route of the Inter-Continenta] railway. The Government o- 
Colombia leases the mines to an English syndicate, which has made millions 
from its profits of operation. 

The firm of Streeter & Co., of London, has a concession from the Egyptian 
Government to prospect for emeralds in the region of the Red Sea coast until 
1904. In the winter of 1899-1900 an expedition was sent out by Streeter & Co. 
to explore the ancient emerald mines of Jebel Zabara, about 80 miles south of 
Um Rus, and 25 miles from the harbor of Sherm Sheik, on the Red Sea. In 
ancient times the emeralds of Zabara were noted for their fine quality and the 
large quantity produced. The emeralds occur in a matrix of mica schist together 
with large quantities of beryl. The zone of schist extends from beneath the 
Nubian sandstone to the westward of Jebel Nikhari, south of the Hamesh gold 
mines, and thence castward to Jebel Zabara and the sea. Another zone of 
micaceous and talcose rock in which emeralds might be discovered lies to thd 
north of Eridia, eastward of Keneh. 

A discovery of emeralds is reported during the latter part of 1901, in the 
vicinity of Corocoro, Bolivia. 

Emeralds are found in the Balkan Mountains, Russia, but the annual output 
is small and the finds are irregular. 

OpaL.—Mining for opals in New South Wales is confined to White Cliffs, 
in the Wilcannia district, the search being limited to shallow depths. From Sep- 
tember, 1899, there has been a steady decline in the population of White Cliffs, 
the estimate for August, 1899, being 2,500, while December, 1900, showed but 
1,400 persons, due to the overproduction of the poorer quality of opals and the 
consequent restriction of mining operations. In 1900 a comparative scarcity of 
first-class opals was reported, buyers being unable to purchase as much as desired. 
During 1900 the White Cliffs Opal-Mining Co., Ltd., had 400 tributors working 
on the company’s leases. The estimate of the value of the output of 1900 is 
£80,000. The declared value of the parcels weighing about 51,260 Troy oz. con- 
signed through the postoffice was £44,417, with no estimate for amounts for- 
warded by coach or taken personally. The value of the production of opals for 
the year 1901 for the White Cliffs field is estimated at £120,000 an increase over 
1900 of £40,000, which is due to the large number of men attracted to the field 
by the depression in the Broken Hill and Cobar mining divisions. 

The principal opal mining district in Mexico is in the State of Queretaro, 
near La Esperanza, where large quantities are produced and cut annually 
of the noble opal, fire opal, harlequin, and lechosos (the latter showing red and 
deep-green flashes of color). The State of Hidalgo produces from Zimapan valu- 
able quantities of the fire opal annually. At Huitzuco and San Nicolas del Oro, 
in the State of Guerrero the opals are transparent and streaked with red, green 
and blue. Opals valued at about $10.000 aro said to be exported annually by one 
mine owner from this State. Large quantities of noble opals are mined in Central 
America, and opals are also mined in Arizona and New Mexico, U. 8. A. 

Rusy.—The report of the Burma Ruby Mines, Lid., for the fiscal year 
ending February 28, 1991, shows total receipts including rubies sold, interest, 
etc., amounting to £110,626; the expenses amounted to £70,781, leaving a net 
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balance of £39,845. Deducting the percentage payable to the Government of 
India for rental, amounting to £12,440, there remained a net profit of £27,405, 
which, including the balance brought forward from the previous fiscal year, 
yielded a sum available for distribution of £36,286. The directors recommended 
a dividend of 17°5% equal to £26,162, and carried forward £10,124. During 
the fiscal year 947,444 loads of ruby earth were washed at an average cost of 
10-29d. per load, against 888,135 loads at 10°39d. for the previous fiscal year. 
The erection of a two-pan washing machine at Padansho, near Kyouklongyi, was 
completed, enabling the output for this mine to be doubled, and the surface strip- 
ping for the opening of the new mine at Choungzone was begun. A third electric 
installation for the working of this mine was received at Mogok. The Burma 
rubies occur in beds of coarse gravel mixed with graphite, garnet, and spinel. 
The Burma rubies more nearly approach the pigeon-blood color than those found 
elsewhere, and consequently the output is more valuable proportionately. The 
New Kabue Gold Mines of Siam, Ltd., although inactive in the gold field during 
1900, took over the lease of the sapphire and ruby mines at Pailin. The company 
does not engage directly in mining but grants licenses to native diggers, and leases 
out the various surface rights. Bo Wen and Taphan Hin, in the Province of 
Chantaboon, Siam, yield the greatest output of rubies, although the Bo Yan and 
Navong mines, in the Province of Krat, produce large quantities annually. The 
Siamese rubies are much darker in color than the Burmese ones and have a 
‘tendency toward a purplish color. Occasionally the famous pigeon-blood rubies 
are found in the valleys and water-courses surrounding Ratnapura and Rakwena, 
Ceylon. While the Ceylon rubies are limpid in brilliancy and pale in color, they 
are not so valuable as Burmese or Siamese rubies, The total production of rubies 
for 1900 in India amounted to 214,856 carats. A ruby worth when cut barely 
£1 was found in 1900, at Beatrice creek, in the Jordan creek gold fields, Queens- 
land, Australasia. 

SaPPHIRES.—Sapphires of high quality and variegated colors and tints are 
found at Rock creek, in Missoula County, Mont.; on the Missouri river, be- 
tween Cafon Ferry and American Bar the sapphires are bluish-green, blue, and 
white, and are mined in large quantities; in Deer Lodge County, on Cottonwood 
creek, sapphires of variegated colors are found, and at Yogo, in Fergus County, 
are the mities operated by the American Gem Mining Co. and the New Mines 
Sapphire Syndicate, of London, which last produced in 1901 about 100,000 carats 
of gems, and 5,000 oz. @f stones, which are ground and mixed with diamond dust 
for use in polishing gems. The Yogo gems occur in an igneous dike, which ex- 
tends for some five miles through bodies of massive gray limestone. The stones 
are recovered by ground-sluicing and hydraulicking; the matrix of the stones 
disintegrating either in the sluices or by weathering, in similar manner to the 
blue clay matrix of the South African diamond fields. The output of the New 
Mines Sapphire Syndicate is shipped to Europe for cutting, and the product of 
The American Gem Mining Co. is cut by lapidaries in Helena, Mont. The Yogo 
sapphires are equal in quality and in value to the best Ceylon and Burma product. 
A further account of Montana sapphires, written by W. H. Weed, will be found 
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later in this section. In Cowee township, Macon County, N. C., sapphires are 
found in seams or layers i nan altered hornblende gneiss. 

At Anakie, in the Clermont district, Queensland, Australasia, sapphires to the 
value of £900 were mined in 1900. The stones are found under boulders in a 
wash not more than 3 ft. deep. The deepest workings do not exceed 14 ft. The 
wash is screened and sluiced and the stones recovered on tables by hand picking. 
The Withersfield Sapphire Co., Ltd., holds 240 acres of ground, which is expected 
to be actively developed in 1901. The production of sapphires for 1900 came 
from chance prospecting over a wide area of ground. The output of sapphires 
for 1900 in India amounted to 7,239 carats. In that year the New Kabue Gold 
Mines, Ltd., took over the lease of the sapphire mines at Pailin, Siam. The 
company leases the surface rights to native diggers. _ 

Turquoise.—During 1901 seven mining companies were engaged in mining 
and marketing turquoise, mainly from the Cerrillos Mountains of New Mexico. 
The value of the total production from the United States during 1901 (most of 
which was provided by New Mexico) being $118,000. Among the mines of New 
Mexico are the Blue Bell, situated 2-5 miles north of Cerrillos, and the Old Cas- 
tillian, owned and operated by Tiffany & Co., of New York City. Other deposits 
of turquoise are in the Hatchitas and Cow Spring Mountains, near Silver City, 
N. M. The Silver City Turquoise Co. is operating a mine 1°5 miles northeast 
of Burros, Grant County, N. M.. It is reported that an old turquoise mince , 
situated about 62 miles northeast of Manvel, San Bernardino County, Cal., is * 
being operated with a small force of men by a New York company. Turquoise 
in some quantity and of good quality is reported from the Tonapah district of 
Nevada, at about 12 miles from Crow’s Springs. The turquoise mines at Wady 
Maghara, in the peninsula of Sinai, which were again started in 1900 by the 
Egyptian Development Syndicate, produced a small quantity of turquoise of good 
quality during 1901. 

TouRMALINE.—The disturbances in China caused the closing of the tourmaline 
mines in Mongmit, a Shan State, during all of 1901, for there is little or no de- 
mand for tourmaline outside of China. The jade mines of Myit-Kyina district, in 
Upper Burma were closed during the year for the same cause, although a 
little mining was done. The tourmaline mines of Mesa Grande, San Diego 
County, Cal., provided nearly all of the production of tourmaline in the United 
States during 1901, which amounted to a value of $15,000. A new deposit of 
tourmaline a short distance from the older one promises an increased output 
for 1902. 


MontTANA SAPPHIRES. 
By WaLTER HARVEY WEED. 


EaRLy in Montana’s history, when the “bars” of the Missouri river, near Helena. 
the terraces and side hill deposits of river gravels were being washed for gold, the 
riffies in the sluice boxes sometimes held pale greenish stones which were un- 
noticed at first, but identified later as sapphires. The discovery awakened but 
little interest at a time when gold alone was the object of search. From these early 
days to the present the river bars have been intermittently worked hy nomadic 
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placer miners. About 1893 the locality was visited by European gem experts, who 
were impressed by the brilliancy of the stones and wrote most flattering reports, 
which confidently predicted that despite their unconventional coldr, they would be- 
come popular and highly prized gems. Heavily capitalized companies, which were 
organized abroad, acquired large tracts of land along the Missouri, and Montana 
was heralded as the new Golconda. Unfortunately these expectations were not 
realized. The stones were abundant and of high brilliancy, but their pale green- 
ish color did not meet with popular favor, and Montana sapphires were a drug 
on the market. In 1895, as a result of placering for gold, the new Yogo field 
was accidentally discovered, and, as the stones were of the much-prized cornflower- 
blue color, they met with a ready sale. The property is to-day not only the most 
valuable gem mine in America, but the only place where sapphires are mined in 
the original matrix in which they were formed, resembling in this respect the 
Kimberley diamond mines of South Africa. 

The Missouri river localities are located 12 to 18 miles from Helena. The 
different bars have received names—Ruby Bar, Spokane Bar, etc., and the gravels 
all contain sapphires as far up stream as Emerald Bar. These gravels are from 
10 to 50 ft. thick, and situated at varying elevations above the stream (130 ft. 
at Emerald Bar). The gems afe found in situ in a dike of igneous rock 3 miles 
below Cafion Ferry. 

As investments these bar deposits have not been remunerative because the stones 
are chiefly of a pale greenish yellow color, and though very brilliant, are not 
highly esteemed by the public. Blue and red stones of fine color are extremely 
rare, and the pink and yellow ones not’ common enough to be counted upon in 
washing the gravel. The Missouri river bars are therefore not now worked, and 
the heavily capitalized corporations formed to mine the gems are financial failures. 

The Rock creek locality is about 30 miles west of Anaconda and the same dis- 
tance southwest of Phillipsburg, in Granite County. The sapphires occur in the 
gravels of several small streams forming the central headwaters of Rock creek. 
These placer claims have been extensively worked in the past three years, yielding 
several hundred thousand carats of rough stones, of which about 6% are fit for 
cutting. The gems occur only in stream gravels, but a few specimens are found 
in the original matrix of igneous rock. The gems from this locality, though 
greenish or blue-green, are deeper colored than those from the Missouri Bars, and 
meet with a ready sale in Montana, where they bring prices but little less than 
those of the blue stones. 

The Cottonwood creek locality is about 10 miles east of Deerlodge, on the head- 
waters of the stream that flows through the town. The gems occur only in stream 
gravels, are of the usual pale greenish color, and the deposits have as yet been 
but little worked. 

The Yogo mines, situated in the eastern footslopes of the Little Belt Mountains, 
are near the junction of Yogo creek with the Judith river, 15 miles from Utica, 
which is the nearest town, and accessible by stage from the terminus of the Mon- 
tana railroad or from Great Falls. The gems occur in a dike of dark gray igneous 
rock, forming the sapphire vein, which has been traced for a distance of nearly 
five miles from the meadows of the Judith river across barren limestone hills 
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to the caiion walls of Yogo gulch and beyond. This remarkable dike, for the vein 
is a true dike of igneous rock, cuts white limestones (Carboniferous) and the red 
clays and dark shales which overlie them to the east. The gems occur in corroded 
forms and in well-defined crystals somewhat sparsely distributed throughout the 
rock. The dike rock is, when unaltered, of a very dark gray color and dotted with 
white and pale green inclusions. It consists of brown mica (biotite) and green 
pyroxene (diopside) and is classed as a basic minette. The inclusions consist of 
fragments of limestone or shale altered to calcite diopside and quartz. 

The present workings consist of great open cuts, one of them 700 ft. long and 
90 ft. deep, another 1,200 ft. long and 20 to 50 ft. deep, besides tunnel and shaft 
workings. Much of this open cut work has been done by hydraulic mining 
wherever the slope of the hillside permitted one end of the cut to reach the sur- 
face. The upper part of the vein consisted of a coarse breccia composed of frag- 
ments of altered limestone and shale in a yellow clay. These fragments diminish 
in amount in depth, and the mass of the dike is a yellowish brown clay, but this 
changes at 20 to 50 ft. in depth to a blue clay in which there are boulders and 
masses of the still fresh and undecomposed igneous rock. This blue clay, like 
that of the Kimberley diamond fields, is a product of the alteration of the igneous 
rock. It is a very important factor in the economical working of the mines, as 
it would be all but impossible to extract the gems from the original rock itself, 
whereas the blue clay disintegrates readily on weathering. 

Ths material is worked by washing it into sluice-boxes similar to those used 
in ordinary placer mining for gold. The boxes are set with less fall than for gold 
and the riffles made slightly higher, as the, sapphires are not so heavy as the gold, 
and hence would wash away. The “dirt” mined in the open cuts is screened and 
the fine material carted to the sluice-way to be washed, while the lumps are 
gathered in heaps to slowly disintegrate through weathering. This process is 
hastened by occasional wetting, which, with the freezing incident to the usual and 
almost nightly frosts of this altitude, aid the process. This disintegrated material 
is subsequently washed in the sluice-boxes. The material caught in the riffles 
is “cleaned up” and treated in an ordinary gold rocker fitted with three screens 
of different mesh. This eliminates much of the waste, and the resulting concen- 
trate is panned by hand. The residual material consists of small irregular lumps 
of pyrite and the sapphires, and from this the gems are picked by hand. Formerly 
the small chips were rejected, but there is now a market for all the material, not 
only the larger gems, but also for the smaller ones for watch jewels. The stones 
are mostly small, a large proportion being flat discs showing the triangle (the 
so-called signature of the sapphire) in relief. Gems of 4 to 5 carats are rare. 
The largest stones found weighed from 11 to 12 carats and cut to gems of 5 to 
6 carats. These larger stones are valued at $75 a carat, but the smaller ones sell 
at retail at $30 to $40 per carat, according to the stone. In 1901 the output 
was about 150,000 carat of cuttable material. 

Origin of Sapphires—From the foregoing brief description it will be seen 
that the gems occur in dikes of igneous rock, both at Yogo and near Helena. 
The dike rock is different in the two localities, being a basic minette composed of 
only pyroxene and biotite at Yogo and an altered augite-mica-syenite in the Mis- 
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souri river locality. These are both very basic rocks, thus emphasizing the re- 
semblance to the occurrence of diamonds in Africa. Sapphires have been formed 
artificially from alumina dissolved in molten glass, from which crystals separated 
out in cooling.’ There is therefore no reason to doubt that the Montana gems origi- . 
nate from fragments of shale gathered from the walls of the fissure and carried 
upward as the liquid igneous magma filled the crack. These fragments dissolved 
in the liquid rock which then became extremely rich in alumina, which element, 
upon cooling, crystallized out as sapphires. It also seems certain that corundum is 
sometimes an original constituent of igneous rock. 


1 Morozewicz, Zeitschrift fuer Krystallographie, Vol, XXIV., 1895, p. 281. 
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PRECIOUS STONES. 
By Grorcr F. Kunz. 


INTRODUCTION. 


Since 1894, when the business of the country was at its lowest ebb, 
there has been a great advance in the lapidary industry in the United 
States. The fact that larger establishments have been formed which 
are able to purchase the rough diamonds in greater quantities, has 
placed our American diamond cutters in a position quite equal to that 
held by those of Amsterdam, Antwerp, and Paris. The cutting of 
our native gems has also proved to be something of an industry, nota- 
bly in the case of the beryl and the amethyst, found in North Carolina 
and Connecticut; the turquoise, from New Mexico, Arizona, Nevada, 
and California; the fine-colored and deep-blue sapphires found in 
Montana; the colored tourmalines, of San Diego County, Cal.; the 
chrysoprase, mined at Visalia, Tulare County, Cal.; the garnets of 
Arizona and New Mexico; and also, notably, the pale-purple garnets 
from North Carolina. 

In addition to the usual work on gems, there has been the greatest 
demand known in years for fine cutting. Stones already cut abroad 
have been recut here with sharper angles and a higher polish. The 
lentil-shaped stones, the marquise, the double marquise, the heart- 
shaped, and the rose-brilliant stones are shapes that generally indicate 
the recutting of the gems. ‘This form of lapidary work requires very 
great skill. The cutting must usually be of such a character as to 
suit the fancy of the buyer. This fact has led to the establishment 
in this country of a number of lapidarian works in which all the 
employees are much more skillful than were those of a decade ago, 
and their work is of a much higher class than the commercial work of 
Oldenburg and of other foreign gem-cutting centers. 

The total of precious stones imported into the United States for 
the year 1902 reached the high valuation of $24,753,586, being 
$1,938,234 more than for the previous year, and nearly nineteen times 
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as great as in the year 1867—showing the enormous advance in wealth 
and taste that has taken place in this country in the course of a 
generation. 

The production of precious stones in the United States in 1902 was 
valued at $338,300, as compared with $289,050 in 1901. 


DIAMOND. 


INDIANA. 


In the report of this Bureau for 1900, mention was made of the 
finding of a diamond of 3% carats on a branch of Gold Creek, some 9 
miles north of Martinsville, Morgan County, Ind. Reference was 
also made to the rumor that other smaller diamonds had been found in 
the same region. Recent information received from Mr. R. L. Royse, 
of Martinsville, gives a full account of the facts in this matter. The 
stone above noted was found by an employee of his, from whom he 
purchased it. A considerable amount of panning for gold has been 
done in the streams of Brown and Morgan counties for some years by 
certain old residents, well known as farmers and prospectors. Two of 
these have found occasional diamonds. Mr. Royse himself possesses 
six besides the one mentioned, which he sold. Of these, four are 
from Brown County, purchased from one of the old prospectors who 
obtained them; three are very small, weighing hardly a carat together; 
the fourth weighs about 1 carat. In color, the last is a blue-white, 
the others are tinted—a brown, a yellow, and a bluish one. Another 
local gold-sceker has a diamond of 2 carats, which he found also in 
Brown County, making five positively known from that county, to 
say nothing of others reported, but not actually seen by Mr. Royse. 
From Morgan County he knows of three, viz., the large stone first 
announced, found 3 miles west of the village of Centerton; a little one, 
of 4 carat, found by himself in gold-panning; and a third, of $ carat, 
purchased from one of the old prospectors. Most of the stones are 
clear and flawless. This makes eight in all positively known from 
these two counties of central Indiana. 

As regards the minerals associated with the gold and diamonds of 
the creeks of this region, the writer received sumples from Professor 
Blatchley, the State geologist of Indiana, which comprised the follow- 
ing species and varieties: Quartz, vein in ironstone; white chalcedonic; 
rolled pebbles, colorless and clear, also milky; red jasper; iron ores— 
magnetite, showing some cleavage, with quartz and decomposed mus- 
covite; red hematite, resembling the ore of Marquette; limonite, a 
rolled pebble; menaccanite; pyrite, small cubes in quartz; marcasite, 
stalactitic; zinc blende (sphalerite), cleavable, yellow with black spots, 
in quartz; metallic inclusions, evidently rutile, in corundum, of a 
pinkish to bluish tint; zircon, broken prisms, yellow and transparent, 
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4 by 2 mm.; garnet grains (almandite), purplish red; cyanite, blue 
reflections in green, prism fairly perfect; amphibole, brown, with 
chatoyant reflections; rocks, gray shale, and putty-like clay. Only 
the magnetite and menaccanite are at all abundant, and next to these 


the garnet. 
WISCONSIN AND CANADA. 


In regard to the source of the diamonds carried south by the Glacial 
ice sheet and found scattered along the line of the terminal moraine 
from Wisconsin to Ohio, Mr. Archibald Blue, the Canadian geologist, 
is disposed to differ from Professor Hobbs as to the distance through 
which they have been transported.? The latter, estimating from the 
direction of the stris and the width of what he terms “the fan of dis- 
tribution,” locates the source in the unexplored region of Ungava, 
east of Hudson Bay. It has already been suggested in the report of 
this Bureau for 1899 that this determination depends on the theory of 
there being but a single source, or at least on the theory of the sources 
lying within'a very limited area; whereas if there were loéalitics, as 
in Brazil, extending through or along a considerable region, they necd 
not lic so far to the north. This is essentially the position taken by 
Mr. Blue. He emphasizes the fact that the bulk of the material form- 
ing the terminal moraine and the moraines of recession has been car- 
ried only a moderate distance from its source, and although he admits 
the possibility of Professor Hobbs’s view, he is disposed to question it. 

In this article he reviews the general facts of the occurrences in the 
United States, especially those in the glacial drift, and describes also 
briefly the theories as to the source of the diamonds in Africa. He 
goes on to say that there has been no search made for diamonds in 
Ontario, ‘‘ although Dr. Lawson and Dr. Coleman some time ago sug- 
gested ¢ that they might be found in the Rainy Lake region.” These 
authors, and Mr. Blue himself, show an evident leaning toward the 
theory that diamonds are formed by the action of igneous rocks upon 
strata containing carbonaceous matter, and hence a number of refer- 
ences are made to points in Ontario where rocks of these kinds have 
been observed in some proximity, as possible sources for the diamonds 
of the drift. Logan, Macfarlane, Coleman, and Lawson“ are cited as 
to ancient volcanoes, numerous dikes and intrusions, and graphitic and 
carbonaceous slates at various points north of the Great Lakes. Mr. 
Blue himself emphasizes the vicinity of Thunder Cape, Lake Superior, 
and of Balfour, near Sudbury, as presenting conditions favoring, or 
at least suggesting, the production of diamonds in this manner, and 
he advocates careful investigation at these points. 

a Blue, Archibald: Are there Diamonds in Ontario?: Bureau of Mines Report (Ontario), 1899, pp. 
pe from Mineral Resources U. S. for 1899, U. S. Geol. Survey, 1901, p. 8. 


eCan, Nat., vol. 4, new acries, pp. 461-463. 
d@ Geol. Sury. Canada, 1887, Geol. Rainy Lake region, p. 180 F, 
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BRAZIL. 


An exploration company has been formed in London for the pur- 
pose of searching for diamonds in the Serra de Frio Mountains in the 
State of Minas Geraes, the object being to explore the mines, to work 
them, and to sell diamonds. The report is very elaborate, but no 
great amount of development is recorded as having been carried on. 

Diamonds and carbons in Bahia.—An extended account has lately 
been given by Mr. H. W. Furniss, United States consul at Bahia, of 
the occurrence of diamonds and carbons in the State of that name in 
Brazil.? This account is valuable not only in itself, but for compari- 
son with the similur account reviewed in the report of this Bureau for 
1899 of the diamond mines of the State of Minas Geraes, by Mr. T. C. 
Dawson, of the American legation at Rio de Janeiro. 

Mr. Furniss outlines briefly the history of the Bahia diamond 
workings from their reported discovery in 1821 and their first devel- 
opment in 1844, when a rush began for the district. Since that time 
they have been more or less actively worked. Fourteen mining dis- 
tricts are officially recognized, but Mr. Furniss groups these into two 
well-marked geographical sections, one in the central part of the state, 
in the basin of the Paraguacu River and its tributaries, and the other 
in the southern part, along the valley of the Pardo River. His 
experience is almost wholly with the first of these two regions. The 
latter, which he calls the Cannavieras district, is reached from the port 
of that name by ascending the Pardo River, and has been known as a 
diamond region only since 1881. An account of it from other sources 
will be found in this report further on. Very recently other descriptive 
articles have appeared—some of them already referred to in reports 
of this Bureau—which point out the richness of these Bahia districts 
along the almost unexplored valleys of the numerous affluents of both 
the Paraguagu and the Pardo. 

The enormous production of diamonds from the African mines, 
together with the facts that the methods employed in Brazil are crude 
and unsystematic and that the most accessible places at all profitable 
under such methods have been much worked over and worked out, 
have caused a great decline in the Brazil production for some time past. 
But there is a very wide extent of diamantiferous country awaiting 
only the introduction of improved processes. 

The chief center of production in the first or Paraguacgu River 
district lies 250 miles or more inland from the city of Bahia; but 
diamonds begin to be found in the bed of the Paraguacu about 150 
miles from the coast, and from that point up the river to the town of 
Andarahy, which is one of the mining centers. Theiroccurrence in the 


aThe Diamond Fields of Brazil, 1902, London, pp. vili, 75. 
bU. 8. Consular Reports, No. 1423, August 20, 1902. 


PRECIOUS STONES. 817 


river bed, however, renders them difficult to obtain. The diamantif- 
erous region extends for about 172 miles, witha breadth varying from 
a maximum of 16 miles toa minimum of 3 or 4. It includes several 
mountain ranges, the Serra do Sincora, with the headwaters of the 
Paraguacu and the Una, the Serra dos Remedios, the Serra das Lavras 
Diamantinas, the Chapada Velha, and a portion of the Serra do 
Espinhago. The most productive region is apparently that of the 
foothills east of the Serra das Lavras Diamantinas, along the small 
tributaries of the Paraguacu. 

The geology of the region is described by Mr. Furniss as consisting 
of granitic hills, with much sandstone and conglomerate. The granite 
shows a slightly inclined stratification, and hence is probably in strict- 
ness a gneiss. This rock is frequently broken by gullies, fissures, or 
crevasses, which are in many cases filled with the sandstone and con- 
glomerate, and these latter also occupy small basins in the crystalline 
rock. All are much weathered and in some places disintegrated. The 
diamonds and carbonados occur in the fragmental rocks, and according 
to Mr. Furniss, in the granitic also, a fact of much interest, if it shall 
be clearly established; but they can only be obtained from those por- 
tions of either that have been pretty well disintegrated. Much of the 
work is done in the gullies, fissures, and cavities, which are occupied 
by soft sandstone and conglomerate; but sometimes these are rendered 
inaccessible, at least in their lower portions, by hard ledges or by water; 
and hence promising spots, rich in diamonds, have to be abandoned as 
unworkable by the rude and simple methods employed. 

The river and stream beds are largely occupied by bowlders and 
gravel, the latter apparently the equivalent of the diamond-bearing 
formaciio of Minas Geraes, described in Mr. Dawson’s report. The 
small basins in the gneissic rocks of the hillsides would seem to cor- 
respond to his gupiaras. Mr. Furniss describes the digging out of 
the cascalho, or diamond gravel, and piling it up until the rainy season, 
and also the conducting of water in some cases through native-made 
sluices, etc., to wash the cascalho, in ways that correspond closely to 
those noted by Mr. Dawson. The washing process, first in troughs 
or ditches, and then in wooden basins (bateas), and the skill acquired 
in picking over the residue and recognizing diamonds therein, all 
resemble methods described by Mr. Dawson, and are identical also 
with those of the South Borneo diamond miners, depicted by M. 
Gascuel in his recent article.¢ 

The method of obtaining the river-bed stones, however, presents a 
marked difference from that in Minas Geraes. Nothing is said of 
diverting the stream and excavating its bed during the dry season, as 
in the valley of the Jequitinhonha, but Mr. Furniss teJls of diving as 

a Production of Precious Stones, extract from Mineral Resources U, S, for 1901, U. 8. Geol. Survey, 
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employed along the Paraguacu. This is conducted in two ways, the 
principal one involving the use of what he calls ‘“‘diving machines,” 
i. e., apparently movable caissons, beneath which two men can work 
alternately for three hours each, gathering the cascalho into sacks 
lowered from above. This method is in use along the Paraguagu from 
Joao Amaro, the point where diamonds first appear in the bed, as 
before noted, nearly up to Andarahy; and there are at least six of 
these machines engaged during the available season. The other method 
is pursued by individuals, who dive naked into the shallow parts of the 
river, especially in the dry season,and bring up what they can gather 
of the cascalho during a brief submergence. 

Mr. Furniss states that the field is not one to attract the fortune 
seeker, although occasional wealth may be obtained; but the uncer- 
tainty is great, hardships are many, food is poor, and climatic condi-— 
tions are trying and unhealthy. 

Some five thousand people are engaged in diamond mining, but 
irregularly and with no system. The tools are the commonest—a hoe, 
a crowbar, a stout iron hook on the end of a pole, sometimes a hammer 
and a hand drill, and two basins for washing—a larger and a smaller. 
Rarely a little powder is used to blast away some obstructing piece of 
rock. Through years of such crude exploitation, sand and gravel have 
been washed down from the small streams to the larger ones, covering 
up rich river beds with quantities of débris, which will require con- 
siderable expenditure of capital to remove. Ina tour through the 
entire district, Mr. Furniss failed to find a single attempt at modern 
methods. ‘‘In the home of the carbon there was not even a hand- 
power rotary drill, much less a carbon set drill, which would frequently 
save days of work and much expense.” Instead, men with hand drills 
and hammers make about three holes a day. In many places water 
comes in faster than it can be bailed out; and such openings have to 
be abandoned until some methods of pumping can be introduced. The 
native pumps, described with so much interest by Mr. Dawson, in 
Minas Geraes, do not seem to be known or used here. 

All diamond and carbon lands belong to the State, which maintains 
a director at the town of Lemgoes. The laws are specific, though 
liberal, and persons of any nationality may lease claims. The property 
must be described and applied for in writing; and then, after a pre- 
scribed time of announcement, it is offered at auction, the highest 
bidder obtaining a lease for a period varying from one year to ten, 
with certain rights of renewal. There is usually but little competition 
at the sale. Individuals who do not care to lease claims may take out 
licenses for a fee of $1.50 a year, and must also, each one, pay a local 
village tax of 10 milreis, about $2.40. Mining without lease or license 
is subject to confiscation of tools used and stones found, one-half going 
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to the informer. About 350 leased claims are being worked, and “‘ it 
is estimated that there are 450 other productive claims without lease.” 

Besides these leases and licenses, some large concessions have been 
granted to individuals and companies, almost all Brazilian, save a 
French company at Cannavieras. These and the ordinary lease-hold- 
ers generally work their mines on shares rather than by fixed wages, 
the miners paying the lessees one-fourth or one-fifth of the diamonds 
and carbons obtained. 

This method is found more profitable, as the miners work better on 
their own account than for a fixed wage. There is little chance for 
cheating, as the buyers know all the parties concerned and reserve 
the proper share for the owner when purchasing.- 

Mr. Furniss refers to the recent high price of carbons and to the 
statement frequently made that it is maintained by a syndicate or 
combination. He finds no ground, after full inquiry, for the idea of 
any such combination among the miners, the buyers in the field, or 
the exporters at Bahia. He gives a full account of the manner of 
purchasing by field buyers representing five principal firms in Bahia, 
all being kept systematically informed as to market rates, which are 
determined by values in Europe constantly cabled to Brazil. The 
field buyers work independently, and there is even more or less com- 
petition for any particularly good material. The miners obtain prices 
that are a fair equivalent according to the rates abroad and the fluctu- 
ations of the Brazilian currency. 

The great increase in prices for carbons is illustrated by some 
figures given in the report. To cite only in part: In 1894 carbons 
were bought in the field from the miners at from $4 to $4.40 per 
carat; in 1898 the rate paid was $11 to $11.20. The cause of the 
higher prices lies principally in the vastly increased demand for car- 
bons in mining and drilling machinery, with the fact that while the 
supply in existence is immense, it is practically limited by the defect- 
ive methods of working. The present output averages 2,500 carats a 
month; but, without more capital and improved methods, Mr. Furniss 
thinks it can not maintain even this rate; and the demand is steadily 
growing. Water power is abundant, ‘‘and with electrically run drills, 
pumps, and other machinery, there is fabulous wealth awaiting devel- 
opment.” 

Two grades of carbons are recognized—good, and porous or crystal- 
line. Present prices for the best grade range from $24 a carat for 
stones over three-fourths of a carat in weight down to $7.20 for 
those between three-fourths and one-half a carat, and to about $2.75 
for smaller ones, which last are mixed with imperfect and refuse dia- 
monds. The porous and crystalline grade of carbons sell for about 
half of the above-noted rates. The average size of the stones found 
is about 6 carats in weight. Stones between 1 and 2 carats are the 
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most desirable, as they do not require to be broken up for commercial 
use. Very large specimens command a relatively lower price, on 
account of the labor and cost of breaking them up. Two enormous 
pieces have been found within a few years past, upon claims belong- 
ing to the same lessee, who received in both cases one-fourth of the 
first selling price. The first was the unique and celebrated mass, 
weighing 3,150 carats, found in 1895, and briefly mentioned in the 
report of this Bureau for that year;% the other was discovered in 1901, 
and weighed 750 carats. The prices paid for these two remarkable 
stones furnish a striking illustration of the advance in values during the 
interval of six years. The amount paid the finder was, for the second, 
$17,380, although the first (five and a half times as Jarge) had brought 
but $16,000. The first mass went through several hands, and was pur- 
chased in Bahia for 121,000 milreis, about $25,400; it was then sent 
abroad and finally broken up, not in Paris, as stated in Mr. Furniss’s 
article, but in London, as described in the paragraphs following this 
abstract. The other mass is also described in this report farther on. 
Another immense carbon, of 975 carats, was mentioned by Mr. 
Furniss in his former article, as found in 1894, but he does not refer 
to it here. It is said to have brought $19,300 in Paris, where it was 
finally broken up, but it failed to realize anything like that sum when 
sold in pieces. 

The diamonds of the Paraguagu country are stated to be more bril- 
liant than those of the Cannavieras region but less perfect and clear; 
they oceur with the carbons, and are often impaired by black inclu- 
sions. The field buyers divide them into five grades: Bons, those of 
good shape and color; fazenda fina, small and tinted stones, but other- 
wise fine; mellé, off-colored and imperfect; vitriar, very small, bright 
stones of various colors; and fundos, defective and broken stones, 
unfit for jewelry, and mixed as above noted, with second quality car- 
bons. The prices paid in the field vary somewhat, but average for 
first grade $11.50 per carat; for the second, $10.50; for the third, $5, 
and for the fifth, $2.50. The fourth class, the brilliant little vitriars, 
are sold by the quarter carat, which contains from six to eight stones, 
for 12 milreis ($2.88), about the same rate as the bons. The other 
grades are usually bought by the oitava, 174 carats. To these prices 
must be added transportation to Bahia by special carriers and the 
Bahia dealers’ profit for the prices in that city; and for stones reaching 
Europe, the export duty (13 per cent), the steamer charge, and insur- 
ance must also be added. 

The stones are mostly small, averaging about 1 carat. In a lot of 
nearly a thousand carats’ weight of stones examined by Mr. Furniss 
ae largest weighed 3} carats. About 30 per cent were of the poor 


aS8eventeenth Ann. Rept. U. 8. Geol. Survey, pt. 8 (cont. ), Pp. 903. 
b Twentieth Ann. Rept. U. 8. Geol. Survey, pt. 6 (cont.), 1899, p. 567, 
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grade, fundos; the rest were good to fair. Other lots gave like results, 
and these are probably average examples. 

The actual output is hard to estimate. The only data are the export 
figures, and these are far below the reality, as the amount thus indi- 
cated for both diamonds and carbons is less than the value of the latter 
alone. This shows that large quantities must leave the country with- 
out paying duty. All the shipments are to Paris and London. 

The diamonds are exported uncut, though there are several cutting 
establishments in the diamond region and one in Bahia. But there is 
at present little demand for cut stones in the country, a condition dif- 
ferent from that reported in Minas Geraes by Mr. Dawson in 1899, 
but perhaps due to financial depression, as Mr. Furniss believes, 

The carbons are sold in mixed lots, and all sorting is done in Europe, 
So long as this method is maintained, American dealers will continue 
to purchase abroad, at higher cost, rather than in Brazil, where they 
can not obtain selected material, and must take all sorts and sizes of 
carbons together. 

A recent article in Le Diamant, of Paris, refers to this same sub- 
ject of the difference between miscellaneous and selected carbons, and 
states that in London, which is the principal market, the dealers sell 
unsorted lots, which are of little use to the engineer or the factory 
superintendent, who needs certain sizes and qualities; that Germany 
has lately recognized this fact, and that consequently the Berlin dealers 
are developing a profitable business in assorted carbons. 

With regard to the great carbon masses, although only two are 
usually spoken of, there seem really to be three on record: (1) The 
one of 975 carats found in 1894, which was broken up in Paris and sold 
at less than its cost, $19,300, as stated by Mr. Furniss in his former 
article? referred to above. (2) The greatest piece, found in 1895, 
shown in PI. II, natural size. As to this carbon, a recent letter to 
the Journal of the Society of Arts’ and a subsequent one to the writer 
from J. K. Gulland, esq., of London, furnish precise details. He says: 
“It was not broken up in Paris; I broke it up here myself. The 
exact weight was 3,078 carats. I bought the stone on September 19, 
1895, for £6,464 (about $32,000), broke it up into pieces suitable for 
use in diamond drills, and resold the whole at 10 per cent profit. 
* * * Now, it would be worth £26,163 (about $130,815). The 
present price of carbon at the mines (November 17, 1902) * * * is 
£8 10s. to £9 per carat,” for good quality. (3) The third, though 
usually spoken of as the second, is the mass found in 1901. This was 
taken abroad and exhibited at the Disseldorf Exposition of the same 
year. It is here shown in the accompanying illustrations, Pls. 
UI and IV. These and the following notes are from the Organ des 


aTwentieth Ann. Rept. U. 8. Geol. Survey, pt. 6 (cont.), 1899, p. 567. 
6 Journal of the Society of Arta, 1902. 
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Vereins der Bohrtechniker,* Vienna, of April 15, 1902, to which the 
data were furnished by Messrs Joh. Urbanek & Cie., of Frankfurt-am- 
Main. The stone as a whole weighed 750} carats; the single pieces 
into which it was divided weighed from 3 to 4 carats each. Besides 
its extraordinary size, its quality was remarkably fine, and hence the 
division was very successful, especially with regard to the beautiful sur- 
faces of the separated pieces. The division itself of such a stone isa 
very peculiar task, and requires long experience to achieve a successful 
result. Moreover, the artisan, in order to complete the work properly, 
must needs forget that he is handling a stone worth 100,000 marks 
($23,600). Carbons vary much in hardness, and they can not stand a 
heavy blow or exposure to great heat; a hard blow will often crush 
the stone to fragments, and a great heat may destroy its quality. Of 
great interest is the statement that some samples of carbon used in a 
boring drill were changed, in consequence of the stopping of the 
water current, to a black mass resembling glass (perhaps a graphitic 
material), and so soft as to be easily affected by a file, while the soft 
iron of the borer was hardened to steel. Ilmenite, nigrine, and other 
black minerals are often mistaken for carbon, but they naturally fall 
to pieces the moment the pressure of the drill is applied to them. 


BRITISH GUIANA. 


Further data have appeared as to the diamond discoveries in the 
Upper Mazaruni Valley in British Guiana, ? in the Thirteenth Annual 
Report of the Institute of Mines and Forests of British Guiana on the 
gold, diamond, and forest interests of the colony for 1901-2.° About 
one page is given to the diamond industry, and the facts may be 
summed up as follows: In the year ending June 30, 1902, the number 
of diamonds ‘‘declared” was 132,077, nearly all from the Mazaruni 
district, though 1,414 stones came from the Potaro, and a very few 
from other districts. These occurrences are noted as indicating a 
somewhat wide distribution of the diamond-bearing deposits. Of 
late, stones of somewhat larger size have been found, though most of 
the Guiana stones are quite small. They are spoken of as closely 
similar to those from Diamantina, Brazil, and the suggestion is made 
that careful and extensive search may develop the presence of deep 
deposits, such as some of those in Minas Geraes. 

Machinery is being introduced, and good results are looked for, 
although, as in previous years, the remoteness of the Upper Mazaruni 
Valley and the difficulties of transportation are still great obstacles to 
successful progress. On the other hand, these conditions prevent a 


a Organ des Vereins der Bohrtechniker, 1902, Wien, April 15. 
6 Mineral Resources U. S., 1901, U. 8. Geol. Survey, 1902, p. 735. 
¢ Thirteenth Ann. Rept. Institute Mines and Forests of British Guiana, Georgetown, 1902, p. 15, 
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rush of the undesirable element that has greatly impeded operations 
at some of the gold mines, and thus there is a compensation. 

Plans are under consideration by the Colonial Government for 
opening a road from the terminus of steam navigation at Potaro to 
the still water above the Mazaruni falls, which is already traversed by 
a steam launch. Another proposal is for a light steam or electric 
railroad extending the Caburi road, which has been built for some dis- 
tance above Bartica. This is in the line of United States Consul 
Moulton’s suggestion referred to in the last report of this Bureau. 

No less than twenty-seven companies are engaged in mining, and 
have ‘‘declared” diamonds during the year; but only fourteen of these 
have reported over 100 stones. The greater part of the production 
has been by Messrs. Armeny & Fogel, 55,608 stones; the British 
Guiana Company, Limited, 27,557; the Mazaruni Company, Limited, 
26,280, and the Marshall Syndicate, 14,045. The customs returns 
show an export for the year covered, of 9,8224 carats; if the bulk of the 
stones obtained have been exported, their size would appear to average 
only about one-third of a carat. No data are given as to this point. 

The following are the returns supplied by the British Guiana? 
Department of Mines as to diamonds and other precious stones (evi- 
dently nearly all diamonds) produced during the past year, showing 
the monthly output: 


Production of diamonds and precious stones in British Guiana in 1902, by months. 


Month, Number.| Weight, 


Carats. 
1, 0984 
1, 1764 
1, 2614 
1, 51644 

758 
1,047 
881 
1,358, 
5174 
Tb4yy 
9012 
96144 


I a A 172,844 | 11,718} 


It thus appears that the 172,844 diamonds give an average of nearly 
15 stones to the carat. 
INDIA. 


The Mining Journal (London) for February 28, 1903, has accounts 
from its correspondents as to gem mining in India. Although that 


aThe Mining Journal! (London), February 7, 1903. 
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country has been so long renowned in history and tradition as the 
source of gems, little is now being done, save the ruby mining in 
Burma. The diamond industry is practically dead. Work is still 
carried on by the Madras Diamond Company, at Vajrakarur, but no 
output is reported for 1902. In the alluvial mines of the Bundelkund, 
in central India, the last returns were of 169 carats, in 1900. 


BORNEO. 


Diamonds have long been known to exist in southwestern Borneo, 
in the region of the Landak River near the mouth of the Seran River. 
A piece of so-called serpentine has been there obtained which incloses 
a diamond apparently in its true matrix. The Rajahs of Panembohan 
and Pongerans possess an immense belt studded with diamonds, said 
to be from this district, one stone weighing 67 carats. It is 4 peculiar 
belief of the natives that the gold and diamonds in the earth are a sort 
of bank, and should be worked only when they themselves need money, 
since they believe that gold and diamonds are always there when they 
desire them. The great Borneo diamond of Mattam, said to weigh 367 
carats, is believed to be from this same region. During the last year 
the entire district has been examined by competent engineers, and an 
effort is now being made to exploit it systematically. _ 

In the last report? of this Bureau an abstract was given of the ac- 
count by M. Gascuel of the diamond region of southeastern Borneo.. 
[In this abstract the word ‘‘ northern” occurs in two places for ‘‘south- 
ern” by an error noticed too late for correction.] The account dealt 
principally with the Bandjoe-Irang district and the valley of the Mar- 
tapoera, an affluent of the Barito, but mentions other less-known dis- 
tricts in the same portion of the island. A recent article, referred 
to in the Geologisches Centralblatt,’? and taken from the Dutch of 
H. E. D. Engelhardt,° on the Doessonlaender district of southeastern 
Borneo, mentions the occurrence of diamonds and gold along the tribu- 
taries of the Barito, especially on the Mewien and the Djoeloei, left 
and right branches, respectively, of that stream. 


NEW SOUTH WALES. 


Mr. George W. Card, F. G. S., curator and mineralogist of the 
Geological Survey of New South Wales, has recently described very 
fully the eclogite-bearing breccia from the Bingera diamond field,¢ 
which is of so much interest in its relation to the occurrence of the same 
rare rock in the ‘“‘ blue ground” of the African diamond mines. This 

a Production of Precious Stones, extract from Mineral Resources U. 8. for 1901, U. 8. Geol. Survey, 
1902, pp. 13-19. 

+Geol. Centralblatt, vol. 2, No. 23, p. 798, December 1, 1902, Leipzig. 

oe Bijdragen tot d. Taal-, Land-, en Volkenkunde vy. Ned, Indie, 6 Volgreeks, 8, d. (D. LII.), 1901, pp. 


179-222, s'Gravenhage Mart Nijhoff. 
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peculiar breccia has a close resemblance to the diamond-bearing rock 
at Kimberley, and like it, occupies a vertical ‘‘ pipe” or chimney, 
piercing through sedimentary beds, and is itself traversed by basaltic 
dikes. The locality is at Ruby Hill, 12 miles south of Bingera, and 
has been described by the Government geologist, Mr. E. F. Pittman, 
in the Mineral Resources of New South Wales.* The occurrence of 
diamonds in this eclogite breccia, or at least in very close association 
with it, and the recent recognition of the same fact in South Africa, 
give it extreme interest. The eclogite occurs in bowlders and frag- 
ments in the intruded basalt and largely in the breccia, from which 
Mr. Card thinks that it may have been taken up by the basalt. The 
breccia consists of pieces, large and small, of melaphyre, claystone, 
and eclogite, embedded in a granular mass composed largely of 
minerals liberated by the decomposition of the latter. The masses of 
eclogite are seen to be altering from without into the greenish earthy 
mass of the decomposing breccia. Of the liberated minerals, pyrope 
garnet is the most abundant, then a green pyroxene, a little feldspar, 
occasional quartz, pleonaste, zircon, and perhaps cyanite. There is 
much secondary calcite and some magnetite. The whole is singularly 
like the African mixture. 

Mr. Card goes into a detailed discussion of the modes of occurrence 
of all the components both of the eclogite itself and of the basalt and 
the breccia containing it, and also of their processes and products of 
alteration, illustrated with plates of microscopic sections. The paper 
is one of great interest both asa study of alterations ina rare rock 
and in connection with the recent views of Professors Bonney and 
Crookes on an eclogite source for the Kimberley diamonds. 

Within the last few years quite extended discoveries of diamonds 
have been made in New South Wales, and considerable work has been 
done by individuals and by companies. But the diamonds, though 
brilliant and remarkably hard, are all small, and the Australian yield 
can not therefore become of great importance. The modes of occur- 
rence, however, are interesting. The mining region is somewhat 
extensive, and there are half a dozen principal centers or “fields” 
located in the northern central part of New South Wales, chiefly in 
the counties of Hardinge and Murchison, a little north of south lati- 
tude 30, and in about longitude 151 east. 

In most of these fields the occurrence is much like that familiar in 
California, in old river gravels which have been covered and protected 
from erosion by flows of Tertiary basalt. The diamonds are scattered 
more or less abundantly through these old gravel beds, with gold, 
stream tin, and various minerals often found in such associations; and 
occasionally the gravel is cemented by iron oxide into a sort of con- 
glomerate, recalling the Brazilian cascalho; but there is no indication 
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of the original source. At one or two points, however, they have 
recently been traced to outcrops of a volcanic breccia, closely resem- 
bling the African. This is the case at the Ruby Hill mine, about 12 
miles south of Bingera, and is also reported at the Mittagong mine, 
- though the latter has not been much investigated. As in Africa, dikes 
of basalt are found traversing the breccia. The point of especial 
interest, however, is the fact that in the breccia, and also in the dikes, 
occur pieces and irregular masses of the same rare and hard rock, 
eclogite, above referred ‘o in connection with the latest phases of the 
discussion as to the source of the African diamonds. It does not 
appear that any diamonds have yet been detected in this material 
itself; but its presence under similar circumstances is of great interest, 
and gives hope of light being shed on the whole question by fuller and 


further investigation. 
QUEENSLAND. 


The diamond discoveries in New South Wales have been repeatedly 
noted in former reports of this Bureau, but no diamonds have been 
found in the adjoining province of Queensland until quite recently, 
when a single crysta] has been obtained and a few others are reported.” 
The stone was found in the ‘‘sapphire wash” of the Anakie sapphire 
district, elsewhere described in this report (p. 35), at a point in its east- 
ern portion a little south of Policeman Creek. The sapphire miners 
have been in the habit of mixing a few pale and off-colored stones in the 
lots that they sold, and an investigation as to this was undertaken by 
the Queensland Geological Survey. . The diamond, unrecognized and 
taken for a white sapphire, was found among a group of such off-colored 
stones shown to Mr. Dunstan of the survey, by Mr. McCrystal, who 
operates the claim where it was found. He thinks that other similar 
stones have been sent away bv the miners as of little value. The dia- 
mond is a crystal of 1} carats, flawless and colorless, and in form is an 
octahedron, with faces of the trisoctahedron and hexoctahedron. It 
was found at the bottom of the layer of sapphire wash, which was 
clayey and full of bowlders, and which contained also blue and green 
sapphires, corundum, pleonaste, zircon, and quartz pebbles. The 
sapphires are believed to have come from a basalt, which spread over 
much of the region in Tertiary time, but is now largely decomposed, 
save as it forms the capping of some scattered high hills. The coun- 
try rock beneath consists of very ancient schists and granites. Nothing 
can be judged as to the source of the diamond as yet, and it seems 
pretty clear that there is no frequent or important diamond occur- 
rence in this region. 

a Pittman, Mineral Resources New South Wales, 1901, pp. 392-395. 


+ Dunstan, B., Report on the Sapphire Fields of Anakie: Queensland Geol. Survey, Brisbane, 1902, 
p. 19, and PI, II, fig. 10. 
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SIBERIA. 


Two small diamonds have lately been obtained from new localities 
in Siberia, in the alluvial gold mines of northern Taiga, department of 
Yenisei. The first was discovered in 1897 in the gold mine of Baladin, 
on the Melnitschnaia, a tributary of the Pit River, itself a right-hand 
affluent of the Yenisei.¢ The second has been described in two or 
three articles by P. Jeremejev® and L. Jascewski,° with some dispute 
as to the precise locality, but it is from one of the gold mines of the 
same neighborhood. This is a colorless, transparent crystal, flattened 
in form and twinned in structure, weighing but 0.13 gram. Its 
crystallography is given in detail hy Jascewski in his article. 

An “Index of Minerals which occur in the Mining Districts of the 
Ural Mountains” has been published by W. P. Yarkov.? In this paper 
diamonds are mentioned as found in the mine of the Chariton Mining 
Company on the river Dankowka (a tributary of the Serebrianaja), 
about 3 miles from the Serebrjanovski factory, and at the Nikolai- 
Swjatitelski mine on the river Issa (district of Goro-Blagodad). Their 
occurrence is not described, but it is presumable that they are found 
in connection with gold placers; and as nothing is said of their size or 
frequency, they are doubtless small and rare. Microscopic diamonds 
were also recognized as long ago as 1871 by Prof. P. W. Jeremejev, 
from the Schischim Mountain, near the Kusinski works (district of 
Zlatoust), but their interest is purely scientific and in no wise practical. 

As to the finding of diamonds in the Ural region, moreover, a recent 
article by N. Wyssotzky on the gold mines of the Kotschkar district, ¢ 
mentions them as sometimes occurring with gold in the sands, together 
with topaz, beryl, chrysobery], euclase, chrysolite, garnet, tourmaline, 
cyanite, rutile, corundum, and smoky and amethystine quartz. 

The occurrence of the diamond in the Ural country was for a long 
time questioned, but at various times for seventy years past small 
diamonds have been found in or in close proximity to the platinum 
and gold washings of the Ural Mountains. Some two hundred stones 
have been obtained hereabouts, but all of small size. A description of 
these occurrences has been given by the writer in the Journal of the 
Franklin Institute./ 

In a collection at Nijni-Tagilsk the writer saw a small white crystal 
weighing one-third of a carat, a twinned hexoctahedron, which was 
pronounced phenacite by a local mineralogist, who had taken its spe- 

aGlinka, Verh. Russ. min. Gea. St. Petersburg, (2), vol. 35, 1897, Prot., p. 75. 

> Bull. Acad. Sci, 8t.-Pétersbourg, (5), vol. 9, 1898, Prot., pp. xiv, xv; Russ. Auszug in: Verh. Russ. 
min. Ges. (2), vol. 86, 1899, Prot., p. 34. 

¢ Verh. Russ. min. Ges., (2), vol. 36, 1899, Prot., pp. 42, 43. 

d@ Bull. Ural Soc. Nat. Sci., Ekaterinbourg, vol. 22, 1901, pp. 26-36. 


¢ Centralblatt fiir Mineralogie, Geologie und Paleontologie, No. 11, 1902, Stuttgart, pp. 345-346. 
J Jour. Franklin Inst., 1898, p. 23. 
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cific gravity, but which the writer identified as a small opalescent 
white diamond, similar to those from the Bagagem mines in Brazil. 
It was found in a small brook near the village of Kalstchi.* The 
existence of pyrope garnets here and their frequent finding seem to 
_ favor the theory of the presence of diamonds, although some of the 
Russians believe that the man who found the diamonds for Humboldt 
had really deceived him. The pyropes, however, are frequently asso- 
ciated with diamonds, and to a certain extent would suggest their 
occurrence. ; 

The California diamond district in Trinity and Del Norte counties— 
the Del Norte-Smith River occurrence—presents a resemblance to this 
Ural region in the great frequency of platiniferous and chromiferous 
gold sands in upper California, Oregon, and northward, which would 
suggest the advisability of further search for diamonds. Very minute 
diamonds have been found in these sands, but it is possible that larger 
ones may be encountered. In this connection it is well to recall Prof. 
J. F. Kemp’s statement that ‘‘minerals associated with the platinum 
nuggets are the familiar ones which have been so frequently studied 
in connection with the much more abundant gold-bearing placers. The 
commonest ones are gold, silver, copper, iridosmine, and other members 
of the platinum group—chromite, magnetite, menaccanite, garnet, 
zircon, rutile, small diamonds, topaz, quartz, cassiterite, pyrite, and 
epidote. Almost any mineral of high specific gravity which is com- 
monly met in rocks may be expected to appear in the pannings.” ® 
Hence it is advisable to look for the heavier gem minerals, including 
the diamond, in the tailings of platinum washings. 

Notr.— With regard to the discovery of a single diamond in Bohe- 
mia, in connection with the pyrope garnets at Dlaschowitz, see under 
Pyrope, Bohemia and Saxony, p. 838. 


a Jour. Franklin Inst., September, 1898, pp. 23-24. 
> Bull, U. 8. Geol. Survey No, 193, 1902, p. 26. 
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CORUNDUM GEMS, 
SAPPHIRE. 


MONTANA. 


The sapphire locality on Cottonwood Creek, Montana, noticed in 
the report of this Bureau for 1896,* has recently been investigated by 
Mr. J. M. Jamieson, and in June, 1902, he discovered, at the head of 
the main fork of Dry Cottonwood Creek, the source from which the 
sapphires of that locality were derived. He does not state the char- 
acter of the rock, which is doubtless an igneous dike, but says that it 
is a ledge some 200 feet wide, traceable for 3,000 feet, and contains 
sapphires and garnets. Little development has yet been made, the 
deepest cut being about 8 feet, but Mr. Jamieson proposes to exploit 
the locality further very soon. He states that sapphires were found 
in the bed of the creek about thirteen years ago (1889), but that the 
ground along the creek was too flat for placer mining. Interest was 
revived, however, and some little work done, when the other Montana 
localities, at Yogo Gulch and Rock Creek, began to attract notice. 
Nothing important has thus far been done on Dry Cottonwood Creek. 


QUEENSLAND. 


The occurrence of sapphire-bearing deposits in Queensland has been 
known for over twenty years, but only lately have they begun to 
attract attention. A report was published concerning them in 1892, 
by Dr. R. L. Jack,’ and an extended account has recently appeared, 
by Mr. B. Dunstan, assistant Government geologist of Queensland.° 

The location of these deposits, which are best reached from Anakie 
station on the Central Railway, is between south latitude 23° and 
23° 30’, west of longitude 148° east, and east of the Drummond Range 
of mountains, which runs a little west of north, leaving the great 
dividing range of central Australia, that trends north toward Cape 
York Peninsula, at about latitude 26° and longitude 147°. 

The deposits are in an ancient alluvium, and occur chiefly in lines 
or bands parallel to the present water courses but somewhat above 
them. These slightly elevated ridges are old stream gravels which 
present a curious likeness and unlikeness to the ancient gold gravels 
of California. Like them, they represent former valleys filled by 
basaltic flows, but, in contrast to them, the gravel consists largely of 
the decomposed basalt, the matrix of the sapphires, which has been 
almost completely removed by disintegration and does not form a pro- 

aEighteenth Ann. Rept. U. 8. Geol. Survey, pt. 5, 1897, p. 22. 

bJack, R. L., Report on Sapphire Deposits and Gold and Silver Mines near Withersfield; Brisbane, 

1892. 


¢ Dunstan, B., The Sapphire Fields of Anakle, 26 pp., with maps and plates; Geol. Survey Queens- 
land, 1902. 
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tecting cap. The protecting clement has been supplied by bowlders 
and masses of an extremely hard siliceous rock of Cretaceous age that 
partly filled these valleys prior to the basaltic flow, and this covering, 
though broken up and strewn along the valleys, has even then so resisted 
- wear as to preserve, between and beneath its broken masses, the sap- 
phire alluvium of the decomposed basalt from entire removal. The 
miners look upon these bowlders of “‘ billy,” as they call it, as a sure 
sign of sapphires, and even as the source whence they are derived. 

The sapphires themselves occur in « variety of crystalline forms, 
which are illustrated in the plates, and in many shades and hues of 
color, but not in the deep reds and blues most prized for jewelry. 
Greens, yellows, and light blues, with much dichroism, are frequent, 
and many of them are very beautiful. In this variety of delicate and 
peculiar colors they resemble the sapphires of Rock Creek, Montana.¢ - 
Mr. Dunstan believes if they were more freely announced as Aus- 
tralian stones, and their peculiar features were emphasized as such, 
that they would soon command interest and acceptance, instead of the 
doubtful and partial favor that they have thus far had when brought 
into competition with gems of more conventional color from old and 
standard localities. 

An interesting account is given, illustrated by a peculiar colored 
plate, as to the influence of strongly marked dichroism on the colors 
of gems, according to the direction in which the “‘table” or face is 
cut. The plate shows the widely different hues obtainable from the 
same crystal in this manner—a point of extreme importance to the 
lapidary and gem dealer. He suggests the advantage of a more gen- 
eral use of the dichroscope by those engaged in such business, and 
figures and describes a simple form of the instrument. This pleoch- 
roism is marked in the blue Anakie sapphires, is less so in the green 
ones, and is not observable in the yellow. 

The colors found are carefully described, and Mr. Dunstan proposes 
the name Oriental peridot, instead of Oriental emerald, for the deeper 
green stones, and Oriental chrysobery] for the light yellowish greens. 
The blues vary much in depth of color, but the real cornflower tint is 
not found. Redis very rare, and the purple (Oriental amethyst) also, 
but sometimes very fine. 

The sapphire wash is usually a more or less clayey material, with 
bowlders of basalt and ‘‘billy,” and is sometimes overlain by more 
recent alluvium. Many minerals occur with the sapphires, notably 
pleonaste and zircons, the latter sometimes of gem quality. One 
diamond was found, elsewhere described in this report. The sapphires 
are obtained in much the same way as gold, only that sieves are used 
instead of the pan. The coarser gravel and the fine material are thus 
removed, either by washing or jigging, according as water is accessible 


@ Mineral Resources U. 8. for 1900, U. 8. Geol. Survey, 1901. 
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or not, and the smaller gravel picked over for sapphires by hand. Dr. 
Jack, in his former report, stated that he obtained from a ton anda 
half of wash dirt ‘‘ 254 stones of from 3 to 179 carats each, and weigh- 
ing in all 3,289 carats.” This would give nearly 13 carats as the average 
weight. Mr. Dunstan, however, thinks this much overestimated, and 
has hardly found even one-half of such results. 

Values and statistics are difficult to obtain. From one hundred to 
two hundred men are working throughout the region, with the fluctu- 
ating success of prospectors and pioneers. The gems, too, are variable 
in value, from not having yet been ‘‘ standardized,” and hence are not 
like gold, the amount of which obtained by a day’s work is at once 
easily estimated at fixed rates. Mr. Dunstan judges that the amount 
realized thus far by the miners for stones sent from the Anakie fields 
may be about £10,000. He regards the prospects for permanent 
production as being very good. Much of the country is yet unex- 
plored, and new discoveries are constantly being made. 


CORUNDUM. 
CONNECTICUT. 


Corundum with carbon.—A singular occurrence of corundum asso- 
ciated with carbonaceous matter is reported at Barkhamsted, Conn., 
by Prof. B. K. Emerson, of Amherst College, in the American Jour- 
nal of Science for September, 1902.¢ The corundum forms a hed 
between 2 and 3 inches thick, very pure, dark blue or blue-black in 
color, with occasional patches of pistachio green. It is granular, 
glistening, and resembles the emery of Ceylon. The specific gravity 
is 3.64. When magnified it is seen to consist of elongated grains. 
Through it are scattered small, stout prisms of cyanite, and it is densely 
penetrated with a coaly substance intimately mingled with the corun- 
dum in trains and rounded balls. ‘‘ This carbonaceous matter,” says 
Professor Emerson, ‘‘ has been evidently introduced in an oily or tarry 
condition, and has been inspissated in place; and the abundant graphitic 
matter in the garnet” (see under Essonite, p. 42) ‘‘ gives indication 
of the same origin.” This corundum occurs in association with 
cyanitic mica-schist and fibrolite gneiss at Barkhamsted, Conn., where 
the latter rock carries the singular graphite-coated garnets described 


on page 42. 
RUBY. 


BURMA. 


A recent article on Burman ruby mines, by G. Eisfelder,’ develops 
little beyond what had already been given by English writers. He 


a Am. Jour. Sci., 4th ser., vol. 14, No. 81, pp. 235-236. 
> Burma ruby mining: Berg- und hiittenm. Zeit., No. 1, 1902, pp. 1-8. 
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regards the old Mogok region of Upper Burma as still the most 
important, more so than the ruby mines of the Nanyadeik precinct in 
the Myit Kyina district, or those near the Sagiu-mount in the Mandole 
precinct. The rubies are found in a mass called by the natives ‘‘ byon” 
(clay), considered by C. Barrington Brown and Professor Judd? to be a 
residual product of decomposed crystalline marble, which contains 
also sapphires, spinels, and tourmalines. ‘The marble, mostly coarse 
granular, is supposed to be developed by contact metamorphism from 
a dolomitic limestone, which belongs, as Professor Noetling has stated, 
to the Upper Carboniferous. Limestone of this kind is found in many 
places unaltered, while at other points it appears changed into marble 
from penetration by eruptive rocks. The clay containing precious 
stones mixed with sand is found lying on the sides of the valley, and 
also occupies large depressions sometimes to the extent of a kilometer, 
which frequently penetrate the limestone itself as cavities. The same 
name (byon) is also applied to the ruby-bearing gravel bed underlying 
the alluvial deposits throughout a large extent of the Mogok Valley. 

Rubies are the only important gem product of India at present, and 
these are confined to Upper Burma. In the Mogok Valley the Bu:ma 
Ruby Mining Company, Limited, is at work actively, and has ~ ro- 
duced 210,784 carats of rubies, 9,786 of sapphires, and 10,241 c¢ + )i- 
nels, as the output of 1902. The workings are open excavations to 
and into the ruby-bearing gravel to a depth of 50 feet, and present a 
resemblance to the early stages of the Kimberley diamond mines, 
though of course the conditions of occurrence are widely different. 
The ‘‘byon” or gem gravel is raised to the surface by endles: rope 
haulage, crushed in rotary pans, and the gems finally separated by 
pulsators and hand picking. It seems remarkable that the company 
has not introduced the grease separator, which has proved so effective 
in place of hand picking at the African mines. Besides these large 
workings of the company, a number of small ones are let to natives, 
who pay a royalty on the product. In view of the ease with which 
valuable gems are secreted, this can hardly be a profitable arrange- 
ment for the company, but it is probably maintained chiefly as a con- 
ciliation to the native interests, as prior to the British occupation the 
natives had worked the alluvial deposits for generations and regarded 
it as a right. 

A writer in the Allahabad Pioneer Mail points out that fuel in the 
vicinity of the Burma ruby mines has now become exceedingly scarce, 
and has to be brought from a considerable distance. In the near 
future it is probable that an electric plant will be introduced, as exten- 
sive water power exists to furnish an abundance of electricity should 


@ The rubies of Burma and associated minerals: Trans. Royal Soc. of London, vol. 187, A, pp. 151- 
228; Seventeenth Ann. Rept. U. 8. Geol. Survey, pt. 3, 1895, pp. 905-907; and Eighteenth Ann. Rept 
U. 8. Geol. Survey, pt. 5, 1896, pp. 19, 20. 
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it be desired. The Mogok ruby district is by no means exhausted, 
but new regions have also been discovered, notably in the Chin coun- 
try some miles to the southwest, and it is believed that this district 
will prove as important a factor in ruby production as that of Mogok 
itself. 

Ridby trade in Burma.—A recent article in Le Diamant, Paris, 1902, 
gives accounts of the Burman ruby trade and of the native cutting. 
The estimated value of rubies sold annually in Mandalay amounts to 
$1,000,000 (30 lakhs of rupees). The leading gem dealers of Amster- 
dam and of Paris have agents who deal directly with the Shans, and 
the finest rubies are destined for the French capital. The traffic is 
conducted in peculiar ways, very interesting to the foreign observer. 
Certain conditions are rigorously maintained, as to the time of day for 
examination and purchase, and a system of signs for bargaining and 
agreement. 

In examining rubies, the Shans never use artificial light, holding 
that full sunlight alone can bring out perfectly the color and brilliancy 
of the gems. Sales must therefore take place between the hours of 
9 and 3, and the sky must be clear. 

The purchaser, placed near a window, has before him a large copper 
plate. The sellers come to him one by one, and each empties upon 
the plate his little bag of rubies. The purchaser proceeds to arrange 
them for valuation in a number of small heaps. The first division is 
into three grades, according to size: (1) Those of 3 grains or less; (2) 3 
to 6 grains; (3) 6 to 10 grains; any larger stones are set aside to be 
valued separately. 

_ Each of these groups is again divided into three, according to color, 

the first quality being called extra red, the second pale, the third 
dark, or poorly colored. A further division is made, again into three 
grades, according to shape: (1) Those which will cut well; (2) those 
that will lose more than half their weight; (3) those that can not be 
cut, but only polished (rounded). There are thus 27 grades in all, 
besides the larger rubies that are estimated singly. 

The bright copper plate has a curious use; the sunlight reflected 
from it through the stones brings out a color effect with true rubies 
different from that with red spinels and tourmalines, which are thus 
easily separated. 

The buyer and seller then go through a very peculiar method of 
bargaining by signs, or rather grips, in perfect silence. After agree- 
ing on the fairness of the classifications, they join their right hands, 
covered with a handkerchief or a flap of a garment, and by grasps and 
pressures, mutually understood among all these dealers, they make, 
modify, and accept proposals. The hands are then brought out, and 
the prices are recorded. 

The larger single stones are valued according to color and shape for 
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cutting, the very fine ones bringing high prices. A ruby of 364 carats 
from the Mogok mine some years ago brought 90,000 rupees ($30,000) 
at Calcutta. 

Cutting is an important industry. at Mandalay, and the Burmese 
workmen have remarkable skill, especially in avoiding loss in weight. 
European cutting they consider very wasteful, and at Mandalay a man 
would not be employed who sacrificed more than one-fourth of a ruby, 
while at Antwerp a loss of two-thirdsis not uncommon. The tools are 
extremely simple. The stone is first shaped with a small steel chisel 
and wooden mallet, as far as possible according to its cleavage. The 
facets are then ground and polished ona copper wheel with ruby dust, 
the stone being held with wax or lac on a curved piece of ox-horn. A 
month or six weeks may be occupied in cutting and polishing a ruby 
of 1 carat. . 

The pale stones, cut rounded (cabochon) with a concave base, are 
much used for ornamental work, especially upon gold vessels. The 
luster of the gold beneath appears to enrich and darken the ruby and 
give it the true pigeon’s-blood color. 


PORNEO. 


Ruby and sapphire corundum are reported as occurring in Borneo, 
in an article by Fr. W. Voit from geological and mining notes in the 
eastern part of that island.“ They are found in small pieces, asso- 
ciated with gold, in the beds of mountain streams tributary to the 
Pasir River in the sultanry of that name. It is notable that the asso- 
ciated gold occurs only in the lower portions of these little rivers, and 
in wire-like and ‘‘ toothed” (crystalline) forms, not rolled, a fact indic- 
ative of a near source; but no particulars are given as to the corundum. 


RUBY UNDER ULTRA VIOLET LIGHT. 


In 1902 M. Chaumet read a paper before the Académie des Sciences 
de l'Institut, Paris, concerning an important result attained with rubies 
by experimentation with violet light similar to that tried on diamonds, 
as already mentioned. The Burmese rubies have a higher value than 
those of Siam, although in outward aspect they differ so slightly that 
even experts may easily fail to distinguish them, and no precise defini- 
tion of their difference can be given. The radiograph affords no aid, 
but M. Chaumet finds a marked distinction under the action of violet 
light. The Siamese rubies allow the violet rays to traverse them, with 
little or no fluorescent effect; but the Burmese stones all fluoresce 
markedly and present a vivid red glow. By this means the gems 
from the two sources, however mingled, may be easily separated. 
Dr. Charles Baskerville and the writer are examining all the gems of 
the Morgan collection with this light, the Roentgen rays, and radium. 


a Berg- und hilttenm. Zeit., Nos. 38, 39, 1902, pp. 445-459. 
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BERYL AND EUCLASE. 


SIBERIA. 


N. Orlow describes a new locality of beryl in eastern Siberia, near 
the Mongolian frontier, on a tributary of the Yasakin River.* The 
beryl occurs in veins of pegmatite, which, at the point where the beryl 
is found, pass into a mica schist. The crystallography of the bery] 
is described, and some optical anomalies noted, which the author 
attributes to an intermixture of euclase, as indicated by analysis, to 
an extent of about one-fifth. This euclase admixture appears to 
increase from the central portion of the crystals, where it forms only 
one-fifteenth part, toward the exterior, where it seems to constitute 
an outer zone, which is optically biaxial, while the central portion is 
normal, 

GERMAN EAST AFRICA. 


W. Bornhardt and B. Kuhn? mention beryl in long light-green 
crystals, occurring in pegmatite, in the district of Namaputa on the 
Muiti River, tributary of the Rovuma, in German East Africa. 


TOPAZ. 


WEST AUSTRALIA. 


A remarkable discovery of topaz has been announced by Mr. E. 8. 
Simpson, mineralogist to the Geological Survey of West Australia,¢ 
and fuller particulars are given in a subsequent letter to the writer. 
The locality is in the Coolgardie gold field, and near the town of Lon- 
donderry; the occurrence is in a dike of very coarse pegmatite, trav- 
ersing amphibolite rock. The composition of the pegmatite is peculiar 
in that the mica is mainly lepidolite, and that topaz is present in large 
amount. The lepidolite is of amethystine tint, and has been found in 
sheets up to a foot square, or even more. Analysis shows it to bea 
true lepidolite, but almost anhydrous, and with rather less potash and 
with more soda and lithia than usual. The topaz is described by Mr. 
Simpson, in his letter, as in enormous rude crystals, up to 6 feet long 
and 24 feet across. The rock has been disturbed and broken by subse- 
quent geological action, so that the minerals are much fractured and 
crushed, and the topaz crystals have been rendered white and opaque 
on the exterior and along numerous cracks and fissures. Within they 
are pale blue and transparent, but so much broken that only small 

aVerh. Russ. min. Ges. (2), vol. 37, 1899, Prot., pp. 48-49. 
+Bornhardt, W., Zur Oberflichengestaltung und Geologie Deutsch-Ostafrikas, Berlin, 1900 (cf. 
Zeitsehr. f. Krystall. u. Miner., vol. 36, pt. 4, Leipzig, 1902, pp. 420, 421). 


eSimpson, Edward L., Bull. Western Australia Geol. Survey No. 6, 8vo., 89 pp., and plates; Perth, 
1902. 
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pieces of gem-material are procurable; these are so light in color as 
to appear like clear white topazes. Mr. Simpson hopes that perhaps 
further opening of the rock may reveal material in better condition. 
An analysis is given, which shows the mineral to have the composition 
of a normal topaz. 


ZIRCON. 
QUEENSLAND. 


Zircons, usually small, but sometimes of gem quality and good size, 
are found with the sapphires, elsewhere described (see p. 34), in the 
ancient alluvium, the sapphire wash, of central Queensland.* Some 
of them are colorless, with brilliant luster and rounded faces, and 
have quite naturally been mistaken for diamonds, but the majority 
are of various shades of brown and red. One large, red piece yielded 
a cut ‘“‘hyacinth” of 15 carats, but those uniting size, transparency, 
and rich color are scarce. 

Zircon, in regard to its color, has long been known to be sensitive 
both to heat and to sunlight, and the statements made in the report of 
Mr. Dunstan are of special interest in this respect, as definite accounts 
from a new locality. He says that these color changes are very 
marked in some of the zircons of the Anakie district, so that paling of 
tint is caused sometimes in stones that have been carried about in the 
pockets of miners, apparently by the mere warmth of the body, and 
that gentle heating is actually resorted to in order to render lighter 
the tint of zircons that are too dark. If the heat is slight, the former 
color may return as the stone cools; if too strong, the stone is decolor- 
ized entirely and permanently. The change may affect only the depth 
of color, but it usually renders the reds more or less brown. A remark- 
able fact, however, is that no such effects are produced, according to 
Mr. Dunstan, by the heat employed by lapidaries in cementing gem 
zircons to the holder for cutting and polishing, nor by the heat of the 
friction involved in those processes, though to this last point he does 
not refer directly. 

Insolation also changes the color, but its effect is usually temporary, 
the original tint returning. One very interesting case is noted, that 
of a stone decolorized by heat, which partially regained its color after 
exposure to sunshine. 

The whole subject of the effect of heat and sunlight on color is one 
deserving a careful scientific investigation, which has never been made. 
It would furnish a most interesting field for study and experiment, 
both as to zircons and as to other gem stones. 


aDunstan, B., The Sapphire Fields of Anakie: Geol. Survey, Queensland, Brisbane, 1902. 
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GARNET. 


ESSONITE. 
CONNECTICUT. 


Prof. B. K. Emerson, in the American Journal of Science for Sep- 
tember, 1902,¢ describes a very peculiar occurrence of essonite garnet, 
partly coated and penetrated with graphite, at Barkhamsted, Conn. 
The garnets form a surface-layer on a bed of fibrolitic gneiss, and 
appear as large dodecahedral crystals, as much as 2 inches in diameter, 
much grown together. The faces are dull and cavernous, sometimes 
inclosing grains of calcite, and Professor Emerson thinks that the crys- 
tals developed from the gneiss surface into an overlying bed of calcite, 
since removed by erosion. In color they are pale yellowish, largely 
weathered to gray, and more or less covered or blotched with dull 
black graphite. This graphite stain extends below the surface for 
about half an inch, and there ceases abruptly, the plane frequently 
passing through the middle of the crystals of garnet; the graphite 
also runs farther into streaks and wedges. The real essonite is little 
more than an exterior zone or shell, however, the mass of the crys- 
tals proving under the microscope t6 be largely composed of a mix- 
ture of wollastonite, calcite, quartz grains, and diopside. The whole 
occurrence is very peculiar. 


RHODOLITE. 
NORTH CAROLINA. 


The beautiful rhodolite garnet of Cowee Valley, in Macon County, 
N. C., has been extensively worked during the last year, the total 
output being estimated at $1,500, as against $27,000 in 1901. Mr. 
William E. Hidden, who has been actively interested in the develop- 
ment of the rhodolite, states that larger single pieces of it have been 
obtained than at any time before—one of 59 carats, the largest pre- 
viously reported having been 23, 28, and 43 carats. 


PYROPE. 
ARIZONA AND NEW MEXICO. 


Pyrope garnets of fine quality are found at several localities in New 
Mexico and Arizona, and have been referred to in prévious reports of 
this Bureau. The principal locality in New Mexico is on the Navajo Res- 
ervation, and the finest large specimen from there is the property of 
Mr. W. T. Kaufman, of Marquette, Mich. It is more than half an inch 


 — — 


aAm Jour, Se1, 4th ser., vol. 14, pp 234-235, 
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in diameter, weighs 114 carats, and has a magnificent red color, equal 
to any garnet that the writer has seen from any locality. They are 
also found at some places in northern Arizona, and one of the finest, 
from near Fort Defiance, was figured by the author several years ago.* 
They occur loose in or near the surface, and are gathered by Indians, 
soldiers, and cowboys, principally from around ant hills and scorpion 
holes, where they are brought up and thrown out by the insects. 
Their source is doubtless 1 peridotite rocks, weathered out in the 
decomposition of the outcrops. 


BOHEMIA AND SAXONY. 


The Bohemian garnet beds and the alluvial gems of the Seufzer- 
griindel near Hinterhermsdorf, Saxony, have been described by Dr. 
I. H. Oehmichen in an article on ‘‘ Die béhmischen Granatlagerstatten 
und die Edelsteinseife des Seufzergriindels bei Hinterhermsdorf in 
Sachsen.” ? 

The Bohemian garnets occur on the southern slope of the central 
chain of the Bohemian Mountains, either in genuine alluvial deposits 
(at Chodolitz, Podseditz, Chrastian, Triblitz), or in a decomposed 
peridotite (at Meronitz), or in tufa, breccia, and fragmental rocks (at 
Linhorka Hill, near Starry). At the first two places mentioned, the 
garnets belong probably to the latest stage of the Tertiary period. 
The basins containing garnets occupy an area of 70 square kilometers 
and extend in different directions. In the basins fragments of basalt 
are the rock chietly found, but there occur also gneiss, granulite with 
garnet and cyanite, granite, mica-schist with garnet crystals (110) up 
to 2 centimeters in diameter, serpentine with pyrope not infrequently, 
porphyry, Pliner clay, and Tertiary sandstone. The garnet is asso- 
ciated in these basins with the following minerals: Zircon, in reddish- 
brown to yellow-brown crystals with rounded faces (111); (110) (111); 
(100) (111); spinel (ceylonite), spherical granules scarcely red in color; 
corundum (sapphire and ruby), in angular fragments, rounded gran- 
ules and crystals of pyramidal aspect; cyanite, less frequently; tour- 
maline, in small black prisms; olivine, in rounded, mostly crisp, 
granules and small crystals; quartz; opal; calcite; aragonite; barite; 
magnetite; brown iron ore, partly pseudomorphous after iron pyrites; 
augite and hornblende in crystals and fragments of typical basaltic 
character, and moldavite.© Former reports on the occurrence of 
topaz, bronzite, and titanite could not be verified by Herr Oehmichen. 

Mention is made of the finding of a diamond at Dilaschkowitz. On 
the basis of oral communications by Dr. Vrba to Dr. R. Beck, the 


« Gems and Precious Stones of the United States, 1892, Pl. LI, fig. A. 
b Zeitschr. f. prakt. Geol., 1900, vol. 8, pp. 1-16. 
oZelitschr. [. prakt. Geol., 1900, vol. 38, p. 649-650. 
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features of this diamond must be deemed entirely different from those 
of the India and Brazil diamonds, and hence it was considered to be 
the only representative of a special type. The origin and finding of 
this same diamond were fully described by the author after a visit to 
the garnet fields of Bohemia, when he saw the stone in the great col- 
lection of the University of Prague in 1891. He was then, and is 
still, fully convinced of the Bohemian source of this diamond.4 

The conglomerates containing garnet near Meronitz are treated of 
by Dr. Oehmichen on the foundation of earlier reports on that sub- 
ject. Of the genesis of the garnet beds he gives a detailed account, 
indicating that the garnets came from an olivine rock, probably 
lherzolyte, and that they were brought up by a volcanic eruption 
which formed the hill called Linhorka, near Starry. In the tufas sur- 
rounding the hill occur nearly all the minerals and conglomerates 
containing garnets. From that tufa the minerals have been trans- 
ported to the diluvial basins. 

The alluvial gems in the Seufzergriindel near Hinterhermsdorf 
(‘‘Sichsische Schweitz”) have some likeness to the Bohemian garnets 
of the alluvial deposits. In the little valley or basin are frequently 
found sand layers containing unusually large quantities of magnetic 
iron ore, and also magnetic iron associated with titanite; besides 
these there are also fragments of hornblende, augite, bronzite, diop- 
side, zircon up to 7 millimeters in size, ceylonite, and corundum. As 
matrix there occurs in these sand masses some glassy basalt containing 
olivine and hornblende, and an associated breccia. In the latter occur 
peculiar inclusions showing a gabbro-like structure, and sometimes 
products of basalt, which have heen cooled and solidified in the depths 
of the earth. From the basalt and the breccia is probably derived the 
alluvium, and from the gabbro-like rocks originally came the larger 
part of the spinels. _ 

For a recent statement as to the falling off in the Bohemian gurnet 
industry for some years past, see page 70. 


ALMANDITE. 
GERMAN EAST AFRICA. 


A brief notice of the discovery of almandite in German East Africa 
uppeared in the last report of this Bureau.? 

Dr. A. Miethe, professor in the technical high school at Charlotten- 
burg and director of the photochemical department of the same 
school, sent a highly appreciative letter to Mr. Fred. Marquordt, 

a Kunz, George F., The garnet fields of Bohemia: Trans. Am. Inst. Min, Eng., 1892, Feb. meet- 


ing, Sup., pp. 1-9, with map. 
b+ Mineral Resources U. 8. for 1901, U. 8. Geol. Survey, 1902, p. 746. 
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owner of the garnet mines in Luisenfeld, in Linde-Hinterland, Ger- 
man East Africa, expressing his pleasure in being able, after careful 
examination, to communicate a favorable report, especially as Germany 
has not many of the precious stones. The letter® states that the 
German East African garnets are next in rank to the so-called rubies 
of the Cape, which occur, together with diamonds, in the Kimberley 
mine and in the other African diamond diggings. A careful com- 
parison of these latter shows their close likeness to those of German 
East Africa. But in Luisenfeld there have not been found stones 
of white, yellow, or brown color, like the majority of those found 
at Kimberley. The choice cut stones made by order of Dr. Miethe 
from the pieces sent to him for examination, show the exceedingly 
fine quality of the rough material. The luster is very beautiful, 
exceeding that of the Indian and Bohemian garnets, and even of those 
from Arizona. Thecolor of the stones is s pure carmine. The gar- 
nets from Luisenfeld have also the rare quality of not changing color 
in the evening; the tint does not darken, but the play of color seems 
more beautiful in gaslight than in sunlight. The average color of 
single stones is comparatively light. This is an advantage, because it 
is consequently possible to cut larger gems having more brilliant 
effects. The Cape rubies have been found only in small pieces; but 
in Luisenfeld the rough material is of much larger size, and after 
cutting it shows no flaws. To Dr. Miethe as an expert was sent for 
examination a perfectly regular cut stone, absolutely faultless, of 
admirable color, 15 carats in weight. In view of these facts, it is evi- 
dent that the finding of these large, light-colored stones of exceedingly 
rich color in such abundance is indeed an important circumstance. 

The Cape rubies and the Arizona garnets, as well as those so long 
and extensively worked in Bohemia, belong to the species pyrope, 
which never occurs in masses of any size, but in small rounded pieces 
from the amygdaloidal cavities of igneous rocks. The Luisenfeld 
stone is apparently almandite, the precious garnet of jewelers, which 
occurs in larger pieces and often in well-defined crystals. 

A further account of this interesting discovery has been given by 
W. Bornhardt and B. Kuhn ina series of minerslogical notes pub- 
lished in a work by the former.’ 

The locality is on the Namaputa River, a tributary of the Rovuma. 
The garnet occurs in a decomposing hornblende gneiss, whence it is 
liberated in rounded masses up to the size of a man’s fist, probably 
representing large crystals, irregularly distributed through the rock. 
It is usually transparent, of a columbine-red inclining to brownish- 
red, and is suitable for good jewelry. But the authors of the work 


eSchlesische Zeitung, Breslau, October 10, 1902. 
6Zur Oberfluchengestaltung und Geologie Deutsch-Ostafrikay Berlin, 1900. Cf. Zeitechr, {. Krystall. 
u. Miner., vol. 36, pt. 4, Leipzig, 1902, pp. 420, 421. 


PRECIOUS 8TONES, 841 


cited question whether continuous mining of it would be profitable, 
especially as other localities of garnet have been discovered, though 
not of such good quality. The analysis given of this garnet is inter- 
esting, as representing an almandite in which the ferrous oxide has 
been largely replaced by magnesia, and to some extent by lime, show- 
ing its approach in part to a pyrope, and suggesting some molecular 
combination of the two species, such as has been recognized in the 
case of the North Carolina rhodolite,* though quite different from that 
instance. The density, too, is very low for almandite, and both in 
this particular and in the composition the description approaches 
very nearly the analysis (No. 13) given by Dana, under pyrope, of a 
Cape ruby. 
Analysis of almandile garnet, German East Africa. 
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TOURMALINE. 
CONNECTICUT. 


The tourmalines and associated minerals from Haddam Neck, Conn., 
previously described in these reports,’ have been very fully investi- 
gated and described by Mr. H. L. Bowman, in the Mineralogical 
Magazine,° London, on the basis of a representative collection of some 
eighty specimens, presented to the Oxford Museum by Mr. Ernest 
Schernikow, of New York, who was largely engaged in exploiting the 
albite quarry at the locality in which these minerals occur. 

The paper treats of ten species, of which the collection contains 
examples, and mentions three others not represented—microlite and 
columbite, which are reported as occurring at Haddam Neck, and the 
chrysoberyl of Haddam, on the opposite side of the Connecticut River. 
The ten species are muscovite, lepidolite, cookeite, albite, microcline, 
quartz, beryl, fluorite, apatite, and, of course, the lithia tourmaline. 
They occur chiefly in a large vein or rather dike of pegmatite, in 
which albite, quartz, and muscovite are the conspicuous elements. 

aTwentieth Ann. Rept. U.S. Geol. Survey, pt. 6 (cont.), 1898. Mineral Resources U'. 8. for 1901, 
U. 8. Geol. Survey, 1902, p. 744. 
b Eighteenth Ann. Rept. U. 8. Geol. Survey, pt. 5 (cont.), 1897, pp. 1183-1204; Nineteenth Ann. Rept., 


pt. 6 (cont.), 1898, p. 505; Twentieth Ann. Rept., pt. 6 (cont.), 1899, p. 602, PI. I, fig. E. 
¢ Mineralogical Mag. and Jour. Min. Soc., May, 1902; vol. 13, No, 60, pp. 97-121, and PI. 1V. 
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The other species appear chiefly in cavities or pockets, lined with 
crystals of more or less smoky quartz and the feldspars. 

The paper dwells especially on the remarkable intergrowth of mus- 
covite and lepidolite, which is familiar to all who are acquainted with 
specimens from this place, and also with specimens from some of the 
Maine lovalities. The peculiar association of these two species, their 
modes of grouping and twinning, etc., are investigated and described 
in detail. Much interest attaches to the curious fibro-prismatic rose- 
colored modification of muscovite from this locality, that has lately 
become somewhat familiar. Chemical and optical examination show 
it to be a true muscovite, though so different in general aspect from 
ordinary micas, and to consist of minute and very elongated rhombic 
crystals attached in either parallel or twin position, ‘‘so that the whole 
mass can be cleaved across like a single crystal.” The separate com- 
ponents, looking like fibers, are not however prisms, but excessively 
long and slender pyramids. The tourmalines are discussed optically 
and crystallographically, and the peculiar color sections are noted and 
referred to successive growths. The planes of demarcation, as is well 
known, are usually parallel to the base, a fact which is remarked upon 
as rather singular when the basal plane is so rarely developed in the 
perfect crystals. One specimen is figured, in which the green central 
and pink terminal portions are separated by the ordinary low trigonal 
pyramid. 

Beryl appears in two forms, one greenish-white, and the other pale 
pink; the latter is noted as of interest as probably containing cesium, 
which has been found in similar specimens by Penfield, though no 
analysis is given of it here. 

The apatite is treated at length crystallographically. It also presents 
two varieties, a grayish-green, in hexagona] tables, and a more pris- 
matic pink form. 

In general, Mr. Bowman refers to the close resemblance between 
the minerals of Haddam Neck and those of the Maine localities of 
albite-pegmatite and of some others in New England. The same inti- 
mate association of lepidolite, forming borders on crystals of musco- 
vite, appears at Auburn, Me., and even to some extent also the external 
zone of fibrous muscovite. The intergrowth of muscovite with quartz 
and of microcline with quartz are also noted, and the determinations 
of Wells und Penfield and Ilarper as to the presence of cesium oxide 
(1.66 to 3.6 per cent) in beryls from Hebron and Norway, Me., are 
closely paralleled by the Haddam Neck variety. As to the order of 
formation little can be affirmed, the minerals being so mingled that 
they must have been nearly contemporaneous. The quartz and micro- 
cline are evidently among the last, from their inclusion and envelop- 
ment of tourmaline and of some of the micas. Among the latter the 
order is always muscovite, lepidolite, and the pink fibro-prismatic 
muscovite on the outside. 
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NEW YORK. 


An article of great interest from a scientific point of view appeared 
in the American Geologist? for June, 1902, on ‘‘ Tourmaline contact 
zones near Alexandria Bay, N. Y.,” by C. H. Smyth, jr., of Hamilton 
College, Clinton, N. Y. The data and conclusions have special inter- 
est in regard to the origin of tourmaline, and its relation to igneous 
dikes and to veins, and to the connection between the two last-named 
phenomena, as traceable in certain of the islands of the St. Lawrence 
and the adjacent shores near Alexandria Bay. On Wellesley Island 
the contact is well shown between igneous and older sedimentary 
rocks, the former representing the great granitic and gneissic com- 
plex of the western Adirondack region, and the latter a body of 
schists, gneisses, and quartzites of pre-Cambrian age. Both series 
have undergone extensive alteration, but their general characters are 
well discernible. 

The granitic series cuts the sedimentary at many points, and includes 
multitudes of fragments from the quartzite and schists. Dikes and 
veins are abundant. The larger dikes have the prevailing character 
of the granitic and gneissic mass of the mainland, with which they are 
undoubtedly identical, while the smaller dikes become coarser in 
texture and more quartzose in composition—in other words, become 
pegmatitic—and black tourmaline appears as a marked ingredient. 
The narrower these dikes become, the farther do they penetrate the 
older rock, relatively if not absolutely, and the more they take on 
the aspect and much of the character of aqueous veins. But even 
more remarkable is the difference seen in the contact phenomena of 
the larger dikes as compared with the smaller dikes in the schists. 
These latter, indeed, show more or less local alteration from the intru- 
sion of the masses and the larger dikes, but far more effect is apparent 
along the smaller dikes and veins. Along these there is a pronounced 
development of tourmaline in the schists, in exceedingly varied forms, 
which Professor Smyth in part describes. But the striking fact is, 
as he expresses it, that ‘‘in a general way, the amount of tourma- 
line seems to vary inversely as the width of the dikes,” and that it 
‘becomes relatively greater as the offshoots become more quartzose.” 
These two statements, as he adds, are essentially the same, since the 
narrow offshoots are the richest in quartz. 

Comparing these phenomena with somewhat similar ones reported 
in Colorado by Prof. H. B. Patton,® the author goes on to trace the 
stages in the development of these dikes and veins and their influence 
on the penetrated rocks. The granitic magma of the large masses 
would force its way unchanged into the wider fissures, while through 
the influence of heated water and gases with which the magma must, 


aAm. Geologist, June, 1902, vol. 29, No. 6, pp. 377-383. 
>Bull. Geol. Soc. America, vol. 10, pp. 21-26, 
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of course, have been charged, the narrow offshoots, with fluid prod- 
ucts of hydrothermal fusion, were injected into the narrower fissures 
and cracks, often to long distances. ‘‘Indeed,” he says, ‘‘ starting 
from the normal granite, we might expect to find a gradation toa 
pure quartz vein, * * * filled by hot solutions of silica having 
their origin in the granite. * * * This series is pretty well repre- 
sented; but the quartz, as a rule, is accompanied by some tourmaline, 
* * * indicative of the boric vapors so common in granite intru- 
sions.” According to this view, the increased development of tour- 
maline along the smaller veins finds a natural explanation. 

A number of additional points are dwelt upon which can scarcely 
be treated of here. Professor. Smyth points out that, as to the tour- 
maline in the granitic veins themselves, the general position of the 
prisms at right angles to the vein is evidence both of the fluid condi- 
tion of the magma and of the absence or the cessation of injecting 
pressure at the time when the crystals formed. As regards the tour- 
maline in the schists, it is plainly derived from the biotite of the 
latter, which is abundant where the rock is unaltered and absent in 
the contact zones where the tourmaline appears. 

In the process before outlined it follows clearly that the narrow, 
vein-like dikes represent a protracted stage of development, contin- 
uing long after the larger masses and wider dikes had measurably 
solidified; and that thus quartz veins and slender dikes of pegmatite, 
even cutting the true granitic dikes, may have been produced, subse- 
quently, indeed, but actually as a continuous part of the same general 
body of igneous activities. 

Passing to some other localities cn the mainland, in the towns of 
Omar and Alexandria, where specimens of hematite in feldspar have 
long been obtained by mineralogists, Professor Smyth finds a similar 
condition, though with some variations. ‘‘ Here, too,” he says, ‘‘it is. 
possible to find every gradation from these mineral veins, through 
pegmatites to dikes of normal granite; and there seems no question 
that the veins owe their existence to the granitic intrusion.” But they 
themselves are yet true veins, not dikes, and were filled by heated 
solutions and not by melted rock. 


URAL MOUNTAINS. 


In the Bulletin of the Ural Society of Natural Science* has appeared 
an ‘* Index of minerals which occur in the mining districts of the Ural 
Mountains,” by W. P. Yarkov. 

Among other interesting references, a remarkable occurrence of 
green tourmaline is noted near the village of Schabroy (district of 
Ekaterinhourg). Arzruni, who had received a specimen from this 


a Bull, Ural Fa Nat. Sel.., 1901, ‘Rienlerinboun, val, 22, pp. 26-36. 
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locality, and also from the works at Berezov, wrote of it from Berlin 
to the Imperial Mineralogical Society in 1882, saying that it was of 
exceeding interest from the fact that, like alexandrite, its pure green 
color changed to a ruby-red in artificial light, and adding that this is 
only the second mineral showing this remarkable property. A double 
refraction is also noted in connection with these green tourmalines, 
but no particulars are given. The two optical anomalies may have 
some relation to each other, which no doubt will be fully investigated. 

Other colored tourmalines are also mentioned—rose-pink, with black, 
in a talcose rock; and wine-yellow to dark brown, containing some 
chromium, associated with fuchsite and chrome-iron, on the left bank 
of the Kamenka River, a mile northwest of the Suisserski works (dis- 
trict of Suissersk). Prof. P. W. Jeremejev, the secretary of the Impe- 
rial Mineralogic Society, had stated in 1882 that thin plates of this 
tourmaline appear to show a double refraction by artificial light, 
together with a difference of color. 

Corundum is merely mentioned, with no particulars as to color or 
quality, as found in the sands of the Kornilov Valley (district of 
Mursinsk). 

ORIGIN OF TOURMALINE. 


Prof. Giovanni d’Achiardi, of the University of Pisa, has published 
an article on the metamorphism of limestone by contact with granite, 
at Porto dei Cavoli, on the island of Elba.* Having previously 
described a similar case of local alteration at Berdiauch in the Urals,° 
he was led to pursue the subject further, as developed on the island of 
Elba, at the famous tourmaline locality, which had been studied by 
himself, and also to some extent by others, from 1899 to 1902. The 
limestones at this locality are closely associated with a body of meta- 
morphic schists of various mineralogical character, traversed and 
locally modified by granite veins; these have all been described some- 
what fully by Lotti, who refers the schists to presilurian sediments.° 

Professor d’Achiardi enters into a detailed account of the characters 
of the granite, which presents several varieties of texture and compo- 
sition, due in part at least to its proximity to the limestone; describes 
a narrow zone of alteration at the actual contact, showing a mutual 
action of the two rocks on each other; and describes the limestone 
itself as affected by the granite. The whole body of schists, in which 
the limestone beds occur, is thoroughly metamorphic, and the lime- 
stone has the character of either a saccharoidal marble or a slightly 
foliated cipolin; but the local contact action shows itself in the devel- 
opment of various accessory minerals in the marble, some conspicuous, 

a Atti della Societa Toscana di Scienze Naturali residente in Pisa, Mem., vol. 29, 1902, (separ.) pp. 
1-41, Pls, IV, V, VI. 


bId., Mem., vol. 16, 1898. 
o Descrizione geol. dell’ isola d' Elba; Mem. deacr. d. Carta geol. d’ Italla; Roma, 1886, 
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but chiefly minute. Wollastonite is prominent; others are pyroxene 
(malacolite), dipyre, vesuvianite, grossularite, etc. These were all 
studied in detail as to their proportions, vicinity to the contact, etc., 
and are illustrated by plates of magnified sections. The whole is a 
' very interesting study of what may be called secondary metamorphism, 
where local contact has produced mineralogical changes in an altered 
sediment already thoroughly crystalline. 


OPTICAL PROPERTIES OF TOURMALINE. 


E. A. Wulfing, in an article on the different rates of vibration of light 
in tourmaline,“ gives his investigations on the optical properties of tour- 
maline as compared with quartz, and contests the views of C. Viola in 
regard to these minerals, wherein the latter has questioned the theory 
of Fresnel. Violaexperimented on quartz with the total reflectometer 

‘of Abbe, and praises the extreme accuracy of that instrument. Wulf- 
ing admits this claim, conceding its accuracy to the fourth decimal 
place, but holds that the differential method of Dufet gives more exact 
results, though only with extreme care on the part of the observer. 

Viola’s minute difference of 0.00016, in the exponents of the ordinary 
ray in quartz (as parallel or transverse to the ¢ axis), Wulting regards 
as unsatisfactory, from possible defects of the instrument, and also as 
obtained from but a single specimen, and hence as not sufficient for a 
conclusion so important as to discredit the theory of Fresnel. 

In tourmaline crystals from Elba, Viola had found results with 
sodium light, which again appeared to show that the vibrations pro- 
ceed otherwise than as stated by Fresnel. Wulfing commented on 
these in 1900,° and again in the present article, pointing out that Elba 
tourmalines are known to be optically variable, cven in different parts 
of the same crystal, and that hence, in order to draw any important 
conclusions from such specimens, the measurements must needs be 
made in the different directions at the same point in a crystal. He 
then goes on to describe at length his method of cutting prismatic or 
pyramidal sections from tourmaline crystals, so as to examine the rates 
of vibration of a ray in axial or transverse direction from exactly the 
same point in the same material. He gives details of his results thus 
obtained, and concludes that the doctrine of Fresnel is thereby fully 
borne out. 


aSeparat-Abdruck aus dem Centralblatt d. Min., Geol., u. Paleont.; Stuttgart, 1901, pp. 299-302. 
6 Hohenheimer Program, 1900, p. 48. 
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JADEITE. 
MEXICO. 


Dr. Leopoldo Batres, the Mexican archeologist, has lately pub- 
lished a remarkable monograph, sumptuously printed and illustrated, 
entitled ‘* Explorations of Mount Alban.” This locality is a hill or 
small mountain, one of a group some 5 miles southwest of the city of 
Oaxaca, and is notable for a number of large ruined structures, chiefly 
of a religious character, on its sides and summit. These are very 
ancient, as is shown by many indications, and furnish some of the best 
examples of the little-known type of Mexican civilization termed the 
Zapotecan. The people who constructed the buildings and sculptures 
of this type Dr. Batres regards as having close relation with the 
Mayas, and the ruins present marked resemblances to those of Palen- 
que and Uxmal. 

The ruins on Mount Alban consist of groups of teocallis, or stepped 
pyramids with flat summits, whereon were doubtless temples, long 
since gone. The hillsides are also full of sepulchers and mortuary 
chambers, with remarkable architecture and carvings. In the vesti- 
bule of one of these Dr. Batres discovered a highly ornamented vase 
of pottery, containing about fifty small pieces of jadeite; some of 
them were elaborately carved amulets, others were beads, round or 
cylindrical, and some were of irregular forms. They were of. fine 
quality and color, green and blue, but, strange to relate, bore traces 
of having been painted red. The carvings upon them, as also the 
ornamentation of the vase, are thoroughly Mayan, and in one case 
identical with an object from Palenque. All are figured in the mono- 
graph. 

Both as specimens of jadeite and as archeological treasures, these 
are of great interest. 

NEPHRITE. 


NEW SOUTH WALES. 


Dr. Card? records that jade (nephrite), but poor and of little or no 
value, as the polishing quality is not good, is reported from Went- 
worth mine, Lucknow, New South Wales. 


EPIDOTE. 
ALASKA. 


The fine crystals of epidote from Prince of Wales Island, Alaska, 
announced in the last report of this Bureau, ° have been made the subject 


aExplorations of Mount Alban, by Leopoldo Batres (Inapeccion y Conservacion de Monumentos 
Arqueologicos de la Republica Mexicana), Mexico, 1902 (amall 4to, 37 pp , 25 plates and map). 

6 Record of the Geologica: Survey of New South Wales for 1902, vol. 7, pt. 2, pp. 29-46. 

¢ Mineral Resources U. 8. for 1901, U.S.Geol Survey, 1902, p. 745. 
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of a detailed notice, with plate, by Dr. Charles Palache, of the Har- 
vard Mineralogical Laboratory, Cambridge, Mass.¢ Specimens were 
sent to the laboratory by Mr. W. C. Hart, of Manitou, Colo., who 
describes the locality at Sulzer, Prince of Wales Island, and the 
associated minerals, much as in the announcement above noted. Mr. 
Palache adds, however, that: ‘‘The country rock is limestone, which 
is cut by numerous igneous dikes, and it seems probable that the 
deposit is the result of contact metamorphism of the limestone by the 
dike rocks, resembling closely in this respect the epidote occurrence 
with copper ore in the Seven Devils Mountains in Idaho.” The crystals 
are dark green to nearly black, but oil green and translucent when 
thin or fractured. The forms are varied and peculiar, sometimes quite 
unlike the ordinary aspect of epidote, the larger ones presenting the 
unusual type of nearly square tables, flattened parallel to a, and attached 
by an edge, measuring up to 5.5 centimeters in diameter (2.2 inches) 
and 3 centimeters in thickness (1.2 inches). The small crystals tend 
more to the usual prismatic habit. 

Dr. Palache’s paper is minutely and exhaustively crystallographic; 
he determines a large number of faces, some of them new for epidote, 
and some but imperfectly measured before. In conclusion, he says: 
‘*This Alaska epidote ranks among the finest occurrences of American 
crystallized minerals, and is only surpassed in the size, beauty, and 
complexity of its crystals by the epidote from the Knappenwand in 
the Tyrol.” 

A few of the best specimens found in 1901 have been sent to New 
York, and as groupings of large crystals, beautified with the associa- 
tion of quartz crystals, they have no rivals. 


SPODUMENE (KUNZITE). 
CALIFORNIA. 


Transparent lilac-colored spodumene.—A recent remarkable dis- 
covery of unaltered lilac-colored spodumene has lately been made in 
California. The crystals were obtained 50 feet from a deposit of col- 
ored tourmaline—itself of notable interest—a mile and a half north- 
east from Pala, San Diego County. This new discovery is less than a 
mile northeast from the celebrated rubellite and lepidolite locality at 
that place, where recent developments have brought to light immense 
quantities of amblygonite, the latter species occurring by the ton, 
while the lepidolite is estimated by the thousand tons. The locality is 
thus unequalled in the world for its abundance of lithia minerals. 
The rubellite crystals found here are entirely embedded in lepidolite, 
and until recently it was found impossible to remove them to show 
theirform. They were, however, often polished with the lepidolite, 


a Proc. Am. Acad. Arts and Sciences, vol. 87, No. 19; March, 1902, pp. 531-535, 
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the rubellite appearing as radiations of pink in a darker gangue of a 
lilac-colored lepidolite. This year, however, the crystals of rubellite 
have been rubbed out, as it were—that is, made to stand out by 
removing the lepidolite matrix by means of brushes and cleaning tools, 
thus forming a most beautiful group of crystals. 

At the new locality colored tourmaline crystals have been found 
that are remarkable in size and beauty, although they have been much 
broken in taking them out. Some are a foot long and 3 inches in 
diameter, with a red central core (rubellite) and a blue exterior (indi- 
colite) separated by a pale intervening zone. 

The spodumene crystals are beautiful in their color tones, varying 
in striking contrast from a deep pink-purple lilac, when taken at a 
depth, to a pale, almost colorless tint evidently due to weathering or 
to the action of the sunlight. 

These spodumene crystals are of extraordinary size, transparency, 
and beauty, and are unrivaled by those from any known localities. 
Below are the a and dimensions of six of the principal crystals: 


sai and dimensions of a spodumene crystals. 


= | Weight, Weight. | Dimensions. 

Grams. | Oz. troy. Centimeters. 

No. 1..| 528.7 17.1 17by ll byl 
No. 2. | 28.7 17.1 Zby & by 1.6 
No.3..| 297 9. 5h 19by 5.4 by 1.5 

No.4..! 256.6 8,25 “aby 4 by 2 
No. 6. b, 30,5 | 10.95 13by 6 by 2.53 

; 


No.6... 239.5 | 7.70 Isby 4 by 2 


Some crystals of spodumene purporting to come from Hermosillo, 
Mexico, were shown to the writer during the month of December. 
They are identical in habit,-but much smaller than those from Pala. 
They were found in the White Queen mine, sec. 24, T. 9 S., R. 2 W., 
of the San Bernardino meridian, California. In either case no such 
spodumene crystals have ever before been found at any known locality. 
They are entirely distinct from the green crystals found at Stony 
Point, Alexander County, N. C., described by Dr. J. Lawrence Smith, 
and from the transparent yellow crystals found in Brazil, and described 
by Pisani. 

The writer suggested that this was a distinct variety of gem of 
great beauty, and entitled to a new name. Dr. Charles Baskerville 
found that it differed from all other spodumene in its activity with 
ultra violet light, and named it kunzite.¢ 


WEST AUSTRALIA. 


Green spodumene.—In a recent report on the mines and minerals of 
West Australia, Mr. E. S. Simpson, mineralogist to the geological 


eScience, August, 1903, 
MR 1!')2—54 
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survey,* mentions an occurrence of spodumene of apple-green color in 
large prismatic crystals half a mile south of Ravensthorpe. Nothing 
is said of any portion of it as being transparent, but the color is of 
interest as presenting a type of this mincral intermediate between the 
ordinary whitish and altered form and the gem-variety hiddenite. 
Analysis shows this variety to be a spodumene rich in lithia and the 
alkalies and rather low in silica and alumina. 


QUARTZ. 


CALIFORNIA. 


Small crystals of quartz resembling those from Herkimer County, 
N. Y., have been received from Dr. L. G. Yates, of Santa Barbara, 
Cal. They have been extensively advertised as white topaz, etc., on 
the strength of statements by local jewelers who claim to be experts 
on gems. 

ELECTRICAL RESISTANCE OF QUARTZ. 


The late Prof. Ogden N. Rood, of Columbia University, New York 
City, recently published ’ some investigations—almost his last work-— 
on the electrical resistance, both internal and external (transmission 
and surface conduction), of various ‘‘ non-conducting” bodies, usually 
so called. Among these were glass, quartz, and mica. The experi- 
ments were conducted with much difficulty and with great care, but 
owing to leakage at connections, etc., their results are announced as only 
approximate. The external or surface resistance of quartz was found 
to be for 1 square centimeter of crystal surface, 521,000,000 ohms, as 
compared with 1,590,000 for window glass, 22,000,000 for cobalt glass, 
and 50,760,000 for mica, Each of these values was the mean of sev- 
eral experiments. The internal resistance—1 square centimeter with 
a thickness of 1 millimeter—shows a surprising contrast, being for 
quartz only 885,000 ohms, while for mica (muscovite) it was 133,000,000. 
The tests on glass were unsatisfactory to Professor Rood, and he 
reserved them for further study. As the experiments on quartz, 
however, were made without reference, apparently, to the faces or 
axes of the crystals, fuller investigation of the subject from a more 
strictly mineralogical standpoint, with promise of interesting results, 
should follow the work thus begun by this eminent physicist. 


CRYSTALLOGRAPHIC FEATURES OF QUARTZ. 


In the Bulletin de la Société Francaise de Minéralogie,° several arti- 
cles have appeared regarding peculiar crystallographic or related 
features in quartz. M. Ferdinand Gonnard furnishes four brief com- 
munications, with illustrations, on the occurrence of unusual planes 


a Simpson, Edward S., Bull. Geol. Survey Western Australia No. 6, Perth, 1902, p. 57. 
> Am. Jour. Sci., 4th ser., vol. 14, pp. 161-165. 
¢ Bull. Soc. franc. de Min., vol. 25, Nos. 3, 4, 5, March, April, May, 1902. 
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on crystals of quartz from various localities, particularly from Brazil 
and Baveno, and M. G. Friedel treats of a peculiar instance of quartz 
twinning, and of corrosion figures produced in quartz by alkalies 
applied at high temperatures, as indicating crystallographic modifica- 
tions caused by heat. The experiments described in the last of these 
urticles were suggested by a statement of Chatelier in the same pub- 
lication? that at a temperature of 570° quartz undergoes certain alter- 
ations in its optical properties, though not in its outward aspect, 
which indicate a change in molecular symmetry. M. Friedel endeay- 
ored to confirm this determination, and succeeded in doing so by 
treating quartz crystals with strong alkalies at temperatures near 
600°, thus developing figures of corrosion that indicated the existence 
and the character of such a molecular alteration. These papers are all 
too minutely technical for anything more than a brief reference to 
them here. 


SMOKY QUARTZ. 
MAINE. 


Since 1897 numerous pockets of smoky quartz have been found on 
the Littlefield farm, at Mount Apatite, Auburn, Me. Several tons of 
crystals in all have been obtained. One exceptionally perfect crystal 
weighing 12 pounds was found imbedded on the edges of a mass of 
cleavelandite, a short distance from the farm of A. S. Berry, in a 
deposit of large quartz crystals, feldspar, and gem tourmalines, of 
which more than 150 were obtained. A perfect 3-inch ball was cut 
from a smoky-quartz crystal found at this deposit, and is now in the 
collection of E. R. Chadbourne, of Lewiston, Me. 


AMETITLYST. 


VIRGINIA. 


Specimens of amethyst from Virginia, but nothing of importance, 
have been known to students and collectors for years past. Recently, 
however, a promising locality has been opened and some good gem 
material taken out, which occurred in pockets connected with a well- 
marked vein or stratum of white quartz which extends for some miles 
along the base of the Blue Ridge, and at certain points carries galena. 
The main locality is situated in Amherst County, some 2 miles from 
Lowesville post-office and about the same distance from the James 
River, at the foot of the mountains. It occupies an area of some 11 
acres, and the amethyst occurs but a few inches below the surface. 
Only a few days’ work was done with the simplest tools in exploiting 
the deposit. 


a Bull. Soc. franc. de Min., vol. 13, p. 112. 
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NONCRYSTALLINE QUARTZ. 
AGATE. 


_ The Borgia Chaldean agate ax.—An object of great scientific inter- 
est is the famous inscribed Borgia Chaldean agate ax. This ax was 
obtained by the Cardinal Borgia while at the head of the propaganda. 
The Contessa Ettore Borgia offered it to the British Museum some 
ten or twelve years ago, but at so extravagant a value (about £3,000 
or £4,000 sterling) that it was returned to her. It was ultimately 
acquired, for some 15,000 lire, by the late Comte Michel Tysckiewicz. 
It is now in the Morgan collection of the American Museum of Natu- 
ral History, New York. 

The following extract is from Maspero: 

Elle se trouvait dans l’ancienne collection du Cardinal Borgia et appartenait, il ya 
quelques années, au Comte Ettore Borgia. Elle a ¢té publiée par Stevens (Flint 
Chips, p. 115), et en fac-simile par F. Lenormant (Tre Monumenti Caldei ed Assiri 
delle Collezioni Romane, 1879, pp. 4-9, et pl. VI, I); et Carvailhac (Age de la 


Pierre en Asie) , dans le troisitme Congrés provincial des Orientalistes, tenu 2 Lyon 
(tom. I, pp. 321-332), a reproduit ce Gue Lenormant en avait dit.¢ 


CHALCEDONY. 
NEW SOUTH WALES. 


Dr. Card? mentions that chalcedony containing included water 
(enhydros) has been found in magnificent specimens, some of them as 
much as 12 inches in diameter, at the Kingsgate bismuth mines. 


CHRYSOPRASE. 
NORTH CAROLINA. 


An occurrence of chrysoprase is reported about 16 miles from 
Asheville, near Morgan Hill, Buncombe County, N. C. The material 
is encountered in several parallel seams, running with a.general north- 
east-southwest strike, within a few feet of each other. At the 
surface the color is pale green, but as the rock was opened down to 
some 4 feet deep the color became darker and richer. Beyond a little 
test opening of this kind, no work has yet been done, and the value 
of the deposit can not as yet be judged. 


OPAL. 
CALIFORNIA. 


Mr. C. R. Orcutt,.of San Diego, Cal., refers to a great locality of 
opal in the region of the Mohave desert, in southern California. The 


a Extract concerning agate ax-hammer head, from Maspero: ‘Histoire Ancienne des Peuples de 
l Orient Classique: Les Origines; Egypte, Chaldée," p, 755. 
b Record of the Geological Survey of New South Wales, for 1902, vol. 7, pt. 2, pp. 20-46. 
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mineral is reported as occurring in large quantities in a porphyritic 
rock. The opal found at the surface is mostly chalcedonic, but some 
true precious opal has been obtained, and small stones have been cut 


from pieces of it. 
IDAHO. 


An extensive and promising opal locality is announced in Idaho, 
and is described in a letter from Mr. S. V. LeSieur, of Provo, 
Utah, who discovered it in May, 1902, and made further investigation 
of it later in the year. The locality is in Lemhi County, Idaho, on 
Panther Creek, on the west side of the valley, some 6 miles below its 
head, and at an altitute of 7,000 feet. Here a large dike of porphyry 
runs parallel with the creek for nearly a mile anda half, forming a 
ledge partly covered with overwash from the mountain slope, but at 
times outcropping and rising several feet. The width of the dike is 
estimated at as much as 150 feet; and the porphyry is full of opals of 
all kinds, qualities, and colors—milky, blue, green, brown, pink, etc.— 
and among them some of the perfectly transparent variety, the ‘‘ fire” 
or flame opal. Many of the masses are large, but to obtain good-sized 
stones from them is difficult, as the opals are very brittle and the rock 
very hard. He succeeded in getting an opal of 60 carats which showed 
green reflections, and a brown opal of 150 carats, but otherwise no 
really fine stones above 10 carats weight. The opal here is largely of 
the glassy variety, with broad ‘‘ flames” of color—a kind that is fragile 
and not well suited for jewelry. Its value as a mine for gem mate- 
rial, in view of the large proportion of loss by breakage, remains to be 
determined. | 

What must probably be the same locality was briefly mentioned in 
the report of this Bureau for 1895, on the authority of Mr. Don 
Maguire, of Ogden, Utah, but no subsequent references to it have 
appeared, and no development seems to have been made until now. 


NEW SOUTH WALES. 


The search for opals is still being carried on with as much interest 
as ever in the White Cliffs field of New South Wales. More than 
twenty claims are being worked for opal, and competition for the gem 
in open market is brisk, good specimens being sold for from $150 to 
$200 per ounce, although quite frequently less than that is paid for a 
quantity weighing many pounds. 

Among the many kinds and large quantities of opal recently dis- 
covered and worked in New South Wales and other parts of Australia, 
there is a large amount of material that is very beautiful but not 
available for cutting into gems for setting, and much ingenuity has 
been shown in devising ways for utilizing this otherwise discarded 
material and bringing it into the arts in new forms of ornamental 
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work. When the flake is too thin to cut a gem, it is cemented on one 
side to a piece of black oynx, producing a more brilliant effect than 
would the opal itself. If the flake is much thicker, this is-sold as 
opal appliqué. When the opal is in smaller pieces, it is cemented 
as a mosaic upon slate or black onyx, producing an effect of great 
beauty. Still further, minute particles of opal are put into sealed 
tubes of glass or rock-crystal filled with liquid glass, and the liquid 
glass solidifying makes the whole seem one homogeneous mass of rock 
crystal and opal, and produces a brilliant object adapted for use as 
handles for parasols or canes. 

A correspondent of the London Mining Journal, writing from 
' Sydney in October, 1902, reports great prosperity and progress in the 
opal mining in the White Cliffs district. A number of new mines have 
been opened and prospectors are actively engaged on the outskirts of 
the region. Some very rich patches of beautifully colored opal have 
lately been discovered. German buyers are now visiting the field and 
purchasing largely. It seems that art jewelry is receiving much 
attention in Germany, and that Australian opal is coming into high 
favor for such work, particularly for hair ornaments, brooches, etc. 
As many as two hundred men are now employed at one of the leading 
mines—that known as Barratt’s Block 25. 

Dr. Card¢ reports opal, a translucent chrome-green variety, a beau- 
tiful stone admitting of a fine polish, from Port Macquarie; amygdules 
of precious opal in melaphyre, near Ballina; and rhodonite, massive, 
with magnetite, $8 miles north of Lyndhurst, and also in various dis- 
tricts of New England, New South Wales. 


QUEENSLAND, 


‘The existence of precious opal in Queensland has been known for 
many years, but the first mining activity was about 1878. Of late 
the rich production in New South Wales has attracted more attention; 
and although severe droughts have interfered with working and pros- 
pecting, yet a large amount of fine opal has been obtained. The esti- 
mated value of the product for the twelve years from 1891 to 1901, 
inclusive, is £131,000, about one-third the amount estimated for New 
South Wales. 

The Queensland opal field was briefly described in the report of this 
Bureau for 1895. A very full account of it has appeared within the 
last year by Mr. C. F. V. Jackson, assistant Government geologist. ? 
The opaliferous district extends from the southern border of Queens- 
land nearly to latitude 21° south, between east longitude 141° and 146°. 
It is interesting to compare this report with that elsewhere noted 


aRecord of the Geological Survey of New South Wales for 1902, vol. 2, pt. 2, pp. 29-46. 
>The opal mining industry and the distribution of opal deposits in Queensland: Report Queens- 
land Geol, Sury. No. 177; 8vo., 3 pp., with map; Brisbane. 1902. 
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(p. 34), on the Queensland sapphire deposits, which lie about 1 degree 
east of the middle portion of this area, but are separated from it by 
the great dividing range of mountains. Many of the geological 
features are very similar, but there seems to be no indication of either 
gem in the territory of the other. 

The mode of occurrence is the same as in New South Wales (see 
descriptions of the latter in the reports of this Bureau for 1896, 1898, 
and 1901), but the precise geological relations are more exactly given 
in this recent account. The rock in which the opal has been deposited 
consists of the remains of a formation, once widely extended but now 
largely removed, known as the Desert Sandstone. This rock is Upper 
Cretaceous, and rests somewhat unconformably upon the Rolling 
Downs formation (Lower Cretaceous), which was laid down by a nar- 
row sea that extended from the great bight on the south to the Gulf 
of Carpentaria on the north, dividing Australia into two islands. The 
Desert Sandstone was deposited during a period of less extensive 
depression following one of partial elevation. It is fragmental in 
character, of no great thickness, and consists of a lower body of soft 
and clayey deposits, and an upper portion that is siliceous and ex- 
tremely hard. It is in the lower part of this latter, just above the 
softer portion, that the opaliferous zone or ‘‘ band” occurs. Much 
of this intensely hard siliceous capping is strewn over the country in 
more or less rounded pieces, called ‘‘ water dogs” by the miners, appa- 
rently identical with the ‘‘ billy” of the sapphire district (see notice 
above, p. 35). 

Opal is found occasionally in pieces and fragments on the surface, 
coming from decomposition of the rock, but this is not common, and 
there are in general no surface indications. Hence the mining is a 
haphazard affair, as the ‘‘ band” may be rich or poor at any particular 
point where an opening is made down toit. The work is done usually 
with a pick, as blasting is found to shatter the opal too much. In 
many cases, Mr. Jackson says, exploratory drives are abandoned— 
quite too soon, in his opinion—before reaching the level of the ‘* band,” 
if the indications are not favorable in the overlying rock. 

The rock matrix is a hard ferruginous sandstone, or siliceous iron- 
stone, at times forming concretions, which lie in clayey sandstone so 
as to look like a conglomerate. These concretions, from a fraction of 
an inch up to 6 or 8 inches in thickness, have evidently been formed 
from the outside, and their centers are occasionally hollow, or contain a 
clear liquid or a white powder, but more generally they are filled with 
opal, common or precious, which at times extends in veins or strings 
into the outer layers. In other cases the ‘‘ bowlders” are very much 
larger, and the opal is not present as a nucleus, but in seams and 
layers between the concentric shells of the concretions or traversing 
them in veins or cracks. At one or two places the pure opal forms 
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little irregular concretionary masses in clay, and at others it occurs in 
**pencils” or ‘* pipes,” which are apparently stems or small trunks of 
plants replaced by silica; these are in the sandstone, and have much 
geological interest. All these accounts are very similar to those above 
referred to in the reports of this Bureau as to New South Wales. 

There is a great area of opal-bearing country and a great variety 
and beauty of the material, but the aridity is such as frequently to 
compel the miners and prospectors to suspend work. Some of the 
miners cut their own opals and polish them, but rather poorly and 
wastefully. Mr. Jackson treats of the uses of the material; much 
that is very elegant is rejected because not fit for cutting the conven- 
tional rounded stones, and he hopes that the growing taste for more 
artistic work in precious stones may utilize much of this heretofore 
discarded material. The precious opal forms about one-tenth of that 
obtained, the rest being common opal of all kinds and colors. 

At one or two localities near Springsure, and at a few points in 
other parts of Australia, opal occurs in its usual manner in the cavities 
of a trachyte. These have not been worked, however, to any extent 
as yet. 

WEST AUSTRALIA. 


The precious opal, so widely occurring in New South Wales and 
Queensland, as elsewhere referred to here (pp. 58-59), has not been 
found in West Australia, but a peculiar association of common opal 
with a silicified crocidolite, similar to that of South Africa, is de- 
scribed* from Yarra Yarra, in the northwest district of the colony, by 
Mr. Edward S. Simpson, mineralogist to the geological survey. Ina 
letter to the writer, Mr. Simpson states that the common opal is yellow, 
brown, and green, in varying shades, and is traversed by small veins 
of the crocidolite. This crocidolite is chiefly brown with a golden 
chatoyancy, but is sometimes dark green with an almost white chatoy- 
ancy, and occasionally brownish-red with a reddish-amber chatoyancy. 
The two first-named kinds recall strongly from the description the 
two African types, corresponding respectively to a complete or partial 
alteration of the original crocidolite. 


TURQUOISE. 


ALABAMA. 


Turquoise has been discovered in a new and hitherto unsuspected 
region, namely, in the middle eastern part of Alabama, at several 
points near Idaho, Clay County, about 95 miles due east of Birming- 
ham, in the region of the Talladega Mountains. Some copper mines 


a Simpson, Edward &., Rept. Geol. Survey Western Australin No. 6, pt. 3 p. 89, Perth, 1902; and in 
a letter. 


PRECIOUS STONES. 857 


were previously located in this vicinity. The turquoise seems to be 
of two distinct varieties—one, yellowish-green, occurring in compact 
veins from one-eighth to three-fourths of an inch in thickness, and 
resembling much of the New Mexican material, which frequently 
improves in color at a greater depth; the other is a bluish variety 
penetrating a gray matrix in all directions in seams spreading out from 
an eighth of an inch thick to the thinness of paper. The color, how- 
ever, is more blue and the occurrence more distinctly resembles that 
of the Persian material. 

One of the localities has been mined somewhat. The main mine was 
discovered accidentally by the finding of a piece of turquoise on the 
surface. Then an opening was made, and a considerable quantity of 
material was obtained, but no regular mining has yet been done. 
Unlike the western localities, there are no traces of aboriginal work- 
ings, according to Prof. Eugene A. Smith, the State geologist, nor 
have any objects made from turquoise been used among the recent 
Indians, nor has turquoise been found in their graves. 

The geological relations of these deposits have not thus far been 
investigated. 

ARIZONA. 


In a recent paper upon the ‘‘ Racial unity of the historic and pre- 
historic people of the Southwest, and particularly of New Mexico 
and Arizona,” presented at the meeting of the ‘‘ International Congress 
of Americanists,” New York, December, 1902, by Prof. William P. 
Blake, Territorial geologist und professor at the University of 
Arizona, a delegate from that Territory, attention was especially 
directed to the very general distribution of fragments of the mineral 
known to the existing tribes as chalchuite in the ancient ruins through- 
out Arizona. ‘‘It occurs generally in the form of discoidal beads and 
tabular pendants, but often as mosaics. * * * There are several 
localities of this gem in Arizona and:New Mexico, exhibiting exten- 
sive prehistoric mining. Old pits are found partly filled with débris 
and stone tools. * * * The identity of chalchuite with turquoise 
was shown by me in 1857. It has been claimed by some, notably by 
the late E. G. Squier, that the word ‘chalchuite’ means simply a green 
stone and is equally applicable to jade or to other green stones; but 
the fact that the Indians of to-day apply this name to the native tur- 
quoise only supports my contention that it has been so applied from 
prehistoric periods to the present, and that it does not refer to ‘jade, 
or jasper,’ or other ornamental stones.” 

Professor Blake has some very strong grounds for his view, which 
identifies the chalchuite with the New Mexican turquoise; but on the 
other hand, there is equally good evidence that much of the ancient 
chalchihuitl was jade, as has recently been shown by the researches of 
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Mrs. Zelia Nuttall, who has traced the geographical distribution of 
chalchibuitl as given in the earliest records of the Spanish conquest, 
and in the tribute rolls of Montezuma.* It seems very clear that the 
view of so eminent an archeologist as the late Mr. Squier isin the , 
main correct, that the word denoted a highly valued green stone, with 
no exact mineralogical distinction. But we may now recognize that 
the name was applied especially to jade in southern Mexico and to tur- 
quoise in northern Mexico—the two stones occurring in those regions, 
respectively, and neither region possessing the other stone. The old 
records, the Spanish narratives, the ancient workings, and the still 
lingering traditions, are abundantly clear as to the two minerals meant 
by chalchihuitl in the two different sections of the country. 


CALIFORNIA. 


Further discoveries of turquoise are reported by Mr. C. R. Orcutt, 
of San Diego, Cal., at various points in the Mohave Desert in that 
State, not far from Victor, San Bernardino County. No particulars 
are given, and the announcement is merely put on record, until further 
accounts are received. 

GERMANY. 


THURINGIA. 


A new locality for turquoise is reported in southern Thuringia.’ 
It is located in the siliceous slate quarry among strata of middle Silu- 
rian age, near the highway between Weckersdorf and Langenwol- 
schendorf in the dukedom of Reuss. The mineral occurs in slender 
bands, sometimes much elongated, evidently representing fillings of 
cavities, 


APATITE (MOROXITE). 


SOUTHWEST AFRICA. 


Some blue-green crystals were obtained in a decomposed feldspar 
of a coarse-grained granite, on the river Swakop, southwest Africa, 
that were supposed to be sapphires. Dr. C. Klein,* of Berlin, found 
upon a careful examination that they were not such, but that from 
their hardness (5), specific gravity (3.2), hexagonal form, and glassy 
luster, they were really apatite of the moroxite variety, a mineral that, 
under its many strange occurrences of color and forms of crystal, has 
been at times mistaken for a variety of other minerals. 

a Nuttall, Zelia, Chalchihuitl in Ancient Mexico: Am. Anthropologist, vol. 3, 1901, pp. 227-238, 
bZeitschr. {. Naturw., vol. 72, pt.6, July, 1900, p. 453. Neues Jahrbuch f. Min., Geol. und Pal,, 1902, 


vol. 1, pt. 2. Mineralogie, Einzelne Mineralien, p. 187. 
¢Centralblatt fir Min., Geol., u. Pal., Berlin, Oct. 23, 1902, No. 24, p. 748, 
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LAZULITE. 


MADAGASCAR. 


In the last report of this Bureau? an abstract was given of the account 
published by M. Lacroix of the gem minerals of Madagascar. Among 
those mentioned very briefly, yet as of possible value, was klaprothite 
(lazulite). In a more recent article,’ M. Lacroix describes specimens 
of this mineral lately received by him from two localities in the island. 
Some of these were from Mount Bity and were found in the soil 
associated with the colored lithia tourmalines described in the last 
report. In their richness of color and their transparency in thin 
laminz they resemble the lazulite from the diamond gravels of Minas 
Geraes in Brazil. They present fragments of crystals of 6 to 8 centi- 
meters in diameter, which are attached to small portions of quartz and 
muscovite, and apparently came from quartz veins. The other speci- 
mens are from a different region, northeast of Betafo, and present a 
curious association—a rock composed of deep-blue lazulite and color- 
less cyanite, with small quantities of quartz, muscovite, tourmaline, 
sphene, and magnetite, finely mingled. This singular rock occurs in 
a region of pyroxenicand amphibolic gneiss, and is comparable only to 
4 somewhat similar rock from Horrsjoberg, in Wermland. 


AMBER. 
ROUMANIA. 


In a dissertation published at Bucharest‘ on the amber localities of 
Roumania, the author, Mr. G. Muntuanu-Murgoci, gives a general 
discussion of fossil resins with particular reference to the Roumanian 
amber, for which he indicates no less than forty-four important locali- 
ties, which are shown on the map accompanying his paper. 

These localities he divides into two sets, which are termed primary 
and secondary. The primary occurrences are in the Upper Eocene 
and in the Oligocene (menilite limestone), where the amber is associ- 
ated with lignite. In consequence of this distribution the layers of 
amber are closely connected and directed by the formations of the 
southeast Carpathians. The secondary occurrences are in the Miocene 
(salt formation) and in alluvial deposits. 

Although the Roumanian amber is not important to the country from 
an industrial standpoint, yet it is a valuable decorative product. Its 
color is usually dark red to brown; much of it is translucent, though 


@ Mineral Resources U. S, for 1901, U.8. Geol. Survey, 1902, p. 763. 

Bull. Soc. frang. de Min., vol. 25, Nos. 4-5, April-May, 1902, p. 115. 

e Muntuanu-Murgoci, G., Zacemintale Succinulul din Romania [The amber localities of Rouma- 
nia}, graduation dissertation, 66 pp., 6 illustrations, 1 map: Bucarest, 1902. 
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it frequently contains impurities. The Roumanians prize it very 
highly for ornamental uses, and value it much above the amber of the 
Baltic. 

The publication contains an exhaustive and critical treatise on resins 
in general and the Roumanian localities in particular. 


JET. 
YORKSHIRE, ENGLAND. 


A recent examination of sections of jet from Yorkshire leads Mr. 
A. C. Seward to believe that the origin of jet is from the alteration 
of coniferous wood, and, in part, of wood of the Araucarian type. 
Sections from specimens which consist partly of petrified wood and 
partly of jet show a gradual passage from Araucarian wood to a pure 
jet which retains little trace of its ligneous origin. 


GRAPHIC GRANITE. 


URAL MOUNTAINS. 


Graphic granite, or Hebrew stone, as the coarsely intertwined 
crystallization of quartz with feldspar is called, presents, when polished 
across the crystals themselves, a marked likeness to Hebraic charac- 
ters. This substance is extensively polished in Russia and worked 
into beautiful art objects and sometimes into charms, It is found at 
various localities, but especially in the Ural Mountains, and many of 
the finest art productions of that region are made from it. 

In a recent article’ Prof. A. Karpinsky, of St. Petersburg, describes 
an examination of the graphic granite from Mursinka, in the Ural, 
and particularly of some specimens in which the feldspar crystals 
(orthoclase) are well preserved, but the quartz has entirely disappeared, 
leaving cavities which bear on their sides impressions of the striz of 
quartz prisms. Similar specimens have been found at other localities 
in the Urals. Professor Karpinsky thinks that these traces of quartz 
prisms in the cavities disprove the statement of Noegbom,° that the 
silica was removed during the period of crystallization, and that water 
free from carbonic acid could, perhaps, dissolve the quartz more 
readily than the orthoclase. There is no evidence that any pseudo- 
morphous alteration has occurred, as both Russian and Swedish speci- 
mens are known in which the quartz is partially removed, with no 
trace of pseudomorphism. 

a8eward, A. C., On the structure and origin of jet: Rept. Brit. Assoc. Ady. Sci. for 1901, pp. 856-857, 
London. 


’Proc. Imp. Russ, Min. Soc., vol. 39, 1902, Prot. p. 23. 
¢ Bull. Geol. Inst. Upsala, vol. 3, 1897, p. 436. 
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THE GEM-CUTTING INDUSTRY. 
UNITED STATES. 


Diamond-cutting industry in the United States.—In the brief period 
of ten years during which the diamond-cutting industry has been con- 
ducted on a commercial basis in the United States, it has advanced 
with such rapid growth that this country now commands a foremost 
position among the diamond-cutting countries of the world. The 
importation of $7,000,000 worth of rough diamonds during the twelve 
months ending June 30, 1903, evidences the growing prosperity of 
this industry here; and had not the rough diamond stock of the world 
been materially reduced by the demand exceeding the supply, it is 
probable that the United States would to-day he exporting polished 
diamonds to Europe instead of importing from there the additional 
quantities necessary to supply our demand. The effect of such a 
_ condition can be better appreciated when attention is called to the fact 
that out of about $19,000,000 worth of diamonds imported through 
New York City into this country during the fiscal year ending June 
30, 1903, fully $8,000,000 represented wages paid to foreign laborers. 
Upon the $7,000,000 worth of rough diamonds imported during the 
fiscal year ending June 30, 1903, there is represented a saving to this 
country of over $3,000,000 paid to its own workmen. Upon this basis 
it ix safe to estimate the saving in labor to this country in this industry 
ulone during the last five years to be over $10,000,000; it has both 
given remunerative employment to many inen and also kept this large 
sum of money in this country. 

The ingenuity and enterprise of the American cutters have been 
material factors in their success. In Amsterdam, the acknowledged 
home of the industry, where it has been conducted for more than one 
hundred years, no innovations have been introduced. It has been left 
to the Americans to introduce a number of new mechanical labor- 
saving devices, which have unquestionably given them a great advan- 
tage over the European cutters, where diamond cutting is done by the 
ancestral ‘‘rule of thumb” handed down from father to son. 

The banking system in Holland seems to be favorable to the diamond 
industry, but there is a greater supply of ready money in this country 
to conduct the industry, individual diamond-cutting firms importing 
fully $1,000,000 worth of rough stones. 

In the early part of 1903 there seems to have been great difficulty 
in obtaining the rough diamonds, due hoth to the great demand for 
diamonds and to the fact that the output has not increased, owing 
either to the lack of capacity to supply a greater demand or to the 
regulation of supply by the De Beers Mines Company. 

About nine days elapse from the time of shipment until the rough 
diamonds are received in New York, and as rough diamonds are not 
dutiable the shipments are made and cleared with great rapidity. 
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No small diamond-cutting establishments can exist at present unless 
they do only recutting or repairing work, as the diamond syndicate 
sells only in ‘‘series,” as the parcels of rough diamonds are called. 
These parcels or series are made up of many varieties of diamonds 
known by the trade names of ‘‘bye-waters,” ‘‘capes,” ** fine capes,” 
‘silver capes,” and ‘‘crystals.” Each series is made up of individual 
parcels of each of the above-named varieties, each parcel representing 
® proportion of these qualities as they are found in the mine. In 
other words, the series is made up so that when a dealer buys a 
‘“*series,” he buys every quality of diamond found in the mine in the 
proportion in which they are produced at that time. The individual 
diamonds in cach of these several parcels weigh from 1 to 20 carats in 
their natural, rough, uncut condition. The finished stones contain 
only from 40 to 60 per cent of these weights; that is, from 40 to 60 
per cent is ground and polished away in the various cutting processes, 
The principal new processes carried on in this country are sawing and 
splitting diamonds by means of grooving or notching them, and may 
be described as follows: 

Sawing diamonds.—The process of sawing diamonds, whereby it 
is possible to saw in two, at the central part or girdle, an octahedron 
(known as six-point) or a long stone, or to remove an imperfection 
that it was impossible to cleave at a given point, has now come largely 
into use in the United States, and also at Antwerp and Amsterdam. 
This is especially true of the United States and Antwerp, where the 
larger diamonds are cut, and to a less extent of Amsterdam, where 
the smaller stones, known as mele, are more used; although there is 
no patent Jaw in Holland to prevent its introduction. The invention, 
or inventions, are by Americans, and call to mind the old method of 
sawing the larger gems by means of small, flat lead strips, or saws, 
such as were uscd when the Regent diamond was cut in 1750. At 
that time thin strips of lead charged with diamond dust were 
employed; these were rarely drawn more thun once across the stone, 
The great advantage of the new method will be appreciated when it is 
understood that thereby it is made possible to cut a 6-carat crystal in 
two along the best line to place the main table-faces of the two 
stones thus produced. One patentee claims the process of sawing 
off only the parts desired to be removed; the other makes a special 
claim that the dividing of the diamond at the girdle is an original 
claim apart from the former. The methods consist in holding the 

diamond firmly and very steadily under pressure against a rapidly 
revolving disk of sheet iron, or ‘“tphosphor” bronze. The wheels 
are much like those used in sawing thin sections for microscopic rock 
sections or for cutting jade, rock-crystal, and other hard stones. It is 
claimed that in thus dividing an octahedron at the center or girdle as 
httle as 2 per cent of the weight of the crystal is lost—a great saving 
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of material. As evidencing the wonderfully keen responsive business 
acumen which has always characterized the ‘“‘rough” syndicate, the 
price of all rough diamonds that could be improved or advanced in 
value by such sawing was immediately advanced when the process 
became known. 

More recently certain expert cleavers, as they have been called, 
found that they could remove an occasional part of a diamond, such 
as the angle of an octahedron, by nicking the stone at a given point, 
and then by asharp blow breaking off a piece, saving both the mate- 
rial and the time that would have been lost in removing the edge 
or piece by polishing. 

Grooving diamonds.—A patent has been granted for a new process 
of grooving diamonds, these gems of course being also polished, and 
the claim is made that the grooving insures a greater brilliancy. The 
diamonds are sometimes cut with perfectly parallel grooves around a 
stone having eight, ten, twelve, or eighteen sides. The grooving is also 
applied to the facets of the brilliants, especially in the new forms of 
cutting in which the pavilion of the stone is entirely replaced by rose- 
cut facets; und the hollows of the concave grooves are as bright as the 
other faces. A diamond of any shape can be polished by this method. 

New ‘*dop” for diamonds.—Considerable attention has been given 
to a new dop that holds the diamond while it is being cut and polished. 
This instrument grasps the diamond in claws and holds it while it is 
undergoing the polishing process, thus doing away with the need for 
securing the diamond in place by means of a fusible metal which 
requires heating many times in the handling of a single stone, with 
the attendant risk of injuring the stone by the repeated heating. 
These dops have mechanical devices so arranged that a set of facets 
can be adjusted and cut on a diamond by a single setting of the 
diamond in the dop. 
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PRODUCTION, 


In the following table is given a statement of the production of 
precious stones in the United States from 1896 to 1902, inclusive: 


Production of precious stones in the United States, 1896-1902. 


OPEB a iwiecuctesecwetetecesecas 


Guarte: Cfymtal... 6c ci iccesece 
BMIOK FOULS cccscsvicccecess 


ROSE QUOTE 5c cs cccessecciseee- 
ADAG YEE: 0. cenastesconsescenns 


Gold quarts ....cccccecvececess 
Rutilated quartz .............. 
Dumortierite in quartz........ 
Tourmalinated quartz......... 


OpPAliged) |. csvsccissececcicens 


Garnet (almandite) ........... 
RHOGOUC ci cccccccwcscxecavecs 


ROPQMOMNG cnc0 ceacsweseNececs 
Utahlite (compact variscite) .. 
Chlorastrolite ................. 


CaM) (56cm Sectineecikeea wes 
PRORWNG cia: xpacescnccxuseages 
DIQGMIGS cscs oss ncexewsscesees 
Brldihe nis cs esebiessencecce. 


PRT vusinrassea nome wnrsewenses 


REWER os aod es oc Oa eek cant 


Anthracite (ornaments)....... 
Catlinite (pipestone) .......... 
Foattl coral e535 evan sscu-s--- 


None. None. 


$10,000 ; $25,000 
1,000 None. 
200 None. 
700 1,500 
None. 2 
None. None. 
3, 000 9, 125 
500 500 
7,000 12,000 
2, 500 1,000 
500 None. 
500 200 
100 None. 
10, 000 5, 000 
500 None. 
50 None, 
None. None. 
1,000 1,000 
1,000 1,000 
600 None 

4, 000 2,000 
200 200 
500 7,000 
None. None 
2,000 2, 000 
100 None. 
1,000 | 500 
600 ; 25 


500} 100 | 
500, 500 | 
500 | 500 
100 100 
200 100 
250 None 
1, 000 1,000 
None. None, | 
100 600 
2, 000 1,600 | 
3, 000 2, 000 | 
1, 000 600 | 


1,000/ 1,000 | 


None. | 
$55, 000 
2, 000 
100 
2, 200 
aH] 
None. 
4, 000 
500 
17, 000 
1,000 
100 
250 
None. 
5, 000 
100 
None. 
None. 
1,000 
1,000 
100 


10 
None. l 
50, 000 ; 

100 
5, 000 | 


1,000 
100 
None. 
None. 
1,000 
None. 
110 


1,000 


$300 
68, 000 
3, 000 
None. 
4,000 


1,000 


250 


1,000 | 


$150 


3, 000 
None. 
11,000 

4, 000 
None. 


100 
3, 000 


1,000 
30 
None. 
None, 
2,000 


1,000 


$100 
90, 000 
500 
None. 
5, 000 


1897. 1898. | 1899. 1900. | 1901. | 1902. 


None. 
$115, 000 
None. 
None. 
4,000 
1, 000 
None. 
30, 000 
500 

12, 000 
2, 000 
200 

2, 000 
None. 
3,000 
100 


4,000 


1,000 
None, 
None. 
None. 

3, 000 
None. 
None. 

2, 000 

2, 000 
None. 
None. 
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IMPORTS. 


The following table shows the value of the diamonds and other 
precious stones imported into the United States from 1867 to 1902, 
inclusive: 


Diamonds and other precious stones imported and entered for consumption in the United 
States, 1867-1902. 


Coccccevcclsccccccccsclecccaccslenecvenccces $1, 817, 420 $1,318, 617 


Ls accaginl Melsteniasdéas cocina aap chai 1,060,544 | 1,465 | 1,062, 498 
Keciwunnxecbeccosudeckwene siete 1, 997, 282 23 | 1,997,890 
ST Oe OP ee OR ea eet 1,768,324 | 1,504 | 1,779,271 
EEN: “NED Nebicreeteaen 2,349,482 | 256] 2,350,781 
Encctiasiwhalswanerestswassceweces 2,939,155 | 2,400 | 3,083, 648 

$176, 426 2,917,216 |  826| 3,134,392 
144, 629 2,158,172] 114] 2,871,586 
211, 920 8, 234,819 |........ 8, 478, 757 
186, 404 2, 409, 516 45 | 2,616,643 
78, 083 2,110,215 | 1,784] 2,235,246 
63, 270 2,970,469 | 1,025] 3,071,178 
104, 158 3,841,335 | 588] 3,964,920 
129, 207 6,690,912} 765] 6,870,244 
233, 596 8,320,315 | 1,807 | 8,606,627 
449, 513 8,377,200 | 8,205 | 8,922,771 
443, 996 7, 598, 176 8, 126, 881 
$7 G6 icsscchivcccscccest OTB bcccscs, 9, 189, 460 
STUGTO (.ncacecletwcescee---| S028, 9968'|...-<--- 6, 042, 547 

ee eee Year 8, 259, 747 

oe an. | nn 10, 831, 880 
sxvahvaidlsxeveredcncal EEE leona 10, 507, 658 
sattaveslescesssccced Se MORAG teacvace 11, 978, 004 
ineaesnalvercsasacesctt Re GME SUB lvcenaes 13, 105, 691 

EE RRR Oe |) ee 12, 756, 588 
LgeeanRicasVpawawrantacacwacanp Ghee OAR Ee banca 14, 521, 851 
« anavdcnadlvaosapstionasnenconcsl HEL MIL brosceust 10, 197, 505 
Sadism mulvemananns POET bic cas 7,427, 214 
Pee eee einer Seren fr td. yee 6, 578, 855 
necpesseat 1 Te! 1 7R esl... 4,618, 991 
sarees 6, 276, 729 

Seer 10, 162, 941 

bacenied 17, 208, 531 

baste 18, 561, 588 

eee 22, 815, 352 

8,221,889} 175 | 13,834,168] 1,888,793 |........ 24, 758, 586 


4 Including also engravers’, not set, and jewels to be used in the manufacture or watches, from 1891 
to ISH; from 1894 to 1896 miners’ diamonds are also included. 

6 Including also miners’ and engravers’, not set. 

eIucluded with diamonds and other stones from 1891 to 1896, 

d Not specified prior to 1897. 

¢ Includes stones set and not specially provided for since 1890. 

J Including rough or uncut diamonds. 

@ Not specified since 1883, 
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GEMS AND PRECIOUS STONES. 


By JOSEPH STRUTHERS AND HENRY FISHER. 


THE value of the precious stones produced in the United States in 1902 was 
$318,300, as compared with $289,050 in 1901. Of the total, the value of the 
sapphires and turquoises produced aggregated $245,000. In 1902, the imports 
were as follows: uncut diamonds, $8,230,735; cut diamonds, $13,852,949 ; other 
uncut precious stones, $52,025, and other cut precious stones, including natural 
pearls, $4,641,339 ; a total of $26,777,048. 

The following table gives the value of the production of precious stones in 
the United States, according to Mr. George F. Kunz :— 


Variety. 1901 1902 Variety 1901 1908. 
BBA Si se cece cneaccccteet caves $1,000 $1,000 ||Peridot .......cccccecececennees $500 $500 
Agate (MOBS)... .cccseccecssees 500 BOO || Pyrite........ccccesercecscccces 8,000 3,000 
ainason a eae Rew wee wearate scuieier 200 500 rtz, RAL Ss 60% ccesecncees 10,000 12,000 
Ges Ge eee ey sieeelene oe 500 2,000 UBTLZ, GOld.....cseccccrccccee 2,000 8,000 
aathoeats ornaments,........ 2,000 2,000 UAFtZ, FOBC....ccecccccenseces 150 
AITOW points. .........eeecees B00: issdseskes -||Quartz, rutilated...........0.- 560 100 
1 (aquamarine, etc.)...... 5,000 4,000 Ftz, BMOKY.....ecccsesccace 1,000 2,000 
Catlinite (pivesiene) Wis tha wiatialacse 2,000 2,000 uartz, tourmalinated........ 1,000 |............ 
Chlorastrolite......cceseccssees 8,000 4,000 Thodlolite......ccccascsscescees 21,000 1,500 
PFYBOPTABE «00.602. e cee cence 1,500 10,000 }/Ruby.......cscscsccncccccccess GOO |. neces scone 
ONG cic isc issieeastecte 100 ‘|............//Sapphire ...... Techie autueas 90,000 115,000 
Emerald........,..csscscceesees 1,000 1,000 |/Silicified wood,...........000. 7,000 
‘oesil Coral.......ccccseceecoes WOO» is hese ease ‘oO line so iodicleesalsietselae obese 15,000 15,000 
Garnet (almandite)............ 100) fa ceccccsaaee TUrquoige ........csesecccasces 118,000 190,000 
Garnet (pyrope)........5..000. 1,000 1,000 taLlee Cs (varisclte).......cce08 nn eee 
Malachite. .........c.sceceecees 100) Jiceccnacncse —— ee 
Mesolite (thomsonite).......... 1,000 1,000 Total oeicsiceecvesieeeyete eves $289,050 $318,300 


Driamonps.—United States..—There were no diamonds found during 1902, 
as compared with an output valued at $100 in 1901. There was, however, a 
diamond discovered in a meteorite from Cafion Diablo, at the foot of Crater 
Mountain, Ariz. The stone is of irregular shape and so hard that when at- 
tempts were made to cleave and to polish it, two chisels were broken and an 
emery wheel ruined. 

South Africa.—The report of the De Beers Consolidated Mines, Ltd., for the 
fiscal year ending June 30, 1902, shows that the value of the diamonds sold 
amounted to £4,687,194. After deducting expenditures of £2,524,485, the profit 
balance for the year was £2,162,709. The balance brought forward from the 
previous year amounted to £1,277,342, which, added to the profit balance, together 
with interest and revenue from various sources, increased the balance to 


Leen rr aie) 
1 The diamond deposits in the United States were fully described by William H. Robbs in Tas Muvenar 
Inpvustry, Vol. 1X., pp. 801-304. 
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£3,560,280. From this amount dividends and bonuses amounting to £2,445,000, 
and life governors’ remuneration of £316,594 were paid, leaving a balance of 
£798,696 to be carried forward. The output of blue ground was 4,347,641 loads, 
equal to 3,478,113 short tons; 3,734,241 loads were washed, yielding 2,025,224 
carats of diamonds. There were also 1,151,816 loads of tailings treated, yielding 
202,830 carats of diamonds, and 18,728 carats of diamonds were recovered from. 
old concentrates. The average yield per load of blue ground and lumps from the 
De Beers and Kimberley mines for the fiscal year was 0-76 carat, at an average 
value of 46s. 5-7d. per carat. The average yield per load for the Premier mine 
at Wesselton was 0:3 carat valued at 33s. 5-9d. per carat. The average yield from 
the Bultfontein mine was 0-21 carat, valued at 30s. 47d. per carat. At the 
Dutoitspan mine 4,916 loads of débris were washed producing 218 carats of 
diamonds. A diamond weighing 67-5 carats was found in the Premier mine, but 
on account of its irregular shape will be cut down to about 30 carats. Its value 
is estimated to be $15,000. The stock of blue ground and lumps on the floors of 
the De Beers and Kimberley mines at the end of the fiscal year was 2,630,040 
loads; at the Premier mine, 1,573,914 loads, and at Bultfontein mine, 480,934 
loads. Operations at the mines were hindered by the war and the resultant diffi- 
culty of getting labor, coal and supplies. The report of the Kamfersdam Mines, 
Ltd., for the year ending June 30, 1902, states that 517,899 loads of blue and yel- 
low ground were hauled and washed, yielding 51,857 carats of diamonds. The dia- 
monds sold realized £40,513, and the stock on hand was valued at £23,745. The’ 
total income was £64,741, and expenditures £58,365, leaving a balance of £6,376, 
which, with the balance brought forward from the previous fiscal year, makes 
the present balance on hand £17,448. The Orange Free State & Transvaal . 
Diamond Mines, Ltd., report for the four years ending Dec. 31, 1902, an ex- 
penditure of £17,699, and an income of £1,151. At the end of 1902 there was 
on hand cash amounting to £11,320 and diamonds valued at £45,165, also a 
large quantity of blue ground ready for washing. The Lace Diamond Mining . 
Co., Ltd., reports that between May 12 and Dec. 31, 1902, 142,060 loads of 
material were washed, and 16,562 carats of diamonds, valued at £21,412 obtained. 
The cost of recovering the diamonds was £19,913, leaving a profit of £1,499. 
The profit and loss account at the end of the year showed a balance of £13,661. 
The output of diamonds for the second half of 1902 from Christiana, as re- 
ported by the Transvaal Mines Department, was 759-25 carats, valued at £1,983. 
A new plant for the treatment of diamondiferous earth is being erected in the 
Pretoria district. It is estimated that it will treat 200 loads per day. The 
diamonds sell for 30s. per carat. Cape Colony in 1901 produced 2,747-2 carats 
diamonds, valued at £5,259, as compared with 1,803 carats, valued at £3,212 in 
1900. The exports in 1902 were valued at £5,427,360, as compared with 
£4,930,104 in 1901. Diamonds have been found on a farm 24 miles from Griqua- 
town. A reef of blue whitestone rock has been discovered, and two shafts have 
been sunk. By washing one lot of 20 loads, 40 diamonds have been obtained, 
and 120 diamonds were obtained from another lot of 50 loads. It is also re- 
ported that diamonds have been found at Sydney on the Vaal River. 

The phenomena of the diamondiferous deposits have been discussed by 
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E. F. Heneage in a paper read before the Institution of Mining and Metallurgy, 
Noy. 20, 1902. 

An article on diamond mining at Kimberley appeared in The Engineer, Jan. 
16, 1903, p. 59, and Jan. 30, 1903, p. 115. 

These deposits are also described by G. F. Williams in his valuable book on 

‘The Diamond Mines of South Africa, The Macmillan Co., 1902. 

Australasia—The output of diamonds in New South Wales in 1902 is esti- 
mated at 11,995 carats, valued at £11,326, as compared with 9,322 carats, valued 
at £9,756 in 1901. The diamonds were chiefly obtained from the Boggy Camp in 
the Copeton district, the mines in operation being the Star of the South, Malacca, 
and Elliott’s mine. Diamonds were also found by prospectors while searching for 
stream tin. In October, 1902, the Monte Cristo mine, in the Bingara division, re- 
sumed operations after a long period of idleness, The Inverell Diamond Field Co., 
Ltd., operating on an alluvial deposit which yields per load 1:25 carats of dia- 
monds, valued at 28s., and tin worth 8 to 9s., is in financial trouble, and the future 
policy of the company is still unsettled. The Soldier’s Hill Diamond & Tin Mining 
Co., having exhausted its mine, has removed the plant to a prospecting area at 
Staggy Creek. During 1901, a few diamonds were found in an alluvial deposit 
near the Abercrombie River in the Cowra district, of which some were reported to 
be of a high value. The Australia Diamond Mining Proprietary Co. was engaged 
in removing its plant, and did no mining during 1901. 

Brazil—The Brazilian Diamond & Exploration Co., Ltd., capitalized at 
£225,000, obtained in September, 1902, the privilege of operating for a period of 
90 years in the Republic of Brazil. Two-thirds of its capital must be raised within 
two years from the date of the privilege. 

According to H. W. Furniss, the State divides the diamond region into 14 
districts: Lencoes, Andarahy, Chique Chique, Santa Isabel, Cravada, Lavrinha, 
Campestre, Morro do Chapero, Bom Jesus, S. Ignacio, Chapada Velha, Para- 
guacu, Sincora and Cannaviciras, each region taking the name of the town near 
its center. Geologically there are but two sections, one in the central portion 
of the State along the Paraguacu River, and the other in the southern part along 
the Pardo River. The Paraguacu-region is about 172 miles long and from 3 to 
16 miles wide, the most productive area being in the foothills to the southeast 
of Serra das Lavras Diamantinas. The original rock is granite, frequently broken 
by gullies and crevasses. Sandstone and a conglomerate composed of round 
water-washed pebbles and a very hard matrix occur with the granite, and in 
these diamonds are found. The diamond-bcaring material is called “cascalho.” 
One method of mining is by removing the surface disintegration, or mining by 
tunnels between the boulders into the pockets in the deposit and taking out 
the cascalho. The cascalho is collected for a week, when it is washed, either by 
pouring it into ditches of running water and agitating it with a hoe, or by 
washing small quantities in large wooden basins. In the former case, arrange- 
ments are made to catch the heavy mass containing the diamonds, which is then 
washed in large wooden basins, the rock being hand picked. Another method 
of mining, carried on mostly on the Paraguacu River, consists in diving to the 
bottom of the river and removing the silt till the underlying layer of clay 
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or stone is reached. This latter method of obtaining the stones is centered near 
the village of Tamando4, where six diving machines are located. Two men are 
employed to a machine, diving alternately. Each man remains below the water 
three hours and loads the cascalho into sacks. Diving without the use of the 
machine is also done. 

The State owns all the diamond-bearing fields, and leases them from one to 
ten years to the highest bidder. A claim consists of not less than 29,040 sq. m., 
nor more than 484,000 sq. m. All diamonds exported are subjected to a tax of 
13%. The output averages about 2,500 carats of diamonds a month. Stones 
of more than 0-75 carat are bought at $24 per carat, between 0-5 and 0-75 carat 
at $7:20 per carat, and less than 0-5 carat at about $2-75 per carat. In 1901, a 
stone weighing 577 carats was found and was sold by the miner for $17,380. 
The stones are classified as: bons, fazenda fina, mellé, vitriar, and fundos. 
Bons comprise stones of good color and form ; fazenda fina, small stones of good 
quality and various colors; mellé, off-colored and imperfect stones; vitriar, small 
stones of good shape and luster, but of various colors, and fundos, small, imper- 
fect, and badly colored or broken stones. The diamonds found in the Canna- 
vieiras district are clearer and more perfect than those in the Paraguacu district. 
In this district, State concessions of about 9 sq. miles have been granted, three 
to native Brazilians and one to a French company. There are several cutting 
factories in the diamond regions and one in the City of Bahia. The diamonds 
are exported to London and Paris. 

British Guiana.—The output of diamonds in 1902 was 173,744 stones weighing 
11,518-5 carats. The output in 1901 was valued at $56,050. In 1902 there 
were exported 12,565 carats, valued at $124,464, as compared with 4,406 carats, 
valued at $56,057 in 1901. The output is from three districts: in the north on 
the Barima River, between Jumbo and Five Star creeks and 60 miles southeast 
at Jauna on the Barima River; in the valley of the Mazaruni and Putareng rivers, 
and south of Georgetown in the Omai district on the Potaro, a tributary of the 
Essequibo River. The diamonds are found in a siliceous clay formation. No deep 
mines have been found, and as yet prospectors have confined their operations to 
the surface. New discoveries have been made on the Essequibo River, on the 
Konawaruk Creek, a tributary of the Essequibo, and on the Cuyuni River, but 
the Massaruni and Potaro are the only fields regularly worked. The question 
of transportation is still a difficult one, and it was suggested that a tramway be 
built to extend the Bartica-Caburi road to the diamond fields. The Massaruni 
Diamond Mines, Ltd., has been capitalized in London at £10,000, in £1 shares, 
to acquire 45 claims owned by the Lucky Jim Syndicate in the Massaruni district. 
The Massaruni Co., Ltd., is operating new machinery. The Massaruni British 
Guiana Diamond Syndicate in the early part of 1903 produced 60 carats of dia- 
monds per week. Other companies operating in the Massaruni district are the 
Demarara Diamond Co., the Maharba Syndicate, and the Hatton Garden Syndi- 
cate. Work, however, has been retarded by litigation in connection with the loca- 
tion of some of the claims. 

Dutch East Indies.—The estimated output of diamonds from Western Borneo 
was 1,972 carats in 1899, and 1,950 carats in 1898. 
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India.—Very little is being done in the diamond industry in India. Workings 
are still carried on by the Madras Diamond Co. at Vajrakarur, but this company 
made no output during 1902, nor did the Bundelkhand alluvial mines of Central 
India produce any diamonds. 

Dr. Albert Ludwig? showed that diamonds could be obtained by subjecting 
carbon to strong gaseous pressure (pressures to 3,100 atmospheres being used) 
at a low temperature in the presence of iron, or at the melting point of carbon 
without using such a contact agent. For the purpose, he imbedded an iron 
spiral in powdered retort carbon and raised it to a red heat in an atmosphere of 
hydrogen by means of the electric current. 

M. Chaumet*® has discovered that a close relationship exists between the 
fluorescent property and the brilliancy of diamonds under artificial light, espe- 
cially candle light, which brings out the quality of the stone. Diamonds which 
are non-fluorescent when exposed to violet light, become violet themselves, the 
brilliant stones showing a fluorescence of a very luminous and clear blue. 

Technology—A patent has been granted to F. E. Hilliard* for a machine for 
grinding and polishing gems, which consists of a standard, adjustable both 
vertically and horizontally, which carries a screwed shaft-support capable of 
being revolved about the standard and fixed in any position and at any desired 
angle. Adjustment pins on the side regulate a pointer on a scale or small dial 
at the top of the machine, showing the exact inclination at which the stone is 
held by the shaft. It is claimed that it is possible so to adjust the position of a 
stone that a series of facets, four, eight or more, may be cut on a piece of gem 
material at any given angle, and each angle and facet be mathematically sym- 

‘metrical. 

EMERALDS.—There was no change in the value of emeralds produced in the 
United States during 1902, the outputs in 1901 and 1902 being valued at $1,000 
each. The Colombian Government during 1901 offered for sale or lease the 
emerald mines of Muzo and Coscuez. These mines have been worked continu- 
ously for more than three centuries. The annual output is not reported by the 
companies working the mines. The Somondoco Emerald, Ltd., owning mines in 
Columbia, in its report for the year ending June 30, 1902, states that its opera- 
tions were hindered by the revolution. Its expenditures during the year amounted 
to £2,436, and the emeralds on hand were valued at £500. Emeralds are also 
mined near Minne, Norway, although no statistics of production are obtainable. 

Opats.—The production of opals in New South Wales in 1902 was valued at 
£140,000, as compared with £120,000 in 1901. About 1,100 miners were em- 
ployed during 1902. Operations were carried on with extreme difficulty on 
account of the severe drought, which lasted until the month of November. 
Several fine specimens were found at White Cliff during 1902; one specimen 
weighed 17 oz., and another weighing 13 ]b. was a solid mass of gems. One 
part of this specimen, estimated to weigh 22 oz. is brilliant, and after being 
polished, will be the finest opal extant. There was only a slight decrease in 
the value of the opals produced in Queensland in 1902, although the conditions 
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finder which mining was carried on were unfavorable. The output of opals in 
1902 was valued at £7,000 as compared with £7,400 in 1901. Owing to the 
lack of rain, 200 men were employed in 1902, as compared with 293 in 1901, 
and no attempts were made to prospect new country. The output was ob- 
tained from the districts of Yowah, Eromanga, Jundah, Opalton, Duck and 
Horse Creeks. Two new discoveries were reported in the Eromanga district; 
one called Brown’s Last Chance is located about 7 miles south of the Mascotte 
mine, and the other, the Federal mine, 4 miles northwest of the Exhibition 
mine. The first parcel of opals from the Federal mine realized £150. Trans- 
actions between producers and buyers are now almost entirely carried on by 
mail, as the expense and loss of time experienced by the buyers were too great. 
This, however, also has its disadvantages, as the New South Wales opal, as 
mined, is 90% matrix, which greatly adds to the expense of postage. Although 
milky white, resinous, bluish and brown jasperoid varieties of the common opal 
are found at Bothwell, on the Clyde River, Tasmania, no specimens of precious 
opal have as yet been found. The common opal occurs also in the Gelantipy dis- 
trict, Victoria. An opal mine at Niagara, Western Australia, was sold to an 
English company for £3,500. A parcel of 119 tons was treated and yielded 
83 oz. 12 dwt. of gems. As there has been a large output of Australian opals 
in 1902, and as the cutting and polishing costs but 12s. per gross in Germany, 
the price of the crude stone has fallen considerably. 

Rusy.—In 1901, the production of rubies in India was 210,784 carats, valued 
at $384,417, as compared with 214,856 carats (value not stated) in 1900. 
Rubies are produced only in Upper Burma, the mines being at Mogok, where in 
1901 the Burma Ruby Mining Co., Ltd., employed 1,237 persons and produced 
210,784 carats of rubies ($384,417), 9,786 carats of sapphires, and 10,241 carats 
of spinel. The dirt is raised to the surface by endless rope from open quarries 
excavated to a depth of 50 ft. It is crushed in rotary pans and separated by 
pulsators and hand picking. The power is supplied either directly from Pelton 
wheels or by electricity generated at a distance of two miles from the mines. 
A number of workings are operated by natives who pay royalty to the Burma 
company, the royalty in 1901 amounting to $81,500. 

M. Chaumet® states that Siamese rubies under the action of violet light 
scarcely fluoresce, while all Burmese rubies fluoresce intensely and exhibit a 
clear, vivid red light; by this means stones from the two districts can be dis- 
tinguished. 

Sappyires.—In 1902, the output of the New Sapphire Mines Syndicate, oper- 
ating the Yogo mines in Fergus County, Mont., was about 200,000 carats of 
rapphires. The sapphires occur in a dike of trap-rock in white and grey lime- 
stone. The dike extends over a distance of five miles. Occasionally stones as 
large as 5 carats have been found. The stones are obtained by means of sluice 
boxes fitted with Hungarian riffles, the boxes being given a slight pitch in order 
to prevent the stones from being carried over the riffle. During the winter of 
1902, 15 men were employed at the New Syndicate mines, and extensive de- 
velooment work was done on the property, including the opening up of the 

® Comptes rendus, 134, (20). pp. 1189-1140. 
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lead and the erection of a new hoist. The largest stone found by this company 
weighed 9 carats. The stones are sent to New York and London to be cut. 
The American Gem Mining Co. produced about 50,000 carats of sapphires in 
1902, which were cut by lapidaries in Helena, Mont. The Northwest Sapphire 
Co., of Butte, Mont., is mining sapphires on the Dry Cottonwood placers in 
Deer Lodge County, Mont., by means of a hydraulic. Stones of various colors 
are found in the gravel. It is reported that sapphires have been found near 
Culling’s Well, Ariz. 

In 1901, the Burma Ruby Mining Co., Ltd., India, produced 9,786 carats 
of sapphires ($3,768), as compared with 7,239 carats in 1900. 

The production of sapphires in Queensland in 1902 was valued at £5,000, as 
compared with £6,000 in 1901. During 1902, the drought in the Anakie fields 
retarded the industry, which was further hindered by the low prices obtained 
for the sapphires. The surface workings are being exhausted, and the deeper 
deposits will soon have to be worked. 

According to B. Dunstan the sapphires from Anakie, Queensland, have cer- 
tain peculiarities in color, being either parti-colored or of a very deep and 
non-uniform blue, which by artificial light appears almost black, a characteristic 
which distinguishes them from sapphires found in other parts of the world. The 
bright green and yellow shades which are also found in this field have no optical 
peculiarities. The sapphire fields comprise Retreat, Sheep Station, Policeman, 
Tomahawk and Central Creeks. In some cases the wash is clayey and requires 
puddling before the sapphires can be extracted, in other cases it is loose and 
friable and free from clay, and the sapphires can be obtained by “dry sieving.” 
In these deposits other precious stones are found also, notably ruby, topaz, peridot, 
chrysoberyl, amethyst, moonstone, cat’s eye, cairngorm, diamond and tourmaline. 

TURQUOISE.—Turquoises are obtained from more than ten localities in Ala- 
bama, California, Colorado, Nevada, New Mexico and Arizona. The most exten- 

sive deposits exist in New Mexico; valuable mines occurring in the Burro Moun- 

tains near Silver City, and about the Hachitas and Jarillas Mountains as far south 
as Lascruces. There are six companies operating the mines: The American Tur- 
quoise Co., the Azure Mining Co., the American Turquoise & Copper Co., the Tol- 
tec Mining Co., the Himalaya Mining Co., and the Silver City Turquoise Co. The 
formation in which the turquoise is found varies greatly. Near Santa Fé, the ma- 
trix is usually a white trachyte stone filled with crystals of pyrite, the matrix in 
some cases being red sandstone. In the Burro Mountains, the formation is red 
quartz, slender needles of which penetrate the turquoise deposit. In the Hatchitas 
Mountains, the matrix is a red granite. The turquoise is mined by sinking a 
shaft, blasting the rock, breaking it into shape by means of sledge hammers, 
putting the pieces into buckets, hoisting them to the surface by windlass, sorting 
the pieces, packing them into boxes and shipping to the cutters. Most of the 
material, is shipped to New York. 

In Western Australia, turquoise has been found by a copper company while 
developing its property in the Murchison district. The stone occurs in pockets in 
a highly ferruginous sandstone near copper and gold veins, and some blocks 
have been found weighing 100 lb. 
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In Egypt, a turquoise deposit is being worked by the Egyptian Development 
Syndicate in the Sinai Peninsula. The stone usually occurs as a lining to cavities 
and fissures in sandstone, and it varies both in color and hardness. Small 
specimens have also been found near Eridia. Turquoise veins are found 40 
miles from Nishapur in Khorassan, Persia. The annual rental charged by the 
Government for the lease of the mines amounts to £4,800, and the value of the 
gems produced considerably exceeds this sum. 

OtnerR Gems.—During the 15 years ending December, 1902, California pro- 
duced tourmaline valued at $20,500. The San Diego Tourmaline Mining Co., 
capitalized at $500,000, bought the Gail Lewis tourmaline mines at Mesa Grande, 
San Diego County, Cal. The company is also establishing a cutting and polish- 
ing plant at San Diego. The deposit of chrysoprase in Tulare County, Cal., is 
being developed, and a new deposit of this stone has been discovered near Sugar 
Loaf, Cal., and another deposit has been located at Buncombe County, N.C. An 
amethyst mine has been opened in South Carolina, and two new- deposits have 
been found in Virginia. 


GOLD AND SILVER. 
By Joserg StrutTHers, D. H. NEWLAND AND HENRY FISHER. 


THE production of gold in the world during 1902 was 14,414,186 fine oz., 
valued at $297,960,910, as compared with 12,606,183 fine oz., valued at 
$260,877,429 in 1901. This increase was due chiefly to the United States, 
Mexico, Rhodesia, Australasia, and the Transvaal. 

During the year 1902 the United States was passed by Australasia, which now 
occupies the foremost position as a gold-producing country, followed by the 
United States, Transvaal and Russia, in the order named. These four countries 
produced in the aggregate about 75% of the total world’s production of gold in 
1902. The largest individual increase in gold output was in the Transvaal, 
amounting to 1,465,419 oz., valued at $30,310,211, due to the declaration of peace 
and the resumption of work in the mines. Should the production of gold in the 
Transvaal continue to increase at this rate, it will require but a year or two for 
it to attain the record output of the year 1898. 


PRODUCTION OF GOLD IN THE UNITED STATES. 
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GOLD PRODUCTION OF THE WORLD. 
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Abyssinia..cess ss. 83,865) 1,053°3 700,000 83,865) 1,053'3| 700,000 8,865) 1,053°3 € 700,000 
Rhodesia,.....+.. 70.34) 24680) 1,640,251) 148,753) 4.6264) 8,074,730; 172,809) 5.3777 8,573,822 
Sou qné8hedin 2,701 840 65,826 2,701 eto 55,826 2,701 a 55,826 
West Coast eee eeee 86,254 1,128'5 e 750,000) 80,000) 983-0 620,100 19,352 6019 e 400,000 
Madagascar........ 83,471) 1,041°0 691,849 26,882; bB&I190 544,282) 382) ¢ 8190 544,282 
Mozambique....... 8,475 2686) e 175, 176 12, 377 384'9 255,840 7,257 263°8 é 150,000 
ASIA: 
Borneo (British)... . 19,873 6169 410,088 12,005 876'2} e 250,000 12.0% 876°2 e 250,000 
Ching,..........+-.-| 908,081) 6,470°1) 4,800,000) 145,138) 4,514°0| 8,000,000) 198,517] 6,019°0) e 4,000,000 
East Indies (Dutch) 26,609 8275 550,000 27,425 853-0 566,875 81,800) 958-0) 657,306 
india (British, sevee| 812,710) 15,946°0| 10,507,712] 455,870! 14,1782] 9,492'855| 468.495) 14,571°7| 9,683,798 
JOQM eeedecccocacs 68.4%) 2,180) 1,415,508 70,729) 24709) = 1,647,908) € 70,720) 2,479 79°9| 1,647,998 
Yo ere ee 87,882) 2.7833) 1,816,525) 111,278) 38,4609) e 2,300,000 217,706 6,771'4) 4,500,000 
Peninsula... 7.048} 8302) 852,882) 18.338 5704] 879,087] e 18, seal 570°4 879,087 
Avernacasta (d).,..| 3,568,270) 110,978°5| 78,756,825) 3,719.103) Bete 77,174,268) 8,989,083)124,078'4] 82,454,344 
Unspecified (7)..... 21,771 67771 450,000 21 450,000 21,771 6771 450,000 


Pre | 
Totals..........{12,522,081) 889,453°0 28 820,702 ae ave, 0068) 260,877,420] 14,414,186 48,5812 $297,960,910 


| 


(a) Figures based on exports and coinage, Pea reported by the Statistique de ' Industrie Minerale. 
c) Includes output ut from domestic ores o ix States and New Zealand. (e) Estimated. (/) Includes 
Persia, ted aaa ina Formosa, NO Guinea and Philippine Islands. (h) Statistics reported by 


Mr. George E. Roberts, Director of the United States Mint. 
Nore.—The value of gold is $20°67 per Troy ounce, which is equivalent to $664°60 per kilogram. 


The production of silver in the world during 1902 amounted to 163,936,704 
Troy oz., valued at $85,479,547, as compared with 174,851,391 Troy oz., valued 
at $102,769,792 in 1901, a decrease in production of 10,914,687 oz. The United 
States no longer occupies the first position, being passed by Mexico, which during 
the year 1902 showed an increase in the output of silver of 2,829,995 oz. The 
United States and Mexico produced collectively nearly 70% of the total output 
of the world during 1902. 
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PRODUCTION OF SILVER IN THE UNITED STATES. 


1899, 1901. ‘1908, 


Territory. Troy Commercial Troy |Commercial] Troy 


Ounces. alue Ounces. Value. Ounces. Value 
: (6) (a) (b) (a) 
a oe. 9.818400 1 oT 010 o4s' 100 1 1 
-Arizoca...... ,657, ‘ 
‘California... 925, 641 avy 460,857 
Colorado..... 18,437, 10,869,083! 15,676,000) 8,176,602 
daho........ 5,542,000) 8,267,540 854 8,058,864 
Michigan ....|......0006 81,000 47,750 110,800 57,798 
Montana .. 18,131,700 7,741,187 248, 6,907,966 
Nevada...... 1,812.500 068,469 8,746,200 1,984,018 
New Mexico. 400 457, 288,476 
regon..... } 160,100 94,379 98, 48.665 
South Dakota : 208. 000 9681 177,844 
Texas........ 450,000 268,110 400 580 282,738 
Utah.........| 7,188,107 4,279,695 10,760,800 6,848,492| 10,831,700 5,649,815 
Washington..| 300,000 178,7: ; 028 619, 822,870 
Others....... 68,284 87,705; 48,100 25,408 45,100 23,528 


ee oe | |, | SR, S| | Ef TS 


Totals ...} 57,126,884, $34,086,168 


(a) The average value in 1899, 59°58c.; in 1900, 61'38c.; in 1901, 58°96c., and in 1 62'16c. (5) Figures 
furnished by Mr. George E. Roberts, Director of the United States Mint. ae ae 


SILVER PRODUCTION OF THE WORLD. 


America, NoRTs: 


United States........cesessecesess-.| 85,214,000) 1,717,883°8) $82,458,658) 7 55,500, 
Canada ..... side od wa cia sie'vieieie's'es 5,530, 199 172,287°0 8,265,856| 4,872, 
Mexico (a).....scccccccccsscceseeces| 65,162,840) 1,715,416°0 $2,512,904} 57,982, 
Cuntral America... .ccccreseseces 1,072,005 38,845'6 682,000) 1,200, 
America, SouTn: 

AANAG & oss'ssw SvicidinreeS ro: sc'd's'e O00 e 150,000 4,665°4 88,425 e 160, 
Bolivia.......ccccscssccceseccsoues 9,489,204; 208,5692°4 5,564,464) 0 7,600 

epeereoeseoessaeseneseveeecen 2,199,008 68,365" 1,296,312 b 1.660. 
Colombia. ....c000 ccccvencsccesees 2,520,000 78,380°1 1,485,540] e 2.520, 
EECuadr....sccscccccccsnccccs ieee’ $4,818 2,638°1 50,000 e 50, 
Peru (G)....0e000 aeseerereenee seer 4,276,068 188,000°0 2,520,749 4,276, 

EUROPE: 

Austria..... Seevesevseessonevsesses 1,851,950 40,2050 FO, 9 9 
FIUDZAry. .cccccccccccnsscccscccres 727,770 22,686°0 429, 
FYANGCE, ccs cccccevcccccssccccneses 884,076 g 11,946°0 226,41 
Germany (C)...20-ccccccecccccccces 5,522,802 171,770) 8,255,689] 5, 
GreeCe....cccsseceses eeeeesoan 1,100,764 84,287°0 648,894 1,100, 
Thaly....ssccccscccces peeaseasne 1,043,750 $2,464°0' 615,200 1,043, 
Norway.. SHeCeCeeseavnevevashst eves 147,805 e 4,600°0 87,184 147, 

SRERETCHSESS SHES EHSHSHET SHES 157,058 4,885°0 92,585 146, 
Bpain...cssscccccccccesccvascesovces 5,947,985 185,000°0 3,606,305 5,947, 
(BWEdOEMN... ccccccccrcvccccnccsseces 50,059 1,657°0) 29,510 50. 
‘Turke eoeeeaneeseeaeseseee eapeeeee 480,400 g 14,942°0 283,196 480, 
United Kingdom......csccsscecees 175,287 5,452 103,882 


Asta: 


Dutch East Indies.......ccccccesee 83,000 2,648" 80,1 
Ja seeeeacnaseosresacoenee eeecese 1,768,185 64,839 

Australasia ....cscsccscccscscseces 10,848,420 837,4209 

Other countries (d)...cccsccccovsce 48,226 e 1,500°0) 


Totals... ccsccscscscecsssccces 


(a) Statistics compiled from exports and coinage. (b) Statistics furnished by H. R. Wagner. (c) Silver 


produced from domestic ores ool (d) The output is pens Bove China and Persia. (e) Estimated. (f) Ka 
ee oy Mr. George A. Roberts, Director of the United States Mint. (9) From the Statistique de 
nera 


Norz.—Unless specified to the contrary, the statistics have been taken from official] sources or have been 
collected directly from the producers by THE Mineral. Inpustry. The averate commercial value of silver for 
1901 was 58°05c. per ounce, equivalent to $18-958 per kilogram. The value for 1002 was 52'16c. per ounce, equiv- 
alent to $16°77 per kilogram. 
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During the period from 1875 to 1899 the production of gold in the world in- 
creased from $115,576,598 (173,904 kg.) to $311,505,947 (468,695 kg.), a gain 
of more than 170%. In the fifteen years following 1875 there was little change 
in the annual output, the totals ranging between the high mark of $123,513,916 
(185,847 kg.) for 1878, and the low mark of $95,185,564 (144,727 kg.) for 
1883. From 1890, when the production was $119,600,000 (181,256 kg.), the 
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Tue Propuction oF GOLD IN THE PRINCIPAL COUNTRIES OF poe "Wontb. 


growth has been very rapid, owing to a variety of causes, chief among which 
are the application of the cyanide and chlorination processes in treating refrac- ° 
tory ores, the development of the South African fields and the discovery of the 
gold placers of Alaska. A marked decline in the output occurred in 1900, when 
operations in the Transvaal mines were suspended by the war, and some time must 
clapse before the production in this country again reaches normal proportions. 


The lower 


Prices oF SILVER. 


THE MINERAL INDUSTRY. 
The average prices of silver in New York and London, as computed by the 


Engineering and Mining Journal, are shown in the subjoined table. 
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Notrg.—The New York prices are per fine ounce; the London quotations are per standard ounce, which 


{ 9°925 fine. 
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COINAGE OF THE MINTS OF THE UNITED STATES. 


Year. Gold. Silver. Minor. Total. 
NOS ese aS ak Bese ele Weiss eae eee scallais sieleteia lees $77,985,757 $23,034,088 $1,194,885 $108, 144,626 
DOOD oe sein eca i iiecee ees e v's Weed oielbn Sie ctenn.es 111,344,280 26,061,820 1,887,452 189,248,192 
1QOO oo i'S occ s weld da eae esto passe w eee see cece sees ees 99,272,948 86,945,821 2,081,137 187,649,401 
WQOE 5 osc ci ies eiwciets ciseid Sees sales win bCew wees dec eiees 101,785,188 80,688,461 2,120,122 184,698, 
WR iss ccc iid eco eas aglatsaRaedeaeh Ane sere stee : 47,109,852 90,028,167 2,447, 79,585,816 


UNITED STATES : IMPORTS AND EXPORTS OF GOLD AND SILVER. 


1901. 1902. 
Exports. | Imports. Difference. | Exports. | Imports. Difference. 

Gold: 

Coin and bullion............ $56,771,860 | $88,287,629 |Exp. $28,538,721| $35,722,885 | $22,710,967 | Exp. $18,011,878 
EN OPES: 5 csctnsecsscuwsncess 1,012,589 | 21,524,251 Imp. 20,511,662 807,756 | 21.482,860 Imp. a1174' Gos 
Bil Totals .........0csseccveees $57,788,989 | $54,761,680 |Exp. $8,022,059) $86,000,501 | $44,198,817 |Imp. $8,162,726 
ilver: 

Coin and bullion............ $55,526,075 | $12,967,967 |E-xp. $42,568,988) $49,228,208 502,614 |Exp. $40,725,689 
Im OFres..........ese0e ree 111,888 | 18,186,795 Imp. 18,077,412 44,651 F000 sat Imp. oP eee 


Totals...........0 ie lacoss $55,688,868 | $81,146,782 |Exp. $24,401,576| $40,272,964 | $26,402,985 |Exp. $22,670,019 


AUSTRIA-HUNGARY: IMPORTS AND EXPORTS OF COIN AND BULLION. 


Gold. Silver. 
Exports. Difference. Imports. Exporta. Difference. 
Crowns. Crowns. Crowns Crowns 
117,216,000 72,250,000 1,888,000 2,284,000 5; 

: 835,000 8,189,000 358,000 2,164,000 
57,686,000 16,602,000 8,784,000 6,165,000 2,431,000 
84,114,000 184,548,000 4,716,000 4,897,000 181,000 
66,548,000 88,911,000 15,416,000 12,888,000 2,588,000 


Gold. Silver. 
Year. 
: Imports. Exports Difference Importa. Exports. Difference 
Francs. Francs. Francs. Francs. Francs. et Francs. 
1808......006+--| 196,715,221 812,858,950 114,148,729 195,418,221 189, 985,209 5,482,022 
1900.. ...cceeee 450,111,000 125,568,000 833,648,000 145,840,000 206,786,000 60,946,000 
1901.. 428,425, 54,448,000 7 000 v7, 140,515,000 42 000 
1 os 440,457, 127,041,000 218,416,000 96,717,000 119,614,000 22,897,000 
GERMANY: IMPORTS AND EXPORTS OF COIN AND BULLION. 
Gold. Silver. 
Year. 
Imports Exporte. Difference. Imports. Exports. Difference 
| Marks, “Marks ka. Marks, Marke, Marks. 
1BUB ci cceencees 826, ,760,000 104,489,000 8,808,000 27,811,000 9,606,000 
19OO...... 0.0005 205, 185,745,000 185,590,000 7,284,000 28,964,000 16,680,000 
1000... ,ecconees 241,248,000 118,860,000 197 000 18,955,000 28,885, , 080, 
1901... ccc eee GOO, $1,591,000 206,242,000 16,878,000 26,544,000 10,666,000 
W9OR... ccecceees 188,988,000 1 000 83,961,000 2,091,000 26,645,000 i 


Exporta. Difference. 


Imports. Exports. 
1898... 0.0... 5005 £36,590.050 £7,182,910 £14,677,790 215,628,651 £945,852 
1990.. 21,586,052 10,997,445 12,727,980 18.965, 182 1,227,148 
1900,..........- 18,897,459 7,708,414 18,822,300 18,574,580 252, 
1901............ 18,965,265 6,780,363 11,501,678 12,049,887 548,159 
1902,,.......... 15,409,088 6,219,961 9,764,296 10,716,118 951,822 
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Goxp AND SILVER MINING IN THE UNITED StaTEs purtING 1902. 


Alaska.—The gradual exhaustion of the rich placers in the Klondike and Cape 
Nome fields has been followed by increased activity in prospecting for new terri- 
tory, and by the development of low-grade deposits which under former conditions 
could not be worked at a profit. Many new discoveries have been made in the 
interior of Alaska, particularly in the region lying between the Yukon and Tanana 
rivers. Glenn Creek, a tributarv of Baker Creek, which joins the Tanana about 
80 miles from the Yukon, and Chena River, some 200 miles further up the 
Tanana, are the sites of the most recent discoveries. Operations are still con- 
ducted on Fortymile River, and the Copper River district is being actively de- 
veloped. 

Nome District—The Nome district, according to reliable estimates, pro- 
duced gold to the value of $5,050,000 in 1902, an increase over the preceding 
year. Work during 1902 was retarded owing to the small supply of water, 
it having been the dryest season for several years. A pumping plant was com- 
pleted in the middle of the year by the Wild Goose Mining, Transportation & 
Trading Co., and water was pumped from Snake River, near the town of Nome, 
over Anvil Mountain to Nikola Gulch, 45 miles distant, where it was used on 
several claims. The daily delivery was 4,500,000 gal. The expense of operating 
the pumping station was large, coal costing $15 per short ton. This company, 
working 120 days, produced $1,076,000 gold from its claims in the Nome dis- 
trict and on Ophir Creek in the Council City district. The Ophir Creek claims 
produced $1,250,000 during 1902. The Miocene Ditch Co. has constructed two 
ditches to carry water from the Snake River to Dexter Creek, and is also build- 
ing a ditch to supply Anvil Creek with water from Snow Gulch. The com- 
pany was operating an hydraulic lift at Snow Gulch, and will erect four more 
in 1903. Its plant has already cost about $300,000. Several other companies 
are being supplied with water by the Miocene Ditch Co. The cost of mining 
with the sluice-box has been from $1 to $2 per cu. yd. The Hot Air Mining 
Co. has been one of the largest producers, extracting gold to the value of $250,000 
during six weeks of operation. Of the other regions during 1902, that around 
Boulder Creek, in the Kugruk district, produced approximately $7,000 and 
Candle Creek in the Fair Haven district, produced about $150,000. The Iron 
Creek district produced $100,000, and the Solomon River district about $200,000. 

Juneau and Other Districts —The Alaska Treadwell Gold Mining Co. reports 
for the year ending May 15, 1902, that it mined and treated 682,893 tons of 
ore yielding $665,591 in free gold and $639,129 in sulphurets, a total of 
$1,304,720 or $1°9106 per ton as compared with $1,153,368 or $2°07 per ton in 
the preceding year. The profits on merchandise, etc., were $34,799, which made 
a total earning of $1,339,519 ($1°9615 per ton). ‘There were 12,408 tons of 
sulphurets saved from the mill tailings by concentration, of which 368 tons re- 
mained on hand at the close of the year. The working expenses were $823,087 
($1°2053 per ton) ,and the construction expenses $52,942 (7°75c. per ton), making 
a total expenditure of $876,029, which left a net profit of $463,490 (67°87%c. per 
ton) as compared with $352,559 (77°0lc. per ton) in 1901. Dividends of 
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$300,000 or 6% on the capital stock were paid, leaving a balance of $163,490. 
Adding to this the sum uf $650,458 carried forward from the previous year the 
total surplus for 1902 was $813,898. Three mines in the Arbacoochee district 
were under development in 1892; the Woodward, the Pinetucky, and a third near 
Goldburg. No mills or smelters have been erected. 

Arizona.—The output of gold and silver in 1902 was about the same as in 
1901. The Socorro Gold Mining Co. is building a 20-stamp mill at the Socorro 
mine to which is to be added a cyanide plant. The ore assays about $20 gold 
per ton. The Congress mine has been sold to the Development Co. of America, 
which also owns the Poland mine in the Big Bay mining district. The mine is 
now being actively developed ; a 20-stamp mill and eight concentrating tables have 
been installed, and a tunnel 8,000 ft. long is being driven, which will tap the veins 
at from 600 to 800 ft. below the outcrop. 

Californta.—The output of gold was greater in 1902 than in 1901. This was 
due to the increase of milling facilities at established mines and to a larger use 
of the cyanide process, many old beds of tailings being treated. The utilization 
of electric and water power and oil for fuel has materially cheapened the cost 
of mining, and ores are now worked which were formerly too low grade for profit- 
able treatment. Several new mills of from 10 to 20 stamps are either being 
erected or have been placed in operation. In Butte County in 1902, nine dredg- 
ing companies operated 22 dredges, and six new dredges are being built. The 
Feather River Exploration Co. and the Boston & Oroville Co. each operate three 
dredges. The dredges have a capacity of 2,000 tons of gravel daily, the gravel 
carrying from 30 to 40c. in gold per cu. yd., and costs 4c. to work. The Cali- 
fornia Débris Commission in its annual report for June 30, 1902, states that 
836,500 cu. yd. of gravel were hydraulicked in the San Joaquin and Sacramento 
River districts. Its engineers are to be employed in the construction of dams 
across the Yuba River to hold back the mining débris, the dams to be built 
jointly by the Federal and State Governments. In addition, each individual mine 
will have to construct and maintain its own dam. Hydraulic mining in Cali- 
fornia has received a setback due to a decision of the court that the Caminetti 
law, under which the California Débris Commission acted, is not absolute, and 
that the permits granted by this commission are no bar to injunction suits, when 
the débris from the hydraulic mines is injuring the rivers and valley lands, even 
though the miners have constructed impounding dams in accordance with the 
commission’s plans. According to W. E. Thorne, the working cost of moving 
material hydraulically at Georgetown by the Gold Bay Mining Co., was 18-3c. 
per cu. yd. A controlling interest in the North Bloomfield hydraulic mine, 
the largest of its kind in the world, has been sold to the W. B. Bourn Co. There 
are 11,000 ft. of tunnels and 45 miles of ditches, the entire cost being over 
$1,500,000. ‘The blue gravel is about 135 ft. deep. At the Fremont mine a 60- 
stamp mill is being erected. The California Gold King Mines Co., operating 
the Picacho mines, is treating 300 tons of ore per day and intends to double its 
milling capacity early in 1903. The cost of mining is 10c. per ton and the 
ore is mined, crushed, and leached for less than $1 per ton. Two new veins are 
being developed, the ore in one averaging $5 per ton and the other, which is 20 


260 THE MINERAL INDUSTRY. 


ft. wide averaging $6 per ton.: The Eagle-Shawmut mine added 60 stamps to 
its 40-stamp mill and began operations with the enlarged plant in August, 1902. 
It is treating 500 tons of ore daily. The North Star Mines Co., during the 
first eight months of 1902, treated 3,678 tons of ore yielding about $146,000 at 
a cost of $40,000. The North Star Mines Co., Grass Valley, Nevada County, 
reports that it mined 17,399 tons of ore, realizing $411,148. Total receipts for 
the year were $431,149. The operating costs were $154,228, and total expenses 
were $340,630, leaving a balance of $90,519. The balance on hand at the 
close of the year was $99,001 in cash and $14,711 in supplies at the mine, making 
a total of $113,712. The Bay Counties Power Co. transmits power from the 
Yuba River, a distance of 30 miles, and the Butte Creek Power Co. transmits 
power from Butte Creek, a distance of 20 miles, with which to operate the dredges. 
The Valley Power Co. is building on French Creek, and at Nimshew, Butte 
County, another supply is being developed. Power is sold at approximately $5 
per H.P. per month. 

Colorado.—Mining progress was hampered by the decline in the price of silver 
and the exhaustion of several of the large gold mines without a commensurate 
development of new districts. The Cripple Creek mines gave a largely increased 
tonnage, but the total yield of gold was only slightly in excess of that for 1901, 
which shows that a much lower grade of ore was handled than in the previous 
year. This was made possible by a reduction in treatment charges; a number of 
companies contracted at the rate of $5-75 per ton, including freight charges, for 
ore up to 0°5 oz. With the depletion of the rich ore bodies the future of the 
district depends upon the possibility. of new discoveries, and the lowering of the 
working costs. From the numerous developments that have been made in the out- 
lying territory, it would appear that no extension of the ore-bearing district be- 
yond the present limits can be expected. There remains, however, a large field for 
exploration within the district proper, and some of this ground is known to con- 
tain good ore. Rich discoveries were reported during the year in the lower work- 
ings of the Last Dollar and Blue Bird mines, which are now below the 1,200-ft. 
level. Plans have been formulated for a drainage adit to be driven in a north- 
easterly direction from the junction of Arequa Gulch and Cripple Creek for a 
total distance of about 6,000 ft. It will be 235 ft. below the present water level, 
and will drain an area extending from Gold King on the north to El Paso and 
Elkton on the south. Heavy shipments of ore were made from Stratton’s Inde- 
pendence mine, particularly from the low-grade ore reserves in the upper levels. 
The Portland Gold Mining Co., reported a production during 1902 of $2,334,024 
from 89,664 tons of ore, out of which the net earnings amounted to $471,920. A 
reduction of about $1-20 per ton was made on the ore treated by the company’s new 
mill at Colorado City. The most important development in the Leadville district 
was the discovery of an extension of the old bonanza ore-shoots in Fryer Hill. The 
sinking of the El Paso shaft has made possib'e the unwatering of a large area 
on this hill and opened much valuable ground for exploitation. At the present 
‘time the bulk of the ore tonnage of Leadville is in the form of fluxing iron ores, 
so that the output is largely dependent upon the rates allowed by the smelters. 
The Tomboy Gold Mines, Ltd., during the fiscal year ending June 30, 1902, 
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mined 85,726 tons of ore for a yield of $856,065; the net profits were $354,317. 
In the San Juan district, the Camp Bird gold mines, which were purchased by 
English capitalists for $3,500,000, have given most satisfactory returns. ‘The 
ore reserves have been largely increased under the new management, and it is 
planned to sink a new shaft which will be equipped for reaching a depth of 1,500 
ft. Owing to the decline in ore shipments from the Colorado and Utah mines, 
the Philadelphia smelter at Pueblo was closed down. . 

Georgta.—According to W. H. Fluker, the vein of the Parks mine varies in 
thickness from 2 to 11 ft., and assays from $10 to $200 per ton, the average free- 
gold value of the ore being $32°60 per ton. The National Mining Co., of Chi- 
cago, has a 20-stamp mill at its mine. The shaft has been sunk 150 ft., at which 
depth the vein is 4 ft. thick and assays $21°40 per ton. The Landers mine, newly 
discovered, has two veins varying from 5 to 18 in. and assaying from $20 to $30 
per ton. The Columbia mine operated by the Columbia Mining Co. is still the 
largest producer in the State, the ore from the vein at the 140-ft. level assaying 
about $34 per ton. The geology of the Dahlonega Gold district is described by 
E. C. Eckel in the Engineering and Mining Journal, Vol. LX XV., 1903, p. 219. 

Idaho.—According to the report of State Mine Inspector, three counties pro- 
duced over $300,000 in gold; Owvhee County, $753,277; Boise County, $396,864 ; 
and Lemhi County, $320,385. The Thunder Mountain district where gold was 
discovered in 1901, did not produce as much gold as was expected, Idaho County, 
an which it is located, producing in all but $264,452. The Dewey mine owned 
by the Thunder Mountain Gold & Silver Mining & Milling Co., has a 10-stamp 
mill and is erecting another of 100 stamps. The gold mines near Wardner are 
being developed by a New Jersey company, which will use water power to operate 
40 stamps. The De Lamar Co., Ltd., reports that during the year ending March 


* 31, 1902, it milled 35,469 tons of ore, shipped 23 tons of ore, and cyanided 937 


tons of coarse tailings and 22,985 tons of old tailings. Its income was $519,879 
and expenditures $307,793. The output amounted to 23,846 oz. gold and 39,867 
oz. silver. The average recovery was 84°2% in the mill and 69°7% in the tail- 
ings plant. | 

Montana.—(By W. H. Weed.)—There has been increased activity in the de- 
velopment of the gold deposits, due chiefly to the successful investments in the 
Judith district of Fergus County. The operation of the silver mines, however, 
has been retarded on account of the low price of silver during the year, although 
the demand for silver-lead ores by the smelters has kept many producing prop- 
erties in operation. The development of electric power for mining purposes has 
continued and Butte is now supplied from dams on the Missouri 72 miles away, 
on the Madison, and the Big Hole rivers. The first named also supplies power 
to the East Helena smelter, and to various mining and industrial plants. In 
Fergus County several large cyanide mills are in operation or in course of con- 
struction, notably the Kendall property in the North Moccasin Mountains, which 
was treating 350 tons of ore daily at the end of 1902, and the adjacent Barnes- 
King mill, which has been enlarged to a daily capacity of 240 tons. There are 
also several minor cyanide plants operating in the State. In October, 1902, 
the Winscott mine near Helena under control of the Big Indian Gold Mining 
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Co., started with 60 stamps driven by electric power from the Canyon Ferry on 
the Missouri River. The mill and cyanide plant of the Columbia Gold Mining 
Co. at York was destroyed by fire during the summer. In the Marysville district 
the Bald Butte mine yielded a steady output of high-grade gold ore during the 
year, The Drumlummon mine is practically worked out, and on the exhaustion 
of the old stope-fillings now treated will probably be permanently abandoned. 
A 500-ton cyanide mill was operated at Empire on old tailings from the Empire 
mine. In the Phillipsburg district, the Sunrise Gold property is again operating 
mine and mill; and the Granite Bi-Metallic Co. has decided to double the capacity 
of the new 600-ton concentrator which was completed late in 1901. A new 50- 
drill Rix compressor has been installed, and electric haulage introduced in the 
mine, the power for this purpose and for the mill being furnished by the newly 
completed electric power plant at Flint Creek Falls. The Bear Gulch mines, 
near the Yellowstone Park boundary, were tied up by litigation, which is said to be 
now settled, with a prospect of a re-opening and working of the property on a 
largely increased scale. The Mayflower mine is to be abandoned. In the 
Rochester district the Watseca mine is opened up to the 500-ft. level, and a 125- 
ton concentrator will be added. The Cable mine, near Anaconda, is being re- 
opened by a Butte syndicate. The Jeannette Mining Co. stopped working on 
the 100-stamp mill last spring at the Boss Tweed-Clipper group of mines, near 
Pony, and is awaiting the results of development work. Six dredges have 
operated during the season, three at Bannock, two near Virginia City and one 
on French Gulch, near Anaconda. Two of the Bannock dredges will be re- 
moved, having entirely exhausted the pay ground. The French Bar dredge has 
handled gravel profitably at a cost less than 5c. per cu. yd., inclusive of interest on 
investment, and all fixed charges. The two Bannock dredges were the pioneers 
in this work in the country, and have extracted over $600,000 from an abandoned 
placer field. Near Virginia City the boats operating on the old Alder Gulch 
placers have cost nearly $500,000, but have operated so successfully that other 
boats, it is reported, will be built. The Montana Mining Co., Ltd., for the half year 
ending June 30, 1902, reported a net profit of £1,780. This company owns the 
Draumlummon mine at Marysville, which during the half year treated 13,200 
tons of ore for a yield of $61,631. The tailings plant between April 12 and 
June 30, 1902, treated 31,649 tons of tailings from which $66,310 were realized. 
The total income was $127,941, and expenses $115,501, leaving a profit of 
$12,440. The ore and tailings contained 5,622 oz. gold and 31,462 oz. silver. 
Nevada.—Development work has been done in the Tonopah district, and new 
companies have been formed. The Dexter Tuscarora Gold Mining Co. for the 11 
months ending Nov. 15, 1902, reports that it treated 30,093 tons of ore at a cost 
of less than 72c. per ton and extracted $2-88 gold per ton. From 22,930 tons of 
tailings treated by cyaniding at a cost of $1-10 per ton, it obtained $1:89 gold per 
ton. Its total receipts were $130,713, and expenses $125,021, of which sum 
$18,000 were expended in new development work. The Bamberger De Lamar 
Gold Mines Co., capitalized at $5,000,000, has bought the De Lamar’s Nevada 
Gold Mining Co., Magnolia Gold Mining & Milling Co., Boston De Lamar Gold 
Mining & Milling Co., Mono Gold Mining & Milling Co., April Fool Gold Mining 
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& Milling Co. and the Rose and Pleides group of gold claims. The De Lamar’s 
Nevada Gold Milling Co., which has produced over $13,000,000 in seven years, 
has an estimated ore reserve of 314,000 tons. The April Fool mill is being im- 
proved, and the De Lamar mill is being increased from 200 tons to 500 tons 
daily capacity. The Nevada Keystone Mining Co., with two Huntington mills 
and a 30-ton cyanide plant is reported to be producing $40,000 a month. The 
Lucky Girl group of mines at Edgemont, owned by the Montana Mining Co., 
Ltd., during the half year ending June 30, 1902, treated 8,165 tons of ore in 
its 20-stamp mill obtaining bullion valued at $30,438. The tailings will be 
treated in a cyanide plant which is being erected. 

New Mexico.—Mining properties were under development in 1902 in the dis- 
tricts about the Sierra de Mogollon, the Black Range and the Sierra Blanca. 
Large bodies of medium grade ore are said to exist, which can be treated by the 
cyanide process. Apart from several mills now being erected to treat those 
ores four mills are in operation near the Mogollon Range. The Mogollon Gold 
& Copper Co. has a 35-ton mill, and ships the concentrates to the El Paso 
smelter. At the Hopeful mine in the White Oaks district a 1,000-ton pneu- 
matic cyanide plant is in operation, and the Alamo Reduction Co. will erect a 
500-ton concentrating plant in the Bland district. Placer mining has been 
carried on in the Nogal and Elizabethtown districts. The Lake Valley and 
Polomos Chief silver mines, after lying idle for several years, have again been 
worked. At Chloride, two mills are treating ore containing 12 oz. of silver per 
ton. The Kodoc Mining Co. has seven Hooper pneumatic dry concentrators of 
10 tons capacity operating on ore assaying 20% Pb, and from 3 to 10 oz. silver 
per ton. The American Gold Mining Co. and the Eagle Co. are developing claims 
at Nogal and Parsons, and at the Old Abe and Somestake mines. The Helen 
Rae and American mines are being connected by a tunnel and a 50-stamp mill 
and cyanide plant are being erected. 

North Carolina.—According to Mr. J. H. Pratt, gold occurs in an area of 
from 8,000 to 10,000 sq. m. in the middle and western part of the State, either 
in quartz fissure veins, carrying free gold or gold-bearing sulphurets; impreg- 
nations of free gold and finely-divided sulphurets in schists and slates; or in 
placer deposits. The mines in operation are situated in six counties. Several 
of them were sold during 1902, and are being developed. The Iola Gold mine 
with a 10-stamp mill, between June and October, produced $15,000 in gold. 
The Russel], Fentress and McMackin mines, the latter operated by the Whitney 
Reduction Co., each had a 10-stamp mill in operation. 

Oregon.—In the Sumpter district, which is the richest in Oregon, the greatest 
amount of development work was done. The Maxwell mine and 10-stamp mill 
were sold for $140,000; the mill is being repaired and is expected to become 
‘ operative early in 1903. The Pole Consolidated Mining Co., capitalized at 
$5,000,000, has acquired the Oregon Clipper, Deer Lodge, Hansen and half of 
the Yankee Jim mines. Four tunnels have already been started, and a com- 
pressor plant will be installed. The North Pole mine with 10 stamps will 
increase its mill by adding 20 stamps. In all there are 758 stamps in eastern 
Oregon. The placer deposits of Josephine County were actively exploited. The 
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placer ground gives returns of from 10 to 12c. per cu. yd., the cost of working 
being about 1:5 per cu. yd., the water being supplied by the Rouge River. The 
Golden Drift Mining Co. is building a power dam across the river, and will 
install ten 600-H.P. turbines, and operate three or four giants. The Galice 
mines operated by the Old Channel Mining Co. has three 6-in. giants, which 
obtain their supply of water by means of 18 miles of ditches and flumes. The 
Eureka mine in the Soldier Creek district owned by the Oregon & California 
Gold Fields Co. is developing a vein from 8 to 10 ft. wide, which assays from 
$20 to $35 gold per ton. The Greenback mine on Grave Creek has 35 stamps, 
and a 60-ton cyanide plant in operation. 

South Dakota.—The satisfactory condition of the gold mining industry in the 
Black Hills during 1902 is evidenced by the increase in output, which was 
brought about by the enlarged operations of old producers, and by the contribu- 
tions from mines recently developed. The steady advance recorded in the last 
few years may be attributed to the introduction of the cyanide process, for with 
its aid enormous bodies of mineralized material formerly regarded as too low 
grade for profitable working have been made available for treatment. Full de- 
tails of the progress in the cyanide process in this State will be found on page 810 
of this volume. The Homestake Mining Co. during the year ending June 1, 
1902, treated 1,218,089 tons of ore, which yielded buliion valued at $4,314,059. 
Deducting mint charges the net bullion return was $4,303,977, while the income 
from miscellaneous sources amounted to $72,453, making the total working 
receipts, $4,376,427 or $3°60 per ton. The working expenses were $4,017,131, 
so that the net profits of operation were $359,296, or $0°29 per ton of ore milled. 
A dividend of $1,260,000 was paid. During the year the stamp mill was in- 
creased by 100 stamps, making a total capacity of 900 stamps, and a 900-ton 
cyanide plant was erected, which increased the cyaniding facilities to 1,900 tons. 
‘The Horseshoe Mining Co. was reorganized during the year. The company 
purchased the 300-ton smelter of the National Smelting Co., at Rapid City, and 
began construction on a new 1,000-ton cyanide plant. When the improvements 
and additions are completed the plant will be able to treat 1,600 tons of ore per 
day. The smelter of the Golden Reward Consolidated Mining & Milling Co., 
at Deadwood, was in continuous operation, treating ore principally from the 
company’s mines. 

Texas.—Although this State produces very little gold, its output of silver is 
quite large, almost the entire quantity coming from the mine of the Presidio 
Mining Co., at Shafter in Presidio County. The ore is silver chloride carrying 
traces of gold, with isolated pockets of lead ore. Three or four carloads of 
this high-grade lead ore are shipped yearly to the El Paso smelter. The gold ore 
is treated at the 15-stamp mill of the Cibolo Creck Mining & Milling Co., one 
mile from the mine. The pulp is ground for three hours with salt, mercury, 
and copper sulphate in amalgamation pans, of which there are twelve. The 
amalgam is collected in six settlers, and retorted. The tailings are again milled. 
The process requires six hours for compiction, the mill treating 62 tons of ore 
per diem, and the average extraction being 85%. 

Utah.—There was no material change in the mining situation during 1902. 
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The large copper and lead mines shipped bullion containing gold and silver 
throughout the year. The American Smelting & Refining Co. had in operation 
at its two plants four and six furnaces respectively, and treated 1,400 tons of 
ore daily. The United States Mining Co. with four furnaces treated 1,000 tons 
of ore a day. A 300-ton mill for the cyanide treatment of the slimes of talcose 
ores by a method patented by G. Moore! has been erected at Sunshine. The ex- 
traction varies from 77% to 95°6%. The South Swansea mine during the year 
treated 15,715 tons of ore, realizing $363,331, out of which $39,000 in dividends 
were paid. The Horn Silver Mining Co. during 1902 mined 12,159 tons of ore, 
of which 4,549 tons were shipped and 7,610 tons milled. The cost of mining was 
$7°45 per ton, and of milling $1°47 per ton. There was realized from the sales 
of ore $109,707, and from other sources $7,001, a total of $116,708, while the 
disbursements amounted to $137,406. The balance carried forward from 1901 
was $87,448, leaving a surplus of $66,750 at the close of 1902. The ore shipped 
contained 203 oz. gold, 112,813 oz. silver, 1,829 tons lead and 717,353 lb. cop- 
per. The Park City district, in which are located the Daly-West, Ontario, Daly, 
and Silver King mines, maintained its output of smelting. ores, and some en- 
couraging developments were reported. The Daly-West Mining Co. during the 
year shipped 3,575,796 oz. silver, 1,202 tons copper, 14,953 tons lead, and 9,738 
tons zinc, for which it received the sum of $1,827,586. Receipts from other 
sources were $4,052, making the net revenue $1,831,638, while the total mining 
expenses amounted to $625,654. Out of the surplus of $1,477,127, which in- 
cluded $271,143 brought forward from the previous year, the sum of $1,049,000 
was distributed in dividends, and $255,516 carried forward to the next year’s 
account. The company purchased the property of the Quincy Co. paying there- 
for 30,000 shares of its stock, which were provided by increasing its capital to 
180,000 shares. The contract with the American Smelting & Refining Co. 
fixing the price of $3°50 per 100 lb. for the lead content of the company’s ores 
was renewed to run until March 1, 1904. The Anchor and Judge properties in 
this district have been combined to form the Daly-Judge company.: The Daly- 
Judge mine up to Dec. 31, 1902, produced 94,639 tons of concentrates valued 
at $25:54 per ton. The crude mill ore assayed Pb 10-29%, Zn 16%, and silver 
9-85 oz. per ton. The new mill has a capacity of from 300 to 400 tons per day. 
In the early part of 1903, 100 tons of ore per day were being milled, making 25 
to 30 tons of silver-lead concentrates, and about 25 or 30 tons of iron-zine mid- 
dlings, which were sent to the zinc plant of the Park City Metals Co. In the 
southern end of the district, in Thaynes Cajfion, the California Co. has enlarged 
its mill, and the Comstock is now building a large mill. A new mill is also 
being started in Park City to handle the zinc middlings by the combined roasting 
and magnetic separation process, which will ship high-grade blende to the Eastern 
refineries. The Tintic district consists of the Eureka, Mammoth, Robinson and 
Silver City. The principal mines of the Eureka district are the Bullion Beck, 
Eureka Hill, Gemini and Centennial Eureka. The first two have been closed 
down during the year. The Gemini has been shipping steadily during 1902. 
The Centennial Eureka has completed its contract with the American Smelting 
———s Egineering and Mining Journal, July 18100 p.42 SS” 
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& Refining Co., and has shut down its plant pending the completion of the smelter 
of the United States Mining Co., which now owns this mine. The Mammoth 
mine is engaged in litigation with the Grand Central mine, and until a settle- 
ment has been made the work on both will be retarded. The ores of the Tintic 
district are subject to high smelting charges, and ores up to $15 value do not pay _- 
to treat. The largest mines in the Mercur district are operated by the Con- | 
solidated Mercur Gold Mines Co., which during the year ending June 30, 1902, 
produced gold to the value of $1,457,064. The company’s working expenses 
were $1,116,692, and the net profits $342,085. Six dividends amounting in all 
to $235,000 were distributed during the year. 

Washington.—It is estimated that the total production of the Republic district 
in Ferry County up to Jan. 1, 1902, is about $1,400,000 in gold and silver, 
the silver being only a small percentage of the whole. The ore averages from 
$12 to $16 per ton, and the present cost of mining and smelting is $10 per ton. 
The Republic mill treats 200 tons of ore per day, but like most mines in thia 
State, the smelting ore is shipped to the Granby smelter, at Grand Forks, or to 
the Northport smelter, near the Canadian boundary. The California mine in 
Ferry County from July 15 to Dec. 30, 1902, produced 3,411 oz. gold and 4,346 oz. 
silver. The Hollyhock group, also in this county, mined ore which assayed on 
the average 0°3 oz. gold, 5°3 oz. silver, 10%: Cu, and 9% Pb per ton. The San 
Poil mine, Ferry County, shipped ore to the Granby smelter, and showed a net 
profit of $8°80 per ton on ore, which assayed $17°80 per ton. The reserve ore 
of this mine on Oct. 4, 1902, was estimated at 22,000 tons. The Park City 
claim of the Cliff group, is developing a vein of galena 700 ft. long and 22 in. 
wide, which assays 69% Pb, 33 oz. silver, and 0°2 oz. gold. In the Pride and 
Mystery mines in the Monte Cristo district, the ore varies from 0°6 to 0°95 oz. 
gold and from 7 to 12 oz. silver. In the Independent mine, at Silverton, Snohom- 
ish County, the low grade ore assays $7 per ton, while the high-grade ore varies 
from $40 to $50 per ton. The ore consists of pyrite and léllengite with alittle 
galena and zinc blende. A mill of from 100 to 200 tons capacity is to be erected. 

Wyoming—(By Wilbur C. Knight.)—There was no marked advancement 
made in gold and silver mining during 1902. As usual, the Sweetwater district 
furnished nearly all of the gold and silver ore produced during the year. At 
South Pass, Atlantic, and Lewiston, considerable property changed hands in 
the fall and a number of new companies entered these fields. The indications are 
that these camps will be very active during 1903. In November the Home 
Placer mine on Douglas Creek near Laramie passed into the control of a com- 
pany which expects to install a dredge to work the property. In the Wood River 
district, near Kirwin, Big Horn County, several companies have done sufficient 
work to patent many claims. The ores of this camp are lead and silver chiefly, 
and assays showing upward of 100 oz. silver per ton are not uncommon. At 
present this camp is too far from transportation to handle the ores successfully. 
In Crook County there has been much activity in the vicinity of Welcome, and 
not far from the Interocean mine. Several companies have bonded property, and 
expect to inaugurate extensive plans for work in 1903. 
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GoLtp aNp SILVER Mintna@ IN ForEIGN CouUNTRIES DURING 1902. 


NortH AmMERIcA.—Canada.—British Columbia.—(By Samuel S. Fowler.) — 
According to returns made to the Provincial Mineralogist, Mr. William Fleet 
Robertson, the combined output of alluvial and lode gold for 1902 was 290,148 
0z., equivalent to $5,961,409, being an increase in value of $642,706 above the 
output of 1901. Alluvial gold is derived chiefly from the central and north- 
western districts of Cariboo and Cassiar (Atlin), these districts alone furnishing 
90% of the production in 1901. The output for the year amounted to $1,073,140, 
an increase of about $100,000 over 1901, which was less than was expected 
owing to the shortage of water. Considerable expenditure was made on ditches 
and flumes, and it is anticipated that 1903 will show a material gain. The out- 
put of lode gold was 236,491 oz., valued at $4,888,269. This was derived, geo- 
graphically, as follows: West Kootenay, 79%, Yale, 18%, other districts, 3%. 
As to classes of ores, 79% was from copper ores, 13% from free-milling ore and 
2% from lead and dry smelting ore. The output of silver in the Province was 
3,917,917 oz., valued at $1,941,328, a decrease of about 24% in quantity, and 
nearly 33% in value as compared with 1901. This loss was perfectly natural, 
in view of the low range of prices for silver, as well as for lead, with which so great 
a part of the silver is associated. Most of the large silver-lead mines were closed 
during a large part of the year, although many of the smaller and richer ones 
remained in operation. West Kootenay provided 87:6% of the silver, Yale 
56%, elsewhere 6°8%. Lead ores contained 57% of the silver, gold-copper ores 
_ 18%, and milling and dry ores 25%. 

Southern British Columbia presents an enormous development of igneous 
rocks, and it is from these that the bulk of the lode gold is derived. The vi- 
cinity of Rossland is the center of greatest gold production, its few large mines 
having contributed over 68% to the total for 1902. The Rossland ores are 
essentially iron and copper sulphides, and their chief value is in gold, the silver 
and copper being of minor import. The output of this district in 1902 was 
nearly 330,000 tons, an increase of about 45,000 tons over 1901. The ore was 
smelted either at Northport, Wash., or Trail, B. C., at both of which points are 
large, modern, well-equipped plants. For various reasons the matte is shipped 
elsewhere for conversion. The increased tonnage from the mines was due 
chiefly to reduced smelting charges, and it would have been much larger except 
for the fact that the smelters were compelled to curtail operations because of the 
shortage in eoke supplies, due to strikes and accidents at the mines of the Crow’s 
Nest Pass Coal Co. As in former years, the larger producers were Le Roi, 
Le Roi No. 2, Center-Star and War Eagle; these mines exploit a low-grade ore, 
on some of which apparently successful experiments in the direction of pre- 
liminary concentration have been made. The ultimate commercial success of 
these experiments means much to the district. The “Boundary” portion of the 
Yale district lies about 40 miles west of Rossland. This is the second chief 
mining center of gold-copper ores, but the gold value is generally much inferior 
to that of copper.. The deposits are of enormous size, of very low average grade 
in gold and silver, and of self-fluxing composition. The chief producers are the 
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KXnob Hill, Old Ironsides, and Snowshoe, near Pheenix, and the Mother-Lode 
and Sunset, about three miles west of Greenwood. ‘These mines in 1902 shipped 
to three smeiters in the vicinity over 500,000 tons, an increase of 125,000 tons 
over 1901, due to increased smelting facilities. At the three plants are seven 
furnaces having a daily aggregate capacity’ of about 2,500 tons. Three other 


OUTPUT OF TRAIL CREEK MINES FROM 1898 To 1902. 


Tons of Gold. Silver. Copper. Total 

Year. Ore. Ce Value. Oz. Value. ppe Value. Value. 
18OR.. ee eee 111,263 87,348 | $1,746,861 170,804 $94,539 5,282,011 $639,411 $2,470,811 
1800: ccc 172.665 102,976 2,127.482 185,818 105,173 6,693,889 996,431 8.229,086 
1909,......00% 257,636 111,625 2,806, 172 167,378 97,648 2,071,865 835,483 2,789,800 
1901.......... 288,360 182,888 2, 785.828 70,460 43,458 8,833,446 1,842,518 4,621,290 
1908... ..0005. 320,534 162,146 3,851,558 | 873,101 184,871 11,667,807 1,356,966 4,898,395 


furnaces are in course of construction. Free-milling gold ores are found at only 
a few widely separated points. The Ymir mine, 20 miles south of Nelson, is 
the largest mine of the class, and last year produced over $300,000 in gold, to- 
gether with silver and lead valued at about $45,000. The Cariboo-McKinney 
mine at Camp McKinney in the south-central portion of Yale district, is the 
next largest free gold producer, and has been a steady profit payer since 1894. 
The Granite-Poorman and Athabasca-Venus, near Nelson, run regularly, and 
the Stemwinder, near Fairview in the western part of the Yale district, is about 
to be added to the list of producers. The gold derived from this class of ores 
amounted in 1902 to approximately $650,000. Some of the lead ores of Siocan 
and Lardeau carry appreciable values in gold, and there are also dry smelting 
gold ores at various localities in southern British Columbia. The latter class 
of ores has not as yet been largely produced. 

Silver-lead mining under former conditions has been a profitable industry 
owing to the high ratio of silver to lead in the ores which last year was slightly 
over two ounces to each unit of lead. The low prices that prevailed during 
1902, together with the fact that the shortage of lead has lessened the demand 
for dry ores, and also that many former clean ore mines have had to resort to 
concentration, have tended, however, to extinguish profits except in a few in- 
stances. Silver mining at present is in an unsatisfactory condition. The gold- 
copper ores of Rossland and Boundary carry respectively, about 1 oz. and 0-5 
oz. silver per ton; and although this is a small average the aggregate output 
from these districts was neatly 593,000 oz. The gold-milling ores also carry 
smal] amounts of silver, e. g., the Ymir mine bullion contains about 40%, and 
the concentrates about 12 oz. silver per ton. Under improved conditions East 
Kootenay is capable of producing much silver, but because of the low ratio of 
silver to lead in the ores low prices have affected that district possibly more seri- 
ously than they have West Kootenay. The Slocan portion of West Kootenay 
continued to furnish the greater part (nearly 65%) of the total output of silver. 

Dawson.—According to official authorities, the production of gold in the Yukon 
district during 1902 amounted to about $18,000,000, a decrease of $4,000,000 
from the output of the previous year. In arriving at these statistics there are 
two uncertain factors, one the quantity of gold which is carried out of the country 
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by individuals, thus escaping record, and the other the quantity retained in the 
country as circulating medium. The Yukon district has now entered the transi- 
tion period common to all new placer mining countries. The decreased production 
has resulted chiefly from the dearth of new discoveries of placer deposits, aug- 
mented by the scarcity of water. At Al! Gold Creek, 50 miles from Dawson, 
which was abandoned in 1899 because of the uncertain character of the gold- 
bearing ground, a pay streak was found during the summer reported to be from 
120 to 200 ft. wide and 2 ft. in thickness. The shipments from Dawson for the 
year is recorded as $11,655,000, a decrease which is partly due to the change 
from a direct royalty of 5% on the gross output of gold to a tax of 25% on 
the exports. A feature of the usual development of a gold-bearing district is 
shown in the number of quartz claims that have been recorded. The properties 
are adjacent to Bonanza, Eldorado, Gold Run and Hunker creeks in the Indian 
River slope, and on the hills near Dawson. The Munger Mill Co. has installed 
a stamp mill on Gold Run Creek. A dredge 25X80 ft. has been built at White 
Horse to operate on the Stewart River; its daily capacity is rated at 1,000 cu. yd. 
Piping: has been laid on Excelsior Creek above Dawson for a hydraulic plant. 
The Yukon Goldfields, Ltd., for 15 months ending Dec. 31, 1902, reports sales of 
gold amounting to £12,003, and an income from other sources of £937, a total of 
£12,940, against a total expenditure of £26,239, a loss for the year of £13,299. 
The company intends to increase its property by the addition of 5 sq. miles of 
territory situated on Russel Creek, 450 miles from Dawson City. 

Newfoundland.—According to James P. Howley, the production of gold in 
Newfoundland in 1902 is estimated at 4,000 oz., valued at $82,680. Almost 
the entire output was contained in copper ores treated by the Nichols Chemical - 
Co. in the United States and the Cape Copper Co. in England. During the 
year some promising gold finds have been made, and two mines are now in active 
operation, one at Rose Blanche on the south coast, and the other at Sop’s Arm 
in White Bay on the northeast coast. At the latter, machinery for stamp mills 
is now on the ground, and a cyanide plant is under construction which will 
begin operations in March, 1903. The ore at Rose Blanche assays from $4 to $5 
per ton, while that at Sop’s Arm assays as high as $15 per ton. 

Nova Scotia.—The production of gold during the fiscal year ending Sept. 30, 
1902, was 28,279 oz. as compared with 30,537 oz. for the previous fiscal year. 
The quantity of gold reported to the Mines Office during the calendar year 1902 
amounted to 31,141 oz.; of which the Brookfield Mining Co. contributed 4,692 oz. ; 
the Boston-Richardson Gold Mining Co., 3,408 0z.; the Waverly Gold Mining 
Co., 2,836 0z.; the Royal Oak Gold Mining Co., 2,394 oz.; and the Bluenose 
Gold Mining Co., 2,391 oz. The Brookfield Mining Co., at North Brookfield, 
stamped 6,475 tons of ore; the mining operations were confined to ground below 
the sixth level. At the Waverly mine development work was carried on actively, 
and an average of 20 stamps were in operation in the latter part of the year. 
The Boston-Richardson Gold Mining Co. at Country Harbor stamped 30,405 
tons of ore, yielding about $3 per ton by amalgamation. The Wilfley tables have 
been abandoned, as better results are claimed by treating the tailings at the 
cyanide plant and the concentrates by the bromo-cvanide process. The Royal 
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Oak Mining Co., at Goldenville, operated mainly at the western end of its prop- 
erty. The Baltimore and Nova Scotia Mining Co. was very active. The main 
shaft of the mine is now 700 ft. deep, intersecting at the 500-ft. level the lentic- 
ular fissue vein in the form of a chimney. The 40-stamp mill is well arranged. 
Although inoperative at present the St. Anthony mine is being kept unwatered. 

Ontario._In Eastern Ontario the principal properties are the Belmont mine 
operated by the Cordova Exploration Co. and the Deloro mines of the Canadian 
Goldfields, Ltd. The Belmont veins consist of free milling quartz which is 
treated in the 30-stamp mill and amalgamation plant, the pulp being subsequently 
cyanided. At Deloro, the ore is mixed quartz and mispickel, from which the gold 
is extracted by leaching with bromo-cyanide solutions, and the arsenic by a proc- 
ess of sublimation (see “Arsenic” elsewhere in this volume). In the Lake of 
the Woods district the Black Eagle mine, formerly known as the Regina mine, 
has been actively operated during the past two years, and the mill thoroughly 
overhauled. The present equipment includes a 30-stamp mill. A 250-ton 
cyanide plant is being constructed for which about 1,500 tons of concentrates, 
valued at from $35 to $50 per ton, have been accumulated. The Sultana mine, 
operated by the Sultana Mine of Canada, Ltd., has not proved very successful. 
During the fiscal year ending Sept. 30, 1901, 7,000 tons of ore were milled, 
which yielded an average of only $5°15 per ton. Although the mining costs of 
the Mikado Gold Mining Co. averaged but $3°50 per ton of ore during 1901, 
a debit balance of £5,052 is given in the report of the company. Operations at 
the Sakoose mine, owned by the Ontario Gold Mining & Milling Co., were 
suspended in March, 1902, owing to the exhaustion of the ore in the levels under 
development. In all 7,735 tons of ore have been removed from the stopes. 
Prospecting was actively carried on in the Sturgeon Lake region, and several 
companies have developed mines or erected mills, notably, the United States 
Gold Mining Co., the Sturgeon Lake Mining Co., the Jack Lake Gold Mining 
Co., Ltd., and the Anglo-Canadian Gold Estates, Ltd. A deposit of gold-bear- 
ing gravel similar to that of the Vermilion River was discovered at Savant Lake, 
150 miles north of Ignace, and an examination over an area six miles long 
by one mile wide, showed an average value of from 8 to 10c. per cu. yd. The 
gold is in small rounded particles. Robert H. Ahn, of Toronto, reports satis- 
factory experimental treatment of Vermilion River gravels by a combined amal- 
gamation and cyanide process. 

Mexico.—(By James W. Malcolmson.)—(The output of gold and silver is 
derived largely by smelting gold and silver ores with those of copper and lead, 
and it is practically impossible to classify the subject under the heads of the 
respective metals without causing duplication. Therefore reference should also 
be made to the “Progress of Mining in Foreign Countries,” under the sections 
devoted to “Copper” and “Tead,” elsewhere in this volume.) 

Owing chiefly to the cheap mining und the absence of labor troubles, there 
has been a large influx of foreign capital seeking investment in silver, gold, 
copper and lead mines. From a wage standpoint, a ton of ore can be mined 
in Mexico for 49% of the cost of mining similar ore in the United States, 
assuming that the miner in the latter country does twice as much manual labor 
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as the one in Mexico. Development has progressed mainly along the railroad 
lines, and is due to the growth of the smelting industry. In the smelters of 
Mexico, ‘copper seems to be displacing lead as a vehicle for the concentration of 
silver and gold values, and it is probable that recent improvements in the 
metallurgy of copper together with the large deposits of copper ore being ex- 
ploited will increase considerably the quantity of gold and silver so treated. 

Aguascalientes—The copper mines of Tepezala, operated by M. Guggen- 
heim’s Sons, have maintained a steady production of siliceous silver-copper 
pyrites. The Aguascalientes Metal Co., at Asientos, has maintained a steady out- 
put, and in the same camp the American Smelting & Refining Co. purchased 
the Santa Francisca mine in March, after uncovering a very large mes of 
siliceous silver-lead-zinc sulphides. 

Chiapas.—The copper-gold mines of Santa Fé have been worked steadily, and 
an excellent record has been made by the management. 

Chihuahua.—The extension of the Mexican Central Railway into Parral and 
Santa Barbara has resulted in lasting benefit to the mining camps, which now sup- 
ply all the smelters in northern Mexico with siliceous ores. The Hidalgo Min- 
ing Co., of Pittsburg, reopened the old San Juanico mine, and discovered a sili- 
ceous vein in shale containing high gold and silver values. The Pedro Alvarado 
in the porphyry overlying the shale produced regularly throughout the year. 
The Veta Grande and Verde mines in the Veta Colorado ledge were acquired by 
the Guggenheim Exploration Co., and a rich ore body was cut in the Morena 
mine in the same ledge by the Hidalgo Mining Co. Near Chihuahua City, the 
Kraft mine yielding fluxes containing gold, silver, manganese and lime was closed 
down during the first of the year on account of the fire at the El Paso smelting 
works, but later it was reopened, and ore was produced from the open cuts at a 
rate of 3,000 tons per month. In the Sierra Madre Mountains the gold-silver 
quartz ores are receiving considerable attention. In the Jesus Maria district 
the ore is treated by pan amalgamation solely, with a probable loss of from 
25 to 30% of the silver and gold contents. This camp is 60 miles from a rail- 
road, and the cost of mule freighting is $60 per ton. The ore is high grade, 
and the value of the monthly production is $100,000, the bullion averaging above 
$1 per ounce. The Concheno Mining Co. is successfully treating the ore by 
crushing it and passing it over Wilfley tables, which effects a 2,000 to 1 con- 
centration, cyaniding the sands in the usual way, and the excessively fine slimes 
by agitation and filtration. During the year the Dolores mine shipped several 
hundred tons of ore, which assayed over 500 oz. silver and 6 oz. gold per ton. 
The problem of the local treatment of ores in this district is receiving merited 
attention, as the beet work so far shows an extraction in cyaniding of but 80% 
of the gold and 55% of the silver. The camps at Barranca de Cobre, Batopilas, 
Urique, Guazapares and Palmarejo received much attention from investors, and 
a valuable silver bonanza was uncovered at the Batopilas mine. The Ardagas 
mines near Jimenez producing gold, silver and lead ore, reduced its shipments 
during the second half of the year. The value of the ore produced annually in 
Chihuahua is greater than that of any other State in Mexico. 

Coahuila.—The blowing in of the Torreon smelter stimulated mining consider- 
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ably in the southern part of the State, and a number of good lead-silver prospects 
are being developed. At Viesca a smelter has been erected to treat the low- 
grade siliceous copper carbonates, which carry some silver. The output of the 
Sierra Mojada was greatly reduced owing to the burning of the El Paso smelting 
works. The Fortuna mine has been actively worked, due to the discovery of a 
rich deposit of silver-lead carbonates. The fire in the San Salvador mine con- 
tinued throughout the year—the mine contains 30,000,000 ft. of lumber and 
immense quantities of native sulphur. In the Fronteriza mine, a valuable 
extension of the main ore zone has been discovered, but operations here and in 
the adjoining Encantada mine of M. Guggenheim Sons were hindered by the 
fire in the San Salvador mine. The Norias de Banjan, Cerralvo and Cuatro 
Cienegas silver-lead camps were operated in a smal] way throughout the year. 
Durango.—The silver-lead-copper mines and smelter of the Velardena Mining 
& Smelting Co., of Omaha, were sold in November to the American Smelting 
& Refining Co., an action which will have a radical effect on the smelter 
situation. The Compaiiia Minera de Pefioles, at Mapimi, mined 171,000 metric 
tons of ore in 1902, and produced 92,000 kg. silver and 24,000 metric 
tons lead. The ore occurs in a series of irregular pipes which have been ex- 
plored by diamond drills to a depth of 2,300 ft. Thirty electric hoists from 
1 to 50 H.P. are used successfully in opening up the ore reserves. A complete 
reverberatory roasting plant has been installed. Due to the extension of the 
International Railroad to Chinacates, the Promotono silver-gold siliceous mine 
has installed a concentrator and a 100-ton smelter. The Lustre Mining Co., 
of Pittsburg, operating the Magistral mine near Inde, is experimenting with 
the treatment of the ore which assays 0°5% copper and 0°5 oz. gold per ton. 
Guanacevi, which is probably the most important siliceous district in the country, 
continues to be handicapped with high freight rates and heavy milling losses— 
the work on the extension of the International and Centra] railroads having been 
suspended. Development work at the Avino Mines of Mexico, Ltd., has shown the 
presence of copper oxide with native copper in the lower leads. The concentra- 
tion works has been superseded by a thiosulphate leaching plant which extracts 
85% of the silver and 30% of the gold. ‘The Vacas mines shipped high grade 
Ailver-lead concentrates low in silica. The ancient Rosario mine is being re- 
opened, and the old workings contain large quantities of silver-gold ore amenable 
to profitable treatment by leaching processes. The San Andres de la Sierra 
silver-lead mine ships $100,000 of base bullion monthly. The Bacis Gold and 
Silver Mines, Ltd., operates 40 stamps, and concentrates and amalgamates its 
ore. The Cushing & Walkup Co., at Trinidad smelts siliceous gold-silver-copper 
ore, and ships to the Aguascalientes smelter, which vields copper matte assaying 
20% copper, 350 oz. silver and 8 oz. gold per ton. The Candelaria Consolidated 
Mining Co., at San Dimas, increased its yearly output, which is obtained by 
stamps and pan amalgamation. At la Puerta a large body of gold-silver ore has 
been uncovered and a mill is under construction. The value of the ore produced 
annually in the State of Durango is second onlv to that of Chihuahua. 
Guanajuato.—The ancient -siliccous silver-gold mining district of Guanajuato 
has been actively operated. These mines are believed to have produced one-sixth 
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of the silver of the world; one of them, the Valenciana, having an established 
record of production of over 300,000,000 oz. silver. The gold in these ores varies 
from 15 to 50% of the total values, and in the patio process 75% of this gold is 
lost. At the Nirena mine during October, the Guanajuato Consolidated Co. with 
40 stamps, milled and treated by pan amalgamation, 100 tons of ore daily. The 
extraction was 85% of the gold and silver values at a cost of mining and milling 
of $10°11, Mexican, per ton. Enormous bodies of ore in sight carry values of 
over $20, Mexican, per ton. The Aparecida, La Luz, Cubo, Refugio, Carmen and 
Bolanitos mines have been taken up by Boston, Chicago and New York interests, 
with the object of introducing American methods of mining and milling, and 
a partnership mill capable of handling 1,000 tons of ore daily is under considera- 
tion. The native owners of Esperanzas, Cedro, and other famous properties are 
alive also to the need of reorganization, and there is no doubt that this camp will 
resume the premier position it has held for 200 years in the silver mining in- 
dustry. No matter to what price silver may fall, the gold content of the ores 
wii continue to sustain profitable operations for many years. Exploration 
work has demonstrated that the deeper mines were abandoned on account of the 
cost of unwatering, and very valuable ore deposits have been revealed in the 
bottom of the old workings. Power in Guanajuato under the most economical 
conditions cost during 1902, $350, Mexican, per H.P. per year. The Guanajuato 
Power & Electric Co. has completed arrangements to transmit 6,000 H.P. 
from the Duero River, near Zamora, in the State of Michoacan, a distance of 
100 miles, which will reduce the cost per horse-power per year at the mines to 
less than $200, Mexican currency. At Pozos, operations have been very active 
and considerable interest is again being taken in mining operations. 

Guerrero.—The ancient camp of Taxco is again receiving some attention. 
The ore bodies are large in extent, but usually do not exceed 15 to 20 ox. 
silver per ton. The ores contain silver, lead, zinc, and iron sulphides in such 
proportions that it is difficult to find a process to treat them profitably. A large 
body of pyrrhotite is being developed in the Campo Morado. The ore lies on 
a contact between black shale and igneous rock, and assays 2% copper, 40% iron, 
5% silica, 45% sulphur and 0°2 oz. gold and 6 oz. silver per ton. 

Hidalgo.—The Pachuca mines treat more than 7,000,000 oz. silver annually. 
The Santa Gertrudis Mining Co. and the Guadalupe mill have been amalgamated. 
The electric power plant operating from a distance of 21 miles has been of great 
advantage to the camp, and fair profits have been obtained. The patio process 
has perhaps reached its highest efficiency in this camp, 90% of the silver and 
20% of the gold being extracted from ores assaying 25 oz. silver and 0°08 oz. 
gold per ton, although the rise in the cost of treatment points to its early 
abandonment. In Zimapan considerable work has been done in the silver-lead 
carbonate and copper properties, the English company having been bought out 
by Colorado capitalists. 

Jalisco.—Work has been started on the extension of the Guadalajara branch 
of the Central Railway to the Pacific. This railway, from Sayula to Colima, 
passes through an almost virgin copper-gold country. Labor is cheap, and on 
account of the proximity to the Aguascalientes smelter, ore can be readily 
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marketed. On the Santiago River the Castellanos gold-silver mine has been 
purchased by the Mexican Gold & Silver Recovery Co. 

Mexico.—The El Oro gold mines have been operated successfully, but the 
scarcity of fuel is becoming a serious feature. The owners of the Dos Estrellas 
mine have cut a rich and productive ore body. El] Oro Mining and Railway Co. 
has acquired a large number of claims adjoining its properties. ‘This camp is 
the richest gold mining district in the Republic. The ore occurring as gold 
quartz in shale is crushed, carried over plates, and the residues cyanided yielding 
80% of the total values. The adjoining camp of Tlalpujahua is a silver camp, 
and the change to gold mining in this district resembles the similar change in 
Colorado after 1893. 

Michoacan.—The operations of the Inguaran Copper Co. have not increased 
during the year. The French owners have not yet decided to build the con- 
templated electric power transmission plant. In Angangueo 2,000 tons of silver- 
bearing iron pyrites have been mined monthly. The ore carried over 20 oz. 
silver per ton, 8% zinc blende, with some galena and 30% sulphur. This ore 
was formerly roasted in open heaps and shipped as an iron flux to Aguascalientes, 
but the crude ore is now shipped to the same point, and used in the copper plant. 

Oaxaca.—The Oaxaca and Ejutla Railway has been extended into the district 
of Taviche, and the operations in the Ocotlan mining camp have been very active. 
The principal mine in the district, the Escuadra, containing siliceous silver-gold 
ore, has been purchased by Omaha capitalists. About 1,500 tons of ore, assaying 
90 oz. silver, and from 0°2 to 0°5 oz. gold per ton is being shipped monthly, and 
a local treatment plant is under construction by the Taviche Milling Co. The 
gold-silver ore bodies of Ixtlan are being worked very actively, and large profits 
are being made by the owners of the Natividad mine. 

Puebla.—The pyritic deposit of basic, silver-gold, zinky- copper ore at Tezuit- 
lan has been actively worked throughout the year. The ore is now being smelted 
at the rate of 5,000 tons per month, and the copper matte converted into blister 
copper. Power is obtained from a 1,000-ft. water fall and transmitted five miles 
to the mines and smelter. 

San Luis Potosii—A new bonanza has been found in the sulphide zone of the 
La Paz silver mine in Matchuala, which assures the future of the mine for a long 
time. The monthly production is 4,000 tons of ore assaying from 45 to 50 oz. 
per ton. The Guggenheim Exploration Co. has secured in Matahuala, the Trini- 
dad mine and the stock of the Azul mine, both adjoining the Dolores property, 
which is a producer of copper ore carrying silver and gold. In Charcas the 
Tiro General silver-zinc mine is being developed, and a considerable tonnage of 
ore waa shipped. 

Sonora.—The Yaqui Indian uprising has disturbed conditions in the southern 
portion of the State, and freighting has almost ceased in the central portion from 
the lack of pasture. The Picacho mine north of Arispe, belonging to Phelps, 
Dodge & Co., made regular shipments of high-grade siliceous gold ores, and the 
Chispa mine, south of Arispe, again commenced to ship high grade gold-silver 
ore. The development of mining in the Sonora, Oposura and Yaqui valleys is 
greatly retarded by the excessive cost of transportation to the Sonora Railroad. 
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In the northern portion, the extension of the El Paso & Southwestern Railroad 
to Douglas, Texas, and the extension of the Mexican Central Railroad to 
Nacosari has considerably stimulated mining which has been further aided by 
the entrance of Phelps, Dodge & Co. into custom smelting on a large scale. The 
Pilar de Teras, a siliceous camp, is producing high-grade ore. On account of 
their location the Lampazos silver mines and the lead properties in Sahuaripa 
have received but limited attention. Shipments of lead-copper-silver concen- 
trates have continued from the Dura and the Bufa mines. Progress in the 
Minas Prietas gold district, south of the Batuc district, has been interrupted; 
the Grand Central mine is reported to have been closed down permanently, and 
the cyanide mill has treated all of the tailings available. The Creston Colorado 
mines seem to be the only properties in successful operation around Alamos, the 
Predras Verdes and Quinteras copper-silver mines continue to produce the bulk 
of the values and ship matte assaying 40% copper, 20% lead and 200 oz. silver 
per ton. The Colorado de Ures property of the Mexican Gold & Silver Re- 
covery Co. has been closed down. The Dos Cabezas mine has opened up a very 
large siliceous silver-gold deposit, and the problem of local treatment is receiv- 
ing the attention of the leading mill-men of the United States. So far, the 
best work shows an extraction of 80% of the gold and 55% of the silver content 
by a combined cyanide process. 

Zacatecas.—The San Rafael group of mines in Zacatecas City has been ac- 
quired by English capitalists. The Boti. mine continues to produce gold-silver 
ore, and operations at the Veta Grande silver mines have been very successful. 
Attention has been paid to the Zacatecas gold belt, and the introduction of the 
cyanide process will materially aid the work during 1903. Development on a 
large scale at the Mala Noche mine has demonstrated the value of the ore deposit 
in depth. At Concepcion de Oro and Mazapil the building of a smelter and a 
railroad into this gold-copper camp by the Mazapil Copper Co., has been the 
cause of increased activity. The production of copper and lead ores from this 
district is approximately 7,000 tons monthly. The Minillas camp produces lead 
sulphides with high silver content. The San Carlos and Santa Maria de 
Guadalupe properties have paid very large dividends during the past two years. 
At the Sombrerete mines the lixiviation plant has been running steadily, and 
the shipments of high-grade ore were maintained throughout the year. 

Territory of Baja California—Renewed activity is taking place in the gold 
mines of this Territory, and large profits have been made in the Ensenada country. 
The scarcity of fuel and water is a great drawback. 

Territory of Tepic—At La Yesca the siliceous lime manganese ores carrying 
40 oz. silver and 0°3 oz. gold per ton have been treated successfully by roasting 
with salt and cyaniding. The erection of a large plant is now under considera- 
tion. 

CenTrRaAL AmeErRIcA.—Costa Rica.—The Bella Vista and Thayer mines 
equipped with 20-stamp mills, were worked during 1902. The present 
capacity of the Thayer mine is 100 tons per day, which yields from $8,000 to 
$10,000 per month. The ore is low grade, but is easily mined. The Abengarez 
goldfields include the Tres Amigos, Tres Hermanos, and Boston mines. The 
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Abengarez Co. is substituting water power (300 H.P.) with electric transmis- 
sion, for steam power, enlarging its mill and cyanide plant, and putting in air 
compressors for drilling. The ore averages 15 dwt. gold per ton. The average 
value of the ore of the El Porvenir mine, now owned by the Rio Grande Gold 
Mining Co., is from $40 to $60 per ton. A new 1,000-ft. main tunnel was to be 
built and power drills were to be installed in May, 1902. 

Honduras.—The production of precious metals during 1902 was 23, 234 ¢ 0z. 
gold and 1,010,204 oz. silver. The report of the New York & Honduras 
Rosario Mining Co., for the fiscal year ending Nov. 30, 1902, states that dividends 
amounting to $105,000 (7% on the capital stock of the company) have been 
paid during the year, making the total dividends to date $1,800,000. ‘The ex- 
penditures for the year including dividends amounted to $631,245, while the 
income from interest and sale of bullion amounted to $490,274. The surplus 
at the end of the fiscal year was $842,294. The ore in sight is estimated to be 
about 30,000 tons. ‘The company is now shipping the concentrates to the United 
States. A Herreshoff roaster and a reverberatory furnace are being erected in 
order to reduce the quantity of concentrates to be shipped. The Aramecina mines 
continued in operation. The Ulna Co. is surveying a road in order to develop 
the Olancho gold mining district. It is believed that the line can be built in 
two years. 

Nicaragua.—In Nueva Segovia and Prinzapulca, placer mining on a small 
scale is being done. In the vicinity of Rama there are rich mines. The El 
Mico mine employs a 20-stamp mill, the ore vein being 22 ft. thick. 

Salvador—The Loma Larga mine has a 3-ft. vein, which averages $20 in gold 
and silver. The main shaft is 394 ft. deep, and the main level is 1,640 ft. long. 
About 30,000 tons of ore have been taken from this vein, but water now pre- 
vents further working. The San Francisco vein is 6°5 ft. wide and assays $10 
per ton of ore in gold and silver, the gold being free. ‘The main shaft is 230 ft. 
deep with 1,640 ft. of drifts. The Mantos del Socorro and De la Senora mines 
vielding ores which assay $12 gold per ton, are operative, 600 tons of ore were 
treated by the cyanide process. The capacity of the plant is 40 tons per day, 
and 150 men, all natives, are employed. The exports of gold in 1901 were 
$192,735, a large increase over the exports for the previous years. 

SoutH AMERICA.—Argentina.—The Famatima Development Corporation, Ltd., 
capitalized at £400,000, has been formed to take over the Famatima Copper and 
Gold Syndicate, Ltd. The mines are in the Mexicana spur of the Famatimna 
Range. There are 14 lodes of ore averaging 4 ft. in width and two miles long. 
An aérial tramway is being built to the town of Chilecito, a distance of 25 miles, 
which will reduce the cost of carrying ore to the smelter from 35s. to 2s. per ton. 
Water is abundant, and the cost of labor 2s. 2d. per day. The ore, which contains 
gold, silver, and copper, on smelting 30-ton sample lots, gave results varying 
from £7 15s. per ton to £22 10s. per ton. The Rosario Co. is operating a 36-in. 
water-jacket blast furnace for copper in the Calamuchita district, 60 miles south- 
west of Cordoba City. The ore smelted consists of chalcopyrite and pyrite in 
quartz, yielding from 5 to 6% Cu. The 65% matte product containing 30 oz., sil- 
ver per ton is exported. In the Rioja province, an Otto overhead wire rope tram- 
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way 22 miles long is being installed to transport the rich ores of the Mexicana dis- 
trict to the four copper smelters near Chilecito. “This will also revive work in the 
silver mines of the range which have been inoperative since 1893. The Upolongos 
mine in the Mexicana district, which has been in continuous operation for many 
years yields ore assaying 15:3% copper, 65-5 oz. silver and 1-2 oz. gold per ton. 
The 65% matte produced by smelting contains 271°4 oz. silver and 4°9 oz. gold 
per ton. The Andueza mine in this district produces ore containing from 
5 to 7% copper, 2 oz. gold and 30 oz. silver per ton, while the San Pedro ship- 
ping ore assays up to 30% copper, 15 oz. silver and 0-5 oz. gold per ton. The 
gold and silver ores are smelted with copper ores in the four furnaces in that 
district, and the matte containing from 60 to 65% copper, together with the 
precious metals, is crushed and shipped to Europe. The Carranza-Lafone Copper 
Smelting Corporation of London, capitalized at $3,000,000, has acquired the 
mines and smelters in the Capillitas and Atajo districts, and a thoroughly modern 
plant is proposed which is to utilize power from an electric plant at Huason, 
10 miles distant. In the Santa Catalina district the new railroad from Jujuy 
City to Bolivia will aid the development of gold mining. There are several 
quartz veins containing 2 oz. gold per ton, which, owing to the elevation of 12,000 
ft. and lack of fuel cannot now be profitably worked. 

Bolivia——The California, Sallfria and Socorropata mines are situated in 
Yani County, State of La Paz, about 100 miles from the coast, and at an altitude 
of 12,690 ft. The lode consists of quartz between walls of slate, varying in width 
from 35 to 400 cm. and carry from 25°5 to 54°5 oz. gold per cajon (two tons). 
Lumber and water power are abundant, and the native Indian receive 25c. per 
day wages. At the Huanchaca mine an electric plant of 2,000 H.P. run by 
water power has been installed, the current being transmitted a distance of 80 km., 
and many improvements in the reduction works are under way. 

Brazil_—According to Antonio Olyntho, the output of geld in Minas Geraes 
for 1902 was 4,469 kg., valued at $2,722,780, of which 4,063 kg. were from mines 
operated by foreign companies. For the half year ending Aug. 31, 1902, the 
Morro Velho Co. reports an output of 41,044 oz. gold bullion which sold in 
London for £137,953. The quantity of ore raised amounted to 79,141 
tons, of which 72,700 tons were crushed. The total expenses amounted to 
£88,872. The Ouro Preto Gold Mines of Brazil, report an output during the 
fiscal year ending June 30, 1902, of 21,258 oz. fine gold, valued at £89,664, 
which with the receipts from rents and from the sale of arsenic increased the total 
income to £90,169. The total expenses emounted to £83,642, leaving a balance 
of £6,527. The amount of ore milled was 67,792 tons as compared with 64,082 
tons for the previous 12 months. The new cyanide plant was completed in 
January, 1902, and the company no longer uses the chlorination method, but 
treats all its concentrates by the cvanide process. An extraction of 89°1% was 
obtained as compared with 83°5% for the previous year. Development has now 
reached a depth of 2,210 ft. The vein which is 13 ft. wide at this level consists 
of good milling ore. No work has been done upon the Santa Anna property 
owned by the same company. 

The gold ficlds of the State of Minas Geraes have been well described by 
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H. Kilburn Scott in a paper read before the American Institute of Mining Engi- 
neers, May, 1902. Veins of gold in quartz, assaying 470 g. per ton (equivalent to 
$235 in value) are reported to have been found in Tassaras, 2 km. distant from 
the Ouro Preto mines. Dr. Timothes Da Costa reports the results of 10,500 
pan washings of gravels from the Carno River to average 3:13 g. gold per ton. 

Chile—The South Chilean Syndicate, capitalized at £32,000, operated placers 
near San José, but the Valdivia Co., with a capital of £15,000, which started 
operations at Panquinlahue, suspended work. A gold mine is being operated at 
Quinco. During 1902 a company operating the cyanide process on old mill 
tailings, extracted and shipped gold precipitate to the value of $80,000, and the 
Anglo-Chilean Exploration Co. at Huasco produced from 10 to 11 kg. gold per 
month from its stamp mill. The principal silver mines which produce about 
7,000 oz. per month, are located in the district of Caracoles, 150 miles inland 
from Antofagasta. Operations are carried on by the leasing system, the lessees 
paying the owner of the property a royalty of from 15 to 30% upon the net™ 
value after deducting mining expenses. The silver-lead smelting works are at 
Antofagasta, one being in the suburb Bella Vista, owned by the Antofagasta 
Smelting Co., and the other at Playa Blanca, owned by the Compania de Minas 
de Huanchaca. American and French capitalists are interested in the Huanchaca 
company. Up to March 1, 1903, the Chilean Government melted and sold in 
the London market 3,300,000 silver soles, replacing the coinage by imports of gold 
—a step necessary in order to maintain the gold standard. 

Colombia.—The continuation of the civil war has hindered the active develop- 
ment of mining, although in the interior of the country operations have been 
conducted successfully. The Province of Antioquia produces 90% of the total 
output of gold, which during the past few years has exceeded annually $2,000,000 
in value. Silver ore is exported chiefly to Germany and England, in value 
amounting annually to about $1,500,000. The Zaucudo mines operated entirely 
by native management employed nearly 2,000 people in 1902, and produced about 
$20,000 in bullion per month. The Frontino and Bolivia Gold Mining Co., Ltd., 
which owns the Salada and Silencio mines, operates three California and several 
native wooden mills. The Leristales and San Nicolas mines, with a 35-stamp 
California mill, are in operation again after having been closed during the revo- 
lution. The Colombian Mines Co. has a native 24-stamp mill at its Venecia mine, 
and will erect a California mill. The Bramadora mine is being developed, and a 
Californian 80-stamp mill will be erected. At the San Andres mine, there are 
over 26,000 tons of ore reported in sight, valued at $42°63 per ton, and 5,000 
tons of tailings, valued at $28 per ton. The ore is iron pyrites carrying a little 
galena and zinc blende, and the vein averages about 5 ft. wide. 

Ecuador.—The South American Exploration Co., of New York, continues to 
operate successfully the mines in the Zaruma district, Province of El Oro. The 
principal veins vary from 15 to 16 m. in width. The work is through tunnels, 
the lowest and principal tunnel being 2.300 ft. in length, reaching a depth of 
650 ft. The ore is chiefly blue and white quartz, containing about 10% of iron, 
copper, zinc and lead sulphides, with occasional free gold. The ore is extracted 
chiefly by stoping large chambers and filling with surface rock, although small 
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chambers are sometimes stoped, and left open until eonvenient filling is ob- 
tainable. Timber is excessively costly, and the common timber of the vicinity 
becomes decayed in a few years. The mill is equipped with 40 stamps, each of 
850 lb. weight. The pulp passes over three 5-ft. copper plates for amalgamation, 
and thence to steel cyanide vats. Amalgamation yields 30% of the product, and 
subsequent cyanide treatment of the mill pulp, to which discarded slimes are 
added, yields 70%. The slimes are impounded in large reservoirs adjacent to 
the vats. The strength of the cyanide solution is 0°075%. -Freight from the 
coast by mule back costs from $1 to $2 per 100 lb., according to the class of 
material and the time of the year, travel being very difficult from January to 
April. Native labor costs $0°50 gold per diem and native contract miners from 
$0°50 to $2 per diem. 

Guiana.—The quantity of gold entered at the Department of Lands and Mines, 
British Guiana, during 1902 amounted to 103,050 crude oz. (about 900 fine) 
as compared with 105,945 crude oz. in 1901, while the exports for 1902 were 
108,522 crude oz., valued at $1,898,672, as compared with 101,014 crude oz., 
valued at $1,771,620 in 1901. A large hydraulic plant has been installed at the 
Omari mine, which promised very satisfactory returns. The cessation of dredg- 
ing by the British Guiana Co., on the Barima River, is reported to have been due 
to the unwarranted large scale of operations. A foreign syndicate has been 
formed to operate a dredging concession in the Peruni district. The British 
Guiana Consolidated Gold Mines, Ltd., organized Nov. 29, 1902, has acquired 
the Barima mine and works four miles southwest of Arakaka, in territory re- 
cently awarded to Great Britain. The property aggregates 322 acres, and the 
mill is equipped with a 20-stamp battery and accessories, 75-H.P. vertical boiler, 
60-H.P. engine, etc. The ore is free milling quartz assaying about 1 oz. gold 
per ton. A grant of 500 acres of Crown land and freedom of rovalty for 10 
years is offered by the Government to any one who discovers platinum, silver, 
copper, coal or petroleum in the colony before January, 1907. 

In French Guiana the higher tax rate on gold (8%), as compared with 5% 
in Dutch Guiana, is accountable for the difficulty in obtaining exact statistics 
of production. The reports of organized companies which cannot evade the 
tax give an aggregate output of from 90 to 100 kg. gold per month, while the 
actual monthly exports amount to from 250 to 280 kg. This shows that the 
greater part of the output is derived from the operations of the small workers or 
“marauders,” who are not particular as to the ownership of the territory from 
which the stock of the precious metal is obtained. According to David Levat 
in his excellent work La Guyane Francaise en 1902, the tax is evaded by the 
presentation of a sworn statement that the gold was derived for the most part 
from beyond the frontier, paying perhaps the 8% tax on a small portion only. 
This is especially true of the workers in the Inini placers. Furthermore, the 
statistics of exports of gold from Dutch Guiana during 1901, which amounted to 
23,270 oz., valued at £82,630, include 13,139 oz. of gold obtained from French 
Guiana, the difference in the tax rate of the respective governments causing ship- 
ments through Dutch Guiana. 

The production of gold in Dutch Guiana during 1902 is officially reported to 
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have been 587°6 kg. as compared with 752°8 kg. in 1901. The statistics of ex- 
port include a portion of the production of French Guiana, which passes through 
Dutch Guiana on account of the lower Government tax rate in the latter country. 
The development of the gold mining industry is seriously hampered by the 
difficulties of transport, an obstacle which will be removed by the construction of 
the proposed railroad from Paramaribo to the Lawa district. 

Peru.—The production of gold during 1900 was 52,480 oz., valued at $1,084,- 
750. The Nimrod Syndicate has acquired the Chuquitambo gold mines near 
Cerro de Pasco, formerly worked by the Spaniards. A large quantity of ore is 
available which though not rich is of sufficiently high grade to be treated with 
profit. A New York syndicate has purchased practically all of the productive 
properties in the Cerro de Pasco district at a price of $2,650,000, thereby 
controlling at least 80% of the mines. A railroad from this district 
to Oroya is under construction, and will probably be completed before the 
end of the year, which will lower the freight rates to 24 soles ($11°66) 
per ton from the present rate of from 70 to 80 soles ($34 to $39) now paid for 
transportation on the backs of llamas. The Caylloma Silver Mining Co., Ltd., 
operating the San Pedro, Santa Isabel tunnel, Bateas and Eureka mines report 
for the fiscal year ending June 30, 1902, gross receipts from ore and bullion 
amounting to £47,541; deducting £2,000 for depreciation the net loss was £3,421. 
The year’s work showed 730 tons of ore shipped, of an average assay of 416 oz. 
6 dwt. silver and 1 oz. 1 dwt. gold per ton, the total value being £29,837. Bar 
silver sold during the year contained 166,051 standard oz. silver and 154 oz. gold 
of an aggregate value of £17,703. Owing to the decline in the price of silver, 
it is reported that the company is seriously contemplating a shut-down of the 
works. The Inca Mining Co., owning mines in the interior of the country, has 
recently purchased from an American company a $40,000-milling plant, consist- 
ing of a 30-stamp mill, 8 Wilfley concentrators, engines, boilers, etc. The ma- 
chinery was packed in 300-Ib. lots as the only means of transportation is on the 
backs of llamas. During 1902 Barkis & Johnson Co. shipped to London 3,000 
tons of copper matte containing from 40 to 50% copper and from 225 to 235 oz. 
silver per ton. The company is developing rapidly and expects to produce more 
than double its present output during 1903. The Alpa Mina in the Yauli dis- 
trict, produced 250 tons of ore assaying 40% lead and from 30 to 100 oz. silver 
per ton. 

Uruguay.—The quartz mines of Cunapiru, San Gregorio and Santa Ernestina 
in the Rivera department, have been operated by a French company, which during 
1901 treated 6,183 tons of ore, yielding 72 kg. gold, valued at $47,815, as com- 
pared with 7,345 tons, yielding 71 kg. gold, valued at $47,342, in 1900. The 
cyanide process recently adopted has given better results. The mines are small— 
mostly surface work—and assays from 12 workings range from 6°75 to 30°79 g: 
($4:50 to $20-50) per ton. During 1901, 25 new applications for mining privi4 
leges were filed in the departments of Cerro Largo, Minas, Maldonado, Canelones 
and Florida. A serious obstacle to the development of the mines is the lack of - 
water. A percentage of the total output of gold is paid to the Government. 

Evropre.—Russia.—Reports of operations at the so-called “Finnish Klondyke” 
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on the banks of the Iraljoki and Tolosjoki in Lapland, state that several hundred 
men are engaged in working the deposits. The severe climate is a serious obstacle 
to development. The gold mining region of Primorski, Siberia, is divided into 
two parts—the northern, on the Amur River and the Okhotsk Sea, and the 
southern, on several small rivers along the South Ussuri district and the island 
of Askold. Mining has increased in the former since the construction of the 
Ussuri and Transbaikal Railroad. ‘Trial excavations are made at a distance 
of 1 verst (0°6§3 mile) apart. The ground is stripped by hand. digging, the 
turf being removed by horse cars; but recently ground sluicing has been in- 
troduced for this purpose. A workman is paid from 61°2 to 92°%c. a day. 
The richest gold placers in the South Ussuri region have been worked by ancient 
Chinese processes, which limit the quantity to be washed in 24 hours to 
375 cu. m.; for this reason no deposit is worked which yields less than 1°65 mg. 
gold per cu. m. For washing 900,000 cu. m. sand per year, 2,000 men and 
500 horses are required. The Russian Ministry of Finance is projecting a rail- 
road 600 miles in length from the upper reaches of the Angara River to the 
River Vitim across the richest gold-bearing district of Siberia, lying to the 
northeast of Lake Baikal. It has also decided to establish four new gold re- 
fineries in Eastern Siberia; two to be installed by the Ministry.of Finance at 
Blagovestchensk and Krasnoiarsk, one at Nicolaievsk, and one at Badaibo. 

Servia.—The Rusman gold mine at Glogowitza on the Timok River is still 
in its preliminary stage. A mill consisting of 10 stamps weighing 550 kg. 
each, together with an amalgamation and concentrating plant, was set in opera- 
tion toward the end of 1900. The ore consists of pyrite averaging 30 to 40 g. 
gold per ton. Two Servian companies prospected for gold in the valley of the 
Pek River, near Kutchevo, where alluvial deposits containing fine and coarse 
grains of gold have been found. A large number of quartz veins were found 
showing free gold, galena, chalcopyrite and pyrite. 

Spain.—English capital has become interested in alluvial mining in the 
provinces of Lugo, Orense and Leon on the rivers Sil and Mifio and tribu- 
taries; in all 33 properties of an aggregate area of 4,179 acres have been ac- 
quired. The nature, value and depth of the alluvial is common to all, and 
covers almost the entire area of each concession, its depth varies from 10 to 
25 ft. of a minimum value of 5 dwt. gold per cu. yd. The cost of working the 
deposit by small machines of a daily capacity of 25 cu. yd. is stated to be 
2°5d. per cu. yd. 

Arrica.—FEgypt.—During 1902 the Egyptian Mines Exploration Co., Ltd., 
the Egyptian Development Syndicate, and the Egypt & Soudan Mining Syndi- 
cate have explored the property granted to them by the Egyptian Government. 
The first of these companies has been working on its mines at Um Rus, the 
main shaft now being 250 ft. in depth. The vein varies in width from 4 to 
40 in., and assays from 1 dwt. to 5 oz. gold. Native labor is in abundance at 
wages from 1s. 6d. to 1s. 8d. per day, while the cost of fuel is 35s. per ton. 
At the Fatira mine the vein varies in width from 8 to 40 in., and samples 
assay from 1 dwt. to 3 oz. 15 dwt. gold. ‘Both mines had been worked in ancient 
times. The Central Egypt Exploration Co., Ltd., which is a subsidiary company 


282 THE MINERAL INDUSTRY. 


of the Egyptian Exploration Co., has been capitalized at £150,000. The district 
owned by the company occupies 1,200 sq. miles. Two ancient gold mines have 
been rediscovered—the Fowkir and the Um Esh. The quartz vein in the 
latter is half a mile long and from a few inches to a foot thick. A part of the 
ore assayed 11 dwt. 12 gr. gold per ton. In the Fowkir mine samples assay 
from 1°5 to 5 dwt. gold per ton. Labor is abundant and cheap, but fuel and 
timber will have to be imported; the mines, however, are easily accessible from 
the coast. The Nile Valley Co. in its report of March 5, 1903, states that it 
has received a concession of 6,000 sq. miles from the Egyptian Government. At 
the Um Garaiart mine, owned by this company, there is a complete hoisting 
and pumping plant and a small battery is being erected. Three shafts have 
been sunk, the reef varying from 18 in. to 9 ft. in thickness, and the ore assay- 
ing from 20 to 250 oz. gold. Ore valued at £11,000 has been taken out of the 
mine. The Egypt & Soudan Mining Syndicate, Ltd., for the year ending 
September 30, 1902, reports that its concessions in Egypt comprise an area of 
2,000 sq. miles, and in Soudan about 20,000 sq. miles. On its Egyptian property 
at Hamesh three shafts have been sunk, the ore assaying from 12 gr. to 
1 oz. 4 dwt. per ton, and at Samut three other shafts show the vein to vary from 
0°5 to 1°5 ft. in width and to assay from 2 dwt. to 2 oz. 18 dwt. per ton. On 
its Soudan property investigation and development work have been carried on 
at Om Nabardi and Nabi, and it has been found that the ore assays from 5 dwt. 
to 1 oz. 16 dwt. gold per ton. 

Gold Coast.—According to the Controller of Customs at Accra, the exports 
from the Gold Coast Colony during 1901 amounted to 6,163 oz. bullion, equiva- 
lent to 5,224 oz. fine gold, valued at £22,187, as compared with 10,557 oz. bullion, 
valued at £38,007, in 1900. The Asiakwa Hydraulicking & Mining Corpora- 
tion, Ltd., owns 20 sq. miles of territory; a test on 338 cu. yd. of gravel gave 
by hydraulic mining 20 oz. 1 dwt. gold assaying 930 fine. A plant is to be built 
to produce 40 oz. gold per day. The New Gold Coast Agency, Ltd., has ac- 
quired the Gold Coast Agency, Ltd., and obtained large concessions in the 
Tarkwa district belonging to the Nassau Gold Coast Mining Co., Ltd., and 
the Gold Coast Pioneer Syndicate, Ltd. The new company has formed two 
subsidiary companies—the Adjak Bippo Deep, Ltd., and the Cinnamon Bippo 
Co., Ltd.—both capitalized at £100,000. Both of these latter companies are 
developing their properties. The reef of the first varies in thickness from 10 to 
44 in. and assays from 2 to 23 dwt. gold per ton, while the reef of the second 
varies from 2°5 to 18 in. and assays from 3 to 24 dwt. gold per ton. 

Ivory Coast-—The Consolidated Goldfields of the Ivory Coast, Ltd., increased 
its capital to £1,000,000 after taking over the property of the New Austral 
Co., Ltd. The concession owned by the company covers 2,000,000 acres.. The 
New Austral properties are situated in the districts of the Baoulé, Sanwi, 
Indénié, Attie and Biano rivers. The sample of the ore taken from the Aman- 
gara reef assayed from 1 to 18 oz. gold, and from 0°5 to 2 oz. silver. Engineers 
have been sent out to investigate the property. On the bank of the Menzan River 
quartz has been found which assays from 2 to 30 dwt. gold per ton. At Assikasso, - 
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where the work has reached a depth of 60 ft., assays show gold throughout the 
deposit. 

Madagascar.—The exports for 1901 were gold dust, 2,374 lb., valued at 
$590,765, and gold in bars, 245 lb., valued at $46,073, as compared with gold 
dust, $641,355, and gold in bars, $51,114 in 1900. The property of the 
Suberbieville Co. is to be developed by the South African Gold Dredging Co., 
the former company to receive 2 fr. for every hectare exploited, and a royalty 
of 20% of the value of the gold recovered from the placers and 25% of that 
from crushing. Three years ago the Suberbieville Co. erected a dredging plant 
at Majunga, but it was not placed in operation. It is reported that placer gold 
has been found near the port of Manangary. According to the mining regula- 
tion, which went into effect February, 1902, a 5% tax of the value of all mineral 
extracted is levied, being calculated on the quarterly production. In no case can 
the quarterly tax be less than $50. 

Portuguese East Africa—The exports of gold in bars and gold dust, domestic 
or foreign, in 1901, amounted to 1,136 1b., valued at £52,577. New regulations 
were made for the mining fields by which the reef claims have been doubled 
in size, runing 100 m. along the reef and 200 m. across. Companies floated on 
properties must pay to the Mozambique Co., either 10% (a reduction from 
the former 50%) of their nominal capital, or 20% of the vender’s shares fully 
paid up. Claim holders may pay four times the tax above specified and dispose 
of their claims without any revision of share to the Mozambique Co. Con- 
cessions have also been granted on the rivers of the Mozambique Co.’s terri- 
tories and dredges have been installed. Some work has also been done on the 
Richmond, Braganza, Revue and Guy Fawkes mines. Boys for working the 
mines are provided by the company at £1 per head per month. More than 
2,000 boys are at work in the mines. Rich discoveries have been made in 
Mozambique. The Macequeci promises good results, and a valuable discovery 
has been made in the Uanetz district. The formation is the true conglomerate. 
as in the Witwatersrand. The reef extends for a long distance, 7 miles having 
been prospected. The district is north of Incomati, near the Transvaal. It is 
healthy, and there is an abundant supply of water and timber. A syndicate 
recently formed is prospecting the field. - 

Rhodesia.—The ore crushed in 1902 was 142,037 tons, yielding 194,268 
crude oz., as compared with 172,150 crude oz. in 1901. The number of stamps 
in operation during the year was 370, of which 60 represent prospecting batteries. 
There are in course of erection 68 additional stamps, and 240 additional stamps 
have been ordered. The Selukwe mine, which during 1902 paid a 20% dividend, 
produced from 2,566 to 3,685 oz. of gold per month in its mill, while its cyanide 
plant produced 1,200 to 1,812 oz. per month. About 1,000 natives are employed. 
The working of all the mines in Rhodesia has been hindered owing to the diffi- 
culty of obtaining native labor. Then again the laborers, from no apparent 
reason, take a strong dislike to certain mines, which in consequence find the 
greatest difficulty in obtaining labor. For this reason the mines are now em- 
ploying Shangaans from Portuguese territory, who are more disposed to settle 
down and work for a longer period. In the Geelong and Geelong Valley mines 
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it is estimated that there are 53,000 tons of ore in sight averaging 15 dwt. gold 
per ton. In the West Nicholson mine the ore in sight is estimated at 70,000 
tons, assaying from 8 to 12 dwt. per ton, in addition to large tonnage of low grade 
ore. The 10-stamp mill is to be increased by the addition of 50 new stamps. 
The Red and White Rose mine has erected a 20-stamp mill and cyanide plant. 
Its ore assays 12 dwt. gold per ton. The Rhodesia Exploration & Develop- 
ment Co., Ltd., during the fiscal year ending June 30, 1902, was engaged in 
devoloping its six mines, excavating 12,635 yd. material at an average cost of 
£2 18s. 2-6d. per running foot. The Ayrshire Gold Mine & Lomagunda Railway 
Co., Ltd., for the year ending June 30, 1902, reports that the railroad from 
Salisbury to the mine has been completed. Its mine is being developed, 62,100 
tons of ore averaging 10 dwt. having been blocked out. Its 5-stamp mill, 
which crushed 7,033 tons of ore yielding 3,895 oz. of bullion between April, 
1900 and August 31, 1901, wiil be increased, and a cyanide plant added. The 
V. V. (Gwanda) Syndicate, Ltd., is also developing its ten properties and a 
10-stamp mill is to be erected. It has sold three of its properties to the Imani 
Gold Mining Co., Ltd. The Selukwe Gold Mining Co., Ltd., for the year end- 
ing March 31, 1902, reported that it crushed 62,301 tons of rock yielding 
38,049 oz. bullion, and treated in its cyanide mill, which was completed in 
October, 1901, 28,160 tons, yielding 6,472 oz. bullion. It realized from the 
sale of gold £159,862, and its total income was £160,101. The net profit for 
the year was £43,898, which with £52,275, the balance brought forward from 
the previous fiscal year, made a total balance of £96,171. A dividend of 10% 
was paid in August, 1902. 

Transvaal. (We are indebted to W. Fischer Wilkinson! for valuable infor- 
mation contained in this review.)—The opening of the vear 1902 found the war 
still in progress, although the British troops were able to maintain tranquil 
conditions throughout most of the colony. By December, 1901, only 11 com- 
panies had taken advantage of the order issued in May granting permission 
to resume operations on a small scale, and- the number of stamps dropping was 
only 653 out of the 5,970 at work before the war. As the difficulties incident 
to repairing damages, procuring supplies and getting a sufficient quota of native 
laborers were overcome, the list of operative mines was gradually increased. In 
January, 1902, 21 companies with 1,075 stamps were working; in April, 33 
companies, 1,760 stamps; in June, 37 companies, 2,130 stamps; in August, 
39 companies, 2,395 stamps; in October, 41 companies, 2,570 stamps, and in 
December, 45 companies, with 2,845 stamps. Hostilities ceased on May 31, 
1902, when the peace negotiations were signed by the two parties. The losses 
sustained by the mining companies on account of the war were heavy, although 
little wilful damage was committed by the Boers. The largest item—the costs 
of care-taking. unwatering, repairs, salaries and wages—amounted to £3,400,000 ; 
while the gold appropriated by the Boer Government from the mines was 
£2,475,178. Exclusive of interest on capital. the total loss may be placed at 
about £6,000,000. In some respects the changed conditions under the new 
rule have been for the benefit of the mining companies. The latter have profited 

1 Engineering and Mining Journal, Jan. 8, 1908, p. 16. 
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by a material reduction in the price of explosives and coal, and also by the 
removal of certain import duties. The high railway rates, however, have not been 
altered. As an offset to the concessions granted, account must be taken of the 
increase in the profit tax to 10%, which will directly affect the dividend dis- 
tribution upon mining shares. The greatest difficulty in the way of rapid 
progress at the present time is the scarcity of native labor. Of the 100,000 
natives employed before the war less than half that number returned to the 
mines in 1902, despite the best efforts of recruiting agents in all the native 
districts. The experiment of replacing their labor by unskilled whites has 
been unsuccessful, and there are serious objections to the importation of Asiatics. 
The scarcity of natives has been due to several causes—the employment of large 
numbers in the army, the abundance of harvests and the reduction in the wages 
paid at the mines. Under the present stringent administration of the liquor 
law, it is stated that the natives give much more efficient service than formerly. 
The output of gold for the year ending June 30, 1902, according to the report 
of the Commissioner of Mines, was 891,999 fine oz., valued at £3,788,968. Of 
this amount, the mines on the Witwatersrand contributed 851,799 fine oz., 
valued at £3,618,206, while the output of the reduction works amounted 
to 40,200 fine oz., valued at £170,762. Of the tailings treated during 
the year 1,092,369 tons of sand and 220,997 tons of slimes were treated by the 
zine process, and 71,302 tons of sands and 41,675 tons of slimes were treated 
by the Siemens-Halske process. The percentage of waste rock sorted on the 
surface before milling averaged 19°012%, and for each ounce of fine gold pro- 
duced, 2:457 tons of ore were raised. The total output of gold for the Witwaters- 
rand in 1902 was 1,690,101 fine oz., valued at £7,179,074, as compared with 
238,995 fine oz., valued at £1,014,687 in 1901, an increase of 1,451,106 fine 
oz., valued at £6,164.387. The increase was divided as follows: Mill yields, 
897,231 0o2z.; concentrates and by-products, 48,836 oz.; tailings, 458,243 oz.; 
slimes, 46,283 oz., and other sources, 512 0z. The gold exported during 1902 
amounted to £7,239,888. The mining companies of the Transvaal, excluding 
investment and land corporations, represent an investment of 200 millions ster- 
ling, or about a billion dollars. This is approximately equal to the cost of the 
Boer war. The number, nominal capital and market valuation of the companicsa 
are as follows :— 


Messrs. Leggett and Hatch estimate the ore lying within the depth of 6,000 ft. 
and length of 46°9 miles at £1,233,560,709. The output should average 
£30,000,000 per vear, and at this rate it would take 42°5 years to exhaust the 
fields. During 1902 the mining companies paid dividends amounting to 
£1,442,375. The Consolidated Goldfields of South Africa, Ltd., for the vear 
ending June 30, 1902, reports a profit of £893,385, out of which £124,629 for 
dividend and tax were paid, leaving £663,722; this, with amount brought for- 


286 THE MINERAL INDUSTRY. 


ward from the previous year, £1,512,206, makes £2,175,928, out of which a 
dividend of £500,000 is to be paid, leaving £1,675,928 to be carried forward. 
The Robinson Deep Gold Mining Co., owned by this company, re-started in 
March, 1901, with 50 stamps, and between March 1 and August 30, 1901, 
the company milled 48,615 tons of ore, yielding 23,934 fine oz. gold, valued at 
£99,452. The working expenses amounted to £81,355, leaving a profit of £18,097. 
The Glen Deep, Ltd., for the year ending July 31, 1902, states that operations 
were resumed in March, 1902, and between March and July 31, 1902, it crushed 
27,328 tone of ore with 35 stamps, yielding 9,380 fine oz. gold, valued at 
£39,336; the expenditures during the same period amounted to £32,682, leaving 
a profit of £6,653, from which must be subtracted interest charges of £2,481, 
making the net profit £4,173. The ore reserves were estimated at 383,694 tons. 
The Simmer and Jack Proprietary Mines, Ltd., for the year ending June 30, 
1902, reports a resumption of operations April 23, 1902, with 50 stamps, which 
were increased to 100 in June. The total tonnage crushed was 28,404, yielding 
8,225 fine oz. gold, valued at £34,642, and the working expenses were £35,608. 
The 40 additional stamps started before the war were completed, increasing the 
capacity of the plant to 320 stamps, and a drying and a reverberatory furnace 
were built for drying and smelting the gold slimes. The Jumpers Deep, Ltd., 
for the year ending September 30, 1902, reports that it resumed operation in 
February, 1902, and in eight months treated 74,146 tons of ore, yielding 
26,115 fine oz. gold valued at £109,152, and expended £95,090, leaving a net 
profit, after paying interest charges of £966, of £13,096. The ore reserves on 
September 30, 1902, were estimated at 619,137 tons. The Langlaagte Deep, 
Ltd., for the year ending July 31, 1902, reports that during seven months it 
milled 66,531 tons, yielding 25,433 fine oz. gold, valued at £106,448, and ex- 
pended £81,284 for operating its property, and £25,161 for interest. The ore 
reserves on July 31, 1902, were estimated at 162,317 tons. The Nourse 
Deep, Ltd., for the year ending July 31, 1902, reports that during five months 
it milled 36,008 tons of ore, yielding 10,484 fine oz. gold, valued at £43,637, 
and expended £40,905 for operating its property, and £316 for interest, leaving a 
net profit of £2,416. The ore reserves on July 31, 1902, were. estimated at 
495,126 tons. 

West Africa.—In January, 1903, the Prah Gold Mines, Ltd., the Clinton’s 
Gold Concessions, Ltd., the United Gold Mines of West Africa, Ltd., the Atomé 
Mines, Ltd., and the Bakrobo Mines, Ltd., were consolidated. The consolidated 
company owns 1,000 sq. miles in West Africa. The nominal capital at the time 
of consolidation was £900,000, of which £694,000 had been paid in. The name 
of the present company is the United Gold Mines of West Africa, with a nominal 
capital of £500,000, of which £464,000 were issued at once, leaving £36,000 to 
be issued as required. 

Asta.—China.—The Syndicat du Yunnan, Ltd., has obtained a concession 
from the Chinese Government for a period of 60 years to exploit the mines and 
mineral deposits in 35 districts of the Province of Yunnan. These districts cover 
40,000 sq. miles and contain 59 mines:—25 copper, 27 silver, 6 gold and one 
tin mine. Of the net profits of the company, 10% is to be paid to the Provincial 
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Government of Yunnan, 25% to the Imperial Chinese Government, and 65% 
to the Syndicate of Yunnan. The annual output of silver in Mongolia averages 
from 80,000 to 100,000 oz., and is obtained by the natives in a very primitive 
manner. Modern methods of treatment recently introduced were unsuccessful 
owing to the high cost of coke and machinery unsuited for concentrating the 
galena, which is very finely disseminated throughout the ore. The principal 
silver mines are 45 miles northeast of Jehol, the capital of Mongolia, first worked 
by the natives 50 years ago. There are two mines, the Ku Shan Tze and Yen 
Tung Shan, about five miles apart. The vein in the upper levels is composed of 
galena in iron ore from 2 to 4 ft. thick, while in the lower the silver-lead ore 
occurs between quartz porphyry walls. The deepest workings are 400 ft. below 
the surface. The ore is hand concentrated and roasted for a week in a primi- 
tive furnace 6 ft. in diameter and 5 ft. high, constructed of blue bricks. The 
roasted ore is then continuously smelted with fluxes in a brick furnace 1 ft. in 
diameter and 3 ft. high, until 100 Ib. of lead has accumulated when the metal is 
quenched with water and cupelled in a furnace having a muffle 18X12xX8 in. 
in size with a hearth of wood ashes. Ten hours are required to cupel 100 lb. 
of charge. When the product is 995 fine the silver is cooled in water, removed 
from the furnace and cut into pieces varying in weight from 5 to 50 oz. 

Dutch East Indies —(For a general description of the gold resources of the 
Dutch East Indies consult THE Minerat INpustry, Vol. X., p. 319.)—The 
development of the mining industry in Borneo, Sumatra and Celebes, where 
active exploration work has been carried on for several years, has not been at- 
tended thus far with financial returns. In the period 1893-1901 inclusive, 53 
mining companies were organized with an aggregate capitalization of about 
$12,500,000, and more than $2,500,000 were expended in exploring various prop- 
erties ; of these ventures three have reached the producing stage, but as yet have 
not earned sufficient profits to warrant the pavment of dividends. ‘The Redjang 
Tebong mine in Sumatra has a 40-stamp mill and exploits a reef carrying 
nbout 2 oz. gold, and from 7 to 10 oz. silver per ton. During the year 1902 the 
mill treated 16,435 metric tons of ore for a yield of 21,982 oz. gold and 118,225 
oz. silver, while 6,021 tons of ore were reserved for further treatment. Some 
difficulties were experienced in operating the slimes plant, and the production 
was greatly reduced by lack of water which necessitated an almost complete sus- 
pension of operations during September and October. At the Lebong Soelit 
mine, now owned by the Mynbouw Maatschappij Katahoen, a 20-stamp mill has 
been placed in operation. In northern Celebes, the Palehleh mine, which is 
located on an irregular vein averaging about 6 ft. in width, during the first 
nine months of 1902, produced 118 kg. gold and 43 kg. silver from 17,655 
metric tons of ore. The production for the year 1901 was 143:5 kg. gold from 
15,618 tons of ore. This property is operated by the Nederlandschindische 
Gold Mining Co. The Soemalata Co., whose mine is located 40 miles west of 
Palehleh, reported for 11 months of 1902 an output of 5,430 oz. gold; in 1901 
its output was 8,460 oz. The most promising developments in Borneo have been 
made in the southern part near the Kahajang River, but as yet no mines have 
reached the producing stage. 
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India—The quantity of gold produced from the Kolar field during 1902 
was 513,220 oz. crude gold, valued at £1,959,268, as compared with 504,732 oz., 
valued at £1,921,000 in 1901. During the year the Government works for 
supplying electrical power to the mines was completed, and the full 8,000 H.P. 
will soon be available. Of the 15 operative companies in the Mysore district, 
five paid dividends amounting to £874,158, five produced gold but paid no divi- 
dends, while five were non-producers. The Coromandel, Nine Reefs, and West 
Balaghat mines are no longer producers; the first of these, however, will prob- — 
ably resume crushing in 1903. The production of gold decreased considerably 
during April, May and June, 1902, due to the scarcity of water. At the Hutti 
(Nizam’s) Gold Mines, Ltd., at Hyderabad, a 10-stamp mill has been erected. 
The report of the Champion Reef Gold Mining Co., Ltd., for the fiscal year 
ending September 30, 1902, shows an income from the sale of gold of £571,705, 
and a total income of £543,326 after deducting the royalty paid to the Govern- 
ment, as compared with £576,329 in 1901. The expenditures amounted to 
£259,489, leaving a net balance of £288,293, out of which £130,075 in dividends 
were paid, or at the rate of 110%. The quantity of ore crushed amounted to 
134,088 tons yielding 138,872 oz. bar gold, an average yield of 1 oz. 17 gr. per 
ton, while the tailings and slimes amounting to 115,411 tons treated by the 
cyanide process, yielded 11,873 oz. bar gold, an average of 2 dwt. 1 gr. per ton. 
The total production of bar gold was 150,745 oz. A new 120-stamp mill was 
placed in operation. The scarcity of water during the dry season (April to 
July) caused a large decrease in the output. A new cyanide plant with a 
capacity of 8,000 tons of tailings per month was started in August, which in- 
creases the total capacity of the plant to 20,000 tons of sand per month. The 
Mysore Gold Mining Co., Ltd., during 1902 milled 140,306 tons of ore yielding 
by amalgamation 154,905 oz. bar gold, an average of 1 oz. 2 dwt. 2 gr. per ton. 
The cyanide works treated 114,549 tons of tailings, from which 12,927 oz. gold 
were obtained, an average of 2 dwt. 6 gr. per ton. The plates yielded 672 0z., 
making a total output of 168,504 oz., as compared with 164,581 oz. in 1901. 
The gold realized £657,918, upon which £32,610 in royalties were paid. Re- 
ceipts from various sources amounted to £3,131. Expenditures amounted to 
£253,704, and £344,500 were paid in dividends, a rate of 130% for the year. 
The balance on hand at the end of the fiscal year was £376,145. Since January, 
1898, the company has paid £3,175,152 in dividends on a capital of £265,000. 
In November, 1902, the capital was raised to £290,000 by the issue of 50,000 
shares of 10s. each, 15,000 of these shares and £20,000 being paid to the Gold 
Fields of Mysore & General Exploration Co., Ltd., for their 342-acre block. 
The capacity of the cyanide plant is 15,000 tons of tailings per month. The 
new 60-stamp mill was started in October, which increases the total number of 
stamps to 210; of these, 150 are operated by electric power. The ore reserve i8 
estimated to be over 340,000 tons. The Ooregum Gold Mining Co., Ltd., milled 
106,930 tons of ore during 1902, yielding 88,069 oz. gold valued at £327,846. 
The ordinary expenditure amounted to £164,675, and the profit to £148,937. 
The mills contributed 68,942 oz., the cyanide works 16,239 oz., and 2.888 oz. 
were obtained from skimmings, dismantling old mills, etc. The new 120-stamp 
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mill has been in operation for the greater part of the year. The Nundydroog 
Co., Ltd., during 1902 produced 58,034 oz. gold, valued at £218,171. The 
mills treated 55,940 tons of quartz, yielding 52,677 oz. gold, and 60,409 tons of 
tailings were cyanided for a recovery of 5,357 oz. gold. The Balaghat Gold 
Mining Co., Ltd., during 1902 produced 23,762 oz. gold from 25,635 tons of 
quartz crushed, and 2,635 oz. gold from 24,030 tons of tailing cyanided, a total 
of 26,397 oz., valued at £102,021. The expenditure amounted to £65,988. A 
dividend of £8,945 was paid, leaving a balance of £14,211 to be carried forward. 

Japan.—The placer fields of Hokkaido, which cover some 20 sq. miles, made 
an output estimated at 10,000 oz. in 1901. Many of the individual operators have 
combined into small companies for the purpose of adopting American methods 
and working the sections more thoroughly. The development of the district 
is hampered by governmental restrictions, owing to which the actual working 
period in the year does not exceed three months. 

Korea.—The development of gold mining in Korea has been hindered by the 
Government restriction, whereby but one concession is granted to each prominent 
power; so far, subjects of the United States, United Kingdom, Germany and 
Japan have located workings, and of these the American concession only has 
arrived at a producing stage. This property of from 400 to 500 acres in extent, 
is located in the northwestern section near the border of Manchuria. The 
principal mines with stamp mill equipment in operation are in three groups— 
Chittabalbie (20 stamps) and Maihong, 40; Kuk San Dong, 20; Tabowie, 
40, and Taracol, 80. The groups are 22 miles apart, and each one is under a 
superintendent. In addition, prospecting and development are being carried 
on, and several mines are let to native tributors. The ore is quartz in granite, 
and the mills are equipped with vanners, but have no cyanide plant for the 
tailings. Very rich concentrates are shipped to the United States. With 
regard to the local conditions, water is plentiful except during a short period 
in winter; lumber is cheap, though not plentiful, and labor is cheap. Japanese 
_are largely employed as carpenters, blacksmiths and engineers at about 3s. per 
* day; Chinese mainly as surface coolies at the mills, although some are employed 
underground at 10°5d. per day; Koreans as miners or carpenters at 1s. 3d.; 
coolies at 75d. per day. Satisfactory results are obtained by having the 
natives work under direct supervision of a white man without an intermediate 
native foreman. The ground is not hard, but requires dynamite and timbering, 
square sets being used in large stopes, which vary from 4 to 15 ft., averaging 
8 ft. The somewhat complicated occurrence of ore shoots is not conducive to 
cheap systematic mining. S. J. Speak estimates mining costs at from 4s. to 5s. 
per ton, with a width of stope not less than 4 ft. and moderate dead-work. 
Recent milling and concentrating costs at the Tabowie mill of 40 stamps with 
vanners and canvas plant, run by steam power using wood fuel were as follows: 
May, 1902, treating 4,008 tons, 1s. 88d. per ton; June, treating 4,130 tons, 
1s. 7°5d., and July, treating 4,589 tons, 1s. 71d. The average working cost of a 
40-stamp mill in this district varies from 1s. 9d. to 2s. per ton. The satisfactory 
work accomplished in Korea by Chinese labor under the supervison of white men 
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is an indication of what may be hoped for in mining in the temperate zones of 
the Far East. | 

Malay Peninsula—The output of gold in Pahang in 1901 amounted to 
23,948 oz., valued at £77,831, as compared with 17,048 oz. (£65,229) in 1900. 
The Kedana Co., which owns a mine near Mt. Ophir, Malacca, has erected a 
mil] and has crushed ore for six months of 1902. The mill at Ketchau was not 
in operation during the greater part of the year, as it had no ore to crush. The 
Punjum Gold Mining Co. and the Tin Concession & Batu Bersawah Mining 
Co. are still prospecting. The Raub Australian Gold Mining Co. increased its 
output from 12,477 oz. in 1900, to 18,901 oz. in 1901. Four companies began 
exporting gold in 1901—the Malaysian Mining Co., 1,315 oz.; Queensland Raub 
Syndicate, 75 oz.; Malaysian Mining Co., 1,164 oz., and Bentong, 114 oz. In the 
Bentong mine a shaft was sunk 105 ft., but no defined lode was discovered ; 
at the Raub mine samples assayed 11°5 dwt. gold. No deep shafts have been 
sunk; it is not known, therefore, if any of the mines continue in depth. The 
country is covered with heavy jungle, transportation facilities are inadequate, 
and means of communication are lacking, and although alluvial deposits are 
known to exist from Budu to Sepan, from Benta to Lipis, and along the Seman- 
tan and Krau rivers, and the tributaries of the Jelai River, the deposits have not 
been worked. 

AUSTRALASIA.—(Through the courtesy of F. Danvers Power, special notes on 
the mining industries of the States have been incorporated in the following 
review. )—The year 1902 was one of depression throughout Australasia, principally 
on account of the low price of metals and the prevailing drought. The latter 
has acted directly by forcing certain mining operations to cease temporarily 
for want of water, and indirectly by its effect on the general prosperity of these 
States, inasmuch as the woo] clip was a failure and the output of wheat did not 
suffice for domestic consumption, so that export was out of the question. Mining 
legislation did not encourage the investment of foreign capital. Despite the 
baneful effects of the drought development work has been carried on actively in 
some cases. That the present depression is not due to anything radically wrong 
with the mines themselves is indicated by the increased yield of gold in the 
principal States over that of last year, and the fact that other mines are ready 
to recommence work as soon as the prices of copper, lead and silver rise, or a 
sufficient supply of water is obtained. The combination of adverse conditions 
has caused a few mines to try to meet them by increasing their output with 
the same management, while being satisfied with smaller profits. By this means, 
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States. 1902. 
Value. Fine Oz. Value. 
New South Wales......... $41,488,075 254,435 $5,259,171 
New Zealand...........05: 8,584,126 458,933 0,486,145 
Queensland........sce008-: 12,368,556 640,468 18,288,370 
South Australia (a). 453,624 24,082 497,775 
TasSMania.....ccsscescecess 1,436,789 70,996 1,467.487 
Victoria. ..... cscccccesees 15,088,880 720,866 14,900,800 
Weatern Australia........ 34,799,718 1,819,308 37,605,096 


(a) Includes Northern Territory. 
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as also by effecting other economies, the Broken Hill Proprietary Co. has been 
able to pay a half-yearly dividend. A proposal was made to amalgamate the 
principal Broken Hill mines in order to save expenses in administration, but it 
did not meet with a favorable reception. 

New South Wales.—The increase in the output of gold is considered to be 
due to the gold extracted by smelters from ores received from other States and 
included in the returns as the actual produce of the colony. The industry has 
' been severely affected by the drought, and many of the mines have been shut 
down from six to nine months. The Cobar district still continues to be the 
chief producer, the output for 1902 being 26,956 oz.; Wyalong contributed 
20,718 oz.; Adelong, 14,414 oz., and Araluen, 13,909 oz. Seven suction and 
22 bucket dredges were in operation in 1902, the Araluen Valley, Araluen Central, 
Tulloch’s, Perry’s, Jembaicumbene and Kiandra being the most successful. 
These dredges during 1902 produced 25,473 oz. gold, valued at £97,891, against 
23,585 oz. gold, valued at £89,628 in 1901. The Araluen district contributed 
52% of this total. At Nerrigundah, the Red Creek Gold mine has two veins, 
one 2°5 ft. wide and developed to a depth of 120 ft., the ore averaging 2 to 3 oz. 
gold per ton, and the other 6 in. wide, and averaging 10 oz. gold per ton. The 
Cobar Gold Mines, Ltd., reports for the year ending September 30, 1902, that it 
treated 30,730 tons of ore, 18,291 tons of tailings, and 9,965 tons of slimes, 
yielding 11,216 oz. gold, valued at £32,641. The total expenditures for the 
year amounted to £31,930, and the income amounted to £32,648. Besides adding 
to the plant and machinery, some development work was done. The company 
could only operate during five months of the year on account of the drought. 
The King Conrad Silver & Lead mine, situated at Inverell has gone into 
liquidation, while the Prince of Wales mine, at Gundagai, and the Post: Office 
mine, at Stuart Town, the latter belonging to the Emma Co., have closed down. 
The Lachlan Gold Fields, Ltd., crushed and concentrated 7,192 tons of ore, and 
obtained from the sale of gold bullion, slag, and concentrates a net return of 
£17,906. The total output of silver, concentrates, ores, etc., in 1902, was valued 
at £1,440,179. The low price of silver caused the temporary closing of all the 
Broken Hill mines with the exception of the Proprietary, Central, Block 10 and 
South mines. ‘The Federal] tariff is felt more in New South Wales than in any 
other State, as in the past most goods were entered free. Its effect upon the 
mining industry is illustrated by the Broken Hill mines, where Oregon timber 
is used for the square sets. A duty is now levied of 6d. per 100 ft. on large 
timber, and 18d. per 100 ft. on smaller sizes. 

New Zealand.—The exports of gold during 1902 were 508,043 oz., valued 
at £1,951,430, an increase of 52,482 oz., of the value of £197,647 over the pre- 
ceding year. The quantity of silver exported during 1902 amounted to 673,- 
986 oz., valued at £72,001, as compared with 571,134 oz., valued at £65,258 in 
1901. The greater portion of the silver has been obtained from the mines in 
the Hauraki district. The gold produced by the Otago dredges during 1901 
amounted to 65,227 oz. from an average number of 46 working dredges, while 
63 dredges in 1902 produced 105,786 oz. According to C. E. Turner, the 
cost of operating a dredge designed to lift 2.000 cu. yd. per day of 24 hours is 
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£53 10s. per week. The total dividends paid by New Zealand mines, but not 
including the West Coast, during 1902, amounted to £145,967. On the West 
Coast 44 dredges produced 30,000 oz. gold, valued approximately at £120,000. 
Hydraulic sluicing is receiving increased attention, both in the Otago and West 
Coast districts. The Waitekauri Gold Mining Co., for the year ending May 31, 
1902, produced 55,413 oz. bullion, valued at £46,728. The New Zealand Crown 
Mines Co., Ltd., during the year ending August 31, 1902, treated 32,561 tons 
of ore, obtaining 16,994 oz. gold and 13,266 oz. silver, valued at £74,238. The 
expenditures amounted to £53,521, leaving a profit of £20,717, which, with 
£5,236 brought forward from previous account, gave a surplus of £25,953, out 
of which a dividend of £15,000 was declared. The balance carried forward was 
£10,203. The 60-stamp mill now in operation is to be enlarged for 20 additional 
stamps. The Waihi Gold Mining Co., Ltd., during 1902 treated 179,487 tons 
of ore, yielding gold bullion valued at £520,138, and a dividend of £250,000 was 
paid. The company acquired the mines and 40-stamp mill owned by the Union- 
Waihi Co., so that it now operates 330 stamps. It is converting its dry crushing 
into a wet crushing plant. On the average 17,000 tons per month are crushed, 
and when all the stamps are converted the capacity will probably be raised to 
20,000 tons per month. The Progress mine treated 55,976 tons of ore, yielding 
£106,996, the expense being £44,670, leaving a profit of £62,526. An important 
discovery of gold is reported from Kawhia, where the Government has withdrawn 
the land from sale on the ground that it contains minerals. All kinds of mining 
machinery in this colony are driven by electric power generated by the water 
supplied by rapid streams and rivers, the current in many cases being carried 
a considerable distance. The cyanide process has now been introduced in the 
Hauraki gold fields with an 85 to 90% extraction, where formerly an extraction 
of only 65% was obtained by amalgamation. The New Zealand Government, 
having bought the patent rights to the cyanide process from the Cassel Gold 
Extraction Co., received £4,577 as royalties for the fiscal year ending March 31, 
1902. As soon as the Government is paid a sum equal to its outlay for the 
patent rights, all royalties will cease. 

Queensland.—The dividends paid by the Queensland mines in 1902 amounted 
to £987,541. The report of the. Mount Morgan Gold Mining Co., Ltd., for the 
year ending May 31, 1902, shows an output of 213,907 tons of ore, 120,641 tons 
of which were oxidized ore and 93,266 tons were sulphide ore. The plant treated 
232,953 tons, 19,046 being tailings, and obtained 147,628 oz. gold valued at 
£570,337. The total income was £574,573, and expenditures £313,690, leaving 
a profit of £260,883. To this is to be added £22,279 brought forward from the 
previous year, making a total of £283,162. Dividends of £204,167 were paid, 
leaving a balance to be brought forward of £78,995. The cost of treating the 
oxidized ore was $2°68 per ton, and the sulphide ore $4°07 per ton. The Char- 
ters Towers mines for the year 1902 produced 378,194 oz. gold, against 336,431. 
oz. in 1901. The dividends paid by the various companies amounted to 
£415,564 in 1902, against £319,944 in 1901. The New Queen Gold Mining Co., 
Ltd., for the year ending August 31, 1902, treated 2,889 tons of ore, obtaining by 
crushing 3,367 oz. gold, valued at £11,359, and by cyaniding 1,044 oz., valued at 
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- £3,474. Its total expenditures amounted to £31,882 and income £25,830, a loss of 

£6,052. The Queen Cross Reef treated 16,578 tons of ore for 42,136 oz. gold, and 
paid dividends of £116,667; the Brilliant Central obtained 31,020 oz. gold from 
30,889 tons of ore, and paid dividends of £68,750; the Brilliant and St. George 
United obtained 18,225 oz. gold from 26,232 tons of ore and paid dividends of 
(£52,200, and the Day Dawn Block and Wyndham obtained 26,510 oz. gold from 
40,730 tons of ore and paid dividends of £49,840. The Croyden field in 1902 
produced 44,200 oz. gold from 27,600 tons of quartz crushed, against 49,468 oz. 
gold from 26,277 tons in 1901. There was a great decrease in the yield from 
cyaniding due to the scarcity of water, no rain having fallen for eight months. 
The Brilliant Gold Mining Co., Ltd., during the year ending October 9, 1902, 
crushed 11,540 tons of ore, yielding 13,497 oz. gold, valued at £46,046. For 
the half year ending October 9, 1902, this company treated 5,010 tons yielding 
5,615 oz. gold, valued at £19,059, an average of 1 oz. 2 dwt. 10 gr. gold per ton. 
From the tailings gold to the value of £1,020 was obtained, a total of £20,080. 

South Australia.—During 1902 the Government expended £32,017 on five 
plants at a loss of £26,370, each plant showing a deficit for the year. Gold has 
been discovered in Arltunga, a northern district of this colony 1,000 miles from 
Adelaide. In the White Range gold mines, Northern Territory, no defined lodes 
have been found but the gold occurs in cellular quartz which crops out in irregu- 
lar shaped masses and blocks. This quartz occurs also in irregular crevices 
and fissures, whose course changes in being followed downward, so that the 
workings assume a very irregular shape. The lowest depth reached is from 50 
to 60 ft. and the width from 2 to 15 ft. Samples taken from the different 
parts of the field assay from 2 dwt. to 8 oz. 16 dwt. gold per ton. The Govern- 
ment has erected a stamp mill, which in the latter half of 1902 treated 424 
tons of ore and obtained 741 oz. gold. The Northern Territories Mining & 
Smelting Co., Ltd., capitalized at £175,000, owns properties at Iron Blow, Mount 
Ellison, Mount Bonny, and on Howley, Yarn and Brocks Creeks. At the 
Iron Blow mine the lode has been developed 100 ft. deep. It is 20 ft. wide, and | 
the oxidized ore averages £4 1s. 8d. per ton, and the sulphide ore averages 
£7 2s. 10d. per ton in copper, gold and silver. At Mount Ellison the ore varies 
from 10 to 20% Cu. At the Howley mine there is a 40-stamp mill, the ore 
varying from 3 to 5 dwt. gold per ton. At Yarn Creek there is -a 20-stamp 
mill, and at Mount Bonny the ore body, which is 28 ft. wide, aseays from a 
trace of gold and 19 dwt. silver to 1 oz. gold and 4 oz. silver per ton. A 60-ton 
water-jacket furnace and two reverberatory furnaces are to be erected, and are ex- 
pected to be in operation before the end of 1903. 

Tasmania.—Gold and tin in combination have been found at the Royal Tas- 
man mine, near Gladstone. The Tasmania Gold Mining & Quartz Crushing 
Co., at Beaconsfield, one of the principal gold mines of this colony, has been 
offered to an English company. There are silver-lead mines working on a fairly 
large scale. The Mount Lyell Mining & Railway Co., for the half year ending 
September 30, 1902, mined 159,634 dry tons of ore, of which 154,152 tons were 
from open-cut, and 5,482 tons from underground workings. The smelter treated 
240,999 tons of ore. There were 8,858 tons of matte treated in the converter, 
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yielding 11,681 oz. gold and 341,346 oz. silver. The total cost of treating the 
ore was $4°73 per ton, as compared with $5°10 in the preceding half year. The 
meta! obtained was valued ‘at £268,569; the total receipts were £284,325, and 
expenditures £207,211, leaving a net balance for the half year of £77,114. The 
company has absorbed the Mt. Lyell Reserve copper and gold mines, the Glen 
Lyell copper mine, South Tharsis flux mine, Royal Tharsis and the King Lyell 
mines. 

Victorta.—The gold in this colony was obtained both from alluvial workings 
and from lode mining. Of the seven districts, Ballarat and Bendigo still con- 
tinue to be the largest producers of gold, their output amounting to about two- 
thirds of the total yield. The output of gold in Ballarat in 1902 was 62,712 oz. 
gold. The Long Tunnel Extended, Walhalla, is the most productive mine. On 
January 1, 1902, there were 27,777 men engaged in gold mining, 12,886 of them 
working on the alluvial deposits, and 14,891 working in the quartz mines. The 
receipts of the Melbourne branch of the Royal Mint during 1902 amounted to 
1,016,682 oz. gold. By an act of the Government all gold buyers are obliged to 
take out a license. 

Western Australia.—There was a large increase in the production of gold in 
this colony in 1902, the mines treating 1,888,950 tons of ore for a yield of 
2,117,241 oz. gold, as compared with 1,572,951 tons of ore yielding 1,841,498 oz. 
gold in 1901. ‘The gold entered for export or sent to the Perth Mint in 1902 
was 2,177,442 crude oz., or 1,871,037 fine oz., valued at £7,947,662, as compared 
with 1,703,417 fine oz., valued at £7,235,653 in 1901. The greater portion of 
this output was obtained from the Kalgoorlie district, but there were sub- 
stantial increases in the output of the Murchison, East Murchison, Mount Mar- 
garet and North and East Coolgardie; many of the other gold fields showed a 
decreased output, especially the gold fields from Peak Hill northward. In the 
Ashburton, Gasgoyne and Kimberley fields the alluvial deposits are being worked 
out, and at Pilbarra and West Pilbarra the workings have reached water level 
and the mine owners, having no capital to provide for machinery for sinking 
deeper, have had to abandon their properties. The Phillips River gold field, 
which was declared in 1901, has developed slowly, owing to the absence of 
crushing facilities, but several batteries are now being erected. The cost of 
mining in the Kalgoorlie district has been steadily reduced, and will be further 
reduced as the Coolgardie water works are now completed. These works bring 
water to a district 1,300 ft. above and 350 miles from the source of supply by 
means of 8 pumping stations, and supply daily over 6,000,000 gal. of water. 
The Government operates several batteries and cyanide works to enable miners 
to treat their ores independently of the large mines. According to Mr. Alfred 
James the roasting (called the Marriner process in Western Australia) and Diehl 
processes have been successfully emploved on the telluride ores at Kalgoorlie. 
On low-grade orcs, roasting is not required, but with rich ores, the ore must 
first be roasted and then bromo-cvanided. At the Great Boulder Main Recf 
mine an extraction of 90% has been obtained with this process, at a minimunt 
cost of $5°25, and an average of $6°25 per ton for the year. On the richer ores 
of the Hannan’s Brownhil] and Lake View mines the cost was $8°19 per ton, 
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The companies operating in the Kalgoorlie gold fields during 1902 paid 
£1,086,250 in dividends, and 13 of them together produced 1,057,132 oz. gold from 
787,188 tons treated, an average of 1 oz. 9 dwt. 9°5 gr. gold per ton of ore. Of 
these 13 companies, four produced over 100,000 oz. each—the Golden Horse- 
shoe, 190,119 oz. gold from 116,276 tons of ore; the Great Boulder 166,510 oz. 
gold from 104,231 tons of ore; the Ivanhoe, 142,291 oz. gold from 131,810 tons of 
ore; and the output of the Great Boulder Perseverance. The Great Boulder 
Perseverance Gold Mining Co., Ltd., during 1902 treated 140,642 tons of 
ore and 41,392 tons of oxidized tailings and slimes, yielding 193,383 oz. bul- 
lion, valued at £693,215, as compared with £487,733 for the previous year. The 
gross profits for the year, after deducting administration charges amounted to 
£412,683. The balance to the credit of profit and loss was £357,115, out of which 
four dividends amounting to £350,000 were paid, leaving £7,115 to be carried 
forward. ‘The cost of mining and treating the ore was less in 1902 than in 
1901. There were 383,600 tons of ore in sight at the end of the year. Two new 
furnaces began operations at the beginning of the year, and the plant has been 
greatly improved. It has been proposed to form a new company with a capital 
of £1,500,000 to take over the present company. The Kalgurlie Gold Mines, 
Ltd., for the year ending July 31, 1902, reports that it treated 22,060 tons of 
ore, obtaining 24,842 oz. gold, valued at £95,648. Its total income was £95,822, 
and expenditures £81,454, leaving a balance of £14,367, which, with balance 
of £23,253 brought forward from the previous year, after paying a dividend of 
£15,000, leaves £22,620 to be brought forward. The cyanide works of the Cum- 
berland Niagara Gold Mines, Ltd., were completed and operations commenced 
in February, and from that date to June 30, 11,408 tons of tailings were treated, 
yielding 1,549 oz. of bullion. The Bayley’s Gold Mines, Ltd., for the year end- 
ing June 30, 1902, reports a gold production during 18 months from all sources 
of 5,923 oz. gold. Its reduction works, cyanide and slimes plant were shut down 
during the greater part of the year. Alluvial deposits have been discovered near 
the Lady Mary mine,. Norseman. 

New Guinea—In 1901 New Guinea produced 7,685 oz. fine gold, valued at 
£32,646. No new discoveries have been made in the Yodda gold fields. The 
ground now being worked is quite poor and requires an abundance of water. 
The drought during the year dried up many of the smaller streams from which 
the water supply for the mines was obtained. Many of the dry beds have been 
worked, and a few have yielded fair quantities of gold. The dry weather also 
affected mining at Woodlark Island. The Woodlark Island Proprietary Co., Ltd., 
reported for the fiscal year an income from the sale of gold of £10,073, and an 
expenditure of £8,623. The debit balance is £6,036, as against £6,504, brought 
forward from the previous half year, showing an increase of £468. 
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Progress IN GoLpD MILLING DURING 1902. 
By R. H. RICHARDS. 
GoLp MILLING. 

Stamp Mill Construction..—J. J. Deming discussed this subject in an interest- 
ing manner, the following being a few of the observations made: The back 
knee frame, while it has some faults, is considered best for a battery frame. 
The tron battery frame has gradually come into general use in Australia, 
experience having shown the fallacy of the idea that the iron work became 
crystallized by repeated shock. No serious effects have resulted in mills 
using iron frames for years. The mortar should be designed to suit the ore, 
1.e., along the lines of inside amalgamation, or speed of crushing, or both. 
It is better to put more metal in the stem and less in the boss-head; with a steel 
tappet there is less vibration in the stem and consequently longer life; with a 
steel tappet, and the end of the cam chilled, there wil! be less friction and little 
wearing of cams. Shoes and dies should not be of the same hardness; the 
best results being obtained with steel shoes and chilled cast iron dies. Stamps 
vary in weight up to 1,250 lb. according to the work to be done. It has been 
demonstrated at the Alaska-Treadwell mill that a stamp heavier than 1,000 lb. 
is a good pulverizer, but not a good amalgamator. For rapid crushing, the 
order 1, 5, 2, 4, 3 will work well, while for the long, slow drop, the order, 1, 5, 3, 
2, 4 will give an even distribution of the ore in the battery. The order 1, 4, 2, 
5, 3 for heavy stamps and inside amalgamation will give good results. The 
order, 5, 1, 3, 4, 2, commonly used in Australia, is a very good system. The 
order of the drop, however, is more or less a fancy of the mill man; rarely do 
two use the same order. The Muntz metal plate, 60% copper and 40% zine, used 
in Australia is in some instances superior to the silver-plated copper plate, being 
more easily cleaned as verdigris is absent, but its absorbent power for mercury 
is limited. In general, the silver-plated copper plate is considered to be superior 
to all others. ; 

Mortar Foundations in Oregon.2—According to W. H. Washburn, it became 
necessary to place at a mill in Oregon a set of mortar blocks on what is known as 
webfoot, i.e.. a sort of indurated clay. The pits for each 10 stamps were 3 ft. 2 in. 
wide X 13 ft. 2 in. long X 20 ft. deep. Beginning 3 ft. from the bottom, each 
pit was undercut at an angle of 45° to a point level with the bottom and under- 
cut 1 ft. at the ends. A layer of sand was spread over the bottom, and a row 
of timbers 10X12 in.X7-5 ft. was laid crosswise, being well pounded down and 
leveled. On these were laid lengthwise three timbers, each 10X12 in.x14 ft. 
long and a series of 2-in. planks was spiked lengthwise along the top 
row to prevent the presence of sand between the timbers, and also to serve as 
an additional binder. The upper surface of the timber was made level and the 
mortar blocks put in place. The blocks were built of 2-5-in. plank, 24 ft. long, 
one layer being of three planks, each 10 in. wide and the next of two planks, 
each 15 in. wide, in alternate layers. These foundations have proven satisfactory, 
and no settling was noticed after a three weeks’ run. (See Fig. 1, on next page.) 


1 Mining and Scientific Press, Vol. LXXXV., (1902), p. 188. 
9 Joid., Vol. LXXXTV.. (1902), p. 246. 
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Mortar Foundations in Caltfornia..—Two years ago at the North Star Mill, 
Grass Valley, the old wood foundation blocks were replaced by a concrete base 
with granite foundations. As a result the stems do not break as often as for- - 
merly, the mill crushes more ore and the mortars are absolutely solid. When 
the mortars were first erected, sheet lead 0:0312 in. (,) thick was placed 
between the mortar and the granite in order to fill the interstitial space, but 
it worked out and left the mortars loose. Furthermore, the mortars had become 
somewhat dished as a result of the pounding on a soft foundation, to counteract 
which the granite surface was made slightly concave. 

The Individual Mortar Stamp Mull.‘—This arrangement consists of three 
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parallel mortars, designed for the independent action of each stamp in its 
separate mortar, as well as to secure the largest area of screen discharge. 

Sluice Plates.»—According to W. J. Adams, sluice plates should not be as 
wide as the apron plates, a width of 20 in. being preferable. They should have 
a less grade (about 1-25 in. in 1 ft.) owing to the greater clearance of the sul- 
phurets, and the concentration of the pulp; and as no free gold should be found 
at this distance from mortar, it is not necessary to turn the pulp over in 
waves. 


8 Mining and Scientific Press, Vol. UXXXIV., (1902), p. 157. 
4 Ibid., Vol. LXXXV., (1902), p. 247. 
§ Ibid., Vol. LXXXV.. (1902), p. 268. 
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Morison’s Open-Front Mortar Box..—The front of the mortar in the Mori- 
son box is entirely open from the discharge lip upward; that portion of the 
box above the screen opening being closed by means of a removable pressed 
steel door, which is dished and flanged for strength and rigidity; when closed 
the end flanges seat themselves upon suitable ledges on the main casting and are 
secured thereto by studs fitted with wing nuts. 

Theory of the Patio Process of Amalgamation.'—Miguel Bustamente, Jr., calls 
attention to the difficulties experienced in extracting the gold from Mexican ores 
composed principally of decomposed iron pyrites in quartz with native gold in 
irregular grains; the metallic value in some portions, however, being in calcite 
and siderite. At first the extraction of gold by amalgamation from 1-oz. ore 
was about 10%, and was attended with an excessive loss of mercury. Direct 
amalgamation combined with cyaniding of the concentrates gave an extraction 
of 32%. Occasionally during amalgamation, the odor of hydrogen sulphide gas 
was noticed, which accounted for the great loss of mercury. A preliminary 
roasting and washing of the ore raised the extraction to 63%, with a mercury 
loss of 11%. Upon investigation, the gold which had escaped amalgamation 
was found in a spongy state, similar to “platinum sponge,” and in contact 
with the mercury it caused an energetic electrochemical action, which decom- 
posed a relatively large quantity of water; the oxygen set free being absorbed 
by the sponge while the hydrogen combined with the sulphur of the pyrite, and 
produced hydrogen sulphide of which a part escaped and a part attacked the 
mercury causing the heavy loss of the metal. The actual chemical reactions 
are quite complicated, but the formation of mercury sulphide was proved by an 
analysis. The loss of gold is explained thus: Whenever the sponge or black gold 
is present under such conditions that it will act as the electro-positive element, it 
will receive, condense, and hold oxygen which will be returned when the gold 
is made the electro-negative element of the couple. Mr. Bustamente perfected 
a method by which the loss of mercury was reduced to 0:03%, and the extraction 
of gold raised to 95% of the assay value, at the low cost of $0-42 per ton for 
crushing, and $0°19 for amalgamation, including the electric current. At first 
the ore was roasted in a reverberatory furnace and washed abundantly with 
water; it was then passed through the mortars where it was pulverized and the 
amalgamation begun. The mortars were fitted with inside plates, connected . 
with the poles of a dynamo that produced a current of 150 amperes and 14 volts. 
The two stamp batteries discharge into a common channel, in which, side by side, 
were placed the large amalgamating plates, one connected with the positive pole, 
and the other with the negative; an arrangement which gave encouraging resu!ts ; 
but, in view of the energetic decomposition of water, the electro-motive power 
was lessened by subdividing the amalgamating plates and uniting them in parallel, 
thereby diminishing the liberation of gases and reducing the loss of mercury to 
an insignificant quantity. Similar arrangements were made for the pans and 
the washers. An average of 9 tons of ore was treated in 24 hours with an 


* Engineering, Vol. LXXIV., (1902), p. 145. 
? Transactions of the American Inatitute of Mining Engineers, November, 1901. 
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extraction of 94% of the gold. The preliminary roasting was abandoned later, 
and a maximuin gold extraction of 95% was obtained. 

Mill Practice in Arizona.2—At the Commonwealth mill at Pearce, the ore con- 
sisting of hard, decomposed quartz and talc carrying silver chloride and free gold, 
is coarsely crushed by a Blake breaker and roughing rolls, thence it is passed to 80 
stamps cach of 950 lb. weight which drop 102 times per minute, and crush 210 
tons of ore per day through a 35-mesh screen. There is no battery or plate amal- 
gamation, the pulp passing direct to settling tanks and thence to the amalgamat- 
ing pans. The tailings are impounded for future treatment. Crude oil is used 
for power purposes. 

Mill Practice in Colorado..—At the Portland mine, Cripple Creek, the fine 
portion of the ore is separated by a screen; the coarse portion, which constitutes 
the bulk of the ore, being hand sorted. Formerly the fine material with a value 
in gold of about $4 per ton was rejected, but at present a saving of 50% of the 
contained value is effected by a simple washing process. The washer consists | 
of an inclined iron plate perforated with holes 0°625 in. (§) in diameter, on the 
upper surface of which numerous jets of water impinge in various directions. 
The waste is passed over a screen which removes the dry fines; the coarser por- 
tion, which forms the bulk of the waste, is then passed over the perforated plate, 
the adhering fines being washed off by the jets of water, and collected and dried 
on a sheet iron box, heated by exhaust steam. The small quantity of water 
used is circulated through a boiler-feed pump operated by exhaust steam. In 
this way the final waste is reduced in value to an average of about $2 per ton. 

Mill Practice in South Dakota.°—The Wasp No. 2 Mill, at Kirk, has been 
in operation since September, 1900. The gold in the ore, which varies in value 
from $4 to $20 per ton, is on the cleavage planes of quartzite; very little pyrite 
is present, with an occasional trace of stibnite. Crushing and screening is done 
as follows: (1) Ore; to (2). (2) Ore bin; to (3). (3) Grizzly; 4x8 ft. 
with 1°5 in. spaces ; oversize to (4) ; undersize to (5). (4) No. 3 Gates breaker, 
set to 1:25 in. ring, to (5). (5) Storage bin, to (6). (6) Coarse rolls, 14x24 
in., to (7). (7) Stationary inclined screen, 7 ft. long, 1 ft. wide, 2 mesh, 
oversize to (8); undersize to (9). (8) Finishing rolls, 40X24 in., to (9). 
(9) Bucket elevator, to (10). (10) Shaking finishing screen, 2°5 mesh; over- 
size to (8) ; undersize to (11). (11) Finished product bin. The ore is cyanided. 

Mill Practice in California.\—At Hedges the crushed ore is conveyed to the 
mill bins by a hoisting tram line, and is fed automatically to the batteries of the 
100-stamp mill which is in two sections, 50 stamps on a side, the ore bins being 
above and between them. Each stamp weighs 1,000 Ib. and drops 96 times per 
minute, crushing 4°5 tons of ore per 24 hours. The screens are No. 10 diagonal 
slot-punched, equivalent to 40-mesh. Below each battery is-a copper amalgam 
plate, 28 ft. long, with a fall of 1:5 in. to the foot; 70% of the total saving is 
reported as made on the plates. 

Mill Practice in Bendigo.2—H. C. Boydell states that the ore treated is 


® Mining and Scientific Press, Vol. LXXXIV., (1902), p. 108. 
® Mining Reporter, March 6. (1902), p. 252. 
10 Mining and Scientific Press, Vol. LX XXIV., (1902), p. 232. 
3 Ibid... Vol. LXXXTV., (1902). p. 50. 
12 Australasian Institute of Mining Engtneers. Vol. VITI., Part II., p. 286. 
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essentially free milling, and carries 1% of sulphides in a quartz gangue, the gold 
being coarse. Hand breaking is the common practice except in three mills, 
where Gates breakers are in use. The lack of uniformity resulting from hand 
breaking is given as the cause of the low efficiency per stamp. Hand feeding 
ig used except in four mills equipped with mechanical feeders. The cost of a 
local mechanical feeder is $121°75, while the cost per day of feeding 10 stamps 
by hand is from $1°22 to $1°46. The mortar boxes weigh from 2 to 3-25 tons, 
the bottoms being 5-5 in. thick. No liners are used, because the ores being mainly 
custom, their removal at the frequent clean-ups would entail too much labor; 
therefore, the box is of greater thickness than usual. Inside copper plates are 
not used. The discharge is vertical, and with new dies is less than 3 in. in 
depth, sometimes being but 1-5 in. Chock blocks are not used, and the height of 
discharge increases with the wear of the dies. Punched screens with from 
12 to 16 holes per linear inch are generally used. The stamps weigh from 600 
to 1,000 lb. The average height of drop is from 6 to 8 in. with from 75 to 80 
drops per minute. In each head of five stamps, the middle stamp drops first, 
and both end ones next. The stems are of best hammered iron generally 12 ft. 
long and from 2-75 to 3°125 in. in diameter. With one exception screw tappets 
are in use. The weight in the stamp is distributed approximately as follows: 
stem, 43% ; head, 23% ; shoe, 25% ; and tappet, 9%. In all cases the cam shaft 
is driven by gearing. The “horse” battery frame is most common although in 
a few of the smaller batteries the “A” frame is used. The frame is generally 
constructed of wood although sometimes of cast iron. The reason for the use of 
the horse frame is that the cam shaft being driven by gearing necessitates the 
counter shafts on the same level. The output per stamp per 24 hours averages 
but 2 tons, the low efficiency results from the absence of breakers and automatic 
feeders; however, the mining conditions in Bendigo do not require a maximum 
output. The main ore supply is not sufficient to keep the mills in continuous 
operation, and it is supplemented by custom ore. While increased capacity per 
stamp would reduce labor charges per ton, it would involve increased first cost 
which is not warranted bv existing financial conditions. Clean-ups are made 
weekly, the retorted gold being sold without refining. The copper plates of an 
average length of 10 ft. are inclined 1 in. per foot, and have several steps 
with a riffle between each sect. In a few cases the last plate is not amalgamated. 
Mercury is fed into the mortar at regular intervals from which a large portion 
of the total amalgam is obtained. The loss of mercury per 100 tons of ore aver- 
azes one pound. The plates are usually scaled every six months by being heated 
to redness; this oxidizes the’ copper and causes spots to form, which tarnish 
readily, and require constant attention. To within 18 months ago, concentra- 
tion by blanket strakes and Halley tables was common. Recently, however, 
Wilfley tables have been introduced. Apparently but little attention is paid to 
the production of clean concentrates as they contain 50% silica. The concen- 
trates are roasted and amalgamated in crude pans. At one plant the cyanide 
process is used. 

Mill Practice at the Kalgurli Gold Mines, Limited.1°—The percentages of gold 


13 Australasian Institute of Mining Engineers, Vol. VITI., p. 51. 
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contained in sands and slimes by dry separation and by hydraulic separators are 
as follows: Dry Separators with 110-mesh steve-—The sand contained 27-27% 
and the slimes 72-73% of the total gold content. Hydraulic Separators—(aver- 
age for three months).—The sands, including free gold and concentrates, con- 
tained 56.67% and the slimes 43°33% of the total gold content of original ore. 


HYDRAULICKING AND PLACER WORKING. 


Hydraulic Mining.*—Wm. H. Radford gives the cost of hydraulicking low- 
grade gravel in northern California. The grade of the sluices was 7 in. in 12 ft., 
the boxes being paved with 12-in. block riffles. Long bedrock cuts extended 
from the heads of the sluices to within a few feet of the banks, and were kept 
to grade as the work advanced. During 9 months, 1,251,399 cu. yd. of material 
were washed, averaging 1:91 cu. yd. per miner’s inch of water with a yield in 
value of 2-52c. per cu. yd. of gravel. The average height of bank washed was 
63 ft. The itemized cost is given as follows :— 


Cost. 
Care of ditch, reservoir, and aiphon: labor and supplies................ $2,786 °54 
Washin pining) siaGidha wiaio'a alos Wie Bie Seals’ scale Wiad ges’ MieWALS els ue Su Bie ase eee cen ees 2,401 -05 
pene bedrock cuts: SGaidisl Sale ewatine C88 ROA ease 's.e'aleeare oe's's eo ewan ee d 1,820-58 
ng bedrock Cuts ..... ccc c ec cceseccecceceenensrscensvaacnconceease 157-89 
Electrio lighting scenes pera’ nent pane Th eek er merean Ate 
ce aan re rand supplies. ...........cecsccceoees 081° 
Cestiee uae Ly ore eee ied Wasieeowers eves sev uiece ee 644:02 
pear Lib saboyre ger para eaesbesepwepevneoecees ee P BePaeereeaseanseaeseeceeneaensseeseneeoaesne Hoi 
oving Giantess cc ste ccerecersseceeesece sas telce eee se : 
Gloaring cplpesa aries hee eat Giese a siaieaiele v wes ole eidielsices ¥'60% o/a ais sete Bieler eee 
learin und for cutting brush)............0..scceceeeecereee : 
expenses, wa watehing sluices, and mn Jobs... 2... ccc ween reece 8.068 °60 
Sapplies wded I MINE........ cece cece cece eecwcmracseresensetsresesseesens 8,015°87 
Taxes, office expenses, legal expenses, surveying and salaries.......... 4,207-81 
MINAS ic 5s 5:04 aie 08's cia oie 0's Goreisie:s wasn tie spe. 6d sie'blie wie eleeies oo de's viele te $27,511°64 


The Gold Bug Mining Ca, Georgetown, Eldorado County, Cal.°—W. K. 
Thorne states that this company worked the ground through bedrock sluices, 
8 ft. wide on the bottom, and laid in a cut having a maximum depth of 25 ft. 
at the lower end and a minimum depth of 4°5 ft. at the upper end. At the lower 
end each 12-ft, box has a fall of 4 in., while at the upper end the fall is but 1 in. 
The sluices are paved with 6-in. blocks set on end. The working costs per cubic 
vard of material hydraulically moved were :— 


WAGE ii esiiciacecescureiocesisevecseees tee ces $0: 080 Blacksmithing........cccscssessceccceroess $0: 008 
LODOL 6 cccsceceiieses do s00eseseeeesenetececes 0°915 LUMbeP........ccccccccccesccccsenecuscssces 0°080 
Tébris dams Saree bale Sethe Sasaaie-e eoieeis-a-0'e sisi tare 0-080 Labor On sluices.....sesccscasccsccevcececs 0-040 
Moving of pi pipe, ete snleteivfoluie'@ eiuse:uid sta eluista’s C/sis'e 0-005 Powder, fuse, 666. ....6 cocccscccccsvececss 0°017 

« Crevicing ° and Msgr ted bed-rock........ 0°006 ie 
Taxes, salaries, etc. (b).......cccccscccccees 0:007 Total ......cccccccsesssccncvovescecce | 90°1 


te) £2) Rep aL abpsiperder? total cost ot the — divided by Get by the total capacity y fn ere the reservoirs thus created. 
The results were not financially satisfactory. Two undercurrents were tried, 
but were unsuccessful, and a hydraulic elevator is now being installed. 
Distribution of Gold in Sluice Bozes.*°—At a low-grade gravel property in 
. 14 American Institute of Mining Engineers, Voi. XXXL, p. 617. 


18 Idid., (1908). 
18 Mining and Scientsfic Press, Vol. UXXXV. (1902), p. 824. 
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California, the distribution of the gold as caught in the sluice boxes, 6 ft. 
wide X 4°5 ft. deep X 12 ft. long was:— 


Second section.........seccceccees 
Third and fourth sectious....... 
Undercurrent ...ccccccccccee cocsfescecsecenes 


Under the conditions that prevailed a long sluice was unnecessary, the coarse 
gold being caught in the first boxes, and the fine in the undercurrent. The 
gravel averages from 4 to 6c. per cu. yd., and from 2°5 to 3 cu. yd. of material 
were moved per miner’s inch of water at a total cost of $0-08219 per inch. 

A “Crown Gold” Dry Concentrating Plant..'—The capacity of the 80-ton 
concentrating plant of this type which has been erected at Tintic, Utah, is 
claimed to be fully up to the requirements. 

Dry Blowers in Australian Gold Placers.'*-1°—According to B. Dunstan, the 
types of dry blowers in use at the Clermont gold field are constructed on three 
principles: (1) the separation of the larger pebbles from the finer portion by a 
coarse punched plate; (2) the delivery of the material which passes through the 
coarse screen to a fine punched plate; and (3) the forcing through the screen of 
a blast of air sufficiently strong to remove the earthy particles, but not the gold. 
The machines are not suited to clayey earth, although this difficulty can some- 
times be overcome by heating the earth and then powdering it on a flat sheet. 
The losses of gold are generally due to the presence of clay. Fans are not suited 
for producing the blast as it must be pulsating. The cost of a machine varies 
from $32-50 to $50, and the daily capacity under normal conditions is from 
four to five loads. Dry jigs also are used successfully on gravels carrying coarse 
gold. 

The Placers of La Cienega, Sonora, Mez.*—R. T. Hill calls attention to the 
importance of underground water in arid districts. 

Hydraulic Practice in Oregon.*»—In Josephine County, along the Illinois 
River, ground sluicing is being replaced by hydraulic operations on a large scale. 
The gold is coarse, and is generally saved by the ordinary pole or block riffles 
in the sluices. 


GoLp DREDGING. 


Recovery of Fine Gold from Snake River Sands.*—Robert Bell states that 
the fine gold in the Snake River placer beds is recovered on a commercial scale 
up to 95% of the gross content of the gravel. The fine material after separation 
from the coarser gravel by passage through a screen-floored sluice box, is con- 
centrated by gravity on burlap tables, the gold in the small quantity of concen- 
trates being collected by mercury in a clean-up barrel. This method is simple. 
efficient and adapted for operation on a large scale. 


17 Mining and Scientific Press, Vol. LXXXTV., (1902), p. 22. 

18.18 Engineering and Mining Journal, Vol. LXXIV., (1902), p. 48%. 
90 Yhid., Vot. LXXITI., (1902), p. 182. 

81 Jbid., Vol. LXXIV., (1902), p. 582. 

92 Joid., Vol. LX XIIT., (1902), p. 241. 
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A Snake River Suction Dredge.?*—According to Robert Bell, a dredge with 
a 10-in. nozzle has a daily capacity of 2,500 cu. yd. at a cost of 4:5c. per yd., 
the motive power is supplied by a 125-H.P. vertical, compound-condensing 
marine engine. Under less favorable conditions a chain elevator bucket dredge 
showed a capacity of 2,000 cu. yd. per day, at a cost of 5:5c. per cu. yd. 

Advance Stripping in New Zealand.**—According to F. W. Payne, the saving 
of gold in Otago has occasionally been rendered difficult by the presence of a 
large quantity of clay, which, in rolling inside the screen and over the tables, 
collected the gold on its surface and carried it overboard. This difficulty has 
been overcome to a great extent by what is known as “advance stripping,” the 
clay being removed first and the auriferous grave] left for the next cut. The 
clay containing no gold is not treated on the tables, but is delivered direct to 
the tailings elevator. A centrifugal tailings elevator wheel has been used in this 
district with reported satisfactory results. 

Dredging in New Zealand.?*—The latest New Zealand dredge is of the bucket 
elevator type. The bulkheads of the bucket ladder are set diagonally, the device 
being designed for paddock dredging, where grass, tussock, flax and small scrub 
nave to be removed. It is claimed that the absence of cross-stays and bracings 
avoids the accumulations of débris. In the Southland dredging field several 
machines are fitted with tines to loosen the ground in advance of the buckets. 

Dredging in British Columbia.2°—The development of gold dredging on the 
Saskatchewan River is progressing favorably. Of the several dredges that have 
been used, the bucket elevator type gives the best results. 

Dredging Practice in General.2"—David K. Blair describes the construction 
and manipulation of gold dredges, including accidents to various parts of the 
machinery—their cause, effect and remedy. 

Dredging in California.2®=—At Oroville, a conveyor 75 ft. long, with a 28-in. 
belt inclined 18° traveling at the rate of 250 ft. per minute can handle 75 
cu. yd. per hour. 

Dredging in Nevada.*°—A current motor dredge is being operated in the 
Colorado River, near El] Dorado canyon. One man operates the dredge, which 
is claimed to have a capacity of 10 cu. yd. per hour in loose, river-bar gravel. 
The dredge consists of two flat bottom scows connected side by side by a hinged 
platform, having the current wheel in the intervening space between them. The 
wheel is connected to the dredging machinery which is set on a second pair of 
scows having the bucket ladder between them; the two pairs of boats are con- 
nected by a hinged frame, forming a catamaran structure. 

Dredging in West Siberia.*°°—According to C. W. Purington and J. B. Land- 
field, Jr., dredging during the past three years has received attention, -and the 
dredge in operation during 1900 is reported to have been a complete success. 


13 Engineering and Mining Journal, Vo). LXXITI., (1902), p. 241. 
34 Institution of Mining Engineers, Vol. XXTII.. p. 582. 

98 Engineering and Mining Journal, Vol. LXXIV.., (1902), p. 680. 
26 Canadian Mining Review, Vol. XXI., (1902), p. 59. 

37 Yoid., Vol. XXI., (1908). p. 274. 

28 Engineering and Mining Journal. Vol. LXXTIT., (190%). p. 184. 
2° Mining and Scientific Press, Vol. LXXXIV., (1902), p. 48. 

30 Engineering Magazine, Vol. XXII., p. 808. 
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PLATINUM WASHING IN TIIE URALS.®? 


According to L. St. Rainer, it is necessary to use a large volume of water in 
washing the clayey gravels, and mechanical agitation is also required in order 
to disintegrate the material. In one intsance a trommel 3 m. long, 1 m. diam- 
eter at the feed end, and 1-6 m. diameter at the outlet is used. It is made of 
strong iron plate perforated with 15-mm. holes. A strong stream of water is 
played into the trommel which revolves slowly, the fines passing through to the 
washing apparatus below. It is necessary to treat tough gravels in a “boronka” 
in order to free the rich sands. A boronka consists of a third of a conical 
trommel made of cast iron plates, having suspended stirrers which are given a 
slow backward and forward motion, thereby causing the gravel to be gradually 
passed along to the discharge end. The stirring combined with the strong 
streams of water thoroughly disintegrates and washes the gravel so that the 
discharged material is practically free from rich sands. In the Plast district, 
however, the gravel requires even a more thorough stirring, and for this pur- 
pose a “tschascha” is used, which consists of a cast-iron cylindrical tank 2:1 
to 3-5 mm. diameter, containing a six-armed stirrer revolved by a central vertical 
shaft. Attached to the arms are vertical iron bars which disintegrate the clayey 
pulp. The bottom is made of three cast-iron sectors with conical holes 15 mm. 
diameter at the top. One of the sectors is fitted with a gate or trap so that from 
time to time the tailings can be discharged. A machine of this type 4:16 m. 
in diameter, the arms making 25 revolutions per minute, requires 13 H.P. to 
operate, and has a capacity of 40 tons of clayey gravel per hour; from five to ten 
volumes of water per volume of sand is required for successful work. The 
washed material passes direct to the riffle tables from 8 to 13 m. long having 
44-mm. riffles, 265 mm. apart; the grade is from 13 to 16%. The upper portion 
of the table is covered with linen or felt protected by a wooden grate. When 
necessary the tailings are elevated by a machine of the Archimedian screw type. 
Washing is carried on continuously for 11 hours when the feed is stopped, the 
riffles removed, and the concentrates carefully washed on the table until reduced 
to one-third the original bulk. The concentrates are then shoveled into buckets 
and rewashed on a smaller table until there remains only a fine gray slime, 
which subsequently is worked on a plane surface with a brush, the gold being 
extracted with mercury. The tailings are washed in sluices, and the resulting 
concentrates treated as described above. In working a gravel carrying 2°6 g. 
metal per ton, the loss by washing was 0:27 g. per ton, while that by theft 
amounted to 0-43 g. per ton, making a total of 27% of the metal content. It 
would seem that improved methods especially of classification would give more 
satisfactory results. 

81 Berg- und Huettenmaennisches Jahrbuch, Vol. L., p. 8. 
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A REvIEW OF THE CYANIWE PROCESS DURING THE YEAR 1902. 
; By CHARLES H. FULTON. 


THE progress in cyaniding during 1902 has consisted mainly in the perfec- 
tion of detail and a more extended application of the process, especially in 
South Dakota, where a number of new and important mills have been erected. 
The wet crushing of ore by stamps in cyanide solution and the treatment of the 
slimes by decantation have been much improved, and are supplanting fine dry- 
crushing by rolls in South Dakota. An innovation in American progress has 
been the adoption of the filter press method for the treatment of slimes at the 
Sunshine mine, Utah. 

Arizona.—In Arizona several new cyanide plants have been erected. The 
Cyclopic Co. at Gold Roads in Mohave County has added to its plant. The 
cyanide plant of the Congress Gold mine in Yavapai and the tailings plant of 
the Mammoth Cyanide Co. in Pinal. County have been in operation. The 
G. & C. Consolidated Mining Co. is erecting a cyanide plant 12 miles southwest 
of Prescott. 

Caltforntia.—A number of new mills have been erected, all of small capacity, 
principally in Southern California, where the ores are more amenable to treat- 
ment, than are those of Northern California. Practically all of the cyaniding 
is carried on in San Bernardino, San Diego, Inyo, El Dorado, Placer, Shasta, 
Kern and Mono counties. According to the report of the State Mineralogist, 
Mr. Lewis E. Aubury, the following plants are in existence, most of them being 
in -operation :— 


A number of small cyanide plants are in operation, and some are being erected 
in Inyo County. The Standard Consolidated is operating in Mono County, 
and a few scattered ones in other counties. 

The tailings plant of the Free Gold Mining Co., formerly the Golden Cross 
Mining Co., at Hedges, San Diego County, has been operative during the year 
treating about 420 tons of tailings per day. The process there is described 
by H. A. Barker in a private communication. There are 5 steel leaching vats 
45 ft. in diameter and 7 ft. deep, which are charged from a bridge work con- 
structed over them, by means of 2°5-ton side discharge cars. The mill tailings, 
which are treated, are in beds from 15 to 30 ft. in depth, the tailings being 
shoveled into the cars, 6 cars being loaded at a time and run down an incline about 
400 yd. long. From the foot of the incline the cars are hoisted to the bridge work 
over the vats. The actual treatment extends over a period of four days. The 
strong solution is 0°12% cyanide, and the weak solutions 0°08 and 0°04% cyanide. 
All solutions whether strong or weak pass through the same zinc box. The pre- 
cipitation is very good notwithstanding the presence of considerable copper in 
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the tailings. The strongest solution, which runs lowest in gold, assays 10c. per ton 
after precipitation. The total quantity of zinc availiable for precipitation is 
from 100 to 120 cu. ft. The precipitates obtained vary in value and quantity, 
the bulk of the values coming generally from the short coppery shavings re- 
moved each month. These shavings are treated with sulphuric acid, and the 
tludge washed, dried and roasted with gentle rabbling. It is then returned to 
the acid tank and again treated with dilute acid, and in this way the great 
bulk of the copper removed. The coppery washings after thorough settling are 
run to waste over scrap iron. The precipitates after this treatment are then 
clean enough to be cast into a brick of base bullion. 

The entire water supply is drawn from the Colorado River, 12 miles dis- 
tant, at a cost of approximately: 2c. per ton of ore treated. The leaching vats 
are sluiced out, by pressure furnished by a steam pump, in from 3 to 4 hours, 
through four 16-in. square gates. The average value of the tailings treated ap- 
proximates $1°40 per ton, the residues assaying 40c. to the ton, making an extrac- 
tion of 71-4%. Material of $1 per ton in value has been treated with a small 
profit at the plant. 

Successful experiments are being made at some of the Mother Lode mines 
in the treatment of raw concentrates by the cyanide process. The concentrates 
are ground to 100-mesh size or finer, and then agitated. 

The largest plant in the State is that of the California King Gold Mining 
Co., at Picacho, in San Diego County, near the Arizona line. It has a capacity 
of over 750 tons per day, and although constructed in 1901, it has not yet 
become operative. 

Colorado.—A few new mills have been constructed, mainly. of small capacity, 
the principal one being that of the Tobasco Mining Co., near Lake City, Hinsdale 
County. Some plants have been projected to treat Cripple Creek dumps, and one 
or two small ones have been built which are said to operate successfully on $4 
to $5 material when it is suitable. One of these plants is treating the dump 
of the Pharmacist mine, and another is soon to be erected in the district by 
Temple & Crumb, of Colorado Springs, which is to crush coarse, and have a 
capacity of 50 tons per day. The cyanide plants of the Liberty Bell and 
Smuggler-Union mines near Telluride, have been in operation during the year, 
as well as the Gold Run evanide plant, which treated old accumulated tailings 
from the Tomboy and Smuggler-Union mines. The cyanide tailings plant of 
the Camp Bird mine, near Ouray, has also been in operation. 

The cyaniding of the Cripple Creek milling ores has received a serious check 
on account of the preference for chlorination, the Dorcas mill at Florence being 
the only cyanide mill in continuous operation. This mill has installed the 
Begeer pneumatic cyanide process, which consists essentially in passing the 
cvanide solution from the extractor boxes (after standardizing) repeatedly 
through a centrifugal pump, provided with suitable pipes and cocks to allow 
the absorption and mixing of air with the solution to the fullest extent, thereby 
causing the solutions to absorb a maximum quantity of oxygen. 

At Colorado Springs the Telluride Reduction Co. has erected a bromination 
plant, in which it is intended to treat the dust by the Riecken process. 
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A small plant using the pneumatic process has been erected at the Gold 
Standard mine at Idaho Springs. 

The process at the Smuggler-Union mine is described by Mr. William H. 
Davis’ as follows: “The plant was designed and built by F. L. Bosqui in 1901, 
and began operations early in 1902. There are 16 leaching tanks arranged in 
2 rows of 4 double tanks, one above the other for double treatment. The upper 
tanks are 40X8 ft., and the lower, 40x9 ft. made of California redwood and 
holding 475 tons of tailings, the daily capacity. Each tank gets a 16-day treat- 
ment. The tailings come to the plant by launders, and the tailings are charged 
into the tanks by Butters & Mein distributors. Overflow gates carry off the 
slimes. The fineness of the ore is regulated by the height of the column of 
water over the ore, manipulated by the overflow gates. It has been found, that 
when from 30 to 35% of the deposited tailings pass a 120-mesh screen, about 
the limit is reached at which the tailings will leach satisfactorily. However, as 
much of the slimes as possible, without impairing the leaching, must be settled. 
The filling is completed in 24 hours, the tank is then allowed to drain as dry as 
possible, and the material is leveled, lime added, and a waste solution applied. 
The waste solution having a high protective alkalinity distributes the lime 
and displaces the water, and is applied for 18 hours, after which it is displaced 
by weak solution, which is allowed to stand on the ore for 24 hours, and it is 
then leached with weak solution until the tailings are dried for shoveling into 
the lower vats. The drying is accomplished by vacuum until 15% moisture 
remains. In the upper tanks the weak solution coming off after the 24-hour con- 
tact is the first to carry values in either cyanide or gold.. (The weaker solutions 
do not attack silver.) Usually the solutions must carry 0°5 lb. cyanide before 
they have value in them. The solutions from the upper vat treatment are run 
through the waste solution zinc box, and are re-used as waste solution, which 
includes also all solutions in the plant containing less than 2 lb. KCN per ton. 

The dried ore in the upper vats is shoveled into a 6-lb. solution in the lower 
vats, and allowed to stand for 36 hours, which equalizes the density in the vat, 
gives a more uniform leaching, and also equalizes the values in the solution, - 
which carries the highest values and passes to the weak zinc boxes. The strong 
solution is succeeded by weak solution, then by waste solution, and finally by 
water. The waste solution is used here in order that the solutions may not be 
diluted more than is necessary. 

Zinc shavings are used to precipitate the values, with good results. The 
Smuggler-Union ore is a difficult one to treat, the rock being very close-grained 
and hard. The values are about equally distributed between gold and silver, 
the latter being present as a double sulphide with arsenic and sometimes with 
antimony, which is difficult to decompose. ‘The tailings are very low grade, but 
the plant has been a success, although owing to the recent troubles at Telluride 
the Smuggler-Union mines have suspended operations. 

_ Gravity filtration was formerly used to settle out solids and precipitates which 
formed in the weak solution before it entered the extractor boxes, but it was 
lately displaced by a filter press. 


* 1 Private communication, 
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A canvas plant has been installed, in which the overflow slimes from the mill 
amounting to about 30% of the ore crushed, are handled by contract. 

According. to Mr. Charles A. Chase,? of the Liberty Bell cyanide plant, the 
cost of cyaniding at that plant on a 4,700-ton per month basis, is as follows :— 


Labor Per Ton. Supplies. Per Ton. 

FOreMan ......0ccecescsesiove isda saeeenes 1:5 GDS sso 655s sie set bee vedeecdeseesesdteees 17°23 
Solution MEN. ...scassecccccsvcesccsccesecs (CG! | ar’ (7 een ern 

saedewacteeeaeebbeseatecaadees coaas 6°8 Os vinci aiais's'ss areinleleneie beng ce eee ete caleiess 5°32 

ABBBYB. cs cccccncccscncrscecccesesreranccces 2-5 Miscellameous........cccccaccascncecsscvecs 0°5 

Repairs... .c.veccscccccccsccccccccesccseces 0°4 Sulphuric acid........ccssececcecacsscerne: 0°38 

Labor......ccccccccccccncavcsvcsenecs 17°9 Bupplies.......ccvecccrccecsencecseses 26°32 

Total labor and supplies....... “41 


The Tobasco Mining Co. erected a mill at Lake City, which is described by 
Smith McKay,? of Denver. The rough crushing is done by a 10X15-in. Dodge 
crusher, the product from which passes to 36X16-in. rolls for the coarse crush- - 
ing. The ore is fine crushed by two 30X6-in. high-speed rolls. The screening 
is done by flat impact screens, the final screens having 8-mesh wire cloth. The 
product from the screens passes to three Bartlett concentrating tables, which sep- 
arate out concentrates consisting mainly of iron sulphides amounting to from 
1 to 2%. The tailings from the tables pass to a tank, and from this to a 
tevolving distributor over the leaching vats. The slimes overflow from the 
vats and are discarded. There are six 18X5-ft. leaching vats, three 10X12-ft. 
solution tanks, two 8X10-ft. gold storage solution tanks, all of steel. Precipita- 
tion is done in zine extractor boxes by zinc shavings. Electric power is used at 
the mill, being transmitted over a distance of 8 miles. A %5-H.P. motor runs 
the crusher, elevator, screens and rolls, and a 5-H.P. motor the three Bartlett 
tables. A 20- and a 5-H.P. motor operate three triplex pumps for solutions and 
water supply. 

Idaho.—No new cyanide plants of any size have been erected, although several 
have been projected, namely, in Shoshone and Lemhi counties. The plant of 
the De Lamar Co. in Owyhee County, has treated 35,400 tons of ore, valued 
at $12°24 per ton. ‘The costs amounted to $2°70 per ton, with an extraction of 
84-2%. The cost of treating 22,900 tons of old tailings in cents per ton, was 
labor, 62-42c.; chemicals, 88°53c.; fuel, 15:46c.; supplies, 12°70c.; assaying and 
express, 5°10c.; total, $1°8421. The average value of the tailings was $3°97 
per ton, and the extraction 69°7%. 

Montana.—A number of mills have been in steady: gperition: some new mills 
have been built and old ones have increased their capacity. The greatest activity 
is in Fergus County, where, according to Alex. N. Winchell,‘ the following com- 
panies are active :— 

The Abbey Cyanide Gold Mining & Milling Co., Barnes & King, Kendall 
Gold Mining Co., McCormack Brothers, Central Montana Mines Co., Great 
Northern Mining & Development Co., New Year Gold Mining Co. 

The Barnes-King and Kendall properties, near Lewiston, are operating on & 
large scale, the first having a capacity of 240 tons and the latter 350 tons per 


* Private communication. ® Private communication. 4 Private communication, 
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day. The Central Montana Mines Co., near Lewiston, has a dry crushing plant 
of 250 tons capacity, but is treating at present only, 100 tons per day. 

The large properties above mentioned treat the ore by direct cyaniding. The 
ore is quarried and crushed dry to about 0°25-in. size. As a rule, the values 
are readily extracted, but clayey material is occasionally met with, which is 
unfavorable to leaching. I am indebted to Mr. W. J. Sharwood, of Marysville, 
Mont., for much of the information concerning Montana and Nevada. 

In Lewis and Clarke County, the plant of the Montana Mining Co., Ltd., at 
Marysville, has been modified during the year. Six of the seven leaching vata 
have been fitted with agitators for the treatment of slimes by decantation. 
Extensions of sheet iron have also been added to the vats, so that these are 
38-ft. diameter and 13 ft. deep. Charges of 135 tons of slimes were run through 
in 48 hours, and while the original plant has treated over 500,000 tons of tailings, 
it was shut down for the winter. 

At the Empire mine, near Marysville, a 500-ton tailings plant has been in- 
stalled to treat the stored tailings, which are conveyed to and distributed in the 
500-ton leaching vats by a system of Robins belt-conveyors. The solutions are 
precipitated by an electrolytic process on sheet iron plates 3X5 ft. placed 1 in. 
apart. These plates divide the tank into nearly tight compartments, and the 
current passes from plate to plate, the side which acts as the anode being pro- 
tected by a carbonaceous coating, while the other acts as the cathode, and re- 
ceives the gold, silver and copper as a coherent film which is later removed by 
stripping. 

Nevada.—No new plants of any size have been built in this State, although 
several have been steadily in operation on the Comstock Lode, treating old tail- 
ings from the silver amalgamation mills of early days. 

At Tuscarora, in Elko County, the Dexter Gold Mining Co.’s plant treated 
22,930 tons of ore in 11 months, at a cost of $1°10 per ton, and an extraction of 
$1-89 per ton. Near Tuscarora the Montana Mining Co. erected a cyanide plant 
to treat the tailings from the 20-stamp mill on the Lucky Girl group of mines. 
The sands are treated by percolation, and the slimes by decantation. The Dexter 
Gold Mining Co. experimented with the Godbe agitation process on slimes, but 
with indifferent success. Attempts are now being made with other methods of 
treatment. 

On the Comstock Lode at Virginia City, Charles Butters is treating silver- 
bearing tailings by the cyanide process, using an electrolytic system of precipita- 
tion with aluminum cathodes, from which the deposit of precious metals is said 
to be readily removed by stripping. 

At the new wet-crushing plant of the Chainman Mining & Electric Co. a small 
tonnage was treated by dry-crushing and direct leaching. The plant has 
now suspended operations. The Ely Mining & Milling Co.’s plant also has 
suspended operations. The De La Mar Mining Co.’s plant in this State is 
expected to resume operations shortly. | 

The practice in use at the mill of the Horseshoe Gold Mining Co. at Fay, 
Lincoln County, is described by Ernest Gayford as follows: The ore passes 
over a grizzly, with 0-5-in. spaces, to a No. 3 Gates breaker crushing to a 2°5-in. 
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ring. This product passes to another grizzly, again with 0°5-in. spaces, whose 
oversize passes to a style H Gates crusher, all the ore below 0°5-in. size going 
to 300-ton bins, which feed into a Gates revolving dryer, whose product is taken 
by an elevator to a 4X8-ft. revolving 6-mesh screen. The oversize from this 
goes to a set of 36X16-in. Gates rolls, the product of which is returned to the 
screen. The undersize from this screen goes by elevator to two 4x8-ft. 
12-mesh revolving screens, whose oversize goes to two 26X15-in. rolls. The 
product from these rolls is returned to the 12-mesh screens whose under- 
size goes by elevator to three 4X8-ft. 24-mesh revolving screens. The 
undersize from these screens is finished product, and goes to a 150-ton 
bin, while the oversize goes to an extra 26X15-in. Gates rolls, whose 
product is returned to the 24-mesh screens. The cyaniding is done in nine 
24X5-ft. steel leaching vats, each holding 90 tons of dry ore. These vats are 
charged by cars running on suspended tracks above the vats. The leaching 
tanks are discharged by shoveling into cars beneath the vats through four 16-in. 
discharge gates. There are also three 15X9-ft. stock solution tanks, which act 
also as sump tanks, and three 15X9-ft. gold solution storage tanks. The 
ore is leached with a 0°3% solution, which is first aérated by compressed air in 
the sump tanks. The solution is put on from the bottom, to the extent of 
25 tons, and allowed to have 12 hours’ contact, when it is drained off and is fol- 
lowed by 30 tons of weak solution 0°16% KCN, which is drained continuously. 
This is followed by 8 tons of wash water, and the sands drained by vacuum 
until they contain 15% moisture. The total time for one tank from filling to 
filling is 9 days. Four pounds of quicklime per ton of ore are added at the first 
crusher. Precipitation is carried on in extractor boxes, 7 compartments, each 
compartment is 15X9-5 in. in cross section and 16 in. deep. The consumption 
of cyanide is 0°4 lb. per ton of ore, and the consumption of zinc from 0°25 to 
0°30 lb. per ton. The precipitates are shipped to smelters for treatment. The 
cost of cyaniding is $1°35 per ton. 

New Mexico.—Cyaniding has not been very active. The new plant, that of 
the Last Chance Mining Co., at Mogollon, treat 1,200 tons monthly. It is 
said on good authority that a 3,000-ton per day plant is projected at Nogal. 
near the Old Abe mine. 

Oregon.—The North Pole and Cougar cyanide mills, at Sumpter, have not been 
in steady operation. About 18 miles west of Sumpter, the Red Boy mine has a 
cyanide annex for the treatment of raw concentrates from vanners. 

South Dakota.—Great activity has been displayed in building new mills, and 
four large plants have been erected. The 700-ton Gayville plant of the Home- 
stake Co., or “cyanide No. 2,” has been in commission for a few months. The 
recently completed wet-crushing mill of the Penobscot Mining Co. at Garden 
City, is in operation with a capacity of 125 to 150 tons per day. The Hidden 
Fortune Co. is erecting a mill below Deadwood with a capacity of 200 to 250. 
tons per day, with a probability that another section will be added. The Horr: 
shoe Mining Co. is building a large plant at Terry, wet-crushing to be employed. 
This mill is to be erected in two sections of 250 stamps each, the second section 
to be commenced immediately after the first begins operations. The capacity 
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of the plant when finished will be in the neighborhood of 1,000 tons per day. 
Aside from these three plants, there is under construction, a cyanide annex to 
the stamp mill of the Jupiter Mining Co. in Blacktail Gulch, with a capacity 
of 50 or 60 tons per day, and a small 5-stamp 20-ton wet-crushing cyanide mill, 
at. Two Bit, for the Golden Crest Mining Co. The Pluma Mining Co. is adding 
a cyanide annex to the old Hawkeye mill at Pluma, and Hall & McConnell have 
built a 60-ton per day tailings plant at Pluma to treat the very low-grade tailings 
which accumulated before the main cyanide plant of the Homestake Co. began 
operations. The old Kildonia chlorination mill of the Horseshoe Co. at Pluma 
has been converted into a dry-crushing cyanide mill, and has been in steady 
operation during the latter half of the year, with a capacity of about 200 tons 
per day. These additions to the mills already in operation will give the dis- 
trict the following plants in operation in the near future with a chance for an 
increase during 1903 :— 


Ore 
Name of Mill 
Per Day. 

Tons. 
Homestake, ceiee plant..... Lead Wasp No. 2 Min ing Oo eaisaeele ss Flatiron ..... 100 
Homestake, tallin ngs Saat sidan Gayville 700 || Dakota Mining & ae 5 Dead moods: 100 
roe pele Mining Co......s0005- wood... we it dard M de...... 128 
Golden Reward Co.............|Deadwood....] 1% || Portland Mill, Columbus M. Co./Gayville...... rl) 
o Co. Pluma Plant... .|Pluma... 00 
Horseshoe Co. Terry ee eced sare 6 
M. Co...........|Cyanide......| 20 || Jupiter Mining Co..........e00. Siete 50 
idden Fortune Min. Co... se wise se nee 225 woo cvsecossesf LWO Bit. ..00 20 

Penobscot Mining Co........... Se Highland Chief Plant.......... Gulch 


The total tonnage treated, or to be treated shortly, is 125,250 tons per month. 
The capacity of some of the plants is in excess of their present working. 

The most noticeable feature of the mill construction in the Black Hills during 
1902 is that all the new mills are wet-crushing mills. ‘The method is to crush . 
the ore with stamps in cyanide solution, the resultant pulp being separated into 
sands and slimes by hydraulic classifiers and distributors, the sands are leached 
and the slimes treated by agitation with pumps, and decantation. When this 
method was first introduced by John Henton in 1899 for those Black Hills 
siliceous ores which had to be crushed fine, its practical applicability was doubted 
by many, but the method has certainly demonstrated its usefulness during 
the last three years, and has practically displaced fine dry-crushing. All new 
‘mills are wet-crushing mills. The dry-crushing mills in the district are the 
Spearfish, the Deadwood Standard, the Wasp No. 2 and the Alder Creek plants, 
which crush coarse, and the Imperial, the Rossiter, the Golden Reward and the 
Piuma plant of the Horseshoe Co., which crush fine, the last using dry-crushing 
mainly for the reason that the plant is the old Kildonia chlorination mill, con- 
verted for cyaniding, the rolls and other machinery already being in place. 
Where coarse dry-crushing is sufficient to liberate the values and make them 
soluble, that method is preferable to wet-crushing in solution with stamps, be- 
cause in plants of similar capacities the cost of treatment will be less, but where 
fine crushing is needed it is the general opinion that wet-crushing in solution 
is better. The dry-crushing mill, no matter how complete its exhaust facilities 
to remove dust from its crushing and screening machinery, is always troubled 
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with dust, especially in the tank rooms of the newer mills where belt-conveyors 
are used in charging the vats. This last trouble has been overcome in an in- 
genious manner by J. V. N. Dorr at the Rossiter plant. Here the ore is removed 
at the finished-product bin into a trough about 6 ft. long, in which is a screw- 
conveyor. Just above the trough is a perforated pipe, through which a 0°25% 
cyanide solution is sprinkled into the finely. crushed ore (20-mesh size), to the 
extent of from 5 to 10%. ‘The screw-conveyor serves to mix the ore and solu- 
tion thoroughly, and to carry it to a 12-in. belt-conveyor, which, with a short 
auxiliary conveyor serves to charge the leaching tanks. 

The advantages of this device are: 1. That the charging operation is prac- 
tically dustless. 2. The ore is placed in the tank in such a condition that per- 
colation is easier and much more uniform, channeling is avoided, and more 
dust can be charged with the ore and still have a leachable product. Another 
feature of fine dry-crushing which must be taken into consideration with many 
ores of the district, is the quantity of dust produced in the comminution and 
ecllected by the exhaust apparatus. This, in many cases, is too large to permit 
mixing with the ore without seriously affecting the efficiency of the percolation, 
reducing the extraction by uneven leaching, and thus necessitating its separate 
treatment by agitation and decantation. This introduces into the dry-crushing 
mills that adjunct of the wet-crushing plant, the treatment of slimes, to which 
the advocates of dry-crushing object, as expensive and cumbersome. Generally 
the dust is of higher value than the crude ore. 

In the case of the Golden Reward plant, the dust amounts to about 4% of the 
ore crushed, and at the Rossiter plant to about 6 or 7%. In both plants it is 
treated separately by decantation, while at the Imperial plant, it is charged 
with the sands into the leaching vats, being mixed with the sands automatically 
by a conveyor. While, however, the fine dry-crushing system is open to objec- 
tions, it cannot be said that no unsolved problems confront the metallurgist in 
the wet-crushing with cyanide solution method. The first of these is the larger 
quantity of dilute solution to be handled in the mill. ‘The ratio of solution to ore 
crushed varies between 3 and 4 to 1. The quantity of solution to be handled 
in a wet-crushing mill is about 1°5 to 2 times that in a dry-crushing mill. 

The second is the problem of washing the values from the slimes. This 
would be simple if enough wash water could be applied, but the quantity neces- 
sary is prohibitive, since it would enormously increase the mill solution. One 
wash water, and in most cases two are not sufficient. In dry crushing it is - 
the general practice to use one final wash water amounting to from 10 to 25% 
of the ore tonnage, and of this from 6 to 15%, and even more, is discharged as 
moisture in the tailings, depending on the coarseness of the ore and the use 
of a vacuum. This practice keeps the quantity of mill solution about con- 
stant. In washing slimes, the percentage of water must be increased, and in 
order to remove dissolved valuer more than one wash should be employed. This, 
however, would so increase the bulk of solution that at frequent intervals some 
of the weaker solutions would have to be run to waste. When the precipitation 
of the values is good, and it may not be very good with a weak solution, the 
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quantity of precious metals thrown away may be insignificant, but combined with 
the loss of cyanide this factor will in time become a serious item. 

The extraction from slimes is rarely less than §8%, and in some cases more, 
but in one mill even with two wash waters only from 80 to 82% is recoverable, the 
balance passing out in the retained moisture with the slimes which are, when 
discharged, about 50% liquids and 50% solids. Hence, while with fine crush- 
ing and the production of slimes, a higher extraction is possible, from the nature 
of the case, the mills are not able to take advantage of it to the full extent and 
recover it. In order to keep the bulk of solution within limits, the wash water 
in most cases is cut down, on the sands as well as on the slimes, from what it 
should be to wash out most of the values, and the total extraction in a wet mill 
is but little above that in a dry-crushing mill, working on the same ore. Na- 
turally the final test is the question of the relative cost of treatment by the two 
methods. In one of the older wet-crushing 60-ton plants the cost amounted to 
$1-45 per ton of ore treated, exclusive of taxes and insurance. This figure has 
recently been reduced to about $1°25 per ton, and it is of interest that the esti- 
mated cost of treatment by wet-crushing for a 120-stamp unit of the 1,000-ton 
Horseshoe plant at ‘Terry is 70c. per ton. The cost of fine dry-crushing is 
not available, but in most instances it is higher than the figures given above. It 
has been estimated that a new plant treating 4,500 tons per month can do so 
for $1 to $1°10 per ton. In one of the old small mills the cost has been as high 
as $3°50 to 94 per ton. The coarse dry-crushing mills, which reduce to from 
4- to 10-mesh size, cyanide the ore for from 75 to 95c. per ton, based on capacity 
of comparatively small plants. According to C. W. Merrill, the cost of cyaniding 
Homestake tailings is now about 35c. per ton, the mill labor included in this 
amounting to but 6c. per ton. 

The wet-crushing method has the advantage that weaker solution can be used, 
the usual battery solution being made up with 2 to 2°5 lb. of cyanide per ton, 
the sands being leached with a somewhat stronger solution, 3 to 3°5 Ib. per ton. 
The usual strong solution for a dry-crushing plant is 5 to 6 lb. per ton. The 
quantity of lime is greater for wet- than for dry-crushing, for while less is used 
at the battery, a large quantity is used with the slimes to aid settling. 

It has been a problem to find an efficient method of separating the sands from 
the slimes, for the sands, in order to get a uniform leaching, should be as free 
as possible from slimes. In the newer mills, the crude and rectangular two- 
compartment separator box has been discarded, and in general a similar method 
to that used by C. W. Merrill in the Homestake tailings plants is employed. At 
the Penobscot mill at Garden City, two cone-shaped hydraulic classifiers in series 
are employed, in which, if necessary, a rising current of cyanide solution can be 
used ; the overflow from the last classifier passes to the slime vats, and the bottom 
discharge of the two, passes by ]aunders to a Butters & Mein distributor over the 
leaching vats. The peripheral overflow from the sand vats again passes to the 
slime vats. At the new mill of the Horseshoe Co. at Terry, Klein classifiers are 
to be installed, using an afr current introduced at the bottom to aid in the 
separation. The overflow containing the slimes will pass to the slime vats while 
the sands pass directly into the leaching vats. At the new Hidden Fortune mill 
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below Deadwood, the crushed pulp will pass directly to Butters & Mein dis- 
tributors placed above the leaching vats, this separation being deemed sufficient 
to eliminate the slimes, as the crushing will be coarse. 

At the cyanide plants of the Homestake Co. the separation is made by a triple 
set of cones placed in series, the first set at the stamp mills and the other two 
at the cyanide mills. The first two sets are large flat cones, with no current 
except that induced by charging at the center and the overflow. The last sets 
are smaller and deeper, and have a rising current introduced at the bottom, as 
in the case of the regular hydraulic classifier. Aside from these, the leaching 
vats are charged by Butters distributors, the overflow at the periphery of the 
vats passes to waste, the Homestake plants treating sands only. 

The pneumatic cyanide process has been introduced at the Pluma plant of the 
Horseshoe Co., where three 35-ft. tanks are fitted with the pneumatic process, 
as an experiment. An air pressure of 4 or 5 lb. is put on after the vats are 
charged, and air forced through the ore for 4 hours. Then leaching is com- 
menced, the time on the pneumatic tanks is 72 hours, while on the other tanks 
the time is 120 hours. It is, however, questionable whether any benefit is derived 
from the pneumatic process for the Black Hills siliceous ores, for while the 
time is shortened, the extraction is not much increased, and difficulty is en- 
countered in discharging the tanks, owing to the network of pipes. The Hidden 
Fortune and the Hall-McConnell tailings plant also will use the pneumatic 
process. During the year, some of the plants experimented with the Schilz 
barium dioxide process, but it was found to possess no advantage for their ores. 
With the exception of the Homestake mille, which use zinc dust, all mills use zinc 
shavings. The method of precipitating in barrels or precipitation vats, instead 
of the compartment zinc box, is finding much favor. 

The new wet-crushing plant of the Horseshoe Co., in course of erection at 
Terry, will have its rough crushing department separate from the mill, and above 
the stamps. The crushed product from four No. 5 Gates crushers will be con- 
veyed to the main storage bins above the stamps by a belt-conveyor 610 ft. long. 
which extends the length of the bins, and is provided with a movable automatic 
discharge tripper to distribute the ore uniformly in the bins. The main bins 
have a capacity of 7,000 tons, while the ore bin ahead of the crusher has a 
capacity of 1,000 tons. The mill is being built in two sections of 120 stamps 
(500 tons) each. One section is to be completed before the other will be started. 
The stamps are of 1,000 lb. weight, with a 6- to 7-in. drop. Double discharge 
mortars are to be used with a depth of issue of about 1 in., crushing in cyanide 
solution through a 20-mesh woven wire'screen. The pulp from the stamps is 
raised by two spiral sand pumps, with two extra ones to act as relays to 4 Klein 
classifiers, the height of lift being 20 ft. For each 500-ton section there will 
be 8 sand leaching vats 40 ft. diameter and 5 ft. deep; 16 slime vats, 20X10 ft., 
8 gold solution storage tanks, 15X10 ft.; 8 sump tanks, 24X10 ft.; and 4 
solution storage tanks, 30X16 ft. There will also be two water tanks 35X16 ft. 
All tanks are of stecl. Jt is the intention to complete the slimes treatment in 
one vat, sluicing the exhausted material from it after treatment. The slimes 
will be agitated with air at 30 lb. pressure by a special arrangement of pipes. 
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The sands, after leaching, will be discharged through four 18-inch bottom dis- 
charge gates on to belt-conveyors. The scarcity of water does not permit of 
sluicing. It is estimated that the total water consumption of the plant will 
be one ton of water per ton of ore treated. Precipitation will be effected in zine 
compartment boxes. 

The new Penobscot mill at Garden City, erected during 1902, is well designed, 
and an improvement on the older wet-crushing mills of the district. The mill 
is situated a few hundred feet from the mine, with which it is connected by 
a covered way. A 13X24-in. Blake breaker, on a rock foundation, does the 
rough crushing. A Jeffrey elevator, capacity 40 tons per hour, takes the crushed 
product to the stamp supply bins. At the discharge from the elevator an auto- 
matie conveyor cuts out 1-60 for the sampling room. The stamp supply bins, 
of a capacity of 250 tons each, are flat bottomed, the ore sliding on its own cone 
to the gates. Hight Challenge feeders charge the ore to forty 950-lb. stamps, 
making a hundred 7-in. drops per minute. The shoes, dies, tappets and cams 
are of chrome steel. Single discharge mortar-boxes are used, with a low depth 
of issue. The ore is crushed with cyanide solution. The pulp from the stamps 
ig‘raised by two Frenier 10X54-in. sand pumps to four cone classifiers, two in a 
series. The height of lift is 16 ft. The sands pass to Butters & Mein ball- 
bearing distributors, having twelve 1°5-in. pipe arms. The distributor is on a 
trolley above the vats and can be shifted to each one in turn. The solution and 
slimes overflow at the periphery of the vat over a 0°5-in. tongue of wood inserted 
into the staves. This device was first used by C. W. Merrill at the Homestake 
plants to secure a uniform overflow. This tongue or feather can be readily 
planed and the overflow kept perfectly level, which is necessary to prevent an un- 
even settling of the sands with slimes. The overflow from the sand vats is 
collected in an annular launder around the tank and can be conveyed to any 
slime vat in the mill by a 3-in. pipe discharge. ‘There are six sand tanks, 30X6 
ft. outside measurements; eight slime vats, 24X12 ft.; two gold solution storage 
tanks, 20X10 ft.; two sump tanks of the same size, and three stock solution 
tanks, 16X16 ft. All tanks are of Oregon fir. The siphoned solution from 
the slime vats is filtered in sand filters, 15 ft. diameter and 2:5 ft. deep, placed 
above the gold solution storage tanks. The sand leaching vats are discharged 
by sluicing through three 12-in. bottom discharge gates, by water furnished 
from a 50,000-gal. tank, with a pressure of 15 lb. per square inch. The slimes 
are pumped and agitated by two centrifugal pumps, lined with manganese steel. 
The precipitation is carried on in four 8-compartment steel boxes, 20 ft. long, 
each compartment being 2%2-5 ft. in cross section and 18 in. deep to the filter. 
Before entering the compartment boxes the solutions will pass through 25 precipi- 
tating barrels. In all 400 cu. ft. of zinc are available for precipitation. 

The sand leaching vats are connected beneath the filters with a Rand vacuum 
pump, and a 3X10 ft. vacuum tank. The precipitates are refined by sulphuric 
acid in a steel acid tank, 6X3 ft., which discharges in a vacuum steel filter 
tank, 3 ft. diameter, placed over a wooden waste tank, 10X8 ft. The pumping 
of solutions and water in the mill is done by three Dean pumps, two of which 
are 4°Y5X5°25X5 in., and the other 7°5X6X6 in. 
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The new cyanide mill of the Hidden Fortune Co. is in course of erection a few 
miles below Deadwood on Whitewood Creek. As in the Horseshoe mill at 
Terry, the crushing department is separate from the mill. The crushing will 
be done by a 15X30-in. Blake, and the crushed product conveyed to the stamp- 
bins by a 24-in. belt-conveyor discharging by an automatic tripper into 500-ton 
bins. ‘The railroad bins above the mill have a capacity of 800 tons. Challenge 
feeders supply the 60 stamps, which are each of 1,000 lb. weight, making 7-in. 
drops, 90 per minute. -The capacity of the mill will be about 250 tons per day. 
The mortars will be double discharge, with 1-in. depth of issue. Crushing will 
be done in a cyanide solution. The pulp from the batteries will go to Butters & 
Mein distributore, placed over the sand leaching vats, in which overflow gates 
will carry off the slimes, to the slime vats. The pulp is raised to the distributor 
by three Frenier-spiral sand pumps. The leaching vats will be discharged by 
sluicing through six 15-in. bottom discharge gates. The five leaching vats are 
40X6 ft. There are 4 sump tanks, 3 gold solution storage tanks, 2 stock solution 
tanks, 7 slime vats—21 tanks in all. 

The new Gayville mill of the Homestake Co. is similar to the Lead mill.® 

Utah.—During the year the Golden Gate and Manning mills have been in 
operation at Mercur, the latter mill treating old Mercur tailings at a cost of 
59°4e. per ton. The Annie Laurie mill in Piute County, built in 1901, has been 
steadily at work and the new mill of the Ophir Mining Co. in Iron County, 
situated near the Nevada State line, not far from the Horseshoe mill above 
described, has also been in operation. At the Sunshine mine at Sunshine, the 
old mill has been remodeled, and a slimes treatment plant installed. The mill 
has been in operation treating from 100 to 125 tons per day, although it has a 
nominal capacity of 300 tons per day. Recently the mill was closed for further 
changes. The process at this mill, which is rather an innovation in slimes 
treatment in this country, has been described by Mr. M. D. Stackpole* The 
ore is crushed to 4-mesh size, and the slimes, which are considerable, on account 
of the talcose and clayey nature of the ore, are separated in a special conically 
shaped separator, the patent of George Moore. The slimes are agitated in vats 
by a centrifugal pump, and are separated from the solution by means of four 
30-frame filter presses. This is the only plant in this country, as far as I know, 
that uses the filter press method of treating slimes. 

The Midas Mining Co. in the Mercur district, Tooele County, has a cyanide 
plant in operation treating tailings from amalgamation. 

Washington.—Cyaniding has not been active in Washington during the year; 
the Republic and Mountain Lion mills at Republic have not been in operation. 


CYANIDE Practice in Fore1gn CountRIEs DURING 1902. 


Western Australia and New Zealand.—According to Alfred James’ the Great 
Boulder Main Reef, the Great Boulder Proprietary, the Hannan’s Star, the 
Brownhill and the Perseverance and others, in the Kalgoorli district in Western 
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Australia have successfully operated the cyanide process on sulpho-telluride ores 
during 1902. Of all the modified cyanide processes advocated and tried only the 
Diehl] bromo-cyanogen and the roasting process are still in use. The Diehl 
process has been successful on the low-grade ores (0-4 oz. gold) of the Hannan’s 
Star mine, but it is the opinion that on the higher grade ores, roasting must be 
employed, at least for some part of the ore, in order to get sufficient extraction. 

The mills using the Diehl process are experimenting with concentration, 
combined with the use of bromo-cyanogen, i.e., concentrating out the refractory 
material, which amounts to from 15 to 20% of the ore, roasting and cyaniding 
these concentrates and treating the tailings by bromo-cyanide. The process 
to be employed in the future will depend on the result of experiments in con- 
centration now being carried on. 

If these are successful, the scheme of treatment will consist of wet crushing 
by stamps (wet crushing on account of concentration), amalgamation on plates, 
concentration, roasting the concentrates, regrinding them in tube mills, cyanid- 
ing, with filter press treatment of the slimes. The tailings from the concen- 
trators will have similar treatment except that they will not be roasted. The 
Diehl process as such and with it the use of bromo-cyanide, would then dis- 
appear, in favor of the above-described process. 

Wilfley tables are used in the district, but suffer a considerable loss in fine 
sulphides, which are carried away with the coarser tailings. At the Perseverance 
mill, the canvas strakes which follow the Wilfley tables, yield a concentrate of 
higher value than that made by the tables. 

It is found that to treat the ore raw, without bromo-cyanogen, the sulphides 
must not exceed 0°5%, so that the concentration must be carried to that extent. 

Ball and tube mills have proved themselves efficient crushing machines in the 
district. The tube mills are very efficient for sliming the sands, one standard 
inill crushing 70 tons per day from a 12-mesh size feed, through a 60-mesh screen, 
consuming 27 H.P. The agitator used in the cyanide vats is one with radial 
arms on a vertical spindle, suspended over the vat, there is no step, but the 
epindle is guided in a guide of cement or iron. An arrangement for raising the 
agitator is rarely employed, South African tailings wheels are used to elevate 
the slimes, which are thickened in multi-bottomed spitzkasten. Dehne filter 
presses are used, operated by compreseed air, but plunger pumps are preferable 
on account of economy. 

The Riecken electrical precipitation process has been tried at the South Kal- 
gurli mine, and at the Great Boulder No. 1, but has been discontinued owing 
to the defective electrical precipitation, which is the essence of the process. 

Mr. S. J. Truscott® gives the cost of amalgamation, milling and cyaniding 
for the year ending Detember, 1901, as follows:— 

Ivanhoe Gold Corporation.—88,084 tons milled (0-58 oz. per ton) (amalgama- 
tion) cost $1-66 per ton; 46,459 tons of sands (0-043 oz.), cyanided, cost $1:27 
per ton; 60,624 tons of slimes (0°41 oz.), cyanided, cost $1°61 per ton. 

Golden Horseshoe.—77,801 tons (0°75 oz.) (milled, including pan amalgama- 

® Journal of the Chemioal and Metallurgical Soctety of South Africa, IIL, iv., 48, August, 1902. 
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tion) cost $2°34 per ton; 40,108 tons sands (0°84 oz.), cyanided, cost $1°50 per 
ton ; 51,588 tons slimes (0-44 oz.), cyanided, cost $2°46 per ton. 

Lake View Consols.—76,571 tons mitled (1°58 oz. amalgamated) cost $1°66 
per ton; sands cyanided, cost $1°44 per ton; slimes cyanided, cost $1°70 per ton. 

Mr. Alfred James, in the article already mentioned, gives the cost at the 
Hannan’s Star mill, which uses the Diehl process, at $5-33 per ton, on 0-4-oz. ore. 
The same process on the considerably higher grade ores of the Hannan’s Brown- 
hill and Lake View Consuls, cost $8°19 per ton, which includes $2 alone for bromo- 
cyanogen. The cost at the Great Boulder Main Reef, which uses the roasting 
process, is $6°25 per ton with an extraction of 90%. Costs in Kalgoorlie are 
necessarily high, for power costs about $19 per H.P. per month, and water from 
80c. to $1°50 per 1,000 gal. 

During 1902 in New Zealand 25 of the 26 cyanide plants were in operation.® 

Wet Crushing and Direct Cyaniding—Hamilton Wingate’ describes the 
direct cyaniding of wet crushed ores at the Waitekauri Extended mine, Maratoto, 
N. Z., as follows: Formerly the ore was dry crushed and cyanided, but this method 
was found to be unsuited to the lower level ores and was high in cost. The choice 
of a satisfactory process depended on a successful method of slime treatment. 
In this respect the liberal use of lime was found satisfactory. The ore is a 
hard, flinty quartz carrying finely divided pyrite. The gold content is uni- 
formly distributed in a fine state of division, while the silver is present as a 
sulphide. The base sulphides comprise 5% of the ore, and the average value 
of the ore is from 0°3 to 0°4 oz. gold and 1°75 oz. silver. The mortar boxes, 
which were double discharge for the old dry crushing method, had one discharge 
closed for the wet crushing, but were still unsuitable, as a large quantity of 
slime was produced owing to improper dimensions. A higher extraction by 
cyanide, however, was obtained on slimes than on sands. The ore was crushed 
through a 40-mesh screen, the classification of 656 tons of ore giving 54°11% 
sands, and 45°89% slimes; 70% of the total pulp passed an 80-mesh screen, which 
was the fineness necessary for a good extraction. 

The crushed pulp passed to a 5-ft. square pyramid shaped spitzkasten, 5 ft. deep. 
At the apex was a 2°5-in. cock to regulate the discharge of the sands, A per- 
forated pipe or rose at the overflow end was necessary to prevent the settling of 
the slimes with the sands. It was essential to make a clean separation of the 
sands from the slimes, since those slimes that pass with the sands are lost in the 
overflow from the sand vats, while any sands in the slimes cause a portion of the 
slimes pulp to set hard at the bottom of the vat, in a mass too tough to be 
affected by the agitator. 

The discharged sands from the spitzkasten passed to a vat into which they 
were charged by a Butter’s distributor, and the overflow of the spitzkasten con- 
taining the slimes passed to an agitator vat. The 30-ton sand vats were 20 ft. 
in diameter and 4 ft. deep. The sands were treated first with a preliminary 
alkaline wash, then with a weak sump solution, followed by a 0°5% cyanide 
solution, and finally by the usual washes of strong and weak sump and wash 
water. The sands in general presented no difficulty of treatment. 


9 New Zealand Mines Record, May, 1902. 
3° A paper read before the American Institute of Mining Engineers, New Haven meeting, 1902 
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The slime vats were 22 ft. in diameter and 7 ft. deep, holding on the average 
25 tons of slimes. ‘The overflow from the spitzkasten is run in at one end, and 
the clear liquor allowed to flow off at the other. After charging the vat, the 
slimes are allowed to settle, and the water is drained off by an inside siphon pipe, 
leaving a pulp which contained from 42 to 58% of dry slimes. The agitator is 
then started, being at the same time gradually lowered. The charge was accur- 
ately sampled by dip samples. On the average 14 lb. of lime were added, and the 
charge agitated for an hour to neutralize the acid in the ore. In order to econo- 
mize cyanide and prevent the quantity of solution from becoming unmanageable, 
the weight of cyanide required for the slimes was dissolved in 5 tons of strong 
sump solution, and added to the slimes, the resultant solution containing 0°16% 
cyanide. The slimes pulp was then agitated for 3 hours at the rate of 40 r. p. m. 
Then strong sump solution was run on, during agitation until the depth of slimes 
pulp in the vat was 6°5 ft. The agitator was then raised, and the slimes allowed: 
to settle after which decantation was begun. The decanting pipe consisted of 
a 2-in. wired, rubber hos¢ fixed inside the vat, and connected at the bottom and 
side of the vat with the’solution pipe to the extractor boxes. The end of the 
hose is held in an iron collar to which is attached an arm made of 0°5 in. square 
iron. This arm passes through a guide which can be moved freely along an iron 
bar 3 ft. long, which is bolted to the inside edge of the top of the vat. A thumb 
screw through the guide holds the arm in position, and as the hose is lowered the 
guide can be moved along the fixed iron bar and the arm securely clamped. After 
the first solution had been drawn off, agitation with sump solution, followed by 
decantation was continued. From four to eight washes were required, the total 
weight of which was three or four times that of the dry slimes present in the 
charge. Each wash was passed through the extractor boxes before being returned 
to the slimes charge. The rate of flow through the extractors was 2 tons of solu- 
tion per hour per cubic foot of zinc shavings. The extraction from a test lot of 
1,440 tons was 81°4% of the gold and 45% of the silver. Consumption of 
cyanide was 2°7 lb. per ton, consumption of zinc 0°75 lb. per ton, lime 7 lb. per 
ton caustic soda 0°75 lb. per ton. The total cost was $2°07 per ton, including 
all charges. The necessity of strong solutions owing to the nature of the ore 
and the need of obtaining an adequate extraction of the silver makes the cyanide 
consumption much higher than the average. Mr. Wingate states that wet crush- 
ing has practically superseded dry crushing in New Zealand for the reasons 
given above. 

Several mills in New Zealand crush in the battery with a 0°1% cyanide solution, 
the process being practically the same as that which is used in some of the South 
Dakota mills. This method, however, would not be applicable to acid ores 
owing to the heavy cyanide consumption involved. 

The Treatment of Slimes.—A patent has been issued to KE. Godbe for a process 
of treating slimy ores by cyaniding, which consists of stirring the pulp with 
cyanide solution containing lime, in a circular vat of no greater diameter than 
depth, and while stirring introducing a stream of cyanide solution from below 
a false filter bottom. This solution rises up through the agitated and suspended 
ore, and overflows at the top clear and free from slime. To do this the stirrer is 
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placed close to the bottom and does not revolve fast enough to throw the slime 
to the surface, but just sufficient to keep the entire mass in suspension and flow- 
ing around the tank, leaving a few inches of perfectly clear solution at the top. 
Compressed air can be blown into the vat to aid in the solution of the gold. 
The overflowing solution is ready for precipitation. Weak solution and washes 
are introduced in a similar manner to the strong cyanide solutions. 

J. Yates"! states that in South Africa the cost of a plant for treating slimes 
by the decantation method is from $750 to $1,000 per head of stamps. An 
average of 60% extraction by the decantation method on slimes is the best obtain- 
able in South Africa. Led by these facts John R. Williams is to make a test on 
a working scale, side by side, of the decantation and filter press methods of slime 
treatment, which will be of very great interest. 

The Bromo-Cyanogen Process.—The Diehl process as practiced at some of the 
Kalgoorlie mines, Western Australia, and already mentioned, is described by 
H. Knutzen” as follows: The process is used at three mines, the Hannan’s Star, 
the Hannan’s Brownhill and the Lake View Consols, at the last named mine 
both the Diehl process and the roasting process were operated. A number of 
analyses were made on Kalgoorlie ores, from the different mines, with the follow- 
ing results :— 

Insoluble matter (insoluble in dilute hydrochloric acid), 40 to 78% ; iron car- 
bonate (spar), 10 to 30% ; calcium carbonate, 9 to 38% ; gold, 0°8 to 5°5 oz. per 
ton. 

It is thought that this composition accounts for the trouble met with in the 
roasting process, as the finely ground ore after roasting has cement-like properties, 
forming an iron cement, which sets in the vats. The Diehl process comprises 
the following essential stages :— 

1. Crushing and sliming the ore. 

2. Treating the slimes in agitators with a solution of potassium cyanide in com- 
bination with cyanogen bromide. 

3. Filter pressing the sludge and precipitating the gold from the solution by 
means of zinc shavings. 

According to the nature of the ore, amalgamation and concentration may be 
added as part of the process. . 

It was fqund that in order to get a good extraction on Kalgoorlie ore it must 
‘e slimed. Only part of the gold is present in the metallic state, the greater part 
heing present as a telluride and in sulphides. The slimes from the ore are richer 
than the sands owing to the brittleness of the telluride minerals. Ore was 
crushed in a battery through a 40-mesh wire screen with this result :— 

On 3-25-02. ore the sands contained 20-27% of the gold value; the concentrates, 
38°49% ; the slimes, 29°62% ; and amalgamable gold, 11°62%. 

On 0-85-02. ore the sands contained 26:24% of the gold value; the concentrates, 
37°51% ; the slimes, 35°37% ; and amalgamable gold, 0°88%. 

The best extraction on sands with a 7-day leaching did not exceed 50% of the 
gold. The best machine to slime the ore was found to be a Krupp tube mill, 


‘1 Journal of the Chemical and Metallurgical Society of South Africa, III., iv., 41, August, 1902 
12 A paper read before the Institution of Mining and Metallurgy, June 19, 1902, 
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using flint balls. The mill is 18 ft. long, 4 ft. in diameter and charged with 4 tone 
of flints. The sands are fed by a nozzle at one end, and the slimes discharge 
at the other. All of the product passes a 200-mesh screen, and less than 3% 
remains on a 220-mesh screen. One of the advantages of this mill is the small 
quantity of metallic iron that contaminates the slimes. From the tube mill, the 
slimes containing from 3 to 5% of solids pass to a system of classifiers to separate 
out any remaining sands which are sent back for recrushing. The slimes flowing 
from the classifiers pass to a system of spitzkasten, where they are concentrated 
to a pulp containing from 40 to 50% dry material. This goes to agitators, which 
are covered tanks from 20 to 25 ft. in diameter, and 7°5 to 8 ft. deep, provided 
with stirrers. The capacity of an agitator is from 120 to 125 tons of pulp. 
When the agitator is filled, a strong solution of potassium cyanide is added 
(4°4 lb. of cyanide per ton of dry material) and agitated for 1°5 hours, when a 
solution of bromo-cyanogen is allowed to flow in (1°1 lb. per ton of dry 
material). Then the pulp is agitated until the total time of agitation 
is 24 hours. The quantities of chemical vary according to the richness 
of the ore, the above quantities being for 2 to 3-oz. slimes. Two hours 
before the agitator is ready to discharge to the filter presses, from 1 to 4 lb. 
of lime per ton of dry slimes is added, which has the effect of giving a clean 
precipitate in the zinc boxes. Experiments were made to test the extraction with 
and without bromo-cyanogen. With plain cyanide solutions ranging in strength 
from 0-1 to 0°3% an extraction of from 41 to 62% was obtained. With the same 
cyanide solutions plus bromo-cyanogen added from 0-025 to 0-075% strength 
the extraction was increased from 77 to 97% on ore carrying approximately 
2 oz. gold. Chloro-cyanogen was found to be non-effective in increasing the 
extraction, rather the contrary. 

The filter press is indispensable to the Diehl process owing to the high value 
of the slimes. The filter presses used have a capacity. of from 4°5 to 5 tons. 
They consist of 50 frames, the cakes from which measure 39°5 in. square and 
from 2°5 to 3 in. thick. A dry cake weighs from 1°75 to 2 cwt. Each filter press 
has its own system of receivers, one for slimes, one for weak solution and one 
for wash water. The presses are operated by compressed air. The cakes are 
washed once with weak solution and once with wash water. For a charge 
of 5 tons from 350 to 500 gal. each of weak solution and wash water are used. 
The cakes are then dry blown 10 or 15 minutes with 80 lb. of air, and then 
the cakes are discharged into cars below. The time occupied from one charge 
to the next is 2 hours. The solution goes to the zinc boxes, first, however, being 
passed through a special filter or another small filter press for clarifying. The 
plant at the Hannan’s Brownhill mine is a new one, built specially for the 
Dieh] process, having a capacity of 75 tons per day. The scheme of working is 
given on the following page. — 

At this mill, 2,210 tons of ore were treated during July, 1901, at a cost of 
$5°84 per ton, which was rather high, the average cost being $5°34. 

The Lake View Consols mine had in operation alongside of the Dieh! plant 
a plant using the roasting process, in which the ore was dry crushed by Krupp 
ball mills. The ore treated by one plant was precisely the same as that treated 
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by the other, hence a comparison of costs is interesting. In August, 1901, the 
roasting process treated 3,411 tons of ore producing 5,287 oz. of bullion at a cost 
of $9°08 per ton. The Diehl process treated 5,888 tons producing 9,020°48 oz. 


ORE : 
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! 
Coarse. Fihe. - Upper storage tank. 
Nol 6 Krupp Breaker. | 
ORE BIN. 
Elevator 
; Hatters Bins. 
1 | | 1,060 Ib. stampa. 
Battery No. 1. Battery No. 3. Battery No. 3. Battery No. 4. ‘ . 
& heads. 5 heads. 5 heads. & heads. | Te aa Coe onesie: 
late. 
! i 
Concentrates. Tal 
From 8 to 5¢ of the ore. tena. 
j Tailings Wheel (double, 83 feet in diameter) 
Returned to Battery No. 1 ] 
nl roc lage 2 Classifiers. 
Sande ‘Sttinee 
3 Tub) Milla. | Wheel. 
25 tons of flinta. 
so claesoere: 7 
Slimes. Sands. 
| Returned to Wilfley of 
Spitzkasten. Battery No. 4. 
Btudge. Cutie Water, 
intaciediats Tank. 
Strong Solution. ( | 
KCN. Bron. Sludge. Water. 
5 tors. No. 1 sump to upper 
20 7°5 ft.-- 100 tons. 
2 Filter 5 tons each. 
Filter Press Cakes. Aupeitecos Solution, 
Dulap. Zinc F 
Precipt tates. Bollition. 
To sump No. 1. 


of bullion at a cost of $8°36 per ton. With the same kind of ore going to the 
plants, the extraction by the Diehl process was $28:16 per ton, as against $27-27 
by the roasting process, the difference between these costs should be added to the 
cost of the roasting process. 

At the Hannan’s Star mill the ore is crushed dry in 2 No. 5 Krupp ball mills, 
through a 30-mesh screen, from which it goes to a mixing machine, where it is 
mixed with water. From here the pulp follows the same course as at the 
Hannan’s Brownhill. 

Refining of Prectpitates——Hamilton Wingate'® describes the method used at 
the Waitekauri Extended mine, Maratoto, N. Z. Roasting the vacuum-dried 

18 A paper pead before the American Institute of Mining Engineers, New Haven meeting, 1902, 
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precipitates was adopted in place of treating with sulphuric acid, the facilities 
for the latter method not being available. It is also a question whether the 
acid treatment presents any advantages in the treatment of bulky precipitates 
such as are obtained from ores containing considerable silver. All the pre- 
cipitate is first washed through a 40-mesh screen. After drying on a filter 
by the aid of a vacuum pump, the precipitate was weighed and transferred to 
the oxidizing furnace, consisting of a square cast iron tray 6 in. deep, built 
- over a brick furnace using wood fuel. ‘The tray has a sheet iron hood over it, 
to collect the fumes, which are conducted through a flue to the dust cham- 
ber. The oxidation of the precipitate was conducted at a low heat, which was 
gradually raised to a dull red, the precipitate being kept broken up by a rake, 
care being taken to avoid dusting. The oxidized precipitate was fluxed as 
follows: 50 parts anhydrous borax, 15 parts of anhydrous sodium carbonate, 100 
parts of precipitate. This was charged into a No. 50 graphite crucible and 
melted at a moderate heat, the pot being carefully covered during the fusion 
and recharged in each case before fusion was quite complete. When the crucible 
was three-quarters full, the temperature was raised and the slag, now thoroughly 
liquid, was ladled into molds and the crucible recharged as before until two- 
thirds full of molten bullion. The bullion was poured into molds, each bar 
being again melted in a crucible of smaller size and skimmed if necessary be- 
fore pouring. The bullion averaged 941 fine. This fineness was mainly due 
to the passage of the precipitate through a 40-mesh screen, which eliminates 
the coarse zinc. It is impossible to oxidize zinc scattered through a bulky pre- 
cipitate, and as its presence causes mechanical and volatilization losses, it must 
be eliminated if subsequent losses in melting are to be avoided. The slags were 
crushed at the mill and yielded in shot 1°5% of the total value of the bullion. 
The crushed slag after panning had a value of $121°50 per ton. The sweepings 
from the dust chamber and flue yielded only $43 after the roasting of about 
$30,000 worth of precipitates. 

P. S. Tavener™ describes a new method of treating zinc-gold slimes, iia con- 
sists of smelting them with litharge in a reverberatory furnace, and cupelling 
the auriferous lead. The process was first introduced at the cyanide plant of 
the Bonanza Co. at Johannesburg in 1899, and since the resumption of milling 
14 months ago, has been in continuous and satisfactory operation. The clean-up 
of the slimes is conducted in the ordinary way, except that the whole precipitate 
is pumped at once from the clean-up tub into the filter press, the fine zine 
which remains at the bottom of the tub being heaped to one side and allowed 
to drain before it is transferred to the smelting room. The cakes from the 
filter press are dried in an oven, 15 minutes per tray being sufficient. The fine 
zinc is kept separate from the filter press slimes. The dried slimes are passed 
through a 4-mesh sieve and roughly weighed, for the addition of the mixed fluxes. 
The charge is made up approximately as follows: Slimes, 100 parts by weight; 
assay slag, 10 to 15 parts; foul slag, 10 to 15 parts; silica, 5 to 10 parts; litharge, 
60 parts; fine zinc, 100 parts; slag, 20 parts; litharge, 150 parts. 

The charge is shoveled directly into the furnace, the fine zinc part being 


14 A paper read before the Chemical and 4 Metallurgical Society of South Africa, III., iv., 70-78, October, 1909. 
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placed on top of the slime charge to prevent loss by dusting and also to have 
an excess of litharge at the top of the charge. No absolute rule for fluxing 
can be formulated as that depends upon the nature of the precipitates smelted. 
In practice it is found that considerably. less slag (30% less) is required than 
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Fig. 1.—TAvVENER’s FURNACE FOR SMELTING ZINC-GOLD SLIMES. 


in smelting small quantities of precipitates in crucibles. The lead bullion pro- 
duced should contain not more than 8% of go'd—10% being the limit. As 
a reducing agent sawdust was employed to the amount of from 1 to 2% of the 
weight of the litharge present. No sawdust is added with the fine zine charge, 
the zinc in the latter acting as the reducing agent. The reverberatory furnace 
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is shown in Fig. 1, except that the roof should be that of a true reverberatory. 
The pan should be filled, and the sides lined for 12 in. above the hearth with the 
best quality of fire brick. The bottom is laid with close joints on a grouting of 
erushed fire brick mixed with sufficient fire clay to make a binding material, 
which is tamped into the pan to the required level and faced with cement. 

The charge is placed in the furnace, covered first with a thin layer of litharge, 
followed by a thin layer of easily fusible slag. The furnace is charged on the 
day previous to the smelting. At 3 A.M. a slow fire is started to dry the charge, 
at 5 A.M. the fire is urged, the furnace being raised to a smelting heat in 30 
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minutes. ‘By 9 or 10 A.M. the charge is reduced, and any sweeping or foul 
slag on hand is added. The charge is then well rabbled and sawdust thrown 
on, repeated to reduced the excess of litharge until the slag shows clean on the 
tabble. The slag is then drained off into pots. The slag door is 4 in. above 
the center of the lead charge, when about 12,000 oz. of lead bullion are in the 
furnace. Before charging the furnace the slag door is built up 12 in. by means 
of cast iron plates laid in fire clay. In order to draw off the slag these plates 
are removed one by one. The filled slag pots are allowed to stand a few minutes, 
and then are tapped 2 in. from the bottom (to recover any lead), the shells and 
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bottoms being reserved for resmelting. The last of the slag is waved off by 
rabbling. The last skim of slag on the bath is thickened by cooling and throw- 
ing a shovelful of lime over the charge, when it is easily detached, and reserved 
for the next melt. A clean surface of lead is then exposed, and any zinc present 
quickly burns off. The lead recovered is clean and soft. ‘The bullion is sampled 
accurately after stirring by taking a ladleful, and is then poured into bars. 

The cupelling test is an oval, cast iron frame filled with bone ash ground to 
pass a 20-mesh sieve, and moistened with a potash solution of 1 lb. of potash for 
every| 33 lb. of bone ash. The bone ash must be moistened just sufficiently so that 
if squeezed into a ball in the hand it will break clean. The test requires 500 Ib. 
of bone ash to fill it, 300 lb. remaining after the necessary cutting out. (See 
Fig. 2.) 

The test has a basin cut into it, from 2°5 to 3 in. deep, and is put away to 
dry at least two weeks before using. A cupel of this size is sufficient for four 
charges each of 1°5 tons of lead. The last one used at the Bonanza lasted 4 
months, and cupelled 7°5 tons of lead bullion, producing 14,978 oz. of bullion. 

When the new cupel is placed in the furnace a slow fire is kept burning for 
3 or 4 hours before starting to refine. The blast is introduced into the test by 
a 3-in. pipe flattened at the end, and turned down so that the blast may strike 
the lead. The temperature is now raised to melt lead, and six bars are put into 
the furnace by the working door. When these are melted, the temperature is 
increased, and the remainder of the lead is introduced through the feed chute, 
the ends of the bars being allowed to melt off gradually. Lead is thus fed in 
until the bath almost reaches the level of the litharge channel, which has been 
cut in the meanwhile. The temperature is then increased to the melting point 
of litharge, and as soon as the bath is covered with litharge the blast is turned 
on, the litharge formed running into a pot similar to a slag pot, but only 12 in. 
in diameter and 8 in. deep. The flow of litharge is controlled by the quantity 
of lead melted from the bars introduced through the feed chute. When the 
feeding is completed, and there remains only the bath of concentrated bullion, 
the temperature is raised, and the litharge channel deepened. Nearly all the 
copper in the bullion enters the litharge just before the completion of the oper- 
ation, which makes the litharge thick and heavy and requires a high temperature. 
Just before the cupellation is finished there is danger that the bath will freeze 
under the cold blast ; if that occurs the blast is shut off and the temperature raised 
until the bath is molten again, after which the blast is turned on and the last 
fmpurity driven off. From 6 to 8 lb. of assay slag are then added and melted, 
and allowed to run off, and by this means the gold is given a clean, bright surface. 
The fire door is now opened and the gold allowed to cool to a point where it 
will not crumble when a bar is inserted under the cake. This is lifted, broken 
in halves, and pulled out into a slag pot. The gold is remelted in crucibles 
and cast into bars. The advantages of the process can be stated as follows: 
1. Saving in cost of treatment. 2. Absence of by-products. 3. Reduced loss in 
handling. 4. Increased recovery of gold. 5. Facility for treating foul slag. 

The results of four months’ smelting at the Bonanza are as follows: Weight of 
moist filter press slimes, 9,058 lb.; of fine zinc, 7,662 lb.; lead bullion cupelled, 
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15,269 lb.; gold recovered, 12,810 fine oz.; materials used, coal, $396°74; coke, 
$45°24 ; fire clay, $14°40; fire brick and slabs, $83°32; paper bags, $9; lead foil, 
$14°56; bar iron, $0°76; crucibles and liners, $8°40; caustic potash, $2°88; bone 
ash, $48; sundries, $6°04; total, $631°34; loss of lead, 12% on 15,269 lb.=1 
ton at $96, grand total, $727-24, or 5-5c. per fine ounce of gold recovered. 

Roughly speaking, the cost of acid treatment is about 24c. per ounce of fine 
gold recovered. A cyanide plant producing 2,500 oz. of fine gold per month 
would save approximately $4,800 per year in the cost of refining, besides gaining 
about $1,440 from the elimination of by-products, in which gold has to be sold 
at a discount, and from losses in handling. The lead smelting process has shown 
an increased recovery from the same slime, of 10% and even more, as com- 
pared with the acid process. In one trial for the Village Main Reef Gold 
Mining Co., the smelting process gave 11% higher recovery than three acid- 
treated lots; in another trial] 10% more; although the reason for this has not yet 
been carefully investigated, the evidence is too important to be ignored. The 
large differences have been attributed to the incomplete mixture of the slime 
and fine zinc in order to insure that in taking equal parts for the comparative 
tests there will be equal quantities of gold in each, but if that were the case the 
acid treatment would sometimes give higher recovery than the smelting, a result, 
however, that has not once been obtained. The use of lead acetate in large 
quantities which has become necessary in precipitating the very large volume of 
dilute solution from the slimes plants, has caused trouble in the acid treatment 
owing to the danger of introducing lead into the bullion. This trouble dis- 
appears with the smelting method. It is also true that the very poor and bulky 
precipitate from the slimes boxes are costly to treat by the acid process, but 
readily treated cheaply by the smelting process. Recently, Alfred James stated 
that the loss from the ordinary clean-up as practiced in the Rand amounts to 
from 1 to 6% of the total output. 

E. H. Johnston and W. A. Coldecott'® used MnO, as an oxidizer in refining 
precipitates, although niter has a higher theoretical power, yet at the tempera- 
ture of fusion MnO, is the most efficient. It also does not corrode the crucibles 
so readily. The average charge was: 100 parts slimes, 20 to 35 parts borax 
glass, 20 to 40 parts MnO,, 15 to 40 parts of sand. Very high-grade bullion 
was reduced by this method. P. S. Tavener, however, states that the fineness 
of the bullion is obtained at the expense of the silver, which the manganese 
dioxide tends to drive into the slag. 

Treatment of Concentrates—C. M. P. Wright*® describes the treatment of raw 
concentrates by percolation as practiced at Choukpazat gold mines in Burma. 
The concentrates contain from 30 to 40% of sulphides, and from 60 to 70% 
of coarse sands. ‘The sulphides consist mainly of iron pyrite; but 5% consist 
of franklinite, galena, chalcopyrite, and a little altaite. The franklinite carries 
% oz. gold, the chalcopyrite and iron pyrite from 0°9 to 2 oz. gold, and the 
galena practically none, the average value of the concentrates is 1°82 oz. gold 


18 Journal of the Chemical and Metallurgical Society of South Africa, Vol. III, p. 21, July, 1902. 
18 “Cyaniding Concentrates by Percolation." A paper read before the Institution of Mining and Metal- 
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per ton. The concentrates are treated first with a plain water or alkaline wash, 
followed by a weak solution wash 0°10 to 0°12% cyanide, and then nine washes 
of 0-°3% cyanide. The contents of the vat are then turned over, and are treated 
until for two successive days the effluent solution runs 0°26% cyanide, when the 
treatment is considered complete. Then follow two washes from the strong 
sump, 0°25% cyanide, and two weak washes, 0°07%, finally one or two wash 
waters. From 17 to 20 tons of concentrates are treated per month. The time of 
treatment is 24 days, and the extraction is 84%. The zinc boxes are made up at 
the commencement of the treatment and left untouched to the end, all solutions 
passing through the box as they come from the percolating vat. The precipitates 
that pass a 30-mesh screen carry nearly as much silver as gold, those that remain 
on a 30-mesh screen carry practically no silver, but much copper. All the zinc 
in the box becomes copper coated almost immediately on being put to use. The 
method of treating the precipitates is as follows: Careful cold acid treatment is 
followed by a thorough washing and drying in enameled basins, and fluxing 
the slimes below 30-mesh size with 27% borax, 18% sand, 13% soda, 10% 
niter. The slimes above 30-mesh size are fluxed with 45% borax, 27% sand, 
22°5% soda and 16% niter. The slags run about § oz. gold per ton and contain 
no shot. The bullion from the fine slimes is from 560 to 600 fine, and from 
the coarse slimes from 500 to 540 fine. The detailed cost of treating 89 tons 
of concentrates was: Pumping, 13°5c.; supervision, 86c.; labor, 11c.; cyanide 
(5°12 lb.), $1°345; zinc (0°85 lb.), Y%e.; reduction, assaying and sundries, 59c. 
Total, $3°12 per ton. ‘The tailings assayed 0°25 oz. of gold per ton. 

Herbert K. Scott,” in his paper on “The Gold Fields of Minas Geraes, Brazil,” 
mentions the success obtained in treating concentrates by the cyanide process 
at various mines in the State of Minas Geraes, Brazil. At the Moro Velho mine, 
concentrates from strakes consisting of pyrrhotite, pyrite and mispickel are 
treated by an “oxygen process,” which is a modified cyanide process embracing 
agitation and aériation. The Passagem mine of the Ouro Preto Gold Mining 
Co. in the same district, after experimenting with the same class of material 
with a modified cyanide process with good results, will replace barre! chlorination 
of the concentrates by cyaniding. At the Faria mines, near Honoria Bicalho, 
on the Central Railway of Brazil, the pulp from the batteries passes over amal- 
gamated plates, and into two spitzliitten, which separate out the heavy con- 
centrates. The tailings overflow from the spitzliitten pass to two spitzkasten, 
which separate the sands from the slimes. The sands and the concentretes are 
treated separately by percolation, and the slimes by the filter press process. 
Johnson presses are being used. An extraction of 90% is obtained on the sands, 
and 55% on the slimes. 

At the Sao Bento mines, near Santa Barbara, oxidized siliceous ores are 
crushed by Blake crushers and Gates rolls to pass a screen of 0°15-cm. opening. 
An extraction of 86°6% is obtained. 

Commercial Potassium Cyantde—-According to A. Whitby'® the difference 
in composition of the salt sold as “98% potassium evanide,” is considerable. 


17 A paper read before the American Institute of Mining Engine-re, May, 1902. 
18 A paper read before the Chemical and Metallurgical Society of South Africa. Dec. 20, 1902, 
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Five samples from four distinct sources were analyzed with the following 
result :-— 


The object of the analyses was to show how the present system of purchasing 
cyanide left the manufacturers a wide margin for impurities. For instance, 
No. 1 contained by calculation 18% of sodium carbonate and 5% of other im- 
purities. No. 5 shows what a commercial sodium cyanide ought to be. 
It is very easy for the manufacturer to comply with existing conditions, and yet 
supply the consumer with many things he can do without. 

No. 3 is heavily charged with alkaline sulphides, but it was used extensively 
without complaint about its effectiveness ; while laboratory tests may show alkaline 
sulphide to be injurious, in working solution they are rendered harmless by 
precipitation as zine sulphide. Alkaline carbonates are beneficial in increas- 
ing the alkalinity of the solution. The cyanates act the same way, in becoming 
eventually transformed into carbonates. Summarizing, the facts are as follows: 
The mills use. a mixture of sodium and potassium cyanide nicely adjusted to 
98% KCN, leaving room for extensive adulteration. The effectiveness of the 
mixed cyanide being accepted, it would be desirable to adopt the use of a sodium . 
cyanide, demanding an efficiency of at least 50% cyanogen. Or if a potassium 
cyanide is to be used a limit should be set for the sodium: cyanide present in order 
to control the amount of inactive bodies. For the analyses, 10 g. of cyanide 
were dissolved in 500 c.c. of water, this solution being used for all tests. For 
the determination of carbonate and cyanogen freshly prepared solution must be 
used. For carbonates, from 50 to 100 c.c. of the solution are taken, and a few 
drops of ammonia and a solution of calcium nitrate in slight excess added. 
The precipitate is filtered rapidly, and washed with hot water containing a little 
ammonia. The precipitate is ignited to oxide, weighed and calculated to car- 
bonic acid. The cyanogen is determined in the usual way with silver nitrate. 
For the determination of the alkalies, 50 c.c. were evaporated with a slight excess 
of hydrochloric acid, taken up again with a few c.c. of concentrated acid, and 
again evaporated. For more accurate work it would be necessary to remove 
heavy bases by dissolving the residue in water made slightly alkaline with 
ammonia, and passing hydrogen sulphide through to remove traces of lead and 
iron present. Should calcium be present the treatment must be followed by the 
addition of a little ammonium oxalate, filtered, and the solution again rendered 
slightly acid by hydrochloric acid, and evaporated to dryness, gently ignited and 
weighed. For the purpose of these experiments it was found sufficient merely 
to evaporate to dryness with acid, as even the most impure samples gave mere 
traces of insoluble residue. The total chloride was then estimated with deci- 
normal silver nitrate solution, and the ratio of potassium to sodium determined 
by the indirect method. 
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According to R. W. Moore,’® of 80 samples of commercial potassium cyanide 
imported into the United States, only 24 contained no sodium cyanide, while 50 
contained from 10 to 54% of sodium cyanide, averaging 22%, it being evident 
that much of the cyanide used in the process is a mixture of sodium and potas- 
sium cyanide. Under the Dingley tariff, potassium cyanide is admitted under 
a duty of 12°5%, which is one-half that on chemical salts. The question came 
up for the Board of Genera] Appraisers as to what duty is to be paid on a mix- 
ture of sodium and potassium cyanides, and the decision reached was that the 
mixture should be admitted as potassium cyanide. 

Treatment of Cupriferous Gold Ores.—Louis Janin, Jr.,?° discusses the treat- 
ment of cupriferous gold ores by the cyanide process. Three methods are advo- 
cated which have in view the entire or partial elimination of the copper and the 
consequent protection of the potassium cyanide. They are:— 

1. Leaching by sulphuric acid preliminary to cyanide treatment. 

2. Scrymgeour’s method of dissolving copper minerals in a solution of 
potassium cuprocyanide, containing no free potassium cyanide. 

3. Bertram Hunt’s method of leaching with an ammoniacal cyanide solution, 

While many copper minerals are soluble in sulphuric acid, this method has 
serious drawbacks in that it may have a very high consumption of acid if lime 
and magnesian carbonates are present in the ore. There is also a tendency for 
the ore to cement and pack in the tanks after the acid treatment. A neutralizing 
agent such as a caustic soda solution must follow the acid treatment, otherwise 
the consumption of cyanide will be more even than when treating the original 
ore before acid treatment. Burnt lime, as ordinarily employed, will not pene- 
trate the ore mass to neutralize the acid. The acid process is then a three-stage 
process. 1. Leaching the ore with dilute sulphuric acid. 2. Neutralizing the 
acid remaining with caustic soda. 3. Treatment with cyanide solution. 

Scrymgeour’s method depends upon the property of potassium cuprocyanide 
to dissolve copper in certain minerals. The cuprocyanide is obtained by heating 
the ore with dilute cyanide solution. When the cuprocyanide solution has dis- 
solved the maximum of copper in the form of sub-cyanide the excess of copper 
is precipitated electrolytically. ‘Then the ore is ready for the ordinary treat- 
ment with dilute cyanide solution. The method is a two-stage one employing 
separate electrolytic precipitation vats, and separate storage tanks.?? 

Bertram Hunt’s method is very simple, and essentially a one-stage process, 
It depends upon the protective influence of ammonia as well as its solvent action 
for copper, the ammonia and cyanide being employed in the same solution. It 
is known that the double salt of copper and potassium cyanide has a solvent 
action on gold. It is not so well known that the cyanides of gold, silver and 
copper, and other base metals are soluble in ammonia. When a solution of 
cupric oxide is dissolved in ammonia containing less cyanide than will combine 
with the copper, then an alkali cupricyanide is formed which exerts a solvent 
action on the gold equal to the cyanide itself. 

19 Journal of the Society of Chemical Industry, Vol. 21, p. 892. 


90 Engineering and Mining Journal, p. 816, Dec. 20, 1902. 
a1 Bee also Engineering and Mining Journal, Aug. 17, 1901, and Taz Mucera Inpusrry, Vol. X., pp. 881 and 852- 
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In treating ores by the Hunt process the strength of solution in ammonia is 
varied according to the copper content and the condition in which the copper 
is found. Comstock tailings containing cupric oxide, originally introduced into 
the ore as copper sulphate in the amalgamation treatment, use as high as 8 Ib. 
of ammonia per ton. 

The strength of the solution in cyanide was 1 lb. per ton. The consumption 
of cyanide was 0°6 Ib. per ton. The tailings treated assayed $1°45 in gold and 
3°05 oz. in silver, and the residues from the treatment assayed 25c. in gold and 
1 oz. in silver. On other material, perfect extraction was attained on the gold 
and 85°09% on the silver. The high extraction is probably due to the energetic 
oxidizing power of the cupric oxide dissolved in ammonia. ‘The solution em- 
ployed on the Comstock tailings is higher than would be used ordinarily, owing 
to the solubility of the copper in this case, which would rarely occur in an ore 
where the copper was native. 

At the cyanide plant of the Brooklyn Mining Co. at Dale, San Bernardino 
County, Cal., a complex ore is treated containing lead carbonate, copper bearing 
pyrite, and copper in various conditions notably as silicate. This last named 
mineral being soluble in cyanide, caused a loss of from 7 to 8 Ib. of cyanide per 
ton by the ordinary treatment. An addition of 6 lb. of ammonium chloride per 
ton to a 0°15% cyanide solution brought the consumption down to 1 Ib. cyanide 
per ton. From 7 to 8 lb. of burnt lime are added per ton of ore, and the am- 
monium chloride is added directly to the cyanide solution in the stock tanks, 
The solution was allowed to remain in contact with the ore for 12 hours, then 
draining and washing was continued for about 6 days. Any salt of ammonia 
may be used instead of aqua ammonia, provided lime or some alkali is added to 
the ore. If the ore contains ferrous salts these should be removed by adding 
the ammonia solution and an oxidizing agent previous to adding cyanide. 

At Dale, ordinary zinc box precipitation is used, which presents no difficulties, 
although the product is low grade, $3,500 to $7,000 in value per ton, if acid 
were used in the clean-up the richness of the product could be doubled. On the 
whole, however, electrolytic precipitation is preferable. In Hunt’s process, the 
use of peroxidized lead anodes and aluminum cathodes is advisable. The lead 
anodes are peroxidized in a solution of potassium permanganate before use. A 
current density of 8 amperes per sq. ft. is employed. Lead anodes alone grad- 
ually become peroxidized, and when the current density rises above 1 ampere 
per sq. ft.—reaction occurs with the formation of basic lead carbonates and 
lead cyanides. The gold, silver and copper are not precipitated as an adherent 
eoating on the aluminum, but fall as a sludge. 

Hunt’s ammonia cyanide process has the following advantages :— 

1, It makes amenable to the cyanide process ores not before treated. 

2. In cases where the consumption of cyanide is high it may be reduced by 
employing the process. 

3. It is a simple process, compared to processes which aim to accomplish the 
seme results, and hence is more economical. 

4. The cost of the reagents employed is not high compared to the cost of 
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cyanide, part of the cost in some cases may be made‘up by the value of the copper 
recovered. 

5. Unlike the acid treatment, caicareous ores are amenable to the process. 

6. There is no limitation to the copper content of the ores which can be 
treated economically under local conditions, though with high-grade copper ore 
a plant would have to be installed for ammonia recovery. 

It presents a good field for oxidized copper-gold tailings or ores, and possibly 
may be extended to pyritic ores. 

Important Patents Issued during the Year.—Several patents have been 
granted during the year, of which some may in time have an important bearing 
on the cyanide process. 

A patent has been issued to Ed. D. Kendall, of Brooklyn, N. Y., for the 

electrolytic recovery of precious metals dissolved in cyanide solutions. The 
gold-bearing cyanide solution is filtered through a mass of hard fragmental 
carbon pocketed around the porous cup of an electrolytic cell, and connected as 
the cathode of a 15-volt current. A carbon plate as anode is placed in the porous 
cup and immersed in a solution of caustic alkali. The cyanogen set free collects 
in the caustic alkali solution of the anode, and the precious metals are deposited 
in a pulverulent form throughout the mass of the cathode. After the deposition 
of the gold, the two compartments are emptied of their solution, a silvered carbon 
plate rubbed with graphite replaces the former carbon anode plate, the current 
is reversed and a strong solution of potassium cyanide is permitted to flow 
through the cell, successively through the anode and cathode compartments in 
the order named. The gold is redissolved from the former cathode and deposited 
in reguline form on the silvered carbon plate now forming the cathode. The 
idea was first suggested by Dr. Pfleger in 1895, and further developed, and its 
advantage pointed out by Prof. S. B. Christy. 
‘ United States Patent No. 687,258, for the recovery of cyanide from waste and 
foul solutions, has been issued to William Orr, of Salt Lake City, Utah, and con- 
trolled by the Gold & Silver Extraction Co. of America. The quantity of 
potassium cyanide and potassium-zinc cyanide is determined in the waste solu- 
tion; the waste solutions are then run into a suitable tank, and the proper quan- 
tity of fused zine chloride added to precipitate all the cyanogen as zinc cyanide. 
The solution is then separated from the precipitate by decantation or filtering, 
after which a solution of alkali hydrate is added to dissolve the zinc cyanide. 
The correct quantity of potassium or sodium sulphide is then added to precipi- 
tate the zinc, which is separated, the solution then being again ready for use. 

Miscellaneouws.—According to Wm. J. Sharwood*? selenium is found in the 
precipitates from the evanide process and may come from the presence of the 
silver and copper selenides in the ores, both of which are slowly soluble in 
potassium cyanide, as potassium seleno-cyanide, KCNSe, from which zinc precipi- 
tates selenium. If, however,. the selenium is found in the precipitate after 
treatment with sulphuric acid, the selenium probably came from the’ acid, 
being precipitated from it by the zine. 


#1 Engineering and Mining Journal, p. 688, Nov. 28, 1902. 
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According to T. L. Carter,?* cyanide solutions carrying gold which have be- 
come useless and foul from long standing, may be treated to recover the gold 
as follows: Sufficient zinc chloride is added to precipitate the gold as a fine 
gray powder, and the whole allowed to filter through sand to catch the gold. 
The sand can then be used in the fluxing of precipitates. 

A. F. Crosse** describes two methods for the assay of cyanide solution as 
follows :-— 

1. Pour 500 c.c. of solution into an evaporated dish, put under a hood with 
a good draft, add nitric acid until the solution shows an acid reaction, boil for 
15 minutes, then add 0°5 g. of siiver dissolved in nitric acid, filter and fuse 
the filter paper with the precipitate, as usual with litharge and flux, and then 
cupel the lead button. . 

2. Take 500 or 1,000 c.c. of solution, add an excess of copper sulphate, acidify 
with sulphuric acid, filter and fuse the precipitate with litharge and flux, and 
cupel the lead button. 

Cyanide Poisoning—The Victorian Mines Department*®® has issued instruc- 
tions printed on linen, for posting in cyanide works, which give directions 
how to proceed in cases of cyanide poisoning in the absence of medical assist- 
ance. The credit for the work is due to Dr. Martin, of Melbourne University, 
and Mr. H. Jenkins, the Government Metallurgist. In a case of poisoning, 
everything depends on prompt action, for the chances of recovery are very small 
after the lapse of a very few minutes if a fatal dose has been taken. The first 
step is to neutralize the rapid poison by the antidote, and then to empty and 
wash out the stomach as soon and completely as possible. The antidote consists 
of two solutions, sealed up in bottles, and a sealed powder. One bottle contains 
75 g. of ferrous sulphate dissolved in 30 c.c. of water; the other 1°5 g. caustic 
soda dissolved in 300 c.c. of water. The powder consists of 2 g. magnesia put 
up in a sealed tube. There should also be a gag for the purpose of opening the 
clenched mouth of the unconscious person, and a stomach tube that can be 
passed through the gag into the patient’s stomach. If the patient is still con- 
scious he must drink the antidote at once; if not'a small gag is inserted in the 
patient’s mouth to prevent the stomach tube from being bitten off, and the tube 
passed down his throat into the stomach. The antidote is then poured down 
the tube and is followed by some water. If the patient has been able to swallow 
the antidote the stomach tube is inserted at this time, the patient being placed 
in a reclining position, and half a pint of water poured down the tube. Before 
all this descends into the stomach the funnel is lowered to get it to act as a 
siphon, and to empty the stomach as completely as possible. This is repeated 
several times in order to wash out the stomach. If the tube is not at hand 
every endeavor must be made to induce vomiting after the administration of 
the antidote. When the stomach has been emptied and washed steps must he 
taken to bring about artificial respiration if the patient is in a state of collapse. 
This is done as in the cases of partial drowning or suffocation. 

%3 Engineering and Mining Journal, p. 211, Feb. 8, 1902. 


34 Journal of the Chemical and Metallurgical Society of South Africa, May, 1902. 
36 Australian Mining Standard, May 29, 1902. 
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Cyanide Patent Decisions.—In an action in Queensland, Australia, the chief 
justice of that State, upheld the validity of the MacArthur-Forrest cyanide 
patents. The patents have also been successfully maintained in New Zealand 
and Victoria. In West Australia and New South Wales the courts have held 
that there was either no novelty or that the specifications were too broad. In 
the United States, the matter has never been really brought to trial. In the 
suit against the Mercur Co., of Utah, the latter compromised by agreeing to pay 
a small royalty. In Mexico and other Spanish-American countries the patents 
hold good. In South Africa, under the Republic, the patents were declared 
invalid, but as the Transvaal is now a British colony under the patent laws of 
the mother country, the patent which is good in England will probably be de- 
clared good in the Transvaal, and will raise interesting questions of royalty 
to be paid. The patents have at most but a few years to live in the different 
countries, and it is questionable whether in view of the broad lines of the 
process renewals will be granted. 

By a decision of the United States Circuit Court of Appeals, and held as 


final, zinc dust is admitted free according to paragraph 482, Act of 1897. 


CYANIDING SULPHO-TELLURIDE ORES. 
By Pup ARGALL. 


THE successful use of bromo-cyanide in the treatment of the unroasted sulpho- 
telluride ores of Western Australia has attracted quite a little attention in the 
United States, more particularly, perhaps, from those having mining interests 
in Cripple Creek, Colo. The very fact that sulpho-telluride ores can be treated 
without roasting, appeals at once to the small producer, who immediately sees a 
method for reducing his ore to bullion without the use of the usual cumbersome 
and often expensive roasting plant. 

The method of working the Western Australian ores in the raw state, by means 
of fine grinding and subsequent treatment with bromo-cyanide, is known as 
the “Diehl” proccss (see preceding pages of this volume), apparently now 


’ established as an economic and commercial success in the treatment of Kalgoorlie 


ores. I herewith propose to compare this process of cyaniding with the roasting 
method as heretofore practiced on the ores of Cripple Creek. 

The Kalgoorlie ores contain a large quantity of calcium and iron carbonates, 
together with a small quantity of magnesia. Estimating the latter component 
as CaCO,, Mr. H. Knutsen gives the following approximate analysis of three 
samples: Insoluble, 57-98%, 59-61%, and 76-91%; FeCO,, 19:29%, 13°94%, 
and 12-11%, and CaCQ,, 22:55%, 26-73%, and 9:18%. 

The sulphur appears to have been neglected in the analysis. Mr. Alfred 
James, however, gives as a typical analysis of these ores: SiO, about 50%, 
Fe 10%, Al,0, 5 to 20% or more, MgO 1 to 5%, S 3 to 7%, Cu 0:1 to 0:3%, 
Pb trace, Zn 0:02%. As trace, Sb 0:02%, Te 0:03 to 0:1%, and CaCO, 6 to 17%. 
Ores of this character after roasting when the solutions reach them form a lime- 
iron cement which sets hard in the tanks and greatly interferes with, and often 
prevents, the percolation of the solutions through the charges. For this reason 
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early attempts at leaching the roasted ores at Kalgoorlie were far from success- 
ful; furthermore, these Australian ores, while containing an appreciable quantity 
of free gold in a comparatively granular condition, still require to be ground 
very fine in order to obtain a high rate of extraction; the fine grinding produced 
troubles in the subsequent handling of the slime, and led to the early introduc- 
tion of filter presses, which soon became standard in the cyanide practice of West- 
ern Australia. | 

One of the most successful combination processes for reducing the sulpho- 
tellurides ores of Kalgoorlie is briefly outlined as follows: Crushing dry to about 
30-mesh size, roasting in mechanical furnaces, fine grinding and pan amalgama- 
tion in dilute cyanide solutions, separating the sands from the slimes, treating 
the latter in the filter presses and the former in tanks, or, as an alternative, 
reducing the ore under treatment to such a fine state of division that it is 
all successfully treated in the filter presses, thereby abolishing the leaching in 
the tanks. According to Mr. Alfred James, the Kalgoorlie sulphide ores yield, 
without roasting, from 50 to 70% extraction when treated by agitation with 
ordinary cyanide solutions. My experiments on Cripple Creek telluride ore 
gave almost identical results; in fact the lowest extraction on 30-mesh size raw 
ore that I have observed is 54%. It is perhaps permissible to state that fuel is 
quite expensive in Kalgoorlie, and water may be said to command famine prices, 
from which it is evident that roasting is at a disadvantage, costing, it is said, 
on those low tenor sulphur ores, from $1 to $3 per ton, while power costs from 
70 to 90c. per horse power per day. Under these conditions, a wet process 
for working the ore in the raw state has at least a fair show. 

The use of the halogen cyanides as accelerators in the cyanide process was 
discovered and patented by Dr. Gaze in 1892, and in February, 1893, a cyanide 
mill near Reefton, N. Z., used chloro-cyanide in the solutions; but owing to 
difficulties in precipitation, the process was soon abandoned. In 1894 Messrs. 
Sulman & Teed, of London, patented a bromo-cyanide process, and to these 
gentlemen is due the credit of applying bromo-cyanide to the direct treatment 
of telluride ore. It is well known that cyanogen in the semi-molecular or nas- 
cent state has a powerful action on gold, that bromo-cyanide itself has but little 
if any solvent power on gold, but when added to a cyanide solution, it not 
only liberates a molecule of cyanogen from the latter, but also contributes its 
own cyanogen, thus: KCN-+BrCN=KBr-+2CN. 

Bromo-cyanide must be considered as a cyanogen liberator, and it is no doubt 
through the intense chemical activity of the nascent cyanogen thus liberated 
that the tellurides are attacked, at least to the extent of setting free part of their 
contained gold. Briefly, the combination bromo-cyanide process evolved by Dr. 
Diehl is as follows :— 

(1) Stamping the raw ore with or without amalgamation, as may be found 
expedient. 

(2) Separating the heavy minerals from the gangue by concentration. 

(3) Roasting the concentrates and returning the roasted tellurides to the 
batteries for amalgamation, or selling the concentrates to the smelters. 
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(4) Sliming all the tailings from the concentrators so the material will 
pass a 200-mesh screen. 

(5) Agitating this fine pulp for at least 24 hours in cyanide solutions, to 
which a solution of bromo-cyanogen is added from time to time. 

(6) Filter pressing the agitated slimes. 

The Diehl process is fully described by Mr. H. Knutsen' in a very able and 
interesting paper from which the following comparative data of costs are taken. 
The process is in use at one property alongside a roasting plant, both treating 
the same class of ores; in the roasting plant two-thirds of the ore is treated in 
filter presses and one-third in leaching tanks, while in the Diehl all the ore must 
be filter pressed. . 

In the roasting process, 3,411 tons were treated, which yielded 5,287 oz. of 
bullion and no concentrates, while with the Diehl] process 5,888 tons were treated, 
yielding 5,201 oz. of bullion and leaving 3,819-47 oz. in the concentrates. If the 
concentrates represent but 0:°5% of the ore, as reported, then practically 42% of 
the value of the crude ore is locked up in about 30 tons of concentrates. These 
latter are treated at the smelting works. A summary of expenditure per ton of 
ore treated during August, 1901, is given in the subjoined table. 


Roasting Diehl Roasting Diehl 

Process. | Process. . | Process. 

sd, 8. d. s. d. sg. d. 

Superintendence ............- 1 5°05! 1 0°013 Flevating .. beweieesatieGsiebetan [yae> Sebreles 0 8:481 

General thibe and charges....| 1 4°306 1 7°46 Cvanogen bromide..........]... cs. 4 0-046 

Electric light..........--0..6- 1 4°561 1 2°514 || Potassium cyanide........... 8 ONT 2 9°506 

Assay, retorting and smelting.| 1 9086 1 6:%5 ENG. oiaie o cialae edie aisie vee eie'ass 68 8 2°418 2 2:27 

MUG) i858 isc is cteecnweeeseess 9 2°548 8 57 Filling and emptying presses} 1 8°263 2 6°171 

be Sataetia naatadeneesees Gunes | 8 5:046 8 2347 || Filter cloth ...... .......... O 4:786 0 38-098 

pA iie@icdilnee mead 1 4°2h4 2 0-209 Cheaionlé,.c.0 0 1°049 0 1°C01 

Pilling and enierine vats . | 1 2564 |... 20... Firing roaster......0. esses: 1 2958 |... ..... 

Tr, WENETAL...... cece wees 1 1:'978 1 10- Agitation .. 0... . ccc eee eee 1 62°728 |... ..... 

Engine driving and firing... ...{ 0 11°479 0 7°662 WOU scsi Sie beeadeneed lua Seve 1 9-196 
General repairs................ 3 3°088 2 3: 

Screens, shoes and dies........).-. 0 ....- 0 0-810 Totals.......cccucsevceee: 87 4°295 | 88 9°080 


Taking the difference in fuel cost between the two processes, and adding the 
expense of firing the roaster, the approximate cost of roasting is found to be 
6s. 11:7600d. The cost of bromo-cyanide is 4s. per ton of ore treated ; to this, the 
royalty for the use of the process should be added, and a total of 5s. 9-24d. is 
obtained as an offset to the roasting, which shows 1s. 2:5d. in favor of the Dieh! 
process. It was claimed that the same quality of ore went to both plants, but 
the Diehl gave a return amounting to 3s. 8d. per ton more than that from the 
roasting process. This comparison appears to me to be somewhat favorable. to 
the Dieh] process, if, indeed. a strict comparison of the costs of the rival processes 
was intended : for example, the capacity of the roasting plant appears to be about 
60% of that of the Diehl, vet the cost for supervision, engine driving, etc., is 
about 50% greater for the smaller plant. It is in the final products of the 
plants, however, that the most unfair comparison creeps in; the roasting process 
produces all its vield in bullion, while the Diehl leaves about 42% of the bullion 
content of the ore in the form of high-grade concentrates, which can neither be 
handled nor roasted without loss of metal. There is also an additional smelting 


1 Proceedings of the Institution of Mining and “Metallurgy, 1902. ‘London; see, aleo, THE Minera Inpra- : 
trY, Vola IX. and X. 
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charge for extracting the values from the concentrates that is apparently not in- 
cluded in the foregoing expense table. Furthermore the roasting plant is not 
credited with flue dust or sweeps, and one cannot believe that the roasting of ores 
of this character would be attempted without the usual equipment of dust flues 
and settling chambers. 

In a newer Diehl plant the concentrates, amounting to about 5% of the ore 
treated, are roasted and returned to the batteries for amalgamation, the pulp 
from the raw as well as from the roasted ores mingling together are treated 
in agitators for 24 hours with cyanide and bromo-cvanogen solutions. The 
final tailings are said to “average from 1 to 2 dwt. gold per ton, no matter 
whether the origina] ore contained 1 oz. or 4 oz. gold per ton.” The consump- 
tion of chemicals is given at about 3 lb. KCN and 1-25 lb. BrCN per ton of 
ore. The working cost is summarized as follows: Milling, 4s. 0-59d.; concen- 
tration, 1s. 7:19d.; treatment, concentrates, 1s. 4:08d.; extraction, 17%s. 1-02d.; 
total, 24s. 0:88d. 

The bromo salts alone amount to 5s. per ton of ore treated. It will be 
noticed that bromo-cyanide is not depended on to break up the gold tellurides 
completely, hence these minerals are first concentrated out as far as is possible, 
and afterward roasted to set the gold free for amalgamation. In the next 
place, a tailing approaching $2 in value can scarcely be considered a satisfactory. 
termination of such an elaboration of processes. Yet it is extremely interesting 
to know that such good work can be accomplished by a wet process, or at least 
one that eliminates from 80% to 95% of the roasting usually found necessary 
in treating sulpho-telluride ores. Such a process will have a great future in 
places where roasting is expensive, either through lack of fuel, or the high . 
sulphur content of the ore; provided that in either case, the bromo-cyanide will 
extract the values. 

The sulpho-telluride ores of Cripple Creek are virtually altered granites, 
phonolites, and andesites, containing slightly more silica and considerably more 
iron and sulphur than the original rocks, but on the whole practically of the 
same chemical composition. Tellurium and fluorite are little more than traces 
in the ores received at a custom works which contain but little carbonate, and 
when roasted, exhibit no tendency to harden or set in the tanks unless an excess 
of lime has been added. Ordinarily a good extraction can be obtained on roasted 
ores crushed no finer than 30-mesh size (0:017-in. opening). The sulphur con- 
tent of the ores varies from 1% to 7%, and may be said to average approximately 
3%. These ores are quite easily roasted, and the entire process of roasting and 
cooling would vary in cost from 30c. to 50c. per ton, depending on the sulphur 
content and on the arrangement of the roasting plant. About four years 
ago, I made a complete estimate of the cost of cyaniding Cripple Creek ores at 
a proposed new works to be erected at Cafion City. The works were designed to 
treat 500 tons of ore per day, to be later enlarged to 750, or even 1,000 tons, 
provided the ore market justified the increase. I had intended to use the roast- 
ing process with some important modifications and improvements which were 
developed during my experience at the works of the Metallic Extraction Co., and 
tested to finality on a working scale at that plant. The estimate of the actual 
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cost of milling the ore, extracting the values, and marketing the bullion on a 
basis of treating 500 tons per day, worked out to $1:75 per ton of ore. The 
proposed new method of treatment not only substantially reduced the working 
cost, but gave also an increased extraction over that attained at the old plant. 

On the strength of this discovery and on the improvements that could be 
made in a new plant, a site for the proposed works was selected near Caifion City, 
and the Florence & Cripple Creek Railroad extended a branch into that city to 
accommodate the plant; however, before the new road was completed both the 
Metallic Extraction Co.’s works and the railroads were under option for sale, 
and were subsequently sold, which caused the scheme for the cheap milling of 
Cripple Creek ores to fall through, and with it, for a time at least, the prospect 
of treating $5 ores at a profit to the miner. 

It is true that those results have not been attained in practical working on a 
commercial scale, but, nevertheless, there is no question as to their accuracy or of 
the fact that Cripple Creek ores can be roasted and cyanided in a modern up-to- 
date plant of 500 tons daily capacity at a cost of $1:75 per ton. But one need not 
enter into the question of the total ‘cost of cyaniding Cripple Creek ores in order 
to compare the Diehl with the roasting process now in use. I believe the follow- 
ing will suffice :— 


Dieh! Process. Cost. Roasting Process. Cost. 
Bromo-cyanogen and royalty ..........+.. $1-00 Roasting....sccccccccavccessscecececceveves $0-50 
Fine grinding - siete oeialo ere ad ies aelaieiso bias’ e'e “80 Tank work Webi WaibGie Siw Wie Sia Wid Gasca sie'e @bie,Oree’s 0°23 
Filter prose work and agitation........... 1:3 Total i oiiciciee 6si0% Seed eiiacdys wee sesies cos — ot 
Total ......ccccsccsnccccccccsecesceeses| “== §$2°75 |Difference in favor of the roasting process ‘00 


Assuming the cyanide consumption to be the same in each case, it is evident 
that the cost of bromo-cyanide, plus grinding from 30-mesh size to 200-mesh 
size, plus filter press work, plus concentration, would have to aggregate less than 
$1 per ton before the Diehl process could compete successfully with the roasting 
process in the treatment of Cripple Creek sulpho-telluride ores. Therefore, the 
latter process must prevail at Cripple Creek, as, in my opinion, it will ulti- 
mately prevail at Kalgoorlie. 


Tur TREATMENT OF SULPHO-TELLURIDE ORES AT KALGOORLIE.’ 
By W. A. PRICHARD AND H. C. HOOVER. 


Introductory.—The Kalgoorlie field, the mines of which practically are limited 
to one square mile, has during the eight years since its discovery, to the end of 
1902, produced gold to the value of £14,873,982. The feverish requirements of 
the London stock markets, into whose hands fell the development of these fabulous 
deposits of refractory ore, coupled with the universal inexperience in dealing 
with ores of this class, resulted in a number of serious blunders in metallurgical 
treatment.? There has been expended in metallurgical works on this square mile 
over $8,000,000, much of which has been devoted to the acquirement of experience. 
Some companies are now operating their second or third plants, and, on the other 


1 Engineering and Mining Journal, Aug. 1, 1908. 

2 Admishble detailed discussion of the practice on the Great Boulder Proprietary, by Mr. G. M. Roberts, 
appeared in the Monthly Report of the Kalgoorlie Chamber of Mines for July, and of the Diehl Process by Dr. 
Knutzen in the Proceedings of the Inatitution of Mining and Metallurgy for 1908. 
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hand, more conservative companies continue to operate ill-adapted machinery at 
a high working cost or are only treating selected portions of their ore, with the 
use, in many cases, of unsuitable machinery such as yields them « low extraction. 
Some companies continue to hand-pick ores—incidentally to pick the eyes out of 
the mine—and ship to smelters, while awaiting the final demonstration of the 
best treatment process. Although obtained at the expense of much costly experi- 
mentation and of much high priced advice, both good and bad, the treatment prac- 
tice in the hands of the progressive companies to-day compares most favorably 
with that of any other mining center working refractory ores. 

The Kalgoorlie field possesses many disadvantages, aside from its refractory 
ore, in the total absence of natural fresh water, in being limited as to supply of 
fuel, in being saddled with high freights, high import duties, high cost of living, 
and consequently high wages, all of which have resulted in a very high state of 
efficiency and ingenuity in the conservation of water, power, labor and material. 

The ores are a siliceous impregnation of the country rock, itself a diabase, 
and therefore, aside from the state of mineralization, presents a great difficulty in 
the large percentage of slimes produced—both from oxidized and unoxidized 
material. In the sulphide ores the gold occurs, in a minor proportion, free, but in 
richer ores it is intimately associated with tellurides and iron sulphides. The ore 
also contains considerable amounts (from 4 to 8%) of iron carbonate. 

In some mines the tellurides occur in more or less definite shoots, so that the 
most refractory ores can be separately treated, and in all mines the refractory 
character increases with the values, ¢.e., proportion of tellurides. The percentage 
of free gold varies from 10% in the Oroya Brownhill to 30% in the Ivanhoe, and 
the average contents of the ores treated varies from 15 dwt. in the Lake View 
to 2 oz. of gold in the Oroya Brownhill. The percentage of concentrates varies 
from 4 to 10%. The percentage of slimes in the sulphide ores varies with the 

*mine, and of course with the character of treatment, but the inherent slimes 
crushing wet through say 20-mesh screen, would probably average 50% in th 
eastern mines and somewhat less to the west, the Ivanhoe showing a minimum. | 

The ores near the surface were oxidized, and in these ores the treatment, except 
for the heavy proportion of slimes, was a matter of no especial difficulty by ordi- 
nary milling, amalgamation and cyanide. Most of the oxidized ores have now 
been exhausted. The oxidation extended as far down as 200 ft. 

The distinctive feature of Kalgoorlie practice is that all ores are now reduced 
to a slime for final treatment, but this has been developed in two general and dis- 
tinctly different lines, with excellent results in both cases. First: Wet milling 
of the ores, concentration and roasting of concentrates and treatment of tailings 
by grinding to slimes the entire product and treating with cyanide or bromo- 
cyanogen, and, second, by dry crushing, roasting the entire product, grinding to 
slimes and treating roasted residues by cyanide. Other methods have been tried, 
but not with commercial success. The two successful processes have been ap- 
plied with wide variations as to detail, owing to the unsettled state of opinion 
existing at the time of constructing the nuclei of the present plants. 

The wet milling process is usually referred to as the “Dieh] Process,” and it 
is in use at the Oroya Brownhill, Lake View Consols and Hannan’s Star mines. — 
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‘The other form of treatment, which usually goes by the name of the “Roasting 
Process,” is in use on the Great Boulder Proprietary, Great Boulder Perseverance, 
Associated Gold mines, Kalgurli, South Kalgurli, and Great Boulder Main Reef. 
The Ivanhoe mine, whose output ranks fourth on the field, is not yet completely 
equipped for treating the whole of its ore, nor for securing the most efficient ex- 
traction. The working cost is the lowest on the field, but the work is incomplete. 
The Golden Horseshoe mine, whose output ranks second, is in the same position 
but with the highest cost. The line of development on both these mines is, how- 
ever, toward wet crushing by stamps, amaigamation of free gold, concentration 
and incomplete treatment of tailings being secured by ordinary cyanide and 
filter press treatment. In both these mines, the richest telluride ores are either 
mined separately or sorted, and then treated either by smelting or in a small 
roasting plant. Neither mine has yet solved the problem, 1.e., efficient extraction. 

Diehl Process.—The essential metallurgical features of this process in its best 
development are given on pp. 335 and 336 of this volume. 

In the Lake View mill, stamps of 1,100 Ib. are used, and, as prior to concen- 
‘tration coarse crushing is advantageous, an average duty of 5 tons (of 2,240 lb.) 
is obtained. Of the product 38% (slimes) will pass 150-mesh screen. If the 
fineness be increased to 55% slime, the duty is lowered to 3-5 tons, but sliming 
is secured more economically in the tube mills and, therefore, furnishes a 
second reason why the high mill duty is desirable. After concentration, the 
sands are separated in spitzkasten, and run into the tube mills filled with 
flint cobbles. From these mills, all tailings which will pass the outlet spitz- 
kasten join the slimes from the entrance spitzkasten, and the sands return 
again to the tube mill. The slimes pass to closed agitators, where bromo- 
cyanogen is introduced, the period of agitation being about 24 hours. Tlic 
slimes are then introduced either by pumps or montejus to the filter presses, for 
recovery of solutions, and the gold precipitated therefrom in the usual way. 

The concentrates are amalgamated and then roasted in Edwards or Merton 
furnaces, the residues being treated by plain cyanide. For roasting concentrates 
but little fuel is needed, the sulphides furnishing much of the required heat. It 
has been found in treating concentrates that a much larger tonnage can be roasted 
when a considerable portion of: coarse sand is included with the concentrates. 
The inclusion of coarse sand with the concentrates has the advantage of throwing 
more gold, sulphides and tellurides into the concentrates, thereby decreasing the 
consumption of cyanide and bromo-cyanogen in the slimes treatment. A close 
concentration, though unnecessary, is very desirable in the bromo-cyanogen proccss, 
and it is found, as stated above, that in practice the amount of cyanide and bromo. 
cyanide required to recover the gold from the tailings increases with the amount 
of concentrates remaining in them when the slimes are treated. The difficulty 
is both mechanical and chemical. There is still a further advantage where 
royalty is paid on gold recovered by bromo-cyanogen, the cost for royalty is reduced 
by throwing more gold into concentrates. At the Lake View Consols over 50% 
of gold is obtained from the concentrates. 

In the case of the Orova Brownhill, the concentrates were returned to the 
battery after roasting, being amalgamated prior to concentration, and consider- 
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able economy will result in introducing the Lake View method of separate treat- 
ment. The average assay of tailings from Oroya North Block and Brownhill ore 
on the Oroya Brownhill for five months is 3-1 dwt. per ton, the average yield of the 
ore being 37-1 dwt. per ton fine gold, showing an actual extraction of 92:3% per 
ton. The average on the Lake View Consols for the same period is 1 dwt. 14 
grains, the yield being 14 dwt. 12 grains on an extraction of 90%, and in this 
case the irreducible minimum in tailings somewhat affects the extraction. 

-The Hannan’s Star is an adapted mill, crushing dry in the first instance is not 
the best development of the process, yet the extraction averages about 91 to 92%. 

Roasting Process.—The essential features of this process are: (1) Breaking in 
gyratory breakers. (2) Dry crushing in Griffin or Krupp ball mills. (3) Roast- 
ing in Edwards’ or Merton’s, or other furnaces, to oxidize sulphides and tellurides. 
(4) Amalgamation and sliming in pans. (5) Separation of sands and regrinding 
in pans. (6) Agitation of slimes with cyanide. (7) Recovery of solution from 
slimes by filter pressing. (8) Precipitation of gold by zinc shavings. 

In dry grindings, with either Krupp ball mills or with Griffin mills, fine rock- 
breaking is essential, and it is usually conducted in two stages. For rock break- 
ing, gyratory crushers are universally favored in all processes, as the hardness and 
unfriability of the Kalgoorlie ore makes it unsuitable for ordinary jaw crushers. 
In the grinding stage Krupp ball mills, Nos. 4, 5, or 8, or Griffin mills, are used. 
The No. 5 ball mill most commonly used, has a capacity of about 25 tons, when 
66% (slimes) will pass a 150 (linear) mesh screen. One Griffin mill has a 
capacity of about 30 tons per day, of which from 70 to 80% will pass a 150-mesh 
screen. All dry mills work most successfully on ores containing under 3% of 
moisture, and should much more exist, drying is necessary. 

In roasting, Edwards, Merton or Holthoff-Wethey furnaces are used, with 
wood fuel, and in one case a combination of wood and coal-generated gas is used, 
the introduction of gas largely increasing the capacity of the furnace. The hot 
ore is then introduced into a mixer, where it is puddled with return solutions 
from the spitzkasten. The pulp then passes to the amalgamating pans or mills. 

Of the gold in roasted ores, 50% is recoverable by amalgamation; about the 
same proportion of gold as is recovered from the concentrates in the Dieh! process. 

The percentage of slimes is much greater in the product from dry crushers 
than by wet crushing, hence in the roasting process much of the sliming has been 
done prior to the second grinding operation, which in the roasting process takes 
place in the Wheeler type of pans. After grinding and amalgamating, the re- 
maining sands are separated by spitzkasten and clarified by spitzlutten. The sands 
are returned to the same or other pans for regrinding, and excess water is re- 
turned to the mixers. The slimes are led to agitation vats, where the cyanide 
solutions are introduced and agitation is continued for about 24 hours. The 
mechanical part of agitation is identical in both processes, as is filter pressing, 
and is also the subsequent treatment of solutions, but in the roasting process ordi- 
nary cyanide is used. The Great Boulder Proprietary shows an extraction of 
about 90% on ores averaging between 27 and 30 dwt. fine gold. The Great 
Boulder Perseverance shows an extraction of 88 or 89% on ores of similar grade. 

Comparative Results—The extraction secured by the two processes on ore of 
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the same grade shows a difference of from 1 to 3%, generally in favor of the 
Diehl method. However, much depends upon the efficiency of the individual 
plant. In initial expenditure, the advantage lies on the side of the Diehl process, 
largely owing to the more limited outlay on roasting and appliances and less cost 
of erection. In working expenditure the advantages on the side of the Diehl 
process are: (1) Preliminary breaking in one stage. (2) Cheaper crushing wet. 
(3) By concentration the product necessary to roast is less than 5% of the total 
ore against 100% in the roasting process. (4) Less cost of maintenance and 
wear and tear. The advantages of the roasting process are: (1) Less cost in 
chemicals. (2) No royalties. The other operations fairly well compensate each 
other, and it seems that the Diehl process should have, under equally efficient 
management, about 2s. 6d. or 60c. per ton the advantage in costs. 

Working Costs.—Working costs are difficult of comparison even on so limited 
a field as Kalgoorlie. The factors bearing on comparative costs are not wholly 
the efficiency of management. or the process in use. In the first instance, there is — 
a great difference of volume in ore treated at different plants, and consequently 
an increased cost per ton in smaller mills from fixed charges, and decreased cost 
in larger mills by the range of supervision of each employé. Moreover, the 
‘hardness of the ore varies greatly, not only in different mines, but in the same 
mine; in general, it increases toward the southern end of the field. The con- 
sumption of chemicals varies with the richness of the ore. Besides these factors, 
the cost of water varies considerably ; some mines obtain a portion from their own 
property, others are compelled to purchase all that they use. 

The Oroya Brownhill and Lake View Consols mines, using the Diehl process, 
represent two extremes of conditions. Oroya Brownhill treats an average of 
about 4,000 tons per month of ore averaging over 2 oz. per ton, being one of the 
smaller mines as regard tonnage, and the richest in character of ore treated. 
The Lake View treats about 7,500 tons per month of an average value of about 
14 dwt., this being the lowest grade sulphide ore treated. The costs include all 
charges except general management. 


Oroya Brownhill. | Lake View Consols. 


For the month of May the Oroya Brownhill costs were further reduced by 
1s. 6d. or 36c. per ton, to 19s. 6d. or $4-68. 

Of mines using the roasting process, the working costs of the Great Boulder 
. Proprietary, treating about 9,400 tons per month, and the Great Boulder Per- 
severance, treating between 11,000 and 12,000 tons per month, not including 
general management, but including superintendence of the plant, as given in 
their annual report for 1902, are 23s., or $5°52, for the former, and 22s., or 
$5-50, for the latter. Some reductions have been effected since that date, and the 
costs of the latter mine are given at 19s. 6d. or 4:68 for May. 
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PRECIOUS STONES. 


By Grorce F. Kunz. 


INTRODUCTION. 


The increased interest in the production of precious stones in the 
United States has resulted in bringing together a splendid exhibit of 
these beautiful products of nature at the Louisiana Purchase Exposition 
at St. Louis; and many of the States and foreign countries have shown 
these objects both in their natural state and in their cut form. Indeed, 
in visiting and studying these successive expositions, it may be remarked 
in passing, one is impressed, upon seeing the Louisiana Exposition, 
with the fact that during the last twenty-eight years, from the Centen- 
nial to the St. Louis World’s Fair, the exhibits of the mining products 
of the States have gradually evolved from simple collections of ordinary 
ores into systematic and scientific expositions of the geologic charac- 
teristics and mineral products of the States, so arranged as to show 
the evolution, from the geologic view-point, of the ores, the methods 
of their working, and the literature pertaining to them. The result 
is that successively and with varying, though on the whole increasing, 
fullness at Philadelphia, Chicago, Atlanta, Nashville, Omaha, Buffalo, 
Charleston, and finally at St. Louis there has been brought together the 
greatest exhibit representative of the mining and mineral resources of 
the States ever shown at any world’s fair. 

The production of precious stones in the United States in 1903 was 
valued at $321,400; it was valued at $328,450 in 1902, and at $289,050 
in 1901. 

The total value of the imports of precious stones in 1903 was 
$26,522,523, as against $24,753,586 in 1902, $22,815,352 in 1901, and 
$13,561,588 in 1900. 

DIAMOND. 


SOUTH AFRICA. 


De Beers Consolidated Mines.—The reports of the directors and of 
the managers for the year closing on June 30, 1903, rendered to the 
general meeting of shareholders in London on November 16, 1903, 
show great recovery from the effects of the late war and general pro- 
gress in all departments. The two chief difficulties resulting from the 
war, as to native labor and African coal, seem to have passed away. 
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There is no further trouble in obtaining negro workmen, and the Afri- 
can coal mines are yielding freely and are being developed at several 
new points. The figures of production, as collected in the tabular 
statements given below, differ but little from those of the preceding 
year, there being a small general advance, save in the case of the 
recently opened Bultfontein mine, in which there is large increase. 
The regular exploitation of the Dutoits-pan mine had not been 
begun, but was to be undertaken soon. 

A considerable part of the report is occupied with detailed state- 
ments of the various costs and losses due to the war, the siege of Kim- 
berley, etc., and to the final settlement of claims against the Govern- 
ment thence arising, some of which were allowed, others compromised, 
and others rejected. The details are interesting reminiscences of the 
contest in its various stages and its wide extent. The total losses are 
estimated at £272,904. For more than half of this amount (largely 
involved in the defense of Kimberley) no claim was made for com- 
pensation. There had already been paid £20,806 in cash for horses 
taken; and £16,924 were paid by the colonial government of Griqua- 
land West. A final claim for £54,641 was presented to the Imperial 
Government, and this has been compromised for £30,000. It will be 
seen from the data given that the company lost, in expenses, contribu- 
tions, and the ravages of war, a total amount of somewhat over a mil- 
lion and one-third dollars. 

The dynamite factory —the De Beers Explosives Works—at Somerset 
West has at last been completed, and is supplying all the material for 
use at Kimberley. Besides this, contracts are under way for fur- 
nishing dynamite for a large part of the mining enterprises in the 
Transvaal. 

The contract with the diamond syndicate has worked favorably, and 
the diamond market has felt no effect from depression in other indus- 
tries. The total sales to the syndicate within the year past have been 
£5,241,172, as against £4,687,194 in the year preceding. The com- 
pany paid dividends amounting to £2,175,000, as compared with 
£1,925,000 in 1902. The balance on June 30, 1903, was £746,764, a 
little Jess than the balance, £798,686, on the same date in 1902, owing 
to a very large ‘‘ writing off” on account of depreciation of property, 
which was more fully estimated than had been the case for some years 
previously. — . 

The development of the four main mines has gone on actively. The 
Bultfontein and Premier have not been opened to any greater depth 
than last year, 600 and 500 feet, respectively, being the lowest levels 
worked. The yield of diamonds per load of rock has increased in the 
Bultfontein from 0.21 to 0.24 carat, and in the Premier has retained 
its remarkable uniformity of 0.30 carat. The amount of blue ground 
in sight at these two mines, above the present lowest working levels, 
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reaches the enormous estimate of 14,901,600 loads for the Bultfontein 
and 16,885,000 loads for the Premier, or, together, 31,786,600. 

The following table shows the production of the Bultfontein and the 
Premier mines in 1902 and 1903: 


Production of the Bultfontein and Premier mines for the years ending June 30, 1902 and 1908. 


| Bultfontein. | Premier. 

| 1902. | gs, | 1902. 1908. 
Loads of blue hoisted............-....---+ee--00+ | $53, 042 | 318, 410 1, 982, 140 1, 987, 543 
Loads of blue washed..............002.-e-e00ee-e- | 99,194 $17,185 | «1,752,189 1, 989, 598 
Carats of diamonds founda....................... | 4, 186 76, 573 621, 437 594, 890 
Value of diamonds founda......................- £6, 817 £118, 102 £873, 208 £1,021, 276 
Number of carats per load@ ....................-- | 0.21 0.24 0. 30 | 0. 30 
Valed Pel C6t8EG 3 cncwcasuzccsaascsasmccsewenscaes ) 308. 4d. | 30s. 10d. 33s. 5d. B4s. 4d. 
Value‘ por lone sie see cess See eo see eke | 68. 9d. 7s. 6d. 9s. 11d. 10s. 3d. 
Cost of production per loada ..................... 6s, 6d. 5s, 9d. 8s. 5d. 8a. 8d. 
Loads remaining on floors.................-.....- | 480, 934 482, 159 1,573,914 1, 571, 859 


a Fractions of pounds, carats, and pence omitted. 


The De Beers and Kimberley mines have both been carried down 
considerably within the year, two new working levels having been 
added to each of them. The De Beers mine is still greatly hampered 
by mud rushes, of which there were no less than 29 during the year, 
causing great loss and delay and in two cases killing native laborers. 
A new tunnel is being driven around the entire mine in the hard rock 
below the shale with the hope of taking up the water that causes 
these mud rushes, as has been successfully done at the Kimberley 
mine. At the end of the year the blue ground estimated as in sight 
at these two mines was as follows (in loads): 


Amount of blue-ground in sight at De Beers and Kimberley mines June 30, 1908. 


DE BEERS. 

Level: Loads. 
Pt eh a ae aa errs 1, 931, 700 
Soetwoon: 1:50) and 1720 Tee oc csccsansccnceweneeseeseaeuewewescwies 1, 995, 800 
etwas 1780 ail S46 (OE ois ccmae cane cessaxaennensseenneennnsy 3, 947, 200 

TOGA) osccsacwaandcnpeswesnamsecsawkensecscusmiwssancusmneson wes 7, 874, 700 
KIMBERLEY. 

Level: Loads. 
Abows:), 020 feeb sce ccscossesuse ewes ai ecu eee es 545, 800 
Between 1,920 aiid F160 feet... .cnnaccnuneascsccenseccocseseuseves 1, 837, 400 
Betweoon:2, 100 and’? 450 fnet cn cscs ose ee Sas te ee aa See Sees 1, 896, 000 

I a eer i as cake mee hil a anastasia ine aaa 4, 279, 200 


This gives a total for the two old mines of a little over 12,000,000 
loads, which, added to the figures above given for the other two mines, 
aggregates nearly 44,000,000 loads in all. 
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The rock shafts in the De Beers and Kimberley mines have reached, 
respectively, the depth of 2,076 and 2,539 feet. The lowest actual 
working levels are 1,480 and 1,920 feet, respectively. The figures of 
production are as follows, these two mines being as usual given 
together in the reports: 


Combined production of the De Beers and Kimberley mines for the years ending June 30, 


1902 and 1908. 
1902. | 1903. 
Lads of blue hoisted 2203s ses eee eae Be ee ees 2, 062, 469 | 2, 370, 508 
FOROS OF DID WADE «2x0 nciwasacnacnscnyai screw nenasinesenntenseaxtnasenas 1,961, 858 | 2,561, 940 
Carate:of diamonds [oid 0 <i cscsceces seas cess ccesawacceec es wesvetes anise 1, 499, 299 | 1,574, 189 
Vaine of diamonds found to, 5.05 5c aces sane ccs vee koa eseeeea cbcendevaaee £3, 484, 247 £3, 819, 653 
USE OF CA TREN oe TOT asia ae a cic win sin once a cn co nmnayenqemsndimineesicticee 0.76 0.61 
MAING DOF COLRES soi css cannes st cares eiw emcee see isweeaeNwibocieaeteRs 46s. 5d. 486. 6d. 
VAIUG DEF TORE O cose cclasetcwescuacageetassepcsaned sdegepecacbucsséasevbaas Shs. 6d. 298. 9d. 
Cost of production per 1000 6 .6.060cccncpasievnaisexenesesswseeesesseceesss 8a. 5d. 7a. 3d. 


Fonds Pema ltiitis- OR ROOM. sass sees Sos Seeh Setende se Seca se ie eta eeseees 2, 326, 720 2, 135, 283 
| 


@ Fractions of pounds, carats, and pence omitted. 


The fifteenth annual report of the De Beers Consolidated Mines 
(Limited) for the fiscal year 1903 is as follows: 


Fifteenth annual reportof De Beers Consolidated Mines ( Limited) for the year ending June 


$0, 1908. 
Average yield per load for De Beers and Kimberley mines. ...... carat... 0. 61 
Average value per carat for De Beers and Kimberley mines. ............ 488. 6. 3d. 
Average value per load for De Beers and Kimberley mines...........-.-. 29s. 9. 8d. 
Average yield per load for Premier mine (Wesselton) -.......-..- carat. . 0. 30 
Average value per carat for Premier mine (Wesselton)..........-.-.-.- 34s. 4d. 
Average value per load for Premier mine (Wesselton) ...............-- 10. 3. 2d. 
Average yield per load for Bultfontein mine .................... carat... 0. 24 
Average value per carat for Bultfontein mine ..................-+..-.-- 30s. 10. 2d. 
Average value per load for Bultfontein mine -....-.......-..--.-------- 7s. 5d. 


It will be seen that, with all the general advance in production and 
profit, the yield per load, after rising, has again seriously fallen. This 
is attributed in the report mainly to the intermixture of mud with the 
hlue-ground, caused by the mud rushes in the De Beers mine. It is, 
however, very suggestive to see the yield per load at the lowest figure 
yet reached, and less than half of what it was in 1889, when the work 
of the Consolidated Company began. 

This falling off in the yield per load continues to be more than coun- 
teracted by the steady rise in the value of the diamonds contained, 
which is nearly two and a half times what it was in 1889; so that the 
actual value of a load has increased. In the fifteen years since that 
time the yield per Joad has fallen from 1.283 carats to 0.61; the value 
per carat has risen from 19s, 8d. to 48s. 6d., and the value of a load 


PRECIOUS STONES. 915 


has hence made a net advance from 25s. 3d. to 29s. 9d. The two newer 
mines show a general small advance, and costs are diminishing with 
improved appliances and with the passing away of the embarrassments 
due to the war. 

Comparing the figures in these respects for the several mines, the 
facts may be tubulated as follows (omitting fractions of pence): 


Ratios of yield and value at thg De Beers Consoliduted Mines, for the year ending June 80, 
1908. 


| Mine. 
| De Beers ¥ me! aaa 
| Kimberley. | Premier. | Bultfontein. 


Average yield per load. .............20cceeceseeeeeneees carat... 


0.61 | 0.30 0.24 
AVETARG FRINGE TEE CRIRG soon 2 nes conv ennennedsnececscacacasocas 488. 6d. 34s. 6d. 308. 10d 
ATOCRROS VAlUG per 1OKG sc isce scene ceseevicdie essence daveessscwey 298. 9d. | 10s, 3d. 7a. 5d. 


To give an idea of the immense total production from the group of 
mines controlled and operated by this great company the following 
figures have been compiled from the tables for the several years pre- 
sented in the report. Of course even these results do not give the 
total of diamond production in South Africa, as large quantities were 
obtained in the years prior to the formation of the consolidated com- 
pany, and both before and since that time other mines in the Orange 
River and neighboring districts have yielded considerable quantities. 
But the main output from the Kimberley mines under the present 
management is as follows: 


Total yield from the De Beers mines since the consolidation tn 1889 to June $0, 1908. 


Diamonds 
Mine produced. Value. 
Carats.. | P 8. d, 
De Beers and Kimberioyges325 52530 i chioscct viiecsssweasvocssnescsens 30, 550, 057 | 46,170,993 9 1 
MIO Cr VEREE esa cencn nek eae umacahcasatmaeeiassenieicuemcecsuaase 2,470, 609 | 8,535,528 13 6 
Balti tenn (5 FORTS) asics vise cate ewsiswins ccavbacteseaposcudecaisce see 81,124 125,065 & 7 
POUR ses saes scence siukssewcaceeuiewsswersases ate dwawaebetiaws 33, 101, 790 | 49,831,582 11 2 


A sum therefore of nearly $250,000,000 expresses the value of the 
diamonds hence derived and added to the world’s wealth in the last 
fifteen years. This amount (sales through the syndicate), however, 
large as it is, represents the uncut stones only. Their commercial 
value is fully doubled in the process of cutting and polishing for use. 

In addition to the report of the assistant general manager, Mr. 
Alpheus S. Williams, and the tables of accounts, there are included 
the addresses made at the shareholders’ meeting by the chairman of 
the directors, Sir Lewis Loyd Michell, and by Mr. Julius Wernher, 
one of the two surviving life governors of the company, both of which 
are occupied with the discussion of important aspects. Mr. Wernher 
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has recently visited the mines after un absence of many years, and has 
much of interest to say of the extraordinary changes that he found in 
all the conditions. He refers at some length to the rise above noted 
in the market price of diamonds, showing that it has practically doubled 
in the course of twenty years. On this head he says: 


There is another important and very pleasing feature, and that is the price which we 
obtain forourdiamonds. Before leaving London I happened tocomeacross * * * 
an old statement giving the statistics of the company*from 1883. * * * Going 
back twenty years, to the time when I left Kimberley in 1883, I find that the whole 
production of the district of Kimberley at that time was 2,413,953 carats, yielding 
£2,742,521, or £1 2s. 8d. per carat. This was the production of the whole of the 
district.¢ The figures for the succeeding years will show you the results of Mr. 
Rhodes’s policy. The amalgamation waseffected * * * fiveyearslater; * * * 
not every mine was then included, but we may say that in 1888 the change to the 
one big company was brought about. In that year we produced, in round figures, 
3,800,000 carats, for which we obtained £4,000,000, or £1 1s. per carat. In the fol- 
lowing year, when the effects of the amalgamation hecame more apparent, we pro- 
duced * * * Jess—2,900,000 carats instead of 3,800,000—for which we obtained 
£4,300,000, or £1 9s. per carat. . 

Well, I will not trouble you with the whole of this list, but I will come at once to 
the year just ended, in which we produced 2,400,000 carats—practically the same 
amount as in 1883, but although in 1883 we obtained only £2,700,000, we obtained for 
our present year’s output £5,240,000, or £2 2s. 5d. per carat. The results are in fact 
slightly better than that, because included in our present output we have a large 
quantity of tailings, which * * * yield, comparatively speaking, only a small 
price, but if we take the stuff as it comes from the mine our average is really £2 4s. 
per carat, as against £1 28. twenty years ago. These are very remarkable results, of 
which, I think, we may well be proud. * * * I might further point out that in 
the old returns of which I have been speaking, there was a large proportion (20 per 
cent or nearly so) of Dutoits-pan stuff, which always yielded a much higher price 
than the produce of the other mines, and we did not at any time carry on the amount 
of fine sorting which now takes place. Consequently the real increase is very much 
more than appears from the figures I have quoted. 


It will be seen from these statements that the price has been grad- 
ually advanced, largely by a judicious system of limitation of output 
made possible by the consolidation. The great Dutoits-pan mine, for 
instance, here alluded to as of exceptional richness in point of value 
of product, has been unworked for years; and though it is proposed 
to open it again ere long, this may very likely depend upon the con- 
ditions of the diamond market. 

The dividends of £2,175,000 above mentioned consist of the follow- 


ing items: 
Dividends of De Beers Consolidated Mines (Limited) for year ending June $0, 1908. 


Dividends for half year ending December 31, 1902: 
10s. per share on 800,000 preference shares of £2 10s. par 


MED cdc citnenwaesén Gaede cid de tcnantexesebdabsdkes £400, 000 
12s, 6d. share on 1,000,000 deferred shares of £2 10s. par 
EEE RLS ALENT ETT II 625, 000 


£1, 025, 00C 


aMr. Wernher includes not only the mines now operated but the others in the same district, some 
of which have been long kept closed. 
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Dividends for half-vear ending June 30, 1903: 


The same dividends on same stock of both kinds ....-. £1, 025, 000 

Additional bonus of 2s. 6d. on deferred shares ......... 125, 000 
; —————— £1, 150, 000 
Total dividends and bonus for the year ................------.-- £2, 175, 000 


Transvaal diamonds.—In the report of this Bureau for 1900? refer- 
ence was made to the diamond mines in the Transvaal, and some data 
were given up to the outbreak of the war. Within the year past 
important and extensive developments have been made in this district, 
and it is clear that diamond deposits of a character similar to those of 
Kimberley and of very promising richness exist throughout a wide 
area to the east of Pretoria. Many mines have been located, and 
something like 100 prospecting shafts have been sunk to varying 
depths to test the nature and the extent of the deposits. These 
resemble in general those of Kimberley—a red surface soil, then 
yellow ground, and then blue ground. The red clay is very rich in 
diamonds, presumably from its being a residual material concentrated 
through an indefinite period; the yellow ground is poorer, and the 
value of the blue ground is yet to be proved. Thus far, however, the 
output has compared not unfavorably with that of the De Beers prop- 
erty—superior to it in yield per load, but inferior in size and quality 
of the stones obtained. 

Among the mines actually in operation by far the most important is 
the Premier (not to be confounded with the De Beers Premier). This 
is an immense mine in area, representing between 3,000 and 4,000 
claims of 30 by 30 feet cach. This, however, is the upper or super- 
ficial portion, and the actual size of the “pipe” is yet unknown, 
though it must be, of course, very much less. The company operating 
this mine began work in May, 1903; from June to October, inclusive, 
the monthly output advanced from 14,619 carats to 22,549, the number 
of carats per load varying from 1.03 to 1.47, the ratio for October 
being 1.28. This is like the ratio at Kimberley in the earlier years, 
which for two years past has been only 0.76 carat per load. On the 
other hand, the average recent value of De Beers and Kimberley stones 
is $11.62 per carat, while the new Premier diamonds bring only about 
$6.75. There are estimated to be 20,000,000 loads in sight at the 
new Premier, but it is pointed out that, with these figures as to value, 
the De Beers Company is in control of the situation and that a reduc- 
tion in price on their part of several dollars per carat would still leave 
them a good profit, while it would almost obliterate the profits of the 
new Premier. This may come to pass, it is thought, if the Transvaal 
development continues as it appears likely to do. 

The mines in this district are operated under a law which assigns 


o Production of precious stones: Extract from Mineral Resources U, S. for 1900, U. 8. Geol. Survey, 
1901, p. 11; Jour, Soc. Arts, October, 1899, 
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six-tenths of the area to the State and four-tenths to the private owner 
or owners, the latter supplying the capital for working, and the net 
profits being divided in the same proportion. The State therefore 
becomes the controlling partner, and no repetition of the Kimberley 
process of buying up minor claims and consolidating all into one great 
corporation is possible in this newarea. This law went into operation 
in July, 1903, and is in general much more liberal than the laws of the 
Transvaal Republic, though some owners do not like certain of its 
provisions as well. 

The new Premier mine yields about four-fifths or more of the entire 
diamond production of the Transvaal, though there are numerous 
smaller and experimental workings. The total production for the year 
1903 up to November, inclusive, increasing greatly from month to 
month, is reported to be 144,573 carats, valued at £197,569. 

Diamond mining in the Vaal district.—An interesting article was 
published in the Engineering and Mining Journal in September, 1903, 
by Mr. T. Lane Carter, on diamond mining as now in progress in the 
old Vaal district, where the first excitement developed about African 
diamonds, at the so-called ‘‘river diggings,” before Kimberley was 
founded, or the ‘‘dry diggings,” whence it arose, were known.* The 
whole region has been searched over and turned up by prospectors, 
and some are still to be found at work. This universal digging over 
has had two results; on the one hand, it has made the geological struc- 
ture very easily observable—everywhere a bed of sand and gravel from 
5 to 20 feet thick, full of bowlders of basalt and melaphyr, and resting 
on the limestone layer that forms the uppermost rock of the country. 
In this gravel bed the diamonds are found, with more or less of pyrope 
garnets and peridots, but very unequally distributed, so that working 
at any particular point is a veritable game of chance. Upon this 
gravel originrlly reposed a thin bed of surface soil, but the removal 
of this layer by the widespread digging has made this whole portion 
of Griqualand West a hopeless desert, in which agriculture is impos- 
sible from the absence of soil. 

But the most interesting feature of Mr. Carter’s article is his account 
of the existence and present working of a large and genuine ‘* pipe” 
mine similar to those at Kimberley, in the heart of the Vaal River 
diamond country. This is doubtless the source, or one among several 
sources not yet discovered, of the diamonds of the ‘‘river diggings.” 
It presents identical features with the Kimberley pipes, so far as it has 
been opened—a limestone capping 5 or 6 feet thick, underlain by yel- 
low ground and then by blue. This last is much like that of the 
De Beers mines, though quite distinguishable. It often contains large 
bowlders and is a good deal broken up with dikes. Mr. Carter remarks 
upon the presence of diamonds in the limestone as indicating that this 
rock was produced by infiltration from below, ‘‘after the formation of 


Carter, T. Lane, The diamond district of the Vaal River: Eng.and Min. Jour., Sept. 5, 1908, 


PRECIOUS STONES. 919 


the diamonds.” Itis not easy, however, to see how diamonds could have 
been carried upward by ‘‘infiltration;” and this peculiar occurrence 
must await explanation by further study of the structure of the lime- 
stone cap. If it is a travertine, as Mr. Carter’s view would imply, the 
diamonds must represent a residuum left from the previous atmospheric 
erosion of the upper part of the yellow ground. . 

The area of the pipe is very large, though its extent is not stated 
and is perhaps not accurately known. Two companies are at work 
upon it, of which the larger, the Elandsdrift Diamond Mining Com- 
pany, has in its employ about 30 white men and 250 Kaffirs. As yet the 
work is all by open cuts and has not gone below about 200 feet. The 
outside shaft method pursued at Kimberley will in due time become 
necessary, as caving-in is already causing trouble, but it will be delayed 
as long as possible on account of its cost. 

The production is not extensive, and the stones are for the most part 
small, the larger ones ranging only from 4 to 8 carats, but they are of 
fine quality, very white, pure, and brilliant, and bring $25 a carat or 
even more. In these respects they resemble those of the river dig- 
gings; their aspect is characteristic and unmistakable, quite distinct 
from Kimberley stones, and they often present a peculiar laminated 
appearance. Every two weeks the output is taken to Kimberley, about 
20 miles distant, and sold to the diamond syndicate. 

The mine is a moderate success on account of the high quality and 
value of the stones, but these are not very abundant in the blue. 
Hence it is what is termed a low-grade mine, and Mr. Carter thinks 
it would be much more profitable if operated on a large scale like the 
De Beers mines. The working is all by hand and also the sorting and 
. picking, the grease separator not being used, although it has been 
found to be so much cheaper at Kimberley. ‘Down to the present 
depth, 200 feet, the blue is quite soft and does not need any drying 
floors. It is taken directly to the washing plant and crushed between 
rollers before being washed. The concentrates are very like those 
at Kimberley, though with rather more colored minerals, as olivine, 
serpentine, etc. . 

The natives are dealt with much as in the De Beers mines, with a 
compound system rather less strict. Wages are about the same, aver- 
aging $5 a week. The distance from the railroad (12 miles) involves 
some additional cost as compared with Kimberley in the necessary 
hauling of all kinds of supplies. 

The whole account of this new ‘‘ pipe” is highly interesting from a 
scientific point of view, whatever may be its practical results. 

Mechanical equipment of the Kimberley mines.—Mr. Charles V. 
Allen, in a recent issue of the Engineering Magazine,* has given a 


aAllen, Chas. V., The mechanical equipment of the Kimberley diamond mines; Eng. Mag., 
November, 1903, New York, pp. 177-192. 
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very extended account of the whole great system of modern engineer- 
ing appliances in use at the various mines and establishments operated 
by the De Beers Company in South Africa. This sketch includes not 
only the diamond mines at and around Kimberley, but the De Beers 
Explosive Works, at False Bay, near Cape Town, and other accessory 
plants. Mr. Allen notes the fact that the last year has witnessed many 
changes in the work of operating the mines, made necessary to a large 
extent by the increased depth attained, and he gives first place to the 
great extent to which clectrical machinery has been introduced, not 
only at the mines but in all the works and holdings of the company. 
His article, indeed, consists chiefly of descriptions of the electrical 
apparatus, illustrated by numerous half-tone figures. 

The account is a very remarkable one in its exhibition of the power 
and variety of electrical machinery already installed in the.vast and 
varied activities of this immense corporation. ‘To give any particulars 
in a brief notice like this is of course impossible. The power houses, 
the various machine shops, and the different kinds of motors employed 
are all described in some detail and their manner of use in the several 
parts of the mining and hauling operations. In the machine shops 
the smaller tools are now for the most part run by separate motors, 
each motor operating a group of several tools or machines of like 
character, as lathes, scrapers, screw machines, etc., thus doing away 
largely with shafting and belting, and resulting in much economy. 
Powerful narrow-gage electric locomotives are being introduced for 
ore hauling on inclines, etc., all of which are described and some 
figured, as are also the elaborate arrangements at the False Bay 
explosive works. ) 

Mention is made of the fact that African coal is now being freely 
obtained and is giving much satisfaction. The interruption of this 
native supply during the late war caused great embarrassment and 
expense to the De Beers Company, but now the Indwe mines are yield- 
ing an output of 12,000 tons per month, of which 5,500 are taken by 
the De Beers Company. The calorific power of this coal is only about 
60 per cent as compared with Welsh coal; but the difference in cost of 
supply much more than counterbalances this defect. About 1,000 
tons a month from the Stormberg district are also used by the company. 


INDIA. 


Mr. Sarrat C. Rudra, a member of the American Institute of Mining 
Engineers, Calcutta, India, presented at the New York meeting of the 
Institute, October, 1903, an admirable paper? on the mineral resources 
of India, which treated of the past, the present, and the future possi- 
bilities of that great oriental country. Of especial interest are his 
references to the precious stones. 


aTrans. Am. Inst. Min. Eng., New York Meeting, October, 1908, pp. 11-15; Table III, p. 26, 
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Mr. Rudra refers briefly to the sapphires of Cashmere, and he gives 
an interesting review of the diamond mines of India, basing his paper 
on the writings of Saurindro Mohun, Maharajah of Tagore, Marco 
Polo, Tavernier, and Ball. 

In regard to occurrences, localities, etc., of the diamond, Mr. Rudra 
says that this pure crystalline form of carbon has played a very impor- 
tant part in the history of ancient and modern India, and that references 
to this mineral are found in many of the ancient Sanskrit writings of 
India, in which names of localities where diamonds were found are also 
given, although to recognize some of these localities is rather difficult 
owing to changed nomenclature. The Maharajah of Tagore® has tried 
to establish the identity of these localities with fair success. 

Karl Ritter suggests in his work? that the Arabs and the Phoeni- 
cians had a regular trade in diamonds with India. He also found 
evidences that the trade existed in the time of Solomon and even of 
Moses. In addition to Marco Polo, much information regarding dia- 
monds in India has been published by Tavernier,’ Fitch,¢ and New- 
bury.“ 

The name ‘‘ Golconda diamonds” though derived from the town of 
Golconda near the city of Ilyderabad, was used for the stones obtained 
from the extensive regions comprised in the provinces watered by the 
Krishna and Godavari rivers. The stones were collected and polished 
in the town of Golconda. , 

Besides Golconda, the other localities in the same neighborhood where 
diamonds were formerly mined, are Cuddapah, Bellary, and Kurnul. 

The diamond-producing fields in India may be divided roughly into 
three sections: 

1. Southern: Golconda or Telingana, including the five modern dis- 
tricts of Cuddapah, Kurnul, Bellary, Krishna, and Godavari (Bhadra- 
chalam). 

2. Middle: Includes the large tract of country between the rivers 
Godavari and Mahanadi. In this section diamonds are still found 
near Sambhulpurand Warragurh. There are also two or three locali- 
ties within Chota-Nagpur where diamonds are occasionally found in 
river beds. 

8. Northern: Includes the country known as Bundelkhand, in which 
is situated the district of Panna. In the country surrounding Panna 
diamonds occurring in place are being mined regularly. 

In northern India diamonds occur in the Rewah group of the upper 
Vindyan formation, and in lower India, Madras Presidency, in the 
Kurnul (Silurian?) formation. The geological strata of northern and 
southern India as described by Valentine Ball? are as follows: 


a Mani Mala, 2 vols., Calcutta, 1879. 

b Erdkunde Asiens, vol. 6, p. 343. 

¢ Voyuges, vol, 2, Paris. 

d@ Selections from the records of the Bombay Government, vol. 8, 1858, 
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Geological formations of northern and southern India. 


Northern India. Southern India. 


Bhaurer group ............... 
Upper Vindyan series .......-.. | 


Rewah group (diamond)..... Jpoen 
Kaimur group................ 


(Known as the Kurnul formation.) 
Wathiia Wade. cousins )khundair shales and limestone. 
Lower Vindyan section ........ Dalchikur sandstone ......... 
Semri shales and limestone .. 
Semrl sandstone.............. 


Panceun quartzite. 
Jamalmadgu shales and limestone. 
Banaganpilly (diamond). 


So far as known, the occurrence of diamonds at Panna is limited to 
the Rewah group, being found in place in a conglomerate rock, and 
in alluvial and superficial deposits. ‘The Rewah bed extends over a 
large area, but no search for diamonds has been made elsewhere than 
at Panna. Diamonds are sometimes found included in pebbles. 

In Chota-Nagpur and Sambhalpur, diamonds are found in river 
beds, from which they are obtained by some low-caste uribes in the 
following primitive manner: After a rainy season, the Mahanadi 
River near the town of Sambhalpur becomes,ow, and a large number 
of the members of these tribes begin to dam the north channel of the 
river between an island and the bank. Later, when the river gets 
still lower, the gravel included in this dam is collected and carried to 
a dry place, where it is washed for gold and diamonds. The quantity 
of gold obtained is very small indeed, and may be barely enough to 
pay for the daily meals of one person, but sometimes the washers are 
rewarded by the find of a good-sized diamond, which may keep a 
family in ease and comfort for years. The diamonds found in this 
river bed have evidently been brought down from a higher source, 
perhaps from the headwaters of the Mahanadi River, and a thoroughly 
equipped prospecting expedition would doubtless find their matrix. 

In the southern Golconda region, diamonds are found in, gravel 
beds composed of rolled stones of various sizes, intermixed with mud. 
The pebbles are ferruginous schistose sandstones or sandstone-con- 
glomerates, and include also quartz, chert, jasper, claystone, porphyry, 
feldspar crystals, blue jasper veined with iron oxide, red jasper, and 
quartz crystals. 

Reports of the finding of diamonds near Simla in the Himalayas are 
very interesting. The older Paleozoic rocks somewhat resemble the 
southern Kurnul (Silurian?) formation. It is, therefore, likely that 
diamonds may also occur in this locality. 

It is interesting to note that whereas at one time the mines of India 
produced all the diamonds of the world, now more diamonds are pro- 
duced in the De Beers mines in one hour than are produced in the 
entire Indian Empire in a year. The garnet production of India is 
four times that of the diamond in value. 
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NEW SOUTH WALES. 


In the annual report of the department of mines of New South 
Wales for 1903 the estimated quantity of diamonds found during the 
year is given as 12,239 carats, valued at $49,930, an increase of 244 
carats, but a decrease of $6,690 in value, as compared with the output 
of 1902, a considerable decline having occurred in the price of the 
stones. 


NOTES ON THE DIAMOND. 
ELECTRIC PECULIARITIES OF THE DIAMOND. 


Specific gravity, hardness, and quantitative analysis by combustion 
with oxygen, have hitherto been held as the necessary requisites for 
the certain identification of the diamond. 

Very recently Prof. Alexandro Artom, of Turin, proposed that a 
number of electric phenomena, of which some appear quite character- 
istic, be added to the distinguishing features above mentioned, as in 
& measure complementary and of equal importance.@ 

The specific electrical resistance of the diamond is about the same 
as that of ordinary glass; it lies, according to the values calculated by 
Artom, somewhere between 0.2 and 1.3 by 10". 

It is worthy of note that graphite, the allotropic form of carbon, 
into which the diamond is transformed at very high temperatures, 
possesses 10"* times as great a conductivity. Subjected to the Roent- 
gen rays the diamond has its conductivity increased twofold, but the 
original value returns immediately upon the removal of the beam. 
Like ice, the diamond also possesses a dielectric constant, which is much 
greater than would be expected. Theoretically, it ought to be 7; in 
reality, however, it lies somewhere between 10 and17. This may be 
taken to indicate that the diamond, as is the case with ice, retains the 
dielectric constant of a former fluid state after it has become solidified. 
It is possible also that certain hydrocarbons, such as CH, and CH,, are 
present in small quantities in the diamond, and that the augmentation 
in the dielectric constant may be ascribable to them. 

The diamond, moreover, discloses a certain amount ot permanent 
polarization and electric hysteresis. Besides, it is very weakly para- 
magnetic and pyro-electric. 


DIAMONDS USED IN WIRE-DRAWING. 


Among the uses to which diamonds are applied in the industrial arts, 
one that is known only to the trade but is of considerable importance 
is in the process of wire-drawing. For this purpose both diamonds 

a Academia Reale delle Scienze di Torino. Anno 1901-1902. Ricerche sulle Proprieta Electriche 


del Diamante. Nota Alessandro Artom. Torino, Carlo Clausen, Libraio della R. Academia delle 
Scienze, 1902. 
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and bort are employed to make what are called wire dies—a round 
polished hole being drilled in the stone. 

In reply to inquiries by the writer, a letter from Mr. J. H. O’Donnell, 
of Waterbury, Conn., gives some interesting particulars. The demand 
for such dies is quite large, chiefly of sizes between 0.008 and 0.040 
inch. Stones from 20 carats down to one-fourth carat are used, rarely 
anything smaller; and the total quantity of diamonds so used during 
the year ending July, 1903, amounted to 4,000 carats, of various grades. 
Clear bright diamonds are preferred for steel wire, as they last longer 
than inferior stones. A die of this kind, 0.010 inch in aperture, does 
not show wear until it has drawn from 500 to 1,000 pounds of wire. 
Off-color diamonds and bort are used. for copper, brass, and alloys. 
The bort should be flawless, and, if round, it is flattened or cleaved so 
as to have two flat sides. A first-rate die of this character will “hold 
to size,” 0.030 inch, for as much as 300,000 pounds of brass pin wire. 
For copper wire, dies have been known to last through five years of 
steady work, though the average life is only about half that time; this 
is for wire of 0.036 inch: the smaller sizes wear out more rapidly. 


CORUNDUM GEMS. 
CORUNDUM. 


NORTH CAROLINA. 


In connection with the early history of sapphires, it is interesting to 
note that Prof. Daniel S. Martin, while recently rearranging the col- 
lection in the College of South Carolina at Columbia, S. C., found 
several specimens of corundum collected by the late Prof. Richard T. 
Brumby from Clubb Mountain, Lincoln County, N. C.,in 1852. Pro- 
fessor Brumby arranged and labeled this collection in the early fifties, 
and a particular record of date and locality is made in his own hand- 
writing. These are perhaps the first specimens of North Carolina 
corundum definitely placed in a public collection, and Professor 
Brumby was evidently one of the first to recognize this mineral in the 
State. 


BERYL AND EUCLASE. 
BRAZIL. 


Considerable interest has lately been manifested in the mining of 
beryls and tourmalines in the province of Minas Geraes, Brazil, and a 
number of remarkable blue and green beryls have been obtained. 
One of the latter was a crystal weighing 224 ounces (18% pounds) 
slightly weather worn, and another weighed 5 pounds, both of a rich 
greenish color. The larger crystal of these is more than twice the 
weight of the great beryl in the Imperial Mining Institute at St. 
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Petersburg, Russia, which weighs 8 pounds, and is a perfect doubly 
terminated crystal, valued at the time of its finding at $13,000. Dur- 
ing 1903, a remarkable discovery of blue beryls was made at a station 
on the Leopoldina Railroad, northwest from Rio de Janeiro. These 
were deep blue crystals, from which single gems were cut weighing 
as much as 100 carats each, an extraordinary size. 

During some mining carried on for gems at Villa Rica, Brazil, 
some two dozen magnificent crystals of euclase were found, measuring 
from 10 to 33 mm. in length (two-fifths to 14 inch). A number of 
these were unfortunately broken in removal from the rock; and it is 
greatly to be regretted that some local lapidaries, in endeavoring to 
improve these broken crystals, destroyed their crystallographic value 
by polishing the natural faces. 


GARNET. 
ESSONITE. 


CALIFORNIA, ~ 


Essonite has been found at a number of localities in deposits spread 
over a considerable territory from 9 to 10 miles northeast of Jacomba 
Hot Springs, San Diego County, Cal., usually associated with granite 
and granular limestone. At three of the places some gem material has 
been found. Associated with it is a little vesuvianite and crystallized 
quartz. Eleven localities in this region are noted by Mr. W. H. 
Trenchard, of San Diego, Cal. Essonite has also been found near San 
Vicente, El Cajon Mountains, but the crystals were full of imperfec- 
tions. The finest essonite crystals are obtained at Ramona, San Diego 
County, associated with green tourmaline, white topaz, and beryl, 
occasionally in perfect dodecahedrons and trapezohedrons, of rich 
yellow to orange-red color, and very brilliant. They have also been 
discovered at Warner’s ranch, Mesa Grande, Santa Ysabel, Gravilla, 
and Julian, San Diego County; Deer Park, Placer County; Laguna 
Mountains and Jacomba, and also at several places below the Mexican 
line. As some of the crystals were of exceptional brilliancy, it is pos- 
sible that on further development many fine gems will be obtained. 


PYROPE. 
KENTUCKY. 


The peridotitic dikes of Elliott County, Ky., which at one time were 
thought of as a possible source of diamonds, from special resemblances 
in their occurrence to that of the rock at Kimberley, South Africa, have 
recently been yielding some fine pyrope garnet and olivine of gem 
quality, both of which species are characteristic of peridotite. They 
were observed and collected here nearly twenty years ago, when the 
region first came into notice, by Prof. Edward Orton, Mr. A. R. Cran- 
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dall, Prof. Carvill Lewis, and the writer,* but have not attracted much 
attention of late. Mr. C. W. Hall, of Minneapolis, now states, how- 
ever, that Bohemian garnet (i. e., pyrope) is being found in Elliott 
County in considerable quantity, though he does not say how far it is 
of gem quality. 

Some pyropes have also been obtained from the similar peridotite 
dike at Highland street, Syracuse, N. Y., referred to in the report of 
this Bureau for 1901. These are noted by Mr. P. A. Schneider, of 
Syracuse, who has given much study to this remarkable and isolated 
group of peridotite intrusions. 


TOURMALINE. 


CONNECTICUT. 


The fine gem-tourmalines of Haddam Neck, Conn.,? are obtained 
from an albite quarry at that point, situated a few rods from the east 
bank of the Connecticut River, and at some elevation above it. The 
albite occurs here asa great vein, or more probably dike, outcropping 
with a north and south strike and a nearly vertical dip. There are 
two points where openings have been made. The main quarry is an 
excavation about 95 fect in length and 50 feet in width, and has been 
carried down some 40 feet in snow-white feldspar; the other lies a 
hundred yards to the southwest, and shows an outcrop of perhaps 130 
feet long and 26 feet wide; only a few trial openings have been made 
here; the feldspar in this quarry is very pure, but slightly yellowish. 
In both places the depth of the dike is unknown. It probably extends 
downward indefinitely. At the main quarry, the excavation has fol- 
lowed down the west side of the dike, where it meets the gneiss rock 
of the region, but though extended eastward for 50 feet, the opposite 
wall has not yet been reached. 

The gem-tourmalines occur principally near the eastern border 
of the dike, in a zone of 2 or 3 feet wide, where the feldspar is 
largely intermingled with other minerals, chiefly quartz, potash-mica 
(muscovite), and lithia-mica (lepidolite), garnets, black tourmalines, 
and several other species of less value. The colored tourmalines are 
chiefly green, but many are pink, and even red (rubellite), and various 
tints are often curiously and beautifully present in the same crystal. 
_ They frequently penetrate the quartz crystals, and are also in the mica 
and in the albite, but the finest crystals are those from cavities or 
pockets, where they have had space to develop independently. 

The mine has been worked somewhat irregularly for three or four 


aGems and Precious Stones of North America, pp. 31, 82. 

6 Mineral Resources U. S. for 1902, U.S. Geol. Survey, 19H, p. 841. Eighteenth Ann. Rept. U.S. Geol. 
Survey, pt. 5 (vont.), 1897, pp. 1183-1204; Nineteenth Ann. Rept., pt. 6 (cont.), 1898, p. 505; Twentieth 
Ann, Rept., pt. 6 (cont.), 1899, p. 602, Pl. I, Fig. E. 
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years of late, though not since 1901. It has been operated principally 
for the feldspar, which was at first shipped to pottery works at Tren- 
ton, N. J.; but later the product has been taken and ground up by the 
Bon Ami Company for their various polishing uses. Some 1,200 tons 
have been taken out, and about ten times that amount is estimated to 
be in sight. Mr. M. P. Gillett, the owner and principal manager of 
the mine, states that it was recognized as a valuable property as much 
as sixty years ago, and proposals were made to operate it, but nothing 
was done, for various reasons, until 1896. In the next year one of the 
cavities was encountered and blown out, with the result of finding 
pieces of a peculiar green mineral in the débris. These were not rec- 
ognized, but Mr. Gillett showed them to Prof. William N. Rice, of 
Middletown, Conn., and to Mr. Ernest Schernikow, of New York, 
who at once perceived their interest and value. The latter became 
associated in operating the mine, and subsequently leased it for the 
entire season of 1901. 

A large number of very beautiful gem-tourmalines were obtained, 
and many fine stones cut from them, besides an extensive yield of 
choice mineralogical specimens, which have gone into both public 
and private collections near and far. The museum of Wesleyan Uni- 
versity at Middletown, Conn., possesses a very fine series of these 
tourmalines, gathered by and through Professor Rice. Mr. Scherni- 
kow presented a set of 80 representative specimens from this mine, 
comprising 10 species, to the museum of Oxford University, England. 
These have been described quite fully by Mr. H. L. Bowman in the 
Mineralogical Magazine (London) for May, 1902.4 


MAINE. 


The tourmalines from Rumford Falls, Oxford County, Me., are 
mined on the side of a densely wooded mountain, at an altitude of 
2,511 feet above the sea. The exposed pegmatite dike in which they 
occur is 5 feet thick and has been traced for 300 feet. Work is 
being done by. tunneling, and the best material is taken out at a depth 
of 25 feet below the surface. The color improves with the depth at 
which the material is mined, and over fifty pockets have been found 
containing fine, clear gem crystals, from one of which has been cut a 
stone of 16 carats. The varieties found include green tourmaline, the 
colorless achroite, the red rubellite, and the dark blue indicolite. The 
associated minerals of the locality are quartz, feldspar, mica, lepido- 
lite, amblygonite, and a pale lilac spodumene resembling the variety 
kunzite, but opaque. 


a Mineralog. Mag. and Jour. Mineralog. Soc., vol. 13, No. 60, May, 1902, pp. 97-121, pl. 4. 
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JADE (NEPHRITE). 


GERMAN, NEW GUINEA, SILESIA, AND ELSEWHERE. 


The recent discoveries of jade and the archeology of the subject 
are of great interest. The most important contribution to the subject 
that has appeared during the last decade is the article * of Herr Geheim- 
rath Dr. A. B. Meyer cited below, who gives a thorough yet concise 
résumé of the discoveries and publications concerning jade since 1891. 
It is a continuation of the two volumes prepared by Doctor Meyer and 
published by the Royal Saxon Museum in the year mentioned, and 
with them forms a noteworthy account of the history, technology, 
and archsology of jade and allied minerals so far as present knowledge 
goes. Doctor Meyer has published in all no fewer than 36 articles on 
the general subject, and, as is well known, has clearly shown that the 
subject is a chemical rather than an ethnological problem. 

Three distinct regions have furnished most of the material discussed 
in the present memoir. 

First. The Humboldt Bay, Astrolabe Bay, Saddle Mountain, and 
Collingwood Sound districts of New Guinea. A full discussion of the 
nephrite from this general area is given, and attention is called to 
the use of the material from this section for implements, notably axes, 
several of which are illustrated. A remarkable flat ring, + inches 
in ‘diameter, recalling some peculiar Chinese forms, is also described 
and figured, 

Second. The Jordansmiihl locality in Silesia, in which Kunz discov- 
ered in situ the mass of nephrite, weighing 4,715 pounds, now in the 
Bishop collection. The occurrence also in this vicinity of nephrite 
bowlders and the finding of flat jadcite axes are fully discussed, as are 
the frequent misstatements that have been made regarding transpor- 
tation of jade, nephrite, and chloromelanite by tribal wanderers and 
its influence on the distribution of adzes of those materials. Doctor 
Meyer concludes that the value which such objects are supposed to 
have had among prehistoric peoples is overestimated. 

Third. The occurrence of jadcite, nephrite, and chloromelanite in 
other localities is discussed at length. The discoveries noted included 
those of nephrite pebbles in the river Sann, at Cilli, Styria; from the 
Mur, in the vicinity of Graz, and at other points in Austria; those at 
Monte Viso, at Lake Geneva, at St. Marcel in Piedmont, and in the 
Val d'Aosta (which last have been shown to be jadeite). The jadeite 
pyroxene from Piedmont; a rough mineralogical specimen from the 
Rivoli in Piedmont, at the entrance of the Val d'Aosta, and Heierli’s 


aZur Nephritfrage (Neu Guinea, Jordanamiih!] u. a., Alpen, Bibllographisches), von Dr. A. B. 
Meyer, Direktor des Museums: Abhandlungen und Berichte des Kéniglichen Zoologischen und 
Anthropologisch-Ethnographischen Museums zu Dresden, vol. 10, Nr. 4, Berlin, R. Friedlander & 
Sohn, 1903. Folio, 32 pp., 2 pl. 


PRECIOUS STONES. 929 


discovery of nephrite and saussurite in pebbles as well as in the rock 
in place in Canton Wallis in the central Alps, are also noted. In view 
of these and other well-defined European occurrences, Doctor Meyer 
asks, ‘‘ What shall one say when, as late as 1902, an author who has 
given much attention to the whole nephrite subject can write: ‘The 
question is still unsolved whether the nephrite objects found in the 
pile dwellings of Lake Constance (which would require tools and con- 
siderable skill to make) have come from distant Asia (China, Tibet, 
and Turkestan), or, as many believe, owe their origin to the Swiss 
Alps. It is left for the further solution of the nephrite question to 
determine whether the inhabitants of the lake dwellings—perhaps 
before their migration from Asia—possessed the knowledge and the 
use of nephrite and brought the latter to Europe, or whether it was 
obtained through importation.’” 

Dr. A. B. Meyer has also lately presented another article, ‘‘ Neue 
Mitteilungen iiber Nephrit,” in Globus* describing the occurrence 
of nephrite in New Guinea. In this he states that after giving a 
description of the nephrite axes from the Saddle Mountain region 
in the north of Huon Gulf, German New Guinea (in Abh. u. Ber. 
Mus. Dresden, vol. 10, 1903, Nr. 4, s. 9ff.), he wrote to his cor- 
respondent to ascertain whether it was possible for him to procure 
specimens in their natural state from the region where the axes had 
been obtained. His correspondent replied that in his voyages on the 
Waria and the Hercules rivers, in the south of Huon Gulf, he had found 
in pieces of various sizes in the large sand banks the material out of 
which these stone axes had been made. He adds, also, that the pieces 
must have traveled a great distance, as they were entirely smooth and 
partly polished, with no sharp edges visible. On inquiring of a native 
how the stone axes were made, the latter seized a piece of nephrite 
and striking it with a similar one immediately separated it into two 
smooth long pieces. One of these pieces was struck again, and it again 
separated as before, and into the form and thickness of one of the 
stone axes, only requiring further the trimming of the edges. Not 
all the material, however, is of such texture that axes can so easily be 
made, as in another locality the correspondent found that the stone 
did not so readily break in this way. He remarks that the natives 
have an experienced eye for determining whether the material is 
well breakable or not. This native manufacture is not carried on any 
more, because all the axes and adzes that are now used are of com- 
mercial iron and steel, which are sold throughout the entire world for 
a trifle of the cost at which the stone axes can be made. The region 
of the Hercules River is not yet known, so that it is impossible at 
present to state what is the real home of the material. It has possibly 


OS 


aGlobus: Sonderabdruck aus Band LXXXVI, Nr. 4 des., s. 58-55, 1904. 
M R 1903——59 
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been carried by the river from the Albert-Edward Mountains, or from 
the hills between the latter and the Bismarck Mountains. It is an 
interesting fact that the nephrite bas been also observed in the other 
side streams of the Huon Gulf, showing that it must occur at a num- 
ber of localities in that general region. 

In a description of the quarry where nephrite is found at Jordans- 
miihl, Silesia, Dr. A. von Sachs presents a paper in the Centralblatt 
fiir Mineralogie? describing fully this remarkable locality. It was at 
this locality that the great mass of jade weighing 4,715 pounds, now 
in the Heber R. Bishop collection at the American Museum of Art 
was found by the writer, who collected with it a large series of the 
associated minerals and rocks, photographing the quarry and its vari- 
ous points of interest. These will appear fully in the great catalogue 
of the Heber R. Bishop collection, which catalogue, now in press, is 
likely to appear within the next year or two. ! 

Dr. von Sachs says that the celebrated quarry of Jordansmihl near 
Mount Zobten, the place where the nephrite is found, is situated at 
the opening of the great plateau extending between Jordansmiihl and 
Naselwitz. It consists mainly of serpentine, but shows also certain 
white masses of rock, and on the boundary between these and the 
serpentine is frequently observed the nephrite.? Traube chose this 
subject (as ‘‘sogenannten W eiss-stein”’) for his inaugural dissertation,‘ 
evidently accepting the observations made by J. Roth, who called the 
same rock occurring at Mlietsch, south of Jordansmiihl and east of 
the mountain, Weiss-stein, while in the above-mentioned treatise on 
the nephrite of Jordansmihl he has called it granulite. But the 
definition of the latter does not correspond witn the rock found 
at Jordansmiihl. In the first place, it is remarkable that there is 
no parallel structure, as likewise observed by Roth on the Weiss- 
stein of Mlietsch; further, some varieties of the Jordansmiih! Weiss- 
stein do not contain feldspar at all; and lastly, the chemical composition 
is quite different from that of granulite. The typical granulite, also, 
does not contain mica, which Traube observed in the nephrite. (Uber 
den Nephrite vy. Jordansmihl, s. 414.) 

Consequently, the questions to answer are: What is the Weiss-stein 
of Jordansmihl, its origin, and its relations to serpentine? 

Before undertaking to answer these questions Doctor von Sachs 
studied carefully in every detail the Jordansmihl localities. Samples 
were taken from twenty-six different parts of the quarry, and about one 


a Der Weiss-stein des Jordansmihler Nephritvorkommens, by A. von Sachs, Breslau, with 4 text 
figures, From Separat-Abdruck aus dem Centralblatt fiir Mineralogie, Geologie, und Palxontologie, 
1902, pp. 335-396. 

bH. Traube, Uber den Nephrite von Jordansmiih! in Schlesien, N. Jahrb. fiir Min., Beil.-Bd. III, 
Heft 2, 1884, s. 414. 

¢Beitnige z. Kenntniss der Gabbros, Amphibolite, und Serpentine des niederschlesienen Gehirgea, 
Greifswald, 1884, s. 40. 
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hundred fine sections examined. According to their exterior appear- 
ance we may divide the rocks of the quarry into three classes—those 
of white to light-yellow color, those of light green to dark green, and 
a third class representing a mixture of the white and colored sub- 
stances. The first class is not banded or lined; the second is narrow 
lined, and the third wide lined. 

The quarry represents a curve with an opening to the east, and is 
divided into five different portions of production: 

1. The northeastern wall of the quarry. 

2. The portion surrounding the large nephrite block discovered in 
1899. 

3. The portion surrounding the mass of so-called Weiss-stein men- 
tioned by Traube (Ueber den Nephrite von Jordansmiihl, p. 414). 

4. The portion located in the southern section of the quarry. 

5. The portion situated in the eastern section of the quarry. 

There is an elevated weather-beaten column in the northern part of 
the quarry, and another standing to the northwest beyond the quarry 
proper. 

According to the proposed division of the rocks of the quarry into 
three classes, the selected samples being designated by letters, there 
are: 

1. The samples f, m, n, 0, x (stones or rocks white in color). 

2. The samples a, b, c, d, e, g, bh, k, 1, p, r, 8, t, u,v, z (light 
green to dark green). 

3. The samples i, q, w, y (combination of white and colored). 

Nos. 2 and 3 are from the west wall of the quarry. 

In respect to the second class, which is not so important in this 
examination, the contents are mostly serpentine; next hornblende 
partially altered, with some nephrite; and, last and of least impor- 
tance, rocks in which tale and chlorite prevail. 

The samples a, b, c, k, r, v, examined under the microscope, present 
only serpentine. No net-like, reticulated structure is visible, so that 
olivine as a source is out of the question (as Traube states, Nephrite 
from Jordansmihl, p. 418). The so-called knitted structure, pointing 
to the occurrence of pyroxene, is plainly observed. The angle of 90° 
is generally prevalent. The three first-mentioned samples, coming 
from the northeastern wall of the quarry, are of columnar structure, 
but the remainder have a tendency to a small fibrous structure. The 
presence of minute metallic particles throughout in parallel order 
points to the development from original pyroxene minerals. Sample 
t (from the southern portion of the quarry) contains especially numer- 
ous residues of the original material, giving the section the familiar 
porphyritic appearance. 
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NEW ZEALAND. 


The location of a vein of jade, ‘‘ greenstone,” at Milford Sound, 
New Zealand, has resulted in the organization of a mining company 
under the name of the Milford Sound Green Stone Company, which | 
has been capitalized with 10,000 shares, at 1 pound sterling each. 
Until very recently the jade, or greenstone, as it was known, was 
found only in rolled pebbles or bowlders, varying in size from small 
pieces to masses weighing as much as the great mass in the Brit- 
ish Museum, 1,131 pounds. As this materia] has been extensively 
shipped not only to Great Britain and Germany, but to Russia and to 
China, where many of the finest pieces of art work of recent manu- 
facture are made, it is possible that there will be some market for the 
output. 


THE HEBER R. BISHOP COLLECTION OF JADE AND HARD-STONE 
OBJECTS.« 


One of the greatest donations of precious-stone materials to any 
American institution was that of the Heber R. Bishop collection of 
jades to the Metropolitan Museum of Art in New York City. This 
collection is now permanently installed in the new wing of the museum, 
and occupies the room immediately north of the hall devoted to the 
J. Pierpont Morgan collection of oriental porcelain. The installa- 
tion of the jade collection is as stately as that of any in the world, 
all of the cases, the handiwork of Allard Fréres, of Paris, France, 
being made of gilt bronze and plate glass, designed and executed in 
the most perfect Louis XV style. The entire hall in fact has been 
pronounced by a number of foreign architects the finest example of 
Louis XV style existing any where except possibly at Versailles or Pots- 
dam. It is a royal collection, and in cases and surroundings is not 
surpassed in any European museum. Each article is recorded and 
described in the great forthcoming catalogue.* Considered as a 
whole, for scientific as well as artistic value, the collection is without 
a peer in oriental collections of hard-stone objects. 

The collection has been arranged and catalogued under the three 
main headings: 

I. Mineralogical, or crude fragments; bowlders, pebbles, ete. 

II. Archeological, consisting of implements, weapons, partly worked 
pieces, and such ornamental and ceremonial objects as were used by 
the ancient or prehistoric peoples of the countries from which they 
come. 

III. Art objects, embracing the many specimens so artistically 
designed by the lapidary craftsmen, which are principally from China 
und India and which form the bulk of the collection. 


@ Metropolitan Museum of Art Hand-Book No. 10, 1904. 
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Under this last section there has been made a collection of rock 
crystal, agate, and other hard stones, beautifully carved and showing 
a degree of artistic ability equal in all respects to that exhibited in 
jade carvings, with such change of design as the various textures of 
the rock crystal, amethyst, agate, jasper, and other materials required. 


MINERALOGICAL, 


The mineralogical series includes not only fragments of crude jade 
from mines and quarries and bowlders and pebbles from the beds of 
jade-producing rivers, but also pieces removed from objects of worked 
jade for the purpose of chemical analysis or of other scientific research. 
Every continent except Africa is represented in the various localities, 
though the list of countries is to a certain extent tentative. 

Europe is remarkably well represented by specimens from several 
localities. 

134. A huge block, weighing 2,140 kilos, discovered in 1899 by Mr. George F. 
Kunz in a stone quarry near the village of Jordansmiihl, Silesia, Germany. Several 
specimens have been detached from different parts of the block and subjected to 
various tests. Nos. 134 A and 134 Bof the collection are from one end, and show much 
alteration, but No. 134 C from the other end of the block shows the beautiful quality 
of the almost pure nephrite. These are supplemented by Nos. 135-143, fragments 
picked up at different times in the same quarry at JordansmiihI—— 
probably originally part of the large rock and collected at a later date, 
November, 1900, by George H. Kunz, son of George F. Kunz, and 
with them is a series of the rocks and minerals associated with 
nephrite. 

ARCH ZOLOGICAL. 

It has been customary to designate as celts all objects included in 
this class; but a study of the collection shows so many different forms 
classed under this name that they have been separated into axes, adzes, 
hatchets, knives, chisels, etc., arranged under the names of the coun- 
tries from which they come. Those from Switzerland, France, China, 
Mexico, and Guatemala date from the neolithic period and are classed 
as prehistoric. Undoubtedly from the same period are the greater 
number of the crude, the rough, and the polished materials from 
British Columbia, Alaska, and New Zealand, though many of these 
are quite modern, almost of the present period. In some instances 
jade has been used in these countries from an unknown antiquity 
nearly to modern times. 

The two specimens classified under this head of partly worked pieces 
are of special interest because of the evidence they afford of the old 
methods of working jade. 

298. An ancient worked fragment from Guatemala. Exceedingly interesting as 
showing that in pre-Columbian times crude jadeite existed in Guatemala or Mexico, 


that it was worked on the spot, and that the aborigines of these regions knew the 
use of the cylindrical drill. 
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299. A large partly worked piece from New Zealand, Evidently a stock piece, 
showing several ground facets and saw marks, and an arrestec attempt to remove a 
long kern or eardrop. 


The prehistoric specimens in the collection that served a purpose 
as ornamental and ceremonial objects are few in number and are 
all from Mexico and Guatemala, except one piece from New Zealand. 
They consist principally of beads and pendants of various kinds; some 
are sculptured, and all are bighly polished. Though most of the 
objects are said to have come from Mexico and Guatemala they are 
undoubtedly of Mayan origin. 

Tomb jades.—A certain number of pieces have been separated from 
the general collection of art objects of China and grouped under the 
head of tomb jades. This is a very strong series and exhibits evi- 
dences of decomposition of material and staining of surface such as 
would be produced by burning or by burial underground for a long 
period. ‘‘ Han yii” was the name the Chinese applied to the jade which 
was used in ancient times to be put into the mouth of a corpse before 
burial, but the name has gradually been extended to include all kinds 
of jade found in the present day in ancient tombs. The group of 
tomb jades in the collection contains examples of many curious insignia 
of rank, many amulets, sacrificial utensils, etc., and ranges in time 
from the prehistoric period down to the Sung, the Yuen, and the early 
Ming dynasties. Most of the pieces ure to be attributed to the Han 
dynasty, which flourished from B. C. 206 to A. D. 220. The Chinese 
themselves cultivate the greatest reverence for antiquity, and they 
classify pieces of ancient jude as the rarest and most precious of their 
archaic treasures. No collection of Chinese jade could be considered 
complete if it did not contain » certain proportion of these ancient 
specimens. 

ART OBJECTS. 


The remainder of the collection is comprised under this heading 
and embraces many specimens of several varieties of jade which 
have been artistically designed for ceremonial worship in temples or 
private shrines, for use in the studio of the artist or cal‘igraphist, for 
the decoration of the cultured home of the Far Eastern virtuoso, in 
short, for any of the manifold purposes for which this precious mate- 
rial has been utilized by the lapidary craftsman. The artist has occa- 
sionally lavished upon it the utmost resources of the glyptic art. The 
most intricate and delicate lapidary work combined with the greatest 
detail and perfection of polish and finish have been employed, and, as 
in India, sometimes the soft sheen of a perfectly rounded box reflect- 
ing and multiplying the rich effect of a jeweled decoration has been 
brought into use. 

The Chinese specimens include all art objects of jade from that 
country, except the few carved pieces which have been separated from 
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the rest and put among the tomb jades. They have been divided into 
three classes—carved jades, jeweled jades, and jade flowers and fruits; 
and they have been further classified as far as possible in chronological 
order, beginning with the Han dynasty (B. C. 206 to A. D. 220) and 
extending down to the present time. Objects in jade of Chinese manu- 
facture are rarely inscribed with a date outside the imperial workshops 
in the palace at Peking, so that the inscription of a ‘‘ mark” under 
the foot of a piece may generally be taken to indicate that it was espe- 
cially made for the use of the Emperor whose reign is indicated. 
There are many such in this collection, and some of the finest pieces 
came originally from the Yuan Ming Yuan, the summer palace of the 
emperors of China, situated near Peking, which was burned and sacked 
during the Anglo-French expedition of 1860. 


SPODUMENE, HIDDENITE, AND KUNZITE. 


NORTH CAROLINA AND CALIFORNIA. 


Spodumene has long been known to mineralogists, but only within 
recent years has it been ranked among gem minerals. It is a silicate 
of alumina and lithia, rather complex in constitution and peculiarly 
liable to alteration, the first effect of which is to destroy its transpar- 
ency, so that most of the spodumene found is opaque and of little or no 
beauty. In this condition it is somewhat abundant at several localities 
in New England and also in Pennington County, S. Dak., the crystals 
often being very large, but dull and unattractive. It began to be 
recognized, however, some twenty-five years ago, that all these crystals 
had undergone alteration and must originally have been very beauti- 
ful. The change had proceeded from without inward, and at the 
center were found portions that still retained the color and transpar- 
ency that once belonged tothe whole. Even these remnants, however, 
were so fissured and marred that they could hardly be used for gems; 
but they indicated a lost elegance that led the writer to apply to 
spodumene the expression ‘‘a defunct gem.” Since then, however, it 
has been found in the unaltered state and in several colors at two or 
three localities, and has come into recognition as an interesting and 
beautiful gem stone. 

The name spodumene is from the Greek spodvs, ashes, from the 
dull whitish color of most of the altered crystals. In Europe the 
mineral is also frequently called triphane. A transparent yellow 
variety is known from Minas Geraes, Brazil, and these specimens have 
been to some extent cut into gems. In 1881, Mr. W. E. Hidden dis- 
covered numerous clear, bright green crystals at Stonypoint, Alex- 
ander County, N. C., which were found in seeking for emeralds. 
Their real character was not recognized at first, and they were 
supposed to be cyanite or diopside; but an analysis by Dr. J. Law- 
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rence Smith, of Louisville, Ky., showed them to be spodumene. He 
proposed for this new variety the name of hiddenite, which it has 
since borne, and it has also been called lithia emerald. This discovery 
excited much interest, and the new and beautiful American gem at 
once came into favor. The yield, however, was limited in amount, 
and for several years past, because of litigation and from other causes, 
the mine has not been worked. | 

Within the last two years another, and by far the most remarkable 
discovery of gem spodumene, has been made in San Diego County, 
Cal. The crystals from North Carolina are small, though very 
beautiful; but the California crystals are of noble size. They are of 
a delicate rosy lilac or amethystine tint, are perfectly clear and of great 
- brilliancy, so that large andelegant gems canbe cut from them. This 
variety has received the name of kunzite, proposed by Prof. Charles 
Baskerville, in consequence of its first having been identified by the 
writer. The amethystine spodumene has also some very marked and 
peculiar physical properties, to be described further on, which render 
it x» mineral of special interest, apart from its value as a gem stone: 

Spodumene occurs abroad in the Tyrol, in Sweden, at Killiney Bay, 
Ireland, and near Peterhead, Scotland. In the United States it has 
long been known at Peru and Windham, Me., and at Winchester, 
N. H., but chiefly at several places in Massachusetts and Connecticut. 
In the former it appears at six localities in the western part of Hamp- 
shire County, in the towns of Chesterfield, Goshen, Chester, and 
Huntington. These localities and the great crystals there found, with 
their alteration products and associations, were described and discussed 
at length in 1878 and 1879 by Dr. Alexis A. Julien. In Connecticut 
the principal occurrences are ut Brookfield and especially at Branch- 
ville, and the remarkable development of spodumene at the latter 
place was similarly described in four articles, from 1878 to 1880, by 
the late Prof. George J. Brush and Prof. E. S. Dana.’ It was here 
that the large altered crystals were found to have retained some inte- 
rior remnants of their original transparent character, of a rich lilac 
tint. Some specimens from one or two of the Massachusetts localities 
also showed remnants of an original green color, translucent to trans- 
parent. These extended discussions and the evidence which they 
presented as to the changed and ‘‘defunct” character of spodumene 
awakened much interest in the mineral and a strong desire to find it 
somewhere in its original and so largely lost beauty. 

Within a year this desire was gratified in part by the finding of the 
‘*spodumene emeralds” in North Carolina, already mentioned. The 
deacription and analysis were published in 1881 by Dr. J. Lawrence 


‘sedition, Alexis A., Spodumene and its alterations, from the granite veins of Hampshire County, 
Maas.: Ann, New York Acad. 8ci., vol. 1, No. 10, November, 1879, pp. 318-354. 

» Brush, George J., and Dana, Edward S., Spodumene and the results of its alteration, Branchville, 
Conn.; Am. Jour, Sci., 3d ser., vol. 16, 187%, pp. 38, 114; vol. 18, 1879, p. 45; vol. 20, 1880, p. 257. 
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Smith, who proposed to name the variety after its discoverer, Mr. 
Hidden.“ Later in the same year Prof. Edward S. Dana described 
the variety more fully, especially with regard to crystallography, 
from additional and finer material.’ 

The circumstances connected with the discovery of this emerald 
spodumene were related hy Mr. Hidden in a paper published in Octo- 
ber, 1887. The locality, since known as the Emerald and Hiddenite 
Mine, is in Alexander County, 16 miles northwest of Statesville, N. C., 
and about twice that distance southeast from the Blue Ridge. 

The finding of the new variety of transparent lilac spodumene in 
California is one of the most notable discoveries of a gem mineral that 
has been made inalongtime. It not only adds a novel and elegant stone 
of purely American production to those used in jewelry, but a stone that 
has great scientific interest from the remarkable properties it possesses 
in connection with the action of Roentgen (or X) rays and those of 
radium and like substances. The first of these large and elegant 
crystals were obtained early in 1903, close to a deposit of colored tour- 
maline, itself of notable interest, a mile and half northeast of Pala, in 
San Diego County, Cal., and now known as the Pala Chief. This new 
discovery is but a half mile northeast of the celebrated rubellite and 
lepidolite mine at Pala,“ where recent developments have brought to 
light great quantities of amblygonite, this species occurring by the 
ton, while the lepidolite is estimated by the thousand tons. The local- 
ity is thus unequaled in the world for its abundance of lithia minerals. 
The colored tourmalines at the new opening are of remarkable size and 
elegance: but the spodumene crystals were an unexpected novelty— 
large, transparent, and beautiful in their color tones, varying from 
deep rosy lilac at some depth to pale or almost colorless nearer the 
surface, a change doubtless due to weathering or to the action of 
sunlight. 

The following figures give the weights and dimensions of seven of 
the principal crystals. 

Weight and dimensions of California spodumene crystals. 


| Weight. Weight. | Dimensions. 


Grams, (Ounces troy! Centimeters. 


NG irceese cassnsipaes sce ease aa ate eae eeemeeecaeeas 528.7 7.10 | 17 by 11.0 by 1.00 
Pen giscpo Bis CARES ORNS OUR SURO ENERO 528.7 17.10 | 22by 8.0 by 1.50 
SLIT RETIRE NEN, 297.0 9.65| 19by 5.5 by 1.60 
2S COO ELL SALLE TILL AT AIA INI | 956.6 8.25 | 28 by 4.0 by 2.00 
Wie 8 ioe CNSR E: | 840.5 10.95| 13by 6.0 by 2.52 
RRR EAA LRAT EE | 989.5 7.70| 18by 4.0 by 2.00 
IIe Penow ccc acine ce iwc wesc se cea bascueswodedee shone es cwewes 


1,000.0 31.00 | 18by 8.0 by 3.00 


a Am. Jour. Sei., 3d ser., vol. 21, February, 1889, p. 128. 

6 Am. Jour. Sci., 3d ser., vol, 22, September, 1889, p. 179. 

¢ Kunz, G. F., Mineral Resources U. 8. for 1893, U. 8S. Geol. Survey, 18M, p. 695; ibid. for 1900, p. 761; 
ibid. for 190], p. 748. 
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These crystals are extraordinary objects to the eye of the mineralo- 
' gist; to see flat spodumenes of characteristic form as large as a man’s 
hand, but with bright luster and perfect transparency and of this rich 
delicate pink-lilac tint is a novel and unlooked for experience. 

These elegant tourmalines and spodumenes occur near the top of a 
ridge lying from a mile to a mile and a half from the lepidolite ledge 
of the old Pala locality, and separted from it by a valley some 900 feet 
deep. The ledge in which these new minerals occur is on the west 
side of this ridge and has been traced for 1,200 feet in a northwest- 
southeast direction. The description given of it suggests a large dike. 
The rock is a coarse decomposed granite (pegmatite), the feldspar 
much kaolinized and reduced toa red dirt, and with many large quartz 
crystals, some of them reaching 150 pounds in weight, but not clear. 
This remarkable occurrence was first announced by the writer, in 
Science for August 28, 1903,¢ and in the American Journal of Science 
for September, 1903,” and was further discussed by Dr. Charles 
Baskerville, in Science for September +, 1903.¢ 

The locality was visited in the summer of the same year by Mr. 
Waldemar T. Schaller, then of the department of geology of the Uni- 
versity of California, now of the United States Geological Survey, and 
a remarkable account of it was published by him in September. He 
described the occurence as follows:¢ 

The formation in which these fine crystals are found at the Pala locality consists 
of a pegmatite dike, dipping westerly at a low angle, perhaps 20 degrees. It is more 
or less broken, and as a whole seems to form the surface of much of the slope of the 


hill on which it occurs. The dike is rather broad, but irregular * * * and has 
a thickness of not more than 30 feet. 


Mr. Schaller goes on to say that the remarkable presence of lithia 
minerals is not found throughout the dike, but is apparently confined 
to certain rather small portions. This is a curious fact in lithology, 
and not readily expliccble. The rock is mainly a coarse granitic 
aggregate of quartz and orthoclase, with some muscovite and rather 
broken and rounded crystals of black tourmaline. At times, however, 
lepidolite comes in, replacing the muscovite, and with it appear the 
colored tourmalines instead of the black; and associated with these 
are the spodumenes. The tourmalines and the lepidolite are fre- 
quently inclosed in the quartz and feldspar (as notably also at the 
Mesa Grande tourmaline locality, and at Haddam Neck, Conn.), but 
the spodumenes are rarely so found. They usually occur free, in 
pockets, like the hiddenite spodumene of North Carolina; and from 
this fact Mr. Schaller at that time regarded them as of later formation. 


aScience, new ser., vol. 18, No. 452, 1903, p. 280. 

» Am. Jour, Sci., 4th ser., yo). 16, 1903, pp. 264-267. 

¢ Science, new ser., vol, 18, 1903, pp. 303-504. 

dSchaller, Waldemar T.,Spodumene from San Diego County, Cul.: Bull, Dept. Geol. Univ. California, 
vol. 3, September, 1903, pp. 263-275, 
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But subsequent discoveries have shown that the occurrence of the 
spodumenes is probably similar to that of the tourmalines, several 
specimens having been found in which the spodumene is inclosed in 
the pegmatite. ; 

The great lepidolite mine at Pala, famous for its radiations of rubel- 
lite, occurs in a similar dike of pegmatite, as described by Mr. Schal- 
ler, having the same general dip and strike but not containing any 
spodumenes. The suggestion arises, however, whether the latter may 
not be represented by the alumina-lithia phosphate, amblygonite, 
there so abundant. At both points the rock traversed by the dikes is 
a dark hornblende-diorite containing some orthoclase. 
. The greater part of Mr. Schaller’s paper is occupied with a detailed 

description of the crystals of spodumene, their physical and optical 
properties, their crystallization, and their remarkable etching figures, 
together with an analysis, given on a following page. He mentions 
also the interesting fact of the occurrence of the green variety, hid- 
denite, at the same locality, though apparently in small quantity. He 
speaks of receiving such a crystal, twinned and etched, measuring 26 
by 8 by 7 mm., a very fair size for this variety, but does not allude to 
its transparency or its color as related to gem quality. The report is 
illustrated with three plates—one showing the locality, one the crystal 
forms, and a third the etching figures magnified. 

Besides this main locality, others have also been discovered in the 
saine general region. One of these, to be presently referred to, is 
about 25 miles from Pala. Mr. Schaller says that it is ‘‘somewhere 
in the San Jacinto Mountains, probably not far from Coahuila, River- 
side County.” He adds that kunzite will very possibly be found at 
other points in the San Jacinto Mountains, and also in the Smith 
Mountains of San Diego County. 

The Riverside County locality is situated on Coahuila Mountain, 
some 10 miles west of Thomas Mountain, and 20 miles northeast of 
Pala. It was discovered in May, 1903, by Mr. Bert Simmons. The 
mine bore his name for some time, but has been sold to a Mr. Fano, 
of San Diego, and is now known as the Fano mine. Spodumene, 
green beryl, and gem tourmaline are reported from this mine. 

The first specimens of this mineral reached the writer in December, 
1902, through Messrs. Tiffany & Co., from Mr. Frederick M. Sickler, 
who thought them tourmalines. Their exact locality was not given. 
In August, 1903, he announced that they came from the White Queen 
mine, nearPala. The crystals, though much smaller in size, are similar 
to those obtained soon afterwards from the Pala Chief. 

The crystals obtained were quite numerous, and vary from half an 
inch or less to 2 inches in length by an inch in breadth. Some are ele- 
gant specimens and could be cut into pale gems. The hardness is about 
7.5. They are perfectly transparent and remarkably free from flaws, 
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and they possess the spodumene pleochroism very markedly. Looked 
at transversely, they are nearly colorless, ot faintly pink; but longi- 
tudinally they present a rich pale lavender color, almost amethystine. 
The characteristic etching is also well developed, especially on the 
pyramidal faces; but all of the crystals are dull upon the surface and 
are etched all over as if with a solvent. 

Three of the largest crystals gave the following measurements: 


Measurements of spodumene crystals. 


O tecieeseweraciuceors 53 mm. (24 in.) and 35 mm. (1§ in.) 
Pa niesteamncaitenbemavensin 37 mm. (14 in.) and 27 mm. (1y; in.) 
Suse ea ees eee 11 mm. (y; in.) and 15 mm. (}J in.) 


The specific gravity determined on three crystals was found to be 
3.183. 
Color, weight, and specific gravity of spodumene crystals. 


a i  SSee—$'L’}| 


Color. Weight. | Specific 


gravity. 
Grama. 
Be CMV OCR ois i Sav wacacan tance wachucdesceuehoesatanenadtiessacsaneceducusaenese 20. 393 3.179 
FP ONO WA IDE a cacvtevs wine aweae yeswe ene wkeewamenwabane os awedbiednabansMeeneesenne 8.359 3.185 


Be TM COTM BE so as Ss SASS ESSE aa SB REE RSENS RSH OA OTS 10. 872 3. 187 


The crystals are so etched and corroded that the terminations are 
entirely gone, and therefore it is not possible to study their crystal- 
lography to much profit. The rounded protuberances and crystallo- 
graphic points left by the etching are interesting, but it would be 
exceedingly difficult to make much out of them or to illustrate them. 
Prof. 5. L. Penfield kindly measured the prismatic angle on two crys- 
tals and reported as follows: ‘‘The prism faces were well developed 
and gave good reflections. The prismatic angle m/\m’, 110/\110, on 
two crystals was found to be 86° 45’, from which mA m’", 110/\110= 
93° 15’, 

‘*For comparison, measurements were made of the cleavage angle 
of spodumene from Branchville,* m /\m'’ =93° 13’; also of the pris- 
matic faces of hiddenite from North Carolina,’ mA m=93° 14’. The 
angle 2 /\m given by Dana in his System of Mineralogy is 93° 0’, and 
is based on measurements made with a contact goniometer by Prof. J. 
D. Dana on a crystal from Norwich, Mass.” 

Aside from differences in color, the fragments of the California 
mineral are remarkably like the etched crystals of hiddenite from 
North Carolina. 

This occurrence recalls strongly the famous one at Branchville, 
Conn., before referred to and described by Brush and Dana, but 
there the gigantic crystals were almost entirely altered to an opaque 
mineral. 


@ Brush and Dana, Am. Jour. Sci., 3d series, vol. 20, 1880, p. 257. 
+ Dana, E.S., Am. Jour. Scl., 3d series, vol. 21, 1881, p. 179. 
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Although these White Queen crystals were the first specimens of the 
mineral to be clearly recognized and determined, it is the Pala Chief 
locality that has yielded all the large and elegant crystals that have 
heen cut for gems or made the basis of physical experiments. These 
have all been received from Mr. Frank A. Salmons, from his mine 
already described; although the mineral has been found at some other 
neighboring localities. 

It seems now, indeed, that the unaltered pink and lilac spodumene 
really occurs at several places within a limited region in San Diego 
and Riverside counties. Mi. Frederick M. Sickler, an explorer very 
familiar with the district, claims to have been the original discoverer 
of the mineral some years ago, jointly with his father, Mr. M. M. 
Sickler, but its composition was not known, and from its association 
with colored tourmaline it was regarded as a peculiar variety of that 
species. Since becoming acquainted with its real character Mr. Sick- 
ler has searched for it at various points in the vicinity, and has located 
several claims, together with other parties, particularly a French pros- 
pector, named Bernardo Hiriart, and his partner, Pedro Teiletch. 
The name of Hiriart Mountain has been given to a ridge containing 
several outcrops yielding these minerals, and Mr. Sickler has fur- 
nished the writer with a very clear and connected account of these 
interesting localities. 

He describes the several occurrences as found in three parallel 
north-and-south ridges called, respectively, Pala Mountain, Pala Chief 
Mountain, and Hiriart Mountain, lying within a breadth of little over 
1 mile and separated by two narrow valleys, each with a stream. On 
the first named is situated the great lepidolite mine, containing radi- 
ated pink opaque rubellite; on the second is the Pala Chief gem mine, 
where the large crystals of colored tourmaline and kunzite are found; 
on Hiriart Mountain are several points of kunzite occurrence, includ- 
ing the White Queen mine. The three ridges are much alike geolog- 
ically, consisting of the same dark bluish-gray diorite described by 
Mr. Schaller, and traversed by pegmatite dikes, with a north-and-south 
strike and a westerly dip. Mr. Schaller states that there is a marked 
difference between the upper and lower portion of these dikes, the 
former having the coarse pegmatite character and containing the 
tourmalines and spodumenes, and the latter being a tine-grained, 
striped rock consisting chiefly of quartz, feldspar, and mica. If this 
fact be established as general, it shows that the gem minerals lie within 
a somewhat limited zone, which may in time be worked out. The fine 
crystals of the upper portion are found mainly in pockets, with crys- 
tallized feldspar and quartz, and often embedded in a peculiar pink or 
reddish clay-like substance. This latter is doubtless the same as that 
identified by the writer with montmorillonite, which has been noted at 
Branchville, Conn., Paris, Me., and other localities of lithia minerals. 
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In the coarse upper portion a great variety of minerals have been 
developed. Mr. Sickler enumerates the following: Quartz—ordinary, 
milky, smoky, rose, and amethystine, also hyalite; orthoclase; albite; 
pyroxene; hornblende, green and black; spodumene—colorless, straw- 
yellow, lilac, and green; beryl—colorless, green, yellow, and rose; 
garnet; epidote; tourmaline — black and of many colors; micas—lepi- 
dolite, muscovite, biotite, damourite, and cookeite; montmorillonite; 
amblygonite; triphylite; and among the metallic oxides, hematite; 
sulphides, pyrite and molybdenite; bismuth, native and the oxide; 
also apatite, siderite, and columbite. 

On the Hiriart Mountain there seem to be numerous dikes instead 
of one or two great ones, as on the other two ridges. Many outcrops 
and openings show lepidolite, and several show kunzite at various 
points on the ends and on both sides of the ridge. Eleven claims are 
located and more or less developed. These are the following: 

San Pedro claim, north end; by Bernardo Hiriart and Pedro Teiletch; 
lepidolite and gem spodumene. 

Sempe claim, crest and west slope; by the same; lepidolite, beryl, 
and colored tourmaline. 

Anita claim, west side; Hiriart and his partner; lepidolite. 

Catarina claim, south side; Hiriart and M. M. Sickler; lepidolite, 
amblygonite, and gem spodumene at two openings. 

El Molino claim, south side; F. M. and M. M. Sickler; gem tour- 
malines. 

Center Drive claim, south side; by the same; beryl and gem tour- 
maline. 

White Queen claim, south side; F. M. Sickler; lepidolite, beryl, and 
spodumene. This is the mine where the first kunzite crystals that 
reached the writer were found in 1902, as above mentioned. 

Hiriart claim, south and east side; M. M. and F. M. Sickler; lepido- 
lite and gem tourmalines. 

Vanderberg claim, south slope; M. M. Sickler; lepidolite, beryl, 
gem tourmaline, and gem spodumene. 

Naylor claim, east slope; F. M. and M. M. Sickler; lepidolite and 
gem spodumene. 

In addition to these the Sicklers, father and son, own the Fargo 
claim, on the west slope, which is promising, but hardly developed. 
They have recently reported the finding of a very fine, deep-colored 
crystal of kunzite, almost flawless, measuring 12.5 by 8 by 3 centi- 
meters, at one of their newer claims on this mountain, 20 feet in the 
ledge and 16 feet from the surface. 


CHEMICAL COMPOSITION. 


Two separate accounts have appeared as to the composition of 
kunzite spodumene, which are in the main closely accordant. One of 
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these is an analysis by Prof. Charles Baskerville and Mr. R. O. E. 
Davis, and the other is the average of several analyses by Mr. W. T. 
Schaller. The results are as follows: 


Analyses of kunzite spodumene from Pala, Cal. 


Constituent.a Percent.) - Constituent. Per cent. 
Bie ciiesseacseupciarcncrctebssudscteeacns G1) Bie ccwewewaswua covewetacssansnscncenee 64. 42 
Niece ccceweswunicarenrracenncentes he | eee ners rree ete ter ee 27.32 
aa al Ee a ee Tea TEE 15 
MDG nas cesewesincevernicxcuneasconasesens a § BA ieee sores ewe tapsaedeweseaseesenes 7.20 
Ses ctveteaeowcareexcassencaseegosen Ma Wag cccccc deus tacsasteasigceunieses: .39 
eee ae Ree eee 80 OS LEELA LLL DATEL 03 
MEG 2c notescwnwpana'es Was zcestecuaswess None. | POs icess cease ussiwieenvassuckesestiesss | None 
Neblosscstewse wane ieareneeeagages .06 \ COD ase sasncsgeateansseieeeneextaeRs | None 
DIN oso acid aticwiaaiae noneate asad aaa ccm ups .30 | | Le eer ee ese | None 
ti cox candipeaaegicaieanisinasitisucaenos | BME | TiS swan cwssaneneancamnanaynctonicieneins | No loss 
Poe on ignition oi 050 Secs eeceeeses 15 | IN ascents eh Cra nanan inset 99.51 

Tolelcoscgoiau crore | 100. 15 : 


a Am, Jour. Sci., 4 ser., vol. 18, July, 1904; R. O. E. Davis, analyst 
> Bull. Dept. Geol. Univ. California, vol. 3, 1903, p. 274; W. T. Schaller, analyst. 

The lime, zinc, and nickel, in the first of these analyses, are unusual 
and peculiar ingredients. Otherwise, both compare pretty closely 
with Professor Penfield’s results? for the unaltered pink spodumene 
remnants at Branchville, Conn. 

At about the same time that the Pala spodumenes were coming into 
notice, the writer became engaged in a serics of investigations upon 
the behavior of gem-minerals with ultraviolet light, Roentgen rays, 
and various forms of radio-activity. These studies were carried on 
for several months in conjunction with Prof. Charles Baskerville, of 
the University of North Carolina, and resulted in a number of inter- 
esting determinations; but all that calls for reference here is the pecul- 
iar action of this new variety of spodumene, which was found to be 
remarkably sensitive to such agencies. It was in connection with these 
studies and the facts which they developed that Doctor Baskerville 
proposed to name the new variety after the writer.? The following 
extract from his paper gives his first statement of these observations: 

During an extended investigation on certain optical properties of the Tiffany-Mor- 
gan Gem and Bement Mineral collection in the American Museum of Natural History 
it has been my privilege to examine the new lilac-colored transparent spodumene 
described by Dr. George F. Kunz in Science, August 28, 1903, page 280, No. 452, vol. 
18. It has been my good fortune to see and handle from this locality massive spod- 
umene crystals (10 by 20 by 4 cms.), perfectly clear, of a rose-lilac tint, varying with 
the spodumene dichroism from a very pale tinge when observed transversely to the 
prism to a rich amethystine hue longitudinally.¢ Nosuch crystals of spodumene have 


a Penfield, Am. Jour. Sci., vol. 20, 1880, p. 249. 
> Baskerville, Charles, Kunzite, a new gem: Science, new series, vol. 18, Sept. 4, 1903, pp. 303-304. 
eKunzite is highly dichroitic. With the dichroscope the darker specimens show a rich deep 
purple for the ordinary ray and a pink for the extraordinary ray. In the lighter crystals, almost like 
pink topazin color, the ordinary ray is pink and the extraordinary ray almost white. To the rubbing 
touch kunzite is not resistant, being in this respect more like topaz. 


944 MINERAL RESOURCES. 


ever been seen before, and the discovery is of great mineralogical interest. The crys- 
tals have been etched by weathering, like the hiddenite variety. The mineral when 
cut and mounted parallel to the base gives gems of great beauty. The chemical 
analysis, which is under way in my laboratory, will shortly be published. 

The observations of Doctor Kunz sufficiently characterize this mineral of peculiar 
beauty as a new gem, which he has not named. I have submitted large crystals to 
the action of ultra-violet light with very positive continued phosphorescence. When 
subjected to bombardment of the Roentgen rays of high penetration for several 
minutes no fluorescence is observed, but on removal to a dark chamber it exhibits a 
persistent white luminosity not observed with this class of minerals, as learned by 
experiments with altered and unaltered spodumene from the localities mentioned, 
including cut stones and such handsome crystals of hiddenite as afforded by the col- 
lections mentioned. I have been able to excite a crystal (2 by 4 by 10 cms.) by the 
action of the X-rays for five minutes sufficiently to cause it to photograph itself 
when subsequently placed directly upon a sensitive plate (thin white paper being 
interposed ) and allowed to remain in an especially constructed padded black box in 
a dark room for a period of ten minutes. The material is penetrated by the rays as 
shown by acathodegraph. The excitation is not superficial, but persists throughout 
the mass. On account of this unusual and characteristic phosphorescence, as well as 
of the other properties, I propose the name “ Kunzite,’’ for reasons unnecessary to 
give to American and European scientific men. 


The subject thus opened was followed up by Doctor Baskerville and 
the writer, and the results were presented in a joint paper published 
in July, 1904.* From this the following paragraphs are taken: 


In a recent investigation > made by us on the behavior of a large number of min- 
erals and gems with various forms of radiant energy, including the emanations, as 
well as on the production of luminescence in some cases by other physical means, 
the new variety of spodumene, designated kunzite, was found to be peculiarly sensi- 
tive and to exhibit some remarkable properties. 

In general, as shown by these investigations, the gem-minerals were little affected 
by ultra-violet rays; but three species exhibited a high degree of responsiveness to 
these and to all forms of radio-activity, so far experimented with. These minerals 
were diamonds of certain kinds; willemite (zinc orthosilicate), which in some cases 
has been used as a gem-stone, and kunzite. The behavior of the last, as noted in 
various experiments, is unique and will be briefly described here by itself. 

1. Attrition and heat.—Kunzite does not become luminous by attrition or rub- 
bing. Several specimens were held on a revolving buff cloth making 3,000 revolu- 
tions per minute, so hot as to be almost unbearable to the hand, and still it failed to 
become luminous. Wollastonite, willemite and pectolite are, however, very tribo- 
luminescent. 

As to luminescence induced by heat alone, it was found that kunzite does possess 
the property of thermo-luminescence to some extent, with an orange tint and at a 
low degree of heat. 

2. Electricity.—The mineral assumes a static charge of electricity, like topaz, when 
rubbed with a woolen cloth. On exposing kunzite crystals of different sizes to the 
passage of an oscillating current obtained from large Helmholtz machines, the entire 
crystal glowed an orange-pink, temporarily losing its lilac color. A well-defined, 
brilliant line of light appeared through the center, apparently in the path of the 
current. On discontinuing the current, the crystal gave the appearance of a glowing 
coal. It was not hot, however, and the phosphoresence lasted for forty-five minutes. 


a Baskerville, Charles, and Kunz, George F., Kunzite and its unique properties: Am. Jour. Sci, 
4th ser., vol. 14, 1904, pp. 25-28. 
> Science, new ser., Vol. 18, 1903, p. 769. 
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Three large crystals, weighing 200, 300, and 400 grams each, were attached to cop- 
per wires so that the current passed from below upward, in one case lengthwise of 
the prism and in the other across the width of it. In each instance the crystals 
became distinctly luminous, a pale orange-pink, and between the two wires a bright 
almost transparent line passed from one wire to the other; in reality, as.if two 
elongated cones crossed each other, the line of the path being transparent at the 
sides, whereas the rest of the crystals appeared translucent. After the exposure 
of two minutes they were laid upon photographic plates, and in five minutes pro- 
duced a fine auto-print. The crystals continued to glow for forty-five minutes. 

When a cut gem is suspended between the two poles it becomes an intense orange- 
pink color, glowing with wonderful brilliancy. The discharge seemed as if it would 
tear the gem asunder, although actually it was unaffected. 

8. Ultra-violet rays.—These invisible rays, produced by sparking a high voltage cur- 
rent between iron terminals, caused kunzite, white, pink, or lilac, to phosphoresce for 
some minutes. The white responded most readily. 

4. Roentgen or X-rays.—All forms of kunzite become strongly phosphorescent under 
these rays. An exposure of half a minute caused three cut gems to glow first a golden 
pink and then white for ten minutes. The glow was visible through two thicknesses 
of white paper which was held over it. A large crystal excited for five minutes 
afterwards affected a sensitive photographic plate. Another crystal exposed for ten 
minutes was laid for five minutes on a sensitive plate. The resulting autophoto- 
graph was clear and distinct, but presented a very curious aspect not seen by the 
eye—as of a misty or feathery outflow from the side and termination of the crystal, 
suggesting an actual] picture of the invisible lines of force. The other varieties of 
spodumene, natural mineral and cut gems, failed to show this property. We are 
not yet in a position to offer a satisfactory explanation of this fact. 

5. Conduct with radium preparations.— Exposed fora few minutes to radium bromide 
with a radio-active strength of 300,000 (uranium being taken as unity), the mineral 
becomes wonderfully phosphorescent, the glow continuing persistently after the 
removal of the source of excitation. The bromide was confined in glass. Six hundred 
grams of kunzite crystals were thus excited with 127 milligrams of the radium bromide 
in five minutes. The effect is not produced instantaneously, but is cumulative, and 
after a few moments’ exposure the mineral begins to glow, and its phosphorescence 
is pronounced after the removal of the radio-active body. The luminosity continued 
in the dark for some little time after the radium wagtakenaway. Noother varieties 
of spodumene examined, including hiddenite, gave like results. In this respect, as 
with the Roentgen rays, the kunzite variety stands by itself. 

When pulverized kunzite is mixed with radium-barium chloride of 240 activity or 
with carbonate of lower activity the mixed powder becomes luminous and apparently 
remains so permanently; i. e., in several months no loss has been observed. The 
same is the case if pulverized wollastonite or pectolite be used instead of the kunzite. 
When either of these mixtures is put in a Bologna flask and laid on a heated metal 
plate (less than red-hot) the powder becomes incandescent and remains so for a 
long time after removal. 

These three minerals phosphoresce by heat alone, as was mentioned above in 
regard to kunzite. Perhaps this luminosity of the mixed powders at the ordinary 
temperature may be accounted for in part by the evolution of heat © on the part of 
the radium compounds, but there are experimental reasons which cause us to reject 
such explanation for the total effect. 


aScience, new ser., vol. 18, 1908, p. 303. 
6 This test was made by Dr. H.G. Piffard, of New York city. 
¢P, Curie and Laborde, Comptes Rendus, vol. 136, p. 673 
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The emanations of radium, according to Rutherford,¢ are condensed at a temper- 
ature of —130° to —140° C. The emanations were driven from radium chloride by 
heat and condensed with liquid air on a number of kunzite crystals, according to 
a mnethod which will be described by one of us (B) and Lockhart in another paper, 
and no phosphorescence observed. Consequently kunzite responds only to the y rays. 

6. Actinitum.—A sample of the still more rare and novel substance discovered by 
Professor Debierne® and received from him through the courtesy of Professor Curie, 
was also tried as to its action upon kunzite and some other minerals. The actinium 
oxide, with an activity of 10,000 according to the uranium standard, gave off profuse 
emanations and affected diamonds, kunzite, and willemite in a manner similar to the 
radium salts, with quite as much after-continuance. However, we have not tried 
the condensation of these emanations upon the minerals by refrigeration. 

The peculiar properties of the kunzite variety of spodumene which have been 
enumerated have not been observed in any other of the gems or gem minerals that 
we have examined. It is barely possible that the small amount of manganese may 
have much to do with it, but from our present knowledge basing a chemical explana- 
tion thereon is idle. 

Sir William Crookes, the eminent English physicist, conducted 
some similar experiments on the behavior of kunzite with radium bro- 
mide and obtained identical results, as stated by him in a letter to the 


writer in October, 1903. 
USE OF KUNZITE IN JEWELRY. 


Kunzite has now been cut and sold as a gem for about one year, and 
has been received with much favor as a new and a wholly American 
gem. At first it was feared that it might be difficult to cut, as many 
specimens, being mistaken for a variety of tourmaline, were ruined 
in the attempt to cut them because of their strong tendency to cleav- 
age. But the fact that kunzite spodumene has a facile cleavage in 
one direction was soon understood by lapidaries who were familiar 
with the cutting of the hiddenite variety or of the yellow spodumene 
from Brazil. 

The result is that there has been no difficulty in having the gem cut 
into every form—brilliant, degree top, mixed brilliant, and other 
styles—and of sizes weighing from one to one hundred and fifty carats 
each. In color they vary from almost white with a faint pink tone 
through pink and lilac pink into dark lilac. The gem is remarkably 
brilliant, no matter what the color. It is usually perfect and free from 
flaws, and, when pink, is one of the few natura] stones of that color. 
Asa lilac gem it is quite unique. The price has varied from six to 
twenty dollars per carat, although generally it has averaged one-third 
of the latter figure. 


a Philos. Mag., vol. 5, 561. bComptes Renduz, vol. 129, p. 698. 
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QUARTZ. 
SMOKY QUARTZ. 


MARYLAND. 


In the report of this Bureau for 1896 reference was made to a large 
crystal of smoky quartz from Harford County, Md., and to the evi- 
dence afforded by the numerous pebbles of this material in the Potomac 
gravels of its presence in considerable amount in the crystalline rocks 
farther up. It seems that an enormous specimen of this mineral was 
obtained in Maryland many years ago, which has not been heretofore 
recorded. Mr. Edward C. Mitchell, president of the Academy of 
Sciences of St. Paul, Minn., writes that he has in his possession a fine 
crystal of smoky quartz, 16 inches long, 74 inches in diameter, and — 
weighing 47 pounds, which he found in 1860 near Ellicott’s mills, in 
Howard County, Md. 

BLUE QUARTZ. 


WYOMING. 


A discovery has lately been made in Wyoming of a beautiful mineral 
association, consisting of a brilliant coating of quartz crystals over a 
blue or greenish-blue copper silicate. The specimens are similar to 
those so well known and so much admired from the Globe mine, Gila 
County, Ariz., and are quite equal to them in elegance. The Wyo- 
ming locality is the Sunrise mine, near Hartville, Laramie County, a 
region already known for its remarkable moss agate. In the speci- 
mens here obtained the base is a reddish-brown ironstone; upon this 
rest successively a layer of fibrous radiated green malachite, then of a 
’ blue chrysocolla, and then of a pale, almost turquoise, blue mineral 
(cupreous allophane?), upon which is a coating of quartz crystals, some- 
times colorless, translucent to transparent. The sparkling surface and 
the rich blue-green color showing through it from beneath make a 
combination of great beauty, and this quartz is generally thick enough 
to admit of a polish and makes a very pleasing ornamental stone. 


AMETHYST. 
NEW JERSEY. 


Amethysts in beautiful specimens have been found on the Haledon 
property and in the Sourbut quarry at Paterson Falls, Paterson, N. J. 
The crystals are generally very dark purple at the points, turning 
into white at the base, and occur associated with apophyllite and other 
zeolites in a trap rock, being found in the blasting for that rock, 
which is extensively used as a road-making material in the vicinity of 
Paterson and elsewhere in New Jersey. 
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Amethysts in groups of crystals were found in a mica mine in the 
valley of Cashiers, North Carolina, by Rev. H. Bennett, about 100 
yards from the Adams house. There were two masses weighing from 
10 to 20 pounds each, made up of grouped crystals; one was beauti- 
fully clear, but flawed, and the other was smoky amethyst. 


NONCRYSTALLINE QUARTZ. 
AGATE AND CHALCEDONY. 


TEXAS. 


A magnificent series of agate and chalcedony specimens ranging 
from 2 to 6 inches in length and 4 inches across, beautifully polished, 
were shown in the exhibit of the State of Texas at the Louisiana Pur- 
chase Exposition, St. Louis, 1904. These agates were collected and 
prepared under the direction of Prof. William B. Phillips, director of 
the State mineral survey at Austin, Tex. They were found in many 
places in the counties of Pecos, Brewster, Presidio, Jeff Davis, and El 
Paso. The more important localities are in Brewster County, from 
10 to 15 miles northeast of Alpine and from 15 to 20 miles south of the 
same town; also south and southeast of Santiago Peak, and at many 
points in the lower part of the county; and in Presidio County, from 
10 to 15 miles south of Marfa. These are the localities which have 
produced the best agate so far. 


MOSS AGATE. 
WYOMING. 


Large masses of the moss agate, as mentioned in this report for 
1894, have been found in abundance in the foot range of the Black 
Hills, in the Hartville mining district, about 130 miles north of Chey- 
enne. The material occurs in lenses, or interrupted veins, from 5 to 
6 or more inches in thickness, and varying in width from 2 to 3 feet. 
More than 7 tons of it were mined during the year 1903, and senteto 
Germany for cutting. 


AGATIZED WOOD. 


ARIZONA. 


Petrified forests of Arizona.—Prof. Oscar C. S. Carter, in the Frank- 
lin Institute Journal,* presents an admirable article on the petritied 
forests of Arizona, giving exact information as to how to visit the 
locality. The article contains illustrations of the forest and a map 


aJour. Franklin Inst., vol. 157, No. 4, 79th year, April, 1904, p. 298. 
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showing its relation to the Painted Desert. A magnificent series of 
' the agatized wood is now (at the time of the writing of this report) on 
exhibition in Block 40 of the Mines Building at the Louisiana Purchase 
Exposition, St. Louis, Mo. It is the finest collection that has ever yet 
been shown to the public; single stumps weigh 1 ton or more, each 
stump 5 or 6 feet in length; slabs 5 feet in diameter are magnificently 
polished by the ingenious mechanical contrivance devised by Colonel 
Drake and driven by water power at Sioux Falls, S. Dak. 


EGYPT. 


Silicified wood from Egypt.—Dr. Alexis A. Julien gives a descrip- 
tion of a specimen of silicified wood from a petrified forest near Cairo, 
and the mode of distribution of the fungus throughout its ducts. An 
interesting association of crystals of hematite and of pseudomorphs 
after gypsum and halite occur, which testifies to the earlier conditions 
of petrifaction. The organic forms have been preserved in remarka- 
ble perfection and abundance. The generic relationships and genetic 
local history of the wood are then discussed, with a review of various 
theories of the process of silicification. 


OPAL. 
IDAHO. 


Considerable interest was manifested in the opal mines of the Lemhi 
district, Owyhee County, Idaho, described in the report of this Bureau 
for 1902. Several companies were organized, but little active work 
was done, and for financial reasons operations were suspended. 


WEST AUSTRALIA. 


Mr. Edward L. Simpson, mineralogist of West Australia, commu- 
nicates a discovery of crocidolite opal made three years ago by two 
prospectors, in all about 2 pounds of this material being obtained at 
the Bulgaroo opal mine in about latitude 26° S., longitude 116° E. 
The miners were compelled to abandon the lease on account of lack of 
water. Mr. Simpson believes the stone to be a replacement of veins 
of asbestos by hydrous silica and oxides of iron. The opal was fawn 
colored and the crocidolite a pale reddish brown, the opal and the 
crocidolite occurring in alternate bands, and when the stone is polished 
a beautiful effect of the silky reflection of the crocidolite combined 
with the rich fawn color of the opal is obtained, which causes the stones 
to differ from any variety of these gems found anywhere else. 


aGeol. Soc. America, Sixteenth Winter Meeting, St. Louis, Mo., December 30, 1908-January 1, 1904. 
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MOONSTONE. 
CALIFORNIA. 


Minute crystals of the adularia variety of moonstone with beautiful 
blue reflections, occurring in a volcanic rhyolite rock, were found at 
Rialto, in the Funeral Mountains, in Inyo County, Cal., near the line 
marking the boundary between California and Nevada. These tiny 
moonstones are of wonderful beauty, but are valueless on account of 
their small size. They were supposed to be opals by many collectors 
who distributed them. - 


NORTH CAROLINA. 


On the Bowman place, 1 mile north of Bakersville, Mitchell County, 
N. C.,shas been found an oligochse, or sagenitic moonstone, contain- 
ing, in addition to the beautiful luster, interior reflections, which are 
due to the presence of crystals of goethite, making it really a moon- 
stone with sunstone effects. The occurrence was noted by Mr. 
Daniel C. Bowman, of Bakersville, N. C. 


WEST AUSTRALIA. 


Mr. E. L. Simpson, mineralogist of West Australia, says that he 
has found several fine specimens of moonstones on the old beach at the 
mouth of the Bows River, 28° 30’ S., 114° 30’ E., in an hour’s picking. 


FUCHSITE. 


Fuchsite as an ancient decorative stone.—Among the various green 
minerals used by the ancients for decorative purposes, compact fuch- 
site must now be included. An interesting account is given by Prof. 
H. A. Miers, of London, of a fragment of a Roman statuette composed 
of this material.¢ It was found in the Oxford collection, but with no 
record of its source. The specimen is 3 inches long, and represents 
the thigh of a human figure from the hip to the knee. It is well 
executed and is referred by archeologists to the best period of Roman 
work. The picce is bored at both ends, as though the figure was made 
of portions fastened together, thus suggesting that the material was 
scarce and not to be had in large pieces. 

The stone is of an emerald-green color, translucent, and beautifully 
polished; it is not quite uniform in tint, having clouds or patches of 
deeper green, andalsoof brown. Thereare bright internal reflections, 
resembling flawed emerald; but the fractured surface shows the tex- 
ture of a compact micaceous mineral, consisting of minute flakes or 
plates. The microscope reveals for these an axial angle of about 70” 
and a negative bisectrix nearly perpendicular to the cleavage. Th: 


ee 


a Mineralog. Mag., vol. 13, No. 62, December, 1903, p. 382 
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brown patches, which resemble iron stains, are found to be caused by - 
minute inclusions, probably rutile. Blowpipe examination shows the 
presence of chromium, thus identifying the material as fuchsite. Its 
density is 2.84. 

The specimen thus determined is a surprise to archeologists, who 
have never known it or, at least, recognized it before. Max Bauer, 
indeed, has noted its use as the material of prehistoric beads in Guate- 
mala.* But it is new to classical students, and Professor Miers thinks 
that this discovery may lead to others heretofore unsuspected. The 
micaceous character would not be observed in a piece entirely polished, 
and specimens may exist that have never been recognized. The color 
and luster are so beautiful that Professor Miers thinks it may well have 
been a valued ornamental stone, and very probably was one of the 
many kinds of so-called smaragdus. He quotes Pliny’s description of 
one variety as being quite suggestive of this compact emerald fuchsite.? 


TURQUOISE. 
NEW MEXICO. 


An extended account of the turquoise of the Cerrillos hills in New 
Mexico, by Mr. Douglas W. Johnson, now of the Massachusetts 
Institute of Technology, has been published within the last year in 
the School of Mines Quarterly of Columbia University,“ New York 
City. The discussion occupies three papers—one on the general geol- 
ogy of the turquoise and two on the petrography, the last of which 
deals more particularly with the matrix rock. The articles are 
illustrated with plates, and accompanied by analyses, historical notes, 
and comparisons of material from other places. 

The exact localities are clearly defined. The great ancient excaya- 
tions that attracted so much attention at first are on what is called 
Mount Chalchihuitl, an inconspicuous hill or knob east of Grand Central 
Mountain, which latter is the most prominent point in the line of the 
Cerrillos hills. These two have been confounded by some observers. 
The old workings, after being reopened and to some extent developed, 
were ere long abandoned for what was found to be a more favorable 
locality, where are now the main workings of the American Turquoise 
Company. These are ‘‘situated at the southeastern end of Turquoise 
hill, a low ridge rising above the level of the plains northeast of the 
main group of hills.” On this ridge also are very ancient mines at 
several points, but they have not attracted so much notice as the 
extraordinary excavations at Mount Chalchihuitl, where work was done 
with the aid merely of stone hammers and fire that is actually amazing 

a Centralblatt fiir Mineralogie, 1900, p. 291. 


b Hist. Nat., lib. XX XVIII, 18. 
¢School of Mines Quart., July-October, 1903, 
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_ in its extent. ‘‘The whole north side of the hill has been quarried 
out, * * * while less extensive excavations are found in other 
parts of the so-called mountain.” The mass of rock taken out forms 
a ridge surrounding the great opening, and appears in the photograph 
as a sloping hill overgrown with cedars and pifions; beyond this rises 
the cliff-like wall of the main excavation, which goes down to a great 
depth. Prof. William P. Blake, the first describer, in 1858,¢ referred 
to the débris as thousands of tons in quantity; and Prof. Benjamin 
Silliman, in 1880, estimated it, on the authority of a local surveyor, 
as covering 20 acres of ground. Both these observers noted the 
size and age of the trees growing on the dumps and down in the main 
pit as proofs of great antiquity, and Mr. Johnson corroborates their 
testimony. All the indications point to the cessation of this long-con- 
tinued exploitation by the native peoples from the time of the great 
fall of rock in 1680 that cost many lives, and is believed to have led 
to the uprising in the same year against the Spaniards and their 
expulsion from the region. Of this rock-fall Mr. Johnson says: ‘‘I 
was able to get far enough back through the débris of the slip to 
make out a part of the old roof of the cave formed by the overhanging 
cliff. It was still black from smoke of ancient fires, and served to 
give a very good idea of the extent of the great disaster.” 

A careful discussion follows of the geological relations of the tur- 
quoise at these localities, and of the views of previous writers as to 
its origin. The rock is a white or sometimes yellowish material that 
has been taken sometimes by unskilled observers for a sandstone, but 
which geologists have constantly recognized as an altered eruptive 
rock. The earlier describers called it a trachyte, but it is now shown 
to be undoubtedly an andesite. Mr. Johnson goes largely into the 
discussion of the evidence on this point in the second part of his paper. 
He calls the matrix of the turquoise ‘‘an altered phase of the augite 
andesite forming the main portion of the Cerrillos hills.” The tur- 
quoise itself ‘‘ occurs as seams throughout the rock, filling crevices 
formed by crushing and shearing, and as little nodules in streaks or 
patches of kaolin.” The microscopic structure of these two forms and 
their relations are treated of in his third article. 

As to the origin of the turquoise there have been three theories 
advanced. The first was that of Prof. Benjamin Silliman, in 1881,° 
who regarded the mineral as resulting from alteration of the rock of 
the region by the rise of heated vapors through the lines of fracture 
and shearing. Thus was produced a breaking down of the crystal- 
line structure in the ‘‘trachyte” of the Cerrillos, with more or less 
kaolinization. The alumina of the turquoise was derived from the 


a Am. Jour. Sci., 2d ser., vol. 26, pp. 227-232, 
bIbid., 8d ser., vol. 22, 1881, pp. 67-71. 
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feldspar thus decomposed, and the phosphoric acid from apatite, which 
is a good deal disseminated through the feldspathic rock when less 
altered. The small percentage of copper came up with the heated 
vapors. The turquoise was thus regarded as a primary product of 
alteration in the matrix rock. 

The second theory was that proposed by Prof. F. W. Clarke and 
Mr. J. S. Diller, in 1887.4 It held to a somewhat similar origin, only . 
the turquoise was regarded as a secondary alteration product, derived 
from veins and nodules of apatite. 

The third view, announced by Dr. C. L. Herrick in 1900, considered 
the turquoise to be due to contact metamorphism, by the outbreak of 
syenitic intrusions through mesozoic strata. ‘‘It would appear 
* * * that the turquoise owes its origin to action of the molten 
syenite on the copper-bearing sandstones of the Jurassic * * * 
caught up in its escape.” This hypothesis was referred to in the 
report of this Bureau for 1900, and the views of Doctor Herrick stated 
somewhat fully, with a suggestion that further investigation was 
needed to establish them. 

Between these different theories Mr. Johnson finds little difficulty 
in deciding. The last is dismissed as without substantial basis. No 
sandstones are known in the vicinity, all the rock of the Cerrillos 
being igneous. The question therefore lies entirely between the theo- 
ries of Silliman and of Clarke and Diller. The turquoise is in the one 
view a direct and contemporaneous product of alteration of the feld- 
spathic rocks, and in the other a secondary and subsequent one, replac- 
ing apatite. Mr. Johnson feels confident from extended study of the 
locality and of microscopic sections that the former is the correct 
theory. He notes the entire absence in the turquoise veins of either 
any remnants of apatite or any traces of the crystalline structure 
usually so marked in that mineral. All his observations lead him to 
regard the turquoise as having formed directly and not by secondary 
alteration. The general process is considered as well outlined by 
Silliman: the alumina as derived from the partial decomposition of 
the andesite by heated waters or vapors rising through the zones of 
fracture and shearing, the phosphoric acid as coming from apatite 
disseminated through the andesite as a previous accessory constituent, 
and the copper as brought up with the altering vapors. In regard to 
these last two points the fact is noted that apatite is ‘‘usually abun- 
dant in all the fresher portions of the rock, sometimes occurring as 
quite large crystals” (though generally minute), but ‘‘is seldom seen 
in the more decomposed portions containing the turquoise—which is 
just what we should expecton * * * thetheory * * * here 
supported.” As to the copper, its introduction by the altering solu- 


aBull. U. 8. Geol. Survey No. 42, 1887, pp. 39-44. 
6 Rept. Governor of New Mexico, 1900, p. 258. 
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tions is connected with the cupriferous solutions which gave rise 
to the copper ores of the general region. ‘‘In the mines of the 
American Turquoise Company the copper is found forming a green 
coating (of malachite) on the walls of the tunnels, etc., whenever the 
rock is left undisturbed for any length of time.” 

The presence of minute amounts of fluorite is noted as highly sug- 
gestive. It is associated with the turquoise in many instances and 
bears about the same ratio to the phosphoric acid of the latter that the 
fluorine does to the acid in ordinary apatite. This fact is a strong 
indication of an apatite origin for the turquoise, althongh it does not 
clearly determine anything as between the two theories propounded. 

The second part of the article, on petrography, is divided into two 
portions—one dealing with details of the occurrence and structure of 
the turquoise itself and its most immediate associations and the other 
with the matrix rock. The turquoise, in seams and veins and in small 
nodules, varies from the finest shade of blue toa full green. Many 
specimens are marred by specks or veinlets of kaolin or of limonite, 
the latter derived from pyrite, which sometimes remains unaltered as 
brilliant little crystals embedded in the turquoise. Though opaque in 
the mass, the mineral is almost clear and colorless in thin sections. 
Two types of structure are well marked—one fibrous transversely to 
the vein or seam and the other fibrospherulitic. The former of these 
was emphasized by Clarkeand Diller, whose accounts are largely cited; 
the latter was conspicuous in many sections examined by Mr. Johnson. 
Considerable space is given to details of microscopic and optical exami- 
nation of these varieties. The presence of an isotropic mineral, appar- 
ently fluorite, is described, sometimes as a very thin layer between the 
turquoise of a veinlet and the wall of altered andesite, and at other 
times as an interstitial filling between the spherulites when these are 
pronounced. ‘‘The appearance of the turquoise as seen in the above 
relations strongly suggests the crystallizing out of the gem from solu- 
tions in small fissures, excluding the molecules which Jater formed the 
fluorite (?). If these solutions * * * represented in part the 
origina] apatite scattered through the country rock, the occurrence 
of the fluorite would be quite natural. The evidence does not 
* * * suggest to me the formation of the turquoise from * * * 
vein apatite formerly occupying these same fissures.” Moreover, he 
adds, ‘‘no evidence of vein apatite has ever been found in the region,” 
while it is a striking fact that the finely distributed apatite content of 
the unaltered andesite has in some way disappeared from the altered 
portions where the turquoise occurs. On all these grounds Mr. 
Johnson holds decidedly to ‘‘the simpler method of origin—that the 
gem is a secondary product, but the original occupant of the vein.” 
The remainder of this part of the paper is given to analyses of tur- 
quoise from these and various other localities, with notes on their 
special physical peculiarities. 
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The portion of the paper that treats of the petrography of the 
matrix rock is mainly occupied with a discussion as to the nature of 
the largely altered feldspar of which it consists. Messrs. Clarke and 
Diller pronounced this to be chiefly orthoclase with a small amount of 
plagioclase, which they regarded as secondary; these conclusions 
rested on microscopic evidence and on one or two analyses that showed 
considerable potash; and these writers remark that this result is rather 
unusual among the igneous rocks of the Southwest. Mr. Johnson 
takes issue with these determinations, and holds that they must be 
based upon exceptional material, as in his study of many sections he 
found the crystalline structure to be chiefly that of a plagioclase, 
which is not secondary, but the main ingredient of the rock. The 
pieces examined were taken partly from the actual excavations on 
Mount Chalchihuitl and partly from less altered rock in the adjacent 
country; and on this and other evidence Mr. Johnson bases his strong 
conviction that the matrix of the turquoise is simply an altered phase 
of the augite-andesite of the region. 


MEXICO. 


Turquoise, which is known at so many points in Arizona, New Mex- 
ico, and southern California and Nevada, must undoubtedly occur in 
the similar rocks south of the United States boundary line, but has 
not been heretofore observed there to any considerable extent. The 
discovery of a turquoise mine, however, is now announced in Mexico, 
in the State of Zacatecas. The locality is in the Santa Rosa district, 
near the town of Bonanza, at a mine which was worked for silver 
(argentiferous galena), and the discovery was accidental. According 
to the manager, Mr. V. D. Williamson, it was made by a lady, Mrs. 
V. M. Clement, a stockholder in the company operating the mine, who 
lived for a time at Bonanza, and frequently visited the workings and 
picked up minerals, ete. About a year ago Mrs. Clement gathered 
some small pieces from the dumps that she thought resembled tur- 
quoise, and, though others made light of it, she insisted on their being 
sent to the city of Mexico and analyzed. They proved to be true tur- 
quoise, and search was at once.made for more. The mineral is found 
both in veins and in nodules, and is said to be of rich color and of fine 
quality; and the mine is now operated mainly for the turquoise. No 
particulars are yet given as to the quantity obtained nor the character 
of the rock in which it occurs. 


AMBER. 
EAST PRUSSIA. 


A very extended account of the amber production of the Baltic 
coast was prepared by Dr. R. Klebs to illustrate the great amber 
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exhibit at the Louisiana Purchase Exposition, and published as a guide 
thereto.* 

After some general remarks on the geology of northern Europe and 
the great geographical changes that took place in Tertiary time conse- 
quent upon the elevation of many of the most important mountain 
chains, Professor Klebs proceeds to consider the special conditions 
under which amber was produced. He says: 

Where the Baltic Sea is now situated there was formerly land, the southern limit 
of which was not very far from the Baltic shore of to-day. This land was the home 
of amber. 

He describes the development here of a luxuriant vegetation, chiefly 
of resinous trees, growing on the calcareous soil of the chalk forma- 
tion raised from beneath the sea. A multitude of successive genera- 
tions of these trees flourished and died, their imperishable resin 
accumulating in the soil through long periods of time, while the 
woody portions decayed and have mostly disappeared. 

From their remains it is shown that the vegetable and animal life of that period 
have a close connection with those existing at the present day in the southwestern 
parts of North America and in Japan. The character of the amber forest is distin- 


guished by a great number of oaks and conifers, especially of the Thuja group, with 
which are found Camelliacez, Lauraces, and numerous other families. 


The wood found indirect connection with amber, or inclosed in it, is 
uniformly seen to be coniferous when its structure is microscopically 
examined. This evidence, however, is general only, and gives no 
means of identifying the species. ‘‘A specimen of amber containing 
both the wood and the leaves belonging to it has not yet been found. 
Awaiting this happy chance, it must remain an open question whether 
the amber conifers belong to the genus Pinus or the genus Picea. 
Hence it is best to give the amber tree Gdppert’s name of Pinites sue- 
cinifer, Which leaves it indefinite whether it is a pine or a fir.” 

On this point, Professor Klebs differs from the amber specialist, 
Doctor Conwentz, of Danzig, who holds that the microscopic struc- 
ture of the associated wood is so perfectly identical with that of 
modern Pinus that there is no basis for a distinct genus.’ 

The article goes on to describe the origin of the several varieties of 
amber as now distinguished. On first exuding, the resin was dim and 
cloudy from the presence of a multitude of minute bubbles of sap 
diffused throughout it. But in drying, and perhaps by exposure to 
_ the heat of the sun, these gradually concentrated, enlarged, and were 
able to rise to the surface of the still soft mass, so that the resin could 
become clear. In these ways, Doctor Klebs believes that the varieties 
were produced which are designated as follows: Osseous or bony 

aWorld's Fair, St. Louis, 1904; Collective Exhibit of the German Amber Industry, shown by the 


Prussian Department of Trade and Industry; Prof. Dr. R. Klebs, manager and director; Guide, p. 60. 
> Brit. Assoc. Adv. Sci., 1896. Reviewed in Mineral Resources U. 8. for 1896. 
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amber (knochig); mottled osseous (bunt-knochig); oily or misty (bas- 
tard and flémig); and clear (klar). The rare green and reddish- 
brown tints may be due to some peculiar coloration of the original 
sap; the dark blue tint sometimes found is of foreign origin, caused 
by deposits of pyrite in minute cavities and cracks. 

It may be noted here that the clearing of a fossil resin may be caused 
by some molecular change not understood, entirely apart from any 
question of bubbles. The fact is familiar to collectors of copal, for 
instance, that pieces which were originally dim will sometimes become 
perfectly transparent, from without inwards, in the course of a few 
years. 

Professor Klebs illustrates the varieties above named from certain 
typical examples in the amber exhibit, specified by number. In the 
‘*knochiger Bernstein,” the bony or pale opaque variety, ‘‘the bubbles 
have a diameter of 0.0008 to 0.004 mm., and the sum of all the bubble 
sections is equal to 0.04 to 0.52 of the entire section.” After these 
illustrations Professor Klebs continues: 

Besides this, we find a second type of amber, which had undergone an alteration 
before being deposited in the soil. Under the heat of the sun, or perhaps of forest 
fires engendered by lightning, the dim or in many cases already half-clear amber 
was sometimes melted again, so as to flow down in threads, scales, and stalactitic 
forms, which quickly hardened at the surface, thus preventing the subsequent 
streams from solidifying together into a complete mass. Thus arose another sort of 
amber, distinguished by its great clearness, somewhat higher specific gravity, and 
especially by its possessing a less degree of cohesion in the direction of its original 
flow than at right angles to it. The trade name of this sort of amber is Schlauben. 

No illustration of this variety is especially cited from the exhibit, 
but similar forms are familiar in copal and other semifossilized resins. 

Specimen No. 122 in the exhibit is of much archeological interest, 
consisting of amber beads from prehistoric tumuli, referred to a date 
a3 remote as 600 B. C. 

At this point the article takes up the historical aspect of the subject 
as relating to Germany, passing over the early traditions of the amber 
trade with southern Europe. 


HISTORY OF THE AMBER INDUSTRY IN GERMANY. 


Doctor Klebs writes: 


The first definite records of the amber industry in the middle ages are of the four- 
teenth century. There was a guild of amber turners in Briiges, which was followed 
by a similar one in Libeck. Their work was limited to the making of rosaries; 
hence their name of paternoster makers. In 1399 there was in Konigsberg a very 
skillful amber cutter who worked for the grand master, making artistic reliefs for 
altars, etc., which were composed of precious metals and incrusted with gems. 

In the sixteenth century the amber industry had spread and assumed great dimen- 
sions. Kénigsberg especially produced a great variety of artistic wares in amber. 

All the great works of art, of which there are splendid specimens in almost every 
museum, are of the seventeenth or eighteenth centuries. The imperial collections 
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in St. Petersburg and Moscow, the Griine Gewdlbe (Green Vault) in Dresden, and 
the collection in Berlin possess real gems of art in amber work. 

Especially celebrated is the amber chamber, a remarkable and original attraction 
of the imperial palace at Zaraskoje-Szelo, the furniture of which is composed of gifts 
of Frederick William I to Peter the Great and of Frederick the Great to Catherine. 
Amber was then very much employed for royal gifts to friendly courts and their 
embassies. 

At the beginning of the nineteenth century the amber industry declined, but 
improved again gradually from 1872 onward; to-day it is still increasing. 

So far as we can learn from historical records amber seems to have been in early 
times the absolute property of the finder. Later on the Dukes of Pomerania claimed 
it for themselves as far as to the confines of Danzig. 

But when the ‘‘ Ritterorden’’ (Order of Knights) took possession of Prussia in the 
thirteenth century, not only did they take over the monopoly of the Dukes of Pome- 
rania, but extended this monopoly over the entire line from West to East Prussia. 
From this time on the knights were the owners of every piece of amber, and any 
finder was obliged to give it up to them for a small specified recompense. This law 
is still practically in force, and all the changes in the production and sale of amber 
during the last eight hundred years have been affected by it, with the usual result— 
dissension between producer and buyer. On the one hand has been the continual 
striving on the part of the knights to turn the prerogative into a direct monopoly in 
order to keep the determination of prices in their own hands and thus to rule the 
market; on the other hand, the efforts of the manufacturers to break through the 
monopoly so as to procure their raw amberas cheaply as possible. Side by side with 
this have been the earnest endeavors of the Government to remove abuses and to do 
justice to both sides. 

After having parted with their amber fishing rights on the coast of Samland to the 
bishop of Samland in 1257, and with those on the coast of Danzig to the Danzig 
fishermen in 1312, and to the monastery of Oliva in 1340, the knights attempted to 
annul the contracts they had made and to get the monopoly back into their own 
hands. But not until after many unsuccessful attempts did they succeed (in the mid- 
dle of the fifteenth century) in overcoming all the difficulties in their way. When in 
1466 by the peace of Thorn a large portion of territory was alienated from the order, 
these alienated lands obtained a license by Polish law to extract amber on their 
own territory—a right which West Prussia succeeded in obtaining also on the parti- 
tion of Poland in 1773, which right was thus lost to Samland. Accordingly our 
inland Pomeranian amber monopoly is limited to East Prussia and the diocese of 
Pomerania, while in other inland places the right of amber mining rests with the 
owner of the soil. It is otherwise with the right of collecting amber on the seashore. 
On the coast of Jutland, Schleswig, Mecklenburg, Rugen, and Neuvorpommern, it is 
the property of the owner of the shoreland. From the mouth of the Weichsel to 
Polsk near Danzig, the amber found is the property of the last-named city. On all 
other parts of the Baltic coast of West or East Prussia, as well as in the Pomeranian 
districts of Neu-Stettin, Dramburg, Belgard, and Butow, amber belongs to the State 
as a royal perogative. 

Improved processes.—It was the late Moritz Becker who introduced entirely new 
methods of procuring amber. Instead of ‘‘sticking’’ he instituted diving; instead of 
cutting, mining; and in the deeper water of the sea he attacked the stores of amber 
with steam dredges. Ile established the steam dredging station at Schwarzort, the 
diving station at Brusterort, and the mines at Palmnicken, now carried on by the 
Prussian State. The open workings at Palmnicken extended rapidly by sections up 
to the neighboring villages of Kraxtepellen and IHubnicken, and are now carried on 
in the Annengrube (Annen mine). Great masses of blue earth are brought up from 
these workings, and thoroughly washed by enormous volumes of water, which carry 
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away the sand and clay through sieves and drains and leave the amber. In 1902 
there were brought up 125,076 cubic meters of blue earth, containing 406,397 kilo- 
grams of amber, or about 3} kilograms (7.2 pounds) of amber to a cubic meter. 

The amber procured in this way, however, is very much weathered on the outside, 
making it impossible for the manufacturers to test it as regards color, flaws, and 
other peculiarities, and thus to fix the use to which it can best be put. The shore 
amber, which the waves in their constant motion have polished against the sharp 
sand and which the heavy surf has pounded and broken, is very much preferred as 
an article of trade. Hence means must be taken to impart similar good qualities to 
the mined amber. What is done on a large scale by the waves is copied artificially 
at Palmnicken on a small scale. The amber taken froin the blue earth is placed in 
great revolving barrels along with sand and water; these are kept in motion until 
the dark surface is removed and the amber has assumed a similar appearance to that 
taken out of the sea. Thus prepared, it is taken to the sorting rooms at Konigsberg, 
where the chisel of the workman takes the place of the surf and divides the large 
pieces. 

Production.—V ery considerable quantities of amber have been brought up at Palni- 
nicken. In 1901 the whole output was 406,000 kilos; in 1902, 406,397 kilos. In the 
last twenty years there have been obtained 1,716,178 kilos of large pieces, 1,920,450 
kilos of medium-sized, and 4,820,212 of small, making a total of 8,456,840 kilos 
(18,604,248 pounds) of amber. The revenues which the Prussian State draws from 
the royal prerogative are correspondingly high. From 1803 to 1811 the amber 
industry had to receive a subsidy from the Government; after that, however, the 
revenues were as follows: 


Government revenue from amber, 1770-1902. 


Marks. | 


Year. | Marks. Year. Marks. Year. Year | Marks 
oes. 
pS | Pn rcenmrrae? 60,000 |, 1825.......... | 34,000 |] 1876.......... 371,000 | 1898.......... 660, 000 
|. Sera ' 63,000 || I865.......... ' 41,000 || 1877...-...... 770,000 | 1899.......... 826, 817 
LOD cesecxes's 14,000 © 1870.......... | 199,000 || 1880.......... 556,000 | 1900.......... 1,019, 210 
MMOs scs2se258 1000) IS sss 230, 000 | ASB ise sisee 561,000 || 1901.......... 1, 539, 273 
1820........... | 45,000 |, 187%........-. | 262,000 , 


In view of these high figures, one can not help asking the question, What has 
become of these enormous quantities of amber? 

The year 1837 was a turning point in the history of the amber trade. The State 
farmed out the mining of amber along the shore to the adjacent communities. In 
consequence of this, the Samland shore villages began to prosper and rose from a 
miserable condition to be flourishing communities. This prosperity went on increas- 
ing year by year, and the revenues of the State increased at the same time. 

In the year 1860 the amber trade received a great impetus through the enterprise 
of the firm of Stantien & Becker, to whose influence on amber mining I shall again 
refer, This firm went to work with such energy and foresight as to get the royal 
prerogative as a practical monopoly into their own hands. But the complaints of 
the manufacturers against the management of the firm becaine so urgent that the 
State decided to purchase their whole stock in trade; and thus on April 1, 1899, the 
exercise of the royal prerogative passed again into the hands of the Prussian State. 

The extraction of amber.—As the location of amber is various, so is the manner of 
its extraction. It is to be assumed that in ancient times only that amber was found 
which was thrown up by the sea; but in the time of Pliny it was known that in 
Liguria and Scythia amber could also be obtained by digging. Not until 1585, how- 
ever, have we any authentic records of the extraction of amber from the earth; this 
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was at Lochstadt, a fortress of the Ritterorden, on the Frische-Nehrung, between 
Pillau and Konigsberg. 

The oldest picture of the home of amberand description of digging for it are given 
by Hartmann in 1677. In the same book there is a picture of fishermen with their 
nets fishing for amber. Both these pictures are sufficiently interesting to be added to 
this guide on pages 33 and 34. 

In 1872 level mining in the high banks on the shore was resorted to; the digging 
followed the ‘‘Striped Sands,’’ but the output was so poor that the attempt was soon 
given up. Not until the second half of the nineteenth century did the original 
source of the amber, the ‘‘blue earth,’’ become known. Open workings were then 
established at several points on the northern and western shores. These were open 
excavations from which the soil was removed until the blue earth was reached ata 
depth of 90 feet or more. Enormous masses of earth had thus to be removed, for it 
was necessary to clear away 10,000 cubic meters of sand and clay to reach down 
through the funnel-shaped narrow excavation, and expose an area of only 2,500 
square meters of the blue earth. As the soil cleared away was always thrown into 
the sea to become the sport of the waves, the government feared that the banks 
might be more worn away than by the ordinary action of the surf, and so it puta 
stop to these open cuttings. 

While all these attempts were being made, the fishing for amber in the sea contin- 
ued to yield the chief supply. When violent storms agitate the sea to a great depth, 
masses of seaweed are torn up, bringing up amber entangled with them. As amber 
weighs but little more than sea water, it does not sink immediately, but is carried 
along with the weedsand waves. Thus, after a heavy storm, one sees the sea covered 
over a great extent with a meadow-like surface of seaweed, and the people wait with 
anxiety to see at what point the floating mass will be cast ashore. If the sea breeze 
turns to a land breeze at the critical moment, there begins an eager struggle with 
the watery element. Even in the hardest winter weather the men dash into the 
surf, catching up the masses of seaweed in hand nets and throwing them in on the 
shore where their wives and children search through them for the precious treasure. 
The work must be quickly done, for in a few moments the amber might slip away 
from the entangling seaweed and begin to sink. There have been storms in Novem- 
ber after which the people of one district have gathered 30,000 marks’ worth of 
amber in a few hours. When the sea is smooth, amber is taken by so-called ‘‘stick- 
ing.’”’ The men see from the boats when there is a piece of amber of any size caught 
between rocks and stones at the bottom and seek to get it up by means of peculiarly 
constructed hooks and nets. 

In former times merchants went to the shore after a favorable storm and bought 
roughly, by heaps, the amber which had been brought in. This sort of trading was 
naturally calculated to induce extensive speculation. It was again the late Moritz 
Becker, head of the firm of Stantien & Becker, who put an end to this speculation. 
When he had first placed mining in the blue earth on a paying footing, the market 
suddenly became flooded with such quantities of amber that it was impossible to dis- 
pose of it. Becker therefore introduced a system of exact sorting of the raw amber 
in order to allow the different branches of the industry to buy only that sort of 
amber which was suitable to their own trade. Thus every manufacturer gained the 
advantage of being able to concentrate his whole buying power on the kinds suitable 
to his own use, whereas previously he was forced to buy also other kinds which he 
could not use for himself but had to resell to others. This sorting system still pre- 
vails in the amber trade of to-day, and has been retained and extended under the 
state management. 

Commercial products.—The subdivisions of raw amber for trade purposes fall under 
three heads, viz, pieces suitable for the manufacture of articles connected with smok- 
ing, those which can be used for beads and other ornaments, and those which from 
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their small size can only serve to make varnish. The amber from which mouth- 
pieces for cigars and cigarettes and tips for mouthpieces aud pipes are made is called 
Fliesen or Platten, the former being the thicker and the latter the thinner pieces. 
In the manufacture of ornaments and beads, Grundstein and Bodenstein, Rund and 
Knibbel are used. To make varnish, the various Firniss sorta are utilized. Within 
these chief groups there are about 150 trade divisions distinguished partly by size 
and partly by coloring and purity. According to the number of pieces to a kilogram, 
the Fliesen are divided into about twenty grades. In Fliesen No. 0 there are from 
2 to 3 pieces contained in a kilogram; in No, 1, from 10 to 12 pieces, while in No. 9 
there are about 260. The rounder pieces are subdivided into about 18 sorts accord- 
ing to size; of the largest of these about 10 would go to a kilogram, of the smallest 
about 1,600. These are used chiefly for beads, from the coarser beads for export to 
less civilized countries to the pale yellow olive-shaped bead necklaces destined to 
gleam on the throat of an English or a Turkish lady, and from the clear-cut beads 
of Brunswick, France, and Russia, to the rosaries of the Roman Catholics and the 
Mohammedans. 

The quantity of raw material produced, the exactness of its assortment, and the 
facility of traffic have raised the amber trade now to a point which no other period 
has even approximately reached. The best example of the increase in this industry 
is given by America, where the amber trade has increased five-fold within the last 
ten years. 

The following tables relative to the amber trade are here given: 


Value of amber used in America, 1891-1903. 


Year. Marks, Year. Marks. Year. Marks. 
1B) 223 e2essxce 169, 233 |} 1895.......... $00, 081 || 1898.......... 402,786 |} 1901 
pt 2 SRee nee 186, 951 || 1896.......... 407,733 || 1899.......... 514, 609 || 1902 
) |, See ee 137,307 || 1897.......... $54, 736 || 1900.......... 485, 292 |) 1908 
104s iciesee 290, 738 


Country. 1900. 1901. 1902. 


Marks. Marks, Marks, 


Germany ......... Weta cae wkls Ses ONS Selena eacnesa tenes see ee este Nees 260,900 | 252,200 706, 856 
PUUATIB bos conc sews ans n ws ohee gant end cekaace bes ban adsRehaweageunnen 691,100 | 634,500 | 1,193,141 
ONUNGUR so wn eeeies uss s ti we duceu ee catwiew ees cnicknctcawuneccs To rT 149,200 | 171,300 181, 924 
PYROS Sia e SSeS eee SS SSeS See a eee eee Sas Fees Seka ees shee 143,500 | 141,500 121,718 
GPIB. «6 onc no ckcncesipsauageneenacsosceaeancctncl en cinat eseecvowsal Seat 68,600 | 651,200 48, 328 
TUR OV oie wesceieercincctesabesstvnyuicavensanes bebevcdnnssdiaweseanseees duces 60, 300 68, 700 75, 214 


Hollandl eissscc osici dee cceteweSeaedecacccwnlt aveatsatccdedscacsrccesteseds 1,800 1, 900 1,72 


Doctor Klebs enters into some account of the manufacture of amber 
articles as now developed. There isa large and varied production in 
north Germany of objects adapted to the tastes and peculiarities of 
many semicivilized or even barbarous peoples. These have much 
ethnographical interest, and a striking display of them is made in 
exhibit No. 124 by the Royal Amber Works at Konigsberg, which was 
formed by Doctor Klebs and by Mr. A. Zausmer, of Danzig. Here 
are shown articles of special forms and color shades for exportation 
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to different countries according to the local demand. Among them 
are beads and ear ornaments for the negroes of western and eastern 
Africa; red cylindrical beads for Japan; green round beads (‘‘man- 
darin chains”) and rings for China: sacred amulets for Morocco; a 
royal ornament for Korea, ete. 


In the general exhibit modern artistic wares in amber are contributed by several 
firms. 

August Richter, in Hamburg, sends a considerable collection of jewelry in real 
amber. Aside from the great manufacturing centers, this firm has arisen to be one 
of the largest of its kind, entirely through the energy of its head and without any 
extraneous aid whatever. Everything necessary to the complete fitting out of the 
many articles manufactured, from sheet metals and wires in different metals and 
alloys to the cards on which the finished articles are sewed, is produced in the fac- 
tory. In a magnificent mechanical work room this firm makes all the machinery 
for the manufacture of their articles. Among these are especially noteworthy the 
complicated machines for the automatic production of buttons. In the last working 
year collar buttons alone to the value of 1,700,000 marks were manufactured by this 
firm. Latterly the establishment has been noted for the production of modern jew- 
elry after the designs of celebrated artists, such as Bruno Kruse, Hans Dietrich, 
Leipheimer, Professor Kleeman, H. Baum, and others, and it offers an abundance 
of ‘‘motives” in necklaces, girdle buckles, chatelaines, etc. 

Ambroid.—In spite of the manifold uses of amber, a great proportion of the middle 
sorta, too expensive for varnish, would have been practically lost for want of a use to 
put them to but for the invention of a method whereby small pieces may be pressed 
together by hydraulic power. Amber is insoluble in water and can not be melted 
by heat; but at a temperature between 170° and 190° C., it softens without disinte- 
gration to about the consistence of india rubber. 

While in this state small pieces of amber are pressed together in the following 
manner: After being thoroughly cleansed and carefully freed by hand from the 
weathered crusts, they are placed on a very strong, deep, steel tray which is closed 
with a pot-like perforated cover. At a temperature of 200° C., these two vessels (the 
tray and its cover) are pressed together so that the amber in its softened state is forced 
up through the holes of the cover, where in cooling it solidifies into a mass. In this 
way, by hydraulic pressure, amber is obtained in the form of flat pieces which can 
be turned, bored, and polished like natural amber. It is harder than the natural 
material, but inferior to it in brilliancy. 

The many difficulties which present themselves in preparing amber for pressing and 
the waste which takes place render pressed amber (ambroid) quite expensive, but the 
high price is counterbalanced by the increase in adaptability and the decrease of 
waste in turning. Pressed amber is therefore excellent for all cheap bulk articles, 
especially those used by smokers, in which the use of wood, horn, bone, celluloid, 
etc., isavoided for hygienic reasons, and a permanent good appearance is not required; 
but it is not adapted to fine manufactures. All pressed cloudy amber having the 
color of ‘‘bastard’’ undergoes a change in a very short time after use, which is appar- 
ent not only on the surface, but through the whole mass. The evenly distributed 
cloudiness seen at first becomes after a few months bony white, producing an uneven 
and disagreeable appearance. The clear sorts retain their original quality, but can 
not be compared to the natural amber in beauty and luster. The real amber will 
therefore always be preferred, except for those uses in which beauty and genuineness 
may be sacrificed to mere economy without too much loss. 

It frequently occurs that dishonest dealers endeavor to sell pressed amber for the 
genuine, and it is therefore well to learn the distinguishing features. The natural 
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clear amber is transparent through its entire mass and possesses a strong internal 
glow or ‘‘fire.’"’ The pressed amber is also transparent, but on close observation it 
can be seen to be not perfectly clear. It contains undulating iines and elevated por- 
tions which reflect the light in different ways, and recalls the aspect of two liquids 
of different densitiee—as glycerin and water—about to mingle, or of heated air, 
when passing into cooler, and often described as ‘‘trembling air.’”’ This distin- 
guishing feature is typical and is best seen when the object examined is so placed 
that the light penetrates as large a mass of it as possible. It is more difficult to 
distinguish the cloudy sorta. There are convex layers of cloudy and clear parts in 
pressed amber, caused by the manufacturing process. These have the appearance 
of the well-known cirrus clouds. These layers show the direction of fiow when 
preesed. Ifa cigar holder is cut parallel to this flow, the cloudy layers can be seen 
above one another, extending from the cigar end to the mouthpiece; or if it is cut at 
right angles to the flow they can be seen side by side across the holder. Such 
peculiar cloudy spots and bands are not found in genuine amber, and an experienced 
person can detect the structure immediately, or if not, a microscope will give very 
reliable evidence. In natural amber cloudiness is caused by a multitude of small 
bubbles, as already mentioned, which are round or somewhat oval and are sur- 
rounded by clear amber. In pressed amber the ground is seen to contain a large 
number of flat, crevice-like cavities which run in all directions or appear like moss. 
A mere fragment is sufficient for examination, and this can be procured with a knife 
from a spot which is not conspicuous. 

The Royal Amber Works have placed on exhibition a pillar of pressed amber 7 
meters high, designed by the architect Bruno Mohring, of Berlin. The rests of 
amber in the second pedestal inside the carved work of light gray maple are genuine 
amber. 

Attempts to color an entire mass of amber have been recently successful, causing 
it to resemble other stones. This material can be easily turned and polished, and 
the colors are permanent. On account of its great durability and elegant appearance, 
colored amber will probably prove a substitute for several other materials used for 
decorative effect, where durability is required. 

This seems especially to be the case in manufacturing doorknobs, window handles, 
and similar objects. For such purposes it can compete with ivory, the finest 
material known. Both are very valuable, neither conducts heat, and both are 
equally durable. Ivory, however, changes its hue very quickly and becomes yellow, 
whereas amber retains its color. 


With regard to the source of amber, Doctor Klebs says: 


What quantities of resin must these conifers have produced to have supplied 
the world for thousands of years. And how long will the supply hold out? Both 
these questions are pertinent. The first one is best answered by analogy with living 
trees. The fir-resin trade manages to destroy a respectable number of conifers for 
their supply of turpentine and gallipot resin by wounding the bark. The Pinus 
nigra, for example, between 60 and 80 years of age, produces from 4 to 10 kilos of 
turpentine and from 1 to 3 kilos of thick resin, in all about 120 kilos of thick resin; 
the Pinus maritima Poir., as much as 400 kilos of gallipot in the same time; Abies excelsa 
D. C., 220 kilos; Pinus silvestris L., 150 kilos; and even the Larir europxa L., which is 
poor in resin, 50 kilos of pure turpentine. 

In order to come to definite figures, let us calculate the amber output of a single 
year. In 1902 there were 36,750 cubic meters of soil exhausted, and from that sur- 
face were taken 406,397 kilos of amber, or about 11 kilos tothe cubic meter. A Pinus 
nigra, requiring a surface of about 10 square meters, produces from this surface 120 
kilos of thick resin, or estimating the depth at one meter, 10 kilos more than the 
same surface of amber pine or Pinites succinifer. When one considers that not one 
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tree, but generations of them, produced the amber, and that the blue earth was 
probably washed together from large areas, it will appear that in the formation of 
amber no other conditions need be assumed than those that prevail to-day. 

The second question is also easily answered, as careful borings have shown that 
even at the present rate of excessive extraction there is blue earth enough to supply 
the demand for fifty or sixty years to come. Scientifically, however, it is more than 
probable that the amber-bearing stratum may extend so fat into Samland as to 
provide a supply for a much longer time. 


SANTO DOMINGO. 


A very interesting occurrence of amber has recently been brought 
to notice on the island of Santo Domingo, in the Province of Santiago, 
in the Dominican Republic. The locality is at an altitude of 1,800 
feet, near the top of a hill or mountain known as Palo Quemado 
(Burnt Post), at the headwaters of the Licey River, on a small branch 
called the Miguel Sanchez. It is situated about 30 miles inkand from 
the coast, and lies some 10 miles northwest of Tambonil and 7 miles 
north of Santiago. The district was until lately almost unknown to 
travelers, but has recently been partly explored by Mr. C. W. Kempton, 
of the Progressive Mining Company of New York, from whom the 
following data have been obtained. 

The amber occurs in a friable, disintegrated, and much broken sand- 
stone, which at times becomes 2 conglomerate and is much impreg- 
nated with lignite. So much is this the case that the rock is mostly 
dark colored, and after a rain the water of the adjacent stream is often 
black with particles of the lignite. The pebbles of the conglomerate 
are chiefly siliceous, of varied colors, some of white quartz, well 
rounded, 2 or 3 inches in diameter, and smaller ones of rich red jasper. 
This rock is undoubtedly Tertiary, but its precise age is not known. 
Fossil leaves are reported as occurring in it in connection with the 
lignite and amber in groups or masses 2 inches across and one-eighth 
of an inch thick, but unfortunately no specimens were brought. 

The amber itself is found loose in the soil and disintegrated rock, and 
also in the friable sandstone. It appears usually in ovate masses, from 
an inch or two to the size of a man’s hand, round, sometimes flattened, 
dull on the exterior, and covered with a brown surface crust, like 
much of the Baltic amber and like buried resins generally. It pos- 
sesses somewhat of the opalescent character of the beautiful amber 
from Roumania, and of that from Catania, Sicily, of which latter a 
very fine exhibit was made at the exposition in Milan in 1881. In 
color it varies from yellow to rich brown, resembling the amber found 
some years ago in the marl beds of New Jersey, but differing from it 
in always showing the petroleum-like fluorescence. It seems to exist 
in considerable quantity, and may prove very valuable for the manu- 
facture of articles of ornament. The exterior is generally roughened 
from weathering. 
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There is a tradition that the natives used to burn a substance of this 
kind as incense in their religious rites, probably this amber; and it is 
said that they still do the same, burning all that they obtain. Its 
existence bas been known for some time, reports of it having often 
reached Santiago; and it was recognized as amber by its electrical 
properties, attracting bits of paper, etc., after being rubbed on the 
clothing. But the region where it occurs is wild and inaccessible, and 
heretofore it has been almost impossible to ascertain any particulars 
about it. 

It is very interesting to compare this occurrence with a somewhat 
similar one reported some years ago in a remote district in southern 
Mexico. From this district pieces of richly colored amber, with a 
fluorescence resembling the Sicilian, occasionally reuched the coast 
through natives from the interior, who reported it as so abundant that 
they were wont to burn it. It is known that the Aztecs used amber 
as incense in some of their temple rites, and it was also employed for 
a like purpose in the Catholic churches in the early times of Spanish 
dominion in Mexico:* A very fine piece of this amber, perhaps 
the only one in the United States, is in the Field Columbian Museum 
at Chicago. The amber from Santo Domingo seems to have much 
the same characteristics as the Mexican. A number of pieces have 
been sent to the United States, the largest piece that has reached 
this country being about twice the size of a man’s fist. 


FLUORSPAR. 
ILLINOIS. 


Mr. H. Foster Bain, of the United States Geological Survey, com- 
municates the statement that the old and celebrated Shawneetown 
region in southern Illinois has lately been yielding fluorite of remark- 
able beauty. Among some specimens recently sent to the writer for 
examination there were cleavage pieces of much elegance from several 
of these localities, notably the Empire mines and Cave-in-Rock. From 
the former were large cleavages of rich reddish purple and of the 
peculiar sea blue of that region. In one case the general appearance 
was of the latter color, clouded at points with the former—like the tint 
of a blue Alabashka topaz with included clouds of Uralian amethyst. 
Both the purple and the sea-blue varieties pass at times into almost 
colorless fluor. From Cave-in-Rock is an octahedral cleavage, per- 
fectly transparent and of amber yellow. A cubical crystal from Rosi- 
clare is pale bluish, passing into nearly colorless. This region from 
Cave-in-Rock to Rosiclare has produced many thousands of tons of 
fluorspar that have been used in the industries as a flux and for other 


purposes. 


a Gems and Precious Stones of North America, 1890, p. 302. 
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MISCELLANEOUS. 
PRECIOUS STONES OF PERU AND BOLIVIA. 


The exploration by Dr. G. F. Bandelier of the tombs of the Incas 
and other graves in Peru and the Bolivian region has naturally been of 
great interest. Doctor Bandelier, whose work in anthropology in the 
Southwest and Mexico well equipped him for such an exploration and 
who belongs to the anthropological staff of the American Museum of 
Natural History, had every facility extended to him in his exploration, 
which has resulted in great collections of textiles and of all manner of 
objects used by the ancient Peruvians, so that this collection of the 
American Museum of Natural History is now one of the most complete 
known. Doctor Bandelier gives his observations on the occurrence of 
precious stones and gem minerals as a result of some eight years of 
investigation. These are of much yalue in connection with the state- 
ments that have appeared for four centurjes touching this interesting 
region. ; 

Antonio Raimondi, the noted Italian naturalist, to whose labors Peru 
is so much indebted, nowhere in his numerous treatises mentions the 
presence of gems in Peru or in northern and central Bolivia. During 
thirteen years of residence in Peru and upper Bolivia Doctor Bandelier 
could not find any authentic account of the location of any gem of 
practical value in either of the republics named. 

With the interest for mining in Bolivia that has recently been 
awakened outside of its territorial limits, and particularly among 
North American prospectors, it is to be expected that discoveries of 
minerals which are considered precious when in a state of sufficient 
purity will sooner or later be made; but up to the time of Doctor 
Bandelier’s investigation there had been no authentic finds of either 
diamonds, rubies, sapphires, emeralds, topazes, almandines, or zircons. 
The following are the stones of which Doctor Bandelier heard from 
reliable sources or that he actually saw: 

Amethysts.—These occur in southern Bolivia, in the districts of 
Tarija and Tupiza. 

Garnet.—A number of well crystallized and very characteristic 
specimens of melanite from the province of Inquisivi in the southern 
portions of the department of La Paz were seen, but while the species 
was unmistakable, the crystals were opaque and without any value 
commercially. 

Tourmaline.—The common black variety accompanying cassiterite 
occurs near La Paz. 

From southern Bolivia and from the vicinity of its former capital, 
Sucre, rubies and almandines are reported to appear in the sands of 
rivers. Diamonds are thought to exist, accompanying gold in the 

Tipuani gold district on the eastern slope of the Cordilleras. There is 


PRECIOUS STONES. . 967 


no impossibility that such reports may at some future time prove to 
be the shadows cast before real events. In the neighborhood of the 
city of La Paz there are streams carrying gold, with its usual accom- 
paniment of titanic iron, wash tin, and metallic grains, the nature of 
which is yet undetermined. Such mineralogical associations may yet 
prove significant. 

In regard to emerald, Doctor Bandelier states that this is the gem 
about which in those parts of South America more has been said than 
about any other. It is certain that many emeralds have existed in 
private hands for centuries past, since the times of the Spanish colo- 
nization. But the source whence these precious stones came, which 
are seen worn in rings, bracelets, and other articles of personal adorn- 
ment, has never attracted due attention. Doctor Bandelier holds that 
never in any part of Peru (Bolivia included) did the emerald play an 
important part in the practical results of warlike spoils or in tribute 
as it did in Colombia. What is said in some mineralogical text-books 
relating to Peruvian emeralds is the result of geographical confusion, 
if not of ignorance. Emeralds were unquestionably met with at the 
beginning of the conquest, but not at all comparable in quantity with 
what Colombia yielded or with what was obtained on the Ecuadorian 
coast. 

Hence, the number of emeralds that appeared at Cuzco, for instance, 
within the last century, after the interior of Peru became more acces- 
sible, is not to be ascribed to emerald localities in that region, but to 
the fact that the early colonists bad easy opportunities for obtaining 
the highly prized stones from points under immediate Spanish sway 
and situated on the same side of the South American continent. It is 
much more than likely that all the emeralds at Cuzco, La Paz, and in 
the interior of Bolivia originally came from Muzo in Colombia, or, 
in very early days, from Ecuador. The number of emeralds at Cuzco 
is very great, or at least has been so, and there is yet a considerable 
quantity remaining, although in hands that would not permit commer- 
cial manipulation of them. At La Paz, some thirty years ago, the 
emeralds were extensively supplanted by modern imitations (by shrewd 
candidates for the acquisition of gems). 

Most of the emeralds still met with at Cuzco, and on the highlands 
in general, have what is there called a ‘‘garden;” that is, they are 
impure in the sense that minute fissures traverse the otherwise well- 
colored stone. Such a gem with a “garden” is even looked upon 
with favor by many of the people. The cutting is usually very imper- 
fect and the “‘cabochon” quite common. Everything tends to show 
that the gems were not originally obtained in the country, but were 
brought thither after the settlement by the Spaniards. Considerable 
wealth accumulated in the hands of early settlers, because gems could 
be obtained by them with much less outlay than is generally imagined. 
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Potosi, in Bolivia, affords an example of the lavishness with which 
precious metals were expended in order to obtain other luxuries. 

Had the emerald been known and accessible to the Peruvian abo- 
rigines as a gem, it would have been found much more frequently in 
the excavation of ancient settlements, dwellings, or graves. As it is, 
there are hardly any such discoveries on record. Neither on the 
Peruvian coast nor in the highlands have they been met with, except 
very sporadically. A monetary value the Indian could not attach to 
any jewel, but a religious one he might have conceived. Doctor 
Bandelier knows of only one perfectly authentic finding of an emerald 
in Bolivia. This occurred in the vicinity of the now abandoned min- 
ing settlement of Sotalaya, north of Huarina and near Lake Titicaca. 
Here an emerald in the shape of a pear, very clear, and over an inch 
in length, was taken out of an ancient skull. The witchcraft practices 
of the present Indians, copied by them from their ancestors, makes it 
altogether probable that this gem was placed within the cranium long 
after the fifteenth century. It is now brilliantly cut and in private 
hands in Germany. The cutting has brought out the marvelous beauty 
of the jewel, but at the expense of its value as an antique. 

Emeralds were never found anywhere by Doctor Bandelier in his 
numerous excavations both in Peru and Bolivia. But specimens of 
what is called emerald of Corocoro were obtained in western Bolivia. 
The formation in which these transparent green stones are met with is 
Permian. Many were taken to England and, if the reports from there 
are correct, were declared to be ‘‘ soft” emeralds. An examination of 
the crystals proves them to be simply very handsome green fluorite, 
with the cubic form perfectly plain. And yet, to this day many believe 
in the ‘‘ soft-emerald ” explanation. 

Excavations on the coast, and sometimes also in the interior, yield 
turquoise in the shape of beads and incrustations. No clue has yet 
been obtained to their locality. Raimondi also mentions the fact of 
their occurrence, without having been able to explain it or to deter- 
mine the source of the mineral. As a general rule such substances as 
served for decorative or ceremonial purposes become more abundant 
in the ruins in proceeding from the interior to the coast, and in the 
interior as one gets within the range of the Inca influence. 

Serpentine, nephrite, and possibly jadeite.—A number of greenish 
beads, some of large size, were sent to the museum by Doctor Bande- 
lier, who was unable to determine to which of the three species they 
may belong. No locality of jadeite has as yet been discovered in Peru 
or Bolivia. 

Lazulite.—Lazulite is quite common, and is found even occasionally 
in ruins in the Bolivian cordilleras. The locality is unknown, although 
lazulite occurs presumably in situ in the copper-region of central 
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Bolivia, and perhaps near Ayacucho, in Peru. A fetich is reported 
as exhumed somewhere near Cuzco that represented a human figure 
of gold with lazulite; but, while such a thing is not impossible, the 
statement is doubtful. 

The Spanish writers, from the sixteenth century and the century 
following, are explicit in limiting the localities where emeralds were 
found to the Muzo country, in Colombia (where the well-known emer- 
ald localities still exist), and to some unknown region in Ecuador. It 
should not be overlooked, in regard to the latter, that there is no evi- 
dence to the effect that it was on the Ecuadorian coast near the Manta 
or the Esmeraldas of to-day. It appears that the gems were in pos- 
session of the Indians at these points when the Spaniards first came in 
contact with them; but an author of great reliability, who wrote at 
the close of the sixteenth century and one who devoted some attention 
to the question of emeralds in South America, the Jesuit Joseph de 
Acosta, distinctly states that the emeralds of Manta came from the 
interior and from a region that had not been visited in his time. 
Hence the story that the emerald mines of the Ecuadorian coast were 
kept concealed by Indians, or were even covered up from the sight of 
the Spaniards, still requires critical investigation. Oviedo, who also 
mentions the emeralds of Manta, describes even the rock in which 
they are found; but it is likely that he took his description from what 
was known at his time of the emerald mines in Colombia, Of other 
gems, like diamonds, rubies, sapphires, etc., no mention is made in 
any authentic documents of that period. 


PRECIOUS STONES OF ELBA. 


Since the death of the distinguished Italian mineralogist, Giovanni 
D’Achiardi, professor of mineralogy at the University of Pisa, several 
papers have appeared from his pen. Besides their scientific value, 
these posthumous publications have a special interest us being the last 
contributions of the lamented author to the science of his country, to 
which he was so devoted. 

The papers are as follows: 

On the crystalline character of the quartz of Palombia, on the island 
of Elba, treating of its occurrence and crystallographic features.* 

On the crystal form of beryl on the island of Elba, with illustra- 
tions of the complex character of the remarkable crystals.’ 

On the tourmalines found in the granite of San Piero in Campo, on 
the island of Elba. In this Professor D’Achiardi speaks of the asso- 
ciated minerals, pyrite, arsenopyrite, rutile, apatite, lepidolite, and 

a Processi verbali della Societa Toscana di Scienze Naturali: Adunanza del di 8 marzo 1908, Pisa, 
1904, pp. 1-7. 


bEstratto dai Process della Societa Toscana di Scienze Naturalj: Adunanga del dl 18 marzo 1901, 
pp. 1-11. 
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stilbite. The locality in many ways resembles those of southern 
California, in San Diego and Riverside counties.* 


PRECIOUS STONES OF THE PHILIPPINE ISLANDS. 


In the exhibit of the Philippine Islands at St. Louis, Mo., there 
are a number of interesting gem stones. Some of these were pro- 
cured by the collectors sent out by the Philippine Exposition Board; 
the rest were sent to the Exposition by the Mining Bureau, Manila. 
But little is known of the localities, no data accompanying the speci- 
mens. 

Mr. Roy C. Hopping, of the Department of Mines of the Philippine 
Exhibit, describes these stones as follows: 

Wood opal.—Wood opal is found on the mountains near Capas, 
Tarlac Province, Luzon Island. Capas is 60 miles north of Manila on 
the Manila and Dagupan Railroad. There is a large suite of speci- 
mens, gray, yellow, reddish-brown, and black, banded and mottled. 
They all have the semiopal glimmering luster. One specimen of white 
petrified wood was also procured at Capas. 

Petrified wood.—Petrified wood occurs in the district of Zambo- 
anga, Mindanao Island, the land of the Moros. Zamboanga is a pen- 
insula on the west coast of Mindanao, about 400 miles south of Manila, 
with Borneo 250 miles southwest. The suite of specimens is white, 
red, and gray, one very striking specimen being pure white witha 
jet-black center. 

Wood jasper.—W ood jasper and petrified wood is found at Mauban, 
Tayabas Province, Luzon Island. The specimens are large, white, 
porous limbs and trunks of trees, and heavy sections of compact, red 
and yellow mottled tree trunks. Mauban is 60 miles southwest from 
Manila on the opposite coast, a mile or so inland from Lamon Bay. 

Chalcedony, blue chert, white agate, drusy, and vitreous quartzes.— 
These stones are found associated at San Miguel, Bulacan Province, 
Luzon Island. The specimens appear to be pieces of large nodules 
and geodes. The chalcedony is clear, translucent gray, the chert 
pretty mottled blue-gray, and theagate white, finely lined and banded. 
The quartz is drusy (lining cavities) and vitreous crystalline, of the 
cry pto-crystalline varieties, 

Fossil coral.—Fossil coral, siliceous, beautifully marked, translucent, 
and white, is represented by one specimen, broken from a weathered 
cliff or reef at San Miguel. San Miguel is an inland town among the 
mountains of Bulacan Province, 40 miles due north of Manila, and its 
important mineral industry is mining and smelting the high-grade 
steel ores which occur here and elsewhere in Bulacan. A well-known 


aEstratto dai Processi verbali della Societa Toscana di Scienze Naturali: Adunanza del dl 8 mag- 
gio 1904, pp. 1-9. 
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mineral spring is at Sibul (Tagalog, spring) not far from San Miguel. 
The water contains lime, chlorine, silica, and carbonic acid gas. 

Agate jasper, jasper, and chalcedony.—These stones occur on the 
island of Panay, about 200 miles southeast of Manila. Most of the 
specimens are rounded bowlders, mottled red and yellow. One speci- 
men of clear gray chalcedony, a partial nodule in green diorite, comes 
from Aniniy, Antique Province, Panay. 

Mr. Hopping also quotes the following from an article by Mr. H. D. 
McCaskey, chief of the mining bureau, published in the Official 
Gazette for May, 1904: 

With the exception of opal, reported from Binangonan in Rizal, and some very 
smal! rubies, reported in the headwaters of streams flowing into the ocean near 
Mambulao and Paracale, no minerals have yet been identified as precious stones. 

Mr. Hopping states that Binangonan is a basalt locality quite near 
Manila, and that Paracale is the center of the best known gold field. 
The island of Mindanao, the most probable gem field, is thus far 
almost entirely unexplored. 


PRECIOUS STONES OF CEYLON. 


In the report® issued in connection with the Ceylon court at the 
Louisiana Purchase Exposition at St. Louis, Mo., there is an admir- 
able chapter on the mineral resources of Ceylon, by Mr. A. K. 
Coomaraswamy, that treats at some length of the graphite, mica, iron 
ore, and manganese, but the most interesting chapter of this report is 
that on gems. In this Mr. Coomaraswamy mentions the occurrence 
of the various forms of gems found upon the island, noting that the 
only gem at present actually mined from the rock is moonstone, the 
orthoclase variety being especially quarried in the Dumbara district 
of the Central Province. The silvery sheen suggested is probably due 
to incipient decomposition, minute flakes of kaolin being arranged in 
definite planes within the crystal. The best varieties are those in 
which the silvery sheen has a strong blue color. The large quantity 
of the stone which can be obtained prevents its commanding a very 
high price; from 75 to 100 rupees ($25 to $33) is the very highest 
price which the largest and best stones would fetch. 

In regard to the remarkable garnet known as essonite, or cinnamon 
stone, he says: 

Garnets are likewise obtained in situ, though occurring also in the gravels. Gar- 
nets of small size, but brilliant color, are exceedingly abundant in many of the 
crystalline rocks; occasionally they are large enough and good enough for use as 
gems, and are then usually obtained by being picked out from partially decomposed 
portions of the rock. Cinnamon stone is a variety of garnet of a strong brownish- 
yellow color; it is not much valued. Of ordinary garnets those are best which have 


a Official Handbook of the Ceylon Court, with Maps and Illustrations, George A. Skeen, govern- 
ment printer, Colombo, Ceylon, 1904, pp. 149-152. 
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a pink color without any shade of brown. Fine fiery specimens of garnets may be 
worth as much as 100 or 200 rupees ($33 or $66) or more, and cinnamon stones of a 
pure rich yellow color, and weighing 10 to 15 carats, may fetch as much as 500 or 
600 rupees ($166 or $200). Of course the stones must be of perfect color and free from 
flaws to fetch these high prices. 


It is interesting to note what is said about rubies. Varieties of 
corundum include the most important gem stones, ruby and sapphire. 


Of these rubies are much the most valuable, it being very rarely that stones of any 
size without flaws are obtained. It is rarely also that the most perfect ‘‘ pigeon’s 
blood ”’ color is found. A ruby of about 1 carat and of the best color and flawless 
fetches about 300 to 800 rupees ($100 to $266); as much as 15,000 rupees ($5,000) has 
been offered for an absolutely perfect ruby of 4 carats, but the price of 7,500 rupees 
($2,500) for a perfect 6-carat stone, actually sold, was considered high. 


Ceylon rubies are never the true red of the Burman, although often 
more brilliant, and hence are less valuable. 


The varieties of chrysoberyl are very interesting. The cat’s-eye is highly valued, 
and fine specimens have realized large sums, but it is affected by the caprice of 
fashion, not commanding general adiniration as do the sapphire and the ruby; the 
result is that in some years its price is increased by a demand which in others as 
suddenly falls. There are inferior kinds of stones resembling cat’s-eyes, such as the 
quartz cat’s-eye and crocidolite, which is now stained to resemble the chrysoberyl 
or true cat’s-eye, but in no case do these compare with the real cat’s-eye, which is 
said to be peculiar to Ceylon. Although found in several districts, the finest have 
been produced from the gem pits of the Morawak corral. 

In the same district, and it is said almost exclusively, there is found the beautiful 
gem called Alexandrite. This mineral was formerly found only in the northern part 
of the Russian Empire, and took its name from the Imperial family. The charac- 
teristic of this gem when really fine is its rich vivid green hue by day (much darker 
than the emerald and slightly bronzed), which by artificial light is completely 
changed to a deep red. Like the cat’s-eye, this gem occasionally commands a high 
price in the European markets, and is sometimes sought after by Americans and 
Russians, who are often led to suppose that the stones are of Russian origin. In 
reality the Russian stones are finer in color and of greater beauty, but rarely over 2 
carats in weight and very rare, whereas many Ceylon stones weigh from 10 to 20 
carats each. 

The stone known as zircon is classified under various names, according to slight 
variations of color or the imagination of the dealer who introduces it to the market. 
Its usual colors are various shades of brownish and yellowish red, showing in fine 
specimens avery fiery hue, which the ancients were wont to credit with supernatural 
powers. Many other qualities it was supposed to possess; among others the power 
of composing the wearer to sleep and protecting him from unseen enemies. Another 
kind of zircon is almost colorless; it isa whitish crystal with a faint smokiness, and 
is often spoken of as Matara diamond. It has, of course, no connection with the 
real diamond, although used to imitate rose diamonds in the eighteenth century. 


In regard to beryls and emeralds he says that pale green beryls 
are found in large flawless crystals and sold under the name of aqua- 
marine; it is only very occasionally that Ceylon beryls possess the true 
emerald color. This color has never been seen by the writer of this 
review although he has examined great quantities of gems from 
Ceylon. 


‘ 
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Mr. Coomaraswamy closes his discussion as follows: 


To the mineralogist the gems are of most interest in their uncut state and in con- 
nection with their mode of occurrence in the rock. Unfortunately most of the inter- 
esting gems of Ceylon have not yet been found in situ, but only as more or less 
water-worn pebbles in the river gravels of the Balangoda, Rakwana, and Ratnapura 
districts. Several new minerals have been found in the heavy refuse from gem 
washings during the last fifteen years, and it is possible th&t others remain to be 
discovered. 

These observations are interesting in connection with the statements 
that have appeared in previous reports in which Barrington-Brown 
and others have attempted to show that the mining of precious stones 
in Ceylon by the compound system could not be successfully carried 
on owing to the cupidity of the natives, which renders it impossible 
for the operators to receive the return of all the gems or even the 
larger part thereof. 


PREHISTORIC JEWELRY IN RUSSIAN TURKESTAN. 


Prof. Raphael Pumpelly, who has been engaged in archeological 
investigations in Russian Turkestan under the auspices of the Carnegie 
Institution, has recently sent a letter to the president, Dr. Daniel C. 
Gilman, describing some remarkable discoveries in the vicinity of 
Anan, a few miles east of Aschabad. Here, near the ruins of that 
city, which was inhabited up to a century ago, are two very ancient 
mounds rising above the present level of the plain respectively 40 
and 52 feet. These show a long succession of layers of remains, with 
pottery, etc., divisible into four marked stages, two in each. The 
earliest layer in one mound is wholly without evidence of metals, fol- 
lowed by one containing traces of bronze and lead; the other mound 
is chiefly of the more developed bronze age, with an upper stage in 
which traces of iron appear. In all these stages, save the last, Pro- 
fessor Pumpelly finds a peculiar custom of burying children under the 
houses, beneath a covering of fire-hardened earth. With these remains 
are found beads of various kinds, including especially carnelian, tur- 
quoise, and lapis-lazuli. The mining and use of these minerals and 
the traffic in them in this region are thus carried back into the later 
stone age. 


THE CHESTER MINERALOGICAL COLLECTION. 


The mineralogical collection of the late Prof. Albert H. Chester, of 
Rutgers College, New Brunswick, N. J., has been presented to that 
institution by his son, Mr. A. H. Chester, jr., a most generous and 
appropriate gift. The collection is a remarkably fine one, in its com- 
plete and typical illustrations of the field of mineralogy, and hence it 
is especially valuable for purposes of instruction. It includes 4,850 
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specimens, carefully selected and authenticated by Professor Chester, 
who was both a high authority and an excellent judge. He especially 
aimed at securing perfect and typical crystals, and also possessed a fine 
esthetic taste in his choice of specimens, which enabled him to obtain 
those that were attractive as well as accurately illustrative. 

In addition, Professor Chester’s working library, gathered through 
many years with liberal expenditure of time and means, accompanies 
the specimens. This library was extremely full in the department of 
nomenclature, in which Professor Chester was a specialist, having 
written the most complete volume of mineralogical names and syno- 
nymsand being the editor of the mineralogical department of Murray’s 
great dictionary. This library is probably the most complete of its 
peculiar kind in the United States. 


WATCH JEWELS. 


At no former period were watch jewels made so beautifully perfect 
as to mechanical accuracy. A certain number of jewels, often simply 
called stones, are used in every watch. A watch is said to run on so 
many stones, and though it can not strictly be said that the value of a 
watch increases with the number of stones used, still in an approxi- 
mate sense it is true. This is indicated by the fact that during the 
last fifteen years, which have witnessed a very marked improvement 
in watches, the number of stones required for the works of a first- 
class watch has been increased by nine, and as millions of watches are 
made annually, the number of jewels annually sold is at least from 
10,000,000 to 20,000,000. The little gems are pierced to receive the 
gearing of the axles of the wheels. The object of using them is to 
give to the works a base which shall cause the least friction and shall 
not wear out easily. Among the gems employed for this purpose 
garnet is the least valuable, but it is much used in the cheaper watches. 
Sapphires and rubies, fine enough in quality to make gems, are mostly 
used, but only minute pieces are necessary. For the most part, how- 
ever, these gems are merely fragments of larger ones which have no 
color, or else are rolled crystals that are of such color as to have no 
value, and hence are not considered as jewels. This is especially true 
of sapphires too pale for setting, which, however, are a shade harder 
and hence more serviceable for watch stones, and of stones which, like 
the Fergus County, Mont., blue flat crystals, or the Granite County, 
Mont., multicolored crystals, have little value in jewelry. Many 
thousand ounces of these American gems are sold at from $1 to $5 per 
ounce, and are an important factor in American sapphire mining. 

In Switzerland most of the jewels are cut and sold in boxes of from 
500 to 1,000 per box. Each stone has been given a rounded form and 
is pierced in the center, the drill-hole being smaller by a minute quan- 
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tity than the diameter of the axle which it is to hold. The bed of the 
stone in the watch is a small cylinder, apparently of brass, but in 
reality consisting of a soft-gold alloy. Before the stone is handed to 
the watchmaker it is put in a lathe, and by means of a tiny steel drill, 
covered with oil and diamond dust, the central opening is enlarged 
sufficiently to enable the steel axle or pin for which it is intended to 
fit into it accurately. The watchmaker first fixes the cylinder in the 
lathe, then picks up the stone with the moistened finger and inserts it 
in the cylinder while the latter is turning with the axis of the lathe. 
With a pointed tool the workman next presses against the edge of 
the revolving cylinder and thus forces the soft metal to cover and 
protect the sapphire or ruby to such an extent that it appears as if 
embedded in a metallic cushion. Next a drill is inserted in the metal- 
lic coat of the cylinder from the opposite side of the lathe, and a hole 
is drilled in this coat exactly of the same size as the hole in the stone 
itself. A great variety of forms have been made recently, not only 
for watches, but for electric and other meters. The latter, as com- 
pared with watches, require a greater and more enduring life in the 
jewels, which, owing to the microscopic inclusions, either of softer 
minerals or of fluid cavities, is often shortened materially. Sapphires, 
rubies, and even diamonds are used with wonderful ingenuity, and 
with the increasing demand for hard bearings in the endless variety 
of electrical devices, in which the moving points revolve rapidly, 
there is much to be looked forin the way of new devices, and a greatly 
increased demand for jeweled bearings is probable. 
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MINERAL RESOURCES. 


= PRODUCTION. 


In the following table is given a statement of the production of 
precious stones in the United States from 1897 to 1903, inclusive. 


Production of precious stones in the United States, 1897-1908. 


None. 
$55, 000 
2,000 
100 


Beryl] -(piak) «su scscosssg ccc cn] sscanctncsencuscsnasleveccedens seca cavccslasacecwses lecseiscsns 


Stone. 1897. 

DinmOnG o25 3555 sso ses None. 
OL ee $25, 000 
UY os sca eccnbvaceeeesesns¥s None 
TOOKS 5 eiecisteevovesducsseeee None 
Beryl (aquamarine, etc.)...... 1,500 
Rap hidsssccencsaeshoessonhes B 
PROUROUG succcszcsectasacsssny None 
TOUFMABHNG) oo csccisew stewed 9, 125 
POTIROE sis se iw ecciseccca cesses 500 
Oy ag) 12, 000 
Smoky quartz ..............2:. 1,000 
ROO GUAGE vccscccctescdocssive None 
ATCC a sins csvcciccvesceacves 200 
PROGO Tiassa i seedts meee sesessees None. 
Gold: QUuaATES .. «2.22 2 2:00000-002055 5, 000 
Rutilated quartz ............. None 
Dumortierite in quartz........ None 
Tourmalinated quartz......... None. 
RUBIO rac cocccideviswecaessseseces 1, 000 
Mam ONOlOsn icc ecexeo eee ceese: 1,000 
Chrysuprase ....-......-0-60005 None 
Silicified wood (silicified and 

Op liaed) . vce ssnceasaccasns 2,000 
NGS cavenvenwaecesaneuaanndexs 200 
Garnet (almandite) ........... 7,000 
Rhodolite ........-............ None. 
Garnet (pyrope) ....-.........- 2,000 
Topaste so. soss050 Se ss0s esse None 
Amazon stone ...............-- 600 
OHBOCIOSG 66s ccetdeasicacsccees v5) 
MOONSTONE odiciicciccseccivctoses None. 
TUIGUOISG « snesinesctcevaccese 55, 000 
Utahlite (compact variscite) .. 100 
Chliorastrolite ...........-....- 500 
Mesolite (thomsonite, so 

COOH) p25 ase bataocceeansees 
PRSTITIUN oc enancencnenpaaseeay 
DIO pMe. sss ssitesesieccecseseccs 
Bade). cvcssscevevccesecesves 
PYG ic cconsncustveesevarsasces 
Malachlte ccc ccacsccsvecncians 
Mute case iiscenscnsevecceusauc 
Anthracite (ormaments)....... 
Catlinite (pipestone).......... 
Mode Coral s cddd idence cecesss 
AMOW POM ca ccwscsesasexexes 


160, 920 


185, 770 


1899, 1900. 
$300 $150 
68, 000 765, 000 
3, 000 3, 000 
None None 
4, 000 11, 000 
50 4; 000 
None. None 
2, 000 * 500 
fo 600 
12, 000 10, 000 
None. 1,000 
100 100 
250 500 
None. None 
500 2,000 
50 50 
None. None 
None. None. 
1,000 1,000 
1,000 1,000 
100 100 
3, 000 6, 000 
None. None. 
5, 000 600 
None. 20, 000 
2,000 1,000 
None. None. 
250 250 
20 20 
None. None. 
72, 000 82, 000 
100 100 
3, 000 3, 000 
1, 000 1,000 
50 50 
None. | 
None. } 
1,000 


1,000 


1901. 1902. | 

$100 None. | 

90,000 | $115,000 | 
500 None. 
None. None. 
5,000 4,000 
1,000 1, 000 
None. None. 
15, 000 30, 000 
500 500 
10, 000 12, 000 
1,000 2, 000 
150 200 
500 2, 000 
None. None. 
2,000 3,000 
50 100 
None. None. 
1, 000 None. 
1,000 1,000 
600 500 
1,500 5, 000 
7,000 7,000 
None, 150 
100 None. 
21, 000 1,500 
1,000 1,000 
None, None. 
200 500 
None. None. 
None. None. 
118,000 | 130,000 
250 None, 
3, 000 4,000 


1,000 
None. 
None. 
None. 

3, 000 

100 
None. 
2, 000 
2, 000 
100 
500 


$50 
100, 000 
None. 


None. 
None. 
None. 

3, WO 
None. 
None. 

2,000 

2,000 
None. 
None. 
13, 500 


321,400 
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The following table shows the value of the diamonds and other 
precious stones imported into the United States from 1867 to 1903, 


inclusive: 


Diamonds and other precious stones imported and entered for consumption in the United 


States, 1867-1908. 


Diamonds. Diamonds tin 
° —— a othe or 
eS ‘Glaziers | Duet: | MOEN. OF) Goi. | Uiness; | MORE ROt oes ae 
June 30— | 
IMT ssusieaes 2 eee | PERT erper es LensaKeaeeee $1,817,420 | $291 | $1,314,617 
ee | Se Dinaastiaicanptll candies Rctaineciuias 1,060,544 | 1,465 | 1,062, 493 
ee 445 SG scsscwncslucnccess b svilesiewates 1, 997, 282 23| 1,997,890 
esse | 9,872 Wh losses. wre Lectearesaass 1,768,824 | 1,504] 1,779,271 
|, ae 976 | ee Saceiaas |seseeeeseee 2,349,482 | 256 | 2,850,731 
ree 2,386 | 89,707 |........... ‘patna us Nawacecuens | 2 999,155 | 2,400) 3,083, 648 
cs RCE eR teat WR tSt:| OUI 48S cScctecdidiczeeat 2,917,216 | $26 | 8,134,392 
TA asaxawan Reese: 68,621 | 144,629 ........ esseeseeee 2,158,172| 114] 2,871,536 
WB sco ccsecdtcagiea eat ee 32,518 | 211,920 ........ Lcipaecie eae 8,284,819 |........ 8, 478, 757 
ee eee | 20,678 | 186,404 ........ ae iu elas 2, 409, 516 45 | 2,616, 643 
| 7 ee re | 45, 264 TE cscenices Lesivseannnes | 2,110,215 | 1,734] 2,236,246 
See eee \ewouswwe 36, 409 08; 900 sccciisz: laawanseeesn: | 2,970,469 | 1,025] 38,071,173 
Te Escenas 18,889} 104,158 |........ Be aantgnia | 3,841,335 | 688 | 8,964, 920 
BD sccaccsaxe ese haweuccune 49, 360 129, 207 | iceinitioaias unrest mebiorati | 6, 690, 912 765 | 6,870,244 
BMG Ss cesenan lekeacwen’ Oe ie 8. Cel Pore ere 8,320,315 | 1,307] 8,606,627 
ae \ estate 92,858 | 449,518 |........)....... 2c 8,377,200 | 3,206 | 8,922,771 
ee E-aneanians 82,628} 443,996 |........ 7,598,176 |a2,801 | 8,126,881 
Se ae 22,208 | 37,121 | 367,816 | PEnPTR TN eta terre 8, 712, 815 |........ 9, 139, 460 
1885........... | 11,526 | 30,426] 371,679 |........ later, 5, 628,916 |........ 6, 042, 547 
Dec. 31— | | 

(SED 8,949 | $2,316 | 802,822 ........|....-.0.26-- 7,915, 660 |........ 8, 269, 747 
IS ma. oe Ya |.  n erin 10, 526, 998 |........ 10, 831, 880 
ee 10,025 | 29,127| 244,876 ........  Siaesrerete eae 10, 223, 630 |........ 10, 507, 658 
R89. Le. 8,156} 68,746 | 196,20 ........ reat 11, 704,808 |........ 11, 978, 004 
OR essccemoa | 147,227 | 179,154 | 840,915 ........ i criiennceningl 612,429,895 |........ 13, 105, 691 
Wl sccssesz03s ' ¢ 565,623 | 126,688 Qi jessie eeu eaces € 12,065,277 |........ 12, 756, 588 
ee | 992,246 | 144,487 |.......... ate ORES .¢ 13, 845, 118 |........ 14, 521, 861 
a | 957,989 | 74,255 |........... ‘Sipees | Lncneuioiecabe €9, 765, 311 |........ 10, 197, 505 
TT eee ROB) SORES be scsusucecseovecewchicaeeeeee. OF; 801888 lo cceees: 7,427,214 
TOG rencsexets | 107,463 | 185,568 |........... = ae ¢ 6,330, 834 |........ 6, 573, 855 
| 78,990 | 65,690 |........... (s) (f) a oe 4,618, 991 
Se | 929,576 | 167,118 | 1,386,726 | $330 | $2,789,924 | 1,903,065 |........ 6, 276, 729 
TINE casiounenn | 8,058 | 240,665 | 2,518,800 | 6,622] 6,743,026 | 1,650,770 |........ 10, 162, 941 
IMB. cscceeaadl 2,428 | 618,954 | 4,896,824 | 13,388 | 8,795,541 | 2,882,496 |........ 17,208, 531 
| ee ee | 8,883 | 605,495 3,658,645 | 10,721 | 7,808,066 | 1,472,928 |........ 13, 561, 588 
1) | 5,864 | 831,984 | 6,592,469 | 2,654 | 19,544,926} 1,898,055 |........ 22, 815, 352 
gecanel 10,788 | 798,523 | 8,201,389} 175 | 13,834,168} 1,888,793 |........ 24, 753, 586 
OB e ctu: 3) 10,684 | 720,150 10,275,800 | 676 | 18,020,367 | 2,494,897 |........ 26, 522, 628 


a Not specified since 1883. 


© Includes stones set and not specially provided for since 1890. 
¢ Including also engravers’, not set, and jewels to be used in the manufacture of watches, from 1891 

to 1894; from 14% to 1896 miners’ diamonds are also included. 
@ Included with diamonds and other stones from 1891 to 1496, 
¢ Including rough or uncut diamonds. 


J Not specified prior to 1897, 


g Including also miners’ and engravers’, not set. 
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GEMS AND PRECIOUS STONES. 


AMBER. 


The chief source of amber is along the Baltic coast of Germany, where 
the mines operated by the Government yield about 500 metric tons annually. 
Amber is also obtained from the bed of the sea by divers and by a steam 
dredging plant at Schwarzort. The amber is classed as osseous or bony 
amber; mottled osseous; oily or misty; and clear amber. The rare green 
and reddish-brown tints are believed to be due to some peculiar coloration 
of the original sap in the conifers from the resin of which amber is derived. 
The rare dark blue tint is thought to be caused by deposits of pyrite dissem- 
inated in minute cavities and cracks. 

The raw amber for trade purposes is grouped under three heads, viz.: 
pieces suitable for the manufacture of pipes (platten and fliesen) ; those that 
can be used for beads and other ornaments, and those (firnts) which, from 
their small size, can be used only to make varnish. Within these chief groups 
there are about 150 trade subdivisions distinguished by color and size. 
The finest beads and ornaments are sold in England and Turkey, while 
there is a large market for amber in France and Russia, and in Roman 
Catholic and Mohammedan countries. 

The famous Burmese amber diggings are situated in the Hukong valley, 
in the Nangotaimaw hills, near Lalung. The amber occurs in clays believed 
to be of Miocene age. The amber is fashioned into beads and other 
trinkets, chiefly in Mandalay. The amber of Burma differs both chem- 
ically and physically from all other known varieties. The Prussian amber 
contains from 214 to 6% of succinic acid, but the Burmese variety contains 
none; on dry distillation, formic acid and pyrogallol are obtained. Its ulti- 
mate chemical composition is as follows: Carbon, 80.05; hydrogen, 11.50; 
oxygen, 8.43; sulphur, 0.02%. Its specific gravity varies between 1.030 and 
1.095. It is distinguished from many other amber-like resins by its superior 
hardness, greater toughness, and a peculiar fluorescence which it possesses. 
The Burmese amber-mining industry at present is in a depressed condition, 
owing to the competition of the cheap German amber. 

An interesting occurrence of amber has been discovered in the Province 
of Santiago, Santo Domingo. The amber is disseminated through a friable, 
much broken sandstone and conglomerate containing large amounts of 
lignite. The amber is usually in ovate masses, from 14 to 2 in. diameter, 
and is covered with a brown surface crust. It possesses somewhat of the 
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opalescent character of the Rumanian and Sicilian amber, and varies in 
color from yellow to a rich brown. The occurrence is, however, of doubtful 
economic importance. 

DIAMONDS. 


Production in all the South African diamond fields made rapid progress 
in 1904, the progression in monthly yield being extremely marked. 

Orange River Colony.—The report of the De Beers Consolidated Mines, 
Ltd., of Kimberley, for the year ending June 30, 1904, states that its newest 
mine, the Dutoitspan, is undergoing active development. A recently erected 
dynamite factory has permitted economy in the obtaining of explosives, 
and a railroad is being constructed to bring coal from the coal mines at 
Vierfontein, in which the De Beers corporation owns a large share. The 
sale of diamonds recovered at the company’s four mines—De Beers & Kim- 
berley, Premier, Bultfontein and Dutoitspan—brought £4,918,568. Mining 
cost £987,335, and milling £599,466; the balance available for dividends, 
after allowing liberally for all fixed charges, was £2,066,197. The com- 
pany’s capital stock is £4,500,000, and its bonded liabilities £4,241,245. 

The average yield and value per load (16 cubic feet) of the ‘blue 
ground’ and the stocks remaining unmilled at the close of the year were as 


follows: 
DE BEERS CONSOLIDATED DIAMOND MINES. 
Yield per Load. Value Value Stocks on 
Carats. 


Per Carat. Per Load. Floors. Loads. 
De Beers and Kimberley......... 0.54 486. 11.8d. 266. 7.1d. 2,213,400 
C0. 06: U 0S 018 DOPE aC EP OMS OSES 0.28 S4s. 10.54. Os. 10.6d. 1,356,200 
Waltman. < sie caccccececcaceness 0.29 2s. 7.8d. Bs. 6.5d. 897 508 
DOME Aiiccciisicoiicconcsee kee qj.  e8slebeeser §. Seeeeas 16,655 


Trunsvaal—The output for the fiscal year ending June 30, 1904, was 
497,917 carats, valued at £685,720. The progressive condition of the indus- 
try may be seen by the following statement of the output by months: 


The following limited liability companies contributed: Premier (Trans- 
vaal) Diamond Mining Co.; Shuller Diamond Mines; Kaalfontein Diamond 
Mines; Eastern Diamonds: Montrose Diamond Mining Co. Six other com- 
panies, engaged in washing diamonds from alluvial deposits, added some- 
thing to the total. The Premier not only leads in point of output, but its 
progress is more marked than at the other mines. 

The report of the Premier (Transvaal) Diamond Mining Co., Ltd., of 
Johannesburg, for the second year of its existence, ending October 31, 1904, 
states that development is still maintained, and that, while no dividends 
have yet been distributed, all the equipment has been paid for out of earn- 
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ings, and that the balance of the year’s profit is ample for, and will be 
directed toward, the completion of the elaborate system of operation now 
being instituted. 

A washing plant, thoroughly equipped in every detail, is heing erected, 
which will afford a total capacity of 20,000 loads per 24 hours. The plant 
is so situated as to provide ample room for the disposal of tailing, and to 
permit the use of steam shovels in the mine. This plan is expected to econo- 
mize labor, and to minimize loss from theft. Additional area has been 
secured, and a system of water reservoirs will provide a copious supply of 
water. Railroad connection with the main line at Rayton Station is 
complete. 

The most promising feature of the outlook is the large size and fine 
quality of the stones. A certain lot of stones, weighing 385 carats, when 
cut, yielded brilliants weighing 191 carats, and three other stones, weigh- 
ing 689 carats, were valued at £14,066, or over £20 per carat. Loads, of 16 
cu. ft. each, raised from the mine, numbered 1,289,234, at a cost of 2s. 7.6d. 
per load. They yielded 749,654 carats, or 0.80 carat per load. This yield 
was less than in the first year, owing to the inclusion of a thick overburden 
of lean material in the working face, but was superior to the record of the 
De Beers & Kimberley during the same period—0.54 carat. 

Returns from sales of diamonds were £866,030, the net income from 
which was £667,738, making a balance of £770,601 in the two years. 

At Christiana, in the Transvaal, diamonds are found in the bed of the 
Vaal river, and the alluvial diamond workings support a number of indi- 
viduals, but the total yield is not large and has no immediate prospect of 
increasing. Reports of diamond discoveries in the northern parts of the 
Transvaal are frequent, but investigation never verifies them. The prob- 
ability of the occurrence of a large diamond field in that part of the coun- 
try, however, is considered rather good. ; 

In the Orange River Colony, 127,771 carats of diamonds, valued at 
$1,777,680, were obtained in 1903. The returns for 1904 are not available, 
but the production was very large. The value of the diamonds sold varied 
from $7 to $15 per carat, according to quality. 

The export of diamonds from British Guiana in 1904 amounted to 11,046 
earats, valued at $85,947, which compares with 164,315 stones, weighing 
10,742 carats, valued at $103,123, in 1903—an increase of 304 carats in 
quantity, but a decrease of $17,176 in value. The greatest activity prevails 
on the Mazaruni river. Prospecting on the Potaro river is attracting 
attention. 

New diamond deposits, which promise to be profitable, are being devel- 
oped in the Martapura district, in southern Borneo. The western fields 
continue to yield about 700 carats of diamonds annually. 

Diamonds are found on the Diamantina, Bagagem, Matto Grosso, Goyaz 
and Grao Mogul fields in Brazil. The value of the precious stones (mostly 
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diamonds) exported in 1904 was $316,798, as compared with $545,033 in 
the previous year. 

Diamonds weighing 14,296 carats, vainnd at $55,776, were obtained from 
the New South Wales mines in 1904. This is an increase of 2,057 carats 
and $7,838 in value over the production in 1903. Australian miners are 
able to obtain only $6 per carat for their stones, for which reason only 
the richest mimes can be worked profitably. Better prices would greatly 
stimulate production, as diamonds occur over a very large area in the 
State. 

An interesting feature of the Australian industry in 1904 was the dis- 
covery of a diamond in the Inverell district, New South Wales, in a dolerite 
matrix. It was an irregularly shaped (twinned) white crystal of about one- 
third carat in weight. The dolerite differs altogether from the volcanic 
breccia in which the Kimberley, South Africa, diamonds are found, and, 
instead of a pipe, it occurs in the form of an intrusive dike. The formation 
is apparently extensive and is being developed. 


EMERALDS. 


The mines in the State of Boyaca, Colombia, between May 1, 1904, and 
January 31, 1905, produced 768,938 carats of emeralds; 10% was of first- 
class grade, the remainder of inferior grades. The mines were worked for 
centuries by Indians, then for 300 years by Spaniards, and more recently 
by lessees from the Colombian Government for short terms. Some of the 
emeralds found in narrow veins are of most beautiful green tints; others 
are of light green, white, yellow and red coloration. The emeralds are 
found in a formation lying from 100 to 200 ft. below the surface, and a 
great amount of barren material has to be removed to reach the gems. The 
mines are now being worked by an English company, and it is estimated 
that they yielded a net profit of $700,000 last year. 


KUNZITE. 


A pale pink and lilac-colored spodumene discovered in California has 
received the name of kunzite. It is found in a pegmatite dike on Pala 
mountain, San Diego county. Ordinarily the dike is a coarse muscovite 
granite containing black tourmaline. Lepidolite occasionally replaces the 
muscovite, and when it does, red, blue and green tourmaline take the place 
of the common black variety. The new variety of spodumene is associated 
with the gem tourmaline. Kunzite cuts and polishes well. It has been 
placed on the market for a little more than a year, and has gained popu- 
larity. It is valued at about $5 per carat when nicely colored. Kunzite 
crystals have been found that have weighed from 7.7 to 31 oz., and varied 
in dimensions from 13 by 6 by 2.52 cm. to 23 by 4 by 2 em. These are 
the largest and finest crystals of this mineral that have been obtained. 
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Spodumene is a silicate of alumina and lithia, rather complex in constitu- 
tion and peculiarly liable to alteration. The common variety is found in 
small quantities in New England, South Dakota and California, in the 
United States; also in Peru and Brazil, in South America; in Sweden, Ire- 
land, Scotland and the Tyrol, in Europe. The discovery of the transparent 
lilac spodumene in California adds a new and elegant stone of purely Amer- 
ican production to those used in jewelry. It has also scientific interest from 
some remarkable properties which it possesses in connection with the action 
of the Roentgen rays, and those of radium and radio-active substances. 


OPAL. 


Australia continues to contribute the largest part of precious opal to the 
European market. The chief mining center is at White Cliffs, New South 
Wales. This field yielded $268,800 worth of opal in 1904, as compared with 
$480,000 in 1903. During the past year, important discoveries of opal of 
splendid quality were made at Wallangulla, 50 miles north of Walgett, New 
South Wales. Some of the gems obtained here sold for $50 per ounce. The 
Queensland fields yielded opal valued at $16,800 in 1904. This small output 
is attributed to a dull market and the exceptionally low prices offered. 


Rusy. 


Burma is still the chief source of the ruby. The principal mines are in 
the Mogok district, and are controlled by the Burma Ruby Mines Co. This 
company in 1889 was granted the right to mine the rubies and levy royalties 
from persons working in competition. The concession was renewed in 1896 
for a period of 14 years, at a rent of $102,060 per year, plus a share of the 
profits. The financial results, however, being unsatisfactory, the rent was 
reduced in 1898 to $64,800, the interest of the Government in the com- 
pany’s profit being at the same time raised to 30%. Since then production 
has steadily increased, and the industry is now on a sound and profitable 
basis. Some of the rubies found in Burma are of exceptional size. One 
stone found in 1899 weighed 77 carats and was valued at $130,000. 

Rubies are the most valuable gem stones of Ceylon, a country which has 
enjoyed a reputation for the production of beautiful gems for many 
centuries. The Ceylon rubies never possess the splendid red of the Burma 
ruby, although they are frequently more brilliant than the Indian variety. 
A ruby of about 1 carat size, flawless, and of the best color, sells in Ceylon 
at from $100 to $266; as much as $5,000 has been offered for a fine ruby 
weighing 4 carats. A few rubies have been found at different times in the 
gem-mining districts in the vicinity of Anakie, Queensland. 

Artificial Rubies—These have been made by Dr. A. Vermeuil, a German 
chemist, by melting a mixture of clay and oxide of chromium at an even 
temperature of several thousand degrees. The two substances are carefully 
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placed above each other in layers, so as to prevent cracking in the crystal- 
lized mass. He succeeded in producing an artificial ruby weighing 5 Jb., 
which he valued at $600. From this it may be judged that the quality of 
the product was not first class. In order to produce the exceedingly high 
temperature indispensable for success in the operation a blast of oxyhydro- 
gen gas was employed to act directly on the top of the ingredients in the 
furnace. The hardness of the ruby was obtained by quick cooling through 
sudden interruption of the oxyhydrogen blast. The artificial ruby is said to 
be pure and brilliant, possessing all the physical properties of natural 
rubies. It can be cut, and takes a high polish. 


SAPPHIRE. 


The Anakie sapphire field, Queensland, produced 14,100 oz. of sapphires 
in 1904, valued at $50,760. The industry gives employment to 200 miners. 
The Anakie deposits are the most extensive in the world; but the great obsta- 
cle to their development is the difficulty in disposing of the product at 
satisfactory prices. Attempts to establish selling depots in European and 
American cities have not proved successful, and producers are dependent 
upon the visits of foreign buyers. 

A beautiful sapphire, 57 carats in weight, and valued at $10,000, was 
recently found in the Ratnapura district in Ceylon. 


TURQUOISE. 


Turquoise of good quality is being successfully mined in several districts 
in California, New Mexico, and Nevada. The turquoise when pure and of 
good quality is cut into gems. The white and blue combination known as 
turquoise matrix is cut and polished as an ornamental stone. The pale 
varieties of turquoise are cut into beads. The demand for this gem is not 
now so keen as it has been within a few years. 
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PRECIOUS STONES. 


By Grorce F. Kunz. 


INTRODUCTION. 


The important facts in the history of precious stones in 1904 are in 
the main as follows: 

The output of diamonds was less in quantity than in 1903, and the 
year was marked by several advances of 5 per cent in the price of the 
rough-diamond material, which was imported into the United States 
to the value of $9,675,742, from which it would appear that diamonds 
and pearls toa greater value are now cut annually in the United States 
than were imported, cut or uncut, into the country for the years 1867 
to 1871, inclusive, or for any one year until 1887. The value of the 
total import of precious stones for the year was $26,086,813. 

The cutting strikes in Amsterdam, which were of long duration and 
threatened to be so disastrous to the diamond trade, are apparently 
settled for a period of at least three or four years to come. 

The greatest diamond known in history (prior to 1905), the ‘* Excel- 
sior” of Jigersfontein, has been cut up and divided into ten stones, 
weighing from 13$ to 68 carats each, and furnishing a total of 3403} 
carats of the whitest material of any of the large diamonds, with a 
total value of about $400,000. 

No great diamond discoveries abroad were chronicled during 1904, 
but the development of the mines in the Transvaal has been remark- 
able, the new Premier having produced diamonds to a total of 749,653 
carats, valued at $4,201,000, during the year, and promising to become 
a still greater factor in production. In the case of this mine, 60 per 
cent of the output is controlled by the Transvaal Government. 

No discoveries of diamonds were recorded in the United States dur- 
ing the year 1904. 

In Brazil a number of attempts were made to form new diamond 
mining companies, but the output has been very small. 

In British Guiana the interest is still maintained, and the production 
was about the same as in the preceding year. 
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It isa fact of especial interest that in the cutting of gems other than 
the diamond many foreign lapidaries have entirely discarded emery 
(corundum) and are substituting for it the artificial carbon silicide. 
‘arborundum, which has a hardness of 9.5, between corundum (9) and 
diamond (10), and is the best-known abrasive next to the diamond. 
The year 1904 also witnessed the first discovery of this substance as a 
natural mineral in the Canyon Diablo meteorite by Prof. Henri Mois- 
san, of Paris, Franee, and the naming of it after him, wo/ssanite, as a 
true mineral, by the writer. 

Australian sapphires, from the Anakie distriet of New South Wales, 
which are frequently too dark for high-erade stones, were cut in 
quantities in both faceted and unfaceted forms and en cabochon and 
used for the mediuin quality of jewelry. 

In the United States one-gem discovery after another has been 
made in southern California, notably in San Diego County, where 
there have been found maenificent blue and white topazes, near 
tamona, which as crystals quite equai those from Siberia, a single one 
weighing more than a pound; beryls from 3 to 6 inches in length and 
1 or more inches in diameter, pale to dark sea green in color; crystals 
of rose-colored beryl, until recently one of the rarest varieties of this 
mineral, at Mesa Grande and Pala (and also at ITemet, in Riverside 
County); axinite, a gem mineral not previously known in good crys- 
tals in this country, though formerly in Switzerland and France, in 
beautiful crystals, near Bonsall; colored tourmalines, red and green. 
have been extensively mined at Mesa Grande, Pala, and other localities 
in the same county; and epidote in crystals only 1 inch in length and 
one-eighth of an inch in diameter, but transparent, has been found 
near Hemet, in Riverside County. The old locality at Mount Mica, 
Paris, Me., has produced fine tourmaline crystals and some good gems; 
a new locality, also interesting for its crystals of tourmaline, which 
are large and beautiful, although of little gem value, has been opened 
near Rumford Falls, Me., and some very fine crystals have been found 
at the mine at Haddam Neck, Conn. Kunzite, the new gem spodu- 
mene, has been mined, but not so extensively. As to sapphires, the 
entire output and also all*previous outputs of those found at Yogo 
Gulch, Mont., have been disposed of abroad up to the present time 
by the companies which operate these mines from London. ‘Turquoise 
has been mined with some success at a number of localities in New 
Mexico, Arizona, Nevada, and California. The new locality for peri- 
dot, olivine, or chrysolite, as it is variously known, at Talklai, Gila 
County, Ariz., has yielded vreat quantities of this mineral, immediately 
associated with or inclosed in the voleanie rocks; thousands of beau- 
tiful gems of from | to 5 carats have been cut from this material and 
extensively sold throughout the United States. 
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Great development has taken place in gem production in Brazil. 
Continued exploration in the State of Minas Geraes has led to great 
discoveries of tourmaline, which have furnished magnificent red 
(rubellites). as well as blue-green, and green gems; and large quan- 
tities were found, cut, and sold during 1904. Further discoveries of. 
gem beryls in the same State have furnished magnificent blue and 
ereen aquamarines, which have been cut and have reached the gem 
markets of the world. 

In regard to the Brazilian amethyst, a large quantity of gems have 
come from the great gveode, the bulk of which was shown at the Diis- 
seldorf Exposition in 1902. Many of these which were obtained from 
the points of the myriads of crystalsethat lined the great grotto were, 
on account of their rich, dark color, sold as Siberian amethyst. 

There has been an extensive demand for many of the semiprecious 
stones, such as the peridot, of which quantities have been cut from 
Egyptian material, and the yellow smoky quartz called topaz from 
Spain and Brazil. The Queensland opal matrix has also been much in 
favor, both the variety with rich patches of opal, either white or 
bluish, often of great brilliancy, wnd the variety that is dark brown, 
with the entire mass permeated with very thin irregular streaks or 
veins of highly colored opal, making a perfectly iridescent play of 
color on a brown field, like the lumachelle marble. 

Semiprecious stone beads of every variety of material, in short and 
long necklaces and of all sizes, either round, India cut, or faceted, 
made of amethyst, Spanish topaz, rock crystal, rose quartz, aventu- 
rine, blue chalcedony, amazon stone, New Zealand jade (nephrite), 
Burmese (so-called Chinese) jadeite, moonstone, garnet, and other 
minerals of every kind, have been sold in great profusion. 

Coral has been greatly in vogue, especially in the form of beads, 
often of great size. The market has demanded the richest Mediter- 
ranean coral, either deep red or delicate pink; Japanese coral, pink, 
yellow pink, and red; as well as white coral, either pure white or with 
a single speck of red or pink on each bead, the beads in the center of 
a string being often # of an inch to 1 inch in diameter. The demand 
and the high price for the pale-pink coral has led to some imitations, 
consisting, first, of a decoloration of the darker coral by heating; 
second, of marble of about the same weight as coral and stained with 
aniline or other dyes; third, of white coral stained in the same 
manner; and, fourth, of glass paste imitations imported from the East. 
Another imitation is made from the mineral substance so much used 
by the Chinese for their stone carvings and initations of jade, agal- 
matolite or Chinese figure stone, which is very cleverly stained to be 
palmed off as red or deep-pink coral. 
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DIAMOND. 


UNITED STATES. 
INDIANA. 


No further diamond occurrences of any importance have been 
reported lately within the United States. Two or three small stones 
have been found in Morgan County, Ind., in cleaning up the sluices 
of a gold-washing plant recently installed about 29 miles from Indian- 
apolis. These facts were communicated to the writer by the State 
geologist, Prof. W. S. Blatchley, who also mentions the finding of a 
few sapphires and rubies in the same association, some of which have 
been cut into small gems for directors of the gold-washing company. 
For previous references to gold and various minerals, including corun- 
dum, in the glacial gravels of this region, see report of this Bureau 
for 1902, page 814. ; 

Professor Blatchley states that he had learned of an offer of $1,200 
having been made for the ‘‘ Maxwell” diamond, one of the earlier 
stones from this vicinity and the best that has been yet obtained in 
the State, the value being mainly a local one, as the gem value only 
is a small part of the sum. 

As to the source or sources of these diamonds, supposed to be drift 
diamonds transported by ice from Canada, a letter from Dr. H. M. 
Ami, of the Canadian Geological Survey, states that no diamonds 
have yet been found within Dominion territory, although much inter- 
est has been awakened by the discussion of the subject in the public 
press, and many persons have been on the lookout for occurrences. 

The new National Transcontinental Railway, from Quebec to Win- 
nipeg and the great wheat region of Manitoba, will traverse much 
of the country whence the drift diamonds have probably come, and 
Doctor Ami states that the Government is sending out numerous sur- 
vey parties for exploration along the route. Some of these may make 
interesting and even important discoveries. 


CALIFORNIA. 


With regard to diamonds in California, it seems as though the 
extensive dredging operations now being conducted upon the gold- 
bearing gravels of that State should bring to light many diamonds, 
though none have as yet been reported. By this process large areas 
of auriferous gravel are being exploited ona great scale, the whole 
deposit down to bed rock being taken out and washed. The process 
is described in all its aspects and at all the localities in a recent bulle- 
tin (No. 36) of the State Mining Bureau of California,“ a publication 


aGold dredging in California, Bull. No. 36, California State Mining Bureau, 1905. 
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of much interest and value. The dredging process is applicable only 
to certain portions of the auriferous gravel beds of the State —those 
which are not much compacted, are not saturated with water, and 
rest upon a soft bed rock of ash or tufa. Of such deposits there are 
estimated to be some 2,500 acres in several of the counties in the Sac- 
ramento Valley, especially in Butte, Sacramento, and Yuba counties, 
and there are some deposits in the northern portion of the State. 
These gravels vary from 25 to 60 feet in thickness, with a mean of 
about 35 feet, and carry gold, and occasionally platinum, etc., to an 
average value of some 18 cents per cubic yard. 


SOUTH AFRICA. 


De Beers consolidated mincs.—The sixteenth report of the general 
manager, Mr. Gardner EF. Williams, brings the record of operations 
down to the close of the company’s year on June 30, 1904. In com- 
parison with the report for 1903, reviewed in the last report of this 
Bureau,” the most salient points are the extensive developments in 
progress at the great Dutoitspan mine, the enormous quantities of 
blue ground in sight at this and the Bultfontein and the Premier mines, 
and the fact of a continued falling off in the richness of the blue ground 
in the De Beers and the Kimberley mines. This latter has now become 
such as to exceed the counteracting advance in the price of diamonds, 
so that the value per load extracted has begun to decline. 

In general the supply of negro labor has been adequate to the needs, 
though liable to fluctuation from the desire of the natives to vo to their 
homes at planting time and at harvest. The number employed has 
varied from a little below 10,000 to 18,750. A large amount of devel- 
opment work and construction has been done at all the mines, and great 
expense has been incurred in the installment of machinery, insomuch 
that little will be necessary for this purpose for some time to come. 
Illicit diamond buyers have been active during the year, and a number 
have been caught and sentenced. 

An interesting point is made as to the timber for the mines. For 
this purpose California redwood (Sequoia sempervirens) is found to be 
the best. Redwood sleepers after ten years in the ground proved to 
be as sound as at first, while Oregon pine, Puget Sound cedar, African 
yellow wood, and Baltic deals had decayed and had been replaced. 

Large quantities of tailings have been washed during the last three 
years with good results, and Mr. Williams claims that the company 
possesses ‘*an enormous asset” in these accumulations of years, which 
are now being steadily washed and reduced. 


aMineral Resources U. S. for 1903, U. 8. Geol. Survey, 1904, pp. 911-917. 
H. Doc, 21, 59-1——60 
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Total production of Kimberley diamond mines since the consolidation of the De Beers 
Company in 1889, by mines. 


| De Beers and Kim- Premier Bultfontein 


Total. 
berley (15 years). (7 years). (4 years). 
Loads of blue hoisted... 38, 843, 766 | 11, 842, 360 | 1, 249, 267 51, 935, 398 
Loads of blue washed... "37,304, 527 | 10, 486, 100 851, 764 48, 642, 291 
Carats of diamonds 
LOUIIGIN-2 esc eeeeeeer 30, 940, 461 | 3, 075, 850 | 229, 343 34, 245, 654 
Value of the same ...... | £48, 461,973 12s. 9d. | £4,600,792 8x. 7d. | £344,777 8s. 0d. £53,407 ,543 9s. 4d. 
| meet 
Averages of yield, value, and cost for the same periods, by mines. 
De Beers and Premier Bultfontein 
Kimberley (7 years) (4 years) 
etd years). z ae 
Le lAtoOMeanatsi perl Og ees eee eee 0.8322 | 0.292 | G. 2466 
Maluespencaratenc.. ser csrccle a ceecl sawyer 33s. 0.60, | 28s. 4.5d. 33s. 11.6d. 
Wallumespen loa irene ince snc sissies Seee cee tee cee 26s. 8.8d. as. 3.7d. 7s. 6.970. 


Oct em On Ut 2s Bee, ce Ae a i ee, 7s. ual Qs. 11.94. 6s. 0.4d. 


From these figures it appears that these mines, since the year 1889, 
have produced an initial value in the world’s commerce of over 
$50,000,000; and that the cost of selling the rough diamonds, and of 
cutting and polishing, and the new advance in the price of dia- 
monds being added, this initial value represents fully $600,000,000 
to $700,000,000 by the time the jewels reach the wearers. 

Transvaal mines. —An account was given in the last report @ of this 
Bureau of the great new Premier mine in the Pretoria district of the 
Transvaal. Two articles have recently appeared in the Engineering 
and Mining Journal relating to this mine, one by Mr. C. A. Troge? 
and the other by Mr. T. Lane Carter,° whose description of the Vaal 
River diamond workings was also reviewed in the last report.” These 
articles fully confirm the remarkable accounts before published as to 
the extent of this great mine, which covers an area of over 70 acres, 
and they describe the progress in equipment and development during 
1004. 

The mine lies about 21 miles east of Pretoria, 6 or 7 miles from a 
small station, Van der Merwe, on the railroad to Delagoa Bay. Access 
to it thus far has been only by team over a rough country, but a branch 
is soon to be built from the railroad which will greatly reduce the cost. 
of supplies and fuel. 

Premier (Transvaal).—The annual report of this great new mine was 
presented to the shareholders at Johannesburg on January 3, 1905. 
It is only the second report, but it shows the extraordinary develop- 
ment of this mine within the short time in which it has been operated. 


a Mineral Resources U. S. for 1903, U. S. Geol. Survey, 1904, pp. 917-918. 
o Eng. and Min. Jour., July 28, 1904. 

eTbid., Aug. 25, 1904. 

d Mineral Resources, loe, cit. pp. 918-919. 
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Production of Transvaal Premier mine for years ending October 81, 1903 and 1904. 


1903. 1904. 
NEGad Ss Of DIMeAy asShied Meemepennee eel eel creisien c.ciere nic cee j 76,931 | 939, 265 
Caratsromaiam on ds ton dicen reer eerie tae eco s-.2 99, 208 719, 653 
Wauloie orl Gliebon (opens FeeeenNOlK os. a nd nonnooeno noob oon Deo CCR Oem a. £137, 435 2s. Od. £866, 080 Os. 5d. 
Numibencarats per loadie....2...----24-- ee Peay esse cia aint 1.29 | 0. 798 
Weil [Orie (OM RUG ee OAs oe eee er eee eG ome ae Bae eae £1 7s. 9d. £133) daa 
PERE TT OMGLA ooo aioe auncwtrsh Mean oeeee eee on! wbecke oe £1 15s. 8d. | 188. 5d. 
Cosvotproduchion perload tt. 2 cescs-c ce oc- cee dees ne soe ds. 7d, 2s. 6d. 


«a Fractions of carats and pence omitted. 


Since the presentation of the report, two immense diamonds have 
been obtained at this mine, one the unprecedented stone of 3,024% 
carats, of oval form and measuring 43 by 25 by 13 inches, found on 
January 27, 1905, and the other of 334 carats, found on February 15, 
1905. 

Vaal River mines.—In the last report of this Bureau there was a 
review of an article by Mr. T. Lane Carter on diamond gravels and 
pipes in the Vaal River district.“ Another and somewhat different 
article was read before the Institute of Mining and Metallurgy by 
Mr. F. Ernest Coe.? 

The region treated of in this paper les on both sides of the valley 
of the Vaal, northeast from Kimberley. the portion on the left bank 
being in Cape Colony and that on the right bank partly in Cape 
Colony and partly in the Transvaal. Mr. Coe gives a particular 
account of the mining in the deep placers, or the old river and stream 
eravels. These represent a period of great erosion, when deep and 
steep channels were worn through hard diabase rock, and were sub- 
sequently filled with sand, pebbles. and bowlders, much rolled and 
smooth, and then, in some cases at least, were overlain with beds of 
red sand—the rooi-grond (red ground) of the early Dutch diamond 
seekers. The floor or bed rock of these deep placers consists of car- 
bonaceous (Karoo) shale, underlain by amygdaloidal diabase. The 
exact relations of these beds to the period of erosion are not very clear 
from the account as given, although Mr. Coe goes into considerable 
geological discussion. 

The diamonds are found among the pebbles and bowlders of the 
deposit filling the channels, and are derived presumably from pipes 
not yet discovered, save partly, no doubt, from the pipe described by 
Mr. Carter. 

JSiyersfontein mines.—Oceasional references have been made in 
former reports to the mining of diamonds at Jigersfontein, in the 
Orange Free State, now the Orange River.Colony. The Jiigersfontein 


aCarter, T. Lane, The Diamond District of the Vaal River: Eng. and Min. Jour., Sept. 5, 1903. 
bMin, Jour., R’way and Com. Gaz., Aug. 6, 1904, p. 136. 


948 MINERAL RESOURCES. 


mine has been noted not so much for its great production as for the 
fact that it has yielded an unusual proportion of large diamonds, among 
them especially the extraordinary stone found in 1893, weighing 0712 
carats, and named the Excelsior diamond, the largest ever known up 
to that time.“ 


Production of the new Jagersfontein mine for the year ending March 31, 1904. 


oadsioteoline hauled. 2.226220. wc. sc ago eee te ee 2, 076, 408 
Moaade ot ithe washed). 2. .2..22.2-socc cas cee eee 1, 836, 634 
aris ot diamonds found... ......22. soe ee oe 167, 0045 
Male ct diamonds sold ....222: 5c pee ee £555, 695 16s. 7d. 
iNminiber of carats per load’... 22.2) 23a eee ee ee . 0968 
Male per (arate... ...cn85s222522 55 5e eee er 66s. 3.75d. 
Cost of production per load 22.2. -4. 2252222522. 22. eee foe ee 
Loads remaining on woOrs 2.220222 222 2e eee 97, 185 


Cape Colony .Mines.—One or two new diamond imines are now being 
developed in Cape Colony, in the district of Griqualand West, and 
considerable interest is taken at Bloemfontein in the success of this 
venture. The New Kimberley Diamond Developing Company has 
been fornied to acquire full control of two farms, the Witpan and the 
Bultpan, situated about 15 miles north of Kimberley and 7 miles east 
of the Vaal River, on the railroad line to Rhodesia. Mr. F. W. Robb, 
«i Kimberley expert, has made a report to the company upon the 
Phoenix mine on the Witpan farm, and advises careful and extended 
development. He deseribes the work of former prospectors who had 
made openings here—perhaps 100 claims—in a small pipe to a depth 
of 30 feet. Recent shafts have gone down 60 feet and 80 feet, all in 
** yellow ground,” after passing through a few feet of capping. Blue 
ground has not yet been reached, but the yellow ground contains a 
good deal of olivine, garnet (pyrope), and carbon, and some dia- 
monds, though no recent figures were obtained. Mr. Robb states that 
the detective department at Kimberley has registered 77 diamonds 
from this prospect weighing 373 carats. From this it would appear 
that the stones thus far found are quite small. 

Rhodesia mines.—The dianiond- bearing pipes and the surface depos- 
its derived from them apparently occur throughout a wide area of 
country in South Africa; but the few very large mines already in 
operation so control and overshadow newer enterprises that there 
is not much encouragement for further exploration. The Kimberley 
mines, in Cape Colony, the Jiigersfontein, in the Orange River Col- 
ony, and the new Premier, in the Transvaal, have the field of African 
diamond production well occupied. Diamonds are known to occur 
farther north in Rhodesia, but recent accounts indicate that little is 
likely in the way of discovery until there is more freedom for indi- 
vidual activity and more promise of returns therefrom. In the report 


asixteenth Ann. Rept. U.S. Geol, Survey, pt. 4, 1895, p. 598. 
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of the Rhodesia Chamber of Mines for September, 1904, this subject is 
spoken of quite frankly. An agreement exists between the De Beers 
Consolidated Corporation and the British South African Company 
with regard to diamond prospecting in Rhodesia that would leave 
very little for the discoverer of a mine in case the agreement. receives 
legislative sanction. The chamber of mines protests earnestly against 
such action as discouraging and well nigh prohibitive unless various 
points are modified and limited and various rights secured, as is the 
ease with gold discoveries under the mines and mineral ordinance of 
1903. 
BRAZIL. 


One or two important articles have appeared during 1904 upon the 
diamond region of Bagagem and Agua Suja, Brazil. The diamond 
industry of the State of Minas Geracs was described in 1899 by Mr. 
T. C. Dawson, of the American legation to Brazil, and his important 
account was given in abstract in the report of this Bureau for that 
year. The Bagageim locality is referred to in that article as one long 
known and worked, but much of the region around it has been but 
little explored. Agua Suja is about 16 miles distant. An extended 
article on this locality, by L. F. Gonzaga de Campos, EK. M., has been 
published in the Brazilian Mining Review and the (London) Mining 
Journal.@ 


BRITISH GUIANA. 


The diamond industry developed since 1900 in British Guiana has 
extended and become established. The fact is now recognized that 
the first stages of exploitation are fast passing, and that more system- 
atic methods on a larger scale must soon be adopted. A detailed 
review of the whole subject appeared in the (London) Mining Journal 
for May 28, 1904, in which the history, the present condition, and the 
future needs and prospects are quite fullv treated.? 


DUTCH GUIANA. 


The occurrence of diamonds in Dutch Guiana has been noted within 
the last year, the French consul-general at Amsterdam having called 
attention to the discovery and to the fact of some stones having been 
sent to Holland and found to be of excellent quality. This announce- 
ment was followed by a Jetter’ from Mr. Charles Douglas, of Para- 
maribo, who gave many particulars. The locality isin the Mindreneti 
district, in central Duteh Guiana, between the Surinam and the Sara- 
aca rivers, and accessible from either. 


a Min. Jour., Rwy. and Com. Gazette, July 9, 1904, pp. 23, 30. 
6 Min. Jour, R’ way and Com. Gazette, May 28, 1904. 
eMin. Jour., Rwy. and Com. Gazette, Aug. 20, 1904; ibid., Dec. $, 1904. 
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CORUNDU™M GEMS. 


CORUNDUM. 
TASMANIA. 


Corundum, occurring in the quartz wash with topaz, zircon, and 
pleonaste as water-worn nodules and irregular crystals, is fairly abun- 
dant at the northeastern tin fields. 


SAPPHIRE. 
MONTANA 


During 1904 no extensive stoping has been done by the New Mine 
Sapphire Syndicate in Montana, which has been scence rather in 
driving levels. This fact, in ee Rlor to the necessity of working 
through a small break in the lead containing much hard rock at times, 
explains the reasonof a decrease from the production of former years. 
The price, however, of all qualities has increased during the last year, 
and any deficiency in output has thus been compensated. The demand 
for the stones steadily increases, and difliculty has been experienced 
in filling orders with promptitude. 

The product of the mine for the year 1904 is given as follows: Stones 
for cutting purposes, 35,529 carats; stones for watch-jeweling purposes, 
808,404 carats. These are aece respectively, at $80,170 and $11,570, 
i total value for the vear’s output of $41,740. 


QUEENSLAND 


The sapphire deposits of the Anakie district in Queensland, which 
were described in the report of this Bureau for 1902, have been largely 
developed within the last two years. An extended report upon them, 
by Mr. Lionel C. Ball, assistant government geologist, has recently 
appeared, which contains descriptions of all the workings in the sey- 
eral centers of mining activity and many data as to production and 
value, up to the close of 1904.4 At that time about 200 men were at 
work, of whom one-third were at points on Retreat Creek (Sapphire-. 
town, 50, and Middle Camp, 20) and half as many (36) on Policeman 
Creek, while the remainder were scattered, a few each, at a number 
of minor workines. 

TASMANIA. 


Sapphire is quite plentiful at some of the mines. In color it varies 
to a great extent, being found in almost all shades of blue, dull green, 
purple, and y ellow, and from translucent to opaque. Decastorall> it 


a Ball, Lionel C., The S annie Fields of Central Queensland: Queensland Gov’ ine Jour., areran 
15, 1905, pp. 112-117, with illustrations. 
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is particolored, with shades of blue to yellowish and colorless. The 
asteriated variety also occurs. Really fine gem sapphire ts scarce; but 
some very good stones have been cut and polished, although too rare 
to constitute an article of trade. The ruby has not been obtained. 
Notable localities are Mount Cameron, Thomas Plain, Weld River, 
Main Creek, and Branxholm. At Shekleton on the northwest coast 
fragments of fairly good color to colorless have been collected, asso- 
ciated with zircon and quartz. 


RUBY. 
BURMA. 


The English company, known as the Burma Ruby Mines (Limited), 
which has been carrying on the exploitation of rubies in the celebrated 
Mogok Valley in Burma, has continued its operations during the past 
year, as now for several years previous, with good success. 


EMERALD. 
NEW SOUTH WALES. 


Beryl of gem quality, some of it xo richly colored as to be called 
emerald, has been known for as niuch as fifteen years past in New South 
Wales, and numerous gems have been cut therefrom. It occurs im 
pegmatite, with topaz, fluorspar, and cassiterite, at Glen Creek, 7 miles 
north by east from Emimaville. Several crystals are described and 
one very elegant one figured by Mr. C. Anderson in the Records of 
the Australian Museum in December, 1904.” 


BERYL AND CHRYSOBERYL. 


NEW HAMPSHIRE. 


Some good gem material has been recently obtained at the old beryl 
locality near Grafton, N. H. The exact locality is in Springtield, 
Sullivan County, 119 miles from Boston and about 4 miles from the 
Boston and Maine Railroad. About two-thirds of the way up the 
mountain at this point the Sullivan County Mica Mining Company 
have operated a vein of mica about 25 feet distant from the vein 
carrying beryls. which the company did not observe or work. Little 
has been done yet in beryl miming. only some surface work; but there 
is described a remarkable development of crystals of beryl and of 
garnet ina space 14 feet square and 2 or 35 feet deep. A number of 
fine beryls that vield material for cutting have been taken out. 


a Anderson, C., Mineralogical Notes, No. 1: Ree. Austral. Museum, vol. 5, pt. 5, December, 1904, )>. 301. 
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UTAH. 


Three crystals of beryl have been received from Mr. Maynard Bixby. 
of Salt Lake City, which because of their color—a rich raspberry 
red—deserve special notice. The specimens are single crystals, of 
short prismatic or almost tabular form, 8 millimeters in height and 
up to 7 millimeters across the basal plane, implanted on imperfect 
topaz crystals. According to Dr. W. F. Hillebrand and Mr, W. T. 
Schaller, the only other forms are those of prisms of the first and 
second order, the habit being the usual one for beryl; the specitic 
gravity is 2.65. The color is presumably due to manganese, of which 
the crystals contain a very appreciable amount. Approximate chem- 
ical determinations leave no doubt as to the identity of the species. 
The locality of occurrence is that made known by the discovery of 
bixbyite about 35 miles southwest from Simpson Springs, Utah, in 
the Dugway Range. 


TASMANIA. 


A very interesting discovery has been made of chrysoberyl of the 
rare alexandrite variety in Tasmania. It is found in the tin-bearing 
drift in the valley of the Weld River, which drains a granite range in 
the northeastern part of the island. A personal conmunication from 
the government geologist, Mr. W. H. Twelvetrees, gives the following 
statement: 

The tin and chrysoberyl are derived from a biotite-granite, usually with large 
pseudo-porphyritic crystals of orthoclase scattered through it; but wherever it is 
stanniferous the biotite has been replaced by muscovite or lithia mica. The age oi 
the granite is considered to be Devonian. One gem was found which has been cut; 
* * * it is a half inch across, pale in color, but very near the variety * * * 
found in Ceylon. Several smaller fragments have been obtained. * * * The 
larger specimen had some semblance of crystallization; the smaller ones are rolled 
fragments, with no crystallization, and of no value as gems. 

Mv. Twelvetrees thinks that the mineral may exist in some abun- 
dance, but that it has been overlooked. The cut stone has an attractive 
light-green color and is red by transmitted light. The piece was 
found in the ordinary process of treating the drift for tin ore. 


TOPAZ. 
TASMANIA. 


Tasmania is noted for its remarkably fine water-clear topaz, which 
is often cut and polished for ornamental purposes. It also occurs in 
pale shades of sea green and blue, but the yellow variety is unknown. 
It is comparatively abundant throughout the northeastern tin fields, 
and is sometimes obtained in well-developed crystals of unusually 
large size for the species. Well known localities are Mount Cameron, 
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Weld River, Thomas Plains, Moorina, and in fact it occurs throughout 
the whole district in more or less abundance wherever alluvial tin 
mining is in operation. It is found with quartz, zircon, pleonaste, 
and occasionally beryl. At Kaillicrankie Bay, Flinders Island, it is 
in considerable quantity, and sometimes in large sized crystals. At 
this locality it has been obtained in place in a pegmatite dike composed 
of enormous crystals of orthoclase, with quartz and muscovite. At 
Bell Mount, in the Middlesex district, this mineral is often met with 
in place ina tin-bearing rock at the junction of granite and Silurian 
slate. At the Stanley River it occurs in granitic detritus with tin and 
monazite. Much of the stanniferous rock at Mount Bischoff is topaz 
porphyry, and the radiating cylindrical variety, pyenite, is somewhat 
abundant in special portions of this celebrated tin mine. 


NEW SOUTH WALES. 


Topaz from New South Wales has been recognized and described 
before; but ina recent paper quite detailed accounts have been given 
by Mr. C. Anderson, in the Records of the Australian Museum, 


December, 1904.¢ 
ZIRCON. 


TASMANIA. 


This mineral is extremely abundant at the northeastern alluvial tin 
mines, but has not been found in piace. It occurs as more or less 
water-worn particles, which rarely exceed 1 inch in length, and the 
crystallographic characters are usually obliterated. The common 
forms are the yellow-brown jargon and the bright-red hyacinth 
varieties. The former is usually much clouded by darker tints, but 
when cut and polished it becomes a gem of remarkable attractiveness. 
The hyacinth variety is sometimes of very good color, and is then a 
beautiful stone. 

GARNET. 


ALMANDITE. 


NEW YORK. 


Garnet of this variety occurs largely in the Adirondack region of 
New York, and, though not of gem quality, is mined quite extensively 
as an abrasive. A recently issued bulletin of the New York State 
Museum? describes this industry and gives the figures of production; 
for 1904 these were 3,045 short tons, valued at $104,325, about the 
same figures as for 1903. The garnet occurs ‘associated with horn- 
blende-feldspar rocks in crystals that range from small size up to 


@ Anderson, C.: Mineralogical Notes, No. 1; Ree. Austral. Museum, vol. 5, pt. 5, December, 1904; pp. 
296-300, and plate 39. 

bNewland, D. H.: The mining and quarry industry of N. Y. State, N. Y. State Museum Bull. No. 98, 
Albany, 1905. 
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masses of several feet across;” the proportions vary widely, and only 
the richest rock is worked, which is done by crushing and washing. 
The quarries are situated in the Hudson River Valley near the bound- 
aries of Essex and Warren counties, the principal shipping point being 
the town of North Creek. Several companies are at work. 


TOURMALINE. 
CONNECTICUT AND MAINE. 


The recent remarkable discoveries of colored tourmaline in southern 
California have somewhat eclipsed the old New England localities, but 
within the last year some very fine gem material has again been taken 
out both in Connecticut and Maine. The resemblances between these 
remote regions, both in the character and in the association of the 
minerals found, are very remarkable. Lithia minerals of various 
kinds, notably the gem tourmalines, occur in almost identical ways 
in veins or dikes of pegmatite in San Diego and Riverside counties, 
Cal.,as at Haddam Neck, Conn., and in Oxford County, Me., although 
separated by the entire breadth of the continent and with scarcely any 
occurrences in all the intervening area. 


AUSTRALIA. 


x 


Tourmaline of gem quality has been recently announced from Kan- 
garoo Island, South Australia. The government geologist, Mr. 
H. Y. L. Brown, states that the crystals are very large and fine and 
vield heautiful gems. They are usually green, and some have also 
the pink center so often seen in Brazilian tourmalines. Six specimens 
have been described and figured in the records of the Australian 
Museum, for December, 1904, by Mr. C. Anderson: these crystals 
were from the Mining and Geological Museum at Sydney. 


JADEITE AND CHLOROMELANITTE. 
GUATEMALA. 


Dr. Max Bauer, of the University of Marburg, has described a 
number of prehistoric objects from Guatemala made from jadeite and 
chloromelanite.? 

QUARTZ. 


THERMOELECTRIC PROPERTIES OF QUARTZ. 


The thermoelectric properties of quartz crystals have furnished a 
field of fascinating research in molecular physics which now affords 
renewed interest in its relation to radio-activity. Sections of smoky 
quartz, decolorized by heating, regained their color by ten days of 


aAnderson, C., Mineralogical Notes, No. 1; Ree. Austral. Museum, vol. 5, pt.5, December, 1904, pp. 
302-308. . 
» Centralbl. neues Jahrbuch fir Mineral., 1904, pp. 65-79. 
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exposure to radium rays. On warming and sprinkling them with 
flour of sulphur and red lead (the sulphur clinging to the electro- 
positive and the red lead to the electronegative parts of the quartz 
twin) the smoky tint was developed in three triangles (segments of 
one of the twins), which were found to be negatively electrified. This 
study has been deseribed by M. Egeroff.“ A related question of equal 
interest concerns the nature of the smokiness that is thus eliminated 
and redeveloped. It has usually been supposed to be carbon, but it 
may prove to be something quite different, as it is not easy to see how 
a carbon compound could thus be affected. 


NONCRYSTALLINE QUARTZ. 


CHALCEDONY. 


A number of occurrences of beautiful varieties of chalcedonic quartz 
minerals have recently been reported to the writer. Most of these 
are on the Pacific coast, but several are in other parts of the country. 


IOWA. 


A beautiful gray and fawn-colored translucent chalcedony, in rolled 
botryoidal masses, up to 3 inches by 2% by 2 in size, has been found in 
the vicinity of Ames, Iowa, by Mr. H. B. Jones. These pieces are 
rich in color, very compact, and would answer for some forms of 
ornamental work. 


OREGON. 


Sapphire chalcedony.—In the vicinity of Eaglepoint, Jackson 
County, Oreg., a great quantity of beautiful chalcedony, agate, and 
jasper has been found. Among these are some beautiful white chal- 
cedony, gray, brown, and green jasper, and an endless variety of agate. 
Of especial interest, however, is a beautiful blue chalcedony (sap- 
phirine), which is quite equal to that found in Hungary or in California. 


NEVADA. 


Pose chalcedony.—A most beautiful rose and lilac-tinted variety of 
chalcedony is reported from Aurora, Nev., by Mr. Maynard Bixby, 
the well-known mineralogist of Salt Lake City, Utah. It occurs in 
an amyedaloidal rock, and the delicate rose-pink variety, very trans- 
lucent, rests directly upon a base of almost white chaleedony. Where 
broken across, the fractured surface shows a peculiar almost stellated 
structure. 


aComptes Rendus Acad. Sei., Paris, 1905, 
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JASPER AGATE AND JASP OPAL. 
MEXICO. “ 


On the Rancho Guadalupe, a few miles from Ensenada, in Lower 
California, Mexico, belonging to Mr. T. Morris Flower, there have 
been found in great quantity—scattered over the surface in the form 
of bowlders measuring from a few inches across to several feet—jasper, 
red, with a faint salmon tint, beautiful compact jasper agate. and jJasp 
opal, in color generally red, although frequently turning to green and 
white, all of which would admit of a very high polish and would be of 
value in the arts and for certain forms of jewelry. The bowlders 
have an outer coating of white and cream-colored jasper, but when 
they are broken the color within is found to be red or yellow or 


green. 


OPAL. 
IDAHO. 


About ten vears ago considerable interest was aroused as to the 
occurrence of precious opal at several points in Idaho, especially near 
Moscow, Owvhee County, as noted in the reports of this Bureau for 
1892 and 1893. Not much has been done here for some time past, but 
it is now announced that the Moscow locality has been reopened and 
is to be worked for opaline or opal matrix. 


OREGON. 


A deposit of opal ina rhyolite rock exists in Baker County, Oreg., 
some of which is very handsome, although it does not appear to have 
been worked commercially. Remarkable specimens were obtained a 
few years ago by Prof. William B. Dwight, of Vassar College, Pough- 
keepsie, N. Y., and are now in the cabinet of that institution. One 
of these is a large mass of rhyolite, containing nodules of precious 
opal, 1 or 2 inches in diameter, transparent and glassy, and of brilliant 
colors. In other specimens the opal varies to a peculiar dense white, 
like the purest white enamel, and again to a transparent hair brown. 


NEW SOUTH WALES. 


A new opal field is reported in New South Wales, at Wallangulla, 
near the Queensland border, about 50 miles north from the town of 
Walgett. Pieces of opal have been picked up in the vicinity for sey- 
eral years past, but no mining had been undertaken until about two 
years ago, when a syndicate was formed, and careful prospecting 
revealed the mineral in place (see reports of this Bureau for 1896, 
1898, 1900, and 1902). No specific data are yet given as to produc- 
tion, though several hundred pounds’ worth are said to have been 
sent from the new workings by individual mmers. 
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QUEENSLAND. 


The opal production in Queensland, described in the report of this 

Bureau for 1902, has become an important and established industry; 

2 of 3 

though according to official figures it is not as large as it was a few 

o = oa o 

year ago. Other accounts state that it has greatly increased in recent 

years. 
WEST AUSTRALIA. 

Crocidolite opal. —The ecrocidolite opal referred to in the report of 

this Bureau for 1903, has been analyzed and shown to be, as supposed, 

i replacement of crocidolite by hydrous silica, with some ferric oxide. 


TURQUOISE. 
NEW JERSEY. 


Turquoise was obtained some months ago at Somerville, N. J., in 
the workings of the American Copper Mining Company on Watchung 
Mountain. The specimens were obtained from Mr. Josiah Bond, now 
of Wichita, Kans., who was at the time the manager of the mine, and 
who had a number of pieces, some of them as large as a silver dollar 
and two or three times as thick. They were found in little veins on 
the incline shaft, about 1,100 feet from the opening. This occurrence 
is not likely to be of any commercial importance, but it is highly 
interesting and worthy of record as the most eastern locality for this 
interesting gem. 

NEW MEXICO. 


In the reports of this Bureau for a number of years, notes have 
been given as to turquoise development in New Mexico and the dis- 
covery of new localities. In connection with the St. Louis Exposition, 
a general sketch has appeared as to the history, geology, and present 
condition of all the mines new actually yielding turquoise in the Ter- 
ritory, by Mr. Fayette Alexander Jones.“ The account is popularly 
written and contains interesting facts. 

Turquoise is now profitably mined in four different districts of New 
Mexico. Taken in the order of their modern discovery, these localities 
are: In the vicinity of Los Cerrillos, north of the Southern Pacific 
Railway, in Santa Fe County; in the Burro Mountains, southwest of 
Silver City, in Grant County; at Old Hachita, also in Grant County, 
and in the Jariila Mountains. Otero County. 


EGYPT. 


Prof. Flinders Petrie, the noted archeologist, has recently visited 
the ancient turquoise nines at Maghara, in the Sinai district. It has 


aJones, F. A., New Mexico Mines and Minerals, 1904, World’s Fair Edition: Scientific Publishing 
Company, 1904, New York, pp. 269, 273-277. 
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been a question whether the mining here was for turquoise or copper. 
but Mr. Petrie finds indications that both were sought, though per- 
haps at different periods. Evidences are found of copper sielting in 
the fourth and twelfth dynasties; but the mines eenerally seem to fol- 
low the veins of turquoise, and the rubbish heaps abound in turquoise 
chips. Three kinds of mining also are noted. In the third and twelfth 
dynasties all the work was done with chisels; at another period, not 
determined, holes were picked in the rock, 5 inches apart and a foot 
deep, and blocks were then broken out. Neither of these kinds of 
workings show any traces of flints. Another class of waste heaps con- 
tain numerous flints, and may be of Bedawi origin at many periods 
and even prehistoric. 
WEST AUSTRALIA. 


Reports have been published of a turquoise mine in the Murchison 
district, West Australia. The government geologist, Mr. A. G. Mait- 
land, in his report for 1903, states that he has examined several speci- 
mens of the supposed turquoise and found them in every case to be 
richly colored chrysocolla, and not turquoise at all. 


MALACHITE AND AZURITE. 
ARIZONA. 


The malachite and azurite which have been so noted for their beauty 
as speciinens from the imines at Morenci, Ariz., are no longer found 
to the same extent that they were a few years ago and may become 
rare hereafter. Such is the statement of Mr. Waldemar Lindgren, of 
the United States Geological Survey, in a letter to the writer in 
December, 1904. The magnificent specimens of these minerals 
obtained several years ago came chiefly fron: two of the mines, the 
Detroit and the Manganese Blue; but these have been practically 
worked out. and no large masses are now found. My. Lindgren 
doubts whether any more such masses are likely to be met with, unless 
perhaps at some points in the Shannon mine. 

An important paper on the copper minerals of this region was pub- 
lished by Mr. Lindgren in the Transactions of the American Institute 
of Mining Engineers for 1904.“ In this article the geological condi- 
tions and the successive phases of metamorphic action connected with 
these remarkable deposits are treated of at some length and with con- 
siderable detail, and the history of the formation of the various 
minerals, including malachite, is traced out in a highly interesting 
manner. 


aLindgren, Waldemar: The Genesis of the Copper Deposits of Clifton-Morenci, Arizona; Trans, 
Amer. Inst. Min. Eng., Lake Superior meeting, Sept., 1904, vol. 35, 1905, pp. 511-550. 
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PERIDOT. 
ARIZONA. 


Peridot (olivine) has heretofore been found scattered abroad on the 
surface in the Navaho country, associated with the pale and ruby-red 
garnets. During 1904, however, a locality was discovered near Talk- 
lai, Ariz., where it is found independently of any garnet occurrence. 
The specimens are of fine color and often of considerable size. A sin- 
gle peridot came to the writer’s notice which weighed 13 ounces and 
was 14 inches in leneth. The stones are found principally in a peri- 
dotite rock, associated with obsidian, ina canyon known as Peridot 
Canyon. They are also obtained at Mesa. 6 miles from Talklai. The 
former is the most promising locality in the United States, as the gem 
here occurs in its natural matrix. The rock is at times porous, like 
a vesicular lava, and it is from the breaking down of this rock and 
the weathering out of the included harder peridots that the latter 
are obtained. 

OBSIDIAN. 


OREGON. 


In the vicinity of Drewsey, Oreg., Mr. E. L. Beede reports finding 
the mottled brown and black obsidian (marekanite) in pieces more than 
1 foot across, similar to that found in the State of Guadalajara, Mexico. 


IOLITE. 
NORTH DAKOT 


Tolite (dichroite) has been found in grains 5 millimeters square, both 
translucent and transparent, blue in one direction and almost colorless 
in the other, associated with almandite garnets 3 millimeters across, 
in a black micaceous quartzose schist, near Edgeley, N. Dak., by My. 
George H. Quivey. This mineral, when clear and of rich color, has 
been sometimes employed as a gem, and this discovery may prove to 
be valuable if specimens of fine quality are at all abundant. 


UTAHLITE. 
UTAH. 


Utahlite (compact variscite) was first described and named in the 
report of this Bureau for 1894. Some recent data have been received 
regarding it under the name of chlorutahlite. The account given in 
this communication is essentially identical with that in the report above 
mentioned, although somewhat more detailed. The locality is in Clay 
Canyon, Camp Floyd mining district, Utah County, Utah, about 2 miles 
south of the famous Mercur gold mine, and at an altitude of 6,250 feet. 


It is on a ridge or spur, one of a number that radiate from the Oquirrh 
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Mountains, and the spot is quite accessible. The rock is a metamor- 
phosed limestone, at times highly ferruginous and_ siliceous. The 
utahlite occurs in a vein 12 feet wide, running with the strike of the 
country rock, and containing about 10 per cent of limonite. 


SERPENTINE, 
GREECE. 


Mr. W. Brindley, F. G. 8., has made a communication to the Royal 
Institute of British Architects, recently published in their Proceedings, 
concerning the verde antico marble so much used and valued in Rome 
and Byzantium. He gives interesting accounts of his search through 
several years for the lost source of this very elegant and highly prized 
stone, a quest in which he at last succeeded by the discovery of no less 
than ten adjacent quarries. These are situated at Casambala, 7 miles 
northeast of Larissa, near the road leading to the celebrated Vale of 
Tempe. <A neighboring village still bears the name of Marmariani, no 
doubt the ancient marble-workers’ town. 


AMBER. 


NEW YORK. 


‘ 

A very interesting discovery of Cretaceous amber was made by Dr. 
Arthur Hollick, of the New York Botanical Garden, in November, 
1904, at Kreischerville, Staten Island (borough of Richmond, New 
York City), where it exists in some abundance. Cretaceous amber is 
somewhat rare, and this occurrence is of much interest. ICreischer- 
ville is situated on the shore of Staten Island Sound or Arthur Fall, 
near the extreme southwestern end of the island and distant about 24 
miles from Richmond Valley station on the Staten Island Railway, 
about 23 miles from New York city hall. 

The amber was found in connection with the clays which are mined 
there for manufacturing purposes (fire and ornamental brick, hollow 
ware, terra cotta, etc.). They are known to be of middle Cretaceous 
age, and are approximately the equivalent of the Cenomanian of 
Kurope, of the lower Atane beds of Greenland, and of the Dakota 
group of the West. They represent the eastward extension of the 
Raritan or Amboy clay series of New Jersey. 


FLUORITE (Chlorophane. ) 


VIRGINIA. 


It is a fact of much interest that the variety of fluorspar® found at 
Amelia, Va., bas been found extremely sensitive to heat, so that it 
becomes distinctly luminous by the warmth of the hand, and that it, 


—=— = 


a Kunz, G. F., Gems and Precious Stones of North America, 1892 p, 184. 
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also shows a triboluminescence so marked that the slightest friction 
will cause it to emit a phosphorescent ght. During an examination 
as to the cause of this phosphorescence, in a series of experiments@ 
made by Dr. Charles Baskerville and the writer, specimens were 
sent to Prof. William J. Humphreys, of the University of Virginia, 
who examined spectroscopically these and more than one hundred 
other examples of fluorite, obtained from almost every quarter of the 
globe. His experiments showed that yttrium was present in most of 
the specimens, and ytterbium also in a few of them.? These results 
led the writer to suggest that the chlorophane variety of fluorspar 
could be distinguished and separated very simply by the fact of its 
heing both triboluminescent and also thermoluminescent even at low 
temperatures. 
FOSSIL CORAL. 
IOWA. 


For many years beautiful specimens of cut and polished fossil coral 
from Iowa have been familiar to collectors and geologists: and there 
has been a constant production and sale of such material but only on 
a very moderate scale as compared with what it might be if the stone 
were better known to the public and applied to a greater variety of 
ornamental uses. The Iowa exhibits at several of the recent exposi- 
tions bave contained beautiful displays of this material: and some 
very elegant polished balls were shown at the St. Louis fair by Mr. 
Charles E. Briggs, of Lishon, Iowa. 


tejten) 6] 
GEM MINERALS OF CALIFORNIA. 
INTRODUCTION. 


The reports of this Bureau for 1902 and 1903 have contained some- 
what extended notices of the remarkable discoveries of gem spodumene 
in southern California, and also of gem tourmaline and of various other 
interesting minerals. The colored tourmaline and lithia minerals of the 
same region have also been separately noticed in several former reports 
of the Bureau. These various occurrences, together with those of 
other gem minerals, beryl, topaz, essonite, etc., in the same or neigh- 
boring localities, are making the whole district one of the most remark- 
able in the world for these minerals, comparable only to the famous 
gem region of the Urals. It is therefore fitting that a more general 
statement of the whole subject should here be presented. In this 
statement will be included a body of data specially collected during 
the last year for the writer in connection with the State Mining 
Bureau of California, and some notes on the geology of the region 


a Kunz, G. F., and Baskerville, Charles, Science. 1904. 
¢Humphreys. W. J., On the Presence of Yttrium and Ytterbium: Astrophysical Jour., vol. 20, 
November, 1904, pp. 266-278. 
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from various sources, the latest being an article just published by Mr. 
G. A. Waring, of Leland Stanford University.¢ 

It is worth while to note the fact that there is already more actual 
mining for gems done in California than in any other State or Terri- 
tory of the Union, and the indications are that there will be many 
more gem mines discovered in the southern counties as remote dis- 
tricts are opened and old ones more fully explored. 

An extensive report, to appear as a volume, on the gems and jew- 
elers’ materials of California is now in press; this was prepared by 
the writer at the request of the State Mining Bureau, under the diree- 
tion of the State mineralogist, Mr. L. EK. Aubury. <A report on the 
occurrence of lithia minerals in the United States, by Mr. Waldemar 
T. Schaller, of the United States Geological Survey, is also in prepa- 
ration. As the lithia minerals are so intimately connected with the 
gem minerals, the latter will of necessity be more or less treated of in 
this report. These two publications will describe quite fully the 
remarkable mineralogical discoveries tn southern California and make 
them known to the world. Heretofore almost all that has appeared, 
until very recently, has been in the annual reports of this Bureau by 
the writer. The privilege of using in this present summary the data 
obtained for the forthcoming volume has been very liberally accorded 
the writer by the California State Mining Bureau. <A large amount 
of this material has been obtained from personal communications and 
other unpublished sources, and is now brought together and corrected 
to date, so as to furnisha general view of the gem resources of the State. 

The distribution of gem minerals in California as a whole may be 
broadly outlined as follows: (1) There is first the gold region of the 
central and northern counties along the western base of the Sierra 
Nevada; in this are found the gold quartz used so much for jewelry and 
ornamental work, and the few but interesting diamonds. ‘These latter 
occur loose in the gold-bearing gravels, sometimes of the surface pla- 
cers but generally of the old river beds now covered and compacted by 
lava flows. In these old river beds also is found much of the agatized 
and opalized wood, which is sometimes capable of use as an ornamental 
stone. In the same gravel filling of an ancient stream bed in Calaveras 
County was encountered the wonderful deposit of transparent quartz 
crystals (rock crystal) of great size, which yielded some of the finest 
material for art work ever known anywhere.? These occurrences, it 
is true, are adventitious, and not in the nature of mines that can yield 
any permanent supply. But they have been found, and may be found 
again at any time. The gold quartz is different in this respect, and a 
fairly steady production of it in certain of the quartz mines may be 
relied upon hereafter as before. 


aWaring, G. A., The Pegmatite Veins of Pala: Amer. Geologist, vol. 35, No, 6, June, 1905, pp. 356-369. 
6 Mineral Resources U. 8. for 1898, Ann. Rept. U. S. Geol. Survey, 1899. 
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The diamonds found in the gravels are neither numerous nor large, 
but some of them are beautiful and all of them possess much interest. 
Their occurrence was deseribed inthe paper of Mr. H. W. Turner, 
reviewed in the report of this Bureau for 1899. Al have been found 
incidentally, and no seareh for them has ever been made. One or two 
suggestions, however, may be offered here. 

As the United States Geological Survey is now carrying on a special 
study of the occurrence of platinum in the Pacifie States, it would 
seem that if some attention were paid to the occurrence of the dia- 
mond it also might be found in the course of this investigation, as the 
diamond is one of the heavier minerals and would probably be met 
with in the rifles with the gold and platinum. 

The new grease-board separator used by the De Beers Diamond 
Company in the African mines might prove a valuable adjunct to some 
of the present gold stamps, or in the sluices, to detect the occurrence 
of diamonds in California. The concentrates are carried with a stream 
of water over an inclined board coated with mutton tallow; when such 
a board is vibrated or ** jig@ed,” other minerals pass on, while all dia- 
monds present adhere to the grease and can thus be separated. By 
this means, diamonds down to the size of a pin-point are now saved in 
the Kimberley mines, while otherwise they would surely be lost. 

(2) There is next the region of Tulare County, centering around 
Visalia, where the recently developed chrysoprase mines occur at 
several points. This rare and beautiful stone exists here apparently in 
some abundance, and associated with it are other torms and varieties 
of quartz minerals capable of use for ornamental purposes, such as 
rose quartz, chrysopal, ete., besides several species of garnet, some of 
which have yielded gem material. Another interesting and rather 
peculiar stone found in this section, on the borders of Tulare and 
Fresno counties, is that named by the writer caliéfornite, a compact 
green variety of vesuvianite that perfectly resembles the celebrated 
jade so much prized in the Orient for elegant art work. This mineral 
is also found in Siskiyou County, at the northern extremity of the 
State.¢ 

(3) The desert region of the southwest, bordering on Nevada and 
Arizona. Here, in an arid and desolate country, consisting largely of 
volcanic rocks, are found some interesting localities of opal and of tur- 
quoise, the latter giving evidence, as in Arizona, of long and extended 
working by prehistoric tribes, who have left their stone tools and their 
rock inscriptions around their old places of labor. These will be fur- 
ther referred to under turquoise. 

(4) The region specially considered in the present review is the 
mountainous central and southern portions of San Diego and. River- 
side counties. Here it is that such remarkable gem discoveries have 
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heen dad< in the last ten years. Besides the richly colored tourma- 
lines ami spesiumenes. other gem minerals have lately been found in 
various parts of this district. especiaily wepaz. transparent epidote and 
kK. oreen. and blue bervl. and essonite warnet. the whole 
forming ~ueh an assemblage of minerals that i+ searcely. if at all. 
ejualei in tee world. Many of thes mines are as yet one prospects 
re but the indications are that the region i- a Of Pos- 
-telitie. Lack of water and fuel are the chief obstacles thus fartoa 
much more extendei development. 
it may be sabi that throughout the achi-tose and ¢ranitic 
region of Man Diego and Riverside counties there is a widespread 
prevalence of an igneou- rock of gray color. generally called a diorite. 
with a little desseminated quariz and mica (biotite): but some exam- 
ple- have been determined to be gabbro rather than diorite. This 
reek and the granite appear in a series of ridges or mountains. with a 
preval ling nerth and -outh course. and are traver-ed by dikes or veins 
of pegrsatite. whieh have a general direction of nmorthwest--outh- 
east. atl dip southward or -outhwestward at varving angles. Jt 1 in 
the pegmatite veins. which with slight differences vet possess great 
general similarity. that the gem mineral. are found. In the notes 
goyen farther on as w the several mines the more -pecial feature- will 
be dhacriped, 

Jn this region -ereral center- of occurrence of two -omewhat distinct 
type: may be recognized, thoxe vielding lithia minerals with gem tour- 
saline ane wormnetimes germ >podumene and tho-e vielding principally gar- 
net. verv].andtopaz. Of the former, there are especially to be noted in 
van Diego County first the Mesa Grande mines. which vield crystal- 
lized germ tourmaline of splendid quality almost exclusively: second. 
tne Pala district. in which there are three parallel ridges— Pala Moun- 
tain on the we-t. with the great lithia mines and -ome colored tourma- 
lime: Pala Chief Mountain. in which are found very tine tourmaline 
and tae new and remarkable gem spodumene (kunzite), and Hiriart 
Mountain on the east. with a number of openings vielding both tourma- 
line and kunzite: then third, northeast of these. in Riverside County. 
there f= the region near Coahuila. in San Jacinto Mountains. Here was 
the nt-t discovery of gein tourmaline in California, so far as known to 
the whites, and kunzite and other lithia minerals have alxo been found 
recently In association with the tourmaline. There are also other 
lowalities Wetween this Jatter and Mesa Gsrande. and probably many 
others mas yet be found. About halfway between Mesa Grande and 
Pala is 4 tine berv] mine near Rincon. 

The other class of mineral localities appears to le along a Jine some- 
what sontheast of those just noted. extending from near the Mexican 
boundary. at Jacumba. northwest to Ramona and perhaps bevond, and 
following the general strike of the pegmatite veins and almost exactly 
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paralled to the line from Meza Grande to Pala. At Ramona are found 
abundant tine garnet (essonite). with topaz and beryl]. notably the rove 
variety, but not much tourmaline, no kunzite. and. in general. little of 
the Jithia minerals. Around Jacumba are found bervl and essonite 
garnet (often calied hyacinth): the latter is abundant and at one or two 
points has been worked somewhat for several vears. Jacumba. or 
Jacumba Hot springs. is close to the Mexican line. some 1» miles east 
of Campo. and almost on the western edge of the Colorado desert 
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ROSE CHALCEDONY. 


3ernardino County. Henoticed piece- of pink and also of white chal- 


cedony as float material in washes or gullies about 34 miles west of 
siberia station. a -iding on the >anta Fe Railway. Following these 
up several guiches he traced them to outcropping~ of =mall quartz 
veins In a granitic rock that had apparently been altered by -ome 
volcanic action. The locality is near what is known ay A-h Hill. and 
there are porphyritic rocks and old craters in the vicinity. 


HYDROLITE. 


Among the interesting specimens of chalcedony found at various 
points along the Pacific coast of California and Oregon. one of ihe 
most remarkable is mentioned as having been found on Pebbly Beach. 
Crescent City. Del Norte County. Cal. This specimen was a gecde 

+ inches in length and 35 by 33 in the other dimen-ions and contained 
a teaspoonful of water with a moving hubble. It was reported by Mr. 
Frank Clovenow. of Pebbly Beach. These hollow geode- of chal- 
cedony. containing water. which have been called natural sealed flask- 
and also hrdrolites. have been long known from some of these Paciti- 
beaches. and have heen sought with much interest by collectors. but 
nothing approaching the size of this specimen has ever been feund 
before. 

CHRYSOPRASE. 


The last reference to the chrysoprase occurrences in California in 
the reports of the writer to this Bureau was in the report for 19!1. 
The following general summary is derived from recent data gathered 
in connection with a report to the State mining bureau of California. 
Chrysoprase wa discovered in Tulare County in 1875 by Mr. George 
W. smith. a survevor. of Visalia. He presented specimens to Mir. 
M. Braverman. of that place. who identitied them as chrysoprase trom 
the presence of nickel oxide. Later the State mining bureau con- 
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firmed this determination. The first specimen was the finest ever 
found in America, and was sent to the Paris exposition of 1879, but 
failed to reach its destination. It was about 33 Inches long and 13 
inches thick. The first discovery and thus far the best outcroppings 
developed are located on the McGinnis property in the NE. 4 see. 8, 
T. 18 8., R. 26 E., Mount Diabio meridian, about 10 miles northeast 
of Visalia, on Venice Tall. These outcroppings extend along the 
southeastern slope of this hill and through section 8 and the SW. 4 
sec. 4. Here it occurs in small, irregular veins, which range from 
mere seams to a thickness of 2 or 3 inches, in a somewhat altered red 
jasper rock. 

The chrysoprase outcroppings have been traced at different places 
all along the foothills of the Sierra Nevada across Tulare County. and 
the following localities have been. noted by different authorities: 
Venice Hill, Stokes Mountain, Tule River, Deer Creek, and 1 mile 
east of Lindsay. All of these localities have been announced in the 
annual reports of the writer on the production of precious stones in 
the United States for 1895 to 1898, inclusive. 


OPAL. 


A considerable deposit of opal is reported in San Bernardino County 
ata point about 25 miles northwest of Barstow or north of Hinckley, 
both of which are stations on the Atchison, Topeka and Santa Fe 
Railroad. Mr. C. E. Dolbear, of Long Beach, Cal., describes the 
opal as occurring in a fine-grained, brittle, andesite tufa, in which it 
forms narrow bands, sometimes widening to a thickness of several 
inches. Most of it is semiprecious and amber colored; but some 25 
specimens of a bright rose pink were obtained, one of them weighing 
2s carats. Other accounts state that the opal is found in an indurated 
clay overlain by tufa, and that the deposit extends fora length of 2 
miles witha breadth of half amile. Further details of this occurrence 


are to be desired. 
TURQUOISE. 


An account was given in the report of this Bureau for 1898 of 
remarkable discoveries of ancient turquoise mines in southern Cali- 
fornia. These have been followed up, and a good deal of exploitation 
has been done, although the region is very barren and inaccessible. 
‘Turquoise mines now exist in a considerable area in the northwestern 
anele of San Bernardino County, and are operated by the Himalay: 
and the Toltee mining companies. The latter company has three 
groups of mines, all of them patented, situated on the great desert 
about 100 miles northwest from Needles Station and about 50 miles 
northwest of Manvel, which is on a branch of the Santa Fe Railroad. 
The three mining centers are some 6 miles apart in the old Solo mining 
district, and are known as Kast Camp, Middle Camp, and West Camp, 
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the latter being within 20 miles of Death Valley. The altitude is 
between 5,000 and 6,000 feet; and as there is no water at either camp, 
it is necessary to haul it over mountains from 1 to 5 miles. The same 
company has also operated turquoise mines In Nevada, some 60 miles 
due east of the California mines. The other company, the Himalaya, 
has a group of five mines in the same district (the Solo), but some dis- 
tance from those of the Toltec, being about 60 miles northwest of 
Manvel, and reached only by teams. These claims are all on one 
ledge, which is described as a ‘‘ bird’s-eye porphyry ” with some gran- 
ite, striking north and south, with a dip of 75° west. 


INDIVIDUAL MINES AND THEIR MINERALS. 


The account of the several main openings and their condition in 
1904 is as follows: . 

These data are grouped geographically, and to some extent also in 
the order of discovery, beginning in Riverside County and proceeding 
southward and southeastward through San Diego County, by Pala, 
Mesa Grande, and Ramona, to the Mexican line at Jacumba. 


RIVERSIDE COUNTY. 
COAHUILA DISTRICT. 


The most northern occurrences and the earliest discoveries of gem 
tourmaline were made here in Riverside County as far back as 1872, 
but they were not announced to the public, and the facets were little 
known until twenty years later. 


FANO KUNZITE-TOURMALINE MINING COMPANY. 
KUNZITE AND TOURMALINE. 


This mine consists of four claims about 3 miles north of Coahuila 
Indian Reservation, and was located in 1902 by Mr. Bert Simmons. 
The nearest post-oflice is Hemet, Riverside County. An experimental 
tunnel has been carried into the ledge to a depth of 176 feet in solid 
blue granite, but most of the work has been done near the surface. 
The ledge is about 5 feet wide, striking northwest and southeast, with 
a dip to the southwest of 17°. The pegmatite is finely crystallized 
and resembles that of the other tourmaline and kunzite mines in the 
district. 

‘Three men are at work at an average wage of $3 per day, and opera- 
tions will be continued indefinitely. The output so far has been 25 
pounds of kunzite, white; 1 pound of kunzite, pink; and 25 pounds of 
all classes of tourmaline, mostly blue and green; about 250 pounds of 
beryl have also been taken out, but only about 5 per cent of it Is 
available for gem purposes. ‘Two hundred pounds of very fine quartz 
crystals have also been sold, and about a ton of lepidolite and 380 or 
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40 pounds of amblygonite; also, splendid flake mica has been diseovy- 
ered large enough for commercial purposes. ‘There is a spring’ near 
the property on land rented by the owners of the mine. There is also 
plenty of oak timber for mining purposes. Considerable money has 
been expended without much result, but for the work actually done 
on gem pockets, this mine has been a splendid producer. 


COLUMBIA MINE. 


TOURMALINE, 


The Columbia, the oldest tourmaline mine in the State, situated at 
Coahuila, Riverside County, is about one-half mile northwest of the 
road leading from Coahuila to the Hemet reservoir, at an altitude of 
bout 5,000 feet. Very little has been done here for over five years, 
but it was the first tourmaline mine discovered in southern California 
in 1872, and it has produced a great many beautiful gems. ‘The pock- 
ets, however, seem to have been worked out, and nothing important 
has been found recently. 

The ledges of pegmatite are of very fine granite, and both sides of 
the pocket material seem to be of the same character, thus differing 
from any other mine in the gem district. Considerable work is pro- 
posed in the near future, but the mine is in litigation. ‘There is no 
water or timber available and the region is barren. 


SAN DIEGO COUNTY. 


Passing southward from the Coahuila district into San Diego 
County the locality next described lies by itself, about half way to 
the great Mesa Grande-Pala line of mines. Although not yet an 
important producer, the occurrence is interesting, as suggesting 
other possible localities yet to be discovered in the intervening area. 


GEM MINE No. 1. 


TOURMALINE. 


Practically no work has been done on this mine since its location in 
June, 1903. Its altitude is higher than that of any other gem mine 
in San Diego County, being 5,100 feet above the sea; it is on the top 
of the divide between San Luis Rey River and Temecula Canyon, and 
about 1 mile east of the summit of Aguanga Mountain. The average 
width of the vein is apparently about 4 feet, but it is much broken; 
both foot and hanging walls are of very hard blue diorite. Great 
pressure has apparently crushed the ledge, and the pocket layer is 
found on the top, out of place, between the diorite and the pegmatite; 
it presents fine, broken crystallizations of orthoclase and albite, in 
which a red clay is mixed. The tourmaline crystals show much indi- 
cation of dynamic action, being badly broken and twisted, but they 
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afford nodules of beautiful coloring, deep blues, reds, and an almost 
emerald g¢reen predominating. So little work has been done, how- 
ever, that it seems better to reserve any report as to quantity and 
quality until more is ascertained. There is no wood at hand, and it 
is 34 miles to the nearest water. Parties are at work at present. how- 
ever, and will send specimens direct to the State Mining Bureau. 


PALA DISTRICT. 


As elsewhere described in this report, the mines near Pala are 
located on 3 hills or ridges, the western being properly called Pala 
Mountain, on which are the great lepidolite, or Alvarado mine, and 
the Stewart mine, next described, which yields some gem material. 
The other mountains, Pala Chief and Hiriart, which are apparently 
foothills or spurs of Agua Tibia Mountain, are those vielding gem 
spodumene as well as tourmaline. About 18 miles to the southwest, 
but probably belonging to the same range of hills, lie the great tour- 
maline mines of Mesa Grande. These will be given in the order stated. 


STEWART MINE. 


TOURMALINE, 


This mine, said to have first been discovered by an Indian deer hunter 
named Vensuelada in the early days of California history, was first 
worked by a miner named Henry Magee, who located the claim as a 
quicksilver mine, mistaking the pink tourmaline for cinnabar, but 
upon analysis he abandoned his prospect. It was next located asa 
rock claim by Don Tomas Alvarado, a Mexican landowner, who 
believed that the beautiful bluish, pinkish, and gray mineral studded 
with deep-pink crystals was a peculiar variety of marble. Several 
years later a German scientist, familiar with lithia mines in Europe, 
saw a specimen of Pala lepidolite in New York. Obtaining a piece, 
he made an analysis and found the ore to be as rich in lithia as any in 
the world. From this time forward gradual development under many 
ownerships has proved that great deposits of lithia-bearing ores exist 
in the pegmatites of this district, the largest and most valuable being 
the Stewart and Alvarado mines. The latter is the great lepidolite 
and amblygonite mine that has yielded so many beautiful specimens 
of radiated pink tourmaline, but no gem material. 

The workings and surface of the Stewart mine show numerous indi- 
cations of gem minerals, especially in the lower workings. As in the 
Alvarado mine, the lepidolite is generally studded with small, fan- 
shaped crystallizations of rubellite, and with occasional crystals of 
bluish or greenish tourmaline, but not of gem quality. Near the sur- 
face the tourmalines are small and perfectly crystallized, but are more 
or less fractured, opaque, and unfit for jewelers’ use. In the deeper 
workings and in the extreme western tunnels, however, pink tourma- 
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lines from one half inch to 1 inch in diameter are found in columnar 
groups, all more or less altered and not over 3 in hardness, asso- 
ciated with quartz. orthoclase, gray lepidolite, and amblygonite. 
Triplite and triphylite occur as associated minerals. Large erystal- 
lizations of what appears to be an altered spodumene were observed 
penetrating the quartz. On the surface small green tourmalines are 
found in the pegmatite, generally more or less flattened between the 
cleavage planes of muscovite mica. Several years ago a pocket con- 
taining about a quart of small tourmaline crystals was found in coarse 
pegmatite 60 feet south of the present tunnel of the Stewart mine. 
Some of these crystals were cut Into very good gems, but no further 
work at that spot has been done. With proper development this mine 
should become a paying producer of tourmaline. 


PALA CHIEF MINE. 
TOURMALINE AND KUNZITE. 


This mine was located in May, 1903, by Messrs. John Giddens, Pedro 
Teiletch, Bernardo Hiriart, and Frank A. Salmons. The claim covers 
1,500 by 600 feet, running northwest and southeast. The main work- 
ings are at an altitude of 1,220 feet and consist of open cuts 250 feet 
wide, extending to a depth of 10 to 30 feet horizontally on the vein; at 
the deepest working the ledge is 21 feet in height. A tunnel 45 feet 
long was run to encounter the vein up to about 20 feet in depth, but 
it was found that the ledge was a blanket vein, and nothing was dis- 
covered in the tunnel, In the upper or surface workings the hanging 
and foot walls were both found to be of bluish and grayish decomposed 
diorite. The upper part of the vein consists of 3 feet of finely crystal- 
lized white pegmatite; beneath this the crystallizations become coarser 
and inore granitoid; the third layer is composed in part of finely erystal- 
lized albite and orthoclase, upon the lower edge of which and extending 
to the pockets is a layer of lithia-bearing micas. Within the pockets, 
which are generally from: 8 to 10 inches wide, pinkish and white tale 
is found, in which are numerous large and perfect quartz crystals, 
with pink and white spodumene. As usual in the region, the lower 
half of the ledge below the pocket line is a very finely crystallized 
granite without mica, with small crystals of essonite garnet. Giant 
powder has been used exclusively, and has been found to be the only 
satisfactory explosive. ‘Two men have been working nearly all the 
time, but during the last 6 months with no great success. There is no 
timber on the property, and the nearest water is about 1 mile away. 
The section and township in which the mine is located were not deter- 
mined, but it hes 3 miles east of Pala, and the workings can be seen 
from the town. 

The minerals noted were spodumene, pink, lavender, and white; 
tourmaline, blue, green, and red; orthoclase: albite; grapbie granite; 
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lepidolite, pink, green, and lavender; muscovite; quartz crystals; 
steatite, and other clays. 
The products so far notedare tourmaline, kunzite, and quartz erystals. 


TOURMALINE QUEEN MINE. 


TOURMALINE, 


This mine is near the summit on the northeast slope of Pala Moun- 
tain at an altitude of 1,450 feet. It is about 34 miles north by a little 
east of the town of Pala. The mine was located as a quartz claim in 
March, 19038, and is 1,500 by 600 feet and runs north 34° west. The 
vein is about 14 feet wide and dips to the southwest 15°. Little has 
been done on this property, save scalping work; an open cut 60 feet 
wide, entering the vein to a depth of about 10 feet, produced some 80 
pounds of gem tourmaline crystals. The colors are yellow, green of 
different shades, light pink, ruby red, and black. In the ledge 18 
inches of material lying between the diorite hanging wall and the 
coarse pegmatite appears to consist of decomposed feldspar, which 
passes gradually to pegmatite. Below this are about 3 feet of coarse 
eranular pegmatite, consisting of crystallized quartz, feldspar, and 
muscovite, with black tourmaline in fan-shaped crystallizations and 
minute essonite garnets, also occasional crystals of biotite and horn- 
blende. Below this again, and merging with the above, are masses of 
graphic granite, incrusted at the lower edge with albite, in which the 
gem tourmaline seems to haye a root or extremity. Between the 
albite and the line rock are large pockets filled with rose and laven- 
der colored muscovite, and decomposed feldspars in the forin of a 
whitish or pink clay; in these pockets the gem tourmalines are found, 
often broken and more or less altered. Many crystals show an exte- 
rior of opaque green, while the interior is a rich pink or ruby red, 
affording beautiful gems. ‘Phe ledge has been prospected for about 
250 feet, and shows gem indications wherever opened. The hanging 
wall is a coarse greenish and grayish diorite, like the general forma- 
tion of the entire belt. The foot wall is the same, though showing 
more alteration. 

Both giant and Judson powders have been used in mining, although 
from the hardness and toughness of the rock the former was found to 
be the best. After the pocket material has been extracted, screens 
are used, by which the earth and fine worthless material are eliminated. 
The matter left in the screens is then examined for gems and after- 
wards washed. ‘Two of the owners have performed all the work so far 
accomplished. Active operations were to be resumed about January 
1, 1905, but nothing was done in 1904. The same parties have filed 
on a spring 350 feet northeast of the present workings, and abundant 
water for mining and domestic purposes has been developed. 
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The minerals noted in this claim are tourmaline, albite, orthoclase. 
muscovite, lepidolite, kaolin, talcose clays, essonite garnets, horn- 
blende, and indications of epidote. The lower part of the ledge is 
composed of a fine, granular, mica-free granite of a gray color, banded 
at intervals of from 8 to 6 inches with minute essonite garnets, whence 
the name line rock. As in all the pegmatite vems in this region, this 
lower portion has about the same width as that of the formation from 
the pocket layer or center to the top and lies directly upon the diorite 
foot wall. 

TOURMALINE KING MINE. 


TOURMALINE. 


This mine is situated on the north slope of Pala Mountain, about 
300 yards from the summit, at an altitude of 1,540 feet. It was 
located in March, 1903, but very little work has been done, so that it 
is hardly possible to make a definite report. The mine is + miles 
directly north of Pala and is the last mine so far discovered at the 
western extremity of the Pala mineral belt. The claim runs north- 
east and southwest and is 1,500 by 600 feet. The vein dips to the 
southwest at an angle of 163°, with an average breadth of 7 feet, and 
is essentially coarse pegmatite, but shows evidence of crushing and is 
badly broken in many places. The hanging wall is a coarse, gray 
diorite, and at the place where the work was done lies over about 15 
inches of coarse, broken feldspar and lepidolite. 

It is in this stratum that the gems appear, unlike the general pocket 
formation of the Pala district. Tourmaline was the only gem stone 
noted, and occurred in pencils, disseminated through this altered mass 
of decomposed spar, and apparently out of place. Concretions of 
albite, coated with beautiful purple muscovite, were found loose in 
the soil. The ledge here was too badly broken to note the exact 
character of the pegmatite, and the line rock or lower stratum had not 
been uncovered, so that its character could not be determined. No 
work has been done here for several months, and nothing definite 
could be learned as to when it would be resumed. About 10 pounds 
of crystals were secured ina cut 12 feet wide, barely scalping off the 
top layer of earth. 

NAYLOR-VANDERBURG MINE. 
KUNZITE. 

This mine, also near Pala, lies at an altitude of 1,400 feet, on the cast- 
ern slope of Mount Hiriart. The location was made by Mr. F. M. Sickler 
in February, 1903, soon after discovering that the pink and white 
crystals that he had found on the mountain side were not tourmalines, 
as had been supposed, or any stone known to local mineralogists. 
After considerable trouble and expense Mr. Sickler, still believing 
the stone to be of some value, continued his investigations. He at 
length sent a piece to New York to the writer, who determined it as 
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spodumene, and after whom it was subsequently named kunzite by 
Prof. Charles Baskerville, of North Carolina, as a new gem stone—the 
first occurrence of transparent pink or lavender spodumene in the 
world. The ledge in this mine, at the point examined, was 16 feet In 
width, but badiv broken. An open cut about 30 feet wide, entering 
the vein to a depth of 22 feet, has produced approximately 5 pounds 
of perfect gem kunzite. Several pieces have also been found in adja- 
cent workings, but this seems to be the best part of the ledge. The 
hanging wall is gray orbicular diorite. Between this and the ledge 
itself a layer 18 inches thick of decomposed feldspar and clay was 
found as a gouge. About 7 feet of coarse granitic pegmatite forms 
the upper part of the ledge, altering into decomposed layers of albite 
and orthoclase. In this latter are small pockets, seldom larger than a 
man’s hand, in which one or two crystals of kunzite are found, com- 
pletely embedded in yellow, pink, or white clay. No metallic stains 
appear in the upper part of the ledge, but the lower beds of granitic 
rock interlined with garnet are in many places stained with manganese 
and show large crystallizations of triplite, from which it is evident 
the kunzite receives its coloring. ‘The vem dips 10° to the west and 
extends the full length of the location, 1,500 feet, joining the Katarina 
mine on the south. ‘There is no water or timber on the property, and 
neither are available except by buying adjoining land. The claim lies 
within the boundaries of the Pala Indian Reservation, although it was 
located before the reservation was declared, and there has hence been 
some controversy as to the validity of the title. 

The minerals noticed are muscovite, pink, green, and lavender, in 
very large scales; montmorillonite and steatite tales; pink, green, and 
white spodumene; and black tourmaline, but no gem tourmaline. 
Albite and orthoclase, with some potash feldspars, are the mother of , 
crystallization. The output here since the beginning of work has been 
about 10 pounds of gem kunzite, no other minerals having been dis- 
posed of. Some pink and green beryls were noticed, but nothing has 
been developed in that line. 

Other claims and openings on Mount Hiriart are enumerated in the 
report of this Bureau for 1903, this one being thus far the most im- 


portant. 
MESA GRANDE DISTRICT. 


The mines are situated on Mesa Grande Mountain and are the most 
southern of the gem tourmaline localities in the region, on the ridge 
stretching down southeastward from the Pala and Agua Tibia moun- 
tains, already described. 'To the west is another locality for tourma- 
lines, ut Vista; and northward are, tirst, the Oak Grove location, and 
farther on those near Coahuila. Several mines have been opened on 
the Mesa Grande, the Himalava Mining Company occupying the west 
side of the ridge and the San Diego Tourmaline Company the east side. 
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HIMALAYA MINE, 


TOURMALINE. 


This mine is situated in the east half of sec. 17, T. 11 8., R. 2 E., 
San Bernardino meridian, at an altitude of 38,800 feet. The property 
is about 44 miles northwest of the Mesa Grande store and on the water- 
shed between San Luis Rey River and Mesa Grande Creek. It had 
long been known that beautiful colored stones existed on this ridge, 
but after repeated failures and with no determination of quality or 
value the locality was brought into notice in 1898 by Mr. Charles Rus- 
sell Orcutt, who opened it and for a time worked it; afterwards it was 
operated by Dr. A. IX. Heighway. This led to later development by 
the Himalaya Company, and the present output is the result. During 
1904 about 6 tons of rough tourmaline were shipped to the company’s 
lapidary in New York. Of this quantity about 350 pounds were fine 
nodules and pencils of the very highest grade. Surface or bench dig- 
ging has been followed exclusively, although a tunnel is being run to 
tap the ledges at the 150-foot level. Both hanging and foot walls are 
of hard blue diorite and the ledge is of fine crystallized pegmatite not 
over 18 inches in width, and dipping from 26° to 33° southwest. In 
working this ledge pay material has been in sight continuously, and 
at no time has a barren piece of ground been encountered. The upper 
pegmatite is usually stained with lithia and manganese, and large 
masses of lepidolite are associated with tourmalines. The pockets are 
large and filled with tale and hydrous micas in which the gem crystals 
occur embedded, many showing peculiar etchings. The ledge has been 
uncovered for about 700 feet and to an average depth of 15 feet. 
These open cuts, however, are proving dangerous and will have to be 
abandoned as soon as the rainy season has soaked the walls on either 
side. Wood, water, and all natural advantages are of the best, and a 
good dwelling house, barn, tool houses, and blacksmith shop, a wind- 
mill, and water piped to all constitute the improvements. From + to 
10 men are constantly employed about the mine. 

Among the minerals noted were orthoclase, albite, lepidolite, amblyg- 
onite, small clear pieces of spodumene, muscovite; tourmaline, black, 
green, blue, deep red, and rose pink; beryl, pink and aquamarine; 
hornblende and epidotic rocks, spessartite and essonite garnet, large 
and very transparent. quartz crystals, tale and hydrous micas, and a 
dark-brownish transparent crystal, very dense (specific gravity, 10), 
and with a hardness of 53, not yet identified. This mineral is very 
rare, and only a few pieces have been found. 


| 
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SAN DIEGO TOURMALINE MINING COMPANY. 


TOURMALINE, 


The mines are situated in the east half of sec. 17,7. 11 8., R. 1 E., San 
Bernardino meridian, and about + miles northwest from Mesa Grande 
post-office. This property was opened by Mr. Gail Lewis at the time 
of the first discoveries on this mountain. He had but small success at 
first, but persevered and reached a fine pocket of gem material just 
before his option expired. The mine has been developed more elabo- 
rately than any other of the district and carried much deeper. Fine 
gem tourmalines are taken out at adepth of nearly 200 feet, the greatest 
depth at which these gems are obtained anywhere in the world. A 
tunnel 120 feet long was run, tapping the ledge at 64 fect; from this, 
drifts were run about 150 feet in both directions, and the ledge matter 
was stoped to the surface; tourmalines in paying quantities were then 
extracted. Later a tunnel was run 286 feet in length, tapping the 
ledges at from 145 to 170 feet, and drifts from 20 to 30 feet long 
were run on two ledges which were struck. The ledge matter is a fine- 
grained pegmatite, showing on both top and bottom black tourmalines 
in fan-shaped erystallizations. Near the center, at intervals, poekets 
occur in which fine gem tourmalines are found, though not as rich as 
in the adjoining claim, the Himalaya, just described. This company 
has employed from 3 to 7 men continuously, and is doing good work, 
timbering the workings as they are made and doing scientific mining. 
The company has its own lapidary in San Diego, where most of their 
product is cut. Wood, water, and all facilities are at hand. Giant 
powder has been used exclusively, and the blasting has not resulted in 
the breaking or destroying of any crystals. The ledges are over 18 
inches in width and are generally of a character which would not be 
prospected, looking barren and worthless, but the locality seems to be 
highly mineralized, and any ledge shows gem crystals. 

Other mines are being opened in the vicinity, and probably during 
1905 there will be a great development in the Mesa Grande section. 
One recent opening may be noted in particular. 


ESMERALDA MINE. 


TOURMALINE, 


The Esmeralda mine is situated about 5 miles northwest of the Mesa 
Grande store and 14 miles west of the Himalaya mine, on the eastern 
slope of the Temescal Valley. It was located by Mr. Dougherty late 
in 1903 or early in 1904, and covers 1,500 by 600 fect. The course of 
the ledge is northeast and southwest, but the claim hes across a spur 
running southwest and northeast at right angles with the main ledge 
at an altitude of about 3,500 feet. The work consists of two open cuts 
crossing the vein and exposing it to a depth of 7} feet; a tunnel of 60 
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feet below the surface workings tapped the ledge at 28 feet; but no 
further work has been done in the tunnel, and no gems were found in 
the formation at that place. Both hanging and foot walls are com- 
posed of a coarsely crystallized hornblende-diorite of arich grass-green 
color, resembling a serpentine. The ledge itself is a coarse granitic 
pegmatite, and is faulted in several places. The pockets are quite 
large, and contain quartz crystals, orthoclase, and albite in beautiful 
transparent crystallizations. Lepidolite in pieces weighing from 50 
to 300 pounds also occurs in conjunction with the pocket material. In 
the ledge 25 feet of pegmatite overlies the pocket stratum. The 
pockets themselves are filled with soil and foreign matter, rendering 
it impossible to say exactly what was the nature of the softer material 
that once filled them. Some pockets are hollow, containing only quartz 
crystals, while near them are other pockets absolutely filled with 
tourmaline pencils. The lower stratum or line rock of these ledges is 
also pegmatitic, although of much finer crystallization than the top. 
About 250 feet southwest of the tourmaline workings the ledge 1s 
badly broken and shows only in places, in the nature of blow-outs of 
pegmatite and quartz. In some of these blow-outs golden and aqua- 
marine beryl were found ** frozen” intheformation. There is neither 
wood nor water on the claim, but an abundance of timber can be 
secured within half a mile, and water can be piped to the mine from 
springs on the hill. 

Tourmaline is the only perfect gem found, and occurs in pink, bright 
red, azure blue, aquamarine blue, and a peculiar shade of green blue, 
which cuts to a stone in which one set of facets show a sapphire blue 
and another set a rich emerald green. Crystals of this kind have not 
been noticed in any other tourmaline mine in southern California, 
although fine bluesand greens exist in other places. With the lepido- 
lite is a granular blue and lavender mineral which could not be deter- 
mined, but apparently it is a lithia compound. Many of these were of 
excellent gem quality, and the owners intend doing considerable devel- 
opment work at these places. About $800 has been expended, pro- 
ducing about 20 pounds of tourmaline of gem quality. As in many 
other cases of prospecting and mining for gems in southern California, 
lack of funds has greatly hindered the proper development and exploit- 
ing ofthis mine. 

RINCON DISTRICT. 


The mine next described does not furnish either gem tourmaline or 
kunzite, but is worked as a beryl mine, some fine material having been 
obtained. It lies on the Pala belt, about halfway between Pala and 
Mesa Grande, on Palomar Mountain, which is a spur or foothill of the 
Smith Mountain ridge, with which Pala Mountain is closely related, 
and hence it is considered here. 
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MACK MINE. 


BERYL. 


This mine is located at Rincon, San Diego County, 94 miles south- 
east of Pala, in sec. 25, T. 105., R. 1 W., San Bernardino meridian. 
It was discovered in November, 1908, by Mr. J. M. Mack and an 
Indian named J. Calec, near the Rincon Indian Reservation. The 
exact locality is 14 miles northeast of the Rincon store, in the first 
canyon east of it, at an altitude of 1,960 feet. The ledge dips 45” to 
the southwest, and is exposed on the hanging wall for about 75 feet; 
all work has thus far been confined to the surface. Fine gem beryls 
have been found, and also a peculiar opaque, deep blue variety, dif- 
ferent from any elsewhere known in the county. These crystals 
should be analyzed. Much development work during 1905 is con- 
templated. The ledge is essentially pegmatite, with an average width 
of from 5 to 6 feet, with a gray granite footwall. The hanging wall 
is hard to determine, as much rock had fallen and covered it, but it is 
apparently a blue and gray diorite. The pockets are very narrow 
and are confined exclusively to a ‘* bony ” crystallization of orthoclase, 
in which most of the beryls are attached. Wherever a pocket is found 
in which clays or other soft substances are the matrix, the crystals 
are exceptionally fine and can be cut into perfect gems. So little 
work has been done that it is hardly of importance to report this 
locality if it were not for the peculiarity of the crystals found. There 
is a small spring of water on the property and some sycamore and oak 
timber. 

RAMONA DISTRICT. 


South of all these localities lies a separate group of occurrences of 
garnet with beryl and in some cases topaz centering around Ramona, 
and also the garnet country far to the southeastward in the vicinity 
of Jacumba. These suggest a line or belt of garnet and bery! south- 
east of the tourmaline-kunzite line and parallel to it; but it is not 
possible yet to say how far this idea may be correct. The garnets 
belong mainly to the essonite variety, although many of them are 
called spessartite (manganese garnet); but the writer is not satisfied 
that this latter species really occurs. Both varieties are often called 
hyacinth by jewelers, and at many of these points they present rich 
orange and fulvous shades between red and yellow. 


A BC MINE. 


BERYL, TOURMALINE, ESSONITE AND SPESSARTITE GARNET. 


This mine was discovered November 1, 1903, and is situated in the 
SW. 4NW. sec. 8, T. 188., R. 1 E., San Bernardino meridian, and 
at an altitude of 1,950 feet. It is about 4 miles northeast of Ramona. 

H. Doc. 21, 59-1——62 
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The vein has an average width of 7 feet, and runs north 385° west, with 
a dip of 12° to the southwest. The claim is 1,500 by 600 feet and 
embraces two promising ledges. Three places have been opened at the 
eastern extremity of the claim at intervals of about 50 feet. The first 
two are in open cuts, in which the scalping process was employed and 
gems were taken from broken-ledge matter and soil. The principal 
working, however, consists of a tunnel 18 feet long, from which a 
stope following the pay shoot for 45 feet has been run. Both foot and 
hanging walls are of a gray decomposed diorite, in which the feldspar 
has been much altered, with some quartz and biotite. The ledge shows 
first some 3 feet of coarse, poorly crystallized pegmatite, stained in 
some places with iron and manganese. Many black tourmaline erys- 
tals with terminals pointing directly toward the pockets were observed, 
somewhat altered to quartz and muscovite. Below the pegmatite is a 
stratum from 1 to 6 inches thick of a grayish or whitish decomposed 
orthoclase, with disseminated crystals of muscovite having a pinkish 
and lavender tinge on the outer edges (probably a lepidolite border, as 
sometimes noted elsewhere). In this stratum, coated with albite and 
clay, pink beryls are found, generally solitary in a pocket, with two or 
three large blackish-green tourmalines. Quartz crystals were observed 
on both the top and bottom of this stratum, but not in the pockets with 
the beryls. It was also noticed that the pink-tinged muscovite was not 
in contact with the beryl crystals. Contrary to what is usual in ledges 
of this character, the edges of the pockets do not touch between the 
upper and lower strata, but continue through the entire working with- 
out interruption, although widening and narrowing in places. No 
other minerals were found existing in the same pocket (or rounded 
mass of clay and decomposed spar). 

Underlying this beryl-bearing stratum is about 18 inches of a soft 
albite, angular in crystallization, and with numerous holes penetrating 
the mass. In these cavities minute essonite garnets were seen, also 
spessartite (?)and hundreds of small black tourmalines, penetrating in 
every direction. No gems, however, were found among these. This 
stratum of albite lies ** frozen” to the line rock, which constitutes the 
base of the ledge. The line rock is coarse and shows less interlinea- 
tions than at any other mine observed in this vicinity. In places large 
portions of graphic granite occur, embedded in the upper stratum of 
ordinary pegmatite. In this graphic granite are small cavities con- 
taining steatite and montmorillonite, with lithia mica occurring at 
intervals. Minute whitish crystals were found in these tales which 
appeared to be topaz, although too small for identification. In some 
places, also, where quartz crystals were found disseminated crystals 
of pink muscovite occur, embedded and penetrating. Giant powder 
was used exclusively. 
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The minerals noted were pink beryl; green, dark green, and black 
tourmaline crystals; essonite and the so-called spessartite, sparingly; 
lepidolite, muscovite, and biotite micas; albite and orthoclase feld- 
spars; montmorillonite, steatite, kaolin, and stains of manganese and 
iron. Altogether several pounds of pink beryl have been produced. 
Some of these stones have been cut by local lapidaries and show a rose- 
petal pink. They possess considerable brilliancy and are remarkably 
free from hairs, flaws, or bubbles. One cut stone, weighing 30 carats 
and without a flaw, has been on exhibition at the jewelry shop of Mr. 
John Hetzel in San Diego. 


LITTLE THREE MINE, 


TOPAZ, TOURMALINE, SPESSARTITE GARNET. 


The Little Three Mine was discovered in May, 1903, by Mr. H. W. 
Robb. It is situated in the NE. + SE. 4 sec. 8, T. 13 8., R. 2 B., San 
Bernardino meridian, at an altitude of 1,940 feet. and is about 44 miles 
northeast of Ramona, the nearest base of supplies. The vein runs 
north 35° west and dips to the south at an angle of 20°, with an aver- 
age width of 4% feet. The work so far consists of open cuts. As the 
vein is naturally exposed for about 60 feet on the hanging wall, it has 
been possible to commence work where the vein enters the ground and 
to break open the ledge of the pegmatite to where the pockets occur in 
the center. About 60 square yards of the vein have been uncovered in 
this manner, showing’ some very interesting conditions of formation. 
At the southeast extremity of the workings spessartite garnet was 
encountered, associated with small green beryls in pockets of decom- 
posed albite, orthoclase, and muscovite mica. In this portion of the 
ledge no tourmalines of any color nor any topaz were found in the 
pockets, but black tourmalines were thickly interspersed in the upper 
or pegmatite portions of the vein. The line rock forming the base of 
the ledge has parallel wave-like bands of minute black tourmaline. 
The associated minerals at this part were only quartz crystals and some 
beryl. A concentric band of hematite and ferruginous quartz seems 
to separate this particular pocket from the other pocket material of 
the ledge. 

Northwest from this pocket a gradual change was encountered and 
a barren condition for about 10 feet. Then coarse, bone-like concre- 
tions of albite were first discovered, with large and perfect quartz 
erystals. The interior of the pockets found with these minerals has 
either been decomposed completely and washed away or else the pock- 
ets were hollow, without any filling, as they are now filled with soil, 
apparently the same as that of the hillside above the ledge. In this 
loose soil and ‘‘ frozen” to the albite and orthoclase are numerous 
wedge-shaped crystals of topaz, some of which weigh over a pound; 
they are white, sea green, sky blue, and light yellow in color. Attached 
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to the roof and tloor of these cavities and with a long root extending 
up inte the quartz and pegmatite are gigantic tourmaline crystals, 
deep green, Mostly opaque, seme of thent oO inehes ti diameter and 
weighing as nuich as 15 pounds. Some stnall pencil tourumlines of a 
deep-green color and gem quality are found loose in the pockets, and 
many small tepaz erystals that have become detached from their matrix 
of albite. Purple and pinkish museevite in very large erystallizations 
aud "frozen into nuggets are also observed loose in the poekets or 
attached to the albite. Usually these crystals of miea are attached to 
exch other at meht angles, and in these angular cavities very perfect 
topaz crystals have formed. 

The ledge proper ts a tine-grained pegmatite, with foot and hanging 
walls of gray decomposed diorite. The underlying line roek in the 
topaz locality assumes a banded appearanee, very straight in its inter- 
lineations. [tis coarser than is generally seen in ledges of this kind, 
and is netable for the absence of either garnet or tourmaline in any 
quantity, the lines or bands being apparently a stain frem manganese. 
A little bietite was also seen. This is a very persistent ledge, and can 
be traced without a break for over 3.000 feet, with an average width 
of + feet. No work has been performed other than that deseribed, 
but the ledge shows indications of garnet for its entire length. This 
Wine is a westerly extension of the Surprise mine, next to be deseribed., 
There is abundant oak and sveamore timber at hand and a spring of 
water sutheient for domestic uses, whieh can prebabiv be developed 
for mining purposes also, Giant powder has been used exclusively, 
and no bad results have been reported. Poeket material has been 
extracted. and the gents taken out by the screening process only, and 
quite a quantity of small crystals of good quality were found in the 
tailings. Active operations will be shortly resumed, when it is ¢con- 
templated to tap the ledge about 30 feet below the present workings. 

The output of this work has been approximately 30 pounds of topaz, 
0 pounds of all classes of tourmalines, anda sinall quantity of spess- 
artite garnet. Beryl psendomerphs after topaz were also noticed, 
badly cheeked. but of pinkash and Heht yellow colers; also quartz 
pseudomorphs after the topaz, in square and rhombic prisms, are 
found loose in the topaz pockets. 


SURPRISE MINE. 
TOPAZ, BERYL, TOURMALINE, SPESSARTITE GARNET. 


The Surprise mine, adjoining the last, is situated in the NW. 4 SW. 
d see. 9, T. 13 S.. Ro 2 E.. San Bernardino meridian. It was discov- 
ered on land owned by Mrs. G. M. Stone, November 1.1903, by Mrs. 
J. W. Booth, who noticed a few spessartite garnets sticking in the 
pegmatite. The vein runs nearly east and west, with a slight trend 
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to the northwest and southeast. It dips southward about 20°, and has 
an average width of 34 feet. 

Two places have been opened on the ledge at intervals of about 309 
feet, each showing an entirely different condition in the formations. 
The first is about 25u feet north of Mr. Booth’s residence. which is 
the stage station between Fosters and Julian. Here the pegmatite is 
finely crystallized and about 1s inches thick under a hanging wall of 
micaceous diorite. The pegmatite contains con-iderable graphic gran- 
ite. with greeni-h stains, crystallized quartz. clear and white. and 
muscovite ofa rich gras+ green. Beneath this is an average thickne-- 
of 13 feet of decomposed albite and orthoclase and infiltrated sand and 
earth. with some hydrated muscovite and black tourmalines, many of 
which are altered to inuscovite and quartz. Disseminated through 
this friable mass are spessartite garnets. varying from deep red to 
light honey yellow, affording beautiful gems. some of which have 
been cut and weigh from 3 to 6 carats. About 5 pounds of these were 
taken out of a cut running along the ledge about 6 feet in depth and 
18 feet long, with an average width of 4 feet. Beneath this is the 
usual ** line rock.” in which no garnets. but banded lines 2 to 3 inches 
apart of minute black tourmalines. were observed: this would indicate 
that a higher crystallization of the ledge forces the lower into the wall 
or outer rock. as garnets are always found to occur in the lower rock 
of tourmaline ledges, while the tourmaline is found in this locality as 
embedded crystals in the lower rock of garnet-bearing ledges. some 
broken quartz crystals which appear to have been etched either by flu- 
orides or some other chemical compound, are disseminated with the 
garnets. 

The second working lies east of the tirst between foot and hanging 
walls of gray micaceous diorite. The pegmatite here is very compact 
and finely crystallized, is stained with iron and manguneé-e. and shows 
serrated black tourmaline~. In the center of this tedge. between the 
gray base rock and the upper pegmatite. are 6 or > inches of ortho- 
clase, somewhat altered. and containing small pockets ¥ or 3 inches in 
diameter, filled with tine granular ferruginou~ quartz. In this sandy 
filling are found topaz crystals. u-uallv coated with a talcose clay. 
Those near the surface were mostly white or colorless, while at a 
depth of 6 feet the color had changed to +ky blue and aquamarine 
blue. About + pounds of these crystals have been taken from a cut 
2) feet long and extending » feet in depth on the incline of the ledge. 
Several very tine pink beryls were also obtained. one 6 inches long and 
13 inches in diameter, having 3 perfect sides. being the largest crystal 
yet found. About 2 pounds of pink beryl have been the output so 
far. The above quantities of spessartite, topaz. and beryl have been 
extracted at an expense of 325”. (riant powder i- used exclusively. 
but no work is in progress at present: development is contemplated 
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after January 1, 1905. This mine is an éxtension of the Little Three 

simine adjoining it on the northwest. The same persons own several 
other ledges in the same vicinity, which traverse four quarter sections 
of land owned by them, and lie in a line extending east from the pres- 
ent workings. ‘Timber and water are both available in’ sufficient 
quantities for mining’ purposes. The stones are extracted in both 
localities by screening and washing. 

In some of the topaz pockets a yellowish, reniform, compact, and 
extremely heavy substance was noted. The specific gravity of this 
mineral and its peculiar color have attracted the attention of several 
people, but it was impossible, with the means at hand, to determine it. 
From the edge of the pockets containing these nuggets were found 
radiated black tourmalines, altered to a micaceous substance of emer- 
ald and sea-green color, with occasional tinges of purple and rose. pink, 
This alteration seems to be an allied mineral to the one above noted. 
Some triplite and magnetic iron occur at the junction of foot wall and 
pegmatite. 

The minerals noticed in these mines were white and blue topaz; 
pink, green, and white beryl; black, green, and brown tourmaline; 
spessartite (so called); biotite; magnetite; orthoclase; albite; quartz in 
fine crystallizations, and the two unknown minerals above referred to. 


HERCULES MINE. 


BERYL, ESSONITE, AND SPESSARTITE GARNET. 


This mine lies about 44 miles northeast of Ramona and about three- 
fourths of a mile northwest of the stage station between Fosters and 
Julian. It was located in August, 1908. Work has been confined to 
open cuts or scalping, and all the gems have been extracted either 
from the débris, or from broken pockets in the ledge. This isa coarse 
peginatite, decomposed, and with very little perfection in the albite or 
orthoclase; but where black tourmalines penetrate this crystallization 
and join the tourmaline embedded in either albite or orthoclase, are 
essonite garnet and so-called spessartite. The latter is of the finest 
quality, and has produced flawless gems from 1 to 6 and 8 carats in 
weight, which retail at $20 a carat. Both hanging and foot walls are 
a gray diorite, with some mica. The course of the vein is north 60° 
west, with a dip of 45°. The location is in the SE. $ SE. + sec. 6, 
T. 18 58., R. 2 E., San Bernardino meridian. The product has been 
handled exclusively by screening, and a good many gems have been 
thrown over on account of the peculiar condition of the clays which 
cover them; but the output so far has been 15 pounds of garnet and one- 
half pound of very clear green beryl, which is associated with it. A few 
green and blue tourmalines, but not of gem quality, have been found 
higher up on the ledge. There is a spring on this property, which 
will furnish water for domestic and mining purposes, also sycamore 
and oak timber in sufficient quantity. 
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LOOKOUT MINE. 


BERYL AND SPESSARTITE GARNET. 


This mine was located in July, 1903. It is situated 445 miles north- 
east of Ramona, and joins the Hercules mine on the northeast. The 
vein has a dip of 20° to the southwest, and an average width of 44 
feet. The claim is 600 by 1,000 feet, runs north 55° west, and is located 
in the SE. dsec. 5, T. 188., R.2 E., San Bernardino meridian. 

Work in this mine has been confined to open cuts and scalping. 
Spessartite garnet is the only gem found, although indications of bery] 
and tourmaline, with several peculiar metallic substances not yet 
determined, were noticed. Both walls are of gray diorite, containing 
some biotite mica, although a seam of red clay lies between either wall 
and the ledge itself. The latter consists of feldspar, with very little 
quartz. In the pockets, albite and orthoclase are the mother of erys- 
tallization, and a very peculiar condition of the quartz appears. The 
crystals seem to have been broken at some time into splinters and 
then welded together, forming a brecciated mass of quartz with no 
distinct crystallization. Adhering to this quartz, and also to the sur- 
face of the albite, are perfectly formed garnet crystals, many of which 
have afforded beautiful gems. Not enough work has been done to 
make a satisfactory examination, but this mine if properly handled 
should be a paying producer. About 3 pounds of garnet and perhaps 
+ ounces of fine beryl are the total product thus. far (1904). Some 
sycamore and oak timber is available, and water on the Hercules mine 
can be used in connection with this one. 


M’FALL MINE. 


ESSONITE GARNET AND EPIDOTE. 


This mine is situated 74 miles southwest of Ramona and on the 
eastern line of the San Vicente grant; it was located about ten years 
ago as a zine mine, and erroneous reports were given of its value asa 
zine property. On examination, no evidence of zinc was found, but a 
large body of essonite garnet and finely crystallized epidote were 
shown. A shaft ¥1 feet in depth still remains in solid garnet, with 
very little impurity of quartz. Very few gems were found, however, 
although many handsome crystals, more or less transparent, have been 
taken out. But there is some condition in these crystals which does 
not produce good refraction of ight, and hence they have no value as 
gems. The epidote, however, is the finest yet seen in San Diego 
County, and will probably produce gems. Mr. McFall expects to 
work the garnet for abrasive purposes, as transportation can be 
secured cheap enough to do this profitably. There are both wood and 
water adjacent to the property, though not on it. No work has been 
done for some little time, and specimen hunters have taken the finest 
accessible material. The general formation is blue and gray diorite, 
and the masses of garnet appear to be pockets rather than ledges. 
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PROSPECT MINE. 


TOURMALINE AND SPESSARTITE GARNET. 


The Prospect mine was located on September 15, 1904, and is about 
4 miles northwest of Ramona, crossing the road between Ramona and 
Mesa Grande, an open cut having been made on the east side of the 
road in the Hatfield Canyon. Spessartite has been the only product 
in gems, although greenish tourmalines have also been found. The 
ledge is about 6 feet thick, of a poorly crystallized pegmatite, and most 
of the gems are found ‘‘frozen” into the ledge, few pockets having 
been discovered. Work is going on, and probably a better condition 
will be found in 15 or 20 feet from the present working. The output 
has been small, and no sales have yet been made. The Prospect is 
worth mentioning, however, as it is the last mine on the northwest 
end of the Ramona belt of crystallization, the belt apparently being 
barren for 14 miles northward of Mesa Grande. The owners expect 
to continue their work until something definite is known of this prop- 
erty, and a report a few months later will be more satisfactory than 
can be had at present. There are both wood and water in plenty on 
the property. 

THE JACUMBA DISTRICT. 

This region is developing indications of much interest. It lies quite 
near the Mexican line far south of the districts previously considered 
and on the eastern border of the gneissic and granitic zone of hills and 
mountains, where the latter fall off steeply toward the desert. The 
Jacumba Hot Springs are some 70 miles east of the city of San Diego, 
on the line of a projected railroad. The region, for a considerable 
distance around, and even out on the desert to the northeast, is rich in 
garnets, but most of it is wild, inaccessible, and barren. The follow- 
ing are the points thus far opened and definitely reported: 


DOS CABEZOS MINE. 


ESSONITE GARNET. 


This mine is 17 miles north and east from Jacumnba Hot Springs by 
road, although in a direct line only about 8 miles; it is situated in sec. 
2,T.17 S., R. 8 E. Here many hyacinth garnets have been taken 
out from a matrix of carbonate of lime, which occurs in quantities 
sufficient to be used as building marble, etc. There are also indica- 
tions of phosphate of lime superior to that from the Grapevine district 
in San Diego County. This locality has been worked from time to 
time for the last ten years for gem crystals, and several hundred dol- 
lars’ worth have been taken out, but nothing definite has been done, 
owing to its inaccessibility and to the lack of wood and water. Other 
properties are now owned in the same vicinity and development is 
expected during 1905. 
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MINE. 
ESSONITE AND SPESSARTITE GARNET. 


Nine and one-half miles east of Jacumba and near Mountain Springs, 
on the road from San Diego to Imperial! and on unsurveyed land, is a 
locality on which several prospects have been located showing excel- 
lent essonite and so-called spessartite garnet. A shaft has been sunk 
and considerable surface work has been done. The gems extracted 
are of exceptional quality and size. Several thousand dollars will be 
expended by the owners during 1905. The water supply is about 43 
miles away, and there is no timber whatever or even wood for ordinary 
purposes. The country is very rough and inaccessible, but bids fair 
to be one of the best producers of gems yet discovered in California. 


CRYSTAL GEM MINE. 


BERYL, ESSONITE AND SPESSARTITE GARNET. 


This mine is situated about 83 imiles northwest from Jacumba. 
Pink and green beryls associated with essonite and (so-called) spessar- 
tite garnet have been the only output, but general indications are very 
favorable. The ledge is a coarse pegmatite about 8 feet in width, and 
extends for nearly a mile. Quartz crystals, albite, orthoclase, and 
indications of lithia are found associated. The property is not worked 
at present, but probably will be during 1905. Ten pounds of fine 
essonite garnet and perhaps 3 or + pounds of beryl were taken out 
during 1904. There is a spring of water on the property and plenty 
of timber. 

MANGANESE DEPOSIT. 


GARNET, BERYL, BLACK TOURMALINE, 


These deposits lie 14 miles northwest of Jacumba Hot Springs. A 
ledge averaging 10 feet in width and extending about 5,000 feet has 
been located and shows oxides of manganese associated with garnet, 
beryl, and black tourmaline. No development work has been done, 
but upon the advent of a railroad this property will be valuable as the 
manganese is of exceptional quality and can be utilized in many ways. 

Farther to the north and east are other localities—in the vicinity of 
Seventeen Palms, in the Santa Rosa Mountains, on the edge of the 
desert, and in the direction of Salton Lake, where fine and abundant 
occurrences of garnet are reported. Much of this is the wild and 
barren country claimed by an old Indian chief known throughout the 
region as Fig-tree John. 
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PRODUCTION. 


In the following table is given a statement of the production of 
precious stones in the United States from 1898 to 1904, inclusive: 


Production of precious stones in the United States, 1898-1904. 


Stone, 1898. 1899. | 1900, | 1901. | 1902. 1903. 1904. 
i = = — i — 
ID revrry on Ceres eset oa secs None. | $300 $150 | $100 None. wt) None. 
Be MITe: sec e...4 cae aces s+ ssn $55,000 | 68,000 75,000 | 90,000 | $115,000 | 100,000 $100, 000 
DES UMD ameneteetereva re cetors c-clcicyersve: 6 u-sietes 2, 000 3, 000 3, 000 500 None. None. None. 
TRODRG 2 sone sea ASR aS oe 100 None. None. | None. None. | 200 None. 
Beryl (aquamarine, etec,)...... 2,200 | 4,000 11, 000 5, 000 | 4, 000 4,000 | 5, 000 
BCryAC pike) rasta eee ss cee cence [weecomee Ameeere Ss eeperee. || eeoe 200 100 
mera tenes. cece eects ete ae 00 50 1, 000 1, 000 1, 000 250 None. 
JEU ON tee eoacacenocenee ese None None None | None. | None. | None. None. 
Peounrmma litenceens. 6s es ec cece 4, 000 2, 000 3,500 15,000, 30,000; 45, 000 40, 000 
Per g ie ere ee nak! wy a 500 500 500 500 500-5, 000 5, 000 
RETINA Oe eee he ee I. Sona aL ee LSet bce cean ee es 10, 000 
Quartererystallesaeecese eis eel | 17,000) 12,000 10, 000 10, 000 12, 000 10, 000 10, 000 
Smoke quantize esses ee ones 1, 000 None. 1, 000 1, 000 2, 000 1, 500 2,000 
LOR CHEN YEA Sen coodocuoenene dt 100 100 | 100 150 200 1, 500 1, 000 
Amethystvecaacsncsessecieenece 250 | 250 500 500 2, 000 3, 000 3, 000 
IMS: 6A oa Seen esas een ne Ams om None. None, None, None. None, None. None. 
Gold quartz ..............c000 5, 000 | 500 2,000! 2,000! 3,000) 3,000 5, 000 
Ruilatedtquanrtzes-sees: .. ee 100 50 50 50 100 | 100 | None. 
Dumortierite in quartz........ None. None. None. None. None. None. None. 
Tourmalinated quartz......... None. None. None, 1, 000 None. None, None. 
AAPEET IC oiotds eee teat terrae eS 1, 000 1, 000 1, 000 1, 000 1, 000 2,000 2, 000 
INIOSSIB ALAR nee ss oo eter acted 1, 000 1, 000 1, 000 500 | 500 1, 400 1, 500 
@hrysopras@ sees. esaccice se eae. 100 | 100 100 1, 500 5, 000 1, 500 6, 000 
Silicified wood (silicified and 
OpANZed esac ec ccce ese 2, 000 3, 000 6, 000 7, 000 7, 000 5, 000 5, 000 
(Oho sé Goeeeme ce ranaaeeaeEnede 200 None, None. None. | 150 | 200 None. 
Garnet (almandite) 222.-.-2.- 5, 000 5, 000 500 | 100 None. None None. 
[loAG ONS 2 ese nenenecsaceasonat None. | None.) 20,000 21, 000 1, 500 1, 000 None. 
(CGVBOELE (HONE) MNeoorcocogsasuoe 2, 000 2,000 1, 000 1, 000 1, 000 2, 000 3, 000 
MapaZolinte sence sucerecc cae eae None. None. None. None. | None. None. | None. 
AIIOVACH SUOMI 2 oeococoucoaacoce 500 250 250 200 A00 400 500 
(CHGOCHIN® <oceanacgocéoucacasar | 10 20 20 None. | None.| None, None. 
NIGOMStOM CH ase eee None. | None None. None. None. None. None. 
PIV GOT SOS eye cpeatere cst eisraterere’ teeta | 50, 000 72, 000 82,000 | 118, 000 130,000 | 110,000, 100, 000 
Utahlite (compact variscite) 4 100 100 100 | 250 None. 100 200 
Clillomastrolttelcce ase. eae. eee 5, 000 3, 000 3, 000 3, 000 4, 000 3, 000 2, 000 
Mesolite (thomsonite, so 
CellC A) retee.. steered seit 1, 000 | 1, 000 1, 000 | 1, 000 1, 000 500 500 
SSSI UNUM een acne aene Gaon 100 50 50 None. None. None. | None. 
DiOpSIdetes sense err ea None. None, None. None. | ~ None. None. | None. 
Eid otemer ere eee eee None, None. None. None. None. None. | None. 
MAH UIUO nee Sea Aemea ee oonasacas ce 1, 000 1, 000 2,000 3, 000 3, 000 38, 000 | 3, 000 
Malachite Seer eceereee sees. None. 250 ; 200 100 None. None, None. 
FRU OR eee coe are seen cee 110 200 100 None. None. None. None. 
Anthracite (ernaments)....-.- T, 000 2, 600 2,000 2, 000 2,000 2,000 2, 000 
Catlinite (pipestone) .......... 2, 000 2, 000 2,000 2, 000 2, 000 2, 000 2,500 
Fossil COPA Secret sien eres 500 50 50 100 None. None. None. 
ASTON s DOUNtSeer eee ee eee a 1, 000 1, 000 1, 000 500 None. None. | None. 
Miscellaneous! ssccsc<2 2.0.24. aeoece eee een ee ee I een eee Joeeeeeeees 15, 000 
AD oy tei epee es et 160,920 | 185,770 238,170 | 289,050 328,450 321, 400 324, 300 
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IMPORTS. 


The following table shows the value of the diamonds and other 
precious stones imaported into the United States from 1867 to 1904, 
inclusive: 
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Diamends and other precious stones imported and entered for consumption in the United 
States, 1867-1904. 


Diamonds. 
oon Glaziers’. Dust. en set. Unset. 
June 30— 
TG Ge een POOGME, crore gale Secure ca NE Ses Mee ee ls eee 
Na eee dod Bde. cheat L epee a ae Sens ccAE Gs ee cee 
1669 2 csc cee. ! 445 | $140 ib eee Sak ee Riga Le 
MeFOe acess es.) 9,372 | 71 | foe | ae | Bees 
[Sy Reece 976 U7 eee oh hates ee h Bea cee 
AGO ete oa. D386 CSS) 707 We ete. ol eee Dek eee 
UGE eee ee AQ 4940 $176,496 Udo: 28 BSc cece 
Ie ee | 69, 620h | 144,699 | we. Be ee 
eee oes 32,518 | PALER Ee ae Et Seo 0 | 
ee ee | ee PUMGESN (|) Mle tac Ue) Ee eee Ree oa 
iyi ate ed |r a5 204\p 7s, 050 Mee. wiles. see 
ieee aaa 36, 409 6S 270m. al es eh 
ISDE eee, eae TSRSeGih | ale 155 Ws ee. wee oe ee 
ICS eee (Oe eee 49,2609) 120.9074)... oR cone eco 8 
TDG ee |e SILA0GIM) 283, 506-0 el. ad 
1S eee rer | OF R5AM) A490 (51S IM ae. Ibs ge seek 
TOC Rae ee Le Rh) S2628IN) 443, 9964 oo BB cae ek 
eet ee, 2208 VTE Sz, 12INM) S67; 816 Abo. Mec sec scene 
SSH ee aealan. | S260) © S0426"|| 871,679 [eens n eB ace secs ce 
December 31— 

IGieeener ame 6. 040 ese SIGN) 502.8000... bee. 
HEBG neers.) ORO ess 00) 262, 257408 oe. Bat onc 
eee. as. IORI \ Re airy MOMS (te eee Bane. e 
Reeder oo. sac -: 8,156{ 68,746) 196,294 |........ ie Ae a 
egWeeeso. 6... 4 147,227 179,164] 340,915 ........ | See Oe: 
eOle es... i €565,623 125, 688 (yu) Be... leaeereececed 
i 580, 246 0) 440NG9 WE 2 Meee oc leeee cn! bce? 
ice 367,999) 74,256 Ne ......--04e--e---: ecw e 
eo eat eees «id SORUA (SAG | Saeee eee Meee ee | 
Hes Oe sa sn...j! 107, 163,95 195,508 We cece nace Ms 2 eee. 
ees 2. ...t 78,990 | 65,690M..........) (f) (f) 

ese .,.4 929,576 167,118 | 1,386,726 | $880 $2,789, 924 
ict. nk 8,058 240,665 | 2,518,800 , 6,622 5,743,026 
Heese cee... 2,428 618,354 4,896,324 | 18,388 8, 795, 541 
1) eee 8,333 605,495 | 3,658,645 ; 10,721 7,803, 066 
GONG ee eee: at 5,864 831, 984 | 6,592, 469 | 2,654 18, 544, 326 
OW eee | 10,738 798,523 | 8,221,889 | 175. 18,834, 168 
UCN ac ee 10,634 720, 150 |10, 275, 800 675 | 18, 022, 367 
MO0eee ee... 73 054 445,621 |10, 234, 587 55Y | 18, 489, 028 


aNot specified since 1838. 
b Includes stones set and not specially deed for since 1890. 


¢Includiug also engravers’, not set, an 


Diamonds 


Set in 


~————} and other ; gold or 
stones not] other 


to 1894; from 1894 to 1896 miners’ diamonds are also included. 
dIncluded with diamonds and other stones from 1891 to 1896. 
eIncluding rough or uncut diamonds, 


f Not specified prior to 1897, 


9 Including also miners’ and engravers’ not set. 


set. 


$1, 317, 420 
1, 060, 544 
1, 997, 282 
1, 768, 324 
2, 349, 482 
2, 989, 155 
2, 917, 216 
2, 158, 172 
3, 234, 319 
2, 409, 516 
2,110, 215 
2, 970, 469 
3, $41, 335 
6, 690, 912 
8, 320, 315 
8, 377, 200 
7, 508, 176 
8,712, 315 
5, 628, 916 
7, 916, 660 

10, 526, 998 

| 10, 228, 630 
11, 704, $08 

‘712, 429, 395 

€12, 065, 277 

€13, 845, 118 
e9, 765, 311 
e7, 291, 342 
€6, 380, 834 
e4,474, 811 

1, 903, 055 
1, 650, 770 
2, 882, 496 
1, 172, 828 
1, 888, 055 
1, 888, 793 
2, 491, 897 
1, 893, 969 


metal. 


wa acecaae 
ee eeccce 
or ry 


Total. 


$1, 318, 617 
1, 062, 498 
1, 997, 890 
i779, 27 
2, 350, 731 
8, 033, 648 
8, 134, 392 
2, 371, 586 
3,478, 757 
2, 616, 643 
2, 235, 246 
3, 071, 173 
3, 964, 920 
6, 870, 244 
8, 606, 627 
8, 922, 771 
8, 126, 881 
9, 139, 460 
6, 042, 547 


8, 259, 
10, 831, 
10, 507, 
11, 978, 
13, 108, 
12, 756, 
14, 521, 
10, 197, 
7,427, 
6, 573, 855 

4, 618, 991 
| 6,278, 729 
10, 162, 941 
17, 208, 531 
13, 561, 588 
22, 815, 352 
24,753, 586 
26, 524, 523 
26, 086, $13 


747 
880 
658 
004 
691 
588 
851 
505 
214 


jewels to be used in the manufacture of watches, from 1891 
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GEMS AND PRECIOUS STONES. 


THE only gem minerals produced with any regularity in the United 
States are beryl, garnet, peridot, ruby, sapphire, spodumene, tourma- 
line and turquoise; and of the States, California, Montana and North 
Carolina show the most activity. The following details of gem mining 
in the United States are taken mainly from the works of George F. Kunz, 
of New York, published by the California State Mining Bureau, and in 
the “ Mineral Resources of the United States,” and from those of Joseph 
Hyde Pratt, published by the North Carolina and the United States Geo- 
logical Surveys. 

BERYL. 


California.'—The Mack mine, near Rincon, San Diego county, has 
yielded a quantity of fine gem beryl, and also a deep blue variety of the 
mineral. The beryl occurs in a 5ft. pegmatite vein between granite and 
diorite. The best crystals are found in soft, clayey pockets. Another 
promising locality lies four miles northeast of Ramona. Here the beryls 
are found as solitary crystals in pockets scattered through the decom- 
posed feldspathic central zone of a pegmatite vein. The stones are a 
brilliant rose pink and quite notably flawless. One perfect gem, weighing 
30 carats, has been cut. Near the Mexican border, around Jacumba 
Hot Springs, numerous openings have shown bery] associated with garnet, 
in payable quantities; the region, however, is not easily accessible and is 
devoid of both fuel and water. 

New Hampshire.—An old locality at Springfield, Sullivan county, has 
recently afforded some beryls of gem quality. A parallel vein, only 25 ft. 
distant, was formerly worked for mica. 

North Carolina.'—Extensive mining for beryl has taken place in the 
vicinity of Hiddenite, Alexander county, since 1881. The beryls occur 
with finely crystallized quartz and rutile in the pockets of quartz veins, 
which cut gneisses. The productive veins all have a uniform strike nearly 
east and west, and dip to the north; other irregular veins show no 
pockets, The largest beryl ever found here was a doubly terminated 
crystal, of light-green color, weighing 8%0z. Small beryls, of deep green 
color, have been mined ina pegmatite vein on Crabtree mountain, 
Mitchell county. Fine beryls, of the aquamarine variety, are commonly 
found in the pegmatite veins of North Carolina, that have been worked for 


“Mineral Resources,” 1904, p. 977 et seq. 
"Joseph H. Pratt, “The Mining Industry of North alg during 1904.” 
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mica, The Wiseman mine, near Spruce Pine, Mitchell county, operated 
by the American Gem and Pearl Company, of New York, is the largest 
producer. Its stones include aquamarine, the yellow and the blue varieties 
of beryl, in pieces such as would cut gems of about 10 carats. 

Utah.—An unusual variety of beryl has been found in the Dugway 
range, 35 miles southwest from Simpson Springs, The crystals have a 
rich raspberry red color, due probably to the appreciable amount of 
manganese that they contain. They are tabular prisms, 3 mm. high and 
7 mm. across. 

’ a | GARNET, 


The mining of garnet for use as an abrasive has been described on a 
previous page. Of the several gem varieties of garnet, the only ones in 
regular supply in the United States are essonite (pale yellow), pyrope 
(deep transparent red), rhodolite (brilliant rose), and spessartite (purple). 
The common abrasive garnet is mainly of the alamandite variety. 

In southern California essunite and spessartite are found in significant 
amounts in pegmatite veins. The Surprise and the Hercules mines, 4} 
miles northeast of Ramona, are the most developed prospects, while the 
region around Jacumba Hot Springs is no less well supplied with garnets. 
The Hercules mine has yielded spessartite in flawless stones weighing from 
1 to 6 or 8 carats, and selling at $20 percarat. The natural conditions at 
this locality are less forbidding than at many others in southern California. 

North Carolina has supplied gem pyrope from the gold placer workings 
of Burke, McDowell and Alexander counties. In Macon county the 
streams heading on Masons mountain have yielded beautiful rhodolites, 
some of which have been cut into gems of as high as 13 caratseach. The 
rose tint of this stone is most striking in artificial and by reflected light. 
This is a comparatively new species, originally identified from this 
locality and contains nearly equal proportions of iron and magnesium 
oxides, besides the usual alumina and silica. The productive workings 
are owned by the American Gem Mining Syndicate of St. Louis. 


PERIDOT. 


The most recently discovered, as well as the most productive source 
of this mineral (common enough in non-gem quality in basic magnesian 
igueous rocks) is in Gila county, Arizona, near Talklai. The crystals 
occur in their native matrix, a lava, from which the weathering of its 
vesicular portions, frees the more resistant crystals. A single stone 14 
in. long and weighing 14 oz. has been recorded. Numerous gems, 
weighing from 1 to 5 carats, have been cut from these crystals. 


Rusy. 
Montana.—Corundum gems of the true ruby color have been found in 
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association with sapphires in southern Granite county, near the head- 
waters of Rock (or Stony) creek. Sapphires, colorless, and also of pale- 
green, yellow pink, and bluish colors, constitute much the larger part of 
the gem wealth in this and other parts of Montana, and will be referred to 
under the next heading. 

North Carolina.—Rubies of fair color have been found in the Corundum 
Hill mine, referred to on a previous page. The most favored locality for 
rubies, however, lies around Cowee creek, Macon county, six miles north 
of Franklin. Here the American Prospecting and Mining Company of 
New York has been working, on its 5000 acres, since 1895. The rubies 
are contained in gravel beds, overlain by 2 ft. of soil, and these are worked 
by ordinary hydraulic methods with sluices, sieves and rockers. No 
basic magnesian rocks, such as enclose the main corundum deposits of 
North Carolina, are found in the vicinity of Cowee creek, nor any lime- 
stone, although in every other respect the ruby deposits resemble closely 
those of Burma. The country rock is a fine grained gneiss, mainly highly 
decomposed; no rubies have been found in the unaltered rock. Many of 
the Cowee rubies contain minute inclusions which give a cloudy appearance 
tothe polished gem. Some cutstones have weighed 3 or 4 carats and many 
of the smaller ones are perfectly transparent, though injured by cracks. 
In color and brilliancy the Cowee rubies rival those of Burma, but the 
output shows a rather smaller proportion of flawless stones. They show 
a marked pleochroism, being deep red, of the true pigeon-blood tone, 
when viewed along the crystallographic axis, but pale pink when seen 
from the side. The two most common crystal habits of these rubies are a 
tabular rhombohedron and a hexagonal prism. 

Other localities at which rubies of gem value have been found in North 
Carolina are the Mincey mine on Ellijay creek, Macon county, and at a 
point near Montvale, Jackson county. 


SAPPHIRE. 


Montana.—This is the only State to show organized sapphire mining; 
the output comes from three distinct localities: (1) Along a 12-mile 
stretch of the upper Missouri river, 15 miles northeast of Helena; (2) 
on Rock creek in southern Granite county, 30 miles west of Anaconda; 
(3) at Yogo gulch, in Fergus county, 75 miles northeast of Helena. 

1. Sapphires are found in the gravel banks along the headwaters 
of the Missouri; the most active mining has been at the two bars named 
Spokane and Eldorado. The gravel beds vary from 10 to 50 ft. thick 
and rest upon slate, rising to 50 ft. above the river. They have been 
worked in turn by English and American companies, but with no financial 
success, owing partly to over-capitalization but particularly to the less 
esteemed colors of the stones. These are generally of pale-green or 
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greenish-yellow colors, while the prized red or blue stones are rare. For 
this reason, it is doubtful if the sapphires in the remaining gravel will 
ever pay the expense of recovering them. The crystals in this locality 
hold uniformly to a prismatic habit. 

2. Sapphires are found in a limited area among the tributaries of 
Rock creek. Of the total output of 400,000 carats of rough stones re- 
covered in the active period of 1899-1900, only 25,000 carats were fit 
for cutting. These stones show a wider range of colors than those from 
the first locality, greenish-blue being the prevailing color, not, however, 
approaching the prized deep-blue color of the Oriental stones. Many 
beautiful yellow sapphires, one of them having been cut to a 2-carat 
gem, are found here, as are also pink ones. 

3. The Yogo gulch locality is the most widely known. Here the 
alluvial deposits have been exhausted, and mining is now directed to 
the two parallel dikes that formed the original matrix of the sapphires. 
These are 800 ft. apart, in limestone, and are a dark basic rock consisting 
mainly of biotite and pyroxene, and related to the minettes and shonkinite 
of the region, having, however, no feldspar. Mining is accomplished 
by shafts and open cuts. The upper portions of the dikes are thoroughly 
decomposed, rendering a simple hydraulic treatment possible. The 
more solid rock in depth has to remain exposed to the decomposition 
of the atmosphere for a season, before it can be thus treated. It is 
economically impossible to extract the small yield of sapphires from 
the fresh rock. The prevailing color of the stones is a bright blue, but 
a few show the dark blue of the Ceylon sapphire. In richness and 
brilliancy, however, they exeel the Oriental stones, and are equally 
brilliant whether in natural or artificial, transmitted or reflected light. 
They differ from the prismatic crystals of the first two mentioned localities, 
in that they adhere uniformly to the rhombohedral habit. The largest 
stones found here weighed 11 to 12 carats in the rough, and 5 to 6 carats 
when cut. One stone of 4 carats was valued at over $75 per carat. The 
two operating companies at this locality are the New Sapphire Mines 
Syndicate and the American Gem Company. Their entire output is 
shipped to London. The first mentioned company has an annual output 
of 100,000 carats, and the second employs regularly a force of 15 men, 
at Helena, for cutting the gems. 

North Carolina.—Small sapphires of nearly all representative colors 
have been found in the Corundum Hill mine, previously referred to. 
The part of the mine in which the gem stones are most abundant has not 
been worked for 14 years, but stones can be obtained by washing the 
alluvial gravel below the mine. This is the only locality in the United 
States that has yielded the emerald-green sapphire, the true Oriental 
emerald, and here it is rare, the yellowish and light-green varieties being 
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more common. What is probably the finest true emerald in the world, 
a crystal 4x2x1} in., part of it transparent, came from this mine. 


SPODUMENE. 

The usual appearance of this lithium-aluminum silicate is a massive, 
opaque dull white crystal, worthless as a gem; its opacity appears to 
have resulted from chemical alteration, a core of transparent mineral 
often being found at the center of a large crystal. It is found at several 
points in New England and at the Etta tin mine of South Dakota, where 
it is mined and shipped for the manufacture of lithia. Near Pala, San 
Diego county, Cal., spodumene is found in unaltered, transparent, and 
flawless crystals of a pink or lilac color; this variety has been named 
kunzite. The spodumenes are found in pegmatite veins, in which the 
quartz crystals reach an immense size; the muscovite is often replaced 
by lithia mica, and colored tourmalines appear in place of the usual 
black ones. The feldspar is decomposed, in layers, and in these the 
kunzites are found, singly or in pairs, embedded in the clay filling of 
small cavities. The presence of manganese minerals in the vein suggests 
manganese as the coloring agent of the kunzite. 

The natural crystals range in weight up to 31 oz. troy as the maximum, 
and are etched and corroded on their surfaces. Pleochroism, colorless 
to lavender, is marked. They are readily cut into exceedingly brilliant 
gens of from 1 to 150 carats, selling for about $6 per carat. Their char- 
acteristic tints, pink and lavender, are among the rarest colors known 
in gem stones. From the scientific aspect, kunzite is particularly in- 
teresting for its behavior under the influence of ultra-violet light waves, 
X-rays, or radium emanations. Subjected to any one of these, kunzite 
shows marked phosphorescence, which, in the case of X-rays, endures 
for several minutes after the excitation has ceased, and with sufficient 
strength to produce an autophotograph on a sensitive plate. 

Another gem variety of spodumene is hiddenite, in bright green trans- 
parent crystals, found at Stony Point, Alexander county, N. C. The 
mine has not been worked for several years. 


TOURMALINE. 

California. —Gem tourmalines haveinlate years been found abundantly 
in southern California, always in association with the numerous lithia- 
bearing pegmatite veins. The output comes from three general districts: 
The Mesa Grande and the Pala regions of San Diego county, and the 
Coahuila region of Riverside county. The companies now actively 
Productive are: Fano Kunzite-Tourmaline Mining Company, Hemet, 
Riverside county; Pala Chief mine, Pala, San Diego county; Tour- 
maline Queen mine, Pala; Himalaya Mining Company, Mesa Grande, 
San Diego county; San Diego Tourmaline Mining Company, San Diego. 
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The last mentioned is engaged in systematic mining near Mesa Grande, and 
operates its own lapidary in San Diego. Numerous other prospects 
are in progress of development, and although this district is handicapped 
by lack of fuel and water, the variety and quality of the tourmalines 
will give its development a strong impetus. The stones range from pink 
and bright red to deep blue and a peculiar greenish-blue; a stone of the 
latter sort, when cut, will show sapphire blue in one set of facets, and 
emerald green in another set. 

Connecticut.—The old tourmaline mine at Haddam Neck, on the east 
bank of the Connecticut river, has lately shown a renewed activity. 
Here a vertical dike of nearly pure albite, over 50 ft. wide and of unknown 
depth, has been quarried for many years to supply white feldspar for 
the pottery and the polisher industries. In a zone 3 ft. wide on the 
eastern flank of the dike, where the albite is somewhat mixed with quartz, 
muscovite, lithia mica, garnets, etc., beautifully colored tourmalines 
are found. These are chiefly green, but others are pink or red, and some 
show different colors in the same crystal. Many fine stones have been 
cut, but the majority of the specimens have been collected in museums. 

Maine.—Gem tourmalines are mined at Rumford Falls, Oxford county, 
in a 5 ft. pegmatite vein containing other lithia minerals. Their colors 
include green, red and dark blue, besides the colorless achroite. The 
stones are fine and clear and one of them has yielded a gem of 16 carats. 


TURQUOISE. 


The commercial supply of turquoise comes from New Mexico, where 
it is mined in the Cerrillos hills, in the Burro mountains, at Old Hachita, 
and in the Jarilla mountains. The turquoise at the first locality has 
been worked from antiquity. The mineral has been found in southern 
Colorado, and, in small quantity, in New Jersey, at the copper mines of 
Somerville. 

DIAMOND. 

Diamonds are brought to light from time to time in various parts 
of this country, in the glacial drift. Two companies are now engaged 
in mining for diamonds in California. One of them will work at White 
Rock hill, two miles northeast of Placerville, E] Dorado county, where 
some stones have been found in times past. The other will work at 
Cherokee, Butte county. In the last 20 years over 60 diamonds have 
been found in the Cherokee mine, the most valuable one having been 
rated at $1200, but most of them ran in value from $20 to $100. Most 
of the stones are of a light-yellow tinge, although a few pure white ones 
have been found. 

The similarity of some of the dike rocks of New York State to the dia- 
mondiferous rocks of South Africa has stimulated investigation as to their 
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possibilities. Daniel S. Martin has recently examined some of the most 
prominent dike rocks in New York’; he found that while the material com- 
posing them is practically identical with that in the South African perido- 
tites, yet in New York the diamond is lacking. The only gems hitherto 
known to accompany the New York peridotites are pyrope, olivine, and 
topaz. It has been reported that diamonds have been found in the drift 
south of Syracuse, N.Y. The owner of a sand bed near that city claims to 
have found a good-sized diamond which he sold for $250. Topaz occurs in 
the drift, and it is believed the gem above referred to was an exceptionally 
brilliant topaz. It may be said, however, that the formation at Syra- 
cuse is likely to be diamondiferous, and it is possible that systematic pros- 
pecting operations would result in the discovery of diamonds. 

An area in Elliott county, eastern Kentucky, on Little Sandy river, 30 
miles east of Owingsville, has been examined with some care; the prevailing 
rock is said to be identical with that on the South African fields, and a few 
good stones have been found. 


DraMonD MINING IN FOREIGN COUNTRIES. 


For a number of years the diamond industry has practically been con- 
fined to, or at least dominated by, South Africa. The progress of diamond 
mining there is, therefore, a measure of the world’s progress. 


South d jrica. 

Orange River Colony.—The report of the DeBeers Consolidated Mines, 
Ltd., for the year ending June 30, 1905, shows a profit, somewhat smaller 
than that of the previous year, attributable both to a heavier outlay for 
mining, and to a slightly diminished yield of diamonds from the dirt of 
the largest mine. Details of the year’s work at the company’s five mines 
may be tabulated thus: 


Output of | Yield We | Wee ee. 
Mine blue ground per per per 
or year. load. carat. ‘oad. Micine- Washing. | Total. 
$1.17 $0.62 $1.79 
1.29 0.71 2.00 
0.61 0.31 0.92 
0.98 0.44 H 
1.91 1,04 2.95 


(a) The “load” occupies 16 eu. {t. and weighs about 1600 Ib. (6) Including the cost of handling waste rock. 

The total output of the mines during the year was 5,433,357 loads, of 
which 5,128,015 were washed; the stock of blue ground on the washing 
floors was thereby increased from 3,944,397 loads at the beginning to 4,249,- 
739 loads at the end of the year. 

The DeBeers mine has two shafts, respectively 2076 and 1670 ft. deep. 
Rock proved above the 1670-ft. level amounts to 2,560,900 loads; between 
" *Peridotite Dikkes of New York.” Onondaga Academy of Science, New York, Oct. 26, 1905, 
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this and the 2076-ft. level the reserves are estimated at 3,376,300 loads. 

Kimberley mine has 892,300 loads above the 2200-ft. level; reserves are 
estimated at 1,196,900 loads between this and the 2520-ft. level. 

Wesselton mine is 500 ft. deep, and has 12,915,800 loads above this level. 
Inclined haulage has been abandoned; all the dirt is now dropped into 
the 500-ft. level and hoisted through the shaft. 

Bultfontein mine is 600 ft. deep, and has a reserve of 13,866,000 loads 
above this level. Hoisting from the open mine has been stopped. 

Dutoitspan mine is 750 ft. deep; its reserve above this level is estimated 
at 24,518,500 loads. 

The year’s work, after allowing liberally for redemption and deprecia- 
tion, yielded a net incomeof £1,949,099, out of which £1,800,000 was dis- 
tributed to holders of both common and preferred stock, at the rate of 40 
per cent. each. 

The Transvaal.—The report of the Premier Diamond Mining Company 
for the year ending Oct. 31, 1905, shows, as compared with the previous 
year, an enlarged output of stones, increased working and general expenses, 
and a diminished yield of diamonds per load of material mined. The 
company mined 2,036,782, and washed 1,388,071 loads, an increase of 
about 50 per cent. over 1904. The output was 845,652 carats, valued at 
£994,687, as compared with 749,635 carats, worth £866,030, in 1904. 
The average yield per load fell from 0.798 carat in 1904 to 0.609 carat in 
1905, due to the unavoidable inclusion of a low-grade reef in the working 
face of No. 1 mine; much of the material washed during 1905, furthermore, 
came from a cut made to connect Nos. 1 and 2 workings, most of which was 
in barren material. Mining costs per load rose from $0.632 to $0.674 in 
the lutter year, influenced by deeper working and a largeramount of develop- 
ment, charged to mining. The net profit for the year was £622,634, or 
£45,104 less than the profit earned in 1904, the decrease being accounted 
for by disproportionately augmented charges for office management and 
directors’ fees. Dividends amounting to £260,000 were distributed from 
the earnings of 1905. The enormous Cullinan diamond which weighs 
3 024} carats, discovered in the Premier mine in January, 1905, has not 
yet been disposed of, but is kept in stock at a nominal value of £3 290, 
which low valuation, in itself, creates a strong reserve. 

The big diamond is a portion of a much larger stone, the original form 
of which can only be roughly guessed at. Four pieces of this original stone 
have been broken off along cleavage planes, which have the position of 
octahedral planes. Each of these fragments must have been of considerable 
size. Consequently the stone itself shows only a portion of its original 
natural surface (called “nyf” in the diamond-cutters’ jargon), the greater 
portion being formed by these four flat cleavage planes. The remaining 
part of the surface shows one octahedral face and a curved irregular surface 
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roughly corresponding to six faces of the dodecahedron, while one very ir- 
regular face of the hexahedron is indicated by quadrilateral impressions 
which are characteristic of these faces in minerals, such as the diamond, 
which possesses the octahedral mode of growth. 

The stone is a single crystal, no twinning planes or twinning lamells 
being present. It is quite colorless, its perfect transparency being best 
compared to that of pure ice or of the variety of silica known as hyalite. 
There are a few grains (inclusions), and also some flaws, or internal cleav- 
age planes—“ glessen,’’ as the diamond-cutters call them— in it, but their 
position is such that they do not detract from the value of the stone as a 
gem. It is certainly the purest of all the very big stones known. 

This great diamond has now reached London; previous to shipment it 
was insured at $1,250,000. It weighs 3024} carats or 1.7 tb. troy; the 
largest stone previously found in the same mine weighed 392 carats only. 
Its dimensions are roughly 4 in. x 24in.x 1}in. Untilthis find was made, 
the biggest South African diamond was the Jagersfontein stone, which 
weighed 971} carats. 


South America. 


Brazil.—The export of diamonds from Brazil is undergoing a steady 
decline, having had a value of $315,360 in 1902, $247,042 in 1903, and 
$139,205 in 1904. 

The diamond fields are in Bahia, and their geology has recently been 
described by Orville Derby in the September, 1905, Boletim published by 
the Secretary of Agriculture, for the State of Bahia. An American com- 
pany is preparing to work the alluvial deposits for gold and diamonds, 
with dredges and other improved means. 

British Guiana.—Exports of diamonds from British Guiana in 1905 
amounted to 5288 carats, valued at $30,658, as compared with 11,046 
carats, worth $85,947, in 1904. The stones are small, averaging, in 1905, 
only 0.06 carat per stone, and of a value of $5.80 per carat. 


THe DIAMOND MARKET. 


The prices of diamonds have followed, within recent years, a steeply 
ascending path, in the fixing of which the two South African companies 
are instrumental. Three advances of 5 per cent. each occurred in 1905 and 
four in 1904, reaching a total of 60 per cent. increase in the London price 
of uncut diamonds within four years. The purchasers of rough diamonds 
were furthermore required to accept arbitrarily constituted lots, containing 
certain proportions of inferior stones, or of large stones, which do not cut 
to the best advantage. 

The circumstances alleged by the London agencies in justification of the 
advances are shortages in those varieties of stones most in demand, higher 
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mining expenses, and the double taxation of the industry, which is levied 
upon both in South Africa and in England. A more probable reason is 
that the two formerly rival producers now see the advantage of harmony, 
and are together profiting by the present heavy demand for diamonds, a 
featurethat has always been characteristic of an era of business prosperity. 


THE ELMORE PROCESS FOR DIAMOND RECOVERY. 


The extraction of diamonds from the decomposed rock in which they 
occur in South Africa has been for a long time effected by greased tables, 
to which the diamonds adhere, while all other minerals are washed off. 
When the grease, which is of a particular kind, is removed and melted, 
the diamonds sink to the bottom of the pot. The process is of high 
efficiency, tests having showed that only 0.25 to 1.68 per cent. of the dia- 
monds, by weight, passed off in the tailing from the table. The separation 
is effected by means of the property of adhesion. The Elmore process of 
oil concentration also operates by virtue of that property of certain min- 
erals with respect to oil. 

The experiments have resulted very successfully, practically 100 per 
cent. of the diamonds being recovered, and the process has now been 
adopted by the Premier diamond mine, which intends to erect immedi- 
ately a plant capable of treating 800 tons of blue ground per day. The 
company is at present treating 1500 tons per day by the pulsators and 
grease boards. 

It is thought that the Elmore process will materially reduce the cost of 
treatment, afford a higher extraction of the gems, and lessen the losses 
by theft. 
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PRECIOUS STONES. 


By GEORGE FREDERICK KUNZ. 


INTRODUCTION. 


The year 1905 made a record for the importation of precious stones of every 
variety. This importation was attended by prosperity in every branch of the 
jewelry business, the sales ranging from the richest gems to those of the poorest 
qualities, and even to every known form of imitation. This record was achieved 
notwithstanding the Russo-Japanese war, and was due to general prosperity. 

The discovery of utahlite, a green variscite, translucent, golden-green in color, 

“and used as a gem and decorative stone, at a new locality 40 miles southwest 
from Salt Lake City, 8 or 9 miles west of Stockton, 20 miles northwest of 
Merecur, and 25 miles northwest of the other utahlite locality in Utah, promises 
to furnish a quantity of this peculiarly American stone that may be used in 
scmibarbaric jewelry or where a rich but not precious stone is desired. 

In the search for and the mining of tourmaline, beryl, topaz, kunzite, and 
other stones peculiar to the southern counties of California, some wonderful 
crystals of rose-colored beryl implanted on feldspar and many fine crystals of 
tourmaline (red and green) are found, and in connection with these oecur many 
specimens of great interest to the science of mineralogy. The region bids fair to 
excel that of the Ural Mountains, which for more than half a century has led the 
world in such products. So great has been the interest in California gems and 
their mining that the State mineralogist, the Ilon. Lewis EK. Aubury, requested 
the writer to prepare an illustrated report on the finding, the history, and the 
cutting of the precious stones of California, with a description of its mines. 
This volume, numbering 150 pages, illustrated with many plates, is now being 
issued by the California Bureau of Mines in San Francisco. 

In the State of Maine, during 1905, prospecting and slight working was done 
for gems at Mount Mica, Paris, Auburn, Newry, Mount Black, Rumford, and 
other mining localities. But only a few gems, tourmalines, were found, and 
their total value did not exceed a few thousand dollars. 

The turquoise mines of New Mexico and Arizona have not been as productive 
as formerly, but those of California and Nevada have been more so. 

Rose quartz from the Black Tlills of South Dakota has been cut in great 
quantity in the form of beads, in Germany, and has been sold over the, entire 
world in competition with rich green aventurine with its sparkling specks of 
mica. 

Amethyst, topaz, malachite, lapis lazuli, amazon stone from Amelia County, 
Va., and a great variety of stones of all quaint colors have been in greater 
demand than in 1904. The topaz sold is generally the variety known as 
“Saxon” or “Spanish” topaz. It is in reality the result of the decolorization 
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of the smoky quartz found in Spain, Brazil, and Colorado, and according to the 
mount of unexpelled color, it is straw-colored, amber-yellow, or rich reddish- 
brown. So much demand has existed for the true Brazilian yellow topaz and 
the pink topaz, the latter produced by heating the Brazilian yellow, that the 
opening of the original mines at Ouro Preto in Brazil is under discussion. 

A novelty in the gem Hine has been the cutting of the chrysoprase, so exten- 
sively found at Visalia, Tulare County, Cal, in its iron-brown and dark-brown 
matrix, Which forms a pleasing contrast to the golden-green color of the chryso- 
prase. 

Highly colored gems, green, red, yellow, and purple, have been in great demand, 
so much so that many thousands of peridots of Arizona origin have been cut, and 
many times more of those from Egypt. This is equally true of the California 
tourmalines, pink and red, and also of those from the Urals and from Madagas- 
car and Brazil. So great has been the demand for amethyst that the remainder 
of the great finds in Brazil, in 1900, and also stones from every available source 
have been cut, frequently into pear-shaped and diamond-shaped stones. 

The emerald is still the gem in evidence, At no time has it received so high 
appreciation as to price. It is more than ever in demand, for the supply has 
been only in part sustained by the yield of the mines in the United States of 
Colombia. VPart of the gems have been cut in the United States from the rough 
stones shipped directly to the firms doing the cutting. Many of the finest gems 
were undoubtedly taken from old jewels by the cwners on the inducement of 
the high prices obtained. 

The pearl is in as great favor as ever. The English Government has published 
the results of the investigations of the experts who have studied the life history 
of the pearl oyster, its parasites, its enemies, and the methods of further inereas- 
ing its production. The present demand is causing a drain upon the Ceylon 
pearl banks, which have always yielded so great a revenue, 

Within the last two years, and with the introduction of Louis XV and Louis 
XVI designs in jewelry, there has been immense improvement in lapidary work 
in the United States in every variety of stone. No better lapidary work has 
ever been done at any period, and every intricate form of cutting and polishing 
such gems as aquamarines, tourmalines, peridots, kunzite, amethyst, and simi- 
lar stones has been employed, including not only the round but the oblong, 
hexagonal, octagonal, marquise, pear-shaped, and other forms set with borders 
of small brilliants. There has been especial preference for many of the larger 
stones; and never have aquamarines, tourmalines, and amethysts been sold in 
such profusion. Probably $100,000 worth of aquamarines from the Brazilian 
locality found two years ago have been used. 


DIAMOND. . 


INITED STATES. 


There are four regions where diamonds have been met with in the United 
States. ‘Mhese are (1) the Pacific coast. chiefly along the western base of the 
Sierra Nevada, in the central counties of California, associated with gold in the 
cement gravels; (2) along the line of the moraine of the ancient tee sheet in 
Wisconsin, Michigan, Indiana, and Ohio; these have been transported from an 
undiscovered source, presumably somewhere in Canada; (3) Kentucky and Ten- 
nessee; (4) the Atlantic States from Virginia to Alabama, chiefly along the 
eastern base of the Appalachians in what is known as the Piedmont region. 
The actual place of origin of the diamonds is tn all these cases unknown. Those 
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of the Pacific coast and the Atlantic States have been derived by erosion from 
the adjacent mountail ranges, but the original sources lave never been dis- 
covered, Those of the northern drift have doubtless come from beyond our 
borders, in Dominion territory, and their exact source is entirely a matter of 
speculation. The few occurrences in Tennessee and Kentucky are not as yet 
definitely traceable, even in theory. All have been found in loose and superficial 
deposits, and all accidentally. Most 6f those in the Atlantic and Pacifie regions 
have been inet with 1 washing for gold. 

This subject of the occurrence of diamonds in the United States has been 
treated in some detail by the writer in a report to the United States Geological 
Survey, to be issued in the near future. 


SEARCH FOR DIAMONDS IN BLACK SANDS OF THE UNITED STATES, 


The high price of diamonds has made the search for these precious stones in 
the United States and Canada keener than ever before. In the examination by 
the United States Geological Survey of many samples of gold and platinum 
sands during the Lewis and Clark Iixposition at Portlaud, Oreg., diamonds were 
‘arefully looked for. Diamonds have been watehed for also by a number of 
parties that have been dredging for gold on an extensive seale in the rivers of 
California, but in neither case have any finds been reported. 


INDIANA. 


Minerals of the Indiana drift in relation to their supposed Canadian source,— 
The only well-attested diamond discoveries in the drift region of the United 
States during the last four vears have been those in connection with the gold 
washings of Brown and Morgan counties, in southern central Indiana. The 
writer has taken special pains to obtain a full series of specimens of the rocks 
and minerals found in the gold-bearing drift of this region from Mr. George C. 
Royce, of Martinsburg, W. Va., and Professor Blatchley, State geologist of 
Indiana, and others, for the purpose of having them compared with the rocks 
in Canada, uorth of the Great Lakes, with a view to tracing out, if possible, the 
source whence the diamonds came. 

With the hope of aiding in the solution of this problem the collections of 
drift minerals and rocks from the diamond section of Indiana were sent to 
Canada for examination and were laid before the Ottawa meeting of the Geo- 
logical Society of America in December, 1905. Considerable discussion was 
awakened, but no very definite results have as yet been reached. 

Among those who examined the specimens at the meeting with particular 
interest and expressed opinions thereon are the folowing Canadian geologists : 
Dr. A. E. Barlow, Mr. W. J. Wilson, and Prof. If. M. Ami, of the geological sur- 
vey of Canada; Prof. W. G. Miller, of the Ontario Bureau of Mines; Dr. G. A. 
Young, petrographer, and subsequently in more detail, Prof. Frank D. Adains, 
of McGill University, at Montreal. <All these gentlemen were especially quali- 
fied to judge of these materials by intimate acquaintance with the geology of the 
region under consideration and its glacial phenomena. 

Doctor Barlow and Mr. Wilson recognized a umber of the fragments in the 
collection from the Indiana drift as apparently identical with rocks familiar to 
them at various points in northern Ontario. Hspecially marked was the preva- 
lence of pieces and rolled pebbles of jasper and jaspilite, characteristic in asso- 
ciation with the iron ores of the Michipicoten and other iron ranges north of 
Lake Superior. 
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After the meeting of the geological society the material, consisting of some 
30 samples, was sent to Prof. Ff. D. Adams, of McGill University, for more 
detailed examination. In these 80 samples there were more than 200 speci- 
mens, every one of which was carefully examined by Professor Adams, who then 
divided them into groups clearly definable. These groups and the percentages 
which they represent he states as follows: 
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No. 1 is represented by characteristic material, much of it evidently coarse 
pegmatite, rich in feldspar. 

Nos. 3 and 4 are certainly, and Nos. 5 and 6 probably, from the iron ranges of 
the Huronian or Keewatin. 

The pieces numbered 7 seem to be partly Keewenawan and partly Ifuronian, 
while those included under 8 are distinetly Paleozoic. 

It thus appears that the portions decidedly referable to the iron ranges of the 
Huronian and Keewatin (Nos. 3 to 6, inclusive) make up nearly half of the 
whole material (49.4 per cent), while the quartzite, No. 2 (29.8 per cent), is 
largely ITuronian. These rocks are widely developed north of the Great Lakes 
and at no great distance from them. 


KENTUCKY. 


There has been some revival of speculation as to the existence of diamonds 
in the peridotite dikes of northeastern Kentucky. Mr. D. Draper, a Transvaal 
geologist, has visited the celebrated dike at Ison Creek, in Elliott County. The 
lessees or owners have under consideration a plan to work a large part of this 
tract with diamond machinery like that used at the South African mines, and 
apparently this entire tract of land has been bonded and the parties engaged 
are endeavoring to proceed to work the place extensively, although up to the 
present time no definite proof exists of the occurrence of diamonds in this 
region. The examination made there by the Kentucky Geological Survey, under 
the late Prof. John A. Precter and Doctor Crandall, and also that made by Mr. 
J. S. Diller and the writer seventeen years ago, were both without result. 
Recently Mr. W. C. Phalen, of the United States Geological Survey, visited the 
region and spent some time in the preparation of an economic bulletin on the 
Kenova quadrangle. He located a new outcrop of the peridotite, but was unsuc- 
cessful in obtaining any diamonds. He heard at Grayson, Carter County, that 
a diamond or two had been found in the Ison Creek district, but he could not 
verify the report. 

NEW YORK. 


Diamonds in drift.—In the article of Prof. William H. Hobbs, on “The Dia- 
mond Field of the Great Lakes,” published in 1899,¢ emphasis was laid on the 
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desirability of careful search for diamond occurrences on the moraine line east 
of Ohio—in Pennsylvania and New York—as a further guide to locating the 
original northern starting point. No sinilar discoveries lave since been made, 
except those in central Indiana, until recently a report has appenred of one or 
perhaps two dinmonds being found near Syracuse, N. Y. An account of these 
end a discussion of the bearings of the whole subject were given by Mr. Philip 
I. Schneider, cf that city, in the Syracuse Ilerald @ of December 24, 1905, The 
topic had been presented previously, by Mr. Schneider and others, at the October 
meeting of the Onondaga Academy of Sciences. Unfortunately the facts are 
not capable of positive proof at the present time. The owner of the gravel-pit 
in the southern part of Syracuse claims to have found a diamond therein 
several years ago and to have subsequently sold it for $1,700 to a person living at 
Springfield, Mass. The purchaser has since died, and his relatives are in 
furope, so that it is not possible at present to verify the account. The same 
owner also reports finding another smaller diamond, which he still retains; but 
Mr. Schneider questions its reality, and suspects it to be only a quartz crystal. 

The geological interest of such an occurrence and its inherent probability in 
connection with the western diamonds of the drift make these unverified reports 
worth recording. 


In Mr. Schneider's article he also treats of the possible relation of these 
diamonds, if such they should prove to be, with the peridotite dikes in and 
around Syracuse. It will be remembered that this rock, altered to serpentine, 
vas identified by the late Prof. H. Carvill Lewis with the rock at Kimberley, 
South Africa, and with that in Elliott County, Ky., all three being included 
under his name of kimberlite. 

This close relationship to the South African diamond-bearing rock has led 
to speculation and may lead to possible diamond production at the Kentucky 
and the Syracuse localitites, especially as both these latter have yielded pyrope 
garnets similar to those freely obtained at Kimberley, and there known as “ Cape 
rubies.” No diamonds, however, have been definitely found as yet at either of 
the American kimberlite occurrences; but if any should really be obtained hear 
Syracuse, the question may be raised whether they are derived from the drift 
or from the kimberlite dikes of the vicinity. 


CANADA. 


Search for diamonds.—Dr. H. M. Ami, of the geological survey of Canada, 
has given careful instructions to a hundred or more parties that are surveying 
for the Transcontinental Railroad, immediately north of the Great Lake region, 
how to look for the diamonds in the hope of their locating the source of the 
diamonds which have been found in the glacial deposits of Wisconsin, Michigan, 
Ohio, and Indiana. 

SOUTH AFRICA. 


De Beers Consolidated mines.—The most prominent feature in the seventeenth 
annual report of the De Beers Consolidated mines, for the year ending June 30, 
1905, laid before the meeting of the sharehoiders at Kimberley, in November, is 
doubtless the retirement of Mr. Gardner F, Williams from the office of general 
manager, which position he has held and administered with signal ability and 
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success for the last nineteen years. He has for some time desired to be relieved 
from the cares of this position, and he will now be succeeded by his son, Mr. 
Alpheus F. Williams, who has been assistant manager for several years, is 
thoroughly familiar with the situation, and has ably conducted the working -of 
this great mine in the several absences of his father in the United States. 

In regard to the output of the year, it presents llo very marked differences 
from that of the year 1904. There is some advance in total production, due to 
the increasing yield of the two newer mines, the Bultfontein and the Dutoits- 
pan; but the old mines show a continued falling off. On the other hand, the 
Bultfontein and Dutoitspan have developed a sudden advance in richness, the 
vield per load of these two mines taken together being some +40 per cent above 
that of the year before. The other mine, previously known both as the Premier 
and the Wesselton, remains about the same in rate of production. This mine 
is spoken of in the present report only as the Wesselton, the hame Premier 
being apparently discarded, and wisely so, in view of the prominence assumed 
by the great Premier mine near Pretoria in the Transvaal. 

The combined data for the De Beers and Kimberley mines are as follows: 


Production of De Beers and Kimberley mines in 1904 and 1905. 


1904. 1905. 
MoOadsoFf ble NOisteds soso see Se Se eee er | 2, 440, 885 2,447, 850 
Moadsiot blhueswashed: S222 — ee soe eee ae ne eee ee ee 2,401, 099 2,418, 158 
(Ghneey ie voie obemoavonavelehsdoypbaKin? | oe ee eee atc enon 1, £038,525 1, 108, 980 
Value otdiatmmonds tom ce. eee = ee eee eee oe eee eae £8, 192, 798 2, 920 50o0 
Number of carats per loadl-<2 25-0522... ee ee 0.54 0.46 
PIU PC TCA Tait is sce see ae eee ee ka 48s, lid. 52s. 10d. 
Mealuie per loa Gitcts: ot ==. 2 ee eee eee ee ae ae eee ene 26s. Td. 24s. 3d. 
(Oloeiicont jonrtoroliptenvonatjovsve eye leh oe, See Ge eee sense 7s. 4d. Ws. 8d. 
Woads remal Min e10 1etlOo is sass eee eee eee ee eee ea 2,175, 079 2,204, 771 


“Fractions omitted or approximated. 


It will be seen from these figures that the continued rise in value has again 
failed to counteract the decrease in richness, as shown by the diminished value 
per load, The quantity of blue ground reported as in sight in 190+ in these two 
mines was 9,987,908 loads; in 1905 it was 8,026,400 loads—a decrease of about 
one-fifth. 

Of the three newer mines the Wesselton furnished the maximum quantity 
of blue ground, 2,068,278 loads; and it yielded also one diamond of 1874 carats, 
the largest yet found in this mine. The Bultfontein leaped from a yield of 0.29 
earat per load in 1904 to an average of 0.41 in 1905, This yield rose further 
during the latter half of the year, and a test from the east end of the mine area 
gave, in $2,122 loads, an average as high as 0.523 carat. The Dutoitspan 
mine more than doubled its former average yield, having risen from 0.12 to 0.26 
carat per load. In quality the diamonds from this mine are far above those 
from any other, ll three are still worked more or less as open mines, 
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The data for these mines for the last two years are as follows: 


Production of the Wesselton, Bultfontein, and Dutoitspan mines in 1904 and 1905, 


Wesselton. Bultfontein. | Dutoitspan. 
1904. 1905. 1904, 1905. 1904, 1905. 
Meads hoisted ...-..-2.-.2---..2:.--2 1,919,304 2,068,278 | 429,729 605,730 39,914 311, 499 
Loads washed. .--_-..--..--- Seer 2, 134,903 | 2,082,582 | 514,885 611,491 24,359 65, 784 
Diamonds found (carats)@ _....---- 605, 241 578,152 | 148,219 | 249, 002 3, 082 17,121 
Nidiicrol Samet sane ee seers. a a.2 oe, £1,055, 269 | £1, 067,475 £219,711 £434,902 £6, 457 £59, 847 
@arats per load —2)----------.-.----2 0. 28 0. 284 Or) 0. 41 0.12 0.26 
Walilempern Cala tO esse 252 222552 -5_8 34s. 10d. 36s. 11d. 298. 7d. 84s. 11d. (») 69s. Lid. 
NMalie per loadd@s.2...-.2.52--..5-5-4 9s. 10d. 10s. 6d. &s. 6d. 14s. 2d. (b) 18s, 2d. 
(ChoSicqjatene kore Vala: 5 Se eee oe ee eee 3s. Td. 3s. 10d. 5s.9d. 5s. 10d. () 2s. 3d. 


Loads on floors......-.. __---- aA 1,356,260 1,391,956 397,503) 991,742 | 15,555 261,270 


«Fractions of pounds, carats, and pence omitted or approximated. ’ Data not given. 


The quantity of blue ground in sight at these mines was estimated as 
amounting to 51,800,800 loads. This amount being added to that given above 
for the De Beers and Wimberley—s,026,400—the entire total foots up 59,526,700 
loads. Beyond this, however, there are of course the unexplored resources of 
the three newer mines which have only been opened to depths from one-fourth 
to one-third those of the older mines. 

The recovery of diamonds from tailings and débris has continued, though 
on a scale somewhat less than in the previous year, which was the maximum. 
In 1905 1,616,030 loads were washed, mostly from the De Beers mine. aud there 
were obtained 257,059 carats of stones, valued at £311,030. 

Even with the higher rate realized for rough diamonds, the earnings of the 
De Beers Company were 15 per cent less than in 1903, as the average vield of 
rough diamonds from the De Beers and Kimberley mines has fallen from 0.76 
earat per load in 1902 to 0.61 carat per load in 1903 and to 0.46 carat per load 
in 1905. Great quantities of the poorer diamond earth were treated. The total 
sum realized from the sale of diamonds was £4,802,844; the expenditures were 
2,937,509; the profits were £1,865,335. Out of the profits £1,800,600 were paid 
in dividends, the dividends being 20s. per preferred share as against 27s. 6d. 
in 1905 and 1904. The reserve was £846,783. The entire sales in 1905 were 
made “rough” by the syndicate, aud this is to continue in 1906, on account 
of the lower yield and on account of the great demand. This is in spite of the 
fact that the price of rough stones was raised twice, 5 per cent each time, dur- 
ing the year 1905; but the diamond syndicate makes tllese advances because 
there are less diamonds found to-day than there were found fifteen years ag 
while the demand for them has greatly increased. 

Premicr (Transvaal) mine.—The increased output of the Premier (Transvaal) 
mine has caused great interest in the production of diamonds; and the finding 
of the largest known diamond, the Premier or Cullinan, weighing 3,024 carats, 
and of several other large stones, one of which weighed over 600 carats and 
another 340 carats, has given this mine the greatest record for producing mate- 
rial of exceptional size. 

Orange River Colony mines.—The extensive development of diamond mining 
in the Orange River Colony is well shown in the Annual Report of the Mines 
Department of that Colony for the year ending June 30, 1905.¢ This report, by 
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Mr. Burnet Adams, acting chief inspector of mines. tells of steady increase in 
the diamond output of the colony and describes the condition of the producing 
mines, besides the Vaal River alluvial diggings. and of more than fifty prospects 
and partially developed undertakings. In regard to these latter, many have 
proved disappointing, but some have vielded good diamonds and may prove to 
be valuable properties. 

The seven mines that have actually yielded more or less suceessfully are (1) 
the New Jagersfontein (the old celebrated line reorganized under the new gov- 
crnineut); (2) the Koffyfontein; (8) the Ebenhaezer; (4) the Lace Diamond 
Company; (5) the Monastery; (6) the Kaalvallei; (7) the New Driekopjes. 
Of these, the last is now closed and for sale, aud two or three of the others are 
partially suspended and either engaged in testing or in awaiting improved ap- 
pliances, The Jagersfontein is much the most important and has been steadily 
advancing, both in equipment and in production. Ieretofore it has been car- 
vied on as an open working, but steps are now being taken to change to the 
underground systenl. as was dene with such success in the De Beers and Kim- 
berley mines. 

The diamond output of the colony fer the vear covered by the report is given 
in a tabular form by months, from July, 1904, to June, 1905, inclusive. These 
show some yariations, but maintain a fairly uniform average. The product 
is given as a whole, without distinguishing the mines, but the Jagersfontein 
far exceeds all the rest together. 


Output of diamonds in Orange River Colony, fiscal year ending June 30, 1995, 


loads washed =22 22255225222 a ei ch. (fc Br OAS es 1 eee es OR eee 3, 556, 000 
Carats of diamonds found____. TF et | = Ve le A, GO ee 320, 5483 
Wale of Ssames= — = > eae AE. eeenere AE a e5e 2 - ee easy Ul 7, lays, al. 
Carats perm loade 22223 ee Se Reales ees eae eA 0. O899 
Vaolweeperscarat 2.22. — JAS 8 See a: 22S SE Se eee eee 5Ssasde 
Vatluesper oo ide Bee a Ne at ee Be 5s. 3d. 


Subsequent data for the month of July, 1905, show but slight differences froin 
the average of the month preceding. The cost of mining per load is not given 
in the report. 

On comparing these figures with those of the De Beers group of mines at 
Kimberley for the same period, it is seen that the blue ground is comparatively 
very low in its diamond coutent, but that the average value of the stones per 
‘arat is considerably higher than for those of the richest of the other group— 
the De Beers and Kimberley. The total number of loads washed is nearly two- 
thirds that of all the De Beers group together; while the total diamond product 
is less than one-sixth, but its value exceeds one-fifth. 

The average number of men employed in the diamond mines of the colony, 
month by month during 1905, was 526 whites and 4.659 natives. With some 
fluctuations there has been a general increase of the total number during the 
year, from 4,458 in July, 1904, to 5496 in July, 1905. The average monthly 
wages paid for mining ayd prospecting in the Orange River Colony are given 
in a recent article as £20 Ts. Td to white men and £3 1s. 6d. to natives.@ 


BRAZIL. 
Diamonds and carbonado in Bahia.—Considerable space has been given in 


recent reports of this Bureau to the diamond and carbonado industry of Brazil. 
Ab important article Has appeared within the last vear on the geology of the 


2 Jewelers’ Circular Weekly, October 11, 1905. 
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Bahia region by Prof. Orville A. Derby, who was engaged by the State of 
Bahia to study the geological occurrence of the carbonados. The article in 
question is his report of this work, and has been translated into Hneglish by 
Prof. John C. Branner for publication in this country.¢ 

The region examined was the basin of tile Paraguagu River, the upper part 
of which contains the Chapada Diamantina, or diamond plateau of Bahia, The 
river traverses four regions or belts of entirely distinct geological character. 
The first of these takes in all the headwaters of the Paraguacu and its main 
affluent, the Santo Antonio; the second reaches from the Falls of Passageni de 
Andarahy, some 50 miles, to Bededouro; the third extends about 200 miles, 
down to Maragopipe, and the fourth is a narrow belt adjacent to the coast. 

The diamonds and carbons are characteristic of the first region, and occur 
oceasionally in the second and third. At all the localities examined by Vrofes- 
sor Derby they appear in connection with a thick bed of conglomerate about 
the middle of the hard sandstone formation. In many places, indeed, he states 
that the gravels worked for diamonds are simply this same conglomerate 
decomposed in place, and not a more recent superficial deposit. This fact has 
already been recognized in the State of Minas Geraes, where also, at Grao 
Mogol, diamonds have been taken from the hard conglomerate itself. It is clear 
that in Brazil the conditions of diamond occurrence bear no resemblance at all 
to those in Africa. All the indications point to the conglomerate as the source 
of the diamonds, and the recent unconsolidated gravels are richest in the 
vicinity of outcrops of this rock, which miners call pedra erarada, 

If this determination of the conglomerate as the home of the diamonds be 
correct, Professor Derby remarks, the supply must be enormous, and all that 
has been done heretofore is trivial in comparison. Only a small part, however, 
of the deposits can be worked with the methods in use thus far. Whether 
moderh scientific processes, using the hydraulic power so abundant in the 
region, can operate the beds at an actual profit remains a question for future 
solution. 

Elsewhere than in the vicinity cf the Serra das Lavras and its conglomerate 
there are few dinmond oceurrences, but still some are known that have interest. 
Along the bed of the Paraguacu, in particular, there are yarious points where 
disumonds are obtained by diving, and some of these are so far from the Serra 
that it is not easy to see how the souree can be so distant. The principal 
locality is at the Falls of Funil, near Bebedouro, on the eastern edge of the 
second region or zone mentioned above. Uere the fall is formed by a heavy 
bed of conglomerate resembling the one in the first zone, but almost certainly 
of later age. It resis upon eranitic rocks and its pebbles are largely thence 
derived, so that the “ formacac,” or diamond gravel, is quite different from 
that of the first zone. The sandstone of the second zone, however, must be 
largely derived from the first, and the contained diamonds may be thus 
accounted for. 

These accounts should be compared with that by Mr. Hl. W. Furniss, dealing 
with the same region and reviewed in the report of this Bureau for 1902. 

There is anether diamond region in Bahia—that of Cannavieras and the 
valley of the Pardo River, and the southern part ef the State.© This, Professor 
Derby remarks, is the only diamond occurrence in Brazil at all near the sea. 
It is a region of but slight elevation, only about 100 meters, largely wooded, 
and with a thick soil that obscures the rocks. At points, however, in the val- 


4 Weon. Geoi., vol. 1, No. 2, Nov.-Dec., 1905, pp. 1384-142. 
b Mineral Resources U. 8S. for 1902, U. S. Geol. Survey, 1904, pp. 816-822. 
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leys of the Pardo and the Salobro a heavy conglomerate with granitic pebbles 
is exposed near the diamond washings. One diamond of three grains was 
obtained for Professor Derby in a test made on 13 cubic meters of decomposed 
conglomerate selected by hint. Thus, again, diamonds are apparently iraced 
to a widespread bed of conglomerate, here quite near the coast, easily recog- 


tized, and suggesting extensive possibilities for investigation and development. 
NEW SOUTH WALES. 


A valuable guidebook to the mines and minerals of New South Wales has 
lately been issned under the direction of the minister for mines and agriculture 
in that colony, Ifon. S. W. Moore.e In this work references are made to the 
occurrence of dianionds at several points, which have been noted from time to 
time in former reports of this Bureau. 

The more recent and more important diamond districts around Bingara and 
Inverell are situated near the Queensland border. Bingara is 378 miles north 
of Sydney, and Inverell and Tingha are both nearly 40 miles east of Bingara. 
The divisions named from the two latter places contain much tin in the drift, 
while the Bingara division is worked principally for gold. With regard to 
diamonds in particular the guidebook says that near Copeton, in the Inverell 
district, are numerous isolated hills capped with basalt, beneath which are 
sands and gravels, with tin, diamonds, and some gold. These hills have been 
variously named, one of them being the celebrated diamond locality of Boggy 
Camp. It was in this district that the discovery of two small diamonds in a 
basaltie dike was made in 1904 at Oakey Creek, near Copeton. 

The Bingara division presents conditions somewhat similar, yet with some 
differences. The chief diamond yield has been from patches of gravel capping 
the foothills of the basalt-covered range some five miles to the southwest of 
Bingara. 

It is in the Bingara district, at Ruby Hill, that the eclogite-bearing pipe was 
observed in 1902, which led to so much discussion as to eclogite being the prob- 
able source of the diamonds.2. The guidebook states that there has been but 
little activity of late in these fields owing to low prices for the diamonds, 
which are al] of small size. 

The statistics for New South Wales, given in this volume, state the diamond 
yield for 1904 as 14,296 carats, valued at £11,620, and the total production to 
the end of that year as 147,955 carats, valued at £98,225 17s. 

Large diamond at Mount Werong.—The fact, after years of working at various 
points, that only small diamonds had been found, led naturally to the belief 
that no large diamonds were to be expected in Australia. Within the past 
year, however, a diamond of nearly 29 carats has been discovered at Mount 
Werong, 156 miles west of Sydney and 380 miles south of Oberon. It was found 
at a depth of 12 feet by two gold miners, who were not diamond miners and who 
did not know what it was. They kept it for some months, and were offered a 
few pounds for it on two occasions, but suspected that it might be more valu- 
able. Finally it was sent to the state department of mines at Sydney, where 
it was recognized at once, and its value then proved to be £200. The stone is a 
distorted and flattened crystal, measuring 28 by 15 by 5 mm., flawless, and of 
a straw vellow. Appreciating the importance of this discovery, Mr. E. F. Vitt- 
man, of the department of mines, proniptly visited the place and made a report 


“A Guidebook for the Use of Prospectors in New South Wales; Sydney, 1905, pp. 156, 
with map. 
> Mineral Resources U. 8S. for 1902, U. 8S. Geol. Survey, 1904, pp. 824-826. 
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upon it, which is reviewed by Mr. Johu Plummer in the Mining World of Octo- 
ber 21, 1905.¢ 

Mount Werong is one of the peaks of the mountain range, some 4,000 feet 
high, which separates the fertile coast region from the arid interior. In the 
beds and ravines of the streams that drain the ridge much of the drift gravel 
is found washed down and redeposited, and here occurs gold, with zireons and 
sapphires, abundaut but small, and also this large diamond, and another found 
some years ago, and valued at £5. The sapphires lave undoubtedly come from 
the decomposed basalt overlying the drift, as none have been found in the drift 
itself. The diamond Mr. VPittinan refers to the drift; but he also recognizes 
the possibility of its having come from the basalt, in view of the discovery of 
one or more diamonds in the somewhat related dolerite at Copeton. This new 
locality is some 800 miles south of the Inverell and Bingara region. 


NOTES ON THE DIAMOND. 


Russian crperiments in crushing carbous used in diamond drills—Prof. Alex. 
M. Mitinsky, of the Mining Academy of St. Petersburg, Russia. is carrying on a 
very interesting series of experiments in crushing the carbons used in diamcnd 
drills.? The rate of advance of a diamond drill increases with the pressure up 
to a point where the diamouds are likely te break. Jere the limit is reached, 
beyond which an economic loss is involved by greater pressure. The object of 
this investigation was to determine this limit, which had not before been done, 
aud which is of course a very important practical question. 

There has been hitherto a remarkable difference in the practice of European 
and American operators in work of this kind. The former have generally fol- 
lowed an empirical rule of applying a pressure of 2 kilograms per square centi- 
meter on the bottom of the drill, which is equivalent, with ordinary tools, to 1 
kilogram per square millimeter on the diamonds. American drillers have used 
far higher pressures, as much as 50 or 60 kilograms per square centimeter; by 
the same ratio this would give 25 to 30 kilograms per square millimeter on the 
stones set in the drill. 

Professor Mitinsky, assisted by Mr. S. Woisslaw, the pioncer of diamond drill- 
ing in Russia, selected a number of carbons and subjected them to pressure 
tests. This was done by placing each stone between two metal plates, a harder 
one representing the rock and a softer one representing the tool. These were con- 
nected with a very sensitive press and recording apparatus, with a niaximum 
load of one metric tom Different metals and different grades of steel were 
tried, and the half-suin of the areas of the impressions made in the two plates, 
in each test, was taken as the cross-section area of the diamond that had been 
pressed into them for calculation of the force exerted per square millimeter of 
the stone. The first test was to the limit of the press, one metrie ton, without 
breaking, and the determination was 54.8 kilograms per square millimeter. The 
second stone, a small one, broke at a calculated pressure of SOG kilograms per 
square inillimeter. Three other tests had an average of 6S kilograms as the 
breaking limit, the lowest being 56 kilogranis. 

These experiments, Professor Mitinsky thinks, show clearly that the pressure 
on drilling tools can safely be much increased with corresponding advautage in 
results, and that the Americans, although far in advance of the Europeans, 
have yet been operating well within the limit of practical advantage. 

After these tests Mr. Woisslaw directed his workmen to disregard the risk of 
breakage and to use the highest pressure attainable with their machinery. 


«Min. World, Oct. 21, 1905. 
*’Eng. and Min. Jour., Dec. 16, 1905, 
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Professor Mitinsky states that the results were very good, and adds that by 
this method tools can be obtained that ean be run safel 
meters per second, 

Diamond-earbon in meteorites.—Following up his researches on the Canyon 
Diablo meteorite, Prot. Henri Moissan has published a more extended article 
describing those researches in fuller detail and also certain. conclusions thence 
derived, together with new experiments as to diamond production.@ The results 
shown are (1) that it is only in certain specimens of this meteorite that carbon 
appears at all; (2) that in some pieces it is present in several forms, as amorph- 
ous carbon in two or three distinct varieties, as graphite, and as diamond in two 
varieties, black and transparent; (3) that these latter are found inclosed In or 
surrounded by a zone of amorphous carbon and in small fissures which stand in 
close relation to nodules of troilite and other compounds containing phosphorus 
and silicon in addition to the sulphur. Microscopie examination shows that 
even the portions of the iron that appear homogeneous frequently contain 
small nodules of this character. Professor Moissan judged. from various 
studies by himself and others, that the metallotds—silicon, phesphorus, and 
sulphur—all tend to displace the carbon from molten iron, and that an increase 
in the proportion of nickel, which is found to vary considerably in different parts 
of the meteorite, lessens the solubility of carbon in the alloy as compared with 
pure iron. These two conditions, therefore, should cooperate to favor the sepa- 
ration of carbon in such a meteorite, as compared with Professor Moissan’s 
former process of diamond production in the electric furnace. 

These suggestions led him to undertake a series of new experiments to test 
the effect of conditions thus modified. These are deseribed in much detail, with 
the general result that the addition of small quantities of monosulphide of -iron, 


at a rim speed of 25 


ie 
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or of silicon, to the crucible of melted ivon with carbon, on its removal from 
the electric furnace and just before its mimersion in cold water, appeared to 
facilitate the production of minute diamonds similay to those of his former 
experiments, but in larger number and with slight crystaHographic differences. 
The addition of a small percentage of nickel, on the other hand, produced no 
apparent change from the results with pure iron. The introduction of phos- 
phate of iron not only failed to inerease the quantity of diamonds but appar- 
ently lessened it. Professor Moissan therefore concluded that the diamond 
‘arbon in the Canyon Diablo meteorite has probably been set free trom an iron 
carbide by the action of sulphur, and to some extent of silicon, the latter having 
also partly united with the carbon to form the silicon carbide which he found 
in association and which the writer named Moissanite, the natural form of the 
artificial produet carborundum. 

The erystallographic features of the microscopic diamonds are deseribed, and 
the very interesting fact is noted that in a number of instances the little crystals 
broke spontaneously days or even weeks after their formation, thus presenting 
a striking parallel to the occasional behavior of diamonds from the blue ground 
of South Afriea. 

Considerable space is given to experiment and discussion as to the action of 
melted iron in solidifving in respect to expansion or contraction. The fact 
seems Clearly shown that pure iron follows the ordinary law, but that tron with 
dissolved carbon expands in passing to the solid state, producing when confined 
the enormous pressure which causes the carbon, or some part of it, to erystallize 
as diamond, instead of all assuming the amorphous or the graphitic form. 

Artificial production of diamonds.—Two processes have been announced by 
German experimenters whereby it is claimed that minute crystals of diamonds 


“Nouvelles reeherches sur la réproduction du diamant, par Henri Moissan: Ann. de 
chimie et de phys., Sth ser., vol. 5, June, 1905. 
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have been obtained. One of these is that of A. Ludwig, who has been able to 
produce such crystals from pulverized carbon heated in lnvdrogen on a spiral 
of iron wire iu the electric arc under a pressure of 3,100 atimospheres.¢ The 
other is announeed by R. yon Ilatshinger, who fuses graphite with silicates. 
Ile prepares a mixture representing as nearly us possible the composition of the 
African blue ground, and then introduces powdered graphite. The whole is 
melted in a crucible, the process being facilitated by using metalic aluminwmn 
and magnesium in preference to the oxides of those metals. When the fused 
Inass is dissolved, minute octahedra are found, possessing the plysical prop- 
erties of diamond. 

Effeet of radium on the diamond.—Sir William Crookes delivered his notable 
lecture on the subject of the diamond before the British Association for the 
Advancement of Science at its Kimberley meeting in September, 1905. In this 
lecture experiments were described in connection with radium in contact with 
the diamond, which showed that the beta rays from: radium preparations had 
like properties to the streams of inactive electrons in a radiant matter tube. 
Tt was found, by exposing fine colorless crystals of diamond to radium bromide 
undisturbed for more than twelve months that the rudium caused the diamonds 
to assume a beautiful bluish color. This color is very persistent: it was affected 
neither by heating in strong nitric acid nor by petassium chlorate. Further- 
more, the radium had communicated to the diamonds radio-active properties 
strong enough to affect a photographic plate; and when they were heated to a 
dull vedness in a dark room a faint phosphorescence spread over the stone just 
before the color became visible. 

Sir William Crookes also announced the results of his experiments in exam- 
ining the extreme hardness of the metal tantalum, produced by Messrs. Siemens 
Brothers, of Berlin. Ue found that a diamond drill making 500 revolutions per 
minute and continued in operation for three days and nights had only produced 
a depression of one-fourth millimeter in depth, the question being then as to 
which had been affected the more, the diamond or the tantalum. 

Wages in diamond-cutting tndustry.—For the last two years there has been 
a great deal of disturbance in the matter of the adjustment of the rates and 
hours of labor in the diamond-eutting industry. The outcome for the United 
States has been that in November, 1905, an eight-hour day was established, 
with wages ranging from $40 to $80 per week for the various employees in the 
industry. This result was brought about by the great demand for cut material 
and by the fact that the amount of cutting in the United States has increased 
so rapidly within the last five or six years that at the present time more than 
one-half of all the diamonds sold tn the United States have been eut here. 
As the high quality of the cutting is not excelled in any of the foreign centers, 
and because of the systematic methods in use in this country, there is a 
possibility of a still greater percentage of the larger stones being cut here. 
This is not true of the smaller stones. 


CORUNDUM GEMS. 
CORUNDUM. 
NORTIT CAROLINA. 


The first volume of the North Carolina Geological Survey reports * treats 
of the history of corundum mining both as an abrasive and as gem material. 


¢Chem. Zeitung, NAXV, 1902, p. 979. | 

®NMonatsh. Chemie, NNATI, 1902, p. 817. 

«Pratt, J. W.. and Lewis, J. V., Corundum and the peridotites of western North Caro- 
lina: North Carolina Geol. Survey, vol. 1, 1905. 
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Mining for the abrasive has been frequently successful, but, although the gem 
mining has produced interesting results, there never has been a financial 
return (o warrant the expenditure for this purpose. 


INDIA. 


In his recent review of Mineral Production in India for the years 1898 to 
1903.¢ the Director of the Indian Survey, Dr T. IL. Wolland, gives data sup- 
plementary to his special treatise on the occurrence of corundum. Corundum 
is widely distributed throughout the Mysore State, and a certain amount of 
working is done at several points, though it can hardly be called mining. There 
has long been a local trade and a local consumption in India; but Doetor 
Holland doubts if it will ever be profitable to develop the workings on a large 
seale, in view of the competition of foreign corundum and of cheap abrasives 
like carborundum. The native demand, that of the old saikalgar, or armorer, 
and the lapidary, is mainly at a few points like Delhi, Agra, and Jaipur, and 
has been supplied by the irregular and casual gathering by agriculturists and 
cowherders. The data of production in Mysore are very variable and evidently 
imperfect, ranging from 28 tons to 150 tons, worth from about £100 to £700. 


CEYLON. 


With regard to corundum in Ceylon, the Report of the Mineralogical Survey 
of that Island for 1904," by the Director, Mr. A. IK. Coomeraswainy, gives quite 
a full account, divided into two sections, one on corundum for abrasive use, 
and the other on the gem varieties. The first part deals in some detail with 
the occurrence of blue crystals in the soil at Tlaldummulla, mentioned in Mr. 
Coomeraswaimy’s paper on the Roeks and Minerals of Ceylon.¢ The erystals 
on the Haldummulla estate have been traced over a considerable area to the 
foot of a steep jungle-covered bluff, impossible to explore without heavy cost, 
but clearly the source of the loose corundum. The erystals are aecompanied 
over the area examined by pieces of the matrix, which is sillimanite rock 
with garnets, containing corundum crystals identical with the others. Ortho- 
clase microperthite is associated to some extent, and a little of either rutile 
or ilmenite, but these never appear together. 

The second part of the report, on the Ceylon gems, is the fullest that has 
appeared for soe time. The gem corunduims of Ceylon are obtained entirely 
from gravel beds, together with lower grades of corundum and also spinels, 
zircons, tourmalines, beryls, topazes, ete., that have long been known as Ceylon 
gems. Most of these are supposed to have come from the intrusive granite 
rocks of the Balangoda group, but tourmaline alone has actually been found in 
a granite matrix on the island. The hills and ridges are so covered with jungle 
_that it is well nigh impossible to trace the sources of the minerals brought 
down by the streams. The gems and other heayy minerals thus transported 
are to a large extent very local in distribution, indicating that their sources are 
in many small outcrops. 

The “ gemming ” industry of Ceylon is described at some length, with maps 
and illustrations. The stones are all found in a bed, cr sometimes in two beds, 
of rounded quartz pebbles and cobbles, called “illam,” which is widely distributed 
through the valleys and lowlands beneath a more or less thick deposit of allu- 
vium of varying character. The tllain is sometimes above the level of the 


@ Geol. Surv. India, vol. 32, pt. 1, 1905, p. 105. See also vol. 30, pt. 3, 1901, p. 169. 
>Ceylon Administration Repts., 1904; Mineralog. Survey, pp. E-1, B-3, 6-11, and -19. 
© Rocks and Minerals of Ceylon, Spolia Zeylanica, vol. 11, pt. 9, 1905, pp. 50—66. 
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streams, where the latter have deepened their Channels by erosion, but it is more 
frequently below the water level, in one case as far as 120 feet. To a large 
extent, it underlies swamps and rice fields. The working of the available 
iocalities has been carried on so far and so long that many of them are wholly 
exhausted and the rest are being rapidly reduced. 

The corundum appears in several varieties, and the interesting fact is noted 
that while the crystals before described, from the Waldummulla and neighboring 
localities, in connection with the sillimanite rock are prismatic, those from the 
gem gravels are usually bipyramidal. The varieties found are the following: 

1. NKorundugal—opaque and only used as an abrasive. 

2. Dalam—seniitransparent, inferior; sold by the pound. 

3. Nila—blue sapphire. 

4, Ratukete or Arunal—astertated. 

6. “ Topaz,”’—Oriental topaz, yellow sapphire. 

7. “ King topaz,”"—clear pink or flesh-colored corundum. 

The topaz of Ceylon is yellow sapphire; true topaz is not rare in the gravels, 
but it is never yellow, being either white, pale-green, or brownish-yellow. (See 
under Topaz. ) 

The methods of working the gem gravel are described in detail, and are 
closely similar to the native methods used in mining for rubies in Burma and 
for diamonds in Borneo. 

The illam generally rests upon decomposed rock in place, called “malaira.’ Tn 
sore cases the lower portious of tt are cemented by iron oxide into a sort of 
conglomerate. In the present beds of rivers in the gem district, especially those 
that are fast and shallow, the actual surface gravel is gem bearing, forming a 
modern illam, doubtless largely derived from the older one, which represents 
the accumulation of ages. 

The prineipal region where these gem gravels occur is the Sabaragamuw: 
province (Ratnapura district), and some parts of the southern province of the 
island. 


SAPPHIRE. 


MONTANA. 


The sapphire workings at Yogo Gulch, Montana, are being gradually de- 
veloped into a great and permanent mining industry. They have been noticed 
frequently in the reports of this Bureau for the last ten years, and a general 
statement of the disposition of the properties of the two companies engaged 
upon the gem-bearing dike was given in the report for 1901.¢ The English 
company, kuown as the New Mine Sapphire Syndicate, has been thus far tlie 
largest producer and the one most prominent before the publie; but the other, 
the American Sapphire Company—frequently called the Yogo Mining Company— 
has been engaged in extensive prospecting and developing work, aud is now pre- 
paring to begin active production on a larger scale than any heretofore at- 
tempted in Montana. / 

Taken as a whole, the Yogo dike is judged by qualified experts to be perhaps 
the greatest gem mine in the world. It extends some 4 miles in length on the 
surface, and being a true igneous dike, descends to an unlimited depth. If esti- 
ated down to 2,000 feet, below which possible working becomes questionable, 
and at an average width of only 6 feet—although it is often much wider—the 
entire content of sapphire-bearing rock would approximate 10,000,000 cubie 
yards. 


4 Mineral Resources U. 8S. for 1901, U. S. Geol. Survey, 1902, p. 736. 
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A full report upon the whole locality, though with special reference to the 
American company’s property, has lately been prepared by Mr. George W. 
Tower, jr. The area of holdings comprises a total of some SOO acres of land— 
300 acres under quartz-claim patent and 500 acres or more under placer 
patent. There are 16 patented quartz claims and 1 unpatented, and 13 pat- 
ented placer claims and 1 unpatented. Some of the latter were worked for gold 
ten years ago, and Mr. Tower states that the first sapphire discoveries were 
made in cleaning up the washings of these placers. A full year elapsed before 
the importance of this discovery was realized, and the gems were traced to 
their source in the dike. Prospecting and tracing out of the dike then went on 
for some years, since which time (1901) there has been no further extension of 
the dike recognized, and no other dikes have been found in the vicinity. The 
main one has been quite thoroughly explored and its extent determined, as 
already described. 

The dike runs nearly east and west and cuts almost vertically through 
several thousand feet of stratified rocks, horizontal or slightly inclined, from the 
Carboniferous down to the basal complex. In width it varies from + to 16 feet, 
and in texture it is to a large extent soft, friable, and easily weathered. 

Mr. ‘Tower's report gives details of the workings of both the companies, the 
Hnglish company east of the crest of Yogo Hill, and the American company 
west of it, to and beyond Yogo Creek. Fixtensive tunnels, shafts, and levels 
have been driven, and in the eastern portion also great open cuttings, besides a 
number of trial shafts and pits. Mr. Tower regards the present twofold 
division of working as unwise and costly, and strongly advises some form of 
cousolidation and the coucentration of work at the American company's open- 
ings at the Fourth of July claim, on Yogo Creek, the tunnels here to be made 
the main thoroughfare for the entire group of workings to the eastward. Tere 
the ercek yields abundant water for washing at all seasons, and the American 
company has run over 2,000 feet of tunnels into the dike rock, besides shafts 
and cuts to prove its extent. These tunnels, Mr. ‘Tower advises, should be 
extended and connected with the openings eastward of the hill; thus forming 
one system and doing away with the expense of hoisting now involved in the 
Huglish company’s shafts. 

The American company’s work has hitherto been chiefly for development, 
their only output of gems being those taken out in this process. But now, the 
extent and ric¢lmess of the property having been fully determined, they are 
erecting a plant for mining on the scale of 100 tons per day. This will quad- 
ruple the previous output of both companies together, and promises to make 
Montana sapphire mining a very important factor in American gem production. 

The stones obtained are not of large size. They range from “ culls,” used 
for wateh jewels and other mechanieal purposes, to gems averaging, when cut, 
from half a earat to 2 or 3 carats and rarely up to 5 or G. As gems they are 
brilliant, free from flaws, and of good color; ranging from light shades to the 
rich deep blue of oriental sapphires. The “culls” are produced abundantly, 
but not in quantities equal to the demand. They sell immediately at from 
$2 to $6 per ounce, and advance orders can be had without apparent limit. 
The Yogo crystals have an advantage for mechanical uses over East Indian 
stones in their form, which is largely short prismatic or rhombohedral with 
flat basal terminations; aud hence they need much less cutting for such pur- 
poses as watch jewels and the like. 

As to gems, no very full data can be given; but the shipment for the month 
of November, 1905, from the American company’s mines to New York was 
1,564 carats in the rough. These are sent for cutting to Amsterdam, and will 
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yield from two-fifths to one-half that weight of finished stones. Their value 
will, of course, depend on their size and quality after being cut. 


RUBY. 
BURMA. 


The head of the Geological Survey of India, Dr. J. HW. Holland, in his recent 
review of the mineral production of that country from 1898 to 1903,¢ has given 
some additional data regarding the Burma ruby imines, which have now become 
an important source of profit. With regard to other locations in Burma, Doctor 
Holland states that leases have been granted for several ruby enterprises near 
Nanyaseik, in the Myitkyina district, and in the Sagyin Ilills. in Mandalay dis- 
trict, but that little result has followed. Ile gives the value of the annual out- 
put since that time as follows 


Value of ruby production, Mogok district, Burna, 1898-1908, 


USoS2e2=— eS ee SEDs as EK a U8 Cg Relea pea £104, 476 
TUS es UES CS a OU 2s eee ee ee 86, 895 
NO ete ee Naieg 2 (via Wel OM) Shanes eee ht eee, RO es eee 98, 575 


Of the receipts for 19083 nearly one-half (£44,950) were profits. The falling 
off in the previous year was due to disastrous floods, agaist the recurrence of 
which extensive engineering precautions have been undertaken. Rubies of 
large size are very rare and enormously valuable. Three remarkable stones 
were obtained in 1899, one of which was the finest ever found since the opening 
of the mines to European development. This ruby weighed 77 carats and was 
sold for 4 lakhs of rupees, or £26,666. 


EMERALD. 


COLOMBIA, 


The Colombian Government has recently employed a well-known expert, Mr. 
Lloyd-Owen, to make an examination of the condition and prospects of the 
great emerald inine at Muzo, northwest of Bogota. He has prepared an 
extended report, of which a copy was furnished to United States Minister Rus- 
sell, at Bogota, for the Department of State, and an abstract was given in the 
United States Consular Reports for August 3, 1905. 

Mr. Lloyd-Owen states that the emerald-bearing area at and near Muzo is 
very extensive and has never been thoroughly tested or even explored. It prob- 
ably covers many square leagues, the Government holdings alone being esti- 
urated at nearly 100,000 acres. 


NEW SOUTH WALES. 


In the recently issued guidebook published by the Colonial Government of 
New South Wales,? reference is made to the emerald locality near Emmaville, 
which has been occasionally reported. The region is rich in minerals, and the 
Emmaville and Deepwater divisions are centers of mining for tin, chiefly as 
stream ore, but also in the “ greisen,” in which wolfram and seheelite are like- 
wise found, The location of Enimaville is about 100 miles from the coast, some 
450 miles north of Sydney. Inverell, noted in connection with the New South 
Wales diamonds, lies to the southwest, less than 40 miles distant. The emerald 


4 Ree. Geol. Surv. India, vol. 82, pt. 1, 1905, pp. 77-78. 

>U. S. Cons. Repts., Aug. 38, 1905, pp. 10-12. 

& ee es for the Use of "Prospectors in New South Wales, issued by direction of the 
Hon. $8. W. Moore, Minister for Mines and Agriculture ; Sydney, 1905, pp. 156, with map. 
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locality, known as “ The Glen,” is 9 miles north by east of Emmuaville, and the 
guidebook states that a considerable quantity of emeralds was obtained there 
some years ago, but that the pegmatite dike, in which they were found, was 
lost or eut out at the 50-foot level. Systematic search might recover it, and 
there are other similar dikes in the vicinity which should also be prospected 
for emeralds. These dikes are offshoots from a large granitic mass intruded 
among ¢Chaiystones, which are thought to be of Carboniferous age. The dike that 
yielded the emeralds was a small one, varying in width from a few inches to 
4 feet, and also in character from a typical “ greisen” at some points to a peg- 
inatite at the gem locality. 


BERYL. 
CALIFORNIA. 


Mr. H. C. Gordon reports the finding of some magnificent groups of pink 
beryl erystals, measuring 14 inches in diameter, of the flat type of crystal, rich 


pink in color, but attached to albite rock, in the Hsmeralda mine, Mesa Grande, 
San Diego County, Cal. 


NORTH CAROLINA. 


Mining for beryl has been carried on more or less extensively in North Caro- 
lina, but without much result. It was found, however, in the Spruce Pine 
region that by deeper mining blue beryls were frequently obtained at a greater 
depth than any previously taken out, and in some quantity. Many gems haye 
been obtained weighing from three-fourths of a carat to 2 carats each, but few 
are over 4 carats in weight. 


TOPAZ. 


CALIFORNIA. 


The white and blue topazes from the Ramona district, San Diego County, Cal., 
described in the report of this Bureau for 1904,¢ were well represented in the 
gem exhibit of San Diego County at the Lewis and Clark Exposition, at Port- 
land, Oreg., in 1905. Large specimens of the associated minerals—albite, ortho- 
clase, garnet, tourmaline, ete.—were displayed, showing the topaz in its natural 
environment, and then as separate crystals and as cut gems. 


AUSTRALIA. 


Mr. C. Anderson, mineralogist of the Geological Survey of New South Wales, 
gives some further accounts of the topaz occurrences in that colony and also 
in Tasmania,® described by him in the previous volume of the Records and 
noticed in the report of this Bureau for 1904. The article is mainly crystallo- 
graphie, describing and illustrating some particularly fine examples recently 
obtained from the several localities before reported. No additional facts of 
any importance are given concerning the mode of occurrence, as previously 
deseribed, at Emmavyille and Oban, in New South Wales, and at Mount Cameron, 
Flinders Island, and Bell Mount, Tasmania, save the mention of the existence 
of pale pink and yellow varieties in Tasmania, which had been reported as not 
found there. Some of the erystals from Flinders Island, Killicrankie Bay, are 
of remarkable size, up to several inches in diameter. 


@ Mineral Resources U. S. for 1904, U. S. Geol. Survey, 1905, pp. 979-982. 
> Bec. Austral. Museum, vol. 6, pt. 2, Sept. 15, 1905, pp. 838-89. 
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BRAZIL. 


A recent letter to the writer from Mr. H. Kilburn Scott, a mining engineer 
residing at Rio de Janeiro, gives some interesting notes on topaz mining at the 
Ouro Preto locality, in the State of Minas Geraes. The principal mine—the 
Boa Vista—has heen worked for some years past by a firm employing about 
twenty men. The method has been to excavate to some depth the overburden 
formed by slides and the caving of the decomposed inclosing rock and then to 
run small inclined shafts to reach the topaz-bearing deposit. There has thus 
been formed a great craterlike excavation, in which the clay carrying the 
topazes has been followed down some meters below the drainage level. Hence 
it is possible to work the mine only during the dry season, and with the present 
method the limit of working has probably been reached. To operate this mine 
successfully improved methods will be necessary. 


CEYLON. Py 


Among the precious stones gathered from the widely distributed gem gravel 
of Ceylon, topaz is fairly abundant. but the bright yellow variety is absent. 
What is spoken of as topaz among Ceylon gems is the rarer and harder oriental 
topaz, or yellow sapphire. The name of “king topaz” is also applied to pink 
or flesh-colored sapphire. The true topazes of the gravel are either colorless or 
light green, occasionally also pinkish-yellow or yellow-brown. The first variety 
ts cut and sold under the name of water-sapphire, which belongs properly to 
iolite (cordierite) ; the name is entirely misapplied, as the true water-sapphire 
is blue. The green topazes are sold, with true beryls, as aquamarines. The 
pinkish-yellow stones closely resemble those from Brazil, but with the curious 
difference that while the latter turn to a clear pink on being heated (the 
so-called burnt topaz). the Ceylon stones are absolutely decolorized by heat. 
The source of the gems is not known, as they are obtained only from the 
gravel, but it must evidently be in the granite intrusives of the Balangoda 
group.¢ 


ZIRCON. 


CEYLON.? 


A large variety of zircons are found in the gem gravels of the island of Ceylon, 
with many other precious stones which are a good deal confounded among native 
dealers and classified largely by color. The Cingalese name toramalli is applied 
indifferently to both tourmaline proper and zircon, and special terms are pre- 
fixed according to the color. The green variety is mostly zircon, with some 
tourmaline and clirysobery]l. The pale brown also includes some tourmaline. 
Other varieties of zircon found are rich yellow and fiery red. The readiness 
with which zircon alters in color by heat is illustrated in the fact that many 
greenish stones become a fine yellow by heating, and that the pale brown ones 
are often completely decolorized in the same manner to form the so-ealled 
Matara diamonds. 


NEW SOUTH WALES. 


A paper was read several years ago by Mr. D. A. Porter before the Royal 
Society of New South Wales on the occurrence of zircon in the New England 


@Mineralog. Surv., Ceylon; 1904. 
6’Ceylon Administration Repts., 1904; Mineralog. Survey. 
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district of that colony. In a recent article by Mr. C. Anderson, mineralogist to 
the Australian Museum, this paper is cited and some fresh specimens received 
from Mr. Porter are described in detail.¢ . 

The principal localities are at Glen Innes and Inverell, places about 50 miles 
apart. Mr. Porter describes the zircons as found over a considerable area of 
basaltic country on the northern watershed of the MaelIntire River. They occur 
in stream beds and in raised banks of clay or gravel along the streams or 
strewn over the surface of low sloping ridges. The speciniens are generally 
broken and Cleaved and much worn, but some good erystals occur, varying from 
clear colorless to dark red. 


TASMANTA. 


It. Brauns gives ® the measurement of the crystals of zircon from Tasmania 
showing that crystalograpically they very strongly resemble those from Russia. 
Generally, however, the crystals are very large and rolled; others are entirely 
rounded. These have been extensively imported at Idar and Oberstein. Many 
of then are colorless and become violet-brown in color by heating. Others are 
made entirely colorless by the same process. 


GARNET. 
OREGON. 


Mr. L. Bush Livermore, of Baker City, Oreg., describes a deposit of garnets in 
the Sutton Creek district, some miles south of Baker City, which he regards as 
worthy of investigation.© He says that near Pleasant Valley, where the prin- 
cipal reck appears to be a black argillite, soft and crushed and with no well- 
marked planes of bedding, has been found a strong ledge containing garnets 
resembling rhodolite. Some of these are quite handsome and lustrous, and 
large enough to eut gems up to 380 carats in weight. Further particulars of this 
occurrence are quite desirable. Nothing has yet been done to develop it. 


ESSONITE. 
CALIFORNIA. 


A curious oecurrence of garnet is reported by Mr, I. M. Sickler, as noted by 
himself and Mr. George rey at a point some 7 miles from Pala, San Diego 
County, but not otherwise specified. The association here was of the Ramona 
type—essonite garnet with beryl, the former varying from light yellow to ruby- 
color. The garnets occur in rounded pieces like pebbles or nodules. These were 
found to be, apparently, remnants or cores of larger crystals that had decom- 
posed, leaving their original form as casts in the feldspar matrix. Besides the 
garuet cores these cavities contained mica and red clay, doubtless products of 
alteration from the garnet crystals that have partly disappeared. 

A fine display of garnets of various shades, chiefly from the Ramona district, 
was made in the San Diego County exhibit of gem minerals at the Lewis and 
Clark Exposition at Portland, Oreg., in 1905. 


“Nee. Austral. Museum, vol. 6, pt. 2, Sept., 1905, pp. 95-96. 
> Separat-Abdruck aus dem Centralbl. fiir Mineralogie, 1905, pp. 483-485. 
¢ Mining Record, July 29, 1905. 
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PYROPE. 
NEW YORK CITY. 


An interesting discovery of pyrope garnet has been made in constructing the 
‘rapid transit tunnel from the south end of Manhattan Island to Brooklyn. This 
tunnel runs from the Battery at the foot of Whitehall street to the foot of 
Joralemon street, Brooklyn. About 1,@00 feet south from the New York start- 
ing point, beautiful grains or nodules of pyrope were obtained, capable of being 
cut into gems of three-fourths of a carat to 1 carat in weight. These were in 
connection with serpentine, of which the writer found many pieces ol examin- 
ing the dumps—some of it of the green precious variety—together with kerolite, 
but he did not succeed in obtaining any that actually contained pyrope. 

Pyrope is a mineral belonging to igneous rocks, especially peridotites. from 
the alteration of which serpentine is frequently fornied. The serpentines of 
New York and vicinity are now quite clearly shown to have originated in this 
way.@ 

TOURMALINE. 


CALIFORNIA. 


The colored tourmalines of the Pala district, in San Diego County, Cal., were 
finely shown in the mineral exhibit of that county at the Lewis and Clark 
Exposition, at Portland, Oreg., in 1905, The principal displays were of rich, 
deep-red rubellite, from the Pala Chief mine, and of various colored tourmatlines, 
though mainly pink rubellite, from the San Diego Company, of Mesa Grande. 
All these were shown in fine specimens, both in crystals and in cut form. 


CONNECTICUT, 


Information has been received from Mr. S. Ward Loper, of Middletown, Conn., 
that a new locality for colored tourmaline has been opened in the northeast 
eorner of Portland, Conn., at what is called the Strickland quarry. Besides 
one very large crystai of deep green color, several fine and clear specimens 
have been found—all green; no pink ones as yet. This locality is but a few miles 
from the celebrated one at Ifaddam Neck. 


MAINE. 


The year 1905 was not very productive in gem tourmalines from Maine. Con- 
siderable mining was carried on for feldspar and mica, and some for lepidolite, 
but the yield in gein tourmaline was scanty. <A letter from Av. Loren B. Merrill, 
of Paris, Me., deseribes his own work at Mount Mica and gives the general facts 
as to the other localities. The quarries at Auburn have yielded practically no 
gem material. At Newry a good deal of tourmaline has been found, some of 
the crystals very large, up to + inches in diameter; but at that place the erys- 
tals are not in pockets, but traverse the pegmatite in the manner of beryls, and 
hence are liable to much breakage. At this locality pink tourmaline predomi- 
nates over green. Mr, Merrill has found numerous pockets at Mount Mica, with 
much cookeite and quartz erystals, but the tourma:ines are mostly small and of 
pale (green) color, One such pocket was notable for its great size, being & 
feet long by 5 feet wide and 33 feet deep. 


4 Newland, D. H., The Serpentines of Manhattan Island and vicinity: School of Mines 
Quart., April, 1901, pp. 399-410. 
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JADEITE. 


BURMA. 


Jade, so highly valued in China, has long been known to occur in Burma, and 
much of that employed by the Chinese has been thence obtained. The latest 
accounts of it are given in the Review of Mineral Production tn India for the 
years 1898 to 1908, by Dr: J. H. Holland, Director of the Indian Geological 
Survey.2 The industry is quite extensive, being second only to the ruby mines 
in the gem-stone production of India. Jade has usually been obtained from 
bowlders, ete, but in upper Burma it is found in place and is systematically 
quarried, The locality is in the Mogoung division of the Myitkyina district, 
hear Tammaw, where the jade forms a light-colored layer in a dark-green ser- 
pentine, which is apparently intrusive in sandstones of Miocene age. Doctor 
Holland thinks that the jade “ must have been separated as a primary segrega- 
tion from the magma,” whence the serpentine was derived. ‘ 

Some fine material is also obtained from rolled pieces in the valley of the 
Uru River, an affluent of the Chindwin. 

The product ts.taken into China, partly overland and partly via Rangoon, 
and thence to the Straits Settlements and China. The trade is quite important, 
and averaged annually from 1897 to 1908, inclusive, 3,914 hundredweights, 
valued at £44,770, an average price per hundredweight of £11.44. 

All the Indian jade is jadeite, the soda-alumina variety, related to pyroxene. 
The other variety, nephrite, a lime-magnesia member of the amphibole group, 
is not known in India at all, or at least of any valuable quality. 


KUNZITE, BERYL, TOURMALINE. 


CALIFORNIA. 


In the report of this Bureau for 1908 ° a list was given of mines and prospects 
on Hiriart Mountain, to the east of the Pala and Pala Chief ridges, in which the 
gem minerals of the district—colored tourmalines, kunzite, beryl, and their 
associates—were to some extent observed. In the general outline of California 
gem mines, contained in the report for 1904° an account was given of later 
developments at one of these mines—the Naylor-Vanderberg. Recent informa- 
tion describes quite active work, with promising results, as having been carried 
on during 1905 at several of these openings. It is highly interesting to find 
there are now a number of adjacent localities yielding good indications of the 
minerals that have already made the Pala region so notable in American gem 
production, particularly of pink beryl and kunzite, as well as of tourmaline and 
garnet. 

The Naylor-Vanderberg mine already uoted has been penetrated by a tunnel 
nearly 200 feet long, which cuts the main vein in the two mines. This has 
revealed lithium beryl, kunzite, and a transparent green spodumene, suggesting 
that found years ago in North Carolina. <A rare ferro-manganic phosphate of 
purple color also occurs here. 

The Iiriart mine has been opened by a tunnel for 80 feet; the ledge here 
consists largely of albite with disseminated lepidolite. Tourmaline was found 
and some lithium beryl, but no kunzite. The tourmalines were deep grass green, 
aquamarine blue, and sometimes green with a pink or a black center. 


“Rec, Geol. Survey India, vol. 32, pt. 1, 1905, pp. 58-54. a 
> Mineral Resources U. 8S. for 1908, U. S. Geol. Survey, 1904, p. 942. 
© Mineral Resources U. 8S. for 1904, U. S. Geol. Survey, 1905, p. 972. 
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The White Queen mine (at which the original discovery of kunzite was made 
in 1902) has been further opened by a cut in the main ledge, which revealed 
lepidolite and gem pockets. Salmon-pink lithium berylIs were the principal gems 
found, some being very fine specimens. Gem tourmaline was also cneountered 
to some extent, but nothing is reported of kunzite. 

In the Catarina mine a large open cut has been made, and good material was 
shown. The “pay streak,” or central gem-bearing zone of the ledge, varies from 
2 to + feet in thickness and consists of quartz,+ albite, and lepidolite. Sev- 
eral pockets were found, containing chiefly quartz crystals and yiolet-colored 
kunzite. Another opéning, one hundred yards to the east, revealed similar 
pockets, with pink kunzite and some indicolite, together with quartz crystals, 
often clear and fine. One pocket yielded nearly a ton of crystallized quartz, 
some individual crystals weighing as much as 40 pounds. | 

The Anita mine was tested by several cuts aud yielded quartz crystals, lepido- 
lite, and good pink kunzite. 

The Sempe mine was opened on two ledges, and fine pink beryl was taken 
from one and white beryl from the other. 

The San Pedro mine is traversed by the same dike or vein as the Catarina and 
the Naylor-Vanderberg. In this a large open cut showed pink beryl, pink 
kunzite, green tourmaline, and ‘fine quartz crystals. 

A fine display ef kunzite, both in the natural state and in cut forms, was made 
in the mineral eases of the San Diego County exhibit at the Lewis and Clark 
Exposition at Portland, Oreg. These came from the mine on Pala Chief Moun- 
tain, and included large, well-colored crystals and fine, violet-tinted cut stones, 
one weighing 150 carats and another 80 carats, besides other cut kunzites 
mounted in jewelry, with pearls, ete. 


QUARTZ. 


TEXAS. 


Beautiful, small erystals from 2 to 38 mm. in diameter, doubly terminated 
and of absolute purity, resembling those from Ilerkimer County, N. Y., have 
been found near Mullen, Mills County, Tex., by Mrs. Ellen Oxley. 


ROSE QUARTZ. 
COLORADO. 


A magnificent vein of rose quartz has been located by Mr. W. C. [lart, of 
Manitou, Colo., 25 miles west of Fort Collins, in Larimer County, Colo. The 
quartz vein crosses the road between Stove Prairie and Box Prairie at an alti- 
tude of 8,000 feet. The country rock is granite, with quartz veins running 
through the granite. Pieces weighing from 1 to 1,000 pounds could be taken 
out. There is a large bedy of the quartz, the vein in places being 3 feet thick. 
Some 21,000 pounds were taken out during 1905. 


AMETHYST. 


NORTH CAROLINA. 


From time to time amethysts are brought in from localities in North Carolina, 
and especially from the region of Rabun Gap, Georgia, on the North Carolina 
border, although no quantity seems to exist to warrant mining at present. Yet 
many of the stones afford such rich brilliant gems that at no foreign locality 
have choicer gems been found. 


M R 1905——85 
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QUARTZ GLASS. 


Quartz fused for chemical ware.—Attempts have been made to manufacture 
articles for chemical use fron: quartz glass, and it seems that this result has 
been lately attained. Three chemists in Germany—Herceus, Siebert, and 
Kuhn—have succeeded in blowing flasks of ordinary laboratory sizes from 
fused quartz. The mineral is melted in crucibles of iridium or iridium-ruthe- 
nium by the oxyhydrogen flame in a furnace of lime or magnesia. The difficulty 
in previous attempts has been that the quartz glass produced was full of bub- 
bles. But these escape if the quartz is kept in fusion for some time, and this 
ean be done in a crucible of iridium which will sustain a temperature of 2,200° 
C., as quartz requires for the vitreous modification only about 1,700° C. The 
operation of blowing the quartz glass is one of extreme delicacy. The vessels 
produced are almost completely unaffected by acids or salts, but naturally are 
attacked by alkaline solutions. 


NONCRYSTALLINE QUARTZ. 
AGATE. 


INDIA. 


Agate is obtained in considerable quantities in India and is exported both to 
Europe and to China, as well as worked at some points by native lapidaries. 
Its source is in the amygdaloidal portions of the Deccan trap flows, and it is 
collected at numerous places along or near the edge of the trap, especially in 
the State of Rajpipla, from a conglomerate near a yillage named Ratanpur. 
The principal place where it is sold and cut is Cambay, in the Bombay Presi- 
dency, though agate cutting is also done at Jabalpur and some other points. 
Data as to quantities and values are not readily obtainable. 


MOSS AGATE. 
WYOMING. 


An extensive demand for the moss agate found in Hartville district. Wyoming, 
is reported, a single party having taken out 43 tons of this material, which was 
sold in Germany at an average price of $200 per ton. 


JASPER. 


CALIFORNIA. 


An outcropping of jasper 2 feet wide lias been uncovered in the brushy country 
near Dulzura, San Diego County, Cal.’ The rock is ribbed in different directions 
with red and yellow streaks combined with a soft gray. It is claimed that it 
polishes beautifully, and that the brilliant colors blend most delightfully when 
polished. 


TEXAS, 


A remarkably interesting occurrence of jasper has been discovered 20 miles 
north of Brackettville, Kinney County, Tex., as an outcrop on the mountain 


he ee 
«Geol. Sury. India, vol. 52, pt. 1, 1905, p. 107. 
>Los Angeles Min. Review. Dec. 238, 1905, 
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side. The jasper occurs in bands of brown and white, yellow and white, and 
red and white, strikingly reseinbling that of Trego County, Kaus. 


OPAL. 


OREGON. 


In the last report of this Bureaue a reference was made to specimens of 
opal obtained some years ago from Oregon, What seems probably to be this 
same occurrence is spoken ef by Mr. L. Bush Livermore, of Baker City, Oreg., 
in an article in the Mining Record & of July 29, 1905, on the precious stones of 
that State. The section that he describes is that known as the Burnt River 
region, an area of some S60 scuare nriles a little south of Baker City. A few 
miles below the town of Durkee a creek flowing from the slopes of Lookout 
Mountain cuts through a series of bedded tufas. Tere have been found opal- 
containing cavities in a rhyolitic tufa, the opals somewhat abundant and quite 
handsome, but frequently with a bluish tint and not very brilliant. A quarry 
has been opened to test both quantity and quality. 


NEW SOUTH WALES. 


The opal deposits of New South Wales have been described again in a hand- 
book for miners and prospectors, issued under the direction of the minister of 
mines and agriculture of that colony, Ilon. 8S. W. Moore, M. 1.° These interest- 
ing and important opal mines have been treated of quite fully in the reports of 
this Bureau, together with those of Queensland,? which are continuous with 
them and geologically identical. So far as deseription is concerned little is 
added in this recent volume, but the extent of the opaliferous area is shown to 
be wider than heretofore announced. <A new region is described much farther 
east than any previously known, at Wallaugulla, In the county of Finch, situated 
in the Walgett division, about 50 miles north of the town of Walgett, half way 
to the Queensland border. The rock here is an outlier of the Desert Sandstone 
(Upper Cretaceous), and the conditions are identical with those in the White 
Cliffs region, which lies some 300 miles away, in a direction south of west. 

The opal from Wallangulla is described as of fine, deep color, and a good deal 
of it is of the highly prized mosaic or “ harlequin” variety. No large quantity 
has yet been taken out, however, and the field needs to be developed. It is 
judged that there may be many other good localities in this region, between 
Walgett and the Queensland border, but the country is remote and difficult of 
aecess, and those now at work find it hardly possible to make their expenses 
under present conditions. 

The output from the White Cliffs district since 1890 has been very large, 
reaching, io the end of 1904, a total estimated value of £878,599, or about 
$4,250,000. It has increased in the last decade quite irregularly but largely, 
although in 1904 it fell off seriously. This is attributed to a diffieulty in obtain- 
ing first-class material, while the lower grades have been produced in excess 
and have fallen greatly in price. 


WEST AUSTRALIA. 


The occurrence and the peculiarities of crocidolite opal in West Australia 
have been noted in the reports of this Bureau for the last three years. In the 


@ Mineral Resources U. 8S. for 1904, U. S. Geol. Survey, 1905, p. 956. 

6’ Mining Record, July 29, 1905. 

¢ Guidebook for the Use of Prospectors in New South Wales; Sydney, New South Wales, 
1905, pp. 88-84, 42-438. 

4 Mineral Resources U. 8, for 1902, U. 8S. Geol. Survey, 1904, pp. 854-856, 
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annual report of the Geological Survey of West Australia for 1904¢ the exist- 
ence of a precious opal at Coolgardie is described by the government geologist, 
Mr. A. Gibb Maitland. His assistant, Mr. C. F. VY. Jaekson, was sent to the 
locality to collect and report. The conditions are peculiar, the opal occurring 
in a seam or belt of dark, compact, slaty rock, thought to be a metamorphosed 
phase of the schists and anphibolites of the district. The rock is full of joints 
and partings, infiltrated with silica, which occupies small fissures and cavities, 
both as quartz and as opal. The latter is chiefly of the common variety, but is 
sometimes precious and of fine quality. The veinlets are so small that little 
opal can be found suitable for cutting, yet in places the cracks filled with opal 
form such a network that the whole might be worked as a beautiful “ matrix ” 
stone. Mr. Maitland feels doubtful as to the prospect of this locality being 
profitable on any large or permanent scale. 


OPAL PSEUDOMORPHS. 
NEW SOUTH WALES. 


In the White Cliffs opal district of New South Wales there occur many pseudo- 
morphous forms of opal after shells, crinoids, saurian bones, and coniferous 
wood, and there are also curious mnasses of grouped crystals, known locally as 
“fossil pineapples,” representing the replacement of some mineral not clearly 
determined.? A paper has lately appeared in regard to these problematic bodies, 
by Messrs. C. Anderson and H. Stanley Jevons,® in which they present the 
results of a very careful study of some of the best specimens obtained, and, 
after reviewing and dissenting from the suggestions of previous writers (see 
Mineral Resources for 1901), are led to believe that the original mineral must 
have been glauberite. 


TURQUOISE. 


CALIFORNIA. 


In the last report of this Bureau, in the special section devoted to the gem 
minerals of California, the turquoise mines in the desert region of San Ber- 
nardino County were described.? It was there stated that these mines had 
produced a large amount of material, including some stones of unusual size, 
but that nothing had been done in 1904. Since then considerable quantities of 
material have been taken out, including many stones of large size, which range 
from 50 to several hundred carats. Some of the latter have sold as high as 
$1,500 each. The color is mostly a pale shade, but it has seemed to be popular, 
and large quantities have been sold in the ferm of beads for necklaces, etc., 
either of uniform size or graduated. 


PERSIA. 


The old turquoise mines near Meshed, in eastern Persia, are still producing 
quite extensively, notwithstanding the rude methods elployed in working them 
and the competition of the American mines. The registered exports for last 
year had a value of £9,396, which may represent one-fourth of the total output, 
as there is a continuous local demand and also probably considerable smuggling. 
Ivery Persian must possess a turquoise, good, bad, or indifferent, and fine stones 


4 Ann. Prog. Rept. West Australia, 1904, pp. 19-21. z 
>’ Mineral Resources U. S. for 1901, U. 8S. Geol. Survey, 1902, p. 759. 
¢ Ree. Austral. Museum, vol. 6, pt. 1, June, 1905, pp. 31-37. 

@ Mineral Resources U, 8, for 1904, U. S. Geol. Survey, 1905, p. 966, 
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command higher prices there than in London, but inferior grades are lower. 
Large pale turquoises often veined or spotted with white, are exported a good 
deal to India and sold there quite cheaply. The mines are farmed out by the 
local authorities for a yearly payment of £5,000, and the lessees in turn rent 
most of them to other parties. 


VESUVIANITE (CALIFORNITE). 


CALIFORNIA. 


In Bulletin No. 262 of the United States Geological Survey ¢ Prof. F. W. 
Clarke and Mr. George Steiger have given full analyses of the compact variety 
of vesuvianite, called by the writer californite, from Siskiyou and Fresno 
counties, Cal., and also of the peculiar white garnet found associated with it at 
the latter locality. The analyses are recaiculated and reduced to a uniform 
type by eliminating impurities and replacements, and an attempt is made to 
deduce structural fermulas. The white mineral proves to be a true garnet, 
containing as an impurity about one per cent of calciuin carbonate. The varia- 
tious in these and inany other analyses of vesuvianite lead Professor Clarke to 
the view that this mineral may be a mixture of several elosely related mole- 
cules. These Californian varieties, and others also, conform very well to the 
expression 

AlCa, (S10) (Al © H),. 


This differs slightly from the formula previously deduced by Dr. Clarke, viz: 
Al, Cag (Si O;), Al O GH, 


which serves well “ for the average composition of the species, but does not fit 
the extremes.’’ Hence the suggestion of a mixed constitution. 

Vesuvisnite should be considered as a basie orthosilicate belonging to a group 
of which garnet is the normal type, with epidote and the scapolites as other 
Imembers. Their formulas are closely related; they originate similarly from 
contact metamorphism. They all alter in much the same manner, and yield 
similar or even identical derivatives. 


OBSIDIAN. 
MEXICO. 


In the report of this Bureau for 1900 was given an account of the great 
prehistoric obsidian mines in Mexico, near Pachuca, in the State of Hidalgo, as 
visited and described by Pref. W. Il. Wolmes. At this point, though the mate- 
rial exists in such quantity, yet no outcrops could be seen, all being buried 
under the heaps of débris and fragments left by the ancient workers. A recent 
communication to the author from Mr. J. M. Wamilton, of Tequisquiapan, in 
the State of Queretaro, describes another locality some GO or TO miles west of 
the former, where a closely similar obsidian occurs abundantly, but does not 
appear to have ever been mined or developed, and where the outerops are en- 
tirely accessible. The locality is near the border of the States of Queretaro and 
Hidalgo, on a range of low hills east of the San Juan River, between the cross- 
ing of that stream by the Mexican Central Railroad, at San Juan del Rio, and 
by the National Railroad of Mexico a few miles below. 


me) 


Contrib. to Mineralogy: Bull. U. S. Geol. Survey No. 262, 1905, pp. 72-74. 
b Mineral resources for 1901, U. S. Geol. Survey, 1902, p. 747; Am. Jour. Sci., 4th 
ser., vol. 16, 1903, p, 397. 


1350 MINERAL RESOURCES. 


Mr. Hamilton describes the obsidian as occurring in parallel ‘ veins’ from 
6 inches to 2 feet in width, but gives no particulars as to their position or direc- 
tion. The colors are black, opalescent, and green with dark bands, also a 
lighter green without banding. He has had specimens polished for sleeve 
buttons and like purposes, and it appears to be capable of ornamental use and 
to be procurable in abundance, as Mr. Hamilton states that it can be picked 
up by wagonloads at the outcrop. 


UTAHLITE (VARISCITE). 


UTAH, 


A very interesting discovery has lately been announced of a new occurrence 
of this attractive and wholly American gem stone, hitherto obtained from only 
one locality—at Mercur, Tooele County, Utah—first made known in 1854 and 
deseribed in the report for that year.e The new occurrence is also in Utah, 
ind the particulars regarding it are furnished by Mr. Edward Bird, of Salt 
Lake City. The location is about 20 miles northwest of the other one, and 
lies S or 9 miles west of Stockton and some +40 miles soutliwest of Salt Lake 
City. The mineral appears in a ledge which crosses a little spur or foothill 
running eastwardly from the main range of the Stansbury Mountains. This 
hill is some 1,500 feet long from east to west, and rises to a maxinium height 
of 200 feet above the adjacent “bench lands.” The variscite occurs in two 
seams or ledges which traverse this foothill in a northerly and southerly course, 
dipping steeply westward. The only development thus far done is an open 
cut on the south side cf the foothill or spur, some 10 feet long and 4 feet deep. 
The surface rock appears to be an iron-stained breeciated quartz. At the west 
end of the hill, where a little depression separates it from the main Stansbury 
range, there is an outcrop of brownish laminated quartzite; at the east end 
appears a strong body of bluish limestone. No metallic veins lhayve been 
observed in the vicinity. 

The yariscite itself occurs in the same manner here as at the Mercur locality, 
jn roundish or kidney-shaped nodular masses from the size of a lemon to that of 
a large cocoanut, with a rough external coating or casing of reddish-brown 
color, inclosing the beautiful green material within. Mr. Bird cbserves that 
this color tends to become deeper in the lower part of the cutting, suggesting 
an increase of richness with depth; but this point has not vet been established. 
We also thinks that slabs can be cut from the compact rock, showing the varis- 
cite contrasting with the reddish-brown quartzose matrix. Little has vet been 
regularly taken out, but enough to show the fine eolor of the green interior, 
and a number of persons have had charms and ring stones cut from it. 


PSEUDO-SERPENTINE. 


WASHINGTON. 


In a report of this Bureau a description has been given of a very handsome 
serpentine from the State of Washington, exhibited at the Buffalo and Charles- 
ton expositions. A recent article by Prof. F. W. Clarke ® gives an account of 
some remarkable peculiarities in this mineral, which lead him to designate it 
as a “ pseudo-serpentine.” Analysis shows that it contains a large proportion 
of (apparently) brucite, intimately mixed with some serpentine, and also a 


¢ Sixteenth Ann. Rept. U. S. Geol. Survey, pt. 4, 1894, p. 602. 
bClarke, F. W., Contrib. to Mineralogy: Ball. U.S. Geol. Survey No. 252, 1905, pp. 69-71. 
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chloritie mineral judged to be clinochlore. Numerous tests and experiments are 
described looking toward exact determination of the mingled components, though 
the precise distinction of them is very difficult. Professor Clarke says: ‘* The 
rock is unusual in character; and if the sample examined is fairly character- 
istic of the entire deposit, the latter should be carefully studied in reference to 
its origin and its geological relations.” 


AMBER. 
TENAS, 


A yellow, resin-like amber is common in the Cretaceous coals at Hagle Pass 
and on Terlingua Creek, as is reported by Vrof. J. A. Udden. The Inreest 
pieces are of the size of a grain of corn, and small pieces can always be easily 
found. 

SANTO DOMINGO. 


Mr. Clarence C. Sample, in an account of the occurrence and production of 
tunber in Santo Domingo,¢ states that the locality is identical with that described 
by Mi. C. W. Kempton in the report of this Bureau for 1903.8 but it would appear 
that mueli progress has been made in the past two years in the matter of pro- 
duction. The hill on the upper Licey River, the locality of occurrence, is oue of 
the foothilis of the Monte Cristi Range, which flanks the north coast eastward to 
Sainana, and forms the northern limit of the Vega Real of Columbus, the great 
central valley plain. The rocks of the Monte Cristi Range are chiefly sand- 
stones and shales, with some conglomerate, and are rather soft and much eroded. 
Amber is found in them at several points, but the principal district is that of 
Tamboril, in a region comprising some 50 square kilometers, a few miles north 
of Santiago. 

Many of the beds of shale and sandstone contain carbonaceous matter and 
some carry lignite, and it is in these that the amber is found, but unfortunately 
no fossils have been obtained to fix the exact age. Mr. Sample states that the 
quantity of amber found is only a fraction of a pound to a cubic yard of rock, so 
that when the latter is at aH] hard there is not enough amber to render working 
profitable, as any process of rock crushing would involve breaking up and dam- 
aging the amber. It occurs in pieces varying from small sizes up to several 
pounds, and in color from light yellow to deep red, with also a black variety of 
little value. The curious fact is noted that the red amber can be bleached by 
a few hours’ exposure to the sun. 


BURMA. 


Burmite (Burmese amber).—Amber has long been known as obtained in 
Upper Burma, and the recently published “ Review of the Mineral Production 
of India from 1898 to 1903,” by Dr. T. OH. Holland, Director of the Geological 
Survey of India,° gives some interesting facts regarding its occurrence and pro- 
duction. The quantity and value have varied extremely, but during the years 
mentioned the annual output has averaged 51 bundredweights, valued at £362. 
The amber is mined principally in the Myitkyina district, in the Hukong Valley. 
It occurs in clays, judged to be Miocene, and has also been recognized in 
similar strata of that age at a few other Burman localities. The product is 
mostly taken to Mandalay, where it is worked into beads, car cylinders, and 


@Wng. and Min. Jour., August 12, 1905. 
» Mineral Resources U.S. for 1903, U. 8. Geol. Survey, 1904, p. 964. 
¢ Ree. Geol. Surv. India, vol. 82, pt. 1, 1905, pp. 95-97. 
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other ornaments for native use. Of late it has been undersold even there by 
cheap Prussian amber, and the semiartificial ambroid, made from chips and 
fragments. The supply seems to be quite considerable, although the larger 
pieces are frequently opaque or discolored, and are injured by cracks filled witb 
‘alcite. It is hard and very tough, and is thus well fitted for carving and turn- 
ing. Like that of Sicily, it is often fluorescent. 

The name burmite has been given to this amber by Otto Helm as a distinct 
species from true amber or succinite, in that it contains absolutely no suceinie 
acid. Its analysis is as follows: 


Analysis of burmite or Burniese amber. 


Carhone.=_ = pS Se Py ee es, es PS ee 80. 05 
bydLogen |. 22 ee ee ee ee ee ee 11. 50 
OPS OTN oe a Rk ea 8. 43 
Sulphurs2 2222 = = 5 eos ee ee = nO 

100. 00 


CHRYSOCOLLA. 
CALIFORNEA, 


Mr. William V. Holley, of Los Angeles, Cal., gives an account of a combination 
of richly colored copper minerals found at Cima, in San Bernardino County. 
Chrysocolla, azurite, and malachite are here mingled in compact size, so that 
the whole may be cut and polished, showing various shades and patterns of blue 
and green in beautiful manner well adapted to use in ornamental work. 


DUMORTIERITE. 


The rare blue mineral identified in 1879 by Gonnard and named by him 
dumortierite, has lately been found at two new localities on the Vacific coast, 
and is made the subject of an extended discussion by Mr. W. T. Sehaller, in 
Sulletin No. 262 of the United States Geological Survey.e In the report of this 
Bureau for 1892 the announcement was made of the notable occurrence of 
dumortierite at Clip, Yuma County, Ariz., where it so fills masses of quartz as 
to resemble lapis-lazuli, and reference was also made to another locality in Riv- 
erside County, Cal., where it occurs in the same way, as fibers penetrating and 
coloring quartz. This was more fully described in the report of 1893, but noth- 
ing seems to have been heard since then of this latter occurrence. 

California.—Within a year or two past dumortierite has been found in larger 
quantity and of a different tint in San Diego County, Cal., a few miles east 
of Dehesa, the place noted for its “orbicular diorite.’ Here it appears in 
masses of several centimeters in either direction, with a radiating columnar 
structure and of a pinkish lavender color, instead of its usual indigo blue. It 
occurs intermingled with quartz in the lower half of a large dike, the upper half 
of which contains sillimanite, instead of duinortierite, similarly associated with 
quartz. 

Washington.—Another locality lately announced is in Skamania County, 
Wash., at the headwaters of the North Fork of Washougal River. Here the 
form is different again, the mineral being present in minute spherulites com- 
posed of radiating fibers of strong blue color. These are distributed throvgh a 
fine-grained quartz matrix as blue specks, sometimes massed in patches and 
sometinies abundant enough to color the whole mass. Associated with it is 
andalusite, apparently taking the place of the closely related species sillimanite 
at the previous locality. 


“Contrib. to Mineralogy: Bull. U. 8S. Geol. Survey No. 262, 1905, pp. 91-120. 
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Arizona.—At Clip, Ariz., the associated minetal is kyanite; so that these three 
species, so nearly allied in composition, appear to have close relation with the 
dumortierite, one or other of the group being in every case associated. The 
bearing of this fact will be noted presently. Muscovite, also in small quantities 
and apparently a product of alteration, is present at each of these three western 
localities. At the New York occurrence, in Ilarlem, the dumortierite appears 
in a vein of coarse red pegmatite, and is generally in the feldspar, associated 
with black tourmaline, muscovite, and sinall quantities of some other minerals, 
The Trench localities near Lyons present a similar mode of occurrence. At a 
few points in Bohemia and Silesia it is also Known, and appears to belong in a 
pegmatite. 

Mr. Schaller’s paper goes into a very careful examination to determine the 
exact composition of this species and its proper place among the silicates. The 
analysis brings out very clearly the true constitution of dumortierite as #2 mem- 
ber of the kyanite-sillimanite-andalusite group, differing from andalusite only 
in a small content of boron. 

The average of the two analyses of Dehesa material is as follows: 


Average of tivo analyses of dumortiecrite from Dehesa, Cal. 


Sl Oe re ae ee goes a pas ee ge gP ee eee 28. 68 
Al,Oz = rt cote _ (G3234 
a its (0) mmm es emer ervcarg i SE SUP oe het i cna He ee aR eh eS a ot) eee 1. 45 
Fe.Oz is ae ae as OL23 
H.Oe == a ee ee are Ne ar Nee ee ae ee a a eae 
Se 0) ee eee ey ee ee tee ee ee ee ee ee ee es 5. 37 


100. 56 


in which the titanium and iron are regarded as replacing alumina. Grouped 
together, the ratios for silica, alumina, boric acid, and water are almost ex- 
actly 6:8:1:1, and yield the formula: 


8 Al.O, 1 B.O,, 1 H.O, 6 SiO., 
which may be written— 
(SiO,), Al (AlO), (BO) H. 


This, when written graphically, is extremely close to the expression for 
andalusite, the radical BO, with a hydrogen atom, replacing a part of the 
alumina, The alteration of dumortierite to muscovite is also shown very 
readily, alumina and boric acid being set free and potash taken up. 

As to the physical properties of dumortierite, the crystallization is ortho- 
rhombic, though there is little material to judge precisely upon, the mineral 
being usually fibrous. The density averages 3.8. DPleochroism is marked and 
varies in specimens from different localities, being colorless (or rarely pale 
yeHow) to cobalt blue, pistachio green, rose salmon, carmine or red-purple— 
the latter is found only in the California specimens, and is regarded by Mr. 
Schaller as due to the titanium present. 


LEPIDOLITE. 


In the eighteenth century lepidolite was used as a pleasing ornamental stone, 
polished and cut into such objects as are fluorite and malachite. 

In a series of mineralogical notes in Bulletin No. 262 of the United States 
Geological Survey, Mr. W. T. Schaller describes some features of the crystal- 
lization of lepidolite. Te has examined a number of crystals from the vicinity 


4Schaller, W. T., Contrib. to Mineralogy: Bull. U. 8. Geol. Survey No. 262, 1905, pp. 
139-143. 
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of Ramona, San Diego County, Cal., and gives a series of observations thereon, 
which he states are to be more fully presented in a forthcoming paper on the 
lithia minerals of California. He finds in general a very close relation to mus- 
covite, with certain differences, however, in three respects, viz: That in lepido- 
lite twinning Is very rare, the characteristic M face of muscovite (221) Is 
wanting and the a face (100) unusual in muscovite, is frequent. 

Te also deseribes a mode ef cecurrence in lepidolite from Mount Mica, Maine, 
which has very rarely been previously reported. This is the globular aggrega- 
tion of crystals, which is not infrequent in muscovite. It has been barely 
mentioned by von Rath, from Elba, and by Doctor ITamlin, from Mount Mica. 
Mr. Schaller reports it as occurring both at Mount Mica and at Mount Apatite, 
on Pulsifer’s Ledge in Auburn, Ate. At both these localities the spheroidal 
groups attain a size of several centimeters in diameter. 


MISCELLANEOUS. 


Gem minerals at the Portland Euwxposition.—The products and resources of 
the Pacific States were illustrated on a large senle at the Lewis and Clark 
Iuxposition held at Portland, Oreg., in 1905. Among these the mineral exhibits 
were very conspicuous, and the Palace of Mines impressed every visitor. <A 
marked feature in this building was the collection of precious, semiprecious, 
and ornamental stones of the Vacifiec coast and adjacent States, which the 
writer was appointed to prepare. It included representatives of all the more 
remarkable gem minerals from the entire Pacific coast region and from many 
points of the interior Northwest, together with some from Arizona and Utah. 
Most of these have already been described in the reports of this Bureau. 

From the Pacific coast proper the most northerly exhibit was that of large 
crystals of garnet from Fort Wrangell, Alaska. Irom Prince of Wales Island 
were shown magnificent large crystals of dark-green epidote, found by accident 
in mining for copper. Of special interest are the aboriginal celts, hammers, 
and knives made of green jade, found in graves in Alaska. Lieutenant Storey, 
U. S. Navy, succeeded some years ago in finding this substance in place as a 
vein material at a point known as Jade Mountain. Thus was disproved the 
hotly contested theory that jade existed only in Asia, and hence that all the 
material, whether found in ancient Roman graves, in France, in the Swiss 
lakes, or in America, must have been brought by migration or by trade from 
that continent. 

Fine agates were shown from Oregon. 

A mineral exhibited and closely similar in appearance to jade is that named 
by the writer californite, a variety of compact green vesuvianite from Yreka, 
Siskiyou County, Cal., a stone almost as tough and as beautiful as the best 
jade, for which it was at first mistaken. Other ornamental stones from Cali- 
fornia were blue chalcedony (sapphirine) from Kern County, and chrysoprase 
from Visalia, Tulare County. <A notable exhibit was that of the great crystals 
and masses of transparent quartz obtained some years since in Calaveras 
County, Cal., from which were cut, as shown in the case, rock erystal balls 
measuring from 22 to 52 inches in diameter. 

Southern California, as has already been noted, is fast becoming known as 
one of the most remarkable gem regions in the world, rivaling the long cele- 
brated treasure ground of the Ural Mountains. San Diego County, with its 
wonderful yield of gems, was more fully represented than any other part of the 
coast, notably in the splendid tourmalines from Mesa Grande and Pala—red, 
green, yellow, and bicolored crystals weighing several pounds, cut gems 
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Weighing up to 30 carats each, and sometimes single stones showing two or three 
distinct colors. The new gem mineral, kunzite, had the best display yet shown 
at any exposition. Another recent discovery in gem stones was shown in the 
fine topaz crystals of light-blue color from Ramona and Valley Center, San 
Diego County, the best topuzes that this coutinent has produced. The beryls 
from the same region are also very interesting, one of the rarest varieties 
being pink beryl, found both at Pala and Mesa Grande. All these minerals 
were reviewed in the report of this Bureau for 1904, in the section on the gem 
minerals of California.¢é The special exhibit made by San Diego County 
attracted much attention and received a first-class gold medal. 

As to the neighboring western States aud Territories, a rich display was made 
from Arizona of the beautiful malachite and azurite specimens from the copper 
nines at Bisbee, Clifton, and Morenci; also of the elegant chrysocolla, couted 
with transparent crystals of quartz, from the Globe mine. Fine examples were 
shown of peridot (chrysolite) from the lately discovered locality for this min- 
eral at Talklai, Aviz., one of these being a cut stone of 25% carats. Turquoise 
matrix, from Gila County, is a somewhat novel ornamental stone, the rock, 
traversed by sniall veins of turquoise, being cut and polished so as to produce a 
pleasing effect. Another ornamental stone, representing lapis lazuli and like 
that celebrated mineral adapted to choice uses in art work, is dark blue fibrous 
dumortierite from Clip, Yuna County, Ariz. 

New Mexico was represented by Specimens of turquoise and of the pyrope 
garnets from: the Navajo nation, which are often misecalled rubies. 

From Utah was shown the elegant green mineral utahlite, from the Floyd 
wining district in Clay Canyon. This substauce is found only in Utah. 

Wyoming was represented by fille pieces of moss agate in large polished slabs, 
from Hartville. 

Among the most valuable gem materials shown from Montana were the beau- 
tiful blue sapphires from Yogo Guich, Fergus County, which present a striking 
contrast to the varied colors of the sapphires found in the placer washings near 
Phillipsburg, Granite County. These latter are all obtained by sluicing, 
whereas in Fergus County sapphire is mined in solid igneous rock. Montana 
was also represented by some remarkable examples of amethyst and of smoky 
quartz found a few years ago in the Little Pipestone district, in Jefferson 
County. 

The cut stones in the exhibit numbered altogether 90, and tlhe uncut specimens 
ieee tot of 219: 

Gem gathering in Ceylon.—Mr. A. I<. Coomeraswamy, director of the mineral- 
ogical survey of Ceylon, has published a paper on the rocks and minerals of that 
island,’ with special reference to the gems that have been gathered there from 
time immemorial. In the Report of the Mineralogical Survey fer 1904° an 
extended account is given by Mr. Coomeraswamy and the assistant director, Mr. 
James Parsons, on the “* gemming ” industry of Ceylon. The genis of the island 
wre all obtained from a widely distributed gravel or illam, with the exception 
of some garnets and the valuable Ceylonese moonstone, which latter is taken out 
by quarrying from an adularia-bearing leptynite, in the central Province. The 
gravelS are now worked by washing in the Ratnapura district of Sabuar- 
amamuwa Province and in parts of the southern Province. Elsewhere they ap- 
pear to have been exhausted, and the same fate is steadily approaching the 
regions that are still productive, ' 


be 


@ Mineral Resources U. S. for 1904, U. S. Geol. Survey, 1905, pp. 961-985. 

6’ Coomeraswamy, A. Ix., The Rocks and Minerals of Ceylon; Spolia Zeylaniea, vol. 11, 
pt. 9, 1905, pp. 50-66. 

¢ Administration Reports, 1904, Min. Sury., Ceylon, pp. E-11, E-19. 
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The gems found are corundum, spinel, zircon, iolite, topaz, tourmaline, beryl, 
and chrysoberyl, the latter in the varieties alexandrite and cat’s-eye. The 
report goes into full details of the localities, the variations in the character, 
and the situation of the illam, the methods of working, etc., and is accompanied 
by two maps, 

Precious stones in India.—Although India has long been associated tradition- 
ally with gems and gem production, it yields at present but a small part of the 
world’s supply of such minerals. It is curious to find the statement made by 
the director of the Indian Geological Survey, Dr. T. H. Holland, in a recent 
report,é that all the gems produced in that country “do not approach in value 
the unset stones and pearls imported,” which, during the period covered by his 
review (1898-1903), had an average value of over half a million of pounds 
sterling per year. 

In this review a special section is given to gems, of which by far the most 
important are the rubies of Burma. The diamond occurrences are described 
almost exactly as given by Mr. Sarratt C. Rudra, and cited in the report of this 
3ureau for 1903.2 

For the rest, a few notes are added here: The blue sapphires formerly ob- 
tained in the Kashmir State appear to have been exhausted of late, and no 
records are procurable, 

Ruby spinel is a common associate of the true ruby in Burma both in the 
gravels and in the limestone rock, and is often mistaken for it. 

Another Burma gem stone is the red tourmaline (rubellite), and some 
attempts have been made to work it, as it is of fine quality. The data of pro- 
duction, however, are very variable and imperfect. The value of the output 
was estimated at £1,240 in 1900, but was barely £200 in 19038. 

There is considerable garnet production in Jaipur, in the mica schists of 
Rajmahal; also near Sarwar in the adjacent State of Kishengarh. Data from 
the former are not procurable, but the output from the latter varies widely, its 
value ranging from £2,000 to £10,000 per year. 

Methods of rock and fossil section cutting.—A remarkable piece of work has 
lately been accomplished in the cutting of large and very thin sections of silici- 
fied eycads, by Mr. R. G. Wieland, of Yale University. This work, and the 
studies which it was designed to illustrate, are presented in a bulletin illus- 
trated by 12 heliotype plates about to be issued by the Carnegie Institution.¢ 
The material consisted of the cycadaceous trunks of Jurassic aud Cretaceous 
age, which have been found in some abundance within recent years in Maryland, 
Dakota, and Wyoming. Among the latter, especially, the details of structure 
are preserved in great perfection in the silicified mass, and it has been possible 
by this most careful and skillful piece of work to illustrate accurately the 
peculiar features of these fossils. The sections measure from 10 to 12 centi- 
mneters in length and from 6 to 10 centimeters in width. They are cut to the 
fineness of one-tenth to one-fifth of a millimeter, and polished on both sides and 
mounted on glass plates on balsam. Mr. Wieland believes that with time for 
the devising of further appliances, it will be possible to cut thin sections even 
from entire trunks. 


“Rec. Geol. Surv. India, vol. 32, pt. 1, 1905. 

» Mineral Resources U. S. for 1903, p. 920; also Trans. Am. Inst. Min. Eng., New York 
Meeting, October, 1903, pp. 11-15. 

¢ On the methods of section cutting. 
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PRODUCTION. 


In the following table is given a statement of the production of precious 


stones in the United States from 1898 to 1905, inclusive: 


Production of precious stones in the United States, 1898-1905. 


Precious stone. 1899. 1900. 1901. 1902. | 1903. 1904, 1905. 
DigmonGyes secretes see seeks $300 $150 $100 None. $50 None. None. 
Sappiinessereesesccetescs cece 68, 000 75, 000 90, 000 | $115,000 | 100,000 | $100,000 | $125,000 
TERAUND Veer ener eee re ea 8, 000 8, 000 500 None None. None. None. 
DNGTTA Cabs eee ae eee None. | None.| None. | None. 200 | None. | 500 
Beryl (aquamarine, ete.) ___- 4,000 11, 600 5, 000 4, 000 4, 000 5, 000 | 6, 000 
Beryi (pink) 2.2. 0-222.55-4% De ee A ee ee ee ee A | 200 100 1,000 
nd eal Cee eeee. cee oe oe 50 1,000 1,000 1,000 | 250 None. None. 
IN GNACIL@S eter se sscsteee eos | None. None. None. . None.| None. None. None. 
MoOuUnMaAlN@seseccsssess.ccces4 2, 000 8,500 15, 000 30, 000 45, 000 40,000 50, 000 
BGG Otperee eer aceon 500 5 500 | 500 5, 000 | 5, 000 10, 000 
RGU Zi he meee ae oes Sarees pe ae ey eee 2 a ee eee ee eee 10, 000 5, 000 
OWalcZaGiny Staller re es 12, 000 10, 000 10,000 | 12,000 | 10,000 | 10,000 10, 600 
Dino kiyad Wa ntzeeeese rere ees. : None. 1,000 1,000 | 2, 000 1, 500 2,000 | 3, 000 
Rose quartz.-....-....---.--.- 100 100 150 | 200) 1,500, 1,000 1,000 
Nimethyistemsessescs cee tes. ss 250 | 500 500 2, 000 3, 000 3, 000 2,000 
[PREY oan ae eae 8 None.| None.} None None. | None None. None. 
Goldiqi@antzeessssns se... 5 500 2, 000 2,000 3, 000 3,000 5, 000 5, 000 
Rutilated quartz _....-_..---- 50 50 50 100 100 None. None. 
Dumortierite in quartz ___... None. None.| None. None. |} None. None. 100 
Tourmalinated quartz ___.__. None. None. 1,000 None. None. None. None. 
INGER ES) 5 eee See eee mae 1, 000 1,000 1, 000 1,000 | 2,000 2, 000 2,000 
IM@SStg ates 22 esceas--2.2 20.4 1,000 | 1,000 500 500 | 1, 400 1,500 | 1,500 
Chrysoprase _._....22.. 2-2. -_-- 100 — 100 1,500 | 5, 000 | 1,500) 6,000 5, 000 
Silicified wood (silicified and - 

Gpnlized) seeneeeeorsse.._- 3, 000 6,000 7,000 7,000 5, 000 5, 000 5,000 
OMe sane None. | None.| None. 150 200 | None. None. 
Garnet (almandite) __._-___-..! 5, 000 | 500 | 100 None. None. None. None. 
PUMOMOLILG. <2 < <5 one ee cee | None. | 20,000 21,000 1,500 1,000 None. None. 
Garnet (pyrope)____...-..---- 2,000 = 1, 000 1,000 1,000 2, 000 3, 000 5, 000 
M Nay aytv0) bi eye Se ee None. None. None. None. None. None. None. 
Amazon stone _..._---.2.2-..-- 250 250 200 500 400 500 1,000 
Oligoclasé:.o.. 2 soseaeee ee sce 20 | 20 None. None. None. None. None. 
Moonstone@-..---.-2--..--.2-.. | None. | None. | None None. None. None. None. 
PRur i Oisevee= a. 2 se ase. 72,000 82,000 | 118,000) 180,000 | 110,000 100,600 65, 000 
Utahlite (compact variscite) 100 100 | 250 | None. 100 200 500 
Chiorastrolitel.2-.-----22-.__- 8,000 3,000 3,000) 4,000 3, 000 2,000 3, 000 
Mesolite (thomsonite, so 

[ehh ais 1,000 1,000 1,000} 1,000 500 500 500 
JERE ob ee ee See 5O 50; None. None. | None. None. None. 
DiOpSid Geese eee eek eee Eee None. | None. None. | None. None. | None. None. 
Dido temeeeene sateen ee oe noe None. None. None. None. None. | None. None. 
VEN Ad Sere ae ann | 1,060 2,000 | 3, 000 3, 000 3, 000 3, 000 2, 000 
Malachiitemss sees ee sae eee eo 250 200 100 | None. None. | None. 2,000 
ISG Ge ease eee | 200 100 | None. None. | None. None. None. 
Anthracite (ornaments) _-_-- 2,000 2,000 2,000) 2,000 2,000 2,000 2,000 
Catlinite (pipestone) _-____-_- 2,000 | 2,000 2,000 2,000 2, 000 2, 500 2, 000 
Mossilkeonalleese- sees eee ee 50 50 100 None. None None. 250 
ANSARI? SO ONES. oon gece eoeeee | 1,000 1,000 500 | None. | None. | None. 1,000 
IMiSCell neo USmMee ease so oe aoe ee eee | eae eeece cys. ee (ic eMebemions B [Se at | 15,000 10, 000 

MOAT ae ees oe 185,770 | 233,170 | 289,050 328,450 307,900 324, 300 326, 350 
| | { 
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IMPORTS. 


Diamonds.—The diamond imports for the year 1905 amounted to more than 
the combined imports for the years 1897, 1898, and 1899. Especially noticeable 
is the fact of the greater importation of the rough material and the greater 
increase of the diamond-cutting industry in this country, the importation of the 
rough amounting to more than seven times as much as that of 1897, to almost 
three times as much as that of 1900, to about 25 per cent more than that for 
1902, and to praetically the same as for the years 1903 and 1904. The importa- 
tion of precious stones for the month of December, 1905, was $3,633,379, as 
much as the importation of any entire year up to 1879. 

The following table shows the value of the diamonds and other precious 
stones imported into the United States from 1901 to 1905, inclusive: 


Diamonds and other precious stones imported and entered for consumption in 
the United States, 1901-1905. 


| Diamonds. ‘Diamonds | 
a ae = 7 and other 
Year. ; Total. 
Gia- 4 | Rough or os | = stones, 
ziers’. | Dust. |“ uneut. Set. Unset. not set. 

Sean : i= E ; 
1901__..._..-.----..------| $5, 864 | $831,984 | $6,592,469 | $2,654 1313, 544,326 $1,838,055 | $22,815,352 
QU 2S eee aero eee oes ee LOMB 8.523 qo. 22a aoe 175 | 18,834,168 1,888,793 24,753,586 
ICG] ere | 10, 684 720,150 | 10,275, 800 675 | 13,022,367 | 2,494,897 | 26,524,528 
TG ee «a eee i F305 45, 621 | 10, 234,587 559 | 13,489,028 1,898,969 | 26,086,813 
1S; ree eee seo 6,851 | 190,072 | 10,281, 111 741 | 20,875,804) 4,144,434 | 34,998,518 
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PRECIOUS STONES. 


By Grorce FREDERICK KUNZ. 


INTRODUCTION. 


The year 1905 made a record for the importation of precious stones of every 
variety. This importation was attended by prosperity In every branch of the 
jewelry business, the sales ranging from the richest gems to those of the poorest 
qualities, and even to every known form of imitation. This record was achieved 
notwithstanding the Russo-Japnnese war, and was due to general prosperity. 

The discovery of utahlite, a green variscite, translucent, golden-green in color, 
and used as a gem and decorative stone, at a new locality 40 miles southwest 
from Salt Lake City, 8 or 9 miles west of Stockton, 20 miles northwest of 
Mercur, and 25 miles northwest of the other utabhlite locality in Utah, promises 
te furnish a quantity of this peculiarly American stone that may be used in 
sxemibarbaric jewelry or where a rich but not precious stone is desired. 

In the search for and the mining of tourmaline, beryl, topaz, kunzite, and 
other stones pecullar to the southern counties of California, some wonderful 
crystals of rose-colored beryl] implanted on feldspar and many fine crystals of 
tourmaline (red and green) are found, and in connection with these occur many 
specimens of great interest to the science of mineralogy. The region bids fair to 
excel that of the Ural Mountains, which for more than half a century has led the 
world in such products. So great has been the interest In California gems and 
their mining that the State mineralogist, the Hon. Lewis E. Aubury, requested 
the writer to prepare an Illustrated report on the finding, the history, and the 
cutting of the precious stones of California, with a description of its mines. 
This volume, numbering 150 pages, illustrated with many plates, is now being 
issued by the California Bureau of Mines in San Francisco. 

In the Stute of Maine, during 1905, prospecting and slight working was done 
for gems at Mount Mica, Paris, Auburn, Newry, Mount Black, Rumford, and 
other mining localities. But only a few gems, tourmalines, were found, and 
their total value did not exceed a few thousand dollars. 

The turquoise mines of New Mexico and Arizona have not been as productive 
as formerly, but those of California and Nevada have been more so. 

Rose quartz from the Black Hills of South Dakota has been cut in great 
quantity in the form of beads, in Germany, and has been sold over the entire 
world in competition with rich green aventurine with ita sparkling specks of 
inica, 

Amethyst, topaz, malachite, lapis lazull, amazon stone from Amelia County, 
Va., and a great variety of stones of all quaint colors have been In greater 
demand than in 1904. The topaz sold Is generally the variety known as 
“Saxon” or “Spanish” topaz. It is in reality the result of the decolorization 
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of the smoky quartz found in Spain, Brazil, and Colorado, and according to the 
amount of unexpelled color, it Is straw-colored, amber-yellow, or rich reddish- 
brown. So much demand bas existed for the true Brazilian yellow topaz and 
the pink topaz, the latter produced by heating the Brazilian yellow, that the 
opening of the original mines at Ouro Preto in Brazil is under discussion, 

A novelty in the gem line has been the cutting of the chrysoprase. so exten- 
sively found at Visalla, Tulare County, Cal., In its lron-brown and dark-brown 
matrix, which forms a pleasing contrast to the golden-green color of the chryso- 
prare. 

Highly colored gems, green, red, yellow, and purple, have been In great demand, 
so much so that many thousfnds of peridots of Arizona origin have been cut, and 
many times more of those from Egypt. This is equally true of the California 
tourmalines, pink and red, and also of those from the Urals and from Madagas- 
ear and Brazil. So great has been the demand for amethyst that the remainder 
of the great finds in Brazil, in 1900, and also stones from every available source 
have been cut, frequently into pear-shaped and diamond-shaped stones. 

The emerald is still the gem In evidence. At no time has it recelved so high 
appreciation as to price. It is more than ever In demand, for the supply has 
been only in part sustained by the yield of the mines In the United States of 
Colombia. Part of the gems have been cut in the United States from the rough 
stones shipped directly to the firms doing the cutting. Many of the finest gems 
were undoubtedly taken from old jewels by the owners on the Inducement of 
the high prices obtained. 

The pearl is in as great favor as ever. The English Government has published 
the results of the Investigations of the experts who have studied the life history 
of the pearl oyster, its parasites, its enemies, and the methods of further increas- 
ing its production. The present demand is causing a drain upon the Ceylon 
pearl banks, which have always yielded so great a revenue. 

Within the last two years, and with the Introduction of Louis XV and Louis 
XVI designs in jewelry, there has been Immense Improvement in lapidary work 
in the United States in every variety of stone. No better Inpidary work has 
ever been done at any period, and every intricate form of cutting and polishing 
such gems as aquamarines, tourmalines, peridots, kunzite, amethyst, and siml- 
lar stones has been employed, Including not only the round but the oblong, 
hexagonal, octagonal, marquise, pear-shaped, and other forms set with borders 
of small brilllants. There has been especial preference for many of the larger 
stones; and never have aquamarines, tourmalines, and amethysts been sold in 
such profusion. Probably $100,000 worth of aquamarines from the Brazilian 
locality found two years ago have been used. 


DIAMOND. 


UNITED STATES. 


There are four regions where diamonds have been met with In the United 
States. These are (1) the Pacific coast, chiefly along the western base of the 
Sierra Nevada, In the central counties of California, associated with gold in the 
cement gravels; (2) along the line of the moraine of the ancient ice sheet in 
Wisconsin, Michigan, Indiana, and Ohio; these have been transported from an 
undiscovered source, presumably somewhere in Canada; (3) Kentucky and Ten- 
nessee; (4) the Atlantic States from Virginia to Alabama, chiefly along the 
eastern base of the Appalachians in what is known as the Pieamont region. 
The actual place of origin of the diamonds |s in all these cases unknown. Those 
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of the Pacific coast and the Atlantic States have been derived by erosion from 
the adjacent mountain ranges, but the original sources have never been dils- 
covered. Those of the northern drift have doubtless come from beyond our 
borders, in Dominion territory, and their exact source is entirely a matter of 
epeculation. The few occurrences in Tennessee and Kentucky are not as yet 
definitely traceable, even in theory. All have been found in loose and superficial 
deposits, and all accidentally. Most cf those in the Atlantic and Pacific regions 
have been met with in washing for gold. 

This subject of the occurrence of diamonds In the United States has been 
treated in some detail by the writer in a report to the United States Geological 
Survey, to be issued in the near future. 


SEARCH FOR DIAMONDS IN BLACK SANDS OF THE UNITED STATES. 


The high price of diamonds has made the search for these precious stones In 
the United States and Canada keener than ever before. In the examination by 
the United States Geological Survey of many samples of gold and platinum | 
gands during the Lewis and Clark Exposition at Portland, Oreg., diamonds were 
earefully looked for. Diamonds have been watched for also by a number of 
parties that have been dredging for gold on an extensive scale in the rivers of 
California, but in neither case have any finds been reported. 


INDIANA, 


Mincrals of the Indiana drift in relation to their supposed Canadian source.— 
The only well-attested diamond discoveries In the drift region of the United 
States during the last four years have been those in connection with the gold 
washings of Brown and Morgan counties, in southern central Indiana. The 
writer has taken special pains to obtain a full series of specimens of the rocks 
and minerals found In the gold-bearing drift of this region from Mr. George C. 
Royce, of Martinsburg, W. Va., and Professor Blatchley, State geologist of 
Indiana, and others, for the purpose of having them compared with the rocks 
in Canada, north of the Great Lakes, with a view to tracing out, if possible, the 
source whence the diamonds came. 

With the hope of aiding in the solution of this problem the collections of 
drift minerals and rocks from the diamond section of Indiana were sent to 
Canada for examination and were laid before the Ottawa meeting of the Geo- 
logical Soclety of America in December, 1905. Considerable discussion was 
awakened, but no very definite results have as yet been reached. 

Among those who examined the specimens at the meeting with particular 
Interest and expressed opinions thereon are the following Canadian geologists: 
Dr. A. E. Barlow, Mr. W. J. Wilson, and Prof. H. M. Ami, of the geological sur- 
vey of Canada; Prof. W. G. Miller, of the Ontario Bureau of Mines; Dr. G. A. 
Young, petrographer, and subsequently in more detail, Prof. Frank D. Adams, 
of McGill University, at Montreal. All these gentlemen were especially quali- 
fled to judge of these materials by Intimate acquaintance with the geology of the 
region under consideration and its glacial phenomena. 

Doctor Barlow and Mr. Wilson recognized a number of the fragments in the 
collection from the Indiana drift as apparently identical with rocks familiar to 
them at various points in northern Ontario. Especially marked was the preva- 
lence of pleces and rolled pebbles of jasper and jaspilite, characteristic in asso- 
clation with the iron ores of the Michipicoten and other iron ranges north of 
Lake Superior. 
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After the meeting of the geological society the material, consisting of some 
30 samples, was sent to Prof. F. D. Adams, of McGill University, for more 
detailed examination. In these 30 samples there were more than 200 speci- 
mens, every one of which was carefully exumined by Professor Adams, who then 
divided them into groups clearly definable. These groups and the percentages 
which they represent he states as follows: 
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No. 1 is represented by characteristic material, much of it evidently coarse 
pegmatite, rich in feldspar. 

Nos. 3 and 4 are certainly, and Nos. 5 and 6 probably, from the Iron ranges of 
the Huronian or Keewatin. 

The pieces numbered 7 seem to be partly Keewenawan and partly Huronian, 
while those included under 8 are distinctly Paleozoic. 

It thus appears that the portions decidedly referable to the iron ranges of the 
Huronian and Keewatin (Nos. 3 to 6, Inclusive) make up nearly half of the 
whole material (49.4 per cent), while the quurtzite, No. 2 (29.8 per cent), Is 
largely Huronian. These rocks are widely developed north of the Great Lakes 
and at no great distance from them. 


KENTUCKY, 


There has been some revival of speculation as to the existence of diamonds 
in the peridotite dikes of northeastern Kentucky. Mr. D. Draper, a Transvaal 
geologist, hus visited the celebrated dike at Ison Creek, iu Elliott County. The 
lessees or owners have under consideration a plan to work a large part of this 
tract with diamond machinery like that used at the South African mines, and 
apparently this entire tract of land has been bonded and the parties engaged 
are endeavoring to proceed to work the place extensively, although up to the 
present time no definite proof exists of the occurrence of diamonds in this 
region. The examination made there by the Kentucky Geological Survey, under | 
the late Prof. John A. Procter and Doctor Crandall. and also that made by Mr. 
J. S. Diller and the writer seventeen years ago. were both without result. | 
Recently Mr. W. C. Phalen, of the United States Geological Survey, visited the 
region and spent some time in the preparation of an economic bulletin on the , 
Kenova quadrangle. He located a new outcrop of the peridotite, but was unsuc- 
cessful In obtaining any diamonds. He heard at Grayson, Carter County, that 
a diamond or two had been found in the Ison Creek district, but he could not 
verify the report. 


NEW YORK. 


Diamonds in drift.—In the article of Prof. William H. Hobbs, on “The Dia- 
mond Field of the Great Lakes,” published in 1899.0 emphasis was laid on the 
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desirability of careful search for diamond occurrences on the moraine line east 
of Ohio—in Pennsylvania and New York—as a further guide to locating the 
original northern starting point. No similar discoveries have since been made, 
except those In central Indiana, until recently a report has appeared of one or 
perhaps two dlamonds being found near Syracuse, N. Y. An account of these 
and a discussion of the bearings of the whole subject were given by Mr. Philip 
F. Schnelder, of that city, in the Syracuse Herald ¢ of December 24, 1905. The 
topic had been presented previously, by Mr. Schneider and others, at the October 
meeting of the Onondaga Academy of Sclences. Unfortunately the facts are 
not capable of positive proof at the present time. The owner of the gravel-pit 
in the southern part of Syracuse claims to have found a diamond therein 
several years ago and to have subsequently sold it for $1,700 to a person living at 
Springfield, Mass. The purchaser has since died, and his relatives are in 
Europe, so that it is not possible at present to verify the account. The same 
owner also reports finding another smaller diamond, which he still retains; but 
Mr. Schneider questions its reality, and suspects it to be only a quartz crystal. 

The geological interest of such an occurrence and its Inherent probability in 
connection with the western diamonds of the drift make these unverified reports 
worth recording. 


In Mr. Schneider's article he also treats of the possible relation of these 
diamonds, if such they should prove to be, with the peridotite dikes In and 
around Syracuse. It will be remembered that this rock, altered to serpentine, 
was identified by the late Prof. H. Carvill Lewis with the rock at Kimberley, 
South Africa, and with that in Elliott County, Ky., all three being Included 
under his name of kimberlite. 

This close relationship to the South African diamond-bearing rock has led 
to speculation and may lead to possible diamond production at the Kentucky 
and the Syracuse localitites, especially as both these latter have ylelded pyrope 
garnets similar to those freely obtained at Kimberley, and there known as “ Cape 
rubies."" No diamonds, however, have been definitely found as yet at either of 
the American kimberlite occurrences; but if any should really be obtained near 
Syracuse, the question may be raised whether they are derived from the drift 
or from the kimberlite dikes of the vicinity. , 


CANADA. 


Scarch for diamonds.—Dr. H. M. Ami, of the geological survey of Canada, 
has given careful instructions to a hundred or more parties that are surveying 
for the Transcontinental Railroad, immediately north of the Great Lake region, 
how to look for the diamonds in the hope of their locating the source of the 
diamonds which have been found in the glacial deposits of Wisconsin, Michigan, 
Ohio, and Indiana. 

SOUTH AFRICA. 


De Beers Consolidated mines.—The most prominent feature In the seventeenth 
annual report of the De Beers Consolidated mines, for the year ending June 30, 
1905, laid before the meeting of the shareholders at Kimberley, in November, Is 
doubtless the retirement of Mr. Gardner F. Williams from the office of general 
manager, which position he bas held and administered with signal ability and 
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success for the last nineteen years. He has for some time desired to be relieved 
from the cares of this position, and he will now be succeeded by his son, Mr. 
Alpheus F, Williams, who has been assistant manager for several years, is 
theroughly familiar with the situation, and has ably conducted the working of 
this great mine in the several absences of his father in the United States. 

In regurd to the output of the year, it presents no very marked differences 
from that of the year 1904. There is some advance in total production, due to 
the Increasing yield of the two newer mines, the Bultfontein and the Dutoits- 
pan; but the old mines show a continued falling off. On the other hand, the 
Bultfontein and Dutoitspan have developed a sudden advance in richness, the 
yield per load of these two mines taken together being some 40 per cent above 
that of the year before. The other mine, previously known both as the Premier 
and the Wesselton, remains about the same in rate of production. This mine 
is spoken of in the present report only as the Wesselton, the name Premier 
being apparently discarded, and wisely so, In view of the prominence assumed 
by the great Premier mine near Pretoria In the Transvaal. 

The combined data for the De Beers and Kimberley mines are as follows: 


Production of De Beers and Kimberley mines in 1904 and 1905. 
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It will be seen from these figures that the continued rise in value has again 
failed to counteract the decrease in richness, as shown by the diminished value 
per load. The quantity of blue ground reported as in sight in 1904 In these two 
nines was 9,987,908 loads; in 1905 it was 8,026,400 loads—a decrease of about 
one-fifth. . 

Of the three newer mines the Wesselton furnished the maximum quantity 
of blue ground, 2,068,278 loads; and it yielded also one diamond of 1873 carats, 
the largest yet found in this mine. The Bultfontein leaped from a yield of 0.29 
carat per load in 1904 to an average of 0.41 in 1905. This yield rose further 
during the latter half of the yeur, and a test from the east end of the mine area 
gave, in 32,122 loads, an average as high as 0.523 carat. The Dutoitspan 
mine more than doubled its former average yield, having risen from 0.12 to 0.26 
carat per load. In quality the diamonds from this mine are far above those 
from apy other, Al] three are still worked more or less as open mines, 
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The data for these mines for the last two years are as follows: 


Production of the Wesselton, Bultfontein, and Dutoitspan mines in 1904 and 1905. 
’ 


| Wesselton. | Bultfontein. | Dutoitspan. 
1904. | 1905. | 1904. | 1905. | 1904. | 1905. 

Viondia boleliibd oe cciccesces mers 1,919,304 | 2,088,278 | 420,720 | 605,730! 40,914 311,499 
Loads washed.-............-.-------- | 2,134,908 | 2,082,582 514,885 | 611,491 24,359 | 65, 784 
Diamonds found (carata)@ _._...... j 605, 241 678,152 | 148,219 | 249,002 3, 2 17,121 
Value of samea .___......... 22.2... £1,055, 260 | £1,067,475 | £210,711 | £434,002 £6,457 £50,847 
Carats per load .................-..- 0. 28 0. 284 0.29 0. 41 0.12 0.26 
Value per carata _.................. 4s. 10d. | 366. lid. | 208. 7d. | 34s. 11d.) = (4) 69s. 11d. 
Value per load@___.._....--. 22... 9s. 10d. 10s. 6d. | 8. 6d. | 14s. 2d. (>) 188. 2d. 
Cost per load _... 2.222.222.2222 2... ae. Td. $8.10d.| 56.90. | 5s. 10d. | (®) | 128. 3d. 
Loads on floors......... ............| 1,356,280 1,891, 966 | 508 | S01, 742 | 15, 555 | 261, 270 

@ Fractions of pounds, carats, and pence omitted or approximated. > Data not given. 


The quantity of biue ground in sight at these mines was estimated as 
amounting to 51,300,300 loads. This amount being added to that given above 
for the De Beers and Kimberley—8,026,400—the entire total foots up 59,326,700 
loads. Beyond this, however, there are of course the unexplored resources of 
the three newer mines which have only been opened to depths from one-fourth 
to one-third those of the older mines. 

The recovery of diamonds from tailings and débris has continued, though 
on a scale somewhat less than in the previous year, which was the maximum. 
In 1905 1,616,030 loads were washed, mostly from the De Beers mine, and there 
were obtained 257,059 carats of stones, valued at £311,030. 

Even with the higher rate realized for rough diamonds, the earnings of the 
De Beers Company were 15 per cent less than in 1903, as the average yield of 
rough diamonds from the De Beers and Kimberley mines has fallen from 0.76 
earat per load in 1902 to 0.61 carat per load in 1903 and to 0.46 carat per load 
in 1905. Grent quantities of the poorer diamond earth were treated. The total 
sum realized from the sale of diamonds was £4,802,844; the expenditures were 
£2,937,509; the profits were £1,865,335. Out of the profits £1.800,000 were paid 
in dividends, the dividends being 20s. per preferred share as ngainst 27s. 6d." 
in 1903 and 1904. The reserve was £846,783. The entire sales in 1905 were 
made “rough” by the syndicate, and this Is to continue in 1{4}, on account 
of the lower yield and on account of the great demand. This is in spite of the 
fact that the price of rough stones was raised twice, 5 per cent each time, dur- 
ing the year 1905; but the diamond syndicate makes these advances because 
there are less diamonds found to-day than there were found fifteen years ago, 
while the demand for them has greatly increased. 

Premier (Transvaal) mine.—The increased output of the Premier (Transvaal) 
mine bas caused great interest In the production of diamonds; and the finding 
of the largest known diamond, the Premier or Cullinan, welghing 3,024 carats, 
and of several other large stones, one of which welghed over 600 carats und 
another 340 carats, has given this mine the greatest record for producing mate- 
rial of exceptional size. 

Orange River Colony mines.—The extensive development of diamond mining 
in the Orange River Colony is well shown in the Annual Report of the Mines 
Department of that Colony for the year ending June 30, 1905.¢ This report, by 


* Mines Dept. Orange River Colony, Ann. Rept. fur the statistical year ending June 30, 
1905; Bloemfontein, 1905, p. 31 
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Mr. Burnet Adams, acting chief inspector of mines, tells of steady Increase in 
the diamond output of the colony and describes the condition of the producing 
mines, besides the Vaal River alluvial diggings, and of more than fifty prospects 
and partially developed undertakings. In regard to these latter, many have 
proved disappointing, but some have yielded good diamonds and may prove to 
be valuable properties. | 

The seven mines that have actually yielded more or less successfully are (1) 
the New Jagersfontein (the old celebrated mine reorganized under the new gov- 
ernment); (2) the Koffyfontein; (3) the Ebenhaezer; (4) the Lace Diamond 
Company; (5) the Monastery; (6) the Kaalvallei; (7) the New Driekopjes. 
Of these, the last Is now closed and for sale, and two or three of the others are ' 
partially suspended and either engaged in testing or in awaiting improved ay» | 
pliances, The Jagersfontein is much the most important and has been steadily | 
advancing, both In equipment and in production. Heretofore it has been car- 
ried on as an open working, but steps are now being taken to change to the 
underground system, as was done with such success in the De Beers and Kim- 
berley mines. 

The diamond output of the colony for the year covered by the report is given 
in a tabular form by months, from July, 1904, to June, 1905, inclusive. These 
show some variations, but maintain a fairly uniform average. The product 
is given as a whole, without distinguishing the mines, but the Jagersfontein 
far exceeds ali the rest together. 


Output of diamonds in Orange River Colony, fiscal year qnding June 30, 1945. 
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Subsequent data for the month of July, 1905, show but slight differences from 
the average of the month preceding. The cost of mining per load is not given 
in the report. 

On comparing these figures with those of the De Beers group of mines at 
Kimberley for the same period, it is seen that the blue ground is comparatively 
very low in its diamond content, but that the average value of the stones per 
earat is considerably higher than for those of the richest of the other group— 
the De Beers and Kimberley. The total number of loads washed is nearly two- 
thirds thet of all the De Beers group together; while the total diamond product 
is less than one-sixth, but its value exceeds one-fifth. 

The average number of men employed in the diamond mines of the colony, 
month by month during 1905, was 526 whites and 4.659 natives. With some 
fluctuations there has been a general increase of the total number during the 
year, from 4,458 in July, 14, to 5496 in July, 1905. The average monthly 
wages paid for mining and prospecting in the Orange River Colony are given 
in a recent article as £20 7s. Td to white men and £3 1s. Gd. to natives.¢ 


BRAZIL. 


Diamonds and carbonado in Bahia—Considerable space has been given in 
recent reports of this Burenu to the diamond and curbonado industry of Brazil. 
An important article has appeared within the last year on the geology of the 


- 


* Jewelers’ Circular Weekly, October 11, 1905, 


PRECIOUS STONES. 1331 


Bahla region by Prof. Orville A. Derby, who was engaged by the State of 
Bahia to study the geological occurrence of the carbonados. The article in 
question is his report of this work, and has been translated into English by 
Prof. John C. Branner for publication In this country.¢ 

The region examined was the basin of the Paraguacu River, the upper part 
of which contains the Chapada Diamantina, or diamond plateau of Bahia. The 
river traverses four regions or belts of entirely distinct geological character. 
The first of these takes in all the headwaters of the Paraguacu and its main 
affluent, the Santo Antonio; the second reaches from the Falls of Passageni de 
Andarahy, some 50 miles, to Bededouro; the third extends about 200 miles, 
down to Maragopipe, and the fourth is a narrow belt adjacent to the coast. 

The diamonds and carbons ure characteristic of the first region, and occur 
occasionally in the second and third. At all the localities examined by Profes- 
sor Derby they appear in connection with a thick bed of conglomerate about 
the middle of the hard sandstone formation. In many places, indeed, he states 
that the gravels worked for diamonds are simply this same conglomerate 
decomposed in-place, and not a more recent superficial deposit. This fact has 
already been recognized in the State of Minas Geraes, where also, at Grao 
Mogol, diamonds have been taken from the hard conglomerate itself. It Is clear 
that in Brazil the conditions of diamond occurrence bear no resemblance at all 
to those in Africa. All the indications point to the conglomerate as the source 
of the diamonds, and the recent unconsolidated gravels are richest in the 
vicinity of outcrops of this rock, which miners call pedra cravada. 

If this determination of the conglomerate as the home of the diamonds be 
correct, Professor Derby remarks, the supply must be enormous, and all that 
has been done heretofore is trivial in comparison. Only a small part, however, 
of the deposits can be worked with the methods in use thus far. Whether 
modern scientific processes, using the bydraulic power so abundant in the 
region, can operate the beds at an actual profit remains a question for future 
solution. 

Elsewhere than in the vicinity of the Serra das Lavras and its conglomerate 
there are few dinmond occurrences, but still some are known that have interest. 
Along the bed of the Paraguacu, in particular, there are various points where 
diamonds are obtuined by diving, and some of these are so far from the Serra 
that it is not easy to see how the source can be so distant. The principal 
locality is at the Falls of Funil, near Bebedouro, on the eastern edge of the 
second region or zone mentioned above. Here the fall is formed by a heavy 
bed of conglomerate resembling the one in the first zone, but almost certainly 
of later age. It rests upon granitic recks and its pebbles are largely thence 
derived, so that the “ formacao,” or diamond gravel, is quite different from 
that of the first zone. The sandstone of the second zone, however, must be 
largely derived from the first, and the contained diamonds may be thus 
accounted for. 

These accounts should be compared with that by Mr. H. W. Furniss, dealing 
with the same region and reviewed in the report of this Bureau for 1902, 

There is ancther diamond region In Bahia—that of Cannavieras and the 
valley of the Pardo River, and the southern part of the State.< This, Professor 
Derby remarks, is the only diamond occurrence in Brazil at all near the sea. 
It is a region of but slight elevation, only about 100 meters, largely wooded, 
end with a thick soll that obscures the rocks. At points, however, in the val- 


* Econ. Geol., vol. 1, No. 2, Nov.—Dec., 1905, pp. 134-142. 
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leys of the Pardo and the Salobro a heavy conglomerate with granitic pebbles 
Is exposed near the diamond washings. One diamond of three grains was 
obtained for Professor Derby In a test made on 14 cubic meters of decomposed 
conglomerate selected by him. Thus, again, diamonds are apparently iraced 
to a widespread bed of conglomerate, here quite near the coast, easily recog- 
nized, and suggesting extensive possibilities for investigation and development. 


NEW SOUTH WALES. 


A valuable guidebook to the mines and minerals of New South Wales has 
lately been issued under the direction of the minister for mines and agriculture 
In that colony, Hon. 8. W. Moore.¢ In this work references are made to the 
occurrence of diamonds at several points, which have been noted from time to 
time in former reports of this Bureau. 

The more recent and more |mportant diamond districts around Bingara and 
Inverell are situated near the Queensland border. Bingara is 378 miles north 
of Sydney, and Inverell and Tingha are both nearly 40 miles east of Bingara. 
The divisions named from the two latter places contain much tin in the drift, 
while the Bingara division is worked principally for gold. With regard to 
diamonds in particular the guidebook says that near Copeton, In the Inverell 
district, are numerous isolated hills capped with basalt, beneath which are 
sands and gravels, with tin, diamonds, and some gold. These hills have been 
variously named, one of them being the celebrated diamond locality of Boggy 
Camp. It was In this district that the discovery of two small diamonds In a 
basaltic dike was made In 1904 at Oakey Creek, near Copeton. 

The Bingara division presents conditions somewhat similar, yet with some 
differences. The chief diamond yield has been from patches of gravel capping 
the foothills of the basalt-covered range some five miles to the southwest of 
Bingara. 

It is In the Bingara district, at Ruby Hill, that the eclogite-bearing pipe was 
observed in 1992, which led to so much discussion as to eclogite belng the prob- 
able source of the diamonds. The guidebook states that there has been but 
little activity of late In these fields owing to low prices for the diamonds, 
which are all of small size. 

The statistics for New South Wales, given in this volume, state the diamond 
yleld for 1904 as 14,296 carats, valued at £11,620, and the total production to 
the end of that year as 147,955 carats, valued at £98,223 17s. 

Large diamond at Mount Werong.—The fact, after years of working at various 
points, that only small diamonds had been found, led naturally to the bellef 
that no large diamonds were to be expected in Australia, Within the past 
year, however, a dinmond of nearly 29 carats has been discovered at Mount 
Werong, 136 miles west of Sydney and 30 miles south of Oberon. It was found 
at a depth of 12 feet by two gold miners, who were not diamond miners and who 
did not know what it was. They kept it for some months, and were offered a 
few pounds for !t on two occasions, but suspected that It might be more valu- 
able. Finally it was sent to the state department of mines at Sydney, where 
it was recognized at once, and its value then proved to be £200. The stone Is a 
distorted and flattened crystal, measuring 23 by 15 by 5 mm., flawless, and of 
a straw yellow. Appreciating the Importance of this discovery, Mr. E. F. Pitt- 
man, of the department of mines, promptly visited the place and made a report 


i Guidebook for the Use of Prospectors In New South Wales; Sydney, 1905, pp. 156, 
with map. 
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upon It, which is reviewed by Mr. John Plummer in the Mining World of Octo- 
ber 21, 1905.¢ 

Mount Werong is one of the peaks of the mountain range, some 4,000 feet 
high, which separates the fertile coast region from the arid interior. In the 
beds and ravines of the streams that drain the ridge much of the drift gravel 
is found washed down and redeposited, and here occurs gold, with zircons and 
sapphires, abundant but small, and also this large diamond, and nnother found 
some years ago, and valued at £5. The sapphires have undoubtedly come from 
the decomposed basalt overlying the drift, as none have been found in the drift 
itself. The diamond Mr. Pittman refers to the drift; but he also recognizes 
the possibility of its having come from the basalt, in view of the discovery of 
one or more diamonds in the somewhat related dolerite at Copeton. This new 
locality is some 300 miles south of the Inverell and Bingara region. 


NOTES ON THE DIAMOND. 


Ruazian crperimenta in crushing carbons used in diamond drills.—Prof. Alex. 
M. Mitinsky, of the Mining Academy of St. Petersburg, Russia, is carrying on a 
very interesting series of experiments in crushing the carbons used in diamcod 
drills. The rate of advance of a diamond drill Increases with the pressure up 
to a point where the dlamonds are likely to break. Here the Iimit Is reached, 
beyond which an economic loss is involved by greater pressure. The object of 
this investigation was to determine this limit, which had not before been done, 
and which is of course a very Important practical question. 

There has been hitherto a remarkable difference in the practice of European 
and American operators in work of this kind. The former have generally fol- 
lowed an empirical rule of applying a pressure of 2 kilograms per square centi- 
meter on the bottom of the drill, which is equivalent, with ordinary tools, to 1 
kilogram per square millimeter on the diamonds. American drillers have used 
far higher pressures, as much as 50 or 60 kilograms per square centimeter; by 
the sume ratio this would give 25 to 30 kilograms per square millimeter on the 
stones set in the drill. 

Professor Mitinsky, assisted by Mr. S. Woisslaw, the ploneer of diamond drill- 
ing in Russia, selected a number of carbons and subjected them to pressure 
tests, This was done by placing each stone between two metal plates, a harder 
one representing the rock and a softer one representing the tool. These were con- 
nected with a very sensitive press and recording apparatus, with a muximuim 
load of one metric ton. Different metals and different grades of steel were 
tried, and the balf-sum of the aureus of the impressions made in the two plates, 
in each test, was taken as the cross-section area of the diamond that had been 
pressed Into them for calculation of the force exerted per square millimeter of 
the stone. The first test was to the limit of the press, one metric ton, without 
breaking, and the determination was 54.3 kilograms per square millimeter. The 
second stone, a small one, broke at n calculated pressure of 80.6 kilograms per 
square millimeter. Three other tests had an average of 68 kilograms as the 
breaking limit, the lowest being 56 kilograms. 

These experiments, Professor Mitinsky thinks, show clearly that the pressure 
on drilling tools can safely be much increased with corresponding advantage in 
results, and that the Americans, although far in advance of the Europeans, 
have yet been operating well within the Iimit of practical advantage. 

After these tests Mr. Woisslaw directed his workmen to disregard the risk of 
breakage and to use the highest pressure attainable with their machinery. 


* Min. World, Oct. 21, 1905. 
*Eng. and Min. Jour., Dec. 16, 1905. 
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Professor Mitinaky states that the results were very good, and adds that by 
this method tools can be obtained that can be run safely at a rim speed of 25 
meters per second, 

Diamond-carbon in meteorites.—Following up his researches on the Canyon 
Diablo meteorite, Prof. Henri Moissan has published a more extended article 
describing those researches in fuller detail and also certain conclusions thence 
derived, together with new experiments as to diamond production. The results 
shown are (1) that it is only in certain specimens of this meteorite that carbon 
appears at all; (2) that In some pieces it is present In several forms, as amorph- 
ous carbon in two or three distinct varieties, as graphite, and as diamond in two 
varieties, black and transparent; (3) that these latter are found inclosed in or 
surrounded by a zone of amorphous carbon and In small fissures which stand In 
close relation to nodules of troilite and other compounds containing phosphorus 
and silicon in addition to the sulphur. Microscopic examination shows that 
even the portions of the iron that appear homogeneous frequently contain 
small nodules of this character. Professor Moissan judged, from various 
studies by himself and others, that the metalloids—silicon, phosphorus, and 
sulphur—all tend to displace the carbon from molten tron, and that an Increase 
in the proportion of nickel, which is found to vary considerably In different parts 
of the meteorite, lessens the solubility of carbon in the alloy as compared with 
pure Iron. These two conditions, therefore, should cooperate to favor the sepa- 
ration of carbon in such a meteorite, as compared with Professor Moissan's 
former process of diamond production In the electric furnace. 

These suggestions led him to undertake a series of new experiments to test 
the effect of conditions thus modified. These are described in much detail, with 
the general result that the addition of small quantities of monosulphide of iron, 
or of silicon, to the crucible of melted fron with carbon, on Its removal from 
the electric furnace and just before its Immersion in cold water, appeared to 
facilitate the production of minute diamonds similar to those of his former 
experiments, but In larger number and with slight crystallographic differences. 
The addition of a small percentage of nickel, on the otber hand, produced no 
apparent change from the results with pure Iron. The Introduction of phos- 
phate of iron not only failed to increase the quantity.of diamonds but appar- 
ently lessened it. Professor Moissan therefore concluded that the diamond 
carbon in the Canyon Diablo meteorite has probably been set free from an iron 
carbide by the action of sulphur, and to some extent of silicon, the latter having 
also partly united with the carbon to form the silicon carbide which he found 
in association and which the writer named Molssanite, the natural form of the 
artificial product carborundun. 

The crystallographic features of the microscopic dlamonds are described, and 
the very Interesting fact is noted that in a number of Instances the little crystals 
broke spontaneously days or even weeks after their formation, thus presenting 
a striking parallel to the occasional behavior of diamonds from the blue ground 
of South Africa. 

Considerable space Is given to experiment and discussion as to the action of 
melted iron in solidifying In respect to expansion or contraction. The fact 
seemns Clearly shown that pure iron follows the ordinary law, but that frou with 
dissolved carbon expands in passing to the solid state, producing when confined 
the enormous pressure which causes the curbon, or some part of It, to crystallize 
as diamond, instead of all assuming the amorphous or the graphitic form. ~ 

Artificial production of diamonds.—Two processes have been announced by 
German experimenters whereby it is claimed that minute crystals of diamonds 


* Nouvelles recherches sur la agrees nr du diamant, par Hearl Molssan: Ann. de 
chimle et de phys., Sth ser., vol. 5, June, 1905. 
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have been obtained. One of these is that of A. Ludwig, who has been able to 
produce such crystals from pulverized carbon heated in hydrogen on a spiral 
of iron wire in the electric arc under a pressure of 3,100 atmospheres.¢ The 
other is announced by R. von Hatslinger, who fuses graphite with silicates. 
He prepares a mixture representing as nearly as possible the composition of the 
African blue ground, and then introduces powdered graphite. The whole is 
melted in a crucible, the process being facilitated by using metallic aluminum 
and magnesium in preference to the oxides of those metals. When the fused 
mass |s dissolved, minute octahedra ure found, possessing the physical prop- 
erties of dlumond.® 

Effect of radium on the diamond.—Sir William Crookes delivered his notable 
lecture on the subject of the diamond before the British Association for the 
Advancement of Science at its Kimberley meeting In September, 1905. In ‘this 
lecture experiments were described in connection with radium in contact with 
the dlamwond, which showed that the beta rays from radium preparations had 
like properties to the strenms of inactive electrons in a radiant matter tube. 
It was found, by exposing fine colorless crystals of diamond to radium bromide 
undisturbed for more than twelve months that the radium caused the diamonds 
to assume a beautiful bluish color. This color is very persistent; It was affected 
neither by heating In strong nitrie acid nor by potassium chlorate. Further- 
more, the radium had communicated to the diamonds radio-active properties 
strong enough to affect a photographie plate; and when they were heated to a 
dull redness in a dark room a faint phosphorescence spread over the stone just 
before the color becume visible. 

Sir William Crookes also announced the results of his experiments in exam- 
ining the extreme hardness of the metal tantalum, produced by Messrs. Siemens 
Brothers, of Berlin. He found that a diamond drill making 500 revolutions per 
minute and continuer. in operation for three days and nights had only produced 
a depression of one-iourth millimeter in depth, the question being then as to 
which had been affected the more, the diamond or the tantaluin. 

Wages in diamond-cutting industry.—For the last two yeurs there has been 
nu great deal of disturbance in the thatter of the adjustment of the rates and 
hours of labor in the d‘'mond-cutting industry. The outcome for the United 
States has been that in November, 1905, an eight-bour day was established, 
with wages ranging from ¢.‘) to $80 per week for the vurious employees in the 
industry. This restit was brought about by the great demand for cut material 
and by the fact thut the amount of cutting in the United States has increased 
so rapidly within the last five or six years that at the present time more than 
one-half of all the diamonds sold in the United’ States have been cut here. 
As the high quality of the cutting is not excelled in any of the foreign centers, 
and because of the systematic methods in use in this country, there is a 
possibility of a still greater .ercentage of the larger stones being cut here. 
This is not true of the smualle: stones. 


CC RUNDUM GEMS. 
CORUNDUM. 
NORTH CAROLINA. 


The first volume of the North Carolina Geological Survey reports* treats 


- Pratt, J. H.. and Lewis. J. V.. Corundum and the peridotites of western North Caro- 
lina: North Carolina Geel. Survey, vol. 1, 1905. 
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Mining for the abrasive has been frequently successful, but, although the gem 
mining has produced Interesting results, there never has been a_ financial 
return to warrant the expenditure for this purpose. 


INDIA. 


In his recent review of Mineral Production in India for the years 1898 to 
1903, the Director of the Indian Survey, Dr. T. Il. Holland, gives data sup- 
plementary to his special treatise on the occurrence of corundum. Corundum 
is widely distributed throughout the Mysore State, and a certain amount of 
working Is done at several points, though it can hardly be called mining. There 
has long been a local trade and a local consumption In India; but Doctor 
Holland doubts if It will ever be profitable to develop the workings on a large 
scale, in view of the competition of foreign corundum and of cheap abrasives 
like carborundum. The native demand, that of the old saikalgar, or armorer, 
and the lapidary, Is mainly at a few points Iike Delhi, Agra, and Jaipur, and 
has been supplied by the Irregular and casual gathering by agriculturists and 
cowherders. The data of production In Mysore are very variable and evidently 
imperfect, ranging from 28 tons to 150 tons, worth from about £100 to £700. 


CEYIAON,. 


With regard to corundum in Ceylon, the Report of the Mineralogical Survey 
of that Island for 1904,* by the Director, Mr. A. K. Coomeraswamy, gives quite 
a full account, divided Into two sections, one on corundum for abrasive use, 
and the other on the gem varieties. The first part deals in some detail with 
the occurrence of blue crystals in the soll at Haldummulla, mentioned in Mr. 
Coomeraswamy's paper on the Rocks and Minerals of Ceylon.‘ The crystals 
on the Haldummulla estate have been traced over a considerable area to the 
foot of a steep jungle-covered bluff, impossible to explore without heavy cost, 
but clearly the source of the loose corundum. The crystals are accompanied 
over the area examined by pleces of the’ matrix, which is sillimanite rock 
with garnets, containing corundum crystals identical with the others. Ortho- 
clase microperthite is associated to some extent, and a little of either rutile 
or ilmenite, but these never appear together. 

The second part of the report, on the Ceylon gems, is the fullest that has 
appeared for some time. The gem corundums of Ceylon nore obtained entirely 
from gravel beds, together with lower grades of corundum and also spinels, 
zircons, tourmalines, beryls, topazes, etc., that have long been known as Ceylon 
gems. Most of these are supposed to have come from the intrusive granite 
rocks of the Balangoda group, but tourmaline alone has actually been found In 
a granite matrix on the island. The hills and ridges are so covered with jungle 
that it Is well nigh Impossible to trace the sources of the minerals brought 
down by the streams. The gems and other heavy minerals thus transported 
are to a large extent very local in distribution, indicating that their sources are 
in many small outcrops. 

The “ gemming” industry of Ceylon is described at some length, with maps 
and illustrations. The stones are all found in a bed, or sometimes in two beds, 
of rounded quartz pebbles and cobbles, called “illam,” which is widely distributed 
through the valleys and lowlands beneath a more or less thick deposit of allu- 
vium of varying character. The fillam is sometimes above the level of the 


* Geol. Surv. India, vol. 32, pt. 1, eo gg 105. See also vol. 30, pt. 3, 1901, p. 169. 
*Ceylon Administration Repts., 1904; Mineralog. Parva pp. E-1, E-3, E-11, and E-19. 
© Rocks and Minerals of Ceylon, Spolia Zeylanica, vol. 11, pt. 9, i905, pp. 50-66, 
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streams, where the latter have deepened their channels by erosion, but it Is more 
frequently below the water level, in one case as far as 120 feet. To a large 
extent, it underlies swamps and rice fields. The working of the available 
localities has been carried on so far and so long that many of them are wholly 
exhausted and the rest are being rapidly reduced. 

The corundum appears in several varieties, and the interesting fact is noted 
that while the crystals before described, from the Ilaldummulla and neighboring 
localities, in connection with the sillimanite rock are prismatic, those from the 
gem gravels are usually bipyramidal. The varieties found are the following: 
Korundugal—opaque and only used as an abrasive. 
Dalam—semitransparent, inferior; sold by the pound. 

. Nila—blue sapphire. 

. Ratukete or Arunal—asteriated. 

. “ Topaz,”—Oriental topaz, yellow sapphire. 

“ King topaz,’”’—clear pink or flesh-colored corundum. 

The topaz of Ceylon Is yellow sapphire; true topaz is not rare in the gravels, 
but It Is never yellow, being either white, pale-green, or brownish-yellow. (See 
under Topaz. ) 

The methods of working the gem gravel are described In detail, and are 
closely similar to the native methods used in mining for rubies In Burma and 
for diamonds in Borneo. 

The illam generally rests upon decomposed rock In place, called “malaica.” In 
some cases the lower portions of it are cemented by Iron oxide Into a sort of 
conglomerate. In the present beds of rivers in the gem district, especially those 
that are fast and shallow, the actual surface gravel is gem bearing, forming a 
modern illam, doubtless largely derived from the older one, which represents 
the accumulation of ages. 

The principal region where these gem gravels occur is the Sabaragamuwa 
province (Ratnapura district), and some parts of the southern province of the 
island. 


AO hw Ne 


SAPPHIRE. 
MONTANA. 


The sapphire workings at Yogo Gulch, Montana, are being gradually de- 
veloped into n great and permanent mining industry. They have been noticed 
frequently in the reports of this Bureau for the last ten years, and a general 
statement of the disposition of the properties of the two companies engaged 
upon the gem-bearing dike was given In the report for 1901.¢ The English 
company, known as the New Mine Sapphire Syndicate, has been thus far the 
largest producer and the one most prominent before the public; but the other, 
the American Sapphire Company—frequently called the Yogo Mining Company— 
has been engaged in extensive prospecting and developing work, and is now pre- 
paring to begin active production on a larger scale than any heretofore at- 
tempted In Montana. 

Taken as a whole, the Yogo dike is judged by qualified experts to be perhaps 
the greatest gem mine in the world. It extends some 4 miles in length on the 
surface, and being « true igneous dike, descends to an unlimited depth. If esti- 
inated down to 2,000 feet, below which possible working becomes questionable, 
und at an average width of only 6 feet—although it is often much wider—the 
entire content of sapphire-bearing rock would approximate 10,000,000 cubic 
yards. 


* Mineral [ U. 8. for 1901, U. 8. Geol. ever: 1902, p. 736. 
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A full report upon the whole locality, though with special reference to the 
American company’s property, has lately been prepared by Mr. George W. 
Tower, jr. The area of holdings comprises a total of some 800 acres of land— 
300 acres under quartz-claim patent and 500 acres or more under placer 
patent. There are 16 patented quartz claims and 1 unpatented, and 13 pat- 
ented placer claims and 1 unpatented. Some of the latter were worked for gold 
ten years ago, and Mr. Tower states that the first sapphire discoveries were 
made in cleaning up the washings of these placers. A full year elapsed before 
the importance of this discovery was realized, and the gems were traced to 
their source in the dike. Prospecting and tracing out of the dike then went on 
for some years, since which time (1901) there has been no further extension of 
the dike recognized, and no other dikes have been found in the vicinity. The 
main one has been quite thoroughly explored and its extent determined, as 
already described. : 

The dike runs nearly east and west and cuts almost vertically through 
several thousand feet of stratified rocks, horizontal or slightly inclined, from the 
Carboniferous down to the basal complex. In width it varies from 4 to 16 feet, 
and in texture it is to a large extent soft, friable, and easily weathered. 

Mr. Tower's report gives details of the workings of both the companies, the 

cnpglish company east of the crest of Yogo Hill, and the American compuny 
west of it, to and beyond Yogo Creek. Extensive tunnels, shafts, and levels 
have been driven, and in the eastern portion also great open cuttings, besides a 
number of trinl shafts and pits. Mr. Tower regards the present twofold 
division of working as unwise and costly, and strongly advises some form of 
consolidation and the concentration of work at the American company’s open- 
ings at the Fourth of July claim, on Yogo Creek, the tunnels here to be made 
the main thoroughfare for the entire group of workings to the eastward. Heré 
the creek ylelds abundant water for washing at all seasons, and the American 
company has run over 2,000 feet of tunnels into the dike rock, besides shafts 
and cuts to prove its extent. These tunnels, Mr. Tower advises, should be 
extended and connected with the openings eastward of the hill; thus forming 
one system and doing away with the expense of hoisting now Involved in the 
English company’s shafts. 

The American company’s work has hitherto been chiefly for development, 
thelr only output of gems being those taken out in this process. But now, the 
extent and richness of the property having been fully determined, they are 
erecting a plant for mining on the scale of 100 tons per day. This will quad- 
ruple the previous output of both companies together, and promises to make 
Montana sapphire mining a very important factor In American gem production. 

The stones obtained are not of large size. They range from “ culls,” used 
for watch jewels and other mechanical purposes, to gems averagjng, when cut, 
from half a carat to 2 or 3 carats and rarely up to 5 or 6. As gems they are 
brilliant, free from flaws, and of good color; ranging from light shades to the 
rich deep blue of oriental sapphires. The “culls” are produced abundantly, 
but not in quantities equal to the demand. They sell immediately at from 
$2 to $6 per ounce, and advance orders can be had without apparent Imit. 
The Yogo crystals have an advantage for mechanical uses over East Indian 
stones in their form, which Is largely short prismatic or rhombohedral with 
flat basal terminations; and hence they need much less cutting for such pur- 
poses as watch jewels and the like. 

As to gems, po very full data can be given; but the shipment for the month 
of November, 1905, from the American company’s mines to New York was 
1,564 carats in the rough. These are sent for cutting to Amsterdam, and will 
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yleld from two-fifths to one-half that weight of finished stonés. Their value 
will, »f course, depend on their size and quality after being cut. 


RUBY. 
BUBMA. 


The head of the Geological Survey of India, Dr. J. H. Holland, in his recent 
review of the mineral production of that country from 1898 to. 1903,¢ has given 
some additional data regarding the Burma ruby mines, which have now become 
un important source of profit. With regard to other locations in Burma, Doctor 
Holland states that leases have been granted for several ruby enterprises near 
Nanyaselk, in the Myitkyina district, and in the Sagyin Hills, in Mandalay dis- 
trict, but that little result has followed. He gives the value of the annual out- 
put since that time as follows: 


Value of ruby production, Mogok district, Burma, 1898-1908. 


1008 sae ances Ot, S00 (:19G1 6, nncdndendnnenstseennne £104, 476 
) ERY LE ETE ENE SE RIT 90, 848 | 1902___._.__.--_.-.--...-.--.- 86, 895 
1 | RAR eros er ee me a he | | a re 98, 575 


Of the receipts for 1903 nearly one-half (£44,950) were profits. The falling 
off in the previous year was due to disastrous floods, against the recurrence of 
which extensive engineering precautions have been undertaken. Rubles of 
Jarge size are very rare and enormously valuable. Three remarkable stones 
were obtained In 1899, one of which was the finest ever found since the opening 
of the mines to European development. This ruby weighed 77 carats and was 
sold for 4 lakhs of rupees, or £26,666. 


EMERALD. 
COLOMBIA. 


The Colombian Government has recently employed a well-known expert, Mr. 
Lloyd-Owen, to make an examination of the condition and prospects of the 
great emerald mine at Muzo, northwest of Bogota. He hus prepared an 
extended report, of which a copy was furnished to United States Minister Rus- 
sell, at Bogota, for the Department of State, and an abstract was given in the 
United States Consular Reports for August 3, 1905.° 

Mr. Lloyd-Owen states that the emerald-bearing area at and near Muzo is 
very extensive and has never been thoroughly tested or even explored. It prob- 
ably covers many square leagues, the Government holdings alone being esti- 
mated at nearly 100,000 acres. 


- NEW SOUTH WALES, 


In the recently issued guidebook published by the Colonial Government of 
New South Wales,* reference is made to the emerald locality near Emmaville, 
which has been occasionally reported. The region is rich in minerals, and the 
Emmaville and Deepwater divisions are centers of mining for tin, chiefly as 
stream ore, but also in the “ greisen,” in which wolfram and scheelite are like- 
wise found. The location of Emmaville Is about 100 miles from the coast, some 
450 miles north of Sydney. Inverell, noted in connection with the New South 
Wales diamonds, lies to the southwest, less than 40 miles distant. The emerald 


* Kec. Geol. Surv. ae 7 oa ett 1, Pe pp. 77-78. 
*>U. 8. Cons. Repts., A 

¢ Guidebook for the tee A; Prospectors tg ee South Wales, issued by direction of the 

Hon. 8. W. Moore, Minister for M and Agriculture; Sydney, 1905, pp. 156, with map. 
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locality, known as “ The Glen,” is 9 miles north by east of Emmuville, and the 
guidebook states that a considerable quantity of emeralds was obtained there 
some years ago, but that the pegmatite dike, in which they were found, was 
lost or cut out at the 50-foot level. Systematic search might recover it, and 
there are. other similar dikes In the vicinity which should also be prospected 
for emeralds. These dikes are offshoots from a large granitic mass intruded 
among claystones, which are thought to be of Carboniferous age. The dike that 
ylelded the emeralds was a small one, varying in width from a few inches to 
4 feet, and also in character from a typical “ greisen” at some points to a peg- 
matite at the gem locality. 


BERYL. 
CALIFORNIA. 


Mr. H. C. Gordon reports the finding of some magnificent groups of pink 
bery! crystals, measuring 14 Inches In dlameter, of the flat type of crystal, rich 
pink In color, but attached to albite rock, In the Esmeralda mine, Mesa Grande, 
San Diego County, Cal. 


NORTH CAROLINA. 


Mining for beryl has been carried on more or less extensively in North Caro- 
lina, but without much result. It was found, however, In the Spruce Pine 
region that by deeper mining blue beryls were frequently obtained at a greater 
depth than any previously taken out, and in some quantity. Many gems havc 
been obtained weighing from three-fourths of a carat to 2 carats each, but few 
are over 4 carats in weight. 


TOPAZ. 


CALIFORNIA. 


The white and blue topazes from the Ramona district, San Diego County, Cal., 
described in the report of this Bureau for 1904,2 were well represented in the 
gem exhibit of San Diego County at the Lewis and Clark Exposition, at Port- 
land, Oreg., in 1905. Large specimens of the associated minerals—albite, ortho- 
clase, garnet, tourmaline, etc.—were displayed, showing the topag in Its natural 
environment, and then as separate crystals and as cut gems. 


AUSTRALIA. 


Mr. C. Anderson, mineralogist of the Geological Survey of New South Wales, 
gives some further accounts of the topaz occurrences in that colony and also 
in Tasmania,’ described by him in the previous volume of the Records and 
noticed in the report of this Bureau for 1904. The article is mainly crystallo- 
graphic, describing and illustrating some particularly fine examples recently 
obtained from the several localities before reported. No additional facts of 
any importance are given concerning the mode of occurrence, as previously 
described, at Emmaville and Oban, in New South Wales, and at Mount Cameron, 
Flinders Island, and Bell Mount, Tasmania, save the mention of the existence 
of pale pink and yellow varieties in Tasmania, which had been reported as not 
found there. Some of the crystals from Flinders Island, Killicrankie Bay, are 
of remarkable size, up to several inches in diameter. 


* Mineral Resources U. 8. for 1904, U. 8. Geol. Survey, 1905, gf” 979-982. 
* Rec. Austral. Museum, vol. 6, pt. 2, Sept. 15, 1905, pp. 83-89. 
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BRAZIL. 


, A recent letter to the writer from Mr. H. Kilburn Scott, a mining engineer 
residing at Rio de Janeiro, gives some interesting notes on topaz mining at the 
Ouro Preto locality, in the State of Minas Geraes. The principal mine—the 
Boa Vista—has been worked for some years past by a firm employing about 
twenty men. The method bas been to excavate to some depth the overburden 
formed by slides and the caving of the decomposed Inclosing rock and then to 
run small inclined shafts to reach the topaz-bearing deposit. There has thus 
been formed a great craterlike excavation, in which the clay carrying the 
topazes has been followed down some meters below the drainage level. Ilence 
it is possible to work the mine only during the dry season, and with the present 
method the limit of working has probably been reached. To operate this mine 
successfully improved methods will be necessary. 


CEYLON. 


Among the precious stones gathered from the widely distributed gem gravel 
of Ceylon, topaz is fairly abundant, but the bright yellow variety Is absent. 
What Is spoken of as topaz among Ceylon gems jis the rarer and harder oriental 
topaz, or yellow sapphire. The name of “king topaz” is also applied to pink 
or flesh-colored sapphire. The true topazes of the gravel are either colorless or 
light green, occasionally also pinkish-yellow or yellow-brown. The first variety 
is cut and sold under the name of water-sapphire, which belongs properly to 
lolite (cordierite) ; the name is entirely misapplied, as the true water-sapphire 
is blue. The green topazes are sold, with true beryls, as aquamarines. The 
pinkish-yellow stones closely resemble those from Brazil, but with the curious 
difference that while the latter turn to a clear pink on being heated (the 
so-called burnt topaz), the Ceylon stones are absolutely decolorized by heat. 
The source of the gems is not known, as they are obtained only from the 
gravel, but it must evidently be in the granite intrusives of the Balangoda 
group.? 


ZIRCON. 


CEYLON,?® 


A large variety of zircons are found in the gem gravels of the island of Ceylun, 
with many other precious stones which are a good deal confounded among native 
dealers and classified largely by color. The Cingalese name toramalli is applied 
indifferently to both tourmaline proper and zircon, and special terms are pre- 
fixed according to the color. The green variety is mostly zircon, with some 
tourmaline and chrysoberyl. The pale brown also includes some tourmaline. 
Other varieties of zircon found are rich yellow and flery red. The readiness 
with which zircon alters in color by heat is Illustrated In the fact that many 
greenish stones become a fine yellow by heating, and that the pale brown ones 
are often completely decolorized in the same manner to form the so-called 
Matara diamonds. 


NEW SOUTH WALES. 


A paper was read several years ago by Mr. D. A. Porter before the Royal 
Society of New South Wales on the occurrence of zircon in the New England 


* Mineralog. Surv., Ceylon; 1904. 
®* Ceylon Administration Repts., 1904; Mineralog. Survey. 
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district of that colony. In a recent article by Mr. C. Anderson, mineralogist to 
the Australian Museum, this paper is cited and some fresh specimens received 
from Mr. Porter are described in detail.¢ 

The principal localities are at Glen Innes and Inverell, places about 30 miles 
apart. Mr. Porter describes the zircons as found over a considerable area of 
basaltic country on the northern watershed of the MacIntire River. They occur 
In stream beds and in raised banks of clay or gravel along the streams or 
strewn over the surface of low sloping ridges. The specimens are generally 
broken and cleaved and much worn, but some good crystals occur, varying from 
clear colorless to dark red. 


TASMANIA. 


R. Brauns gives® the measurement of the crystals of zircon from Tasmania 
showing that crystallograpically they very strongly resemble those from Russia. 
Generally, however, the crystals are very large and rolled; others are entirely 
rounded. These have been extensively imported at Idar and Oberstein. Many 
of them are colorless and become violet-brown In color by beating. Others are 
made entirely colorless by the same process. 


GARNET. 


OREGON. 


Mr. L. Bush Livermore, of Baker City, Oreg., describes a deposit of garnets in 
the Sutton Creek district, some miles south of Baker City, which he regards as 
worthy of Investigation.* Ile says that near Pleasant Valley, where the prin- 
cipal rock appears to be a black argillite, soft and crushed and with no well- 
marked planes of bedding, has been found a strong ledge containing garnets 
resembling rhodolite. Some of these are quite handsome and lustrous, and 
large enough to cut gems up to 30 carats In weight. Further particulars of this 
occurrence are quite desirable. Nothing has yet been done to develop It. 


ESSONITE. 


CALIFORNIA. 


A curious occurrence of garnet is reported by Mr. F. M. Sickler, as noted by 
himself and Mr. George Frey at a point some 7 miles from Pala, San Diego 
County, but not otherwise specified. The association here was of the Ramona 
type—essonite garnet with beryl, the former varying from light yellow to ruby- 
color. The garnets occur in rounded pieces like pebbles or nodules, These were 
found to be, apparently, remnants or cores of larger crystals that had decom- 
posed, leaving their original form as casts in the feldspar matrix. Besides the 
garnet cores these cavities contained mica and red clay, doubtless products of 
alteration from the garnet crystals that have partly disappeared. 

A fine display of garnets of various shades, chiefly from the Ramona district, 
was made in the San Diego County exhibit of gem minerals at the Lewis and 
Clark Exposition at Portland, Oreg., in 1905. 


* Rec. Austral. Museum, vol. 6, pt. 2, Sept 


95-06. 
*Separat-Abdruck aus dem Centralbl. far siteoratcehe. 1905, pp. 483-485. 
* Mining Record, July 29, 1905. 
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PYROPE. 
NEW YORK CITY. 


An interesting discovery of pyrope garnet has been made in constructing the 
rapid transit tunnel from the south end of Manhattan Island to Brooklyn. This 
tunnel runs from the Battery at the foot of Whitehall street to the foot of 
Joralemon street, Brooklyn. About 1,000 feet south from the New York start- 
ing point, beautiful grains or nodules of pyrope were obtained, capable of being 
cut into gems of three-fourths of a carat to 1 carat In weight. These were in 
connection with serpentine, of which the writer found many pieces on examin- 
ing the dumps—some of it of the green precious variety—together with kerolite, 
but he did not succeed In obtaining any that actually contained pyrope. 

Pyrope is a mineral belonging to Igneous rocks, especially peridotites, from 
the alteration of which serpentine is frequently formed. The serpentines of 
New York and vicinity are now quite clearly shown to have originated In this 
way.2 


TOURMALINE. 


CALIFORNIA. 


The colored tourmalines of the Pala district, In San Diego County, Cal., were 
finely shown in the mineral exhibit of that county at the Lewis and Clark 
Exposition, at Portland, Oreg., in 1905. The principal displays were of rich, 
deep-red rubellite, from the Pala Chief mine, and of various colored tourmalines, 
though mainly pink rubellite, from the San Diego Company, of Mesa Grande. 
All these were shown in fine specimens, both in erystals and in cut form. 


CONNECTICUT. 


Information has been recelved from Mr. S. Ward Loper, of Middletown, Conn., 
that a new locality for colored tourmaline bas been opened in the northeast 
corner of Portland, Conn., at what is called the Strickland quarry. Besides 
one very large crystal of deep green color, several fine and clear specimens 
have been found—all green; no pink ones as yet. This locality Is but a few miles 
from the celebrated one at Iladdam Neck. 


MAINE. 


The year 1905 was not very productive in gem tourmalines from Maine. Con- 
siderable mining was carried on for feldspar and mica, and some for lepidolite, 
but the yleld In gem tourmaline was scanty. A letter from Mr. Loren B. Merrill, 
of Paris, Me., describes his own work at Mount Mica and gives the general facts 
as to the other localities. The quarries at Auburn have ylelded practically no 
gem material. At Newry a good deal of tourmaline has been found, some of 
the crystals very large, up to 4 Inches in diameter; but at that place the crys- 
tals are not In pockets, but traverse the pegmatite in the manner of beryls, and 
hence are liable to much breakage. At this locality pink tourmaline predoml- 
nates over green. Mr. Merrill bas found numerous pockets at Mount Mica, with 
much cookeite and quartz crystals, but the tourmalines are mostly small and of 
pale (green) color. One such pocket was notable for its great size, being § 
feet long by 5 feet wide and 34 feet deep. 


* Newland, PD. I1., The Serpentines of Manhattan Island and vicinity: School of Mines 
Quart., April, 1901, pp. 399-410. 
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JADEITE. 


BURMA. 


Jade, so highly valued in China, has long been known to occur in Burma, and 
much of that employed by the Chinese bas been thence obtained. The latest 
accounts of It are given in the Review of Mineral Production in India for the 
years 1898 to 1903, by Dr. J. H. Holland, Director of the Indian Geological 
Survey.¢ The industry is quite extensive, being second only to the ruby mines 
in the gem-stone production of India. Jade has usually been obtained from 
bowlders, etc., but in upper Burma it is found in place and is systematically 
quarried. The locality is in the Mogoung division of the Myitkyina district, 
near Tammaw, where the jade forms a light-colored layer In a dark-green ser- 
pentine, which is apparently intrusive In sandstones of Miocene age. Doctor 
Holland thinks that the Jade “ must have been separated as a primary segrega- 
tion from the magma,” whence the serpentine was derived. 

Some fine material is also obtained from rolled pieces in the valley of the 
Uru River, an affluent of the Chindwin. 

The product is taken Into China, partly overland and partly via Rangoon, 
and thence to the Straits Settlements and China. The trade is quite important, 
and averaged annually from 1897 to 1903, inclusive, 3,914 hundredweights, 
valued at £44,770, an average price per hundredweight of £11.44. 

All the Indian jade is jadeite, the soda-alumina variety, related to pyroxene. 
The other variety, nephrite, a lime-magnesia member of the amphibole group, 
is not known in India at all, or at least of any valuable quality. 


KUNZITE, BERYL, TOURMALINE. 


CALIFORNIA. 


In the report of this Bureau for 1903 ° a list was given of mines and prospects 
on Hiriart Mountain, to the east of the Pala and Pala Chief ridges, in which the 
gem minerals of the district—colored tourmalines, kunzite, beryl, and their 
associates—were to some extent observed. In the general outline of California 
gem mines, contained in the report for 1904° an account was given of later 
fevelopments at one of these mines—the Naylor-Vanderberg. Recent inforua- 
tion describes quite active work, with promising results, as having been carried 
on during 1905 at several of these openings. It is highly Interesting to find 
there are now a number of adjacent localities yielding good indications of the 
minerals that have already made the Pala region so notable in American gem 
production, particularly of pink beryl and kunzite, as well as of tourmaline and 
gurnet. 

The Naylor-Vanderberg mine already voted has been penetrated by a tunnel 
nearly 200 feet long, which cuts the main vein in the two mines. This has 
revealed lithium beryl, kunzite, and a transparent green spodumene, suggesting 
that found years ago in North Carolina. A rare ferro-manganic phosphate of 
purple color also occurs here. 

The Hiriart mine has been opened by a tunnel for 80 feet; the ledge here 
consists largely of albite with disseminated lepidolite. Tourmaline was found 
and some lithium beryl, but no kunzite. The tourmalines were deep grass green, 
nquamarine blue, and sometimes green with a pink or a black center. 


* Rec. Geol. Survey India, vol. 32 - 1, 1905, pp. 53-54. 
> Mineral Resources UU. S. for 13081 S. Geol. urvey, 1904, p. 842 - 
¢ Mineral Resources U. 8. for 1904, "0. 8. Geol, Survey, 1965," Dp. 972. 
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The White Queen mine (at which the original discovery of kunzite was made 
in 1902) has been further opened by a cut in the main ledge, which revealed 
lepidolite and gem pockets. Salmon-pink lithium beryls were the principal gems 
found, some being very fine specimens. Gem tourmaline was also encountered 
to some extent, but nothing Is reported of kunzite. 

In the Catarina mine a large open cut has been made, and good material was 
shown. The “ pay streak,” or central gem-bearing zone of the ledge, varies from 
2 to 4 feet in thickness and consists of quartz, albite, and lepidolite. Sev- 
eral pockets were found, containing chiefly quartz crystals and violet-colored 
kunzite. Another opening, one hundred yards to the east, revealed similar 
pockets, with pink kunzite and some indicolite, together with quartz crystals, 
often clear and fine. One pocket yielded nearly a ton of crystallized quartz, 
some individual crystals weighing as much as 40 pounds. 

The Anita mine was tested by several cuts and ylelded quartz crystals, lepido- 
lite, and good pink kunzite. 

The Sempe mine was opened on two ledges, and fine pink beryl was taken 
from one and white bery! from the other. 

The San Pedro mine is traversed by the same dike or vein as the Catarina and 
the Naylor-Vanderberg. In this a large open cut showed pink beryl, pink 
kunzite, green tourmaline, and fine quartz crystals. 

A fine display of kunzite, both In the natural state and in cut forms, was made 
In the mineral cases of the San Diego County exhibit at the Lewis and Clark 
Exposition at Portland, Oreg. These came from the mine on Pala Chief Moun- 
tain, and included large, well-colored crystals and fine, violet-tinted cut stones, 
one weighing 150 carats and another 80 carats, besides other cut kunzites 
mounted in jewelry, with pearls, etc. 


QUARTZ. 


TEXAS. 


Beautiful, small crystals from 2 to 3 mm. In dlameter, doubly terminated 
and of absolute purity, resembling those from Ilerkimer County, N. Y., have 
been found near Mullen, Mills County, Tex., by Mrs. Ellen Oxley. 


ROSE QUARTZ. 


COLORADO, 


A magnificent vein of rose quartz has been located by Mr. W. C. Hart, of 
Manitou, Colo., 25 miles west of Fort Collins, in Larimer County, Colo. The 
quartz vein crosses the road between Stove Prairie and Box Prairie at an alti- 
tude of 8,000 feet. The country rock Is granite, with quartz veins running 
through the granite. Pleces weighing from 1 to 1,000 pounds could be taken 
out. There is a large bi. dy of the quartz, the vein in places being 3 feet thick. 
Some 21,000 pounds were taken out during 1906. 


AMETHYST. 


NORTH CAROLINA, 


From time to time amethysts are brought in from localities in North Carolina, 
and especially from the region of Rabun Gap, Georgia, on the North Carolina 
border, although no quantity seems to exist to warrant mining at present. Yet 
many of the stones afford such rich brilliant gems that at no foreign locality 
have choicer gems been found, 
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QUARTZ GLASS. 


Quartz fused for chemical ware.—Attempts have been made to manufacture 
articles for chemical use from quartz glass, and it seems that this result has 
been lately attained. Three chemists in Germany—Herceus, Siebert, and 
Kubhn—have succeeded in blowing fiasks of ordinary laboratory sizes from 
fused quartz. The mineral is melted in crucibles of iridium or Iridium-ruthe- 
nium by the oxyhydrogen flame in a furnace of lime or magnesia. The difficulty 
in previous attempts has been that the quartz glass produced was full of bub- 
bles. But these escape if the quartz is kept in fusion for some time, and this 
can be done in a crucible of iridium which will sustain a temperature of 2,200° 
C., as quartz requires for the vitreous modification only about 1,700° C. The 
operation of blowing the quartz glass is one of extreme delicacy. The vessels 
produced are almost completely unaffected by acids or salts, but naturally are 
attacked by alkaline solutions. 


NONCRYSTALLINE QUARTZ. 


AGATE. 


INDIA. 


Agate is obtained In considerable quantities in India and Is exported both to 
Europe and to China, as well as worked at some points by native lapidaries. 
Its source is in the amygdaloidal portions of the Deccan trap flows, and it Is 
collected at numerous places along or near the edge of the trap, especially In 
the State of Rajpipla, from a conglomerate near a village named Ratanpur. 
The principal place where it is sold and cut is Cambay, in the Bombay Presi- 
dency, though agate cutting is also done at Jabalpur and some other points. 
Data as to quantities and values are not readily obtainable. 


MOSS AGATE. 
WYOMING, 


An extensive demand for the moss agate found In Hartville district, Wyoming. 
Is reported, a single party having taken out 43 tons of this material, which was 
sold in Germany at an average price of $200 per ton. 


JASPER. 
CALIFORNIA. 


An outcropping of jasper 2 feet wide has been uncovered In che brushy country 
near Dulzura, Sun Diego County, Cal.° The rock Is ribbed In different directions 
with red and yellow strenks combined with a soft gray. It is cinimed that it 
polisher beautifully, and that the brilliant colors blend most delightfully when 
polished. 


TEXAS. 


A remarkably interesting occurrence of jasper has been discovered 20 miles 
north of Brackettville, Kinney County, Tex., as an outcrop on the mountain 


¢Geol. Surv. India, vol. 32, pt. 1, 1905, 3 107, 
*Los Angeles Min. Review, Dec. 23, 1900. 
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side. The jasper occurs in bands of brown and white, yellow and white, and 
red and white, strikingly resembling that of Trego County, Kans. 


OPAL. 
OREGON. 


In the last report of this Bureaus a reference was, made to specimens of 
opal obtained some years ago from Oregon. What seems probably to be this 
same occurrence is spoken of by Mr. L. Bush Livermore, of Baker City, Oreg., 
in an article in the Mining Record > of July 29, 1905, on the precious stones of 
that State. The section that he describes is that known as the Burnt River 
region, ‘an area of some S00 square miles a little south of Baker City. A few 
miles below the town of Durkee a creek flowing from the slopes of Lookout 
Mountain cuts through a series of bedded tufas. Here have been found opal- 
containing cavities in a rhyolitic tufa, the opals somewhat abundant and quite 
handsome, but frequently with a bluish tint and not very brilliant. A quarry 
has been opened to test both quantity and quality. 


NEW SOUTH WALES. 


The opal deposits of New South Wales have been described again In a hand- 
book for miners and prospectors, issued under the direction of the minister of 
mines and agriculture of that colony, Hon. 8S. W. Moore, M. P.* These interest- 
ing and important opal mines have been treated of quite fully in the reports of 
this Bureau, together with those of Queensland,‘ which are continuous with 
them and geologically identical. So far as description is concerned little is 
added In this recent volume, but the extent of the opaliferous area is shown to 
be wider than heretofore announced. A new region is described much farther 
east than any previously known, at Wallangulla, in the county of Finch, situated 
in the Walgett division, about 50 miles north of the town of Walgett, half way 
to the Queensland border. The rock here is an outlier of the Desert Sandstone 
(Upper Cretaceous), and the conditions are identical with those in the White 
Cliffs region, which lies some 300 miles away, In a direction south of west. 

The opal from Wallangulla is described as of fine, deep color, and a good deal 
of it is of the highly prized mosaic or “ harlequin” variety. No large quantity 
has yet been taken out, however, and the fleld needs to be developed. It Is 
judged that there may be many other good localities in this region, between 
Walgett and the Queensland border, but the country is remote and difficult of 
access, and those now at work find it hardly possible to make their expenses 
under present conditions. 

The output from the White Cliffs district since 1890 has been very large, 
reaching, to the end of 1904, a total estimated value of £873,599, or about 
$4,250,000. It has increased in the last decade quite irregularly but largely, 
although In 1904 it fell off seriously. This is attributed to a difficulty in obtain- 
ing first-class material, while the lower grades have been produced in excess 
and have fallen greatiy in price. 


WEST AUSTRALIA. 


The occurrence and the peculiarities of crocidolite opal in West Australia 
have been noted in the reports of this Bureau for the last three years. In the 


* Mineral Resources U. 8. for 1904, U. S. Geol. Survey, 1905, p. 956. 

> Mining Record, July 29, 1905. 

* Guidebook for the Use of Prospectors in New South Wales; Sydney, New South Wales, 
1905, pp. 33-34, 42-43. 

“Mineral Resources U. 8, for 1902, U. 8, Geol. Survey, 1904, pp. 854-856, 
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annual report of the Geological Survey of West Australia for 1904¢ the exist- 
ence of a precious opal at Coolgardie is described by the government geologist. 
Mr. A. Gibb Maitland. His assistant, Mr. C. F. V. Jackson, was sent to the 
locality to collect and report. The conditions are peculiar, the opal occurring 
in a seam or belt of dark, compact, slaty rock, thought to be a metamorphosed 
phase of the schists and amphibolites of the district. The rock is full of joints 
and partings, Infiltrated with silica, which occupies small fissures and cavities, 
both as quartz and as opal. The latter is chiefly of the common variety, but is 
sometimes precious and of fine quality. The veinlets are so small that little 
opal can be found suitable for cutting, yet in places the cracks filled with opal 
form such a network that the whole might be worked as a beautiful “ matrix ” 
stone. Mr. Maitland feels doubtful as to the prospect of this locality being 
profitable on any large or permanent scale. 


OPAL PSEUDOMORPHS. 


NEW SOUTH WALES, 


In the White Cliffs opal district of New South Wales there occur many pseudo- 
morphous forms of opal after shells, crinolds, saurian bones, and coniferous 
wood, and there are also curious masses of grouped crystals, known locally as 
“ fossil pineapples,” representing the replacement of some mineral not clearly 
determined.’ A paper has lately appeared in regard to these problematic bodies, 
by Messrs. C. Anderson and H, Stanley Jevons,‘ In which they present the 
results of a very careful study of some of the best specimens obtained, and, 
after reviewing and dissenting from the suggestions of previous writers (see 
Mineral Resources for 1901), are led to believe that the original mineral must 
have been glauberite. a 


TURQUOISE. 


CALIFORNIA. 


In the last report of this Bureau, In the special section devoted to the gem 
minerals of California, the turquoise mines in the desert region of San Ber- 
nardino County were described. It was there stated that these mines had 
produced a large amount of material, including some stones of unusual size, 
but that nothing had been done in 1904. Since then considerable quantities of 
material have been taken out, including many stones of large size, which range 
from 50 to several hundred carats. Some of the latter have sold as high as 
$1,500 each. The color is mostly a pale shade, but It has seemed to be popular. 
and large quantities have been sold in the form of beads for necklaces, etc., 
either of uniform size or graduated. 


PERSIA. 


The old turquoise mines near Meshed, in eastern Persia, are still producing 
quite extensively, notwithstanding the rude methods employed in working them 
and the competition of the American mines. The registered exports for last 
year had a value of £9,396, which may represent one-fourth of the total output, 
as there is a continuous local demand and also probably considerable smuggling. 
Every Persian must possess a turquolse, good, bad, or Indifferent, and fine stones 


* Ann. Prog. Rept. West Australia, 1904, pp. 19-21. - 
> Mineral Resources U. S. for 1901, U. 8. Geol. Survey, 1902, p. 759. 
* Rec. Austral. Museum, vol. 6, pt. 1, June, 1905, pp. 31-37. 

* Mineral Resources U. 8, for 1904, U. 8, Geol, Survey, 1905, p. 966, 
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cOmmand higher prices there than in London, but inferior grades are lower. 
Large pale turquolses often veined or spotted with white, are exported a good 
deal to India and sold there quite cheaply. The mines are farmed out by the 
local authorities for a yearly payment of £5,000, and the lessees in turn rent 
most of them to other parties. 


VESUVIANITE (CALIFORNITE),. 


CALIFORNIA. 


In Bulletin No. 262 of the United States Geological Survey Prof. F. W. 
Clarke and Mr. George Steiger have given full analyses of the compact variety 
of vesuvianite, called by the writer californite, from Sisklyou and Fresno 
counties, Cal., and also of the peculiar white garnet found associated with it at 
the latter locality. The analyses are recalculated and reduced to a uniform 
type by eliminating impurities and replacements, and an attempt is made to 
deduce structural formulas. The white mineral proves to’ be a true garnet, 
containing as an Impurity about one per cent of calcium carbonate. The varia- 
tions In these and many other analyses of vesuvianite lead Professor Clarke to 
the view that this mineral may be a mixture of several closely related mole 
cules. These Californian varieties, and others also, conform very well to the 
expression 

Al, Ca, (SiO,), (Al O H),. 


This differs slightly from the formula previously deduced by Dr. Clarke, viz: 
Al, Ca, (Si O,)s Al O H, 


which serves well “for the average composition of the species, but does not fit 
the extremes.” Ilence the suggestion of a mixed constitution. 

Vesuvlsenite should be considered as a basic orthosilicate belonging to a group 
of which garnet is the normal type, with epidote and the scapolites as other 
members. Their formulas are closely related; they originate similarly from 
coutact metamorphism. They all alter in much the same manner, and yield 
similar or even identical derivatives. 


OBSIDIAN. 


MEXICO. 


In the report of this Bureau for 1900 was given an account of the great 
prehistoric obsidian mines in Mexico, near Pachuca, in the State of Hidalgo, as 
visited and described by Prof. W. Il. Holmes. At this point, though the mate- 
rial exists In such quantity, yet no outcrops could be seen, all being buried 
under the heaps of débris and fragments left by the ancient workers. A recent 
communication to the author from Mr. J. M. Hamilton, of Tequisquiapan, In 
the State of Queretaro, describes another locality some 60 or 70 miles west of 
the former, where a closely similar obsidian occurs abundantly, but does not 
appear to have ever been mined or developed, and where the outcrops are en- 
tirely accessible. The locality is near the border of the States of Queretaro and 
Hidalgo, on a range of low hills east of the San Juan River, between the cross- 
ing of that stream by the Mexican Central Railroad, at San Juan del Rio, and 
by the National Railroad of Mexico a few miles below. 


“Contrib. to Mineralogy: Bull. U. 8. Geol. Survey No. , 762, 1905, pe. 72-74. 
* Mineral resources for 1901, U. 8. Geol. Survey, 1902, p. 747; Am. Jour. Sci., 4th 
ser., vol. 16, 1903, p, 397. 
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Mr. Hamilton describes the obsidian as occurring in parallel “ veins” from 
6 inches to 2 feet in width, but gives no particulars as to their position or direc- 
tion. The colors are black, opalescent, and green with dark bands, also a 
lighter green without banding. He has had specimens polished for sleeve 
buttons and like purposes, and it appears to be capable of ornamental use and 
to be procurable in abundance, as Mr. Hamilton states that it can be picked 
up by wagonloads at the outcrop. 


UTAHLITE (VARISCITE). 


UTAH. 


A very Interesting discovery has lately been announced of a new occurrence 
of this attractive and wholly American gem stone, hitherto obtained from only 
one locality—at Mercur, Tooele County, Utah—first made known In 1894 and 
described in the report for that year.e The new occurrence is also in Utah, 
und the particulars regarding it are furnished by Mr. Edward Bird, of Salt 
Lake City. The location is about 20 miles northwest of the other one, and 
lies 8 or 9 miles west of Stockton and some 40 miles southwest of Salt Lake 
City. The mineral appears in a ledge which crosses a little spur or foothill 
running eastwardly from the main range of the Stansbury Mountains. This 
hill Is some 1,500 feet long from east to west, and rises to a maximum height 
of 200 feet above the adjacent “bench lands.” The variscite occurs In two 
seams or ledges which traverse this foothill in a northerly and southerly course, 
dipping steeply westward. The only development thus far done Is an open 
cut on the south side of the foothill or spur, some 10 feet long and 4 feet deep. 
The surface rock appears to be an iron-stained brecclated quartz. At the west 
end of the hill, where a little depression separates it from the main Stansbury 
range, there Is an outcrop of brownish laminated quartzite; at the east end 
appears a strong body of bluish limestone. No metallic veins have been 
observed In the vicinity. 

The variscite itself occurs in the same manner here as at the Mercur locality, 
12 roundish or kidney-shaped nodular masses from the size of a lemon to that of 
a large cocoanut, with a rough external coating or casing of reddish-brown 
color, inclosing the beautiful green material within. Mr. Bird observes that 
this color tends to become deeper in the lower part of the cutting, suggesting 
an Increase of richness with depth; but this point has not yet been established. 
Fle also thinks that slabs can be cut from the compact rock, showing the varis- 
cite contrasting with the reddish-brown quartzose matrix. Little has yet been 
regularly taken out, but enough to show the fine color of the green Interior, 
and a number of persons have bad charms and ring stones cut from it. 


PSEUDO-SERPENTINE. 


WASHINGTON. 


In a report of this Bureau a description has been given of a very handsome 
serpentine from the State of Washington, exhibited at the Buffalo and Charles- 
ton expositions. A recent article by Prof. F. W. Clarke® gives an account of 
some remarkable peculiarities in this mineral, which lead him to designate it 
as a “ pseudo-serpentine.” Analysis shows that it contains a large proportion 
of (apparently) brucite, Intimately mixed with some serpentine, and also a 


+ pixteenth pan: Rept. U. 8. Geol. 7 Bal ae 4, 1894, 602. 
bClarke,F.W., Contrib. to Mineralogy: B 8. Geol, Garver No. 282, 1906, pp. 60-71. 
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chloritic mineral judged to be clinochlore. Numerous tests and experiments are 
described looking toward exact determination of the mingled components, though 
the precise distinction of them is very difficult. Professor Clarke says: “ The 
rock is unusual in character; and if the sample examined is fairly character- 
istie of the entire deposit. the latter should be carefully studied in reference to 
its origin and Its geological relations.” . 


AMBER. 


TEXAS. 


A yellow, resin-like amber is common in the Cretaceous coals at Eagle Pass 
and on Terlingua Creek, as is reported by Prof. J: A. Udden. The largest 
pieces are of the size of a grain of corn, and small pieces can always be easily 
found. 

SANTO DOMINGO. 


Mr. Clarence C. Sample, In an account of the occurrence and production of 
amber in Santo Domingo,¢ states that the locality is identical with that described 
by Mr. C. W. Kempton in the report of this Bureau for 19038,° but it would appear 
that much progress bas been made in the past two yeurs in the matter of pro- 
duction. The hill on the upper Licey River, the locality of occurrence, is one of 
the foothills of the Monte Cristi Range, which flanks the north coast eastward to 
Samana, and forms the northern limit of the Vega Real of Columbus, the great 
central valley plain. The rocks of the Monte Cristi Range are chiefly sand- 
stones and shales, with some conglomerate, and are rather soft and much eroded. 
Amber is found in them at several points, but the principal district is that of 
Tamboril, in a region comprising some 50 square kilometers, a few miles north 
of Santlago. 

Many of the beds of shale and sandstone contain carbonaceous matter and 
some carry lignite, and it is in these that the amber is found, but unfortunately 
no fossils have been obtained ‘to fix the exact age. Mr. Sample states that the 
quantity of amber found is only a fraction of a pound to a cubic yard of rock, so 
that when the latter is at all bard there is not enough amber to render working 
profitable, as any process of rock crushing would involve breaking up and dam- 
aging the amber. It occurs in pieces varying from small sizes up to several 
pounds, and in color from light yellow to deep red, with also a black variety of 
little value. The curious fact is noted that the red amber can be bleached by 
a few hours’ exposure to the sun. 


BURMA. 


Burmite (Burmese amber).—Amber has long been known as obtained In 
Upper Burma, and the recently published “ Review of the Mineral Production 
of India from 1898 to 1903,” by Dr. T. H. Holland, Director of the Geological 
Survey of India,* gives some interesting facts regarding its occurrence and pro- 
duction. The quantity and value bave varied extremely, but during the years 
mentioned the annual output has averaged 51 bundredweights, valued at £362. 
The amber is mined principally in the Myitkyina district, in the Hukong Valley. 
It occurs in clays, judged to be Miocene, and has also been recognized in 
similar strata of that age at a few other Burman localities. The product is 
mostly taken to Mandalay, where it is worked Into beads, ear cylinders, and 


“Eng. and Min. Jour., es boy t2, at is" 
> Mineral Resources U. or 1903, 8S. Geol. Survey, 1904, p. 964. 
¢ Rec. Geol. Surv. India, vol. 32, pt. at 1905, pp. 95-97. 
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other ornaments for native use. Of lute it has been undersold even there by 
cheap Prussian amber, and the semlartificial ambroid, made from chips and 
fragments. The supply seems to be quite considerable, although the larger 
pieces are frequently opaque or discolored, and are injured by cracks filled with 
calcite. It is bard and very tough, and is thus well fitted for carving and turn- 
ing. Like that of Sicily, it is often fluorescent. 

The name burmite bas been given to this amber by Otto Helm as a distinct 
epecies from true amber or succinite, in that it contains absolutely no succinic 
acid. Its analysis is as follows: 


Analysis of burmite or Burmese amber. 


RO eect chp een es pe tht issih tgs ie acest a na eats ews 80. 05 
DEPOT ORONN 2st coe og eS A eR ent 11. 50 
OS 9 ROD oes Boece eee ees rr laren Soe 8. 43 
BUG sachs ates oe a eee eS ESS EEELS . 02 
100. 00 
CHRYSOCOLLA. 
CALIFORNIA. 


Mr. William Y. Holley, of Los Angeles, Cal., gives an account of a combination 
of richly colored copper minerals found at Cima, In San Bernardino County. 
Chrysocolla, azurite, and malachite are here mingled In compact size, so that 
the whole may be cut and polished, showing various shades and patterns of blue 
and green in beautiful manner well adapted to use in ornamental work. 


DUMORTIERITE. 


The rare blue mineral identified in 1879 by Gonnard and named by him 
dumortierite, has lately been found at two new localities on the Pacific const, 
and is made the subject of an extended discussion by Mr. W. T. Schaller, in 
Bulletin No. 262 of the United States Geological Survey.¢ In the report of this 
Bureau for 1892 the announcement was made of the notable occurrence of 
dumortierite at Clip, Yuma County, Ariz., where it so fills musses of quartz as 
to resemble lapis-lazuli, and reference was also made to another locality in Riv- 
erside County, Cal., where it occurs in the snme way, as fibers penetrating and 
coloring quartz. This was more fully described in the report of 1893, but noth- 
ing seems to have been heard since then of this latter occurrence. 

California.—Within a year or two past dumortierite has been found in larger 
quantity and of a different tint in San Diego County, Cal., a few miles east 
of Dehesa, the place noted for its “orbicular diorite.” Lere it appears in 
masses of several centimeters in either direction, with a radiating columnar 
structure and of a pinkish lavender color, instead of its usual indigo blue. It 
occurs intermingled with quartz in the lower half of a large dike, the upper half 
of which contains sillimanite, instead of dumortierite, similarly associated with 
quartz, 

Washington.—Another locality lately unnounced {fs in Skamania County. 
Washb., at the headwaters of the North Fork of Washougal River. Here the 
form is different again, the mineral being present in minute spherulltes «om- 
posed of radiating fibers of strong blue color. These are distributed throved a 
fine-gruined quartz matrix as blue specks, sometimes massed in patches and 
sometimes abundant enough to color the whole mass. Associated with it Is 
andalusite, apparently taking the place of the closely related species sillimanite 
at the previous locality. 


*Contrib. to Mineralogy: Bull. U. 8. Geol. Survey No. 262, 1905, pp. 91-120. 
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Arizona.—At Clip, Ariz., the associated mineral is kyanite; so that these three 
species, so nearly allied in composition, appear to have close relation with the 
dumortierite, one or other of the group being in every case associated. The 
bearing of this fact will be noted presently. Muscovite, also in small quantities 
and apparently a product of alteration, is present at each of these three western 
localities. At the New York occurrence, in Harlem, the dumortierite appears 
in a vein of coarse red pegmatite, and is generally in the feldspar, associated 
with black tourmaline, muscovite, and small quantities of some other minerals. 
The French localities near Lyons present a similar mode of occurrence. At a 
few points in Bohemia and Silesia it is also known, and appears to belong in a 
pegmatite. 

Mr. Schaller’s paper goes into a very careful examination to determine the 
exact composition of this species and its proper place among the silicates. The 
analysis brings out very clearly the true constitution of dumortierite as a mem- 
ber of the kyanite-sillimanite-andalusite group, differing from nandalusite only 
in a small content of boron. 

The average of the two analyses of Dehesa material is as follows: 


Average of tio analyses of dumortierite from Dehesa, Cal. 


BIO,: Boasts ene Se as BAe eas 28. 68 
BIS aseoee eee ee SoS ee eee a eas 63. 31 
hWOsy Docaenseawelgwdas be aaaese ane caeoeaaeedn eoueSeeease 1, 45 
Fe.03 ee ee ee ee ee ee a a es ee a 0, 23 
Ng eet ep eg sa op fe pu nt er nn 1. 52 
PI osscni pce intestine Somes wissen pee iggiatian aimed atiaatmp reise wines tle 5. 37 

100. 56 


in which the titanium and iron are regarded as replacing alumina. Grouped 
together, the ratios for silica, alumina, boric acid, and water are almost ex- 
actly 6:8:1:1, and yleld the formula: 


8 Al,O, 1 B,O,, 1 H1,0,°6 Sio,, 
which may be written— 
(SiO,), Al (AlO), (BO) H. 


This, when written graphically, is extremely close to the expression for 
andalusite, the radical BO, with a hydrogen atom, replacing a part of the 
alumina. The alteration of dumortierite to muscovite is also shown very 
readily, alumina and boric acid being set free and potash taken up. 

As to the physical properties of dumortierite, the crystallization is ortho- 
rhombic, though there is little material to judge precisely upon, the mineral 
being usually fibrous. The density averages 3.3. TPleochroism Is marked and 
varies in specimens from different localities, being colorless (or rarely pale 
yellow) to cobalt blue, pistachio green, rose salmon, carmine or red-purple— 
the latter is found only in the California specimens, and is regarded by Mr. 
Schaller as due to the titanium present. ° 


LEPIDOLITE. 


In the eighteenth century lepidolite was used as a pleasing ornamental stone, 
rolisbed and cut into such objects as are fluorite and malachite. 

In a series of mineralogical notes in Bulletin No. 262 of the United States 
Geological Survey, Mr. W. T. Schaller describes some features of the crystal- 
lization of lepidolite.e He has examined a number of crystals from the vicinity 


“Schaller, W. T., Contrib. to Mineralogy: Bull. U. 8. Geol. Survey No. 262, 1805, pp. 
139-143. 
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of Ramona, San Diego County, Cal., and gives a series of observations thereon, 
which he states are to be more fully presented In a forthcoming paper on the 
lithia minerals of California. He finds In general a very close relation to mus- 
covite, with certain differences, however, in three respects, viz: That in lepido- 
lite twinning is very rare, the characteristic M face of muscovite (221) Is 
wanting and the @ face (100) unusual in muscovite, Is frequent. 

Iie also describes a mode of occurrence in lepidolite from Mount Mica, Maine, 
which has very rarely been previously reported. This is the globular aggrega- 
tion of crystals, which Is not infrequent In muscovite. It has been barely 
mentioned by von Rath, from Elba, and by Doctor Hamlin, from Mount Mica. 
Mr. Schaller reporta it as occurring both at Mount Mica and at Mount Apatite, 
on Pulsifer’s Ledge in Auburn, Me. At both these localities the spheroidal 
groupg attain a size of several centimeters In diameter. 


MISCELLANEOUS. 


Gem minerals at the Portland Exrposition—The products and resources of 
the Pacific States were illustrated on a large scale at the Lewis and Clark 
Exposition held at Portland, Oreg., in 1905. Among these the mineral exhibits 
were very conspicuous, and the Palace of Mines iimpressed every visitor. A 
marked feature In this building was the collection of precious, semiprecious, 
and ornamental stones of the Pacific coast and adjacent States, which the 
writer was appointed to prepare. It Included representatives of all the more 
remarkable gem minerals from the entire Pacific coast region and from many 
points of the Interior Northwest, together with some from Arizona and Utah. 
Most of these have already been described in the reports of this Bureau. 

From the Pacific coast proper the most northerly exhibit was that of large 
erystals of garnet from Fort Wrangell, Alaska. From Prince of Wales Island 
were shown magnificent large crystals of dark-green epidote, found by accident 
In mining for copper. Of special interest are the aboriginal celts, hammers, 
and knives made of green jade, found in graves in Alaska. Lieutenant Storey, 
U. S. Navy, succeeded some yenrs ago In finding this substance In place as a 
vein material at a point known as Jade Mountain. Thus was disproved the 
hotly contested theory that jade existed only In Asia, and hence that all the 
material, whether found In ancient Roman graves, in France, In the Swiss 
lakes, or in America, must have been brought by migration or by trade from 
that continent. 

Fine agates were shown from Oregon. 

A mineral exhibited and closely similar In appearance to jade is that named 
by the writer californite, a variety of compact green vesuvianite from Yreka, 
Siskiyou County, Cal., a stone almost as tough and as beautiful as the best 
jade, for which it was at first mistaken. Other ornamental stones from Call- 
fornia were blue chalcedony (sappbirine) from Kern County, and chrysoprase 
from Visalia, Tulare County. A notable exhibit was that of the great crystals 
and masses of transparent quartz obtained some years since in Calaveras 
County, Cal., from which were cut, as shown In the case, rock crystal balls 
measuring from 2? to 5% Inches in diameter. 

Southern Callfornia, as has already been noted, Is fast becoming known as 
one of the most remarkable gem regions In the world, rivaling the long cele- 
brated treasure ground of the Ural Mountalns. San Diego County, with its 
wonderful yield of gems, was more fully represented than any other part of the 
coast, notably In the splendid tourmalines from Mesa Grande and Pala—red, 
green, yellow, and bicolored crystals welghing several pounds, cut gems 


PREOIOUS STONES. 1855 


weighing up to 30 carats each, and sometimes single stones showing two or three 
distinct colors. The new gem mineral, kunzite, had the best display yet shown 
at any exposition. Another recent discovery in gem stones was shown in the 
fine topaz crystals of light-blue color from Ramona and Valley Center, San 
Diego County, the best tepazes that this continent has produced. The beryls 
from the same region are also very interesting, one of the rarest varieties 
being pink bery!, found both at Pala and Mesa Grande. All these minerals 
were reviewed in the report of this Bureau for 1904, in the section on the gem 
minerals of California.e The special exhibit made by San Diego County 
attracted much attention and received a first-class gold medal. 

As to the neighboring western States and Territories, a rich display was made 
from Arizona of the beautiful malachite and azurite specimens from the copper 
mines at Bisbee, Clifton, and Morenci; also of the elegant chrysocolla, coated 
with transparent crystals of quartz, from the Globe mine. Fine examples were 
shown of peridot (chrysolite) from the lately discovered locality for this min- 
eral at Talklal, Ariz., one of these being a cut stone of 25} carats. Turquoise 
matrix, from Gila County, Is a somewhat novel ornamental stone, the rock, 
traversed by small veins of turquoise, belng cut and polished so as to produce a 
pleasing effect. Another ornamental stone, representing lapis lazull and like 
that celebrated mineral adapted to choice uses in art work, Is dark biue fibrous 
dumortlerite from Clip, Yuma County, Ariz. 

New Mexico was represented by specimens of turquoise and of the pyrope 
garnets from the Navajo nation, which are often miscalled rubies, 

From Utah was shown the elegant green mineral utahlite, from the Floyd 
mining district in Clay Canyon. This substance is found only in Utah. 

Wyoming was represented by fine pleces of moss agate in large polished slabs, 
from Hartville. 

Among the most valuable gem materials shown from Montana were the beau- 
tiful blue sapphires from Yogo Guich, Fergus County, which present a striking 
contrast to the varied colors of the sapphires found in the placer washings near 
Phillipsburg, Granite County. These latter are all obtained by asluicing, 
whereas In Fergus County sapphire is mined In solld igueous rock. Montana 
was ulso represented by some remarkable examples of amethyst and of smoky 
quartz found a few years ago In the Little Pipestone district, in Jefferson 
County. 

The cut stones In the exhibit numbered altogether 90, and the uncut specimens 
129, a total of 219. 

Gem gathering in Ceylon.—Mr. A. K. Coomeraswamy, director of the mineral- 
ogical survey of Ceylon, bas published a paper on the rocks and minerals of that 
island,® with special reference to the gems that have been gathered there from 
time immemorial. In the Report of the. Mineralogical Survey for 1904° an 
extended account is given by Mr. Coomeraswamy and the assistant director, Mr. 
James Parsons, on the “ gemming” industry of Ceylon. The gems of the Isiand 
ure all obtained from a widely distributed gravel or illam, with the exception 
of some garnets and the valuable Ceylonese moonstone, which latter is taken out 
by quarrying from an adularia-bearing leptynite, in the central Province. The 
gravels are now worked by washing in the Ratnapura district of Sabar- 
amamuwa Province and In parts of the southern Province. Elsewhere they ap- 
pear to bave been exhausted, and the same fate is steadily approaching the 

regions that are still productive. 


«Mineral Resources U. 8. for 1904, U. 8. Geol. Survey, 1905, pp. 961-985. 
<" Mes oomigetsig > E - K., The Rocks and Minerals of Ceylon: Spolia Zeylanica, vol. 11, 
Pe Administration Reports, 1904, Min. Surv., Ceylon, pp. E-11, E-19. 
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The gems found are corundum, spinel, zircon, tollte, topaz, tourmaline, beryl, 
and chrysoberyl, the latter in the varieties alexandrite and cat’s-eye. The 
report goes into full detalls of the localities, the variations In the character, 
and the situation of the illam, the methods of working, etc., and is accompanied 
by two maps, 

Precious stones in India.—Although India has long been associated tradition- 
ully with gems and gem production, it yields at present but a small part of the 
world’s supply of such minerals. It is curious to find the statement made by 
the director of the Indian Geological Survey, Dr. T. H. Holland, in a recent 
report,? that all the gems produced In that country “do not approach in value 
the unset stones and pearls imported,” which, during the perlod covered by his 
review (1898-1903), had an average value of over half a million of pounds 
sterling per year. 

In this review a special section is given to gems, of which by far the most 
Important are the rubles of Burma. The diamond occurrences are described 
almost exactly as given by Mr. Sarratt C. Rudra, and cited in the report of this 
Bureau for 1903. 

For the rest, a few notes are added here: The blue sapphires formerly ob- 
tained in the Kashmir State appear to have been exhausted of late, and no 
records are procurable, 

Ruby spinel is a common associate of the true ruby in Burma both In the 
gravels and in the limestone rock, and is often mistaken for it. 

Another Burma gem stone is the red tourmaline (rubellite), and some 
attempts have been made to work it, as it is of fine quality. The data of pro- 
fluction, however, are very variable and Imperfect. The value of the output 
was estimated at £1,240 in 1900, but was barely £200 in 1903. 

There is considerable garnet production In Jaipur, in the mica schists of 
Rajmabal; also near Sarwar in the adjacent State of Kishengarh. Data from 
the former are not procurable, but the output from the latter varies widely, its 
value ranging from £2,000 to £10,000 per year. 

Methods of rock and fossil section cutting.—A remarkable plece of work has 
lately been accomplished in the cutting of large and very thin sections of silici- 
fled cycads, by Mr. R. G. Wieland, of Yale University. This work, and the 
studies which It was designed to Illustrate, are presented in a bulletin illus- 
trated by 12 hellotype plates about to be Issued by the Carnegie Institution.’ 
The material consisted of the cycadaceous trunks of Jurassic and Cretaceous 
nge, which have been found In some abundance within recent years in Maryland, 
Dakota, and Wyoming. Among the latter, especially, the details of structure 
are preserved in great perfection in the silicified mass, and it has been possible 
by this most careful and skillful piece of work to illustrate accurately the 
peculiar features of these fossils. The sections measure from 10 to 12 centl- 
meters in length and from 6 to 10 centimeters In width. They are cut to the 
fineness of one-tenth to one-fifth of a millimeter, and polished on both sides and 
mounted on glass plates on balsam. Mr. Wieland belleves that with time for 
the devising of further appliances, it will be possible to cut thin sections even 
from entire trunks. 


* Rec. Geol. Surv, Indla, ie ag ae 1905. 

* Mineral Resources U. hig 3, p. "920; also Trans. Am. Inst. Min. Eng., New York 
Meeting, October, 1903, p —15h. 

¢ On the methods of Be cutting. 
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PRODUCTION. 


In the following table ls given a statement of the production of precious 
stones In the United States from 1898 to 1905, inclusive: 


Production of precious stones in the United States, 1898-1905. 


Precious stone 
Diamine sec. oe See $300 $150 $100 | None. $50 | None. None. 
BaD NEG ses cisess cc nes n ened 68,000 | 75,000 | 90,000 | $115,000 | 100,000 | $100,000 | $125,000 
FOG occu ncusanaweckdeescca=s 8, 000 8,000 500} None None. | None. None. 
TOME oni scesiesccce Wuserscecse None. | None.| None.| None. 200 | None 500 
Beryl! (aquamarine, etc.) .... 4,000 11,000 5,000 4,000 4,000 5, 000 6,000 
Beery CED cases eae asters a Ae awanvenac ewes er axses opxs canaet lavwwslasmie 200 100 1,000 
Bmerald serosesese seek. 50 1,000 1,000 1,000 20 | None. None. 
Phenacite..__........... 222... None. | None.| None.| None.| None.| None. None. 
TouvMmane :.scscceseccesscwcct 2,000 8,500} 15,000!) 980,000) 45,000; 40,000 50,000 
Pavidot:2s022seieeee ok: 500 600 500 500 5,000 5,000 10, 000 
ATO oa anccnanoweniesc vasa Wane) iens'es pian ideeeaeabaclisnkaawasstaenmuacsen 10,000 5, 000 
Quartz, crystal ._............. 12, 000 10,000 10,000 12,000 10, 000 10,000 10,000 
Smoky quartz ................ None. 1,000 1,000 2,000 1,500 2,000 3,000 
Rose quartz. .................. 100 100 150 200 1,500 1,000 1,000 
Amethyst nig mi a nee ees balan Om acehe 250 500 500 2,000 8,000 8,000 2,000 
PTGNG es es None. | None.| None.| None.| None.;| None. None. 
GONE GUS Pt... 60s ccccecccnenre 500 2,000 2,000 8,000 8,000 5,000 6,000 
Rutilated quartz _............ 50 50 50 100 100; None. None, 
Dumortierite in quartz ___... None. | None. | None.| None.| None.| None. 100 
Tourmalinated quartz ._..... None. | None. 1,000 | None.| None.| None. None. 
PRIS iy ossiiecaieseenteesesse 1,000 1,000 1,000 1,000 2,000 2,000 2,000 
Moss agate... ................. 1,000 1,000 500 500 1, 400 1,500 1,500 
Chrysoprase ............... 100 100 1,500 5,000 1,500 6,000 5,000 
Silicifled wood (silicified ak 
opal DP iacpiater bun erasaie xin cies cee 8,000 6,000 7,000 7,000 5,000 5,000 5,000 
MOU. cine weiesesccereteas dane’ None None None 150 200; None None 
Garnet (almandite) .......... | 5,000 500 100} None.| None Nono None 
Rhodolite.....................| Nome. 20,000 | 21,000 1,500 1,000} None None 
Garnet (pyrope)...._......... | 2,000 1,000 1,000 1,000 2,000 8,000 5, 000 
Topaslite 222225252 Sits cisee None None None None None. | Wone None 
Amazon stone ................ | 50} 280} = 200] Bo | 400 |S 00} 1,000 
OH ec Nae so seh wes cesses, 2 2 | None None None None None 
Moonstone ...................- | None. | None. | None.| None.| None.| None None 
Turquoise ._........... | 72,000 82,000 | 118,000 | 130,000; 110,000| 100,000 65,000 
Utahlite (eommpact wariecite}. 100 100 250| None. 100 200 500 
Chliorastrolite ................ 3,000 3,000 3,000 4,000 3,000 2,000 3,000 
Mesolite (thomsonite, so | 
rot |. 5 pepe epee cae ae stint 1,000 1,000 1,000 1,000 500 500 500 
PPO HIG ois cnn ainn encansegns 50 50 | None.| None.| None.| None. None. 
DIOTINGG sss cwenceescesseuwsnc | None None None.| None.| None.| None. None. 
Bridote. soci asics: | None. |! None None. | None.| None.| None. None. 
Pyrite... eee eee eee eee ' 1,000} 2,000) 8,000} 3,000] 8,000} + 3,000} — 2,000 
Malachite 5.5 <2cc cess cccccses | 250 200 | 100; None. | None,| None. 2,000 
FRM TANG Socios sentences ee 200 100| None.| None.| None.| None. None. 
Anthracite (ornaments) -. a 2,000 2,000 2,000 2,000 2,000 2,000 2,000 
Gatlinite (pipestone) ......... | g.000} 2,000 2,000; 2,000} 2,000] 2,500 2,000 
Fossil coral _...........-...... | 50 50 100| None. | None None. 250 
Arrow points................- ' 1,000 1,000 500 | None.| None.| None. 1,000 
Miscellaneous Page etkes Dacse desadl eiaeeacselwetane vy eoaeueeawecenlassuxaccee 25,000 10,000 


eee “ye | 39,170) 2m 828,450 | 307,900| 32,900 a28, 350 
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IMPORTS. 


Diamonds.—The diamond imports for the year 1905 amounted to more than 
the combined imports for the years 1897, 1898, and 1899. Especially noticeable 
is the fact of the greater importation of the rough material and the greater 
increase of the diamond-cutting industry in this country, the Importation of the 
rough amounting to more than seven times as much as that of 1897, to almost 
three times as much as that of 1900, to about 25 per cent more than that for 
1902, and to practically the same as for the years 1903 and 1904. The importa- 
tion of precious stones for the month of December, 1905, was $3,633,379, as 
much as the importation of any entire year up to 1879. 

The following table shows the value of the diamonds and other precious 
stones imported into the United States from 1901 to 1905, inclusive: 


Diamonds and other precious atones imported and entered for consumption tn 
the United States, 1901-1905. 


Diamonds. Diamonds | 
and 
Year. Gla- Rough or ston: | Total. 
ziers’ Dust. aenat. Set. | Unset. not ry 
= ee 
i ccncsceseimcnaic | $5,804 | $83,984 | 98,808, 409 | $1, $98,065 | $22, a5, 352 
NOG ioe eee seyees 10,738 | 738,523 8,221,380 1, 888, 793 | | 24,753, 586 
MURIEL ocssre'aiesratesis wil oaharsuseneees | 10,634 | 720,150 | 10,275,800 2,494,807 | 26,524,593 


445,621 | 10, 234,587 
190, O72 | 10,281,111 


1,893,969 | 98, 086, 813 
4, 144,434 | 94, 998, 513 
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PRECIOUS STONES. 


By Douctas B. STERRETT. 


INTRODUCTION. 


The native gems of southern California, as tourmaline, beryl, kun- 
zite, topaz, essonite, etc., are being mined, cut, and sold in some quan- 
tity by jewelers of San Diego and Los Angeles. Good lapidaries are 
employed at both towns, and the cut stones are retailed in the East and 
abroad as well as locally. The greater part of the output of Califor- 
nia stones, however, is shipped East for cutting. 

In Maine, where precious stones of a similar class are mined, the 
cutting is nearly all done locally and the sale of vems is limited chiefly 
to the State, good prices being realized by retailing to tourists. The 
discovery of kunzite, or lilac-colored spodumene, at Andover, Oxford 
County, Me., will add a new interest to the gem industry of that State 
if pieces large enough for cutting are found. The material so far 
found has come from near the surface and was somewhat fractured. 
It is hoped that better, flawless mineral will be found with depth. 

Gem tourmaline and beryl are mined,at a new locality near Canyon, 
Colo., and are cut, at present at least, largely for local sales. 

Chrysoprase is known to exist at many places in California and has 
been mined in considerable quantity. ‘There was a large production in 
1906, part of which was high-grade material. 

There has been a large decrease in the production of turquoise in the 
Southwestern States, from Texas to southern California. Several of 
the companies formerly operating in that region reported good mate- 
rial to be very scarce, and many companies did not attempt mining 
during the year. If turquoise is to be a popular stone this season, as 
is reported from London in the Jeweler’s Circular Weekly, the scar- 
city of the native stone should cause a revival of activity in the develop- 
ment of the American turquoise deposits. 

The discovery of gem corundum during 1906 in the gold placers of 
Washington County, Idaho, adds a new locality for the occurrence of 
blue and other colored sapphires in the United States. Stones of con- 
siderable beauty have been found, and it is to be hoped that predictions 
regarding the finding of sapphires in quantity and in other parts of 
the State will prove true. 

The importation of diamonds for consumption during 1906 again 
showed a large increase over the preceding year; and this in spite of 


1213 


1214 MINERAL RESOURCES. 


a 7 per cent increase in value for rough material. The increase of 
imports of rough diamonds is the first substantial one in three years, 
and indicates, it is hoped, an expansion of the cutting industry in this 
country; but there is room fora larger field of work for the industry, 
not only in cutting smaller stones, but in cutting a larger portion of 
the stones imported for consumption. 

The demand for domestic fresh-water pearls has been strong, and 
the production large, but it can not be accurately given. They came 
chiefly from the Mississippi Valley region. A portion of the produc- 
tion has been exported, and in return there has been an importation 
of nearly two and a half million dollars’ worth. 


AMBER. 
BURMA. 


The production of amber?’ in the Myitkyina district of Burma was 
considerably greater in 1905 than in 1904, owing, it is said, to the 
peaceful condition of the country. The value, however, fell from 
£9 15s. to £7 10s. per hundredweight, owing to the increased output 
and the inferior quality of the material. The production in 1905 was 
126 hundredweight, valued at £945, as against 86 hundredweight, 
valued at £838, in 1904. 


AZURITEHE SANDSTONE. 
UTAH. 


A small specimen of rich deep-blue azurite sandstone from La Sal 
district, Utah, was sent to the Survey by Mr. F. G. Hillman, of New 
Bedford, Mass. It is thought the stone might be useful for finishing 
doorways or similar ornamental purposes. The texture as a sand- 
stone would probably prohibit its use in small ornaments, since it 
would be difficult to give the stone a high polish. The deposit is 
located 70 miles from a railroad station, and is in a mountainous dis- 
trict. Should it prove attractive and a demand arise for it, it is said 
that a supply of this stone could be obtained, though as yet it has not 
been quarried in any quantity. 


BERYL. 
NORTH CAROLINA. 


In North Carolina the American Gem and Pearl Company operated 
their aquamarine mine at Spruce Pine, Mitchell County, during part 
of the year. It is said that the gem-bearing portion of the pegmatite 
is too irregular in direction and contents to pay the cost of mining. 

Aquamarine and golden beryl of very fine clear color have been 
found from time to time in the South Mountains in Burke County. 
Most of the material has been obtained from near the surface and was, 
in many cases, somewhat flawed, though stones of fair size have been 
found. 


a Records Geol. Survey India, vol. 34, pt. 2, 1906, p. 62. 
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MASSACHUSETTS. 


Blue and yellow beryls of good gem quality were found at Royal- 
ston, Mass., during the year. One crystal of blue beryl was estimated 
by Mr. H. 8S. Williams, formerly of the American Gem and Pearl 
Company, as being worth $200. 


COLORADO. 


Beryl and aquamarine were reported from the tourmaline deposit 
in the Royal Gorge vicinity, Colorado, operated by Mr. C. A. Beghtol, 
of Canyon. 


EMERALD. 
AUSTRIA. 


In a letter from Mr. Arthur Thompson to the editor of the Mining 
Journal,“ the emerald mines of Austria are briefly described. The 
mines are located in the Salzburg Mountains at an elevation of over 
8,000 feet above the sea and about 7 miles from Habach station, up 
the Habach Valley, on anarrow-gage railroad. They have been worked 
ina dilatory, immethodical way. Their value may be judged from 
the fact that in 1902 about 68,000 carats were mined by six miners in 
less than four months’ time. 

The emerald-bearing matrix (a micaceous and steatitic light-gray and copper 
color formation) is reached by four levels driven into the steep declivity of the moun- 
tain, varying in depth of from 600 to 700 feet below the top of the divide or pass of 
the two mountains constituting the great Legback Valley. The emerald-bearing 
strata are defined on one side by a highly hornblendic schist and a massive, well- 
marked gneiss formation on the other, while insome parts between these formations 
large outcrops of serpentinous and other magnesian rocks are observable; conse- 
quently the general geological make-up of this valley is characteristic of the richest 
emerald-bearing strata of the oldest and most famous emerald mines in various parts 
of the world, especially the celebrated and ancient Muzo mines of the United States 
of Colombia. 


The greatest depth reached in the workings is only about 200 feet, 


though it is expected that operations will be carried into the heart of 
the mountains. 


4 COLOMBIA. 


According to Mr. Henry C. Granger,’ emerald mining in Colombia 
is a Government monopoly. Short leases only are granted, and 80 
per cent royalty is charged. 

Conditions at the emerald mines of Muzo, Colombia, are described 
as follows by an English engineer who examined the mines for the 
Colombian Government. 

The mines are situated in the State of Boyaci, about one and one-half hours’ ride 
from the small townof Muzo. The Muzo district, though hot, is healthy; water and 
timber are abundant, and the land is fertile. Labor also seems to be easily obtainable. 

The emerald deposits vary in height from 3,000 to 4,000 feet above the sea level. 
Their area extends over many leagues, the Government property alone being esti- 
mated at 40,000 hectares. : 


aMining Jour. (London), June 30, 1906. 
bEng. and Min. Jour,, August 4, 1906, p. 194. 
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There has been for some time a scarcity of water in the mines. There are in the 
district, however, a number of smal] streams which could be tapped, and which by 
means of a ditch, 2 leagues in length, would give a large and constant supply of 
water to the mines from a high level, thus giving greater pressure for working a 
monitor or extending the present tank system. Since the report was written, work 
on this ditch has been begun. 

The further improvements recommended to the Government by the writer oi the 
report include a dam to be built across the stream, with sluice to release the water 
when necessary, so as to sweep away the débris, which now is accumulating to a 
dangerous extent, a sawmill plant, a monitor and connections, new housing for 
workmen, storerooms, etc., and new tools and mining appliances, the total cost 
being estimated at £20,000. : 

He also advises that the road from Simijaca to Muzo should be put in order, and 
that a bridge for mule traffic should be built over the river Guaso. 

He estimates that if his recommendations are carried out, and the mines properly 
worked, there should be an annual profit of £200,000. He believes, moreover, that 
by opening up the old workings on the other side of the valley, opposite the present 
Muzo mine, another and probably equally productive mine might be worked. He 
considers, indeed, that the only limit to the production would be the quantity that 
could be sold without seriously reducing the price of emeralds.¢ 


CALIFORNITE (VESUVIANITE). 
CALIFORNIA. 


About 2 miles east of Exeter, Tulare County, Cal., a vein of com- 
pact vesuvianite or californite has been opened on the top of a rounded 
hill, 500 feet above the valley. Mr. Frank L. Hess, of the United 
States Geological Survey, who examined the deposit, states that the 
vein varies from 2 to 4 inches in thickness and lies with small magnesite 
veins in serpentine. Some material was taken from a prospect hole 
about 20 feet deep, but none was shipped. Ina polished hand speci- 
_ men thestone appears to have been brecciated and cemented together 
again by flesh-colored magnesite in small seams, veinlets, and irregu- 
lar masses. The color of the californite is a nearly clear apple-green, 
which forms a pleasing contrast with the included portions of the 
flesh-colored magnesite. This combination would be very attractive 
in small ornaments and mosaics, while pieces large enough for small 
table tops and similar decorative purposes might be obtained by cut- 
ting some of the gray-green to greenish-black serpentine along with 
the californite. 


CHRYSOPRASE. 
CALIFORNIA. 


One of the chrysoprase mines in ‘Tulare County, Cal., operated by 
the Himalaya Mining Company of New York, was visited during the 
year by Mr. Frank L. Hess, of this Survey, who furnished the notes 
from which the following information was compiled: 

The mine is situated about 8 miles southeast of Porterville, and 
about one-half mile south of Deer Creek, in a rough serpentine knob. 
The chrysoprase veins can be traced some distance to the north along 
the top of the hill. The country rock is a serpentine, covering a large 
area. In many places this serpentine is badly decayed and weathered 
away, while in others it forms prominent outcrops. In the latter 
case the serpentine has been rendered more or less hard by silicifica- 
tion. In some places it has the shining waxy luster of the precious 


aMining Jour. (London), February 2, 1907. 
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varieties. Often, near the chrysoprase veins, the serpentine is badly 
decomposed and is stained with nickel. The chrysoprase is found in 
veinlets and veins from one-fourth inch to 8 or 10 inches thick, cutting 
through the serpentine. The color of the chrysoprase varies consid- 
erably in different veins and in different parts of the same vein. In 
some cases the middle portion has a fine green color of the valuable 
shade, while in others gem material may occupy any portion in the 
vein. The greater part of the larger veins is not of good gem quality, 
and the best material is confined chiefly to the thin veins or the thinner 
portions of the veins. 

The main workings are on the south side of the hill. They consist 
of two shallow open cuts, extending probably 20 to 25 feet into the 
hillside, where they meet, and about 15 feet deep in the deepest part, 
with other smaller openings. Much good chrysoprase is obtained as 
float by plowing up and harrowing the land lower down on the gentler 
slopes of the hill. In this way the loose rocks are turned up, and, 
after exposure to the rain, the good chrysoprase is readily picked out. 
The operation is then repeated and another crop gathered. 

It is reported that from this mine about 3 tons of material have been 
shipped from which it was said about 800 pounds of gems could be cut. 
That portion unsuitable for gem purposes is to be shipped to Germany 
for cutting into slabs for mosaics. Large masses of silicified serpen- 
tine, weighing several hundred pounds, with light-colored chrysoprase 
veins an inch or less thick are to be shipped also. Ina fire on the 
property during the year, nearly + tons of chrysoprase ready for ship- 
ment were burned and practically destroyed. Much of it lost its color 
and was so badly cracked by the heat as to be valueless. 

On the north side of the hill opal veins have also been found ina 
decomposed serpentine. The veins are all small, ranging in thickness 
from an inch down. In some cases the opal has a green color, like 
that of the chrysoprase, and is called chrysopal. 

The same company has operated chrysoprase mines at Venice Hill, 
about 10 miles east of Visalia and near Exeter. These deposits are 
about 35 miles and 28 miles respectively north-northwest of the Deer 
Creek deposit. Small deposits are also reported on White River 
25 miles south of Porterville, but their value is, so far, doubtful. 
Beautiful specimens of chrysopal are found in a serpentine hilltop 
just east of Plano, about 14 or 2 miles south of Porterville, but it is 
not known to have been used commercially. 


DIAMOND. 
PROSPECTING IN THE UNITED STATES. 


Authentic reports of the finding of diamonds in Arkansas during 
1906 were received at this office, and there were rumors of diamond 
discoveries in the localities mentioned in the following paragraphs. 
A report on the Arkansas discoveries is appended to this paper. 

Calafornia.—The discovery of what has been called a ‘* diamond 
pipe” near Oroville, Cal., by Mr. M. J. Cooney, has caused consider- 
able comment in various papers both East and West. The deposit in 
question was found along the west bank of Feather River, about a 
mile north of Oroville, in ground from which 20 to 60 feet of alluvium 
had been washed off during hydraulic gold-mining operations. The 
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outcrop 1s being vigorously prospected, and it is expected that a small 
experimental washing plant will be installed. Mr. Cooney kindly fur- 
nished specimens of certain rocks he considered to be typical of the 
formation near Oroville and to be identical with the kimberlite and 
associated rocks of South Africa. The specimens marked ‘‘ blue” 
were soft, highly serpentinized rocks whose original nature could not 
be determined. Ina thin section under the microscope the rock was 
found to contain rounded crystals of some mineral, probably olivine, 
entirely altered to serpentine. The section contained a great deal of 
serpentine throughout, with some in little streaksand veinlets. There 
were small fragments, ‘apparently a variety of feldspar, of some larger 
crystals, mostly lost in grinding. In hand specimens portions of the 
rock have a brecciated appearance, while other pieces appear to have 
a more even texture. The color is dull, ranging from greenish to 
bluish green to bluish black. Slickenside _partings are not uncommon 
in various directions through the small pieces examined. Specimens 
of two other types of rock were ‘* bull’s-eyes,” or spherical balls with 
concentric layer structure, and concretions or nodules of calcium car- 
bonate. The ‘‘ bull’s-eyes” range in size from that of an egg up, and 
have been formed by the weatheri ing of a fine-grained basic rock, prob- 
ably of the basalt or diabase family. It has a fine porphyritic texture 
with a slight development of amygdules. 

According to Mr. Cooney, the ‘* bull’s-eyes” and lime nodules were 
found on the surface and to a depth of 20 feet, mixed with earthy ma- 
terial and somewhat cemented together. This gradually gave place 
to soft yellow ground at 25 feet. The yellow ground held out toa 
depth of 40 feet, where a semisiliceous stratum, ‘‘somewhat like the 
‘floating reefs’ encountered in the diamond chutes or pipes of South 
Africa,” was met. Below this came in the ‘‘ blue ground” described 
above. The following minerals are reported by Mr. Cooney in the 
Oroville serpentine or ‘* blue” and ** yellow” earths 8 similar to those 
minerals commonly associated with the diamonds in South Africa: 
Menaccanite, magnetite, olivine, garnets, spinel rubies, topaz, beryl, 
chrysoprase, agate and other forms of chalcedony, zircons, ete. 

The speciinens sent to the Survey by My. Cooney as typical § blue 
earth” of the Oroville locality do not bear much resemblance to the 
genuine kimberlite of South Africa. Points of likeness are the exten- 
sive serpentinization In each, a general bluish-ereen color, and prola- 
ble brecciation of the California rock compared with the evident 
extreme brecciation of the kimberlite. On the other hand, the general 
appearance of the two rocks on close inspection is very unlike. The 
California serpentine apparently does not contain inclusions of other 
types of rocks forming the walls, while the kimberlite contains these 
in quantity, as black shale, conglomerate, quartzite, melaphyre, ete. 
The numerous plates of biotite common in the true kimberlite were 
not observed in the California rock. The presence of feldspathic 
material in the California serpentine indicates a quite different type of 
rock from the kimberlite. The latter is regarded as a serpentinized 
volcanic peridotite breccia, with the serpentine probably derived from 
a less basic rock, possibly. of the gabbro or diorite class. As far as 

can be learned, the presence of *‘ bull’s-eyes” is nota prominent feature 
of the South African diamond mines, while the occurrence of lime 
concretions is not limited to the outcrop of diamond pipes alone, but 
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is common to large areas of the country around Kimberley, where rocks 
other than kimberlite outcrop. 

It seems likely that the outcrop of rock near Oroville, designated 
‘*kimberlite” by Mr. Cooney, is a portion of one of the belts of serpen- 
tinized amphibolite schists running through the country in a northwest 
direction, as mapped in the geological folios? of this Survey by Turner, 
Lindgren, und Becker. The alluvium has been washed off, exposing 
a portion of such a belt, which has been mistaken for a pipe formation, 
since it is exposed over a limited area. The rock formation including 
the region a mile north of Oroville represents a highly metamorphosed 
series of basic rocks which have yielded amphibolite schists and ser- 
pentine. In this formation are included diabase-porphyrites which 
would readily furnish such specimens as the ‘‘bull’s-eyes” described 
above. 

Many authenticated finds of diamonds are on record in Butte County, 
Cal. Some of these have been along Feather River not very far from 
Oroville. The majority have come from Cherokee Flats, north of 
Oroville, where Mr. Cooney and his associates own other land on which 
they expect to prospect. Since the presence of diamonds is well 
established for this part of California, it remains for some one to 
locate them in the matrix. Just what the nature of that matrix will 
be is not known. It may not be a typical kimberlite rock and in the 
form of a volcanic neck, but one of the other great varieties of basic 
igneous rocks so plentiful in the region. It has not been proved that a 
kimberlite formation is essential to the occurrence of diamonds, nor that 
where such a rock exists it must carry diamonds. Several rock out- 
crops are known, as in Elliott County, Ky., and Kakanui, New Zea- 
land, where there are basic rocks almost identical in appearance to 
kimberlite around which no diamonds have as yet been found. On 
the other hand, diamonds occur in a matrix of hornblende-diabase near 
Inverell, Australia. Since the composition of many of the rocks of 
the Oroville region is not very unlike this, it may be that the diamonds 
will some day be found in a matrix of similar type in that region. 

Kentucky.—The revival of interest in the kimberlite rock forma- 
tions of Elliott County, Ky., was not abated in 1906. The Kentucky 
Diamond Mining and Development Company, which owns the out- 
crop of the kimberlite on Isom and Critches creeks, has arranged for 
a complete washing plant similar to those used in South Africa. This 
plant is at present (May, 1907) under construction, and, it is expected, 
will be ready to make a thorough test of the deposit within a few 
months. The company disclaims the knowledge of any diamonds 
having been found on its property. Pyrope garnet, diopside, and 
olivine, however, all of gem quality, have been found, alone with 
other minerals associated with diamonds in South Africa. 

Wisconsin. —The discovery of a diamond field near Plum City, Wis., 
has been reported.’ It is said the deposit lies outside of the area of 
glacial drift. As yet there has been no confirmation of these news- 
paper reports. 

aGeologic Atlas U. S., folio 17 (Marysvilie), folio 18 (Smartsville), and folio 43 (Bidwell Bar), U.5. 
Geol. Survey. 


bTurner, H. W., Diamonds of California: Am. Geol., vol. 23, 1899, p. 182. 
ec Jew. Cire. Weekly, October 3, 1906. 
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In Canada a large diamond was reported ® found in the Nipissing 
district, though the report. has not been authenticated. Attempts to 
trace the diamonds found in the glacial drifts of Ohio, Indiana, Mich- 
igan, and Wisconsin back to their original source have not so far been 
successful. Dr. Robert Bell,’ of the Canadian geological survey, con- 
siders the source of the diamonds found in these States to be just 
north of Lake Superior, where thére is a volcanic area in which igneous 
rock and shales containing carbonaceous matter are abundant. Débris 
from this area would have been carried by the ice sheet in the same 
course as the jasper conglomerate bowlders which are found with the 
diamonds and have come from the extreme eastern part of the Lake 
Superior region. In the Muskoka district, east of Georgian Bay, 
peridotite rocks cut shales carrying carbonaceous matter, thus giving 
conditions similar to those in South Africa. 


SOUTH AFRICA. 


De Beers Consolidated Mines.-—According to the eighteenth annual 
report of the De Beers Consolidated Mines operations during the year 
1906 were pushed with increased activity. The total production of 
blue ground at all the mines—De Beers and Kimberley, Wesselton, 
Bultfontein, and Dutoitspan—was 8,144,979 loads, as against 5,483,357 
in 1905; and the total quantity washed was 5,625,592 loads, as against 
5,128,015 in 1905. This leaves a remainder of 6,769,126 loads on the 
floors, an increase of 2,519,387 during the year. The average num- 
ber of carats recovered per load was slightly less for each of the 
mines than during the previous year, though this was more than offset 
by the increased value of the diamonds per carat and the greater num- 
ber of loads washed. ‘The increase in the number of loads washed 
came chiefly from the Dutoitspan and the Bultfontein mines, while 
the others treated less than during 1905. Correspondingly, the 
increase in the total value of diamonds produced came chiefly from 
the Dutoitspan and Bultfontein mines, with a smaller increase from 
the Wesselton. An increased quantity of tailings and débris was 
treated during the year, with a corresponding increase in the quantity 
and value of diamonds obtained from such material. The quantity 
and value of diamonds thus obtained, however, did not equal that from 
a smaller quantity of tailings treated in 1904. 

The total amount of blue ground in sight for all the mines at the 
close of the year was 64,315,580 loads, as against 59,326,700 loads in 
1905. ‘This does not take into consideration the probable great depths 
to which the mines can be profitably worked below the present lowest 
levels. At the same rate of washing per year as in 1906 it would take 
eleven years to exhaust the mines above their present lowest levels, 
and with the same rate of yield and valuation there would be a prod- 
uct worth £64,000,000. 

The five-year contract with the diamond syndicate expired at the 
close of the year 1906, but was renewed for the same period of time on 
even more advantageous terms. The market remained strong and the 


aJew. Cire. Week]y, August 1, 1906. 
b Abstract from Jour. Can. Min. Inst., in Eng. and Min. Jour., November 3, 1906. 
cKighteenth Ann. Rept. De Beers Consolidated Mines for year ending June 30, 1906. 
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demand for diamonds has increased so greatly that the management 
found it necessary to extend washing operations. The sale of diamonds 
realized £5,607,718, as against £4,802,844 in 1905. The net profits 
amounted to £2,937,509, from which the amount distributed in divi- 
dends was the same as in 1905, £1,800,000, and £916,057 were carried 
forward. The company found it necessary to lay aside £500,000 to 
meet the English income tax, levied since 1901, should it be compelled 
to pay this second tax in the mother country after paying one to the 
colony. 

Transvaal diamond mines. 


According to the annual report of the 


- government mining engineer of Transvaal for the fiscal year 1906 


the production of diamonds came principally from volcanic pipes, with 
some from alluvial deposits. The total output in 1906 was 2,610,084 
loads washed (including 104,623 loads from alluvial deposits), which 
yielded 758,406 carats of diamonds, valued at £968,229, as against 
1,568,077 loads washed (including 120,827 loads from alluvial deposits), 
which yielded 995,002 carats of diamonds, valued at £1,198,530, in 
1905. 

The Premier Diamond Mining Company (Limited), contributed by 
far the largest part of the diamond production of Transvaal and 
earned, during the year ending with October, 1906, a profit of £673,349. 
Two other companies operating pipes in the Pretoria district that con- 
tributed to the diamond production were the Kaalfontein and the 
Montrose Diamond Mining companies (Limited). The new alluvial 
deposits along the Vaal River, opened for mining in June, 1906, have 
not come up to expectations. 

One of the promising diamond mines of the Transvaal is the Roberts 
Victor, which was discovered early in 1905; it made a profit during 
the last six months of 1906 of £39,045.¢ The average yield per load 
of ground washed was 0.7 carat. 

The Vorspoed is another Transvaal diamond mine of recent (Sep- 
tember, 1905) discovery and proved value. 


BRAZIL. 


The following summary of the diamond-mining conditions in Brazil 
is given by M. Arrajado R. Lisboa:? 

The diamantiferous district is very large. It extends from Matto-Grosso to Bahia, 
crossing the states of Goyaz and Minas-Geraes, which is the principal center of the 
industry. A French company until recently explored the Boa-Vista mines, near 
Diamantina, and at present an English company operates the Agua-Suja mines, Baga- 
gem, but operations are still in the installation stage. 

Lately several diamond-dredging claims of Brazil, on the river Jequitinhonha, the 
diamantiferous river, have been examined by American companies. On the river 
Coxipo, in Matto-Grosso, many diamonds have been gathered with the gold, and 
with appropriate plant, diamond dredging may offer very satisfactory results when 
competently directed. 

Carbons exist in the diamantiferous district of Bahia, named Chapada Diamantina. 
There is no systematic exploration, the diamonds being found by the garimpeiros or 
washers, who employ primitive processes. Carbons being of comparatively high 
value their presence in the diamantiferous alluvials of Bahia with the diamond has 
given an added importance to these deposits during the last few years. 


New alluvial diamond deposits were reported at Douradinho, dis- 
trict of Coromandel, Estrellado Sul. The stones are perfectly limpid 
and of very fine quality, and bring good prices. 


a Mining Jour. (London), March 30, 1907. 
b Eng. and Min, Jour., March 2, 1907, 
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According to Mr. Francis C. Nicholas*, many of the diamond 
deposits of Brazil could be worked by dredging. 

Nearly all of the diamonds found in Bahia, Brazil, as well as the 
carbons, are sent to Paris.? The yearly exports increased steadily 
from 1899 to 1902, after which they fell off. The outlook for a larger 
trade, however, was better during 1906. The yearly production of 
carbons from Bahia is estimated at 30,000 carats, all of which go to 
Paris for distribution, about 10,000 carats being taken by New York. 

With the increasing price of diamonds and the failure of the large 
mines to overstock the market, there has been much activity in pros- 
pecting and searching for these stones in many parts of the world 
during 1906. At the same time, according to Consul George L. 
Anderson’, of Rio de Janeiro, stock-jobbing companies have chosen 
the diamond fields of Brazil for the promotion of their wild-cat specu- 
lations and have sold much stock in London, New York, and Chicago. 
In many cases they have had bad titles for their land, or do not even 
know its location. The diamonds occur in scattered deposits or 
pockets, often in places dificult to reach with machinery and equip- 
ment necessary for mining. Preliminary or hasty examinations do 
not suffice to prove the richness of a deposit, and often considerable 
money is necessary to have the properties examined and carefully 
tested. 

Writing at a later date,“ Consul Anderson states that mining con- 
ditions are becoming better and that the bulk of the diamond produc- 
tion from the Diamantina district still goes to Paris and London, 
though American mining concerns are purchasing larger quantities of 
stones and increasing the imports into the United States. The pro- 
duction of diamonds can not be given with any degree of accuracy, 
since the State government imposes a tax on all stones exported, and 
the producers try to avoid this by keeping no records of their finds 
or sales. The average production of the Diamantina region is esti- 
mated at about 5,000 carats per month, valued at somewhat over $40 
per carat in the rough. 


INDIA. 


The output’ of diamonds in India is given for 1905 as 172.41 carats, 
valued at £2,474, as against 286.48 carats, valued at £2,636, in 1904. 
The industry furnishes employment to 1,890 persons. 

The mode of occurrence of the diamonds in the Bundelkhand States, 
especially in Panna, is fully described by Mr. E. Vredenburg in the 
Records of the Geological Survey of India for 1096.7 


NEW SOUTH WALES. 


An interesting discovery of diamonds in matrix has been made at 
Oakey Creek, near Inverell, New South Wales.’ Two miners were 
driving a tunnel througha granite hill to penetrate a basalt-capped deep- 
lead deposit of stream tin and alluvial diamonds. ‘Three intrusive horn- 


«Min. World, March 23, 1907. 

bJew. Cire. Weekly, February 14, 1906. 

cU.S. Daily Cons. Repts., July 16, 1906. 

dIdem, May 15, 1907. 

eRec. Geol. Survey India, vol. 34, pt. 2, 1906, p. 53. 

Se haa E., Ree. Geol. Survey India, vol. 33, pt. 4, 1906, pp. 278-311; also same volume, pt. 2, 
pp. 88-90. 

g David, T. W. Edgeworth, Min. and Sci. Press, January 12, 1907. 
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blende diabase dikes, standing nearly vertical, were cut through. 

The first one was about 26 feet ‘thick: the other two were smaller. In 
the middle of the first dike a diamond of about one-half carat weight 
was found embedded in solid intrusive rock. ‘Three more small dia- 
monds were later picked out of the more decomposed diabase after it 
had been exposed to the weather for some time. One of these stones 
has corrosion hollows on the surface filled with portions of the horn- 
blende diabase matrix. 

These specimens, one with the diamond still in the matrix, were 
exhibited before the geological section of the British Association for the 
Advancement of Science, and the mode of origin was discussed. Sir 
William Crookes thought the diamonds had probably formed originally 
under absolutely nonoxidizing conditions, as would be found in molten 
iron. Arguments brought against Crookes’s theory that the diamonds 
were originally formed from molten iron were that Doctor Fried- 
lander, of Berlin, had made microscopic diamonds by stirring molten 
olivine (not very different in composition from the Inverell hornblende 
diabase) with a graphite rod, and that the diamonds were found in the 
Novo-Urei meteorite of Russia, which was composed chiefly of sili- 
cates. The general opinion seemed to be that the hornblende basalt 
might well be the original matrix of the diamond, without the neces- 
sity of assuming deeply buried masses of metallic iron which were 
subsequently absorbed by the hornblende basalt. 

Consul F. W. Goding reports?’ from New Castle, New South Wales, 
that rough diamonds have been found lately in Queensland ranging 
from 1 to 5 carats in weight. ‘The finds have not been numerous, and 
since Kuropean and American merchants have judged them to be of 
inferior quality exploration has not been pushed vigorously. 

Another locality for diamonds in Australia has been reported? on 
the eastern slopes of the Nandewar Range, toward Bingara, where it is 
said a blue diamond was found and sold locality for £5. At Sydney it 
brought £32 10s. 


TASMANIA. 

During 1906 a diamond is reported to have been found on the west 
coast of Tasmania, at Long Plains. According to Mr. W. H. Twelve- 
trees, government geologist, the presence of ultra-basic rocks and 

carbonaceous shale may point to diamond-bearing rock being found in 
the region. The diamond found weighed about one- eighth carat. It 
was an octohedral crystal, with a peculiar greenish-yellow tint at the 
points. 

NEW ZEALAND. 


Specimens labeled ‘‘ gem sands” of Kakanul’ were collected some 
years ago by the late Professor Ulrich, of the Otago School of Mines, 
with the idea that gems might be found associated with these sands at 
some future time. Careful inquiry has failed to discover in the 
Kakanui region more than a few sapphires of indifferent quality; a 
jasperoid rock, containing green, yellow, and red bands; and the ‘‘vem 
sands” themselves. The origin of the gem sands has been traced 


au.S. Daily Cons. Repts. No. 2819, March 16, 1907. 

’Mining Jour. (London), May 11, 1907. 

eThompson, J. Allen, Gem sands of Kakanui: Trans. and Proc. New Zealand Inust., vol, 38, 1905 
pp. 182-495, 
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back toa volcanic breccia outcropping in several places in that region. 
This breccia contains all the minerals found in the gem sands, and is 
similar in appearance and composition to the kimberlite rock of South 
Africa. In the latter country the kimberlite occurs in necks or pipes 
of old craters. At Kakanui the breccia is stratified and probably 
represents a submarine flow. In sucha case pipes probably exist in 
the region, though buried under the flow. 

Though diamonds can not be predicted for this region, it will not 
be surprising if they are found. 


BORNEO. 


In Netherlands Borneo, according to ‘‘ Le Diamant,” not only are 
diamonds found. but there are several cutting establishments where 
the stones are cut very cheaply. At least 300 polishers and 160 
cleavers are at work. ‘The cut stones are bought by native merchants 
and are shipped to Java, Singapore, and Siam. Not only the stones 
foundin Borneo and Australia are cut, but about 16,000 carats are 
imported from South Africa. There was much activity in prospect- 
ing for diamonds in Netherlands Borneo during 1906, and one report 
states that stones were found plentifully at Tainam, while extensive 
digying operations were being carried on near Martapura, in south- 
west Borneo. 


NOTES ON THE DIAMOND INDUSTRY. 


Income tan on De Beers Company.—The British Government levied 
an income tax against the De Beers Consolidated Mines Company, not 
only for the year 1906, but for several years past. The contention 
was that the greater part of the company’s business was conducted in 
London, and that it should be taxed there accordingly, regardless of 
the tax already paid to the Cape Colony government. ‘This new tax 
amounts to over £100,000 a year, and the total for past years would 
bring it up to over £600,000. Since this tax is considered unjust, there 
was some talk of the diamond syndicate moving its offices from Lon- 
don to avoid paying the double tax. America purchases more than 
one-half of the company’s diamond output, while England consumes 
only about one-sixth. Accordingly, it was eck that it might 
be good policy for the company to move its London office to New 
York. The tax, amounting to something like £600,000, has been paid, 
however, and it is not probable that this step will be taken at the 
present time at least. 

Diamond cutting.—The question of the establishment of a diamond- 
cutting industry in South Africa was much agitated by the news- 
papers of the colonies. It was argued that if an export tax of £1 per 
carat should be placed on all rough diamonds exported it would cause 
the mining companies and the diamond syndicate to set up their own 
cutting establishments in the colonies to escape the tax; and in this 
way occupation would be supplied for some 15,000 workmen, and a 
large additional revenue would be earned on the diamond production. 
[tis not likely, however, that the diamond cutters could be attracted 
from their homes in their native lands unless they were offered greatly 
increased salaries over what would be required to offset the increased 


a Jew. Circ. Weekly, May 5, 1907. 
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cost of living in South Africa. It~ ha- been calculated that from the 
increased revenue for diamonds cut in South Africa wages only about 
twice those obtained in Holland and Belgium could be paid for cut- 
ting, while the cost of living is at least three times as high. No 
company mining diamonds in South Africa obtains 1 per carat for 
its stones. and consequently no eompany could aiford to pay such an 
export tax. Of course the cutting would have to be done chietly by 
artisans from abroad for some time to come, since it takes five years 
in Europe foran apprentice to become anything like an expert cutter, 

and the wholly uninitiated class in South Afriea could not be drilled 
quickly. A later report? announces that an association has formed 
for the object of establishing a permanent diamond-eutting industry 
in Cape Colony. 

There has been considerable unrest among the diamond cutters in 
New York and in Europe. The labor unions have demanded inereased 
pay and shorter hours in both countries. An agreement was reached 

early in the present year (1807) between the diamond manufacturers 
of America and the Diamond Workers’ Protective Union. to last until 
May 1, 190>. There was about a 10 per cent increase in wages in all 
departments, affecting the 4° employees in New York. The new 
scale of wages provides from $30 to 565 per week for polishers, $43 to 
$90 for cutters, and $35 to S48 forsetters. More diamond cutters are 
coming from Autwerp on aceount of the higher pay in this country. 
If wages are raised in Europe to hold the cutters there, the manufac- 
turers in this country will be able to compete with those abroad in eut- 
ting still smaller stones instead of those only of one-half carat or more. 
as at present. 

The diamond markets were very strong throughout the year, even 
with the increase of 7 per cent on the rongh material. and the demand 
seems to have been in excess of the supply. Several large purchasers 
of diamonds have reported great difliculty in securing all the stones, 
of the desired quality. needed to meet their requirements. It seems 
likely that the searcity of large stones and material in general and the 
increased pay demanded by the diamond cutters may bring about still 
another increase in the price of diamonds. 

The opinion has been expressed that there would be employment for 
nearly four times as many diamond werkers in New York as at pres- 
entif the manufacmrers would eut stones of smaller size and of less 
desirable qualitv. This ought to be possible. since it Is said that the 
10 per cent duty on eut stones over the rough material gives the 
American manufacturer a fair margin over the extra cost of labor in 
New York. 

Metric carat.—The use of a earat consisting of 200 milligrams in 
place of one of about 205 milligrams for weighing diamonds and pre- 
cious stones was proposed by -C. E. Guillaume‘of Sévres. This is 
called the “metric carat” and is intended to simplity ‘the change from 
an ordinary system of measures to that used in w eighing gems. The 
metric carat” has been approved by the International Committee of 
Weights and Measures, and some progress has been made in its use. 


av The diamond-eutting indistry.” by a studeut of faets Mining Jou rnai (Londen). Janwary iy. 
Ta. 
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The “sun vay.” *—A new form of cutting for diamonds, called the 
‘sun ray,” has been invented by Herbert Cooper. The claims for 
the new cut are that it gives smaller loss in cutting, with more bril- 
liancy and better color than in the ordinary “‘ brilliant.” The general 
shape of the sun ray is similar to that of the brilliant, with the excep- 
tion of more weight left above the girdle. There are 49 facets above 
the girdle, as against 33 in the brilliant; both forms have 25 facets 
below the girdle. The facets above the girdle are so placed as to give 
a double-crown effect. The upper crown is the same as in the brilliant, 
while the lower crown is cut at a different angle, producing a raised 
point where 7 facets meet midway between the table and girdle, which 
gives a rose effect. This rose effect is produced eight times around 
the stone. Since each rose acts as an individual stone, more light 
enters and is reflected, causing a great improvement in color and 
brilliancy. 

Diamonds in dectrical apparatus.—A large number of small diamonds 
are used in the electrical industry.’ Attention has been called to this 
fact by the protest made by a large electrical manufacturing company 
against a duty being charged on the importation of stones for indus- 
trial purposes. The stones in question were brown colored and had 
been advanced in value by being cut and polished on one side. ‘They 
were intended for bearings in electric meters, where the least possible 
friction is desired. 


GARNET. 


Almandite.—Mr. C. A. Beghtol reports the opening of a prospect 
for almandite garnets about 2 miles from Canyon, Colo. The stones 
are said to be of fine quality and in large quantity, though none have 
been marketed as yet. 

Hssonite. —Beautiful essonite garnets have been mined in southern 
California and over the line in Mexico. 

Pyrope.—The pyrope garnets brought in from scattered localities in 
the Navajo Indian Reservation compose the main value of the produc- 
tion of that stone. 


JADE. 


BURMA. 


The production of jade (jadeite) in Upper Burma in 1904 and 1905¢ 
was 8,778 hundredweight, valued at £50,726, in 1904, and 2,685 
hundredweight, valued at £45,474, in 1905. The only mines worked 
are in the district of Myitkyina, in Upper Burma. ‘The greater part 
of the output is exported from Rangoon, though some is carried over- 
land to China. It is said that the jade industry of Burma? is to be 
stimulated by a railroad built from Manyasrik to the center of the 
mining district. 

According to Consul-General Amos P. Wilder’, of Hongkong, it is 
impossible to secure light-green uncut jade except from the Chinese. 
Canton is the center of trade for southern China, and buyers must 


aJew. Cire. Weekly, August 1, 1906. 

b Western Electrician, May 4, 1907. 

¢ Rec, Geol. Survey India, vol. 34, pt. 2, 1906, p. 56. 
dEng. and Min. Jour., December 1, 1906. 

eU.S, Daily Cons. Repts., January 21, 1907. 
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work through the Chinese to secure their supplies. The jade is some- 
times obtained in lumps weighing 1 or 2 pounds. One New York 
firm found jade cheaper in Peking than in southern China. A Chinese 
merchant in Hongkong reports that he is ready to supply uncut jade. 
though there might be difficulty in arranging prices unless the buyer 
has an agent on the ground, or there be some jeweler in China upon 
whom he could rely to make his purchases. 


ONYX MARBLE. 


The opening of new onyx marble quarries by E. and C. Traslos- 
heros“ near Pueblo, Mexico, promises to meet the demands of the 
manufacturers in the United States. Hitherto it has been difficult to 
secure all the rough material needed, as the producers preferred to 
elaborate the stone themselves, and thus realize greater profits. 
Samples from the new quarries are of varied colors, some being very 
beautiful. The price of the onyx at the quarries averages about $150 
gold per cubic meter. Delivered at the railroad it varies from $175 
to $200 gold. 


OPA. 
NEW MEXICO. 


Maj. E. W. Hubbard, of the United States Artillery Corps, has fur- 
nished some notes on an opal prospect opened near Fort Bayard, 
N. Mex., several years ago. The prospect is located about one-half 
mile from the station, and is ina very hard voleanic rock. The opal is 
called ‘‘ button opal” in the region around, and is white, with little, if 
any, fire. It makes a beautiful specimen, however, since the opal is 
invariably outlined by a zone of black chalcedony. 


OPALIZED WOOD. 
COLORADO. 


Opalized wood was obtained in the eastern part of EK] Paso County, 
Colo., along with Jasperized wood, by Mr. W. C. Hart. 


AUSTRALIA. 


The White Cliffs opal region of New South Wales, Australia, con- 
tinued to yield opals of good quality, for which the miners complained 
they did not receive full value. For this reason it was arranged to 
have an agent open showrooms nearer foreign markets, where it was 
expected iapidaries would be employed to elaborate the stone before 
selling. Chicago was to be the first place to make this trial, and, if 
successful, similar establishments would be set up in the larger cities 
of the Continent. 

Special Agent H. R. Burrill,’ at Brisbane, suggests a direct trade 
between the merchants of the United States and Queensland business 
houses in opal instead of having the stone imported through other 
countries, thereby increasing its cost. Such a trade is very much 


aU.S. Daily Cons. Repts., February 6, 1906. 
bU.5S. Daily Cons, Repts, No, 2870, May 15, 1907. 
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desired in Queensland, and would doubtless lead to a more extended 
use of the opal in American jewelry. The opal of Queensland is of 
particularly fine quality, and the variety called black opal makes a 
fascinating gem. Its beauty is not at first very apparent, but on closer 
inspection is better realized when its ‘‘hidden fire” and varied colors 
are observed. According toa report in the Jeweler’s Circular Weekly 
for May 22, 1907, a firm in Los Angeles, Cal., is at present cutting a 
stock of the Australian black opal. 


ROSE QUARTZ. 
CALIFORNIA. 


The Fano Kunzite-Tourmaline Company owns an undeveloped ledge 
of rose quartz, reported to be from 4 to 6 feet thick, in the Coahuila 
Mountains of Riverside County, Cal. 

It is reported that at a locality 10 miles northeast of Lemon Cove, 
Tulare County, rose quartz of beautiful color and quality has been 
found. There is said to bea vein 3 feet wide whose length has not 
been determined. Specimens from this locality have attracted con- 
siderable attention by reason of their beauty. 


NEW YORK. 


The quarries operated for feldspar and quartz near Bedford village, 
Westchester County, N, Y., were visited in 1906 by Mr. Edson 8. 
Bastin,” of the United States Geological Survey. The deposits con- 
sist of pegmatite in which the quartz is, in part at least, rose colored. 
In the Kinkle quarry, about three- -fourths of a mile southeast of Bed- 
ford village, the quartz is mostly white, though here and there it 
assumes a beautiful rose tint. At the hobby quarry, about 14 miles 
southeast of Kinkle’s, and in the town of North Castle, the quartz is 
in part white and in part a beautiful rose color. The proportion of 
rose-colored quartz to the white was much greater in this quarry than 
in the Kinkle quarry. None of the rose “quartz produced at these 
quarries has as yet been used for ornamental purposes, though the 
color is very good and in places the stone is translucent and even 
transparent. 


RUBY. 


NORTH CAROLINA. 


The company owning gem mines in Cowee Valley, Macon County, 
N. C., claims to have discovered rubies in the matrix on its property. 
According to reports, the crystals were found in white chalky lime- 
stone pockets, similar to the associations at Burma, and were con 
sidered to be very promising by Mr. William Earl Hidden. The 
discovery was made in October, 1906, and no development work was 
possible until spring; accordingly, no statement of the probable value 
of the deposit can be made at this time. 


aContributions to economic geology, 1906: Bull. U.S. Geol. Survey No. 315, pt. 1, 1907, pp. 394-399. 
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A very primitive system for obtaining rubies is employed by the 
native miners of Burma.“ Shafts about 2 feet square are sunk 50 or 
60 feet deep, the sides being held up by posts at the corners and 
branches of small trees, secured by short sticks. The miner squats 
down in one corner of the shaft and digs in the opposite corner. The 
ruby-bearing earth, as fast as excavated, is hauled to the surface in 
buckets and baskets. The latter are attached by bamboo_rods and 
cane to a long bamboo pole pivoted on an upright pole on the surface, 
about 20 feet high and at such a distance from the hole that one-eighth 
of its length projects from the pivot away from the mine. Stones on 
the short arm help to counterbalance the weight. 

When suflicient gravel is accumulated it is washed in a stone-paved 
circular inclosure, where it is shoveled about until the mud and clay 
are washed away. The clean gravel is then sifted and sorted, the 
rubies and sapphires being placed in cups of water until the wash is 
finished. ‘The stones are then placed in calico bags and given to deal- 
ers to be sold on bazaar days. The production? of rubies in Upper 
Burma, including small quantities of sapphire and spinel, for the year 
ending February 28, 1906, amounted to 266,584 carats, valued at 
£88,340, as against 265,901 carats, valued at £90,612, in 1904. The 
royalty received by the Ruby Mines Company from native miners 
amounted to £12,129, as against £17,441 in 1904. The production 
now comes only from the Mogol area. 

According to Consul-General William H. Michael,¢ of Calcutta, the 
quantity of ruby earth washed during the year 1905-6 was 1,773,129 
trucks, or 180,000 trucks less than 1904. The reported decrease was 
due to the exhaustion of the Choungzone mine, where the material 
was at the last obtained from corners of crevices in the rocks. Work 
was to be started on the Myntada mine adjoining, and the same wash- 
ing machinery was to be used without the necessity of moving it. 

The ruby deposits of Burma are controlled by a few persons, who 
limit the output and thereby hold the price of the ruby 50 per cent 

higher than it ought to be. . 


7 


SIAM.¢ 


‘ 

. The Navong mine, southeast of Chantobun, about halfway from 
Krat, produces both rubies and sapphires, the former in the larger 
quantity. There was much development in mining at this place during 
1906, and the year closed with about 3,000 miners at work. The best 
jknown gem mine in the south of Siam is the Pailinh sapphire mine, 
~which employs about 4,000 workmen. 


| TRANSVAAL. 


According to Mr. 8. M. Tweddill, curator of the museum, in a note 
in the Annual Report of the Transvaal Geological Survey, a ruby- 
bearing rock has been discovered at Leydsdorp. The essential con- 
7 


aNew York Commercial, July 25, 1906. 

b Rec. Geol. Survey India, vol. 34, pt. 2, 1906, p. 60. 
( eU. S. Daily Cons. Repts. No. 2675, October 26, 1906, 

a Mining Jour. (London), December 22, 1906. 
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stituents of the rock are a ferromagnesian mineral and granular ruby- 
colored corundum. The occurrence of this ruby-bearing rock in 
northern Transvaal, with the discovery of fairly large pebbles of ruby 
still farther north, points to the probability of this gem being found 
in the colony in the not distant future. 


SAPPHIRE. 
IDAHO. 


_ The occurrence of gem sapphire in Idaho has been announced by 
Dr. Robert N. Bell, State inspector of mines. ‘The sapphire was first 
found in the concentrates from the Rock Flat placer gold mine, near 
Meadows post-oflice, in Washington County. The possible gem value 
of the stones was first recognized by Doctor Bell, who sent specimens 
to Dr. George F. Kunz for confirmation. The deposit is located on a 
high plateau divide between the Salmon and the North Payette rivers. 
The occurrence is thus described by Doctor Bell:¢ 

The general formation of the district is gneiss, and the corundum crystals, which 
include some of excellent gem quality, seem to be derived from a wide dike of basaltic 
clay formation with a peculiar spheroidal structure. The gem stones are found asso- 
ciated with a great array of pyrope garnets in the clean-up boxes of an old placer pit. 

Some beautiful gems have been found. They occur in a variety of colors, the 
oriental amethyst shades predominating. Most of them have an opalescent silky 
sheen and are not of high value, but would cut into excellent cat’s-eyes and star sap- 
phires. Some bronze crystals would also make handsome tiger-eye sets. Some small 
stones, however, of fine quality have been found, which, when cut, are as large as 
one-half to 1 carat and have a beautiful clear cornflower blue color. Others make 
brilliant pink stones as large as 13 carats in weight after cutting. The crystals also 
include some of poor red quality, but nothing as yet approaching a true ruby color. 


Doctor Bell placed the value of sapphires from this locality sold in 
1906 at about $300. The highest price stone was a brilliant pink gem 
weighing about 14 carats and valued at $20. 

Development work has been started on the dike formation and con- 
sists of a drainage tunnel to cut the dike at a depth of 80 feet. Con- 
nection will doubtless be made with the surface and the working of 
the deposit be greatly facilitated. 

Since basaltic dikes, similar to the ones at Meadows, are common 
near the placer deposits found in the eruptive granites of central 
Idaho, other sapphire discoveries are likely to be made in placer min- 
ing, especially in those places where opaque corundum has already 
been found. For this purpose it would be well for the miners to 
examine their concentrates for sapphires around Resort, in Idaho 
County; along the Gold Fork and other tributary streams of the North 
Payette River, in Boise County; in the Stanley basin, in Custer County; 
and at Pierce City, in Nez Perce County. 


NORTH CAROLINA. 


A few sapphire crystals were reported from the western counties of 
North Carolina during 1906, though just what their value was has not 
been learned. 


MS ae -~—4.- — -- - ——— ee 
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MONTANA. 


The operations of the New Mines Sapphire Syndicate on the sap- 
phire deposit in Yogo Gulch, Montana, have been retarded by an 
Injunction served ag rainst. the company for bidding the emptying of 
tailings into the Judith River. The waste from the mill was for merly 
turned into the river above the intake to the irrigating ditches of the 
ranches around Utica. Some of the débris was washed out and 
deposited on the ranches, resulting, it is said, in considerage damage. 

The problem of disposing of the waste is being taken up by Mr. 
Hamilton Walker, a member of the syndicate, who previously man- 
aged the mine for the company. Reports state that the mine was 
worked duri ing the winter with a large force of men, removing vein 
matter , preparatory to washing in the spring, after the question ‘of the 
disposition of the tailings is settled. 

The latest progress of the American Sapphire Company, operating 
on another por tion of the same vein as the New Mines Sapphire Syn- 
dicate, has not been reported to the Survey. It is said there is a 
mill in operation producing sapphires, though with what success is 
not known. As late as the first half of 1907 the company seems to 
nave been selling stock, probably to secure capital for improving its 
plant. 

Mr. W. H. Emmons, of the United States Geological Survey, fur- 
ashes the following note: 


| The American Gem Syndicate continued to work its sapphire placers on Rock 
Jreek, about 20 miles southwest of Philipsburg, Mont. <A considerable quantity of 
lapphires was produced. This company has a factory in Switzerland, where the 
tones are cut to be used as watch jewels and for other bearings. 


INDIA. 


Kashmir.—The Kashmir sapphire mines, situated 14,000 feet above 
2 level, are being reopened after an idleness of sixteen years. The 

Cashmir Mineral Company (Limited) operated in the district in 1906 
rom the middle of July to the middie of October, when snows neces- 
itated cessation of work. The plan was to cause a landslide, which 
t was hoped would expose a deposits. ‘The same scheme was tried 
1 1887 without much success. The gems occur in hard rock at these 
aines, and the quality is pol though not the finest. Many of the 
ee though beautiful in day lioht, | are nearly black under artificial 
H o t 


AUSTRALIA.@ 
NEW SOUTH WALES AND QUEENSLAND. 


Sapphires are found in all the Australian States, though chiefly in 
Yueensland and New South Wales. In the latter State they are agso- 
fated with alluvial de ot containing gold or tin. Most of the 
jones have a greenish-blue or bottle-green : color, while many—abun- 
ant in some localities-—thkat are pure blue by transmitted light are 
arly black by reflected light. Stones of. indifferent quality are 


pundant in the Inverell tin-mining district, in the northern part of 
1¢ Otate 


¢Plummer, John, Australian sapphire: Min. World, March 10, 1906. 
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In Queensland the sapphire is found near the central part of the 
State, around Anakie. The deposits occur over a wide area, but are 
confined chiefly to the granite country. A quartzite rock, locally 
known as ‘‘billy,” is generally associated with the sapphires. It 
occurs in large and aml bowlders and is sometimes called sapphire 
gravel, its presence being considered a favorable sign. 

The sapphire wash varies from a few inches to several feet in thick- 
ness and usually rests on decomposed schists and slates. The bottom 
of the wash is generally composed of clay, and there is sometimes 
more than one layer of gravel, with clay interbedded. Sometimes the 
deposits are extremely thick, but the large size of the bowlders makes 
it unprofitable to sink through them without hoisting machinery. 
The sapphires are extracted from the wash by simple methods. The 
gravel is either washed in sieves or is put through a dry jigger when 
a dry deposit is being worked. In the wet washing the clean gravel 
is generally thrown out on a table of bark and the sapphires are 
picked out; in the dry method the stones are picked by hand out of 
the sieves. 

The output of sapphires for 1904 was estimated at 14,100 ounces, 
valued at £10,575, or 15s. per ounce. There is much discontent 
among the miners at the low prices received for their sapphires. 
Attemps to establish a regular trade with Europe and America failed, 
as the dealers said there was no market for the Australian stones at 
the prices demanded. Special agent H. R. Burrill,“ however, claims 
that the Queensland sapphires are of fine quality, especially the limpid 
yellow stones and some of the green ones, which approach the emerald 
in color. 

According to Consul F. W. Goding (New South Wales), also, sap- 
phires of yellow and green color are found in Queensland equal to 
those of any locality. Recently $1,250 was offered for a rough yel- 
low sapphire, and a large blue one with a yellow center, weighing 2 
ounces, brought $2,500. True rubies of good color, though small, 
have been found also. 


SODALITE. 


CANADA. 


Sodalite is not only used for ornamental purposes, but is sometimes 
found in smaller masses with a color rivaling that of the lapis lazuli, 
and it is then cut as a gem. The deposits near Bancroft, county of 
Hastings, Ontario, have been developed, and a quantity of material 
has been taken out for decorative purposes. 


SPODUMENE. 
MAINE. 


Mr. F. G. Hillman, of New Bedford, Mass., has reported the dis- 
covery of lilac-colored spodumene, or kunzite, as well as some with a 
greenish color, called hiddenite by the informant, at Andover, Oxford 
County, Me. A cleavage specimen sent to the Survey measured 12 
by 10 by 34 millimeters, and had a very pretty clear lilac color. It 


aU.8. Daily Cons. Repts. No. 2870, May 15, 1907. 
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was not entirely without cleavage cracks, however. The greenish 
material had a pale aquamarine color, nearly clear, though rather 
badly fractured. This spodumene was obtained near the surface, and 
it is hoped flawless material will be found with depth. 

Hiddenite has also been reported from the Pala Chief Mining Com- 
pany mines near Mesa Grande, San Diego County, Cal. The quality 
was not described, and, since no specimens were seen, it is not known 
whether this was the genuine emerald-green material, such as was 
found in North Carolina, or spodumene of a paler color, similar to 
that found in other gem mines of San Diego County. 


TOURMALINE. 


CALIFORNIA AND MAINE. 


The tourmaline deposits of California and Maine are described in 
the notes on the gem stones and industry of these States (pp. 27-38). 


COLORADO. 


: 


Some of the tourmaline deposits near Canyon, in the vicinity of 
Royal Gorge, Colorado, have been opened by Mr. C. A. Beghtol, of 
Canyon. The developments consist chiefly of open cuts, though a 
shaft is being sunk at one place. Some very fine pink, green, and lav- 
| ender colored tourmaline crystals are reported to have been found 
| along with other minerals of interest as specimens if not as gems. 
Among the latter are tourmalinated quartz, beryl, some of aquamarine 
variety, and amazon stone. The mines only commenced to produce 
stones of value toward the close of 1906 and during the first part of 
| the present year. 


CONNECTICUT. 


Dr. S. Ward Loper, of Wesleyan University, reports a new discov- 
ery of green tourmaline near the north line of Portland County, Conn. 
About 50 large crystals of a rich deep-green color, along with about 
50 of inferior quality, were obtained from the prospect. The stones 
| were not clear enough for use as gems, and were valued at about $15. 
Most of the material was secured for the Wesleyan Museum. Some 
| 200 specimens of pink, green, and yellow tourmalines, valued at about 
| $50, were received from the Haddam Neck locality. This represents 
nearly the whole production of Haddam during the year. 


INDIA. 


Tourmaline is mined in Upper Burma,? south of the ruby mines 
peetrict. The production in 1905 amounted to 161 pounds, valued at 
£1,500. 


@ Rec. Geol. Survey India, vol. 34, pt. 2, 1906, p. 66. 
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Consul McFarland,* of Reichenberg, reports the prices of rough 
tourmaline in Austria, as given early in the year by a reliable manu- 
facturing jeweler, as follows: 


Prices per pound of rough tourmaline in Austria in 1906, 


Small pink “green, and blue... 22.22.00 =. 5-year $32 
Green, larger 6izé (<2. 55 2-226 252.5 eee ee 160 
Very large preen and blue ...2. 03 2. 2a 320 
Very large pink, extfasc. .<-- asec occ eee ee ned eee ee 640 


These values are given as approximate, since the price varies with 
the demand, especially in America, and was rather low at the time 
mentioned. 

TURQUOISE. 


ARIZONA AND NEW MEXICO. 


Some of the turquoise deposits near Mineral Park, Ariz., were visited 
during the year by Mr. F. C. Schrader, of this Survey, who furnished 
the material for the following notes: 

Turquoise was discovered near Mineral Park about 1885 by James 
Haas. As in New Mexico, the deposits had been worked by the Aztecs, 
as evidenced by the old tunnels and drifts in which were found stone 
axes and other tools. 

The mines are located on both Ithaca Peak, nearly a mile southeast 
of Mineral Park, and on Turquoise Mountain, about a mile southwest 
of the town. The turquoise occurs in an altered quartz porphyry in 
veins and in solid rock, mostly in kidneys or globular bodies from 1 to 
6 or 8 inches in diameter. The lumps are in places connected by mere 
seams or stringers or are entirely isolated in solid rock. 

Two Los Angeles companies and the Aztec Turquoise Company, of 
New York, are interested in the Mineral Park turquoise deposits. 
They all own claims on either Ithaca Peak or Turquoise Mountain or 
on both. The Aztec Company owns nine claims, which it has operated 
intermittently during the last five years. 

Some of the mines are located on the east slope of Ithaca Peak, 
about 150 feet below the top, at an elevation of about 4,700 feet above 
sea level, or 800 feet above Mineral Park. They are reached bya 
burro trail from the camp at the foot of the mountain, and there is a 
good wagon road from Mineral Park to the camp. The workings con- 
sist mostly of open pits and cuts, rarely over 25 feet deep, and a few 
short tunnels. 

The turquoise occurs sporadically in the rock, with a tendency to 
follow veins, fissures, seams, etc. The country rock is a highly altered 
feldspathic rock whose nature has not been definitely determined, con- 
sisting, in its present condition, chiefly of quartz. The latter mineral 
occurs in interlacing veinlets and stringers with pea-sized balls, prob- 
ably original phenocrysts, in a finer matrix. Kaolinization of the 
original feldspar of the rocks has been extensive, with an accompany- 
ing production of sericite or some silvery mica and the liberation of 
much silica. This has left the rocks porous in places and more com- 
pact in others, where much secondary quartz has been deposited. 


a Jew. Cir. Weekly, April 4, 1906. 
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Much of the turquoise appears to have been deposited from solutions 
in crevices and cavities both in quartz and in other matrix, and some 
seems to be a replacement of another mineral, probably the feldspar or 
the kaolin formed from the feldspar. The rock is considerably 
stained with copper, and in places the kaolin takes on the color of 
turquoise. 

The monthly output from the Aztec Company mines is stated to be 
between 1 and 2 cubic feet. This is shipped to New York, and the 
bulk of it is sold in the rough, though the company also elaborates 
some of its own material and works it up into jewelry. The sizes 
obtained vary from particles too small for use to pieces 2 or 3 inches 
through. The best color is considered to be the pigeon blue. The 
dark blue, though very fine, appears greenish under electric light. The 
greater part of the product is partly off color, and it is very difficult to 
btain turquoise of the correct shade. 

The home production of turquoise reported to the Survey came from 
New Mexico and Arizona. The large decrease in value was due to the 
closing down of many mines by some of the hitherto large producers. 
In New Mexico the Porterfield Turquoise Mines Company operated its 
deposits in the Burro Mountains, Grant County, about 12 miles south- 
west of Silver City, opening new ground during the year. 


PERSIA. 


According to Maj. R. L. Kennion,’ the turquoise mines near Nishapur 
(concessions for which are sold annually by the Shah’s Government) 
are the most important mines of the Khorassan. The mines are 
worked in an unscientific and reckless way, each concessionaire trying 
to get a maximum production from his mine for the year. If leases 
of greater duration could be obtained, systematic working would doubt- 
less be undertaken. The present profits are large, but can not be 
estimated. 


UTAHLITE. 


The production of utablite was again entirely from Utah and from 
the localities already described by Doctor Kunz in these reports.? 
According to Mr. Don Maguire, of Ogden, the value of the output from 
Clay Canyon, Utah County, and from the Mercur locality, Tooele 
County, was about the same. 


GEM MINERALS OF MAINE. 


The following notes on the occurrence of the gem minerals of Maine 
have been abstracted from a manuscript report by Mr. Edson 5. Bastin 
on the feldspar, quartz, mica, and gem deposits of that State, to be 

published as a bulletin by this Survey: 
| The gem minerals described are tourmaline, topaz, quartz, and beryl. 
| They occur as accessory minerals in pegmatite. The latter is com- 
| posed of feldspar, quartz, and mica in coarse-grained aggregates, and 
occurs as intrusive masses in closely folded slates and schists. These 
intrusive masses follow, in general, the bedding planes and_ schis- 


aMining Jour. (London), November 38, 1906. 
b Mineral Resources U. §. for 1904 and 1905, U. S. Geol. Survey, 1905 and 1906. 
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tosity of the inclosing rocks. The latter with the interbedded 
pegmatite dip at high angles in some places, while in others they are 
but gently inclined. The dip of the formations has much to do with 
the regularity of the surface outcrop. The latter is more regular and 
the deposits are more easily followed where the dip is at a high angle 
than where it is low. Other deposits have no definite direction, but 
resemble stocks in form. 

These pegmatites represent one phase of the granitic intrusions, of 
late Silurian or Devonian age, so abundant in southern and southeast- 
ern Maine. They are intruded into metamorphic slates and schists, 
with which are associated igneous gneiss, diorite, diabase, etc. Dikes 
of fine-grained granite are generally associated with the pegmatites 
and have been found grading into them. The texture of pegmatite 
varies greatly in different deposits and in different parts of the same 
deposits. Only those with coarser texture are worked for their valu- 
able minerals, such as feldspar, quartz, mica, and gem minerals. Some 
of the deposits are worked for more than one of these. ‘The gem tour- 
malines are usually obtained from pockets in the pegmatite, while the 
beryl is nearly always embedded in solid pegmatite. 

The color and quality of the gem minerals found are often very 
fine. The tourmaline ranges from white or colorless through various 
shades of blue, green, and red. One or more of these colors often 
appear in the same crystal, either in more or less clearly defined layers 
across the crystal or with one color as a core and others surrounding 
it. The topaz varies from colorless to amber color, and some speci- 
mens from Stoneham, Oxford County, have been described by Doctor 
Kunz as of beautiful quality, transparent in parts and colorless or 
faintly tinted with green or blue. Besides clear varieties of quartz, 


rose and amethystine-colored varieties are found. Beryl in opaque ° 


crystals is common, and some of gem quality is encountered, either 
aquamarine, golden beryl, or rarely emerald. A colorless to bluish or 
pinkish-white variety containing a small percentage of cesium is also 
found. These stones, when not used for museum specimens, are gen- 
erally cut by Maine lapidaries and sold within the State, where they 
command a higher price than they would in the open market.. Most 
of the cut tourmalines sold are under 3 carats in size. The Maine 
stones, like the tourmalines from other localities, generally have to be 
cut with the table parallel to the longer axis of the crystal, since the 
absorption of light is so strong in colored stones in the direction of 
this axis that a stone with a table at right angles to it appears dull and 
dark. The cesium beryl makes a stone well adapted for evening wear, 
rivaling some diamonds in brilliancy. 

The following table represents the prices of flawless cut stones as sold 
in Maine: 


Prices, per carat, of Maine gem stones. 


Tourmaline: Beryl: 
imbellite 2.6. eeeeau..ce $12 to $30 Aquamarine)... .s4esseee" $4 to $15 
Emerald-green ......---- 8 to 20 Golden beryl..-.....-.--- 10 to 25 
dndicoltec. cas... 6to 18 Ceesinim: beryl, ae 510 20 
Olivine-green ........--- 6to 18 Emerald, very rare. 


Tourmaline was first found in Maine at Mount Mica, near Paris in 
Oxford County, in 1820, by two students, Messrs. E. 8S. Hamlin and 
E. Holmes. Exploratory work disclosed a deposit of large size, con- 
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taining pockets with beautiful stones inthem. The deposit was worked 
In an intermittent way by mining companies and mineral collectors 
until 1890, when Mr. Loren B. Merrill obtained control; he has since 
operated it successfully. The present dimensions of the quarry are 
about 150 feet long by 100 feet wide and 20 feet deep in the deepest 
part. Work is facilitated by a derrick operated by a horse windlass to 
remove the waste. Drilling is done by hand, and black powder is used 
in order not to shatter gem material more than necessary. The peg- 
matite is in a general way conformable with the schistose country rock, 
which strikes N. 50° to 60° E., with a dip of 20° to 30° SE., and is 
overlain by schists on the southern side of the quarry to a depth of 
about 15 feet. It is probable that tunneling will soon be necessary 
to avoid the expense of removing a heavy overburden of schist. The 
thickness of the pegmatite exposed in the quarry is about 20 feet, 
though the total is probably somewhat greater. The principal con- 
stituent minerals of the pegmatite are quartz, orthoclase, and micro- 
cline, muscovite, biotite, and black tourmaline. The mode of associ- 
ation of these minerals and the texture of the rock are very irregular. 
The feldspar crystals attain dimensions of several feet in places, and 
mica of merchantable size is sometimes found. Other interesting min- 
erals beside tourmaline are granular lepidolite, beryl, and spodumene. 
The beryl occurs both in pockets and in the solid pegmatite. That in 
the pockets is the pale-pinkish cesium gem beryl, and that in the solid 
rock is generally opaque and pale green, though small clear portions 
are sometimes found which yield aquamarines. 

Gem tourmaline is found almost entirely in pockets in the pegmatite. 
These pockets seem to be contined to a zone from 6 inches to 7 feet 
wide, which is not readily distinguished in appearance from the 
pegmatite above it but is underlain by a narrow garnetiferous layer, 
beneath which the rock is finer grained and apparently barren of gem 
minerals. The pockets are sometimes very irregular in shape, and 
range in size from about a pint in capacity to dimensions of several 
feet. In all, about 430 pockets have been opened. Out of 350 opened 
by Mr. Merrill, only 50 were of much value. The walls of these cavi- 
ties are usually lined with lepidolite, clevelandite, amblygonite, and 
quartz crystals; and the bottoms of the cavities are generally covered 
with a sandy or clayey mass, consisting of the decomposition products 
and fragments of the minerals forming the walls. The tourmalines 
are embedded in this decomposed matter. Some, whose form and 
color as they lie thus embedded in the pockets seem to be perfect, 
crumble away when handled, often leaving a rounded nodule of per- 
fectly fresh mineral, which is generally beautifully transparent. These 
nodules often yield the finest and most perfect gems. 

Most of the gem tourmalines range in color from olivine green through emerald 
green to blue green and nearly colorless. Beautiful pink tints are also found. One 
shade usually predominates in a given cavity, though this is not always the case. 
Single crystals in some cases shade from white at one termination to emerald green, 
then light green, pink, and finally colorless at the other termination. Green crystals 
tipped with pink are especially common. Generally these transitions of color are 
very gradual, but in other specimens the colors are not mingled in the least and the 


crystals seem to be composed of several distinct sections, though erystallographically 
they are continuous throughout. 


The total value of gems and cabinet specimens obtained from Mount 
Mica to date is estimated at over $50,000. 
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The Noyes gem mine is near the summit of a hill about three- 
fourths of a mile east of Hicks Pond, in the southern part of the 
town of Greenwood, Oxford County. It has been worked by a small 
open cut, the southern wall of which consists of schist with a strike 
of N. 50° W. and a nearly vertical dip. The pegmatite, which can 
be traced a little way beyond the cut, contains numerous pockets, 
some measuring several feet in size. Good gem tourmaline, suitable 
for cutting, was obtained while the mine was worked. 

At the Black Mountain mica mine, in the town of Rumford, Oxford 
County, greenish-black and opaque pink tourmalines have been found. 
There are no pockets in the pegmatite, however, and no gem material 
has ever been obtained. 

The Dunton mine, in the northeast corner of the town of Newry, 
Oxford County, was worked a little for gem tourmaline and beryl in 
1903 and 1904. The pegmatite, which 1s extremely coarse grained, 
has been exposed in the mine in a face about 20 feet high. In a space 
5 or 6 feet across, near the center of the peginatite as exposed in the 
quarry, much lepidolite, pink and white opaque spodumene, and tour- 
maline are associated with the feldspar. Some of these minerals are 
very coarsely crystallized, for spodumene crystals 24 inches long 
and 3 inches wide, and tourmaline 2 feet long and 4 or 5 inches in 
diameter, have been found. . 

The tourmalines range in color from black to dark indigo blue to 
grass green, emerald green, red, and pink. They are generally found 
in solid pegmatite, which makes their extraction without breaking 
difficult. The blue-green varieties are usually opaque, while the green 
and pink crystals are transparent. The larger crystals are generally 
not sufficiently transparent for gems. Beryls are found occasionally, 
and one seen was of a beautiful grass-green color. 


GEM MINERALS OF SOUTH CAROLINA. 


In a ‘‘ Catalogue of the Mineral Localities of South Carolina” (in 
press), prepared by Earle Sloan, State geologist, the occurrence of 
several gem minerals is noted. Among these are emerald, aquamarine, 
beryl, sapphire, amethyst, and rutilated quartz, with some garnet, 
zircon, green tourmaline, amber, and chalcedony. None of these gem 
minerals, however, have been worked, nor have commercial deposits 
been proved as yet. 

Beryl, in some cases of gem quality, has been found im a belt run- 
ning through Anderson and Spartanburg counties and is generally 
associated with pegmatite. Some beryl, however, also of gem quality, 
has been obtained during the washing of monazite-bearing gravels. 
The best’ specimens have come from Anderson County, among which 
were green crystals whose color rivaled that of the oriental emerald. 

Scattered crystals of corundum, with a few of gem quality, have 
been found in Cherokee County in monazite deposits. A valuable 
oriental emerald is said to have been found in the Bowen River section, 
and a blue sapphire from the same region sold for $75. 

Amethyst has been found at several localities in Cherokee, Anderson, 
and Abbeville counties. Some was of superior quality. 

Rutilated quartz has been found in connection with the monazite 
belt running through Anderson and Spartanburg counties. 
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The quartz gem stones mentioned above, as well as the crystal and 
smoky varieties, are found with rutile and other interesting minerals 
in the continuation of the monazite belt in North Carolina. 


GEM MINERALS OF SOUTITERN CALIFORNTA. 


The following notes on the gem-mining industry of San Diego and 
Riverside counties in southern California have been furnished by Mr. 
Fred M. Sickler, of Pala, San Diego County, Cal.: 


SAN DIEGO COUNTY. 


The principal gem minerals mined are tourmaline of many colors, pink and lilac 
colored spodumene, aquamarine and pink beryl, topaz, essonite, epidote, and axinite. 
These minerals are found in pegmatite veins cutting diorite and gabbro. The latter 
rocks are inclosed in largeareas of granite. The gem-bearing region is bounded on the 
east and west by sedimentary and eruptive rocks (largely basalt). The sedimentary 
rocks contain limestone, near the contact of which with the intrusive rocks essonite 
garnets are found. The gem belt probably nowhere exceeds 40 miles in width, 
measured in an east-west direction, and extends from the San Jacinto Mountains 
in Riverside County southward through San Diego County into lower California. 
The region has been the seat of considerable activity, both in the development of 
old mines and in the discovery of new prospects, during the year 1906. 


PALA. 


At Pala work on the tourmaline King mine was pushed energetically for a part of 
the year, and tourmaline of great beauty and large size was obtained along with some 
beryl and ‘‘water sapphire.’’ On account of litigation with a neighboring claim, 
however, the work was stopped about the middle of the year. Work on the tour- 
maline Queen mine was continued, stones of a variety of colors and of unsurpassed 
quality being produced. Messrs. Gordon and Goodwin have sunk about 50 feet on 
a new prospect and report the finding of beryl and kunzite. Messrs. Lobaugh & 
Co. sank an incline shaft to a considerable depth on an extension of the Stewart 
ledge. Lepidolite, large quartz crystals, and other evidence of a good gem forma- 
tion were encountered, but no information was given concerning the production. 
The Pala Chief mine was active during the year and produced a large quantity of 
kunzite and tourmaline. Messrs. Magee & Co. did a large amount of tunneling 
on their new property and obtained considerable aquamarine beryl and indicolite. 
Mr. Ben Hubert reported a good find of gems on a new claim. Messrs. Hiriart and 
Teilitch mined a quantity of pink kunzite and bery] from their claims. The Caterina 
mine, which they own in partnership with Mr. M. M. Sickler, has proved to be the 
equal of any kunzite mine in southern California. They found a very large pocket 
of gems and have traced the mineralized portion of the ledge several hundred feet 
beyond its former supposed limit. The Sickler Gem Mining Company produced 
considerable kunzite, as well as excellent tourmaline and some beryl. The green 
tourmaline from its properties more nearly rivals the emerald in color than that from 
any other locality in the State. 


RINCON. 


At Rincon the Victor Gem Mining Company has been exploiting a new field. In 
one deposit beryl] of fine aquamarine color was obtained in large quantity. In 
another deposit good kunzite was found for the first time in this district, along with 
beryl and tourmaline. Some of the tourmaline from this locality has a green core 
and shell, with a yellowish ring between and has been cut so as to show the combi- 
nation of colors with pleasing effect. 


MESA GRANDE. 


The Himalaya Mining Company has directed its energies mainly to deep mining, 
which involved a large amount of dead work. It is thought, however, that even if 
the production was sinall there was a sufficiently large stock on hand from the 
preceding year to meet requirements, since the mine has been unequaled in the pro- 
duction of tourmaline. The San Diego Tourmaline Mining Company has completed 
hundreds of feet of tunnels and is in a position to make a large production. The 
company reports a large sale of gems in Germany at good prices. The Native Gem 
Mining Company produced principally pink and aquamarine beryl, with tourmaline 
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of several colors. Its specimens of quartz crystals and beryl from the Esmeralda 
mine attracted much attention when exhibited in San Diego, and one of the pink 
beryls sold for $600 toward the close of the year. The Mesa Grande Tourmaline 
Mining Company drove a tunnel more than 100 feet at a new mine and obtained 
some pink and green tourmaline. Work had to be suspended, however, as the wet 
weather caused a cave in. 


OTHER DISTRICTS IN SAN DIEGO COUNTY. 


My. Havis drove atunnel on a new prospect near Banner and reported the discovery 
of much lepidolite and some indicolite. Mr. Freeman has developed his property 
near Vista by tunnels and crosscuts and has obtained some gem tourmaline, chiefly 
of yellow and green color, with some of a fine pink color. The Ramona gem dis- 
trict did not make much progress, as there have been many lawsuits and much 
disagreement among the mine owners. The district has, however, produced fine 
topaz and pink beryl, besides spessartite, essonite, green tourmaline, and aquamarine. 

The southern portion of the gem region in San Diego County has been exploited 
by the San Diego Gem Mining Company and the Mesa Grande Consolidated Gold 
and Gem Mining Company. LEssonite garnet, sold as hyacinth, is the principal 
stone produced, and the demand for large, clear, yellow stones has exceeded the 
production. 


RIVERSIDE COUNTY. 


Mr. Bert Simmons has spent much time developing his claim at Oak Grove, from 
which he obtained some pink and blue colored tourmalines. At his new and 
promising claim at Chihuahua fine specimens of beryl and indicolite have been found 
included in coarse albite. At Coahuila the Mesa Grande Tourmaline Company and 
the Fano Kunzite-tourmaline Company have been operating on new prospects, and 
have produced some green beryl and tourmaline. Mr. Robert Magee also has been 
successful in working several deposits containing beautiful rubellite and beryl of 
remarkable clearness. 


The following notes abstracted from an article on The Pegmatite 
Veins of Pala, San Diego County, by Mr. G. A. Waring,¢ are added 
to give further light on this interesting region: 

The gem district of San Diego County les in a region of crystalline 
rocks between the nearly level Mesa country on the west and the 
desert on the east. The Palomares and higher mountains included in 
this area are composed chiefly of mica schists, while the lower-lying 
hills and mountains are of granite and diorite or gabbro. The rela- 
tions seem to be ‘intrusive diorite dikes and later granite intrusions 
within the main granite mass.” ‘The gem minerals are found in peg- 
matite veins cutting the diorite. The pegmatitic structure is well 
developed to the northeast of Pala, where there is a gabbro boss about 
14 miles wide and 4 miles long inclosed in granite. The veins in this 
locality dip rather uniformly to the southwest at an angle of about 
30°. They have a uniform banded structure, due to the presence of 
one band each of graphic granite, coarse pegmatite, pay streak, and 
garnet quartzite. The latter makes about half of the thickness of the 
vein. ‘The pay streak, which is composed of lepidolite, albite, musco- 
vite, and black tourmaline, contains pockets lined with crystals and 
partly filled with clay. The minerals of the pockets are clear and 
smoky quartz crystals (often showing a development of rare faces), 
and, in some cases, rose quartz and hyalite; albite in tabular crystals; 
orthoclase in individual crystals embedded in the clay; greenish mus- 
covite; lepidolite, often containing green tourmaline and kunzite. In 
some cases the crystals attain large size in these pockets, although one 
mineral may do so to the exclusion of another. Kunzite and tourma- 
line are rarely found in the same pocket, though they occur in the 
same vein. The clay of the pockets is found to consist of quartz, 


aAm. Geol., June, 1905, pp. 356-369. 
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feldspar, and muscovite, with spodumene, lepidolite, and tourmaline 
in smaller quantities. A soft, unctuous-feeling, pink clay, called 
halloysite, apparently derived from rubellite, occurs in many of the 
pockets. 

At Rincon gem minerals are found in pegmatites of similar structure 
to those of Pala, though inclosed in badly decomposed granite. ‘The 
hard pegmatite contains black tourmaline, massive almandine garnet, 
large beryl, and greenish muscovite; and the pockets contain crystals 
of quartz, orthoclase, and beryl of gem quality (tourmaline and kunzite 
have since been found in the pockets also, according to Sickler). The 
crystals of the pockets have been corroded and partly dissolved by 
alkaline waters, leaving the faces rough and scarred. 


GEMS OF CEYTON. 


An interesting article, by Mr. Ralph Stokes,? appeared in 1906 on 
the gems of Ceylon. It seems to be very difficult to obtain reliable 
information about the gem industry from the natives or elsewhere. 
The output is handled almost exclusively by a small ring of Moham- 
medans in Colombo. The merchants obtain their supplies through 
Moorman dealers from the smaller villages nearest the gemming dis- 
tricts, to which the miners bring their stones for disposal. The 
Moorman dealers are generally lapidaries and take all the risk incident 
to the loss of material in cutting. The methods of cutting employed 
by the lapidaries are primitive, and the tendency is to sacrifice every- 
thing forsize. The quality of the cutting is otherwise often excellent. 

The more common gem stones of Ceylon are sapphire, ruby, star 
sapphire, chrysoberyl, cat’s-cye, and moonstone, with some green, 
blue, and red spinel, topaz and oriental topaz, green, yellow, and 
colorless zircon, garnet cinnamon stone, aquamarine, and tourmaline. 
These stones are obtained almost entirely from alluvial deposits 
derived from the denudation of crystalline rocks. 

According to Dr. A. K. Coomeraswamy,? the natives of Ceylon 
appear to have located nearly all of the deposits valuable for gems. 
In the gem districts themselves the richer places are pretty well known 
and generally partly worked out. In some cases only the deeper 
‘‘ilam” or gravels remain. Gem mining probably can never be profit- 
ably undertaken by Europeans. Lven for the Ceylonese it is usually 
alottery. Several unsuccessful attempts have already been made by 
gemming companies and it is not likely others will succeed, since the 
gem lands are owned by scattered landowners, who apparently claim 
all the beds except in the larger rivers, and all operations would 
require careful supervision. The gemmers fall into three classes: 
Illicit gemmers; fairly prosperous men who work their own lands, 
occasionally employing help; and rich men who have their pits worked 
for them or rent out the land. In the latter case the lessees dig a pit 
down to the ‘‘illam,” when the owner or other responsible man attends 
the work to see that nothing is stolen. The gems are divided, three- 
fourths to the owner or lessee and one-fourth among the men along 
with their food, but with no wages. 

In the gemming region of Sabaragamuwa the Cingalese employ a 
crude system of dredging to obtain gems and sometimes gold. A 

i] 


aMin. World, April 28, 1906, pp. 523-524. 
bAdministration Repts., Ceylon Min. Survey, pt. 4, 1905 p. E11. 
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convenient place in a river is selected where there is a good current, 
not too deep, and where, if possible, there are no large bowlders. A 
low fence or dam is generally built from the sides part way across 
the stream to increase the flow of water. The men—half a dozen or 
more are needed—stand in'a row facing upstream and rake up the 
gravel above them with a special long-handled ‘‘mamoty” (sort of 
hoe or rake). They work as far up as their ‘‘mamoties” will reach, 
and eventually scoop a large hole under water in front of them. By 
this process the overlying layers of sand and clay are removed and 
the illam exposed. This gravel, along with that underneath, is then 
worked up and allowed to drop in the water near the men’s feet, where 
the current washes away the lighter material. The gravels thus partly 
concentrated are washed in the usual way in baskets. 


SIMPLE METHOD OF TESTING PRECIOUS STONES. 


Mr. Meyer D. Rothschild® has suggested a simple test, applicable 
to a number of stones, that can be made by any jeweler who will 
exercise care in its execution. Hydrofluoric acid or *‘ white acid” (a 
mixture of ammonia and hydrofluoric acid) is used. The acid should 
never be allowed to come in contact with the skin, as it is very poison- 
ous and highly corrosive, producing painful sores and ulcers. The 
stone to be tested is handled with forceps and immersed one minute in 
the acid; then it is removed and the acid is washed off. ‘The test is 
applicable only to diamond, ruby, sapphire, spinel, emerald, aqua- 
marine, precious topaz, tourmaline, garnet, and kunzite, which are 
unaffected by the hydrofluoric acid. The test is not applicable to tur- 
quoise and opal, which are rapidly etched or eaten away by this acid, 
nor to peridot and the quartz gems, as amethyst, false topaz, crystal, 
agate, etc., which have their surfaces dimmed and require repolishing. 
The genuine reconstructed and artificial ruby is also unaffected, while 
all imitations made of paste, as imitation ruby, sapphire,emerald, ete., 
are rapidly attacked. 


PRODUCTION. 


It has been found next to impossible to obtain definite figures show- 
ing the production of many varieties of gem minerals in 1906. There 
has doubtless been a production of several gem minerals not recorded 
in the table, but since no information could be obtained concerning 
them, they have not been listed. There are several causes combining 
to make the collection of statistics for precious stones difficult. In 
many cases the production is made up of a number of small lots and 
scattered finds which are brought in at different times and disposed of 
to different people. Often the persons interested in mining gems do 
not care to furnish figures showing the production, which has then to 
be either estimated or omitted entirely. There have been, however, 
a great many producers and men interested in minerals who have gen- 
erously assisted in every way possible toward the compilation of sta- 
tistics of production and have furnished information concerning the 
progress of the industry. 

It has been deemed advisable, for several reasons, to make a change 
in the form of table showing the production of precious stones. First, 


aJew. Cire. Weekly, January 16, 1907. 
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the list of those gems for which figures were obtained directly from 
producers or persons closely associated with the production was very 
much smaller than usual. Furthermore, it is the aim of the Survey 
to give the value of all material in the rough, and the basis chosen for 
estimation is therefore, in many cases, not like that previously used, 
and hence, it has not been found possible for one not closely con- 
nected with the trade, as Doctor Kunz has been for many years, to give 
estimates of production on a basis similar to that formerly used. 
Though Doctor Kunz has very kindly offered to supply the necessary 
information and has furnished assistance in many other ways, it has 
seemed best to rearrange the table of production to fit the informa- 
tion as furnished to this Office. In order that the changes made may 
be readily understood and a partial comparison be made with the pro- 
duction of precious stones in previous years, the table as printed in 
the report for 1905 by George F. Kunz is herewith reprinted in part. 

In the table for 1906 some large changes from 1905 have been re- 
corded in the production of certain precious stones. These have been 
caused in part by changes in the basis of estimation and in part by 
changes in production. The largest changes, where the same miner- 
als appear in both tables, have been in sapphire, turquoise, chryso- 
prase, tourmaline, and kunzite. In the case of sapphire, turquoise, 
and chrysoprase, the changes are due in part to the basis of esti- 
mation and in part to changes of production; in the case of tourma- 
line and kunzite, the changes probably result entirely from increased 
production. 


Production of precious stones in the United States in 1906. 


: te 
Precious stone, Value. Remarks. 


AIMAZOM StONE ss... ...-52565 4 $100 | Colorado. 

PATE thiVistwemewe seems. oe ce 4 700 | Scattered lots. 

Beryl (aquamarine, etc) ...- 7,800 | Mostly gem material; California, Colorado, North Carolina, 
Massachusetts, New Hampshire, Maine. 

Gray (joni) Copeesseedonoone 1,200 | Chiefly from a few large crystals; California. 

@hiastolitte ees. ..oss.2. sec. 4 25 | Massachusetts. 

@MEVSOPTASC ese sees ess 32,470 | 3,250 pounds in the rough; California. 

HO TOPSIGG seers sis eas 4 5 | 10 carats in the rough; Kentucky. 

Garnet, almandite .......... 100 | Few scattered finds; chiefly North Carolina. 

Garnet, essonite.....-......- 400 | 1,000 carats in the rough; California. 

Garnet, pyrope..........-.- 2,500 | Scattered lots; Utah, Arizona, Kentucky. 

IMO SSA ALE e Ne tseters sce ciclciecs 4 800 | 8,000 pounds in the rough; Wyoming. 

RenldOteecssa. cs eee cea SF 2,400 | Scattered lots; Arizona, Kentucky. 

IBMEMA CIT s clecc avec selec cies 2 250 | Gem crystals; Maine. 

JPRS) poanousogeenuanoon GoDaae 50 | Colorado. 

Quamiz crystal 72.5... see. - 900 ae pounds in the rough; California, North Carolina, New 

ork. 

@uaTtizePOSelascseena cose. 3 4,000 | 40,000 pounds in the rough; South Dakota, Colorado, Maine. 

@QudnizenuUtilated o.--.sce= =o 50 | Seattered finds; North Carolina. 

(GURWeWA, Sine iin sanaeaeeooce- 2,000 | 1,500 pounds in the rough; California, Maine, North Carolina. 

Quartz, tourmalinated ..-.... 100 | Colorado. 

IRD aesboeccouce eee ameemeresae 600 | Scattered finds; North Carolina, Idaho. 

Sho Ol ay ila eee nBeaeemEanaco. 39,100 | 404,150 carats in the rough; Montana, North Caroliua, Idaho. 

Spodumene, lilacor kunzite.| 12,500 | 75 pounds, rough gem stock; California. 

ao amens, green or hid- 1,500 | 5 pounds, rough gem stock; California. 

GUN (eee eneea ae Bee 

Topaz ... D BR csc eee eS 1,550 | Maine, Utah, California. 

BOWEN AlIMe 2.c2se-5. +5 ences 72,500 | 1,450 pounds, rough gem stock; California, Maine, Colorado, 
Connecticut. 

PWMIBOMM OISE 2s. = 2s soe 52 cacti 22,250 | 556,500 carats, partly picked; Arizona, New Mexico. 

Ueno: soaeeeecos sna seems s 2,000 | Utah. 

Wood, silicified and opalized. 150 | 3,000 pounds, rough material; Colorado. 
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In the following table is given.a statement of the production of 
precious stones in the United States in 1904 and 1905: 


Production of precious stones in the United Statcs, 1904-1905. 


Precious stone. 1904. 1905. | Precious stone. 1904. 1905. 
Diam On Gs oo. sere renee ee None. None. || Garnet (almandite eeeeeeess | None. None. 
Sapphire ss .cac seen eeeecee see $100. 000 | $125,000 |) Rhodolite.....-......-...-..- None. None. 
RUD Veen se ce een cee -| None. None,'}|//Garnet (pyrope) =------5s- se $3, 000 $5, 000 
HEROD AZ paetec tere ee re ee eee eee None. SOOM Lopazolite meeece seats ee None. None. 
Bery] (aquamarine, etc.)..... 5, 000 6,000 || Amazonstone...............- 500 1, 000 
Bervilk( pink) seese nse eee 100 1 O00 |E Oligoclaseweeereecerere are None. None. 
im Crald sect ee cece see cee eae | None, None | Moonstone teen teen eeeeees None. None. 
Ibhenacitem encore eee 1 None.g Wome. ¥\'Turquoise.......--....-5...55 160, 000 65, 000 
Mourmal ime ress ses oes ose 9 40, 000 50,000 | Utahlite (compact variscite) . 200 500 
IRERIG Olmert cence eee 5, 000 10,000 | Chlorastrolite................ 2, 000 3, 000 
IU ee aces vee cash 10,000} 5,000 | Mesolite (thomsonite, so 
Quantzrenvstalleese cece cece 10, 000 1OFO00 9) Wicalled)\eeesa-nss sen. eee 500 500 
Smlolkwyseqimanthesnss sees ene eo 2, 000 3 WOO Prehnmitese cs seer eeeac eee None. None 
IROSCTGIIDLUZNs ee eee ease 1, 000 | 1; 000FM) Diopside sass. -eee see eee None. None 
NIMIE CHS ties ac cece nce esse 3, 000 2 O00KN) Hpidotemss 24... es occa None. None. 
Ie om nE eee ACen Eero None, None. Ml] Byiitessse. cs... ce. eens 8, 000 2, 000 
Goldtqnantaiaessee sees ee 5, 000 HRCOONP Malaehiters.. sesame eee None. 2, 000 
Rutllatediquartz 2.22.22. ce- None. None: gl Rutile sess onscreen None. None. 
Dumortierite in quartz....... None. 100 || Anthracite (ornaments) --_-. 2,000 * 2,000 
Tourmalinated quartz........ None. None, || Catlinite (pipestone...-.-.... 2,500 2, 000 
EATS ALG See tes ee ema yee 2, 000 250008} Hossilic ona leeens ener ee eer ee None. 250 
IMOSSEAE DCist eee re eee 1, 500 1.5005) PArrow Polltss-eeeecee eee eeeee None. 1, 000 
Chrysopraseeessce. cece see ae xe 6, 000 5, 000 || Miscellaneous.-......-..------ 15, 000 10, 000 
Silicified wood (silicified and —_-- — 

Opalized sasene ce eeescees oe 9, 000 5, 000 ‘DOGG ese saceceee seers 324, 300 326, 350 
(pyar eet eee eee a ee None. None 
IMPORTS. 


The importation of precious stones into the United States in 1906, as 
reported by the Bureau of Statistics, again shows a substantial increase 
over that of the preceding year. This increase was chiefly in un- 
mounted cut diamonds, though there was also a substantial increase in 
the importation of rough diamonds. The importations of glaziers’ 
points and pearls were also larger than 1905; diamond dust or bort and 
miscellaneous precious stones showed a slight decrease. Almost the 
whole imports of precious stones came through the port of New York, 
the figures obtained for other ports amounting to only $28,988. 

The following table shows the value of the diamonds and other 
precious stones imported into the United States from 1903 to 1906, 
inclusive: 


Diamonds and other precious stones tinported and entered for consumption in the United 
States, 1903-1906. 


Diamonds. | Diamonds 
Year. = and other 
Glaziers’,| Dustor | Rough or | Set Wace stones Pearls. Total. 
‘| Dbort. uncut. ena : not set. 

1903 =eeeeee $10, 634 | $720,150 | $10,275,800 | $675 | $13,022,367 | $2,494,897 | $2,414,524 | $28, 939, 047 
O04 eens 73,054 | 445, 621 10, 234,587 | 559 18, 439,023 | 1,893,969 | 1,142,150 | 27,228, 963 
MOOS SF sees. 6,851 | 190,072 10,281,111 | 741 20,375, 304 | 4,144,484 |} 1,847,006 | 36,845,519 
SOG ase 104, 407 | 150, 872 11, 676,529 | 305 25, 268,917 | 3,995,865 | 2,405,581 | 43,602, 476 
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Each year there is an unrecorded production of pearls from fresh- 
water mussels of many of the rivers of the United States. The prin- 
cipal yield comes from the Mississippi Valley region, where beds of 
pearl-bearing mussels are found in many of the tributary rivers. 
Along the Atlantic Coast States pearls have been found from Maine 
to Florida, and in the Gulf States from Florida to Texas. 

The season for gathering pearls and mussels is from May to Novem- 
ber, when buyers and dealers travel from one locality to another 
where there are pearl fisheries. Often the mussels are gathered in 
large quantities and opened simply in search of pearls, and then 
thrown away with no thought of their value for manufacturing pearl 
buttons. In other cases the shells are saved for this purpose, but 
much useful material is wasted at the button factories. With the 
reckless destruction of millions of mussel shells for pearls and button 
manufacturing, the beds of these shells are being rapidly depleted, 
and unless some steps are taken for their preservation it will not be 
long before the deposits will be exhausted. Laws passed to prohibit 
the gathering of shells and pearls on certain portions of the rivers for 
a period of years, after once being fished over, would give the mussel 
beds a chance to restock themselves, and thus a permanent industry 
would be established instead of one rapidly working out its own 
destruction. Itis said the Fish Commission will undertake the investi- 
gation of the life and history of the pearl mussel shells of the Missis- 
sippi Valley in connection with the zoological department of the 
University of Missouri. This work is to be carried on for the ulti- 
mate purpose of devising a method to stop the extermination of the 
pearl mussels. 

Many pearls are desirable for their even qualities and the ease with 
which they can be matched, while American pearls¢ exhibit the great- 
est number of variations in color and tint, and it is difficult to match 
exactly a number of them for necklaces and other jewelry. On the 
other hand, the exquisite coloring and the fine luster of our pearls more 
than offset the disadvantages due to such irregularities, and make them 
much desired in the gem market. A list of publications on American 
pearls and pear! shells is given in the bibliography at the end of this 
chapter for the convenience of persons who desire further informa- 
tion on the subject. 

Very curious-shaped pearls and baroques are often found. Among 
those found in 1906 in the Mississippi region are three, which have 
been described and illustrated in the Jeweler’s Circular Weekly. One 
of these was in the shape of a crowned head which much resembled 
that of Queen Victoria.2 Another was rounded, and also looked like a 
human head.° Still another, a baroque, resembled the head of an old 
man with flowing beard and hair.“ The color of this pearl was an 
exquisite pink, shading in places from dark to light tints, which appear 
to give light and shadow to the face. 

The pearl industry is carried on in such a way that it is not possible 
to collect statistics showing the production. Buyers and dealers, not 
only from New York and other eastern cities, but even from Paris, visit 
the Mississippi region in the pearl-gathering season, travel from point 


a American Jeweler, October, 1906. cIdem, October 12, 1906. 
BJjew. Circ. Weekly, April Zo, 1906. dIidem, May 1, 1907. 
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to point, and at the end of the season return to their places of business. 
Many small dealers sell to larger ones on the spot; others send their 
product off to be marketed. In many cases pe of pearls change 
hands two or three times before appearing in the gem markets. Pearls 
amounting to many thousands of dollars in value are exported annually, 
which apparently have not been reported to the Bureau of Statistics 
of the Department of Commerce and Labor. 

Since it has not been possible to collect figures of production it has 
been thought well to give the estimates of those most familiar with 
the industry, in order that the size of the latter may be appreciated. 
In giving these estimates, kindly furnished by the persons named, it 
must be remembered that each one probably sees the industry in a 
different aspect, according to his connection with it. 


ESTIMATES OF THE PRODUCTION OF PEARLS IN THE UNITED 
STATES. 


Mr. Frank Koeckeritz, one of the largest pearl dealers in the Mis- 
sissippi Valley region, places the value of pearls and slugs in 1906 at 
$381,000, with prices ranging from $1 to $2,000 and up each, and 
slugs from $1.50 to $60 an ounce. ‘The colors are white, cream, pink, 
purple, blue, and rarely black. The various shapes found are round 
or ball shape, half round or button shape, pear shape, drop shape, 
oval, and irregular or baroques, and their occurrence is estimated as 
follows: 


Approximate proportion (percentage) of each shape of pearls found. 


DRO eed 2 eer ev sso eth h Ae cee 5 | Round ......2. 2.22.2. 15 
ed meee et ere oe ee mane 5 | Button ..2025.25252.02 2 25 
ONGIRA RADARS acetic eee ne ee 10°) Ivvevular...- 392.25, eee 40 


Mr. Koeckeritz places the production of button shells at 43,500 
tons, valued at $348,000 at points of production, or at $556,625 after 
shipment to the factories. 

The value given for pearls and slugs represents the first cost, or 
prices paid to the pearl fishers. By the time the stones reach the con- 
sumer, after passing through the hands of the large dealer, the jobber, 
the manufacturer, and the jeweler, the value is easily four times that 
originally paid. The demand for American fresh-water pearls is 
strong, both in the domestic markets and abroad, especially in Paris, 
whither many pearls are taken directly from the pear! region. 

The production of pearls from the Wabash River alone in 1906 is 
conservatively estimated at from $100,000 to $150,000 by Mr. W. D. 
Burd, of St. Louis, a large pearl dealer in the Mississippi region. 
The Wabash River and its tributaries were probably more actively 
worked last season than any other rivers in the country. 

An estimate of the United States Fish Commission places the value 
of the production of pearls in the United States in 1906 at about 
500,000. The only year statistics were collected by the Commission 
was 1903, when the value was placed at $213,451, with $316,647 worth 
of button shells. 


ie G. M., Statistical bulletin No. 188, Bur. of Fisheries, Department of Commerce and 
abor, 
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Mr. J. F. Boepple, of Davenport, Iowa, estimates the annual pro- 
duction at about $2,000,000 worth of pearls for the last eight years in 
the Mississippi region, and states that for the Wabash River alone in 
1906 it is reported that about $1,000,000 worth were gathered. Mr. 
Beopple was the pioneer manufacturer of pear] buttons in the Middle 
West and was instrumental in establishing both the pearl-button 
industry and the pearl industry. 


OCCURRENCE OF DIAMONDS IN ARKANSAS. 
By GrorGe F. Kunz and Henry 8S. WaAsHINGTON. 


In Pike County, Ark., there is a small area of peridotite which 
enjoys the distinction of being the first locality in North America 
where diamonds have been found in place, and not in river gravels or 
glacial deposits. In the present paper we purpose to give a brief 
preliminary account of the locality, of the history of the recent dis- 
covery of the diamonds, and of their occurrence, reserving fuller 
details for a subsequent paper. 

The igneous area, which lies about 24 miles southeast of Murfrees- 
boro, the county seat, just east of the junction of Prairie Creek with 
Little Missouri River, was first noticed by W. B. Powell as far back 
as 1842, later by C. U. Shepard in 1846, and was subsequently described 
in considerable detail by J. C. Branner and R. N. Brackett,* from 
whose description, supplemented by our own observations, the follow- 
ing geological and petrographical data are taken. 

The mass of igneous rock forms a small stock, which has cut through 
massive Carboniferous sandstones and quartzites, somewhat indis- 
tinctly bedded at rather steep angles. Unconformably overlying 
these are horizontally bedded Cretaceous sandstones, themselves 
overlain by coarse, post-Tertiary eae the pebbles of which 
consist of jasper, chert, and flint, and which much resemble some of 
the Brazilian cascalhos. A small dike of peridotite cuts the Creta- 
ceous sandstone in the bed of Prairie Creek, but does not penetrate 
the conglomerate above, thus establishing the date of the intrusion as 
post-Cretaceous but prior to the deposition of the conglomerates. 

The igneous area itself is roughly elliptical in shape, with a longer 
diameter of about 2,400 feet and a shorter of 1,800 feet, the former 
lying about northeast-southwest, and the latter at right angles to this. 
The northwest edge of the area is marked by a ridge with three sum- 
mits, of which the southwestern is composed chiefly of Carboniferous 
quartzite, as is part of the northeastern one, while the central hill is 
composed of a dense, dark, rather fresh peridotite, which is split by 
joints into massive blocks. South and southeast of this ridge, the 
summits of which lie from 60 to 80 feet above its base, the surface 
slopes gently down toward the cotton-planted bottom lands on the left 
bank ot Little Missouri River. ‘This portion of the area consists of 
very much decomposed peridotite, covered in places by a thin stratum 
of soil and many pebbles derived from the post-Tertiary conglomerate. 
There is little evidence of alteration of the surrounding sandstones by 
the igneous intrusion, and, judging from its form and from the pe- 
trographic character of the rock, the stock appears to be the neck of 
a small volcano, the upper part of which has been removed by erosion. 


aBranner and Brackett, Am. Jour. Sci., vol. 38, 1889, p. 50, and Ann. Rept. Geol. Survey Arkansas 
or 1890, vol. 2, 1891, p. 377. 
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The peridotite has been so well described by Branner and Brackett 
that a few words of description will suffice here. In the hand speci- 
men the freshest peridotite is very dark, brownish or greenish black, 
and porphyritic with an aphanitic groundmass. The phenocrysts, 
which make up about one-quarter of the rock, are mostly of olivine, 
the color of which is commonly black, but in some specimens of the 
rock is yellow or brown, especially in the less fresh specimens. With 
these are fewer, small, glistening plates of a bronzy biotite. 

In thin section the olivine phenocrysts are seen to be well-formea, 
from 0.5 to 5.0 mm. long, some of them colorless and fairly fresh in 
the interior, but most of them largely altered to serpentine. The 
biotite phenocrysts are seen as irregular brownish-yellow patches, 
highly pleochroic. The groundmass shows very numerous, small, 
stout prisms of colorless augite, and many small grains of magnetite 
and of transparent, yellow, isotropic perofskite, embedded in a vitre- 
ous base, which is either colorless or yellow. This is usually isotropic, 
but may exhibit faint aggregate polarization through decomposition. 

The fresh peridotite was analyzed chemically by Brackett, and in 
its general features it does not differ widely from that found at some 
other localities, and his figures accord well with the mineral composi- 
tion shown by the microscope. Ferric oxide predominates over fer- 
rous, which may be ascribed to the somewhat weathered condition of 
the rock, and potash is rather high, this being connected with the 
presence of biotite. 

As is true of almost all peridotites, the Pike County rock weathers 
readily, two stages of decomposition being observable here. The first 
consists of the mechanical disintegration of the mass into an aggregate 
of small, angular fragments, which still preserve nearly their original 
hardness, though the olivines are almost wholly altered. This passes 
into the stage which is of most interest in connection with the occur- 
rence of diamonds, the solid rock being reduced to a soft, friable mass. 
This is either of a yellowish or, more characteristically, of a yellowish- 
green or light bluish-green color, the two varieties having been called 
locally the yellow and green earths. In these the outlines of the 
original olivines are still well seen, but the mineral is reduced to a soft, 
yellow substance, while the biotites are comparatively little changed. 
From the preservation of the form of the olivines it is clear that the 
decomposition of the rock has gone on in place, and that the yellow 
and green earths have not been transported from a distance. 

These peculiar decomposition products occupy by far the greater 
portion of the igneous area, occurring just beneath the thin surface 
soil covering all that portion which lies south of the ridge of three 
hills mentioned above, while a considerable portion is laid bare and cut 
into deep gullies by surface erosion. Apparently the yellow earth 
overlies the green and represents the last stage of decomposition, while 
both overlie the less decomposed, fragmental, weathered form, though 
this last reaches the surface in places. The exact depth to which the 
green earth extends has not yet been ascertained throughout the area, 
but drill holes sunk to a depth of 380 feet still show the green earth in 
pee while elsewhere it is less deep and the solid peridotite is struck 
below it. 

The first diamond was discovered on August 1, 1906, by Mr. John 
M. Huddleston, who had purchased the land Jying south of the ridge 
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and including the greater part of the decomposed portion of the igne- 
ous area, largely on account of its peculiar character, as he suspected 
that it contained some ‘‘mineral.” Mr. Huddleston was searching, on 
his hands and knees, for indications of copper or lead ores and his 
attention was attracted by the luster of the stone, which he recognized 
immediately as differing widely from the somewhat abundant small 
quartz crystals which are scattered over thearea. The diamond, which 
is a white stone weighing 43 carats, was lying among the pebbles on 
the surface of the thin layer of soil which overlies the green earth 
near the southern edge of the igneous area where the decomposed 
peridotite is much cut up by small gullies. 

The afternoon of the same day, while riding on horseback into 
Murfreesboro and carefully scrutinizing the ground, he saw a second 
diamond lying in the ruts of the road, about 500 feet north of the 
first and also within the igneous area. This stone is likewise white 
and weighs 3 carats. 

Although he and his family searched the area over very carefully, 
no more diamonds were found until September 8, when Mr. Hud- 
dleston found the third, also lying among the pebbles on the surface 
of the soil, above the green earth, about 400 teet northeast of the place 
where the first was found. ‘This stone is yellow, a flattened, triangular 
hexoctahedron, and weighs one-half carat. 

The stones were sent by Mr. Huddleston to persons in Little Rock, 
who, recognizing the probably great importance of the discovery, 
immediately secured options on Mr. Huddleston’s land and on consid- 
erable territory in the vicinity, including the greater part of the 
igneous area. They then came on to New York and conferred with 
one of the authors (Mr. Kunz), who was, naturally, deeply interested 
in the discovery. The junior author (Mr. Washington) was called in 
and was intrusted with the geologic and petrologic examination of 
the locality, where he spent some time during the month of October. 
Pits were sunk in various places over the igneous area, the green and 
yellow earth was screened and panned, and a careful search was made 
for more diamonds on the surface, but none were discovered. Various 
| considerations, which need not be discussed here, precluded the possi- 
bility of the ground having been ‘‘salted.” The points of similarity, 
as wellasof dissimilarity, with the South African pipes were recognized, 


)} and the conclusion was reached that the diamonds were probably 


derived from the peridotite; though, in view of the fact that all three 
had been found among the surface pebbles, which had come from the 
_ conglomerate, the possibility that this may have been their source was 
| not excluded from consideration, and further extensive prospecting was 
' recommended. This was subsequently done to some extent, though 
| interfered with by bad weather, and several nore diamonds were found 
| by Mr. Huddleston and members of his family, as well as by other 
) persons, all on the surface of the ground but within the igneous area. 
In January, 1907, the two authors visited the locality together, and 
| made a careful study of the igneous area and its surroundings. While 
the resemblance of the conglomerate to the diamond-bearing Brazilian 
cascalho was recognized, the facts that careful examination and pan- 
ning of this and of the river gravels led to negative results, and that 
up to the time of the authors’ visit as many as 26 diamonds had heen 
found, all within the igneous area, though all likewise on the surface 
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of the ground, in addition to the petrographic and other evidence, 
rendered the presumption in favor of their derivation from the peri- 
dotite almost a certainty. 

Subsequent to this visit extensive prospecting has been undertaken 
according to plans suggested by the authors, large amounts of the 
green earth (which disintegrates in water to a fine, impalpable mud) 
being washed and screened in Little Missouri River. This work was 
done under the supervision of Mr. Theodore Hartman, a civil engi- 
neer of Little Rock. In the course of these operations two small 
diamonds were found in the concentrates. This would have settled 
definitely the question of their source had not some doubt existed 
through the possible accidental admixture of small amounts of the 
surface soil with the underlying green earth, as Mr. Hartman’s care- 
ful precautionary measures to guard against this were not followed by 
some of the men. 

But final and absolutely definite proof that the diamonds occur in 
the peridotite and that those found have been derived from it was 
furnished by the discovery, about the middle of March, of a diamond 
embedded in the green earth, about 3 feet below the surface, while 
this was being excavated for washing, a careful watch being also kept 
by the men for just such a discovery. This specimen was brought to 
New York by one of the parties interested, and was carefully exam- 
ined by both of the authors. The stone is white, apparently a flattened 
octahedron, firmly embedded in the decomposed peridotite, so that only 
a portion of it is visible, this being about 12 mm. long by 2 to 4 
mm. wide. The most careful scrutiny failed to reveal any evidence 
that it had been artificially inserted, and no other conclusion was pos- 
sible than that it was actually in situ. Taking all the facts into con- 
sideration, therefore, the occurrence of diamonds in the peridotite of 
Murfreesboro may be regarded as unquestionable. 

The number of diamonds found up to the date of writing is 130, the 
weights varying from one thirty-second of a carat up to 6% carats. 
The majority are distorted octahedrons, a few being flattened and 
triangular, and a small number are almost perfect octahedrons. No 
cubes have been found. Most of the stones are white, a large propor- 
tion being of good water and the white of exceptional purity, finer 
than most African stones. A smaller number are brown; some are 
yellow, and several small individuals are of bort. 

The mass is now being examined with the diamond drill, and fresh 
and solid peridotite is found beneath varying depths of green earth, 
the greatest depth yet reached being 186 feet. 

As this is the only place outside of South Africa where diamonds 
have been found in peridotite, a brief comparison of the two locali- 
ties will be of interest, a more detailed statement being reserved for 
the future. While, petrographically and chemically, the rocks around 
Kimberley and near Murfreesboro are much alike, there are some 
decided differences. The Murfreesboro rock is a true porphyritic 
lava, although the portion now visible had not reached the surface, 
and it was evidently ejected through a volcanic vent as a relatively 
quiet liquid flow, while the peridotite of the South African pipes seems 
to be uniformly an igneous breccia and to have been ejected by explo- 
sive eruptions in a more or less fragmentary condition and probably 
mingled with a considerable proportion of water. At Murfreesboro 
inclosed fragments of the rocks traversed by the lava are wholly lack- 
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ing, not a piece of sandstone, quartzite, shale, or other nonigneous 
rock having been observed, so far as the authors know, during the 
extensive diggings. In South Africa, on the other hand, as is well 
known, such foreign material is abundant in the ‘‘blue ground,” and 
includes quartzite, sandstone, shale, diabase, eclogite, and other rocks. 

Such fresh peridotite as occurs at the Pike County locality does not 
seem to have been observed in South Africa, but the green earth of 
the former much resembles the blue ground of the latter, both in 
color and in being composed predominantly of highly serpentinized 
olivine, with smaller amounts of decomposed augite, and a little 
biotite, perofskite, and magnetite, although the Arkansas material is 
much softer than is the African. Similarly, at both localities the 
upper portions of the decomposed rock are yellow, through oxidation 
and hydration of the ferrous iron. 

On the other hand, garnets, which are very abundant at the African 
pipes, are extremely rare and of very small size at Murfreesboro, though 
of the same red color, but their chemical composition is unknown as 
yet. Furthermore, chrome-diopside, hypersthene, zircon, kyanite, 
chromite, and ilmenite, which are such common ingredients of the 
African blue ground, are unknown at the Arkansas locality. While 
the blue ground of Kimberley is compact, and must be exposed for a 
long time to the weather before it disintegrates sufliciently to permit 
the extraction of the diamonds, the Arkansas green earth is soft and 
friable when first excavated, hardens somewhat on drying, but on 
exposure to the weather soon disintegrates to a fine mud, as it readily 
does on agitation with water. This, at least, is true of the upper por- 
tions, so far as they have been penetrated, but the harder fragmental 
material of the first stage of decomposition shows much less tendency 
to disintegrate and remains to be further investigated. 

The question of the origin of the diamonds falls outside of the scope 
of this preliminary paper, but it may be noted here that no car- 
bonaceous shales are known to occur in the vicinity of the igneous 
mass, nor were they observed as inclusions, as they are at Kimberley. 
This would indicate that Lewis’s view of the derivation of diamonds 
by the metamorphism of carbonaceous shales does not apply here, and 
points to the probable truth of the view of Cohen, Hatch, and Cor- 
storphine, that they are original constituents of the igneous rock. 
At the same time, in view of the occurrence of deposits of asphalt at 
Pike City, 10 miles northeast of Murfreesboro, and of the occurrence 
in the post-Tertiary conglomerate immediately north of Murfreesboro 
of some asphalt which may be supposed to be derived from underly- 
ing organic material, the question must, for the present, be left open. 


BRIEF BIBLIOGRAPHY OF PRECIOUS STONES. 
AMERICAN REFERENCES. 


BaASKERVILLE, CHARLES. Kunzite, a new gem: Science, new ser., vol. 18, No. 304, 
1903, pp. 303-304. 

Ciaremont, Leopotp. Cutting and polishing of precious stones: Mineral Industry, 
vol. 8, New York, 1900, pp. 229-233. 

Dana, E. S. On emerald-green.spodumene from Alexander County, N. C.: Am. 
Jour. Sci., 3d ser., vol. 22, 1881, p. 179. 

Forp, W. OC. Some interesting beryl! crystals and their associations: Am. Jour. Sci., 
4th ser., vol. 22, 1906, pp. 217-228. 

JoHnson, Dovucitas Witson. Turquoise; in The Geology of the Cerrillos Hills: 
School of Mines Quart., vol. 24, 1902-3, pp. 493-499. 


152 MINERAL RESOURCES. 


Jupp, J. W., Hippen, W. C., and Pratt, J. H. On a new mode of occurrence of 
ruby in North Carolina: Am. Jour. Sci., 4th ser., vol. 8, 1899, pp. 370-381. 
Kunz, Grorce F. Jewelers’ materials and ornamental stones of California: Cali- 
fornia State Min. Bureau, Bull. 37, 1905. 

Precious stones: Mineral Resources U. 8. for 1882 to 1905, U. 8S. Geol. 

Survey, 1882-1905. 

A new lilac-colored spodumene from Pala, California: Am. Jour. Sci., 4th 

ser., vol. 16, 1903, pp. 264-267. 

and BaSKERVILLE, CHARLES. Theaction of radium, actinium, Roentgen rays, 

and ultra-violet light on minerals and gems: Science, new ser., vol. 18, No. 468, 

1903, pp. 769-783. 

Sapphires in Montana: Am. Jour. Sci., 4th ser., vol. 4, 1897, pp. 417-420. 

Pirsson, L. V. Corundum-bearing rock from Yogo Gulch, Montana: Am. Jour. 
Sci., 4th ser., vol. 4, 1897, pp. 421-423. 

Pratt, JosePH Hype. Crystallography of the Montana sapphires: Am. Jour. Sci., 
4th ser., vol. 4, 1897, pp. 424-428. 

Pratt, J. H., and Hippex, W. E. On rhodolite, a new variety of garnet: Am. Jour. 
Sci., 4th ser., vol. 5, 1898, pp. 294-296. 

On associated minerals of rhodolite: Am. Jour. Sci., 4th ser., vol. 6, 1898, 
pp. 463-468. 

ScHALLER, WaLDEMAR T. Tourmaline localities of southern California: Science, 
new ser., No. 476, February 12, 1904, pp. 266-268. 

Spodumene from San Diego County, California: Publ. Univ. California, vol. 
3, No. 18, September, 1903. 

SILLIMAN, Bensamin. Turquoise of New Mexico: Am. Jour. Sci., 3d ser., vol. 22, 
1881, pp. 67-71. 

SmitH, J. LawkeENcE, Hiddenite. an emerald green variety of spodumene: Am. Jour. 
Sci., 3d ser., vol. 21, 1881, p. 128. 

Sterrett, Dovetas B. Tourmaline from San Diego County, California: Am. Jour. 
Sci., 4th ser., vol. 17, 1904, pp. 459-465. 

Turner, H. W. Diamonds in California: Am. Geol., vol. 23, 1899, pp. 182-191. 

Warine, G. A. The pegmatite veins of Pala, San Diego County, California: Am. 
Geologist, June, 1905; pp. 356-369. 


TEXT AND REFERENCE BOOKS. 


Baver, Max. Precious stones; trans. by L. J. Spencer, C. Griffin & Co., London, 
J. B. Lippincott Co. agents, Philadelphia. 

CASTELLANI, AuGusto. Gems; trans. by Mrs. John Brogden, 1871; Bell & Daldy, 
London. 

CLAREMONT, LEopoLp. The gem cutter’s craft, 1906; George Bell & Sons, London. 

EmMaANvuEL, H. Diamonds and other precious stones, 1867; J. C. Hotten, London. 

FARRINGTON, OLIVER CumMINGs. Gems and gem minerals, 1903; A. W. Mumford, 
Chicago. 

Kine, C. W. The natural history of precious stones and gems; 1865, Bell & Daldy, 
London. 

Kunz, Grorce F. Gemsand precious stones of North America, 1890; Scientific Pub. 
Company, New York. 

STREETER, Epwin W. Precious stones and gems, 1898; George Bell & Sons, London. 

Tassin, Wirt. Catalogue of gems in the United States National Museum: Ann. 
Rept. U. S. Nat. Mus., 1900, pp. 476-670. Complete bibliography. 

WrtiiamMs, GARDNER F. ‘lhe diamond mines of South Africa, 1905; Macmillan Co., 
New York. 

PEARLS. 


Kunz, Grorce F. Pearls, utilization and application of the shells they are found in, 
as shown at World’s Columbian Exposition: United States Fish Com. Bull. for 
1898, pp. 439-457. 

Fresh-water pearls and pearl fisheries of the United States: United States 
Fish Com. Bull. for 1897, pp. 373-426. 

Simpson, Cuarites T. Pearly fresh-water mussels of the United States: United 
States Fish Com. Bull. for 1898, pp. 279-288. 

Smita, HucH M. Pearl-button industry and mussel fishery of the Mississippi River: 
United States Fish Com. Bull. for 1898, pp. 289-314. 

TownseNnD, CuarLes H. Report upon the pearl fishery of the Gulf of California: 
United States Fish Com. Bull. for 1899, pp. 81-98. 


THE MINERAL INDUSTRY 


ITS 


STATISTICS, TECHNOLOGY AND TRADE 
Property of 


CHARLES HEAD & C 


1906 New York 
NOT to be removed 
from our library 


FOUNDED BY RICHARD P. ROTHWELL 


DURING 


EDITED BY 


WALTER RENTON INGALLS 


Editor of the Engineering and Mining Fournal; Member American Institute of Mining Engineers; 
Member Institution of Mining and Metallurgy; Member American 
Chemical Society; Member Society of 
Chemical Industry, Etc. 


VOLUME XV 


SuppLtementinc Votumes I ro XIV 


HILL PUBLISHING COMPANY 
sos PEARL STREET, NEW YORK 
6 BOUVERIE STREET, LONDON, £.C. ove 


The Engineering and Mining Journal—Pewer—Amusrican Machinist 


1907 


| Y ely 21 \AzS 
AG 


MoS 
VAS ko 


Corprricnt, 1907, 


BY THE 
Bn Pous.issmo Company 


Hill Publishing Company, New York, U.S. A. 


PRECIOUS STONES.' 


By Greora@se Frepericx Kunz. 


As yet without result, at three distinct places in the United States pros- 
pecting for diamonds was carried on in 1906; in Wisconsin, in what appar- 
ently is glacial drift; in Kentucky, in the peridotite of Elliott county; and 
in California at Oroville. In Montana sapphires were extensively mined by 
three companies, very actively by one, partially so by another, while 
some development was done by another in Fergus and Granite counties 
Sapphires have been found also in Idaho, and a number of stones, but none 
of fine color, have been locally cut as souvenirs. In North Carolina 
ruby was mined for at the Cowee Valley locality, and corundum was 
found in place, the rock being a decomposed pegmatite, although it differs 
somewhat from the redder ruby found in the regular alluvial soil. No 

emeralds were obtained during 1906. 

Beryl and aquamarine were only slightly mined for in North Carolina, 
nearly all the material sold being from older workings, and the small 
development of a few local prospectors. A few fine beryls were found 
near New Milford, Conn., some of them yielding exceptionally fine ma- 
terial that cut into gems over 25 karats each. Of unusual interest were 
the large beautiful crystals of rose beryl found in San Diego county, 
Cal.; some of these crystals were 3 or 4 in. across, and one magnificent 
mass of pegmatite, on which were implanted several large crystals, has 
found its way into the Morgan Collection of the American Museum of 
Natural History at New York. A few of them have been cut into rose- 
colored gems, which are interesting, but not of great value. 

Never have so many and so varied tourmalines been found as in 1906, 
at the several mines in the vicinity of Mesa Grande, Cal., as well as at 
the localities further south, near Pala. The former locality yielded 
some crystals weighing 4 to 6 tb. each, that gave little suggestion of 
being of gem value, but they were magnificent as mineralogical spec- 
imens, a number of them being doubly terminated. Fortunately the 
finest of these have gone to two of our best museums. Transparent 
portions in the interior of some of these crystals have furnished several 
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thousand karats of rich red gems. Similar material was also found at 
other localities in the State; and probably never have more tourmalines 
been produced and disposed of than during 1906. Some beautiful in- 
teresting green crystals have been found, as well as a great variety of 
material that has been cut into cabochon stones, irregular beads, and 
other East Indian-like objects. 

A new locality has been discovered for colored tourmaline, near East 
Haddam, Conn, and a number of interesting crystals and a few gems 
have been obtained. In Maine, also, near Paris, Auburn, Mount Black, 
and several other localities, tourmaline has been discovered. 

Topaz, in some cases beautiful wine-colored crystals, has been obtained 
near Topaz, Utah; and also near Ramona, Cal. At the latter locality 
a single crystal weighing more than 1 fb. was remarkable as a specimen; 
and some small gems were obtained from the blue, green and white material 
found there. 

Kunzite was worked at three or four mines in California, and some 
very interesting crystals were obtained, although the amount taken out 
may probably not exceed $10,000 for the year. Of special interest is 
the finding of this mineral near Andover, Maine, although transparent 
only in spots. A remarkable fact is that not only is the lilac-colored 
variety obtained here, but the mineral is also found of a bluish-green 
color, like that of dilute sulphate of copper. Upon exposure to the heat I 
found that this variety lost its green tint and became pink. This same 
bluish aspect has been noted as a dichroitic property of the California 
material. 

Of the 10 or more companies interested in mining turquoise, only three 
did much work during 1906, and the output did not exceed more than 
one-fourth that of 1905. An interesting feature was the finding of tur- 
quoise in one of the mines in even layers of veins in the rock. This onyx- 
like structure has been taken advantage of by the lapidaries, and some 
beautiful cameos have been made, one of which is nearly 3 in. across, show- 
ing a blue turquoise vein on a fawn-colored rock. The contrast of a 
sky-blue on a brown ground is so striking as almost to raise a doubt of 
their genuineness, of which, however, there is none whatever. 

Fully 10 tons of rose quartz from the Black Hills, selling for about 10c. 
per Ib., were cut up into beads, spheres, pear-shaped ornaments, and the 
like, for pendants and other uses. Moss agate from two localities in 
Utah also was worked. Amazon stone from Virginia and several other 
localities was cut into beads in great profusion during 1906, the green 
gems of all kinds being in favor. Great quantities of chlorastrolite from 
Isle Royale were obtained, varying in size from a small pea to more than 
1 in. across. This beautiful green stellate material finds a ready sale, 
especially in the cities bordering on Lake Superior. 
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The year 1906 has never been equalled by any previous year, in the 
United States, in the importation of diamonds, pearls, rubies, emeralds 
and sapphires.- The last is the only gem which has not been honored with 
special favor previously, but in 1906 this least of the precious stones has 
been appreciating in value as had the others already. A great demand 
existed not only for the regular precious stones, but also for aquamarine, 
topaz, peridot, and all varieties of the semi-precious stones, and especial- 
ly for the rich green jadeite from near Bahomo in Burma. It is called 
Chinese jade by the celestials; in fact, they almost believe that it is of 
Chinese origin, because nearly all of the material passes through China 
and is generally there worked into all manner of ornaments. When of 
almost emerald green color this mineral sometimes brings very high prices, 
as much as $10 to $20 per karat being paid for exceptionally choice bits, 
and a long string of beads has been sold for more than one thousand dol- 
lars. Much of this material cut in China is now mounted in fine gold in 
the United States by Chinese workmen in absolutely correct Chinese de- 
signs. Great quantities of the New Zealand jade have been imported 
and cut into every variety of ornament. The demand for green stones 
also brought into general use the green aventurine, a rich pale or leek- 
green variety of quartz, scattered through which are particles of brilliant 
mica. This Indian material is unusually beautiful, and, like the New 
Zealand jade, is not expensive. 

Malachite and a mixture of malachite and azurite from Arizona have 
been cut into a variety of forms, the latter being a pleasing mixture of 
spots of blue and green. Large quantities of artificially nickel-stained 
chalcedony have been sold under the name of chrysoprase. This is of a 
bluish green color and not of the rich golden green of the true chrysoprase 
which was mined to a considerable extent in California in 1906. 

With the high price of emeralds in recent years, it has surprised many 
that stones of wonderful brilliancy and purity of color, with an almost 
entire absence of flaws, finer than they had ever seen before, were offered 
for sale. These emeralds were brought to the gem marts by the high 
price, the finest stones, belonging to many of the older families of Europe, 
being offered. Frequently a stone nearly 1 in. in diameter was sacrificed 
to be cut smaller for a pure spot that did not represent one-fifth or one- 
tenth of the original weight of the material, but from the fact that it was 
so much purer it was still advantageous to sacrifice the weight for the 
greater beauty. 

During 1906 the price of diamonds was advanced by the syndicate 
7 per cent. on the rough material, and three successive strikes led to ad- 
vances being given to the diamond cutters equivalent to 7 per cent. 
more, but notwithstanding this, the output of cut material did not ex- 
ceed the demand. 
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Precious STONES IN FOREIGN COUNTRIES. 
By Reoinatp Merxs. 


Aquamarine. 


Brazil.—Crystals of aquamarine having exceptional luster are found 
at Alegre, Bahia, Brazil. These deposits have superseded those of 
Porteiras and Boquerias, which were formerly centers of production. Two 
large stones have been found in Brazil. In 1814 an aquamarine was sold 
which weighed 15 fb., and in 1904 another, of equal weight was sold for 
$4368. 

Diamonds. 

Australia.—Diamonds have been won at Vingara and in the neighbor- 
hood of Cope’s creek, Inverell district, N.S.W. Until recently only small 
stones were obtained, the largest of which there is any authentic record 
weighing only 6.25 karats. The discovery is reported of a fine diamond 
weighing 28y, karats, at Mount Werong, in March, 1905.' 

Brazil.—Up to 35 years ago Brazil furnished 90 per cent. of the dia- 
monds of the world, but since the discoveries in South Africa the output 
has dwindled, until 10 years ago there were exported only about 3000 
karats. It is reported that in 1905 the industry had begun to recover and 
100,000 karats were exported. The estimated production of Brazilian 
diamonds up to date is over 12,000,000 karats, distributed as follows: From 
Diamantina, 5,000,500 karats; other mines in Minas Geraes, 15,000,000; 
Bahia (La Chapada), 2,500,000; stealings, etc., estimated, 2,500,000 
karats. 

Diamond deposits were recently discovered at Douradinho, district of 
Coromandel, Estrella do Sul, in the bed of the river. The diamonds are of 
fine quality and perfectly limpid. Good prices have been realized. The 
famous Estrella do Sul was found in this locality two centuries ago, which 
gave its name to the place. A French company recently explored the 
Boa-Vista mines, near Diamantina, and at present an English company 
operates the Agua-Suja mines, Bagagem, but operations are still in the 
installation stage. Lately several diamond-dredging claims of Brazil, 
on the river Jequitinhonha, the diamontiferous river, have been examined 
by American companies. On the river Coxipo, in Matto Grosso, many 
diamonds have been gathered with the gold, and with appropriate plant 
diamond dredging may offer very satisfactory results when competently 
directed. 

Carbonado. 


Carbonado, or black diamond, is obtained in the province of Bahia, 
Brazil, in La Chapada and Lavras districts, where it is mined from stream 
beds and other alluvion. The miners sell their finds to agents of exporting 


\From report by E. F. Pitman, Department of Mines, N. 8. W. 
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firms in the city of Bahia. Previous to 1870, carbonado was practically 
valueless. From 1870 to 1872 it was employed as an abrasive for cutting 
and polishing the white gems, and thousands of karats were sold at 50c. per 
karat, to be crushed into powder for this purpose. A few years later, 
when carbonado was employed in diamond drilling, it sold at $2 to $4 per 
karat, and then rose gradually to $10 per karat, at which price it remained 
until 1895, after which it advanced by leaps and bounds to $50 per karat. 
The price fell back to $25 per karat, but rose again to $85 per karat, at 
which figure it now stands. The situation is due to the decline in the 
supply of carbonado during the last ten years, while the demand has in- 
creased. The carbon settings for a drill-bit are expensive. Bits as large 
as 1 ft. in diameter, set with $5000 to $8000 worth of carbon, are frequently 
employed in Europe. 

India.'—Diamonds are found at Panna, central India, in conglomerate 
resting directly on the upper surface of the Kaimur sandstone, at the base 
of the Rewa shales. Diamond mining in India is conducted in the crudest 
manner and is profitable only on account of the exceedingly cheap labor. 
By systematizing mining and introducing modern methods it is believed 
that the industry can be made profitable. 

South Africa.—South Africa continues to be the world’s main source of 
supply and the chief producers are, as heretofore, the De Beers Consoli- 
dated Mines Company and the Premier Diamond Mining Company. The 
combined output of these two companies was valued at over $33,500,000 
in 1906. The 18th annual report of the De Beers Consolidated Mines, 
Ltd.,deals with the company’s operations during the year ending June 30, 
1906. In that period, £5,607,718 worth of diamonds was produced, while 
the expenditure amounted to £3,504,182; the net profit being £2,103,- 
536 or £154,437 more than in 1905. Dividends amounting to £1,800,- 
000 were disbursed, and a sum of £916,057 was carried forward. On 
Jan. 30, 1906, the contract with the diamond trust expired, but was im- 
mediately renewed for a period of five years. 


PRODUCTION OF DE BEERS MINES. 


Cost per Load. 


Washing. | Total. 


(a) The “load” occupies 16 cu. ft. and weighs about 1600 Ib. (6) Including enst of handling waste rock. 
'From report of E. Vredenberg. Geological Survey of India, Vol. XX XIII. 
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The blue grounds and lumps on the floors at the close of the year 
amounted to 6,769,126 loads, an increase of 2,519,387 loads over the stock 
similarly accounted for at the close of the previous fiscal year. The total 
quantity of blue rock crushed and washed during the year was 5,625,592 
loads, an increase of 497,577 loads. Diamonds to the value of $27,287,155 
were obtained from the year’s washing. 

The total area of the De Beers Consolidated Mines, Ltd., is 4692 claims, 
made up as follows: De Beers, 622; Kimberley, 470; Wesselton, 1162; 
Bultfontein, 1753; and Dutoitspan, 1777. It is estimated that there are 
in sight in the various mines of the company 64,315,580 loads of blue 
ground as follows: In the De Beers mine, above the 2040-ft. level, 5,156,600 
loads; Kimberley, above the 2520-ft. level, 1,367,080; Wesselton, above 
the 500-ft. level, 10,975,200; Bultfontein, above the 600-ft. level, 7,820,000; 
Dutoitspan, above the 750-ft. level, 31,900,000. This makes a total of 
57,218,880 loads and with the ground on hand 64,315,580 loads. At the 
present rate of washing it is estimated that there is enough in sight to last 
11 years. 

The Voorspoed diamond mine was discovered in September, 1905,and a 
company was formed under the title of Voorspoed Diamond Mining Com- 
pany, Ltd., with a capital of £400,000. The mine is situated on the Voors- 
poed farm, 20 miles north of Kroonstad, the nearest railway station being 
Honingspruit. The mine consists of 1200 claims and is proved to a depth 
of 500 ft. The workings consist of an open cut, and an inclined haulage 
track down to the 50-ft. level, the face of the cut forming a curve of, ap- 
proximately, 300 ft. in length, the intention being to work the levels back 
to the limits of the pipe before attacking afreshone. The mine is fairly 
clean and free from floating waste rock, locally known as “reef.’’ The 
amount so far has not averaged more than 10 per cent. 

A small temporary plant is now working, the intention being to erect 
one capable of handling between 1,500,000 and 2,000,000 loads per annum. 
Washing commenced in July, 1906, and the returns for four monthsshowed 
6723 karats from 28,523 loads of blue ground, or an average of 23.5 karats 
per 100 loads. The value is stated to be $7.20 per karat. 

The diamond production of the Transvaal in 1906 was 1,069,391 karats, 
valued at £1,563,141. During the year ended Oct. 31,1906, the Premier 
Diamond Mining Company, near Pretoria, produced 899,697 karats, valued 
at £1,277,570, an increase of 54,000 karats over the previous fiscal year. 
Returns for the fiscal year inclusive show a recovery of 0.301 karats per 
load from 2,988,471 loads washed. The company’s annual report states 
that the revenue derived from the mines for the year ended Oct. 31, 1906, 
amounted to £404,009. At the same time the ordinary shareholders in 
the company received £169,340 in dividends. Mining expenses amounted 
to £286,000, and sorting and washing to £183,000. Development work 
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cost £42,000, extra equipment, £55,000, and office expenses, marketing 
expenses, etc., brought the total for the year to £660,000. The water 
difficulty was surmounted by the recent completion of the pumping station 
on the Wilge river, and a water supply of 2,000,000 gal. per 24 hours is 
assured. Additional pumping plant is to be erected before long by means 
of which this supply will be doubled. New equipment is also under con- 
sideration in order to increase the output. It is not probable that this 
additional expenditure will be embarked on until the famous Cullinan 
diamond, weighing 3024? karats and valued at more than $2,000,000, is 
disposed of. This diamond figures in the assets of the company at a purely 
nominal sum. When it is disposed of, the proceeds will provide the addi- 
tional capital required for extending the plant. The company now dis- 
poses of its output itself, the original contract with Neumann’s having 
expired. 

Reports have recently emanated from South Africa to the effect that the 
De Beers Company is considering the establishment of a diamond cutting 
industry which will give employment to 15,000 diamond cutters. A corre- 
spondent of the Diamond Fields Advertiser points out that such an industry 
would be impracticable and impossible, and brings out some important 
facts regarding diamond cutting in Europe and elsewhere. There are 
about 14,819 men employed in the business, distributed as follows: Am- 
sterdam, 9000; Antwerp, 4000; St. Claude, 700; New York, 400; Paris, 
150; Hanau, 150; Idar, 125; Bienne, 100; Geneva, 75; Nemours, 50; 
Steinbach, 25; London, 24; Lucerne, 20. In Amsterdam and other 
European cities a rose-cutter (usually an apprentice) receives from $4@6 
per week, while a cleaver, generally an experienced workman, is paid about 
$40 per week. The average weekly wage for all classes of work is about 
$16. In New York the diamond cutter is able to earn from $55@60 per 
week, but few workmen are attracted to this country on account of the 
higher cost of living. 

Emerald. 

Austria.—The most important emerald mines of Europe are in Austria, 
located in the Salzburg mountains, seven miles from Habach station on 
the narrow-gage railway from Zell-am-See to Humel. Until recently they 
were being worked in a dilatory manner and in 1902, the last year in which 
anything like active mining operations were carried on, about 68,000 karats 
were turned out by six miners in less than four months. These mines were 
thoroughly examined and more or less prospected in 1905 by Spargo & 
Sons, of Liverpool, forthe Northern Mercantile Corporation, Ltd., of London 
and Manchester, which on receipt of report purchased them. 

Colombia.—Most of the world’s emeralds come from Colombia, where 
the mining is a government monopoly. Although found in various places 
near Bogota, they are mined only at Muzo, about three days’ mule riding 
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north from the capital. In the past, short leases were made to parties who 
paid the Government a royalty of 80 per cent. of the stones they found, 
and even so, the leases were profitable. 

The emeralds are found on a mountain side, the gem-bearing strata 
alternating with barren strata. Under short leases the only way a mine 
could be worked was by catching the rainfall in little reservoirs on the slope 
above, and as water was collected, at rare intervals, booming off the picked 
surface. As perfect emeralds are worth more than diamonds and the 
demand for the beautiful stones is constant, the Government hasdecided to 
modernize mining. A constant and abundant supply of water will be 
brought from a distance of 15 miles and a monitor installed, with sluices 
and all the paraphernalia for preventing the loss of any stones. 


Jade. 


Burma.—This country continues to be the only one producing jadeite, 
the mines being situated in the Myitkyina district of upper Burma. The 
output in 1905 amounted to 122 metric tons, valued at $1,227,370, as 
against 171 metric tons in 1904. Canton is the chief center of trade in 
southern China and it is difficult to obtain jade in uncut form except from 
the Chinese. Jade is a favorite gem in China and is highly prized, especially 
the light green varieties. There are two distinct varieties included under 
the name. The first is known as nephrite and is a compact variety of 
hornblende. When the color is nearly white it is classed with tremolite; 
when a distinct green it is included under actinolite. The other is 
known as jadeite and is a silicate of aluminum and sodium. 


Onyz. 

Mezico.—For the exploitation and development of the large onyx de- 
posits at Jimulco the French-Mexican Onyx Company was formed in Paris, 
with a capital of 2,550,000 fr. This company will also open up the onyx 
beds at Sombreretillo, Durango. It is said that the company has con- 
tracted to sell its entire product at 32c. per cubic foot. 


Opal. 

New South Wales.—At the White Cliffs opal fields there were found 
several parcels of high grade opal which realized more than $100 per oz. 
One specimen weighed 30 oz. and was won at a depth of 39 ft. from the 
surface. It is stated that the miners have organized a selling combination 
with headquarters in the United States and Europe to regulate the price. 


Ruby. 
Burma.—No new ruby-bearing locality was discovered in Burma in 
1905.! The value of the Burmese stones that year was $140,000 or prac- 
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tically the same as in 1904. Plague caused dulness in the Mandalay 
ruby market. 

The Burma Ruby Mines, Ltd., made a comparatively small profit dur- 
ing 1905, distributing only £7475 in dividends, or at the rate of 5 per cent. 
During the year, 1,773,129 loads of earth were treated, at a cost of 17c. 
per load, as compared with 1,907,624 loads at 14c. per load during the 
previous year. The decrease in the quantity and the increase in the cost 
are accounted for by the fact that the Choungzone is nearly worked out. 
In the course of a few months it will be exhausted, and the company will 
then start operations on the adjoining Myntada mine, which is now being 
developed. The income of the company was £87,000 from sale of stones, 
and £12,595 from royalties received from native miners, the latter being 
one-half of that received two years ago. The great work in connection 
with the valley drainage tunnel is about half completed, and should be 
finished in 1908. 
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PRECIOUS STONES. 


By Dove.as B. STERRETT. 


INTRODUCTION. 


Interest in the mining in the United States of the more valuable of 
the precious stones, as the diamond, ruby, emerald, and mene, was 
keen during 1907. The announcement of the discovery and the state- 
ment of the incidents associated with the discovery of diamonds in 
Arkansas were made during the year by Messrs. Kunz and Washing- 
ton. Development work on this diamond deposit was carried on and 
is still in progress. The ruby deposits of Cowee Valley, Macon County, 
N. C., were still further tested, and promising ruby in matrix speci- 
mens was reported as found. Prospecting for emerald at the emerald 
hiddenite mine in Alexander County, N. C., resulted in the discove 
of promising gems, and it is expected that the locality will be devel- 
iy on a larger scale in the near future. The output of sapphire in 

ontana, of both the rich blue and the varicolored gems, was ve 
large. The blue ps al is found in the matrix in a dike; the vari- 
colored sapphire is found in placer deposits. At one locality the 
latter variety was mined with a dredge along with gold. 

Several new localities and varieties of gems have been reported 
during the year. Among the new discoveries are deposits of topaz 
near Streeter, Mason County, Tex., and of beryl, tourmaline, garnet, 
and rose-quartz in Colorado. Among the new varieties of gems are 
benitoite, blue chrysoprase, serpentine cat’s-eye, blue and green gold 

uartz, and smithsonite. Benitoite is a sapphire-blue colored stone 
‘ound in San Benito County, Cal. Blue chrysoprase is copper-stained 
chalcedony, and has been found at Globe, Ariz. Serpentine cat’s-eye 
has been found in Tulare County, Cal. It is gray to green serpentine 
with a silky luster, and gives a marked cat’s-eye effect when cut ‘‘en 
cabochon.” A new variety of gold quartz consists of native gold 
liberally sprinkled through copper-stained vein quartz. The new 
smithsonite is a translucent, apple-green variety found in large quan- 
tities in the Kelly mine, New Mexico. The color is similar to that of 
chrysoprase, though the gem is much softer. 
ld gems appearing under new names are amatrice (utahlite yore 
and azurmalachite. Amatrice is the green, blue-green, and blui 
variscite or utahlite cut with its associated matrix. The latter varies 
from white to gray, yellow, red, purplish, and brown in color, and the 
various combinations obtained in cut gems are quite pleasing. Azur- 
malachite is the name applied by Dr. G. F. Kunz to the copper car- 
bonate gems from the copper mines of Arizona, and, as the name 


indicates, is a combination of azurite and malachite. ma 
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The precious-stones industry was in a flourishing condition during 
the first part of 1907. During the last half of the year, however, there 
was some depression in mining and the sale of gems. The native 
im part of the industry was not so heavily affected as the part 
dependent on imported material. 


AGATE, MOSS AGATE, ETC. 


ate or chalcedony ‘‘clams” were reported from South Bend, 
Wash., by the Haberl Lapidary and Jewelry Company. Whether 
these are petrifactions or mammillary deposits the writer is not cer- 
tain. They are said to contain globules of water. Several thousand 
ounds of moss naste were reported by Mr. W. C. Hart from the 
artville mining district of Wyoming. Dr. George E. Ladd reports 
the occurrence of agate and other chalcedony minerals in southeast 
Missouri. They occur abundantly in the residual soil over limestone 
formations, and some handsome specimens are found. 

Mr. A. E. Heighway mentions the occurrence of agate, apparently 
of suitable quality and in sufficient quantity to be of commercial 
value, at two localities in the province of Santiago, Cuba. One of 
these is about 7 miles south of Bayamo; the other is about 2 miles 
southeast of Jibacoa, a town about 16 miles southeast of Manzanillo. 

Comparatively few agate and chalcedony gems are cut or polished 
in the United States, the bulk of these minerals being cut at Oberstein, 
Idar, and other towns in Germany. The agate-cutting industry in 
Oberstein dates back to the fifteenth century, from which time it 
flourished until the close of the eighteenth century. With the 
exhaustion of the native deposits of agate, a dncline tllowed until 
1830, when new supplies were obtained from Brazil, and from that 
time until the present the industry has flourished, though scarcely 
any native agate.is now used. 


AMAZON STONE. 


The production of amazon stone came principally from Colorado, 
with a small quantity from Pennsylvania. In Colorado Peck of the 
output was obtained from the vicinity of Pikes Peak and part from 
Florissant, also in Teller County. Mr. J. D. Endicott reports the 
discovery in Custer County, Colo., of a new deposit of amazon stone, 
which has not yet been opened. 


AMBER, 
BURMA. 


The production of amber from the Myitkyina district of Burma in 
1906 was 217 hundredweight, valued at £709,° as against 126 hun- 
dredweight, valued at £945, in 1905. According to Consul-General 
W. H. Michael, of Calcutta,® the Burmese amber is in good demand. 
Its rich color, hardness, and the high polish it takes render it suitable 
for making into beads for rosaries and necklaces. Mining for amber 
by the Burmese is done in a crude way, and generally after the harvest 
work is completed. The men bad down, near places where amber has 
been found, sometimes to a depth of 45 feet; and then if no amber is 
found, a new trial is made elsewhere. 
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A large block of golden yellow amber, about 5 inches long, 4 inches 
wide, and 3 inches igh, weighing 33 ounces, is reported to have been 
found on the beach at Thiessow, Pomerania.* It is said to be free 
from cracks or flaws. 
AMETHYST. 


There was a small production of amethyst in 1907 from scattered 
localities. The a as output came from Nelson County, Va., with 
smaller quantities from Amherst County in the same State, Iredell 
and Macon counties, N. C., Rabun County, Ga., Fremont County, 
Colo., and Maine. 

In Macon County, N. C., amethyst has been found at various 
places in the eee of Tessentee Creek, near Scaly Mountain, and 
to the south of Highlands. In Rabun County, Ga., a few miles to the 
south of the last-named localities, amethyst has been found at several 
places within 2 or 3 miles of Clayton and from 12 to 15 miles to the 
east. The amethyst of this region occurs in veins cutting granite 
gneiss and mica gneiss. The veins in which the amethyst occurs are 
generally sired filled, well-defined fissures cutting the inclosing 
rocks at variable angles, though generally with a high dip. Some of 
these veins have been traced several hundred feet. Deep-colored 
amethyst crystals are found in pockets in these veins, often associated 
with pale amethystine and colorless quartz crystals. The spaces 
between the crystals are commonly filled with red clay or other earthy 
material. The pockets range from a fraction of an inch to 15 or 18 
inches in thickness, and may extend several feet along the vein. The 
crystals range in size from a small fraction of an inch to 3 and 4 inches 
across. In some of the crystals the purple color of amethyst is 
entirely lacking or present only in pale shades. In others the rich 
purple of Siberian sora 5 is present. The color is generally thost 
intense near the points of the crystals and often occurs im planes par- 
allel to the crystal faces. This renders only portions of the crystals 
suitable for cutting, although much amethyst and quartz suitable for 
specimens only is obtained. 

The production of amethyst from Colorado was reported from a 
new deposit discovered by Mr. J. D. Endicott, of Canon City. i 
deposit is near Parkdale, about 13 miles west of Canon City. Mr. 
Endicott describes the vein as 30 inches wide, striking northwest, with 
a nearly vertical dip, through decomposed granite. The crystals of 
amethyst and amethystine quartz range in size up to 2 inches thick 
and 3 inches long. 


AZURMALACHITE. 


The name azurmalachite has been applied by Dr. George F. Kunz 
to the gems cut from blue azurite combined with n malachite.? 
This form of gem is found in the copper mines of Bisbee and other 
districts in Arizona. The combination of minerals occurs in a va- 
riety of different forms, as concentric layers in stalactites, and as 
globular and botryoidal masses, etc. Various effects result from 
cutting in different directions through the masses, and attractive 
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cuff buttons, scarf pins, hat pins, and other stones for less expensive 
jewelry are thereby obtained. Some of this gem was found at Yer- 
rington, Nev., during 1907. 


BENITOITE. 


Benitoite is a new gem mineral from California from the Mount 
Diablo range near the San Benito-Fresno county line. The gem has 
a blue color and was first mistaken for sapphire when discovered 
early in 1906 by Messrs. Hawkins and Sanders. The following notes 
are taken from a description of the physical and chemical properties 
of the stone by Messrs. George D. Louderback and Walter C. Blas- 
dale,? and from a description of the geological occurrence by Ralph 
Arnold.® 

Benitoite is regarded as an acid titano-silicate of barium with the 
formula BaTiSi,O,. It fuses quietly to a transparent glass at about 
3, the fusing point of almandine garnet. bei practically insolu- 
ble in hydrochloric acid, it is readily attacked by hydrofluoric acid 
and dissolves in fused sodium carbonate. Its hardness is above 6, 
poe between 6} and 64, and its specific gravity is 3.64-3.65. 

enitoite crystallizes in the hexagonal system, trigonal division. The 
common forms observed are the basal plane, positive and negative 
trigonal pyramids, and corresponding prisms. The common habit is 
pyramidal, though occasionally the base is well developed and the 
crystal tabular. No tendency toward a prismatic habit was observed. 
The refractive index is a little above sapphire, or about 1.77 for the 
ordinary ray and 1.80 for the extraordinary ray. The double refrac- 
tion is therefore strong. The color of benitoite varies from dee 
blue with a violet tint to pure blue of a lighter shade; small cryst 
are sometimes perfectly colorless. The color is not affected when 
the mineral is raised to a red heat. 

The features of benitoite as a gem are its brilliancy, attractive 
colors, and strong dichroism, and its hardness is near] ual to 
ului of peridot or kunzite. The depth of color varies in different 
portions of many of the crystals, while the strong dichroism causes 
a variation of color depending on the direction the crystal is viewed. 
Light transmitted perpendicularly to the base is practically colorless, 
while that parallel to the base, or perpendicular to the principal axis, 
is blue. To secure the best effect, then, the gem should be cut with 
the table parallel to the principal axis and not to the base, which is 
contrary to the rule for sapphire. 

Benitoite occurs in veins and pockets or geodes in a lens of basic 
schist inclosed in one of the largest serpentine areas of the Coast 
Range of California. The mineral is associated with natrolite and 
a black or brownish-black mineral, thought to be a new species and 
called carlosite. The lens of schist inclosing the benitoite veins 
is about 150 feet wide and at least 1,200 feet long, and cuts through 
a low serpentine hill with a strike of about N. 70° W. and a dip of 
70° to 80° NE. The schist varies in color from dark greenish on 
the southwest border to bluish in the immediate vicinity of the gem- 

ing veins near the middle of the mass. The bluish portion is 
an altered phase, and is often largely replaced by natrolite in contact 
with the veins. The altered portions of the schist are full of cracks 
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and cavities varying in size up to 2 or 3 inches in width and roughly 

arallel to the planes of schistosity. The cavities are generally 
Filled with natrolite, with or without benitoite or carlosite, or both. 
Natrolite is not always accompanied by benitoite, though benitoite 
_ has not been observed without natrolite. The associations of the 
minerals indicate that the crystallization of the benitoite and carlo- 
site was previous to the complete deposition of the natrolite. 

Development work consists of a tunnel 50 feet long and several 
open cuts, the largest of which is 10 feet one 4 feet wide, and 14 
feet long, following the strike of the schist. he gems are removed 
by pounding up the richer portions of the matrix and picking out 
the crystals or fragments remaining, or large crystals are chiseled 
out at the expense of the smaller ones. Since benitoite is rather 
brittle, a way percentage is lost in this operation. 

As reported to the Survey, the production in 1907 amounted to 
about 15 pounds of rough benitoite, a large part of which was not 
suitable for cutting. Up to January 1, 1908, 350 carats of gems had 
been cut from this material. 


BERYL. 


The production of beryl gems, as aquamarine, blue beryl: olden 
beryl, rose or pink beryl, and white beryl, was chiefly from California, 
North Carolina, Colorado, and Maine, with small amounts from New 
Hampshire, Pennsylvania, and Connecticut. 


CALIFORNIA. 


The California output came from near Ramona, Mesa Grande, and 
Pals in San Diego County, and Riverside, Riverside County. Descrip- 
tions of some of the localities in San Diego County are given under 
the notes on the gem minerals of southern California (pp. 43-48). 
Mr. C. O. Johnson describes the occurrence of new deposits of beryl 
about 2 miles east of Riverside at the base of the Box Springs Moun- 
tains. The beryls are of a good aquamarine color, some approaching 
the emerald in depth of color. e best material was found on the 
land of F. D. Mears in a pegmatite formation cutting diorite or gabbro. 
Dark-green colored mica is also found with the beryl, but not lepido- 
lite, as generally occurs in the gem-bearing pegmatites of southern 
California. About 20 pounds of rough material, part suitable for 
cutting, was obtained before development work was stopped through 


financial troubles. 
COLORADO. 


Beryl from Colorado was reported as aquamarine, chiefly from the 
ap mines in Royal Gorge and Mount Antero, Chaffee County, 
C. A. Beghtol & Co. . J. D. Endicott reports the discovery 

of four deposits of aquamarine-colored beryl, some suitable for outang: 
associa with rose quartz, about 6 miles north of Texas Creek, 


Fremont County. selec 
AHO. 


Mr. Ernest Schernikow, of New York, reports the finding of two 
good blue beryl crystals near Lewiston, Idaho. These crystals were 
obtained from an Indian squaw who would not reveal their source. 
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800 MINERAL RESOURCES. 
NORTH CAROLINA. 


Regular mining for aquamarine and the beryl gems was carried on 
in North Carolina during 1907 at Hiddenite. ttered lots were 
brought in by mica miners and prospsetory in other parts of the moun- 
tain country, chiefly in Mitchell and Yancey counties, though some ' 
were obtained in Iredell County and at Barretts Mountain, Alex- 
ander County. 

The hiddenite and emerald mine, one-half mile west of Hiddenite, 
Alexander County, was reopened and worked during part of the 
year by Mr. Cary Mie for the American Gem Mi Syndicate. 
At the same time Mr. Wright opened a new prospect called the Ellis 
emerald mine, one-fourth mile east of Hiddenite. The work was 
stopped in September, 1907, pending the installation of a power plant 
for pace A purnes Aquamarine and beautiful specimen we 
emerald, and hiddenite were obtained in promising quantities. ; 
Wright mentions one beautiful specimen of beryl, 2 inches long b 
14 inches in diameter, weighing over 750 carats, from the emerald- 
hiddenite mine. It was translucent with prism faces highly polished. 
. Many aquamarine crystals of from 10 to 20 carats were found in the 
same mine. Several fine crystals of aquamarine were found at the 
Ellis mine, two of which were embedded in transparent quartz crre- 
tals, making splendid cabinet specimens. Emeralds of fine color were 
obtained from both mines. At the Ellis mine one dark-green emerald 
. weighing 276 carats was found. About 200 carats of hiddenite were 
obtained from the emerald-hiddenite mine. One crystal, weighing 
about 10 carats, was one-half colorless and the other half a dee 
emerald green. Jet black tourmaline crystals associated with feld- 
spar; clear, colorless, smoky, and rutilated quartz crystals; rutile 
crystals, etc., were also found associated with the beryls. 

At the emerald-hiddenite mine there are a large number of veins 
generally striking north of east with high dips to the north. Fora 

istance of over 50 yards both to the north and to the south of the 
main workings a number of pits and several shafts have been made 
on different veins. In all of the veins opened quartz crystals were 
found, some very clear and beautiful, with well-developed crystal form. 
Some of these openings yielded beryl or hiddenite, occasionally of 
gem quality. 

The old workings at the emerald-hiddenite mine were made chiefly 
between 1880 and 1885, and consisted of a large open cut, with two 
shafts near the western end, besides numerous smaller test pits in the 
vicinity of the open cut. The open cut is situated near the top of a 
low ridge and is probably 150 feet long, 20 to 40 feet wide, and 15 to 
20 feet deep. A haulway had been cut to the same level at the east 
end to the dump. The new work in 1907 consisted of an open pit 
some 12 feet wide and 18 feet long, near the eastern end of the old 
cut and at the north side of the haulway. Two well-defined veins 
were found in this cut, and also two less promising ones. These 
veins were nearly parallel, and the strike measured on the best one 
was N. 70° E., dip about 85° N. Several good, though small, pockets 
were found in this cut. ; 

The country rock in the region around the emerald-hiddenite mine 
and the Ellis emerald mine is chiefly biotite gneiss, garnetiferous in 
places, which has been much compressed and folded, probably while 
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in a plastic condition. Veinlets of quartz in the original rock have 
been folded and crumpled during this compression into forms resem- 
bling folded ribbon. e countryrock in the neighborhood of the veins 
n highly silicified by the addition of much quartz. This 
quartz along with other minerals, as muscovite, rutile, pyrite, etc., has 
replaced the biotite and pers and other minerals of the count 
rock. This replacement was later than the compression of the roc 
and about contemporaneous with the deposition of the vein matter. 
These phases are beautifully illustrated in hand specimens which 
show typical biotite gneiss with folded quartz veins, several feet from 
a vein, and in similar rock, highly silicified, with a portion of the vein- 


filling adhering. In the latter specimen the vein & fissure is 
glassy quartz with calcite, rutile, and pyrite inclusions. e wall next 
to the vein consists largely of ar quartz and an emerald-green 


(chrome) muscovite, with a little rutile and pyrite. At about 1 inch 
from the vein the replacement of the country rock is not so com- 
plete, and biotite becomes gradually prominent in the rock. At 2 
inches from the vein the rock is nearly black biotite gneiss, rich in 
quartz. A folded quartz veinlet cuts the gneiss to the vein wall. It 
is more \ ae in the black gneiss than in the highly replaced 
gneiss, though it can readily be traced through the latter, since the 
quartz of which it is composed was not so easily replaced as certain 
constituents of the gneiss. Some of the rock cut by the veins con- 
tains much chlorite and has a yellowish-green color. 

The material filling the ang veins consists of quartz, cal- 
cite, dolomite, muscovite, rutile, black tourmaline, aquamarine an 
emerald beryl, hiddenite, pyrite, chalcopyrite, and monazite. ll of 
the veins in the nalghhertined do not contain all of these minerals, 
but each of the numerous veins exposed in the workings contain some 
or all of them. In the cavities all of these minerals occur in crystals; 
in solid-vein matter certain ones only have crystal form. The calcite 
was introduced after the other minerals had been deposited, in many 
places filling up previously cps cavities. Crystals of the other 
minerals are embedded in solid calcite veins, and calcite has been 
deposited between broken fragments of beryl and other crystals. 
Rutile suitable for cutting is plentiful in brilliant coystole, some long 
and slender, others short and thick. The crystals are commonly 
twinned, several crystals often joined or crossing each other at angles 
of 60°, forming beautiful cabinet specimens of rosettes or reticulated 
masses of needles. The gem minerals—emerald, aqamarine, and hid- 
denite—occur in distinct crystals in the veins, and when lining the 
walls of cavities and of good color they make a beautiful contrast 
with the associated € minerals. 

The vein at the Ellis emerald mine is pegmatite, with cavities and 
pockets included in it. The pegmatite strikes N. 50° E., with a high 
northerly to vertical dip. ere are stringers or arms of peemene 
along the walls, and at one place the pegmatite is composed along 
one side largely of small mica blocks. Tha count rock is biotite 
gneiss, small dikes of quartz diorite being tnakaaed. The latter 
weathers out in rounded bowlders or ‘‘nigger heads,” which are scat- 
tered over the surface near the mine. e quartz in portions of the 
peeasizte is a fairly dark rose color. So far, however, none suitable 
or gem purposes has been found. 
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Californite is a compact variety of vesuvianite with color and 
texture so like jade that it was at first mistaken for that mineral. It 
is found in Siskiyou County, Cal., on the south fork of Indian Creek, 
12 miles from Happy Camp, and has been described by Dr. George 
F. Kunz.* Two other localities are known where californite has 
been found in Tulare County, Cal. One of these was described in 
this report for 1906. During 1907 there was a considerable produc- 
tion of californite by the Himalaya Mining Company from its mine 
in Siskiyou County. 


CAT’S-EYE OR TIGER-EYE. 
CALIFORNIA. 


New variety —A specimen was received at the Survey from Mrs. 
Gertrude S. McMullen, of the Southwest Turquoise Company of Los 
Angeles, Cal., which seems to be a new species of cat’s-eye or tiger- 
eye. The mineral is a compact variety of serpentine, sufficiently 
Boras to have a silky luster, though not readily separated into fibers 
like asbestos. The hardness is about 4.5. The color is opaque gra 
with the grain and dark green across it. A cabochon stone cut wit 
the grain gives an excellent play of light across the rounded surface 
as the stone is rocked. The bar of light reflected from the middle of 
the stone is greenish gray, while the color on the sides at the ends of 
the fibers is ‘lark green. The beauty of the gem is somewhat marred 
in some specimens at least by frequent irregularly shaped bars and 
tubes of yellowish mineral, apparently also serpentine ing for 
some distance through the massive material and parallel to its fibers. 
If the mineral is found without these yellow markings, as it doubt- 
less will be, very attractive stones for scarf pins, pendants, etc., could 
be cut from it. This mineral is found in Tulare County, associated 
with asbestos and other serpentine. It might appropriately be called 
California cat’s-eye or tiger-eye, if no other name has been given to it. 


CHRYSOPRASE AND BLUE CHRYSOPRASE. 
CALIFORNIA, 


There was a large production of chrysoprase from the mine of the 
Himalaya Mining Company, in Tulare County, Cal. Some of this 
material is of beautiful color and is suitable for high-grade jewelry. 
It is used also for handsome ornamental effects, as in mosaics, etc. 


ARIZONA. 


Specimens of blue and bluish-green copper-stained chalcedony 
were received from Mr. H. P. Wightman, of Globe, Ariz. The mineral 
occurs in small stringers in the Keystone copper mine in that district. 
The copper ore at this mine is said to be principally chrysocolla or 
silicate ore. The chalcedony varies in color from bright to pale blue, 
bluish green, and nearly apple green, and is more or less translucent. 
In some pieces the color occurs in curved layers and varies in intensity, 


a Jewelers’ materials and ornamental stones of California: California State Min. Bur. Bull. 37, 
1905, pp. 93-05. 
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thus bringing out the mammillary structure of chalcedony in peculiar 
wavy markings. In other pieces the color approaches that of chryso- 

rase, or resembles that seen in certain artificially colored chalcedony. 
Mtr. Wightman reports a sale of peeesy an pooede of selected min- 
eral during 1907 by the miners in Globe. After cutting, this blue 
chrysoprase brings locally from $3 to $10 a piece for the best grades. 


DIAMOND. 
UNITED STATES. 


Arkansas.—The work of testing the Arkansas diamond deposit 
continues quietly. A brief report on the locality was prepared by 
Philip F. Schneider* for the Arkansas Bureau of Mines. 

The latest authoritative information on the Arkansas diamond 
deposit has been given by Messrs. Kunz and Washington in a Peper 
at es the February meeting, 1908, of the American Institute of Min- 
ing Engineers in New York. The general geology of the area and 
the petrography and weathering of the peridotite are described as 
they were in a paper by the same authors incorporated in this report 
for 1906. In tests made with a diamond drill the peridotite was 
proven to depths of 80, 186, and 205 feet. The green and yellow 

ounds underlying the layer of black, sticky “gumbo” soil were 
ound to sehen down 40 feet in places and are estimated to average 
20 feet in depth over the area. The outcrop of the peridotite 1s 
estimated to cover about 40 acres, though it may be found larger 
after further exploration. 

General conditions concerning future work are briefly discussed. 
Water supply, timber, and coal are available, and labor and trans- 
portation facilities can probably be satisfactorily arranged. Some 
140 diamonds have been found, with an aggregate weight of about 
200 carats. The largest stone weighs less than 6} carats, though the 
average size compares favorably with the general run of most of the 
South African diamonds. There is a large proportion of white stones 
many of which are free from flaws and are very brilliant. Some o 
the yellow diamonds are also of exceptional quality and color. The 
genuineness of the occurrence of the diamonds in their matrix is reit- 
erated, and the occurrence of one stone embedded in the green ground 
at a depth of 15 feet is cited to strengthen the conclusion. The quan- 
tity of green ground that can be readily washed is large. Portions 
of the peridotite on the borders of the outcrop are in such hard masses 
as to indicate that it will not readily decompose. The sludge and 
cores from the diamond drill tests, however show a badly altered 
rock at depth at many places, and suggest that much of the peridotite 
from depth will readily disintegrate on exposure to the weather. 
Some fresh hard peridotite will be encountered, as in the South Afri- 
can mines, and will probably have to be treated with a certain amount 
of crushing. Warning is given against the unscrupulous who will 

robably claim to have located new peridotite areas ‘‘on the same 
lead” or ‘‘an extension”’ of the present one. It is pointed out that 
since this peridotite has the form of a pipe its outcrop will be limited 
to one place. Even should new areas of this rock te located, and 
should their nature be proven by an examination of a petrographer, 


a 8chnelder, Philip F., A preliminary report on the Arkansas diamond field: Arkansas Bur. Mines, 
Manufactures and Agriculture. 
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it will still be necessary to prove the presence of diamonds and in 
paying quantities. Peridotite rocks are not uncommon, though few 
are known to be diamond bearing. 

California.—Frequent reports have appeared in the newspapers 
concerning the prospecting for diamonds near Oroville by Mr. Mu J. 
Cooney. It appears that washing machinery and more land are to 
be purchased and extensive prospecting is to be carried on. Besides 
the occurrence of a rock claimed to be identical in a rance with 
the kimberlite of South Africa, reports state that diamonds have 
been found associated with that rock. Authentic finds of diamonds 
in this section of Butte County are recorded,? especially at Cherokee 
above Oroville. These diamonds have come from alluvial deposits, 
however, and were aoe found in washing for gold. Up to the 
present time no authenticated discovery of diamond in its original 
matrix in California is recorded. During the early art of 1907, 
specimens of serpentinized rock called ‘“‘kimberlite’’ from the sup- 
freed diamond pipe were kindly sent to the Survey by Mr. Cooney. 

hese specimens were discussed in this report for 1906. Upon careful 
examination and comparison with typical kimberlite from South 
Africa, it became evident that the Oroville rock was quite different 
from true oo 7 ced illine ifthe i 
.—Newspaper reports have appe telling of the dis- 
covery of Siamonde oa Kienituoky during 1907 , though no authenti- 
cated finds are recorded. 

According to the report of Mr. H. A. Millar, secretary of the Ken- 
tucky Diamond Mining and Developing Company, the complete 
diamond washing plant installed by that company on Creech’s Creek 
in Elliott County was operated during the latter part of the summer 
and in the early fall. erburden was removed from three portions 
of the kimberlite rock outcrop, and some of the yellow ground was 
washed. Delays were caused by the breaking of the ring, and op- 
erations were finally closed for the winter on the 22d o Cictaton; when 
the water supply for washing was exhausted. Though a total of 
2,825 loads of 18 cubic feet were washed without finding diamonds, 
operations were to be resumed in the spring of 1908. 


SOUTH AFRICA. 


} mda West.—According to the nineteenth annual report of 
the De Beers Consolidated Mines,® the number of loads of ‘‘blue” 
raised and washed and the quantity and value of diamonds obtained 
again showed large increases. The total production of blue ground 
at all the mines—De Beers, Kimberly, Wesselton, Bultfontein, and 
Dutoitspan—was 9,010,686 loads, as against 8,144,979 loads in 1906, 
and the total quantity washed was 6,626,291 loads, as against 
5,625,592 loads in 1906. This leaves a remainder of 9,391,603 loads 
on the floors, as against 6,769,126 in 1906, an increase of 2,622,477 
loads. The number of carats of diamonds won from all the mines 
and from the tailings and débris was 2,619,872, as against 2,213,991 
carats in 1906. The increase in the number of diamonds won came 
from the Wesselton, Bultfontein, and Dutoitspan mines, and from 
the increased quantity of tailings washed. 6 average yield per 


¢Turner, H. W., Diamonds in California: Am. Geol, vol. 23, 1800, pp. 182-191. 
+ Nineteenth Ann. Rept. De Beers Consolidated Mines for year June ®, 1907, 
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load was slightly less in 1907 than in 1906 for all of the mines except 
the Wesselton, which showed an increase. The average yield of all 
of the mines in 1907 was 0.3125 carats per load, as against 0.3260 
carats in 1906. The ave value per carat was greater in the Bult- 
fontein, De Beers, and Kimberly mines, and less in the Wesselton and 
Dutoitspan. In the Wesselton mine alone was the average value per 
load greater in 1907 than in 1906. The total quantity of ‘‘blue” in 
sight above the lowest levels of the mines and on the floors was 
57,409,013 loads, as inst 64,315,580 loads in 1906. The deepest 
workings were in the Kimberly mine, where the main shaft was down 
2,599 feet; the hoisting was done from the 2,520-foot level. At the 
De Beers mine hoisting was done from the 2,040-foot level, though 
the deepest shaft was 2,466 feet. Hoisting from the other three 
mines was all done from a depth of less than 1,000 feet. 

The sale of diainonds realized £6,452,597, as against £5,607,718 in 
1906. The net profits were £2,607,240. Dividends amounting to 
£2,550,000, or £750,000 more than in 1906, were distributed, and a 
balance of £932,624 was brought forward. The buying syndicate 
took diamonds valued at about £1,000,000 more than the minimum 
limit contracted. Up to November of 1907, however, only the mini- 
mum limit called for by the contract had been bought. Finding that 
there was to be no relief from the heavy income tax, amounting to 
nearly £100,000 annually, imposed by the British Government, the 
De Beers i voted to transfer from London to South Africa 
its office controlling operations at the mines. The London tax would 
have been an especially heavy burden, since the company will probably 
have a 10 per cent tax on profits to pay to the a aren also. 

Tra .—The production of diamonds in Transvaal? during 
the fiscal year 1907 amounted to 1,545,336 carats, valued at 
£2,203,511, an increase of 786,930 carats and of £1,235,282 over 
1906. The production was chiefly from six volcanic pipe mines, the 
alluvial diggings at Christiana contributing only 2,562 carats, valued 
at £13,579. The Premier mine was the principal producer, having 
pete its mine equipment. Several million loads of ore can be 

andled a year at this mine, and a regular and adequate water supply 
and a satisfactory method of disposing of tailings and slums have 
been provided. 

Orange Rwer Colony.-—The production of diamonds in the Orange 
River Colony during the fiscal year ending June 30, 1907, is given by 
Mr. Burnet Adams as 398,703 carats, valued at £1,221,202, as com- 

ared with a value of £902,727 in 1906. The increase comes chief 

om the two new mines—the Roberts-Victor and the Voors : 
Other mines producing were the Jagersfontein, Koffyfontein, . 
Monastery, and the alluvial diggings. The yield of the alluvial dig- 
gings was 7,103 carats, valued at £36,895, while the matrix mines 
produced 391,600 carats, valued at £1,185,308. The price per carat 
of the alluvial diamonds is about 43 per cent higher than of those 
from the pipe mines. The production for the calendar year 1907 is 
given for the Roberts-Victor mine * as 123,427 carats, an average of 
0.536 carat per load, and for the Voorspoed as 40,653 carats, an aver- 
age of 0.21 carats per load. 


«Ann. Rept. Govt. Min. Eng., Transvaal, 1907. 
Mines Dept. Orange River Colony, Fourth Ann. Rept., 1907, Bloemfontein. 
¢ Mining Jour., London, February 1, 1908 
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Vaal Riwer diamonds.—The terraces and river gravels along the 
Vaal River from Bloemhof, in Transvaal, to its junction with the 
Orange River in Griqualand West, a distance of about 200 miles, 
have been worked for diamonds. The deposits vary from a few 
inches to 40 or 50 feet in thickness, and in some cases extend 3 or 4 
miles laterally from the river. The gravels consist of a large number 
of nstone bowlders filled in with sand and pebbles, and resting on 
a flow of amygdaloidal greenstone. The pebbles are chiefly siliceous, 
as jasper, chalcedony, agate, etc., and with them are associated 
pebbles of greenstone, ironstone, ilmenite, garnet, topaz, and dia- 
mond. There has been more than one period of sedimentation, and 
the gravels of the most recent period have a matrix of stiff siliceous 
clay. The diamonds have been found almost everywhere through 
the gravel deposits, there being no reliable geological indications as 
to their occurrence. The placer diamonds, taken collectively, are 
probably the finest stones obtainable in South Africa. They occur 
more commonly in dodecahedral crystals and are singularly free from 
flaws. Stones with a yellowish tint are predominant, though all 
colors are found. The value is estimated at about £6 per carat for 
all diamonds sold to buyers along the river. 


SOUTH AMERICA. 


Brazil_—The diamond and carbon mining industry of Brazil is 
increasing. Consul-General George E. Anderson, of Rio de Janeiro, 
reports that dredges® have been installed along the Jequitinhonha 
River, in the State of Minas Geraes, and that large amounts of 
American capital are being invested in the Diamantina country. 
The work on the mines in the latter region has necessitated the 
building of a highway from the end of the railroad at Curalinho. 
This work is under the direction of an American oa ie and will be 
carried out by American methods. Heretofore the shipments of 
Brazilian diamonds have been to Europe, though it is likely a num- 
ber of them will be made to this country direct, now that American 
capital is so heavily interested. 

t is difficult to obtain information on the production of Brazilian 
diamonds, since large quantities were smuggled out of the country 
to avoid the payment of the 5 pat cent export tax. Consul-General 
Anderson, in the report quoted above, gives the value of diamonds 
registered for export during 1906 as $310,000. This is said to include 
the carbons or black diamonds from Bahia. That the official export 
figures do not adequately represent value of the production is shown 
by the figures given in a report by former Vice-Consul J. P. W. Rowe,* 
of Bahia, in sfich it is estimated the annual exports from that State 
amount to over $4,000,000. The State government of Bahia found 
that it failed to receive the proper revenue due from the 7 per cent 
export tax, and accordingly abolished the export-tax law in favor of 
another. Each merchant or dealer shi ping diamonds or carbons 
was to be charged an amount calculated to bring the revenue up to 
what it should have been under the 7 per cent export-tax law. The 
new law was met by the combining of many dealers and their ship- 
ping as one firm. 

Park, Mungo, Vaal River, South Africa, diamond fields: Mining Science, March 19, 1908, 
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British Guiana.—The output of diamonds in British Guiana is 
chiefly in small sizes. The government report for the year endi 
June 30, 1907, shows a production® of 65,903 stones, weighing 4,71 
carats. The change from the preceding year was not large, though 
in 1904-5 the output was 175,400 diamonds, weig 10,619 carats. 
An idea of the value of British Guiana diamonds may ained from 
the exports between January 1 and September 18, 1907,’ which are 
placed at 1,564 carats, valued at $12,370. 


INDIA. 


The production of diamonds in India° is given for 1906 as 305.9 
carats, valued at £5,160, as against 172.4 carats (valued at £2,474) in . 
1905. The increased production came chiefly from Panna, where 
the value of output was £4,348. The remainder of the production 
came from the states of Charkhari and Ajaigarh. 


NEW SOUTH WALES.d 


The total production of diamonds in New South Wales between 
the years 1867 and 1906 is given as 157,137 carats, valued at £104,089. 
The largest productions recorded were in the years 1899 and 1904, 
being 25,874 carats valued at £10,350, and 14,296 carats valued at 
£11,620, respectively. The production for 1906 was considerably 
smaller and amounted to 2,827 carats valued at £2,120. 


DIAMOND INDUSTRY. 


The consumption of diamonds in the United States is ordinaril 
large and amounts to over one-half of the world’s production. Wit 
the immense {falling off in purchases of diamonds in the United States 
caused by the financial depression in 1907 and reduced sales in other 
countries, the diamond industry has had to face a serious situation. 
The decreased demand for diamonds has affected all branches of the 
industry. Large numbers of cutters, not only in the United States 
but also abroad, have been without employment for several months, 
Several diamond mining companies have been forced to close their 
mines or limit their output. At one time it was rumored that the 
price of diamonds would fall when the agreement of the De Beers 
and Premier diamond mining companies with the diamond buying 
syndicate expired in the latter part of March, 1908. The reduction 
of price by one large company would have precipitated a war of low 

rices with the other, and this would have ruined those dealers with 
arge stocks of high-priced diamonds on hand. The six months’ 
agreement made in 1907, by which the diamond buying syndicate 
was to purchase the output of the Premier mine at a certain value 
proportional to that paid for the De Beers output, was not renewed 
after expiration in March, 1908. Frequent assurances, however, 
have been given to diamond dealers and merchants by both the De 
Beers and Premier mining companies and the diamond Puying syn- 
dicate, that the price of diamonds will be maintained under all 
circumstances. 
gee Fe Are ar 


¢ Rec. Geol Survey India, vol. 36, pt. 2, 1907. 
4 Ann. Rept. Dept. Mines, New South Wales, 1906, p. 53. 


808 MINERAL RESOURCES. 


Cullinan diamond.—The great Cullinan diamond was presented 
to King Edward of England on his birthday, by the people of Trans- 
vaal as a demonstration of loyalty and high regard. “This diamond 
is now being cut to be pl among the crown jewels of England. 
In the rough the Cullinan diamond weighed nearly 3,025 carats, or 
about 1.37 pounds avoirdupois, and was found in the Premier mine, 

aal, in January, 1905. The cutting and pesning © this huge 
diamond is being carried on by the firm of Joseph Asscher & Co., in 
Amsterdam, and will probaly not be completed before the end of 
1908. According to Mr. Louis Asscher,* of the Asscher firm, the 
cleaving of the diamond was very successfully pe gaat appr ga 
Joseph Asscher, who split it through a defective spot, part of whi 
’ was left in each portion of the diamond. The diamond was cleft by 
making an incision half an inch deep with a sharp diamond point in 
the proper place and then striking a specially designed knife blade 
placed in the incision a heavy blow with a piece of steel. Apparatus 
specially designed for polishing the diamond has been constructed 
as a dop 6 inches across and bin oe Ria 20 pounds, which is 
raised mechanically from the polis isk. The latter is about 16 
inches across and makes 2,400 revolutions per minute. Diamon 
dust mixed with oil will be used in ange quantities in polishing the 
stone. The larger portion will probably be cut into a drop-sha 
stone weighing between 500 and 600 carats when completed. ) 
other portion will be cut into smaller stones, one of which, even 
then, will be one of the large diamonds of the world. Extreme pre- 
caution is taken to guard the diamond at all times, both by the use 
of numerous watchmen and by combinations of safes. 

Hope blue diamond.—The famous “Hope” blue diamond has been 
sold Joseph Frankel’s Sons of New York. The buyer is Sefior 
S. I. Habid,® a Spanish collector in Paris, and the price was about 
$400,000. The ‘ ope” diamond is a beautiful blue, very brilliant 
stone weighing 44} carats, believed to be a part of the wonderful blue 
diamond, weighing 112 carats, brought from India by Tavernier in 
1642 and sold to Louis XIV. A century later this diamond was 
cut into a triangular shaped stone weighing about 67 carats. In 
1792 it was stolen, and no trace was ever discovered. In 1830 three 
blue diamonds, of the same color and quality as the Tavernier stone 
appeared on the market. The aggregate weight of these three dia- 
monds was less than that of the stolen French jewel by an amount 
which would naturally be lost in cutting. The largest stone was 
purchased by Henry Themas Hope, from whom it was named. 
After Mr. Hope’s death the diamond was purchased from the heirs 
by Joseph Frankel. 

Metric carat.—The weight of the carat used in different parts of the 
world is quite variable, ranging from 188.5 milligrams in Boulogne to 
213.3 in Turin and to 254.6 in Arabia.© The weights most used, how- 
ever, fall between 205 and 207 san Rg e advantages to be 
gained by the use of a standard carat for all countries bearing a simple 
relation to other standard weights can readily be seen. e metric 
carat, of 200 milligrams, answers this purpose well and is not greatly 


3 Jewelers’ Circ. Weekly, oo 1908. 
> Mannof. Jeweler, May 21, 1 . 
¢ Valentine, E. J., The carat weight: Mining Science, April 30, 1908. 
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different from the carat used by several countries. With the accept- 
ance by the international committee of weights and measures and the 
sexennial conference of the metric convention,* the metric carat is 
a legal weight in all countries using the metric system of weights and 


measures. 

Artificial diamonds.—Much interest has been manifested in the 
case of Sir Julius Wernher, of the De Beers Company, against a 
French engineer, Henri Lemoine, who claimed to manufacture dia- 
monds by a secret process. In 1904 Lemoine succeeded in interest- 
ing Sir Julius in his process, and when its genuineness was Apparently 
established a contract was drawn up. Under the conditions of this 
contract Lemoine was to receive a large sum of money for his inven- 
tion, which was to remain secret until his death, and all diamonds 
made were to be turned over to Sir Julius. A description of the proc- 
ess of manufacture was placed in a sealed envelope and deposited 
in the Union of London and Smith’s Bank, where it was to remain 
until Lemoine’s death and then to become the property of Sir Julius. 
It is said that over $300,000 were advanced to Lemoine for a factory 
and apparatus, and for this sum, or part of it, Sir Julius brought suit 
since he no longer had faith in Lemoine’s process. During the trial 
Lemoine sont hoe an opportunity to give a demonstration, and dur- 
ing April, 1908, was released on bail for this purpose. After making 
alaborate preparations he not only failed to produce artificial dia- 
monds but forfeited his bail and fled. The sealed envelope was 
opened and was found to contain a jumble of recipes of no value. 


EMERALD. 


NORTH CAROLINA. 

Emerald was obtained from three places in North Carolina duri 
1907. The greater part came from the emerald-hiddenite mine wal 
the Ellis emerald mine, already described under beryl. Of the remain- 
gel ape was found at a prospect belonging to Mr. W. H. Warren, 
1 mile north of Hiddenite, and part consisted of emerald matrix from 
Mitchell County probably mined some years ago and recently cut. 


COLOMBIA, 


A few notes on the famous emerald mines of Muzo, Colombia, are 
given in a letter from Bogota, based on the report of the German 
minister to his government, in the New York Herald.’ The mines 
are now leased to a Colombian syndicate for a period of five years, 
under rigid government supervision. The Government expects to 
work the mines on its own account when the present lease expires. 
The mines are on the side of a steep.mountain about 350 feet above 
the mining village. Formerly the Spaniards worked them for emeralds 
by ig adits into the hillsides; now they are operated by open cut 
work with terraces. The rock is broken into smaller and smaller 
fragments by peons, who pick the gems out from washing troughs. 


“aoe rendus des séances de la quatridme conférence générale des poids et mesures, Paris 
> Jewelers’ Ciro, Weekly, November 13, 1907. 
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A plentiful supply of water is obtained from the mountains for wash- 
ing purposes, and the débris is washed down to the Rio Minero. Over 
100 persons are employed at wages of about 25 cents a day with food 
shelter, and medical attendance free. The workmen are protected 
from the sun by canvas awnings and palm leaf shelters. Even then 
the temperature in the pit reaches 115° to 120°, and the air is exces- 
sively humid. The peons are carefully watched, and every stone is 
turned over to inspectors as soon as itisfound. The latter clean the 
gems and report to the government officials. At least $1,000,000 
worth of emeralds were mined and sold during 1906. 


GARNET. 


Several varieties of gem garnets were produced during 1907, and 
from several States. e most important were the hyacinth garnets, 
& rtite, and essonite, which were obtained chiefly from California 

ough Mr. Don Maguire, of Ogden, reported a age Ge toca fy) 
rough spessartite from San Juan County, Utah. Much of the hya- 
cinth came from the foothills in the desert near Dos Cabezas Springs, 
San Diego County, Cal., where the San Diego Gem Company owns 
ten claims. The remainder came from the gem mines near Ramona 
and Mesa Grande, Cal. 

Mr. W. P. Dorsey sent in specimens of hyacinth garnets found by 
him near Silver City, N. Mex. res were small, clear, trapezohedral 
crystals with a rich yellowish-red to brown color. The crystals 
varied from pin-head size to 3 or 4 millimeters in diameter, and will 
furnish beautiful gems if larger ones are found. The garnet crystals 
were associated with quartz crystals in the specimens, both appear- 
ing to line cavities in a feldspathic rock impregnated with garnet and 

uartz. 

: A quantity of pyrope garnets were collected from the Indian reser- 
vations in northeastern isietns and northwestern New Mexico. Mr. 
J. L. Hubbell, of Ganado, Ariz., mentions a locality about 75 miles 
west of north of Ganado where garnet is found abundantly over a 
stretch of country about 10 miles long. The garnets are picked up 
from the surface of the ground by the Indians. They occur in & 
sandy soil and are uncovered by the action of the wind. 

Mr. Samuel Scott, of Custer, S. Dak., reports the occurrence of 
beautiful red garnets 4 miles west of Custer in Elephant Gulch. These 
garnets were obtained while mining for placer gold, and the flawless 
ones were sold as gems at from 10 cents to $5 each. 

The majority of the garnets are found in well-developed dodecahe- 
dral crystals with smooth faces. Small garnets, the size of a grain of 
wheat, are abundant, but stones suitable for cutting into large gems 
are rare. Some of the smaller garnets are saved by the miners and 
sold in small vials to tourists. 

Mr. J. D. Endicott reports the discovery of a band of mica schist 
carrying almandine garnets, near Canon City. Some of these garnets 
are as much as 14 to 34 inches in diameter. They have a rich red 
color, and some have portions that are clear and free from flaws. 
About 10 pounds of stones fit for cutting into small gems were 
obtained at this locality during 1907. 
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GOLD QUARTZ. 


A new variety of gold quartz from the aga mine, Searchlight, 
Nev., has been cut into small articles, such as watch charms, etc., 
by Mr. William Petry, of Los Angeles, Cal. A small specimen, 
kondly sent to the ea by Mr. Petry, contained much be yel- 
low free gold in irregularly shaped particles and flakes in and between 
the grains of granular quartz. Most of the quartz appears bright 
green from the presence of films and small masses of malachite 
tween the pn The 5 ag also contained patches of purplish 
stains which could not be identified. The combination of colors 
makes an attractive small ornament, though the presence of malach- 
ite with quartz may give trouble in producing a high polish. 


JADE. 
BURMA. 


The mia of jade (jadeite) in the Myitkyina district of 

Upper Burma during 1906 amounted to 2,214} hundred weight.* 

was less than in 1905, owing to scarcity of labor. The exports of 

jade, through Rangoon, however, were greater and amounted to 2,566 

undredweight, valued at £64,433, in 1906, as against 2,342 hundred- 

weight, valued at £43,474, in 1905. In 1905 there was a further 
export of 343 hundredweight, valued at £2,000, overland to China. 


JASPER. 


There was a production of jasper in Colorado and southern Cali- 
fornia during 1907. Mrs. Gertrude S. McMullen, of the Southwest 
Turquoise Company, of Los Angeles, mentions a vein of jasper in 
San Bernardino County, Cal, from which a specimen was sent to the 
Survey. This deposit is owned by the Cracker Jack Bonanza Gold 
Mining Seer erg The jasper has a dark-red brown or liver color, 
and is mottled with many small gray streaks. The mottled effect 
is due to a former brecciation of the jasper, with a subsequent cementa- 
tion by chalcedony. Some of this epee has been polished by the 
Southwest Turquoise Company, and furnishes handsome small 
ornarnanis! objects, though the color is rather dark and of course the 
mineral is expensive to polish since it is so hard. . 

Good jasper is known to occur in the eastern part of San Diego 
County, Cal., and from this region jasper was obtained during 1907. 
The Native Gem Mining Company reports that abundant material 
can be obtained from its mine. Mr. John F. Schwartz, of San Diego, 
describes some of the jasper from Dulzura, San Diego County, as 
very handsome; but he makes the same statement as do others who 
have handled the California jasper, that it is so hard to cut as to ren- 
der it doubtful whether the deposits will be worked commercially. 

Mr. Louis J. Deacon descri the occurrence of smooth, water- 
worn pebbles of brick-red, brown, and yellow jasper, associated with 
quartz pebbles and occasional jet black flinty quartz, on the Dela- 
ware Bay beach at Cape May,N.J. The occurrence is similar to that 
of the “pebble beach” of Redondo, Cal. Both at Redondo and at 


@ Rec. Geol. Survey India, vol. 36, pt. 2, 1907. 
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Cape May visitors spend much time searching for pebbles suitable 
for cutting or for specimens. Mr. A. C. Keck describes the occurrence 
of very fine red and green jasper pebbles with chalcedony and other 


gems at Redondo. e chalcedony is cut and sold as moonstone, 
and the jasper as bloodstone and sardonyx. 
OPAL. 


UNITED STATES. 


A small quantity of opal was reported from Oregon, California, 
Colorado, and North Carolina. That from Oregon was probably 
from the deposit in the eastern part of the State, a few miles below 
the town of Durkee, described by Dr. Kunz? as occurring in cavities 
in rhyolite tuff. The opal from California came from the deposits 
in San Bernardino County, about 20 miles northwest of Barstow. 
Small pieces of prec opal and handsome specimen and orna- 
mental material have been found here. Some of the latter variety 
obtained by Mr. C. O. Johnson is described® as dark red jasper 
streaked with semi-opal. Mr. J. D. Endicott reports the res 
of lechosos or milky opal in the water-worn gravels in the foot-hi 
south of Canon City, Colo. alin North Carolina was limited to 
one imen of lechosos or milky opal found in the southern part of 
Iredell County by Mr. J. T. Cashion. 


NEW SOUTH WALES. 


The production of opal in New South Wales is still largely from 
the White Cliffs division.« New grounds have been opened in the 
neighborhood of White Cliffs and near Bunker, or Gemville. The 

along the White Cliffs are still sr jag ~ Wewapc though it is 
thought they contain rich deposits of opal. ere was aD increase 
in production from Wallangulla and Lightning Ridge, in Walgett 
division. The production of opal from 1890 to 1906 is given as £989,- 
099. The largest productions were £135,000 in 1899 and £140,000 
in 1902. The production for 1906 amounted to £56,000, of which 
about £50,000 came from White Cliffs. 


HUNGARY. 


The opal mines-of upper Hungary were advertised in 1907 for lease 
for a period of ten years? or longer, or to be sold by the Government. 
At the same time about 30,000 carats of polished precious opal de- 
posited with the exchequer was to be put up for sale. 


PERIDOT. 


Peridot was produced in 1907 in the northeastern part of Arizona 
and the northwestern part of New Mexico. The output came, as 
usual, chiefly from the Indian reservations, where the stones were 

athered by the Indians and traded at different points. Mr. J. L. 
‘Hubbell reports a quantity of peridot gathered from the surface 
on the Ziltsusayan Butte, about 20 miles northeast of Ganado, Ariz. 
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PETRIFIED WOOD. 


Petrified wood occurs at a number of localities in the Western 
States. Mr. W. C. Hart reports the sale of some 5,000 pounds during 
1907, obtained from El Paso County, Colo. Mr. Samuel Scott reports 
that agatized and jasperized wood is plentiful in the Dakota sandstone 
formation around the Black Hills. This material is not used at the 
present time. The beautiful petrified wood from the petriffed forests 
of Arizona, near Adamana, is carried off in some quantity each year 
as specimens and souvenirs by tourists. The specimens taken are 

enerally limited to a few pounds in weight, and some of them are 
ater polished for ornamental purposes. 


PHENACITE. 


A small count of phenacite was reported from Bald Face Moun- 
tain, Stoneham, Maine, by Messrs. “Bickford Brothers, of Norway 
Maine, and by Mr. Leon Allen. Part of this was gem material an 
part  epecaet material consisting of crystals attached to quartz 
crystals. 

a QUARTZ. 

The quartz produced, including rock crystal, smoky, citrine, ruti- 
lated, and tourmalinated quartz, came fom California, Colorado, 
North Carolina, Maine, Pennsylvania, and Connecticut. In the first 
four States mentioned the quartz came from mines or regions around 
mines noted for their beautiful gems, as tourmaline, beryl, emerald, 
kunzite, and hiddenite. A s uantity of rutilated quartz was 
obtamed from the mines near Hiddenite, Alexander County, N. C., 
and in the adjoining county of Iredell. Of much interest is the polish- 
ing of a large gg sphere by the Catalina Novelty Sompany; of 
Avalon, Cal. This sphere is reported to be six inches in diameter 
and quite perfect.* According to a press report,’ it is 19 inches in 
circumference and weighs 11 pounds. The crystal from which it was 
cut was found in Riverside County, Cal. The value of the sphere is 
placed at $3,300. 

Mr. Louis J. Deacon mentions the occurrence of clear, pellucid 
quartz pebbles, called ‘‘Cape May diamonds,” on the Delaware Bay 
beach at Cape May, N. J. These pebbles are gathered by visitors, 
who have them cut as souvenirs. 

Consul-General G. E. Anderson, of Rio de Janeiro, states that the 
foreign demand for large-size quartz crystals for optical work is quite 
variable. The value of the exports of such crystals from Brazil 
amounted to $16,103 in 1904, $18,132 in 1905, and $10,553 in 1906. 
The fluctuations are due in part to variations in supply. The best 
crystals come from a belt extending from the cent rtion of Séo 
Paulo through Goyay and the western portion of the State of Minas. 
The price given as the average for the exports during 1906 was 42 
cents per kilogram. 

ROSE QUARTZ. 


There was a ree roduction of rose bs rtz, amounting to 51,300 
pounds, from South Dakota and Colorado. The largest production 
was from South Dakota, from the Red Rose vein, 7 miles southeast 
of Custer. The whole output was not sold during 1907, however. 


@Personal letter. > Jewelers’ Circ. Weekly, December 25,1907. © Daily Cons. Repts., August 22, 1907. 
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Mr. Samuel Scott reports rose quartz in a number of localities in 
Custer and Pennington counties, S. Dak., though the deposits are 
not worked. Mr. J. D. Endicott reports the discovery of a ledge of 
unusually dark-colored transparent rose quartz 6 miles north of Texas 
Creek, Fremont County, Colo. The ledge is said to outcrop promi- 
nently on a mountain side for a length of 125 feet through a height 
of 30 feet. It occurs in the midst of pegmatite. This deposit is 

ing operated by C. A. Beghtol & Co., and it is expected will yield 
much fine material. Mr. Frank H. Jackson, of Los Angeles, reports 
the occurrence of a vein of fine rose quartz in Hemet Valley, 20 miles 
southeast of Hemet, Riverside County, Cal. The vein is said to be 
from 6 inches to 3 feet thick, and the material could be obtained by 
the ton. Rose quartz occurs in numerous premanio bodies associ- 
ated with the gem minerals of southern California. 


RUBY. 
NORTH CAROLINA. 


Interest in the ruby deposits along Caler Fork of Cowee Valley, 
Macon County, N. C., has been revived through operations of t 
United States Ruby Mining Company. This company has under- 
taken to develop the ruby in the matrix lead previously located at 
“Tn Situ Hill” mn the valley, and expects to wash the ruby varie 
gravels left unworked during former mining operations. For a dis- 
tance of over 2 miles rubies have been found in the creek gravels, 
much of which has been worked. The gem-bearing gravels lie both 
above and below the company’s headquarters at the mouth of Dalton 
Branch. Good rubies have been found in the creek gravels about a 
mile above the mouth of Dalton Branch as far as “In Situ Hill.” 
This hill is merely the end of a ridge or spur which extends from the 
mountains on the south side of the valley down close to the creek. 

In the report of Mr. C. Barrington Brown, in 1896, to the American 
Prospecting and Mining Company on the ruby mine of Cowee Valley, 
the rubies are described as generally of good color, many resembli 
the true pigeon-blood ruby of Burma. Some of them have bluis 
borders, which give them a magenta tint. Pratt and Lewis@state that 
some large gems—3 or 4 carats in weight—of good color and trans- 
parency and free from inclusions, have been found. Though found 
in less quantity, the color and quality of these stones equal the Burma 
rubies. Some of the Cowee Valley rubies contain inclusions of rutile, 
ilmenite, op etc., or are silky or badly flawed. Much pink and 
red corundum, some of it approaching the ruby in color and quality, 
is associated with the ruby. The concentrates obtained in washing 
for ruby contain red, pink, bluish, gray, and yellowish corundum, 
ilmenite, rutile, cyanite, red and pink or rhodolite garnet, small zircon 
crystals, quartz, feldspar, etc. In the New York office of the United 
States Ruby Mining Company an admirable display of ruby and ruby 
corundum, as well as (acer of ruby matrix material, has been 
arranged by Mr. Alfred H. Smith. 

During 1907, Mr. N. E. Isbell, of the United States Ruby Mining 
Company, constructed a new ditch to carry the creek from above “In 
Situ Hill” along the opposite hillside, where it could be tapped for 


oPratt, J. H., and Lewis, V. L., Corundum and the peridotites of western North Carolina: Geol. 
Survey North Carolina, vol. 1, 1905, pp. 180-186, 
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pressure for hydraulic purpoe. This ditch was extended to a point 
opposite the mouth of Dalton Branch, where a fall of nearly 100 feet 
could be obtained to hydraulic the bottom lands below. Another 
reason for the construction of the ditch was the hope that by turning 
the creek from its bed close to ‘‘In Situ Hill” the flow of water in the 
shaft on the ruby matrix would be diminished and the surroundin 

mud become harder. A 20-horsepower engine with a rotary centrif- 
ugal pump and bucket elevator were installed to assist in sinking the 
shaft and driving a crosscut from the bottom through the soft ground. 

The matrix in which the ruby corundum occurs, and in which genu- 
ine rubies are said to have been found, consists of hornblende gneiss 
and pegmatite in hornblende gneiss. The pegmatite occurs in small 
streaks and lens-shaped pockets from an inch or two to a foot thick, 
roughly conformable with the bedding of the inclosing hornblende 
age Both the pegmatite and the hornblende gneiss are very 

ay decomposed at the surface. The feldspar of the pegmatite 
has largely passed into kaolin, while the hornblende gneiss has altered 
to the yellowish brown earth characteristic of the saprolite of that 
rock, with hydromica and black spots where small garnets have 
rotted ea throughout. That this weathering extends to a depth 
of over 30 feet is shown by the material removed from a shaft of that 
depth. The strike of the country rock at “In Situ Hill” is north of 
east, with a high dip to the southeast. A dike of hard unaltered horn- 
blende eclogite outcrops in the bottom of the valley, a few feet north 
of the ruby matrix, and can be traced to the east and west some dis- 
tance. The hornblende gneiss saprolite contains parallel streaks of 
mica-gneiss saprolite included in it. 

In some of the pockets of decomposed pegmatite translucent pink 
to lilac colored corundum is very abundant, both in fairly large well- 
formed crystals and in small fragments. Red and ruby colored 
corundum is less plentiful, and but few crystals of gem quality have 
been found in the pegmatite bodies so far. Portions of the hornblende 
saprolite inclosing the pegmatite carry small translucent corundum 
crystals and fragments, some of rich red color in small pockets of soft 
white material. These were probably small masses of pegmatite 
which have decomposed, though they might possibly represent the 
decomposition products of former corundum crystals. From the 
few specimens of matrix seen by the writer, it appeared that the 
corundum associated with larger bodies of pegmatite is inclined to 
be of a lighter color—pink or hlac—than the richer red stones in the 
hornblende rock alone, or where pegmatite is less prominent. 


INDIA. 


Burma.—The production of ruby, sapphire, and spinel by the 
- Burma Ruby Mines Company during the year ended with February 
28, 1907, amounted to 326,855 carats, valued at £95,540, as com- 
pared with £88,340 in 1906. Of the total value of the output, ruby 
amounted to £93,023, sapphire to £1,132, and spinel to £1,385. The 
net profits of the company amounted to £15,160 after deducting a 
tax of £6,819 pee to the government of India.* During the year, 
1,890,944 trucks of ruby earth were washed, at a cost of 7.7 pence 
per truck, as compared with 1,773,129 trucks at 8.1 pence in 1906. 


@ Reo. Geol. Survey India, vol. 36, pt. 2, 1907. > Jewelers’ Circ. Weekly, September 25, 1907. 
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SAPPHIRE. 
MONTANA. 


There was much activity in sapphire mining in Montana during 
1907, with a consequent er pone both of the yogo-blue 
sapphires and of the varicolored sapphires found in other parts of 
the State. Two large companies operated mines containing blue 
sapphire in its original matrix, and two other large companies and 
smaller or individual producers worked auriferous placer deposits 
containing varicolored sapphires. The blue sapphire in matrix was 
worked in the Judith River region, in Fe County, at points about 
11 and 13 miles west-southwest of Utica, by the New Mine Sapphire 
Syndicate and the American Sapphire Company. Placer deposits of 
varicolored i hag ie were operated on the head of Cottonwood 


Creek, Deerlodge County, by the gs se pene mpany, and 
along the West Fork of Rock Creek, in Granite County, by the Amer- 
ican Gem Mining Syndicate. A little mining was done and a few 


finds reported from the auriferous sapphire deposits along the Mis- 
souri River, below Helena, once so extensively worked. 

Yogo blue sapphires.—The blue ne of Fergus wove often 
called “‘ Yogo sapphires,’”’ occur in a dike of basic igneous rock * cut- 
ting nearly perpendicularly across the bedded limestone country rock. 
The dike crosses the canyon of Yogo Creek (the north fork of Judith 
River) and the rolling country ping eastward from the crest of 
Yogo Canyon to the bottom lands of Judith River, a distance of nearly 
4 miles. The limestone country rock belongs to the Madison lime- 
stone formation of Carboniferous age, as mapped by W. H. Weed.? 
This formation is over 1,000 feet thick, and consists of thinly bedded 
strata of light-grayish limestone which dip rather gently to the east. 
There are a few minor folds in the limestone, some of which can be 
seen in the walls of Yogo en se the mine of the American 
a omy Company. The sapphire-bearing dike is slightly sinuous 
and has a strike a little north of east with a nearly vertical dip. In 
the canyon, however, it seems to split up into two or more parts 
(one of which pinches out in the limestone) or to be intersected by 
another dike. The thickness of the main dike throughout its known 
length varies from 2 to over 14 feet. 

e rock of the sapphire-bearing dike has been described by Prof. 
. V. Pirsson. When fresh and unaltered it has a dark-gray color 
with a greenish or bluish cast. The principal constituents are biotite 
mica and pyroxene, of the diopside variety, with minute and | 
inclusions of calcite, quartz, pyroxene, and Erie. Some of the 
biotite occurs in phenocrysts of 2 or 3 mm. diameter, though the 
greater part is in small shining flakes, thickly scattered through the 
rock. e glistening scales of biotite and some of the inclusions are 
the principal constituents that can be recognized in hand specimens. 
The inclusions of calcite and quartz are surrounded by reaction rims 
of pale and sometimes bright emerald green pyroxene. This pyroxene 
sometimes occurs scattered through the smaller inclusions, or even 
constitutes the mass of them. e dike rock contains numerous 
seams and veinlets of calcite and quartz as well as large inclusions 
a Somewhat full ——— by Weed and Pirsason: Twentieth Ann. Rept. U. 8. Geol. Survey, pt. 3 
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of limestone. Pyrite in crystals and agglomerations of crystals is 
scattered through the rock. This pyrite, along with some pseudo- 
morphous limonite, is separated from the rock along with the sapphires 
and constitutes the greater part of the concentrates obtained in 
washing for the latter. In thin section under the microscope the 
biotite is strongly pleochroic, bigs ben from almost colorless to a stro 
clear brown color. It occurs abundantly in ragged shreds thro 
the rock, rarely with crystal form, and contains small apatite crystals. 
The pyroxene is pale greenish to colorless and belongs to the variety 
diopside. It contains numerous inclusions which may originally have 
been glass. No feldspars have been observed in the rock, though a 
kaolin-like substance in the interstices may represent a pei 
mineral, as leucite or analcite, especially since the rock resembles a 
known basic. analeite basalt. | he) ‘ “ 

e sapphires are scattered through the lamprophyre, none having 
been sheerved associated with the limestone Sra heane One apes 
crystal was seen embedded in a mass of heavily pyritized lamprophyre. 
It is thought the sapphires formed by the crystallization of an excess 
of alumina dissolved in the lam eopnyre magma. The source of this 
alumina is supposed to be in the shales of the several thousand feet 
of older formations, anders iy the thousand feet of Madison lime- 
stone through which the dike cuts. During the intrusion through 
the shales fragments were torn off and floated up with the magma, 
by which they were eventually dissolved. When the magma began to 
solidify the excess of alumina separated out in the form of sapphire. 
The sapphires crystallized out before the magma completely solidified 
for some of them were badly etched gd-axpeaded by a partial 
reabsorption by the magma after formation. Included fragments of 
limestone taken in at higher levels were acted on to varying de 
by the magma. Smaller masses were metamorphosed to crystallized 
calcite, and nearly all were surrounded by diopside rims formed by 
the reaction on the magma. | 

The sapphires range in size from minute crystals up to 4 or 5 carats. 
Rarely crystals of 8 or 10 carats are found, the majority, however 
weighing under 3 carats. A large quantity of small sapphire, classed 
as ‘‘culls,’”’ is obtained. This material is in great demand for watch 
jewels, for which, through the flattened form of many of the crystals, 
it is cially suitable. The color of the Yogo sa tine ranges from 
a light blue to the rich characteristic “‘cornflower” jue of the oriental 
oo They make a beautiful gem and are highly prized for their 
color and bmilliancy. Probably over 90 per cent of the sapphire is 
of good blue color and gem quality, the remainder being grayish or 
of poor color. Occasional ag a gems are found. The 
Yogo sapphires occur in rough crystals whose common forms are the 
base and a rare rhombohedral face x2(3032).¢ The basal planes are 
roughly striated parallel to their intersection with the rhombohedron 
faces. A repeated development of the base and rhombohedron is 
not uncommon. The basal! planes are badly etched on some crystals 
the etched figures generally showing a rhombohedral symmetry and 
several being sometimes grown together. 

New Mine Sapphire i Sage a writer wishes to acknowle 
the courtesy shown and the assistance rendered him by Mr. C. T. 


Pratt, J H., Crystallography of the Montana sapphires: Am. Jour. Sci., 4th ser., vol. 4, 1897, pp, 
51506—m rk 1907, pr 2——52 


818 MINERAL RESOURCES. 


Gadsden, superintendent, at the time of his visit to the mine of the 
New Mine Sapphire Syndicate. The earlier mining operations of the 
New Mine Sapphire Syndicate consisted chiefly of open cuts, of which 
robably wes a mile were made along the outcrop of the sapphire- 
basting dike. These cuts were from 10 to 60 feet deep, in one place 
the dike material being removed to a depth of 90 feet. The walls of 
the cuts were held apart by stulls as needed. At present the sapphire 
ore is all obtained from underground workings. The latter consist 
of a shaft 100 feet deep with drifts in each direction from the bottom. 
The shaft is located in a smaller coulee or valley crossing the dike. 
The west drift is about 2,000 feet long and nearly 200 feet below the 
surface of the hill on the west of the coulee, while the levels above and 
one of the stopes reach nearly to the bottom of the 90-foot open cut 
in this hill. The east drift was carried nearly 800 feet, with sto 
above at varying intervals. At one place in this drift the dike has 
been stoped out to the surface. The nature of the dike as exposed in 
these workings is variable in both richness and size. Nearly barren 
laces occur in the dike where the latter seems to be choked with 
imestone, between the fragments of which there is but little dike 
material. The barren places commonly occur where the dike pinches 
down to smaller dimensions, which changes in size were doubtless 
caused by the jamming of limestone fragments included in the magma 
in the narrower parts of the fissure at the time of intrusion. In places 
the walls of the dike are rough where the edges of the limestone strata 
were broken during the fissuring and fragments were torn off by the 
intrusion of the dike. Jagged furrows or elbows in the limestone 
walls show where such fragments were torn off. In some places a 
singe flat bedding plane of the limestone or steps, including several 
beds, form the bottom of these furrows, which are somewhat wedge- 
shaped toward the top. 
ontrary to reports circulated during 1906 that the work of this 

company was hindered by the difficulty of disposing of the waste and 
slums from the sapphire washing, a larger supply of ore was mined 
and treated during 1907 than ever before. tead of containing 
chemicals injurious to vegetation, as claimed by some of the ranchers 
along the river below the mine, the slums have been shown actuall 
to improve, for raising crops, the lands on which they are turned. 
Analysis of the slum is also reported to show the presence of nitrates 
and poephaies, which are helpful to any crop growth. To test this, 
Mr . . Gadsden, superintendent of the mine, turned the water 
carrying the slums over portions of the ranch land owned by the 
company. Oats, alfalfa, and vegetables were successfully grown 
both where the slums were turned over crops already planted and 
where the vegetables were planted directly in thick deposits of slum. 
In each case vegetation was most luxuriant where the slum was. 
thickest. The coarser sands from the sapphire washings were 
removed by a sand trap from the sluice ditches, where the grade was 
low, to keep the latter from clogging up. This was accomplished 
sui oertoully by a simple device operated by an undershot water- 
wheel in the sluice. 

In some respects the method of separating the sapphires from their 
matrix is similar to that of separating diamonds from the ‘‘blue 
earth” of South Africa. Near the surface and to a depth of 20 feet 
and more, the dike rock was decomposed by weathering to a yellowish 
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clay, from which the sapphires were readily washed. As the work 
was calTied deeper, the dike rock was less altered and hard, so that it 
has been found necessary to disintegrate it in some way before wash- 
ing. This is accompli oo br exposing piles of ore to the weather 
with occasional wettings. e action of moisture and air, aided by 
the frequent freezings and thawings of the winter climate, soon starts 
the slacking and disintegration of the lumps of “blue,” as the ore is 
called. The disintegration is carried out on inclined floors or settling 
unds, where the ore is deposited after removal from the mine. 
r an exposure of several months, a large stream of water is turned 
on the piles of ‘‘blue,’”’ which are forked over at the same time. The 
disintegrated surfaces of the lumps are washed off and down through 
a sluice along with other loose disintegrated material. This leaves 
the “blue” in apparently hard fresh lumps, which, however, soon 
begin to disintegrate and crumble again. The material in the sluice 
is carried over a set of riffles to a settling dam, where the lump material 
brought down undergoes further disintegration. From the first 
settling dam the “blue” is washed down over riffles to a second, for 
final disintegration. 

The sluices are made of board and have iron-plate bottoms. Iron 
riffles are poses at the proper places in the sluice to catch the sap- 
pes and clean-ups are made four or more times in twenty-four hours. 

he concentrates are separated in a rocker sieve into three sizes, and 
each grade is panned down closer over a wooden tank. The oversize left 
on a screen of §-inch mesh is carefully examined for large sapphires 
before discarding. The contents of the tank in which the panning is 
done receive further treatment on screens of two different meshes 
from those first used. Sapphires are picked up by hand from the 
coarse sizes of concentrates before shipping. e small sizes con- 
taining the culls for watch jewels are shipped in the rough. All 
the ssppninen go to the company’s office in London for cutting and 
marketing. 

American Sapphire apne — Tiana the courtesy of Messrs. 
John T. Morrow and ©. H. Burr, consulting and attendant engineers 
for the American Sapphire Company, the writer was shown ae 
the plant of that company and was assisted in the preparation of the 
following notes. The plant of the American Sapphire Company, 
operating on the same gem-bearing dike as the New Mine Sapphire 
Syndicate, is located in the canyon of Yogo Creek. The early work 
by former owners on this portion of the sapphire-bearing dike con- 
sisted of shafts and openings on the east side of the canyon. Some 
of these were near the edge of the bench land above, and others in 
the canyon walls. Prospects and shafts were also made across Yogo 
Canyon and along a tmbutary gulch to the west. Three different 
dikes are reported to have been located. One of these, in the bottom 
of the tributary canyon, was opened several years ago by a shaft 
about 100 feet deep, and good ag oar ore was found. 

The mining of the dike rock by the present company is accom- 
plished by drifts with stopes under the cliff on the east side of the 
canyon and a shaft at the mouth of the drift a little above the bottom 
of thecanyon. This shaft was about 70 feet veep in September, 1907, 
and in pay ore. It was reported that the depth was about 100 feet 
early in 1908, and that the shaft was equipped with an electrical hoist 
capable of sinking to 1,000 feet. The level of the workings in the 
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canyon is about 265 feet below the mouth of the old shaft on the cliff. 
The main drift has been carried to the east nearly 500 feet, with many 
hundred feet of levels and stopes above. The dike is somewhat 
irregular in shape and contains alternate rich and barren portions. 
The latter seem to be due, in places, to abundant inclusions of lime- 
stone, while in other places the dike pinches around projecting por- 
tions of the limestone walls. The outcrop of the dike in the foot of 
the canyon wall was not at first located, since it was rather indefinite 
and was partly covered with large blocks of talus. A crosscut tunnel 
was driven from the north side until the dike was located, and from 
this the main drift was carried eastward on the one side, and the dike 
traced to its outcrop in the canyon wall on the other. <A large body 
of pay rock, apparently over 45 feet wide, was located by the cross- 
cut and drift. ough the relation of this ore body to the dike was 
not definitely known at the time of the writer’s visit, it seemed to 
cut across the regular dike with a dip of about 40° to the east. No 
definite hanging wall had been located, though the pay streak was 
about 12 feet thick from the foot wall. This body of ore had been 
brecciated and the broken masses squeezed into slickensided lenses. 

The mine is equipped with a track running to the mill near by. 
The traek is protected between these points by a shed, in order that 
severe weather may not interfere with operations. The ore is handled 
in steel dump cars of improved pattern. 

The method of stay the sapphire ore is bees different from that 
used by the New Mine Sapphire Syndicate, the ore receiving special 
mill treatment soon after mining. It has been found that over 50 
per cent of the ore removed by blasting is fine enough for milli 
without disintegration by weathering. e ore direct from the mine, 
after passing through 4-inch grizzlies, is digested with water in heavy 
revolving screens. The latter discharge three classes of material, the 
fines or slimes, which are arepener gd discarded, the oversize or 
material still in lumps, which is saved for further treatment, and the 
digested matter ready for sizing and concentration. The lump 
material is left in sence Tee to weather for a period of several months, 
by which time it is readily digested in the revolving screens and con- 
centrated. After sizing, the digested material is concentrated on 
Woodbury jigs arranged to treat three sizes, three-fourth and three- 
eighth inch and 6-mesh. Two jigs are run in series for safety. 
These jigs were handling about 75 tons in a day of seven and one- 
half hours at the time of the visit, though from 200 to 225 tons could 
be treated in twenty-four hours. 

The concentrates from the jigs, in rare cases, run as a as 30 per 
cent sapphire, 5 to 10 per cent being more common. 6 concen- 
trates containing the watch-jewel sizes, or culls, are treated on a 
Blake-Morscher electrostatic concentrator and their grade brought 
up to between 50 and 90 per cent sapphire. The final cleaning, as 
with the larger sizes suitable for cutting, is accomplished by hand 
picking. In filling hurry orders this cleaner is of value, since it 
enables a large quan ney of sapphire to be selected much more quickly 
than could be done by hand alone. On the other hand, part of the 
sapphire goes over with the tailings, which require more labor to pick 
over than the original concentrates. 

The operations of the American Sapphire Company have not yet 
reached the capacity of the plant, since much time has been con- 
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sumed in perfecting the method of concentration in use and in 
exploratory work in the mine. The production of sapphires suitable 
for cutting amounted to over 100,000 carats between April and 
December of 1907. In addition, several thousand ounces of culls for 
watch jewels, bearings, and instruments of precision, weré obtained 
at the same time. 

Variegated hy aie Company.—The auriferous pa sapphire 
deposits on Dry Cottonwood Creek, 16 miles N. 70° EK. of Anaconda, 
were exploited with a dredge during 1907 by the Variegated Sapphire 
Company under the management of Mr. William Dodd. The deposits 
are located at an elevation of over 6,000 feet, nearly 1,500 feet above 
the valley of Deerlodge River, to which Dry Cottonwood Creek is 
tributary. The company owns some 2 miles of gulch land with beds 
of gravel 40 to 100 feet wide and from 10 to 14 feet thick. The 
gravels in some of the Saga to the side of the company’s land and 
in the flats below are also reported as carrying sapphires. 

The country rock in the region around the mine is a quartz por- 
phyry, in (pee nearly a biotite granite. This porphyry is rather 

e grained and composed of quartz and ae phenocrysts, with 
biotite laths and crystals in a ground mass. The quartz occurs in 
clear, glassy crys and rounded grains, some of them fractured, 
thickly scattered through the rock. The feldspar, chiefly a plagio- 
clase, has largely decomposed to kaolin in the surface rock examined. 
This kaolinization has taken place both within the crystals, on their 
exterior, and in the ground mass. The biotite also seems to have been 

artially hydrated, and in thin section under the microscope has a 
By birefringence and a strong dark-green to brownish-black pleo- 
chroism. 

The source of the aap pense is not known. Mr. Dodd reports their 
occurrence farther up the gulch than the part examined, in a rock like 
the ROee described above. The pres in the gulch consist 
chiefly of blocks of porphyry, some of them rounded into cobbles, 
others flat and slab-like with but partially rounded corners. The 
overburden or top of the deposit, consisting chiefly of black muck 
with but little gravel through it, is 3 to 4 feet thick. ° 

The dredge used by the company is of the bucket type, and has a 
capacity of 750 cubic yards in twenty-four hours. It is operated by 
a steam engine, and has a dynamo for its electric-light equipment. 
The material from the ares buckets goes to a revolving screen from 
which everything over 1 inch in diameter is separated and turned into 
the pond under water at the back of the dredge, while everything under 
1 inch in diameter is run over 56 feet of rifles. The débris from the 
sluice and the rifles is piled on the coarse material at the back of the 
dredge. In this way a dam is built which retains the water in the 
pond on which the dredge floats. By excavating before and con- 
eats a dam behind, the dredge will be worked up the gulch. 
The grade of the gulch is not light, and the flow of the creek during the 
summer is quite small. The redge cuts a square face in the gravels 
across the gulch. The overburden is first removed for a width of 6 
feet upstream, being run directly through the dredge without weue 
Mercury is placed in the riffles to catch gold, and clean-ups are m 
weekly. The sapphire concentrates are washed from the sluices of 
the dredge into a bin and are later sieved and panned down. 
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The gold recovered from concentrates is mostly fine, though 
n ts worth several dollars have been reported. It is said the 
value of the gold obtained is sufficient to pay opecstns expenses. 
The larger part of the sapphire, either on account of small size or poor 
color, is suitable for mechanical purposes only, as watch and meter 
bearings. Some of the 4 are suitable in size, quell: and 
color for cutting as gems. e predominant colors of the Dry Cotton- 
wood sapphires are deep and light aquamarine and pale yellowish 
green. her colors are clear and smoky blue, light and dark topaz 
yellow, straw yellow, yellowish green like olivene, light and dark pink; 
some stones are nearly ruby red, lilac and pale piel stine, and some 
are colorless. The pleochroism of some of the sapphires is marked, 
the same crystal appearing greenish when viewed across the prism 
and blue through its length, or pale and deeper pink, as the case 
might be. It is not unusual to find aquamarine-colored stones with a 
pink spot in the center. This combination furnishes an attractive 
gem when cut. A feature of the deep pink colored sapphires is their 
rich and beautiful color under artificial light, even when not very 
attractive in natural light. 

The sapphires occur in a crystals, often with curved faces, as 
i lar rounded masses, and as waterworn pebbles. The surfaces 
of those which are not waterworn are very much etched and corroded. 
One yellowish-green sapphire crystal, worning a little over 4} carats, 
had very much the wag of a rough diamond crystal. This effect is 
ae ue to the fact that the development of the basal and rhombo- 
hedral faces produced a form resembling an octohedron. This appar- 
ent octohedral form along with marked curvature of the faces and 
peculiar etching produces the effect described. The proportion of 
waterworn sapphires is not large, and only a few show a large amount 
of wear. A few red and cinnamon-red garnets, mostly small, are 
found in the concentrates with the gs 

American Gem Mining Syndicate-—The operations of the Ameri- 
can Gem Mining Syndicate for sapphires were confined to two Ferg 
on the north side of the West Fork of Rock Creek, in Granite unty, 
about 15 miles southwest of Philipsburg. These gulches are nearly 
a mile apart and are known as Anaconda Gulch on the west and 
Meyer Gulch on the east. Both drain to the south, Anaconda Gulch 
_ With a rather steep gmce cutting through a small stretch of flat 

country along part of its course. Sapphires are said to have been 
found in the gulches and scattered over the surface of an area of 
about 2 square miles in this region. 

The country rock around the sapphire deposits consists of coarse 
and fine grain porphyry, porphyritic tuff, conglomerate, quartzite, 
siliceous slate, and black limestone, the geological relations of which 
have not been worked out. In and near Anaconda Gulch the rocks 
underlying parts of the sapphire deposits are conglomerate, porphy- 
ritic tuff resembling [a oes where the inclusions are plentiful, 
and porphyry. Tlie bed rock in the lower say of Meyer Gulch is 
a dense, siliceous slaty rock of purplish color with a little black 
limestone. To the west of the sapphire-bearing deposits on the flats 
near Anaconda Gulch is rather coarse porph probably granite 

rphyry, and to the north is fine porphyry: Tedes of tuff or con- 
glomerate outcrop at one place on the flats where sapphires have been 
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worked, and the gravels over part of the flats contain angular to 
subangular débris of porphyry, tuff, and conglomerate. 

The porphyritic tuff 1s composed of feldspar and glassy quartz 
phenocrysts in a fine slate-gray matrix with inclusions of quartzite 
and other material. The inclusions observed from an inch or, 
two down in size, and the phenocrysts average about one-sixteenth 
of an inch across. The conglomerate at the ee jsaets deposits is com- 
posed of pebbles of quartz, red, brown, and gray sandstone and 
quartzite, gray and black chert, and a serpentine-like material, with 
a siliceous cement, the whole containing decomposed feldspar frag- 
ments throughout. The pebbles range in size from about 2 inches 
down. About a mile to the east of the mine is a bed of very coarse 
conglomerate forming cliffs 60 to 70 feet high along the north side 
of the West Fork. The pebbles of this conglomerate are composed 
of sandstone, quartzite, siliceous slate, and chert, with a compact, 
hard, red, jaspery matrix. These pebbles are well rounded and range 
in size up to 10 and 12 inches in diameter. While a number of them 
are very similar to those of the finer conglomerate at the sapphire 
mine, the frequent quartz pebbles of the latter seem to be faokeitiy, 
There are pebbles and fragments of light-yellowish and greenish-gray 
to n serpentine-like mineral included in the coarse conglomerate 
to the east of and in the conglomerate and tuff at the sapphire mine. 
Large blocks of apparently the same material were found on the 
flats at the mine. The latter consisted of a fine-grained greenish- 

ay matrix with translucent dark-green blocks, resembling crystal 

agments, included in it. Both the matrix and the inclusions were 
soft and like serpentine. In thin section the greenish inclusions were 
seen to be very fragmentary with a light, porous, kaolin-like looking 
material between the fragments. The latter were composed of man 
small, doubly refracting particles and fibers extinguishing at 


les. 

"Phe gravels in Anaconda Gulch vary from 30 to 100 feet in width 
and from a few inches to 8 or 10 feet in thickness. At the bends and 
in some of the hollows along the gulch ‘eee bars extend up the 
hillsides short distances. On portions of the flats along the gulch 
gravel beds occur, and good deposits of sapphire are reported to exist 
in channels leading to the gulch. At one place on the flats the 
grare™, and probably also the decayed tuff or conglomerate, have 
en washed for sapphires over an area of a number of feet square. 
The gravels in Meyer Gulch are from 30 to 40 feet wide in the lower 
part and from 100 to 200 feet wide farther up the gulch. In thick- 
ness they vary from a foot or two up to 8 or 10 feet, and are prob- 

ably as much as 5 feet thick over a large portion of the area. 
he gravels in both Anaconda and Meyer gulches are sluiced down 
with small hydraulics. The first part of the sluice is over bed rock 
and from this portion the bowlders and coarse débris are forked out. 
The finer material is then washed down through board sluices over 
cross riffles. The latter are removed and cleaned up each day. In 
Meyer Gulch the tailings from the riffles are carried through several 
hundred yards of wooden sluice to remove the waste from the gulch 
near the workings. This sluice has riffles with bars parallel to its 
length, largely to protect the boards of which it is constructed, 
though partly to catch sapphires that have washed over the cross 
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rifies. The parallel rifles are cleaned up at wide intervals of time- 
All of the concentrates are further cleaned on a jig operated by a 
small water wheel. The concentrates from the jig are oven-dried 
and shipped for picking. Gold is also saved from the concentrates. 
The tailings from the jigs contain rutile in elongated, much water- 
worn pebbles, scaly hematite in quartz, garnet, corundum, pyrite, 
manganese ore, siliceous iron pebbles, and other minerals. 

The sapphires from the Rock Creek region are principally used for 
mechanical purposes, though some are of good color and quality and 
of sufficient size to be cut as gem stones. The igh 7, ap is 
some shade of n, as the yellowish and bluish green of 1 and 
aquamarine. Blue, yellow, purple, pink, and red sapphires are found, 
however. The presser part of the sapphires are shipped to Swit- 
zerland, where they are cut for use as watch jewels and for other 
bearings. 

COLORADO. 


Mr. C. A. Beghtol reports the discovery of sapphire in the matrix 
in Fremont County, Colo., by a prospector named Weston. The lat- 
ter would not reveal the locality. 


INDIA. 


Kashmir.—The production of sapphire during 1906 from the Kash- 
mir mines * amounted to 2,837 carats, valued at £1,327. 

Burma.—In the operations of the Burma Ruby Mines Company 
during the year closing with February 28, 1907, sapphire valued at 
£1,132 was produced.* The quantity of sapphire produced is not 
given separately, but is combined with that of spinel and ruby, the 
total of which amounted to 326,855 carats. 


CEYLON. 


A blue sapphire bo, 466 carats after cutting and polishing is 
reported to have been found in Ceylon during 1907.° If the report is 
true, this is the largest blue sapphire on record, and if the stone is of 

ood color and free from flaws it should be worth several thousand 


ollars. 
AUSTRALIA. 


Queensland.—The value of the sapphire production of the Anakie 
field during 1907 is given at about £40,100,‘ as compared with £18,000 
in 1906. e miners sell their sapphires to resident dealers,* who in 
turn ship them to merchants in Europe. Probably 75 per cent of the 
stones go to Germany. The average price per ounce pate for sap- 
phires during the last five years has been approximately as follows: 
1903 and 1904, 15 shillings; 1905, 15 shillings to £1; 1906 and 1907, 
£1 4s. The sapphires are graded into three classes—first-class blue, 
second-class blue, and ‘‘ machine stones,’’ named in order of their value. 
The use made of the “ machine stones” is not definitely known, though 
it is supposed they are applied in mechanical apparatus. 


« Reo. Geol. Survey India, vol. 36, pt. 2, 1907. 

> Manuf. Jeweler, November 7, 1907; from London Standard. 
¢ Mining Jour., London, March 14, 1908. 

d Mining Jour., London, February 22, 1908. 
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SMITHSONITE. 


Translucent, apple-green smithsonite, not only furnishing beautiful 
cabinet specimens but cutting pretty gems, has been found in large 
masses in the Magdalena mining district, New Mexicco. This smith- 
sonite occurs in the Kelly mine, which is being developed by the Tri- 
Bullion Smelting and Development Company. It was found ina zinc 
vein in a cavity or vug several feet wide and 25 feet long, which it lined 
and partly filled with odd-shaped masses. The surface of the smith- 
sonite masses has a mammillary structure which is drusy with the 
edges of many small projecting crystals. The mineral assumes odd 
shapes and sometimes “gira pooniar form. One specimen, seen in 
the New York office of the Tri-Bullion Company, was roughly about 
the size and shape of the head and bust ofa man. It had a beautiful 
light-green color and was covered with drusy mammillary lumps an 
inch or two across. 

This green smithsonite occurs in shells or layers, up to an inch or two 
in thickness, cosking rou irregular masses of typical dry bone or car- 
bonate zinc ore. e shells of smithsonite have a columnar structure 
across them, with a slight radial a ment of the columns. Ordi- 
nary smithsonite or zinc carbonate is colorless or white. This material 
contains variable quantities of a copper salt, which give it a beautiful 
green color. The copper stain is not evenly distributed through the 
mineral, but occurs in layers parallel with its surfaces. This smith- 
sonite is being cut and sold as a gem in some of the Western States. 
It yields handsome cabochon stones similar to chrysoprase, though of 
course not so hard and therefore less valuable than that mineral. 
Mr. Hart, of Manitou, Colo., reports that the rough mineral for gem 
purposes brought from $2 to $5 per pound at Magdalena. 


SPHALERITE. 


Dr. George E. Ladd reports that sphalerite crystals from the zinc- 
lead mines of Missouri are used locally in jewelry without cutting. 
The clear, rich, resin-colored crystals make handsoine stick pins. The 
mineral is too soft, however, for extensive use. 


SPODUMENE. 
KUNZITE AND HIDDENITE. 


United States.—There was a large production of lilac-colored spodu- 
mene or kunzite in the southern California gem region during 1907. 
The output of sem spodumene amounted to about 125 pounds of 
selected material, part of which was pale green, colorless, and yellow- 
ish. The production came from the Pala Chief and the Caterina 
res near Pala, and the Mack mine, near Rincon, all in San Diego 

ounty. 

The development for the emerald-green spodumene or hiddenite 
deposit in North Carolina was described under ‘Beryl.’”’ Further 
work on the lilac and pale-green spodumene deposit at Andover, 
Oxford County, Me., has yielded mineral of good color, though clear 
only in small patches. Mr. F. G. Hillman reported surprisingly beau- 
tiful gems cut from material that had been pronounced valueless by 
two dealers in precious stones. 
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Madagascar.—Mr. Albert Dabren, mining engineer of Madagascar, 
reports the discovery of gem kunzite and hi enlte: on that island. In 
a personal letter to the writer, dated Tananarivo, May 1, 1908, Mr. 
Dabren states that the material is comparable with that of California 
and North Carolina in beauty. 


TOPAZ. 
UNITED STATES. 


Topaz was produced in Utah, California, Texas, Maine, and New 
Hampshire during 1907. Prof. F. W. Clarke mentions an occurrence 
of oe on Baldface Mountain, near North Chatham, N. H., where 
faintly bluish and colorless Sef hea suitable both for specimen and 
cutting, are found. This loc 
ham, Me., topaz locality. 

Texas.—The production of topaz in Texas came from a new locality, 
near Streeter, Mason County, and was reported by Mr. R. L. Parker to 
amount to about 20 pounds. Part of this topaz was found as pebbles 
in the drift of a small branch and part in place in pockets embedded in 
yellowish clay, associated with crystals of smoky quartz, tabular feld- 
spar, and mica. Mr. Parker describes the topaz as varying from 
colorless to white, bluish, greenish, and amber in color. Of three 
specimens sent to the Survey, one is a cleavage fragment of a water- 
worn crystal, colorless, and perfectly clear; another crystal is perfectly 
clear with a slight bluish tint; and the third, a large crystal weighing 
about 44 ounces, is clear in portions, with a delicate bluish-green tint. 
: =) probable that very beautiful material will be obtained from this 
ocality. 

Though well supplied with faces, the two crystals available for 
examination apparently presented no new forms. The forms deter- 
mined with reasonable certainty by hand measurements were the 

risms m(110), 1(120), and g(130), brachy-pinacoid b(010), macro- 

ome h(203), brachydomes f(021) and y(041), and pyramids u(111), 
v(121), 0(221), and i(223). The character of the crystal faces varies 
considerably on the two crystals. Some are polished; others are 
clouded, etched, and striated. 

California.—The production of topaz from California came from 
the gem mines 4 miles N. 75° E. of Ramona, San Diego County, and 
a ag Aa the Little Three mine at this locality. These mines 
produce, besides topaz, hyacinth-colored garnet, tourmaline, quartz, 
and albite or clevelandite. Some of these stones yield rich gems, 
while others form beautiful cabinet specimens. 6 mines from 
which they are obtained are described under ‘‘Gem minerals of 
southern California.” 


ty is only a few miles from the Stone- 


TOURMALINE. 
UNITED STATES. 


The production of tourmaline amounted to about 2,140 pounds of 
rough gem crystals. California contributed the bulk of the produc- 
tion, and Colorado, Maine, and Connecticut made up the remainder. 
The greater part came from the mines of the Himalaya Mining Com- 
pany, the Mesa Grande Gold and Gem Mining Company at Mesa 

rande, San Diego County, and the Pala Chief mine at Pala. The 
mines of the Royal Gorge region, Colorado, operated by C. A. Beghtol 
& Co., were the next largest producers. Mr. J. D. Endicott reports 
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the discovery of a new tourmaline deposit in rennet inclosed 
in garnetiferous mica schist in Fremont rade Colo. A new de- 

it of tourmaline was reported from the Pala ss gin. San Diego 

unty, Cal., by Mr. John W. Reed, late in 1907. pocket opened 
in this deposit contained over 150 crystals, some 2 or 3 inches in diam- 
eter and several inches long, whic had a lavender color. Several 
tourmaline mines in California are described under the ‘‘Gem minerals 
of southern California.” 


INDIA. 
The production of tourmaline from the Ruby Mines District of 
Burma during 1906 amounted to 193 pounds, valued at £1,001, as 


compared with 161 pounds, valued at £1,500 in 1905.2 Mr. B.C. S. 
George, cope commissioner of the Ruby Mines District, describes 
the workings for tourmaline * about a mile east of Maingnin. These 
deposits were worked by the Chinese about 150 to 200 years ago. 
According to local tradition they were again opened temporarily by 
Kachins about forty years ago. About 1885 the deposits were 
reopened and more systematically worked until 1895 under Pir 
Seinde. Since 1899 they have been worked by licenses, and nia 
the last three years this locality has produced about £200 worth o 
tourmaline annually. 

The tourmaline occurs in soft, saber ag granitic veins, generally 
covered by a thick layer of jungle soil. Isolated crystals are some- 
times found in the yellowish earth associated with the granite or the 
red soil capping it. The discovery of the deposits made from shafts 
4 or 5 feet square with underground workings is almost entirely 
accidental. Some of the shafts are about 100 feet deep, which seems 
to be the limit of the native skill. The tourmaline is sorted into three 
classes: (1) Best = rubellite; (2) darker colored crystals, lower 

art brown or black; (3) fragmentary crystals of any color, or imper- 
ect small crystals. The best varieties bring from £80 to £100 per 
viss (3.65 pounds). 
TURQUOISE. 


There was a production of nearly 600 pounds of rough selected 
turquoise and of nearly 3,000 pounds of turquoise matrix during 1907, 
from Arizona, Nevada, Colorado, New Mexico, and California. The 
ecg part of the production came from the mines near Mineral 

ark, Ariz. The output from Colorado came from the mines near 
La Jara, Conejos County, operated by the Colorado Turquoise ame 
Company. is company reported development work by two tunne 
200 feet and 100 feet long, respectively, and four shafts 105 feet, 97 
feet, 70 feet, and 50 feet deep, respectively. Mr. E. H. Davis, of 
Mesa Grande, Cal., mentions the discovery in December, 1907, of a 
turquoise deposit in the Colorado desert on Carrizo Creek. Turquoise 
seams in a dark matrix are especially suitable for cameo coverings, and 
some of the native material has been used with excellent results for 
this purpose by Messrs. F. J. Essig, of Chicago, and William Petry, of 
Los les. This turquoise cameo stone comes from Esmeralda 
County, Nev., and consists of good blue turquoise in seams an eighth 
of an inch or more in thickness in a dark gray chalcedony matrix. 
The latter furnishes a good background for the turquoise carving. 


* Reo. Geol. Burvey India, vol. 36, pt. 2, 1907, p. 83 
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Turquoise is known to occur at several places in the Burro Moun- 
tains of Grant County, N. Mex. A description of one of these 
deposits—that of the e Mining Copan, about 15 miles south- 
west of Silver City—with notes on the geology of the surrounding 
region, has been given by Mr. Edward R. Zalinsky.*. The Azure 
mine, the American Gem and Turquoise Company mine, one-half 
mile southeast, and the Porterfield qucwe ompany mine, one- 
half mile south of the Azure mine, were briefly visited by the writer 
during the fall of 1907. The following description has been prepared 
from Mr. Zalinsky’s article and the writer’s notes: 

During the last part of 1907 a small amount of work was done on 
the Azure mine, opening up the lower levels and preparing to push 
developments during 1908. The mine had not been operated since 
1905. The American Gem and Turquoise Company mines also have 
been idle for the last few years. The Porterfield turquoise mine was 
not worked during 1907, though there was a large production from 
small excavations in 1906. 

The country rock of the turquoise region is granite which presents 
various phases in texture, composition, and degree of alteration. 
The greater part of the granite has a porphyritic texture, which 
varies from coarse to very fine. Much of this granite has undergone 
such extensive kaolinization that it is often difficult to determine the 
constituent feldspathic minerals. The texture varies considerably 
and in some places is finer grained and more porphyritic than in 
others. A common variety of the granite has coarse pink feldspar 
sina pire A thin section cut from a specimen of this granite 
collected at the Copper King mine, about one-third mile southwest of 
the head of the e mine, contained orthoclase, a plagioclase, 
quartz, biotite altering to chlorite, magnetite, and zircon. Another 
section cut from a specimen from near the east wall of the Azure vein 
contained orthoclase, a little plagioclase, probably albite, and quartz 
in grains and veinlets. The feldspars were partially kaolinized and 
the kaolin much stained with limonite. Another form of occurrence 
is a spotted porphyritic granite with phenocrysts of orthoclase and 
plagioclase 2 or 3 millimeters square. A thin section from this variety 
of rock at the Porterfield mine contained orthoclase and plagioclase in 

henocrysts and biotite shreds scattered through a groundmass of 
eldspar and quartz. All of the feldspars were partially kaolinized. 

Mr. Zalinsky describes the occurrence of mica-andesite porphyry 
stocks and andesite dikes of pre-Tertiary and gar age. It was 
probably during the intrusion of these bodies that the rock of the 
region was fractured and mineralized. The turquoise deposits 
adjoin the copper deposits of the Burro Mountains on the northwest, 
and copper staining is present throughout their extent. 

Azure turquoise mine.—The Azure mine has been worked on an 
immense scale by an open cut that is about 60 feet deep in its deepest 
portion, from 70 to 100 feet wide, and about 200 yards long, with 
adits on two levels below the open work. The vein is in a badly 
fractured zone and strikes about northeast with a dip of 45° to 
the southeast; it is about 40 feet wide, though locally over 60 feet 
wide. The joints produced during fracturing dip both parallel 


& Economic Geology, July-August, 1907, pp. 464-482. 
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to the vein and across it to the northwest. Slickensides and evi- 
dence of movement are more pronounced on the fissures parallel to 
the vein, and two such prominent fractures form the walls of the 
vein through part of its extent at least. The country rock is por- 
phyritic granite, badly altered through kaolinization, portions of 
which form the mass of the vein. A large amount of silicification 
has hardened the rock in many places so that it does not resemble 
ordinary decomposed granite. This silicification is represented by 
the deposition of quartz in part throughout the rock and in part 
in seams and veinlets cutting it at all angles. 

Turquoise occurs as veins and veinlets filling the joints and fissures 
in the rock and as nuggets. In places these veinlets are mere 
films, and in others they are as much as three-fourths of an inch thick. 
Part of the turquoise is found in groups of small rounded masses 
resembling nuggets, fitted roughly together though acpareiy from 
one another by kaolin or clay and enveloped in it. ese groups 
of nuggets generally fill a flattened lenticular-shaped pocket in one 
of the veinlets. The best turquoise came from a portion of the vein 
known as the “Elizabeth pocket,’’ which extends from the second 
level to the surface, a height of 40 to 60 feet, and may include a 
width of 40 feet and a length along the vein of 150 feet. The vein 
rock near this pocket is cut by an unusually large number of quartz 
seams and veinlets up to a half inch wide. These contain crystal- 
lined cavities in places, and veins of turquoise sometimes contain 
quartz crystals penetrating them. The quartz veinlets sometimes 

ive place to turquoise veinlets or include patenee of turquoise. 
ere portions of the rock are less altered and pink feldspars occur 
turquoise of a bright blue color is found. Turquoise veinlets o 
different shades of color are found crossing each other, indicating 
different periods of deposition and different sources of material. 

Good turquoise was found at other places in the vein than in the 
Elizabeth pocket. To the northeast of this pocket much of the tur- 
quoise had a greenish cast, while still farther along good blue variety 
was more plentiful. To the northeast of the open cut the Azure 
mine did not yield much turquoise of good color in a drift several 
hundred feet long. To the southwest of the open cut the vein is 
readily traced for several hundred yards up Morrills Canyon. It 
contains very little turquoise, however, but has been proved to ca 
fairly rich cope ores. Mr. William R. Wade, who has directed the 
openings on this vein for copper, reports that a little turquoise 
was found in the Copper King mine at a depth of 410 feet. In 
the workings at the Azure mine the best turquoise was found at 
depths of less than 100 feet. Pyrite or sulphides were not observed 
associated with the turquoise, though the wall rocks are colored red 
with hematite in places. Where the feldspars of the rock have been 
the most extensively kaolinized turquoise is found poses in nugget 
form. In less altered rock hard vein turquoise is found, and both 
varieties are found in moderately altered rock. 

Mr. Zalinsky mentions the various colors found in turquoise at the 
Azure mine and the associations with other minerals and matrix. 
eg all shades of blue and green occur—dark blue, sky blue, 
light blue, bluish green, light green, and dark green—and in some 
cases reddish-brown, chocolate, and violet-colored material has prac- 
tically the same composition as turquoise. A combination of colors 
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in the same piece is not uncommon, especially in mottled matrix, 
as bright blue spots or lines in paler turquoise. The mineral halloy- 
site is associated with turquoise in olive-green and grayish masses 
and in nugget form similar to turquoise nuggets. Halloysite is 
opaque to translucent and has a ia luster. When moist and 
fresh from the mine the halloysite has about the consistency of can- 
die wax. It hardens and cracks on exposure to the air, however, 
though it does not become so hard as turquoise. Among numerous 
associations the following were noted: Pale-blue vein turquoise with 
a network of yellowish-brown hydrous aluminum phosphate streaks; 
blue-white vein turquoise containing open cracks and streaks o 

darker material; light-blue vein turquoise containing yellow spots 
of phosphate, quartz grains, and darker veinlets of purple and blue 
parallel to the walls. 

The turquoise from the Elizabeth pocket is probably the finest 
ever found in the world. Much of it is of a deep blue color, slightly 
translucent, and over 6 in hardness, so that it makes a fine wearin 
gem. The cut gems of good quality from the Azure mine are mark 
with a circle on the lower side, and such stones are guaranteed to 
hold their color for a number of years or to be replaced. Mr. Zalin- 
sky states that the Azure mine has produced turquoise to the value 
of several million dollars since 1891. 

Mr. Zalinsky suggests that the turquoise was formed in the vein 
where copper-bearing solutions, rising in fissures with a northwest 
dip, crossed phosphate-bearing solutions rising in fissures parallel 
to the vein with a southeast dip. In support of this theory the 
occurrence of such copper minerals as malachite and chrysocolla in 
the copper fissures above the supposed phosphate fissures is cited. 
It is thought the phosphoric acid of the turquoise was derived from 
the decomposition of apatite in the original granite and the alumina 
from the yess of the feldspar of the same rock. Where 
copper was supplied in excess, the turquoise runs toward green in 
color. The proper proportion of copper gives the best bright blue 
gem of greater hardness than where the copper was not present in 
sufficient quantity. In the latter case the turquoise is of pale color 
and inferior hardness, and apparently this variety grades into 
simple phosphate of aluminum. 

merican Gem and Turquoise Company mines.—The operations of 
the American Gem and Turquoise Company were upon the deposits 
in the Parker mine and near the pechietniie soaks about 200 
yards to the northwest. At the latter place the recent work consists 
of two tunnels, of about 50 and 60 feet in length, driven in from a 
small open work at the outcrop on a hillside. One of these tunnels 
running southwest followed prominent seams, which carry tur- 
quoise in places and dip about 50° to the southeast. The other tun- 
nel cut across the direction of the prominent seams and appeared 
to be exploratory work. The country rock is typical quartz por- 
hyry with prominent glassy quartz phenocrysts and badly kaolinized 
eldspar crystals. 

Mining at the Parker mine was accomplished principally by open 
cuts, of which two are fairly large. The one to the north was made 
in a gully running east, and is nearly 100 yards long and 10 to 25 feet 
deep. The country rock is hard quartz porphyry like that near the 
prehistoric workings. A number of seams carrying turquoise cross 
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the open cut in a northeast direction with southeast dips. Other 
seams, and one especially prominent seen in the end of the cut, run 
nearly east and west with a high northerly to vertical dip. Turquoise 
occurs in films, seams, nuggets, and irregular masses in the matrix. 
The prominent seam mentioned was from 2 to 6 inches thick, and 
carried ve turquoise and matrix in masses of nearly equal thickness. 
Much of-the turquoise in this seam is too soft and of too poor color 
to be of great value; part, however, would yield good matrix gems. 

The openings farthest south consist of irregularly shaped open work 
with a small amount of tunneling. The main cut is nearly 50 feet 
deep on one side and probably 100 feet across. This cut is situated 
on the contact of the typical quartz porphyry on the northeast and 
the altered country granite on the southwest. The rock is jointed 
in different directions, some of the seams ing northeasterly. 
The turquoise occurs in films and veinlets in many of the joints, and 
some of a fine bright blue color nearly a quarter of an inch thick was 
seen in the open cut. 

Part of the turquoise from these mines is of the same high grade 
as much of that ‘bon the Burro Mountains. The guaran cut 
gems of this company are marked with a cross (x) on the lower side. 

Porterfield Turquovse mine.—The Porterfield Turquoise mine is on 
the west side of St. Louis Canyon, on each side of the mouth of a small 
gully. The work at this mine has not been extensive and consists of 
several tunnels and shafts with small open cuts and prospect pits. 
Two of the deeper shafts are between 40 and 50 feet deep, and the 
ne tunnel is nearly 170 feet in length. Turquoise of the best 
quality was found most plentifully during 1906 in irregular open 
work near the bottom of the gully. 

The country rock at the mine consists of different t of granite 
porphyry. A prominent type has large crystals or phenocrysts of 
red orthoclase through a quartz and biotite matrix, and approaches 
& granite in texture. Another type is a finerspotted porphyry, com- 
posed of orthoclase with some plagioclase and quartz phenocrysts in 
a groundmass of feldspar and quartz. Biotite is locally present in 

uantity in small six-sided crystals generally badly altered to chlorite. 
other type is a quartz-feldspar granite, somewhat pa in 
which biotite and similar minerals are lacking. In the majority of 
these rocks the feldspars have been partially kaolinized, while abun- 
dant silicification has taken place. e latterisrepresented by much 
secondary quartz binding the particles of rock more closely together 
and in seams cutting the rock in various directions. 

Turquoise has been found in prospects in a belt about 100 yards 
wide and over 200 yards long in a direction east of north and west of 
south. This area is marked by numerous joints, of which many 
prominent ones strike northeast, though others cut across this direc- 
tion at various angles. The turquoise occurs in seams, veinlets, 
lenses, and groups of nodules or nuggets in lens-shaped masses. 
Among the minerals associated with turquoise the most common is a 
white, koalin-like clay which coats the nuggets and in places forms 
an important part of the filling of seams. Among other minerals 
observed associated with turquoise and in turquoise-bearing seams 
were hematite, quartz, limonite, hyalite opal, chalcedony, and green- 
ish, waxy halloysite, which in places assumes the form of nuggets 
like turquoise. The turquoise occurs in seams running in various 
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directions, the larger veinlets often having stringers extending out 
in seams crossing them. The joints and seams in the vicinity of 
turquoise-bearing ground often show indications of turquoise in the 
form of blue, bluish-green, green, yellowish-green, and whitish coat- 
ings or stains. 

oice lots of turquoise that range from deep robin’ blue to 
blue of pale shades and that would yield one color gems of 10 to 20 
carats (or even of 30 carats) are reported to have been obtained from 
this mine. The largest yield of turquoise of one color is in stones of 
1 to 10 carats, while considerable matrix material and mottled tur- 
quoise are reported to have been found. Mottled turquoise presents 
a number of variations of light-blue turquoise speckled with dots of 
deeper blue. In one specimen seen the dark blue mottling consisted 
of small dendritic masses resembling the markings in moss agate. 
Judge M. M. Porterfield, owner of the mine, states that the deep-blue 
stones of finest quality when cut bring from $1 to $10 per carat for 
those under 10 carats in weight and $10 or more per carat for those 
weighing over 10 carats. The matrix stones bring from 25 cents to 
$1 per carat, and the mottled turquoise brings a little more than the 
matrix. The Porterfield turquoise when cut is marked with a cross 
(x) on the lower side, as are those of the American Gem and Turquoise 
Company. With better facilities for marketing, the production of 
the Porterfield mine could probably be considerably increased. 


UTAHLITE AND AMATRICE OR VARISCITE MATRIX. 


Amatrice is the new name given to utahlite or variscite with its 
associated matrix, as now mined and cit by the Occidental Gem 
Corporation of Salt Lake City. The word ‘‘amatrice”’ is a combina- 
tion of the first letter of the word American and of the word matrice, 
and is intended to indicate that the gem is a matrix stone of distinctly 
American origin. During 1907 the Occidental Gem Corporation 
worked the deposit of utahlite in the Stansbury Mountains, Tooele 
County, Utah, described by Dr. George F. Kunz in this report for 1905. 
The company reports about 100 feet of tunnel opened and 30 feet of 
cuts made. The gem occurs in nodular form with a coating of chal- 
cedony and other minerals. The production of finished gems from 
the rough material mined amounted to about 20,000 carats. 

Amatrice is composed of variscite, wardite, and provetly other 
allied minerals, chalcedony, and quartz. Variscite and wardite occur 
together me ee are hydrous proapnaes oe yr ire inum ys sera 
rangi om deep grass green to paler shades o n and slight 
blush pen Both minerals are Snipes and tough, the ee cou 
varying from a little over 4 in variscite to about 5 in wardite. The 
matrix consists of chalcedony and quartz with other minerals, among 
which are yellowish gray and white phosphates, probably in part 
variscite or allied minerals, sometimes deposited around portions of 
green variscite or banded with chalcedony. In both the variscite 
or wardite and the adjoining matrix there is an oolitic texture with 
the shot-like masses recemented together with mineral of a different 
shade of color. Much of the chaledony is dull and chert-like, with 
the color varying from dark red and yellow brown to buff and era : 

The charm of amatrice is due to the wide range of colors of the 
several minerals composing it and the numerous combinations these 
colors make with one another. These combinations of color are due 
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to several causes, among which are the deposition of the different 
minerals or colors in agate-like bands either around a fragment of 
other mineral as a core or filling cavities however formed, and the 
brecciation of both the variscite and matrix with subsequent deposi- 
tion of other minerals or of the same mineral with different shades of 
color in the cracks and seams. Among the odd combinations of color 
may be mentioned light-green with deep-green ‘‘cobweb”’ or ‘‘turtle- 
back”’ mottling, with or without other colored matrix; dark brown 
or yellow matrix in seams and irregular masses with light or dark 

een background, or vice versa; yellow, rey and white matrix 
inclosing or inclosed in green of varying ot es. 

Mr. Don Maguire reports a considerable production of utahlite, or 
chlor-utahlite, from the Camp Floyd mining district, Utah County, 
about 2 miles south of Mercur gold mine. This locality has been 
described by Dr. George F. Kunz in his reports on the production of 
precious stones for 1894 and 1904. 


GEM MINERALS OF SOUTHERN CALIFORNIA. 


Mining for precious stones in San Diego County was actively 
pushed during the first part of 1907, and a considerable output was 
obtained. During the last half of the year operations were but 
intermittent or suspended at a number of the mines. The principal 
production of gems came from around Mesa Grande and Pala, though 
there was a smaller production from Rincon, Ramona, Riverside, 
Oak Grove, etc. At Pala varying amounts of work were done at the 
Pala Chief and Tourmaline Queen mines, owned by the Pala Chief 
Gem Toy eet at the Stewart Lithia mine, or its extension, 
owned by the American Lithia ge at the Caterina, Hiriart, 
and Naylor-Vanderburg mines on Hiriart Mountain, owned by the 
Sickler Gem Mining Company; and on claims on the north side of 
Hiriart Mountain. At Rincon there was an output of tourmaline 
and kunzite from the Mack mine. At Mesa Grande work was done at 
the mines of the Himalaya Mining Company, the Mesa Grande 
Consolidated Gold and Gem eining VIP ene: the San Diego Gem 
Mining Company, the Native Gem Mining Company, the J. M. Cota 
mine, the Trail mine, and the Rose Quartz mine. At the mines on 
the hill 4 miles N. about 70° E. of Ramona the Little Three, 
Hercules, Lookout, Reliance, and Mars claims and the Daggett mine 
were tested or worked. wn 

ALA. 


Stewart Lithia mine.—The Stewart Lithia mine is located about a 
mile and a half northeast of Pala on the end and along the east side 
of a ridge or spur of @ mountain. The vein consists of a pegmatite 
mass neatly 50 feet thick in places and outcropping prominently for 
a third of a mile or more; part of the outcrop to the north belongs to 
the Messrs. Labaugh. It has a northerly strike with a gentle oP 
(10° to 15°) to the west. The principal work has been to the sout 
for lithia minerals at the point of the spur where the pegmatite ledge 
outcrop extends from the east side to the west side. Tunnels have 
been cut hae the ridge exposing large masses of paying and 
amblygonite. Compact lepidolite can be obtained here by the hun- 
dred tons. Later work at the Stewart mine consists of several cuts 
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’ and tunnels to the north of the main workings and at different points 
along the ledge. In some of these openings the lepidolite was more 
coarsely crystallized though less plentiful than in those to the south, 
and both gem tourmaline and kunzite were found. Tourmaline 
occurs in coarse pink crystals in portions of the vein. In places these 
crystals have badly altered to a soft substance resembling pink talc 
or kaolin in feeling and consistency. This is doubtless the halloysite 
clay described by G. A. Waring? in his paper on the atite veins 
of Pala, San Diego County. The occurrence of lepidolite in the 
pegmatite is quite irregular. In places the ledge has ordinary peg- 
matite at the top, called ‘‘capping,” and containing much blac 
tourmaline in crystals through it. The lithia and gem minerals 
occur in ies? kets or masses scattered irregularly through the 
pegmatite. Fouet and unaltered tourmaline and kunzite occur 
associated with or near masses of lepidolite. In these places the 
— and other minerals occur in large crystals or masses, and 
graphic pegmatite is common. Crystals of feldspar 6 and 8 feet long 
were seen in one of the gem-bearing portions. e lower portion o 
the pegmatite is thought to be barren and is finer grained than the 
upper. ; 
ourmaline Queen mine.—The Tourmaline Queen mine lies near 
the top on the east side of the same mountain as the Stewart mine, 
and about one-half mile northwest of it. Beautiful pink tourmaline, 
en in some portions, has been obtained at this mine, along with the 
eldspars, lepidolite, black tourmaline, garnets, etc. The main ledge 
at this mine is 10 to 15 feet thick, though at the place opened it appeared 
to be only a foot or two thick. The principal work consists of two 
open cuts of but moderate size. 

Pala Chief mine.—The Pala Chief mine is nearly 1 mile east of 
the Stewart mine, near the top of a knob on the opposite side of a 
valley. The pegmatite ledge at this mine is from 15 to 20 feet thick, 
apparently lying on and seoel parallel with the surface of the hill. 
It has been worked by an open cut about 100 yards long and from 
6 to 25 feet deep in a direction north of west and south of east. The 
pegmatite contains considerable black tourmaline and graphic 

anite through it. The gem-bearing portions or pockets contain 
epidolite. Both kunzite and tourmaline are found in some of the 
pockets, though the openings at the western end of the cut have 
yielded more tourmaline than kunzite. A large part of the kunzite 
of southern California has been obtained from this mine. 

Caterina mine.—The Caterina mine is located at the foot and on 
the south side of Hiriart Mountain, about 24 miles north of east of 
Pala. There is a large pegmatite ledge at this mine striking in a 
northerly direction with a dip of about 30° W. The lower part of the 
ledge consists of a fine-banded quartz-garnet rock. The principal 
work consists of an open cut with an incline and drift from it. A 
large gem-bearing pocket, 6 or 8 feet thick and followed down about 
30 feet on the incline, has been opened. At one place near the bottom 
the pocket was pinched down by a mass of crystal quartz to a thick- 
ness of 4 feet, but opened out below it. The pocket contains much 
crystal quartz, pink clay, and partly decomposed spodumene crystals. 
The spodumene crystals were of large size, and have decomposed to 
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whitish and pinkish clay of tallow-like consistency, or have only 
partly decomposed and still contain kunzite of good color. Some 
of the spodumene crystals were 6 to 12 inches thick and a yard or 
more long. Part of the tourmaline in the rc atite at the Caterina 
mine has a deep indicolite blue to nearly black color. ; 

Vanderburg mine.—The Vanderburg claim lies on the east side 
and near the top of Hiriart Mountain, and is probably on the same 
ledge as the Caterina. In the open cut on the outcrop it is said a 
perfect kunzite crystal weighing 1} pounds was found. A crosscut 
tunnel has been run in for a distance of 150 feet, 35 feet below the 
outcrop, and good kunzite was found where the ledge was cut. The 
latter appears to strike north with a westerly dip and is possibly 35 
feet thick. 

Hiriart mine.—The Hiriart mine is but a few hundred yards east 
of the Caterma mine. The work consists of an open cut with a drift 
about 75 feet long. The pegmatite ledge is from 2 to 4 feet thick 
and strikes N. 15° E. with a dip 30° W. The crystallization of the 
minerals was in part perpendicular to the walls of the “vein.”’ The 
gem minerals are blue and green with some pink tourmaline, asso- 
ciated with lepidolite, quartz, and albite crystals. 


RINCON. 


Vieter beryl mine.—The Victor beryl mine is in a ravine just east 
of the little village in the Rincon Indian Reservation. The pegma- 
tite is about 6 feet thick and strikes west of north with a dip of 45° W. 
The crystallization of the pegmatite in the interior of the vein is 
quite coarse, and there are many small pockets. These pockets 
contain smoky quartz and beryl, of which part is handsome aqua- 
marine. The vein has been worked by stripping and removing for a 
distance of about 50 feet and to a depth of 15 feet. 

Mack mine.—The Mack mine is on a hillside about a quarter of a 
mile south of the Victor mine. The pegmatite ledge at this mine is 
about 12 feet thick, strikes west of north, and dips about 50° E. 
There are pockets through the whole vein,' carrying lepidolite, albite, 
quartz, tourmaline, garnet, kunzite, etc. There is a gem-beari 
streak in the interior which is richer than the remaining portion o 
the vein. The mine has been worked by stripping off the hanging 
wall and by open work. 


MESA GRANDE. 


Himalaya mine.—The Himalaya mine, about 3 miles northwest of 
Mesa Grande, is a remarkable producer of tourmaline from a small 
vein. The pegmatite varies from 18 inches to 4 feet in thickness and 
has been traced several hundred yards. It has a strike of about 
N. 70° W., and a dip of over 20° SW., and cuts through a hill near the 
top. This vein has been worked by a yon amount of open cut with 
several drifts on the vein at different levels. Part of the later work 
has been in a drift 300 feet long on the north side of the hill. The 
ledge exposed in this tunnel had a marked banded structure, consist- 
ing of streaks 3 inches thick with black tourmaline crystals pougny 
perpendicular to the walls on each side of a pegmatite band 18 
inches thick and containing pockets with pink gem and black tour- 
maline. Crystals of quartz, feldspar, lepidolite, etc., are associated 


886 MINERAL RESOURCES. 


with the tourmaline. Other recent work consists of a crosscut 
tunnel] on the south side of the hill, in which good ledge material was 
located. Drifts were to be run in each direction on this part of the 
vein. 

Mesa Grande Consolidated Gold and Gem Mining Company.—The 
Mesa Grande Consolidated Company is operating a mine one-third of 
a mile south of the Himalaya mine. The recent work consists of an 
incline about 100 feet deep with drifts and stopes on the sides. Two 
shafts were formerly sank to the northwest with drifts and stopes 
between them. The pegmatite varies from 6 inches to 3 or 4 feet in 
thickness and strikes northwest with a southwest dip. Mostly pink 
tourmaline was being found at the time of the writer’s visit. Some of 
this was first-quality gem material; other was suitable for cabochon 
cuts. 

Esmeralda and Trail mines—The Esmeralda and Trail mines are 
about a mile and a half north of west of the Himalaya mine. The 
Esmeralda mine is evidently on a large preuait formation or on 
several arms of poemotite. Considerable work has been done in 
the form of tunnels, cuts, and prospect pits. Biotite and black tour- 
maline are plentiful in the pegmatite. Beautiful pink and aqua- 
marine beryl and some varicolored tourmaline have beeen found at 
this mine. At the Trail mine, on the same ridge and just above, 
the pegmatite carries dark-blue, nearly black tourmaline and much 
rough muscovite. Beryl crystals are said to have been found here. 

ota mine.—The Cota mine is about one-third of a mile southwest of 
the Himalaya mine, and the vein consists of a blanket ledge of pegma- 
tite on the hillside. It is from 2 to 5 feet thick and strikes north- 
easterly with a light southwesterly dip. The ledge is banded with 
several textures, as seen in one exposure. It contains black, n 
and blue tourmaline, with some of slightly pinkish color’ Small 
hyacinth garnets and a pink clay occur in the vein. The gem min- 
erals occur in streaks or long pockets. 

Rose Quartz mine.—The Rose Quartz mine, on a narrow, high spur 
or ridge, is 4 miles N. 60° W. of Mesa Grande. The ledge at this 
mine is marked by a large outcrop of pale, translucent rose and white 
quartz. The pegmatite is probably over 35 feet wide and contains 
quartz segregations 20 feet wide in places. Feldspar also occurs in 
nearly pure masses 6 to 8 feet through. Large black tourmaline 
crystals 2 to 5 inches in diameter and several feet long occur in the 
pegmatite. The only gem mineral so far found has been a very dark 
reddish hyacinth garnet. 


RAMONA. 
Litile Three and Surprise mines.—The Little Three mine on the 
northwest and the Surprise mine adjoining on the southeast are 


situated near the foot and on the south side of a hill, 4 miles N. 
70° E. of Ramona, on which a number of gem mines have been 
located. The pegmatite ledge at these mines hgs a northwesterly to 
north of west strike with a dip of 25° SW. The pegmatite varies 
from 3 to 10 feet in thickness, a portion consisting of finer-grained, 
banded pegmatite. Some of the gem minerals are found in pockets, 
while others are frozen in the vein matter. The pockets vary from 
1 or 2 feet long and 2 or 3 inches wide to 20 feet long and 12 to 18 
inches wide. The gem minerals found are hyacinth garnet, topaz of 
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white, pale-greenish, bluish, and yellow color, tourmaline, and bery] of 
white, green, and pink color, associated with clevelandite, orthoclase, 
muscovite, biotite, and fine quartz crystals. Much very fine speci- 
men material is obtained. The mines are worked by open cuts after 
the vein has been stripped of overlying rock. 

Hercules and Lookout mines.—The Hercules mine is part way up 
the hillside to the northeast of the Little Three, and the Lookout 
mine is still farther northeast, extending to the wis The Hercules 
mine has been worked by a cut and a tunnel 90 feet long. The Look- 
out mine has been opened at two points by open cuts, one on top of 
the hill, the other 200 or 300 feet below the top, where the ledge has 
been stripped through a height of about 75 feet. The Hercules mine 
contains eyectnia garnet, beryl, tourmaline, and smoky quartz 
crystals. e Lookout mine has yielded chiefly beautiful hyacinth 
garnet, we a pocket of green tourmaline has been opened at the 
top of the hill. 

aggett mine.—The Daggett mine is about half a mile northwest 
of the Little Three mine. It has been worked as extensively as 
any of the mines in this district, with several tunnels and a small 
amount of stoping. The pegmatite is nearly in the form of a blanket 
ledge on the hillside with a northerly strike and a dip of 35° W. The 
— found were pink beryl, green tourmaline, some very dark, and 
yacinth garnet, associated with lepidolite, muscovite, biotite, albite, 
orthoclase, and quartz. 
ther mines.—A few hundred yards to the north of west of the 
Little Three mine are the Reliance and the Mars claims. There are 
two ledges on the Reliance claim. These ledges were being pros- 
pected during 1907 with the result that a little hyacinth garnet, some 
green tourmaline, and frozen beryl were found. The gmatite in one 
of these ledges exhibits a marked banded structure, due to the occur- 
rence of certain minerals, especially tourmaline, in parallel layers. 
A small amount of hyacinth garnet was found during prospecting 
work on the Mars claim during 1907. 


CUTTING AND SALE OF GEMS. 


Several of the companies mining precious stones in southern Cali- 
fornia have their own lapidary osuhiahmente and cut for the local 
trade and for the markets at a distance. These lapidary establish- 
ments are located in Los sngees, San Diego, and other towns. 
Some of the cutting shops employ but one or two men, while others 
keep from five to ten men busy. In San Diego there were at least 
six of these establishments in operation during 1907, employin 
from one to six men. Some of these lapidaries work with siarovar 
mechanical methods, cutting faceted stones of perfect symmetry and 
great beauty. Carborundum is principally used for cutting and 
oxide of tin or chromium for colishiog the gems. 

The te bring good prices in the cities of California. Tourma- 
line of finest quality and facet cut are sold for from $6 to $15, and 
even as high as $20 per carat, according to size. Flawed tourma- 
line suitable for cabochon cuts is sold for 50 cents to $1 per carat, 
according to quality and size. Kunzite is sold for slightly Jess than 
tourmaline, though practically the same price is sometimes paid for 
exceptionally fine, rich, lilac-colored gems. — garnet is ordi- 
narily sold for from $3 to $10 per carat, though in some cases higher 
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prices are obtained. Beryl bri from $2.50 to $15 per carat, 
according to quality and size. Pink beryl of good quality is sold 
for about $8 per carat. Considerable turquoise, obtained from Ari- 
zona, Nevada, and California, is also cut and sold by the lapidaries. 
The one-color blue gems bring from $3 to $10 per carat and matrix 
stones from 25 cents to $1 or more. 


THE GEMS OF NORTH CAROLINA. 


An admirable treatise on the “‘ History of the gems found in North 
Carolina,” by Dr. George F. Kunz, has recently appeared as Bulletin 
No. 12 of the North Carolina Geological and nomic Survey. The 
report is illustrated with fifteen plates showing specimens of gems, 
their associated minerals, and occurrence. Four of the plates are 
beautifully colored, showing either rough or cut gems, or both, of 
ruby, sapphire, diamond, beryl, aquamarine, emerald, hiddenite, 
smoky and rutilated quartz, amethyst, cyanite, and rhodolite gar- 
net. Doctor Kunz calls attention to the fact that many of the 

ms of North Carolina have been found or obtained during mining 
or other minerals, as corundum, mica, monazite, etc. The history 
of events leading to the discovery of certain gems, as the emerald 
and emerald matrix on Crabtree Mountain, Mitchell County, and 
the emerald and hiddenite deposits of Alexander County, is given. 
The occurrence of ten authentic finds of diamonds and several 
reported discoveries are carefully reviewed. The corundum gems, 
or ruby and sapphire, beryl gems, or aquamarine and emerald, hid- 
denite, quartz gems, as amethyst, rock crystal, gues rutilated 
quartz, etc., and garnet, receive the most attention. Other gems 
as moonstone, rutile, cyanite, etc., are mentioned. The coloring o 
the different gems is well described. 


GEM MINERALS OF CANADA. 


. A few notes on the gem minerals of Canada have been kindly fur- 

nished by the director of the geological survey of Canada, through 
Mr. R. A. A. Johnston, a mineralogist of that survey. The following 
minerals have been found as recorded: 

Beautiful pinkish colored and clear white apophylite in the mines 
of Rossland, British Columbia. 

Pale to dark blue colored amblygonite in small masses near Lake 
Ramsay, Lunenburg County, Nove Hookia: 

Aventurene, composed of amazon stone interlaminated with quartz, 
on lot 7, concession A, Cameron Township, Nipissing district, Ontario. 

Large crystal masses of translucent and clear sea-green colored 
fluorite in a vein near the village of Madoc, Hastings County, Ontario. 

Fine green scales of fuchsite scattered through dolomites and 
magnesites in Yukon district. Polished specimens form handsome 
ornamental stone with greenish and reddish mottling in a ground- 
mass of white or yellowish white. 

Dark wine or cherry-red almandine garnets in large crystals in 
a hornblende schist south of Hudson Strait, Ungava district. Alman- 
dine suitable for gems is occasionally found in Chicoutimi and 
Charlevoix counties, Quebec. 

Agate and chalcedony in many places in the volcanic rocks of 
Yale and Caribou districts, British Columbia. Small masses of prase 
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at the head of Nicoamen River, Yale district, British Columbia. 
Morion quartz, in some cases an inch or two thick, in the vicinity 
of Lake Ramsay, Lunenburg County, Nova Scotia. 

Vesuvianite, of a honey-yellow color, of fine ie quality, in the 
township of Harrington, Argenteuil County, Quebec. 

Mr. H. S. Williams, of New York, reports a production of sodalite 
in British Columbia, from which locality 125 pounds were obtained 
by himself and Mr. O. M. Harper. 


GEM MINERALS OF MADAGASCAR. 
A report on the precious stones of Madagascar has been prepared 


by Albert Dabren,* mining ee: of the colony. The following 
is quoted from the abstract of this report by W. T. Schaller:° 


In ——— traversing crystalline schists are found the following gem minerals: 
Amethyst, zircon, sapphire, topaz, et, tourmaline, and beryl, the two being 
mined as gems. The variously colored tourmalines—pink, green, blue, and color- 
leas—are found in the pegmatites, which consist of quartz, mica, orthoclase, micro- 
cline (sometimes green), and albite. The associated minerals are lepidolite, garnet, 
 hagaaheleey green and pink spodumene, and pink, yellow, n, and pale-blue beryl. 
some crystalline limestones are found green spinel, reddish, bluish, and greenish 
corundum, white — and tremolite. In the important river alluviums occur 
corundum, spinel, yellow transparent chrysoberyl, topaz, beryl, almandine et, 
tourmaline, and quartz. Colored corundum is very abundant in certain alluvium 
deposits, being found here with the other above mentioned. These corundums 
have not as yet been found in place. They seldom yield cut gems of over a carat 
weight. Abrasive corundum is also found. Greenish blue kyanite is found in place 
in mica schist. Colorless, yellow, brown, or pink zircons, not found in place, are 
very abundant in the alluviums. They are tao minute to be used in jewelry. In 
1906 the exportation of precious stones amounted to 29,716 grams, of which 7,930 
- ee were tourmaline, 1,350 beryl, 1.135 logge and 1,000 rose quartz. The pro- 
uction of rough corundum from Analambato was 243,280 grams. The modes of 
occurrence, association, and especially the localities for the various minerals named 
above are described very fully in the paper. 


RADIUM AND CORUNDUM. 


The experiments performed by Mr. F. Bordas on the action of 
radium on sapphire gems are of interest.° It was found that blue 
sapphire, exposed to radium bromide of 1,800,000 activity, ch 
to green, to yellow, and finally to dark yellow; while red sapphi 
changed to violet, to blue-green, to yellow. Mr. Bordas observes 
that the color is not destroyed by heat, though Mr. George B. Selden, 
jr., of Rochester, N. Y., in repeating these experiments * found that 
the yellow color was quickly destroyed by heating the sapphire to 
800°. It is not thought these reactions will be ecinmerciite used, 
though they are scientifically interesting. 


PRODUCTION. 


The production of precious stones in the United States during 1907 
as reported to the Survey was much greater than during 1906. The 
values given in some cases are those estimated for an output of a 
known quantity of gems, and where possible the value of the rough 
material is represented, in accordance with the aim of the Survey. 
It is often impossible to obtain accurate figures in this form, since it 

: hek nuemane a ny arr hor ee aaa # trimestre, 1906. (Tananariva, Madagascar.) 


6 Mining Jour., London, November 9, 1907, and A 4, 1008 
4 Jewelers’ Circ. Weekly, February 12, 1908. ae 
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can not be known what a certain lot of rough mineral will yield when 
selected and cut. Some of the figures of production furnished this 
office are evidently the values for elaborated gems, while others may 
represent but little more than the cost of mining. Aside from the 
ifficulty experienced in obtaining Ears from certain producers 
there is a considerable production of various gems from scattered 
localities concerning which little information can be obtained. 

The table shows an increased production of several minerals during 
1907 over 1906. The most important increase is in the production 
of sapphire, which was mined in unusually large quantities in Mon- 
tana. A substantial increase is recorded in the production of tourma- 
line and chrysoprase, and in several minerals produced in small quan- 
tities, as amazon stone, rose quartz, topaz, and utahlite and amatrice. 
A substantial production of californite was reported for 1907; no out- 

ut was recotied for 1906. Several other gems are listed with a pro- 

uction in 1907 for which no record was obtained during 1906, as 

old quartz, jasper, pyrite, smithsonite, etc. One new gem mineral 

om California, benitoite, was added to the list. Values of the pro- 
duction of such minerals as diamond in Arkansas, emerald and ruby 
in North Carolina, were estimated from outputs reported or seen. 


Production of precious stones in the United States in 1906 and 1907. 


Value. 
Precious stone. Remarks. 
1907. 
te, moss agate, etc............ $650 | 6,000 pounds; Colorado and Washington. 
AVMBEOR SUMING: Sia secs vxaveeese tone 1,025 aan unds; principally from Colorado. 
ARIBR GOD occ csicccsceammmamianes 850 y from Virginia and North Carolina. 
AZUTIMIBONIGO fo ooo Ss scuscicotcanlactéceoces 250 | Arizona and Nevada. 
RNC ance wna cevarkweeounmiarrdlscenewewn a 1,500 co _— stock; California. 
Beryl: Aquamarine, blue, pink, etc. 6,435 ° , North Carolina, Colorado, Maine, 
Californite 25,000 | 5,000 pe winds: Callf iiforals. fem jade. 
WUE: ors os Koaeh «seeds Ween ee @25, pounds; ornia. 
TEA PRR RISCGR ERE RIS GRE Sa GSK YN 25 | Pennsylvania. 
CXMAMUONIUN Ss os .ecaneisonkcanavenanes 20 | Massachusetts. 
Chirywncoln oo sen on 3G wee cc cen ose aeeee 150 | Arizona and New Mexico. 
Chrysopraee......................- @ 46,500 | 3,105 pounds; green and blue. 
MUNG oes cas okt cs ce ceacis shoes lage oeciee 100 | North Carolina and Pennsylvania. 
OURS a srsicinye ctewatnecesnesk Lekeceeeece @2,800 | About 200 carats, from A . 
CMORMOG Sco sicvscctacccscatecceeest SOiboseteco 
POUR oo sc ycice Geese aE OeLReEe itwateatrs 91,320 | North Carolina. 
SONAOER, ox on oan anna nneccnsannrascobeerenennss 60 | Colorado and Pennsylvania. 
Feldspar, moonstone, etc.........|........-. 85 | Pennsylvania and North Carolina. 
Garnet: Hyacinth, py rope, alman- 6,460 | California, Colorado, Arizona and New Mexico, 
dine and rhodolite. South Dakota, and North Carolina. 
GONG WUAIEE 4 oo cne ses ceases cieriscafescanenns 1,000 | Nevada. 
FUMIE. cunidadidacceeshesditepestasicacanbeds 675 | 4,250 pounds; California and Colorado. 
OO ooo occa wok sacteceanccensccccastiseeses ses 180 regon, California, and Colorado. 
PBT dice ctencevechesceuceczicss 1,300 | Arizona and New Yexico. 
Petrified Wo0d a6 05 oe csccteseciwsnys 325 | 6,000 pounds; Colorado and Arizona. 
IAEA 25 | Maine. 
RTOS eat cesasaccecsectesetehasne, 8 =©=—- OO Woaseescei. 
POTN oe cass pecaicerinriesedaeserncaireswaceess 400 | Colorado. 
aie Sockets maeky, ruti- | 2,580 | Several thousand pounds from various States. 
, ete. 
One QUASIte oii <o5c5 os sasauss veces 6,375 | 51 pounds; South Dakota and Colorado. 
UOUOCTOM ERS sexi co cbs cael s Sexadeces 1580 | 1 unds; Colorado. 
NU gic as aici aie wiekaneisateecnmcaions 6 2,000 orth Carolina. 
BUNGE stom rides eee ea bea eee eee Weekes 200 | North Carolina. 
Sapphire........ Aenea ice cteonnincinn tials @ 229,800 | About 11,000,000 carats; Montana. 
Smithson GOs sis 5. 2 oh oes eee Seass mance 800 | 200 pounds for cut > Many specimens. 
ga kunzite, and hidden- 14, 500 atom 126 pounds; fornia and North Caro- 
ONNES wes atreeceoeeeene cues 2,300 | Utah, California, Texas, and Maine. 
TOUMMBUNG . 5 i cicsiccescéesxcesetins @ 84,120 ar nec nal ae a Colorado, Maine, and 
nnecticut. 
2 a eT } 223,840 | Arizona, Nevada, New Mexico, and California. 
Variscite, amatrice, and utahlite.. 7, 500 Utah. 
Wotel pcssieccssaseesigese | 


471, 300 | 


o Estimated. 
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IMPORTS. 


The importation of precious stones into the United States in 1907, 
as reported by the Bureau of Statistics, showed a large decrease 
from that of 1906. The greatest ratio of decrease was in the imports 
of pearls, which was nearly 72 per cent less thanin 1906. The imports 
of uncut diamonds decreased nearly 29 per cent, and of cut, unmounted 
diamonds over 25 per cent. There was a marked decrease in the 
imports of other precious stones, though imports of glaziey’s dia- 
monds and diamond dust or bort were both greater in 1907 than in 
1906. The decrease was largely due to the panic of the last part of 
1907, at which time the imports fell off heavily. The precious-stone 
industry during the first part of 1908 has been greatly depressed, 
though it is slowly recovering, as shown by the monthly imports.* 
In February the imports amounted to $200,443; in March to $389,514; 
in April to over $400,000, and in May to $463,454. These figures are 
far below those for 1906. 

The following table shows the value of the diamonds and other 
precious stones imported into the United States from 1903 to 1907, 
inclusive: 


Diamonds and other precious stones imported and entered for consumption in the United 
States, 1903-1907. 


Diamonds 
Year. 
| Dust or] Rough or 

Glaziers’. =" Ghent: Set Unset 
See $10,634 | $720,150 | $10,275,800 | $675 | $13,022, 
IMM ee 73,054 | 445,621 | 10,234,587 | 559 | 13.439 
ee 6,851 | 190,072 | 10,281,111 | 741 | 20,375, 
$s Sc 104,407 | 150,872 | 11,676,529 | 305| 25,288 
A 410,524 | 199,919 | 8,311,912 |...... 18, 898 

PEARLS. 


UNITED STATES. 


It was not possible to obtain a statement of the production of pearls 
in the United States, since a complete list of ss could not be 
obtained. There was, however, a considerable production of pearls 
and pearl-button shells in the eee Valley region, and an esti- 
mate by Mr. Frank Koeckeritz, a large dealer in that region, is given. 
Mr. Koeckeritz estimates the production of pearls and slugs in 1907 
at $264,500, as against $381,000 in 1906. The values given represent 
the first values at the point of finding the pearls before they have 
passed through the hands of dealers, jobbers, and retailers. The 
quality and prices remained about the same as during 1906, when 
white, cream, pink, purple, blue, and, rarely, black pearls of irregular, 
button, round, oval, pear, and drop shapes were found. The prices 
range from $1 to $2,000 each, and from $1.50 to $60 an ounce for 


slugs. 

ae Koeckeritz estimates that 35,000 short tons of button shells 
were produced and sold during 1907 in the Mississippi region. The 
average price paid for these at the point of production was about 
$11 per ton, or $385,000, and about $586,250 at the button factories. 


@ Jewelers’ Cire. Weekly, June 19, 1908. 
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About 3,000 tons of ‘‘ washboard” shells, hitherto not purchased by 
the button factories, were bought at about $5 per ton along the 
Illinois River, where their guatity was found to be better than usual. 

The exports of pearl shells to Europe were less in 1907 than 1906, 
since the domestic manufacturers paid better prices for them. The 
decrease in production was due to high waters during part of the 
season, a general late season in the spring of 1907, and to the cessation 
of the buying of shells at the begi of the panic in the fall. 

The-National Association of Pearl Button Manufacturers place the 
production of pearl shells during 1906 at 48,000 tons, valued at 
$737,280.2 A total of 25,200,000 gross of pearl buttons were turned 
out during 1906 by factories in 17 different States. 

The United States Fish Commission has been e ed in an inves- 
tigation of the habits and life of the mussel clam. It is hoped that 
the information collected on this subject will lead po ee ei of laws to 
protect the mussel clams and to aid in their artificial propagation. 
At the present rate of destruction of the mussels and of waste of 
pearl shells, it will be but a few years before the mussels will be 
practically exterminated. 

Mr. Frank Koeckeritz states that the pearl fisheries were very 
scattered in 1907. Inthe early part of the season the Wabash River 
was worked by a large number of fishers. The Illinois River soon 
became prominent, however, and attracted crowds of mussel diggers. 
There was greater activity along the Mississippi River, the White and 
the Black rivers in Arkansas, and the Cumberland River, than for 
some years. 

There was some pearl ramet many other rivers in different parts 
of the United States. Mr. ed Scholten reports a small output 
from the Colorado River between Blufton and Tow, Tex. 

Several large pearls, valued at between $1,000 and $2,000, were 
reported during 1907. One of these was found near New Alban ; 
Ind., in the Ohio River, and was one-half an inch in diameter.’ It 
was slightly flattened on one side and perfectly oval on the other. 
Another pear-shaped pearl, weighing about 87 grains, was found near 
Williamsport, Ind.< The owners expected to realize $2,000 for it. 
A very meee pearl, weighing 1654 grains, was found near Dubuque, 
Iowa. It has been valued at between $2,000 and $6,000. 


MEXICO. 


According to Consul W. D. Shaughnessy, of Aguascalientes, a 
Mexican company is successfully oe arls in the Gulf of 
Lower California.*? It is said a man named Vives discovered that 
the pearl developed in about two years’ time, when the shell drop 
it out. Accordingly, the shellfish are protected from the time they 
ary patoied and opened when nearly two years old before the pearl 

as been lost. 


2 A few notes upon the pearl button industry of America: Nat. Assoc. Pearl Button Manufacturers 
U. 8. of America. 

6 Manuf. Jeweler, September 5, 1907. 

¢Manuf. Jeweler, A t 1, 1907. 
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PRECIOUS STONES. 


By Greoras Frepericx Kunz. 


In the United States there was considerable activity in the mining of 
precious stones in 1907, especially the tourmalines of Oxford county, 
Maine, a number of which were cut by local lapidaries. Of special interest 
was the finding of small quantites of spodumene of variety similar to that 
found at Pala, California, called kunzite. This spodumene was also found 
of a sea-green color, which, when heated, would change to lilac and violet. 
The great event of the year was, of course, the discovery of diamonds in 
Arkansas. This is discussed at length in a subsequent part of this 
article. 

Turquoise.—Turquoise was worked at four places during 1907, but, 
although a quantity of material has been obtained up to the present time, 
very little of the fine blue variety has been secured. 

A new and interesting find of turquoise has been made near Las 
Vegas, Nevada. The turquoise is the blue and blue-green material 
usually found near the surface. The trachyte rock in which it occurs 
strongly resembles that occurring near Los Cerrillos, New Mexico. Only 
a depth of 4 ft. has been dug, but for the depth the color of the tur- 
quoise is excellent. 

An interesting variety of turquoise, attached to a peculiar trachyte 
matrix, was found near Austin, Nev., and has been extensively cut in the 
form of cameos, some of which measure from 2 to 3 in. in diameter. The 
most charming contrast is obtained when the subject is cut in blue, relieved 
by a background of the fawn-colored matrix. 

Amethyst.—A locality for amethysts was found a few years ago in Nelson 
county, Va., near Lowesville, which I have described elsewhere.t The 
find consisted of a large, decomposed vein, the gangue rock being almost 
entirely missing through the decay of rocks. The region covered about 
100 acres, with pockets scattered over the same and apparently did not 
extend down to any depth. These amethysts were unusually fine in quality. 
They occurred in a pegmatite rock and the crystals were more or less irregu- 
larly colored, like the finer stones that are found in Chitanka (Perm), Ural 
mountains, or the water-worn amethysts from Ceylon, and differing from 


1“Mineral Resources of the United States," p. 851, 1902. 
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those found in the amygdulas of igneous rocks in Brazil and Uruguay, and 
at Thunder Bay, Lake Superior. The color is more unequally distributed, 
but for this reason, when cut, they are much more brilliant and frequently 
show not only a purple, but a red light. The finest gem found here was 
shown at the Jamestown Exposition, and was a heart-shaped stone weigh- 
ing 114 carats, of the most gorgeous purple, rivaling the richest-colored 
wine. 

During 1907 this locality was extensively worked. Many hundred tons 
of gangue rock were removed and some thousands of gems were mined, 
cut, and sold to the jewelry trade. Many of these are of unusually rich 
color, the largest stones weighing from 50 to 150 carats. A great many 
gems were obtained that were a pale pink, or almost lilac, but possessing 
the same brilliancy as the darker purple stones and forming very beautiful 
and interesting gems. 

Kunzite.—Kunzite was worked at several places in California, but the 
quantity obtained during 1907 was not commensurate with the demand. 
An attempt has been made to sell the stock of a mine of the almandite 
garnet crystals which occur so plentifully on the Stickeen River, Alaska, 
seven miles from Fort Wrangell. These garnets appear as unusually 
brilliant crystals, occurring in numbers, a dozen or more together, in a 
compact gray mica schist, and are sold extensively to visiting tourists. 
But a great number of these specimens have been tried by lapidaries, with 
the disclosure of imperfection in the interior, which is more or less opaque, 
or only slightly translucent. On account of this defect, their use as gems 
will be very doubtful. 

Hiddenite.—Some development work was carried on at the emerald 
and hiddenite mine at Stony Point, Alexander county, N. C., during the 
summer of 1907. Some small beryls, emeralds, and hiddenite were 
found, in value not exceeding a few hundred dollars. Preparations were 
made for continuing the work at some future time. 

Chalcedony.—The most splendid specimens of chalcedony, colored blue 
and green by silicate of copper, have been found in the Copper Queen mine 
in the Globe district, Arizona. This mineral is frequently in thin layers, 
with a coating of chrysocolla; sometimes, the entire material is one evenly- 
distributed mass of green chalcedony and then a layer of chrysocolla coated 
by quartz. This chalcedony is unusually beautiful, the most striking 
resembling turquoise in color, but it is somewhat harder and less likely to 
change its hue, as the chalcedony is not as absorbent as is the turquoise. 
This green chalcedony has been cut extensively in Arizona and New 
Mexico, and also by the jewelers in the East, in the form of ring-stones, 
seal-stones, and, in exceptional cases, of spherical beads, which are quite 
as beautiful as any of the best turquoise. Single pieces of this material 
weighing some ounces each have been found, worth $100 to $300. It is 
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known as “copper silicate” chrvsocolla. I have offered “azurlite,” or 
“azurchalcedony,”’ as a substitute.' 

In San Diego, Cal., there has been found a variety of chalcedony impreg- 
nated with a manganese mineral or stained by manganese, the color 
being somewhat similar to that of triphylite; for this, because of its 
peculiar purple tint, the name violet or mangan-chalcedony has been 
suggested. 

Azurmalachite.—I have given the name “ azurmalachite” to the natural 
mixture of azurite and malachite which sometimes occurs in concentric 
layers, as in the form of stalactites, or as botryoidal masses, which, when 
cut crosswise, show regular or irregular bands, rings or markings of the 
blue azurite combined with the green malachite. This material is found at 
Bisbee and at other copper mines in Arizona. The naming of the stone has 
been a result of the introduction of a quantity of this material in the less 
expensive forms of jewelry; the stones being cut for cuff-buttons, rings, 
scarf-pins, etc. Neck-pieces also, in the form of spherical beads, offer, in 
their irregular blending of blue and green, a pleasing and attractive effect. 

Utahlite.—During 1907, there was found in Colorado a serpentine of the 
most intense chrome green color that has been observed anywhere, closely 
resembling the green of the utahlite, a variety of variscite from Dugway, 
Utah. However, this serpentine is translucent, and not amorphous in 
texture as is the latter. 

Utahlite itself has been more or less worked at the new locality found two 
years ago, and a quantity of gems have been obtained which are excellent 
in color; these were frequently cut where a band across them produced 
an effect resembling that of the cat’s-eye. Under the belief that another 
name than utahlite would insure a better sale these stones have been 
given a popular selling name (not a scientific name) by the dealers who 
call them “ amatrice.”’ 

Californite-—The interesting californite, so closely resembling jade, 
but really a compact idocrase or vesuvianite, has been found at a new 
locality in Tulare county, several miles east of Exeter. The new California 
occurrence is of a pleasing apple-green color. It appears in veins that 
vary from 2 to 4 in. in thickness, associated with serpentine in a serpen- 
tinous rock. A very limited amount has been mined and sold, perhaps 
not exceeding in value a few thousand dollars. 

Rose Quartz.—Rose quartz of magnificent coloring and size has been 
found in Riverside county, California, at a point in the Coahuila mountains 
where a lode, varying from 3} to 6 ft. in thickness, remains to be developed. 
A new and unique use for this beautiful substance is that to which it will 
be put by Miss Agnes V. Luther, teacher of natural science in the Normal 
and Training School at Newark, N. J. She has obtained a mass of many 


4 New York Academy of Sciences, April, 1907. 
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hundred pounds at the Kinkels feldspar quarry near Bedford, Westchester 
county, N. Y., and has had it made into a tombstone and placed in the old 
Indian cemetery at Saybrook, Connecticut. Rose quartz, however, has 
the reputation of losing its color by exposure to sunlight, and for this 
reason has not generally been regarded as suitable for out-door uses; 
but I have seen glaciated surfaces of deep pink color in the Black Hills 
and the outcrops retained their color. Miss Luther’s experiment will be 
interesting as a test. 

Agatized Wood.—Agatized, chalcedonized, or petrified wood, as it is 
called, has been used by Charles Mead in building his home at New England, 
Hettinger county, North Dakota, in the neighborhood of which it occurs. 
The house stands on the edge of a bluff, overlooking the Cannonball river, 
and forms a striking object of color and brilliancy. The material has been 
left in its original condition, and the wall is unpointed; as the petrified 
wood contains cavities with coarse crystals, the play of light on its surface 
produces a beautiful effect. This material is not so fine as that found in 
Chalcedony Park, Arizona, but in one tract of three acres in extent the 
specimens are so thick that tons can be obtained with little difficulty. 

Benitoite.—One of the most interesting of the new gems found in the 
United States is the mineral called benitoite, a stone from California, 
described by Prof. George Davis Louderback, of the University of Califor- 
nia. This remarkable blue gem resembles the blue spinel rather than the 
sapphire and, like the spinel, it has a peculiar brilliancy of its own. The 
mineral was discovered early in 1907 by Mr. Hawkins and T. Edwin 
Sanders, who were prospecting in the southern part of the Mt. Diablo 
range near the San Benito-Fresno county line, about latitude 36° 20’. 
It was first brought to Prof. Louderback’s attention by Shreve & Co., a 
San Francisco firm, who had purchased one of the cut stones from a 
lapidary and who were later offered some of the rough material as sapphire. 
Investigation at the University proved it to be an undoubtedly new 
mineral species, and it was called benitoite, as it occurs near the head- 
waters of the San Benito river in the county of the same name. 

The most striking outward characteristic of this mineral is its fine blue 
color, and selected crystals cut in the right direction produce a beautiful 
gem-stone that rivals the sapphire in tint and excels it in brilliancy. The 
color, however, although fairly characteristic, is not an essential property, 
for parts of a crystal are often colorless, while occasionally small crystals 
are entirely so. The color also varies in intensity in different crystals or 
in parts of the same one. . When pale it is rather a pure blue; but when 
more intense it assumes a violet tint. Besides this variation in color in 
different parts of crystals, there is a difference at any one point, depending 


1“*Benitoite, A New California Gem Mineral,"’ by George Davis with Chemical Analysis by Walter C. 
Blasdale; University of California, Bulletin of ol te Devartnent of Geology, Vel V, 0. 9, pp. 149-153. ~ 
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on the direction in which the light passes; in other words, the mineral is 
strongly dichroic, the ordinary ray being colorless and the extraordinary 
being blue. A section cut parallel to the basal plane is practically colorless, 
while sections parallel to the principal axis show the deepest tint. To get 
the finest effect, therefore, gems should be cut with the table parallel to the 
principal axis; this is the reverse of the sapphire, which shows its color 
best when cut perpendicularly thereto. If such a section, cut so as to give 
the strongest color effects, be examined with a dichroscope, the contrast 
between the images is most striking. The image of the extraordinary ray, 
being freed from the colorless image of the ordinary ray, presents a remark- 
able intensity of color, very much deeper, of course, than can be seen by 
looking at the mineral in any direction with the unaided eye. In the 
lighter parts this color of the extraordinary ray is a slightly greenish blue 
inclining to indigo as it becomes darker, and is very similar to one of the 
axial colors shown by some colites (cordierites); but in the more highly- 
colored or thicker parts it is an intense purplish blue. The color is not 
affected by heat, up to the melting point of the mineral. Fragments 
brought to a rather bright red and maintained at that heat, just short of 
fusion, for five minutes, showed no change whatever on cooling. 

Benitoite occurs generally in individual simple crystals scattered through 
a matrix of and varying from a few millimeters to about 2 cm. across. 
The matrix being translucent white, the blue transparent crystals stand 
out prominently, often showing well-defined faces. 

Benitoite and carlosite, a new microclinic mineral with a hardness of 
between 5 and 6, occur as individual disseminated crystals in narrow veins 
in a basic igneous rock or in a schist which has been considerably altered 
by the solutions that formed the veins. The benitoite is apparently 
restricted to the veins, the carlosite also occurring in the neighboring parts 
of the wall rock. The chief gangue of the veins is a soda-rich zeolite. 

Benitoite crystallizes in the hexagonal system, trigonal division. The 
observed forms are the basal plane, the plus and minus trigonal pyramid 
and the corresponding trigonal prisms. The normal angle between the 
basal plane and the pyramid is about 40° 14’. If the pyramid be taken as 
& unit pyramid of the first order, this would yield an axial ratio of 0.7327, 
if of the second order, 0.8460. The most common habit is pyramidal, one 
pyramid being the chief form, the other occurring as a small but regular 
and brilliant truncation. One or both prisms may be present as narrow 
truncations and also a small triangular basal plane. No tendency towards 
&@ prismatic habit was observed. The angles between two adjoining 
pyramid faces at one end of the axis is 68° 1’. There is an imperfect 
pyramidal cleavage. The fracture is conchoidal to subconchoidal. The 
hardness is 6} to 64; distinctly above orthoclase and labradorite and. 
below chrysolite and quartz; specific gravity, 3.64 to 3.65. 
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The refractive index is quite high, a feature which adds greatly to the 
beauty of the cut stone. For the ordinary ray it is about 1.77 (sodium 
light), for the extraordinary, about 1.80. The double refraction is therefore 
very strong and the mineral optically positive. Basal sections show a 
perfect uniaxial cross which gives a distinct positive reaction with the mica 
plate. This mineral fuses quietly to a transparent glass at about 3. It is 
practically insoluble in hydrochloric acid, but it is quite easily decomposed 
by hydrofluoric acid. Slowly attacked by melted potassium pyrosulphate, 
it dissolves readily in fused sodium carbonate. Benitoite has proved to be 
of much interest from the standpoint of its chemical composition which is 
new and unusual. The suggested formula is BaTiSi,O,, which yields the 
following calculated values: SiO,, 43.71 per cent.; TiO,, 19.32; BaO, 
36.97; total, 100. 


ANALYSES OF BENITOITE. (a) 


A B Average oon 
DR eiccocacaaweas asec 5es 4 43. 43.68 723 
Was ds csasoveas cytes ete 20.18 20.00 20.09 250 
Bsc veces atuchwsersares 36.34 36.31 36.33 237 


100.08 100.10 


(a) As reported by Prof. W. C. Blasdale. 


Benitoite is then a very acid titano-silicate of barium, and stands in a 
class by itself, both among acid silicates and titano-silicates. The possi- 
bility of the titanium acting as a base was considered, but the summation 
of the analyses and the fact that the crystals are often perfectly colorless 
seem to point definitely to the above interpretation. The blue color of 
much of the material may be due to a small amount of titanium in the 
sesquioxide condition. 

Both chemically, and as a gem-stone this is a most interesting addition to 
American minerals. It is to be regretted that its hardness is less than 7, 
so that it is not as durable for gem purposes as sapphire or spinel. The 
stone has been found only very sparingly and up to the present can be 
considered mineralogically a rare gem. 

Sapphire.—So far, the most noble blue gem, one of the four precious 
stones which has not been in as great favor as the diamond, the ruby, or 
the emerald, is at last coming into fashion. With it, the color blue is also 
becoming more in vogue. The result is that sapphires of every clime are 
worn and with them has come the demand for not only the finest Oriental, 
but also the finest American blue stones. Strange to say, however, the gem 
of from two to four carats is a rarity in the United States. Great quantities 
of beautiful blue stones from } to 1} carats each have been found, and the 
two mines in Fergus county were productive until the panic of 1907. 
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Since then not so much mining has been done. The stones of various 
colors, found in Granite county and at Eldorado Bar were also much 
worked, but, with the slump in many industries, there was less demand for 
them. 

During 1907 some rolled sapphire crystals from an unknown locality in 
Colombia were shown to me; white, colorless, yellow and pale blue; in 
hexagonal crystals, flat and barrel-shaped. In general character they 
resembled the Montana gems found on the Missouri river near Helena, at 
Eldorado Bar. They were quite perfect and would cut into gems of fancy 
quality. With them was some cyanite and also some spessitite garnets in 
small grains of $ carat each. This is the first recorded finding of sapphire 
from this part of South America; their nearer locality could not be ascer- 
tained. 

Emerald.—After many vicissitudes, and after having offered every pos- 
sible form of concession in order to have them worked, the historic mines of 
emerald belonging to the Colombian government are in the hands of 
President Rey, who has under consideration the placing of a loan of about 
$2,500,000, which is to be secured by the mines, the interest to be met 
by the profits from these virtually unique mines of fine emeralds, with over 
three centuries of history. 


DIAMONDS. 


The financial crisis in the United States in the fall of 1907 affected very 
seriously the diamond industry of South Africa. America had been for 
several years the largest purchaser of diamonds; and the changed condi- 
tions here soon began to show themselves in a great falling off in the 
importation of luxuries. The result was alarming to the diamond com- 
panies, and steps were at once taken to reduce the output and prevent 
serious losses from an overstocked market. The De Beers company had 
been taking out 30,000 tons of rock per day, working its five mines for six 
days of 24 hours each week. In ashort time the hours were reduced to one- 
half, and subsequently the days were made five instead of six. In April, 
1908, the Dutoitspan mine was shut down; this had furnished over one- 
third of the company’s output. By these various steps the total yield was 
reduced to 11,000 tons per day. All the other companies either restricted 
their output or suspended operations entirely, only the more important 
ones continuing work at all. The Premier, by agreement with the De 
Beers company in December, shut down portions of its plant, and lowered 
its output by about 30,000 carats a month, which would represent over 
80,000 tons. In addition to these business difficulties, a series of labor 
troubles in the form of strikes in Antwerp and Amsterdam resulted in the 
going out of more than 10,000 diamond-cutters, who, on May 4, 1908, had 
not yet returned to work. All these causes have had a direct bearing on the 


PREOIOUS STONES 797 


imports and created a tendency to steady the market; and there has been 
no break in the prices, nor is there likely to be, since the Syndicate intends 
to restrict the output until the visible supplies in the jewelers’ hands are 
virtually exhausted. In the face of this fact, the strike of the diamond- 
cutters revealed that an effort was being maintained to keep up the price 
of polishing. Negotiations were started by the Federation of Employers 
with the Diamond Syndicate and the Premier Diamond Company for 
taking measures to restore confidence in the trade, and thus bring the 
diamond industry back to its normal aspect. 


Diamonds in the United States. 


No further diamond discoveries have been made in the drift of either 
Wisconsin or Indiana, nor is there knowledge of any diamonds having been 
found at the two places in California and Kentucky where prospecting has 
been carried on since 1906 and where there were supposed diamond- 
bearing deposits. We have, however, to note what is believed to be the first 
occurrence of diamonds in a matrix of kimberlite on the American con- 
tinent (diamonds have never been found in the true matrix in the Guianas 
or in Brazil). This discovery was made near Murfreesboro, Pike county, 
Arkansas, in August, 1906, and together with Dr. Henry S. Washington 
I was permitted to investigate the locality. The geographical conditions, 
the character of the deposits and the methods of working will be briefly 
explained.' 

Geology.—The geology as well as the petrography of this interesting 
locality has been well described by J. C. Branner and R. N. Brackett.’ 
Briefly summarized, the igneous rock in which the diamonds are found is a 
vitreous peridotite, forming a stock or volcanic neck, which has broken up 
through Carboniferous and Cretaceous quartzites and sandstones. After 
an extensive period of erosion, during which an unknown portion of the 
neck and presumably a previously existent volcanic cone were removed, 
the surface was covered with thin beds of post-Tertiary conglomerate. 
The volcanic intrusion was accompanied by the formation of several small 
dikes of a rock much like that of the main body. One of these dikes cuts 
across the stock, while another cuts the Cretaceous sandstone, but is over- 
lain by the conglomerate, thus giving a datum for the period of intrusion. 
So far as known, there was little, if any, metamorphism of the country- 
rock by the igneous magma, which probably followed an approximately 
vertical course, so that a more or less vertical extension downward of the 
igneous body to indefinite depths may be expected. This result should 
hold good, at least for the upper and most accessible portions, though 


in Arkansas,"’ boitiniiaaa Kuns and Henry 8. Washington; Trans. A. 1. M. E. (New York Meeting, Feb, 
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some departure from a strict verticality may be expected at greater 
depths. 

As above remarked, the igneous rock is a peridotite which, in fresh hand- 
specimens, is tough, hard, distinctly porphyritic, and very dark greenish- 
or brownish-black. Microscopic study shows it to be composed of numer- 
ous crystals of olivine and some patches of biotite, imbedded in a ground- 
mass of very small crystals of augite, perofskite, and magnetite, with an 
abundant yellowish to colorless glassy base. In all the specimens examined 
the olivines are more or less completely serpentinized, and the glass is apt 
to show an aggregate polarization due to decomposition. The rock is 
evidently an igneous intrusive, which probably welled up in comparative 
quiet, and solidified not far from the surface. It is therefore in no sense a 
volcanic breccia, due to explosive eruptions, as are most of the South 
African occurrences. Chemically and mineralogically, however, it much 
resembles the South African rock, although there are certain points of 
difference—notably the absence of inclusions. 

Peridotites are generally prone to alteration by weathering. In this 
instance the freshest rock is dense, hard and tough, and does not crumble 
markedly on exposure, as is shown by the fact that the highest points in 
this igneous area are outcrops of fairly fresh peridotite. The first state of 
pronounced alteration is the disintegration of the firm rock into a mass of 
hard, angular fragments, varying in size from that of a bean to that of a 
human fist, which apparently do not readily disintegrate on exposure to 
the weather. The second stage of alteration, due to further weathering, 
yields a compact mass, the so-called “green ground,” showing various 
shades of light olive green, and often bluish in tint when moist, but becom- 
ing yellowish on drying. The third stage of alteration, found nearer the 
surface, furnishes, from still further oxidation of the ferrous iron, the so- 
called “yellow ground,” which resembles the “green ground” in physical 
characters, but is, in color, distinctly brownish-yellow, with little or no 
trace of green. The green ground and the yellow ground are soft and 
friable, crumble readily between the fingers, and show soft, but sharply 
defined, serpentinous pseudomorphs of the original olivine crystals, with 
well-preserved outlines. This fact, supplemented by the general appear- 
ance of the texture, shows clearly that the peridotite has been decomposed 
in place, and that there has been little or no transportation of the material. 

Both the green and the yellow grounds, if dry, crush under a gentle 
pressure to a fine powder, containing small gritty particles of the less 
decomposed minerals, which can be readily sifted out. If wet, the rocks 
disintegrate rapidly, especially with mechanical agitation, to a fine, some- 
what sticky mud, which can be easily washed or otherwise treated. 

The fresh, compact peridotite crops out at the surface, forms several 
small hills along the northwest border of the deposit, and is also visible 
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at other points; and the first fragmentary alteration-product shows itself 
at a few spots; but the green and the yellow grounds are found over by 
far the greater part of the igneous area, either on the surface or, more 
frequently, immediately beneath a thin layer of black, sticky, “gumbo” 
soil. The maximum and average depths of this mass of decomposed 
peridotite have not yet been exactly ascertained; but borings show it to be, 
in places, 40 ft. thick. This fact, together with other considerations, leads 
us to estimate the average thickness to be not less than 20 ft. Below this 
is found either the fragmentary, or a more or less compact, igneous rock. 
One drill-hole has penetrated the peridotite to a depth of 205 ft., another 
to 186 ft., and a third to 80 ft.—all remaining in igneous rock to the end, 
as was to be expected, in view of the geologic structure. 

The surface original exposure of the igneous area forms a rough ellipse, 
about 2400 ft. in major and 1800 ft. in minor diameter. The area known 
to be underlain by peridotite is estimated at about 40 acres, though 
further prospecting of the neighboring alluvium-covered bottom-land to 
the south may possibly add to this amount. 

General Conditions.—A variable supply of water, usually abundant, is 
furnished by the Little Missouri river, which flows a short distance to the 
southwest of the igneous area. This stream, though somewhat low at 
certain seasons, never runs dry, and may safely be counted on to provide a 
sufficient supply of water for all mining purposes. For certain installa- 
tions, however, its rapid and sometimes serious rises must be taken into 
consideration. The owners of the igneous area possess, also, a large tract 
of land, along both sides of this stream, with the incident water-rights. 
A large portion of the land under control is well wooded; and extensive 
forests, chiefly of pine, with some oak, promise a good supply of cheap 
timber for some years to come. Coal may be readily purchased at a 
reasonable cost from the bituminous fields of Arkansas, Oklahoma, or 
Texas. 

Although the region is not thickly settled, and the nearest towns are 
small, the experience of the lumber companies indicates that an ample 
supply of labor (chiefly white) will be available; indeed, the lumber- 
camps themselves may be an immediate source of supply. In this con- 
nection an obvious, and possibly serious difficulty may be mentioned; 
namely, the liability of the loss of diamonds through theft by the laborers. 
With the class of labor employed at the South African mines, a system of 
detention in compounds, thorough physical examination for hidden 
diamonds, and other methods for the prevention of theft or the recovery 
of stolen stones, can be carried out; but in the United States it may be 
impossible to employ, at least in a thorough-going manner, safeguards of 
this character. Up to the present time, a small force of picked men having 
been employed in the preliminary operations, and about 300 diamonds 
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having been found, there is little or no ground for the belief that any 
serious loss of this kind has occurred. But work on a greater scale, involv- 
ing the employment of a large number of laborers of less trustworthy 
character, with increased difficulties of adequate supervision, will augment 
this risk, the prevention of which will be a serious problem. 

Transportation facilities for coal, machinery and other supplies are 
furnished by two short branches from thelron Mountain Railroad. One 
(a private lumber road) leaves the main line at Prescott, and extends 26 
miles to Nathan, about six miles from Murfreesboro, while the other runs 
from Gurdon on the main line about 30 miles to Pike City, distant about 10 
miles from Murfreesboro. Only very rough roads now connect these 
terminals with the diamond bearing locality; but these roads will be 
improved and a new railroad to Murfreesboro is in process of construction 
and will be completed within one or two years. 

Factors to be Determined.—Up to the present time about 300 diamonds 
have been discovered within the igneous area, while none has certainly been 
found outside of it, even in the immediate vicinity. All the stones have 
been found on the surface, except two, which were in the concentrates 
derived from washing large amounts of the green ground, and one, which 
was imbedded in the green ground itself about 15 ft. beneath the surface. 
My careful examination of this last specimen, confirmed by Dr. R. W. 
Raymond, leaves no doubt that the diamond is actually in place in the 
rock and was not inserted in the specimen. Consequently it furnishes a 
definite proof that the peridotite is the source of the diamonds, and that all 
the stones so far discovered have been derived from it. It would be well, 
however, to have this single piece of evidence corroborated by similar 
specimens. With regard to the quantitative relations of the diamonds to 
the inclosing rock, about 200 carats have been found on or immediately 
beneath the surface, where presumably there has been considerable con- 
centration of the stones. From the nature of the deposit, the average 
yield per ton can be ascertained only by actual washing or other extraction 
from the rock on an extensive scale, commensurate with that of the con- 
templated commercial operations. 

Additional factors of economic importance for which more extensive 
data are necessary, are the average size, color and quality of the stones, 
since these factors determine their value. From the 200 carats at present 
available for examination, it appears that the Arkansas locality compares 
very favorably with most, if not all, of those in South Africa. Although no 
stones larger than 6.5 carats have yet been found, the average size is 
fairly good. There is a large proportion of white stones, for the most part 
of a high grade in color, brilliancy, and freedom from flaws. Indeed, many 
are as fine as have ever been found. Some of the yellow ones, also, are of 
exceptional quality and color. As the white stones are among the finest 


PRECIOUS STONES 801 


material found, there will be little competition with some of the African 
mines, where, as a rule, the quality is not of so high an order. 

The method of extraction of the diamonds is of vital interest and 
importance. The green and the yellow grounds offer no difficulty, and are 
amenable to the methods used in South Africa. Indeed, in Arkansas, there 
is no need for prolonged exposure to the weather, since the freshly extracted 
material disintegrates and can be washed with ease. The amount of this 
easily worked material “in sight” is very large; yet it is not of indefi- 
nite extent downward, as is the “blue ground” of Kimberley; and, 
consequently, its extraction will form but a transient phase of future 
exploitation. 

The economical extraction of the diamonds from the compact, and 
relatively fresh and hard, peridotite, underlying the “green ground” and 
forming the vast bulk of the mass, will involve study and experiment. 
But, apparently, there will be no greater difficulties than have been suc- 
cessfully overcome in South Africa. In view of the hard, tough, and fresh 
character of the peridotite which composes the highest points of the area 
along the northwest border, it might be thought that the material under- 
lying the green ground would be of the same character and equally refrac- 
tory; but the diamond drill shows that, at least for considerable depths, a 
large proportion of the underlying peridotite is far more decomposed than 
that which crops out at the border; is, indeed, so far altered that much of 
the material comes up as sludge, and no continuous cores longer than 14 
in. have been obtained. Many of these cores were so soft as to be readily 
scratched with a knife. Probably this more compact material will dis- 
integrate on exposure to the weather, like the South African “ blue ground.” 
If this be the case, a large proportion of the mass will not be difficult to 
work. 

At some portions of the mass, however, as at the northwest border, and 
probably in depth beneath the rest of the area, fresher and much more 
refractory material will be encountered, the treatment of which will 
present practically the same problem as that of the hard portions of the 
African rock which do not disintegrate on exposure. While a certain 
amount of crushing, in order to extract the diamonds, is apparently 
unavoidable, this should be reduced to a minimum, on account of a high 
loss from breakage of the stones themselves. Several methods of treat- 
ment suggest themselves, which are at present under consideration; but 
the practical details, as well as the economic features, remain to be worked 
out and cannot be discussed here. The non-magnetic character of the dia- 
mond and its tendency to adhere to grease are obvious features which can 
undoubtedly be used at certain stages of the extraction for all classes of 
material in the Arkansas deposit, as in South Africa. 

A Word of Warning.—In view of the great local excitement over the 
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discovery of diamonds, which has extended over part of the State, and in 
view of the danger of the repetition here of the disastrous history of many 
mining camps which have undergone an unwarranted “boom,” and the 
consequent rush, with loss of time and money by many innocent indi- 
viduals, it should be distinctly understood by the public that the occurrence 
of diamonds near Murfreesboro is an isolated one, and that it does not 
resemble a mineral vein or lode in any respect. Consequently, there is not 
the least justification for any such claims as will undoubtedly be made by 
ignorant or unscrupulous parties, that “a continuation of the vein” has 
been struck. There can be no continuation of a vein when there is no vein. 

In 1908 a new small artery of peridotite was located about two miles 
from the original deposit, and about three miles from Murfreesboro. Up 
to the present, no stones are said to have been found on the new exposure. 

Should other similar igneous areas, which may possibly be diamond- 
bearing, be discovered elsewhere, any claims put forward for them should 
be received with the greatest caution. Fortunately, the characteristics of 
the peridotite (in which, by analogy, diamonds may be most reasonably 
expected to occur) are so easily recognizable by a petrographer, the 
localities will be presumably so isolated, and the outlines and extensions of 
the mass so well defined, that the report of a geologist or petrographer can 
surely prevent an unsuspecting or ignorant person from loss by investment 
in a property said to be a continuation of, or a connection with, the present 
deposit. Peridotites are not uncommon, but very few are diamond-bearing. 
Indeed, the great majority of these rocks found all over the world show no 
trace of diamonds. Even in South Africa, many peridotite pipes, resem- 
bling valuable ones, carry no diamonds, while in any given pipe some 
portions are found to be richer in diamonds than others. 

As shown by J. F. Kemp,' many basic dikes have been found in Arkan- 
sas; but most of these differ petrographically from the Murfreesboro 
peridotite, and there is no reason to think that any of these, or any of the 
several syenitic areas of the State, is connected with diamond-bearing 
rocks. As has been noted above, two dikes of peridotite occur in connec- 
tion with the Murfreesboro igneous area. Great stress is laid locally on 
these dikes, or “leads,” as they are called, but without warrant, since there 
is no reason to think they contain diamonds, and in any case they are too 
small to be of economic value. From analogy with other igneous intru- 
sions, it is probable that more dikes will be discovered in the neighborhood, 
radiating from the main stock; and in other localities the presence of dikes 
of similar rock, which could only be identified by petrographical means, 
would be an indication of the possible presence of a larger body of peridotite 
in the vicinity. If diamonds are present, they are to be looked for in the 
rock-mass itself, or in its products of weathering, and not only along the 
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contacts, because they are integral portions of the igneous mass, and their 
presence is not due to the circulation of hot water and solutions along the 
contact between an igneous mass and the country-rock. 

For the last 15 months active prospecting and developing have been 
going on in the search for diamonds in the Murfreesboro area. A washing- 
machine has been installed, and it is now proposed to make a trial test of 
some ten thousand or more loads to prove definitely to what extent the 
diamonds occur here. 


Diamonds in South Africa. 


De Beers.—F rom the 19th annual report of the De Beers Consolidated 
Mines, Ltd., for the fiscal year ending June 30, 1907, it appears that the 
receipts from diamond sales were £6,452,596 ($32,262,980); from this 
there was deducted a total expenditure of £3,845,356 ($19,226,780), 
leaving a net profit of £2,607,240 ($13,036,200). After the payment of 
dividends amounting to £2,550,000 ($12,750,000), the year’s balance, 
which included something from the balance of the previous year, was 
£932,623 ($4,663,115). 

The year’s output was 9,010,686 loads as against 8,144,979 during the 
previous year; the figures for the amount crushed being 6,626,291 loads 
and 5,625,592 loads, respectively. The accumulated stock of blue ground 
was augmented by 2,622,477 loads and amounted in all to 9,391,603 loads 
at the close of the fiscal year. Development work for the year totaled 
165,613 ft. of drifts, tunnels and raises, and 1703 ft. of rock and prospect- 
shafts. 


DETAILS OF CO8T AND PRODUCTION, 1906-1907. 
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per per per : 
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Premier.—This immense mine, which has rapidly become a formidable 
rival of the De Beers company, made notable progress during 1907. The 
figures for the 12 months ending Oct. 31, 1907, are reported at 6,538,669 
loads washed, with an average yield of 0.29 carats per load, and a total 
production of 1,889,986 carats of diamonds, valued at £1,702,630. While 
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these figures are enormous in amount, and compare well with those of De 
Beers, it is to be noted that the average value per carat of the diamonds 
found here (18s. 0.2d.) is only about one-fifth of that shown at the De 
Beers group as given in the above table. Still, the mine is one of extra- 
ordinary possibilities. The amount of blue ground in sight is estimated by 
the president, Mr. Cullinan, at 500,000,000 loads, or nearly eight times 
that at the De Beers mines, as reported in December, 1906. Mr. Cullinan, 
in his address, discusses the prospect of carrying on open working to a 
depth of 1200 or 1500 ft.; although shaft-sinking will in time become 
necessary. But the present open system can be continued for perhaps 
nine years, with the great improved plant now being installed, and may 
in that time deal with about 136,000,000 loads. Meanwhile, the year’s 
record shows a marked reduction in costs of operation, which were 
2s. 4.14d. per load, as against 3s. 5.7d.in the previous year, and 4s. 7.2d., or 
nearly double, in 1903. In the months that have passed since October, 
the cost have been further reduced to 1s. 9.31d. in January, 1908. This 
steady diminution of expense is attributed by the president to improved 
modes of treatment, on a large scale, with the most carefully studied 
methods and the best apparatus, and he predicts that it may be even 
further lowered. 

‘The enormous Cullinan diamond (the Edward VII as it is to be 
known) found at this mine in 1905, has been presented as a gift from the 
people of the Transvaal colony to King Edward VII, and will be the most 
remarkable treasure among the crown jewels of Great Britain. This 
result was reached only after much discussion; but it was approved by a 
large majority of the colonists, and was undoubtedly the wisest disposal of 
such a unique object. The only alternative would have been to divide it 
into a number of large stones, thereby destroying its extraordinary 
individuality. The cutting is being done at Amsterdam, with the most 
elaborate precautions at every step, the stone having already undergone 
the process of cleavage. It has been cleaved into three large pieces. The 
largest piece is of such size that a dop nearly eight inches across and a 
polishing wheel fourteen inches in diameter are required to polish it. It 
will afford a brilliant of between 550 and 600 carats. Nothing will be done 
with the others until this is cut, as the greatest diamond known will be 
cut from one of the smaller pieces even if an accident occurs to the 
largest. 

Other African Mines.—In 1905, the Roberts Victor Diamond Mine was 
opened at Boshof, Orange River Colony, and since that time the “ yellow 
ground” has yielded many nodular masses of eclogite, a rock composed of 
garnet and an emerald-green pyroxene with cyanite. Much interest 
attaches to these occurrences, as similar masses of eclogite have been 
found at the Newlands mine in South Africa, and also at Ruby Hill, near 
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Bingara, New South Wales; and diamonds have been reported as occa- 
sionally found in them at both localities, certainly at the former. 

It is now stated by G. S. Corstorphine that eight diamonds, one or two 
being well-formed octahedrons and weighing + or $ of a carat, have been 
found in one of these nodules at Boshof. There has been considerable 
discussion as to the origin of these eclogite boulders, as they are termed; 
but, in Mr. Corstorphine’s opinion, they are concretionary nodules, 
formed either by segregation or differentiation in the original magma, 
and hence are to be compared with the olivine nodules that appear in 
certain localities. The same view is strongly urged by A. W. Voit, in an 
important paper presented to the South African Geological Society in July 
last, on “ Kimberlite dikes and pipes.”* On the other hand, Mr. Johnson, 
in a communication to the same Society,’ argues for a different origin of 
these eclogite masses. He describes in detail several types of them, some 
of which present a conspicuous banded, but not concentric structure. 
They “contain in proportionate abundance all the characteristic minerals 
of the eruptive diamond-bearing breccia”; and hence he is led to the view 
that they represent residual and more resistant portions of a rock that has 
gone to make up the ordinary kimberlite, and that this was the real home 
of the diamonds. The so-called boulders are often tabular in form and 
banded in structure, suggesting an origin from a deep-seated rock forma- 
tion rather than from an igneous magma. When seen in place, they are 
sharply differentiated from the matrix, with no suggestion of segregation. 
Their surfaces, when taken out, are seen to be worn and smoothed, as 
though by attrition, the inclosed garnets being cut through and worn 
down. The banded structure is frequent, but it is linear and never con- 
centric. Mr. Johnson therefore regards them as true boulders, broken 
from underlying rock and worn by attrition in the pipe. 

Vaal River Diamonds.—An important decision by Dr. Hans Merensky 
has lately appeared in the South African Mining Journal (April 4, 1908), 
as to the origin of the diamonds found in the valley of the Vaal river. 
These are widely distributed in gravels and placers, which became noted 
as the “river diggings” before the discovery of the great “pipes” at 
Kimberley, and which are still extensively worked and yield diamonds of 
fine quality. They have been discussed a good deal of late, especially by 
T. Lane Carter, in 1903, and by Gardner S. Williams of the De Beers 
mines.* The general opinion has been that the Vaal diamonds must be 
derived from pipes similar to those of Kimberley, but not yet located; and 
Mr. Carter announced the actual discovery of such a pipe, and its partial 
exploitation. Dr. Merensky, however, presents a different view. He 
lays emphasis upon the well-known fact that the Vaal diamonds have an 
"Trane, Geol, 800 of South Afric, Vol. X, 1907 (read July 22,1907) pp. 2-70. 


Geol 
a Vol. X. 1907 (read A 2 
S Bevond hte. Journ. Bept. Sept 6, BOS, Mee: Ren of the U. 8.,"" 1903, p. 918, and 1904. 


$06 THE MINERAL INDUSTRY 


aspect quite distinct from those derived from any of the “pipe” mines, 
and that the occasional pipes and fissures found by extensive search in the 
region have proved to contain but few and small diamonds, all of which 
are strictly of what he terms the “kimberlite type,” different from that of 
the placers. Some other source must, he thinks, be sought for the latter. 

The Vaal diamonds occur in deposits of debris from the disintegration 
of diabase and related rocks, concentrated here and there by stream action. 
but showing no signs of much transportation. They are associated with 
various forms of quartz, jasper, agate, etc., and with amygdules from 
diabasic rocks. The diggers, moreover, state that they find diamonds on 
steep kopjes, where river deposit is out of the question, and also that old 
diggings yield a fresh supply after a few years. In view of all these cir- 
cumstances, Dr. Merensky believes that the Vaal diamonds have their 
source in the diabase itself, which is widely distributed over the entire 
area where they occur, and that they are still being released by the weath- 
ering of the rock. These diabasic rocks are referred by the South 
African geologists to the Ventersdorp system, which is earlier than the 
Karroo beds, with which all the “pipes” of kimberlite are associated; 
and hence the two modes of occurrence would differ not only in the nature 
of the enclosing rock, but also in its geological age. 

This view, which Dr. Merensky presents as a tentative one, requiring 
further investigation, derives additional interest from the discovery of 
diamonds in a dolerite dike, in the Inverell district of New South Wales, 
reported in 1904. ' It is true that the rocks are different in the two cases, 
but both are igneous; and the suggestion afforded by these indications in 
both Africa and Australia is that diamonds may prove to be a not very 
infrequent content, though rarely abundant, in basic igneous rocks of 
several kinds. 


Diamond Mining in Brazil. 


Much attention has been given recently to the diamond fields of Brazil 
and the possibilities of greatly enlarged production in that country. The 
area of diamond-bearing deposits is very extensive, but the obstacles and 
limitations have been so great that comparatively little has been done. 
These have consisted in two things, viz., inacessibility and lack of trans- 
portation on the one hand, and on the other, crude, primitive methods 
and lack of machinery. It appears that both of these conditions are soon 
to be changed, and then may come a very large development of diamond 
production in Brazil. American capital is becoming interested, and has 
already gained control of much of the richest country in the Diamantina 
region. The work already begun has led to a demand for more and better 
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means of transportation; and American engineers and American wagons 
have been called into the field. Railroad connections are to be opened to 
Diamantina, the mining center of the State of Minas Geraes, which has 
heretofore been reached only by rough wagon-roads or on mules or horses; 
and the superiority of American-built wagons, introduced by some of the 
companies, has already attracted much attention from the authorities of 
the State. Dredging machinery has been installed along the Jequitonhonia 
river; and with it will come a revolution in the diamond production of 
the region that, it is claimed, may be felt throughout the world. The 
stones will not average as high as the African in size and the yield may 
not be a permanent one, as it is all from new gravels. 

Heretofore, the Brazilian output has gone to Europe; but with the new 
conditions above noted, it is now turning to America. The diamond 
exports from Brazil, so far as reported, at least, were $310,000 in 1906,— 
double the value of 1905. These figures, however, are believed to be much 
below the actual output. They include also the carbons, or carbonados, 
from the State of Bahia, which are in great and increasing demand, at 
high prices. 

It is of interest in this connection to note that Dr. J. C. Branner, of 
Leland Stanford University, and formerly of the Brazilian and Arkansas 
geological surveys, spent some six months in Brazil in 1907-1908 and 
found in his explorations that the carbonade region covered at least one- 
third more area than had been supposed, and, as the new district was 
unworked, this means that the world’s supply will be nearly doubled. 
Dr. Branner also found that the area of the old diamond-fields is much 
more extensive than had been supposed. 

Although the total imports of precious stones into the United States 
for January, February, March and April, 1908, amounted to but $1,540,000, 
one-third of this sum ($500,000) represented the carbon, carbonado, or 
industrial bort, as it is known, from the province of Bahia, Brazil. This 
large importation was owing to the very high price of this material at 
present, viz.,from $70 to $80 per carat of 205 milligrams,' or at the rate of 
$12,000 per oz.; while the crystalline bort used to pulverize into diamond 
dust, and also employed to some extent in marble-sawing, sells from $1 to 
$2 per carat, or only 75 to ws of the price of the other much more highly 
prized amorphous material. 

Caution is needed, however, in regard to the subject of Brazilian mining 
enterprises, as a number of projects have been presented in New York for 
the purpose of developing tracts of diamond-bearing earth in that country. 
It is claimed by those who are competent to judge, that many of these are 
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of problematical nature; and that with others the titles can be perfected 
only with the greatest difficulty, as the mines have passed through the 
hands of many owners, and the heirs, legitimate and illegitimate, frequently 
number more than a hundred, so that it is almost impossible to gain a 
clear title in a reasonable time, if indeed at all. It would seem that a 
process of condemnation by the Brazilian Government might be legis- 
lated, thus aiding in the development of an industry and preventing 
the frequently recurring losses to so many who needlessly suffer failure. 


OrHerR Precious STONES. 


Sapphire.—The Queensland sapphire fields are in the Anakie district, 
Central Queensland, on the Central Queensland Railway. They are all 
found in the alluvial deposits and are ‘‘panned” or dry cradled in the 
absence of water. The production has been as follows, the value per 
ounce being stated in brackets: 1903, £7000 (15s.); 1904, £10, 700 (15s.); 
1905, £5,255 (15s. to £1); 1906, £18,110 (£ 1.4); 1907, £30,000 (£1.4); 
total to date, £64,065 (15s. to £1.4). Unfortunately little of the ma- 
terial is a transparent blue; it is generally more or less dark, and has 
frequently been used for stones for seal rings. The population of the 
Anakie district now amounts to 1100, in five places, the principal of 
which are Sapphire town, Policeman creek, New Rush, and Tomahawk 
creek. Most of the material is sent to Germany and the United States. 

Burmese Tourmalines.—C. S. George, deputy commissioner of the ruby- 
mines district in Burma, gives an account of the manner of working for 
tourmalines, of which the red variety, rubellite, the Chinese ruby, is found 
in that region and has always been greatly prized. It occurs in distinct 
erystals in the cavities in granitic rocks—probably pegmatite veins 
similar to those in which the same mineral is found in Maine, Connecticut, 
and California. The method of mining is to sink a vertical shaft 4 or 5 ft. 
square, into the upper decomposed portion of such a vein; this shaft is 
known as a twinlon mine, the same name that is applied by the natives to 
similar shafts sunk into the ruby-bearing gravel in the search for that gem. 
From this vertical shaft, the owner is usually granted the right to extend 
horizontal galleries underground to a radius of 30 ft. Of course, when any 
shaft has proved productive, others are sunk along what is supposed to be 
the line of the vein, but frequently without success. The best tourmalines 
are never found at a less depth than 50 ft., the average depth being 60 or 70 
ft. The material excavated is brought up from the shafts in small bundles, 
elevated by extremely long bamboos set on a pivot and counterweighted; 
the tourmaline is then sorted out by hand. 

Seven years ago, an important find of red tourmaline, or rubellite, was 
made at Hpai Baing (Milaunggon), where, in former times, the Chinese had 
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worked; a more recent one is at Htauka, between Milaunggon and Sanka. 
Early in 1905, another rich vein was discovered near Sanka village. 

Australian Topaz.—Among the Australian gems brought to light in 
recent years are topazes weighing from 4 to 8 oz. each, blue, green and 
white in color. These have been found in various places on the Australian 
continent, notably near Torrington, New South Wales, where they were 
found in place with crystals of quartz; and at Stanhawk, Queensland, 
where they appeared in the form of water-worn pebbles, the crystalline 
faces being entirely obliterated; but they are of a beautiful deep-blue 
color, very similar to the large, water-worn crystals found at Oban in New 
South Wales, where they adhered to crystals of quartz, associated with 
wolframite in a matrix of clay at Heffanan’s Lease. Some of the individual 
crystals measured 2 in. in hight, and 24 in. in diameter. They were 
invariably striated and broken across. At the Gulf, near Emmaville, 
New South Wales, beryl has been found imbedded in and associated with 
quartz, one crystal being bluish green, over 2 in. in length and nearly 1 in. 
in diameter. It has also been found at Packenham, Victoria.' 

Opal.—Among the many unusual forms of precious opal found near 
White Cliffs, New South Wales, there were specimens that were pseudo- 
morphs of a mineral, either glauberite, gaylussite or gypsum; these were 
groups of crystals, which, from their peculiar forms, were termed “ pine- 
apples;’”’ frequently, however, they consisted entirely of good opal material. 
There were also other pseudomorphs after wood, the woody structure being 
still visible, although replaced by precious opal. Besides these, were 
pseudomorphs from shells and from reptilian bones and teeth, especially 
saurian vertebrae; one of these measured 3 in. across. In addition to this, 
there has been found, within the past few years, a deposit of black opal of 
wondrous, splendid fire, the reds, greens, and blues predominating, usually 
of from 3? in. in thickness to 1 in. or more. But the largest part of the 
deposit was found to be either entirely black, or else with a decidedly smoky 
tint. This has given us an opal possessing a velvet black groundwork 
through which a brilliant display of fire is apparent. The best deposit of 
black opal was found at Lightning Ridge, New South Wales, at a depth of 
30 ft. One mass discovered weighed 78 oz., and was valued at more than 
£1000. These are the first localities from which have been derived these 
dark stones, to which superstition might assign the property of bringing 
good fortune to the owner, in contradistinction to the ill-luck attributed 
to the more usual varieties by Sir Walter Scott and others. These black 
opals have been cut into gems weighing from } to one carat each, and 
have formed a valuable addition to the gem family. 

Jade.—During 1906 and the early part of 1907 there were discovered 
some immense masses of jade (nephrite) at the western end of New Zealand. 
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These were great, water-worn boulders, exceeding in size any specimens 
ever found in Australasia; the largest two pieces weighed 4228 and 2968 
tb. respectively. They were brought to the attention of Tiffany & Co., 
who imported them and, through the characteristic generosity of J. 
Pierpont Morgan, Esq., they were presented to the American Museum of 
Natural History. Here they are shown in connection with the immense 
piece which I discovered in Silesia in April, 1899, weighing 4712 Ib. 
This specimen was found in the bed of an old serpentine quarry used for 
road material; it was of much greater toughness than the material in the 
quarry and the quarrymen had therefore passed it by. This mass is of 
the same variety as nephrite and there is enough material in it to make 
all the archaeological jade objects on the European continent five times 
over. A special interest was associated with this find because it was long 
believed that all the nephrite and jadeite objects found in Europe, in 
the Lake dwellings and elsewhere, had an Asiatic origin and had been 
brought to those places in the migration of the early races. 

Jadeolite.—Several handsome and interesting green minerals, more or 
less resembling jade, and suitable for similar ornamental uses, have lately 
been brought into notice. One of these is a remarkable, deep-green, 
chromiferous syenite, found at the jadeite mine at Bhamo, Burma, and 
frequently cut into gem-stones. I have suggested the name “ jadeolite” 
for this beautiful and interesting material. 

Verdite-—During 1907 there was found on the south bank of the North 
Kaap river, in South Africa, two miles above Kaap station, another some- 
what similar ornamental stone that has the deep green color of the chrom- 
iferous syenite, just mentioned as found in connection with the jade of 
Burma. It has a hardness of about three, and is susceptible of a high 
polish; the color is a rich chrome green and the stone contains a chrome- 
muscovite and some argillaceous material. Occasionally it has yellow or 
red spots. This stone is obtained in blocks weighing one ton or more and 
it is now sold in England at the price of £18 to £40 per ton. The name 
verdite has been suggested for it. 


STYLE AND FasHION—COMMERCIAL CONDITIONS. 


In regard to matters of style and fashion in jewelry, the demand for 
green stones has been unprecedented. The emerald, tourmaline, peridot, 
the rich green jade, amazon-stone, New Zealand jade or nephrite, and even 
malachite, have been more or less sought. Jade of every kind has been 
brought into the United States and worked and carved into an endless 
yariety of forms. There is the rich carving of the Chinese, and the jade is 
frequently mounted in designs that are Chinese in character and are 
often executed by skilled Chinese jewelers. ; 
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During the latter part of 1907 the blue stones have been much in evi- 
dence, and the sapphire has once more come into positive favor, resulting 
in the use of sapphires of all shades and qualities, and the introduction of 
lapis-lazuli as well as the blue azurite, found in New Mexico. More atten- 
tion is paid at the present time than ever before to the harmonious agree- 
ment in color with her costume of the jewels which a lady may wear, so 
that, while not suitable for rich decoration, many of the minor jewels are 
frequently worn in the form of beads, either round, facetted, ellipse-shaped, 
or flat antique in form. Such chains are sometimes varied by the alterna- 
tion of a pearl or a piece of crystal cut flat, or else every second bead is 
followed by a pearl. Then again such combinations as amethyst beads 
alternated with a rich green jade from Burma, either plain or carved, are 
fashionable. 

During 1907, what are known as calibre cut stones were extensively 
sold. These stones are usually brilliant or table-cut and range from a 
millimeter or slightly larger to greater sizes; they are generally square, or 
at least have two parallel edges so that they may be slipped into a contin- 
uous setting without any gold or other metal mounting between them, 
and the edges of the setting hold the stones securely. When the jewels are 
square, oblong, round or oval, they are mitered on two sides, the metal 
edges holding them in place. By this means it is possible to make unusually 
interesting and beautiful settings, such as continuous bands or circles of 
red, blue, or green, or else these same stones are alternated with diamonds, 
or two or three colored stones may be placed with a white diamond inter- 
vening. 

From January until October, 1907, there was an unprecedented trade in 
precious and semi-precious stones in the United States. The importations 
were never greater, and the material was frequently such as commanded 
the most expensive and often extravagant prices. The demand was for 
every form of precious stone, and pearls in every quality. Emeralds from 
the finest to the poorest, and sapphires, the gem last to feel the dictates of 
fashion, were imported in greater quantities than ever before. At the 
same time diamonds, from the largest cut stones to the minutest, were in 
equal demand; down to the small stones of single brilliant cutting, 
generally of the whitest material, numbering 100 to 250 to the carat, in 
other words, from 15,000 to 37,000 to the ounce. 

November and December saw a great falling-off in the imports of dia- 
monds and other precious stones, and this continued through the winter 
and spring. The total imports of precious stones, cut and uncut, in 1908 for 
the months from January to May inclusive, amounted to but $2,000,000 
in comparison with $12,000,000 worth imported in the same period of 
1907. As elsewhere mentioned. $500,000 of this sum represented the 
imports of carbonado, or what is known as industrial bort; hence the 
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value of the precious stones imported was really only $1,500,000. This 
great decrease was due to several causes, the principal one being that the 
unprecedented imports of 1907 and the sudden cessation of speculative 
activity resulting from the panicky times induced smaller imports of 
jewels and caused retrenchment on the part of jewelers, whether cutters or 
retailers, who preferred to diminish their stocks until times were more 
propitious, 
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PRECIOUS STONES. 


By Douctias B. STERRETT. 


INTRODUCTION. 


Considering the general depression in business during 1908 the pro- 
duction of precious stones did not suffer so great a falling off as might 
have been expected. While the output of certain gems was consider- 
ably smaller in 1908 than in 1907, the production of others was greatly 
increased. Notable among the decreases was the output of sapphire, 
the principal part of the production of which came from a single mine 
in Montana—as against four mines in operation in 1907. Greatly 
increased activity in turquoise mining in the Southwestern States 
was combined with an unusually large output. This activity has 
extended well into 1909, and an even greater number of mines are 
being developed than in 1908. The demand for turquoise matrix 
has been large and is much greater than for the higher-priced pure blue 
gems. ‘The output of variscite gems was greatly increased, and the 
value for 1908 was nearly double that for 1907. This has resulted 
largely through the successful efforts of the Occidental Gem Corpora- 
tion of Salt Lake City to place its product on the market under the 
name ‘‘amatrice.”” The production of tourmaline was again large. 
An interesting feature in the tourmaline industry consisted of con- 
siderable purchases by Chinese dealers for use in the Orient. 

The tendency to use all varieties of matrix stones is increasing. 
This is especially true of those minerals having the bright blue and 
green colors that are found with copper ores. In fact nearly any 
minerals or rocks stained with these colors and showing odd patterns 
are pressed into service as souvenir gems for tourists, etc. Several 
minerals that show pleasing colors or unique patterns when cut and 
that were formerly not thought of as gems have been placed on the 
list of semiprecious stones during the last few years. Among these 
are the chrysoprase-colored smithsonite from New Mexico called 
‘“‘bonamite;’ the serpentine cat’s-eye, ‘‘satelite;’’ copper-stained 
chalcedony or blue chrysoprase from the copper mines near Globe, 
Ariz., and pebbles of compact epidote found along Arkansas River 
in Colorado. Interest in the native gems of Colorado as amazon 
stone, amethyst, beryl, agates, etc., is being revived, partly through 
the prospecting work of J. D. Endicott, of Canon City, Colo. A new 
supply of rhodonite of attractive color has been obtained in California 
and is being cut as a matrix gem. 
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AGATE, MOSS AGATE, ETC. 


WYOMING. 


The production of moss agate in the United States comes princi- 
pally from the Wilde and Deercorn mine, 2 miles northwest of Guern- 
sey, In Laramie County, Wyo. This mine contains three claims and 
is located near the top of a hill or small mountain about 400 fect 
above the adjoining valley. ‘The base and lower slopes of this hill 
are composed of red quartzites, phyllites, hornblende, and greenstone 
schists. These rocks are mapped under the name Whalen group by 
W.5S. T. Smith? and are referred to the Algonkian age. The top of 
the hill is composed of limestone and quartzites resting unconform- 
ably on the Whalen group and dipping to the west at a low angle. 
These rocks belong principally to the Guernsey formation of Car- 
boniferous age as mapped by Smith. 

‘The moss agate occurs in an irregularly shaped vein, varying from 
less than 1 inch to nearly 2 feet in thickness and cutting nearly ver- 
tically across the bedded limestones. This vein strikes northeast 
and has been opened at two places about 200 yards apart. At the 
southwest opening an open cut and drift about 75 feet long have been 
made on the vein. The openings do not reach a greater depth than 
15 feet. The upper few feet of the limestone exposed in the opening 
has a light flesh color, and the lower layer is red and is banded. The 
vein appears to pinch out in places in the light-colored layer of lime- 
stone and does not reach the surface a few feet above the tunnel. In 
the floor of the tunnel the moss agate had a thickness of nearly 2 feet 
in one place and pinched down to a few inches in a short distance. 
Small stringers of moss agate occur in some of the vertical seams 
crossing or branching out from the main vein. The moss agate does 
not appear to be firmly attached to the wall rock, but is separated 
from it by a deposit of white chalky chalcedony or silica, and in places 
by layers of columnarcalcitecrystals. Thevein filling is chaleedony or 
agate with a few small botryoidal chalcedony and drusy quartz lined 
cavities through it. The greater part of the chalcedony has abundant 
black moss-like arborescent and dendritic markings throughout. The 
agate varies in quality from opaque cloudy white to subtranslucent 
to translucent or subtransparent. The latter material furnishes the 
finest stone for gem purposes. The white and subtranslucent agate 
is plentiful, and conains smaller portions of clearer fine gem material 
distributed through it. The translucent agate is also found in smaller 
rounded masses with a chalky coating over their surfaces. The black 
stains (of manganese oxide) occur through both the cloudy and the 
translucent agate, with all the variations of form characteristic of the 
mocha stone or moss agate. The better grades furnish very fine gem 
material, and the cloudy varieties are suitable for mosaic and small 
ornaments, for which a portion is used. Blocks of several hundred 
pounds weight of cloudy white agate with translucent portions were 
seen around the mine, and it is reported that a 1,000-pound block 
was once obtained which was almost entirely composed of moss agate 
of good quality. About 34 tons of rough moss agate were mined 
during 1908, though none was sold. 


@ }Iartville folio (No. 91), Geol. Atlas U.S., U. S. Geol. Survey, 1903. 
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Much of the chaleedony and jasper lying on the surface near the 
moss agate mine has black dendritic markings. This material occurs 
in varying shades of red, yellow, and green, and some would furnish 
attractive stones for watch charms and similar uses if cut. 


CALIFORNIA. 


J. A. Edman, of Meadow Valley, Cal., reports the occurrence of 
abundant agates of different varieties on the shore of the southern 
end of Goose Lake in Modoc County. 


COLORADO. 


Willis T. Lee* mentions the occurrence of a seam of nodular 
silica, resembling imperfectly formed agates, as a remarkably per- 
sistent feature of the Morrison formation of the nonmarine Jura 
rocks of Colorado. The silica is evidently a deposit from solution 
and often occurs in concentric bands of different colors. The seams 
bearing this agate-like material are usually only a few inches thick 
and have a clay filling in the internodular spaces. 

J. D. Endicott has obtained some agate from Garden Park, 8 miles 
north of Canon City, Colo., similar to the above, but he states that 
it came from the inside of fossil dinosaur bones. Some of it has a 
peculiar structure that may be the original bone structure. This 
agate has bright red, yellow, and gray colors, and makes a beautiful 
curio gem for watch charms when polished. Mr. Endicott also obtains 
agates with peculiar structure from the Curio Hill locality, 8 miles 
southeast of Canon City. These agates are translucent, with blood- 
red spots through them either in layers or bands or more or less 
regularly distributed through the mass. The latter pattern has been 
called St. Stephen stone. Mr. Endicott has cut a small quantity of 
translucent bluish chalcedony found at Thirty-one Mile Mountain, 7 
miles west of Guffy, Colo. This chalcedony has an agate structure 
showing faint banding. The blue color is of a light shade, though pro- 
nounced. It is not the bright blue found in the blue chrysoprase or 
copper-stained chalcedony of Globe, Ariz. The effect of the cut gem 
is very pleasing. Another variety of chalcedony found in Colorado 
by Mr. Endicott has an amethystine color. This cuts to a pretty 
cabochon gem. These fancy agates and chalcedony gems are deli- 
cately marked and have beautiful colors. They should be in large 
demand for the tourist trade and also for wider sale when people 
become acquainted with them. 


AMBER. 


INDIA. 


Burma.—The production of amber from the Myitkyina district of 
Burma in 1907 was 44 hundredweight, with a local value of £385,° 
a decrease of 173 hundredweight from 1906. The output in 1908 was 
49 hundredweight, valued at £364.¢ 


a lee nn rrison shales of southern Colorado and northern New Mexico: Jour. Geology, vol. 10, No. 1, 
By Te aa, 

b Rec. Geol. Survey India, vol. 37, pt. 1, 1908. 

¢ Advance statement of production of minerals in India in 1908 by the Director of the Geological Survey 
of India, June 16, 1909. 
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Amber was discovered in Transuralia on the Isset River about a 
century ago.? This deposit was in a brown coal formation, and 
since this coal formation is now to be worked it is hoped new deposits 
of amber will be found. 


AMETHYST. 
COLORADO. 


A deposit of cloudy amethyst has been worked in a small way 
in Fremont County, 12 miles northwest of Canon City and 1 mile 
south of Twelvemile Park. This deposit was opened some years 
ago by prospectors in search of gold, the amethyst being mistaken 
for fluorite, which was considered a good indication of that metal. 
In March, 1907, the claim was relocated by J. D. Endicott, of Canon 
City, as a gem deposit. Three openings have been made—a shaft 25 
feet deep, a pit 15 feet deep, and another pit 10 feet deep. 

The country rock is biotite granite gneiss whose schistosity strikes 
N. 40° E. with a dip of 30° SE. Small dikes or veins of coarse 
eranite or pegmatite with dark red feldspars cut the granite gneiss. 
Some of these dikelets are badly epidotized, with the result that the 
red feldspars with yellowish-green epidote form a rock with a pleasing 
combination of colors for small ornamental purposes. The amethyst 
is found in a vein or system of veinlets, ranging from several inches 
to 3 feet in thickness associated with a pegmatite streak. The 
amethyst occurs in streaks and veinlets varying from less than 1 
inch to 3 or 4 inches in thickness and opening out into irregularly 
shaped pockets 8 or 10 inches across. The greater part of these 
streaks are vertical and parallel to the walls of the veins, though 
in some cases they are inclined and transverse to the vein. The 
veinlets are made up of layers of amethyst and smoky quartz crystals 
with comb structure. Nearly all the cavities have been completely 
filled with amethyst, so that few are obtained with perfect crystal 
form. Pink calcite forms a part of the vein filling in places. The 
wall rocks have been partly decomposed and hardened by silicifica- 
tion. The order of formation of parts of the vein appear to be: 
Fissuring, silicification of wall rock, deposition of calcite, more 
fracturing, deposition of smoky quartz, deposition of amethyst, 
deposition of shells of white quartz or amethyst crystals. 

The cloudy amethyst is translucent, with patches of deep amethyst 
color scattered through paler portions. When cut ‘‘en cabochon” 
or in beads this gem is very attractive for scarf pins, cuff buttons, 
or necklace stones. It is probable pieces of sufficient size could be 
obtained for umbrella handles or similar small ornaments, as some 
of the crystals are 2 inches thick. 


PENNSYLVANIA. 


Dr. Edgar T. Wherry, of Lehigh University, reports the occurrence 
of amethyst at several localities in southeastern Pennsylvania. 
Crystals of fairly good color, though generally somewhat cloudy, 
are found on the farm of a Mr. Copple about 1 mile east of Media, 
Delaware County. These crystals of amethyst occur in pockets in 
decomposed mica schist and are sometimes as much as 2 inches long. 


@Min. Jour. London, October 17, 1908. 
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A large specimen of amethyst weighing 200 pounds is reported to 
have been sold by Alexander Meads, of Marquette, Mich. The 
amethyst was found some forty-five years ago in a cave on the north 
shore of Lake Superior. It is stated to be a fine specimen. 


AZURMALACHITE, MALACHITE, ETC. 
ARIZONA. 


Besides the true azurmalachite gems, composed only of azurite and 
malachite, there are impure forms consisting of smaller amounts of 
these minerals mixed through a rock or other mineral matrix. Such 
is the azurmalachite from the John Kay mine at Mineral Park, Ariz. 
This variety appears to be a badly altered fine-grained white porphyry 
which has been brecciated, decomposed, partly silicified, and the seams 
filled in with azurite and malachite. Portions of this rock are soft and 
have a hardness of 4 to 5, while parts which have been silicified are 
harder through the presence of much free quartz. The azurite and 
malachite occur in veinlets or seams and irregular masses through the 
rock. The veinlets range from paper thickness to an eighth of an inch 
thick and are very numerous in some specimens. These seams cut 
each other at various angles and ramify throughout the rock in an 
irregular manner. In places blue azurite is the principal colored min- 
eral, in others green malachite, while the two often occur in the same 
specimen. The azurite veinlets appear to have been introduced later 
than the malachite. Brecciation of the rock and cementation by 
copper carbonates has been far reaching, so that some of the material 
has a marked speckled appearance. . 


NEVADA. 


Mr. William Kley, of Denver, Colo., kindly sent to the office of the 
Survey a gem cut from a copper ore obtained from a mine in Nevada 
by I. F. Peck, of Denver. The stone consists of granular quartz with 
much blue azurite in the interstices. It resembles chrysocolla in 
erenranee. As a souvenir gem it should find a market in the tourist 
trade. 

BERYL, AQUAMARINE, ETC. 


COLORADO. 


| The Mount Antero locality in Chaffee County, Colo., has furnished 
) many fine specimens and considerable gem beryl, topaz, phenacite, 
| and quartz crystals. These gems would doubtless be mined regu- 
larly if the locality were more accessible. The great elevation of the 
_ deposits, with the accompanying dangers from landslides on the 
| steep talus slopes, exposure to severe thunderstorms, difficulty of 
| transporting tools and supplies, and the short season (two to three 
; months) when it is possible to work, has necessarily limited extensive 

development of these deposits. Practically all of the workings are 
| simply pits from 4 to 8 feet in width and depth, and many consist of 
_ but one or two blasts in favorable places. Gem deposits have been 
found on the top of White Mountain at an elevation of about 13,900 


@ Manufacturing Jeweler, August 13, 1908. 
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feet above sea, and one-half of a mile south of the top of Mount 
Antero, on the west slope of Mount Antero, and on smaller peaks to 
the east of it. Former glaciers have left their marks in the region 
by cirques, moraines, and lakelets in the surrounding valleys. The 
gem locality is reached from the little town of Alpine, or from Fisher 
station, on the narrow-gage branch of the Colorado and Southern 
Railroad between Buena Vista and Gunnison. From Alpine the 
distance is about 8 miles and the climb about 5,000 feet. oe half 
of the trip can be made on burro or mule back. 

The mass of Mount Antero and White Mountain is composed of 
quartz monzonite with local variations. Along the divide half a 
mile southwest of White Mountain an abrupt change of character to 
more basic rock is indicated by an area of dark-brown soil on Calico 
Mountain. The talus slopes and angular gravel-covered surfaces of 
Mount Antero and White Mountain appear light gray and _ frost- 
white m contrast to Calico Mountain. On parts of White Mountain, 
especially near the beryl deposits, the rock is muscovite granite com- 
posed of orthoclase with rope intergrowths, oligoclase, 
quartz, muscovite, and a little biotite. Magnetite, apatite, and 
zircon are present as accessories. 

The beryl, quartz, phenacite, and topaz crystals occur in miaro- 
litic cavities and pockets in the granite and granitic phases of the 
quartz monzonite. The pockets occur in streaks or are isolated and 
occupy no definite arrangement with respect to each other. The 
crystallization along the streaks and around the miarolitic cavities is 
coarse, and the rock may be called pegmatite. One streak or vein 
of pegmatite with its gem-bearing pockets is 15 inches thick where 
exposed in a pit. This streak can be traced for some distance in a 
northeast direction across the ridge near the top of White Mountain 
by loose beryl and quartz crystals in the angular gravel soil formed 
by the disintegration of the rock and in blocks of the granite lying 
on the surface. As exposed in the pit the vein consists of pegmatite, 
much crystallized clear and smoky quartz penetrated by beryl crys- 
tals, crystals of phenacite, muscovite mica, feldspar, violet and green- 
colored fluorite, etc. Crystals of beryl and quartz occur scattered 
along the top of the ridge from the summit of White Mountain for 
about 200 yards to the southwest. In places many crystals may be 
found loose in the gravel, indicating the position of a gem pocket. 

With the exception of smoky and clear quartz, beryl is the most 
abundant specimen and gem mineral found at the Mount Antero 
locality. The beryl occurs in transparent clear crystals from small 
size to those measuring 2 centimeters in diameter and 6 centimeters 
in Jength. Many of the crystals are badly etched or corroded, espe- 
cially on the ends projecting into cavities. The color of the beryls 
varies from clear licthit blue to pale and deep aquamarine green. 
Blue beryl is very plentiful “frozen” in the rock, either in the gran- 
ite, pegmatite, or quartz. Much of the frozen beryl is badly checked 
and flawed. That from the cavities is generally clear and of gem 
quality. The other minerals—phenacite, topaz, and fluorite—are 
closely associated with the quartz and beryl, and often attached to 
them. Phenacite crystals attain the size of the beryl and are gener- 
ally colorless. S. L. Penfield? has described the beryl, bertrandite, 
and phenacite from Mount Antero. He discussed the etching of the 


¢ Beryllium minerals from Colorado: Am. Jour. Sci., 3d Ser., vol. 40, 1890, pp 489-491. 
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beryl and its probable relation to the formation of the two associated 
beryllium minerals—bertrandite and phenacite. 

Beryl crystals have been found rather plentifully at the Amazon 
claim of J. D. Endicott, 64 miles north of Texas Creek on East Gulch, 
Fremont County, Colo. The country rock at this mine is contorted 
mica and hornblende gneiss. The gneiss is cut by a large irregular 
mass of pegmatite which outcrops as a small cliff on the west side 
of the valley. The pegmatite contains irregularly shaped quartz 
masses of pale rose color, ranging from a few inches to several feet 
across. Beryl crystals are exposed at six or eight places in the cliff 
and range from less than an inch to a foot in diameter. They are 
mostly opaque and yellowish to greenish in color. Indications of 
gem quality were seen in fragments of one crystal, and a few gems 
have been cut. Mica occurs in crystals 4 and 5 inches across, and a 
few crystals of columbite are found. : 


PENNSYLVANIA. 


Dr. Edgar T. Wherry, of Lehigh University, states that beryl is 
found at many places in Chester and Delaware counties in south- 
eastern Pennsylvania. The best locality is probably at the quarry 
of C. J. Leiper, at Avondale, Delaware County. The beryls are found 
here in pegmatite cutting the coarse granitic Baltimore gneiss. The 
beryl crystals range in size up to 2 inches in diameter and 4 inches in 
length. They have a bright green to golden-yellow color, though the 
majority are badly flawed and opaque. Occasionally clear crystals 
of gem quality are obtained. In the fall of 1908 some rusty beryl 
crystals were found about half a mile to the north of this place during 
the grading of a road. Good specimens are expected when the local- 
ity is opened as a quarry for building stone, as is the present intention. 
Almandite garnet is found with the beryl at some of the localities and 
in some cases is suitable for cutting into gems. 


UTAH. 


Maynard Bixby, of Salt Lake City, reports the discovery of a new 
beryl locality on Ibapah Mountain in Tooele or Juab counties, western 
Utah. The bery! has a blue color with patches of gem quality. 
Details of the find are lacking, though it seems the beryls were found 
in gulch gravels and not in place. 


NEW HAMPSHIRE. 


Edwin Passmore, of Boston, Mass., reports the discovery of a 
ledge carrying light-green, light-yellow, and golden-colored beryl near 
Danbury, N. H. A portion of a broken crystal 6f dark yellow color 
found at this locality was valued at about $150. The crystals are 
associated with massive feldspar and will have to be removed with 
care to prevent breaking. 


NORTH CAROLINA. 


The Virginia-Carolina Gem Company of Shenandoah, Va., reports 
prospecting work on its aquamarine deposit near Mica, Mitchell 
County, N.C. The mine adjoins the property of the American Gem 
and Pearl Company and is probably the old Hungerford mine. 


ee MINERAL RESOURCES. 
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According to A. S. Atkinson® aquamarines have been mined at a 
number of localities in Brazil. Some remarkable gems are obtained, 
and a few years ago one weighing nearly 6 pounds was found near 
Arassuahy. Records report a 15-pound green aquamarine found in 
1814. The best gems come from the island of Alegre and are prized 
for their rich colors and brilliant luster. 


CALAMINE. 


MEXICO. 


A very beautiful variety of calamine, suitable for gem purposes, 
has been brought to light by Charles H. Beers, of the Ysabelita Min- 
ing Company, of San Pedro, Chihuahua, Mexico. Mr. Beers first 
noticed this material in the possession of a Yaqui Indian, who placed 
it before his shrine beside the cross and candle. The Indian informed 
him it was a guard against sickness, accidents, etc., and a sign of 
success. Mr. Beers obtained all the material possible from the 
Indian, amounting to about 400 pounds in the rough, and learned 
that it probably came from the Sabinal district near the Adventure 
mine, or perhaps in the Santo Domingo region in the Sierra Madre 
Mountains. The Indian was later killed in a mine, so that at present 
pe locality from which the material was obtained is not definitely 

nown. 

The calamine occurs in masses of gray, green, and blue colors, the 
blue prevailing. The Indian’s name for the blue calamine was “ buena 
fortuna.”’ Specimens of the blue calamine, one a cabochon-cut gem 
kindly furnished by Mr. Beers, consist of translucent material, with 
a curved banded structure and fibrous or radial crystallization across 
the banding. The banding is evidently due to calamine deposited 
from solutions in mammillary layers of translucent blue and white 
colors. The crystallization has been from acenter outward in radial 
lines, and gives a fibrous or silky appearance. Mr. Beers calls atten- 
tion to the resemblance of a section of this material to the rising sun 
and believes this to be the cause of attraction for the Yaqui Indians. 
The gem cut from this calamine is very pretty. 


CALIFORNITE. 


CALIFORNIA. 


Collier and Smith, of San Diego, Cal., report that about 2 tons of 
rough californite was obtained at their mine on the South Fork of 
Indian Creek, 104 miles from Happy Camp, Siskiyou County, Cal. 
None of this material was disposed of during 1908. The good grades 
of californite or jade—as it is sometimes called—are sold for about 
$50 a pound. 


a Mining for gems in Brazil: Eng. and Min. Jour., June 19, 1909. 
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CHRYSOPRASE. 


ARIZONA. 


John L. Riggs, of Chloride, Ariz., reports the occurrence of chryso- 
prase near the summit on the west slope of the River Range or Black 
mountains, Mohave County. The deposits are about 20 miles west 
of Mineral Park. Two claims have been taken up and are owned by 
Mr. Riggs and the Walker Brothers. Mr. Riggs kindly sent a set 
of labeled specimens, among which were the following minerals and 
rocks: Country rock, decomposed, fine-grained, light-colored por- 
phyry with small quartz phenocrysts. Perlitic volcanic glass with 
associated dark-red jasper. Red jasper or chert gangue mineral in 
chrysoprase veins. Brecciated vein matter composed of blacl flint, 
red and brown jasper, gray and white chalcedony, and small chryso- 
prase particles of rich green color. Brecciated brown and gray chert 
cut by two seams of pale-colored chrysoprase and white chalcedony. 
Breccia composed of white and gray translucent chalcedony, red jas- 
per, and dark-colored chrysoprase, adhering to decomposed light- 
colored porphyry; this material is part of the vein. Dark-green 
chrysoprase, rather cloudy, in milky-white chalcedony or chert, some 
with a reddish-purplish color. A mass measuring 6 by 3 by 3 inches 
and smaller pieces of finely granular apple-green chrysoprase; float 
material. Only a limited amount of prospecting has been done and 

art of this is only assessment work, so that the deposits have not 
a proven. Judging from color and quality exhibited by some of 
the small seams and patches of chrysoprase, 1t is reasonable to hope 
for high-grade gem material. So far the latter has been found only 
in pieces too small to be of much value for cutting. The large lumps 
of low-grade chrysoprase, occurring as float on the surface, may find a 
use in chéap jewelry. Some of the brecciated specimens, with the 
several colored varieties of chalcedony and jasper, would yield hand- 
some small ornamental stones. Portions of the white, purplish, and 
translucent gray chalcedony with streaks of chrysoprase would yield 
an odd though attractive semiprecious stone. 


CALIFORNIA. 


Some of the chrysoprase mines of Tulare County, Cal., were oper- 
ated during 1908. Among these were the Venice Hill mine and the 
Porterville mine; the latter was described in this report for 1906. 
The Himalaya Mining Company, of New York, owns the Porterville 
mine and cuts the high-erade gem material obtained. The remainder 
is shipped to Germany for cutting. 

A. A. Priin, of Visalia, also operated a chrysoprase deposit at Venice 
Hill, owned by Franklin Playter, of Boston, Mass. 


DATOLITE. 


A quantity of massive datolite is obtained from certain of the Lake 
Superior copper mines each year and a portion is used for gem pur- 
poses. Datolite is a basic orthosilicate of boron and calcium and 
commonly occurs in white or colorless crystals. Otto Borreson, of 
Hancock, Mich., submitted samples from the Franklin mine for exami- 
nation. This material comes from the upper levels of the mine and 
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some of it contains so much copper that it is crushed and smelted 
along with the regular ore. The gem material varies in color from 
pure opaque enamel white in a compact granular variety to cream, 
yellowish, pink, and purplish in more translucent material. There 
are also dark to black streaks and mottlings through the massive 
datolite of different colors. The colors in the datolite are due to the 
presence of native copper more or less finely divided. Apparently 
the purplish tints are due to extremely finely divided copper, and the 
pink and yellow tints are caused by larger scales and particles of cop- 
per visible to the naked eye or through a hand glass. Some of the 
specimens are attached to trap rock, much epidotized in places with 
native copper. These specimens furnish attractive material for 
small ornaments and some are suitable for gems. The datolite is cut 
into stones for scarf pins, cuff buttons, watch charms, etc. They are 
sold by jewelers in the copper-producing section of Michigan and also 
more widely in the gem markets. 


DIAMOND. 
UNITED STATES. 


Arkansas —A pamphlet issued by the Arkansas Diamond Com- 
pany of Little Rock, containing the statements of the original in- 
vestors, the mining engineer, and the geologist of the company will 
prove of interest to many people. An article giving an outline of 
the discovery, developments, and possibilities of the deposit has been 
written also by the company’s mining engineer, John T. Fuller.¢ 
Mr. Fuller calls attention to the fact that the term ‘“‘blue ground” 
is a misnomer and is little understood by the average prospector. 
The ‘‘blue” refers to the bluish-green color of the unweathered 
serpentinized peridotite encountered below the zone of yellow 
weathered material at the surface. On exposure to weather, the 
‘“‘blue,’”’ which is really in the form of rock, disintegrates to a grayish- 
green or yellowish-green friable mass which is more properly a 
‘‘oround.”’ The peridotite of the Arkansas Diamond Company mine 
is essentially similar to that of the South African diamond mines. 
Since the peridotite in the latter mines varies greatly in appearance, 
not only in different mines but often in different parts of the same 
mine, it is not expected that a close comparison between details can 
be made. The occurrence of the Arkansas peridotite in the form of 
a pipe, the manner in which it weathers, the presence of unaltered 
portions called ‘‘hardibank,” and of minerals commonly found asso- 
ciated with diamonds are points of similarity. 

On. over half of the area of the peridotite outcrop the rock has 
weathered to depths varying from 20 to 60 feet, so that it will require 
but a minimum of blasting to mine. The material that can be thus 
removed is estimated at 1,500,000 cubic yards. In the work of 
testing the deposit the yield of diamonds was promising and amounted 
to 540 stones, of which 505 weighed together 217 carats. Three cut 
stones were found to be brilliant and were valued at from $60 to $175 
per carat, with an average value of $104 per carat. A parcel of 
rougk unsorted stones from the mine will be easily worth $10 per 
carat. The only way to obtain a true idea of the value or possibilities 


a Eng. and Min. Jour., January 16, 1909. 


PRECIOUS STONES. S15 


of such a deposit is to wash at least 50,000 cubic yards of rock with 
the proper type of washing machines. Small test runs on certain 
parts of the peridotite outcrop indicate at least a content of 0.21 
carat per load of 16 cubic feet. The possibilities of cheap mining 
in Arkansas are great, since there is an abundant supply of water 
and timber near by and coal should be obtained at reasonable rates. 

Mr. Stifft, of the Stifft Jewelry Company of Little Rock, Ark., reports 
that over 700 diamonds have been found up to July 1, 1909. 

According to reports the Ozark Diamond Mining Company, of 
Little Rock, has taken up the Mauney property, covering 8 acres of 
the peridotite outcrop adjoining the land of the Arkansas Diamond 
Company, and is engaged in prospecting it. A number of diamonds 
are reported to have been found. 

The discovery of a new peridotite deposit in Arkansas has been 
described by A. H. Purdue.? This deposit is located a little over 24 
miles northeast of the original area and 3 miles south of east of 
Murfreesboro. It was discovered by M. N. Burgess, of Murfreesboro. 
The peridotite outcrops on the north slope of a hill whose top is 
covered with 10 to 12 feet of ‘‘plateau gravel” cemented into con- 
glomerate. The gravel débris covers portions of the hill slopes and, 
along with the depth of soil and vegetation on the latter, renders it 
difficult to determine the boundaries of the peridotite. The peri- 
dotite covers at least 24 to 3 acres of land, though the actual area 
may be found to be still greater. 

From macroscopic examination this peridotite appears to be 
identical with that of the original area described by Kunz and Wash- 
ington.° The rock weathers readily, and on the outcrop has dis- 
integrated into soil and bowlders up to the size of a man’s fist. The 
soil is green, brown, and yellow according to stages of oxidation. 
Rather hard fragments of peridotite thrown out of pits go to pieces 
after a few days’ exposure. The formations cut by the peridotite 
are referred most probably to Cretaceous age, and the peridotite is 
probably synchronous with the peridotite of the original area. In 
the original area more resistant portions of the peridotite have with- 
stood weathering and have formed knobs and elevations extending 
in a northeast-southwest direction. The new area lies in this same 
general line. 

This new peridotite area has been taken up by the American Dia- 
mond Mining Company, and prospecting work has been started. Reece 
Lamb, vice-president of the company, reports that seven diamonds 
have been found, along with several garnets and numerous quartz 
crystals. 

Califorma.—The United States Diamond Mining Company has 
continued prospecting work on its property near Oroville. Accom 
to reports the shaft is 180 feet deep, and several small diamonds and 
chips have been found. As yet no authentic report of these fads 
has been received at the Survey. 

Kentucky.—Press reports indicate continued prospecting in the 
peridotite areas of Elliott County, Ky., during 1908. Reports state 
that two diamonds have been found, though details and official con- 
firmation of these discoveries have not been received. 


a American Jeweler, December, 1908. 
b Keon. Geology, vol. 3, 1908, pp. 525-528. 
¢ Trans. Am. Inst. Min. Eng. Bimonthly Bull. No. 20, pp. 187-194. 
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Griqualand West.—The twentieth annual report of the De Beers 
Consolidated Mines * shows a large decrease in the number of loads 
of ‘‘blue” raised and washed and in the quantity and value of dia- 
monds obtained. The total production of blue ground at all the 
mines—De Beers, Kimberley, Wesselton, Bultfontein, and Dutoit- 
span—was 5,497,782 loads of 16 cubic feet, as against 9,010,686 loads 
in 1907, and the total quantity washed was 4,965,323 loads in-1908 
as against 6,626,291 loads in 1907. The stock of blue on the floors 
was Increased from 9,391,603 loads in 1907 to 9,955,123 loads in 1908. 
The number of carats of diamonds won from all the mines and from 
the tailings and débris was 2,177,191, as compared with 2,619,872 
carats in 1907. The number of carats of diamonds won per hundred 
loads remained the same as in 1907 in the De Beers and Kimberley 
and Bultfontein mines and showed a slight decrease in the Wesselton 
and Dutoitspan mines. The average cost of mining and depositing 
the blue was lowered in the De Beers, Kimberley, and Wesselton 
mines and slightly increased in the Bultfontein and Dutoitspan. 
The cost of washing and winning the diamonds was materially lowered 
in all the mines. The value of the diamonds produced, calculated 
on the basis of diamonds sold, was £3,354,524, as compared with 
£6,452,597 in 1907. Owing to the severe depression in the diamond 
market, the output of diamonds was not all sold, and those disposed 
of brought a slightly lower price than in 1907. The amount dis- 
tributed in dividends during 1908 was £800,000, as against £2,550,000 
in 1907. The payment of this amount in dividends was much to the 
company’s credit, considering the general depressed condition of the 
diamond market and the fact that no diamonds were sold during the 
last five months of the year. By closing the De Beers and Dutoit- 
span mines and reducing the scale of the work at the others the opera- 
tions were reduced step by step to about 35 per cent of what they 
were during 1907. This accomplished the purpose of maintaining 
the price of diamonds, especially those of better grade, though the 
increased output of the Premier mine made this difficult. Attention 
is called to the fact that about 30 per cent by weight of the parcels of 
diamonds sold by the company contains 70 per cent of the values. 

A new diamond field was proclaimed at Harrisdale, 14 miles from 
Kimberley,on July 16, 1908,°and the best prospects were hastily taken 
up. This diamond deposit consists of alluvial gravel wash, running 
from 4 inches to 3 feet in thickness. Water is scarce and has to be 
pumped from Vaal River, 7 miles off, and then carried 5 miles by 
donkeys. The ground was prospected by a few men before the field 
was opened, and £20,000 worth of diamonds were reported as won in 
six weeks. The diamonds are of excellent quality and average about 
£8 per carat. 

Transvaal.—The production of diamonds in Transvaal ° during 
the fiscal year 1908 amounted to 2,184,490 carats, valued at £1,879,551, 
an increase of 639,154 carats in quantity and a decrease of £323,960 
in value, as compared with 1907. The production came principally 
from the Premier mine, though eleven other companies and the allu- 


a 


——— 


a Twentieth Ann. Rept. De Beers Consolidated Mines for year ending June 30, 1908. 
b Mining World, October 17, 1908. 
cAnn, Rept. Gov’t Min. Eng., Transvaal, 1907. 
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vial diggings at Christiana contributed a small portion. The produc- 
tion from the alluvial diggings amounted to 1,387 carats, valued at 
£4,617. The production at the Premier mine ? for the year ended 
October 31, 1908, amounted to 2,078,825 carats, an increase of 
188,838 carats over 1907. The value of the output was £1,536,719, 
or 14s. 9d. per carat. The prices received were lower than in pre- 
vious years, due in part to the poor market for diamonds and in part 
to a slight deterioration of the quality of the output. The contract 
with the Diamond Buying Syndicate has been broken, but the com- 
pany has established sales offices in London, and the price of diamonds 
is not to be lowered indiscriminately. 

Orange River Colony.-—The production of diamonds in the Orange 
River Colony during the fiscal year ending June 30, 1908, is given by 
Burnett Adams as 505,452 carats, valued at £1,069,942, as compared 
with 398,700 carats, valued at £1,222,202, in 1907. The yield in 
carats per 100 loads washed was 10.38 in 1908 as compared with 10.19 
in 1907. The average price per carat fell from 60s. 64d. to 42s. 1d. 
through the unstable condition of the diamond market. The produc- 
tioncame principally from the Jagersfontein, Koffyfontein, Voorspoed, 
and Roberts Victor mines, with a smaller part from prospecting and 
developing work at the Ebenezer, Lace, and Monastery mines. The 
yield from the Vaal River alluvial diggings amounted to 5,447 carats, 
valued at £18,217, or 66s. 104d. per carat. The largest diamond 
found in the alluvial diggings during the year weighed 594 carats and 
was valued at £385. ‘hat the prospects of the Roberts Victor mine 
are good is shown by the declaration of a 25 per cent dividend © in 
March, 1909. The projection of an intrusion of nondiamond-bearing 
ground into the diamond-bearing area was found to be local and offered 
no serious drawback to the operations of the mine. The Lace dia- 
mond mine has been purchased by the Crown Diamond Mining and 
Exploration Company ¢ and is expected to be actively worked under 
the new management. 

German Southwest Africa.—Considerable interest has arisen from 
the discovery of a new diamond field in German Southwest Africa 
during 1908.¢ The diamond deposit occurs in a belt about 1 mile 
wide and stretching in an arc from Luderitz Bay southward 30 miles 
to Elizabeth Bay. The diamonds occur in a coarse sand associated 
with agates and the more valuable forms of quartz. They are gener- 
ally in fairly perfect octahedral crystals ranging from one-fifth to 
three-fourths of a carat in weight. No large stones are found. The 
quality of the stones is good and the color generally pure white, 
though some have a yellow shade./ 

Consul Thomas IT. Norton, Chemnitz,9 reports that up to Decem- 
ber 31, 1908, about 40,000 carats of diamonds had been found, 
whose estimated value was $269,000. It is the policy of the German 
Government to hold a monopoly over these diamond deposits and to 
reculate development in such a way as to assure proper protection of 
mining interests and to prevent uneconomic methods of exploitation. 


aEng. and Min. Jour., April 24, 1909. 

b Mines Dept. Orange River Colony, Fifth Ann. Rept., 1908, Bloemfontein. 
¢ Min. Jour., London, March 20, 1909. 

@ Min. Jour., London, February 6, 1909. 

€U.S. Daily Cons. Repts., April 2, 1909. 

pee: and Min. Jour., December 19, 1908, 

gidem. 
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All of the diamonds are to be cut in Germany, and it is estimated that 
the wages paid for the work will amount to $500,000 annually at the 
present rate of production of the field. The diamonds. are to be taxed 
at such a rate that the miners will secure about one-half the profit. 
Mining consists in simple sieving, washing, and picking out of dia- 
monds. Almost no capital for machinery has been required so far 
and the work is done by natives with white overseers. 

The extent of the diamond field is being found to be greater than 
at first thought. Diamonds have been found along the coast to the 
south about 150 miles from Luderitz Bay and 75 miles from Orange 
River. That the deposits have formed from alluvial deposits is 
thought probable, and Orange River is pointed out as a possible 
original source. 

SOUTH AMERICA. 


Brazil_—The geology of the diamond-bearing highlands of Bahia— 
Chapada Diamantina, as a portion of it is called—has been described 
by J.C. Branner.’ This region lies northwest of Bahia and south and 
southeast of Rio Sao Francisco. About it comparatively little is 
known. ‘Two railroads approach but do not penetrate this area, 
and travel must be accomplished with mules. The region is semiarid, 
and the climate hot, though healthful. Much of the country is 
covered with catinga forests, a tough, scrubby growth of timber. 
The country is fairly well watered along the streams, though subject 
to droughts away from them. 

The following is an outline of the geology with probable ages of 
the formations: Along the coast to the north of the city of Bahia is 
a series of Cretaceous and Tertiary strata resting on pre-Cambrian 
schists, gneisses, and granites. The latter extend from the sediment- 
aries along the coast westward to the highlands and form a nearly 
level plain with a few scattered hills and peaks over it. The Serra de 
Jacobina is the first mountain range of the highlands and is com- 

osed of the conglomerates, shales, schists, and quartzites of the 

linas series, 1,000 meters thick, and of Cambrian age. The bedding 
of this series strikes nearly north with the range and dips steeply to the 
east or is vertical. The crystalline rocks also appear on the west of 
the Jacobina Range. To the west of this is the great Tombador 
Range, composed of 400 meters of nearly horizontal Cambrian sand- 
stones and quartzites resting directly on the crystallines. The edges 
of these beds of the Tombador formation, which dip gently westward, 
form great walls or scarps on the east. The Tombador beds can be 
traced northward toward Rio Sao Francisco, where they cap the 
flat-topped mountains or form the monoclinal ridges of that region. 
Above the Tombador beds are the Jacuipe flints, about 100 meters 
thick. Above these are 500 meters of the Caboclo formation, of 
Devonian age, composed of gray, red, yellow, black, and cream- 
colored shales. The upper part of this formation is in contrast with 
the overlying false-bedded pinkish sandstones, conglomerates, and 
quartzites of the Lavras series, of Carboniferous age. This series 
carries the diamonds and is about 700 meters thick. The Lavras 
series is overlain by 350 meters of red Triassic sandstones, very like 
the Triassic sandstones of New Jersey and Connecticut. These have 
been called the Estancia red beds. The last series exposed is the 


aMin. Jour., London, March 20, 1909. b Eng. and Min. Jour., May, 15, 1909. 
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Salitre limestones and marbles, about 300 meters thick and of Jurassic 
age. 

Siitimonds and carbonados are found together in this region, and 
their mining constitutes an important industry of Bahia. The 
source of the diamonds and carbonados has been pretty definitely 
traced to the Lavras series, though Dr. Branner has never seen one 
in place in these rocks. ‘The streams and river gravels have been 
found richest in diamonds where they flow through or over large 
areas of the Lavras beds. No eruptive rocks occur in the Lavras 
beds which could possibly give rise to all the diamonds and carbon- 
ados of the region. Areas of serpentine have been found in the crys- 
talline rocks that underlie the sedimentary rocks. It is possible the 
diamonds originated in peridotite in these crystalline rocks, and 
were later washed out and deposited with the Lavras beds. 

The most productive area has been that between Sincoro on the 
south and Morro do Chapeo on the north. Whether this is due to a 
particular richness of the beds in this area or to the favorable supply 
of water, or to both, is not known. Mining methods used have been 
crude, practically all work being done by hand. The possibilities of 
mechanical apparatus, especially dredges, should be tested. In the 
stream beds and places where the natives have been able to work 
there is but little virgin gravel left. In swamp and marsh lands 
along the river not accessible to the natives it is probable rich 
deposits still exist and could be worked with dredges. Dredges 
must operate under difficulties in this region, however, as transpor- 
tation facilities are poor and repair shops and factories a long way off. 

British Guiana.—The exports of diamonds from British Guiana 
during the calendar year 1908 amounted to 4,968 carats,* valued at 
$40,872, as against 2,220 carats, valued at $17,550, in 1907. The 
shipments between January 1 and May 12, 1909, amounted to 1,095 
| carats,® valued at $7,350. A new deposit of diamonds was discov- 
1 ered near the Dukwarri Cataract, about 115 miles from the mouth 
| of Cuyuna River.° Two parcels of stones weighed 138 carats, showing 
) that the diamonds of this deposit are small in size, as are those from 
| the other deposits of British Guiana. 


INDIA. 


The production of diamonds in India during 1908 amounted to 
| 140.75 carats, valued at £940,¢ against 628 carats, valued at £2,784¢ 
| in 1907. These figures represent the production in the States of 
) Panna, Charkhari, and Ajaigarh, in central India. A few diamonds 
|) are reported found in the Anantapus district of the Anadras Presi- 
| dency, though no statistics have been obtained. 


AUSTRALIA. 


; New South Wales..—The production of diamonds in New South 
Wales during 1907 amounted to 2,539 carats, valued at £2,056, a 
| decrease of 288 carats in quantity and of £64 in value from 1906. 


@ Min. Jour., London, February 6, 1909. 

b Min. Jour., London, June 5, 1909. . 

¢ Min. Jour., London, May 5, 1909. 

@ Advance statement of the production of minerals in India in 1908 by the director of the Geological 
| Survey of India, June 10, 1909. 

€ Rec. Geol. Survey India, vol. 37, pt. 1, 1908. 

f Ann. Rept. Dept. Mines, New South Wales, 1907, p. 59. 
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The average size of the diamonds was small, though one fine white 
stone was found at Copeton that weighed 3? carats and was sold 
locally for £17. The greater part of the output came from the 
vicinity of Copeton, in the Tingha division. 

The discovery of a volcanic breccia or agglomerate® at Snodgrass, 
20 miles west of Delegate, led to the prospecting for diamonds in that 
region. The rock resembles the diamond matrix in the pipes of the 
mines of South Africa and contains rounded eclogite lumps as in 
those mines. The rock occurs at the contact between granite and 
Silurian slates and sandstones. No diamonds have yet been found. 


DIAMOND INDUSTRY. 


The crisis which the diamond industry of the world recently faced 
is past and the conditions are fast becoming normal. With the 
exception of a 5 per cent increase in the price of the rough diamonds 
from the Wesselton mine, the price of rough diamonds has remained 
practically stationary.’ The imcrease in price of high-grade rough 
diamonds is taken as an indication of a growing demand for these 
and a decided betterment of the industry. The value of the rough 
diamonds has fluctuated but little, although an increase in the price 
of polished stones ¢ of as much as 15 per cent in three months is 
reported. Dispatches from the foreign diamond markets, as Amster- 
dam and Antwerp, report the presence of large American buyers 
as a good sign of a revival of the diamond trade. 

The imports of diamonds and other precious stones into the 
United States has again returned to nearly the normal amounts, 
and is strong indication of the general betterment of industrial con- 
ditions. Nearly the usual number of diamond cutters have returned 
to work in the United States, and it is to be hoped that this industry 
will increase with the change effected in labor conditions. 

Cullinan diamond.—A noteworthy event in the diamond world 
during 1908 was the successful cutting and polishing of the great 
Cullman diamond, and the presentation of the same to the King 
and Queen of England on November 21.¢ The diamond weighed 
about 3,025 carats and was cut into 9 large stones and a number of 
smaller ones.¢ These gems were (1) a pendaloque or drop brilliant, 
weighing 5164 carats, dimensions, 2.822 inches long and 1.791 inches 
broad; (2) a square brilliant, weighing 309-3; carats, 1.771 mches 
long by 1.594 inches broad; (3) a pendaloque, weighing 92 carats; 
(4) a square brilliant, weighing 62 carats; (5) a heart-shaped bril- 
liant, weighing 182 carats; (6) a marquise brilliant, weighing 114 
carats; (7) a marquise brilliant, weighing 8%; carats; (8) a square 
brilliant, weighing 6% carats; (9) a pendaloque, weighing 4,°5 carats; 
(10) 96 brilliants, weighing 72 carats; (11) a quantity of unpolished 
“fends” weighing 9 carats. 

The first and second of these are larger than any cut diamond in 
the world. Even the Kohinoor diamond, weighing 102? carats, is 
less than half the size of the smaller one of the two large Cullinan 
stones. All the polished gems from the Cullman are without flaw 
and of remarkable brilliancy and luster. In place of the normal 


a Pittman, E. F., Australian Min, Standard, April 7, 1909. 
5 Jewelers’ Cire. Weekly, June 16, 1909. 

¢ Jewelers’ Cire. Weekly, December 9, 1908. 

d Jewelers’ Circ. Weekly, November 25, 1908. 

é Jewelers’ Cire. Weekly, November 11, 1908. 
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58 facets on a brilliant, the :argest stone has 77 faccts and the second 
66 facets, which add greatly to the beauty of the gems. 

Origin of diamonds.—In a paper read before the Geological Society 
of South Africat F. W. Voit discusses the nature and origin of 
kimberlite and its relation to the diamonds found with it in South 
Africa. Doctor Voit prefers to call kimberlite an agglomerate 
rather than a breccia. From the abundance of pyroxene and other 
minerals besides olivine and a suspicion of the presence of feldspar 
in some cases, the rock is evidently not a peridotite, but might more 
appropriately be called porphyritic pyroxenite. In places it is 
difficult to determine whether a rock 1s kimberlite or diabase, and 
chemically there is a transition from the one to the other. In many 
places diamonds are found where it would be difficult to explain 
their presence otherwise than as having weathered out of the diabase 
beds torming the surface rocks on some of the plateau regions. The 
so-called bowlders of eclogite found at some of the mines described 
by Doctor Bonney can very readily be explained as segregations in 
the magma or as inclusions with edges and corners dissolved off by 
the action of the kimberlite magma. The brecciation evident in 
portions of the kimberlite bodies could readily have taken place 
during the extensive serpentinization the latter have undergone with 
consequent large increase of volume by hydration. The same agency 
may have caused the breaking of some of the diamonds, though this 
phenomenon is also readily explained in other ways. 


EPIDOTE. 


J. D. Endicott, of Canon City, Colo., has had a quantity of com- 
pact epidote cut ‘‘en cabochon” with pleasing results, for use in 
scarf pins, cuff buttons, etc. This epidote is found in the uncon- 
solidated drift material 2 miles south of Canon City. The drift has 
been deposited in terraces and beds over former table-lands and 
slopes south of Arkansas River. The epidote is found as pebbles 
associated with cobbles and pebbles of granite, quartz porphyry, 
trap, pegmatite, cyanite rock, jasper, chert, iron ores, chalcedony, 
quartz, etc. Pebbles of granite and diorite have a similar variety 
of epidote in streaks and irregular patches through them, indicating 
the probable source of the gem material. Only the very fine-grained 
compact variety of epidote furnishes good gems. The greater part 
is too coarse-graimed and brittle for cutting. The colors range from 
light pistache or yellowish green to dark olive-green. Occasionally 
a bright-red patch of jasper is included in the epidote, giving some- 
what the effect of bloodstone. The epidote is hard, and if suffi- 
ciently compact takes a beautiful polish. It has found favor in 
the local markets in Colorado and should be received elsewhere. 


FELDSPAR GEMS—AMAZON STONE, MOONSTONE, ETC. 
COLORADO. 


The Pikes Peak region has long been famous as a source of beautiful 
crystals of amazon stone and associated smoky and clear quartz. 
One of the most prolific areas has been that called Crystal Park by 
collectors, lying from 2 to 4 miles southwest and south of Manitou 


aAbstracted in Eng. and Min. Jour., April 17, 1909. 
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Springs and extending southeasterly from the east side of Cameron 
Cove along the slopes of the mountains for a distance of 3 miles. 
Numerous prospect holes in the Crystal Park region with the less 
valuable crystals left on the dumps show the past activities of min- 
eral collectors. Fine quartz crystals occur at numerous places out- 
side of the Crystal Park region and especially to the northwest, toward 
Pikes Peak, more amazon stone has been found. 

The rock of this region is principally coarse biotite granite com- 
posed chiefly of light ences potash feldspars, a white plagio- 
clase ‘feldspar, gray quartz, and biotite mica. Pegmatite occurs in 
dikes, veins, and irregular masses through the granite. The crystals 


of amazon stone occur in the cavities or pockets in the pegmatite. _ 


The pockets vary from less than 1 inch to nearly 2 feet across. Some 
of these pockets are miarolitic cavities in the granite, around which 
the crystallization is coarse and the same as in pegmatite. In some 
cases the miarolitic pockets are connected by seams or veinlets, and 
can be readily traced for yards. In other cases the pockets are iso- 
lated, and others may or may not be found near by. The pockets are 
lmed with crystals of amazon stone, smoky and clear quartz; occa- 
sionally topaz and phenacite are present. The crystals of amazon 
stone are generally well developed, and vary in size from a fraction 
of an inch to 38 or 4 inches square. The color ranges from gray to 
bright green and is often richer in one portion of a crystal than in 
another. The crystals from the shallow prospects are often more 
or less stamed with iron rust both on their surfaces and along cleavage 
cracks. The rust may be removed with oxalic acid to prepare the 
crystals for mineral collections and for sale as gem material. Quartz 
crystals are found ranging from a fraction of an inch to several 
inches across, either singly or in clusters of parallel grown crystals. 
Some are colorless, though the majority are more or less clear smoke 
colored, sometimes very strongly so. They furnish fine cabinet 
specimens for mineral collections. Whitman Cross? and W. F. Hil- 
lebrand describe the occurrence of the specimen minerals of this 
region. Those observed were microcline, albite, biotite, quartz 
(smoky and clear), fluorite, columbite, gothite, hematite, and limonite, 
arfvedsonite, astrophyllite, and zircon. As much as a ton of crystals 
have been found in one pocket. 

Amazon stone and crystals of the associated specimen and gem 
materials, quartz, topaz, and phenacite, were mined by J. D. Endicott 
during 1908 in the Catal Peak region 4 miles north of Florissant, 
Teller County. The occurrence of these minerals at this locality is 
evidently similar to that of the Pikes Peak region. The country rock 
in each case is coarse granite. Mr. Endicott states that the crystals 
are found in leads of pegmatite, which can be traced from a few feet in 
some cases to over a hundred yards in others. In the deposits opened 
the pegmatite is nearly in blanket form. The amazon stone occurs 
in streaks and pockets in the interior of the ‘‘veins”’ and attains a 
thickness of 1 foot in places; in other places it is absent. Troughlike 
depressions occur in places in the cavities, and in these the amazon 
stone is stained and coated with films of oxide of iron. Evidently 
the troughs served as channels for a later deposition of limonite from 
solutions. Some of the amazon stone is of good gem quality and has 
a rich green and blue-green color. Other stones are pale cr badly 


Minerals from Pikes Peak : Am. Jour. Sci., 3d ser., vol. 24, 1882, pp. 281-286. 


PRECIOUS STONES. S28 


stained with iron. The crystals obtained in mining are often quite 
perfect and would make fine cabinet specimens. Many crystals of 
smoky quartz and a few of phenacite and topaz were obtained in 1908 
during the work for amazon stone. The Crystal Peak region is noted 
for the fine specimens of these minerals it has yielded. W.E. Hidden 
has described phenacite, topaz, xenotime, and fayalite from this 
locality. Cross and Hillebrand® described a fragment of a clear 
ereenish tinged topaz crystal measuring 9 centimeters on an edge. 
This was but the corner of what must have been a very large crystal. 


PENNSYLVANIA. 


Dr. Edgar T. Wherry reports the occurrence of amazon stone with 
sunstone at the Mineral Hull locality about 1 mile west of Media, Dela- 
ware County, Pa. These minerals are found loose in the soil, where 
they are brought up from pegmatite ledges by the action of frost. 


GARNET. 
UTAH. 


For many years the Navajo Indians have collected the rich red 
pyrope garnets found on their reservation and sold them to tourists 
or at the trading stores. The exact locality at which these garnets 
were found and their mode of occurrence has always been more or 
less indefinitely known. Within the last few years the quantity of 
garnets collected by the Indians has been decreasing, and many of 
the traders that formerly bought quantities of garnets now state that 
they are becoming very scarce. A partial explanation for this seems 
to be that whereas the greater part of the garnets was formerly 
brought to trading posts in Arizona and New Mexico and to stations 
along the Santa Fe Railway, a considerable part is now traded at 

oints in Utah and goes out through Salt Lake City. Tourists still 
ify these garnets from the Indians along the railroad, though they. 
generally obtain only small and inferior gems. A visit to the garnet 
field was made possible through the kindness of Mr. J. L. Hubbell, of 
Ganado, Ariz., who furnished the necessary guide and equipment to 
reach the locality, as he did also for the trip by the writer to the 
peridot locality described in subsequent pages. 

Clear red garnets associated with peridot gems weathered out of 
basic rocks are found at several places around and to the north of 
Fort Defiance. As a rule the garnets from these localities are small 
and not often sufficiently large for cutting. The supply of gem gar- 
nets comes from close to the Utah-Arizona line about 12 miles south- 
west of the mouth of the Chin Lee Valley and San Juan River in 
Utah. It has commonly been reported that the gems came from 
Arizona, though Don Maguire, of Ogden, Utah, reported the locality 
as Utah. The garnets occur in an elevated region a few miles north 
of the Arizona-Utah line, about 100 miles west of north of Ganado, 
Ariz., and over 120 miles northwest of Gallup, N. Mex. After visit- 
ing the locality one can readily appreciate the value of the ‘Arizona 
ruby,” as the garnet is called. tt is necessary to make a long trip 
over sandy and rocky trails with many miles between water pools or 
springs, and at its end garnets of good size and quality are not found 


4 Mineralogical notes: Am. Jour. Sci., 3d ser., vol. 29, 1885, pp. 249-250. 
b Minerals from Pikes Peak: Am. Jour. Sci., 3d ser., vol. 24, 1882, pp. 281-286. 
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abundantly and, when found, are on an arid stretch of country several 
miles from water. 

The geology of Arizona and Utah in the Navajo Reservation has 
been little studied, and in the limited time given for the trip to the 
garnet region but few notes were obtained to add to the general 
knowledge. The route followed led over the mesa country north 
from Ganado and down the valley of Nasklini Creek to Chin Lee at 
the mouth of Canyon de Chelly. From Chin Lee, through a mistake 
of the Indian guide, a northwesterly course was followed to a point 
within a few miles of Agathla Needle, some 25 miles S. 60° W. of the 
garnet fields. From this point the route led down Gypsum Valley, 
which drains into the Chin Lee Valley near its mouth. The garnet 
field is several miles northwest of this canyon. The return trip was 
made over the elevated country south of the garnet fields, across the 
Chin Lee Valley nearly opposite the mouth of Carriso Creek, up Car- 
riso Creek to Bradley’s store, and then south to Chin Lee. 

Descending from the mesa several miles north of Ganado one passes 
over several miles of petrified forests in which the trees are not so 
numerous as in the famous localities near Adamana. The formation 
in which the trees are embedded, however, appears to be identical 
with that near Adamana. The rock exposures in Canyon de Chelly 
and along the Chin Lee Valley north to the garnet locality appear to 
be similar and consist principally of red beds, largely cross-bedded 
sandstone and conglomerate. This sandstone forms great blocky 
vertical cliffs from one hundred to several hundred feet high along 
the Chin Lee Valley and the canyons entering it. This formation 
extends west from the Chin Lee Valley and northwest from Gypsum 
Valley, forming the semimesa country on which the garnet deposits 
occur. These red beds may correspond to those described by L. F. 
Ward? in the Little Colorado region to the south, referred to the Tri- 
assic age and provisionally thus accepted by N. H. Darton.2 The 
red sandstones extend over 30 miles west of the Chin Lee Valley to 
the region around Agathla Needle. In the latter region basic rocks 
outcrop at numerous places and in several instances have formed 
sharp needle-like masses hundreds of feet high with small bases. 
Agathla Needle is evidently composed of such a rock and stands sev- 
eral hundred feet high. One of these hills or outcrops about 4 miles 
south of Agathla Needle was composed of two types of rock—one a 
dark, hard, dense basaltic rock with visible olivine phenocrysts and 
the other a dark-gray, somewhat porous olivine-mica rock. A few 
small pieces of peridot were found weathered out of this rock. Be- 
tween Agathla Needle and the garnet locality basaltic and other basic 
rocks outcrop at several places both as needles and as dikes, cutting 
the sandstone formations. 

The extent of the area over which gem garnets are found was not 
determined. Actual examination was limited to a stretch of country 
about 24 miles long in a northwesterly direction and half a.mile wide. 
From the apparent similarity of the formations around this strip it 
was judged that garnets should be found over an area of several 
square miles, probably 4 miles north and south and 5 or 6 miles east 
and west, while the field might extend several miles beyond a line of 
hills to the north. 


@Mon. U.S. Geol. Survey, vol. 48, 1905, p. 45. 
b Reconnaissance of part of western New Mexico and northern Arizona: Bull. U.S. Geol.Survey. (In 
preparation.) 
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The garnets are found on a series of mesa-like benches rising from 
Gypsum Valley on the southeast, and between 6,000 and 7,000 feet 
(barometric measurement) above sea level. The elevation increases 
slightly to the west in the mountains around Monument Pass. The 
benches and mesa on which the garnet deposits occur are nearly level 
in places and dip to the southeast in others. They are formed by 
different beds of the red sandstone formation, the edges of some of the 
beds standing as small cliffs over the next lower. In places the sand- 
stone floors are bare; in others they are covered by wind-blown sand 
in layers varying from a few inches in depth to dunes many feet high. 
This sand is brought up principally from the red-sandstone country 
to the southwest, from which direction the prevailing winds of the 
region blow. The garnets are found in the sand and on the sandstone 
floors, associated with pebbles of feldspar sometimes with a moonstone 
luster, occasionally emerald-green diopside, red sugary quartz, and 
such rocks as granite, diorite, trap, etc. Some of the garnets and 
hard-rock fragments are rounded and polished on one or more sides 
by the action of the wind-blown sand as they lie exposed on the sur- 
face. This accounts for the smooth rounded surfaces so prevalent 
on many of the garnets from the Navajo country. The garnets 
may be uncovered by a wind from one direction and then covered up 
by that from another, or vice versa. By the shifting of the dunes 
the position of the garnets is changed so that different sides are 
exposed for polishing by the wind-blown sand. 

The source of the garnet over the mesa country is in a stratum of 
coarse, unconsolidated drift or gravel that rests on the more elevated 

art of the red sandstone on the northwest of the area examined. 
“his drift is over 100 feet thick and is composed of bowlders, which 
vary from stones weighing many tons to cobble size, mixed through a 
matrix of pebbles and sand. The gravel and bowlders consist of 
biotite granite gneiss, porphyritic biotite granite gneiss, hornblende 
or diorite gneiss, partly epidotized trap and basaltic rocks, epidote 
hornstone, soapstcne, tremolite asbestos, sugary quartz, and large 
blocks of light gray colored fossiliferous limestone of Carboniferous 
age. Just where the origin of this conglomeration is to be sought is 
not known. ‘The general appearance of the drift is that of a glacial 
deposit. Glaciation has taken place in the San Francisco Mountains @ 
of Coconino County, Ariz., and moraine deposits have been formed. 
The latter are thought to be of rather recent age, probably Quater- 
nary. Whether there has been glaciation in the slightly higher 
country west and northwest of the garnet deposits is not known. It 
is probable that the garnet-bearing drift deposits are of greater age 
than the glacial deposits of the San Francisco Mountains, for the 
former are covered with a stratum of hard white sandstone and are 
at almost as great an elevation as any of the surrounding region. 
The presence of such quantities of crystalline and ancient recks in 
the drift can not be explained by very recent action, as these rocks 
do not outcrop near the locality. 

The garnets are scattered through the drift, though not plentifully, 
and are carried down with it to the mesa country below during erosion. 
It seems the garnets undergo a partial concentration on the mesas 


_ pyard, L. F., Glaciation of the San Francisco Mountains, Arizona: Jour. Geology, vol. 13, 1905, pp. 
Robinson, H. 1., Geology of the San Franciscan voleanic field, Arizona: Prof. Paper U.S. Geol. Survey. 
(In preparation.) 
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during the breaking down and washing away of its loose matrix. The 
latter takes place readily when the protecting cover of hard sandstone 
is removed. In one place near the garnet-bearing formation some 
ant hills were found to be built up of over half garnet chips ranging 
up to 2 or 3 millimeters across. The remainder of the mineral grains 
of these ant hills consisted chiefly of cleavage chips of orthoclase 
feldspar, with a smaller amount of hornblende gneiss rock fragments, 
grains of quartz, epidote, etc. 

The garnets found in this region range in size from small grains to 
over 3 centimeters in diameter. The larger ones are not perfect, 
being badly flawed and cracked. They often have a brownish-red 
color, and rarely contain gem material. The best gem garnets are 
not often over a centimeter or 12 millimeters in diameter, and the 
greatest yield of gems is in garnets of less than 8 millimeters in diam- 
eter. Garnets that will cut perfect gems over 3 carats in weight are 
scarce, while those ranging from 1 to 2 carats when cut are fairly 
plentiful. Stones of 1 carat and under are abundant. <A garnet cut 
as an ordinary brilhant measuring 8 millimeters across and 5.5 milli- 
meters thick will weigh about 24 carats. The garnets range in color 
from the beautiful rich Burgundy wine red characteristic of pyrope 
to lighter shades, with some of more or less cinnamon color. Some 
of the red garnets are so dark that the gems show little color and 
appear nearly black. In others the ‘leis appear brilliant even 
under artificial light. 

Imperfections occur in many of the garnets. These imperfections 
may be cracks or flaws or inclusions of dark spots or of other minerals. 
In the deeper-colored garnets flaws are often difficult to detect until 
the stone has been partly or wholly cut. The dark spots appear to 
be due to cavities in the garnet in some cases; in others they are 
caused by inclusions of other minerals. Among the minerals found 
associated with the garnets is emerald-green diopside, and in one 
specimen of garnet which had been split a small diopside crystal of 
pin-head size was found in the center. In another specimen a tiny 
garnet was found attached to a larger diopside crystal. Minute 
acicular inclusions are also present in some of the garnets. They are 
arranged according to certain directions of symmetry in the crystal 
and are probably rutile. These acicular or threadlike inclusions 
are so fine that they do not perceptibly affect the color and luster 
of the gems. 

The garnets are collected by the Indians who search carefully over 
the sandy country below the drift. Apparently no methods are used 
to find the gems that may be concealed below a few inches of sand, 
but only those on the surface are looked for. The shifting of the 
sand uncovers garnets at one time and covers them up at others, and 
therefore renders the possibilities of new finds attractive. No water 
can be obtained except in rainy seasons to wash for the garnets, so 
that this method of concentration can not be used. By the use of 
screens it seems possible much material could be worked over with 
good results. The sand could be thus eliminated, and the garnets 
are rather easily picked out from other pebbles. Screens varying in 
size of mesh from four-fifths to one-fifth of an inch would be very 
serviceable in screening and separating the material for hand picking. 
In the majority of cases the garnets are richest near the bottom of 
dunes or sand beds, and that portion should therefore be sieved. 
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The larger garnets are now difficult to obtain; but it is probable that 
the ‘‘Arizona ruby” will again become more plentiful when the Indian 
learns to work a little more systematically for this gem. 


COLORADO. 


J. D. Endicott, of Canon City, Colo., has taken up two claims 
for garnets on Grape Creek, 2 miles S. 75° W. of Canon City. The 
country rock is biotite schist-gneiss, garnetiferous in streaks. It 
strikes north of east to east and west and dips 45° N. Pegmatite 
is associated with the gneiss in places. The portion prospected for 
garnets consists of a garnetiferous streak in which the garnets are 
rather plentiful and of some size. Certain smaller bands and lenses 
in the ‘‘vein’’ up to 8 or 10 inches thick are richer in garnets than 
the rest of the rock. The garnets are found in crystals varying from 
minute size to over 3 inches in diameter, wrapped in biotite in the 
eneiss. The greater part of the garnets are more or less crushed 
and fractured. The cutting material, though mostly small, comes 
from the solid portions of the crystals not injured by fracturing. 
The color is the beautiful red to pinkish red of almandite or precious 
garnet, and handsome gems of about 2 carats’ weight have been cut. 

Specimens of spessartite garnet and topaz are still obtained from 
Ruby Mountain on the east side of Arkansas River opposite Nathrop, 
Chaffee County, Colo. The deposit is on public land and is visited 
intermittently by collectors chiefly for mineral specimens, though 
some garnets suitable for cutting are obtained. The work done 
by each collector does not usually exceed a few blasts in the most 
favorable places. The locality ae been described by Whitman 
Cross,* and the following notes are prepared principally from his 
description: 

The garnets and topaz occur in cavities in a rhyolite of probable 
Tertiary age. The rhyolite outcrops in three places—in Ruby Moun- 
tain, a hundred yards north of aly Mountain, and on the west side 
of the river opposite Ruby Mountain. Ruby Mountain is a hill 
about 200 feet high and a quarter of a mile long, running north of 
west and east of south parallel with the course of the river. The 
upper and larger part of the hill is composed of white to pinkish- 
gray rhyolite of very fine grain with more or less flow banding of 
light and darker layers. The lower portion of the hill where out- 
crops are not covered with talus on the southeast and northwest 
ends are composed of gray volcanic glass with perlitic texture. This 
perlite contains numerous round particles of obsidian up to the size 
of a pea. On the east side of the hill are rhyolitic tuff beds which, 
in an exposure on the north of the hill, dip about 20° E. Cross 
mentions vertical contact between the rhyolite and inclosing Archean 
eneiss. 

The crystal-bearing cavities are larger and more abundant in the 
rhyolite in the upper part of the hill. These cavities are lithophyse 
as in the Utah topaz cea described later. The cavities range in 
size from a millimeter cross section to more than 5 centimeters in 
greatest dimensions. They are elongated in the direction of the flow 
lines in many places or are composed of numerous smaller joining 
cavities in this direction. Some of the lithophysz shells are fairly 


&@ Topaz and garnet in rhyolite: Am. Jour. Sci., 3d ser., vol. 31, 1886, pp. 432-438. 
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well developed in concentric layers, though generally the cavities 
are very irregular in shape and inclusions. The walls of the cavities 
are generally drusy with tiny brilliant crystals which Cross deter- 
mined to be sanadine. Small quartz crystals also occur in the cavi- 
ties though no tridymite has been found. The garnets have a trans- 
parent deep-red to cinnamon-red color and are of the spessartite 
variety. Cian of over a centimeter in diameter are rare and the 
average size is about 2.5 millimeters. The crystals have sharp edges 
and brilliant faces in the cavities. Generally only a part of the 
crystal form is developed, for the surfaces are very rough where the 
garnet is attached to the matrix. The predominant crystal form is 
the trapezohedron (211) with a small development of the dodecahe- 
dron (110). Several garnets often occur in the same cavity, with 
or without topaz. The topaz is less plentiful than the garnet and 
of about equal Mineretine The crystals are attached to the walls of 
the cavities and to the shells in different positions, so that in some 
cases doubly terminated crystals occur. The forms observed in the 
order of their prominence are grven by Cross as: M(110), (120), 
O(221), C(001), F(021), Y(041), A(00), G(130), and F(201). The 
crystals are clear wine pink or yellow while in the unbroken cavities 
in the rock, but fade to colorless or tinted pale bluish on exposure to 
the light. 

Cross* describes also a similar occurrence of garnet in a coarse 
rhyolite at Chalk Mountain, near Fremont Pass, Colorado. <A speci- 
men of rhyolite with small garnets in a cavity was given to the writer 
by Mr. J. D. Endicott, of Canon City. This specimen was from the 
Gudger mine near Westcliffe, Custer County, Colo., and appears to 
come from an occurrence similar to that described above. 


JADE. 


BURMA. 


The production of jade (jadeite) in the Myitkyina district of upper 
Burma during 1907 amounted to 3,590 hundredweight,® with a local 
value of £18,998; this is an increase of 1,3754 hundredweight over 
1906. Part of the jade is used locally, part carried overland to south- 
west China, and the greater part is exported through Rangoon, prin- 
cipallytoChina. Theexportsthrough Rangoon during 1907 amounted 
to 2,686 hundredweight, valued at £49,643. The production in 
1908 was 3,367 hundredweight, valued at £22,332.¢ 

The occurrence and origin of jadeite in the Kachin Hills in the 
Myitkyina district, upper Burma, has been carefully discussed by 
A. W. G. Bleeck.¢ Jadeite is found at three places in the Kachin 
Tills, at Tawmaw, Hweka, and Mamon. At Tawmaw the deposits 
consist of a metamorphosed igneous dike intruded into serpentine. 
At Hweka the jadeite occurs in bowlders in a conglomerate. The 
jadeite bowlders are quarried from the slope of a hill and are some- 
times found of large size. At Mamon the jadeite is found in bowlders 
in the alluvial deposits and bed of Uru Chaung River. 


a Sanadine and topaz from Colorado: Am. Jour. Sci., 3d ser., vol. 27, 1884, pp. 94-96. 

b Rec. Geol. Survey India, vol. 37, pt. 1, 1908. 

¢ Advance statement of the production of minerals in India in 1908, by the Director of the Geological 
Survey of India, June 10, 1909. 

4 Rec. Geol. Survey India, vol. 36, pt. 4, 1908, pp. 254-285. 
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Professor Bleeck concludes that the jadeite was formed by the 
metamorphism of an albite-nepheline rock, both of these minerals 
being found with the jadeite in places. The change would be repre- 
sented chemically by NaAlSiO, (nepheline) + NaAlSi,O, (albite) = 
2NaAlISi,0, Gadeite). Under certain conditions albite-nephelite rock 
might form, while under conditions of high pressure, during consoli- 
dation or after, jadeite with a much lower molecular volume would 
be produced. The color of pure jadeite is stainless white and speci- 
mens closely resemble marble in appearance. The rich emerald-green 
colored jadeite is the most highly prized and is not abundant com- 
pared with the white or dull-green varieties. Some jadeite has a 
pale amethystine color. The emerald-green color of the best variety 
of jadeite is due to chromium; the dull-green color of other varieties 
is due to iron; and the amethystine color is supposed to be caused 
by the presence of manganese. 


JASPER, PETRIFIED WOOD, ETC. 


ARIZONA. 


Probably the largest jasper deposits in the world are those of the 
petrified forests of Arizona. It is not alone the sight of so many - 
petrified trees that causes wonder to the visitor, but the large varia- 
tion of brilliant colors displayed by these trees. The deposits have 
been described by L. I. Ward,¢ and their beauties portrayed by many 
writers. Geologically the petrified forests may be briefly described 
as occurring in formations of Triassic age. The trees were not petri- 
fied in place except in a few instances, but were washed down from 
high levels and scattered over large areas or accumulated in compara- 
tively confined areas. They were deposited in and covered by a 
conglomeratic sandstone stratum overlying purplish and gray marl 
beds. This stratum now forms the capping over large areas of mesa 
country. In’ their present positions the petrified trees are visible 
where the sandstone has been cut into by the erosion of valleys and 
gulches and washes. Some of the trees remain in the sandstone, 
while others, principally fragmentary, have been dropped into the 
washes by the erosion of their parent rock. In a few cases the petri- 
fied tree trunks are preserved nearly whole, while as a rule they occur 
in fragments large and small. The smaller material is abundant 
over large areas, and in places the large blocks or sections of trees are 
numerous. 

The trees have been petrified by silica in its various forms with 
varying quantities and kinds of impurities acting as pigments and 
furnishing widely diverse colors. The general form of the tree trunks 
and limbs and a few details of structure have been preserved during 
petrification, though the minute detail of structure seen in some 
petrified woods is wanting. The mineral matter composing the trees 
is largely jasper with varying amounts of chaleedony and quartz. 
The Jaspers range from brilliant red, through orange to yellow in 
color. The large number of shades of these colors, particularly the 
reds, is striking. From the brownish and maroon reds there are all 
gradations as terra cotta, cardinal, scarlet, cherry-red, etc., to orange, 


2 Geology of the Little ColoradoValley, Ariz.: Am. Jour. Sci., 4th ser., vol. 12, 1901, pp. 401-413. Petrified 
forests of Arizona: Ann. Rept. Smithsonian Inst. for 1899, 1901, pp. 289-307. 
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and from orange yellow through ocher and drab to corn yellow. Some 
pieces have a suggestion of green in the yellow, giving an olive tint. 
These colors in the jasper are sometimes solid over areas of several 
square inches and then again are banded or irregularly mixed with 
other colors. The colored jaspers occur mixed with and in patches 
scattered through gray cherty chalcedony or through translucent 
eray chalcedony. Streaks and splotches of black jasper or flint lend 
contrast to the varied colors of the jaspers. The luster of some of 
the petrified wood is dull and cherty, though a part is brighter, and 
some even glassy. Occasionally amethyst and quartz crystals are 
found in cavities in the petrified trees or coating over limbs. 

Many of the petrified forests of Arizona, especially those near 
Adamana and Holbrook, are protected by law against material being 
carried off. Visitors are generally allowed to take off a few pounds, 
however, as souvenirs or material from which to cut souvenir orna- 
ments or gems. Even if one does not procure such specimens, a 
visit to the petrified forests always proves of great interest, especially 
to one interested in mineral objects of natural beauty. A trip to the 
forests is not difficult, and two areas of petrified trees can be seen in 
half a day’s drive from Adamana, on the Santa Fe Railway. 
_ Petrified forests are known to exist in other regions of Arizona, and 

some of these are doubtless outside of the regular reservation and 
where they could be used to procure material for polishing. If it is 
not possible to find such areas, a small area might be set aside where 
petrified wood could be obtained for use in ornamental work.  Petri- 
fied forests occur in the Navajo Indian Reservation between Ganado 
and Chin Lee and have been reported farther west in the Moqui 
Reservation. 

CALIFORNIA. 


Mrs. Gertrude S. McMullen, of the Southwest Turquoise Company, 
of Los Angeles, Cal., kindly sent in a specimen of jasper from near 
Hart, Shasta County. This material is from a deposit owned by 
Hart & MceCullum. It is composed of layers of white, gray, yellow, 
and red jasper in peculiar straight and curved bands. It Ee 
to be slightly granular though very fine grained and susceptible to a 
fair polish. The material will be used in jewelry under the name 
‘creolite.”’ 

LABRADORITE. 


OREGON. 


Maynard Bixby, of Salt Lake City, Utah, reports the discovery of 
a new deposit of labradorite in southern Oregon. The labradorite 
ranges from a colorless glassy variety resembling quartz to dark, 
showing fine red, salmon, and green tints. Mr. Bixby states that the 
mineral would yield handsome gem material. 


CANADA. 


Dr. E. S. Ward, of Rochester, N. Y., reports an importation of 
several hundred pounds of labradorite from Nain, Labrador, for gem 
purposes. There is a considerable demand for a good grade of this 
stone for jewelry purposes, especially in the West. 
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LAPIS LAZULI. 


CALIFORNIA. 


A company has been formed in Los Angeles, Cal., under the name 
of the Lapis Lazuli Mining Company? to operate a deposit of lapis 
lazuli in the Death Valley region of San Bernardino County. Mrs. 
Margaret Robertson, president of the company, states that the min- 
eral has been thoroughly tested and pronounced lapis lazuli. So far 
only surface material has been obtained while assessment work was 
being done on the claim: Development work is to be started in the 
fall. 


MOONSTONE. 


VIRGINIA. 


‘Specimens of rough moonstone were received from Henry Mackay, 
Hewlett, Va., where they were obtained from a mica mine. ‘This 
moonstone is a variety of orthoclase feldspar and occurs in pockets 
in veinlets of partly kaolinized feldspar in a decomposed mica 
eneiss formation. The pockets range from the size of an egg to that 
of acocoanut. Gems cut from this material display a certain amount 
of the chatoyancy of moonstone, but not so strongly as in the Ceylon 
gem. The particular pieces examined were slightly yellowish and not 
the pure white of good moonstone. It is possible that a better grade 
will be found in this locality. 


CEYLON. 


James Parsons, principal mineral surveyor of Ceylon, reported the 
discovery of a new deposit of moonstone in the village of Weragoda, 
in the southern province. Some of the moonstones are of the fine 
blue variety. They are found in white kaolin, under about 44 feet of 
black mud, nm a swampy region. It is probable the moonstone is 
derived from leptynite (acidic eR as in the Kandy district 
a een whence the bulk of the world’s supply of moonstone is 
obtained. 


OPAL. 


NEVADA. 


L. F. Denio, of Denio, Oreg., reports the discovery of opal in Hum- 
boldt County, about 20 miles south of the Oregon state line and 40 
miles east of the California state line. The opal has been found over 
an area 7 miles long by 1 mile wide. Two groups of claims, about 5 
miles apart, have been located on the best prospects. The character 
of the opal is different m these two groups, one furnishing a brilliant 
black stone, the other blue, green, and red opals. Much petrified 
wood occurs in the region, with which good opal is sometimes found in 
seams or attached to the outside of the petrified wood. The regular 
supply of opal is in a decomposed porphyry of brownish red color. 
Basaltic rock outcrops nearby. Only laanied prospecting work has 
been done so far. 


@Los Angeles Mining Review, May 1, 1909. 6 Ceylon Administration Rept., pt. 4, 1907, 
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J. B. Stott kindly sent in specimens of opal from a deposit being 
tested by himself near Austin, Lander County. The specimens con- 
sisted of common white opal, yellowish opal, lilac-tinted opal, and 
milky opal. Some of the specimens displayed a faint flash or fire 
when viewed in certain positions. Mr. Stott reports a 100-foot incline 
sunk on the deposit in which the quality of the opals improves with 
depth. The opal occurs as a core in balls of partly silicified rock whose 
nature could not be determined. ‘The specimens examined con- 
tained cores of opal 14 inches through in balls 3 to 4 inches in diameter. 
Mr. Stott states that the opal-bearing balls occur in a seam of blue 
clay, about 2 feet thick, between black and red lava beds. 


UTAH. 


James V. Brooks, of Milford, has sent to the Survey a specimen of 
banded red, brown, yellow, gray, white, and colorless opal. The exte- 
rior of the specimen had a white sintery coating or crust as if depos- 
ited by a hot spring or similar agency. The specimen measured 2} 
inches by 1 inch by three-fourths of an inch in thickness and was 
evidently broken from a large slab. The opal is common opal and 
does not display any fire. It is highly colored, resembling the rich 
colors of jasper. The specimen shows interrupted periods of depo- 
sition, as some of the layers are flat and straight as in onyx, and the 
others are wavy and cut through portions of the onyx-like bands. 
This opal takes a good polish and might be used for small ornaments, 
mosaics, or even curio Jewelry. It is not unlike richly colored Mex- 
ican onyx or onyx marble in appearance. 


AUSTRALIA. 


New South Wales.—The value @ of precious opal produced in New 
South Wales in 1907 amounted to £79,000, which is greater than for 
any other year since 1903. The White Cliffs division of the opal 
region furnished £66,000 and the Lightning Ridge field in the Walgett 
division supplied the remainder. 

Ducenea ate production ® of opal in Queensland during 1907 
is estimated at £3,000, the same as in the two preceding years. For 
several years previous to 1904 the production was much greater, and 
the total production since 1890 is estimated at £158,695. During 
seasons of drought the opal production is large, as the farmers take up 
mining as a means of livelihood. During 1907 the season was favor- 
able for crops, and the opal production was consequently small. 


PERIDOT. 
ARIZONA. 


Peridot suitable for gem purposes is found in two regions in Arizona. 
The first one discovered was that north of Fort Defiance, in the 
Navajo Indian Reservation, about which little has been written. 
The other region is near Rice, or the old Talklai post-office in the 
White Mountain Apache Indian Reservation. At the latter locality 
the peridots are found in the original basaltic rock matrix, as well 
as loose in the soil. In the Navajo Reservation gem peridot is 


aAnn. Rept. Dept. Mines, New South Wales, 1907, ee 59. 
> Ann, Rept. Under Secretary of Mines, Queensland, 1907, p. 18. 
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probably to be found at several localities; it appeared to be fairly 

lentiful at the only locality visited, about 10 miles north of 
Port Defiance, a mile or two west of the Arizona-New Mexico line. 
This locality is on and around the ranch of Navajo Charlie. An 
Indian guide reported the occurrence of gem peridot and garnet on 
two prominent knobs several miles east of this locality in New 
Mexico. Small peridots, occasionally large enough for cutting, are 
found at Black Rock, an outcrop of basic rock near Fort Defiance. 
The peridot locality near Navajo Charlie’s could be reached from 
Fort Defiance, though the trip was made from Ganado, 35 miles 
west southwest, across by the Zilh-Tusayan Butte. 

The rocks between Ganado and the peridot locality consist chiefly 
of red and grayish sandstones and conglomerate, with an outcrop of 
volcanic rock torming Zilh-Tusayan Butte. Petrified wood is scat- 
tered over much of the region, especially between Ganado and the 
Butte. The red sandstone PrAbAr ly belongs chiefly to the undiffer- 
entiated Triassic as mapped by N. H. Darton.? East of Zilh-Tusayan 
Butte the red sandstone forms a large area of mesa and gently sloping 
country extending to near and around the peridot area. . The peridot 
is associated with volcanic rocks which occupy a basin or depression 
200 to 300 feet deep, partly surrounded by red sandstone mesa or 

lateau country. The volcanic rocks outcrop over an area a mile 
ong east and west and three-fourths or more of a mile north and 
south. The basin is drained by a wash which enters from the north- 
west, turns east across it, then south along the sandstone contact on 
the east side, and finally cuts across the sandstone to the east near 
Navajo Charlie’s house. Several hollows and washes enter from 
different sides. A prominent wash from the southwest, running in 
part along the sandstone contact on that side, enters the other 
wash at the outlet of the basin, where a gorge has been cut through 
the red sandstone. The volcanic rock outcrops from small isolated 
hills in the valley or from ridges extending from the sides into the 
valley. The valley floor, where many of the peridots are found, is low 
and flat in places. 

The character of the volcanic rock varies in different exposures, some 
of the differences being due to texture and grain and others due to 
variation of composition. It was not possible to make a careful 
ieee hic study of the different ee though it is hoped this may 

e done later, hence type names will be used in a provisional way. 
The volcanic rocks are of three types—coarse monzonite porphyry, 
orthoclase basalt, and peridotite agglomerate. These rocks are asso- 
ciated with one another in places apparently in an intricate way, and 
their relations were not determined. 

The monzonite porphyry is a spotted gray rock with white ortho- 
clase and oligoclase phenocrysts measuring up to 2 centimeters 
across. Buiotite phenocrysts are abundant also. The groundmass is 
very fine grained and consists of feldspar laths, with some biotite and 
egirite. A few rounded, corroded quartz crystals are present. All 
of the monzonite porphyry seen was badly altered, and in some the 
biotite had gone over to chlorite completely, giving the rock a dull 
greenish cast which resembled serpentine except for the remnants of 
white feldspar crystals scattered throughout. 


@ Reconnaissance of part of western New Mexico and northern Arizona: Bull. U.S. Geol. Survey. (In 
preparation.) 
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The orthoclase basalt is a dark-gray to nearly black rock, in places 
rather dense and fine grained and in others medium grained. A por- 
phyritic texture is locally present. The rock is composed of augite, 
olivine, biotite, orthoclase, iron ores, and a little egirite. Weathering 
or partial weathering renders the rock lighter in color. 

he peridotite agglomerate is a dark-greenish rock altering to a 
dark reddish on partial weathering. It is composed of olivine, 
largely altered to serpentine in places, enstatite, a little diopside, and 
iron ore, with much yellowish serpentine fillmg. More or less limonite 
staining is present in some specimens. ‘The olivine and serpentinized 
olivine occurs in rounded grains and in fragments of brecciated grains 
through the serpentine. Portions of the peridotite contain inclusions 
of rounded ae angular fragments of foreign material, as quartz or 
sandstone. Rounded pebbles of granular olivine or peridot are also 
present as inclusions. Some of the peridotite was observed to contain 
many rounded and corroded grains of transparent peridot from pin- 
head size up to those as large as a pea. Small emerald-green diopside 
crystals are also scattered through the peridotite. 

The different rocks present different degrees of resistance to weath- 
ering and consequently occupy varying positions with respect to the 
topography. The several ridges extending from the hard sandstone 
boundaries into the basin of volcanic rocks are composed chiefly of 
the more resistant orthoclase basalt. These ridges also contain areas 
of peridotite and monzonite porphyry in places. The latter two 
rocks appear in the lower ground and in some of the low, rounded hills 
in the valley. One of these hills, about 100 feet high, north of the 
center of the basin, is formed by peridotite agglomerate, resembling 
kimberlite, and monzonite porphyry, which have resisted erosion 
longer than the surrounding rock. This hill is now being rounded off 
into angular talus and gravel slopes by weathering. 

Peridot is found more’ or less plentifully at several places in the 
valley. Some of these are at the foot of the hills or ridges of perido- 
tite and others are on the flat valley floor. Specimens were gathered 
in the talus and wash at the foot of the ridge back of Navajo Charlie’s 
house, especially below outcrops of peridotite agglomerate. In the 
valley wash a half to three-quarters of a mile northwest of the house 
poricot was found in several bare, sandy places. Some of the ant- 

ills, 1 to 2 feet high, in one of these patches were found to be built up 
of over 75 per cent of peridot grains. The remainder consisted of 
garnet, quartz, rock fragments, diopside, etc. These grains range 
up to 4 millimeters in diameter, and are carried in from the surface 
over an area of many square feet around the ant-hills. They are not 
brought from the ground underneath the hills as is thought by some 
persons. The nests are built above ground and are covered with the 
grainsof mineral. Theants use no selective method, but take the most 
available grains. The richness of the ant-hills in peridot therefore 
indicates the abundance of that mineral in the soil. Larger grains of 

eridot suitable for gem purposes are not found on the ant-hills, but 
oose in the soil. From the occurrence of the peridot near and below 
the Peele agglomerate outcrops and the presence of gem-quality 
peridot in good-sized grains in this rock, it is evident that the gem is 
derived from the agglomerate. The abundance of small grains of 
olivine or peridot both in the same soil as the large grams and in the 
peridotite, combined with the tendency to disintegration of the latter, 
also strengthens this view. 
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Among the minerals associated with the peridot are garnet, emerald- 
green diopside, quartz, calcite, titanic iron, and others. The garnets 
have a beautiful red color, varying from deep pyrope-red to cinnamon- 
red, and are mostly small, under 5 millimeters in diameter. Occa- 
sionally garnets and diopsides of sufficient size to cut are found. 

The peridots display a large range of colors or shades of the same 
colors. Some have a beautiful light yellowish-green color, others 
have richer green or a stronger yellow tint. Some are a brownish 
green, and others are regularly brown in color. Practically all are 
transparent and clear, though some are slightly smoky or contain 
visible dust specks through them. Under the microscope these 
dust specks appear as minute hexagonal plates with a dirty brown 
color. Some peridots are clear throughout, but contain a few 
scattered black spots. Others contain minute cavities which appear 
on polished surfaces as tiny pits. A few blades of an emerald-grecn 
mineral, probably diopside, were observed inclosed in a peridot gem. 
Eeaatiial gems are cut from some of the peridot from this region. 
Some of the perfectly clear golden-green stones, so much admired, 
are obtained in gems of 3 to 4 carats weight. Gems weighing from 
1 to 2 carats are fairly abundant. The darker yellowish-green stones 
could be obtained plentifully. 

The peridots occur in rounded and fragmentary grains with rough 
pitted surfaces and some rather smooth cleavage faces. Some of 
the surfaces are deeply pitted or corroded, as if attacked by the 
magma in which they were contained. This corrosion is present on 
the peridot still embedded in the peridotite agglomerate, and is there- 
fore not caused by later corrosion. The grains and specimens found 
range up to three-fourths of an inch in larger diameter. 

The peridot region has been searched over so often by the Navajos 
that large gems of rich yellowish-green color are difficult to find. 
Small pebbles of peridot are abundant. It is probable that a large 
supply of gems could be obtained by plowing or working up favorable 
areas of the valley and allowing the rain to wash out the gems. Some 
of the soil is dry and sandy, and in this it might pay to size off the 
pebbles with sieves and then pick over for gems. This would have 
to be done without water during the greater part of the year, as the 
stream bed in the valley is dry. 


QUARTZ, ROCK CRYSTAL, RUTILATED QUARTZ, ETC. 


ARKANSAS. 


Reports of the discovery of diamonds near Delaney in Madison 
County appeared during the year in the press. Specimens sent to 
the Survey by W. L. Anderson, of Delaney, proved to be quartz of 
very clear limpid quality. 


TEXAS. 


J. C. Melcher, of O’Quinn, Fayette County, reports that a number 
of the clear colorless quartz pebbles found in that region were cut 
during 1908. Cut specimens sent to the Survey were perfectly clear 
and colorless and would be very satisfactory as souvenir gems. 
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George O. Simmons, of Brooklyn, N. Y., reports the eccurrence of 
small ruby-red rutile crystals on quartz and rutilated quartz at 
Howard House, Delaware County, Pa. 


VERMONT. 


George Davidson, of South Royalton, reports the occurrence of a 
large deposit of quartz in that region. .A few specimens of crystals 
have been obtained for cabinet use, and massive material has been 
sold for rough specimens. 


BRAZIL. 


According to A. S. Atkinson? the best quartz and rock crystals of 
Brazil come from the Cristaes Mountain in the State of Goyaz. The 
output has been large from this region, and mining has been carried 
on for many decades. Undeveloped deposits still exist. Yellow 
quartz is exported from Goyaz and is sold in considerable quantity 
for cheap jewelry. It resembles topaz and is sold for that mineral. 


ROSE QUARTZ. 
SOUTH DAKOTA. 


Rose quartz of a more or less pale color is found at numerous 
places in the Black Hills. It is associated with the pegmatite rocks 
of the region and is found at several of the mica mines. Material 
suitable for gem purposes has been mined in quantity at the Red 
Rose mine only. The latter mine is 64 miles S. 50° E. of Custer 
in a small gulch draining into French Creek. The mine was first 
taken up some years ago by a Mr. Demerau and was sold to eastern 
parties for $300. After the claim was allowed to revert it was 
relocated and is now held by Samuel Scott, of Custer. 

The operation of obtaining rose quartz at the Scott mine consists 
simply in blasting the massive quartz from the face of a large ledge 
and selecting the material of suitable quality. The rose quartz 
occurs in a ledge 6 to 15 feet thick that stands from 10 to 30 feet high 
along the south wall of a small gulch. It outcrops for a distance ef 
over 100 yards and is found at points 200 yards apart. The quartz 
is part of a large pegmatite which has an east and west strike and 
cuts directly across the schistosity of the cyanite-mus“ovite-biotite 
eneiss country rock with a steep dip. The strike of the gneiss on 
the south side of and close to the pegmatite is about north and south 
with a vertical dip. Part of the quartz is white; a large part is pale 
rose; some is of a rich dark rose color, and some has a purplish rose 
tint. ‘The dark rose color occurs through the quartz over areas 10 to 
12 feet across. Solid clear translucent to transparent flawless rose 
quartz of deep color is obtained in pieces up to 2 inches in diameter. 
The greater part is more or less checked with flaws, or is marked with 
cloudy lines running through the quartz in various directions. These 
lines represent joint planes, the walls of which have been firmly 
cemented together again with quartz. In many cases these seams 
resist fracturing as strongly as the solid quartz, so that they do not 
impair the strength of gems cut from such material. One prominent 


¢ Mining for gems in Brazil: Eng. and Min. Jour., June 19, 1909. 
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set of these seams lies nearly flat in the rock. The ledge is fractured 
by uncemented joints into large blocks. ‘The most prominent set of 
these joints has a northwest direction and is vertical. 

That the rose quartz will hold its color well for all gem purposes is 
shown by the persistence of the rose color on the outcrop of this 
mineral where it has been exposed to the weather for long periods. 
Other places blasted into several years ago hold the same rich color 
on their surfaces as within the mass of the rock. Rose quartz can be 
obtained in quantity and in large blocks at this mine. It is reported 
that one block was sawed into two table tops, measuring 18 by 30 
inches. ‘The massive rose quartz is sold for from 3 to 25 cents per 
pound, according to depth of color and number of flaws or seams. 
Selected material brings from $8 to $12 per pound. 


COLORADO. 


Rose quartz has been found at several localities in Colorado, 
especially in Fremont County. One of the most promising of these 
is the Wild Rose claim, located in May, 1907, by J. D. Endicott, 
of Canon City. The Wild Rose claim is 6 miles north of Texas 
Creek and is located on a steep mountain side about 500 fect above 
and one-third of a mile west of the junction of Echo Canyon and 
East Gulch. The country rock is highly crumpled cyanite-mica gneiss 
and schist, cut by hornblende schist beds. The rose quartz occurs 
in a large mass or ledge that forms a part of a pegmatite body. The 
pegmatite is also mica bearing, and may be mined for this mineral 
at some time. ‘The rose quartz outcrops for about 150 feet in a 
north and south direction along the mountain side. The outcrop 
stands about 20 feet high, though the true thickness of the mass 
could not be determined, as its dip was not known. Other smaller 
masses or segregations of quartz occur through the pegmatite. The 
ereater part of the quartz of the pegmatite has at least a pale rose 
color, though some is white. Portions have a deep enough color and 
are clear enough to serve for gem purposes. Clear translucent to 
transparent pieces of flawless rose quartz up to 2 inches in thickness 
can be obtained, and also large blocks for ornamental purposes: 


CALIFORNIA. 


W. D. Parson, of Freeman, Cal., reports the discovery of a deposit 
of rose quartz of good color in Kern County. Much of the material 
near the surface, at least, is more or less flawed, so that specimens of 
large clear or translucent material are difficult to obtain. Mr. Free- 
man states that the color of the quartz is good and that the quality 
will probably improve on opening the deposit deeper. 


RHODONITE. 
CALIFORNIA. 


J. A. Kdman, of Meadow Valley, Cal., reports a large amount of 
-rhodonite obtained from and around the Peters mine, near Taylors- 
ville, Indian Valley, Plumas County, Cal. F. Stansfield, of the Jupiter 
Consolidated Jewel Company, reports this rhodonite to be of fine pink 
or flesh color marked with black lines. It is becoming popular for the 
same uses as other opaque and matrix stones. 
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RUBY. 
BURMA. 


The production of ruby, sapphire, and spinel in the Burma ruby 
mines district during 19072 amounted to 334,535 carats, valued at 
£95,114, as compared with 326,855 carats, valued at £95,540, in 1906. 
Of the total value of the output, ruby amounted to £93,428, and 
sapphire and spinel to £1,686. The production for 1908 was 211,194 
carats, valued at £47,921.° 

The occurrence of rubies in the Kachin Hills of upper Burma is 
described by A. W. G. Bleeck.© The rubies are found in the soil and 
alluvial deposits as well as in river gravels on the eastern slopes of the 
mountain range between Naniazeik and Manwe. The rock of this 
mountain range is chiefly granite and crystalline limestone. The 
crystalline limestone contains various contact metamorphic minerals 
as garnet, spinel, chondrodite, graphite, forsterite, besides valuable 
rubies and spinels. Doctor Bleeck calls attention to the theory of 
origin of the ruby advanced by Messrs. Brown and Judd that the 
rubies of the Burma ruby mines district were of purely chemical 
inorganic origin, and then presents evidence of the sedimentary 
chemico-organic origin of the limestones of Naniazeik and Manwe. 
It is probable that the ruby-bearing limestones of both districts were 
formed by similar agencies. 


SAPPHIRE. 
MONTANA. 


Of the four companies producing sapphire in Montana during 1907 
only one was in operation during 1908. This was the New Mine 
Sapphire Syndicate, working on the original deposit of blue sapphire 
in Fergus County. The discovery of a new deposit of sapphire about 
3 miles from the old mine in-Fergus County, between Middle and 
South forks of Judith River, has been reported, though not authenti- 
cated. 

INDIANA. 


Attention was calied by Dr. O. C. Farrington, of the Field Colum- 
bian Museum of Chicago, to the prospecting for sapphire in placer 
gravels by R. L. Royse, of Martinsville, Ind. Mr. Royse reports this 
mineral found in the auriferous glacial drifts of Morgan County. 
Nearly all the sapphire found has a bronze color with a marked sheen 
or chatoyancy due to minute regularly arranged inclusions. One 
gem cut ‘‘en cabochon” from such material gave a very fine cat’s-eye 
effect, with a brownish to reddish flash. Mr. Royse calls it oriental 
girasol, a name which may be used with a certain degree of accuracy. 


INDIA. 


Kashmir.—The production of sapphires during 1907 from the 
Kashmir mines* amounted to 305,682 carats, valued at £3,144, as 
compared with 2,837 carats, valued at £1,327, in 1906. The large 


@ Rec. Geol. Survey India, vol. 37, pt. 1, 1908. 

6b Advance statement of the production of minerals in India in 1908, by the Director of the Geological 
Survey of India, June 10, 1909. 

¢ Rec. Geol. Survey India, vol. 36, pt. 3, 1908, pp. 164-170. 
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increase in quantity and small increase in value was due to the 
recovery of large quantities of lower grade stones along with the few 
gems of high value. 

Burma.—A small quantity of sapphire is obtained from the ruby 
mines each year, and during 1907 ¢ it amounted, along with spinel, to 
£1,686 in value. 


SATELLITE, SERPENTINE CAT’S-EYE. 


CALIFORNIA. 


The variety of serpentine mentioned in this report for 1907 as cat’s- 
eye has been named ‘‘satelite”’ by the Southwest Turquoise Company, 
of Los Angeles, Cal. This company obtains the mineral from Tulare 
County where it is found in serpentine associated with asbestos. It 
resembles chrysotile asbestos in some particulars but is harder and 
has a rather coarse splintery cleavage in place of the fine fibrous 
cleavage of asbestos. The color is opaque greenish gray along the 
fibers and dark green across them. The cat’s-eye effect is perfect 
when the gem is cut cabochon. Satelite is being introduced in the 
gem markets and has been favorably received in the western cities. 


SMITHSONITE, “BONAMITE.”’ 


NEW MEXICO. 


The apple-green smithsonite, which so much resembles chrysoprase 
in color, from Kelly, N. Mex., has been called ‘‘bonamite”’ by Good- 
friend Brothers of New York. This firm has cut and sold a quantity 
of this material. This smithsonite has been found in large quantities 
in the mine of the Tri-Bullion Smelting and Development Company, 
and occurs as a thick crystalline coating or incrustation over the walls 
of cavities. It assumes mammillary and globular forms with drusy 
surfaces. The gem is as beautiful as chrysoprase, though greatly 
inferior in hardness. 

SPHENE. 


NEW YORK. 


Dr. E.S. Ward, of Rochester, N. Y., reports a quantity of sphene sold 
for gem purposes during 1908. This came principally from Switzer- 
land, though a small quantity of old stock from the Tilly Foster mine, 
New York, was also used. This sphene yields very brilliant gems 
with a strong play of colors or fire. 


THULITE. 
NORTH CAROLINA. 


Thulite or rose-colored zoisite occurs in the mica mines in North 
Carolina associated with feldspar, in which it forms patches and 
groups of crystals, sometimes radiated. Thulite is found at the 
Flat Rock mine and furnishes attractive gems when cut cabochon 
with the inclosing feldspar. 


@ Rec, Geol. Survey India, vol. 37, pt. 1, 1908. 
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Dr. E.S. Ward, of Rochester, N. Y., reports several hundred pounds 
of thulite imported from Norway for gem purposes. 


TOPAZ. 


UTAH.. 


The following notes on the occurrence of topaz in the Thomas 
Range, Utah, have been abstracted from an article by Horace B. 
Patton. This occurrence of topaz was first discovered by Henry 
Engelmann, geologist of an expedition across the Great Basin of 
Utah in 1859. Little was heard of the locality or of the topaz crys- 
tals after this, however, until a trip was made to the region and 
numerous specimens were collected in 1884 by Prof. J. E. Clayton, 
of Salt Lake City. Since that time numerous collectors have visited 
the locality and brief descriptions of the occurrence and crystals 
have been written. 

The topaz is found in the Thomas Range of mountains about 40 
miles north of Sevier Lake and a little over 40 miles northwest of 
Deseret. Locally the mountains are called the Dugway Range, and 
the topaz locality Topaz Mountain. Topaz Mountain is 8 miles 
northwest of Joy, Juab County. The Thomas Range at this point 
consists of a much dissected table-land whose southeast face rises 
precipitously some 1,000 to 1,200 feet above its base for a distance of 
4 or 5 miles. The part called Topaz Mountain is that portion along 
the ia side where topaz crystals have been found most abun- 
dantly. 

The rocks of this portion of the Thomas Range are of volcanic 
origin and rest on sedimentary formations of undetermined age. The 
only sedimentary rock exposed near the topaz locality is a bluish- 
gray limestone. Above this, in order, are rhyolite tuffs and lava 
flows, andesitic at the base, with several hundred feet of the more 
acidic rhyolite above. The later rhyolite flows compose the bulk 
of the volcanic rocks, and the latest of these contain the most topaz. 
The rhyolite varies in color from white to light brown or brownish 
gray. It shows no trace of glass and is apparently not porphyritic. 
In places it is massive; in other places flow structure is marked. 
Macroscopically the rock appears to be somewhat kaolinized, though 
under the microscope the feldspars are seen to be very little altered. 
The microscopic characters indicate a devitrified glassy lava. Litho- 
phys’ occur in varying quantity through the rock, and are more 
abundant in certain portions where flow structure is but little devel- 
oped or absent. They are also more plentiful in light-colored rhyo- 
lite with an evident crystalline texture than in the darker and more 
dense portions. In quarrying, fine specimens of lithophysze with 
numerous crystal-lined concentric shells are obtained. The crystals 
on these shells are quartz and sanadine. On weathering under desert 
conditions the rock disintegrates to sand, which is swept away by 


a Topaz-bearing rhyolite of the Thomas Range, Utah: Bull. Geol. Soc. America, vol. 19, 1908, pp. 177-192 

b Lithophyse (stone bubbles) are cellular cavities in acidic, glassy, or finely crystalline lavas. hey con- 
sist of concentric shells of crystalline material grouped about a cavity or core. The layers are composed of 
crystals of such minerals as quartz, tridymite, feldspar, topaz, garnet, etc. In cross section the shells may 
present an appearance somewhat like the petals of a partly opened rose. In diameter, lithophysx range 
from a fraction of an inch to an inch or two. 
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the winds, so that soil accumulates only in more favorable places 
while the rock is left bare. The delicate shells of the lithophysa are 
first attacked and hollowed out by erosion. The small cavities thus 
formed are enlarged and by uniting with others form miniature 
caverns, some of them several feet across. Thus the rock presents 
a rough porous surface suggestive of a huge dry sponge. 

Three types of topaz crystals are recognized from this locality— 
fine transparent, rough opaque, and smooth opaque varieties. The 
opaque crystals make interesting cabinet specimens. The trans- 
parent crystals occur principally in lithophyse cavities, and less 
often in irregular cavities with no trace of lithophysex structure. 
The topaz crystals are more abundant in the lithophysz where the 
latter are characteristically developed. The clear crystals grow upon 
the walls of the cavities, being attached at one or both ends or along 
part of or on a whole side. Clusters of topaz crystals occur in some 
of the cavities. The crystals are also scattered over the surface, 
where they have been left by the disintegration and erosion of their 
matrix. ‘The crystals vary from a beautiful wine color with brown 
tint to absolutely colorless. The natural color of the crystals in the 
rock unexposed is the wine color, and this fades on exposure to the 
light. After exposure for fifty to seventy hours to sunlight, even 
the deeper-colored crystals become practically colorless. The wine 
color of the crystals fresh from the rock is quickly destroyed by heat- 
ing. All the crystals found exposed to the atmosphere are per- 
fectly colorless, though it sometimes happens that a cluster of crys- - 
tals is partly embedded in the surface, in which case the buried por- 
tions have retained their color, while those exposed to the light are 
perfectly colorless. The brilliancy of these transparent topaz crys- 
tals is exceptionally high and does not seem to be affected by expo- 
sure to weathering. The majority of the crystals are very small and 
met a small percentage are over one-fourth or one-eighth of an inch 
ong. 

The rough opague topaz crystals occur scattered through the solid 
rhyolite, and occasionally project into cavities where the free por- 
tion is transparent. These crystals are larger than the transparent 
ones and range from half an inch up to 24 inches in length. They 
generally have rough prism faces and ragged ends. The interior 1s 
crowded full with minute quartz grains and crystals which average 
about 0.05 millimeter in diameter. One crystal examined showed 
that ue quartz grains compose about one-sixth of the bulk of the 
crystal. 

The smooth opaque topaz crystals are similar to the rough opaque, 
except that the faces are smooth and better developed. They were 
found at two places only, and were embedded in fragments of rhyo- 
lite tuff that had been caught up in the rhyolite flow. An analysis 
of one of these smooth opaque crystals, based on the excess of silica, 
indicated that 18.78 per cent of the material was quartz. 

Both the transparent and the opaque topaz crystals were probably 
formed by the same processes—that is, by vapors or solutions con- 
temporaneous or nearly so with the final consolidation of the rock. 
The crystals in the cavities grew practically unhindered, while those 
in the rock formed where the feldspar had been removed. In the 
latter case the topaz included the resulting silica as quartz grains 
and crystals. 
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Specular hematite occurs in minute flakes 1 or 2 millimeters in 
diameter in the cavities and attached to rough topaz crystals. <A 
few spessartite garnets occur in the cavities with the topaz at this 
locality, and 3 or 4 miles to the west numerous garnet specimens 
were found in fair-sized crystals. Bixbyite was found adhering to 
rough topaz crystals. 

Though topaz crystals are present over a large area, they are abun- 
dant over a limited area only, probably half a mile across. The weath- 
ering of the topaz-bearing rhyolite has left topaz crystals scattered 
abundantly over the surface. These crystals are mostly very small 
and brilliant though a few large transparent crystals have been 
found. The tiny crystals shine brilliantly in the sunlight, making 
it difficult to locate larger crystals by their reflections. 

The transparent topaz crystals, when of sufficient size for cutting, 
make very brilliant gems, though perfectly colorless. They are 
sold under the name of ‘‘ white topaz,” and are an attractive souvenir 
for tourists. The crystals are also highly prized for collection pur- 
poses on account of their transparency and the quality of the crystal 
faces. A. N. Alling? has described the following forms: Pinacoids, 
b (010), ¢ (001); prisms, m (110), 1 (1420); macrodome, d (201); 
brachydomes, f (021), y (041); pyramids, 1 (223), u (111), o (221), 
e (441). 

TEXAS. 


P. H. and R. L. Parker, of Streeter, Mason County, report a pro- 
duction of about 25 pounds of topaz crystals, some of which are 
of gem quality. This topaz occurs in pockets, partly filled with 
clay, in a pegmatite “‘vein’’ cutting a gneiss formation. Topaz is 
found at other localities in this region, and a new discovery was 
made by the Parker brothers 12 miles north of Streeter. At the 
new locality topaz in good crystals is reported to occur with blue 


feldspar. 
SOUTH AMERICA. 


Brazil.—A. 8. Atkinson® reports that old topaz mines of Boa 
Vista and Seramenhain in the basin of Arassuahy River have been 
reopened successfully by deep mining methods after the open-cut 
work had been abandoned. Work is successful at the José Correa 
and Coxambee mines also. The gems occur in a gravel bed at a 
depth of about 20 feet. The topazes are valued for the beautiful 
light to dark-yellow and deep-rose shades displayed by them, com- 
bined with perfect transparency. A specimen in the Museum at 
Rio Janeiro obtained from Jequitinhanha River at Ouro Preto 
weighs nearly 2,000 grams. It has a beautiful color, and is perfectly 
transparent and absolutely flawless. 


TOURMALINE. 
MAINE. 


The following notes on tourmaline and other gem minerals in Maine 
have been prepared from an article by W. R. Wade.° 

The gem-bearing area of Maine is about 70 miles long and 15 miles 
wide, extending from Auburn to Newry. The principal gems are tour- 


a Topaz from the Thomas Range, Utah: Am. Jour. Sci., 3d ser., vol. 33, 1887, p. 146. 
b Mining for gems in Brazil: Eng. and Min. Jour., June 19, 1909. 
¢ Gem-bearing pegmatites of western Maine: Eng. and Min. Jour., June 5, 1909. 
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malines and beryl and are found in pegmatites. The latter are 

artially banded, consisting of a layer of graphic granite next to the 
asin wall, a streak of very coarse pegmatite, the ‘‘mineral sheet ”’ 
carrying the gems, a band of nearly pure potash feldspar, a varnet 
streak, and another band of graphic granite next to the foot wall. 
The tourmaline occurs in pockets, and the beryls are generally em- 
bedded in the ‘‘mineral sheet.” 

The mine of the Maine Tourmaline Company, at Auburn, is on the 
gentle slopes on the southeast side of Mount Apatite. The pegmatite 
outcrop forms a ledge from 5 to 10 feet high and strikes northwest 
with a low northeast dip. The country rock is mica schist which, 
with the pegmatites, is cut by two small trap dikes. The structure 
of the pegmatite is as follows: Upper graphic granite 4 to 6 feet thick, 
‘‘mineral sheet”’ 2 to 5 feet thick, feldspar zone below about 2 feet 
thick, thin garnetiferous streak, lower graphic granite about 8 feet 
thick. Mining is carried only to the garnet streak between the lower 
graphic granite and the feldspar streak. The mine is opened by 
three cuts, the largest of which is 30 by 50 feet across and 14 feet 
deep. The rock is removed by blasting and the mineral sheet by 
small blasts and pick where gem pockets are thought to be near. 
Near the pockets transparent clevelandite and graphic tourmaline 
quartz are encountered. Closer to the pockets lepidolite occurs and 
is often associated with muscovite crystals, sometimes intergrown 
with it in the pockets. The upper part of the pockets is generally 
lined with beautifully crystallized quartz, mica, and clevelandite; 
the lower part contains porous decomposed potash feldspar; occa- 
sionally pink and green tourmaline crystals are grown into the upper 
crystallized surface of the pocket, though generally the gems are in 
the clay at the bottom. Many of the tourmaline crystals are broken 
or badly flawed, though a few perfect ones are found. A number of 
the pockets are barren or ‘‘dead pockets,” and contain large quan- 
tities of lepidolite and apatite. The quartz crystals in the gem 
pockets are coated with a thin crust of minute crystals; those in the 
‘dead pockets” do not have this coating. This mine yields princi- 
pally green and pink tourmalines, the latter in smaller quantity. In 
1904 a series of pockets were opened which contained fine dark-blue 
tourmaline of nearly oriental sapphire shade. 

The cost of mining a ton of rock at the Maine Tourmaline Com- 
pany’s mine during 1904 and 1905, exclusive of superintendence and 
office expenses, was as follows: Labor, 28.3 cents; fuel, 2.3 cents; 
explosives, 5.9 cents; repairs, renewals, oil, etc., 0.4 cent; total, 
36.9 cents. 

The Pulsifer mine is near the Maine Tourmaline Company’s mine 
at Mount Apatite. The deposit was opened in 1901 or 1902 by a 
small open cut. One of the products of this mine consisted of nearly 
3,000 transparent purple apatite crystals all found in one pocket. 
The largest crystals were about 2 inches long. The tourmaline 
crystals occur very much as described above, and are of fine pink and 
green color. The small cut has yielded many beautiful crystals. 

The Towne lease was taken up by the Maine Feldspar Company 
and operated by a steam drill and derrick. The company worked 
for feldspar and left the gems to Mr. Towne as a royalty. About 
$1,500 worth of green tourmaline was obtained during 1907. 
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In the Hatch mine, near the top of Mount Apatite, feldspar is the 
principal product. Some tourmaline was obtained from the first 
opening made in 1882. 

The Berry mine, about 2 miles south of I louie Apatite, is chiefly ; a 
feldspar deposit. ’Pink and ereen tourmaline of gem quality are oc- 
casionally found. 

The Merrill mine is in the township of Hebron, about 16 miles north- 
west of Mount Apatite. The ‘‘vein”’ is 12 to 14 feet wide, and lies in 
mica schist. Only a small amount of work has been done here, though 
some very deep-colored red tourmalines were obtained. 


COLORADO. 


C. A. Beghtol, formerly of Canon City, mined for tourmalines at two 
places north of the Royal Gorge of the Arkansas during 1906 and 
1907. These were the Royal Gorge No. 1 mine, 5 miles N. 70° W. of 
Canon City, and the Royal Gorge No. 2 mine, 4 miles due northwest 
of Canon City. The No. 1 mine is in the east wall of a canyon enter- 
ing the Royal Gorge from the north and about 200 yards from the 
gorge and about 300 feet above the bottom of the canyon. The 
country rock is muscovite-biotite gneiss, cut by numerous pegmatites 
ranging from an inch to several feet in thickness. The pegmatites 
are ‘approximately conformable with the gneiss, which strikes about 
northeast with a nearly vertical dip. The tourmalines were found in 
a vein along the northwest side of a 4-foot pegmatite. The pegma- 
tite has resisted erosion better than the inclosing gneiss and stands out 
as a high wall on the steep side of the canyon. The vein was found 
through a distance of only 6 feet, and then pinched out. It is re- 
ported to have been a lens-shaped pocket nearly a foot thick in the 
thickest part and to have yielded some very fine pink, green, and col- 
orless tourmaline crystals. No further work was done after the gem 
pocket had pinched out. A quartz streak along the wall of the peg- 
matite contained much well-crystallized black tourmaline and sinall 
mica crystals. 

The No. 2 mine is on the dissected plateau north of the Royal Gorge 
and about 2 miles from the gorge. It is in a low oval hill about 200 
yards east of the Mica Hill mica mine. Each of these hills is com- 
posed of pegmatite inclosed in contorted biotite and hornblende 
gneiss. The two outcrops of pegmatite do not appear to be connected, 
and have yielded unlike minerals. In the mica mine both beryl, in 
crystals up to 6 inches in diameter, and columbite, in masses of several 
pounds weight, have been found. The pegmatite of the No. 2 mine 
contains colored tourmaline and lepidolite or lithia mica. The lepido- 
lite has been found in streaks and irregular masses up.to several inches 
in thickness in a number of places in the pegmatite. Much of the 
tourmaline is associated with the lepidolite, though some is inclosed 
in feldspar and quartz. At the time of the writer’s visit no pockets 
or cavities with tourmaline crystals were exposed, and the tourmaline 
observed was ‘‘frozen” in the pegmatite. The colors observed in 
different crystals and in different parts of the same crystals were light 
and dark lilac pink, light and green, and very dark indigo color (blue). 
Part of the tourmaline is partly decomposed or altered to a softer 
mineral, though still retaining the form and colors of the tourmaline. 
The ereater part is opaque to translucent, though some transparent 
gem material is reported to have been found. 
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The production of tourmaline in the United States during 1908 re- 
ported to the Survey was greater than during 1907 by 1,160 pounds. 
This production came from California, Connecticut, and Maine, the 
bulk of it coming from California. In California the principal output 
was from the mines of the Mesa Grande region, with a smaller output 
from the Rincon, Ramona, and Pala districts. ‘The principal pro- 
ducers reporting from Mesa Grande were the Himalaya Mining Com- 
pany and the San Diego Tourmaline Mining Company. The latter 
company reports a large production of green tourmaline, with one per- 
fect stone weighing 55 carats after cutting. A quantity of pink tour- 
maline was obtained also. 

Edward H. Davis, of Mesa Grande, Cal., states that a large quantity 
of tourmaline was purchased in San Diego by Chinese and Japanese 
agents during 1908. Principally the checked gem material suitable 
for cabochon cutting is purchased for the Orient. It is thought to be 
used in bead necklaces with jade by the wealthier classes. 


BURMA. 


The production of tourmaline from the ruby mines district of 
Burma during 1907 amounted to 20 pounds, valued at £293, ¢ a large 
decrease from that of 1906, which amounted to 193 pounds, valued 
at £1,001. 

BRAZIL. 


A.S. Atkinson > mentions tourmaline mining as one of the most 1m- 
portant industries of Brazil. The deposits occur over a large area 
extending from Itamarandiba northeastward to Piauhy River, a 
branch of the Arassuahy, and thence west and northwest as far as 
Boqueirao and San Antonio das Salinas, State of Minas Geraes. In 
the districts of Theophilo Ottoni and Arassuahy about 800 persons are 
engaged in tourmaline mining. The gems occur in granite and peg- 
matite veins along the river banks, where they are washed out by the 
natives in some quantity. At Theophilo Ottoni the tourmaline occurs 
in gravel beds under several feet of forest svils. These deposits are 
stripped and worked rather systematically. The gems here are of 
ordinary bottle-green color, though they are obtained in such quantity 
as to pay well. Perfectly transparent green tourmalines are obtained 
from the Larangeiras mine at Arassuahy, in the district of Itinga. A 
deposit of blue and red tourmaline has been found rather recently at 
San Miguel, not far from the Larangeiras mine. So far most of these 
tourmalines are badly checked so that only small gems can be cut 
from them. 


TURQUOISE. 


The production of turquoise in the United States during 1908 was 
large and came from New Mexico, Nevada, Arizona, California, and 
Colorado. The demand for turquoise matrix was greater than for the 
higher grade pure stone, though considerable of the latter was pro- 
duced along with the matrix material. The production of turquoise 
matrix and turquoise amounted to nearly 15 tons, for which the 


@ Rec. Geol. Survey India, vol. 37, pt. 1, 1908. 
b Mining for gems in Brazil: Eng. and Min. Jour., June 19, 1909. 
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value was estimated as $5 per pound for the roughly selected mate- 
rial at the mines. No attempt has been made to separate accord- 
ing to quantity and value the production of selected pure turquoise 
from that of the matrix. Some of the producers furnished such 
statements; the majority gave the production as a whole. 


NEW MEXICO. 


The turquoise production in New Mexico during 1908 came from 
the Burro Mountains and Little Hachita Mountain regions in Grant 
County, and from Cerrillos, Santa Fe County. In the Burro Moun- 
tains the turquoise output came from a new deposit, opened by 
W. R. Wade, of the Azure Mining Company, and a small quantity 
from the Porterfield mine, described in this report for 1907. Mr. 
Wade @ describes the deposit opened by him as an irregular dike or 
neck of porphyry, probably granite porphyry, of rather fine grain. 
The turquoise occurs in a soft altered zone, in which the feldspars are 
largely kaolinized. This zone follows a set of parallel slips on the 
western side of the porphyry mass. The deposit has been exposed 
through a width of 40 feet and a length of 125 feet by 2 shafts with 
tunnels at the 20-foot and 40-foot levels. A tunnel is to be driven 
in at a lower level in the side of acanyon. Though originally opened 
for turquoise matrix, considerable pure turquoise has been found, 
one nugget weighing 1,500 carats. Several pounds of pure vein tur- 
quoise was obtained from near this nugget, and in one place the 
vein was 3 inches wide. 

Mr. Wade states that the deposit was worked by the Aztecs down 
to the present first level. The workings are so old that they are 
only seen when encountered in the drifts and crosscuts. The an- 
cients evidently filled in the openings and the filling has become so 
hardened that it is often easiest to remove it by blasting. Numer- 
ous stone implements and fragments of charcoal are found in these 
old workings. 

M. W. Porterfield and George W. Robinson report the develop- 
ment of a turquoise deposit in the Little Hachita Mountains. This 
deposit is about 6 miles west of Hachita Station. The turquoise is 
found in seams in porphyry. The principal yield is stated to be in 
high-grade matrix, though some pure turquoise is obtained. 


NEVADA. 


The production of turquoise in Nevada during 1908 came from 
Esmeralda, Nye, and Washoe counties. In Esmeralda County, near 
Millers, the Himalaya Mining Company operated the Royal Blue 
mine, formerly owned by William Petry, of Los Angeles. Mr. Petry 
also worked at this locality part of the year, and the remainder of 
the year in Nye County. H. W. Lindemann, of Denver, Colo., 
reported the purchase of a small quantity of turquoise at Reno, 
Washoe County; this material may have come from another locality. 
The Himalaya Company reports a large production of fine gem tur- 
quoise. Other companies operated for turquoise in Nevada during 
1908, but failed to report the results of their work. A discovery of 
turquoise has been reported, however, at Searchlight, Lincoln County.? 
Itis said that a stone weighing 320 carats and worth $2,600 was found. 


@ Letter dated January 11, 1909. b Jeweler’s Circular Weekly, March 3, 1909. 
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The production of turquoise in Arizona was all from Mohave 
County, where turquoise is found in the hills to the east and south of 
Mineral Park. These hills are Ithaca Peak, 1 mile east of Mineral 
Park; Aztec Mountain, 14 miles southeast of Mineral Park and 1 
mile south of Ithaca Peak; and on the end of the ridge one-third of 
a mile west of south of Mineral Park. Turquoise is also reported to 
have been found on a mountain four-fifths of a mile east of south of 
Mineral Park. There are several mining companies and individuals 
interested in turquoise claims in this district. Some of these oper- 
ate intermittently; others work their claims regularly. At the time 
of visit (September, 1908), four companies were mining turquoise. 
The following is a list of the companies and individuals owning or 
operating turquoise mines or claims in the Mineral Park region: Aztec 
Turquoise Company, 13 claims; Arizona Turquoise Company, a 
portion of William Tell claim; Los Angeles Gem Company, a portion 
of William Tell claim; Southwest Turquoise Company, four claims; 
James Uncapher, one claim; Mineral Park Turquoise Mining Company, 
two claims; John Caswell, one claim; Mrs. John Kay, one full claim 
and fractions of two claims. 

The turquoise deposits of Mineral Park are in certain of the hills 
and peaks along the west side of the Cerbat Range of mountains, at 
elevations ranging from 4,500 to 5,000 feet above sea level. Accord- 
ing to F. C. Schrader® the greater part of these mountains are com- 
posed of pre-Cambrian gneisses andschistscut by later granites and por- 
phyries. Prominent among the pre-Cambrian rocks are hornblende 
eneisses and schists and granite gneiss, which outcrop in the country 
around the hillsin which the turquoise isfound. The turquoise occurs 
in certain of the later intrusive porphyries, whose outcrops form rugged 
rocky hills and peaks. Two varieties of porphyry are recognized, 
eranite porphyry and quartz porphyry, evidently phases of the same 
rock with variations in texture. The change from one to the other 
often occurs in different parts of the same turquoise deposit, and may 
take place within a few feet. The granite porphyry is typical of that 
rock, being composed chiefly of phenocrysts of quartz and orthoclase 
in a medium-grained groundmass of the same minerals. Remnants 
of altered biotite crystals are observed in thin section. Large quan- 
tities of muscovite, probably chiefly secondary sericite, occur in some 
of the porphyry. Microcline, zircon, and secondary epidote are also 
sometimes present. In the quartz porphyry the phenocrysts are the 
same as in the granite porphyry and the groundmass is finer grained. 
In one thin section examined the groundmass was very fine grained 
and exhibited a partial spherulitic texture, asin rhyolite. The partly 
corroded, glassy quartz phenocrysts are more prominent macroscop- 
ically inthe quartz porphyrythaninthegranite porphyry. Bothtypes 
of porphyry have undergone more or less alteration, especially around 
the turquoise deposits. Besides the sericitization, the feldspars of the 
rock are also partially kaolinized, and the biotite mica, when present, 
has been altered or removed. Accompanying the decomposition of 
the porphyries there was a silicification in which quartz was depos- 
ited in joints and seams through the rock and even between the grains. 
In this way the rock has been hardened so that it resists erosion 


@ Mineral deposits of Mohave County, Ariz.: Bull. U.S. Geol. Survey No. 340, 1908, pp. 55-59. 
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strongly and forms rugged hills. The outcrop of the decomposed 
silicified porphyries are often rough, with projecting quartz veinlets 
and seams or hard silicified portions standing above the softer feld- 
spathic material. The latter has been removed from the surface by 
erosion in some places, leaving cavities between the quartz veinlets 
and masses. In places the rocks are much stained by limonite, both 
along joints and seams of quartz or turquoise. The brown limonite 
stains evidently come from formerly existing iron sulphides, and in 
one place remains of the sulphide were still visible along a badly 
stained turquoise veinlet. The rock is more or less stained blue and 
green with copper, especially where altered andkaolinized. It appears 
that some of the turquoise may have formed directly from kaolin by 
the addition of phosphate and the copper stains, for specimens are 
found that show a gradation from good turquoise to soft semitur- 
quoise and tocopper-stained kaolin, and, furthermore, balls or patches 
of material, which may have once been feldspar phenocrysts, are found 
that range from kaolin to semiturquoise to turquoise. In one of the 
mines the semiturquoise, about 4 in hardness, contained a good deal of 
phosphate, with alum and copper sulphate throughit. It appeared to 
have formed from kaolin and had assumed a nodular form. Portions 
contained large amounts of free alum and small amounts of free copper 
sulphate. The color of this semiturquoise was a beautiful dark tur- 
quoise blue in places and lighter shades in others. Evidently much 
of the turquoise has been deposited from solution, for it occurs in 
seams, veinlets, and veins, and in patches or streaks in quartz seams 
and veinlets occupying original joints or fissures in the rock. Occa- 
sionally there is a tendency for nuggets or nodules to develop, espe- 
cially in the larger veinlets, or veins, or in masses of kaolinized feld- 
spar. The turquoise in the veinlets and seams does not often assume 
a nodular form, as is common in the deposits in the Burro Mountains 
of New Mexico. 

The principal work of the Aztec Company has been on the Monte 
Cristo claim, on the southeast end of Ithaca Peak, near the top; the 
Queen claim, on the south side of the west end of Ithaca Ponte the 
Peacock claim, on the north side of Aztec Mountain; and the Aztec 
and Turquoise King claims, on the south side of Aztec Mountain. 

The Monte Cristo claim extends N. 85° W. over the top of the south- 
east end of Ithaca Peak. Below and to the southwest of the top of 
the mountain two openings have been made on the precipitous slopes. 
At the west end of these a 15-foot tunnel has been driven in from a 
small open cut. The rock is decomposed, silicified quartz porphyry, 
containing many quartz seams. Some good, pure turquoise has been 
obtained in this opening, chiefly in the quartz seams. Nodules and 
nuggets of semiturquoise saturated with alum and a little copper 
sulphate were associated with the turquoise in the rocks. This mate- 
fa desiccates and cracks open where exposed to the dry air. The 
other cut on the southwest side of the ridge is large and has yielded 
much good turquoise. E. J. McNulty, superintendent of the mine, 
states that about 2 tons of selected rough turquoise has been shipped 
from this cut in the last six years. This work encountered large 
seams of good turquoise, one ranging from 6 to 8 inches in thickness. 
A tunnel is being driven through the top of the ridge N. 15° EK. from 
the open cut. This tunnel was 140 feet long at the time of the visit 
and was to be carried 25 feet farther through to rich turquoise 
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ground on the northeast side of the ridge. It was necessary to open 
this tunnel in order to remove the waste from the Opening on the 
northeast side of the ridge directly above the Arizona Turquoise 
Company’s mine, since the waste rock could not be cast on the 
Arizona Turquoise Company’s property. By removing through the 
tunnel the waste can be dumped on the Aztec Company’s own land. 
Several seams of turquoise were found in the tunnel, one lying nearly 
flat and associated with quartz. The small openings above the 
Arizona Turquoise Company’s property expose a number of seams of 
good turquoise with quartz. 

The Queen claim extends west of north over a small knob on the 
western end of Ithaca Peak. The work consists of several small open 
cuts and two short tunnels at the base of the cliffs on the south side 
of the knob and at the top of the talus slope. ‘The rock is decom- 
posed, silicified granite porphyry, with quartz veinlets cutting it at all 
angles. The turquoise occurs in seams alone and with quartz, 
kaolin, limonite, and shows a tendency toward a nodular form. 
Much of the turquoise is too soft and of too pale color for good gem 

urposes, though it could be used for low-grade matrix stones. 
epi of it has a greenish color. Jrregular lumps of soft pale turquoise, 
measuring 2 to 3 inches across and 5 to 6 inches long, were seen on the 
dump. 

ae Peacock claim a streak of turquoise was opened by pits and 
an open cut 6 to 20 feet deep, all within a length of about 150 feet. 
The inclosing rock is decomposed, silicified granite porphyry. The 
turquoise occurs in a main vein 6 to 8 inches thick, striking N. 30° W., 
with a dip of 80° E., and in cross joints or seams, a prominent set of 
which had a strike of N. 60° EK. and a dip of 55° SE. The better 
turquoise is found in the thin seams, and much of that in the large 
seam is pale colored to nearly white. 

The Aztec claim was opened by the Aztecs in prehistoric times, and 
a large quantity of the stone tmplements used by them were found in 
the ancient workings. The workings consisted of pits filled with rub- 
bish and a few small tunnels 15 to 20 feet long. The recent work con- 
sists of an open cut 60 feet long, east and west, and 12 feet deep in 
the hillside, with two irregular openings driven in from the main cut. 
One of these is a shaft 30 feet deep. The rock is decomposed, silici- 
fied porphyry, cut by many quartz seams and veinlets. The turquoise 
occurs principally in seams striking nearly east and west with a low 
dip to the south. The seams are irregular in size and open out from 
films into sheets 1 to 2 inches thick. The thicker portions have a 
pale color and are sometimes greenish. About a dozen of the east 
and west streaks were encountered in the workings, along with a few 
streaks running in other directions. A white clay streak, encoun- 
tered in the tunnel, appears to have cut off the turquoise veins beyond 
it. No real high-grade turquoise has been obtained from this claim. 
Lower-grade material is abundant, however, and large quantities 
could be obtained for matrix stones if demanded. 

The Turquoise King claim, a few hundred yards west of the Aztec 
claim, has been opened by several pits and cuts with results similar 
to those in the Aztec claim. 

Small pieces of turquoise found around the ancient workings and 
on Aztec Mountain indicate that the ancients obtained a better grade 
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of turquoise than that now found. It is therefore thought probable 
that the same-material will be found again. 

The Aztec Turquoise Company ships for cutting only the best 
pu blue turquoise ,and high-grade matrix. Large quantities of 
ow-grade, soft, and offcolor rough and matrix material is thrown 
away or buried. The gems are cut at the company’s shop in New 
York and the pure stones are guaranteed. They are marked on the 
back with an AZT monogram occupying the space of one letter. 
The best turquoise comes from the Monte Cristo claim. It has a 
rich deep blue color and takes a brilliant polish. The matrix stones 
show pleasing contrasts between the dark blue of the turquoise and 
the dark-brown limonite stains, with sometimes gray quartz or rock 
fragments. 

The portion of the William Tell claim worked by the Arizona 
Turquoise Company is directly below and adjoins on the south the 
Monte Cristo claim of the Aztec Turquoise Company. The deposit 
is on the steep, cliff-like northeast slope of Ithaca Peak, down which 
the waste rock from the workings slide several hundred feet. The 
operations consist of a cut in the mountain side with a working face 
nearly 50 feet high. This face is carried back by steps or benches 
12 to 15 feet high. Deep holes are drilled and the rock of the suc- 
cessive benches pushed out on to the floor of the cut by blasts. In 
this way masses weighing several hundred tons are loosened and 
broken so that they can be sledged and the turquoise picked out. 
Where patches of fine blue turquoise occur they are carefully chipped 
out with gads and chisels. The turquoise is closely sorted, only the 
better grades being shipped. The greenish, pale blue, and soft 
turquoise is discarded and destroyed. Some very fine pure blue 
turquoise of deep color is obtained, though the principal yield is in 
matrix gem material. Guy Atlee, superintendent, states that occa- 
sionally lumps of over a pound in weight of nearly pure turquoise 
are obtained. The lumps are generally of matrix and come from 
enlarged portions of the turquoise seams. The latter occur plenti- 
fully in parts though without definite position through the rock. In 
the workings no attempt is made to follow particular seams through 
any distance, but the rock is quarried as a whole, and the turquoise 
seams and patches are picked out of the blocks. The method of the 
occurrence of the turquoise in decomposed, silicified quartz porphyry 
is the same as in the Aztec Company’s mine directly above. The 
gem material is all shipped and cut at the company’s plants in New 
York and Denver. 

The deposit of turquoise worked by the Los Angeles Gem Company, 
a few hundred fect northwest of that of the Arizona Turquoise Com- 
pany, is also located on the very steep northeast slope of Ithaca Peak, 
above a rocky cliff. The mining, which is under the supervision of 
E. E. Peck, president of the company, is open-cut work. Large 
masses of rock are broken down by blasting, and the turquoise is 
removed by carefully breaking the blocks. The turquoise occurs in 
seams cutting decomposed, silicified quartz porphyry in various 
directions. The principal yield is in matrix turquoise, though some 
pure turquoise also is obtained. The gems are shipped to Los Angeles 
where they are cut in the company’s shop. An odd stone was recently 
cut by this firm showing a blue letter Y of turquoise in a gray matrix. 
This stone was sent to a student at Yale University. The cutting so 
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as to obtain the Y was made possible through a split turquoise veinlet, 
and shows the possibilities of turquoise matrix in yielding occasionally 
appropriate souvenir gems. 

The principal work of the Southwest Turquoise Company has been 
on the Ithaca turquoise claim on the steep eastern rough slope of 
Ithaca Peak. The mountain side has been stripped in a northwest- 
southeast direction for about 75 feet for the face of an open cut. 
It is probable that all the rock will be quarried and the turquoise 
cobbed out as at the other mines, though up to the present the work 
has been directed toward certain richer portions of the working face. 
The turquoise occurs in seams in the decomposed silicified quartz 
porphyry. Certain well-marked seams or veinlets had a strike north 
of east with a nearly vertical dip, while others crossed these at various 
angles. W. J. Tarr, superintendent of the mine, stated that the 
cross seams were richest at the crossing of the main seams. Quartz 
veinlets cut the rock in different directions, and some carry patches of 
turquoise. In some of the quartz seams small crystals of quartz with 
a rough comb structure occur. Pyrite was seen along certain veinlets 
which were much stained with limonite by its weathering. The 
turquoise is often greenish near the rusted pyrite. The grade of 
turquoise obtained is much the same as at several of the other mines. 
There is considerable soft, pale-colored turquoise besides the better 
orades. 
~ James Uncapher, of Mineral Park, owns the Ithaca claim extending 
N. 70° W. over the top of Ithaca Peak. No extensive mining has 
been done on this claim, though good turquoise has been obtained 
from the several prospect openings. The turquoise is associated with 
both decomposed silicified quartz and granite porphyry. Turquoise 
has been exposed at three places on the claim, and indications are found 
at other places. At the prospect at the west end of the summit of 
Ithaca Peak turquoise seams and vainlets are plentiful. Quartz 
seams, both alone and with turquoise, also cut the rock in various 
directions, while brown limonite stains are prominent in many of the 
gem and quartz veinlets. Only small veinlets have been left exposed, 
though large ones are reported to have been found during the pros- 
pecting work. The color of the turquoise at this prospect seems to 
be good, and with the brown stained quartz furnishes a good matrix 
stone. The deposit is well located for quarrying on a large scale, 
with facilities for disposing of the waste. 

On the north side of Ithaca Peak, on the Ithaca claim, turquoise 
has been found over an area of about 50 by 100 feet in the rock 
outcrops and in a few small test pits. Still farther down the moun- 
tain side and below the Los Angeles Gem Company’s mine, two cuts 
with smaller openings have been made for turquoise. The latter has 
also been found in the rock outcrops close to the pits. The rock is 
cut by many quartz veinlets at this point, and some of these veinlets 
trend toward the workings of the Arizona and Aztec companies 
higher up the mountain. The turquoise exposed in the openings 
occurs in seams or veinlets and in irregular splotches of variable size; 
the color of part of it appeared to be good. 

The claims of the Mineral Park Turquoise Mining Company are over 
a mile west of Ithaca Peak, near the summit of a rough ridge. Three 
openings have been made by W. J. Wilson, manager of the company. 
The rock is decomposed, silicified granite porphyry, cut in places by 
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many seams of quartz. The granite porphyry is cut by two or more 
dikes of fine-grained dense white porphyry or aphte. These do not 
appear to bear any relation to the deposition of the turquoise, how- 
ever. An open cut at this mine was made in the end of the ridge in a 
very rugged rock outcrop. Some good turquoise is reportéd to have 
been found here, though the streaks of gem failed or were not success- 
fully followed in the workings. At the two openings about a hundred 
yards to the east some very good grade turquoise and large lumps of 
off-colored green turquoise were found. hese occur in veinlets and 
seams through the granite porphyry and with the quartz seams. 

John Caswell of Mineral Park owns a claim with a turquoise deposit 
in the cliffs and at their foot in the knob at the west end of Ithaca 
Peak. This claim was not visited, though promising specimens of 
turquoise matrix were seen that had been obtained during assessment 
work on the claim. 

The claims of Mrs. John Kay are on the slopes below the cliffs on 
the southwest side of Ithaca Peak and below the Monte Cristo claim 
of the Aztec Company. ‘These claims were not examined, though 
considerable turquoise matrix is reported to have been mined. Almon 
Stone, of Los Angeles, Cal., reports a specimen of matrix weighing 34 
pounds from this mine. The estimated value for this rough lump 
was $50. The bulk of the matrix is valued at $1 to $5 a pound. 


COLORADO. 


The mine of the Colorado Turquoise Mining Company consists of 
ten claims situated 13 miles S. 60° E. of La Jara, Conejos County. 
Ancient workings are reported to have been found on the outcrop 
of the turquoise, with a few antique stone implements around them. 
The mine is in a low hill among the group of small hills in the mesa 
country about 13 miles west of the Rio Grande. 

The higher hills west of the mine are capped and partly composed 
of beds of basaltic rock. The turquoise is associated with a partly 
decomposed trachytie rock which in places bears quartz or is quartz 
porphyry. This rock is a dense, very fine-grained white rock, com- 
posed Hei of feldspar. Secondai ‘v sericite and kaolin are pr resent. 
Much of the trachyte is badly stained with brown limonite not only 
along joints and seams but through the rock, often in concentric 
layers or shells. This feature is very like that at the old turquoise 
mine on Mount Chalchuitl, near Cerrillos, N. Mex. In places kaolini- 
zation has been very extensive, and nearly. pure kaolin has resulted; 
in other places small quantities of quartz are present, generally as 
phenocrysts. <A dike of fine-grained, dark-greenish to ‘black rock, 
probably a variety of phonolite, cuts across the trachyte in a north- 
erly direction. The crest of the hill or ridge in which the turquoise 
occurs is capped with a ledge of dense-gray to light-brownish chert 
or hornstone, about 20 feet thick and outcropping in a direction 
N. 70° W.  Diorite or andesite outer ops to the east of the turquoise- 
bearing rock, part being on the company’s property. 

The tur quoise occurs in seams and joints and occasionally in irreg- 
ular masses in the trachyte. ‘The seams vary from paper thickness 
to over one-quarter of an inch in thickness. The most prominent set 
of joints bearing turquoise appear to strike north of east and have 
veinlets branching from them in various directions. A small amount 
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of nodular turquoise is found. The color of the turquoise ranges 
from pale blue to strong turquoise or sky blue. Some has a greenish 
color, and semiturquoise occurs in veinlets or nodules in places. 
The matrix of much of the turquoise is more or less strongly stained 
with brown limonite, which furnishes attractive contrasts with the 
blue of the turquoise. The better quality of the veinlet turquoise 
is very hard and has a smooth, conchoidal fracture. 

The turquoise deposit has been tested and developed by numerous 
pits, shafts, and tunnels. The prospectus issued by the company 
reports over 1,100 feet of such work done. The depth attained in 
the most promising working is about 65 feet. There are several 
crosscuts and test workings from the main working. The company 
expects to drive an incline, already started, from the southwest under 
the more promising portion of the turquoise deposit. It is thought 
this incline will open up better turquoise at a greater depth. This 
is doubtful, however, as it has not been definitely shown that good 
turquoise ever occurs plentifully at depths greater than about 200 
feet. Moreover, the quality of the turquoise found at a depth of 65 
feet was but httle if any better than that nearer the surface. 


VARISCITE. 
UTAH. 


The mineral variscite has been called by various trade names when 
cut as a gem. Three deposits producing gem variscite have been 
operated in Utah. The first one was discovered in October, 1894, 
and belongs to Don Maguire, of Ogden. It is situated about 2 miles 
from Mercur, in Utah County. G. F. Kunz? mentioned this occur- 
rence and suggested the name “‘utahlite’’ for the gem. It was 
subsequently called ‘‘chlor-utahhte,” and is now known by both 
names. Another deposit of variscite was discovered in 1905, 9 miles 
west of Stockton. This is described by Doctor Kunz? as ‘‘utahlite 
(variscite).”’ The gem material from this locality has since been 
called ‘‘amatrice” by the Occidental Gem Corporation, of Salt Lake 
City, as described in this report for 1907, and by E. R. Zalinski.¢ 
John A. Maynes, of Salt Lake City, reports the discovery of a new 
deposit of variscite in the extreme southwestern part of Utah. A 
company has been formed to develop this property and cut their own 
gem material, which is to be sold under the mineral name “variscite.”’ 
The colors of the variscite seen in specimens kindly furnished by Mr. 
| Maynes were dark to light green, with which was associated some 
} white phosphatic mineral, chert, and chalcedony. Some of the 
| variscite has crystals of gypsum associated with it, though the gem 
|material can be readily separated from such specimens. 
| Amatrice—The following description of the amatrice mine has 
| been prepared from the article by E. R. Zalinski, mentioned above, 
jand from notes taken by the writer during a brief visit to the mine 
jin August, 1908: 
| The amatrice mine is 14 miles S. 65° W. of Tooele, in a small 
rounded knob among the foothills, on the eastern slope of the Stans- 
bury Mountains. This knob has been called Amatrice Hill and has 


a Sixteenth Ann. Rept. U. 8. Geol. Survey, pt. 4, 1894, p. 602. 
6 Mineral Resources U.S. for 1905, U. S. Geol. Survey, 1906, p. 1351. 
e¢ Amatrice, a new Utah gem stone: Eng. and Min. Jour., May 22, 1909, 
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an elliptical shape with a north and south elongation. It stands 
about 200 feet above the adjacent slopes and bench lands on the 
north, east, and south, and about 75 feet above the spur connecting 
it with the Stansbury Mountains on the west. The elevation, as 
obtained by barometer, was 5,700 feet. The region is very dry, and 
water is hauled 16 miles to the mine. It is possible a small supply 
of water could be obtained by digging in Hickman Canyon, a mile 
and a half to the south. Development work at the mine has not 
been extensive and consists of three small open cuts and a crosscut 
prospect tunnel. The work in the cuts has not been carried to a 
greater depth than 8 feet. 

The country rock at the amatrice mine is limestone and quartzite. 
Hard, dense, dark-brown, calcareous quartzite forms the summit of 
Amatrice Hill. The eastern slope of the hill is composed of beds of 
siliceous or sandy and cherty limestone of light to dark gray color 
and striking N. 20° W. with a dip of 60° W. Typical quartzite 
outcrops prominently to the northeast of the hill, with the same dip 
and strike as the formations in the hill. On the south side of the 
hill fossils were found in the limestone by Mr. Zalinski. They were 
identified by George H. Girty, of the United States Geological Sur- 
vey, as of Carboniferous age, probably upper Carboniferous, belong- 
ing to the Weber quartzite or upper ‘‘Coal Measures’’ limestone of 
the Fortieth Parallel Survey. In a manuscript copy of Mr. Zalinski’s 
report, the occurrence of porphyry resembling monzonite, about a 
quarter of a mile southwest of the amatrice deposit, is mentioned. 
This porphyry is cut by a set of joints or fractures corresponding to 
those in which the amatrice occurs, showing that the amatrice 
fissuring Was subsequent to the intrusion of the porphyry. 

The amatrice occurs in the limestone in fissured and brecciated 
zones, Which strike nearly with the bedding of the limestone and have 
a steeper dip to the west. These breccia zones have been strongly 
mineralized by the deposition and replacement of chalcedony, chert, 
variscite and allied phosphates, and of a small amount of pyrite with 
brown limonite stains. In many cases the various minerals have 
assumed a concretionary structure, either with one mineral about 
another, or with layers of different color in the same mineral. In 
other cases seams of one mineral have cemented the fractures of 
older and crushed minerals, preserving the brecciated structure. 
Three amatrice-bearing streaks have been opened by small cuts. 
These are known according to the type of gem material each produces, 
as the ‘‘jade”’ and ‘‘cobweb”’ cuts, close together and on the south- 
east side of the hill, and the ‘‘apple-blossom”’ cut about 100 yards east 
of north of the other two. An outcrop of good amatrice appears a 
few yards south of the ‘‘jade”’ cut, and loose pieces have been found 
at several places on the hill. The deposits appear to be local, how- 
ever, and no variscite has been found to the north or south of Ama- 
trice Hill. 

Amatrice owes its attractiveness to the wide variation of colors of 
the different constituent minerals, and the variety of combinations 
and patterns displayed by these colors. The constituent minerals 
are chalcedony, chert, variscite, and probably wardite and allied 
phosphates. Brown limonite stains in seams and through the differ- 
ent minerals form a strong contrast with the variscite. ‘The chalce- 
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dony varies from translucent to opaque gray to yellow and yellowish 
green in color. The chert is gray to yellowish and brown, and grades 
into chaleedony. The variscite ranges from deep emerald or grass- 
green to pale shades of green and to white. Wardite is green, bluish 
sreen, and white, and is probably associated with other phosphates. 
The structure of the different minerals in amatrice is nodular, con- 
centric, oolitic, and brecciated. These varieties of structure are 
not limited to one mineral, but occur in the several minerals compos- 
ing amatrice. The variscite generally occurs in nodules in chert and 
chalcedony, sometimes with an indistinct banding and gradation 
from deep green to pale green and white. In places the variscite 
has been shattered and recemented with seams of chalcedony, different 
colored variscite, or other white phosphates. An oolitic texture is 
present in some of the variscite and associated matrix. Much of the 
chalcedony and chert have a typical nodular and concretionary struc- 
ture, and in many cases an agate-like banding. The dark color of 
some of the chert and the limonite-stained breccia furnish a strong 
contrast with the light and dark green and white variscite and asso- 
ciated minerals. 

Part of the variscite found in the ‘‘jade”’ cut has a deep, translucent 
green color resembling jadeite, especially near the borders of the 
nodules. The interior of the nodules generally has a lighter apple- 
green color, and sometimes a gray or white core. The matrix adjoin- 
ing the nodules is chiefly dark brown and gray chert and chalcedony, 
though some have a yellowish color. It is firmly attached to the nod- 
ules, so that gems can be cut showing the strongly contrasting colors 
of the two. In size the variscite nodules range from less than a quar- 
ter of an inch to over an inch across. 

The amatrice from the ‘‘cobweb cut” has a structure resembling 
that of cobwebs or the markings on a turtle’s back. This mottling. 
is not confined to the variscite, but is evident in the chert and chal- 
cedony. matrix around the nodules. The appearance is due to a 
fracturing of the first deposit of these minerals and the deposition 
of different kinds of mineral, or the same mineral with different colors, 
in the fractures. <A typical turtleback variety of amatrice is com- | 
posed of light-green variscite in which a network of deep-green ~ 
variscite has been deposited. The amatrice in the ‘‘cobweb” cut 
occurs both in nodules of yellowish and gray phosphatic minerals 
with chert and in irregular cherty masses. The nodules, which may 
or may not carry variscite, range up to several inches in diameter. 
Some of them are much stained with limonite, as is the cherty matrix. 

Some of the gems from the ‘‘apple-blossom”’ cut display the effect 
of apple blossoms among green leaves. This is due to the intimate 
association of oolitic particles and nodules of green variscite and a 
white phosphate mineral with chalcedony. In some specimens the 
chalcedony contains small spots of purple which heighten the effect 
of blossoms. The greater part of the solid variscite from this cut 
has a paler and less pleasing color than that from the jade cut, and 
owes its beauty to the combination with the other matrix. Masses of 
variscite and phosphate minerals with chalcedony and chert,2 or 3 feet 
across, are found in the ‘‘apple-blossom” cut. Such masses are com- 
posed of large and small concretions and nodules of variscite and the 
different associated minerals. 
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Amatrice is especially adapted for jewelry where matrix stones 
are desired. It has bright colors of its own, and does not resemble 
the green seen in discolored turquoise matrix. The variety of com- 
binations of matrix and colors is probably greater than that found 
in turquoise, and the rich green of amatrice is more attractive in cer- 
tain classes of jewelry than the blue of turquoise. The gems are 
generally cut in rounded or cabochon forms and are used in rings, 
scarf pins, brooches, necklaces, pendants, ete. Amatrice is becom- 
ing popular and the Occidental Gem Corporation reports a produc- 
tion of about 45,000 carats during 1908. The gems are retailed at 
$1 to $3 a carat. 

Utahlite.—The utahlite or chlorutahlite mine is in Clay Canyon, 
14 miles west of Fairfield, Utah County, at the south end of the 
Oquirrh Mountains. It is operated intermittently whenever a new 
supply of gem material is needed. The deposit is located at the 
foot of the hill on the north side of the canyon, a few feet above the 
bottom. The walls of the canyon, or more properly valley, are not 
steep at this pomt. Development consists of a tunnel 110 feet long, 
driven nearly north into the hill, and an open cut with a small 
incline. The tunnel did not cut the variscite lead. The country 
rock exposed in the workings is black limestone, which strikes about 
N. 50° W., with a dip of 22° N. The variscite lead has a steeper 
dip to the north, nearly 45°, with approximately the same strike as 
the limestone. The variscite occurs in concretionary nodules in a 
brecciated, more or less decomposed, zone. Practically everything 
in this zone has a nodular shape, including the blocks of limestone 
breccia, etc. Chert forms a prominent part of the filling of the 
mineralized zone and has been fractured and cemented by calcite 
seams and limonite stains. The nodules of variscite range from one- 
fourth of an inch to over 4 inches in thickness. The nodules have 
been more or less fractured, and the cracks have been filled in with 
yellow and white phosphate minerals. Some of the larger nodules 
contain two or more smaller nodules or irregular masses of variscite, 
imclosed in yellow and white matrix or shells. Most of the nodules 
are surrounded by banded layers of the yellow phosphate and some 
thave white coatings also. The colors of the variscite range from 
deep grass or emerald green to paler shades and nearly white. The 
deeper colors show a tendency to appear near the borders of the 
nodules. Some of the variscite et es yield large pure gems of 
beautiful color. Others furnish handsome matrix stones, though 
the number of variations of pattern and the contrasts of colors occur- 
ring in small areas are not so great as in amatrice. Some of the 
yellow phosphate mineral, with or without the white in seams through 
the massive variscite, furnishes exceedingly attractive gems. 

The nodular «nd brecciated chalcedony and phosphate minerals 
associated with variscite at both the amatrice and utahlite mines 
would furnish handsome material for small ornaments of mosaic 
work, even where there is no green variscite present. The concre- 
tionary and agate-like structure of the nodules and the massive 
matrix with small nodules throughout give odd patterns and effects. 
Where the colors are marked, as in much of the yellow phosphate 
mineral and chalcedony the matrix could even be used for gem 
purposes. 
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A specimen of variscite was received from EK. W. Murphy, of the 
Blair office of the Tonopah Lumber Company, Esmeralda County. 
It is solid variscite with an apple-green to dark-green color, and 
occurs in vein form somewhat like turquoise. Specimens of a yel- 
lowish mineral resembling the phosphates associated with variscite in 
Utah accompanied the variscite. 


ARKANSAS. 


Crystallized variscite has been found in Montgomery County, and 
described by A. H. Chester.* It occurs as incrustations and shells 
on quartz, with a semiglobular radiated structure. The color varies 
from translucent and transparent emerald to bluish green to nearly 
colorless. 


PRODUCTION. 


The value of the output of precious stones in the United States 
during 1908, furnished in part by the producers and estimated in 
part from the quantity of the production, was consideably lower 
than in 1907. A great decline in the production of sapphire was 
in part offset by a large increase in the production of turquoise. 
The decrease in the production of sapphire was due to the closing 
down of work by three of the large sapphire producers in Montana. 
The general depression in trade conditions did not affect the demand 
for turquoise matrix, though the market for pure turquoise was dull 
during much of the year. The production of californite during 1908 
was not notably different from that of 1907, though none of the out- 
put was sold and has therefore not been added to the table of produc- 
tion. Some gems show a considerable increase in 1908 over 1907. 
Among them are azurmalachite, benitoite, amazon stone, garnet, 
variscite, etc. 

There is a production of several varieties of gems each year for 
which it has not been possible to obtain figures. Among these are 
chlorastrolite, thompsonite, datolite, and agates from the Lake 
Superior region, chalcedony moonstones, anthracite coal for orna- 
mental purposes, jet, etc. It is hoped figures of production of these 
minerals may be obtained hereafter. One of the chief difficulties 
arises from the irregular way in which many of these minerals are 
collected and the diverse channels through which they pass in reach- 
ing the jewelry trade. It is not possible to obtain accurate figures of 
production of many varieties of precious stones produced regularly. 
The necessity of estimating the value, in certain cases, of part of the 
production from the quantity, sometimes without knowing the 
quality of the material, causes great uncertainty. As the reports 
received from the producers often do not state whether their figures 
are for rough, selected, or cut gems, the values will often show large 
discrepancies from previous years and will not represent a definite 
quantity or quality of material. 


@Am. Jour. Sci., 3d ser., vol. 13, 1877, pp. 215-217. 
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Production of precious stones in the United States in 1906, 1907, and 1908. 


Value. | 
| Remarks on 1908 production. 
1906. 1907. | 1908. 
Agates, chalcedony, etc., $800 $650 $1,125 California, Utah, and Michigan. 
moonstones, etc., onyx. 
PATINCCIIV Sts) y-iaz ce ciceeeee cine 700 850 210 | Colorado and North Carolina. 
Azurmalachite, malachite,ete.|.......... 250 5,450 | 4,676 pounds; Arizona and Utah. 
Berntoitess. 5). ere ce-e Reeenccom 1,500 | 3,638 1,048 cut stones, rough material, still unsold. 
Beryl, aquamarine, blue, 9,000 6,435 | 7,485 | California, North Carolina, New Hamp- 
pink, etc. | shire, Maine, and Connecticut; partly cut 
gems. 
WalilOnmiles-oees ccs is ones eee Soe a25;,000 eeeecsces Mined but not sold. 
Cathiniler cimacescesesh cess others cae sees Pie) | | ees No production reported. 
@lniastolitessccn.ceseee eae 25 0 | Rares 4 Do. 
@hlorastrolite ssc... ene os cee ft oe eres ee eee 25 | Michigan. 
@hinvsocollas. : saeences scot ee ee 150 | 600 Arizona and California. 
(CHEYSOPTASC Hee ewe se ean ea @ 32,470 | 246,500 48,225 3,990 pounds; California, in the rough. 
Chit Cp eeeeereeoeeeeneerenod | seenec ace LOO) 8 eee eee No production reported. 
DiAMONE: ..= cee oes e eee eee eee ' @2,800 @2,100 362 stones; Arkansas. 
IDIOMSICE Ee ose anes GR) |b Ga ooae 120 Utah and California. 
loigat)¢sl Ge eee Re eeOOCmnee te | MBAR Trike ae BP e320) Reece No production reported. 
IDO Nee eee Sem OO | Semriceer se GOL sees oa Do. 
Feldspar, sunstone, amazon | 100 i 1,110 2,850 2,105 pounds; Colorado and North Carolina. 
stone, etc. 
Garnet, hyacinth, pyrope, | 3, 000 | 6,460 | 138,100 California, Utah, and North Carolina, 
almandine, rhodolite. partly cut gems. 
Goldbquartz:scss << - ee ee eee eee 1,000 1,010 Western States and North Carolina. 
VAS POhae siccie cece cele ve Sees een yOu Geepeeees No production reported. 
Walle te eee een ee ak oes eee eee 180 | 50 | 20 pounds rough; Colorado. 
IReridOtepce.snesecocecece enn 2, 400 1,300 | 1,300 , Chiefly from Arizona. 
hnenacitese. eee ne sae eee 250 Zon 95 | Maine, Colorado, and New Hampshire. 
Petrified wood...-..-.-....--- 150 | B25) tee eee No production reported. 
TASC terete cee eee BN) Reeeeegmud teoeormesne Do. 
IAVIELUG. or eicte es cic) ss sete a tcicicincrmetel tiers eta snotete 400 Recon se Do. 
Quartz, rock crystal, smoky 3, 050 2,580 | 3,595 | Several hundred pounds in the rough; some 
quartz, rutilated, etc. | cut gems. 
WVOSC\QUATUZe oe eee eect 4,000 Ges 75) | 568 6,500 pounds in the rough; South Dakota. 
UNO OCKOSILes- cece ee Rae coGore NOM | eo oese ae No production reported. 
ihodonitesss.ceccesse ees a-e Ps eee igoeioe es cee 1,250 | 500 pounds; California. 
EU ygere erate en eee one 600 25000) |B nese No production reported. 
RUUL GIL OSe eer ne setae sree ee oe OIE wee seats 200) 5 eee ae Do. 
DSOPDMITG ee enecu tices meses oe 39,100 | ¢229,800 | 258,397 | 1,655,402 carats; Montana and Indiana. 
SHOU MORNE ee er secogaaense> sGescocece 800 | @1,200 | New Mexico and Utah. 
pee one, kunzite, hid- 14, 000 14,500 | 26,000 | 90 pounds; California. 
enite. 
PR om PSOTItess see.-c ce See Mer eee es ee 35 | Michigan. 
MOPALTa: cemetee cee ce conan 1, 550 2,300 4,435 | California, Utah, Texas, and Colorado. 
MNOUNIMA]INGS ee ec sis.e aie rere seo a 72,500 | @84,120 290,000 yo pounds; California, Connecticut, and 
aine. 
Turquoise and matrix........ 22,250 23,840 @147,950 | 29,590 pounds; Arizona, New Mexico, Ne- 
vada, and California. 
Variscite, amatrice, utahlite.. 2, 000 7,500 14,250 | Utah, cut gems and in the rough. 
208,000 | 471,300 415,063 


a Estimated. 
IMPORTS. 


The importation of precious stones into the United States in 1908, 
as reported by the Bureau of Statistics, showed a large decrease from 
that of 1907. The value of the imports was over 57 per cent less than 
in 1907 and about 69 per cent less than in 1906, in which year the 
imports were the greatest ever recorded. The imports of uncut dia- 
monds showed the greatest decline, proportional to the value of im- 
ports, and unset cut diamonds fell to less than half that of 1907. The 
imports of diamonds for industrial purposes again showed an increase. 
The increase was in glazier’s diamonds, while dust or bort showed a 
small decline. 
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The following table shows the value of the diamonds and other 
precious stones imported into the United States from 1904 to 1908, 
inclusive: 


x 


Diamonds and other precious stones imported and entered for consumption in the United 
States, 1904-1908. 


Diamonds. 
| Diamonds 
and other 
Year. eT ae | Danes Pearls. Total. 
} , bay a, 
Glaziers’. Ort. ae Set. Unset. not set. 

1904..........) $73,054 | $445,621 | $10,234,587 | $559 | $13, 439,023 $1,893,969 $1,142,150 $27,228,963 
TOO) Deyeere eters 6,851 | 190,072; 10,281,111 | 741 | 20,375,304 4,144,434 1,847,006 36,845,519 
WOOG ooo hoe 104,407 | 150,872 | 11,676,529 | 305 | 25,268,917 | 3,995,865 2,405,581 , 48,602,476 
NGO7S eo. ec eae 410,524 | 199,919 Se thOllo i | emer 18, 898,336 3,365, 902 680,006 31,866,599 
WOOS ccc cccs 650,713 | 180, 222 ME GSOs (08 illness = 9,270,225 @1, 051,747 910,699 13,700, 404 


a Including agates. Agates in 1906, $20,130; in 1907, $22,644. 
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PRECIOUS STONES. 


By Groraz F. Kunz. 


There were fewer diamonds, precious stones, and pearls imported into 
the United States in 1908 than during any year since 1896. The impor- 
tations for the year amounted to $4,618,999. The small import in 1908 
was due to the effects of the financial disturbance of 1907, up to which 
time, for a number of years, the imports had increased annually. When 
the disturbance took place, the retail buyer ceased his purchases and 
many firms found their business at a standstill, stocks were disposed of 
to other dealers, and many private individuals sold back the jewels they 
had previously purchased. Moreover, those dealers who were not 80 
seriously affected by the hard times, initiated a policy of retrenchment. 
Although the value of the imports only amounted to the low figure I 
have mentioned, yet this does not indicate the actual sales of jewels to 
retail purchasers, for probably two or three times the amount of precious 
stones imported changed hands through the shrinkage and liquidation 
of certain stocks, and through repurchases made from private individuals. 
Moreover, the policy of retrenchment to which I have alluded caused the 
sales to exceed the purchases in the case of many retail dealers. It will, 
therefore, be seen that the imports for 1909 must exceed those of 1908 
by 100 to 200 per cent., even if there be no sharp recovery and conditions 
remain as they are at present. Already they are rapidly improving. 


DIAMONDS. 


Transvaal.—The year 1908 was eventful and critical for the diamond 
industry of South Africa. The enormous development and production, 
and the opening of new mines, that had been going on for years, were 
brought to a sudden stop by the panic in 1907, America being the great- 
est consumer of the diamond output. Retrenchment at once began; and 
diamonds ceased to be purchased, and became almost a drug on the 
market. Prices fell rapidly, and the effect was felt at every African 
mine. The smaller ones closed at once, and the larger ones had to face 
grave problems of policy in order to continue operations, with lowered 
prices and almost no demand. 

The two great producers, viz., De Beers and Premier, after ineffectual 
negotiations, decided upon opposite courses. The De Beers company 
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adopted a policy of reduced production, and the endeavor to uphold 
prices as far as possible. The Premier company preferred to continue, 
and even increase, its output, and find its return in large sales at lower 
prices. The wisdom, and the results of these opposite policies occupied 
the minds of all concerned, and filled the columns of the press connected 
with the diamond industry with keen debate. Both companies, however, 
have weathered the storm, and conditions have now improved. The busi- 
ness crisis has passed; the large stocks of diamonds in the hands of - 
dealers have been gradually reduced; and the mines are resuming some 
activity, and hoping for a return of the former conditions. 

This, however, is not certain. The great and sudden fall in the value 
of diamonds has shown that they cannot be relied upon, as before was 
claimed, as a sure investment of capital, available at any time. More- 
over, the new discoveries in German Southwest Africa, the development 
of the great Brazilian diaménd region with modern appliances, and the 
discoveries in Arkansas, small as yet, but possibly important, all tend 
to cause some question as to the likelihood of the African mines ever 
regaining the control that they had in the period between the end of the 
. Boer war and the crisis of 1907. 

The whole situation is likely to be influenced greatly by the enormous 
output for which the Premier mine is preparing. Its ‘‘No. 4 gear,’’ now 
being installed, is to raise its washing capacity to 45,000 loads per day of 
24 hours. At 300 days in a year, this would yield over 13,000,000 loads 
per annum, much above the product of all the De Beers company’s mines; 
and at an average of 0.25 carat per load, the annual output of diamonds 
would exceed 3,000,000 carats. How will this immense production affect 
the situation? The costs at the Premier are very low, as it is an enor- 
mous open mine, and the company can hence afford to sell at low rates 
and yet make a profit. It has proved this already, in the disastrous 
period of 1908; and there is a fear freely expressed that the result may 
be a cheapening of diamonds to such an extent that their traditional 
value will be impaired. This, however, is not entirely likely to be the 
ease. A great quantity of the Premier. material is of very poor quality 
and will fill a large and new field in which something cheaper than has 
been sold before can be placed in great quantities throughout such coun- 
tries as India, Asia Minor, Northern Africa, Spain, Italy, Mexico, and 
some of the South American countries, as well as the West Indies. On 
the other hand, it will probably have a tendency to check a much further 
advance or gradual marking up in the price of diamonds, which it has 
been the custom of the Syndicate to do every six months, for the last 
eight or 10 years. The price now is as high as the public will freely 
take them at, and it is well that the advances should cease. 
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The De Beers mines, and the Jagersfontein, which is closely affiliated 
with them, produce diamonds of finer quality than the Premier, at greater 
cost and selling for higher prices. Their policy, therefore, was reduction 
of output, and it resulted well, even while the Premier declined to 
cooperate and went on producing lower-grade stones. But it is claimed 
by competent judges that the course taken by the De Beers and Jagers- 
fontein companies saved the diamond trade from utter collapse and 
disaster in 1908. The reduction was made under an agreement between 
the De Beers and some other companies, and aimed to meet the emer- 
gency gradually, with as little hardship and strain as possible under 
the circumstances. Some mines were to be closed, and the others were 
worked on a reduced scale. The course of the De Beers company at 
Kimberley was as follows: 

In October, 1907, it was operating five mines, six days (of 24 hours 
each) in the week, and producing some 30,000 tons of ‘‘blue’’ daily. 
In November, the reduction began by cutting down the working hours 
to 16 and the hoisting hours to 12, and later to eight, per day; this low- 
ered the output one-half. The next step was to reduce the days to five 
per week; and in April, 1908, the Dutoitspan mine, which had been 
yielding one-third of the company’s output, was closed entirely. By 
June, 1908, these steps had reduced the force employed—the whites to 
one-half, and the natives to two-fifths—as shown by the following figures: 


Whites. Blacks. Total. 


BORE 2s sssnccrsces es ith eae 4106 | 25,601 | 29,707 


MOOG is xcscaxnesseascexenvaxeaecenans 2162 9,889 12,051 
Reduation . osscccey secscesawsnsaascen 1944 15,712 17,656 


The salaries of all employees had also been reduced one-sixth. The 
daily output was brought down to about 11,000 tons. 

The annual report of the De Beers company presented at the meeting 
in December, 1908, gives full particulars of the crisis passed through in 
the year ending June 30, 1908, and shows also the influence of improved 
conditions in the subsequent half-year. These had been such that the 
dividend on preferred shares, due in December, was voted as usual. The 
previous dividends on the same shares had been also paid, although those 
on the deferred shares had been passed. The company has on hand a 
stock of diamonds conservatively estimated at £1,500,000, and a supply 
of ‘‘blue’’ on the floors that is worth £8,000,000 after washing costs are 
paid. The tone of the report is assuring, and it appears to be well 
grounded. The dynamite factory owned by the De Beers company is 
proving an important feature; it is supplying the great demand of the 
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Rand gold mines, and an agreement has been formed with them, to 
furnish one-half of their entire supply for nine years to come. 

The exceptional conditions of 1908 led the Diamond Syndicate, which 
has for many years taken the product of the De Beers company for the 
market, to terminate that arrangement, or at least not to renew it. The 
syndicate has since been reorganized, however, and some similar agree- 
ment will probably be reached ere long. 

Since the autumn of 1908, a revival of confidence has taken place, and 
plans are being formed for resuming and enlarging the diamond pro- 
duction at various mines. The vast preparations at the Premier have 
already been mentioned. Great activity is developing at the Voorspoed 
mine, in the Orange River Colony, which will soon be treating 9000 loads 
per day. The Kimberley mines have returned to six days in the week; 
and a general spirit of advance is apparent at all points. 

In comparing the results of the opposite policies adopted by the two 
great companies, it would seem that while both have been justified by 
a measure of success, that of the Premier has proved most advantageous 
for itself, while that of the De Beers has operated more favorably on the 
diamond trade as a whole. This last point has already been referred 
to, and need not be further explained. The total output of all the 
De Beers mines was reduced, by the methods above described, from 
2,061,973 carats in 1906-07, to 1,473,272 carats in 1907-08; while the 
value fell in a still greater ratio, viz., from £5,652,321 to £2,914,646 
respectively. Notwithstanding these facts, however, the De Beers com- 
pany met its obligations to the Cape government, £110,000, and paid its 
dividends on the preferred (though not on the deferred) shares,— 
£800,000,— and closed its last year with a balance of £563,810. 

The Premier company in the year ending with October, 1908, pro- 
duced 2,078,825 carats of diamonds, against 1,889,986 carats in the previ- 
ous year, and about half as many in the year before that. The value 
of the diamonds produced, sold and unsold, exceeded the total cost of 
production and sale by £789,000, and £290,000 was paid to the Trans- 
vaal government for colonial taxes. Dividends of £100,000 were paid 
to shareholders; and much more would havo been divided, but for the 
cost of installing the great new plant already referred to, which is to 
increase the output to 3,000,000 carats. 

Naturally the De Beers company might be inclined to carry on a 
‘ competition with the Premier, but as the latter can produce diamonds 
at so much less cost than the De Beers, some more neutral and less dan- 
gerous course will probably be pursued. Although the bulk of the mate- 
rial from this mine is not as fine as that from De Beers mines, some of 
it is finer. 
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RECORD OF SOUTH AFRICAN DIAMOND COMPANIES IN 1907-08. 


M De Beers-Kimberley. Wesselton. Bultfontein. 

Year ending June 30. 1907 1908 1907 1908 1907 1908 
No. loads hoisted........... 2,103,853 2,1 1 2,320,538 1,319,720 
No. loads washed....:...... , 467,456 1,130,673 1,891,461 1,719,737 1,728,047 1,275,858 
Carats of diamond found. caren 543,752 414,121 604.915 457,028 547,485 411,386 
Value of product... ...| £1,762,080 £822,287 | £1,243,360 —_ £1,191,551 £704,741 
Carats per load............ 37 .37 .32 .27 32 .82 
Value per carat 645. 9. 74d 58, 0.8 d 41s. 1.3d.] 38. ll.4d 43s. 6.34d.| 41s. 4.8 d 
Value per load 248. 0.2 d 2ls. 5.8 d 134. 1.76d.| 10s. 6.2d 12%. 9.49d.| 13s. 2.97d 

per See cr Ae 9s. 0.8 d. 6s. 8.2 d. 5a. 8.87d.| 4s. 8.78d. 6s. 2.4 d, 6s. 1, 
Loads remaining on floora....| 3,213,875 3,323,237 2,102,803 1,907,165 1,802,309 1,846,191 
Mine 
Year ending June 30. 
ee 
IOS DORGE WHORGEL oo coins hoeccecd succteakwesccescuameses 
Carats of cmos (OUI sec ici iikca ckaecces Cwakwanberh 
NON eae. op en-caneeneswaaeetesuneeees 
Carats per load... Daa Kv Gn cca wa R Watts aleiwaelaxeee 
Value per carat..... bt Saclay a 
WORD COT DOA ss sbieencantiveypecetc seis ces ctvesdgsee ees 
DOG DME ovens ah igia yi oC CURMSEEUA RRR ES ETE SES SEES 
Loads remaining on floors.......0.00cccccesccccccsccces 
Polnts to The extremely high value of stones from Du Toit’s Pan. The steady reduction in cost per load, at 


sit doe cines (tines tte ck Danes, ee ae and per load. Du Toit’s Pan mine was 
closed in April, 1908; and the old De Beers mine also, for a part of the 


A movement has been started to develop diamond cutting in’ South 
Africa. The local market, though relatively small, would employ per- 
haps one thousand workmen. The cost is greater than in Holland; but 
this difference is offset by the present tax of 15 per cent. on imported 
cut stones, and a profit is possible even now. To make the industry 
important, however, an export tax of like proportions on uncut stones 
is suggested, but this would involve many complications. All agree that 
the industry would be advantageous, but many difficulties exist, and 
are strongly presented by those who fear to unsettle present conditions. 

Rhodesia.—Diamonds have been found in two regions in Rhodesia, 
viz., in the Somabula gravels, and near the Bombesi river in true kim- 
berlite pipes. These may prove to be the source of the Somabula occur- 
rences, as they are within 50 miles of that region. The kimberlite is of 
the ordinary type, with the usual associated minerals. The gravel beds 
rest upon a decomposed granite, and at times the separation of the two 
is not easily traced; but they are distinct, and no diamonds can be found 
in the decomposed bed-rock. These deposits extend over a wide area, 
and are sometimes 100 ft. thick. 

F. P. Mennell, curator of the Rhodesia Museum at Bulawayo, has 
published some important notes on the diamantiferous rocks of South 
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Africa. He accepts the suggestion of the late Prof. Carvill Lewis, attrib- 
uting the abundant calcite of the blue-ground to alteration from original 
melilite, and finds it strongly confirmed by recent microscopic studies. 
The eclogite question assumes a new aspect from observations in the 
Rhodesian pipes. Here eclogite appears in place, resulting from con- 
tact metamorphism, and is therefore neither a segregation’ nor an older 
igneous inclusion. Mr. Mennell shows also that it contains metamorphic 
minerals, and cannot possibly be regarded as the original source of the 
diamonds. 

German Southwest Africa.—The diamond discoveries in German 
Southwest Africa appear now to be authentic and important. The 
mode of occurrence is peculiar, among sand-dunes near the coast, where 
small diamonds abound in a gravelly surface layer, not over a foot deep, 
and are either picked up by hand or washed in sieves, as at the Vaal 
River deposits. The central point is Luderitz Bay, a town with now 
about 1000 white inhabitants and a number of good buildings, situ- 
ated some 500 miles north of Cape Town. The diamantiferous region 
is a crescent-shaped belt, curving around Luderitz bay for 300 miles 
from Elizabeth bay northward, and extending 50 or 60 miles inland. It 
is perfectly arid, being merely sand reaches among granitic hills. Water 
for drinking is obtained by an evaporating plant, and for washing, by 
sinking pits or from the sea. The extent of the diamantiferous sand- 
layer ‘is yet unknown, as it is irregularly distributed, and much pros- 
pecting must be done and a full survey must be made. The diamonds 
are brilliant octahedral crystals, from 4 to } of a carat, although the 
largest stone found weighed a little over two carats. A ‘‘load’’ of sand 
(16 cu. ft.) may contain from two to occasionally 15 carats. The aver- 
age value is about 25s. a carat, and the cost of mining is very small. 
Since the discovery in June, 1908, to January, 1909, the total produc- 
tion was about 40,000 carats (220,000 stones) valued at £55,000. 

The entire diamond region is covered by concessions, under several 
large companies. Thus far, no machinery is in use, the methods pur- 
sued being the simplest. The labor problem is serious, though natives 
can be had in moderate numbers at very low rates. The white popu- 
lation of the German protectorate is small, and immigration is impor- 
tant, but the region is unattractive. All food must be imported, either 
from the protectorate or from Cape Colony. The diamonds, however, 
are quite abundant, and quite recently it has been announced that a pipe 
or neck has been discovered, which may be looked upon as the source 
of the diamonds found in the alluvial sands. 

Dr. Lotz,’ who resided in the neighborhood of Luderitz bay from 1903 


1 Centralblatt f. Mineralogie, No. 8, April 15, 1909. 
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to 1906, and made a careful examination of the diamond fields in 1908, 
states that, so far, diamonds only occur in a narrow strip of territory 
running from the coast and stretching between Elizabeth bay, to the 
south, and Gallovidia bay to the north of Luderitz bay. No rocks have 
been found in the neighborhood of the diamond deposits from which the 
diamonds, which are certainly a secondary deposit, can be derived. The 
various diamond fields are not in immediate contact with each other 
and are also at different levels. The diamonds lie in loose material, 70 
to 80 per cent. of which consists of reddish sand and 20 to 30 per cent. 
of fine gravel from the size of pin-heads to that of lentils. Small, finely- 
striped agate pebbles, jasper, and ferruginous quartz, as well as greenish 
stones of considerable weight are characteristic marks of these beds. 

In the case of a rather rich deposit belonging to the Colmanskop 
Diamond Mines, [td., the proportion of diamond to the accompanying 
material was found to be as much as 5.3 carats, or 20 to 25 stones to a 
cubic meter of material, and a small field, 1250x150 ft., belonging to 
the same company, and which is being worked, contained, on a low 
estimate, 38,000 carats, worth 1,140,000 marks, at 30 marks per carat. 
Although but a small proportion of the fields assigned are now exploited, 
a daily output of at least 600 carats, or 180,000 carats per year, should 
be attainable, and as the territory reserved by the Government is not 
included in the above estimate, a much larger output can eventually be 
expected. 

The average weight of the stones is surprisingly constant, and is from 
+ to } carat, but stones of a half-carat are frequent. The largest stone 
found, so far, weighs a little over two carats. The price of exported 
stones has risen considerably, because of an export duty of 10 marks per 
carat, so that 60 per cent. of the output brings from 50 to 60 marks 
per carat. The remainder is kept in the country until an ad valorem 
duty is substituted for the specific one. 

Dr. Lotz expresses the opinion that the Luderitz bay diamond deposits 
represent older coast-formations, in part heaped up and deposited by 
the wind. The association of the diamond with the accompanying fine 
gravel, and with the agate pebbles of more recent shore-terraces, might 
lead us to suppose a connection with the region drained by the Orange 
river and hence with the Vaal river. This is rendered more probable 
by the fact that the diamonds of German Southwest Africa have this 
in common with the ‘‘river stones’’ of the Vaal, that they are more valu- 
able than the diamonds from the blue ground. 

To prevent injudicious exploitation, the Government has ordained that, 
‘south of 26 deg. south latitude, the fields can only be worked under 
special conditions. 
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From an examination of 1762 crystals, mainly from the Colmanskop 
Diamond Mines, Ltd., Prof. Keiser finds' that the predominant form 
is the rhombododecahedral, although there are many octahedral crystals 
and twin crystals of the spinel type; perfect octahedral crystals are 
rarer. 

Brazil.—_Among the modern methods now being introduced into 
diamond-mining in Brazil, an important one is that of dredging, which 
has been applied to portions of the river-bed near Diamantina. An 
American engineer, G. R. Young, has built and operated very success- 
fully a powerful dredge, which can dig to a depth of 50 ft. The over- 
burden of barren gravel is removed at night, and the ‘‘cascalho’’ layer, 
3 to 5 ft. thick, by day, the buckets excavating also several feet down 
into the soft sandstone bed, to reach the rich cascalho in crevices and hol- 
lows. Screening, sizing, and sorting follow; and considerable gold is 
also recovered. 

United States. (By John T. Fuller.)—It is now nearly two years 
since the first rumors of the discovery of. diamonds in their original 
matrix in Pike county, Arkansas, began to reach the East. This dis- 
covery has since been verified by competent engineers and geologists, 
and active peparations are being made to develop the field on an exten- 
sive scale. The exact location of this Arkansas discovery is Pike county, 
Sections 21 and 28, Township 8 South, Range 25 West. The diamond- 
bearing area lies on the east bank of the Little Missouri river near the 
junction of that stream with Prairie creek. The nearest town is Mur- 
freesboro, the county seat, which is about 24 miles to the northwest. 
Direct rail communication to Murfreesboro will be established in the 
near future by a branch line which will connect with the main Iine of 
the Kansas City Southern at Ashdown, Arkansas. At present the easiest 
way to reach the property is by rail from Little Rock to Cooley’s Cross- 
ing, via Prescott, which is about 6} miles from Murfreesboro, the latter 
distance being covered by wagon. 

The history of this Arkansas discovery presents several interesting 
features. First mention of this locality was made as early as 1842, 
but no report of any accuracy was made until 1890, when the region, 
including the voleanic area, was mapped and reported on by John C. 
Branner, who at that time was State geologist. In this report Branner 
mentions that the rock resembled closely the diamond-bearing rocks of 
South Africa. No more notice was taken of this area until 1906, when 
John M. Huddleston, who had in the meantime purchased the property 
on which the greater part of the diamond area lies, found the first 


2 Cocotte de nap y reins 8, April 15, 1909, 251-254. 
Arkansas, ‘Annual Report for 1800. 
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diamond on Aug. 1, 1906.1 This was a white stone of 44 carats. On the 
afternoon of the same day a second diamond was found by Mr. Huddle- 
ston, who, suspecting that he had found something valuable, although 
he did not know just what, sent the stones to C. S. Stifft, a jeweler of 
Little Rock, who pronounced them to be true diamonds. Mr. Stifft, with 
several friends, secured options on the Huddleston tract and on consider- 
able other laud adjoining, thus gaining control of by far the greater 
part of the igneous area. The company thus provisionally formed, 
secured competent professional advice, and on the strength of the reports 
that were made, the Arkansas Diamond Company was incorporated. 

The matrix of the diamond is a rock which has been described 
by the late Prof. Henry Carvill Lewis as ‘‘a porphyritic volcanic perido- 
tite of basaltic structure,’’ which is named kimberlite.? This peridotite, 
or kimberlite, is more popularly known in South Africa as ‘‘blue 
ground.’’ The use of the term ‘‘blue ground”’ in connection with this 
rock is misleading. Many people are deceived by this term and take it 
for granted that the diamonds occur in a soft clay soil, or ground which 
presents little difficulty or expense to wash and concentrate. This is 
not the case. The origin of the term ‘‘blue ground”’ is interesting. Like 
most peridotites, the greater number of the ‘‘diamond-bearing perido- 
tites’’ show marked changes on exposure to the atmosphere and ‘‘ weather 
in place’’ to considerable depth. The fresh peridotite is as a rule of 
a bluish green color, which changes on weathering to a dull grayish 
green or yellowish green. During the process of weathering, the rock 
disintegrates to a great degree and can easily be pulverized between 
the fingers. It is then, properly speaking, when in this condition, a 
“‘ground’’ and not a rock. This yellow disintegrated peridotite being 
naturally the top portion of the mass, was the rock in which the dia- 
monds were first found and became known as ‘‘yellow ground.’’ In 
time the ‘‘yellow ground’’ was mined out exposing the hard undecom- 
posed blue peridotite beneath, which was called in contra-distinction by 
the early miners ‘‘ blue ground.”’ 

The diamond-bearing peridotites of South Africa occur in what is 
there locally known as a ‘‘pipe,’’ which is the neck, vent, or stock, of 
an old volcano, or dike, filled up solid with the diamond-bearing rock 
and extending to unknown depth. The Arkansas peridotite has been 
demonstrated to be in every essential similar to the diamond-bearing 
peridotites of South Africa, and the most essential characteristic, the 
actual finding of diamonds within its mass, is fulfilled. 

I have heard it said, and seen it written, that this Arkansas peridotite 


1 Am. Journ. of Science, G. F, Kunz and H. 8. Lo aa Vol. XXIV, Sept. 1907, pp. 275-276. Trans. A. I. M. E. 
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shows marked differences from the peridotite of Africa. When it is 
realized that from the same pipe in Africa a dozen or more different 
hand specimens of peridotite can be taken, no two of which resemble each 
other either in inclusions or physical appearance, the folly of attempt- 
ing to find differences in this Arkansas pipe from hand specimens brought 
from the African pipes, is evident. The only way they can be com- 
pared is to compare the masses as a whole, and by this method of compari- 
son I can see no radical difference either in formation, occurrence or in 
the character of this peridotite from those of South Africa. That the 
Arkansas peridotite occurs in a pipe similar to its occurrences in South 
Africa has also been sufficiently demonstrated, by means of bore holes, 
to be accepted as a fact. The peridotite of the Arkansas pipe, as is also 
true of the South African pipes, varies considerably in hardness over 
different parts of the pipe. In most cases the rock will disinte- 
grate readily after a few months’ exposure to the atmosphere. . The 
softer varieties, which are comparable in hardness when fresh with 
ordinary sandstones, ‘‘weather in place’’ to depths varying from 20 to 
60 ft. and form the famous ‘‘yellow ground”’ of the South African mines, 
The harder varieties of the peridotite, which may and do occur in the 
same pipe with the softer variety and which are known as ‘‘hardibank,”’ 
are of an entirely different nature. No amount of exposure to the atmos- 
phere will have any practical effect on this rock. In hardness it is equal 
to the hardest quartzites, and to be concentrated at all, it must first be 
crushed by powerful crushers. This variety does not weather in place 
to any extent, and forms the hard outcrop which first drew the attention 
of geologists to the Arkansas pipe. 

A roughly elliptical area represents approximately the peridotite pipe, 
as known at present. The major axis which lies in the northeast-south- 
west direction, is about 2400 ft., while the minor axis is about 1800 ft. 
The area covered is approximately 60 acres. On a line which lies prac- 
tically through three hills, known as the West, Middle and East hills, 
are the outcroppings of the hard peridotite referred to as hardibank. 
To the south of these hills the ground falls away gradually to the Little 
Missouri river. This south slope on the volcanic area is composed of a 
much softer peridotite than that of the hills. It has here weathered in 
place to a depth which may reach 60 ft., and is known to be weathered 
for at least 20 ft. This portion of the area which is also the largest por- 
tion, being at least 35 acres in extent, can be excavated easily without 
or with a minimum use of explosives to a depth of at least 20 ft. I esti- 
mate that there is at least 1,500,000 cu.yd. of this material that can be 
easily and cheaply mined. Overlying the greater part of the whole 
area to a depth which does not exceed 1 ft., is a black vegetable soil 
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locally known as ‘‘gumbo.’’ This soil contains some peridotite and a 
mixture of other rocks and soils brought in by the surface waters. A 
number of diamonds have been found in this soil which were undoubt- 
edly derived from the underlying peridotite. 

The operations to date have consisted chiefly of haphazard experi- 
mental tests of the peridotite from various places on the pipe. These 
tests were roughly made with inadequate washing machines, and the 
chances are that as many diamonds were lost in the tailings as were 
recovered. Considerable work has been done in the way of clearing up 
the area of stumps and gumbo and plowing loose the weathered perido- 
tite. During these operations a large number of diamonds were picked 
up by chance by the workmen. The number of diamonds found in this 
way is remarkable and is an indication of considerable richness. Three 
bore holes have been put down with a diamond drill on the pipe area 
to depths of 79, 184 and 205 ft. These holes are in the peridotite for 
the entire distance sunk. 

Toward the end of 1908 all work on the property was suspended until 
such time as a complete mining, washing and concentrating plant can 
be designed and erected, when mining on a large scale will be undertaken. 
The total number of diamonds recovered from this area up to the end 
of 1908 by chance finds or concentration is 540. Of these 540 stones 
505 weighed 217 carats, or an average of nearly 4 carat per stone. The 
largest stone so far found weighs 64 carats. Most of the stones found 
are white, while a few are yellow or brown. A large number of these 
stones are of good water and of remarkable purity, many being of finer 
quality than African stones. Three of those found have been cut 
and have yielded beautiful gems which have been valued at from $60 
to $175 per carat, with an average value for the three of $104 per carat. 
Taking a parcel of rough, unsorted stones from this pipe it will easily 
average $10 or more per carat in value at the present prices of diamonds. 
This average equals that of several of the large producing mines of 
Africa. 

The engineer who is called upon to report on an undeveloped diamond 
mine has the serious obstacle to confront that he can make no definite 
statements or figures as to what average may be expected from the 
working. It is impossible to make assays of a diamond mine. Bore 
holes give only indication of the nature of the peridotite and tell nothing 
of its richness. The only way that a definite statement of values can be 
made is actually to mine, wash and concentrate at least 50,000 cu.yd. of 
the rock. The greater the amount the more accurate will be the result. 
Test runs from certain parts of the Arkansas pipe indicate at least 0.21 
carat per load of 16 cu.ft., which may be considered an excellent 
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average if it can be maintained. In many ways the Arkansas pipe has 
decided advantages over the South African mines. There is an abundant 
and nearby supply of water and timber. Fuel and mining supplies 
are comparatively cheap. Mining should be done here at a cost which 
would be unattainable in Africa. 


WEIGHT IN CARATS AND COLOR OF THE FIRST 75 DIAMONDS FOUND 
IN THE ARKANSAS FIELD 


No. Weight Color No. Weight. Color 
1 2 a Brown 
2 2 it brown 40 Brown 
8 te 41 Green 
4 1 te 42 Brown, found im screen 
1k = ool found ta dy 
te 
7 vr White = 
8 White “4 Diamond in rock 
10 Light bro | 2 oman 
t wo 
ll Y 47 2 Brown 
12 Yellow 48 White 
13 Cloudy brown 4y White 
14 Cloudy white 50 White 
15 Dark 51 White 
7 Bort = a White 
t w 
i i sr 
te 
20 Light brown 56 i White 
21 t 57 oS White 
2 About $ 58 Yellow 
a | oh Silver 80 Yalow 
ver cape 
25 61 - Brown 
26 62 Brown 
27 Yellow 63 Brown 
23 t yellow 64 Brown 
29 vi 65 Brown 
30 White 66 ard Brown 
31 White are dia- . 
22 White 67 | monds 
33 White 68 14-7¢s } found in Brown 
“a White two pieces. 
35 White i] Brown 
36 ye White 70 to pieces bort. Total 
37 White 75 weight 24 carats. 
38 Yeh White 


RuBIEs. 


The reports of the Burma Ruby Mines for the year ending Feb. 
29, 1908, show a total output of 2,033,666 truckloads of ruby earth,— 
considerably more than in any previous year—at a cost of 7.6d. per 
load; the net profits were $18,906,—both somewhat less than in 1907, 
though more than in 1906. The company pays the government a rent 
of 200,000 rupees (£13,400), plus 30 per cent. on all further profits, 
both from regular working and from royalties in excess of 200,000 
rupees paid by native miners. 

Owing to the depression in the gem-market, and with a view to restrict 
the output, the company had entirely stopped night work, from the first 
of February, 1908, and the wages of the coolie laborers, as well as all 
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other expenses, were reduced as much as possible. As precautionary 
measures, the payment of the semi-annual rent due the government 
on Feb. 29, 1908, was with official consent, deferred for the present, and 
the usual dividend was postponed until trade conditions should improve, 
although the output for the past year had increased, and the cost some- 
what diminished. An important work in connection with the mining 
operations, the Mogok Valley drainage tunnel, is reported as nearing 
completion. 


OTHER STONES. 


Turquoise.—Edward R. Zalinski has published in Eng. and Min. 
Journ., Oct. 31, 1908, a description of the turquoise occurrences in Grant 
county, N..M., and particularly of the Azure mine, thus far the most 
important. The rock of the immediate region is biotite-granite, intruded 
by masses of andesite-porphyry, and both traversed by dikes of mica- 
andesite. The granitic uplift, which formed the Burro mountains, was 
post-Cretaceous, but earlier than the great volcanic activity of the 
Tertiary, to which period may belong the later andesite dikes. The 
granite is much altered and kaolinized near the andesite masses, and 
it is in this altered portion that the turquoise mainly occurs. The Azure 
mine itself is in a well-defined vein or zone of alteration, about 50 ft. 
wide, with distinct walls; and the turquoise appears in two forms, as 
nodules or concretions in kaolin, and as veins filling cracks in the altered 
granite. Its quality varies much, and only the best is shipped away; 
but some of this is equal to the best Persian material, and the total output 
has reached a greater amount than that from any other group of mines. 

Burmese Jade.—A full and very valuable account of the occurrence 
of jadeite in Upper Burma has been given by A. G. W. Bleeck, present- 
ing an interesting theory of the origin of this mineral.’ He visited three 
localities where it occurs, in the Myitkyina district, but dwells chiefly 
on that at Tammaw, about 50 miles northwest from the Burma railway, 
where the jadeite is quarried in place, and not obtained (as elsewhere) 
from boulders. The rocks are described in detail, and their relations 
strikingly presented. The jadeite occurs in a great dike, plainly igneous, 
traversing a ridge of serpentine, flanked by ‘‘crystalline schists,’’ altered 
from igneous rocks. The dike gives evidence of some remarkable modes 
of differentiation in the magma from which it was formed, and of subse- 
quent alteration. It now consists mainly of jadeite and albite, the 
latter flanking the former on both sides, and passing into it by mixture. 
Actinolite and some other minerals are also present, and their relations 
are carefully studied; but the mineral of prime importance is the albite, 


1 **Jadeite in the Kachin Hills.” Records, Geol. Survey of India, Vol. XXXVI, part 4, 1908, pp, 254-285. 
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which is also known elsewhere in association with jadeite, and is the only 
feldspar so associated. Some occurrence of nephelite is also noted. 

The genesis of the jadeite is then taken up, forming the most interest- 
ing part of this important paper. Mr. Bleeck reviews previous theories 
as to the jadeite-albite rock, and gives his own conclusions very clearly 
and forcibly. With Noething, the only other geologist who had studied 
the actual occurrence, he considers it clearly an igneous intrusion, and 
refers to the penetration of small veins from the main dike into the 
country-rock. After much discussion of the magma, whence the dike 
and, in his judgment, some of the adjacent rocks were derived, Mr. Bleeck 
presents the view that the dike originally developed as a mixture of 
albite and nephelite, and that a subsequent intrusion of granite, which 
altered the basic rocks into the ‘‘crystalline schists,’’ caused a change 
also of the nephelite-albite to a jadeite-albite. From comparison of a 
series of analyses, the striking fact is shown, that ‘‘one molecule of 
nephelite plus one of albite are equal to two of jadeite (Na Al Si O,+Na 
Al Si, 0,=2 Na Al Si, O,), and that such an alteration, affecting the 
mineralogical, but not the chemical, constitution of the dike, is perfectly 
possible. The microscopic structure of the rock shows that it has under- 
gone intense pressure since its original development; and jadeite is a 
mineral of high density (3.2) in the pyroxene group. The general con- 
clusion, based upon a great array of observations and data, is expressed as 
follows: ‘‘That the jadeite-albite dike . . . originally developed under 
normal conditions as a nephelite-albite rock. As neither albite nor 
nephelite possesses heteromorphic equivalents which could crystallize 
under anomalous conditions, metamorphism cannot alter either of these 
two minerals . . . independently of the other.’’ But the combination 
of one part albite and one part nephelite, yields jadeite, which could 
thus be produced by metamorphism under great pressure. 

The other Burman occurrences of jadeite are as boulders, some in 
the beds of streams, and some in a conglomerate of Tertiary age, as 
shown by associated beds containing Miocene plant-remains. Whether 
these boulders came from the dike at Tammaw or from other unknown 
outcrops, has not been fully determined, although the former is probable. 

Opal.—Australia, that land of surprises in the domain of natural 
history, as well as in that of mineralogy, has given us many forms of 
opal during recent years. First, the wonderful specimens that are 
found in the brecciated ironstone which was filled with large, wonderful 
white, blue, and blue-green opals. Then again, there are the opals found 
in the Wilcannia White Cliffs, New South Wales district, where the 
most beautiful white noble opals frequently reproduce the vertebrae and 
other bones of animals, markings in wood, marine shells, etc.; here a 
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mineral resembling gypsum or gaylussite, is also found. The pine- 
apple opal, as it is termed, sometimes occurs in nodules the size of a 
man’s fist. 

Until within the past few years, black opal was exceedingly rare. It 
was supposed to bring ‘‘ good luck’’ to its wearer and for this reason, as 
well as for its beauty, it has always been highly prized. During 1906- 
08, however, a quantity of black opal, of a velvet-black in general effect, 
but permeated with a rich display of red, green, blue and purple, was 
discovered at the Lightning Ridge mine in New South Wales. Gems 
- weighing 100 carats were taken from there, and a quantity of material 
has been obtained and formed into specimens which have found their 
way to the gem markets of the world. The opal field is situated in close 
proximit¥ to the Queensland border and is said to have an extent of 25 
miles. 

Formerly the name ‘‘black opal’’ was often erroneously bestowed 
upon matrix opal, a material consisting mainly of veins of opal in the 
matrix rock; but the true black opal, such as is found at Lightning 
Ridge, is composed entirely of opal. The material occurs as nodules 
in the rock and varies much in quality. It frequently happens that 
fine specimens cannot be utilized for gem purposes because of exten- 
sive flaws, or ‘‘sand spots’’ as they are called, which traverse the stone 
in different directions. 

In 1906, opals to the value of £8000 were secured from the Lightning 
Ridge fields and the worth of the total output there is nearly £50,000. 
Cut stones have sold for from $5 to 50 and more per carat, the higher 
prices being for very choice pieces owing to their novelty and present 
rarity. 
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GEMS AND PRECIOUS STONES. 
By Dovueras B. Srerrert. 


INTRODUCTION. 


Features of the precious stones industry during 1909 were the large 
increase in output of turquoise and turquoise matrix, variscite, 
tourmaline, and chrysoprasc, and the discovery of a new and prom- 
ising emerald prospect in North Carolina, of new variscite and tur- 
quoise deposits in Utah and Nevada, and of a vein of delicately 
colored rhodonite in California. Blue and green matrix stones 
increased so greatly in popularity that over 17 tons of rough tur- 
quoise and 3} tons of variscite were mined to supply the demand. 
Variscite has now nearly gained a permanent place for itself in the 
popular demand and is to a certain extent displacing the poorer 
srades of turquoise matrix. <A. large increase in the output of tour- 
maline was probably caused in part by the increasing demand for 
the pink variety by the Chinese merchants in the southern California 
cities. AA new emerald prospect has been discovered in North 
Carolina near a locality where two emeralds are reported to have 
been found some years ago. Crystals from the new find have yielded 
very promising gem material. 

Several new trade names have been applied to minerals and rocks 
recently adopted for use as gems. Among these names are ‘“apri- 
cotine” for yellowish-red quartz pebbles, ‘‘creoline” for a purplish 
epidotized trap rock, “verdolite” for a talcose dolomitic breccia 
rock, “‘wabanite”’ for a banded cream and purplish chocolate slate, 
“carmazul”’ and “chrysocarmen”’ for certain copper-ore gems, and 
‘chalehihuitl” for the beautiful calamine obtained from Mexico. 
Some of these stones are sufficiently beautiful to be used in good 
srades of jewelry. All of them should fill needs in arts and crafts 
work. A number of other such minerals and stones have been cut to 
which no special names have been applied; they are described under 
he heading “ Miscellaneous gems.”’ 


| AGATE. 
ARIZONA. 


Specimens of chalcedony or agate and jasper from Mohave County 
vere very kindly furnished by Mr. John F. Gross, of Mineral Park, 
Ariz. Mr. Gross states that they were found over a stretch of coun- 
ry 2 miles long, about 18 miles southwest of Kingman. These min- 
rals were found on ‘‘malpais’”’ mesa land and the hillsides above, 
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The chalcedony occurs in mamumillary masses up to an inch in thick-— 
ness. It ranges in color from translucent gray to reddish and brown. 
The mammillary lumps are banded, and where some of the layers are’ 
stained with iron oxide would make very pretty agates. Some of the- 
rounded surfaces are glassy and resemble hyaline opal. The jasper 
is sunilar to that found in many places in the Southwestern States, 
It ranges in color from reddish-gray to various shades of red, purplish, 
and black, or Lydian stone. Some of the lighter specimens show a _ 
mottling in color. None of the material from this locality has been | 
sold, and no regular work has been done on the deposit. . 

Specimens of opal and chalcedony were also very kindly sent to the — 
Survey by Mr. Ross I. Blakely, of Kingman, Ariz. These specimens | 

‘ume from the western slope of the Aquarius range of mountains in 
the southeastern part of Mohave County, about 10 or 12 miles from . 
Owens post office on Big Sandy Creek. Mr. Blakely describes the — 
country as very rough with high ridges and deep canyons. The 
formations are limestone in porphyry or granite. The opal occurs | 
in many layers, like a bedded formation along a hillside. No gem 
or precious “opal had been found, though only the surface had been 
prospected. ‘The specimens prov ided consisted of seams and nodules _ 
of opal and chalcedony. The a varies from translucent white to. 
eray, yellowish, and blue or bluish-green. The chalcedony is gray 
with some grading into carnelian red. ‘and into opaque red jasper. A 
little moss- ‘agate marking i is present In some specimens. It is uncer 
tain whether part of the material should be classed as opal or ag 
chalcedony. It is probable that this deposit will be tested by Mr 
Blakely. 
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COLORADO. 


Fancy agates suitable for gem and specimen material have beeny 
obtained in some quantity by Mr. J. D. Endicott, of Canon Cita 
Colo., from the Curio Hil locality and the Dinos: aur beds near Cano ® 
City. These agates cut very prettily and are in some demand 
Some of the blue chalcedony from Thirty-one Mile Mountain was also~ 
obtained for cutting. 


WASHINGTON. 


Dr. O. C. Farrington, of The Field Columbian Museum, of Chicago, 
reports that dealers at the Seattle Lexposition sold a considerable 
number of fossil brachiopod and nautilus shells replaced by white ane 
brown chalcedony. It 1s said that these fossils were obtained from 
the San Juan Islands, Washington. 


INDIA. 


The occurrence of carnelian and agate in India has been described 
by P. N. Bose.¢ The deposits are in the vicinity of Ratanpil 
Damlai, and Dholikuva in the Rajpipla State. The carnchans a 
agates are found as fairly well rounded pebbles and cobbles, call 

“akik, ” in the conglomerates of the upper group of the Tertia 
Sy stem. These pebbles have evidently been derived from the dist 
tegration of former trap beds in which they formed geodes and veins. 


@ Rec. Geol. Survey India, vol. 37, pt. 2, 1908, pp. 176-190. 
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The akik pebbles are generally 2 or 3 inches in greatest length. The 
gem-bearing beds are worked by pits ranging in depth from 20 to 70 
feet with drifts from the bottom. These pits are worked during cold 
weather only and can not be operated a second season, as the walls 
cave in badly during wet weather. New pits are sunk each season at 
a safe distance from the old pits. With better facilities for handling 
the water encountered in the pits the work could be carried deeper, 
to the most valuable “‘akik” beds immediately beneath the conglom- 
erate bed, which would probably be sufficiently firm to form a good 
roof for the galleries. 

The agates fresh from the mines are light colored and generally 
have a slight milky tinge. The colors are brought out and intensified 
by baking, by which the maize-colored stones gain a rosy tint, the 
darker yellow varieties become pinkish purple, the orange-colored 
stones become red, and the cloudy brown and yellow banded agates 
become red and white. Pure white agates are rare. The red carne- 
lians range in tint from the faintest flesh color to the deepest blood 
red. The best stones are those of a deep clear even red color and free 
from flaws. The agate pebbles are chipped when mined and again 
after baking to determine their quality and value. 

The carnelian deposits of this region have been worked for more 
than four hundred years. The stones were cut and worked into such 
omaments as cups, vases, knife handles, beads, etc., at Limodra, in the 
earliest times. This industry was transferred to Cambay during the 
seventeenth century and has continued there until the present time. 
The carnelians are still baked and sorted at Limodra. The produc- 
tion of carnelian and agate during the five years from 1902 to 1906, 
as reported to the Geological Survey of India, amounted to 100,000 
cubic feet, or 20,000 cubic feet annually. The production recorded 
during the five years ending in 1878 was valued at £7,000 annually. 


AMETHYST. 
NEW JERSEY. 


According to Mr. Frederick A. Canfield, of Dover, N. J., about a 
{dozen amethyst crystals found at Paterson, N. J., were cut during 
1909. These yielded stones ranging in weight from 1 to 8 carats. 


MARYLAND. 


| Prof. A. Bibbins, of the Woman’s College, Baltimore, has called 
attention to the recent discoveries of amethyst crystals at Granite, 
Baltimore County, Md. Some of the crystals are reported to have 
yielded very good gems. 


APOPHYLLITE. 
NEW JERSEY. 


Mr. Frederick A. Canfield, of Dover, N. J., reports the collection of 
‘about a quarter of a pound of rich brown apophyllite crystals with a 
fine white chatoyant luster. This apophyilite came from the new 
Erie Railroad cut through Bergen Hill, N. J. Mr. Canfield believes 
the specimens would make good cat’s-eyes if properly cut. 


742 MINERAL RESOURCES. 
BENITOITE. 


CALIFORNIA. 


An excellent description of the new California gem mineral, beni- 
toite, has recently been given by G. D. Louderback, of the University 
of California.? ‘The locality was visited during the summer of 1909 
by the present writer, and every facility was given for the examina- 
tion of the deposit by the Dallas Mining Company through the kind- 
ness of Mr. Thomas Hayes, at that time acting superintendent. The 
following description has been abstracted in part from Doctor Louder- 
back’s report and notes supplied from personal observation have 
been added. 

The difficulty mentioned by Doctor Louderback in learning who 
was the original discoverer of the benitoite property was encountered: 
by the writer. It is evident that J. M. Couch, of Coalinga, grubstaked 
by R. W. Dallas, was instrumental in finding the deposit. Whether 
he discovered it while out alone or on a second trip with L. B. Ilawkins 
of Los Angeles, 1s a point in dispute. Material taken to Los Angeles 
by Mr. Hawkins was pronounced volcanic glass and _ valueless, 
According to Mr. Couch, specimens given to Ilarry U. Maxfield, of 
Fresno, were shown to G. Eacret, of Shreve & Co., San Francisco 
and to G. D. Louderback. Specimens cut by Mr. Eacret were thought” 
to be sapphire. Doctor Louderback found the material to be a new” 
mineral and named it benitoite® after the county in which it wast 
found, 

The benitoite mine is in the southeastern part of San Benito) 
County, near the Fresno County line. The deposit is about 35 miles: 
by road northwest of Coalinga in the Diablo Range, about three 
fourths of a mile south of Santa Rita Peak, and on one of the tribue 
taries of San Benito River. The elevation of the mine is about 
4,800 feet above sea level; the elevation of Santa Rita Peak is 5,16 
feet. The mine is in the end of one of the branching ridges from the 
south side of Santa Rita Peak. The end of the southward extension 
of this ridge is a low knob about 160 fect above the creek. Thisy 
knob is called the apex, and from it a small spur extends to the west 
down to the creck. The benitoite mine is in the south side of this” 
spur, about 50 feet lower than the apex and 250 feet west of it. 

The benitoite deposit occurs in a large area of serpentine which} 
extends many miles northward past the New Idria quicksilver miné@ 
and a few miles southward, and forms the summit of an anticlinal 
ridge pitching down to Coalinga. This serpentine is of the usual 
type of the Coast Ranges and presents different phases from hard 
dark-green and greenish-black material to softer lighter-colored roel 
containing more or less talecose and chloritic minerals. Slickensid 
seams and lentil-shaped blocks and masses are common through thi 
serpentine, much of which is decomposed near the surface and break 
down to light grayish-green soil which has a greasy feeling whel 
rubbed between the fingers. Inclusions of masses of schists and other 
rocks of the Franciscan formation occur in the serpentine. These 


* 


a Louderback, G. D.,and Blasdale, W.C., Benitoite, its paragenesis and mode of occurrence: Bull. Depi 
Geology Univ. California No. 23, vol. 5, December, 1909, pp. 331-380, 

b Louderback, G. D.,and Blasdale, W.C., Benitoite, a new California gem mineral: Bull. Dept. Geology 
Univ. California No. 9, vol. 5, July, 1907, pp. 149-153. 
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schists may be micaceous or more basic, having common hornblende, 
actinolite, or glaucophane as characteristic minerals. 

The benitoite deposit is located in one of these basic inclusions, a 
portion of which has a somewhat schistose structure, while the rest is 
nearly massive. These phases were probably originally different adja- 
cent formations that have been metamorphosed. Part of the massive 
form is a dark-gray to greenish-gray rock that might be called trap. 
Jn some specimens the following minerals are determinable under the 
microscope: Augite, plagioclase crushed and recrystallized and con- 
taining clinozoisite prisms, secondary albite, yellow serpentine, and 
a little titanite and pyrite. The rock is therefore a partly metamor- 
phosed diabase or gabbro. The more schistose phases are grayish- 
blue to blue and grade into vein material. They are composed of one 
or more varieties of hornblende, some partially chloritized, with 
albite, and, near the vein, with natrolite. The hornblende occurs in 
minute needles, felted masses of needles, blades, and stouter prisms. 
These have a bluish to yellowish green to nearly colorless pleochroism, 
and are in part probably actinolite and in part glaucophane or allied 
hornblende. The natrolite fails and the albite is also less abundant 
in the hornblende rock at some distance from the vein. 

The vein is a highly mineralized shattered zone in the schistose 
rock. The fractures and joints with the vein filling are about 
parallel with the schistosity of the rock, which averages nearly east 
and west in strike with local variations and has a varying dip of 
20° to 70° N. A sketch map of a small area on the benitoite mine 
hil giving the outcrops with their dips and strikes and the forma- 
tions encountered in the mine workings shows the schist and gabbro 
inclusion in the serpentine to be quite irregular in shape. The width 
at the mine between the serpentine walls is about 150 fect and at a 
distance of 150 feet east of the mine it is only about 90 feet; about 80 
feet farther cast at the apex it is over 100 feet. This schist inclusion 
has been described by Ralph Arnold @ as 150 feet wide at its widest 
point and at least 1,200 feet long. 

The metamorphism of the schist inclusion has been of two kinds— 
first mashimg and sheeting of the original basic rock producing 
)schistosity and opening channels for solutions and then a passage of 
/mineral-bearing solutions recrystallizing and replacing the minerals 
,of the rock with albite. The albite permeated the rock for many 
feet each side of the fracture zone. The conditions of temperature 
jor pressure of the solutions became changed, so that natrolite was 
next deposited. The natrolite did not permeate far into the rock, 
but formed a coating on the walls of the fissures. Neptunite and 
\benitoite were formed with the natrolite at this stage in the fissures 
and openings but did not penetrate the wall rock. This whole 
imineralized zone containing many bands and masses of natrolite 
with gem minerals in the joints, fissures, and open spaces in the 
brecciated hornblende rock may be called the vein. 

The unfilled cavities and seams in the vein zone aided by later 
ae cures and faults has offered an easy passage for more recent 
decomposing meteoric waters. The latter have leached portions of 
hornblende schist along and included in the vein, have removed 
part of the minerals of the vein, and have stained the natrolite on 
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the walls of the cavities and seams with iron and manganese oxides. 
The rock, leached of albite, has a more or less porous texture and ig 
composed principally of fine fibrous blue hornblende and actinolite 

Development work at the benitoite mine at the time of the writer’s 
visit consisted of a large and a small open cut, a prospect drift o1 
tunnel with a crosscut tunnel, and an incline shaft. The large open 
cut or “glory hole’ was 20 to 45 feet wide, 85 feet long, and from @ 
few feet to 35 feet deep; 1t had a north of east direction into the 
hillside. The smaller open cut was to the north side of the entrance 
of the larger cut and at a lower level, 1t was about 60 fect long and 
10 to 15 feet deep. The prospect tunnel was driven 120 feet in a 
direction N. 70° Jé. from the end of the large open cut. The crosseut 
tunnel was 45 feet long and driven to the north at a right angle from 
the main tunnel at a distance of 50 feet from the mouth. Thé 
incline shaft was sunk 35 feet deep from the north side of the open 
cut at about the middle. 

The prospect tunnel cut through the hornblende schist formation 
into decomposed serpentine. The contact was evidently a fault line, 
and near it the serpentine contained much taleose and scaly asbestr 
form material. The fault was directly across the schistosity with ¢ 
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north-south strike and a dip of 45° W. This prospect tunnel encoun= _) 1 
tered a little natrolite (vein material) tn the f ornihie as schist in Its 7 

upper west side, 15 feet beyond the crosscut tunnel, which crossed ¢ t 
small streak of vein material containing a little benitoite about 107%) 6 
feet from the main tunnel. Vein material formed the roof of the 71 
prospect tunnel for several feet near its mouth. The “glory hole® i 
was excavated in a very large pocket or bulge in the vein, a portion” 7) 4 
of which may still be seen along the north wall of the open cut. The = | 


incline shaft was apparently sunk m the lower part of this outcrop 
and did not encounter benitoite. The smaller open cut expose 
ven material with benitoite, which was more plentiful near the east 
end of the cut than at the west end. The vein and the schist in thi 
cut were much blackened and stained with films and seams of man 
ganese dioxide. About 30 feet 5S. 60° I. of the upper end of the 
large open cut a ledge of altered blue hornblende schist outcrop 
»rominently. This ledge also carries a streak of natrolite with 
leh tt. Benitoite has been found in bowlders a few hundree 
vards west of the mine on the hillside and in the ereek. These 
bowlders have evidently rolled from the outcrop on the hill abov 
and probably from near the mine. Doctor Louderback state 
that benitoite has been found for a distance of about 230 feet at th 
surface along the mineral zone and in very small quantity at its ex 
tremes. ‘The writer observed benitoite in place through a distane 
of about 170 feet in an east and west direction. 

The strike of the ledge outcropping to the east of the open cut wai 
about N. 60° W., with a high northerly dip. The strike encountere 
in the tunnel, about 30 feet lower and to the north, was nearly east am 
west with a dip of about 40° N. In the upper part of the face of thi 
open cut the dip was high, about 65° N., and below the middle of th 
face 1t was low, 15° to 25° N. Along the north side of the open eu 
and in the lower cut the strike was about east and west and the ay 
was probably rather low, 20° to 30° N. ‘These measurements do ne 
agree closely with those of Doctor Louderback, especially in regar 
to the dip of the vein. Jointing of the rock and the irregular natur 
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of the vein, however, make accurate measurements difficult. Doctor 
Louderback places the dip at 65° to 69° N., but the dip measured by 
the writer is much lower, probably 15° to 30° N. in the lower part 
of the cut. The evidence for this measurement is found in the 
position of the vein at the outcrop and in the tunnel, of the layers of 

lue schist and natrolite in the end of the cut, and of the ledge along 
the north side of the open cut and in the lower cut. Such a low dip 
would account for the failure of the inclme to cut the mineralized 
zone. The failure might also be due to the pinching out of the vein 
a short distance below the large pocket opened in the ‘‘glory hole.” 
The impression gained by a study of the deposit and by plotting the 
location of the vein where encountered in different places was that 
the deposit consists of an ore shoot pitching to the west and lying 
in a fracture zone in hornblende schist with an irregular east and 
west strike and north dip. This shoot had a lenticular cross section 
with a thickness of more than 25 feet in the thickest part but pinching 
out on the sides. The upper edge of the shoot has been removed by 
erosion. A portion of the lower edge was encountered in the tunnel. 
The eastern extension of such a shoot would have been removed by 
erosion and the western extension would be underground, to the 
north of, west of, and below, the open cut. 

Doctor Louderback mentions the outcrop of spheroidal gabbro 
on the southeast of the benitoite deposit on the hillside. The out- 
crop of rock on the north side of the vein zone, on the summit of the 
ridge, is of a similar nature and has been mentioned above as diabase 
or gabbro. The same rock was encountered in the crosscut tunnel 
40 feet below the surface and 380 feet north of the main tunnel. 
Underground this rock occurred in large loose spheroidal bowlders 
ranging up to several feet in thickness, with large openings between 
them. This material was difficult to mine and required careful 
timbering. The open spaces evidently extended to the surface 
above, as a strong draft of air came through them. ‘Phe spheroidal 
shape of the blocks and the open spaces between them were doubtless 
formed by decomposition and leaching along fracture planes. 

The benitoite occurs with neptunite in crusts, seams, and thicker 
deposits of white natrolite on the walls of geode-like cavities and 
fissures in the hornblende schist. These deposits occur in both 
irregularly shaped masses and in seams with more definite direc- 
tions. They inclose fragments of hornblende schist which has been 
heavily impregnated with natrolite. In some of the inclusions the 
gradation from the hornblende rock containing much natrolite to 
/natrolite contaming acicular inclusions of hornblende is complete. 
The benitoite is embedded in or attached to natrolite, beg in some 
Bence completely, in other places partly, enveloped by it. In the 
latter places the benitoite projects into the cavities along with the 
‘coarse drusy surfaces of the natrolite. Natrolite with or without 
-benitoite and neptunite fills some of the fissures and former cavities 
completely. The benitoite is always in contact with natrolite and 
lhas not been found embedded in the hornblende rock alone. It is 
inmany places attached to hornblende impregnated with natrolite and 
‘is partly or completely inclosed in natrolite on the remaining sides. 
The neptunite is subject to the same relations with the natrolite and 
is, in places, partly surrounded by benitoite. These facts point to 
the same period of formation for the three minerals with the power of 
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crystallization arranged in the following order: neptunite, benitoite, 
and natrolite. 

The benitoite is obtained by breaking open masses of vein rock 
and carefully chiseling or workmg the crystals out of the inclosing 
natrolite. Many gems are injured or ruined by this method. The 
removal of the natrolite by acid has been tried with partial success. 
Large slabs of rock 2 to 3 or more feet across are oer coated 
with natrolite and carrying benitoite and neptunite. The last two 
minerals are either visible on the drusy surface of the natrolite or 
are completely covered by natrolite. The position of the benitoite 
and neptunite is often marked by lumps or a thickening of the 
natrolite crust. By carefully cutting into these lumps beautiful 
crystals are sometimes uncovered. Often the inclosing crust or 
shell of white natrolite can be split from a crystal of neptunite or 
benitoite in two or three large pieces, so that the covering can 
readily be replaced over the aaa Such material makes beautiful 
specimens. Slabs of bluish hornblende rock with a drusy pure 
white crust of natrolite containmg brilliant reddish-black neptunite 
and blue benitoite in fine crystals are excellent for the same purpose. 

The minerals associated with benitoite are described and sen. 
are given in the paper of Louderback and Blasdale. Neptunite is 
titanium silicate containing iron, Manganese, potassium, sodium, 
and magnesium. It oecurs in black to reddish-black prismatic 
crystals of the monoclinic system, the length commonly being several 
times the thickness. It has a prismatic cleavage and the thin 
splinters or powder show a deep reddish-brown color. The hardness 
is between 5 and 6 and the specific gravity 3.18 to 3.19. Neptunite 
is practically insoluble in hydrochloric acid. 

The natrolite, with which the benitorte and neptunite are asso- 
ciated, does not generally occur in distinct crystals of any size. It 
forms massive granular white aggregates of crystallized material with 
curved ridge-like or cockscomb-like groups of erystals and drusy 
botrvoidal masses in the cavities. Natrolite is a hydrous silicate of 
sodium and aluminum erystallizing in the orthorhombic system. 

Other minerals occurring in smaller quantity in the cavities are 
emerald-green copper stain, amphibole needles, albite, aegirine, and 
yslomelane. The amphiboles are actinolite, a variety intermediate 
Weiroon crossite and croeidolite, and a little glaucophane. 

The chemical and physical properties of benitoite and its associated 
minerals have been described by Louderback and Blasdale,? and the 
following notes are taken from their deseription. The chemical 
analyses show it to be an acid barium titano-silicate corresponding to 
the formula BaTiSi,0,. | Benitoite ts insoluble in ordinary acids, but 
is attacked by hydrofluoric acid and dissolves in fused sodium ear- 
bonate. Alone, it fuses quietly to a transparent glass at about 3. 
The color of benitoite is not affected by heating the stone to redness 
and allowing to cool. The hardness is greater than orthoclase and 
less than peridot, or about 64 to 64, and the specific gravity is 3.64 
to 3.67 

Benitoite crystallizes in the trigonal division of the hexagonal 
system. ‘The common forms observed are the base ¢(0001), trigonal 
prisms m(1010), and n(OL10), and the trigonal pyramids p(1011) 
and z(0111). Other forms are rather rare and of small importance. 


a Bulls. Dept. Geology Univ. California Nos. 9 and 23, vol. 5. 
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Of these faces the pyramid z generally has the largest development. 
This gives the crystal a triangular aspect with the corners truncated 
by smaller planes. The prism faces are narrow, though generally 
present. Many of the crystals are naturally etched on one or more 
sets of faces. Such faces are a little dulled or slightly pitted. Beni- 
toite has an imperfect pyramidal cleavage and a conchoidal fracture. 

The mean refractive index of benitoite 1s greater than that of sap- 

hire, and measures 1.757 to 1.804 (sapphire 1.759 to 1.767). The 
Bef iringence is high and the pleochroism very strong. The erystals 
are generally transparent with a pale to deep-blue and bluish-violet 
color. Color variations are common in the same crystal, and the 
change from dark to light blue or colorless may be sharp or gradual. 
The pleochroism of benitoite is pale to dark-blue or purplish and 
colorless. ‘The richest colors are seen when the crystals are viewed 
parallel to the base. The intensity of the blue diminishes as the heht 
ray penetrates the crystal at other angles until perpendicular to the 
base, when the crystal is colorless. Care 1s necessary, therefore, in 
cutting the gem so as to secure the best effects. Pale-coiored stones 
should be cut with the table perpendicular to the base or parallel to the 
vertical axis of the crystal to secure the full color ve es Deeper- 
colored stones may be cut in the same way or with the table in an 
intermediate position, if the color is very strong. By cutting intensely 
colored stones with the table only slightly out of parallel to the base, 
the color may be reduced to a desirable shade. The dichroscope may 
be used to determine the position of the vertical axis and accordingly 
of the base perpendicular to it. When viewed perpendicular to the 
vertical axis with a dichroscope the twin colors or two rays of light 
are very intense to pale blue (depending on the depth of color of the 
crystal) and colorless. When viewed parallel to the vertical axis, or 
perpendicular to the base, the two rays are colorless and remain so 
while the dichroscope is rotated. The color of one of the rays becomes 
stronger as the crystal is rotated from this position. Benitoite crys- 
tals exhibiting two shades of color, as dark and light blue or blue and 
colorless in different parts of the same crystal, may be cut so as to 
show these variations, or sometimes in such a way that the resulting 
color is of nearly uniform intensity. 

Benitoite has been cut as a brilliant, with the step or trap cut, and 
‘fen cabochon.” The brilliant cut is especially suitable to show the 
brilliancy and fire of the gem. The brilliancy is due to the high 
refractive index and the fire or red flash, often seen in dull or artificial 
light is, in part at least, caused by the dispersion of the mineral. Of 
the colors produced by dispersion during the refraction of light in 
benitoite yellow and green are largely absorbed in the colored gems 
so that principally red and violet-colored lights are seen. These 
flashes of colored lights along with the natural tine blue of benitoite 
render the gem particularly beautiful. The step cut displays the 
color of benitoite to advantage, with only slight loss of brillancy. 
Cabochon-cut gems from crystals with color variations or partially 
flawed material have some beauty. 

The size of the gems cut from benitoite range in weight from a small 
fraction of a carat to several carats. According to Doctor Louder- 
back the largest perfect stone so far cut weighs over 7 carats and is 
about three times as heavy as the next largest flawless gem so far 


748 MINERAL RESOURCES. 


obtained. The majority of larger cut stones weigh from 14 to 2 carats. 
The principal production is in stones weighing less than 14 carats. 

The use of benitoite in rings or jewelry subjected to hard wear is 
limited by its comparative softness. The beautiful color, brilliancy, 
and fire of the gem, however, adapt it to other classes of fine jewelry. 
Since the supply of benitoite is thought to be limited and a fairly 
large demand has already arisen for the gem, it is probable the price 
will be kept high, possibly as high as that of sapphire, its nearest 
rival in color. 

So far benitoite has been found at one place only. J. M. Couch, 
one of the original discoverers of the benitoite deposit, has located 
several prespects in formations resembling that at the benitoite mine. 
In one of these, three-fourths of a mile to the north on the east side of 
Santa Rita Peak, cavities lined with natrolite crusts and crystals have 
been found in a bluish hornblende schist rock very similar to that at 
the original mine. The schist near the vein is composed of bluish 
hornblende and actinolite needies penetrating granular masses of 
albite. This rock also incloses crystals of natrolite showing that 
part of it was formed later than or during the crystallization of the 
natrolite. In the cavities the natrolite occurs in simple well-devel- 
oped white columnar crystals up to a centimeter or more in thickness 
and several times as lone. Neither benitoite nor neptunite have been 
found associated with this natrolite. 


BERYL. 
MAINE 


Dr. O. C. Farrington, of the Iield Columbian Museum, of Chicago, 
reports the purchase of a crystal of golden beryl from Poland, Me., 
by the museum. The crystal is hexagonal in form and measures 24 
by tinch. The purchase price was $60. 

Mr. Alfred W. Smith, of the Maine Feldspar Company, Auburn, 
Me., reports the sale of large beryl] crystals and fragments for com- 
mercial purposes. ‘This material was not suitable for gems, but was 
used in the chemical industry. The beryl was obtained during min- 
ing for feldspar. 


COLORADO. 


Mr. J. D. Endicott, of Canon City, Colo., operated the aquamarine 
deposits on Mount Antero, Colo., during 1909, with some success. 
Some good gem material and many good specimens were obtained. 
The deposits have been worked more actively during the open season 
of 1910 and much fine gem material has been obtained. ° 


CALIFORNIA. 


Mr. A. W. Pray, of Escondido, Cal., reports a production of about 
20 pounds of white beryl! and aquamarine crystals from the Hercules 
mine, near Ramona. Some of this material is well suited for cabinet 
specimens, especially that associated with crystallized albite feldspar. 

It is reported that the San Diego Company, of San Diego, Cal.,? 
has cut a number of fine beryl erystals. The largest, a pink stone, 
weighs over 26 carats and is valued at about $400. Other gem 


e Jewelers’ Circ. Weekly, April 6, 1910. 
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beryls cut were blue, white, and yellow, few green stones having been 
found on the company’s property. 


MADAGASCAR. 


Morganite, a rose-colored beryl.¢—In a paper read before the New 
York Academy of Sciences on December 5, 1910, Dr. George F. 
Kunz described some new and remarkable gems which had been 
cut from a rose-colored beryl found in Madagascar. He proposed 
the name ‘‘Morganite’’ for them in honor of J. Pierpont Morgan, of 
New York City. 

The beryl, together with other gem minerals, is found at Maharita 
in the vailey of the Sahatony, an affluent of the Manandora which 
passes along the western slope of Mount Bity, Madagascar. ‘The min- 
erais occur Innumerous Veins of pegmatite which penetrate the alternat- 
ing layers of limestone mica schist and quartzite. The veins are often 
nearly 100 feet thick and consist of quartz, amazonite often in fine 
colors, albite, lithia, tourmaline, lepidolite in deep shades, etc. In 
these veins magnificent crystals of tourmaline, beryl, and kunzite 
have been found. 

The pink bery!—morganite—has also been found associated with 
kunzite at Pala, San Diego County, Cal., in large but pale crystals 
that are sometimes more of a salmon color. At the Madagascar 
locality, however, it was found in magnificent specimens of gem 
quality, some of which weighed 984 carats. Its color is a true rose- 
pink, a pure, clear color, with less of the magenta tint than is found 
in even a pale tourmaline and lacking the lilac of the kunzite. It is 
obtained in larger, finer stones than any other pink gem. When 
exposed to the Roentgen rays the new bery! assumes a brilliant 
cerisc color under a tube of moderately low vacuum with about 12 
or 15 amperes through the tube. When the current is increased 
the brilhancy of the stones increases accordingly. Under the 
mercury light it becomes a pale lilac. 

This beryl was found by Ford® to contain 4.98 per cent of alka- 
lies distributed as follows: Na,O, 1.60; Li,O, 1.68; C's,O, 1.70. Along 
with this unusual amount of alkalies goes a slightly higher specific 
gravity (2.79) and an increase in the mean refreactive index and in 
the amount of birefringence. 


CALIFORNITE (VESUVIANITE). 


The massive compact form of vesuvianite, named californite by 
George F. Kunz? has been found at several localities in California. 
Among these are the Happy Camp region, in Siskiyou County; near 
the Hawkins schoolhouse and near Selma, in Fresno County; near 
Lindsay and near Exeter, in Tulare County; and at two points along 
the Feather River near the Butte-Plumas County Ime. The Siski- 
you and the Fresno County localities have been described or mentioned 
by Doctor Kunz, and notes on the locality near Exeter were furnished 
by Frank L. Hess, of the United States Geological Survey, for this 
report of 1906. The californite deposit m Siskiyou County belongs 


a Am. Jour, Sci., 4th ser., vol. 31, 1911, p. 81. 

bAm., Jour. Sci., 4th ser., vol. 30, 1910, p. 128. 

¢ Gems, jewelers’ materials, and ornamental stones of California: Bull. State Min. Bur. California No. 37, 
1905, pp. 93-95. 
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to D. C.Collierand S. F.Smith, of San Diego. This locality was visited 
during 1910 and will be described in the report for that year. The 
mine near Hawkins schoolhouse in Fresno County has been taken up 
by the Southwest Turquois Company, of Los Angeles. Part of the 
californite from Fresno County has been cut by the Jupiter Consoli- 
dated Jewel Company, of Los Angeles. The prospect near Lindsa 
Tulare County, belongs to C. M. W hite, of Lindsay, and is described 
below. 

The californite from diferent localitics and different specimens 
from the same deposit differ in color. The better material from the 
Collier-Smith mine is translucent gray and ereen, with bright green 
spots through it, and portions of this californite are nearly bright 
erass-grecn. The gem californite from the Southwest. turquoise mine 
has a crass to olive green color; some of it inclines to lemon color and 
has bright emerald green s spots through it. Calfornite from some of 
the localities varies from bright green to white and translucent gray 
or nearly colorless. Specimens m the possession of George C. Mans- 
field, of Oroville, from the Feather River localities, vary “from ereen 
to white, and some are nearly colorless and transpar ‘ent. A cut stone 
of the transparent material very much resembles moonstone, but there 
is a cubilue that it may be massive white lime garnet, ‘similar to 
that from the Fresno County californite locality. This Mhaterial is 
described by Clarke and Steiger? as white and massive, somewhat — 
resembling chalcedony. Specimens of a similar pure white mineral 
with texture and physical properties like those of californite or jade, 
have lately been received from Mr. A. Clausen, of Happy Camp, Cal. 
This mineral was obtained from a bowlder in Indian Creek. It is not 
possible without a quantitative chemical analysis to state whether it 
1s massive white garnet or vesuvianite. 

Californite oreatly resembles jade in color, hardness, toughness, 
texture, and specific ¢ cravity, and when first discovered was mistaken 
for jadcite. It doubtless would be used more largely for this mineral 
by the Chinese if obtained in larger flawless blocks. A lar ge portion 
of the californite from some of the deposits is so divided by joints and 
partings or checked by flaws that it 1s difficult to obtain specimens 
that could be used for carving into larger ornaments as bracelets or 
works of art. The rich color, ‘translucency , and hardness of the min- 
eral, however, render it very attractive for ring or scarf-pm stones, 
beads for necklaces, ete. 

The cahfornite deposit of C. N. White was found in a copper pros- 
pect about 6 miles east of Lindsay. Nearly a dozen small openings 
were made on the south side of the ridge south of Lewis Creek at 
elevations of 300 fect to 500 feet above the plains to the west. The 
country rock is serpentine, cut by a dike of hornblende schist. ‘The 
serpentine is grayish to greenish-black and considerably broken by 
joints and slickensides. ‘Magnesite scams ranging in thickness from 
a fraction of an inch to 2 inches cut the serpentine at all angles. 
White cherty silica or chaleedony seams occur with the magnesite in 
places. The hornblende schist “does not outcrop strongly, though 
the strike is apparently west of north. It is a fine- erained nearly 
black schistose rock, composed of green hornblende and plagioclase 
feldspar. Californite has been found in several of the openings along — 
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with small amounts of copper minerals as chalcocite, malachite, and 
azurite. The green californite grades into pale gray and white 
material of evidently the same substance, with a pinkish color where 
bordering on dark grecnish serpentine inclusions. Blocks of this 
material as large as 2 feet across were seen, and slabs with this pleas- 
ing combination would yield very handsome ornamental stones for 
table tops, ete. The best colored californite is nearly grass-green 
and translucent. Specimens of the lighter-colored and gray varic- 
ties have bright emerald-green spots through them. These green 
patches chipped from the rock were found to contain chromium, 
which is, therefore, doubtless the pigment giving the green color. 
Under the microscope in thin section californite is colorless, has a 
fairly high refractive index, contains only a few minute inclusions 
of short needles, and varying amounts of specks of a highly bire- 
fringent mineral, probably magnesite. Between crossed nicols the 
birefringence is low, giving a dull greenish-brown color. The mass 
is composed of numerous close-fittmg and interlocking irregularly 
shaped grains of this peculiar birefringent material. ‘These grains 
extinguish at all angles as the section is rotated. The exceeding 
toughness of the californite variety of vesuvianite is doubtless due 
to this peculiar interlocking granular texture of the mineral. Vesu- 
vianite grains are scattered through serpentine and through magne- 
site grains and masses, and there seems to be a gradation from 
masses of one to masses of the other. 


CHLORASTROLITE. 


Mr. 8. W. Barton, of Chicago, III., reports a considerable collecting 
and polishing of chlorastrolites by and for the summer tourists along 
the shores of Isle Royale, Michigan, but according to Dr. Alfred Lane 
the quantity found is diminishing and the quality of the chloras- 
trolite gems is poorer than formerly. Mr. Barton states that he has 
also found chlorastrolites halfway between the town of Avitonogan and 
Porcupine Mountain, Michigan, on the beach on the shore of Lake 
Superior, near the town of Lake Linden in a stream, and in the copper 
mines at Mandar. 


CHRYSOPRASE. 
CALIFORNIA. 


Chrysoprase has becn mined at several places in Tulare County, 
Cal. The largest operations have been those of the Himalaya Mining 
Company, of New York. This company has opened mines 8 miles 
southeast of Porterville, three-fourths of a mile due north of Lindsay, 
on Venice Hill 8 miles east of Visalia, and at other points. A. A. 
Prim, of the Franklin Playter Company, of Boston, operated a 
chrysoprase mine on Venice Hill, adjoining the Himalaya mine. On 
a small knob one-half mile north of east of Plano a prospect has been 
opened by A Brooks. This produced mostly chrysopal and com- 
mon opal. At time of examination all of these mines were idle. The 
mine of the Himalaya Mining Company near Porterville was only 
temporarily closed and that of the Franklin Playter Company on 
Venice Hili had been closed only a few months. The other mines 
mentioned have not been operated for several years, 
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The occurrence of ehrysoprase at the different mines is very similar. 
All of the mines are located in hills which are more or less rough and 
rocky on their upper parts and whose lower slopes pass mto the plains 
or prairie country at their base. These hills rise from 150 to 350 feet 
above the surrounding country and belong to the first range of foot- 
hills of the Sierra Nevada Mountains. 

The country rock for the region is serpentine, which is not homo- 
geneous m nature. Different “ty pes of basic rocks have apparently 
been metamorphosed to serpentine, and in some places this metamor- 
phism has not been complete. The serpentine has been more or less 
weathered so that it is sometimes not readily recognized. Other 
types of rock occur but are not important near the chrysoprase 
deposits. Red and brown jasper-like or cherty rock is prominent 
at each mine and appears to be more or less directly associated with 
the chrysoprase deposits, This rock forms the rough outcrops so 
prominent on alt the hills containing chrysoprase mines. ‘These 
Jasper or chert masses are regular in shape and appear to be segre- 
gations in the serpentine. They grade into serpentine and in thin 
section under the microscope are seen to be composed of shattered 
serpentine more or less replaced by and firmly cemented together 
with chalcedony, quartz, and opal. - The serpentine fragments in- 
close and are surrounded by particles of tron oxide, chiefly lnmonite. 
The serpentine around many of these jasper seereg: tions is More or 
less decomposed. 

The chrysoprase occurs in seams and vernlets in the jasper rock 
and serpentine. In many places it is associated with chaleedony 
veinlets and verns. The chalcedony ts associated with finely granular 
crystalline quartz, and these two give place to chrysoprase where the 
necessary grecn nickel stains have been absorbed. The chrysoprase 
consists of chaleedony with a fibrous spherulttic texture grading mto 
fine crystallized quartz with a staining of green nickel salt in the inter- 
stices. Some chalcedony can not be distinguished from finely erys- 
tallized quartz without the use of a microscope, and as the two are 
here closely associated the term chalcedony is used to cover both. 
Common opal in some quantity occurs in the serpentine and jasper 
formations in veinlets and seams very similar to the seams of chalce- 
dony. Some of it is stained green with nickel and is called chrysopal. 
Some of the seams and veinlets of chalcedony and opal with their 
associated chrysoprase and chrysopal occupy regular jomts or fissures 
in the rock and can be traced many yards; others are continuous for 
afew inches only. The veinlets range in thickness from a fraction of 
an inch to two or three inches. Larger vems occur but are not often 
solid chalcedony or chrysoprase. They generally contain more or 
less chert or jasper fillg, with horses or inclusions of wall rock. 
Magnesite occurs In seams and veinlets in the fresh decomposed 
serpentine. 

The association of the jasper masses with decomposed serpentine 
at numerous localities indicates a genetic relation between these two. 
The weathering of serpentine results in free silica, and it is possible 
that the latter in solution has impregnated portions of the rock along 
fracture zones and filled joints and seams. Where impregnation has 
taken place and iron stains were present hard jaspery masses of rock 
were formed. In the joints the free silica would form chalcedony, 
quartz, or opal, and if iron oxides were present in quantity, jasper 


GEMS AND PRECIOUS STONES. Too 


might be produced. Solutions carrying nickel obtained from the 
serpentine would add the necessary coloring to produce chrysoprase 
and chrysopal. Since silica is set free during the alteration of the 
original basic igneous rocks to serpentine, part or all of the silicifica- 
tion of the serpentines Into jasper-like masses and the formation of 
chalcedony and opal veins may have taken place during the original 
formation of theserpentine. The gradation of chaleedony and chryso- 
prase veins into silicified serpentine and jasper wall rock indicates 
that they were formed at essentially the same time. 

Mining for chrysoprase in California is generally confined to open 
work. Where shafts and tunnels have been made they are not deep. 
The walls of the workings are subject to caving or sliding along 
slickenside seams sometimes present. Around some of the chryso- 
prase deposits are shallow pits or depressions and small dumplike 
mounds which resemble the ancient workings of the Aztecs seen 
around the turquoise mines of the Southwestern States. 

The quality of the chrysoprase ranges from poor to the finest, 
depending on the purity and texture of the chalcedony and quartz 
and the depth of the green nickel stains which give the color. The 
finest gem chrysoprase is highly translucent, with a rich emerald 
or grass-green color evenly distributed throughout. Such material 
is often found associated with pale and nearly opaque chrysoprase, 
srading into translucent gray and white chalcedony and quartz. 
‘The nickel-stamed opal, chrysopal, sometimes rivals the best chryso- 
prase in color, but is not so valuable, as it 1s softer and quite brittle. 

The first work on the chrysoprase deposits of Venice Hill is said to 
have been done by Jerome Prethero and R. V. Methvin, of Visalia, 
more than fifteen years ago. These men were prospecting for copper, 
of which the green nickel stains were thought to be an indication. 
The land was owned by Abe McGinnis as a ranch and was next leased 
to L. Tannenbaum to be mined for chrysoprase. Later a portion 
was sold to Tannenbaum and the remainder of the gem-bearmg por- 
tion to the Franklin Playter Company. 

The locality called Venice Hill is composed of a small group of 
hills rising from 100 feet to over 300 feet above the surrounding 
plains. This group of hills is more than 2 miles long in a north and 
south direction and about 1 mile wide. There are two prominent 
hills about a mile apart, with minor ridges and knobs around them. 
The chrysoprase mines are on the southeast slopes of the northern 
hill and about 600 yards apart. The Franklin Playter mine is south 
of the Himalaya mime and about 100 to 150 feet lower. ‘The country 
rock on the northern part of Venice Hill is principally serpentine, 
not homogencous in composition, with large irregular masses of 
cherty rock. The serpentine is badly decomposed in places; one 

ortion is still hard and resembles a partly altered trap rock. A 
arge irregular ledge of quartz nearly 100 feet wide outcrops on the 
western slope of the hill with an east of north trend. The jasper 
or chert rock masses form hard rugged outcrops on the summits and 
ridges and in places have veinlets of quartz, chalcedony, or opal 
associated with them. At one place on the main ridge, west of the 
workings of the Franklin Playter mine, there was a small hole of 
unknown depth called ‘“‘the crater hole” and locally thought to be 
of voleanic origin. Veinlets of chalcedony and chrysoprase are 
reported to have been found extending from this hole outward. 
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This hole may represent a solution channel, but 1t may equally well 
be considered the work of ancicnt miners. Possible evidence of 
aboriginal mining may be seen in other small depressions and accom- 
panying dumps on Venice [ill. 

Pantin Playter mine-—The Franklin Playter chrysoprase mine 
has been opened by nearly a dozen open cuts with some tunneling 
and a shaft 30 feet deep. Some of the cuts are merely trenches or 
crosscuts; others range up to 25 by 50 feet by 20 feet deep. The 
serpentine country rock gives place here and there to large bodies 
of red, brown, and yellowish jasper or chertlke rock. This ser- 
pentine is not homogeneous m texture or color and in places is badly 
decomposed and stained with iron oxides. Small seams of magnesite 
occur in portions of the serpentine as a filling of joints and fissures. 
Veinlets and seams of chalcedony and opal, with or without nickel 
stains, cut the rock in various directions. Some of the veinlets 
prominent in the workings have a northeast trend, though gem 
material is not confined to them. Chrysoprase and chrysopal veins 
and seams occur in both the serpentine a the jasper or chert rocks, 
but they are more plentiful in or near the latter. The jasper and 
chert masses are very irregular in shape and some of them are not 
continuous with depth, for the mine workings have been driven 
under bodies of this rock several feet across. 

In one of the principal workings a streak, 2 or 3 feet thick, of scaly 
tale, with probably some deweylite and soft claylike material was 
exposed. <A large amount of green nickel stain and a vein of common 
opal, several inches thick, without chrysoprase, was also found in this 
streak. This common opal varies in color from colorless to white, 
yellow, greenish, and inete and isof no value. The greater part of the 
other openings were on hard jasper or serpetine rocks, and some of 
them encountered both chrysoprase and chrysopal of fine emerald- 
green color. Gray and white chalcedony and opal veins are plenti- 
ful, and some with pale shades of green are not uncommon. The 
material in the motes is said to change abruptly from chaleedony 
to opal in places, and from the colorless or white varieties to rich 
green gem material. Indications of this were seen in hand speci- 
mens, which show changes both of mineral and of color. The veinlets 
are quite irregular in size and continuity. Some can be followed for 
many feet; others pinch out in a few inches. They range from a 
fraction of an inch to several inches in thickness, though the gem 
veins are rarely more than an inch thick. 

ITimalaya Mining Company mines.—The Himalaya chrysoprase 
mine on Venice Ill was worked by five open cuts ranging from 15 
feet wide by 50 feet long and 5 to 20 feet deep to about 100 feet 
square. The country rock is serpentine, partly decomposed, with 
local developments of jasper or chert masses. The serpentine 1s 
cut at various angles by seams of magnesite, filling joints and cracks. 
Chrysoprase and chrysopal occur in veinlets and veins along with 
the associated chaleedony and opal. One prominent vein with an 
east of north strike and a west dip appears to be traceable through 
three of the open cuts. This vein is composed of jasper, chalcedony, 
and opal, with nickel stains producing chrysoprase locally. In 
places there is no chalcedony, only a jasper streak from a few inches 
to a foot thick. Other streaks of chalcedony and opal with chryso- 
prase have been followed in the workings, in places widening out to 
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masses of milk-white opal 3 or more inches across. Veimlets of 
translucent colorless to pale-green chalcedony are common in the 
serpentine and chert masses. The change from chalcedony and 
chrysoprase to opal may occur within a few inches in the same 
veinlet. The jasper and chert outcrops on the hillside are very 
rough and irregular. They appear to be segregations in the serpen- 
tine, into which they pass by gradation. A microscopic section of 
the red jasper or chert rock shows it to be composed of numerous 
grains of a mineral with low birefringence, evidently serpentine, 
with chalcedony and opal seams and masses filling the interstices. 
The serpentine grains are both surrounded by veins of imonite and 
inclose much of it. The chalcedony has a coarse spherulitic texture 
inplaces. It acts as a siliceous cement, binding the rock into a hard, 
cherty mass. 

The Himalaya chrysoprase mine near Lindsay is near the top of a 
rounded hill about 165 feet higher than the surrounding plains. This 
hill is elongated in a west of north and cast of south direction. The 
mine openings are on the west and southwest side of the summit. 
The workings consist of two open cuts and a few smaller pits. One 
of the open cuts is U-shaped in plan and about 60 feet long by 15 feet 
deep in the deepest part. The bill is composed principally of serpen- 
tine, partly decomposed, with rough jasper or chert segregations. 
Smaller masses of actinclite rock and grano-diorite occur in the hill. 
The serpentine contains abundant magnesite seams in places. The 
cherty masses form very rough outcrops. The chrysoprase and the 
chrysopal occur with chalcedony and opal in seams and veinlets. In 
the opening some green nickel stains were found in the joints of the 
serpentine not associated with chrysoprase. Prominent joints or 
bedding occur in the serpentine parallel with the trend of the hill. 

There are a few small pitlixe depressions or holes and old dumps in 
or near the cherty serpentine outcrops on the south side of the hill. 
These resemble the workings of the Aztecs seen around ancient tur- 
quoise nines in the southwest. On the east side of the summit a bare 
floor of magnesite-seamed serpentine contains numerous rounded holes 
6 to 10 inches across and 6 to 8 inches deep. These holes have evi- 
dently been made to serve the purpose of mortars for grinding grain 
either by the Indians or by earlier inhabitants. Several pestles of 
rounded elongated rocks of hard nature were found near the mortars. 

It is reported that the Himalaya Mining Company also operated on 
asmall scale for chrysoprase on a small knob about 1 mile southeast 
of this mine, or about three-fourths of a mile south of east of Lindsay. 

The Himalaya chrysoprase mine, 8 miles southeast of Porterville, 
has been described in a previous report ® from notes obtained by 
Frank L. Hess, of the United States Geological Survey. Additional 
notes were obtained by the writer during August, 1909, and are here 
combined with the former description. The mine is in a rough ser- 
pentine knob which rises some 350 feet above Deer Creek, half a mile 
' to the north and about 200 feet above the plains on the west. The 
| hill has a north and south elongation with a rough rocky summit. 
The lower slopes are smooth and pass into the grass-covered plains 
around the hill. The workings consist of three open cuts with other 
smaller pits on the southwest slope of the hill and a fourth pit on the 
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west side. The main working is a slightly sinuous cut 180 feet long 
in anorth and south direction and 5 to 15 feet deep. Two other cuts 
about 100 feet above this are 30 feet and 20 feet square, respectively, 
and 10 feet to 15 feet deep. 

The country rock is chiefly serpentine, badly altered in places, with 
segregations of jasper-hke or cherty masses. On the west side of the 
hill where one of the open cuts was made there is an outcrop of dense 
dark-greenish trap, probably a diabase partly serpentinized. The 
fresh ‘serpentine is ‘yellow, yellowish green, or green in color, and is 
compact. The decomposed serpentime is soft and more or less porous 
and in some places stained with iron and nickel. Both the fresh and 
the decomposed serpentine are cut at various angles by seams and 
veins of magnesite ranging in thickness from a fraction of an inch to 2 
inches. The Jasper- -like masses are the usual red or brown hard, 
silicified serpentine. The whole summit of the hill is eovered by hard, 
ragged outcrops of this rock, which mm some places stand 20 feet above 
the “surface of the ground, The rocks are cut by joints and seams of 
chalcedony, w hich have a northerly trend and a vertical to west dip. 
The veinlets of chalcedony range from a fraction of an inch to 6 inches 
thick and occur in both’the chert and the serpentine. Veinlets of 
common opal and chrysopal are also found in the chert and the ser- 
pentine. Chrysoprase occurs, like the chaleedony, in veinlets and 
seams and may change into chalcedony within the space of a few 
inches. The best colored chirysoprase is not often found in veins over 
an inch or two in thickness. In prospect pits along the summit of the 
hill and on the north end little chrysoprase was found, though a- 
small amount of good chrysopal was obtained. 

Brooks chrysopal prospect.—The Brooks chrysopal prospect is on 
the east side of a smal! rounded hill half a mile north of east of Plano. 
A few small pits have been made around rough cherty serpentine 
outcrops. Common yellowish-green opal was found in considerable 
quantity In seams and veinlets. cutting decomposed and cherty sere 
pentine. Chrysopal of good color is reported to have been found, 
On the south ede of the hill are numerous small pit-like depressions, 
with the remains of old dwnps, which somewhat resemble ancient 
workings. 

ARIZONA. 


The blue and bluish-green copper-stained chalcedony from the 
Globe region, Arizona, deseribed as blue chrysoprase in this report for 
1907, is still being cut for gem purposes. ‘This material comes trong 
the Keystone and the Live Oak copper mines, about 6} miles du 
west of Globe. The blue chalcedony, or “silicate” as it is local 
called, was first taken out and a little was sold by Harvey and Fing 
letter, the original owners of the Keystone mine. The gem material 
from the Keystone mine is now handled by the company owning the 
mine through the secretary, IT. P. Wightinan, of Globe, though some 
of it is surreptitiously removed from the mines each year by miners 
and sold to dealers in minerals and gems. The blue chrysoprase 1s 
obtained chiefly from the upper levels of the mines along with the 
other oxidized copper ores. 

The Keystone and the Live Gak copper mines are located in @ 
large area of granite with a porphyritic texture in place. In the Key- 
stone mine the ore occurs along a fracture zone, filling seams and 
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joints and replacing portions of the granite. The blue chrysoprase 
occurs in seams, veinlcts, and globular masses, more or less closely 
associated with chrysocolla. 

Much of the mineral is impure or coatains numerous inclusions of 
the chrysocolla or fibrous radial bunches of malachite. The best blue 
chrysoprase is translucent pure chalcedony with a small amount of 
blue copper stain. This variety has a distinctive color in daylight 
and under lamp light possesses a green color very similar to that of 
regular chrysoprase. The very translucent variety makes a beautiful 
gem. The most common variety of the blue chrysoprase is cloudy 
blue and is translucent only on very thin edges. It may grade into 
the translucent variety or contain inclusions of malachite or chryso- 
colla. In some specimens this opaque variety is very dull and 
appears te grade into ordinary chrysocolla. This type of blue chryso- 
prase does not furnish an especially pretty gem, though a consider- 
able quantity of itis cut. Very pretty cloudhke effects are obtained 
by cutting the stones with a mammullary or botryoidal structure in 
which the different layers of chalcedony have received varying 
amount of coloring matter and are translucent. This is especially 
noticeable when portions of the chalcedony are nearly clear and color- 
less. The poorer grade of blue chrysoprase with the associated 
ehrysocolla and malachite would make pretty ornaments if larger 
pieces were cut and polished. 


DIAMOND. 
UNITED STATES. 


Arkansas.—Conditions in the Arkansas diamond field have been 
well summed up by John T. Fuller,? consulting engineer of the Arkan- 
sas Diamond Company. Only slight progress was made in 1909 in 
developing the mines and prospects because of lack of capital. It is 
estimated that about 1,000 diamonds, weighing about 500 carats, 
have been found on the different properties. The outcrop of two 
peridotite bodies has been definitely determined; other possible 
occurrences of peridotite are being investigated. There are six 

roperties held by incorporated companies and two by individuals. 

he Arkansas Diamond Company, the Ozark Diamond Mines Cor- 
poration, and M. M. Mauney own the peridotite area first discovered. 
The American Diamond Minmg Company holds all of the second 
peridotite outcrop so far located. The Grayson McCloud Lumber 
Company owns a supposed peridotite outcrop at Black Lick. The 
Kimberlhite Diamond Mining and Washing Company and the Ozark 
Diamond Mines Corporation hold two other supposed peridotite areas. 

On the Arkansas Diamond Company property additional prospect- 
ing pits were dug to determine more carefully the area of the peridotite 
outcrop. In August a small diamond washing plant was erected. 
This consisted of a revolving sizing screen, an S-foot rotary washing 
pan, a Hay jig, and a 20-horsepower boiler and engine. The plant 
was erected to study details for a larger plant with a capacity of 1,000 
loads of 16 cubic feet per day of ten hours. At the date of writing 
(March, 1910), about 800 diamonds have been found according to 
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Mr. Fuller. About 25 of these have been cut and found to be excep- 
tionally fine. The cut diamonds, in an exhibition of some of the dia- 
monds at Little Rock, Ark.,? are described as very brilliant, including 
several very fine blues, some pure whites, and two or three perfect 
canaries. Among the uncut diamonds is mentioned a pure white flaw- 
less half crescent shaped stone for which $125 per carat in the rough 
is said to have been offered by a New York dealer. 

According to Mr. Fuller, prospecting with a core drill was carried | 
on by the Ozark Diamond Mines Corporation on the castern part of | 
its property. It is believed that a peridotite dike about 100 feet wide | 
with a north and south strike and 20 to 40 feet below the surface has] 
been located. Very little work has been done on the company’s | 
property on the main area of peridotite. Nevertheless, about 75 dia- | 
monds have been picked up on the 8 acres on this area and the adjoin- 
ing 2 acres of M. M. Mauney. Mr. Mauney has fenced tn his holdings] 
and charges an admission of 50 cents for visitors, who are allowed to 
search for and keep all diamonds found. The Kaimberlite Diamond) 
Mining and Washing Company has prospected tis land 3 miles south 
of east of Murfreesboro by long trenches and shafts 20 to 40 feet deep; | 
a Jarge body of peridotite is claimed to have been located, though no | 
diamonds have been reported. 

An accurate description of the first peridotite formation in which? 
diamonds were found, now largely owned by the Arkansas Diamond} 
Company, has been given by George I. Kunz and Henry 5S. Washing=] 
ton.2 These descriptions are an enlargement of an earlier description) 
by J. C. Branner and R. N. Brackett,¢ with notes on the discovery off 
the diamonds. Since these articles were written there has been |ittle# 
new work of consequence and that has becn ou.iined above from Mr} 
Fuller’s article. It is not probable that new discoveries worthy off 
extended description will be made until the regular development off 
the mine is started. After the larger washing plant. now under wayy) 
has been completed and some thousands of loads of earth have been | 
washed, the diamond content of the peridotite may be determined, 
Deep mining may bring out new relations between the peridotite and) 
the country rock. 

In Branner’s report the southwestern one of the three knobs cross- 
ing the peridotite area is mapped as peridotite on the summit and) 
part of the way down the west side. Kunz and Washington state® 
that this knob is composed chiefly of Carboniferous sandstone. Along 
its summit is an outcrop of a hard ledge of bluish-gray rock resembling? 
volcanic tuff, with a north and south strike and a nearly vertical dil 
This rock contains angular inclustons of eray and dark-colored roeksy 
and has biotite scales through it. Chaleedony is present in seams and 
patches. When examined under the microscope a section showed 
chlorite, biotite, orthoclase, plagioclase, chalcedony, magnetite, gare 
net, and inclusions of a brownish isotropic material, probabty glass 
Such an agglomeration might pass as a voleanic tuff or breccia, but it 
might also be a contact zone between the peridoqite and a graywacke, 


a Jewelers’ Cire. Weekly, April 6, 1910. b 

b Precious stones: Mineral Resources U. S. for 1906, U. S. Geol. Survey, 1907, pp. 1247-1251; and Transv” 
Am. Inst. Min. Eng., vol. 39, 1908, pp. 169-176. 
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in which the latter was fractured and partly absorbed by the perido- 
tite. The ridge farther west is composed of more typical quartzite, 
which forms hard ledge outcrops. 

The occurrence of the peridotite at the mine of the American Dia- 
mond Mining Company’s property, 3 miles south of east of Murfrees- 
boro, was described by A. Il. Purdue,® and an abstract given in this 
report for 1908. At the time of examination (July, 1909) the ground 
on and around the peridotite area at this mine was being stripped of 
vegetation to aid prospecting and development. Several tunnels, 
shafts, and pits had been made. In one of the shafts 36 feet deep the 
very soft decomposed peridotite extended to a depth of 32 feet. The 
nature of the peridotite at this outcrop is practically identical in 
appearance with that of the original area. Some of the less decom- 
posed bowlders of weathering found on the outcrop contain a large 
number of inclusions of black slate and other materials. A thin sec- 
tion under the microscope showed practically the same characters as 
some of the sections cut from the peridotite on the Arkansas Diamond 
Company tract, that is, a brownish isotropic matrix with serpen- 
tinized olivine grains and small amounts of calcite throughout. 

An occurrence of greenish conglomerate rock has led to prospecting 
for diamonds in Howard County, Ark. The deposit in question is 
about 4 miles north of Nashville, in sec. 2, T.9S., Rt. 27 W., on Mine 
Creek. An option on the land has been taken by Messrs. Williams 
and Cobb through Judge W. C. Rodgers, of Nashville. The con- 
elomerate appears to be a rather recent formation cemented together 
by lime. Jt outcrops in the banks and bed of the creek. The rock 
is rather soft and in places the binding material has been partly 
leached out, so that it crumbles easily. The whole formation has a 
green to bluish-green color, and contains pebbles up to 2 or 3 inches 
in diameter of flint, jasper, chalcedony, quartz, quartzite, rhyolite 
or dacite porphyry, and more basic rocks somewhat altered. The 
matrix for the pebbles is a greenish clay containing also sand grains 
similar to those of the pebbles. With the aid of the microscope 
the presence of altered an chlorite, quartz, orthoclase, iron 
ores, and a yellowish mineral, probably epidote, were distinguished 
among the sand grains. The green clayey matrix has a greasy feel 
like soapstone when crushed, probably due to the presence of 
chlorite. 

Under the supposition that this rock has formed in part from the 
wash over a peridotite outcrop, it 1s being tested for diamonds. 
Only a small amount of the rock hed been washed at the time of 
examination and no diamonds had been found. It would be diffi- 
cult to prove that this songlomerate does contain the material 
washed from the surface of decomposing peridotite without a more 
extended study of the geology of the region. It is probable that 
the formation is of rather late geological age and may have been 
laid down in the bottom along Mine Creek only 

California.—-Two diamonds were found durmg March. 1910, by a 
miner named George Stone in the old placer and hydraulic mine at 
Cherokee Flats, Butte County, Cal. These gems were picked out of 
a rocker with which Mr. Stone was mining for gold on the land of 
T. L. Vinton, of Cherokee. <A large stone weighing nearly 2 carats 
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was found first and a smalier stone weighing about half a carat was — 
found about a week later. ‘The nature of these diamonds was not — 
recognized and they were only saved as attractive specimens. The — 
larger stone was sold to T. M. James, of Cherokee, for $10, and the 
smaller one is reported to have been sold in Oroville. The larger 
diamond is a brilliant, perfecily clear, flawless stone with a slight 
tint of yellow. It is a erystal with much rounded and curved faces, 
either a trisoctohedron or hexoctohedron. The weight is said to be 
from 12 to 2 carats. The crystal 1s in the possession of Mr. James’s 

mother, through whose kindness the writer was allowed the privilege 
of examination while at Cherokee. 

The work of the United States Diamond Mining Company under 
the direction of M. J. Cooney has been tempor arily suspended. — 
This puny owns land 1 mile north of Oroville, on which a deposit 
of kimberlite is said to occur, and a portion of worked-out gold 
eae at Cherokee Flats, 8 miles north of Oroville. Many authentic — 
finds of diamonds in the Cherokee Ilats placers are on record; there | 
have doubtless been other finds about which little has been heard. 
Residents of Cherokee state that over 200 diamonds have been found 
which have generally been picked up by parties interested only in 
the gold. Some of these dena Haas come from property now 
owned by the United States Diamond Mining Company. As the 
early work was for gold alone and as no efforts were made to save 
diamonds that might occur with it, there may have been gems enough 
left in the old placers to Justify yrospecting for them. Some of the 
rock formation underlying the C ie Plats is very similar to that 
near Oroville, and the United States Diamond Mining Company is 
preparing to sink a shaft near the old placers. 

After visiting the Oroville-Cherokee Flats region (im May, 1910), 
the writer is ready to hold to the view formerly expressed,* that rock 
formation in the ‘reported diamond pipe near Oroville is practically 
the same as that in tne contiguous country. The portion exposed 
by the washing off of the ov erlying placer deposits has been thor- 
oughly decomposed, forming ¢reenish-biue saprolite. In general 
appearance this saprolite resembles weathered peridotite or kimber- 
hte. Weathering under the porous gravel beds has been extensive, 
making the complete identification of the rock more difficult. A 
careful examination of the less altered portions of the “blue” confirms 
the opinion that it has resulted from the weathering of basic rocks 
quite similar to those outcropping along Feather River in the vicinity 
of Oroville. A more complete discussion of these rock formations 
and their possibilities will be given in this report for 1910. 

indiana.—Oecasional finds of diamonds have been made in the 
region north of Martinsville, in Morgan County, Ind. One of the 
more recent discoveries was in 1908, ie astone weighing about 1 carat 
as reported by R. L. Royse, of Martinsville. Of other diamonds 
found in this region some are still in the possession of residents of that 
region. A small diamond weighing about an eighth of a carat, found 
in the vicinity, is held by the Bradford brothers, of Centerton, 6 
miles north of Martinsville. These diamonds are recovered from the 
pans and sluice boxes of the gold miners, though a careful watch is 
not kept for them. Bronze- colored sapphire that gives a cat’s-eyé 


—— 
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effect when cut cabochon, occasional clear sapphires of variable color, 
and zircon are also obtained from the placers. A clear colorless 
zircon from the placers, with a shght reddish stain on its surface, in 
the possession of the Bradford br others, weighs 4.62 metric carats in 
the rough and should cut into a pretty stone. 

New York.—The Jewelers’ Circular Publishing Company,? of New 
York, has kindly furnished the following information ona reported 
diamond find in Massena, N. Y. Mrs. ee Barbour, now of Farm- 
ington, N. T., claims to have in her possession a stone, pronounced 
by jewelers to be genuine diamond, found in Massena, N. Y., about 
twenty years ago. It is claimed that her husband found the stone 
in blasting some rock from the bed of Grass River during low water, 
on the land of the late Abel Haskell. While the rock was being 
removed after blasting, Mr. Barbour noticed the crystal on a picce of 
rock from which he broke it. The stone was used to cut glass, for 
which it was found quite serviceable. Recently the crystal was 
examined by two jewelers who reported it to be diamond. One stated 
it was worth about $500 and the other that three or four good sized 
stones could be cut froin it. This report has not been verified. 


SOUTH AFRICA. 


Cape Colony.—The twenty-first annual report of the De Beers 
Consolidated Mines ° shows that the operations of the company were 
carried on in a limited way during the greater part of the year. 
The Kimberley, Wesseclton, and Bultfontem mines were operated 
through the year; the De Beers mine was worked only durmg the 
month of July, 1908; and the Dutoitspan mine was closed the w whole 
year. The total production of blue ground at all the mines was 
3,557,975 loads of 16 cubic feet, as against 5,497,782 loads in 1908, 
and the total quantity washed was 4,774, 172 loads in 1909, as 
against 4,965,323 loads in 1908. The Be ‘of “blue” on the floors, 
not including the hard evlinder lumps, was decreased from 9,955,123 
loads in 1908 to 8,738,926 loads in 1909. Though no statement is 

made of the Aeenbcr of carats of diamonds obtained in 1909, esti- 
mates made from the figures given show the output to be very "close 
to that of 1908, which was 1,859,131 carats. The value of the 
diamonds sold and of stocks on hand at cost of production was 
£3,074,912, as compared with £3,354,524 in 1908 and with £6,452,597 
in 1907. The average cost of mining and washing the diamonds 
was materially reduced in all the mines but the Bultfontein. The 
number of carats of diamonds obtained per 100 loads of ‘‘blue”’ 
washed was increased from 37 to 42.1 in the De Beers and Kim- 
berley mines, from 27 to 34 in the Wessclton, and from 32 to 38 in 
the Bultfontein. That the prospects of the company are brighter 
is shown by the fact that the sale of diamonds during the first six 
months of 1909 amounted to over half of the total sales during the 
two preceding years. 

Beiisvadl <The production of diamonds in Transvaal ¢ during 
the fiscal year amounted to 1,929,492 carats, valued at £1,295 296, 
a decrease of 254,998 carats in quantity and of £584,255 in value 


: Personal correspondence dated November 11, 17, and 21, 1910. 
6 Twenty-first Ann. Rept. De Beers Consolid: ited Mines for year ending June 30, 1909. 
ec Ann. Rept. Gov’t Min. Eng., Transvaal, 1909. 
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in 1909, as compared with 1908. The production came from seven 
mines, sundry prospects, and the alluvial diggings at Christiana. 
The last contributed 1,372 carats of diamonds, valued at £4,560. The 
production of the Premier mine @ during the years ending October 
31, 1908 and 1909, are here given. In 1909 7,517,793 loads of 
earth were washed, yielding 1,872,137 carats of diamonds, valued 
at £1,172,578, as compared with 8,058,844 loads washed, yielding 
2,078,825 carats, valued at £1,536,720, in 1908. It is reported ® 
that another large diamond weighing over 191 carats has been found 
in the Premier mine. This diamond is described as a pure white 
stone, absolutely flawless, measuring about three-fourths of an inch 
thick, and tapering from 14 inches to three-fourths of an inch in 
breadth. 

Orange River Colony..—The production of diamonds in the Orange 
River Colony during the fiscal year ending June 30, 1909, is given 
by Burnett Adams as 654,319 carats, valued at £1,048,607, as com- 
pared with 505,452 carats, valued at £1,069,942, in 1908. Tlig 
yield in carats per JOO loads washed was 11.33, as compared with 
10.38 carats in 1908. The average price per carat fell from 42s. 1d. 
in 1908 to 31s. 11d. in 1909. ‘The average price per carat for the 
first part of the year was onlv 24s. 9d., but it rose to 36s. 3d. as the 
market became stronger. ‘The production came principally from 
the Jagersfontein, Koffyfontem, Roberts Victor, New Drickopjes, 
Voorspoed, and Lace mines. The output from the alluvial diggings 
along Vaal River was 3,017 carats, ealted at £11,496, as compared 
with 5,447 carats, valued at £18,217, mm 1908. The three largest 
diamonds found weighed 302, 302, and 26} carats, and were valued 
at from £200 to £170 each. 

German Southwest Africa.---The discovery of diamonds 4 in German 
Southwest Africa was first announced on June 23, 1908, by a tele- 
gram from the governor of the Province. A little later the diamond 
fields were taken over by the Government. On January 6, 1909, the 
trade in diamonds from this colony was regulated by the establish- 
ment of the régie or monopoly. From the time this syndicate took 
charge of the output to October, 273,701 carats of diamonds, valued 
at $1,900,300 were delivered, and the production now amounts to 
about 45,000 carats per month.@ These diamonds are not large, 
though some weighing 174, 102, 8, and 44 carats are reported to have 
been found. The average weigit of the diamonds is about one-third 
of a carat, though stones weighing 1 carat are not rare. The stones 
are of fine luster and transparency, and oceasionally yellow, red, 
green, and blue diamonds are found. It is the aim of the German 
Government to have the stones from the Southwest Africa Colony 
eut by home lapidaries. At present there are sufficient diamond 
cutters in Germany to handle only a small part of the output, and 
some stones are being cut in other countries. 

Three theories have been advanced / to explain the origin of the 
diamonds of German Southwest Africa, namely, that the diamonds 
may be of local origin; that they may have come from former land 


@ South African Min. Jour., March 12, 1910. 

b Jewelers’ Cire. Weekly, July 20, 1910. 

¢ Mines Dept. Orange River Colony, Sixth Ann. Rept., 1909. 

@ Min. Jour., London, March 3, 1910. 

e Diedrich, Henry W., consul-general: Weekly Cons. Repts., May 28, 1910, p. 573. 
f Marlott, R., Min. Jour., London, November 27, 1909. 
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now under the sea; and that they may have come from the Vaal 
River country. 

The rocks of the diamond region are principally gneisses and gran- 
ites. The diamonds may possibly be derived from such formations, 
but it is probable that they have come from pipes of voleanic kimber- 
lite. So far no such rocks have been found in the diamond region. 

The existence of land in Cretaceous times to the west of the present 
coast when the latter was submerged, has been argued as a possible 
source. The diamonds may have come from diamontiferous forma- 
tions in this land and been washed down with the sediments forming 
the Cretaceous sandstones and deposited with them. By a later 
elevation of these sedimenis and by weathering processes the dia- 
monds were liberated and accumulated during the removal of lighter 
and less resistant material by erosion. 

The possibility of the diamonds coming from the Vaal River 
region from which they have been washed by Orange River is 
also argued. The distribution of the diamonds along the seacoast 
would be affected by ocean currents. Although the Vaal River dia- 
mond deposits are some 500 miles away, there are numerous water- 
worn pebbles of agate, etc., found with the diamonds of German 
Southwest Africa that reseinble those found in the Vaal Riverregion. 


SOUTH AMERICA. 


British Guiana.—The exports of diamonds from British Guiana @ 
during the calendar year 1909 amounted to 5,646 carats, valued at 
$39,060, as compared with 4,968 carats, valued at $40,872, in 1908. 
The number of diamonds declared to the Government during the 
fiscal year 1909 is given by Consul Arthur J. Claire, of Georgetown, ? 
as 56,982 stones, weighing 5,189 carats. The same authority quoting 
further from a report by the commissioner of lands and mines says 
that in the early days of the gold-mining industry of British Guiana 
diamonds were often found in the daily clean-ups. Later, in 1890, 
an expedition to the upper Mazaruni in search of gold found diamonds 
in considerable numbers though of small size. ‘The first regular min- 
ing was done in 1900 by the British Guiana Diamond Syndicate 
working on a concession of 2,000 acres on Putareng Creek, a tributary 
of Mazaruni River. “The syndicate has since gone out of existence. 
Still later another company, the Mazaruni Company, took up and 
still works a concession of 5,858 acres in the same district. Diamonds 
have been found on the left bank of Curibrong River, near its conflu- 
ence with Potaro River. Work in this locality was abandoned, as 
the stones were not plentiful and were small in size, averaging about 
i or 15 to the carat. 


AUSTRALIA. 


New South Wales.—The production of diamonds in New South 
Wales* during 1908 amounted to 2,205 carats, valued at £1,358, a 
decrease of 334 caratsin quantity and of £698 in value from the out- 
put of 1907. The total production since 1867 is estimated at 161,880 
carats, valued at £107,503. 


@ Min. Jour., London, January 29, 1910. 
bU.5. Daily Cons. Repts., No. 3636, November 15, 1909. 
¢ Ann. Rept. Dept. Mines, New South Wales, 1908, pp. 53-54. 
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Increased value of the diamond.—With the revival of the trade in 
diamonds during 1909 an advance of 124 per cent? in the wages of 
the members of the Diamond Cutters’ Protective Union was eranted 
by the Diamond Cutters’ Association in New York. This advance 
places the scale of wages a little higher than they were before the 
panic of 1907. It is estimated that the increase would mean an 
advance m the cost of manufacture of about $1.50 a carat on the 
larger sizes and of $2 a carat on the smaller stones. A previous 
advance of 12 4 per cent in wages was made on August 1, 1909. 
There are about 350 diamond workers in New York who receive 
wages of $35 to $75 a week. The Diamond Cutters’ Protective Union 
Is very strict about increasing the number of its members, admitting 
only so many as are needed to meet the requirements of the employers. 
From three to five years are required for a man to become a skilled 
diamond cutter, and with the strict requirements of the union there 
are not many that qualify. 

An increase in the wages of the diamond cutters combined with 
an increase in the value of the rough diamonds sold by the London 
syndicate ? will doubtless be reflected in the price of diamonds to the 
buyer. An increase of 3 to 4 per cent on all rough diamonds con- 
trolled by the London syndicate was made in August, 1909. Consul 
Henry II. Morgan, of Amsterdam,® reports continued increases in 
the price of diamonds from the De Beers mines. Increased values 
are due to the failure of the mines to meet the demand. During 
the times of depression when the output of the mines was limited 
the idle laborers from the diamond mines found employment in the 
gold mines and elsewhere. With a renewed demand for diamonds 
the De Beers company has not been able to secure the labor necessary 
to run the mines on a sufficiently large scale. The largest increase 
in price of diamonds has been placed on stones above three-eighths 
of a earat. With the smaller stones the price could not be raised 
so much on account of competition with the diamonds from the 
Premier mine and from German Southwest Africa 

Along with the announcement of the renewal for five years of 
the agreement? between the De Beers Consolidated Mines (Limited) 
and the diamond svndicate of London comes areportof a working agree- 
ment with the Premier mine. Reports of an agreement between the 
London syndicate and the German régic have appeared and_ been 
denied. Jt is not likely that any agreement has been reached but, 
the German régic will find it advantageous not to turn out too large 
a production of small diamonds. It is probable that a considerable 
number of the German Southwest Africa diamonds are turned indi- 
rectly into the hands of the London syndicate. 

Sale of the Hope and other large diamonds.—During a sale at auction 
in Paris of a number of large diamonds, among which was the Hope 
blue diamond, surprisingly small sums are reported by the Manufac- 
turing Jeweler to have been paid for the finest stones. ¢ 


a Jewelers’ Circ. Weekly, February 9, 1910. d Jewelers’ Cire. Weekly, July 20, 1910. 
b Jewelers’ Circ. Weekly, September 1, 1909. e Manufacturing Jeweler, July 8, 1909. 
e Jewelers’ Cire. Weekly, April 6, 1910. 


GEMS AND PRECIOUS STONES. 765 


Metric carat.—In connection with the Cullinan diamond, atten- 
tion has been called by L. J. Spencer? to the uncertainty that may 
arise through the use of the term carat to express the weight of pre- 
cious stones when that weight varies in different countries. In de- 
scriptions of the Cullinan diamond no less than eight different weights, 
varying from 3,024 carats to 3,253? carats, have been used by differ- 
ent writers. After considering the care used in determining the 
weight of the diamond in the different weighings and making a 
study of the weights and balances used, Mr. Spencer places the weight 
of the Cullinan diamond at 3,025? English carats of 205.304 milli- 
erams. This weight expressed in the metric system is 621.2 grams. 
If the metric carat of 200 milligrams becomes standard the weight 
of the Cullinan diamond would be 3,106.0 metric carats. The 
metric carat weight has been proposed by the International Com- 
mittee of Weights and Measures. In I’rance its use is compulsory 
by law. According to the Berlin Tageblatt,? the Beleian Govern- 
ment has also defined the carat weight to be 200 milligrams. The 
metric carat was adopted by Spain* on March 11, 1908, as the offi- 
cial carat. 

New form of diamond cutting —J. L. Gonard, of Brooklyn, N. Y., is 
reported? to have made an improvement in the form of diamond 
cutting. The table of the stone is given a concave surface, which 
may be obtamed and apolish be imparted by a machine of simple 
construction. It is claimed that a much greater brilliancy is ob- 
tained in this form of cut. 


EMERALD. 
NORTH CAROLINA. 


A new emerald locality was brought to light in North Carolina dur- 
ing 1909. Itis on the land of W. B. Turner, 42 miles 5. 30° W. of 
Shelby near the east bank of First Broad River, in Cleveland County. 
It is reported two emeralds were found some fifteen years ago about 
a mile southeast of Mr. Turner’s. Little interest was shown in these 
emeralds locally, and no further prospecting was carried on for them. 
Mr. George L. English, then of New York, endeavored to find the 
locality from which these crystals came, but without success. 
Through the kindness of Mr. English, now of Shelby, N. C., the writer 
was informed of the recent discovery of promising crystals of emeralds 
on the Turner place and a trip to the locality was made in December, 
1909. Up to that time some ten or a dozen crystals had been found 
loose on the surface of the ground. ‘These crystals have a fine dark 
grass-green color. They are more or less checked, and some contain 
silky internal markings. The largest emerald found measures about 
1by ? by dinch. It is about half of a crystal split parallel with the 
length. The other stones range in size down to about a carat in 
weight in the rough. Some are nearly whole crystals and others are 
fragments of crystals. All of them are rather strongly etched and 
striated. One of the crystals was cut into a faceted stone of less than 


@ Spencer, L. J., Notes on the weight of the ‘‘Cullinan”’ diamond and on the value of the carat-weight; 
Mineralog. Mag., vol. 15, No. 71, March, 1910, pp. 318-326. 

b Manufacturing J eweler, Oct. 21, 1909. 

e¢ Kunz, G. F., and Stevenson, C. H., The Book of the Pearl, n. 327, Century Co., 1908. 

@ Manufacturing Jeweler, May 12, 1910. 
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2 carats weight and reported to have been valued by the lapidary at 
$20. This stone is not one of the best of those found and is rather 
badly flawed. The majority of the emerald crystals are checked and 
flawed, but there are portions in some of the erystals that would 
yield small clear gems of fine color. Minerals associated with the em- 
erald crystals in the soil are colorless and smoky quartz crystals and 
black tourmaline. 

The emeralds found loose in the soil came from an area of about 
100 feet by 25 feet on a hillside of moderate slope to the northwest. 
The slope 1s toward the river on the west about 150 yards and toward 
a small stream entering the river at about the same distance on the 
north. The field in which they were found has been cultivated and 
the emeralds were exposed by plowing and washing by rains. Crystals 
of quartz and black tourmaline are found at other points on the sur- 
face near the emerald prospect. At a point about 150 yards due 
northeast these crystals occur rather plentifully. Between these 
points thin seams or shells of chalcedony were found loose in the soil. 
At the time of visit no development work had been done, and, as the 
rock outcrops are few and badly weathered, the geology was not well 
worked out. The locality is in a rather roughly dissected portion 
of the Piedmont Plateau, such as is generally found along the larger 
creeks and rivers. The elevation 1s about 680 feet above sea level, 
or about 30 feet higher than the First Broad River near by. The 
higher ridges of the Piedmont Plateau in the neighboring country 
are about S00 to 850 feet above sea level. 

The rocks of this portion of the Piedmont Plateau are principally 
encisses and schists, of great age, intruded by masses of granite and 
diorite. In the vicinity of the emerald prospect the types of rock are 
varied. There are mica, cyanite, garnet, and hornblende gneisses 
and schists cut by granite or quartz monzonite, gabbro, diorite, and 
pegmatite. The trend of the rock formations is to the northeast and 
and east of north near the prospect, and west of north a mile farther 
in that direction. The dip is generally to the southeast. 

Hornblendic rocks are prominent in the gneisses and schists on each 
side of the emerald deposit for a distance of a mile or more. These 
hornblende rocks are in part, at least, metamorphosed phases of the 
gabbro masses occurring in the region. The gabbro outcrops form 
large rounded spheroidal bowlders of weathermg where the rock has 
not broken down to soil. The granite forms a few ledges of grayish 
semidecomposed rock in rather light sandy soil. The gabbro and 
hornblendic rocks form dark reddish-brown clay soils. The emerald 
prospect is in a small area of basic rock with granite or monzonite 
outcrops on either side. Specimens gathered from the surface of the 
ground consist of gabbro, hornblendite or amphibolite after pyrox- 
enite, chloritized amphibolite, and pegmatite. About 20 yards 
west of the emerald prospect is an outcrop of biotite granite or quartz 
monzonite. The width of the gabbro belt is over 100 yards, and the 
rock on the east side is granite or quartz monzonite. 

The gabbro outcrops in a few large nigger-bead bowlders with a 
grayish-black color and medium grain. Under the microscope the 
constituent minerals are found to be red-brown hornblende, color- 
less augite, olivine, bytownite feldspar, biotite, and pyrrhotite. The 
olivine grains have around them reaction or alteration rims, probably 
composed of actinolite. The biotite has a strong yellow to reddish- 
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brown pleochroism. The amphibolite was found only in small blocks 
on the surface and has a greenish-yellow or brown coler. The con- 
stituent minerals are chiefly pale-brown hornblende, with small 
amounts of augite and iron ores. The hornblende appears to be 
formed from pyroxene. The chloritized amphibolite has a greenish 
color and grades into chlorite schist or ‘‘soapstone.’’ It is composed 
of chlorite, green hornblende, actinolite, biotite, iron ores, and small 
amounts of plagioclase feldspar. The quartz monzonite rock on 
the west of the prospect 1s a speckled gray rock of medium grain, 
composed of quartz, feldspar, and mica, and the field name would 
be biotite granite. The microscope shows the component minerals 
to be quartz, andesine feldspar, biotite, muscovite, and a little zircon. 
The rock should therefore be classed as quartz monzonite. 

The gradations from very basic rocks to more acid types in a 
small area suggest either a basic segregation in the orgie anette 
magma or an inclusion of a basic rock mass in a more acid or granite 
magma, with an absorption by the latter of part of the former. Re- 
sults of the latter process are in evidence at numerous localities in 
the Piedmont Plateau, and the formations of the emerald locality 
seem to adapt themselves well to this theory. An original mass of 
gabbro, probably with more basic phases as pyroxenite, was inclosed 
in a large intrusion of granite magma. The gabbro was broken and 
blocks of it were floated off and partly or completely absorbed by the 
granite magma. The latter became more basic near the gabbro 
mass and graded into it. Thus rocks ranging from ordinary granite 
to monzonite, diorite, and gabbro would be formed around the original 
gabbro. This series may be seen more plainly at other places in the 
neighborhood. Through the fractures and fissures pegmatitic magmas 
or solutions passed from the cooling granite into the adjacent rocks, 
forming pegmatite dikes and veins such as that im which the emeralds 
have been found. 

In April, 1910, and more recently some prospecting was done at 
the emerald locality. Mr. English has kindly furnished notes on the 
results of this work for the following description and loaned a repre- 
sentative collection of wall rock, vein matter, and emeralds for exami- 
nation. Developments consist of a pit 6 feet deep, a trench 14 feet 
long started in the hillside to drain the pit, and another trench 25 feet 
long at a distance of 15 feet northwest of the pit. A pegmatite vein 
or lens was found, which has a thickness of 30 ches at the surface on 
the east side of the pit and 18 inches on the west side. In the bottom 


of the pit the vein has a thickness of about 18 inches on each side. 


The 25-foot trench was cut to a depth of 3 feet and did not encounter 
any pegmatite. The vein strikes about N. 70° W. with a dip of 75° N, 

The pegmatite is composed of quartz and feldspar, part of which, at 
least, is albite, with some black tourmaline sprinkled through it and 
an occasional emerald or green beryl crystal. The texture of the 


| pegmatite varies from medium-grained to fairly coarse, with nearly 


pure feldspar and quartz masses 18 inches through. The crystalliza- 
tion is not especially good, though some fairly well developed crystals 
are found in small rude miarolitic cavities. Crystals found in the 
cavities are colorless and smoky quartz, albite feldspar, with some- 


times black tourmaline and green beryl. The cavities in the pegmatite 


are partly filled with reddish-brown, greasy-feeling clay, and the same 
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material, along with limonite staims, has permeated joints and seams 
through the pegmatite. The feldspar of the pegmatite has partly 
decomposed in places, so that the rock breaks down rather easily. 
The emerald crystals found in the vein are smaller than most of those 
found on the surface and have a much paler color. A considerable 
number of these beryl crystals were f a ranging from pale emerald 
green to a fairly dark green. Mr. English washed three washtubfuls 
of partly deeomposed vein material and obtained 34 small erystals and 
fragments of emerald. ‘There were no emeralds visible in this material 
before washing. The crystallization of the quartz and feldspar so 
far found in the pegmatite vein 1s not so perfect as that in the veins 
once worked for beryl and hiddenite at Hiddenite, N.C. The albite 
assumes the form of rough crystals and of aggregations of stout crys- 
tals, though not of the clevelandite type common in many gem-bearin 
pegmatites. The quartz occurs in crystals of average perfection anil 
in many of the specimens exhibits trapezohedral faces indicating a 
right-hand character. Some of the quartz is nearly colorless and 
other is smoky colored. One crystal of quartz examined is pene= 
trated by numerous fine lght-colored needles, probably actinolite, 
The emerald crystals are simple hexagonal crystals of beryl with the 
prism faces and base. Many of them are deeply striated and etched, 
especially on the prism faces. Other crystals have internal striations 
or irregularly shaped tubes extending through them length. In some 
‘ases these tubes are of considerable size compared with the crystal 
inclosing them and have been filled with clay or iron stams. The 
finer tubes appear as silky striations m the crystals. A pretty speci 
men of emerald in the matrix found in the vein consists of licht 
emerald-green beryl crystal 17 millimeters long and 8 millimeters in 
diameter embedded in quartz and albite. The emerald is_ partly 
embedded in cach mineral. The quartz has a light smoky color and 
is roughly crystallized. The albite also shows rude crystahization 
and, along with the quartz, is slightly stained withiron. The emerald 
is transparent, though somewhat checked by flaws. Some of the faces 
of the prism zone are much striated. 
Among the specimens loaned by Mr. Jenglish were 16 cut gems. 
One of these was a faceted table cut stone of 77 milligrams or 0.385 
metric carat weight and might be worth from $5 to $10. The stong 
had a flaw in the middle and was light emerald green. The rest of 
the stones were cut cabochon and drop shape and were nearly all dark © 
colored, some of a fine emerald green. All contained checks and i 
flaws or silky striations. The dark-colored stones of this grade7 
might be valued at from $20 to $25 per carat. Three drop-shaped” 
emeralds weighed 326, 267, and 251 milligrams, or 1.63, 1.33, an@y 
1.26 metric carats, respectively. These three stones were sufficiently ' 
well matched to be used as pendants in a necklace and, though mo 
or less flawed, had a good color. They should be worth at least 
a carat. Other gems cut cabochon were of better quality, thoug 
slightly paler in color than the three drop-shaped stones. Several of 7 
the emeralds cut cabochon exhibit a fairly good cat’s-eve effect along 7 
the silky internal striations, very similar to the effect and due to the 
same cause of the tourmaline cat’s-eyes from southern California. 
The crystal from which the faceted gem was cut was obtained from — 
the pegmatite vein. The other stones with deeper color were cut 
aint from crystals found on or near the surface. 
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As the prospect pit has been made on the hillside below the point 
at which some of the emeralds were found and has yielded only gems 
with a paler color than those found on the surface, it is possible that 
there is another vein. 

Mr. Thomas English, of Sprucepine, N. C., reports the discovery 
of a new emerald prospect near the Emerald Matrix mine, on Crab- 
tree Mountain, 4 miles southwest of Sprucepine, in Mitchell County. 
The new prospect is about a quarter of a mile north of the old mine 
and annie lower down on the side of Crabtree Mountain. Only 
a few blasts had been put in, and several specimens had been obtained. 
These crystals are said to have a little paler color than those of the old 
mine. Some of the emeralds are of pencil thickness, though most of 
them are somewhat checked. The best emerald matrix material is 
said to be the dark-colored quartz wrapped in scaly biotite. 


FELDSPAR GEMS, AMAZON STONE. 
COLORADO. 


Some good amazon stone was mined by J. D. Endicott, of Canon 
City, Colo., at his claim 4 miles north of Florissant. Part of the 
product was cut and part was disposed of in the rough. The better 
grades of amazon gems from this locality are very good. 


GARNET. 
ARIZONA. 


The geographical location of the ‘‘Arizona ruby” or garnet field, 
described in this report for 1908, has been obtamed a little more 
accurately by the work of H. E. Gregory in the search for water for 
the Navajo Indians. The locality is not on the northwest side of 
Gypsum Valley, in Utah, but in Arizona on the southeast of Gypsum 
Valley, about 4 miles south of the locality given by the writer in this 
report for 1908. When the locality was visited 1t was without the 
aid of a detailed map and with an Indian guide who could not speak 
English. The lack of water and supplies and the limited time for so 
long a trip made it difficult to secure the proper data of location. 


IDAHO. 


Garnets suitable for cutting into small gems are occasionally picked 
out of the gold placers in various parts of Boise County, Idaho. In 
the Deadwood Gulch placers dark-red garnets as large as pecan nuts 
have been found. Some of these are sufficiently clear aad lig¢ht-col- 
ored for cutting inte faceted gems, while others are so dark as to be 
suitable for carbuncle cuts only. Specimens examined were partly 
water-worn fragments of crystals with a few of the crystal faces still 
present. Miners report these garnets to be rather plentiful. 


CALIFORNIA. 


Fine specimens of hyacinth-colored garnets are reported from the 
Hercules mine, near Ramona, by Mr. A. W. Pray. The best speci- 
mens consist of the garnet associated with albite feldspar. About 50 
pounds of this material was mined. 
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Specimens of rough garnet in mica schist and gems reported to have 
been cut from them were kindly loaned by Mr. Frank C. Reighter, of 
Chicago. Mr. Reighter obtained these from a locality in eastern 
Pennsylvania. Some of the cut gems have the fine violet red color 
of almandine. 


IOLITE, CORDIERITE. 
CONNECTICUT. 


Prof. S. Ward Loper, of Wesleyan University, reports the collection — 
of 75 good specimens of iolite or cordierite at Guilford, Conn. Some 
of this material has crystal forms. The collection has been placed in— 
the museum of Wesleyan University. 


JADE. 
BURMA. 


The exports of jade Gadeite) from Burma through Rangoon in 1908 
amounted to 3,211 hundredweight,® valued at £73,400, as compared 
with 2,636 hundredweight, valued at £49,643, in 1907. 


NATROLITE. 
NEW JERSEY. 


Mr. Frederick A.Canfield, of Dover, N.J., reports the finding of about 
30 pounds of large crystals of light-brown natrolite at Paterson, N. J. 
Some of these crystals were to be cut for gem purposes. 


CALIFORNIA. 


The occurrence of natrolite with benitotte in California has been 
described under benitoite. None of the California natrolite has been 
used for gem purposes, though the pure white masses of globular and 
mammullary patrolite with drusy surfaces associated with benitoite 
and neptunite make splendid cabinet specimens. 


OBSIDIAN. 
OREGON. 


Specunens of leek-green obsidian, exhibited at the Seattle Exposi- 
tion, are mentioned by Dr. O. C. Farrington, as possible gem stones, 
The material is clear, though rather badly fractured, and would 
yield small gems only. It is reported to have come from Mount Hood. 


@ Rec. Gec!. Survey India, vol, 38, pt. 1, 1909. 
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OPAL. 


NEVADA. 


Prof. J. C. Merriam, of Berkeley, Cal., has kindly furnished further 
information on the occurrence of the opal in Humboldt County, Nev., 
mentioned in this report for 1908. According to Professor Merriam, 
the opal occurs in the Virgin Valley formation, as described by him.* 
This formation is of Tertiary age and in places carries good opals in 
veins or cracks in fossil-bearing beds. 

Specimens of opal from this region, furnished by Mr. if. HE. Rine- 
hart, of Denio, wees exhibit a splendid fire and display of color, 
though none of large size was seen. Some of the specimens are 
opalized wood, in which nearly all of the woody texture has been 
lost. Such specimens as were seen are petrifactions of small limbs 
of trees and consist of opal of fine quality. 

Mr. R. C. Hills, of Denver, Colo., refers an opal deposit tested 
by himself in the Virgin Valley region to the John Day Miocene 
formation. At this deposit tusks and teeth of a mastodon were 
found during the digging for opals. Considerable opalized wood 
and some white opal occur in the vicinity, but little good gem mate- 
rial is found. Black and green gem opals were found in a space 
about 2 reds square. The gem material was rather badly checked 
and flawed, and few fine gems were found. Probably not over $200 
worth were taken out during 1909. 


AUSTRALIA. 


New South Wales.—The value of precious opal produced in New 
South Wales ® in 1908 amounted to £41,800, as compared with 
£79,000 in 1907. The White Cliffs division of the opal region 
furnished £31,800 and the remainder came from the Walgett division. 
The latter production consisted chiefly of high-grade dark opal, 
known as “black opal” in the trade. The large decrease in the 
value of the production of opal is not so much due to the falling 
off of the quantity or quality of the gem produced as to a decline 
in the market price, especially in the United States, where the gem 
has lutherto found its readiest sale. 

During 1909 opal mining was carried on actively in the White 
Cliffs and the Lightning ‘Ridge or Walgett regions. Much fine 
gem material is reported © to have been found, for some of which 
£5 to £10 per ounce was paid, and £30 per ounce for other parcels. 

Queensland.—The production of opal in Queensland 4% in 1908 
was estimated at £2,500, as compared with £3,000 in 1907. The 
production was obtained largely by picking over old workings and 
dumps, and much of it consisted of small chips and poorer grade 
material. The scarcity of water in the opal field makes prospecting 
and mining very difficult. The industry might be stimulated by 
sinking wells or placing tanks at selected places. 

@ Science, new ser., vol. 26, p. 380. 

b Ann. Rept. Dept. Mines, New South Wales, 1908, p. 54 


c¢ Min. Jour., London, Anniversary Number, August, 1909; also August 21 and September 18, 1909. 
d Ann. Rept. Under Secretary of Mines, Queensland, 1908, 
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CANADA. 


Fire opal is reported to have been found in British Columbia,? 
near Kamloop, in the bed and banks of Deadman’s Creek. The 
gems are said to be similar to the Mexican fire opal. 


PECTOLITE. 
NEW JERSEY. 


Mr. Frederick A. Canfield, of Dover, N. J., reports the finding 
of a few pounds of greenish-white pectolite at Paterson, N. J. This 
material is translucent, and some of it has been cut for gem purposes. 
Massive white pectolite was also found in the new Erie Railroad cut 


through Bergen Ill, N. J. 
PERIDOT. 
ARIZONA. 


Peridot of gem quality has been found in two regions in Arizona. 
One of these is in the Navajo Indian Reservation, as described in this 
report for 1908. The other region is in the San Carlos or White Moun- 
tain Apache Indian Reservation, near Rice, or the old Talklai post-of- 
fice, and 6 miles distant from Mesa. The production of peridot from)] 
these regions has declined during the last few years, so that there is but 
httle annual production, and that reported comes in part from mate-= 
rial collected several years ago. The decreased production is due toy 
several causes, among which are overproduction, with a flooding of} 
the market soon after the discovery; the occurrence of the deposits on» 
Indian lands, so that they are only partly available to white people; 
lack of interest on the part of the Indians who once collected the gems; 
and the low prices offered by dealers. The demand for large peridot” 
with good ae remains, though there are stocks of the smaller-sized 
gems on hand for which there is not a good market. The material} 
produced at present consists mostly of small sizes, since the more 
readily available peridots that would cut large gems have been care 
fully gathered up. It is probable that large gems of good color cal 
still be obtained in cither region mentioned, though labor and system= 
atic work would be necessary. The ereater part of the production] 
has been through the Indians, who gather the loose peridot pebbles” 
from the soil and wash formed by the disintegration of the rocky 
matrix. Near Rice some gems of fine quality have been obtained) 
principally by white men, by blasting and breaking up the basalti 
rock in which the gems occur. Large loose blocks and cliffs of th 
basalt have been blasted and the peridot worked out by hammer ane 
clusel. 

The post-oflice of Rice is in the Rice Indian school, and the statio 
is on the Gila Valley, Globe, and Northern Railroad, about three 
fourths of a mile to the south. The railroad approaches Rice fron 
the southeast up San Carlos Creek and swings to the west near th 
station up a tributary of the creek. The school is in the main valle 
of San Carlos Creck. The valleys near Rice are from one-fourth of 


« Manufacturing Leweler, February 17, 1910. 
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mile to over a mile wide and contain lands sufliciently level for irriga- 
tion and farming. In other parts there are numerous hills and terraces 
of gravel. The valleys have been cut through mesas and table-lands 
formed principally by basalt flows at different elevations. The first 
basalt-covered mesa is about 200 feet above the creeks and extends, 
rising with a gentle slope, from one-half mile to 3 miles back from them, 
where it is succeeded by higher plateaus or hills. This mesa is cov- 
ered with the scoriaceous surface of a basalt flow, which forms malpais 
land on each side of the creek and between the forks. The elevation 
of Rice is 2,635 feet above sea level. 

The peridot gems have been found principally in and along Peridot 
Canyon, which enters the railroad valley about one-fourth of a mile 
west of the station. Peridot Canyon drains to the northeast and is 
about 14 miles long. It cuts back into a large area of malpais country 
on the first mesa south of the railroad, with a depth of about 25 feet 
at its head and 200 feet at the mouth. The canyon heads off with 
a small cliff, above which there is an arroyo leading back on the table- 
land. Peridot Canyon ranges in width from 50 yards at the upper 
end to 200 yards at the lower end between the cliffs forming its upper 
walls. 

The most prominent rock of the region is the basalt, which forms 
the malpais-covered mesas. This basalt ranges from 25 to probably 
over 100 feet thick. At only a few places in the canyons do the 
underlying rocks outcrop. In the lower end of Peridot Canyon white 
to gray cross-bedded sandstone and tufaceous conglomerate outcrop 
under the basalt flow. These rocks are horizontal or only gently 
folded and are baked along the contact with the basalt. In many 
places the rocks underlying the basalt in the canyon or valley walls 
are concealed by a heavy talus of the basalt. The latter rock exhibits 
little or no sign of columnar jointing, but in places possesses a nearly 
horizontal sheetlike structure or bedding. It is vesicular to a marked 
degree in the upper part of the beds and less so in the lower part. 
The basalt is a normal grayish-black olivine basalt, in which there are 
inclusions of olivine or peridot of considerable size. In thin sections 
under the microscope the component minerals are seen to be labra- 
dorite, In small lath-shaped crystals; augite, with a brownish-violet 
color m small grains, laths, and aggregations of grains; olivine, mn 
grains, crystals, and larger masses (peridot); and iron ore in numer- 
ous minute and occasional large grains and crystals. Many of the 
olivine grains are surrounded by a film of hematite stain. The texture 
of the basalt is medium erain for that rock, though the constituent 
minerals can not be distinguished without the use of a microscope. 
Besides inclusions of balls of peridot or olivine the basalt contains 
occasional smali masses of black glass. 

The peridot occurs in rounded, oval, semiangular, and angular- 
shaped balls and masses in the basalt. These inclusions range from a 
fraction of an inch to 8 or 10 inches m diameter and are very irregu- 
larly distributed through the rock. In some places they occur within 
an inch or two of one another through a large volume of basalt, and 
at others they are almost absent or separated by several feet of barren 
rock. These masses consist of granular olivine or peridot and diop- 
side. They range in texture from grains as fine as those of ordmary 
sandstone to grains measuring an inch or more in diameter. These 
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ervains are rounded to subangular and angular and consist of individ- 
ual crystals of olivine and diopside, which were prohibited from 
assuming crystal form by crowding. ‘These inclusions are practi- 
cally the .»me as small masses of peridotite and may represent frag- 
ments of that rock torn from masses underground, through which the 
basalt lava was forced. It is possible, also, that these inclusions of 
peridotite represent very basic segregations in the basalt lava, though 
their irregular distribution and abundance in certain places and their 
absence in other places do not indicate such an origin. The balls 
are composed principally of peridot. The diopside is less promment 
and occurs in two shades of color, dark bottle green and emerald 
green. The diopside reacts for chromium and is chrome diopside. Few 
speciniens, if any, of the diopside are obtained that are large enough 
to cut as gems. Among interesting specimens collected from the 
gravels of Peridot Canyon is a white to colorless crystal of albite, 
measuring roughly 1 inch square and three-fourths of an inch thick; 
the surface is somewhat etched. 

In a large number of the peridotite inclusions in the basalt there 
are no olivine grains sufficiently large to cut as gems. In some por- 
tions of the basalt the peridotite mclusions, no matter how numerous, 
are all too fine-grained to be of value. In other places a good portion 
of these inclusions may contain gem material and several large clear 
gems along with smaller ones may be secured from a ball of 2 or 3 
inches in diameter. Apparently good gem peridot was found in the 
largest quantity in the upper part and near the head of Peridot Can- 
von, for this is the place where the greatest amount of work has been 
done. In places there are joints and seams cutting the basalt, along 
which there has been more or less weathering. The rock along these 
seams can be easily worked, and good gem material is sometimes 
secured. In other places the fresh hard basalt is blasted and broken 
up insearch of gems. As a general rule the peridotite masses crumble 
readily as the inclosing basalt is broken away, so that the gems are 
easily picked out without more fracturing than that caused by blast- 
inv. Occasionally nearly solid crystals of gem peridot of the size of 
an Enelish walnut are mneclosed in basalt with little or no granular olt- 
vine around them. It is almost impossible to free such crystals from 
their matrix without fracturmg badly. In breaking up the basalt 
and the included peridotite rough gems ranging from small size to as 
laree ag a pecan nut were obtamed. The principal yield is in pieces 
that when cut up would weigh between 1 and 3 carats. Larger stones 
are not uncommon, 

The rough peridot broken from the fresh rock is brilliant and clear. 
That cbtamed along seams is apt to be etched or stained on the 
surface, though clear and of good color within. Pebbles gathered 
from the canyon gravels or over the mesa country also have dull and 
more or less staimed surfaces. 

It is said large quantities of peridot, liberated by the disintegra- 
tion of the inclosing rock, have been gathered by the Indians from 
over the mesa country and from the gravels of Peridot Canyon. If 
such is the case, the loose gems must have been gathered up with 
great care, for few of them are now left on the mesas. <A few 
neridots sufficiently large to cut may still be found in the gravels of 
Peridot Canyon and in places the olivine sand is gathered into hills by 
the ants as described m the Navajo region. The earlier supply of 
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peridot from this region placed on the market consisted of crystals or 
masses with dull surfaces, such as is still found loose m the sous and 
gravels. Since the best gem material now has to be broken from the 
rock it may be recognized by the bright surfaces of the fresh fractures. 
Unless a new locality where loose peridots can be gathered from the 
surface is found, the supply from die region will have to be obtained 
by blasting the basalt and carefully chiseling out the gems. 

Gem peridots have also been found in the adjoining canyons south- 
east and northwest of Peridot Canyon, and in the basalt-capped mesa 
a few hundred yards north of the Indian school. They are not 

lentiful in these places, and the number of peridotite inclusions in the 
tiacalt is very small. Peridotite inclusions in basalt were found a 
little over 14 miles west of Rice, along the railroad. A few of these 
seemed to give promise of the occurrence of gems at that locality. 
Another reported locality is over a mile southeast of the Indian school, 
across the San Carlos Creek. 

The best gem peridots from the Nice locality are of about the same 
color and quality as those from the Navajo Keservation. It is prob- 
able the yield of good gem material from equal amounts of rough, 
unselected peridots is much larger in the Apache fields than in the 
Navajo fields. Peridots from the latter region contain a larger pro- 
portion of brownish-green stones than those from the Rice eee 
The brown color of the Navajo peridot is caused by numerous micro- 
scopic brownish inclusions of six-sided plates of mineral, while in the 
Apache stones the brownish-green is apparently due to the natural 
color of the stone. Inclusions of small Hee specks and cavities or 
flaws occur in the Apache peridots in sufficient quantity to ruin them 
as gems In some cases. The beautiful hght-yellowish green and 
richer green colors so much admired in peridot are present in many 
of the gems. 


PHENACITE. 


COLORADO. 


In operating the aquamarine deposits on Mount Antero, Colo. 

- 5 i} ? 

Mr. J. D. Endicott, of Canon City, has obtained some phenacite 
crystals suitable for gem and specimen purposes. 


QUARTZ. 


OKLAHOMA. 


Mr. Oliver Powers, of Lawton, Okla., has furnished the following 
note on quartz from the Wichita Mountains, Okla.: Some years 
ago there was considerable interest in “Wichita diamonds’’ and 
several people in the region sent specimens away for cutting. A 
number of the cut stones were very clear and of good luster, and 
part may have been topaz which is reported to have been found in 
this region. When it was found that the crystals were not diamonds 
the interest in them subsided. A more interesting variety of the 
quartz is that inclosing fine needles of silvery white and golden colors. 
’ The latter may be rutilated quartz. This hairstone has been cut 
and used locally for jewelry. 
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Mr. W. C. Hart, of Manitou Springs, Colo., reports a production 
of about 1,000 pounds of smoky quartz from the west side of Pikes 
Peak, Colo. The smoky quartz occurs in crystals up to 10 and 15 

ounds in weight. The exterior of the crystals is coated with a 
ayer of cloudy to opaque quartz. The interior is composed of dark 
smoky brown clear quartz of fine cutting quality. Mr. Hart has on 
exhibition faceted gems cut from this quartz that measure nearly 
2 inches across. 


ROSE QUARTZ. 


NEW YORK. 


An asteriated variety of rose quartz has been described by James 
G. Manchester. The description is illustrated by a photograph 
which shows a six-ray star very plainly in a sphere 18 millimeters 
in diameter cut from the rose quartz. This rose quartz has a deli- 
cate rose tint and is quite translucent. The staris seen only in spheres 
of the rose quartz by transmitted light. This asteriated rose quartz 
is found at the Kinkle and the Hobby quarries in the towns of Bed- 
ford and North Castle, respectively. These quarries have been 
described by Edson 8S. Bastin.2 Mr. Manchester states that a sphere 
cut from rose quartz from Maine does not show the asteria effect, 
while that from California and Brazil exhibit it only by reflected light. 
No satisfactory explanation has been o‘Yered as to the cause of 
asterisin 1n rose quartz. 


TOURMALINATED QUARTZ. 


NEVADA. 


Mr. Rh. C. Mills, of Denver, Colo., reports the occurrence of fine 
tourmaline needles in glassy quartz near the hitbnerite tungsten 
deposits at Osceola, Nev. This material comes from a new locality 
discovered by George Doyle, of Osceola. 


RHODONITE. 
CALIFORNIA. 


A deposit of beautiful rhodonite for gem purposes has been located 
in the Happy Camp mining district, Siskiyou County, Cal. his 
deposit is about 6 miles east of the californite locality and high up in 
the mountains. It is owned by Cyrus Wheeler, of Los Angeles, and 
the output of the gem has been handled by the Southwest Turquoise 
Company of the same city. This rhodonite has the most delicate 
tints of pale to dark rose-pink. Much of it is marked by seams of 
black manganese oxide, which form a beautiful contrast with the 
rhodonite. <A description of the locality will be given in this report 
for 1910. 


@ Asteriated rose quartz in New York: Min. World, June 11, 1910, pp. 1185-1186. 
> Contributions to economic geology, 1906: Bull. U. S. Geol. Survey No, 315, pt. 1, 1907, pp. 394-399, 
and feldspar deposits of the United States: Bull. U.S. Geol. Survey No. 420, 1910, pp. 60-63. 
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NEW JERSEY. 


Prof. John E. Wolff, of Harvard University, and Mr. Wallace 
Goold Levison, of New York, report some semitransparent rhodonites 
of very beautiful pink color from the Franklin Furnace region, New 
Jersey. These crystals came from the Parker shaft. Mr. Frederick A. 
Canfield, of Dover, N. J., states that a small quantity of fowlerite 
or zinc rhodonite, from this region, found in 1909, was suitable for 
cutting into small gems. These had a rich red color. Some larger 
crystals with superior color were also found. 


RUBY. 
BURMA. 


According to E. A. Wakefield,* of Rangoon, there are four principal 
ruby mines in the Mogok Valley, Burma, with smaller workings in the 
adjacent valleys. In the four larger mines modern machinery and 
methods are used in mining and washing for rubies; the smaller 
mines are operated by the natives with hand labor. The results 
obtained by the latter are sometimes surprisingly good. In the larger 
mines the overburden or “‘byon”’ is first removed to the ruby-bearing 
clay. The clay is dug up and carried by trolleys to steam cleansing 
mills, where it is washed through sieves and examined for ruby and 
spinels. It is not often difficult for the expert to distinguish between 
the real ruby and the balas ruby or spinel. ‘The mining interests are 
very liberal with the natives and provide good quarters for their 
employees. The town of Mogok is located on rich gem-bearing ground 
and is bemg removed as operations progress. As the quarters for the 
natives are removed comfortable new ones are supphed. 


SAPPHIRE. 
QUEENSLAND. 


The production of sapphire for gem and mechanical purposes in 
Queensland ® during 1908 is estimated at £15,200, as compared with 
£40,500 in 1907. The production of gem sapphire was £11,800. 
The large decrease was doubtless caused by overstocking the market 
during a period of dull trade, especially in Russia, where the Queens- 
land sapphires are much used. During 1909 sapphires estimated 
as valued at £17,320 are thought to have been sold locally by the 
miners. The Queensland sapphires do not bring so high a price as 
many of the sapphires from other countries, bemg considered of 
inferior grade. Many of these sapphires are cut in Germany, though 
a few are cut locally. 

CEYLON. 


Mr. Edward A. Sweet, 12 Spencer Court, Brooklyn, N. Y., obtained 
one of the largest known sapphire crystals from Ceylon during 1909. 
The crystal weighs 10 pound 6 ounces troy, and is approximately 

4 inches long by 34 to 4 inches thick. It has been shghtly water 
worn and has a grayish color. The crystal was obtained for cutting 
up for mechanical use, but it is hoped that it may be saved for some 
collection. 


a Daity Cons. Repts., July 26, 1909, No. 3541. 
b Ann. Rept. Under Secretary of Mines, Queensland, 1908. 
¢ Australian Min, Standard, February 9, 1910. 
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TOURMALINE. 


MAINE. 


the land of F. L. Havey, near Poland, Me. The deposit is on land 
adjoining the Berry property, where feldspar and tourmaline have 
been mined. Mr. George R. Howe, of Norway, Me., with the permis- 
sion of Mr. Havey, has kindly furnished notes on the tourmaline 
‘taken from the mine during the time of operation from July to Octo- 
ber, 1910. The features of these tourmalines are the predominance 
of green and the fine quality and clearness of the gem material. 
Some fine rich blue (loeally called “ Alice blue’’) tourmaline is also 
obtained. Nubellite and achroite terminations are present on both 
the green and the blue crystals. Yellowish-green and yellow colors 
also occur. Some crystals (locally called “watermelon” crystals) 
have pink centers and green margins. Of a representative collection 
containing 108- crystals, chosen from the output of the mine, 98 
crystals are of gem quality and weigh 3,231 carats. It is estimated 
that this should yield 1,000 carats of cut gems. 


. 
During the year 1910 a new deposit of tourmaline was opened on | 
. 


CALIFORNIA. 


The trade with Chinese merchants in pink tourmaline from Cali- 
fornia has grown to a considerable industry. According to Mr, 
Harry Ef. Dougherty, of Hemet, Cal., the Chinese market called for all 
grades and sizes in the early stages of the trade, but the demand is 
now only for larger crystals and medium dark pink gems. Pale 
colors and reddish-pink gems are not wanted. The checked and 
flawed tourmaline, such as is cut ‘fen cabochon,” is desired and not 
the high-priced flawless gems. The greatest demand is for pieces 
from an inch and a half in thickness to the largest sizes obtainable. 
The tourmaline is supposed to be used in beads and other jewelry, 
and in the case of larger crystals a core is taken out and the shell is 
polished and used as a tube to dress the hair with. Prices up to $150 
per pound avoirdupois are paid for suitable material. Mr. Dougherty 
estimates the value of the purchases by the Chinese during 1909 to be 
close to $100,000. 

A large sale of tourmaline by L. Tannenbaum, of the Himalaya 
Mining Company,’ of New York, to a Chinese merchant is reported 
to have been made during the summer of 1910. This consisted of 
358,500 carats of pink tourmaline crystals ranging in size from 100 
to 1,000 carats. 


TURQUOISE. 


DEPOSITS AND MINING. 


Turquoise deposits have been tested or worked in the following 
States: Arizona, California, Colorado, Nevada, New Mexico, and 
Texas. The largest production has come from the mines of New 
Mexico, Arizona, California, and Nevada. The quality of the gem 
material from the different States and from the different mines m 
the same State varies greatly. The finest gem material has probably 


a Jewelers’ Circ. Weekly, August 3, 1910. 
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come from some of the mines of New Mexico and Nevada. The 
turquoise mines of New Mexico were the first to receive attention, 
and the output from this Territory has exceeded in value that of 
any State. Alarge number of the turquoise deposits so far found 
in the Southwest were worked by the ancient Aztecs, and a few by 
the Aztecs under Spanish rule. Many of the deposits have been 
located by opening these old mines or prospecting around them.. 

The turquoise deposits of the different States have many points 
of resemblance. The occurrence is nearly always in arid, Wf not 
desert, regions of considerable elevation. The operation of the 
deposits is therefore often attended by hardships, due to excessive 
temperatures with extreme temperature changes, high winds, lack 
of water, and difficulty of securing wholesome food. The prospector 
is beset with the same or greater difficulties, since his equipment is 
often limited, and therefore the location of new deposits requires 
patience and endurance. The occurrence of turquoise is generally 
in or hear such igneous or volcanic rocks as granite, quartz or 
monzonite porphyry, and rhyolite or trachyte. These rocks are 
generally more or less altered, and it seems to be due to this alteration 
that it has been possible for the turquoise to form. The common 
form of alteration near the turquoise deposits is sericitization or 
kaohinization, either or both. Some of the turquoise mines are in 
regions where large copper mines have been discovered. Copper 
prospects have been found near other deposits, and generally indica- 
tions of copper near turquoise deposits are readily seen. 

Toappreciate the difficulties encountered in locating and operating 
turquoise mines, one must see the prospector or miner in the desert 
regions. A few of the mines are fairly well provided with water 
and transportation facilities, so that comforts may be obtained. 

At many mines the water supply for the camp for all purposes must 
be hauled in barrels from 1 to 15 miles, and at some mines it has 
been necessary to haul water 30 miles or more. The difficulties of 
mining account for the large number of partly prospected deposits 
lying idle in many parts of the Southwest. Mines known to contain 
good turquoise in quantity are not worked because they are in regions 
too difficult of access. 


ARIZONA. 


The principal turquoise mining region of Arizona is near Mineral 
Park, in Mohave County. The mines at this locality were described 
in this report for 1908. Of the several companies opeiating at that 
time all continued work durmg part, at least, of 1909. ‘Turquoise 
has been mined in the Gleason district, in Cochise County. Turquoise 
of fair quality is reported to have been obtained from some of the 
mines of this district when operated a few years ago. 


CALIFORNIA. 


The principal turquoise mines of California are in the northeastern 
part of San Bernardino County, nearly 100 miles north of the 
Needles. These deposits were operated by the Aztecs, and many 
slens and inscriptions of these people have been found on the rock. 


a Kunz, G. F., Gems, jewelers’ materials, and ornamental stones of California: Bull. California State 
Min. Bureau No. 37, 1905, pp. 107-110 and 152-153. 
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The principal operators in this region in recent times have been the 
Himalaya Mining Company and the Toltee Gem Mining Company. 
The properties of these companies are about 6 miles apart and have 
not been operated for several vears. 

More recent mining for turquoise has been carried on farther south 
in San Bernardino County, near Cottonwood siding on the Santa Fe 
Railroad. 

Gove turquoise mine.—The Gove turquoise mine is in the Mohave 
desert, about 2 miles west of Cottonwood siding, on the Santa Ke 
Railroad, in San Bernardino County. it was operated during 1908 
by C. A. Gove, of the California Gem Company, of Los Angeles. The 
mine is in a low ridge which slopes gently down to the sand flats 
along Mohave River on the east and northeast. The deposit has 
been opened by two shafts, about 20 and 30 feet deep, respectively, 
with a little drifting, some crosscut trenches, and several small pits. 
These workings are all within a distance of 150 yards in a northeast- 
southwest direction. 

The country rock is principally a fine-grained, dark-gray biotite 
eneiss or graywacke, which strikes N. 30° E. with a nearly vertical 
westerly dip. In thin section under the microscope the constituent 
minerals are found to be biotite, with a yellowish to brownish green 
pleochroism, and quartz. The biotite occurs in laths and plates 
with a rough parallel orientation. ‘The quartz grains are small and 
rounded to angular. The graywacke is cut by a belt of schistose 
rhyolite or fine porphyry, about 100 vards wide. This porphyry 
has been squeezed and partly altered to a sericite schist. The con- 
stituent minerals determined in thin section are muscovite or sericite, 
quartz, and orthoclase. The texture of the original rock was very 
fine grained, and portions of this texture are preserved, though with 
a schistose structure. There has been a partial decomposition and 
kaolinization, with a consequent liberation of free silica, which has 
been deposited in seams and fractures through the rock. 

The turquoise occurs along the contact of the graywacke and the 
rhyolite. ‘This contact is rather irregular, and the turquoise has 
been deposited in both formations. Seams of limonite fill numerous 
joints and fractures in each rock, and stains of iron oxide have worked 
along the schistosity of each. Turquoise occurs in seams and nuggets 
in each rock and is generally associated with the limonite in the 
graywacke. In the rhyolite the turquoise is sometimes found with 

uartz or with stains of limonite. The nuggets of turquoise have 

eveloped along limonite searns, in fracture zones, and apparently 
in hard rock also; they range from a fraction of an inch to over a 
inch in thickness, and most cf them are elongated in the directio 
of the schistosity of the rock. The nuggets are fairly plentiful in ¢ 
few places in the shafts and the tunnels. The seams of turquoise 
cut the rock in various directions and are not often large enough to 
yield gem material. Many of the nuggets are pale and rather too 
soft for cutting; some of them, however, have a good blue color and 
the usual hardness. ‘The turquoise from the graywacke is in genera 
of much better grade than that from the rhyolite. The best tur 
quoise from the Gove mine has a rather light to medium dark, pure 
blue color. The lighter blue may be called “baby blue.” The prin- 
cipal value of the production is in the pure blue turquoise, though 
the yield is not large. 
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In a copper prospect opened 150 yards northwest of the turquoise 
mine a 6-inch vein of dark-gray quartz with stains and seams of 
blue chryscolla and green malachite has been found. This material 
might serve for cutting into cheap copper-ore gems. About a mile 
southwest of this prospect similar material was found associated 
with pyrrhotite and chalcopyrite. 


COLORADO. 


The mine of the Colorado Turquoise Mining Company, 13 miles S. 
60° E. of La Jara, Comejos County, has been leased by C. G. King, 
of Manassa, Colo., and C. H. Wyman and II. EK. James, of Colorado 
Springs, who set up a polishing plant at Colorado Springs and cut 
turquoise during the last part of 1909 and were oe during the 
first part of 1910. The mine was described in this report for 1908. 
Handsome matrix is obtained with dark to light-blue and greenish- 
blue turquoise, mottled with brown iron stains and seams of limonite. 


NEVADA. 


The turquoise mines in Nevada have been exploited more recently 
than in the other States mentioned. There are two principal regions, 
the Iismeralda-Nye County region and the eh achat district in Lin- 
coln County. The mines of the Esmeralda-Nye County region have 
been the most productive, and some of them are in operation at pres- 
ent. Turquoise has been found at numerous points within 25 miles 
of the Goldfield Railroad, between Sodaville and Goldfield, in both 
Esmeralda and Nye counties. Other deposits have been found to the 
north, near Yerington, in Lyon County. Some of the deposits are 
more or less closely associated with variscite, which mineral has been 
mistaken for turquoise by some ot the prospectors. The quality 
of some of the turquoise from this part of Nevada is especially fine in 
both color and hardness. 

Royal Blue turquoise mine-—The Royal Blue mine of the Himalaya 
Mining Company is in Nye County, Nev., 124 miles N. 12° W. of 
Millers, and nearly 7 miles northeast of Crow Springs. The mine was 
owned and operated for a number of years by William Petry, of Los 
Angeles, and was sold to the Himalaya Mining Company in 1907. 
During 1908 and 1909 the property was systematically and actjvely 
worked under the direction of Julius Goldsmith for the Himalaya 
Mining Company. There are four claims at the main part of the mine 
and three others in the region. 

These deposits are located among the hills on the eastern scarp of 
a plateau lying north and northeast of Crow Springs on the west side 
of Big Smoky Valley. The Royal Blue mine is about 5,400 feet 
above sea level, on a ridge extending west from a knob about 100 
feet higher. The mine has been worked by 5 tunnels, 3 shafts, 3 open 
cuts, and some smaller pits. At the time of visit the tunnels were 
about 200, 115, 30, 30, and 20 feet long, respectively; the shafts were 
20, 35, and 40 feet deep, respectively; and the open cuts were from 
15 feet to 60 feet long, 25 feet wide, and 40 feet deep. The 200-foot 
tunnel was driven in from the hillside on the north to the main open 
cut at a depth of about 25 feet and was used to remove much of the 
rock from the open cut. There have been about 100 feet of crosscut 
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tunnels driven from this 200-foot tunnel, one of the crosscuts connect- 
ing with a shaft. A raise was being made at the time of examination 
from the 200-foot tunnel to a pit on the surface above. The 115-foot 
tunnel was driven in from the northwest below the bottom of the 
40-foot open cut, with which it connected by a chute. Two 30-foot 
tunnels and an open cut 20 feet square were made on the south slope 
of the ridge near the top and 80 to 100 yards southeast and cast of 
the main open cut. A track with mine car was used in the 200-foot 
tunnel to remove waste, though the track was to be moved to the 
112-foot tunnel. 

The country rock is a fine-grained light-colored porphyry, which 
appears, under the microscope, to be an aie trachyte. The 
original feldspar crystals have been crushed and largely altered to 
sericite, and in places to kaolin. A few small scattered grains of 
quartz occur through the altered feldspars. These sericitized feld- 
spars are inclosed in a very fine feldspathic groundmass, also partly | 
sera The thin section contains numerous square or rectangular 
holes surrounded by or partly filled with much limonite stains, — 
evidently the remains of original pyrite crystals now weathered away. 7] 
The decomposed trachyte is soft in places, but much of it has been 
hardened by silicification and by a ferruginous cement. Where free 
from iron stains the trachyte is light-gray to white, though much of it © 
is stained brown by limonite along seams and through the rock. The 
rocks of the region have been badly broken and shattered with many 
resulting jomts and fissures, which are now filled with quartz, iimonite, 
and occasionally turquoise. Ledges of dense hard gray quartz, 
locally called “bull quartz” and resembling quartzite, outcrop over 
the country, especially on the ridges and hilltops. These ledges strike 
in various directions. Under the microscope this rock appears to be 
an altered phase of trachyte thoroughly impregnated with quartz or a 
highly silicified phase of the trachyte. Limonite stains are common 
in seams and through this “bull quartz.” The same rock is found 
in smaller masses in the ground worked for turquoise. A few hun- 
dred yards west of the turquoise workings is an outcrop of a con- 
elomerate-breccia stained green with malachite. 

The turquoise occurs principally in seams and veinlets with an 
occasional lenticular or nodular structure and in nodules or irregular 
lumps in the rock. The veinlets and lenses range in size from a small 
fraction of an inch to over an inch in thickness; the nodules from 
small lumps to those an inch or two in thickness. Masses of turquoise 
filling breeciated matrix have been found 4 or 5 inches thick. Lens- 
shaped pieces of turquoise weighing an ounce or two are not uncom- 
mon, and one piece weighing nearly a pound and a half was reported. 
The turquoise varies in color from dak sky blue to pale blue. Some 
of the dark blue has a greenish cast and some has a nearly pure blue 
color. The dark-blue turquoise and that with a greenish cast is very 
dense grained and very hard. The lighter-colored variety is generally 
softer. The best hard turquoise is generally found in the harder 
limonite-stained rock, and the pale blue and softer turquoise is found 
in the light-colored soft trachyte. The quality of the best pure blue 
turquoise from the Roval Blue mine is probably equal to that of any 
other American turquoise, and the matrix from this mine is also 
especially fine. The hard turquoise veins and nuggets are coated 
with a crust or stain of dark to light brown and yellow limonite. This 


| 


GEMS AND PRECIOUS STONES. 7838 


stain also penetrates the turquoise at intervals along seams and 
branching cracks, producing most attractive patterns and contrasts 
of color. <A large specimen examined and photographed at the mine 
measured about 8 by 3 by 2 inches. This specimen consisted of a 
patchwork of dark-blue turquoise with a slight greenish tint in places 
ina very dark red-brown matrix. The cut gems from such a specimen 
should show splendid contrasts in mottled or turt’s-back matrix. 

The cut gems vary with the nature of the turquoise. The combina- 
tions of pattern and contrasts in colors arned by some of the 
matrix stones are very beautiful. One especially attractive set of 
colors consists of seams and splotches of light-brown and dark-brown 
matrix with an irregular fringe of dark-blue or sometimes slightly 
greenish-blue turquoise filied in with pale or baby blue turquise. In 
some specimens the brown matrix or darker blue turquoise assume a 
dendritic or bushy appearance in the lighter blue. The mine has 
yielded to both operators a large quantity of such gem material as 
described. Among polished gems from this mine seen in William 
Petry’s office were slices 2 to 3 inches across and weighing 50 to 100 
carats, for belt buckles, large brooches, parasol handles, and many 
smaller gems, all beautifully marked and colored. The better grade 
of matrix is retailed at $1 per carat. 

Oscar Wehrend prospect.—Oscar Wehrend has tested a prospect 
about one-third of a mile north of the Royal Blue mine, across a draw. 
At the time of visit (August, 1909), there were two open cuts, 20 to 30 
feet long, with a maximum depth of 12 to 15 feet. An old shaft near 
by, about 30 feet deep, had not been cleaned out. The country rock 
is trachyte badly altered and decomposed. It has been kaolinized 
without being much silicified or hardened by iron oxides. The tuose 
rock thrown on the dump has slaked badly in the weather. ‘ Bull 
peers ledges outcrop on the hillside above. The turquoise occurs 
through the rock, in seams, splotches, and nodules, which reach a 
thickness of 2 inches or more in places. The turquoise is mostly 
quite pale and rather soft, and further pleshegne has not developed 
a much better grade of material. This turquoise is susceptible of 
having the color improved by artificial means, as during the process 
the turquoise becomes somewhat hardened and would serve for cheap 
grades of jewelry. 

Wiliam Petry turquoise mine.—The William Petry turquoise mine 
is about three-fourths of a mile south of Crow Spring and 104 miles 
N. 40° W. of Millers, Esmeralda County. The mine is in the summit 
of a small knob among the foothills on the east side of the Monte 
Cristo Mountains and about 200 to 300 feet above the lower country 
on the east or between 5,400 and 5,500 feet above sea level. The 
work has been more in the nature of prospecting than mining and 
consists of three small pits, one each on the east, north, and west sides 
near the summit of the hill. The eut on the north side is 50 feet long 
in a southerly direction, is 3 feet wide, and grades to 15 fect deep. 

The hill is composed of very fine-grained porphyry or rhyolite, 

robably a portion of a flow extending back into the Monte Christo 
Mountains. Regular granite porphyry outcrops on the northeast side 
of the hill below the mine and may represent a coarser-grained phase 
in the interior of the porphyry flow. Hard ledges of silicitied porphyry 
outcrop over the hill in a northeast direction. The chief constituents 
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of the porphyry as determined in thin section are quartz and ortho- 
clase with small amounts of epidote and zircon. The thin section 
contained many small holes such as might have formed where stout 
apatite crystals had been decomposed or ground out. Around the 
edges of some of these holes were small rims or patches of a mineral 
with a low birefringence and fairly high refractive index which were 
probably apatite. The section was cut from a fairly fresh specimen 
of the rock, though it contained a few clouds of kaolin and was 
traversed by several small seams of turquoise. Other portions of the 
porphyry on the hill are extensively altered and Kaolinized and some 
are stained pinkish. The decomposed porphyry is somewhat silicified 
in places and stained with iron oxides. 

The turquoise occurs in seams cutting the porphyry at all angles. 
Seams ranging from paper thickness to nearly half an inch thick were 
seen. In some places there are several seams in the space of an inch 
more or less ceed h one another or branching out or cutting across 
one another. In some cases the porphyry matrix is very fine grained 
and hardened by a siliceous or ferruginous cement. Such material 
cut by turquoise seams an cighth of an inch thick is especially adapted 
for cutting into cameos, and much of it has been used for that purpose. 
The turquoise ranges from pale blue to pure blue of a fairly dark 
color. Material that would yield gems of large size is scarce, though ~ 
the best blue stones have a good color and are very hard. Some 
pretty turquoise matrix with brown and red markings are obtained. 

Another prospect is reported to have been opened by William Petry 
and Oscar Wehrend, about a third of a mile to the northwest at the 7 
foot of another knob, where, it is said, more turquoise of good color 
and of more promising size was found. 

Myers and Bona turquoise mine.—I1. M. Myers and Charles A. Bona, 
of Millers, Nev., leased and worked a turquoise prospect on the 
Gilbert-Thompson property, 18 miles north of west of Millers, Esme- 
ralda County. The mine ison the western slope of the eastern part 
of the Monte Cristo Mountains at an elevation of about 6,400 feet.” 
The principal work was for gold and copper, for which the mine was 
opened, the turquoise being found later. The workings consist of a 
shaft 40 feet deep, a tunnel 75 feet long, with about 40 feet of drifts 
and stopes from it, an open cut near the shaft, and a few prospect pits. 
The mine is in the northeast face of a small steep hill. 

The country rock is principally quartz porphyry, which incloses 
bands of black slate. The porphyry is strongly altered, the feldspar 
having changed almost entirely to sericite. In this section the quartz 
phenocrysts are seen to be badly crushed and shattered and inclosed 
in a mass of fibrous sericite. The black slate has slightly calcareous 
and siliceous phases, and part might be classed as jasperoid. Some 
of the black ae is soft and resembles graphitic phyllite. 

The turquoise is found along the contact of the porphyry with 4 
band of included slate. This body of slate strikes about N. 20° W. 
and has an irregular dip of 30° to 50° SW., and a ledge of silicrfied 
rock with a prominent hard outcrop cuts across it at right angles: 
The slate contacts and inclusions in the porphyry mite to be bake¢ 
in places and to have altered and become soft in other places. Ti 
turquoise occurs in nodules and nodular seams or veinlets. Th 
nodules range from a fraction of an inch to over 2 inches in thicknes 
and the seams up to one-half inch in thickness. The scams of tul 
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quoise are not regular or continuous, but pinch and swell from small 
size into nodular lumps; some of the nodules of turquoise are scat- 
tered through the rock irregularly, while others occur in a lead in- 
closed in a softer gouge-like matrix. The best turquoise occurs in 
the black slate, generally in the softer decomposed streaks; some is 
found in the porphyry, but it is generally soft and not of good color. 

The turquoise from this mine presents some peculiar features. 
The best material is hard and is a beautiful sky blue in color. Some 
specimens of the hard turquoise have also a greenish cast with the 
acy blue. Many of the nuggets, especially the larger ones, are pale 
blue and are deficient in hardness. These nuggets are very tough, 
however, and are difficult to break with a hammer. They appear to 
have a very fine felty fibrous texture, slightly resembling meerschaum, 
even when examined under the microscope. Iron stains are present 
with some of the turquoise, either along the walls of the seams or 
filling cracks in the mineral, and they add to the beauty of the matrix 
material. 

The best turquoise from this mine is probably equal in color and 
| hardness to turquoise from many mines in the Southwest. The out- 
put of the deep-blue turquoise is not large, compared with the poorer 
grades, and large specimens are scarce. - Round balls of hard white 
| mineral, having a fine texture and ranging up to 4 inches in diameter, 
| occur through the porphyry. This material is a hydrous phosphate of 
jaluminum, though its exact composition has not been determined. 
i In texture and appearance it resembles white turquoise. The mine 
was worked during 1908, but was not operated in 1909 because of 
}the trouble experienced in placing the gem material on the market. 
| «©. Montezuma turquoise mine—The Montezuma mine of the German 
American Turquoise Company is 12 miles N. 40° &. of Redlich, and 
jabout 20 miles by road east of Sodaville, in Esmeralda County. It 
jis in the foothills on the east side of the Pilot Mountains, at an ele- 
eetion of about 5,900 feet above sea and 600 feet above a large sand 
flat about 2 miles to the east. The deposit is in the north side of a 
‘small hill and has been opened by about a dozen pits and tunnels of 
lirrecular shape. Other croppings of turquoise have been found on 
‘the hill, but have not been opened. 

The country rock is soft decomposed porphyry, probably trachyte. 
Andesite and traplike rocks outcrop in the region. Ledges of quartz 
lor hard silicified porphyry also outcrop across the hill and in the sur- 
rounding country; many of them have a northeast strike and vary 
from a few feet to 15 feet in thickness; others cut the country rock 
at various angles. These porphyry and quartz ledges have been 
crushed and the joints filled in with brown to purplish stains of iron 
oxide. ‘The turquoise occurs in the altered trachyte in seams, vein- 
ets, and nodules which range up to an inch or more in thickness. 
The turquoise is quite variable in color and hardness, and ranges 
from hard, very fine dark blue to dark blue with a greenish cast to 
pale blue and soft material. There is much dark brown to yellow 
limonite stain associated with and filling fractures in the turquoise. 
The best colors and the hardest stones are generally found in the 
ard iron-stained portions of the trachyte, and the softer pale-blue 
stones in the light-colored soft porphyry or trachyte. The best cut 


matrix gems from this mine resemble those from the Royal Blue mine 
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in marking and color. Strong contrasts in brown and blue, with mot- | 
tled patterns are obtained and yield beautiful gems. The bulk of the | 
output is in low-grade gems which are retailed at about 50 cents per 
carat. 

Moqui-Aztec turquoise mine.—The Moqui-Aztec mine, or the §. 
Simmons turquoise mine, is about a mile southwest of the German- | 
American mine in the south side of a ridge at an elevation of abouf | 
6,250 feet above sea level or 350 feet above the valley below. They) 
mine has not been operated since 1908 and the workings have fallen) | 
in so badly that a thorough examination was not possible. There 
were three or four tunnels, one of them 80 feet long, with irregular 
open cuts and pits. One of the tunnels was driven in from the oppo 
site side of the ridge about 100 yards to the northeast of the miné 
workings. The 80-foot tunnel was driven N. 35° E. (magnetic) andy 
apparently along a turquoise lead. 

The country rock 1s rather fine-grained quartz porphvry, approach=™ 
ing granite porphyry, badly decomposed and kaolinized. Irregulary 
masses of quartz outcrop on the hillside in and near the mine. Pore} 
tions of the porphyry are stained with iron oxides, and the quartz t 
badly iron-stained. The turquoise occurs in veinlets and nodules 11 
the porphyry and quartz, and that associated with lhmonite irof 
stains is generally the best in grade. <A large amount of pale-blué 
turquoise has been obtained from this mine and cut at the owner’ 
lapidary shop in Los Angeles. ‘Turquoise of dark pure blue color] 
scarce and some of the paler variety 1s deficient in hardness. Prett 
light-blue matrix stones with delicate brown markings have been cu 
in some quantity. 

ne matric turquoise mine.—The Smith black matrix tui 
quoise mine is about half a mile south of the Southern Klondik 
mining camp and about 3 miles northeast of Klondike, a station wit 
water tank on the railroad between Tonapah and Goldfield, in Esmé 
ralda County. The mine is in a group of small hills, about 400 fee 
higher than the railroad, or about 5,500 feet above sea level. 
conical-shaped knob one-third of a mile west of the mine has a 
elevation of about 5,800 feet and is quite prominent because of 1 
white color and elevation. The workings at this mine are small ar 
consists of three small cuts with ashort tunnel on the northeast slog 
of a hill of dark rock. 

The country rock consists of limestone and shales, with hard sit 
ceous phases called jasperoid by S. Hl. Ball® and classified as % 
Cambrian age. The jan tconG is a dark gray and grades into jasp 
roid and slate. The latter rocks are fine-grained, gray to blac 
banded rock, with a more or less wavy bedding. The hardness vari 
with the extent of silicification. A.few hundred yards to the sou 
of the deposit is a mass of rhyolite, with quartz porphyry phas 
whose northern boundary extends 1n an irregular east-west directio 


a A geological reconnaissance in southwestern Nevada and eastern California; Bull U.S. Geol. Su 
No. 308, 1907, p. 77. 
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is light gray to white and is in marked contrast to the dark appear- 
ance of the limestone and jasperoid. 

The turquoise occurs in seams and veinlets filling joints and frac- 
tures in black slaty jasperoid, which they cut at all angles. In 

laces the jasperoid rock is badly brecciated, and here the turquoise 
fills in the spaces between the angular fragments. The seams range 
from the thickness of a sheet of paper to more than three-fourths of 
an inch. The brecciated masses with turquoise fillings may be an, 
inch or two across. The thicker seams of turquoise generally con- 
tain angular fragments of black jasperoid. The turquoise seams, 
however, are very irregular in size and direction, and they branch 
from one joint plane to another at various angles. There is more or 
less limonite iron stain in the joints and through the rock, being in 
some places intimately associated with the turquoise. 

The turquoise from this mine, little, if any, of which is sufficiently 
large to be cut into pure turquoise gems, has been handled by the 
California Gem Company, of Los Angeles. The output is entirely 
in matrix, which owes its beauty to the striking contrast between 
the blue turquoise and the black matrix in the innumerable patterns 
exhibited by them. In some of the cut stones the turquoise pre- 
dominates, in others the black matrix. Some gems are cut with 
one or more seams or veinlets in matrix, others with fragments of 
matrix included in turquoise, and still others consist of badly brec- 
clated matrix with a filling of turquoise. Brown iron stains are 
present in some of the gems and lend contrast. In other stones there 
ee patches or seams of gray quartz, which blends well with the other 

colors. 

The turquoise ranges from blue of a fairly pure color to very light 
blue to greenish. ‘The greenish turquoise is difficult to distinguish 
from variscite in places,.and may occur in seems in the same hand 
specimen with blue turquoise. ‘Lhe greenish variety does not react 
}so readily for copper when tested by the flame coloration method, 
and some of it appears to contain very little of that metal. Under 
\the microscope such material exhibits a texture resembling that of 
variscite—that is, it 1s concretionary and spherulitic—but it also 
pppents to grade into a normal turquoise. It seems possible that 
there may be a gradation from turquoise to variscite through a more 
or less amorphous series of hydrous aluminum phosphates in which 
hcopper occurs in amounts varying from nothing to the several per 
cent necessary to produce normal turquoise. In this occurrence of 
jturquoise the mother rock is similar to that in which some of the 
ivariscite is generally found, though there is the usual porphyritic 
tock characteristic of turquoise in the neighborhood, and it may 
have once covered the deposit of turquoise. Under such conditions 
ithe materials forming the turquoise could have leached from the 
porphyry during its decomposition into the broken jasperoid below. 
he copper necessary to supply the color of the turquoise may have 
come from copper minerals in the porphyry or from deposits in the 
jasperoid, in which a few copper stains were observed in one prospect 
near the turquoise mine. 
| Los Angeles Gem Company.—Turquoise has been found at two 
olaces on the variscite claims of the Los Angeles Gem Company, 
ubout 2 miles northwest of the deserted mining camp, Columbus, in 
Esmeralda County, One of these is at the west end of the group of 
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claims on the Pirate No. 3 claim, and the other is a small knob about 
one-fourth of a mile south of the center of the line of claims. The 
rock formations and the general region are described under variscite 
in this report. In the first deposit mentioned a pit 5 feet deep and 
15 feet long has been made in an east-west direction, following a seam 
of turquoise more than an inch thick a short distance in dark-gray 
cherty siliceous rhyolite. Part of this turquoise is fairly dark blue 
and quite hard. A little greenish variscite-hke material was found im) 
the same pit and is said to have come from the same veinlet as the 
turquoise. 

At the other place two prospect pits were made in a dark jasperoid 
or silicified calcareous rock. Small seams of dark blue very hard 
turquoise with a slight greenish cast were found. ‘These seams were 
not abundant, and none over half an inch thick were found, the major: 
ity being less than one-fourth of an inch in thickness. The ver y dark 
brown and black matrix with this turquoise would yield beautiful 

cms. 

Little has been done with cither of these prospects, as the company 
has been. kept busy supplying the trade with variscite. 

Other oeciTinat Ine OR has been found associated with varis: 
cite at other localities m Nevada. Among these are the claims 6 
Carl Riek and W. K. Botts, 5 miles northeast of Coaldale, and o 
Clyde Carr and Mrs. Mattie Lovejoy, about 10 miles north of Blai 
Junction, both in Esmeraida County. Only a hmited amount 6 
work has’ been done on these deposits, though part of the turquoisey 
found at each locality has a fine blue color. These deposits wer 
visited in the spring of 1910 and will be described in the report fo 
that year. 

Turquoise was mined in Nevada during 1909 by Otto Taubert, % 
miles N. 75° W. of Yerington, in Lyon County. This mme wa 
visited in May, 1910, and will be described in the report for that yea 
The turquoise occurs rincipally in seams and is a very hard variety 
Some of it is a fie dark pure blue, and other is slightly ereenish 
Paler colors also occur, aint much very pretty iron-stained matrix. 

A collection of cut turquoise matrix from Belmont, Nye County 
was examined in the oflice of William Kley, of Denver. This tut 
quoise was obtained f from Mrs. Eva 8. Weber, of Belmont. Th 
best grade consisted of dark-blue turquoise w ith a small amount 6 
white mineral in a dark-gray and chocolate-colored matrix. Th 
white mineral occurs as a fringe around the turquoise in many speé 
mens and sets the turquoise “with its chocolate-colored matrix 0 
very beautifully. Along with this new variety of turquoise matm 
was a larger quantity of ordinary blue, greenish, and brown matrB 
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Turquoise has been mined in four regions in New Mexico. The 
are the Cerillos district in Santa Fe County, the Little Burro Mout 
tains and the Little Hachita Mountains in Grant County; and # 
Las Cruces region in Dona Ana County. The best known of the 
localities are the Little Burro Mountains and Cerrillos. The tu 
quoise from the best mines in these districts is famed for its excellent 
In all four localities the turquoise deposits were once worked by fl 
Aztecs or Indians and those near Cerrillos under Spanish rule. 


GEMS AND PRECIOUS STONES. 789 
LITTLE BURRO MOUNTAINS. 


The turquoise deposits of the Little Burro Mountains, in Grant 
County, were described in this report for 1907. A brief visit was 
paid to the locality in July, 1909, to examine the recent work, the 
Azure mine being the only mine in operation. No new work had 
been done on the Parker mine and very little on the Porterfield mine. 
In the report for 1907 the distance by road from Silver City to the 
turquoise mines was given as about 15 miles; the new Silver City 
topographic sheet published by the Survey shows the Azure mine to 
be 10 miles 8. 35° W. of Silver City. The mining camp is about 6,100 

feet above sea level, and the Parker and the Porterfield mines are 
both about 6,000 feet above sea level. 

The Aztecs or Indians operated some of the turquoise mines of the 
| Little Burro Mountains as they did many other mines in the South- 
| west. The discovery of these deposits by white men dates back to 
| 1885,¢ and although there is some dispute as to the original discov- 
jerers, the names of John IX. Coleman, W. J. Foley, and Nicholas C, 
| Rascome are prominent among those mentioned. The early work 
in this district was directed toward the remains of the Aztec mines 
with varying success. The Azure mine was discovered in virgin 
ground, where there was no evidence of ancient mining. 

Azure turquoise mine.—Mining operations at the Azure turquoise 
mine were begun in 1891 by the Azure Mining Company, of New 
York. The operations at this mine have been on a larger scale than 
at any other turquoise mine in the country, and the value of the 
production of turquoise is commonly stated to be from $2,000,000 
jto $4,000,000. The mine was worked by an open cut about 200 
iyards long, 100 to 200 feet wide, and over 60 feet deep in the deepest 
part, with adits on two levels below the openwork. ‘There has been 
but little turquoise obtained from this old working during the last 
four years, though several shafts, crosscuts, and tunnels were driven 
in search of gem material. 

During 1908 a new deposit of turquoise was opened about 150 
yards east of the old mine by W. R. Wade, mining engineer of the 
Azure Mining Company. The mine is in the bottom and along the 
west side of a small draw. The deposit was once worked by the 
Aztecs, and their tunnels and openings filled with rubbish are exposed 
n the upper part of the mine. In the early days of turquoise mining 
n the Little Burro Mountains, M. W. Porterfield and associates pros- 
rected for the turquoise deposit near these old Aztec workings. 
he Porterfield tunnel missed the recently discovered deposit by a 
ew feet only. The developments to the time of examination con- 
isted of old openworks with tunnels, and recent shafts, drifts, winzes, 
aises, and stopes. There were two levels below the openwork. 
the first of these was the principal level and consisted of a tunnel 
bout 260 feet long with three raises to the upper level, stopes, and 
| 50-foot inclined winze to the second level 30 feet lower. The 
innel was driven into the hill in a direction S. 25° W., nearly parallel 
ith the course of the small valley. Mr. Wade stated that the 
evelopment work amounted to nearly 1,200 feet. Mining operations 
ve impeded during wet weather, as part of the openwork is in the 
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The country rock of the region around the turquoise mines is 
principally granite porphyry presenting different phases from nearly 
ordinary quartz porphyry to porphyritic granite. Some monzonite 
accurs. At the Copper King copper mine, one-half mile southwest 
of the New Azure mine, the rock 1s coarse porphyritic granite, com- 
posed of large pink orthoclase and white oligéclase crystals, gray 
quartz, and biotite mica. At the Porterfield mine, one-half mile to 
the southeast, the same type of rock occurs along with some dark- 
gray speckled monzonite. The rock around the Azure mine and to 
within a short distance of the more recently discovered deposit is 
medium-grained porphyry, occurring both as quartz porphyry and as 
granite porphyry. This rock has been partly altered and silicified 
by the deposition of quartz in many joint seams and fracture zones 
and in the interstices of the rock. The occurrence of a large number 
of seams of gray quartz cutting the rock at various angles is quite 
characteristic. The rock is gray to pinkish gray and is fairly hardy” 
It is the formation in which the turquoise deposits of the old Azur 
mine occurred. The rock in which the new deposit has been foun 
is a pinkish-gray granite porphyry with a rather fine ground mas: 
inclosing large phenocrysts of gray quartz and smaller ones of feld 
spar. The feldspar in the rock near the turquoise deposit has beef 
badly kaolinized. The rock may represent a slightly different phasi 
of the regional granite porphyry or a separate intrusion. In place 
this rock is cut by only a few quartz seams, but along the fracture 
zones and near the turquoise veins quartz is more abundant. 

The turquoise is found in a belt about 80 feet wide in a fracture 
zone of the last body of porphyry described. The porphyry has been® 
broken by a series of roughly parallel joints with a strike of about 
N. 25° Is. (magnetic) and a dip of 30°-60° Ic. and by fractures in othe 
directions. The turquoise occurs in veinlets and seams along thes 
joints. Mr. Wade states that there are six prominent seams in th 

elt and numerous smaller scams in the cross joints. The prominent 
turquoise seams and veins are readily followed and hold out & 
greater distances than those in the branching or cross veinlets, 1 
which the turquoise extends only a few inches from the main veil 
in some places and to several feet in others. Some of the veins car 
no turquoise for distances ranging from a few inches to several fe 
and may then pass into nearly solid turquoise veinlets or quartz al 
limonite stain with turquoise nuggets or patches. Some of the seam 
in which the turquoise fails are filled with a clay gouge-like mater 
with or without iron oxide stains. In places seams of turquoise pé 
into nodular turquoise, the nodules lying loosely fitted togetht 
being apparently the result of fractures in a once solid seam. The 
nodules range from small size to 3 or 4 inches in diameter. Th 
the size of a walnut are not rare. Theseams and veinlets of turquo 
range in thickness from a small fraction of an inch to over 2 inch 
and the veins along the main joints are much thicker than th 
They are not composed wholly of turquoise, however, and may ¢ 
tain considerable matrix and quartz. The turquoise seams 06 
both in hard silicified rock and in decomposed rock, with or with 
red hematite or brown limonite stains. Some of the seams are 
gray porphyry without any associated minerals. The quality of 
turquoise does not seem to vary greatly with the matrix u 
decomposition has been extensive, when it may be discolored | 
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altered. Representative specimens of discolored turquoise were 
kindly sent to the Survey by Mr. Wade for examination, and similar 
material was observed during the investigation of this mine and 
others in the region. Some of these specimens are composed of 
nodules of blue, bluish-green, and greenish turquoise with a core or 
shell of greenish-brown or brown turquoise; in other specimens the 
whole nodule is greenish-brown or brown. The same mottling and 
texture are common to the blue turquoise and to the brown. The 
green and brown colors are due to the presence of iron, as is shown by 
treating fragments of the mineral in boiling strong hydrochloric acid. 

In this operation the discoloration 1s removed, and pale-blue to nearly 

white, rather soft turquoise is left; the resulting solution contains 

iron, copper, phosphate, and probably aluminum. When pure green 
turquoise, both light and dark colored, is treated with acid, the green 
color is removed and pale-blue, soft turquoise is left. Hard, dark- 
blue turquoise is not so readily attacked, though the color is much 
weakened and some copper is taken into solution. 

The color of the turquoise from the New Azure mine varies from 
dark-blue, sky biue, light or baby blue to nearly white, to blue with 

a greenish cast, to green, to greenish-brown, and to brown. Pure 

turquoise is obtained in pieces of size sufficient to yield large gems. 

The matrix presents considerable variation; in one type there is 

turquoise of two colors—often a light-blue with darker blue or 
| greenish mottlings or round spots peppered through it, or there may 
| be a gradation from one shade of blue to another or to green or 
brown; another type contains inclusions of quartz or wall rock, with 
or without iron stains, and seams and dendritic markings of brown 
and yellow stains. Veinlets of turquoise in the country rock, or tur- 
quoise fillings in brecciated zones with or without red or brown iron 
stains also produce attractive combinations. 

The turquoise from the Azure mine holds an enviable position in 
the gem trade. The pure blue cut stones are marked with a circle on 
the back and are guaranteed to hold their color for many years. The 
matrix is not guaranteed and is not generally sold as the Azure product. 
The finest material from the old mine came from one large pocket and 
was called “Elizabeth” turquoise. The best turquoise from the new 
mine does not equal the “Elizabeth” variety in color or quality, 
though it is about equal to that from the other parts of the old mine. 
| The yield from the new imine is satisfactory as regards quantity. 


LITTLE HACHITA MOUNTAINS. 


The turquoise claims in the Little Hachita Mountains, about 6 
miles west of Hachita, in Grant County, have several owners. Accord- 
! ing to Sterling Burwell, an old resident of the Little Hachita Mountains, 
the first work done on the turquoise deposits of this region was by 

Con Ryan and himself between 1885 and 1888. This work was done 
for gold, as Con Ryan supposed that the ancient workings and 
dumps in the region were gold mines of the Aztecs or early Spaniards. 
Turquoise was found, and four claims for this mineral were then 
taken up by Harry Wood, who soon sold out to eastern purchasers. 
Archie Young then located all the ancient workings. Assessment 
work was kept up on a few of these claims only, and in June, 1908, 
George W. Robinson relocated four of the best claims, in which 
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M. W. Porterfield was given a half interest for financial assistance; 
these claims were operated during 1909, the first turquoise mining 
in the region for several years. Other claims are now owned by the 
American Turquoise Company, of New York, by M. M. Crocker, of 
Lordsburg, by the Mary Posey Mining Company, of San Antonio, 
Tex., and by R. 5S. Chamberlain. 

Tor a few years from 1880 on there was a lively mining camp in 
this part of the Little Hachita Mountains, and a silver smelter was 
built about a mile east of the turquoise deposits. It is said that a 
little turquoise was found in some of the silver mines of this region. 
Turquoise is reported to have been worked several years ago by 
Nick Rascom at Silver Night, about 20 miles to the southwest of the 
present mines. This work was on old dumps, the remains of some 
of the old Aztee workings, which are numerous in the Little IHachita 
Mountains. Around one of these were a large number of stone ham-) 
mers of crude workmanship. A thin section for microscope study) | 
from one of these hammers shows it to be an andesitic breccia or tuff) 
The hammer is greenish gray and is very tough; the material for it 
was probably obtained near the locality where it was used. 

The Little Hachita Mountain turquoise deposits he at elevations off) 
5,000 to 5,400 feet above sea ied, or about 500 feet higher tham> 
Hachita. The claims are located im a semibasin country open on the 
east side of the mountains for about 34 miles north and south andy 
for 24 miles to the east. The basin is surrounded by rock-cappedy} 
hills from 600 to 1,000 feet higher on the north, west, and south thany 
on the east, where low hills slope down to a large flat toward Hachita 
The drainage is to the east in channels cut through these low hills 
There are several small knobs, ridges, and spurs in the basin hichery 
than the hills on the east. Prominent among these knobs is any 
elongated ridge nearly half a mile long in a northeast-southwest dire¢ 
tion and slightly northwest of the center of the basin. This hill 
contains numerous turquoise deposits, especially at the northeas' 
end, and is sometimes called Turquoise Mountain. In the descrip: 
tion of the different turquoise prospects in the region locations wil 
be given by distance and direction from the summit of this hill at its 
northeast end. The higher rim of the basin is a scarp with cliff 
and steep slopes on the inner side. 

The country rock of the region consists of a series of interbedde 
sedimentary, volcanic, and intrusive rocks. The sedimentary rock 
are sandstone, slate, or phyllite, and limestone; and the volcan 
rocks are rhyolite, trachyte, and andesite, which occur as breccia 
or tuffs, flows, sills, and dikes. The structure of the formations 0 
the south and southwest rim of the basin is monoclinal, with a ligh 
dip westerly and away from the basin and a strike to the northwest 
ma eehier this monoclinal structure continues up the west side of tl 
basin to the north end was not determined. The southwest rim ¢ 
the basin is composed of a heavy bed of gray cherty limestone. Belo 
it are slates and beds of andesitic tuff, with trachyte near the base | 
the hill. Still lower in the series and in places in the bottom of 
southern half of the basin are beds of volcanic tuff, rbyolite, lim 
stone, slate, and greenish sandstone. <A large area of the basin 
occupied by trachyte, andesite, and probably monzonite, especial 
in the northern half. These rocks probably occur partly in the fon 
of sills interbedded with the sedimentaries and other volcanic rock 
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and partly as dikes or stocks. In the higher parts of the basin they 
remain uneroded, while in the lower parts the underlying rocks are 
exposed. The trachyte, andesite, and monzonite rocks are closely 
associated and both exhibit fine to medium-grained texture. Large 
areas of the trachyte are so decomposed that its original nature is 
uncertain. The turquoise deposits are associated with the altered 
trachyte and opel; with altered andesite. In one of the mines a 
dike of altered porphyry, probably monzonite, was encountered. 
The low hills on the east of the basin are capped with cherty lme- 
stone, which may be the same formation as that on the west rim of 
the basin, dropped down by a great fault. 

Robinson and Porterfield mines.—The claims owned by George W. 
Robinson and M. W. Porterfield are the Azure, along the top of Tur- 
quoise Mountain; the Cameo, nearly 1 mile north of west of the 
northeast end of Turquoise Mountain; the Galilee, three-fifths of a 
mile southwest of Turquoise Mountain; the Aztec, 14 miles west of 
south of Turquoise Mountain. 

There have been two sets of workings on the Azure claim, one at 
the northeast end of Turquoise Mountain and the other near the 
middle of the hill on the top. At the northeast end there were the 
remains of ancient Aztec workings, mostly filled in, and the prospects 
of the first white miners. Recent work consists of a tunnel about 
160 feet lone with a crosscut and stopes connecting with an open 
cut on the surface. The tunnel was driven in southwest from the 
northeast end of the hill, and near the end a crosscut was run to the 
southeast connecting with stopes to surface work above. This drift 
also encountered Aztec workings, mostly filled in with rubbish, and 
workings of later people, either Spaniards or early miners during the 
eighties. This latter excavation consisted of a drift about 35 feet 
below the surface with the old entrance completely filled with rub- 
bish. This rubbish was either purposely filled in the exit by the 
early miners to conceal the deposit or has slipped in by the breaking 
down of the walls. The presence of a cial rusted tin can in the 
bottom of the hidden tunnel and round drill holes suggests a later 
period of mining than that of the early Spaniards. The open cuts 
at the surface above were made by former miners and followed the 
Aztec workings. 

The turquoise occurs near the contact of very fine-grained trachyte 
and a porphyry, probably monzonite, both badly decomposed. The 
contact of these two rocks extends northeast and is quite irregular. 
The turquoise is found mostly in the trachyte, especially where the 
latter has been fractured and stained with iron es The rock has 
been badly broken and the turquoise fills the fractures with irreg- 
ularly shaped seams ranging from a very small fraction of an inch 
to half an inch in thickness. These seams branch and cross one 
another and open abruptly out from small size to large size. Where 
the rock is very badly fractured the joints are sometimes all filled 
with turquoise forming masses of matrix of good size. The matrix 
is harder where strongly stained with yellow and brown iron oxide, 
and in combination with the fine color of part of the turquoise it makes 
beautiful matrix gems. The turquoise ranges in color from dark sky- 
blue to pale blue and greenish blue. The dark blue and the greenish 
blue are very hard; the pale blue variety is rather soft. The principal 
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yield from this claim is in matrix turquoise with some good cameo 
material. 

At the southwest end of the Azure claim two open cuts were made 
in a northwest direction. These cuts were in trachyte rock and ex- 
posed seams of turquoise having a northeast strike. Other veinlets 
of turquoise outcrop along the ridge near by, associated with limonite 
stains. Some very hard turquoise with a fine pure blue color was 
found in the seams in heavily iron-stained rock. 

On the Cameo claim a shaft has been dug 40 feet deep and drifts 
with stopes run from it in a northeast-southwest direction. These 
drifts and stopes were made on a prominent veinlet of turquoise which 
strikes northeast with a veteagll dip at the surface and inclines at 
about 75° NW. from a depth of 20 feet to the bottom. The inclosing 
rock is a yellowish-gray altered trachyte. On the hill above is a mas- 
sive outcrop of hard, dark andesite. In the bottom of the shaft the 
best turquoise has been found in a band of rock 7 feet wide lying be- 
tween two prominent joints or veinlets with a northeast strike and 
a high northwest dip. Other seams of turquoise occur in varying 

ositions, some lying nearly horizontal and others striking northwest. 

t is said the best turquoise has been found at points where some of 
these side seams cross the main veinlets. The turquoise occurs prin- 
cipally in veinlets and seams, the largest half an inch thick. These 
veinlets are hard and firmly attached to the wall rock, which is suffi- 
ciently hard to serve as a matrix, and some of the turquoise is cut into 
cameos with it asa base. The wall rock of the seams is yellowish-gray 
to brownish in color. The best turquoise has a good pure blue color, 
locally passing to greenish-blue. This deposit was originally worked 
by the Aztecs and remains of their work with their stone hammers 
are still to be seen near the present openings. 

The work on the Galilee claim consists of a large shaft or a small 
irregularly-shaped pit about 20 feet deep. The rock formation is 
altered trachyte of fine grain and strongly stained with iron oxides. 
The turquoise occurs in two main veinlets or seams and in a few 
smaller ne pronounced ones. The veinlets are fracture zones 
stropgly stained with iimonite, having turquoise in spots or in small 
rounded grains distributed throughout. 

The Aztec claim is on the northeast slope of the southwest side 
of the basin about 500 feet below the rim. There were Aztec work- 
ings on this deposit, and a tunnel was run under them by Harry 
Wood. Some stoping was done in this tunnel. Mr. Robinson has 
made a new opening above Harry Wood’s tunnel and to the south of 
the Aztec workings. ‘The deposit is in decomposed trachyte in part 
stained and hardened by iron oxides and in part still light-colored and 
soft. On the hill above the mine there is a ledge of heavily pyritized 
trachyte. The turquoise is found in seams filling pronounced joints 
and generally associated with limonite stains, and in balls or nuggets 
in leads through the trachyte or isolated. The nuggets are said to 
yield better turquoise than the veinlets. Streaks of gypsum occur 
in the trachyte near the turquoise leads. The turquoise from the 
Aztec claim is not of so good grade as that from some of the other 
claims. Much of it is rather soft and pale. Some of the turquoise 
with good color when fresh fades somewhat on exposure. 

American Turquoise Company mine.—The American Turquoise Com- 
pany mine is a little over 1 mile north of west of Turquoise Mountain 
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and a few hundred yards west of the Cameo claim. This mine was 
opened by a shaft 60 feet deep with a drift and raise to an open cut, 
and by another open cut about 150 yards to the north. The country 
rock is fine-grained light-gray to grayish-yellow stained altered 
trachyte. Specimens obtained from the dump contained inclusions 
of darker rock also altered. These inclusions may be from the lower 
part of the trachyte sill where fragments of the underlying andesite 
were caught up. The workings are in a direction of N. 10° EK. and 
evidently followed a pronounced vein or set of veins, the dip of 
which is about vertical. The turquoise has been deposited in a 
fracture zone in veinlets and seams. It is said only pure turquoise 
was obtained from this deposit and that there was little material for 
cutting into matrix. The best turquoise has a good biue color and 
is quite hard. 

M. M. Crocker claams.—The M. M. Crocker turquoise claims are 
the Azure No. 2 on the southwest end of Turquoise Mountain, and 
the Twilight, on a small knob one-half mile south of west of Turquoise 
Mountain. The work on the Azure No. 2 claim consists of a shaft 
40 feet deep and an open cut at one place and an 8-foot pit a few 
hundred yards to the southwest. The 40-foot shaft was sunk in 
decomposed trachyte with andesite near by on the east. A strong 
seam of turquoise running about N. 25° KE. and vertical was 
encountered. In the pit several smaller seams of turquoise with 
about the same dip and strike were found in altered trachyte. 

The Twilight claim was opened by Mr. Robinson for Doctor 
Crocker by two pits. The country rock is trachyte and contains a 
few small seams of turquoise. Much of the turquoise is greenish 
blue, and the seams are bordered with heavy stains or films of limonite. 

R.S. Chamberlain mine.—The Calmea claim of R. S. Chamberiain 
is on the east side of the northeast end of Turquoise Mountain. The 
deposit was marked by large Aztec workings, and has been tested 
by pits by several prospectors. A 40-foot shaft sunk by Mr. Cham- 
berlain with a drift to the east is reported to have encountered ancient 
workings to that depth and so extensive as to make further mining 
difficult. The deposit appears to be along the contact of trachyte 
and monzonite or andesite. Little was seen of the formation or of 
the quality of the turquoise found. 

Mary Posey Mining Company mine.—The mine of the Mary Posy 
Mining Company is about one-third of a mile north of Turquoise 
Mountain. A shaft was sunk at this point for silver. ‘Turquoise was 
reported as found in this shaft. 

Another claim, called the Le Feve claim and owned by parties in 
Clifton, Ariz., has been opened across a draw a little over half a mile 
S. 20° W. of Turquoise Mountain. A little turquoise was found here 
in soft decomposed trachyte. 


VARISCITE. 


The use of variscite in jewelry has increased greatly during the last 
two years and has created a considerable demand for good gem 
material. The growth of popularity of this gem is due to the appear- 
ance on the market of matrix material exhibiting a large variety of 
pleasing colors with innumerable combinations of patterns or mark- 
ings. ‘The two deposits of variscite first mined for gems in Utah were 
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described in this report for 1908; namely, the utahlite or chlor- 
utahlite mine of Don Maguire, of Ogden, and the amatrice mine of 
the Occidental Gem Corporation, of Salt Lake City. The occurrence 
of a variscite mine in southwest Utah, owned by John A. Maynes, of 
Salt Lake City, and a new discovery in Esmeralda County, Nev., 
were also mentioned. The latter locality has been taken up by the 
Los Angeles Gem Company and was examined in August, 1909. <A 
description is given alt of the deposits owned by this company. 
Since the operations of the Los Angeles Gem Company were started 
deposits of variscite have been located at several other localities in 
Nevada, and at one other in Utah. A number of these were ex- 
amined in May, 1910, and will be described in the report for that 
year. The properties in Nevada are those of G. E. Wilson, Abner 
Capps, Carl Rick, and W. K. Botts, a few miles to the north of 
Coaldale; of Clyde Carr and Mrs. Mattie Lovejoy, 10 miles north of 
Blair Junction; of Mrs. Clara Dunwoody, C. M. Dunwocdy, and C. 
Prichard, 8 miles southwest of Sodaville. The variscite deposit near 
Candelaria which has been known for a number of years was also 
examined. The title to this deposit is under dispute. At the time 
of examination the name of George W. Brown, a Cherokee Indian, 
was posted on the location monument, though it was reported that 
the property had not been given up by E. J. Tilden, of Goldfield, a 
former owner. In Utah a new deposit of variscite of bright green 
color and in large masses was located by Frank Edison and Icdward 
Bird, 5 miles northwest of Lucin. A description of this deposit also 
will be given in the report for 1910. 


NEVADA. 


The variscite deposits of the Los Angeles Gem Company are in two 
groups. One of these is about 2 miles west of Rock Hill siding of the 
Tonapah and Goldfield Railroad, between the stations of Redlich and 
Coaldale. The other and larger group is about 14 miles northwest 
of the deserted mining camp of Columbus. Columbus is about 5 
miles southwest of Rock Hill, on the west side of the Columbus borax 
salt marsh. The two variscite localities are about 2 miles apart in a 
northeast-southwest direction. They are in the foothills on the east 
side of the Candelaria Mountains at elevations ranging from 4,700 to 
5,200 feet above sea level, the elevation of Columbus being 4,625 
feet. In the notes given below magnetic readings are used, the vari- 
ation being nearly 18° east of true north. The line of hills in which 
the deposits occur have a north of east trend, with the main drainage 
lines crossing them in a southeasterly direction. The hills are in 
part very rough and rocky with smooth surfaces in places, in a meas- 
ure due to outcrop of softer rocks. The mining camp of Columbus is 
on a large me cone, sloping gently to the salt marsh on the east 
and at the mouth of one of the larger valleys from the mountains on 
the west. Thirty years ago there was a population of several thou- 
sand people at Columbus; at present it is occupied by a few gem 
miners or occasional prospectors only. Of the numerous well-con- 
structed adobe houses once standing in Columbus there are still some 
ten or a dozen in fairly good condition, although the majority have 
slowly fallen to pieces after the woodwork was removed for fuel or 
buildings in adjoining camps by prospectors. The ruins in the dry 


GEMS AND PRECIOUS STONES. 797 


desert region, with its scant vegetation of scattered sage-brush bushes, 
its white salt marsh, and the snow-capped White Mountains of Cali- 
fornia in the distance, are most picturesque. A supply of good water, 
though somewhat sweetish from the presence of borax, is obtained 
at a shallow depth from the wells of the deserted town, and is used 
by prospectors for miles around. ’ 

The variscite deposits were discovered by L. A. Dees, of Los Angeles, 
Cal., and Edward Murphy, of Esmeralda County, Nev., early in the 
spring of 1908. The discovery of new deposits was made at intervals 
until some half a dozen claims had been located. These claims were 
later sold to the Los Angeles Gem Company. While the claims were 
being operated Mr. Dees discovered a new deposit near by, and this 
was also taken over by the Los Angeles Gem Company. The deposits 
were operated for a short time by Messrs. Dees and Murphy, and later 
by John Caswell, a turquoise miner from Mineral Park, Ariz. 

The variscite claims owned by the Los Angeles Gem Company are 
the Turquoise Butte or Robin’s gg, the Brownie No. 2, the Pirate, 
the Pirate No. 2, the Pirate No. 8, the Pirate Fraction, and the 
Emerald. The Turquoise Butte or Robin’s Ege, as it is sometimes 
called, covers the variscite deposits to the northeast of the larger 
group of deposits. The Brownie No. 2 claim is about 1 mile north- 
west of Columbus and half a mile southeast of the main line of 
variscite deposits. The cther claims include a number of variscite 
deposits in a belt 1 mile long in a north of east and south of west 
direction, and a few hundred yards wide. In order of occurrence 
from east to west these claims are—the Emerald, the Pirate Fraction, 
the Pirate, the Pirate No. 2, and the Pirate No. 3. 

The development work necessary to secure a quantity of variscite 
has not been large, and at the time of the first examination there 
were no openings over 10 feet deep. Most of the work was in the 
nature of prospecting and location and consisted of pits and trenches, 
the largest 8 feet deep, 10 feet wide, and 25 feet long. The mining of 
variscite does not require extensive equipment or work, but the hard- 
ships attending the life in the desert in a large measure offset these 
advantages. 

The rock formations of the variscite region consist principally of 
massive siliceous or cherty limestone and slate, rhyolite tuff, and 
slaty rhyolite, and sandstones or sandy shales and shales. Small 
bodies of altered trachyte occur near some of the deposits, and a little 
biotite granite porphyry was observed to the south of the gem claims. 
The forinations encountered in a traverse from Columbus to the north- 
west are a large belt of limestone with some associated rhyolite, 
rhyolite tuff with slaty rhyolite, and sandstones and shales. The 
limestone is dark-gray to nearly black and contains many cherty and 
siliceous phases which may be called jasperoid. The rhyolite tuff 
is dark gray and presents coarse phases resembling conglomerate 
with angular fractured pebbles. The slaty rhyolite is a hard light to 
dark gray rock, and often exhibits flow banding; it is dense-grained 
to cherty in appearance and is sometimes difficult to distinguish from 
siliceous phases of the limestone and slate. The sandstones and 
shales outcrop in the higher hills to the north of the deposits where 
they probably overlie the continuation of formations just described. 
These sandstones and shales are gray to buff and red. 
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The trend of the formations varies from east and west to northeast 
and the dip is principally to the north and northwest, along the 
main line of deposits. Local variations of both dip and strike occur. 
There has been considerable faulting in the region, and some of the 
hills are evidently formed by block faults with the fault planes form- 
ing scarps facing east and southeast. Besides these larger faults 
the formations have been badly fractured and brecciated with a 
subsequent mineralization by silica and other minerals in the fissures. 
Silicification along these fractures has resulted in hardened rock 
which outcrops as prominent ledges. The outcrop of the limestone is 
generally very rough, especially along siliceous or cherty ledges. 
Much of the rhyolite forms rather smooth appearing hills whose 
surfaces are covered with sharp angular and shell-like fragments of 
rock that are exceedingly hard on shoe leather. Ledges of silicified, 
slaty rhyolite and tuff form very rough outcrops on the hilltops and 
slopes. 

The variscite deposits occur in the limestone, rhyolite, and sandy 
shale formations, and some are associated with small trachyte dikes. 
The variscite occurs as a filling in fissures and joints replacing other 
minerals, and as segregations in the altered rocks. In the fissures the 
variscite not only fills the seams and joints but the crevices between 
shattered and brecciated fragments of rocks along the fissures. 
Thus brecciated zones several inches thick may have several main 
veinlets of variscite with numerous small seams and irregular patches 
of variscite between them. Some of the larger veinlets can be traced 
for many fect; the smaller ones are less persistent and vary in direction. 
The different deposits seem to bear little relation to one another and 
no definite veins of variscite are found through a distance of many 
yards. The individual seams and veinlets of variscite vary from 
paper thickness to 2 to 3 inches in width. The variscite-bearing 
streaks and breccia zones may attain a thickness of over 2 feet. 
The replacement and segregation deposits are nodular growths of 
variscite and allied phosphate minerals in more or less altered and 
porous rock. ‘There is a tendency to nodular segregations along many 
of the veinlets, and some of the latter pass into nodular variscite 
lumps scattered through the rock. The more prominent veinlets 
of variscite generally occur in joints or fissures with a northeast 
trend and a vertical to high northwest dip. In some of the prospects 
the deposits are quite local and can not be traced more than a few 
feet in any one direction. 

A feature common to the occurrence of variscite in the different 
localities is the tendency toward lenticular and nodular segregations, 
both of the variscite and of other minerals associated with it. Of 
the associated minerals there are allied phosphates, some of which 
may be variscite of different color from that ordinarily found. It 
would take a quantitative chemical analysis to determine the nature 
of each of these, and there might then be found a series of phosphate 
minerals with gradations from one to the other, still only determinable 
by chemica! analysis. 

The Turquoise Butte or Robin’s Egg claim is located across a smal 
rocky knob or summit at the end of a southward-extending ridge 
There are several seams and veinlets of variscite outcropping within 
a distance of 75 feet of the main deposit. At the latter lea there 1s 
a larger vein, ranging from a fraction of an inch to 3 inches in thickness 
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that has split into two smaller veinlets. The veinlets have a variable 
strike of N. 30° to 50° E. and a high northwest to vertical dip, cutting 
across the inclosing rocks at a small angle. The deposits are in dense 
chert-like rhyolite. A few hundred feet to the north is a wide area 
of buff-colored shales, and to the south hard siliceous limestone or 
jasperoid. The seams of variscite are irregular in thickness and 
continuity and in places are composed of nodular lumps and discon- 
nected lenses of variscite with a chalky filling between them. In 
places, where the veins ere widest, they contain more or less brec- 
ciated wall rock inclusions in the variscite. These inclusions may 
be ordinary dark-gray rhyolite or more or less brown iron-stained 
fragments. The color of the variscite from this deposit ranges from 

ale green to fairly dark green. Pure green stones can be cut weigh- 
ing 25 carats or more, and much larger mottled and matrix specimens 
can be obtained. The Robin’s Egg claim has been a good producer 
and has been worked to a depth of 20 feet during 1910. 

The Brownie No. 2 claim is in a low-lying bed of siliceous limestone 
or jasperoid in the bottom of a wash only a short distance above the 
upper edge of the cone of drift material extending down to Columbus. 
The variscite occurs in seams, veinlets, and nodules irregularly dis- 
tributed through the inclosing rock, which has been badly brecciated 
and lime and iron oxides have later been deposited in the fractures. 
The variscite ranges in color from nearly white to pale green and 
yellowish green. ‘The massive portions of the veins are marked with 
fine irregular mottlings in places, and some of the variscite incloses 
irregular fragments of the wall rock. 

The Emerald claim has proved an especially good one in both 
quality and quantity of output. A share in this claim has been 
purchased by the Verde Gem Company, of Los Angeles, and the 
two companies operate the claim together. Only a small pit in a low 
nearly flat ridge had been made at the time of examination in 1909. 
A hasty visit was made in 1910 to this claim, at which time there was 
an 18-foot shaft and a pit 20 feet long, 10 feet wide, and 8 feet deep. 
The country rock around the deposits is hard chert-like rhyolite, 
which strikes east and west with a dip of 25° N. The variscite occurs 
in veinlets cutting across the rhyolite with a northeast trend and a 
nearly vertical dip, and in nodules and ball-like segregations. The 
veinlets pinch out or are replaced by nodular and lenticular segrega- 
tions of variscite. The balls and nodules range up to 2 inches in 
diameter and the seams or veinlets to over an inch in thickness. 
These masses are composed of dark-green variscite, inclosed in a black 
matrix. The variscite is in rounded lumps and irregularly shaped 
patches completely enveloped in veins and balls of black matrix. 
The black matrix may be black variscite, for t contains alumina, 
phosphoric acid, water, and a little iron; the texture also somewhat 
resembles that of variscite. Some of the nodules are composed of 
black variscite or phosphate alone with no green parts. Others are 
principally black with shothke mottlings of dark grayish-green 
variscite, scarcely visible in the black. The variscite nodules are 
reported to be scarce in the lower parts of the openings, though the 
veins hold out well and exhibit the same patterns as found in the 
variscite. The nodules found near the surface are probably weathered 
fragments of segregations in the veinlets. 
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Outcroppings of other veinlets and nodules of variscite have been 
found on the Emerald claim. At one place pure white nodules 2 to 3 
inches across were found. This material may be white variscite or an 
allied phosphate mineral, as it contains some of the same elements as 
variscite. At another point variscite or an allied mineral, pale- 
green to white in color, occurs closely associated with an altered 
trachyte dike. This trachyte is crowded full with pisolitic balls and 
small nodules of the variscite-like mineral and is further stained with 
yellow phosphate films in the seams. 

On the Pirate Fraction claim a very similar occurrence of pisolitic 
variscite or phosphate mineral has been found in an altered trachyte 
dike 6 inches to 2 feet thick. The rhyolite adjacent to the trachyte 
has also been decomposed and has innumerable oolitic and pisolitic 
seeregations of dark grayish-green phosphate scattered through it. 
These oolites have a radiated spherulitic structure and between 
crossed nicols under the microscope are seen to be true spherulites 
with a negative character and a fairly high birefringence. Between 
the two occurrences of pisolitic variscite or phosphate is an outcrop 
of sandy gray rock, that may be shaly sandstone or altered rhyolite, 
in which are many augenhke concretions of a yellowish mineral. 
These augen or lenses range up to an inch in thickness and are com- 
posed of yellowish et 3 ars mineral. 

On the Pirate claim variscite has been found at four different 
places in different modes of occurrence. The principal rock with 
which the variscite is associated on this claim is rhyolite, in places 
hard and chertlike and in others decomposed and soft. This rhyolite 
strikes about east and west with a 20° to 30° dip to the north. A 
trachyte dike about 1 foot thick cuts across the formations. The 
deposits are along the top of a ridge and in the low draw on the north. 
In two openings near the top of the ridge the variscite is found as 
shells coating balls of soft gray decomposed rhyolite, and also in 
patches through these balls. The latter range in thickness up to 2 
inches and in some cases have no variscite associated with them. 
The variscite associated with these decomposed rhyolite segregations 
has a good green color, but there is little of it in sufficiently large 
pieces for cutting and the matrix is too soft to cut with it. In an 
open cut near by a pale-green variscite in many small nodules com- 
posing larger ones presents a cobweb or turtle-back effect. A few 
very thin seams of variscite were found in the less altered rhyolite 
in these cuts. Fifty yards farther north, down the hill, a stringer 
of variscite, three-fourths of an inch thick in places, was found 
cutting across the country rock with a northeast strike and a 50° 
dip to the northwest. The best variscite on this claim was found 1n 
two prospects, about 100 feet and 400 fect, respectively, east of the 
last-mentioned opening. In the first prospect dark-green variscite 
with black mottling occurs in one main veinlet, with irregular branch 
seams. In the other opening deep-green variscite occurs in a vein 
inclosing a dark-gray and black breccia matrix. 

The Pirate No. 2 claim is farther west along the ridge in which the 
Pirate claim is located. The backbone of this ridge is composed of 
a ledge of hard silicified rhyolite tuff and breccia resembling a frac- 
tured conglomerate. The lemons strikes north of east and the same 
formation forms small knobs along this line for nearly a mile to the 
west. The variscite deposits are near the west end of the ridge on 
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the south side of the tuff-breccia ledge. Five small cuts were made 
exposing one prominent veinlet of variscite, nodular variscite, and 
several small seams. Some of the variscite in the main vein has a 
nodular form with a chalky filling between the nodules. The latter 
are built up of numerous smaller lumps or balls with a brownish 
filing between them. ‘These give cobweb or turtle-back effects when 
cut. Considerable pale-green solid variscite is also found. 

On the Pirate No. 3 claim little if any variscite has been found. 
The veinlet prospected is turquoise and has been described under that 
mineral. The turquoise veinlets have a greenish color in places like 
that of variscite. When tested by the flame coloration test copper 
was found present even in the greenest material, so that it can not 
be variscite, but is more nearly turquoise. 

The numerous variations in shades of color and in manner of occur- 
rence of the variscite in the different deposits furnish material for a 
large variety of cut gems. The variscite ranges in color from green- 
ish-black to deep emerald green, bluish-green, yellowish-green, light 
green, and pale green grading into white. Some of it is mottled with 
two or more of these colors. The matrix ranges from black to dark 
and light brown, yellowish, dark and light gray, and white. More 
than one of these colors or shades of color often occur together. 
Varicties of patterns are produced principally by the matrix in the 
variscite, though some of the mottled variscite of more than one color 
gives pretty effects. The markings due to the matrix vary with the 
conditions under which the variscite is formed. Where a brec- 
ciated zone was filled in with variscite the gem material may show 
inclusions of angular fragments of varying size of dark or light gray 
rhyolite, with or without brown or yellow iron stains. In other 
specimens the matrix predominates and the variscite occurs in one 
or more veinlets cutting through it. Some of the finest gems are 
obtained from matrix deposited with the variscite in the veins and 
nodules or in later fractures formed in them. The matrix may con- 
sist of cherty silica, phosphates alhed to variscite, iron oxides, and 
other materials. These may occupy large portions of the gem 
material or may fill thin fractures or branching seams. The effects 
obtained by cutting such matrix are varied and beautiful. The 
nodules and veins of black phosphatic mineral with inclusions of 
deep green variscite patches from the emerald claim is probably the 
finest matrix cut by the company. The dark-green stones with 
delicate seams of black, sometimes with nearly dendritic structure, 
are also very beautiful, and much the same may be said of similar 
stones with brown markings. Lighter shades of green to nearly 
white with good markings, as in the turtle-back material from the 
Pirate and the Pirate No. 2 claims, are much admired. The pale- 
green and the yellowish-green variscite with the delicate markings, 
as found in the Brownie No. 2 claim, finds many admirers. 
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MISCELLANEOUS GEMS. 
UNITED STATES. 


SATELITE. 


California.—The new gem “‘satelite,’’ placed on the market by the 
Southwest Turquoise Company early in 1908, has been very well 
received in the Southwest. The cabochon-cut stones give an excellent 
cats’-eye effect and the dull green color is pleasing. Satelite is 
serpentine pseudomorphous after amphibole, probably the tremolite 
variety. ‘The rough mineral looks very much lke low-grade asbestos, 
though the fiber is not so fine. It is a magnesium silicate containing 
water, which distinguishes it from amphibole. The refractive index 
is much lower than that of tremolite or about that for serpentine. 

Satelite is obtained from the south end of Venice Hill, 8 miles east 
of Visalia, Tulare County, Cal. This locality has been partly 
described under chrysoprase. The deposit was discovered in 1897 
by Jerome Prethero while prospecting for asbestos. The possible 
value of this serpentine as a gem was not considered for ten years 
after the deposit was discovered. Only a small amount of work was 
necessary to secure satelite sufficient to supply the early demands of 
the company. When visited in August, 1909, the work consisted 
of a pit about 15 feet long and 4 feet deep with a northeast trend. 
The rock around the deposit is complex and consists of both serpen- 
tine and soapstone. The country rock at the south end of Venice 
Hill is serpentine, with beds of chloritic schist and taleose soapstone. 
The vein carrying the satelite is lenticular, pinching down to an 
inch or two in thickness near the ends of the cut and swelling to 
nearly a foot thick at the middle. The satelite does not occur im 
compact pure masses, but in lenticular and flat sheets with weather 
stains around them, or with one portion nearly pure satelite serpentine 
and the adjoining part silicified and hardened by chalcedony. About 
150 vards south of west of the satelite deposit a vein of dull green 
chalcedony 6 inches thick has been found in a serpentine outcrop. 
This material shows small concentric agate-like growths with radiated 
crystalline centers through greenish chalcedony resembling prase. 
A small amount of strongly silicified satelite was found with this. 
It is possible that this greenish chalcedony would cut into attractive 
forms. Satelite is retailed at 50 cents per carat for the poorer grades 
and at $1 or more per carat for the best grades. 


APRICOTINE, CREOLINE, VERDOLITE. 


Three varieties of miscellaneous gems have recently been intro- 
duced by Louis J. Deacon, of Atlantic City, N. J. These stones are 
used principally for the tourist trade and would be very useful for 
the arts and crafts work. They have been called ‘“apricotine,” 
“creoline,” and ‘‘verdolite.””. Mr. Deacon kindly loaned samples of 
the cabochon-cut stones for examination and furnished rough speci- 
mens of each, along with notes on their occurrence. 

Apricotine is cut from flattened waterworn quartz pebbles, which 
have delicate reddish and yellowish-red tints of ole resembling 
those of a ripe apricot. These pebbles are found about 24 miles 
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above Cape May, on the New Jersey shore of Delaware Bay, on a 
ortion of beach generally covered by water. When the tide is very 
iy a few pebbles suitable for cutting may be found after diligent 
search. The clear quartz pebbles called “‘Cape May diamonds” 
are found at the same locality. -The majority of the pebbles have a 
poor color or are badly checked and flawed. The pebbles are composed 
of angular, close fitting, interlocking grains of quartz, which show 
some strain between crossed nicols under the microscope. The color 
pigment consists of very small amounts of iron oxide dust in some of 
the small cracks and interstices. Apricotine polishes well and the 
delicate colors combined with the translucency furnish an attractive 
and unique gem. 

Creoline is an epidotized altered trap rock found in a ledge in the 
Brighton district of Boston, Mass., near the Roxbury ‘ pudding- 
stone’ formation. The ledge is a mineralized fracture zone, in 
which the creoline occurs in pockets. A specimen examined under 
the microscope was composed of epidote grains with a pale to strong 
lemon yellow pleochroism, altered plagioclase, secondary quartz, 

robably some zeolite, pale-greenish actinolite needles and sheafs of 

bers, and hematite dust or tiny grains. Calcite occurs in seams. 
Specimens of creoline exhibit a purplish-gray or brown-colored 
matrix with dark red spots inclosing ieee epidote in spots 
and streaks with or without gray or white quartz and calcite. Mr. 
Deacon named the stone from the resemblance the colors bear to 
those of creole marble. Creoline receives a good polish, which 
displays its colors very prettily. 

Verdolite is obtained from a vein in a quarry for building stone 
and road metal on the New Jersey side of Delaware River, near 
Phillipsburg. It is composed of rose-pink to white dolomite in 
granular and crystallized masses along with green talc in scales and 
fibrous masses. The latter occur in seams and patches in the dolo- 
mite. The translucent green talc in delicately rose-tinted and white 
dolomite make beautiful contrasts. The stone is too soft to receive 
a high polish and the tale generally wears out deeper than the dolomite 
in cutting. The name verdolite* was given by Wm. B. Reed, of 

| Easton, Pa., to an ornamental stone quarried in that region. The 
| material cut for gem purposes is very similar to the ornamental 
stone. 


i WABANITE. 


| Mr. Shelly W. Denton, of Wellesley, Mass., mentions the use of a 
purplish chocolate-colored rock with cream-colored mottlings in the 
arts and crafts jewelry. This material was found by Mr. Denton 
in the vicinity of Wellesley and has been called “wabanite,” after 
a former noted Indian of that region. The quantity of wabanite 
obtained was limited. Specimens of the rough gem and acut stone 
furnished for examination consisted of very fine-grained siliceous 

slate, which may have once been a rhyolite or similar volcanic rock. 
It is roughly banded with black and gray layers, which are in places 

much contorted and crinkled. 


F a Tale deposits of Phillipsburg, N. J., and Easton, Pa.: Ann. Rept. Geol. Survey New Jersey, 1904, pp. 
172-173. 

| 

| 
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DOVE-COLORED CHERT. 


Mr. William Kley, of Denver, Colo., very kindly sent in to the 
Survey a specimen of a new stone being cut for gem purposes. This 
material was found in New Mexico-by F. H. Stanwood, of Colorado | 
Springs. It is composed of dove-colored chert breccia, with a filling 
of lighter gray-colored fragments and cement. The stone polishes 
well, especially the larger fragments of dove-colored mineral, of 
which 1t is chiefly composed. As a scarf pin or similar jewelry this — 
stone should look well; its charm lies in its simple color. 


REALGAR. 


Prof. C. G. Wheeler, of Chicago, reports the use of small quantities 
of realgar, arsenic sulphide, for jewelry. The material used comes 
from near Mineral, Lewis County, Wash., and is handled by the 
Mineral Creek Mining and Smelting Company, with offices at 300 
Wabash Avenue, Chicago. 


COLORED PORPHYRY. | 


Mr. A. L. Delkin, of Seattle, Wash., has kindly furnished samples 
of fine-grained quartz porphyry with bluish-green, greenish, and 
brown colorings from the River Range, Mohave County, Ariz. 
In some of the specimens the bluish-green and brown colors occur 
together in pretty contrast. This porphyry is fairly hard and 
receives a good polish. Some ef it ee been cut with attractive 
results. The porphyry contains small phenocrysts of glassy quartz. 
It probably represents a partly altered rock which has been hard- 
ened by silicification and colored by a small amount of pigment. 
A little white opal, occurring as float in the same region, has also 
been cut. 


JASPER COPPER ORE. 


The possibility of a new copper-ore gem or ornamental stone from 
the Humming Bird Mine, in Paris Canyon, near Montpelier, Idaho, 
has been suggested by II. 5S. Gale, of the United States Geological 
Survey. The specimen examined was obtained from the dump at 
the mine by Mr. Gale. The constituent minerals are quartz, with a 
very fine red dust pigment and malachite. Under the microscope 
the quartz is seen to be granular, with close fitting grains and is 
dusted full with minute red specks, probably hematite. The mala- 
chite is in bright green grains and masses with a radial fibrous and 
occasional spherulitic crystallization. The quartz incloses numerous 
small grains or buhrs of malachite bristling with needles. In th 
hand specimen the rock is bright jaspery red, with dark-gree 
splotches throughout. The quartz is close-grained and tough, and 
takes a good polish. The malachite is softer, though sufficiently 
hard to be polished along with the quartz. The contrast between 
the two colors is pleasing and for use in small ornaments, as ink 
stands, paper weights, ete., the rock would serve well. It is alse 
probable that it would be accepted as a gem for scarf pins 
brooches, etc. 
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The specimen examined measured only a little over 2 inches 
square, and was associated with white quartz. It is not known 
from what part of the mine this material came, nor whether a plentiful 
supply ae be obtained. 


VARIOUS COPPER ORE GEMS. 


Among the miscellaneous copper-ore gems may be placed the 
copper-stained silver ores from the desert regions of Nevada. These 
ores may be quartz or porphyry ores containing some or all of the 
following mincrals: Blue azurite, green malachite, and bluish-green 
chryscolla stains in seams and fractures. In some cases ruby silver or 
other silver minerals are present, and hematite and other iron ores 
also occur. ‘There are numerous localities where such material can 
be obtained. Good specimens have been seen from the mine of G. 
Ki. Wilson, 2 miles northwest of the deserted mining camp of Colum- 
bus, and from a mine owned by RK. J. Jones, between Candelaria and 
the White Mountains in California. 


MEXICO. 
CARMAZUL AND CHRYSOCARMEN. 


Of the oxidized copper ores recently used in jewelry is a variety 
from Lower California, Mexico, showing dark red and brown colors 
mottled with ight and dark blue and small amounts of green. The 
variations in patterns, colors, and shades of colors are large, and along 
with the fair polish that the material receives, render it a pretty orna- 
mental stone or gem. This copper-ore gem was named ‘‘Carmazul”’ 
by Oscar Wehrend, of Los Angeles, and is handled by the Whitley 
Jewelry Company, of Los Angeles, under that name. A material of 
very similar nature, both in colormg and composition, also obtained 
from Lower California, has been sold by EK. Schaaf-Regelman in New 
York under the name of ‘‘Chrysocarmen.” 

Carmazul and chrysocarmen are composed of hematite, jasper, chal- 
cedony, and quartz, through which chrysocolla and small amounts of 
fibrous malachite occur in masses, veinlets, and patches. The hema- 
tite and jasper appear to have been the original minerals and after 
fracturing were filled with the bright-colored copper ores. 


CALAMINE. 


The beautiful blue, gray, and green calamine obtained by Charles 
H. Beers, of the Ysabelita Mining Company, in Mexico, and described 
in this report for 1908 has been called ‘‘Chalchihuitl.”” This name has 
been chosen by Mr. Beers, since it 1s thought that the mineral answers 
the description of the mineral by that name so much esteemed by the 
Aztecs. Mr. Beers? states that this name has been pronounced 
acceptable by several mineralogists and experts on precious stones, 
as Max Bauer, Alfred Free, and C. N. Warren. Alfred Eppler,? of 
Crefeld, says this stone has been described by Bernal Diaz as the 
original chalchihuitl of the Aztecs. According to this description 


@ Personal letter. 
bjewelers’ Cire. Weekly, July 20, 1910, from Deutsche Goldschmiede Zeitung. 
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the mine worker in whose possession the first piece was found claimed 
to be a descendant of Montezuma and stated that the mineral was 
chalehihuitl. The name chalchihuit! has not been definitely given 
to any other modern gem, though George IF. Itunz® has shown that 
several green minerals were thus called by some early writers. 
Among these minerals were turquoise, green quartz or prase, and 
jadeite. Doctor Kunz favors turquoise and jadeite as the two prob- 
able varieties of chalchihuitl of the Aztecs. The difficulty of placing 
this name on the proper mineral has probably arisen from: the fact 
that greenish minerals were very pleasing to the Aztecs, who there- 
fore used several varicties, calling each chalchihuitl. Whether cala- 
mine of gem quality is the chalchihuitl of the ancient Aztecs may 
never be proved, but, coming from Mexico, the home of the Aztecs, 
the name seems fairly well chosen. 

Calamine is hydrous silicate of zine found with other zine minerals 
in the zone of oxidized ores. It commonly occurs in groups of erys- 
tals, stalactitic, mammillary, and botryoidal masses with a fibrous 
structure and drusy crystal surfaces. The mineral is heavy, the 
specific gravity ranging from 3.4 to 3.5. The hardness is about 4.5 
to 5, so that the cut gems should not be treated roughly, lest they 
lose their polish. Calamine oceurs in transparent to translucent 
masses ranging in color from colorless to white, gray, bluish, green- 
ish, and sometimes yellowish. The variety called chalehihuitl ranges 
from delicate bluish to gray to greenish in color. Part of it has 
fibrous silky texture with radial structure. Often there is a delicate 
curved banding across the direction of the fibers. As mentioned by 
Mr. Beers, these markings give the effect of the rays of the rising sun. 
Chalehihuitl is translucent, and some specimens have an even tex- 
ture and color, either blue or green. The latter stones resemble 
chrysoprase and the green smithsonite from Kelly, N. Mex. The 
stones are cut principally ‘fen cabochon,” and may be used in a 
variety of jewelry. 

Mr. Beers believes he has found the mine from which the chal- 
chihuitl was obtained in an ‘‘antiqua” or ancient working some 300 
feet across and nearly 150 feet deep. It is hoped further search will 
reveal more gem material, especially of the bluish variety, as the sup- 
ply of that is becoming scarce. During 1909 several thousand dollars 
worth of chalchihuit] gems were sold. 


CINNABAR QUARTZ MATRIX. 


According to Mr. A. I. Shelby, of the George Bell Company, of Den- 
ver, that company has been cutting a matrix stone composed of bright 
red cinnabar in milky quartz. This material is sufficiently hard to 
polish well and is very suitable for cuff buttons, pins, ete. Only a 
ely was obtained from Mexico, the exact locality not bemg 
earned. 


aGems and precious stones of Mexico: Trans. Ain. Inst. Min. Eng., vol. 32, 1902, pp. 55-93, 


GEMS AND PRECIOUS STONES. 807 
PRODUCTION. 


There was a large increase in the value of the output of precious 
stones in the United States during 1909. Among the gems showing 
large increases are turquoise, variscite, tourmaline, and chrysoprase. 
These minerals, along with sapphire, calhfornite, and kunzite are 
eredited with large values in the table of production. Of the above 
gems all but sapphire showed an increase in value in 1909 over 1908. 
A number of precious stones, as beryl, garnet, peridot, and topaz, 
showed a large decrease in value. Many changes, both increases and 
decreases, are recorded among the minor and other gems. 

As in former years it has been necessary to estimate the value of 
some of the minerals from the quantity of the production reported. 
In doing this it is the aim of the Survey to give the value of the rough 
material rather than that of the elaborated gem. It is not always 
possible to give values for the rough gem material, since the output 
reported is in many cases the quantity and value of selected material 
or manufactured products. Some producers fail to report their out- 
put of precious stones to the Survey. In other cases gem material 
is mined or purchased by persons not regularly in the trade and whose 
names are not on the Survey lists, so that no record is obtained of 
their production. Under such circumstances it will be understood 
that the table given below is not to be considered an accurate state- 
ment of the production of precious stones. 1t is rather an approxi- 
mation from which a general idea of the status of the precious stones 
industry in the United States can be formed. 

The statistics of production of precious stones in 1909 were col- 
lected in cooperation by the United States Geological Survey and the 
Bureau of the Census. 


Production of precious stones in the United States in 1906, 1907, 1908, and 1909. 


Garnet, hyacinth, pyrope,| 3,000] 6,460} 13,100] 1,650 


76 pounds; mostly hyacinth; Cali- 
almandine, rhodolite. 


fornia. 


Value. 
Remarks. 
1906 1907 1908 1909 
Agates, chalcedony, etc., $800 $650 | $1,125 $750 | About 1,000 pounds; California, Colo- 
moonstones, etc., onyx. rado, and Washington. 
BAIT GTI S Geepeteerie = sie. 700 850 210 190 | North Carolina, New Jersey, Colo- 
rado, and California. 
Azurmalachite, malachite,etc.)......... 250 5, 450 2,000 | Southwestern States. 
SYS ONTONIC:, Sar aie eerie om | |e are nee 1,500 3, 638 500 | Small quantity sold; California. 
Beryl, aquamarine, blue, 9, 000 6, 435 7,485 1,660 | 52 pounds; California, Colorado, and 
pink, ete. Maine. 
WAliOnMile mee eee RY oe @ 255000): <0. 2-5 a 18,000 | 3,000 pounds; California. 
(CHIN. 5 Sees oec eee nee me | | aes 2 | ent eee ree re ees No production reported. 
WMiastOWte ss . oc .ceccssosce sc 25 DOM Seeeacl arse eees Do. 
Whilorastrolite............-2.8 | AaB sss eens 25 2,400 | Shores of Lake Superior in Michigan, 
Olney SOCOlswme eter ase ese oc eke e ceec a 150 600 300 | Southwestern States. 
(CHOASO TIER So eee eee | | @ 32,470 | 4 46,500 | 2 48,225 |@ 84,800 | 21,200 pounds; California and Ari- 
zona. 
(CY QINIIG. Kean nee eee 4 | AN OO3 Ee eerste |lserescra eve No production reported. 
Diamant ase enon csseseee eed ae ee a2,800 | 22,100 2,033 | About 460 specimens; Arkansas. 
IDIOTS Cl Aaa eee ees yg eee Nes 1200 eee No production reported. 
amend dere eee. AIL. occ kk Gs 32()! | ee eee 2300 = bOuE a dozen crystals; North Caro- 
na. 
EDLC OLCMME PR ec rae etic co BMic ew wcice ee GOVE «ceases 15 ; 15 pounds in pebbles; Colorado. 
Feldspar, sunstone, amazon 100 1,110 2,850 | @2,700 | 8,000 pounds; Virginiaand Coloradc. 
stone, etc. 
OLOEQUMIATUZ 8 ee ao cccacnce beac cs os se 1, 000 WOlO4|Seeeereee No production reported. 

JESU cop aaatsnoUsRenEeeeee Saenanmen i} |b soxacses 100 } 200 pounds; California. 

(ODE ao beeeenee oem see reeeesen a aoe 180 50 200 | Nevada. 

Sond ee | 2,400 | 1,300] 1,300 300 | Arizona. 

(PINGTNEVO TIC. See eee ees 250 2 5 50 | Colorado. 


astimated. 
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Production of precious stones in the United States in 1906, 1907, 1908, and 1909—Cont’d. 


Value. | 
Remarks. 
1906 1907 | 1909 1910 
_. a eee 
Retrified woods... a. o-s2 a6" 150 | 320) Beene eee No production reported. 
IPO. oe propenshaousamadsagee 0 OMe eee pBaeancpe|| do ooundon Do. 
Pvt eer eee nt oC lle ene C01 | eee? | Beat Do. 
Quartz, rock crystal, smoky 3,050 | 2,580 3,005 2,689 3,120 pounds; California, Colorado, 
quartz, rutilated, ete, aud North Carolina. 
IROSCIqUMantZ4e ees ese ces cnwee. 4,000 G6, 375 568 2,970 | 28,300 pounds; South Dakota and 
} California. 
AMOG OCLOSIL Orie. ech: .c-ce ees ee TSO) 8. 22 eee ee ee No production reported. 
[ReLovoYG ovat Wee e Eanes Jl Meas. aU ae. od 1, 250 125 | California and New Jersey. 
UUM eevee erste sve ae ws viots aiera Sara seal 600 24000) TK 22s Al. shee = No production reported. 
IRIS | apse eee es er | cca 200) | 82 Soa 25 | Nortli Carolina. 
iSfii Ooi Asan eee Roe ee 39,100 '4229,800 258,397 «a 44,998 | 271,185 carats; Montana. 
SIMEUNSOMIL Cae pe eee erectile ae mire 800 41,200 300 | New Mexico. 
eens, kunzite, hid-| 14,000! 14,500 ¢6,000) 15,150) 150 pounds kunzite; California. 
enite | 

AU bteiochsetonn tee eiaeee ees nes | Seaercos 4. Gane sad 35 100 | Michigan. 
OP AZO crc ac.cleieat Gale eay 1,550 2,300 4, 435 512. 36 pounds; Texas, California, and 

Colorado. 
ROUTINE. soc. do vcicc wanes ed @ 72,500 |@ 84,120 | @90,000 2133,192 5,110 pounds; California, Maine, and 

Connecticut. 

Turquoise and matrix........ 22,250 | 23,S40 2147,930 |2179, 273 | 34,497 pounds; Nevada, New Mexico. 

Arizona, and Colorado. 


Variscite, amatrice, utahlite.. 2, 000 7,500 | 14,250 | 35,938 ~ 7,135 pounds; Utah and Nevada. 
MUScclATeOUSIEIIS «ces ech ace eos ema ecaleeee ancee | 1,060 Apricotine, verdolite, creoline, dato- 

lite, natrolite, pectolite, apophyl- 
| lite, folite, chondrodite, ete. 


MOQ eee sean see a5 208, 000 | 471,300 | 415, 063 | 534,380 


a Estimated. 
IMPORTS. 


The importation of precious stones into the United States in 1909, 
as reported by the Bureau of Statistics, showed a large increase over 
that of 1908. The principal increases were in the imports of rough 
or uncut diamonds, diamonds cut but not sct, and other precious 
stones not set. The inerease in the importation of rough diamonds 
in 1909 amounted to over five times that of 1908 and indicates a 
return of the diamond cutting industry to nearly normal conditions. 
The importation of diamonds cut but not sect was ereater than in 
any previous vear. 

The following table shows the value of the diamonds and other 
Gauss stones imported into the United States from 1905 to 1909, 
inclusive: 


Diamonds and other precious stones imported and entered for consumption in the United 
States, 1905-1909. 


pon oT Diamonds - 
Year. a as ou Pearls. Total. 
Dust or | Rough or a 
Glaziers. ott. ancutl Set. Unset. pot set. 

W905i. hee. - sok &6,851 | $190,072 $10,281,111 $741 | $20,375,304 | $4,144,434 $1,847,006 $36,845,519 
1906.......... 194,407 | 150,872 11,676,529 305 25,268,917 3,995, 865 2,405, 581 43, 602, 476 
NGON Ee ce cees: | 410,524 199,919 Soll Ol ten... 18, 898, 336 3,365, 902 680,006 31, G6, 599 
ieee ey feces 630,713 180, 222 IR O36 4098 8 eres 9,270,225 |@ 1,051,747 910, 699 13) 700, 404 

Mictelavele's aiase 758, 865 | 50, 265 8,471,192 ......| 27,361,799 | @3,570,540 24, 848 40, 237, 509 

L 


—— 


a Including agates. Agates in 1906, $20,130; in 1907, $22,644 


DEPARTMENT OF THE INTERIOR 
UNITED STATES GEOLOGICAL SURVEY 


GEORGE OTIS SMITH, Director 


MINERAL RESOURCES 


OF THE 


ON RAB SP AS 


CATENDAR YEAR 


Ee) 


Parr TI—NONMETALS 


Mlemson College Library 
Sovernment Pubiications 
WASHINGTON 
GOVERNMENT PRINTING OFFICE 
1911 


GEMS AND PRECIOUS STONES. 


By Dove.as B. STERRETT. 


INTRODUCTION. 


There was a decrease in the production of precious stones in the 
United States during 1910, though the output of such matrix gems 
as turquoise and. variscite was still large. Nearly 84 tons of rough 
turquoise were produced in 1910, as compared with more than 17 
tons in 1909, and more than 24 tons of rough variscite, as compared 
with 34 tons in the preceding year. New deposits of both these 
minerals were found in Nevada and a very promising deposit of varis- 
cite was developed near Lucin, Utah. New deposits of californite 
were discovered in California, and a white garnet scarcely to be 
distinguished from the white vesuvianite variety of californite was 
found in quantity in Siskiyou County, Cal. This mimeral is with 

difficulty distinguished from white jade, for which it could well be 
substituted. 

The output of tourmaline was considerably less in 1910 than in 
1909, but a new deposit of fine gems and specimens of tourmaline was 
opened in Maine. The aquamarine deposits on Mount Antero, Colo., 
yielded a quantity of good gem material along with crystals of asso- 
ciated minerals, as phenacite, colorless and smoky quartz, etc. The 
development of the new emerald prospect in North Carolina was 
limited and met with only partial success. More recent work during 
1911 has resulted in finds of better promise. The presence of valu- 

‘able gem material has been proved, but the quantity of gems to be 
expected from the vein is still a matter of doubt. Further pros- 
pecting and dredge mining for the variegated sapphires of Montana 
jwere carried on, but the principal value of the sapphire production 
came, as usual, from the deposits of blue sapphire in Fergus County. 


AGATE. 
COLORADO. 


A large number of agates are sold each year at the summer resorts 
‘of Colorado. Many of these agates are imported, having first been 
polished in Germany, but some are native stones either polished 
abroad or in the United States. Colorado yields some very pretty 
agates, and some are being successfully handled in the tourist trade. 
Mr. J. D. Endicott has obtained considerable agate of good quality 
from several places in the Canon City region. Among these are Curio 
Hill and the Wee cien Park localities. 


847 
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Curio Hill—Curio Hill is 64 miles due south of Canon City, on the 
Yorkville road. It is a small hogback ridge, at the end of and) 
transverse to a spur on the east side of the West Mountains. ‘Ther 
hill is about 400 yards long in a direction west of north and east/ 
of south, and rises about 150 feet above the terrace country on the! 
east, or about 6,300 feet above sea level. The locality has been 
known for many years and has been visited occasionally by curio) 
seekers. No mining for agate has been carried on, but a few blasts! 
have been put in and the soil turned over in places. The agates have 
been found for a distance of nearly 300 yards along the eastern slope 
of the hill and in a few places along the top. They are more lentifull 
near the middle and at the south end of the hill. Curio Hill is com-= 
posed chiefly of cherty limestone, which weathers to a reddish colory 
on exposure. The limestone is at least 60 feet thick and outcrops 
as a ledge along the summit of the ridge. A specimen of fossil 
sponge from this limestone was regarded as of Ordovician age by} 
Dr. G. H. Girty of the United States Geological Survey. On thei 
west of the hill is a mass of red granite of medium grain. Near 
the highest part of the ridge is a lens of hard, fine, white quartzitem 
About 175 yards east of the summit of Curio Hill a ledge of buff andi 
red. sandstone outcrops forming a small cliff. The strike of the for. 
mations on Curio Hill varies from N. 10° W. to N. 35° W. and the 
dip is about 75° SE. The hogback of Curio Hill is evidently form d 
by faulting of the limestone and quartzite against the granite. The 
greater part of the quartzite was cut out by a curved fault, leavin; 
only a Sher slice between the granite and limestone. 

The agates are found loose in the soil along the foot of Curlo¥ 
Hill, in the talus on its slope, and in place in the limestone ledge formes 
ing its backbone. The teers specimens have been released by thew 
weathering of the original rock matrix, probably chiefly hmesto e. 
hike that along the summit of the ridge, and have accumulated on the 
surface with other diflicultly soluble constituents of the matrix] 
The agate occurs in the limestone in irregular augen and ball-shaped¥ 
geodes, in veins, seams, and partially filled cavities with mammillary} 
and reniform surfaces. Fragmentary pieces are found loose if 
the soil. Nearly all of the agates have some banding, and some of 
the geodes show the ‘‘fortification” agate structure. The band’ 
ing varies from coarse to very fine, and in some cases these variations) 
appear in the same specimen. ‘The interior of some of the geoces and 
cavities is lined with quartz crystals and occasionally calcite is present 
The agates range in color from white to hght gray, to dark gray, te 
yellowish red, to brownish red, to cherry red. Combinations Oi 
two or more of these colors are generally present in a single specimen. 
Much of the agate is translucent. The majority of the agates are 
not large, and specimens of the best quality measuring 2 inch 
across arenot abundant. The delicate markings and intricate patterns” 
exhibited by some of the agates has Jed to their being called ‘‘fane) 
agates.”’ The natural colors of many of the agates from Curio Hill 
are sufficiently pretty not to require intensification by burning amt 
other treatment. 

Garden Park.—Agate and jasperized bone are found at 
dinosaur fossil bed locality, 7 miles due north of Canon City, on the 
south side of Garden Park. The deposits are in the rough hills of 
the west side of Oil Creek. The jasperized bone horizon is a fe¥ 


be 
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hundred feet above that of the agate. This occurrence was men- 
tioned in this report for 1908 and reference was made to a more 
widespread occurrence of similar agates as noted by Willis T. Lee.! 
An examination of the dinosaur bed locality places the agate horizon 
near the base of the Morrison formation,’ of Jurassic (%) age. The 
soft shales of the upper part of this formation have yielded man 
dinosaur fossils for muscum collections. The bones of these animals 
have been petrified by siliceous material, producing red, brown, and 
yellow jasper, with gray and white matrix, consisting in part of 
chalcedony. The replacement of different parts of the bone tissue 
by minerals with different colors has produced a variety of effects. 
The structure of the bone is shown up well by the spots and mot- 
tlings of dark jasper in lighter-colored matrix. Some of the petrified 
bone polishes well and makes a handsome ornamental stone and 
some 1s sufficiently pretty to use in jewelry. Much of the bone has 
been replaced by minerals of variable hardness and is therefore 
difficult to polish evenly. Fragments of the bone are scattered over 
a considerable area, and specimens several inches across are not 
uncommon. 
The fancy agates occur in a loose gray and red to purple clay shale, 
in which are included occasional beds of sandstone and limestone. 
Concretions of limestone and seams of calcite also occur in the same 
formation. The calcite seams have the structure of satin spar and 
some are delicate pink. The agates occur in the form of geodes, 
seams, and rough scgregations. Some of them have replaced other 

minerals and organic material, A small gasteropod shell, petrified by 
| carnelian-colored agate, was found at this locality, and was identified 
as Valvata leer by Willis T. Lee, for whom the species was named by 
W.N. Logan.? Such shells would make unique stones for scarf pins 
if they could be found in greater quantity. The agates from this 
locality are small. Their bandings, marking, and patterns are very 
delicate and beautiful, and the colors are varied and bright. Fort1- 
fication agate is a common variety and yields widely varying effects 
when cut. The colors vary through white, gray, different shades of 
yellow, orange, brown, blood red, and cherry red. The different 
colors are often present in the same specimen and, combined with the 
extremely delicate bandings and odd patterns of the agate, yield a 
remarkably pretty gem stone. A beautiful variety is the St. Stephen 
\stone—a translucent chalcedony with round blood-red spots through 
it. The natural color of the fancy agates from this locality probably 
‘could not be improved by artificial treatment, so commonly necessary 
with agates from other localities. 


\ 
4 


NEVADA. 


| Specimens of chalcedony and agate were kindly sent to the Survey 
‘by Mr. M. M. Holland, of Coaldale, near which place they were found. 
The specimens consist of mammillary shells and lumps of highly 
translucent grayish chalcedony up to an inch in thickness and of 
greater breadths. The chaleedony is very pure and even textured. 


of mie Morrison shales of southern Colorado and northern New Mexico: Jour. Geology, vol. 10, No. 1, 
p. 44. 

2 The stratigraphy and invertebrate faunas of the Jurassic formation in the Freezeout Hills of Wyoming: 

Kansas Univ. Quart., April, 1900, p. 133. 


1815°—-m Rr 1910, pr 2——_54 
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A dark-greenish coating with a white border is attached to one sid 
of some of the specimens. One specimen shows a white onyx 
banding. 

Mr. Louis Sigmund, of Mina, Nev., reports the discovery of a vein 
of chalcedony, semiopal, and common opal, about 2 miles southeast 
of Redlich in a granite formation. Specimens kindly furnished con- 
sist of very translucent gray chalcedony and milky-white opal. The — 


vein of chalcedony is said to be from 2 to 6 inches in thickness. | 


TEXAS. 


Prof. Johan A. Udden, of Rock Island, Il., reports observing agates 
in the hills directly west of Hancock’s ranch, about 18 miles north- 
northeast of Alpine, Tex. The agates are fairly plentiful and range 
in size from 1 to 3 inches in diameter. They are marked with con- 
centric bandings. 


ARIZONA. 


Mr. John L. Riggs, of Chloride, Ariz., states that much chalcedony 
and opalescent chalcedony is found in Mohave County. This material 
would cut into stones similar to the chalcedony called moonstone 
found on the California beaches. Some banded chalcedony or agate 
is found, also some tinted with blue and pink. 


AMBER. 
PRUSSIA. 


Notes on the amber deposits on the Baltic owned by the Prussian 
Government have been given by O. H. Hahn.t| The deposits occur 
all along the coast of the Baltic from Danzig, West Prussia, to Memel, 
East Prussia. The most productive region of present times is along 
the coast from Palmnicken north to Briserort Lighthouse and then 
east to Neukuhren. The amber industry is an ancient one, for the 
mineral was gathered by fishermen in early times. The ownershi 
of the deposits is vested in the State and rights were formerly iene 
The industry has proved very profitable to the State. Amber was 
later obtained by mining methods, and now probably only one- 
twenticth of the output is obtained by search and by fishing. Mining 
has been of three kinds—large open-cast pits, underground mining, 
and dredging. At present the greater part of the amber is obtained 
by sinking shafts to the productive stratum and then tunneling out 
onit. Itissaid that the quicksands overhead are giving much trouble 
and that it may be necessary to return to open-cast methods. The 
principal shaft is near Palmnicken, and is said to be about 60 feet 
deep and to have about 2 miles of drifts from it. The amber-bearing 
bee is a stratum of bluish-gray sandy clay, locally called ‘‘blaue 

nde.” 

The crude amber from the mine is washed in revolving barrels and 
scoured with rattan brushes to remove clay and impurities. The 
amber floats to the surface and is skimmed off. After cobbing it is 
sacked for shipment to Konigsberg, where the State disposes of it 
after careful sorting. Large pieces of amber are not common. 
specimen weighing 15 pounds has been found, and another of 84 pound 


1 Eng. and Min. Jour., Apr. 8, 1911. 
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is now in a museum. The production of crude amber amounts to 
about 350 metric tons per year. Statistics for one year showed that 
712,086 mine cars of “‘blaue Erde’”’ yielded 386 metric tons of amber. 

The smallest pieces of amber are manufactured into fused amber or 
resin, amber oil, and succinic acid. Good grades of amber are welded 
by heat and pressure into solid masses called ‘‘amberoid.” Large 
quantities of crude amber go to Polangen and Kretinga, border towns 
in Russia, for manufacture into ornaments as rosaries, necklaces, 
cigar-holder tips, etc. In 1910 the Government authorized the sale 
of 55,000 kilograms of raw amber and 22,000 kilograms of compressed 
amber, at a value of $788,357. 


AMETHYST. 


DEPOSITS. 


Amethyst has been found at several localities in Macon County, 
N.C., and in Rabun County, Ga., to the south. Some of the deposits 
have been opened as mines and others have been prospected only or 
worked intermittently. At present none of them is in operation. 
Several prospects and mines have been opened in the valley of Tes- 
sentee Creek, in North Carolina, and other deposits have been found 
a few miles southeast of these, on the south side of the Blue Ridge. 
Of the deposits in Georgia some are in the vicinity of Clayton and 
others are about 5 miles south of Highlands. Of the deposits in the 
valley of Tessentee Creek, the Connally mine has been worked by the 
American Gem & Pearl Co., New York, and the Rhodes mine by the 
Passmore Gem Co., Boston. Other prospects for amethyst in North 
Carolina are located on the lands of William Long, John Justice, and 


J. B. Justice. 
NORTH CAROLINA. 


Connally mine.—The Connally mine is on the north side of the 
valley, about 2 miles N. 55° E. of the mouth of Tessentee Creek, in 
Macon County. The workings extend over 100 yards northward up a 
steep mountain side, from an elevation of about 2,600 feet to nearl 
2,800 feet above sea level. They consist of prospect pits and fanned 
with irregular stopes. Some of the tunnels are over 100 feet long. 

The country rock is garnetiferous mica gneiss cut by fine biotite 
granite gneiss, in both of which pegmatite occurs. The strike of the 
gneiss as measured in some of the openings was N. 10° to 35° E. and 
the dip was almost vertical. The amethyst vein cuts across the gneiss 
with a strike of N. 40° W. and a vertical dip. Local variations in 
strike occur where the vein follows irregular contacts between the 
garnet gneiss and the granite gneiss, which, in these places, form the 
walls of the vein. In other places the vein lies either in garnet 
gneiss or in granite gneiss. In most of the openings the vein con- 
sists of a single seam with pockets of amethyst crystals at irregular 
intervals. The pockets are more or less lenticular in shape and range 
from 1 to 12 inches in thickness, and from a few inches to several 
feet in length. Many of the pockets are filled with yellowish-red and 
dark-red clay, though some contain cavities. The amethyst crystals 
line the walls of the pockets, have become detached and lie loose, or 
are imbedded in the clay of the pockets. Portions of the vein with 
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the pockets and seams joining them form channels for a small flo 
of water in wet weather, which Pee furnishes the clay of th 
pockets by decomposing the rock along its course. In one prospect tw 
veins were exposed, cutting decomposed granite gneiss. The granite” 
gneiss along one of these veins was more decomposed and more heavily 

stained with iron than that adjoining the other. The vein in the’ 
decomposed rock contained much yellowish-red clay with some ame- 
thysts of a fair color. In the other vein only pale amethystine quartz | 
crystals were found. \ 

Seams of small quartz crystals, sometimes in pockets, branch out 
from the main vein in places, though no amethysts were observed - 
in them. 

The amethyst crystals range from a fraction of an inch to over 27 
inches in thickness. Most of them have only a pale amethystine™ 
color and some are nearly colorless quartz. The purple color of the 
amethysts is not uniform throughout the crystals, but is generally 
richest near the points and is often arranged in layers of varyin 
intensity parallel with the crystal faces. Only a small percentage o 
the crystals yield very dark-purple gem material that will cut into 
stones weighing several carats. 

Wilkam Long prospect.—The William Long prospect is between 
two prongs of the headwaters of Tessentece Creek, 44 miles east of 
its mouth. An open eut 30 feet long in an east and west direction 
with a maximum depth of 8 feet was made on a vein of amethysts. 
The country rock is granite. The granite on the north side of the 
cut is partly altered, somewhat porphyritic biotite granite. The 
granite on the south side and closely connected with the amythyst 
vein is badly altered and is pinkish yellow. Jn thin section under 
the microscope the following minerals were observed in this rock: 
Quartz in irregular grains and veinlets, muscovite, aggregates of fine 
decomposition products, apparently sericite, replacing original feld- 
spars, and hematite stains. This rock is probably an altered form 
of the country granite. The amethyst vein is reported to vary from 
less than an inch to 8 inches in thickness, and to have an east-west 
strike with a high northerly dip. No work was in progress at the 
time of examination, and only the poorer specimens of amethysts 
were seen on the dump. These consisted of crystals ranging from a 
fraction of an inch to 14 inches in thickness. They were mostly pale 
amethystine in color, though fairly dark-purple crystals are reported 
to have been found. 

Amethyst is reported to have been found on the land of John 
Justice, about two-thirds of a mile southeast of the Long prospect, 
and on the land of J. B. Justice, about three-fourths of a als south- 
west of the Long prospect. 


GEORGIA. 


Ledbetter amethyst mine.—The Ledbetter amethyst mine is on Black 
Creek, 1 mile north of east of Rabun Gap, Ga. The principal work- 
ings are on the south side of the creek, and consist of an open cut 
about 20 feet deep with a shaft 20 feet deep from its bottom, connect- 
ing with a crosscut tunnel driven to the vein from the hillside below, 
a tunnel from the level of the open cut on the vein, and three pits 
within a distance of 35 yards to the northwest. The country rock 1s 
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gneiss that may be flow banded granite or a mica gneiss injected with 
granitic material, and is badly decomposed and soft. The amethysts 
are found in one or more veins, which strike about N. 25° W. with a 
dip of 80° to the southwest. As exposed in one of the workings the 
vein varies from a seam a small fraction of an inch to over 2 inches in 
thickness. In another opening there is a double seam with crushed 
rock and clay between. Where the vein does not carry amethyst 
erystals it is represented by a seam containing a black stain. Ame- 
thysts of good color were found in this deposit. 

About 150 yards N. 25° W. of these workings three other small 
open cuts have been made in the same general direction. The 
country rock is the same as at the other workings. A number of 
pale amethyst crystals were seen on the dumps around these pits. 

North Georgia Co. mune.—Amethyst has been worked on the land 
of the North Georgia Co., 4 miles (by road) north of west of Clayton, 
Ga., on the south side of the Blue Ridge Mountains at an elevation 
of about 2,800 fect above sea level. The work consisted of an open 
cut 50 feet long on an amethyst vein, and another cut with a tunnel 
60 yards to the northwest. Other prospect pits have been made 
within 150 yards to the northwest. The country rock is gray granite 
gneiss, which has a westward strike and low northward dip. There 
js more than one seam or vein yielding small crystal quartz, but in 
how many of them amethyst was found could not be ascertained. 
The crystal quartz veins and amethyst vein have a northwest strike. 
Only quartz crystals with a pale amethystine color were seen on the 
Bees: but good gems are reported to have been found during the 
working. 

J Pin A Wilson amethyst prospect—A few amethysts have been 
found on the land of John A. Wuson, 4 miles (by road) southeast of 
Clayton. The country rock is mica gneiss, inclosing some pegmatite, 
and striking northwest with a northeast dip. The amethyst vein is 
accompanied by a silicified zone of rock which cuts the gneiss with a 
northeast strike and a nearly vertical dip. 


TEXAS. 


Mr. N. J. Badu, Llano, Tex., has kindly furnished the following 
notes on the occurrence of amethyst in ilar County. Very little 
work has been done on any of the deposits and the discoveries so far 
are not thought to have much value. Fewif any crystals have been 
used as gems. Occasional veins or pockets in soapstone are found 
that yield 20 to 25 pounds of crystals. A few crystals as large as a 
man’s thumb have been found, but most of them are smaller. Some 
have a good, deep purple color, but few are very clear. 


BERYL. 


NORTH CAROLINA 


Joel Walker beryl prospect.—The Walker beryl prospect is on a knob 
one-half mile east of Walker Knob of the South Mountains, 8 miles 
west of south of Morganton, Burke County, N. C. Beryl crystals 
have been found at two places here about 200 yards apart. One of 
these has been opened by a pit 10 feet deep and 18 feet long. This 
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pit is along a pegmatite body striking north and south with a 
easterly dip. The country rock is mica gneiss cut by granite and has 
a northeasterly strike. Black tourmaline and small sheets of mica 
are associated with the beryl in the pegmatite. Both aquamarine and! 
green and golden beryl were found in this opening. At the other 
locality numerous small yellow and golden beryls up to the diametel 
of a pencil in size have been found in bowlders of pegmatite on the 
mountainside. Some of these crystals are clear and have very rich 
colors. Much of the beryl observed from these deposits was rather 
badly checked and flawed, though some crystals were seen that would > 
yield cut gems of about a carat in weight. Larger clear stones are” 
reported to have been found. Irom the small amount of develop- | 
ment the showing seems favorable. 

Other beryl prospects have been found in the South Mountains, | 
One prospect, a mile east of the Walker prospect, has yielded crystals* 
of good aquamarine color and three-fourths of an inch in diameter, 
with portions clear enough for cutting. 

Littlefield beryl mine.—The Littlefield beryl mine is on the head-- 
waters of Tessentee Creek, 1 mile south of Whiterock Mountam, — 
Macon County, N.C. The last work at this mine was in 1902. The 
vein was removed by an open cut 135 feet long and from 10 feet deep 
at the northeast end to 25 feet deep at the southwest end. Another 
open cut 20 feet long and 10 feet deep, a few feet southwest of the 
main one, showed that the vein had been offset about 6 feet to the 
west. Thecountry rock is biotite granite gneiss, porphyritic in places, 
and strikes N. 40° BE. with a 40° SK. dip. The petals were found in 
pegmatite ledge cutting across the granite gneiss with a strike of N 
40° E.andadip of 85° SE. The greater part of the pegmatite removed 
in the open cut varied from 34 to 5 feetin thickness. At the southwest 
end of the cut the pegmatite pinches down to 8 inches in thickness. 
Clear aquamarine green and golden beryl, ranging from needlelike 
specimens to three-fourths of an inch m diameter and 2 or more inches 
in length, was obtamed at this mine. These crystals furnished very 
beautiful gems as well as some good specimen material. 

Beryl crystals are found on a ridge near the house of R. E. Brown, 
14 miles S. 25° E. of the point where Johns Creek and Caney Fork join 
in Jackson County, N.C. A small pit was opened in search of mica 
on the outcrop of a partly decomposed pegmatite. About a dozen 
beryl crystals were found in this pit. The crystals ranged up to nearly 
1 inch in diameter and 2 inches in length. Some of them were trans- 
parent in places and of a fairly good aquamarine color. If erystals 
with larger clear portions and of the same color could be found, they 
would be suitable for gems. 

The beryls are found in kaolinizing feldspar,associated with quartz 
and a little black tourmaline. The country rock is mica gneiss, badly 
decomposed, with which the pegmatite seems to be conformable. 
the west a short distance is a band of staurolite schist, and to the north- 
east chloritic soapstone. 


i 


GEORGIA. 


Beck beryl mine-——The Beck beryl mine is 7 miles due east of 
Clayton, Ga., a mile or two south of War Woman Creek. The work 
consists of an open cut 120 fect long and 10 to 15 feet in depth, wit 
three side entries on the downhil side. The country rock is mica 
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gneiss which strikes N. 70° E. and dips 25° N. ‘There are small intru- 
sions of hornblende gneiss in the mica gneiss, and the mica gneiss has 
local variations of dip and strike around them. The beryl occurs in 
pegmatite which cuts the gneiss with a north and south strike (dip un- 
determined). The pegmatite ranges from 6 to 12 feet thick. It carries 
mica crystals up to 6 and 8 inches in diameter as well as beryl. Much 
of the mica plates show the “A” structure, though good sheets could 
be obtained between the “A” lines. Fragments of translucent to 
subtransparent rough quartz crystals were found in the pegmatite. 
Bluish, bluish-green, and yellowish-green beryls were found. Some 
of these measure several inches across and, though badly flawed, 
contained clear portions suitable for cutting. 


NEW YORK. 


Mr. Wallace Goold Levison, Brooklyn, N. Y., has kindly furnished 
the following information on a recent find of aquamarine beryl in 
New York. The specimens were found by James G. Manchester, 
82 Nassau Street, in the Borough of Manhattan. They were obtained 
in the form of broken fragments without crystal faces and were cut 
into clear light-blue or greenish-blue aquamarine. One stone of over 
a carat in weight was cut, but the others were smaller. 


UTAH. 


The discovery of blue beryi near Ibapah, Utah, is reported by 
Maynard Bixby, Salt Lake City, to be entirely as float material. 
Some of the specimens submitted to Mr. Bixby gave evidence of a 
deposit of gem mineral. 


CALIFORNITE (VESUVIANITE). 
CALIFORNIA. 


Siskvyou County.—The occurrence of massive compact vesuvianite 
in Siskiyou County, Cal., has been described by George F. Kunz,} 
and the name ‘‘californite’’ was given to it after its native State. 
The deposit was located by Dr. A. E. Heighway for L. Tannenbaum, 
of New York. Mr. Amos Clausen, superintendent for the present 
owners, states that the occurrence of the mineral was known to him 
before it was located by Dr. Heighway, but that its possible gem 
value was only partly recognized. The mineral was first called jade, 
being mistaken for nephrite, until an analysis by F. W. Clarke and 
George Steiger, of the United States Geological Survey, showed it to 
be essentially vesuvianite. Massive compact vesuvianite has been 
found at two localities in the Alps and was there mistaken for jadeite 
until identified by a chemical analysis by Berwerth. The original 
locality in California is at present owned by D. C. Collier and 8. F. 
smith, of San Diego. 

The deposit is at an elevation of about 1,700 feet above sea level, 
on the South Fork of Indian Creek, about 10 miles west of north of 
Happy Camp. The South Fork of Indian Creek has a northeasterly 
course and joins the main creek about 24 miles below the mine. 
The creck flows cast for a short distance at the mine, and is in a nar- 
row valley with steep sides. A good road was made to the mine, but 


1 Gems, jewelers’ materials, and ornamental stones of California: Bull. State Min. Bur. California No. 37, 
1905, pp. 93-95. 
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has been broken down by hillside slides in two places. The country 
is well timbered and watered. The californite outcrops on the north 
side of the creek on a steep lullside about 75 feet above the water. 
The country rock 1s principally serpentine, varying in color from 
ray, green, yellowish-green, greenish-black, to black. The serpentine — 
is full of slickenside seams and joints and has been broken and shearell 
into lens-shaped blocks and masses. These lenticular-shaped bodie 
range from a fraction of an inch to several feet in thickness and length 
Streaks and lens-shaped masses of a granular gray rock are include 
in the serpentine in the region near the californite deposit. By 
alteration, not surficial, these rocks assume a greenish cast and appear © 
to grade into californite. The outcrops of this rock measure 20 feet | 
across in places and range down to streaks a few inches in thickness. 
The californite occurs in lens or pod shaped masses in the serpentine 
The lenses follow the bedding of the serpentine and occur at irregula 
intervals. They range in size from a few inches to 10 feet in thickness 
and their length is probably two to four times their thickness. The 
lenses are not regular in shape, but in some cases pinch out and swell 
or are curved. The several outcrops of the californite in a line along 
the hillside give the appearance of a vein or ledge of this material 
The strike of the califormte and inclosing serpentine is about northeast 
and the dip 10° to 40° NW. About half a mile below the mine @ 
mass of dense bluish-black rock is inclosed in the serpentine. Under 
the microscope this is found to consist largely of quartz penetrated b 
innumerable needles of blue glaucophane. 
The californite has been traced nearly 100 yards from the main 
outcrop along the hillside in a north-of-east direction. The principal 
work consists of an irregular open cut, or set of cuts, nearly 200 feet 
long on the lower side of the outcrop with two short tunnels in and 
under the masses of californite. Several pits have been made farther 
east. A number of large masses of califormite he in Indian Creek 
below the deposit, from which large blocks have become detached and 
rolled down. They have since been rounded into bowlders by attri- 
tion in the creek. These bowlders range m size up to 6 feet long an 
3 feet thick, and have yielded some very good grade of gem material. 
There is considerable matrix associated with the californite in the 
bowlders as well as in the original deposits. The grade of the cali 
fornite is also quite variable, even in the same masses, some beimg 
translucent hght to dark green, and others opaque greenish-gray 
to gray. The californite is associated with both granular gray rock 
and with serpentine. It is attached to both rocks and in places 
appears to grade into either. In some places the californite occurs 
i masses over a foot thick with good color and translucent. Masses 
of poorer grade are in some places several feet across. Seams and 
joints or cracks are common in all varieties of californite, so that 
masses of good grade several inches thick without flaws are rare. 
Many of the cracks have been recemented or were not sufliciently 
pronounced to weaken the mineral materially so that the californite 
can be cut regardless of them, if large pieces are desired for ornamenta 
use. Other seams are due to joints strongly developed, with or without 
a deposit of other mineral on them, forming planes of easy fracture 
in the californite. The californite is grayish green to yellowish 
green to dark green and some has almost a bright-green color. Much 
of it is translucent and some of the better grades are highly so. In 


a, 
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places the translucency is slightly clouded. The bright green generally 
occurs in splotches and tufts through paler-colored mineral. In 
places the patches of green are so eu that whole masses of the 
californite are strongly colored. Californite is very tough and has a 
hardness of about 6.5. The specific gravity of the Siskiyou County 
californite is 3.286, nearly as great as jadeite and greater than jade or 
nephrite. The specific gravity of material from Fresno County is 
8.859. It takes a high polish and is adapted to many purposes for 
which jade is used. The flocculent appearance and texture of the 
californite increases the resemblance to jade. 

Henry Wood, of San Francisco, and Justice Brown, of Happ 
Camp, own a claim for californite adjoining that of Collier and Smith 
on the northeast. Outcrops of large ledges of altered granular gray 
rock have been blasted into in search of gem material. They own 
two principal ledges of the rock outcrop, one at about 50 feet higher 
than the creek and the other about 100 feet. The country rock is 
the same variety of serpentine as at the mine just described. The 
outcrops of the gray parent rock of the californite are from 10 to 20 
feet thick and are lenticular in shape. Large portions of this rock 
have a greenish color and are composed of finely fibrous mineral in a 
felted mass. Much of the californite at this prospect is low grade, 
™ some fairly good colored translucent aor was seen on the 

umps. 

Preciihens of white californite, given by Mr. A. Clausen, of Happy 
Camp, were described in this report for 1909. The material was 
obtained from bowlders found in Indian Creek. Specimens of the 
same variety of californite were recently received from Mr. Felix 
Busse, Happy Camp, and may have come from the same locality. 
They were evidently broken from bowlders, as some of the specimens 
show surfaces worn by attrition. The material is quite translucent 
and has a waxy luster. The color is pure grayish white to gray with 
a faint tinge of green and an occasional patch of grass green. The 
fracture, hardness, grain, and toughness are the same as in the green 
californite, and the mineral ought to be a good substitute for white 
jade, which it closely resembles and which is in demand by the Chinese. 
If material in which the bright green patches were more plentiful 
could be found, it would rival the best qualities of jade. It is not 
possible definitely to distinguish the massive white variety of vesu- 
vianite from massive white garnet without a detailed chemical analy- 
sis, since the two minerals are so similar in both physical and chemical 
properties. Analyses of the vesuvianite variety of californite and 
white garnet by Clarke and Steiger? bring out the similarity, but 
indicate a possible method of discrimination without a detailed 
analysis by the presence of from 3.42 per cent to 4.18 per cent of 
water in the vesuvianite, and of 0.80 per cent of water in the garnet. 
A determination of the water content by ignition, by Dr. R. C. Wells, 
of the United States Geological Survey, gave 1.38 per cent in the white 
californite given by Mr. Clausen and 1.05 per cent in that given by 
Mr. Busse. The results are not conclusive, but are indicative of 
garnet rather than vesuvianite. Thespecific gravity of the vesuvianite 
variety of californite is given as from 3.286 to 3.359 and that of white 
garnet as 3.586. A determination of the specific gravity of the 


i Clarke, F. W., and Steiger, George, On “‘californite:”? Bull. U.S. Geol. Survey No. 262, 1905, pp. 72-75. 
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Siskiyou County white mineral, by Dr. J. E. Pogue, of the National 
Museum, gave 3.57—further evidence in favor of garnet. The min= 
erals, garnet and vesuvianite, may be so intimately mixed in some 
varieties of californite that an absolute determination is not possible. 
The idea of the development of two minerals with such similar prop- 
erties and composition together seems within reason. The term. 
californite may be used both for massive compact vesuvianite and 
for garnet when these can not be readily distinguished. 

Butte County.—A. deposit of californite was worked by the North 
California Mining Co., of Oroville, near Pulga post office or Bie 
Bar station on the Western Pacific Railway near the Butte-Plumas + 
County line. KE. A. Jackson, vice president of the company, Come 


that the deposit is in the southwestern part of T. 25 N., R.8 EK. Con 
siderable crude californite was mined during 1910, but a small p 
cent only was suitable for cutting. The demand for californite for 
jewelry was limited and the quantity sold was not large. Specie 
mens of the californite, kindly furnished by Mr. Jackson, were 
translucent apple green, showing in places a few darker green patches. 
The color is not so dark as that of the Siskiyou County californite, 
and resembles closely some of the Fresno County variety. The color 
is rather evenly distributed and pleasing. A better trade for the 
material has been reported during the first part of 1911. 


DIAMOND. 
ARKANSAS. 


The following notes are abstracted from an article by John T, 
Fuller,’ general manager of the Arkansas Diamond Co.: 


Contrary to expectation there was but little development on the company’s property 
during 1910, due to continued lack of capital. The production of diamonds in the 
Arkansas fields amounted to about 200 stones, all of which came from the one peridot 
outcrop, the greater part of which is controlled by the Arkansas Diamond Co. T 
total production to date is estimated at about 1,200 stones, weighing approximately 
574 carats. Of this production 1,179 stones came from the original peridotite area, 
During 1910, 145 loads of earth of 16 cubic feet were washed in a small test plant at the 
mine, and yielded 142 diamonds weighing 53.56 carats, or an average of 0.369 carat per 
load. In addition, 44 stones weighing 20.5 carats were picked up on the surface. The 
outlook for extensive development in 1911 is not promising. 


Mr. Reece Lamb, first vice president of the American Diamond 
Mining Co., gives the following information about diamonds found 
on the company’s land:? 


Twenty-two diamonds have been found, 7 in 1908 and 14 in 1909, with 1 stone found 
by an outside party in the latter part of 1908 or early in 1909. No diamonds were 
found on the property during 1910. The area of the peridotite has been proven, but 
no washing machinery installed. 


In regard to the holdings of the Kimberlite Diamond Mining Co., 
Austin Q. Millar * says: 


‘‘Kimberlite” rock has been found on the property about one-fourth of a mile west 
the American Diamond Mining Co.’s mine. Mr. Millar claims that sworn statemen 
were made by Oliver Cummings Farrington and Philip F. Schneider to this effect 
Murfreesboro in 1908. A few small diamonds have been found, but all were whi 
stones. No washing has been undertaken and the property is being tested to deter- 
mine the size of the peridotite. 


1 Eng. and Min. Jour., Jan. 7, 1911. 
2 Personal letter, dated Murfreesboro, Ark., Jan. 30, 1911. 
8 Personal correspondence, dated Apr. 4, 1911. 
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CALIFORNIA. 


A number of diamonds have been found in California, especially 
in Butte County, and some of the discoveries have been described.! 
Several diamonds were reported as being found during 1910 in the 
Cherokee Flats region, and two of these were mentioned in this report 
for 1909. One of these two diamonds weighs about half a carat 
and the other between 1? carats and 2 carats. The latter is a bril- 
liant, clear, flawless stone with a tinge of yellow. It is a much 
rounded crystal with curved faces, either a trisoctohedron or hexoc- 
tohedron. This diamond was kindly shown to the writer by Mrs. 
James, of Cherokee. Both diamonds were found among the old 
hydraulic workings during placer mining on the land of T. L. Vinton, 
by a miner named George Stone. The residents of Cherokee Flats 
state that over 200 diamonds have been found which have generally 
been picked up by parties interested only in gold. 

All the diamonds so far found in California have come from gravel 
deposits. Search for diamonds in the original rock matrix has been 
carried on by the United States Diamond Mining Co., of Oroville, 
under the direction of M. J. Cooney. This company owns property 
near Oroville, at Cherokee Flats, and at other places in the region. 
The principal work has been on the property about 1 mile north of 
Oroville. This consists of about 40 acres in part covered by allu- 
vium, 10 to 15 acres having been stripped off by earlier hydraulic 
mining. Developments by the present company consist of a 300- 
foot shaft, a 60-foot shaft, and numerous small pits. To facilitate 
hydraulic mining in the early days a drainage tunnel was cut from the 
placers under bedrock to the bank of Feather River. This tunnel 
was used to remove the débris from mining and is still open. Several 
small diamonds are reported to have been found on this property, 
but none were kept in the possession of the company. 

The alluvium has a thickness of about 50 feet in places and has 
been left standing in walls around the old placers. The bedrock 
now exposed is decomposed and is yellowish gray in color. In the 
excavations it is observed passing into bluish to greenish rock. Tufa- 
like segregations and balls of limestone occur in the decomposed rock 
and give place to calcite seams in the less altered rock below. At the 
mouth of the drainage tunnel a decomposed sedimentary rock is 
exposed, carrying brachiopod fossils so badly weathered as to be 
indeterminate. 

Prominent among the rocks of the Oroville region, as mapped by 
Turner, Lindgren, and Becker,? are a series of amphibolite schists 
derived from various basic rocks as gabbro, diorite, diabase, etc. 
Some augite porphyrite is included in the schists. These rocks are 
older than late Cretaceous. From the bridge north of Oroville a 
section along Feather River and the Western Pacific Railway track 
reveals rock formations answering the above description. The for- 
mation on the property of the United States Diamond Mining Co. is 
very similar in appearance to that observed along the river, and some 
of the less decomposed material from the shafts appears to be iden- 
tical. Specimens from both places are considerably serpentinized and 


1 Turner, H. W., Diamonds in California: Am. Geologist, vol. 23, 1899, p 182 ee 
* Marysville folio (No. 13), Smartsville folio (No. 18), and Bidwell Bar folio (No. 43), Geol. Atlas U. S., 
U.S. Geol. Survey. 
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contain epidote, zeolite, etc. In thin section under the microscop | 
some of the specimens show basic feldspars in various stages of alter 
ation and enough of the minerals and texture could be identified | 
class the original rock as gabbro in some cases and diabase in others 
The general appearance of these rocks resembles serpentine, and thi: 
weathering, mie is similar to that of serpentine. 

The property owned by Mr. Cooney and his associates at Cheroke 
Flats includes a number of acres of old placers where a quantity & 
diamonds are reported to have been found. Prospect pits and a 
foot shaft have been made. The shaft encountered banded bl 
slate. Buff to gray sandstone and slate outcrop in other parts of 
old placers. These sedimentary rocks appear to be interbedded w 
diabase and amphibolite. The latter rock, in certain places, is v 
similar in appearance to the rock of the Oroville region. It outero 
in large flattened spheroidal bowlders of weathering. 

Since the presence of diamonds is well established in Butte County 
the original matrix remains to be located. The recent discovery 
diamonds in peridotite in British Columbia may furnish a clue as 
the nature of the rock to be examined for diamonds in California. | 
has never been proved that a peridotite is the only type of rock 
which a diamond can occur, and some of the other basic rocks 
California may prove to be diamondiferous. JJlowever, the serpe 
nized amphibolites may contain masses formed from original p 
dotites or allied rocks that have served as a matrix of the diamon 
found in the placers. The possibility of reworking the old placer 
for diamonds ought to be considered, also, for they have never b 
tested with this in view. Mining operations heretofore were adapte 
only to the saving of gold, and only an occasional diamond was cau 
in the riffles of the sluice boxes. 


CANADA. 


The discovery of diamonds in British Columbia has been announced 
by R. W. Broce: director of the Canada Geological Survey. Charles 
Camsell, of the Canada Geological Survey, was engaged in a geological 
examination of the Tulameen River region and a ibaalibngall samples 
of chromium ore from Olivine Mountain to Rh. A. A. Johnston, 4 
mineralogist of the Canada Survey, for determination of the chro 
mium minerals. During the investigation Mr. Johnston obtai 
fragments of an insoluble mineral which peed to be diamo 
The specimens separated have all been small or microscopic in s 
but under the microscope many appear to be clear and of good qual 
but some are yellow and brown. The diamonds have been found 
chromite which occurs in small irregular veinlike segregations an 
disseminated grains through the olivinerock. Gold and platinum als 
occur in the chromite. The peridotite with which the diamonds at 
associated is altered to serpentine in places, thus giving a mat 
somewhat similar to that in which diamonds have been found in Africa 
and Arkansas. 

Dr. Brock obtained small crystals thought to be diamond fr 
British Columbia several years ago, but the material was lost bet 
complete tests could be made, and the results were therefore no 


1 The Citizen, Ottawa, Canada, Mar. 16, 1911. 
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sublished. The prospectors were given a hint at that time, how- 
wer, to be on the lookout for diamonds in British Columbia. The 
liscovery is regarded as of scientific interest only, but the possi- 
lity of finding larger stones in the gravels should not be overlooked. 


SOUTH AFRICA. 


Cape Colony.—The output of diamonds by the De Beers Consoli- 
lated Mines? shows a large increase in 1910 over the two preceding 
years. Although no statement is given of the number of carats of 
liamonds produced in 1910, estimates based on such figures as are 
riven show an output of approximately 2,661,223 carats, as com- 
yared with about 1,863,838 carats in 1909. These estimates are 
yased on the number of loads of blue, cylinder lumps, and tailings 
vashed from each mine and the yield per load. During 1910, 
684,156 loads of blue were washed, as compared with 4,774,172 loads 
n 1909. The total production of blue ground in 1910 was 5,111,524 
oads, as compared with 3,557,975 loads in 1909. The stock of blue 
round and cylinder lumps was reduced from 9,526,531 loads in 1909 
0 7,776,059 loads in 1910. The value of the diamonds sold and 
ft stocks on hand at cost of production was £5,414,896, as compared 
mith £3,074,912 in 1909. The value of the diamonds produced in 
910 is less than that of 1907 by £1,037,701. The De Beers and 
Jutoitspan mines closed down during 1908. Work on the Dutoitspan 
vas resumed in January, 1910, but work on the De Beers mine has 
1ot yet been resumed. Blue ground from the floors of all the mines, 
ncluding the De Beers mine, was washed. The yield in carats per 
oad of blue washed decreased from 0.42 to 0.38 at the De Beers and 
<imberly mines, from 0.34 to 0.32 at the Wesselton mine, and from 
.38 to 0.387 at the Bultfontein mine. The yield per load of blue 
vashed at the Dutoitspan mine was 0.23 carat, the same as in 1908. 

Attention is called to the fact that in value the De Beers company 
yroduces 48 per cent of diamonds mined in South Africa, including 
yerman Southwest Africa. The Jagersfontein mine produces 7 per 
ent, the Premier less than 20 per cent, and other companies, includ- © 
ng the river diggings, produce the remaining 25 per cent of the value 
ft the output. 

The total production of diamonds in Cape Colony ? in the calendar 
fear 1909, reported by the detective department, amounted to 
1,027,297 carats, valued at £4,690,478, as compared with 1,588,511 
arats, valued at £3,085,352 in 1908. This production came from 
he districts of Kimberly, Barkly West, Hay, and Herbert, and from 
Wluvial diggings on Vaal River. 
~ Transvaal.—According to Consul Edwin N.Gunsaulus,’ of Johannes- 
yurg, the annual report of the Premier Diamond Mining Co. for the 
rear ending October 31, 1910, showed a production of 2,145,833 
arats of diamonds, valued at $7,283,398, or a value of $3.39 per carat. 
\n average yield of of 0.23 carat per load, valued at 784 cents, was 
btained from the 9,331,882 loads of earth washed. The profits for 
he year amounted to $2,633,709, of which 60 per cent is claimed by 
he Government. The production shows an increase over 1909 of 
73,696 carats in quantity and of $1,578,020 in value. 


| 1 Twenty-second Ann. Rept. De Beers Consolidated Mines for year ending June 30, 1910. 
} 2 Report Surveyor General Cape of Good Hope, 1909; Dept. of Agriculture. 
7 U.S. Daily Cons. Repts., Apr. 11, 1911. 
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German Southwest Africa.—The production of diamonds in German 
Southwest Africa in 1910 is estimated by Consul General Henry J 
Diedrich,! of Antwerp, at about 800,000 carats, with a value of abo 
$6,000,000. Official figures of the German Diamond Regie,’ ho 
ever, show a production of only 92,619 carats for the third quarter 
of 1910. The majority of the German diamonds go to Antwerp, but 
a few are now being cut in Amsterdam. Some are cut in German 
Competition of the German diamonds and those from the Premie 
mine with the product of the De Beers mines has resulted in a redue- 
tion in the price of low-grade stones and of bort for industrial pur 
poses. Bort diamonds, formerly sold for $1.67 to $1.90 per carat, 
have been reduced to about $0.60 per carat. 

According to Herr Baderman, in the Deutsche Goldschmiede 
Zeitung,® an analysis of the color of 1,558 German diamonds gaye+ 
the following results: Clear, or with a slight yellowish tinge, 81 
delicate yellow, 136; lemon yellow, 87; ight pink, 116; dark re 
9; bluish, 30; greenish, 5; blackish, 9; showing various colors, 6 
impure or turbid shades, 62; spht diamonds, white or pink, 21 
The German Southwest Africa diamonds do not present any mark 
difference from those of South African diamonds generally, with the © 
exception of size. 

SOUTH AMERICA. 

British Guiana.—The exports of diamonds from British Guiana? 
during the calendar year 1910 amounted to 3,808 carats, valued at J 
$30,946, as compared with 5,646 carats, valued at $36,069 in 1908. The 


value given the production of 1909 in a previous report was $39,060. | 


INDIA. 


The production of diamonds in India * in 1909 amounted to 147.35 
carats, valued at £1,089, as compared with 140.75 carats, valued 
£940, in 1908. Of the production m 1910, 111.37 carats, valued 
£47, came from the Madras Presidency and the remaining 35.9 
carats, valued at £1,042, from the Central Indian States. 


AUSTRALIA. 


New South Wales—The production of diamonds in New South | 
Wales* during 1909 amounted to 5,474 carats, valued at £3,959) 
as compared with 2,205 carats, valued at £1,358, in 1908. The total 
production since 1867 is estimated at 167,354 carats, valued a 


21 1462. | 


DIAMOND INDUSTRY. 
| 

Antwerp.—The following notes on the diamond industry in Ant 
werp are abstracted from a report by Consul General Henry W 
Diederich:! The trade in diamonds in Antwerp in 1910 might be 
considered a good average one. The exports to the United States 


1U. 8. Daily Cons. and Trade Repts., Feb. 25, 1911. 

2 Consul General Frank D. Hill, Jewelers’ Cire. Weekly, Jan. 4, 1911. 
3 Manufacturing Jeweler, Feb. 9, 1911. 

4 Min, Jour., London, Feb. 4, 1911. 

5 Rec. Geol. Survey India, vol. 40, pt. 2, 1910. 

6 Ann. Rept. Dept. Mines, New South Wales, 1909, p. 53. 
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the principal market, were large during the first part of the year, but 
fell off during the last part. The demand in the United States, for- 
merly always for larger perfect stones, changed in part for many of 
smaller size and of second quality, as the price was raised by the Lon- 
don syndicate. The London syndicate raised the price of large 
stones, in which it had a monopoly, to offset the loss it suffered by 
the reduced price offered for smaller stores, due to the large produc- 
tion of such stones in German Southwest Africa. The small dia- 
monds offered by the London syndicate were at a price 30 to 40 per 
eent higher than those offered by the German regie. The London 
syndicate advanced its price, on all stones over one-fourth of a carat 
in weight, from 5 to 10 per cent. 

There were labor difficulties in Antwerp due to the very strict 
rules of syndicated workmen in allowing apprentices to learn the 
trade. Some of the workmen who recognized the need of increasing 
the number of cutters and were not allowed to teach their own sons 
the trade, withdrew and opened new lapidary shops in the vicinity 
of Antwerp and in other places in Belgium. The new enterprises 
found ready employment in cutting the German diamonds. The 
number of cutters in Antwerp rose from about 5,000 to about 12,000, 
who received an average wage of about $20 per week. Antwerp has 
led in the exportation of diamonds to the United States during the 
last two years. The exports from Amsterdam were nearly as large, 
and for many years prior to 1909 they were greater than those of 
Antwerp. 

Amsterdam.—The diamond industry of Amsterdam has _ been 
reviewed by Consul Frank W. Mahin.t About 70 establishments in 
Amsterdam cut and polish diamonds. More than 10,000 people are 
employed in the trade, of whom about 1,700 are cleavers and cutters, 
4,700 polishers, etc., and the remainder are engaged in other work 
about the offices. The workmen are divided into five classes, cleavers, 
polishers, turners, cutters, and sawyers. The wages range from as 
much as $120 per week for the best cleavers to $6 per week for 
sawyers. ‘The diamond workers of Amsterdam have a close organi- 
zation and admit only a few new workmen under strict examinations 
‘and instruction. A beginner must be under 18 years of age, have 
good eyesight, and generally has to pay well for his instruction. 
There are some cutters outside of the organization, and the numbers 
are crowing. : 

Cullinan diamond.—The setting of the larger stones cut from the 
Cullinan diamond ? in the scepter and crown of King George has been 
‘eported. The largest stone has been placed in the scepter and the 
text smaller one in the crown. Both stones can be removed from 
their mountings and worn as pendants by the Queen. The first use 
of these stones was at the time of the coronation of King George in 
Westminster Abbey in June, 1911. 

_ Hope diamond.—The famous Hope blue diamond has changed hands 
everal times during the last decade. It was purchased from the Hope 
‘state by Joseph Frankels & Sons? and brought to the United States 
21901. Mr. Habib, of Paris, a Persian collector, purchased the gem 
n 1908. In June, 1909, it was advertised for sale along with other 


| 10.58. Daily Cons. and Trade Repts, Apr. 1, 1911. 3 Jewelers’ Circ. Weekly, Dec. 21, 1910. 
' 2Manufacturing Jeweler, Dec. 15, 1910. 
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gems belonging to Mr. Habib and was reported to have been pur- 
chased by a Paris syndicate at that time. On November 23, 1910)' 
the big blue diamond was again brought to the United States to the» 
New York branch of the French firm of Cartier. A sale of the gem for 
$180,000 to Mr. Edward B. McLean, of Washington, D. C., wag 
arranged.1 Later suit was brought by the firm of Cartier for the fuk 
fillment of the contract of sale, which Mr. McLean did not deem valid, 
since, as he maintains, he was falsely informed that the Hope diamond? 
had never been sold for less than $250,000 previously. The suit is# 
now in the courts. j 

Brazilian diamond.—<According to Roderic Crandall,? a geologist of% 
the Brazilian Geological Survey, a large diamond weighing 35.874. 
erams, or 179.37 metric carats, was sold in Rio de Janeiro in 1910, 
The price was equivalent to about $175,000. The diamond cameg 
from Bagagem, Minas Geraes. 

Metric carat—The number of governments that are adopting they 
metric carat of 200 milligrams is increasing. The law establishing they 
metric carat in France * was scheduled to take effect on January J | 
1911. An Italian law of July 7, 1910, provides that the metric carat# 
shall be used in the sale of pearls and diamonds. The use of the termy 
carat for any other weight than 200 milligrams is prohibited. A lawy 
was scheduled to take effect in Roumania on January 1, 1911 (old) 
style), establishing the use of the metric carat as the weight by which 
diamonds, fine pearls, and precious stones should be sold. Steps ares 
being taken for the adoption of the metric carat in the NetherlandsS | 
A similar law has already been proposed in Belgium. An agreement) 
was made by jewelers and lapidists in France, Switzerland, Norway, 
Roumania, Bulgaria, and Spain® to work for the adoption of ther 
metric carat by their respective countries as a means of simplifying © 
trade in precious stones. 


DIOPSIDE. 
CALIFORNIA. 


Specimens of lilac-colored pyroxene, found in the vicinity of Sai 
Francisco, were kindly furnished by Mr. J. J. Kinrade. This material” 
has been cut for gems and ornaments under the name of pink wollase 
tonite. The mineral occurs as fibrous and columnar radial aggregae 
tions and in seams in a dull grayish-green rock. Both purple ane 
green minerals occur in patches of light and dark color and with them 
are areas of nearly pure white. The contrast of colors with the good 
yolish to which the whole rock is susceptible is pleasing. An exam 
ination of the optical properties of the mineral by KE. S. Larsen, ¢ 
the United States Geological Survey, shows it to be not wollastonit 
but a variety of pyroxene, probably diopside. A partial chemie 
analysis by George Steiger, of the Survey, also indicates the mineral 
to be diopside. ‘The associated cemmtinticl, minerals were only partt 
determined under the microscope, and consist of felted fibrous masses 
and stout crystals of a pyroxene, diopside or augite, actinolite, ete 


1 Jewelers’ Circ. Weekly, Mar. 15, 1911. ; 
2 From a lecture on Brazil before Pick and Hammer Society of the U. 8. Geol. Survey, Washington, D. 
3 Jewelers’ Cire. Weekly, Nov. 23, 1910. 
4 Manufacturing Jeweler, Sept. 22, 1910. 
5 Jewelers’ Circ. Weekly, Aug. 24, 1910. 
*6 Manufacturing Jeweler, Feb. 16, 1911. 
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Actinolite with a clear light-green to deep emerald-green color is 
found associated with the peridot north of Fort Defiance, Ariz. This 
material has been commonly mistaken for diopside and has been 
called chrome diopside in several reports, and was so designated in 
this report for 1908. The attention of the writer was called to this 
error by Mr. J. E. Sheridan, United States mine inspector, and tests 
were made proving the correctness of Mr. Sheridan’s claim. ‘Tests 
were also made on similarly colored mineral found with the Navajo 
garnet in northern Arizona and with the peridot near Rice, Ariz. 
These minerals were found to be diopside, however, and to contain 
an appreciable quantity of chromium. Mr. Sheridan has had some 
of the emerald green actinolite crystals cut. They yield beautiful 
gems, but are rather too soft for jewelry exposed to rough usage. 


EMERALD. 
NORTH CAROLINA. 


The discovery of a new emerald prospect in North Carolina during 
1909 on the land of W. B. Turner, 4? miles 8. 30° W. of Shelby, in 
Cleveland County, was described in this report for that year. <A few 
additional notes were obtained in December, 1910, and are given here 
with a summary of the former description. The first emeralds were 
found loose in the soil of a cotton field, some ten or a dozen crystals 

being found before any eee was started. Some of these 

emeralds were of very good color, and of fairly good quality. A few 
of the cabochon and drop-shaped gems cut from them have proved 
very pretty mounted in a necklace. A few faceted stones cut from 
these crystals have also been admired. 

The locality is a hillside of moderate slope about 30 feet higher 
than the First Broad River near by. The elevation is about 680 
feet above sea level. The rocks of the region are principally gneisses 
and schists of great age intruded by masses of granite and dlorite. 
In the vicinity of the emerald prospect the types of rocks are varied. 
There are mica, cyanite, garnet, and hornblende gneisses, and schists 

cut by granite or quartz monzonite, gabbro, diorite, amphibolite, 
and pegmatite. ‘The emerald occurs in pegmatite cutting amphi- 
bolite. The amphibolite is associated with a mass of basic rock 
which presents two phases, oblivine gabbro and diorite. These 
‘rocks are in turn alee in biotite granite, and the latter rock 
includes masses and balls of the more basic rocks near the contact 
of the two. The several rocks are more or less decomposed near the 
emerald prospect and some phases of the decayed gabbro and amphi- 
bolite are difficult to distinguish from one another. The basic rocks 
make a dark, reddish-brown clay soil on thorough decomposition, 
and the granite gives a lighter-colored generally sandy soil. Minerals 
associated with the emeralds are albite, quartz—clear, colorless, and 
smoky—with black tourmaline, and actinolite inclusions, black tour- 
maline, and common green beryl crystals. 

At the time of the ney examination there were five openings and 
two small ones that had been filled up. The largest working con- 
sisted of a trench over 100 feet long and from 2 to 12 feet in depth. 
The next largest opening, about 7 feet east of the trench, was a pit 
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15 feet long, 9 feet deep, and 7 feet wide. All of the workings were: 
within a space of 50 feet and were in an east and west direction from! 
one another. Decomposed and partly chloritized amphibolite and! 
gabbro were encountered in each cut. In the largest treneh four or 
five pegmatites were cut, most of them bemg small. Emeralds were | 
found in one pegmatite only, the other pegmatites containing only” 
quartz and tourmaline crystals. Veinlets of quartz crystals, with 
little if any other mmeral, cut the amphibolite. Some of the quartz 
crystals from these veimlets are very clear and measure 2 inches? 
through. Part are colorless and part smoky brown. The pegma-~ 
tite carrying the emeralds is lens-shaped with irregularities in direc 
tion. In the larger pit it was 30 inches wide at the surface on the 
east side of the pit and 18 inches wide on the west side. At a depth 
of 10 feet the pegmatite was about 18 inches wide. An offset oF 
overlapping lens of pegmatite was exposed in the east face of thew 
pit near the surface. The pegmatite has an irregular strike appro 
imating east and west and a dip of 80° N. 
The gem-bearing pegmatite is medium to coarse grained and ig 
composed of quartz and feldspar, part of which, at least, is albite, 
with some black tourmaline s rile through it and an oceasion ish 
emerald or green beryl ate The crystallization of the minerals 
of the pegmatite is not good, but a few partly developed crystal; 
are found in small irregular miarolitic cavities. Crystals found im 
these cavities are colorless and smoky quartz, albite feldspar, black 
tourmaline, and a little beryl. The cavities in the pegmatite are 
partly filled with reddish brown, greasy feeling clay, and the same 
material along with limonite stams has permeated joints and seams 
through the pegmatite. The feldspar of the pegmatite has partly # 
decomposed m places, so that the rock breaks down rather easily 
Some of the emerald crystals are firmly attached to other minerals 
and others are loose and may be obtaimed by washing the semide 
composed pegmatite. Many small fragments and crystals of emer 
alds have been found this way, but up to 1911 only a very few pieces 
of gem emerald had been found in flee in the rock, nearly all the 
gem material having come from the surface. 
Mr. George L. English, who has assisted Mr. Turner in prospecting 
for the emeralds, has kindly given the following information ? on the 
latest developments at the mine. The main pit has been sunk to@ 
depth of 15 feet on the pegmatite and another pit a few feet to the 
east has also exposed the ‘‘vein.” In this pit the pegmatite was 
about 5 feet wide and had a dip of 15° to 20° E. A trench abou 
10 feet deep and nearly 30 feet east of the main pit has also et 
the ‘“‘vein.”’” Several other prospects on the place have shown thi 
presence of pegmatite but failed to develop emeralds. At one 6 
these prospects, an eighth of a mile southwest of the main locality 
an abundance of fine black tourmaline crystals, a little dark gree 
apatite, two unidentified minerals—one a metallic mineral and the 
other a dark resinous one—and a blue mincral resembling crocidé 
lite were found. 
In the main pit a large pocket of emerald crystals was found at2 
depth of about 10 feet. Most of these were pale in color, but some 
were nearly equal to the pieces found on the surface. Only a fer 
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small pieces have been cut, and a faceted stone among these was sold 
at the rate of $48 per carat. The largest crystal found measured 24 
inches long by five-eighths of an inch in diameter, and weighed 26.2 
grams. This crystal was broken into four pieces. The color, except 
near the termination, is pale and the crystal is deeply striated so that 
its color does not appear so strong as on broken surfaces. Many of 
the crystals from this part of the ‘“‘vein’’ are opaque inside, but have 
their transparent shells of rich green color that would cut into good 
faceted stones of small size. 


SOUTH AMERICA. 


Notes on the rediscovery of certain lost emerald mines in Colombia 
have been given by E. B. Latham. Emeralds were highly prized by 
the Indians of South America and were mined by them for centuries 
prior to the coming of the Spanaras in three districts of the present 
Republic of Colombia. These districts, Muzo, Cosquez, and Somon- 
doco, were widely separated. When the Spanish took possession of 
the country about 1555, the emerald mines also were taken up. 
Excessive cruelties were practiced by the Spanish mine workers on 
the Indians employed in the mines. The trouble was not averted by 
the importation of African negroes, and in the war of independence 
of 1816 following, the country was so desolated that the mines of 
Cosquez and Somondoco were entirely lost. From that time until 
recently the Colombian emeralds have been obtained only from Muzo. 
| <A Colombian named Francisco Restrepo, guided by a few hints 
ie in ancient Spanish parchment maps, and with little or no 

nowledge of geology or emeralds, undertook the search for the lost 
,emerald mines. In 1896 he found traces of ancient workings and 
| later the large workings of the lost mines. The mines are situated 
}on a scctional ridge of the great eastern range of the Andes Mountains, 
at an elevation of about 9,000 feet above sea level. An old ditch 12 
;to 15 miles long, with reservou's above the mines, was found. The 
igreat open cuts and tunnels were scattered over an area 6 miles long 
east and west and 3 miles wide north and south. Some of the work- 
jing faces of these mines measure 700 to 300 meters on steep slopes; 
of this about 100 meters is emerald-bearing and the rest nonpro- 
jductive. The emerald region is covered by forest and jungle, which 
/doubtless conceal other workings in the region. The climate is about 
ithat of perpetual late autumn. 


; 
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AUSTRALIA. 


New South Wales.—The emerald mine at the Glen in the Emma- 
ville Division, New South Wales,? was reopened during 1908. About 
1,000 carats of emeralds, valued at over £1,600 were obtained. The 
largest stone weighed 60 carats in the rough. The largest stone 
obtained in a parcel of cut emeralds weighed 6 carats. Some of the 
emeralds are of good quality, but the majority are pale colored. 

——— 


1 School of Mines Quart., vol. 32, 1911, pp. 210-214. 
2 Ann. Rept. Dept. Mines New South Wales, 1909, p. 54. 
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GARNET. 


NORTH CAROLINA. 


Garnet crystals for abrasive purposes and occasional gems have: 
been obtained from a deposit 8 miles in a southeasterly directio 
from Morganton, along Laurel Creck, Burke County, N.C. They ar 
a calcium free, iron magnesium garnet belonging to the pyrope type 
The color is a deep pink to rich wine red, and some good gems, espe 
cially for carbuncle cuts, have been obtained from them. These 
garnets occur in slightly graphitic schist, which is both micaceous and 
cyanitic in places, and is a member of the Carolina gneiss. They are 
closely associated with a pyroxenite rock and occur in the schist at 
or near the contact with this rock. The pyroxenite occurs in len 
ticular and rounded masses of various sizes in the schists. Th 
masses range from less than a foot across up to many yards in thie 
ness. In many cases the arse has altered to chloritic soap: 
stone to a depth of several feet from the surface. There has been 
contact action between the pyroxenite and inclosing schists, as show 
by the presence of chlorite zones between them. 

The garnets occur scattered through or in streaks in the schis 
either at the contact with the pyroxenite or at a distance of severa 
feet from it. The garnets range in size from a fraction of an inch f 
3 or 4 or more inches in diameter. Many of them, especially of thos 
near the surface, have been badly decomposed, and in some case 
entirely so, and have passed into reddish-brown earthy masses. Th 
garnet occurs in the bedding of the schist which they have forced 
apart, so that it assumes an augen shape around the crystals. Thi 
augen effect is very striking in some cases where small masses ( 
kaohnized feldspar occur in the augen on each side of the garnet, 

Rhodolite is the name given by Hidden and Pratt? to the ros 
pink garnet found in Macon County, N.C. Attention was called t 
this garnet in 1893 by A. M. Field, of Asheville? For several yea 
it was supposed to be a variety of almandine, until analysis showe 
that its composition is equivalent to two molecules of pyrope and on 
of almandine. It was accordingly given the varietal name rhodoli 
by the analysts, from the Greek words equivalent to rose stom 
Rhodolite ranges in color from pale rose pink to dark rose pink, an 
some of the gems have a purplish cast. As the clear rhodolite garneé 
are exceptionally free from inclusions, they are very brilliant and di 
play their color well. Large garnets are not plentiful, though stone 
weighing as much as 14 carats ? have been cut. Dr. Kunz estimat 
that about $53,000 worth of these garnets have been sold. 

The principal locality from which rhodolite garnets have bee 
obtained is in the valley of Mason Branch, about 5 miles north | 
Franklin. The gem has also been found associated with ruby 14 
Cowee Valley, and occasionally stones of a size sufficient for cuttil 
have been obtained when mining for ruby. Pink and purplish ge 
nets, some with practically the same color as rhodolite, though ge 
erally of a dark shade, have been found in other parts of Macon am 
Jackson counties. It is sometimes difficult to ieencul betwe 
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1 Hidden, W. E., and Pratt, J. H., Rhodolite, a new variety of garnet: Am. Jour. Sci., 4th ser., vol 

1898, pp. 294-296. + 
2 Kunz, G F., History of the gems found in North Carolina: Bull. North Carolina Geol. and Eto 

Survey No. 12, 1907, p. 50. 
3 Op. cit., p. 51. 
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the dark-colored rhodolite and the hght-colored almandine with a 
ink or violet color. 

The rhodolite garnet deposits in the valley of Mason Branch were 
worked from 1893 to 1901, inclusive. Most of the gem garnets were 
obtained from the gravel deposits along the branch where both sluic- 
ing and hydraulic mining were carried on. A dam was constructed 
across the branch to secure water for these operations. Many of the 
garnets from the placer eae consisted of nearly pure gem material, 
the fractured portions of the originally larger garnets having been 
removed by attrition in the stream gravels, leaving only hard pebbles 
and fragments of solid garnet. As associated minerals Hidden and 
Pratt‘ mention— 

uartz, rarely as isometric pseudomorphous dodecahedrons; small rough garnets of a 
irc pyrepe nature; small corundum crystals of pale blue, amethystine, and pink 
shades, sometimes with a distinct ruby tendency; spinel, the pleonaste and gahnite 
varieties; bronzite, transparent; iolite, colorless; cyanite; fibrolite; hornblende; 
jtaurolite (often clear and glassy); rutile; menaccanite; chromite (rare); monazite 
(rarely green); zircon; gold and sperrylite in minute quantities 

Some of these minerals are more completely described in a later 

ublication.? 

The better portions of the placer deposits were worked out in 1901 
by the American Gem Mining Syndicate. During the operations of 
this company prospecting was carried on for rhodolite in the matrix 
in the surrounding region. Some measure of success was met with 
in the prospects on the north side of the valley of Mason Branch, 
especially near the summit of a knob where three openings were made. 
The rhodolite here occurs disseminated through mica schist or gneiss 
in crystals ranging from a small fraction of an inch to over 3 inches 
in diameter. The crystals are inclosed in biotite, quartz, and other 
minerals of the rock. The rhodolite replaces irregular masses of 
biotite and occurs in lenticular wrappings of biotite flakes. Small 
flakes of biotite and grains of quartz are inclosed in some of the 
rarnet crystals. The majority of the rhodolite crystals are more or 
less fractured and some have well developed parting planes that 
divide the crystals into small grains. However, gems of fair size 
have been obtained from the rock matrix. 

In one of the openings a hard ledge of rhodolite garnet gneiss 3 feet 
thick was encountered. The rock on either side of this ledge was 
partly decomposed and soft. Garnets of a beautiful pink color were 
observed in ae ledge and of such a size as to indicate the probable 
presence of gem maicrial. In a thin section cut from a specimen 
Pom this ledge much bronzite associated with the garnet was 
observed under the microscope. The section contained also quartz, 
biotite, pyrite, apatite, rutile, zircon, and probably ilmenite. 


| JADE. 
| BURMA. 
| 


The exports of jade (jadeite) from Burma through Rangoon in 
1909 amounted to 4,088 hundredweight,? valued at £84,450, as com- 
yared with 3,211 hundredweight, valued at £73,400, in 1908. The 
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ie pecden, W.C., and Pratt, J. H., Rhodolite, a new variety of garnet: Am. Jour. Sci., 4th ser., vol. 5 
» Pp. 204, 

‘2 Am. Jour. Sei., 4th ser., vol. 6, 1898, pp. 463-468. 
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production reported from the Myitkyina district, where the jadeite 
mines are situated, amounted to only 2,487 hundredweight, value 
at £14,892— though these figures may not be reliable. 


JASPER. 
CALIFORNIA. 


A red jasper-lke quartz with a spherulitic texture, found in the 
San Francisco region, has been used locally for gems and ornaments, — 
This material is cut by Mr. J. J. Kinrade, of San Francisco, by whom 
it was discovered about 30 years ago, and who kindly supplied @% 
specimen for exaimination. Mr. W. T. Schaller, of the United | State 

eological Survey, generously furnished other specimens, with micro- 
scopic sections and general information on the occurrence and nature 
of the rock. Mr. Schaller states that this spherulitic quartz is found 
about 1 mile south of Sausalito, in Marm County, and near Lands 
End station, San Francisco County, about 1 mile northeast of the 
Cliff House. At the latter locality the spherulitic rock is found i 
irregular masses in a greatly altered basic rock, probably diabase 
which, with sandstone ee serpentine, forms a portion of the 
Franciscan formation. 

Near Sausalito the rocks also belong to the Franciscan formation 
and consist of sandstone and radiolarian chert with intrusive basal 
and diabase which may be portions of the same intrusion. Th 
spherulitic quartz is found at the water’s edge where the principa 
formations are radiolarian chert, basalt, and diabase. <A thin laye 
of sandstone is included between the chert and the igneous rocks @ 
this point. Lenticular inclusions of radtolarian chert and spherulitt 
quartz, surrounded by layers of, and inclosing, greenish material 
occur in the basalt and diabase. Many of these inclusions have bee 
washed out by wave action and deposited as pebbles and cobble 
along the shore. 

The spherulitie rock occurs with a variety of markings and color 
ings due to variations in texture and composition. In some speq 
mens the bulk of the rock consists of red spherulites in a matrt 
of red, brown, and green. In other specimens the matrix pre 
dominates and contains spherulites scattered irregularly through it 
The spherulites range from almost microscopic dimensions to ove 
an en in diameter. Most of them measure only a fraction of an inel 
across. Practically all of the spherulites visible to the naked eye ar 
either dark or light red, but some of the green mincral possesses 4 
spherulitic texture visible under the microscope. The spherulite 
have a radial structure with concentric bandings around the centel 
The centers more commonly are bright red and are surrounded Bj 
one or more layers of lighter red. The outer portion of the spheruw 
lites is less strongly colored and exhibits the fibrous radial texture 
plainly. Green, brown, gray, and black fragments and _ streak 
compose the remainder of the rock. The whole has been fracture 
and cemented together again, even the spherulites, many of whi 
show stars, with three to seven or more rays filled with lighte 
colored mineral, in their centers. Pebbles and fragments of jas 
like red quartz similar to the spherulite rock, but without s 
striking texture, are found with the spherulitic rock. They conta 
similar associated grecn mineral and country rock. The rock cor 
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sists largely of silica, but some specimens contain considerable iron 

resent as hematite. An analysis of material from the vicinity of 
Seads End, by Mr. Schaller, gave 88.5 per cent SiO, and 10.3 per 
cent Ie,0,. This rock contains much free hematite filling interspaces 
between spherulites, besides that occurring as microscopic dust 
throughout the spherulites and other minerals. Such great quan- 
tities of free hematite were not observed in the specimens from near 
Sausalito, and it is probable that analysis would show a much smaller 
per cent of Fe,Q,. 

In thin section under the microscope the spherulites present all 
the appearances of chalcedony but, unlike that mineral, have a 

ositive elongation characteristic of quartz. They are composed of 
radiated fibers, and between crossed nicols give a dark cross extinc- 
tion which reacts positively when tested with the gypsum plate. 
The pigment of the spherulites is seen to be a red dust, apparently 
hematite, generally arranged in layers with concentric structure. 
The starlike fractures in the spherulites resemble shrinkage cracks 
and are filled with fibrous to granular quartz which incloses prac- 
tically no hematite. The quartz stars are in many cases connected 
with seams of quartz ramifying through the rock. 

In other portions of the rock quartz occurs in irregular-shaped 
masses, inclosing variable quantities of hematite dust. In places the 
hematite is segregated into clusters of particles and nearly solid 
masses in the quartz. Grains of pure hematite over a millimeter 
across compose a portion of the matrix in some specimens and are 
especially abundant in the material near Lands End. 

The green portion of the spherulitic rock is difficult to determine 
and is composed of more than one mineral. Mauch of it is an olive 
to yellowish green, resembling epidote. Some of the material con- 
sists of altered basalt fragments, and other is a nearly amorphous 
substance with a spherulitic radiated texture locally developed. A 
part has the texture of chlorastrolite, but has not been identified as 
that mineral. 

The jasper-like spherulitic rock polishes well and is very handsome, 
The variety of patterns and colors and the extreme beauty of the 
spherulites when examined closely render the stone attractive. It 
would serve well for small ornamental objects, as inkstands and 
pect weights, and some is quite pretty enough for use in jewelry. 

t could be used in the same way as jasper and strongly colored 
agates. 

Mr. Kinrade reports the occurrence of red spherulitic quartz at 
numerous places along the coast of California from San Francisco to 
the Oregon line. <A specimen cut from material found near Point 
Bonita, on Marin peninsula, contains red quartz spherulites in ocher- 
yellow jasper or quartz matrix. The combination is pleasing. 

The trade name “kinradite”’ has been proposed for the spherulitic 
quartz by several gentlemen interested in an amateur way in native 
gems, and in the part Mr. Kinrade has taken to show the possibilities 
of such material in the San Francisco region. This proposition 
comes from Harry C. Catlin, John C. Catlin, Thomas R. Craigie, 
and Alfred Galpin, of San Francisco. The selection of the name 
“kinradite,” in acknowledgement of Mr. Kanrade’s services in exploit- 
ing a gem of interest to both the local and the tourist trade of 
California, is very appropriate. 


J 
| 


ia 


872 MINERAL RESOURCES. 


Mr. A. H. Alverson, of San Bernardino, kindly furnished speei 
mens and information concerning a newspaper report on the dige — 
covery of bloodstone in Death Valley. Most of the material might 
be best called red and green jasper, but a few pieces might be called — 
bloodstone. The material came from a locality near Canyon Springs, 
about 100 miles east of San Bernardino, that has been known fox 
years. ‘The Jasper occurs in a vein and in nodular masses. The ~ 
nodules have red cores and dark green shells and range in size up 0 
4 or 5 inches in diameter. Specimens examined were about an inch 
and a half across, and one of them contained a few red patches and © 
streaks in the green. The nodules furnish handsome specimens 
when polished. No work has been done on the deposit, but year 
ago considerable surface material was gathered up and sold in Sar 
Krancisco. 

Mr. Young J. Gilbert, of San Bernardino, Cal., mentions the 
occurrence near Barstow of agate-like jasper, in which are streaks of 
opal, some being fire opal. Good gem specimens of both minerals — 
have been obtained from the deposit. The property formerly 
belonged to the California Gem Co., but the assessment work is now 
kept up by Mr. Gilbert. 

MASSACHUSETTS 

Mr. Shelley W. Denton, of Wellesley, Mass., reports the finding of ¢ 
small quantity of red and green jasper in the town of Rowley, Mass. 


Some of this has been cut ‘‘en cabochon” for arts and crafts jewelry 
with good effect. 


LAPIS LAZULI. 
CALIFORNIA. 


Mr. R. M. Wilke, of Palo Alto, Cal., reports the discovery of lapis 
lazuli in San Bernardino County, Cal., during 1910. The mineral 
was found as float and has not been discovered in place as yet, but 
it is hoped this will be accomplished by further prospecting. Some 
of the specimens of lapis lazuli were associated with gray limestone, 
indicating the rock in which the gem may be looked for. 


OPAL. 
IDAHO. 


The occurrence of opal in the northern end of the Owyhee Range 
Owvhee County, Idaho, has been briefly described by Lindgren 
Drake, and Schrader.t| Deposits have been opened on Squaw Creek 
and along the Caldwell-Rockville road about 2 miles east of south o 
Sommer camp. Some good fire opals have been found, and at one 
time there was considerable excitement over the gem. Three of the 
deposits were visited in June, 1910, but no work was in progress at 
any of them. J 

The deposit in the valley of Squaw Creek below the junction with 
Little Squaw Creck is situated in a small rounded hill about 1 mue 
above the ranch of Jim Keith. The elevation is about 3,500 fee 
above sea level and that of the mountains around about 1,000 feet 
higher. The country is treeless and the low hills in the valley are 


1 Silver City folio (No. 104), Geol. Atlas U.S., U.S. Geol. Survey, 1904. 
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covered only with sagebrush and a small quantity of grass. A few 
small pits have been made on the summit of the hill and on the south 
side, cutting into the partially disintegrated basalt m which the 
opals occur. The basalt is highly vesicular and under the microscope 
is found to be composed chiefly of lath-shaped crystals of labradorite, 
augite, and a brownish glass. The basalt is a portion of a flow which 
partly fills the canyon of Squaw Creek and rests on rhyolite and 
rhyolite tuff, the inost important formation of the region. ‘The par- 
tially disintegrated basalt breaks up fairly easily and is removed 
from the pits in large blocks. These blocks are broken up and the 
opal picked out. The opal occurs as amygdaloid in the steam holes 
and cavities in the basalt. The greater part of the cavities contain 
no opal, and only a part of the opal is of the precious variety, much 
of it being milky white or colorless. In some of the blocks of basalt 
broken into the opal is plentiful, and much of it has a fine play of 
colors. Most of the opal is in small pieces and large specimens of 
precious opal are rare. Some of the vesicles are filled with chal- 
cedony or chaleedony and opal. Fragments of chaleedony and 
chalcedony with white opal 2 inches across were observed loose in the 
soil on the hill. Some of this material is banded both with curved 
bands and straight onyx bands. Similar specimens of chalcedony 
and white opal were seen in other places in the valley. 

One of the larger opal mines, 3 miles west of Enterprise, contained 
two sets of workings on different sides of a draw or valley. They 
are from 35 to 65 feet above the bottom of the draw. The principal 
workings are on the west side, and consist of several open cuts, the 
largest about 50 feet long and 25 feet deep, and a tunnel 40 feet long. 
The other openings are about 150 vards to the northeast diagonally 
across the draw, aril consist of open cuts. 

The opal deposits are in whitish chalklike decomposed rhyolite, 
in which occur inclusions of blocks and rounded masses of gray to 
brown, glassy, perlitic rhyolite. The perlitic rhyolite appears to be 
the same as the inclosing decomposed rhyolite, but has not under- 
gone alteration. A weathered yellowish fine porphyry bed occurs 
ver the opal-bearing rhyolite outcropping as a hard stratum. The 
formations have a gentle northerly dip and the rhyolite can be rec- 
ognize | at numerous places by its light-colored outcrop. The opal 
occurs in seams and veinlets, filling cracks and joints, as a filling in a 
breceiated fracture zone, and in nodular masses, both in the altered 
rhyolite and in the perlite. White and milky opal was plentiful 
around the dumps and a few small chips of precious opal were seen. 
Judging from the extent of the work done, it is probable that valu- 
able opal was found. 

At another deposit, about 2 miles east of south of Sommer camp 
nd 4 miles west of Enterprise, about half a dozen pits have been made 
within 200 yards of one another, which range in size from 4 to 20 
eet in depth and about the same in width. They are in a bed of 
dartly decomposed whitish rhyolite, interbedded with brownish glassy 
shyolite. The formations are gently folded and the rhyolite out- 
srops at several places to the south along the road on the hill above. 
(he beds have an aggregate north dip. Other prospects were opened 
m some of the upper outcrops of the rhyolite. Considerable chal- 
edony and white, milky, and bluish opal were seen on the dumps 
round the pits. White opal and translucent gray chalcedony are 
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banded together in some specimens like onyx. Very litile precious 
opal was seen around the old workings. 


WASHINGTON. 


Among localities in Washington where opal has been mined is that 
on the land of George Odonnell, about 5 miles northwest of Moscow 
Idaho. This was known as the Leisure place when worked for opal 
by Hall & Vennigerholz in 1891 and by Hall & Sons in 1892. The 
country is rolling meadowland, with but few rock outcrops, well 
adapted to the growing of wheat, and little attention is paid to the 
possibilities of gem mming. George F. Kunz! states that opal wag 
found at this locality in August, 1890, during the digging of a well, 
The yield from this locality in 1891 was estimated at over $5,000, 
and J. G. Vennigerholz states that $5,762 worth were sold. 

Mining was carried on at three places situated about 200 yard 
apart in a triangular space, and Mr. Odonnell’s house now stand 
near the middle. At one of the places, over 100 yards north of the 
house, nearly an acre of ground had been worked over by pits rang 
ing from a few feet to 20 feet indepth. Southeast of the house a cut 
100 feet long and 20 feet wide was made along a branch. Other pits 
were made southwest of the house. The greatest difference in ele 
vation at the different workings is about 20 feet. The dumps con 
tain piles of vesicular basalt broken into blocks a few inehes thick 


region. Some of the basalt is partly weathered and has a gray color 
The fresh rock is grayish black and hard. The principal mineral 
determined under the microscope were labradorite feldspar, brow 
augite, and iron ores with a brownish glass. In places hyaline opa 
occurs, filling the vesicles and seams in the rock. Occasional pate 
of precious opal may be found by breaking considerable rock. I 
places precious opal was found thickly scattered through the basalt 
Some very fine gem opal was obtained at this locality. 


AUSTRALIA. 


New South Wales.—The value of precious opal produced in Ney 
South Wales? in 1909 amounted to £61,800, as compared witl 
£41,800 in 1908. This was an increase of £20,000, but the pro: 
duction was less than that of 1907 by £17,200. The production 6 
the White Cliffs Division declined from £31,800 in 1908 to £21,80 
in 1909 and that of the Walgett Division rose from £10,000 in 1908 
to £40,000 in 1909. The beautiful “black opal” from the Walgett 
Division has realized higher prices than the lighter-colored material 
Black opal is, however, scarce. 

Queensland.—-The production of opal in Queensland,’ in 1909, was 
estimated at £2,000, as compared with £2,500 in 1908. 


QUARTZ. 
PENNSYLVANIA. 
Louis J. Deacon, of Atlantic City, N. J., reports the discovery of 4 


limited quantity of quartz crystals 1} miles northwest of Strouds 
burg, Munroe County, Pa. The crystals were found in a field 0 


1 Mineral Resourees U. 8S. for 1892, U. S. Geol. Survey, 1893, p. 776. 
2 Ann. Rept. Dept. Mines New South Wales, 1909, p. 54. 
8 Ann. Rept. Under Secretary of Mines Queensland, 1909. 
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the Cherry Valley side of Godfreys Ridge. They are mostly clear 
and coloriess and range in size from one-eighth of an inch to 3 or 4 
inches in length and from one-eighth of an inch to 14 inches in diam- 
eter. Some are very similar to the quartz crystals from near Little 
Falls, N. Y., called “Herkimer County diamonds.” They occur 

rincipally in single crystals, but groups of crystals have been found. 
No crystals have been found in place. On cutting, several of the 
quartz crystals proved quite equal to similar stones from other 
localities. 

OREGON. 


Prof. G. Montague Butler, of the Colorado School of Mines, reports 
the collecting of dull-green prase and prase opal by Arthur Rudd, of 
Joseph, Oreg., on the lower Inmaha River. The material was not 
placed on the market, but should make a good gem for arts and 
erafts jewelry. 

ROSE QUARTZ. 


CALIFORNIA. 


Specimens of rose quartz from California were kindly supplied by 
Messrs. W. D. and George W. Parson. This quartz comes from 
Tulare County, near the Kern County line, on the east side of the 
first high western range of the Sierra Nevada Mountains. The speci- 
mens range in color from nearly colorless to very delicate pale pink 
to deep pink. All of the quartz is partly opalescent or milky, though 

the lighter-colored varieties are nearly clear. The several varieties 
would serve for gem purposes as beads and cabochon cut stones. 
Flawless specimens the size of a pecan nut are found, and some pieces 
of large size with small seams or feathers can be obtained. The 
more or less perfect fragments up to an inch through are obtained by 
breaking up tor blocks of the rose quartz, from which they fall out 
as the fracture or rift planes are exposed. 


| RUTILATED QUARTZ. 
| NORTH CAROLINA. 


— Rutilated quartz has been found on the plantation of David 
Fortenberry, 2 miles west of Casar, Cleveland County, N. C. The 
specimens were gathered from the surface of plowed fields. Some 
of the rutilated quartz is of very good quality, the quartz being clear 
and colorless and penetrated by abundant small red needles of rutile. 
‘Both specimens and gem material have been obtained. The country 
rock at this locality is biotite gneiss and schist containing porphyritic 
feldspar crystals and intruded by granite dikes. The occurrence of 
the rutilated quartz in the rock has not been exposed, as no develop- 
ment work has been done. The cultivation of the land followed by 
Tains serves to unearth and expose the mineral on the surface. 


RHODONITE. 
CALIFORNIA. 
Wheeler rhodonite prospect—Some beautiful rhodonite has been 


Obtained from a deposit about 9 miles north of Happy Camp, Siskiyou 
County, Cal. The original work was done for gold by Jack Ince, of 
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Happy Camp, and consisted of a small pit. The prospect was locate 
in October, 1907, by Cyrus Wheeler and Charles Gilmore. M 
Gilmore’s interest was later taken up by Mrs. E. M. Wheeler. Son 
of the mineral has been cut by the Southwest Turquoise Co., of Le 
Angeles. The deposit is on a steep slope on the east side of Thompso 
Mountain, between the east fork of Indian Creek and Thompso 
Creek. It is about 4 miles northeast of the forks of Indian Creek o 
6 miles in the same direction from the Collier and Smith jade (cali 
fornite) mine. The elevation is about 4,500 feet above sea level, 
3,500 feet higher than the forks of Indian Creek. A placer claim ha 
also been located on a good spring a quarter of a mile south of th 
prospect and nearly 400 feet lower. The mountain slopes below thi 
prospect are heavily timbered with spruce and pine, some of whidl 
are over 8 feet in diameter. The mountain side at the prospect] 
covered with tough manzanita brush with a few small scattered tree 

A pit was made above the outcrop of the rhodonite and an opel 
cut below with a tunnel 27 feet long running under it. As expose 
by the workings, the rhodonite is in the form of a ledge 6 fect thick 
with a northwest strike and dip of about 20° NI. back into th 
hillside. It was not possible to determine from the limited amoun 
of work whether the rhodonite consisted of a regular bed or whethe 
it was only a lens included in the rock formations. ‘The dip of th 
ledge should bring it into the tunnel, and its failure there may bi 
accounted for by a fault or pinching out of the deposit. Severa 
small faults were observed in the open cut. It is said at the outero 
that the ledge was small, but became larger within a very few feet. 

The country rock in which the rhodonite occurs appears to be 
fine-grained quartzite with interbedded black schist. On the hil 
above is a fine granitoid dioriae rock with soapstone on the summit 
of the mountain a hundred yards northwest of the rhodonite outerop 
Associated with the rhodonite is considerable black oxide of manga 
nese, both in masses and filling seams and joints through it. Seam 
of manganese oxide also occur in the quartzite which has a textum 
similar to the rhodonite and in places has a slight pinkish tint. Th 
material called rhodonite when examined in thin section under th 
microscope is seen to consist of a mosaic of rhodonite and quart 
grains. ‘These facts indicate that the rhodonite may be a replacemer 
of a bed or a portion of a bed of the quartzitelike rock. 

The rhodonite used for gem and ornamental purposes has a delicat 
pale to dark rose-pink color, with an even texture. The pure pil 
material alone furnishes pretty gems, but probably equally good ar 
those which contain some of the black oxide of manganese and othe 
matrix. Large pieces of pure pink rock are not plentiful, but mos 
of the rhodonite contains greenish-gray inclusions or matrix of alte 
quartzite. Specimens which contain the three colors often furn 
peers contrasts for gems. ‘The manganese oxide seams appear 4 
ines and patches in the pink and greenish-gray gems onl add 1 
their beauty by the strong contrast. Some rich pink to nearly cor 
red granular rhodonite is obtained that yields pure gems of sever 
carats weight. 


MONTANA. 


A specimen of rhodonite from Butte, Mont., was received from tl 
Western Gem Co., of Los Angeles, by which company a quantity | 


the material has been cut. The specimen consists of granular rh 


, 


donite with a delicate rose-pink color, in which are patches of gray 
quartz, black oxide of manganese, and a few small grains of pyrite. 
Under the microscope the specimen is seen to consist of elongated 
rhombic and columnar crystals of rhodonite arranged in radiating 
groups with quartz, a little pyrite, and dark-brown oxide of man- 
ganese stains. Rhodonite from Butte has been used for gems for 
many years. Such material from the Alice mine, associated with 
thodochrosite, was mentioned by George I. Iunz! in 1884. 
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RUBY, SAPPHIRE, AND SPINEL. 
INDIA. 


The production of ruby, sapphire, and spinel in India in 1909 came 
from ie ruby mines of Mogok, Burma,? and amounted to 258,304 
carats, valued at £58,649, as compared with 281,014 carats, valued 
at £83,505, in 1908. The production in 1909 amounted to 205,384 
carats of rubies, 13,457 carats of sapphires, and 39,463 carats of 
spinel. The sapphire deposits of Upper Kashmir, which were worked 
from 1906 to 1908, were not operated in 1909. 


SAPPHIRE. 
MONTANA. 


Sapphires have been mined at several localities in Montana, both 
from placer deposits and from the rock matrix. The best known 
placer deposits are those along Missouri River, east and north of 
Helena, along Dry Cottonwood Creek, Deerlodge County, and on the 
waters of Rock Creek, Granite County. Sapphires in rock matrix are 
| mined in the Judith River region, Fergus County. ‘The greater num- 
ber of the sapphires from this locality have a (sapphire) blue color and 
are of gem quality, but those from the placer deposits are varicolored 
and only a small proportion of them can be used for gems. The colors 
}most commonly seen are yellow, yellowish green, bluish green, and 
fereenish blue. Occasionally dark-blue, straw-yellow, topaz-yellow, 
pand light and dark rose-pink stones are found. 

Missourt Rwer sapphires.—According to George IF’. Kunz,’ the ear- 
lest mention of the finding of sapphires in Montana dates back to May 
15, 1865, when they were found by a prospector named Ed Collins. 
| Mr. Collins sent specimens to New York-and to Amsterdam in search 
of a market. 

Sapphires have been found with gold in the placers along Missouri 
}River from Canyon Ferry, about 15 miles north of east of Helena, for 
a distance of about 20 miles down the river to a point about 15 miles 
east of north of Helena. With the exception of a small amount of 
placer mining at intervals by individuals, no mining has been carried 
on for several years. 

, Sapphires were obtained, previous to 1891, as a by-product in gold 
mining, and no systematic mining for them was attempted, as the 
demand was limited. Active mining for sapphires commenced in 
1891, after a large English company had obtained control of several 
of the most important deposits. Mules of ditches and flumes were con- 


1 Mineral Resources U. S. for 1883-84, U. S. Geol. Survey, 1885, p. 767. 
2 Ree. Geol. Survey India, vol. 40, pt. 2, 1910. 
3 Mineral Resources U. S. for 1893, U. 8. Geol. Survey, 1894, p. 692. 
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structed and water brought to the deposits for sluicing and hydrau 
licking. Smaller companies were also formed to mine for sapphire 
The English company was reorganized as an American company i 
1897, but little work was done after that time. There has been lit — 
gation over the properties and valuable flumes and siphons have been © 
allowed to fall to pieces. Much of the property is now owned by A. N 
Spratt, of Helena. 

A brief visit was made to several of the deposits in June, 1910. Ne 
mining was in progress at the time, so that no opportunity wa 
afforded to examine concentrates, and at one mine only was a guidi 
available to point out subjects of interest. J. H. Pratt 1 mentions ¢ 
number of deposits and shows the approximate location of several o 
them along Missouri River. George I. Kunz? has described some 6 
these deposits and mentioned a number of others. Through the kind 
ness of Mr. A. N. Spratt the writer was enabled to visit the followin 
mines: Eldorado Bar, 9 to 12 miles below Canyon Ferry, and Grue 
Bar, 4 miles below Canyon Ferry, on the northeast side of the river 
and French Bar, 2 miles below Canyon Ferry, and Spokane Bar, § 
miles below Canyon Ferry, on the southwest side of the river 
Among other deposits are kmerald Bar, near Canyon Ferry; Dang 
Bar, near the mouth of Prickly Pear Creek, across the river fron 
Eldorado Bar; and American Bar, about 6 miles below the mouth o 
Prickly Pear Creck, on the east side of the river. Among othe 
placers Pratt mentions Magpie Gulch and Cheyenne Bar, near Can 
yon Ferry, and Metropolitan Bar, across the river from Spokan 
Bar. Ruby Bar, mentioned by Kunz, is about 6 miles below Eldorade 
Bar. Pratt states that no sapphires have been found along the rive 
above Emerald Bar, near Canyon Ferry, and that no large quantities 
have been found below American Bar. 

Missouri River flows northwest, with an irregular course in the sap- 
phire region. The elevation of the river is about 3,500 to 3,600 feet 
above sea level. The flow of water is large and crossings must gener- 
ally be made by bridge or by ferry. Dams, with electric-power plants, 
have been erected at Canyon Ferry and below Eldorado Bar. The 
country along the river in the sapphire region consists of a few bottom 
lands, terraces, prairies, hills, and mountains. The present perio¢ 
of erosion by the river has not been greatly disturbed at any time, 
so that no extensive river flats have developed. The terraces, repre 
senting former levels of erosion are, in places, over a mile wide and 
rise with gentle slopes from their edges at the bluffs near the river to 
the foot of the hills on the farther side. Some of the terraces pas 
into the prairies, especially between Prickly Pear Creek and Spokant 
Creek. raws and small gulches without water cross the terraces ai 
intervals. A few miles from the river the mountains rise to eleva 
tions of 5,000 to 7,000 feet above sea level. The country along the 
river is mostly bare of forest, but pine timber suitable for ham 
erows on the mountains to the northeast. The terraces are covered 
with prairie grass, with a few scattered pine trees growing along the 
river banks and in the draws. Several creeks entering the river @ 
the sapphire region, as Soup Creek, Trout Creck, and Spokane Creek 
are available for mining purposes. Water for hydraulicking might 
also be pumped from the river to the terraces, and for this purpose 

1 Corundumin the United States: Bull. U. S. Geol. Survey No. 269, 1906, pp. 106-110 and map, Pl. VI 


care Resources U. S. for 1891, U. S. Geol. Survey, pp. 542-544; 1892, pp. 760-762; 1896, PP 
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the presence of several electric power-transmission lines in the country 
would prove convenient. 

The rocks of the sapphire region are chiefly slates, limestones, and 
quartzites, with syenite or monzonite and other intrusive rocks. 
The age of the sedimentary formations has not been determined, but 
it is probable that they are Carboniferous or older. Limestone and 
quartzite are largely developed in the mountains northeast of the 
river and are there strongly folded. Dark gray, red, purple, and 
green slates have been exposed under the majority of the placer 
workings. A mass of dark-gray coarse-grained syenite or monzonite 
outcrops at Canyon Ferry, and a similar rock, probably more nearly 
diorite, outcrops on Trout Creek above York. Kunz! says: 

At Ruby Bar the sapphires were observed in a vein of eruptive rock 6 feet wide, 
cutting green slate. The rock is very much altered, and in it were found, associated 
with the sapphires, ruby red pyrope garnets and sanidine feldspars. * * * Mr. 
H. Miers, of the Natural History Museum, London, reports that the rock is a vesicular 
mica-augite andesite. 

Pratt? mentions a dike at French Bar 3 to 6 feet wide, that contained 
greenish sapphires. This dike cut through slate and is probably of 
the same character as the one described by Kunz. 

The sapphire-bearing gravel beds are in the terraces and are called 
“bars.” The principal bars he at elevations of from 100 feet to 
nearly 200 feet above the river. At some places there are smaller 
beds at lower levels and on the slopes from the main bars extending 

down to the river. The bars that have been most worked for gold 
| and sapphires are over 100 feet above the river. The gravels range 
in size from a few feet to over 40 feet in thickness in some of the bars 
and have been washed to depths of 30 feet in places. The gravels 
are variable in size, and contain sand and pebbles with bowlders over 
2 feet thick. The rocks represented are those of the adjoming region 
with several other types not observed in a brief exammation of the 
region. 

| Eldorado Bar is about 3 miles long in an east and west direction 
‘and from a few hundred yards at the ends to over a mile in width 
‘near the middle. The eastern end is near Soup Creek and the western 
vend at the place where the river valley narrows down above the mouth 
of Prickly Pear Creek. The edge of the bar at the middle near the 
{river is about 150 feet above the water. The bar is from 50 to 100 
feet higher at the side along the hills. There is a bench with gravels 
between the main bar and the river as much as 200 yards wide in 
places and nearly 75 fect above the water. The main bar contains 
over 1,000 acres of prairie land, of which only a small part has been 
mined. Three draws or gulches cross the bar, and mining operations 
were along these or close to the edge of the terrace. Other prospect 
‘pits and shafts were made in testing the gravels. From east to west 
the three gulches are Tunnel Gulch, Williams Gulch, and Cedar 
Gulch. They vary from nearly 100 feet deep near the river to a few 
feet deep back on the bar, and furnish convenient channels for the 
removal of débris in mining. The gravels have been hydraulicked 
to depths of more than 20 feet in places. In large areas mined they 
were 10 to 15 feet thick. 


i. 


1 Mineralog. Mag., vol. 9, 1891, p. 396. 
2 Op. cit., p. 107. 
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The bedrock exposed in the workings is red, green, and black 
slate, but a portion of the western end of the deposits may cov 
limestone and quartzite. These rocks outcrop in the hills on 4 
north and west of the bar in the form of hogbacks. The gravels are 
composed of much rounded bowlders, cobbles, and pebbles of quart 
zite, limestone, conglomerate, slate, gabbro, fine-grained trap 
granite, and some quartz, chalcedony or agate, etc., with sand. J] 
mining the larger bowlders were left stacked over the placers and 4 
finer débris was washed into the gulches or over the river bank. Tj 
is said that a part of the placers were worked for sapphires alone and 
the gold values sacrificed. 

The TIouser Lake dam, of the Missouri River Power Co., is abot 
14 miles below [:ldorado Bar, and will raise the water nearly 50 feet 
at the bar when completed. This will flood the lower western slo 
and will bring the water much nearer the placers, so that there wi 
be less elevation for pumping if it should be desirable to obtain a 
supply of water for hydraule mining in this way. Another clectr 
power line crosses the bar. | 

Gruell Bar is about one-third of a mile wide and three-fourths of 
mile long, and is said to contain over 160 acres. The edge of the ba 
is about 150 feet above the river, and the farther side is at least § 
feet higher. Placers were worked along the edge of the bar and 
about 200 yards farther back. The débris from the mining we 
washed over the edge of the terrace and into small draws. Th 
eravel beds range in thickness from 3 to 15 feet where washed 
The bedrock is chiefly red to purple slate with some sandy slate ¢ 
quartzite. Bowlders of quartzite, limestone, slate, trap, andesiti 
cabbro, granite, etc., were observed in the débris piles. Epidot 
rock, quartz, flint, chalcedony, etc., are also present in the gravels, 

Gruell Bar gives place to a large plain on the west, sloping gentl 
to the river. Several prospect pits Tere been sunk on this flat, ane 
a small amount of placer mining has been done. 

The deposits on French Bar have been worked through a distaneé 
of over half a mile in an east and west direction and for a width ®@ 
from 100 to 300 yards. The gravels lie at clevations of from les 
than 100 feet to about 200 feet above the river. The bar is crosseé 
by several dry gulches that proved of value in mining. ‘The gravel 
beds washed ranged from a few feet to 25 feet in thickness. The bed 
rock consists largely of purplish slate, some of which has been epidot 
ized to hornstone. The debris contains bowlders and cobbles 0 
quartzite, slate, limestone, flint, hornblende schist, diorite, monzonite, 
granite, and porphyries. 

Spokane Bar is about 100 feet above the river, and has been worked 
for a distance of nearly three-fourths of a mile in a north of west am 
south of east direction, through a width of 50 to 200 yards. The ba 

asses into prairie country on the south, over which ditches wet 
ect for sluicing and mining. 

Montana sapphires were very favorably mentioned by J. Lawrence 
Smith + in 1873. George F. Kunz? describes the colors of the sap 
pues from the Missouri River deposits as varying ‘from light blue 
avender, light red, light green, to almost bottle green.’”’ They ai 
“very dichroic, appearing blue or green when viewed across th 


1 Am. Jour. Sci., 3d ser., vol. 6, 1873, p. 185. 3 Mineralog. Mag., vol. 9, 1891, p. 396. 
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rism, but pink or red when viewed along the length of the crystal. 

hey afford very brilliant gems with a remarkable luster; but no true 
(sapphire) blue or true (ruby) red crystals have been observed from 
this locality.” 

Dry Cottonwood Creek sapphires —Dry Cottonwood Creek heads on 
the Continental Divide about 12 miles west of north of Butte, and its 
valley drains west entering Deer Lodge River 11 miles south of Deer 
Lodge. Sapphires have been found for a distance of several miles 
along Dry Cottonwood Creek, but the principal developments have 
been on the upper 4 miles of the South mote There are three or 
more holdings for sapphires along the creek. West Dodd, of Des 
Moines, Iowa, successor to the Variegated Sapphire Co., has the princi- 

al claims on the upper 2 miles of the creek down to the Grand Pre Flat. 

he Consolidated Gold & Sapphire Mining Co., of Butte, Mont., 
holds a number of claims extending from the Grand Pre Flat nearly 
13 miles down the creek. A. D. Hoss, of Deer Lodge, and R. J. Dee, 
of Silverbow, own claims still lower down the creek. 

Gold is associated with the sapphires in all the deposits and forms a 
large part of the values recovered in mining. The occurrence of sap- 

hires and gold in the gravels of Dry Cottonwood Creek has been 
Fiown for over 30 years, but mining for them along with gold has 
been carried on cnly at intervals. During 1910 a dredge was operated 
by the consclidated Gold & Sapphire Mining Co., and prospecting 
with a little placer mining was conducted by West Dodd and by 
Hoss and Dee. The flow of Dry Cottonwood Creck is small in the 
upper part, though sufficient for placer and limited hydraulic mining. 
It would be possible to add to the flow in the upper part of the gulch 
worked for sapphires by bringing in small flows from other tribu- 
taries of the creek. A dredge has been operated to within 24 miles 
of the divide at the head of the creek and could have been worked 
through at least half a mile farther up stream. From the Grand 
Pre Flat down there is sufficient water for dredging or hydraulicking. 
Much of the gulch gravel could be sluiced or hydraulicked, as the 
grade is considerable, but the Grand Pre Flat and possibly one or 
two others would have to be dredged, as the grade is too slight to 
wash off the débris. 

The valley of Dry Cottonwood Creek is semiwooded. Part of it 
consists of rounded grass-covered hills and partis covered by a thick 
stand of pine. The pine is rather small, but could be used in mining 
operations and much is now being cut for lumber. The forests on 
some of the hills have been devastated by fire and the dead fallen 
timber makes a rough country. 

The claims of the Consolidated Gold & Sapphire Mining Co. extend 
from the fall line of the creek at the upper end of the gorge at an 
elevation of about 6,050 feet above sea level, and about 1? miles 
up the creek to the upper end of the Grand Pre Flat, at an elevation of 
about 6,175 feet. The gravel beds along the creek range im size 
from less than 50 feet to over 200 yards in width, and from 3 fect 
to at least 15 feet in thickness. The thickness of the gravel in parts 
of the flat has not been determined. The dredge has been started 
at the lower end of the claims and will be worked upstream. A pond 
in which to operate the dredge is made by excavating the gravel on 
the upstream side and piling the tailings on the lower side as a dam. 


1815°—mM Rr 1910, pr2 56 
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A bucket dredge with a belt-conveying tailing stacker is used 
The sluice and riffles are made of suitable length and grade to cate 
both the sapphires and the gold in the first washing. The concentrat 
are further treated with special apparatus. The dredge is operates 
by steam power, for which cordwood is used as fuel. The ratec 
washing capacity 1s 8,000 cubic yards m 24 hours, but in practiee 
about 800 cubic yards are washed per day. The dredge was oper. 
ated one month during 1909 and four months during 1910. 

The West Dodd property extends from the upper end of the Grand 
Pre Flat, with a few breaks where the gravel beds are small, nearly 4 
miles up the creek to about the upper lhimit of water. Sapphires have — 
been found in placer mining to an elevation of 6,800 feet and in 4a 
test panning as high as 6,950 feet, the elevation of the highest spring 
on this fork of the creek. The bottom land gravels on the Dodd 
property range from a few feet to over 100 feet wide, and the bars 
mn certain places are as much as 100 yards across. The gravels vary 
from 1 foot to 14 feet in thickness. 

The dredge of the Variegated Sapphire Co. was operated on th 
present Dodd property durmg the summer of 1907 and one month 
1908. It 1s reported that the gold recovered paid the cost of oper 
ating during a part of the time, but failed to do so in the Jater runs, 


qe] 


dredge, while everything wnder 1 inch in diameter was run over 50 
feet of riffles. The débris was piled at the rear of the dredge, forming 
a dam and pond in which to operate. A square face was cut im the 
gravels across the gulch. The overburden was first removed for @ 
width of 6 feet upstream and run directly through the dredge with- 
out washing. Gold and sapphires were caught in riffles, in which 
mercury was placed to hold ite gold. The concentrates were treated 
for sapphires lta with sieves and special apparatus. 

Since 1908 only light prospecting work has been conducted, minmg 
having been temporarily lad aside for the lumber and sawmul indus- 
try. At the time of examination (June, 1910) a series of trenches 
were being made across the gulch about one-fourth of a mile above 
the old dredge, with a view to determining the shape of the grave: 
bed, its richness, and the position of the values in both gold and 
sapphire. The gravel at this place ranged in size from a few inches 
thick on the side of the gulch to 12 feet and was about 40 feet across 
It was composed of cobbles and partially rounded slabs of porphyry 
ranging up to several inches thick. The values in both gold and 
sapphire were found on and near bedrock. 

The country rock of the sapphire deposits 1s composed of two prin 
cipal types, granite and por a The contact between these rocks 
is at the lower end of ‘ite nid Pre Flat, the granite lying on the 
west and the porphyry on the east. The granite extends west al 
least as far as the gorge below the Consolidated Gold & Sapphir 
Mining Co. property. Porphyry outcrops to the summit of tm 
divide on the east. A typical specimen of the granite. obtamec 
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from a copper prospect about one-fourth of « mile below the con- 
tact, showed the following minerals under the microscope: Ortho- 
clase, oligoclase, quartz, biotite, hornblende, magnetite, and apatite. 
It might be appropriately called either hornblende-biotite granite 
or quartz monzonite. 

The porphyry country rock on the upper part of the creek presents 
slightly varied features, and there may be more than one intrusion of 
this rock. Much of it is typical granite or quartz-monzonite porphyry 
with a gray color and variations in texture. A few outcrops of 
grayish-white quartz porphyry were observed and on the divide dark 
gray rhyolite was associated with the granite porphyry. In thin sec- 
tion under the microscope, the granite porphyry is found to contain 
phenocrysts of quartz, orthoclase, oligoclase, and biotite with a little 
apatite and zircon in a groundmass. The groundmass contains 
incipient biotite crystals. Some of the phenocrysts are crushed and 
broken, and in places the fragments are isolated. In some hand 
specimens fragmental inclusions are observed. The porphyry on a 
hill locally called Voleano Hill, about three-fourths of a mile north 
of east of the Grand Pre Flat, is full of vesicular cavities like the blow- 
holes in a lava. It also contains frequent inclusions of other rocks. 

A thin section of the quartz porphyry under the microscope 
showed prominent quartz phenocrysts, with orthoclase and micro- 
graphic quartz, a little muscovite and apatite, with a groundmass. 
The groundmass contains incipient biotite crystals. Quartz por- 

-phyry outcropping above the upper placers on the creek contains 
/pinkish-red garnets, some as large as peas. 

The source of the sapphires is not known. Unauthenticated 
reports refer to both the garnetiferous quartz porphyry and to the 

anite porphyry in the upper part of Dry Cottonwood Creek valley. 
| a careful examination of the quartz-porphyry locality failed to dis- 
cover any sapphires in place. A tunnel and pits had been made at 
this place in decomposed porphyry. The material from the open- 
ings had slaked to a white crumbling mass. No sapphires were 
found in panning two buckets full of the slaked porphyry, but only 
a few garnet fragments and numerous glassy quartz crystals. Many 
specimens of the granite porphyry from different places along the 
‘ereek and from the creek er cale were carefully examined for sapphires 
without success. A more detailed study of the region might dis- 
cover other types of rock generally considered as a more common 
home of the sapphire. Prospecting for the sapphire matrix may 
with reason be carried on to an elevation of 7,000 feet on Dry Cot- 
tonwood, but the possibility of other bodies of such rock lower down 
the creek should not be overlooked. 
_ The sapphires occur in rough crystals, irregular rounded masses, 
and as waterworn pebbles. The surfaces of many of those which 
are not much waterworn are strongly etched and corroded. The 
surfaces of a few of the crystals are curved, as is often observed on 
diamond. One yellowish-green sapphire crystal weighing a little 
over 44 carats had very much the st »e Of a rough diamond crystal. 
This effect is due to a rather even development of the Race and 
rhombohedral faces, producing a form resembling an octohedron. 
This apparent octohedral form combined with marked curvature of 
the faces, peculiar etching, and luster due to high refractive index, 
produces the effect described. The sapphires obtained from the 
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lower part of the creek are more waterworn than those from the» 
upper part. A few red and cinnamon-red garnets, mostly small, 
are found in the concentrates with the sapphires. 

The larger part of the sapphire obtained in mining, either on 
account of small size or poor color, is best adapted to mechanical 
uses, and only a small part is suitable im size, aioe and quality for 
cutting as gems. The predominant colors of the Dry Cottonwood 
sapphires are deep and light aquamarine and pale-yellowish green. 
Other colors are clear and smoky blne, light and dark topaz yellow, 
straw yellow, yellowish green like olivine, light and dark pink; some 
stones are nearly ruby red, pink, lilac, and pale amethystine, and 
some are colorless. The pleochroism of some of the sapphires is 
marked, the same crystal appering greenish when viewed across the 
prism and blue through its length, or pale and deeper pink, as the 
case may be. It is not unusual to find ac aucrttentne Coleen stones 
with a pink spot in the center. This combination furnishes a pleas- 
ing gem when cut. <A feature of the deep pink sapphires is their 
rich and beautiful color under artificial light, even when they are 
not especially attractive in natural light. 


INDIANA. 


The occurrence of bronze sapphire in the glacial drift of Morgan 
County, Ind., was mentioned in this report for 1908 and in connec 
tion with diamonds in the report for 1909. The presence of gold im 
the glacial drifts of this region has been known for a number of 
years and a small amount of placer nuining has been carried on for it. 
Seales and occasional nuggets of gold are found on the ledges in the 
stream courses, es eh after heavy rains. Some of the natives 
make a pastime of searching for such gold, gathering the flakes on 
a knife point and transferring them to a vial. During the prospect 
ing for gold 12 or 15 diamonds have been found associated with 
corundum, garnet, zircon, etc. The attention of R. L. Royse, of 
Martinsville, was attracted by the sheen of some of the bronze 
corundum pebbles and a few specimens have been cut ‘en cabochon.” 
These stones give a cat’s-eye effect when tipped back and forth, and 
one specimen reflected a strong brownish to reddish movable spot of 
light. The chatoyancy or sheen is due to minute regularly arranged 
inclusions in the corundum. Occasionally nearly clear bluish and 
erayish sapphire pebbles are found. 

A deposit was examined on Highland Creek, about 7 miles west 
of north of Martinsville. In panning, colors of gold were found im 
many tests in the stream gravels, and a few flakes measured over @ 
millimeter across. The concentrates cantained large quantities Of 
black sands, composed of magnetite, hematite, pyrite or marcasite, 
titanic iron, with small quantities of corundum, garnet, zircon, ete 
Pebbles of the same minerals are also present along with those of 
the associated rocks. Specimens broken from bowlders in the stream 
gravels consist of numerous basic rocks, as gabbro, diorite, diabase, 
and amphibolite, with some of granite, garnetiferous granite gnel 
pegmatite, etc. The country rock in this region is loose shale wlue 
has been lightly folded, though in places it is nearly flat. Much 
it contains quantities of sulphide concretions, either marcasite OF 


pytite. The shale may belong to the Mississippian series, which 
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constitutes the lower part of the Carboniferous, and is certainly not 
older than late Devonian. 


AUSTRALIA. 


Queensland.—The production of sapphire in Queensland? during 
1909 is estimated at £23,116, as compared with £15,000 in 1908 and 
£40,500 in 1907. Early in the year there was a strong demand for 
large fine stones, followed in the middle of the year by a demand 
for sapphires for mechanical purposes. 


TURQUOISE. 
NEVADA. 


Otto Taubert turquoise mines.—Turquoise has been mined in two 
places in Lyon County, Nev., by Otto Taubert. The best of these 
deposits, which for convenience may be called mine No. 1, is a little 
over 7 miles N. 75° W. of Yerington, on the west side of the mountain 
ridge west of Walker River. The mine is situated in a low rounded 
hill in the rolling country about 14 miles west of Mason Pass, at an 
elevation of about 5,350 feet above sea level. The other turqouise 
deposit, which may be called mine No. 2, is 14 miles N. 25° W. of 
Yerington in a small group of hills in Walker River Valley, at an 
elevation of about 4,500 feet above sea level. An examination of 
the deposits was facilitated through the kindness of Mr. Taubert and 
his representative, Mr. E. J. Cooper, of Yerington. 

The work at mine No. 1 consists of irregular open work 10 to 15 
feet across and 2 to 8 feet deep, and a shaft 40 feet deep about 75 feet 
north of the open cut. The principal country rock is a bluish-gray 
and green granular porphyritic rock that may be monzonite or possibly 
andesite. This rock varies in texture and is partly altered cr decom- 
posed. The decomposition is greatest around the turquoise deposit 
and consists in both kaolinization and a little sericitization of the 
feldspars. Portions of the altered rock appear to be hardened by 
the presence of silica or quartz, probably set free during decomposi- 
tion, and by iron oxides in seams. The badly decomposed rock is 
light colored to nearly white and does not much resemble the fresher 
rock. A ledge of green epidotized rock, possibly the same as the 
country rock, outcrops 75 yards northwest of the turquoise deposit. 
A vein of pale-green prase-like quartz outcrops on a small knoll 50 
yards northwest of the turquoise workings. The greenish color is 
more prominent in surface material, that a little below the surface 
having a yellowish-gray color. 

The turquoise occurs in seams and joints and occasional nodules 
in the altered rock. The joints are not especially prominent in any 
one direction, but are numerous. Many of them are stained by 
seams of limonite and iron oxide. The seams of turquoise range 
from mere films to seams one-half an inch thick and are not regular 
in size or direction. Some specimens of rock contain several branch- 
ing or intersecting veinlets of turquoise. In color the turquoise 
ranges from dark sky blue to bluish-green to green. Much of it is 
very hard and the pure blue variety is slightly translucent and would 


1 Ann. Rept. Under Secretary of Mines, Queensland, 1909. 
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yield fine gems. Part of the turquoise, especially the greenish varie 
ties, has patches and dendritic markings of hmonite through it 
giving a very pretty matrix stone. 

A few cial lumps of bright blue turquoise were found on th 
surface of an altered rock outcrop about 100 yards south of the mam 
deposit. 

The turquoise at mine No. 2 was found during prospecting for 
gold. A. copper deposit las also been located about 100 yards east 
of the turquoise openings. Buildings have been erected for conven- 
ience in developing the different mineral deposits. The workings ir 
which turquoise has been found consist of two pits about 100 yardg 
east of the oflice and three shafts near the office. The workings were 
not in such shape as to allow a detailed examination of the for 
mations encountered. The country rock is decomposed porphyry, 
probably granite, with a soft altered finer-grained rock, possibly 
trachyte, occurring as an intrusive. The turquoise occurs in_ both 
the altered granitic porphyry and the finer-grained porphyry as 
seams and nodular segregations. There is Conall soft pale: 
blue turquoise and some pure blue of a darker shade. Some of the 
finer-grained rock is stained by limonite, and in this the best tur 
quoise appears to occur. Nuggets of good turquoise are reported te 
have been found in places in the shafts. 

Carr-Lovejoy turquoise claams.—A little turquoise of good color has 
been found at two places on the Carr-Lovejoy group of variseite 
claims 9 miles east of north of Blair Junetion. _ Prospecting work was 
limited at the time of visit, and accordingly only surface material was 
available for examination. The country rock is dull gray, slaty 
rhyolite, outcropping in rough rocky ledges. .A few small dikes of 4 
trachyte-lke rock cut the rhyolite, and the turquoise is associated 
with these in small veinlets and seams with botryoidal, lumpy sur 
faces. Some of the turquoise has a very fine blue color and 1s espe 
cially hard. The veinlets exposed ranged up to one-fourth of an 
inch in thickness and show a tendency to occur as a streak of lenticu- 
lar or nodular masses. 

Riek & Botts turquoise claim.—Turquoise has been found on the 
Blue Bell turquoise-variscite claim of Carl Rick and W.K. Botts, 4 
miles northeast of Coaldale. Turquoise occurs near each end of the 
claim, which is located on the west side of a rocky canyon. Pros 
pecting was limited to a few pits and surface diggings. The country 
rock consists of slaty, dark-gray rhyolite and an altered porphyritie 
rock, probably quartz porphyry. The turquoise occurs in veinlets; 
seams, and small nodules in the rhyolite, which range up to an inch 
in thickness. Some of the turquoise is very hard and has a deep 
sky-blue color rarely excelled by that from any other locality 
Specimens of matrix are obtained that have delicate brown cobweb 
markings and would yield beautiful gems. 

Louis Sigmund turquoise claim.—Specinens of turquoise were 
kindly furnished by Mr. Louis Sigmund, of Mina, Nev., from new 
deposits discovered by himself about 3} miles south of Redlich 
Three claims have been located and two shafts started with some 
trench work. Mr. Sigmund states that the turquoise occurs in 4 
porphyry formation with white and brown limonite-stained quartz 
The turquoise is found mostly in nuggets and small seams. The 


GEMS AND PRECIOUS STONES. 887 


specimens examined were fine dark turquoise blue and greenish-blue 
nd they were quite hard. 

Dunwoody turquorse claams.—Turquoise of poor quality is found on 
the Clara and Halley’s Comet claims of the Dunwoody-Prichard 
sroup of variscite claims 8 miles southwest of Sodaville. It is asso- 
ciated with both fine decomposed porphyry and dark-gray rhyolite; 
it fills seams and fracture zones with cark greenish-blue to bright- 
green material, and can with difficulty be distinguished from varis- 
cite. It contains copper as a coloring agent, however, and is there- 
fore not variscite. ‘The veinlets range up to three-fourths of an inch 
thick and some inclose fragments and breccia of rhyolite. The 
material from the Halley’s Comet claim is also green and may be 
classed as semiturquoise. It could scarcely be distinguished from 
variscite without blowpipe or chemical tests. 

Goldfield region.—Several parties produced turquoise in the Gold- 
field and adjoining regions during 1910. Some of this turquoise was 
found and mined during prospecting and mining for gold. Among 
the producers were Ad. Neher, M. L. Thompson, and George Keller, 
all of Goldfield. ‘Turquoise was produced at the mines of Mrs. Eva 
S. Weber, of Belmont, Nev., but the principal work of the owner was 
in prospecting and mining metals. The Moqui-Aztec mine of 5. 
Simmons, about 12 miles northeast of Sodaville, has been taken up 
by Jack Lippman, of Los Angeles, Cal., and a limited production of 
turquoise was reported during 1910. The Montezuma mine of the 
German-American. Turquoise Co. in the same region has been taken 
up by the Western Gem Co., of Los Angeles. Both of these mines 
were described in this report for 1909. 


VIRGINIA. 


The following notes on crystallized turquoise from Virginia, a new 
occurrence of this mineral, are abstracted from a description by 
Waldemar T. Schaller to be published in a bulletin of the United 


States Geological Survey: 


A specimen of well-crystallized turquoise from Campbell County, Va., was sent in 
to this office for identification by Mr. J. H. Watkins. The matrix of the specimen 
consists of irregular fragments of glassy quartz which are in part cemented together 
by thin veins of turquoise. On one side of the specimen the turquoise forms a drusy, 
botryoidal layer, cavernous in texture and including many small irregular fragments 
of the glassy quartz. The turquoise, with its many included quartz fragments, pol- 
ishes well and makes a very handsome ornamental stone. The botryoidal coating 
consists of minute crystals, rhombic in shape but triclinic in symmetry, analogous to 
the crystais of chalcosiderite, with which turquoise is shown to be isomorphous. The 
analysis of the mineral, shown below, leads to the formula CuO.3A1,0,.2P,0;.9H,O 


Analysis of turquoise specimen from Campbell County, Va. 


SIE ee iis rae re en cee See so eee ae eee 34.13 
LA Moo oo coi ie nee ee ere tr OP Gea oA ane oR 36. 50 
Rea eeten tener a 

JUTE oa cess ep Eu ear Ra ag ec PR OS Se a ae ere Oe ee eee ee oe ee 2S e 
oD so nt ape ee te ea ee RP ee ot eee YAY, J 
UNE |S 2 ae ea ec eRe IPE, 9 7 NG RI eet CE Ee 99, 96 


Other analyses of turquoise yield formulas which are in close agreement with the 
one given above. 
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VARISCITE. 


Continued new discoveries of variscite are being made in Nevada 
and Utah, and the location of several new prospects have been 
reported to the United States Geological Survey since the prepara- 
tion of this report for 1909. In that report the deposits owned by 
the Los Angeles Gem Co., northwest of the old mining camp, Colum- 
bus, Nev., were described and a number of other newly discovered 
properties were mentioned. ‘These deposits are described below. 
The “amatrice”’ variscite, mined by the Occidental Gem Corporation 
of Salt Lake City, and the ‘‘utahlite” variscite owned by Don 
Maguire, of Ogden, were described in this report for 1908. 

The demand for variscite, especially the matrix varieties, has 
grown greatly in the last four years, and now large quantities are used 
in various forms of jewelry. The supply could easily be made greater 
than the demand, however, if all of the deposits were operated. As 
it is, this point has been nearly reached, so that only the ete grades 
and odd varieties have found a market. Variscite can be used in 
many of the same forms of jewelry in which turquoise matrix is used. 
It will not wear as well as the turquoise, since it is of inferior hard- 
ness. The large variations in shades of color of both the variscite 
and its associated matrix, and the almost innumerable patterns and 
markings exhibited by them, make possible a wide range of gems 
adaptable to the tastes of many people. The color of most variscite 
is ee omy susceptible to change, and is less so when the mineral is 

olished. 
3 In general, there is a marked difference so far in the variscite found 
in Nevada from that found in Utah. Variscite has been found at 
four localities in Utah, in Utah, Tooele, Washington, and Boxelder 
counties. The greater part of the mineral from each of these locali- 
ties is a brighter green than that from the numerous deposits found 
in Esmeralda County, Nev. There is also a variation in the colors 
of the variscite from the different localities of Utah, but the principal 
differences lie in the matrix and markings. There is more uniformity 
in color and types of markings in variscite from the several localities 
in Nevada. ‘The common presence of a black phosphatic matrix with 
characters similar to variscite in the Nevada material is rare in the 
Utah gem material and seems to assist in giving the mineral a darker, 
less vivid green color. However, it is occasionally very difficult to 
determine from which State a certain stone may have come, and the 
gems that can be cut from nearly all of the deposits of variscite of 
either State have some desirable qualities. 


NEVADA. 


There are many points of similarity in the occurrence of variscite 
at the different deposits in Esmeralda County, Nev. The whole 
region is a desert with bare rocky hills on which there is a sparse 
erowth of sagebrush, desert grass, and similar vegetation. Even the 
higher mountains are practically bare of trees. The lowlands gener- 
ally consist of borax and salt marshes or dry sand flats. There are 
few springs, and water for drinking and other purposes has to be 
hauled to many of the mining camps, sometimes a distance of several 
miles. The heat is excessive in the summer and the climate is not 
mild in the winter. When rain does come it may be almost in the 


GEMS AND PRECIOUS STONES. 889 


form of a deluge. Variscite has been found at elevations ranging 
from about 4,700 to 6,700 fect above sea level. Some of the deposits 
are on steep rocky mountain sides and others are on the more gentle 
slopes. Turquoise has been found within a few yards of variscite in 
similar forms of occurrence at some of the deposits. In the descrip- 
tions given below magnetic readings are used, the variation being 
nearly 18° east of true north. 

The rock with which the variscite is most commonly found is 
rhyolite. It has also been found in a trachyte-like rock, limestone, 
jasperoid, and sandy shale. The rhyolite is a dull light-gray to dark- 
gray and black chertlike rock. It is mottled in places and shows 
flow banding. In some outcrops the rhyolite resembles a sedimen- 
tary rock and is with difficulty distinguished from hard siliceous 

hases of the limestone and shales called “jasperoid” by 8. IL. Ball! 
in the country farther south. The rhyolite generally makes a rough 
country, outcropping in irregular masses and ledges with angular 
surfaces, and an ae down covers the hills and slopes with sharp 
flaky fragments. The formations have been considerably folded near 
some of the deposits, and the consequent curving outcropping ledges 
of hard rhyolite can be seen across the country. Faulting and joint- 
ing has been extensive, also, and some of the fault zones are marked 
by much breccia. Small fault planes and joints have served as 
channels for the passage of solutions and the deposition of such min- 
erals as variscite. 

The limestone present around some of the variscite deposits is 
_dark-gray to nearly black and contains many cherty and siliceous 
phases. The cherty portions, or jasperoid, outcrop in rough ledges 

and masses similar to the rhyolite. The occurrence of variscite in 
sandy shale is limited and was observed at the mines of the Los 
Angeles Gem Co. The trachyte-like rock has been observed at 
several of the deposits associated with variscite and is so badly altered 
that its true nature could not be definitely determined. It is gener- 
ally present in dikes of small size to several feet across. Other for- 
| mations occur in the region, but variscite has not been found asso- 
ciated with them. Some of these are sandstone, quartzite, quartz 
porphyry, somewhat altered, vesicular basalt, serpentine, etc. 
he variscite occurs as a filling in fissures and joints, replacing 
,other minerals, and as irregular and nodular segregations. The 
variscite not only fills many seams and joints in the rocks, but the 
crevices between shattered and brecciated fragments of rocks along 
\the fissures. Thus brecciated zones more than a foot thick may 
have several main veinlets of variscite with numerous small seams 
and irregular patches of variscite between them. Some of the 
larger veinlets can be traced for many feet; the smaller ones are 
less persistent and vary in direction. The individual seams of 
variscite vary from paper thickness to 2 or 3 inches in width. Locally 
they may bulge out into nodular masses several inches across. The 
variscite-bearing streaks and breccia zones may attain a thickness 
of over 4 feet, but even these are not rich in variscite for a distance 
of many yards. The different deposits in the same region have 
‘no connection with one another, but appear to be of local origin. 


_1'A geological reconnaissance in southwestern Nevada and eastern California: Bull. U. S. Geol. Survey 
No. 308, 1907, p. 77. 
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Candelaria variscite prospect—Probably the first occurrence ¢ 
variscite recognized in Nevada was that near the summit and 6 
the opposite side of the mountain south of Candelaria. The depos 
is close to the old workings of the Norton Bell silver mine, on th 
summit of the mountaim, nearly a mile south of Candelaria and abou 
a mile west of the Mount Diablo silver mine. The variscite prospec 
isin the eastern part of the Candelaria Mountains, at an elevation @ 
about 6,525 feet above sea level, and the summit of the mountail 
near by is about 25 feet higher. The best mineral appears to hay 
been found on the eastern brow of the hill, but other prospect 
have been opened on the steep slope below. At the time ¢ 
examination (May, 1910) the name of George W. Brown was poste 
on the location monument, but the property is claimed by Edwar 
Tilden, of Goldfield, by whom a production of variscite was reporte 
in 1910. 

The work consisted of an open cut with an incline shaft from it 
bottom and a prospect pit in a direction of N. 60° E. along th 
hillside. The country rock is principally dull-gray altered rhyol 
that on casual inspection resembles limestone or lnny slate. FE 
places the rhyolite has a marked banding with occasional streaks 0 
dark glass inclosing spherulites. The rhyolite has a strike of KN 
60° E. and a dip of 45° NW. It is cut by a dike of altered trachyte 
like rock at the variscite deposit. Both rocks have been fracture 
and some of the joints filled in with minerals. The summit of th 
mountain, a short distance to the northwest, is capped by vesicula 
basalt. The core of the mountain is probably serpentine, for % 
mass of this rock outcrops in the walls of Pick Handle Gulch to th 
northeast. 

The variscite occurs along the contact of the rhyolite and trachyt 
in seams, veins, and occasional irregular masses and nodules 
both rocks. The veins and seams fill joints and crevices, cuttin; 
the rock at all angles. Some of them split and branch out int 
two or more prongs. Some of the veins extend into breccia zone 
in which many angular fragments of rock, either the rhyolite 6 
trachyte, are inclosed in variscite. ‘The seams and veins of variseit 
range from paper thickness to half an inch in thickness. Mos 
of the veinlets are less than one-fourth of an inch thick. The col 
of the variscite ranges from pale green to aes emerald green, whie 
is partly translucent. Much of the variscite has an even pure colo 
but some of the thicker veinlets and masses are a little mottlet 
with dark and light green, or are pale green in the interior, gradim 
into dark emerald green on the borders. The variscite 1s clo 
grained and compact, and ought to give good results as a matn 
stone if polished along with a portion of the dark gray rhyolite ¢ 
white to gray trachyte with which it is associated. Very few pur 
green stones of large size could be cut from the product of the Cam 
delaria variscite prospect. 

Coaldale region.—A group of variscite claims has been locate 
4 miles northeast of Coaldale, Esmeralda County, Nev., by G. 
Wilson, Abner Capps, Carl Riek, and W. K. Botts. ‘These clam 
are in the rough country on the south side of the Monte Crist 
Range, at elevations ranging from 6,150 to 6,700 feet above sea le 
They extend through a distance of about three-fourths of a m 
along a rocky canyon. ‘Two adjacent claims, the Morning Glo 
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und the St. Patrick, owned by G. E. Wilson, lie principally on the 
ull on the southeast side of the canyon. Two others, the Bonnie 
Blue Bell and the Blue Bird, owned by Wilson & Capps, extend 
ast and west across the canyon and overlap the Morning Glory and 
3t. Patrick claims. The Blue Bell claim, owned by Riek & Botts, 
s on the northwest side of the canyon, along the top and side of 
the steep ridge forming the wall of the canyon. Both variscite and 
jurquoise have been found on this claim. There is a spring a short 
listance northeast of the St. Patrick claim. <At the time of examina- 
jon (May, 1910) but little more than assessment work had been 
loneon the claims. This consisted of open prospect pits and trenches 
und blastings in harder rock outcrops. On the Morning Glory claim 
1 sloping pit 2 to 8 feet deep, 10 feet wide, and 35 feet long was 
nade in the hillside. On the other claims smaller prospects had 
seen opened and a few blasts put in the prospects that looked 
‘avorable. 

The country rock is chertlike, gray to black rhyolite, which out- 
srops in hard rugged ledges along the canyon cutting the group of 
‘laims. ‘There are a few small dikes of altered trachyte-hke rock 
und some outcrops of large bodies of decomposed quartz porphyry 
n the vicinity. The quartz porphyry beds are as much as 200 feet 
shick in places, and one prominent bed outcrops along the west side 
yf the canvon along the east line of the Blue Bell claim. The forma- 
ions are folded and in places are very much contorted. The strike 
sin general to the north and the dip is variable. 

On the Morning Glory claim a streak of variscite and matrix 
anging from 1 to 4 feet thick was exposed in the open cut. The 
streak pinched down and bulged out quite irregularly and in places 
‘consisted entirely of phosphatic mineral, in part variscite and in 
part black mineral. The streak also contained rock breccia with 
variscite filing. A few veinlets of variscite could be traced from 
the end of the open cut northward up hill for a number of feet, 
und other veinlets outcropped in this line for a number of vards 
0 the hilltop. The veinlets ranged from one-sixteenth to three- 
ourths of an inch in thickness. Some of the variscite from the 
ypen cut was finely marked with turtleback and other odd mottlings 
und occurred in large nodular pieces several inches across. The 
surtleback marking, composed of rounded patches of pale green 
variscite with a black matrix filling between them, would make a 
very fine matrix gem. The color of some of the other variscite 
rom the main deposit and from the veinlets on this claim is dark 
zreen, and a black flinty brecciated matrix filled with this forms a 
seautiful contrast. Seams of variscite have been found at several 
places on the St. Patrick claim. Some of it has a good green color, 
and some has a black mottling. 

Variscite has been found in seams, veinlets, and nodular masses 
yn the Bonnie Blue Bell and the Blue Bird claims. The best deposits 
nave been found on the east side of the canyon and are rather plen- 
tiful on the steep hillside. Some of the veinlets consist of streaks 
of nodular masses of variscite. Variscite of a deep green color 
and some mottled black matrix are found on these claims. 

Variscite is found near the middle of the Blue Bell claim in small 
veinlets, seams, and nodules and loose in the surface débris. The 
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variscite has a good color, and the mottled black and green markings 
of some pieces are pleasing, but large veinlets or nodules are scare 
Turquoise is found at each end of this claim and is described under 
that mineral. 

Another variscite claim has been located by Wilson and Capps on 
the west slope of the Monte Cristo range, about 3 miles east of 
north of Coaldale. The claim has an east and west extension 0 
the steep rocky mountain side. A small gulch crosses its lower end, 
This ee is about 24 miles west of the claims just described, 
The rock is the same rough, cherty gray rhyolite containing a few 
decomposed porphyry streaks. The variscite occurs in veinlets an 
fills brecciated streaks of rock. Much yellowish-green variscite 
found on the upper part of the claim and some with an emerald 
green in a small rocky gulch on the lower part. 

Mr. Louis Sigmund, of Mina, Nev., kindly furnished specimens of 
variscite from a claim he has located about 6 miles northeast 
of Coaldale, or about 14 miles northwest of the claims of Wilson, 
Capps, and Riek. The specimens consist of veinlets in cherty rhyolite, 
sheets with botryoidal surfaces from veinlets, and nodular variscite 
in black matrix. The specimens of the veinlets and botryoidal 
variscite have a good green color and some is finely marked with 
black. The nodule is a light green and has a. turtleback mottling. 

Another variscite claim has been located by M. M. Holland, about 
5 miles northeast of Coaldale, and a small production of gem was 
reported in 1910. 

blair Junction region.—Nine claims for variscite and turquoise 
have been located by Clyde Carr and Mrs. Mattie Lovejoy in the 
Monte Cristo range, about 9 to 11 miles east of north of Blair Junction. 
These claims lie at elevations ranging from 6,200 to 6,600 fect above 
sea level along the northeast side and top of a ridge. The country 
is broken by numerous rocky draws and gulches from 50 to 200 feet 
deep, heading along the ridge. The claims are grouped end to end 
in two adjoining rows with a northwest-southeast trend. There are 
five claims in the northeast row named Mars, Wren, Comet, Azure, 
and Green Fly from southeast to northwest, and four claims in the 
southwest row named Lulu, Long Chance, Jupiter, and Progress. 
There is a spring near the Progress claim. The variscite of this region 
was discovered by Mrs. Lovejoy in January, 1910. Locations were 
made in partnership with Mr. Carr, as new prospects were discovered. 
The quantity of work done on some of the claims is in excess of that 
required for the assessment. The openings consist of cuts, pits, and 
shallow shafts. 

The country rock is principally dull gray to black chertlike rhyolite, 
the harder beds of which outcrop as rough, rocky ledges. The 
rhyolite is cut by small dikes of altered quartz porphyry or trachyte, 
and in places by larger masses of such rock. One of the porphyry 
masses near the northwest end of the claim was about 100 feet thick. 
Limestone and jasperoid outcrop in the region adjoining the variscite 
deposits. The bedding of the rhyolite strikes about northwest with 
a variable southwest dip. The rocks have been folded and in places 
are broken by fault zones filled with breccia. The variscite occurs 
in nodular masses, seams, and veinlets, principally in the rhyolite. 
The greater part of the gem material comes from cross veinlets 


striking about northeast with nearly vertical dips, but some good 


; 
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colored variscite is found in seams cutting the formations in other 
directions. The veinlets with a northeast trend are the thickest and 
are more continuous in length than the others. Good variscite 
matrix is also obtained from breccia zones and from nodular segre- 
gations in them and in other veins cutting the rock. 

Several prospects have been located on the Comet claim and 
variscite has been found in both veinlets and nodular segregations. 
Some of the variscite in the seams has a good dark-green color. 
Masses of nodular material are found composed of round balls of pale 
erayish-green variscite with black rims around them in grayish and 
yellowish-colored matrix. The whole is compact and has a fairly 
even grain, so that it ought to polish well and would yield an attractive 
unique gem. Considerable of this material was found loose on the 
ground at one place. On the Azure claim a streak of black matrix 
with variscite 6 to 20 inches thick was opened in a cut. Part of the 
variscite in this black matrix has a fine green to bluish-green color. 
and some occurs as rounded masses in the black, yielding a beautiful 
mottled matrix. In places nodules of pure dark-green variscite an 
inch across are found in the black matrix. On another part of the 
Azure claim nodules of variscite were found along a small altered 
trachyte dike. This material was largely pale yellowish green, and 
not of gem grade. In another place several veinlets of variscite 
were found in an open cut. 

Variscite is exposed in an open cut and in the rock outcropping in 
the hill above it, near the northwest end of the Mars claim. Some 
of the veinlets are as much as an inch thick and can be traced a num- 
ber of feet in a northeast direction. 

Variscite has been found at several places on the northwestern 
half of the Wren claim, and part has not been worked below the out- 
crop, while part has been opened by prospects. In one of the cuts 
three large veinlets ranging up to 3 inches thick were exposed, one of 
which can be traced nearly 100 feet on the outcrop from the cut. 
Some of the variscite occurs in nodules with mottled black matrix 
markings. A seam of translucent dark-green variscite, resembling 
chrysoprase in color, up to half an inch thick, has been found on 
this claim. It has botryoidal surfaces in places and is very hard. 
In another cut several veinlets of variscite with brecciated and 
nodular variscite were found. This variscite ranges from pale green 
to dark green and part is mottled and speckled with black matrix. 
Outcrops of other veinlets of variscite with apple green and light to 
dark green shades have been found on the Wren claim. 

_ The work on the Green Fly claim to the northwest was not so ex- 
tensive as on the others, as the outcroppings were not so promising. 
On the Progress claim nodules of pale bluish-green variscite giving 
soarse turtleback markings were found loose on the surface. ‘These 
odules range in size from one-half inch to 2 inches in diameter and 
would yield odd-looking gems. At one place, on the Jupiter claim, 
‘4 prominent veinlet of light grayish-green variscite was found pro- 
. ecting above the inclosing rock an inch or two. In a pit at another 
dlace seams of yellowish-green and green variscite and yellow phos- 
yhatic nodules were found. The phosphatic nodules range in size 
tp to 2 inches in diameter and some would give turtleback effects if 
ut. On the Long Chance and the Lulu claims several small seams 
f variscite and a little float material have been found. On the 
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Lulu claim turquoise of good color has been found, and is described 
under that mineral. 
Sodaville region.—A group of variscite claims has been located 
about 8 miles southwest of Sodaville by Mrs. Clara Dunwoody, C. M 
Dunwoody, and C. Prichard. These claims are in the rough, broken 
country at the east end of the Excelsior Mountains. The elevation — 
of the lowest point on the claims is about 5,300 feet above sea level, andl 
that of the highest point about 6,300 feet. There are six claims along” 
and on the sides of and at the head of a rocky gulch or canyon from» 
309 to 600 feet deep. The gulch has a southeast course and de= 
bouches on a long slope extending down to the valley of the Rhodes — 
salt marsh. The names of the claims are the Variscite No. 1, Varis-= 
cite No. 2, King Solomon, Clara, Blue Bird, and Halley’s Comet. 
Numerous prospect pits have been made on the claims, with a cut 25 
feet long, 5 feet wide, and 2 to 10 feet deep on the Variscite No. 1 
claim. . 

The country rock is chertlike gray to black rhyolite, which has | 
harder, more resistant siliceous beds. These beds outcrop as rough — 
ledges 10 to 20 feet thick, across the country. The rhyolite is cut b 
dikes of altered light-colored porphyry or trachyte, both parallel with 
and across the bedding. The formations have been considerably 
folded and across the canyon south of the variscite deposits a large 
synclinal fold can be plainly seen by the curved outcrops of the hard 
siliceous rbyolite ledges. The variscite occurs principally in scams, 
but some nodular masses are found. The variscite is associated with 
the rhyolite and occurs in seams and nodules in the altered porphyry. 
Greenish-colored turquoise also occurs in the altered porphyry. 

On the Variscite No. 1 claim a veinlet of variscite was found filling” 
a prominent joint that could be traced for about 100 feet in a direction 
N. 60° W. This veinlet stood about vertical as exposed in the open 
‘cut. Another parallel seam, but less continuous, and several short 
veinlets crossing the main one were found. The variscite varies from 
light to dark green. On the Variscite No. 2 claim two veinlets of 
variscite one-sixteenth to three-fourths of an inch in thickness were 
exposed in an open cut 15 feet long and 5 feet deep. 

Good variscite has not been found on the King Solomon claim. A 
soft bluish-white mineral occurs in altered porphyry in seams and 
nodules like turquoise or variscite. It has a hardness of about 2.5 
when dry and resembles halloysite or a similar variety of clay-like 
mineral. Both variscite and turquoise are found on the Clara claim 
and the turquoise is mentioned under that mineral. Some of the 
variscite has a fine green color and occurs in veinlets up to 2 inches ~ 
thick and in breccia zones 5 inches thick. Fine specimens of varis- 
cite inclosing black matrix breccia have been found on this claim, 
Variscite has been found at several places on the Blue Bird and 
Halley’s Comet claims, and semiturquoise on the latter claim. The 
variscite occurs principally in veinlets and seams, but there is nodular 
material. Part of it is of good quality and is dark green. 


UTA 


The variscite deposits 5 miles northwest of Lucin, Utah, were first 
opened by C. J. Burke in 1902, by a shaft 22 feet deep, in search for 


gold. The claims were abandoned, however, since no gold was found. 
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The variscite was rediscovered by Frank Edison in 1905, but was not 
taken up until August 3, 1909, at which time the present claims were 
located. The locators and owners are Krank Edison and Edward 
Bird. Mr. Bird is the discoverer of the variscite deposit in Tooele 
County, Utah, from which ‘‘amatrice” is obtained. 

The deposits are in the northern ie of an irregularly shaped hill, 
called Utahlite Hill. Utahlite Till is about 1 mile long in a north- 
west-southeast direction and about one-half mile wide. It has an 
elevation of about 5,000 feet above sea level and rises over 300 feet 
above the mesas and gentle slopes at its base, and about 500 feet 
above the railroad at Lucin. The variscite deposits are in the higher 
parts of the hill. 

Four claims have been located and these are, in order from northwest 
to southeast, Utah Gem, Greenback Lode, Utahlite, and Protection 
Lode. ‘These claims adjoin one another with their longer directions 
parallel. The best showing for gem material is on the Utahlite and 
the Utah Gem claims. On each claim the mineral is in and around 
sminall rocky summits standing above the rest of the hill. These 
summits have cavities and small caverns around the sides of the rocks 
resembling those made by wave action. They were probably formed 
on one of the shore lines of the former Lake Bonneville. The work 
done at the time of examination consisted of an open cut 50 feet long 
and 2 to 5 feet deep, with several prospect pits. 

The rock in which the variscite occurs and which forms the crest of 
the hill is cherty or chaleedonic quartz, which contains inclusions of 
nodules and streaks of limestone. The limestone inclusions range up 
to a foot thick and im places are several feet long. The character of 
most of the rock is that of a hard breccia cemented together by silica. 
This breccia forms rough rocky ledges and knobs rising from a few 
feet to 25 feet above the hill slopes. The bedding of the limestone- 
bearing chert is about northwest, with a dip tothe northeast. Many 
joints cut the rock with a similar strike, but southwest dip. The 
| surfaces of the hill below these outcrops are covered with detritus and 
| loose rock, so that the formations at a lower level do not outcrop near 
the variscite deposits. Three of these knobs contain large quantities 
| of variscite. 

' The variscite occurs in balls, nodules, and irregular masses in the 
chert. Veins of variscite are not common, but some with a northeast 
strike and northwest dip were seen on the Utah Gem claim. The 
‘nodules and balls of variscite range in size from a fraction of an inch 
to several inches across and some of the segregations of variscite 
inclosing matrix are a foot across. The variscite fills fractured and 
‘brecciated zones in the rock, some of which it replaces, and it incloses 
lother parts. The replacements are generally rounded, concretionary 
masses often with banded concentric structure. The fragments of 
jsome of the brecciated rock, especially white quartz, that have been 
inclosed by and cemented with variscite have remained angular and 
sharp. Some of the concretionary forms appear to grade from green 
variscite cores into the inclosing yellow, brown, gray, and white 
phosphatic and cherty minerals. There is considerable chalky 
mineral filling cavities m the variscite-bearing rock and coating the 
nodules and masses of variscite. A quantity of variscite pebbles and 
obbles has been found in the cut in the loose detritus below the 
main outcrop on the Utahlite claim. These probably owe a large 
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part of their rounded form to the nodular shape of the variscite in the» 
original rock, but have also probably been rounded by water action 
on a former lake shore. The pebbles are coated with a white chalky 
substance, and have to be broken into before the presence or quality” 
of the variscite can be determined. 

The matrix with which the variscite is associated is chiefly silica, 
either chert, chalcedony, or quartz. Some other phosphatic minerals, 
in part probably allied to variscite, are often present. Both the® 
variscite and the matrix minerals possess various shades of color, 
several of which are sometimes present in a single specimen. The» 
different colors combined with the various markings and patterns 
due to the structure of the mineral and the brecciation of the matrix» 
furnish a large range in the types of stones that can be cut from the» 
variscite. The variscite ranges in color from very pale green through” 
different shades of green to bright grass green. The matrix varies © 
from white to gray, to yellow, to brown, and nearly to black. 

The gems that can be cut from the variscite from the Edison and% 
Bird mine range from large pure stones with light to dark green» 
color through those with small quantities of matrix to those in which}! 
the matrix predominates. The dark and bright green variscite is ob-* 
tained in pieces that will cut into pure stones measuring more than an + 
inch across, and paler-colored mineral will yield even larger pure § 
stones. Some of the bright-green variscite is partly translucent, and - 
thin pieces and small pebbles display their calm well in the partially 
transmitted light. This is especially true of the coarserszrainedy | 
finely crystalline variscite. Specimens of matrix are obtained that | 
will yield slabs 6 inches across, some of which show quite remarkable : 
patterns and colors. One block of matrix found at this mine measures $ 
4 to 6 inches in diameter and weighs several pounds. The whole mass 
is composed of variscite mottled with brown and white matrix. The 
pattern is the typical turtle-back and the markings are coarser in | 
some parts of the specimen than in others. The markings are due to 
rounded patches or nodules of pale to bright green variscite, some of | 
which are surrounded by rims of white or gray and all filled in with 
purplish brown matrix. The brown matrix occurs only as an inter 
nodular filling and the seams are rarely over a millimeter thick. O¢- 
casional larger patches of matrix occur where several seams meet 
around the variscite nodules. The rounded masses of variscite vary 
from a fraction of a millimeter to a centimeter in diameter. Other 
smaller pieces of mottled variscite have been found along with — 
specimens of brown, gray, and white matrix, with practically the 
same texture. Some pieces of mottled matrix contain little, if any, 
green variscite, but would cut into stones with the turtle-back 
markings. 

Among other types of variscite matrix is that with bright grass: 
green variscite mottled with patches and cloudlike masses of lighter 
green material, or vice versa. Such matrix may contain seams and 
spots of white, gray, or yellowish mineral through it. A white 
quartz breccia cemented and filled in with bright green variscite 6 — 
also a pleasing stone when cut, but is more difficult to polish because — 
of the difference in hardness of the two minerals. The quartz occurs | 
in sharp angular fragments, which are in excess of the variscite 1 ~ 
some specimens but generally less prominent. 


~ 
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The variscite and variscite matrix from this locality would yield 
very beautiful gems for the so-called barbaric jewelry. It is sus- 
ceptible to nearly every form of cutting used with opaque gems, but 
on account of its comparative softness is not adapted to rough wear. 
For necklaces, pendants, brooches, pins, belt stones, etc., it is well 
suited. The especially bright colors of some of the variscite from this 
locality are rarely found in that from other places, and the variety of 
markings shown by the matrix is probably equal to any other material 
found. The brightest green occurs in masses of granular variscite, 
the coarse varieties of which are not sufficiently compact to cut for 

ems. The granular variscite has been investigated by Waldemar T. 
Schaller, who has prepared the following abstract from his descrip- 
tion to be given in a bulletin of the United States Geological Survey: 

Another phase of the mineral] is where it exists as a granular ageregate of well-formed 
rectangular crystals, the largest of which are about a millimeter long. The crystals 
are orthorhombic in symmetry and similar in the values of their crystal angles to 
those of scorodite and strengite. The variscite crystals are vivid green in color, but 
when heated before the blowpipe the green color changes to a deep lavender. This 
change of color will also take place at as low a temperature as 160° C., at which tempera- 
ture all of the water of the mineral is given off. Together with these changes the 
optical properties are likewise profoundly affected, the refractive indices and the 
double refraction becoming much less. It was found that a small amount of chromium 


and vanadium is present in the mineral, and chemical analyses gave the following 
values: 


EL Olsson a 22. 68 
Og te OI i eee 44, 73 
ee ee 0. 32 
hn oe bod Ob eee aie 2 0. 18 
Peri ees 0.06 
casas EIA ae ee 32, 40 

EES Ee cs a IS 2 2 100. 37 


The ratios calculated herefrom are 4H,0.1P,0;.1A1,03, the analysis confirming 
the formula A1PO,.2H,O, already established for the mineral. 


MISCELLANEOUS. 
COPPER ORE GEMS. 


ARIZONA. 


Mr. John F. Gross, of Chloride, Ariz., kindly supplied specimens of 
| copper-stained rock from about 24 miles northwest of Chloride. Some 
of it has been cut with good results. The color is the usual blue of 
many copper salts, mottled with patches and tufts of green and occa- 
sionally of red, brown, and white. Some of the rock is fine-grained, 
altered quartz porphyry which has been heavily stained with copper 
and hardened by silica or chalcedony. The green spots are tufts of 
‘malachite and the red is due to small quantities of hematite. The 
rock is compact and fairly hard, so that it should receive a good 
polish. Another specimen examined consists chiefly of fractured 
glassy quartz, with the blue copper stains and patches of malachite 
throughout. 
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CALIFORNIA. 


Specimens of beach pebbles found on the southeast end of Santa 
Catalina Island were kindly furnished by the Catalina Novelty Co. 
of Avalon. This material has been cut under the name first of “‘Cat- 
alina sardonyx”’ and then ‘‘catalinite.” It consists of mottled green 
gray, white, yellow, brown, and red minerals which have not bee 
given suflicient study for identification. All are sufliciently hard 
and compact to receive a good polish. The gems cut from this mate- 
rial are very odd and pretty. 


PRODUCTION. 


There was a decrease in the quantity of the production of precious 
stones durmg 1910, and this was accompanied by a large decrease m 
value. The large decrease in the output of a few of the more impor 
tant gem mimerals—as tourmaline, turquoise, chrysoprase, ete. 
readily accounted for the fall of the value of the production from 
$534,380 recorded in 1909 to $295,797 in 1910. There were changes, 
both increases and decreases, in the production of other gem miner- 
als, but their effect on the total figures was small compared with that 
of the minerals mentioned above. 

Attention is called to the fact that in a number of cases it has been 
necessary to estimate the value of the production of certain mins 
erals, in part or wholly, from the quantity of the output. In doing 
so the values given are as nearly as possible those that a minei 
would reeeive in selling rough gem minerals to the dealers. I 
should be understood that after changing hands and the applicatio1 
of labor on the minerals the value increases more than proportion 
ately to the cost of the labor. The value of the elaborated gems ob: 
tained from the output of rough gem material in the United States 
is several times more than that given in the table of production. 
The table therefore serves as a basis of estimation and is not to be 
taken as an accurate statement of the value of the output. It1 
not possible to obtain statements of the output of all varieties of gen 
minerals each year, as such minerals originate from new sources ant 
pass through the hands of different dealers, all of whose names ar 
not on the Survey lists, or of people who do not cooperate in the worl 
of collecting such statistics. Dealers who learn of new sources 0 
supply or purchase gem minerals from intermittent producers wil 
greatly help in the preparation of these reports by supplying infor 
mation on such subjects. 
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Production of precious stones in the United States in 1907, 1908, 1909, and 1910. 


Value. 
; Remarks. 
1907 1908 | 1909 | 1910 
i‘ : al = 
Agates, chalcedony, etc., | $650 | $1,125 $750 = $2,268 ~=About 1,150 pounds; California, Col- 
moonstones, etc., onyx. | orado, Montana, and Wyoming. 
Breet US Unpes neve < ocevc swe we'sie a 850 210 S10) ea 4 No production reported. 
Azurmalachite, malachite, ete. 250 5, 450 2, 000 550 | 475 pounds; Arizona and Nevada. 
BEENNUOUCC ee cs ne ecee cece naes ns 1,500 3, 638 DOORS... feos of | No production reported. 
Beryl, aquamarine, blue, | 6, 435 7,485 1,660 5, 545 | About 30 pounds rough and selected. 
ink, ete. 
Pilifornite. DeBGSORS aera @25, O00NRe 223-4 218,000 | #8,000 | 1,500 pounds; California; not sold. 
BP MIMMIVES oraccc\cice cnn cine osc5 20 [Senicccck Paces soae Aeeesee = | No production reported. 
SMMASUOMILC js <is02ci00 cc 22-2. 740) |, Sees See cee. | Meare Do. 
MPM AS UNO GCs2.cc <= os (e'erws ic -Becjecies «5 25 2,400 | 22,000 | 1,250 pounds; Michigan. 
eemycOCOlA....-...-2--022- 055 150 600 ELOUOR | Ae igen cucee No production reported. 
@hrysoprase................-- @ 46,500 | 2 48, 225 | a 84,800 | 29,000 | 1,700 pounds; California. 
ID eee a SGC)’ | a ee ce a ee No production reported. 
ReeUMVONY We ays aier0:e ovnroiarav<nca/sinaiens @2,800 | 42,100 2,033 } @1,400 | 208stones; Arkansas and California. 
UPSIDE SSR SERA Sess Sonor een 20 eT ae tae cara ete oe No production reported. 
TTC a See eet eee aS 10), ence eee @ 300 @700 | North Carolina. 
ee ae S| ed 12 eee | No production reported. 
Feldspar, ee ne: amazon 1,110 2,850 | @ 2,700 2,510 | 4, a pounds; Colorado and Califor- 
stone, etc 
Garnet, hyacinth, pyrope, 6,460 | 13,100 1, 650 3, 100 or panne: California, Arizona, and 
almandine, rhodolite: Colorado. 
010] CUBE AR aa aA Ae eee 1,000 TOTO ee sss: 1,000 | Colorado and California. 
| SS0G9. cocebee eet ene eee | (ay #3) ||| eee 100 475 | 500 pounds; Colorado and California. 
BOOM Nelle rs es ccciciecasciesa- e224 180 50 200 270 | Nevada. 
ICO Ae eee 1,300 1,300 SOOM HK feces toe No production reported. 
iemamied WOOd.......------6- OYE) LSeSoeo ie Se aeeoeene Seer ae Do. 
BSMEMACTUC re cic cee ne lel 20 95 50 50 Colorado. 
SR J bog) FOG Rene | Ss geen a) | eeereneeed 100 | 50 pounds; Oregon. 
o Talleuageoed Cea a eee eee ae EAVOW |) See enocy | accra eerie No production reported. 
Quartz, rock crystal, smoky 2,580 | 3,595 2,689 1,335 | 1,753 pounds; Colorado, Maine, Ver- 
quartz, rutilated, ete. | | mont, California, and "Texas. 
ORS GRA 5 ae 6,375 968 2,970 2,537 rr 5,025 pounds; South Dakota and 
California. 
imodocrosite........--.-----. WOO RE Meee $i oo ee lls ec ee: No production reported. 
ROCIO AGG ee CES eee eee 4 PEAaCerS 1, 250 125 | @6,200 | 3,200 pounds; Montana and Califor- 
nia. 
\: DYop Gee eaae eee een 2000) Bar er ee Seen ellee a5 ae | No productiou reported. 
i es 20d 2.4 | oe 0. 
SU OUNTC eee ace icice cn see eu <8 4229,800 @58,397 |@ 44,998 | 52,983 1,062,000 carats; Montana and Indi- 
ana 
mimuthsonite.....-..-...--.-.. 800 @1,200 | BOON ase. ee No production reported. 
ene, kunzite, hid-| 14,500 6,000} 15,150] 33,000 120 pounds; California. 
enite. 
BaOMMpSOUILG ss: occ. c--0c05--Beecee ssl 35 | 100 610 About 50 pounds; Michigan, Minne- 
sota, and New Jersey. 
BOA aee cs scie clas cizra(a Slated 2,300 | 4, 435 512 884 | 75 vous: California, Colorado, and 
exas. 
WEOUTIMNAING...........0020-5- 2 84,120 | 490,000 @133,192 }@ 46,500 | 1,548 pounds; California and Maine. 
Turquoise and matrix........ 23,840 2147,950 179,278 | 485,900 | 16,886 pounds; Nevada, New Mex- 
ico, rizona, and Colorado. 
| Variscite, amatrice, utahlite..; 7,500 | 14,250 | 35,938 | 426,125 | 5,377 pounds; ‘Utah and Nevada. 
MioscellaneOUS PEMS....--.51.-)..ceesceddbeocseecs ' 1,060 2. Datolite, obsidian, fossil coral, and 
| ornamental stones with trade 
names. 
TOUR jseseacdapeneeeeees 471,300 | 415,063 | 534,380 | 295, 797 | 


a Estimated or partly so. 
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IMPORTS. 


The importation of precious stones into the United States in 191( 
as reported by the Bureau of Statistics, showed a slight increase ove 
that of 1909. The principal increases were in the imports of pearl 
rough or uncut diamonds, and diamonds and other stones not se 
There was a decrease in the imports of cut diamonds. The import: 
tion of rough diamonds has not yet returned to the high level pre 
ceding 1907. 

The following table shows the value of the diamonds and othe 
precious stones imported into the United States from 1906 to 191{ 
melusive: 


Diamonds and other precious stones imported and entered for consumption in the Unit 
States, 1906-1910. 


Diamonds. 
Diamonds 
Year. “ = ' Ti Vearls. Total. 
c ust or ough or 
Glaziers. Cane neg Set. Unset. not set. 
MOOG Ser coos. oe $104, 407 | $150,872 | $11,676,529 | $305 | $25,268,917 | $3,995,865 | $2,405,581 | $43, 602, 4 
OO Gee ose ac 410), 524 199, 919 Sell oz ee... 18,898, 336 | 3,365, 902 680,006 | 31,866 
MOOS ee. cee 650, 713 180, 222 1 G365 7989122... 9,270, 225 | @1,051, 747 910, 699 , 700, 4 
QUO Re oe 758, 865 50, 265 foi EAL) RP") 27, 361,799 | 23,570, 540 24, 848 40, 237 
OTR 2 paeres 213, 701 54, 701 UG: Slit) (eee 25, 593, 641 4,003,976 | 1,626, 083 40,704, 4 


@ Including agates. <Agates in 1906, $20,130; in 1907, $22,644. 
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GEMS AND PRECIOUS STONES. 


By Dovetas B. STERReETT. 


INTRODUCTION. 


An important feature of the gem-mining cape A in the United 
States during 1911 was the result of prospecting at the Turner emer- 
ald mine near Shelby, N. C. The quality of some of the gems and 
the value of all gem material found in this deposit with a limited 
amount of a work are pou ems valued at $100 
to $200 per carat have been obtained, and the quality of the average 
run of the emeralds probably aqua that of South American emeralds. 
The mine has been purchased by New York men, who expect to test 
it thoroughly. 

Much interest has been displayed in chalcedony and quartz gems, 
such as agates, moss agate, jasper, and bloodstone, resulting in an 
increased output. Moss agates of very fine quality and a few gems 
showing quite remarkable landscapes were cut in Montana. Dis- 
coveries of new deposits of bloodstone and of a beautiful variety of 
chalcedony, resembling St. Stephen stone, in California have proved 
of interest. Beach-pebble gems were polished along the coast of 
California and Oregon as usual, and furnished many attractive 
souvenir gems for tourists. Renewed activity in sapphire mining 
in Montana resulted in a large output. The mines of the Yogo 
American Sapphire Co. and of the New Mine Sapphire Syndicate in 
Fergus mere! produced many stones of a fine blue color, and the placer 
deposits of Granite Courtty, Deerlodge County, and along Missouri 
River contributed a large quantity of varicolored stones for gems 
and mechanical purposes. 

Opaque blue and green gems, such as turquoise, variscite, and 
copper-ore gems, were used in some quantity, but the production 
was much smaller than during the preceding two years. Much of 
the material placed on the market as finished gems was mined in 
previous years. The demand for tourmaline and kunzite declined 
and was supplied chiefly from stocks on hand. New trade names 
are continually appearing for new forms of well-known minerals or 
peculiar mixtures of minerals cut for gems. Some of these trade 
names are mentioned in this report in order that the public may 
know the nature of such stones when offered for sale. 
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for information on moss agate and mocha stone occurrences in Mon- 
tana; Mr. F. M. Myrick, of cane, ag Cal., for specimens of St. 
Stephen stone for examination; Mr. F. C. Faxon, of Silver Lake, 
Cal., for specimens of copper-stained and amethystine chalcedony; 
Mr. Maynard Bixby, of Salt Lake City, Utah, for specimens of jasper- 
like chalcedony; Mr. W. B. Penniston, of Ashland, Oreg., for speci- 
mens of chalcedony and agate and notes on the localities; Mr. 
F. H. C. Reynolds for notes on occurrence of aquamarine near Royal- 
ston, Mass.; and Mr. George L. English, of Shelby, N. C., for informa- 
tion on emerald occurrences in North Carolina. 


AGATE. 
MONTANA. 


Moss agate and mocha stone of fine quality occur in Montana. 
The agates have been found chiefly on the west side of Yellowstone 
River from the Dakota line up to and (reported) above Yellowstone 
Park. They range back from the river over many miles of country, 
where they are ae apes by the ranchers and sheep herders. 

ates are distributed over the surface of the ground, in the gravel 

ong creek and river beds, and over some of the grass-covered buttes. 
The ones collected all lie at the surface or only partly buried. They 
occur in pebbles, cobbles, and in rough masses ranging from the size 
of a hazelnut to pieces weighing 12 pounds. Chemical tests made 
on s number of the black and reddish-brown spots broken from 
rough specimens showed the presence of both manganese and iron, 
coal the generally accepted idea as to the nature of the den- 
drites in mocha stone. 

The rough specimens of agate examined consist of sragneente and 
a chipped pebble more than 2 inches thick. The rounded form of 
the pebble may be due in part to the shape of the cavity in which 
the agate was deposited and in part to attrition during transports- 
tion along with the associated gravels. The interior of the pebble 
and the fragments of agate consist of translucent gray to blue-gray 
chalcedony. Some of it shows a banded ‘structure, and some an 
even texture. Black and brown dendritic spots are scattered i 
larly throuh the agate and in places there are seams and i ar 
patches of the same color. Reddish-brown, red, and bright-red 
dendrites, banding, and other markings also occur in the agates. 
The texture of the dendrites ranges from cloudy patches to branching 
tufts and fibers as delicate as those found in the finest moss and ferns. 

By taking advantage of the arrangement of the dark seams and 
dendritic patches, patterns are obtained that resemble moss, sea 

owths, ferns, rushes, trees, and even landscapes with water and 
islands. The cut gems consist of stones suitable for use in brooches, 
stick Same watch fobs, belt buckles, etc. The markings were present 
€ erent shades of red, reddish brown. light brown, dark brown to 

ack. 

Three specimens cut into fob gems displayed very attractive mark- 
i One of the fobs measuring 15 by 18 milfien eters contained 
numerous black spots 2 to 3 millimeters in diameter, and one larger 
dendrite, 8 millimeters across, resembling a sunflower. Another fob 
stone 27 by 31 millimeters gave the effect of a small landscape, such 
@8 an overgrown garden with untrimmed shrubbery, hawthorn, or 
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other bushes. The shrubbery was represented by black dendrites 5 
to 9 millimeters high. 

The best specimen was an elongated stone cut “en cabochon,” 73 
millimeters long, 20 millimeters wide, and 5 millimeters thick, por- 
traying many wooded islands scattered through a lake or other body 
of water—‘‘ Thousand Islands,” as suggested by several persons who 
examined thestone. This stone is valued at $250. Aslight banding 
of the agate heightened the resemblance to water and also added a 
slight cloud effect to the landscape. The fine quality of this gem 
was best brought out by viewing in transmitted light, though its 
great beauty was evident in reflected light. The scene was similar 
and very perfect viewed from either side of the stone. This gem 
would make a unique and beautiful brooch or would grace the collec- 
tion of any museum in which it might be placed. 

The gems cut from the Montana moss agate or mocha stone com- 
mand good prices, bringing anywhere from $1 to $200 or $300 apiece. 
Some of the smaller stones suitable for stick Rive if the mossy or 
fernlike patterns are particularly delicate and beautiful, bring $25 
apiece. Large quantities of agate are cut which yield less attractive 
gems, and stones as fine as those described above are rare. The value 
of such gems as have been described lies in the fact that they can not 


be duplicated. 
CALIFORNIA. 


Specimens resembling the St. Stephen stone variety of agate from a 
new locality 15 miles east of Indian Springs, San Bernardino County, 
have beenexamined. Thisstone has been called ‘“ myrickite’’ locally 
and a quantity has has been cut and sold for good prices. It has 
been obtained from a shallow shaft in a “malpais” lava hill where it 
»ecurs in bunches and small masses. It consists of translucent gray 
thaleedony through which bright blood-red spots and patches of 
solor are irregularly distributed. In some specimens the red is 
‘thinly scattered through the agate and in others it is abundant. 
Che majority of the red markings are irregular patches or tangled 
itringlike masses, but some are more or less round spots as in St. 
stephen stone. The polished gems with the peculiar patterns of 
»orilliant red in translucent chalcedony are hight attractive. 

Specimens of copper-stained chalcedony from the south end of 
Jeath Valley, 5 miles west of the south end of the Mesquite Moun- 
ains, and of amethystine chalcedony about 8 miles south of this 
ocality have been examined. The copper-stained variety is trans- 
ucent and incloses spots and patches of blue and greenish-blue copper 
alts. The effect in some specimens is similar to that of the hive 
hrysoprase from Miami, Ariz. This chalcedony contains frequent 
mall crystal-lined cavities so that careful selection would be necessary 
o secure material for cutting. The amethystine chalcedony is rather 
loudy violet colored and massive and has a moderately even texture. 
t would cut into rather pretty low-priced gems. 


UTAH. 


Specimens of red jasper-like Cony, and quartz have been 
eceived from a locality near San Rafael River, in Emery County, 
‘tah. Much of this would be called chalcedony and agate or car- 
elian, but portions are so heavily impregnated with iron oxide as to 
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be more like jasper. In places the chalcedony grades into crystallized 

uartz. The material occurs in masses and aggregations of spheru- 
lites with mammillary and botryoidal structures. The spherulites 
range from minute size to over a centimeter in diameter and show a 
beautiful concentric agate banding of thin gray, white, and red 
lavers. A radiated texture may or may not be visible and in some 
spherulites tiny radial quartz crystals occur in the center or in layers. 
x few of the spherulites exhibit very little internal structure or 
merely have spots of red near the center surrounded by gray chal- 
cedony with even texture. In some specimens the spherulites are 
large or a number have been cemented together by chalcedony so that 
stones of sufficient size for cutting are obtained. Some of the gems 
are said to give the effect of thomsonite with deep jasper-red tints 
in gray matrix. As small fancy agates some of the larger spherulites 
would be very effective. 

In some specimens spherulites of various sizes are thickly distnb- 
uted throu 4 granular crystallized calcite. Many of the spherulites 
are isolated but some are bunched in botryoidal masses as shown 
when the calcite gangue is dissolved by acid. One imen is 
described as resembling the cast of an ammonite shell. It was not 

ossible to determine the nature of this from the sample submitted. 
t consisted of many spherulites cemented together with chalcedony 
with cavities lined with small crystals of quartz and calcite. The 
sample examined evidently came from a disklike specimen about 2 


inches thick. 
OREGON. 


Chalcedony, agate, and jasper-like agate have been found near 
Rogue River Be Eagle Point, and for some distance along Rogue 
River valley. The chalcedony is translucent and gray with a slight 
agate banding, and is found in streaks and nodules in the basalt near 
Ashland. Some of it contains cavities lined with quartz crystals. 
The agate is varicolored, ranging from banded translucent gray to 
mottled red and yellow, and some of it contains so much iron oxide 
as to resemble jasper. Two specimens labeled ‘‘red moss j r 
consist of opaque and translucent chalcedony crowded full with d - 
red, reddish-yellow, and yellow mosslike markings of jasper. In 
other specimens of moss agate there are black to dark-brown spots 
and dendrites. One specimen found near the town of Klamath Falls 
consists of rather cloudy red chalcedony or agate, inclosing streaks 
and spots of gray and white chalcedony. 


AMETHYST. 
NORTH CAROLINA. 


The occurrence of amethyst at several places in the vicinity of 
Raleigh, N. C., has been reported at different times by L. A. Fort, of 
that city. An opportunity was given to the writer to examine one 
of these deposits on the land of George W. Partin, 5 miles northeast 
of Raleigh. Here amethystine quartz and pale amethyst crystals are 
found on the surface of a cultivated upland Feld. Three or four small 
Baepe pe now filled up, had been made a few years ago. The 

eepest of these pits was about 9 fect, at which depth the rock was 
less decomposed than near the surface and hard to excavate. 


, 
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The country rock is rather fine grained biotite granite gneiss, inclos- 
ing pepmanie seams and streaks. The granite has disintegrated to 
a light sandy soil at the surface and into a friable sandy saprolite toa 
depth of a few feet below the surface. The amethysts are found in 
the soil for a distance of about 150 yards in a northeast-southweat 
direction. Near the prospects they are very abundant, since many 
that were dug out had not been carried away. Probably 2 or 3 
bushels of amethystine quartz crystals could have been collected in 
half a day from the surface of the ground. In the it Mr. Fort 
states, the amethyst crystals were found in streaks and seams with a 
northeast direction, two or three parallel seams occurring within a 
space of a few feet. 

The crystals are only moderately well developed, owing to mutual 
interference during growth, and map all have been somewhat frac- 
tured. Some of them have been o z. slightly chipped and others 
possess few if any crystal faces. The amethystine quartz and 
amethyst occur in pieces ranging from those of small size to those 2 
or 3 inches across. Aggregates of crystals in, parallel growth also 
occur, some of which consist of both colorless or smoky quartz and 
amethystine quartz. Many of the crystals are quite clear and trans- 
one bh but this is often partly concealed by etched and rough faces. 

he best specimens found on the surface and in the prospects had 
been carried off and no cor igh pelo amyethysts were seen. A few 
stones with sufficient depth of color to warrant cutting were seen, 
but the pre obtained would not be of the best quality. The abun- 
dance of amethystine quartz and amethyst found close to the surface 
at this locality invites more extended prospecting. 

Mr. Fort says he has also found amethyst loose in the soil on the 
land of the late Capt. F. F. Lillis, 3 miles east of Raleigh. 

Amethyst has also been reported from Warren County, N.C. Mr. 
Fort mentions a deposit on the land of Mrs. G. W. Alston, of Inez. 
Several years & prospect was opened by a clergyman at Folly 
Springs, near Warrenton. Some excellent crystals are said to have 
been found there. The principal rock of this part of Warren County 
is granite gneiss belonging to the same belt as that around Raleigh, 
nearly 50 miles southwest. 

Amethyst has been found at a number of places farther west in the 
Piedmont Plateau region in Iredell and Lincoln Counties, N.C. A 
few of these are here mentioned. At some of the localities a little 

rospecting has been carried on and at others crystals have been 
ound loose in the soil. In Iredell County a prospect was opened a 
number of years ago on the A. C. Cook place, 9 miles southeast of 
Statesville. A large quantity of pale amethyst and amethystine 
quartz crystals were found in seams and veinlets cutting coarse Peg- 
matitic, granite. Only a few stones of fairly good color were found, 
though many were suitable for less valuable gems. Amethystine 
quartz was found abundantly. Afew A ra amethysts have been found 
in the soil on the land of Mrs. M. G. Martin, about one-half mile east 
of the Cook place, and on Burette Brawley’s place, 14 miles south of 
Cook’s. Maj. W. A. Graham, of Raleigh, reports an occurrence of 
amethyst in Lincoln County on the Erhard Forney place, 1 mile from 
Denver and on the Rendleman place, 2 miles from Iron Station. 
Good crystals of amethyst found in Lincoln County were seen in a 
local mineral collection at Lincolnton.* 

42565°—wm B 1911, pr 2——_66 
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BERYL. 
MASSACHUSETTS. 


Aquamarine was found during 1910 at the ‘Beryl Hill” mine, 
near Royalston, Mass. No systematic mining was done, but duri 
prospecsine some excellent specimens of aquamarine were uncovered. 

me of this had a brilliant blue aquamarine color and cut into fine 
gems. One stone weighing 12 carats was sold for $100. The best 
specimen was an almost perfectly clear crystal measuring about 3 
inches long, 2} inches wide, and t fourths of an inch thick. 

From a eg ry of a ‘Mineral lexicon of Worcester 
County, Mass.,” by Prof. B. K. Emerson, of Amherst College, it is 
learned that prospecting was continued at the ‘‘Beryl Hill” mine 
(during 1911) and a number of beautiful beryl crystals reniging in 
thickness from 1 inch to 2 inches were found. These crystals were 

ale to true wi and some had the oa “‘blue beryl”’ color. 
The quality and brilliancy were especially fine. A few dark orange 
colored beryl crystals were found also. Extensive mining was 
planned for 1912. 

BRAZIL. 


A remarkable a bee of beryl found in Brazil on March 28, 1910, 
has been described by George F. Kunz,' in a paper read before the 
New York Academy of Sciences on April 3, 1911. The crystal was 
found in a atite vein in Marambaya, a mmr; 2 near Arassuaby, 
on Jequitinhonha River, in the State of Minas Geraes. It was the 
largest precious beryl or aquamarine crystal ever found, weighing 
110.5 kilograms and measuring 48.5 centimeters high and 40 to 4? 
centimeters in thickness in different directions. The crystal was a 
simple hexagonal prism with basal planes with a few irregularities. 
It was so transparent that one could see through it from end to end. 
The color was greenish blue, and the crystal was free from included 
impurities. This beryl crystal was found by a Turk in what is known 
as a “primitive mine,” at a ber em of 5 or 6 meters. It was trans- 
ported by canoe with great difficulty down Jequitinhonha River to 
the coast and shipped to Bahia, where it is said to have been sold 
for $25,000. It is estimated that 200,000 carats of aquamarines of 
various sizes could be cut from this beryl. 


* BOWENITE. 
NEW ZEALAND. 


Notes on the discovery and occurrence of a vena of bowenite or 
‘‘greenstone”’ in New Zealand have been given by Vice Consul General 

enry D. Baker and Consul General William A. Prickitt.2 Bewenite 
has been classed under serpentine in Dana’s ‘‘System of mineralogy” 
and is stated to have a hardness of 5.5 to 6. Bowenite has been 
found loose in the beds of streams by the Maoris of New Zealand and, 
under the name ‘‘tangiwai,” has been fashioned into ax heads, orna- 
ments, and ak, he new locality is near Milford Sound, on the 
west coast of the South Island of New Zealand. A large outcrop of 
the bowenite has been found in a hitherto unexplored mountain 


} Min. and Eng. World, July 8, 1911. 3 Daily Cons. and Trade Reports, Feb. 2, 1912, pp. 856-857. 
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region. The mineral is so massive and plentiful that it can be used 
for mantelpieces, table tops, and similar ornamental work. It should 
meet with the approval of the Chinese, by whom other forms of 
eenstone are held in peculiar veneration. Dr. P. Marshall, of 
ago University, describes the bowenite from the new locality as 
unequaled in quality, and perfectly adapted for the making of 
ornaments, knife handles, and other purposes for which such a beau- 
tiful stone may be required. The extreme and peculiar beauty of the 
stone would likely to make the demand increase enormously. 
Bowenite differs from nephrite (the ordinary greenstone) in its beau- 
tiful transparency, less crude color, and in hardness. 
Old Maori legends tell of the loss of the i, “‘tangiwai” deposit 
in a landslide on the slopes of Anita Bay. The location of the new 
discovery corresponds closely with that given in the native legends. 
Samples brought to Auckland have been pronounced the real ‘‘ queen 
of nstones” by Maoris and valued above all other varieties. 
me of the bowenite is translucent in moderately thick pieces 
and permeated with irregular cloudy waves; the ordinary greenstone 
is translucent only in very thin slices. The ordinary material has 
sold for 12 cents a pound, but will doubtless be much less in demand 
and cheaper in the future. 


CALIFORNITE (VESUVIANITE). 
CALIFORNIA. 


Occurrences of californite have been mentioned in several of these 
reports during the years 1901 to 1910, and detailed descriptions of 
some of the localities have been published as follows: In the report 
for 1906 notes on a deposit near Exeter, in Tulare County, were given 
by Frank L. Hess, of the United States Geological Survey; in the 
report for 1909 the prospect of C. N. White about 6 miles east of 
Lindsay was noted; and in the report for 1910 the original californite 
locality 10 miles west of north of Happy Camp, Siskiyou County, was 
described. Other localities are known and two of them are described 
below. One of these is in Butte County and has been prospected 
as a side issue by the North California Mining Co.; the other is in 
Fresno County, and at present the claims are owned by the Prethero 
Bros. and Nat Parker, of Visalia. 

The prospect of the North California Mining Co., which has been 
examined by the writer, is on the west side of North Fork of Feather 
River about half a mile northeast of Big Bar station on the Western 
Pacific Railway. It is in a steep rocky hillside, almost a cliff, over 
200 feet above the railroad tracks, or about 1,600 feet above sea level. 
The hillside has only small trees and bushes growing among the rocks 
and ledges. The mountains around are covered with a heavy 
growth of timber, among which are spruce, red fir, oak, and sugar 
pine. The californite was discovered about four years ago when a 
wagon road was graded along the hillside to facilitate the construc- 
tion of the railway. Some of the mineral had been previously cut 
with good effects. Specimens seen in 1909 was green to white and 
some were nearly colorless and transparent, resembling so-called chal- 
cedony moonstone. Some pretty apple-green and lily-green gems, 
showing an even quality of color and transparency, have been cut. 
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The californite was exposed in the roadside where a cut nearly 15 
feet a had been blasted through rock. Several masses of the 
minere!l had been broken up and removed during road construction, 
and the lead exposed was further prospected by a tunnel about 16 
feet long driven into the hillside in a N. 70° W. direction. 

The country rock consists of greenish-gray, yellowish-green, and 

nish-black serpentine cut by streaks of gneissic diorite, horn 
lende schist, and seams of talc. The serpentine mass in which the 
californite occurs is over 200 yards thick and is in contact with gneissic 
diorite on the northeast. the southwest, at a distance of about 
65 yards from the prospect, there is a series of gray and black slate 
or phyllite, anda graywacke, and blue and white marble and 
limestone. e serpentine has been crushed to lenticular masses 
with many slickensided seams. The californite occurs in a belt of 
badly fractured serpentine some 12 feet thick with an east-west 
strike and dip of about 80° N. Lenses, nodules, and streaks of cali- 
fornite are irregularly scattered through the gem lead. The streaks 
e from less than an inch to several inches thick and the nodules 
and lenses also range from the same small size to nearly 3 feet thick. 
One lenslike mass exposed in the tunnel was nearly 3 feet across and 
from it a streak 3 to 4 inches thick extended several feet to the end 
of the tunnel. There is a thin deposit of a hard flesh-colored mineral 
with a granular crystalline texture between most of the californite 
and the serpentine. 

The color of the californite ranges from bluish green or yellowish 

en to white and gray with a tint of pink. Pale yellowish green is 

e most common. color, and some of this californite grades into darker 
green and into white or gray in the same masses. Part of the green. 
gray, and white material is translucent and part is opaque. In some 
of it the color is evenly distributed through large areas, and some 
contains a few darker green patches and spots similar to some of the 
californite from the C. N. ite mine, near Lindsay, in which the 

atches of color were shown to be caused by chromium compounds. 
Roanis and cracks or scar occur through all of the californite, so that 
flawless specimens of good color and quality more than 2 or 3 inches 
thick are rare. Many of the cracks are not sufficiently pronounced 
or have been recemented so that the strength of the stone has not 
been greatly injured and the californite can be cut regardless of them 
if larger pieces are desired. — cracks occur along some of 
the joint planes and form lines of easy parting or fracture in the 
californite. 

The californite locality of the Prethero Bros. and Nat Parkers 
about 30 miles northeast of Sanger and 32 miles east of Fresno. Itis 
on the east side of Watts Valley about 14 miles south of Hawkins 
schoolhouse. The prospects are at elevations of about 2,000 feet 
above sea level, or some 700 feet above Watts Creck. The mountain 
side is steep and has a thin soil cover over talus and débris slopes. The 
principal vegetation is brushy live oak, poison oak, and stiff wirelike 

ass. The californite has been obtained from several prospect pits 
in a northwest-southeast belt. The rock formations are varied, but 
the californite occurs in a serpentine complex in which are chlorite 
and talcose soapstone phases. Fine and coarse diorite and epidotized 
diorite also occur near the californite deposits. Little could be seen 
of californite in place at the prospects visited, but it evidently occurs 
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im lenses, streaks, and nodular segregations in the serpentine as at 
the Butte County locality described above. Some of the masses of 
californite were at least several inches thick and larger oncs were 
gecobsbey found. Joints, cracks, and seams are numcrous, and age 
awless pieces arerare. Thecalifornite found here is grass-greon, wit 
@ tint of yellow, lemon-green, pale yellowish green, and nearly white. 
It is translucent in the bettcr specimens and much of it is evenly 
colored. In some of the material there are occasional darker spots 
or patches as in the californite described above. Considerable of the 
better grade from this locality has been cut by the Southwest Tur- 
uoise Co., of Lcs Angeles, and beautiful goms have becn obtained. 
tones for stick pins, brooches, cuff bottons, pendants, and necklaces 
cut from tho f Shpoa ao or lemon-green material are extremel preety, 

The specific gravity of californite is variable. George A unz? 

ives the specific gravity of the Siskiyou County californite as 3.286. 

. W. Clarke and George Steiger? give 3.359 as the specific gravity 
for grecn vesuvianite from Fresno County, and 3.586 for compact 
white garnet from about the same locality. J. E. Pogue, of the 
National Museum, found the specific gravity of the white californite 
from Siskiyou County to be 3.57. Determinations made with the 
Jolly balance give 3.410 fer green, 3.470 for pale ycllowish green, and 
3.599 for white californite from Butte County, and 3.351 for green 
californite from the deposits of Watts Valley, Fresno county As 
pointed out in this report for 1910, it is difficult without an analysis to 
make a distinction between compact vesuvianite and compact garnet. 
The series of specific gravitics cited indicates a gradation from one to 
the other, the specific gravity of californite bcing greater in the 
lighter colored varietics. Under the microscope green californite 
from Butte County has the low double refraction characteristic of 
vesuvianite and white californite from the same prospect is isotropic 
like garnet. 

As the green and white material occur together and grade into each 
other both in color and in weight, the term californite should include 
both. In ordinary physical characters, such as hardness, toughness, : 
luster, and fracture, the ie eo vesuvianite and the compact garnet 
are apparently identical and do not differ greatly from green and white 
jade. The color also of some varieties cf californite is not unlike 
that of jade, but the material from the two localities described is rather 
too ow for substitution for that mineral. Consul General S. S. 
Knabenshue, of Tientsin ina,® says, concerning a sample of cali- 
fornia jade, that the leading firms of that city to whom it was sub- 
mitted ‘declared that jade of this particular greenish color has no 
commercial value in the Chinese market. The jade which is most 
esteemed is semitransparent, of a clear emerald-green. Next to this 
white jade stands in greatest favor. The color scems to be the point 
most insisted on.”’ It is probable that this statement was made in 
regard to californite from the North California Mining Co.’s property, 
since that company received a similar reply concerning a sample sent 
to China in search of a market. It seems that the choice of the Chi- 
nese does not rule out white californite and such matcrial should be 
submitted to Chinesc merchants for valuation. This has been found 


1 Gems, jewelers’ materials, and ornamental stones of California: Bull. California State Min. Bur. No. 37, 


ar Os-95. 
a ee imorniie: Bull. U. 8. Geol. Survey No. 262, 1905, pp. 72-75. 
+ Daily Cons. and Trade Repts., Oct. 25, 1911. 
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in some quantity in Siskiyou County and Butte County, and some of 
it contains a few emerald-green spots. The n californite from 
Siskiyou County is not greatly different in color from jade used for 
earrings by the Chinese and is mottled with similar patches of green. 


CHRYSOPRASE. 
CALIFORNIA. 


In the description of the chrysoprase deposits of Tulare County, 
Cal., in this report for 1909, a prospect of the Himalaya Mining Co. 
near Lindsay was mentioned in connection with the notes on that 
company’s mine, three-fourths of a mile north of town. This pros- 
pect was examined in 1911. It is in the top of a low hill about 
mile S. 70° E. of Lindsay. The hill is about one-third of a mile long 
in a N. 25° W. direction. It rises about 60 feet above the plains at 
the ends and is lower in the middle. Several small prospect pits and 
trenches had been made, chiefly at the north end of the hill, but little 
so chrysoprase was found. The occurrence is similar to that of 
the other deposits. Jaspery and cherty serpentine heavily stained 
with yellow and red iron oxides outcrops along each end of the hill 
in rough ledges and masses. Fine-grained diorite forms the west 
central portion of the hill. The jaspery serpentine is cut in man 
directions by seams and veinlets of chalcedony and fine-grained chal 
cedonic quartz, ranging from paper thickness to 2 or 3 inches thick 
In some of these veinlets there was a slight tint of green, but no 
so was observed. Veinlets of greenish and yellowish-green 
opal are also plentiful through the jaspery serpentine. 

The production of chrysoprase in 1911 came from the mine of the 
Himalaya Mining Co., 8 miles southeast of Porterville, and from some 
of the deposits on Venice Hill, 8 miles east of Visalia. Some high- 

ade gem material was obtained at each locality. A quantity of 

ow-grade chrysoprase and some chrysopal are obtained during mip- 
_ ing. These are generally shipped to Germany for cutting. 


ARIZONA. 


The occurrence of chrysoprase about 20 miles west of Mineral Park, 
in Mohave County, Ariz., was mentioned in this report for 1908. The 
deposits are owned by John L. Riggs and Walker Bros., of Chloride. 
The occurrence is quite different from the California localities. Specr 
mens sent by Mr. Riggs were decomposed fine-grained rhyolite por- 
phyry with small quartz phenocrysts and perlitic volcanic eles 
country rock. Associated minerals of the chrysc rase were black 
flint, red and brown jasper, gray and white chalcedony, and quarts 
Some of the specimens were brecciated and contained fragments 0 
chrysoprase. So far high-grade gem material has not been found, 
but the brecciated matrix containing chrysoprase would furnish 
unusual and attractive gems for the tourist and souvenir trade. 
Large lumps of rather granular opaque chrysoprase have been found 
which could be cut into small ornaments. 

| The so-called ‘‘blue chrysoprase,” or copper-stained chalcedony, 
« ™* from the cee per and Live Oak gg mines near Miami, Aniz., 
was described in this report for 1909. Very little of this material is 
‘ow obtained from the mines, as the workings have been carried 
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below the levels in which it occurred. The small quantity now cut 
probably comes from stocks set aside while those parts of the mines 
were being worked, and from random lots still obtained by ‘‘jay- 
hawkers” from old stopes. 


DIAMOND. 
AREANSAS. 


Conditions in the Arkansas diamond region of Pike County have 
been briefly summed up by John T. Fuller.!. Prospecting during the 
last five years has demonstrated two diamond-bearing pipes. Wash- 
ing to date on the original area of discovery has yielded 28 carats of 
diamonds per 100 loads of 16 cubic feet of earth washed. Little devel- 
opment was done in 1911 through lack of capital. The most impor- 
tant find of the year was an 8}-carat white diamond on the Mauney 
tract, a portion of the ariginal pipe. This is the largest diamond so 
far found in Arkansas. other white diamond of 344 carats was 
found on the property of the American Diamond Mining Co. It is 
also the largest stone yet found on this property. 

The Arkansas Diamond Co. reports that its mine was not operated 
during 1911, but that a small amount of washing was done resulti 
in the recovery of 155 stones weighing 45§ carats. Press reports o 
the discovery of a big diamond in the Mauney mine? place its weight 
at 10 to 14 carats, one of the articles stating that the stone had not 
been weighed at that time. The diamond is described as “blue- 
white, apparently flawless, and wedge shaped.’’ No information 
about the stone was given to the Survey by Mr. Mauney, but it is 
doubtless the same stone whose weight is given as 8 carats by Mr. 
Fuller. In a communication received from the secretary of the 
American Diamond Mining Co., a diamond weighing 2$$ carats is 
reported to have been found on the company’s property by Mr. 
Reece Lamb, vice president. This stone has been valued at $165 
per carat and might lose 40 per cent in cutting. It is doubtless the 
same stone referred to by Mr. Fuller as weighing 34} carats. 


CALIFORNIA. 


Mr. M. J. Cooney reports that three small diamonds were found 
in the Cherokee Flats region, Butte County, Cal., during 1911. These 
stones were obtained by eer miners, washing for gold in the same 
way that all the diamonds of that region have been found. One of 
these stones of one-fourth carat weight is said to have come from 

und owned by the United States Diamond Mining Co., of which 
Mr. Cooney is president. 
TEXAS. 


Attention was called by Mr. T. E: Willson, editor of the Jewelers’ 
Circular Weekly, to a reported discovery of diamond in Texas, 
and further information furnished by correspondents was given. 
The Geological Survey has not examined the locality. The discoy- 
ery is claimed by Fred. W. Packer in Montgomery County, Tex., 
who states that he noticed the resemblance of certain formations 


8 Eng. and Min. Jour., Jan. 6, 1912, p.6. | % Jewelers’ Circular Weekly, June 21 and June 28, 1911. 
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of Montgomery County to those of the South African diamond mines 
and commenced eg ag A badly flawed diamond weighing 2} 
carats is repo to have been found and indications are that more 
rasta prospecting will be done. A stone reported to have come 
from Montgomery County was shown to the Sweeney Jewelry Co., of 
Houston, Tex., and was pronounced diamond. In a communication 
to the United States Geological Survey Mr. Packer states that the 
diamond was found 4 miles north of Montgomery and weighed 3} 
carats. 
ILLINOIS. 


A discovery of diamond has been reported in Jefferson County, 
Ill. Mr. Austin Q. Millar, of St. Louis, informed Dr. F. W. De Wolf, 
of the State Geological Survey of Illinois, in a letter dated Febru 
9, 1912, that a man had displayed 22 diamonds to the Eisenstadt 
Manufacturing Co., of St. Louis. The largest of these stones weighed 
74 carats. . Eisenstadt, of the Eisenstadt Manufacturing Co.. 
informed the writer that the stones were genuine and were reported 
to have come from the vicinity of Macomb, Ill., by C. L. Goulding, a 
jeweler of Alton, Ill. A press report! gives the locality as the farm 
of Matthew Fox, near ey, and states that the stone weighed 7} 
carats and would yield a gem worth about $225. A letter from Mr. 
Fox to the writer, dated Wood River, Ill., April 29, 1912, gives the 
following information: The diamond was found in Jefferson County 
about a year ago on the farm of T. H. Bledsoe, about 34 miles east of 
Ashley. It was found on a sone piece of ground in the gravelly 
soil KF cornfield a few yards from a stream. It weighed 7 carats 
and was purchased by a in Alton for $175. 


AFRICA. 
UNION OF SOUTH AFRICA. 


Cape Colony.—The output of diamonds during the fiscal year 1911 
by the De Beers Consolidated Mines? amounted to 2,180,856 carats, 
valued at £4,938,087, as compared with 2,416,666 carats, valued at 
£5,414,896, in 1910. The total production of blue ground in 1911 
amounted to 8,105,138 loads, as compared with 5,111,524 loads in 
1910. The total amount of blue ground washed was 9,219,192 loads, 
as compared with 8,531,090 loads in 1910. The stock of blue ground 
and Jumps on the floors was increased from 7,776,059 loads in 1910 to 
9,021,026 loads in 1911. The De Beers mine has not been reopened 
since it was closed in 1908. The surface equipment is being remodeled. 
Blue ground from the Beposiing floors of all the mines was washed. 
The yicld in carats of diamonds per load of blue ground washed 
decreased from 0.38 to 0.28 at the De Beers and Kimberly mines, 
from 0.32 to 0.27 at the Wesselton mine, and from 0.23 to 0.21 at 
the Dutoitspan mine. The yield per load of blue ground washed 
increased from 0.37 to 0.38 carat at the Bultfontein mine. 

Transvaal.A—The production of diamonds in Transvaal during the 
fiscal year ending June 30, 1910, amounted to 2,098,528 carats, valued 
at £1,317,479—an increase of 169,036 carats in quantity and of 


1 Jewelers’ Circular Weekly, Apr. 17, 1912. 
2 Twenty-third Ann. Say De Beers Consolidated Mines, for year ending June 30, 1911. 
* Ann. Rept. Govt. Min. Eng., Transvaal,1910. 
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£22,183 in value over 1909. The Premier diamond mine continues 
to be the principal producer, but several other mines and the alluvial 
diggings at Christiana contributed to the output. 

range Free State.—The total production of diamonds in the 
Orange Free State (formerly Orange Liver Colony) during the fiscal 
year ending June 30, 1910, amounted to 787,614 carats, valued at 
£1,525,707, as compared with 654,319 carats, valued at £1,048,607, 
in 1909. The principal output came from the Jagersfontein, aa 
fontein, Voorspoed, Roberts, Victor, and a few other mines, but the 
alluvial diggings along Vaal River contributed 1,653 carats, valued 
at £6,983. At the mines 8,027,487 loads of blue ground were 
washed, yielding 10.19 carats of diamonds per 100 loads of ground. 
The yield per 100 toads washed was less than in 1909, but the average — 
value obtained pee carat was greater. The value of the diamon 
from the alluvial diggings averaged more than twice as much as those 
from the mines. Among the largest diamonds found in the alluvial 
diggings was one of 38 carats, valued at £250, and another of 24 
carats, valued at £272. 


BELGIAN KONGO. 


The inact and occurrence of diamonds in Belgian Kongo has 
been described by Sydney H. Ball.2_ A few stones were found both in 
the tributaries of Lualaba River, and in that river itself by prospectors 
of the Tanganyika Concessions Co. during the years 1906 to 1910. 
These diamonds were found in gravels and the concentrates with 
which they were associated contain garnet, diopside, diallage, biotite 
phlogopite, olivine, zircon, wollastonite, aragonite, calcite, and 

oyazite. A rock similar to kimberlite is reported to occur in the 
undelungu Plateau, east of the diamond localities, cutting red 
sandstones of ‘‘Permo-Carboniferous’’ age. 

In 1906 American and Belgian capitalists took over a mining 
concession in Belgian Kongo under the name Société internationale 
forestiére et miniére du Congo. One small diamond of fine qualit 
was found by a prospector near Mai Munene in Kasai River. Wor 
was recommenced in 1911 and many diamonds were found. At one 

lace, about 55 miles northwest of Mei Munene 240 stones were found 
in two weeks by one man. So far diamonds have been found for a 
distance of about 75 miles aleng Kasai River, and in the lower parts of 
its tributaries. They occur in riffles or potholes in the river bed or in 
sands along their banks and are locally abundant. Some of the 
gravel has a rather weak limcnite cement. The majority of the 
stones are well crystallized. The commen forms are octahedrons 
with some dodecahedrons and a few trisoctahedrons. Curved faces, 
etching, and twinned crystals are ccmmcn. A large percentage of 
the stones are white, the others are mostly yellow and off-color, but 
some deep-yellow, topaz, and apple-green stcnes occur. Associated 
minerals are gold, quartz, cyanite, magnetite, zircon, ilmenite, 
feldspar, mica, garnet, epidote, rutile, and hematite, in addition to 
carnelian, chalcedony, agate, jasper, chert, diorite, schist, and granite 
pebbles. 


1 Seventh Ann. Rept. Mines Dept. Orange Free State, 1910. 2 Eng. and Min. Jour., Feb. 3, 1912. 
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The basement rocks of the region are micaceous schists, quartz- 
ite, granitic, and basic igneous gneisses intruded by granites, diabases, 
and gabbros. They are older than ‘‘Permo-carboniferous’”’ and are 
probably of pre-Cambrian age. On this basement series ‘‘Jura- 
triassic’’ sandstones and shales were deposited. These sandstones 
and shales now form a blanket over the central basin of Kongo River. 
The deeper streams have cut through them to the basement rocks, 
and it is in such a stretch of Kasai River that diamonds have been 
found. The diamonds may have originated from one of the basic 
igneous rocks of the older series, or have formed pebbles in the sand- 
stones. It is thought to be more probable they will be found in 
basic intrusive masses cutting ‘‘Jura-triassic” sandstone. It is 
. interesting to note that these beds are the pam os re equivalent of 

ee youngest sedimentary rocks cut by the kimberlite of South 

ca. 
GERMAN SOUTHWEST AFRICA. 


According to Consul General T. St. John Gaffney,’ the diamond 
fields in German Southwest Africa have not come up to expectations 
after five years of development. The dividends paid by the Colonial 
Mining Co., the Kolmanskop Society, and the German Diamond 
Society have fallen off considerably and the Liideritzbucht combined 
companies paid no dividends in 1910. Difficulties reported are 
the exhaustion of the rich supply of the surface diamonds, requiring 
more costly mining methods, a shortage of labor, and an export tax 
of 334 per cent of the gross value of the diamonds. 


NOTES ON DIAMOND. 


Larger diamonds of South Africa.—L. J. Spencer? has given a list 
of 26 of the larger diamonds of South Africa, with their weights, the 
number of stones cut from many of them, etc. Twenty-five of these 
diamonds weighed over 100 carats each, and nine of them yielded 
single cut gems of over 100 carats weight. Of 13 of the diamonds 
the yield of cut gems ranged from 34} to 59 per cent. Among the 
diamonds mentioned are the Cullinan, Excelsior, Jubilee, Imperial, 
Tiffany yellow, and Star of South Afmca. Errors and uncertainties 
concerning the weight of some of the stones are corrected and adjusted, 
thus: The Excelsior diamond is shown to have weighed 9694 carats, 
the Jubilee 634 carats, and the Imperial ecco 456 carats. 

Metric carat.—In the article mentioned Spencer calls attention to 
the difficulty of getting the correct weight of many gems, especially 
of those of international interest, when a standard weight of measure 
is not used and when the word ‘‘carat’”’ means something different in 
different countries. The simplicity of the metric carat of 200 milli- 

rams as a substitute for the variable carat weight of many countries 
is made evident. The metric carat is 5.304 milligrams lighter than 
the English carat. It has been legalized in Bulgaria, Denmark, 
France, Germany, Holland, Japan, Norway, Portugal, Roumania 
Spain, Sweden, and Switzerland. The metric carat e officia 
gn Germany* on April 1, 1911, and should be adopted by all countries 
r simplicity and convenience. 


1 Dally Cons. and Trade ts., Sept. 6, 1911. 
3 Mineralog. Mag., vol. 16 , 1911, 140-148, 
3 Jewelers’ C. Weekly, Apr. 17, 19. 
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EMERALD. 
NORTH CAROLINA. 


Emerald is ranked among the few really precious stones and by 
some people is considered the most valuable. It has been prized 
from early times because of its beauty and rarity. The number of 
localities where good gems have been found is few, and some of those 
once known have been forgotten. The following notes on foreign 
localities are taken from a book by Max Bauer.' Emeralds found 
with the mummies of Bnew! came from the mountains 
along the west coast of the Sea in Upper Egypt, where ancient 
workings were discovered during the nineteenth century. Mines in 
the Salzburg Alps are said to have been worked intermittently for 
emeralds since the time of the Romans to the present. The world’s 
principal supply of emeralds has come from South America. They 
were first brought to Europe from Peru by the Spaniards in the six- 
teenth century. None are now found in that country, and it is 
thought that the Peruvians obtained them from Colombia. Three 
mines were worked by the Spaniards in Colombia. Later two of 
these were lost, and for many years the only mines worked were those 
near Muzo. Recently the lost mines: of Somondoco were found on 
the east side of the Andes Mountains at an elevation of about 9,000 
feet above sea level. 

Fine emeralds have been found in the Ural Mountains about 60 
miles east of Ekaterinburg. This locality was discovered in 1830 by 
@ peasant, who noticed the stones among the roots of a tree torn up 
by the wind. A few other European localities are known. Emer- 

ds have been found at two localities in Australia. The most prom- 
ising one is near the township of Emmaville in New South Wales. 

Several localities in the United States have yielded emeralds, but 
the best specimens have come from North Carolina. In Maine a 
few stones have been found at Topsham and a pale-colored stone at 
Newry. A few crystals are reported to have been found at Haddam, 


nn. 

In North Carolina three localities are now known where good 
emeralds occur. The first of these to be discovered was in Alexander 
County in 1875 by J. A. D. Stephenson, of Statesville, N.C. This 
locality was later developed into the emerald-hiddenite mine near the 
present railroad station, Hiddenite. The second locality was dis- 
covered in 1894 by J. L. Rorison and D. A. Bowman on Crabtree 
Mountain in Mitchell County. Both of these deposits were devel- 
oped on a fairly large scale and a few fine gems were obtained from 
each. Progress at the third emerald locality described below has 
been given in these reports for 1909 and 1910. The deposit is on the 
land of W. B. Turner, 4} miles S. 30° W. of Shelby, near the east bank 
of First Broad River, in Cleveland County. Some 15 years ago two 
emeralds were found loose in the soil on the Borders farm about 1 
mile east of Mr. Turner’s. Further search failed to discover more 

ems and prospecting was given up. Subsequent .nvestigation 
indicates that these stones were transported by residents or farm 
hands on the Turner plantation to the adjoining place during friendly 
intercourse of long standing. . oo 


1 Precious stones (translation by L. J. Spencer); Charles Griffin & Co., Ltd., London, 1904, pp. 309 et s 
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The attention of the writer was called to the discovery on the 
Turner place by Mr. George L. English, of Shelby, to whom acknowl- 
edgment is due for many courtesies and much information. The 
first visit to the Ercepec’ was made in December, 1909, at which time 
no digging had been done, but about a dozen emeralds had been 
found loose in the soil of a cotton field. The locality is in a rather 
roughly dissected portion of the Piedmont Plateau, such as is gener- 
ally found along the larger creeks and rivers. The elevation is about 
680 feet above sea level, or about 30 feet higher than First Broad 
River near by. The higher ridges of the Piedmont Plateau in the 
neighboring country are about 800 to 850 feet above sea level. The 
crystals have come from an area of about 100 feet by 25 feet on a 
hillside of moderate slope to the northwest. The slope is toward the 
river on the west about 150 yards and toward a small stream enter- 
ing the river from the northeast. The field in which the emeralds 
were found had been cultivated and they were exposed by plowing 
and by the washing of rains. 

Prospecting up to December, 1911, consisted of the digging of 
several pits and trenches, some of which had been filled up. 
largest working was a crosscut trench over 100 feet lon te from 2 
14 feet deep. This work was.done by Mr. Turner and Mr. English 
during 1909, 1910, and the first part of 1911. The property was 
optioned and leased by Lovat Fraser, of New York, and pros 

uring the last part of 1911 and the first part of 1912. the 
spring of 1912 it was purchased by Messrs. Fraser and E. P. Earle, of 
Siew ork, and will be extensively prospected. Excavations have 
been carried deeper by Mr. Fraser than when last examined by the 
writer. Promising finds of emeralds have been made at each work- 
ing, but these discoveries have been followed by periods of uncer- 
tainty as to the continuity of the vein. 

The crystals found loose in the cotton field had a fine dark-green 
color, but were somewhat checked and flawed, and some contained 
silky internal oe The largest of these emeralds and the best 
specimen so far found measured about 1 inch by three-fourths of an 
inch by half aninch. It was about half of a crystal split parallel with 
the length. This piece has been cut into about 20 gems, the | t 
of which is a faceted stone weighing about 3 carats. This stone 
been described as having an excellent deep-green color and as being 
particularly beautiful at nights. It has almost no visible flaws but 
is slightly foggy in strong daylight. The other gems cut from this 
crystal are of similar quality, but some contain more flaws. The 
other stones found on the surface ranged down to less than a carat 
in weight in the rough and most of them were deep green. Some were 
nearly whole crystals and others were ag Pee of crystals. All 
were rather strongly etched and striated. Very pretty gems have 
been cut from smaller fragments of crystals found on the surface. 
Some of these were sold at rather low prices before their true value 
was realized and the proceeds were devoted to prospecting. These 
goms brought $10 to $30 per carat. A lot of 11 of these emeralds 
cut ‘‘en cabochon,” weighing about 9 carats, have been mounted in 

smal! necklace and would bring several hundred dollars at retail 

ces. 
"Gems cut from emeralds removed from the vein have also proved 

* good quality but are probably not quite so deep in color as those 
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found on the surface. The crystals from the vein range in size from 
that of a portion of a large needle to a broken specimen measurin 
seven-eighths of an inch thick and nearly 5 inches long. Some of 
these emeralds have fairly well pein ee crystal faces, but the 
majority are roughly striated and pitted, though retaining a rude 
hexagonal outline. In some specimens no trace of crystal form 
remains. As usual with emeralds, only small pieces are free of 
flaws and imperfections. Many crystals contain slight checks across 
their length, and in some the flaws lie at all angles. Some stones are 
cloudy and others contain fine internal striations or silkiness. Stones 
in which this is pronounced give a fine cat’s-eye effect when tipped to 
and fro. Small crystals have been found that will cut practicall 
flawless stones up to one-half carat in weight, and even in such sm 
gems a flawless emerald of good color is very rare. The quality of 
many of the emeralds can not be judged from their external appear- 
ance, as the exterior is badly striated and by reflection of the light 
makes the stone appear both of lighter color and more imperfect than 
it really is. The average of the emeralds from the Turner mine has 
been pronounced equal in quality to the average run of Colombian 
emeralds, and New York dealers are beginning to recognize the 
beauty of the North Carolina gem. 

Mr. Fraser has furnished an estimate of the total quantity of 
emeralds obtained from the Turner mine along with notes on a few 
of the gems cut from vein material. The exact weight could not be 
given, as some of the stones were cut and sold before the property 
came into his charge. In all about 2,700 carats of rough stones have 
been found. So far over 200 carats of gems have been cut and to 
judge from the ie in cutting, about 700 carats of cut gems ought 
to = obtained from the 2,700 carats of rough material. From the 
rough material selected as fit to cut, the ield of gems has been about 
one-third. The cut gems have been valued at $5 to $200 per carat 
wholesale, and a moderate estimate of the average value would be 
$15 per carat. 

One lot of 27 cut stones ranging up to over a carat in weight, seen 
by the writer, contained some fine stones. One of these with a table 
cut, weighing 0.83 carat, was a fine, clear, dark-green gem with only a 
slight flaw. This stone has been variously estimated by lapidaries 
and dealers as worth from $125 to $200. Reputable lapidaries valued 
it at about $200 percarat. Otherstones in this lot are worth up to $90 
alg butsome would probably not bring over $10 to $25 per carat. 

. Fraser mentions a lot of smaller gems, chiefly about one-fourth of 
a carat in weight, butsomeat least half acarat, which are“ brilliant, very 
clear and clean, and of good green color.” One oblong faceted stone 
of about 1 carat has a good color, is clear, and is not badly flawed. 
It is considered one of the best gems found. Another fairly clear and 
fairly brilliant gem weighing 2} carats and having a good color has 
been classed by a lapidary as one of the most important gems. 
attractive gem is a rie tapering drop weighing 20 carats. It has an 
excellent color and is clear in spots. 

Before taking up the discussion of the geologic occurrence of the 
emerald a few notes on its nature and modes of occurrence at other 
localities will be given for comparison with the new locality. 


Emerald is a varicty of the mineral beryl. Beryl is a silicate of 
all A 


aluminum and beryllium containing a small per cent of water. Sm 
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quantities of other elements may be present and in some stones 
influence the color. Thus, beryl containin f cesium is generally color- 
less and very brilliant; the presence of lithium produces the pink 
beryl, and chromium the emerald. Other color varieties of beryl are 
aquamarine, blue beryl, and golden beryl. A small per cent of 
chromium oxide is sufficient to impart a rich emerald-green to beryl. 
According to Bauer,' an analysis by F. Wohler of Colombian emerald 
gave 0.186 per cent chromium oxide. 

bey crystallizes in the hexagonal system and commonly occurs in 
six-sided prismatic crystals terminated by the base with or without 
other faces. In emerald simply the prism faces and base are the 
most common. Beryl is nearly always found crystallized, even when 
“‘frozen’”’ in hard rock. Crystals that have developed in cavities are 
in some cases beautifully developed. 

The following notes on the occurrence of emeralds in Colombia, 
Eeypt, the Ural Mountains, and Salzburg Alps are taken from Max 

auer. ; 

In Colombia emeralds occur in calcite veins and nests in dark 
bituminous limestone. The limestone overlies red sandstone and 
clay slate of Cretaceous age. The calcite may be dark with bitumi- 
nous matter or clear like Iceland spar. Associated with the eme- 
ralds are fine quartz crystals, both colorless and green, pyrite, green 

um, black dolomite, and parisite, a fluo-carbonate of cerium, 
and other rare metals. In Upper Egypt the emeralds occur in dark 
mica schist interfoliated with talc schist, and at one locality these 
rocks contain also sagite and hornblende. The occurrence in the 
Ural Mountains is said to be very similar. In the Salzburg Alps the 
matrix is described as somewhat similar and consists of finely granular 
dark brown and greenish mica schist interfoliated with chlorite and 
hornblende schist. 

The emeralds found in Maine and Connecticut were associated with 


pegmatite. 

At the emerald-hiddenite mine in Alexander County, N. C., emeralds 
have been found in pockets and cavities in veins cutting biotite gneiss. 
The gneiss has been strongly compressed and folded while in a plastic 
condition. In the neighborhood of the veins it has been highly silici- 
fied by the addition of much quartz which, along with muscovite, 
rutile, pyrite, etc., has replaced the biotite and feldspar. The minerals 
filling the veins are quartz, calcite, dolomite, muscovite, rutile, black 
tourmaline, pyre, chalcopyrite, monazite, aquamarine, emerald, and 
hiddenite. ere are numerous veins near the mine which 
common beryl, aquamarine, and quartz, but emeralds and hiddenite 
were found in only a few veins. Hiddenite, the emerald-green 
apoaieNens was the chief mineral of value obtained from this locality, 
though some fine emerald thea were found. 

According to Arthur Keith,? at the Crabtree Mountain locality in 
Mitchell County, N. C., the emeralds occur in pegmatite inclosed in 
mica gneiss. A few feet east of the vein is a body of hornblende 
enetie. The pegmatite has a northerly strike and dips 45°-50° E. 

t is composed mainly of feldspar, quartz, black tourmaline, and beryl, 
and incloses horses of biotite-tourmaline schist. The emeralds occur 


1 Precious stones (translation by L. J. Spencer) Charles Griffin & Co., Ltd., London, 1904 
2 Mount Mitchell folio (No. 124), Geol. Atlas U. b., U. 8. Geol. Survey, 1905. 
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sparingly through the pegmatite but are more plentiful in the upper 
8 inches under the hanging wall where many are in small bunches and 
horses of schist. The gems are “frozen” in the comer Small 
crystals of emerald are abundant, and the color of many of them is 
good emerald-green. Some are pale colored or yellowish. Occa- 


sional gems of value have been found. Much of the atite matrix 
containing white feldspar, gray quartz, black tourmaline, and green 
emeralds, has been cut under the name of emerald matrix. Some of 


this materail is very pretty. 

The occurrence of emeralds at the Turner mine is similar in many 

respects to that at some other localities, but there are here certain 
associated rocks which seem to belong naturally with the occurrence 
‘of emeralds that are not present in other deposits. 
The rocks of this portion of the Piedmont Plateau are principally 
eisses and schists of Archean age, cut by masses of later granite, 
orite, and other rocks. In the region around the emerald prospect 
the types of rock are varied. There are mica, garnet, cyanite, graphite, 
and hornblende gneisses and schists cut by granite, pegmatite, 
diorite, gabbro, and other ferromagnesian rocks. Another rock 
which answers the description of garnetiferous quartz diorite occurs 
abundantly at certain horizons in the gneiss. The strike of the 
rock formations is variable between east-west and north-south 
where the strata are tilted, but over large areas they are essentially 
flat with many small rather gentle folds. 

Warping of the rocks with larger sharp folds occurs and produces 
abrupt changes in outcrop, so that mapping the formations is diffi- 
cult. Another difficulty is the apparent metamorphism of ferro- 
magnesian rocks to rocks of less basic composition, and of granite to 
more basic composition by reaction between the two at the time of 
the intrusion of the granite. In the descriptions of the rocks asso- 
ciated with the emerald deposit in these reports for 1909 and 1910, 
tentative names were given to some rocks, as the material available 
for examination was so badly weathered. Less altered specimens 
obtained from greater depth have made more accurate determinations 
possible. Thus, rock called amphibolite, and amphibolite after 

yroxenite, proves to be hornblende hypersthenite and is so called 
elow. A number of varieties of basic rocks occur, but all may be 
placed in one general class. 

The most common type is hornblende hypersthenite-peridotite, 
and of this there are numerous outcrops. In some occurrences 
olivine is lacking or scarce, and the rock may be called hornblende 
hypersthenite. The minerals composing these rocks, as determined 
by microscopic examination, are pale-green hornblende, light- 
brownish hypersthene, olivine, augite, biotite, pleonaste, magnetite, 
and a little sulphide. Hornblende and hypersthene are present in 
all occurrences, but one or all of olivine, augite, biotite, and pleonaste 
were not observed in some specimens. The zy poceinenye and olivine 
occur in poikilitic crystals, in some specimens of large size. In some 
places weathering has changed hypersthene to bastite, hornblende 
to chlorite, and added limonite stains. The result is a rock resem- 
bling chloritic soapstone, On disintegration and decomposition these 
rocks break down to a dark greenish-brown ay Re 

Gabbro occurs at several localities and is of two kinds, common and 
olivine gabbro. The former exhibits a partial diabasic texture in thin 


* 
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section. The constituent minerals determined microscopically in one 
specimen are labradorite, hornblende, part original and part formed 
from pyroxene, augite, hypersthene, biotite magnetite, 4 beer and 
A baeticdde Olivine gabbro is associa with the hornblende 
ypersthenite-peridotite, and the two rocks are probably segrega- 
tions from the same magma. Some specimens contain such minerals 
as to make it dificult to determine whether the rock should be called 
olivine gabbro or hornblende hypersthenite-peridotite. The olivine 
gabbro weathers to a soil very similar to that formed by the perido- 
tite. Spheroidal bowlders are generally left over in the outcrops. 

Diorite and hornblende gneiss are common rocks of the region. 
Microscopic examination ae cestlote reveal hornblende, andesine, 
biotite, iron ore, apatite, zircon, and, in some specimens, quartz. On 
weathering the dioritic rocks form dark-brown c ay soils. 

The granite of this region is medium-grained biotite granite. Peg- 
matitic phases are associated with it, especially near the contact wi 
other rocks, and in some places the small bodies may equally be called 
pegmatite or granite. On disintegration the granite breaks down to 
& apne sandy soil. 

erelations between the granite and the basic rocks are interesting. 
Besides the types of basic rocks mentioned, there are gradations from 
them into granite by the presence of pees minerals. This gradation 
is present where gabbro, olivine gabbro, and hypersthenite-peridotite 
are inclosed in granite. Thus, a specimen from a spheroidal bowlder 
of weathering near a gabbro and granite contact contained andesine 
or labradorite, hornblende after pyroxene, biotite, and considerable 
uartz along with iron ore, apatite, and pyrrhotite. The true gabbro 
rom this body has more calcic feldspar and ferromagnesian minerals 
with no quartz. A spheroidal bowlder from a similar contact at the 
emerald mine contained hornblende, biotite, labradorite, quartz, 
magnetite, and apatite. Diorite contacts with granite show a similar 
gradation by the presence of quartz. 

The — of all the different rocks have not been determined. The 
mica and garnet gneisses and schists are of Archean age and belong 
to the Carolina gneiss, as designated by Keith in the geologic folios 
on thesouthern Appalachian region. The diorite and associated horn- 
blende gneiss and schist are also Archean and belong to the Roan gneiss. 
The gabbro, olivine gabbro, and hornblende hypersthenite-perdotite 
rocks are probably of later age. They were intruded into the other 
gneisses and schist before the granite, and Keith thinks much of the 
granite of this region is probably of post-Carboniferous age. The 
intrusion of the granite before the complete consolidation of the 
basic rock magmas would make easier an explanation of the apparent 
mutual absorption described above that has taken place between the 
two. If the basic rocks are considered much older than the granite, 
the reaction between the two and absorption by the granite appear 
to offer a better explanation than would be offered by magmatic 
heer ae 1 ; ‘ : a, 
egmatite probably representing later st of activity of the 
os pyeorsim have filled speniics and hecivee. in the rocks. Some 

these are in the basic rocks, and it is in such filli that the 
pmeralds have been found on the Turner place. Several-pegmatite 
ins have been uncovered during the prospecting, but so far emeralds 
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have been found in only one of them. The basic rocks are olivine 
gabbro and hornblende hypersthenite, with transitional phases be- 
tween them. Diorite lics to the west of these, and all have been 
surrounded and intruded by biotite granite. ; os 

The emerald-bearing vein has an irregular strike approximat 
east and west with a high dip north. It is medium to coarse grained, 
and is composed of quartz and feldspar, part of which, at least, is 
albite, with some black tourmaline sprinkled through it and an occa- 
sional emerald or green beryl crystal. The crystallization of the min- 
erals of the pegmatite is not good, but a few partly idan gy crystals 
are found in small, irregular miarolitic cavities. Crystals found in 
these cavities are quartz (colorless and smoky), albite, feldspar, 
black tourmaline, and a little beryl. The cavities in the _ 
are partly filled with reddish-brown, peng: Sapo clay, and the same 
material along with limonite stains has permeated joints and seams 
through the pegmatite. The feldspar cf the eee has partly 
decomposed in places, so that the rock breaks down rather a 
Some of the emerald crystals are firmly attached to other minerals, 
and some are loose and may be obtained by washing the semidecom- 
posed pegmatite. At first many small fragments and crystals of 
emeralds were found in this way, but later gem emerald was also 
found in place in the rock. 

The crystellization of the quartz and feldspar so far found in the 

tite vein is not so perfect as that in the veins once worked for 
eryl and hiddenite at Hiddenite, N. C. The albite assumes the 
form of rough crystels and of aggregations of stout crystcls, though 
not of the clevelandite type common in meny gem-bearing pegma- 
tites. The quartz occurs in crystels of everago perfection, and in 
meny of the specimens exhibits trapezohedral faces indicating a 
right-hend character. Some of the quertz is nearly colorless and 
other is smoky. One crystcl of quartz examined is penetrated by 
numerous fine light-colored needles of actinolite. The emerald 
crystels are simple hexagonel crystels of beryl with the prism faces 
and base. Many of them ere deeply striated and etched, especially 
on the bers aces. Other crystals have internal striations or 
irregularly shaped tubes extending through their length. Some of 
these tubes are of considerable size compared with the crystal inclosing 
them and have been filled with clay or iron stains. e finer tubes 
appr as silky striations in the crystals. 
eins containing quertz crystels occur in the same formation as the 
emerald-bearing pegmatite. Some of tho quertz crystals from these 
veins ere fairly well developed end cleer; others contain inclusions 
of fine needles of actinolite and cut into very pretty gems. Veins of 
ao crystels occur over a large area in this region and yield some 

e specimens. Large crystals containing liquid with bubbles have 
been found about a mile northwest of the emercld mine in a similar 
rock formation. Bleck tourmaline is plentiful both at the emerald 
mine and in other pleces. 

Determinations of chromium oxide were made in four rocks from 
the emerald regiom by R. C. Wells, of the United States Geological 
Survey. Hornblende hypersthenite well rock for the emerald vein 
carried 0.16 per cent Cr,O,; olivine gabbro, elso close to the emercld 
vein, contained 0.17 per cent Cr,O,; hornblende-hypersthene-augite all 


42565°—m B 1911, pr 2——67 


1058 MINERAL RESOUECES. 


peridotite from about three-fourths of a mile east of north of the 
emerald mine carried 0.19 per cent Cr,O,; and diorite from near the 
emerald mine carried 0.04 per cent Cr,O,. 

Pale-greenish, yellowish, and gray beryl crystals have been found 
in tite cutting granite and mica schist and gneiss in this region, 
but the only emerald deposit discovered is where such tite 
cuts a chromium- ing rock. This association of d-beari 
pegmatite with a chromiferous basic rock seems a most natural one. 
A theory of origin of the emeralds at the Turner mine may be thus 
briefly stated: 

Chromium-bearing basic rock was intruded by granite 
either before or after final solidification of the basic rock. 
was & partial absorption of the latter by the ite and some 
of the constituents of the basic rock were taken into solution. P. 
matite veins, in which distinct crystals were only partly developed, 
formed during the cooling of the rocks. The elements necessary for 
the formation of beryl were present in the magmatic solutions pro- 
ducing pegmatite, as in some other places in the region. Chromium 
oxide necessary to impart a color to the emerald was obtained by 
the action of solutions on the basic rock. A curious coincidence 13 
the fact that the per cent of Cr,O, in the basic rocks at the Turner 
mine is about the same as that found in emerald from Colombia, by 
T. Wohler, as mentioned above. 

Should the theory of origin outlined above be essentially correct, 
ot te rock associations occur might 
te other deposits of emeralds. Of course, it should not 

ted that every tite associated with the rocks mentioned 
ull carry emerald, for 1 has been found with only a very small 
roportion of the large number of pegmatites occurring in the region. 
Recides chromium-bearing basic rock and pegmatite, the presence of 
the elements of beryl in the ss pa pegmatite-producing solutions 
would be necessary. Outcrops of basic rocks similar to those at the 
Turner mine occur in a number of localities in the region south of 
Shelby, and some of these are near if not associated with granite. 
Pecmatites cut many of these basic rock masses, and over some of the 
outcrops crystals of black tourmaline, quartz, and quartz-inclosing 
actinolite are plentiful as at the Turner mine. In some of these areas 
the associations are very similar to the emerald locality. The 
occurrence of the basic rocks is not always easily recognized, since 
weathering has been extensive. In such places a study of the soil 
will often give the clue desired. 


_ GARNET. 
NEW HAMPSHIRE. 


The occurrence of a quantity of deep-red garnets on a hill near 
Chesham. in Cheshire County, is reported by Mr. Leon Allen, of 
Keene, N. H. The garnets are s but would yield clear gems 

ang from one-eighth to one-half of a carat. Further prospecting 
earried on during 1912. 


COLOBADO. 


@ discovery of small bricht-yellow grossularite ets is re 
fr. J. D. Endicott, of Canon City, Colo., in the basin of North 
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Fork of Arkansas River. These garnets occur in cavities in altered 

itic rock and make good specimens. They are of gem quality 
But too small for cutting. Mr. Endicott also obtained a quantity of 
specimens of spessartite garnet from the “Ruby Mountain’’ locality 
across Arkansas River from Nathrop. These garnets occur in 
cavities in rhyolite associated with topaz and other minerals. The 
topaz also occurs in good crystals and makes fine specimens. 


JASPER. 
MONTANA. 


Specimens of Montana jasper have been furnished by Mr. J. H. 
ra of Glendive. One variety is composed of dark-yellow 
jasper, in which are turtle-back markings of gray chalcedony and a 

ittle metallic hematite with a few patches of bright-red jasper 
scattered through the specimen and in a broad band along one side 
of it. The pattern and colors displayed by a gem cut from this 
material are very pretty. Another variety which Mr. Mosher calls 
mahogany jasper has a dark-reddish mahogany color with peculiar 
patches and irregular streaks of darker color resembling the grain 
of wood. 

CALIFORNIA. 


The spherulitic jasper-like quartz from the San Francisco re 
described in this report for 1910 is being cut with good results. e 
trade name ‘‘kinradite’’ was proposed in acknowledgment of Mr. 
J.J. Kinrade’s part in bringing this unique gem before the public. 
There is considerable variation in color and size of markings in dif- 
ferent specimens, but the beautiful radial structure of the aa. 9 spheru- 
lites is visible in most gems. Probably the most common type of 
stone consists of bright-red spherulites in dark-greenish and reddish- 
brown matrix. An attractive stone is cut from material in which 
the red spherulites are scattered through an ocher-yellow matrix. 
Mr. Kinrade says the best specimens are found between Point Bonita 
and Fort Baker in the southern end of Marin County. Another 
locality is near Lands End station about 1 mile northeast of the 
Cliff House in San Francisco County. ‘“‘Kinradite” is also found at 
ame places along the coast of California as far north as the Oregon 


e 
Bloodstone.—Specimens of bloodstone and notes on the occurrence 
have been furnished by Mr. F. M. Myrick, of Randsburg, Cal., from 
a new locality discovered by him in San Bernardino County. The 
stones were found on Brown Mountain in the Death Valley region 
about 15 miles north of the St. Stephen stone locality mentioned 
above. Several pits have been made, the largest of which is 15 feet 
long, 10 feet wide, and 12 feet deep. The bloodstones are found in a 
claylike formation in “‘malpais’”’ over an area 800 feet long and 200 
feet wide. They occur in bunches or pockets containing from a few 
pounds to more than 30 pounds. The color and quality of the blood- 
stone found at the surface are as good as those from a depth of 12 
feet. Several hundred pounds of rough stone have been mined and 
a quantity of select material placed on the market. 
e mineral is true bloodstone or heliotrope composed of slightly 
translucent dark leek-green plasma through which bright blood-red 
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and yellowish-red spots, patches, and streaks occur. Some of the 
plasma has a un-form color and texture over considerable areas, and 
some contains a few he ese and streaks of chalcedony and finely 
ae quartz. few of the red spots are rounded like drops 
of blood, but most of the red is in large or small irregular patches 
and streaks. The different patterns formed in the latter case furnish 
pretty gem material, but the most valued specimens are those in 
which the red spots are nearly uniform in size and distribution 
through the n. Cut gems of this bloodstone have been well 
received in the Southwest and some of them have brought good 
rices. 

P LAZULITE. 

CALIFORNIA. 


The writer is indebted to Prof. G. Montague Butler, of the Colorado 
School of Mines, for two gems cut from lazulite matrix from C alifor- 
nia. The rough matcrial was obtained from Breyfogle ( anyon, in 
Death Valley, by W. B. Patrick, a former student of Prof. Butler's. 
The lazulite occurs in a vein cutting schist. The vein varies from | 
inch to 5 feet in thickness and can be traced several miles. The 
lazulite is confined to a comparatively few ag ap in the vein. Pur 
blue gems can be cut from some of the lazulite, but Prof. Butler states 
that they are not as pretty or attractive as those containing matnx 
The matrix is chiefly white quartz with occasional brownish patches 
and seams. In the specimens examined the lazulite varies from Lion 
azure blue to fairly deep azure blue. In one specimen it occurs in both 
small crystals and 7 ipkog aggregates through the white quartz. In 
the other specimen there is a large crystal or crystal aggregate with 
less quartz. These gems are unusual and pretty and are said to be 
very attractive mounted in silver. 


OPAL. 
NEVADA. 


Further information regarding the opal deposits in Humboldt 
County, Nev., mentioned in this report for 1909, has been given by 
Mr. Ivan Dow, of Nevada City, Cal. The deposits are on the Miller 
& Lux ranch, managed by H. E. Rinehart, about 20 miles south of the 
Oregon State line and 40 miles east of the California State line. Ivan 
Dow and George D. Matthewson, of Delta, Utah, own an interest in 
the opal deposits and have been encouraged by finding some fine gem 
matcrial. Prospecting will be continued during 1912. The precious 
opal occurs in part as petrifactions of wood and limbs of trees. In 
such specimens the texture of the wood has not been preserved, but 
the outline remains with the bark of branches of a slightly dierent 
color from the interior. The opal has been declared of fine quality by 
dealers. Gems of excellent quality obtained from this locality have 
been seen by the writer. 

MEXICO. 


A description of a Mexican opal mine was given by T. M. M 
MacFarlane in a paper read before the Instituto mexicano de minas y 
metalurgia, August 7, 1911, of which the following is an abstract: # 


1 Taken from abstract in Eng. and Min. Jour., Oct. 28, 1911, p. 842 
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The principal producing opal mines of Mexico are at present in the 
state of Queretaro, though fine stones have come from Zimapan, 
dalgo. e mine examined is near the po a range of hills com- 
»osed of reddish-gray spherulitic rhyolite. @ mine was opened in 
-his rock some six years ago at a point where opals had been exposed 
> weathering. 8 op is obtained by quarrying and later brealzing 
1p the blocks into 2-inch cubes orless. The face of the quarry is about 
LO feet high of which the lower 25 feet is productive. The upper 15 
‘eet of eet is decomposed and carries no ame It is stripped to 
she opal- ering layer and the latter is quarried. Gunpowder is used 
n blasting the barren ip tore but dynamite is necessary in the hard 
»pal-bearing rock. The limit of depth to which opal will be found is 
20t known, but other mines are reported to be producing opal at a 
— of 100 feet. 

urface indications for opal called “pintas” consist of a white sili- 
zeous sinter filling cavities in the rhyolite. These are considered infal- 
ible but furnish no information as to the quality or quantity of opal 
to be expected. A corroded appearance on the working faces and 
numerous cavities containing deposits of silica are common in the 
quarry. Many of the cavities are lined with clear brittle quartz and 
contain loose deposits of opal. In other cascs opal fills the entire 
spaces in which it occurs, and is intimately joined to the rock either 
with or without surrounding iron stain. al of good quality is 
found in both occurrences. 
About once a week the rough opal is taken to Queretaro for polish- 

The stones are first roughly shaped on ordinary large grind- 
stones into the largest sizes consistent with symmetry and kLeauty. 
The roughly cut gems are then smoothed on a sandpapering machine 
and given a final polish on soft rough leather. 


QUARTZ. 
OHIO. 


Occasional clear colorless pebbles are found in the gravel beds in 
the vicinity of Windsor, Ohio, and a few have been cut for gems. 
Several small rough specimens and a cut gem were received from 
Mr. 8. Stoughton, of Windsor, for identification. They proved to be 
transparent quartz pebbles of sufficiently good quality for cutting 
where such material is desired. 


ROSE QUARTZ. 
VARIOUS LOCALITIES. . 


Rose quartz occurs at many localities in the United States, and 
sian me quantities from a number of these have been cut for gems 
and ornamental purposes. The principal output has come from the 
Red Rose mine of Samuel Scott, 64 miles S. 50° E. of Custer, S. Dak. 
This mine was described in this report for 1908. Other deposits of 
rose quartz occur in the Black Hills of South Dakota, but so far none 
have yielded good dark gem material. Rcse quartz has been found 
at several places in Colcrado, and promising material occurs in the 
Wild Rose claim cf J. D. Endicott, 6 miles north of Texas Creek, 
Colo. Deep rich pink rose quartz has been found in Maine, but much 
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of the mineral from that State is rather pale colored. Rose quartz 
of bi quality has been found in Connecticut and New York. 
Several deposits have been located in California in widely separated 
areas; among these are the Parson claim, described below, several 
deposits near Lemon Cove and Badger, in Tulare and Fresno coun- 
ties, in Hemet Valley, Riverside County, and in San Diego County. 


CALIFORNIA. 


The Summer Rose quartz claim of W. D. and George W. Parson is 
about 8 miles south of east of California Hot Springs, probably in Tulare 
County near the Kern County line. It is on the west side of Bull 
Run Ridge in the roughly dissected plateau-like country east of the 
first high ridge of the Sierra Nevada, a few miles west of Kern River. 
The elevation at the mine, determined barometrically, is about 7,000 
feet above sea level, or nearly 4,000 feet higher than California Hot 
Springs. The region around the prospect is well timbered with pines, 
spruce, fir, and arbor vite. 

The rose borat ledge was discovered some 15 years ago by Geo 
W. Parson, but little attention was paid to it until 1908, when s 
mens were taken and submitted to dealers. The Summer Rose claim 
was located in October, 1910. Only assessment work has been done 
at the prospect, consisting of openings in the hard rock in search of 
gem material. Much care is required in this process in order that 
valuable mineral may not be destroyed. 

The cron! f over a large area surrounding the proses is granitic 
in nature and in the field might be called hornblende-biotite jae 
A specimen from adjoining the rose quartz cepnets, examined under 
the microscope, contained andesine and a little orthoclase feldspar, 
dark-brown biotite, dark-green hornblende, considerable quartz, a 
little iron ore, and apatite. Such a rock is intermediate between 
monzonite and quartz diorite, and here might be called coarse quartz 
diorite. It has disintegrated to a gravelly sandy soil, through which 
occur spheroidal bowlders of harder rock. The rose quartz outcrops 
on the steep slope near the crest of a ridge. It is associated with fine 

phic granite in a mass of pegmatite. The quartz mass stands 
about 25 feet above the outcrop on the lower side and is but little 
higher than the surface of the ground on the upper side. The width 
exposed between the base of the outcrop and the contact with graphic 
anite at the top is about 35 feet, but the true thickness could not 
a determined. About 80 feet of the quartz is exposed in a direction 
N. 10° W._ It is probable the ledge strikes west of north and dips to 
the west about with the slope of the hill. At the south end of the 
outcrop the quartz ledge is covered by soil and brush, and at the 
north it ends rather abruptly on the hillside. 

The quartz has been broken by joints into columns and blocks 
ranging from over 1 foot thick to sheets as thm as one-sixteenth of 
an inch. Some of it has been crushed into coarse ular masses. 
Part of the quartz is white, but most of it is rose colored. In places 
atches of dark rose quartz occur in white or pale colored material. 
the same way translucent and nearly clear rose quartz are inclosed 
opaque quartz. The gem mineral ranges in color from nearly color- 
to very pale delicate pink to deep pink, and some of it has a 
entatint. Much of it is translucent and somewhat opalescent, and 
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some is nearly clear. The several varieties would serve for gems as 
s, cabochon-cut stones, and faceted stones. Practically flawless 
specimens an inch thick and larger pieces with small seams or feathers 
can be obtained. The perfect specimens are obtained by breaking up 
coarsely crushed masses of rose quartz, from which they fall out as 
the fracture or rift planes are exponed: Beautiful rose quartz can be 
obtained from this prospect, and some of it has brought good prices 
when retailed in California. 
J. A. Edman, of Quincy, Cal., reports the occurrence of pale rose 
ap in quartzose schist near Johnsons Bar on the north fork of 
eather River, in Plumas County. This rose quartz could probably 
be obtained in large quantity. Dupoelte of rose hem have been 
found by George D. Ward about 9 miles north of Lemon Cove, near 
Thomas Homer’s ranch, and by Edward Hill near Badger. Speci- 
mens with a very good color were seen from the Ward prospect. 


RHODONITE. 
CALIFORNIA. 


Massive, finely granular rhodonite occurs at many localities in 
California, and some of them have yielded gem and ornamental 
material. The different deposits yield a similar product, the chief 
difference being in richness of color. Black manganese oxides are 
associated with much of the rhodonite, filling seams and cracks, and 
make Lge contrasts with the pink. Probably the best gem 
material so far found has come from the Wheeler prospect, about 9 
miles north of Happy ys in Siskiyou County, but good material 
has been found near Taylorsville, in Plumas County, and other 
localities. These rhodonite deposits are associated with sedimen- 
tary rocks and occur along belts of manganese-stained slates and 
quartzites. ‘ 

A rhodonite Cepas on one of these manganese leads has been found 
on the land of L. F’. and George D. Ward, about 3 miles north of Lemon- 
cove, Tulare County. The outcrop examined is on the north side of 
a draw about one-third of a mile northeast of Kaweah River, and 
about 1 mile east of Ward’s ranch house. The hills at this place are 
from 300 to 500 feet above the stream beds, and are partly covered 
with rock outcrops and partly with soil and vegetation. The rocks 
lying west of the rhodonite are consecutively heavy beds of quartzite, 

anite and mica schist, slates, and black and white mottled marble. 

of these formations, including the manganese bed, are steepl 
tilted. The rhodonite occurs in two ledges about 35 feet apart, wit 
quartzite between. The ledges form outcrops several feet high and 
strike about N. 35° W. and dip about 60° NE. The southwest le 
is about 10 feet thick; the northeast ledge is nearly 30 feet thick, 
but less solid, and contains much quartzite stained with black manga- 
nese oxides. The latter is so plentiful in places that it might be of 
value as an ore of manganese. The rocks, including the rhodonite 
deposits, have been broken into coarse blocks and contain numerous 
seams filled with black manganese oxides. Rhodonite could be ob- 
tained rather plentifully, but would require considerable hand cobbi 
to secure the better grades for ornamental purposes. Rhodonite o 
several shades of color occur, and these are intermixed in some speci- 
mens. The rhodonite has a delicate light to dark rose color, but the 


~ 
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majority is rather inclined to grayish pink, and some is greenish gray. 
Both finely granular and rather shah a crystallized rhodonite cecik 
The different colors and textures grade into each other and with the 
black seams and markings would yield contrasting ornamental mate- 
rial. The purer pink varieties, with or without the black seams, 
could be cut into very pretty gems. 


OREGON. 


Specimens of rhodonite with information on the occurrence have 
been received from Mr. C. H. Gillette, of Ashland, Oreg., from a 
deposit near the Josephine County caves. The rhodonite is asso- 
ciated with black oxides of manganese below a limestone formation. 
The specimens sent were obtained curing Prospecting foe manganese 
and had been badly fractured during blasting. The rhodonite is 
delicate rose pink, and with it is associated gray and a little greenish- 
gray mineral, also probably rhodonite, and manganese oxides. ‘The 
texture is very fine grained, nearly compact, so that the material 
ought to take a good polish. The combination of colors would yield 
pleasing gems. 

SAPPHIRE. 


MONTANA. 
A large production of sapphires was reported from Montana dur- 


ing 1911. The output came from the Yogo blue sapphire mines in 
Fergus County; Rock Creek, in Granite County; Dry Cottonwood 
Creek, in Deerlodge County; and the Missouri River placers east of 
Helena. The mines operating in Fe County were the New Mine 
Sapphire Syndicate and the Yogo American Sapphire Co. These 
companies obtain sapphires by mining, disintegrating, and washing 
a rock matrix. The sapphires obtained here are ay all blue; 
those from the other localities are varicolored, and fine blue stones 
are rare. The Yogo American Sapphire Co. commenced operations 
in July, 1909, but as no report was received by the Survey the 
output of this company was not included in the tables of production 
for the years 1909 and 1910. Mr. H. O. Chowen, president of the 
company, has supplied statistics of production for the last three years, 
and this total output is given combined with that of other producers 
for 1911 in the subsequent table. Consequently the figures given for 
1911 are a little high, but the great increase over 1910 is also in a large 
pert due to increased productions from other mines. 

The output of the New Mine Sapphire Syndicate was also greater 
than in 1910. Some fine sapphires are reported to have been found 
at this mine in 1911, two of which were exceptionally good. Ons of 
these weighed 3} carats and the other 2} carats and both had a beat- 
tiful cornflower-blue color. The summer season, in which the wash- 
ing is done, was better than in 1910, and no cloudbursts occurred to 
damage the ditch on which water for washing is dependent. The 
water supply was plentiful and together with the new depositing 
floors laid down in the previous summer added to the increased pro- 
tion of gems. 

e sapphires mined from the other localities mentioned all occur 
acer gale deposits. On Dry Cottonwood Creck some have 
mined by dredging, and one dredge was operated by the Consolli- 
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dated Gold & Sapphire Mining Co., of Butte, in 1911. The American 
Gem Mining Syndicate works its placers in Granite County by hy- 
draulics and sluicing The few sapphires obtained from deposits of 
Missouri River were found during gold placer mining. 

The production of sapphires in 1911, including those mined by the 
Yogo American Sapphire Co. in 1909 and 1910, amounted to about 
88,477 ounces, of which probably about 86,000 ounces were culls for 
watch jewels, meter bearings, and other mechanical purposes. There 
were nearly 384,000 carats of varicolored sapphires of suitable size 
and quality for gems. The total valuation, in part estimated, placed 
on the production is $215,313. 


TOURMALINE. 
' CALIFORNIA. 


Very litle tourmaline was mined in California during 1911. The 
larger mines were closed, and only a small scattered production was 
reported to the Survey. Apparently the large output of previous 

ears more than ge the demand, so that scales were made 

m gems in stock. H. E. Dougherty, of Hemet, Cal., states that 
the demand for pink cabochon gem material by Chinese merchants 
also fell off greatly, and only the largest deep-pink crystals were 
bought. 

MAINE. 


Development of the mine near Poland was continued by F. L. 
Havey, of Lewiston, during 1911. More pockets of tourmaline 
were opened, and fine white and pale to dark green crystals were 
found. Many of these would cut into clear brilliant gems. Mr. 
Havey’s tourmaline deposit was discovered in 1910 during the 
operation of a feldspar quarry, a full description of which has been 
given by E. S. Bustin.'. Prior to this, occasional gem tourmalines 
were found during the feldspar quarrying. 


TURQUOISE. 
GENERAL CONDITIONS. 


Turquoise has been mined in Jarge quantities in the Southwestern 
States of the United States. Deposits have been worked in New 
Mexico, Arizona, California, Nevada, und Colorado, and on a small 
scale in Texas. At a number of these deposits there were remains 
of ancient workings, pits, shafts, tunnels, and stopes, with dumps 
of waste rock, made hy Indians or other early inhabitants of the 
Southwest. Some of the deposits were operated under Spanish rule. 
At most of the ancient workings, stone hammers und axes, pottery, 
etc., have been found. That turquoise was used by the early inhab- 
itants of this region is shown by the finding of beads and ornaments 
in the cliff-dwelling und other ruins. The early Spanish explorers 
found turquoise among the gems highly velued by the Mexicans, 
who called it chalchihuitl, probably inc bag other minerals under 
the saine name. To the present day the Indians of the Southwest 
prize turquoise jewelry and sometimes buy the gem lavishly. A 


1 Geology of the pegmatites and associated rocks of Maine: Bull. U. 8. Geol. Survey No. 445, 1911, p. 58. 
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Navajo Indian sheep herder was seen to buy $125 worth of tur- 
quoise in a few minutes’ time at a trading store after disposing of 
some $300 or $400 worth of wool to the trader. It is said that the 
Indians still obtain turquoise either from localities known only to 
themselves or from well-known mines either not now in operation or 
under guard. 

Many of the turquoise deposits of the Southwest have been worked 
intermittently and on a rather small scale. A few, however, have 
been extensively developed, and some have been operated continu- 
ously for a period of years. During some years large outputs have 
come from a few mines, and in other years many deposits have con- 
tributed to the production. In recent years turquoise matrix has 
been in demand, and large quantities have been mined, resulting in 
an overproduction. Consequently the demand is at present limited 
and many mines are closed down. In 1909 over 17 tons of tur- 
quoise matrix and turquoise were produced, in 1910 nearly 84 tons, 
and in 1911 a little over 2 tons. In 1909 the production came from 
Mineral Park, Ariz., Cottonwood, San Bernardino County, Cal.; La 
Jara, Colo.; Esmeralda, Nye, Lincoln, and Lyon counties, Nev.; 
Cerrillos, Little Burro Mountains, and Hachita, N. Mex. In 191] 
turquoise was produced only in the Little Burro Mountains and 
Cerrillos regions, N. Mex.; Mineral Park, Ariz.; and Esmeralda 
County, Nev. Of the total production of turquoise and turquoise 
matrix in 1911 probably not over 10 to 15 pounds was the best 
selected pure blue gem. ? 

NEW MEXICO. 


There are two groups of turquoise cepa in the Cerrillos region— 
one around Mount Chalchihuitl, 24 es east of north of Cerrillos, 
and the other in Turquoise Hill, about 6 miles east of north of Cer- 
rillos. Mount Chalchihuitl is a small hill lying to the south of east 
of Grand Central Mountain, of which it may be considered a foothill. 
It rises some 200 feet above the valleys on its east and west, with 
moderately steep slopes broken here and there by excavations. 
Openings for turquoise have been made on the summit and on the 
northwest, the southeast, the west, and the south sides of Mount 
Chalchihuitl. Turquoise has been found at several other localities 
in the neighborhood, and among these are the mines of Michael 
O'Neil, about three-fourths of a mile southeast of Mount Chalchihuitl, 
and of A. B. Renehan, about half a mile west of north of Mount 
Chalchihuitl. Ancient workings were found around each of these 
deposits and, in most of them, exceed in amount the work done in 
recent times. 

The workings on Mount Chalchihuitl are historic and there are 
evidences that the deposits were operated both by Indians or other 
ancient people and under Spanish rule. Rather extended prospect- 
ing in modern times failed to discover any large deposits of 
turquoise. Ina paper ‘‘on the Chalchihuitl of the Mexicans’! Blake 
describes the extent and apparent age of the oes on Mount 
Chalchichuitl and the occurrence of the turquoise. The principal 
ancient working is described as: 

An immense pit with precipitous sides of lar rock projecting in , which 
sustain a owl of itiae ae 6 shrubs in the fissures. Oe ane sidé. ihe ack tower 


1 Blake, W. P., Am. Jour. Sci, 2d ser., vol. 25, 1858, pp. 227-232. 
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into a precipice and overhang so as to form a cave; at another place the side is low 
and formed of the broken rocks which were removed. * * * The bottom is funnel- 
shaped and formed by the sloping banks of the débris or Hin, poor of the sides. On 
this débris, at the bottom of the pit, pine trees over a hun years old are now grow- 
ing, and the bank of the refuse is similarly covered with trees. 

A review of the early history of Mexico and this region with refer- 
ences to the authors is given, and in this the identity of chalchihuitl 
with turquoise and the esteem in which it was held by the ancient 
Mexicans is brought out. The use of turquoise by the Mexicans 
before the advent of the Spanish, the operation of the mine under 
Spanish rule endimg in an uprising of the Indians when a fall of rock 
buried some of their number, the presence of broken ancient Indian 
pottery, and the condition of the workings are given as evidence to 
show that the excavations are of great age. 

A description of the same locality by Silliman’ confirms Blake’s 
observations and gives notes on the ay Siete in progress by D. C 
Hyde in 1880. Further information on the discoveries made by Mr. 
Hyde is given by Kunz.?_ This prospecting consisted of shafts sunk 
in the bottom of the main pit, on the summit of the hill, and on the 
southeast side, with tunnels from them. Cavern-like excavations 
were found on each side of the ‘‘mountain” and were named by the 
prospectors ‘‘Wonder caves” and the ‘‘Mystery.” In these work- 
ings, according to Silliman, ‘‘were numerous stone hammers, some to 
be held in the hand and others swung as sledges, fashioned with 
wedge-shaped edges and a groove for a handle.”’ One of these stone 
hammers weighed a number of pounds and had the wythe and scrub- 
oak handle still attached. Kunz states that numerous veins of tur- 
quoise one-eighth inch to 2 inches thick were found in one of the 
caves. D. W. Johnson ® reviews the literature on the locality and 
discusses the occurrence and origin of the turquoise. 

It is evident that the condition of the workings have changed little 
since the descriptions of Blake, Silliman, and Johnson. A few 
measurements and estimates made in 1911 show the main pit on the 
northwest side of the hill to be about 130 feet deep on the upper side 
and about 35 feet deep on the lower side, the rim about 200 feet 
across, and the bottom nearly 100 feet across. The large dumps 
of waste rock removed from this are about 150 yards long by 75 
yards wide and 1 to 30 feet deep. These dimensions do not correspond 
closely with those given by the earlier writers, since this would 
give the dump an area of less than 24 acres as compared with some 
20 acres reported by Silliman. The upper walls of the pit are still 
rough with projecting rocks and the lower slopes are covered with 
talus. The exploratory work done by Mr. Hyde has been concealed 
by caving or other agencies. The workings on the other parts of 

ount Chalchihuitl are less extensive. On the southeast side is an 
open cut over 100 feet across, with a present depth of 20 feet on the 
uppet wall. 

ittle can now be seen of the occurrence of the turquoise at Mount 
Chalchihuitl, but published descriptions show it to be similar to that 
of other localities described below. The associated rock with its 
fracturing and alteration and the mode of occurrence of the turquoise 
at the different localities are very much alike. 
1 Silliman B., Turquoise of New Mexico: Am. Jour. Sci., 3d sete vol. 22, 1881, pp. 67-71. - 


Kunz, G. F., Gems and precious stones, New York, 1892. 
Re re D. W., Geology of the Cerrillos Hills: School of Mines Quart., vol. 24, 1903, pp. 493-499; w 
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A few notes on the geology of the region are given before the 

deposits are described. 

ohnson? describes the Cerrillos Hills as remnants of laccolithic 
intrusions into Cretaceous strata. The sedimentary strata covering 
the intrusions have been eroded away, and the present hills are the 
more resistant portions of the igneous rocks. The principal rocks 
are described as augite andesite, hornblende andesite, and mica 
andesite. Augite andesite is mapped as most abundant and with 
hornblende andesite forms the matrix for the turquoise. Lindgren ? 
in discussing the same rocks points to the fact that orthoclase is 
present in many of them and that the texture is decidedly holocrys- 
talline and porphyritic. Such rocks belong in the monzonite group. 

Examination of thin sections of rock from several places in the areas 
mapped as augite andesite by Johnson confirms Lindgren’s deter- 
mination. Alteration has made difficult the identification of the 
feldspars in nev sections. In some the striations of plagioclase are 
barecly concealed by secondary minerals and add uncertainty to the 
determination of altered orthoclase present in the same sections. 
Locally the texture of the monzonites is so fine grained that they 
might be called latite, of which andesite is a variety. A specimen 
from an area mapped as hornblende andesite had a porphyritic tex- 
ture and was composed of such minerals as are characteristic of 
diorite or andesite. 

The rocks have been rise fractured, especially in those areas 
where turquoise is now found. Both large and small fissures were 
formed, and numerous minor joints cutting the rock in all directions. 
The rocks have been considerably altered in many places, and around 
the turquoise-bearing areas alteration has been extensive. Altera- 
tion was favored bv the easy channels open to solutions in the badly 
fractured areas. The process outlined by Lindgren offers a good 
explanation of the present associations at the ee deposits. 
The original monzonite porphyry was greatly altered by mineralizi 
solutions in fracture zones and abundant secondary sericite develo 
Later weathering by surface waters produced kaolin and other 
hydrous minerals characteristic of the oxidized zone and among them 
turquoise. 

th describing the occurrence at Mount Chalchihuitl, Johnson * says. 

The rock is yellow or white in color, sometimes mottled or streaked with iron 
stains, * * The turquoise occurs as seams throughout the rock, filling crevices 
formed by crushing and shearing, and as little nodules in streaks or patches of kaolin. 
The color varies from green through greenish-blue to pure sky-blue. Many of the 
specimens are marred by streaks of limonite, kaolin, etc. 

Practically all the rock on Mount Chalchihuitl is altered. The 

eneral appearance is white to gray and zoe but some is stained 
frown aa purplish in small masses. Most of it has a somewhat 
porous earthy texture but is not broken with a hammer as easily as 
its appearance would lead one to expect. 

At Michael O’Neil’s turquoise mine turquoise has been found over a 
distance of about 300 yards in a direction N. 30° W. Ancient work- 
ings and prospecting for silver have left numerous openings along this 

Febaoe, Dm, of he Ceo Be Sool of nes Quart 36, 190-3 Pe 
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turquoise lead, so that without the aid of a guide it was difficult to 
determine at what places turquoise had been found. About a dozen 
shafts and a large number of prospect pits and cuts had been made 
over a belt of country about 250 feet wide. Some of the shafts were 
40 to 50 feet deep and around them were open cuts. At one of these 
a track for a mine car had been laid through the cut to a platform over 
the shaft to expedite the removal ofrock. The turquoise is associated 
with spperapoees rock quite similar in appearance to that on Mount 
Chalchihuitl. The rock is porous white to gray, and part is stained 
with iron oxides. Less altered phases are gray or drab, and some 
that has suffered little weathering is dark speckled gray. The tur- 

uoise occurs in seams, veinlets, and s ations, as in the other 

eons of this regen. Some good pure blue gem has been found as 
well as considerable good matrix associated with brown limonite 
iron stains. Turquoise has been worked intermittently at this mine 
during the last few years, but little was done in 1911. Oxidized 
copper ores were found in the workings of the north end of the O’Neil 


mine. 

At A. B. Renehan’s claim several pits, shafts, and open cuts had 
been made. Some of these were in part ancient workings. e 
latest work consists of an open cut about 75 feet long, 3 feet to 25 feet 
deep, and 6 feet wide. e rock formation is quite similar to that 
around Mount Chalchihuitl. The badly decomposed rock is nearly 
white and porous and less altered phases are bluish-gray. Turquoise 
is found in seams and veinlets in the decomposed rock. Some very 
good blue turquoise is reported to have been found. The claim was 
worked in a small way during 1911, but no turquoise was sold. 

Turquoise Hill is a low elbow-shaped ridge rising from 100 to 300° 
feet above the plains northeast of the Cerrillos Hills. It has four 
summits—a main summit and others, about 250 yards S. 25° E., 
about 300 yards west, and about 500 yards S. 75° W., respectively. 
The elevation of the main hill is about 6,400 feet above sea level. a 
hills are well rounded and slope gradually into the plains. Rock out-~ 
crops are not prominent, but the surfaceis covered with angular blocks 
send small fragments of rock, among which vegetation has a slight 
foothold. Like the plains, the hills are covered with only a light crop 
of desert grass, a little sagebrush, cactus, and a few scattered pine 
trees of stunted growth. The nearest water is Alamo Creek, about 2 
miles north of Turquoise Hill, and water for camp use is hauled from 
Bonanza along this creek. The aig fi turquoise deposits have 
been found in the three lower hills, but a little turquoise has been found 
on the northesst side of the main hill near the bottom. There were 
rather extensive ancient workings over the best deposits and in some 
- places the greater part of the turquoise had been removed. 

The famous mine of the American Turquoise Co., often called the 
‘*Tiffany mine”’ though not owned by Tiffany & Co., is located in the 
southeast hill. Other claims have been located around this mine, but 
the quantity of turquoise found has been limited. The old Castilian 
mine is located on the westernmost hill, and around it numerous claims 
have been located, one by rather extensive prospecting. 
The openings on the third hill, lying north of east of this, are mall 
and may be considered 8 part of those surrounding the Castilian min 
The American Turquoise Co. has six claims including those composi 
the Tiffany mine and part of the Castilian mine. — 
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Other names have been connected with other claims around Tur- 
quoise Hill, but some of these claims are said to have lapsed through 
want of assessment work. Litigation due to claims dating back toa 
Spanish land grant of 1728 has tied m8 the development of many of 
these turquoise deposits, especially the Tiffany mine. A decision 
of the court has ruled that some of the deposits lie outside of the 
Spanish land grant, but there is still some question about others, and 
development is accordingly being delayed. Active aperstunns have 
been suspended at the Tiffany mine for several years, but assessment 
work has been kept up by James P. McNulty, superintendent, for the 
American Turquoise Co. of New York. The workings consist of 
numerous pits, open cuts, shafts, tunnels, drifts, and stopes. Some of 
these openings are ancient, and old stopes have been encountered in the 
modern tunnels. Two of the larger tunnels, 450 and 225 feet long, 
respectively, have been driven within the last year or two. They 
were started about 300 feet east of the company’s camp and about 
195 feet apart, and were driven in 8 north of east direction, connecting 
with shafts and other previous workings. Crosscuts were made from 
them along Bi moos cross veins. The depth to which the ancient 
workings been carried could not be ascertained, but was evi- 
dently as much as 100 feet, if not more. 

The rock encountered in the workings is probably all monzonite 
porphyry, which presents different aspects according to the amount of 
alteration it has undergone. The less altered rock is dark speckled 
gray and ic and that which is more decomposed is light-gray 
to nearly white, with white spots. The following minerals were 
observed in a thin section of the less altered rock: Phenocrysts of 
a Sage and orthoclase, much clouded with kaolin; abundant 
epidote; a very little biotite, magnetite, apatite; and abundant 

atches of calcite. The groundmass was also clouded with kaolin. 
he epidote is secondary and probably formed from augite. Apatite 
occurs rather plentifully for that mineral in stout prisms and lJaths. 

The rock has been pr: Sai and jointed and decompo- 
sition with kaolinization has been extensive along some of the joint 
systems. Turquoise has been found in veinlets, seams, and - 
tions, filling these fissures, joint planes, and fracture zones. The mine 
workings have followed two sets of veinlets of turquoise slr 
north of east and west of north with steep dips. Smaller branc 
veinlets were found to extend from these a few feet into the sur- 
rounding rock. The to ke geliealer streaks of badly decomposed 
rock are many feet thick in parts of the mine. A few veinlets of 
quartz and seams of limonite stain are associated with the decom- 
posed rock. The greater part of the turquoise occurs in seams and 
veinlets but there are some segregations in nodular masses in badly 
fractured and decomposed rock. There is also a tendency to lens and 
nodular structure in some of the streaks of turquoise. e turquoise 
seams range from a small fraction of an inch up, and some an inch 
thick have been found. The rock in the tunnel and a drift about 40 
yards east of the turquoise-bearing zone is stained blue and green 
with copper minerals, 

The best turquoise from the Tiffany mine has a fine dark sky-blue 
color with an even texture. It is about 6 in the scale of hardness, and 
has a smooth to conchoidal fracture. Pale-blue and greenish-blue 
turquoise also occurs. Asa rule the bestcolor is found in small seams 
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and masses, but veinlets of turquoise of good color as much as one- 
half inch thick have been found. Excellent matrix turquoise has 
formed where the brown limonite stains have penetrate and filled 
seams and interspaces in turquoise veinlets an ations. Such 
matrix, when cut, would present beautiful contrasts of fine blue and 
brown with a variety of patterns and markings. Little pure tur- 
quoise has been removed since the last regular mining a number of 

ears ago. Some matrix containing bright-blue turquoise in brown 
iron-stained rock has been encountered in exploration during recent 
assessment. 

Of the many excavations at and around the old Castilian mine, 
those of the ancients were probably more extensive than the recent 
ones. The extent and nature of much of the ancient work has been 
concealed by caving and other agencies of time and by modern work 
in the same places. Large pitlike depressions and many smaller 
openings mark some of the ancient work. Numerous prospect pits, 
trenches, and shafts have been made in recent times. As would be 

ected little turquoise was left in sight from the last work, and since 
the deeper workings were not opened little could be learned of the 
nature of the deposits. ‘ 

The rock at the Castilian mine is quite similar in appearance to that 
at the Tiffany mine and may be called monzonite porphyry. Alter- 
ation has been extensive and the resemblance of the decomposed rock 
at each mine is striking. A thin section of the altered rock from one 
of the shafts at the Castilian mine contained phenocrysts of Plagio- 
clase and orthoclase with a groundmass of lath-shaped feldspar 
crystals with partial trachytoid texture. Other minerals were 

lentiful, pyrite crystals, magnetite, apatite, and a few shreds of pale 
frown biotite, much secon ary epidote and calcite. Less altered 
phases of the monzonite porphyry outcropped in places near the 
mine workings. 

From the nature of the work and the type of rock encountered it is 
probable that the occurrence of turquoise at the Castilian and sur- 
rounding claims is similar to that at the Tiffany mine. Several lines 
of prospects and open cuts have been made in a northeast-southwest 
direction and other workings also indicate leads of turquoise with a 
northwest trend. Some good turquoise has been found in the Cas- 
tilian mine, but a larger proportion is reperted to have a greenish- 
blue shade than at the Tiffany mine. 

Other claims have been located east of the Tiffany mine and on 
the northeast side of the main hill by Mr. McNulty and others. Some 
of these are reported to carry also copper and oe A little green- 
ish-blue turquoise has been found in seams and nuggets or nodules 
in a few of these claims. 


CALIFORNIA. 


Turquoise has been mined in the northeastern part of San Bernar- 
dino County, Cal., by the Toltec Gem Mining Co. and the Himalaya 
Mining Co., both of New York. ‘These companies have not operated 
their mines for several years, the Himalaya Mining Co. having closed 
down in 1903: The Toltec Gem Mining Co. owns three groups of claims 
known as East Camp, Middle Camp, and West Camp. a letter 
from Mr. C. F. Lamont, of New York, treasurer, East Camp ir 
described as 50 miles from Manvel, Middle Camp 5 miles from Eas 
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Camp, and West Camp 4 miles from Middle Camp and near the mine 
of the Himalaya Mining Co. The latter mine is about 12 miles N. 
60° E. of Silver Lake, a station on the Tonopah & Tidewater Railroad. 
A visit to the region was made by way of Silver Lake as the nearest 
railroad point, but a guide familiar with the different localities could 
not be obtained and only the Himalaya mine was examined. 
Remains of ancient workings with stone hammers are reported to 
have been found at all of the turquoise deposits mentioned above. 
One small crude stone hammer was found near the Himalaya mine at 
the time of examination. 

The Himalaya turquoise mine is on the west side of a group of hill 
lying northeast of Silver Lake. The hills are rather rough and from 
them broad débris-filled washes with low ridges slope toward Silver 
Lake Valley. With the baromctcr reading 900 feet at Silver Lake the 
elevation at the turquoise mine was 3,150 feet above sea level. The 
hills are bare, vegetation consisting chiefly of scattered sagebrush 
and a few cacti. No water occurs ct the surface near the mine but s 
supply for the camp was obtained from a well. The camp is in a 
draw about half a mile southeast of the mine. The topographic 
ce between the gulches and hills around the deposit is from 100 to 
500 feet. - 

- The chief workings are in the northwest side of a ridge with rather 
steep slopes. Other openings have been made to the northwest 
across a gulch. The workings lie in a north of east and south of west 
direction and consist of many tunnels, crosscuts, stopes, an open 
cut, and a shaft. The open cut is nearly 75 feet long and 20 to 40 
fect deep and extends from the surface to the tunnel level. A tunnel 
75 feet long connects the bottom of the open cut with the surface cf 
the hill and another tunnel enters the open cut from a higher level 
on the hill side. From the open cut another tunnel has been driven 
over 100 feet farthet south of east. Workings from this tunnel 
consist of about 100 feet of crosscuts, a large shaped room or downstope 
10 feet deep, and a 25-foot shaft in the bottom of the room. Five 
other irregular benches and tunnels were made in the walls of the 
open cut, presumably before the latter was carried to its present 
depth. The dumps of waste rock from the workings cover a | 
area on the hillside and from them there is a fine view across the 
desert over Silver Lake’ Valley to the mountains at the south end of 
Death Valley. 

The turquoise is associated with granite porphyry and this is 
included in an area of granite. A series of older rocks, probably of 
pre-Cambrian age, consisting of biotite schist and gneiss, hornblende 
gneiss, biotite granite gneiss, and pegnatite, outcrops south of the 
camp. The contact of the granite with this serics strikes north of 
east. Some of the granite contains small hyacinth-colored garnets, 
and the feldspars are colored a strong pink by inclusions of hematite 
dust. The granite porphyry in which the turquoise occurs has been 
decomposed to a spotted bu‘ and gray color. Rough hard ledges of 

uartz and silicified porphyry outcrop on the hills around the mine. 
Bord of these ledges are heavily stained with limonite and hematite. 


decomposed feldspar, glassy quartz, and biotite are recognized in a 


4 Wypecoy specimens of the decomposed porphyry, phenocrysts of white 


& undmass. Under the microscope were observed orthoclase 
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quartz, and partly altered shreddy biotite crystals in a groundmass 
com of similar minerals, and grains and veinlets of jarosite or an 
allied mineral. A somewhat kaolin-like mineral clouds parts of the 
section. A section of turquoise matrix showed similar minerals with 
a veinlet of secondary quartz, much sericite, and limonite stains. 
uoise occurs in seams, veinlets, and a series of nodules and 
plates in joint planes and fracture zones in the decomposed rock. Also 
in patches in quartz veins and impregnating decomposed rock. The 
turquoise seams cut the rock in various directions. From the irregular 
shape of the workings it was nek powsit to determine what position 
the best turquoise leads occupied. It is probable the best gem was 
found in a rather limited area in a fracture zone somewhat like 
a chimney deposit. Much quartz with occasional rough crystals is 
associated with the turquoise. Limonite and a little hematite 
stain the quarts and turquoise matrix yellowish and brown. The 
resence of jarosite was recognized after a similar occurrence was 
etermined by xmas ig of the United States Geological Survey, 
in turquoise matrix from the Burro Mountains, N. Mex. The yellow 
ains and seams were identified by comparison with crystallized 
jarosite found in a cavity in a quartz veinlet. 

As usual with turquoise deposits, a variable grade of turquoise was 
found. Only fragments and small pieces of veinlets of gem turquoise 
were left around the mine, but a sufficient variety was seen to form 
an opinion of the quality of the gem. Considerable low-grade tur- 
quoise was seen. The greater part was soft and pale blue, and some 
might be called semiturquoise. Part was bluish-green and quite 
hard. The semiturquoise was associated with badly kaolinized soft 
rock. Some hard 2 dee blue turquoise, that would yield beautiful 

ems, was observed. This was light baby blue to fairly dark blue. 

atrix turquoise, with a variety of markings and colors, occur in the 
mine and would yield gems showing blue to greenish-blue turquoise, 
with white, gray, yellow, and brown matrix. 


VARISCITE. 


There was a large decrease in the production of variscite in 1911 
from the two preceding years, This mineral was found at so many 
localities in the deserts of Nevada and such large quantities were 
mined that the market was overstocked. The production reported 
to the Survey was about 540 pounds, as compared with 5,377 pounds 
in 1910 and 7,135 poundsin 1909. Some of the variscite was reported 
with the rough gem value and some was given as cut gems. The 
value of the production in 1911, estimated in part, is placed at $5,750, 
as compared with $26,125 in 1910. The principal value of the varis- 
cite production was from Utah, where the “amatrice”’ variety is still 
being mined and cut in some quantity. A production was reported 
from the Maguire utahlite mine, the first discovered in Utah. 

No production of variscite was reported from the Edison & Bird mine 
north of Lucin, Utah, but a quantity was obtained during assessment 
work and in opening a newly discovered deposit just southwest of the 
original four claims. The new deposit is on the Sentinel claim over- 
lapping the southwest corner of the Protection claim, as described in 
this report for 1910. A specimen from the new claim was sent to the 
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Survey by Messrs. Edison & Bird. It measured 6 by 4 by 3 inches 
and was marked similarly to some of the variscite obtained from the 
Utahlite claim, adjoining the Protection claim on the north. The 
color of this is a good green, and the markings are such that it would 
yield beautiful matrix gems. As mentioned in this report for 1910, 
@ granular crystallized variscite occurs at the Edison & Bird mine. 
A detailed study of the yr herage material was made by W. T. 
Schaller,’ of the United States Geological Survey. In the more 
coarsely crystallized granular variscite some of the crystals are nearly 
whole, and in the finer-grained material they were only partly. devel- 
oped. Good crystals for measurement occur in small cavities in 
some of the granular variscite. Mr. Schaller found the crystals to be 
orthorhombic, with rather simple forms, b(010), m(110), e(012), and 
in a few crystals a(100). Further investigation of new material, 
supplied by Messrs. Edison & Bird, has discovered other forms with 
few, if any, of those enumerated above associated with them, and 
these crystals will be the subject of further investigation. Three 
different orientafions are given for the crystals, and the relations 
between these and the similar minerals, scorodite, strengite, and 
pe hosiderite, are discussed. A chemical analysis was made by 
. Schaller and the formula deduced from it very well with 
that usuelly given for variscite—Al,O,.P,0,.4H,O. The analysis 
showed H,O, 22.68 per cent; P,O,, 44.73 per cent; Al,O,, 32.40 per 
cent; with V,O,, 0.32 per cent; Cr,O,, 0.18 per cent; and Fe,QO,, 0.06 
per cent. No nickel, cobalt, copper, manganese, arsenic, calcium, or 
magnesium were found. 
A further description of Edison & Bird variscite deposits has been 
even by Leon J. Pepperberg.? In this article the location of the 
gam Is given as sec. 23, T. 8 N., R. 18 W., of the Salt Lake meridian 
an e. 
MISCELLANEOUS. 


BEACH PEBBLES. 
CALIFORNIA. 


Photographs and descriptions of a choice lot of gems cut from 
beach pebbles found near Angeles were loaned by Dr. Joseph E. 
Pogue, of the United States National Museum. This information was 
furnished by Mr. James D. T. Chalmers, of Los Angeles, and is descrip- 
ae of a oa ect “any - over Se stones prepared by him. The okie 
is the result of study an iment in cutting promising looki 
ie gathered on the heathen during the course of several years. 

ittle attention was paid to mineral varieties, but stones with peculiar 
textures, odd markings, and pleasing colors were chosen for cutting. 
The gems include chalcedony, agate, jasper of various colors, and 
probably several types of rock which have been more or less silicified 
and altered. ng le terms suggested by characteristic features 
have been used b . Chalmers for some of the stones, such as 
‘‘enychthyol,” ‘‘flower stone,” ‘‘wire agate,” ‘‘fish »” and 
‘Japanese stone,” but a more comprehensive name for all those not 

“hE recognized as definite minerals is ‘‘beach pebble gems.” 
t Se ns ene ome Sten: Pred. U. 6. Hak. Sat, Vel Sy eS, Ps See 
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The chalcedony pebbles may be nearly transparent and colorless, 
translucent gray, ey white, yellowish, reddish, etc. Some of them 
are mottled wi ese colors, generally gray and white. The trans- 
lucent gray varieties are commonly sold as moonstones along the 
California coast. Jasper in various shades of red, brown, yellow 
green, and black, either pure or mottled, forms an important part o 
other gems. Vari-colored jasper and chalcedony occur together in 
some gems in odd and pleasing patterns and some chalcedony pebbles 
have tangled wirelike inclusions. Gems have been cut from vari- 
colored jasper which exhibit flowerlike patterns. 

Beach pebbles which yield very pretty gems are found on the 
southern end of Santa Catalina Island, Cal., about 14 miles west of 
Avalon. The Catalina Novelty Co., of Av on, has been engeee in 
cutting these stones for several years, and has applied the name 
‘‘catalinite” for trade use among tourists. The stone is obtained in 
all sizes from cobbles over 6 inches thick to small pebbles, but good 

em material is not plentiful. They are found over nearly a mile of 

each and are probably derived from vein material or deposits from 
solution in the rock formations now being eroded away along the 
shores. The composition of these pebbles is variable, so that no 
definite scientific name can be applied to them. The component 
minerals are not easily determined, but in some of them there are 

uartz, calcite, some zeolite-like minerals, hematite dust and parti- 
cles, limonite stains, and a little pyrite. The hematite dust in quartz 
forms red jasperlike patches; the quartz and calcite are white and 
gray; and the zeolite-like minerals are gray and green. Limonite 
rin! yellow and brown stains. The contrasts between the mottled 
green, gray, white, yellow, brown, and red minerals in polished speci- 
mens are very pleasing, and gems for a variety of uses can be cut from 
‘“catalinite.’ 

OREGON. 


Beach pebbles are collected and cut for the tourist trade along the 
coast of Oregon as in southern California. The tourists also collect 
these pebbles to carry off as souvenirs, either polished or in the rough. 
The curio stores in such coast towns as Newport and Nye Beach and 
in some inland towns handle many beach pebble gems, and some of 
them have their own cutting plants. Mr. Sigurd Landstrom, of Leba- 
non, one of the interior towns, furnished two specimens of beach 
pebble gems from Oregon for examination. One of these was a 
cherry-red carnelian and the other a translucent ray agate in which 
there was a large dark-gray cloudlike inclusion. specimens were 
very pretty. Other types of stones are found and cut, including moss 
agate, jasper, petrified wood, and rock specimens displaying attractive 
colors and markings. 

FOSSIL CORAL. 


Fossil coral is found in several of the Middle Western States, and 
has been cut for ornamental purposes. ing 1911 some of it was 
cut by the Petosky Steam Agate Works, of Petosky, Mich. Miller 
Bros., of Iowa City, Iowa, report that in past Peg they have cut a 
quantity of fossil coral during the winters for the tourist trade in the 
summer. Pieces cut into paper weights sell for 50 to 75 cents | 
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apiece. A rough specimen of a veeey locally called ‘‘fish-egg”’ coral 
was kindly sent to the Survey. G. H. Girty, of the Survey, classed 
this coral as a species of Favosites from the Devonian. It is finely 
granular crystallized calcite in which the coral structure has been well 
preserved. A columnar or speckled marking is obtained accordi 
to which direction the stone is cut. The color is yellowish-gray, an 
polishing brings out beautifully the markings due to the texture. 


PRODUCTION. 


There were many changes in the epee of gem minerals 
reported to the Survey pinoy 1911. The output of some minerals 
formerly large declined ae 'y and other minerals formerly of less 
importance were handled in increased quantities. The production 
of sapphire in Montana was much greater than during the three 
preceding years, owing to renewed activity in mining both blue 

ms in the matrix and varicolored stones from placer deposits. 

he output of tourmaline and kunzite in southern California, formerly 
mis nearly ceased. The production of opaque blue-green gems, 
such as turquoise, variscite, and some copper-ore gems, declined 
greatly. Increased interest in such gems as agate, moss agate, 
jasper, and bloodstone resulted in a greater uction. The new 
emerald locality of North Carolina, discovered in 1909, has yielded 
ems which have been conservatively estimated as worth $10,500 
uring the last three years. 

The total production of gems and precious stones reported to the 
Survey during 1911 shows an increase over 1910, but is considerably 
lower than in the yen 1907 to 1909. The value of the production 
in 1911, as reported to the Survey and estimated in part, was $343,692, 
as compared with $295,797 in 1910. In preparing these statistics it 
is necessary to estimate values for the output of some minerals, and in 
doing this the values chosen are an attempt to represent the first sales 
value of the rough mineral. In some cases the gems are reported to 
the Survey as cut stones with the proper value for such material, and 
in other cases it is not evident in what condition of elaboration the 
stones are reported. The statistics more nearly represent the first 
values that the rough material brings or might be expected to bring. 
This same gem material may bring four or five times as much after 
cutting at placing on the market. 


Production of precious stones in the United States in 1908, 1909, 1910, and 1911. 


a, gneioes ony, ete., About 00 pounds, polished. 
souri, Montana, Utah, and Wyo 


, ote., onyx. 
Mmmatinyat sc osscessseessiae7ks ot Cerclins and Colarade. 
DONG oo vincicccccnnvecnsewe No prod re P 
1, aquamarine, blue About 23 rough and selected: 
, ete. Maine, Masse 
chusetts, and North Carolina. 
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Production of precious stones in the United States in 1908, 1909, 1910, and 1911—Con. 


Ceeatalite. Peter ye arth rt ee COVE emer Me Serre ae 25 peteenie., 
Chiorastrolite................ ough and cut gems; Michigan. 
ee ere t No uction reported. 
Chrysoprase................. 2,035 pounds; California and Arizona. 
| Re BES BEE eS TF LP RS | ER Lae ee eee No production re i 
OG cnttctackees tries: Arkansas and California, 
ee ere ee EDD) fa vacnenedléeaatendclusassevces ane uction reported. 
SS Or ee Serres 2,510 carats rough; pee pert i ton 
ty gems, 700 carats; N Caro- 
PE Peabsivesesncseciunwssclvsssascie No production re 
Seeenens SURES, amazon 145 pounds; ornia and Colorado, 
Garnet hyacin th, pyrope, Rough and selected; Arizona, Call- 
: , rhod 4 _— — Montana, and 
vew e 
COS. 6ccss.cccscsvese) 1,000 Laia.e. California and Colorado. 
oe veizined wood, blood- |......... California and Montana. 
ete, 
Malachite, azurite, and azur- Arizona, California, and Colorado. 
malachite. 
Gey kbxancivascctcactisy Nevada, O , and California. 
Reta rseserheeriaves ba a 
Goa caascshcabneebeas No uc reported. 
RG a5 coh a xaswevaes Coomius hwoken ottaxd Gay es M0. 
pn aegaet Te set ricasrnel ner acatinotarassi WSs seat bredact aes aay ds; California, Colorado, 
rock crystal, smo pounds, ’ 
quartz, rutilaied, ete. Texas, North Carolina, and Maine. 
OME oi seis cescciaeie- ——~ _— ds; South Dakota and Cali 
orn. 
Pb cotpassvacdesdvelscsethansleneck ciaclipeauseadlineceoees No production reported. 
PIOUS 5 os cacescndscadses 4 California, 
ED wa bdededdasa caste b nessa lesnceshs cheeartdehs lp sepesees North Carolina and Indiana. 
utile idacscvepssscdsvadsredesiiasiageds 25 No production reported, 
Se eres 88,477 ounces; Montana, North Caro- 
lina, and In 
Smithsonite............ wdcios New Mexico. 
Spodumene, kunzite, hid- California. 
denite. 
Wi sindsaxthosscies Michigan. 
DN oa cidweeciedvesntcnce Texas, California, Utah, Colorado, 
and Arizous. 
‘Tourmaline...............-. Maine and Californias. 
‘Turquoise and matrix....... 179, 273 4,363 pounds; New Mexico, Arizona, 


and Nevada. 
540 pounds; Nevada and Utah, 
Obsidian, datolite, fossil coral, beach 
pebbles, pink yee and orna- 
mental stones with trade names, 


Variscite, amatrice, utablite..| 14,250 | 35,938 
Miscellaneous 


1,060 


@ Estimated or partly so. 


IMPORTS. 


The gid of precious stones into the United States in 1911, as 
reported by the Bureau of Statistics, were large and have been ex- 
ceeded only by those of 1906. The increase over the imports of 1910 
amounted to only $115,949, and over those of 1909 to $502,927. The 
imports were nearly three times as great as those of the year 1908, 
during the financial depression following the panic. 
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‘Diamonds and other preciosa stones Senported und entered for commun ption the United 
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¢ Including agates. Agates in 1906, $20,130; in 1907, $22,644. 


0 
THE MINERAL INDUSTRY 


ITS 


STATISTICS, TECHNOLOGY AND TRADE 


DURING © 


1911 


FOUNDED BY RICHARD P. ROTHWELL 


EDITED BY 


CHARLES OF 


Mining Engineer 


VOLUME XxX 


SUPPLEMENTING VoLumes I tro XIX 


McGRAW-HILL BOOK COMPANY 
239 WEST 39TH STREET, NEW YORK 
6 BOUVERIE STREET, LONDON, E. C. 


1912 


—_ 
- 


he Car” é Ty S./ 
(c Vili 25) 


GOTT 


eS 
SEP 19 1912 


COPYRIGHT, 1912, BY THE 


McGraw-Hitt Boox Company 


THE-MAPLE-PRESS-YORK:+>PA 


PRECIOUS STONES 


By Georce F. Kunz 


It is remarkable that in the face of a universal financial depression the 
prices of diamonds and pearls have advanced considerably since 1906, and 
this after only one year’s shutdown of the great group of diamond mines 
and with no attempt to regulate the price of pearls. The imports of 
precious stones have remained constant, but were less than in 1906, a 
banner year and the result of overbuying. The effect of the small im- 
portation in 1908 was the selling down of the old stocks, which in turn 
led to the greater imports of 1909, 1910 and 1911. 

However, the upward trend of prices, is clearly apparent when we 
compare the average prices of the uncut, rough diamonds for 5-year 
periods for the last 20 years: 1891 to 1895, average price per carat 26s. 
9.45d.; 1896 to 1900, 29s. 1.15d. per carat, increase in price, 8.6 per cent.; 
1901 to 1905, 47s. 3.36d. per carat, increase, 62.5 per cent.; 1906 to 
1910, 55s. 7.93d. per carat, increase, 17.7 per cent. The diamond 
syndicate advances on the price of rough diamonds when sold to the 
diamond cutters have been as follows: June, 1906, 4 per cent.; May, 
1907, 3; June, 1909, 5; June, 1910, 2 per cent. 

The value of the precious stones, cut and uncut, brought into the 
United States in 1911, is about $42,163,164 as against $42,315,830 for 
1910. From fiscal year figures, 1912 will exceed this. 

Standard of Weight.—The general adoption of a uniform standard for 
dealings in precious stones, based upon the metric carat of 200 mg. is a 
matter much to be desired. The carat has heretofore varied somewhat 
in different countries, resulting in some confusion and inconvenience in 
business. The metric carat has now been formally adopted in most of the 
countries of Europe, and its use made compulsory. Our own country 
and Great Britain, however, have thus far taken no action in this matter. 
Many of our dealers and importers recognize the theoretical advantage 
and inconvenience of the change, but do not take any active interest in 
it, apparently, as a practical reform. This matter is giving Germany and 
France a great lever in international trade. But the change must come 
ere long. A single standard for all countries, and the substitution of 
decimal for common fractions in the carat, are advantages so plain that 
they must surely soon be realized. 

A striking illustration of the defectiveness of the system hitherto in 
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use, as compared with the standard metric unit, is given in a recent 
article by Mr. L. S. Spencer, of the British Museum, on “The Larger 
Diamonds of South Africa,” Mr.Spencertries with care toclear up some 
published errors and misstatements as to the great diamonds obtained 
in recent years from the African mines, But it proved impossible to 
obtain the precise weights of some of these notable stones, especially 
those of the earlier discoveries, on account of the uncertainty as to what 
carat-weight was employed. The present English “ Board of Trade” 
carat is 205.304 mg., while the “old’’ English carat, prior to 1888, was 
205.409 mg., and the French “international” carat is 205 mg. Hence 
with some of the stones, only an approximate statement of their original 
weight is now possible. 

The writer first suggested? dividing the carat into 100 parts, the 
carat to be 200 mg. each; that is, five diamond carats to the gram, or 
20 pearl grains, or 5000 carats to the gram, and 20,000 gr. in a milligram. 

The subject of various diamond carats, their incongruity and the con- 
fusion of values of historic gems is fully treated by the writer.’ 


DIAMOND 


According to recent figures‘ the 1911 production and values of the 
South African Union are: De Beers, 1,924,225 carats, valued $24,690,430; 
Premier, 1,774,206 carats, $7,169,850; Jagersfontein, 338,831 carats, 
$4,968,895; Koffyfontein, 123,933 carats, $1,473,165; other mines and 
the Voorspoed will bring the Union product to 4,891,998 carats valued 
$43,743,620. 

In the De Beers mines the year may be considered fairly successful, 
although the profit on all operations amounted to £2,270,291, against 
£2,690,726 in the preceding year; but the decrease, as noted by the chair- 
man of the De Beers Company is due to the fact that in the year ending 
June 30, 1910, many sales were made out of the accumulated stock, 
thus unnaturally increasing the apparent output. In the actual output 
there was a gain in 1911, and the prices increased 3 per cent. or 4 per 
cent. over those secured in 1910. Dividends were paid to the amount of 
£800,000 on the preference shares and £1,000,000 on the deferred shares 
—equivalent to 40 per cent on each class of stock. The Reserve Fund, 
which amounted to £968,905 in 1900, stood at £1,337,953 on June 30, 
1911. 

The cost of production increased slightly in 1911 in the De Beers 
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and Kimberley mines, but decreased considerably in all the others of the 
group—the figures per load being as follows: 


+ = + + 


| 4910. | 1911 
De Beers—Kimberley.......... | 8s. 5.29d. | 88. 7.67d. 
Wesselton. . seve ee | Se. 5.82d. | 48. 900d. 
Bultfontein....................| 4s. 4.48d. 3s. 11.45d. 
TG: TORtRT I io on oe: 5: eine ieiereinn ewe | 5s. 5.34d. 4s. 7.09d. 


The margin of profit per load was greatest (10s. 10.235d.) in this latter 
mine, as in the preceding year. 

The yield of diamonds per load has continued to decrease, except 
in the Bultfontein mine, where it showed a slight advance. The data 
on these points are as given below. It should be noted, however, that 
the DeBeers has not actually been worked since 1908, the mine being in 
course of re-equipment, and all the diamonds accredited to that mine 
came from the deposit-floors, 


THE OUTPUT OF THE DE BEERS CONSOLIDATED MINES, LTD. 


Loads Yield | 
; \ Loads Value per Value 
Mine. Hauled. e 
(a) | Washed. Carat. | = a 
— 1911. 
eers 
iaaberiey, | SeecMa 445,169 | 1,402,804 28 = | 4687.79d | 1987.11 d! 
WOPNEOO 5 wc sic coke ake aen 2,422,487 1,423,117 <27 378 9.6 d 10s 2.47 d 
et ace RO IEE eee 2,457,412 1,866,212 .38 0. 138 3.79 d 
Du Toitspan................ 2,780,070 2,335,240 -21 73s 6.5 d 15a §.325d 
8,105,138 | 7,027,463 
1910. 
Fe Hoots. } pebcrmmea nena. 431,339 | 1,808,734 .38 478 9.25d | 1861.83 d 
een 520 1 cas cee io 1,702,237 | 2,139,738 .32 346 3.58d | 10811.7d 
Walthontel. << 2: -0sckiccecce 2'099:173 818,509 ‘37 33s 1.62d | 11s 10.68d 
Du Toitepan................ 878.755 917.175 "23 68s 1.46d | 158.02 d 
5,111,524 | 6,684,156 


came are different from those in printed statement. 
(a) One load 


= 1600 Ib. 


The total number of carats of diamonds secured in the 2 years from 


these mines as computed from the average per load washed is: 


ed 


es 


| 


i 


1910. 


| 1911. 


1,895,611 
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The actual result of the year’s production was £4,938,086, and the 
revenue from all sources, £5,928,830. Expenses of all kinds reduced this 
to a net profit of £2,998,616. Out of this were paid the dividends above 
mentioned, and Government taxes for the previous year, £310,137, 
and in part for the current year, £265,458, leaving a final balance of 
£623,019. 

In one important respect the figures for 1911 differ from those for 
1910; while in 1910 there were washed 1,572,632 loads more than were 
hoisted; in 1911, the excess of loads hoisted over those washed was 
1,077,675. This has increased the stock of blue ground to 8,416,372 
loads. Including 604,654 loads of lumps, there were in all 9,021,026 
loads, entered on the balance sheet, at a cost price of £1,414,209. Dur- 
ing the year ending June 30, 1911,as many as 2,359,021 loads of tailings 
were washed, yielding 256,631 1/4 carats of diamonds. This added to 
the production of these mines as given above, makes a total of 2,152,242 
carats of diamonds produced in the year. 

There was but little change in the depths of the shafts in the De 
Beers group of mines during the financial year 1911, except in No. 10 
Prospect shaft of the Kimberley mine, which was deepened 400 ft. The 
main rock tunnel on the 3520-ft. level of the Kimberley mine was holed 
April 15, 1911, its total fia hens 1,154 ft. 


DEPTH OF DE BEERS MINES. 


De Beors....... Main rock shaft........... 2,466 ft. | 

No. Behalt.. Secs Sass 1,670 ft. 

Kimberley... .. | Man rock shaft.......... | 3,601 ft. 

_ No. 10 t shaft....... | @ f 

siialonters Main rock tes ores 1,119 ft 
Bultfontein. .... No. 1 Main rock shaft...... ft. | 
3 | No. 2 Main rock shaft... .. 1 it. | 
| Du Toitspan....| No. 1 Main rock shaft...... ; 
| | No. 2 Main rock «haft...... 768 ft. | 
| \ 


The De Beers Company seems again coming into the lead of the 
diamond-supply, as the richness and quality of the Premier mine appear 
to be declining, and the output of German South Africa has not con- 
tinued to increase. The company has also won an important success 
in a recent suit against the Rhodesian Chartered Co., the Privy Council 
having decided that the former has a right of claim to all diamonds found 
in Rhodesia. 

The total output of the De Beers group of mines up to 1911 may be 
estimated at the enormous figure of 67,000,000 carats, worth over 
£100,000,000, or half a billion of dollars. If to this be added the yield 
of the Premier and other less extensive mines, and that of German 
Southwest Africa, the total may be placed at $600,000,000, which will 
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be doubled again by the costs of cutting, etc. Yet notwithstanding this 
vast production, the prices continue in a steady advance. 

The 89,676,316 loads of material taken out of the De Beers’ group 
of mines alone, from 1889, the date of the consolidation of these mines, 
to June 30, 1910, would constitute a mass 500 ft. square and 5736 ft. high; 
and yet if the diamonds derived from this blue-ground could be packed 
into a case 5 ft. square and 4 ft, high, the case would weigh 26,967 
troy pounds, and be worth $405,000,000. 

If we add the product of the great Premier mine, from 1901 to 
October 31, 1910, 36,839,926 loads, the volume will be 500 x 500 x 8096 
ft.—over a mile and ahalf. The case of diamonds would gain a little less 
than a foot in height to accommodate the 10,581,041 carats of diamonds 
from the Premier mine; it would then hold diamonds weighing 59,611- 
581 1/4 carats, weighing 32,773 troy pounds and worth $450,000,000. 

‘How much more precious diamonds are than gold is shown by the 
fact that 32,773 lb. of that metal would only be worth $8,100,000, the 
ratio being about 1 to 55 1/2. Of course, this refers only to rough 
diamonds, many of them very small, fora brilliant-cut diamond weighing 
but one carat is worth nearly 1000 times its weight in gold, and the dis- 
parity increases at an exceedingly rapid rate in the case of larger 
diamonds, 

Vaal River.—Bloemhof, the Vaal River, is some 200 miles southwest 
of Johannesburg. The field here known as Klipfontein, has an extent 
of 12 square miles, and was officially opened up as an alluvial digging 
in 1907. More recently deposits of greater premium were discovered at 
Mooifontein, 17 miles from Bloemhof, and here an area of about 700 
acres was opened for diggings September 13, 1911, and another area of 
900 acres was soon to be proclaimed here also. The diamond gravel in 
this region is overlain and concealed by from 6 in. to 1 ft. of 
soil. It lies on a bed of andesitic lava (amygdoloidal diabase) whose 
irregular surface affords depressions in which diamantiferous gravel has 
gathered. During the 6 months from April to September, 1911, 
diamonds weighing 10,575 carats were found at Bloemhof valued at 
$268,000. In general, the diamonds extracted 20 carats in weight, and 
one of 80 carats is said to have been found at Vaalbosch Rush; this 
was estimated to be worth $5,000. The smaller stones have sold for as 
much as $22 or $23 per carat (88s. to 92s.). The chief center of activity, 
however, now, is Mooifontein where there are said to be gathered as 
many as 10,000 diggers, and about the same number of Kaffirs are em- 
ployed. While the total output is not inconsiderable averaging about 
$160,000 monthly, the declared output of both Boemhof and Mooifontein 
for November was only $146,916. It will readily be seen that this total 
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gives but very meagre returns for each individual digger, although of 
course some are more fortunate than others." 

The diggers along the Vaal have been at the mercy of traveling 
buyers who pay what they please. A meeting was held recently at 
Austin’s Rush, to plan for a better system. It was proposed to get 
the Transvaal Government to aid the diggers by a loan, to be repaid from 
the sale of diamonds, all under various precautions. Then a delegation 
or committee would come to America, where rough diamonds can be 
imported free of duty, and arrange for the Vaal River product to be sent 
here for sale and cutting. 

The old Monastery Mine,? on which the New Star Diamond Mines, 
Ltd., hold on option, is being worked anew. It is stated to be the only 
“‘diamond-pipe” which appears in hard sandstone, and this rock seems 
to have favored the formation of large masses of the various minerals 
formed within it. An exceptionally large and fine zircon discovered 
here was at first believed to be a diamond, and Mr, Barney Barnato is 
said to have offered £1000 for the crystal. As a rule, the diamonds 
found in this mine are covered with an aluminous coating, not removable 
by acids, and rendering the stones unusually dull in appearance. Many 
of the diamonds are distinctly inferior, while others are very fine; one 
gem weighing 51/4 carats was valued at $2625. This mine appears 
to have been worked in ancient times, as human skeletons have 
been found in it at a depth of 40 ft. These are now in the Bloemfontein 
Museum. 

German Southwest Africa.—Although large quantities of diamonds 
have been obtained here, it now seems as though the production would 
fall off. The predictions of Dr. Rohrbach and other investigators cited 
in our last report, give the impression of enormous resources for many 
years to come; but the practical results do not yet warrant any fear of 
overproduction. 

The yield for 1911 was 798,866 carats which sold for $5,325,000," and 
which was larger than in the year before; but the advance has not 
continued. 

The returns of the German diamond companies show decreased divi- 
dends. The Kolmanskop Society, after paying 55 per cent. in its first year, 
reduced the dividend to 45 per cent. in the second year, while the divi- 
dend for the past year will be 30 per cent. Still more unsatisfactory is 
the showing of the German Diamond Company, which has cut its divi- 
dend in half, from 10 per cent. in the last year, and that of the Luderitz- 
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bucht United Diamond Mines, which paid none. Increased cost of pro- 
duction and the tax of 33 1/3 per cent. on gross value levied by the 
Government upon exported diamonds, are factors in this poor showing. 
Indeed, many of the smaller companies have suspended operations 
until the desired change is made from a tax on gross value to a tax on 
proceeds. 

The diamond deposits are now known to extend along the coast 
from about 24° to 25° south latitude, from Conception Bay nearly down 
to the mouth of the Orange River, but probably not very many miles 
inland. The country is a nearly level stretch of barren granitic rock, 
thinly covered with sand, which is swept to and fro by the wind, and 
piled up in shifting dunes. In these sands are the diamonds, small 
but brilliant octahedral stones, rarely over half a carat in weight, but 
cutting into fine gems. Stones vary in size and quality according to 
several sources. But those sources, which must have been extremely 
rich, are as yet a mystery. Some have thought that they have been 
brought by rivers formerly flowing from the interior highlands; others 
believe that their source is in diamond-bearing pipes or fissures now 
under the sea, whence they have been washed and blown with the sand, 
or swept in by currents in a period of former depression. This last view 
has been strongly advocated by Mr. M. E. Francis, of Johannesburg, an 
authority on diamond geology. The “blue-ground” region reported 
as found, has been carefully investigated, and large garnets as well as 
the so-called “carbonado,” or ilmenite, have been obtained there, but 
no diamonds, In these investigations, as well as in other matters per- 
taining to these diamond fields, the German Colonial Secretary, Dr. 
Solfs, has been indefatigable. 

A recent lecture on the geology of this region by Prof. Dr. Scheibe, 
before the Royal Agriculture High School in Berlin, describes the coast 
plateau as composed of ancient crystalline rocks, covered with the present 
loose sands and gravels, remnants from sedimentaries now eroded. 

This account, however, does not solve the problem of the source of 
the diamonds. It may be noted that with them are found strewn 
through the sand, pebbles of chalcedony and agate of various colors, 
which did not come from the underlying granites and schists, and point 
to some other source, apparently in igneous rock. 

The diamantiferous sands vary greatly in their richness. Near 
Luderitz Bay, the average may be taken as from three to five small 
diamonds per cubic meter. But in places where wind-concentration 
has occurred, the lighter material being blown away, the average may 
be eight or ten times as many; and in the Pomona district, ten or more 
diamonds of larger size may be seen on a square meter of surface, imply- 
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ing perhaps several hundred to the cubic meter. Again, there are other 
large areas where the yield is very scanty. 

In many places the initial stages of washing on sieves are still entirely 
performed by hand, but these primitive methods have been largely 
superseded by the use of machinery. 

By the introduction of the Schiechel sifting machines 90 per cent. 
of the diamonds are now secured, while only 60 per cent. were obtained 
under the older method of hand-working; it is also found that the intro- 
duction of these improved mechanical processes prevents theft. Since 
the German Government has taken entire control smuggling is almost 
impossible. 

The output of the German diamond fields goes mainly to Antwerp 
for cutting, 90 per cent. or more being the proportion, and the small 
remainder goes to Berlin for cutting. An Antwerp syndicate takes 
charge of the main output, under an arrangement with the German 
companies somewhat like that of the London syndicate with the De 
Beers mines. The German Colonial Secretary, with the director of the 
German Diamond Company, has been visiting Hamburg, with the object 
of the possible opening of diamond-cutting industries there. The con- 
tract with the Belgian syndicate expires ere long; and it is probable that 
a German syndicate will be organized to take up the product of the mines 
and have it cut in German cities. 

Australia.—The deposits at Copeton, New South Wales, are alluvial, 
the fields lying on the eastern watershed of the Gwyder River, 
some 18 miles south of Inverell. The diamantiferous gravel for the 
most part rests upon the granitic rock, and above it are overlying strata 
and basalt. This flow covers a wide extent of country, and erosion has 
left it in scattered hills and ridges. Below it are beds of river drift and 
gravel, sometimes many feet in thickness, the material being much 
rolled and waterworn. All are regarded as of tertiary age, the basalt- 
flow being subsequent to the river-drift. The conditions in this respect 
recall those in California, where diamonds occur in the old river-beds, 
overlain by a Tertiary lava-flow. The diamond-bearing gravel consists 
mainly of quartz, with much tourmaline, and some garnet, topaz, sap- 
phire, a little gold, and an important quantity of tin ore. This latter 
helps to make mining operations profitable even if the diamonds would 
not suffice for this. As an instance when both diamonds and tin were 
found in considerable quantity may be cited the “Streak of Luck” mine, 
where a shaft was sunk 140 ft. into a depression in the granite bottom, 
in rich diamantiferous gravel, from a few inches to 9 ft. in depth, and 
yielding on the average for each load from 8 to 10 carats of diamonds 
and about 15 lb. of stream tin. These diamonds are said to have been 
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sold for 25s. per carat. This “pocket” was unusually rich. At the 
Ryder Brothers’ mine, 5 miles south of Copeton, four men are stated to 
have found 2300 carats of diamonds in one year’s work, the stones sell- 
ing for 22s. and 23s. percarat, While the tin-bearing granites are known 
to exist in the vicinity, the source of the diamonds is another question 
and one of especial importance, A few small diamonds are said to have 
been found in a dolerite rock in a pipe or dyke form at the ‘‘Oakey Creek” 
mine, at the southern end of the diamantiferous belt. But as to this 
there is some question; and at best, a much richer matrix rock must be 
found to yield the quantity of diamonds found in these widespread 
gravels, Most of the diamonds from this region are small, from 1/8 
carat to 3 carats; but they are of fine cutting quality, as indicated by 
the prices. The largest stone from the Copeton district is stated to have 
been taken from the “Star” mine; it weighed 7 carats. Besides the 
mines already mentioned, the “Round Mount,” “Deep Shaft,” and 
“‘Old Farm” mines, are among the most productive. ll yield tin ore; 
and some, as the “ Lone Star,” “ Soldier’s Hill,” and “ Molacca” mines, 
are operated mainly for tin, Others are the “ Banker,” and “ Kirk’s 
Hill” mines, the latter adjacent to “ Oakey Creek,”’ where the occurrence 
of diamonds in basalt is reported. At “ Kirk’s Hill” mine, four loads 
of the wash furnished 1010 carats of diamonds and 2 cwt. of tin ore. 

Frequently a land of ferruginous conglomerate is found, at various 
levels in the drift, evidently formed by deposit from iron solutions, and 
often forming a hard cement layer, from an inch to a foot in thickness. 
It may be quite productive, and strongly recalls the “cascallho”’ of 
Brazil. This material is thrown into a fire, when it crumbles, and is then 
easily crushed and washed, and the diamonds recovered. Frequently the 
deposits are reached by drifting into or under the basalt-capped hills. 

The diamonds of this region are very hard, requiring a long time to 
polish, They are mostly white, also yellow, brown, and occasionally 
of the rarer colored shades. Mr. Oscar G. Roberts, of Sydney, in a 
communication to the writer, states that for years, the diamond-seekers 
were unaware of the value of bort, and discarded it when met with. But 
of late, a demand for it has arisen for the diamond drills much used to de- 
velop the water-supply of Australia. The specimens found are true bort, 
not carbons; they resemble the white (not the yellow) diamonds occurring 
with them, in their hardness; the round pieces are set, together with 
Brazilian carbons. Good specimens on the field, are worth from 20s. 
to 80s. per carat, depending on size and quality. They are also sold for 
local use in china-drilling, etc. 


Po el ‘Copeton Diamond Fields (N. 8. W.),"" Australian Mining Standard, April 20, 1911, 
D. 
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A well-known mining expert, Mr. David Grove, is investigating the 
character of the diamantiferous area at Inverell, New South Wales, where 
he has acquired a half-interest in the pipe mining. He states that Mr. 
Levy, a well-known Amsterdam diamond-cutter, has pronounced the 
Inverell stones to be equal in brilliancy when cut to the best Brazilian, 
and also asserts that the statement made in South Africa, that Australian 
diamonds cannot be properly cut, is not founded in fact, Mr. Levy 
offers to purchase the output of the Inverell mines, Mr. Grove says 
he will make a comprehensive test to determine the value of the mine, 
If it proves a true pipe it will be found to contain large stones, If satis- 
fied, cutters will come out to cut and polish the stones, thus establishing 
a new Australian industry.’ 

British Guiana.—The production of diamonds fell off from 1910, but 
showed an improvement in quality. The output is stated to have been 
26,467 stones, weighing 3035 carats; while that of the year before was 
85,537 stones, weighing 7180 carats. The number of diamonds produced 
was therefore less than one-third, but the number of carats fell only to 
three-sevenths, The stones of 1911 averaged nearly one-seventh of a 
carat, while the average of the year previous was only about one-twelfth 
of a carat. The obstacle to the development of diamond-production 
is the lack of communication and transportation. The only access is by 
boats and canoes, requiring a journey of 2 or 3 weeks. 

Brazil.—It has long been known that diamonds occur in Goyaz, 
but there has been no important mining there. The newly discovered 
field reported recently in Brazilian papers lies in and along a little- 
known stream called the Garcas, a small affluent of the Aragura River, 
which flows northward to join the Amazon. The region is wild, and 
occupied only by a few Indians, A “rush” of diamond-seekers has 
already set in, and the neighboring states are stimulated to organize 
surveys and explorations in their stream-beds, in the hope of similar 
discoveries, 

Canada.—An interesting discovery of diamond-occurrence, from a 
scientific point of view, though not from a commercial one, is reported 
from British Columbia, by Mr. Charles Cameell.? 

Early in 1911, some specimens of chromite from the Tulameen Dis- 
trict, B. C., obtained by Mr. Camsell, were analyzed by Mr. R. A. A. 
Johnston, and found to contain minute diamonds. The crystals break 
up on being freed from their matrix, but the fragments are clear and 
brilliant. The chromite occurs distributed in little veins and masses 
in peridotite rock, This rock appears as a stock, intruding sediments 
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and flows of Triassic age, and has been much altered to serpentine, 
resembling thus the diamond-bearing peridotite of Arkansas, and 
perhaps the African kimberlite. 

Analysis developed two parts or varieties in the chromite, one mag- 
netic and the other non-magnetic. Diamond was present in the former 
to an extent of 9 per cent. in the latter only 3 per cent. Some gold and 
platinum were also found. 

The diamonds were obtained from the chromite by fusion with so- 
dium carbonate; and they have also been identified in their sections. 
They present two varieties, one a yellowish aggregate of very minute 
particles, the other well-formed octahedral crystals of great purity. It 
appears that the carbon was an original constituent in the peridotite 
magma, and crystallized out in solidifying, apparently before the 
chromite. 

China.—Small diamonds are long known to have been picked up in 
the rice-fields after rains; but there is no definite knowledge as to their 
number or quality, as they are valued and retained among the natives. 
It is stated! that “black diamonds” of two or three carats are found in 
“two provinces in North China,” through which provinces, is not 
stated. They are fairly brilliant, and harder than ordinary diamonds, 
and are prized by the natives as ornaments, This is believed to be the 
first announcement of the occurrence of black diamonds in China. 

Arkansas.—In the year 1911 little was done at the diamond-field, 
owing to the lack of capital for active work. Two “pipes” are now 
determined, and probably a third is located. The Arkansas Diamond 
Co., which owns most of one of the recognized pipes, is endeavoring to 
raise the required capital. The washings have shown a yield of 28 carats 
of diamonds per hundred loads (of 16 cu. ft.); this, in the form adopted 
in the African reports, would be 0.28 carat per load, about the same as 
that of the Kimberley mine. But the diamonds are mostly small. 
One was obtained, however, from another part of the same pipe, known 
as the Mauney tract, that weighed 8 1/8 carats—a fine stone, the largest 
yet found in Arkansas; one or two others are also reported, of 2 or 3 
carats’ weight. 

Illinois.—The occasional occurrence of diamonds in the glacial drift, 
along the line of the terminal moraine, from Wisconsin to Ohio, and 
again reported in Illinois, has led to the belief that there must be some 
source or sources for them in the Canadian wilderness Ungava, some- 
where near James’ Bay. A good deal of prospecting has been done at 
various points, but thus far with no definite result. Statements have 
been made in some newspapers, of diamonds being found in Ungava, 
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and taken to New York and shown to the writer; but the reports have 
either lacked foundation, or the stones, though real, have had some 
uncertainty as to their actual source. An expedition has been organized 
and has lately started from Ottowa, with Indian guides, and ample sup- 
plies, to go up toward Hudson Bay, and explore the region during 
the present summer. The Illinois discovery above referred to, was in 
Jefferson Co., near Ashley, where several diamonds are said to have 
been found. The largest was a stone of 7 carats, and was sold to a 
firm in Alton, IIl., for $175. 


DIAMOND-CUTTING INDUSTRY 


The Industry has been on the whole quite a prosperous one in 1911. 
As before, the chief centers have been Amsterdam and Antwerp, of which 
the latter has increased. This is partly due to the fact that a Belgian 
syndicate had a contract for the output of the diamond field in German 
Southwest Africa. So far as the exports to America are concerned, 
many Amsterdam diamond dealers come weekly to Antwerp to sell their 
product for shipment from that port. 

The fear felt of an overproduction has not been realized. The De 
Beers mine output is carefully regulated, so as not to exceed an annual 
amount of about 2,500,000 carats. 

The regularly organized diamond workers in Amsterdam number 
about 10,000, representing some 70 establishments, beside a considerable 
body of unorganized workmen. In 1912, it is expected that 1000 ap- 
prentices will be added—most of them sons of the present operatives. 
Pupils pay large prices for instruction, even as much as $2000, for 
cleavers, payable in instalments; and the school for turners and polishers 
charged from $120 to $150. As soon as a pupil can do good work he 
begins to receive pay. 

Small private cutting establishments are developing—with a con- 
sequent tendency to a lowering of prices. 

Antwerp.—The reports received from the American consul-general 
at Antwerp, Mr. H. W. Diederich, give some interesting accounts of 
changes in the conditions of diamond-cutting in Belgium. The business 
has long been dominated by a syndicate, which, in particular, refused to 
permit apprentices. The coming-in of the large output from German 
Southwest Africa compelled an important increase in the number of 
cutters; but the syndicate would not modify its regulations. This led 
to a revolt in 1909. The movement has gone on, and spreading over 
Belgium, as Mr. Diederich says, independent diamond-cutting in small 
establishments is fast becoming a national industry. The independent 
workers are free to initiate their sons into the business, 
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From 1891 to 1911, the number of cutting establishments has advanced 
from 5 to 300, that of employees from 300 to 16,000, and that of diamond- 
brokers from 2 to 200. The wages paid to cutters in 1911, amounted to 
over $7,000,000, and the total volume of business to $48,000,000. This 
great increase is largely due to the imports of German-African diamonds, 
of which more than nine-tenths are taken up by a Belgian syndicate. 
' How far this condition may be permanent, however, is not certain. 

In exports of diamonds to America, Antwerp is ahead of 
Amsterdam, the value for 1911 having been $11,357,475 or about 13 
per cent. more. This was $500,000 less than in 1910. Of this total, 
nearly two-thirds ($1,348,151) represented uncut stones, while in 1910 
the uncut stones were less than half. This indicates the growth of cut- 
ting in the United States. There has been much talk as to a possible 
combination between the London syndicate, controlling the De Beers 
and Premier mines, and the German syndicate. But this does not seem 
very practicable. The character of the products is different. The Cape 
mines furnish all the larger-sized diamonds and control the market 
for them; but for the smaller stones (melées, as they are called in the 
trade) there is little demand in comparison. The German-African stones 
are all melées, and there are no larger diamonds to compete with the 
Cape output. At the same time, the German stones have gained much 
favor because of their brilliancy and their somewhat lower hardness, 
causing them to cut and polish more easily. The two syndicates are, 
therefore, not in competition. 

The products of the several African mines, exhibited from time to 
time in London, are taken up almost as fast as they are displayed. A 
large share of the growing demand comes from the United States, but 
also a good deal from England itself, from France, and from some countries 
of Asia. Inferior grades of diamonds are rising in value with the prices 
of the finer stones. 

It is of interest to note the statement that American-cut diamonds 
are in demand in all countries, being regarded as possessing the finest 
cutting and finishing. 

At the present time it is estimated that the number of persons em- 
ployed in this industry in various countries is about as follows: Belgium 
(as above) 16,000; Amsterdam, 8000-10,000; Germany, 1000; Switzer- 
land, 400; London, 100; Paris, 100; New York, 300; Total, 25,900-27,900. 

Although the diamond-cutting industry has made immense strides 
in the past few years, the year 1911 did not mark a continuance of the 
upward movement, there being, indeed, a very slight retrogression as 
appears in the following table:' 


—ai®Tmm Heary W. Diedrich's report: Daily Consular and Trade Reports, p. 774; 
e ° . 
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Cut Diamonds. Rough Diamonds. | Total. 
Quarters. Nee EEE 
1910. 1911. 1910. | 1911. | 1910. | 1911. 
| py Reet $ 2,907,064 | $ 3,331,201 $ 222,296 | $ 3,041,791 | $ 3,553,497 
Baa0ad sks. cases 2,373,125 2,701,961 317,713 2,595,686 3,019,674 
Oe AG ate Ries ae ,645, ,491 503 540,734 2,815,166 x 

FOUL; .c.<.5.0-0-0-0:05.4 2,135,916 1,484,659 267,408 2,404,395 1,752,067 
$10,061,843 | $10,009,324 | $795,195 | $1,348,151 | $10,857,038 | $11,357,475 


It will be noted, however, that the falling-off affected only the last 
quarter, the returns for the first three quarters showing an increase of 
$598,738 in the value of cut diamonds exported from Antwerp to New 
York; this was a little more than offset by a decrease of 651,257 in the 
last quarter. For both cut and rough, exports increased 518,437 over 
1910. The exports from Amsterdam to New York in 1911 were but 
slightly less than those from Antwerp, being 10,080,851. 

Agate.—The formation of agate chalcedony is exemplified in a speci- 
men belonging to Herr Renck of Offenbach of enhydros still in the matrix. 
This enhydros has lost in volume through contraction (loss of water) 
and has thus become a so-called “rattling-stone.”’ The enhydros is 
partially surrounded by a white, mealy mass, which should be amorphous 
silica. It is still fully embedded in a black, compact, fresh melaphyr; 
only one side being freed. A very narrow gap separates the enhydros 
from melaphyr. ‘Traces of silica represent the beginning of a refilling 
of the gap. 

The writer believes it probable that in these formations the silica of the 
chalcedony shell was originally combined with the enclosed water and 
became freed therefrom. The separation of the silica from the main 
mass of water must have at first taken place on the surface, that is to 
say, a membrane must have been formed which soon became impervious 
to water. The enhydros crust did not arise by slow diffusion, but by a 
rather rapid precipitation. 

Even in agate formation the outer crust formed is usually so firm 
that the mass retains its external form in spite of the loss of water. That 
is to say, the gap between melaphyr and agate is very slight. In agate 
very considerable internal contractions are to be noted. Indeed, in the 
enhydros also the filling of the cavity is scarcely ever complete, for a 
later cavity, the result of consolidation, allows the contents to be movable. 

After an examination of thousands of agates and enhydros, the 
writer, however, believes that the enhydros were formed by moving 
heated waters that entered and passed from the gas pores in the igneous 
1012 Rgphsle Ed. Licsogang and J. Reriok ““Enhydros-Bildung” in Centralb far Min. Geol. u. Palaontol 
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rock that they formed in, and depositing layer after layer on the sides 
and at the minute entrance of the cavity eventually filled the opening 
and sealed the contents of water for endless time. 

Emerald.—The occurrence of true emeralds in the northwestern part 
of South Carolina, has been known for some years;! but no actual locality 
has been known. There are translucent deep-green emeralds, cut and set, 
in the hands of individuals in South Carolina; but no mining has been 
done. A company has been formed to develop a property of 165 acres 
near Earle station, just south of the North Carolina line, which is believed 
to contain emerald deposits, 

The Turner emerald mine in Cleveland Co., N. C., from which a 
number of fine gems have been obtained within the past 3 years, has been 
described by Mr. Douglas B. Sterrett.2 He remarks (p. 26) that rock 
associations very similar in character to those containing emerald at 
the Turner mine, occur at a number of points in the region south of 
Shelby, N. C. This is quite near the border, it is probable that an 
emerald-bearing zone will be found to extend through this section of 
the two Carolinas. 

The special conditions under which emeralds are formed, as brought 
out in this report, appear to be as follows. The region is one of Archean 
rocks—the Carolina gneiss, with igneous and granitic intrusions, not 
positively determined as to age, but the granite latest. These veins 
and lenses of pegmatite contain beryl and in some cases the true emerald. 
These are found only when the pegmatite traverses certain basic rocks— 
such as gabbro—which are found on analysis to contain a constant 
amount of oxide of chromium—0.16 to 0.19 per cent. This oxide, the 
coloring-matter of the emeralds, was evidently taken up into solution 
from these rocks by the pegmatite. If it contained the beryllium 
oxide necessary to form beryls, emerald then resulted. But only a 
fraction of the pegmatites are beryl-bearing; and hence the combination 
of two very special conditions was requisite to develop emerald. 

Jade.—The natives of New Zealand have long used and greatly 
prized the green nephrite, to which they gave the name of pounamu. 
They obtained it from boulders along the west shore of South Island 
and in streams flowing down to that coast from the unexplored interior. 
Within recent years there has been careful search by prospectors and 
official geologists, for the source whence these boulders came; and some 
excellent localities have been found in the region of Milford Sound and 
up the Arahura and Greenstone Rivers. A considerable amount of true 
“greenstone” or pounamu has been taken out, and some of it exported 


116th Ann. Rep. U. 8. G. S., Min. Res. of the U. S., Pt. 1V, p. 600. 
1 Min, Res. U. S., 1910, pp. 23-25, and fort pp. 19-26 (exahadaany): 
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to be cut in Germany. The stone has hitherto been prized by the 
Maoris, but of late it is coming into favor among the more advanced 
races. 

The Maoris had special names for different varieties of pounamu. 
One known by them as “tangiwai,” the queen of greenstones, is an 
entirely distinct mineral. It was found to be bowenite, a variety of 
serpentine, very pale greenish in color, to almost white, and much more 
translucent than the nephrite which is a variety of amphibole. A very 
interesting discovery has been made within the past year, of what is 
probably the long-lost source of tangiwai. The new discovery corre- 
sponds closely with the place indicated by the native traditions. Samples 
of the stone taken to Auckland have been recognized by Maoris as the 
genuine tangiwai. Prof. Marshall, F. G. S., of Otago University, has 
examined the material and pronounced it to be bowenite “ of unequaled 
quality” for all ornamental purposes. 

The practical importance of this discovery lies in the fact that a 
ledge will yield not only pieces for all kinds of small objects, but masses 
of larger size. Characteristic cloudy waves, which add to its beauty, 
and are not easily imitated. Glass imitations of jade are found in 
the market in Europe. 

Bowenite occurs in the United States, at Smithfield, Rhode Island, 
and is familiar to mineralogists, and it is known also in India, in the 
Punjab, where it is worked into small ornaments, as in New Zealand; 
but heretofore it has been obtained only in very limited amounts, and 
not very translucent. This newly-discovered locality promises an ample 
supply of this beautiful stone for export to America and Europe, and 
especially perhaps to China and Japan, where jade of all kinds has long 
been a material peculiarly esteemed. 

Opal,—The Japanese opal locality, discovered in 1905, is situated 
at Takarasaka, in the prefecture of Fukishima. It is now being worked 
by the Tokio Hosaka Kaisha, Ltd. The matrix rock is reported to be 
a perlite; several varieties of the mineral are found—milk-opal, opal-agate, 
precious opal, glass-opal (hyalite?) and smoky or granitic opals. The 
precious opal is stated to resemble the Hungarian mineral; but a marked 
variety is one that is entirely transparent and colorless, but presents 
orange or emerald-green colors when seen at certain angles of light. 
The stone here has a specific gravity of 2.22 (typical) and a water-con- 
tent of 8.49, with no extraneous matter. 

The great extent of volcanic rocks throughout the far northwest 
furnishes many localities where this beautiful gem-stone may be found, 
In the author’s reports to the Interior Department from 1890 to 1905, 
some sixteen distinct occurrences were noted. 
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There have at various times come to me specimens of opal from near 
Lovelock, in the southern part, and wood opal from the northeastern 
part of Humbolt Co., Nevada; also, opal in concretionary masses from 
Austin, Nevada. In Idaho, opal comes from Caldwell, and from Rock- 
ville, and Squaw creek, Owhyee County, and from Clover creek, Lincoln 
County in the Snake River region in the southwestern part of the state; 
and from near the Salmon River, from Baker and Durkee in Oregon, 
and from Walla Walla, Douglas County, and Whelan, Washington, 
(near Mexico, Idaho). 

For the past 25 years small specimens of opal as float have been 
found near the junction of southwest Idaho, southeast Oregon, and 
northern Nevada. Opals from Drewsey, Oregon, have been described 
by the writer and also specimens from northern Washington. In 1889, 
there was found in John Day River a specimen of good fire-opal 1 in. 
long, 1/2 in. wide and 1/4 in. thick, a drift pebble, either out of some 
gravels or a river bed. The color was excellent and quite equal to the 
pale yellow fire-opal from Queretaro, Mexico. 

About 3 years ago some specimens of fire-opal were found in north- 
ern Nevada, at Virgen valley, west of the Santa Rosa Mountains. This 
resembled certain types of the Mexican opal from Queretaro, though not 
precious opal such as was found in Washington State. Of these Nevada 
opals some are absolutely transparent and pellucid, either with large 
flames of color, or with a smaller harlequin flaking. These change gradu- 
ally into pale yellow, yellow-brown and brown, and sometimes are only 
sub-translucent but with a great play of color, finally becoming almost 
black. These dark varieties include some strongly resembling the hue 
of certain crude petroleums, or that of the darker types of Burman or 
Roumanian amber. 

More recently another locality has been found 8 miles from the above. 
This has furnished a number of specimens remarkable for their large 
flames of red, strongly resembling lumachelle marble. A number of 
these are lusterless and many of them are more or less cracked, partly 
due to the fact that they have a large water content, and partly because 
they have been mostly found very near the surface. In one respect, 
this occurrence resembles the deposits at White Cliffs, New South 
Wales, in that, as there, some of the opals are pseudomorphous after 
wood or other objects,. There was a newer find in 1911, a limb of a tree 
measuring 50 cm., or nearly 2 ft. in length and 8 cm. across, entirely 
replaced by opal; the outer parts were very brilliant, while the center 
was of the dull, common opal variety. 

In nearly every instance these masses are found in decomposed vol- 
canic rock, or in ash that has hardened. Apparently there must have 
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been a later flow of siliceous waters to change them to this form. The 
deposit is west of the Santa Rosa Mountains and near the Trout Forest 
Range and the Pine Forest Range. Some of the stones cut several years 
ago still hold their color, but it is possible that a number of them may 
not be of the more durable type. This is the most interesting occurrence 
of opal that has yet been noted in the United States. The deposit found 
in 1909 was traced to a depth of 16 ft., whereas the opalized tree and 
later deposits above mentioned were found at a depth of only 2 ft. 

These opals were described by the writer before the N. Y. Academy 
of Sciences, on Nov. 6, 1911, and specimens exhibited. More material 
has since been obtained, of the same kind but even finer. Nowhere 
have more elegant opals been found, or better examples of the opaline 
replacement of wood. No trace of vegetable structure remains visible. 
The outer portion often breaks off with a beautiful pisolitic or small mam- 
millary surface. The variety of colors and types of opal is very remark- 
able here; the dark browns, like fluorescent petroleum; dark with broad 
flames of color; or shot through with brilliant little lines and streaks 
of fire in a field of pale purple or blue; another type is a hazy or misty 
white with brilliant play of colored fire; and again with the transparency 
of water. 

Gems of over 20 carats have been obtained here, and a great many 
of like dimensions. The question of durability is an important one with 
opals. A good proportion of these appear to hold their color well and 
remain unchanged; though some show a tendency to fracture after a 
time. These are of the fire-opal variety, an opal with a high water 
content, 

Rhodonite.—A fine quality has been found at a locality in Josephine 
Co., Oregon, some 30 miles west of Grants’ Pass. Specimens are of rich 
cherry red, and of darker shade, and local collectors have obtained hand- 
some pieces. It is said all to come from a large vein. 

A remarkable crystal of rhodonite (Fowlerite) from Franklin, N. J., 
has been acquired by the Brush mineralogical cabinet at New Haven, 
Conn. It is described by W. E. Ford and R, B. Crawford.! The 
crystal is unusually rich in faces, and one new face was determined, v, 
(041), and another, k (221), which had been reported before, but 
doubtfully,. 

Sapphire.—These have been in favor of late in jewelry, and the pro- 
duction from the Yogo Gulch, Montana, mines on Judith River, has gone 
on quite successfully. Montana stones are often not so dark or turbid 
as some of the oriental stones; and the desirable stones retain their blue 
color by artificial light. The season in 1911 was more favorable than in 


1 Amer. Journal Science (4), XXXII, p. 289 (Nov., 1911). 
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1910; water was abundant without damaging cloudbursts. The output 
therefore showed considerable increase, amounting, for the two companies 
engaged there, to some 500,000 carats. Of these, about 18 per cent. 
were suitable for cutting as gems, the rest being available, as usual, 
only for watch jewels. Some exceptionally fine sapphires were obtained, 
in particular two stones of rich cornflower blue, weighing 2 sie and 3 1/2 
carats respectively, and bringing record prices. 

Turquoise—An important discovery has lately been ccauls of defi- 
nitely crystallized turquoise, occurring at Lynch station, in Campbell Co., 
Va. A full account, with analysis and crystallographic details, is 
given by Mr. Waldemar T. Schaller.' 

The mineral occurs in a matrix of glassy quartz, broken up into irreg- 
ular fragments, united by the turquoise, which fills the interstices, and 
in some cases shows a botryoidal surface with minute drusy crystals. 
The turquoise is of a fine blue color, and the mass polishes well into a 
handsome ornamental “ matrix’’ stone. 

The crystals are clear and brilliant; few exceed 1/3 in. in diameter; 
and being closely aggregated, measurement is difficult. Some were 
determined, however, as triclinic, practically imomorphous with 
chalcosiderite. 

Analysis gave the composition of true turquoise, corresponding to the 
formula CuO, 3Al,0,, 2P,0,, 9H,O. 

This, Mr. Schaller feels satisfied to be the correct expression for the 
composition of this species. The following are the actual analyses, with 
those given by Prof. Penfield for a turquoise from Nevada.? The den- 
sity is approximately 2.8. 


| Virginia. Nevada. 
Pe iake rales SRS 34.13 34.18 
RICE Sioa tinpiec pezaienceeeiescart 36.50 35.03 

) a MRC tt ence | 21 1.44 
2 5 renee 9.00 8.57 
GO Sic od eer amare 20.12 19.38 
insoluble a nea eta | _ suaneteauatabaaasi‘s -%8 
99.96 99.53 


The face of the mineral now being found, for the time, definitely 
crystallized, disposes of the question regarding the character of turquoise 
as a true mineral species. Mr. Schaller alludes to the other theory of 
its being a mixture of a copper and an aluminum phosphate, saying that 
these specimens give no support to it. The close agreement of the 
analysis, moreover, with that given by Prof. Penfield, which was itself 


1 Amer. Jour Set. egg 1912. 
2 Amer. J. Sci., Nov., 1900. 
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codérdinate with a number of others from various localities, confirms and 
doubtless establishes this view. 

Mr. Sidney Paige, in Economic Geology, for June, 1912 (Vol. VII, No. 
4, p. 382), discusses the occurrence of turquoise in the Burro Mts. of 
New Mexico, The turquoise is confined to a very moderate depth, 
within the zone of alteration; while the apatite appears lower down. 
The phosphoric acid has no doubt come from the latter, the copper from 
the sulphide ores, and the alumina from the sericitic alteration of 
feldspars in the granite rocks, all as a result of erosion and weathering. 

Zircons.—Specimens of Zircon have been brought from Campbell 
Island, some 300 miles south of New Zealand, about in W. long. 70° and 
between 52° and 53° S, lat. The specimens are small rounded nodules, 
some of them showing obscure crystalline form, but remarkable for their 
brilliant polish or luster; they are clear and of a rich hyacinth-red color, 
and would cut into small but very handsome gems. 

Amber,—An exhaustive search for deposits of amber in Russia has been 
carried on recently by three Belgian mining experts. The best results 
were secured in the Volhynia and Minsk Governments, where amber was 
found in considerable quantities near Dombrovitza, on the Rovna 
district, at Goryni and near the village of Barashi in the Zhitomir district. 
It is believed that on further investigation these deposits will be found 
worthy of exploration, especially in view of the progressive exhaustion 
in Western Europe. 

Prof. Dr. Richard Klebs, connected with the Royal Geological Survey, 
and scientific adviser to the Royal Amber Works,? gathered and owned 
the great collection which was exhibited under the auspices of the 
Imperial German Government at the St. Louis Exposition in 1904. 
This great collection consists of 10,000 inclusions in amber, comprising 
beetles, flies, spiders, wood, leaves, and many other interesting objects. 
It has been held at $40,000 and will not be divided. 

The last paper he wrote* appeared in the “Schriften der physik.— 
@ekonom. Gesellschaft zu Kénigsberg, i Pr.’ Jahr. LI, pp. 217-242, III, 
1910, and describes these fossils with illustrations. 

Pearls.—It is evident from the recent reports of the Ceylon Company 
of Pearl Fishers that this venture has been very unsuccessful, A total 
deficit of £118,517 on operations up to the present time is reported. 
Naturally, the company is seeking for a modification of the terms of its 
lease with the Government of Ceylon, and the latter is said to be inclined 
to accord this, should the annual inspection reveal the presence of a 


( ic nag ty ae) the the Seat Uicirertal Vocketeal po 38 3994, p. 228; London, March 9, 1912; citing 
Bled in y name Russian Univ 
berg, Prussia, June 20, 1911, in a sixty-seventh year. 
Ueber pee Stee 2 Allgemeinen und die Coleopteren meiner Bernsteinsammlung."’ 
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spat-fall, and should the application of wire netting to defend the young 
oysters from the attacks of predatory fish be efficacious. 

The periodical disappearance of the oysters from the Ceylon pearl- 
banks, often for a number of years at a time, has been an element of 
uncertainty. Mr. Hugh M. Smith, U. 8S. Deputy Commissioner of 
Fisheries, in an extended article on the Ceylon pearl-fishery,' stated that 
in the last century pearl-fishing was possible in only 36 years, the barren 
intervals varying from a few years to as many as 16. The curious fact 
appears, from recent studies, that the destructive fishes themselves 
have a part in the actual production of the pearls, The latter are formed 
in the tissues of the young shell-fish by the secretion of nacre as an envelope 
around the bodies of small encysted parasitic worms (custoids), which 
enter the shells and penetrate the tissues and thereby cause irritation to 
the mollusc. They do not develop further in the pearl-oyster, and those 
that die form the nuclei of pearls. But if the molluscs are eaten by 
fishes, the encysted larve reach maturity to repeat the same cycle of life- 
history. Even were it possible in any way to keep the fish from access 
to the pearl-banks by wire netting, as proposed, this attempt might only 
defeat its own object. 

The Ceylon pearls are extremely numerous and many of them very 
small as explained by the manner of their origin—the “ seed-pearls” of 
commerce, 

A serious problem has arisen in the pearl industry of Australia, in 
consequence of the decision of the Government that after January 1, 
1913, only white men may be employed as divers and tenders, This 
work has hitherto been done by Malays and Japanese. U. S. Consul 
J. F. Jewell, of Melbourne, states that there is much concern and doubt 
among the pearlers, as to how far this change can be accomplished. 
Many of the pearl-banks lie beyond the 3-mile territorial limit; and if 
the new method is not successful, it is feared that the industry may pass 
into foreign hands. The Pearlers’ Association of Broome, Western 
Australia, has laid before the Premier of that State a project for training 
white men for the work of pearl-diving. A committee in London is 
also going to endeavor to get men from northern Europe to meet the 
Australian need. 


1 National Geographic Magazine, Feb., 1912. 
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GEMS AND PRECIOUS STONES. 


By Dovatas B. STERRETT. 


INTRODUCTION. 


The principal gem mineral mined in the United States during 1912 
was Montana sapphire, of which there was a large output for use both 
as gems and in mechanical applications. The greater part of the gem 
sapphires came from the mines in Fergus County, where they occur 
in a rock matrix. The majority of these stones have the true 
sapphire-blue color. The ball of the sapphire for mechanical use 
came from the placer deposits in Granite and Deer Lodge counties 
and consists of varicolored stones. 

The development of the opal deposits of Humboldt County, Nev., 
was attended with much success, and a quantity of magnificent gem 
material was obtained. The opal is of an unusual type, consisting 
of dark translucent mineral with a variety of rich colors. The 
deposits poms to supply a gem equal if not superior in beauty to 
the opal from Australia. 

Prospecting and mining at the emerald mine in North Carolina 
were attended with only partial success. Two pockets or deposits 
of emerald were removed during the year; other developments con- 
sisted mainly of exploratory work, which has continued into 1913. 

The tourmaline output of southern California was small, but some 
magnificent specimen crystals were obtained. Especially fine gem 
crystals of kunzite were found and brought good prices. The pro- 
duction of turquoise was very small, compared with some previous 
years. Beautiful amethyst was found in Warren County, N. C., 
and some fine gems have been cut from sample crystals. few fine 
specimens of golden pee were obtained from prospects in Alexander 
County, N. C. Beautitul gems were cut from some of these. - The 

roduction of agate and associated varieties of chalcedony was again 
arge in several Western States. 
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AMETHYST. 
DISTRIBUTION. 


Amethyst is widely distributed over the Piedmont and mountain 
regions of the Southeastern States. Some of the deposits have been 

rospected or mined, and at others no work has been done. Several 
fpcalitics im North Carolina and Georgia were described in this report 
for 1910 and 1911. Many other localities in North Carolina and 
Virginia were visited during 1912 and will be described. A few of 
these seemed promising. At many of the localities the prospects 
were not seen under favorable circumstances, for little recent work 
had been done and the best specimens had at most places been already 
picked up. Pale-purple crystals are all that have been left around 
many of the prospects. The crystals found on the immediate 
surface are generally paler colored than those which have not been 
exposed to the sun and weather, so that surface specimens should not 
be used as a definite criterion of the color to be expected in those 
under ground. 

NORTH CAROLINA. 


The deposits in North Carolina described below are all in the 
Piedmont Plateau and are associated with the crystalline rocks of 
that region. Very little work has been done at any of the localities, 
and prospecting at some of them might result in the discovery of 
good gems. Fme gem amethyst has already been obtained from some 
of the localities. 

Warren County.—Amethyst occurs at a number of places in Warren 
County, at some of which fine gem material has been found. 
especially promising prospect is located on the Cherry Hill planta- 
tion of George W. Alston, at Inez, about 11 miles southeast of War- 
renton. There is another promising prospect on the old John 
Buxton Williams plantation, about 2 miles south cf Inez. This place 
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now belongs to Fuller & Person, of Louisburg, N. C. A few speci- 
mens have been found on Mrs. Jennie Connell’s plantation, about 2 
miles southeast of Inez. Good specimens and gems are reported to 
have been found on the surface and in a pit at Folly Springs, about 
one-third of a mile southwest of Warrenton. 

Warren County lies chiefly within the Piedmont Plateau region of 
North Carolina along the border of the Coastal Plain. Its elevation 
ranges irom less than 200 teet above sea level along the rivers to 
about 500 teet in the less dissected parts of the plateau, in the western 
portion of the county. In general the country is nearly flat or gently 
rolling, with steep hills only along the larger drainage lines. War- 
renton is situated on a slghtly dissected remnant of the plateau. 
Inez is located in the fork of one of the elevated ridges, and the coun- 
try immediately around it has small relief. The Williams and Con- 
nell places are on two forks of the same ridge, but are nearer Shocco 
Creek and accordingly in more broken country. 

Amethyst has been found at two places on the Alston plantation, 
about 200 yards south and about 150 yards southeast of the house. 
Both prospects are located in a slight hollow, the former in the edge 
of a small patch of woods and the latter in a cultivated field. At the 
time of examination the prospect in the woods had been opened by 
a small pit and a trench about 3 feet deep and 10 feet long on the 
vein. These openings were about 12 feet apart in a N. 30° W--S. 
30° KE. direction from each other. No rock outcrops were seen near 
the amethyst prospect, but the surface is covered with a light sandy 
soil containing scattered blocks of granite and pegmatite. The 
country rock around Inez is chiefly granite, with hornblende schist 
and mica schist both to the north and to the south for a distance of 
afew miles. The amethyst occurs in a vein from 1 foot to more than 
2 feet thick, striking about with the workings, N. 30° W. This vein 
consists of irregular seams, streaks, and pockets with or without 
amethyst crystals, in decomposed fine granite and pegmatitic granite. 
Black manganese oxide is associated with the crystals and fills most 
of the seams and veinlets; in places it occurs as small botryoidal and 
stalactitic masses. Many of the crystals are partly or entirely coated 
with this manganese oxide, and it is only by breaking them or 
SpeDine off the coating that the quality of the stone can be deter- 
mined. 

The crystals are rather stout and range from a fraction of an inch 
to 3 inches in diameter. The majority have transparent clear por- 
tions, suitable for gems when the color is good. The crystals range 
from practically colorless amethystine to rich dark purple. They 
have a distinctive reddish-violet tint and yield brilliant gems. 
Under artificial light these gems lose nothing of their beauty but 
become an even more beautiful lively reddish purple. In many 
crystals the color is not evenly distributed but is arranged in layers 
or streaks parallel to certain crystal faces. One transparent frac- 
tured crystal from this locality exhibits a remarkable color variation 
when viewed in transmitted light. The light transmitted directly 
through the the crystal is a beautiful reddish purple. That trans- 
mitted with an interior reflection is a magnificent bluish purple. 

About half a bushel of rough crystals were obtained from the two 
openings. Of these possibly a quart were suitable for cutting into 
gems of especially fine quality, 2 quarts could be cut into gems of 
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ordinary quality, and the remainder would probably be suitable only 
for specimens or might be cut into cheap gems. 

The possible extension of this amethyst vein is concealed by its 
location in the woods. Three small amethysts were found in the 
light sandy soil of a field about 50 yards S. 40° E. of the pits. Further 
prospecting might show the continuation of the vein to this point. 

No work had been done at the prospect 150 yards southeast of the 
house, but a quantity of amethystine quartz crystals have been 
found in the light sandy soil at that place. The crystals are scattered 
over a belt about 30 feet wide and nearly 100 feet long in a west of 
north direction. Some of them are quite clear, but only pale purple. 
Common vein quartz and quartz inclosing plates of titanic iron also 
occur with the amethyst. An east-west crosscut trench -would 
probably locate the vein. 

Only a few-specimens of amethysts were seen on the old John 
Buxton Williams place, but the quality of these and reports con- 
cerning the quantities of fine specimens that had been carried away 
show that the prospect is a very promising one. No digging has 
been done, but the crystals have been picked up as specimens by 
different people during many years, apparently with httle thought 
of their possible value. The amethysts are found on a knoll about a 
quarter of a mile northwest of the house, outside of the southeast 
corner of the Williams cemetery. The knoll has been cultivated 
and is covered with light sandy soil containing angular fragments of 
fine granite gneiss, quartz, feldspar, and pegmatite composed of 
smoky quartz, potash feldspar, and mica. Porphyritic hornblende 
crystals were observed along the bedding planes of some of the fine 
granite gneiss. 

The amethysts are scarce on the surface now, but information 
furnished by persons who have been visitors at the Williams place 
shows that they were plentiful some years ago. The specimens found 
at the time of examination consisted of stout crystals, the largest one 
measuring 2 inches thick and 2 inches long. ‘The color of the best 
specimens was very similar to that of the amethyst from the Alston 
place—that is, characterized by a fine reddish-violet tint. These 
crystals are clear and brilliant. The color is segregated in patches or 
layers, and is in evident relation to the crystal structure. The large 
crystal mentioned is rather pale purple and incloses a few scattered 
reddish rutile needles. One specimen is partly incrusted with black 
manganese oxide, like those at the Alston prospect. The occurrence 
of amethysts on the surface with the depth of color and transparency 
of a few of those found is considered an especially good indication 
of a deposit containing good gem material. 

As far as could be learned no real gem amethyst has been found on 
Mrs. Jennie Connell’s plantation. A few specimens of amethystine 
quartz have been found in cultivated land north of the house. In 
the specimens seen the purple occurred in patches through smoky 
and gray quartz. Rough fragments of smoky and gray quartz are 
abundant over the ground in the vicinity. Bluish-green fractured 
beryl has been found in pegmatite a few hundred yards west of the 
Connell house in a little stream. The possible occurrence of a better 
grade of beryl suitable for gems had not been determined. ; 

Lincoln County—There are many occurrences of amethyst in 
Lincoln County. Besides the few places described below other 
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localities have been reported. Two prospects were visited on the 
land of the Misses Rendleman, 2 miles northeast of Iron Station. 
One of these is about 200 yards south of the old Rendleman home 
along the east side and on the spur of a small ridge. A few small 
pits have been dug, but the best specimens observed were loose in 
the sandy soil of a cultivated field. The crystals were found through 
a distance of about 100 yards in a north-south direction. The 
biotite granite gneiss country rock has mostly decomposed to a 
friable sandy gray saprolite, but around the amethyst prospects it 
has been hardened by silicification. This process has developed 
numerous seams and veinlets of quartz crystals, with comb structure 
through the rock. Some of the larger veinlets carry amethystine 
quartz and amethyst. Of the crystals found at the time of examina- 
tion some were pale purple and others a smoky purple. The latter 
consisted in part of smoky quartz and in part of amethyst, with the 
different colors generally arranged in layers or zones parallel to the 
erystal faces. Such specimens furnish good examples of ‘‘ghost”’ 
or ‘‘phantom” crystals. Clear and smoky quartz crystals are also 
found loose in the soil about 100 feet west of the amethyst lead. 

The other and more promising prospect on the Rendleman place is 
about a quarter of a mile southeast of the house, on a low rocky knoll 
in a cultivated field. No digging has been done and only surface 
specimens were seen. ‘The crystals are scattered over an area about 
150 feet across, in which no direction of a lead could be determined. 
The country rock is decomposed granite, but the knoll on which the 
amethysts are found is covered with rough blocks of silicified granite. 
Evidently the occurrence of amethyst is connected with this silicifica- 
tion, as at the other prospect, for in some specimens groupings of 
amethyst crystals are associated with the seams of smaller quartz 
crystals in the silicified granite. Amethystine quartz crystals 
measuring 3 inches across were found and specimens more than 1 
inch thick were common. A few amethysts of medium dark purple 
color were seen, but the majority were pale. Some of the crystals 
are fairly clear and would be suitable for gems if darker colored. 

A small prospect was opened for amethysts several years ago on 
the land of J. P. Lynch, 1? miles northeast of Iron Station. The 
pit is now filled up, but a few pale amethysts were found in the 
sandy soil at that place and other specimens were seen in the posses- 
sion of Mr. Lynch. The amethysts were associated with silicified 
granite, as at the Rendleman prospects. <A slab of this rock covered 
with pale amethysts and quartz crystals, some of them half an 
inch thick, in the possession of Mr. Lynch, showed that the mineral 
occurs here lining the walls of a fissure or other cavity. Groups of 
much larger crystals were found, also. Some of the amethystine 
quartz crystals are clear and brilliant. 

A quantity of smoky quartz crystals and clusters of crystals 
measuring 2 inches or less in diameter are found on the place of 
George W. Goodson, about 5 miles north of east of Iron station. 
So far as known no amethysts have been found here. 

A. few amethystine and colorless quartz crystals were seen on the 
place of Miss mee Forney, about 14 miles southwest of Denver. 
The crystals were found loose in the soil of a cultivated field about 
250 yards north of the old Forney home. No work has been done, 
and probably most of the surface crystals have been picked up. 
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Better-colored stones than those seen at the time of examination are 
reported to have been found. The country rock is granite gneiss, 
decomposed near the surface, inclosing streaks of mica schist. Horn- 
blende gneiss saprolite outcrops near the house and to the west. No 
vein has been located, and it is probable that the surface specimens 
came from more than one deposit. 

Amethyst has been found at many localities in Iredell County, 
N.C. Probably the greatest amount of work has been done and the 
best specimens obtained from the A. C. Cook place, 9 miles southeast 
of Statesville. No digging has been done at many of the prospects 
and the only crystals found were loose in the soil. Such prospects 
were seen on Mrs. M. G. Martin’s place, about half a mile west of 
the Cook mine; on the Burette Brawley place, about 14 miles south 
of Cook’s; on the J. S. Fisher place, 44 miles N. 75° W. of Moores- 
ville and 123 miles south of Statesville; and on the Joe Cornelius 
place, 6 miles N. 80° W. of Mooresville. Other occurrences have 
been reported in Iredell County and in Rowan County adjoining, on 
the land of J. T. Eudy, at Mount Ulla. 

The amethysts on the A. C. Cook place were worked about 12 
ears ago by H. 8. Williams, of New York. The prospect had been 
ocated by a large quantity of crystals loose in the light, sandy soil 
of a field. At the time of examination, in 1903, there was a shaft 
about 12 feet deep with other workings from it badly caved in. 
The crystals occurred in veinlets and streaks, cutting decomposed 
pegmatitic granite. A quantity of crystals were left around the 
workings and a few of gem quality were found washed out of the 
dirt by rains. It is reported that only a small quantity of amethysts 
of fairly good color were found, though many crystals were suitable 
for cutting into less valuable gems. A large quantity of amethystine 
quartz crystals suitable for specimens and even for cutting into 
cheap gems was obtained. Some of the darker-purple crystals con- 
tained small rutile needles, penetrating them at various angles. 
The crystals seen reached a maximum of an inch and a half m 
thickness. 

The occurrences on Mrs. M. G. Martin’s plantation and on the 
Burette Brawley plantation are similar. At both places the crystals 
have been found in coarse, light, sandy, soll formed by the decompo- 
sition of granite probably inclosing pegmatite. At both places 
amethystine quartz crystals measuring nearly 2 inches thick and 
fairly clear were observed. Better specimens were reported to have 
been found. 

The amethyst on the J. S. Fisher plantation has been found 
scattered over the surface on about an acre of ground some 200 
yards northeast of the house. The crystals are loose in the light 
sandy soil of a cultivated field, and no location or direction of vein 
has been determined. It is probable that there is more than one 
vein in the granite saprolite underlying the field. Only pale-purple 
and colorless quartz crystals were seen at the time of examination. 

On the J. Cornelius clase amethyst crystals have been found on the 
surface in a cultivated field. The field is on a north slope and has 
gray sandy soil with blocks of partly weathered biotite granite gneiss 
scattered through it. A ledge of granite gneiss outcrops above the 
amethyst prospect with a strike of N. 65° E. and a dip of 30° SE, 
The position and probable direction of the vein have not been deter- 
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mined, The best colored crystals are reported to be found associated 
with shells or veinlets of limonite that have weathered out on the sur- 
face. Only pale purple and colorless crystals were found at the 
time of examination, but some of these were quite transparent. 

Davidson County —Amethysts have been found at two places on 
the plantation of N. H. Swicegood, about 5 miles northwest of Lin- 
wood and 1 mile south of Taro, in Davidson County. These pros- 
pects are about one-fifth of a mile west and northeast of the house, 
respectively. At the former place a trench 15 feet long and 8 feet 
deep was dug along a vein striking about S. 25° W. and exposed in 
the bank of a stream. This work was done in 1909, and several 
pounds of good crystals are said to have been found. At the pros- 
pect northeast of the house a trench about 15 fect long had been 
made on a vein striking northwest. This work was done some 25 or 
30 years ago, and about 300 pounds of amethysts are reported to have 
been taken out in one day. Only a few pale-purple or amethystine 
quartz crystals were found around the prospects at the time of 
examination. 

The rock in the region around Taro is granite with coarse por- 
phyritic phases. Most of it has weathered at the surface to light 
sandy soil and saprolite. Decomposed porphyritic phases were 
encountered in the amethyst prospects. This granite area extends 
within about 14 miles of Linwood and from that point te Linweod 
the country rock is chiefly diorite. 

Franklin County—An investigation was made of the reported 
occurrence of amethyst near Louisburg, Franklin County, N. C. 
Amethystine quartz has been found there in two places—on the cor- 
ner of Nash and Cedar Streets in Louisburg and along the public 
road about 1 mile northeast of the town in front of the cemetery. At 
Nash and Cedar Streets a few small, pale, clear amethystine quartz 
crystals were found in the light sandy granitic soil. A specimen from 
the other locality seen in a private collection in Louisburg consisted 
of a slab 7 inches in diameter and 2 inches thick studded with clear 
quartz and amethystine quartz crystals as much as two-thirds of an 
inch in thickness. No specimens were found at the time of visit to 
the locality, but this may have been in part due to improvements on 
the road covering the original prospect. The rock at this point. is 
evidently granitic, as shown by the light soil and saprolite formed by 
its decomposition. 

A large ledge of pegmatitic quartz extends across Thomas B. 
Wilder’s place on Nash Street in a N. 25°-30° E. direction. This 
ledge contains many cavities lined with small quartz crystals. It is 
reported that a few amethysts have been found in some of the 
cavities. 

VIRGINIA. 


Nelson County.—Amethysts were mined about 5 years ago by the 
American Gem & Pearl Co., of New York, on the John Saunders 
place, 24 miles northeast of Lowesville and 8} miles N. 60° W. of 
Arrington, in Nelson County. A dozen or more pits were dug along 
the summit of a low flat ridge in a N. 70° W.-S. 70° E. direction. 
The pits cover an area about 300 feet long, its greatest width being 
about 125 feet. They range from 2 to 7 feet deep. Little could be 
learned of the nature of the occurrence of the amethysts from the 
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its. The gems were found in pockets, one of which is reported to 

ave yielded about 40 pounds. M. D. Rothschild, president of the 
American Gem & Pearl Co., states that some of the amethysts 
obtained were very fine. 

Rock outcrops are scarce near the mine and the nature of the 
country rock could not be definitely ascertained. A reddish, some- 
what sandy, saprolite containing scattered fragments of bluish-opa- 
lescent quartz and a few small bodies of kaolin were encountered in 
the pits. The saprolite is suggestive of a granitic rock inclosing peg- 
matite. On the surface of the ground along the ridge there is a little 
débris of a pegmatitic rock composed of blue quartz, feldspar, and 
hornblende, with a little apatite in some specimens. These observa- 
tions agree with the conditions outlined in the report of Watson and 
Taber? on the rutile deposits in the adjoining region, in which the 
country rock is described as a complex metamorphosed gneiss of 
igneous origin corresponding to quartz monzonite. This gneiss is 
intruded by various Be igneous rocks, among which is pegmatite 
consisting essentially of feldspar and blue quartz with hornblende, 
apatite, and rutile present in many places. This rock forms the 
rutile ore in some of the mines operated for that mineral. 

Amherst County—A rather promising occurrence of amethyst is 
known on the W. P. Sutton place at Fancy Hill, one-third of a mile 
north of Sandidges post office and 7 miles N. 33° W. of Amherst, in 
Amherst County. The crystals have been found along a ridge at 
two places, one about 250 yards and another about 100 yards north- 
east of C. H. Floyd’s house. At the first place amethystine quartz 
crystals have been picked up in some quantity from an old woods 
road leading off of the ridge to the northwest. At the second place 
only a few crystals have been found in the same road along the 
summit of the ridge. No digging has been done at either place, but 
it is possible that little work would be required to locate the veins. 
The country rock of the region surrounding the amethyst deposits is 
a eneiss of granitic composition, intruded by pegmatite and pegmatitic 
granite with a porphyritic texture. The pegmatitic rocks contain 
abundant blue opalescent quartz similar to those of the rutile region 
in Nelson County already mentioned in the description of the Ameri- 
can Gem & Pearl Co.’s amethyst mine. 

The amethyst crystals found range from very pale purple to fairly 
dark purple. In some specimens the purple inclines to a light reddish 
violet of very pleasing tint. Segregations or patches of color are 
common in the crystals, their positions generally being influenced by 
the crystal structure. The majority of the crystals seen were short 
stout prisms with one or both ends terminated by the rhombohedral 
faces. Most of the crystals were less than an inch thick. Colorless 
quartz crystals occur at other points on the Sutton place. 

Charlotte County Amethyst is found on the A. W. Donald planta- 
tion, about 24 miles north of west of Charlotte Court House, in Char- 
lotte County. The occurrence of these crystals has been known to 
members of the Donald family for more than 35 years. Many 
specimens have been picked up as curiosities, but no use has been 
made of them as gems. The amethysts have been found rather 


1 Watson, T. L., and Taber, Stephen, The Virginia rutile deposits: Bull. U. 8. Geol. Survey No. 430, 
1910, pp. 200-213. 


GEMS AND PRECIOUS STONES. IG al 


plentifully scattered over the fields through a distance of about 200 
yards in an east of north and west of south direction. The road 
from the house to town crosses this lead. A few small test pits 
have been made, one northeast and others southwest of the road. 

The country rock exposed near the amethyst prospects is horn- 
blende gneiss and schistose diorite inclosing granite and pegmatite. 
The strike of the diorite is N. 10°-45° E. and the dip 40°-60° SE. 
The lead of amethyst cuts this at a small angle having a more north- 
erly trend. The pit northeast of the road was made some years ago 
and is now filled up. Many pale amethystine quartz crystals are 
scattered over the surface here, and Mr. Donald states that amethysts 
were found equal in color to those from the later pits. In a trench 
about 4 feet deep and in other small pits on the southwest side of the 
road several seams and pockets of amethystine quartz and amethyst 
crystals were found in dark-red clay, probably decomposed horn- 
blendic rock. The seams were irregular in size and direction. In 
places they opened into pockets of crystals. 

A large number of amethysts were plowed up in the field a few 
yards south of this place, at which pomt an irregular vein striking 
N. 15° W. with a vertical dip was exposed by a pit 24 feet deep. 
This vein was inclosed in hornblende gneiss saprolite and ranged 
from 2 inches thick at the surface to 12 inches thick in the bottom of 
the pit. The thicker part was composed of more than one streak of 
crystals embedded in red clay. A lump of clay about 12 inches 
thick removed from the vein agaurentlty contained 4 streaks of 
amethyst crystals, 1 to 3 inches thick, with red-clay filling between. 
These four streaks were in reality only two veins lined with a layer 
of crystals on each wall. The crystals grew with their points turned 
toward the opposite wall of the vein, but failed to fill the fissure in 
which they formed. In this way veins with typical comb structure 
were produced with cavities or vugs in the middle. By weathering 
the inclosing hornblende gneiss was changed into a red clay saprolite 
and some of this clay was washed into the cavities in the veins. 

A quantity of amethysts were plowed up in the field about 20 
yards south of this pit. The groupings of the crystals found here 
indicate a deposit similar to that exposed in the pit just described. 

No fine gem amethysts were scen at the Donald prospect, but the 
examination was not made under most favorable conditions. The 
majority of the crystals are rudely developed owing to mutual 
interference during growth. Most of them have the rhombohedral 
terminations at one end with only part or none of the prism faces. 
The rest of such crystals show striated indentations formed by 
contact with other crystals. Most of the amethysts from the 24-foot 
pit described above are coated with a shell of lighter colored or gray 
quartz less than a millimeter thick. The stones range from practically 
colorless, to amethystine quartz, to crystals with a fine deep-purple 
color. As is common in amethysts the color is not evenly distributed 
through the crystals, but is stronger in one part than another. The 
patches of color are influenced by crystal structure as shown by their 
shape and position. The majority of the crystals are not highly 
transparent, but a few were seen which would cut intg small clear 
gems of rich violet color. , 

Amethyst has also been reported on the Wingo place, about 4 miles 
south of Charlotte Court House. 
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Campbell County——Amethyst occurs in several places in Campbell 
County. Crystals have been picked up in a field and a few dug from 
the roadside on the land of Lacey Rush, about one-third of a mile 
northeast of Brookneal. Two large crystals have been found here, 
one measuring nearly 10 inches long and 4 inches thick. The purple 
color in this erystal is rather pale and occurs chiefly in two lye 
parallel to two rhombohedral faces at one end. The rest of the 
crystal is colorless or gray. Colorless quartz crystals are more plenti- 
ful than the amethystine-colored ones. 

Amethysts and amethystine quartz crystals have been found, on 
the L. H. Clay place, about 10 miles northeast of Brookneal and 
nearly 3 miles south of west of Red House. They are rather spar- 
ingly scattered over the fields 200 to 400 yards northwest of the 
house. One crystal 24 inches long and seven-eighths of an inch 
thick was seen, one end of which was medium dark reddish violet. 
Amethysts are also reported in the fields of the Shelton Jennings 
place, three-fourths of a mile southwest of the Clay house. 

Practically no work has been done at any of these places. All of 
the prospects are in areas of light sandy soil formed by the disintegra- 
tion of granitic rock. The three localities mentioned apparently lie 
on the same belt of schistose granite extending northeast through 
Brookneal. In the outcrops this is seen to be schistose biotite-musco- 
vite granite with porphyritic phases. 


BERYL. 
NORTH CAROLINA. 


Alexander County, N. C., is famous for its gem and specimen 
minerals. Beryl] occupies a prominent place among these, and has 
been found at a number of localities. Emerald and aquamarine 
varieties have been mined near Hiddenite, associated with green 
spodumene (hiddenite) and many other minerals of gem or specimen 
value. Occasional specimens of gem beryl have been reported from 
the region west and northwest of Taylorsville, and recent finds of 
valuable yellow and golden beryl have been made by a small amount 
of prospecting. Most of the gem localities of Alexander County have 
been idle for a number of years. 

The emerald-hiddenite mine has not been operated since 1907, when 
the last work was done by the late Cary Wright for the American Gem 
Mining Syndicate. A description of these operations was givem in 
this report for 1907. The workings are filled with water, and the 
whole mine site has grown up im a thicket of brush and trees. The 
writer was fortunate in having Mr. J. E. Turner, foreman of the mine 
when in operation, point out places of interest. The open cut is 
about 150 feet long, 20 to 50 feet wide, and 15 to 20 feet deep. The 
cut has a roughly east-west direction, and was made in red clay 
saprolite formed by the decomposition of a biotite gneiss country 
rock. Other pits and shafts were made near the open cut. Several 
vee were followed down into hard rock by two shafts 40 to 50 feet 

eep. 

the gems. occur in more or less parallel veins which are not con- 
tinuous through many feet. Most of these veins have north of east 
strike and a high northerly dip. In places the veins run out into 
seams and in other places they open into pockets lined with crystals 
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of several minerals, such as quartz, calcite, dolomite, muscovite, 
rutile, black tourmaline, beryl, hiddenite, pyrite, and monazite. <A 
pocket opened in one of the shafts was so large that W. E. Hidden is 
said to have crawled inside of it. The array of glittering crystals 
lining this pocket is described as a wonderful sight. 

A quantity of fine beryl and hiddenite crystals was obtained from 
the saprolite removed from the open work. Promising specimens of 
gem beryl with some hiddenite and many quartz crystals were found 
in the openings north and west of the mine. Mining operations in 
the saprolite are easy, but in the fresh biotite gneiss they are difficult. 
Mr. Turner suggests, and an examination of the locality seems to 
support his suggestion, that more of the saprolite along the sides of 
the open cut and at the west end might profitably be removed and 
washed. If the gently rolling country around the mine were kept 
under cultivation a good chance would be offered to locate other 
veins or to determine the trend and possible continuation of the gem 
formation by a careful search of the fields after rains. 

Gem beryl crystals have been found at several places in the region 
around Hiddenite, and one good hiddenite crystal is reported to have 
been found about 1 mile east of the mine. These finds, taken into 
consideration with the widespread occurrence of beautiful crystals 
of quartz, rutile, and other minerals, such as were found in the veins 
of the emerald-hiddenite mine, indicate the possible occurrence of 
other valuable gem deposits in the region. 

W. E. Hidden? mentions an occurrence of emeralds and hiddenite 
discovered by W. H. Lackey on the Osborne-Lackey place, one-fifth 
of a mile northwest of the emerald-hiddenite mine. About 50 
emerald crystals, 2 to 7 centimeters long and 2 to 8 millimeters thick, 
were pind, They were transparent but pale colored. One crystal 
was large and pure enough to cut for gems. The hiddenite crystals 
were pale colored and of very inferior quality. 

Some promising beryl crystals have been found in a prospect on 
WV. H. eeren’s place about 14 miles southeast of Hiddenite. A pit 
25 feet long and 15 feet deep was opened in a field where a few surface 
specimens had been found. <A pegmatite vein nearly 8 feet thick 
with an approximate east and west strike and vertical dip was 
encountered in a decomposed gneiss formation. The latter is prob- 
ably biotite gneiss inclosing granite and lies nearly flat. The peg- 
matite is composed of orthoclase or microcline, gray quartz, aud 
green muscovite, with some biotite, black tourmaline, dark red opaque 
garnet, and beryl. The beryl occurs in pale greenish or aquamarine, 
yellow, and nearly golden-colored crystals. The largest crystal seen 
measured 1 by 14 inches. Most of the specimens remaining in Mr. 
Warren’s possession are somewhat checked and flawed, but some 
have small clear portions which are very brilliant. 

Beryl crystals are reported to have been found at two places in the 
fields on the land of agentes Miller adjoining the Warren place. 
Transparent, slightly smoky quartz crystals were seen at one of 
these prospects. 

Beryl crystals have been found m two places on the estate of the 
Miller heirs, 13 miles east of Hiddenite on the ridge between Davis 
Creek and Little Yadkin River. Good specimens are reported, from 


t Hidden, W. E., Am. Jour. Sci., 3d ser., vol. 29, 1885, pp. 250-251. 
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this property, and G. F. Kunz,' quoting J. A. Stephenson, describes 
two of them as emeralds ‘‘of good color and quite transparent, but 
very rough on the surface.” Since these crystals were found, several 
prospects have been opened and beryl found in two veins. Quan- 
tities of quartz and some fine rutile crystals were obtained from the 
other openings. In one prospect on a steep hillside above Davis 
Creek good deep aquamarine-colored beryl crystals are reported to 
have been found in pegmatite. This pegmatite is composed of ortho- 
clase feldspar, greenish muscovite, smoky quartz, and black tour- 
maline. The other beryl prospect is about 200 yards northwest of 
the one mentioned and consists of two sets of openings about 100 
feet apart. The beryl occurs 1 pegmatite cutting a decomposed 
gneiss, probably biotite gneiss, with an easterly strike. Little could 
be learned of the results of the prospecting. 

Some of the beryl prospects arta of Taylorsville and to the 
north of All Healing Springs were examined in November, 1912. All 
Healing Springs are 5 miles N. 83° W. of Taylorsville, or about 64 
miles by road. No work was in progress at the time of examination, 
and the prospects seen had been made from one to several years be- 
fore. The following month a little further work was done on some 
of the prospects and very fine gem material was obtained. Good 
specimen and gem beryls are reported to have been found in the 
earlier work, but through misplaced confidence in a tramp miner, 
nothing was realized on them by the owners, who therefore became 
discouraged and stopped prospecting. ‘The prospectors are now 
receiving good prices for their gem beryl, and it is hoped mterest in 
mining for them will be revived. 

Especially fine beryl has been obtained from a prospect on Eli 
Barnes’s place, 14 miles N. 20° W. of All Healing Springs. This 
prospect is in a field on the west slope of a small hill about 200 yards 
northwest of the house. At the time of visit the work consisted of a 
trench about 20 feet long and 2 to 5 feet deep on a pegmatite ven 
striking about N. 15° W. The vein is about 4 feet thick and was 
exposed at both ends and in the bottom of the trench. The country 
rock is a gneiss, granitic in character, and has decomposed toa granular 
reddish earth covered by light sandy soil. The pegmatite is composed 
chiefly of orthoclase or microcline feldspar and quartz, with a little 
mica, black tourmaline, beryl, and garnet. The best beryl is reported 
to have been found along a quartz streak or vein from a few inches 
to 1 foot thick in the pegmatite. This quartz vein pinched out in 
the bottom of the trench but was exposed in the north end. The 
feldspar occurs in masses and rough crystals several inches thick, 
inclosing rough gray crystals and masses of quartz and other minerals. 
Some of the quartz is slightly cloudy or translucent dark gray. The 
black PeaEAins occurs 1n the common rounded triangular crystals 
measuring up to an inch in thickness. Fragments of dark-red semi- 
gem garnet crystals more than an inch thick were observed. The 
beryl crystals occur in both the feldspar and the quartz, and some are 
closely associated with black tourmaline. Only inferior specimens 
of colorless, white, yellow, and greenish-yellow beryl crystals were 
found around the prospect, but a few better specimens were held by 


1 History of gems found in North Carolina: Bull. North Carolina Geol. and Econ. Survey No. 12, 1907, 
p. 38. 
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the owners. One of these was a beautiful light, clear straw-yellow 
erystal which has since been cut into two perfect gems weighing 1.5 
and 0.4 metric carats. These stones are very brilliant but slightly 
pale for the best gems. Some of the light-colored and colorless beryls 
would yield very brilliant gems. 

Since this prospect was examined in November, 1912, a beautiful 
clear yellow beryl crystal weighing 70.5 grams or 352.5 metric carats, 
has been found. This crystal has been fractured at the ends and 
measures in its present form 25 by 30.5 millimeters thick and 33 to 
48 millimeters long. There are three larger cracks across the crystal 
and other smaller flaws. The poe faces have rhombic etchings. 
Much of the beryl is limpid and clear and of fine gem quality. It has 
a light golden or rich honey-yellow color. 

Good beryl is reported to have been found in the prospect of 
Thomas Barnes, 2 miles N. 30° W. of All Healing Springs, on a spur 
extending east from a mountainridge. The prospect has been opened 
by four pits and open cuts in a distance of about 125 feet in a N. 15° 
W. direction across the ridge. The deepest pit was about 10 feet. 
The country rock is mica schist and gneiss containing cyanite and 
garnet. These rocks strike about east and west with a vertical dip. 
The beryl occurs in pegmatite, cutting the country rock with a strike of 
N. 15° W. and a dip of about 70° W The pegmatite is about 3 feet 
thick and incloses a quartz streak or vein 1 foot thick parallel with its 
walls through the whole distance opened. <A quantity of mica was 
found along this quartz vein in the work, and for this mineral the 
prospect was in part opened. Mica crystals 6 inches in diameter were 
found, but the quality and quantity could scarcely be considered of 
commercial value. Golden, yellow, greenish, and colorless beryl 
crystals were found. The beryl occurs along the contact of the 
quartz streak with the feldspathic part of the pegmatite ae) in 
granular to coarsely crushed glassy phases of the quartz. Black 
tourmaline occurs in the pegmatite, and some is associated with the 
beryl in the quartz. The largest beryl crystal found is reported to 
have been about 3 inches thick and 18 inches long. A section of this 
about 3 inches long was seen at Nathan Barnes’s house. It was light- 
colored, mostly opaque, and not of gem quality. Small yellow to 
golden beryl crystals with fine clear portions were seen, indicating the 
occurrence of good gem material in the vein. 

The presence of another pegmatite 15 feet west of the deep pit was 
shown in a small prospect pit. 

At the prospect on James Se place, formerly owned by 
Mike Swim, 12 miles N. 15° E. of All Healing Springs, a pit, now nearly 
filled up, 10 or 12 feet deep, was made on a pegmatite deposit. A 
vein striking about N. 25° W. was found inclosed in a gneiss of granitic 
nature. The presence of hard fine-grained biotite gneiss débris around 
the dump causes uncertainty as to whether the country rock may not 
be biotite gneiss injected by granite and not granite gneiss. A 
couple of hundred yards west of the prospect the country rock is 
cyanite schist. The pegmatite incloses a quartz streak about 1 foot 
thick. This quartz 1s mostly glassy and crystallized and some is 
smoky brown. The feldspar occurs in rather large masses, and a 
rough crystal with a cleavage face 8 inches across was seen on the 
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dump. Some graphic intergrowths of quartz and feldspar occur. In 
some of the blocks seen on the dump pegmatite appears to grade into 
coarse granite. Black tourmaline and muscovite and biotite mica 
were also present. Good golden and yellow beryl are reported to 
have been found in this prospect. 

Golden and yellow beryl are also reported to have been found in a 
prospect on John Webster’s place, about 14 miles N. 50° E. of All 
Healing Springs. This prospect has been opened by three small pits 
ina N.15° W. direction, ona hillside. The deposit could be worked by 
a drift on the vein from the north, probably more than 30 feet lower 
than the present pits. The country rock is mica schist injected with 
granite. The beryls were found in pegmatite associated with a 
streak of glassy smoky quartz. The feldspar of the pegmatite occurs 
in masses which yield cleavage faces several inches across. Musco- 
vite, biotite, black tourmaline, and beryl are accessory minerals of 
the pegmatite. 

A distorted crystal of beryl measuring about 20 by 35 by 42 milli- 
meters was found by Felix Webster in a field on George Teague’s 
land a few hundred yards north of John Webster’s prospect. This 
crystal has a pale-yellow color and is rather badly fractured. It 
contains clear portions sufficiently large to cut a few gems of less than 
one-half carat weight. 

Specimens of beryl crystals from Cleveland County, N. C., with 
notes on their occurrence, were shown to the writer by Mr. George L. 
English, of Shelby, N. C._ The prospect is on the Whisnant place, 
on the west side of Broad River, near Hollybush. It was opened by 
Messrs. Whisnant and Morrison, of Hollybush, by a shaft about 30 
feet deep. The vein is pegmatite with considerable black tourma- 
line scattered through it. Many pounds of rough beryl crystals were 
found, and among them were a few crystals of gem quality. The 
latter were light-yellow and greenish with portions sufficiently free 
from flaws to cut. A gem of nearly two carats weight cut from a 
pale-yellow crystal was very brilliant and pretty. 


CHRYSOPRASE. 


ARIZONA. 


The chrysoprase deposits of Riggs & Walker, about 20 miles west 
of Mineral Park, Mohave County, Ariz., briefly described in_ these 
reports for 1908 and 1911, have been taken over by John L. Riggs, 
of Chloride, Ariz. The peculiarity of the occurrence of this chryso- 
prase in rhyolite porphyry and not in serpentine, as is usual, has been 
mentioned. Mr. Riggs has kindly furnished additional specimens 
for examination. A feature of some of these specimens is a banding 
of fairly dark and light-green chrvsoprase with layers of gray and 
pale-purplish cherty chalcedony. This stone would make unique 
cameos in which a variety of effects could be obtained. A large 
number of other patterns and contrasts of color can be secured by 
cutting brecciated jasper and flint matrix with a chaleedony and 
chrysoprase filling. 
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ARKANSAS. 


According to John T. Fuller,! no great advances were made in 
diamond mining in Arkansas during 1912. The Ozark Diamond 
Mines Corporation erected a steam washing, crushing, and recovery 
plant, capable of treatmg 100 loads of 16 cubic feet per day, which 
ought to be in operation during 1913. A small washing plant was 
erected on the property of the Arkansas Diamond Co. and operated 
intermittently, recovering 35 diamonds. Additional test pits and 
one diamond drill hole were sunk. 

Mr. Howard A. Millar? has kindly furnished notes on the work of 
the Kimberlite Diamond Mining & Washing Co. This company owns 
one of the later-discovered areas of peridotite and has a long term 
lease on the Mauney tract covering a part of the original peridotite 
area. A diamond washing plant is under construction on Prairie 
Creek, near the edge of the town of Kimberly. <A tram 4,300 feet 
long is being built between the washing plant and the Mauney lease, 
and it is propgsed to construct another tram to the other peridotite 
outcrop owned by the company. Actual washing is expected to 
begin in May, 1913. Five diamonds were found in 1912 during the 
course of cleaning around the mines preparatory to systematic mining. 
These stones were clear white and of good quality. <A yellow or 
amber-colored diamond was found early in 19138. Mr. Millar men- 
tions the finding of a fine white diamond weighing over 74 carats by 
a Mr. Blanchard during 1912 on one of the later-discovered peridotite 
areas. 

It has been practically impossible to determine the quantity and 
value of the diamonds found in the Arkansas field since the first 
discovery in August, 1906. Most of the stones are still held by the 
mining companies and few have been sold. It is estimated from the 
figures furnished the Survey and from reports in the press and those 
furnished by private persons that about 1,400 diamonds weighing 
nearly 550 carats have been found from August, 1906, through Decem- 
ber, 1912. The total estimated value placed on this output in these 
reports amounts to $12,108. 

The latest information concerning the geology of the Arkansas 
diamond region and the new peridotite areas is contained in a report 
by H. D. Miser,’ from the manuscript copy of which the majority of 
the following notes have been abstracted: 

At the time of Mr. Miser’s visit, late in 1912, four areas of peridotite 
were known. The first of these was described by J. C. Branner and 
R. N. Brackett * and later by G. F. Kunz and H.S. Washington ® 
after the discovery in 1906 of diamonds associated with it. This out- 
crop is 2 to 24 miles S. 25° E. of Murfreesboro, in section 21, and 
covers an area of more than 50 acres. Three companies hold this 
area, the Arkansas Diamond Co., the Ozark Diamond Mines Cor- 
poration, and the Kimberlite Mining & Washing Co. 


1 Eng. and Min. Jour., Jan. 11, 1913, p. 75. 

2 Personal correspondence, dated St. Louis, Mo., June 13, 1912, and Feb. 8, 1913. : 

3 New areas of diamond-bearing peridodite in Arkansas: Bull. U.S. Geol. Survey No. 540-U (in press). 
4 The peridotite of Pike County, Arkansas: Am. Jour. Sci., 3d ser., vol. 38, 1889, pp. 50-59. 

5 Diamonds in Arkansas: Trans. Am. Inst. Min. Eng., vol. 39,1908, pp. 169-176. 
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The second area was described by A. H. Purdue,' but prospecting 
has developed further points of interest. It is 3 miles S. 75° E. of 
Murfreesboro, in sec. 14, and is held by the American Diamond 
Mining Co. The exposures of the peridotite and its weathered 
products are on a steep north hill slope. Prospecting has been ¢car- 
ried on by shallow pits, trenches, cuts, a shaft, a tunnel, and drill 
holes. The peridotite exposures occur within an area of 2} acres, 
but the drill holes show that this rock is much larger under and near 
the surface. Dikes extend outward from the mass of peridotite, 
or large bodies of the country rock are included in it, or probably 
both conditions exist. 

On the property of the Kimberlite Diamond Mining & Washing Co.., 
about one-fourth mile northwest of the American Diamond Mining 
Co.’s tract, in sec. 14, peridotite has been exposed in pits, trenches, 
and drill holes. The apparent form of intrusion, judging from pres- 
ent exposures, is that of a crescent-shaped dike with a northeast- 
southwest strike. This dike is at least 700 feet long and possibly 100 
feet wide at the surface, but may be found wider after further 
prospecting. 

There are two exposures of peridotite on the Grayson-McCloud 
Lumber Co.’s tract, about half a mile southwest of the American 
Diamond Mining Co.’s property. One of these is at the ‘‘Black 
Lick” near the northwest corner of sec. 23 and the other is about 
900 feet to the east. Two test pits were made at these places by Mr. 
Miser, in which the greenish earth was found to retain the original 
texture of the peridotite. These two exposures may be on the same 
mass of peridotite. Hand specimens from these pits closely resemble 
the decomposed peridotite on the American Diamond Mining Co.’s 
property, in section 14. 

The nature of the peridotite and its products from weathering are 
similar at the four areas discovered. The fresh peridotite is dark- 
greenish to brownish-black and in places presents a porphyritic tex- 
ture. Altered phases become rather more greenish with an earthy 
appearance and grade into greenish and yellowish soil. A dark to 
black ‘‘gumbo” soil results from the presence of vegetable matter. 
Numerous inclusions occur in the peridotite, among which black 
shale, baked by the heat of intrusion, are common. 

The rocks of this part of Arkansas are chiefly sedimentary and are 
of Ordovician, Carboniferous, Cretaceous, and Quaternary age. 
The Ordovician and Carboniferous rocks, consisting of shales, sand- 
stones, novaculites, and cherts, outcrop a few miles north of the area 
in which the peridotite has been found. The peneplaned surface of 
the Carboniferous rocks is overlain by the Trinity formation, of the 
Lower Cretaceous, consisting of intercalated beds of marly clay, sand, 
gravel, and limestone. The Trinity formation is unconformably over- 
lain by the Bingen sand, of the Upper Cretaceous, consisting of inter- 
calated beds of gravel, sand, and ah : 

The peridotite cuts the Trinity formation, the clays of which were 
baked to a hard semivitrified rock by the heat of the intrusion, but 
is overlain by the Bingen sand. At one place, near known peridotite 
areas, the gravel at the base of the Bmgen sand contains altered 
grains of serpentine and fragments of peridotite. The age of intru- 


1 A new discovery of peridotite in Arkansas: Econ. Geology, vol. 3, 1908, pp. 525-528. 
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sion of the peridotite is shown by the facts stated to be between 
Lower and Upper Cretaceous. It seem reasonable to assume that 
the intrusion accompanied diastrophic movements of this period, 
during which there was a land elevation recorded by the uncon- 
formity noted. 


INDIANA. 


The finding of another diamond in August, 1912, in Morgan County, 
Ind., again attracts attention to that region, This stone was found 
by F. Doyle while panning for gold near the junction of Gold Creek 
and Sycamore Creek. Through the kindness of Messrs. Perry Brad- 
ford and R. L. Royse, of Centerton, Ind., the writer was afforded an 
opportunity to examine this diamond and another smaller crystal 
_ found ina previous year. The larger stone weighs 2.28 metric carats. 
It is a distorted flattened hexoctohedron with strongly curved faces. 
It is practically colorless with a small dark chrome-green spot near 
the surface, which gives the whole a slightly greenish cast in certain 
positions. If it were desired to cut this diamond it would yield a 
fine gem with probably very small waste. The other diamond 
weighs 0.135 metric carat. It is an elongated clear light-brownish 
crystal with curved faces, possibly also a hexoctohedron. 

Probably as many as 20 diamonds im all have been found in Morgan 
and Brown counties during the last 35 years in panning and washing 
for gold. W.S. Blatchley+ mentions eight diamonds examined by 
himself and states that he had ‘‘credible information concerning sev- 
eral others.” The following notes are abstracted from Blatchley’s 
report: The presence of gold in the gravels of Morgan County has 
been known over 60 years and was subsequently determined in 
numerous counties. Records show mining was in progress in 1850, 
and since that time the gravels at a number of localities have been 
washed intermittently. The earliest record of the discovery of 
diamond in Indiana is a note by E. T. Cox? mentioning a stone weigh- 
ing 3 carats from Little Indian Creek, in Morgan County, and the 
discovery of several diamonds in Brown County, one of which weighed 
4 carats. Of the eight diamonds seen by Blatchley, the largest was 
the Stanley diamond, found in 1900 in a branch of Gold Creek, Morgan 
County. This stone was an octohedron and weighed 4% carats. It 
had a peculiar greenish-yellow tinge with a black spot, not quite cen- 
tral. It was cut into two stones weighing 13 and 17g carats, respec- 
tively. The other stones ranged from less than one-eighth of a carat 
to 144 carats in weight and consisted of dodecahedral and hexocto- 
ee crystals of white, -yellow, brownish-yellow, bluish, and pink 
colors. 

A large variety of minerals and rocks are found associated with 
the gold and are accordingly associates of the diamonds. The con- 
centrates obtained by the present writer from a deposit on Highland 
Creek, in Morgan County, contain large quantities of black sands and 
pebbles, composed of magnetite, hematite, titanic iron, pyrite or 
marcasite, and small quantities of corundum, garnet, zircon, cyanite, 
etc. Bowlders in the stream gravels consist of numerous basic rocks, 
as gabbro, diorite, diabase, and amphibolite, and also of granite, 


1Gold and diamonds in Indiana: Twenty-seventh Ann. Rept. Indiana Dept. Geology and Nat. Re- 
sources, 1902, pp. 11-47. ; 
2 Eighth, Ninth, and Tenth Ann, Repts. Indiana Geol, Survey, 1878, p. 116. 
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garnetiferous granite, gneiss, and pegmatite. Some of the corundum 
approaches the gem variety, sapphire, in quality. <A few clear blue 
stones have been found and numerous bronze-colored fragments, some 
of which show a strong chatoyancy when cut ‘‘en cabochon.” The 
bedrock of this region is loose shale and sandy shale which has been 
lightly folded. Some of it contams quantities of sulphide concre- 
tions, pyrite or marcasite. This shale probably belongs to the Mis- 
sissippian series which constitutes the lower part of the Carboniferous. 

The gravel deposits of the creeks and streams in the areas men- 
tioned are composed of material entirely foreign to the bedrock of 
this part of Indiana. They have resulted from the erosion of the 
glacial drift deposits of the region, the materials of which are derived 
from far to the north. Two areas of glacial drift have been mapped 
by Frank Leverett * in this part of Indiana, the older or pre-Wiscon- 
sin drift and the later or Wisconsin drift. Mr. Leverett has kindly 
furnished the following information: “The portions of Morgan and 
Brown counties in which gold and diamonds are found are covered 
by pre-Wisconsin drift, the Wisconsin drift lying north of these 
areas. In Morgan County Sycamore Creek heads in Wisconsin drift 
and runs through an area of the earlier drift. Highland and Cold 
creeks head in and flow through the pre-Wisconsin drift only.” 

Diamonds are reported to have been found associated wall glacial 
drifts and at several localities in Wisconsin, near Milford, Ohio, and 
near Dowagiac, Mich. These finds have been summarized by W. H. 
Hobbs ? in a discussion of the possibility of tracing back the route of 
the glacial drift matrix to the original source of the diamonds. A 
comparison of the weight, color, crystal form, and markings shows a 
wide variation in the nature of the stones found. By plottimg the 
diamond localities and the glacial strize recorded by the study of 
different geologists [lobbs concludes that the source of the diamonds 
is far northward beyond the Great Lakes in Canada. 


CALIFORNIA. 


Information concerning the finding of diamonds in Butte County, 
Cal., during 1912, has been furnished by Messrs. Harry Jacoby and 
M. J.Cooney, of Oroville, and D. L. Vinton, of Cherokee—all residents 
of that county. Three diamonds were found during washing for gold 
in the placers of Cherokee Flats. One stone found by John Hufford 
has been cut and is now in the possession of R. S. Powers, of Oroville. 
This diamond weighed 1,5 carats before cutting and yielded a fine 
white flawless gem weighing +4 carat. 


TEXAS. 


Mr. L. M. Richard, of Stamford, Tex., has kindly furnished infor- 
mation concerning a reported discovery of a diamond in Texas. The 
find was made in June, 1911, by Eley Black in loose sand and gravel 
in Foard County, section 64, block 44. The specimen was reported 
by the Klein Bros. Lapidary Co., of Chicago, IIl., to be a rough 
diamond, rather brown, but fairly clear, that would yield a cut gem 


1 Mon. U. 8. Geol. Survey, vol. 38, 1899. 
2 Diamond field of the Great Lakes: Jour. Geology, vol. 7, 1899, pp. 375-388. 
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weighing about one-fourth of a carat. Mr. Richard states that this 
discovery has been proved authentic. 

C. H. Gordon’s map! of this part of Texas shows a large part of 
Foard County to be covered by ths Seymour formation of Pleistocene 
age, consisting of sands and gravels overlain by fine silts. The val- 
leys contain outcrops of Clear Fork and Double Mountain formations 
of Carboniferous (Permian) age. Recent alluvium is shown in some 
of the valleys. In places the later conglomerates, called ‘‘upland 
gravels,’ probably in part belonging to the Seymour formation, are 
cemented by lime into hard masses which have in some cases been 
mistaken for the Permian gravels.2,_ M.J. Munn, of the United States 
Geological Survey, suggests that possibly some of the unconsolidated 
gravels in the region east and northeast of Foard County, in Texas 
and Oklahoma, are of more recent age than the Seymour. The 
presence of more than one gravel formation in the region, some of 
which resemble one another, makes difficult the placing of the reported 
diamond in its proper stratigraphic position. Mr. Richard refers it 
to the Clear Fork formation, but there is a possibility of its having 
come from gravels of the Seymour formation or from later gravels. 

The nearest outcrops of eruptive rocks lie some 60 miles northeast 
of Foard County in the Wichita Mountains, Okla. They have been 
described by J. A. Taff * in four general classes as gabbro and related 
anorthosite, granite and associated aplite, granite porphyry and asso- 
ciated aporhyolite, and diabasc. These rocks are considered older 
than Middle Cambrian and probably of pre-Cambrian age. 


AFRICA. 
UNION OF SOUTH AFRICA. 


Cape Colony.—The production of diamonds during the fiscal year 
1912 by the De Beers Consolidated Mines * amounted to 2,087,392 
carats, as compared with 2,180,856 carats in 1911. Actual sales 
during the year amounted to 2,058,397 carats at £5,524,475 ($26,- 
884,858). ‘The total production of blue ground in 1912 amounted 
to 7,950,442 loads, as compared with 8,105,138 loads in 1911. The 
total quantity of blue ground and tailings washed during 1912 was 
7,995,953 loads, as compared with 9,219,192 loads in 1911. The 
yield in carats of diamonds per load of blue ground wash increased 
from 0.28 to 0.31 at the De Beers and Kimberly mines, from 0.27 to 
0.29 at the Wesselton mine, from 0.38 to 0.41 at the Bultfontein 
mine, and from 0.21 to 0.23 at the Dutoitspan mine. The De Beers 
mine has not been reopened since it was closed m 1908, but a small 
amount of prospecting was carried on. The main shaft at the Kim- 
berly mine is 3,601 feet deep, and hoisting is now done from the 3,520- 
foot level. The value per carat of the diamonds obtained from the 
different mines was as follows: De Beers and Kimberly 53s. 11.47d., 
Wesselton 45s. 3.12d., Bultfontein 40s. 8.24d., and Dutoitspan 83s. 
Onlsd: 


1 Geology and underground waters of the Wichita region, north-central Texas: Water-Supply Paper 
U.S. Geol. Survey No. 317, 1913, Pl. 1. } 

2 Udden, J. A., and Phillips, D. MeM.: A reconnaissance report on the geology of the oil and gas fields 
of Wichita and Clay counties, Texas: Bull. Univ. Texas, No. 246, 1912, p. 107. 

8 Geology of the Arbuckle and Wichita mountains in Indian Territory and Oklahoma: Prof. Paper U.S. 
Geol. Survey No. 31, 1904. : ; had ; 

4 Twenty-fourth Ann. Rept. De Beers Consolidated Mines, for year ending June 30, 1912. 
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A feature of South African diamond mining during 1912 was the 
absorption of the Voorspoed ! diamond mine, in Orange River Colony, 
by the De Beers Consolidated Mines. 


GERMAN SOUTHWEST AFRICA. 


The production of diamonds in German Southwest Africa ? for the 
year ended March 31, 1912, amounted to 766,465 carats, which were 
sold for $4,712,831, as compared with 792,642 carats, sold for 
$4,888,279, in 1911. The production from April 1 to September 30, 
1912, was large and amounted to 439,261 carats, sold for $2,837,539. 
A shortage of labor in the German Southwest Africa mines has been 
in part filled by importation of ‘‘Cape bays.” 


EMERALD. 


NORTH CAROLINA. 


The emerald mine near Shelby, N. C., described in these reports for 
1909, 1910, and 1911, has been acquired by the Emerald Co. of 
America, with office in New York City. The property was formerly 
known as the Turner emerald mine, but is now called the ‘‘Old Planta- 
tion mine.” This name and that of ‘‘Cotton boll pit” for the principal 
opening allude to the location and discovery of the mine in a cotton 
field on the Turner plantation. 

The discovery of this emerald deposit was made in 1909, but the 
presence of emeralds in the region has been known for some years. 
George L. English, of Shelby, N. C., endeavored unsuccessfully to 
locate the source of two emeralds reported to have been found on the 
Border farm, about 1 mile east of Turner’s, some 18 years ago. 
George F. Kunz? mentions the finding of an emerald about the year 
1897 near Earle, N. C. Kunz describes this emerald as a broken 
fragment of good color, better than anything observed from North 
Carolina and closely resembling the material from the Muzo mine of 
Colombia. The stone was somewhat flawed but was cut into a 
trapeziform or subtriangular gem, weighing 433 carats. Earle is 
3? miles southeast of the ‘‘Old Plantation mine,” and it is possible 
that the stone referred to came from that deposit. Nevertheless, it 
is well to keep in mind the possibilities of the occurrence of other 
emerald deposits in this region, since rock associations similar to 
those at this mime occur at other places. 

Mining and prospecting were continued at the Old Plantation mine 
through 1912 and are still in progress (April, 1913). Deposits of 
emeralds were opened in July and August, 1912, and 269 carats of 
irregularly shaped pieces and fragments of crystals were obtained. 
These lots of emeralds consisted of both clear and partly cloudy gem 
material, the color of some of which was a fine deep green. 

Some emeralds of very fine quality have been obtained along with 
those of ordinary grade. The best stones have the deep grass or 
emerald green color characteristic of that gem, with only the average 
amount of flaws or defects usual in the fine-grade material. In other 


1 Min. and Eng. World, Dec. 21, 1912, quoting “‘ Financia] News.” 
2 Jewelers’ Circular Weekly, Jan. 29, 1913. 

a ely i the gems found in North Carolina: Bulletin North Carolina Geol. and Econ. Survey, No. 
» 1907, p. 42. 
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stones the color may be fine and deep, but defects, such as cracks, 
cloudiness, or silky inclusions, are prominent. Still other gems of 
paler color but containing only very slight flaws, if any, are found. 
The total yield of selected rough emeralds in 1912 is placed at 2,969 
carats, with an estimated value of $12,875. This material should 
yield about 800 carats of cut gems with a greatly increased value, 
probably $25 a carat or more. Retail values for some of the better 
emeralds range up to $200 a carat, and one fine stone weighing a 
fraction over 2 carats was sold for $200 at wholesale value. 

Prospecting and development of the deposit and separation of 
emeralds from the matrix have been carried on under the direction of 
Lovat Fraser, of New York. The deposit lies in a hill with moderate 
slope northwest and north, and has been opened by numerous pits, 
crosscut trenches, and open cuts within a distance of about 100 yards 
in an east and west direction. The principal development is the 
cotton-boll pit at the place of original discovery. In November, 
1912, this consisted of an open cut of irregular shape about 75 feet 
long in an east and west direction and 10 to 25 feet deep with a shaft 
or pit several feet deeper in the bottom. A tunnel 15 feet long was 
run in from the east end of the cut and a crosscut trench 160 feet 
long extended north from the bottom of the pit for prospecting, 
drainage, and to facilitate mining. Other pits and trenches, both 
east and west, have been made close to the cotton-boll pit. A track 
about 250 feet long with a mine car is used in the big crosscut trench 
to carry vein material and waste rock to their respective dumps near 
a branch north of the mine. Later developments have been reported 
by Mr. Fraser, which consist of a deep pit about 90 feet south of east 
and a deep crosscut trench about 200 feet east of the cotton-boll pit. 

The general geology of the region and of the emerald deposit was 
discussed in this report for 1911, but a brief summary is here given in 
order that the notes on later developments may be more easily under- 
stood. The region is composed of mica, garnet, kyanite, graphite, 
and hornblende gneisses and schists cut by granite, pegmatite, diorite, 
gabbro, hypersthenite, and other ferromagnesian rocks. The strike 
of the rock formations is variable between east-west and north-south 
where the strata are tilted, but over large areas they are essentially 
flat, with many small rather gentle folds. 

The emeralds occur in pegmatite cutting hornblende hypersthenite. 
Olivine gabbro is closely associated with the hypersthenite either as a 
magmatic segregation from it or as a separate mass east of the cotton- 
boll pit. Ferromagnesian rocks closely allied to the hornblende 
hypersthenite occur at other localities m the region. The common 
constituents of these rocks are eae hornblende, light-brownish 
Pantene, olivine, augite, biotite, pleonaste, magnetite, and a 
little pyrite and pyrrhotite. By weathering, a rock resembling 
chloritic soapstone is produced. Diorite, broken up by a later intru- 
sion of biotite granite, surrounds the hornblende hypersthenite at the 
emerald mine. The granite also cuts the hypersthenite, and has be- 
come more basic near the contact with it and with the diorite by 
a partial absorption of those rocks. Pegmatite bodies cut the horn- 
blende hypersthenite in various directions, but the majority have an 
easterly strike. Some of these have, been found grading into pegma- 
titic granite or coarse granite, and it is probable that the pegmatites 
are closely associated with the granite masses near the emerald 
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deposit. The pegmatites form sheetlike or lenticular masses, and the 
emerald vein proved to be one of the latter. It had a warped east- 
west strike, and ran close to, if it did not join, a bulge or boss of 
pegmatitic granite encountered in the tunnel in the east end of the 
cut. The vein ranged from a seam up to 6 feet in thickness, with a 
length of about 40 feet and a depth of about 20 feet. It is possible 
that further work might expose other pegmatite lenses deeper and 
farther west opening out in the continuation of the seam left where 
the original vein pinched out. Other veins almost identical in 
appearance with the original emerald vein were found near by, and 
some of these are being prospected for emeralds. : 

The pegmatite of the emerald vein was medium to coarse grained, 
and was composed of quartz and feldspar, part of which was albite, 
with some black tourmaline and a little beryl. A few small irregular 
microlitic cavities were found, and in these the minerals assumed 
partly developed crystal form. In some of the pegmatites bluish- 
green apatite occurs, especially in the mass of pegmatitic granite. 
A few stout crystals of albite and of smoky and colorless quartz have 
been found in the pegmatite veins. Some of the quartz contains 
numerous light-colored needle-like inclusions of actinolite. The 
pegmatite is partly decomposed, so that some of it is ready for wash- 
ing on sieves, but some is mined in large blocks, which have to be 
broken separately and examined for emeralds. So far true emeralds 
have been found in only one vein, but the similarity in the association 
of minerals and of inclosing rocks in the other pegmatites is con- 
sidered promising. 

In the opening 90 feet south of east of the cotton-boll pit a pegma- 
tite vein was encountered carrying small, clear, nearly colorless beryl 
crystals and cylindrical rutile crystals, some of which show brilliant 
red streaks. The beryl crystals yield very brilliant stones when cut. 
The part of the vein opened appears to le south of the hornblende 
hypersthenite area, and the vein will be prospected along its northerly 
strike to that rock. In the trench 200 feet east of the cotton-boll pit 
beryl crystals were found in pegmatite at a depth of 12 feet. These 
crystals were rough in form and of poor quality, with a greenish 
color. One piece contains some patches of true aquamarine. These 
beryl crystals ranged from small size up to 2 inches in diameter. 

The emerald crystals are being cut preparatory to the market. 
Several fine specimens are still intact. A fire at the emerald mine 
in April, 1918, destroyed a quantity of the rough matrix specimens 
and associated minerals, so that now only a few of such specimens 
are available. 


AUSTRALIA. 


A discovery of green beryl and emerald has been reported near 
Poonah, on the Murchison gold field1 in western Australia. The 
occurrence was brought to light through the efforts of H. P. Wood- 
ward, assistant government geologist, who assisted in tracing back 
specimens to their source. The crystals have been found scattered 
over the surface in dusty soil formed by the decomposition of schist 
country rock. No work had been done at the time of Mr. Wood- 
ward’s visit. The formation has been traced nearly 2 miles in a 


1 Min, Jour., London, March 29, 1913. 
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north and south direction along the contact of granite with green- 
stones. Some specimens are associated with blue quartz which has 
doubtless come from pegmatite. The crystals found are described 
as green, some with rich color, translucent, weathered, and badly 
flawed. 

FELDSPAR GEMS. 


AMAZON STONE. 
VIRGINIA. 


Fine specimen and gem minerals have been obtained from some of 
the mica mines of the Amelia Courthouse region, Virginia. It is 
probable that the majority of them came from the A. H. Rutherfoord 
mine, 1} miles north of town, though the exact locality is not given in 
many of the descriptions of the fine minerals or on their accompanying 
labels in collections. Descriptions of this locality and its minerals 
have been given by W. F. Fontaine,! T. L. Watson,? and E. S. Bastin,? 
and their work is drawn on freely to supplement notes made by the 
writer in August, 1912. Additional information was kindly fur- 
nished by A. H. Rutherfoord. 

This part of Amelia County is typical of the Piedmont Plateau 
region. The larger ridges are rather flat or gently rolling and rise to 
approximately one general level, 350 to 400 feet above sea level. 
Except near the larger water courses the slopes and hillsides in the 
valleys are rather light. Rock weathering has been deep and out- 
crops are not plentiful. The rock formations are biotite schist and 
gneiss, in some places garnetiferous, and in others highly feldspathic, 
resembling granite gneiss. Some of these phases may be metamor- 
phosed granitic rocks. The strikes measured are generally northerly, 
with easterly and westerly variations. Pegmatites are common and 
some cut across the gneisses. The granitic rocks weather to light 
sandy soil and the schists and gneisses to reddish clay soils. 

Fontaine mentions evidences of work by Indians or other persons 
at the Rutherfoord and other mica mines of this region. The mica 
vein is reported to have been removed to a depth of 10 feet on the 
outcrop and the rubbish to have been thrown back or washed into 
the workings. Mining by white men commenced in the Amelia 
mica mines in 1873 and has been more or less intermittent since that 
time. 

At the Rutherfoord mine operations were conducted at two points 
about 90 yards apart in a northeast-southwest direction. The open- 
ing to the northeast is on a low hill and was called No. 1 by Fontaine; 
the other opening is in a bottom close to a branch and was designated 
No. 2 by the same writer. This distinction is very acceptable, in 
view of the fact that the first work was done at the upper place, 
which will be used in the following description. The outcrop at the 
lower place was discovered later in the stream bed, and the water 
was diverted to the north to facilitate working. At the time of Fon- 
taine’s examination in 1883, or earlier, there were shafts less than 80 
feet deep at each place. In August, 1912, opening No. 1 consisted 


1 Notes on the occurrence of certain minerals in Amelia County, Va.; Am. Jour. Sci., 3d ser., vol. 25, 
1883, pp. 330-339. eee ‘2 is 

2 Mineral resources of Virginia, Virginia Jamestown Exposition Commission, 1907, pp. 282 and 385-392. 

3 Quartz and feldspar: Mineral Resources U. S. for 1910, pt. 2, U. S. Geol. Survey, 1911, pp. 971-973. 
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of a pit, about 75 feet long in an east and west direction and 40 feet 
wide, and a shaft to the east of the pit. The pit was formed by the 
caving in of old shafts and tunnels. The shaft was made by the 
American Gem & Pearl Co., of New York, during the last decade and 
is reported to be 90 feet deep with a 40-foot drift at the 55-foot level. 
At opening No. 2 there is a pond about 50 feet wide and 150 feet long 
in an east and west direction, showing the surface area of the old 
work. It is reported that the deepest work here was a shaft 150 
feet deep. 

Present exposures of vein and country rock around the vein are 
very poor, and geologic observations are therefore limited. The 
country rock is biotite schist and gneiss characterized by the presence 
of considerable feldspar. An exposure of a slightly garnetifcrous 
phase of this gneiss on the hillside between the two openings showed 
a strike of N. 55° W. and a dip of 20° NE. The extension of the 
workings indicates nearly parallel veins striking about east and west. 
Fontaine considers openings No, 1 and No, 2 on the same deposit, but 
calls attention to the difference of mineral associations im each. 
The impression gained by the present writer is that the two deposits 
are not connected, at least not near the surface. 

The veins are pegmatite of somewhat unusual composition and 
texture for the southern Appalachian region. The normal minerals 
of pegmatite are present, but they occur in great variety associated 
with other reat of interest as gems or specimens. Quartz occurs 
both in large and small irregular masses and in crystals ranging from 
small ones to those weighing 8 or 10 pounds. The ordinary quartz 
is glassy and opaque gray and the crystals are semitransparent to 
clear white, colorless, or smoky brown. The mica is muscovite of 
fine quality, with a clear light-brownish color in sheets a millimeter 
or more thick. Large quantities of fine stove mica were obtained 
during mining operations, and sheets measuring 22 by 24 inches are 
reported to have been cut from some of the crystals. 

The variety of feldspars is unusual for a single pegmatite deposit. 
Potash feldspar occurs chiefly as miciccline of gray-white, bluish- 
green, and green colors. In some of this material the colors are 
bright and the mineral is slightly translucent and yields fine grades 
of amazon stone for gem and ornamental use. Fontaine states that 
most of the amazon stone came from opening No. 2, but the later 
work of the American Gem & Pearl Co. for this mineral was at No. 1. 
Several thousand pounds of fine grade amazon stone, worth asmany 
thousand dollars, 1s reported to have been obtained during this work, 
as well as considerable mica and other specimen minerals. Amazon 
stone of less attractive colors was found in masses of several pounds 
weight. In some of these masses considerable mica was intergrown. 
The mica plates range up to 2 inches in diameter. The other feldspars 
are albite and probably oligoclase. The albite occurs in clusters of 
white to colorless tabular crystals as much as half an inch in thick- 
ness and 3 inches in length. These crystals are grouped at various 
angles to one another and furnish beautiful cabinet specimens. 
Three large fine clusters of these albite crystals are held in the indus- 
trial office of the Southern Railway Co. m Washington, D.C. The 
largest of these measures probably 18 inches in length, 14 inches in 
width, and 12 inches in thickness. It is somewhat dome-shaped 
and is composed of beautiful clear and white interlocking tabular 
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crystals grouped together with interspaces and cavities between 
them. The whole mass weighs probably over a hundred pounds. 

The mineral called “‘oligoclase” is the sodic variety and chemically 
not far removed from albite in composition. It occurs in rough erys- 
. tals, some of which have perfect cleavage and measure seucnal inches 
across. It is mostly white, with small colorless patches, but exhibits 
a beautiful pearly blue chatoyancy on one of the cleavage plancs. 
In some specimens this pearly luster is seen over areas several inches 
across when the specimen is viewed in a favorable position. This 
oligoclase makes beautiful cabinet specimens if properly exhibited 
and yields very pretty gems when cut cabochon about parallel with 
the pearly cleavage. Cut gems are white to mottled gray and show 
a fine blue chatoyancy in one position. 

Fontaine describes a pocket 4 or 5 feet long and high and 1 to 2 
feet wide opened in pit No. 2 lined with numerous crystals of smoky 

uartz an “pure white crystals of albite, some as transparent as 
glass.” : 

Large beryl crystals were found in pit No. 2, but few, if any, of 
gem quality. Fontaine describes them as 3 or 4 feet long and as 
much as 18 inches in diameter, surpassed in size only by those of New 
Hampshire. They were bluish green and dingy yellow and were 
associated with the quartz and feldspar. The beryls were closely 
mtergrown with the feldspar, but they separated easily from inclosing 
quartz. 

A quantity of beautiful transparent spessartite garnet of reddish- 
brown or, hyacinth-red color was found during mining opetations. 
This material was cut for gems and alse supplied many mineral col- 
lections. Some of the crystals measured 3 inches in diameter and 
were composed of solid garnet. The better stones came from opening 
No. 2. Watson states that hyacinth gems were cut weighing from 1 
to 100 carats. Nine cut gems in the United States National Museum 
range from 5.65 to 39.13 carats in weight. These gems are rather 
lighter in color than most zireon or essonite garnet varieties of hya- 
einth. There is a marked shade of red or pink in the brown which is 
thereby enhanced in beauty. All the nine stones mentioned contain 
flaws; some of the nine are a little cloudy from the abundance of 
these flaws, but others are transparent and brilliant in spite of the 
few cracks. The gems exhibited in the Natural History Museum in 
New York show the same characteristics. 

The chlorophane variety of fluorite also occurs in the Rutherfoord 
mine and according to Fontaine was found chiefly in pit No. 2. 
Some pale-purple fluorite has also been found. This fluorite is not 
of value for ornamental use but is of interest for the ease with which 
it phosphoresces. G. F. Kunz! calls attention to the fact that the 
mineral from this locality phosphoresces by attrition with hard sub- 
stances. In a dark room at 80° F. it glows with a white luminous 
light. In boiling water it gives off a green light and on heated iron 
an emerald-green light. These observations were confirmed by tests 
made by the writer on a specimen supplied by Mr. Rutherfoord. 
This specimen was grass-green and badly flawed. The surface was 
strongly etched and corroded. The mineral glowed with a yellowish 
light after continued heating when the intensity of the green began 
to fade. 


1 Chlorophane from Amelia County, Va.: Am. Jour. Sci., 3d ser., vol. 28, 1884, pp. 235-236. 
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Another mineral of interest because of its rarity and of the fine 
quality found here is microlite. A few exceptionally fine crystals 
have been cut for gems, as described by W. KE. Hidden. The par- 
ticular crystal mentioned had a specific gravity of 6.13 and weighed 
0.877 grams. It was perfectly transparent with a hyacinth-red color. 
When cut into ‘‘a gem it had all the briliancy and beauty of a fine 
hyacinth or of an essonite garnet.” Hidden also mentions red 

yrope-colored microlites from the same locality in the Bement col- 
ection. These crystals measured nearly a centimeter across and 
were embedded in smoky quartz. 

Other minerals of more or less interest found in the Rutherfoord 
mine were columbite, monazite, allanite, orlhite, helvite, apatite, 
galena, stibnite, zircon, and pyrochlore. Specimens of monazite 8 
pounds in weight were found. 

Amazon stone occurs at the Richeson, formerly Berry, mica mine, 
14 miles N. 35° E. of Amelia Courthouse close to the track of the 
Richmond & Danville branch of the Southern Railway. The visible 
remains of the work here consist of a roughly circular pit about 35 
feet in diameter and 15 feet deep to water with a cribbed shaft about 
10 feet square in the bottom. 

The country rock is rotted mica schist and gneiss, with gentle 
- rolling folds approximating flat strata. The vein 1s a large pegmatite 
cutting the gneiss with an approximately east and west (possibly 
south of east) strike. Practically all the information available had 
to be obtained from a study of the dump. On the latter was a 
quantity of small blocks of pale semibleached amazon stone, white 
partly altered orthoclase or microcline, scrap mica of light color, and 
glassy translucent quartz. One bowlder of mottled yellow and red- 
dish chalcedony or chalcedonic quartz was found at the side of the 
pit and one small crystal of columbite in the dump. The chalcedony 
would yield a rather attractive cheap gem if cut. Amazon stone of 
good color and quality might be found if the mine were reopened. 


COLORADO. 


There was renewed activity during 1912 in the mining of amazon 
stone and the beautiful associated minerals of the Crystal Peak 
region, 5 to 10 miles north of Florissant, Teller County, Colo. Claims 
have been worked by J. D. Endicott, of Canon City, Colo., around 
Crystal Peak for a number of years, and in 1912 the Crystal Peak 
Gem Co., of Cripple Creek, Colo., also operated several claims. A 
quantity of gem and specimen material was obtained, most of which 
is being prepared for the 1913 tourist trade, for which trade the 
native Gcisede gems are always in much demand. 

The minerals found are similar to those obtained in the Crystal 
Park region on the east side of Pikes Peak, described in this report 
for 1908. Crystals of amazon stone and smoky quartz are the most 
plentiful, but fine topaz and phenacite also occur associated with 
them. Other rarer minerals, as xenotine and fayalite, have also 
been found. The amazon stone, quartz, topaz, and phenacite are 
generally crystallized, and when not sufficiently good for gems they 
still afford fine specimens, either of single crystals or of groups of one 
or more crystals. 


1 A transparent crystal of microlite: Am. Jour. Sci., 3d ser., vol. 30, 1885, p. 82. 
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OPAL. 
NEVADA. 


A quantity of magnificent precious opal was mined during 1912 in 
Humboldt County, Nev. Two groups of claims have been located 
about 9 miles apart in Virgin Valley, a tributary of Thousand Creek. 
One group of claims has been developed by Ivan Dow, of Nevada 
City, Cal., and the gem material is handled by the International 
Gem Co., of New York City. The other deposit was located by 
J. I’. Heeney and Deb Roop, of Reno, Nev., during 1912. Some 
beautiful gems were obtained during prospecting at this locality. A 
comparison of a few specimens from this deposit supplied by Messrs. 
Heeney and Roop, with a quantity in the office of the International 
Gem Co., shows that the type of gem and its occurrence are similar 
at the two localities. 

The region has been described by J. C. Merriam! as composed of 
rocks of Tertiary age belonging to the Miocene. These rocks exposed 
in Virgin Valley consist in large part of volcanic ash and tuff, some 
of which have been deposited in shallow shifting lakes. The ash is 
somewhat indurated and has undergone considerable alteration, in 
the opal-bearing parts, through the agency of solutions, possibly 
those from which the opal was deposited. The locality has also 
proved of geologic interest for the mammalian fossils it contains. 
At certain horizons of the rock formations large logs of beautifully 
petrified wood are abundant and in one bed stems and leaves have 
accumulated in sufficient quantity to form a thin deposit of lignite. 
The opal occurs at the horizon carrying petrified wood, with which 
much of it is associated. 

Of the many specimens of precious opal examined the majority 
were portions of petrified limbs or twigs of trees in which the opal 
appears to be a cast rather than a replacement of the body and tex- 
ture of the wood. In some specimens there has been a partial replace- 
ment of the wood by gem opal, which therefore retains the texture 
and grain of the wood. Precious opal also occurs as a filling in cracks 
and cavities both in petrified wood and in the rock mass itself. The 
ordinary petrified wood examined consists of common opal and chal- 
cedony. Limbs of trees up to 2 and 3 inches thick are reproduced 
in precious opal of gorgeous color or consist In part of common brown 
or black opal grading into gem opal. A piece of jet black common 
opal when heated in a closed tube gave off water and a strong tarlike 
odor showing the presence of inclusions of organic matter to which 
the color is doubtless due. A quantity of other variously colored 
common. opal occurs with the gem variety, as translucent purplish, 
reddish-brown, gray, and white. A peculiar specimen consisted of 
voleanic ash through which was scattered a large number of small 
patches of opal. ‘This opal has a magnificent play of green, yellow, 
blue, and red (or fire), but is exceedingly brittle, so that the small 
pieces can be crushed between the fingers mto powder. The minute 
grains display their fine color and fire after the opal has been crushed. 
Specimens of charred wood also occur in the opal-bearing ash. 

The best gem opal from this region is unexcelled in variety and 
brilliance of fire and color by that from other localities. The cut 


1 Science, new ser., vol. 26, 1907, pp. 380-252, 
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gems exhibit wonderful flashes of green, blue, yellow, and red of 
various shades. In some the color is untform over the whole stone 
or over large areas, changing as the gem is turned from green to red 
or from red to blue, and so on. Some of the gems show a rich ultra- 
marine blue in one position with green or red in another. Many 
gems display various bright colors arranged in patches, and each patch 
changes color as the stone is turned. The brilliant flashes of peacock- 
feather colors obtained from the opal of dark color yields a gem which 
might be called black opal, but most of it is not like the Australian 
gem of that name, since it occurs in thick pieces and the colors are 
less localized. The majority of the dark-colored gems, no matter 
how beautiful in reflected ight, become a rich reddish-brown color in 
transmitted light. Lighter-colored opal with good color and fire is 
also found and cuts into very beautiful gems. 


CALIFORNIA. 


The following information concerning the opal deposit of the Amer- 
ican Opal Co., in San Bernardino County, Cal., was furnished to R. W. 
Pack, of the United States Geological Survey, by Mr. F. Saminfeld, 
superintendent of the mine, and kindly submitted for this report. 
The head office of the company is in Pasadena, Cal. The mine is 
25 to 30 miles northwest of Barstow, in sec. 36, T. 31 S., R. 45 E., 
and extends into some adjoining quarter sections. The deposit has 
been worked for about three years, and during 1912 employed from 
3to5 men. It is opened by a shaft 200 feet deep and by many feet 
of drifts and tunnels. The best opal, and that which is mined, occurs 
at ground-water level, about 200 feet deep, in a white volcanic tuff. 
This rock is not hard to mine and holds up well in the workings, 
requiring no timbering. According to Mr. Saminfeld about one- 
fourth of a ton of matrix and rough opal is shipped every ten days or 
two weeks. 

Mr. F. M. Myrick, of Randsburg, Cal., kindly submitted specimens 
of precious opal which he obtained from a prospect 15 miles west of 
his bloodstone mine on Brown Mountain in the Death Valley region. 
This opal is light colored, and shows very pretty flashes of green, 
blue, and red. It is associated with chalcedony or agate. 


AUSTRALIA. 


The following notes are abstracted from a report by Consular Agent 
G. H. Prosser,! at Adelaide, South Australia. The production of opal 
in Australia has declined greatly and is now about 75 per cent less 
than during some previous years. The value of the output in 1911 
has been estimated at about $300,000, of which $106,000 came from 
the White Cliff district and the remainder from the Walangulla field, 
in the Walgett division. ‘The total value of the opal produced since 
1890 is estimated at $6,529,377. The Australian black opal has come 
from mines at the head of River Darling, m northern New South 
Wales, about 60 miles from the village of Walgett. The output of 
black opal has grown smaller each year, and during the first half of 
1912 amounted to almost nothing. It is not thought that the 
deposits are exhausted, but fewer miners are at work and good finds 
are therefore less often made. 


1 Daily Cons. and Trade Repts., Sept. 21, 1912. 
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PETRIFIED WOOD. 
ARIZONA. 


The possibilities of the agatized and jasperized wood of the petrified 
forests of Arizona as gem material have been shown by many speci- 
mens cut and placed on exhibition by the United States National 
Museum in Washington. These consist of 35 gems cut into various 
rounded and elongated cabochon shapes and varying in size from that 
suitable for a stick pin to gems 2 by 24 inches across. The range of 
colors shown by these gems is large and includes red, pink, yellow, 
and gray of various shades, with black and white and some purplish 
and greenish tints. Both bright and dull shades of color oceur and 
sometimes are present in the same specimen. There are a variety of 
patterns, according to whether the gems are cut with the grain or at 
various angles across it. Irregularities in petrification also furnish 
other patterns. Selected specimens of the Arizona petrified wood can 
be cut into objects suitable for ornamental purposes or for low-priced 
jewelry, and in these ways should supply demand in the tourist trade 
of the Southwestern States. 


PREHNITE. 


Frederick A. Canfield, of Dover, N. J., reports the discovery of 
transparent prehnite at Great Notch, N. J., in 1912. This material 
is suitable for cutting, but occurs rather sparingly. A small quantity 
of prehnite is obtained from the quarries and road cuts in the trap 
rocks of New Jersey each year. Some of it is used as gems, but this 
material is translucent only, and not transparent like the prehnite of 
the recent discovery. 


QUARTZ. 
NORTH CAROLINA. 


Quartz crystals of varied types are widespread over Alexander 
County, N.C. Some are eeaale crystals of clear colorless or smoky 
quality; others are of value as specimens because of the development of 
a large number of unusual crystal faces. Other crystals contain inclu- 
sions of rutile needles and other minerals or of water with movable 
bubbles. The quartz crystals range from small size to those of 50 
pounds weight. An abundance of crystals were obtained during the 
operation of the emerald-hiddenite mine, and some of those obtained 
from one pocket have been described by W. E. Hidden.’ They were 
remarkable for the inclusions of large cavities partly filled with water 
and bubbles. Some of the Alexander County smoky and colorless 
quartz.crystals have been cut for gem purposes, and those inclosing 
rutile needles have yielded especially good sagenite or rutilated quartz 
ems. 
: Two prospects for quartz crystals were visited during the course of 
an examination of beryl prospects in Alexander County in November, 
1912. One of these was on the land of Thomas Barnes, 2 miles N. 
32° W. of All Healing Springs and about 250 yards west of the pros- 
pect on the same property described under beryl. The quartz pros- 


1 On a phenomenal pocket of quartz erystals: Trans, New York Acad. Sci., March, 1582. 
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mee near the summit of a knob on the same mountain ridge as the 
eryl prospect. Two small pits were dug on a vein of glassy quartz, 
2 to 5 inches thick, cutting gneiss composed of mica, garnet, an 
cyanite schist. Beautiful smoky quartz crystals were found in 
pockets along this vein. The crystals range in size up to 2 inches in 
thickness and over 3 inches in length. They are transparent and 
have a fine smoky-brownish color. A few crystals were obtained in 
sufficiently perfect condition to have value as specimens, but many 
were chipped by rough handling. 

The other prospect is on the place of Moses Barnes, 2 miles N. 20° 
W. of All Healing Springs. The prospect is in the side of a hollow 
or ravine and has been opened by a small irregular-shaped shaft 18 
feet deep. The country rock is a mica schist inclosing granite. The 
crystals follow a glassy quartz vein 3 to 6 inches thick, striking north 
and south, with a vertical dip. The crystals range from small, nearly 
perfect ones to stones nearly 6 inches thick. Aggregates of muscovite 
mica crystals are inclosed in or partly penetrate some of the quartz 
crystals. The quartz varies from clear or slightly smoky to fairly 
dark smoky in color. Some of the crystals would yield good cabinet 
specimens if carefully removed from the vein. 


SAPPHIRE. 


MONTANA. 


There was considerable activity in sapphire mining in Montana 
during 1912. The mines producing blue gem sapphire in Fergus 
County reported large prod tae The operators were the Yogo- 
American Sapphire Co. and the New Mine Sapphire Syndicate. These 
companies are operating on the same sapphire-bearing vein or dike at 
a distance of about 2 miles from each other. 

In Granite County the placer mines of the American Gem Mining 
Syndicate on West Fork of Rock Creek were extensively operated 
during the working season. Other deposits in Granite County were 
prospected and worked with good results on a smaller scale by Richard 
Stingle, of Philipsburg, Mont. These claims lie northeast of those of 
the American Gem Mining Syndicate across a mountain divide on 
tributaries of the main prong of Rock Creek. Mr. Stingle claims a 
large yield of varicolored gem sapphire in proportion to the total 
quantity mined. The stones range from colorless to greenish-blue, 
light-green, yellow, orange, pink, and nearly ruby-red. Rough stones 
weighing 7 to 8 carats are found. 


SPODUMENE. 
KUNZITE AND HIDDENITE. 


The production of spodumene gems in 1912 was confined to the 
kunzite variety in southern California. None of the emerald-green 
variety, hiddenite, was found in North Carolina. Mr. Salmons, of 
the Pala Chief Gem Mining Co., mentions two specimens of kunzite 
weighing 474 ounces and 45 ounces, respectively, found at the Pala 
Chief mine in San Diego County. These have been placed in the 
A. F. Holden collection in Cleveland, Ohio. Dr. L. P. Gratacap, of 


GEMS AND PRECIOUS STONES. 1053 


the Natural History Museum, New York, has furnished information 
concerning two other fine crystals placed in the Morgan collection. 
One of these is 9 inches high, 5 inches wide, and about three-fourths 
of an inch thick. It-shows a fine deep suffused lilac coloration when 
viewed parallel to the vertical axis or length. The other crystal is 
7 inches high, 5 inches wide, and three-fourths of an inch thick. 
Both are of gem quality and are free of all matrix and associations. 
They are strongly striated as usual, but have perfect terminations. 


TOPAZ. 
TEXAS. 


The following notes on the occurrence of topaz in Mason County, 
Tex., have been abstracted in great part from a description by H. Con- 
rad Meyer.!. Topaz has been found at two places near Streeter and 
near Katemcy, respectively. Streeter is about 8 miles due west and 
Katemey about 12 miles north of Mason, the county seat. This dis- 
covery of topaz was made in 1904 by the late R. L. Parker, of Streeter. 
Mr. Parker was attracted by the unusual weight of a supposed quartz 
crystal he had found in the bed of a stream on the land of Sam Awalt, 
near Streeter. He submitted it to a mineralogist, who pronounced 
it topaz. A careful search revealed the original matrix of the topaz, 
but the first work was confined chiefly to ‘‘dry washing” of the alluvial 
deposits. The topaz thus obtained consisted of waterworn crystals, 
with frosty-appearing surfaces. These were found to contain clear, 
limpid interiors when broken, Regular development of the topaz 
vein was not undertaken until 1908. Only a limited amount of work 
has been done on any of the deposits since 1910. In all a dozen or 
more prospect holes have been made at this locality. 

Meyer refers to the report on the rare-earth minerals of Llano 
County, by F. L. Hess,? for a general description of the geology of the 
region. Hess speaks of the Llano region as an island of pre-Cambrian 
rocks intruded by plutonics and surrounded by an irregular zone of 
Cambrian and other Paleozoic rocks. The principal plutonic rocks 
are granites, which present several phases. An important variety, 
and one which Meyer mentions as the country rock at the topaz 
localities, is a rather coarse-grained red granite. The general geology 
of the Llano region, including a more complete description of this 
granite, has been given by Sidney Paige.® 

The topaz occurs in pegmatite, but with different associations at 
the two localities. At the locality near Streeter the crystals are 
found in vugs partly filled with clay and associated with microcline 
feldspar, biotite, tourmaline, smoky quartz, and albite. The micro- 
cline is flesh-colored and occurs in large crystals. Smoky quartz, in 
many places intergrown with topaz, and biotite are quite abundant. 
The albite is found in fan-shaped laminated aggregates and is the 
clevelandite variety. Black tourmaline is sparingly present in small 
needle-like crystals. Some 200 pounds of good topaz crystals have 
been obtained. Besides the clear, colorless crystals, a small number 
of beautiful light-blue crystals, rivaling those of Siberia, have been 


1 Topaz and stream tin in Mason County, Tex.: Eng. and Min. Jour., Mar. 8, 1913, pp. 511-512. 
2 Bull. U.S. Geol. Survey No. 340, 1908, pp. 286-294. 
3 Llano-Burnet folio (No. 183), Geol. Atlas U. 8., U.S. Geol. Survey, 1912. 
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found. Three specimens sent to the Survey by R. L. Parker, in 
1907, were described in this report for that year, as (1) a cleavage 
fragment of a waterworn crystal, colorless and perfectly clear; (2) a 
perfectly clear crystal with a slight bluish tint; (3) a large crystal, 
weighing about 44 ounces, clear in portions, with a delicate bluish- 
green tint. At that time Mr. Parker mentioned amber-colored topaz 
crystals as having been found. Meyer deseribes the largest crystal 
found here as about inchesin diameter, with afaint greenish-blue color. 

An interesting discovery made by Meyer is that of the presence of 
stream tin or cassiterite in the concentrates from the dry placers. 
This mineral was found in broken crystals and angular grains of 
resin-yellow to brownish-black color and evidently was not far 
removed from its source. 

The deposit near Katemey was also found by R. L. and P. H. 
Parker and is on D. E. Amarine’s property. Here the feldspar is 
greenish-blue microcline or amazon stone, which is reported to occur 
in large, cleavable masses with excellent color. Small specimens 
received at the Survey are light bluish-green and rather more trans- 

arent than usual with amazon stone. Transparent sea-green fluorite 

as also been found in the deposits near Katemey. The topaz is 
intimately. associated with quartz and feldspar, and the interstices 
are filled with a reddish felsitic rock. A ee of the matrix fur- 
nished by Mr. P. H. Parker is composed of an agglomerated mass of 
brilliant, clear, glassy topaz arate gray and smoky quartz, tuffs or 
radiated groups of tabular albite or clevelandite crystals, gray miero- 
cline crystals, plates of muscovite mica, and red and gray fine felsitic 
rock inclosing minute black tourmaline needles and a ie small plates 
of albite. The topaz crystals range up to an inch or more in thickness 
and are frozen in the rock. Meyer states that topaz composes about 
SO per cent of the mass of this rock. A much smaller proportion of 
the topaz from this place is suitable for gem purposes than at the 
other locality described. 


TOURMALINE. 


The production of tourmaline in 1912 reported to the Survey 
amounted in value to $28,200, an increase over 1911, but far below 
the production of several preceding years, the maximum being that 
of 1909, which amounted to $133,192. The very large productions 
of those years were obtained chiefly from the numerous mines of 
southern California, where there was great activity in gem mining. 
These large outputs of tourmaline overstocked the market and caused 
the large decrease noted above. Maine has been an important con- 
tributor to the production of tourmaline during 1910, 1911, and 1912. 
This output came chiefly from a quarry near Poland, belonging to 
F. L. Havey, .of Brunswick, Me. This property yields high-grade 
gem material in which green is the predominant color, but some 
crystals containing red and blue are found. Mr. Havey reports a 
production of 25,000 carats of fine green crystals, which, it is esti- 
mated, will cut into about 7,000 carats of gems. According to E. S. 
Bastin,’ the prices received for native tourmaline in Maine are hagher 
than those current in New York, because most of the stones are sold 
at retail to residents of the State or to summer tourists and have an 
enhanced value as souvenirs. 


1 Pegmatites and associated rocks of Maine: Bull. U.S. Geol. Survey No. 445, 1911, p. 144. 
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Even with the decreased activity in gem mining in southern Cali- 
fornia in 1912, some rich finds were made in San Diego County. 
Dr. L. P. Gratacap mentions three magnificent specimens of rubellite 
of fine, deep gerardia color, found in a pocket at Pala, that have been 
added to the Morgan collection in the Natural History Museum, New 
York. One of these is attached to a large, well-developed quartz 
crystal. The specimens are composed of compound fascicled groups 
with fine gem nuclei. One, irregular in shape, is 8 inches high and 
34 inches in diameter at the top, tapers to a base, and has small, 
divergent crystals. The second is 4 inches high and 34 inches thick, 
and the third is 8 inches high and 2 to 23 inches thick and is associ- 
ated with albite and lepidolite. 


TURQUOISE. 


Two interesting articles on turquoise appeared in 1912. These 
were ‘‘The origin of turquoise in the Burro Mountains, New Mexico,” 
by Sidney Paige,t and ‘‘The aboriginal use of turquois in North 
America,’ by Joseph E. Pogue. Data for Paige’s article were 
obtained during the course of geologic mapping of the Silver City 
quadrangle and the conclusions reached are the result of study of the 
local occurrence of turquoise and its rclations to the gencral geology 
of the region. Pogue’s paper is an extract from a manuscript report 
dealing with the ethnology, mythology, mineralogy, geology, and 
technology of turquoise, prepared during work for the United States 
National Museum. 

Several deposits of turquoise have been operated in the Burro 
Mountains of Grant County, N. Mex. The most extensive minmg 
was conducted by the Azure Co., and a large quantity of very fine 
grade gem matcrial was obtained. Other deposits were developed 
by the American Gem & Turquoise Co. and M. M. Porterfield with 
varying success. 

The occurrence is somewhat similar at the different deposits, the 
turquoise being found in seams, veinlets, and nodules in fracture 
zones in rocks of granitic and quartz monzonitic composition which 
have undergone more or less decomposition and alteration. Paige’s 
article deals chiefly with the occurrence at the Azure mine and the 
following notes have been abstracted from it. 

The turquoise occurs in granitic and quartz monzonitic intrusive 
rocks. The granite belongs to a pre-Cambrian complex and was 
intruded in late Cretaceous or post-Cretaceous time by a mass of 
quartz monzonite porphyry followed by dikes of similar rock. The 
region has been strongly fractured, and the turquoise occurs in 
marked fracture zones. Fracturing was followed or accompanied 
by solutions probably of magmatic origin, which deposited cuprif- 
erous pyrite and quartz, formed sericite, and completely destroyed 
or altered hornblende and biotite. 

The quartz monzonite intrusions were exposed by a pelea 
period of erosion following the uplift of Cretaceous rocks. An impor- 
tant feature was the extensive subaerial erosion of Pleistocene tune 
in which planated surfaces were formed. The turquoise occurs from 
the surface to shallow depths and is related to the surface of plana- 
tion. During this period copper-bearing sulphides were altered to 


t Eeon. Geology, June, 1912, pp. 382-392. 
3 Am. Anthropologist, new ser., vol. 14, No. 3, 1912, pp. 437-466. 
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carbonates and silicates; limonite formed in abundance; apatite was 
leached from the rock formations; and turquoise, jarosite, more 
serieite, and quartz were formed. The solutions from which the 
turquoise might have formed probably obtained the necessary phos- 
hate and alumina from the decomposition of apatite and sericite. 
These minerals would have been readily attaeked and leached by 
sulphate solutions formed by the oxidation of pyrite. The same 
solutions would have obtained sufficient copper to complete the forma- 
tion of turquoise during the decomposition of cupriferous pyrite. 
Pogue discusses the aboriginal use of turquoise in Central America, 
Mexico, and the United States as attested by historical evidence and 
by objects. The liberal use of footnotes refers the reader to various 
histories, works on anthropology, and museum collections where fur- 
ther information can be obtamed. The esteem in which turquoise 
was held by the ancient inhabitants of the southwestern United States 
and Mexico is shown not to have abated among their present repre- 
sentatives, the Indian tribes of those regions. Thus the Pueblo, Zuni, 
Hopi, Navaho, Apache, and Ute tribes still bedeck themselves with 
ornaments of turquoise or use it for money. 


VARISCITE. 


The beautiful green mineral variscite has been used for gem and 
ornamental purposes under several names, such as ‘‘amatrice, ’ 
“utahlite,’” and ‘“chlorutahlite.’ The first variscite to be used as 
gems in the United States came from the mine of Don Maguire, of 
Ogden, Utah. This mine, located in Clay Canyon, 14 miles west of 
Fairfield, Utah County, was discovered in October, 1894. G. F. 
Kunz! suggested the name utahlite for the mineral as a gem, and 
it was subsequently called chlorutahlite, under which name ‘the 
material from this mine is now marketed. The next discovery was 
made in 1905 about 14 miles 8S. 65° W. of Tooele, in the foothills 
of the Stansbury Mountains. This material was described as “‘utah- 
lite (variscite)” by Kunz,’ but was later called ‘‘amatrice” by the _ 
Occidental Gem Corporation, of Salt Lake City, and under this 
name it is now sold. Later discoveries were made at other localities 
in Utah and at many localities in Nevada, as set forth in these re- 
poe for 1909 and 1910. Practically all the minerals from these 
ocalities have been sold under the true name, variscite. There are 
two localities of interest in Utah—one in Washington County and 
one near Lucin, in Boxelder County. The former is worked by 
John A. Maynes, of Salt Lake City, and the latter 1s claimed by 
Edward Bird and Frank Edison, of Lucin. In Nevada variscite is 
widespread and has been prospected or mined at many places in 
Esmeralda County, especially near the deserted mining town of 
Columbus, near Candelaria, Coaldale, Blair Junction, and Sodaville. 

The value of the production of variscite increased from several 
hundred dollars a year to several thousand dollars in 1907. During 
the next three years it was still greater, reaching a maximum of 
$35,938 in 1909. In 1911 and 1912 the output was less, but still 
sufficiently large to show that variscite has established a place for 
itself among American gem stones. 

1 Sixteenth Ann, epee U. 8. Geol. Survey, pt. 4, 1894, p. 602. 
? Mineral Resources U. 8. for 1905, U. 8. Geol. Survey, 1906, p. 1351. 


Pp 
3 Mineral Resources U. 8. for 1907 pt. 2, pp. 882-833; idem for 1908 pt. 2, pp. 853-856, U. S. Geol. Survey. 
Also Zalinski, E, R., Amatrice, a new Utah gem stone: Eng. and Min, Jour., May 22, 1909. 
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The greater part of the output of variscite in 1912 came from 
Utah, where three mines were operated. Mr. Maguire reports exten- 
sive development at his mine, with the discovery of some fine mate- 
rial. Unfortunately the claims of Bird & Edison, near Lucin, have 
fallen under litigation with the Southern Pacific Co., so that none of 
the finely marked ‘“‘turtle-back”’ and brecciated variscite from this 
locality could be placed on the market. Only one producer from 
near Coaldale reported from Nevada in 1912. 

Variscite is a hydrous aluminum pera with bright green color. 
It has a hardness of only four, and is therefore not suited to rough 
wear. In some occurrences it is associated with allied phosphate 
minerals, among which is wardite. Other associated minerals and 
rocks, such as quartz, chalcedony, chert, jasper and black ‘jas- 
peroid,’”’ limonite, hematite, slate, and rhyolite, often form strong 
contrasts in color and pattern with the variscite, yielding unique 
matrix gems. The variations from light to dark emerald-green in 
variscite itself, with its unusual markings due to texture, lend fur- 
ther contrast to these gems. Innumerable effects can thus be 
secured in cutting variscite and its matrix to meet the fancy of the 
various purchasers. The attractiveness of variscite gems, along with 
the reasonable price for which they can be sold, should guarantee their 
continued use in certain lines of jewelry, especially in the western 
tourist trade. Select gems have sufficient beauty tomake them high 
priced. Variscite is especially adapted to what has been called bar- 
baric jewelry and is beautifully ‘‘set off” in rich colored filigree gold 
mounting. 

GREEN MICA SCHIST. 


T. Nelson Dale! has described an occurrence of green mica schist 
in Shrewsbury, Vt., which ee to have considerable use as an 
ornamental stone. The following notes have been abstracted from 
his description of this rock: The occurrence is in a small saddle on 
the north side of Round Hill, on the west flank of the Green Moun- 
tain Range, 3? miles southeast of Rutland station. It was discov- 
ered and is being prospected by Edward H. Foley, of Rutland. 
The schist belt is about 100 feet thick and has a strike of N. 15°-30° 
W., with a high east dip. It consists largely of chrome mica (fuch- 
site), with some chlorite, quartz, tourmaline, and a little magnetite. 
The rough rock has a bright verdigris-green to faintly greenish-gray 
color. Its luster ranges from glistening to waxy and its texture is 
foliaceous and plicated. The polished stone has a brilliant dark 
emerald-green color varied with fine wavy streaks of lighter green. 
The stone saws and polishes well and will be suitable for internal 
decorations if obtained in masses of sufficient size and soundness. 
A block measuring probably 18 by 12 by 8 inches presented to the 
United States National Museum was firm and ait through the 
whole mass. A cube measuring possibly 34 inches square and two 
rectangular slabs—one about 7 by 12 inches square and the other 
smaller—were cut from one end and side of the block. The polished 
face of the cube is rich dark-green of nearly even color. The slabs 
show both plicated banded light and dark-green layers and large 
areas of a nearly even green color. 


1 The commercial marbles of western Vermont: Bull. U. S. Geol, Survey No, 521, 1912, pp. 50-51, 
10424°— Rr 1912, pr 2 67 
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METRIC OR INTERNATIONAL CARAT. 


A strong movement was started in October, 1912, by members of 
the gem and jewelry trade to introduce the metric or international 
carat into the United States in place of the carat of variable weight 
now inuse. At a meeting of jewelers and dealers in precious stones 
held in New York City in October,’ 1912, resolutions were passed 
that the jewelry trade of the United States should adopt the metric 
or international carat of 200 milligrams on and after July 1, 1913. 
A committee with M. D. Rothschild, president of the American Gem 
& Pearl Co., as chairman, was appo‘nted to secure the approval .of 
various trade organizations interested. These resolutions were pre- 
pared after an expression of approval by a large majority of the 
jewelers to whom cards asking for their opinion had been mailed. 

The international carat will be adopted on July 1, 1913, and the 
committee mentioned above has been very active furnishing infor- 
mation and arranging for a supply of the new weights. These will 
be divided into 100 parts, the smallest, therefore, weighing 2 milli- 
grams. Director Stratton, of the Bureau of Standards, of the Depact- 
ment of Commerce, Washington, D. C., in a letter to the committee 
representing the gem and jewelry trade, has promised his cooperation 
in introducing the new weights.?, The attitude of the Bureau of 
Standards was further made known in an address of Dr. Louis A. 
Fischer before the Retail Jewelers’ Association of the District of 
Columbia,? in which the use of former carat weights was shown to be 
very illogical and the new international carat most advantageous to 
all parties concerned. The following countries have adopted the 
international carat: ae France, Italy, Bulgaria, Denmark, Nor- 
way, Japan, Portugal, Roumania, Switzerland, Sweden, Belgium, 
and Germany. Interest in the international carat is being aroused 
in Great Britain, where it is likely that it will be accepted more 
readily after its use is established in the United States. 

The metric or international carat is about 24 per cent lighter than 
the old carat, so that 1 carat in the old system weighs 1.025 carats in 
the international system. Conversion from either system of weights 
into the other may be made by simple multiplication or division. 


BIRTH STONES. 
The American National Retail Jewelers’ Association adopted a 
standard list of birth-month stones at its meeting in Kansas City, in 
August, 1912. The changes -made in the lists ordinarily used were 


slight and consisted chiefly of the addition of alternative stones. 
The following is the list * that was adopted: 


Birth-month stones. 


JIRTVURIYiL - apy area ey ees ee etey yay raat Garnet. 

10) Sha a foe spnmonemaocice ccosconaasEeeccccoo oc oe AUMGUNYEL. 

March 2.c.82252 eee eee ee Bloodstone or aquamarine. 
Aprile secucccd vans cco eee ie eee ee ete Diamond. 

WEN eee eer ees aren AAR A SAA apo ahes Emerald. 

APUG eee ee ees eS ees PE BEAEh OOM Pearl or moonstone. 

ith yobee cate sapere oe ere er eye Seems ree Ruby. 
Augiisticce2a-kes ccc see eee eee ee eee Sardonyx or peridot. 
September:2: =. 2. - cue. eee ee Sapphire. 
October......2..ss2cceccesa----.----2seeec sees Opallomtamem slimes 
Novembersn.s2cic2s0 50 seca eee eee eee ene Topaz. 
Deceinbenierscsci0e none ee eee Turquoise or lapis lazuli. 


1 Jewelers’ Circular Weekly, Oct. 30, 1912. 8 Jewelers’ Circular Weekly, Apr 2, 1913. 
2 Jewelers’ Circular Weekly, Mar. 5, 1913. ; 4 Jewelers’ Circular Weekly, Aug. 14, 1912. 
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PRODUCTION. 


The total production of gems and precious stones during 1912 
reported to the Survey showed a decrease in value of $23,970 from 
1911. The value of the production in 1912, estimated in part from 
the quantities of rough mineral reported, was $319,722. There were 
large changes in the production of some minerals. Thus the output 
of opal increased from $1,875 in 1911 to $10,925 in 1912; kunzite, 
from $75 in 1911 to $18,000 in 1912; turquoise decreased from $44,751 
in 1911 to $10,140 in 1912; chrysoprase and emerald also decreased. 
The statistics represent nearly the first values that the rough material 
brings or might be expected to bring. The same gem material may 
increase four or five times in value after elaboration and placing on 
the market. 


Production of precious stones in the United States, 1906-1912. 


1906 1907 1908 1909 1910 1911 1912 
Agates, chalcedony, onyx, etc. . $800 $650 $1, 125 $750 $2, 268 $8, 128 $9, 978 
SUMTHIN Sc coccnseseadessesaces 700 850 210 190)| Basco cee 725 363 
IB GIT LOLEC sjarale cloieiss 10) /s'(</0.s/e.crsizie<|'scisenslaie 1.500 3, 638 O09 | Ecc << seaclaeore seece 150 
Beryl, aquamarine, blue, pink, 

CUCWHELCsec.ccccscesicceacces 9,000 6, 435 7,485 1, 660 5,545 2, 505 1,765 
Californite.........- ere ee Peer re 125000! |ieccice veel @ 18,000 28,000 150 275 
(CED MOI oa ae ye eer e eel eeeenereeeer 95: || cncscaciece| Sessa ues cc] cece soecfeuaeece ve | seems 
COiniastoliteeeree sea suse eeccece 25 7 poe re cree lsnsenearss lseoseeraca 25: epee 
On OnaSirolit Gere smiassieiscisseaiee | =meemmcea|ensaeeen es 25 2,400 | @ 2,000 1,992 350 
COlIATEOCT hi cnec one SE eon See ease BSE ASanane 150 600 B00) | 22 fecre os elles cecil eerie 
GHEY SODTAS OMe a <2 n- Sees anc @ 32,470 | @ 46,500 | ¢ 48,225 | @ 4,800 | 29,000 | @ 13,550 220 
© year IN Bearers rere oe oe a eerere) cin al aereisiaiereraiee 100 leseerpscor|nescooneed Saasoonoed |aasoescoes a 
Wisimondemee reece cacwewceceeecl eteneeere 2,800 | 2,100 2,033 | @1,400| «2,750 @ 1,475 
Dio psidewerea~ sen eicicis isin sie eisierme'e Sulleeeaeiceices J 20s eae acts aieewaee sa cetasrcsie cl terme me 
imeial decce = ces cise scecceesus|seceseiece. BAUD) |Gesadenene @ 300 a 700 @ 9,500 2,375 
Wid Oteee cscs sec ccccce cee sucn;ocewess coe 60 ee cemecccd 15) Se sscacewe|oee -cemees - 1 
Feldspar, amazonstone, sun- 

SLOMONOL CMe cits jctctes sce wise ncis 100 1,110 2,850 | @ 2,700 2,510 175 1,310 
Garnet, almandine, pyrope, hy- 

ACTON, GHC. a anaes eeasseene 3, 000 6, 460 13, 100 1, 650 3, 100 2,065 860 
Galli! (ME a Soa acesee ene neneee Be See enece 1,000 10103| ee eetteens 1,000 1,700 1,900 
Jasper, petrified wood, blood- 

SUONeVeLCse eee ens ns 5 150 1MILUU eeeecseses 100 475 2, 240 6,005 
Malachite, azurite, azurmala- 

CLE ON ee nies = as rcin sinic'saicis|ajeisie'siaieteicis 250 5, 450 2,000 550 800 1,085 
MG pal mete eet clece sac sSeisicciccicie|cismeteae 180 200 27 21,875} @ 10,925 
JE BOICLsendosnese asepccdonnoesd] 2,400 1,300 1, 300 S005 | Pe sceiseeisie 360 8,100 
IPNONACILOR eaten cccaccccccacene 250 25 95 50 00 Pe esce |e eceercee 
IRE ASO ees ccisisiias sesicigeeseceeees 0) eee nalleseecnsnos bsancssscs 100 fais cso ccc |bormarcies oe 
IP Wali). coadee sHonc eat ee nose enne: Cee eee ae UU aeGaeeceed Becocenene| facnaacanclaccooanens 265 
Quartz, rock orystal, smoky 

quartz, rutilated quartz, etc.. 3,050 2,580 3,595 2,689 1, 335 2,140 2,448 
HVOSOIOMIGIEZ © occecceeninee = ccc 4,000 6, 375 568 2,970 2,537 1,744 865 
Riiodocrosite. ..-.<2-222ss5--ee-|eessees=2 W500 [52 c2cecn| sees dns cec|exseee seca | Secese soon |penecmener 
IMINGCU HW as sos onnsscososudnd |Guceosemualeeusecoces 1, 250 125] «6,200 1,300 550 
ISAT ao aan eeEICS mein seereis = 600 ACU aoaeacmod |aascaccaad |anoomon a6 210 2, 260 
IAB Oocececqodenneenqeaseceneacn |saasnescee 2005 sas 2e eee U7 Pemenninned Romeneses Prancaaoncn 
Sap phirOs. occ. acieceeossccsc 39,100 | 229,800 | 258,397 | @ 44,998 52,983 |@ 215,313 | @ 195,505 
SMiIthsonite sa. -<--see sse eae | oem ence: 8 a 1,200 300! es ecceiece= 25 650 
Spodumene, kunzite, hiddenite.} 14,000 14,500 | @6,000 15, 150 33, 000 res) 18, 000 
BP te OG woes ons Se oe oe coe il nee wenewe lange eae sec 35 100 610 1, 500 450 

Fe 1,550 2,300 4,435 512 884 2,675 375 


@ 72,500 | @ 84,120 | @ 90,000 
22, 250 23,840 |@ 147,950 


@ 133,192 | @ 46,500 16,445 | @ 28, 200 
@ 179,273 | @85,900 | @ 44,751 10, 140 


lite, utablite............-..-..| 2,000] 7,500] 14,250| 35,938 | 226,125 | @5,750| 8, 150 
Miscellaneous gems - : : : 1,060} 2,755| 3,224 4, 408 
Total aate ee eee 471, 300 534,380 | 295,797 | 343,692 | 319,722 


a Estimated or partly so. 
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The imports of precious stones into the United States, as reported 
by the Bureau of Foreign and Domestic Commerce, were large and 
have been exceeded only by those of 1906. The greatest increase 
was in a the value of which more than offset decreases in the 
value of imports of diamonds and other precious stones. 

The following table shows the value of the diamonds and other 
precious stones imported into the United States from 1906 to 1912, 
inclusive: 


Diamonds and other precious stones imported and entered for consumption in the United 
States, 1906-1912. 


Diamonds. 


Dian 
Year ond other | Pearls, ||/uetaud 
= stones “i 7 
Glaziers. Paste Hough oF Set. Unset. not set. 
NOU oes Soc ae a $104, 407 | $150,872 | $11,676,529 | $305 |g25, 268,917 | $3,995,865 | $2,405,581 | $43, 602, 476 
S: 31, 912) | eee 18, 898,336 | 3,365,902 680,006 | 31,866,599 
1,636,798 |...-.- 9, 270, 225 | 1 1,051, 747 910,699 | 13,700, 494 
By 492) foe ace 27,361,799 | 13,570,540 24,848 | 40, 237, 509 
0) DIGBY |Lamone 25,593,641 | 4,003,976 | 1,626,083 | 40, 704, 487 
9,654,219 |...... 25, 676,302 | 3,795,175 1,384,376 | 40, 820, 436 
9,414,514 ].....- | 22,865,686 | 3,405,543 | 5,130,376 | 41,363,325 


aIneluding agates. Agates in 1906, $20,130; in 1907, $22,644. 
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PRECIOUS STONES 


By Georcs F. Kunz 


During 1912 a rather remarkable condition existed in the precious 
stone market. Pearls continued to advance; diamonds advanced, and 
there was an unprecedented demand for sapphires. Emeralds were at 
their former price and rubies had become so rare that they were sought 
and appreciated, but the newer favorites were more in demand. 

Quantities of diamonds weighing from 1/64 to 1/300 of a carat, the 
latter single-cut brilliants of many facets, were used to a large extent 
in successive or minute ribbon-work and in ways that diamonds have 
never been used before, the labor on the material representing frequently 
three-fourths or more of the cost of the stones themselves. 

Sapphire has been unusually favored since January, 1912. These 
stones have materially advanced in price, and never have finer sapphires 
been sold than since this demand set in. Many of the stones are cut 
en cabochon, the finest in Cashmere and Burma. This special favor has 
increased the demand for Montana sapphires, which, although they 
usually run anywhere from a carat down to 1/16 of a carat, rarely weigh- 
ing as much as two carats, possess the property of retaining their color 
by artificial light. They have been unusually popular, being mounted 
in many ways that are at once attractive and often inexpensive. The 
Balkan War has suggested to Dame Fashion the demand for various 
colored stones. In a variety of colored combinations, the stones are 
being caliber-cut, that is, square and fitted into a setting without any 
intervening gold between them, and such combinations as tourmaline, 
red and green or blue sapphires, green tourmaline, yellow topaz, purple 
amethyst, and many other color combinations have been made up. 
These caliber-cut or mitred stones have also been cut in three-stone 
shapes to form circles, ellipsoids, and other quaint forms. 

The precious stone cutters’ art and that of the diamond cutters have 
never before been taxed to so great an extent as at present, nor has there 
ever been such a demand for the many forms of cutting. Many gems 
have been cut double-briolet, pear-shaped, and in other curious forms 
that take a pendant shape, and others have been cut with a grooved edge 
at the girdle along which the setting is slipped so as to be almost invisible. 
During the past year some remarkable pockets have been found contain- 
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ing red tourmaline (rubellite) on Pala Mountain, San Diego Co., Califor- 
nia, as well as an enormous deposit of kunzite, the lilac spodumene at 
the same locality. Some of the crystals of rubellite weighed as much as 
11 lb., and there were kunzites of from a few ounces to4lb. Occa 
sionally the crystals had been shattered by blasting, but could be re 
paired for employment as cabinet specimens. 

The finest of these have found their way, by gift, to the American 
Museum of Natural History, the Musée d’Histoire Naturelle, in Paris, 
and to the Holden Collection which was willed to Harvard University.’ 
During the further development of the Humboldt County opal de 
posits there has been brought to light a great variety of replacement 
of prehistoric wood by opal of the greatest variety of colors, petro- 
leum brown with a most intense and vivid flash of red, green and blue 
fire, and often with a faint purple reflection, and most magnificent and 
absolutely colorless pellucid opals, as well as those with magnificent 
colors in flame, red and green. These have been cut into beads. Some 
of the blacker material with the intense red, green and blue fire, resemble 
that from New South Wales. A new gem variety of golden beryl from 
German Southwest Africa is named heliodore. 

The proposal to impose a duty of 20 per cent. on all cut stonesimported 
into the United States has naturally met with strenuous opposition on the 
part of the gem-dealers. This opposition is dictated not only by business 
interests, but also by the great probability that under a duty of 20 per 
cent., instead of the former rate of 10 per cent., an immense amount of 
smuggling would be induced, thus placing reputable gem importers at 3 
decided disadvantage. 

A careful study of the figures for the imports of diamonds, precious 
stones and pearls into the United States for the period from 1867 to the 
present time shows that while the value of these imports has increased 
from decade to decade, this increase has not been constant and steady 
from year to year. The year 1879 marked the end of a period of general 
depression; with the year 1880 began an era of prosperity and of generally 
increasing values. 1893 was a high-water mark for the time being; the 
wave of prosperity had spent its force, and there ensued a rapid falling 
off in precious stone imports. In 1896 the tide turned again, and with 
the exception of the year 1900, when a presidential election exerted 8 
disturbing influence, the increase was most remarkable. In 1907 came 
our recent financial panic and nothing can more strikingly illustrate the 
absolute dependence of the gem-market upon financial prosperity than 
the rapid decline of precious stone imports to $31,866,599 in 1907 and 


The collection of the late Albert F. a of Cleveland was the finest private collection of mit 
erals in the United States, and was bequeathed to Harvard to be combined with existing collections. 
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to but $13,700,404 in 1908. But the recuperative powers of our land 
are so astonishing that this period of depression has been immediately 
followed by 4 years in each of which the gem imports have run over 
$42,000,000; the last 3 years are remarkable in the nearly identical 
figures, showing a steady demand. 


IMPORTS OF PRECIOUS STONES. 
Nine quinquennial periods, 1868-1912. 


| Imports. Annual Average. 
1868-72 $10,224,033 $2,044,806 
BRIS 9 7355S ev oe aces etna cs 13,836,574 2,767,314 
DB 6 HBB on: 0 2h 030-000 siren spies tessa 31,435,735 6,287,147 
pk 2S RS car ae ee ee a 42,400,515 8,480,103 
1888-92 62,869,792 12,573,958 
1893-07 35,094,294 ,018,859 
1898-1902 88,501,908 17,700,399 
903-07.. 168,482,604 33,696,520 
1908-12. . 184,202,674 36,840,534 

Four decennial periods, 1873-1912. 

Imports. Annual Average. 
1873-82 $45,272,309 $4,527,230 
1883-92 105,270,307 10,527,030 
1893-1902 123,596,292 12,359,629 
1903-1 362,685,278 35,268,278 


IMPORTS OF PRECIOUS STONES FOR THE YEARS 1909, 1910, 1911, 1912. 


| 1909. | 1910. | 1911. | 1912, 


Diamonds, uncut, including miners’, Gaciers ‘ 


.-.| $ 8,789,649) $ 9,204,134) $ 9,854,152) $ 9,863,770 


and e vers’, not set. ree. 
Diamonds, cut, but not set. Dut.. raatits 27,369,405; 25,672,639) 25,705,563) 22,876,042 
Pearls and Parts of, not strung or set. Dut...-..|........ 00. 464,712 ,387,689 5,139,406 
er precious stones, uncut. Free............. 440,638 222,513 109,241 115,812 
Other precious and anes gia: monte. cut, eka 
not set. Dut. ; 6,970, = 6,751, ae 4,519,263 3,342,219 
Imitation precious stones. Dut.. ; ; 587,256 1,215,471 


Total precious stones, etc.,......... |e $43,570, 556| $42,315, 18.830 $42,163,164) $42,552,720 


IMPORTS OF PRECIOUS orn AND ond INTO THE UNITED STATES 


ROM 1867 TO 1 
Diamonds; glaziers’, miners’, Tans saiaeasiede ao =, Suvewen @ SBE 208 
Diamond dust : Peiléchevaloc pales 6,787,740 
Diamonds, rough or uncut, . peas Talal ea Neato eras a3, 994,001 
Diamonds, set 69 
Diamonds, cut, but not set.. 152, 784, 223 


Diamonds and other Pransx: NN races lacchacaie cp daiusteative’ 211,556,278 
Pearls......... ieee ee a vee ee acres 20,120,708 


$478,574, 218 


Grand total, 1867 to 1912 inclusive.......... $649,176,488 


In the first 9 months of the present fiscal year, which ends June 30, 
1913, official figures show that precious stones worth $35,000,000 were 
imported into the United States, while the totals for the same period in 
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each of the 2 preceding years were about $30,000,000. The correspond- 
ing returns for 1900 were worth but $11,000,000. This indicates the 
rapidly growing wealth of the nation, and also the increasing tendency to 
satisfy the merely aesthetic cravings of the purchaser. While it is true 
that in the case of precious stones the greater part of the immediate 
returns go abroad, this, in turn, augments the purchasing power of 
foreign lands and so in the endless chain of commercial distribution is to 
the advantage of all. 


DIAMONDS 


The unsettled political conditions in Europe due to the Balkan troubles 
did not stimulate the demand for diamonds. The strong demand for 
small diamonds has operated greatly to the advantage of mines such as 
the Premier and especially to that of the diamond mining enterprises in 
German Southwest Africa; in both fields an unusual proportion of the dia- 
monds secured is quite small. Indeed, the diamond industry seems to be 
in a very favorable state both here and abroad. 

The diamond interests of 1912-1913 have been influenced latterly by 
the threatened advance in the customs duties from 10 to 15, and even 20 
per cent., with the result that many importers bought large quantities 
of diamonds, importing them so as to relieve themselves of a large part 
of the duty they might have to pay later on. This excess buying has 
strengthened the precious stone market abroad. 

The exports of diamonds to the United States from the two ports of 
Amsterdam and Antwerp for the period 1905-1912 inclusive, compare as 
follows: 


Year. Amsterdam. Antwerp. 

1905... $10,425,814 $ 6,465,464 
1906... 12,435,161 6,448,894 
1907... 7,905,852 6,283,576 
1908. 4,571,804 4,408,36 
1909. 12,441,243 12,914,793 
1910 10,655,753 10,857,038 
TOTES oh 2S Ee Se be OSes 10,080,851 11,357,475 
BEE cw banner durkatiaabireinecvaneatashieuas 10,645,280 10,903,894 

$79,161,758 “$69,639,500 


The cut diamonds amounted to $10,009,324 in 1911 and $9,665,027 in 
1912; the rough diamonds $1,348,151 in 1911 and $1,238,867 in 1912. 

According to the consular invoices the value of the diamonds sent 
from Antwerp to New York, given in quarterly periods, was as follows: 
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Cut Diamonds. 1911. 1912. 


Finet Quarbie 35556 5S is Sees $3,331,201 © S800, 208 
Second quarter...... is Sipe ee ies 2,701,961 433,942 
TC HACG GUATIET...i5.ccc.c0ce nepeeg.ecias 2,491,503 3'589,358 
Vorurtls Quarters saci ce cave ec uae 1,484,659 2,411,406 
$10,009,324 $ 9,665,027 


Rough Diamonds. 


Pitet QUAFUET. oo 006 6 cies ve ge os os os $ 222,296 S$ 331,994 


Second quarter. $17,713 210,099 
Third quarter.................---- 540,734 381,101 
Fourth quarter.......... 0.050005 267,408 335,673 
$ 1,348,151 $ 1,238,867 

Grand totaly ios ices valcs dacweies $11,357,475 $10,903,894 


Diamond Cutting Industry—Through the extensive use of the saw 
in cleaving diamonds, and also because of the competition of independent 
workers, the wages of the Dutch diamond cleavers have declined some- 
what during 1912. Efforts are being made by the union to arrive at some 
understanding with the independent workers, so that a certain concert 
of action may be attained, tending to a stiffening of wages. There is 
said to be good prospect of success. The union’s finances seem to be in 
good condition to judge from the fact that it has been decided to assign 
an allowance to all who have been out of work for 2 weeks, instead of for 
6 weeks, as was formerly the rule. 

The founding of diamond-cutting schools in Hanau and in Berlin 
has been announced for the near future by the German Colonial Secretary, 
Dr. Solf, in a communication to the Reichstag. In these proposed schools 
instruction is to be imparted in the Amsterdam system of diamond- 
cutting. While the task of transplanting in whole or part any well- 
established industry is a very difficult one, the supply of rough diamonds 
from Africa is large enough. 

This will, if successful, make a marked difference in the industry in 
Antwerp, for of last year’s German diamond production 94.55 per cent. 
went to Antwerp, but 4.79 per cent. being Germany’s share, and it is 
believed that barely 3 per cent. was actually cut in Germany. One- 
third of the small amount of the diamond material brought to Germany 
was exported in a rough state. 

An effort may be made to establish a diamond-cutting industry in 
South Africa, and to facilitate this the majority of a senatorial com- 
mittee has recommended that an export tax of from 5 to 10 per cent. be 
levied on all rough diamonds taken out of South Africa. Skilled labor 
is to be introduced from abroad for the development of a school of cutting. 
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A conservative minority would place the duty at but 2 per cent., while 
still another minority report altogether opposes the proposition. 

It is possible that the threat to start the diamond-cutting industry at 
the Cape may only be a ruse to effect a compromise on the general 
question of imposing an export duty on diamonds. 

United States.—While but little development work was done in the 
Arkansas diamond field in 1912, there is reason to believe that the 
current year will show better results.1| The Osark Company, the 
owner of some 5 or 6 acres of the first large pipe discovered, has 
already installed a steam washing, crushing and recovery plant, which 
can treat a hundred loads of ground daily. As this is the first applica- 
tion of practical methods to diamond mining in this region, the operation 
of this plant is expected to show more definitely than has heretofore been 
possible the character and quality of the diamond deposits. Another 
washing plant is in process of erection on Prairie Creek, on the neigh- 
boring tract leased from Mr. Mauny. The other interests in this field 
have not been so active. The largest owner, the Arkansas Diamond Co., 
did but little work; however, the small amount of washing performed 
always revealed the presence of diamonds in the ground. Many test 
pits were sunk during the year, and at one spot a diamond-drill hole 
was bored to a considerable depth to test the weathering quality of the 
peridotite. Little or no work was done either by the Kimberley Co. or 
by the American Diamond Mining Co. The ground to be mined by 
this latter company lies a few miles to the north of the large pipe.” 

A small diamond crystal has been found in black sands from the 
Rock Flat Placer Mine, in township 19, range 2, east B. M., Idaho. 
These black sands appear to have their source in a dike of a blue basaltic 
clay, about 200 ft. wide, which seems to traverse at right angles the rock 
formation of a hard schistose granite, or gneiss, interspersed with quart- 
zite dikes. On an average the blue clay carries gold to the value of 
$2.87 per ton. The composition of the black sands, supposed to be 
derived from it, is as follows: 


PR ORO Sa iisi6 6 oc R sie aig Seiad vocals wa os o's alglaige Cores oe be WOOce LO Her ten 
CHIOMMEE: oo secs tise ei bs CA eee es Sb ed Se acbelas cone WORE ID. per ton 

onasite... 2... ce ce ce ee ce ee ee ee ee ee ee 123.8 Tb. por ton 
MABOGDE ies acdc WS foe ig BAe Rc arorere C ES take dew ata ROIS OR SS RR hs DOE 208 
CRORE sins nea rece alsele si ete ace ene Reed wainresiesaesiie Tee ee toe Dereon 


A ton of black sands also carries about $10 worth of gold and platinum. 
In this mining field have also been found some fine rubies and sapphires.?* 


1 For full details of these diamond Soe see ‘Diamonds in Arkansas bg, corps F uns and 
Henry 8S. Washington, Trans. A (New York Meeting), pp. Tre ohn Fol in Tar 
Minera Inpvusrry for 1908, es 134-738. and also the writer's reporta on precious stones in Tur 
MINERAL InDUBTRY for 1910, pp. 578, 579, ‘and for 1911, p. 634. 

3 John T. Fuller, * Diamon “Mining i in Arkansas,” in Eng. and Min. Journ., January 11, 1913. 

* Communication of Mr. Frank E. Johnease, of Boise, Idaho. 
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Africa.—A recently reported estimate of the aggregate value of the 
mineral products of South Africa up to the present date gives the following 
stupendous figures for the gold and diamond production.! 


a ea de — oe bal = — of South Africa. 


wid Caawos .. £363,000,000 $1,815,000,000 

Diamonds. . Sa ae eee eae ae wana 170,000,000 850,000,000 
Coal.. AE eRe ra raeag iy fae 25,000,000 125,000,000 
Copper... a beth tae ces ag ein nmin 9,500,000 47,500,000 
Ree Circe Se ee 1,750,000 8,760,000 
£569,250, 000 $2,846,250,000 


At present the diamond interests in South Africa appear to be fairly 
well adjusted, so that, without any hard and fast agreement, those in 
control of the leading companies can avoid any risk of injurious competi- 
tion. The German Diamond Regie, while acting independently, has 
established itself so firmly as regards the market for the smaller diamonds, 
that from this direction also no ill-considered or improvident management 
of the diamond situation need be apprehended. A close bond unites the 
interests of the De Beers and Premier companies through the large 
holdings of shares in both companies by Barnato Bros. It appears, 
however, as though the special relations of the Transvaal State with the 
Premier Co. would preclude any formal amalgamation of it with the 
De Beers Co.; indeed, this is quite unessential for the attainment of 
united action. The New Jagersfontein mine in the Orange Free State is 
practically part of the same complex-of interests. 

That the control of a smaller company by a larger one does not 
always help to raise the value of the smaller company’s shares has been 
shown in the case of the Koffyfontein mines, the controlling interest in 
which has recently passed into the hands of the group controlling the 
De Beers Co., with the result that the price of the shares has fallen from 
$15 to $10. A like result is shown in the shares of the Voorspoed Com- 
pany, which have gone down in selling value from $12.50 to $5 since the 
De Beers interests have acquired control. The reason for this is, of course, 
the risk that production may be diminished or checked in the small mine 
in case market conditions make this course seem advisable to those 
managing the larger concern. 

The total production of diamonds in the Union of South Africa 
for the first 6 months of 1912 is officially reported to have been 2,392,- 
255 carats, valued at the equivalent of $22,100,970. This shows a de- 
crease from the previous half year amounting to 651,192 carats. How- 
ever, the value was only reduced $30,940, owing to the advance in 
diamond prices.! 


1 Consul Edwin N. Gunsaulus of Johannesburg, Daily Consular and Trade Reports, 26, 1912. 
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TOTAL PRODUCTION OF DIAMONDS IN UNION OF SOUTH AFRICA FOR 1911.! 


Mines Alluvial, Total. 
Carats. Value. Carats. Value. | Carats. Value. 
= et : z 

Pretoria (Premier) 1,802,003) £1,426,891 2. 4 £1,900] 1,804,248) £1, — yi 
Pietersburg... | : ‘ 474 951 
Klerksdorp. . é ; 38, 142 196,607 38,142 198, 602 
Transvaal 1,802,093 £1,426,801| 41,248) £201,985) 1,843,341] £1,628,876 
Rimb e wie y (De Be crs) 2,158,315) £4,967,360 8,629 £52,026) 2,166,944) £5,019, 386 
Barkly We oy. 206 1,076) 78,365) 465,004 78,661 1s. hay 
Herbert ap 2,002 9,981 2,002) 
Kuruman. oes watae 2,898) 10,875 2,898) 10; $75 
c ape 2,158,611] £4,068, 8,436) 91,894 537,976 2,250,505) £5,506,412 

babi |.ten pst intent 
Ri shof , 90,902) £93,553 553 508 £2,674 91,410 £96,227 
Fauresmith, N. Jagersfontein, 

Ke ify fontein........ 462,367 1,302,418 3) 4, 462, 370) 1,302, = 
Kronstad (Voorpoed)..... 242,112) 210,541 33 61) 242,145 210,60 
Winburg..... 2, 222) 2,135) - Leic ee we . 2,222 2 t35 
Other places. ; 5) 50) 50 
Orange Free State 797,603) £1,608,647 549) £2,789) 708,152) £1,611,436 


= | 4,758,307) £8,003,074] 133,691 £742,750 4,891,008) £8,746,7%4 


Union of So uth Africa. . 


De Beers.—The year ending June 30, 1912, was a prosperous one for 
the De Beers Co. The amount received from the sale of diamonds, 
after deducting decrease of stocks at production cost, was £5,630,968 
8s. 3d. Taking from this £2,692,335 1s. 3d. for operating expenses and 
depreciation, £236,098 7s. 7d. for interest and sinking fund, and £358,155 
8s. 7d. for taxes, there remained an available balance of £2,344,379 10s. 
10d. as a result of the year’s operations. From this were paid dividends 
of £800,000 on preference shares and £1,000,000 on deferred shares, as 
well as a bonus of £125,000 on the latter, leaving £419,379 10s. 10d., 
which added to the £623,019 15s. 11d. brought forward from 1911 made 
£1,042,399 6s. 9d. to be carried over to the current year. The net 
amount realized for diamonds sold was £692,882 in excess of that for the 
previous year. 

The sum of £100,000 was added to the special reserve fund, making 
this £1,437,953. A special sinking fund has been created to provide 
for the payment of the 4 1/2 per cent. De Beers South African Explora- 
tion Debentures, due June 30, 1930, the year’s contribution to this fund 
being £65,115. The Blue Ground Reserve valued at £2,268,266, of 
which £1,508,802 is on the floors, remains intact. 

The sale of the Voorspoed Mine (Orange Free State) to the De Beers 
Company is believed to have been fully justified by the actual operating 
conditions there. During the past year £79,782 was realized by the sale 
of diamonds, but expenses so far exceeded this sum as to make a net loss 


artment Annual Re i Union of South Africa, for the calendar year ended 


Guaseone it “1911, retoria, 1912, Table 
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of £41,278 on the operation. The progressive falling off in the average 
yield was continued, from 0.1612 carat per load in 1910 to 0.141 carat in 
1911, and finally to 0.12897 carat in the first 7 months of 1912. As 
the diamonds sold at 19s. 11.35d. per carat, equal to 2s. 6.85d. per load 
at the last mentioned yield, while the cost of production was 3s. 2.2d. 
per load, increased production under the same conditions only added to 
the loss. The task of securing the large additional capital needed to 
enlarge and improve the plant to an extent that would promise better 
returns appeared to be a hopeless one, so that an acceptance of the cash 
offer of £253,571 made by the De Beers Company seemed to be the best, 
and indeed the only practical solution of the difficulty. 

In addition to the nominal value of the shares amounting to £120,000 
($600,000) the stock holders received 4 1/2 per cent. debentures to the 
amount of 12s. 6d. per share. 

The death of Sir Julius Wernher on May 21, 1912, marked the passing 
away of the last of the little group of Life Governors of the De Beers 
Company, the others having been Barney Barnato, Cecil Rhodes and 
Alfred Beit. His judgment and experience enabled him to render valuable 
service in the conduct of the company’s affairs up to the closing years of 
his life. Although these men no longer live, the eminently successful 
organization they called into being testifies to their remarkable foresight 
and totheirthorough businessmethods. Sir Julius was born in Darmstadt, 
Germany, and was the son of General Wernher. He entered commercial 
life in London, emigrating to South Africa when the importance of the gold 
and diamond discoveries was just beginning to be understood. The noted 
firm of Wernher, Beit & Co. was founded in Kimberley, and in its activities 
the part actually assigned to Sir Julius was that of seller, his enterprising 
yet withal cautious management proving eminently successful. This 
trait of caution was perhaps somewhat unduly manifested in the arrange- 
ments made with the notorious diamond-faker, Lemoinne, which are said 
to have entailed a loss of £64,000, yet had this man’s claim been proven 
true—and there seemed to be good evidence in favor of this—the money 
would have been well expended. As it was, the De Beers shares rose 5s. 
when the fraud was finally exposed. 

A comparison of the figures for July 1, 1911, and for June 30, 1912, 
would indicate a slight falling off in the number of white employees in the 
De Beers Mines, and a considerable decrease in the number of native 
laborers, although of course only average figures can be conclusive in 
this connection. Thus we have at the respective dates a decrease in 
white employees (men and lads) from 2786 to 2575 and in the number of 
native laborers from 17,654 to 14,712. 

With the exception of No. 1 main rock shaft in the Dutoitspan Mine, 
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the depth of which was increased from 860 ft. to 1000 ft., the depths of 
the shafts remained as they were in 1911, being as follows: 


Bo Heers, DARIN FOCK Ma Bias iisisig 0076 RAR Wea SON eRe aNSIOR 2466 ft. 
A EIREE G6 ere: 6:44) mazes paki nirovnsk Rte pranb 16 axeidandarbsorocaumeachyekcdie and aieete 1670 ft. 
Kimberiey, — ROCK GHGIGas ooeie ke ercleeicle we hele ow ate a ere eee 3601 ft. 
Sn Shp RR dm Ls Ore AVR: A tie Taig LBS TS a eee: # 1009 ft. 

Weastlicn No. 1 Wisin tOGK SHAIGS 63 dicccckss sear hecivceecevans 1119 ft. 
INGe a PARI POC BHALE 50% ceonss sb eee ces bens eee w ows 988 ft. 

a ag Des: b: DARA POOR SORE so esoc se aic a k5315 48 bioe ab re 708 ft. 
No; 3 Main Took Ghakt. ooo ais eck cccks css ewigieg Sauls ebiee's 1084 ft. 

i ING s 1 BE GSE POD GALE. «.o.n:o:civin.oc:énavatese-necace;measiasmae 1000 ft. 
No: 3: Main: roek shalees ia iiccctecots sks tocar ne ceases 768 ft. 


THE OUTPUT OF THE DE BEERS CONSOLIDATED MINES, LTD.! 


Carats 
Mine Loads | Loa bape Value per | Value per Cost of | Profit of Dis- 
4 Hauled. | Washed. arek Carat. Load. Production. Load. monds 
“| Found. 
D bana 
e Beers 
Rinterley } 378,614) 0.31 |53e 11.47d| 1688. 716d] 136 6.78d | 3s 1.936d| 119,013 


Bultfontein 0.41 |408 8.242d/ 1688.179d|) 38 11.357d) 128 822d} 834,7' 
Dutoitspan | 0.23 | 83s 0.132d/ 19s1.11d | 38 10.665d) 15a 2.445d/ 428,213 


Kimteriey }| 445,169] 1,230,491) 0.28 |51s 6.20d | 1485.12d | 8s 7.67d | 58 9.35d | 350,662} 
Wesselton 1.423,117| 0.27 | 37 9.64 | 1082.474 | 4s 9.004 | Se 5.384 | 390.192 


Bultfontein 35s 0.52d | 1383.79d | 3811.45d | 98 4.34d | 700,308 
Dutoitspan 0.21 |738 6.5d | 1585.325d| 4s 7.09d | 108 10.235d| 482,971 


‘ 


Wesselton 2,020,291) 0.29 |458 3.12d | 1381.504d) 48 7.576d) 88 5.928d S34. 7004 


It will be noted that (excepting De Beers and Kimberley where the 
production was comparatively small) there was a considerable increase 
of profit per load, greatest in the case of Dutoitspan as in the previous 
year. This was principally due to the increased value of diamonds, 
although in Wesselton the cost of production was slightly, and in Dutoit- 
span considerably, less than in 1911. 

The increased cost of production in the Kimberley Mine was due to 
the fact that the bulk of the material, coming from below the 2520-ft. 
level, had to be double-handled until hoisting apparatus was installed 
to work from the 3520-ft. level, the necessary equipment for this service 
also entailing a temporary increase in the production cost. 

The following estimate has been made of the amount of blue ground 
in sight in the various mines above certain given levels. 


Mine. Loads of Blue 
Ground. 

Doe Boors; above 2040 ft. levelis.icsciccec ciccciedde vee eteaeevewenes 2,750,000 
Mimberiey, AUOTO DORR It; OVEN 3c ss ccc ka cs see Sw teed aalelalews altars 2,200,000 
Wenselton, above 960 16. lavéliin.cs csi cect ncvebiewconceacees sees 20,500,000 
Bultflostein, above 1000 ft: lewals. 20655 Sich decease aedeces 13,000,000 
Dutoitspan, above 750 ft. level........... 0c cece ee cee eee ee eeee 16,000,000 

54,450,000 


1 From Le oath Annual Report of the De Beers Consolidated Mines, Ltd., for the year 
ending June 30, 1 
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On the basis of profits secured during the past year, and averaging 
the results from the different mines, this blue ground would realize 
eventual profits of about £30,000,000 for the shareholders of the De 
Beers Company. 

A proof that the yield in diamonds of diamantiferous ground does not 
necessarily diminish with the increase of depth whence the ground is taken 
is clearly demonstrated by a careful test made in the Kimberley mine. 
This mine has been carried down deeper than any other in South Africa 
and yet 2375 loads of blue ground from the 3500-ft. level gave an average 
yield of 0.42 carat per load, or 42 carats per 100 loads. From a piece of 
‘‘hard blue” taken at this great depth was extracted a single diamond 
of good quality, estimated to be worth about £100. The significance of 
these figures becomes apparent when we consider that since 1905 the aver- 
age carat yield of all the material taken from various depths in this mine, 
most of it of course from very considerably lesser depths than the maxi- 
mum one of 3500 feet, has ranged from 0.28 carat to 0.42 carat (this 
latter average in 1909 alone) per load. 

A decision rendered by the English Privy Council gave judgment 
in favor of the De Beers Company in the action brought against the 
Rhodesian Chartered Company. As a result all diamonds discovered 
in Rhodesia can be claimed by the De Beers Company.! 

Premier——The Premier mine continued to be the only important 
producer of diamonds in the Transvaal.? This company does not 
publish details of its production month by month, but the figures for 
1912 have been estimated from the best information obtainable. 


PREMIER (TRANSVAAL) DIAMOND MINING CO. LTD. 


Ended Loads of Carats ue of Load me per alue per pooltction Profit 

Oct. 31.| Washed. | Found. | Pi#monds.) i. Carats. aras. Load. per Load. |P* Load. 

£ s. d. 8. d. s. d. 8. d. 
1903 76,931 99,208 137,435 1.29 27: 8.5 35 : 6.7 Gdim.. Wseesses 
1904 939,265 749,653 y 0.798 23: 1.2 18: 5.3 Be SiOe woolen. 
1 1 071 845,652 . 0.609 23: 6.3 14: 4.0 BBA lecvetswes 
1906 2,088,471 899,74 1,277,739 0.301 28: 4.8 8: 6.6 ye an Cees 
1907 1,889,986 | 1,702,631 0.290 18:0 5:2.5 S2.E:6...  levesicscns 
1908 8,058. 2,078, 7 0.258 14: 9.4 20275.) Pe1G? iso 
7,617,793 | 1,872,136 | 1,172,378 0.249 12: 6.3 3:1.4 1: 11.4 1:3.0 

1910 | 9,33 1,245,832 96,64 0.230 13: 11.4 3:32.58 2:0.5 1:1.9 
1911 8,325,272 | 1,774,206 | 1,433,970 0.213 16 3:5.3 2: 2.60 1:3.3 
ROMS: Vsciacaesas 2,006, 1,820,000 0.205 18:0 4:1.6 2:4.8 1:8.8 


1 Estimated and partly for fiscal year. 


The report of the Premier Mine for the year ending October 31, 1912, 
registers a banner year in the number of loads of blue ground hauled and 
washed, the total being 9,437,673 loads, besides 269,425 loads of tailings, 


: Eng. and Min. Journ., Feb. 17, 1912. 
2H. F. Marriott, Eng. and Min. Journ., Jan. 11, 1913. 
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making in all 9,707,098 loads. On a single day, September 23, 1912, 
46,780 loads were taken out of the mine; and in each of the three months, 
July, August and September, 1912, the total exceeded 1,000,000 loads. 
This immense output considerably exceeded that of the De Beers group 
of mines, but the total number of carats of diamonds produced (1,992,474 
carats as against 1,963,960 carats) was about the same, owing to the 
progressive falling off in the carat-average per load. Nevertheless the 
average value per carat has risen so steadily during the past few years that 
the profit per load, in spite of an upward trend in the cost of production, 
has also increased. 

The diamond account for the year is credited with £2,004,943 3s. 
5d. and net profits of £749,196 19s. 3d. were carried over to the Ex- 
penditure and Revenue Account. After deducting £76,612 for general 
equipment and 60 per cent. (£403,550) from the remainder as the share 
belonging to the Union of South Africa, the sum of £269,033 represented 
the realized profits for the year to be credited to the shareholders’ account. 
Sundry revenue (£83,612) and the previous balance (£87,471) increased 
this to £440,118, enabling the company to declare two dividends of 
£50,000 on the preferred shares, and two dividends of £120,000 on the 
deferred shares, in all £340,000, and carry over a balance of £100,118 
to the next year. 

During 1912 difficulty was experienced in securing an adequate 
number of native workers in the diamond mines. It was found that the 
effort to supply workers from the Province of Cape Colony was not des- 
tined to be successful, as these natives were quite unsuitable. However, 
actual recruiting in other parts of the country, coupled with the induce 
ment provided by the increased wage, supplied the deficiency that for 
a time existed in the labor market. Of the total number of natives 
admitted to the compound of the Premier Mine, 5359 came voluntarily, 
18,255 being forwarded by agents, making in all 23,614. The daily 
average employed was 13,363, and the daily average wage 2s. 11.29d. 
There were 803 white employees. 

This company inaugurated on November 1, 1912, a Pension Fund 
for its employees, four-fifths of the amount of the pension to be con- 
tributed by the company and one-fifth by the employees themselves. 
On this account the company made last year an initial appropriation of 
£85,000, the equivalent of the company’s contribution to the fund had 
it existed from the date on which each employee entered its service. 
Should there be no change in the number of employees, the regular annual 
appropriation for this purpose will be about £10,000. 

Another record find is reported from the Premier Mine, which can now 
place to its credit the two largest diamond crystals ever discovered. 
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The new diamond was uncovered by a blast near the bottom of the mine. 
The crystal is of a truncated egg-shape and weighs 1649 carats. Al- 
though it is stated to show a few black streaks, these are believed to be 
only superficial. The Cullinan crystal, also from the Premier, weighed 
3025 3/4 carats, nearly twice as much, but the new diamond far exceeds 
in weight its nearest rival, the Excelsior, of 969 1/2 carats, from the 
Jagersfontein Mine. 

The withdrawal of Mr. A. Wagner from the directorate of the Premier 
Company marks an epoch in its history, the removal of an influence that 
has contributed most potently to making this mine a great success. In 
his address at the last meeting, in yielding to the ‘inevitable and recog- 
nizing the rights acquired by Barnato Bros. in the management of the 
company, he felt justified in using the following words: “I have the 
satisfaction to know that I have converted the strongest opponent the 
company ever had into the largest shareholder of to-day, which proves 
to me that he endorses our policy.” 

Vaal River —The New Vaal River Diamond and Exploration Company 
of Barkly West, although its output for the year only totals 16,660 carats, 
realized for the diamonds the sum of £124,770, showing the unusually 
high average of £7 10s per carat. This is said to be due to the working 
of some exceptionally rich areas at Droogveld. 

The Vaal River alluvial diggings in the neighborhood of Boshoff continue 
to prove more or less profitable to the many diggers at work there, accord- 
ing to their greater or lesser degree of luck in finding good-sized stones. 
The recent finding of a diamond crystal weighing 30 carats and worth 
£800 is reported from this field.! 

The opening up of a deposit of true kimberlite, containing diamonds, 
ilmenite and garnets, is reported at Droogspruit, near Machavie, in the 
Potchefstroom district, where several shafts have been sunk to a depth 
of 70 ft.? 

German Southwest Africa—The diamantiferous region, title to which 
was acquired by the German merchant Lideritz from the native chiefs, 
became, in 1885, the property of the Deutsche Kolonialgesellschaft fir 
Siidwestafrika. In 1908, when the first diamonds were found here, the 
greater part of the land owned by this company was legally open to all. 
To keep down the number of small proprietors whose mining methods 
were unlikely to result in the fullest, best, and most profitable working 
of the diamond deposits, the German Secretary of State for the Colonies 
decreed that the tract bounded on the north by 26° S. Lat., on the south 
by the Orange River, on the west by the ocean and on the east by a line 


1 Bag. and Min. Journ., Deo., 1912. 
2 South African Min. Journ., ‘Oct. 26, 1912. 
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100 km. inland running parallel with the ocean, be reserved by the 
company for its own exclusive use; a considerable tract within this zone 
was assumed by the Government under previous agreements. How- 
ever, a large number of claims had already been allowed, and the territory 
north of 26° was still left open, and it is stated that as many as four 
thousand small claims have been allowed. 

The output of diamonds in German Southwest Africa is increasing. 
The supply from this source is now over 100,000 carats per month. 
This is in spite of conditions such as a scarcity of labor and a rather 
oppressive customs system; proposed changes in the levying of duties 
will probably tend to still further stimulate production. The newly 
organized Pomona Diamond Company, established as the result of an 
agreement entered into March 13, 1912, between Daniel de Pass & Co., 
of London, and the Pomona Mining Company, Ltd., of Berlin, will also 
prove an important factor in augmenting the German output, and the 
opinion has been expressed that before long 150,000 carats of diamonds 
per month may be provided from the German fields.* Present condi- 
tions are shown by the report of 19 shipments of diamonds from Liiderits- 
bucht and Swakopmund in the year 1911-1912, having a value of 
$4,960,000. The stones were as usual, small, averaging 6.52 to a carat, 
equivalent to an average weight of about 5/32 of a carat (0.16 of anew 
metric carat) for each stone. 

The largely increased production of the German African diamond 
fields is shown by the fact that during the third quarter of 1912 the 
diamond production was 241,507 carats, and during the last quarter 
370,258 carats, in all, 611,765 carats for the six months; in the last six 
months of 1911 the production was 372,775 carats, only about 2500 
carats more than in the last three months of 1912.4 

The production of the principal diamond mining companies in German 
Southwest Africa for 1910 and 1911 was as follows:® 


1910, Carats. 1911, Carsta. 
LO er) URE.” OL 8 6) So a eee ee ee eneere 312,684 277,346 
German Diamond Co., Ltd. ....... cc ccccncccscseveceve 135,038 130,301 
Ds Oe La AN CO i are RO ee iala DO aE OC RR Eee ere ee ee 
WE cab rri rae O08: COhs 34 ew 809 his te oa Aro 05d nig iniereiarnie, repmisiae'aserm 146,653 147,333 
United States Mines of Lideritsbucht.................... 57,331 54,378 


These five companies are estimated to produce about 95 per cent. of 
all the diamonds from this field. The only notably successful one is the 


1 Jean Demuth, “ Der Diamantenmarkt," Karlsrube i.B., 1913, pp. 61-71. 
1 For details as to this field see the writer's articles on Precious Stones in the Minemat Lepvsrar for 
1908, pp. hia and for 1911, Pp. 29-631. 
2 See Report of Consul General eran of Antwerp to the Department of Commerce and Labor 
* Deutsches Kolonialblatt for April 15, 1913. 
* Jean Demuth, “ Der Dinkehemune™ See i.B., 1913, pp. 97, 98. 
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Colonial Mining Company, which was able to declare in 1910 a dividend 
of 2500 per cent. on its capital shares amounting to 100,000 marks; in 
1911 the dividend was 2400 per cent. The Kolmanskop Company, with 
a low rate of operating expenses, distributed 55 per cent. in dividends in 
1909, 45 per cent. in 1910 and 22 1/2 per cent. in 1911. On the other 
hand, the United Diamond Mines of Liideritzbucht did not realize in 1910 
profits warranting the declaration of any dividend.! Two companies 
suspended operations in 1911, Weiss, de Meillon & Co. in September of 
that year and the Swakopmund Diamond Co. in November. 

On account of a regular increase in the size of the diamonds found 
as the search proceeds from north to south the proximate source of the 
diamonds is thought to be in the southern part of the field. In the 
northern part, at Spencer Bay, 0.1 carat is the usual size of the diamonds 

found, at Liideritz Bay to the southward, 0.2 carat stones are plentiful, 
' while in the Pomana district, still further south, 6 and 7 carat stones 
have been found and at Arch-rock, south of this again, a 17.5 carat 
diamond, the largest uncovered in this region, has been met with. This 
has led to the theory that these diamonds may have been washed down 
from original deposits in the interior of South Africa along the course of 
the Orange River, and then cast up on the coast by ocean currents, the 
prevailing southerly winds carrying the diamantiferous gravel toward the 
north, whereby the lightest diamonds were naturally borne farther 
away. An expected confirmation of this view by the finding of good- 
sized diamonds quite close to the Orange River has not, however, been 
realized.? 

The proportion of diamond materia] in the gravels of the German 
Southwest African diamond field is greater than that of the South African 
mines, as regards the blue ground in which the diamonds are found there. 
In the richest of the Kimberley mines the ratio is 1:3,000,000, while 
1:9,000,000 is considered good and even a proportion 1:36,000,000 admits 
of profitable working. In the German field, on the other hand, the 
proportion varies from 1:2,000,000 to 1:6,000,000; at the same time the 
expense of recovery is notably less, amounting on an average, to but 
one-quarter of that necessary in the South African mines. Apart from 
the difficulty experienced in securing proper native labor, the chief 
trouble with which the Germans have had to contend here has been 
the lack of water for mining operations, as well as for the use of the 
laborers.* 


Jean Demuth, ‘Der Diamantenmarkt,” bead ony i.B., 1913, np 58. 
“Die sdafrikanischen Diamant-Vorkommen,” b I Babe > Prof. Rag eiser, Bericht der Oberhessischen 
Geeellochaft fOr Natur und Heilkunde su Giessen, Abteilung, Vol. IV (1910- 


1911 134. 
rs ’ Bie stdaf Odafrikanischen Diamant-Vorkommen,” i ft Prof. Dr. Keiser; Bericht der Oberhessische 
Grecllachalt ffir Natur und Heilkunde su Giessen, rwissenschaftliche Abteilung, Vol. IV (1910- 
Pp 
46 
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The following figures give the imports of diamonds to Berlin from 
the German African Protectorate, since the arrival of the first shipment 
on April 10, 1909. It will be noted that while there was a rapid increase 
in the number of carats, the average value per carat decreased because 
of smaller average size of the diamonds, owing principally to the sub- 
stitution of machinery for hand work.! 


| Carats. | Value in Marks. | ba po agi 
PD) ee 590,977 16,733,257 29.83 
p Ey i Se by eR ee ee ete eae 798,865 21,389,465 26.775 
1) FS tee appr rn eee 816,296 20,898,600 25.602 


The progressive decrease in average size is stated to be: first year 
13/64 carat; second year 11/64; third year 10/64 approximately, the 
number of stones to a carat being respectively 5, 5 3/4, and 6 1/2 in the 
several years. 

The revenue secured by the German Government from the 33 1/3 
per cent. export tax on diamonds from Southwest Africa in the three fiscal 
years (ending Feb. 29) 1910, 1911, and 1912 is given as follows:? 


Marks. In Dollars. 
NOLO esd eee wie SeuaGeseeheac nee 5,208,863 $1,261,129 
LOSES cs view > vetiatecs es vwaseewee ess 6,773,328 1,612, 052 
MOTE ates ara chroic. bce bab ininch 48 Rueidie Sa Serss 6,617,890 1,575,058 

18,690,081 $4,448,239 


The heavy export duty has operated to discourage mining in all but 
the richer and larger tracts. While it has been perhaps correctly urged 
that a check upon overproduction is not undesirable, the exclusive 
exploitation of the richer deposits tends to create large areas of com- 
paratively unproductive gravels, and in order to render it profitable to 
mine these an eventual reduction of the duty will be imperative; probably 
the substitution of a tax on net revenue of 50 per cent., or even of 60 per 
cent., will prove to be the best solution of the problem.’ 

The rigid control exercised by the German Government has resulted 
in considerable revenue, but has not operated to improve the position 
of the shares. For example, the German Colonial Company’s shares 
which were quoted at 190 in May, 1908, and had risen to 1850 by July, 
1909, stood, after some fluctuations at 1815 in May, 1910; but from this 
date they fell steadily, their price being but 575 in August, 1912.4 


1 Dr. Kreuskam, “* Diamantenmonopol,” Die Umachau, No. 34, A t 17, 1912. 
2 Jean Demuth, “Der Diamantenmarkt,” Karlsruhe i. B., 1913, p 

4 Jean Demuth, ‘‘ Der Diamantenmarkt,” Karlsruhe i.B., ‘1913, BP. 90-92. 
* Jean Demuth, ‘ ‘Der Diamantenmarkt,"’ Karlsruhe i.B., 1913, p.7 
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The German Diamond Regie renewed in 1912 its contract with the 
Antwerp syndicate that has for some time had a practical monoply of 
the product of the German diamond fields. This action was the subject 
of considerable opposition in Germany, public opinion favoring the selec- 
tion of some German syndicate instead, especially that organized in 
Hanau. The matter was discussed before the Budget Commission of 
the Reichstag, and it was shown that the price per carat in the new 
contract had been advanced by 3 or 4 marks. There was a disposition 
to recognize the risks of experimenting in so important a matter as the 
sale of a million carats of diamonds annually, it not only being essential 
that the purchasing syndicate should be thoroughly responsible finan- 
cially, but also that it should have the established trade connections 
insuring an eventual and profitable distribution of the diamonds it had 
acquired. Without an assurance of this there would be a danger of 
disturbing values, and little prospect that the arrangement with the 
new syndicate would be of a permanent character. 

The approaching termination of the agreement now existing between 
the German Imperial Council Board and the Antwerp syndicate for the 
sale of diamonds from German Southwest Africa, is expected to bring 
out lively competition on the part of a number of groups eager to 
secure a new contract. That entered into with the Antwerp syndicate 
on March 30, 1912, was for 1,000,000 carats of diamonds, and official 
notice of its termination can only be given after 700,000 carats’ weight 
have been furnished to this syndicate. The impression prevails that the 
Germans would favor a syndicate undertaking to open their sales bureau 
in Germany. However this innovation, a radical departure as to locality 
may not be found practicable. So far, the trade in uncut diamonds in 
Germany is very small. 

As a preventive measure to forestall any possible attempt on the part 
of those connected with the De Beers Company, to gain control of the 
German Colonial Company by buying up its shares in the open market, 
Secretary Dernburg caused this company to issue additional capital 
stock to the amount of 2,000,000 marks, and to trustee these new shares 
in the hands of German holders.' 

Brazil.—If the diamond mines of Brazil are no longer so productive 
as in the past, the memory of their former glories still casts a powerful 
spell over the minds of certain investors, if we can trust the reports in 
the press regarding the success—to the original projectors—of the many 
mining schemes that have been launched during the past few years. 
Indeed, it has been stated that from $6,000,000 to $8,000,000 has been lost 
in this way bythe unwary. On the other hand, a holding company entitled 

1 Jean Demuth, ‘“* Der Diamantenmarkt,” Karlsruhe i.B., 1913, p. 73. 


724 MINERAL INDUSTRY 


‘The Brazilian Companies,’ capitalized at $250,000, seems to have been 
managed in an entirely legitimate way. It is stated to own, directly 
or indirectly, an immense tract of mineral-bearing lands in Brazil, the 
control of this property having been acquired many years ago by Jay 
Gould during the reign of Dom Pedro. Gould is said to have contem- 
plated the organization of a company to exploit these holdings, supposed 
to be rich, not only in diamonds, but also in gold and semiprecious stones. 
In one respect the managers of the “Brazilian Companies” show an 
altogether commendable prudence, as they do not undertake to mine the 
concessions on their own account, but simply lease out the rights to cer- 
tain specified tracts for a royalty on the produce of the mines to be opened 
up. 

There was a decrease of 75 per cent. in the exports of ‘‘carbonado” 
from Bahia, Brazil to the United States between the years 1910 and 1911. 
In the former year 1,108 carats of this material was exported with a 
value of $46,413, but in 1911 the exports fell away to 251 carats valued at 
$11,725. 

British Guiana.2—The diamond yield was notably greater in the year 
ending June 30, 1912, than in the previous year, and slightly exceeded 
that for the year 1909-10.* 


| Stones. | Carats. 
Year ending June 90, 1910. ........ cscs ccesvcccececs 77,695 6,319 
Vour- ending Jtné 90,1910 oo. viceeccc cows se vawewtacs 36,450 4,683 
Year ending June 30,1919 i.66 ccc cies ecandeasie 81,034 6,977 
Year ending. June BO) 1913... 6 s6.c0.05 secs sce rseccesa 26,259 2,257 


As in the first of these 3 years, the larger yield is represented by 
stones of smaller average size thanin 1910-11. Thesource of these dia- 
monds is given as follows for 1911-12. 


| Stones. | Carats. 

ABREU 6 ii 6 Woes Sate dine es a ERRNO wes ew ew | 68,785 5,682 
MENS RA IES o:in.6isre-aseiovooie om osevsup:ccm nnean Siece Teo i, Miset ke wexaie inais 12,230 1,290 
WE OMRON We ook as create eciyecwsa las, ao ee wie's Rignermieta mlawe wrerbre 19 5 
81,034 | 6,977 


The total diamond production of British Guiana from April 1, 1900, 
to June 30, 1912, is stated to be 1,006,557 stones, weighing in all 74,203 
carats. The average weight for 1912 is thus very low, less than 3/32 carat 


va a 8. P. Warner and Vice Consul O. E. Mueller in Daily Consular and Trade Rep., December 
ese the writer's report on precious stones in Mingnat Inpvustay for 1910, p. 574, and for 1911 
P: ") Gold, Diamond and Forest Industries of British Guiana, 1011-12. 
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(more exactly, .088 metric carat); in 1911 it was somewhat higher, 1/8 
carat (0.128 metric carat). 

The mining here is not systematically prosecuted; whether possible 
results would warrant the establishment of adequate machinery is un- 
certain, more especially in view of the difficulties of transportation to the 
out-of-the-way region where the diamonds are found. In 1910-11 dia- 
monds to the value of $29,574 were exported ($300 worth to the United 
States); in the year 1911-12 the value of diamonds exported rose to 
$56,505, of which $1586 represents the value of those sent to the United 
States. ! 

Dutch Guiana.—A few diamonds are reported to have been found at 
intervals in Dutch Guiana, the most noteworthy of these finds occurring 
about 15 or 20 years ago at a mining concession on the Surinam 
River. It is stated by Mr. David E. Headley of Albina, Dutch Guiana, 
that 5 years ago, as manager of the Compagnie Frangaise du Maroni, 
of St. Jean, he examined some conglomerates on the Maroni River which 
presented indications of being diamantiferous, and found one small octa- 
hedral diamond. Not long since a beautiful diamond was discovered in 
tailing piles at the scene of the recent cinnabar discovery on the Maroni 
River.? 

Canada.—Some expeditions have been prospecting for diamonds 
recently in northern Quebec, especially in the blue clays and sand 
gravels along the banks of Matagami Lake. However, the expectation 
that they might harbor diamonds has proved fallacious, as might have 
been foreseen, for they are really blue clays and not decomposed peridotite 
as were the overlying diamond deposits of Kimberley. The clays of 
northern Quebec are alluvial deposits. 


RusBy AND SAPPHIRE 


Burma.—Ruby mining in Burma is continued on about the same 
scale as in previous years. However, the report of the Burma Ruby 
Mines, Ltd., for February 29, 1912, states that, as a result of a satis- 
factory agreement made by the company with the Government in regard 
to the payment of indebtedness for unpaid taxes, the field of operations 
is to be enlarged at an eventual expense of about £20,000. This new 
mining ground is located in Kathé, a valley some 6 miles from Mogok. 
Here the existence of a considerable area of ruby-bearing ground has been 
determined, and fine sapphires have already been found, but the necessary 
opening out and draining of the valley and the installation of machinery 


1 Consul Hanna of Geo wn, in Daily Consular and Trade Rep., Nov. 8, 1912. 
3 David E. Headley, “ onds in Dutch Guiana,” in the Eng. and Min. Journ., May 3, 1913. 
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will delay active operations for some time yet, although the work is well 
under progress. 

In spite of continued depression in the London ruby market, the 
report of the Burma Company shows that during the year ending 
February 29, 1912, the sales of rubies amounted to £58,787 7s. 2d., as 
against £51,189 Os. 6d. in the previous year, an increase of £7598 6s. 8d. 
At the same time the value of the stock of rubies on hand increased from 
£56,809 to £62374. The profits for the year are figured at £7635 
16s. 4d. of which the Government of India receives £2378 18s. 2d., 
leaving a net profit of £5256 18s. 2d., and making the total balance 
£22,021 9s. 10d. In view of these favorable results, the directors 
recommended the payment of a dividend of 6d. per share (4 1/6 per 
cent.) on the ordinary shares of the company, which would amount to 
£7475. The agreement with the Government to which we have 
alluded provides that the company shall not be required to make any 
payment on the amount due (£19,589) until its annual profits, after de- 
ducting the Government’s share, shall exceed £18,000, equivalent to 
10 per cent. on the paid-up capital. In such case, half of the excess must 
be paid to the Government until the indebtedness be liquidated. During 
the year 1,479,845 trucks of ruby earth were washed at a cost of 7.5d. 
per load (222,968 carats of rubies being secured) as against 1,466,136 
loads at the same rate in the preceding year. The profit per load appears 
to have been equivalent to about 6.4 cents. 

It is gratifying to note that the operations of the Burma Ruby 
Mines for the year ending February 28, 1913, show essentially a con- 
tinuance of the conditions noted above. The sales of rubies amounted 
to L65,647, 13s, 7d, an increase of £6,860, 6s, 5d over the previous 
year; the net profits were £5,340, 17s, 6d. This, added to a balance 
of £14,546, 9s, 10d, (after payment of last dividend), makes £19,887, 
7s, 4d, from which it is proposed to pay another annual dividend of 6d 
per share, slightly reducing the balance as compared with that of the 
preceding year. The amount of ruby earth washed was 1,383,146 
trucks, 96,699 trucks less than in 1911-1912; the average expense of 
washing increased .27d, amounting to 7.77d per truck. 

The tract in the district of Mogok, Upper Burma, where ruby-mining 
is carried on, covers an area of some 45 square miles, but Mr. W. 8. Lock- 
hart, for many years the resident engineer of the Burma Ruby Mining 
Company, believes that the ruby-bearing region is much greater in 
extent, his estimate being about 400 square miles. There are three 
classes of mines. First, the pit or Twin-lone, which concerns the valley 
deposits, the bed of ‘‘byon,” as the ruby-bearing soil is called by the 


1 Daily Cons. and Tr. Rep. November 19, 1912, 
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natives, appearing at a depth of from 15 to 20 ft.; here pits, or where the 
soil is a little stiffer, shafts are sunk and the “byon” extracted, after 
which it is washed in a series of troughs. The second classification bears 
the name ‘‘Hmyau-Dwin,”’ or hillside mining, and is resorted to when 
the wet season interrupts operations in the valley bottoms, cuttings being 
made in the hillsides at such points as are thought to give promise of an 
underlying bed of “‘byon,’’ which is here of a yellowish color and quite 
stiff, so that tunnels may be opened up through it; this hillside ‘byon”’ 
sometimes contains sapphires and tourmalines as well asrubies. To the 
third class is given the name ‘‘Loo-Dwin,” or cave mines. Here the 
mining is done in widely ramified caves, whose entrance is clearly marked 
by outcrops of the limestone base of the mountains. The miner has to 
incur considerable risk in traversing the subterranean passages, but 
enjoys & corresponding reward in finding larger and finer rubies in the 
sandy ‘“‘byon”’ of the caverns than are met with in other deposits. The 
chief improvements upon the old methods that have been introduced 
by the English company have been the use of power pumps to free the 
pits from water, and the treatment of the “byon” by rotating pans and 
@ pulsator. 

Ceylon.—A duty which is practically prohibitive has been imposed 
by the Ceylon Legislative Council upon all imitation and artificial 
precious stones, excepting imitation pearls and imitations in glass, by a 
resolution of September 9, 1912. This duty, which is a specific one, 
amounts to 100 rupees ($33) per carat, and is evidently designed to 
operate as an effectual bar to the importation of “reconstituted” or 
“synthetic” sapphires or rubies into this island. Heretofore the duty 
was only 5 1/2 per cent. ad valorem. Perhaps a danger of reexportation 
as genuine product of the Ceylon mines may be assumed as the guiding 
thought in this recent bit of legislation. 

United States.—Sapphire has been greatly in demand during the past 
year, indeed, there has been a steady demand forit forsome years. The 
sapphire working, in the Judith basin, Fergus Co., Montana, operated by 
the New Mine Sapphire Syndicate, furnished in 1912 about 90,000 carats 
of gem sapphire, the greater part of the output (478,405 3/4 carats) being 
only available for watch jewelling. The gem material ranged from 1/32 
of a carat to three of four carats, no large pieces coming to light during the 
year.! 

EMERALD 

In the Turner mines near Shelby, North Carolina, have been found a 

number of emeralds during the past year,? none of fine color or of any 
1 See for further particulars of this mining field writer's report for 1911, Minera. Inpustay, XX, 


ia For the geological conditions see the writer's report in MingRau InpvustRy, for 1911, p. 638. 
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great value. On this property, which is now owned and operated by 
Lovat Fraser and E. P. Earle, emerald material to the weight of 2700 
carats had been found up to the middle of the year; out of this about 
200 carats’ weight of cut gems have already been made, and the balance 
of the material is expected to furnish gems weighing some 700 carats 
more. As is always the case with this precious stone, there is a very 
wide range in prices, depending upon the relative perfection of the gem, 
a fairly perfect emerald being always quite rare. Here the average value 
per carat has been approximately $15. 

The name heliodor (“gift of the sun,” from the Greek Helios and 
déron) was bestowed on the stone by Prof. Lucas von Granach, a descend- 
ant of the famous sixteenth-century German artist of that name (1472- 
1553). A most graceful and patriotic gift recently made to the Empress 
by the German Emperor is a cruciform ornament composed of heliodors 
and brilliants in a platinum setting. This act of the Kaiser will be sure 
to make the new stone a favorite in Germany, whence the fashion will 
extend to other lands. 

That German Southwest Africa hides other treasures of precious stones 
besides diamonds, is shown by the discovery of some fine beryls near the 
station of Réssing on the railway from Swakopmond to Windhuk:' 
They occur in pegmatite veins closely connected with parallel veins of 
rose-quartz and common quartz. The pegmatite veins are irregularly 
developed and often of small extent. The principal one is about 18 
meters wide, the gem beryls only appearing in some 6 meters of this 
width at least as far as the vein has been examined, to a depth of some 
what over a meter; the other part offers nothing but common beryl. 
Most of the crystals are light green, the typical light aquamarine shade; 
some, however, are of a darker green and others again are bluish-green 
or yellowish-green. Recently a number of fine crystals of a light yellow 
hue have been found here, offering excellent gem material. Some of these 
have already come to Idar, where they have been cut and polished and 
have been placed on the market.? 

While recognizing that there is no necessary connection between the 
coloration of the Madagascar beryls and their specific gravity, since the 
coloring pigment represents an almost imponderable quantity, M. A. 
Lacroix nevertheless remarks that the bluish and greenish shades are 
predominant among the beryls of lower specific gravity, and the pink 
shades among those of greater density.* 


1 Erich Kaiser, “Ein neues gt ot (Aquamarin)—Vorkommen in Deutech-Sudwestafrika,” Cenidl 
1GOrich in Neues Jahrb. far Min., ete, 1800, eal. I, 1p. ux 114, and H. Thiene, “Ueber Apatit und 


Beryll von Tonkerhock,”’ Centbl. fair Min., 
TA Lacroix, *'Sur la continuité de la etelce yr propriétte physiques des beryls de Madagascar,” 


Dull. de ta Bao. Weane::de Min., Vol. XXXV, June, 19 12, pp. 200- 
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Topaz AND TOURMALINE 


An important deposit of gem topaz exists in Mason Co., Texas near 
the settlement of Streeter which is about 8 miles due west of the town 
of Mason, the county seat. The discovery here was made accidentally 
in 1904 by R. L. Parker of Streeter, who picked up one day in the bed 
of a stream what he at first supposed to be a quartz crystal. Its unusual 
weight, however, induced him to submit it for determination to a mineralo- 
gist, who pronounced it to be a crystal of topaz. A careful search at 
last revealed the source whence this specimen had been washed down, 
& pegmatite dike traversing a stratum of coarse red granite. Here the 
crystals appeared in cavities, associated with large crystals of flesh-colored 
microcline feldspar, biotite, small needles of black tourmaline, smoky 
quartz and albite (cleavelandite). Many of the topaz crystals are color- 
less, but some are blueand a few have the beautiful sky-blue shade of those 
from the Adunchilon Mountains, Siberia. The largest of these blue 
crystals measures nearly 3 in. in diameter and is of faint greenish 
blue. The fact that topaz is but little in demand for gem purposes has 
caused this deposit to be practically neglected for the past two years.! 

The classification of tourmalines according to the presence or absence 
of magnesium oxide in their composition shows that those lacking mag- 
nesium are found principally in granitic pegmatites, with quartz, albite, 
orthoclase, microcline, muscovite, garnet, as well as often with lepidolite, 
beryl and spodumene. In hue these tourmalines are bluish black, blue, 
green, red or colorless, including the blue indicolite and the so-called 
lithium tourmalines. Those in which magnesium is present, on the 
other hand, are but rarely found in pegmatite veins, but occur commonly 
in metamorphosed rocks such as schists, metamorphosed limestones, 
etc., with quartz, biotite, phlogopite, augite, plagioclase, tremolite, etc., 
as accompanying minerals. They are of a black or brown color, rarely 
of lighter shade.? 


' Ornser MINERALS 

The jadeite of Burma finds a ready market in China, whither nearly 
the entire output is sent. While this imported jade is chiefly handled 
in Canton, where the shops of the jade merchants occupy an entire street, 
the bulk of it reaches China by way of Hongkong whence it is brought to 
Canton. The material comes in large, vari-colored pieces, which are 
later divided into smaller pieces of uniform color. The value of the 


sores. ‘‘Topas and Stream Tin in Mason County, Tex.; in the Eng. and Min. Journ., 
Vol. av Fee 20, arch 8, 1913, pp. 511, 512. 
Waldemar T Schaller, ‘ * Beitrag sur Kesntnis der Turmalingruppe,” Inaugural Dissertation, 
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jade imports, almost exclusively from Burma, has fallen off considerably 
since 1907, when it amounted to $348,987 in gold, as is shown by the 
following figures giving the value in gold of jade imports in recent years: 


LOD «wie o0.0.0:228:o1nin/6 sees 91e mar ewie-srae me-aeernne's $131,433 
BIOS Srincisinicwins walelsercarnaeaiw ae eiewieie tis aw ae 1 
2 |) eC renee 106,511 


The belief is expressed, however, that a considerable quantity of Bur- 
mese jadeite is brought into China by passengers and not entered for 
duty; indeed, it has been claimed that the total value of the jade which 
comes into China, regularly and irregularly, may be as much as $500,000, 
this estimate receiving a certain degree of confirmation from the fact 
chat the value of the Burmese output, practically absorbed by China, 
has been estimated at a like figure. Little or none of this jade is re- 
exported from China. 

Chinese jewellers are said to apprehend that the modification of the 
old ceremonial dress due to the radical changes initiated by the new 
régime will exert a depressing influence on the Chinese jade market. 
The Burmese jadeite is still secured by means of the old, traditional 
methods which have so long prevailed, and it is thought that a change 
to modern methods might not result favorably, as a largely increased 
output would only serve to lower prices.' 

Beads of chrysoprase strung for a necklace have been found on a 
mummy unearthed near Nasca, Peru. They are of a pale, greenish hue 
and are of especial interest as being, to the writer’s knowledge, the 
first objects of chrysoprase ever found in a South American district. A 
string of over fifty beads was seen by Prof. Hiram A. Bingham, of Yale 
University, who submitted several to the writer for identification. 
They were believed to be emeralds. 

The wood-opals from northwestern Nevada come from a part of 
Virgin Valley about 20 miles south of the Oregon boundary, and 40 miles 
east of the California State line. They occur in a stratum of dry clay 
having a thickness varying from a few inches to several feet. These 
opals are metamorphosed from trunks and branches of the Mountain 
Mahogany, the time of their formation being assigned to the Miocene 
period. The deposits, which are at an elevation of 5500 ft. were first 
’ discovered in 1909 by Mr. George Mathewson, and they have been more 
or less actively exploited since October, 1911, when Mr. M. Ivan Dow 
acquired an interest in them. Over $20,000 worth of opal material is 
said to have been extracted.? 

The supply of opals, from the State of Queretaro, Mexico has been 


1 Consul General George E. Asiarsee ¢ Baise niger in Daily Consular Trade Re 23, 1912, 
* For a full Weccription of these op rand of others in Idaho, "Nevada and Ww obtain a 
the writer's report on precious stones Pte Shemsie Inpvustay, for 1911, pp. 639-64 
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somewhat irregular, owing to the mining operations, which have varied 
according to the demand for opals. The mines are owned by local 
syndicates and the stones are cut and polished in the towns of Queretaro 
and San Juan del Rio. 

While Mexico City secures the finer grade of opals, a large quantity 
of the poorer material is exported to Germany. A disadvantage of many 
Queretaro opals is their great transparency as compared with those from 
either Australia or Hungary, so that in order to bring out their fire, 
which is in nowise lacking, resort is often had to artificial backing such as 
black velvet; sometimes, indeed, the natural backing of the matrix is 
preserved. Such stones, often rather irregular in shape, are called 
** matrix-opals.’’ The Mexican opals are credited with greater durability 
than those from Australia, being less liable to injury from the slight, 
unavoidable accidents that sometimes happen in setting or wearing 
the gems; but it is asserted that they do not retain their brilliancy so well. 

The opals are found near the top of a range of hills in a reddish-gray 
spherulitic rhyolite, forming the matrix. They were first noted, casually, 
about eight years ago, some exposed specimens showing their fire as the 
sunlight fell upon them. The presence, on the surface, of a white 
silicious sinter in cavities of the rhyolite, has been found to be an excellent 
indication of the existence of opal material; these appearances go by the 
local name of ‘‘pintas.”” How deep down the opaliferous rock extends 
has not yet been determined, but in some of the older mines opals have 
been met with at a depth of over one hundred feet. A few opals of 
rather poor quality have occasionally been found in Tlaxiaco, in Oaxaca, 
where the surface conditions seem to be quite similar to those obtaining 
in Queretaro. 

The sources of supply in New South Wales of the much-fancied 
Australian black opal appear to be exhausted, at least temporarily. 
Most of the miners have drifted away, and the chances of discovering 
new deposits are correspondingly lessened. It is reported in 1912 that 
the quantity of opal material of every kind from the Australian fields is 
75 per cent. lower than at any time within the past twenty years. During 
1911 opals to the value of about $300,000 were secured, $106,000 worth 
from the White Cliff district, the Wallangulla field in the Walgett division 
furnishing the remainder. The total value of the opals secured in 
Australia from 1890 to 1911 is estimated to be $6,529,377.? 

A large mass of black opal from the Australian deposits is owned by a 
gem-dealer in Sydney, New South Wales. It weighs 4100 carats, or 

31T. M, M. MacFarlane, ‘A Mexican Opal Mine,” Informes y Memorias del Instituto Mexicano 
de one y Metalurgia, pp. 127-132; read at the Session of Aug. 7, 1911. 
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about 2 lb. 3 oz. troy, and was found in 1912 in the Queensland mines 
by two exceptionally lucky miners and is valued at £10,000, or $50,000. 
It is confidently asserted to be the largest piece of black opal ever 
discovered. 

Some pretty opals, semitransparent specimens, are found in the 
Héko-té group, Formosa, associated with chalcedony. They are some- 
times blue as at Shéchikaku and Hattaku-t6, and sometimes gray as 
at Tsiry6, where resinous opal also has been observed.' 

A valuable deposit of amethyst, the specimens extracted being of 
unusually fine quality, has been discovered in the Russian Transcaspian 
territories, 8 miles from Kereposti-Kushka.? 

In 1906 a large deposit of moonstones of unusually fine quality and 
size, transparent and generally white, sometimes with a beautiful blue 
sheen if cut in the proper direction, was found in Ceylon at the village 
called Weragoda in the low-lying lands belonging to the Crown. The 
region is a mile and a half due east of the seacoast and fifty miles distant 
from the capital city, Colombo. The discovery of a new and rich deposit 
of this beautiful gem stone in Ceylon was more especially fortunate as 
the older deposits of Kandy and Wagawella had been nearly exhausted. 
Some of these are cut in Idar and Oberstein, in Oldenberg, Germany, but 
most of them are native cut with the quaint irregularity that has much 
charm. The great quantity of the material found here has led to a 
great revival and demand of this beautiful and inexpensive gem stone. 

The mineral kornerupine was discovered in a gem form in Mada- 
gascar deposits in the southern part, about 20 miles grom Itrongahy 
in the direction of Betroka, and was described by Prof. A. Lacroix, of 
the Musee d’Histoire Naturelle, Paris. This mineral, with a hardness 
of 6.5, a specific gravity of 3.27, was formerly known from Fiskernas, 
Greenland, where it was associated with green amphibole, sapphirin, 
and with brown magnesian mica and gedrite, and iolite. It was named 
in honor of the Danish geologist, Kornerup. It was not in gem form 
in this locality, but in Madagascar it is transparent, and is wonderfully 
dichroic, with a green hue parallel to the vertical and a reddish brown 
perpendicular to this. It is here of a sea-green color, and has cut into 
beautiful gems weighing over two carats each. Kornerupine is a silicate 
of magnesia, alumina, and monoxide or sesquioxide of iron. One of the 
many interesting things is that it is responsive to radium # and glows 
with a golden yellow, due evetienssy to the coloring matter described by 
I. Lorense.? 

Specimens of thulite, of a rich rose-pink hue, resembling that of the 


43 Wada, “ Beitrage sur PaaS Eo von Japan,” No. 4, Tokyo, June, 1912, p. 167. 
ng. and Min. J Journ., Jan. 25, 1913. 
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best rhodonite, have been reported as occurring in Okawagan Co., Wash- 
ington State, at a point three-quarters of a mile distant from the line 
of the Great Northern Railroad. Here the material appears in large 
masses, in veins of from 2 to 5 inches in thickness. The mineral takes 
a fine polish. 

Amber.—Nearly all the larger pieces of raw amber, mined or re- 
covered by The Royal Amber Works near Kénigsberg in Prussia, are 
retained in Germany, but very few being disposed of to foreign importers. 
The so-called “‘amberoid,’’ however, produced by the amalgamation of 
small fragments of raw amber under strong pressure after subjection to 
a temperature of 150° C., is exported in large quantities to the United 
States, especially forms in the shape of cigar-holders, mouthpieces for 
pipes, etc. As this material is really amber, though not in its natural 
state, we need not be surprised that only a trained eye can discriminate 
between amber and “amberoid.” Several firms in the United States 
have special contracts with the Royal Amber Works, giving them the 
exclusive right to deal in its products. Pressed amber of this type is 
quoted at $26 per kilogram, or a little less than $12 per pound.' 


PEARLS 


Pearl fishing has not been carried on in Ceylon since 1907. The 
records of these fisheries go back as far as 306 B.C., at which date the 
Rajavali chronicle makes mention of them. A temporary exhaustion 
of the supply of pearl-oysters, followed by a renewal of favorable condi- 
tions, has not been of rare occurrence in the course of centuries. Indeed, 
the best returns have been recorded in’the years succeeding such a period 
of unproductivity and this may perhaps again be the case. 

The aid of science appears to have been rather ineffectual in stimulat- 
ing, enlarging or directing exploitation, notably the use of the radiograph 
to determine which of the bivalves removed from the banks contained 
embryo pearls, the mussels being then returned to the water. All the 
mussels so treated died after being replaced in the water. Prof. Herd- 
man discovered, in 1908, a large number of oysters, estimated to number 
over four millions, on the bank known as the Kondatchi Paar, which had 
been given up as exhausted. After only 650,000 oysters had been taken 
out by dredges and by native divers, the remainder were lost, or at least 
were not recoverable either in 1908 or in the succeding year. 

The control and management of these fisheries are now, since the pass- 
ing away of the Ceylon Co. of Pearl Fishers, in the hands of the Govern- 


1 Consul General A. M. Thacar of Berlin, in Daily Consular and Trade Rep.; for further details see 
oe writer's articles on Precious Stones in The Mining Industry for 1910, p. 588 and for 1911, 
Pp. k 


734 MINERAL INDUSTRY 


ment, the master attendant of the port of Colombo acting as inspector of 
the pearl-banks, and the Government agent of the Northern Province as 
superintendent. 

A careful inspection of the rocky areas north of Colombo has been 
recommended by Capt. Kerkham, formerly superint:-ndent of the Cey- 
lon Company of Pear! Fishers, as he inclines to the belief that miniature 
oysters are often swept off the banks by the strong currents and carried 
to these rocky areas where they develop and then die of old age without 
their existence having been suspected by the pear! fishers. 

The “ paars”’ (oyster-beds or banks) suited for the development of the 
pearl-oyster are constituted by a coarse granite sand amalgamated with 
old oyster-shells by a cement of coral lime. This bottom insures a 
certain immobility to the coating of sand resting on it, while away from 
the “‘paars” the sand is heaved up and down so that any oysters resting 
on its surface are soon covered up and disappear. 

Until about six years ago a pearl syndicate of rich Arabian and 
Hindu merchants in Bombay kept large stocks of pearlson hand and 
exercised a certain control over the world’s pearl-market. This syndicate 
also acquired most of the output from the Persian Gulf fisheries. Formerly 
the contracts for purchases from these fisheries provided for payment of 
the principal only at the expiration of two or even three years, a large 
yearly interest payment being made, sometimes as much as 20 per cent. 
annually, a rate not relatively as high as it may seem to us, for 12 per 
cent. per annum is quite common in India. The object of this delay 
in payment was to give time for the pearls to dry out thoroughly, as 
when first taken from the mussel they often have a slightly greenish 
hue unfitting them for immediate use as ornaments. Recently, how- 
ever, & Hindu chemist has improved and adapted the European 
methods of cleaning pearls so that now the same good results are ob- 
tained in a fortnight as were heretofore only possible in two or three 
years’ time.? 

Pearl farms are being developed in Lower California and more 
recently in Japan. Since the notable falling off in the supply of pearls 
from the Indian pearl-fisheries during the past few years the experiment 
of artificial pearl-culture has been worked out on a large scale in Japan, 
where the company known as the Mitsui Bussan Kaisha owns culture- 
pearl beds at Omura, on Omura Bay, containing, it is claimed, 200,000,000 
pearl-oysters, 10 per cent. of which are expected to develop pearls of com- 
mercial value. The method of impregnation that has been elaborated 
by Dr. Nishikawa, of the Tokio Imperial University, has been employed 

1“The Pearl ea i aioe i by Consul Charles K. Moser, of Colombo, in Daily Consslar 
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to a considerable extent in these Omura Bay beds. At least seven years’ 
time, after impregnation of the pearl-oyster, is considered requisite for 
the growth of pearls.!. In contradistinction the so-called culture pearls 
are not true pearls; they are merely hemispherical pellets of mother-of- 
pearl that were inserted in the pearl-oyster. And when they are coated 
with a thin layer of nearby nacre they are cut out and cannot be used in 
necklaces, because the sides show and they are only half-spheres. The 
Mexican pearl farm was much injured by a storm in 1912.2 All pearl 
beds are subject to many dangers, as well as beds of edible oysters that 
are so firmly attached to heavy objects. Specially planted Japanese 
pearl beds and Cingalese beds of a similar nature have been so often sub- 
jected to such dangers that they have been known to pass out of sight in a 
night, having been swept away in great storms, or covered by great 
layers of sand. One cannot count with certainty on the safety of 
even the beds of edible oysters that are so firmly attached to heavy ob- 
jects, as before mentioned. 

The Mexican Government is reported to have cancelled the British 
‘*Mangara” concession; this opens up a field for independent fisheries on 
the coast of Lower California. 

The Caddo Lake pearl fishery in Texas has lately been the object of 
some attention on the part of state legislators, with a view to secure the 
enactment of a law containing provisions for the control of this fishery 
and for the imposition of a state tax on the shells. The belief is ex- 
pressed that a substantial revenue would result from the operation of 
such a law. 

The abalone blister pearls produced by artificial means form a class 
by themselves, the method followed in stimulating their growth having 
been suggested by one of the chief causes of pearly excrescences on the 
inner surface of the abalone shell. It frequently happens that the shell 
of this mussel is invaded by a boring mollusk Pholadidea parva, which 
works its way into the abalone shell by cutting with the serrated edges of 
its own shell, this mechanical means being perhaps supplemented by the 
decomposing action of a secretion of sulphuric acid. When the Pholadi- 
dea has penetrated the shell until the pearly layer has been reached, the 
abalone seeks to arrest its further progress by secreting an unusual 
quantity of nacreous matter at this point, producing as the intruder 
forces its way in, a mound-like excrescence of pearly substance attached 
to the shell—the so-called blister-pearl. This occurs principally in the 
red abalones. This natural causation of blister-pearls suggested their 
artificial production by boring a hole in the shell and inserting in this a 

1 Vice-Consul Harold C. Huggins, of Nagasaki, aoe Daily conpaser and Trade Rep.,‘July 5, 1913, 


* Bee “The Book of the eng " by George A uns and Charles H. Stevenson, New York, Boor, 
pp. 41-72; 148; 288-203. Pearl Farm, Espirtu Santo, Mexico, p. 219, loc. cit. 
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form shaped like a long-shanked collar-button, the expanded bar being 
brought into contact with the mantle of the mollusk, while the shank 
projecting out of the orifice is made fast to the shell and tagged with a 
serial number or the date, so that when the mussel is taken out of the 
water again the exact length of time elapsed since this treatment may be 
immediately known. 

Pearl-fishing near the port of Manta, Ecuador, is at present profit- 
ably carried on, pearls to the value of about $20,000 having been re- 
cently shipped thence to Europe. The Ecuadorian Government has 
bestowed upon one of its citizens, Senor Marco Aurelio Calderon, the 
exclusive right to pearl-fishing along the coast of Ecuador. From Peru 
also there seems good prospect of receiving pearls, as the latest reports 
state that some have been received near the port of Payta in that country! 

1 Report of Vice-Consul Charles F. Baker, of Guayaquil, Ecuador. 
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GEMS AND PRECIOUS STONES. 


By Dovetas B. STERRETT 


INTRODUCTION. 


The precious and semiprecious stone mining industry of the United 
States in 1913 was marked by a fairly large output of sapphire, a real 
advance in the work of testing the Arkansas diamond field, a greater 
activity in the Nevada opal field, and by a decrease in the output of 
the majority of the other gem minerals mined. The sapphire came 
chiefly from Montana and consisted of both blue and varicolored 
gems and culls for mechanieal purposes. In Arkansas one diamond- 
washing plant was in operation about three months and recovered 
several hundred diamonds, and the construetion of another plant 
was pratically completed. Many new claims were located in the 
Nevada opal field, development of which, along with those previously 
opened, resulted in a fairly large output of beautiful gems. 

Prospecting work at the emerald mine near Shelby, N. C., was 
continued during the first part of 1913, but the last find of emeralds 
was made in August, 1912. Prospect work was renewed at the Ruby 
mine in Cowee Valley, Macon County, N. C., and is being continued 
into 1914. The output of the gem minerals tourmaline, spodumene, 
ete., in southern California was small, but some good gem material 
was obtained. The exploitation of the less valuable native semi- 
precious stones has continued with fair success, but the increasing 
use of cheap, artificial products is making big inroads on this in- 
dustry. 
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Millar, of Murfresboro, Ark., and St. Louis, Mo.; the late H. E. 
Bemis, of Prescott, Ark.; Mr. Warren, Superintendent of the Ozark 
Diamond Mining Corporation; J. D. Endicott, of Canon City, Colo.; 
George H. Weed, of Florissant, Colo.; George H. Marcher, of the 
Pacific Gem Co., of Los Angeles, Cal.; J. J. Kinrade, of San Francisco, 
Cal.; Gordon Surr, of San Bernardino Cal.; James Shea and Dr. Burt 
Ogburn, of Phoenix, Ariz.; Maynard Bixhy, of Salt Lake City, Utah; 
George D. Mathewson and Deb Roop, of Denio, Oreg., J. B. Kiernan, 
of Beatty Nev.; A. A. Turner, of Boston Mass.; A. D. Hudson, of El 
Paso, Tex.; Frances Holstein, of De Roche, Ark.; N. E. Isbell, of 
Cincinnati, Ohio; Reginald Fenton, of Coronado, Cal.; L. M. Richard, 
of Stamford, Tex.; Sam Awalt and Lee McGehee, of Katemcy, Tex.; 
C. J. Worlie and J. W. Bishop, of Streeter, Tex.; J. W. Ware, of San 
Diego, Cal.; G. W. Morgan and F. B. Horne, of Crescent, Nev.; Gus 
Hamstadt, of Niton, Cal.; Allen Culver, and George A. Camphuis, 
of Brice, N. Mex.; W. C. Hart, of Manitou Springs, Colo.; and Prof. 
J. P. Rowe, of Missoula, Mont. 


AGATE. 


CALIFORNIA. 


A deposit of fine blue chaleedony or agate was prospected during 
1913, by F. M. Myrick, about 37 miles east of Johannesburg and about 
2 miles northeast of Lead Pipe Spring, in the Death Valley region, 
California. The deposit was discovered by Joe L. Foisie and located 
in January, 1911, as the Sard claim. The title was allowed to lapse 
and new ccstore were made by Mr. Myrick, with the approval of 
Mr. Foisie, in May, 1918, under the names Blue Moonstone and Moon- 
stone claims. The region is desert with rough lava capped hills and 
washfilled valleys, which drain northward. ‘The chaleedony deposits 
are about 3,000 feet above sea level. 

White to gray ash and conglomeratic tuff beds occupy the lower 
ground, with a heavy flow of dark-red rhyolite overlying and capping 
the hills. This rhyolite is vesicular in places and has been badly frae- 
tured and crushed. Other lava flows occupy higher hills and moun- 
tains to the south. In places a layer of gray perlite is exposed at the 
base of the rhyolite, but the contact between the rhyolite and the 
underlying ash beds is generally concealed by loose débris and talus. 
Blue chalcedony has been found over parts of three claims in the lower 

ortion of the rhyolite or loose in the talus below. The best deposit 
is on the Blue Moonstone claim on the north side of a small knob. 
The lower contact of the rhyolite capping this knob is concealed by 
talus, and, so far, the blue chalcedony from this claim has been 
picked up from the talus where it occurs 1n lumps of less than an ounce 
to several pounds weight associated with the red rhyolite matrix. It 
is probable that prospecting above the talus bearing the chalcedony 
would uncover the matrix in place. The occurrence on the other 
claims is similar, but a little of the chalcedony was found in place in 
the vesicular rhyolite. 

The blue chalcedony occurs as fillings in joints, fractures, and vesic- 
ular cavities in the rhyolite forming veins and irregular masses. 
Much of it is very delicately banded, showing straight, curved, or 
angularly bent layers as in fortification agate. In some specimens 
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the agate passes into crystal quartz, lining or filling geode cavities. 
In others, the cavities are lined with rounded mammillary deposits 
of chalcedony. Small fragments of red rhyolite are inclosed in some 
of the deposits of chalcedony. 

Various grades of chalcedony are found ranging from dull semi- 
translucent to highly translucent. The range of colors noted are dull 
bluish-gray, bluish-gray with a tint of green, blue tinted with lavender, 
and lavender. The brighter colors are not so common as the dull 
ones, and.a quantity of the chaleedony which appears strongly colored 
in the hand specimens proves dull and uninteresting when cut. The 
apparent depth of color of the rough material is due, in many cases, to 
the bulk of the chalcedony or the shading caused by the inclosing 
shells of rhyolite. 

The cut stones show the various colors mentioned above with or 
without banding. The dull-colored stones have no special beauty, 
but the stronger colored gems are very pretty and can be used in 
various forms of jewelry, such as cuff buttons, scarf pins, brooches, 
pendants, and bead necklaces. Very pretty bead necklaces have been 
made up with beads of the-lavender-blue chalcedony alternating with 
rose quartz. The color of the blue chalcedony is not so pleasing under 
artificial light, but the better gems are not devoid of beauty even 
there. Some gemis have been cut inclosing patches of the red rhyolite 
matrix with odd effects. Cut gems sold at the California beaches 
have been hailed as “‘blue moonstone,” the people recognizing the 
similarity of this chalcedony and the white or gray varieties wrongly 
sold as ‘‘moonstone”’ along the California coast. 

A deposit of cloudy amethyst-colored chalcedony associated with 
a peculiar leathery-white asbestos-like mineral was opened by Mr. 
Myrick near his bloodstone deposit described later under jasper. 
The chalcedony occurs in lenses in a gash vein cutting altered basalt. 
The vein filling consists chiefly of the chalcedony and a mashed 
asbestos-like material. The latter is hydrous silicate of magnesium 
of leathery claylike consistency when moist. It may be an impure 
hornblendic mineral or possibly allied to meerschaum. This chalce- 
dony has not been tested as a possible ornamental stone, though the 
color is rather attractive. Lumps of the chalcedony left exposed 
to the desert sun for several months bleached to a dull gray to a 
depth of about one-fourth of an inch. 

Agate or chalcedony, containing bright-red inclusions, found in the 
Death Valley region of San Bernardino County, Cal., was mentioned 
in this report for 1911. It was discovered by F. M. Myrick, after 
whom it was locally called ‘‘myrickite.’”’ The deposit is about 45 
miles north of east of Johannesburg and about 15 miles northeast 
of Lead PipeSpring. According to Mr. Myrick the mineral is obtained 
from a shallow shaft in a rough lava-capped hill. The chalcedony 
occurs in bunches and small masses scattered through the lava. 
The mineral consists of translucent gray chalcedony and a little 
white chalcedony through which bright red spots and patches of color 
are irregularly distributed. The majority of the color occurs in irregu- 
lar mosslike patterns and is exceptionally bright vermilion-red. 
Robert Masterson, of Johannesburg, suggested that the coloring was 
due to cinnabar (mercury sulphide) and that was found to be the 
case on making blowpipe tests on the mineral. The cut gems show 
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striking conirasts between gray, white, and vermilion-red and should 
satisfy the desire of the wearer for bright colors. 

Mr. Myrick has hesitated placing too much of the ‘‘myrickite” on 
the market sinco he has discovered that the rich color darkens after 
long exposure to light. Material left on the dump exposed to the 
desert sun for a yoar was discolored, showing a dull purplish red. To 
what extent the color will deteriorate under conditions of wear in 
jewelry is not known, but it is not beheved the discoloration will be 
sufficiently rapid to cause the material to be discarded for gem use. 
The deposit will be tested for its value as a possible source of quick- 
silver as well as for gem material. 

Specimens of chalcedony from the Mohave desert region of Cali- 
fornia were recoived trom Mr. Scott Lewis, of Los Angeles, Cal. 
Some of this material was translucent, dimly banded ale lilac or 
amethystine agate. Specimens cut approximately paral with the 
banding show a mottled, cloudlike effect, which is best seen in trans- 
ified light, This lilac-tinted chalcedony has been sold under local 
name of Mohave moonstone.” Another variety is translucent gray 
chalcedony with pure white patches or tufts, ike snowflakes, scattered 
through it. The white may be opal occupying pore space in the chal- 
cedony. This variety has been sold as ‘‘frost stone” in California. 
The ‘“Mohave moonstone” and ‘‘frost stone” are found on a malpais- 
cepne hill, about 10 miles from Muroc station, on the Santa Fe 
Railway. Another variety consists of translucent chalcedony mot- 
tled with white and dark leek-green streaks, possibly due to inclusions 
of chloritic material. This comes from near Rosamond, Kern County. 

Various types of chalcedony were sent to the Survey by Mr. Joseph 
Ward, of Barstow, Cal., from deposits he had discovered in the Death 
Valley region. Among these were gray, blue, red, yellow, and 
yellowish-green chalcedony. Some of this material was banded like 
agate, with or without colored layers. Most of the yellowish-greon 
variety contained inclusions of white tufts or patches resembling 
opal. Several of these varieties of agate were suitable for cutting 
for the semiprecious stone trade, and the yellowish-green variety, 
which Mr. Ward ealls ‘‘amberine,” might meet a good sale in the 
tourist trade. 

COLORADO. 


Blue chalcedony has been handled by J. D. Endicott, of Canon 
City, Colo., for several years. Mr. Endicott obtains his supply from 
his claims on Thirty-one Mile Mountain, about 7 miles west of Guffy, 
in Park County. 

MONTANA. 


The fine quality of the Montana moss agate and mocha stone was 
mentioned in this report for 1911, with a brief deseription of a collec- 
tion loaned to the Geological Survey by Mr. J. H. Mosher, of Glendive, 
Mont. Mr. Mosher has again kindly loaned the Survey another 
collection of selected cut gems, some of which are mounted in filigree 
gold settings. Mr. Paui EK. Hanson, of Billings, Mont., also kindly 
loaned a collection of cut stones and furnished rough specimens of 
the agate, with notes on their occurrence. 

All the moss agates cut for jewelry are obtained from pebbles and 
cobbles gathered along Yellowstone River and its tributaries and 
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from the mesas and buttes for many miles away from the river. 
These agates are derived from gravel beds, but their original souree is 
not known. They occur in rounded cobbles, some of which are cov- 
ered with a chalklike but hard coating of sihca. Some of the cobbles 
are geodes composed of chalecdony or agate containing cavities lined 
with quartz crystals. Sueh geodes are found in calearcous forma- 
tions at some localities. Mr. Hanson states that he has observed 
many such geodes in place, at the headwaters of Boulder River, 
in some of which a man could stand upright. Nowhere has he 
observed in the chalcedony of the geodes in place the mosshke mark- 
ings which are found in similar gocdes and fragments in the gravel 
beds lower down the rivers. He therefore believes that the dendritie 
markings have been imparted to the agate after it has been liberated 
from the original rock matrix in the mountains. 

The dendrite stains of the moss agate are due to thin films and 
deposits of oxides of manganese and iron in the seams and pores of 
the chaleedony. These stains are introduced into the agate by the 
solutions which spread by capillary action through every seam from 
the larger channels into still other channels and finally into the pore 
spaces of the chaleedony. In this way various markings of blaek, 
brown, and red in dendritic shapes are produced. The quality of the 
gems that a fragment of rough agate will yield depends in a large 
measure on the skill of the lapidary. The rough agates are broken or 
sawed into slices and gems are developed from those parts which are 
favorably marked. The majority of the dendrites are black or dark 
brown. Red stained agates are less common, but furnish beautiful 
gems. Mueh of the agate is of fine quality, with pure translucent 
light-gray to bluish-gray color. Some of the agate is banded but 
much of it is not visibly so. 

Among the cut stones loaned by Mr. Mosher, of Glendive, are the 
following: 

A flat reetangular stone 7.6 centimeters long and 2 centimeters 
wide, with beveled edges and corners. This contains about 20 black 
dendrites ranging from 1 to S millimeters high, occupying scattered 
positions, such as may be seen in a group of wooded isles in a lake or 
along the coast of a northern country. The agate is slightly banded 
and shows a hazy effcet before distant islands and trees. 

An oval stone 2.9 by 2.0 centimeters shows a landscape with or 
without water, according to the fancy of the viewer, with a group of 
trees to one side and smaller trees or shrubbery in the middle and to 
the other side. This agato is delicately banded and of fine, pure trans- 
lucent gray quality. 

Another slightly smaller oval gem Don a lake with narrows in 
the distance, wooded shore lines, and islands with perfect reflections 
of the trees in the water. The dendrites are reddish-brown and 
there is a slight brownish clouding of the water area. 

In two closely matched oval stones about 2 by 1.4 centimeters 
there are marsh scenes with a dead tree, sedge grass in autumn colors, 
and Water. 

A small cabochon gem 1.8 by 1.2 centimeters contains a perfect 
representation of an Indian tepee under two tall slender trees. Ever 
the poles of the tepee are plainly visible. . 
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Another small cabochon gem 2.0 by 0.9 centimeters shows a perfect 
grove of small bushy trees with brown foliage and black trunks. The 
lower part of agate contains a peculiar yellowish stain. 

A beautiful pendant, 3.7 centimeters long, 1.5 centimeters wide at 
the lower end and tapering to 3 millimeters at the top, shows a den- 
drite-like pie tree in fine translucent gray agate. 

A number of gems contain one or more dendrites resembling many 
varieties of moss, ferns, or seaweeds with delicate spreading branches. 
Among them is a thin, round cabochon stone 2.3 centimeters in 
diameter, which shows three branching ferns or seaweeds with 
extremely delicate structure. In other stones various objects, such 
as the ‘‘Mexican eagle’’ with spread wings, the Austrian eagle, a 
battleship with fighting top, etc., are readily recognized. 

Among the cut stones loaned by Mr. Hanson, of Billings, are some 
showing beautiful dendrites resembling trees, patches of moss, or 
ferns, and a few with good landscapes. Mr. Hanson’s collection of 
rough and cut agates was prepared with a view to showing the mode 
of occurrence of the moss agate and the method of elaboration. 


OREGON. 


Mr. Don Maguire, of Ogden, Utah, reports the occurrence of fine 
brown-stained moss agate on McAllisters Butte, near Ochoco River, 
in Crook County, Oreg. _ 

WASHINGTON. 


Specimens of rough and cut lavender-blue chalcedony were received 
from Mr. A.L. Delkin, of Seattle, Wash. Theroughagate wasgathered 
from the sage-brush country around Ellenburg and 1s reported to be 
rare. The material is very similar in_appearance to that from 
Myrick’s prospect in California, described above. Mr. Delkin reports 
a good sale for the cut gems. 


AMETHYST. 


MAINE. 


Of the several localities where amethyst has been found in Maine 
one was examined in June, 1913. Thisis on Deer Hillin the town of | 
Stow, 12 miles N. 30° E. of North Chatham, N. H. Deer Hill was 
also visited by E. S. Bastin! in 1906, but more prospects have been 
opened since that time. The deposit is on the land of Chester East- 
man in the ridge extending south trom Deer Hill. One of the new 
prospects is 20 feet ae and 8 feet deep, and other similar pits have 
been opened within a distance of 150 feet northeast along the west 
side of the ridge. The old work consisted of nume1ous small pits 
in the gravelly soil of the ridge for a distance of about 100 yards 
northeast of the later work. 

The country rock is chiefly granite gneiss, but pegmatite covers 
much of the ridge at the amethyst locality and is the rock opened by 
the prospects. A large ledge of quartz is inclosed in the pegmatite 
having a strike of N. 40° E. and a dip of 35° SE. Geode-like pockets 
of quartz crystals were opened in the later work along the contact of 


1 Geology of the pegmatites and associated rocks of Maine: U.S. Geol. Survey Bull, 445, p. 102, 1911. 
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the quartz ledge with the feldspathic part of the pegmatite. No 
amethysts were left around the new openings, if any were found there, 
but abundant opaque white and transparent colorless quartz crystals 
are scattered over the dumps. Numerous pale amethyst-colored 
quartz crystals were observed around the earlier pits to the northeast. 
Some of these are quite clear. 

An amethyst crystal measuring 24 by 3 inches was plowed up in a 
field on the land of Ezra Healds, 1 mile north of North Chatham and 
about half a mile southwest of the Deer Hill locality. This crystal is 
irregular in shape and consists of both amethyst and smoky quartz. 
The colors are not evenly distributed, but are streaked together in 
pans of the crystal. A portion of the crystal has a rich amethyst 
color. 

Specimens of fine amethyst were seen in the possession of George 
Howe, of Norway, Me., obtained from a prospect on Pleasant Moun- 
tain, in the town of Denmark. These amethysts were rich dark 
purple and showed a strong garnet-red under artificial light, like the 
better Siberian amethysts. 


NORTH CAROLINA. 


A few amethystine quartz crystals and one amethyst of good 
quality have been found on the R. C. McConnell place, about 3 miles 
southwest of Mount Ulla, in Iredell County, N.C. The good specimen 
was found some 20 years ago by the late N. H. Marsh. This was a 
partly water-worn crystal about 2 inches long and 12 inches thick. 
A large part of it was flawless, with pleasing medium dark purple 
color. The value of this crystal was not large, but the possibility of a 
deposit being found should not be overlooked. 


SOUTH CAROLINA. 


Earle Sloan t has mentioned the occurrence of amethyst at several 
places in the Piedmont counties of South Carolina, especially in 
Abbeville and Anderson counties. Two localitics were visited in 1913 
in Greenwood County where amethyst had been reported found. 
These were on the land of R. M. Haddon, of Abbeville, 14 miles 
southeast of Shoals Junction, and of R. W. Dunn, 1 mile southwest of 
Shoals Junction, both about 3 miles southeast of Donalds. 

Amethystine quartz is found at several places on the Haddon 
plantation, but the best indications are in an area of about 100 feet 
wide and 250 feet long, north and south, in a field near the road 
leading to Donalds. The soil in this field is ight, sandy, and gravelly, 
formed by the disintegration of mica gneiss and granite. Numerous 
crystals of amethystine to nearly colorless quartz were found in the 
field. Some of these were clear, but none were of sufficient depth of 
color to warrant cutting for gems. No prospect work has been done 
at this place and only surface specimens were seen. A trench should 
easily locate the vein or veins and a little digging would show whether 
amethysts of value could be expected. 

On the R. W. Dunn place amethystine and colorless quartz crystals 
have been found in the cultivated fields at several places. No regular 
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prospecting has been done for them and accordingly only surface 
specimens have been found. The fields have light sandy soil with 
seattered blocks of hornblende gneiss through it, such as might be 
derived from the disintegration of granite with hornblende gneiss 
inclusions. 

Amethyst is also reported on the place of J. T. Algary, about 4 
miles south of east of Donalds. A good specimen consisting of a 
cluster of clear pale amethyst crystals from the Algary place was seen 
at the home of T. F. Drake, of Shoals Junction. This cluster meas- 
ured 8 inches across and 3 inches thick, and contained some crystals 
2 inches thick. 

BERYL. 


NEW ENGLAND. 


Beryl! suitable for specimens and gems have been found at many 
localities in New England. Some of these have been mined for that 
mineral alone and others have been worked for feldspar and the beryl 
has been saved as a valuable accessory mineral. In Connecticut 
fine golden beryl has been obtained from near New Milford, Litchfield 
County, and during 1913 good aquamarine was found near East 
Hampton, in Middlesex County. In Maine bery] is widespread in the 
eee worked for feldspar. Several localities have yielded gem 

eryl, and among these are prospects in the towns of Buckfield and 
Stoneham. In Massachusetts Goshen and Royalston have afforded 
beautiful gem beryl. In New Hampshire beryl is abundant in many 
of the mica-bearing pegmatites, and some of these have yielded good 
gems. 

A brief examination of several of the New England bery] localities 
was made in June, 1913. Unfortunately time for this work was so 
limited that none of the Connecticut localities were visited. 


MAINE. 


Exceptionally fine beryl gems have been found in the town of 
Stoneham, Me., at seattered localities. Some of these were visited, 
but very little local interest was shown in the possibilities of these 
deposits at that time and only outcrops and old prospects were. 
avaiable for examination. The writer was fortunate in haga Mr. 
Wesley Adams, of North Lovell, guide him to some of the man 
eapects with which he is familar: Among these were Sugar Hill, 

urgin Mountain, and Chapman Hill or Thousand Acre Hull. 

Sugar Hill is about 3 miles northwest of North Lovell. Beryl and 
associated minerals have been found at several places on the south 
side of the hill on the land of Edwin McAllister. At one place a 
prospect pit had been opened in loose talus or drift material a few 
yards below a rather flat-lying ecliff-forming ledge of pegmatite. In 
this loose drift were found fragments and erystals of beryllonite, a 
phosphate of beryllium and sodium, beryl, smoky, clear, and trans- 
parent gray quartz, mica, and potash feldspar. E. S. Bastin! 
mentions also apatite, cassiterite, columbite, and triplite as having 
been found here. The pegmatite ledge outcrops about 40 feet higher 
up on the hillside and, at a distance of about 150 feet northeast of 
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the pit, incloses numerous beryl crystals. These crystals are exposed ° 
in the bare rock associated with feldspar, opaque and translucent 
quartz, and a little mica. They range up to 24 inches in diameter, 
and one crystal measured about 14 mches by 10 mches. The peg- 
matite is exposed for thicknesses of 6 to 12 feet along its outcrop and 
was followed about 200 feet farther northeast. In places along this 
outcrop nodules or small masses of translucent quartz are exposed. 
The pegmatite is in contact with coarse granite above, but the country 
rock is chiefly mica gneiss intruded by granite and pegmatite in 
masses of various sizes. About one-third of a mile farther northeast 
a large pegmatite forms the floor of a bench on the hillside and out- 
crops as a wall around its lower side. Several prospects have been 
opened within a distance of 200 feet east and west in the floor of the 
bench and in these, greenish, yellowish-green, and pale-golden beryl 
has been found. Most of the crystals are opaque, but some contain 
translucent and clear portions suitable for gems. The pegmatite is 
composed of coarse potash feldspar crystals, massive quartz, in part 
translucent, and muscovite mica. In the wall of the pegmatite 
below the bench there was an impression in the pegmatite from which 
a hexagonal crystal, evidently beryl, 3 by 12 inches had been removed. 
This crystal was larger than those found in the prospects on the bench. 
Durgin Mountain is 4 miles N. 30° W. of North Lovell. The 
rospect visited is on the east side of the mountain on the land of 
rnest Bartlett, of East Stoncham. A small prospect had been 
blasted out of an outcrop of hard pegmatite on the slope of the hill. 
The pegmatite above the pit is covered with soil and grass. Potash 
feldspar crystals, 1 to 2 feet thick, are exposed in the pit along with 
large quartz segregations, some of which are beautifully translucent. 
Muscovite and aig tite mica are both present. Beryl is abundant in 
crystals ranging up to more than 2 inches thick. They are mostly 
opaque or only translucent, but some fragments of crystals were seen 
on the dump having small brilliant transparent portions that were 
dark golden yellow, yellowish green, bluish green, and nearly colorless. 
Most of the beryl crystals seen were exposed for a distance of 15 
feet in a streak or belt extending north across the pegmatite outcrop. 

The beryl locality on Chapman Hill is about 3 male due north of 
North Lovell. Two prospects have been opened on the summit of 
the hill near the east side, one in a field and the other one-fourth mile 
south in the woods. At both places the openings are small, not over 
8 feet deep. The country rk at each place is biotite granite gneiss, 
but the relations between it and the pegmatite were not exposed. 
At both prospects rough crystals of orthoclase or microcline, coarse 
quartz segregations, and crystals of mica, black tourmaline, cleve- 
landite, and beryl were observed. Small pieces of blue and bluish- 
green beryl of good color were found on the dumps, and these pros- 
pects are reported to have yielded blue bery! of fine color. 

Fine golden beryl and aquamarine are reported to have been found 
on the land of Charles Andrews, on Speckled Mountain, in the town 
of Stoneham, about 5 miles northwest of North Lovell. 

George F. Kunz' described two fine beryls picked up in pastures 
in Stoneham in 1881. One of these was cut into a bluish green 
brilliant gem weighing 133? carats of nearly perfect quality and into 
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smaller ae weighing altogether over 300 carats. The other crystal 
was smaller, one half having a transparent faint green and the other 
a translucent green color. 

Beryl has been prospected at several places in the town of Buck- 
field, Me. Besides the more common aquamarine varieties, golden 
beryl and colorless to bluish caesium beryl are found. Some of the 
localities which have yielded chiefly cesium beryl along with a few 
other minerals of interest were visited. 

The Lewis mine, worked by Perien Dudley, is about 2 miles south- 
west of Buckfield. It is in the eastern side, near the summit of a low 
but steep-faced hill. The work consists of two connecting open cuts 
extending up and down the hillside for a distance of about 120 feet. 
The lower cut has a direction of N. 20° W. and the upper one N. 80° W. 
up the hill. They range from 5 to 15 feet in depth and 10 to 20 feet 
in width. The country rock is quartz-biotite gneiss with layers of 
typical biotite schist. The gem-bearing rock is pegmatite lying 
approximately conformable with the gneiss which strikes about N. 
30° E. and dips 30° SE. Biotite schist overlies the pegmatite on the 
south side of the cut, but north of this the pegmatite appears to out- 
crop as a blanket ledge. It had not been cut through in the open 
cuts and the thickness is therefore not exposed. The pegmatite is 
rather coarse, but uneven grained. Orthoclase or microcline occurs 
in rough crystals several inches across and in graphic intergrowth 
with quartz. Translucent green and bluish-green tourmaline with 
occasional pink crystals have been found frozen in the pegmatite 
along with muscovite, biotite, and clevelandite. Pockets ranging 
from small size to 2 feet in diameter are reported to occur scattered 
irregularly through the pegmatite. Colorless cesium beryl was found 
frozen in the pegmatite and also in pockets. Arsénopyrite, or the 
related mineral léllingite, is present in the pegmatite associated with 
various minerals, 

Very fine cesium beryls have been obtained from the mine of J. H. 
Fletcher, a little over 2 miles southwest of Buckfield, Me., and about 
one-fourth mile west of the Lewis mine. The Fletcher mine was also 
worked by Perien Dudley and was opened by a cut extending north 
into the hillside. The beryls occur in pegmatite inclosed in quartz- 
biotite gneiss. The feldspar of the pegmatite is grayish othoclase 
or microcline which occurs in crystals up to 2 feet thick. Dark greenish- 
black tourmaline and clear light yellowish-green muscovite are 
abundant. Many small fragments of brilliant transparent colorless 
and pale greenish beryl were observed in the workings. Similar 
beryl in larger pieces would yield gems of exceptional brilliance. The 
largest beryl crystal found is reported to have been nearly 4 inches in 
diameter with one end composed of clear gem material. 

Beryl with other interesting minerals has been found in several 
prospects on the north slope of a hill 24 miles southwest of Buckfield, 

fe., and about half a mile south of the Fletcher cesium beryl mine. 
These different prospects have been opened by Perien Dudley and 
W. S. Robinson. Much of the beryl found in these prospects is 
nearly colorless or pale greenish, and contains cesium. At two or 
more of the prospects, pollucite, a hydrous silicate of caesium and 
magnesium, is found along with beryl. In one opening masses of 
pollucite 8 to 10 inches.across were found. A few crystals of opaque 
or translucent colored tourmaline have also been found in the pegma- 
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tites in this hill, but most of the tourmaline is dark green or nearly 
black. Among other minerals associated with the beryl are amblygo- 
nite, clevelandite, muscovite, arsenopyrite or léllingite, and cassiterite. 


MASSACHUSETTS. 


Beryl of especially fine quality has been mined at Beryl Hill, 24 
miles N. 68° i of Royalstun, Mass., by F. H. C. Reynolds, of Boston. 
Bery] Hill is a low, flat topped hill partly cleared for pasture on the 
summit and west side. mes openings have been made, four on the 
summit and one a short distance below, on the west side. The open- 
ings are on two approximately parallel outcrops of pegmatite about 
80 yards apart extending in a northwest direction across the summit 
of the hill. A small glacier-made depression lies between the two 
outcrops. Two pits are located on the pegmatite on the southwest, 
one at the brow of the hill and the other on the slope about 30 yards 
northwest. This pegmatite outcrops for about 100 yards southeast 
to the opposite side of the summit. The northeast pegmatite out- 
crop extends 100 yards from a pit on the east side of the hill across 
the summit to a trench on the west side with another pit between 
these. From the trench the outcrop extends more than 100 yards 
subout N. 20° W. along the edge of the hill. None of the openings are 
large, the deepest being only 12 feet deep and the largest a shallow 
trench 60 feet long. 

‘The country rock is chiefly mica gneiss cut by biotite granite. The 
strike of the gneiss varies from northwest to N. 15° E. and the dip is 
also variable. The relation between the mica gneiss and granite are 
not well exposed in the workings, but the granite appears to merge 
into the pegmatite in places. In one of the openings biotite diorite 
is in contact with the pegmatite and granite. The texture of the 
pegmatite ranges from that of coarse granite to rock in which the 
individual minerals are more than a foot across. Most of the feldspar 
of the pegmatite is the buff-colored to pink potash varicty, but some 
albite is present. Some of the feldspar occurs in rough crystals and 
other is uc intergrown with quartz. Much of the quartz 
occurs in light smoky gray masses or segregations. Among other 
minerals of the pegmatite besides beryl are muscovite in crystals up 
to 3 inches across, a little biotite, black tourmaline, and dark-red 
garnets. 

Beryl] has OT ea in hexagonal crystals ranging from small size 
up to 2 inches in diameter and of varying length. One fine specimen 
crystal, of good bluish-green color with some gem material in one end, 
is 11 inches long and 14 inches thick, This crystal is a nearly perfect 
hexagon, but has been broken into three sections. With the exception 
of a small fragment at the lower end the whole has been preserved 
and cemented together and appears practically perfect. The crystal 
is attached to a mass of granular gray quartz with a little mica adher- 
ing. Another crystal in a quartz matrix has pyramidal terminations. 
Many perfect crystals of one-half inch to three-fourths inch in diame- 
ter have been obtained, most of them in the granular smoky gray 
quartz. Another fine gem specimen attached to quartz, feldspar, 
and mica measures seven-eighths inch by 33? inches long. Part of 
this crystal is flawed, but good blue perfect gems of several carats 
weight could be cut from the clear portions. 
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The Beryl Hill gems range in color from light to dark aquamarine, 
fine blue, yellowish green, to golden. Many very fine bluish-green 
stones have been cut, and among those seen was a table-cut stone of 
133 carats. The blue beryls of better quality are rarely excelled by 
those from other localities in brilliance or beauty of color. Among 
cut gems of this quality a 124 carat brilliant cut stone was especially 
beautiful. 


NEW HAMPSHIRE. 


A deposit has been worked for gem beryl on Melvin Hill, 24 miles 
S. 25° W. of Grafton, N. H., by F. H. C. Reynolds, of Boston. Two 
openings were made about 150 feet apart at the east side of the hill 
and about 400 feet higher than the valley below. The principal 
working is a quarry with a working face over 80 feet lores a N. 60° 
W. direction along the hillside and 5 to 15 feet high. ‘The country 
rock is quartz-biotite gneiss which strikes north with a nearly vertical 
dip and some folding. The pegmatite cuts across the foliation of the 
gneiss with a north of west strike and a dip of about 20° N. The 
contact with the gneiss is not regular but rolling, with a few smaller 
beds of pegmatite extending out into and parallel with the foliation 
of the gneiss. The bottom of the pegmatite is not exposed in the 
workings. 

The pegmatite is composed of the usual minerals, potash feldspar, 
quartz, and mica, with other associated minerals. The feldspar 
occurs in large pure crystal masses or graphically imtergrown with 
quartz. The quartz is mixed through the pegmatite in grains and 
massive irregular segregations. It is either white or smoky and 
some of. it is quite translucent. Muscovite mica of good quality 
occurs rather abundantly and would pay part of the mining cost if 
saved. Much biotite mica was observed on the dumps, and in many 
specimens biotite was intergrown with muscovite. Among other 
minerals in the pegmatite are black tourmaline, red garnets, green 
apatite, and beryl. Beryl was evidently rather plentiful for there 
were many fragments of broken crystals on the dumps. Some of the 
crystals measured several inches across, and most of them were 
opaque or only translucent. In some of the crystals Mr. Reynolds 
reports clear gem beryl was found, the golden variety of which was 
especially finely colored. Light golden beryl gems weighing several 
carats were cut from some of the crystals, but the dark golden beryl 
crystals yielded only gems of less than 1 carat weight. The colors 
observed in the beryl fragments on the dumps were light yellow to 
rich golden yellow, yellowish-green, and light to dark aquamarine 
green and greenish-blue. 

The other opening of the Reynolds Beryl mine is south of the main 
working. A pit was made in pegmatite cutting biotite granite and 
quartz-hiotite gneiss. The pit and dump were overgrown with 
brush and little could be seen. 

Another beryl deposit was worked about one-third of a mile west 
of the Reynolds mine, near the summit of Melvin Hill, by the Colum- 
bian Gem Mining Co. The gem beryl found was mostly the aqua- 
marine variety. Another beryl prospect has been worked about 2 
miles west of the Reynolds mine and about 1 mile south of Prescott 
Hill, by Franklin Playter, of Boston. ° 

None of these mines was in operation during 1913. 
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A new beryl prospect was opened in 1913 on the old Porter K. 
Filbert farm, 14 miles S. 75° W. of South Danbury, in the town of 
Wilmot, N. H. The work was done by J. E. Lovering, of Grafton, 
N. H., for Charles Murphy, of Detroit, Mich., the present owner. The 
deposit is on the west end of an elongated rounded hill about 200 feet 
higher than the road on the west. At the time of examination the 
pegmatite had been stripped of soul covering for about 200 feet and 
small prospects had been blasted out. The country rock is chiefly 
coarse porphyritic biotite gneiss which strikes northeast with a 
variable but high southeast dip. This gneiss is cut by a medium- 
erained granite, and the gem-bearing pegmatite cuts both rocks near 
their contact. The pegmatite strikes about N. 75° E. and has a 
nearly vertical dip. ‘Through most of the exposed parts the pegma- 
tite varies from 6 inches to 2 feet in thickness, but in one place it 
bulges to nearly 8 feet in thickness. The texture is fairly coarse, 
potash feldspar crystals up to 8 inches thick being observed. Much of 
the quartz is smoky gray, and some occurs crystallized along with 
Small albite crystals in pockets. Black tourmaline and muscovite 
are other minerals associated with the beryls. The beryl crystals 
occur unevenly distributed through the pegmatite. They range 
from small size up to more than 2 mches in diameter. Most of the 
crystals are opaque or translucent yellowish green, pale green, or 
good aquamarine in color, but some clear gem crystals are found. 
Mr. Lovering reported finding a crystal nearly 2 inches in diameter and 
containing some aquamarine of gem quality. 

A small prospect has been opened for feldspar and beryl on Stuart 
Hill, 3 miles southeast of Grafton, in the town of Wilmot. This hill 
is called Severance Hill on Hitchcock’s Atlas of New Hampshire. The 
hill is composed chiefly of course porphyritic biotite gneiss which 
strikes about north with an east dip. A large pegmatite cuts across 
the north end of the hill forming a small cliff or break in the hill slope. 
The south contact of the pegmatite with the gneiss approximates 
east and west, with many minor irregularities. The pegmatite is 
of very uneven grain which ranges from coarse, with potash feldspar 
crystals 4 feet thick, down to a texture resembling coarse granite. <A 
dike of medium-grained granite cuts the porphyritic gneiss and the 
pegmatite into which it appears to merge. Among the minerals 
observed in the pegmatite, besides feldspar and quartz, were black 
tourmaline, muscovite and biotite mica, and beryl. The beryl was 
rather plentiful in crystals ranging up to 4 inches indiameter. They 
were aquamarine-colored, yellowish-green, and yellow, but mostly 
opaque or translucent. <A few pieces nearly clear enough for cutting 
into small faceted gems were observed and some of the translucent 
aquamarine-colored would serve for cabochon gems. 

Gem beryl! has been found at the Island mica mine, 2 miles N. 20° 
E. of Gilsum, N. H. During the course of mica mining a large num- 
ber of beryl crystals and fragments, some of which contained gem 
material, were thrown on the dumps. The dumps have since been 
picked over by collectors and the best beryl removed. The mine was 
worked by three open cuts and a short tunnel. Two of the open cuts 
were at the east foot of a small knoll (glacial ‘‘roche moutonée’’) 
standing about 25 feet above the surrounding swampy ground. 
These open cuts were 20 and 25 feet deep, respectively,.but are now 
filled with water. The third cut was made back into the knoll at a 
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level a few feet above the lower cuts, but still 18 or 20 feet lower 
than the summit of the knoll. The country rock is biotite gneiss 
carrying much black tourmaline near the pegmatite. The gneiss has 
been strongly folded and crinkled near the pegmatite and accordingly 
has a variable strike and dip. The pegmatite is very irregular in shape, 
having a westerly trend across the knoll. It incloses streaks of bio- 
tite ee and the surrounding gneiss has been injected by many 
small lenses and streaks of pegmatite. The pegmatite contains large 
segregations of gray and smoky quartz, some graphic granite, ortho- 
clase and albite feldspar, pockets or bunches of mica (both muscovite 
and biotite), black tourmaline, green apatite, a few red garnets, and 
numerous beryl crystals. A quantity of mica of good quality was 
obtained during mining. The beryl crystals range up to a foot in 
diameter and are vari-colored; some are bluish, bluish green, yellow- 
ish green, and light and dark golden yellow. Much of the beryl is 
translucent, and parts of some of the crystals are transparent and 
flawless so that perfect gems can be cut from them. Small dark 
golden beryl of exceptional beauty has been cut from clear portions 
of large crystals. Much of the translucent beryl could be used to 
advantage for cabochon gems and beads. 

Beryl Mountain, in the town of Acworth, N. H.,.has long been 
famous for the size and abundance of its beryl crystals. According 
to Mr. Eugene Crossett 1 owner of the prospect, an attempt was made 
in 1884 to quarry a large beryl crystal here for use as a tombstone 
over the grave of Emerson at Concord, Mass. Difficulty was expe- 
rienced in removing a crystal without fracturing and the attempt 
was abandoned. Later a bowlder of rose quartz was adopted for 
this purpose. Mr. Crossett states that some specimen beryl was re- 
moved at this time and a quantity of feldspar and quartz were shipped 
for the manufacture of pottery, glass, and sand paper. 

Beryl Mountain is a steep-faced hill or ridge rising about 200 feet 
above the road around its base. It has a north-northeast trend and 
is narrow near the summit. Prospects have been opened on the east 
side of the northern end about 25 feet below the summit and on the 
summit above. The work on the summit consists of several pits now 
badly overgrown by vegetation. The principal work is an open cut 
or small quarry about 25 feet long, 15 feet wide, and 10 to 12 feet 
high in the hillside. This cut has a cavern-like face 8 to 10 feet high 
with an overhanging ledge above. 

The beryl occurs in a pegmatite mass cutting the mica gneiss coun- 
try rock. The pegmatite and the inclosing formations appear to 
strike with the trend of the hill, but no minerals of interest were 
observed in the outcrop to the south of the prospects. The open 
cut has been made in a deposit of mixed oligoclase feldspar and quartz 
through which are scattered numerous beryl crystals and a little 
muscovite mica. This deposit is capped by a massive bed of granular 
sugar quartz mostly pure white or tinted with pink. In places this 
quartz is glassy and translucent, and some has a pale rose color. 
The contact between the massive quartz and the beryl matrix is not 
distinct, but the massive quartz grades into that associated with the 
feldspar and beryl. Several feet below the massive quartz, feldspar 
is more plentiful than near the quartz. In an exposure of the quarr 
face measuring about 16 feet long and 8 feet. high 35 large beryls 


1Personal communication, dated South Aoworth, N. H., Mar. 2, 1914. 
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were counted. These ranged from 3 inches to 16 inches in diameter, 
and sections over 3 feet long were exposed. Tach beryl is surrounded 
by a layer of oligoclase feldspar one-half inch to 3 inches thick. 
The beryl crystals are variously colored pale bluish green and 
yellowish green, and light and dark golden yellow. Most of them 
are opaque, but some contain translucent portions. Many crystals 
have been broken, either in mining or by collectors looking for gem 
material, and hundreds of fragments of beryl are scattered over the 
dump. No transparent gem beryl was observed, but the impression 
gained by a study of the deposit was that gem beryl might be found 
by further excavation. 


SOUTH CAROLINA. 


A prospect opened on the place of J. N. S. McConnell, 34 miles 
east of north of Anderson, is reported to have yielded specimens of 
green beryl crystals of good color, almost emeralds. When examined 
in October, 1913, the prospect consisted of a trench 45 feet long in a 
N. 70° E. direction, 15 feet wide, and 5 feet deep, with a crosscut 
trench entering at the west end. The country rock is weathered to 
a dark reddish-brown sandy soil and no outcrops were seen near the 
prospect. The soil has probably formed by the weathering of a 
biotite or hornblende granite, and carries small blocks of diorite. 
The pegmatite is not now exposed, but the dump contains kaolinized 
feldspar, blocks of massive white quartz, smoky and colorless quartz 
in rough crystals, weathered plates of mica 8 inches across, large 
dark red garnets, black tourmaline, limonite pseudomorphs after 
pyrite, and black manganese oxide stains. No beryl was seen on the 
dumps. 

DIAMOND. 


ALABAMA, 


A beautiful diamond crystal was sent to the Survey by Mr. F. M. 
Lynch, of Birmingham, Ala., along with notes on its history, and fur- 
ther information regarding its discovery was furnished by Mr. J. H. 
Watkins, geologist for the Southern Railway. This diamond is re- 
ported to have been found by J. W. Kerr on the property of J. S. 
Isbell, at Prescott siding, St. Clair County, 14 miles east of Brompton 
on the Southern Railway, about eight years ago. The nature of the 
stone was not recognized until it came into the hands of Mr. Lynch, 
who sent it to George F. Kunz,! of New York, for identification. 
This diamond measures a little over 8 millimeters high and 5.5 milli- 
meters in smallest diameter. It weighs 2.41 metric carats and is 
clear and flawless, with a slight greenish cast. The crystal is so 
rounded that its form can not be definitely determined. It is slightly 
flattened parallel with one of the possible octahedral planes. 


ARKANSAS. 


The Arkansas diamond field received more active development in 
1913 than in any previous year. The nature of the work was not 
such as to definitely prove or disprove the value of the deposits, but 
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it served to show in what ways improvements could be made in the 
mills and machinery so far used to treat the peridotite. The compa- 
nies making the tests have not seen fit to announce the results of their 
work, but they kindly allowed examination of their mines and mills at 
the time of the writer’s visit in July, 1913. Two washing plants were 
built, one by the Ozark Diamond Mining Corporation on their hold- 
ings at the northeast side of the original peridotite area, and the other 
by the Kimberlite Diamond Mining & Washing Co., on the west side 
of Prairie Creek. 

The Ozark Co. operated its washing plant about three months dur- 
ing 1913. Mr. Warren, the superintendent, estimated that about 
5,000 loads of 16 cubic feet of decomposed peridotite from the original 
area and about 1,000 loads of gumbo and wash gravel from the west 
foot of Twin Knobs were washed. The last of this gumbo and gravel 
were being washed at the time of the writer’s visit, but no diamonds 
had been found in it. Several hundred diamonds were recovered in 
washing the peridotite from the original area. This peridotite was 
obtained from an open cut 300 feet long, 15 to 35 feet across, and 8 to 
20 feet deep, with tracks leading to the mill. A quantity of surface 
material was washed in sluice boxes with riffles and yielded a larger 
per cent of diamonds than the underlying peridotite. Most of the 
peridotite, even from the bottom of the open cut, was found to be 
so decomposed as to be ready for washing as mined. 

The mill is equipped with a stationary boiler and engine, a trommel 
separator feeding an elevator to a large storage bin, sizing screens, 
jigs, and a stationary grease plate table. The oversize is passed 
through a jaw crusher and then to the storage bin. After necessary 
changes have been made in the mill further experiments are to be 
made in washing the peridotite. 

The Kimberlite Diamond Mining & Washing Co.’s plant is nearly 
a mile from its lease holdings on the original neridatae area. A 
tram has been built from the mine at this place to the mill and 
another tram will be built to the company’s holdings, 3 miles east 
of Murfreesboro, if success is met with in prospecting and preliminary 
washing. The mill is substantially constructed with a large storage 
floor. The earth to be treated will be fed through a revolving screen 
and into a 10-foot diamond concentrating pan of South African pat- 
tern. It is estimated that this pan will treat from 100 to 150 loads 
of 16 cubic feet per day, reducing 100 tons of earth down to about 1 
ton of concentrates. The concentrates will be further screened and 
then treated on jigs, and the final concentrates examined on metal 
covered tables in a well-lighted room. Oversize from first screening 
will be subjected to further weathering. ‘Tailings will be conveyed 
by flume to Prairie Creek. Final equipment of the mill with auto- 
matic handling machinery, grease fable and other improvements will ° 
be carried out after the value of the property is proved. 

The Arkansas Diamond Co. was idle during 1913, but since the 
writer last visited the property in 1908 several changes have been 
made. ‘The peridotite hills have been stripped of timber and a dozen 
or more new pits and shafts have been i some of which were of 
value in showing the depth of decomposition over various parts of 
the peridotite area. Weathered peridotite has been scraped off of a 
small area and washed in improvised machinery which proved waste- 
ful in operation. <A large area of ground sloping south toward Little 
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Missouri River could be readily washed by hydraulic methods for 
which power pumps would be required. Between the pcridotite 
outcrop and Little Missouri River is a large area of bottom land 
which may prove to be workable placer ground. 

Only a small amount of prospecting was done on the property of the 
American Diamond Mining Co., but Mr. Fuller states that the com- 
pany reports the finding of one stone. 

The best information on the diamond-bearing peridotites of Pike 
County has been given by Hugh D. Miser.'' This report contains « 
carefully prepared map of the known peridotite exposures, with 
sections and detailed information concerning them. A good résumé 
of the developments in the diamond field during 1913 has been given 
by John T. Fuller.’ 


CALIFORNIA. 


Mr. M. J. Cooney, of Oroville, Cal., reports the finding of a first 
quality white diamond by John McGregor on the old placer grounds 
of the U. S. Diamond Mining Co., at Cherokee, in December, 1913, 
and of several other smaller stones of inferior quality in the same 
area. Mr. McGregor states that the stone weighed 11 carats and is 
valued at $75 in the rough state. 

Press reports * mention a diamond found by Ed. Bryan, a miner 
at Sawpit Flat, in Plumas County, Cal. In a personal communication 
Mr. Bryan states that the stone was very similar to a diamond found 
at the same locality several years ago and known to be authentic. 
Both stones were found in old hydraulic mining ground similar to 
the old placers of Butte County, where a number of diamonds have 
been obtained. Through misplaced confidence the stone was lost 
to Mr. Bryan before he could be positive of its determination. 


IDAHO. 


Mr. Frank E. Johnesse, of Boise, Idaho, reports the discovery of 
three small fragments of diamond in the Rock Flat mine in Adams 
County, Idaho. The largest of these fragments weighed a little less 
than one-eighth of a carat. The diamonds were found during placer 
mining for gold. Other possible gem minerals in the form of sapphire, 
garnets, and zircon are also found in the clean ups. Robert N. 
Bell, State mine inspector of Idaho, states that.the rock formation 
of this area is chiefly gneiss with a dike rock of basic composition 
which has weathered to a soft yellowish earth in places. Mr. 
Johnesse is installing a hydroelectric plant to treat the concentrates 
from placer mining for the various minerals of value they may con- 
tain, such as monazite, zircon, etc. 


INDIANA. 


Messrs. Perry Bradford and R. L. Royse, of Centerton, Ind., 
have furnished information concerning the finding of five diamonds 
during 1913 on Gold Creek and Highland Creek, in Morgan County. 
Two of these were found by Hugh Marshall, two by Fred Doyle, and 

1 New areas of diamond-bearing peridotite in Arkansas: U. S. Geol. Survey Bull. 540, pp. 534-546, 1914. 


2 Eng. and Min. Jour., Jan. 10, 1914. 
3 Sacramento Union, Cal., Aug. 17, 1913. 
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one by R. L. Royse. Mr. Royse describes the one he found as a 
small green diamond with fine luster, weighing 0.20 metric carat. 
One of the stones found by Hugh Marshall is described as colorless 
or white and weighing 0.73 metric carat. Mr. Bradford kindly sent 
one of the stones found by Fred Doyle to the Survey for examination. 
It is a yellowish stone, only partly transparent, and weighed 0.69 
metric carat. The crystal form is that of a distorted trisoctahedron 
truncated by the octahedron. A point projecting from one side of 
the stone indicates that it is probably a twinned crystal. 


NEW YORK. 


Specimens from two peridotite outcrops in Syracuse, N. Y., were 
received from Mr. Edwin C. Dinturff, of that city. Some of these 
were from Green Street and James Street, on the ‘‘south crater,” 
and the others from Griffith Street and Highland Street, on the 
‘north crater.” Mr. Dinturff states that at the ‘“‘south crater” ex- 
posure peridotite has been found over an area of about 800 feet by 
1,200 feet and that at the ‘‘north crater” peridotite has been found 
for about 300 feet in sewer excavations with another exposure, 
possibly part of the same mass, about 400 yards farther north. 
The two localities are about three-fourths of a mile apart. In a 
small hill on Green Street in the ‘‘south crater” the peridotite is seen 
in contact with shale. This is in the peridotite area which has been 
known for a number of years. : 

The peridotites of Syracuse bear a marked resemblance to those 
of South Africa, Arkansas, and Kentucky in composition, texture, 
inclusions, and weathering. The material from Highland Street 
was hard when first excavated, but much of it has disintegrated on 
exposure to the atmosphere. No careful search for diamonds has 
been made in the peridotite of Syracuse, though the nature of the 
material would seem to justify such attempts as much as the peridotite 
of Kentucky, on which considerable work has been expended. Con- 
centrates from panning the altered rock contained garnet, zircon, 
olivine, diopside, and other minerals. The zircon occurs in minute 
crystals, which are best separated by treating the peridotite with 
hydrofluoric acid. In this separation fine particles of ilmenite or 
rutile are also obtained. 


VIRGINIA. 


Information on the reported finding of a diamond in Tazewell 
County, Va., was kindly supplied by Messrs. Charles H. Reynolds, 
of North Tazewell; H. W. Pobst, a jeweler, of Tazewell; and J. 
Sanders Gillespie, of Cliffield. This diamond is reported to have 
been found by Frank Brewster on the farm of Mr. Gillespie, near 
Pounding Mill, while plowing in a cornfield. The stone was sold 
to Mr. Pobst, who edit cut by J. R. Wood & Sons, of New York. 
The cut stone weighs 0.83 metric carat and is considered to be of 
very fine color and quality by Mr. Pobst. Little has been done 
toward prospecting for other diamonds. 
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The production of diamonds during the fiscal year 1913 by the 
De Beers Consolidated Mines ' amounted to 2,293,468 carats, as com-, , 
pared with 2,087,392 carats in 1912. Actual sales of diamonds, plus 
the increase of stocks taken at the cost of production, amounted to 
£6,297,782. In round numbers, 2,034,000 carats of diamonds were 
sold. The total production of blue ground in 1913 amounted to 
7,382,216 loads, as compared with 7,950,442 loads in 1912. The total 
quantity of blue ground and tailings washed during 1913 was 8,702,289 
loads, as compared with 7,995,953 loads in 1912. The yield in carats 
of diamonds per load of blue ground washed decreased from 0.31 to 
0.29 in the De Beers and Kimberly mines and from 0.29 to 0.27 in 
the Wesselton mine, and increased from 0.41 to 0.42 in the Bultfontein 
mine. In the Dutoitspan mine the yield remained the same, at 0.23 
carat per load. The De Beers mine remained closed during the year, 
with the exception of a small amount of development work. 

The Premier Diamond Mining Co. (Ltd.) had a successful year dur- 
ing 1913.2, The company’s report for the year closing October 31, 
1913, shows 10,434,680 loads of earth washed, yielding 2,107,983 
carats of diamonds. The average value per carat was $5.32 and the 
value of the total production amounted to $11,216,000, as compared 
with $9,620,000 in 1912. 

The output of diamonds from alluvial diggings hasincreased greatly, 
and during the first six months of 1913 the value of the diamonds 
produced amounted to $1,354,882.3 Some valuable stones have been 
found in the alluvial workings, and among those registered were a 
644 carat diamond, valued at $2,092, a 324 carat diamond, valued at 
$1,897, and a 16 carat stone, valued at $1,094. 

A diamond weighing 229 carats * was found in the Pniel diggings 
by F. J. Van Zyl in the latter part of 1913. This stone is a fine 
octahedron crystal with a slight tinge of yellow. It brought £2,300. 


GERMAN SOUTHWEST AFRICA. 


According to Consul General Henry W. Diederich,> of Antwerp, 
Belgium, the output of diamonds in German Southwest Africa 
amounted to about 1,440,000 carats. During the first half of the 
year the Antwerp Syndicate purchased about 760,000 carats, for 
which it paid about $8,330,000, or approximately $10.94 per carat. 
The German imperial chancellor ordered that the output or sales 
should be limited to less than 1,000,000 carats in 1914 in order not to 
overstock the market with diamonds of small size and break prices. 
During the spring of 1914 the output of the German Southwest Africa 
diamonds for the year was purchased by the London Diamond 
Syndicate,® which therefore practically controls the market of small 
as well as large diamonds. 


1 De Beers Consolidated Mines Twenty-fifth Ann. Rept. for year ending June 30, 1913. 
2 Min. and Sci. Press, Apr. 4, 1914. 
eo Edwin N. Gunsaulus, Johannesburg, Transvaal; Daily Cons. and Trade Repts., Oct. 17, 1913, 


p . 
4 Jewelers’ Circular-Weekly, Feb. 4, 1914. 
5 Daily Cons. and Trade Repts., Mar. 28, 1914, p. 1170. 
8Jewelers’ Ciroular-Weekly, Apr 8, 1914. 
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KONGO. 


Consul General Henry W. Diederich 1 of Antwerp, Belgium, reports 
that in January, 1914, 6,795 carats of rough diamonds from Kongo 
River were sold at auction for $39,372. These diamonds come from 
the country along Kasai River, a tributary of Kongo River. 


FELDSPAR GEMS. 


AMAZON STONE. 
COLORADO. 


The amazon stone and associated minerals of the Pikes Peak region, 
Colorado, have been a source of interest to minerai collectors and gem 
dealers for many years. George F. Kunz? states that an exhibit of 
Colorado amazon stone at the World’s Fair in Philadelphia, in 1876, 
occasioned much surprise-because of its beauty. There are two gen- 
eral localities where the amazon stone is found, one to the east of 
Pikes Peak, in the Crystal Park region near Manitou Springs, and the 
other about 18 miles northwest of Pikes Peak around Crystal Peak, 
about 4 miles noith of Florissant. 

In the Ciystal Peak region prospects have been opened over an area 
more than 2 miles square by va1ious prospectors and collectors. The 
Crystal Peak region is mountainous and timbered, with occasional 
rocky knobs or domes standing above the ridges and valleys. The 
prospects examined are situated at elevations ranzing from about 
9,000 to 9,400 feet above sea level, Crystal Peak having an altitude 
of 9,668 feet. Crystal Peak is the highest of a range of small knobs 
along a divide. Other lower knobs are Little Crystal Peak, one-fifth 
of amile west of north; Deer Mountain, about one-half of a mile north- 
west; and Sheeps Head, about two-thirds of a mile northwest of 
Crystal Peak. Wide ridges and rather gentle slopes extend from 
the foot of these knobs, but most of these are cut into by valleys 
within a half mile of the knobs. 

The prospects are in both the gentle slopes and in the steeper walled 
valleys. Among the numerous people who have worked in the Crys- 
tal Peak region George Copelen, of Gillette, Colo., was one of the 
pioneers. Mr. Copelen commenced prospecting here over 35 years 
ago, but has now abandoned that work. Numerous claims have been 
filed and some of these are still in force, but others have lapsed. 
Among the prospects visited in August, 1913, some were on the 
claims of J. D. Endicott, of Canon City; The Crystal Peak Gem Co., 
of Cripple Creek; A. Fries, George H. Weed, and Whitmore & Sandeis. 
The claims of J. D. Endicott lie chiefly north of Crystal Peak. One 
claim is in the gap between Little Crystal Peak and Deer Mountain. 
A. Fries owns patented ground about one-half of a mile northeast of 
Crystal Peak and claims other prospects between this and Little Crys- 
tal Peak. The ciaims of the Crystal Peak Gem Co. are scatteied, 
most of them lying north and noithwest of Little Crystal Peak with 
one, the ‘‘Pinacoid claim,” nearly a mile to the north of Crystal Peak. 
A claim covering the topaz workings, about 1} miles southwest of 


1 Daily Cons. and Trade Repts., Mar. 28, 1914, p. 1170. 
2 Gems and precious stones: Scientific Publishing Co., p. 165, 1890, New York. 
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Crystal Peak, is held by Whitmore & Sanders, both members of the 
Crystal Peak Gem Co. G. H. Weed, of the same company, holds a 
homestead claini at the foot of Crystal Peak on the southeast side, on 
which some promising amazon stone was found in digging for water. 

The best amazon stone was seen in place on the claim of J. D. Endi- 
cott, on the northeast side of the gap between Little Crystal Peak and 
Deer Mountain. In one prospect trench, about 40 feet long on this 
claim, amazon stone is exposed along the footwall of a pegmatite 
vein striking N. 20° E. ie a dip 30° E. The crystals in this wall 
range from small size to 4 or 5 inches thick, and the exteriors of some 
are exceptionally bright bluish green. Good amazon stone has been 
found on many other claims in the Crystal Peak region, but the expo- 
sures were not sufficiently good to determine what prospects are the 
most promising. . 

The various workings for amazon stone and other minerals cover 
considerable ground, but none of them are deep. On some of the 
claims there are pits every few feet over an area of an acre or more. 
Practically all of the work has consisted of pits, small open cuts, and 
occasional tunnels. Most of the workings are less than 12 feet deep, 
and many have become partly filled with rubbish. In all Pehanle 
200 pits were seen, and there are many more in the region that were 
not visited. 

The country rock of the Crystal Peak region is chiefly coarse red- 
dish biotite granite, more or less porphyritic in places. A finer- 
grained aplitic granite was closely connected with the mineral depos- 
its noted in some of the prospects. Over most of the country the 
coarse granite has been partly disintegrated and broken down to coarse 
angular gravelly soil. An accumulation of leaf mold with this has 
furnished a soil covering for part of the area, so that good outcrops 
are not abundant. In places the granite outcrops in hard ledges, 
large bowlders, or gravelly soil without much vegetation, so that 
that prospecting is easier. Many of the deposits can be mined with- 
out blasting because of the disintegrated nature of the granite and 
the gem-bearing rock, but some of them have to be blasted almost 
from the outcrop down. 

The amazon stone and associated minerals occur in pocket-like 
deposits more or less irregularly distributed through certain parts of 
the massive coarse granite of the region. The pockets are miarolitic 
cavities lined with coarse and often nearly perfectly crystallized 
microchne and albite feldspar, smoky and colorless quartz, and bio- 
tite mica, with occasional crystals of topaz, phenacite, fluorite, colum- 
bite, and géthite. Deposits and stains of lmonite are abundant. 
The layer of coarsely crystallized minerals lining the pockets varies 
from a fraction of an inch to more than a foot in thickness in some 
places. These pocket linings are typical pegmatite aggregations, 
which may grade into the surrounding granite or have rather sharp 
contacts with it. Some of the contacts are plainly banded and the 
gradation from the pegmatite to the granite is so gradual that it is diffi- 
pult to determine the actual contact. This is especially true where 
the pockets are associated with aplitic granite. Some of the gem 
pockets occur in streaks as in pegmatite veins, but others appear to 
bear no definite relation to one another. 

Amazon, stone is widely distributed in the Crystal Peak region, 
but most of the deposits yield but little material suitable for gem 
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purposes. This is due to inferior color of the crystals, excessive 
fracturing, or discoloration by iron rust. The amazon stone and 
other microline occurs m stout crystals with the characteristic promi- 
nent cleavage of that mineral. The crystals range from small size to 
several inches in diameter and project from the walls of the cavities 
with crystals of smoky quartz, biotite, and the other minerals of the 
pockets. In some cases clusters of fine amazon stone crystals, with 
or without other minerals, can be removed from the prospects for 
cabinet specimens. Most of the pockets contain grayish microcline 
crystals as well as those of green color. 

The amazon stone occurs in various shades of bluish green, some 
of which are very bright. Occasional specimens of nearly pure pale 
blue are found. Most of the crystals show color variations, the best 
color commonly lying near the outside of the crystals. Such crystals 
may have bright bluish-green exteriors with successively paler colors 
toward the middle, either in layers or by gradual change. The middle 
of these crystals is generally gray or ae pale bluish green. The out- 
side shell of good color may range from a small fraction of an inch 
to an inch in thickness in large crystals. This color variation must 
be taken into consideration in the choice of cutting material, as it 
occasions large waste. 

The amazon stone can be cut in a variety of shapes for gem pur- 
poses, such as stones for brooches, scarfpins, pendants, and beads for 
necklaces. The bright colors are pleasing and blend well with gold 
mountings. Some of the cut stones exhibit a silvery sheen in certain 
lights from partly developed cleavage planes. In considering the class 
of semiprecious and imitation stones sold to the tourists in Colorado 
each year, it seems that the possibilities of beautiful amazon stone 
from the Pikes Peak region are almost neglected. A quantity of 
amazon, stone is sold in the rough in the form of crystals and bright- 
colored specimens to the tourist trade and many fine crystals are 
sold by mineral dealers for cabinet specimens elsewhere; but the sale 
of cut gems could be increased by displaying tastefully cut stones of 


good color. 
SUNSTONE. 


CALIFORNIA. 


Specimens of sunstone were received from the Pacific Gem Co., of 
Los Angeles, Cal. The rough material is reported to have come from 
Modoc County and a quantity has been cut for gem purposes. It 
consists of labradorite feldspar, rather high m calcium, with many 
minute inclusions that reflect a bright coppery red light. The inelu- 
sions are too minute to be readily recognized. Their arrangement 
is only partly governed by crystal structure. The body of the feld- 
spar is colorless and clear; in some specimens the particles are almost 
submicroscopic but sufficiently abundant to impart a red color to 
the labradorite. The cut gems are very pretty and have been sold 
under the name of both goldstone and sunstone. Owing to the quan- 
tity of artificial goldstone, falsely sold as a natural mineral, it seems 
better to call this beautiful natural product sunstone, 
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JADE. 
ALASKA. 


P. S. Smith ' has given a few notes on the occurrence of nephrite in 
Alaska. Bowlders of a hard, green, slightly translucent rock are 
plentiful in nearly all of the streams of the Shungnak region north of 
the Kobuk. These are commonly called jade, but the majority are 
probably serpentine and green quartzite and some may be nepbhrite. 
None of the nephrite seen was of gem quality, since it contained many 
imperfections in the way of cleavage and inclusions, of which mag- 
netite is so abundant as to give the mineral a spotted appearance. 
Several unsuccessful attempts have been made to work the jade in 
the Jade Mountains, west of Ambler River; but the inferior quality 
of the mineral, combined with its inaccessible location, will probably 
prove too great obstacles for its exploitation for some time to come. 


JASPER. 
ARKANSAS. 


Mr. Francis Holstein reports an occurrence of jasper on sec. 23, 
Hot Springs County, Ark., near Morrison Springs. This jasper is 
stated to be beautifully colored and susceptible of receiving a high 
polish, but the deposit has so far received no development. 


CALIFORNIA. 


The variously marked and colored jaspers of the San Francisco 
region, especially the ‘‘kinradite”’ variety, are meeting with increasing 
é fae ation in that city and among tourists. Some of the best of 
these jaspers have been found on the beaches along the southern part 
of Marin peninsula, between Point Bonita and Lime Point. Most of 
the southern end of Marin peninsula terminates abruptly in cliffs at 
the water’s edge, but narrow beaches have formed in a few places 
below the cliffs and on these the jasper can best be found. Some of 
the beaches are exposed only at low tide and are difficult to reach. 

The rocks along this part of the peninsula belong to the Franciscan 

roup and consist of sandstone and radiolarian chert with intrusive 

asalt and diabase. The formations strike generally north or north- 
west chiefly with high dips. The radiolarian chert is a rather thin 
bedded jaspery rock. The diabase and basalt may have a common 
origin presenting only variations in texture. Near the water’s edge 
they outcrop in fresh dark greenish-black cliffs which show a large 
amount of jointing. Fifteen feet above the water and higher up on 
the hills they have reddish-brown weathered surfaces. These rocks 
contain jaspery inclusions, some of which may be altered masses of 
radiolarian chert. Veins and deposits of quartz have formed in 
joints and fissures in the diabase and basalt. Some of this quartz 
grades into jaspery material and other is greenish through chloritic 
or actinolite-like inclusions. It should be possible to find good 
jasper in the rock, but the greater part is obtained from the beaches 
where the jasper inclusions have fallen from the cliffs. The force of 
the waves has ground off much of the adhering matrix and rounded 


1 The Noatak-Kobuk region, Alaska: U.S. Geol. Survey Bull. 536, pp. 154-155, 1913. 
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the jasper into pebbles and bowlders, which display their color and 
markings very well when wet. 

The jaspers show a wide range of colors, with both dark and light 
red, yellow, brown, and green. Some of the red and yellow jaspers 
are very bright colored. A variety of markings or patterns are met 
with, of which the most interesting is that called ‘‘kinradite,” after 
J. J. Kinrade, of San Francisco, who discovered and first used it for 
gems. This variety shows spherulites, generally of one color, scat- 
tered through jasper of another color. The spherulites are composed 
of radiated aggregates of quartz, with concentric color bands in some 
specimens. The spherulites resemble chalcedony, but under the 
microscope, between crossed nicols they have the positive elongation 
characteristic of quartz. The spherulites range in diameter from 
microscopic dimensions to over an inch. In cutting kinradite the 
gem may contain only one large spherulite or there may be several 
spherulites of various sizes. Some gems may contain 25 or more 
smaller spherulites. The colors, the variations in texture, and the 
interesting structure of the spherulites in kinradite render it an 
attractive gem and ornamental stone. 

Some of the other jasper found with kinradite is of good gem 
quality. Among specimens seen were some showing very bright 
crimson red in small streaks and patches through yellow and dark dull 
green. This would yield gems showing the three colors in strong 
contrast. Almost innumerable other color patterns can be cut from 
these associated jaspers. 

A deposit of bloodstone and jasper was discovered by F. M. Myrick, 
of Johannesburg, Cal., in the Death Valley region of San Bernardino 
County, in February, 1908. Considerable prospecting since that time 
has resulted in promising finds of gem minerals. Many cut gems have 
been sold in several towns of southern California where they have 
been favorably received. 

The deposit is about 45 miles northeast of Johannesburg and 4 miles 
S. 20° E. of Brown Mountain in the rough mountains about 12 miles 
west of Death Valley. Prospects have been opened over an area about 
300 yards across among the gulches at the head of three valleys drain- 
ing west and northwest. The prospects are at elevations of about 
3,300 feet above sea level, or 200 feet higher than the camp in the 
draw to the west. The principal work consists of a cut, 15 feet across 
and 12 feet deep, and a prospect tunnel in the side of a draw. Over 
a dozen other pits have been made on outcroppings of bloodstone or 
associated jasper. 

The geology around the bloodstone deposits is complex. Basaltic 
lava and andesitic rock predominate, but some sedimentary rocks are 
exposed close to the prospects. The basalt is dark reddish brown, 
through the oxidation of ferruginous constituents and quite vesicular 
in places. The andesitic rocks are fine grained and in places they are 
greenish from the presence of epidote and chloritic alteration products. 
The sediments consist of gray to white shaly calcareous rock with 
interbedded sandy and sintery layers. These rocks contain fossil 
mud cracks, ripple marks, raindrop marks, and a few markings resem- 
bling worm tracks. A portion of the sediments contain pebbles and 
angular inclusions, like a tuff or volcanic ash formation, and such is 
their general appearance. It is probable that these rocks were formed 
as ash beds in shallow pools of water. The carbonate of lime may 
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have been deposited either at the same time from lime-saturated water 
of the pools or later by solutions penetrating somewhat porous rock. 
Later action, possibl = hot springs, has apparently leached portions 
of the tuffaceous rock to porous vesicular masses. 

The sedimentary rocks contain a bed of vesicular basalt near their 
top, and in this basalt the bloodstone occurs. The strata have 
been tilted and broken by block faulting and contacts are covered with 
talus slopes in many places, so that it is difficult to trace any horizon 
far. | 

The jasper and bloodstone occur in irregular nodular and Wee 
shaped masses unevenly distributed through altered eee of the 
vesicular basalt. The nodules range from about an inch across up to 
nearly 1 foot in thickness, and most of them are surrounded by shells 
of dark-green impure opal or soft yellowish-green, rather porous 
material, which is probably a clayey aggregate. In the largest pit 
some of the nodular masses occur irregularly distributed in a warped 
layer having a northwest strike and a northeast dip. The various 
openings in which bloodstone and jasper have been found, however, 
ye not indicate any definite occurrence in veins or belts of separate 

eposits. 

ed, yellow, and green jasper are the most common, but in places 
the red and the green are so blended as to yield bloodstone. The 
bloodstone shows hard, dense, dark-green plasma or jasper with blood- 
red spots, ee and streaks. The heliotrope variety of bloodstone, 
in which the red occurs in small round spots in the green, is rare in the 
Myrick prospects, but a quantity of bloodstone showing irregular 
patches and streaks of red in greenisfound. Jasper of various shades 
of red, brown, and yellow occurs in nodules several inches across, with 
or without the green. In some specimens yellow or brownish spots 
and streaks are scattered through the green, similar to the red in the 
bloodstone. Some of the larger lumps of jasper show mottlings in 
various shades of red with or without brown and yellow. Some of the 
patches of color in the bloodstone are formed by a crushing of the 
larger pieces and later a cementing by chalcedony or jasper fillings. 
Such bloodstone shows an abundance of small faults with straight con- 
tacts between the red and the green. Occasional seams and veinlets 
of gray chalcedony cut the jasper and bloodstone, filling fracture lines 
and joints. 

The jasper and bloodstone from this locality take a high polish, 
and the cut gems show a wide range of patterns and color variations. 
Stones may be cut showing dark, bright, or dull red, brown, yellow, 
or green, or pleasing combinations of these colors. The gems are 
suitable for various forms of jewelry, especially for aes not de- 
_siring flashy gems. In cutting, the lapidary should exclude all of 
the dark-green opal shell surrounding the jasper and bloodstone, 
for this is brittie and will crack after cutting. 

Numerous specimens of jasper with more or less associated chal- 
cedony have been received from Mr. Joseph Ward, of Barstow, Cal. 
Mr. Ward has collected these from several claims which he has located 
in the Death Valley region of San Bernardino County, and some of 
the specimens may have come from Nevada. The jasper shows a 
wide range of color and markings and would furnish very attractive 
gems. Some of the jasper shows mosslike patterns of red, brown, 
or yellow, with patches of gray or blue chalcedony. In other speci- 
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mens these markings are in nearly pure chalcedony. There were a 
few pieces of greenish ete both with and without red markings. 
Some of the bluish chalcedony with bright-red jasper inclusions was 
particularly attractive. Of the several pounds of specimens re- 
ceived, the colors were bright enough for gem purposes in only a 
small part. 

OREGON. 


Mr. Don Maguire, of Ogden, Utah, reports the occurrence of a 
deposit of bloodstone discovered by him in Harvey County, Oreg., 
about 15 miles east of the town of Burns. The bloodstone occurs in 
a ledge over 3 feet thick cutting a trap dike. Some of the rough 
material was shipped for cutting during 1913. 


UTAH. 


Richly colored jasper, showing various shades of red in laminations 
or other structures, 1s reported by Mr Don Maguire, of Ogden, Utah, 
from the Wasatch Mountains in that State. Some of this jasper has 
been cut with very pleasing results in Salt Lake City. 


JET. 
TEXAS. 


Prof. J. A. Udden, of Austin, Tex., reports the occurrence of jet 
in Presidio County, Tex. The jet occurs as compressed and flattened 
trunks of trees in a thin layer of coal from 100 to 200 feet below the 
San Carlos coal bed. 


LAPIS LAZULI. 
CALIFORNIA. 


An occurrence of lapis lazuli in California has been described by 
Gordon Surr,! and the following notes are taken from his description. 
Mr. Surr also kindly sent a specimen to the Survey for examination. 
The locality is on the north slope of the south fork of Cascade Canyon, 
14 miles south of east of the ‘‘Hogback,” a well-known landmark in 
San Antonio Canyon, to which Cascade Canyon is tributary. The 
deposit is about 12 miles from Upland, a town on the Santa Fe 
Railway, about 20 miles west of San Bernardino. The ‘blue rock”’ 
was long thought by prospectors to carry silver, and the deposit was 
opened with thisidea. A pit 15feet deep apparently went through the 
‘blue rock,’’ and work was abandoned. 

The mineral was identified by John T. Reed, an assayer in San 
Bernardino, whose son made an attempt to open the deposit further. 
The locality was visited by several persons subsequently, and in 1913 
by Mr. Surr and his associates. No lapis lazuli was found in place, 
but probably 150 pounds of loose rock with some of the blue inter- 
mixed were found in the talus on the slope and in the drift in the 
stream bed. 

The country rock consists chiefly of quartzites and limestones, 
which strike east with a high natthenly dip near the old workings. At 


1 Lapis-lazuli in southern California: Min. and Eng. World, Dec. 27, 1913. 
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the latter place there is a layer of light-gray quartzite carrying pyrite 
and iron oxide stains. Above this is dark quartzite with pyrite, then 
a few inches of soft shaly rock with limestone overlying. The lapis 
lazuli was apparently found in the layer of dark quartzite. It is not 
of good quality, being mixed with a number of other minerals difficult 
of determination. Under the microscope in thin section two varieties 
of pyroxene, fine sericite, calcite, pyrite, clinozoisite, and other min- 
erals not identified, were observed besides bright-blue lazurite. The 
matrix consists of a granular mass of these minerals with blue lazurite 
as a filling in interstices. The specimen furnished by Mr. Surr is 
about 2 inches thick, showing alternating bands of dark grayish black, 
lighter gray, pale to dark bright blue, and yellowish streaks of pyrite 
crystals. It is probable that the bands containmg the most blue 
could be cut into rather pretty matrix gems. 


LAZULITE. 
ARIZONA. 


Specimens of lazulite (false lapis lazuli) were received from Mr. 
James Shea and Dr. Burt Ogburn, of Phoenix, Ariz., along with a few 
notes on its occurrence. The deposit is about 12 miles north of 
Phoenix, in a small hill near the edge of Paradise Valley. A good 
wagon road passes near the locality. The lazulite is inclosed in quart- 
zite, in which rock it occurs disseminated in small grains and clusters 
and in larger crudely shaped crystals. The matrix is white, gray, 
pinkish, brownish, and greenish from staining. Fine mica or sericite 
has developed through the quartzitic country rock, and some is asso- 
ciated with the lazulite. Of the specimens seen, only a few could be 
cut into pure blue gems, but a quantity would yield matrix stones 
showing dark ultramarine-blue patches of various sizes. The presence 
of a little pyrite in small crystals heightens the resemblance of this 
material to lapis lazuli. 

OBSIDIAN. 


UTAH. 


A small specimen of obsidian from Millard County, Utah, was 
received from Mr. Maynard Bixby, of Salt Lake. This is glassy 
reddish brown with jet-black streaks and patches through it. The 
black appear as rounded spots in one position and as streaks in a 
position at right angles showing the direction of flow ofthe molten 
volcanic glass. The mottled effects of the brown and black are very 
pretty, and Mr. Bixby states that this obsidian takes a high polish. 


OPAL. 
CALIFORNIA. 


Two deposits of opal have been prospected by F. M. Myrick, about 
35 miles east of Johannesburg, Cal. One of these is in the side of the 
same knob as Lead Pipe Spring and about 100 yards northwest of 
the spring; and the other is about a mile and a half to the northeast 
on the north side of a steep hill slope. Only small prospects have 
been opened at each locality. 
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Opal from the Lead Pipe Spring locality has been called ‘‘sobrisky”’ 
opal. It occurs in nodular masses at the contact of a red rhyolite 
flow with underlying white tuffaceous beds. The rhyolite is perlitic 
near the contact and has been partly decomposed. It contains an 
abundance of nodules and clusters of siliceous balls varying in size 
to over 2 inches in diameter. When these are broken open they are 
found to contain cores of red rhyolite, chalcedony, common or white 
opal, and occasionally precious opal. Mr. Myrick states that it is 
sometimes necessary to break open hundreds of these nodules to find 
a few inclosed precious opals. The cores of precious opal are rarely 
over three-fourths of an inch thick, but some of the specimens seen 
had very good color showing flashes of red, blue, and green in gray or 
milky white background. Many of these cores included fragments of 
chalcedony or rhyolite, so that pure gems could not be cut from 
them. If larger pieces of the precious opal can be found and in greater 
pound ane than up to the present time, the prospect would prove of 
value. 

The other locality has so far not yielded any precious opal, and the 
claim has been called the ‘‘white opal’’ claim after the variety first 
found. The deposit occupies the same relative position with the 
rock formations as at Lead Pipe Spring; that is, in partly decomposed 
perlitic rhyolite forming the contact between a rhyolite flow and 
underlying tuffaceous beds. The decomposed perlitic layer is about 
10 feet thick, and in this are numerous nodules or balls of common 
opal from 1 to 5 inches in diameter. White opal was found first and 
later greenish, yellow, and red opal without fire. A small spring has 
been opened by Mr. Myrick, on the ‘‘white opal”’ claim. 

These opal deposits are in the same region as the blue chalcedony 
already described, and are associated with the same reddish rhyolite 
flow as the chalcedony. The White Opal claim is about two-thirds 
of a mile southwest of the Blue Moonstone claim. 

Very pretty clusters of clear colorless glassy hyalite opal have also 
been found by F. M. Myrick in the rhyolite flows east of Granite Springs 
and about 30 miles east of Johannesburg, Cal. These are not only 
very pretty specimens, but a few have been mounted in their natural 
state as gems. Many of the specimens consist of cup-shaped agegre- 
gates of small globules of clear limpid hyalite. 

Mr. Joseph Ward, of Barstow, Cal., furnished specimens of opal 
he has found in the desert region of San Bernardino County. Among 
these were white and cherry red common opal, botryoidal incrusta- 
tions of clear giassy hyalite, and thin layers of precious opal in rhyo- 
lite matrix. The hyolite was very pretty as specimens, forming clus- 
. ters of bright globules in cavities in spherulitic rhyolite. The other 
specimens consisted of dark reddish-brown flow-banded rhyolite cut 
by seams of precious opal mostly less than 1 millimeter thick, both 
parallel with the banding and at angles to it. Some of the seams 
showed bright green and red fire. Other specimens of the rhyolite 
contained common bluish opal and translucent chalcedony. IH pre- 
cious opal can not be obtained in larger pieces from this locality, 
opal matrix showing seams of gem opal in the red rhyolite might 
prove of sufficient beauty to cut for gems. 
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Considerable prospecting and development work was done in 1913 
in the opal field in the valley of Virgin Creek, Humboldt County, 
Nev., about 25 miles southwest of Denio, Oreg. A number of new 
claims were located, which extended the known opal-bearing area. 
Precious opal was discovered in this region in 1908, in which year 
several claims were located. Other claims have been located suc- 
cessively each year since, and some of them have been worked on a 
small scale. The yield of precious opal from some of the prospects 
has been very encouraging in regard to both quality and quantity. 
Other claims are still of doubtful value. 

This opal field was visited in August, 1913, but only three days 
were available for examination of the deposits. Under favorable 
conditions the region can best be reached from Jungo, Nev., a station 
on the Western Pacific Railway, by automobile stage to Denio, Oreg. 
From Denio the trip can be completed by automobile or other con- 
veyance. 

Virgin Creek drains northward, joining Beet Creek at the head of 
a narrow canyon. below which place it is called Thousand Creek. The 
valleys above the canyon form an irregular-shaped basin with outlet 
into Thousand Creek. The opal deposits are in certain formations 
exposed in the sides of the valley of Virgin Creek. 

he opal claims examined lie at elevations ranging from 5,100 feet 
to 5,400 above sea level. Some of them are in rather gently sloping 
round in the foothills along the sides of the valley and others are 
in the steep valley walls. The plateau country in which Virgin 
Valley has been carved has an elevation ot over 6,000 feet above sea 
level. The region is desert, but water supplied by several large 
springs, some of which are hot springs, flows into Virgin Creek and Beet 
Creek. The creek waters are used for irrigation and supply several 
large ineadows for the different ranches. 

Four groups of claims were visited, the location of which will be 
given with respect to McGee’s ranch, about a mile south ot the junc- 
tion of the creeks. The principal group is that in which the Sams 
of Ivan Dow, George D. Mathewson, Alfred Thompson, and others 
are located, about 3 miles southwest of McGee’s ranch in the west 
side of the valley. Among these claims are the Cracker Jack, 
Bonanza, Opal Queen, and Opal Queen Fraction. Most of the opal 
from this group of claims has been handled by the International Gem 
Co., of New York. Another group of claims belonging to D. Roop, 
K. McGee, and George T. Hill is situated about 5 miles south of 
McGee’s ranch. W. B. Seitz and C. A. Howard hold claims to a 
third group about 5 miles southwest of McGee’s ranch. Inthe fourth 
group is the Stone Tree claim, owned by several parties, about a 
mile and a half north of west of McGee’s ranch. 

Bateman & Boyd have the Big Horn claim nearly half a mile east 
of the Stone Tree claim. George W. Brown has located a claim 
about 24 miles west of W. K. Ebeling’s ranch, or 34 miles north of 
west of McGee’s ranch. <A large number of other claims have been 
located in the opal field, some of which may prove of value. 

Developments have not been large, and most of the work is limited 
to pits, small open cuts, and trenches. Some of the deposits are so 
situated that practically all of the mining can be done by open cuts, 


678 MINERAL RESOURCES, 1913-——PART II. 


but in other places continued work would require the driving of 
tunnels and the sinking of shafts. As a general rule all excavations 
can be made without the aid of dynamite, but in some places the work 
of loosening the claylike earth could be facilitated by blasting. Much 
of the work could be done by pick and shovel aided by horse scrapers 
to remove overburden. 

The general geology of the Virgin Valley region has been described 
by Prof. J. C. Merriam 4 and the following notes have been abstracted 
from his description and supplemented by a few personal observations. 
The rocks of Virgin Valley are in a synclinal basin of older formations 
consisting largely of tuffs, ashes, and rhyolitic lavas. The “ Virgin 
Valley beds,” as Prof. Merriam tentatively calls them, consist chiefly 
of ash and tuff of variable induration which weather into charac- 
teristic badland topography. They may be rather arbitrarily divided 
into upper, middle, arlene: beds. The lower beds are the hardest, 
and the badland sculpture developed in them is characterized by 
steep-walled gulches. The strata are white, greenish, and bright red. 
The middle beds are brownish and gray and weather into rounded 
hills and knolls. The upper beds are softer cream-colored ash. A 
dark-gray vesicular lava flow caps the upper beds along the rims of 
the valley. Various fossil mammals have been found in the upper 
beds, including a mastodon, a horse, camels, and a cat. The middle 
beds contain many plant remains and petrified wood is abundant. 
Fossil evidence points to the Miocene age of the beds. 

The formations have been broken by extensive block faulting, 
some of the blocks having dropped several hundred feet. Tilting of 
the strata has also produced differences in elevation of parts of the 
same horizons. 

The opal occurs in ash or fine tuff beds associated with petrified 
wood. The ash beds are grayish and greenish-gray with a hard 
claylike consistency. The surface material is dry and crumbling, 
but some of the same material below the surface if moist resembles 
hard sticky gumbo. The ash contains variable quantities of sand, 
pebbles, and cobbles. Among these inclusions quartz, a little obsid- 
ian, and rhyolite were observed. On the Cracker Jack claim two 
horizons about 75 feet apart, vertically, have been worked for opal. 
These were separated by harder ash beds. At most of the horizons 
carrying opal considerable petrified wood is found in which common 
opal and silica are the petrifying agents. The ash beds have been 
somewhat altered by solutions, probably those which were active in 
depositing the opal. 

The opal occurs in a variety of shapes most of which are associated 
with petrified wood. Petrified wood is abundant in the form of logs, 
limbs, twigs, bark, and roots, in which the petrifying material is opal 
and other forms of silica. ‘This wood is in various stages of petrifica- 
tion ranging from partly silicified lignite to material completely 
replaced by silica or opal. A quantity of wood has been petrified 
with common opal by a replacement process retaining minutely the 
texture and grain of the wood. This variety occurs in petrified wood, 
bark, roots, and other structures, among which Mr. Roop has found 
spruce or pine cones. 


1 Science, new ser., vol. 26, pp. 380-382, 1907. 
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The precious opal occurs chiefly as casts of different parts of trees 
and as coatings and fillings in cracks in ordinary petrified wood. The 
precious opal casts rarely retain the texture or grain of the wood, but 
may show such structure as bark and inclosed wood by slight color 
variations or other lines of demarcation. Mr. Roop has found two 
very interesting specimens of opalized cones, one measuring about 1 
inch long that has been perfectly cast by milky opal and the other, a 
slightly larger cone of milky color, Meee inclosed in a mass of 
translucent precious opal 24 inches thick. ‘Twigs and limbs of trees 
2 and 3 inches thick have been reproduced in precious opal of beautiful 
colors. Logs several inches in diameter have been cast with common 
jet-black or dark-brown opal, parts of which show fire. The black 
opal gives off water and tarry matter smelling of pyroligneous acid 
when heated in a closed tube. A quantity of other variously colored 
common opal occurs with gem variety, as translucent purplish, 
reddish-brown, gray, and white. Some precious opal has been found 
as fillings in cavities in the voleanic ash. Among such specimens are 
small patches of gray or white opal with a beautiful play of green, 
yellow, blue, and red fire, but exceedingly brittle so that the small 
pieces can be crushed between the fingers into powder. The minute 
grains still display their fine color and fire after the opal has been 
crushed. O aL both in casts and in veinlets filling cracks in petrified 
wood, is used for gem purposes, and some of the petrified wood con- 
taining seams and veinlets of precious opal would yield very good 
matrix opal. 

The best gem opal from Virgin Valley is unexcelled in variety and 
brilliance of fire and color by that from other localities. The cut 
gems exhibit superb flashes of green, blue, yellow, and red of various 
shades with milky white, gray, bluish, or brownish background which 
may be opaque, translucent, or nearly transparent. In some the color 
is uniform over the whole stone or over large areas, changing, as the 
gem is turned, from green to red, or from red to blue, andso on. Some 
of the gems show a rich ultramarine blue in one position, and green 
or red in another. Many gems display various bright colors arranged 
in ee Pe, and each patch changes color as the stone is turned. ‘The 
brillant flashes of peacock-feather colors exhibited by the opal of 
dark color yield a gem which might be called black opal, but most of 
it is not like the Australian gem of that name, since it occurs in thick 
pieces and the colors are less localized. Most of the dark-colored 

ems, no matter how beautiful in reflected light, become a rich reddish- 
Bown in transmitted ight. The more opaque bluish-gray and milky 
opal with good fire also yields especially beautiful gems. 

A quantity of brittle opal which checks and cracks considerably 
after removal from the mines has been found. Some of this opal 
has magnificent color and fire, but close inspection shows that it con- 
tains fine cracks, some of which are sufficiently pronounced to 
allow the stone to fall apart. In many cases this tendency to check 
could be partly overcome by a samatill handling of the rough mate- 
rial, that is, by a rather slow seasoning process in which the opal is 
not immediately exposed to the dry atmosphere and considerable 
temperature changes of the desert, but is kept in a moderately cool 
place or in moist wrapping. 
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At the suggestion of H. D. McCaskey, of the United States Geolog- 
ical Survey, specimens of opal containing cinnabar were cut with a 
view to determining their suitability for gem purposes. This material 
came from a quicksilver mine operated by J. B. Kiernan, of Beatty, 
Ney. Specimens of the rough mineral were kindly supplied by Mr. 
Kiernan and general information on the deposit was given by A. A. 
Turner, a mining engineer of Boston, Mass. 

The mine is in Bare Mountain in southwestern Nevada, the nearest 
point being about 10 miles from the California State line. The 
Amargosa Desert lies west of the mountain and Crater Flat to the 
east, the highest point being approximately 6,235 feet above sea level, 
or 3,300 feet above the surrounding plains. The formations around 
the cinnabar deposit are limestone, quartzite, schist, and a volcanic 
rock, probably dacite. The deposit hes between two dacite dikes 
and is apparently a replacement deposit. Opal impregnated with 
cinnabar was found within a few feet of the surface and extended to a 
depth of 61 feet, the depth of the workings at the time last examined 
by Mr. Turner. The opal is an associated mineral but much of it 
contains sufficient mercury to smelt with the regular ore. The opal 
bodies are surrounded by a fine white sand resulting from the decom- 
position of impure opal. The nature of the deposits and the presence 
of small vent holes in the sand near the ore bodies indicate that they 
have resulted from past hot spring activity. 

Most of the material that can be cut as a semiprecious stone con- 
sists of milk-white to slightly translucent gray opal impregnated 
with bright vermilion-red cinnabar. The cinnabar occurs m minute 
particles disseminated or grouped in irregular tufts, patches, and 
streaks through the opal. Specimens were seen in which the cinna- 
bar was in a duller chalcedonic material, probably altered quartzite. 
The contrast between the red and the white or gray, with the varia- 
tions of markings displayed by the cut stones, make this an attractive 
semiprecious stone which could be readily used in the western tourist 
trade. The possibility of the cinnabar losing some of the brightness 
of its color, as in the “myrickite”’ described under agate, will have to 
be taken into consideration. 


OREGON. 


Mr. Don Maguire, of Ogden, Utah, reports the occurrence of semi- 
precious opal along Deschutes River, Crook County, Oreg. This 
opal is reported to be abundant and very pretty. A limited quantity 
was shipped to Portland, Oreg., for gem purposes during 1913. 


TEXAS. 


Specimens of opal found near Alpine, Tex., were received from 
Mr. A. D. Hudson, of El Paso. They consisted of small patches of 
white and bluish opal in a dark red rhyolite-like matrix. Some of the 
opal showed flashes of rich green and bluish fire. The reddish 
matrix might be cut showing patches of precious opal, if pure gem 
can not be obtained in larger pieces. , 
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ARKANSAS. 


Mr. Francis Holstein, of De Roche, Ark., states that a quantity of 
the quartz crystals from near that place are still sold to visitors and 
jewelers at Hot Springs. These quartz crystals range in size from 
small specimens up to fine cabinet specimens. They vary from 
colorless and limpid to light and very dark smoky brown. Inclosures 
of phantom crystals and bubbles are present in some specimens. 
Bright lustrous faces are characteristic of these Hot Spring County 
quartzes, and occasional crystals show an unusual development of 
planes. Others are variously etched. Mr. Holstein states that the 
quartz crystals are obtained chiefly from pockets where they are 
imbedded in red clay. 

MAINE. 


Minerals of interest because of their semigem nature are found at 
the J. A. Hibbs feldspar and mica quarry, a little over a mile north- 
east of Hebron, in Oxford County, Me. These minerals are trans- 
lucent quartz and beryl. The quartz varies from colorless to pale 
rose, ight and dark smoky brown, and yellowish. Specimens were 
seen in which there were rounded patches of dark smoky brown in 

uartz of lighter color. The beryl is mostly opaque grayish-green. 
Gite: associated minerals are potash feldspar, mica, and black 
tourmaline. 
RHODONITE. 


COLORADO. 


Mr. J. D. Endicott, of Canon City, Colo., reports the discovery of a 
deposit of rhodonite about 10 miles southeast of that place. He 
states that the deposit will yield a quantity of mineral with good 
pink color and of fine texture. 


RUBY. 
NORTH CAROLINA. 


Tests were made on the ruby deposits along Caler Fork of Cowee 
Creek in Macon County, N. C., during the last part of 1913. Pros- 
pecting was under the charge of N. E. Isbell, of Cincinnati, who had 
charge of the developments here several years before. Mr. Isbell 
used a churn drill during this work, going to a depth of 65 feet at 
the ‘‘In Situ’’ Hill locality. Some ruby and sapphire of marketable 
color were found along with opaque corundum. During the first 
part of 1914 better equipment in the way of a 3-inch core drill oper- 
ated by a 10-horsepower gasoline engine was installed, and a number 
of holes will be sunk at the ‘‘In Situ” Hill locality to a depth of 
about 150 feet. 

SPODUMENE. 


CALIFORNIA. 


Operations of the Pala Chief Gem Mining Co., at the Pala Chief 
mine and the Tourmaline Queen mine, near Pala, San Diego County, 
Cal., resulted in a production of more of the lilac-colored spodumene 
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and tourmaline. Although the spodumene has heretofore been 
called kunzite, as a compliment to Dr. George F. Kunz, the owners 
of the mine have given their permission to European jewelry firms to 
sell it under the name of ‘‘California iris” as being appropriately 
descriptive of its native home and its remarkable coloring. Mr. R. 
Fenton, secretary of the Pala Chief Gem Mining Co., states that the 
mineral is being well received under this name in many countries of 
Europe. Much of this spodumene will be sold as ‘‘California iris” 
in the United States also, especially in the West, where the name is 
considered especially appropriate. 


TOPAZ. 
GEORGIA. 


Two gems, cut from crystals found in the Williams mica mine near 
Two Run, Ga., were loaned for examination by Mr. L. M. Richard, of 
Stamford, Tex. One of these was ordinary quartz with a slight 
brownish tint. The other was colorless topaz, a crystal of which 
was found inclosed in a cavity in a large crystal of mica. This is a 
new locality for topaz and an unusual mode of occurrence. 


MAINE. 


No new work has been done at the topaz prospects on Harndon 
Hill, in the southwest corner of the town of Stoneham, Me. This 
locality has been described by George F. Kunz! and E. 8. Bastin.” 
At the time of examination by the writer, in June, 1913, there were 
three pits within about 75 feet of one another on three sides of a 

rojecting point of the hill. These pits were 6 to 10 feet deep and 
Pin 10 to 35 feet long. They were made in the edge of a body of 

egmatite capping the summit of the bill. The rock outcropping 
ia, on the ninice is quartz-mica schist or gneiss injected by peg- 
matite. The pegmatite exposed in the openings is coarse ana of 
uneven grain. Orthoclase or microcline is the principal feldspar, but 
some albite is present, especially as clevelandite. Ouante occurs in 
large white masses and muscovite in greenish crystals and bunches 
of crystals measuring several inches across were seen. Numerous 
fragments of pale-green, white, and colorless beryl were left on the 
dumps and scattered over the hill top. Kunz states that some of 
the beryl crystals found were about a yard long and over a foot across. 
The only topaz observed was a fragment of an opaque white crystal, 
an inch and a half thick, attached to a mass of clevelandite and 
greenish scaley muscovite. According to Kunz, most of the topaz 
crystals were found in one pocket with clevelandite. The crystals 
ranged from those small in size to large rough opaque ones, weighing 
10 to 20 kilograms. The better crystals measured 10 to 60 milli- 
meters across and were colorless or faintly tinted with green or blue. 
Some were transparent only in parts. A few reddish garnets and 
blocks of bluish-green triplite were observed on the dumps. Among 
other minerals found during operations on Harndon Hill, Kunz men- 
tions apatite, columbite, fluorite, montmorillonite (a variety of ka- 
olin), herderite, and bertrandite. 


1 Topaz and associated minerals at Stoneham, Me.: Am. Jour. Sci., 3d ser., vol. 27, ee 212-216, 1884. 
2 Geology of the pegmatites and associated rocks ot Maine: U. Ss. Geol. Survey Bull. 445, pp.100-102, 1911. 
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NEW HAMPSHIRE. 


The discovery of topaz on Baldface Mountain, N. H., was made, 
according to George F. Kunz, by E. A. Andrews, in May, 1888. 
Baldface Mountain is about 4 miles northwest of North Chatham. It 
rises to an elevation of 3,585 feet above sea level or some 3,000 feet 
above the valley of Cold River on the east. Only rock is exposed on 
the steep cliff-like slopes of the upper part of the mountain, but 
the lower part is eek timbered. ‘Two knobs or shoulders project 
from the mass of the mountain half a mile northeast and southeast, 
respectively, of the main summit and 500 to 600 feet lower down. 
It is on these knobs or shoulders of the mountam that the topaz 
has been found. 

The bare rock of the upper part of the mountain is composed 
of biotite granite, partly broken into great loose blocks and partly 
showing the effects of rounding and erosion by the ice of the glacial 
epoch. Near the east foot of the mountain outcrops of mica schist 
and gneiss were observed in the hollows. 

No systematic mining has been carried on for the topaz and 
associated minerals, but most of the crystals have been obtained at 
various times by prospectors and mineral collectors working only a 
few days at a time. Considerable prospecting for topaz and associ- 
ated minerals on Baldface Mountain has been done by John Chandler, 
of North Chatham. Mr. Chandler acted as guide for the writer, and 
three prospects were visited. Two of these were on the northeast 
shoulder of the mountain in the steep cliff-like slope, and the other 
was on the southeast shoulder of the mountain. The two prospects 
on the northeast shoulder are a few hundred feet apart in a northeast- 
southwest direction with a difference of elevation of 200 to 300 feet. 
At the upper prospect the topaz occurs with crystals of smoky quartz, 
orthoclase or microcline, biotite, muscovite, and a little phenacite 
lining the walls of miarolitic cavities or pockets of pegmatite in 
the granite. These cae range from small to large size, one measur- 
ing 10 feet deep (or high) and 2 by 3 feet across at the top and 4 by 7 
feet across near the bottom. The pockets have been worked in a 
northeast course down the mountain side for a distance of nearly 50 
feet. The granite near the pockets is medium to coarse grained, rich 
in biotite and smoky quartz. The crystals lining the walls of the 
pockets range from small size to 2 or 3 inches across, in the case of the 
feldspar. The transition from the ordinary granite to the coarser, 
more crystallized deposit forming the walls of the pockets is gradual in 
some places, and in other places there is a layer of fine tufted graphic 
granite between. 

Some of the feldspar crystals have a faint bluish-green color, 
like pale amazon stone. Others are buff colored, but present well- 
developed crystal faces. Most of the quartz crystals found in the 
pockets are smoky brown and many are clear. Some occur in single 
well-developed crystals and others in aggregates of crystals in parallel 
growths. In the cavities biotite occurs in sharply developed prismatic 
crystals with hexagonal outlines. The topaz occurs in crystals of 
minute size up to those more than an inch thick. The majority of 
them are translucent, or transparent only in places, but some per- 
fectly transparent crystals are found. Some of the topaz is suitable 


1 Gems and precious stones of North America, p. 70, 1890. 
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for cutting into gems but the most of it is worth more as specimens, 
because of the perfection of the crystals. They range from colorless 
to pale bluish green, and some are yellow from iron stains on the 
surface. Phenacite was observed in small transparent colorless crys- 
tals only, which were attached to or partly imbedded in feldspar, 
quartz, or topaz. Crystals of phenacite measuring over half an mch 
across are reported to have been found. The phenacite crystals from 
Baldface Mountain have been described by O. C. Farrington! and 
W. T. Schaller.? 

At the lower prospect on the northeast shoulder of Baldface 
Mountain, topaz occurs in a thin pegmatite vein cutting the granite 
with a strike of N. 35° W. and a dip of 45° SW. This vein has 
been exposed for about 75 feet by the dropping away of the northeast 
side attached to a huge block of granite. Geta s have also been 
obtained from the vein attached to the loose block about 50 feet 
lower down the mountain side. The vem contains fine graphic gran- 
ite in places and small miarolitic cavities with mineral associations 
similar to those at the first prospect described. 


TEXAS. 


The occurrence of topaz in Mason County, Tex., has been men- 
tioned in these reports for previous years and some of the deposits 
have been described by H. Conrad Meyer.* Several of the localities 
were visited in July, 1913, when the notes for the following descrip- 
tion were obtained. The discovery of topaz was made m 1904 by 
R. L. Parker. Other prospects were found and all were developed 
on asmall scale between 1908 and 1910. The owners of the different 
prospects failed to realize on the topaz found on their property and 
therefore forbade further work. Since that time a limited amount 
of prospecting has been done by the property owners, in some places 
with promising results. Meyer first recorded the occurrence of 
cassiterite or stream tin associated with the topaz of Mason County. 

Mason County is in the broken plateau country of central Texas. 
Much of the county is a basin-like area with included ridges and hills. 
The county is drained chiefly by Llano River, on Sle the lowest 
elevation is less than 1,200 feet above sea level. The topaz localities 
examined are at elevations of from 1,600 to 1,800 feet above sea level. 
Water is scarce and only the larger streams flow the whole year. 

The basin-like portion of Mason County is part of the pre-Cambrian 
basin described by Sidney Paige.* The surrounding rim rock or 
scarp is part of a dissected plateau composed chiefly of Paleozoic 
rocks, among which limestone is prominent. The pre-Cambrian 
rocks in the topaz areas consist largely of granite, but a belt of rock 
composed of mica schist and mica gneiss was observed between the 
two groups of deposits. The principal granite of the tone region is 
a coarse red granite, with porphritic texture locally developed. The 
feldspar phenocrysts of this granite measure over an inch long in 
some places. A finer grained granite, also reddish, was observed in 
the region but not associated with the topaz deposits. Pegmatite is 


1 Notes on various minerals in the Museum collection: Field Columbian Mus. Pub., Geol. Ser., vol. 3, 
pp. 157-158, 1908. 

E Notes on crystallography of phenacite: U.S. Geol. Survey Bull. 490, p. 53, 1911. 

3 Topaz and stream tin in Mason County, Tex.: Eng. and Min. Jour., Mar. 8, 1913, pp. 511-512. 

4U.8. Geol. Survey Geol. Atlas, Llano-Burnet folio (No. 183), 1912. 
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associated with the coarse granite, chiefly in irregular masses or 
streaks, with or without miarolitic cavities, and is the source of the 
topaz. The coarse granite weathers out in rounded bowlders or flat 
floors. The products of weathering are angular gravelly to coarse 
sandy soil becoming finer with more extended weathering. Quartz 
and feldspar grains are the principal constituents of this soil. 

Two groups of topaz deposits were examined, one about 8 miles 
west of Mason, between Streeter and Grit, and the other about 8 
miles west of north of Mason or 4 miles west of south of Katemcy. 
In the first group the topaz prospects of C. J. Worlie, half a mile east 
of Streeter, and J. W. Bishop, 2 miles northeast of Streeter, were 
visited. Other prospects were reported on the land of Dan Blick- 
enbach, 24 miles northeast of Streeter, and on Alexander Smart’s 

lace near Grit. In the second group the prospects of Sam Awalt, 
ee McGehee, and D. E. Amarine were visited. 

The Worlie prospect is about a quarter of a mile east of the house 
in the wash of a dry stream. All of the work has been done within 
a distance of 200 feet along stream channel or within 50 feet from it. 
Several small pits and diggings 1 to 3 feet deep have been made in 
sand, gravel, and alluvium among large bowlders, and one pit 6 feet 
deep and 15 feet long was made in rock. The country rock is coarse 
red granite with porphyritic texture in places. Locally there are 
pegmatitic phases around miarolitic cavities. Some of the granite 
1s fable and partly decomposed, but much of it has weathered out 
into large spheroidal bowlders, or is exposed in hard flat ledges or 
floors. The prospect pits were dug through the drift to the granite 
floors where all depressions and crevices were carefully cleaned out. 
The pit in the solid rock opened irregular miarolitic cavities in the 
granite. The minerals of value lining these cavities had been 
removed, but some of the matrix was left in contact with the granite. 
The matrix contained much biotite in thin flat scales ranging from 
small size to more than 1 inch across, a little graphic granite with 
red feldspar, some albite in the form of clevelandite, gray microcline 
and pale amazon stone in stout crystals, muscovite, and colorless and 
smoky quartz crystals. Topaz is reported to have been found in 
these pockets also. The best topaz crystals were found loose in the 
gravel and sand beds. Most of these were partly broken and the 
edges were rounded by attrition, but beneath the roughened surface 
most of the crystals were of fine transparent quality. <A few crystals 
were found which had not been badly disfigured by abrasion and 
would serve as fine cabinet specimens Many of the topaz crystals 
were tinted pale bluish or bluish green and a few were rather 
strongly colored. 

Several prospects were opened on the land of J. W. Bishop. The 
one examined is about a quarter of a mile northeast of the house in a 
low rocky hill. The work consists of a crescent-shaped open cut 40 
feet long and 4 to 10 feet deep and of another small pit about 40 yards 
to the southwest. The country rock is coarse porphyritic red granite 
which outcrops in large rounded bowlders Bid ledges The opencut 
was blasted out of an outcrop of hard granite following a pegmatitic 
vein. This vein was irregular in shape and carried miarolitic cavities 
or pockets, in which the topaz was found. A portion of such a 
pee et was left exposed in one end of the cut. It measured about 2 
eet wide and 14 feet high; the length was not exposed. Itisreported 
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this pocket contained much red clay with some of the crystals loose 
in the clay. The walls were crumbling and soft with no crystals 
left attached. A few small colorless topaz crystals were found on 
the dump at the time of examination. These crystals were long and 
slender, measuring less than a centimeter in thickness The prospect 
is reported to have yielded many transparent finely tinted bluish- 
green crystals. The pit to the southwest was made on a small vein 
of pegmatite 1 to 3 inches thick, cutting the granite in a N. 70° HE. 
direction, but apparently little topaz was found The pegmatite vein 
was traced over 100 feet toward the main working. Four other 
prospects were opened on the Bishop place and good topaz is reported 
to have been found at some of them. 

The topaz prospect of Sam Awalt is in low ground between the 
forks of a dry wash about 250 yards southeast of the house. About 
a dozen prospect pits have been made within an area 125 feet wide 
and 200 feet long east-northeast. The pits are irregular in shape 
and none of them are more than 25 feet across or 8 feet deep. The 
presence of water within a few feet of the surface made more difficult 
the working of the prospects. They are in part in gravel beds, but 
chiefly in deposits of pegmatite, which, with the coarse granite 
country rock, form a floor over part of the flat. No definite structure 
or relation between the pegmatite and the granite was observed, and 
the impression gained was that the pegmatite occurs as irregular 
masses developed around miarolitic cavities in the granite. The 
workings are scattered and it could not be ascertained whether the 
pegmatite exposed in each is all part of one flat-lying sheet or con- 
sists of a number of disconnected masses in a nearly horizontal zone. 
In the largest pit the pegmatite exposed ranges from a few inches to 
nearly 4 feet in thickness, and the deposit dips about 10° S. The 
texture of the pegmatite in this pit is coarse, and pockets were opened 
which measured over 3 feet across and 1 foot high. Besides massive 
quartz and microcline feldspar, rough crystals of each measuring as 
much as 1 foot across were found projecting from the walls of the 
cavities. Most of the quartz crystals had drusy surfaces but were 
transparent within. They were colorless to smoky, and some con- 
tained inclusions of many small cavities with or without bubbles. 
Most of the feldspar crystals were red, but some of a gray and pale 
bluish-green amazon stone variety were observed. x httle black 
tourmaline in long acicular crystals was associated with the quartz, 
penetrating some of the crystals in many directions. No topaz had 
been left exposed in the matrix at this prospect. 

In another pit 200 feet to the northeast the topaz-bearing rock is 

eculiar and different from that observed at the other prospects in 

ason County. The pit exposed a large mass of fine red felsitic rock 
through which were scattered red, gray, and greenish microcline, 
radiated groups or tuffs of clevelandite, colorless and smoky quartz, 
muscovite, and topaz crystals. The felsitic rock is dense grained 
and composed chiefly of feldspar, quartz, and fine needles of black 
tourmaline. It appears to be molded around the larger crystals of 
quartz and other minerals, in some cases showing a partial bandin 
parallel to their surfaces. The microcline, quartz, muscovite, nail 
topaz are in crystals of varying perros of perfection. All are frozen 
in the felsitic rock and are generally badly fractured by attemps to 
separate them. The radial groups of clevelandite measure several 


i 


GEMS AND PRECIOUS STONES. 687 


inches across, and many of them are aggregated around quartz crys- 
tals. The felsite has the appearance of growing secondarily around 
the larger crystals of the different minerals—that is, of filling portions 
of previously existing miarolitic cavities. 

The majority of the topaz from the Awalt prospect is colorless and 
of beautiful transparency, but a little clear delicately tinted bluish 
topaz was also found. 

The topaz prospect of Lee McGehee is about half a mile northwest 
of the Awalt prospect in a flat along a dry branch. Shallow pits have 
been dug over about an acre of ground on the west side of and a few 
feet higher than the bed of the dry stream. The pits are scattered 
here and there without any definite arrangement. The country rock 
is the coarse porphyritic red granite characteristic of the region and 
outcrops in flat ledges and large rounded bowlders. <A coarse angular 
gravelly soil formed by the decomposition of the granite covers much 
of the surface. The topaz occurs in a bed of such soil which has been 
transported a short distance only and deposited in its present position 
along with coarser gravel and small angular bowlders. The wash 
material has been deposited on disintegrated granite and because of 
the sharp edges of its components it is difficult to determine the line 
of demarcation between wash material and soil in place. So far all 
the topaz has been found loose in the wash along with other minerals 
commonly found associated with it. No gem pockets have been 
found in the granite, though the topaz-bearing wash has not been 
transported far from its source. Granite outcrops project above the 
wash within 100 yards to the southwest, and the dry stream has cut 
into the granite close to the topaz prospects. Among the minerals 
which have evidently come from the topaz-bearing pockets are quartz 
crystals, red, gray, and bluish-green microline fas ar, muscovite, 
and a small quantity of cassiterite. A number of the dark smoky 
quartz crystals one-half inch to 2 inches in diameter were coated with 
a thin layer of reddish-gray microcline. Topaz of very good quality, 
chiefly colorless but some of pale bluish-green tint has been taken 
from the McGehee prospect. Many of the crystals have been partly 
fractured or rounded by attrition so that they are not suitable for 
fine cabinet specimens. Some large, imperfect transparent crystals 
and fragments of crystals have been obtained, and among them the 
largest topaz found in the county. This specimen is now in the col- 
lection of the United States National Museum. It weighs 1,296 
‘ grams, or 45.7 ounces avoirdupois, and is mostly transparent and 
colorless. ‘Two opposite corners are tinted a faint bluish green. The 
crystal has a large cleavage plane base, with some of the other faces 
fairly well developed but partly dulled by etching and attrition by 
sand and water. , 

The Amarine prospects are a few hundred yards southwest of the 
Awalt prospect. Three pits 8 to 15 feet deep were opened at one 
place, and another pit 12 feet deep was made about 200 yards to the 
northwest. All of the workings are in hard rock and required blasting 
to open. In each opening red pegmatite was encountered in coarse 
porphyritic red granite. In the southeast prospects large red micro- 
cline feldspar crystals, massive and Ree quarts muscovite, black 
tourmaline, and purple and gray fluorite were observed. In the north- 
west prospect a pegmatite vein with an east strike and a 10°S. dip was 
exposed in coarse red granite. This pegmatite inclosed a vein of gray 
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quartz 5 to 12 inches thick. In other parts of the pegmatite there 
were coarse crystals of quartz and feldspar. No topaz was observed 
os a Amarine prospects, but Mr. Amarine reports that some was 
ound. 


TOURMALINE. 


CALIFORNIA. 


Mr. J. W. Ware, of San Diego, Cal., reports the discovery of a 
deposit of beautiful ‘Nile green” tourmaline at his ‘Mountain Lily” 
mine on Aguanga Mountain, in San Diego County. Many of these 
tourmaline crystals are of fine gem quality and have yielded beautiful 
cut stones. The tourmaline has not been found in large deposits 
and the associated minerals, quartz, lepidolite, orthoclase, and albite 
are similar to those in other tourmaline mines of San Diego County. 


MAINE. 


There was but little activity in the mining of tourmaline in Maine 
during 1913. A few discoveries of crystals were made in the course 
of feldspar mining on Mount Apatite near Auburn, but none of these 
were of great value. Brief visits were made to some of the Maine 
tourmaline deposits in June, 1913, and the information gained has 
been used along with abstracts from a report by E. S. Bastin.' 

Developments have been limited at the Mount Mica tourmaline 
mine, 14 miles east of Paris, Maine, during the last two years, and 
the results of these operations have not been very promising. A 
good description of this mine has been given by Bastin, and the 
earlier history by A. C. Hamlin? 

A large area on the summit of the hill has been worked over by an 
open quarry, which has progressed from the northwest to the south- 
east, with an irregular working face over 200 feet long. The early 
work was close to the surface but the dip of the formation has carried 
the work to the southeast deeper, ret it is now 20 to 30 feet deep 
along the face of the cut. No work was in progress at the time of 
examination in June, 1913, and the deeper parts of the cut were 
filed with water. Waste rock was rolled from the quarry floor to 
the hillside at the southwest end of the cut. Near the middle it was 
hoisted by derrick and piled back to the northwest on worked out 
ground or run on car and track conveniently located for such purpose. - 

The country rock is mica gneiss composed of layers or bands of 
schist, with varying texture and composition, injected by numerous 
layers and sheets of pegmatite. The schists are composed of numerous 
minerals, among which are quartz, muscovite, biotite, feldspar, garnet, 
and a finely columnar or fibrous mineral, probably fibrolite. The 
strikes measured on the schist were quite variable from nearly east 
and west to west of north, with dips of 10° to 25° to the south and 
east. The vein rock is pegmatite, the gems occurring in the upper 
part of a large mass of this rock, the thickness of which 1s not exposed. 
The gem-bearing layer of pegmatite is about 7 feet thick in places. 
It contains numerous cavities or pockets ranging from less than a 
pint in capacity to several feet across. This gem-bearing layer 


1 Geology of the pegmatites and associated rocks of Maine: U.S. Geol. Survey Bul, 445, 1911. 
3 The history of Mount Mica, Bangor, Maine, 1895. 
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differs from the ordinary pegmatite below in being slightly coarser 
grained and in containing pockets and lithia minerals. A thin layer 
of garnetiferous rock is present at the base of.the gem zone in many 
laces, and no pockets are reported to have been found below this 
ayer. The following notes on the mineral associations at Mount 
Mica are abstracted from Bastin’s report: 

The principal constituent minerals of the pegmatite are quartz, 
orthoclase, and microline, muscovite, biotite, and black tourmaline 
with the clevelandite variety of albite, lepidolite, and colored tour- 
malines in the gem-bearing zone. Graphic intergrowths of feldspar 
and quartz, so common in many of the other tourmaline-bearing 
pegmatites of New England, is comparatively rare here. Quartz is 
present in small irregular masses of white to slightly smoky color 
through the pegmatite and in groups of colorless crystals in the 
pockets. Orthoclase and microchine are the principal feldspars of the 
pegmatite and have been gathered up from the dumps for use in 
pottery. Muscovite occurs in graphic intergrowths with quartz, in 
bunches of ‘‘wedge” and ‘‘A’’-shaped crystals, and in flat crystals 
a few of which measure more than a foot in diameter. Some of the 
mica has a clear light rum color and good cleavage and is purchased 
by mica manufacturing companies. 

Lepidolite is plentiful in the gem-bearing zone and occurs in scat- 
tered crystals and in large aggregations or masses of crystals. One 
mass of lepidolite weighing nearly 10 tons was encountered during the 
work. Among other minerals of the pegmatite are amblygonite, 
spodumene, apatite, beryl, cassiterite, columbite, arsenopyrite, 
triphylite, zircon, and kaolin. 

Black tourmaline is very plentiful and occurs in elongated crystals, 
which range from small size up to 5 inches in diameter and over 2 feet 
in length. They occur only in the solid portions of the pegmatite. 
The colored tourmalines are found in the pockets and frozen in the 
solid pegmatite near the pockets. Nearly all of those of gem quality 
are found in the pockets, either loose in the bottom with kaolin and 
cookeite or attached to the walls. Some of the crystals are fresh and 
sound; others have been fractured; and still others have been found 
which appeared perfect but crumbled to pieces when handled. Some 
of ene contained hard fresh nodules or cores of fine gem tourmaline 
inside. 

The color and quality of the better tourmaline from Mount Mica 
are excellent. The crystals range in size to over a foot in length and 
6 inches in thickness. Green is the predominant color of the gem 
tourmalines but the mine has yielded some very fine rubellite, indi- 
colite, and achroite gems. The green tourmaline shades in color 
from olive green through emerald green to blue green. From color- 
less the achroite crystals qa into delicate pink, green, or blue. The 
indicolites are greenish blue and nearly sapphire-blue. The 1ubellite 
tourmaline from Mount Mica grades from pale to deep pink and nearly 
ruby-red. The combinations of the various colors mentioned in 
single crystals, either in shells of one or more colors around a core of 
another color or in layers across the crystal, have furnished some 
remarkable specimens now scattered through mineral collections in 
many parts of the world. A large number of unusually fine gems 
have been cut from the tourmalines of Mount Mica. 
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A small amount of work has been done on the land of James E. 
Bowker adjoining the land of Mount Mica Co. on the east. There is a 
good outcrop of the pegmatite on this property, and the reported 
results of the little work done would justify further development. 
Pockets with fine green gem tourmaline were found with the same 
association as in the main quarry. 

A number of quarries have been opened for feldspar and gems on 
Mount Apatite, about 34 miles west of Auburn, Maine. The early 
work was sporadic and chiefly in the nature of prospecting for gems, 
but in 1912 the Maine Feldspar Co. reopened some of the old pros- 
pects and started new work for feldspar. Other parties have also 
supplied feldspar to the Maine Feldspar Co. and have handled the 
gem and specimen minerals themselves. Some of these are E. Y. 
Turner, J. S. Towne, P. P. Pulsifer, and H. U. Greenlaw. The Maine 
Feldspar Co. and the Greenlaw quarries are on the east side of Mount 
Apatite, the Turner and the older workings on the south side, and 
the Towne and the Pulsifer quarries on the west side. 

As far as seen the whole summit of Mount Apatite, where opened 
by quarries, is composed of pegmatite, but the relations of this rock 
to the country rock are not exposed. Bastin’ gives evidence tend- 
ing to show that the pegmatite is a large flat-lying mass occupying 
the summit of the hill. 

The Maine Feldspar Co. has worked several quarries for feldspar to 
depths of 5 to 25 feet, and one quarry to nearly 50 feet in depth. 
Occasional pockets with gem tourmaline have been found in some 
of the quarries, and in places the surrounding rock carries colored 
tourmaline. The majority of the gem tourmaline was found in 
earlier days by N. H. Perry, Thomas F. Lamb, and other people 
prospecting on the old Hatch farm on Mount Apatite. The dis- 
coveries of gems by the Maine ae Co. have not been especially 
important. The tourmaline crystals found during earlier mining 
are described by G. F. Kunz? as colorless, light pink, light blue, 
light puce-colored, bluish-pink, and light green, and at times nearly 
all these colors are found in one crystal. E. S. Bastin states that 
later work by Thomas F. Lamb yielded tourmalines which cut into 
gems of nearly emerald-green color. Still later work -by the Maine 
Feldspar Co. on the east side of the top of Mount Apatite developed 
two gem-bearing pockets from which deep-blue indicolite crystals 
with a greenish tint were obtained. M. L. Keith, of Auburn, cut 
some gems of fair quality from them. In another quarry of this 
company on the east side of the hill, no gem pockets were found, but 
considerable massive beryl was obtained from the solid pegmatite. 

Three quarries have been worked on the land of HU. Greenlaw 
on the east side of the top of Mount Apatite, and at one of these, 
adjoining one of the quarries of the Maine Feldspar Co., a quantity 
of dark-pink lepidolite, talcose-like altered pink and blue tourma- 
line, cookeite, and other alteration products of original lithia minerals 
are found. Small pockets with a few colored tourmaline and a pink 
beryl eee are reported to have been opened here during the sum- 
mer of 1913. 


1 Geology of the pegmatites and.associated rocks of Maine: U. S. Geol. Survey Bull. 445, p. 53, 1911. 

BE on the tourmalines and associated minerals of Auburn, Maine: Am. Jour. Sci., 3d ser., vol. 27, pp. 303- 
jo, 1884. 
3 Op. cit., p. 52, 
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In the J. S. Towne quarry, on the west side of Mount Apatite, 
egmatite has been worked for both feldspar and gem tourmaline. 

he gems occur in a pocket-bearing zone dipping to the cast with a 
low angle. The pegmatite in the gem-bearing layer is stated by 
Bastin to be slightly coarser grained than the rest of the pegmatite 
and to contain clevelandite, lepidolite, and semitransparent green 
tourmaline frozen in the pegmatite near the pockets. The gem 
pockets yielded dark grass-green tourmaline and light-green erystals 
tipped with pink. Among other minerals of interest found in this 
quarry are amblygonite, zinc spinel, columbite, cassiterite, and 
herderite. 

A number of pits have been opened on the Pulsifer place from 100 
to 200 yards north of the Towne quarry. One of these was worked 
by W. R. Wade! and has been described by him along with other 
gem deposits of Maine. Bastin has given a good description of the 
Pulsifer quarries also. The pegmatite is approximately iat. It 
consists of graphic intergrowths of quartz with orthoclase and micro- 
cline. Near the base of the gem zone is a layer carrying fine garnets. 
The garnet-bearing layer is nowhere over 14 inches thick and has 
been traced continuously for more than 50 feet. Lepidolite is 
abundant near the pockets and considerable green, bluish-ereen, and 
blue indicolite and pink tourmaline are frozen in the pegmatite in 
places. Some of the pockets carry good crystals of partly trans- 
pent tourmaline of the same colors. A number of pockets have 

een opened, especially toward the south part of the quarry, which 
yielded transparent purple, bluish, and pink apatite crystals. Besides 
those found by Mr. Wade some 10 or 12 years ago, other pockets 
with purple apatite have been opened by Mr. Pulsifer within the 
last two years. These apatite crystals are best suited for cabinet 
specimens. They could be cut as gems, but owing to the comparative 
softness of the apatite, they would not wear well. 

Pockets carrying gem tourmaline have been found irregularly dis- 
tributed through the A. R. Berry quarry, 14 miles southeast of Minot, 
in the town of Poland. The quarry is situated in a large outcrop of 
pegmatite on the north end of a low ridge, a few hundred yards south 
of Little Androscoggin River. Mr. Berry has opened a number of 
pockets in this quarry, some of which yielded gem tourmaline, chiefly 
green and blue, with a little pink. Among other minerals of interest 
found here are crystals of herderite, lepidolite, greenish-blue and pale- 
lavender apatite, beryl, and amblygonite. 

The best gem discoveries were made in 1910 to 1912 by F. L. Havey, 
of the Maine Feldspar Co., who worked a part of the Berry quarry 
on a lease. Several pockets yielding tourmaline of especially fine 
quality were found. From the last pocket, opened in October, 1912, 
11 pounds of crystals were obtained. Sufficient tourmaline was db- 
tained by Mr. Havey to arrange several characteristic collections 
showing the variations in crystal development and color with gem 
and semigem material and to supply an abundance of material suit- 
able for cutting into gems of fine quality. The crystals grade from 
small size to those more than an inch thick and several inches Jong. 
Some have nearly hexagonal outlines, but the majority are more tri- 
angular with rounded cross section. The terminations are present 
on thé end of the crystals only in most specimens and consist of 


1 The gem-bearing pegmatites of western Maine: Eng. and Min, Jour., vol. 87, pp. 1127-1129, 1909. 
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scalenohedrons capped by rhombohedrons. Most of the crystal faces 
do not show a high polish but are slightly etched and pitted. Green 
is the predominant color of the tourmaline, and many of the crystals 
are rich bluish to nearly emerald-green. The crystals from the last 
pocket opened were said to be darker and to have more of an olive- 
green color than those from pockets found earlier. A few of the crys- 
tals are pink; but where pink is present in the tourmalines it occurs 
for the most part only in the terminations. The crystals from the 
last pocket opened have less pink than those taken from the earlier 
pockets and some of them are salmon-pink. 

The gems cut from the best tourmanines, found by Mr. Havey, are 
brilliant and have a fine deep-green color. The lighter colored stones 
with shades of blue are also beautiful. Most of these tourmalines 
are cut by lapidaries in the State and are held for local sale at good 

rices. 

" At Mount Rubellite, 14 miles northeast of Hebron, several small 
openings have been made on the northwest slope of the hill. Most 
of them are now partly filled with rubbish and nearly concealed by 
a thick growth of saplings and brush. Mount Rubellite is a low 
rounded hill, rising about 150 feet above the valley on the northwest. 
Pegmatite ledges outcrop over large areas on the summit of the hill 
and along the west side. Streaks of quartz-mica gneiss are included 
between the layers of pegmatite with a north to northwesterly strike 
and an indeterminate dip. Pale translucent rose quartz and masses 
of graphic granite were observed in several outcrops of pegmatite on 
the summit of the hill. The main working consists of an open cut 
with a 50-foot face half way up the hillside. Some of the minerals 
commonly associated with gem tourmaline were seen on the dump, 
such as white clevelandite, greenish apatite, and altered pink and 
green tourmaline. Bastin states that niost of the tourmaline was 
found frozen in the pegmatite and was therefore removed with diffi- 
culty. Rubellite-colored tourmalines were common, whence the 
name of the hill. 

A small quantity of gem tourmaline was found in the Mills feldspar 
quarries on Number Four Hill near the line between the towns of 
Hebron and Paris. ‘Two pits were opened, about a quarter of a mile 
apart in a northwest-southeast direction. Gem tourmalines appear 
to have been found only in the northwest opening, the other pit yield- 
ing, besides the feldspar, only opaque beryl and bunches of wedge- 
shaped mica crystals. The northwest pit was operated by the Mount 
Marie Mining Co., the last operations being in 1911. Most of the 
feldspar is very light colored orthoclase or microcline, but some albite 
and clevelandite are found. Graphic granite and masses of quartz 
occur in large thick bodies. A few colored tourmalines, mostly 
opaque, are scattered through parts of the pegmatite, the majority 
being inclosed in or associated with muscovite and lepidolite. Bastin 
states that pockets were encountered in the earlier workings, and from 
these transparent tourmaline was obtained. Quartz occurs in trans- 
parent to translucent masses of white, gray, smoky-brown, amber, 
and rose colors. Among other minerals observed were pale-green 
beryl, columbite, and blue and green apatite. 
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TURQUOISE. 


ARIZONA. 


Turquoise Mountain, in Cochise County, Ariz., has been a point 
of interest for anumber of years. W. P. Blake ' mentions the locality 
in 1883, describing extensive ancient workings on the south face 
of the mountain. Large piles of waste had been thrown out from 
them and on this débris century plants and various desert cacti were 
growing. Blake was of the opinion that the deposits were worked 
before the day of the Apaches. He was successful in finding only 
light apple-green and pea-green specimens of turquoise on the dumps 
and a very little with a suggestion of blue. From this he believed 
the deposits were not so rich as at Cerrillos where there were 
much larger prehistoric excavations. Remains of ancient workings 
can still be seen, and hammers made of quartzite and some of basic 
igneous rocks can be found on Turquoise Mountain. Very little has 
been published regarding the modern operations at this eeu 

Turquoise Mountain (now sometimes called Turquoise Hill) is 1 
mile northwest of Courtland. It is a ridgeike prominence about 
half a mile long in a N. 25° W. direction, with steep cliff-like sides. 
The greatest elevation is nearly 5,400 feet above sea level, or 300 to 
400 feet above the surrounding valleys. The highest parts are near 
the ends, the southern end of the hill being a knob and wider than 
the northern end. The region is desert, vegetation on Turquoise 
Mountain consisting chiefly of cacti, grease wood, and sage brush. 

The majority of the workings for turquoise are along the west 
side of the hill, but other openings have been made on the summit and 
on the eastside. All the openings are within an area about 1,200 fect 
long and 400 feet wide. There are four principal groups of workings, 
with other scattered prospects. Three of these are on the west side 
of the ridge, one about 100 yards northwest of the knob at the 
south end, another near the middle of the ridge about 400 feet to the 
north, and the third 200 to 300 feet farther north. The fourth group 
is on the east side of the ridge about 500 feet north of the knob at the 
south end or nearly 100 yards northeast of the first group. More 
than 20 openings pee been made, consisting of prospects, pits, 
shafts, open cuts, and tunnels with stopes. Over 1,500 feet of tun- 
nels have been driven in the hill with stopes and winzes. 

In the first group of workings there are two open cuts, a shaft 50 
feet deep, and about 500 feet of tunnels with large stopes. The shaft 
connects with drifts from the crosscut tunnel from the hillside 
below. In the second group there are over 300 feet of tunnels, a 
shaft 50 feet deep, and an open cut. In the third group there is an 
open cut about 40 feet long, 15 to 30 feet wide, and 30 feet deep, with 
over 400 feet of tunnels and a shaft 60 feet deep in the bottom of the 
cut. In the fourth group on the east side of the hill there are two 
open cuts and nearly 200 feet of tunnels with stopes from the lower one. 
Other workings consist of numerous pits, a few small open cuts, and 
several tunnels, some on the knob south of the workings described 
and others to the north. 


1 New locality of the green turquoise known as chalchuite: Am. Jour. Sci., 3d ser., vol. 25, p. 197, 1893. 
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The summit and steep upper slopes of Turquoise Hill are composed 
of massive quartzite, considered to be of Cambrian age by F. L. Ran- 
some.1 Some of this quartzite is fairly coarse grained and feldspathic 
with the feldspar pantie decomposed. Along the western slope of the 
hill, below and close to the turquoise deposits, there is an igneous rock 
so badly altered that it can not be readily identified. Ransome has 
called it granite, stating that a similar rock to the southwest is intru- 
sive into the quartzite. Thecontact exposed in‘some of the turquoise 
workings is that of an intrusive rock, but it was not possible to dis- 
tinguish between this altered granite and altered quartz monzonite 
outcropping a few hundred yards to the west. In hand specimen 
the rock consists of numerous gray quartz grains in a soft kaolin-like 
matrix. Under the microscope the matrix is found to consist almost 
entirely of fine sericite. Owimg to the fracturing in the quartzite 
and granite along their contact and the abundance of claylike material 
in the joints it is not easy to distinguish the contact in some places. 
The contact measured in one of the tunnels had a north strike and a 
dip of 75°E. The quartzite strikes nearly north and south with a dip 
of 60° to 70° E. A prominent system of bedding joints with a 
north strike and a dip about 70° E. with less prominent cross joints 
has been developed through the whole quartzite. Many of these 
joints have been filled with veinlets of white claylike material, 
which the microscope shows consists largely of massive fine sericite. 
Brown limonite stains are present in some of the joints and veins 

The turquoise occurs in seams and veinlets as a filling in the joints 
and as nodular or concretionary masses in the sericite veins. Most 
of the material mined is in the quartzite, but some turquoise was 
found in the decomposed granite. The veinlets of turquoise are 
rarely as much as an inch thick and but little of the fine gem tur- 
quoise occurs in veinlets over one-fourth of an inch thick. The 
sericite veins are as much as 2 inches thick, and in places carry rough 
nodular or botryoidal aggregates of turquoise over an inch thick. 
A study of the deposits shows that the best turquoise occurs in vein- 
lets, most of which are less than one-eighth of an inch thick. The 
thicker veins and some of the nodular turquoise is commonly green- 
ish-blue or greenish and some is very pale blue and soft. 

From a careful examination of the dumps and workings it was 
evident that turquoise of exceptional quality was found in Turquoise 
Mountain. The smaller pieces of fine gems found were translucent, 
pure dark blue with a fine dense texture. Such turquoise would cut 
into gems of the finest quality. A quantity of good matrix was 
undoubtedly obtained, for many small fragments of turquoise mot- 
tled with limonite were seen around the workings. 


CALIFORNIA. 


Several large turquoise mines have been operated in the northeastern 
part of San Bernardino County, Cal., and in adjoining parts of Nevada. 
Among these mines were West Camp of the Himalaya Mining 
Co., Middle Camp and East Camp of the Toltee Gem Mining Co., 
in California, and the Wood’s mine, in Nevada. West Camp, of the 
Himalaya Mining Co., was described in this report for 1911 It is 
near the head of Riggs Wash, 12 miles N. 60° E. of Silver Lake, a 


1 The Turquoise copper-mining district: U.S. Geol. Survey Bull. 530, pp. 126-127, 1912. 
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station on the Tonopah & Tidewater Railroad. Middle Camp is 2 or 
3 miles east of West Camp, and East Camp is 8 miles due east, or 
about 12 miles by road, of West Camp. These mines have not been 
operated for several years and as they are in a desert region, the 
writer has had difficulty in obtaining guides competent to take him 
to the camps in the brief time available for such trips. West Camp 
was reached from Silver Lake in 1911, but the teamster was not 
acquainted with the location of the other mines or springs, so that 
search for them had to beabandoned. A trip was made from Nipton, 
Cal., a station on the San Pedro, Los Angeles & Salt Lake Railway, 
to East Camp in August, 1913, but again the location of Middle 
Camp was not known. Nipton is 31 miles N. 85° E. of East Camp. 
All the camps can best be reached from Silver Lake if proper equip- 
ment for the trip and a guide familiar with the location of the few 
wells and springs afforded by this region can be obtained. 

The Ivanpah topographic sheet, issued by the United States Geo- 
logical Survey, is an excellent map of the region around the turquoise 
deposits and the country to the east, beyond Nipton. Unfortunately 
the region west of the mines toward Silver Lake is not included in 
this map. The turquoise mines are located in a range of rough hills 
or mountains extending east of south from Shadow Mountains. The 
crest of the range is near the east side and from it long valleys, the 
lower parts filled with wash material, drain westward into Silver 
Lake. Along the western side of the range, the relief between valleys 
and hills is greater than on the eastern side. The elevation of West 
Camp is about 3,700 feet and of Hast Camp about 4,300 feet above 
sea level. . 

There is no water supply near the mines of the Toltec Gem Mining 
Co., and water had to be hauled several miles for camp use. Water 
was obtained from a well 80 feet deep at the Himalaya Mining Co.’s 
mine. The vegetation is that typical of the desert, of which coarse 
pee ne yucca cacti, almost large enough to be called trees, are 

entiful. 

3 According to the information furnished by Mr. Gus Hamstadt, of 
Nipton, the turquoise deposits were discovered by an Indian named 
Prospector Johnnie, who located them in 1894 in partnership with G. 
Washineton and Peter Phifer. Mr. Hamstadt carried some of the 
turquoise to New York in 1896, selling a quantity and getting parties 
interested in the deposits. The various interests in the claims were 
purchased by J. R. Wood, of New York, and operations were com- 
menced at Kast Camp in 1897 under the name of the Toltec Gem 
Mining Co. Later Middle Camp and West Camp were opened. 

Kast Camp is located in a draw, draining southwest toward Halloran 
Springs, about three-quarters of a mile west of the point where the 
road to the old Valley Wells copper smelter crosses the summit. 
The draw is not deep, and part of the workings are in a low gap 
between it and the head of another valley on the north, which drains 
east. Prospects have been opened for a distance of half a mile along 
both sides of the draw, but the principal workings are within 250 
yards of the mine buildings. There were numerous prehistoric work- 
ings, but many of them have been obliterated by recent operations, 
and only a few of the smaller ancient pits can now be seen. A num- 
ber of broken stone hammers used by the ancients were seen around 
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some of the workings. The prehistoric workings were widely scat- 
tered and served as guides to the modern workings. Mr. Hamstadt 
states they were chiefly pitlike holes rarely over 15 feet deep and from 
10 to 25 feet across. 

Probably the most important workings were those 250 yards north- 
west of the camp, in the hillside near the summit of the low gap. An 
open cut 100 feet long in a N. 60° W. direction, 30 feet wide, and 15 
to 20 feet deep, two shafts about 40 feet deep, at least 300 feet of 
tunnels, and stopes were made at this place. Tunnels were driven 
in from the hillside to the south and connected with the bottom of the 
open cut by shafts or stopes. Other tunnels were made from each 
end of the open cut. Among other large workings were deep shafts 
near the camp, open cuts and tunnels north and also west of the camp 
on both sides of the draw. Some of these openings were large, con- 
sisting of open cuts 20 to 40 feet long and 10 to 25 feet deep and tun- 
nels aggregating several hundred feet in length. 

Varied types of rock are exposed in the turquoise region. Along 
the road to Valley Wells coarse porphyritic biotite granite, inclosing 
masses of diorite outcrops for a distance of several miles. In the 
hills south of the mine is a metamorphic series containing hard 
quartzite, biotite schist, mica gneiss, etc. The turquoise-bearing 
area is bounded by biotite schist on the west also, and this in turn is 
overlain by a mesa-forming basalt flow. The turquoise deposits are 
in coarse porphyritic granite and a porphyry which is probably the 
monzonite type, slightly quartzose, occurring in the form of dikes. 
One of these dikes about 250 feet wide cuts the granite with a north- 
west strike on the north and within a few feet of the mine buildings. 

Both the coarse granite and the porphyry have been so fractured 
and decomposed near the turquoise deposits that it is difficult to 
distinguish between them. Decomposition has resulted in sericitiza- 
tion and kaolinization of the feldspars of the rocks with a deposition 
of a quantity of limonite iron stains and probably also some secondary 
silica. Extensive fracturing or jointing opened many channels for 
the passage of the water or solutions which caused the decomposition. 
Later solutions carrying the elements of turquoise and passing through 
the same channels deposited turquoise in seams and veinlets and in 
nodular masses imbedded in kaolin or sericite in larger veins. Some 
of the turquoise is in light-colored matrix, but in other places the 
matrix is heavily stained with limonite. The abundance of limonite 
stains in the altered rocks, with which the turquoise is associated, 
indicates that a quantity of pyrite or other iron sulphides have been 
decomposed during the weathering. Limonite pseudomorphs and 
rusty cavities left by weathered pyrite were observed in the fracture 
zones near the turquoise veins. Veins of chrysocolla and limonite 
stains were found in a prospect nearly 300 yards east of the camp 
buildings in another small body of porphyry. 

The majority of the gem turquoise found at East Camp was in 
nodules or nuggets. These ranged in size from small specimens to 
those over an inch across, as a rule the larger pieces being of poorer 
pee Some jarge nuggest of high-grade turquoise are reported to 

ave been found, however. George I’. Kunz! mentions one specimen 


1 Gems, jewelers’ materials, and ornamental stones of Caliiornia: Calitormia State Min. Bur. Bull. 37, 
p. 153, 1905 
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mined by the Toltee Gem Mining Co., which cut into a perfect oval 
gem of rather pale blue, measuring 32 by 45 millimeters and weighing 
203 carats. The best turquoise ranged from pale pure blue to fairly 
dark nearly pure blue. A quantity of of ctseea greenish-blue and 
some soft pale-bluish See eae was observed around the workings 
.The best gem turquoise was hard and had a dense texture. Besides 
fine pure gems, some very pretty matrix was obtained during mining. 


NEVADA. 


The Wood turquoise mine, near Crescent, Nev., also called one of 
the Toltec mines, was opened by J. R. Wood, of New York, about the 
same time as the other deposits of the Toltee Gem Mining Co. in 
California. The mining was conducted by Milton Mundy, now of 
Hart, Cal. The remains of prehistoric workings, with stone hammers 
scattered about them, served as a guide for modern development. 
Parts of these ancient workings He a few broken stone hammers 
can still be seen near the recent excavations. The region is rough, 
rocky, and desert with the characteristic vegetation consisting chiefly 
of cacti and sage brush. The mine is 3 miles 5S. 75° E. of Cresent, in a 
gulch-broken valley south of Crescent Peak. Openings have been 
made over an area about a quarter of a mile wide and half of a mile 
long and extending north up on the side of Crescent Peak. The 
elevations at the different openings range from 5,100 to 5,400 feet, 
Crescent Peak being 6,001 feet above sea level. ‘Two principal groups 
of workings were made, one on the side of Crescent Peak and the 
other along both sides of a gulch draining southwest about one-third 
of a mile to the south. A camp had been established on a ridge 
between the two groups of workings and a few hundred yards 
southwest. 

There were two sets of workings in the south group, one on the 
southeast side of the gulch and the other about 100 yards northwest 
across the gulch. On the southeast side of the gulch a tunnel has 
been driven east into the hillside 150 feet, about 15 feet above the 
bottom of the gulch and about 75 feet below a small rocky knoll. 
There were branching tunnels and stopes connecting with an open 
cut about 50 feet higher. This open cut was 60 feet long and 10 to 
20 feet deep, with short tunnels and a shaft feeding a chute into the 
tunnel below. Other smaller tunnels and pits were made on the 
hillside and near the summit of the knoll where there were several 
small ancient workings. 

On the northwest side of the gulch 3 principal workings were made 
within an area of about 200 feet square, the upper one an open cut 
20 by 40 feet across and 15 feet deep, another, 50 feet lower down on 
the hillside, an open cut 50 feet long and 10 feet deep with short 
tunnels, and the ened 25 feet still lower down, a tunnel 240 feet long 
driven northwest under the other workings. 

In the group on the side of Crescent Peak the principal workings 
consisted of an open cut 50 feet long and 20 feet deep, a tunnel 100 feet 
long driven into the side of a gulch under and about 20 feet lower 
than the cut, and an inclined shaft 200 feet deep on a dip of 50° NW. 
Other workings were a 75-foot tunnel across the gulch to the east, 
a 25-foot shaft on the ridge about 100 yards to the east, an open 
cut 30 feet long in the east side of another gulch about 200 yards to 
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the west, and several smaller prospect pits scattered over the 
mountain side. 

Other prospects were made in the gulch north of the camp and on 
the hills south of the workings described above. The small develop- 
ments at these places indicate that no finds of importance were made. 

The rock exposed in the turquoise-bearing area is a decomposed 
DEES of granitic or quartz monzonitic nature. In some of the 
ess decomposed phases both pink orthoclase or microcline and white 
plagioclase can be distinguished in hand specimens along with 
quartz and biotite. In some of the more altered phases there are 
grains of quartz scattered through chalky white masses of sericite, 
kaolin, or other alteration products of the original rock. Fracturing 
and jointing of the rock have been extensive, doubtless rendering 
more easy the decomposition and the spreading of the alteration 
products. In places brown and yellowish stains of limonite and 
jarosite are abundant. The decomposed rock along some of the 
fracture zones has been hardened by hmonite acting as binding 
material or cement. Secondary quartz is scattered through the rock 
in veinlets and small irregular masses and in places sericite has de- 
veloped plentifully. Clay gouge seams and veinlets have formed in 
many of the joints and fractures. 

The occurrence of the turquoise in the different workings is very 
similar. <A large proportion of it occurs in nugget or nodular form 
in fractured portions of the rock, and some occurs in seams and 
veinlets. In many places several nodules are grouped together. 
The nodular turquoise is embedded in the white claylike masses of 
the gouge veins or in similar material in badly altered parts of the 
rock along fracture zones. The turquoise nodules removed from this 
matrix are coated with white chalklike shells, which have to be 
chipped or ground off before the quality of the gem can be determined. 
Sericite is an important constituent of much of the white claylike 
gouge deposits. In places the claylike matrix and associated tur- 
quoise have been cemented into hard masses by limonite. Quartz, 
in rough crystals, is occasionally associated with turquoise in some 
of the veinlets. A quantity of soft nodular, pale-blue to bluish- 
green turquoise or semiturquoise, was found in several of the pros- 
pects, especially on the steep spur east of the main working on the 
side of Crescent Peak. Limonite stains were abundant in the sur- 
face rock on this spur and indications seemed favorable for the open- 
ing of a good deposit of turquoise. The prospect shaft at this place 
failed to locate any good gem material, however. The nodules of 
a range in size up to more than an inch across and generally 
yield pure turquoise and but little matrix. The better turquoise 
ranges from light to medium dark pure blue of a shade sometimes 
called ‘“‘baby blue.’”’ The texture is dense and the mineral over 6 
in hardness. 

Owing to the occurrence of most of the turquoise in nodular masses 
embedded in claylike matrix, it was difficult to save all the gem 
material in mining and a quantity of good turquoise passed to the 
dumps. Some of these dumps might be profitably worked yet, 
though their surfaces have been picked over many times by visitors 
to the mine. Evidently puueiee was rather plentiful in the larger 
workings, as so much was allowed to go over the dumps and it was 
still found profitable to carry on extensive operations. 
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Other turquoise prospects are reported to have been opened by 
Smithson & Phillips about a mile east of the Wood mine on the east 
side of the divide extending south from Crescent Peak. 

A turquoise prospect was opened several years ago, 1 mile south 
of Crescent near the head of a small valley. This deposit is now 
owned by G. W. Morgan, of Crescent, Nev. The workings consist 
of a tunnel 75 feet long driven southward into a hillside and con- 
necting with a shaft 35 feet deep on an incline of about 70° E. with 
two smaller pits. The country rock is a dark granular igneous rock 
of granitic or quartz monzonitic nature. It is cut by a finer grained 
light colored rhyolite. Both rocks have partly altered, and the 
rhyolite has been hardened by secondary quartz. The turquoise 
occurs in seams and veinlets, chiefly in the rhyolite. In places the 
turquoise shows a tendency to nodular development in the veinlets. 
Fragments of greenish, pale-blue, and some good nearly pure-blue 
turquoise were observed around the workings. Mr. Morgan states 
that about 200 pounds of turquoise and matrix were obtained, for 
some of which offers of $20 a pound were received. 


NEW MEXICO. 


The turquoise deposits of the Jarilla mining district have been 
mentioned in several of these reports by George F. Kunz. They 
have been referred to as near Las Cruces, for many years the nearest 
railroad point. W. #. Hidden’ furnished one of the best early 
descriptions of the locality. He mentions at least 10 prehistoric 
workings and states that mining was in progress at the time of his 
visit in 1893. 

The following information was furnished by Mr. Allen Culver, of 
Brice: The mine known as the Tiffany mine was worked by David 
King about 20 years ago and yielded a quantity of good turquoise. 
The De Meules mine was worked two years preceding 18°98, when De 
Meules, the owner, was murdered by José Flores as the result of a 
are over a payment for Flores’s services as a witness at Las Cruces. 

he property 1s reported to have yielded $60,000 worth of turquoise 
in the last year of operation by De Meules. Later it was leased hy 
Cy Ryan and Tom Kelly, yielding a large quantity of good turquoise. 
The claim of Luna, Moreno & Ascarate was worked about 13 years 
ago and proved fairly productive. For the last several years only 
assessment work has been done. The Tiffany mine has been pat- 
ented under the name of the Alabama claims, the only patented 
turquoise claims in the district. 

The turquoise deposits of the Jarilla mining distiict are in two 
groups, about 2 and 4 miles, respectively, northwest of Oro Grande, 
a Station on the El Paso & Southwestern Railroad, about 60 miles 
northeast of E] Paso. One group of claims is about one-third of a 
mile west of Brice, a post office on a spur from the railroad 2 miles 
from Oro Grande. The other group is 14 to 2 miles north of Brice. 
Prominent among the deposits of the northern group are the old De 
Meules mine and the Laura claim of F. B. Stuart, of El Paso. In the 
southern group are the Alabama claims (locally called the ‘‘Tiffany”’ 
mine) and the claim of Luna, Moreno & Ascarate. 


1 Two new localities for turquoise: Am. Jour Sci., 3d ser., vol. 46, pp. 400-401, 1893. 
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The group of hills in which the Jarilla mining district is situated 
rises several hundred feet above the plains country on the east. In 
the region around the turquoise mines the hils are steep, with basin- 
like valleys among them. The northern group of turquoise deposits 
is in such a basin with outlet to the east, and the southern group is in 
a smaller basin with outlet also on the east through a draw draining 
into the main gulch through Brice. The turquoise deposits lie chiefly 
around the edges of the basins near the foot of the steepei slopes, at 
an elevation of approximately 4,600 feet above sea level. The 
country is arid, and vegetation is slight and typical of the desert. 

According to Waldemar Lindgren ! the Jarilla Hills consist of car- 
boniferous limestone strata domed up by an irregular intrusive mass 
of fine-grained monzonite porphyry. Interesting deposits of andradite 
garnet, diopside, quartz, epidote, hematite, and pyrite have been 
formed along the contacts between the limestone and porphyry. 
Observations by the writer show sill-like sheets of porphyry inter- 
bedded with the limestone with contact mineral zones between each. 
There has been faulting, so that the outcrops of the strata do not 
retain symmetrical positions around the sides of the basins. The 
turquoise deposits are in the lowest sill or possibly in the top of the 
main part of the laccolitn intrusion exposed in the basins. 

Tne De Meules mine consists of two sets of workings near the west- 
ern part of the basin, one on the north side of a draw and the other 
about 175 yards to the south across the draw. Both are in gentle 
sloping ground at the foot of the hills. At the north workings an 
open cut 40 to 50 feet across and 20 feet deep has been filied tp, but 
some of the branching tunnels extending northeast from it are still _ 
open. These tunnels probably aggregate over 300 feet in length and 
open into irregular rooms and small stopes, some of which extend to 
the surface. They are probably nowhere more than 25 feet deep. 
Other prospects were opened around the workings. At the south 
workings a dozen or more irregular cuts, pits, and shallow shafts with 
ground-hog tunnels were made. One old shaft was about 40 feet 
deep. The dumps of waste rock fiom both sets of workings are large, 
and it is probable there have been more extended underground work- 
ings than could be seen at the time of examination. 

The rock at the De Meules mine is decomposed monzonite porphyry. 
The stage of decomposition varies but is more advanced near the 
turquoise deposits than at some distance from them. The less altered 
porphyry is a dark-gray rock, showing white feldspar and biotite 
phenocrysts. The altered phases are light-gray to light brownish- 
gray with numerous white spots. In the turquoise-bearmg areas 
the porphyry has been broken into small blocks by numerous joints. 
The jointing has aided in the decomposition of the rock by furnishing 
channels for the passage of water. The joints cut the rock in severa 
directions, but in the north workings the tunnels followed two sets 
of joints carrying turquoise and striking northeast and northwest with 
high to vertical dips. Here one prominent joint or fissure striking 
northwest across the end of the tunnels carried both quartz and 
chrysocolla, with a small amount of turquoise. Prospects to the 
north and to the west of the underground workings exposed much 
chrysocolla in seams and veins with but little turquoise. The jomts 


1 The ore deposits of New Mexico: U.S. Geol. Survey Prof. Paper 68, p. 185, 1910. 
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and seams in the rock exposed in the south workings are heavily 
stained with brown limonite, but those in the north workings are 
less heavily stained with iron oxides. Numerous small, fresh pyrite 
crystals were observed in the partly decomposed monzonite wall 
rock at the north workings. 

The turquoise at the De Meules mine occurs as fillings in joints, 
small fissures, and fracture zones. Some of it forms solid veinlets, 
and some shows a tendency to nodular development in the veins 
with limonite-stained sericite or kaolin filling the interstices. Tur- 
quoise of various grades was found ranging from pale blue to dark 
blue, bluish green, and green. Some of the good blue turquoise was 


» dense and hard and yielded gems of good grade. Very pretty matrix 


was observed, in which the turquoise was mottled with irregular 

atches of limonite and limonite-stained quartz in the veinlets. A 
Hittle soft pale-blue ‘‘semiturquoise” was observed, especially in 
seams cutting the decomposed monzonite, in which there was very 
little limonite stain. 

The prospects on the Laura claim, belonging to F. B. Stuart, of 
El Paso, are about a third of a mile east of south of the De Meules mine. 
There are two sets of workings, one in the gently sloping ground at 
the foot of a hill and the other about 200 yards northwest in the 
hillside. In the south workings three shallow shafts or pits, 15 to 
20 feet deep, were made in decomposed spotted grayish monzonite 
porphyry. The rock has been strongly fractured, and limonite stains 
filled many of the joimts and pore spaces. Turquoise was found 
rather plentifully in veinlets and nodular masses and some of it was 
dense and hard with a fairly pure blue color, ‘The best may be desig- 
nated as ‘‘baby-blue.’”’ A quantity of pale-blue and soft or semi- 
turquoise had been left on the dumps. There was much turquoise 
suitable for matrix, which would yield gems of good blue handsomely 
mottled with brown limonite stains. 

At the north prospect there are some pits and a tunnel driven into 
the hillside near the contact of the porphyry with overlying siliceous 
slate. Both rocks have been strongly fractured and are heavily 
stained with limonite. A quantity of rather soft pale-blue and 
bluish-green turquoise had been thrown out on the dumps, and 
some was still exposed in the workings. The intimate association of 
this turquoise with limonite would furnish a quantity of mottled 
matrix of medium grade. If better turquoise was found during 
ae as may have been, it would yield’a beautiful matrix. One 
of the prospect pits a few feet south of the tunnel exposed a vein of 
gypsum cutcng the rock formation. Turquoise occurs in seams, 
Ee and nodules both in the porphyry and in adjacent siliceous 
slate. 

A little turquoise was found in a prospect opened for copper and 
other minerals by Allen Culver on the southeast side of the basin 
about two thirds of a mile southeast of the De Meules mine. Several 
open cuts, a 60-foot tunnel driven southeast into the hillside, and a 
shaft at least 100 feet deep were made here. The rock formation is 
quite similar to that at the De Meules mine, consisting of partly de- 
composed monzonite porphyry. No turquoise was seen in place in 
the rock, but there were many small pieces scattered around the 
dumps. Some of the rock was heavily stained with limonite along 
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fractured zones. A little turquoise of pure light blue was seen, but 
the majority had a greenish cast and some was very soft. Specimens 
on the dumps showed that the turquoise occurred in seams and 
veinlets with nodular development in places. 

The Alabama claims are on the southeast side of the smaller basin. 
There are two principal sets of workings, one in the steep hillside on 
the south of the draw draining the basin and the other about 250 

ards south-southwest in a low walled hollow, forming part of the 

asin. The latter workings are the most important and occur in 
three groups about 100 yards apart. The principal ones are in the 
hollow and consist of an open cut 60 feet long in a northwest direction 
and 20 feet deep, with several crosscut trenches and pits. Turquoise 
occurs in seams and veinlets cutting the rock in all directions. Limo- 
nite stains are abundant both in the turquoise veinlets and through 
the rock. <A deposit of pale bluish (copper) tinted alum had formed 
in one part of the open cut. Turquoise of a fine dark-blue color and 
hard dense texture was obtained from this working, along with some 
of poorer quality. Beautiful matrix could be cut from some of the 
veinlets containing intermixed limonite. 

Two small open cuts and a shaft were made on the hillside about 
100 yards east of south, but turquoise of an inferior grade only was 
seen around the workings. In another place about 100 yards north 
of west of the main working two shafts had been sunk in an open cut. 
Turquoise was found rather plentifully in these openings and a quan- 
tity of soft pale-blue semiturquoise had been thrown on the dumps. 
There was much nugget or nodular turquoise here as well as that in 
veinlets. The decomposed rock in this prospect is not heavily stained 
by limonite as at the other openings. 

In the other group of workings on the south side of the draw, 5 
small open cuts and pits and a shaft over 100 feet deep were made in 
a height of 75 feet in the hillside. Remnants of prehistoric workings 
can still be seen but most of them had been ahliceagl by modern 
excavations. Evidently numerous veinlets of turquoise had been 
followed in the open cuts, but apparently little turquoise was obtained 
from the lower part of the deep shaft. 

The claim of Luna, Moreno, and Ascarate is across the draw about 
150 yards north of the north workings of the Alabama claims. Sev- 
eral pits and open cuts have been made in the hillside within an area 
of 75 by 125 feet ina northwest direction. One of the cuts is 50 feet 
long and 18 feet in greatest depth, with short tunnels driven from it. 
The joints and fracture zones have been heavily stained with limonite. 
The turquoise veinlets had been carefully gouged out during the last 
operations and little of the mineral had been allowed to go on the 

dumps. Turquoise of good grade is reported to have been found, 
however. A deposit of limonite or copper aes 2 feet thick had 
been opened in a prospect about 75 feet west of the turquoise workings. 

The country rock exposed in this smaller basin is dark-gray monzo- 
nite porphyry, in some places showing but little decomposition. 
Around the turquoise deposits-it has been fractured and decomposed 
to varying degrees. In some places it is a rather light gray or white, 
with or without limonite stains, and as such it is difficult to see any 
relation to the fresh rock. In other places it is spotted gray or brown- 
ish gray and shows in part the texture of the original monzonite 
porphyry. In the north working of the Alabama claims much of the 
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surface rock is strained brown with limonite, but the rock from the 
deep shaft is hard, altered, light-gray porphyry carrying disseminated 


rite. 
PY TEXAS. 


Turquoise has been mined intermittently ute the last four years 
in Culberson County, Tex., about 5 miles west of Van Horn, by the 
Texas Turquoise Co., of EH] Paso. The mine is in the smaller hills 
on the northeastern side of the Carrizo Mountains about 1 mile south 
of the Texas & Pacific Railway. Developments are small and con- 
sists of two openings at the south end of a low oval-shaped hill, one 
near the bottom of a draw and the other about 70 feet N. 15° Ki. up 
the hill. Both are.open cuts, the upper one about 25 feet long and 
6 feet deep and the lower one an irregularly shaped opening about 
10 feet deep. 

The turquoise occurs in an area of Algonkian (?) rocks, mapped as 
the Carrizo formation by G. B. Richardson. This formation con- 
sists of quartz-mica schists, quartzite, slates, a little chlorite schist, 
and some igneous rocks. The turquoise occurs in a hard light-gray 
to pink rock in which feldspar and quartz are prominent constituents. 
Two phases of this rock were encountered in the workings—one with 
ai Rather fine even granular texture resembling a rhyolite porphyry, 
the other being a dense rhyolite-like rock with flow texture. To all 
appearances these rocks are of igneous origin, but a possibility exists 
net the finely granular rock is a metamorphosed feldspathic sand- 
stone. The rhyolite porphyry, with associated rhyolite, is at least 
60 feet thick, passing into a grayish rock of indeterminate nature on 
the northwest and in contact with an apparently altered basic igneous 
rock, like diorite, a few feet southeast of the turquoise deposits. The 
strike of the inclosing formations is N. 45° E., with a high southeast 
dip. The porphyry has been broken by joints in several directions 
in which different minerals have been deposited. Among these 
minerals are quartz, sericite, pyrite, turquoise, limonite, and carbonate 
of lime. Fracturing followed by deposition of minerals occurred in 
more than one period. The older joints were filled with quartz and 
probably some sericite. It is probable sulphides were also deposited 
contemporaneously with this quartz, for pyrite crystals were ob- 
served completely embedded in it. Turquoise was deposited in later 
joints, apparently contemporaneously with limonite. Both of these 
minerals probably result from the surficial alteration of older minerals 
in the rock. The carbonate of lime was the last mineral to be de- 
posited and fills cracks and surfaces with seams and dull white 
merustations. 

The turquoise first mined at this locality was described by Prof. 
W. B. Phillips,” of the University of Texas, as having a slight greenish 
tinge, but yielding an odd and attractive matrix of ‘‘speckled blue, 
blue-green, and faint green against a light chocolate background.” 
This description serves very well for a large part of the turquoise, but 
some has been found in which the green is very slight and the tur- 
quoise may be classed with that from other localities as nearly pure 
blue. No real dark-blue turquoise was observed, but some of that 
from the seams has a very pretty light-blue color. The turquoise has 


1U.S8. Geol. Survey Geol. Atias, Van Horn folio (No. 194). (In press.) 
2 Jewelers’ Circular-Weekly, Nov. 9, 1910 (from Houston Post, Tex.). 
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a hard dense texture necessary for good gems. Brown stains of limo- 
nite coat the faces of some of the veinlets and have permeated cracks 
and seams in them. Such material furnishes attractive matrix gems 
with varied markings. 

A little turquoise has been found in a prospect at the Maltby silver- 
copper mine, about 1 mile south of west of the Texas Turquoise Co.’s 
mine. Hardened black siliceous slate is the principal rock at the 
Maltby mine, but the turquoise occurs in a small dike or sill of white 
partly altered porphyry a few feet thick, which is inclosed in the 
slate. A few pieces of greenish-blue turquoise were seen. These 
were associated with brecciated porphyry rather heavily stained with 
limonite. The only work done it turquoise at this locality consisted 
of a small prospect pit 2 feet deep, and, until further work has been 
done, the discovery must be considered merely an indication of 
possible gem material. 


MISCELLANEOUS. 


ASTERIA QUARTZ. 


Asteria quartz of exceptionally good quality has been applied to 
use in jewelry by Bell & Birknir, of New York. The source of the 
rough mineral has not been revealed. The gems are cut round 
cabochon and are sold as asteria or star stone. They show a fine 
bright 6-ray star in reflected light on a nearly colorless highly trans- 
lucent background. The cut stones are very pretty and may be 
mounted simply or in a girdle of small diamonds. 


HELIODOR. 


A species of beryl has been introduced to the gem world under 
the name of “‘heliodor.’’! This material has been Very scarce so far 
and most of it is in the possession of the Emperor of Germany. It 
comes from Rossing, German Africa. Heliodor differs from most 
beryl in containing a small percentage of uranium oxide and in being 
weekly radioactive. The color by day is golden yellow and by arti- 
ficial light a delicate bluish green. 


HETAEROLITE. 


A specimen of hetaerolite from Leadville, Colo., was sent in by 
Mr. W. C. Hart, of Manitou Springs. This mineral, containing zinc 
and manganese oxides, occurs in botryoidal and mammillary depaat 
with radiated columnar structure. According to Dana, it has a 
hardness of 5 and a specific gravity of 4.93. The specimen sent by 
Mr. Hart was cut cabochon. It is a brilliant black and in certain 
lights the radiated structure can be seen. 


ICELAND SPAR. 


Prof. J. P. Rowe, of the University of Montana, at Missoula, 
reports the occurrence of crystallized calcite, of sufficient transpar- 
ency to be classed as ‘‘Iceland spar,’”’ in Sweet Grass County, Mont. 


1 Houdelet, A., Deutsche Goldschmiede Zeitung, abstracted in Jewelers’ Circular-Weekly, Apr. 22, 1914. 
Hauser, Otto, and Herzfeld, H., Chem.-Zeitung, June 2, 1914. 
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This calcite occurs in a vein cutting igneous rock. Different grades 
have been found suitable for chemical standardizing, specimens, and 
optical purposes. The latter variety has been sold in rhombs 
measuring from 2 to 10 centimeters long for from $2 to $3.50 a pound. 


INTERNATIONAL OR METRIC CARAT. 


The new international or metric carat of 200 milligrams, adopted 
by the National Jewelers’ Board of Trade for the United States, 
beginning with July 1, 1913, has been favorably received by the 
majority of the trade. The difficulties, due to a readjustment of 
weights and prices of stones already catalogued, have not proved 
great. Easily applicable tables and conversion formulas have been 
supplied by many publications, such as the Jewelers’ Circular- 
Weekly, of New York; Manufacturing Jeweler, of Providence, R. I.; 
and private advertising catalogues. A complete discussion of the 
steps leading up to the adoption of the international carat by the 
jewelers of the United States has been given by George F. Kunz.! 
The metric carat has already been adopted by a number of European 
countries, among which are Germany, France, Holland, Belgium, 
Switzerland, Italy, and Spain. Beginning with April 1, 1914, the 
metric carat was adopted by jewelers of Great Britain.” 

The new international or metric carat of 200 milligrams replaces a 
carat of about 205.3 milligrams weight in the United States and 
carats of varying weights in several other countries. The new 
carat weights used by jewelers are marked 0.01 cm. to 100 cm., etc. 


PUBLICATIONS. 
CURIOUS LORE OF PRECIOUS STONES. 


A recent book’ by George F. Kunz will prove of interest to all 
lovers of gems. This work 1s handsomely published and contains 86 
illustrations, 5 in color. A good outline of the contents is contained 
on the title page: ‘‘The curious lore of precious stones, being a de- 
scription of their sentiments and folk lore, superstitions, symbolisms, 
mysticism, use in medicine, protection, prevention, religion, and 
divination, crystal gazing, birthstones, lucky stones and talismans, 
astral, zodiacal, and planetary.” 


RUBY. 


A 16-page pamphlet on ruby, giving some practical hints on the 
detection of artificial and imitation stones, has been issued by the 
Burma Ruby Mines (Ltd.), of London. The pamphlet contains two 
colored plates comparing the crystal form and structure of the rough 
and cut natural ruby and of the manufactured ruby. The points 
emphasized in the natural ruby are that bubble cavities are generally 
irregular and angular in shape; color variations are common and 
generally arranged in bands either parallel or irregular; striations are 
straight or bend in angles; inclusions of foreign particles of various 


ia The new international diamond carat of 200 milligrams: Am. Inst. Min. Eng. Trans., Butte meeting, 
ugust. 1913. - 

2 Jewelers’ Circular- Weekly, Dec. 10, 1913. 

’ The curious lore of precious stones, J. B. Lippincott Co., Philadelphia, Pa., 1913. 
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sizes are arranged irregularly; and silk caused by numerous minute 
parallel canals or tubes arranged in three directions giving a silky 
sheen in reflected light is often present in the natural stones. Cor- 
responding points in the artificial ruby are that the bubble cavities 
are generally perfectly round or only slightly elongated and are never 
angular; the color is commonly uniform but when varied is in curved 
bands; striations consist of a series of concentric curves; inclusions 
of foreign particles are generally arranged in curves following the 
lines of striations; and silk is never found. A simplé jeweler’s 
microscope and other apparatus useful in distinguishing between 
the natural and the manufactured ruby are described and hints are 
given on how to make the tests with them. Much of thesame 
information has also been given on a wall chart showing the same 
colored plates. 
TURQUOISE. 


A very comprehensive work on the ethnology of turquoise has been 
published by Berthold Laufer,’ associate curator of Asiatic ethnology 
of the Field Museum, of Chicago, Il. Dr. Laufer discusses at length 
the use of turquoise by the early peoples of India, Tibet, and China. 
The esteem in which turquoise was held by these people and the 
meanings attached to the wearing of it proves interesting reading. 

Another work on turquoise, by J. E. Pogue,? of Northwestern 
University, formerly of the United States National Museum, is in 
press as this report goes to press. Dr. Pogue’s paper deals with the 
ethnology, mythology, mineralogy, geology, and technology of the 
turquoise, and will prove very instructive on these subjects. 


PRODUCTION. 


The total production of gems and precious stones during 1913 
reported to ths Geological Survey amounted to $319,454, or approx- 
imately the same as in 1912. The value of the production has been 
estimated in part from the quantities of rough mineral reported as 
produced, but the majority of values have been given by the pro- 
ducers. The production of sapphire in Montana was the largest ever 
reported to the Survey and the value is conservatively estimated at 
$238,635, or $43,130 moro than in 1912. This increase was offset by 
decreases in the output of other cae minerals, such as spodumene, 
tourmaline, peridot, emerald, and many other gems of less impor- 
tance. The statistics represent as nearly as possible the first values 
of the rough mineral. The value of the finished gem material may 
several times greater. 


1 Notes on turquois in the East: Field Mus. Nat. Hist. Pub. 169, Anthrop. ser., vol. 13, No. 1, July, 1913. 
2 Turquois: Nat. Acad. Sci., 3d Mem., vol. 12, 1914. 
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Production of precious stones in the United States, 1907-1913. 


1907 1908 1909 1910 1911 1912 1913 
Agates, chalcedony, onyx, etc.. $650 $1, 125 $750 $2, 268 $8, 128 $9,978 $8, 895 
PSM ;S Lee ie a (ccs =)nie.<s0ccnieisicce « 850 210 GOR RR cco ae 725 363 389 
IBEMIUOM Cte sce ccsccsssseccuse 1,500 3,638 SOON (Ss- es\eaeree| seine seas 150) eeeeeeeere 
Beryl, aquamarine, blue, pink, 

SMO WALOLC Senile one n os = wis =: 6, 435 7,485 1,660 5, 545 2,505 1,765 1,615 
Re IMLOUIGO seem cin cisic ice seis cscs. 220 000) eerrectaec cr 218,000 | @8,000 150 275 152 
EMMI LO see a) acieloiniel <c o cice o- <=.e's 2d ereieistrcicol| reese vera | cists sista sista te clejaieraiciows cial] weleinte scree | ae sree 
Wiaiastolitarene so. -----.-- see ce. 740) | le sos odaseal Reoeacn sen Ge neeeeeec P| Reena paseccocas 
(COTS cap eaneoeponedens| peosEseecs 25 2,400 | @2,000; 1,992 300 |. 2. cere 
Copper ore gems, cbrysocolla, 

AMIGIACHILON OUC sa cinceesoncccas< 400 6,050 2,300 550 800 1,085 2, 350 
(OMIBYSO PLASC sacs. ence wee 246,500 | @48,225; @84,800] @9,000) 213,550 220i cere 
SAM oMeeerrereee secs cs| LOW Nae o se ccate a heca|os ces c-cmc|ancsccacce TO! ona 
non O10 Aa eee 2,800} «2,100 2,033} @1,400| 2@2,750| 21,475 a6, 315 
WM AOWSIM Geren es ne cis ees ec cs sens Sieshanss VAUD eens (Sey <n Saal Aeromonas center oguaoodac 
Omi cosopecneaoosooencepeds IW 8PAN) |loococnacce 2 300 2700} 29,500 PEC Beeaeseuas 
IBjONGIONG eo coB ee GOO OSTEO anes GO) Bor res ee 1) beams rere cranes TO [oe Sersscins 
Feldspar, amazonstone, sun- 

HiGWE, QlCcccegssosaosascens00c 1,110 2,850 | 22,700 2,510 175 1,310 1,285 
Garnet, almandine, pyrope, hy- 

OMI NN CLC S:< cic -ciclcc cise cine ee = 6, 460 13, 100 1, 650 3, 100 2,065 860 4,285 
COs] CWE: cassocnsccacengaadce 1,000 ILO seeesorcos 1,000 1,700 1,900 300 
Jasper, petrified wood, blood- 

SS, Ce in 1000) seco esas 100 475 2,240 6,005 5,275 

2h eee aa icie stele erefeisisisyav<'ciiete 180 5 200 270 @1,875 | 210,925 @ 15,130 
PSO ost ee 1,300 1,300 5100) | ee een 360 8, 100 375 
ROM ACI Obey occ cisyesiecee erere a ses 25 95 50 Oil eetck we aalls acess | Seren 
eas G Meee states: ere (a(ajsicinjcisiaseisicjew c's |sigjecie cso s.<| voce ced acelewieeeieaics WOO sc cece sal seeeternaee 25 
Ay iLG Meee cic eic ce so ccc wees es CU) eoeeaeence Bheoteccrd ooaocseeen esceeteeas 265 50 
Quartz, rock crystal, simoky 

quartz, rutilated quartz, etc.. 2,580 3,595 2,689 1,335 2,140 2,448 1, 640 
Beeerortz.....-....---.--.--. 6,375 568 2,970 2,537 1,744 865 337 
PUNOMOCKOSITC .).<-\0--0.5-+-+-05 150 | eewsascues ocd coe eed soececnueallo eases ones | Caae coe eee Eee eee 
[Fy ODO. Gg ieee 1,250 125 | @ 6,200 1,300 550 165 
IRV etemie ele (alele aleiejale sess on nines 2 2 OOOH eee ce [Rec eer - eee nee 210 2,260 200 
levi Ae 200+ eee eee 95 |i icek ome odle boss coc celeee 2. <<. 
200) (00, ohn 2229,800} @58,397 | @44,998| 52,983 |@215,313 |@195,505| 238, 635 
Smithsonite...... Pee. ees 800 | @ 1,200 BOON eae. oe rae 650 a 160 
Spodumene, kunzite, hiddenite.| 14,500} 6,000] 15,150] 33,000 75 | 18,000 6, 520 
PUNO MISOMICOe ey itec ais cc oe nice cece ac|asctcccace. 35 100 610 1,500 CED) |leaoebeaces 
MOPAR Eee < secs cee cee cnn ce 2,300 4,435 512 884 2,675 375 736 
Tourmaline......... eee 281,120| 290,000 | 133,192! 46,500] 16,445 | @28,200 7,670 
Turquoise and matrix.........- 23,840 |@ 147,950 |} @179,273 | @85,900/ @ 44,751 10, 140 8,075 
Variscite, amatrice chlorutah- 

I, 0 eee 7,500 14,250 35,938 | @26,125| 2@5,750} @8&,450 a6, 105 
MASGallemeOUs;SCMS seca essen 3| ai. acc sa ee |e ne-c 1,060 Hh Tah 3,224 4,408 2,920 

7 471,300 | 415,063] 534,380 | 295,797! 343,692 | 319,722] 319,454 


a Estimated or partly so. 


IMPORTS. 


The imports of precious stones into the United States during the 
calendar year 1913, as reported by the Bureau of Foreign and 
Domestic Commerce, were the largest ever recorded, $45,431,998, 
and exceeded those of 1912 by $4,068,673 and those of 1906, the 
year of next largest imports, by $1,829,522. The principal increase 
was in diamonds, the greatest increase being in rough or uncut stones. 
On the other hand, the imports of precious stones during the fiscal 
year ending June 30, 1914, decreased over $15,000,000 in value! from 
those of 1913. The large decrease may be explained by heavy im- 
portations during the middle of 1912-13 to take advantage of the 
duty then provailing, since the increase of duty under the new law 
was expected. 

The following table shows the value of the diamonds and other 
pa ious stones imported into the United States from 1906 to 1913, 
inclusive: 


ad 


1 Jewelers’ Circular- Weekly, July 8, 1914. 
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Diamonds and other precious stones imported and entered for consumption in the United 
States, 1906-1918. 


Diamonds. 
Disngide 
Year. and other Pearls. Total 

: Dust or |} Rough or stones 

Glaziers. Tae aca Set Unset. not set. 
1906 cece soc $104, 407 | $150, 872 [$11,676,529 | $305 |$25, 268, 917 | $8,995, 865 | $2,405,581 | $43, 602, 476 
190 Fic 2's Se 410,524 | 199,919] 8,311,912 |[...... 18, 898,336 | 3,365, 902 680,006 | 31,866,599 
1908-2. eee 650,713 | 180,222] 1,636,798 }...... 9, 270, 225 |a1,051, 747 910,699 | 13,700, 404 
1909)... eee 758, 8€5 50, 265 ee ks EPA | Conca 27,361, 799 | @ 3,570, 540 24,848 | 40, 237, 509 
1910.2. eee PAB Glo 54,701 | 9,212,378 ]...... 25,593,641 | 4,003,976 | 1,626,083 | 40,704, 487 
19105 eee 199,680 | 110,434] 9,654,219 ]...... 25,676,302 | 3,795,175 | 1,384,376 | 40,820, 430 
1012 ee eeeeeres 452,810 94,396 | 9,414,514 ]...... 22,865,686 | 3,405,543 | 5,130,376 | 41,363,325 
be Aa 471,712 | 100,704 | 12,268,543 |...... 24,812,604 | 2,775,811 | 5,002,624] 45,431,998 


2 Including agates. Agates in 1906, $20,180; in 1907, $22,644. 


Tariff —Changes in the duty on precious stones imported into the 
United States under the tariff act of October 3, 1913, includethe 
following: Under paragraph 357, diamonds and other precious stones, 
rough or uncut, not advanced in condition, including bort and 
diamond dust, are removed from the free list and are made dutiable 
at 10 per cent ad valorem. Pearls, diamonds, and other precious 
stones, cut but not set, suitable for the manufacture of jewelry, are 
raised from 10 per cent to 20 per cent ad valorem. 

It may be of interest to know that paragraph 333, on beads and 
spangles of all kinds, imitation pearls, etc., strung for transportation 
purposes only, dutiable at 35 per cent ad valorem, refers to imita- 
tion products and does not include beads cut from semiprecious 
stones such as agate, rose quartz, amazon stone, etc. These are rated 
as cut gem stones and aro therefore dutiable at 20 per cent ad 
valorem under paragraph 357. 
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PRECIOUS STONES 


By GeorceE Frepericx Kunz 


During the past year the sapphire has more than retained its popu- 
larity and has been the king gem for the time being. Fine emeralds, how- 
ever, have held their own, and diamonds have of course maintained the 
place they have always occupied as standard gems, but little dependent 
upon the chances and changes of fashion, except as to the form of cutting. 

What are known as “phenomenal gems”’ because they show a moving 
ray or rays, have enjoyed the highest favor, more especially moonstone 
with a bluish light, as well as the varieties of asteria, star-sapphire and 
star-ruby. 

Rock crystal, rounded and domed, to which a dull polish has been 
given, or where the polish has been so dulled as to make the crystal re- 
semble moonstone, has been much appreciated, such stones being in many 
cases pierced and incrusted with diamonds and other gems; often they 
are engraved and provided with a bordering of diamonds. 

The calibre-cut onyx, used to form a dainty line or tracery, defining 
a line of diamonds, has been exceedingly popular. 

The revival of the fashion of wearing necklaces or strings of beads has 
been very marked during the past year, and the taste for this form of 
ornament appears to be gaining ground daily. While this has contributed 
to restore amber to public favor, so that the price of the material has 
risen 25 per cent. or more within a short time, and many amber stocks 
have been almost depleted, the most popular beads are those of chalce- 
dony, carnelian, lapis-lazuli, amethyst, chrysoprase, topaz, rock crystal, 
pink quartz, moonstone, etc. 

Markets and Imports.—The London market! for rough diamonds, after 
a period of retrocession in the latter part of 1913, showed marked signs 
of recovery in January, 1914. Generous buying, largely by American 
interests, had cut down the accumulated stocks of cut diamonds in Amster- 
dam and Antwerp, and encouraged freer purchases of the rough materials. 
A prudent marketing of this by the diamond-mining interests has also 
greatly contributed to steadying the market. There has been a disposition 
to offer only good assortments for sale, and a continuance of this policy 
will, it is believed, warrant a raise in price, an increase of returns secured 
in this way being regarded as much preferable to that obtained by asking 


1 Financial News of London, Feb. 14, 1914. 
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and obtaining the same price for a poorer assortment of diamonds. 
The necessity for careful handling of the diamond market is apparent 
in view of an estimated production of $60,000,000 worth of African 
diamonds from the African fields in 1913, this comprising the product of 
all the African mines, including those of the German Protectorate. 

The diamond trade of Amsterdam with the United States fluctuated 
in volume during the year 1913 in response to the new tariff agitation 
and the uncertainty as to the date at which the almost inevitable higher 
rates would go into operation. On the whole the effect was temporarily 
favorable as to exports, to a moderate degree, the figures for cut stones 
being $10,085,700 for 1913 as compared with $9,790,694 for 1912, an 
increase of nearly $300,000. The rough-diamond exports showed a 
slight falling off, declining from $985,161 in 1912 to $854,595 in 1913. 
Of course the special conditions of the trade were reflected in the diamond 
labor market, the eventual result being on the whole somewhat unfavorable 
for the local diamond-cutters. However, the check put upon the con- 
tinual advance in the scale of wages that has been attained by the Amster- 
dam Diamond Workers’ Union during the past 10 years, operates to make 
it easier for the Dutch manufacturers to compete with their dangerous 
and enterprising Belgian rivals. The unemployed workers in Amsterdam 
in the month of December, 1913, are said to have numbered 4600, or 
about 60 per cent. of the trade; however, as most of them received high 
wages for the nine prosperous months of the year at least, their situation 
was probably not as bad as it might seem to be; the highest number of 
unemployed at any time during 1912 was 3400. On the whole prospects 
are considered good for 1914, in spite of the higher tariff. The market 
for rough stones which was rather demoralized by a surplus of German 
diamonds, expects relief from a proposed restriction of the quantity of 
these diamonds to be marketed, so as to keep prices steadier and impart 
greater confidence to buyers.! 

The exceptionally heavy imports of diamonds into the United States 
in 1913 were reflected in the Antwerp trade as is shown by the following 
figures for the years 1910-1913. 


| Cut Diamonds. Rough Diamonds. Total. 
pL oh ti Ree earch tint oreo ea tat Rircrie arin rir eteea $10,061,843 $795,195 $10,857,038 
ADs sind casa sa eherso vaya Saisie ts apkem wicca chain weelete aisle 10,009,324 1,348,151 11,357,475 
DSO So ale OO Pe eas 9,665,027 1,238,867 10,903,894 
BD LG saa cacnsfurecagin cesar Rear csenlate ia a ne se irece fo mia etapa 11,019,180 2,355,204 13,374,474 


As will be noted the increase is even more marked in the case of 
uncut than in that of cut diamonds. The Antwerp market is said 


! D. P. De Young, Daily Consular and Trade Reports, Feb. 12, 1914, pp. 564, 565. 
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to have taken more than 100,000 carats each month of 1913 from the 
German African fields, practically the entire output. These very small 
diamonds, known as mélés, came in so fast that the diamond cutters 
could scarcely keep up with the shipments. The average price secured 
by the German Diamond Regie was $10.94 a carat, and as 760,000 carats’ 
weight of these stones came to Antwerp during the first half of 1913, the 
cost of this rough material received during that period was about 
$8,500,000. Of the different German mining companies, the largest 
share was contributed by the Pomona Co., which furnished 316,423 
carats’ weight in 6 months’ time. The necessity for regulating and 
limiting the supply of these small stones is easily apparent in view of the 
statement that for the entire year 1913, diamonds to the weight of 1,440,- 
000 carats were sent to Europe from the German fields. The De Beers 
Co. has so far carefully guarded the interests of their customers in 
the smaller class of goods by strictly limiting the amount to be marketed 
by the Syndicate in London, but all efforts in this direction would have 
been unavailing and might have had to be abandoned if some concurrent 
action on the part of the German diamond distributors had not been 
attainable. 

The slight lead secured by Antwerp over Amsterdam in the diamond 
industry some 5 years ago and maintained since then, was somewhat 
accentuated last year, as is indicated by the following figures, giving 
the diamond exports to the United States from these two ports for the 
years 1905-1913:! 


| Amsterdam. | Antwerp. 

a a Pe $10,425,814 | $6,465,464 
TR ee ee gees 12'435,161 6,448,804 
1 RRR RN SE a aaa eR EE RO a 7'905,852 6,283,576 
shits sea teeeh eal 8 ya PS ek oe 4,571,804 4,408,366 

URE RE SAN CES SERN a DSO gE 12'441,243 12'914.793 
eisai ola Sescraah tea aiaeis reais A pheen 10,655,753 10,857,038 
OOO IR Za hee ae a an a | 10,080,851 11,357,475 
| 1 Sona aamaelaepieih cieresiaea petal akan anionic 10,645,280 10,903,894 
SOAR ee eee Oe ee | 11,070,862 13,374,474 


As forecasted in our last report, the importation of diamonds was 
phenomenal during 1913, this being due, in accordance with our anticipa- 
tions, to the expected advance in duties from 10 per cent. to 20 per cent. 
ad valorem on the cut stones, and from 3 per cent. to 10 per cent. on uncut 
diamonds; these new and higher rates have been imposed since 1913. The 
large increase in the stocks of diamonds held by dealers caused by these 
unusually heavy imports very naturally resulted in a curtailment of 


1 Henry W. Diederich, Daily Consular and Trade Reports, March 28, 1914, p. 1171. 
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imports in the opening months of 1914, although financial stagnation 


has augmented this. 
The general trend of the importation of diamonds and other precious 


stones into the United States during the past 4 years (1910-1913) 
can be best understood by a comparison of the official figures for this 


period. 


IMPORTS OF PRECIOUS STONES FOR THE YEARS 1910, 1911, 1912, 1913. 


- | 1910. | 1911. | 1912. | 1913. 
Diamonds, uncut, including F 
miners’, glasiers’, and en- 
gravers’, not set. Free...... $9,204,134 | $9,854,152 | $9,863,770 | $11,616,286 
Diamonds, MOUs NG a Cin aw wb e.valete sie lalate savas aeotenes &aadionens 956,576 
Diamonds, cut but not set. 
DOGSs oa ces eis sa cae 25,672,639 | 25,705,663 | ° 22,876,042 | 24,786,133 
Pearla and parts of, not strung 
OF WG. DUG coc saceea ees 464,712 1,387,689 | [5,139,406 5,004,489 
Other precious stones, uncut. 
ae «oa oe einisiatasClarepeiecmericeon 222,513 £1109,241 & 115,812 47,716 
Other precious stones, uncut wane 


ee 


Other precious and semi- 

precious stones, cut, but not 

O8b. Dut......ccccoeveress 6,751,832 4,519,263 3,342,219 2,740,804 
Steiner IR a advan vane aap oerkieae liom cavern racecaaee 587,256 1,215,471 1,299,145 


$42,315,830 | $42,163,164 | $42,552,720 $46,460,608 


IMPORTS OF DIAMONDS AND OTHER PRECIOUS STONES, AND OF PEARLS INTO THE 
UNITED STATES FROM 1867 TO 1908. 


Diamonds: glasiers’, miners’, and engravers’, not set........ $3,277,209 


MU TIOANIRCE CONNII csaisds ati a inared xn atria ah arateteoer abi retell orm uanaanleyiana 6,787,740 
Diamonds, rough OF uncut.......ccccsccccccccescscctevecs 83,904,001 
THR NOTUIES BOG Ss 6:0 2:0 x bine, eiearaw eaiawinia aa wiewlecne wie earew wie eaes 53,969 
Diamonds, Out, Hitt: WOG MOE a iisis atc cours eatowieiccre ne bia w alan 152,784,223 
Diamonds and other etones, DOG. OBb. ccicccccwvswewocceue 211,556,278 
PORSIB 6 o.oo cinin-sin-ne-tcdmnes oth Sonat hee eek ees ou anes 20,120,798 

AIAN ifaw Pits pasta saved taten ictus Sps tac ate vee gr aber Sara Sheena $478,574,218 
importa from: 1900.60 2391S is oss soca ac acces tow oelses veces 217,062,878 

Cratid Bota esos Sa Sees Sais eee Woe a acta . .$695,637,096 


Of these imports, totaling ncarly $700,000,000, it can safely be said 
that the value of the diamonds for ornamental purposes represents al- 
most $600,000,000 and that of the pearls from $30,000,000 to $35,000,000. 

On July 1, 1914, the international metric carat of 200 milligrams 
will have been in use officially and in the trade generally for one year’s 
time. It has amply proved its usefulness in the following ways: Sim- 
plicity in weighing, facility in calculation, simple denominations, and 
correctness of entries in stock books, and it would be impossible to make 
the dealers return to the older and more cumbersome carat. 

Some brief notes as to the general production of precious stones in the 
United States may be offered here. A few diamonds have been mined in 

40 
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Arkansas, in experimental development, but not enough to call them a 
commercial production. Montana sapphires have been mined and sold 
in greater quantities than ever before, this result being due to the fact 
that the sapphire has enjoyed more popular favor than any other precious 
stone; many of the Montana sapphires of a carat or less in weight, rarely 
more, retain their blue color by artificial light, whereas many of the Asiatic 
sapphires assume a too dark hue under these conditions. Rubies are 
not found in the United States, neither is alexandrite nor transparent 
chrysoberyl. Topaz, white and of pale hue, has been found at Streator, 
Texas; but few, however, are cut into gems, the best specimens being 
generally sold for mineralogical collections. 

Several mines in San Diego Co., California, and in adjacent counties in 
that state, have produced magnificent tourmaline crystals, constituting 
superb red, green and yellow gems, and a quantity of fine large kunzite 
crystals have also been brought to light in San Diego Co., near Pala. 
Garnets, mostly of gem quality, have been found in Arizona and New 
Mexico, and also peridots, but in sparing quantities. Turquoise, known 
to occur in so many localities, has been but little mined, and few gems 
in the finer blue colors have been sold recently, the sales comprising 
mainly the poorer and cheaper varieties, often worked up into beads. 

A great variety of the lesser gems—moss-agate, chrysoprase, the vari- 
ous colored agates, and the beach pebbles—have furnished considerable 
work to the lapidary. These beach pebbles have often been sold, not 
for what they really are, but under some ideal name, such as moonstone, 
or else have been endowed by the local lapidaries with some altogether 
fanciful name, having no place either in scientific nomenclature or in gem 
lore. 

Taken altogether the value of the precious stones produce in the 
United States scarcely amounts to more than 1 per cent. of the total value 
of the gems sold in our country, but none the less they are both 
scientifically and artistically interesting. 

For full data on the subject of Precious Stones in the United States, 
see the articles in the reports of the Department of Mining Statistics of 
the United States Geological Survey, issued annually. The articles on 
Precious Stones were written by George Frederick Kunz from 1882 to 
1905, and later by Douglas Sterrett from 1906 to 1913. 

The following are other publications of George Frederick Kunz: 


United States Census Reports, 10th and 11th, 1890 and 1900. 

Gems and Precious Stones of North America, New York, 1889-1892, pp. xii, 363. 
The Gems and Jewelers’ Minerals of California. 

The Precious Stones of North Carolina. 
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DIAMONDS 


Africa.—At the twenty-fifth annual meeting of the De Beers Consoli- 
dated Mines, the chairman, Mr. Francis Oats, called attention to the 
large increase in African diamond production in the past year. While 
the output of South Africa, including the German fields, for 1912 (to 
June 30), was 5,642,230 carats, during the year ending June 30, 1913, 
the same region produced 6,483,000 carats of diamonds, an increase of 
840,770 carats. The amount paid by the purchasers for the diamonds 
marketed in 1912 to 1913 was £13,400,000 against but £10,169,000 in 1911- 
12, a difference of £3,231,000, showing that considerably higher prices were 
realized in addition to the larger quantity; the augmentation of value for 
the De Beers product was set by the chairman at 10 per cent. He makes 
a strong appeal to the producers of the smaller diamonds so profusely 
marketed during the past year, to exercise a salutary self-control and not 
to overstock the market with this inferior class of goods and risk a conse- 
quent disturbance of prices, which might work great injury to them, for as 
surface deposits become exhausted and deep mining becomes necessary 
the cost of production is greatly increased, and hence the producers of 
small diamonds would be in a very disadvantageous position were the 
prices for this inferior class of stones not maintained. The conservative 
policy of the De Beers Co. is strikingly exemplified by the fact that since 
1908 the De Beers mine has not been worked, although as good a profit 
could have been realized here as in some of the other mines exploited by 
the company. 

The financial operations of the De Beers Consolidated Mines, Ltd., 
for the 12 months ending June 30, 1913, show a distinct and marked 
advance as compared with those of previous years.!. The receipts from 
diamonds sold, plus the increase of stocks at cost value, amounted 
to £6,297,782; and the total resources of the company for the year 
amounted to £7,248,239. Mining expenses were £2,080,622, for de- 
preciations £706,035 was deducted, £235,932 represented interest and 
sinking-fund charges, and the Mining Profits Tax of the Union of 
South Africa absorbed £426,465 more. After deducting all these 
sums there remained £3,799,184, out of which the preference share- 
holders received dividends amounting to £800,000 and the deferred 
shareholders dividends of £1,500,000 and a bonus of £250,000. 
This was 20 per cent. on preference stock and 35 per cent. on 
deferred stock. To the General Reserve Fund £140,060 was credited. 
Diamonds unsold, at cost value, constituted a “Suspense Profit” of 
£595,601. As a result of the liberal dividends (amounting in all to 


1 Report of the DeBeers Consolidated Mines, Ltd., Alphacus J. Williams, Manager. 
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£2,255,000), etc., the balance carried forward to next year is £513,521 
against £1,042,399 brought forward from the previous year. 
the chairman of the company calls attention to the fact that last year’s 
balance included £471,000 of unsold diamonds, while in this year’s state- 
ment this item constitutes a special ‘‘Suspense Profit,”? amounting to 
£595,601, as we have noted; there would thus be an apparent increase 


of £66,000 over last year. 


However, 


The average yields of the different mines, as well as the value per carat 
of the diamonds produced and the value per load of the blue ground 
extracted were as follows, the data for 1911 and 1912 being added for 


comparison: 

De Beers and Kimberley. 1911. 1912. 
Average yield in carats......... gpa 0.28 0.3 
Value per carat... .cccccccnesscecass 5ls. 6.29d. 53a. 
Walus ner lobe: o5 os acctiisieseos ere 14s. 5.12d. 16a. 8 

esselton Mine 
Average yield in carate.............. 0.27 0.29 
Value per OATAG.. 0c cows es anwesee eds 37s. 45s 
Mi a eer eee 10s. 2.47d 1 1 

ultfontein Mine 
Average yield in carate.............. 0.41 
Valis POF GOING descr css cpesccsesc 35s 2d. 40s 
Value por load. i. cos eek cece ccneis 13s. 3.79d. 16s 

utoi Mine: 
Average yield in carats.............. 0.21 0. 
Value per carat..........0c0eeeeeees 73e. 6. 5d. 83s. 
Value ner: load 5.05 icasivecsaeeioee 158. 5.325d. 19s. 


67s. 
19s. 


5ls. 
138. 


45s. 
19s. 


93s. 
21s. 


1913. 


° ° 
BE RE 


° 
POR woe Sw¥ awk 
3 8 


~ 


° 
REF 


As will be noted, the yield has remained essentially unchanged, which 
is a good augury for the future of these mines, especially as the constant 
progressive increase in the value of diamonds makes the profit greater 
each year. This will be rendered more apparent by the following data: 


DE BEERS AND KIMBERLEY MINES. 


Cost of Pro- 
: Value per 
duction per 
Load. lead 
) i Opa Seite wae meer eo rr or paer in 8s. 7.67d. 14s. 6.12d. 
Li) aR ee es 13s. . 78d. a 8.716d. 
ROT Faictc hares ssaieaseaaethet 11s. 67d. 6. 24d. 
"WESSELTON MINE. 
BOGE oo osc. simera tention bates 4s. 9.00d. Os. fi 47d. 
RT eres is eaten aden eta 4s. 1. 576d. 18s. e 
BEI cic, sine aiccaceacemnainsesseovmaae a 4s. 45d. 10. 02d. 
BULTFONTEIN MINE. 
WOES ici wceswereceoweeetaas 3s. 45d. 13s. 3.79d. 
WSUS aise vata oases ese 3a. i ‘357d. _ 8.179d 
BOIS i oic a yinictninte amas ave Wins weenie 4s. 28d. 9s. .7d. 
DUTOITSPAN MINE. 
LOE esos sinters eres eelss 4s. 7.00d. 158. 5.325d. 
i |) SER RCE ee Ee 3s. 10.665d. 198 1.11d. 
BORG sec ea arcw eae a'sateielee atts 4s. 2.00d. 2is. 4.78d. 


Profit pe 
5s. 9. 45d. 
3s. 1.936d. 
8s. 5. 57d. 
5s. 5.38d. 
8a. 5.928d. 
Os. 5. 57d. 
Qs. 4.34d. 

12s, 8.822d. 
15s. 1.42d. 
10s. 10.235d. 
156. 2.445d. 
178. 2.69d. 


The number of loads of blue ground hoisted, the number washed, the 
total number of carats of diamonds secured, the number of carats per 
100 loads, and the selling price per carat for the different mines were as 


follows: 
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- DE BEERS AND KIMBERLEY MINES. 
Loads of Loads of Carats of Yield Be Value 
Blue Ground Blue Ground Diamonds per 100 = t. 

Hoisted. Washed. Found. pe 
BODE os ciereeycwae 445,169 1,230,491 350,662 1/2 28 51s. 6.20d. 
BS esacwarsiatanranpaiavate 323,621 378,614 119,013 31 53e. 11.47d. 
WIS ees 351,347 419,881 120,514 3/4 29 67s. 3.74d. 

WESSELTON MINE. 
1 hh Spey eeprom eee para 2,422,487 1,423,117 390,192 1/2 27 37s. 9.6d. 
tL) Serene nes 2,573,398 2,020,291 581,973 1/2 20 458. 8.12d. 
BIS a eis asdcasesessinine 2,226,157 2,143,232 576,458 27 Sle. 2.88d. 
BULTFONTEIN MINE. 
SDS scones esaateicetac 2,457,412 1,866,212 700,398 3/4 38 358. 0.52d. 
ONS Ss Siaeeccae eee - ,720 2,025,450 834,760 1/2 41 40s. 8. 24d. 
) LC. Fae eaea a gee a 2,313,477 2,096,378 874,430 1/4 42 458. 9.20d. 
DUTOITSPAN MINE. 
SOD) seco iets 2,780,070 2,335,240 482,971 1/2 21 738. 6.5d. 
BUD bos oi consti vécctaaers 2,718,703 1,845,796 428,213 1/2 83s. 0.132d 
DOTS oo fosie et eee 2,491,235 2,330,234 540,033 23 93s. 0.45d 
GRAND TOTALS FOR ALL MINES. 

POUT Sr iis 8,105,138 6,855,060 LOPE SOS 14s SS GeV eee 
NOUR AG OSes 7,950,442 6,270,151 EGG8-000-1/9: Scssce Itsaitiesesss 
1S eee 7,382,216 6,989,725 ATT cece, -»remameatnaiaineeee 


The careful exploitation of these mines is strikingly exemplified by 
the results of their working, the production of diamond material being 
fairly constant; indeed the increase in the past year might be accounted 
for by an expectation of the exceptional demand sure to come from the 
United States immediately prior to the establishment of the new tariff 
rates which a changed administration would be almost certain to impose. 

The blue ground in sight in the different mines on June 30, 1913, is 
given as follows: 


Mines Loads 
DIG IGOIMS oy vals Ci iekkd nbs wace RP DEP RL AR Rae oe 2,750,000 
MIDOHIOS Sse ec ous ee RS Cue One Kew eewen 2,000, 
PIPERS 2ar x sarigcssueitn, ec aecccaracsa en iachot ct anions auiisiateomdeae fas ieia 18,000,000 
BmitoneMi esis ksh eke haben a cdtawe ce ewes 12,000,000 
RIGNOMGAD oii scccn or emennec see eile wemreoreRDeee's ,000,000 
49,750,000 


Estimating the value of this according to actual working results in 
each one of these mines the following would be the profits to be realized 
from this blue ground in each mine, deducting cost of hoisting and wash- 
ing from the selling price, the figures for 1913 being used. 


De Beers 

RTRs parcmuninonnincnmmanixacanmumonnns £1,900,000 
We ORIOIEOE so a SiS a RTA ees 8,517,750 
BiilOnGian. oconseocsawimnancek nen mare’s sen heen aes 9,071,000 
WURGISHON oo 5 aa eS ceed eke caoesieacnstess 12,918,215 


£32,406,965 


At $4.87 for the pound sterling this would be $157,810,191.55. It of 
course only represents a fraction of the potential resources of these mines. 
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The depths of the various shafts in the mines on June 30, 1913, were: 


De Beers: 

COCK MRTG. Sooo aioe eae ek ee a ees Sie ore Ones 

PAO FONG ie a erie eis o ols WE ede alee 1670 ft 
Kimberley: 

PUREST TI OUAIRN Wa ass na sa cavin nies ses drm seraiminloreceio-awietese 3601 ft 

MiMiteh BRALE SS Ss oes eo oes Wea ee a eee 1009 ft 
Wesaselton: 

ING: 3. SSI TOSK GURU 66croicki a Fescvesncraseenees 1119 ft. 

INO: 3 matin Taek: Cagle soe 625i sie wibkrcidieeinasworece ne 1425 ft. 
Bultfontein: 

Now) alg KOCK SHALE isa ssranes session awieeenss 1383 ft. 

No. 2 main rock shaft..........-.....000ceee cues 768 ft. 


In Wesselton mine, main rock shaft No. 2 was sunk 437 ft. during 
the year, and the depth of main rock shaft No. 1 in the Bultfontein 
mine was increased by 383 ft. during the same period; the depths of the 
other shafts remain as before. 

The Premier mine was profitably and actively worked during the 
year ending October 31, 1913, as appears from the statements in the 
Eleventh Annual Report issued on that date. The total production of 
diamonds for this period reached 2,107,983 carats, the greatest quantity 
ever extracted from this mine in a single year, and an increase of 115,509 
carats over the figures for 1912. The higher price of diamonds enabled 
the company to obtain £2,336,828 for the year’s output, being £331,885 
more than in 1912. After the deduction of mining expenses, totaling 
£1,197,597 and of £136,133 for office expenses, etc., there was left a 
balance of £1,003,098 to be carried to Expenditure and Revenue Account. 
The sum of £402,806, suspended profit on October 31, 1912, added to this, 
gave £1,405,904, of which £461,802 represents diamond stock still un- 
realized, leaving £944,102 immediately available. Of this, £98,079 
was assigned to general equipment, and of the balance, £846,023, treated 
as realized profits, 60 per cent. (£507,614) went to the Government of the 
Union of South Africa, leaving £338,409 (40 per cent.) as the shareholders’ 
portion. 

This sum added to a previous balance of £100,118 and to £78,040 of 
sundry revenue made £516,567 for the Shareholders’ Appropriation 
Account, out of which £100,000 was paid on the Preferred Stock in two 
semi-annual dividends of 125 per cent. each, and £300,000 on’ the De- 
ferred Shares, in two dividends of 350 per cent. and 400 per cent. respect- 
ively, or 750 per cent. for the year. The balance to be carried over to the 
ensuing year was £116,567. 

A fairly regular progressive increase in the profit realized on the blue 
ground taken from the Premier mine -during the past 5 years is shown 
by the following figures, in each case for the year ending October 31: 
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Yield Cost of Produc- 
Carats per Value per Load. tion per Load. Profit per Load. 
OOD sy eataccraneatnatcents 0.249 3a. 1.43d. le. 11.42d. 1s. 2.01d 
i} | Se ae eee . 230 3a. 2.40d. 2s. 0.56d. ls. 1.93d 
BOE eect icakte esee kh 26% 0.213 3s. 5.34d. 2a. 2.02d. ls. 3.32d 
1 Cb era 205 4s. 1.57d. 28. 4.79d. ls. my 
BOR Biv cia sacieratcwiense 4s. 5.74d. 2s. 6.67d. ls. 11.07d 


This shows that in spite of a constantly though slowly decreasing 
yield of diamond material per load, and a slight increase of production cost 
from year to year, the profit per load is more than nine pence greater in 
1913 than it was in 1909, equivalent to over £390,000 on the number of 
loads washed. 

During the past year 10,434,680 loads were washed and, as we have 
stated, 2,107,983 carats of diamonds were recovered. The 310-ft. level 
was opened up and worked to some extent, but there is still available 
above this level approximately 25,000,000 loads of blue ground. Such 
is the size of this mine that the large amount of material extracted in 1913 
deepened it only 31 ft., and the strong quartzite composition of the sides 
of the mine seems to insure open-cast working for many years to come. 

The cost of production will probably be materially reduced in the 
coming year by the continuous use of the newly installed machine drills 
and other mechanical appliances. The power needed for the operation 
of the drills was not available before July, 1913, and the change renders 
possible a saving of 2000 native laborers. While the average cost of 
production per load for the year was, as we have seen, 2s. 6.67d., the 
average cost for the 4 months, July to October, since the new drills 
have been in operation, is but 2s. 1.54d. Indeed, the Chairman asserts 
that the trifling increase in cost this year over last year is principally due 
to the liberal allotment by the company of £85,000 to start a Pension 
- Fund for its employees. Besides this initial gift the company agrees to 
give £4 for every £1 given by the employees themselves toward the main- 
tenance of the fund. 


| No. of Loads No. of Carats of 
Washed. Diamonds Found. Value of Tiesnonds. 
BOOS iSaageeaaa bs wowace cles 7,517,703 1,872,136 1/2 £1,172,378 7s. 2d 
MOO Se oa eee Meeks Seek 9,331,882 2,145,832 3/4 1,496,641 65 5 
BORN ord assosa winiasss taricorm acacacitatomn antes 8,325,272 1,774,206 1,433,970 6 9 
NOLS oe ees dos yy sees 9,707,098 1,902,474 2,004,943 5 
1) be eae eee 10,434,680 2,107,983 2,336,828 15 1 
TOL icsneasevensaia aware 43,316,725 9,892,632 1/4 £8,444,761 178. 10d. 
BOS“ TOOG: . og cic esecessne 21,990,251 6,563,071 3/4 6,515,242 13 9 
Grand total..............- 65,306,976 16,455,704 £14,960,004 lls. 7d 
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The number of loads washed, the number of carats of diamonds 
recovered and the value of these diamonds are here given for the 5 
years (ending October 31) 1909-1913, and from the commencement of 
work in the mine in 1903: 

While the daily average number of loads hauled was 35,462, on a 
single day, May 19, 1913, as many as 47,098 loads were hauled. The 
record 6-day week for the year registered the hauling of 242,660 loads; 
the figures for the record month, July, 1913, passing the million mark by 
77,216 loads. 

The temporary chairman, Mr. Imroth, in his address to the Board 
of Directors at the General Meeting held February 13,1914, in Johannes- 
burg, does not hesitate to express his views very strongly on the advisa- 
bility, or rather the necessity, of concerted action on the part of all the 
African diamond interests, if the diamond market is to be consistently 
sustained and preserved from demoralizing variations in price. He 
regards the African diamantiferous deposits as “a national asset,” and 
believes that if properly conserved, the world’s continually, though per- 
haps irregularly, increasing demand for this supreme article of luxury 
will render this asset permanently valuable. 

The alluvial diamond deposits of the southwestern Transvaal were 
profitably worked during 1913, the value of the product for the first 6 
months of the year being £278,410 while for the whole of 1911 the output 
was only £200,000. Although the diggings, taken as a whole, have been 
so profitable, out of the very large number of individual diggers but a few 
have been favored by fortune. Areas rich in diamonds occur only here 
and there, and are often soon exhausted. As a result of the great uncer- 
tainties of this kind of mining, a large part of those attracted to this region 
have been forced to abandon the undertaking, and in several cases those 
who had been lucky enough to realize satisfactory profits have lost all 
that they had gained, by investing in new areas which turned out badly;. 
this was more especially the case at Mooifontein, where the richest 
deposits seem to have been exhausted. Bloemhof, on the other hand, 
has been more productive, individual diggings in this region having 
registered a larger output than any others of the southwestern Transvaal. 
Koppiesvlei Farm, London, and the Eastleigh area follow in point of 
productivity. The output for June, 1913, will illustrate the relative 
positions of these areas: 


Carats. Values 

PMN i os dcinene access netesmennay sons 1585 
KODIMGRVIOR So cb hi Ss Rees NE a ae Sea le eh 1130 1/4 7176 
MGON. . 2 ore rerccevcesnrecceseesstesenens 716 1/4 4622 
Fema Sok jcitins Med Coane F heals een oie We Bere 505 1/4 3611 


Other diggings, twenty-nine in number, show returns ranging from 
391 1/2 carats of diamonds worth £2479 down to only 1/2 carat worth 
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£2. The total output for the month was 7252 1/8 carats valued at 
£43,736. The average carat value of these alluvial diamonds is quite 
high, being over £6. Bloemhof produced a diamond weighing 32 1/2 
carats and valued at £390, a stone of the same weight, valued at £245, 
was credited to Avondster, and a 24 1/4-carat stone from Panfontein 
was worth £360. The largest single diamond found came from Koppies- 
vlei; this weighed 64 1/2 carats and was priced at £430, a very low valua- 
tion, indicating that the crystal was not of especially good quality. 

The farm Koppiesfontein and a comparatively new district, Schweizer- 
Reneke, are regarded as very promising; among the first diamonds found 
in the first-named field was one of 30 carats, and a local syndicate with 
a capital of £16,000 has been organized for the acquisition of lands in the 
Schneizer Reneke district.! 

In the Klerksdorp district of the Transvaal, at De Beers Rush, the 
finding of a stretch of diamantiferous soil is reported. One stone of 
10 1/2 carats has been recovered here and many other smaller ones from 
2 1/2 carats down were taken from the wash, which gives good promise of 
proving profitably workable. Around Bloemhof there are said to be 
considerable areas of diamond-bearing ground as yet undisturbed. 

Two large diamonds have recently been found in the South African 
alluvial deposits, one of these, of an amber hue and weighing 178 1/2 
carats, came from Droegeveld. The finder brought it to London for sale, 
but not being able to secure his price, he boldly decided to take his chances 
in having it cut in Amsterdam on his own account. The result is a 
brilliant of good appearance, weighing 60 carats, the loss in weight being 
about that usually expected. The other alluvial diamond is somewhat 
larger; it comes from the Pniel diggings and weighs over 229 carats. 
The crystal is of octahedral form and is slightly yellowish in hue. The 
price realized for it was £2300. A considerable influx of diggers to this 
locality is certain to follow the reception of the news of this lucky find. 

A small number of diamonds are exported from British Rhodesia 
(both southern and northern), the value of these exports for 1911 being 
$5518, while the figures for 1912, $9981, indicate a considerable increase in 
quantity, even allowing for the higher price of diamonds.? 

The diamond industry in German Southwest Africa has been both 
regulated and stimulated by the reform in the matter of taxation insti- 
tuted at the end of 1912. Before this time, from 46 1/6 per cent. to 
55 11/12 per cent. of the gross value of the diamonds produced was claimed 
by the Government, and to this must be added a further charge of 5 per 
cent. by the monopoly controlling the sale of the diamonds. Thus only 


1 So. Ah Min. Jour., July 26, 1913, pp. 568-570 
* Daily Consular and "Trade Reports, June 28, 1913. 
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the very productive diamond fields could be worked with any possible 
chance of profit, as in other cases the expenses of production plus the 
tax would leave no margin of profit, or might even mean a considerable 
loss. Indeed, a single diamond-mining company is stated to have closed 
its operations for 1911 with a deficit, after having paid 1,000,000 marks in 
taxes. The amended ordinance was passed Dec. 30, 1912, and provides 
for a tax of 66 per cent. on the gross value of the diamonds less 70 per 
cent. of the cost of production. By this means, thé percentage of net 
profits taken by the Government diminishes in proportion to the relative 
reduction of these profits, and should the cost of production mount as 
high as 95 per cent. of the selling price, no tax would be imposed, and the 
remaining 5 per cent. could at least be regarded as clear profit. As, how- 
ever, this new measure, while favoring those who work the poorer fields, 
would operate to raise the impost upon the product of the richer fields, 
the individual companies have been accorded the privilege of choosing 
which of the two systems should be applied in any particular case.! 

Another drawback to more active diamond-mining in the German 
Protectorate was the exceptional scarcity of labor that prevailed in 1912. 
From Ovambaland, the chief source of supply, but 2346 laborers could be 
obtained in that year, while 4232 was the complement required. The 
long and arduous journey to the mines on the one hand, and especially 
good harvests in this region on the other hand, were conditions conspiring 
to reduce the available supply of native workers. To obviate the first- 
mentioned and persistent obstacle, the Chamber of Mines has proposed 
the construction of a railway line connecting Otjivarongo with Ovam- 
baland and the occupation and administration of this latter region so as 
to ensure the maintenance of law and order there. So far, however, the 
measures taken can only be looked upon as palliatives, and efforts to get 
laborers from India and China, or from any of the German colonies, have 
been unsuccessful. Still the situation has been improved to a certain 
extent by the reduction in taxes, this having made it possible for the mine- 
owners to pay wages high enough to procure a supply of colored laborers 
from the Cape.? 

The diamond monopoly as heretofore existing has been modified 
by the provision that the mine-owners shall be permitted to buy and hold 
stock in the monopoly, new shares having been issued for this purpose, 
thus giving the mining companies a direct voice in the matter of selling 
their product; it is expected that this will result in the encouragement of 
competitive buying. At the same time the charge of 5 per cent. formerly 

ip aplematio and Consular Reports [British] No. 5141, Annual Series, Germany. London, 1913, 
3 Idem. p. 12. 
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imposed has been reduced to 2 per cent. The burden of some of the 
diamond-miners has also been lightened by a sweeping reduction in the 
cost of claim licenses from 30 marks to 1 mark 50 pfennigs; this only 
affecting a few claims south of 26° S. Lat., but covering all claims north 
of that line.? 

The introduction of these reforms, or the assurance that they were 
about to be introduced had an immediate effect on the local diamond- 
producing industry, the production for September, 1912, being 102,600 
carats, while before this date the average figures were from 60,000 to 
70,000 carats per month; this higher level has been since maintained. 
Part at least of the rapid and notable increase in September, 1912, was 
due to the regular working of the Pomona mine, where the settlement of 
a dispute as to the ownership of the fields inaugurated a period of active 
exploitation. It is in the vicinity of Pomona that the largest German 
diamonds have been found, the largest stone that has been met with up 
to date in these fields being a crystal weighing between 33 and 34 carats 
found just beyond the Pomona boundary. This stone, which is of ex- 
cellent color, appears to be part of a larger crystal.? The following 
figures give the annual production of these fields and the value of the 
product in marks.’ 


Carats. Value in Marks, 
NOOB icscewees Hewdersmaesteetais. 39,375 51,180 
BO agian eee ok esl ars tw seniinia sees 483,268 15,435,522 
y Lh U1 CARRERA ACA Aut Anse A Bae a RS cae +206 26,860,074 
Mo racenisiacasscatdesietauaidreceycninierese es 747,152 23,034,1 
1GiS (0 moe) oisia sc etee OG 629,130 19,399,000 
CS MOR: SEOKOR) bo cc's oasis nines 363,250 


This would give a total of about 1,000,000 carats for 1912. The most 
accurate and definite figures are those furnished in the reports of the 
diamond monopoly (“Diamant Regie’). According to the report for 
the year ending Feb. 28, 1913, the weight of diamonds sold by the mon- 
opoly was 902,157 carats against 816,296 in the previous year, the amount 
realized being 26,490,000 marks; the corresponding figures for the year 
1911-1912 were 20,898,000 marks. At the same time there was an in- 
crease in the carat value of the material from 25 marks 6 pf. in 1911-1912 
to 29 marks 3 pf. in 1912-1913. The increase in the average size of the 
diamonds was a main factor in producing the higher price, and was due 
to the generally larger size of the diamonds from the Pomona district. 

Recent investigations have shown that the depth of the diamantifer- 
ous gravel is much greater at some points than was heretofore believed, 
and in soft calcareous stone deposited in the gneiss bed-rock a few dia- 
monds have been found. In some cases the diamond-bearing gravel is 


L a and Consular Reports [British] No. 5141, Annual Series, Germany, London, 1913, 
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buried beneath a superincumbent layer of gravel not containing diamond 
material, and the profitable working of such areas is something of a prob- 
lem under present conditions. The hoped-for discoveries in the Gibeon 
district have not been realized.' 

The Colonial Mining Co., Ltd., operates over a territory having a 
total area of 7305 hectares, divided into a northern and a southern com- 
plex. In 1913, 1721 persons were employed by the company (163 whites 
and 1558 African natives), in their own immediate fields and in those of 
the Diamant-Pacht-Gesellschaft, a company which secured a lease of 
the German fiscal diamond claims. In 1913, the Colonial Co. took 
from all their fields 450,827 carats of diamonds. In 1912, the pro- 
duction was somewhat greater, amounting to 527,223 carats, which sold 
for 14,610,360 marks, and gave, after deducting working expenses, taxes 
and export dues, net profits of 4,382,493 marks, of which sum 428,953 
marks goes to the credit of the Diamant-Pacht-Gesellschaft.? 

Another important company the Colmanskop Diamond Mines, Ltd., 
is an English corporation, having its seat in Capetown. This was the 
first company in this region to install machinery in all parts of its field, 
thus ensuring a more systematic and productive exploitation. In 1914 
the exclusive employment of electricity as the motive power is contem- 
plated, so as to fully utilize the already existing electrical plant. The 
production here for 1913 was 106,878 3/4 carats, as compared with 
122,525 carats in 1912, and 147,234 3/4 carats in 1911, the considerable 
decrease in 1913 being due in great part to the difficulty experienced in 
obtaining the services of native laborers. Still, owing to the higher price 
of diamonds, the financial returns were not reduced. The dividends 
paid by this company on its shares have fluctuated notably since its 
foundation, the exact figures being as follows: 1909, 55 per cent., 1910, 
45 per cent.; 1911, 22.5 per cent.; 1912, 30 per cent.; 1913, 30 per cent. 
For 1914, the company’s activity is seriously menaced by the smallness 
of the share of the officially restricted output that has been allotted to it, 
so that the director does not express himself very confidently as to the 
operations here for the present.* 

The German Diamond Co., Ltd., controls 35,694 hectares. The 
company has systematically pursued investigations as to the origin of 
the diamonds, and although it has not been possible to attain definite 
results in this research, the investigation has contributed much valuable 
information to the study of the matter. The diamond production of this 
company, since operations began in 1909, is as follows: 


iplomatic and Consular Reports [British] No. 5141, Annual Series, Germany, London, 1913, p. 15. 
ie deutschen} Diamanten und ihre Gewinnung,” eine Erinnerungsschrift sur Landess ung 
Windhbuk, 1914, pp. 42-4 
§ Tbid., pp. 49-57. 
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Carats of 

Years. oo 
SOUR ce Sess Sue Cli ee leiee he ecikideias, oR 
OG is cccwiewsini cae sw welaweeewe Gebdl ena alae wien 130,291 
Es niacad pre bina ko trea a nie Saaala.e aie wibby had a aeaaet 158,158 
MO is hese a Sek Hida aks eee ele Cake Dey Me eamea ae 172,710 
DORMS ASRS SEA SS 665,404 


The number of workers has steadily increased, from 233 in 1909 to 
1209 in 1913 (92 whites and 1117 African natives). 

While the amount realized for the diamond output of the company 
was considerable, so large a share was absorbed by working expenses 
and taxes, etc., that the net results were not very satisfactory: 


Gross Returns Net Returns 
in Marks. in Mar 
NaC oee Wad cats ata ore CR ate LSE eG ee aioe oon tale 283 
WOO aa SE eee he ee aE OS 4,278,770 115,837 
ROI cc iaseeariassarin’bsava iso sieioiecs heared asco laun 36, — 112,387! 
Th CERES ASe SPUR ICES Sea apache nema ne. Test 5,045,664 675 
Toth ees ERs RE Rhee 16,040,067 1,108,530 


From this total of net returns must further be deducted the sum of 
114,077 marks, constituting an additional impost provided in an agree- 
ment of May 7, 1910. Thus the actual net returns for the 4 years 
1909-1912, really amounted to a trifle less than a million marks, or only 
6 1/4 per cent. of the gross receipts for the period in question.? 

The second year’s business of the Pomona Co. has been quite 
satisfactory. Of 617,038 carats of diamonds produced, 512,383 carats 
have been disposed of, realizing $6,770,775; after deducting taxes and 
expenses, $4,795,600 remains for net profits. The selling price, $13.20 
per carat, as compared with $10.50 per carat for the previous year, makes 
a good showing, due in part to the higher value of diamonds and in part 
to the larger average size of the stones, this having been 23/64 carat in 
1913 against 18/64 carat in 1912. Of the total product 104,872 carats 
remain unsold and will be credited in the next statement at cost price. 
It is expected that a dividend of 175 per cent. will be declared by the com- 
pany on the year’s business, although the expenses were increased by 
$1,125,000 because of the higher net tax. Probably the current year 
will not make as favorable a showing, as the enforced reduction in sales 
cannot be offset by a corresponding decrease in expenses. 

The last assignment of German Southwest African diamonds was 
made to the London Diamond Syndicate, instead of to the Antwerp 
Syndicate which has handled these diamonds heretofore. This action 
signalizes an important change in the policy of the German Diamond 
Regie, and carries out the now prevailing desire to insure such a control 


of the diamond market, more especially in the case of the smaller stones, 
1 Deficit. 


"Die deutschen Diamanten und ihre Gewinnung;” eine Erinnerungsschrift sur Landesausstellung 
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that prices will be steadied and competition of an undesirable kind elimi- 
nated as far as possible. All who are familiar with the normal course 
of business know that while competition within certain reasonable limits 
is rather to be invited than avoided, any competition arising from 
inability or unwillingness to retain a product until it can be absorbed 
by a normal demand is certain to cause temporary, and perhaps even to 
occasion permanent injury to the trade in the commodity in question. 

The accumulative sales of diamonds taken from the shores of German 
Southwest Africa for 1913 amounted to 900,000 carats and brought in 
$5,000,000. 

The German Colonial Office has decreed a notable restriction of the 
Southwest African diamond output, cutting this down by about one- 
third. For 1914, the production is to be limited to 1,038,000 carats, 
apportioned as follows among the different companies: 


Company. Carats. 
Colonial Mining Fomene saat aha awake sueTaNeie lataval tees auererist 350,000 
Colonial 24ining ‘Cos. TAGs i.6:605.3.0. 0 cco oars ve hces 245,000 
Dn TRO! OG 6 ois ooo os cea KG cele pale a i wiels ene 109, 
German Diamond Co., Ltd.................00 eee eee 118,500 
BOAGEROD 0 ovo osc se caee esa ctnetere revecacevcoen 89,500 
United Diamond Mines, Lideritsbucht............... 50,000 
Weiss de Meillon......ccccccccccsvccveves costees 
Various smaller companies..............0..00+000 00. 57,500 
1,038,000 


This course is to be followed in succeeding years, the permissible 
production being determined each year according to the generally pre- 
vailing market conditions. To each company is given the privilege of 
partially or entirely transferring its right of production to any other com- 
pany, the essential point with the German administration being a cur- 
tailment and regulation of the total output, its distribution among the 
different mining concerns being a matter of indifference.' 

In a recently published study of the geological conditions of the 
Liideritzbucht diamond fields, Dr. H. Lotz, after passing in review various 
theories that have been advanced to explain their source, finds himself 
obliged to confess that the problem is still unsolved. The fact that the 
diamonds here are almost always associated with agate pebbles is taken 
to indicate a common origin. They both frequently occur in marine 
deposits of Tertiary age, on extensive terraces not far above sea-level. 
In this connection it may be mentioned that careful observations have 
revealed that the entire coast is gradually rising. The theory formerly 
maintained, that the diamonds came from cretaceous sediments, is re- 
garded as lacking sufficient proof; the fossils belong to the Miocene 
period.? 

4 The Jewelers’ Circular Weekly, Jan. 21, 1914, p. 57. 
, J, Bdhm and W. Welssermel,’'  Geologische und paléontologische Beit sur og rs 
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A productive and promising diamond field is now being worked in the 
Belgian Congo, by the “Société Internationale Forestiére et Miniére du 
Congo,” a Belgian-American corporation in which Thomas F. Ryan and 
Guggenheim Bros. are prominently interested. To this company has 
been accorded the right to work a large alluvial diamond field in the south- 
western part of the Belgian Congo, this field embracing the middle reaches 
of the Kassai river, and its chief western affluents including the Tshikapa 
and the Longatchimo. Diamonds were already discovered here in 1907, 
but effective prospecting was hindered by the hostile attitude of some of 
the native tribes of the region. In 1911, however, prospecting was re- 
sumed, and by June,1913, active mining work was in progress, though 
only rude mechanical appliances were used. Nevertheless, during the 
last 6 months of 1913 about 15,000 carats of diamonds were obtained, 
and it is confidently expected that the returns for 1914 will be considerably 
greater. Although the stones are generally quite small, averaging 
scarcely more than 1/10 carat in weight, they are of excellent quality; 
the largest so far found weighs 15 carats. 

Up to the present time mining operations have been confined to the 
gravels of small streams or to so-called ‘ pay channels” in terraces along 
the larger rivers, but ancient and elevated terraces are also known to be 
diamantiferous, and presumably also a conglomerate horizon in the Jura 
Triassic sandstones, which in this country overlie unconformably certain 
supposed pre-Columbian schists and granitoid rocks. The discovery 
and partial exploitation of some pipes, apparently of kimberlite, is 
reported from the Katanga region. A few diamonds have been obtained 
in this way as well as from alluvial deposits in two other localities in the 
Katanga. Three or more of the gold placers in the northwestern part of 
the Congo have also yielded diamonds. 

The first public rale of Congo diamonds was held in Brussels at the 
beginning of this year (1914). As many as thirty firms of dealere were 
represented. Diamonds from the Kassai to the weight of 6795 carats 
were offered and this entire consignment, the property of the Société 
Internationale Forestiére et Miniére du Congo, was acquired by a single 
purchaser for the sum of 203,985 francs, equivalent to 30 francs per 
carat. 

The extent of the territory in the Belgian Congo controlled by the 
Belgian-American Co. is very considerable, embracing 10,570 square 
miles. In addition to diamonds, gold, platinum, silver, copper, iron, 
petroleum, bitumen and sulphur are to be found here. The services of 
fifteen American engineers and prospectors are being utilized for the dia- 


1 This information in regard to Congo diamonds has been courteously communicated to the writer 
by_Dr, 8. N. Ball. 
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mond mining and development, and the eventual success of the under- 
taking will be much favored if the Belgian Government intends to waive 
its right to control the exportation and sale of the diamonds as has been 
reported. In view of the likelihood that similar deposits are to be met 
with across the Portuguese frontier in Angola, an affiliated company has 
been founded in Lisbon, with a capital of $289,500. This Portuguese 
branch company is called the ‘Companhia de Pesquisas Mineiras em 
Angola.”! 

The discovery of diamonds in the gravels of Mutendele creek in 1907 
and, some 95 miles away, of “pipes” of kimberlite traversing the 
Kundulungu (Permo-carboniferous) red sandstone, was made through the 
efforts of the Kundulungu-Luabala Co., organized for diamond 
prospecting in the Katanga region of the Belgian Congo. The largest of 
the “pipes,” that at Luanza, was tested to a small extent in 1912, and 
stones said to equal in quality those of the German Southwest African 
deposits were obtained. These kimberlite pipes are asserted to be quite 
similar to those of South Africa. That at Luanza is of elliptical form, 
measuring 300 meters and 500 meters along its minor and major axis 
respectively. Pits sunk here, after passing through from 3 to 6 1/2 ft. 
of clay with quartz pebbles, and from 6 to 20 ft. of detrital or alluvial 
clay, encounter a “yellow ground,” consisting of chromite, amphibole, 
olivine, garnet (almandine or spessartine), and quartz. It has been 
suggested that the amphibole (not present at Kimberley) may be an 
erroneous determination of a pyroxene (omphacite). Only a much more 
consecutive and extensive exploitation than has as yet been even at- 
tempted will show whether these kimberlite formations contain diamonds 
in sufficient quantity to make mining operations financially successful. 
Alluvial deposits, a few of which yield enough diamonds to make fair 
returns to the diggers, are to be found in the southwestern part of the 
Belgian Congo.’ 

Asia.—In India, diamond mining has long been practically abandoned, 
although now and again the incidental finding of a fine stone is reported. 
Recent statistical returns published by the Government of India give the 
total annual diamond output as only 150 carats. An attempt was made 
some 20 years ago to open up the old Parteal mine, whence the famous 
Regent Diamond is said to have come. The operations were conducted 
by the Deccan Mining Co., a corporation to which the Nizam of 
Hyderabad accorded a concession covering all mining operations in his 
territory. Machinery of the South African type was installed and work 
was carried on more or less actively for 10 years, the old diggings being 


1 Ross J. Hazeltine, Daily Consular and Trade Reports, October 8, 1913, p. 159. 
2" Discovery of Diamon ."' Mining and Science, April 19, 1913, 
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favored, as they were found to be more remunerative than new ones 
experimentally tested here and there. The enterprise was not substan- 
tially successful and the work was finally abandoned, the machinery being 
taken away.' 

Australia.—The Copeton diamond workings in Australia are said to 
be carried on quite actively at present, a result favored by the increased 
value of diamonds and also by the profit realizable from a sale of the tin 
oxide inclusions in the diamantiferous deposits. The statement has been 
made that these Australian diamonds, which closely resemble those from 
Brazil, are to a considerable extent sold as products of that country.? 

The largest gem diamond from the Copeton field is stated to have 
weighed over 6 carats; as a rule, however, the diamonds are small, 
averaging perhaps three to the carat. From the detritus of the Round 
Mount mine, 120 diamonds are said to have been taken in a single week 
toward the end of 1913. These were sold at the rate of 22s. 6d. per carat, 
& price indicating that the stones were of good average quality.’ 

A test of the value of the diamond wash in the Alfredomia mine, one 
of those in the Copeton district, Australia, was recently made by a repre- 
sentative of the Australische Diamant Syndicaat of Amsterdam and 
Antwerp. From 200 loads of wash-dirt that were treated in a rotary 
puddling-machine, diamonds to the number of 770 were secured, their 
total weight being 177 carats. Here, as elsewhere in these Copeton 
fields, the tin oxide recoverable from the alluvial detritus constitutes a 
considerable addition to the profits of the operations.‘ 

Europe.—The discovery of microscopic diamonds in France has 
recently been reported. They are said to have been found in a deposit of 
“blue-ground”’ resembling that of South Africa, this appearing in the 
midst of decomposed graphitic schists. The locality is between Bellac 
(Haute-Vienne) and Confolens (Charente).° 

North America.—The first really effective attempt to work one of the 
diamond areas of Arkansas was made in 1913, when the Ozark Mining 
Co., which had put up a first-class washing plant with a capacity of 
100 loads for a 10-hr. day, was operated for about 3 months in washing 
kimberlite from the first “pipe” discovered in this region. Some 
5000 loads are said to have been washed, but unfortunately no defi- 
nite report as to the number and weight of the diamonds recovered is 
accessible. Seven or eight hundred stones are said to have been found; 
it is readily apparent that if the average weight was a half-carat, or 
1014, pp. 69, 61 Grossman, ‘‘ Golconda and the Golconda Mines,"" Jewelers’ Circular Weekly, March 11, 

ustral. Min. Stand., Dec. 3, oe Eng. Min. Jour., Feb 14, 1914, p. 381. 

4 Austral. Min. Stand., Dec. 4, 


4 Austral. Min. Stand., Feb. 6, 1913. 
§ Echo des Mines. 
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perhaps even as low as a quarter-carat, the returns per load washed would 
be very small. The excavations made in bringing out the material 
rendered it possible to form the opinion that the kimberlite is deeper than 
was supposed at the outset. The Kimberlite Diamond Mining and 
Washing Co. has erected a small plant on Prairie creek, and has made 
tests of its capacity; eventually it will treat from 50 to 100 loads 
per day. While no work is reported as having been done by the 
Arkansas Diamond Co. during 1913, greater activity is looked for in 
1914 as a result of a reorganization of this company. To facilitate the 
distribution of its expected products, the Kimberlite Diamond Mining 
and Washing Co. has built a mile of tram line from the mine to the mill.? 

An occurrence of microscopic diamonds in Ontario, in connection with 
chrome iron ore, in a basic, peridotitic rock, weathering easily to serpen- 
tine, and closely resembling that whence came the similar diamonds from 
Olivine Mountain, British Columbia, has been recently reported by Dr. 
W. G. Miller, Provincial Geologist of Ontario. A sample from Reaume 
township, about 20 miles north of Porcupine Lake, was submitted by 
him for examination to Mr. R. A. A. Johnston of the Geological Survey, 
Ottawa, and numerous very minute microscopical diamonds were found 
therein. The existence of diamonds in Ontario has long been postulated, 
from the apparently good evidence furnished by a few that have 
been found in the glacial drift of Wisconsin; unfortunately, however, 
the exceedingly minute particles now discovered, though undoubtedly 
diamonds, have absolutely no commercial value, and do not afford any 
indication of the presence of larger crystals. Hence, while very inter- 
esting from a purely scientific viewpoint, we still have to wait for a dis- 
covery of valuable diamonds here or elsewhere in Canada. 

South America.—If the project of the Governor of British Guiana, 
Sir Walter Egerton, for the construction of a railroad line extending 
from the coast to the Brazilian.frontier, a distance of some 340 miles, 
should be successfully carried out, the diamond resources of this region 
will undoubtedly be much more effectively exploited than has heretofore 
been the case. As noted in our last report,? the total production of 
diamonds in British Guiana from April 1, 1900 to June 30, 1912 was 
1,006,557 stones having a total weight of 74,203 carats (76,170 metric 
carats), giving an average of less than 0.08 of a metric carat for each 
diamond. Thus the stones recovered are prevailingly small; neverthe- 
less the fact that the diamond exports for the year 1911-1912 were valued 
at $56,505, may be taken to indicate that under improved conditions 
this field would become a good producer. 


1 John T. Fuller, ‘The Arkansas "gee Field in 1913," Eng. Min. Jour., Sept. 13, 1913. 
2 MINERAL Inpustay, Vol. XXI, 1913. 
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A diamond occurrence in Brazil, bearing a striking resemblance to 
those of South Africa, is presented by the Agua Suja diamond diggings in 
the upper reaches of the Bagagem valley, State of Minas Geraes. Here 
the conditions have been considered to indicate that we have to do with 
a local deposit, not with washings from distant points as in the greatcr 
number of the Brazilian diamond occurrences. While granite and schist 
constitute the rock of the surrounding country, the diamantiferous bed 
is here composed of a bouldery conglomerate, containing over 90 per 
cent. of basic igneous rocks, locally found intrusive in the granitic forma- 
tions, the diamonds appearing in the greasy red clay cementing the 
boulders, this clay also containing pyrope garnet and perofskite in con- 
siderable quantity, some limonite and a little olivine. As the action 
of fluvial forces seems to be excluded in this small valley 400 ft. 
higher than the Bagagem river, the diamantiferous material is 
believed to have resulted from eruptive disintegration of basic igneous 
rocks, and the consequent intrusion of the diamonds and their associated 
minerals into the cementing substance. Hydrothermal action is believed | 
to have been the determining cause of these deposits, which offer the 
closest analogy to the South African occurrence of diamonds in connection 
with a kimberlite pipe that has so far been noted in Brazil.! 

From Brazil have come reports of a rather indefinite character to 
the effect that a revival of diamond exploitation there is about to be 
realized. The Paraguassa region is said to be the scene of considerable 
activity on the part of certain interests, the preliminary operations 
involving modification of river courses, draining of jungles and the 
. planning or construction of hydraulic works. The stagnation of the 
diamond-mining industry in Brazil is attributed, in part at least, to the 
unduly high taxes imposed by the Government, and some relaxation in 
this respect is hoped for. Another drawback has been the somewhat 
lessening demand for carbonado, the form of diamond that has been 
chiefly exported from Brazil of recent years. A cause for this has been 
found in the increased utilization of improved steel for the equipment of 
drills for work where formerly carbonado was the material almost ex- 
clusively used. 


AMBER 


The amber from the Palmnicken? deposits near Kénigsberg in east 
Prussia is foundin a “blue ground” having in places a thickness of 7 
meters. These deposits constitute the main source of the amber of 


1 David Draper, '' Analogies between the diamond deposits of Brazil and South Africa,"’ Min. Mag., 
Dec., 1913, pp. 435, 436. ; 

2 ne ne y preparacion del ambar amarillo en Palmnicken (Prusia); Revista Minera, Nov. 16, 
1913, p. 5 
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commerce. The extraction is essentially a state monopoly, as a special 
authorization is requisite for the operation, although the state is not 
empowered to pursue mining operations on its own account without the 
consent of the proprietors of the field. The greater part of the material 
comes from the ‘ Royal Amber Works” mine “Anna,” situated some 
hundred meters from the Baltic coast. As the excavations are shallow, 
not exceeding 25 meters in depth, the “blue ground” can be taken 
out quite rapidly. The amber-contents of a cubic meter of the ground 
ranges from 10 to 18 kg. The ground on extraction is dumped from 
the cars into are ceptacle holding 150 cubic meters, the bottom having 
perforations through which the smaller particles can pass, only retaining 
the larger pieces of amber. The material is then successively passed 
through finer sieves so as to secure a graded series of the amber par- 
ticles. The larger pieces of amber are washed for 10 hours with water 
and sand to remove adherent substances. The fragments of good 
quality measuring from 1 mm. to 12 mm. are utilized for the manufacture 
of pressed amber, and the poorer material is distilled to secure amber 
varnish, by-products being oil of amber and succinic acid. The industry 
gives employment to 1000 workers, male and female, in the mines, 
etc., and to 500 additional workers occupied in their homes in K6nigs- 
berg and Palmnicken. The miners get about $1.25 per day, the average 
wages for all being, however, only about 80 cents a day. 
Sales for 1911 are reported as follows: 


r Average price 
Kilograms per Kilogram. 
Raw GMbOO Sis ccesscuceudsccuse ves 66,700 $5.77 
Freee QMO. S65 os eee 23,500 22.17 
ONCE INS oo sa,ce scxsdig apps area teio endian msec 158,200 0.37 
ye rrr re rere ere 1,300 3.80 
OME ctiwcesvtawe x mane com menana keors 31,700 0.047 


Various explanations have been offered to account for the progressive 
diminution in the amount of amber obtainable from the “blue ground.” 
The average amber yield of a cartload of this soil has decreased from 739 
grm. in 1900 to only 492 grm. in 1911, and mining operations covering 
1 hectare of ground produced in 1900, 111,283 grm., while in 1911 
the same area yielded but 73,430 grm. In some instances the supply 
is believed to have been diminished by the modified action of currents, 
another general cause being found in the gradual levelling of the coast 
so that the single pieces of amber are not so readily landed by the waves 
as was formerly the case. 

That the amber deposits of east Prussia are older than the “blue 
ground” in which they are found, is the opinion expressed by Dr. F. 


1 Jewelers’ Circular Weekly, March 4, 1914, p. 51. 
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Kaunhowen; the “blue ground”’ is assigned by him to the lower Oligocene 
age.? 

Some good specimens of amber have been collected by fishermen on 
the Sicilian coast near the city of Catania. This material is believed 
to have originated ages ago from the hardened gum of trees along the 
banks of the Simeto river. The river carried down the gum to the sea 
and during and after stormy weather the amber is cast up on the beach. 
Some pieces of this amber show very interesting and pretty inclusions 
of insects, plant growths, etc.* 


EMERALD 


Australian opals have for some time past been favored gems, and now 
there seems to be a possibility that a supply of fine emeralds may be 
provided by this flourishing British Colony. As has often been the case 
with gem-stones, the first emeralds here were found by prospectors 
in search of deposits of metal, the discovery having been made in 1909 
at Poonah, in the Murchison gold field, in western Australia. These 
emeralds occur along a creek not far from some alluvial tin workings, 
where the stream had cut its way through a ridge of greenstone, and 
the green beryls were to be found scattered on the surface of this ridge. 
Most of the crystals are rather small, the largest reported being about an 
inch long and a half inch thick; they are evidently not in situ but the 
parent rock is thought to be not very far distant, judging from the 
comparative perfection of the crystalline faces. The prevailing opinion 
sees their source in the underlying mica schist, from which they are 
believed to have been first freed by weathering and then carried off by 
the action of rain and wind.® 

The annual exploitation tax on the Emerald Mines of Colombia, 
amounting to $60,000, has been changed to an impost of 10 per cent. 
on the gross sales of the emeralds extracted.‘ 


GARNET 


A new bed of fine garnets of a dark puce color was found about 1906 
in Ceylon, at Pellawella, in the Southern Province. A more important 
new discovery of precious stone material on this island is that of a deposit 
of exceedingly fine moonstones, having a blue and white sheen. This 
is a great piece of good fortune for the Ceylonese trade in this beautiful 

1 F. Kaunhowen, “ Der Bernstein in Ostpreussen,” Jahrb. Kgl. Preuss. Geolog. Landesanstall, XXXIV, 
Pt. II, Heft 1, pp. 1-80 (1913). 

* Communicated by Robert Yates Barkley, American Vice Consul (in charge), Catania, Italy. 


8 Min. Jour., March 29, 1913, 
4 Bulletin of the Pan-American Baton. XXXVI, 456 (1913). 
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gem, as the older mines at Kandy and Wagawella are almost worked out. 
These Ceylonese moonstones are cut and polished at the great gem- 
cutting works at Idar, Germany.' 

See also GARNET in the chapter on ABRASIVES. 


JADE 


The Burmese jadeite mines at Seik-moo and Hweka are said to have 
been worked with interruptions from 1790 to the present time, the Bur- 
mese Government having established a station for the handling of this 
product at Mogok in 1806. At one time, between 1831 and 1840, as 
many as 1400 workers are said to have been employed, and although the 
industry has suffered many setbacks since then, the establishment of 
the British protectorate in 1889 has given it a firmer basis.? 

An enormous block of New Zealand jade (punamu, or “greenstone’’) 
said to weigh as much as 2 tons and measuring 7 ft. in length, 
4 ft. in width and 3 ft. in height, has been transported to 
Germany via Sydney, Australia. The quarry of the New Zealand Green- 
stone Co., at Greymouth, New Zealand, is the source of this exceptionally 
large mass of jade, which has been valued at £700. 


LaPIs-LAZULI 


Deposits of lapis-lazuli are so rare in the United States that the 
discovery of this mineral in San Antonio Cafion, southern California, some 
twenty miles south of San Bernardino, is of interest, although the material 
to be collected is unfortunately of poor quality. Some years ago the 
existence of a blue rock was noted here, and tests made of specimens by 
John T. Reed, a chemist and assayer of San Bernardino, determined the 
presence of lapis-lazuli. More recently Prof. Lauterbach of the Uni- 
versity of California and R. M. Wilke, a mineralogist of Palo Alto, Cal., 
while visiting San Antonio Cafion, picked up specimens of the blue rock. 
Toward the end of 1913 a systematic search for this deposit was instituted 
by Mr. Gordon Surr and two of his friends, but they were not successful 
in finding lapis-lazuli in situ, although loose pieces were collected from 
a stream bed in the immediate neighborhood of the spot which had been 
tested several years before. As we have noted, the material is of poor 
quality, and is described as being apparently ‘“‘a dark-gray quartzite 
streaked with parallel, pale to deep blue bands, from an eighth to over half 
an inch wide; the blue material and the other parts of the rock show 
abundant fine grains of pyrite.’ 

1C. K. Moser, Daily Consular and Trade eres Aug. 14, 1913, p 


2 Maxwell K. Mo orhead, Daily Consular and Trade Reports, May 73, arai4, pe. 8 
“a: Gordon Surr, * *Lapie-lasuli in Southern California," Min. Eng. World, 0. 7. "Dns, pp. 1153, 
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OPAL 


A discovery of opal is reported from New Mexico. The deposit 
is situated about 12 miles to the eastward of Silver City, and is near 
the station Bayard on the Santa Rita branch of the Sante Fé Railroad. 
The opal supply has been obtained at slight depths or from the surface, 
and while the stones so far secured are of good quality, the belief is ex- . 
pressed that at greater depths finer material will be met with. The 25- 
ft. shaft that has been sunk traverses talc. The local conditions as 
to water supply, wood, etc., are good; opals from this source have been 
_ cut and mounted in Los Angeles, Cal. 


PEARLS 


Pearls constituted 87 per cent. of the exports for 1911-1912 from the 
Bahrein Islands, but many of these had already been imported from the 
other fishing-banks of the Persian Gulf and were re-exported from Bahrein, 
_which has largely taken the place formerly occupied by Bombay as a 
center of the pearltrade. There is stated to have beena recent local rise 
of from 30 to 40 per cent. in the price of pearls at Bahrein, and the asser- 
tion is also made that they now bring there nearly ten times the price 
that could be obtained for them 20 years ago. The value of the pearls 
sold finally in Bahrein in 1911-1912 and exported by the purchasers has 
been placed at 15,000,000 rupees ($4,875,000), the share of European 
merchants being some 4,000,000 rupees ($1,300,000), the remainder 
having been acquired by Arabs and Hindus for future re-sale in Bombay. 
This represented about half the value of the total exports, the other half 
being sent by local Arab dealers directly to Bombay for sale there. 
Representatives of a French firm, of a London firm and of a Bombay 
firm are stated to have operated in Bahrein during the year.’ 

The value of the imports of pearls to the Bahrein Islands from various 
countries during the years 1099-1910, 1910-1911, 1911-1912 were as 
follows. Rupees reduced to dollars (1 rupee = 32.5 cents). 


Country. | 1909-1910. | 1910-1911. | 1911-1912. 
Pi ey) Se ee en ane | $162,500 $443,625 $1,300,000 
POOLE coos aielSe Gulia Db thw ee Sea eae wh oie as 487,500 765,125 1,300,000 
RRM oak ors ewe aos ew nae ae in ed eae 1,365,000 297,375 975,000 
OVO 6 os a arcig Ghd eee eT SERCO RCT OL EIS Coes ae OTIS 60,125 07,500 
Winch ah eh hw se eT LOS Sy IU cle aes Oe hata eT ee wet’ 97,500 59,637 
RRR COONAN oso cin snc ca acy Goa ivsha nee peeves vase nyanendichiennicar isaac ail eno tacencbiotasteto> 268,125 650,000 


ONDE is pnces tap cares xis a eRe Dena ne $2,047,500 $1,931,875 $4,382,137 


woe and Consular Reports [British], No. 5052 Annual Series, Persian Gulf, London, 1913, 
p. 14. 
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The value of the exports for the same period and the countries of 
destination were: 


Country. | 1909-1910. | 1910-1911. | 1911-1912. 
| ACTS ACERT ee | $2,271,750 | $4,450,875 | $9,724,000 
Bias cicict ccs gt osstage Gadsndserereea tees e a eL | see onaeees ETM: Wisyscdzngess 
ROOD o.oe ns tacceatesrsta EKG MNTes ano ae Ewias wa lah ewes aL ewe Gao ewas BEGOO! | ocvisascwwewwsrs 

ie hxe.sra suwscenioisetae cucasmasiktes aciececdamreoan tests | $2,271,750 | $4,526,600 $9,724,000 


Pearls of considerable value continue to be found from time to time in 
the Australian pearl-fisheries, and although the fortunate diver often fails 
to get any just proportion of the true value of his pearl, he sometimes 
realizes a sum that means much to him. As an extreme instance of the 
unjust advantage taken of the diver by shrewd bargain-hunters, may 
be noted the case of a West Australian pearl which eventually sold for 
£10,000, but for which the original finder only received £10. However, 
not many of the Australian pearls are worth more than from £700 to 
£1,000. 

The attempt to employ white divers for pearling on the Australian 
coast seems to have conclusively shown that they are unable to compete 
with Asiatics either in cheapness or efficiency. While an Asiatic is 
satisfied with wages of from $10 to $15 a month, to which is added a 
commission on the amount of shell raised, a white man will expect $70 
@ month, plus a similar commission, although the Asiatic will bring up 
between 4 and 5 tons’ weight of shell in a year and the white man 
not more than a single ton in the same period. To this must be added 
the great difference in the cost of subsistence, this being three times as 
great for the white man as it is for the Asiatic. Moreover white men 
appear to be physically incapable of sustaining the shocks and strain of 
continuously repeated divings. 

Persistant and successful efforts have been made to increase the 
numbers of the pearly fresh-water mussels whose shells supply the material 
for our very extensive button-making industry. The occasional finding 
of fresh-water gem-pearls in these mussels is a windfall thankfully 
welcomed by the lucky finder, but their chief and permanent value is 
for the industry in question. The well-equipped Government fish- 
culture station at Fairport, Iowa, has been a center of activity in this 
direction, field parties sent from there having operated locally at fifteen 
different places in the Mississippi valley, ten of these being on the 
Mississippi river. The work covered points in Iowa, Minnesota, Wis- 
consin, Illinois, Indiana and Arkansas. In all 150,000,000 young 
mussels were placed, 57,000,000 being placed in Lake Pepin and 25,000,000 
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in the vicinity of Freeport. An extension of these operations to points 
on the Illinois river and to many lakes and streams in Minnesota, thus 
opening up new sources of supply for the button-making industry, has 
been suggested by an investigation of the conditions in those localities.' 

The course of business during 1913 in the pearl-market was essentially 
the same as in the diamond-market, the activity of the greater part of 
the year being followed by a decided reaction toward its close. This 
comparative depression continued through January, 1914, but since then 
there has been a healthy recovery, due to the constant demand for pearls 
and to the gradual depletion of stocks. Paris houses note an active 
demand from Austria, Germany and Russia. There has been no decline 
in price from the high figures that have ruled for some time. 


SAPPHIRE 


The Amakie sapphire deposits of Queensland, Australia, are of 
considerable extent, covering an area of some 30 square miles.” 
The “wash” in which the sapphire material is usually found is sometimes 
superficial, as in the valley bottom of the Black Soil claim, while in 
other places it is covered by an overburden of several feet, in which, 
however, gem-material is occasionally present. ‘The sapphires are as 
a rule of low grade but sometimes large stones of fair quality are brought 
to light; two weighing 128 metric carats and 218 metric carats respect- 
ively have been found west of the Grave Hill washings. The Queens- 
land claim alone has produced $43,000 worth of sapphire in the past 
3 years; here the “wash” is 5 ft. thick and the average yield per 
load is 4 oz. of “blues.” In the Renard claim, the richest in these 
fields, dark violet stones of large size have been found, ranging in weight 
up to 30z.; “fancy stones” of good size came from the Iguana Flat 
claim. Improved washing processes have been introduced of late 
years, rotary machines being used for sifting out the gem material. 
The total value of the production for 1912 was $192,000; the price is 
determined essentially by the German demand, the stones being cut in 
the German gem-cutting works and most of them sold in various parts 
of Russia. Average prices for the rough material have been quoted as 
follows: 


 PRHEY GhONIOE VepalisceadebaGeie vane ussane $25 to $480 per ounce 
LOTHORG)*< TUMOR a's caicawencweawigds tema) eee $28.80 per ounce 
EMMPUOE TMRS o one Bi iced n- mise minh nina oon oipniesimie mies $12 to $16.80 per ounce 
RTOGE DAUOG jv accc ui aiealainaa et wena ee ea seu $8.40 per ounce 
UPD yc TUREMON  e raor rare avn ace wiles eather ereatond $1.80 va ounce 
DABORING SONNE Go occieis ceisks begs ae eee eee $0.75 to $0.80 per ounce 


1 Annual Re , Commissioner of Fisheries, 1913; hice mee 1914, p 
2 Lionel C. Ball, ‘The Amakie Sapphire Fields of Quee Min. Scr. ess July 26, 1913, pp. 151, 
152; abstract from’ Queensl. Min. Jour. 
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TOURMALINE 


On the Syssert mining property, south of Ekaterinburg, in the southern 
Urals, a tourmaline deposit has been discovered presenting some un- 
usual conditions. The rock here, on the boundary of the European 
and Asiatic watersheds, is preponderantly of granites and serpentines. 
It is in a serpentine, and not far removed from its point of contact with 
a calcareous rock of the Lower Devonian period that the tourmaline 
has been found. The specimens are optically negative, and show an 
intense dichroism, dark brownish green and pale brownish yellow. 
The presence of tourmaline in a serpentine, close to its immediate contact 
with a calcareous formation, is very significant. It shows that the magma 
producing the basic rocks whence the serpentine is derived, must be 
accompanied by mineralizers analogous to those so abundantly present 
in the acid rocks, and it is held that these tourmalines were formed by 
the fumaroles of the mineralizers.* 


TURQUOISE 


Much valuable information regarding the present use of turquoise 
in the Orient and the commerce in this very attractive stone in certain 
eastern lands is given in a recently published monograph on the turquoise 
by Dr. Berthold Laufer.? In it all that can be gathered from ancient, 
medieval and modern records as to the history of the gem is very fully 
presented. Of the modern eastern trade in this stone, that of China 
radiates from two principal distributing centers, Mongolia deriving its 
supply from Peking, while Tibet, a country in which turquoise is a great 
favorite, is supplied from Si-ngan, where some half-dozen traders, settled 
in the same street, work up the raw material into beads and perforated 
flat stones. Asa rule the turquoise material in Si-ngan is sold by weight, 
a catty, about 1 1/3 lb., bringing from $3.50 to $5.60, but very finely 
polished beads, or specimens of superior quality, are priced by themselves, 
having what is termed a “fancy value.’’® 
Bee. pied s Depsre a ot Si eet wa fo usis), de tourmaline dans un serpentine de l’Oural,"’ Bull. 

? Berthold Laufer, ‘Notes on Turquolee in the East,” Field is of Natural History, Publica- 


tion he nape Anthropological Series, V III, No. 1, Chicago, July, 191 
ip. cit., p. 63. 
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GEMS AND PRECIOUS STONES. 


By Dovetras B. STERRETT. 


INTRODUCTION. 


There was a large decline in the industry of mining precious and 
semiprecious stones in the United States in 1914. This is in accord 
with the usual conditions in the gem trade during times of stress. 
The greatest decrease was in the production of sapphire in Montana, 
due to the fact that one of the larger placer mines of variegated 
sapphire was not operated during the year and that the deposits of 
blue sapphire in matrix, now owned entirely by an English company, 
were closed in August. The greatly increased demand for native gem 
minerals that was expected to arise from dealers preparing for the 
tourist trade at the Panama-Pacific International Exposition at San 
Francisco and the Panama-California Exposition at San Diego 
did not materialize. Only small quantities of these gems were 
mined in the West, and the demand in the East fell off greatly. 
Among other minerals in which a large decline of production was 
reported to the Survey was opal, the claims in the northern part of 
Humboldt County, Nev., not being so actively worked as in 1913. 
A comparison of the figures in the table of production for 1913 and 
1914 shows decreases in 1914 in most of the gem minerals, slight 
increases in a few, and a decided increase in turquoise. 

Acknowledgment is gladly made of assistance rendered by many 
persons in the preparation of this report by furnishing statistics and 
information on gem occurrences and by supplying specimens for 
examination. It is not possible to name individually all who have 
assisted in this way, but some are mentioned in the following pages. 

This report does not deal with the gem-mining industry of the 
United States during 1914 alone, but follows a plan adopted several 
years ago by which as many different gem localities as possible are 
examined and described each year, regardless of whether or not they 
are worked that year. The aim of this plan is the collection of 
information for a more complete report on the occurrence of precious 
stones in the United States at some future date. 


AGATE. 
ALABAMA. 


Mr. J. H. Watkins, geologist for the Southern Railway, presented 
to the Survey specimens of chalcedonic chert from a small mountain 
southeast of Gurley, Ala. The material is in lumps measuring as 
much as 24 inches across and shows a varicty of colors, chiefly in red 
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and, yellow mixed through gray. The color is evenly distributed in 
some parts and grades from one to the other in other parts. The 
material has a dense texture very closely resembling the novaculites 
of Arkansas. Some of it would pass as chalcedony and some has so 
much impurity m the nature of iron oxide as to resemble jasper. 
None of it has been cut for ornamental purposes, but the colors would 
prove attractive. 
ARKANSAS. 


Mr. F. Holstein, of De Roche, Ark., mentions the occurrence of a 
bed of brecciated agate-like rock found along the southern border 
of the Novaculite Mountains, in the northern part of Hot Springs 
County, Ark., which has many of the qualities desirable in an orna- 
mental stone. When polished the stone shows a brecciated structure 
with various colors exhibited by the different pebbles and fragments. 
These fragments are inclosed in a cement of chalcedonic material. 
It is possible that this bed is a phase of the novaculite, which, as is 
well known, grades into material indistinguishable from ordinary 
chalcedony. Some of the novaculites of Arkansas have an exceed- 
ingly dense grain, a waxy luster resembling chalcedony, and various 
bright colors. Prominent among these colors are different shades 
of pink, red, brown, and yellow scattered in various patterns through 
gray and white matrix. The color and texture of such novaculites 
render them quite suitable for ornamental purposes. 


COLORADO. 


Specimens of agate received from Mr. J. D. Endicott, of Canon 
City, Colo., were found by him at a new locality in Pueblo County, 
the exact location of which is not given. 

These agates are very delicately banded, showing bright and dull 
red and brown layers interbanded with gray and white chalcedony. 
Some of the specimens show a fortification structure and others a 
concretionary or spherical structure. In some of the translucent gray 
bands there are small rounded red spots as in the St. Stephen stone 
variety of agate. The texture is very close-grained and the stones 
would take a fine polish. The coloring is sufficiently rich without 
artificial intensifying to make a good grade of agate jewelry. 


MONTANA. 


Mr. Paul E. Hanson, of Billings, Mont., forwarded to the Survey 
various specimens of agate, chalcedony, and associated minerals that 
have been gathered from the gravel deposits lying along Yellowstone 
River and covering much of the adjacent country. In this report for 
1913, specimens of moss agate from the same region, also loaned by 
Mr. Hanson, were described, and the present notes cover certain 
associated varieties of agate. Among these is a slice from a cobble 
3% inches long and 2 inches thick which shows a streak of wavy 
banded agate surrounded by dark-green mottled prase. This streak 
of wavy agate also contains a large proportion of green intermixed, 
resulting from the presence of minute particles or scales probably of, 
an iron silicate mineral, such as chlorite. Another specimen consists 
of banded bluish-gray, brownish, and white agate crusted over with 
quartz crystals, the tips of which show a pale amethystine color. 
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Another specimen is a cream-yellow picce of chert which shows black 
dendritic markings similar to those occurring in moss agate, and 
still another is a slice of translucent chalcedony with inclusions of 
tufts or globules of white chalcedony, which, in turn, inclose small 
spots of green prase. 


WYOMING. 


The following notes on the occurrence of moss agate in Fremont 
County, Wyo., along the Sweetwater Valley, have been supplied by 
C. J. Hares, of the United States Geological Survey. The agate 
deposits are scattered over several townships, including Tps. 30 and 
31 N., Rs. 89, 90, and 91 W., mostly north of Sweetwater River, and 
among the isolated granitic masses of the Granite Mountains. The 
locality is about 35 miles west of the Pathfinder Dam and 60 miles 
west of Casper. Occasionally a few agates are found farther down 
Pet vator River, but the best agate beds are limited to from 1 mile 
to 3 miles north of the McIntosh ranch, located on Sage Hen Creek, 
in sec. 15, T. 30 N., R. 90 W., and north of the granite in that vicinity. 

The agates occur as pebbles scattered over the surface of the ground 
on terracclike slopes or in valleys. As they are gathered up from 
the surface a fresh supply is uncovered among the grass, sagebrush, 
cacti, and soil by hard showers or by the almost daily heavy winds. 
They apparently represent residual wind-swept gravel from the dis- 
integration of the flat-lying White River formation, of Oligocene age. 

The White River formation in this area is composed of a great 
variety of rocks—very coarse granitic conglomerate, agglomerate 
containing fragments of Tertiary eruptive rocks, grits, arkosic sand- 
stone, shale, fine volcanic tuffs containing rhyolitic bombs, opalized 
quartz, opal containing mossy markings in limestone, much unin- 
durated volcanic ash, and clay. In the vicinity of the agate beds 
the formation lics unconformably on and fills in around the old 
irregular bald masses of pre-Cambrian granite. The formation is 
flat lying and, as far as ascertained, has not been materially deformed 
since its deposition.? 

The present altitude of the agate beds is about 6,400 feet above sea 
level, which is approximately 1,000 fect below the highest White 
River beds in near-by localitics—along the northern edge of the 
Sweetwater escarpment and about 200 feet above Sweetwater Liver. 
The crest of the Sweetwater escarpment, composed of the White 
River formation, about 25 miles to the west of the agate beds, is com- 
posed of limestones which, in places, contain opal with mosslike 
markings. These opalized limestone beds possibly represent the last 
stages in the deposition of the White River formation. It is probable 
that the agates are derived from the disintegration of the White River 
beds and now remain on the surface, from which the finer and softer 
material has been blown and washed away. 

The agate pebbles range in size up to 2 inches or more in diameter, 
and are usually well rounded and some are partly polished. Many 
of the agates have the dreikanter shape and the wind-blown facets 
characteristic of wind action. Some are elongated and others are 
flattened or lens shaped. The good specimens are uncommon, being 


! For a fuller description of the geology of this region, see Hares, C. J., The anticlines in central Wyoming. 
{In preparation.] 
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associated with a great many worthless pebbles, such as black and 
red jasper, quartzite, white milky quartz or chalcedony, and waxy 
gray chalcedony. A quantity of the waxy chalcedony is found in 
place and loose on the surface between the McIntosh ranch and 
Lankin Pass. 

The agates range from opaque white and gray to highly translucent 
gray with black, dark brown, reddish to yellowish-brown dendritic 
markings. Those with the black and dark-brown markings are most 
common. The dendrites consist of tufts or patches of oxides of 
manganese and iron. They show great variations in size and in 
delicacy of pattern. Some are small rounded tufts too dense to show 
individual lines, and others are as much as 2 or 3 millimeters across, 
exhibiting very delicate, mosslike or seaweed-like markings. The 
black dendrites furnish the prettiest gems. Groupings of the den- 
drites in such manner as to show complex landscapes, as in the 
Montana moss agate, apparently do not occur, and the gems depend 
on the perfection of the individual dendrites for their beauty. 

The agate beds have not been exploited commercially to the present 
time. Most of the specimens have been collected by occasional 
visitors who have not placed the stones in the regular gem market. 


AMETHYST. 
PENNSYLVANIA. 


The occurrence of amethyst at many localities in Chester and 
Delaware counties, in southeastern Pennsylvania, have been men- 
tioned by Kunz‘! and Dana.? The localities given include, in Chester 
County, several places in east Bradford, Pocopson, Birmingham, 
and Newlin townships; and in Delaware County, leon Birmingham, 
Chester, upper Ghidacgra Concord, Edgemont, Marple, Middletown, 
upper Providence, and lower Providence townships. Most of these 
discoveries were made before 1890, and since that time only occasional 
amethysts have been found. The majority of the amethysts have 
not been of fine quality, but a few specimens of fine crystals capable 
of yielding beautiful gems have been obtained. 

At present very few persons in the region take an interest in these 
minerals or know of the localities, and since much of the land has 
grown up in brush or been turned into meadow, there are few oppor- 
tunities for the further discovery of amethyst. An examination was 
made of one of the old localities near Village Green, in Aston town- 
ship, now owned by G. L. Mills. Some pits in a field on this place 
where good amethyst was obtained, are now filled up. A careful 
search on the ground near the pits yielded only a few colorless quartz 
crystals. No rock crops out around these amethyst pits, but the 
area is mapped as Wissahickon gneiss by F. Bascom.’ 

Mr. John H. Smedley, of Media, who was formerly much interested 
in the minerals of this region, knows the location of many of the 
amethyst deposits. He states that few finds of value are now made 
and that under the present conditions much prospecting and digging 
will be necessary to uncover gem material at many of the places. 

1 Kunz, G. F., Gems and precious stones, pp. 112-115, Scientific Publishing Co., New York, 1890. 


2 Dana, J. D., System of mineralogy, 6th ed., pp. 1067-1068, 1909. 
2U.S8. Geol. Survey Geol. Atlas, Philadelphia folio (No. 162), 1909. 
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A specimen of amethyst from a locality 1 mile west of Minnieville, 
Prince William County, Va., has recently been acquired by the 
United States National Museum. ‘This amethyst was found in 1902 
in a cultivated field, and was recently brought to the attention of 
Farnham E. Briggs, of Minnieville. Mr. Briggs has prospected around 
the locality, but only found a few colorless quartz crystals and failed 
to find other amethyst. The specimen weighs over 3 pounds, 
measures 6 inches across the prism zone, and is 5 inches high. The 
crystal has been split so that a thickness of 3 inches only remains. 
The whole specimen is not amethyst; the interior consists of color- 
less to partly fractured quartz crystal nearly 4 inches in diameter, 
incrusted with groups of amethyst crystals from half an inch to 14 
inches thick. On one side these groups of crystals have grown into 
one larger amethyst crystal with a face 3 inches across around the 
prism zone, but terminated by several pyramidal points. The 
faces of the amethyst crystals are somewhat dimmed by etching or 
wear, and part of the crystals are rather badly flawed. Most of the 
amethyst crystals have a beautiful bright purple color, grading from 
dark to pale. As usual the color is darkest near the points of the 
separate crystals. This amethyst is of interest chiefly as a specimen 
and would yield only small flawless gems. The richness of the color 
and the size of the crystals, however, are sufficient to justify further 
efforts to locate the deposit from which the specimen has been 
obtained. 

Amethyst has been found in the region of Trevilians, Louisa 
County, Va. One of the prospects, on the land of A. J. Rudinger, 
4 miles southwest of Trevilians, was visited. Crystals are also 
reported on the places of Capt. William Overton and J. J. Boxley in 
the same general region. On the Rudinger land amethyst crystals 
have been found at two places loose in the soil of cultivated fields 
about a quarter of a mile north of the house. At one of these places 
the crystals were found in an area about 40 feet in diameter. The 
soil at this place is reddish and sandy, resulting from the decompo- 
sition of a granitic rock inclosing diorite. An outcrop of quartz has 
covered the surface with massive quartz débris for a distance of 
nearly 100 feet in a S. 60° W. direction beginning a few yards south- 
west of where the amethysts were found. Soapstone borders the 

ranite and diorite on the southeast. About two quarts of crystals 

ave been picked up at this locality, ten or a dozen of which have 
good color. The others range from paler purple to almost colorless 
quartz. The crystals are mostly small, not many measuring over 
an inch thick. ‘The best ones have a fine dark purple color, which is 
not evenly distributed or clear through the whole crystal. 

During July, 1915, Mr. Rudinger dug a trench 12 feet long and 5 
feet deep at this prospect. The amethyst vein was located and 
about half a bushel of crystals are reported to have becn taken out. 
Seven of these crystals were sent to the Survey for examination. 
They were of about the same size as those found on the surface, 
but were of better color and quality. Most of them were not per- 
fectly clear or flawless, but would cut into beautiful beads. One or 
a of the crystals would yield small flawless gems of rich purple 
color. 
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The other prospect is about 150 yards N. 15° W. of this place and 
is less promising. About two dozen crystals have been picked up in 
an area about 50 feet in diameter. The soil is dark greenish, resulting 
from disintegrated coarse and medium-grained diorite, and contains 
many blocks of this rock. Some of these amethysts have fairly 
good purple color. 


BERYL. 
ALABAMA, 


Golden beryl crystals have been reported from the region of 
Hissop, Coosa County, Ala., by George F. Kunz.!. This beryl is 
described as being light golden yellow and clear enough to cut into 
small gems. 

Two localities were examined, one on the Eliza Goggans place, 
three-fourths of a mile southwest of Hissop, and the other on John 
H. Thomas’s place, 1 mile northeast of Hissop. The prospects con- 
sist of small pits opened by F. M. Dorsey a number of years ago. 
On the Goggans place the beryl was found in a large outcrop of 
massive quartz, forming part of a pegmatite ledge. Associated with 
the quartz is mica in rough fishbone-shaped crystals 3 or 4 inches 
across, and decomposed feldspar. Most of the beryls were found in 
the quartz. Two crystals of about 1 inch in diameter were observed 
at the time of examination. These have a pale yellowish-green to 
pale aquamarine color. They were so fractured that they would not 
yield gems over one-third of a carat in weight. Similar outcrops of 
quartz were observed on the S. Wade place adjoining the Goggans 

lace on the north, and beryl crystals were reported to have been 
ound here also. On the Thomas place the prospect was opened for 
mica, but a few beryl crystals are reported to have been found. 
Only yellowish-gray opaque crystals were seen. The country rock 
around Hissop consists chiefly of biotite granite gneiss, with occa- 
sional inclusions of mica schist. Outcrops of massive quartz, similar 
to those found at the beryl localities, were observed at many places 
along the road, and Mr. Thomas states that occasional beryl crystals 
have been found in some of them. 


CALIFORNIA. 


Mr. Joseph Ward, with headquarters at Barstow and Lone Pine, 
Cal., who ie prospected large areas of the desert between those 
pecs for gem and other minerals, has submitted a number of rough 

eryl crystals to the Survey. These consist of rough, hexagonal 
crystals ranging from small size to over half an inch in diameter. 
They are pale to quite dark blue, some of the darkest nearly resem- 
bling sapphire in color. All of the specimens found at the time of 
discovery are opaque, but Mr. Ward expects to prospect the locality 
more closely for gem varieties. The beryl crystals are associated 
with such minerals as are found in pegmatite or lining the walls of 
miarolitic cavities. The associa rock is fine-grained biotite 
granite, and one specimen contains a vein of the beryl crystals with 
intermixed quartz and feldspar about half an inch thick. Another 


1 Precious stones: U.S, Geol. Survey Mineral Resources U. S., 1887, p. 59, 1888. 
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specimen is an inch and a half thick, showing two surfaces which have 
evidently come from the walls of a vein. The color and association 
of the beryls are similar to those on Mount Antero, Colo., but so far 
the California locality has not yielded crystals of gem quality. 


CONNECTICUT. 


The beryl locality near Merryall, Litchfield County, Conn., has 
been mentioned by George F. Kunz in these reports for the years 
1885, 1892, 1898, and 1899. The beryls were obtained as an impor- 
tant by-product from a quarry worked for feldspar and mica. The 
deposit has been idle since about 1900, and the workings are now in an 
overgrown condition. Formerly the mine was owned by two parties, 
S. L. Wilson and George Roebling, but the whole property is now 
held by Mr. Roebling, of Northville, Conn. An examination of the 
deposit was made in October, 1914, at which time the following notes 
were taken: 

The deposit is located 54 miles N. 12° W. of New Milford, or 3 miles 
east of Kent, a station on the New York, New Haven & Hartford 
Railroad. The workings consist of an open cut about 120 yards long 
driven southwest into a hillside. The cut varies from 10 to 50 feet 
deep in the deepest part and is 30 to 40 feet wide in the northeast 
half. The northwest wall overhangs the workings, and the southeast 
wall dips northwest at varying angles. A little tunnel work has 
been carried on along the hanging wail. The open cut was originally 
65 fect deep toward the northeast end, but this part has been partly 
filled up by the caving of wall rock. The country rock is biotite 
gneiss, highly schistose near the vein and has been mapped as Becket 
gneiss by Rice and Gregory.! Immediately around the mine the 
enciss has a due northeast strike with a vertical to high northwest dip. 
The vein rock is pegmatite, which varies from 20 to 40 feet thick. 
It strikes about parallel with the country rock, but cuts across the 
schistosity of the latter with a lower dip to the northwest. The 

egmatite pinches and swells in different parts and is reported to 
ir been thinner near the bottom of the cut than at the surface. 
The texture of the pegmatite is extremely coarse grained. Gray 
quartz occurs in large massive streaks several feet in thickness, 
lying roughly parallel with the walls of the pegmatite, orthoclase 
feldspar in crystals and masses several feet across, and mica in 
bunches and pockets in various parts of the vein. The best mica 
and feldspar is reported to have come from the northeast half of the 
open cut and the best beryl from the southwest half. Near the 
southwest end of the cut there are outcrops of quartz streaks 2 to 3 
feet thick and masses of solid mica of even greater thickness, and one 
50 feet long. This solid mica is composed of rough “‘A” and “wedge- 
shaped”’ crystals, 1 to 4 inches across, bunched closely together, with 
a little impurity such as quartz and feldspar mixed with it. One 
block of solid mica ping eoxe from this vein measured, 4 feet thick 
and 8 feet long. Such mica would only be valuable as scrap for 
srinding, but it is probable there are at least 50 tons in sight. The 
mica from the northeast end of the cut was suitable for glazing, 
yielding clear sheets several inches across. Large quantities of 


1 Rice, W. N., and Gregory, Hl. E., Manual of the geology of Connecticut: Connecticut State Geol. and 
Nat. Hist. Survey Bull. 6, 1906. 
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feldspar were shipped for pottery purposes and paid most of the 
expenses of miming. Among associated minerals are a few dark red 
opaque garnet crystals, a little biotite mica, and black tourmaline. 

Beryl crystals have been found abundantly in some parts of the 
quarry. These crystals range from small size up to more than a 
foot in diameter, and one block was seen on the dump which weighed 
about 50 pounds. The majority of this beryl is opaque or only partly 
translucent, and is variously colored bluish green, yellowish green, 
and yellow. In some of the large crystals there are translucent 
and clear portions from which gems can be cut. In other specimens 
the gems are obtained from small crystals which are nearly transparent 
throughout. At one place several fractured crystals are exposed 
in a streak of granular gray quartz along the southwest wall. These 
crystals are translucent with a few transparent parts, and are golden 
yellow to yellowish green in color. 

The gem beryls are quite clear and brilliant, with a wide range in 
colors, from pale to dark golden yellow and almost topaz brown, 
Bae to dark blue and bluish green, and some are yellowish green. 

unz mentions several that were white or colorless. 

The production of beryl from this mine has been large, and in 
four years $17,000 worth of gems are reported to have been sold. 
Mr. Roebling still has a few specimens showing the quality of the 
gem material obtained from the mine. ‘This deposit of pegmatite or 
another in the same lead has been traced for several hundred yards 
across the hill to the southwest of the mine, and at a few small 
openings made there showed large pure crystals of orthoclase feld- 
spar. Whether gem beryls would be found by opening this portion of 
the deposit can not be determined without further excavation. 

A number of beryl crystals have been found in the feldspar quarry 
of Joseph Halberg, 24 miles 5. 25° E., of Middle Haddam. This 
quarry consists of a cut about 35 feet square and 18 feet deep on the 
inner side, made in a pegmatite outcrop forming a small steep hill. 
Besides feldspar the pegmatite contains much quartz, a quantity of 
biotite mica, some muscovite, large black tourmaline crystals, many 
beryls, opaque red garnet crystals up to 3 inches in diameter, and 
columbite in fractured oerale up to several pounds in weight. The 
beryl occurs in crystals ranging from small ones up to those an inch 
in diameter and several inches long. In places they are arranged in 
radial groups in masses of quartz. Most of the crystals are opaque 
pale yellowish and greenish, but a few contain transparent portions 
that might yield small gems. 


GEORGIA. 


Specimens of cut beryl gems found on the farm of T. J. Allen, 
about 2 miles east of Vaughn, Spaulding County, Ga., were kindly 
loaned by Mr. John L. Davidson, formerly of Griffin, Ga., now of 
Chester, S.C. The rough stones from which these gems were cut were 
found loose in the surface soil several years ago. On the same hill 
with the beryls black tourmaline, rose quartz, smoky quartz, a few 
garnets, and mica were found. Mr. Davidson and Mr. Allen sank a 
shaft nearly 60 feet deep on what appeared to be the beryl vein, but 
no crystals were found. On the same hill are other deposits of peg- 
matite and it is possible the beryls were set free by the weathering 
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of some of these. Among the specimens submitted by Mr. Davidson 
were two blue beryl gems of fine, light sky-blue color, weighing from 
14 to 2 carats each. These gems contained a few flaws but have the 
color characteristic of fine gems. A third gem was pale blue with a 
slight greenish cast, weighed over 1 carat, and was almost flawless; 
and a fourth was of about the same weight, of yellowish-green color, 
and slightly flawed. There was one pale translucent rose quartz 
gem cut in elongated ‘‘en cabochon” shape. This gem shows an 
asterism which would probably be more pronounced in a hemispher- 
ical stone cut en cabochon. The fine color of the blue beryl gems 
and the fact that portions of them are perfectly clear make this local- 
ity of interest as a possible source of valuable gem material. 


MAINE. 


During operations for feldspar in the Mount Apatite region, near 
Auburn, Me., in 1914, a few finds were made of minerals of value as 
gems or of interest as specimens. Among these was a beryl crystal 
12 inches in diameter and 22 inches long, with a light pink color. 
Much of this crystal was opaque or only translucent, but in some 
parts it was clear enough to cut into gems. This beryl was found 
in a quarry of the Maine Feldspar Co., and a specimen of the cut 
gem was kindly given to the Survey by Mr. N. G. Smith, of the Maine 
Feldspar Co., and Mr. M. L. Keith, lapidary, of Auburn, Me. The 
cut gem weighs 1.2 carats, is perfectly clear and flawless, shows a 
very light pink color, and has great brilliance. In some lights the 
ae is not especially noticeable and the beryl resembles the caesium 
veryl found at many localities in Maine. Larger gems showing deeper 
color were also cut from the crystal. 


MASSACHUSETTS. 


In the region of variegated tourmalines around Goshen and Chester- 
field, Hampshire County, Mass., many beryls are found. <A few 
occurrences are mentioned in this report under tourmaline. Some of 
these occurrences have been known for a century, and certain beryls 
from the Goshen region have been called goshenite. Dana? calls 
the white or colorless variety goshenitc, but Kunz? describes it as 
blue beryl. Both varieties occur, and specimens suitable for gems 
have been obtained. A locality 14 miles N. 80° W. of Goshen, about 
300 yards north of the north end of Lily Pond, was visited. This 
place is overgrown with heavy brush and showed but little evidence 
of having been worked. As it was found without the services of a 
guide, the writer does not know whether it is the usual locality men- 
tioned as near the Lily Pond. 

At the locality examined a ledge of mixed granite and pegmatite 
30 fect thick standing several feet above the surface outcrops up a hill 
slope in a due west direction for a distance of about 100 yards. The 
country rock is fine garnet schist cut by medium-grained gray granite. 
The pegmatite incloses irregular streaks or veins of white quartz 
which pinch and swell along their course. A prominent one of these 
quartz veins is inclosed in the pegmatite at the east end of the outcrop. 


1 Dana, E. S., System of mineralogy, 6th ed., p. 407, 1909. 
2 Kunz, G. F., Gems and precious stones of North America, p. 95, 1890. 
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Quartz also occurs in smaller masses scattered through the pegmatites. 
Some of this quartz is highly translucent to almost clear, and some 
is smoky. Mica occurs in yellowish-green crystals 2 to 3 inches 
across. Beryl is abundant in crystals ranging from less than an 
inch to 15 inches in diameter. They occur mostly along the quartz 
veins, some of the larger ones displacing the quartz. The beryls 
exposed at the surface are mostly opaque, but some contain trans- 
lucent portions. They range from nearly white to yellowish, to 
bluish green and to greenish blue in color. 


NEW HAMPSHIRE. 


Beryl crystals, some suitable for gems, have been found at several 
places in the town of Roxbury, a few miles east of Keene, N. H. A 
number of these have been cut by Leon Allen, a lapidary of Keene, 
with very good results. Among localities where the crystals occur 
are Bassett Hill, 5 miles north of east of Keene; Horse Hill, 44 miles 
east of Keene; and the Keene granite quarry, on a hill 3 miles south of 
east of Keene. Still other localities have been found but were not 
visited. At all of the prospects the beryls have been found in peg- 
matite. 

The surface of Bassett Hill is rolling and stands 200 to 300 feet 
above the surrounding country or over 1,600 fect above sea level. 
It is covered with overgrown fields and small pine thickets on the 
summit and east side and with woods on the west side. The country 
rock is granite gneiss over most of the hill. Beryl crystals have been 
found in two ledges of pegmatite on the east side of the hill and in one 
on the west side. On the east side the outcrop of the lower ledge is 
exposed for a distance of over 100 yards in a north and south direc- 
tion. At three places beryl crystals have been found in small open- 
ings blasted or cut into the pegmatite outcrop. The vein is Aoi 
10 feet thick. It contains smoky and translucent gray quartz, gray 
orthoclase crystals, plates of greenish muscovite, and beryl crystals. 
One beryl crystal found at the time of visit was opaque and gray on 
the outside and pale yellow with clear portions between fractures in 
the interior. The upper pegmatite ledge on the east side of the hill 
outcrops with a strike of N. 10° E. and a dip of about 20° W. Itis 
several feet thick, with a zone of coarse-grained rock 2 feet thick next 
to the hanging wall. There are a few small pockets 1 to 3 inches in 
diameter at the base of this rock. Among minerals observed in the 
pegmatite are gray orthoclase crystals, quartz in small masses and 
graphically intergrown with feldspar and mica, black tourmaline 
crystals, some arranged in rosettes, and colorless but more or less 
fractured beryl crystals up to 2 inches in diameter. 

Pale-colored beryl crystals have been found in the pegmatite 
outcrop 6n the west side of the hill. The pegmatite at this prospect 
is coarse-grained, containing orthoclase crystals up to 10 inches thick, 
segregations of quartz over a foot thick, and crude mica crystals 2 to 
3 inches across. 

Most of the gems that have been cut from beryl crystals from Bassett 
Hill are colorless or only slightly colored, but quite brilliant, rivaling 
the ceestum beryl of Maine in luster. 

Horse Hill is mostly stripped pasture land with a generous propor- 
tion of rock outcrops. Three prospects have been found at the south 
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end of the hill, one in flat ground to the west and at the foot of 
the hill slope, another 100 yards northeast on the hill slope, and 
the third about 200 yards east also on the hillside. Horse Hill 
is composed of granite gneiss inclosing beds of mica gneiss, both 
of which are cut by pegmatite. The lower prospect to the west 
consists of an exposure of pegmatite 75 feet across, outcropping 
somewhat like a floor. Only the southeast wall is exposed, and this 
strikes N. 35° E. with a northwest dip. The pegmatite contains 
irregular quartz segregations, orthoclase crystals 1 foot across, 
greenish muscovite, and beryl crystals. The beryls range up to 2 
inches in diameter and are mostly opaque. Some of the beryl is 
transparent and rather pale aquamarine green. 

At the prospect 100 yards to the northeast a pegmatite vein 18 
inches to 3 feet thick crops out in a direction S. 60° E. around the 
end of the hill for a distance of nearly 100 yards. The vein cuts the 
bedding of the granite and inclosed gneiss which strike N. 30° E., 
with ae west dip. Beryl crystals are plentiful in the northwest 
end of the outcrop. 

At the east prospect a pegmatite ledge 2 to 6 feet thick with a low 
northwest dip outcrops in a northeast direction around the hillside. 
Many loose blocks of pegmatite and quartz have rolled down the hill 
slope below. Good beryl crystals have been found at this locality, 
some being of clear aquamarine color. One rough crystal was found 
which would cut into a gem weighing possibly 10 carats. 

At the Keene granite quarry rock has been quarried over an area 
about 150 yards long in a northeast direction and about 100 yards 
wide. The granite 1s a fine to medium grained gray muscovite- 
biotite variety. On the southeast side of the quarry a vein of peg- 
matite cuts the granite with a strike of N. 55° KE. and a vertical dip. 
The pegmatite forks into streaks, which pinch out or enlarge irregu- 
larly. The pegmatite contains gray to smoky quartz segregations, 
crystals of microcline or anorthoclase 2 or 3 inches thick, muscovite 
crystals 1 to 2 inches across, black tourmaline thickly intergrown with 
quartz, a little biotite, and beryl crystals. The beryls range from 
dark to pale golden to greenish yellow to yellowish green in color. 
Most of them are small, but a large proportion contains parts clear 
enough to cut. The cut gems are very brilliant, and some of the 
greenish-yellow stones are unusually pretty. 

A. deposit was operated for mica and gem beryl several years ago 
by Franklin Playter, of Boston, in the town of garnered Sullivan 
County, N. H. It is on one of the higher summits of Springfield 
Mountain (called Melvin Hill on Hitchcock’s Atlas of New Hamp- 
shire), 3 miles S. 40° W. of Grafton, at an elevation of 2,100 feet 
above sea level. The workings consist of four open cuts along a 
small ridge. Three of the openings fall in a line of about N. 55° 
within a distance of 150 feet on the northwest side of the ridge, and 
the fourth is about 100 feet southeast on the opposite side of the 
small ridge. ‘Two of the open cuts are 25 feet across and are con- 
nected by a passage 6 feet wide. The different openings vary from 
8 to 25 feet deep. 

The country rock is muscovite-biotite gneiss, which has a general 
northeast strike and high southeast to vertical dip. The pegmatite 
cuts the gneiss irregularly with its greatest length corresponding 
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approximately to the schistosity of the gneiss. By pinching and 
swelling the deposit cuts the schistosity of the inclosing rock in one 
place and is conformable with it in another. In the two connected 
open cuts the pegmatite is over 20 feet wide, but pinches down to 6 
feet at the surface in the passage between the two cuts and widens 
to 10 fect at a depth of about 10 feet below the surface. Where the 
pegmatite pinches down in this passage it cuts across the bedding of 
ae gneiss In part, and in part the gneiss bends around the bulging 
shape. 

The texture of the ‘‘vein” rock is variable, but chiefly rather coarse. 
The quartz occurs in large segregations of coarse smoky to gray 
erains. In places it occurs in translucent to nearly clear masses 
several inches across. Two varieties of feldspar were observed, gray 
orthoclase or microcline crystals 2 feet thick and smaller masses of 
albite 3 to 4 inches across. Black tourmaline crystals are plentiful, 
some with good crystal form. Biotite is present in quantity, and 
some of it is Intergrown with the muscovite. The muscovite is of 
good quality, splittmg well and having a fine clear rum color. Crys- 
tals were scen around the workings which would yield perfect plates 
24 by 3 inches and 2 by 4 inches. Beryl occurs rather plentifully, 
the greater part being opaque, but some is clear with fairly good colors. 
It is not possible to judge what quantity and quality of beryl were 
obtained when the mine was in operation, but the following material 
was found on the dumps and in the pegmatite: Well-formed opaque 
to translucent pale yellowish-green and bluish-green crystals as much 
as 2 inches thick, a few crystals with transparent portions showing 
the same colors that would cut into small gems. The character of 
this material would indicate that much larger clear beryl may be 
expected. 

Another prospect for gem beryl and mica was opened by the 
Columbian Gem Mining Co., on one of the summits of the northern 
pa of Springfield Mountain, about half a mile northeast of the 
‘ranklin Playter mine, 24 miles S. 40° W. of Grafton. Over 200 
feet of open-cut and trench work with a shaft and considerable strip- 
ping of vein outcrop have been made on the summit of the mountain 
at an elevation of 1,750 feet above sea level. The open cuts range 
from 10 to 25 feet wide and 5 to 15 feet deep. The shaft is filled 
with water. No work has been done for a few years, but at the time 
of examination (October, 1914), four buildings, in good repair, a 
quantity of material suitable for punch and scrap mica, and a few 
rough beryl crystals had been left at the mine. 

The country rock is quartz-mica gneiss in which the mica consists 
of both biotite and muscovite. The gneiss is strongly banded and 
has been much folded and crumpled so that definite strikes and dip 
could not be measured. It has been cut by pegmatite and associated 
granite in several directions, some of the pegmatites showing steep 
to nearly vertical walls and others apparently lying nearly flat or 
with low dips. The relations seem to ive those of the nearly vertical 
dikes acting as feed channels for the flatter beds. The granite 
associated with the pegmatite is chiefly fine-grained biotite granite 
and merges into the pegmatite. The texture of the pegmatite is 
variable, ranging from a granite-like rock to masses in which there 
are orthoclase crystals a foot thick, quartz segregations 3 feet across, 
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and mica crystals 8 to 10 inches in diameter. The arrangement and 
position of the different minerals in the pegmatite is very irregular. 

The quartz of the pegmatite is white, gray, or smoky, mostly 
opaque, but some is translucent and nearly clear. The muscovite 
is clear rum-colored and part has a good cleavage. _Biotite is plentiful; 
some of it is intergrown with the muscovite. *Black tourmaline is 
present in some places in crystals up to 24 inches thick. Opaque 
dull-red garnet crystals half an inch to 2 inches in diameter are scat- 
tered through the pegmatite, and a few small pink garnets were 
observed in one specimen on the dump. Only a few beryl crystals 
were scen in the rock. These were yellowish green to pale aqua- 
marine-green and mostly opaque. Little could be learned of the 
quality of the gem material found during mining. . 

New prospects for mica and beryl were apened during 1914 by 
Charles Murphy, of Wilmot, on the old Underhill place, about 1} 
miles N. 75° E. of Springfield in Sullivan County. Only one of these 
was of interest for its possible gem minerals. This consisted of an 
open cut 20 feet square and 12 feet deep in a large pegmatite outcrop. 
Much of the rock exposed in the working is graphic granite of both 
coarse and fine grain. In places there are small segregations of 

uartz and pienoalads crystals measuring from a few inches to 1 foot 
thick. About 4 tons of small mica crystals suitable for cutting into 
small sheets and for punching were taken from this opening. <A 
great many beryl crystals were found. These range from one- 
sixteenth of an inch to 14 inches in diameter. ‘They are well-formed 
simple hexagonal prisims occurring separately in parallel growths, 
aad in radialg roups. Most of them are opaque or only translucent 
and have pale-greenish aquamarine color. Up to the time of exam- 
ination no beryl of gem quality had been found. Among associated 
minerals are biotite, black tourmaline, opaque red garnet up to 2 
inches in diameter, triphyllite in masses up to 8 inches thick, léllingite 
or arsenopyrite, and apatite. 


PENNSYLVANIA. 


Beryl crystals occur at many localities in Chester and Delaware 
counties, Pa., and occasionally one of sufficiently good color and 
quality for cutting into gems is found. Many of the crystals are 
obtained from the pegmatite deposits worked for feldspar, but a 
few have been Reena small veins or deposits or pegmatite inclosed 
in other rocks. One of the best-known localitics of this type is in 
the C. IF’. Leiper quarry at Avondate, Delaware County. This quarry 
has been opened by a cut nearly a quarter of a mile long im a north 
and south direction, 100 to 250 feet wide and 40 to 80 feet deep. 
The rock quarried is a muscovite-biotite granite gneiss, strongly 
schistose In some phases. A few streaks or veins of quartz and peg- 
matite are inclosed approximately conformably with the gneiss, that 
is, striking north and south with nearly vertical dip. The pegma- 
tite veins examined vary from 1 inch to 2 feet in thickness, pinching 
and swelling along the strike. They contain gee calored potash 
feldspar, epee brownish-red garnet up to 24 inches in diameter, 
black tourmaline, masses of gray quartz, and muscovite up to 14 
inches in diameter. Fragments of golden beryl crystals were ob- 
served at two places in one of these pegmatite vems, but the better 
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part of the crystals had been broken away by mineral collectors. 
One of these crystals measured about an inch in diameter but was 
somewhat flawed. Little attention is paid to such mincrals by the 
quarrymen, and most of the best specimens are found by collectors. 
Most of the beryls obtained are kept as cabinet specimens, but 
occasional gems are cut from some of the crystals. 


CHRYSOPRASE. 
CALIFORNIA. 


Two specimens of chrysoprase were received from Messrs. L. H- 
and Hf. H. Rhodes, Oakland, Cal., which had been found about 15 
miles northwest of Coalinga, in Fresno County. This material was 
obtained from a prospect being developed for cinnabar, and if mining 
for that mineral is continued, further prospecting for the chrysoprase 
will be carried on. The specimens consist of fragments from a vein 
about half an inch thick. They have a dark-green color, but not so 
bright as that exhibited by the best chrysoprase. 


DIAMONDS. 
ARKANSAS. 


In the Arkansas diamond field prospecting was contmued by the 
Kimberlite Diamond Mining & Washing Co. whenever funds were 
available. Very little work was done by the Arkansas Diamond Co., 
and a few stones reported found by that company were picked up 
from the surface or from concentrates obtained during previous 
washing. No work was done by the Ozark Diamond Mining Corpo- 
ration, and in December, 1914, the mill and property of this company 
were sold by a receiver to the Kimberlite Co. The property of the 
American Diamond Mining Co. was idle during the year and also sold 
by a receiver. The work of the Kimberlite Co. consisted in some 
mining at its workings on the original peridotite area in which dia- 
monds were found and in washing of blue earth in the mill. Outside 
reports state that a number of diamonds were found, but the policy 
of the company at present is to withhold information on this subject. 
Accordingly, in the table of production giving the output of diamonds 
the output of this company is not included, but will be given in what- 
ever year the company sees fit to furnish this information. 


CALIFORNIA. 


Information regarding the diamonds found in Butte County, Cal., 
during 1914 has been furnished by Messrs. M. J. Cooney and William 
Fliedner, of Oroville, Cal. Ten to a dozen diamonds were found by 
different parties operating sluice boxes in the old ds ground at 
Cherokee Flats. Five of these stones are reported to be white or 
colorless and flawless, ranging from half a carat to 14 carats. The 
weights of the three larger stones are given as 1.29, 1.25, and 1.11 
metric carats, respectively. Some of the diamonds found during 1914 
along with others found in previous years have been placed on exhi- 
bition at the Panamaslaeitic International Exposition by the Sacra- 
mento Valley Association. 
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FELDSPAR GEMS. 
AMAZON STONE. 


CALIFORNIA. 


Mr. Joseph Ward, with headquarters at both Barstow and Lone 
Pine, Cal., sent to the Survey a number of specimens of amazon stone 
which he had collected in the deserts of California somewhere between 
those two places. The material consists of many fragments and crys- 
tals which range from small sizes to an inch in thickness. A few of 
the specimens show especially good shades of bluish green and green- 
ish blue, with fairly smooth, fine texture. The associated rock sent 
with the amazon stone consists of pegmatitic granite such as is found 
around the walls of miarolitic cavitics in granite. If erystals of larger 
size and of the same good color can be obtained in quantity, the 
locality should prove of value. 


MAINE. 


Specimens of amazon stone were received from Mr. F. H. C. Reyn- 
olds, of Boston, Mass., which had been found during 1914 along the 
coast of Maine. The exact locality from which these were obtained 
has not yet been made public by Mr. Reynolds. The discovery was 
made late in the fall, so that little prospecting was possible and only 
about a pound of crystals was obtained. The material sent to the 
Survey contains a specimen of biotite granite grading into pegmatitic 
material, such as is commonly found lining the Tale of a miarolitic 
cavity in granite. The feldspar grades from white or gray where it is 
attached to the granite into bright bluish-green and greenish-blue 
amazon stone. The specimens submitted are rather small, but 
would cut into cabochon gems of pleasing color, and if larger masses 
of equally good quality are obtained, the deposit will be of interest to 
the New England semiprecious stone trade. 


NEW YORK. 


Prof. Freeman F. Burr, of Barnard College, New York City, sub- 
mitted to the United States Geological Survey several crystals of 
amazon stone which he had collected in a quarry 2 miles northeast 
of White Plains, N. Y., along with information regarding the locality. 
The quarry is worked for materials for use in the construction of 
Kensico dam for the New York City water supply. Prof. Burr states 
that about 100 pounds of specimens have been carried away from the 
quarry and that probably a large quantity of equally good material 
has been. sent through the crushers, along with other rock, for use on 
the dam. The crystals are described as varying from less than an 
inch in thickness to one which measured 7 by 7 by 5 inches. This 
crystal has been placed in the collection of Columbia University. 
Some of the crystals are fairly well developed; others have but few 
faces. The quarry is in the Yonkers gneiss, of pre-Cambrian age. 
This gneiss is a foliated granitic rock which contains pegmatite injec- 
tions. The amazon stone crystals have evidently come from miaro- 
litic pockets in this gneiss with pegmatite lining their walls. The 
crystals are microcline, grading from flesh-colored bases or interior 
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through pale bluish-green to bright bluish-green exteriors. Some of 
them are associated with smoky quartz in rude crystals and rough 
tabular albite crystals. Plates of biotite occur with these minerals. 
Much of the amazon stone is striped with gray to white perthitic 
markings, but a few specimens do not show more of these markings 
than is ordinarily present in amazon stone used for gems. The best 
specimen submitted to the Survey showed a bright translucent bluish- 
green color. This specimen could not be cut into a pure gem, but 
would contain some perthitic markings. <A few of the amazon stones 
have been cut as gems, but none have been regularly placed on the 
market. 


SUNSTONE. 
ARIZONA. 


Specimens of andesine feldspar, some of which showed the char- 
acters of sunstone, were reccived from Dr. I. P. Wightman, of Globe, 
Ariz. Dr. Wightman states that these were collected by the Apache 
Indians from thei’ reservation not far from Globe. The specimens 
resemble the’sunstone from Modoc County, Cal., cut by the Pacific 
Gem Co., of Los Angeles, mentioned in this report for 1913. Micro- 
scopic examination shows it to be andesine with a refractive index 
of 1.550. All of the andesine is clear, one piece showing a pale- 
yellowish color and the other bright copper-colored reflections trot 
inclusions along certain lines of crystallization parallel to one of the 
cleavages. 


GARNET. 
ALASKA. 


A deposit of garnct about 74 miles north of Wrangell, Alaska, from 
which many fine specimens have been obtained during the last 15 
years, is being developed by the Alaska Garnet Mining & Manufac- 
turing Co., of Minneapolis, Minn. The bulk of the garnet taken from 
this deposit 1s used for a special foundry powder, but many of the 
fine crystals, with their associated mica schist matrix, are sold for 
cabinet specimens, and gems are.reported to be cut from occasional 
fine specimens. A good exhibit of the garnets 1s being made at the 
Panama-Pacific International Exposition. The crystals range from 
small size up to more than an inch in diameter. They show face 
developments of the rhombic dodecahedron and trapezohedron faces. 
The small faces are fairly sharp, and where they meet at the dode- 
cahedron points show a dark-red color tinged with violet, character- 
istic of almandine garnet. 


JADE. 
ALASKA. 


Some of the jade from the Shungnak region north of Kobuk, 
Alaska, was cut by lapidaries of San Francisco during 1914 in pre- 
paration for the expected increase of trade in souvenir gems among 
visitors to the Exposition. This jade is the dull dark-green variety 
of nephrite. 
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JASPER. 
CALIFORNIA. 


Mr. M. J. Cooney, of Oroville, Cal., states that various types of 
jasper pebbles and bowlders were found in the old gold placer work- 
ings near Oroville when these were prospected for diamonds about 
four years ago. Among these jaspers was one bowlder of the blood- 
stone variety. 


OREGON. 


Mr. Don Maguire mentions a new discovery of a jasper-like mineral 
found along Crooked River, in Crook County, Oreg., in September, 
1914. Only a small quantity was collected, but test specimens cut 
for gems proved to be unusually pretty for jasper. Mr. Maguire will 
place the stone on the gem market under the name of “iolanthite.” 


PERIDOT. 
CALIFORNIA. 


Mr. Joseph Ward, of Barstow and Lone Pine, Cal., submitted to 
the Survey specimens of peridot which he has found while prospect- 
ing between those places. This peridot resembles very much that 
found near Rice, Ariz., but among the specimens sent in none was 
clear or large enough for cutting into gems. The material is in 
eranular masses with grains as coarse as wheat. Mr. Ward reports 
that the stones were obtained from inclusions in basalt, and a speci- 
men showing this relation was submitted. Further prospecting will 
be required to learn whether larger peridot suitable for cutting is asso- 
ciated with the deposit. 


QUARTZ. 
ASTERIATED QUARTZ. 


Notes on asteriated quartz have been given by Frank B. Wade. 
The immediate cause of this investigation is the appearance of the 
new star stone or asteriated quartz placed on the market by Bell & 
Birkner, of New York City. No statement has been given of the 
locality from which this gem is obtained other than that it is an 
American stone. This quartz has a highly translucent or opalescent 
appearance, and when cut in hemispherical form in the proper direc- 
tion with relation to the crystal structure it shows a six-ray star by 
reflection of sunlight or ight derived from a single source. If the 
same stone is cut into a sphere, the star is seen in the stone by look- 
ing toward the source of light. In the better gems these rays are 
particularly bright and noticeable and move across the surface of 
the cut stone as the observer’s relation to the light is shifted. Micro- 
scopic examination was undertaken by Prof. Wade with a view to 
determining the cause of the rays. The quartz was found to be full 
of minute needlelike inclusions arranged in three sets, needles of 
each set lying parallel to each other and at angles of 60 degrees to 
the other two sets. It was not definitely possible to determine 
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whether these inclusions are solid needles or very fine tubular cavi- 
tics, but investigation indicated that they are probably clongated 
cavities with a diameter of about 0.003 millimeters. It is doubtless 
the reflection of the light from these different sets of rays which 
makes the six-ray star visible in the cabochon cut gems. The cause. 
of the inclusions being arranged at angles of 60 degrees may be looked 
for in the hexagonal structure of quartz. 

The gems are cut in round cabochon shapes of standard sizes for 
the trade and mounted in various articles of gold jewelry. They are 
sold under the trade name starolite (not to be confused with stauro- 
lite), as well as by the mineral name asteriated quartz. Messrs. Bell 
& Birkner have had on exhibition a rough specimen of the asteriated 
quartz weighing 10 pounds. 


ROSE QUARTZ. 
CALIFORNIA. 


Mr. M. J. Cooney, of Oroville, Cal., reports the discovery of rose 
quartz by him near Forbestown, in the eastern part of Butte County, 
Cal. The rose quartz occurs along the Mammoth gold lode. No in- 
formation is given regarding the quality. 


RHODONITE. 
MONTANA. 


During 1914 a quantity of rhodonite was collected for ornamental 
use from the dumps of the old Alice silver mine at Butte, Mont. 
Rhodonite occurs as a gangue mineral at a number of the mines 
around Butte, and W. H. Weed?! states that, next to quartz, it is 
the most common gangue mineral of the silver veins and is found in 
some of the fault veins of the copper area. The rhodonite occurs 
with rhodocrosite and ore minerals in parallel banded veins below 
the oxidized zone. In places veins composed largely of rhodonite 
and quartz are 1 to 2 fect thick. Rhodonite is found in other mines 
along the Rainbow lode and in the Allic Brown and Wappello vein 
in the Lexington mine. During mining for metal ores a quantity of 
rhodonite, along with other gangue minerals, has been thrown on the 
dumps at the different mines, and the supply of this material for orna- 
mental purposes is now obtained by working over these old dumps. 

The rhodonite forms fine compact even-grained masses of pale to 
deep pink color. The best quality is bright rose-pink. Some of the 
massive mineral is stained by seams of black oxides of manganese, 
which, by their strong contrast with the pink, add to the beauty of 
the cut gems. The Butte rhodonite is similar in character to that 
found at several places in California, notably near Happy Camp, Sis- 
kiyou County, and in the Indian Valley, Plumas County. During 
the last few years a quantity of rhodonite from these different locali- 
ties has been cut and sold in the west largely to the tourist trade, by 
which it has been very much appreciated. 


1 Geology and ore deposits of the Butte district, Mont.: U. 8. Geol. Survey Prof. Paper 74, p. 84, 1912. 
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RUBY. 


NORTH CAROLINA. 


Prospecting at the ruby deposits on Caler Fork of Cowee Creek, in 
Macon County, N. C., during part of 1914 did not result in a definite 
determination as to whether or not the property can be profitably 
worked. Earlier work for rubies a number of years ago in the gravel 
beds in the bottom land along the creek resulted in the discovery of 
much red and pink translucent corundum and of some clear stones 
of value as gems. The best stones had a fine ruby color with silki- 
ness and slight cloudiness in some specimens. Prospecting of the 
gravel beds carried the work back to a point where the valley nar- 
rows below a flat. Here ruby corundum was found in matrix and 
the hiltside was called In Situ Hill. At several different times pros- 
pecting has been carried on in this hillside in search of the remaining 
part of the deposit from which the best rubies of the placer ground 
have been obtained. ; 

Prospecting work at the In Situ Till locality was begun in 1913 
by the Consolidated Ruby Co., of New York, and was continued in 
1914. The new work consisted of a shaft 38 fect deep from the 
bottom of the open cut at the foot of the hill. From this shaft drifts 
were run 58 fect west and 80 feet south of east. Several holes were 
sunk by a churn drill, using chilled-steel shot for cutting edges. One 
of these holes was 103 feet deep, cutting through ail the saprolite or 
decomposed rock into fresh, unaltered gneiss. The fresh rock from 
the drill core consists both of garnetiferous diorite and garnetiferous 
biotite gneiss. The garnetiferous diorite would probably yield yel- 
lowish-brown saprolite just like that found in the upper workings of 
In Situ Hill. No pockets containing ruby corundum were found in 
the drill holes. In the shaft and the underground workings a vein 
or seam. was followed, in which several small and one large pocket or 
deposit carrying ruby corundum were found. The largest deposit 
was a shoot or chimney measuring 64 feet high by 34 feet wide, and 
was nearly 4 feet thick. The material taken from this deposit, when 
washed, yielded about 20 pounds of translucent pink corundum. 
These crystals range from small size up to a centimeter in diameter 
and thickness. None of them has fine red color, and most of them 
are pink to purplish red. Nearly all of the crystals contained small 
rust cavities up to 2 millimeters in diameter, formed by the decom- 
on of minute rhodolite garnets similar to those described by 

ratt and Lewis... The corundum crystals are inclosed in whitish 
kaolin-like deposits, apparently resulting from the decomposition of 
feldspar or pegmatitic material which originally inclosed the corun- 
dum. None of these rubies is of as deep a color or is as clear as those 
found in the stream gravels below In Situ Hill, but the richness of 
the perkets adds to the interest of prospecting for stones of better 
quality. 


' Pratt, J. H.,and Lewis, J. V.,Corundum and the peridotites of western North Carolina: North Carolina 
Geol. Survey, vol. 1, p. 183, 1905. 
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SAPPHIRE 
IOWA. 


The discovery of a sapphire on the shore of Lake Okoboji, Dickin- 
son County, Iowa, is described by G. A. Muilenburg.t. This sapphire 
was found in the gravel along the lake shore by Mr. Muilenburg in 
1912. It is described as resembling a piece of blue bottle glass worn 
round and smooth by attrition. Examination showed it to be a 
sapphire of good quality, and the stone was later cut into a gem 
weighing 12 carats. It is stated to be the cornflower blue variety, 
with a good, velvety luster. This gem was probably transported to 
the Lake Okoboji region by ice during the glacial period along with a 
large varicty of other minerals and rocks. Its original home can 
only be guessed at, and Mr. Muilenburg suggests possibly either the 
Yogo region of Fergus County, Mont., or some unknown area to the 
north in Canada. 


MONTANA. 


Mining for sapphires was carried on at several localitics in Mon- 
tana, the principal operations being in Fergus County, where the so- 
called Yogo blue gems are mined. The only mine in operation there 
was that of the New Mine Sapphire Syndicate, of London, and this 
company closed down at the ene of August after the opening 
of the war in Europe. The mine of the Yogo American Sapphire Co. 
was purchased by the New Mine Sappbire Syndicate, and for several 
months preceding this deal the Yogo American mine had been closed. 

Operations for the variegated sapphires in Granite and Deerlodge 
counties consisted of placer work by several smaller producers. The 
principal yield from these localities 1s in sapphire suitable for mechan- 
ical purposes, such as meter bearings and watch jewels. Large 
deposits of these sapphires occur along Dry Cottonwood Creek, in 
Deerlodge County; along the West Fork of Rock Creek, in Granite 
County; and along Missouri River, to the north and northeast of 
Helena. These deposits could be made to meet the demands of the 
American trade arising from the present decreased imports of foreign 
materials. The small cull sapphires from the Yogo mine are used in 
the higher grade of watch jewels, and already a shortage of this 
quality has arisen. 


SPODUMENKE. 
CALIFORNIA. 


Mining at the Pala Chief gem mine, near Pala, Cal., resulted in a 
production of about 20 pounds of fine gem spodumene crystals, along 
with a quantity of gem tourmaline. The spodumene occurs in mag- 
nificent crystals of pink to lilac and violet colors, with beautiful 
transparency through the whole crystal. Some crystals are colorless 
in part or throughout. The larger crystals measure several inches 
in length, 3 or 4 inches in width, and half an inch to 1 inch in thick- 
ness. Among the larger crystals that have been found in this mine 
is one over 11 inches in length and another weighing 474 ounces. ' 


1JTowa Acad. Sci. Proc., vol. 21, p. 203, 1914. 
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MAINE. 


Mr. N. G. Smith, of the Maine Feldspar Co., submitted a specimen 
of purplish lilac-colored spodumene found during 1914 in the quarry 
of that company on Mount Apatite, near Auburn, Me. This spodu- 
mene is translucent to opaque. The color is as good as that found 
in much of the California iris or kunzite; the mineral only lacks 
transparency to make it a valuable gem. Evidently the specimen 
was broken from a crystal of some size, and Mr. Smith reports the 
finding of many pounds of the spodumene. It is probable that 
some of this material cut en cabochon could be used as an ornamental 
stone. 


TOPAZ. 
CALIFORNIA. 


Mr. J. W. Ware, of San Diego, Cal., has furnished the following 
information concerning a large topaz crystal found at his mine in 
San Diego County. The crystal weighs 3} pounds, and shows a 
number of crystal faces, but without a high polish. It has a decided 
green color. This topaz was found along with other greenish and 
white topaz crystals in a part of the pegmatite ledge forming the 
Mountain Lily gem mine on Smith or Aguanga Mountain. Tourmaline 
is found in pockets in the same ledge, but not in the same pockets 
as the topaz. A part of this topaz crystal is transparent and will 
yield good gem material. 


WYOMING. 


Mr. Paul E. Hanson, of Billings, Mont., kindly gave to the Survey 
five speeimens of topaz, which were obtained from the headwaters 
of Bighorn River in northern Wyoming. These specimens are all 
crystals showing a development of a number of faces including prisms, 
pyramids, domes, pinacoids, and base. They are mostly small, the 
largest measuring 13 millimeters long, 10 millimeters wide, and 5 mil- 
limeters thick. All of the crystals are transparent and colorless, 
resembling in quality the colorless topaz from the Thomas Range in 
Utah. The specimens would not have much value as gems, except 
for the local souvenir trade, but would be of interest as specimens 
because of their quality and sharp crystal form. 


TOURMALINE. 
CALIFORNIA. 


There was but little increased activity in the tourmaline field of 
southern California during 1914, to meet the expected demands for 
this gem at the Panama-Pacific International Exposition and the 
Panama-California Exposition. The principal output came from 
the Tourmaline Queen and the Pala Chief mines, near Pala, San 
Diego County. The Pala Chief mine is worked for both gem spodu- 
mene and tourmaline. The tourmaline crystals from these mines 
show great variations in color and size and have yielded many beau- 
tiful gems. Another mine worked for tourmaline was the Mountain 
Lily mine of J. W. Ware, on Smith or Aguanga Mountain, San Diego 
County. This mine produced a small quantity of very fine grade 
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of green, bluish-green, and greenish-blue transparent erystals. Mr. 
Ware has called some of the more beautiful green and bluish-green 
gems from his mine emeralite, in allusion to their resemblance to 
emerald. Among other mines the Esmeralda, 14 miles north of 
Mesa Grande, was worked a short time and yielded a few gem tour- 
maline and good pink beryl crystals. This mine has never been a 
large producer, but good gems and specimens of aquamarine and 
eae veryl, along with varicolored tourmalines, have been taken 
rom it. 
CONNECTICUT. 


Tourmaline of value both as gems and specimens has been found 
at several places in Middlesex County, Conn. Many of the specimens 
have been obtained from quarries operated for feldspar for pottery, 
but in a few quarries the mining has been for tourmaline and asso- 
ciated specimen minerals only. A few of the quarries were visited 
in October, 1914, and are described below. 

The M. P. Gillette feldspar quarry, known as the Haddam Neck 
quarry, is 1 mile N. 22° EH. of Haddam, near the east bank of Con- 
necticut River. It is one of the oldest quarries in Connecticut and, 
besides many gem tourmalines, has yielded a number of fine specimens 
of other minerals. The deposit has not been worked for several years 
and the pits were partly filled with water and overgrown with vege- 
tation at the time of examination. Notes taken at that time have 
been supplemented from EK. S. Bastin’s description... The quarry 
consists of one large irregularly shaped open cut about 100 yards 
long in a north and south direction and 100 feet wide in the widest 
part, which joins a smaller open cut on the west about 75 feet long 
in anorth and south direction and 35 feet wide. These quarries range 
from 20 to 30 feet deep and have crosscuts leading out to two large 
dumps on the river side. One cut extends west from the west quarry 
and the other west from the south end of the east quarry. Accordin 
to Bastin, the west quarry was worked chiefly for tourmalines an 
specimen minerals. The east quarry was worked chiefly for feldspar, 
also yielding some mica, gem tourmalines, and specimen minerals. 

The country rock is dark-gray muscovite-biotite schist or gneiss, 
which strikes about north with a vertical dip. The pegmatite is 
large and has been split into several streaks by large inclusions or 
horses of schist. In the north end of the quarries there are three beds 
of pegmatite with a total thickness of about 100 feet in a width of 
150 feet. In the middle of the quarry on the south side the schist 
unconformably overlies a rounded boss of pegmatite. This boss 
pitches to the south and on the north side of the quarry outcrops as 
a bed nearly 50 feet thick conformably between schist walls. The 
pegmatite contains large masses of graphic granite, potash feldspar 
crystals 1 to 3 feet across, generally with a little intermixed albite, 
albite, muscovite, black and green tourmaline, and pockets or cavities 
lined with crystals. Some of the mica crystals measure over 1 foot 
across and are 6 inches thick, but do not split well because of the 
presence of ‘‘wedge”’ and ‘‘A”’ structures. 

Bastin describes the gem pockets in the east cut as averaginge— 


8 or 10 inches in diameter, though there are many smaller ones only 2 to 3 inches 
across. They are distributed with great irregularity through th2 pegmatite mass. 


1 Feldspar deposits of the United States: U, 8. Geol. Survey Bull. 420, pp. 48-49, 1910. 
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Lepidolite in finely granular masses, pale-green albite, and small green tourmalines 
are abundant near many of the pockets. Muscovite surrounded by a border of lepido- 
lite, or in parallel growth with lepidolite, is also of common occurrence near the 
pockets. As in most of the gem-bearing pegmatites the tourmalines are seldom in 
their original positions on the walls of the cavities, but lie embedded in a sandlike 
mass of quartz fragments, cookeite, and other decomposition products at the bottom 
of the pockets. They are mainly grass-green to olive-green in color, becoming nearly 
colorless toward the tip. The exact apex of some of the crystals is pink and many of 
them show very perfect terminations. Gem tourmalines are not so abundant that it 
would pay to work the mine for these alone. 


Most of the gems found in the feldspar mining were marketed 
irregularly through local collectors. 

The associated minerals and tourmaline from Haddam Neck have 
been described by H. L. Bowman,! as pinkish muscovite, lepidolite, 

reenish-white muscovite, tourmaline, apatite, microcline, albite, 
Bol, quartz, cookeite, fluorspar, microlite, and columbite. The 
tourmaline occurs in beautiful, transparent, striated, curved trian- 
ular prismatic crystals of various colors, the most common being 
ight and dark green and pink. <A few crystals are almost perfectly 
colorless. Color variations in the crystals are generally in transverse 
bands, cither with sharp contacts or hazy gradations. In some crys- 
tals the color shades are delimited by planes corresponding to crystal 
terminations, yielding ghost or phantom crystals. Kunz states that 
crystals showing marked internal striations have been found which 
yield gems showing cat’s-eye effects when cut cabochon across the 
prism. This property has also been found highly developed in some 
of the Ser Mires from Mesa Grande, Cal. 

The feldspar quarry of F. E. Strickland is about 24 miles northeast 
of Bondlind, in the west side of Collins Hill. It is operated by Mr. 
Strickland under lease to the Eureka Mining & Operating Co., of 
Trenton, N. J., all of the spar, quartz, and mica going to the company 
and gems and other minerals being retained by Mr. Strickland. The 
quarry consists of two joining open cuts with north and south elonga- 
tion, parallel, and connected at the north end. The east cut is about 
300 feet long, 65 feet wide, and 10 to 40 feet deep. The west cut is 
about 200 feet long, 50 feet wide, and 25 feet deep. <A crosscut leads 
out to the hillside at the north end of the west cut. 

The country rock is muscovite-biotite schist containing much black 
tourmaline near the pegmatite. The schist has a general north 
strike and a dip of about 20° W. It has been warped, however, to 
correspond approximately with the contact of the pegmatite. The 
pegmatite is a large irregular semibedded deposit both parallel with 
and cutting the schist in different parts. In the east deposit the 
outcrop was an clongated dome pitching under the schist at each end. 
That this body of pegmatite joms the one forming the west deposit 
under the surface is shown where the two open cuts join at the north 
end, 

The pegmatite is coarse-grained containing large bodies of graphic 
granite, potash feldspar crystals 2 or 3 feet across, irregular quartz 
sceregations several feet thick, and bunches or streaks of mica crystals. 
Cavities or pockets with erystal-lined walls are found irregularly dis- 
tributed in parts of the quarry, especially in the east working. ‘These 
pockets range from smail size up to one reported to be 4 feet long by 


1 Mineralog. Mag. and Jour. Mineralog. Soc. Great Dritain, vol. 13, pp. 97-121, 1903. Reviewed by G. F, 
unz, U.S. Geol. Survey, Minoral Resources U.&., 1902, pp. 541-542, 1904. 
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14 feet wide and 14 feet high. Some of them have yielded tourma- 
line gems of fine quality and specimen minerals of interest. The 
poe ae pockets were found near the middle and in the south 

alf of the east quarry. Work has been abandoned in this part 
temporarily, but a eoeg working face 20 feet high has been made 
across the north end of the cut preparatory to removing the spar to 
that depth southward to the length of the quarry. Mr. Strickland 
expects to find more gem pockets when this block of pegmatite is 
quarried. 

The tourmalines so far found in the pockets are mostly greenish, 
showing many variations as olive-green, yellowish green, nearly grass- 
green, bluish green, and pale greenish blue. They range from small 
size to large crystals, one of which weighed several pounds. This 
crystal was badly broken in quarrying, but some beautiful bluish- 
green and greenish-blue gems were cut from the fragments. Another 
crystal of transparent green now in the museum of Wesleyan Univer- 
sity at Middletown, Conn., is about 7 inches long. Cut gems are of 
fine quality, show good colors, and are brilliant in the paler varieties. 
There is little choice between these and the finer gems from Mount 
Mica and Mount Apatite, Oxford County, Maine. Mr. Berry states 
that a few pinkish tourmalines have been found along with the green, 
the pink generally capping a greenish crystal. 

Among other minerals adjoining and lining the walls of the pockets 
are coarse flat albite or clevelandite crystals, granular lepidolite, 
rough quartz crystals, greenish muscovite crystals, and a little beryl. 
Much of the beryl is opaque and yellowish green, but in one pocket 
an irregularly shaped fragment of transparent pale salmon-pink beryl 
was found. It is 24 inches long and 1 inch thick, with an exceed- 
ingly rough honeycombed and drusy surface. It is evidently the 
remnant of a much larger crystal, the greater part of which has been 
dissolved, leaving only a part with a rough etched surface. Parts of 
this would cut into sell gems. In some of the pockets there are 
mossy tufts or coatings of minute short hairlike tourmaline crystals 
of dull greenish-gray color. Some of these coatings cover a couple 
of square inches of the surface of albite crystals and make exceedingly 
delicate pretty specimens. 

Among other minerals found in the quarry are yellowish-green 
muscovite mica, biotite mica, columbite, and a few garnets. The 
muscovite occurs in plates up to 12 inches across, but does not have 
good cleavage. Most of it is injured by ‘‘A”’ lines and tangle sheet 
structure so as to be suitable only as scrap for grinding. 

The Riverside quarry is about 24 miles east of Middletown on the 
south side of Connecticut River. It consists of an open cut 30 to 40 
feet across made in the steep northwest slope of the river bank above 
the public road. The country rock is mica schist which strikes north 
with a variable dip approximating about 20° W. The pegmatite is 
about 20 feet thick and apparently conformable with the inclosing 
schist. It contains potash feldspar crystals over 2 feet across, and 
some albite feldspar, small segregations of gray and smoky quartz, 
rum-colored mica in crystals up to 24 inches across, biotite, numerous 
beryl crystals, garnets, black and colored tourmalines, lepidolite, and, 
as reported by Bastin,’ pink to deep salmon-colored fluorite. The 


1 Feldspar deposits of the United States: U.S. Geol. Survey Bull. 420, p. 50, 1910. 
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beryl crystals range from less than an inch to 6 inches in diameter. 
Crystals: of less than 14 inches diameter are most plentiful. They 
are yellowish to aquamarine colored, mostly opaque, with trans- 
lucent and small transparent portions. Some of the crystals are 
penetrated by crystals of black tourmaline. Small pockets were 
observed with pinkish-violet colored lepidolite and variegated tour- 
maline. The tourmaline occurs in rough triangular-shaped crystals 
up to an inch in diameter. Some of them have rose-pink exteriors 
and dull greenish to black cores. Others are solid pink. No trans- 
parent tourmalines were observed, but the presence of cavities indi- 
cates a possibility of their being found. 


MAINE. 


At the Mount Mica tourmaline mince, near Paris, Mc., work was 
carried on for nearly 4 months, but Mr. Loren Merrill, the operator, 
reports that only one small pocket was found, yielding a fow green 
tourmaline crystals. Other products of the quarry are feldspar and 
a little mica. Work at this locality is becoming more difficult, since 
there is 25 to 30 feet of overburden to be removed before the 
gem-bearing portion of the ledge can be quarried, and unless under- 
ground mining is adopted it is doubtful whether the deposit can be 
worked much farther. 

On Mount Apatite, near Auburn, Me., a number of achroite, or 
nearly colorless tourmaline crystals, were obtained from the quarry 
of P. P. Pulsifer during operations for feldspar. 


MASSACHUSETTS. 


Colored tourmaline crystals have been found at several localities in 
the region of Goshen and Chesterfield, Hampshire County, Mass. 
Some of these localities have been known for many years. An early 
description of two of the localities was given by George Gibbs + in which 
the minerals and their distinctive characters are discussed. The two - 
localities are probably those called the Clark ledge and the Barrus 
property below. Shepard? speaks of this region as being rich in 
variegated tourmalines, among which deep indigo-blue crystals were 
abundant. Other colors, green and rose-red, are also mentioned, and 
spodumene is reported from the same region. Emerson * quotes 
Alvan Barrus as stating that tests were made by chemists with some 
of the spodumene with a view to using it as a source of lithia. A 
number of the spodumene deposits have been located on the geologic 
atlas of the region by Emerson‘ and colored tourmalines have been 
found at some of them. So far as known no clear tourmalines suitable 
for gems have been found in this region, but the deposits are of 
interest. because of mineral associations and the possibility of gem 
material being found in the future. 

A brief visit was made by the writer to the region in October, 1914, 
and three deposits were examined, one on the George L. Barrus place, 
24 miles northwest of Goshen, another on the summit of a hill 2 miles 
north of West Chesterfield, and the third, known as the Clark ledge, 


1 Gibbs on tourmaline, etc.: Am. Jour. Sci., 1st ser., vol. 1, pp. 346-351, 1818. 

2 Shepard, C. U., Treatise on mineralogy, 3d ed., p. 220, 1852. 

3’ Emerson, B. K., Geology of Hampshire County, Mass.: U.S. Geol. Survey Mon. 19, pp. 760-761, 1898. 
4 Emerson, B. K., U.S. Geol. Survey Geol. Atlas, Holyoke folio (No. 50), 1898. 
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14 miles north of West Chesterfield. All of these localities lie in an 
area mapped as Conway schist by Emerson. ‘The Conway schist is 
described as dark graphitic mica schist, containing biotite, garnet, 
staurolite, and zoisite, and beds of impure limestone and quartzite. 
In each case pegmatite is the matrix for the tourmaline and other 
minerals found. 

At the Barrus prospect a pegmatite ledge has been traced by out- 
crop and surface bowlders for a distance of over 200 yards. Starting 
from the south side of the spring the ledge outcrops in a N. 15° W. 
direction along the hillside, continuing through a small glacial valley 
at the north end. The thickness of the pegmatite is not plainly 
exposed but is probably as much as 8 feet in places. The wall rock 
is garnet-staurolite schist of the typical Conway schist, striking 
parallel with the pegmatite and dipping east. The pegmatite is only 
medium coarse to fine grained. No crystal-lined cavities or pockets 
were observed. The quartz of the pegmatite occurs in small masses 
thickly scattered through the rock. The feldspar is chiefly albite, 
some of the rough crystals measuring nearly 6 inches thick. In 
places the albite has a shghtly tabular development, forming small 
crystals like clevelandite. The mica is mostly greenish muscovite, 
but a little pale pink lepidolite was observed associated with cleveland- 
ite. Gray to pale yellowish-green translucent spodumene is abun- 
dant in crystals ranging up to 2 inches long. One translucent aqua- 
marine-colored beryl crystal was found in the pegmatite in close asso- 
ciation with the spodumene. Indigo-blue to bluish-black tourmaline 
crystals are scattered through much of the pegmatite. These crystals 
range from minute size up to half an inch thick and several inches 
long. Most of them have dark-blue to black cores with lighter blue 
shells. A few crystals with bluish-green shells were observed. All 
of the tourmalines found are opaque to translucent and no transparent 
ones were seen. No pink or red crystals were observed, but Gibbs 
states that they occur, but are rare. 

Most of the work done here consists of blasting and breaking of 
surface bowlders and outcrop. Much of the ledge is concealed by 
deep humus and leaf mold soil which makes careful prospecting difli- 
cult. Before thorough prospecting can be carried on, much of the 
surface would have to be stripped of the soil covering. 

Clark’s ledge is a large prominent outcrop of pegmatite, outcropping 
along an east sloping hillside in a N. 10° W. direction for about 150 
yards. The lower side forms a small cliff 30 feet high in places. 
The pegmatite is inclosed nearly conformably with the garnet- 
staurolite schist wall rock cutting across the schist with offsets to the 
southeast at intervals. It is split by a horse of schist into two ledges 
6 to 10 feet thick at the north end, and has a thickness of 15 feet 
toward the south end. Some of the feldspar of this ledge is in rough 
crystals. Quartz occurs in small irregular masses, some of which 
have a peculiar translucency. Beryl crystals are rather plentiful, 
some showing translucent aquamarine colors. Emerson marks this 
ledge as carrying spodumene, but none was observed in the brief 
examination made. Mica occurs in yellowish-green plates up to 3 
inches in diameter. Opaque red garnets and a little biotite occur in 
the pegmatite. Only black and bluish-black tourmaline crystals 
were observed, but evidently the vein described by Gibbs was not 
found. Gibbs mentions a ‘“‘false’’ vein, 6 inches to 14 feet thick, 
cutting obliquely across the ledge for a distance of about 20 feet. 
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This vein carried bluish-white transparent quartz, crude feldspar 
erystals, and green tourmaline crystals, some inclosing red to violet- 
colored cores. None of the crystals was transparent, but some were 
translucent. 

At the locality 2 miles north of West Chesterfield, a little blasting 
and excavation work has been done in an outcrop of pegmatite on the 
nearly flat summit of the hill. The outcrop is about 100 feet long m a 
west of north dircction and nearly 40 feet wide. Part of it stands 
a few feet above the ground. The country rock is fine dark-colored 

arnet schist belonging to the Conway schist. It strikes north with a 
he of 70° E. The texture of the pegmatite varies from fine to 
medium coarse. Microcline feldspar occurs in crystals ranging up to 
10 inches across. <A little spodumene was found in the massive 
pegmatite. Small veins carrymg yellowish-green mica, in crystals 
1 to 2 inches m diameter, with quartz, feldspar, beryl, and black 
tourmaline cut across the pegmatite with a northwest strike. The 
beryls are rather plentiful and occur in crystals ranging from small 
size up to 2 inches thick. They are bluish-green in color but opaque 
or only translucent. A few of the mica crystals mclose opaque 
ereenish-blue crystals of tourmaline of pencil size. Some of the 
quartz has a translucent milky color. 

The pegmatite carries cavities or pockets, and one that has been 
opened on the east side of the outcrop is 2 feet across and 1 to 8 inches 
high. It has been stripped of any good specimens it may have 
contained, but fragments of the lining left in the pocket consisted of 
crude crystals of clevelandite, opaque bluish-green and indigo-blue 
tourmaline, bunches of greenish mica, and spodumene. The presence 
of pockets in this ledge makes it a favorable looking place for further 
prospecting, since gem tourmalines are usually found in pockets and 
not frozen in the rock. 


TURQUOISE. 
NEVADA. 


Two new turquoise deposits were developed in Nevada in 1914. 
One of these, owned by J. F. Campbell, of Colusa, Cal., is located 
in the Hot Springs mining district on the east side of Reese River 
valley, about 35 miles south of Battle Mountain, Lander County; 
and the other, owned by the Cortez Turquoise Co., of Pasadena, Cal., 
is near the old mmimg camp of Cortez, along the Lander-EKureka 
County line, about 35 miles south of Beowawe. Information regard- 
ing these deposits and the quality of the turquoise was kindly given 
by Mr. L. A. Dees, of Los Angeles, and the owners of the properties. 
Mr. Dees has cut and sold some of the turquoise from both mines. 
The Campbell mine was discovered in October, 1914, and worked only 
a short time during the wmter. About 300 pounds of matrix, includ- 
ing some pure turquoise of good quality, was taken out during this 
time. The pure turquoise has been selling at $1 a carat in Los 
Angeles. It is described as having a good blue color, with but little 
green, and as being hard with smooth texture. Some of the matrix 
has also yielded attractive gems. 

The mine of the Cortez Turquoise Co. was discovered by Johnn 
Francis, a Shoshone Indian, several years ago. The assessment wor 
was done by the Indian for several years and in 1914 the claim was 
leased to a miner who is reported to have taken out 500 pounds 
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of turquoise and matrix. Later the property was purchased by 
Messrs. E. C. Smith & McGaw, of Pasadena, under the name of the 
Cortez Turquoise Co. A quantity of development work has been 
done, which shows the presence of turquoise in an area 50 feet wide 
and several hundred fect long. : 

So far the best turquoise has been found within 15 feet of the sur- 
face, but the mineral has been found to persist much deeper. One 
nugget taken out by the Cortez Turquoise Co. is reported to have 
weighed about 5 pounds and to be composed of solid turquoise. 
Another nodule broken in blasting showed a face 5 inches long and 
24 inches wide. These large nuggets are not of the best grade, but 
are equal to the average output of the mine. One nugget weighing 
about half a pound is reported to be hard and of sand azure-blue 
color. <A large oval cabochon-shaped gem measuring 43 by 67 milli- 
meters, described by S. B. Clem, of the Redondo Gem Co., of Redondo, 
Cal., as being cut from a nugget weighing 19 ounces, probably came 
from the Cortez Turquoise Co.’s mine. This gem is reported to be 
of good azure-blue color, without matrix or other defect. Some 
matrix gems are cut showing the turquoise and brownish iron-stained 
matrix, but part of the matrix is somewhat softer than the turquoise 
and does not polish so well. 


NEW MEXICO. 


Mr. L. M. Richard, of Silver City, N. Mex., reports the occurrence 
of turquoise in the White Signal mining district, Grant County, N. 
Mex. The prospect is about three-fourths of a mile southeast of the 
Paddyford mine. It is owned by V. F. Mueller and has been tested 
to asmall extent. The turquoise occurs as thin seams or bands along 
the contact of fine-grained diorite inclusions in granite. The veinlets 
are hard, with good color, and, with the associated matrix, might 
prove of value for cutting into cameo gems. 


VARISCITE. 
UTAH. 


The production of variscite in 1914 came chiefly from Utah. There 
was very little activity at the numerous deposits that have been pros- 
pected and worked in Nevada. In Utah the output came from the 
chlorutahlite mine of Don Maguire, in Clay Canyon, 14 miles west of 
Fairfield, in Utah County, and from the amatrice mine of the Occi- 
dental Gem Co., 14 miles southwest of Tooele, in Tooele County. In 
the mining of the chlorutahlite a quantity of yellowish to greenish 
banded phosphatic mineral was obtained, which forms deposits similar 
to the variscite, and in some cases incloses the variscite. Recently 
a quantity of this material has been cut and sold under the name of 
“sabalite.”’ It has a dull hght greenish-yellow color and shows a 
banded texture very similar to agate. ‘‘Sabalite’’ has been favorably 
received as a western gem stone for the souvenir trade. 


MISCELLANEOUS. 


APATIIE: 


P. P. Pulsifer, of Auburn, Me., reports the finding during 1914 of 
the finest crystal of purple apatite that has been taken from his feld- 
spar quarry. This quarry has yielded a large number of exception- 
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ally fine purple and lilac-colored apatite crystals, chiefly suitable for 
mineral collections but occasionally cut for gems. 


BEACH PEBBLES. 


An unusual beach pebble found near Redondo, Cal., has been cut 
as an ornament by the Redondo Gem Co.1_ This stone is shown by 
photograph to be about 6 inches by 5 inches thick, consisting of a 
dark-colored matrix, thickly mottled by numerous white to gray 
flower-like patches. The matrix of the stone is described as brownish- 
black in color, with a large variety of flower patterns discernible in 
the white markings, ‘‘such as the iris, morning glory, daisy, and 
lily.” ‘ 

CATLINITE. 


Dr. Burt Ogburn, of Prescott, Ariz., submitted a specimen of cat- 
linite or pipestone found near Jerome Junction. This material has 
a dull dark-red color, with moderately smooth grain. On fractured 
surfaces the texture looks somewhat gritty, but when carved with a 
knife it cuts evenly, leaving a smooth surface quite similar to the 
catlinite of Minnesota. So far the material has only been used locally 
for ornamental purposes. 


ICELAND SPAR. 


The occurrence of Iceland spar in Sweet Grass County, Mont., was 
mentioned in this report for 1913. Prof. J. P. Rowe, of the Univer- 
sity of Montana, at Missoula, has furnished further notes on this 
occurrence. The deposit is located about 9 miles from Gray Cliff 
and has been traced through the country for several miles. The 
Iceland spar occurs in a fissure vein from 3 to 8 feet thick, cutting 
gneiss rock with a northwest strike and almost vertical dip. All of 
the material mined during 1914 was sold, and large excess orders were 
received. This Iceland spar may be classed among the best grades of 
that material, and some of the rhombs obtained measured over 2 
inches thick, with perfect transparency and without blemish. This 
grade is especially suitable for optical work and for specimens. The 
smaller spar of equally good quality is applied for various uses, and 
especially for standardizing in chemical work. The present price of 
the Iceland spar varies from 50 cents to $4 a pound. 


PRODUCTION. 


The total production of gems and precious stones in the United 
States in 1914, as reported to the Survey, amounted to $124,651. 
This is a large decrease from the production reported for 1913, which 
amounted to $319,454. The principal production of precious stones 
in the United States consists of the semiprecious and ornamental 
stones, a large part of which has been cut in Europe, especially in 
Germany, to which country exports of such minerals have naturally 
decreased. An important change during the year was the decrease 
in the production of Montana sapphire, due to the fact that the 
largest placer mines were not operated and that the mines of matrix 
deposits, all of which are owned by an English company, were closed 


1 Jewelers’ Circular-W eekly, July 15, 1914. 
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in August. There was a slight increase in the output of turquoise 
and turquoise matrix, probably to meet the increased demand for 
souvenir gems in the western tourist trade. The table of production 
represents only an approximation of the output of gems in the United 
States. For many gems the values given in 1914 and in previous 
years have been estimated from figures showing the quantity pro- 
duced. That is, the tables give as nearly as possible the first values 
of the rough minerals. The value of the finished gems is several 
times greater. The preparation of complete statistics of production 
of precious stones is practically impossible, owing to the attitude 
assumed by some of the gem miners and dealers, who hesitate to 
furnish statements of production. The assistance of those who have 
kindly furnished such figures is greatly appreciated, and it 1s hoped 
that those who have not cooperated in this way in the past will do so 
in the future, on realizing that statistical information furnished by 
them will be held confidential. 

Under miscellaneous gems in the table of production for 1914 are 
included obsidian, beach pebbles, fossil coral, apatite, kyanite, and 
Iceland spar. During other years datolite, natrolite, pectolite, 
apophyliite, iolite, chondrodite, and various gem muincrals with trade 
names have been included. 


Production of precious stones in the United States, 1908-1914. 


1908 1909 1910 1911 1912 1913 1914 
| 
Agates, chalcedony, onyx,etc...| $1,125 $750 | $2, 268 $8,128 | $9,978 $8, 895 $8, 312 
NMCURYS tic csc ccsceceece teeny 210 IES | bo Agee ose 725 | 363 389 255 
IBEMME OULU ots saa. ne tee eee 3,638 50042. 22. IE. ee 150) sees eee ee 
Beryl, aquamarine, blue, pink, 

ROOMY GLC... cece see. soe 7,485 1, 660 5,545 2,505 1,765 1,615 2,395 
(Califonmites....ceseesset ee. . see ee eee 18,000 8,000 150 275 | 152 1,425 
@hiastoltite 2 soca <n eee. eee eee eee Vi) (ee A | AR OO er on 
Chilorastrolites seems. ses 25 2,400 2,000 1,992 BHO RS Scccoca: Verses 
ChiySOprase aerial eee 48, 225 84, 800 9, 000 13,550 22044. cee see 75 
Copper ore gems, chrysocolla, ; 

imelachite, @0C. «ccsecss oc ee 6,050 2,300 550 800 1,085 2,350 1,280 
CYANLLG =o: 23 see cceccoseees cass eoleeee ooee tt Spee Ate ee eee UH renee | Ae ee ch ae 
WDiQAMIONG ess esse e ees sees 2, 100 | 25033 1,400 25,750 1,475 | 6,315 765 
Diopside abe 
Emerald 
Oyo) (0 0) fe eee oe loos cooes., 3 
Feldspar, amazonstone, sun- 

SMS AOodasossaapponwacnccac 2,850 2,700 2,510 175 1,310 1, 285 449 
Garnet, almandine, pyrope, 

hyacinth wetChes=s seers eee 13,100 1,650 3, 100 2,065 860 4,285 1, 760 
Goldiquantgcs-- 2s eee eee LT OUOI 2 eee == 8 1,000 1, 700 1,900 300 1,050 

Ci ee err ens PlaqoA one se PRP 4 | cero oes jbhoseaces 4 Hees) HEercongue 300 
Jasper, petrified wood, blood- 
SLONG ;etCr..2: fe ee. cee nen [eee ee eee 100 475 2,240 6,005 | Dy 27 4,700 
Re ONin ne Coe EN eS 50 200 270 1,875 | 10,925} 15,130 1, 114 
Renidotysee-. aasaa eee: eee 1,300 300M. 2. ce oe 360 8,100 375 100 
Rhenacite.... 222 nseete eee eee 5 50 Bi) Reeceoeen d | eeenSeme BASnac ces banaccuace 
1 Git Soe een naa Saale Lees ceol! Maat osce lOO Weaeesnc-ce tees a ZB \inososase a: 
PYTMG sc. see ee fees OT <A ee | 265 | 80) |e segs 
Quartz, rock crystal, smoky 

quartz, rutilated quartz, etc... 3,595 2,689 1,335 2,140 2,448 1,640 4,046 
atonite..-......<s eo ied 1, 250 125| 6,200 1,300 550 165 1,050 
VO SOMUIATEZ 2 c\2 2211s eee eee 568 | 2,970 2,537 1h 7ay! 865 337 400 
Ruby OE eR ee ers Se Reeoeeeses Eee as |. ae oh 210 2,260 200 100 
eso tel eS eee eee ona | ssonogec St 7 Bee eect Wes. 34 LE eseede | heer od se cos eeeee 
Sap piineweenc access sees 58,397 44,998 52,983 | 215,313 195,505 | 238,635 60, 932 
IS MICH SOMUCC o/s) ora te tloe eae 1, 200 5100" pocheaease 25 650 50 50 
Spodumene, kunzite, hiddenite. 6,000 15,150 33, 000 75, 18,000 6,520 4,000 
Thomsonite....- in oe 35 100 610 1,500 A5OM £.<...-- eae 21 
ROMA Zee cues: ceive none ete ote 4,435 512 884 2,675 375 736 1,380 
NOITU TE:  aeercenecooccseood 90,000 | 133,192 46,500 16, 445 28, 200 7,630 7,980 
Turquoise and matrix.......... 147,950 | 179,278 85, 960 44,751 10, 140 8,075 13,370 
Variscite, amatrice chlorutah- 

Litewutalliteeee =. ee 3 14, 250 35, 938 26,125 5, 750 8,450 6,105 5,055 
Miscellaneous gems..........-.4-....-.208 1,060 2,755 3, 224 4,408 2,920 2,287 

Total eee ees. eee ee 415,063 | 534,280 | 295,797 | 343,692} 319,722 | 319,454 124, 651 
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IDENTIFICATION OF GEMS BY THE MICROSPEC- 
TROSCOPE. 


Attention has again been called to the use of the microspectro- 
scope in the identification of gem minerals in a paper by Edgar T. 
Wherry.! Dr. Wherry mentions the discussions of this subject 
in textbooks and other publications and supplements them with 
notes on methods of microspectroscopic cxamination and tables of 
results on many minerals examined including gem minerals. Of the 
other articles cited, one by F. J. Keeley? contains interesting data 
on the color and the coloring agents of several gem minerals. 

The apparatus used by Dr. Wherry “consists of a Crouch 
binocular microscope stand fitted with a 37-millimeter objective, 
an Abbe-Zeiss ‘Spectral Ocular’ in the right hand tube, and in the 
other an ordinary low-power eyepiece, marked on the lower lens 
at the point where the image of the mineral grain falls when it is 
visible through the spectroscope slit.”” White light such as is given 
by a Welsbach burner surrounded by a dark chimney is found 
preferable to sunlight. For the examination of gems, cither loose 
or set, it is desirable to concentrate the light from the side by means 
of a lens or parabolic mirror. A gem must be transparent or at 
least fairly translucent to respond to the test, since it is necessary 
for the light to penetrate well into the mineral for absorption of 
color to take place properly. 

Colorless gems show a continuous spectrum, but if the mineral 
is colored by certain elements or chemical substances, light of some 
color will be absorbed by it and dark bands will appear in the spec- 
trum at places which are learned to be characteristic of such ele- 
ments. If the coloring agent in different gems is known, a stone 
in doubt can be examined for the presence of that coloring agent 
by the microspectroscope. Dr. Wherry has found this method 
useful in determining the genuineness of rubies, sapphires, and 
emeralds, and in picking out corundum, zircon, and garnet from 
gem gravels. 


IMPORTS. 


The value of the imports of precious stones into the United States 
during the calendar year 1914, as reported by the Bureau of Forcign 
and Domestic Commerce, amounted to $19,211,084, the smallest 
since 1908, when it was $13,700,404. The imports were less by 
$26,220,914 in 1914 than in 1913, the greatest proportionate decrease 
occurring in rough or uncut diamonds. Large decreases were also 
recorded in pearls and cut diamonds, and the only increase in value 
of imports was in glazier diamonds. 

The following table shows the value of the diamonds, pearls, and 


other precious stones imported into the United States from 1906 to 
1914, inclusive: 


1 The microspectroscope in mineralogy: Smithsonian Mise. Coll., vol. 65, No. 5, Pub. No. 2362, 16 pp., 1915. 
? Microspectroscopic observations: Acad. Nat. Sci. Philadelphia Proc., pp. 106-116, 1911. 
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Diamonds and other precious stones tmported and entered for consumption in the United 
States, 1906-1914. 


Diamonds. 
Diamonds 
Year and othen peas. Total. 
Glaziers. tae Hee Set. | Unset. not set. 

= a oes 

Ct ieee $104, 407 | $150, 872 |$11, 676, 529 | $305 $25,268,917 | $3,995,865 | $2,405,581 | $43, 602, 476 
(OOPS foo ee 410,594 | 199,919 | 8,311,912 |-7_ 4 18, 898, 336 | 3,365, 902 0,006 | 31, 866, 599 
(S0SREe. <2 aes 650, 713 180, 222 GSO, (8S) liscsace 9, 270, 225 | @ 1,051, 747 910, 699 13, 700, 404 
TOUS Lede 758,865 | 50,265 | 8,471,192 |...... 27, 361, 799 | 23, 570, 540 24,848 } 40, 237, 509 
TOME e ee 213-70 4 70) O.2tee7e jee. 8 25,593,641 | 4,003,976 | 1,626,083 | 40, 704, 487 
1 eee 3 | 199,930 | 110,434 | 9,654,219 |....-- 25,676,302 | 3,795,175 | 1,384,376 | 40,820, 436 
it ee a 452,810 | 94,396] 9,414,514 ]...... | 22,865,686 | 3,405,543 | 5,130,376 | 41, 363, 325 
iC eres | 471,712 | 100,704 | 12,268, 543 |...... | 24,812,604 | 2,775,811 | 5,002,624 | 45,431,998 
ie) 579,332 | 77,408| 2,851,933 |...... 11,976,871 | 1,635,522 | 2,090,018 | 19,211,084 


@ Including agates. Agates in 1906, $20,130; in 1907, $22,644. 


FOREIGN LOCALITIES. 
DIAMOND. 


AFRICA. 


UNION OF SOUTH AFRICA. 


The production of diamonds during the fiscal year ending June 30, 
1914, by the De Beers Consolidated Mines? amounted to 2,081,386 
carats, as compared with 2,293,468 carats in 1913. Actual sales of 
diamonds, plus the increase of stocks taken at the cost of production, 
amounted to £5,123,336, as compared with £6,297,782 in 1913. 
The total production of blue ground in 1914 amounted to 7,166,829 
loads of 16 cubic fect, as compared with 7,382,216 loads in 1913. 
The total quantity of blue ground and tailings washed during 1914 
was 7,406,278 loads, as compared with 8,702,289 loads in 19138. 
Stocks of blue ground and lumps on the floors increased from 10,803,054 
in 1913 to 11,331,022 m 1914. The yield in carats of diamonds per 
load of blue ground washed remained at 0.36 at the De Beers mine, 
increased from 0.27 to 0.28 at the Wesselton mine, and decreased 
from 0.42 to 0.38 and from 0.23 to 0.21 in the Bultfontein and Dutoit- 
span mines, respectively. The De Beers mine has not been reopened 
since it was closed in 1908. Developments at the Kimberly mine 
consisted chiefly in the removal of mixed reef rock and blue ground 
formed by mud rushes. 

The Premier Diamond Mining Co., of the Transvaal, ceased opera- 
tions on August 10, 1914. The production of diamonds up to that 
date is reported? as amounting to 1,417,755 carats, a decrease of 
211,732 carats, as compared with the corresponding period of 1913, 
and a total decrease of 690,228 carats, as compared with the finan- 
cial year to October 31, 1913. 

Diamond mining practically ceased in South Africa toward the 
close of 1914. Consul Edwin N. Gunsaulus,? of Johannesburg, 
reported to the State Department in January, 1915, that all diamond 
mines in the Cape, Transvaal, and Orange Free State Provinces were 
closed. Later he comments * on the effect the closing of practically 


1 De Beers Consolidated Mines Twenty-sixth Ann. Rpt., for the year ending June 30, 1914. 
2 African World, quoted in Jewelers’ Circular-Weekly, Feb. 17, 1915. 

3 Jewelers’ Circular-Weekly, Jan. 6, 1915. 

4 Daily Cons. and Trade Repts., June 25, 1915. 
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the entire diamond producing industry of the Union has necessarily 
had on the industrial conditions of the country. In this statement 
the output of diamonds in the Transvaal during 1914 is given as 
1,101,264 carats, valued at $4,948,704, as compared with 2,156,897 
carats, valued at $13,269,305, in 1913. 


KONGO. 


Vice Counsl General Harry A. McBride, of Boma,’ Belgian Kongo, 
gives the following notes on diamonds of that country: The principal 
mines are in the Kasai district, near Tshikapa, and are operated by 
the Belgo-American Co., Société Foresti¢re et Miniére du Congo. 
American prospectors are working in the region and have met with 
some success. ‘Two of the more important shipments of diamonds 
have been one of nearly 8,000 carats in November, 1918, sold in 
Antwerp at an average price of $5.79 per carat and another early in 
1914 of 4,884 carats, sold to the same firm at an average price of $5.22 
per carat. 

The diamonds from the Kasai River district are obtained from 
river beds, but prospecting is In progress on eight matrix deposits or 
‘“pipes’”’ in the Kundelunger region. In the Luanza ‘‘pipe,” 9,315 
ends of ground were washed to the end of December, 1913, and 
yielded, 369 small diamonds weighing about 187 carats. 


JADE. 
NEW ZEALAND. 


According to a correspondent of the Mining Journal? there was an 
active demand, before the European war, for the New Zealand jade 
or nephrite in Germany. A photograph accompanies the article 
showing a bowlder of nephrite, weighing about 1? tons, which had 
recently been shipped to tenes Large deposits of the jade have 
been located, and a company (The New Zealand Greenstone (Ltd.)) 
has prepared to work them along with the richly colored serpentines 
in the same region. Both the serpentine and the jade have been 
called New Zealand greenstone, but the serpentine is used for orna- 
mental building purposes and the jade for smaller ornamental and 
gem. purposes. 


1 Daily Cons. and Trade Repts., Dec. 7 and 8, 1914. 2 Mining Journal (London), July 25, 1914. 
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SUMMARY OF THE PRECIOUS-STONES INDUSTRY, 
1882-1914. 


Mining of precious stones in the United States has been a variable 
industry since its beginning. Most of the gem minerals have been 
sporadically mined or found during the course of mining for other 
minerals and only a few varieties have been systematically mined for 
periods of years at a time. Among those minerals which have been 
most persstently produced, and in some quantity at different times, 
are sapphire, turquoise, tourmaline, spodumene, and chrysoprase. A 
few other gems such as beryl, garnet, quartz, agate, amazon stone, 
rose quartz, and variscite, have been produced somewhat regularly, 
but generally in small quantity. 

George F. Kunz,! summarizing the production and the localities of 
the different gem mincrals in 1882, mentions the following: 

Occasional diamonds had been found in several States. Sapphire 
was known to occur along Missouri River near Helena, Mont., and 
both ruby and sapphire at the Jenks corundum mine in Macon County, 
N.C. Topaz had been found in Maine and Colorado. Emerald and 
hiddenite had been discovered 16 years before in Alexander County, 
N.C. Aquamarine and other beryl were obtained from several of the 
Eastern States. Garnets, called ‘Arizona ruby,” were being col- 
lected each year by the Navajo Indians in some quantity. Tourma- 
line had been mined for many years at Mount Mica, near Paris, Me., 
and was known to occur at other localities and also in Connecticut. 
Quartz and rock crystal were obtained from numerous scattered locali- 
ties, especially fine small crystals coming from Herkimer County, N. Y., 
and Hot Springs, Ark. Kose quartz was found at several places in 
New England. Gold quartz from several Western States was made 
into jewelry. Amethyst had been found in Maine, Pennsylvania, 
Virginia, and Colorado. Agate was known to occur in many States, 
and the Wyoming and Montana moss agates were used in large quan- 
tities. Jasper and petrified wood were found in many States and 
used in small quantitics. Peridot was gathered by the Navajo In- 
dians of Arizona. Turquoise was known in New Mexico, Arizona, 
and Nevada. The feldspar gems, labradorite, amazon stonc, sun- 
stone, and moonstone were used in small quantities. The amazon 
stone came from the Pikes Peak region, Colorado. The Lake Supe- 
rior gem stones, thomsonite and chlorastrolite, were collected for the 
tourist trade. Numerous lesser gems were known to occur in the 
United States, but were only sparingly used, such as phenacite, hya- 
cinth garnet, iolite, rutilated quartz, novaculite, rutile, prehnite, 
obsidian, diopside, chrysoprase, rhodonite, malachite, chiastolite, 
ceatlnite, and others. 


1 Precious stones: U.S. Geol. Survey Mineral Resources U. S., 1882, 1883. 
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The following summary includes only a few of the principal features 
in the precious stones industry in the United States since 1882: 

Diamond.—Only scattered finds were reported in various States, 
some in river and glacial gravels, and others loose in the soil, until 1906 
when diamond was found associated with decomposed peridotite 
matrix in Arkansas. Since that time 2,000 to 3,000 stones have been 
found on the surface and by washing the earthy matrix. The value 
of the Arkansas deposits has yet to be demonstrated. 

Sapphire.—A few sapphires were saved from the placer gold mining 
along Missouri River near Helena, Mont., until about 1890 when 
active mining for the sapphire was undertaken in connection with 
mining for gold. In 1891 and for several years following mining was 
continued successfully. In 1893 placer sapphire deposits were dis- 
covered along Rock Creek in Granite County. In 1894 more placer 
sapphire deposits were found along Dry Cottonwood Creek, in Deer- 
lodge County, and near Yogo Gulch, in Fergus County. The Yogo 
sapphires are nearly all true sapphire blue and were soon traced to 
their original matrix, from which they have been mined almost con- 
tinuously to the present. All of the other placer sapphire deposits 
produce only varicolored stones, including no pure blue gems. They 
are used principally for mechanical purposes, such as meter and 
watch bearings. 

Ruby.—Oceasional rubies were found in the corundum deposits of 
North Carolina and Georgia. The best find of ruby was made in 1893 
in Cowee Valley of Macon County, N. C., in placer deposits. A few 
fine gems were found and later the stones were traced to their original 
matrix, where prospecting has been tried at various times without 
definite results. 

Topaz.—Topaz mining has never reached an important stage in the 
United States Since 1882 the more important finds have been on 
Baldface Mountain, near North Chatham, N. H., in 1888; in San 
Diego County, Cal., about 1903; and in Mason County, Tex., in 
1904. These deposits, as well as others in Maine, Colorado, and Utah, 
are only intermittently worked. The majority of the topaz from the 
United States is colorless, but some fine blue and bluish-green crystals 
are found. 

Emerald.—The principal emerald localities of the United States are 
in North Carolina, but a few inferior emeralds have been found in > 
Maine and Connecticut. In North Carolina the emerald-hiddenite 
mine has already been referred to. After 1891 operations were lim- 
ited to a little intermittent prospecting, the last of which was in 1907. 
In 1894 emerald was found on Crabtree Mountain in Mitchell County, 
N. C., and mining was conducted for a few years. This locality did 
not produce clear gem emeralds, but a quantity of stones were cut 
with the white, gray, and black associated matrix and sold under the 
name of emerald matrix. In the same year, 1894, a stray emerald 
of good color was found near the North Carolina-South Carolina State 
line, south of Shelby. This was a forerunner of the discovery of the 
emerald deposit on the Turner plantation, 5 miles southwest of 
Shelby, in Cleveland County, N.C.,in 1909. This deposit was worked 
by the Emerald Co. of America and yielded the best colored emeralds 
so far found in the United States. Work was stopped in 1913. 
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Aquamarine and other beryl gems.—Beryl gems have been obtained 
intermittently from many localities, prominent among which are 
Stoneham and other localities in Maine; Royalston, Mass.; Merryall, 
Conn.; Alexander, Mitchell, Yancey, and Macon counties, N. C.; 
Mount Antero, Chaffee County, Colo.; Riverside and San Diego 
counties, Cal. The localities are scattered and mining and pros- 
pecting have been irregular. 

Garnet.—The ‘Arizona ruby” or garnet from the Navajo Indian 
Reservation has supplied the gem trade with varying quantities of 
fine garnet to the present time. Mason branch in Macon County, 
N. C., yielding the rose-pink rhodoite garnet, was an important 
source of gem garnet from 1897 to 1901. The majority of other gem 
ote have been obtained from numerous localities and chiefly 

uring mining for other minerals. Noteworthy among these was 
the hyacinth or spessartite variety from Amelia, Va., and from San 
Diego County, Cal. 

Tourmaline.—Tourmaline has been obtained intermittently but 
not in large quantities from several localities in Maine and Connec- 
ticut. After 1900 the deposits of southern California became large 
producers and were actively worked for several years. Since 1911 
only a few of these mines have been systematically worked, and the 
production bas not been large. In connection with tourmaline 
mining in southern California lilac to rose-colored spodumene, called 
“kunzite” and ‘California iris,” has been obtained in quantity and 
has taken an important place among American gems. 

Chrysoprase.—Chrysoprase was first found near Riddle, Oreg., in 
1884. In 1887 deposits were discovered in Tulare County, Cal. 
There was only a small annual production for a number of years, but 
between 1901 and 1911 the output was large. 

Quartz.—F ine quartz crystals have been obtained from mines 
worked for tourmaline and other gem minerals in various parts of the 
country. One of the most important finds was of a lot of large clear 
crystals on Mokelumne Hill, Calaveras County, Cal., in 1898. One 
of these crystals yielded a flawless sphere 54 inches in diameter. 

Amethyst—Amethyst has been mined in some quantity in Georgia, 
North Carolina, and Virginia, and small outputs have come from 
numerous other deposits in these and other States. 

Agate.—Agate has been obtained from most of the Western States, 
and in some years the production has been large. The moss agates 
of Montana and Wyoming continue to be of importance because of 
their beauty and of the quantity in which they are found. 

Jasper.—The varieties of jasper suitable for ornamental purposes 
known in the United States have increased greatly. Among the 
promising varieties are bloodstone from the Death Valley region, 
California, and kinradite or spherulitic quartz and associated jaspers 
of the San Francisco region. 
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Peridot.—Peridot has been obtained sporadically and occasionally 
in some quantities from both the Navajo and the Apache Indian 
Reservations in Arizona. It is collected chiefly by the Indians. 

Turquoise.—Up to 1888 the output of turquoise mining was small, 
but regular mining was then begun first at Cerrillos, N. Mex., and 
later in the Burro Mountains, N. Mex., and in Saguache County, 
Colo. The production rose to $175,000 in 1892. Arizona, Cali- 
fornia, and Nevada have since entered the list of turquoise-producing 
States, and have contributed large quantities at different times. The 
climax in the production of turquoise came in 1909 when more than 
17 tons of turquoise and matrix was mined. The value of this rough 
product was estimated at about $179,000. 

Feldspar gems.—Amazon stone is the principal feldspar gem mined 
in the United States. The Pikes Peak region of Colorado has con- 
tinued to yield a quantity of this stone nearly every year. Amelia, 
Va., has been another source of supply of much good grade of amazon 
stone. 

Other semiprecious stones.—The production of numerous other gems 
has been quite variable. The thomsonite and chlorastrolite beach 

ebbles of Isle Royale, Lake Superior, have been gathered more or 
ess recularly by tourists each year. Other varieties of beach pebbbles 
are ea. for ornamental purposes along the Pacific coast. Of the 
numerous other minerals sometimes used for gems or ornaments 
mentioned as known in 1882, rhodonite, malachite, rose quartz, and 
cathnite have been used in some quantity. 

New gem minerals.—Among new gem minerals may be mentioned 
californite (massive compact vesuvianite), and benitoite both found 
in California. Californite has been found in several counties and a 

uantity has been sold at different times. Benitoite is a barium 
titanosilicate. It 1s a new mineral discovered in San Benito County 
in 1906. Only one deposit, now exhausted, has been found. Benito- 
ite is a blue mineral resembling sapphire in color but much softer. 
It has a high refractive index and strong dichroism. 

Below is given a table of the production of gems and precious 
stones as recorded in these reports from 1883 to 1914, inclusive. 
Difficulty was encountered in deciding on the statistics for the earlier 
years, as there were discrepancies between the tables of production 
given year by year and those showing the production for periods of 
years. The figures used are those which seem most reliable. 

The tables of production are not given as exact statements, but 
represent the best estimates that could be made each year. During 
the last 20 years the statistics include exact figures of production 
for some minerals and estimates for others. The tables of production 
for the years 1883 to 1905, inclusive, were prepared by G. F. Kunz. 
The value of the total production for the years 1883 to 1914 amounts 
to $7,799,971. Kunz has made an estimate of the total production 
for the three years preceding 1882 as follows: 1880, $100,000; 1881, 
$110,000; 1882, $150,000. This makes a grand total of the produc- 
tion of gems and precious stones in the United States from 1880 to 
1914 of $8,159,971. 
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PRECIOUS STONES 


By Georas F. Kunz 


The 7 months of the year 1914 until the declaration of war showed 
a condition that seemed favorable to improvement in the precious- 
stone industry. Then the stagnation resulting from the war com- 
pletely changed the whole aspect of affairs in a very short space of time. 
This was mainly due to the almost entire cessation of any demand from 
the European countries, as well as to a much modified consumption on 
the part of the United States. The demoralization reached its height 
with the fall of Antwerp and the complete cessation of the diamond- 
cutting industry there, which before the war equalled if not slightly 
exceeded in volume that of the mother of this industry, Amsterdam. 
Then the fact that many of those engaged in the commerce of precious 
stones in England and France were of German or Austrian origin, or 
had names that indicated their race, caused the closing of their places, 
the proprietors being compelled to flee or be interned in the respective 
countries in which they had lived. By a strange coincidence, many of 
the Hebrews left for Portugal where the diamond-cutting industry of the 
early eighteenth century was so prosperous, and whence they had been 
driven to Holland through religious persecution. 

Secondly, the calling to the colors of a considerable number of men 
in the profession by the countries at war, has of course seriously hampered 
many establishments, making it impossible to carry on business as it 
was formerly done. Moreover, in Germany, there was the difficulty of 
shipping goods to the outer world from Oldenburg, Hanau, and other 
places, as well as from the Bohemian region where the cutting of gem 
stones has flourished. Even when shipments were made by way of 
Holland, or by way of Sweden, this meant delays, additional expense, 
risks, and interferences with a well-organized commerce. 

In spite of these many drawbacks, however, the demand for the 
better class of stones is still sufficient to maintain prices, a result due in 
some degree, of course, to the diminished output. The diamond in its 
finer qualities is receiving more appreciation than ever. Sapphires may 
be said to be enjoying royal favor, and fine emeralds are quite as much in 
vogue as ever before. There has been an increased working of the 
American gem mines in Montana, and hence the production of American 
gem stones has been quite as great as in any previous year. The in- 
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trinsic value of pearls has been demonstrated by the maintenance of 
their value even at a time when almost the entire world had declared a 
moratorium. Here the notable falling off in the supply from some of 
the principal fisheries has for some time past operated to keep prices ats 
high level. 

Among the more recent designs for bringing out the beauty and 
effectiveness of precious stones may be noted the use of a tint of black 
along the edges of the stone; for instance, a tiny mortised or mitered edg- 
ing to the center of diamonds, or other gems, this onyx effect being used 
very successfully in many cases. 

Rock crystal engraved and encrusted with a delicate tracery in some 
dull color, or surrounded by small diamonds in attractive grouping and 
setting has been used to a great extent. 

The prevailing favor accorded to block tints for costume and ac- 
cessories by the feminine world, in the autumn and winter seasons at 
least, may be assumed to have some connection with the prevalence of 
mourning in Europe, for woman’s invincible tendency to emphasize the 
element of daintiness and beauty wherever possible has been displayed 
in the more graceful and even artistic and stylish effects recently given 
to mourning garments, in marked contrast to the more severe and even 
unlovely fashions of former days. 

A novel form of diamond bordering for emeralds, rubies, or sapphires. 
consists of the adjustment at the sides of a square-cut colored stone, of 
four narrow, oblong, table-cut diamonds, each one of these extending 
along one of the sides of the central colored stone. The contrasting 
effect is very striking and beautiful, as the diamond material is in much 
closer and more intimate contact with that of the central stone than is 
the case where the latter is surrounded by a cluster of small faceted 
diamonds. 

A special feature of this report will be a study of the diamond-mining 
industry in South Africa and elsewhere, embracing many valuable dats 
on the organization of the numerous diamond-mining companies. 

Markets and Imports.—The following official figures giving the total 
imports of precious stones for the years ending June 30, 1911—1914, 
show the falling off in the year 1914, before the European war affected 
the market, due to the higher tariff rates, which became operative after 
October 3, 1913. 

While there was a slowing up during the first 7 months of the year, 
the decisive effect of the war is shown by comparing the total for the first 
6 months with that for the last 6 months, the figures being, respectively, 
$13,558,722 and $6,206,265, of which latter amount $2,160,161 repre 
sents imports for the month of July before the beginning of hostilities. 


PRECIOUS STONES 


$9,833,513 | $12,330,553 
a] Dut........|° 24,407,205 |” 24,537,150 | "27,213,047 | 17,795,009 
! 2,089,313 | 5,806,673 | 4,263,933 

atone "182,010 112,558 79,158 23,085(b) 


stones, 
pstarte phigh 4 e'elece 936 5,622,506 3,544,180 2,771,950 2,565,819 
PR TERT PR ie 1,181,045 1,319,464 1,192,897 


$41,297,750 | $49,520,845 | $33,063,140 


| 


i lotetion diamonds uncut from July 1 to Oct. 3, 1913, inclusive. (6) From July 1 to Oct. 3 
‘ ve. 


| For the calendar years 1911-1914 the following figures of precious- 
tone imports are reported: 


$11,616,286 |............ 
956,576 


Diaries OEE: DIGG 66k acces cisanncecsecalessguae sa see les swses sees $2,976,227 
Diamonds, cut bug not set. Dut........... 105,583 22,876,042 | 24,886,133 12,022,146 
Pearis and of, not strung or set. Dut 1,387,680 489 2,142,221 
Other stones, uncut. Free....... 241 115,812 GEIS bidivcedicwcas 
se a bene prea panewv Eo poten : * dla Gakeae a eeregekew eases 9,450 32,596 
ou’ 

fet met nek: Dahicicc Sco wseenee waxes 4,519,963 ee 219 2,740,804 1,630,715 

Imitation precious stones. Dut............ 256 1,215,471 1,290,145 961,082 


$42,552,720 $19,764,987 


Thus in the first 7 months of the year (Jan.—July, inclusive), when 
trade in precious stones is least active, the average monthly imports were 
$2,245,550, while in the last 5 months (Aug.—Dec.), during which 
period the largest importations are usually made, the monthly average 
had fallen to $809,221, not 40 per cent. of that of the former months, 
and probably part of this represented the filling of orders given prior to 
the declaration of war. 

The fact that the value of the imports for February, 1915, was nearly 
$2,000,000 ($1,884,903)—almost double the figures for the previous 
month, $1,035,917—shows the strong tendency to recovery even in the 
midst of the war, and gives us an indication of the rapid increase sure 
to follow the conclusion of peace. 

The special degree in which the diamond trade of Amsterdam has 
suffered since the beginning of the war is clearly brought out in the 
comparative figures of exports from Amsterdam to the United States 
in 1913 and 1914. While the totals of all exports show a falling off of 
$2,367,542 in the last-named year as compared with the previous one, 
the decrease in diamond exports alone largely exceeded this, being 

40 
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$5,465,484. The respective figures for 1913 and 1914 as invoiced at 
the United States consulate are as follows:! 


| 1913. | 1914. 
$10,085,701 $5,157,838 
985,161 


447 S60 
$11,070,862 $5,605,378 


The immediate effects of the war are more strikingly shown in the 
following statement, giving the exports to the United States for the first 
7 months and the last 5 months of the 2 years respectively, the heavy 
exports in the early part of 1913 being, of course, largely due to the 
impending increase in tariff rates. 


1913. 1914. 


Jan.—July. | Aug.—Dec. 


Jan.—July. | Aug.—Dee. 


Unout diamonds...............-- $728, $257,104 $278,833 $168,707 
Cut diamonds.............-2245- 7,900,426 2,185,275 4,497,216 660,423 
$8,628,483 $2,442,379 $4,776,049 $820,329 


Although the exports for the closing 5 months of 1914, covering 
the war-period of that year, show a decrease of two-thirds in the value 
of cut and uncut diamonds sent from the port of Amsterdam to the 
United States, the stagnant condition of the local diamond industry 
might have led us to expect an even greater falling off; however, the still 
considerable amount of diamond material exported during this time is 
stated to have been partly due to a supply brought in by fugitive dia 
mond dealers from Antwerp, who were forced to sell some of their stock 
at greatly reduced prices. 

The disorganization of the diamond-cutting industry in Amsterdam 
as far back as the early part of 1914 appears from the fact that out of 
9800 members of the Amalgamated Union of Dutch diamond workers, 
more than 50 per cent., or over 5000, were out of work at that time, the 
average number of unemployed workers never falling below 4000 dur- 
ing the ante-bellum part of the year. This important beneficial organi- 
zation embraces almost all of the Dutch diamond workers. At the 


beginning of the war the proportion of unemployed rose to 80 per 


cent., the remainder only having employment for a part of their time. 
A little has already been done to revive the diamond-cutting industry 
in Antwerp. At the outbreak of the war the German and Austrian 


1 See Consul D. I. Murphy's report of April 10, in Supplement to Commerce Reports, June 11, 1915, 
No. 9a, pp. 3, 4-6. 
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diamond dealers were practically driven from the city, but many of them 
returned after the German occupation. The German civil authorities 
in Antwerp have accorded some special privileges to the proprietors of 
diamond-cutting works with the result that this industry has been re- 
sumed to a limited extent. Of course wages have been greatly reduced. 
Where a wage of 75 francs was paid weekly the same worker has to be 
content with a weekly stipend of 28 francs. The demand is confined 
principally to the smaller stones, such as the half-carat diamond, locally 
called demi-gris, for which there is still a fairly good market in Germany, 
Austria, Italy and the United States. 

In London, Hatton Garden, long known as a center of diamond 
interest, shows considerable activity, principally due to the presence here 
of many expatriated Belgian diamond cutters. From Amsterdam the 
report comes that in March of this year (1915) about 2000 cutters were 
able to find employment, while some of the small number of Belgian 
workers in this industry who are still.able to find something to do are 
employed by a few manufacturers in Schevenningen, Holland, who 
have temporarily set up some small establishments there. They have 
already combined in a trade association and have subscribed funds for 
the constitution of a local Diamond Exchange.' Although these efforts 
are necessarily on a small scale, still they testify to the vitality of the 
industry and serve to show that as soon as the pressure of hostile in- 
fluences shall have been removed, the diamond industry will be ready to 
reassume its important place in the industrial life of Antwerp. 

An import duty is soon to be imposed in Canada on loose diamonds, 
which have heretofore been imported free. This duty is adjusted so 
as to favor English exporters, who have to pay only 5 per cent. of the 
value of the stones, while diamonds from Amsterdam or other non- 
British ports are dutiable at 7.5 per cent. 


DramMonps? 


Africa.—In reviewing the state of diamond mining in 1914-1915, it 
seems that the following list would be of interest, as it gives full data 
regarding the present condition of the mines: 

African Diamond Development Co., Ltd., registered July 23, 1913, to 
acquire options on the Franzport mine near Pretoria and the Spytfontein 
mine near Kimberley. Capital, £125,000 in 500,000 shares of 5s. each, 
& few of which have been already issued. 

Blaauwboschfontein Diamond Co., Ltd., registered November 18, 


' See Jeweller and Mesten te. Ti Mareh 15, 1915, p. 278. 
Much of the data for n has been obtained from Walter R. Skinner's ' ‘Mining Manual 
and Year Book for 1915;" (oth yes year “of publication), London [1915] 968 pp. 
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1908, in the Orange Free State as the Blaauwbosch Diamond and 
Development Syndicate, Ltd.; name changed April, 1910. Owns free- 
hold of 100 morgen (211 acres) on the Blaauwboschfontein farm, leasing 
the government’s four-tenths of the mineral rights. Capital, £24,500 in 
fully paid shares of Lleach. Dividends, 1911-12, 7.5 per cent.; 1912—13, 
67.5 per cent.; 1913-14, 60 per cent. Quotations.—1913, high 644, low 
334; 1914, high 5}¥/¢, low 3; latest 3-34. 

Consolidated Co., Bultfontein Mine, Ltd., registered in Kimberley, 
in January, 1888, to take over the properties of the Adamant Diamond 
Mining Co., Ltd., and the French and Esterre Diamond Mining Co., 
Bultfontein Mine, Ltd. At present the property, which has been leased 
in perpetuity to the De Beers Consolidated Mines, Ltd., since July 1, 
1889, covers 430 claims in the Bultfontein Diamond Mine, Kimberley, 
Cape Colony. Capital, £721,500 in fully paid shares of Ll each. The 
rental paid by the De Beers company is equivalent to an annual dividend 
of 7.5 per cent. on the capital. Quotations.—1911, high 134, low 14; 
1912, high 14, low 154¢; 1913, high 28s. 6d., low 26s. 1}¢d.; 1914, high 
1% 6, low 1%¢; latest 144-1}4. 

Crown Diamond Mining and Exploration Co., Ltd., registered in the 
Orange Free State, November 13, 1908. This company acquired the two 
freehold farms of the Lace Diamond Mining Co., Ltd.; Driekop No. 630, 
with an area of 956 morgen, 500 square roods, and Ruby No. 961, area 
1378 morgen, 218 square roods, or about 2018 and 2908 acres, re- 
spectively. The consideration was £75,000 in fully paid shares. For 
the 10 months from August 1, 1913 to June 1, 1914 the diamond yield 
was 21,536 carats from 219,002 loads washed, an average of about 
Yo carat per load. There was a net loss of £16,222 on operations for 
the 18 months ended December 31, 1913. Capital, £125,000 in £1 
shares. 

De Beers Consolidated Mines, Ltd., registered in Cape Colony, 
March 13, 1888, with a nominal capital of £100,000, to consolidate the 
diamond mining properties and interests of the De Beers and Kimberley 
mines, Griqualand West, Cape Colony. Control of the Koffyfontein 
Mines, Ltd., was obtained in 1911. One of the important succeasive 
stages of the development of this great company was the leasing in 
perpetuity of the Dutoitspan Diamond Mine (519 claims) in August, 1899, 
from the Griqualand West Diamond Mining Co., the annual rental being 
equivalent to a 4 per cent. dividend on the capital stock of this company; 
its debenture indebtedness of £158,000 was also assumed and has since 
been paid off. The 291 claims in the Bultfontein mine owned by the 
Consolidated Co., Bultfontein Mine, Ltd., were leased in perpetuity 
in September, 1899, for 7.5 per cent. on the capital stock of the original 
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company, and in November, 1889, the entire property of the Bultfontein 
Mining Co., Ltd., was bought for £745,454 of De Beers Bultfontein 
Obligations. The remaining large mine of the De Beers company, the 
Wesselton mine, was purchased from the Wesselton Estate in December, 
1891, for £300,000; in 1900 the company acquired the property of the 
New Bultfontein Mining Co., Ltd., the total expense of this transaction 
amounting to £197,862. 

At various times other important interests have been acquired by the 
De Beers company, such as those of the Compagnie Générale with hold- 
ings in the Brazilian Canivieras Mines; the Sultan Diamond Mining Co.; 
the United Diamond Mining Co.; the Spes Bona Bultfontein Diamond 
Mining Co.; the South African Diamond Mining Co.; the New Gordon 
Diamond Co., Ltd., and the British United Diamond Mining Co. For 
the Anglc-African Diamond Co. the sum of £677,500 in De Beers deben- 
tures was paid. The latest transaction of this kind has been the acquisi- 
tion of the Voorspoed Diamond Mining Co., Ltd., the price paid being 
12s. 6d. for each share of the Voorspoed, the De Beers company also 
assuming liability for a loan of £120,000; the cash payment for the shares 
totaled £253,271. The removal of a troublesome competitor, rather than 
the earning power of this mining property, was the determining factor with 
the managers of the De Beers company. 

The capital of this great company is now £4,500,000, represented by 
800,000 preferred shares and 1,000,000 common shares, each of £2 10s. par 
value. A cumulative dividend of 40 per cent. is assured to the holders of 
preferred stock before any dividend can be distributed on the common 
stock, which is then entitled to the whole remaining dividend distribution. 
The outstanding debentures of the company bearing interest at 434 
per cent., amount to £1,635,495. At the outset the capital of £3,950,000 
was divided into 790,000 shares of £5 each, the present form of capitaliza- 
tion dating from December 1901, when each holder of a £5 share received 
in exchange one share of preferred, and one of common stock, the balance 
of the new stock issued being applied as bonus, and extinguishing the 
right of life-governors to a share of the profits. The dividend of 40 per 
cent. on the preferred was paid up to June, 1914, and the following annual 
distributions have been made in the common stock from 1903: 


BOOS erases eais 55 per cent. ODO See Rees 20 per cent. 
VD ae ee 55 per cent. DN oti a cere reece 40 per 
WRORcirececaciadinens 40 per cent. DORA G eercita Series siete 40 per cent. 
MOOG. 5c cis endive paces 40 per cent. OED a iisve cnn econ 60 

BOOT oacris eo sila a on ld 70 per cent. WS ideaserepacas 60 per cent. 
NO is ois Ser lsibisesheancs o di d. Ts Fe ee ee 20 per cent, 


For the current year (1915) the results will certainly be no better than 
in the year 1908, as of course all mining operations have been suspended. 
How long it will take to restore things to their former state no one can tell; 
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in any case the company’s record so far speaks for itself, and the future 
will deal as kindly with it as with other legitimate and well-managed 
business ventures. The dividends on common stock for the past 12 
years, as given above, show average annual dividends of 413g per cent., 
certainly a most satisfactory result. Quotations—1911, preferred, high 
1834, low 1742, common, high 19%¢%, low 1734; 1912, preferred, high 
181g, low 163g, common, high 222345, low 1834; 1913, preferred, 
high 1714, low 151344, common, high 22/4, low 17549; 1914, preferred. 
high 17, low 1244, common, high 1934, low 1034; latest, preferred 12};. 
common 1014. This is equivalent to 485 for the preferred and 410 for 
the common. 

Although the Twenty-sixth Annual Report of the De Beers Consol- 
dated Mines for the year ending June 30, 1914, just escaped the paralyz- 
ing effects of the world war, it nevertheless reflects a certain falling of 
in the demand for diamonds as compared with the previous year, one 
of exceptional prosperity. In that period the amount realized on dis- 
mond sales, added to the increased value of diamonds in stock, at com 
of production, amounted to £6,297,782, while for the year 1913-1914 
the corresponding figures are but £5,446,954. The amount actually 
realized on sales was £5,123,336; adding to this for sundry receipts 
from interest and dividends on investments, etc., £228,770, and £497,874 
for previous balance, a total of £5,849,980 was attained. Mining ex- 
penses for the year were £1,992,628, other expenditures, taxes and de 
preciation charges, £984,516, and £51,253 was transferred to credit of 
General Fund, and dividends amounting to £2,050,000 were paid, making 
in all, £5,078,397, leaving the sum of £771,583, composed of £323,719 
added production value of diamonds in stock, and £447,864, balance 
carried to Balance Sheet. 

The diminished revenue did not justify as large dividends on the 
deferred shares as had been paid in 1913, when the amount of £1,750,000, 
or 35 per cent., was distributed among these shareholders in dividends 
and bonus; for the year 1914 the dividends so paid amounted to £1,250.- 
000, or 20 shillings per share. The holders of preference shares received 
£800,000, as in the previous year. 

In the pursuit of their consistent efforts to preserve the stability oi 
the diamond market, the De Beers company was of course 8 most 
important factor in the attainment of an agreement among the leading 
diamond producers at the conference held in London in July, 1914, at | 
which a satisfactory arrangement was attained, soon, however, to be 
rendered futile by the breaking out of the war. As a result of the nego- 
tiations, the De Beers company, through the Diamond Syndicate. 
acquired diamonds from the German deposits to the value of nearly 
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£273,000. At the annual meeting held December 29, 1914, Chairman 
Oats, in announcing this fact, remarked that at the time they had no 
anticipation that war was about to ensue, to which a shareholder remarked 
“‘T am afraid the Germans had.”’ 

When the decision was arrived at, early in August, to close down the 
mines, the company used every endeavor to provide for the necessities 
of its 2740 European employes, either furnishing them with transporta- 
tion to some other locality where they could find work, or retaining them 
in the employ of the company at half-pay for a number of months. 
In the case of upward of one thousand of the employes, who volunteered 
for military service, the De Beers company engaged to make good to 
each one the difference between his pay and one-half of his previous 
salary. This entails a monthly expenditure of £7000 and may be 
regarded as not merely a benefaction to the employes, but also in some 
degree as a free-will offering in aid of the government. 

The following table gives the figures representing the average yields 
of the different mines, the value of the diamonds per carat and the 
average value per load: 


1912. 1913. 1914. 
A ield i bebareranng oe 0.29 0.27 0.28 
verage yi in carats per load...... 2.2... eeee . i 4 
VALGUS DOP OBEEE ss ccnsuidisecaanineseneeadaceewesss 45e. 3.12d. 5ls. 2.83d. 458. 7.62d. 
Walos per 10062 oo s05 cacaceeovse ve ck ensgetscus 136. 1.504d. 136. 10.02d. 128. 9.33d. 
: Bultfontein Mine. 
Average yield in carats per load.................. 0.41 0.42 0.38 
MGIUG DOT COPAG 5 iii iis 6 cee rlos eee ede cowl Ri oeeioaee 408. 8. 243d. 458. 9.20d. 40s. 10.47d. 
Value per load........ aagieutabie eae sa emir ae ents 168. 8.179d. 198. 2.70d. 15s. 6,38d. 
.,,,.  Dutoitspan Mine. 
Average yield in carats per load.................. 0.23 0.23 
VGlIUS DOF COPOR aes sa 6 Seas eee shat Wee Guys 83a. 0.132d. 93s. 0.45d. S48. O. 
VRAE DOT TAGE 0:50 910d slop vee geaKaiee yw dee ARS 19s. 1. 11d. 21s, 4. 78d. 178. 7.87d. 


The yield continues to show only minor changes. No blue ground 
was taken from either the De Beers or the Kimberley mines, a small 
amount already on the floors of the former mine being washed. 

The profit per load shows a slight falling off when compared with 
1912-1913, essentially due to a lesser carat-value. The figures for the 
last 3 years are as follows: 

WESSELTON MINE 


| Cost ie Value per Load. | Profit per Load. 
FOES. cea iaesiacteaatemtawswntes 4s. 7.576d. 138, 1.504d. 8s. 5.928d. 
BOTS Seaicalec cc bas viet eae eet 4s. 4.45d. 138. 10.02d. Os. 5.57d. 
SRA ii sea Ares Bees 4s. 7.28d. 128. 9.33d. 8s. 2.05d. 
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BULTFONTEIN MINE 


Coat A or Cae Value per Load. Profit per Load. 

LD cs ais ek aes eae eae ek 38. 11.3572. 166. 8.179d¢ 12s. 8.822d. 
EDDA ec cgacabichianed dara bat aacchnieee siraamnasacs 4s. 1.28 198. 2.79d. 15e. 1.42c 

1 eeepc nes rpraeod $ en ge ewes t Pie 4s. 4.20d. l5e. 6.38d. lls. 2.00d. 

DUTOITSPAN MINE 

MEET cious secre ainsi vejann sara cksa ach opceststel 3e. 10.665d. 198. 1.11d 158. 2.44 
WOU t Sia aVe ea oes 2.00d. 21s. 4.78d. 17s. 2.60d. 
BPG 6 casaisarn te Gicrcve anaenyare pe acne 4s 1.49d. 178. 7.87¢2. 138. 6. 38d. 


The principal data of mining operations for the past 3 years are 


here represented: 
DE BEERS AND KIMBERLEY MINES 


Loads of Blue Loads of Blue Carats of Value 
Ground Hoisted. | Ground Washed. |Diamonds Found. omens Bale 
GAS ace TSROS $23,621 378,614 119,013 53e. 11.474 
DA ira nwracansviceiwttarncarece weno 351,347 419,881 120,514 678. 3.742 
BOIS Seca varoncee nee None 75,815 27,346 80s. 10.214 
WESSELTON MINE 
WIP eterna 2,573,398 2,030,201 581,973 4 450. 3.12d 
DOES ivcsccomoviecmeremaeae 2,226,157 2,143,232 576,458 Sle. 2.88d 
WONG 6k Sees ES 2,373,522 2,083,352 503,305 45s. 7.62d 
BULTFONTEIN MINE 
BONS Sesser ese See 2,334,720 2,025,450 834,760 4 400. 8.24d 
SOB ivsecainciew nie Wikis sseress oa 2,313,477 2,006,378 874,430 4 458. 9.200 
SUIS eaiceyt seas veweaen 2,279,838 2,060,552 785,610 34 408. 10.47d 
DUTOITSPAN MINE 
LOU eos ie bow hcwes 2,718,703 1,845,796 428,213 4 830. 0.132d 
MND G a haaicisinisia adi atecne at 2,491,235 2,330,234 540,033 Q3e. 0.45d 
MOLAR G5 DSR oe ene COPS 2,613,469 2,412,679 497,450 Ss. 0.9d 
GRAND TOTALS FOR ALL MINES 

TOR Sore aw es alae es 7,050,442 6,270,151 BDOCROGO 3G: Vevicciaa. ss ciack Sones 
MOS i's ci S25 Orde eee ws 7,382,216 6,989,725 Bait Aee) "Sse oak Reo 


“© Spun te seeescaertaretes 7,166,829 6,641,308 EGON GIS: |... vcs crrcmccacees 


In addition to the direct results from the mines, 765,880 loads of 
tailings washed in 1914, yielding 82,4884 carats of diamonds; to this 
must be added 1,104,577 loads of lumps from which 94,2764 carats 
of diamonds were extracted. This would make a total yield for the year, 
from all sources, of 2,083,37634 carats. 

In computing the visible resources of the company, account must 
be taken of the blue ground on the floors of the mines, which has been 
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hoisted but not yet washed. The following figures show the number of 
such loads (blue ground and lumps) at the close of the year 1913-1914. 


Loads 
TO NONI oe wins smi ans sards wan demas Ace sh yeisavoon sess ivn damnum tevesieumtn ain eceutieietoes 
We OUDUEORN Goss So knd Reo W wie le RP Ue rio EOS wi ers a UIE e Wie alvimie-e\@ ate iateeee 3,450 
NNN Ss enc ws barnes ahs 0 wa WANS MID EEE ei earn oh LER Whine er ana 8,133,134 
RICRIMDEE Ses OD sScc oie cde hse in Dee e eee wae ea Vala 8 was Sewer 4, 
bE 5 aN a iiieis Blk Sak Oa eel Reid WES ah Ae Seale olea eine tele 11,331,022 


This already represents a considerable outlay and a large potential 
source of future returns, the prospective value of the working being 
emphasized by the following table of blue ground actually in sight. 


Loads 
Rintettey Beers ( (ote Bey eset devel). DA coca wen da ciate eins marcela naan yb nye 
above CUOEY «cae 5.cara es ee eae a Cae owed ON ORI Ne ,000, 
(above the 080-ft. level)... 0.6... ccc tee ee ee ee eee 16,000,000 
Bultfontein ohn Ahe TODOTE Lave) 6 sees ih ch evs av Crcsaseeet 10,500,000 
Dutolitepan (above the 750-ft. level)... . 0.2... cee eee eee 13,500,000 
44,760,000 


This, with the stock on the floors, should eventually produce diamonds 
to the value of from £30,000,000 to £35,000,000. 

The value of the Blue-ground Stocks Reserve remained at £2,268,266 
The Permanent Reserve Fund is also unchanged at £1,800,000. 
Some of the shafts were sunk deeper during the year, the figures now 
being: 


DeBeers: 
Meee Ona. ES 2640 ft. 
ING: 2 BRNO Si aib ck eGaucs 1728 ft. 
vi Th —~" depth of 
e nm mine has an average depth o 
Rain ropiaett-------MGU tt | 1200 te From the murace, che despot point 
w being 1203 ft. 


ton: 
No. 1 main rock shaft... . . 1119 ft. 
No. 2 main rock shaft... . . 1667 ft. 


Bultfontein: 
No. 1 main rock shaft..... 708 ft. 
No. 2 main rock shaft... .. 1715 ft. 


No. 1 main rock shaft... . . 1424 ft. 
No. 2 main rock shaft..... 768 ft. 


The Premier (Transvaal) Diamond Mining Co., Ltd., was registered 
December 1, 1902, and acquired soon afterward that part of the Elands- 
fontein Farm No. 85, called Prinsloo’s portion, for £67,000 in fully paid 
shares out of the capitalization of £80,000. Not long thereafter the 
remainder of the Elandsfontein Farm, known as Minnaar’s portion, 
was purchased for £25,650 in cash; the entire area of this holding is 
about 3300 acres. Additional acquisitions are the Louwsbaken Farm, 
No. 399, covering 1931 morgen (about 4087 acres), and part of the 
Kuckerboschfontein, No. 325, with an area of 1136 morgen (2404 acres), 
and also a part of the Spitzkop Farm, No. 31, with an extent of 928 
morgen (1754 acres). A still larger addition to the holdings was made 
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in September, 1908, when the property of the Pretoria District Dia- 
mond Co., Ltd., having an extent of 2335 morgen (4942 acres), was 
purchased for £21,650. The Premier mine has an area of 3484 claims, 
and is worked as an open mine, the depth in October, 1914, being 232 
ft. An estimate made of the blue ground above the 360-ft. level places 
it at 33,000,000 loads, which should contain over 6,000,000 carats of 
diamonds. Tests made to a depth of 1,000 ft. showed that the blue 
ground still continued to this depth. The government receives as its 
share three-fifths of the profits over and above capital expenditures. 

The capital is but £80,000, divided into 160,000 preferred shares of 
5s. each and 320,000 common shares of 2s. 6d. each. No dividends are 
payable on the common shares until the preferred shares shall have re- 
ceived a cumulative annual dividend of 250 per cent. This has here- 
tofore been regularly paid, the last semi-annual dividend of 125 per 
cent. having been paid June 8, 1914. On the common shares the divi- 
dends have been as follows: 


EEG E SE tra RPT 400 per cent. IDIOARL «oo dsins cae 500 per cent 
1906-06 2.623 ewe 400 per cent. URES 5 ee 650 cent 
BU in macecsivgh ahmontaninlbite 400 cent. BEB tesa e.scarevmcainrese 750 per cent. 
LOT OB 65s eae N ng. MOL BH14 iene ee 200 
1 De ara tersmusre caren 400 per cent. 


The principal results of the mining operations in the Premier from 
its organization are as follows for years ending October 31:! 


No. of Loads, No. of Carats , Yield per | progt per 100 
Year. Worked. Found, Value of Diamonds. py en Loads. 

UL 1 + SRE ga 76,931 99,208 £137,435 2s. Od. 129.0 £155 4s. 2d. 
3008. ees. 939,265 749,653)4 866,030 0 5 79.8 79 60O oO 8 
BO x 6 ey saceraceuatn 1,388,071 5,65 994,687 5 7 60.9 55 4 6 
WBOO ioe 2,988,471 74 1,277,739 6 4 30.1 25 7 6 
Ls (ae 6,538,669 0, 1,702, 19 8 29.0 14 6 3 
IGOB S. ccceee cds 8,058,844 2,078,82544 1,536,719 19 0 25.8 9 15 ll 
NOOO ekacen 7,517,793 1,872,13644 1,172,378 7 2 24.9 5 16 9 
BOUED. 54.0 sted pisces 9,331,882 2,145,83234 1,496,641 6 5 23.0 5 16 1 
WOLD ose vl vate 8,325,272 1,774,206 1,433,970 6 9 21.3 6 7 5 
1) re 9,707,098 1,092,474 2,004,094 3 5 20.5 8 13 2 
IGS iccirive a 0,434,680 2,107,983 2,336,828 15 1 20.2 9 12 3 
yk ht ne 7,683,943 1,417,755 1,259,643 5& ll 18.5 3 18 9 


72,990,919 | 17,873,459 | £16,219,647 17s. 


& 


Quotations.—1911, preferred, high 834, low 774; common, high 101 1¥¢, 
low 614; 1912: preferred, high 9, low 8144; common, high 1334, low 834; 
1913, preferred, high 93g, low 83g; common, high 1334; low 93¢; 1914, 
preferred, high 914; low 634; common, high 1034; latest, preferred, 67¢- 
714; common, 37%-4}¢. 

The Twelfth Annual Report of the Premier Mining Co. for the year 
ending October 31, 1914, covers only 9 months of actual operation, 
as all work was suspended, because of the outbreak of the war, from 


1 Compiled from the 12 Annual Reporta of the company for the years 1903 to 1914, inclusive. 
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August 10, 1914, when 14,000 native laborers then in the company’s 
employ were discharged and repatriated. For about 300 of the white 
employes who were unable to find places elsewhere, certain routine 
work was provided in connection with the removal of the floating reef 
and in guarding the property. For their wages £4825 was expended 
in the 3 months and the sum of £550 per month was paid to those 
dependent on the men who volunteered for service in the field. 

Up to the time of the cessation of work the amount of blue ground 
hauled and washed was about up to the average of the previous year, 
although the diamond product was less; the number of loads handled 
was as follows: 


WYOE COO DOLE OBO WN 6 ace sionce- sw iace ee Wielasia ROE a WS Sale eRe ates ee Rae 3,049,156 
ERI RU ALCAN oe aa.) oo: cece sinnaisas butedan a:chiie a dase biencheearre cele eseie-we teehee 2 922,311 
Weciaamh Bie: OE: eh icici ain ck wan osc ow Wek i daieln wie yiocwte aiorv ete Midian wile 812,476 

RR ie RVR WORE LS OS OT BT REDE OT 7,683,943 


The diamond yield was 1,417,755 carate, an average per load of 
0.185 carat. During the previous year, 10,434,680 loads had been 
washed, yielding 2,107,983 carats of diamonds, or 0.202 carat per load. 

The Diamond Account shows a credit of £1,259,643, leaving a balance 
of £302,516, after deducting £906,576 for mining expenses and a little 
over £50,000 for office expenses, etc. As the value of the diamond stock 
was diminished £131,272 by the year’s operations, the actual balance 
carried to Expenditure and Revenue Account was but £171,243. After 
taking from this £49,983 for general equipment, a balance of £121,260 
of realized profits remained to be divided between the government of 
the Union of South Africa and the shareholders of the mine in the pro- 
portions of 60 and 40 per cent., respectively. 

A preferred dividend of £50,000 (6s. 3d. per share) and two deferred 
dividends of £140,000 (8s. 9d. per share) and £80,000 (5s. per share) 
respectively, were paid during the year, the second preferred dividend 
being passed for the first time since the organization of the company. 
The 40 per cent. of the realized profits belonging to the shareholders 
(£48,504) of course fell far short of the amount required for dividend 
payments, and the necessary sum had to be made up by the balance of 
£116,567 brought forward from October 31, 1913, by sundry revenue 
(£44,504) and by an authorized transfer of £47,905 from the Trading 
and Emergency Funds. 

The temporary set-back caused by the war will probably be made 
good eventually by the realization of greater profits in the period of 
industrial and commercial activity sure to follow the wasteful conflict. 
Hence the present unfavorable showing of this mine, and of all other 
similar interests, leaves the essential worth untouched. A somewhat 
less satisfactory aspect is, however, offered by the sharp fall in the 
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diamond yield to 0.185 carat per load, coupled with a decrease in the 
selling price of the product. 

The steady, progressive decline of the yield appears in the following 
table. 


Cost of Produc- 

Carats per Value per Load. tion per Load. Profit per Load. 
5 0 0.249 3s. 1.438. ls. 11.42d. Is §=628.014¢ 
NOMS aaa anes 0.230 es. 2.49d. 2s, 0. 56d. ls. 1.934 
ROL wéwnrexiy vadisacwese 0.213 ae. 5.34. 2s. 2.02d. ls. 8.32d. 
bt) BARGER een 0.205 4s. 1.57d, 2a. 4.79d. ls. 8.784. 
VOLS ce secwacscananes 0.20: 4s. 5.74d. 2s. 6.67d. la. 11.07¢. 
| LS a ee 0.185 8s. 3.34d. 2s. 5.80d. 9. 45d. 


As will be noted, although the cost of production was a trifle lower in 
1914, the profit per load was only a little over 40 per cent. of that secured 
in 1913. Of course, the considerable fall in price greatly accentuated the 
effect of the decreased diamond yield, and with better prices a fair profit 
could still be realized even should the yield fall slightly lower, but the 
indication in itself remains a somewhat unfavorable one. 

To make provision for hauling from lower levels, two engines, each of 
1000 h.p. were purchased, and they reached the mine just after the stoppage 
of work on the 10th of August. The 360-ft. level has been opened up 
and 33,000,000 loads of blue ground are available above this level. The 
average depth of the open workings is 232 ft., showing an increase of 23 ft. 
over the depth, October 31, 1913. 

Priels, Ltd., registered June, 1913, in South Africa, holds the mining 
rights, with 3-year renewals in perpetuity, of the Priel Estate of 8 
acres, the land being partly in the Barkly district and partly in the 
Kimberley district. For this the payment was £60,000 in paid-up 
shares, besides the clearing off of liabilities of the former holders, the 
Priel Diamond Mining Co., Ltd., amounting to £17,000. The income of 
the new undertaking is to come principally from royalties paid by the 
diggers to whom the property has been thrown open. Capital £125,000 
in £1 shares, of which 100,000 have already been issued and fully paid. 
Of this capital a controlling interest has been acquired by the South 
African Diamond Corporation, Ltd. 

Roberts Victor Diamonds, Ltd., registered January 6, 1906, in the 
Transvaal. The property under control is part of a tract known as 
Farm Damplaats, No. 319, at a distance of 20 miles to the northeast 
of Boshof, Orange Free State, and has an extent of over 500 acres. It has 
been leased for 25 years with a renewal right for another term of the same 
duration, in consideration of a cash payment of £9,000 and £132,200 in full- 
paid shares. Further acquisitions were the Rietkuhl Farm No. 269, 


———i (st 
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of 2335 morgen, for which £8636 was given in October, 1906, the Waai- 
hoek Farm No. 102, with an area of 2446 morgen secured in 1907, and 5 
morgen of the Waterval Farm, on the south side of the Modder River, 
utilized for a pumping-station, the Wasihoek Farm being opposite on the 
north side of the river. Of the prospective profits four-tenths belong to 
the government, which has, however, agreed to accept £100 per month 
until 1915 in lieu thereof. The results of mining have been as follows: 


Diamond Yield in Carats 100 
| Loads Treated, | Carats. Peed 
BOUYS 555: Gah atece cana weenie 216,068 62,712 24.2 
SOUR: vices tsa eenewoReeine 218,362 72,490 83.1 
TI oc ecninscceconernisipocaieninidinraiad 68,334 307 31.0 
ROTA: Cpere) oe cea ie sista va ears 60,295 16,717 24.1 


As the yield was diminishing, owing to a contraction of the “ pipe,” 
work in the old mine was abandoned and new ground was opened upto 
the southwest; operations here have been interrupted by the war. 
Capital, £160,000 in £1 shares; 150,000 issued and full-paid. Dividends 
of 50 per cent. were declared in 1907; nothing was paid in 1908; in 1909, 
25 per cent. was distributed; nothing in 1910-1912; in 1913—10 per cent. 
paid in December. Quotations.—1911, high 314, low 15s. 6d; 1912, 
high 2, low 5g; 1913, high 47s. 1044d., low 23s. 6d.; 1914, high 1%¢, low 
4¢; last 54. 

South African Diamond Corporation, Ltd., registered May 3, 1913, 
in the Transvaal, the objects being the acquisition of diamond proper- 
ties and dealings therein. Among the companies in which it has interests 
are the Priels, Ltd., the New Vaal River Diamond, the New Thor, and the 
Roberts Victor Diamond Co.; capital £1,000,000, latest quotations, 
1-14. 

Tanganyika Concessions, Ltd., Registered January 20, 1899. Among 
its acquisitions and holdings is a mineral concession of 60,000 square miles 
in the Congo Free State. For this 30,000 fully paid shares were given to 
the former holders, the Katanga Special Committee (Belgian), this body 
retaining 60 per cent. of the eventual profits. Mineral discoveries 
here include extensive copper, gold, tin and iron deposits and also diamond- 
bearing gravel. For the development of the last-named deposits special 
arrangements have been entered into. The working capital is provided 
by the Katanga Special Committee, the Zambesia Exploring Co., Ltd., 
and the Tanganyika Concessions, the first-named providing one-half 
and the two others each one-quarter. Of the profits 5 per cent. will be 
set aside as reserve, one-half of the remainder is to be divided between 
the three companies in the proportion of their contributions to working 
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capital; of the other half 80 per cent. is to go to the Katanga Special 
Committee and 20 per cent. to the Tanganyika Concessions. The results 
of tentative working up to December, 1913, show 187 carats of diamonds 
from 9315 loads of ground washed. Prospecting for the discovery of new 
deposits is in progress. 

United States Diamond Mining Syndicate, Ltd., registered Apri 
9, 1914 for the acquisition from T. L. West of an option to 363 acres 
of diamond-bearing land in Elliott County, Kentucky. For the option 
£500 in full-paid deferred shares was given, the provision being that in 
case of purchase the price of the land should be $50,000. Capital, £10,500, 
is divided into 10,000 ordinary shares of £1 each and an equal number of 
deferred shares of ls.each. After dividends aggregating 100 per cent. shall 
have been paid on the ordinary shares, the surplus profits are divisible 
in the proportion of 50 per cent. each between the ordinary and the 
deferred shares. 

Vaal River Diamond Co., Ltd., registered January 18, 1889. Th 
company secured 140 claims on the Gong-Gong alluvial diggings Vaal 
River district, Griqualand West, Cape Colony, as well as the freehold 
of the Gong-Gong Farm and of the Buckland Farm, in all a property 
of 9285 acres having 3 miles frontage on the Vaal River. Th 
price was £22,500 in cash and £7500 in fully paid shares. The Gong- 
Gong Farm was sold in December, 1910, to the Diamond Proprietary 
Mines, Ltd., for £30,000 in fully paid shares of that company, and the 
Buckland Farm to the Bucklands Estate and Diamond Co., Litd., for 
120,000 fully paid shares of its stock. The capital of the Vaal River 
Diamond Co. was £50,000 in £1 shares. 

Diamantfontein Development Syndicate, Ltd., registered October 
24, 1911. This syndicate has acquired a 5-year-option from the 
Oceana Development Co., Ltd., to purchase three farms known as Dis- 
mantfontein, Graspan and Pienaarsfontein, having a total area of 11,725 
acres, and located in the Bloemhof district of the Transvaal. The 
payment for the right was £6600 in cash to the vendors and the same 
amount to the founders. The option gives a privilege of purchase for 
£30,000 in cash. Additional options have since been secured, one on the 
enterprise of the Kunst Diamonds, Ltd.; this has been used, the Roode- 
plaats (De Beer) Diamond Mines, Ltd., having been organized to take 
over the rights and holdings. Another option over a mining property 
at Kroonstad in the Transvaal was acquired in 1914, for an annual rental 
of £300 and one-third of the capital shares of the Diamantfontein Syndi- 
cate, as well as the right to secure any new issues at par. The cost of 
the Kroonstad property, if 44 claims were brought, was to be £5000 
cash, 20 per cent. of any increase of capital, or one-third of the stock of 
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any new company formed to work the claims; should, however, the 
whole property be purchased within 3 years, the cost payment would 
be £15,000, 

Diamond Exploration and Finance Syndicate, Ltd., registered 
February 18, 1902. Possesses share interests in a number of companies, 
including the Fanti Mines, the Mount Boppy, The Gibraltar Consoli- 
dated and the Maikop Premier. Capital, £60,000 in 179,994 common 
shares of 6s. 8d. each, and two life-governors’ shares of £1 each, one of 
these latter being held by Julius Pam and the other by the estate of the 
late John Dixon. After a 30 per cent. dividend (non-cumulative) shall 
have been paid on the common shares, they are entitled to one-half of 
the surplus profits, the other half going to the life-governors’ shares. 
Of the common shares, 59,950 are issued and fully paid. As the state- 
ment for January 31, 1915, shows a debit balance of £10,209, a slight 
increase over that of the preceding year, the immediate prospect for 
dividends is not very favorable. 

Diamond Proprietary Mines, Ltd., registered December 7, 1910, 
for the purpose of purchasing the freehold farm of Gong-Gong, Barkly 
West, Griqualand West, Cape Colony, from the Vaal River Diamond 
Co., Ltd. The cost of this acquisition was £30,000 in fully paid shares. 
The area of this farm is 3571 acres, and the revenue of the company 
is to be derived from one-half of the license-fees of 5s. per claim each 
month from the diggers, the territory being proclaimed a public digging; 
the other half is retained by the government. Capital, £50,000, in 
200,000 shares of 5s. each, 166,595 being already issued and fully paid. 
The last statement shows a debit of £436 on profit and loss account. 

Frank Smith Diamond Estates and Exploration Co., Ltd., registered 
March 28, 1900. The company was to acquire the rights of the Frank 
Smith Diamond Mines, Ltd., and of the Hartz River Diamond and 
Estates Syndicate, Ltd. This comprised six freehold farms in the Hartz 
River Division of Barkly West, Cape Colony, with a total area of about 
40,845 acres, as well as the 423 claims of the Frank Smith Ptospect Dia- 
mond Mine. For these rights and properties the sum of £188,100 was 
paid, mainly in fully paid shares of the new company. Additional 
territory, farm No. 54, was purchased for £3060 in 1909. Operations 
for nine months in 1907 gave a yield of 6407 carats of diamonds, about1.6 
carat for each 100 loads washed. After temporarily transferring its 
rights and assets to a new company (the Welgelegen Diamond Co., 
Ltd.) the original company was reorganized. Work with a new washing 
plant, having a capacity of 4000 loads per day, resulted in the recovery 
of 7207 carats-weight of diamonds in the last 6 months of 1913; this 
was an average of 3.94 carats per 100 loads. For the 7 months 


640 MINERAL INDUSTRY 


ending July 31, 1914 still better results were attained, 14,665 carats of 
diamonds being secured from 388,805 loads, giving an average of 3.8 
carats per 100 loads. Here, as elsewhere, the war interrupted all opera- 
tions. Capital, £300,000 in 800,000 shares of 7s. 6d. each, of which 
538,250 shares have been issued and fully paid. Quotattons.—191I, 
high 12s. 3d., low 4s.; 1912, high 12s. 6d., low 7s. 6d.; 1913, high 15s. 
6d., low 5s.; 1914, high 8s. 6d., low 1s. 6d.; latest 1s. 6d. 

German Southwest African Diamond Investment Co., Ltd., reg- 
istered November 25, 1909, in Cape Town, its objects being the acqui- 
sition of interests in diamond-mining enterprises in German Southwest 
Africa, as well as in gold-mining undertakings in the Transvaal. This 
company secured entire control over the Diamanten Abbau Gesellschaft 
of Luderitzbucht. Capital, £150,000 in £1 shares. 

Griqualand West Diamond Mining Co., Dutoitspan Mine, Ltd, 
registered September 22, 1881, in Cape Colony. The entire properties 
of this company were leased in 1889 to the De Beers company at an 
annual rental of 4 per cent. on the shares of the Griqualand West Co., 
the debenture debt of £158,000 being also assumed. Capital, £1,057,000 
in shares of £10 each. Quotations.—1911, high 734, low 634; 1912, high 
74, low 67%; 1913, high 734, low 9; 1914, high 74, low 6%. 

Kamfersdam Mines, Ltd., registered April 16, 1896. Acquired 400 
diamond mining claims and the freehold of the farm of Kamfersdan, 
Griqualand West, Cape Colony. This farm on which the mines ar 
located has an area of 10,000 acres, and the price paid for it was £215,000 
in fully paid shares. The mining operations for 1905-6 yielded 42,041 
carats of diamonds from 594,434 loads of blue ground washed; the output 
for 1906-7 was much smaller, 13,388 carats being secured from 249,4% 
loads, the average per 100 loads falling from 7.07 carats to 5.36 carats. 
Since July, 1907, washing has been suspended, although it would have 
been resumed last year had the war not ensued. Capital, £400,000 
in £1 shares, of which 357,098 have been issued and fully paid; there are 
also £40,000 of debentures bearing 734 per cent. interest. The report 
of June 30, 1914, showed a loss of £20,537 on the year. Quotations.— 
1911, high 10s., low 3s.; 1912, high 14s., low 8s. 6d.; 1913, high 156, 
low 10s.; 1914, high 12s. 6d., low 6s. 3d. 

Koffyfontein Mines, Ltd., registered May 19, 1893, for the purchase 
of the Koffyfontein Diamond Mines in the Jacobsdal district of the 
Orange Free State, comprising about 1000 claims. For this £50,000 
in fully paid shares was given, as well as a royalty on all diamonds that 
might be sold. The holdings of the company were eventually increased 
to some 1243 claims. The mining results in recent years have been as 
follows: 
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: Ay Yield 
Carats of Diamonds. | Loads Washed. “100 Loads. per 
BORDERS ono oisiesiessectioko an beak 64,340 1,119,198 5.7 
IQISH—D4iek ie Sae ee kielce. es euls 73,966 1,185,703 6.2 


On June 30, 1914, there were 2,194,942 loads on the floors; operations 
were discontinued in October, 1914. This mine has been controlled by 
the De Beers company since 1911. Capital, £375,200 in common shares 
of £l each. For 1909-10 a dividend of 15 per cent. was paid, and one 
of 10 per cent. for 1910-11; since this year no further dividends have 
been declared. Quotations.—1911, high 334, low 17%; 1912, high 234 
low 1%.%; 1913, high 234, low, 1%g,; 1914, high, 234.6, low 13¢; latest 
168. 6d. 

Kolmanskop Diamond Mines, Ltd., registered February 5, 1909, 
in Cape Colony. Organized to secure a 50-year lease on about 10,000 
acres of diamond mining property near Luderitzbucht, German South- 
west Africa. This was acquired for £100,000, half in cash and half in 
paid-up shares. The tax due the German government was fixed at 66 
per cent. of the proceeds of diamond sales, 70 per cent. of the working 
expenses and half-a-mark per carat being allowed as rebate. The yield 
in 1910 was 146,658 carats; in 1911, 147,234 carats; in 1912, 122,525 
carats; in 1913, 106,87434 carats. Capital, £125,000 in £1 shares. 
Dividends of 55 per cent. were declared in 1909; in 1910, the dividends 
were 45 per cent., in 1911, 30 per cent., and in 1913, also 30 per cent. 
The report for year ending December 31, 1913, showed a net profit of 
£36,365, the Reserve Fund, after payment of dividends amounting to 
£24,250. 

The Modderfontein Proprietary Mines, Ltd., registered March 16, 
1903, in the Transvaal, was voluntarily liquidated March 27, 1914, after 
disposing of its holding, the Modderfontein Farm, to the South African 
government at a valuation of £5 per morgen (2.11 acres); the area of 
this farm is 2600 morgen and the company had given £270,000 in paid-up, 
£1 shares for it. 

Montrose Diamond Mining Co., Ltd., registered May 11, 1898, 
as the Transvaal Diamond Mines, Ltd., the name being changed in 
April, 1903. It acquired the freehold of the Wrynek Farm No. 74, 
having an area of 2000 acres and forming part of the Elandshoek Farm 
in the district of Pretoria, Transvaal. The price paid was £45,000 in 
paid-up shares. On this property three “pipes’’ have been discovered. 
From December, 1911 to February, 1912, 410 carats of diamonds were 
extracted from 2072 loads of alluvial, equal to 19.3 carats per 100 


loads; in the ensuing 3 months the yield was 665 carats for 5223 loads, 
41 
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12.7 carats per 100 loads. Capital, £200,012, represented by 100,000 
preferred shares and 100,012 common or deferred shares, the former being 
entitled to a 6 per cent. cumulative dividend and one-half of surplus 
profits over the amount of this dividend; there are also £6000 of de 
bentures bearing 7 per cent. interest. The statement for 2 years, 
submitted February 25, 1914, showed £54,931 charged to the debit of 
Development Account. Quotations.—1911, high 21s. 6d., low 10s; 
1912, high 16s. 6d., low 9s. 6d.; 1913, high 206., low 7s. 9d.; 1914, high 
5s. 3d., low 1s. 

New Jagersfontein Mining and Exploration Co., Ltd., registered 
May 16, 1887, in the Cape and Orange River Colonies. This company 
may be said to own all the Jagersfontein Mine, having an area of about 
4 square miles, and, in 1911, it added to its holdings the property of the 
Klipfontein Diamond Mine & Estate Co., Ltd., at a cost of £20,000. The 
following figures give the results of operations for 3 years, each ending 
March 31. 


Loads Carats of Yield Cost 
| Washed. | Diamonds, | Value tes, | loot 
Ta cenceeeiantace cca 3,708,831 344,635 | £1,116432 | 10.62 Be Sd 
7~ 1 ailaataalie tekctaaa 4.173.753 363.307 | 1.250.083 9:99 Se. 34 
it ANE iso iene auaele ne 4°403/383 330,524 | 1'161/661 8.90 a ia 
Pot | ee 12,375,067 | 1,088,686 | £8,538,076 


As the value per load for the year ending March 31, 1914, was 5s. 3.3d, 
there was a profit of 1s. 2.3d. on each load washed; the average profit in 
the 2 previous years was slightly higher. Capital, £1,000,000 in £1 
shares, of which 850,000 are issued and fully paid. Recent dividends 
have been as follows: 


DE coe ct cagirenciaes een es cenaa sesh a whe gine Nibeioa eters 60 per cent. 
MRR acetate eck ok eves bas Sine walpage Gace wet sa pen te akc 50 Ss per cant. 
NES as wis yiaecotesere ee es score ie we w'e's-etv le nidpt edie Wee Ki bieeie wleiwele cea 45 per cent. 
OEE Sa chee eb eke he pice vine aeRO oe ee Las Re Le eee Na Meee wlone 373% per cent. 


Quotations.—1911, high 82449, low 77%; 1912, high 7%¢, low 53\;; 
1913, high 72349, low 5}4.; 1914, high 51742, low 27; latest, 25¢-27¢. 

New Vaal River and Exploration Co., Ltd., registered January 235, 
1902, in Cape Colony. Its holdings comprise the alluvial diamond 
deposits of the Vaal River Estate, extending along the Vaal River for 
about 27 miles, and having an area of 80 acres; this property is situated 
in the district of Barkly West, Cape Colony, some 30 miles from Kim- 
berley. For these deposits, £106,000 in fully paid shares was given. The 
holdings of the W. W. Diamond Syndicate, Ltd., were acquired in 1909 
for 7800 shares, and those of the River Diamonds Syndicate, Ltd., 
in the same year, for 17,500 shares. The company receives a royalty on 
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the diamonds taken from a field it opened up for digging in July, 1902. 
The returns from the diamond mining for 1911 were 17,139 carats, hav- 
ing a value of £107,000; the figures for 1912 were 26,386 carats, valued 
at £179,645, and in 1913, 50,070 carats of diamonds were recovered, their 
value being £336,266. This shows a very rapid increase in the output. 
Capital, £200,000 in £1 shares, 168,870 of these being issued and fully 
paid, including 12 founders’ shares, the latter being entitled to 20 per 
cent. of the surplus profit after 20 per cent. annual payment on the 
common shares. These have received recently the following dividends: 
April 23, 1913, 10 per cent.; December 13, 1913, 10 per cent.; December, 
1914, 5 per cent. Quotations—1911, high 1544, low 5¢; 1912, high 25s., 
low 10s. 6d.; 1913, high 214, low 74; 1914, high 1%, low 34, latest 5¢-3. 

North Kimberley Diamond Mines, Ltd., registered April 25, 1910. 
Owns 250 acres of diamond-bearing ground near Kimberley. For this 
£20,000 in cash was paid to the Ottos Kopje Diamond Mines, Ltd. The 
government receives a leasehold rent of £1 per acre and also a royalty of 
10 per cent. of the amount obtained for diamonds extracted. Results 
here are still in suspense, washing having been suspended November 12, 
1912, up to which date 101,703 loads of ground had been washed, with a 
yield of 3,428 carats, or 3.37 carats per 100 loads. An average price of 
£3 11s. per carat was secured for the output. The falling in of a reef, 
due to an earthquake shock, has been the chief detriment to operations 
here. The mine has two “pipes” about 200 yds. distant from each 
other. Capital, £37,500 in 150,000 shares of 5s. each; there are also 
6 per cent. debentures to the amount of £14,680. 

Orange Free State and Transvaal Diamond Mines, Ltd., registered 
December 13, 1894, as the Robinson Diamond Mining Co., Ltd.; the 
name was changed in 1898. The holdings embrace 500 claims including 
664 acres of the Kaarvallei Farm and the adjoining Dirksburg Farm with 
an area of 2389 acres; this was acquired for £15,000, the Kaarvallei 
Farm having cost £300,000 in fully paid shares. Washing of 77,971 
loads of blue ground produced 5444 carats of diamonds, or nearly 7 
carats per 100 loads. Capital, £550,000 in £1 shares, all issued and 
fully paid. Quotations.—1911, high 3s. 6d. low 1s.; 1912, high 3s. 6d., 
low 6d.; 1913, high 2s. 6d., low 6d.; 1914, high 2s., low 6d. 

In the diamond diggings of the southwestern Transvaal, there was 
in 1914 a great falling off in the number and value of diamonds secured; 
indeed, owing to the general depression in the diamond trade and the _ 
local rebellion in South Africa, these diggings were practically deserted 
toward the close of the year. The following figures are given of the 
carat weight of diamonds recovered, and of their value, in each month of 
the year 1914, those for December being estimated: 
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Carate of Diamond. Value. 
Be SO CCDC EOT EC RR ee ea TAT Pe Ene ae y ete terre 3,064 
RL 2 Foca ney acl iui Mipitaian das anarg eenibcacasauniec’ 3,838 12,167 
ORO os visi gio a aS he eee Clow ee ebb alee We N Re Eee 18,158 
i th rs Ae Sa Gia Sedge RCO Sita ales ha te nee, 4,196 18,415 
WOE seis acd Oo hah oid bial cote eee Utada ea ie alate bee eae 4,226 
IN i whi Sa vb.c4 Fu eo nr h ore HN ets aera mre HRA aI RO IRI 3,549 
GOS Soe a iicig oa 6a Wate Sd Hews hie ea Clee Fed Oh Ree Rie ORC 4,696 19,2%4 
Be ao da caieicie ES HOO Rea Ae Le ea aaa 2,227 
SOP 35. Seca t was Asa Gubebian Cia eeaedsaeiees 2,104 6,053 
Sai Wika a,b fowler aelae MiavelgiS erate aie OER eaw ly cantatas 2,068 
RCN UNTRIII io sacs css stcess cali msnietew’ dco ein sb nininin eign mcieiaierm epinern) Ato 833 1,049 
D MOE as ahaha uss aruecwhcis sae to DIG eae Dee re See ae Reka ae 800 1,800 


| Carats. | Value. 
RR Ro clave tic ese ar oho ae ORE wien a Ae he Mhlola y elaroawinlalals 37,861 £198,854 
RE a iis Sr i rae Wiattvatate tol ta Wius eal ee la okatav eles aN ae ais 79,709 668 
UNE O  caid: oe ais 55st sonsigw iia o-cantiar-acebniioel Wcea taisiceans aiaie ts ncein toumieracoss 81,043 422,616 


The returns for the first 6 months of 1914, showing 27,738 carats 
of diamonds, worth £99,811, indicate a greatly reduced production even 
before the war, as compared with 1912 and 1913; labor troubles aresaid 
to have been one of the chief causes of this.' 

While as a rule all diamond-mining operations in the Union of South 
Africa were interrupted immediately after the beginning of the war, the 
Koffeyfontein mine endeavored to carry on work on a small scale, with 
white men only, so as to provide its white employes with a little remur- 
erative labor as long as possible. To relieve the distress in the Vaal 
diggings, where so many individual miners are entirely dependent upon 
their own resources, the Ministry of Mines took measures to secure free 
railway passes for those who lacked the funds necessary to enable them 
to return to their homes, to reach some place where they might find 
employment. In extreme cases, and as an exceptional measure, emer 
gency rations were even issued to those absolutely unable to provide for 
their daily needs.? We have already noted the measures taken by the 
great diamond companies to relieve, as far as possible, the necessities of 
their workmen and employes. The Jagersfontain mine is stated to have 
pursued a similar policy to that of the De Beers company in the treat- 
ment of their employes. 

The diamond production of South Africa, in 1914, in spite of the 
cessation of many operations in the latter half of the year, reached a value 
of £5,487,194 ($27,435,970), the aggregate weight being 2,801,016 carats. 


1 8o. Afr. Min. Jour., January 23, 1915 


® So. Afr. Min. Jour., August 20, 1914, P. 648. 
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The following figures show the distribution of the value for 1914 among 
the three diamond-producing states of the Union of South Africa. 


NUR AAO on secu Sassy vit’ todos mst pte cnl avian b Grbecagaiuoincn Gace den ata noraneaivwin eae Mo wie Siete £3,544,072 
MNS oars o bd ele Pca Seabee RCE Bia’ DIR id ata e tamale eta ues Wawel bie rata 1,162,031 
Core iar Oe CO a 0.0.6 saiy. 08x. Rie aarace are ater ws a hw tate Cale ace dp wiaier pe mene in ath 781,001 


The value of the diamonds exported from the Union of South Africa 
in 1913 was $58,476,000, but in 1914 these figures were reduced by more 
than one-half, to $26,820,000, the exports since the outbreak of the war 
amounting to less than $1,000,000. This can not be accounted for as in the 
case of the gold exports (only $2,450,000 during the last 5 months of 
1914"), by the fear of German cruisers, but really represents the tempo- 
rary stagnation in the diamond trade. 

The number of natives employed in the diamond mines of South 
Africa just prior to the war was 41,413, these being the figures for June, 
1914, published by the Government Department of Mines. Of these 
14,509 were working in the Transvaal, 17,698 in Cape Colony and 9206 
in the Orange Free State. The natives employed by individual diamond 
diggers were not included in these statistics. It has been suggested that 
a considerable number of the natives thrown out of work by the recent 
shutting down of the diamond mines could be profitably and advantage- 
ously employed by the gold mines of the Rand, and it is asserted that this 
labor element could easily be absorbed in these mines.? Certainly the 
value of gold and the need for an increased supply may be said to be 
greater now, in time of general financial stress, than ever before, for the 
task of maintaining adequate gold reserves in the belligerent countries 
has taxed and is taxing the ingenuity of all the financial ministers, as well 
as all the leading banking institutions and bankers. 

An attempt to secure diamonds on certain of the small Guano Islands 
off the cost of German Southwest Africa was recently made, but proved 
decidedly unsuccessful. The expectation had been that the gravel washed 
up on their shores would yield diamonds, especially as submarine deposits 
were known to extend for a considerable distance beyond the mainland. 
However, the only partial success was registered on Possession Island, 
where 22314 carats of diamonds having a value of £511 10s. were recovered 
from 3000 loads of the gravel; of these 180 carats came from a belt 20 
ft. wide, just about high water, and running east and west for some 
300 ft. The tests on the other islands of the group were entirely 
unsuccessful and as an expenditure of about £8,250 resulted in a diamond 
yield of only a little over £500, as we have just noted, the enterprise was 
definitely abandoned.’ 

to. Bo. fiat exports for ded grr agi $183,000,000. 


ee: ae re Aug. & 1914, p. 14, p. 589. 
jamond Deposits of German Southwest Africa,"' So. . Min, Jour., 
October SII ae ” a oe A 
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The progressive increase in the average size of the diamonds found in 
German Southwest Africa, proceeding from north to south up to a 
certain point, and the decrease after passing this point, are approximately 
and broadly shown in the following table: 


Av Ww tin | Weight of Stone Found, 
Locality ae | wee 
Conception Bay and 8: re Y 1 
Kolmanskop emeaerrsed Sates ce i He 2% 
panes s oad} Fiskus Claims................ 3h 
Le etutere GIS weal oe aT ele RiewNIa OR Ee waver r-KK 34! Ma 
am ate ESD UG EMO OEE Rote ia iss 
e MNRIO ga ssiksy ic biara ow aleucrnreameimare 
Dopres Fontan eee Vaes) 1 


The largest stone so far secured precisely within the Pomona territory 
weighs 10 carats; the large stone credited above to the Pomona district 
came from land covered by the claims of the Deutsche Diamantgesell- 
schaft, immediately to the south of the Pomonaboundary. Another 
large stone, weighing 33 carats, was found in the same region. 

The latest report from the diamond fields of the Belgian Congo 
notes the finding of some 50 stones in the gold placers of the north- 
eastern part of the colony. The operations of the Kundelunga-Lualaba 
Exploitation Co. continue to be actively pushed, 13 whites and 250 
blacks being employed in the work. While the returns for 1913 at 
Luanza, showing a recovery of but 218 small diamonds, weighing about 
187 carats, from 4390 loads of ground washed, indicate a very low 
average, less than 0.02 carat per load, further development work here 
may be attended with better results. In March, 1914, a party of en- 
gineers was sent out to test the kimberlite pipes in the Katanga region, 
which number about seventeen. These diamond deposits are within 
the sphere of action of the ‘‘Société Belge Industrielle et Miniére du 
Katanga,” and the claim is made that several new pipes have been dis- 
covered in the course of 1914. The development work in the Kasai 
diamond fields is reported to be progressing.? 

A second shipment of rough diamonds from the Kasai region, mined 
by the Belgo-American company, the “Société Forestiére et Miniére 
du Congo” was sold in Brussels in March, 1914. The total weight of 
these diamonds was 4884 carats, of which 1254 carats represented 
diamonds of first quality, 1303 carats of second quality, and 2327 of 
inferior quality. The entire shipment was bought by a single firm of 
Antwerp diamond dealers for $25,494, an average of $5.22 per carat, 
somewhat less than had been realized on the first shipment, the return, 
September, 1b 8, 1014, p. 40 a South west sa Se. Afr. Min. Jour. 
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however, being regarded as favorable in consideration of the slightly 
lower market rates prevailing and the quality of the diamonds offered.' 

Australia.—There is said to be some possibility that a Holland-Bel- 
gium diamond syndicate may be induced to acquire an interest in the 
mine and leases at Copeton of the Mount Ross Diamond and Tin Mining 
Co., should an expert investigation reveal the presence, or satisfactory 
indications of the presence of a ‘‘diamond-pipe”’ here, or should the 
deposits promise profitable returns from operations on a large scale. 
The whole matter is, however, as yet in the stage of tentative negotiation. 

South America.—Brazilian Diamond Concessions Syndicate, Ltd., 
registered June 13, 1911, the object being to secure an option on diaman- 
tiferous lands from J. C. Pavia and M. W. Greite, the property being 
known as Poso Alto and Parauna, in the district of Poso Alto do Serro, 
State of Minas Geraes, Brazil. For this option the consideration was 
£3525, of which £500 was payable in cash, £3000 in full-paid common 
shares. Capital, £10,500, represented by 10,000 common shares and 50 
founders’ shares, the latter being entitled to one-half of surplus profits 
after payment of a 10 per cent. dividend on the common stock. De- 
bentures to the amount of £2050 had been issued up to September, 1912, 
out of an authorized £4,000. 

A diamond-mining venture in British Guiana, for some time success- 
fully operated, was the Corona Diamond Syndicate, owned by Hon. 
John Purroy Mitchel and R. R. Fogel. In 1902, diamonds to the 
number of 54,740 and weighing 4135 carats were produced. In 1905 
Mr. Mitchel remained for 5 months at the mine and during his visit some 
very fine diamonds were secured.? 

In 1912 and 1913 mining operations on diamond deposits along 
the Upper Mazaruni River were quite active, and the results attained 
have been pronounced satisfactory, the average size of the diamonds be- 
ing greater than in previously worked areas. One stone weighing 10 
carats was found, as well as two others having weights of 6 and 514 
carats respectively; these as well as all other diamonds from these de- 
posits having been secured merely by surface washings. The banks of 
the Potaro River have also been prospected and the indications for 
a good diamond yield here are regarded as favorable.’ 

The diamond output of the colony from July 1, 1912 to June 30, 
1913 is given as follows: 


Em RON 5 53 Sas Baa ee ea ee 71,883 6,841 
COSC ccs a ceee es robs Caceademenwneae 3,506 78614 
TORR axaiweinweswandiie es eeieneewrne 75,479 7,577% 


1 Vice-Consul General Harry A. MoBride, of Boma, Belgian Congo, Daily Cons. Tr. Rept., June 15, 
? Communicated by R. R. Fogel, of R. R. Fogel & Co., New York City 
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This compares with 81,034 stones, weighing 6977 carats im the 
previous year, and with 36,450 stones, weighing 4682 carats, im the 
year 1910-1911. 

The total number of stones reported from this colony in the period 


from April 1, 1900, to March 31, 1913, was 1,130,494, and the total weight | 


85,8095¢5 carats. The average weights were: for 1910-1911, 0.13 carat; 
for 1911-1912, 0.085 carat; for 1912-1913, 0.10 carat, these figures show- 
ing the small size of the stones usually found here. 


United States—The most recent isolated discovery of a diamond | 
in the United States was that of a small trisoctahedral stone at Choteau, | 


Montana, May 17, 1915. This diamond, slightly imperfect and of a 
brownish hue, weighed 0.13 carat. 


EMERALDS 


The Colombian Emerald Company, Ltd., registered December 22, | 


1908, went into voluntary liquidation June 8, 1914. The amount of 


the capital stock issued, £159,000 in £1 shares, was returned to the | 


shareholders in October, 1914, and in addition the sum of 5s. has since 
been paid on each share. This company was organized to work the 
emerald deposits at Muzo, Colombia, the sum of £32,000 (£4000 in 
cash and £28,000 in fully paid shares) being the consideration for the 
acquisition of the rights. In the year from March 1, 1909 to February 
28, 1910, the weight of the emeralds recovered was 182,054 carats; 30,684 


of the first class, 49,208 of the second class, and 102,162 carats of the | 


third class. Many inferior stones were also brought up. The liquidation 
followed the seizure of the mining property by the Colombian govern- 
ment and subsequent litigation. 


GaRNETS 


The method employed, for mining the almandite garnet of Alaska 
differs from that generally used in mining gems, in that no ex- 
plosives are employed. To loosen the garnets from the mica schist 
in which they are embedded, holes are drilled in this and filled with lime. 
As the rock formation is soft and dry, the disintegrating effect of the lime 
suffices to split it up and liberate the garnets. The largest known 
deposits of this superior kind of garnet are to be found in our Alaskan 


territory, and a splendid exhibit of these most attractive semi-precious — 


stones, with their ruby-like richness of color—many of the ancient 
“‘carbuncles’”’ were of this type—are to be seen in the Palace of Varied 
Industries at the Panama International Exhibition, where they are shown 
in connection with the trade exhibits of the methods of cutting precious 
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stones. All the processes in this art, from the initial stages to the final 
cutting, as well as the setting and mounting of the cut stones, can be 
observed by the visitors, who, in watching the deft work of the skilled 
lapidarists employed here, will gain a better understanding of how much 
the beauty of the finished gem owes to human intelligence and industry. 


PragLs 


For many years there has been an ever-increasing demand for pearls. 
The world has become richer, pearls have come more and more into favor, 
and fine pearls are becoming every day rarer, especially in view of the 
disorganization of industries either directly or indirectly connected 
with them. 

The price of the finer pearls has been maintained, and when business 
again resumes its normal condition there will surely be a greater de- 
mand than ever before, and with the apparent exhaustion of the Cing- 
halese beds these beautiful gems will certainly lose nothing of their 
present high value. 

It is gratifying to note that recently a motor pump was introduced 
in pearl-diving, by means of which a diver can descend to the depth of 
35 fathoms (280 ft.) instead of to only 15 or 20 fathoms (120 to 160 
ft.) as heretofore. At the greater depths larger pearl-shells exist, and 
the largest pearls are found in the oldest shells. These motor pumps 
have been introduced into eight different fisheries, and it seems most 
likely that by their application the pearl yield can be enlarged. When 
diving to greater depths it is necessary that a diver be taken to the sur- 
face less rapidly, because of the rush of blood to the head and the con- 
sequent shock to the brain caused by a sudden removal of great pressure. 

The finest pearls of the South Pacific are found near the shores of 
some of the small coral islands of the Tuamotu group about 100 miles 
eastward from Tahiti. Pearl-fishing is carried on here from August to 
November under the strict regulation of the French authorities. The 
different beds are worked successively, an interval of 3 years being 
prescribed between one fishing season and the next. The pearl-divers, 
almost all natives, number about 3500, the fishing privileges being ex- 
clusively reserved for French subjects. No diving machines or other 
similar contrivances are permitted, the divers employing the most primi- 
tive outfit, large goggles, a loin-cloth, and a rope and weight.? 

By the terms of a contract made between the government and Gen 
Diego A. De Castro, of Barranquilla, the latter is given a 5-year con- 
cession of the pearl-fisheries along the coast of the Peninsula of Goajoia, 


3 Report of Consul James H. Goodlier, Papeete, Tahiti, Daily Cons. Tr. Rept., Dec. 21, 1914, p. 1236. 
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from November 20, 1914. The government’s share of the net profits s 
to be 15 per cent. for the first year, 20 per cent. for the second and third 
years, and 25 per cent. for the fourth and fifth years.' 

In the Madras pearl-fisheries a serious attempt is to be made to pro- 
mote the artificial growth of pearls, not only of the so-called “attached” 
pearls, a goodly number of which have been already produced, more 
especially in Japan, but of the far more valuable ‘free pearls,’’ the pro- 
duction of which has not heretofore been attended with much success 
The officers of the Madras Presidency Fisheries Department have been 
interested in the matter, and the methods advocated by Mr. Hornellare 
to be applied on a considerable scale in an oyster farm established in the 
waters near Krusudai Island, close to Pamban. The announcement is 
also made that the chank fisheries on the Coromandel Coast are soon 
expected to become a good source of revenue, as they have been thoroughly 
and satisfactorily reorganized.* 

As in other pearling centers, so in the Thursday Island fisheries, has 
the production been seriously impeded by the changed conditions since 
the outbreak of war. The greatly decreased demand from London and its 
cessation from other parts of Europe, has rendered pearl-fishing un- 
profitable, a very trying state of things for the inhabitants of Thursday 
Island, most of whom depend upon this industry for their subsistence. 
Every effort has therefore been made to continue operations, even on 8 
greatly reduced scale, about half of the boats commonly employed being 
in use from October to December, 1914, but it was found necessary to 
dismiss a large part of the Japanese divers, 150 having been sent back to 
their native land. The number of Japanese still employed is 480, in addi- 
tion to 60 Malayans and 13 natives of New Guinea. The stringent 
Australian regulations do not permit the Japanese to land on the island. 
they being obliged to live continuously on their boats; they are under 
contract for a 3-year period, all expenses from Hong Kong being paid br 
the owners of the fisheries.» It is found, however, that should the present 
depression continue, they must all be sent back to Japan.’ 


RuBIEes 


The report of the Burma Ruby Mines, Ltd., for the year ending 
February 28, 1914, though issued some months before the commencement 
of the war, compares very unfavorably with that of the previous year 
1912-13. Instead of having a credit balance, the Income and Expendi- 
ture Account closes with a deficit of £9065 10s. 1d. for the year’s opera- 

ne 7: of Consul Isaac A. Manning of Barranquilla, Feb. 16, 1915. 


yr ep October 1, "tp14, 318. 
: ey Honolulu Star-Bulletin, May 27, 1 ibis. 
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tions, reducing the balance of £12,412 7s. 4d. brought over from the 
preceding year to £3346 17s. 3d. . 

The mining operations for the past 3 years show a progressive 
decrease in the number of truck-loads of ruby earth washed, coupled with 
an increase in the cost of mining. The figures are as follows: 


| Trucks of ruby earth washed. | Cost of production. 


BES ya 0:0c.0 iin nen ineieine nce ace vie aioe area 1,479,845 7.5 d 
BBE ore ey aig aie sendin hie Cele Ween ees 1,383,146 7.77, 
SPO AG cn Sener ee howe eta OS CRE SONS 1,148,155 9.00d. 


The increased working expenses for 1913-1914 amount to about 
£5977 for the ruby earth washed, and this of course accounts in part for 
the diminished returns. The margin of profit under these circumstances 
is extremely narrow. These conditions mainly concern the old Mogok 
Mines; the new Kathé Mine, 8 miles from Mogok, shows better 
results, and with the steady improvement that has been noted here the 
setback in the company’s affairs may be only temporary. Of course, 
just at present activity has been checked in these mines, as in the case of 
the diamond mines of South Africa. 

The general weakness in the European ruby market was reflected in 
@ decrease of sales for 1913-14, these reaching only £46,566 11s. 7d., 
as compared with £65,647 13s. 7d. for 1912-13, a falling off of £9081 
2s. To render the financial situation somewhat less pressing the chair- 
man of the Board of Directors has proposed to the Indian government 
to allow the Burma company the privilege of temporarily retaining the 
royalties collected, of which the company is only entitled to a percentage 
for collection. The stock of rubies on hand February 28, 1914, including 
those sold but not yet paid for at that time, was valued at £58,933 9s. 
2d., the corresponding figures for February 28, 1913, being £61,345 
lls. 7d. 

This company was registered, February 26, 1889, securing from the 
Secretary of State in Council of India, a 7-year grant, with renewals, 
of ruby mines in Burma, the rent being 400,000 rupees per annum and 
one-sixth of the net profits. For this grant £55,000 in cash was paid. 
On May 1, 1904, the lease was renewed for 28 years at an annual rental 
of 200,000 rupees, in addition to 30 per cent. of all income from the 
license-holders over 20,000 rupees, as well as 30 per cent. of the net 
profits. In January, 1912, the Secretary of State agreed to accept, in 
lieu of annual rent, all payments received for royalties, less a 10 per cent. 
fee for collection, and half of all net profits in excess of £18,000 until all 
arrears of rent should be paid. The lease covers a tract in Upper Burma 
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having an area of about 400 sq. mi., the chief scene of mining opera- 
tions being the Mogok Valley. A new territory at Kathé, 6 miles 
distant from Burma, has been mined in recent years. The capital is 
£180,000, in £1 shares. The following dividends have been declared: 


ik pel wihalobatls Se lo iio valde aAGu Ta Gaara wile rw an Lia atalaca reer Bias UU a araua tena 5 per 
Rem NN 6a ais a 5a Gap eye ns eee parole GINS ALN 6 GID BATEe WhO SOU iE SIdIS BAYLOR 12% per cent. 
Sea bik A fo. DIS Ta RRR Ore HI Ma (ANE wld Bib LO Ad Be R/SIN ITER Ola aie DUES 173% per cent. 
RON ios crccha eee ete ae a WEA Wie eS RRCR Sa COP ES HF ewe aia 174 per cent. 
EWM SIEM POLST Clk BGR aie ee Re Rp eT a SOs ka wikis, eS. So hike ea 15 per 
NING i sais Sos Sicha e  e AL a ins Mie late eeu ek alee Uae 74 per cent. 
RTI oe: css tne, ind wniceharanenacecalnde vera si ie ein tinandiceve oneuiesisanalemrmiecaannarere vesmasice 444 per cent 
NOG oases asie vac Gen SSibiarara ote cia teig SRR eRe aE Wah ras me cmnd ate oreeutase 84 per cent. 
1907-08 . 
Se Bees toe Ce ee Ce Nothing 
1910-11 
Beha scien inc ea oh WO Oe OAS ele is EA boo 4% per cent 
gos Ly ERB an recht ecb ea megs i en era a nO EL i stare ana We EIS 4% per t 


Quotations.—1911, high 68., low 2s. 6d.; 1912, high 7s. 3d., low 5s.; 
1913, high 6s., low 4s. 444d.; 1914, high 4s., low 2s. 


SAPPHIRES 


From the appropriately named Sapphiretown, in the Anakie sapphire 
field, Queensland, Australia, comes the news that concerted effort is 
being made to encourage the cutting by Australian cutters of the fine 
sapphires found in this region. At present the greater part of the best 
sapphires are exported in the rough and are cut in Europe, formerly, 
to a great extent, in Germany. One of the measures advocated is the 
imposition of a sufficient import duty on cut stones, and also on the se 
called synthetic sapphires. As to the marketing of the Australian output, 
an offer to undertake this, made by a Sydney firm, has been refused, 
because the house in question insisted upon having control of the entire 
production. This was found to be impracticable in view of the multi 
plicity of separate claims in the sapphire fields.' 

The sapphire output of the Anakie fields was curtailed the past year, 
1914, by the cessation of buying following the disorganization of the gem 
market.. The estimated value of the year’s product is £15,800 ($79,000) 
of which £1600 represented the worth of stones to be used for mechanical 
purposes, the remainder being the value of the gem-material recovered. 
This fell far short of the previous estimates for the year, which were 
put as high as £20,000. It is interesting to note that a good proportion 
of the Australian supply was cut in the region, where cutting works have 
recently been established. The value of the sapphires cut in Australis 
during the year was £5800, some of the material having been produced 
in previous years.? 


1 Austral. Min. Stand., October 8 
1 Austral. Min. Stand., February “ 1018. 
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Merric Carat 


An effective protest was recently made in England against the undue 
iberty of the Standards Department of the Board of Trade in the allow- 
ince of variations in the standard carat-weights, this having gone so far 
is to practically nullify the close agreement with the precious-stone 
weights used in other countries, which was the chief advantage to be 
gained by the introduction of the metric carat. As a result of this agita 
ion the following revised scale of allowable errors has been issued by 
the Standards Department: 


Permissible Error 
Metric Carats. in Milligrams. 

500 6 
230 6 
100 4 
60 4 
20 2 
10 2 
5 1 

2 1 

1 1 
0.5 1 


0.2 to 0.005 No appreciable error. 
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GEMS AND PRECIOUS STONES. 


By Wavpemar T. SCHALLER. 


INTRODUCTON. 


A review of the production of precious stones in the United States 
for the last five years shows that for very few of them is the value 
year by year at all constant and that for many,of them the fluctuation 
is very great. 

The value of beryl, exclusive of emerald, has remained fairly con- 
stant within the limits $1,600 to $2,600. Emerald included, the pro- 
duction of beryl has varied greatly and in general has decreased. 

Californite is showing a slow but gradual increase, but the heavy 

roduction in 1907, 1909, and 1910 makes the output of the last 

ve years seem almost insignificant. 

Chrysoprase is also again slowly increasing in production, but the 
total of $234,545 from 1906 to 1911 makes the total of $1,345 from 
1912 to 1915 look very small. 

Diamonds have remained fairly constant, ponents to the pub- 
lished figures, es statistics for the production from Arkansas 
are not available. The values reported are those of isolated and 
scattered finds and seldom exceed a few thousand dollars annually. 

Feldspar gems, garnet, peridot, rhodonite, and topaz have a 
‘relatively small and irregular production, which varies within 
rather narrow limits. 

The production of quartz gems nearly doubled in 1915, amountin 
to $35,725, compared with $18,838 in 1914, $16,861 in 1913, and 
$21,779 in 1912. The largest items among the quartz gems are 
chalcedony and agate. The production of agate, chalcedony, and 
jasper increased appreciably in 1915, whereas that of amethyst, 
gold quartz, quartz crystal, smoky quartz, and rose quartz decreased. 

Opals reached their maximum production in 1913, but since that 
year the output has greatly declined. 

The production of sapphire from Montana, which fell from $238,635 
in 1913 to $60,932 in 1914, increased to $88,214 in 1915. 

Tourmaline shows a slight increase in value for 1915 over the twa 
previous years, but the production in 1915 of $10,969 is small com- 
pared with $50,000 to $133,192 in the years from 1905 to 1909. 

sg age has had about the same production for the last four 
— ut the total output for the four years from 1912 to 1915 is 
ess than the production for any single year from 1908 to 1911 and 
for. any single year from 1897 to 1905. The production of variscite 
was the smallest since 1907. 
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The comparison for different years indicates that agate and chal- 
cedony are the only gems that show a marked increase. Californite, 
beryl, chrysoprase, rose quartz, tourmaline, turquoise, and variscite 
show decrease in production, the remaining gems, sapphire, feldspars, 
ae oo spodumene, opal, peridot, topaz, rhodonite, and others of 
ess importance show an irregular and varying output from year to 


year. 
PRODUCTION. 


The total production of gems and precious stones in the United 
States in 1915, as reported to the logical Survey, was valued 
at $170,431. The production for 1914 was $124,651, the lowest 
since 1898, and that for 1915 is the second lowest. 


Value of precious stones produced in the United States, 1911-1915. 


| 
1911 1912 1913 | 1914 | 1915 
Agates, chalcedony, onyx, etc..........-. eWadis $8, 128 $9, 978 $8, 805 $8,312 $23, 2 
Amethyst... PE reer 725 363 389 255 In 
Benitolte. sake taspeneunes se wadabssenn 250 |. «<<ncacodksacoeneneneanaaie . 
Beryl, aquamarine, blue, pink, yellow, et . ; 2, 505 1, 765 1,615 2,395 1,675 
Californite Ri cdeouumebas te 5 ee Ss PP 150 275 152 1,43 o1,535 
SUMNEINNER co sbsubswaksurchsbassankocudsas abxoee BO Aectinkasapcloccune lcs ovtsénesivettiaakes 
Chiorastrolite. . Se Ss eae ee ~~ 1, 902 BED fo snc ccudetievscenesen (6) 
CU FUOIEAN F065 eae cae t<kaveanchsésvseseuvsanes 13, 550 | ey | 75 1,0 
Copper ore gems, chrysocolla, malachite, etc. -. 800 1, 085 2,350 1,280 1,120 
Cyanite....... Roy celiany delcate sata aens ic was'due due 10D Loccavas ccdide dese (>) 
Diamond S SegSdenmeees Pee 2,7”) 1,475 6,315 765 608 
Emerald... oe 9, 500 S, BIG (esccciesceleécdudesesietnanaen 
Epidote. . . spies theaseas 10. | .cen0ds cvels eeeuheusenoanae 
Feldspar, amazon stone, sunstone, etc. ; 175 1,310 1,285 449 3h 
Garnet, almandine, pyrope, hyacinth, etc. . id 2, 065 860 4,285 1,760 4,523 
Gold quartz a? af 1,700 1,900 300 1,080 (« 
PROUNMIGe 55 ood bce bs 2a wn eV ecek évectuscek 536cesbsudl gnwenenacdlp dats tense ccedatetumenteen 1m 
GOD <. waaig venensd56 ead PpesenedewEsedseae yes suecchusde|k as acesncibeéencssuaesaent ice eee 
Jasper, petrified wood, bloodstone, et 2, 240 | 6, 005 5,275 4,700 8, 48 
Opal ; : ean 1, 875 10, 925 15, 130 1,114 41,50 
Peridot ; : 360 8, 100 | 375 100 (* 
Phenacite. . 4 bs cectlosendanckclopane ds abeleseeeenen (a5 
Prase. . ‘ FF ee eee | \ Jee eee 
Pyrite eJche 205 | SO locensamant 1, 042 
Quartz, rock crystal, smoky quartz, rutilated quartz, 
ete... 2, 140 2, 448 1,640 4,0% | «© 2,437 
Rhodonite 1,300 550 | 165 1,050 bs) 
Rose quartz. . 1,744 865 337 400 350 
Ruby.. . 210 2, 200 200 WOO tevanechan= 
Rutile cpatddledosueh she hoes dats ddalenudeaeue (>) 
Sapphire. ehukibawe hn 215,313 | 195,505 | 238,635 &, 2 88, 214 
Smithsonite. .. ‘ ae si 25 650 50 50 () 
Spodumene, kunzite, hiddes ite es o< eve 75 | a 6, 520 4,000 (*) 
Thomsonite Es : reas 1, 500 Res 21 (>) 
Topaz... $¢ 7 ine ave 2,675 375 736 1,380 862 
Tourmaline ; 16, 445 28, 200 7,630 7,90 10, 969 
Turquoise and matrix... 44,751 10, 140 | 8,075 13,370 11, @1 
Variscite, amatrice cliorutahlite, utahlite. .. 5,750 8, 450 6, 105 6, 055 3, 887 
Miscellaneous gems... ... Sdacnewoevayss 3, 224 4,408 2,920 2, 287 6,172 
$43,602 | 319,722 | 319,454 124,651 170, 431 


@ Including $10 vesuvianite not californite. 

® Smal! production included under miscellaneous gems. 

¢ Small production of gold quartz included under quartz. 
’ 4 Incl $225 wood ls 


¢ Including gold quartz. 


The table of production aims to re the first value of the rough 
material. The value of the cut and polished gems is several times 
greater. The completeness and accuracy of the figures of produc- 
tion depend on the assistance of the gem miners and dealers, and 
their help is ree 2 appreciated. It is hoped that those few who 
have hesitated to furnish statements of production will cooperate 
in the future, on realizing that the individual statistical information 
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furnished by them is considered confidential and that only the com- 
bined figures of production are published. The Geological Survey 
conducts a large correspondence on the subject of precious stones, 
and accurate information furnished by the individual producers 
enables the Survey to put intending purchasers of rough material 
directly in touch with them. 

Under miscellaneous gems in the table of production are included 
apatite, calamine, chlorastrolite, crocidolite, cyanite, datolite, fossil 
coral, Iceland spar, lazurite, obsidian, peridot, phenacite, rutile, 
smithsonite, spodumene (kunzite), staurolite, thomsonite, titanite, . 
and zircon. : 

RANK OF STATES. 


Montana leads all the other States in the value of precious stones 
produced in 1915, a position it has held for the last five years. The 
output consists chiefly of sapphires, which constituted almost one- 
halt of the total value of all precious stones produced in the United 
States in 1915. Moss agate was also a considerable item, the value 
ranking next to that of sapphires. Montana also produced some 
garnet and Iceland spar in 1915. 

California ranks second in value of precious stones produced, the 
larger items being tourmaline, jasper, chalcedony, and agate, vesu- 
vianite (californite), and spodumene (kunzite). Small quantities 
of beryl, garnet, rock crystal, smoky quartz, rose quartz, chryso- 
prase, topaz, diamond, and lazurite were also produced. A large 

roduction of kinradite, the spherulitio jasper from the vicinity of 
an Francisco, is noted. 

Nevada produced chiefly turquoise and opal, with smaller outputs 
of copper ore gems and variscite. 

Colorado produced various precious stones, jasper and chalcedony 
having the greatest value. Pyrite, smoky quartz, and feldspar gems 
were also produced, as were garnet, rock crystal, amethyst, rose 
quartz, turquoise, topaz, hematite, phenacite, and rhodonite. 

Arizona produced chiefly turquoise and also garnet and the copper 
ore gems. Small outputs of smoky quartz, chrysoprase, onyx, aga- 
tied wood, crocidolite, peridot, obsidian, and jasper were reported. 

Utah produced chiefly variscite; New Mexico, turquoise; Alaska, 

arnet; Virginia, staurolite; Maine, the fo minerals, tourma- 
ne, topaz, beryl, and smoky quartz; an kansas, diamond, rutile, 
garnet, rock crystal, and smoky quartz. 


Value of precious stones produced in 1915. 


RUT ssc Sate t eis Vie RoR See C RS SRS EK TEETER $105, 355 
TNs age eases Sp CSS ESSN US CRA SON RES ce aaa tols 22, 312 
Ne EE ERR PE ey Sere a Pear reRec ype ee eee f 

COMM. co occccnccsc cane ea Les no ekes Van wdacanasears Oneness 5, 987 
PRINS can hoo haw ene taka d «neat tetas eh Amado bacanesmnnawheat 4, 998 
LILA LL TLL LENE LTE IIL LOL OTE 4, 252 
Utah, New Mexico, Alaska, Virginia, Maine, Arkansas'....... 16, 952 
I nen ietaaeruiitate ui siiaiabammiiaee data esdsinmminnm iia Uarmeiiend pie 4,242 

170, 431 


1 Production of each State more than $1,000 and less than $4,000. 
1 Massachusetts, Michigan, New Hampshire, Idaho, South Dakota, Connecticut, Min- 
— Sone Pennsylvania, New York, South Carolina, Texas, Wyoming. Production of each State 
than s I ° 
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BERYL. 
CALIFORNIA. 


Additional samples of blue beryl from a prospect in the Death 
Valley region of California have ieee sent to the Survey by Mr. 
Josep ard, of Lone Pine, Cal. The light to dark-blue rv are 
practically opaque, the transparent variety having apparently not 
yet been found. 

More or less transparent pink beryls continue to be found in the 
gem mines at Pala, San wi County, Cal. Mr. M. M. Sickler has 
submitted several such crystals that were found during 1915. Similar 
crystals were also obtained from the Pala Chief mine and the Tour- 
maline King mine. 

. CONNECTICUT. 


Prof. W. N. Rice, of Wesleyan University, Middletown, Conn., 
reports the discovery of a beautiful crystal of golden beryl found at 
East Hampton (formerly Chatham). The crystal is now in the 
Museum of Wesleyan University. 


GEORGIA. 


Mr. A. J. Scoggins, of Deweyrose, Ga., reports an abundance of 
beryl in various places in Elbert County, Ga. About two dozen 
beryl crystals of an aquamarine blue color have been obtained from 
a pit 5 feet deep near Antioch Hill mine. Several bushels of frac- 
tured deep-blue beryls weré picked wg the surface near the Yellow 
Hill mine, on the north side of Little Broad River about 3 miles from 
Oglesby on the Seaboard Air Line Railway. Beryl of better quality, 
suitable for pom, was obtained from several shallow pits in the 
neighborhood. 

MAINE. 


Good bey of fem quality was obtained by Mr. F. H. Peterson, of 
Fryeburg, Me. ee crystals—8 by 14, 54 by 14, and 6 by 22 inches— 
considerably flawed, yielded some gem material. A smaller crystal, 
several inches long and #-inch thick yielded some good aquamarine. 
The market for aquamarine is said to have been good. 


MASSACHUSETTS. 


The Reynolds mine at Beryl Hill, near Royalston, Mass., was 
again worked by Mr. F. H. Keynolds, of Boston, who obtained a 
large quantity of aquamarine beryl, of good color and clearness. 
Some of the material of fine quality yielded cut stones nearly 16 
carats in weight. Many fine cabinet specimens were also obtained. 
The occurrence was described in detail in the report on precious stones 
in Mineral Resources for 1913. A lot of matrix specimens kindly 
loaned by Mr. Reynolds showed most of the beryl crystals embedded 
in a light smoky-gray granular quartz. Other minerals noted were a 
dark reddish-brown garnet, white feldspar, and mica plates. One 
small beryl crystal, not of gem quality, was embedded in feldspar. 
Among the cut stones also submitted by Mr. Reynolds were some 
very fine ones, of marked brilliancy cut beauty of color. A large 
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table-cut stone of 15.7 carats, measuring 16 by 13 millimeters, was 
of an exceptionally fine blue color. Another large stone, measuri 
18 by 14 millimeters, weighed 14.2 carats. A smaller table-cut stone, 
14 by 11 millimeters, weighing 10 carats, was of an exquisite pale- 
blue color. A large round cut stone, measuring 14 millimeters across 
and weighing 12.6 carats, was very brilliant and of fine color. 


NORTH CAROLINA. 


A beautiful beryl weighing 3 pounds and containing good gem 
material is reported b ‘ae. A. Gettys, of Shelby, N. C., to have 
been found in Burke County. 


SOUTH CAROLINA. 


About 10 pours of pale blue beryl were obtained by Mr. J. M. 
McConnell, of Anderson, S. C., from a deposit 3 miles from Anderson. 
The broken crystals were found on the surface and yielded some cut 
gems. 

CORUNDUM (SAPPHIRE). 


Mr. J. M. Robertson, of Bozeman, Mont., reports that an oriental 
amethyst, as the purple sapphires are called, was found on a bar of 

issouri River a few miles from Helena, Mont. When cut the stone 
weighed 34 carats. A green sapphire, or oriental emerald of a 
sesorslcyelnn color, clear and brilliant, 3 carats cut, was found 
with it. 

The mines of the New Mine Sapphire Syndicate, of London, which 
are situated in Fergus County, Mont., were operated only to a very 
sniall extent and the output was less than in normal times. No new 
mining operations were reported, the various dumps being washed 
over. 

DIAMOND. 


AREANSAS. 


According to Kunz,' 32 stones were found by the watchman of the 
Arkansas Diamond Co, in 1915. These stones were white, yellowish, 
and brown. Three stones, transparent and perfect, weighed, res 
tively, 0.32, 1.22, and 2.50 carats. The total weight of the stones 
found was 17.9 carats. 

The Kimberlite Diamond Mining & Washing Co. has been in constant 
operation, according to Austin Q. Millar, washing ground from the 

auney andthe Ozark mines. It is the policy of this company to with- 
hold figures of production, and the values given under the production 
of diamonds are therefore too small. As soon as the company is in 
a, position to give figures of production, a more accurate statement 
of the value of the diamonds produced in this country can be given. 
The other companies in this fleld have not reported any production. 
A detailed report of the diamond-bearing area is in preparation by 
Hugh D. Miser, of the United States Geological Survey, who states 
that according to reports at least 4,000 stones have been produced up 
to July 1, 1916. 


PO G.F., The production of precious stones for the year 1915: Mineral Industry, vol. 24, p. 608, 
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CALIFORNIA. 
Isolated diamonds continue to be found in Cherokee Flat, Butte 


County. Placer miners weeing for gold in the old diggings on ground 
pwned by the United States Diamond Mining Co. found BD elores 
in 1915, according to M. J. Cooney, manager of the Forbestown Con- 
solidated Gold Mines, at Forbestown, Cal. Three of the stones 
a 1 carat each and were white and of first quality. The 
Cherokee ground owned by the United States Development Co. has 
been left open by the company for all comers to prospect. William 
Fliedner reports the respective weights of 2 stones found here to be 
eleven-sixteenths of a carat and one-fourth of a carat. 

About 50 diamonds have been found in the Tertiary gravels of the 
old river channels in and about Smiths Flat, Eldorado County, and 
Burr Evans, of Placerville, Cal., has furnished a record of these dia- 
monds. Judge W. P. Carpender, an old-time miner and justice of 
the peace at Placerville, who arrived there in 1854, kept an accurate 
record of all the diamonds found in Eldorado County, and from his 
list, supplemented by Mr. Evans’s own contribution, the following 
notes have been taken. The weights given have been changed to 
metric carats. 

In 1859 John Bradshaw found one small white stone in the Bu- 
chanan mine, Smiths Flat. ; 

In 1865 John Lyford found one white stone weighing 0.97 metric 
carat at Smiths Flat, which was set rough in a ring. 

In 1866 A. Brooks found one white flawed stone at Spanish 
Ravine which weighed 0.65 metric carat. 

In 1867 Ward Bros. found three small stones near White Rock 
Canyon, the largest of which was valued at $50 in San Francisco. 

In 1868 Thos. Ward & Co. found three stones in the Live Oak mine, 
Reservoir Hill, two white of medium size and one yellow. One, set 
in a ring is the possession of Mr. Ashcroft, of Oakland, Cal. 

In 1868 Thomas Potts, sr., found near White Rock Canyon one 
light-yellow stone walgnins 0.65 metric carat which was sold to A. W. 
Goodyear, first mineralogist of the State of California, when he visited 
the mines at Smiths Flat in 1871. 

J. Jeffry found one yellow stone at Webber Hill, weighing 0.97 
metric carat. No date given. 

In 1868 Mrs. S. Henderson found one white stone of medium size 
in the Wisconsin Flat Mine. 

In 1868 Cruson & Olmstead found four stones in the Wisconsin 
Flat mine. | 

In 1869 Henry Olmstead found one stone, y4-inch maximum 
diameter, weighing 1.82 metric carats, with a white coating on the 
surface. It sold for $280 in San Francisco. 

In 1870 McConnell & Reed found one canary-colored stone the 
size of a small white bean in a mine on the south side of Webber Hills 
and the east side of Texas Hill. Mrs. Caleb Reed, of Placerville, 
now has this stone set in a ring. 

Nathaniel O. Ames found one stone esa 1.30 metric carats 
in & mine on Webber Hill. No date given. It was set in a ring 
and worn by Shelly Inch, postmaster at Placerville, for many years. 
It is now in the possession of L. P. Inch, at 444 California Street, 
San Francisco. 
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Charles W. Schafer found one stone ae 0.81 metric carat in 
the Tolkey mine, Texas Hill, which was sold to John Cook. No date 
ven. 

In 1878 Frederick Bendfeldt, sr., found one canary-colored stone 
weenie 0.45 metric carat at Smiths Flat, which was sold to W. F. 
Alma, of Boston. 

In 1879 Edward Randall found one white stone in the Wisconsin 
Flat mine, which weighed 0.13 metric carat. 

In 1894 Frederick Bendfeldt, jr., found one stone weighing 0.96 
metric carat, canary color, which was sold to W. F. Alma. 

In 1896 Bert Carpender found two white stones weighing, respec- 
tively, 1.92 metric carats and 0.26 metric carat; also one Sen 
colored stone weighing 1.67 metric carats. They were sold to W. F. 


a. 
In 1896 Thomas Murdock found one yellow stone weighing 1.07 
metric carats at Smiths Flat, which was sold to W. F. Alma. 

In 1897 Snow Bros. found one white stone weighing 1.54 metric 
carats near Newtown. 

In 1897 Snow Bros. found one canary-colored stone weighing 0.97 
_ Metric carat near Fairplay. It is now in the possession of George 

Richardson of Placerville. 

In 1899 Bert Carpender found one white stone weighing 0.65 
metric carat in the Stanley mine, Smiths Flat. It is now in the 
possession of W. P. Stanley. 

In 1900 Frederick Bosworth found one white stone weighing 1.46 
metric carats, in Cedar Ravine, at Placerville. Bosworth, of Placer- 
ville, still has this stone in the rough and has been offered $80 for it. 

In 1901 J. Allen found one white stone in Cedar Ravine, at Placer- 
ville, weighing 0.42 metric carat, which was sold to W. F. Alma. 

In 1912 Bert Carpender found one white stone weighing 0.97 
metric carat, in the Carpender mine, at Prospect Flat. 

About 1874 two diamonds were found at Smiths Flat, one weigh- 
ing 0.10 metric carat, which was purchased by F. F. Barss from a 
Chinaman, and the other weighing 0.13 metric carat, which was 
bought by Mr. Barss from a white miner. Mr. Barss is quoted as 
saying that in the seventies and eighties he mounted five stones 
in breastpins and two in finger rings for different people, all of which 
were good diamonds and were found in the vicinity of Smiths Flat. 
Mr. Barss states that another good stone was found by Henry Ash- 
croft in 1869. 

N. H. Burger says he cut and set in finger rings from 1906 to 1910 
five diamonds that were found by different persons in the gravel of 
the Neocene river channels between Placerville and Smiths Flat. 
The stones r d from 0.1 to 1 metric carat, and one was a fine 
stone of about 0.36 metric carat. About the year 1913 he set in a 
finger ring for Frank Jones a diamond of about one-half carat, 
di anes had found in his gravel in Chile Ravine, just south of 

erville. 
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FELDSPAR. 
CALIFORNIA. 


Mr. Joseph Ward, of Lone Pine, Cal., has sent additional specimens 
of amazon stone from the Death Valle region of California to the 
Survey. Some of the smaller pieces show a good color, and it is 
possible that further exploitation will show larger and deeper- 
colored material. 

Microcline with interlaminated albite (perthite) is found in con- 
siderable quantity in the gem mines of San Diego County. The 
possibilities of cutting this material into cabochon stones, so oriented 
as to show the albite lamellae to the best advantage, do not seem to 
have been fully developed. 


COLORADO. 


The bulk of the feldspar, used as a precious stone, was produced by 
Colorado, the amazon stone leading all the other feldspars in value. 
Some gem orthoclase and oligoclase were also produced. 


NEW YORE. 


Mr. W. G. Levison, of Brooklyn, N. Y., reports that peristerite 
was found at Valhalla, N. Y., in one of the gneiss quarries from which 
some of the stone used in building the Kensico dam is obtained. 
The material seems to form part of a dike, and some of it shows on 
certain surfaces a beautiful blue sheen by reflected light. Several 
dozen stones have been cut. 


UTAH. 


A new find of transparent ey, labradorite is reported by 
Kunz.' The locality is given as Millard County, Utah. The mate- 
rial is said to be similar to that found in the Altar Mountains of 
Arizona, described in this report for 1914. 


GARNET. 
ALASEA. 


The Alaska Garnet Mining & Manufacturing Co., of Minneapolis, 
Minn., worked the deposit of garnets near Wrangell, at the mouth of 
Stikine River. The garnets are thickly distributed through the 
mica schist, 15 to 25 garnet crystals being often found on a square 
foot of rock. The largest garnets weigh half a pound. Although 
the surface stones are badly flawed, gems of fine color and quality 
are obtained by deep mining. Many were cut in cabochon shapes 
and a large number of such stones as well as specimens of garnet in 
the matrix were sold at the San Francisco Exposition. 


——— ee eee 
awe G. F., The production of precious stones for the year 1915: Mineral Industry, vol. 24, p. 611, 
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A few garnets were sent to Maynard Bixby, of Salt Lake City, 
Utah, for cutting. The garnets are reported to have come from a 
locality near Orofino, Nez Perce County, Idaho. The general ap- 
pearance of the stones suggests spessartite. The garnet pebbles ° 
show rounded crystal faces, an unusual feature of garnet pebbles. 


MASSACHUSETTS. 


_ Some deep, rich red garnets, about 50 in all, were picked up on the 

surface of a micaceous schist rock in the Connecticut Valley in 
northern Massachusetts, not far from the Vermont line. Mr. S. W 
Denton, of Boston, Mass., has cut from them perfect gems of 2 carats 
and larger ones slightly flawed. Apparently no development work 
has been undertaken. 


OTHER STATES. 


In addition to the States listed, an appreciable production of 
— was reported from Arizona, Montana, Colorado, California, 

kansas, and North Carolina. Several States not named have 
peasy had a small production of gem garnets whose report has 
ailed to reach the Geological Survey. 


OPAL. 


Mr. J. B. Kiernan, of Beatty, Nev., reports that massive opal is 
found in a deposit of diatomaceous earth, the variously colored opals 
being called by him vermilion (opal impregnated with cinnabar), 
amber (resinous opal), milky, and radio (smoky color due to organic 
matter). Some of this opal has been cut and sold. 


QUARTZ. 
PRODUCTION OF VARIETIES. 


A large number of gem stones are varieties of quartz. The crystal- 
lized quartz includes amethyst, asteriated or star quartz, aventurine, 
cat’s eye, citrine, dumortierite in quartz, goethite in quartz, gold- 
quartz, hornblende, actinolite and asbestos in quartz, milky quartz, 
rock crystal, rose quartz, rutile in quartz, sapphirine-quartz, smoky 
quartz, and Thetis hairstone. 

Under the heading agate are included the compact, dense, granular 
varieties of quartz that are more or less translucent. The varieties 
include agate, agatized wood, carnelian, chalcedony, chrysoprase, 
_ agate, onyx, plasma, prase, rainbow agate, sardonyx, and 
violite. 

Under the x meee jasper are included the opaque, dense forms of 
silica, usually strongly colored by compounds of iron. Their value is 
largely sr gi on the intensity, Bary and arrangement of the 
colors. @ varieties are agate jasper, bloodstone, common jasper, 
jasperized wood, flint, novaculite, and touchstone. 
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Value of quartz gems produced in 1915. 


Crystallized quartz (including amethyst and rose quartz)....... $2, 909 
Kisis Unslading chiverpttetveccscc-c.cvesueet en Saaseecswees 24, 312 
PONG. waccccccovesssccencusswsccvdsisscdsesécdocctcseeseceeee 8, 503 

35, 724 


The value of all the agate gems amounts to about two-thirds of the 
total value of all quartz or silica gem stones. 


AMETHYST. 


Amethyst of a good purple color was obtained by J. A. Scoggins, of 
Deweyrose, Ga., from a prospect near the Antioch mine. A.J. Rudin- 
, of Trevilians, Va., continued his eee in 1915 and after 
ocating the vein took out a large number of crystals, a few of which 
would yield small gems of a rich purple color. Colorado, North 
Carolina, and Arkansas reported s production. Some amethyst of 
gem quality is occasionally found in the trap quarries of New Jersey. 


SMOKY QUARTZ. 


Associated with the topaz pockets developed by F. H. Peterson, of 

eburg, Maine, was a quantity of smoky quartz which lined the sides 

of the pockets. The quartz crystals were of a beautiful dark amber 

color and about half of them were of gem quality and were cut into 

different shapes. A production of smoky quartz is also reported 

from Colorado, California, Arkansas, Arizona, Connecticut, and New 
Hampshire. 

MINERALS INCLOSED IN QUARTZ. 


Transparent quartz crystals with included goethite needles were 
mined near Bakersville, N. C., by W. G. Bowman. The hairlike 
needles of goethite give a rainbow hue to the specimens. Mr. May- 
nard Bixby, of Salt Lake City, Utah, reports that a deposit of tour- 
malinated quartz was found in Nevada, the exact locality not being 
given. Mr. =e Carson, of Pasadena, Cal., reports a small produc- 
tion of tourmalinated quartz from the Panama-Pacific Exposition 

oup of three claims on the east side of Chihuahua Valley, San Diego 
Gouiiky: Asteriated quartz, gold quartz, and rutilated quartz are 
additional varieties of quartz inclosing minerals that were produced 


in 1915. 
AGATE. 


CALIFORNIA. 


An amethystine or violet-colored chalcedony, found east of San 
Diego, has been put on the local market under the name violite. A 
specimen of the material was on exhibition in the San Diego Chamber 
of Commerce during the summer of 1915. The rough material 
resembles violet-colored chalcedony from other localities, and the 
cabochon-cut stones can not be told from cloudy amethysts. Cali- 
fornia continued to produce carnelian, blue, white, and variously 
colored chalcedony, myrickite, and chrysoprase. 
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KANSAS. 


Various kinds of agate and chalcedony are found in the gravel beds 
of the Big Blue River and its branches, on the hillsides near the river 
in drift, and also on the high prairie. A small production is reported 
by Mr. Samuel Forter, of Marysville, Kans. 


MONTANA. 


Considerable quantities of moss agate, mocha stone, and various 
other agates were found in eastern Montana in the gravel beds along 
Yellowstone River. The moss agate is found in irregular pieces from 
1 ounce to 10 pounds in weight, each piece being individually val- 
ued according to its peculiar markings. A set of cut and polished 
moss agates was sent to the Survey by the Hanson-Kohn Jewelry 
Co. (now the Kohn Jewelry Co.), of Billings, Mont. Among the 
best of these were 12 stones, as follows: 


1. Size, 21 by 11 millimeters, Resembles a landscape with a few scattered trees; 
rolling ground, with small hills. Highly translucent chalcedony; brownish-black 
markings, Mounted as brooch in gold. 

2. Size, 28 by 15 millimeters. Looks like woods along shore of river or lake— 
brush and trees 1-5 millimeters high in —_ likenesses; some in distance. Agate, 
highly translucent, alightly banded with bluish-gray and brownish-black markings, 

. Size, 32 by 21 millimeters. Shows a landscape with a grove of tall trees like 
Lombardy pe high on right, low like edge of clearing on left. Trees in haze in 
distance. Brush from 1 millimeter to trees 10 millimeters high; ground line under 
trees sharp, with some brush. Bluish-gray, slightly banded chalcedony; the trees 
black; ground brownish black to black. 

4. Size, 48 by 21 millimeters. Resembles thicket of small brush and woods, pass- 
ing into brushy and slope to shore of river or lake on right. Bunch of leaves 
or tree branches over ing water on right. Tallest trees, 8 millimeters. Treesin 
distant haze. Black and brownish markings in highly tranalucent bluish-gray chal- 
cedony, showing faint bands, , 

5. Size, 42 by 32 millimeters. Shows brownish-black buffalo head; 28 millimeters 
wee across horns, 20 millimeters high; not perfect but easily recognizable. Mounted 
as lob stone. 

6. Size, 50 by 20 millimeters. Two hills, — covered with brush of uniform 
height, 14 millimeters high. Gully between hills nearly bare of brush. Two small 
bunches of tree branches overhanging from right corner. Other branches in haze in 
distance in back. Sky otherwise clear, All markings brown on translucent, bluish- 
gray chalcedony. No banding. . 

7. Size, 33 by 20 millimeters. Shows resemblance to sand dune with wide spread- 
ing tree on top. Tope of trees oa ag over hill. Dark-brown color on ucent 
bluish-gray chalcedony. No banding. 

8. Size, 26 by 13 millimeters. Group of ferns, about seven distinct plants, 7-10 
millimeter high and 2-3 millimeters wide. Several varieties of structure, evenly 
— Black to dark brown on translucent bluish-gray chalcedony. No banding. 

9. Size, 34 by 19 millimeters. Group of black to dark-brown radiating fern leaves 
in clear, transparent, light bluish-gray chalcedony. No banding. Three main arms 
of fern 120° Pe gre with smaller leaves in between. 

10. Size, 33 by 16 millimeters. Resembles a water scene, with clear bluish-gray 
ie The water edge marked by wide curving brownish band, with several groups 
of black trees showing reflection in water. Two small patches of sedge in foreground. 
Transparent, bluish-gray chalcedony. No banding. ; 

ll. Bize, 43 by millimeters, ‘‘Lonesome pine.’’ A single pine tree, the’ 
lower part of trunk clear, the upper brushy and spreading into distinct layers, 
black, against faintly banded ucent, bluish-gray chalcedony. The faint ban 
gives a good cloud effect. Foreground, clear, brown, also faintly banded. A 
irregularly shaped dark-brown flaw, to the left and slightly above horizon, somewhat 
mars an otherwise perfect picture. . : 

12. Size, 32 by 24 millimeters. Water scene. Group of islands, with trees, black 
to dark brown, the largest 7 millimeters high and 5 millimeters wide. Many small 
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islands, In foreground, nearly continuous curved line of small islands, with practi- 
cally no — higher than sedge grass. Translucent bluish-gray chalcedony. 
Faintly banded. 

NEBRASKA. 


Moss agate is found in considerable abundance in northwestern 
Nebraska.’ Chalcedony is also found in concretionary and stalac- 
titic form, of a waxy or oily luster and of a yellow color. Some of 
it has been cut and sold in southeastern Nebraska. 


OREGON. 


Various agates are found as stream pebbles in Rogue River valley 
near Medford, in basaltic lava areas—black and brown moss agate, 
jasper, carnelian, etc. A banded jasper, a clear stone with a small 
red band shading off into yellow, jasper has been found at Tillamook, 


near Newport. 
WP JASPER. 


ARIZONA. 


A variety of susie jasper occurring in irrgeular nodular forms near 
the rim of the Grand Canyon, Ariz., about 1 mile west of El Tovar 
Hotel, has been called zonite by S. W. Denton, of Boston, Mass. 
The name is apparently derived from the State in which it is found 
and not because of any zonal structure in the material. The material 
cut in cabochon form has been used by arts and crafts workers. The 
colors are white, cream, pink, yellow, brown, and plum. The ma- 
terial is hard, close-grained uniform in texture, and takes a high 
polish. Samples sent tothe Survey in both the rough and the cut forms 
show a compact chert in which many of the color variations are 
marked and att, with consequent pleasing color patterns on the 
polished stone. Most of the colors are in the yellows, brownish reds, 
and dark gra , with splotches of white and light gray. 

Mr. E, A. Tecwrard. of Cave Creek, Ariz., sent in some samples of a 
red jasper which polishes well and no doubt would make an interest- 
ing and handsome semiprecious geen. The material contains nu- 
merous concentric rings of specular hematite. Mr. Howard intends to 
place the material on the Los Angeles market. The material occurs 
in a small streak in an irregular mass of variously colored jasper, 
which is found in a large basaltic intrusion in schist. The wavy cir- 
cular lines of the concentric bands average about a quarter of an 
inch in diameter. These concentric bands occur isolated and also 
joined together in small groups. The black lines, due to a concen- 
tration of black hematite grains set in a strong hematite-red, make a 
pretty contrast and if cut with reference to the black circles should 
make odd and attractive gems. 


OTHER STATES. 


A large production of kinradite from California is reported. This 
new gem stoné, consisting of small spherulites set in a dense base, is 
fully described in the report on precious stones in Mineral Resources 
for 1913. Colorado, Arkansas, Nevada, and North Carolina also 
report a production of jasper, the varieties including bloodstone, 
Lydian stone, novaculite, and agatized and petrified wood. 


*Barbour, E. H., Nebraska minerals which excite common in : Nebraska Geol. Survey Leaflet 
37, vol, 4, pt. 20, p. 289 (no date). : ba 
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RHODONITE. 
OREGON. 


A vein of rhodonite 4 feet wide is reported by Mr. D. B. Bubar, of 
Roseburg, Oreg., to have been found near the caves on Caves Creek 
Josephine County. Preliminary work showed considerable material 
available and slabs 6 by 8 inches could be obtained. The rhodonite 
is said to be of good quality and to take a fine polish. 


STAUROLITE. 
MINNESOTA. 


Mr. T. C. Wing, of St. Cloud, Minn., has sent in samples of stauro- 
lite from the banks of the Mississippi about 25 miles north of St. 
Cloud and about 3 miles from Royalton. Many of the crystals are 
twinned so as to form the usual crosses, but perfect ones are not com- 
mon. The crystals, as much as an inch in length, are found loose in 
the soil, in a blue clay, and also in the schist matrix. Bowlders 3 feet 
thick contain numbers of the crystals. The mineral is dark brown 
and unaltered, and therefore too hard to be finished off smoothly for 
the jewelry trade like the similar stones from Virginia. 


VIRGINIA. 


The staurolites, better known as “‘fairy stones,” are found in a field 
of about 50 acres on top of Bull Mountain, Patrick County, and have 
a ready sale. These “fairy” or “lucky” stones are twinned stauro- 
lite crystals simulating the Roman, Maltese, and St. Andrew’s crosses. 
They are as much as an inch in length and are of a dark-brown color. 
The original staurolite mineral has changed to a compact softer mate- 
rial, so that the stones can readily be prepared for the jewelry trade. 
A brisk trade in these popular stones is reported; they are mounted 
as cuff links, scarfpins, brooches, charms, and in many other ways. 


THOMSONITE. 


An occurrence of thomsonite in an amygdaloidal rock in Cook 
County, Minn., about 7 miles from Grand Marais, has been worked by 
Alfred Merritt, of Duluth, Minn. A number of stones of gem quality 
are said to have been obtained, and Mr. Merritt intends soon to mine 
and market the stones. The colors vary from a light yellow or brown 
to a dark green, with many intermediate shades. Those stones 
which are cut so as to show a central eye are in good demand, being 
used for settings in scarfpins, cuff links, brooches, etc. 

The mineral is also reported from Lane County, Oreg., in a road 
cut 100 yards west of Deerhorn; also in the gravel o Willamette 
and McKenzie Rivers, near Eugene. 


TOPAZ. 


Mr. H.C. Gordon, of San Diego, Cal., reports that about 30 crystals 
of bluish topaz, some of them containing gem material, were taken 
from the Mountain Lily mine, near Oak Grove, San a County. 

Several pockets of topaz crystals were opened by F. H. Peterson, of 
Fryeburg, Maine. The topaz was scattered through the black dirt in 


856 MINERAL RESOURCES, 1915—PART II. 


the bottom of the pocket. In addition to California and Maine, 
Colorado and Texas reported a small output of topaz. 


TOURMALINE. 
CALIFORNIA. 


Bluish-green tourmaline, of a color called Nile green, was produced 
from the Mountain Lily mine near Oak Grove, San Diego County. 
These tourmalines have been given the trade name of emeralite -by 
J. W. Ware, of San ig e Peter Cabat mine, about 6 miles 
north of Warners, Hot ew has produced some good blue and 
light-pink tourmalines. In a newly developed mine south of Banner, 
San Diego County, Bert Simmons, of Oak Grove, has obtained green 
tourmalines of gem quality. Some green crystals of good color and 

em value, together with some deep blue ones, were obtained by 
oy Carson, of Pasadena, from the Panama-Pacific Exposition group 
of three claims on the east side of Chihuahua Valley, San Diego 
County. 
MAINE. 


Fine pink and green tourmalines were found near Georgetown. The 
Mount Apatite mines, near Auburn, and deposits at Paris have yielded 
some tourmaline and beryl. 


TURQUOISE. 


Turquoise ranks third in the value of precious stones produced in 
1915, tourmaline being very nearly of equal value. Nevada, New 
Mexico, and Arizona produced the bulk of the turquoise. 

A new deposit of turquoise was discovered in the fall of 1915 by 
J. H. Malloy, of Rawhide, Nev. The locality is reported as being near 
Rand, about 18 miles south of Rawhide. 


VESUVIANITE (CALIFORNITE). 


A small quantity of californite was extracted from the deposits at 
Big Bar, Butte County, Cal. The color and quality are steadily in- 
creasing as the workings descend from the surface, the material be- 
coming dark green with darker green spots. A production was also 
reported from Happy Camp, Siskiyou County. 


ZOISITE (THULITE). 


Mr. A. C. Taylor, of Seattle, Wash., reports that a ledge in Okano- 
ie County contains a large amount of rose-red stone pronounced to 
e thulite, a variety of the mineral zoisite. The deposit is apparentl 
to be worked by the Thulite Association Claims, 427 L. c. Smit. 

Building, Seattle, Wash. 


IMPORTS. 
The value of the imports of precious stones into the United States 
during the calendar year 1915 as reported by the Bureau of Foreign 


and Domestic Commerce, amounted to $26,193,862, an increase of 
$6,982,778 over 1914, which was the smallest since 1908. 
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Dramonds and other precious stones imported and entered for! consumption in the United 


States, 1906-1916, _ 


, 268,917 | $3,995,865 | $2,405,581 | $43, 602,476 
18, 898,336 | 3,365,902 680,006 | 31,866,509 
21,051, 747 910,699 | 13,700, 404 

43,570, 540 24,848 | 40,237,500 

4,003,976 | 1,626,083 | 40,704,487 

3,795,175 | 1,384,376 | 40,820,430 

3,405,543 | 5.130,376 | 41,363,326 

2,775,811 | 5,002,624 | 45.431.998 

1, 635.522 |, 2.090.018 | 19,211.0R4 

1,046,572 | 4,513,909 | 26,193,362 


@ Including agates. Agates in 1906, $20,130; in 1907, $22,644. 
FOREIGN GEM INDUSTRY. 


The orem governmental regulations, trade conditions, market, 
imports, and production in regard to diamonds, resulting from the 
European war, are described in detail by Kunz,' who also gives notes 
on emerald and deep-blue beryl from Brazil, jade from Burma, opal 
(said to be noble opal) from South Australia, sa a from Queens- 
land, and turquoise from Lower California. e sapphi ini 
industry of Anakie, Queensland, is said ?.to have been the dullest on 
record, the output for 1915 being £600, compared with £15,000 in 
1914 and £43,292 in 1913. 

The diamond output of British Guiana for 1915 was 100,522 stones 
weighing 13,716} carats and valued at £28,576. Thestones averaged 
7.32 to a carat. 
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GEMS AND PRECIOUS STONES.* 


By Wavpemar T. ScHALLER. 


NO VALID DISTINCTION BETWEEN PRECIOUS AND 
SEMIPRECIOUS STONES. 


The United States Geological Survey is often asked to make a dis- 
tinction between precious and semiprecious stones, and especially to 
state the class in which some particular mineral belongs. To the 
popular mind the diamond, ruby, sapphire, and emerald are the true 

recious stones; all others are semiprecious. The popular mind, 
owever, is not consistent from time to time; the fickleness of fashion 
may readily change the standing of gems; and demand and supply; 
popular taste, and price may affect the rank of a precious stone. 
em stones are desired for personal adornment because of their 
rarity, their cost, and especially their beauty, and these items prob- 
ably determine as much as any other the classification of gem stones. 
But can agreement ever be reached as to what are the most beauti- 
ful of all gem stones? The opinion and taste of the wearer, of the 
jeweler, and of the scientist all deserve consideration, but the three 
can probably not reach a satisfactory agreement. 

In short, no criteria of subdivision between precious and semi- 
Broce stones can be offered on which all gem stones can be classi- 

ed. All stones which are suitable for personal adornment and which 
please the wearer may be called precious stones. Jasper is as much 
@ precious stone as diamond. The schemes of classification of gem 
stones into precious and semiprecious are almost as numerous as the 
books written on the subject, but not even all the authors can retain 
their classification throughout. One author, in his table of contents, 
divides gem stones into (a) precious stones (diamond, corundum, and 
beryl); () semiprecious stones (topaz, spinel, garnet, etc.) ; (c) 
ornamental stones (fluor, lapis lazuli, sodalite, etc.); and (d) or- 
ganic products (pearl, coral, amber) ; yet, in his text, he says: “ Once 
contemptuously styled common garnet, andradite suddenly sprang 
into the rank of precious stones.” 

The properties that give minerals value as gem stones are color, 
luster, transparency, hardness, and rarity. The first three are some- 
times grouped together under the head of beauty. It has been said 
that a mineral must possess at least a majority of these properties in 
order to be ranked as a precious as distinguished from a semiprecious 
stone. An attempt to apply the test will show the futility of any 
such subdivision. The application of such a subdivision would also 


1The tables In this chapter giving statistics of the values of the gems and precious 
stones produced In 1916 were compiled by Miss Blanche H. Stoddard. 
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relegate a good many specimens of every mineral species to the semi- 
precious class; thus a diamond that is dull in appearance, gray in 
color, and only translucent (not transparent) could then not be 
classed as a precious stone, for such a crystal would lack all beauty, 
and the diamond is not the rarest of gem stones. Further, only cer- 
tain varieties of the mineral corundum and of beryl! could be called 
precious; the vast bulk of these minerals would be only semiprecious. 

Color can not furnish a satisfactory basis of division for, in addi- 
tion to corundum (ruby), many red minerals are used as gem stones, 
such as spinel, garnet, opal, jasper, fluorite, and tourmaline; in addi- 
tion to sapphire, many blue minerals are used, such as benitoite, 
sodalite, fluorite, turquoise, azurite; and many green minerals, such 
as feldspar, fluorite, tourmaline, variscite, malachite, and hiddenite. 
Absolute lack of color, characteristic of some diamonds, is also shown 
by many other gem stones, such as quartz, beryl, phenacite, and 


topaz. 

Lietee and transparency vary considerably, not only in the same 
mineral but even in the same crystal. The presence of impurities or 
flaws may have a marked effect on the luster of a mineral, so that 
two crystals of the same mineral may exhibit very different degrees 
‘of luster and transparency. 

Hardness can not be a deciding factor, unless it is said that all 
minerals must have a hardness of 9 or more in order to rank as 
peecwons stones; but this requirement would exclude emerald, which 

as a hardness ranging from 7} to 8. If the limit is placed at 73 to 
8 (that of emerald), then chrysoberyl (83), topaz (8), phenacite 
(74 to 8), and perhaps a few others like the minerals of the spinel 
group (74 to 8) would have to be included. 

The rarity of gem stones has often been set up as a criterion of 
their value. It may be true that, in general, a very rare gem is of 
greater value than an equally attractive but more abundant one, but 
the rarity of a stone may be offset by its properties. The diamond 
is by many people regarded as extremely rare, but in comparison 
with such gem stones as benitoite,. hiddenite, and many others it is 
ma abundant. 

he foregoing statements are intended to show that gem stones 
can not logically be classified as either precious or semiprecious and 
that neither cost, beauty, hardness, nor rarity, whether considered 
separately or together, can be made to serve as an exact basis of such 
a classification. Of course, an arbitrary classification of gem stones 
may be proposed, but it is not likely to be universally adopted, 
especially if it ignores the particular properties, such as color and 
hardness, that characterize gem stones in general. 


PRODUCTION. 


From the beginning of this century to 1914 the value of the 
precious stones annually produced in the United States has been 
about a third of a million of dollars. The lowest value, $208,000, 
was reported in 1906; the highest, $534,280, in 1909. During the 
first year of the war (1914) the value of the production ($124,651) 
dropped to the lowest figure reported since 1896. There has been a 
steady increase since 1914 in the value of the precious stones pro- 
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duced, that for 1915 being $170,431 and that for 1916 being $217,793, 
an increase in 1916 of 28 per cent over the value in 1915, and of 75 
per cent over the value in 1914. The value for 1916, however, has 
not yet reached the general average, being less than that of any year 
since 1900, except 1906, 1914, and 1915. 


Value of precious stones produced in the United States, 1912-1916. 


| 1912 1913 1914 | 1915 | 1916 
= Ss se 5 | 
OD etry ictietaaeyes Santacewen coucnup ads | oi! ee | diucawabee Pree oe kedetheabs 
| IS <. ; ; cave 4,140 $1,615 $2, 305 $1, 675 $2,031 
Copper ore gems......... pewaawe vee] 1, 085 2,350 1, 280 1,120 1,713 
Corundum......... mety- ..----| 197,765 | 238,835 61,032 88, 214 99, 180 
Diamond.......... 1,475 6,315 765 608 2, 680 
ins ovicnaeetnt AD indnse dvnscaldahessanesedusudacvn (9) 
Feldspar........:...... vaek® aay 1,310 1,285 44y 368 305 
it sausoEe ; waa ivent 860 4, 285 1,760 4,523 1,542 
Hematite.......... Somtvaies .-| Sikasveabunlevdecsuces camakdehed Rae lakes covnte 
BOO osc rad kk SK cec eae eas Woot cub kce cue esbheuenae pamnedeime letbnnlnxke UU Ne dbs senor PRR Ef 
PWORIB a576 5 5 Sods 46 << aeakeil Be \iddgadicvenvslcebcaccace (2) lina teak lite 
OMAR cisacscseseveve | 10, 925 15, 130 1,114 1, 850 1, 838 
Peridot Koa bepeciilte taiaie oes pasiedten 8, 100 375 100 a 455 
Phenacite......... : : ; PceabekWiansdesiawadbedshalebadeacaas ta} sndvetedun 
EVE ss wiswecnesn ‘ ; , pd 265 | OP tusvaetonss 1,042 2, 075 
GUORIER. Soecsicvcdcacves : ‘ Oy Re Ke 21,779 | 16,861 18, 838 35, 724 25, 707 
Rhodonite........... << sate 550 | 165 | 1,050 85 (4 
PO der Ss cETA ECSU h ak Maku Stade aun aekosetinesicelevesltaces ft igesbeF~ clowbseaedde (a) ta} 
Smithsonite....... ; pamates 650 | 50 5O | 8): dndesucacas 
ee Gonencdetee tiie Be a Ee 18, 000 6,520 4,000 a) (a) 
1omsonite..... ; slitaie's Sphesarncee B00 bata civesus 21; (@ 47 
ODOR ccccodnce 3 aendeaa Ga 375 736 | 1,380 862 1,005 
Tourmaline.............. . tndcduaeal ‘aeeeee 7,630 | 7, 980 10, 969 50, 807 
Po Eee sweeps GaSe 4 eentaeed 10, 140 8,075 13,370 11, 601 21, S11 
Variscite........ piobutdes : 5 8,450 6, 105 | 5, 055 3, 867 3,140 
VemiWIAGNS «x 2.02i5 ccasecviaiaces Se ae a 275 | 152 1, 425 1, 535 (a) 
Miscellaneous gems...............- i = eras 4, 408 2,920 | 2, 287 66,172 | ¢ 3, 457 
319,722 | 310,454 | 124,651 


170, 431 217, 703 


o Small uotion included under “‘ miscellaneous 1 ona 
+ Includes apatite, calamine, chlorastrolite, crocidolite, datolite, fossil coral, Iceland spar, kyanite, 
read ong r) geno peridot, phenacite, rutile, smithsonite, spodumene (kunzite), staurolite, thomsonite, 
, and zircon. 
¢ Includes chlorastrolite, datolite, epidote, fossil coral, hematite, kyanite, lazulite, rhodonite, rutile, 
seplolite, serpentine, spodumene, staurolite, and vesuvianite. 


The marked irregularity in the value of the output of any one 
gem stone from ping! to year is due mostly to the very irregular mode 
of occurrence of many gem stones and to the fact that most of the 
producers carry on their work in gem finding as an incident to other 
work and therefore do not put much money or much time into it. 
Most of the value recorded represents the output of a few large com- 
panies, but by far the greater number of producers carry on gem 
mining very differently from other mining. 

The value given in the table largely represents the first value of 
the rough material; the value of the cut and polished gems is several 
times greater. The completeness and accuracy of the statistics of 
production depend on the assistance of the gem miners and dealers, 
and their help is greatly appreciated. The Geological Survey carries ° 
on a large correspondence concerning precious stones, and the accu- 
rate information furnished by the individual producers enables the 
Survey to put intending purchasers of rough material directly in 
touch with them. 

The principal precious stones produced in the United States dur- 
ing recent years are corundum, quartz, tourmaline, and turquoise. 
These four minerals have yielded 86 per cent of the total value of 
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precious stones produced for the years 1911 to 1916. The value of the 
corundum produced during the same period averages 58 per cent of 
the total production. The statistics for the individual years and 
gems are shown in the following table: 


Percentage of values of principal precious stones produced in the United States, 
1911-1916. 


Average for 1 tt mmte... 


6 Includes ruby and meppnire. 
b Includes all varieties of quartz, such as amethyst, rock crystal, chaloedony, agate, jasper, etc. 


Reports of production were received from 96 persons and com- 
panies. A few of these are either lapidaries or collectors and not 
regular producers of precious stones. On the other hand, there 
may be some producers whose reports are not received by the United 
States Geological Survey, so that it may be estimated that in 1916 
the producers of precious stones in the United States numbered 
about 100. Thirty-four distinct mineral species were mined; includ- 
ing all varieties as reported, a total of 79 named precious stones were 
produced. These came from 27 States, 9 of which had a production 
valued at more than $1,000 each. Thirteen States produced only 
one gem mineral. 


RANK OF STATES. 


Montana led all the other States in the value of precious stones 
produced in 1916, as it has done for the last six years. The output 
consisted chiefly of corundum (sapphire), which constituted almost 
one-half of the total value of all precious stones produced in the 
United States in 1916. Moss agate was also a considerable item, the 
value ranking next to that of sapphire; garnet, amethyst, and Ice- 
land spar are also included in the production of 1916. 

California ranked second in the value of the output of precious 
stones. The larger items were tourmaline and quartz (jasper, 
chaleedony, agate, chrysoprase, rock crystal, smoky quartz, rose 
quartz, and gold quartz); small quantities of beryl, garnet, topaz, 
diamond, rhodonite, serpentine, spodumene, turquoise, and vesuvianite 
were also included. 

Nevada produced chiefly turquoise, and also some opal and 
variscite. 
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Colorado produced various precious stones. Turquoise, pyrite, 
and quartz had the greatest value, and those of less value were 
garnet, covellite, and topaz. 

Maine yielded tourmaline, spodumene, topaz, beryl, garnet, and 
quartz. 

Arizona produced turquoise, garnet, copper-ore gems, agate, peri- 
dot, obsidian, tourmaline, and turquoise. 


Value of precious stoncs produced in 1916, by States. 


ODIIOE cininccnnnmescasqwsas made ecu ace $108, 263 
OI gia i iciciinsacetiaieid domain awit umes 
VG Rees oa ee ee ELISE UES 15, 734 
Gelato 2 cee Selects aieaeee ees se 10, 818 
ORO ho os oe eee a rae oe 
TOS A at et ee eRe Le ERATE ENTE A RTT EID ALND 4, 878 
| LE LEE TE A ENE, LNT: 4, 492 
MTORR: RRR ARO og rcnsrestesecpaais nieve smeteneenmrenenianniaia 5, 515 
OUT BO csi eciccieemnnmnemneaiemnmnwes 4, 750 
217, 793 


In the number of distinct minerals mined for their value as 
precious stones (grouping chalcedony, jasper, rock crystal, a 
quartz, amethyst, etc., as one mineral—quartz), California leads wit 
11 and is followed in order by Arizona with 9, Colorado, North 
Carolina, and Pennsylvania with 7 each, Maine with 6, and Mon- 
tana and Texas with 5 each. 


NOTES ON INDIVIDUAL PRECIOUS STONES. 
BERYL. 


Five States reported a production of beryl in 1916, namely, Cali- 
fornia (colorless, pink, and a Maine (colorless, aquama- 
rine, and golden), North Carolina (colorless, aquamarine, blue, green, 
and golden), Connecticut, and New Hampshire. 

Mr. Rolf A. Schroeder, 53 Westbourne Terrace, Brookline, Mass., 
reports the occurrence of gem beryl in small quantities at Rollstone 
Hill, Fitchburg, Mass. The beryl occurs sparingly in the pegmatite 
dikes that cut the granite on the west side of ise tl The pegmatite 
and granite are crushed as soon as quarried, and many fine beryl crys- 
tals have doubtless been lost. The beryl] is pale yellowish green, 
rarely golden, but never blue. Mr. Schroeder states that he found 
half a dozen crystals which yielded cut stones weighing from one- 
half to 1 carat. A single larger crystal yielded a cut stone weigh- 
ing 24 carats. A matrix specimen showed pegmatite with white 
al and granular glassy quartz of a smoky-gray color, similar 
to that of Royalston, Mass. An embedded bluish crystal was clear 
where it lay in the quartz but fractured and opaque where it was in- 
closed in the feldspar. A cut stone weighing 1.1 carat, kindly lent by 
Mr. Schroeder for examination, was of rather pale color but very 
brilliant and showy. There was apparently no production of gem 
beryl from this locality in 1916, 

Connecticut, Idaho, Indiana, Kansas, Massachusetts, Michigan, Minnesota, Missouri, 


New cg Smet New Mexico, New York, North Carolina, Oklahoma, Pennsylvania, Texas, 
Virginia, Washington, Wyoming. Production of each State less than $1, 5 
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DIAMOND. 


A small production of diamonds from Arkansas is reported. A 
number of diamonds were found in 1916 by L. J. Wagner, the watch- 
man at the Arkansas mine owned by the Arkansas Diamond Co. The 
modern though small washing plant of the Kimberlite Diamond Min- 
ing & Washing Co. on the bank of Prairie Creek at Kimberley was 
operated almost continuously in making further tests of the ground 
on the Mauney and Ozark mines and in complying with the terms of 
the lease held by this company on the Mauney mine. For a number 
of years neither of these companies has reported to the United States 
Geological Survey a production of stones, so that the values given 
in the table on page 889 under diamond, having been moderately esti- 
mated, may be too small. 

The American mine, formerly owned by the American Diamond 
Mining Co. but now owned by T. E. Flournoy, of Monroe, La., and 
the Kimberlite mine, owned by the Kimberlite Diamond Mining & 
Washing Co., were idle. Neither was work done at the “ Black 
Lick,” where peridotite has been found. 

A report on the diamond-bearing areas of Arkansas is now in prep- 
aration by H. D. Miser, of the United States Geological Survey. 

Isolated diamonds continue to be found in Cherokee Flat, Butte 
County, Cal. The weights of three such stones, reported as found 
in 1916, are 1.2, 0.73, and 0.54 carats, respectively. 

Another diamond was found in Brown County, Ind., by J. W. 
Cornett, of Martinsville, Ind., who reports that the stone was found 
in the gravel of the bed of Lick Creek, about 15 miles southeast of 
Martinsville. The associated minerals are gold, garnet, and corun- 
dum (sapphire and ruby). Mr. Cornett kindly sent the stone to the 
United States Geological Survey for examination. 

The diamond is fairly clear and decidedly yellowish in color. Its 
dimensions are 4.5 by 6 by 7.5 millimeters. It weighs 0.2966 gram or 
1.48 carats. Its density is about 3.54. It is a rounded rhombic- 
dodecahedron, elongated slightly in the direction of an octahedral 
axis. The crystal was originally bounded by 12 flat faces of the 
dodecahedron but. in its present form it is bounded by 24 curved 
surfaces. This doubling of the number of faces is due to a peculiar 
form of corrosion by which each flat dodecahedral face was replaced 
by twocurved faces. The boundary lines (on each originally flat dode- 
cahedron face) where two corrosion streams met, which are also the 
line of contact of the two replacing faces, are, on the smaller dode- 
cahedral faces, fairly straight and symmetrical, but on some of the 
larger and dlonmetad dodecahedral faces the eae gs lines are very 
oblique and curved so that some of the original faces have been 
divided into two very unequal parts. The crystal resembles very 
closely the one from Garaan Southwest Africa, described and illus- 
trated by Fersmann and Goldschmidt* in the atlas of their work 
cn the diamond. 

The surfaces of the Indiana crystal are considerably pitted with 
small markings, which appear to be irregular but which, observed 
under low magnification, are readily seen to consist in part of paral- 


1Fersmann, A. V., and Goldschmidt, V., Der Diamont, pl. 80, fig. 207 (crystal 95), 
Heidelberg, 1911. 
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lel structures which are oriented with reference to crystallographic 
directions in the diamond. Striations and well-defined etch figures 
are absent. 

DUMORTIERITE. 


Two new localities of the hydroborosilicate of aluminum, dumor- 
tierite, have been recently found. One is in New Mexico and the 
other in Nevada. This mineral, until recently considered very rare, 
has now been found in seven States—New York, Colorado, Washing- 
ton, New Mexico, Nevada, Arizona. and California, in the last four 
of which it occurs in abundance. 

The New Mexico locality is about 100 miles west of El Paso, 12 
miles northwest of Columbus, in the Tres Hermanas Mountains, 
southern New Mexico. This deposit of dumortierite has been re- 
ferred to in the press as lapis lazuli. The ledge containing dumor- 
tierite is said to be several feet wide with an outcrop vd 1,000 
feet. Many boulders with seams of the mineral lie on the ground. 
A sample sent to the Geological Survey by W. A. Casler, of Deming, 
N. Mex., shows a quartz rock, in part sericitized, with narrow seams 
a quarter of an inch wide and the same distance apart, composed of 
coharulites of blue dumortierite with smaller amounts of colorless 
spherulites of similar structure, which are formed of mica. In places 
the mica spherulites appear to have been derived from the alteration 
of the dumortierite; at other places the two minerals seem to be 
intergrowths. If large pieces suitable for cutting and polishing are 
obtainable, the occurrence should yield a striking ornamental stone, 
for the narrow seams of bright blue dumortierite in the white rock 
afford a very attractive contrast. Well-selected and cut pieces, with 
a narrow band of the dumortierite, might also yield cut stones of 
value in jewelry. 

Nevada also has an extensive deposit of dumortierite, and Adolph 
Knopf, of the United States Geological Survey, has kindly furnished 
the following note on the occurrence: 

Dumortierite occurs in great abundance in the Rochester district, in Hum- 
boldt County, Nev. On the west flank of Lincoln Hill in this district there is a 
large area of Triassic rhyolites that are cut by innumerable veinlets composed 
of dumortierite and quartz. The rock inclosed between the veinlets has been 
highly altered to an aggregate consisting of andalusite, quartz, dumortierite, 
and white mica. The dumortierite of this Nevada occurrence is prevatlingly 
lavender and pink in color, the blue, usually thought to be characteristic of 
dumortierite, being very rare. The veinlets, so far as Is now known, range 
from a friction of an inch to 6 Inches in thickness, The thicker veinlets con- 
sist more largely of quartz than the smaller ones, and some of this quartz is 
noteworthy because of its fine rose color. Between this rose-colored quartz 
and the pure pink dumortierite all stages of gradation due to intergrowth can 
be seen, and under the microscope the clear rose-colored quartz is found to 
inclose numerous hair-like fibers of dumortterite, to which the color of this new 
variety of rose-colored quartz is due. 

By careful prospecting of the area in which the dumortlerite occurs It Is pos- 


sible, though by no means certain, that rose-colored quartz of a quality suitable 
for polishing as a precious stone may be found. 


GARNET. 
Small quantities of garnets are peaduced each year in several of 


the States. In 1917 the mineral of gem quality was obtained from 
Arizona, California, Colorado, Idaho, Maine, Montana, New York, 
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North Carolina, and Pennsylvania. The pegmatite veins of the 
gneiss of Manhattan Island, New York City, has yielded some very 
large garnet crystals, two of which weigh 10 pounds 8 ounces and 
9 pounds 10 ounces, respectively. Such material, however, is of lit- 
tle gem: value. In October, 1916, in the Washington Heights sec- 
tion of New York City, in the block bounded by Haven and North- 
ern avenues and West One hundred seventy-eight and West One 
hundred seventy-ninth streets, James G. Manchester found an in- 
complete crystal, about 3 inches in diameter, of fine gem quality. A 
ualitative chemical examination demonstrated that the material was 
the aluminum-manganese species, spessartite, only very small 
amounts of iron, calcium, or magnesium being present. Although 
the New York material is similar to the spessartites of Amelia Court 
House, Va., Manchester and Stanton! describe it as “ more brilliant, 
more perfect, more translucent and of a more beautiful color, being 
a clear, sligptly orange-red, rather than the cloudy brownish red. 
The material cut into 39 brilliant and step-cut stones, of a combined 
weight of about 19 carats. The largest stone weighed 1.37 carats. 


QUARTZ. 


The varieties of quartz produced in 1916 include agate, agate 
jasper, agatized wood, amethyst, bloodstone, carnelian, common 
chalcedony, citrine, blue and green chrysoprase, jasper, jasperized 
wood, moss agate, rock crystal, rose quartz, smoky quartz, gold 
quartz, milky quartz, rainbow quartz, touchstone, and quartz with 
inclusions of dumortierite, hornblende, or rutile. 

Mr. Shelley W. Denton, Wellesley, Mass., reports finding near his 
home pale lavender-colored quartz crystals (amethyst) loose and im- 
bedded in a fine mud which filled cavities in veins of quartz. Many 
gems of this material were cut and sold under the name lavendine. 

A new variety of rose-colored quartz from Nevada, suitable for 
cutting into gem stones, is described under dumortierite. 

The itemized production of quartz gems is shown below: 


Value of quartz gems produccd in 1912-1916. 


1912 1913 | 
CHI ONY Coie inc caikaisnavewscncadcxvcsea res ceesgest $9, 978 $8,920 
PE sce caecaarive - g| - 


FINO GETS cece ckantdsceecdtcct cawbessaddcckvesCasetwe 

CHEVRODTANS 56 So s55 casduscsvcndvedsseceecvexpecnesees|| 55000 lewnendseon 

CLON QUIAEES, ¢ once wascdcrescevsecesenhsatianeancceecss | vee 5,275 
BEPOE Oo, coco va ver Neweatdomsucceeiecesewstscaess eee 

ST ic seriireinnannnneetnsaecedeeecnkunu 21448 | — 1,640 

FROG8 GUAIth os Sess Swords cdaccucacous cavcbacccwocastas 865 


te, carnelian, common chalcedony, moss agate, onyx, and prase. 


¢ Includes be 
> Small uction of gold quartz included under rock crystal. 


¢ Incl common Jasper, bloodstone, jasperized wood, and touchstone. 

4 Includes citrine, smoky quartz, and quarts with inclusions. 

¢ Includes a small amount of gold quartz. 

JS Inchades amounts of rainbow quartz, milky quartz, and sapphire quartz. 


1 Manchester, J. G., and Stanton, G. S., A discovery of gem garnet in New York City: 
Am. Mineralogist, vol. 2, pp. 85-86, 1917. 
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TOURMALINE. 


The values of the production of tourmaline in 1916 was consider- 
ably greater than for any year since 1910 and almost twice as much 
as that of the last three preceding years (1913, 1914, 1915) combined. 
The largest production came from California. A smaller output was 
repo from Maine, and R. L. Balke, of Phoenix, Ariz., reported 
that pink and green tourmalines were found near Wickenburg, Mari- © 
copa County, Ariz. 

An exhibit of the occurrance of gem tourmaline and associated spo- 
dumene (kunzite) from California has been prepared in the National 
Museum, at Washington. D. C. This exhibit is described on pages 
896-898. 

TURQUOISE. 


The value of the turquoise produced in 1916 was about double 
that of any one of the preceding four years. The production came 
from six States, with Nevada in the lead and Colorado second. 

E. S. Larsen, of the United States Geological Survey, has kindly 
submitted the following description of the turquoise mine near 
Manassa, San Luis Hills, Conejos County, Colo. : 

The mine is owned by Mr. C. G. King, of Manassa, Colo., and has been 
worked for the last 10 or 12 years, at times leased on shares, at times for a 
cash rental. The mine is in a low hill rising only about 100 feet above the 
surrounding rolling country. It is worked by an open cut. There are some old 
tunnels and shafts near by. The turquoise is largely sold or traded to Indians 
of New Mexico. 

The mine is about 9 miles southeast of the town of Manassa, Conejos County, 
Colo., and lies in an altered andesitic rock of considerable size which crops out 
as a light-colored streak striking about northwest across the low hills. At the 
turquoise mine this altered rock is traversed by closely spaced fracture planes 
running in various directions. Along these planes there is commonly a deposit, 
half an inch in maximum thickness, of a white to yellowish mineral, probably 
one of the amorphous or minutely crystalline hydrous aluminum phosphates. 
Locally these fracture planes also carry turquoise, which has been found only 
in the small area included in the one mine. The zone of fractured, altered 
rock is 100 feet or more across and appears to carry some turquoise throughout. 


IMPORTS, 


The precious stones (excluding pearls) imported into the United 
States in 1916, as reported by the Bureau of Foreign and Domestic 
Commerce, Department of Commerce, were valued at $38,930,117. 
Pearls are omitted from the total value, as they are lustrous cal- 
careous concretions with animal membrane between successive layers 
and are not a mineral but an animal product, being deposited in the 
shells of various mollusks. As pearls owe their beauty and value to 
the organic part of their composition, they do not come within the 
scope of this report. They are, however, among the most desired of 
gems, and their value is therefore given in a separate column in the 
table of imports. 

Including pearls, the value of imported gems in 1916 was the high- 
est thus far reported. For the years 1909 to 1913, inclusive, the aver- 
age value of the imported precious stones (exclusive of pearls) ap- 
proximated closely $40,000,000, but in 1914 this fell more than 50 
per cent: there was a slight recovery in 1915 and a full recovery in 
1916. 
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The value of the domestic production of precious stones shows a 
similar decrease for the years 1914 and 1915 as compared to the five- 
year period 1909-1913, but the production in 1916 has not recovered 
to the average value for 1909-1913, being in fact but little more than 
half as much. If the average values of the domestic production and 
of imports for the years 1909 to 1913, inclusive, are taken as the 
standard, the production in 1914 was valued at 34 per cent and the 
imports (exclusive of pearls) at 44 per cent; in 1915 the production 
was 47 per cent and the imports 56 per cent; in 1916 the production 
was 60 per cent, the imports 99.7 per cent—almost a complete re- 
covery. 


Diamonds and other precious stones i.xported and entered for consumption in 
the United States, 1907-1916. 


Diamonds, 
Diamonds Total 
, and other | * 004) ex- 
Year. stones exclud Pearls. 
Glaziers, | PUstand) Roughor | Unset. | notset. | Pears-_ 
~ — aegnongt 
es $410,524 | $190,919 | $8,311,912 [$18,899,336 | $3,365,002 [$31,186,593 | $680,006 
to eee 650,713 | 180,222] 1,636,798 | 9,270,225 | 41,051,747 | 12,789,705 910, 699 
1900 758, 865 50,265 | 8,471,192 | 27,361,799 | 3,570, 540 | 40, 212, 661 24, S48 


1910... 213,701 54,701 9,212,378 
4) | eer 199,930 | 110,434] 9,654,219 
i 452,810 94, 306 9,414,514 
1913... 471,712 | 100,704 | 12,268,543 
i a 579, 332 77,408 | 2,851,933 


25,503,641 | 4,003,976 | 30,078,404] 1,626,083 
25,676,302 | 3,795,175 | 30,436,054] 1,354,376 
22,865,686 | 3,405,543 | 36,232,949 | 5,130,376 
24,812,604 2,775,811 | 40,429,374 5,002, 624 
11,476,871 | 1,635,522 | 17,121,066 | 2,090,018 
1915..... 366, 793 75,944 | 7,020,646 | 13,177,919 | 41,078,391 | 21,719,693 | 4,513,909 
i 836, 018 67,200 | 11,441,328 | 24,282,140 | 42,303,341 38, 930, 117 | 11, 336, 971 
! 


@ Including azates. Agates in 1906, $20,130; in 1907, $22,644; In 1915, $31,657; In 1916, $18,681, 


EXHIBIT OF TOURMALINE AND OTHER GEM MIN- 
ERALS IN THE PEGMATITES OF SOUTHERN CALI- 
FORNIA. 


The gem-bearing pegmatite region of southern California has been 
somewhat sitenatvely seadiad by the writer under the joint auspices 
of the United States National ni and the United States Geo- 
logical Survey, and an exhibit representing the region has been de- 
posited in the National Museum, Washington, D. 

The gems are contained in one case which has three horizontal 
shelves and two sloping shelves. The exhibit consists of specimens 
of the country rocks (granite and gabbro) and of their associated 
pegmatite dikes, in which are found the gem tourmalines and other 
gem minerals. The collection is shown on the first floor, main hall, 
east end, of the new National Museum Building, Washington, D. C. 

The nearly flat-lying pegmatite dikes, from which most of the 
specimens shown were obtained, crop out on the hills north and east 
of Pala, San Diego County, Cal., and are of the eomponee unsym- 
metrical type whose different parts are thought to be due to dif- 
ferentiation processes rather than to multiple injections of material 
into reopened fissures. The upper portion of the dike is locally 
known as the “top rock” and is a mixture of a coarse, granular ag- 
gregate of quartz and feldspar and of a graphic pegmatite. No gem 
stones are found in this “ top rock.” The lower portion of the dikes, 
locally called the “ bottom rock,” is a much finer grained granular 
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quartz-albite rock characterized by numerous wavy bands of brown- 
ish-red garnets. These bands lie nearly horizontal in their general 
trend, being parallel to the slight dip of the dike. The “bottom 
rock” is ieawins free from gem stones, but both it and the “top 
rock” are of great interest from the scientific point of view. Be- 
tween the “top rock” and the “ bottom rock” is the middle portion, 
called the “ pay streak” by the miners, in which the gem minerals 
of value are found. Here also occur the cavities or pockets which 
often yield an abundance of the well-crystallized minerals shown in 
the exhibit. 

The top horizontal shelf on the south side of the exhibit case con- 
tains the granitic and pabbro country rock, and also the partly altered 
gabbro—a loose, friable rock—and the completely altered gabbro, 
which as a brown iron-stained clay has been washed into the cracks 
and seams of the pegmatite rock. Where such a crack extends into 
a pocket the clay has coated the gems and associated minerals found 
therein. There are shown, for example, white feldspars of the peg- 
matite coated with the brown clay derived from the gabbro country 
rock. The oes of the clay of the gem pockets is thus explained. 

The second horizontal shelf on the south side contains different 
varieties of the “top rock,” consisting of hic pegmatite and 
granular pegmatite. The third horizontal shelf shows the mineral 
aggregates of the middle part or “ pay streak,” which yields on 
decomposition the loose, friable material forming the gem pockets. 
This same shelf also shows examples of the banded “ bottom rock.” 

The sloping shelf on the south side contains large specimens of 
the different varieties of the pegmatite rock, including granular, 

phic, and banded pegmatites. Several of these larger specimens 
fave been sawed and polished and are well adapted for use as an 
ornamental stone, especially when cut obliquely so as to form wavy 
lines and circular effects resembling bird’s-eye wood. One specimen 
in particular consists of a large section of the entire pegmatite dike 
oh shows the aggregate of lithium minerals in the upper portion 
or “top rock,” the granular pegmatite of the middle portion, and 
the banded “ bottom rock.” 

The sloping shelf on the north side of the case illustrates the 
mineral contents of the gem pockets. A sample of the gem-bearin 
clay or pocket material is first shown, below which is an equa 
amount of similar gem clay separated into its constituent minerals; 
thus the relative proportions of the gem tourmaline, the clay washed 
into the pocket from the decomposed gabbro country rock, and the 
various minerals associated with the gem tourmaline are exhibited. 
For example, the pocket material from the Tourmaline King mine, 
at Pala, shows much lepidolite, orthoclase, clay, and gem tourmaline 
(pink and green), and smaller amounts of muscovite and quartz. 
Similar gem-bearing clay from the Tourmaline Queen mine, at Pala, 
shows in addition to much pink tourmaline, large amounts of clay, 
quartz, albite, and cookeite, but practically no orthoclase. A gem 
pocket from the Ed. Fletcher, jr., mine, at Pala, shows in addition 
to much pink tourmaline, clay, and albite, a considerable amount of 
lepidolite, with only a little orthoclase. A gem pocket from the 
Pala Chief mine, at Pala, shows comaiderable gem kunzite, with 
lepidolite, quartz, clay, cookeite, and orthoclase, and smaller amounts 
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Uf-albite and:muscovite. A siniilar pocket from the Caterina mine 
at Pala, shows only spodumene, pink clay, and quartz. The exhibit 
also includes a pocket containing an abundance of small blue tour- 
malines; a small pocket from the Tourmaline King mine, very rich 
in gem tourmalines; and several pockets free from any gem stones. 
Such pockets are known by the miners as “ dead ones.” 

On this same sloping shelf are shown also several large specimens 
of the minerals associated with the gem pockets. Among these 
minerals may be noted a fine example of orbicular muscovite, an 
altered perthite ‘cy crystal, a large amblygonite crystal, and | 
several speciments of spodumene (kunzite) in the matrix. These 
kunzite specimens are very difficult to coll as in general the 
matrix of the kunzite is so friable that it breaks to pieces when it 
is taken out of the mine. 

The three horizontal shelves above the sloping shelf on the north 
side of the case contain well-developed and well-crystallized speci- 
mens of the different minerals found in the gem-pocket zone of the 
pegmatite dikes. Among these minerals may be noted in particular 
a good series of the various forms of lepidolite (including several 
well-crystallized specimens), crystals of muscovite, fine tourmaline 
crystals, albite and orthoclase in well-developed crystals, pink beryl, 
stilbite, cassiterite, a large crystal of lithiophilite, bismuth, bis- 
muthite, bismuthosphaerite, purpurite, hematite and pyrite, apa- 
tite, pucherite, topaz, manganotantalite, a fine example of clear pink 
kunzite in the matrix, and the phosphate minerals first found in this 
locality, namely, palaite, salmonsite, and sicklerite. 


SELECTED BIBLIOGRAPHY FOR 1916, 


Draper, Davip, and GoopcHi~p, W. H., Notes on the genesis of the diamond: 
Min. Jour. (London), May 20, p. 357, May 27, p. 365, 1916. Among the 
conclusions stated are that differentiation of the magma in the vent (kim- 
berlite pipe) toward the end of the active volcanicity is formed by the sink- 
ing (gravitative differentiation) of the early formed crystals (chiefly 
olivine and iron-caleclum pyroxenes). After the magma in the upper part 
of the vent has solidified, the still molten part beneath is continuously and 
slowly impregnated with magmatic gases, chiefly water and carbon dioxide, 
which delay the solidification of the mass and produce extensive serpen- 
tinization (which is therefore not a weathering result). During this proc- 
ess diamonds of commercial size are formed by a process of secondary 
enrichment, large crystals growing at the expense of the originally dis- 
seminated minute crystals, 

GoTTscHALK, A, L. M. The discovery of “kimberlite” in Brazil: Min. and 
Eng. World, Dec. 16, 1916; also in Eng. and Min. Jour., vol. 102, Dec. 9, 
1916. The discovery of at least five pipes of kimberlite in Brazil is re 
ported. — 

Grecory, H. E. Garnet deposits on the Navajo Reservation, Arizona and Utah: 
Econ. Geology, vol. 11, p. 223, 1916. The source of the garnets now found 
in drift deposits is referred to the boulders and pebbles of garnetiferous 
gneiss and schist of unknown formation brought up as inclusions from un- 
known depths by dikes, now very much altered. 

Kunz, G. F. The production of precious stones for the year 1915: Mineral In- 
dustry, vol. 24, pp. 591-613, 1916. Short notes of domestic gem minerals 
include notes on diamond in Arkansas, labradorite in Utah, opal in Ne 
vada, and corundum in Montana. 

Lacroix, ALFRED, Sur le minéral colorant le plasma de Madagascar et sur la 
céladonite: Soc. franc. minéralogie Bull., vol. 39, pp. 90-95, 1916. The 
green color of plasma fs due to celadonite, a green silicate of iron, which 
probably represents a group of mineral species of closely related composi- 
tion rather than a single definite species. 
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H. P., An ancient reference to the emerald: Science, March 28, p. 291, 
1917. The emerald was prized as a gem 5,500 years ago, according to the 
translation of the oldest known Egyptian parchment manuscript, “ The 
instruction of Ptah-Hotep.” 

PoavuE, J. E., The emerald deposits of Muzo, Colombia: Am. Inst. Min. Eng. 
Bull., May, 1916, pp. 799-822. A complete description, {llustrated with 
plates and text figures, including location, history, geology, minerals, age, 
origin, mining methods, production, other deposits, and selected bibliog- 
raphy of the emerald deposits. These occur in calcite veins, and the em- 
erald “is one effect of a period of mineralization growing out of the in- 
trusion of a body of igneous rock.”. “The emerald was deposited under 
gas-aqueous (pneumatolytic) conditions.” 

The emerald in Spanish America: Pan American Union Bull., Decem- 
ber, 1916. A general and historical description, well illustrated, of the 
emerald mines of Colombia. 

Riept, Gustav, The distinction of certain precious stones from their substi- 
tutes by luminescence: Fachzeitschr. Wein, Juwelrie, Gold-Silberschmiede, 
vol. 6, No. 1. pp. 1-6, No. 5, p. 8, 1914. The following abstract of this ar- 
ticle is quoted from Chemical Abstracts, vol. 10, No. 17, p. 2182, Am. Chem, 
Soc., 1916. “ The phenomena of luminescence in general are discussed, and 
a combination of X-ray and cathode ray tubes described. Natural ruby 
was found to be distinguishable from synthetic in that the latter when ex- 
posed to cathode rays begins to glow more slowly, while the glow persists 
after the current is interrupted. Burmese and Siamese rubies can also be 
distinguished in that the latter do not respond to ultra-violet light. « Natural 
sapphires show in the cathode tube green or red colors, whereas synthetic 
ones are blue or violet. Diamond glows brilliantly in the cathode rays, 
and can be distinguished thereby from all other colorless stones. Genuine 
emerald glows red in cathode rays, while imitation emerald and other 
green gems remain green. The luminescence phenomena of all known gems 
are tabulated, and the practical application of the observations in the 
jewelry trade discussed. An ultra-violet lamp is also described, and the 
effects produced by its rays compared with those above referred to. Fur- 
ther studies are in progress.” 

Wacnesz, P. A., Recent diamond discoveries in the Transvaal: Min, Mag. (Lon- 
don), October, 1916. (Abstracted from an article by P. A. Wagner in the 
South African Min. Jour., July 15,1916.) Alluvial deposits of diamonds have 
been found about 16 miles northeast of Pretoria, Transvaal, only a few 
miles from the Premier mine. 
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PRECIOUS STONES 


By GeorceE F. Kunz 


The precious-stone imports for the calendar year 1916 total $51,117,- 
767, the largest annual importation ever recorded. It should always 
be borne in mind that the import valuations are much below the actual 
final cost to the importers, as they take no account of duty, freight, insur- 
ance, etc. For such charges it is estimated that 26 per cent. must be 
added to the invoice price; this would give $64,408,386 for the 1916 im- 
ports. Dealer’s profits and incidental expenses would probably double 
the cost of the stones as purchased by the public, so that the final, or sell- 
ing price of the precious stones, including settings, now so often of 
platinum, brought here in this one year would be about $130,000,000. 

The invincible tendency of the precious-stone market to react against 
all unfavorable circumstances is shown by a comparison of two 5-year 
periods, that from 1908 to 1912, and that from 1912 to 1916 (1912 being 
included in both). The first of these periods gave the highest figures for 
any quinquennial period up to that time, $184,303,374, and yet despite 
the serious setback of 1914, when imports declined to less than $20,000,- 
000, the 5 years 1912-1916 represent another advance to a new record 
figure, namely $186,517,412. In the 25 years from 1893 to 1916, inclu- 
sive, precious stones worth $663,163,477 were imported. This figure 
with 26 per cent. added would give a final cost to the dealers of $835,000,- 
000, making a selling value of $1,670,000,000, if computed in the same 
way as the figures for 1916. 


IMPORTS OF DIAMOND AND OTHER saisicie STONES INTO THE UNITED STATES 


| 1913. | 1914. | 1915. | 1916. 

Diamonds, uncut, free.......sccserescsesseses $11,616,286] Dep waNe a | oxen etsy $368,211 
Diamonds, uncut, dut................04: ne 956,576) $2,976,227, $7,047,045] 11,264,704 
Diamonds, cut but not set, dut................ 24,886,133) 12,022,146) 13,140,548) 24,276,882 
ROE CAINE oo wins n.5:00 a-avns ein cast dass orec ara Te wT ATaCh, © Sele Ei eerMn eee | Oh dic ewe eae 26,752 62,901 
Pearls and parts of, not strung or set, dut....... 5,004,489 2,142,221 4,309,837) 11,972,018 

ther precious stones, uncut, free.............. 47,716)... cee cw slecececevacclececesecccs 
Other precious stones, uncut, dut.............. 9,459 32,596 76,371 194,804 
Other precious snd semi-precious stones, cut, 

GE WOE POR, DUE: wns ne nmanaeesessauen hanaee® 2,740,804 1,630,715} 1,021,221) 2,143,543 
Imitation precious stones, dut................. 1,209,145 961,082 898,656 834,7 


A alban sg DUTIES RR: $46,560,608| $19,764,987| $26,521,330| $51,117,767 
The increase in the precious-stone importations for 1916, bringing the 


total up to the highest figure ever recorded for a single calendar year, was 
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due to the exceptionally great value of the pearls brought here. This 
reached about $12,000,000, while in former years the five-million mark 
was only twice exceeded, in 1912 and 1913. Since 1900 it is estimated 
that pearls to the value of over $40,000,000 have been imported. 

As a demonstration of the essential stability of the precious-stone 
market in the United States despite the greatest fluctuations, the follow- 
ing figures covering the calendar years of the two quinquennial periods 
1907-1911 and 1912-1916 are too significant to require comment: 


Importe of ies stones and pearls, 1907-1911. 


GOT Sa ccmataewescas sallnreie alah ater bak Ser E Nore ae $31,866,599 
DB 8s is SC See Dhcraie is CURE Ne Shoe 13,700,404 
UN aac cen ater ay cn aanasin inte Selah ee pips airs seg ace 43,570,556 
|) Ch Seta Sree ya ie grea an UR at Me Ink A Ee a aR Bo 42,315,830 
BIE i pesca parpicaicie iatgsdh eta taraieteca le licataceiei maces fuvereseral keine % 42,163,864 

OCG vs 04 ciociow arce cies in CMAN ANE $173,617,253 
Imports of precious stones and pearls, 1912-1916. 
NTR 65 6 asain Sek AR Tbe hat oe cate west $42,552,720 
WOISi Sas oareokesess ES eater see lsee Ns 46,560,608 
Bos cpedn mesrsnosaniernasenciaitog as ca ves mconahdvaceeaNéelaastatwncn wine 19,764,987 
Os AA ae ea EON ER ONE te 26,521,330 
NN GG are as era sipenatadni ener arrester ”aveqesaumbadartesereprwacar vis “avavers 51,117,767 


$186,517,412 


The former of these periods includes the financial crisis of 1907-1908, 
and the latter shows the temporary effect of the first years of the great 
war. 

The total imports of precious stones, pearls and imitation stones into © 
the United States from 1867 to 1916, inclusive, were as follows: 


Diamonds and other precious stones............ $736,703,696 
7 | RES EE NO ay; SEE nenene ayy ore isp ay eye 50,541,170 
FMita sor: MOREE ais hooey cc ceo isos 5,796,314 
ORB iaiaic iki secede ee UES OSG aeib is oka wie $793,041,180 


In many of the earlier years no distinction was made between dia- 
monds and other precious stones, but it is safe to estimate the value of 
the diamonds at from $680,000,000 to $700,000,000. Ina very few years 
pearls were not separately entered, but this would not greatly change the 
total for these gems. The figures for imitation and artificial stones cover 
only the period 1911-1916, before which time not many were imported 
and they were not separately listed. 


D1aMonD TRADE CoNDITIONS 


Since the early part of 1917, the diamond trade has been almost 
brought to a standstill by the activity of the German submarines and the 
consequent rise in insurance rates. On shipments from South Africa to 
London the rate on Mar. 9, 1917, was 5 per cent., and from London to the 
United States another 5 per cent. was charged, this rate having since risen 


to 8 per cent. These high rates would in themselves be discouraging 
39 
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enough, but could be offset by raising the price of the diamonds. When, 
however, a valuable shipment is lost, the insurance collected scarcely 
covers the cost of the stones and the premium paid becomes a dead loss 
to the importer, as he no longer has any chance to recoup himself from 
his profits. Still the active financial market that is promised will re- 
dound to the advantage of some, and should benefit trade in general and 
consequently the business interests of precious-stone dealers and jewelers. 
An indication of the confidence felt in the future by the London market is 
the fact that the Diamond Syndicate has recently purchased the South- 
west Africa diamonds from the South African Union Government, thus 
centralizing the holdings of diamonds. This step should certainly pre- 
clude any decline in prices. 

At the beginning of this year another increase of about 5 per cent. in 
the price of rough diamonds was made by the Diamond Syndicate. In 
Amsterdam rough material has been so scarce that the manufacturers 
have had but little to dispose of, since they wished to keep what they had 
for use in their own cutting establishments to furnish work for the cutters. 

The British royal proclamation of Nov. 23, 1916, puts “diamonds 
suitable for industrial purposes” on the list of absolute contraband. 
“Emery, corundum, carborundum, and all other abrasivé materials, 
whether natural or artificial,’’ are placed in the same category.'. The 
extensive use of the diamond drill in engineering operations, as well as 
the use of carborundum and of corundum for such purposes, explains the 
special restriction placed upon these materials. 

The stability of the gem market in London was tested at the beginning 
of this year by the forced sale of a London firm, by order of the Board of 
Trade, under the provisions of the Trading with the Enemy Act. The 
pearls brought high prices, as might be expected from the present scant 
supply. A single necklace of exceptionally well-matched pearls sold for 
£25,600 (about $125,000 at normal exchange). The first 3 days of the 
sale realized £100,000. Last December the African Union invited 
tenders for 31,000 carats of diamonds, so that the former German source 
of supply is about to be utilized again, at least to a limited extent. 

In the early part of last year an import duty of 7) per cent. was im- 
posed by the Indian Government upon unset precious stones and pearls 
imported into that country. Pearls were, however, exempted from the 
provision on Mar. 26, 1916, and on Sept. 2 an exemption was also accorded 
to importers of uncut precious stones. As to the cut stones, no change 
was believed to be desirable, since in case of reéxportation, arrangements 
had already been made for the payment of a drawback by the principal 
Custom Houses. These exemptions had been strongly urged by a Com- 


1 Min. Jour., Nov. 25, 1916. 
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mittee of the Bengal Chamber of aon ie because of the fact that, in 
their opinion, so heavy an impost as 714 per cent. would work serious 
injury to the Indian jewelry trade.' 

In order to relieve in some measure the pressure brought to bear upon 
the jewelry trade in France, the Minister of Commerce issued on Oct. 12, 
1916, a notice permitting, with special authorization, the importation of 
diamonds and precious stones, if cut for jewelry manufacture, up to the 
value of the exports of similar goods. These exports need not, however, 
have been made by the individual or firm receiving the imports, the evi- 
dent object being to avoid any financial drain upon the country, while 
favoring the success of the special industry, as the money sent out to pay 
for the imports would be offset by that received for the exports. 

Precious stones to be utilized directly for jewelry can only enter Italy 
by special permission of the Minister of Finance, but those in uncut state- 
which are to be worked up in Italy for use in watch-making may now be 
passed through the Italian Customs, although before the latter part of 
1916 even these were not admitted. 

The difficulties experienced by the Germans in disposing of some of 
the jewel-heirlooms that the exigencies of the war have made it necessary 
to sell, received a curious illustration recently, when two men were tried 
and sentenced for endeavoring to smuggle some diamond jewelry into 
the port of New York. In the ordinary course of things the smuggled 
jewelry would have been confiscated by our Government, but as it was 
proven that the men were only acting as special messengers, there being 
no other way of sending German jewels to this country, the Custom 
House officers accepted the explanation that the failure to declare the 
goods on arrival was due either to negligence, or perhaps to a design of 
selling the gems for the smugglers’ own benefit. In any case, this serves 
to show how effective have been the measures taken by the rulers of the 
sea. 


Tue DiamMonp INDusTRY IN HOLLAND AND BELGIUM 


There have been no regular imports of diamonds from Belgium to 
Holland for a year or more, although a few may have been smuggled 
across the frontier. In the early part of the war some diamonds must 
have been brought in from Belgium, as they were to be had at that time 
in Amsterdam. Of the Belgian diamond-cutters it is estimated that 
about 800 have come to the Netherlands, but among these are many 
born in the latter country, who returned to their native land because 
they could not find work to do in Belgium.? 


' The Watchmaker, Jeweler, Silversmith and Optician, Nov. 10, 1916 
? Communicated by Consul Frank W. Mahin of pee tt ay ‘in letter dated May 8, 1917. 
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As a result of the German occupation of Antwerp, and the consequent 
departure from that former diamond center of most of the Belgian dia- 
mond-cutters, this industry has received a powerful impetus in England. 
While quite a number of diamond factories have been started in London 
with Belgian workers, Birmingham, probably the leader in the British 
jewelry trade, has also come into prominence in the diamond-cutting art. 
An establishment started there has proved a great success, and toward 
the end of 1916 there were 80 skilled Belgian operators employed, while 
a number of British boys were being passed through an apprenticeship. 
It is said that many of the latter have shown marked aptitude for the 
work. Although it is expected that most of the Belgian diamond-cutters 
now in England will return to their native land at the establishment of 
peace, the industry will have secured too firm a footing on British soil 
.to be removed.’ 

The attempt to start a diamond market at Scheveningen, Holland, 
by Belgian diamond merchants, though promising at the outset, was 
doomed to failure, as it induced the Union of Dutch diamond dealers in 
Amsterdam to discourage the new competition. Within a year’s time 
the Amsterdam dealers had secured control of the new market, so that 
now the Belgians who desire to sell their diamonds in the United States 
must do this by way of Amsterdam. During its short-lived existence, 
diamonds to the value of $1,837,204 were exported to the United States 
from Scheveningen, as follows: 1914, rough, $16,349; cut, $237,088; 
1915, rough, $25,568; cut, $1,558,199. 

To what a great extent Amsterdam has profited by the suppression, 
or at least the great curtailment of the diamond industry of Antwerp, its 
successful rival of late years, is shown by the value of the diamond ex- 
ports invoiced at the American consulate in Amsterdam during the first 
3 months of 1916. The amount exceeded that for any preceding first 


quarter of a year, as appears from the following comparisons for 1911 to 
1916:? 


LOR ore OS Rag See clas See Rs Sees ie ties $2,620,074 
DS RE ee Oe eK TO Te re 2,046 

MO Bie sii nc 55.5 o0 cle Fre iaip rer Wid es) aid ye se Wren sisslelele wes 3,579,081 
ADS eeranerres ar anetae inte oOo Ws alanis Smale haere 1,935,620 
DM NO sess cacapeignes echns (arin actin sicStaxaagenrs, Saasespckceraispayasaietalniess 1,202,003 
BORG Sok ain iorticin wcecninid/scaleleulatinwis cals aaaniew eis inate 5,154,990 


In 1916 cut diamonds valued at $20,959,051 and rough stones worth 
$185,384, in all a value of $21,144,435, were exported from Amsterdam 
to the United States, as declared upon the invoices produced at the United 
States Consulate. In addition to this, a few stones went from the Rotter- 
dam district. Exports of diamonds to all other countries outside of the 


1 Consul Samuel M. Taylor, of Birmingham, Comm. Rept. 
* Consul Frank W. Mahin, of Amsterdam, Comm. Rept., Apr. 29, 1916. 
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United States in 1916 are estimated to have been worth from $2,000,000 
to $3,000,000. The restrictions on the export and import of diamonds 
and the high rate of insurance from Holland to American and other ports 
have operated to curtail the trade in diamonds. 

The number of unemployed workmen in the Amsterdam diamond 
industry at the beginning of 1915 was 8143; in the middle of the year, 
6170; at the end of the year, 3752. As the total number of workers is 
about 9500, some 40 per cent. were still unemployed at the end of 1915, 
in spite of the notable revival of the diamond industry: due to demand 
from the United States.? 

The Amsterdam diamond market in May, 1917, showed improve- 
ment over the conditions ruling during the preceding month, and as 
exports were easier to make there was better employment for the diamond 
workers. Still, the fact that as many as 5000 are unemployed at present 
signifies how far conditions are removed from the normal. The larger 
sizes of diamonds find a strong market, and the advance in price has 
been notable in those weighing from 14 carat down. Light cape stones 
of the finer hues are exceedingly scarce and in some demand. The 
difficulty in obtaining diamonds of a required quality is a handicap to 
jewelers, as well as the increasing prices, so that in London dealers may 
often be seen at the weekly auction sales of well-known firms. There 
is an equal scarcity of fine gems in the pearl trade. In the Paris market 
prices have risen steadily owing to the curtailment of the export of pearls 
from India. An increased demand in London for rose-cut diamonds is 
expected to result from the introduction of jeweled brooches and badges 
with regimental colors, the manufacture of which has constituted a good 
share of the business recently done by West End manufacturers. 

An intelligent adaptation of the needs of an industry to the stern 
requirements of war time is reported from Amsterdam, where the 
shortage of coal had forced the Dutch Government to prescribe a reduc- 
tion of 25 per cent. of the normal consumption at factories. To avoid 
the injury to the diamond-cutting industry that might result from this, a 
committee of the trade has made arrangements to concentrate all the 
diamond factories into a single organization, and shut down 80 of the 
smaller factories, while carrying out the work in 22 of the larger ones. 
Due compensation for eventual losses is to be accorded to the proprietors 
of the establishments that have been closed. 


GOVERNMENT REGULATIONS 


The forms of the diamond guarantees required by the British Govern- 
ment before according the privilege of importing diamonds into the 


1 Communicated by Consul Frank W. Mahin, of Amsterdam, in letter dated May 8, 1917. 
t Suppl. Comm. Rept., July 20, 1916. 
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United States have recently been modified to some extent. Especially 
is this the case with the guarantee given by the importer of industrial 
diamonds as will appear by comparing the following briefer form with 
that published in the last report: 


DIAMOND GUARANTEE 


HIS BRITANNIC MAJESTY’S CONSUL GENERAL, 
: NEW YORK. 


Bhigneridiicsscosnerseee In consideration of your consenting to the delivery to us of the 
industrial diamonds specified in the margin, we 


BOBRBE nes Siena va denieasnnees hereby give you the following undertaking which shall remain in 
force so long as Great Britain continues at war with any European 

ROR ice eistincxamarenemease Power: 

| fs OER area retiree re arenes That the diamonds if released will only be sold or dis of 


by us for industrial purposes in the United States, and will not be 
exported, or sold for export, directly or indirectly, to any country 
WISE os siicacia sews WewaewNs at war with Great Britain. 


PRVCOB. ciccewesiniexs ane dewiere We further undertake not to dispose or sell the diamonds now 
released or any other industrial diamonds which may now or here- 
after be in our possession to any person in the United States other 
than legitimate American users of such diamonds, whose guarantee 
to your satisfaction against the re-exportation or re-sale of the same 
we will produce to you within seven days from the date of sale. 


We further agree that all industrial diamonds that are sold to 
persons outside the City of New York shall be handed in unsealed 
packages to Mr. R. C. Munro of 452 5th Avenue, New York City, 
who will be at his office for one hour each week day to receive the 
same. The packages must be sealed in Mr. Munro's office and sent 
to their destination by registered mail, Mr. Munro undertaking to 
deliver to us the official post office receipts. 

_ We further undertake to produce on demand, for the confiden- 
tial inspection of the British Consul General, the firm's sales rec- 
ords or other documents showing the disposal of the diamonds 
above referred to. 

We further undertake in the event of our importing any dia- 
monds from Holland, or other countries than Great Britain, that we 


will have the same consigned to the British Consul General at 
New York to be released under similar conditions. 


Here, as will be noted, the importer binds himself not to sell the 
_ diamonds delivered “‘to any person, co-partnership or corporation in the 
United States or elsewhere,” and also engages not to make any transfer 
of diamonds “now or hereafter” in ‘his possession to any country with 
which Great Britain is at war “or to any person or firm with whom 
British subjects are prohibited from trading.” 

Many gem dealers favor the enactment of a Federal law to control 
the trade in artificial precious stones and imitations, the legislation 

1 Minerat Inpvustry, 24, 594-595. ° 
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to be on the lines of the pure-food laws, and to provide for an expert 
examination of the stones when treated as interstate commerce. As 
things are now, a purchaser is exclusively dependent upon the word of 
the firm he trades with, there being no effective legal remedy for misrepre- 
sentations in regard to the genuineness of the precious stones that are 
sold. In France, where the most successful imitations, or ‘‘reconstruc- 
tions,’”” have been made by means of synthetic processes, the laws 
are very stringent in this matter, and the jeweler or gem dealer who fails 
to properly designate the true character of the gems he sells is liable 
to be forced to pay a heavy penalty for his negligence, intentional or 
unintentional. 

The Treasury Department has ruled that unset diamonds and other 
precious stones sent to this country “to have blurs polished therefrom, or 
to have defects removed by recutting or repolishing or similar work in 
the nature of repairs which does not destroy their identity,” can be ac- 
corded free entry under bond. As, however, the certain identification of 
such stones offers considerable difficulty, the port collectors are required 
to satisfy themselves as far as may be of the bona fides of each importa- 
tion. Full details as to weight, size and color, and as to any characteristic 
peculiarities must be furnished when the stones are received, and before 
allowing them to pass out again the appraiser must examine them as to 
their identity. The exportation must be made from the same port at 
which the stones entered. 

A notice was received from the office of the Second Assistant Post- 
master General, Oct. 3, 1916, to the effect that sealed or unsealed, regis- 
tered or unregistered, packages of precious stones would be received in 
the regular mails from foreign countries. The acceptance of such matter 
for mailing, was, however, subject to determination by the country in 
which it was offered, but when received in the United States, in the regular 
mails, the packages were to be subject “to all customs regulations,” in the 
same manner as though imported by parcel post, freight or express. The 
packages must be plainly marked abroad with the words ‘ Dutiable”’ 
and “Subject to examination by United States Customs Officers,’”’ and 
they may also be marked “ Precious Stones.’”’ Each package must con- 
tain an invoice giving an accurate statement of the value of its contents.! 


Precious Stones oF MADAGASCAR 


In Madagascar only 224 lb. of precious and semi-precious stones were 
produced in 1915, against 2834 lb. in 1914. The data for 1915 show in 
that year 95 lb. of garnet and other stones for industrial purposes and 129 

1 Communicated in letter dated Oct. 18, 1916, from F. M. Halsten, Chief, Division of Customs. 
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Ib. of gem-stones, beryls, tourmalines, spessartite (garnets), opals, to- 
pazes, amethysts, etc. There has been considerable demand in the 
United States during recent years for the gems of this great island, several 
kilograms of beryls having been brought thence to our country in 1915.' 


DiAMONDS 


South Africa.—The total value of all the diamonds found in the terri- 
tory of the Union of South Africa, from the earliest date of existing rec- 
ords down to Dec. 31, 1915, is stated in an official report as follows :* 


Value. 
Province. 
Pounds Sterling. Dollars. 
TROT VRRE SOC ie eS OCT £18,392,609 $89,385,164 
PERI sei tsheara recite aia tate terse Sora Sata NE INS EC PASS ES atone 138,024,967 670,801,340 
Orange Free State. ick ca acaveousas Lethe as 13,325,702 64,762,912 


£169,742,678 $824 ,949,416 


In 1916 the total production of diamonds in the Union of South 
Africa was as follows in the different diamond-producing States: 


Carats. Value. 
"TYANSV OR 55. Se SEs sie A No Rh ces EA RR 615,209 £933,643 
CABS COGIG: occ case: eszreseswisinrnce: ss ereursesie yoneace meng wnierereven 1,510,756 4,057,928 
Orarige Free: States oie Si sac ew cekicaes eealetacsiek 220,365 736,820 
2,346,330 £5,728,391 
TOtKE 108 AOU Ros oe Korcideenss essere maaan 5,071,882 £10,061,489 
ROLES TOR LEB bic eidoa s'9'o HAH HOE NO eee nie meagre areas 5,163,547 £11,389,807 


This shows a return in some slight measure to normal conditions, 
the prices being relatively higher than before the war. Figured at £1 
= $4.865, the value for 1916 would be $27,868,623, or $11.88 per carat. 
For 1912 the value would be $48,949,144, or $9.65 per carat, and for 
1913 we would have $55,411,411 as the value of the total product, making 
a price of $10.73 per carat, more than a dollar less than in 1916. 

The export tax on diamonds passed by the Parliament of the Union 
of South Africa is graduated in accordance with the average percentage 
of profit realized by each exporting company during the 3 years preceding 
Aug. 4, 1914. Should the percentage of profit not exceed 35 per cent. no 
export tax is imposed, but when it is greater an export duty of }4 per cent. 
is levied for every 34 per cent. of profit until the profit reaches 4214 per 
cent., when the maximum duty, 5 per cent., is imposed. At the last — 
annual meeting of the shareholders of the Jagersfontein Co., Chairman 

1 Consul James G. Carter of Tamatvae, Suppl. Comm. Rept., Dec. 15, 1916. 


2? Union of South Africa, Department of Mines and Industries. Annual Report of the Government 
Mining Engineer, Pretoria, 1916. 
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Harris announced that no duty could be charged against this company, 
as the average profits during the 3 years mentioned were only 32.94 per 
cent. 

The refusal of the British Government to allow the mining companies 
to secure dynamite under what is known as “‘ Report A,’’ which allows 
as much as may be required, has contributed to check operations to a con- 
siderable extent, so that the mines toward the end of 1916 were only pro- 
ducing about 27 per cent. of the average output. Of course, the inten- 
tional limitation of the mining on the part of some of the companies is 
another important cause of lessened production. 

The pooling of all the South African diamonds recently arranged by 
S. B. Joel, and the arrangement by which the product of the Premier 
mine is in future to be sold by the London Diamond Syndicate, give a 
firm basis to the policy of codperation that was initiated some time since 
between the two great diamond companies of South Africa. 

The alluvial diggings of the southwestern Transvaal produced more 
diamonds in 1916 than in 1915, the value of the stones showing a larger 
increase than the number of carats found, as appears from the following 
table giving the returns for 1911-1916, as well as the value per carat in 
each year, in United States currency at $4.865 = £1. 


Year Carats Value. Value per Carat. 

OP Msc caccasecktb taicasntinneionie nod iooesaciberices 861 $967,327 $25.55 

Say iavc adic tecarete evwie. loneibanit 79,079 1,881,140 23.79 

Cb en ee ee 81,943 2,055,927 

MOIS Chics Vewbueys oe sean 35,644 686, 19.26 
NOS s26 5s ecw walnes oes 29,920 573,180 19.22 

BOIG oa v84k oe eee ers k a aes 43,170% 1,151,720 26. 

OUI -osesecaze: tcorere pieeuharapacnreach oe 307 ,61734 $7,315,969 $23.80 


The low average prices for 1914 and 1915 reflect the temporary de- 
pression of values to which most of the diggers were forced to submit, 
as they could not well afford to hold their diamonds until a recovery of 
the market. 

Work in the alluvial deposits of the South African Union has been 
very active in the past year, five or six mines in the Orange Free State 
having produced a total value of £723,453 in diamonds, or $3,519,600, 
the average per carat being $16.05. The Vaal River diggings furnished 
167,620 carats with a worth of £948,571, or $4,592,788; this amount has 
been exceeded in only two of the previous years, and gives a carat value 
of £5 13s. 2d. or $27.53, while at the prices ruling in 1914 or 1915 the 
carat was worth only about £4 or $19.46. Another productive district 
in this field was Barkeley West, where 82,968 carats of diamonds were 
produced, the value being- £554,896 ($2,699,569), the single carat being 
therefore worth £6 13s. 9d. or $32.54. Lastly from the new fields of 
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Klerksdorf came a quarter of a million carats valued at £5 6s. a carat 
or $25.78.! 

One of the late developments in South African diamond mining has 
been the opening up of fields in the Theumissen district by the Compound 
Mining Syndicate, Ltd. As a result of prospecting operations here a 
parcel of diamonds weighing 250 carats has been shown. A new com- 
pany, named New Compound Diamonds, Ltd., is to be formed to acquire 
the assets of the company named above, and carry onits work.? Another 
new exploitation is that of the Aliwal Diamond Prospecting Syndicate, 
Ltd., which owns rights on two farms situated south of the Orange River. 
The prospects here are said to be very promising. The company is 
registered as a limited liability corporation with a capitalization of £5000, 
and active operations are likely to be soon begun. 

A new diamond corporation, the Monteleo Diamonds, Ltd., has 
recently been registered in South Africa, in the Orange Free State, with 
& nominal capital of £45,000. The-issued capital is £22,078 and the 
working capital £6328, leaving a reserve capital of £22,922. The com- 
pany’s property consists of an option to buy 200 morgan (about 422 
acres) of the freehold farm Erfbloem No. 712, District Winburg, Orange 
Free State. The sum of £15,000 in cash for the right and option to 
purchase, was to be provided by the issue of 15,000 shares, 750 shares 
serving as part consideration for an extension of the option for one year. 

Although as yet only 12 claims of the Monteleo diamond property 
have been stripped of overburden, the chairman of the company believes 
that the diamantiferous area equals at least 40 claims. A test washing 
of 2000 loads yielded the high average of 20 carats to the load, the stones 
bringing over 70s. per carat. The installation of adequate machinery 
for speedily stripping the mine will soon be accomplished. The discovery 
of a single gem of unusual brilliance and purity has been announced, 
without, however, any information regarding its exact weight.‘ 

In the Twenty-eighth Report of the De Beers Consolidated Mines 
Ltd., for the year ending June 30, 1916, clear evidence is given of the 
bettering conditions that now obtain in this great South African diamond 
field. While in the year ending June 30, 1915, the receipts from diamonds 
sold, less the decrease in stocks taken at cost’ of production, amounted 
to but £574,398, the figures for 1916 are £2,142,092, nearly four times 
as much. Since the decrease for the year in diamonds unsold, at cost, 
amounts to £502,255, the amount actually received from the diamond 
sales was £2,644,347. Adding to this ‘‘interest and dividends on invest- 


igs Min. ig. June 9, 1917. 
Afr. bk Jour., July 8, 1916. 

vo Oct. 28, 1916. 

4 So. Afr. ie "Jour., Jan. 27, 1917. 
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ments,’’ £130,078, “‘net revenues from rents,’’ £2941, “‘revenue from 
other sources,’’ £22,671, and the previous balance of £289,264, we have 
a total revenue amounting to £3,089,301. Against this must be sef the 
following expenditures: Mining expenditure during period of production, 
£395,850; expenditure on farms, Kimberley-Alexandersfontein tramway 
and charges, including donations, £145,932; interest on company’s 4}4 
per cent. South African Exploration debentures, and on capital of leased 
companies, £169,890; sinking fund for repayment of debentures, £72,893; 
mining profit tax, estimated, £150,000; British income tax, £9136; ex- 
penditure consequent upon the war, £316,660; total, £1,260,461. This 
leaves a balance of £1,828,840. Preference shareholders received out of 
the balance the dividend of 10s. per share due for the half year ending 
Dec. 31, 1914, and a dividend of 20s. per share for 1915, representing 
£400,000 and £800,000, together £1,200,000; the balance, £628,840, was 
carried to the next year. 

The first dividend declared on the deferred (common) shares of the 
De Beers Consolidated Mines, since the beginning of the war, has been 
announced for the year ending June 30, 1917. It will be 40 per cent., 
a dividend as large as has ever been declared at one time. The di- 
rectors have also voted the sum of $125,000 for the British Red Cross 
funds and the same sum for those of the French Red Cross. That the 
company is now able to disburse so large a dividend, amounting to 
$5,000,000, forcibly illustrates the recovery of the diamond industry, 
mainly due to buying for the United States. 

The following figures give the stocks of blue ground and lumps on 
the floors of the respective mines, on June 30, 1916: 


Loads. 
ue Be ater a at ano iecpne eta ih te eco bie wei ow chines a-altei aca dis na wae api eAEn Lest odode opgicoet 48,396 
eta ech ab ORAS ae Ew OES ae PCAN SUE SION Dia Rm alee 2,607,097 
pes mre S srije: Boateriha late e te ok area eta wrd Cetikoe rh Maat aaotsob are aias ania A ariaay aw 2, ‘eae eit 
ECON siya oars Sack rae Sere picts hid a eV aly eaiaa oiler gpa tiene eee s 272 
TOCA Ss SSSR OSCR eC Sa ie ale Bin aaa we eee 9,628,976 


To the prospective yield of this diamond-bearing material must be 
added the stock of unsold diamonds on hand, worth at cost of production, 
£648,734, and marketable at a much higher figure. 

The gradual resumption of operations at the De Beers mines is re- 
‘flected in the following figures for the years 1913-1914, 1914-1915, and 
1915-1916. In 1914-1915 work was done only from July 1 to Aug. 8, 
1914: 


620 MINERAL INDUSTRY 


DE BEERS AND'KIMBERLEY MINES 


Loads of Blue Loads of Blue. [Carats of Diamonds Selling Value 
> Ground Hoisted. Ground Washed. | Found. per Carat. 
1913-1914 None 75,815 | 27,3464 80s. 10.21d. 
1914-1915 None None | None None 
1915-1916 None None None None 
WESSELTON MINE 
1913-1914 2,373,522 2,083,352 | 593,305 45s. 7.62d. 
1914-1915 217,483 219,276 | 56,3594 37s. 7.13d. 
1915-1916 43,586 885,334 | 227,914 44s. 2.31d. 
BULTFONTEIN MINE 
1913-1914 2,279,838 2,069,552 | 785,51034 40s. 10.47d. 
1914-1915 256.950 214,522 76,084 33s. 6.86d, 
1915-1916 60,997 864,052 | 342,676 39s. 11.09d. 
DUTOITSPAN MINE 
1913-1914 2,513,469 2,412,679 497,459 84s. 0.9d. 
1914-1915 264,039 260,024 ! 55,60934 688. 6,.25d 
1915-1916 None 108,597 | 20,740% 91s. 0.26d. 
| 
GRAND TOTALS FOR ALL MINES 
1913-1914 7,166,829 6,641,398 1,903,621 
1914-1915 738,472 693,822 53 


1915-1916 104,583 1,857,983 591.331 


It will be noted that while but little additional blue ground was 
hoisted, nearly three times as much was washed in the year 1915-1916 
as in the short working period of the previous year. Thus the diamonds 
recovered came almost entirely from ground already on the floors. 
This is shown in the number of loads, excluding lumps, on the floor at the 
close of the 3 years. The number of carats found in the loads washed, 
and the value per load, are also given, the latter figures depending of 
course not only upon the quantity of diamonds recovered, but also upon 
their value in each year: 
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Carats per 100 Loads of Blue Ground on the 
herd | Value per Load. Floor at Close of Year. 


1913-1914 | 36 293. 1.28d. 48,396 


1914-1915 OT eee [oe ee ee ere 48,396 


WSIS-191G HSH een ies aoa awa oelejaaniSs t 48,396 


1913-1914 | 28 12s. 9.33d. 3,450,638 
1914-1915 26 98. 9.29d. 3,448,845 


1915-1916 | 26 lls. 5.8d. 2,607,097 


BULTFONTEIN MINE 


1913-1914 38 15s. 6.38d. 3,095,893 
1914-1915 35 lls. 9d. 3,138,321 
1915-1916 40 lds. 11.6d. 2,335,266 


DUTOITSPAN MINE 


1913-1914 21 17s. 7.87d. 4,358,185 


1914-1915 20 138. 8.45d. 4,341,900 
1915-1916 19 17s. 3.48d. 4,233,303 


These figures show the quick recovery of the diamond market from 
the temporary depression in the first months of the war. 
The depths of the various shafts remain unchanged, as follows: 


De Becrs: Feet. 
WOME MORRIE cag 5 ce esp ta sence siesta Peart Meee har ou skasicietastivice sEehiats 2, 
BN MeO AS MRE onccroasa Sua Gane Sree earn in ea Pinta Aaa enters ra aeons 1,728 
Kimberley: 
WAM ER TOOK MEMES Oss 5 5 Ficieae ae ie Rew ae dine Ue Oieap eulbmodiac 3,601 
WESMIMA GATE S35 85-0 sk eRe Se Vie oe de Nee 1,009 
Wesselton: 
Wo) sanin-Woek Bel Giri ee stress Bs Se Saar STR 1,119 
No. 2 main rock shaft..........0.0.0..0. 0.020 c ccc cee eee eeee alee ,667 
Bultfontein: 
TW ch tARURIEE PO BEBE Big acm ctorntedene'z cep wriarsomin nts acti ane paseo isa 708 
Wo 2 bi DOCK BOREE bor h es Oh be Ce URL alee 1,715 
Dutoitepan: 


IV ANAS CORK BORIC oc a. hin boa eee ee mhemae de teeeeaies 1,424 
NOi:2 main Fock ahiale...6 5 ooo ee eae eo oe ea we eae 768 


The only development work for the year 1915-1916 was at the Dutoit- 
span mine, where 931 ft. of tunnels were driven in the rock, and 44 ft. 
of passes sunk in the rock. The number of natives employed on July 1, 
1915, was 1249, and on June 30, 1916, 6656, an increase of 5407 for the 
year. The white employees numbered 726 men and 42 lads, July 1, 1915, 
and on June 30, 1916, 1306 men and 97 lads, an increase of 580 men and 
55 lads. This excludes the 526 white employees who were on active 
military service. From July 1, 1916, all employees have been in receipt 
of full pay. 
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The blue ground in sight at the different mines of the De Beers 
Consolidated Co. on June 30, 1916, was as follows: 


Mine. No. of Loads 
De: Bears; above: 2.04046: tevelne a6. Gis Be ree eR 2,750,000 
Kimberley, above 3,520-ft. level............. 0c cece eee cee ee eee 2,000, 
Wesselton, above 980-ft. level... . 2.0.0.0. 02 cece cee eee 15,738,000 
Bultfontein, Biave 1 OOD-Fe: TOC 56 scccraw aie eiesiniai bee eeore we 10,182,000 
Dutoitspan, above AT RR Ee ee RES ERE 13,245,000 
PU MOMMA sha gcap satan on 5 ivds sees. cu account atom wide aise asaiian ica 43,915,000 


Additional, estimated, quantities of blue ground were: 


Mine. No. of Loads. 
Wenselton between 980-ft. and 1,550-ft. levels................... 22,000,000 
Bultfontein between 1,000-ft. and 1 ,600-ft. levels..........-..... 22,000,000 
Dutoitspan between 750-ft. and 1 300-1. ee ae 25,000,000 

TOCA orc sawente ae ccemewae ene Cau enewowaameRes we paaw/Ae 69,000,000 


This makes a grand total of 112,915,000 loads in sight and estimated, 
the diamond content being, on the basis of the latest results, about 
32,000,000 carats, worth in the neighborhood of $400,000,000. 

The New Jagersfontein Co. sold, in the 3 years immediately preceding 
the war, diamonds to the value of £3,538,076, making a yearly average 
of £1,179,359. On the other hand, the total sales for nearly 2 years, 
up to July, 1916, totaled only £179,900, or less than £90,000 per annum, 
no diamonds having been sold from the war’s outbreak until the end of 
May, 1915. However, this restriction of sales has served eventually to 
sustain prices, while the river diggers, being obliged to realize on their 
product, had to be satisfied with prices often 50 per cent. lower than 
in 1913 on their forced sales. The Jagersfontein Co. received substan- 
tial support in tiding over the difficult period from the National Bank, 
as well as from Barnato Bros., and the directors were thus enabled to 
care for their employees during the suspension of work. The recovery, 
or rather the increase in diamond values over those prevailing just before 
the war, will soon relieve the situation entirely. From the blue ground 
already on the Jagersfontein floors, a yield of diamonds worth £1,100,000 
is expected, giving probably £500,000 profits for the company’s surplus, 
and making it possible to indemnify the stockholders for the more than 
2 years’ suspension of dividends.! The company resumed dividend 
paying toward the end of 1916, when a distribution of 3s. per share, 15 
per cent., was made to shareholders. The last dividend previous to 
this was one of 1214 per cent. in April, 1914, none having been paid in 
the interval. 

At the annual meeting of the shareholders, held on Friday, June 
30, 1916, the chairman, Sir David Harris, called attention to the unfavor- 


1 The New a Peg Mining and Tate Co., Ltd., Twenty-eighth Annual Report for the 
year outed 3let March, 1916, Kimberley, 1916. 
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able result of the forced sale of alluvial diamonds by the diggers as indi- 
cating clearly what would have been the effect if the large diamond pro- 
ducers had insisted upon unloading their stocks upon an unwilling market. 
In his opinion ‘the policy of the three large producers to stop produc- 
tion, and the action of the Diamond Syndicate in not offering any of its 
large stock, saved the situation, with the result that prices for the better 
qualities are as high to-day as in 1913, when they reached high-water 
mark.” He recognized that the production of the Jagersfontein Co., 
as well as that of the other large concerns, would be strictly limited to the 
lessened demand. The erection of a new direct-treatment plant was 
projected, together with a power station, the cost being approximately 
£300,000. When this plant shall have been installed, it is expected that 
a saving of at least 6d. will be realized on the working cost of each load 
of 16 cu. ft. of diamantiferous soil, a saving that will serve to offset the 
added expense entailed by the increased depth of the working levels. 

The number of loads of blue ground deposited on the floors of the 
Jagersfontein mine in the years 1909-1916 (each year ending Mar. 31), 
the number of loads washed, the number of carats of diamonds produced, 
the average yield per load and the total value of the diamonds, were as 
follows: 


Loads of Blue | Loads Washed | No. of Carats of | Average Yield 

Year. roun Including Diamo per 100 Loads Test Vane of 

Deposited. Lumps. Produ (of Blue). . 
1909 1,526,018 2,270,651 224,204 12.39 £140,346 
1910 2,431,069 3,236,590 338,581 13.08 1,023,187 
1911 2,479,715 3,436,283 333,831 11.47 993,779 
1912 3,479,648 3,798,831 344,635 44 10.62 1,116,432 
1913 4,558,383 4,173,753 363,397 9.99 1,259,983 
1914 3,316,628 4,403,383 330,523 8.90 1,161, 
1915 1,173,927 1,655,337 116,251 8.24 270,175 
WG 0 haveseméieeush cause 325,366 24,587% 8.57 75,101 

{ 


Totals .....:. |” 18,965,388 23,300,194 2,076,012% | £6,310,663 


The diamonds of the recently operated Kameelfontein digging 
averaged 0.83 carat in weight during last June, and had an average worth 
of £3 6s. 9d. per carat. One diamond weighing 37 carats was found, 
its value being £300. A few fine stones of 7 and 9 carats, and one of 1214 
carats have been reported, but in general the diamonds are not of good 
quality, many broken stones and cleavage fragments appearing. Occa- 
sionally heart-shaped twin crystals are found here. The prevailing 
tint is brownish or yellowish; a few pale green stones have also been 
recovered. The peculiar opalescence characteristic of the Premier mine 
diamonds is present in the case of many of those from Kameelfontein. 
This would seem to indicate that the deposits have resulted mainly from 
denudation of the Premier pipe, this source being perhaps supplemented 
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from other primary deposits. It is stated that nothing indicates the 
proximity of a kimberlite occurrence. 

At the great Premier mine, washing operations which had been dis- 
continued from August, 1914, were resumed on a small scale in January, 
1916, and were continued without interruption throughout the year. 
Hauling and washing of mine ground were started late in July, 1916.? 
The larger part of the diamonds recovered came from an old heap of 
tailings and cylinder lumps dumped in the early history of the company; 
this furnished 266,9451¢ carats, while from the mine ground 153,00114 
were secured. These diamonds, except those carried over in the Sus- 
pense Account, and the whole of the stock on hand on Oct. 31, 1915, 
were so carefully and conservatively marketed that better prices were 
obtained than those ruling just before the outbreak of the war. 

The total number of natives admitted to the compound was 9157, a 
large number (5775) having applied for work on their own account, a 
successful result of the company’s efforts to encourage voluntary labor. 
The agents in the various labor districts furnished the balance of the 
workers, to the number of 3382. The close of the financial year found 
6500 natives employed. The death rate among them was low, being but 
13.55 per thousand per annum. 

The average depth of the mine is now 235 ft. The ground still 
available above the 360-ft. level is sufficient to supply niaterial at the 
normal rate of working for 3 years. 

The total number of loads of blue ground taken from the mine during 
the few months of actual mining from July 29 to Oct. 31, came from the 
following levels: 


PPOs CHG: BLOG! BO WOES  ai3 ct brdiaarcaseeeceraet a8 SRR IRIS 149,058 
PB PURNES EPO OD BES SBC ON o.oo. oi6 no ra.ce, gma versesave.woiere-ene-secojaiemaincaiviareecsaipea 222,713 
PEOM: CHO. SLOT: LAC OE css acest esi a eS hare eee Rens be alae Mecaiebie 363,462 
BECO EAE NOON GUN RN 05 rena) oka 2hs0 Fears vn Tatcas arena a Susan, ia econ Vise a ei 119,552 
854,785 

Add to this tailings and cylinder lumps..................-...0005- 717,736 
PRO PMR ONIN gos van oxo pt. oadmiico'iaicedesh eit bab pacsroue s choassbs bits wie CbCesbs baht os dis 1,572,521. 


The average yield per load of the mine ground washed was 0.179 
carat per load, showing that the slow diminution of the yield continues, 
the average for 1914 having been 0.185 carat perload. The better show- 
ing for the whole of the material washed (0.267 carat per load) resulted 
from the greater yield of the old tailings. 

The profits derived from the sale of diamonds, £475,856, served to 
defray mine expenses of £185,827, administrative expenses of £13,572, 
directors’ and auditors’ fees of £5325, as well as to provide £2500 for 

1 So, Afr. Min. Jour., July 15, 1916. , 


? Fourteenth Annual Report of the Premier (Transvaal) Diamond Mining Co., Ltd. Directors’ report 
and statement of accounts for the 12 months ended 31st October, 1916. 
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depreciation on investments, leaving a balance of £268,632. Adding 
to this profit suspense as of Oct. 31, 1915, to the amount of £234,298, and 
deducting diamond stock on hand, Oct. 31, 1916, valued at £160,330, 
there remained £342,600 for transfer to Expenditure and Revenue 
Account No. 2. Deducting here £5289 for general equipment, and 
setting aside 60 per cent. of the balance as the share due to the Govern- 
ment of the Union of South Africa, there was left for the shareholders 
£134,924. From this the two preference dividends of £50,000 each, still 
due from 1915, were paid, as well as £12,110 for British and South African 
income tax, and there remained enough to show a balance of £77,440 as 
against a balance of £54,626 at the close of the previous financial year. 

Full details of the total diamond production of the Premier from the 
outset to Oct. 31, 1916, are given as follows in the 14th Annual Report: 


Year No. of , No. of | Value of Yield Per| Value | Value Cost of Profit 
Ended Loads | Carats Dissnande Load in Per Per Production Per 
Oct. 31. Washed. | Found. | ‘| Carats. | Carat. | Load. | Per Load. | Load. 

1 ' 
£ | d. » d. 8. d. le. d. 

1903 76,931 99,2084 137,435 1.290 (27 8.50'35 6.70 4 7.20 {30 11.50 
1904 939,265 | 749,65344 866,030 | 0.798 23 1.2018 5.30 2 7.62 15 9.68 
1905 1,388,071 845,652 994,687 0.609 23 6.2914 3.98 3 3.44 [12 0.55 
1906 | 2,988,471 899,746 1,277,740 0.301 (28 4.82; 8 6.61! 3 5.71 | 5 0.90 
1907 | 6,538,669 .1,889,98634 1,702,63 0.290 (18 0.20) 5 2.49) 2 4.14 2 10.35 
1908 8,058,844 2,078,825% 1,536,720 | 0.258 (14 9.40: 3 9.75, 1 10.24 1 11.51 
1909 7,517,793 '1,872,136%4 | 1,172,379 0.249 (12 6.29) 3 1.43: 1 11.42 1 2.01 
1910 9,331,882 2,145,83234 1,496,641 0.230 [13 11.39) 3 2.49 2 0.56 1 1.93 
1911 8,325,272 1,774,206 1,433,971 0.213 ‘(16 1.97'3 5.34 2 2.02 b OME, Oe. > 
1912 9,707,098 |1,992,474 2,001,943 0.205 20 1.50 41.57 2 4.79 .1 8.78 
1913 10,434,680 2,107,983 2,336,828 | 0.202 (22 2.05 45.74, 2 6.67 1. OF 
1914 7,683,943 1,417,755 1,259,643 0.185 117 9.231 3 3.34 2 5.89 | 9.45 
1915 Mining operations suspended. | | ' 

1916 | 1,572,521 419,947 | 475,856 | 0. 267 ee 1) 60.63 2 7.62 3 5.01 

| H 

This gives the following totals for the fourteen years: 

Number of lone wealtel <x: ssi:s i: ose ios sowern cinsiem omens wee taeices 74,563,440 
ENTREE Ol MAIO LOUNGE: s0-6 p0lec CONS 6 a FA oc Ok wena Taree 18,293,406 
Value ot GisMondss. es ket la etaiet vet ewe aks oe bien eoelacaus £16,695,504 


It is stated that in line with the general policy to restrict and control 
the diamond market, the washings of the Premier mine are to be confined 
to the capacity of the No. 4 Gear, and also that the customary annual 
increase in the depth of the open-cut workings, which has been 34 ft., 
will be reduced one-half to 17 ft. As a result of this the duration of the 
mine would be double what it would be if the old rate were maintained.' 

The third report of the South African Diamond Corporation, Ltd., 
for the year ending June 30, 1916, was submitted at the general meeting 
held Dec. 19, 1916. There has been no change in the capital of the com- 
pany, which remains at £1,000,000, of which £100,000 has been issued, 
that is, two directors’ shares of £1000, and 98,000 common shares of 
£1 each. Washing had been resumed in March, 1916, and as the results 


1 Eng. Min. Jour., June 9, 1917. 
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were satisfactory and profits equalled those realized before the war, the 
company has begun again the payment of dividends. Digging has been 
carried on to some extent, but has been hampered by the absence of 
many diggers who are serving in the army. The diamond trade has been 
very active during 1916, the demand coming largely from the United 
States, but being also notable in Russia, India, and the Far East. At the 
Blaauwbosch mine, in which this corporation is interested, washing has 
been in progress since March. The rise of about 20 per cent. in diamond 
prices as compared with the period before the war has operated to en- 
hance the value of diamond-mining shares in the market.! 

Australia.—Some diamonds have been found from time to time in the 
course of mining operations in the Beechworth district, Victoria, Austra- 
lia. Quite recently a prospector came across a number of them, while 
sluicing in Blacksand Creek, four miles from Beechworth, and the princi- 
pal of the Beechworth Technical School has pronounced one of them to 
be a first-water diamond of 5 carats. In the district from Wooragee 
down to Eldorado diamonds have also been met with, but as the stones 
were very small, the product was trifling. Some time ago a 5-carat stone 
was found in the Beechworth district, so that two such diamonds may 
now be credited to this locality. It is supposed that the matrix of the 
original deposit is to be sought at some point not far distant from Beech- 
worth. Of other diamond finds in Australia in recent years there may 
be noted the finding of 11 small diamonds in the sluice boxes at the Great 
Southern Alluvial mine, Chiltern, in 1912. Still another diamond-pro- 
ducing locality is the granite country at Kongbool, in the Western dis- 
trict, and also Bunyip and Benalla. In New South Wales there are dia- 
mantiferous deposits at Cudegong, Bingara, Tingha, Mount Oberon, and 
in the Inverall district. The largest diamond of which Australia can 
boast was found on Mount Werong, near Oberon, New South Wales; this 
weighed 2857, carats (29.32 metric carats). The finest stone, however, 
came from the Echunga field, South Australia, and is called “Glover’s 
Diamond’’; it brought £70. A few diamonds have also been furnished 
by the Pilbara district of Western Australia. The official statistics esti- 
mate the diamond yield of 1914 at 1580 carats, with a value of £1440, 
and place the total production of Australia up to the end of 1914, at 
186,124 carats, worth £126,989. Thisgives about $617,800 as Australia’s 
share of the diamond production of the world. 

A few diamonds have been found in the sapphire-bearing gravels of 
the Anakie district, Queensland, Australia. Some years ago a colorless, 
flawless diamond crystal weighing 1)4 carats was found in Policeman 


1 So. Afr. Min. Jour., Dec. 30, 1 
2 The Watchmaker, Jeweler, Misr cadih en Optician, May, 1917, p. 519. 
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Creek, and two straw-colored diamonds weighing about 1 carat each 
are reported to have been found in Retreat Creek, the locality where 
sapphire was first discovered in this region.! 

Brazil——Of the most favored regions for diamond mining in Brazil 
at the present time, Consul General Gottschalk reports as follows:* 


‘In the State of Sao Paulo diamonds have been found in the Rio Verde and Sapu- 
cahy-Mirim. In the State of Parana, the Tibagy, Japao, Pitanguy Rivers, and their. 
affluents have shown some results in diamond working. The interior of the State 
of Bahia seems to have been, with Minas Geraes, the most favored region. It was in 
the Sincora and Chapa Mountains, in the Paraguassu River and its tributaries, in the 
mountain chain called Lavras Diamantinas, at Andarahy, Morro do Chapeu, Salom- 
bro, Cannavieiras, and Itapicuru that diamond fields were found which, since 1844, 
_ have been yielding the precious stones in great quantities. It is said that during the 
decade between 1844 and 1854 the customs at the port of Bahia registered 876,250 
carats of diamonds. 

‘In the district mentioned the famous Brazilian carbonados, or black diamonds, 
have been found. They are also present in the north of the State of Minas Geraes, 
at Grio-Mogol and Terra Branca, but most have come from Bahia. Lengoes in that 
State produced in 1895 the great carbonado which is said to have been sold succes- 
sively for $6000 and $25,000. 

“The diamonds of the State of Goyaz, Brazil, found in the beds of the Claro, 
Piloes, Fortuna, Tres Barras, Desengano, and Caiaposinho Rivers, are stated to be 
distinguished by amber or clear green tints. They are present in but limited quan- 
tity. 

“The native diamond miners in Brazil are said to exhibit an unusual degree of 
trustfulness in sending the rough stones to the coast. To certain business men, with 
whose good repute the sender is, however, probably acquainted, packets of uncut 
stones are intrusted, without the exaction of any receipt. This brings it about that 
many Brazilian diamonds reach the coast without being included in official statistics. 
It is said that before the war, when Germans were the principal diamond traders, they 
frequently employed Syrians, settled in the interior, as brokers and intermediaries; 
some of the German travelers, however, made their purchases directly at the mines. 
Now American firms are sending representatives, and it is not unlikely that they will 
keep the trade in their hands even after the conclusion of peace has again opened up 
trade relations between Brazil and Germany. However, there are apparently no 
American diamond miners in the country as yet. 

“Diamond buying in Brazil in the period before the beginning of the world war 
was principally in the hands of Germans, their intermediaries with the miners being 
usually certain Syrians who had settled in the interior of the country. However, in 
some cases German traveling buyers dealt directly with the buyers. Since the out- 
break of the war several American firms have sent agents to Brazil, and in view of the 
great demand for diamonds in the United States and the high prices, it is deemed 
probable that the Americans are likely to drive competitors out of this market.” 


British Guiana.—The diamond production of British Guiana for the 
year ending June 30, 1915, was 78,533 stones weighing 10,980 carats, 
against 94,871 stones weighing 12,506 carats in 1913-1914. The average 


1 Bulletin of the Imperial Institute, April-June, 1916, p. 258. 
1Comm. Rept, Sept. 9, 1916. 


* From Report of the Institute of Mines and Forests of British Guiana, for 1915. 
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weight for 1914-1915 was thus 0.14 carat against.0.132 carat for 1913- 
1914, aslight increase. At a price of $10 per carat which has been given 
as the estimated value there were recovered in 1913-1914 diamonds worth 
$125,060, while for 1914-1915 the value was but $109,800, or $15,260 less. 
The progressive changes in average weight since 1910 were as follows: 


Carat 
EN en red tresgc ors stus arenes ison wate eine Ce 0.130 
NO RON Ro ick ca cate Gt ROUND RED dian eran afore 0.085 
LG RSE) fe rer aes ee eer a, Leman yee enn CCR I 0.1 
MORN ANd mn 9.5 073.09 100K uot ecw acer 0d ronan ad Didparaiesacs 0.132 
RO e108 i ise See alas ae tea oles 0.140 


India.—What an infinitesimal contribution to the diamond supply 
is now made by India, once the sole source of the world’s diamonds, is 
strikingly brought out in the annual report for 1915 on the Mineral 
Production of India. The figures there given for 1914 and 1915 are as 
follows, and seem to indicate that the output is dwindling away to the 
vanishing point. 


1914. 1915. 
Carats. Value. Carats. Value. 
Central India..............s.000. 54.65 £791($3,848) 35.99 £603 ($2,933) 


The opinion prevails that the deep-lying Indian diamond deposits 
were never reached by the diamond miners of former times, and that 
a systematic exploitation of some of the old fields would give good results. 
The Geological Survey of India has for some time past carried on investi- 
gations to this end, and considerable interest has already been aroused in 
the matter. Whether the diamond material would prove to be present 
in sufficient quantity to warrant the expenditure necessary for equipment 
and working on a large scale must, however, be regarded as rather doubt- 
ful, in view of the powerful competition of the South African companies, 

California.—Diamonds have been found at several localities in the 
State of California, as follows: 

In El Dorado County, at Placerville, on the south side of Webber hill, 
in White Rock canyon, at Dirty Flat, and at Smith’s Flat; in Amador 
County, at Rancheria, 3 miles south of Volcano, and at Loafer Hill, 
near Oleta; in Nevada County, at French Cowal; in Butte County, at 
Cherokee Flat and at Yankee Hill; in Plumas County, at Gopher Hill, 
and on Upper Spanish Creek. From three other counties, Del Norte, 
Trinity, and Tulare, reports of diamond finds have come. 

The writer has suggested the advisability of equipping the washings 
on the California districts where diamonds have occurred with tallowed 
boards such as are used for the concentrates of the South African mines.* 


1H. W. Turner in American Geologist, 23, (1899 . : : 
* Min. Sci, Press, Feb. 24, 1917, noted in paper by W. H. Storms on Diamonds in California. 
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EMERALD 


In the Budget for 1917-1918 of the Republic of Colombia there 
appears among the items of expected revenue, one of $200,000 for re- 
ceipts on account of the emerald mines of Muzo and Coscuez. This 
appears in an executive decree published in the issue of the Diario Oficial 
for Feb. 15, 1917.! 

A rare and interesting type of emerald crystal of the kind locally 
known as ‘‘emerald twins,’’ was brought from the Muzo district by Dr. 
Pogue. The specimen he secured measured about 1)4 cm. in length and 
about 7 mm. in diameter. He describes it as a crystal with a tapering 
core of carbonaceous emerald, with six rays of carbonaceous material 
extending from the edges of the core to the corners of the crystals. 

The common emerald is found in several parts of German Southwest 
Africa, and occurs, associated with tantalite, in pegmatite veins at Tonker- 
koek. Near Rossing there is found in pegmatites golden beryl, or 
‘‘heliodore,”’ accompanied by tourmaline and tungsten.’ 


GARNET 


A remarkable crystal of almandine garnet was found while grading a 
property between Broadway and Fort Washington Avenue, 166th to 
168th Streets, during the summer of 1915. The crystal shows about 
eight of the twenty-four faces of a trapezohedron; the balance is imperfect, 
with slight rock adhering. It weighs 10 lb. 8 oz. avoirdupois, 13 lb. 12 oz. 
troy, or 4.763 kg. 

The crystal has been lent to the New York Mineralogical Club to be 
placed with the Collection of Minerals of New York City in the Museum 
of Natural History, by Charles W. McDonald, the contractor who found 
it. This brings to mind the great almandine garnet found at 35th Street, ° 
Manhattan, and which weighed 924 lb.* It is now deposited in the New 
York Mineralogical Club collection. 

Many fine gem garnets of the rich pyrope variety have been found in 
the Navajo Reservation in Arizona and Utah. In this region more or 
less extensive garnet deposits occur at three localities, two of which have 
been named Mule Ear, and Moses Rock, in Utah, and the third, called 
Garnet Ridge, in Arizona. From time to time brilliant examples have 
been picked up by Navajo Indians and sold to traders, who took them 
to the trading posts where they were offered for sale as ‘‘ Arizona rubies.” 
Of the three principal localities above mentioned, the Mule Ear deposits 

1 Comm, Rept., May 3, 1917 


2 L'Echo des Mines, Sept. 24, 1916, in article on the resources of German Southwest Africa. 
+ See “ Gems and Precious Stones of North America," by George F. Kunz, pl. opp. p. 82. 
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do not yield much good material. In the Moses Rock district the strong 
southwest winds help the garnet-seekers by shifting the sands covering 
the garnet-bearing drift and exposing the precious material to view. At 
Garnet Ridge the garnet material is exposed by the strong winds andis 
found strewn over the surface or accumulated in pockets and riffles; this 
is the most promising field for the garnet-seekers. It often happens 
that within 5 min. a quart measure can be filled with material gathered 
from a natural riffle, fully one-half of the contents being garnet. Masses 
of solid garnet measuring sometimes as much as 4 in. in diameter have 
been found. The garnetiferous drift of a high central area has been 
spread by running water over the surrounding slopes.’ 


JADEITE 


The official figures on Burmese jadeite are somewhat puzzling. The 
production for 1914 and 1915 and its value appear as follows: 


1914. 1915. 
Carats. Value. Carats. Value. 


Myitkyina.........-...506- 3,764.75 £13,643 3,692.75 £12,678 


On the other hand, the exports from Burma for these 2 years are thus 


reported: 
1914. 1915. 


Carats. Value. Carats. Value. 
2,959 £40,092 5,001 £52,070 - 


These figures regarding exports are believed to be more likely to in- 
dicate the true condition of the jadeite industry than those relating to 
production or the mining value and the dealers’ selling export price.? 


OPAL 


The precious opal of Hésaka is briefly noted by Yénosuke Otsuki (pp. 
274, 275). The locality lies in the upper course of the rivulet Kikézu- 
gawa, which flows between the village of Hékawa and the mountain-pass 
Kurumatége. The opals are found within nodules (silicified spherulites) 
enclosed in a greenback pearlite which turns gray in weathering. The 
nodules are usually from 3 to 5 cm. in diameter, although some measure 
as much as 18 cm. across; they are brownish or black, resembling potatoes 
in shape, good opals coming more frequently from the brown than from 
the black nodules. The opal-material is here present in great .variety: 
milk opal, opal-agate, precious opal, glass opal, as well as the smoky, 
obsidian-like variety, the yellowish-green, the waxy and others. Im- 

1 Herbert E. Grego giv" Deposits on the Navajo Reservation, Arizona and Utah. Reprint 


from Econ. Geol., April- 
3H. H. Hayden, The Mineral Production of India During 1915. Geological Survey of India. 
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portant is the granulated appearance of some specimens when viewed in 
a particular direction, the granules offering one interference color by 
incident light, while the cement assumes a different color. The specific 
gravity of the precious opal is 2.22, its hardness 5.5 and its aqueous con- 
tent 8.49 per cent. 

A recent discovery of precious opal at Stuarts’ Range in Southern 
Australia has been pronounced to be perhaps the most important 
mineral discovery in that province made for many years. The area 
over which opal has already been found in this new field has a maxi- 
mum length of about ten miles and a minimum width of about two 
miles, indicating a district of at least twenty square miles in extent. 
Further exploration here, when rendered practicable by better local 
supplies of water, is expected to considerably extend this field, which 
is accessible either by the northern or the transcontinental railway.' 


PEARLS 


Australia.—A Federal Royal Commission has been charged, for the 
past 6 years, with the investigation of the pearling industry on the north- 
western and northeastern coasts of Australia. It is conjectured that the 
disposition heretofore prevailing to confine the exploitation entirely to 
white labor, may find itself modified by the war conditions when the 
Commission finally presents its report to the Federal Parliament. At 
the time of its appointment in 1912 the following subjects were defined 
for inquiry: 

1. The classes of labor now engaged in the industry. 

2. The reason why white labor has not been generally employed 
heretofore. 

3. The practicability of the introduction of white labor. 

4. The employment of machinery in connection with diving pumps. 

5. The cultivation of the pearl-shell oyster. 

6. The means to be adopted to encourage white labor either wholly 
or partially. 

In attempting to decide the important question as to the desirability 
of a rigid exclusion of black labor, the Commission carefully studied the 
conditions obtaining at Broome and Thursday Island, localities where 
many black workers are used, and Japanese also. The conclusion arrived 
at is believed to favor the maintenance of existing arrangements in this 
respect, with slight modifications and restrictions. 

The physical capability of Europeans for diving was found to com- 
pare favorably with that of other races, but the same could not be said 

1 The Watchmaker, Jeweler, Silveremith and Optician, June, 1917, p. 597. 
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of their ability to utilize the necessarily restricted period of their im- 
mersion in locating the pearl-mussels. In this respect the Asiatic pearl- 
diver possesses an inherited, and almost instinctive ability. So earnest, 
however, is the desire of the Australians to dispense with other than white 
labor, that it has been proposed to raise the scale of wages, so as to make 
pearling an especially attractive employment; it has also been proposed 
to give a bonus per ton on shell raised by European divers and crews, in 
the belief that the desired end would be attained by this added expense. 
The commissioners did not, however, favor the carrying out of such 
plans." 

The artificial production of pearls by special shell cultivation has 
been the subject of experiment at Montebello Island, but it was given 
up for lack of capital. The work was to be pursued upon the same lines 
as in Japanese and Indian waters where a certain measure of success has 
been attained. The Australian commissioners, however, believed that 
fuller information should be secured as to the methods employed in 
Japan and India, before undertaking work in Australia on a considerable 
scale, but they did not advise that any appropriation for this purpose 
should be. made by the Commonwealth Government, not regarding 
Australian pearling as an industry of sufficient importance to warrant 
this. 

Canada.—Of late years some fresh-water pearls of good quality have 
been brought from the rivers of Labrador, an exceptionally fine specimen 
having been sold for over $1000. An attractive pair of pink pearls are 
also reported to have been found in this region, each pearl weighing about 
12 grains, the value of the pair being estimated at from $120 to $140. 
They were found by chance in a single shell by a man who was opening 
a clump of shells at haphazard with his pocket knife. As arule, the pearl- 
seekers lay out the mussels on flat rocks or on sand banks, leaving them 
there until the flesh decomposes so that the shells open and the interior 
can be examined without trouble. The Labrador Indians are said to 
have long known that pearls were to be found in their rivers, and for 
generations pearl-seeking was carried on by them. The older pearls in 
their possession have, however, practically lost their value, having been 
unskilfully pierced for attachment to wampum belts or for stringing as 
necklaces. At the present time the Indians find ready sale for any pearls 
they may find to the Hudson Bay traders. The pearl industry here is 
important enough to induce the sending of buying agents from several 
of the Montreal gem-dealing houses.? 

India.—Pearls constituting the greater part of the produce of the 
Indian pearl-fisheries for 1916 are said to have been restored to their 


1 The Christian Science Monitor's Nery ie correspondent. 
2 Jewelers’ Circular Weekly, Dec. 
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native element at the destruction by a submarine of the British Steam- 
ship “Arabic” in the Mediterranean last November. The pear! market is 
now and has been for some time past largely dependent upon the supply 
of pearls derived from necklaces and other ornaments that can be bought 
from their present owners. The ebb and flow of wealth characterizing the 
present world conflict has in many cases forced the owners of fine pearls 
to seek a purchaser for them, and little difficulty has been experienced in 
making good terms, as the gem-dealers’ stocks are constantly being 
exhausted by the increasing demand for these beautiful natural products. 

It has been stated that the consignment of Indian pearls on the 
“Arabic” was worth $1,250,000, and the report goes that it was fully 
insured, the insurance being promptly paid when the fact was established 
that there was no chance for salvage, on account of the great depth of 
water in which the ship was sunk. 

Persia.—The pearl export trade in the Persian seaport of Lingah has 
almost come to a standstill. It has been adversely affected for several: 
years by the diversion of a great part of this trade to Bahrain, to which 
many of the English and Indian pearl-merchants resort annually to make 
their purchases, and now the general discouragement of commerce and 
trade in Persia, due to the fact that a considerable part of that land has 
been the scene of military operations, has accelerated the decline of Lin- 
gah. For the Persian official year ending Mar. 20, 1915, the pearl ex- 
ports were worth only $22,750, against the sum of $112,950 in 1913-1914, 
at that time regarded as an exceptionally bad showing; in 1912-1913 
pearls to the value of $330,225 were exported. Another unfavorable 
condition for this port is that Debai has been made a regular port of call 
for the boats of the British India Steam Navigation Co., as goods from 
Oman are now taken directly to that port.! 

United States—The pearl yield from American rivers, such as the 
Mississippi, Illinois, Wabash, etc., in 1916, was only about one-third of 
that reported in normal years. Disadvantageous circumstances were the 
late advent of Spring, and the prevalence of high water, which impeded 
the operations of the pearl-seekers. This curtailment of the American 
supply coupled with the greatly diminished Indian output has resulted 
in an advance of fully 25 per cent. in the price of American pearls. The 
total value of those secured in the past year has been put at from $200,000 
to $250,000. 


RUBELLITE 


Rubellite has recently been found in two localities in Lower California, 
one in the Valley of San Pedro, between Calamahfand San Borja, the other 


1 Indian (Government) Trade Journal, Apr. 28, 1916, 
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at San Juan, near San Borja. Heretofore only black tourmaline crys- 
tals, some of very large dimensions, had been discovered in the pegma- 
tites of this region. The rose-colored, lithium tourmalines (rubellites) 
occur in metamorphosed slates, and have been found in considerable 
quantity, some of the crystals measuring 10 cm. in length. The tour- 
malines appear in these biotite slates in crystal aggregates. The color 
is light pink, the lower part very occasionally green; crystals not affected 
by weathering are transparent.' 


RvBIES 


While according to the Report submitted at the Twenty-Eighth 
General Meeting, depressing economic conditions continued to affect 
the business of the Burma Ruby Mines, Ltd., during the year ended Feb. 
29, 1916, there was still a notable recovery from the bad showing of the 
previous year, when the Income and Expenditure Account offered a 

deficit of £8433 14s. Last year, although there was still a deficit upon 
the year’s operations, this amounted to but £511 3s. 4d., making the total 
deficiency for both years £8944 17s. 4d. . 

The sales of rubies amounted to £37,646 13s. against £38,858 14s. 7d. 
in 1914-1915. The chief element of strength was the good demand both 
in Burma and India. Conditions and prospects are encouraging enough 
to warrant the erection of a second washing machine at the Kathi mine,. 
on account of the value of the ruby earth found there. Of course no 
dividend could be declared during the year and the amount due for royal- 
ties to the Government of India, £8799 12s., still remains unsettled. 
However £500 on a security loan of £3500 was paid, and the entire bal- 
ance has been liquidated since the close of the year. The stock of 
rubies on hand, £57,001, is about the same as at the end of the previous 
year. Because of the French moratorium acceptances of £3500 negoti- 
ated on drafts for rubies sold have, for the present, to be regarded as a 
contingent liability. 

_ The fact that under such favorable circumstances but little further 
deficit was incurred indicates that with the return of a normal state of 
affairs this company will be able to resume dividend payments. 

The production of precious corundum (ruby, sapphire) and spinel in 
Burma showed a marked decrease in 1915 as compared with 1914, 
although perhaps less than might have been expected. Of course rubies 
represented the major part of the output, but there was also a fair quan- 
tity of sapphire, and a considerable amount of the less valuable spinel. 
The returns from the Mogok mines are here sven: 
blatt far Mins ‘ache rege. ©: 1914, 18, 449-456. Bee os Sectraria act Tomei Colonisacié6n, 


de Industria: Memoria la Comisién del Inatituto Geologico de Mézico que exploré la region norte de la 
Baja California, Mexico, “013, p. 327. 
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Weight Weight 
in Hire Value. in nell | Value 
Rubies...............2000. 193,333 £40,781 (sie. pw £34,881 ($169,696) 
Rarnghires ois eas cos ce'k cco es 56,709 2,052 ro MNO 718 1,276 ($6,208) 
TO Re eee arn ire 54,830 "200 F200 43,827 141 
GME iierd ors acevelsinsiasiniors 304,875 £43,133 ($209,843) 251,449 | £36,208 ($176,590) 


SAPPHIRES 


Sapphires continue to be very much in demand. However, owing to 
the shortage of lapidaries in France, the mobilization of many Swiss gem- 
cutters of the Jura regions, and the increasing demand for labor, and also 
owing to the isolation of the great German gem-cutting establishments 
of the Idar and Oberstein regions, only a small number of sapphires were 
cut during the past year. A considerable amount of Australian material 
was used for caliber-cut work and flag ornaments, especially the American 
flag made from rubies, diamonds and sapphires. 

The output of the New Mine Sapphire Syndicate, of Utica, Fergus 
County, Mont., for the year 1916 is given as follows: 


Crk table SCOT 00. oco.0:00)e-a'ccjsanauaesienecsieiaces 73,322 carats. 
InGetrinl StOMERs cos 2 aor oo eo ved ek eae ws 2,070 os. 


In the Anakie district in Queensland, the chief alluvial sapphire 
deposits are in the Central, Tomahawk, Boot and Kettle, Policeman, and 
Retreat Creeks. The first discovery of Australian sapphire was made in 
the last-named creek. The sapphire-bearing alluvium, sometimes but 
a few inches thick, has in other places a depth of several feet. The 
yield varies in the different localities. The Scrub working on Policeman 
Creek shows a yield per load of 4 oz. of ‘‘ parcel blues,”’ 14 oz. of ‘‘small 
blues’’ (less than 1 carat in weight) and 144 oz. of ‘‘machine stone.’ 
Simple methods of recovery are in general use, and the methods of digging 
consist of ‘surfacing,’ the simple removal and treating of the soil, ‘‘ deep 
surfacing,’’ which requires the removal of several feet of overburden, anda 
third method in which shafts are opened through the overburden into the 
sapphire-bearing gravel. For securing the sapphires hand-raking suffices 
when the gravel is coarse and the sapphires large enough to be picked out; 
otherwise the gravel is screened through sieves. Before the outbreak of 
the war there were more than 300 miners working in the Anakie sapphire - 
deposits. ! 

Recent experiments at the Imperial Institute in Queensland have 
demonstrated that the transparency of sapphires can be greatly increased 


' Bulletin of the Imperial Institute, April-June, 1916, pp. 259, 260. 
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by subjecting them to high temperatures. This is held to confirm a 
suspicion that the former German demand for Anakie sapphires of a 
deep violet hue, appearing black by artificial light, was due to the em- 
ployment in Germany of some process for modifying the color.! 

The cessation of dealings in gems in Australia, due to the war, made 
1915 one of the dullest years on record for the sapphire fields of Anakie, 
Queensland. However, although there was little encouragement for 
mining operations at this point, the resident lapidary was kept fully 
occupied with gem-cutting and a considerable quantity of cut gems was 
sold. Toward the close of the year conditions improved somewhat, 
with the announcement of a Sydney firm that a market had been secured 
for sapphires in London; this firm was able to declare that it had no deal- 
ings with any enemy country, and was thus privileged to purchase all 
classes of stones. The Commonwealth of Australia has prohibited the 
export of gem-stones to any other country than Great Britain. 

But little digging was done in the Anakie field during 1915, and the 
washing machines have not been in operation since August, 1914, such 
work as has been donein this direction being accomplished by dry-sieving, 
or hand-washing. Considerable difficulty has been experienced in mak- 
ing even an approximate estimate of the year’s sapphire output. 

The following figures as to the known sales of sapphires from the 
Anakie district since 1902 have been supplied from the Queensland 
Report. 


MODE ios vais Siieunia fx pBbee £ 5,000 
BOOS sooo ie aS cee ws 6, 
NG os ocacancsicaeadutenareth isan 10,575 
IDUG case Paes erie. 5,255 
NOG: iss c5: ein rececanstew.eereeters a th 7 hi 
’ apphire 
19OT i axcaae an mca 1500  Corundem 
11,800 Sapphire 
FOG aps icasnienenieieels 2,500 Native stones 
900 Corundum 
oe 2 i ee a a oe 23,1 
FOIG: a cos cecaiacsocens.cawews es 21,116 
16,623 Gem stones 
1911 5,620 Industrial corundum — 
SEE SERA ERE SO ae 500 Sold by individual miners 
1,650 Cut by Lapidaries 
SO ens 40,016 ; 
ROIS is Khe ewaiene aks 43,292 (£3,927 recognized as gems and cut in Australia) 
WDYA sescnencencracstedseas 15,000 (Six or seven months before the war) 
OIG iciacieecatenecass. aeune (Industry interrupted by the war) 
VOVG bok Saved Sadiiaeacus 8,000 Up to July 31st. 


This gives a total of sapphire and corundum material from the Anakie 
field in the 15 years from 1902 to 1916 inclusive of £264, 273 or $1,285,688. 
The returns for 1912 and 1913 when unusual conditions prevailed indi- 
cate an average sapphire production of about $200,000 yearly. 

. These figures offer an eloquent testimony to the loss in this industry 
entailed by the war. There was toward the end of the year a good 
1 Queens. Gost. Min. Jour., Feb. 15, 1917. 
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demand for clean machine stones, sufficient to warrant the belief that 
the stock now on hand can be satisfactorily marketed. The present 
population of the fields is put at but 275 persons, a large falling off from 
the average population in recent years.! 


STAUROLITE 


A number of staurolites, stones which have enjoyed considerable 
vogue because of their supposed luck-bringing qualities, are reported 
to have been secured a short distance from the MacGregor copper mine 
at Cloncurry, Queensland. The figure of a cross which gives its name to 
this mineral results from the interpenetration of two crystals at right 
angles with each other. As the specimens from Cloncurry are said to 
be of a dull brownish hue, they are hardly of gem-stone quality, those 
cut for this use being transparent and of a reddish-brown, and occasion- 
ally claret-colored.? 

1 Annual Report of the Under Secretary for Mines, Queensland, Aéstvelin:; for the year 1915, Brisbane 


1916, p. 23, 34. 
2 Queens. Govt. Min. Jour., Sept. 15, 1916. 
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GEMS AND PRECIOUS STONES. 


By Waupemar T. SCHALLER." 


PRODUCTION. 


The value of the precious stones produced in 1917. ($131,012) is 
much smaller than that for either of the two preceding years and is 
only a little larger than that for 1914 ($124,651). In fact, except 
for 1914, the value for 1917 is smaller than that for any other year 
since 1897, when it was $130,675. 


Value of precious stones produced in the United States, 1915-1917. 


he tots 1914 1915 1916 1917 

| 
Gare eles ee eee ee Q: $1,675 | $2,031 $2, 178 
Copper ore gems 3) ; He AO) eral 2, 857 
WORUMCUMN eee eiices cicine cece e oe mess cele. < cisjeayse a ! 88, 214 99, 180 54, 204 
IDET ace nes esOrermeOrCerOCmOceeE mae 315 765 608 2, 680 4,17 
Melisparonmcecsoecre scenes eek eee: 368 305 (2) 
(CATE acarnSEceone Cenc aor ere te 4, 523 1, 542 624 
5 Gln OC meee er co ontene ema 126 (2) (2) 

TU. co cgocs coo ceosooanseoceadsauscoensesEancccoosstllbcoosaecod; _ SLU Beaosonene pomoeccono pocpeecoed 
OV. coSsauaocsoobononceDnaenoorsnnpooen 1,850 1,838 8C5 
eeTACO ference eee eter ccmimeen ccc sce cicecs.cclemwety (1) 455 () 
Neel oe occ cn caanae ce nseaed! 1,042 2,075 (a 
Onan Zemene cee teen er ne eee eee ceneseeseeeeeedd 35, 724 25, 707 28, 273 
NUN Od ONltCnans oc cen ee aciscccccceeeeeascceocseeecns ad 8F a. a 
Simul SOMMEC ee rey etnies ania eine eco atienclets wien ote (Gay) Te eeenncacrs 
SOW NGI, 36 Seeseneenoa eS cocoe oe cate ease ree (a) (2) (a) 

i QUERRIO OUI eh ch a gee ena eee com cco oe Pace (2) ai : an (2) . 
OD AZ Ce ote ere aoe eau sicedice ees. ss cee oe fe . 8 30 
"SP TEUVEL LTT) so een cn ET 7, 6: 10,969 | 50,807 12, 452 
PRT UWOISC anes acer cre ss ae cece scweaccae sce cseenece 11,691 21,811 14,171 
STALE cos eee ek ee | . 3,867 3, 140 2,350 
© ESIGN Gs 2 og osname ee or eee pease se Bader ce Gneaocee 1, 535 (a 2, 765 
Miscellaneous gems 66,172} ¢3,457 d 5,928 


319, 454 | 124, 651 | 179,431 | 217,798 | 131, 012 


a Small production included under ‘ miscellaneous gems.’ 
b Includes apatite, calamine, Cae el coor idolite, datolite, fossil coral, Iceland spar, kyanite, lazu- 


aN obsidian, peridot, phenacite, rutile, smithsonite, spodumene (kunzite), staurolite, thomsonite, titanite, 
and zircon. 
¢ Includes chlorastrolite, datolite, epidote, fossil coral, hematite, kyanite, lazulite, rhodonite, rutile, 
sepiolite, serpentine, spodumene, staurolite, and vesuvianite. 
4 Includes andalusite, chlorastrolite, datolite, epidote, feldspar, fossil coral, hematite, Iceland spar, lapis 
lazuli, obsidian, peridot, phenacite, pyrite, rhodonite, rutile, sepiolite, smithsonite, spodumene, stauro- 
lite, thomsonite, willemite, and zoisite. 


The value given in the table largely represents the value of the 
rough material; the value of the cut and polished gems is several 
times greater. The completeness and accuracy of the statistics of 
production depend on the assistance rendered by the gem miners and 
dealers, and their help is greatly appreciated. The Geological Sur- 
vey carries on a large correspondence concerning precious stones, and 


_ 1 The table giving statistics of the value of the gems and precious stones produced 
in 1917 was compiled by Miss Blanche H. Stoddard. 
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the accurate information furnished by the individual producers en- 
ables the Survey to put intending purchasers of rough material 
directly in touch with them. 

The principal precious stones produced in the United States during 
recent years are corundum, quartz, tourmaline, and turquoise. 'T hese 
four minerals yielded 83 per cent of the total value of precious stones 
produced in 1917—corundum was 41 per cent, quartz 22 per cent, 
turquoise 11 per cent, and tourmaline 9 per cent. 

Montana continues to lead all other States in the value of precious 
stones produced, corundum being the chief gem mineral, others being 
moss agate and other quartz gems, Iceland spar, and oarnet. 

Nevada ranks second, with turquoise and moss agate as the leading 
precious stones produced. Other gem minerals mined are quartz 
and variscite. 

California ranks third, with quartz, vesuvianite, tourmaline, and 
beryl as the chief gem minerals produced. Smaller quantities of 
andalusite, diamond, epidote, obsidian, opal, rhodonite, spodumene, 
topaz, turquoise, and pyrite were also mined. 

Maine produced chiefly tourmaline, but also some beryl and quartz; 
Colorado produced turquoise, quartz, beryl, feldspar, opal, phenacite, 
topaz, and garnet; Arizona produced copper-ore gems, quartz, gar- 
net, peridot, obsidian, quartz, and tourmaline; Arkansas, diamond, 
quartz, and smithsonite. 

The rank of States in value of precious stones produced is as 
follows: 


Value of precious stones produced in 1917, by States. 


Montana... = +___-- .. BOAO) Brisa nsiis. =e $4, 260 
ING he a eee tgtsiul || OneGKO Me Oy, oe) 
CamOrihitee == 322 eee 13,972 |-Other States 222-222 ee 5, 550 
MC. a... ae eee 10, STO ———_—_. 
(Coloril0s2 22.2225. 222= ee ee 131, 012 
ArizOUte= «2222-255 6, 519 

IMPORTS. 


The precious stones (excluding pearls) imported into the United 
States in 1917, as reported by the Bureau of Foreign and Domestic 
Commerce, were valued at $34,846,351. Pearls are omitted from the 
total value, as they are lustrous caleareous concretions with animal 
membrane between successive layers and are not a mineral but an 
animal product, being deposited in the shells of various mollusks. 
As pearls owe their beauty and value to the organic part of their 
composition, they do not come within the scope of this report. They 
are, however, among the most desired of gems, and their value is 
therefore given in a “separate column in the table of imports. 

The value of imported gems in 1917 was lower than in 1916, higher 
than in either 1915 or 1914, but lower than for any year from 1909 
to 1913. The full recovery in the value of imported gem stones in 
1916, as compared with the average annual value of the years 1909 
to 1918, was not quite retained in 1917. 


1 Virginia, Utah, Texas, Massachusets, New IWampshire, Connecticut, Michigan, North 
Carolina, Pennsylvania, Minnesota, Idaho, Wyoming, New Mexico, New Jersey, South 
Carolina, and Washington. 
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Diamonds and other precious stones imported and entered for consumption tir 
the United States, 1908-1917. 


Diamonds. 

Diamonds Total 
Year, o alae , and other excluding Pearls. 

: ust an ough or - stones not sct. pearls, 

peor: uncut. (Ese 

MOO Meee scene cen $650, 713 | $180, 222 | $1,636,798 | $9, 270, 225 | 2 $1,051,747} $12,789,705 | $910,699 
i 758,865 | 50,265 | 8,471,192 | 27,361,799 | @3,570,540] 40,212,661 24,848 
a see 213,701 | 54,701 | 9, 212,378 | 25, 593, 641 4,003,976 | 39,078,397 | 1,626, 083 
HOM... .-..-- 2% 199,930 | 110,434 | 9,654,219 | 25, 676,302 3,795,175 | 39,436,060 | 1,384,376 
CS aa 452,810 | 94,306] 9,414,514 | 22, 865, 686 3,105,543 | 36, 232,949 | 5, 130,376 
oss oY 471,712 | 100,704 | 12,268,513 | 24, 812,604 2,775,811 | 40,429,374 | 5,092, 624 
fore, 28; | 579,332 | 77,408} 2,851,933 | 11,976,871 1,635,522] 17,121,066 | 2,090,018 
“Cen an 366,793 | 75,914 | 7,020,646 | 13,177,919 | 21,078,391 | 21,719, 693 | 4,513,909 
MG Se a oe | 836,018 | 67,290 | 1f, 441,328 | 24,282,140] @23083,341 | 38,930,117 |11,336,971 


oigee s. e | 1,098, 102 | 349,746 | 13,092,855 | 18,421,838 | 41,883,810 | 31,516,351 | 4,947, 509 


a Including agates. Agates in 1915, $31,657; in 1916, $18,681; in 1917, $19,715. 


GEM NAMES. 


The following lst of gem names has been compiled from the 
literature and from correspondence with the producers of precious 
stones in the United States. The list is in two parts. Part I gives 
the name of the gem followed by the name of the mineral species 
to which the gem belongs. Part IT aims to give all the names of the 
mineral species followed by the names of the corresponding gems. 

Many of the names have been coined by the dealers in particular 
minerals for the evident purpose of increasing their sales. Many 
people who buy cheap gem stones under fanciful names probably 
would not buy the stones if they were offered under their true min- 
eralogic names. The list herewith will enable those who are inter- 
ested to look up the true mineral species of the gems offered. 

The use of the name of a valuable gem mineral combined with 
another modifying word instead of the true name of a mineral of 
less value—for example, “Alaska diamond” instead of quartz or 
“Arizona ruby” instead of garnet—is incorrect and should be 
avoided. The list does not contain all the names applied to gem 
minerals. Such self-evident names as “milky opal” and “blue 
beryl” are omitted. The object of the list is to show the mineral 
species forming the gem and not to list all possible names which have 
been used for gems. 

A few names of substances not minerals but commonly used as 
gems have been included. Artificial products, however, many of 
them made of glass and fraudulently sold under mineral names—for 
example, glass sold as “fire agate ’’—have been excluded. 

In offering this list the Geological Survey emphatically disclaims 
giving any official sanction to the local or trade. names applied to 
varieties of well-known minerals used as gem stones. In fact, the 
Survey strongly condemns the practice and hopes that the publica- 
tion of this list, which shows the true mineral species, will remove 
much of the mystery attached to these trade names and will act as 
a deterrent on their use in the future. 

To those who have aided in the compilation of this list the 
Geological Survey expresses its appreciation. Additions and cor- 
rections will be gratefully received. 


ny 
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Ae 


Achirite=dioptase from Siberia. 

Achroite=colorless or white tourmaline, 

Actinolite=green silicate of iron, calcium, and magnesium (amphibole). 

Adamantine spar=hair-brown corundum, 

Adelaide ruby=blood-red pyrope (garnet) from South Afriea. 

Adularia=orthoclase (feldspar). 

Aeroides=pale sky-blue beryl. 

Agalmatolite=compact mica (hydrous silicate of aluminum and potassium) ; 
also compact pyrophyllite (hydrous silicate of aluminum). 

gate=variegated chalcedony. 

Agate jasper=intermediate between jasper and chaleedony with predominant 
translucent chaleedony ; jasper with bands of chalcedony. 

Agrite=brown, mottled, calcareous stone. 

Alabandine ruby=red spinel of a violet tint. 

Alabaster=white, fine-grained gypsum; also incorrectly applied to fine-grained 
and pure-white stalagmites of aragonite. 

Alalite=diopside, 

Alaska diamond=quartz. 

Albite=Ssilicate of aluminum and sodium (feldspar). 

Albite moonstone=iridescent albite. 

Aleneon diamond=quartz erystal from Alencon, France. 

Aleppo stone=eye agate. 

Alexandrite=emerald-green to dark-green chrysoberyl which changes in color 
to a coluinbine-red by artificial light. 

Allanite=black hydrous silicate of aluminum, magnesium, cerium, and iron 
and other elements. 

Almandite (almandine) =columbine-red, or a deep crimson and violet garnet, 
silicate of aluminum and iron. 

Almandine spine]=violet-red spinel 

Alpine diamond=pyrite. 

Amatrice=green, blue-green, and bluish variscite cut with its assvefated matrix. 

Amazon stone=green microeline feldspar, silicate of aluminum and potassium 

Amber=fossil resin, 

Amber opal=opal colored brown by iron oxide. 

Amberine=vellowish-green agate from the Death Valley region, Cal. 

Ambroid=small pieces of inferior amber fused together, 

American jade=californite (vesuvianite). = 

American ruby=blood-red garnet, mostly pyrope. , 

Amethiste basaltine=pale yiolet or reddish beryl. 

Amethyst=purple and bluish-violet quartz, in crystals. 

Amethystine quartz=quartz of an amethyst color, not necessarily in crystals. 

Amphibole=group of minerals, silicates of aluminum, iron, calcium, magnesium, 
and other elements. 

Anatase=oxide of titanium. Another name for octahedrite. 

Ancona ruby=quartz. 

Andalusite=silicate of aluminum; also trade name for brown tourmaline, 

Andesine=silicate of aluminum, sodium, and calcium (feldspar). 

Andradite=garnet, silicate of iron and calcium. 

Anthracite=hard iron-black coal, harder than jet or cannel coal. 

Apatite=phosphate of calcium, with fluorine. 

Aphrizite=black tourmaline. 

Apophyllite=hydrous silicate of calcium and potassium. 

Apricotine=yellowish-red quartz pebbles from vicinity of Cape May, N. J. 

Aquamarine=light bluish-green or sea-green beryl. 

Aquamarine chrysolite=greenish-yellow beryl. 

Aquamarine topaz~greenish topaz. 

Aragonite=carbonate of calcium, in orthorhombie crystals. 

Arizona ruby=deep-red pyrope (garnet) from Arizona and Utah. z 

Arizona spinel=deep-red pyrope (garnet) from Arizona and Utah. Same as 
Arizona ruby. 

Arkansas diamond=diamond from Arkansas; also quartz crystals from 
Arkansas. 

Arkansite=brilliant iron-black, opaque brookite, oxide of titanium. 
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Atmenian stone= (in part )lapis lazuli. 

Arrow points=Indian arrowheads mostly made of quartz, more rarely of ob- 
sidian or other fine-grained rock. 

Asparagus stone=pale-yellow apatite. 

Asteria=asteriated sapphire; also any gem showing a six-ray star when cut 
cabochon. 

Asteriated topaz—=asteriated oriental topaz (yellow corundum), 

Australian sapphire=deep inky blue sapphire (corundum ). 

Automolite=dark-green to nearly black zine spinel. 

Aventurine=opaque yellow, brown, or red massive quartz containing inelu- 
sions of minute seales of some other mineral, such as mica or iron oxide, 

Aventurine feldspar=sunstone, , 

Axstone=nephrite. 

Axinite=hydrous borosilicate of aluminum, calcium, iron, and manganese. 

Aztee stone=chalehihuitl. 

Azure quartz=blue quartz. 

Azure stone=lapis lazuli. 

Azulite=pale-blue smithsonite. 

Azurite=blue, hydrous carbonate of copper. 

Azurite malachite=azurmalachite. 

Azurmalachite=combination of the copper carbonates azurite (blue) and 
malachite (green) from the copper mines of Arizona. 


B. 


Baffa diamond=quartz crystal. 

Bahias=diamonds from Bahia, Brazil. 

Balas ruby=rose-red or pink spinel. 

Barite=sulphate of barium. 

Basanite=velvet black, flinty quartz. 

Bastite=variety of bronzite. 

Jeckite=silicified coral shells or fossiliferous limestone replaced by silica. 

Beekite=beckite. 

Bemiscite=salmon-colored feldspar from Bemis, Maine. 

senitoite=blue silicate of barium and titanium. 

Beryl=silicate of aluminum and beryllium with small amounts of other 

» elements. 

Beryvllonite=phosphate of beryllium and sodium. 

Bishop’s stone=amethyst. 

3ixhbite=red and rose-colored beryl from Utah. 

Black amber=jet. 

Black lava glass=obsidian. 

Black opal=opal in a dark matrix; also opal with vivid colors. 

Blood agate=flesh-red, pink, or Salmon-colored agate from Utah. 

Blood jasper=bloodstone. 

Bioodstone=massive dark-green jasper (plasma) with red or blood-colored 
spots; also hematite (German usage). 

Blue chrysoprase=chaleedony stained blue with chrysocolla. 

Blue john=dark-blue fluorite, tinged with violet. 

Blue malachite=azurite. 

Blue moonstone=blue chalcedony from the Death Valley region, Cal. 

Blue rock=lapis lazuli from California. 

Blue white=diamond of highest grade. 

Bobrowska garnet=—grossularite (garnet). 

Bohemian diamond=rock erystal (quartz). 

Bohemian garnet=dark blood-red pyrope (garnet). 

Bohemian topaz—vyellow quartz. : 

Bohemian ruby—red or rose quartz. 

Bonamite=translucent apple-green smithsonite from New Mexico. 

Bone turquoise=teeth of fossil animals (mammoths, mastodons, ele) stained 
blue by phosphate of iron, 

Bottle stone=moldavite. 

Bowenite=unusually translucent serpentine of a cream color. 

Brazilian aquamarine=greenish topaz. 

Brazilian diamond=diamond from Brazil; also clear quartz from Brazil. 

Brazilian emerald=—green tourmaline. 

Brazilian pebble=rock crystal (quartz). 
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Brazilian peridot=yellow-green tourmaline. 

Brazilian ruby=rose-red or pink topaz, both naturally and artificially colored. 
Most of the pink or reddish topazes have been artificially celored by 
heating the dark-yellow ones, 

Brazilian sapphire—light-blue or greenish topaz; also blue tourmaline. 

Brazilian topaz=golden to reddish-yellow topaz; also smoky quartz artificially 
changed to yellow by heat. 

Briancon diamond=quartz crystal from southeastern France, cut in Briancon. 

Brighton emerald=green bottle glass purposely thrown on beach at Brighton, 
Iingland. 

Brilliant=diamond. 

Bristol diamond=quartz crystal from Cornwall, England. 

3ronzite=silicate of magnesium and iron; variety of enstatite. 

Brookite=hair-brown, yellowish, reddish, or ruby-red, transparent to translu- 
cent oxide of titanium, in orthorhombic erystals. 

Brown coal=brown or brownish-black coal, often retaining the original wood 
texture, 

Brown jacinth=vesuvianite. 

Brown spar=ankerite from Chester County, Pa. 

Bull’s-eve=labradorite with a dusky sheen, 

surma ruby=blood-red ruby (corundum), 

Burmite=amber from Burma. 

Burnt amethyst=purple amethyst changed to brownish-yellow by heat. 

Burnt Brazilian topaz=burnt topaz. 

Burnt topaz=yellow topaz from Brazil which has been changed to pink by heat. 

Byssolite=fine greenish hair-like asbestos or actinolite, inclosed in quartz. 

By-water=yellow-tinted diamond. 


C. 


Cabochon=any gem cut round, without facets. 

Cacholong=opaque, porcelain-like, milky-white opal. 

Cacholong opal=feebly translucent common opal. 

Cuesium beryl=beryl containing several per cent of caesium, one of the rarer 
alkalies. The beryl is generally colorless or pink, 

Cairngorm=yellow to smoky-brown, gray, or black quartz. 

Calamine=hydrous silicate of zine. In England calamine is called smithsonite. 

Caleite=carbonate of calcium in rhombohedral (hexagonal) crystals. 

Caleomalachite=mixture of carbonate of calcium and malachite, from Arizona. 

California cat’s-eye=compact serpentine, sufficiently fibrous to show a silky 
luster and to yield a cat’s-eye effect when cut cabochon, from Tulare Co., 
Cal. 

California iris=kunzite (spodumene). 

California jade=californite (vesuvianite). 

California moonstone=white or gray chalcedony. 

California onyx—dark-brown aragonite. 

California ruby—garnet. 

California tiger-eve=Californin cat’s-eve. 

Californite=compact, translucent, green vesuvianite. 

Callainite=translucent green hydrous phosphate of aluminum (probably 
variscite). 

Cameo=relief carving on a gem (the opposite of intaglio). 

Canary=yellow diamond. 

Canary bery]=greenish-vellow beryl. 

Cancrinite=complex hydrous silicate of aluminum, calcium, and sodium, and 
the carbonate radicle. 

Candle coal=cannel coal. 

Cannel coal=dark grayish-black or brownish-black coal. 

Cape chrysolite=green prehnite from South Africa. 

Cape garnet=bright red-yellow almandite (garnet). 

Cape May diamond=colorless and clear quartz crystal from Cape May, N. J. 

Cape ruby=blood-red pyrope (garnet) from South Africa. 

Cape=diamond having a yellowish tinge. 

Carbonado=black diamond, not erystallized, 

Carbuncle=clear deep-red almandite garnet; alSo any red, scarlet, or crimson 
garnet cut cabochon, The term is also improperly applied to any red stone 
especially if cut cabochon. 
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Carmazul—oxidized copper ore showing red, brown, blue, and green colors, from 
Lower California, Mexico; composed of jasper, chaleedony, quartz, hema- 
tite, chrysocolla, and malachite. 

Carnelian=translucent red chalcedony, 

Carnelian-onyx=agate with red and white bands. 

Cassinite=pearly, bluish-green aventurine feldspar from Delaware County, Pa. 

assiterite=oxide of tin. 

Cat sapphire=dark-biue sapphire. 

Catalinite=beach pebbles from Santa Catalina Island, Cal. 

Catalina sardonyx=catalinite. 

Catlinite=compact red clay. 

Cat’s-eye=any mineral having a changeable luster or showing opalescence 
without play of colors; also true ecat’s-eye (chatoyant chrysoberyl) ; also 
chatoyant quartz. 

Celestial stone=turquoise. 

Celestial precious stone=olivine from meteorite. 

Cer-agate=chrome-yellow agate from Brazil. 

Ceylon cat’s-eye=chrysobery] cat’s-eye. 

Ceylon chrysolite=yellowish-green or greenish-yellow tourmaline. 

Ceylon hyacinth= garnet. 

Ceylon opal=moonstone. 

Ceylon peridot=honey-yellow or yellowish-green tourmaline. 

Ceylon ruby=ruby from Ceylon; also deep-red almandine garnet from Ceylon; 
also any pale or pink ruby. 

Ceylon sapphire=pale-blue sapphire (corundum). 

Ceylonese zircon=fire-red cloudy zircon. 

Cevlonite=black spinel. 

Chalecedony=compact silica, transparent or translucent, with a waxy luster. 

Chalcedony onyx=agate with white and pale bands. 

Chalecedonyx=chalcedony with alternating stripes of gray and white. 

Chalchihuitl=supposed to have been applied to blue, grav, or green calamine 
from Mexico, also to turquoise, emerald, prase, green jasper, and jadeite. 

Chalchuite=green turquoise. 

Changeant=labradorite. 

Chert=compact silica, includes flint, hornstone, and jasper. 

Chessy copper=azurite. 

Chessylite=azurite. 

Chesterlite=microcline feldspar from Chester County, Pa. 

Chiastolite=variety of andalusite with crosslike marking. 

Chinarump=petrified wood from Arizona. 

Chlorastrolite=impure variety of prehnite or thomsonite. 

Chloromelanite=dark-green to nearly black jadeite. 

Chloropal= green opal from Silesia, Germany. Mineralogically, a hydrous 
silicate of iron. 

Chlorophane=variety of fluorite which phosphoresces with a greenish light on 
being slightly heated as by friction or by the heat of the hand, 

Chliorospinel=green spinel. 

Chlorutahlite=utahlite (compact variscite). 

Chondrodite=silicate of magnesium and iron, with fluorine. 

Chrome garnet—uvarowite (garnet). 

Chromic iron=chromite. , 

Chromite=oxide of chromium and iron. 

Chrysoberyl=oxide of aluminum and beryllium. 

Chrysoberyllus=greenish-yellow, honey-yellow, or wine-yellow beryl. 

Chrysocarmen=very similar to carmazul. 

Chrysocolla—green to blue hydrous silicate of copper. 

Chrysolithus—pale yvellowish-green beryl. 

Chrysolite=olivine or peridot; also light-golden chrysoberyl (incorrect usage) 3; 
also improperly applied to any light greenish-yellow to yellowish-green 
transparent gem. 

Chrysoprase=—apple-green, olive-green, or whitish-green, translucent chalcedony. 

Cinnamon stone=essonite (garnet). 

Citrine= golden-yellow quartz. 

Cloudy chaleceedony=chalcedony with dark cloudy spots in a light-gray transpa- 
rent base. 

Cobaltite=metallic sulphide and arsenide of cobalt and iron. 
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Cobra stone=chlorophane, 

Colophonite=brownish-black and radite (garnet), characterized by a resinous 
luster; silicate of tron and calcium. 

Colorado ruby=pyrope (garnet). Same as Arizona ruby. 

Colorado topaz=topaz from Colorado; also citrine (yellow quartz). 

Common opal=translucent, only slightly colored opal without fire or play of 
colors. } 

Comptonite=thomsonite. 

Congo emerald=dioptase from the Congo, Africa. 

Copper emerald=dioptase. 

Copper-ore gem=mixture of various copper minerals, such as green malachite, 
green or blue chrysocolla, blue azurite, red cuprite. 

Copper-pitch ore=compact black or dark-brown mixture of oxides of iron and 
copper. 

Coral=hard caleareous structure secreted in or by the tissues of various marine 
zoophytes. When fossilized, the -caleareous matter is often replaced by 
silica (see beckite). 

Coral agate=beckite (see coral). 

Cordierite=hyrous silicate of aluminum, iron, and magnesium. 

Cornish diamond=quartz crystal from Cornwall, England. 

Corundum=oxide of aluininum. 

Corundum cat’s-eye=corundum with a bluish, reddish, or yellowish reflection 
of light of a lighter shade than the stone itself. 

Cotterite=quartz having a metallic pearly luster. 

Creoline=purplish epidotized trap rock from Massachusetts. 

Creolite=banded jasper from Shasta County, Cal. 

Crimson night stone=purple fluorite from Idaho. « 

Crispite=sagenite. 

Crocidolite=fibrous hornblende of a bluish or greenish color, hydrous silicate 
of iron and magnesium. The altered form consists of silica colored yel- 
low and brown with oxide of iron and is called tiger-eye. 

Cross stone=chiastolite (andalusite) ; also staurolite. 

‘Srystal=colorless transparent quartz; also artificial flint glass, 

Cupid’s darts=quartz crystal with needle-like inclusions of goethite. 

Cyanite=kyanite. 

Cymophane=chrysoberyl having a bright spot of light which seems to float 
over the surface as the stone is moved. 

Cyprine=bright-green vesuvianite. 


D. 


Damourite=compact mica, a result of the alteration of some preexisting 
mineral. 

Danburite=borosilicate of calcium. 

Datolite=compact massive hydroborosilicate of calcium. 

Dauphine diamond=rock crystal (quartz). 

Davidsonite=greenish-yellow beryl from vicinity of Aberdeen, Scotland, 

Delawarite=aventurine feldspar from Delaware County, Pa. 

Demantoide=olive-green, brown, blackish-green, or light-green grossularite 
(garnet) from the Ural Mountains, Russia. 

Dendrite=having the form of a tree. | 

Dendritic agate=mocha stone and moss agate. 

Diallage=foliated variety of diopside. 

Diamond=carbon, in isometric crystals. 

Diaspore=hydrous oxide of aluminum. 

Dichroite=cordierite. 

Diopside=silicate of calcium and magnesium (pyroxene). 

Dioptase=green hydrous silicate of copper. 

Disthene=kyanite. 

Doublet=consists of a real gem cemented to a piece of glass cut and colored 
to imitate the real stone. 

Dravite=brown tourmaline. 

Drop of water=rounded (water-worn), colorless, and transparent pebble of 
topaz. 

Dumortierite=blue or lavender hydroborosilicate of aluminum. 

Dysluite=yellow or grayish-brown spinel. 
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I. 


Edisonite=mottled blue turquoise. 
tgyptian jJasper=banded yellow, red, brown, or black jasper. 
Egyptian pebble=Egyptian jasper. 
Elaeolite=silicate of aluminum, sodium, and potassium. Same as nephelite. 
Eldoradoite=iridescent quartz from Eldorado County, Cal. 
Klie ruby=red pyrope (garnet) from Elie in Fifeshire, Scotland. 
Emerald=green beryl; also improperly applied to any green stone. 
Emerald copper=dioptase. 
Emerald malachite=dioptase. 
EKmeraldine=chaleedony artificially colored green. 
Eimeralite=green and bluish-green tourmaline from San Diego County, Cal. 
Emerandine=dioptase. 
Enhydros=hollow nodules of chalcedony partly filled with water, 
Enstatite=silicate of magnesium, 
Epidote=greenish hydrous silicate of aluininum, iron, and ealcium. 
Essonite=yellow variety of grossularite (garnet). 
Euclase=bluish or greenish hydrous silicate of aluminum and beryllium. 
Evening emerald=peridot. 
Euxenite=complex mineral containing columbium, titanium, and yttrium, and 

other elements. 
Eye agate=concentric rings of agate with a dark center; also thomsonite. 
Kyestone=thomsonite. 

tie 


Fairy stone=twinned crystal of staurolite, forming a cross, 

False amethyst=purple fluorite. 

False chrysolite=moldavite. 

False diamond=quartz crystal. 

False emerald=green fluorite. 

False byacinth=garnet. 

False lapis=agate or jasper artificially colored blue. 

False lapis lazuli=lazulite. 

False ruby=red fluorite. 

False sapphire=blue fluorite. 

False topaz=yellow quartz; also yellow fluorite. 

Fancy=term applied to stones having value other than intrinsic value. 

Faney agates=agates showing delicate markings and intricate patterns, 

Fancy stone=unusual stone. 

Fashoda garnet=dark brownish-red pyrope (garnet). 

Feldspar=—group of minerals, including orthoclase, microcline, albite, oligo- 
clase, andesine, labradorite; silicates of aluminum and potassium, sodium, 
or calcium. 

Feldspar sunstone=sunstone. 

Female sapphire=light-colored sapphire. 

Feminine=term applied to stones of a paler color than masculine ones. 

Fergusonite=black mineral composed chiefly of columbate of yttrium. 

Figure stone=agalmatolite. 

Fire marble=dark-brown shell marble with brilliant firelike internal reflections. 

Fire opal=red or yellowish-red opal. 

First bye=diamond with a faint greenish tint. 

First water=pure and colorless diamond. 

Fish-eye=moonstone. 

Fish-eye stone=apophyliite. 

Flash opal=opal in which the color shows as a single flash. 

Fléches d’amour=sagenite (quartz). 

Fleurus diamond=quartz crystal. 

Flint=compact silica, opaque, and of dull colors. 

Floating light—cymophane. 

Flos ferri=aragonite in shapes resembling coral. 

Flowers of iron=flos ferri (aragonite). 

Flower stone=beach pebbles (chalcedony) with flower patterns. 

Fluorspar=fluorite. 

Fluorite=fluoride of calcium. 

Fool’s gold=pyrite. 
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Fortification agate=agate with parallel zigzag lines, 

Fossil coral=coral replaced by silica (beckite). 

Fossil pineapple=opal pseudomorph after glauberite, from New South Wales. 

Fossil turquoise=bone turquoise, 

Fowlerite=variety of rhodonite containing zine. 

Franklinite=black oxide of iron, manganese, and zine. 

Frost stone=translucent gray chalcedony with pure-white patches or tufts, 
like snowflakes, scattered through it, from the Mojave desert, Cal. 

Fuchsite=green muscovite (mica). 


G. 


Gadolinite=velvety-black silicate of yttrium, beryllium, fron, and other ele- 
ments. 

Gahnite=green zinc spinel. 

Garnet=group of silicate minerals. The species are: Alméndite, silicate of 
aluminum and iron; andradite, silicate of iron and calcium; grossularite, 
silicate of aluminum and calcium; pyrope, silicate of aluminuin and mag- 
nesium; spessartite, silicate of aluminum and manganese; uvarovite, sili- 
eate of chromium and calcium. * 

Garnierite=green hydrous silicate of nickel and magnesium, 

Gem=cut and polished precious stone. 

Gemstone= gem. 

Geneva ruby=synthetie ruby made in Geneva, Switzerland. 

Geyserite=siliceous deposit from a geyser. 

Gibraltar stone=banded, mottled, or clouded carbonate of calcium. 

Girasol=corundum cat’s-eye with a bluish, reddish, or yellowish reflection of 
light, lighter in shade than the stone itself, which moves on the surface 
of the stone like the lines of a starstone; also opal (see girasol opal) ; 
also moonstone (feldspar). 

Girasol opal=ftire opal. 

Glass=artificial noncrystallized substance composed of silica and several bases, 
notably an alkali and lead. 

Glass agate=obsidian. : 

Goethite=hydrous oxide of iron. 

Goleonda diamond=diamond obtained from the regions watered by Krishna and 
Godavari rivers but polished in Golconda, India. 

Gold=metallic element, often mounted as found, as 2 nugget. 

Gold opal=opal which shows yellowish light over a large area. 

Gold quartz=massive quartz inclosing gold. 

Golden bery!=clear bright-yellow beryl. 

Golden stone=greenish-yellow chrysolite (olivine). 

Golden topaz=topaz of a golden-yellow color; also golden-yellow citrine 
(quartz). 

Goldstone=aventurine. An imitation of goldstone consists of glass with in- 
cluded metal filings (fraudulently sold as fire agate). 

Gooseberry stone=brownish-green grossularite (garnet). 

Goshenite=colorless, white, or bluish beryl from Goshen, Mass. 

Goutte d’eau=colorless topaz. 

Goutte de sang=blood-red spinel. 

Graphic granite=pegmatite composed of quarts and feldspar so arranged as to 
simulate writing. 

Green agate=zonochlorite. 

Greeh garnet=any green garnet; also incorrectly applied to green enstatite 
from South Africa. 

Green starstone=chlorastrolite. 

Greenstone=zonochlorite; also chlorastrolite; also californite (vesuvianite), 

Grossularite=pale-green or yellow garnet. 

Guarnaccino=yellowish-red garnet. Same as vermeille. 

Gypsum=hydrous sulphate of calcium. 


H. 


Hair stone=quartz with inclusions of hairlike crystals or fibers of some other 
mineral. Same as sagenite. 

Harlequin opal=opal in which the colors form a minute mosaic or are set in 
small squares, 

Hatchet stone=nephrite. 
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Haiiynite=complex silicate of aluminum, calcium, sodium, and potassium with 
the sulphate radicle. 

Hawk eye=quartz with inclusions of fine blue parallel fibers of crocidolite. 

Heliodor=beryl from Rossing, German Africa; contains a small wmount of 
uranium and is weakly radioactive. By daylight gold-yellow, by artificial 
light a delicate blue-green. 

Heliolite=sunstone (feldspar). 

Heliotrope=bloodstone (quartz). 

Hematite=oxide of iron, either black or red. 

Hemimorphite=calamine (English usage). 

Hercynite=black to dark-green spinel composed of the oxides of aluminum 
and iron. 

Herkimer diamond=clear quartz erystal from Herkimer County, N. Y. 

Hessonite=variety of grossularite (garnet). 

Hetaerolite=brilliant-black radiated mineral composed of the oxides of zine 
and manganese. 

Hiddenite=green or yellowish-green spodumene. 

Horatio diamond=colorless quartz from Arkansas. 

Hornblende=silicate of aluminum, iron, calcium, magnesium, and other 
elements. 

Hornstone=compact form of silica, like flint but more brittle. 

Hungarian cat’s-eye=quartz eat’s-eye. 

Hyacinth=red zircon; also wrongly applied to essonite or other light-colored 
garnets, to yellowish-red spinel from Brazil, and to red iron-stained 
quartz. 

Hyacinth of Compostella=quartz, with red hematite inclusions. 

Hyacinthozontes=sapphire-blue beryl]. 

Hyalite=clear and colorless opal. 

Hyalosiderite= rich olive-green olivine, containing much iron, 

Hydrophane=opal which hecomes transparent in water. 

Hypersthene=silicate of magnesium and iron, variety of enstatite. 


Ie 


Teeland agate=obsidian. 

Teeland spar=clear calcite. 

Teeland agate lava=obsidian. 

Ichthyophthalmite=apophylilite. 

Idocrase=vesuvianite. 

Ilmenite=black oxide of iron and titanium. 

Image stone=agalmatolite. 

Imperial yu-stone=green aventurine quartz. 

Ilvaite=hydrous silicate of iron and calcium. 

Inea stone=pyrite. 

Indian agate=moss agate. 

Indian topaz=saffron-yellow topaz; also yellow quartz. 

Indicolite=blue tourmaline. 

Tolanthite=jasper from Crooked River, Crook County, Oreg. 

Tolite=cordierite. 

Tridescent quartz—=rock crystal (quartz) filled with fine cracks containing air 
films which reflect the colors of the rainbow. 

Iris=iridescent quartz; also applied to other iridescent minerals. California 
iris is spodumene. 

Irish diamond=quartz erystal from Treland. 

Iron glance=hematite. 

Isle of Wight diamond=quartz crystal. 

Isle Royal greenstone=chlorastrolite. 

Isopyre=very impure opal. 

Italian chrysolite=vesuvianite. 

Iztae Chalchihuitl=white or green Mexican onyx. 


J. 


Jacinth=yellow zircon, also improperly applied to essonite and other yellowish 
garnets. 

Jade=two minerals, nephrite and jadeite. True jade is nephrite; many other 
minerals are also called jade, such as pectélite, vesuvianite, garnet, bowen- 
ee a” plasma, prehnite, agalmatolite, sillimanite, and saussurite 

a rock). 
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Jadeite=greenish silicate of aluminum and sodium (pyroxene). 

Jager=bluish-white diamond of modern cut. Originally referred to diamond 
from the Jagersfontein mine, South Africa. 

Jargon=white or grayish-white zircon, 

Jargoon=jargon. 

Jasp agate=intermediate between jasper and chalcedony with predominant 
opaque jasper. 

Jasper=massive quartz, impure and opaque, containing more iron oxide than 
agate. 

Jasper opal=deeply colored opal with many included impurities. 

Jasperine=banded and variously colored Jasper. 

Jet=pitch-black or velvet-black coal sufficiently hard and compact to receive a 
brilliant polish. 

Job’s tears=local name for peridot from Arizona and New Mexico; also hyalo- 
siderite, a rich olive-green olivine. 


I: 


Kashmir sapphire=cornflower-blue corundum. 

Keystoneite=blue chrysocolla or chalcedony colored by copper silicate. 

Kidney stone=nephrite. 

King topaz=clear pink, orange, red, yellow, or flesh-colored corundum. 

Kinradite=jasper with spherulites of quartz, from the region around San Fran- 
cisco, Cal. 

Kornerupine=silicate of aluminum and magnesium. 

Kunzite=transparent lilac spodumene. 

Kyanite=silicate of aluminum. 

Te: 

Labrador feldspar=labradorite. 

Labrador hornblende=lypersthene. 

Labrador spar=labradorite. 

Labrador stone=labradorite. 

Labradorite=feldspar, silicate of alumium, sodium, and calcium. 

Lake George diamond=clear quartz crystal from Herkimer, N.Y. 

Lake Superior greenstone=chlorastrolite. 

Lapis lazuli=rock composed essentially of the minerals lazurite, lhatiynite, 
scapolite, calcite, pyroxene, amphibole, mica, and feldspar. 

Lava=volcani¢e rock. 

Lavendine=amethyst (quartz). 

Lazulite=blue hydrous phosphate of aluminum, iron, and magnesium. 

Lazurite=blue silicate of aluminum, ecalctum, and sodium, with the sulphate 
radicle. 

Lechosos opal=opal showing deep-green flashes of color or specked with green 
and carmine; also used for inilky opal. 

Leelite=deep tlesh-red orthoclase, having a waxy luster. 

Lennilite=greenish feldspar fron: Lenni Mills, Delaware County, Pa. 

Leopardite=rock (porphyry) with black spots of oxide of mangunese. 

Lepidolite=mica, hydrous silicate of aluminum, lithium, and potassium, with 
fluorine. 

Lenco sapphire=white sapphire. 

Lignite=brown coal showing the form and fiber of the original tree. 

Lintonite=zeolite, probably thomsonite, with alternating bands of green and 
red. 

Lithia emerald=green spodumene. 

Lithoxyle=wood opal showing woody structure. 

Lodestone=magnetite (oxide of iron) whicl shows polarity. 

Love arrows=Sagenite (quartz). 

Lucky stone=fairy stone (staurolite). 

Lumachelle=fire marble. 

Lydian stone=basanite (quartz). 

Lynx sapphire=water sapphire (cordierite) ; also vary dark blue sapphire. 

Lynx stone=cordierite. 


M. 
Macle=chiastolite. 
Madeira topaz=citrine (quartz). 
Magie stone=hydrophane. 
Magnetite—black magnetic oxide of iron. 
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Mahogany ore=compact mixture of oxides of iron and copper. 

Malachite=green hydrous corbonate of copper. 

Malacolite=diopside. 

Male sapphire=deep-colored sapphire. 

Marble=recrystallized limestone, carbonate of calcium. 

Marecasite=sulphide of iron, in orthorhombic crystals. The saine sulphide of 
iron, in isometric crystals, is pyrite. 

Marekanite=mottled brown and black obsidian. 

Mariposite=—green compact micaceous hydrous silicate of aluminum, magnesium, 
and potassium. 

Marmorosch diamond=quartz crystal from Marmaros Coimitat, Huugary. 

Masculine=term applied to stones of a deep and rich color. 

Matara diamond=colorless or faintly smoky zircon from Ceylon; the pale- 
brown zircons are sometimes decolorized by heat. 

Matrix=rock surrounding mineral. 

Meerschaum=sepiolite. 

Melanite=dull-black andradite (garnet). 

Menaccanite=ilmenite. 

Menilite=ereyish-brown banded, sometimes coneretionary, opel from = vicinity 
of Paris, Wrinece. 

Mesolite=zeolite similar 10 thomsonite in composition, hydrous-silicate of alumi- 
num, calcium, sodium, and potassium. 

Mexican onyx=banded, mottled, or clouded carbonate of caleium (aragonite). 

Mica=group of silicate minerals, containing aluminum, and potassium, with 
water, and other elements. 

Microcline=potash feldspar in triclinic crystals, silicate of aluminum and 
potassium. 

Microlite=essentially a tantalate of calcium. 

Mineral turquoise=true turquoise. 

Mocha agate=translucent agate or chaleedony with brown, red, or black 
dendritic figures like trees or plats. 

Mocha stone=chalcedony with brown, red, or black, treelike inclusions of 
manganese oxide. 

Mohave moonstone=translucent, lilac-tinted chalecedony from the Mohave 
Desert, Cal. 

Moldavite=dark-green glass resembling obsidian. 

Monazite=phosphate of cerium ad other rare-earth elements. 

Money stone=local name in Pennsylvania for rutile. 

Montana agate=moss agate from Montana. 

Montana ruby=garnet. 

‘Montana sapphire=corundum; generally applied to dark-blue or greenish-blue 
sapphire (compare river sapphire). 

Mont Blane ruby=quartz. 

Moonstone=—feldspar (usually oligoclase or the adularia variety of orthoclase) 
showing a pearly opalescence; also commonly but erroneously applied to 
some white or gray chalcedony and to satin spar (gypsum). 

Mora diamond=probably quartz crystal. 

Morganite=rose-colored beryl from Madagascar. 

Moriah stone=granular and spotted verd antique (serpentine). 

Morion=deep-black almost opaque smoky quartz. 

Moroxite=deep-green or blue-green apatite. 

Mosaic agate=brecciated Mexican onyx. 

Moss agate=chalcedony with greenish mosslike or treelike inclusions. 

Moss jasper=opaque and translucent chaleedony crowded full with mosslike 
markings. 

Moss opal=milky opal with black mosslike dendritic inclusions. 

Mother of emerald=prase (quartz). 

Mother-of-opal=rock matrix containing minute disseminated specks of precious 
opal. 

Mother-of-pearl=the hard iridescent internal layer of various shells. 

Mountain mahogany=banded obsidian. 

Muller’s glass=hyalite. 

Myrickite=agate or chalcedony containing bright-red inclusions of cinnabar, 
from the Death Valley region, Cal. 


N, 
Nacre=mother-of-pearl. 
Natrolite=zeolite, hydrous siliciate of aluminum, and sodium, 
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Needle stone=sagenite (quartz). 

Nephelite=silicate of aluminum, sodium, and calcium. 

Nephrite=true jade, a tough compact fine-grained tremolite (white) or actin- 
olite (green). 

Nevada diamond=obsidian, artificially decolorized. 

New rock=bone turquoise (in distinction from “old rock ”’=true turquoise). 

New Zealand greenstone=serpentine, richly colored, from New Zealand; also 
jade or nephrite from New Zealand. 

Nicolo=onyx with a black or brown base and a bluish-white thicker wavy, 
top layer. 

Nigrine=dark-brown to black rutile with some iron. 

Noble opal—precious opal. 

Novaculite=fine-grained hard sandstone; flint (quartz). 


OC 


Obsidian=lava in form of glass. 

Ocean spray=satin spar (gypsum). 

Occidental agnte=agate less perfect than oriental agate. 

Occidental amethyst=true amethyst (quartz). 

Occidental cat’s eve=quartz eat’s eye. 

Occidental chalcedony=somewhat opaque chalcedony; more opaque than ori- 
ental chalcedony. 

Occidental diamond=rock erystal (quartz). 

Occidental topaz—yellow quartz. 

Occidental turquoise=bone turquoise, 

Octahedrite=oxide of titanium in tetragonal crystals, with slightlky different 
properties from rutile. 

Odontolite=bone turquoise. 

Oeil de boeuf=labradorite. 

Old rock=turquoise froin Persia. 

Oligoclase=feldspar, silicate of aluminum, sodiimn, and potassium. 

Olivine=silicate of magnesium and iron. The world olivine is used as a trade 
name for green garnet (demantoid from the Ural Mountains), and is also 
improperly applied to any green stone. The following distinctions are 
sometimes applied to the mineral olivine: Chrysolite, inclining to yellow; 
peridot, inclining to yellowish green; olivine, inclining to green. 

Onegite=quartz with inclusions of hair-like crystals of goethite. 

Onyx=banded chalcedony with alternating bands of cloudy milk-white and 
another color, usually black. 

Oolite=concretionary massive limestone (carbonate of calcium) made up of 

- minute spherical grains. 

Opal=amorphous massive form of hydrous silica. 

Opal agate=banded opal having alternate layers of opal and agate. 

Opal jasper—jasper opal. 

Opal onyx—=alternate layers of precious and of common opal. 

Opalesecent chrysolite=chrysoberyl. 

Opaline=opal matrix. 

Opaline feldspar=labradorite. 

Ophiolite=serpentine. 

Orange topaz=same as Spanish topaz, smoky quartz changed to yellow by 
heat. 

Oregon jade=californite (vesuvianite). 

Oriental=variety of corundum (not necessarily found in the Orient). 

Oriental agate=finely marked and very translucent agate. 

Oriental alabaster—aragonite. 

Oriental amethyst=purple corundum. 

Ortental aquamarine=light-green corundum. 

Oriental cat’s-eye=chrysoberyl cat’s-eye; also smoky corundum. 

Oriental chalceedony=very translucent chalcedony (compare with occidental 
chalcedony ). 

Oriental chrysoberly=yellowish-green corundum, 

Oriental chrysolite=greenish-yellow corundum; also chrysoberyl. 

Oriental emerald=—green corundum. 

Oriental garnet=almandine (garnet). 

Oriental girasol—girasol (corundum). 

Oriental hyacinth=rose-colored corundum. 

Oriental hyacinth=aurora-red corundum. 
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Oriental jasper=bloodstone (quartz). 

Oriental lapis=l pis lazuli. 

Oriental moonstone=pearly corundum. 

Oriental onyx=banded, mottled, or clouded stalagmites (aragonite). 

Oriental opal=Hungarian opal carried to the Orient by merchants aud then 
shipped back to Europe. 

Oriental peridot=green corundum. 

Oriental sapphire= (in part) blue corunduin. 

Oriental smaragd=green corunduin. 

Oriental sunstone=girasol (corundun). 

Oriental topaz=yellow corundum. 

Oriental turquoise=turquoise. 

Orthoclase=potash feldspar in monoclinie erystals, silicate of aluminum and 
potassium. F 

Orthose=moonstone (feldspar). 

Ouachita stone=novaculite (whetstone) ; quartz, 

Ouvarovite=emerald-green garuet colored by chromium, 

Ox-eye=labradorite (feldspar). 

lee 
Pagoda stone=agahnatolite. 
,agodite=agalmatolite. 
-aphos diamond=quartz. 

Parisite=carbonate of cerium and other rare eleurents, with fluorine. 

Paste=artificial lead glass used to imitate gens, 

Paulite=hyperstene. 

Pealite=opal-like variety of geyserite (silica). 

Pearl=lustrous calcareous concretion with animal membrane between suc- 
cessive layers, deposited in the shells of various mollusks. Not a mineral 
but an animal product. 

Pearlite=obsidian with spherulites. 

Pearlylite=variety of obsidian. 

Pebble=rock crystal (quartz). 

Pecos diamond=quartz from Pecos River, Texas. 

Pectolite=hydrous silicate of caleium and sodiuin. 

Pegmatite=coarsely grained rock composed of quartz and feldspar. 

Pelhamite=variety of serpentine. 

Peliom=cordierite. 

Pennsylvania diamond=iron pyrite. 

Peridot of Cevlon=Same as Ceylon peridot, honey-yellow tourmaline. 

Peridot=olivine. (See olivine). 

Peristerite=iridescent albite (feldspar). 

Persian lapis=lapis lazuli. 

Perthite=potash feldspar (orthoclase or microcline) with laminae of soda feld- 
spar (albite). 

Peruvian emerald=the best emeralds from Muzo, Colombia. 

Petoskey agate=cemented portions of fossil coral (beckite). 

Petrified honeycomb=beckite. 

Petrified wood=wood replaced by silica. 

Phenacite=silicate of beryllium. 

Phenomenal gem=one which shows a play or change of color by artificial light, 
or shows a movable line of light. 

Piedmontite=brownish-red variety of epidote. 

Pin fire opal=opal in which the area of the individual colors is very sinall. 

Pink topaz=topaz either naturally pink, or artificially colored pink by heating 
the yellow or brown varieties. 

Pink wollastonite=lilac-colored pyroxene (diopside) from the region of San 
Francisco, Cal. 

Pipestone=catlinite (compact red clay). 

Pisolite=concretionary massive limestone, similar to oolite but made up of 
larger spherical grains. 

Pistacite=greenish epidote. 

Pitch opal=brown opal with a pitchy luster. 

Pitchstone=obsidian of a pitchy luster. 

Plasma=massive translucent quartz, dark grass-green in color, Sometimes with 
white or yellow inclusions of celadonite or of delessite. 

Pleonaste=black spinel, 
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Polyerase=black mineral similar in composition to euxenite. 

Porcelain jasper=baked and hardened Clay. 

Porphyry=rock, variegated in structure, with individual crystals mueh larger 
than the fine-grained matrix. 

Potstone=soapstone (impure talc). 

Prase=massive, translucent, and spotted quartz of a green to leek-green color 
caused by inclusions of minute crystals of actinolite or other minerals. 

Prase opal=apple-green translucent opal. 

Precious coral=red coral. 

Precious opal=opal showing a play of colors. 

Precious schorl=tourmaline. 

Prehnite=greenish hydrous silicate of aluminum and caleium. 

Prismatic moonstone=clouded chalcedony (quartz) from Mohave Desert, Cal. 

Prismatic quartz=cardierite. 

Prosopite=hydrous fluoride of aluminwin and calcium. 

Pseudochrysolite=moldavite. 

Pseudodiamond=quart~z erystal, 

Pseudoemerald=malachite. 

Pyrite=sulphide of iron, in isometric crystals. 

Pyrope=blood-red garnet, silicate of elniinum and magnesium. 

Pyroxene=group of complex silicates of aluiminwn, iron, calcium, magnesium, 
and other clemeuts. 


(). 
Quartz=crystallized silica. 
Quebec dimmond=—quartz crystal, 
Quinzite=rose-colored common opal. 

iis 


Radio opal=opal of a smoky color caused by organie inclusions or inpurities. 

Radiumite=mixture of black bitchblende, yellow uranotile, amd orange gum- 
inite. 

Rainbow agate=agate which shows iridescence whe cut across the concentric 
structure, 

Rainbow quartz=iridescent quartz. 

Rattle boxes=limonite geodes from Chester County, Pa, 

Realgar=orange sulphide of arsenic. 

Reconstructed gem=—one artificially made by fusing and recrystallizing frag- 
ments of natural gems, 

Red stone=ruby. 

Resin opal=opal with a resinous luster. 

Rhinestone=rock crystal (quartz). 

Rhodochrosite=pink carbonate of manganese. 

Rhodolite=rose-colored garuet, between pyrope and alniandite; silicate of alu- 
minum, iron, and magnesimn; from Macon County, N. C. 

Rhodonite=pink silicate of manganese, 

Riband agate=agate with parallel layers. 

Riband jasper=jasper with differently colored, alternating bands. 

Ribbon agate=banded agate. 

Ring agate=agate with differently colored bands arranged in coucentric¢ circles. 

Ripe diamond=true diamond (see uuripe diamond). 

River agate=moss-agate pebbles found in brooks and streams, 

River sapphire=light-colored sapphire from Montana. 

Rock crystal=clear quartz crystal, 

Rock ruby=red garnet (pyrope), 

Rocky Mountain ruby—garnet. 

Romansovite=brown grossulaurite (garnet), silicate of aluminum and calcium. 

Rosaline=thulite (pink zoisite). 

Rose quartz=massive rose-red to pink quartz. 

Rose topaz=pink topaz. 

Roselite=pink garnet. Mineralogically a hydrous arsenate of calcium and 
cobalt. 

Royal topaz=blue topaz. 

Rubasse—quartz artificially stained red. 

Rubellite=pink and red tourmaline. 

Rubicelle=yellow or orange-red spinel, 
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Rubino-di-rocea=red garnet having a tinge of violet. 
Ruby=red corundum. 

Ruby spinel=deep-red spinel. 

Ruin aragonite=brecciated Mexican onyx (aragonite). 
tutile=oxide of titanium. 


S. 


Sabalite=yellowish to greenish banded phosphatic material, similar to or inclos- 
ing variscite, from Utah. 

Sacred turquoise=pale-blue smithsonite. 

Sagenite=transparent quartz with inclusions of hairlike or needle-like crystals 
or fibers of some other mineral, generally rutile. 

Samarskite=black mineral of complex composition, essentially a columbate of 
yttrium, uranium, and iron. 

Sandy sard=sard dotted with darker spots (quartz). 

Saphir d’eau=water sapphire (blue cordierite). 

Sapparé=transparent kyanite. 

Sapphire=blue corundum. The name is also applied to colorless and colored 
(except red) corundum. 

Sapphire quartz=hlue quartz. 

Sapphirine=blue chaleedony, blue quartz; also blue spinel; silicate of aluminum 
and magnesium. 

Sard=chaleedony of a rich brown color, with a reddish tint; brownish-red 
or dark-brown carnelian (sardoine). 

Sardoine=brownish-red or dark-brown carnelian. 

Sardonyx (sard-onyx) white and brown banded chalcedony. 

Satelite=serpentine cat’s-eye. 

Satin spar=finely fibrous gypsum having a pearly opaleseenee; also finely 
fibrous calcite having a silky luster; also finely fibrous aragonite having 
a silky luster. 

Saussurite=greenish to white or gray rock composed chiefly of zoisite. 

Saxon chrysolite=pale wine-yellow or greenish-yellow topaz tinged with green. 

Saxon topaz—pale wine-yellow topaz; also citrine (quartz). 

Scapolite=group of minerals composed of silicates of aluminum, caleium, and 
sodium, with the chloride. carbonate. or sulphate radicles. 

Searab=precious stone inscribed with symbols, engraved like a beetle. 

Schaumburg diamond=quartz crystal from Schaumberg, Hesse, Germany. 

Schiller quartz=quartz cat’s-cye. 

Schiller spar=bastite (enstatite). 

Schnecken topaz—Saxon topaz. 

Schorl=blaeck tourmaline. 

Schorlomite=black garnet containing considerable titanium. 

Seotch topaz=smoky quartz. 

Selenite=colorles, transparent gypsum. 

Semicarnelian=yellow agate. 

Semiopal=colorless to strongly colored somewhat opaque, common opal. 

Semiturquoise=soft pale-blue turquoise. 

Sepiolite=hydrous silicate of magnesium. 

Serpentine=hydrous silicate of magnesium. 

Serpentine cat’s-eye=serpentine showing when cut a changeable luster or 
opalescence without play of colors. 

Siam=dark-red ruby. 

Sinm ruby=dark-red ruby from Siam; also red spinel. 

Siberian amethyst=rich or dark-colored amethyst. 

Siberian aquamarine=very light greenish-blue beryl. 

Siberian chrysolite=demantoid (garnet). 

Siberian ruoy=red tourmaline. 

Siberian topaz=very pale blue or bluish-white topaz. 

Siberite=violet-red tourmaline. 

Siderite=sappharine (blue quartz). Mineralogically, a carbonate of iron. 

Siliceous malachite=green chrysocolla. 

Stlicified wood=wood replaced by silica and small amounts of tron compounds. 

Sinople=quartz having red hematite inclusions, 

Slave’s diamond=colorless topaz. 

Smaragdite=green variety of amphibole, like actinolite; also applied to other 
green stones, as the emerald, fuchsite, ete. 
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Smaragdus=smaragdite. 

Smithsonite=carbonate of zine. In England this carbonate of zine is called 
‘alamine, 

Smoky quartz=quartz crystals of a smoky or brown color. 

Smoky topaz—true topaz of a smoky color; also more commonly smoky quartz. 

Sobrisky opal=opal from the Lead Pipe Spring district in the Death Valley 
region, Cal. 

Sodalite=silicate of aluminum and sodium, with chlorine, generally blue. 

Soldier’s stone=amethyst. Z . 

Spanish emerald=emerald of the finest quality (presumably from South 
America). 

Spanish lazulite=cordierite. 

Spanish topaz=smoky quartz changed to yellow by heat. 

Specular iron ore=hematite. 

Spessartite=yellow, brown, or red garnet, silicate of aluminum and man- 
ganese. 

Sphaerulite=variety of obsidian. 

Sphalerite=sulphide of zine. 

Sphene=titanite. 

Spinel=group of minerals composed of oxides of aluminum, iron, cliromium, 
Inagnesium, or zine. The name spinel is also applied to the species of this 
group which consists chiefly of aluminum and magnesium oxides. 

Spinel ruby=red spinel. 

Spinel sapphire=blue spinel. 

Spodumene=silicate of aluminum and lithium. 

St. Stephen stone=translucent chaleedony with round blood-red spots through it. 

Stalactite=carbonate of calcium in pendent masses deposited in caverns by 
evaporating water. 

Stalagmite=carbonate of calcium deposited from evaporating water on the 
floors of caverns. 

Star stone=starolite (quartz). 

Star ruby=ruby (corundum) showing a star of light. 

Star sapphire=grayish-blue sapphire (corundum) showing a star of light. 

Star topaz=asteriated oriental topaz (yellow corundum), - 

Starolite=asteriated quartz. 

Staurolite=hydrous silicate of aluminum, iron, and magnesium, 

Steinheilite=cordierite. 

Stibiotantalite=tantalate of antimony. 

Succinite=amber ; also amber-colored grossularite (garnet). 

Sulphur diamond=pyrite. 

Sun opal=fire opal. 

Sunstone—feldspar (usually oligoclase or labradorite) containing inclusions of 
minute seales of fron oxide, 

Swiss lapis=agate or jasper artificially colored blue. 

Synthetic gem=—one artificially made from chemicals, 

Syrian garnet=almandite (garnet) of a violet shade. 


dy 


Tabasheer=amorphous opal-like silica deposited in the joints of bamboo. 

Tauridan topaz=very pale blue topaz. 

Taxoite=serpentine froin Chester County, Pa. 

Test stone=basanite (jasper). 

Texas agate=agate jasper from Texas. 

Thetis hairstone=transparent quartz with inclusions of hairlike erystals of 
ereen actinolite. 

Thomsonite=zeolite, hydrous silicate of aluminum, calcium, and sodium, 

Thulite=rose-red zoisite. 

Tiger-eye—yellow to brown, altered crocidolite. 

Titanite=silicate of calctum and titanium. 

Toad’s-eye tin=concentric cassiterite. Same as wood tin but on a smaller scale. 

Topaz=silicate of aluminum, with fluorine. Most of the ordinary topaz of 
commerce is “false topaz” or yellow to brown quartz. Much of the “ yel- 
low quartz” is smoky quartz artificially changed from brown to yellow 
by heat. The term topaz is also improperly applied to any yellow stone. 

Topaz cat’s-eve=yellow corundum showing an elongated or round patch of opal- 
escent light. 


GEMS AND PRECIOUS STONES. 163 


Topazolite=colorless, yellowish, or greenish andradite (garnet). 

Touchstone=basanite (jasper). 

Tourmaline=group of closely related minerals which are complex hydroboro- 
silicates of aluminum and one or more other bases, such as iron, manga- 
nese, calcium, magnesium, sodium, or lithium. 

Trainite=impure banded variscite. 

Tree agate=mocha stone. 

Tree stone=mocha agate. 

Trenton diamond=quartz crystal from Herkimer County, N. Y. 

Trilobite=fossil. 

Triphane=yellow or greenish-yellow spodumene. 

Troostite=pink to gray willemite containing some manganesc. 

Turquoise=hydrous phosphate of aluminum and copper. 

Turkis=turquoise. 

Turtle back=chlorastrolite; also matrix turquoise; also matrix variscite. 


108 
Unripe diamond=quartz. 
Ural chrysoberyl=alexandrite. 
Uralian emerald=Siberian demantoid (green garnet). 
Utahlite=compact variscite. 
Uvarowite=green garnet containing chromium. 


ue 


Vallum diamond=quartz crystals from the Tanjore district, Madras Presi- 
dency, India. 

Variolite=darg-green orthoclase (feldspar) containing lighter-colored globular 
particles. 

Variscite=hydrous green phosphate of aluminum. 

Vegetable fossil=amber. 

Verd antique=variegated serpentine; also clouded yellowish to bluish-green 
marble. 

Verdite=green rock, composed chiefly of fuehsite (green muscovite containing 
chromium). 

Verdolite=talcose-dolomitie breccia rock from New Jersey. 

Vermeille=orange-red almandite (garnet); also orange-red spinel. 

Vermilion opal=milky opal impregnated with cinnabar. 

Vermilite=vermilion opal. 

Vesuvian gem=vesuvianite. 

Vesuvianite=complex silicate, chiefly of aluminum and ecaleium. 

Vinegar spinel=yellowish-red spinel. 

Violane=dark violet-blue diopside (pyroxene), from Piedmont, Italy. 

Violet stone=cordierite. 

Violite=compact purple chalcedony from San Diego County, Cal. 

Voleanie chrysolite=vesuvianite. 

Voleanie glass=obsidian. 

Volcanic lava=lava. 

Volcanic scoria=vesuvianite. 

Vulpinite=anhydrite. 


W. 


Wabanite=banded cream to black and gray to purple chocolate-colored slate 
from Massachusetts. 

Wardite=hydrous phosphate of aluminum. 

Water agate=shell of chalcedony containing bubble of water. 

Water chrysolite=moldavite. 

Water opal=moonstone (feldspar). 

Water sapphire=true water sapphire is cordierite; also white topaz. 

Water stone=hydrolite (opal). 

Wax agate=yellow agate, with a pronounced waxy luster. 

Wax opal=yellow opal with a waxy luster. 

Wernerite=scapolite. 

White ee oo cloudy, milk-white, or very pale reddish or yellowish chal- 
cedony. 

White emerald=cssium beryl. 
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White jade=white nephrite; also compact white garnet; also white californite 
(vesuvianite). 
White sapphire=colorless corundum; also quartz. 
White topaz=colorless topaz; also quartz. 
Willemite=silicate of zinc. 
Williamsite=variety of serpentine of a rich blackish oil-green color. It may 
contain disseminated particles of black chromite, giving a mottled effect. 
Wiluite=green vesuvianite; also yellowish-green to greenish-white garnet. 
Wilsonite=purplish-red scapolite. 
Wolf’s eye=moonstone (feldspar). 
Wolf’s eye stone=crocidolite. 
Wollastonite=silicate of calcium. 
Wood agate=wood petrified or replaced by agate. 
Wood opal—wood silicified by opal. 
Wood stone=silicified wood. 
Wood tin=cassiterite with a concentric structure. 
World’s eye=hydrophane (opal). 
KE 
Nanthite=dark yellowish-brown vesuvianite froin Amity, N. Y. 
as 
; 
Yogo sapphire=dark-blue corundum from Yogo Gulch, Mont. 
Yu stone=jade. 
“Z. 
Zincite=oxide of zine, mostly red. : 
“Aircon=silicate of zirconium. 
Zvoisite=hydrous silicate of aluminum aud calcium. 
Zonite=variously colored chert or jasper, from Arizona. 
Zonochlorite=banded prelinite, similar to chlorastrolite. 
PART II. 
! 
A. 
Allanite. 
Amphibole=actinolite, axstone, byssolite, crocidolite, hawk’s-eyve, hornblende, 
jade, kidney stone, nephrite, New Zealand greenstone, smaragdite, sma- 
ragdus, tremolite, wolf’s-eye stone. 


Anatase. 

Andalusite=chiastolite, cross-stone, macle. 

Anhydrite=vulpinite. 

Ankerite=brown spar. 

Apatite=moroxite, asparagus stone. 

Apophyllite=fisheye stone, ichthyophthalmite. 

Aragonite=alabaster, California onyx, flos ferri, flowers of iron,Gibraltar stone, 
iztac chalchihuitl, Mexican onyx, mosaic agate, oriental alabaster, oriental ; 
onyx, ruin aragonite, satin spar, stalactite, stalagmite, verd antique. (See 
also calcite.) 


Axinite. 
Azurite=blue malachite, chessy copper, chessylite. 
Azurmalachite. 
B. 
Barite. 
Benitoite. 


Beryl=aeroides, amethiste basaltine, aquamarine, aquamarine chrysolite, bix- 
bite, caesium beryl, canary beryl, echalchihuitl, chrysoberyllus, chrysolithus, 
davidsonite, emerald, golden beryl, goshenite, heliodor, hyacinthozontes, 
morganite, Peruvian emerald, Siberian aquamarine, smaragdite. Spanish 
emerald, white emerald. 

Berylonite. 

Bone turquoise=—fossil turquoise, new rock, occidental turquoise, odontolite. 

Brookite=arkansite. 
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Cc: 


Calamine=<Aztee stone, chalchihuitl, hemimorphite. 

Culcite=agrite, calcomalachite, fire marble, Iceland spar, lumachelle, marble, 
oolite, pisolite, satin spar. 

Cancrinite. 

Cassiterite=toad’s-eye tin, wood tin. 

Chondrodite. 

Chromite=chromie iron. 

Chrysoberyl=alexandrite, cat’s-eye, Ceylon cat’s-eye, clirysolite, eymophane, 
floating light, opalescent chrysolite, oriental cat’s-eye, ural chrysoberyl. 

Chrysocola=keystonite, siliceous malachite. 

Clay=ecatlinite, pipestone, porcelain jasper. 

Coal=anthracite, black amber, brown coal, candle coal, ecannel coal, jet, lignite, 

Cobaltite. 

Copper ore gem—carmazul, chrysocarmen, copper pitch ore, mahogany ore, 

Cordierite=dichroite, iolite, lynx-stone, peliom, prismatic quartz, saphir d’eau, 
Spanish lazulite, steinheilite, violet stone, water sapphire. 

Corundun=adamantine spar, asteria, asteriated topaz, Australian sapphire, 
Burma ruby, cat sapphire, Ceylon ruby, corunduin cat’s-eye, female sap- 
phire, girasol, Kashinir sapphire, king topaz, leuco-sapphire, lyvux sapphire, 
male sapphire, Montana sapphire, oriental, oriental amethyst, oriental 
aquamarine, oriental cat'’s-eve, oriental chrysoberyl, oriental chrysolite, 
oriental emerald, ortental girasol, oriental hyacinth, oriental moonstone, 
oriental peridot, oriental sapphire, oriental smaragd, oriental sunstone, 
oriental topaz, red stone, river sapphire, ruby, sapphire, star ruby, star 
sapphire, Siam, star topaz, topaz cat’s-eye, white sapphire, Yogo sapphire. 


D. 
Danburite. 
Datolite. 
Diamond=Bahia, blue-white, brilliant, by-water, canary, cape, carbonado, first 
bye, first water, Goleonda, jager, ripe-diamond. 
Diaspore. 
Dioptase=achirite, Congo emerald, copper emerald, emerald copper, emerald 
malachite, emerandine. 
Duimortierite. 
KE. 
Epidote=piedmontite, pistacite. 
Kuclase. 


Kuxenite. 
1M, 


Feldspar=andularia, albite, albite moonstone, amazon stone, andesine, aventu- 
rine feldspar, bemiscite, bull’s-eye, cassinite, Ceylon opal, changeant, ches- 
terlite, delawarite, fisheye, girasol, heliolite, Labrador spar, Labrador stone, 
labradorite, leelite, lennilite, microcline, moonstone, oeil de boeuf, oligoclase, 
opaline feldspar, orthoclase, orthose, ox-eye, peristerite, perthite, sunstone, 
variolite, water opal, wolf’s eye. 

Fergusonite. 

Fluorite=blue john, chlorophane, cobra stone, crimson night stone, false 
amethyst, false emerald, false ruby, false sapphire, false topaz, fluorspzr. 

Fossil=beckite, beekite, fossil coral, Petoskey agate, petrified honeycomb, 
trilobite. 

Franklinite. 

G. 

Gadolinite. 

Garnet=Adelaide ruby, almandite, American ruby, andradite, Arizona ruby, 
Arizona spinel, Bobrowska garnet, Bohemian diamond, Bohemian garnet, 
California ruby, Cape ruby, carbuncle, Ceylon hyacinth, Ceylon ruby, 
chloromelanite, chrome garnet, cinnamon stone, colophonite, Colorado 
ruby, demantoide, Elie ruby, essonite, false hyacinth, Fashoda garnet, 
gooseberry stone, grossularite, guarnaccino, hessonite, hyacinth, jacinth, 
jade, melanite, Montana ruby, olivine, oriental garnet, ouvarovite, pyrope, 
rhodolite, rock ruby, Rocky Mountain ruby, romansovite, roselite, rubino- 
di-roceca, schorlomite, Siberian chrysolite, spessartite suecinite, Syrian 
garnet, topazolite, Uralian emerald, uvarovite, vermeille, white jade, 
wiluite. 
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sarnierite. 

Goethite. 

Gold. 

Gypsum alabaster, moonstone, ocean spray, Satin spar, selenite. 


Et 
Hatiynite. 
Heimatite=bloodstone, iron glance, specular iron ore. 
Hetaerolite. 
I, 
Timenite=menaceanite. 
Ilvaite. 
1 
Kornerupine. 
Kyanite=cyanite, disthene, sapparé. 
1 
Lapis lazuli=Armenian stone, azure stone, blue rock, Oriental lapis, Persian 
lapis. 
Lazulite=false lapis lazuli. 
Lazurite. 


Limonite=rattlebox. 


Magnetite—lodestone. 

Malachite=pseudo-emerald. 

Mareasite. 

Mesolite. 

Mica=agalmatolite, damourite, figure stone, fuchsite, image stone, lepidolite, 
maripesite, pagoda stone, pagodite, smaragdite, verdite. 

Microlite. 

Moldavite=bottle stone, false chrysolite, pseudo-chrysolite, water chrysolite. 

Monazite. 


N. 
Natrolite. 
Nephelite. 


Oo; 


Obsidian=arrow points, black lava glass, glass agate, Iceland agate, Tceland 
agate lava, marekanite, mountain mahogany, Nevada diamond, pearlite, 
pearlylite, pitechstone, sphaerulite, volcanic glass, 

Octahedrite=anatase. 

Olivine=celestial precious stone, chrysolite, evening emerald, golden stone, 
hyalosiderite. Job’s-tears. peridot. 

Opal=aimber opal, black opal, cacholong opal, common opal, fire opal, flash 
opal, flash fire opal, fossil pineapple, girasol opal, gold opal, harlequin opal, 
hyalite, hydrophane, isopyre, jasper opal, lechosos opal, lithoxyle, magic 
stone, menilite, moss opal, mother-of-opal, Muller’s glass, noble opal, opal 
agate, opal jasper. opal onyx, opaline, oriental opal, pealite, pin fire opal, 
pitch opal, prase opal, precious opal, quinzite, radio opal, resin opal, semiopal, 
Sobrisky opal, sun opal, tabasheer, vermilion opal, vermilite, water stone, 
Wax opal, wood opal, world’s eye. 


1 

Parisite. 

Pectolite=jade. 

Phenacite. 

Pitchblende=radiumite. 

Polyerase. 

Prehnite=Cape chrysolite, chlorastrolite, green agate, green star stone, green- 
stone, Isle Royal greenstone, Lake Superior greenstone, turtleback, zono- 
chlorite. (See aiso thomsonite.) 

Prosopite. 

Pyrite=alpine diamond, fool’s gold, Inca stone, Pennsylvania diamond, sul- 
phur diamond. 
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Pyrophyllite=agalhnatolite. 

Pyroxene=alalite, bastite, bronzite, chalchihuitl (jadeite), diopside, enstatite, 
green garnet (enstatite), hyperstene, jade, jadeite, Labrador hornblende, 
malacolite, New Zealand greenstone, paulite, pink wollastonite, Schiller- 
spur, violane, yu stone. 


Q. 


Quartz=agate, agate jasper, Alaska diamond, Alencon diamond, Aleppo stone, 
amberine, amethyst, amethystine quartz, Ancona ruby, apricotine, Arkansas 
diamond, arrow potnts, aventurine, azure quartz, Baffa diainond, basanite, 
beekite, beekite, bishop’s stone, bloodstone, blood jasper, blue chrysoprase, 
blue moonstone, Bohemian diamond, Bohemian topaz, Bohentian ruby, Bra- 
zilian diamond, Brazilian pebble, Brazilian topaz, Briancon diamond, Bris- 
tol diamond, burnt antethyst, cacholong, cairngorin, Californian moonstone, 
Cape May diamond, carnelian, carnelian-onyx, catalinite, Catalina sar- 
donyx, cat’s-eve, cer-agate, chalehihuitl, chalcedony, chalcedony onyx, chal- 
cedonyx, chert, chinarump, chloropal chrysoprase, Colorado topaz, Cornish 
diamond, cotterite, creolite, crispite, crystal, cupid’s darts, Dauphine dia- 
mond, dendritic agate, Egyptian jasper, Egyptian pebble, eldoradoite, em- 
ernldine, enhydros, eye agate, false diamond, false lapis, false topaz, fancy 
agate, feminine carnelian, fléches (amour, Fleurus diamond. flint, flower 
stone, fortification agate, fossil coral, frost stone, gevserite, gold quartz, 
golden topaz, hairstone, leliotrope, Herkimer diamond, Horatio diamond, 
hornstone, hyacinth, Hungarian cat’s-eye, hyacinth of Compostella, Imperial 
yu stone, Indian agate, Indian topaz, iolanthite, iridescent quartz, iris, Trish 
diamond, Isle of Wight diamond, jasp-agate, jasper, jasperine, kinradite, 
Lake George diantond, lavendine, love arrows, Iydian stone, Madeira topaz, 
Marmoroseh diamond, masculine carnelian, milky quartz, mocha stone, Mo- 
have moonstone, Montana agate, Mont Blane ruby, moonstone, Mora dia- 
mond, morion, moss agate, moss jasper, mother of emerald, myrickite, 
needlestone, nicolo, novaculite, occidental agate, occidental amethyst, occi- 
dental cat’s-eye, occidental chalcedony, occidental diamond, occidental topaz, 
onegite, onyx, orange topaz, oriental agate, oriental chalcedony, oriental 

jasper, ouachita stone, Paphos diamond, pebble, Pecos diamond, petrified 
wood, plasma, prase, prismatic moonstone, pseudo diamond, Quehbee dia- 
mond, rainbow agate, rainbow quartz, rhinestone, riband agate, riband jas- 
per, ribbon agate, ring agate, river agate, rock crystal, rose quartz, rubasse, 
sagenite, sandy sard, sapphire quartz, sapphirine, sard, sardoine, sardonyx, 
Saxon topaz, Schaumburg diamond, Schiller quartz, Scotch topaz, semi- 
carnelian, Siberian amethyst, siderite, sinople, silicified wood, smoky 
quartz, smoky topaz, soldier’s stone, Spanish topaz, St. Stephen stone, star 
stone, starolite. Swiss lapis, test stone, Texas agate, Thetis hairstone, tiger- 
eve, topaz, touchstone, tree agate, tree stone, Trenton diamond, unripe dia- 
mond, Vallum diamond, Venus hairstone, violite, water agate, wax agate, 
white carnelian, white sapphire, white topaz, wood agate, woodstone, 
zonite. 


ie 

Realgar. 

Rhodochrosite. 

Rhodonite=fowlerite. 

Rock=agrite, catlinite, clay, creoline, graphic granite, lapis lazuli, lava, leopard- 
ite, matrix, mother-of-opal, novaculite, obsidian, pegmatite, pipestone, 
porcelain-jasper, porphyry, potstone, sausurite (jade), verdolite, volcanic 
lava, wabanite. 

Rutile=money stone, nigrine. 


S. 

Samarskite. 

Sapphirine. 

Scapolite=wernerite; wilsonite. 

Sepiolite—meerschaum. 

Serpentine=bowenite, California cat’s-eve, California tiger-eve. jade, moriah 
stone, New Zealand greenstone, ophiolite, pelhamite, satelite, serpentine 
cat’s eye, taxoite, verd antique, williamsite. 

Sillimanite=jade. 
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Sinithsonite=azulite, bonamite, sacred turquoise. 

Sodalite. 

Sphalerite. 

Spinel=Alabandine ruby, almandine spinel, automolite, balas ruby, ceylonite, 
chlorospinel, chromite, dysluite, franklinite, gahnite, goutte de sang, 
hereynite, hyacinth, magnetite, pleonaste, rubicetle, ruby spinel, sapphirine, 
Siam ruby, spinel ruby, spinel sapphire, vermeille, vinegar spinel. 

Spodumene=California iris, hiddenite, kunzite, lithia emerald, triphane, 

Staurolite=cross stone, fairy stone, lucky stone. 

Stibiotantalite. 

1. 


Thomsonite=comptonite, eye agate, eyestone, lintonite. 

Titanite=sphene. 

Topaz=aquamarine topaz. Brazilian aquamarine, Brazilian ruby, Brazilian 
sapphire, Brazilian topaz, burnt Brazilian topaz, burnt topaz, drop of 
water, golden topaz, goutte deau, Indian topaz, pink topaz, royal topaz, 
Saxon chrysolite. Saxon topaz, Schnecken topaz, Siberian topaz, slave’s 
diamond, tauridian topaz, water sapphire. 

Tourmaline=achroite, andalusite, aphrizite, Brazilian emerald, Brazilian pe- 
ridot, Brazilian sapphire, Ceylon chrysolite, Ceylon peridot, dravite, emeral- 
ite, indicolite, peridot of Ceylon, precious schorl, rubellite schorl, Siberian 
ruby, siberite. 

Turquoise=celestial stone, chalehihuitl, chalchuite, edisonite, mineral turquoise, 
old rock stone, oriental turquoise, semiturquoise, turkis, turtleback. 


NV. 


Variscite—amatrice, callainite, chlorutahlite, sabalite,: trainite, turtleback, 
utahlite. 

Vesuvinnite=<Ainerican jade, brown jacinth, California jade, californite, cyprine, 
greenstone, idocrase, Italian chrysolite, jade, Oregon jade, Vesuvian gem, 
volcanic chrysolite, voleanic scoria, white jade, xanthite. 


W. 
Wardite. 
Willemite=troostite. 
Wollastonite. 
ZA. 
Zincite. 


Zircon=Ceylonese zircon, hyacinth, jacinth, jargon, jargoon, matara diamond. 
Zoisite=rosaline, thulite. 
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GEMS AND PRECIOUS STONES. 


By Watpemar T. SCHALLER.’ 


PRODUCTION. 


The production of gems and precious stones in the United States in 
1918 was smaller than in any previous year since 1881, except in 1896. 
The value of the output in 1918 was only $106,523. The enlistment 
of many miners in the military service, the general scarcity of 
labor, and the poor market all had their effect in reducing the quan- 
tity and value of the precious stones produced. 


Value of precious stones produced in the United States, 1913-1918. 


| ' 
1913 | 1014 1915 | 1916 1917 1918 
=. | i 

Ft Re baeas neousbaeee « £1,615 2, 395 $1, 675 2 031 $2, 178 $1,906 
(1 at a en 2,350 1, 280 1,120 1,713 2, 57 2, 209 
Cormntuae «UME Tay FRO ae 238, 835 61, 042 88,214 99, 180 f4, 204 (2,414 
OS eee ee 6,315 7 608 2 680 4,175 1,910 

Peldspar.... 1, 285 449 368 305 (a) (a) 
(RS RS ee 4,285 1,760 4, 523 1, 542 624 1,277 
EERE ns oan cdeacsadbescnweledencstse<lanveees ; 126 (a) (a) 138 

ad ak, Jae. ee cedenccascenfoansans BOE Nisidgutvctiobaevdccndiseidenisestivedeks 
SPURS RAMnaS Gece et ccwrcesstscsgaccness 15, 130 1,114 1,850 1, 838 805 6,304 
te aed wocebenad ip i's vs 375 100 (a) 45 (a) 1.018 

a 30 aia 1,042 2,075 (a) (a) 
bind Sup eSacseceseseg sscccccescscuces 16, S61 18, S38 35, 724 25, 707 28, 27 15, 211 
ite. cee eeWagcdousdcotsee 165 1,050 5 (a) (a) l 

Smithsonite...... 50 50 (@) a Pee 
8 Sipe tisvake<ebaccncksenn 6, 520 4,000 (a) (#) (a) 281 

0 A Oa ey en ee 21 (a) 47 (a) (a) 
adel cadebbuasaccees 736 1, 380 862 1.005 230 907 
DE Di dan ccusdoeesdaecessseccass: 7,630 7,980 10, 969 i), SOT 12, 452 6, 206 
IN ed Bn scabs ba sbeciet cuab s 8,075 13, 370 11, 691 21,811 14, 171 20, 047 
iis enue. édoshddseeusnyecess 6, 105 5,055 3, 867 3,140 2,350 753 
I ciackddehscncéadcousessuenseys 152 1,425 1,535 (3) 2, 765 320 
Miscellaneous gems...............-.- yawn 2, 920 2,287 | ©6,172] ©¢3,457] 45,928 € 4,397 


¢ Small ogre ineluded — me greene | ny ee y 4 olin’ 
Includes apatite calamine, jorastrol crocido; e, , fossil cora ’ celan sper, e, 1a) 
lasnli, cbaidhan, peridot, phenacite, rutile, smithsonite, spodumene (kunzite), staurolite, th ; 


Utanite, and zircon. 
< Inetades chlorastrolite, datolite, epidote, fossil coral, hematite, kyanite, larulite, rhodonite, rutile, 


sendohte, serpentine, spodumene, staurolite, and vianite. 
@ Includes andalusite, chlorastrolite, datohite, epldote, feldspar, fossil coral, hematite, Iceland spar, lapis 


a Seen peo phenacite, po to, rutile, sepiolite, amithsanite, spodumene, stauro- 
pins Meteor te, and xiosite. 
chlorastrolite, datolite, ee fluorite, Iceland spar, lapis 
satin spar 


te, 
mari meerschaum, obsidian, te, , staurolite, th 
So te, - phenacite, pyri gypsum ) omso- 


The value given in the table largely represents the value of the 
rough material; the value of the cut and polished gems is several 
times greater. The completeness and accuracy of the statistics of 


1 The tables giving statistics of the value of the gems and pense stones produced in the United 
States in 1918 were compiled by Miss Blanche H. Stoddard, of the United States Geological Survey. 
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gc ee on the assistance rendered by the gem miners and 
ealers, and their help is greatly appreciated. The Geological Sur- 
vey carries on a large correspondence concerning precious stones, and 
the information furnished by the individual producers enables the 
Survey to put intending purchasers of rough material directly in 
touch with them. 

.Corundum, quartz, tourmaline, and turquoise constituted 79 per 
cent of the total value of the precious stones produced in 1918. 


Value of principal precious stones produced in the United States, 1911-1918. 


Per- 


cen 
oftot: 


1911..... $215, 523 9 | $16,445 
Eset 197, 765 7| 28,200 
Maa 238, 835 5| 7,630 

1914 61, 082 15| 7,980" 

1915..... 88; 214 21| 10,960 

1916..... 99, 180 12| 50,807 

1917..... 54, 204 22| 12)452 

WUE. ans 42, 414 14| 6,206 


Average for 1911- 
IOUS .nccccccsccee] = SB feccaccccee| Il Jrcccocccs 


@ Includes ruby and a pes 
> Includes all varieties of quartz, such as amethyst, rock crystal, chalcedony, agate, Jasper, etc. 


Reports of actual | poesia were received from 57 persons and 
companies. A few of these persons are either lapidaries or collectors 
and not regular producers of precious stones. irty-eight distinct 
mineral species were mined; including all varieties as reported, a 
total of 75 named precious stones were produced. These came 
from 27 States (including Hawaii), 8 of which had a production 
valued at more than $1.000 each. 


Value of precious stones produced in 1918, by States. 


OT Ever ee ey eee EP ATS TEE ee CT TOM Ee ETE CET $47, 753 
POM ah cadens AAs eo nra ts hake a ee athhn Sea TANDs AE’ Reta kaet 21, 674 
California. . 9, 572 
Pe IN no: « cana areitcelsineiman ssi ERLE A LADLE I EROS : 
ici poison dnicwiner gins orecisGntiuds apan cecal parioiieectoa hanson iain ipnertie 7, 182 
CRA awen cnenet oui ne RA a RRR ANAT Wetivinduen’ eawitckern 3, 430 
Avene 600 NOW MexiG.cesccwesiiaviencedssesscssawecnnnens 3, 089 
EE ONO Sti ctsincaxansanancancewaemxewennamewnmecaxenia 4, 667 
106, 523 


Montana continued to lead all the other States in the value of 
precious stones produced in 1918. The output consisted chiefly of 
corundum of the variety sapphire, which represented almost half of 
the total value of all precious stones produced in the United States 
in 1918. Other gem minerals produced in Montana were agate 

1 Florida, Hawaii, Idaho, Michigan, Minnesota, Nebraska, New Hampshire, New Jersey, New York, 
North Virginia, Wash: 


, North Dakota, n, Pennsylvania, South Dakota, Texas, Utah, 
ington,and Wyoming. Production of each State less than $1,000. 
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(chiefly moss agate), Iceland spar, garnet, and topaz; the last two 
amounted to only a few dollars in value. 

Nevada ranked second in the output of precious stones, showing a 
greater value than for any other year since 1911. The most valuable 
gem mineral produced in Nevada was turquoise, followed by opal and 
variscite. 

California was third in rank but had an unusually small output. 
The gem minerals mined were various forms of quartz (such as jasper, 
chalcedony, bloodstone, and chrysoprase), beryl, diamond, epidote 
lspis lazuli, obsidian, rhodonite, spodumene, topaz, tourmaline, and 
vesuvianite. A pm ad carat diamond was found in Cherokee 
Flat, Butte County, Calif. 

Arizona had a production whose value was only a few hundred 
dollars less than that of California. The gem minerals produced 
include the copper-ore gems (azurite, malachite, azurmalachite, and 
chrysocolla), garnet, obsidian, peridot, opal, agate, jasper, and 
turquoise. 

ine produced beryl, garnet, amethyst and rock crystal, topaz, 
and tourmaline. 

Colorado produced calamine, amazonstone, fluorite, garnet, hema- 
tite, opal, satin spar, phenacite, pyrite, various forms of quartz, 
topaz, and turquoise. 

rom Arkansas several hundred carats of diamonds were reported, 
including a canary-colored octahedron weighing 17.85 carats, a 
clear flat stone of 11 carats, and several smaller stones weighing 
several carats each. 

In New York City garnet of gem quality was collected by Gilman 
S. Stanton and James G. Manchester in November, 1918, on River- 
side Drive, north of West One hundred and sixty-fifth Street. The cut 
stones are deeper red than the spessartites found on the same ridge 
about half a mile farther north... A number of stones have been cut, 
the largest about three-fourths of a caratinsize. Chemical tests show 
that the garnet contains both iron and manganese, being intermediate 
in a between almandite and spessartite. 

In Hawaii an area of decomposed lava contains numerous yellowish- 
green crystals of peridot, which were cut in Honolulu into gems 
weighing as much as a carat and a half each. The crystals were 
separated from the sandy decomposed lava by sifting, and many 
also were brought to notice by the action of rain. Four workmen 
are aon! to have obtained 30,000 fragments of peridot in five days’ 
wor 

FOREIGN OCCURRENCES. 


DIAMONDS IN SOUTH AFRICA. 


A large blue-white diamond, weighing 388} carats? in its rough 
state, has been reported as found at the Jagersfontein mine, Orange 
River Colony, South Africa. Although small in comparison to the 
Cullinan diamond (3,052 carats), it will rank as one of the world’s 
largest diamonds. The Jagersfontein mine in 1893 yielded the 
Excelsior, a diamond vee ng 9694 carats in the rough. For com- 

that t 


a it may be stated he largest cut stone obtained from the 
inan weighs 5164 carats. ; 
U. 8. Geol. Survey Resources, 1916, pt. 2, p. 804, 1918. 


I Mineral ’ 
Presumably ‘‘ E .”’ The weights of the older stones are given in English carats. One 
Rnjish carat weighs 908.204 rniltigrams. 
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Al diamond, free from flaws, was picked up by a native in 
September, 1917, on the Dutoitspan mine dump at Kimberley. 
The stone weighs 442} carats and is a reeord stone for this mine. 
Although slightly smaller than the large diamond of 503} carats 
discovered in the De Beers mine in 1896, the stone picked up recently 
is the most valuable diamond ever found at Kimberley in the mines 
of the De Beers Consolidated Mines Co. 

It is said that there are not enough new diamonds in the world to 
supply the unprecedented incre demand from nearly all coun- 
tries in the last few months. The shortage is due to the four and a 
half years of war, gorng. which mining operations were completely 
suspended for a period of & year and a half and were resumed on a 

eatly reduced scale. The diamond dealers in the United States 

ave in the meantime been replenishing their stocks from the accu- 
mulated surplus that had been mined prior to the war. 

The competition which formerly existed in the world’s diamond 
market has completely disappeared because of Germany’s loss of 
German Southwest Africa, the output of which was large enough to 
be a factor in the market. The former German possession is now. 
held by the British. With this competition eliminated, it is pointed 
out by leading American diamond dealers, 95 cent of the world’s 
production of diamonds will be under control of the De Beers Con- 
solidated Mines Co. and its selling agents. 

Holland and Belgium did most of the diamond cutting before the 
war, France and England cutting smaller quantities. e indus 
has been practically suspended in Belgium, has increased in Holland, 
and remains about the same in France and England. 

It is estimated that about half of the mined diamonds of the world 
are owned in the United States and that their value exceeds a billion 


dollars. 
AGATE AND AMETHYST IN URUGUAY. 


Agates and amethysts are found in the Departments of Tacuarembo, 

Paysandu, Salto, and Artigas, in the northwestern Pert of Uruguay. 
Agate is abundant in many curious and beautiful forms and in a 
‘ae variety of colors. Amethyst occurs in geodes, which are col- 
ected in the fields at a nominal cost, taken on mule-back or in carts 
to the nearest railway station, shipped from there in barrels to Salto, 
and thence by river boat to Montevideo. The finest amethysts, of a 
deep violet color, equal to the best European material, come from 
Artigas, near the Brazilian border. 

Little exact information as to the output of amethyst is available. 
In 1909, which was a normal year, exports are estimated to have been 
between 13,000 and 15,000 pounds. Practically the entire output of 
rough amethyst and agate was formerly exported to Germany to be 
cut at Idar and Oberstein. The value of rough amethyst varies 

eatly according to purity and color, ranging from 10 centimos 

10.34 cents) to 12 pesos ($12.41) per kilo (2.2 pounds), and excep- 
tionally as high as 40 pesos ($41.36) per kilo has been paid. @ 
output since 1914 has been very small and irregular, owing in part to 
the setae of the soppy of stones of good ages f 

The Morgan Gem Hall of the American Museum of Natural History, 
New York City, has recently acquired a beautiful statuette, 8 inches 
high, of a woman dancing, carved out of an unusually perfect block 
of translucent natural sapphirine (blue quartz) from Uruguay. 


—- 
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IMPORTS AND EXPORTS. 


| The precious stones (excluding pearls) imported into the United 
States in 1918, as reported by the Bureau of Foreign and Domestic 
| Commerce, Department of Commerce, were valued at $22,666,839. 
Pearls are omitted from the total value, as they are lustrous cal- 
careous concretions with animal membrane between successive layers 
and are not & mineral but an animal product, being deposited in the 
shells of various mollusks. As pearls owe their beauty and value to 
the organic part of their composition, they do not come within the 
scope of this report. They are, however, among the most desired of 
gems, and their value is therefore given in a separate column in the 
table of imports. 

Including pearls, the value of imported gems in 1918 was the lowest 

for the last 10 years except that in 1914. 


Diamonds and other precious stones imported and entered for consumption in the United 
States, 1909-1918. 


ba vendataad $4,033,201 | $40,237,500| $24, %48 
LanésbGedsen 4,237,232 | -39, 001, 165 | 1,626, 083 
Cs capa! 3,820.703 | 39, 461,588 | 1, 384,376 
Seacuseuess 3,433,163 | 36, 280, 560 | 5, 130, 376 
Csiencciialents 9,805,963 | 40,450,596 | 5,002,624 
Secneugabebe 1,649,875 | 17, 135, 419 | 2,090; 018 
caeeneaenees 1,078,301 | 21,719, 693 | 4,513, 900 
eebewnuonile 2,303,351 | 38,930, 127 |11, 336,971 
ELE CUER 1,883,810 | 34,846,351 | 4,947,509 
hemanasnuden 1,102,308 | 22,666,839 | | 765; 929 
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Foreign precious stones reerported, 1913-1918. 


Uncut. 


’ 
BUGS ec techebaisaasensceey 4, 90, 818 1,066 
EULD, wcatincak ekeaeeseiinee: 97, 764 116, 568 116, 809 
1 RIN Sea RNA 6,979 , 700 904,115 
WR ack bcisanasiceeeien ant | 7, 41,473 20,353 
nee nc a bj 213 42, 908 


« Not shown for these years, + Includes some bort. 


SOME INDUSTRIAL USES OF PRECIOUS STONES. 


In the following paragraphs are given some industrial uses of 
minerals of gem quality. addition to ornamentation, all gem 
minerals are of value as specimens for collections, for use in stand- 
ardization (for example, fluorite and quartz as standards of densities 
and of refractive indices), and as sources of material for investiga- 
tion, both industrial and scientific. These: uses are therefore not 
always repeated under the different mineral names. Ornamentation 
itself covers a variety of utilization, such as for jewelry, knife 
handles, paper weights, and pipes (meerschaum). 


Agate. Mechanical bearings and supports, scale bearings, balls for water meters. 
Azurite. Ore of copper; pigment for paint. 
Azurmalachite. Ore of copper. 
Calcite. See Iceland spar. 
Chromite. Ore of chromium. 
Chrysocolla. Ore of copper. 
Cobaltite. Ore of cobalt. 
Corundum, See Sapphire. 
Diamond. Cutting, grindi engraving, boring, and poishing material; supports 
for bearings and pivots; dies for wire drawing; tips for phonograph needles. 
Epidote. For coloring artificial slate and roofing material. 
luorite. See Optical fluorite. 
Franklinite. Ore of manganese and zinc. 
Garnet. Abrasive; for watch jewels or jeweled bearings; as tared weights. 
Garnierite. Ore of nickel. 
m. Used in manufacture of artificial pearls—the so-called ‘‘Roman pearis.’’ 
Sedend sper. teckel f calcite, clear and d u 
spar.—Icelan is a variety of calcite, clear and transparent and unusually 
free from im actions and impurities. Transparent crystals or cleavage pieces 
of calcite of any appreciable size are very rare, and as Iceland has faraiah ed 
almost all of such material used, the name Iceland spar has been-given it. 
ase per cleavage rhombohedrous of Iceland spar are used in the manufacture 
of nico wo rsd which are an essential part of optical instruments requiring plane 
polarized light, as, for example, certain microscopes, dichroscopes, and sacchari- 
meters, The material, on account ofits simple chemical composition and purity, 
finds application in chemical standardization. Iceland spar is also used in the 
manufacture of some kinds of glass, and some of it is sold as mineral specimens. 
Pieces of Iceland spar, either in single untwinned Sob bee or of such crys- 
tals, or in homogeneous untwinned cleavage rhombohedra, which are large enough 
to yield a rectangular prism at least 1 inch long and half aninch thick each way 
and which possess the properties described below, are suitable for optical pur- 
. The colorless material must be so clear and transparent that it is limpid 
and pellucid. It must not be partly opaque on account of numerous cracks or 
fractures, must not show any internal, iridescent, or rainbow colors due to 
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incipient cracks along fracture lines, nor any cleavage, nor twinning planes. 
Nei can there be any capillary or larger tubelike cavities, nor cavities or 
bubbles of any shape, nor inclusions, as isolated particles, veins, or clouds, 
composed of minute crystals of some other mineral or of any kind of foreign sub- 
stance. The spar should not be discolored or stained by the presence of any 
clay, iron oxide, or other material. It should be noted that many of the inclu- 
sions and imperfections of Iceland spar are not always scattered i larly 
through the mineral or even segreya in distinct masses, but frequently lieina 
distinct but very thin plane which can hardly be seen if looked at on edge. In 
examining a piece of Iceland spar for defects the piece should therefore be 
turned in all di ions while held to the light. 

The material suitable for optical uses cgay Asien the highest prices, as it has 
to be at least of the dimensionsalready given. Specimen material is generally of a 
larger size. The material used for standardization, chiefly chemical, need be 
of no special size, and the smaller pieces are as usable as the larger ones. 

The optical variety of Iceland spar produced in the United States, sold, 
pound, for $3 to $4in 1914, about $8 in 1915, and as high as $20in July, 1918. The 
specimen variety sells for considerably less, and material for standardization sells 
for irom $1 to $2 a pound. 

The following firms are buyers of Iceland spar suitable for optical use: Bausch & 
Lomb Optical Co., Purchasing Department, Rochester, N. Y.; Central Scientific 
Co., 460 Ohio Street east, Chicago, Ill.; Gilbert 8. Dey, Superintendent Optical 
De nt, Eastman Kodak Co., Rochester, N. Y. 

market for specimen is irregular, as the demand is usually very light. 
The best market will probably be found with some of the larger mineral dealers. 

Standardization material may be sold to large dealers in general chemicals as 
well as to mineral dealers. 

Although calcite is, next to quartz, the commonest mineral, the only locality out- 
side of Iceland known to produce the variety Iceland sparin commercial quantity 
isin Montana, about 9 miles from Gray Cliff, Sweet Grass County, on the main line 
of the Northern Pacific Railway The spar occurs in a nearly vertical fissure 
vein from 3 to 8 feet thick, which strikes northwest, traversing a gneissic rock for 
several miles. 

Brief mention of the Montana occurrence of Iceland spies made in the reportson 
the production of gems and precious stones in Mineral urces for 1913 (p. 704) 
and 1914 (p. 335). C. L. Parsons, of the Bureau of Mines, has also described the 
occurrence and material in Science, vol. 47, No. 1221, pp. 508-509, May 24, 1918. 

pod as See Agate. 

Malachite. Ore of eoppet. pigment for paint. 

Mariposite. Pigment for paint. 

Meerschaum. Pipe bowls; cigar and cigarette holders, 

Optical fluorite. tucvite, commonly called fluorspar, is a common mineral but is very 
seldom found in pieces clear enough and large ae to be of special use in the 
manufacture of certain optical lenses and prisms. uorite of the requisite quali- 
ties, as described below, suitable for such use is known as “‘optical fluorite.” 
Any deposit of fluorite may yield a small quantity of such material, but at present 
about the only localities known to produce it are southern Illinois; Meiringen 
Switzerland; and Obira, Bungo, Japan. Optical fluorite is cut into lenses an 
placed between glass lenses. it forme the apochromatic objective for micro- 
scopes and similar optical instruments, the fluorite lens correcting the spherical 
gad Cisomsatie errors of the glasslenssystems. This result is due to the low refrac- 
tive power, weak color dispersion, and single refraction of fluorite. These apo- 
chromatic lenses represent the finest type of microscope objectives made. e 
use of such a fluorite lens greatly increases the value of a microscope and if optical 
fluorite were more abundant many more microscope objectives would be equipped 
with such lenses. 

Optical fluorite is also used in the lenses of certain telescopes, in making prisms 
for spectrographs in ultra-violet work, and in other optical apparatus where trans- 
parency in the ultra-violet and infrared parts of the spectrum is necessary. 

Optical fluorite must yield orcontain pieces atleast one-fourth of an inch in diame- 
ter, which must de clear and colorless and free from all defects. Defects consist of 
internal cracks or cleavage planes, bubbles, or inclusions of dirt or mineral matter. 
The presence of faintly developed or incipient cleavage planes or fracture sur- 
faces usually may be determined, if not readily visible, by moistening the speci- 
men with kerosene. The material must not show any anomalous double refrac- 
tion. Absolutely water-clear material is of the highest value, but very faint tints 
of green, yellow, or purple do not render the material useless, 
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Fluorite suitable for Acar use is valued at from $1 to $10 a pound, according to 
thesize of the piece suitable for cutting as well astoitequality. The present yearly 
requirement is not Bev hundred pounds—but under pone 
conditions and with a dependable steady supply this requirement may be in- 


creased. 

Possible buyersof 7 age fluorite are: Bausch & Lomb Optical Co., Rochester, 
N.Y.; Spencer Lens Co., Buffalo, N. Y.; Ward’s Natural Science Establishment, 
Rochester, N. Y.; United States Bureau of Standards, Washington, D. C. 

Suitable material has been obtained from several of the fluorite mines in Hardin 
County, Ill., and may also occur in the extension of this fluorite belt in western 
Kentucky. Although fluorite is found in many other States, practically none of 
them is known to contain any ‘“‘optical fluorite.” 


Among publications dealing with optical fluorite are the following: 


Pogue, J. E., to fluorite in southern Illinois: Separate from Bull. 38, 
Illinois State Geol. Survey, Urbana, Ill., 1918. | 
Burchard, E. F., Fluorspar and cryolite in 1917: U. 8. Geol. Survey, 


Mineral Resources, 1918, pt. 2, pp. 301-302, 1918. 
meu of Standards, Washington, D. C.: Circular letter dated 
, 1918. 

Quartz. Rock crystal. 

Rock crystal.—The perfectly clear and colorless variety of quartz is called rock crystal. 
It furnishes the material for certain special glasses and fused silica ware; and it 
is used in wedges for microscopic work, as spectographic prisms for special re- 
searches, and as mechanical bearings. A use in connection with certain sounding 
boxes has recently been developed. 

Seopkae Tt eet, dum used for oth than j 

apphire. e variety of gem corundum or other purposes ewelry is 
Malied sapphire, irrespective of its color. It is used for raccianionl # 
= ivot Ar fal especially in watches and phonograph needles (mostly arti - 
8a : 

Topaz. Abeuive. 

Tourmaline. In the tourmaline tongs or in polarizing forceps, a very simple form of 
polariscope. 
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PRECIOUS STONES 


By Georce FREDERICK Kunz 


While diamonds are worth over four times as much today as they 
were 25 years ago, this is really quite in line with the general increase of 
wealth. From 1900 to 1917 the value of the crops produced in the United 
States increased 425 per cent. and that of the live-stock products 320 per 
cent., the increased value of both classes of products combined being 
388 per cent. This, of course, embraces both an increase of quantity and 
an increase of price. Within a shorter period, from 1910 to 1918, the 
prices of the various edible products were increased as much as from 100 
to 150 percent. But the price of diamonds, as articles of luxury, depends 
primarily on the total augmentation of wealth, and in estimating this 
due attention must be paid to the increased amount and value of our 
mineral products. 

The following figures calculated from the De Beers reports show that 
even the rough product at the mines has increased three times in value 
during the past 30 years, and the enhanced cost of marketing the material 
and of cutting it has been more than as much again: 


VALUE OF DIAMONDS PER CARAT AT MINES 


DED i: 69's 2m gsary vieariciesaes #.80 ROIS x. oes, pare incetsce wre acycnipsytsce $14.22 
KBD asic e caw bee ed gar eee 6.20 ROIS i oiclias Sales Wawa ee es 10.97 
ROO acinieremiale @ tata cowie 8.25 pt) SEA eR eee eo ae 

4 SER OLS ee IC 11.19 IGS cece taareres nee ees 16.48 
WOO ici sccrstivea couse eeeae 9.96 


While the increase in value has not been regular, it has been essentially 
constant.! 

The great increase in the sale of diamonds is due to the purchases of 
all classes, for never have the laboring classes had more money, especially 
in the case of shipyard workmen, among munition workers, in farming 
districts, at ports of embarkation and debarkation, and notably in the 
larger cities near which camps were located. 

A matter of interest to buyers and sellers of precious stones and 
jewelry is the new tax laid in the United States on these objects on and 
after Apr. 1, 1919. The part of Section 905 of the Revenue Act referring 
to this reads as follows: 

That on and after Apr. 1, 1919, there shall be levied, assessed, col- 
lected, and paid (in lieu of the tax imposed by sub-division (e) of Section 
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600 of the Revenue Act of 1917), upon all articles commonly and com- 
mercially known as jewelry, whether real or imitation; pearls, precious 
and semi-precious stones, and imitations thereof; articles made of, or 
ornamented, mounted or fitted with precious metals or imitations thereof 
or ivory (not including surgical instruments); watches, clocks, opera 
glasses, lorgnettes, marine glasses, field glasses, and binoculars; upon 
any of the above when sold by or for a dealer or his estate for consumption 
or use, a tax equivalent to 5 per centum of the price for which so sold. 
This, however, in finished articles is included in the selling price to the 
consumer. An accurate account of all such sales is kept by the seller. 


Unitep States Imports 


As shown in the following tables, there was a marked falling off in 
the imports of diamonds and precious stones into the United States during 
1918 as compared with those of the preceding year. However, this 
decline has been followed by an exceedingly rapid recovery in the early 
months of 1919, so that there is every indication that the imports for 
1919 will exceed those of any previous year. 

The recoil from the highwater mark that characterized the returns 
for 1917 was continued in those for 1918, where the full effects of the heavy 
war expenses and the greatly increased taxes necessitated thereby were 
realized in full measure. Yet even so the precious-stone imports were 
larger by $4,500,000 in 1918 than they had been in 1914, the first year 
of the European war. Very notable in 1918 was the relative increase 
(although there was a slight actual decrease) in the imports of uncut as 
compared with cut diamonds, the uncut diamonds representing but 31 
per cent. of the total imports in 1917, while they accounted for 52 per 
cent. of the 1918 imports. In actual figures the value of the cut diamonds 
of 1917 was $5,324,988 more than that of the uncut, while in 1918 the 
conditions were almost exactly reversed, as uncut diamonds worth 
$4,843,716 more than the cut stones were imported. The change in this 
aspect of the situation is even more striking if we compare 1918 with 
1916, for while the value of the uncut diamonds imported in 1916 was 
$11,264,704, those registered in 1918 were worth $12,605,526; on the 
other hand instead of $24,276,882 worth of cuf diamonds as in 1916, 
there was only $7,761,810 worth brought in during 1918. This serves 
to show that the diamond cutters in the United States are securing an 
even larger share of the diamond industry, and it remains to be seen 
what will be the effect of the revival of that industry in Belgium and the 
efforts to develop it in England. However, the exceptionally large 
diamond imports from March to July, 1919, show a return to the pro-, 
portion of about 31 per cent. of uncut diamonds. 
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IMPORTS OF DIAMONDS AND OTHER iat ee STONES INTO THE UNITED STATES, 


| 
1915. | 1916. | 1917. 1918. 
' | 

oe , eases and engravers’, unset and 

minern’, fre®.... 1-0. eee c ese c ec ee sees eesenslessueseces $840,735) $1,098,102 $718,397 

amenla es uncut, dutiable...........-seeee0- $7,047,045| 11,264,704] 13,001,582| 12,605.526 

Diamonds, cut but not set, dutiable............ 13,140,548 24,276,882) 18,416,570 7,761,810 
Pearls and parts of, not strung or set, dutiable . 4,309,837) 11 '972, ‘018 4,808,406 "722,981 
Other precious stones and bort, duti re 103,123 257, 494 482,224 604,550 


1,021,221] 2,143,543) 1,752,384 968,004 
898,656] 834.704| 1,167,300 890,642 
| $26,521,330 $51,590,080| $40,906,667| $24,272,000 


IMPORTS OF CUT DIAMONDS A AND PEARLS ACCORDING TO THE SOURCE 


Diamonds, cut, but not set, dut. | Pearls, Pearls, and were not strung, nor nos 


HOt Obs GUUBING. ci scis a ccacewaceeeesecebans 
Imitstion precious stones, dutiable............. 


ut. 


1916. | 1917. | 1918. | 1916. | 1917. | 1918. 
“eed from: | 

i $2,034,724 $900,564, $170,441 | $6,214,056] $3,005,957, $112,580 
2 cones A alata 19,519,572, 15,022,800| 6,266,319 |.......... |... .ecescleceesss ‘ 
United Kinedom... 2,167,222, 2,229,250) 1,308,041 |“ '8,088,586)"“i.440,i00) "76, 74i 
eek ot ieee sel Teaco Nee poets Mensa cbs g 300,463| 150,007 
Other Countriss....... 555,364 164,848)" 16,109 109'013| 82:86, 83.868 
Piste. sacs ae kaa5, $24,276,882 $18,416,570) $7,761,810 | $11,972,018) $4,808,406) $722,981 


In 1918 the notable falling off of the pearl imports is explained by the 
embargoes laid by Great Britain upon the export of precious stones and 
pearls from India and other British possessions. A chief reason for this 
was to prevent the loss of gold by Great Britain that would result from gold 
payments in Bombay and Calcutta by American dealers, as the precious 
metal would be drawn from the English reserves; this was more espe- 
cially to be avoided as the gold exported to India is principally hoarded 
there, or used for ornamental purposes, and rarely finds its way back to 
the mother country. 


DIAMONDS 
TRADE CoNDITIONS 


The condition of the diamond market in Amsterdam during 1918 
differed in certain respects from what it had been in the previous years. 
The difficulties of the export trade brought about a decrease in exports 
to the United States, but this was to some extent made good by increased 
sales to England, France and British India, as well as by an unusual 
demand from Sweden, Norway and Denmark, to say nothing of more 
active transactions at home in Holland. Toward the end of the year, 
the demand from the United States revived and went on increasing. 
Besides the countries already mentioned, Germany and Russia as well 
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became factors in the Amsterdam diamond market, and probably a good 
part of the diamonds sold in Sweden, Norway, and Denmark eventually 
found their way to Germany or Russia. The special demand in their 
case could not well be attributable to economic prosperity, although it 
must be borne in mind that whatever may have been the hardships 
endured by many Germans, others profited by the outlays for war mate- 
rials; but the real cause is believed to be the dread of financial disaster, 
or in Russia, of wholesale confiscations, and thus easily portable precious 
stones, which could be carried away on the person, and would command 
@ good price anywhere, had a marked advantage over securities which 
might become worthless, and over paper money which was rapidly de- 
preciating in value. The able management of the diamond situation 
by those who control the African output and the marketing in London 
has thus given very excellent results, by inspiring general confidence in 
the stability of values in the diamond market. 

Japan also is rapidly developing a demand for diamonds, which need 
not surprise us, since the wealth of that country has increased immensely 
as a result of the war, in view of the fact that her war expenses were 
mainly confined to the cost of the expedition against the Germans of the 
Shantung Peninsula, which did not last more than a few weeks. The 
demand for diamonds may be considered as a kind of barometer of wealth. 
Japan’s diamond imports for 1918 were valued at $1,059,500, while the 
worth of the 1917 imports was only $550,000, or little more than half as 
much as in 1918, and this in spite of the imposition of a heavy import 
duty. 

The removal of the prohibition on the export of unset diamonds from 
France has recently been decreed by the French Government. It is 
not, however, believed that a great quantity of French diamonds is 
available for export. Moreover, in the case of cut diamonds the fact 
that the older French cut produced stones either quite shallow or else 
very deep, of types not favored in the United States, would also serve as 
an impediment. That France should not be buying diamonds to any 
extent in the Amsterdam market is hardly surprising in view of the finan- 
cial stringency in the land, and the consequent necessity for economy 
in the purchase of articles of luxury. The Chamber Syndicale of Paris 
in 1919 has made repeated efforts to secure a complete relaxation of the 
restriction in the trade in precious stones and pearls. The power to exer- 
cise & very wide discretion in this matter is accorded to the Minister of 
Commerce, but the unusually large imports for the last quarter of 1918 
have made him hesitate to free this trade entirely. On the other hand 
the president of the Chamber Syndicale has emphasized the fact that 
France can only export the goods of this type which she imports, and that 
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although when stocks have fallen as low as at present, the home demand 
may absorb a good part of the imports, this will cease to be the case when 
the stocks have been replenished. 

News came to Copenhagen on Apr. 1, 1919, of an order issued in 
Budapest by the new Hungarian Government, providing that jewels and 
precious stones the value of which exceeds 2000 crowns should be sur- 
rendered without payment to the Communist Government. Those who 
failed to conform to this order were threatened with the death penalty, 
a proceeding fully in accord with the Draconian legislation of the Hun- 
garian friends of “‘liberty or death,” a reelization of the latter being more 
probable than that of the former. 


Use or DIAMOND# IN INDUSTRY 


Industrial diamonds, for which the call was so imperative for war 
purposes, are now being utilized in a great variety of ways, in the making 
of great tanks and other large objects, and also for smaller products down 
to fuses. Thus the necessary abandonment of work for munitions and 
other war implements will probably he in considerable measure offset 
by the adaptation of many manufactories, forced into being under the 
stress of the war, as producers of material needed for the rapid expansion 
of the arts of peace. 

The industrial use of diamonds is now so important that it is no cause 
for surprise to learn that they are utilized in a large factory in the con- 
struction of motors. Its particular application here is in regrinding the 
surfaces of crank shafts, cam shafts, pistons, etc. The diamond, which is 
set in a small socket at the end of a steel bar, is first covered with grease, 
and then pressed against the rapidly revolving emery wheel, so that the 
latter may be reground to a smoothness as nearly absolute as possible. 
As an indication of the number of diamonds required for this use, the 
motor factory to which we allude requires $150,000 worth of industrial 
diamonds annually. 


DIAMOND-CUTTING 


Belgium.— As had been expected, the diamond-cutting industry is 
rapidly reviving in Antwerp, where it was too firmly rooted not to survive 
the storms of war. During the occupation of the city by the Germans, 
most of the cutters and polishers sought refuge in Holland or England, 
many of them establishing themselves in the Hatton Garden district 
in London. Now the greater part are eager toreturn. Asis well known, 
many of them are Jews, and these were not disposed to respond to the 
tempting offers made by the managers of the Antwerp industry, until 
they should be assured that they would be recognized as of Jewish nation- 
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ality irrespective of the place of their birth. The authorities in Antwerp 
finally agreed to this. However, Jews of German birth are not as yet 
admitted, nor are Germans, of course. Everything is to be done torestore 
the houses of the repatriated to as good state as before the war, and the 
authorities are taking measures to supply the implements and furnishings 
the Germans may have carried off. It is expected that before long the 
regular tide of traffic in diamonds will be resumed, and thus the Saturday 
night boats from Harwich to Antwerp will soon bear the usual crowd of 
buyers, who will carry back with them to London, on Monday night, the 
goods they have bargained for in the interval. 

Great Britain.—The newly established diamond-cutting nauaey in 
Birmingham, England, shows signs of healthy growth in spite of the not 
unnatural opposition of Amsterdam and Antwerp. As an answer to the 
reproach that Birmingham has taken an unfair advantage of the diffi- 
culties under which Antwerp has labored because of the German invasion, 
it should be borne in mind that the beginning of the Birmingham cutting 
industry dates back before the war. At its outbreak Messrs. Ginder & 
Ginder had already erected in Hockley Hill a factory especially designed 
for diamond-cutting, and placed it under the supervision of skilled foreign 
workers. The material used in its construction, ferroconcrete, was 
chosen so as to ensure a maximum of rigidity and thus avoid the vibra- 
tion so greatly detrimental to the delicate operations of diamond-cutting. 
Boys from the local schools have here received instruction in the art, 
and those who have been in it for from seven to nine years are already 
able to take over the task of instructing new-comers. The boys are in- 
dentured for a seven-year period, but are paid from the outset whatever 
they may be able to earn. Some have proved so capable that before 
the close of their apprenticeship they have earned as much as £4 or £4 
10s. a week ($20 or more), while the wage for a fully experienced workman 
may be as high as £10 a week. As yet there is no idea of competing 
with the great European centers, but the demand for cut diamonds is 
so active that there is likely to be work enough for all.! 

Holland.—Reports from Amsterdam show that diamond-cutting 
is being actively carried on there, the material coming necessarily from 
the London market. The Indian demand for brilliants is reawakening, 
especially as local troubles in India are becoming quieted, and a note- 
worthy circumstance is that considerable shipments have been made to 
China, which land is probably destined to become a fair consumer in the 
future for this class of goods. 

South Africa.—The question as to the practicability and the advisa- 
bility of establishing a diamond-cutting industry in South Africa was 


iW. T. Gracey, United States Consul at Birmingham, England, Comm. Rept., July 17, 1919. 
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brought before the Industries Advisory Board of the Union of South 
Africa in August, 1918. After giving earnest attention to the various 
statements, reports and proposals that were made, the members of the 
Board were impressed with the difficulties of the project, and they were 
not entirely unanimous in thinking that the present time was particularly 
favorable for the introduction of the industry. It was believed by many 
that to promise success the enterprise would require a very large capital, 
and also the active support of the Government in the beginning in order 
to contend with the competition of the long-established centers of the 
diamond-cutting industry in Europe. 

Several concrete propositions were made for the establishment of 
cutting works. One of the applicants asked the privilege of buying, 
at current market prices, 12,000 carats of diamonds during the first 
year, increasing this quantity in each succeeding year by 1000 carats a 
month, until the total annual purchases would be 120,000 carats. An 
alternative proposal was that the Government should supply the rough 
stones and take 60 per cent. of the returns on the sale of the cut material. 
The applicant stated that a master cutter was already in the Union, and 
he proposed to start his works with 40 Dutch and Belgian cleavers, cutters, 
and polishers, to be brought from Europe. It was estimated that they 
would turn out 364 carats of cut-stones weekly from 800 carats of the 
rough material. This output was believed to represent approximately 
the present South African demand. As the home or foreign demand 
increased, additional workers, up to 650, would be brought in, each one 
of whom was to undertake the training of a South African apprentice. 

Two years ago another proposition was made by the proprietor of a 
small cutting factory in Johannesburg. He asked for a subsidy of £3000 
a year for a term of years, and undertook to teach 10 young persons yearly 
in the various branches of the industry. This applicant suggested that a 
part of the proceeds of the export tax on diamonds could be properly 
used in this way for the founding of a home industry. Still another 
applicant has urged the Government to request the De Beers, New Jagers- 
fontein, and Premier companies to make a definite statement as to their 
willingness to supply regularly to a bona fide cutting industry, in South 
Africa, all the rough diamonds it would need, at the same prices as 
those ruling in London. 

The final conclusion of the deliberation was that the establishment 
of such an industry by Government aid or agency was far too complicated 
a matter to be decided just at this time. 

United States — The progress of diamond-cutting in the United States 
is shown by the fact that there are at the present time as many as 600 
workers in this branch, for the greater part employed in the vicinity of 
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New York City. Their wages run from $50 to $75 a week. This has 
caused a very considerable increase in the quantity of rough diamonds 
brought in at the port of New York, as is exhibited in the figures for 1917, 
compared with 1916. This change became still more accentuated in 
1918. 

Employment of Crippled Soldiers—Some further details are available 
regarding the successful employment of partially crippled soldiers as 
diamond cutters, which was treated of at some length in our last report.! 
Mr. B. Oppenheim, who has done so much to make the experiment a 
success, states that he proposed to the Ministry of Pensions that he would 
train up as many as 2000 disabled men, if the Ministry agreed to pay them 
for 6 months the training allowance of 27s. 6d. per week which was 
given to those learning other vocations. After the expiration of the 6 
months, Mr. Oppenheim bound himself to pay the men a minimum of 
£2 a week and to guarantee continuous employment for a period of 3 
years. This was not to imply any obligation on the part of the men to 
remain with him, but left them entirely free to go elsewhere if they con- 
sidered this to be to their advantage. So many have already applied that 
the accommodations for training at Brighton will not suffice, and other 
centres of instruction are to be established at Cambridge, Wrexham, and 
Fort William. An interesting circumstance is that all the machinery 
used has been made by disabled men at the workshops connected witb 
the enterprise. In a large number of cases the wages allotted to:the 
trained men have already been increased so that some are able to earn 
£3 or £3 10s. per week, and it is believed that this will be increased before 
long to £5 a week, or even more than that.2, A member of a leading firm 
of diamond cutters in Birmingham declares that with a little encourage- 
ment from the Diamond Syndicate it would be quite possible to have 
ten or twelve large cutting and polishing establishments in that city 
within a short time. If the industry were nationally developed in 
England, work could be provided in this way for 10,000 disabled 
men. 

It is not only in England that energetic attempts are being made to 
establish diamond-cutting, either with Belgian workers or with maimed 
soldiers who are being given careful and special training in the art, but 
Scotland also is enlarging the field, for workshops are about to be erected 
on the grounds of the Highland Hotel at Fort William by the Ministry of 
Pensions, and it is expected that they will afford accommodations for 
some 200 disabled soldiers who are to be trained as diamond-cutters.’ 

It is questionable, however, as to whether men who are over 25 years 


: Mirxenst Inptstrr, 26, 583, 584 (1917). 
So. Afr. Min. Jour., 


r. Dec. 7, 191 18, p. 288. 
; Watchmaker, Jeweller, Silversmith ‘aud Optician, Jan., 1919, p. 69. 


612 MINERAL INDUSTRY 


of age should attempt to learn so difficult a mechanical process, unless 
they have special qualifications for the work. Probably not more than 
10 per cent. could ever become proficient, and the loss in imperfect stones 
from incompetent workmen would be very great. 


DraMonD MINING 


Brazil——There is promise of more active work in the Brazilian dia- 
mond fields, for quite recently a corporation has been organized in Rio 
de Janeiro under the title ‘Companhia Brazileira Diamantifera,”’ for the 
development of diamond mines at Moribeca and Boa Vista, in the region 
of Diamantina, State of Minas Geraes. The capital of the new company 
is set at 3000 contos of réis, equivalent to about $750,000, the number of 
shares being 150,000, each having a par value of 20,000 réis (the ‘‘conto”’ 
is 100,000 réis) or in the neighborhood of $5 in United States money. 
It is said that almost the entire capital is represented by properties owned 
by the ‘‘Syndicato Diamantino.’’! 

Congo.—The war failed to check the steady growth of diamond pro- 
duction in the Belgian Congo. From the Kasai diamond field, owned 
and operated by the Societé International Forestiere et Miniere du Congo, 
there have been recovered up to the end of 1918 as many as 400,000 
carats of diamonds. The growth of production in spite of the war is 
shown by these returns for the years 1915-1918. 


DIAMOND OUTPUT OF THE BELGIAN CONGO 


Carats Carats. 
BORG Sees herice resus 48, 935 FORD avicx be paciee slecieen 
GIG Se SiG Weics ce eeweeTk 53,940 BOL ess cea taswacman ee ale 164,420 


These results were accomplished by the work of 30 white workers 
and about 3800 natives. Discoveries of new diamantiferous area are 
constantly made by the Kasai company, and to the northwest of these 
new workings others have been found by the Lower Congo-Katanga R. 
R. Co. On the other hand, the war entirely stopped work on the hold- 
ings of the Kundelungen Exploitation Co., on which are located many 
pipes of kimberlite slightly diamantiferous. Neither have any notable 
results been attained by the Simkat, although diamonds have been found 
in some of the pipes on these properties. The finding of scattered dia- 
monds in the course of places sluicing is often reported from the north- 
eastern part of the Belgian Congo.? 

German Southwest Africa.—Following the policy of restriction so 
consistently carried on in the South African mines by the controlling 


‘ Vice-consul Richard P. Mo msen, Comm. Rept., Jan. 2 
iste, eee in the Belgian Congo,” Sidney H. all and Milles K. Shaler. Eng. Min. Jour., Aug. 9, 
Pp 
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interests, the output of the former German diamond fields in Southwest 
Africa, which toward the beginning of the war were producing 100,000 
carats monthly, is now cut down to some 30,000 carats monthly. That 
those fields could have produced more than the largest quantity derived 
under German management is well known, since the Germans found it 
necessary to establish a maximum limit, but of course some uncertainty 
was felt as to the future, since the diamonds have only been found not far 
from the surface, whither they have been brought by alluvial processes in 
far distant times. 

In the diamond fields of the former German Southwest Africa, the 
depth of the diamond-bearing layer varies considerably. While commonly 
but from 4 to 6 in. in depth there are places between Luderitz Bay and 
Elizabeth Bay where it extends down from 25 to 30 ft. below the surface. 
The diamond content of gravel from the rich deposits of Idatal in the 
Pomona district has been as high, in some cases, as 200 carats per cu. 
meter (14 cu. yd.) and the cost of production has been only 50 cts. per 
carat. Where, however, the diamonds are more thinly scattered over a 
wide surface, and the work has to be done in distant places, it has some- 
times cost as much as $8.50 per carat, a cost that would notably decrease 
the profit. Under the German régime about 500 whites and 5000 colored 
laborers were employed in work. The latter were Cape ‘‘boys” or 
Ovambos. As the Germans did not believe that the diamond fields 
would continue productive for more than 12 or 15 years longer, the pro- 
duction will not be large enough to seriously compete with the South 
African mines. That temporarily good results were attained in some 
quarters under the German management is shown by the fact that the 
Colonial Mining Co., Ltd., paid during the four years 1910-1913 dividends 
totaling 112 times the amount of its capital of $24,450. The highest 
dividend was 3800 per cent. for 1912, and before any dividends could be 
declared the heavy taxes imposed by the Government had to be met.! 

The change in ownership of what was formerly German Southwest 
Africa bids fair to lead to the exploitation of a new source of diamonds. 
A British company, with liberal financial backing, is said to have been 
formed to carry on dredging operations on the ocean bed off the coast. 
It has been known for some time that the diamond deposits extend out 
beyond the coast line. All the probabilities favor the idea that these 
submarine deposits are of similar origin with the terrestrial ones in the 
province, being derived as the latter are from some unidentified source to 
the eastward, and hence the rumor of the existence of a true ‘‘ diamond 
pipe’’ somewhere beneath the sea appears to lack any satisfactory basis 
in theory, although of course all theories are subject to the final arbitra- 


1" Resources of German Southwest Africa,’”” Comm. Rept., June 5, 1919. 
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ment of facts. According to the Board of Trade Journal the Government 
is to take 40 per cent. of the proceeds of the work, and arrangements are 
said to be in a forward state for dredging within a short time. The 
enterprise is also supported by two well-known South African interests. 

Rhodesia.—The official report of the diamond output of Rhodesia for 
the years 1913-1917 shows that the amount still continues to be small. 
The diamonds are almost exclusively from gem-bearing gravel of the 
Somabula Forest.? 


: : Value in : 
Weight in | Value in Value per 
Year. Carats. | Pounds Dollars. are 

TL Rea aer Oe RAE SEES ae eo ets 706 3,645 $17,739 $25.13 
PE ER Rep RARE SRNR i iO | 1,004 3,98 19,39 19.31 
WOT Seg coca 8 oe is Veeewa kanlew haa 272 1,016 4,044 18.18 
1S, oR SOS, GIES ea MER ahaa 1,021 5,331 25,943 25. 
71) nin pie alpepaieeuacinneamminzses | 619 2,991 14,556 23.51 

a Tae 3,622 16,968 | $82,575 $22.80 


Union of South Africa.—There was a slight decrease in the diamond 
production of South Africa in 1918, as compared with 1917, when the 
reaction from the check given by the war was more decided. In 1918 
the weight of the diamonds taken from the mines was 2,537,360 carats, 
having a value of $35,574,335, while in 1917 the production was 2,902,416 
carats worth $38,569,050. This still shows an increase over 1916, the 
first year of the improved conditions, when 2,346,330 carats were taken 
out, valued at $27,132,893. The value per carat rose progressively in 
these years, as follows: 1916, $11.37; 1917, $12.93; 1918, $14.02. 
The higher prices secured thus served, in part, to offset the smaller out- 
put for 1918. 

The renewed prosperity of the De Beers mines is shown to have main- 
tained the high standard revealed in the report for the year ending June 
30, 1917. In the Thirtieth Report, that for the year ending June 30, 
1918, the value of the diamonds sold in the year, plus the increase of 
stocks at cost of production, is given as £4,327,648 ($21,060,502 at nor- 
mal exchange). This compares with £4,629,772 ($22,523,837) for 1917, 
the apparent slight decrease being practically negligible. The undis- 
tributed balance on June 30, 1917, was £1,850,861, of which £715,579 
represented unsold diamonds in stock at that date. From this total 
balance the sum of £1,135,277 was appropriated for the stabilization 
of the diamond trade, through investments in other diamond mining 
companies and in kindred interests. A further sum of £441,249 was 
set aside for this purpose from the balance of revenue for the year, making 
in all £1,576,531 ($7,672,188 at normal exchange). Adding to the 

1 Bull. Imperial Inst., p. 456, 
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resultant balance of £715,583, the revenue from diamonds sold, plus 
increased value of stocks, and an additional amount of £351,901 for in- 
terest and dividends on investments, etc., a total of £5,395,133 ($26,- 
248,815) was reached, from which was deducted £1,223,935 for productive 
mining expenditure, and £548,834 for maintenance of mines and floors 
temporarily shut down, expenditure on farms, charges, etc., interest in 
debentures and on capital of leased companies, and sinking fund toward 
repayment of debentures, and, finally, £135,266 for expenditures conse- 
quent to the war, such as salaries and wages of employees on active serv- 
ice, war bonus to all employees, donations of war funds, etc. This left 
a balance of £3,487,098 ($16,969,963). This sum was distributed as 
follows: £267,517 as payment of income tax to the Union of South 
Africa; £441,249, as noted above, for the stabilization of the diamond 
trade; £740,000 for dividends on the preferred shares, after the deduction 
of the dividend tax; £1,250,000 for dividends and bonus on deferred 
(common) shares; the remaining £788,332 being carried as balance to the 
ensuing year. Of this amount £746,654 was entered on Suspense Profit 
Account, as representing value of diamonds unsold June 30, 1918, and 
£41,677 as unappropriated balance. It is interesting to note that the 
Suspense Account includes “Participation in South-west Africa Dia- 
monds unrealized 30th June, 1917.”’ This, of course, refers to diamonds 
extracted from the former German mining fields in Southwestern 
Africa. 

The General Reserve Fund was reduced by £96,079 expended in in- 
creasing the stocks of blue ground, and now stands at £1,605,086 ($7,814,- 
071). On the other hand the Redemption Fund for the De Beers Four- 
and-a half Per Cents was increased £498,944. Both of these funds are 
invested in securities which are estimated at market prices of June 30, 
1918. The special reserve fund for the stabiliment of the diamond trade 
is invested in the shares of other diamond-mining companies and related 
interests. 

In the course of the year the company declared two dividends, each 
of 20 per cent., on the preferred shares, 40 per cent. in all. On the de- 
ferred (common) shares, two 20-per cent. dividends were also declared, 
as well as a bonus of 10 per cent. on each share, making a total distribu- 
tion of 50 per cent. on this stock. 

The stock of blue ground and lumps on the floors on June 30, 1918, is 
given as follows in the report. 


Loads. 
De DOO 6555.03 609 5 EST ea a RIN EE SD Paha as ee Mian enehaneale 48,396 
WORREON  BEUNG .s 6 ois \e iexiswiee ss donee Feaalncliasiedeeeserentenenes 3,012,570 
SRGLGEOTAGMANS. PYANENIRS ig So oie ota oa RE eb bE a HOME Bie erases ween ewn 3,220,808 
Dim Gaetan eee 65 sie eK aoe rok i ee wd le SN Dae eck SNES aT Oe Bete 2,795,493 
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The value of this blue ground is set at £1,295,438 ($6,304,149). 

By the death on Sept. 1, 1918, of Mr. Francis Oats, for the past ten 
years Chairman of the De Beers Co., it has been deprived of the services 
of one who has devoted himself long and faithfully to it. His sterling 
judgment, based on protracted experience in the diamond field, made him 
an almost invaluable aid to the company, and his advice and counsel were 
always sought for when any momentous decision was to be made. 

The quick rebound of production in the De Beers mines succeeding 
to the rapid decline in the first years of the war is brought out very 
distinctly in the figures for the years from 1913 to 1918, the successive 
years ending June 30: 


DE BEERS AND RINEESLY MINES 


Loads of Blue Loads of Blue Icarate of Diamonds Selling Value 

Ground Hoisted. Ground Washed. | Found. per Carat, 
1913-1914 None 75,815 27,3464 80s. 10.21d. 
1914-1915 None None 83 None 
1915-1916 None None 3814 None 
1916-1917 None None 41 None 
1917-1918 None None 31534 None 


WESSELTON MINE 


1913-1914 2,373,522 2,083,352 | 593,305 450. 7.62d. 
1914-1915 217.483 219,276 56,359 378. 7.13d. 
1915-1916 43,586 885,334 227.914 44s. 2.31d. 
1914-1917 1,814,393 1,669,104 445,66534 53s. 9.27d. 
1917-1918 2'065.620 1,805,436 487 8281, 54s. 9. 76d. 

\ 
BULTFONTEIN MINE . 

= ee ey ene eee 
1913-1914 2,279,838 2,069,552 | 785,510% 40s. 10.47d. 
1914-1915 256,950 214.522 76,084 330. 6.86d. 
1915-1916 60,997 864,052 342.6764 39s. 11.00d. 
1916-1917 2,092,267 1,761,756 675,401 466. 11d. 
1917-1918 2,328,615 | 1,859,531 | 646,927 49s i 

DUTOITSPAN MINE 
1913-1914 2,513,469 2,412,679 | 497,459 84s. 0.9d. 
1914-1915 264,039 60,024 85, 68s. 6.25d 
1915-1916 None 108,597 20,740 91s. 0.26d. 
1916-1917 135,850 1,927,335 377,571 44 1066. 11.93d. 
1917-1918 2,200,000 | 2°178.132 | 422°65732 108s. 6. 22d. 


—  — - 


_ GRAND TOTALS FOR ALL MINES 


l 
1913-10914 7,166,829 6,641,398 1,003,621 
1914-1915 738,472 693,822 1136 
1915-1916 104.583 1,857,983 591,360 
1916-1917 4,042,310 5,358,195 1,498,679 
1917-1918 6,595,078 5,843,009 1,557,72934 
1913-1918 | 18,647,272 20,304,497 5,739,53534 


oe —_- —_ — -_— -——— - a = . — —— 


Guatienibie development work was done in the Wesselton mine 
during the year. The Main Rock Tunnel on the 1600-ft. level was 
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completed. The total length from No. 2 Main Rock Shaft to No. 
7 Rock Prospect Shaft is 1420 ft. No. 7 Rock Prospect Shaft, from the 
980-ft. level to the 1600-ft. level was holed in December, 1917; its total 
depth is 628 ft. A water shaft from the surface to the water tunnels was 
also completed, this having a depth of 130 ft. 

The following table gives the number of carats per 100 loads, the 
value per load and the number of loads of blue ground on the floors of the 
De Beers mines at the close of the fiscal years 1913-1918, each year ending 
June 30: 

DE BEERS MINE 


Carats per 100 ' Loads of Blue Ground on the 
toads, | Value per Load. | Floor at Close of Year. 


1913-1914 36 ' 20s. 1,28d. | 48,306 


TORS—1028 0 aaireiesapeaainsriaans baierataie cee eis ace mies ott 48,396 
1915-1916 [reece eee e eee ee weet e eee n ee en eens 48,306 
WOEGH19NF fie Slisseelalvie’y.s Sein wive [Ae we sind elas na cus 48,396 


1917-1918 lapreresiain eet aitles pee imen ame mmnacd ohhh 48,396 


1913-1914 | 28 | 128. 9.33d. 3,450,638 
1914-1915 26 9.20d. 3,448,845 
1915-1916 | 26 lis. 5.8d. 2,607,097 
1918-1917 27 ' 4e. 6.22. 2,752,386 
1917-1918 | 27 , if, 9.50d. | 3,012,570 
BULTFONTEIN MINE 
1913-1914 | 38 | 15s. 6.38d 3,095,893 
1914-1915 35 lls. 9d. 3,138,321 
1915-1916 | 40 158. 11.6d. 2,335, 
1914-1917 38 178. 9.94d. 2,665,777 
1917-1918 35 | 178, §8.16d 3,134,861 
_DUTOITSPAN MINE 
Bes sao ee ee — ——— ee ee ——— 
1913-1914 21 178. 7.87. 4,358,185 
1914-1915 20 138. 8.45d. | 4,341, 
1915-1916 ! 19 17s. 3.484. 4,233,303 
1916-1917 | 19 208. 3.04d. | 2,411,618 
1917-1918 19 20s. 7.42d. 2,434,329 


Thus the quantity of the blue ground on the floors of these mines, 
June 30, 1918, amounted to 8,630,156 loads, against 7,878,177 loads in 
June 30, 1917, an increase of 751,979 loads during the year, and showing 
an excess of loads hoisted over loads washed. 

The blue ground in sight in these mines on June 30, 1918, is thus 
reported: 


Mine. Number of Loads. 
De Beers, above 2040-ft. level..............0 cece cece eee naee 2,750,000 
Kimberley, I ae TON sn Sica etry anise ase nies errrataennale he 2,000,000 
Woeonselton, ahove. GG0-16, 160) yo occc cdc b eae becweecdail poke danwws 11,000,000 
Bultfontein. ahove 1000-ft. oa SG Witla iom ate eile Siete unter d, sipcofarecs : 7,000,000 
Dutoitspan, above 750-ft. level .....0-2 e20- ee -anececcseeess, 12,000,000 
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This is a decrease of 4,100,000 loads from the corresponding figures 
of the previous year. 
Following are the estimated quantities at lower levels: 


Mine. Number of Loads. 
Wesselton, between 880-ft. and 1500-ft. levels... ............0000es 22,000,000 
Bultfontein, between 1000-ft. and 1600-ft. levels..........+.+-+s0ce 22,000,000 
Dutoitspan between 750-[t. and 1300-ft. levels...........-.0000005 25,000,000 
69,000,000 


These estimates are unchanged from last year. 

The values per 100 loads of blue ground show a slight decrease for 
Bultfontein. On the other hand the average selling price per carat is 
higher for all three of these mines, that for Dutoitspan (108s. 6.22d., 
equal to $26.08 at normal exchange) being the highest average ever 
recorded in the De Beers mines. 

These figures give the cost of production per load of blue ground, 
the value per load, and the profit per load in the three De Beers Mines 
worked in 1917 and 1918. 


1917. 


cont Cost pa “ip ua | Value per Load. | Profit per Load. 


MOCO Gas ak nwa rceecenicee ea vine we 4 4s. 9.959d. 14s. 6.22d. 9s. 8.261d. 
Bulttontein Saceisinic ele anieGemecwowenet 38. 9.851d. 178. 9.94d. 14s. 0.084d. 
Datoiemaliycciucecscersaacesesetens | 6s. 1.366d. 20s. 3.94d. l4s. 2.574d. 

1918. 
id. wires nur LEEPER EERE REE CR Re 4s. 10.94d. 14s. 9. 59d. 9s. 10.65d 
Bultionteim.....cscecs.cccesceccces 38. 11.61d. 17s. 5.16d. 138. 5. 
DIUCOHORER So cie sp aecine de cease cute cess | 3s. 8. 8d. 7.42d. léa. 10.62d 


Here the only notable change is the great reduction in cost of produc- 
tion for Dutoitspan, entailing a corresponding increase in profit per load. 

During the 10-year period from June 30, 1908, to June 30, 1918, 
the following quantities of blue ground were hoisted and washed from 
the De Beers mines, yielding the number of carats mentioned; the annual 
average is also given: 


1908-1918. Annual Average. 
Loads of blue ground hoisted............++5 50,744,568 5,074,457 
Loads of blue ground washed.............+. 52,018,061 5, aot eee 
Carats of diamonds produced............... 15,807 85634 
Value of product in dollars............-+-6: $198,472,897 $10.327.200 


The value of the 1918 product in dollars at normal exchange would be 
$25,192,281, or more than $5,000,000 over the 10-year average. As the 
carat product of the year was a little below the average (1,557,72914 
as compared with an average 1,580,786) this gives an excellent indication 
of the notable rise in diamond values at the present time. 

At the 30th annual meeting of the shareholders of the De Beers 
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Consolidated Mines, Ltd., held on Dec. 13, 1918, the chairman, Colonel 
Sir David Harris, thus summed up the results achieved in the main 
properties controlled by the company, and the general condition of the 
markets: 

‘During the year under review the diamond market was firm, and 
prices have advanced. The total number of carats produced by the 
three largest concerns—De Beers, Premier and Jagersfontein companies— 
did not total in the aggregate the average annual quantity put on the 
market by these companies during the three years preceding the war, 
for the reason that the world was not prepared to purchase the quantity 
exported in former times. I may say, it is a source of great satisfaction, 
if not surprise, that the market absorbed the large amount it did, consid- 
ering the devastation of Belgium and Northern France, the condition 
of Russia and other States, and the demoralization of the cutting and 
polishing industry in Antwerp, which was the seat of an enormous 
diamond trade, and which center will, I feel confident, in the near future 
resume its great industrial activities. America, as usual, has been our 
best customer, and we are not only grateful to this great Republic for 
putting the finishing touches to the ghastly war, but for her continued 
large purchases of gems, the production of which provides employment 
for many thousands of human beings, and gives an impetus to an industry 
of great importance to the Union of South Africa. The stability of 
the diamond market is attributable to one circumstance, and to one cir- 
cumstance only, the policy of regulating rates to the demand, and to this 
fact we owe the present gratifying condition and position of the industry 
and the confidence established throughout the whole trade.”’ 

An exceptionally fine, blue-white diamond, weighing 38844 carats 
was found in January, 1919, at the Jagersfontein mine, Orange River 
Colony. Jagersfontein is already credited with the great Excelsior 
diamond of 995.21 metric carats (96934 of the older carats). The 
“Jubilee” diamond found in South Africa in 1895 was also considerably 
larger, weighing in the rough 650.81 metric carats. After having been 
cut as a brilliant, the weight was reduced to 245.19 metric carats (239 of 
the older carats). It has been recently reported that this diamond was 
sold to a Paris house for the sum of £45,000, or about $220,000 at normal 
exchange. 

The finding of an amber-colored diamond in the Dutoitspan mine of 
the De Beers Co. was reported in October, 1917. It had the unusual 
weight of 442}4 carats, and was stated to have been the finest and most 
valuable diamond ever found in the region of Griqualand West. While 
not approaching in weight that of the Cullinan or the Excelsior diamonds, 
the find is well worthy of being permanently registered. 
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The Premier Mine directors have continued the policy so success- 
fully pursued in the past, and the results as chronicled in the last report, 
that for the year ended Oct. 31, 1918, testify to the excellence of their 
management. The diamonds sold yielded £1,203,904, and the diamond 
stock was reduced in value to £5362. After deducting £505,379 for 
mine expenses, £14,240 for directors’ and auditors’ fees, and £19,012 for 
administrative expenses, the sum of £670,264 was credited to Expendi- 
ture and Revenue Account No. 2. This amount, less £3190 for general 
equipment, gave £667,074 as the balance of realized profits, of which the 
60-per cent. share due the Union Government amounted to £400,244, 
the remaining 40 per cent., or £266,830, being transferred to Stock- 
holders’ Appropriation Account. Out of this were declared two prefer- 
ence dividends of 6s. 3d. per share, each amounting, less Union dividend 
tax of 714 per cent., to £46,250, and two deferred dividends of £80,000 
each, or 5s. per share. The South African Income Tax was £12,191 and 
the 714-per cent. Dividend Tax £21,377. 

At the annual meeting held Feb. 28, 1919, the chairman, Sir M. Cull- 
man, made an earnest protest against the imposition of an export tax 
upon the rough stones. He called attention to the fact that the Govern- 
ment already absorbs 60 per cent. of any increase in value of the Premier 
diamonds, and thinks it to be not a little hard that a part of the 40-per 
cent. share of the increase which the company now has should be made 
the subject of an additional impost. 

The Premier Co. gave in its 16th Annual Report the following details 
of the operations in the mine from the outset to Oct. 31, 1918, to which 
have been added here the profit per load: 


*. 


| { 

Year No. of | No. of Valus cf Yield Per} Value Value Cost of | Profit 
Ended Loads Carats Dlaninads Load in Per er | Production! Per 
Oct. 31. Washed. Found. ‘| Carats. | Carat. Load. | Per Load. | Load. 

£ | \s. d. 's. d. | s. d. a. d. 

1903 76,931 99,208 137,435 1.290 \27 8.5035 6.70, 4 7.20 [30 11.50 
1904 939,265 | 749,65344 866,030 0.798 (23 1.2018 5.30) 2 7.62 |15 9.68 
1905 1,388,071 | 845,652 994,687 0.609 (23 6.2914 3.98) 3 3.44 [11 0.55 
1906 2,088,471 | 899,746 1,277,740 0.301 128 4.82 8 6.61| 3 5.71 5 0.90 
1907 6,538,669 |1,889,08634 | 1,702,631 0.290 (18 0.20,52.49' 2 4.14 2 10.35 
1908 | 8,058,844 2,078,825 | 1,636,720 | 0.258 (14 9.40.39.75 1 10.24 1 11.51 
1909 | 7,517,793 |1,872,136%4 | 1,172,379 0.249 (12 6.29 31.43 1 11.42 1 2.01 
1910 9,331,882 2,145,832 | 1,496,641 0.230 (13 11.39 3 2.49) 2 0.56 1 1.93 
1911 8,325,272 1,774,206 1,433,971 0.213 16 1.97 3 5.34' 2 2.02 1 3.32 
1912 , 9,707,008 (1,992,474 2,004,942 0.205 20 1.50 4 1.57) 2 4.79 1 8.78 
1913 |10,434,680 |2,107,983 2,336,828 0.202 22 2.05 45.74 2 6.67 1 11.07 
1914 | 7,683,043 |1,417,755 1,259,643 0.185 (17 9.23 33.34) 2 65.89 9.45 
1915 Mining operations su’pended. 

1916 | 1,572,521 419,047 | 475,856 0.267 (22 7.95 60.63) 2 7.62 3 5.01 
1917 4,928,629 | 906,341 1,198,923 0.184 5.48 410.38, 2 2.68 2 7.60 
1918 | 4,805,851 | 851,573 | 1,203,904 | 0.177 28 3.20) 5 sag 2 2.89 2 9.73 

This gives the following totals for the 16 years: 
Number of loads washed. ...........0. 0s ccc cece ceeeee 84,297,920 
Carats of diamonds found.................-00c00eeeeee 20,061.3 
Value: of CinmmOneiics ooo cob ce esac ee tee rade wk Uelaaidmene £19,008,330 


—— - ay 
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The development of the 410-ft. level has been completed, and the 
blue ground available above that point has been determined to be 
37,000,000 loads. Improvements in the prosecution of development 
work rendered it possible to accomplish this task with less expenditure 
of labor than would heretofore have been the case. 

The blue ground washed during the year came from the following 
levels: 


Loads. 

ee Ee Ee Ry eT ee 526,808 
MIO Mer LAVOE aoa ck oh we a Sin FRIES he LIE SING DO SIL LE Biko ad Dig es 948,663 
EE vO ee arc e ooo hs BEC a oe PE CRD ALCS CRRABOER BORO RGE DE 2,745,682 
Be URE iin iano Rie 5 8 Ben RN pad tis bh cina $ echeta a Roath a Melee CCAR WE 584,608 
PN ages encase sortest soem ee Ds Sa Natasa hn ps tae Ga ecccad vee ce Rea anna ae ease 4,805,568 


While the number of carats of diamonds produced during the year 
was 54,768 less than in the previous one, and the cost of production per 
load was a trifle higher, the higher diamond prices more than offset this. 
A larger output would have been realized had it not been for exceptionally 
heavy rains in the earlier half of the year and the prevalence of Spanish 
influenza among the laborers in the later months. Perhaps more im- 
portant is the falling off in yield per load to 0.177 carats, the lowest point 
yet reached, although the increased value of diamonds has so far made 
good for this progressive decrease also. 

The Crown Diamond Mining Company of the Orange Free State 
proposes to double its present capital stock of £125,000; of the additional 
£125,000, the sum of £20,000 is to be allocated to reserve, and the re- 
maining shares sold at par. This will supply funds for more extensive 
working, for which there is good promise, as shafts sunk to a depth of 
300 ft. from the 140-ft. level reveal additional blue ground.’ 

The following recently formed South African diamond company may 
be added to the list given in Volume 23:? 

The Koodoo Mining Syndicate, Ltd., capital £4500; property rights 
over 2500 morgen (5275 acres) of the farm Uitkyk, Cape Province; 
working has already begun. 

From the Monteleo Diamonds, Ltd., of South Africa, we have the 
report that owing to the installation of a new crusher plant, as many as 
180 loads of ground can be treated in a day’s work. The blue ground 
now exposed promises well, and a shaft is being sunk to the 200-ft. level, 
at which point the walls of the mine are to be definitely determined. 
From April to June, 1918, some 40,000 loads of reef were hauled.* 

United States (Arkansas).—It is anticipated that the United States 
may become a factor in the diamond output, as the Arkansas Diamond 
Co. is about to be operated on a somewhat extensive scale. 

1 So, Afr. Min. Eng. Jour., Apr. 5, 


2 MINERAL innoerms, 23, 62 ry /Gsi0, 
3 So. Afr, Min. Jour., June 8, 1 
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The results that have so far been secured in the preparatory working 
of the deposits are as follows: 


Number of Stones. Weight in Carats. Average Weight. 
2052 793.4 0.387 or 25¢,4' 
110 42. 57 (Not weighed, but estimated at about the 
average. ) 
2162 836.04 0.387 or 25¢%4 


Recently a remarkably fine, yellow octahedron, weighing 17.85 carats, 
has been found, as well as two brown stones of 11.21 and 2.77 carats, 
respectively, weighing together 13.98 carats, and also six white stones, 
weighing respectively 6.83, 4.40, 3.38, 2.50 and 1.42 carats, totaling 
20.62 carats. These are absolutely perfect and are equal to the finest 
stones found at the Jagersfontein Mine, or that were ever found in India. 
The special demand has caused interest in the Arkansas diamond mines 
and a strong syndicate will finance them for the present. 


OTHER Precious STONES 

Australia.—The production in 1918 of sapphires and of corundums 
used for industrial purposes in Queensland, representing in the main the 
output of the rich Anakie deposits, is given as follows :! 


. Value in Pounds, Value in Dollars 
Sapphires. Sterling. at Normal Exchange. 
ee 
Gemstones, blue and fancy stones.............00eeeeeeee 11,619 $56,544 
Mechanical, corundum and machine stones............... 2,513 12,230 
Estimate of stones sold WELVMIBIF So iss cess hake e Kekeee 40 194 
14,172 $68,968 


a ooo 


The returns from the Anakie gem-fields show a an improvement on last 
year, although the prices for gem material have ruled a trifle lower. The 
general tone is good and better prices are expected. 

Burma.—The output of gem material in the Rangoon district of 
Burma for the year 1917 was of much higher value than that of 1916, 
although the quantity produced was slightly less. This proves that 
notably higher prices were realized, as appears in the following table, 
giving quantities and values for the three years 1915, 1916 and 1917, all 


) 
. 


No. of Carats, Value in Dollars. 
Precious Stone 
1915 | 1916. 1917 1915. | 1916. 1917. 
RADIG6 ovis cielinecouiawes | 167,904 136,785 132,409 | $169.748 | $174,454 | $212,057 
Sapphires.....esccerecceees ' 39,718 34,100 32,36 6,211 7,018 39,015 
BME ccilestas sive vei | 43,827 38,841 33,422 687 1,085 1,164 


| 251,449 | 209,726 | 198,200 | 176,646 | 182,557 | 252,236 


+ Queers. Guit., Laie. Suu. | May ‘15, 1919, p p. “2. 
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The jade production, which comes from the Myitkyina district in the 
extreme North of Burma, goes to China, and naturally enough the mining 
and marketing are in the hands of Chinese. While the quantitative in- 
crease in 1917 was not great, the qualitative increase was remarkable, 
much more of the finest material being produced. A little amber is also 
found by Chinese near this jade region. The total product of jade of all 
qualities mined in the 3 years 1915, 1916, and 1917 was 1,303,818 Ib.; of 
amber 8624 lb. was obtained. 

The export value of the jade mined in 1917 was £67,502 (about 
$328,500 at normal exchange) against but £48,926 (about $238,100) in 
1916, an increase of $18,576, or over $90,000. The other large contribu- 
tion of India to the precious-stone market, ruby, sapphire, and the spinels, 
showed a difference of nearly $70,000 in favor of 1917 over 1916. Asa 
general rule rubies commanded unchanged prices in the London market, 
although Mogok rubies of superior quality were sold at very high rates. 
The Indian returns for all classes of stones increased about $160,000 in 
1917 over the previous year, and the yield for the year 1918 was double 
that for 1917, due to the greater demand creating more active search, 
and the much higher price for which the material sold. This was mainly 
owing to the unusual demand for the rich-hued jade. The total value 
of the Burmese jadeite worked into ornaments by the Chinese, when 
exported from China, totaled over $2,000,000 in the five-year period 
1914-18 inclusive. : 

The rich emerald-green jade, feitsin (jewel jade), imperial jade and 
jadeite of all shades of green has been in the greatest favor, either in the 
form of plain beads, or else intricately carved into Chinese forms, gen- 
erally as pendants, and often with a loose ring of jade cut out of a single 
piece. These are frequently attached to cords of a green or of some other 
hue, with a setting of seed-pearls, and strung with beads of jade, or with 
gold beads. Often there is a simple setting of diamonds encased in 
platinum. Jade ornaments are highly appreciated all over the world at 
present, fine necklaces of dark green jewel-jade beads 20 to 40 in. long 
bringing as much as from $7500 up to $20,000, while for jade pendants the 
sum is often from $300 to $1500 each. 

The Burma Ruby Mines, Ltd., made a good showing in the report for 
the year ending Feb. 28, 1918, the income and Expenditure Account 
having at the close a surplus for the 12 months of £3600 16s. 8d. Of this 
the share of the Government of India was £1080 5s., being 30 per cent. 
of the whole. Although the number of truck loads of ruby earth washed 
decreased to 969,919 from 1,181,023 in the previous year, and the cost 
per load increased to 8.9d. from 6.68 in 1917, there was still a good margin 


1U. 8. Consul Lawrence P. Briggs, Rangoon, Burma, Comm. Rept. 
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of profit, as the rubies recovered were worth £50,123 12s. as against 
£40,842 the year before. Of these, the new mines at Kathe must be 
credited with stones to the value of £23,991, against the £21,860 worth 
produced in 1917. The total figures show that in spite of the increase 
of 2.22d. in cost of working, there was an increase of 1.88d. in the excess 
of value per load over the cost. 

In the course of the year the sum of 214,140 rupees was collected 
from the native miners as royalties, compared with 126,066 rupees in 
the preceding year. The entire amount was turned over to the Govern- 
ment under the temporary arrangement by the terms of which, in lieu of 
fixed payment for rent, the Government has been receiving during recent 
years the actual royalties collected less 10 per cent. The Secretary of 
State of India has lately agreed to extend this arrangement for another 
period of 7 years, up to Feb. 28, 1925. On the other hand, the royaltics 
retained by the company in 1914, amounting to £8799 12s., have been 
handed over to the Government. 

The company reports sales of rubies for the year ending Feb. 28, 
1919, to the value of £54,598 6s. 8d., as compared with £49,724 14s. 7d. 
the year before. The native market both in Burma and India was good 
during the entire year; in London the stock of stones was reduced from 
£20,405 to £13,115. 

Mexico.—Mining for opals in the Queretaro district of Mexico is 
carried on still in about fhe same irregular way as it has been already for 
more than half a century. The opals are for the most part cut out and 
polished in Queretaro and San Juan del Rio, the establishments for the 
performance of the work being owned and managed by the localsyndicates 
owning the mines. The stones are found, irregularly distributed, in a 
reddish-gray spherulitic rhyolite, and the open-quarry working is prac- 
tised. When the stones have been cut, the less excellent ones are sold to 
tourists, while the better ones find their way to dealers in Mexico City 
who dispose of them in foreign markets. Owing to their comparative 
transparency, Mexican opals often show to the best advantage when given 
a backing of some dark fabric; for this reason they are sometimes left 
in the natural matrix, these being known in the trade as ‘‘ matrix opals.”’ 

Persia.—Disturbed conditions in Persia during the war produced a 
cessation of gem-mining there, so that the supply of turquoise and of 
lapis lazuli from this source practically ceased. In addition, the inter- 
ruption of commerce has made it impossible even to bring out any of the 
stock already on hand. All this conspired to cause a great scarcity of 
turquoise, as well as of lapis lazuli. 

United States—The Precious Stones Reports of the United States 
Geological Survey were instituted by George F. Kunz in 1882. The 
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totals for the years 1880, 1881 and 1882 were estimated by him, and the 
figures given for 1882-1905 inclusive are his. From 1906 to 1914, in- 
clusive, the figures are those of Douglas B. Sterrett, and from 1915 to 
1918, inclusive, those of Dr. Waldemar T. Schaller. 


VALUE OF THE PRODUCTION OF PRECIOUS STONES IN THE UNITED STATES 
880 


93 J 
Cd eee er 110,000 ISOS spec wessicewai 08,650 WOOT viinseccekewe ene 471,300 
LBBB sos. caicsgicewelaren SERCO 113,621 BIB aie) s-o sate sie wievs 415,063 
BOGS ciciulite sf aa'evie BOG: Seseneee cease 97,850 WQOD a ais aie oie se vers 
|... Sa eeier 222,975 BBO? 095 i346 ew si 130,675 1910.............. 295,797 
td) Ber riot eer MOOS i siis Saas src 8 160,920 1A Yh ar are are 
1) ere 118,750 SEO acaro:0.0:4, 59.8: 01000 186,220 NOE. ois. cnieview:eemcare 319,722 
1 Cee inre i cari BO a5 ci aicias casa sie 231,170 WOIS BF dieeerecees 319,454 
4 mae /oce eae, yeni, et 8 139,850 LOOL. . 22. .ccccenne 260,050 POA aor a ciparmiescinrs 
Ee eee ary 1 BOE ns gs 328,450 BORG i eividia etc eeice-'.6 170,431 
aa: WW\ 8 eee) eos e'ere-ie 118,833 1O0S .siktsvcecvcesc G07,900 BUR ayes aves 217,793 
BOO L w cceacescieees 235,300 BOG isis’ hrecsie sine 324,300 MOLES sisicviecwe wees 131,012 
IGE ccc peneaens 312,050 W908 5 eisiencesic etve-es 326,350 IDLE) oii wtateicceicaw's 106,523 
YO | ern Ney kT EO RR MI EAP EEC OR ie ici eh eT TeE $8,785,730 


This output includes sapphires worth $1,260,663 and rubies valued 
at $21,170 for 1882-1914, to which is to be added $241,598 for 1915- 
1917, when both are entered as corundum, making a total for both 
classes of $1,523,431 for the 37-year period 1882-1918. Diamonds to 
the value of $29,076 were recovered in this period, most of them since 
1906 from the Arkansas field. Of kunzite or hiddenite (variety of spod- 
umene) the value secured was $134,045, while tourmalines furnished 
$610,795 of the total and turquoises $2,021,702, this being the highest 
figure credited to any precious stone in the United States, which shared 
with Persia in the production of this beautiful and favorite gem. The 
sapphire figures, as estimated, are exceedingly low, as these stones were 
cut abroad and then returned to this country. They should be increased, 
probably by 50 per cent. 

The following values of precious stones were produced in the United 
States in 1918: corundum, $42,414; quartz, $15,211; tourmaline, $6206; 
turquoise, $20,667. 

Less precious stones were found in 1918 than in former years. Owing 
to war conditions, the high cost of labor and the absence of many small 
producers, less mining was done than ever. The principal discoveries 
according to districts were as follows: 

Oregon.—Quantities of beautiful agates were found in the vicinity of 
Medford, many of them exceptionally fine moss agates. Then there were 
also the small, beautiful pebbles found at Tuscarora Beach, Calif., which 
are extensively purchased by the tourists who visit these regions. 

Montana.—Sapphire mining was carried on for the blue stones at 
Yogo Gulch, Fergus County. The output was still further hampered, 
owing to war conditions and to the lack of lapidary facilities in France, 


England and Germany, where many were formerly cut. A great quan- 
40 
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tity of the stones from Philipsburg, Granite County, and from the Mis- 
souri River district were mined for their industrial qualities—for watch 
jewels, the bearings of scientific instruments, etc. The value of Montana 
precious stones, most of which was sapphire, was $47,753, of which 
about $30,000 represented blue stones for gem purposes. 

Nevada.—Large masses of opal, more than $5000 in value, were found 
in the northern part of Humbolt County. These, in many instances, 
were an alteration or replacement of wood by opal, the color being dark, 
almost a petroleum color. They are wonderfully lustrous, but owing to 
the large water contents frequently crack; nevertheless they are admirable 
. mineral specimens. 

Arizona.—From Arizona only a limited amount of garnets, rich ruby- 
red pyropes, were gathered; all were found on the wind-blown sandy 
surface. 

For optical purposes in connection with the War Department there 
was a demand for quantities of rock crystals. Unfortunately, very little 
of value was obtained in the United States, the demand being supplied 
from Brazil and, to a slight extent, from Madagascar. 

California.—A limited amount of kunzite was found in the Pala dis- 
trict, and some crystals of rubellite weighing from 3 to 8 lb. each. 

The following figures as to the total gem production in California 
annually for the period 1900-1917 are presented in ‘‘ California Mineral 
Production for 1917,” by Walter W. Bradley, Mining Statistician, Sacra- 
mento, 1918, p. 93. 


Year | Value. | Year. | Value Year. Value. 
Ore larga eiaie eae $20 1 Geeenaceecee| £497,000 sR Rye sean tp oe eae 
1OOR So ewavceaes OO ARO sisewences 232,642 EDISS Skackoeseds 13,740 
. scinnahmiatessrone setae 162,100 | 1908............| 2089 NOES: « ccavoweccaes 3,970 
4008 cs cat ches BOO £1900... ccc cces 103.700: [AGUS teers cs. 
eWecain te hitite amecel, 136,000 | 1910............| 237,475 POE a sii emcee nevarnre 4,752 
NO06. 3 wchewece os 246000 LIST. oc wececess 51,824 IOUT iesxcceees 
| Tobe: coer. $2,091,407 


SN EE eee 


Maine.—Some very fine rich tourmalines, wonderfully brilliant pale 
green in color, were found in the Auburn district. 

As to the product of gem mining in Maine, $7132 worth of cut gems 
from this source is reported for 1918. This includes tourmalines, color- 
less, pink, green and blue-green; beryl, colorless, green, bluish yellow, and 
very rarely pink (cesium beryl); topaz; quartz, amethystine, colorless, 
rose and smoky; and asmall amount of amazonite. There were also a few 
garnets and one gem was cut from a fine purple specimen of apatite from 
Auburn. Almost all of the material was derived from Oxford, Andros- 
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coggin and Sagadahoc counties, and it was obtained by a mere scratching 
of the surface, being only incidentally revealed in mining for feldspar. 

Uruguay.—Prior to the great war a considerable supply of amethysts 
was derived from Uruguay, the departments of Tacuarombo, Artigas, 
Salto and Paysanddé furnishing the greater part. They generally 
occur as crystals on the inside of geodes, the latter having usually the 
appearance of common stones more or less rounded in shape. In a bulle- 
tin of the Uruguayan Geological Bureau it is stated that the exports of 
amethyst for 1909 were between 13,000 and 15,000 lb., and this was an 
average year. A large agate supply was also taken from the above-named 
region. In value the amethyst product varied greatly, ranging usually 
from about 10 cts. a kilo to something over $12 for this quantity, while for 
exceptionally fine material as much as over $40 a kilo was realized. 
The German cutting works at Idar and Oberstein absorbed practically 
the entire supply of amethyst and agate. 

In recent years, the output of amethyst and other precious stones 
from Uruguay has been both small and irregular. Various causes have 
been assigned for this. That the disturbance of commercial intercourse 
due to the war has been one of these causes must be admitted, but, from 
information secured by the American consul at Montevideo, the director 
of the Uruguay Geological Bureau has been told that the deposits have 
been to a considerable extent exhausted as far as the best material goes, 
so that what remains are the stones of the second grade or even lower. 
How far this represents the actual situation must be the subject of further 
investigation. As to agate and amethyst, an expert residing at Monte- 
video states that the finest come from Artigas, near the Brazilian frontier. 
They are shipped in barrels to Salto, and then transferred to river-boats 
which bear them to Montevideo. The Uruguayan agates are superior in 
quality to those found in Europe. 

The amethysts of Uruguay are generally larger, and are of a deep 
violet hue, rivaling those from Auvergne in France, but not as rich and 
wonderfully brilliant as the Russian amethysts from the Ural region, or 
those of Ceylon. And yet many are sold as “Siberian” amethysts. It 
is believed that this beautiful and refined gem will be greatly in demand 
for mourning wear, in view of the fearful loss of life entailed by the world 
war. This is said to have been the case after the Franco-Prussian War 
of 1870-1871. 

Venezuela.—The pearl fisheries about Margarita Island, off the coast 
of Venezuela, South America, were visited in February, 1918, by a most 
unfavorable phenomenon, locally called ‘‘el turbio.’’ This is a contami- 
nation of the waters, from some unknown cause, that makes the oysters 

1 Eng. Min. Jour., May 24, 1919. 


628 MINERAL INDUSTRY 


sicken and die, thus producing a depopulation of the beds. In order to 
allow the mollusks time for recuperation so that the beds may be restored 
to their former state, fishing has been prohibited in the infected district. 
The economic loss in the year’s fisheries was quite considerable, amount- 
ing to from 3,000,000 to 4,000,000 bolivars, or from $570,000 to $772,000 
of U. S. money.! 

1 Homer Brett, U. 8. Consul at La Guaira. Venesuela. Comm. Rept., May 29, 1918. 
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GEMS AND PRECIOUS STONES. 


By B. I. Sroppanp. 


PRODUCTION. 


The value of gems and precious stones produced in the United 
States in 1919 was $111,763, as against $106,523 in 1918—an increase 
of about 5 per cent. 

For three years preceding 1917 the production of precious stones 
in the United States steadily increased, but in 1917 and 1918 it de- 
creased. The scarcity and high price of labor seem to have been 
the chief causes of the decline in operations. Recent information of 
renewed activity in gem mining, however, indicates that within a few 
years the industry in this country will regain its pre-war status. 

Increases in the production of tourmaline, turquoise, quartz, gar- 
net, spinel, variscite, jet, and fossil coral were reported. Tourmaline 
showed the greatest increase in value, from $6,206 in 1918 to $17,700 
in 1919; quartz ranked second, with an increase of $2,421; and tur- 
quoise was third, with an increase of $2,083. Variscite, jet, fossil 
coral, garnet, and spinel showed increases of less than $1,000 each. 

The production of jet in Utah was renewed after many years of 
inaction. 

Arkansas is credited with all the diamonds reported as produced 
in the United States in 1919; Michigan with all the chlorastrolite. 
datolite, fossil coral, and gem hematite; and Texas with all the meer- 
schaum. 

Decreased production was reported for several minerals, especially 
opal, which showed the largest decrease in value. Topaz showed a 
decline, due to the fact that none of this mineral was reported from 
Maine or California, as in 1918; and among other minerals of which 
a decrease in production was reported were beryl, corundum, cia- 
mond, chlorastrolite. copper-ore gems. datolite, feldspar, hematite, 
lapis lazuli, rhodonite, spodumene, and thomsonite. 


Value of precious stones produced in the United States, 1913-1919, 


| 

1913 1914 1915 1916 | 1917 1918 1919 
3 SS | en ae = a 
ROA endo occ cee ene ee | $1,615 $2,395 $1,675 $2,031 $2,178 $1,906 (a) 
Copper-ore gems............-.-- 2,350 1,280 1,120 tens 28h] 2,299 (a) 
COUN Mimeeeeee. -o-. cess ---- 238, 835 61, 032 &8, 214 99,180 54, 204 42,414 $40, 304 
IDipwartee6 Leen 6,315 765 608 2,680 4,175 1,910 (a) 
Bldspar. oo 225.2 22s--c2ce. es 85 449 368 305 (6) (b) b 
ne ee ccs 4,285 1, 760 4,523 1, 542 624 1.274 1, 630 
EM a bites) ee eee a ce ee eclisecacces. J 126 (b) (b) 138 
LDCS Ge on Ono errr er eee (eee ae 6.0) | See. KAS cc ones sooee BESO aREee | ASAae arine 
(CODE edits ret elo POC eee 15, 130 1,114 | 1,850 1, &38 805 6, 304 (@) 


a Less than 3 producers; figures combined with others to avoid disclosing confidential information. 
b Small production included under ‘miscellaneous gems.” 
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| 1915 | 1916 | 


1913-19 19—Continued. 


1913 1914 1917 1918 | 1919 
| | 
| 
Peridot... ........-+.2 eee eee $375 $100 GG) > $455 (2) BILE | Leatesccoe 
IBynit@e.. oc s.2---ccc see ee es G0 | eee a $1, 042 | 2,075 (@) ) 0b ee 
MAES ooo cas. sae-e ae eee ees 16, S61 18, 838 35, 724 25,707 | $28,273 4 15,211 $17, 632 
AMNOM OMNES... <2 ee eee eee 165 1,050 85 (2) (a) 515 160 
SmithHSOnite= ....c2-.seeenee eee 50 50 | (ey) | Spee (¢) @ ile... See 
MSWOCUMICN Cl. ....22 0 ete ees 6,520 4,000 | (2) (2) (@) 281 | (2) 
ABM OMSODICG «:.\0) 2). oc lore eee eee 21 (2) | 47 (@) (2) (2) 
‘ING TE WEE SAE peo coscanccnpanies 736 1,380 862 1,005 | 230 907 210 
MOuUbmMaAlNG=.22ceeee eee ee eee 7,630 7,980 10, 969 50,807 | 12,452 6, 206 17, 700 
MrquciSe......2s<. 00 eet 8,075 || 13,370) 11, 600h 21.Sin |} 13,17 20\6eq 22,75 
WariScite@...c..ccess eee eens 6, 105 5, 055 3, 867 3,140 2,350 753 925 
VestivialitC.... 22s eeemeeeeer see as | 1,425 1, 535 (2) 2,765 320 (eae eee 
Beryl, copper-ore gems, dia- 
mond) Opal ae. eee ee (b) (d) (>) (0) (5) ) 8, 832 
Miscellaneous gems............. 2,920 | 228i c olig ad 3,457 €5,928 74,397 9 1, 620 
319, 454 | 124,651 | 170,431} 217,793 | 131,012] 106,523] 111,763 


a Small production included under “ Miscellaneous gems.” 


5 For value of production in this year, see 
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ec Includes apatite, calamine, chlorastrolite, crocidolite, datolite, fossil coral, Iceland spar, kyanite, 
lapis lazuli, obsidian, peridot, phenacite, rutile, smithsonite, spodumene (kunzite), staurolite, thom- 


sonite, titanite, and zircon. 


d Inciudes chlorastrolite, datolite, epidote, fossil coral, hematite, Iceland spar, kyanite, lazulite, ob- 
sidian, rhodonite, rutile, sepiolite, serpentine, spodumene, staurolite, and vesuvianite. 


e Includes andalusite, chlorastrolite, datolite, 
lazuli, obsidian, peridot, phenacite, pyrite, rho 
lite, thomsonite, willemite, and zoisite. 


ues feldspar, fossil coral, hematite, Iceland spar, lapis 
onite, rutile, sepiolite, smithsonite, spodumene, stauro- 


f Includes andalusite, calamine, chlorastrolite, datolite, epidote, feldspar, fluorite, Iceland spar, lapis 
lazuli, mariposite, meerschaum, obsidian, phenacite, pyrite, satin spar (gypsum), staurolite, thomson- 


ite, willemite, and zoisite. 


g Includes chlorastrolite, datolite, feldspar, fossil coral, hematite, jet, lapis lazuli, meerschaum, spinel, 
spodumene (kunzite), thomsonite, and Iceland spar. 


The value given in the table represents as nearly as possible the 
value of the rough material; the value of the cut and polished gems 


is several times greater. 


The completeness and accuracy of the 


statistics of production depend on the assistance rendered by the 
gem miners and dealers, and their help is greatly appreciated. 


Persons and firms that have reported to the Geological Surrey production of 
gems and precious stones tn the United States, 1917-1919. 


Name and address. 


American Gem Mining Syndicate, 
509 Merchants Laclede Building, 
St. Louis, Mo. 

Arkansas Diamond Co., 201 West 
Second Street, Little Rock, Ark. | 

Frank C. Bailey, Big Arm, Mont..) 

Barber Jewelry Manufacturing 
Co., D. H. Kingsland, secretary, 
36 Gold Street, New York City, 
N.Y 


Robert F, Bickford, Norway, 
Maine. 

Carl Blatt, 800 Olive Street, St. 
Louis, Mo. 

Otto Borreson, Hancock, Mich.... 

W.J. Brown. Happy Camp, Calif.} 

H. T. Buie, Murfreesboro, Ark.... 

F, F, Burr, Wayne, Maine.......- 


J. S. Callen, Lawyers’ Block, San 
Diego, Calif. 

R. H. Cartwright, Greycliff, Mont. 

Dr. Homer Collins, 417 New Jersey 
Building, Duluth, Minn. 

Eugene N. Crossett, South Ac- 
worth, N. H. 


Mineral. 


Corundum. 


Diamond. 


Topaz. 
Quartz. 


Tourmaline. 
Quartz. 


Thomsonite. 

Rhodonite. 

Diamond. 

Amazon stone. 

Beryl. 

Quartz. 

Topaz. 

Tourmaline. 
Do. 


Iceland spar. 
Chlorastrolite. 
Pyrite. 
Hornblende in 
quartz. 


Name and address. 


|| Crystal Peak Gem Co., Florissant, 
Colo. 


F.S. Davis, 406 Charleston Build- 
ing, San Francisco. Calif. 
erie National Watch Co., Elgin, 
1 


William Fliedner, R. D. 4, Box 42, 

Oroville, Calif. 

|| FH. L. Gutierrez, 1 Salinas Street 
North, Santa Barbara, Calif. 

W. C. Hart, 111 Narcissus Street, 
West Palm Beach, Fla. 


|| Francis Holstein, De Roche, Ark. | 


| J. D. Endicott, Canon City, Colo..! B 


Opal. 


Mineral. 


Amazon stone, 
Feldspar. 
Fluorite. 
Hematite. 
Opal. 
Phenacite. 


| Quartz. 
| Topaz. 


Quartz. 
Turquoise. 
Garnet. 
Sapphire. 
eryl. 
Garnet. 


| Miscellaneous 


gems. 


Quartz. 
Spodumene. 
Diamond. 


Opal. 


Amazcn stone, 
Calamine. 
Pyrite. 
Quartz. 
Topaz. 
Quartz. 
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Persons and firms that have reported to the Geological Survey production of 
gems and precious stones in the United States, 19177—-1919—Continued. 


Name and address. 


John F. Heeney, Reno, Nev. .-...- 


T. J. & Thomas Homer, Lemon 
Cove, Calif, 

J. B. Horne & Mrs. G. Jordan, 
Searchlight, Nev. 

E, A. Howard, Cave Creek, Ariz-. 

H. Johnson, 565 South Tonia A ve- 
nue, Grand Rapids, Mich. _ 

Ben ets Cherokee, via Oroville, 


Calif. 
M. L. Keith, 65 Court Street, 
Auburn, Maine. 


J. B. Kiernan, Beatty, Nev....... 

Kimberlite Diamond Mining & 
Washing Co., St. Louis, Mo. 

C. G. King, Manassa, Colo........ 

J. J. Kinrade, 628 Montgomery 
Street, San Francisco, Calif. 


William Kley, 1608 Tremont 
Street, Denver, Colo. 
Henry Lindemann, 1520 Champa 


Street, Denver, Colo. 


Luminous Compass Co., E. N. 
Kramer,617 Washington Street, 
Cedarburg, Wis. 

Don Maguire, 549 Twenty-fifth 
Street, Ogden, Utah. 


G. H. Marcher, 411 Douglas Build- 
ing, Los Angeles, Calif. 


W. R. MeGaw, La Jolla, Calif..... 
J.C. Melcher, La Grange, Tex.... 


W. W. Mildrum Jewel Co., East 
Berlin, Conn. 

Montana Gem Shop, 109 South 
Sixth Street, Miles City, Mont. 

E. G. Morrison, Shelby, N. C..... 


J. H. Mosher, Glendive, Mont..... 
F. M. Myrick, Johannesburg, Calif. 
W. D. Nevel, Andover, Maine... . 
New Jersey Zine Co., Franklin, 


New Mine Sapphire Syndicate, 
prey, House, Holburn Via- 
0) 


duet, London, ia. C., England. 


Mineral. 


Dumortierite 
_in quartz. 

Vesuvianite. 

Rhodonite. 


Turquoise. 


Quartz. 
Chlorastrolite. 
Thomsonite. 
Diamond. 
Quartz. 
Beryl. 
Quartz. 
Tourmaline. 
Opal. 
Diamond. 


Turquoise. 
Copper 
goms, 
Lapis lazuli. 
Olivine. 
Opal. 
Quartz. 
Rhodonite. 
Topaz. 
Turquoise. 
Variscite. 
Vesuvianite. 
Turquoise. 


Beach pebbles. 
Copper 
gems. 
Garnet. 
Quartz. 
Turquoise. 
Garnet. 
Quartz. 


Garnet. 
Jet. 
Quartz. 
Variscite. 
Hematite. 
Lapis lazuli. 
Quartz. 
Spodumene. 
Tourmaline. 
Turqucise. 
Variscite. 
Turquoise. 
Meerschaum. 
Opal. 
Quartz. 
Spinel. 
Topaz. 
Garnet. 
Quartz. 
D 


Do. 
Willemite. 


Corundum 
(sapphire). 


ore | 


ore || 


Name and address. 


Occidental Gem Corporation, 343 
Main Street, Salt Lake City, 
Utah. 

Pearce Novelty Co., 405 Fidalgo 
Street, Seattle, Wash. 

William B. Penniston, Ashland, 
Oreg. 

Petoskey Steam Agate Works, I. 
A. Ponfield, Petoskey, Mich. 
William Petry, 424 South Broad- 

way, Los Angeles, Calif. 


F, J. Rynerson, 4088 First Street, 
San Diego, Calif. 

George E. Schuize, 400 Elm Street, 
Calumet, Mich. 


Louis Sigmund, 819 North Main 
Street, Goldfield, Nev. 


, Ambrose Smedley, Lima, Pa...... 


Southwest Turqouise Co., 
Metropolitan Building, 
Angeles, Calif. 


Los 


| H. C. Stevens, 603 Sixth Street, | 


Oregon City, Oreg. 


Sunset Gem Co., 313 Hinckley 
Building, Seattle, Wash. 


Virginia Fairy or Lueky Stone Co., 
Roanoke, Va. ; 
Ward’s Natural Seience Establish- 


Roehester, N. Y. 


S. L. Watkins, Pleasant Valley, 
Calif. 


A C. Weeks, P. O. Box 233, Santa 
,  FesN. Mex. 
| Edw. R. Zalinski, Salt Lake City, 
Utah. 


Dr. J. P. Rowe, Missoula, Mont... 
| A.J. Rudinger, Trevilians, Va.... 


Mrs. Samuel Seott, Custer, S. Dak. 


426 | 


L. W. Stilwell, Deadwood, 8. Dak. 


A.L. Thomas, Newport, Oreg. ... 


ment, 84102 College Avenue, | 


Mineral. 


Variscite. 


Quartz. 

Do. 
Fossil coral. 
Turquoise. 


Tceland spar. 

Quartz (ame- 
thyst). 

Tourmaline. 


Chlorastrolite. 
Datolite. 
Fiematite. 
Opal. 

Quartz. 
Thomsonite. 
Tourmaline. 
Quartz. 
Turquoise. 


Andalusite. 


Turquoise. 


Quartz. 


Do. 
Do. 


Do. 
Staurolite. 


Opal. 
Pyrite. 
Quartz. 
Spodumens. 
Tourmaline. 
Vesuvianite. 
Beryl. 
Copper ore 
gems. 
Corundum. 
Epidote. 
Garnet. 
Mariposite. 
Obsidian. 
Pyrite. 
Quartz. 
Rhodonite. 
Spodumenc. 
Tourmaline. 
Turquoise. 
Vesuvianite, 
Zoisite. 
Turquoise. 


Variseite. 
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RANK OF STATES. 


Montana led all other States in the value of precious stones pro- 
duced in 1919, a position she has held since 1911. The output con- 
sisted of sapphire, quartz of several varieties, and Iceland spar. 
Montana was the only producer of corundum (sapphire) and Ice- 
land spar in the United States in 1919. 

Maine rose to second place in 1919, her increase being due chiefly 
to a larger production of tourmaline, which is spoken of at greater 
length in another part of the report. Beryl, of which she was the 
sole producer, and quartz, of the rock crystal and smoky varieties, 
were also reported. 

Arizona ranked third, and her output was chiefly turquoise. Small 
quantities of copper-ore gems, garnet, and quartz were also reported. 

Nevada dropped from second to fourth rank in 1919, and the total 
production decreased from $21,674 to $13,679. 

California, which dropped from third to fifth place in 1919, pro- 
duced chiefly quartz of several varieties, tourmaline, and turquoise. 
She also produced small quantities of lapis lazuli, rhodonite, spodu- 
mene, and variscite, of all of which, except variscite, she was the only 
producer. 


Value of precious stones produced in 1919, by States. 


INOUE) 22 Sh ee ee es ee ee $48, 391 
RI eee 2 ee ee ee 16, 225 
Arizonac....222 eee. eee eee 18, 745 
Nevada 222 eee ee ee ee TSVGT 
Soi meee =e eek ee. eet e oe 9,220 
OVrevOl2. _— 2 ee ee eee oe o,Uce 
Arkansas, Colorado, New Mexico, Utah *_-_______________ 5, 162 
Other States “ste22222 22222. er a T15 

111, 763 

IMPORTS.% 


The precious stones (excluding pearls) imported into the United 
States in 1919, as reported by the Bureau of Foreign and Domestic 
Commerce, Department of Commerce, were valued at $91,958,830, 
the highest value reported for the last 10 years. ‘The value of the 
pearls produced is omitted from the total, for pearls are not a 
mineral but an animal product, being deposited in the shells of mol- 
lusks. They are lustrous calcareous concretions with animal mem- 
brane between successive layers, and they owe their beauty and value 
to their organic part: but as they are among the most desired of 
gems, their value is given in a separate column in the table of imports. 

General imports and imports for consumption for any period will 
differ to the extent that the value of entries for warehouse for the 
period differs from the value of withdrawals from warehouse for 
consumption. The term “entry for consumption” is the technical 
name of the import entry made at the customhouse and implies that 
the goods have been delivered into the custody of the importer and 
that the duties have been paid on the dutiable portion. Some of them 
may be afterward exported. 


1 Production of each State more than $1,000 and less than $2,000. 

2 Michigan, New Hampshire, South Dakota, Texas, Washington, and Wyoming. Pro- 
duction of each State less than $1,000. 

2a Statistics compiled by J. A. Dorsey, of the United States Geological Survey, from 
records of the Bureau of Foreign and Domestic Commerce. 
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Diamonds and other precious stones imported and. cntercd for consumption in 
the United States, 1910-19179. 


| 
| Diamonds. | | 
| C Total 
Year. | | rr... _ | oe aie excluding Pearls. 
Glazier’s. i | Rough or , Cut but pearls. 


uncut. not set. 


--- 4 $213) 701 $54,701 | $8,991,890 $25,593,641 $4, 237,232 | $30,091,165 $1,626, 053 
..| 199, 930 110, 434 | 9,654,219 | 25,676,302 3,820,703 | 39,461,588 | 1,384,376 


452, 810 94,396) 9,414,514 | 22,865,686 | 3,433,163 | 36, 260; 569 | 5, 130, 376 
471, 712 100, 704 12,268, 543 | 24,812, 604 2,805,963 | 40, 459, 526 | 5,002, 624 
579, 332 77,408 | 2,851,933 | 11,976,871 1,649,875 | 17,135, 419 | 2,090, 018 
366, 793 75,944 | 7,020,646 | 13/177, 919 1,078,391 | 21,719, 693 | 4513, 909 
836, 018 67, 290 | 11,441,328 | 24,282/140| 2/303; 351 | 387.930, 127 |117 336,971 


1,098,102] 349,746 | 13,092,855 | 18,421,838 | 1/883) 810 | 347 846,351 | 47947, 509 
718, 397 475, 870 | 12,636,024 | 7,734,150|  1,102}308 | 227666,839 | "765,929 
984,381 | 1,420,442 | 20, 306, 758 ! 64, 085, 610 5,161,639 | 91, 958, 830 |11, 008, 973 


——# 


Value of diamonds imported into the United States in the calendar years 1918 
and 1919, 


{Generalimports.] 


| 


1918 1919 
Country. | Uncut. Cut but not set. 
| 
Cut but 
Uneut HOLEee 
Carats. Value. Carats. Value. 

be ost I Rare reat 0] ae eee | 17 82, 933 
(oon RO ee, | ee te eee 46 $2,913 13,133 % 1,793,815 
- A ee Sens e|| Meenas | 5 745 
$444,465 Io... --2--.-: 13, 940 529,272 298 27,969 
I | (ee 588 PERG | eee | Mics oe 
vg |e ene 8, 263 469, 999 62 16,572 
94 $852 il 227) 681 59, 600 
SOD Wie es ee | eee ae eee 40 3, 361 
eee) | | ee t| aera 991 23,627 
| 11, 924,482 1,308,941 | 245,207 | 17, oy 148 | 66,758 6,664, 911 
163 oly 441 857 818 | 8,995 2,033, 268 
14,618 7400 b Baer e ree o|| Sameer tee Memoria reer 
landS.....---.--.....------.)| 23,125 | 6,266,319) 20,998 | 1,337,775} 434,340 | 53, 561,019 
congugtwee 0 ue eee || SESS | Ree | Veena L275 
ern cE a aaall.c.... 2 Way. abe. oc eee 
-++|- 32, 064 
Tees in IDRC G cose oeneee Beene A |, Beene | B Bsa aren |. Beane 3 | "738 


12, 005 526 | 7,761,810 | 290,797 | 20,315,758 525, 559 | 64,222, 917 


ee 


The very notable increase of about 200 per cent in the imports of 
dust and bort into the United States would seem to indicate a revival 
of exploratory drilling in the mining industry in this country, most 
of the bort being used for the cutting edges of diamond drills. 

The diamond market in the United States had a profitable year 
in 1919, as is shown by the unprecedented increases in the imports of 
uncut and cut diamonds. Never before has the price of diamonds 
risen so high, and never before has the demand been so great. One 
partial explanation of the vast expenditures on luxuries is that the 
great wave of economy that spread over the whole country during the 
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rar was followed by a reaction, and that high wages have enabled 
the American people to spend large sums of money for jewelry and 
other luxuries. 

The imports of pearls into this country in 1919 amounted to 
$11,008,973, the highest record for the last 10 years except that of 
1916, when it reached $11,336,971. 


CORUNDUM (SAPPHIRE). 


The mine of the New Mine Sapphire Syndicate, in Fergus County, 
Mont., was handicapped in its operations in 1919 by the scarcity of 
miners and other laborers, and by a shortage of water, the supply 
of which gave out early in August, bringing oper ations to a close. 
The mine was active only about 10 weeks, “During the year there 

was taken from the mine an exceptionally fine stone, which was cut 
and sold in Hatton Garden, London, for £400. It weighed 10 carats 
in the rough and cut a gem weighing 5 carats. 


DIAMOND. 


UNITED STATES. 
ARKANSAS. 


According to a report received from the Arkansas Diamond Co., 
Little Rock, Ark., which owns the Arkansas diamond mine, work 
was done there in 1919 only by the watchman, who took out casually 
a very few stones. Mr. Reyburn, president of the Arkansas Diamond 
Corporation, which now has control of the property, states* that the 
diamonds that have been recovered from the mine average in weight 
a little less than half a carat. Many of the stones are of the finest 
quality, and the few that have been cut are said to have made 
beautiful gems. The company, under the supervision of its chief 
engineer, S. IL Zimmerman, was in April, 1920, installing on the 
site a mill for testing the value of the property. The actual diamond 
area covers about 60 acres. The diamonds occur in peridotite, which 
is similar in its geologic characteristics to the diamond-bearing rock 
in South Africa. 

The Kimberlite Diamond Mining & Washing Co., which holds a 
lease on the Mauney mine and owns “the Ozark and Kimberlite mines, 
did not operate the mines in 1919, owing to the loss of its two plants 
by fire on January 138, 1919. 

The American mine, which is owned by T. E. Pe was not 
operated. 

No work was done at the Black Lick prospect, which is owned 
by the Grayson-McLeod Lumber Co. 

According to the best information available, about 5,000 diamonds, 
mostly from the Arkansas, Ozark, and Mauney mines, have been 
found in Arkansas between the discovery in August, 1906. and the 
end of 1919. These included white, brown, and yellow stones, and 
their average weight was between 0.8 and 0.4 carat. The largest 


*Reyburn, 8S. W., Diamonds in Arkansas: Eng. and Min. Jour., Apr. 24, 1920. 
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diamond yet discovered in the State was found in the Arkansas mine 
in May, 1917, and was a canary-colored octahedron weighing 17.85 
carats. 

CONDITION OF DIAMOND INDUSTRY. 


Up to May, 1919, the United States was buying more precious 
stones than all the rest of the world put together. 'The demand 
for all grades of diamonds, from “chips” to stones of the finest 
quality, continues in excess of the offerings. The shortage of dia- 
monds, which is general, is most marked in small stones. The output 
from the South African mines has not attained the level it reached 
in recent pre-war years, and as the diamond market is now under 
the control of a diamond-mining syndicate, the diamonds have been 
distributed on the rationing principle, which is varied by the syndi- 
cate according to circumstances. America, however, still probably 
absorbs her pre-war proportion of these diamonds, which was three- 
fourths of the total output. 

According to the American Jeweler the price of diamonds has 
increased almost 100 per cent in the last year. <A stone weighing 
1 carat now brings $900 to $650, whereas last year plenty were to 
be had at $250. A perfect white stone is now worth at least $700 a 
carat, but it formerly sold at half that price. Diamonds have be- 
come so scarce that cutters consider themselves fortunate if they can 
get supphes enough to keep them going from day to day. 


DIAMOND CUTTING IN THE UNITED STATES. 


America is becoming more and more a diamond-cutting country, 
according to statements made by authorities in the diamond trade. 
In 1918 as many as 600 cutters were employed in the vicinity of New 
York, and they are said to be as efficient as their foreign competitors. 
Antwerp has heretofore been the center of the industry. 


AFRICA. 
UNION OF SOUTIT AFRICA. 


Diamonds sold in the Union of South Africa, 1918-19, 


1918 1919 
Province. 
Carats sold. Value. Carats sold. Value. 
“(Mer Se Acea ye ee ee 896,021.34 £1, 603, 449 873, 680. 71 £3, 244, 239 
Cajpo Collitiy oo <6 aepeeebee eee are ee en eee eee 1, 526, 487. 25 4,870, 980 | 1,653, 652.75 8, 639, 580 
(Oyama) IPE (eh Se eee eee tere 219, 424. 02 |. 758, 315 221 , 597.55 1,495, 840 
2, 641, 932. 61 7,232,744 | 2,648, 931.01 13,379, 662 


There are no diamond mines or diggings in Natal. 

It will be noted that the quantity of African diamonds sold in 1919 
was practically the same as in 1918, and that the increased price per 
carat is therefore the sole reason for the very considerable increase in 
the total value. 
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Average price per carat of diamonds sold in Union of South Africa, 1911-1919. 


| Mine | Alluvial All 


Year, | stones. stones. stones, 

s. d i, atl, Sc 
0 oo PERS oc oO Saoce>s oun edaes a eer a con ot 32 11 | ala ak ay 
OUD te ere zc ch ovcie s/s(ee 6 =< 5 2) 5 Ree EERE ates Soret sielsi = cca¥e = cralereiaveteraia = eee 37 4) 107 9 40 1 
DG ager re ccc 60.0000 0 DOO RSS EEE Ee ee IES Onc & 41 2); 108 9 48 8 
MNO A Se ac deece:are a oo 2 Sk eee oo Srayere co oe oe 38 5 80 2 40 2 
ALS). 5 ER ee eo 3 Reso m a G0 GCs a eee COE EAS Ose aeirsc: 47 0 80 4 52 11 
TCC eee, Son ee aaa aco anOto icon Ch Geko Re roo rsa caoe 40 3 ite 52 Ey Ff 
LY iy) eee cre ao G6 oO Conch cc Ane eEE Eee corona SocmeCauSe 45 11 113 10 i 
MOMS 2 cdi tan ae 3 sce eee I 2S: clare oa: earns een eee HON 2 1384 6 54 9 
1 eI on oo o.5 oO GawN RESO Sc NEG H Ee CER ERRE Soacccsdeebeuaas | S778 261 «6 101 0 


The following table * shows the production of the five mines owned 
by the De Beers Consolidated Mines (Ltd.) for the three years 
ending June 30, 1919: 


Diamonds produced by De Beers Consolidated Mines (Ltd.), 1916-1919. 


De Beers mine. 


Blue Blue 


Diamonds 
: ground ground Price per 
& Year. hoisted washed ( cou) carat. 
(loads). (loads). x 
IGS? oes cre cis ete oe ee ots ee ee OS ee 0 0 41 (4) 
TECH) se el eh ies a eM cm. rrr Sle 0 0 206 (@) 
OU STG rnk reales 12 cS eas orcs ti ee oie 0 0 943 (2) 
) 

Kimberley mine. 
DON GeU Ty oo cies Cette oes, SRR eet eee tera 0 0 b76 (2) 
TOV FEU SR Oe eee 2 a SoMa ey sg cra eyo cer Toe eters 0 0 1093 (@) 
1O1SSTORe ca 58.. ABE. Se ee 0 0 1474 (2) 

Wesselton mine. 

| Shame 

1 OIG ei ae ioe eras, Soe ee ee ers tae en. ey era 1,814,393 | 1,669,104 | 455, 6653 53/ 9,27 
TCT eae eee ens mae e As. ck i 3 2,065,620 | 1,805,436 | 487,828! 54/ 9. 76 
1 PSO a a eee eee hed ieee eee ne oa SOs BUS eBaretd OneaA 1,085,311 | 1,657,146 | 403, 0392 | 69/11. 79 

Bultfontein mine. 
CES ie ei ee ese ek ee Be 2,092,267 | 1,761,756 675, 4013 46/ 11 
OMe AS cokes concen occ meen ene 2,328,615 | 1,859,531 | 646, 9273 49/ 9.62 
HOU G oon one ces Ses ees ee ee 1,262,942 | 1,629,198 | 507, 8582 63/ 5.38 

‘Dutoitspan mine. 
AL QING /orara so 6, cis crashes a wire sie ca ks Se ee ee eee 135,650 | 1,957,335 | ¢ 377, 5714 106/11. 93 
NG ikeellseteracrcrots,c c's ac o'o.c:c,0 a:c\.c.bcsle ete s Siar ee 2, 200, 843 Qlinilis2 422,6573 108/ 6. 22 
NOUR SOR 2 clare ole savele Sic o,a.cca'> excel ere o- mus iecevetene ere oem eee ee eee 1, 389, 883 1,066, 465 180, 983 139/ 9.77 


@ Value not given in company’sreport. % Includes 9} carats of débris. ¢ Includes 9 carats of débris. 


Taken from the report of the De Beers Co. 
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It is reported by the Premier Diamond Mining Co. (Ltd.) that 
the scarcity of native labor necessitated a curtailment of development 
work during the greater part of 1919. As the development of the 
mine was well advanced, however, at the end of the preceding finan- 
cial year, this curtailment will not react unfavorably upon operations 
in the future, as there is still 32,500,000 loads of blue ground avail- 
able above the present lowest working level. 


Diamonds produced at the Prenicr mine for tivo years ending October 81, 1919. 


Quantity 


Year. (carats). Value. 
se Seed, 
Ulises conc uo mage oe ee 851,573 | 1,203,903 15 2 
Sh at: ee ee ew 5 oo vie a so nsaleivie s sicmieinen oo SoBe 814,577 ] 1,961,259 8 1 


According to information received in this country ® a flawless blue- 
white diamond, weighing 1,400 carats and valued at $500,000, was 
discovered on the property of this company near the point where 
the famous Cullinan diamond was found. lt was later reported that 
this stone had been split into about a dozen fragments by the crush- 
ing machinery, whether by accident or not is not stated. The largest 
piece recovered is said to weigh 300 carats and is valued at approxi- 
mately $220,000. 

Acccording to the Financial Times the report of the New Jagers- 
fontein Mining & Exploration Co. for the year ending March 31, 
1919, is of more than ordinary interest, for although there was a 
falling off in the quantity of ground washed and in the number of 
carats of diamonds found, the total value of the stones produced was 
higher than that for 1918. No details are given of the value per carat 
of the various classes of stones. At a meeting at Kimberley the chair- 
man stated that the fine blue-white stone weighing 3884 carats found 
on the dump in January, 1919, was taken in the books at the end of 
March at the average cost of production, but has since been sold at 
a very high price. 


NEW DIAMOND-MINING DISTRICT NORTH OF KIMBERLEY. 


A new diamond-mining district® is said to have been discovered 
at Tlaring, near Taungs, in Bechuanaland, about 100 miles north of 
Kimberley. So great is the rush of prospective diggers from the 
Cape to the Zambesi and Mozambique, and even into the Kongo, 
that the Government has decided to lay out a township to receive the 
new community. 


OPERATIONS ON VAAL RIVER, 


A company called Deep Water Diamonds has been formed to 
recover diamonds from the bed of Vaal River, South Africa,’ by 
means of an air-lock caisson or diving bell. According to a descrip- 


5 Jewelers’ Circular, Dec. 24, 1919. 
6 Manufacturing Jeweler, vol. 66, No, 5, Jan. 29, 1920. 
7Min. and Sci. Press, Dec. 6, 1919. 
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tion published by the South African Mining and Engineering Jour- 
nal, Johannesburg, the bell of the caisson has a diameter of 15 feet, 
giving ample space for several men to work. The bell is specially 
designed for working in deep pools and can easily be shifted from 
one pool to another, ; as the whole structure is attached to pontoons 
that can float in shallow water from 12 to 18 inches deep. The bell 
is lowered into the water by means of water ballast, and the water 1s 
displaced by air pumped into the bell by compressed-air pumps. 
The interior is lighted by electricity and has a telephone and sig- 

nals for communication. The oravel is hauled up by a compressed- 
air hoist and is handled by purely mechanical means once it enters 
the skip. The apparatus is designed to work in any depth of 
water less than 65 feet; the deepest pool in the Vaal in the dry sea- 
son is only about 30 to 40 feet deep. On the deck there are boilers 
and a steam turbine for driving the machinery and an air-compres- 
sor for supplying air to the bell. There is a bin to accommodate the 
gravel brought up, a trommel for cleaning and classifying the soil, 
gravitators for separating the diamonds, and a sorting table. Pre- 
vious attempts to obtain diamonds from the bed of Va al River have 
been made by means of breakwaters and suction or bucket dredges, 
but the latter method is said to have proved unsuccessful because ‘the 
bed of the river is a natural concrete of bowlders and clay. Recent 
advices indicate that the idea of recovering diamonds from Vaal 
River by means of a caisson is not new. 


CONTROL OF SOUTH AFRICAN DIAMONDS, 


The diamond-mining industry of South Africa has undergone a 
complete change of control, as is shown by the following notes 
extracted from the annual ‘report of the De Beers Consolidated 
Mines (Ltd.) for 1919: 

A conference of the four largest producers of diamonds, consisting 
of the German Southwest Africa, De Beers, Jagersfontein, and Pre- 
mier companies, met in London in July, 1914, w vith the object of reg- 
ulating the value of diamonds to be placed on the market and 
determining the quota of each participant in the total annual sales. 
After long ‘and protracted negotiations lasting many days an agree- 
ment was arrived at among the producers and terms made with the 
syndicate for the marketing of the diamonds. Owing to the war all 
negotiations came to an end, but during 1916 the diamond market 
began to show signs of a return to life, and while the trade was 
slowly recovering “the Union Government decided to place a large 
quantity of German Southwest Africa (Southwest Protectorate) 
diamonds on the market, for which it called for tenders in London 
and on the Continent. The syndicate, feeling that if those goods were 
forced on the dealers there would be a collapse. approached the 
De Beers Co. and suggested tendering on joint account. The propo- 
sition was accepted, “and an arrangement was made on a profit- 
sharing basis for the purchase of the German Southwest diamonds 
until the conclusion of peace. In October, 1916, the syndicate came to 
terms with the Premier Co. for the purchase ‘of its output, so that 
from February, 1917, the diamonds of the four big producers have 
been sold through one channel, 
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The prices are paid to the four producers in South and Southwest 
Africa every quarter and are based on the net average price realized 
by the syndicate for the respective quotas during the previous three 
months, less 5 per cent. The quotas were fixed as follows: 


Per cent. 
YS JESS Se oe ilk 
Southwest Protectorate producers _—— | 3 = ee Oa 
Pie (CO) a ees 
ie Crs fowemimmeree ae 10 


NOTES ON DIAMOND MINING IN SOUTH AFRICA, 


The following is an extract from the annual report of the Depart- 
ment of Mines and Industries of the Union of South Africa in 1919: 


The continued increase in the price of diamonds, which has been most strik- 
ing. has naturally resulted in renewed activity in prospecting and in the work- 
ing of alluvial fields. 

Although the strict control now exercised over production and sale by agree- 
ment between the principal producers steadies the market and allows of a con- 
tinual enhancement of price, it may be pointed out that high prices have their 
disadvantages. In most commodities, in which supply and demand balance 
each other, the sale value of the commodity can not get away very far from the 
cost of production, which thus acts as a stabilizer and insures a certain reason- 
able minimum below which prices can not readily fall. In the case of dia- 
monds the sale value of the big producers is at present far above the cost of 
production. This large margin enables a number of smaller producers whose 
costs are considerably higher to work also at a profit. A slight contraction of 
the market then becomes disastrous to these producers; and at all times the 
knowledge that the large producers can, if need be, place diamonds on the 
market at a much lower price is an element of danger. The security rests, of 
course, in the monopoly of control, and as long as this is maintained the posi- 
tion is safe. A further danger lies, however, in the possibility of the discovery 
of important new mines. With such great activity in prospecting as is now 
prevalent, such a discovery is by no means to be looked upon as impossible. 
It is unlikely that all the large diamond pipes already known are the only 
ones that exist. If other large and valuable pipes are discovered, they will be 
a disturbing element in the market until they also come within the monopoly 
of control. 


GOLD COAST COLONY. 


The discovery of a new diamond field in the Gold Coast Colony 
by the director of the Gold Coast Geological Survey, Mr. Kitson, is 
reported in Commerce Reports for December 15, 1919, which 
quotes a report published in the Gold Coast Government Gazette. 
The diamonds vary greatly in size. The largest found are about the 
size of a split pea; large numbers of them range in size from a large 
pinhead to a grain of millet; and many are still smaller. Of one 
lot of 175 stones the weight of the largest is about a carat; of the 
average stones of medium size 28 weigh one carat; and of the next 
grade there are 36 to the carat. The whole 175 stones weigh 413 
carats. Many of the diamonds are beautifully perfect crystals, color- 
less and transparent. The commonest forms are the octahedron and 
the rhombic dodecahedron. <A few are of pale-yellow, blue, green, 
gray. and brown tints; others are colorless, but with small dark in- 
clusions. Cleavage plates of octahedra occur in fair numbers, indi- 
eating that the original crystals were much larger than any of 
those found. The Board of Trade Journal states that their value 
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is from $2.50 to $3 a carat for the smaller grades, $4.25 a carat for 
the medium grade, and $7.25 to $8 a carat for the larger grade. 
‘hese prices are for mixed samples, including stones of all qualities. 
Some of the largest stones, however, are worth $17 to $19.50 a carat. 

More than 600 diamonds were found merely by panning during the 
time the surrounding locality was being tested with regard to the 
origin and distribution of the diamond-bearing gravels. Sufficient 
work has not yet been done to prove the economic value of the dis- 
covery. 

ENGLAND. 


Prior to the war the industry of cutting diamonds was confined 
almost exclusively. to Holland and Belgium, but endeavors were 
made some years before the war to add diamond cutting to the other 
industries of Birmingham, England. In face of great difficulties 
the effort was continued, and when Antwerp fell numbers of refu- 
gees from among the diamond cutters of that city were provided 
with means of pursuing their craft in Birmingham.® 

Centers for the employment of disabled soldiers in the diamond- 
cutting industry have also been established at Brighton, Cambridge, 
and Wrexham (Wales). 


SCOTLAND. 


It was recently reported® that a diamond-cutting industry was 
about to be established at Fort William, in the northwestern part 
of Scotland. The director of training, Ministry of Pensions, at 
Fort William, is reported to have said that there were about 20,000 
disabled soldiers who required to be retrained. Preparations for the 
establishment of the diamond-cutting industry are under way, and 
the plant was expected to be in operation early in the spring of 1920. 


BRAZIL. 


A corporation was recently organized in Rio de Janeiro * to de- 
velop the diamond mines at Moribeca and Boa Vista, in the region 
of Diamantina, State of Minas Geraes, Brazil. 


EMERALD. 


COLOMBIA. 


The rediscovery of one of the lost emerald mines in Colombia, 
about 10 miles northeast of Bogota, has been reported. The redis- 
covered mine is called the Chivor. Flawless gems of a rich and vivid 
color, valued as high as $1,000 a carat, are said to have been found. 

The following notes on the rediscovery of certain lost emerald 
mines in Colombia are taken from the Survey’s report on gems and 
precious stones in 1910 by Douglas B. Sterrett: 

Emeralds were highly prized by the Indians of South America and were 


mined by them for centuries prior to the coming of the Spaniards in three 
districts of the present Republie of Colombia. These districts—Muzo, Cosquez, 


8 Commerce Repts., July 17, 1919. 
® Idem, Apr. 3, 1919. 
2 Tdem, Apr. 5, 1919, 
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and Somondoco—were widely separated. When the Spanish took possession of 
the country about 1555, the emerald mines also were taken up. [excessive 
cruelties were practiced by the Spanish nine workers on the Indians employed 
in the mines. The trouble was not averted by the importation of African 
negroes, and in the war of independence of 1816 the country was so desolated 
that the mines of Cosquez and Somondoco were entirely Jost. From that time 
until recently the Colombian emeralds have been obtained only from Muzo. 

A Colombian named Francisco Restrepo, guided by a few hints given in 
ancient Spanish parchment maps and with little or no knowledge of geology or 
emeralds, undertook the search for the lost emerald mines. In 1896 he found 
traces of ancient workings and later the large workings of the lost mines. The 
mines are situated on a sectional ridge of the great castern range of the Andes 
Mountains, at an elevation of about 9,000 feet above sea level. An old ditch 12 
to 15 miles long, with reservoirs above the mines, was found. The great 
open cuts and tunnels were scattered over an area 6 miles long east and west 
and 8 miles wide north and south. Some of the working faces of these mines 
measure 700 to 800 meters on steep slopes; of this about 100 meters is emerald- 
bearing and the rest nonproductive. The emerald region is covered by forest 
and jungle, which doubtless conceal other workings in the region. 


JET. 
UTAH. 


The production of jet in Utah in 1919, though small, is somewhat 
significant for the reason that no other production of this mineral has 
been reported to the Geological Survey for several years. The de- 
mand for jet had decreased considerably up to 1918, but the mortality 
caused by the recent war revived the demand for jet ornaments, and 
it may gain some vogue after years of disuse. The locality in which 
the mineral was found is described by Don Maguire, of Ogden, Utah, 
as lying south of Dirty Devil River, in a spur of the north base of 
the Henry Mountains, Wayne County, and also just across the line 
in Garfield County. The jet occurs in masses from 4 to 15 inches 
long and as much as 6 inches wide and from 1 to 4 inches thick. The 
material takes a durable blue-black polish, is not liable to crack or 
check after mounting, and is said to be suitable for cutting into scarf 
pins or cuff-button settings or necklaces. 


OPAL. 
UNITED STATES. 


During 1919 a large flawless black opal, 317 inches long, 34 inches 
wide, and 1,3; inches thick, free from matrix, weighing 16.95 troy 
ounces, was exhibited to the Secretary of the Interior. This new gem, 
which is remarkable for its iridescence, was pronounced by G. P. 
Merrill, curator of precious stones in the United States National Mu- 
seum, the finest and most beautiful he had ever seen. This very re- 
markable opal was found more than two years ago and 1s held by its 
owners to be worth $250,000. They have not made public the locality 
where it was found. 


NEVADA. 


In Humboldt County, Nev., writes Hl. P. Whitlock," there have 
recently been brought to light some wonderful fossil remains of trees. 
These are remarkable not merely because they are trees, but because 


u Jewelers’ Circular, Feb. 4, 1920, p. 189. 
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the stone by which the wood has been replaced is the much-sought 
opal. A series of these Nevada wood-opal replacements has been put 
on view in the Morgan Hall of Minerals, in the American Museum 
of Natural History, New York, where all steps in the process of the 
transformation of wood to opal may be seen. A unique specimen is of 
dark smoky color whieh, when it catches the light at a certain angle, 
reflects a dull glow of red and orange, almost as if there still burned 
in it some of the fires of the extinct voleano which was perhaps the 
first factor in its metamorphosis. ; 


MEXICO. 


Opal mining in the vicinity of Queretaro, Mexico, in a district that 
has for many years furnished nearly all the opals sold in the Repub- 
lic. showed renewed activity in 1919. Most of the gems are sent to 
dealers in Mexico City, who in turn ship them to the United States. 


NEW SOUTH WALES. 


The discovery of black opal at Tintenbar, about 7 miles from Ballina, 
New South Wales,!? caused much local excitement and a rush of ap- 
plicants for miners’ rights and permission to enter private lands. 
The Melbourne Age states that nearly a hundred claims have already 
been pegged. The geologic formations in the locality are slates and 
sandstones capped by basaltic lava flows, of which there are at least 
three. The opal consists of loose pieces, ranging in size from that of 
a pea up to that of a good-sized walnut, which are found in the soil 
and in highly decomposed volcanic rock at depths ranging from 
3 to 6 feet. It is evident that the opal occurs as the filling of cavities 
in the volcanic rock and that it can probably be worked at a profit 
only where the containing rock has been softened by weathering. 

Up to September, 1919, most of the opal found was of the trans- 
parent variety, but black opal of a very different type from the 
Lightning Ridge stone is also obtained. 


QUARTZ. 


CALIFORNIA. 


Rose quartz has been found in mining feldspar.’* 5 miles from Hale 
Station, on the line of the Lemon Cove & Visalia Electric Railroad 
(Southern Pacific), shipping point Exeter, Tulare County, Calif. 
The operators are Lawton & Cone, 503 Market Street, San Francisco. 


MAINE. 


Large quantities of pure, colorless quartz, gems from which are 
very brilhant and flawless, are reported by Mr. Robert I. Bickford, 
Norway, Me., to have been obtained from the Mount Apatite feld- 
spar quarry owned by the Greenlaw Corporation. One large piece 
of smoky quartz cut a 23 or 3 inch ball, and another specimen, with- 
out flaws, measured 6 inches in length and 24 inches in diameter. 


12 Commerce Repts., Jan. 29, 1920. ; 
23 Information furnished by C. G. Yale, of the U. 8. Geological Survey. 
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TOPAZ, 
IDAHO. 


White topaz is reported to have been discovered by Mrs. Emma 
Mikesell at City of Rocks, about 5 miles northeast of Moulton, Cassia 
County, Idaho. The mineral is said to resemble diamond closely and 
has been cut into stones of 1 to 3 carats. Some stones that have bean 
exhibited by the owner of the claims are exceptionally clear and will 
cut glass like a high-priced diamond. Miles E. North and C. C. 
Young, of Reno, Ney., propose to operate the properties. 


TOURMALINE. 
MAINE, 


Mr. Robert F. Bickford, Norway, Maine, reports that new pockets 
of tourmaline were opened at the feldspar property on Mount Apa- 
tite owned by the Greenlaw Corporation. One oblong emerald stone 
weighing 103 carats and several weighing more than 6 carats each 
were cut from the material taken out. Some of the material is per- 
fect and of fine color. 

Other minerals that have been found on this property are dark- 
pink lepidolite, talclike altered pink and blue tourmaline, cookeite, 
and other alteration preducts of original lithia minerals. A pink 
beryl crystal was also discovered. 
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GEMS AND PRECIOUS STONES. 


By B. H. Stopparp. 


PRODUCTION. 


Value of precious stones produced in the United States, 1916-1920. 
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UXO OSC TO sna ccenm 6. @> coc neo EE eeEe o 47 (2) (@) (4) 10 
UNUM aoemes aan ene ie & 1, 005 230 907 210 767 
“1g NIU Ts on Sn a a 50, 807 12, 452 6, 206 17, 700 4, 869 
MGC CO Mey. dSeeeee ct cs usceacweacseccee -b 21, 811 ieee 20, 667 22, 750 16, 865 
Be een ogee ee 1 3, 140 2,350 753 925 (2) 
ACSIM CUTIE mreyerestete ete isiersie sic leieteicic ecto 0 (a) 2,765 SZOMS cen os reer lee ae ceetereere 
WAIHI s 6 onpeoedss Gene S SOE SRE OReE COs 4 | Menara seer a) (ayy ALS .2. ccese an ll eee coer 
KOI... oecocueanpenee nee Pe neiae re ete 50 aeeoecGend (3 anaeeoroes eee ae (Seen aeEs ot | 144 
ON sx ord od oa SUG HO ASCO DE OEE SACO C Ce 4 | eee | (2) (COME | Peceeencee ae -Aaseaoe aaa: 
(Uae lista SUMO ec caaceocossesansansecsaeh 3,323 4,913 4, 251 10, 399 8, 295 
217, 793 131, 012 106, 523 111, 763 | 265, 205 
a Less than three producers; figures included under ‘‘ Undistributed.”’ 
Value of precious stones produced in the United States in 1920, by States. 
Montana...-.-..-.---...-...... $223,196 | Arkansas, Colorado, New Mex- 
iG VCC Aes = as ee 12, 920 TCO UN se acme atone, wire eae $8, 435 
(CE OIE s =e ee snr De MapOtiner states |e med ce. oleate 3, 609 
CRO, oo ee 5, 328 ——_-— 
MEM IORI ee oi wie ate oa Ee ds 3, 738 265, 205 


1Connecticut, Georgia, Idaho, Michigan, Minnesota, Nebraska, New Hampshire, New Jersey, New 
York, North Carolina, Pennsylvania, South Dakota, Texas, Virginia, and Wyoming. 
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AMETHYST AND TOPAZ. 


Amethyst and topaz are reported by J. IX. Reed, 431 South Main 
Street, Butte, Mont., to have been found in 1920 about 18 miles 
southeast of Butte. The claims are undeveloped, but sufficient work 
is said to have been done to expose the gem material. 


CORUNDUM (SAPPHIRE). 


The mines of the American Gem Mining Syndicate, in Granite 
County, and those of the New Mine Sapphire Syndicate, in Fergus 
County, Mont., were operated in 1920, and their output, which in- 
cludes nearly all the sapphire produced in the United States, was 
greater than in any previous year except 1913. According to a 
statement of an official of the New Mine Sapphire Syndicate, the 
demand for industrial sapphire is increasing every year, and the out- 
put of the syndicate’s mines is engaged for two years ahead. 


DIAMOND. 


The Arkansas Diamond Co., Little Rock, Ark., which owns the 
Arkansas mine, in Pike County, continued testing by pits and washing 
by hand in 1920 and is reported to have recovered several hundred 
carats of diamonds, valued in the rough at several thousand dollars. 
Operations on a larger scale have been planned, and at the present 
time (October, 1921) the company is reported to be installing new 
machinery in its screening and jigging plant for washing the surface 
material in the field. The concentrates from this plant will go to the 
grease tables. In September, 1921, the laborers digging test pits on 
the property are reported to have picked up a white diamond weighing 
204 carats. S. H. Zimmerman, the engineer and general manager of 
the company, is quoted in the Arkansas Gazette of October 9, 1921, 
as stating that it was a “fairly good stone.” The property of the 
Arkansas Diamond Co. is described in an article entitled ‘ Diamonds 
in Arkansas,” by Samuel W. Reyburn and Stanley H. Zimmerman, 
published in the Engineering and Mining Journal of April 24, 1920. 

Howard A. Millar *, of the Kimberlite Diamond Mining & Washing 
Co., 2014 Railway Exchange Building, St. Louis, Mo., reports that 
the company holds a lease on the Mauney mine and owns the Ozark 
and Kimberlite mines, at Murfreesboro, Ark. Its two testing plants, 
which were destroyed by fire January 13, 1919, have not been rebuilt, 
but further exploration work was carried on, and as soon as conditions 
become normal activities will be resumed on a larger scale. In the 
recoveries of gem material the deep canary color and the mahogany 
shade of brown are said to be especially worthy of mention; blue or 
pink stones and occasionally a “frosted” or etched white stone are 
also reported. Mr. Millar states that fragments and fractures were 
noticeable in the surface material but that with slight depth in the 
undisturbed volcanic ground these features have almost disappeared. 
From a careful analysis of several thousand diamonds it is reported 
by Mr. Millar that on a color basis the mine-run yields white stones 
40 per cent, brown 37 per cent, yellow 22 per cent, and bort 1 per cent. 
The policy of the company has been to withhold information on pro- 


2 Personal letter, Mar. 7, 1921. 
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duction. Accordingly, in the table giving the production of diamonds 
the output of this company is not included. 


OPAL. 


F. M. Myrick, Johannesburg, Calif., soa the discovery of a 
deposit of canary-colored moss opal 18 miles southwest of Johannes- 
burg. Several years ago Mr. Myrick submitted to the United States 
Geological Survey specimens of precious opal which he had obtained 
from a prospect 15 miles west of his bloodstone mine on Brown 
Mountainin the Death Valley region. Itwas light colored and showed 
flashes of green, blue, and red. 


IMPORTS.’ 


The precious stones (excluding pearls) imported into the United 
States in 1920 were valued at $66,100,742, the highest value ever 
reported except that for 1919, from which it shows a decrease of 28 
per cent. The value of the pearls produced is omitted from the 
total, for pearls are not a mineral but an animal product, being de- 
posited in the shells of mollusks. They are lustrous calcareous 
concretions with animal membrane between successive layers, and 
they owe their beauty and value in part to their organic structure; 
but as they are among the most desired of gems, their value is given 
in a separate colunin in the table of imports. 

General imports and imports for consumption for any period will 
differ to the extent that the value of entries for warehouse for the 
period differs from the value of withdrawals from warehouse for 
consumption. The term “entry for consumption” is the technical 
name of the import entry made at the customhouse and implies 
that the goods have been delivered into the custody of the importer 
and that the duties have been paid on the dutiable portion. Some 
of them may be afterwards exported. 


Gems and precious stones imported and entered for consumption in the United States, 


1910-1920. 
Diamonds. 
Total, 
Year. f pees eae excluding Pearls. 
Ciara Dust and | Roughor | Cut but cian pearls. 
eo Se DOLL aH) met not set. 
NOUN Crease | $213,701 $54,701 $8,991, 890 $25, 593, 641 $4, 237, 232 | $39, 091, 165 |$1, 626, 083 
AO ieee. | 199, 930 110, 434-9, 654, 219 | 25,676, 302 3, 820,703 | 39, 461, 588 | 1, 384, 376 
ibs eee 452, 810 94,396 9, 414, 514 | 22, 865, 686 3, 433, 163 | 36, 260, 569 | 5, 130, 37 
TI ds eae ae 471,712 100,704 12, 268, 543 | 24, 812, 604 2,805,963} 40, 459, 526 } 5, 002, 624 
Ty ee eee ane 579, 332 77,408 | 2, 851, 933 | 11, 976, 871 1, 649, 875 17, 135, 419 | 2,090, 018 
1O1G Sis an 366, 793 75,944 | 7,020, 646 | 13, 177, 919 1, 078,391 | 21,719,693 | 4, 513, 909 
Gn 836, 018 67, 290 | 11, 441, 328 | 24, 282, 140 2, 303, 351 | 38, 930, 127 |11, 336, 971 
ii oe 1, 098, 102 349, 746 | 13, 092, 855 | 18, 421, 838 1, 883, 810 | 34,846,351] 4,947, 509 
ii) ee 718, 397 475, 870 | 12,636,024] 7,734, 150 1,102,398 | 22,666,839} 765,929 
ice se 984,381 | 1, 420, 442 20, 306, 758 | 64, 085, 610 5,161,639} 91, 958, 830 | 11, 008, 973 
i, <a 1, 527,753 | 3,387,488 10, 526,125 | 45, 240, 013 5, 419, 363 | 66,100,742 7, 879, 384 


3 Statistics compiled by J. A. Dorsey, of the United States Geological Survey, from records of the Bureau 
of Foreign and Domestic Commerce. 
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Diamonds imported into the United Slates in the calendar years 1919 and 1920. 


{General imports.] 


1919 1920 
Country. Uncut. Cut but not set. Uncut. | Cut but not set. 
| Carats.| Value. | Carats.; Value. | Carats. Value. | Carats. | Value. 
| 
a ee 4 
ATS ONLI). .9.cee de ete rel see eee 17 PO CRE)| So een Aer | oe olodgacocones 
P0602 eee | Se cee Beer sash n6 ole odode waclaosoccacne ctl Koaosensd Seacaeeeneer 1 $710 
AUSUPIA. 2. 2c. HE Sees crater ellctereys cle cletele te] - ereleeteetets | eee Cree eine = ee ee eee a ae 121 13, 325 
Belem. jose 46 $2,913 | 13,133 | 1, 793, 815 2, 343 $135, 965 | 63,390 | 8, 345, 615 
IB O1ViS 2s serait Pree eevee salts ie Soe 5 ple) | Beers! SAREE, Phere rlocudusnacde 
Brazile ee 13, 940 529, 272 298 27, 969 7, 679 503, 236 737 67, 445 
British Guiana_. 588 29, GLO}. ose | eee eres 2, 242 118, 483 | 5 1, les 
British South 
Africaee-cseanae 8, 263 469, 999 62 16, 572 3, 3874 334, 618 | 171 39, 599 
Canadaaeee = ees 1 2 681 EO) Ihe Saeocad saeenaaneee 41 5, 945 
OUI cooecaoposs boseceeed Saeaomeeace 4 40 3, BOT I eee wep eeileintee eis soap ics oso 2 Pe eee eee 
Czecho-Slovaki ates ..<<<.0 Bisse seca Pl eee eee el meme aoe | eee or le eens 18 3, 215 
ID Yer wob eo ecope 4 hopes 4 | Sone ceeeee 4 991 PR MUP AN Loercqdoa 4 (dic aasoouoed 485 86, 276 
1D Ol eee AP eeeeees 4 | ACER ee 4S eroen an In aceeen sano |kesoeeeed (Socesceaneen g) 1, 592 
Frelande 22-8). 245, 207 | 17,921,148 | 66,758 | 6,664,911 | 102,339] 9,283,918 | 22,104) 3, 003, 534 
ORE. oa ocoecoaah S57 22, 318 %,995 | 2, 033, 268 1, 875 55, 342 | 16,247 | 2, 506, 090 
(OMAN Cononose ay |seasoeps 4 |>Specpecened possousad Geoocspancbr |Scaneaoad apoasonosend 144 16,374 
(CGC ESR CRS ee (See Srse 4 |B ACER Cea: bc mEReeee MBet Cape cad oa veeeat sees saces x! 50 6, 565 
1h Ne eens OSes im | Oe Rene ae | Geren ot! Soaks oh ( Boosegasuor. 306 48,857 
JBC RN OS Se pene HAS Bee Ie | Lee er Ne. Seat Besoocciea ot 80 4, 748 68 34, 456 
HERON ERG eaaeces he boooocop’ Ipparsoccesns bbasascal Bougeasausos Boacoge ay pbacngouacnt 21 4,431 
Moxie. ......410E oe Me. oe nee ee eee 1} 250 
Netherlands....... 20,998 | 1,337,775 | 434, 340 | 53, 561, 019 1, 146 40,189 | 198, 477 | 31,024,241 
JERI aerocceee Leaner ou! Pere aceao ced il POE Peco. 4 Steere eroceeesmeseed Acasa nnoces 
Roland land Dan- Ato. .2-. 55 Ne... ae see ae AIP wccrestee O me eeee am coe ee 486 48,898 
zig. 
Portugal Ene, |k yee ame (Me aN we [st as eee om © [hen OR, Bs Siam mo 333 69,376 
RU Dhoee Nit eee eee ke ener boot Be oosoeesont tes osteo at pamecoasase 100 8,448 
SUI ema rctee a a 897 Pee eed ene Pe oe we Pee ean ibooosgnoe lossecoo ses 
Swit zenlamndeeeca Mer cee wie seep eee ae 230 2,004 9. oes. Meee es eons 758 108, 090 
Ehunkeyain Munopenye.. 2222] = -seeeee oe 3 TSS | 4 863 3 555 
290, 797 | 20, 315,758 | 525,559 | 64, 222, 947 | 121, O82 | 10, 527, 362 | 304,076 | 45, 444, 999 
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PRECIOUS STONES 


By Groraz F. Kuns 


The mining and search for diamonds and other precious stones has 
been actively pursued for the greater part of the year 1920 the extra- 
ordinary demand for them offering much encouragement. In 1919 the 
imports of precious stones and pearls into the United States reached the 
unexampled total of $105,273,543; in 1920 these heavy imports continued, 
the total for January—June being $51,447,699, but in the latter half of the 
year a reaction set in, and during the period July-December the imports 
fell to $24,307,892, against $33,861,348 for these months in 1919. Still, 
this gives for the whole of 1920 $75,775,591, a higher figure than for any 
other year except 1919. The steady and effective control exercised by 
the London Diamond Syndicate has sufficed to maintain prices. 

The marked decrease in precious-stone imports for the year 1920 is 
best exhibited by the following table of the monthly imports of the year: 


ney Cg See ae etry ee pe wintealiane ea Sal ae oye 
March............. 10,611,089 September.......... 3,475,029 
fi L macnn eee 8,532,271 COM OROE cc ccxawe cists 5,262,602 
bese sialon elaine me 5,555,917 November........... 
BT ee ea ree 4,792,772  ##§#.§ j§. December........... 8,142,880 
Total ecccesiccvs $51,447,699 Total: ccciexaxcans $24,307,892 


IMPORTS OF DIAMONDS AND OTHER PRECIOUS STONES INTO THE UNITED STATES 


| 1917. | 1918. | 1919. | 1920. 


Diamo glasiers’ and engravers’, unset and 
miners’ 


Lae Rewcop ee cewh a cube esau pulewe $1,098,102 $718,397 1) $1,527,753 

uncut, dutiable............ cece eee 13,001,582} 12, 20,315,758| 10,537,863 

Diamonds, cut but not set, dutiable............ 18,416,570} 7,761,810) 64,222,047] 45,444,000 

Pearls and parts of, not strung or “, dutiable.. 4,898,406 722,081) 11,541 7,377,772 

ene — tne sponte: ths = le. . aes “i 482,224 604,550 1,623 3,717,741 
er ous us stones, cut, bu 

mot O64; GUURDIOS - wcatccdspackcess ocabace 1,752,884 968,004 5,006,032) 5,031,639 


Imitation precious stones, dutiable............. 1,167,309 800,642} 1,579,003 


IMPORTS OF CUT DIAMONDS AND PEARLS ACCORDING TO THE SOURCE 
Diamonds, out, but not set, dut. Pearls, and — oe mat REE, nor 


1918. | 1919. 1920. 1918. | 1919. | 1920, 
from: 

cw sanie $170,441 | $2,033,268) $2,506, $112,580 | $5,982,654) $3,861,617 
Netherlands.......... 6,266,319 | 63,661,010) 81,024,241)....... ccc). ccc cee lace ccc cecce 
United picacem. Sede 1,308,041 6,664,911) 3,003,534) 376,741 5,347,460) 3,235,320 
CoM THEE. oo coneaxthSteeeOasihececkn599981liNedencmdne 150,097 81,003 79,452 
Other countries........ 16,109 1,963,749} 8,911,134 83,563 120,883 201,383 
Totele. cocci etas cece $7,761,810 | $64,222,947| $45,444,999) §722,081 |$11,541,000 
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The large increase in the 1920 imports of cut diamonds from “other 
countries’’ over the figures for 1919 shows essentially the resurrection of 
the Antwerp market in the face of a heavy falling-off in the imports from 
Amsterdam. We have an increase in 1920 of nearly $7,000,000 as 
compared with 1919 for “other countries” (including Belgium), as 
against a falling-off of $22,500,000 for the Netherlands (Amsterdam). 

From May 1, 1919 to April 30, 1920, the precious-stone imports 
reached the high-water mark of $122,816,489, a figure that has never 
been approached before or since. Itemized these importations would be 
as follows: 


Diamonds, nae and engravers’, unset and miners’........... $1,178,512 

TEASING: TUES a oar 5: ba winidiaie wid. esa Sarge aieseaia Wien Arerm sieeve aiaers wie 18, ‘479, 571 

Diamonds, cut, uit i not set.........  aahaitetelgaeloln initio ar 78,716,142 
earls, and parts Ob WEE UEE OE MOE, nesiecase ec asa wens ewienes 

Other precious seg une end BOPk. 5 sive cokes. cease decavan 3,469,461 

Other precious and semiprecious stones, cut, but not set......... 5,868,187 

Tepitation preciOus GOMES. .....cccccssccccenstecccecesenscest 1,845,681 
I AMIN ss ace: aid nh co tava ip icsins oy one nla alnies ids tacetaps ear ose inate savant eomara $122,816,489 


On the whole it can be said to mark the climax of the greatest period 
in the precious-stone and jewelry industry which the United States has 
ever known, but toward the middle of the year, as has been noted, the tide 
began to turn. The unsuccessful jewelry strike, lasting from November, 
1920, to March, 1921, involving the claim of the workers to an increase 
of remuneration to $3 an hour, stipulating a 39-hr. week, coupled with a 
provision that one and a half times the ordinary pay was to be received 
for every extra hour’s work, meant that jewels rather than jewelry were 
sold. 

The great and widespread plentifulness of money enjoyed by the 
precious-stone industry had been largely due to war profits and bumper 
crops and phenomenal mine outputs of the West and the high prices 
realized because of the urgent European demand in the period immedi- 
ately succeeding the war; to this was added the great production of copper, 
and of the oil of Oklahoma and Texas. Then the prices of these commo- 
dities began to fall as a result of the war reaction, and, moreover, the 
demand for engagement and wedding jewels which had been stimulated 
by the great army of soldiers and the enthusiasm incident to our victories, 
began to abate. 

In the meanwhile the effects of undue speculation began to make 
themselves felt. ‘Toward the climax of the rise, it frequently happened 
that a jeweler who had engaged and bought a quantity of rough or 
partly-cut diamonds was able to sell them to another jeweler at an 
advance of 10 or even 25 per cent. before they had been received, and in 
not a few cases the second purchaser was able to pass them on at an equal 
profit to a third aspirant, and the latter to still another eager buyer, so 
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that sometimes from two to six separate profits remained to be realized by 
the last purchaser. Naturally enough, when prices began to fall, the 
latter found himself in a very uncomfortable position, and occasionally 
suffered disastrous effects, although those who had avoided the danger of 
being swept along by this wave of excitement were safe enough. Still 
the check in distribution operated to halt the demand in the foreign 
centers, and although prices were maintained and the market was steadied 
by shutting down the South African mines to a great extent, the volume 
of imports fell off rapidly. 

The semi-precious stone industry has somewhat changed with the 
great demand for Burmese jadeite, generally cut in China. Many Cali- 
fornia stones, such as rubellite, agate, etc., were also cut in China, and 
there have been great quantities of Madagascar gems. Beryls and 
tourmalines, rose-quartz and amazon stones have been cut in France 
and Germany, and also in Italy by German workers, who had migrated 
thither. To these should be added rock crystal and smoky quartz, 
the latter being often decolorized to citrine, the so-called “topaz” of 
the jewelers. There was also onyx, cut into many small forms, to be used 
as accessories in diamond jewelry, to be strung as rondelles or as beads, 
interspersed with beads of rock crystal and other semi-precious materials. 

Germany.—The jewelry industry in Germany shows signs of a revival 
from the depression due to Germany’s defeat in the World War. This 
is exemplified by recent reports from the great German jewelry center, 
Pforzheim in Baden. In spite of the cutting off during the war of direct 
foreign relations with their best customers, the jewelers of Pforzheim 
were able to preserve a part of their trade through neutral channels; 
after the conclusion of hostilities there sprang up a home demand for 
Pforzheim goods and also a good demand from foreign buyers. Since 
then, through the occasionally disturbed internal conditions, the industry 
has suffered some setbacks, and it has to contend with a very heavy 
export duty levied by the German Government, this amounting recently 
to about 1,000,000 marks a month, at least $16,000 in terms of exchange, 
but really much more when computed according to the purchasing 
power of the mark in Germany. At present there are about 800 jewelry 
concerns in Pforzheim, the largest being the Kollmar & Jourdan Co., 
which employs about 2000 workers. The price movement toward the 
close of the war and after the conclusion of peace has been very extra- 
ordinary. By July, 1917, prices had risen 75 per cent. and by December 
of this year 125 per cent. Early in September, 1919, the added cost 
was 225 per cent. over pre-war figures, in early December, 1919, 500 
per cent., and in February, 1920, the maximum increase of 800 per cent. 
was recorded. By May, 1920, the increase had fallen to 600 per cent. 
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and by August, 1920, to 450 per cent. Naturally this refers to prices in 
marks, and depended quite as much on the fluctuating value of the 
monetary unit as upon other economic considerations. On the whole, 
in spite of the many drawbacks which still exist and the strenuous efforts 
made to oust Pforzheim from the South American markets, of which this 
jewelry industry had strong control, the prospects for the future are pro- 
nounced to be far from unfavorable.! 

Later advices seem to show that the slow recovery of the Pforzheim 
industry still continues. In order to combat the tendency to an undue 
reduction of prices the manufacturers and traders have organized their 
24 professional associations into a central syndicate, which keeps itself 
in close touch with the export offices. As to the present aspect of things, 
the Frankfurter Zeitung remarks:? 


“The exports in Norway, Sweden, Italy, Austria and Holland are impeded by 
restrictive measures, the difference of exchange or other obstacles. The United 
States does not enter much into account . . . the Americans are endeavoring by all 
possible means to establish an industry among themselves capable of supplanting 
that of Pforzheim. The remainder of the markets of the world are either well supplied 
with goods, or have not, for want of money, any capacity for purchase. We cannot, 
therefore, rely too much on the States of Central and South America, which for more 
than half a century have been Pforzheim’s best clients, but where the rapid decrease 
of productions of the soil and the fluctuations of exchange have disorganized business 

. If we are to believe letters from the Argentine, Brazil and Cuba, these three 
countries, loyal clients of German jewelry, will be the first to return to it.” 


The German writer finds that out of 200,000,000 marks’ worth of 
jewelry sold annually in pre-war times from Pforzheim, 75 per cent. 
represented purchases made by foreigners. The main factors of the 
strength of the industry in its present difficulties are the capacity for 
assimilation and adaption on the part of the manufacturers, and the 
highly developed technique possessed by the 35,000 or 40,000 workers 
engaged in the industry. 


DIAMONDS 


How glaringly inexact were the statements in an article on diamond 
prices which has recently gone the rounds of our newspapers, is brought 
out convincingly by the statement therein contained that, while early 
in 1920 uncut diamonds were worth $45 a carat, their price had gone down 
to $28 a carat in December of that year, and had “slumped” to $17 
a carat by April, 1921. Now the actual figures, as given in the official 
treasury reports of imports, show that the average value of uncut 
diamonds for the entire year 1920 was $86.12 and for the month of Decem- 


1 Thomas Reece, London, The Manufacturing Jeweler, 1920, p. 
2 As cited in the Watchmaker, Jeweler, Silseremith and ars sno sae 1921, p. 985. 


580 MINERAL INDUSTRY 


ber $78.18. For the first three months of 1921, the average per carat 
was $79.61. Although there was a decrease in March as compared with 
February, this evidently reflected a greater importation of small diamonds 
for the summer trade, for a similar change in average values is shown in 
1920, and is apparent from the following figures for the two years: 


: Pa 1921 
UNI NTS o n i coupes wiki mrare ere Ginietatarale le! WA Ewa Wh greaua tet piaTa ee phe ; 

RODTOREY o 62'o So Saie'n Cavs Ucisev abe sere cekscksaceevees es 94.39 93.04 
AOS ON icine Nenad 6 ceUda DS RORDEREMOEORE DE Do RAMEE RIS a 58.82 59.47 


Thus it will be seen that the variations, though considerable, are not 
in the least indicative of any continuous movement in values, but only of 
temporary changes in the character of the parcels imported. 


DIAMOND-CUTTING AND TRADE 


France.—The French diamond-cutting industry of the region of Saint- 
Claude in the Jura Mountains appears to be in quite a flourishing condi- 
tion at present. There are as many as 57 factories in operation there, 
giving work to some 1600 diamond-cutters. However, only three or 
four of these factories are large ones, many of the remainder being con- 
ducted by a single master workman with three or four assistants. Never- 
theless, it is reported that the output of cut diamonds for the last six 
months of 1919 equaled 40,000 carats. Besides this old-established 
cutting industry at Saint-Claude, factories in Paris and in Nemours gave 
employment to 250 men, and there are small diamond-cutting works in a 
number of other French localities, such as Felletin, Lyons, Nice, Guimper, 
Bourg, Bellegarde, and in several places in the department of Haute- 
Savoie. Still there is a recognizable inferiority in much of the French 
work, due it is said to the imperfect instruction of apprentices. This 
want is about to be remedied by the founding of a diamond-cutting 
school at Saint-Claude.'! 

The conditions of the gem-cutting industry in Paris are reported to be 
greatly in need of improvement, for although there are some quite well 
organized establishments, the smaller ones leave much to be desired. 
To remedy this an active movement has been initiated by the friends of 
this industry in Paris for the establishment of a factory equipped with 
about a hundred mills. By this meansand by amore thorough organization 
of the training of apprentices, it is confidently believed that a great change 
for the better will soon be realized. In the meanwhile an appeal has been 
made to those who have stones to be cut, that they shall not too exclu- 
sively favor the cutters of the Jura region at the expense of the Paris 


workers.? 


‘Le Nature, June 19, 1920. 
Mensuel dea Procie-Verbaus des Séances de la Chambre Syn dicale des Négociants en Dia- 


2 Receuil 
mants, Perles, Pierres Précieuses, of Lapidaires, No. 48, Jan.—Feb., 1 pp. 809-810. 
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Great Britain—The experiment of Sir Bernard Oppenheimer in 
establishing a diamond-cutting factory to utilize the labor of disabled 
soldiers appears to have met with striking success. Beginning on a very 
small scale in July, 1917, it has now developed into the largest diamond- 
cutting factory in the world, and the great English seaside resort Brighton 
is destined to figure as a prominent center of the diamond industry, 
alongside of Antwerp and Amsterdam. At the end of 1920, as many as 
700 hands were employed here, and provision has been made for increas- 
ing the number of workers to 2000. During the first six months of 
training the men receive an allowance from the Ministry of Labor, in lieu 
of their pension, no wages being paid to them by the firm, but free expert 
instruction being provided for them. At the expiration of the six months’ 
training, the ex-soldier again receives his pension from the Ministry of 
Pensions, and is given a weekly wage of £2 by the firm. As he becomes 
more proficient, his remuneration is increased, and by the end of his 
first year an average cutter earns £3 a week; in the second year this 
average rises to over £5 a week. If expectations are fulfilled, the British 
Empire will soon be not only the chief producer of diamonds, but will also 
have a large share of the profits derived from cutting the stones mined in 
British dominions.! 

As an indication of this, it is stated that diamonds valued at £500,000 
have not long since been shipped to Antwerp. In addition, orders from 
the East have reached a value of £300,000, and exports have been made to 
Paris and New York. A diamond weighing 600 carats, the largest 
received up to the middle of November, 1920, was cut into 40 stones of 
considerable size and a number of smaller ones. The industry does not 
depend solely upon South African diamonds, for rough diamonds to the 
value of £250,000 have been received from British Guiana and cut at 
Brighton. The machinery used is manufactured in Sussex County, 
and thus any needed part can be duplicated and replaced with very 
little delay. As has been stated, the work at Brighton is done exclusively 
by disabled soldiers of the World War, instructed in the diamond-cutters’ 
art by expert Belgian workers who sought refuge in England during the 
German occupation of their native country. 

Netherlands.—The diamond industry in the Netherlands has been 
taking active measures to resist the depression that set in after the middle 
of 1920. Encouraged by the resolute determination of the London 
Diamond Syndicate to maintain prices, a meeting of representatives of 
the diamond industry in Amsterdam was held in December, 1920, and 
passed the following resolutions: 

1 So. Afr. Min. Eng. Jour., Deo. 18, 1920. 
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Whereas (1) there is no reason to reduce the price of a polished product, because 
the maintaining of prices by the English Rough Syndicate makes it impossible to 
replace the goods cheaper; (2) the production of diamonds is limited; and (3) there is 
great confidence all over the world in the value of diamonds, which cannot be con- 
sidered merely articles of luxury, but have proved themselves to be solid investments; 
therefore, be it 

Resolved (1) That, if necessary, we will assist financially the smaller concerns 
to prevent forced sales, and (2) that we will take most stringent action against any 
individual or firm, buyer or seller, making any attempt whatsoever to try to force 
prices down. 


The details of these measures will be worked out carefully at the next 
meeting. 

In July, 1920, it was reported that the Amsterdam diamond-cutting 
factories were seriously handicapped by the low exchange value of the 
Belgian franc, as this rendered it possible to have rough diamonds cut in 
Antwerp for less money thanin Amsterdam. To offset the disadvantages 
for the Amsterdam cutters the employers have replaced the fixed surplus 
on cutters’ wages by a sliding-scale, so that the surplus will move down as 
Belgian exchange drops. This measure, however, was not so successful 
as was expected, since the Antwerp employers reduced wages to counter- 
balance the reduction in Amsterdam. In the opinion of experts the 
crisis in Amsterdam last July was the most serious so far experienced, 
and the number of unemployed workers in the diamond industry had 
risen to 7100. The prohibition of diamond imports into France has been 
a depressing factor, especially as the American exports had also fallen off 
somewhat. The demand from Germany due to the sudden fall in value 
of the mark, which encouraged a feverish rush to buy diamonds and other 
valuable and portable objects lest the mark should lose all but a nominal 
value, was checked by a recovery in German exchange in the summer.' 
Late reports as to the unemployment of diamond workers in Amsterdam 
are very discouraging as it is said that on Apr. 1, 1921, 8328 of the 10,000 
workmen engaged in the industry were out of employment, an increase of 
350 over the report for June—Aug. 1, 1920. 

In view of the immense number of diamonds that are cut and polished 
in Amsterdam, it is but natural that the systematic recovery of the 
diamond-dust is more highly developed there than in other places. 
The friction of the stone on the polishing disc, which is smeared with 
olive oil and diamond-dust, causes the formation of a muddy deposit 
composed of the oil and dust, and the exceedingly fine particles of the 
latter are successfully extracted from the “waste.” The profits derived 
from this recovered diamond-dust have been donated to the Koperen 
Stelen Fund for the care of the tuberculosis patients among the diamond- 

! Holland's Import and Ezport Trader, July 19, 1920, p. 356. 
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workers. In the first year of this donation as much as 100,000 florins 
(over $40,000) was paid over to the Fund from this source, for as much as 
a half liter of waste is collected in the polishing rooms in a single day. 
This charitable organization has acquired 215 acres of ground in the pine 
woods at Hilversum, and a large Sanatorium is to be erected there afford- 
ing accommodations for 150 adults and 50 children. To carry out this 
work 700,000 florins must be expended, so that any notable diminution of 
activity in the Amsterdam diamond industry will be attended with bad 
results for this benevolent enterprise.' 


DtamMonp MINING AND PRODUCTION 
The different diamond fields of the world have produced in the whole 
course of their exploitation diamonds valued at about the following sums. 


REN ss Sica a Sin ale an bane ima lero oie DUBS Baie Rial o paniLomelmes 000, 
BORG oi oie ras Re AES Cele SERRE ROR T OO EOhG a knied Se kote nea 150,000,000 

Carinae 6: W ALPIGR occ caa cies ce cet esaa sa ence saad ep wala 000, 

OTBOD-- ove ccscccencccnsecenrsnscesenseseseepesceoreces 1,000, 
EOORRGNN : BRU RIOM ens’ nin ach eue ein re bi 6 nce ceaein trp ese ai t8, ine oim raven ane wamiereie: Boia 950,000,000 
$1,186,000,000 


After adding the expense of cutting, the amount paid for duties and 
the cost of selling the cut stones, we may safely estimate that the eventual 
price paid for these diamonds has been close to $3,000,000,000. 

Borneo.—The prospect of an increased diamond production in the 
Dutch East Indian colony, Borneo, is discussed by Mr. H. J. van der 
Munnik, in Commercial Holland for August, 1920.2 The question was 
drawn to the attention of the Dutch Government in 1917, in the First 
Chamber of the States General of the Netherlands, but very little has been 
heard of the matter since then, although some enthusiastic explorers 
have expressed the opinion that in the Matapoera fields of Borneo riches 
may be found rivaling those of Kimberley. Matapoera is only an hour’s 
ride by motor car from Bandjermassin, and a diamond mine is already 
being operated there by a couple of hundred workers. There are also 
diamond-cutting works, where Borneo diamonds, and also some from 
Capetown, are cut and polished, and many of these are to be seen in the 
rich jeweling of East Indian potentates. 

The first governmental inquiry dates back to 1893 and resulted 
in @ concession to certain French mining experts; this terminated in 1905. 
Renewed investigations, carried on by the explorer Captain Christoffel 
in 1911, procured him rights over a district of about 250,000 acres, prin- 
cipally of marshy ground. He endeavored to interest the Amsterdam 


jewel merchants in the project of founding a syndicate for the exploita- 
1“The Dutch Diamond Industry,” H. J. Van Der Munnik, Commercial Holland, August, 1. pp. 
otl.. Sent by Coldwell 8. J 8. Johnston, Assistant Commercial Attaché, American Legation, The H ague, 


2 The num Mr. Van der Munnik's important article on the Dutch diamond indus 
hee Dane Bemaber contal se Ess Sie. Dakderall te dobaateds Aatina Comeerslel Attaché of the Amanteax 
See Th, fines erlands. 
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tion of the diamonds, but his efforts were unsuccessful. When, however, 
during the World War, the danger became apparent that Amsterdam’s 
supply of rough diamonds might be cut off, a group of persons subscribed 
a fund of 800,000 florins to finance investigation of the region by the 
mining engineer Loor, dry ground being chosen this time. The results, 
though essentially negative, were not altogether unfavorable. Later, 
explorations were undertaken, under Government auspices, by the mining 
engineer Kroll. His report only gives the opinion that in the long run 
something of value might be found, perhaps coal, if not diamonds. All 
this does not cast a very rosy light over the prospects of diamond mining 
on an extensive scale in Borneo, and the fact that since the war the normal 
sources of supply flow freely to Amsterdam as before, has acted as a 
check upon the development of Borneo’s diamond fields. As we have 
already noted, a new danger has sprung up in the attempt to establish 
extensive diamond-cutting works in Great Britain, and also in South 
Africa, in the former land with the object of providing a suitable and 
profitable industry for soldiers who had lost their lower limbs. But, in 
spite of certain good results that have been obtained in this direction, 
it seems doubtful that a really dangerous competition for the trained 
army of Dutch diamond-cutters is to be feared from these enterprises. 

Brazil.—The diamond prospects of Brazil have recently attracted 
the attention of representatives of financial houses in Europe, America 
and South Africa, with the result that several properties where the 
conditions for diamond mining seemed good have been ‘acquired by 
them. Among these is an extensive tract of alluvial deposits along the 
Jequitinhonha River, and a company floated in London has installed 
machinery and has been testing the virgin gravels, which lie beneath a 
heavy overburden. Some diamonds of good quality have been found 
which, with the nuggets of gold found in association, have served to give a 
relatively high value per cubic yard to the material excavated. These 
encouraging results have favored registrations in London to secure 
additional capital so as to insure a scientific working of the deposits. 

More important than these alluvials is the success that has been 
obtained by a methodical testing of the Boa Vista mine near Diamantina, 
State of Minas Geraes. This work has been done by a company formed 
in Rio de Janeiro, and a reliable authority has pronounced the results to 
be of a gratifying nature. This Boa Vista mine, in the Serra do Espin- 
haco, belongs to the class of “‘high level” occurrences, as it lies about 
4000 ft. above sea-level. It has been given a good test under the direc- 
tion of a well-known South African geologist, and is considered to be 
payable. It covers approximately an area equaling 15,000 of the South 
African claims, that is to say about 1,500,000 sq. yd. Situated as it is 
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upon an eminence, and enjoying an abundant supply of water, the hy- 
draulicking method can be used for working it, and thus make it the most 
economically worked mine anywhere in the world. The quality of the 
diamonds is excellent, there being not more than 2 per cent. of inferior 
stones to the parcel. There are several other diamond mines in the 
Diamantina district, indeed one of these is reported to be even richer 
than the Boa Vista, though of much more modest dimensions. 

However, it is stated that there are no indications of a true diamond 
“pipe” resembling those that have been found in South Africa. 

British Guiana.—Here diamond mining has been prosecuted with 
considerable success in recent years. In addition to a renewed exploita- 
tion of the Cuyuni River around Dukwari, several small expeditions have 
operated on the Potaro River at points higher up the stream than those 
worked in former years. In this latter region the exploiters found stones 
of better size and shape than had before been extracted, the diamonds 
equaling those of the Mazaruni district. They came from a greater 
depth, and certain indications point to a permanence of good results that 
would attract capital to this region. A new area has also been located 
recently on the Mazaruni and its tributary the Puruni, and has been 
actively worked; a number of stones ranging in weight from 4 to 844 
carats have been found. The output of British Guiana for the year 
ending June 30, 1920, is thus given:! 


District. No. of Stones. Weight in Carats. 
Moasariarl 5600666 a008 scan 75,909 14,944- 
Purumi........ss0eeereeees sneer aanaee 
2 ene eascale Sat 2,740 "249% 
98,501 18,1593¢ 


This gives an average weight of 0.184 carat, very nearly the same as 
that of the diamonds mined in the previous year, and much higher than 
the average of all those recovered from Apr. 1, 1900, to June 30, 1920, 
which was only 0.105 carat. The totals for this period of twenty years 
are as follows: 


Number of diamonds, 1,747,618 
Weight in carats, 183 630345 

There was an increased production of diamonds in British Guiana dur- 
ing the 10 months period, Jan. 1—Oct. 31, 1920, when there was exported 
19,175 carats of diamonds, valued at $805,593, an average of $42 per 
carat, as against 12,115 carats, worth $248,350, for the corresponding 
period of 1919, an average of only a trifle over $20 per carat. Of these 
Guiana diamonds the greater part go to England, but few being sent to 
the United States. In view of the small average size of the stones the 

1 Thirteenth Annual Report of Institute of Mines and Forests, British Guiana, 1919-1920. 
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relatively high price for 1920 is noteworthy. It has been stated that a 
New York firm has opened an office in Georgetown for the purpose of 
buying diamonds and operating diamond-cutting works there. 

In the last half of 1920, the diamond production must have increased 
very rapidly, as the Commissioner of Lands and Mines reports that during 
the entire year 234,456 stones were found, having an aggregate weight of 
39,36234 carats. Uncorrected export figures for the last two years are as 
follows: 

Number of Carats. Value. 


It is noted that, judging from these figures, there must have remained 
about 12,000 carats unexported. About two-thirds of the 1920 produc- 
tion came from the Mazaruni district, while from the more recently ex- 
ploited Puruni district as many as 44,134 stones weighing 7,254}4 carats 
were secured in the last quarter of 1920. In view of the fact that the 
mining operations in British Guiana are prosecuted in a thickly wooded 
tropical forest and by black prospectors, ignorant of geology and depend- 
ing upon such knowledge as they can pick up from fellow-workers, the 
results may be regarded as quite satisfactory under present conditions. 
The following brief description is given of the modus operandi: 

“The gravel or pay dirt’ is puddled and gradually forced through a 
series of iron screens, the holes in which begin with a half-inch in the first 
screen, and are gradually reduced -to one-eighteenth of an inch in the last 
one. The fine gravel which has passed through this last screen is collected 


PRODUCTION OF DIAMONDS IN BRITISH GUIANA 


Number of Weight i Weekes 
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and thrown on a large iron plate, on a table, and being spread out, it is 
then carefully searched through for the diamonds, which are easily 
recognizable by their brilliant lustre and shape.” 

After patiently accumulating their finds, the miners troop down to 
Georgetown in the course of the weeks preceding the Christmas holidays 
and realize upon their precious wares. For this reason the most favorable 
report of the Commission of Lands and Mines is that for the quarter in 
which are included these holiday transactions.' 

Congo.—While development work was pushed in 1920 in the Kasai 
diamond fields of the Belgian Congo, no attempt was made to increase 
the diamond output. The Forminiére company produced about 215,000 
carats of diamonds and also notably increased its stock of diamantiferous 
gravel. Another work that is being pushed by this company is the 
delimitation of the great tract of diamond-bearing land owned by it. 
Besides this, the company has directed the diamond exploitation work 
of five associated companies operating in the Belgian Congo. A produc- 
tion of approximately 100,000 carats of diamonds is reported from a sister 
company, known as “Diamang,”’ which operates in Angola, Portuguese 
West Africa.? 

DIAMOND OUTPUT OF THE BELGIAN CONGO 
Carats. 


Carats. 
11), ee eer pre ee 48,005 RP ct sencscsnvetie wien facie ia a atasivac Rectal ets 164,420 
SOR Bisco ga ctw aiate s ocienlocs oie acereietee pele 940 MOLD. cy aurctae Cane wal ere a wae cores 275,000 


The announcement has been made that the Société Forestiére et 
Miniére du Congo (‘‘Forminiére”) has been granted the right to develop 
the diamond deposits stated to have been discovered in the region where 
the company has already secured a mining concession for gold, magnesite 
and hematite. The deposits are said to cover an area of 20,000 hectares 
(nearly 50,000 acres) in the vicinity of the Aruwimi, Tele and Dinda 
rivers. 

The Belgian Minister of Colonies has made arrangements with one of 
the diamond merchants of Antwerp to open an office in Antwerp for the 
sale of Congo diamonds. In this way the agents of the “‘ Forminiére”’ 
will be able to sell its diamonds directly to the Antwerp cutters. How- 
ever, it is stated that some objection has been made by the “Union 
Diamantaire de Belgique” against the introduction of any more rough 
diamonds into the market so long as the present depression of the diamond 
industry continues.® 

Southwest Africa.—It appears that under the five or six years of Ger- 
man control, the Southwest African diamond fields produced about 

| Watchmaker, Jeweler, Silversmith and Optician, May 


1921. 
dney Ball, B Congo,” & Jour., Jan. 22, 1921. 
‘Cenk Clectes essersmith, foes Come. “Rept. Feb. 17, 1921 
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5,400,000 carats of diamonds, having a value of nearly $45,000,000. Of 
this the year 1913, the last of German-exploitation, furnished 1,470,000 
carats worth $15,000,000, the maximum production. Of course the 
war put a stop to this industry for quite a time, but nevertheless after 
British occupation of the territory had been established, operations were 
resumed on a small scale, so that in 1918 there was an output of 372,139 
carats valued at $3,645,000. The recent amalgamation of the old com- 
panies of this region carried on under the initiation of the Anglo-American 
Corporation, Ltd., resulted in grouping the nine leading German diamond- 
mining companies into a new Consolidated Diamond Mines of Southwest 
Africa, Ltd., registered at Capetown. As a purchase consideration the 
German companies received £3,675,000, of which £1,900,000 was in cash 
and £1,775,000 in stock of the new company; they are also to have four 
of the nine directors on the board of the new organization.’ 

The exceptionally high price of £8 4s. 4d. (something less than $33 at 
present exchange) has been taken as the basic price of the 1920 output 
from the old German Southwest Africa. It now appears that this was 
based on parcels containing about 80 per cent. of Pomona goods, and the 
diamonds from the Pomona region average much higher in weight than 
those from other parts of these Southwest African diamond fields. Hence 
it is assumed that a truer average for the product would be £7 or £7 10s. 
($28 or $30).2. Indeed the price should probably be set even something 
lower than this, for the difference in favor of the Pomona diamonds is 
quite considerable. 

The company formed in 1919 to dredge the sea-bottom between 
Possession Island and the shore of the Southwest African Protectorate 
realized at the outset an astonishingly high price for the shares, which 
were for a time quoted at a premium of about 800 per cent. However, 
the steam-dredge which was bought was destroyed by an accident, and no 
further attempt was made to carry on operations. In view of the fact 
that there was no sound reason for supposing that the submarine gravels 
contained diamonds in paying quantities, the fact that the needed capital 
could be raised for this undertaking is regarded as somewhat surprising. 
We cannot safely assume that the gravels of the sea-bottom are equally 
rich with the diamantiferous sands which have been worked on land, for 
admitting that the latter had originally lain under the sea before the 
uplift of the continent, their present state is due to long concentration 
by wind action, which has carried away billions of tons of sand, leaving 
the heavier diamonds and pebbles behind. Admitting this, the sands 


beneath the sea must be very much poorer in diamonds.? 
1 Min. Jour., July 17 


1920. 
3 Communicated b P. A. Wagner in letter dated Pretoria, A . 1, 1920. 
* Communicated by Mr. A. 8. Harger of South Africa. = 
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Union of South Africa.—The estimated value of the diamonds pro- 
duced in the Union of South Africa during 1920 constituted a-record for 
the industry. The value of the mined, alluvial, and débris-washed 
diamonds totaled for the year the sum of £14,762,899. The bulk of this 
amount, or £12,289,602, came from the mines, £2,441,440 from alluvial 
mining, and £31,857 from débris washings. The previous record year 
was 1919, the output being valued at £11,734,495. Prior to 1918 the high 
mark was 1913, when diamonds were produced to the value of £11,- 
389,807. 

The past year’s output aggregated 2,545,017.47 carats, of which 
2,312,436.55 came from regular mines and 221,460.17 from alluvial 
mining; 11,120.75 carats were recovered from débris washings. It 
is to be noticed that production in the past six years has been prac- 
tically constant, outside of 1915 which was an abnormal year; 1917 
was the high mark in this period with 2,902,416.51 carats, and 1916 
the lowest with 2,346,330.21. In the last three years production has 
fluctuated approximately by only 50,000 carats. The year 1910 is 
still the record by volume for the industry, 5,456,558 carats being taken 
from the earth in that year.! 

While production value constituted a record, the sales of diamonds 
fell below the total of 1919 by £3,411,257. This decrease is accounted 
for by the large drop in the volume of sales, which were only 1,765,993 
carats as compared with 1919 sales of 2,648,931 carats. The sales total 
would have been even less in value except for the increase in the price 
realized, which was 117s. in 1920 against the 1919 figure of 101s. per carat. 
This high figure reflects the effect of abnormal conditions on prices, as the 
price realized per carat in 1917 was 51s. 1d. and in 1918 was 54s. 9d. 
That these high prices stimulated production is evident in that there were 
19 mines producing in the Union in 1920, compared with 16 in 1918 and 
11 in 1917. 

The production within the Union is divided, in order of importance, 
among the Cape, the Transvaal, and the Orange Free State. The Cape 
contributed 1,364,706.25 carats, of which 1,258,129 were from the Kim- 
berley mines. The Transvaal production was 905,297.05 carats, prac- 
tically the whole of the 782,557.30 mine diamonds being the output of one 
mine. The share of the Orange Free State was 275,014.17, of which 
269,178 carats were from the nine mines in that district. 

The total diamond production of South Africa for the years 1913-1920 
is given below.‘ The variations in yield—in 1915 but very few diamonds 
were recovered—and those in price, are well worth attention: 


1 Trade Commiasion 8. Stevenson, Johannesburg, Comm. Rept., June 2, 1921. 
3 So. Afr. Min. Eng. a Mar. 15, 1921. 
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Propuction or Diamonps in Sours AFRICA 


Production from Mines. Alluvial Diamonds. 
Year. 
Estimated Value per Estimated Value 

Carats. Value. Carat. Carats. Value. a 
MOIS i Siecwes 4,044,946 £10,254,203 4ls. 6d. 206,049 £1,120,227 1086. Od. 
1 |) ee ear K x 4, 378. Od. 143,924 LY 80s. 2d. 
IOS Si siiececs A 6d. 97,67 392,196 808. 4d. 
1) UE 3,170,348 4,769,479 43s. 11d. 167,620 - 948,571 1lSe, 2d. 
(| ee 2,710,041 6,659,721 498. 2d. 182,992 1,041,776 1138. 10d. 
WIGS eco 2,385,361 6,137,283 Sls. 6d. 143,438 964,5 1348. 6d. 
i)! Sees 2,366,744 8,960,614 758. Od. ,589 2,740,548 261s. 6d. 
RUS eenGeesie 2,312,436 12,289,602 | 1066. 3d. 221,460 441,440 220s. 6d. 


The total sales for the above years are given as follows, a part of the 
diamonds sold having been mined in the previous year: 


Carats. Value. Value Per Carat. 

i ee 5,537,820 £12,088,083 43s. 8d. 
BONA. occ teasciceweveecneess 3,363,568 6,758,544 40s. 

i Se ee ee eee 551,951 1,459,597 52s. lid 
OIG o.0.3(0:0 enanwneiaucitee sa6's.< 2,291,956 6,227,777 450. 7d. 
BOLE scien ayvice wm bcderke bawies 2,416,209 6,170,906 Sls. 1d. 
a) Seen ee eee 641,932 7,232,744 54a. Od 
SOLO Siapexicenatacuaaakenee ek 2,648,981 13,379,662 101s. Od. 
ee 1,765,554 10,163,041 1l5e. 2d 


The production of alluvial diamonds in South Africa for 1920 is 
officially reported as follows:' 


Provinoe and District. Carats. Value. 
Transvaal: 
ia District............ 122,740 £1,209,442 
° Blerkedorp. <3 sic cs Gi veces 
‘ape: 
Kimber! Siecrat annie ete eo eerarins 8,568 119,335 
DL 57,457 698,529 
BUS Sos sweet hskaseees 18,926 232,773 
HIGEDOEGS Sones Fo sade ee BES 7,918 93,616 
Hoy aww Sa Cle owen SaGaand y% 2 
Ee ree ee he Er eee 14 30 
Vryb 05054 0.40.8: 0.0.0 00:8 06 0%8 % 7 
Grae Free State ' 
BUTORUIICE siesta ccm as ames 
BROMO oo eos orien 926 12,863 
WO SIMI a civceta nes wate ee ralarece Ay 
MOURVINOs 6icce os snccs cones 4,856 74,525 
MESGMOEE Coes Se oak cokitb ews 8 1 
OOM »...i:550's 0 0.p-00.eniee20 2 15 
PIOMBDUNG ooo vise ce Sa cacdes 2 1 
Total cas sset sees 221,461 £2,441,440 


The depression of the diamond trade caused, by the beginning of 1921, 
a cessation of mining operations in all the smaller South African mines, 


such as the Frank Smith, the Roberts Victor, the Eland, Blaauwbosch, 
1 So, Afr. Min. Eng. Jour., Mar. 12, 1921. 
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Theron, Postmas, Makgangene, and others, while at the Koffyfontein 
and the Jagersfontein mines work has ceased, and the Kimberley and 
De Beers mines remain closed down. At the other mines of the De Beers 
group (Wesselton, Bultfontein and Dutoitspan) and at the great Premier 
mine in the Transvaal, production has been curtailed. It is conjectured 
that even in case of a revival in the trade some of the smaller mines above 
noted may remain shut down, as they were barely profitable even with 
diamonds at their highest figure. In the case of some of the open mines, 
where the treacherous nature of their walls has made it necessary to 
resort to underground mining, in place of open-cut working, the increased 
cost of raising the material will render mining unprofitable. The alluvial 
diggers are in a much worse plight, as far too many were induced to come 
to the diggings on account of the extraordinary prices secured at the 
height of the diamond market. During 1919 it is said that 13,000 white 
men and 100,000 natives were engaged in this work, and most of them 
are now deprived of all means of livelihood, so that Government assistance 
on a very extensive scale must be initiated to save a good part of them 
from serious privation. Of the general situation Mr. A. S. Harger writes: 


The débA&cle in the diamond trade will doubtless cause a healthy revolution in the 
diamond industry by shaking out many of the “mushroom” concerns which have been 
riding on the backs of the great Diamond Syndicate, whose business initiative has 
steadied the diamond market for many years past. It will also probably crush the 
life out of the alluvial industry, for two important reasons: (1) The diggers’ life is 
always an uncertainty, and it is only when diamonds are high in price that the majority 
earn a fair living. A crisis like the present one ruthlessly forces him to dispose of his 
equipment, if he can find a buyer, and seek pastures new. In the present case he will 
fail to find a buyer and will consequently (in the majority of cases) have to depart 
from his claim in a state of sad impecuniosity. He will probably be forced by ensuing 
circumstances to relinquish digging for good. (2) During the past 40 years the 
richer alluvials of the Vaal River have nearly all been worked out; and during the past 
12 years many areas in southwestern Transvaal (which helped so much to swell the out- 
put of river stones) have been rapidly and completely exhausted. During the prosper- 
ous year 1919 it had already become a very difficult matter for the digger to find a 
claim which might be deemed ‘‘safe’’ to peg, as many learned to their cost. The 
whole countryside has for some years past been closely prospected by hundreds of 
diggers looking for new payable areas without success. In other words the limits of 
the diamantiferous gravels are pretty well known, and the payable patches awaiting 
exploitation are of very small extent. It is likewise highly improbable that new 
payable mines will be found for many years to come in South Africa, as prospecting 
far and wide has not indicated anything of promise. The recently discovered mines 
near Postmasberg, in Griqualand West, are small and poor, and therefore not to be 
feared as “producers.” These factors, though disappointing to the individual pros- 
pector and company promoter, will have a gratifying bearing on the future of the 
diamond market, for the simple reason that they point to a much diminished output 
during the normal times which are bound to return with an improvement in world 
conditions. 
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The Thirty-second Annual Report of the De Beers Consolidated 
Mines, Ltd., for the year ending June 30, 1920, makes an exceedingly 
favorable showing. The Profit and Loss Account shows the immense 
sum of £6,761,840 credited to Diamond Account, as compared with 
£5,849,552 in the previous year. Interest, dividends, net revenue from 
rents, sundry receipts, transfer fees and profits realized on investments 
increased the income to £6,997,900. From this had to be deducted 
£1,991,258 for mining expenses, £442,305 for charges, £96,392 for interest 
on capital of leased companies, £69,917 for interest on debentures, 
£78,803 for sinking fund on debentures, £32,379 for expenditure conse- 
quent to the war, and £72,180 for sundry other small items. Thus there 
was left £4,264,666 to be transferred to Appropriation Account; of this 
account the income tax of South Africa absorbed £439,550, and the Re- 
serve for Stabiliment of the Diamond Trade received £382,069. The 
preference dividends were 20s. per share, or £800,000, less dividend tax 
of £60,000, making £740,000, while the deferred shares received 60s. 
per share, or £3,000,000. Diamonds unsold at date are valued at 
£354,244, and there remains a balance of £237,830 16s. 11d. carried to the 
next balance sheet. The apparent discrepancy in the data as here given 
arises from the larger totals for previous balance and for unsold diamonds 
as compared with those for the current year. The dividends were 
equivalent to 40 per cent. on the preferred shares, and 120 per cent. on the 
deferred shares. 

At the general meeting of the stockholders of the De Beers company, 
Dec. 10, 1920, the chairman announced the abandonment of the old 
flooring system in favor of the direct-treatment system. The reasons for 
this change are given by him as follows: 


Hitherto in the treatment of our blue ground we have followed the old flooring 
system, under which the ground was deposited on cleaned spaces and left to weather 
for periods of from 9 to 18 months, at the end of which time it had pulverised and was 
ready for treatment at the washing machine. This system involved the carrying 
of enormous stocks of blue ground with, of course, the locking up of much capital. 

These disadvantages do not occur in a direct-treatment system, and for some years 
its adoption has been under consideration, but for various reasons no decision was 
arrived at until July last. It was felt that a decision should not be delayed, seeing 
that with the increasing depths of the mines our blue ground was becoming harder and 
harder, and therefore required longer time to pulverise, which in turn meant the 
locking up of a much larger amount of capital. The flooring system entails the 
carrying of a stock of blue ground of about 10,000,000 loads, but with the direct- 
treatment system the reserve need not exceed 3,000,000 loads, which would be ample 
to meet our washing requirements during the longest time the mines could be closed 
down through any disaster. 

In anticipation of direct treatment, and in view of the large stock of diamonds 
we hold, it was decided to reduce all operations by about 50 per cent. as from Sept. 1, 
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1920, and to deposit the output from the mines on dumps in readiness for direct 
treatment. 


The cost of production per load of blue ground, the value per load, 
and the profit per load in the three mines of the De Beers group that 
were worked in 1918, 1919 and 1920 were as follows, according to data 
derived from the reports of the company. 


1918. 


oa Value per Load. | Profit per Load. ° 


BOD nave s.cineiniayaie nian eima'ae'aecns 14a, 950d. 3a. 10.65d 
beet ween MEER EL ET LEE PETE Lae 3s. 11.61d 178. 5.16d. 1 5. 
MOPAR. ov cccrcccccescvescevces 20s. 7 42d. 166. 10 .62d. 
1919 
bod uso: EERE EEE EE EET EEE 6s. 7.19d. 16s 9. 55d. 10s. 2 .36d. 
Dultlamtelh. ...rcccscccve.cssccsere 5a 6. 30d. 198. 8 .03d. lés. 1.64d 
DURMONI os soc dinecacedccscscacas 4s 9 .39d. 9 .22d 188. 11. 83d. 
1920. 
vw snp os PELL TEEEEPEee Se. 4.97d. 28s. 7.02d. 20s. 2.05d. 
BORGER... sa cscsccccsseneccceses 7a. 3.00d 208. 9.04d. 22s. 5.95d 
ce svesceececeeveccesaces 6s. 8.48d 350. 4.70d. 28. 8. 22d. 


In each case the greatly increased value of the diamond in 1990 far 
exceeds the trifling increase in cost of production. 

The statistics of working and production in the De Beers group of 
mines for the years 1916 to 1920 are as follows: 


DE BEERS AND KIMBERLEY MINES 


Loads of Blue Loads of Blue Carats of Diamonds Gelling Value 

Ground Hoisted. Ground Washed. Found. | per t. 
1915-1916 None None 309 Not Stated 
1916-1917 None None 41 Not Stated 
1917-1918 None None ts Not Stated 
1918-1919 None None 241 Not Stated 
1919-1920 None None 242 Not Stated 

WESSELTON MINE 

1915-1916 43,586 885,334 227,014 44a. 2.31d. 
1916-1917 1,814,303 1,669,104 445,665 53a. 9%.237d. 
1917-1918 2,065,620 1,805,436 487,828 54s. 9.76d. 
1918-1919 1,035,311 1,657,146 403,039 60s. 11.70d. 
1919-1920 1,927,178 1,646,895 401,631 119s. 1.25d. 
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BULTFONTEIN MINE 


1915-1916 60,997 676 39s. 11.00d. 
1916-1917 2,092,267 1,761,756 676,401 460. 11.00d. 
1917-1918 2,328,615 1 1 646,927 40s. 9.62d. 
1918-1919 1,262, 1,629,198 507,858 636. 5.38d. 
1919-1920 2,021,026 2,251,257 663,419 102s. 10.29d. 
DUTOITSPAN MINE 
1915-1916 None 108,507 20,740 ls. 0. 26d. 
1916-1917 135,650 1,927,335 377,571 106s. 11.93d. 
1917-1918 2,200,000 2,178,132 22,65 6.23d. 
1918-1919 1,389,883 ,066,465 . 130s. 9.77d. 
1919-1920 1,796,573 1,892,558 305,587 221s. 2.36d 
GRAND TOTALS FOR ALL MINES 
1913-1914 7,166,829 6,641,308 1,903,631}4 
1914-1915 738,472 603,822 188, 
1915-1916 104,583 1,857,983 501 
1916-1917 4,042,310 5,358,195 1,408,679 
1918-1919 688,136 4,352,800 1,092,123 
1919-1920 5,790,710 1,370,780} 
1913-1920 30,338,016 8,202,43934 


The number of loads of blue ground remaining on the floors of the 
De Beers mines at the close of the fiscal years, and the average number 
of carats found in the blue ground washed in the year 1919-1920, are thus 


given: 
DE BEERS MINE 


Carats per 100 Loads of Blue Ground on 
| Loads. Value per Load | Floor at Close of Year. 

SOIS-1916 0 date aS eS HE wee sue bes hiaeR wane eee 

BONG IGIS HN ei Sa cS k So incic-sell Ge we'etese-eieapwermaisce 48,306 
WOLT=EGIB 0 See ahibc ce eonawee 48,306 
ROEAESI = «=—=«—s—s"cetwtn impactor par asa reece lavas detacove er wrevoniis bate 48,396 
1910-3990 2 20s dL kte ak SS ea vecriicewoes lichen eerese neon eas 48,306 

WESSELTON MINE 
1915-1916 26 lle. 6.8d. 3,607,097 
1916-1917 27 14s. 6.23d. 2,752,386 
1917-1918 27 14s. 9.50d. 3,012,570 
1918-1919 24 16s. 9.55d. 2,300,785 
1919-1920 24 28s. 7.02d. 2,671,018 
BULTFONTEIN MINE 
1915-1016 40 15s. 11. 6d. 2,335,266 
1916-1917 38 178. 9.94d. 2,665, 
1918-1919 31 198. 8.03d, 768, 
1919-1920 20 20s. 9.04d. 2,588,374 
DUTOITSPAN MINE 

19015-1916 19 178. 3.48d. 4,233,303 
1916-1917 19 2008. 3.04d, 2,411,618 
1917-1918 19 20s. 99.22d. 2,434,329 
1918-1919 17 238. 9.22d. 2,757,747 
1919-1920 16 350. 4.70d. 2,661,762 
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BLUE GROUND IN SIGHT, VALUE IN POUNDS STERLING BASED ON LOAD-VALUE FOR 


1920 
Number of Loads. Value.' 

De Beers, above 2040 ft.-level...........- 0. cee cece eee es 2,750,000 £3,930,437 
above 3250 {t.-level..........--ccccceeevecs 2,000,000 2,858,500 

Weeeelton, ehhowe DOO FS shave, eas: < a 5:00'6;0,5,0:0s sutiosedess 8,500,000 12,148,625 
Bultfontein, above 1000 ft.-level............--.....+.+.+. 5,000,000 7.448.750 
Dutoitspan, above 750 ft.-level...............0.000ceees 10,500,000 18,580,625 
IRI ore acs dss yarateseben ts anata ae te Cae eae etek bet Ra eae 28,750,000 44,966,987 


De Beers and Kimberley estimated at Wesselton average. With exchange at one dollar below par, this 
would be $173,864,652. 


The number of loads below the levels above noted have been estimated 
as follows: 


Weeselton, between 980-and 1150-ft. level......... 0.0. cece eee cece eens 22,000,000 
Bultfontein, patween: 1000-and 1000-46. lowell. o5.5 ocecickicaccce cock eeecseiceeeeceae ease 22 “000,000 
Dutoitspan, between 750-and 1300-ft. level.............. 2. cece cece eee tw eweteees 25,000,000 

SIEM sap area ease 76 as Gaal wae On cacao aul ech a erence cshan apm na EI natin sentinel 69,000,000 


The accumulated stock of blue ground on the floors of the mines and 
its value, computed according to the diamond-value per load in 1920, is 
as follows: 


Mine. Number of Loads. Value. 
NN ie 8 Soren see 2,671,018 £3,817,552 
WIGICIONOME 65 x aiviciers ne wcanesos . 074 3,785,773 
SCNT Sco ivic ca peecu see eeas 2,661,762 4,610,210 
LORE cocina ace sa kes iaaeen 7,871,154 £12,213,535 


Even counting the exchange value of the pound sterling as one dollar 
below par, this would mean $47,223,633 as the wm of the blue ground 
on hand June 30, 1920. 

After remarking that of the De Beers mines, the Dutoitspan produces 
the greatest number of stones over 10 carats’ weight, while the neighbor- 
ing mine, Bultfontein, has the smallest number of large stones, Mr. J. R. 
Sutton pronounces to be erroneous the often cited opinion that the dia- 
mond yield diminishes with the increase of the depth, for he finds instead 
a slight increase since 1905. Nevertheless, the proportion of brown 
stones and of cleavage fragments increases. As to the latter, he favors 
the view that the breaking of the crystal has been due in many cases to the 
unequal thermal expansion of the diamond and of enclosed crystals, of 
zircon, garnet, ilmenite, etc.* 

The operation of the Premier mine during the year ending Oct. 31, 
1920, resulted even more favorably than in the immediately preceding 
year, for the account showed a balance of £1,332,333, the Government 
share (60 per cent.) being £799,400, while £532,933 was left for the 
stockholders. This made it possible to declare two dividends, each of 
6s. 3d. per share, on the preference shares, and two dividends, one of 
15s. pee share and the other of 12s. 6d. per share on the deferred shares. 


Sutton, gi Diamonds; Especially Cleav: Diamonds,” Trans. Roy. Soe. So. 
Afr. 1918; Val? pp. » me 
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The total number of loads washed was 4,660,498, from which were re- 
covered 820,564 carats of diamonds, an average of 0.176 per load. Al- 
though this was the lowest average yield so far reported in the Premier, 
the decrease was in the first half-year, the last six months showing a 
slight increase in the average over the figures for the previous year. As 
to the working costs, there was an increase of about 3d. due to a 20-per 
cent. increase in wages to the European employees and a high wage paid 
to the native workers, besides the increased cost of mining supplies. 
The material was taken from above the 410-ft. level, where mining was 
carried on practically over the entire area. Above this level there still 
remain about 27,000,000 loads of blue ground. The 460-ft. level has 
been developed at the south end of the mines, where the total quantity 
of blue ground available is estimated at 41,000,000 loads. To facilitate 
future mining operations, a tunnel measuring 11 by 7 ft. has been run 
through a bar of floating reef, so as to furnish a haulage way between the 
410-ft. level on the north side of the mine and the chief onsetting station. 
This will render it no longer necessary to preserve a large bench of 
diamantiferous ground on each level as a support for the auxiliary 
mechanical haulage in the northern division of the mine.' 


DIAMOND OUTPUT OF PREMIER MINE 


Year No. of No. of Value of Yield Per| Value | Value Cost of Profit 
Ended Loads Carats Diamonds Load Per Per | Production Per 
Oct. 31 Washed. Found. "| Carats. | Carat. | Load. | Per Load. | Loed. 

£ es. dete. da. se. d. s. & 

1903 76,031 20834 137,435 1.200 27 8.650\35 6.70) 4 7.20 {30 11.50 
1004 30,265 | 749,653% 866,030 0.798 (23 1.20)18 5.30) 2 7.62 (15 9.68 
1 ,888,071 652 994,687 | 0.609 (23 6.29/14 3.98) 8 38.44 [11 0.55 
1906 2,088,471 | 899,746 1,277,740 0.301 |28 4.82) 8 6.61; 38 65.71 & 0.90 
1907 6,638, a Ore Baers 1,702,631 0.200 (18 0.20| 5 2.49) 2 4.14 2 10.35 
1908 8,058, 2,078, 1,536,720 0.258 |14 9.40) 3 0.75) 1 10.24 1 11.51 

7,617,703 |1,872,186% | 1,172,379 0.249 (12 6.20; 3 1.43) 1 11.42 1 2.01 

1910 9,331,882 (2,145, 1,496,641 0.230 (13 11.39} 3 2.49) 2 0.56 1 1.93 
1911 8,325,272 |1,774,206 1,433,971 0.213 |16 1.97; 3 5.34) 2 2.02 1 3.32 
1912 9,707,008 |1,002,474 2,004,043 | 0.205 |20 1.50) 41.57; 2 4.790 1 8.78 
1913 10,434,680 (2,107,983 2,336,828 | 0.202 (22 2.05) 45.74; 2 6.67 1 11.07 
1914 7,683,043 |1,417,755 1,259,643 0.185 |17 9.23) 3 3.34; 2 6.89 9.45 
1015 es tions d 
1916 1,572,52 419,047 475,856 0.267 |22 7.95; 60.63) 2 7.62 3 8.01 
1917 4,928,629 1 1,198,923 0.18% |26 568.48) 410.38) 2 2.68 2 7.60 
1918 4,805,851 578 1,203,904 0.177 (28 3.29} 60.12) 2 2.89 2 9.73 
1919 4,529,261 | 814,577 1,961,259 0.180 (48 1.84) 8 7.92) 2 10.68 | 5& 9.24 

4,660,4 a 2,098,483 0.176 {51 1.80) 9 0.03) 3 1.70 5 10.33 
This gives the following totals for the 17 years: 

Number of loads washed. ..........0--cceecnecccrseces 93,487,679 

Carats of diamonds found............. 2c cence ccececes 21,686,46 

Walia Gf GiaMORAR, « o 0.0.6:5.040.00.vevec dames verenseneves £238,158,072 


While, as we see, the returns for 1919-1920 were very satisfactory, 
the chairman, at the annual meeting, freely admitted that the stock- 
holders could not look forward to as good results in the coming year, 
owing to the great falling off in the demand for diamonds. He then 

1 Bo. Afr. Min. Eng. Jour., Feb. 12 and Mar. 5, 1920. 
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warned his hearers that the year 1920-1921 promised to be “‘a very lean 


’ one in profits,”’ but he consoled them with the consideration that the 


diamond industry had often had such setbacks, and had always given 


~* proof of the possession of extraordinary recuperative power. 


The Postmasburg diamond region, which has attracted so much 
attention of late, is approximately 40 miles from Griqua Town, and 


* lies about 125 miles west of Kimberley. There is communication by a 


fairly good road to Kimberley, the nearest railroad station, and a motor 
makes bi-weekly trips between it and Postmasburg, passing through 
Griqua Town. The chief geological features of the field are a dolomitic 
limestone covering, basal beds of the Griqualand series, and doleritic 
dikes which traverse the limestone. A line of igneous intrusion seems to 
traverse the country for many miles from north to south. It is near this 
fracture line that the kimberlite occurrences are noted, and the Emerald 
Diamonds, Ltd., a company capitalized at £500,000, has secured options 
on over 40 farms along this line. This company is closely associated 
with the Victory Diamonds, Ltd., which holds very promising diamond 
fields in a large concession situated in the Gordania district, and also at 
Rietfontein in the Kuruman district, and at Paardeberg West, near 
Kimberley. 

In the Postmasburg region several productive “pipes” have been 
discovered during the past 2 or 3 years. The earliest discovery 
was the Makganyene pipe, 45 miles north-northwest of Postmasburg. 
It has an area of 240 claims, but the yield is low, being only from 2% to 
3 carats per 100 loads, and though the stones are of very fine quality, 
this yield is insufficient to make the mining very profitable. Somewhat 
better results were realized in the West End pipe, found in 1919, and 
having a yield of 5 carats to every 100 loads. Of two pipes located by the 
Postmasburg Diamond Prospect Ltd. near the West End pipe above 
mentioned, one has failed to produce results, while the other seems to be 
diamantiferous in a small degree.” 

The company has erected a direct treatment plant with a capacity 
of 1000 loads per diem. It is located 1600 ft. east of the mine, and is 
equipped with crushers, rolls and jigs. The final eliminating jigs deliver 
to a tube mill which in turn delivers to self-greasing tables. For the 
present, the plan is only to treat 500 loads per shift.* 

At the seventh general meeting of the South African Corporation in 
December, 1920, the chairman reported a profit for the year of £131,306, 
an increase of £86,934 over the profits reported in the previous year. 
These earnings were realized on a capital of £100,000 for the first six 


e Postmasb Demons Field,” So. Afr. Min. Eng. = ge ie Se" 1080 10, — 
: Palate cco by 5A b A. mb ood oe of Pretoria, in letter dated 
4 Letter of Dr. P. etoria, Jan. 8, 1921. ye 
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months of the year, and £300,000 for the remaining six months. The 
chairman hoped that the Government would decide to repeal the excess 
profits duty, but owing to the uncertainty of this relief it had been 
determined to declare a dividend of only 25 per cent. per annum for the 
six months ending Dec. 31, 1920. He stated that, by the coming June, 
the former dividend of 50 per cent. per annum would be resumed.! 

The last statement of the New Jagersfontein Mining and Exploration 
Co., Ltd., shows that during the year 1919-1920 £1,257,678 was realized 
on diamonds, an increase of over £500,000 compared with 1918-1919. 
This made possible dividend payments of £531,350, while £100,000 was 
transferred to General Reserve Fund and £87,148 was carried forward 
as balance, after other expenses had been deducted. At the meeting of 
Aug. 24, 1920, in Kimberley, the deputy-chairman, Mr. F. Hirschhorn, 
declared that, at the conference of the four great diamond-producing 
companies, an agreement had been reached to control the quantity of 
diamonds put on the market, thus stabilizing prices.* 

The yield of the Frank Smith diamond mine, where mining opera- 
tions were resumed in December, 1920, after an interruption during the 
war, is said to be better than it was some years ago. The average weight 
of the diamond materia] in a hundred loads is reported to be 2.8 carats, 
and it has been computed that a yield of 2)4 carats covers cost of pro- 
duction. It is believed that even this small margin of profit will not 
prove unsatisfactory, in view of the large capacity of the plant and the 
moderate capitalization of the company.? However, these favorable 
prognostics have not been fulfilled, owing to the decreased demand. 

A new South African company is the Victory Diamonds, Ltd., with 
a capital of £60,000. This company has secured the farm Mahura 
Mathla, on the Kaap Plateau, where some fine alluvial diamonds were 
found a few years since. Another acquisition of this company is the 
Paardeberg West mine in the Kimberley district. This mine was worked 
in 1905 and 1906 and it is now proposed to reopenitsoon. The resump- 
tion of activity here and in other old workings is a result of the high 
prices obtainable for diamonds recently. Another old mine at which 
working has been resumed is one of those of the Montrose company, the 
pipe situated near Rayton, east of Pretoria.‘ Of course the resumption 
of work, or the continuance of work, in all these mines depends upon future 
developments in the diamond market. 

The 7000 enthusiastic diamond diggers who, in March, 1920, rushed 
to the Thlaping farm in the Hart’s River valley, which forms part of the 
Taung’s Reserve, were not overwell rewarded for their expedition. It 

| So. Afr. Min. Eng. Jour., Deo. 11, 1920. 

Jeweler 23, i920. 


5 . Min. Eng. Jour., Jan. 22, 1 
‘ Communicated by P. A. ‘Wagner, of ee in letter dated Aug. 28, 1920 
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has been already noted in the previous report that the proclamation of 
this district was opposed by the native chief, but his opposition was 
overruled. From Mar. 25 to the end of June, 1920, the production was 
7207 carats, valued at £113,590, equivalent to nearly $445,000 counting 
the pound sterling at $3.90. This gives an approximate value per carat 
of more than $55, indicating that a good number of large stones were 
found, although the returns to most of the diggers were small. The 
gravels in which the diamonds occurred were shallow and patchy, so that 
before long they were practically exhausted by the great concourse 
of diggers. Later on, the adjoining farm, Doyle’s Prospect, was pro- 
claimed, and it is stated that fairly good results have been secured 
there.! 

The alluvial diamond deposits of Rouxville, near the Orange River, 
in the Aliwal North district, have been successfully exploited by a 
company, a proof that, under certain conditions, better results can be 
secured by a company than by individual diggers. There appears to be 
good reason to believe that on the lower reaches of the Orange River, 
which here traverses a wild and mountainous region, valuable diamond 
deposits may be found. At this point, where this river constitutes 
the boundary between Little Namaqualand, Cape Province and the 
former German Southwest African Protectorate, there are on its banks 
immense terraces of gravels, closely resembling those of the diggings, 
but evidently much more highly concentrated. About 50 miles from its 
mouth, where the river passes out from a series of narrow cafions, within 
which it has been enclosed for a long distance, the terraces have developed 
into hills 200 or 300 ft. high, consisting of a succession of layers of gravel. 
In the lower strata, the gravel is bound together by lime so as to form a 
kind of conglomerate, and closely resembles the appearance of the very 
rich deposit recently found at Rouxville almost 800 miles distant. Occa- 
sional diamonds have been found here by the natives, but owing to the 
inaccessibility of the region no serious attempts have been made to 
exploit this very promising region.? 

In view of the so often observed association of gold and diamonds, 
it is interesting to learn that in 1920 there were recovered from the 
Witwatersrand gold mines, notably the Modder B. and Van Ryn Deep, 
61 carats of diamonds worth £293. 

Venezuela.—The finding of diamonds in Venezuela has been reported 
by Prof. Louis Duparc of the University of Geneva. Not long since he 
carried out a prospecting journey through the auriferous deposits of 


Callao. In the course of this trip he was able to determine that the 


t ted by P. A. Wagner of Pretoria in letter Ostet: Ave. 38, 1050. 
5 pommanicnted PT ihe Alhertal Diamondiferces Depodita of Bouth and South-West Africs,” 
Chem. News, Mar. 4, 1921. 
3 So. Afr. Min. Eng. Jour., Mar. 12, 1921. 
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alluvials of the Caroni River, markedly auriferous in certain places, 
contained almost everywhere very pretty diamonds. Asa rule they were 
quite small, weighing less than a carat each, but occasionally some were 
met with having a weight of as much as two or more carats. Ordinarily 
they are of octahedral form, and quite strongly rolled; they are generally 
of fine water and of unusually white hue.! One might conjecture, under 
these circumstances, that Venezuela could become a rival of the not far 
distant British Guiana as a diamond producer. 


OTHER PRECIOUS STONES 


Connecticut A certain quantity of gem material was found in 
Connecticut during 1920, mostly at Strickland’s Quarry, from which 
about $250 worth of gems was sold during the year. The material 
included some fine crystals of purple apatite of gem quality, considerable 
gem citrine quartz and smoky quartz, a blue-green tourmaline weighing 
131 carats, and some beautiful beryls.? 

Madagascar.—The most valuable of the precious stones exported 
from Madagascar recently have been the pink beryls (morganite), of 
which some exceptionally fine specimens of a salmon-rose hue have been 
furnished by a new vein discovered in the region of Anjanabonona. 
Locally these beryls sell for from 35 to 40 francs per carat, while the 
tourmalines from the same region bring only from 3 to 5 francs a gram 
(equal to 5 carats). Other semi-precious stones, such as the garnets of 
Fianarantsoa, Bektroks and Fort Dauphin, are disposed of at prices 
ranging from 100 to 500 francs the kilogram (equal to 5000 carats). 
Beautiful crystals of transparent orthoclase are reported from the neigh- 
borhood of Isohy. In all, semi-precious stones weighing 424 kilograms 
were export ed from this island in 1919.* 


JADE 


It is reported that but little fine cut jade was imported to China from 
Burma during 1919, and for this reason there was a considerable advance 
in prices. For the year the sales amounted to about $800,000. Dis- 
turbed local conditions in Canton caused a decrease in the number of 
cutters of jade-stones employed there to about 5000, this being only half 
the number usually at work in this industry. For this reason the supply 
of cut stones was so much restricted that but few were exported.‘ 


1 Communicated by Prof. Duparo in letter dated Geneve May 8, 1921. 
* Communicated by Mr. Harold T. Stearns, Deo. 7 

3 Le Moniteure de 4 5 + voters 

‘ Walter A. Adams, V oe-Consul in Canton, tek: Comm. Reapt., 1921. 
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Moss AGaTs 


The tree agates of Montana are found in a very narrow strip of terri- 
tory running along the Yellowstone River for about 100 miles, from Bill- 
ings to Glendive. Here may be picked up agates of many shades of 
color, from dark-red to a very light-red, often blended with brown or 
black. The so-called moss agate is also met with, the dark blotches 
seeming to fan out at the edges as would a piece of moss. Besides these 
there are the “fern agates,” or ‘‘tree agates,” perfectly transparent, and 
whereon are markings which seem to figure perfect little scenes, such as 
groves of trees, with occasionally a little strip of yellow at their bases, 
figuring a pool of water. Sometimes the fern-like markings appear in 
two colors, as, for example, when the base of the fern is black, while the 
upper part shades into a beautiful brown, the delicate top leaves being 
as perfectly formed as in the natural plant. It is stated that fine examp- 
les of such agates are becoming very rare. 


OpPaLs 


The discovery of opals in Australia has greatly reduced the price of 
this beautiful gem. In fact, the production of Australian opals in great 
quantities of magnificent specimens has resulted in the practical closing 
down of the famous opal mines in Hungary, whence for more than two 
centuries most of the fine opals had been derived. 

Of the Australian discoveries, the earliest dates from about 1880, 
when the wonderful examples of the so-called “blues” and “greens” 
were discovered in Queensland. Here they permeated an ironstone 
formation in minute veins up to aninchin width. Then came the finding 
of great quantities of the white varieties of precious opal in 1883, in New 
South Wales, at White Cliffs, where the gem was extracted from a cre- 
taceous sandstone, sometimes named the “Desert Sandstone” in 
Australia. This formation contains fossil reptilian bones; mollusca 
(shells); belemnites (cuttlefish), and a mineral resembling galyussite. 
This was followed by the surprising and unique occurence, also in New 
South Wales, of the famous Lightning Ridge deposits, where the magnifi- 
cent specimens of black or gray opals were mined, the tones emitting the 
most vivid flashes of red, green, yellow and purple, rendering them unique 
in splendor. 

Not long since, in 1915, these earlier discoveries have been supple- 
mented by the finding of opals in the desert region of South Australia— 
the white sandstone region—similar to the White Cliffs of New South 
Wales—at a point 1000 miles distant from the nearest of the 
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other localities, in an exceedingly arid district, barren of trees, grass and 
water, so that all provisions, as well as water, for man and beast must be 
transported thither on camel-back. Still more recently an entirely 
new field of white opals has been located at Tintenbar, about 50 miles 
south of Sydney, in New South Wales, where the gems occur in a basal- 
tic rock, and are of the fire-opal type, resembling a number of our Nevada 
opals, and unfortunately sharing with them the tendency to develop 
cracks and fissures due to rather rapid dehydration. 

Of the prevailing rock formation, L. Keith Ward, Government 
Geologist, writes as follows:' | 


This upper Cretaceous formation, which is usually known by the name of Desert 
Sandstone, extends far beyond the limits of the country hitherto proved to be opal- 
bearing. The Geological map of Australia shows its extent through Queensland, New 
South Wales and South Australia. 

The opal at Stuart’s Range occurs for the most part in irregular veins and patches, 
which are enclosed in the sandstone and claystone. . . The veins or seams are in- 
clined at all angles, and in more than one instance a vein vertically disposed when first 
located has been found to gradually assume a horizontal position as it is followed 
downwards. The thickness of the opal seams ranges from as much as 2 in. down to an 
almost imperceptible streak. 


The same writer reports that the maximum length of this new opal 
field, measured from the northwest to the southeast is about 10 miles, the 
maximum width nearly 2 miles, but he believes that when a water supply 
has been assured, further prospecting will extend the boundaries of this 
field. The fact that the Australian opals are found in an exceedingly 
dry region suggests to Mr. Ward the theory that their development is a 
special phase of the silicification of the upper portion of the Desert 
Sandstone. 

Opal mining is especially suited for individual miners, as but little 
capital is needed. Indeed, it has been found that operations on a com- 
paratively large scale are not remunerative, and that the best results are 
attained when the individual prospector owns and works his own ground. 

In spite of a splendid season and an excellent market, opal mining in 
the far west of Queensland was as dull in 1920 as in the preceding year, 
when drought conditions prevailed. The only district where anything 
at all was done in opal mining, as far as is reported, was at Sheep Station 
Creek. A few specimens were obtained, some in country previously 
untried, but, on the whole, the result of the year’s work was insignificant.? 


PEARLS 


Pearl-fishing in the Concho River in Texas was actively revived in the 


latter part of 1920, and it is reported that some very fine pearls have been 


of en terigh alg >» Air merge a 1 ial 86-44. 
1 Queens. Govt. Min. Jour., Apr. 15, 1921. ene 
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found and that the yield has been quite considerable for many years past; 
the chief profit, however, has been from the sale of the pear! shells, which 
have been collected and shipped to the button manufacturers. 

It is reported that the United States Bureau of Fisheries has pointed 
out the need for faster propagation and the prevention of unnecessary 
destruction of the fresh-water mussel whose shell is used by the pearl- 
button industry. An active campaign is said to be planned in all the 
large cities of the Mississippi Valley. At the same time no charge has 
been made that wilful destruction of the mussels has taken place. The 
industry is a most important one, as the annual value of the buttons and 
by-products reaches $5,000,000 and 8000 persons find employment in the 
work; the capital invested is over $3,000,000. The mussel fishing to 
secure supplies is prosecuted in at least 20 states in the Mississippi 
River basin, and the annual value of the shells amounts to $800,000, 
while $400,000 is realized from the pearls obtained. 

A report comes by way of Paris that an unusual number of pearls, 
some of extraordinary size, have recently been found in pearl-oysters at 
certain points of the Mediterranean. In view of the theory that pearl 
formation is generally, or at least frequently, caused by a trematode 
parasite which enters the shell of the mollusk and causes an enveloping 
secretion of nacreous substance, the conjecture has been advanced that 
these Mediterranean pearls are due to an influx of such parasites through 
the Suez Canal from the Indian Ocean. The colors of the pearls range 
from light blue to pink, and they are said to be most plentiful in the 
waters about Tripoli, although they are also to be met with at points 
along the coasts of the French possessions in North Africa. 

At the meeting in Paris, January 19, 1921, the Committee of the 
Chambre Syndicale des Négociants en Diamants, Perles, Pierres Pré- 
cieuses, et des Lapidaires, warned the members against the deceptive 
designation given by some dealers to the Japanese pearl in calling it 
“Perle Fine Japonaise,” for these pearls are not genuine, and those dealers 
who offer them for sale as such lay themselves open to prosecution under 
the law for the suppression of frauds. For this reason, the Committee 
decided to put the public on its guard in this matter by publication.' 


Rusy, SappHire, Spine, 


Burma.—The Burma Ruby Mines, Ltd., according to its report for 
the year ending Feb. 28, 1920, showed an increasing prosperity compared 
with the immediately preceding year. The sales of rubies amounted to 
£91,601, an increase of £40,759 over 1918-1919, when the sales were only 


"1 Recewil Mensuel cocker hers a des Séances de la Chambre Syndicale des Négociants en Diamanits, 
Perles, Pierres Pricieuses, of des Lapidaires, Paris, No. 47, Jan., 1921 
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£50,842. The number of loads of ruby earth washed was 754,324, 
against 903,760 loads in the previous year, but the value of the ruby 
material was £76,153 compared with £44,168 in 1918-1919. While the 
cost per load rose from 10.4d. to 1s. 2.2d. the higher value of the ruby gave 
a profit of 10.03d. per load, against only 1.33d. per load in 1918-1919. 
It is stated that a good part of this satisfactory result is due to the finding 
of the great ‘‘Peace Ruby,” in July, 1919, for the last six months of the 
year exhibited a considerable falling-off in returns. 

In 1920 about 800,000 loads were washed, and rubies valued at 
£43,000 were produced.' This shows a falling-off in yield as compared 
with 1919. It is stated that on an average a “‘pin’s head”’ size of ruby is 
found in a truck-load of earth. However, from time to time large gems 
appear, notable among which was the so-called “Peace Ruby” found in 
the Saroktan mine in 1919, and which weighed 42 carats; it was of perfect 
color, with the crystal faces well developed. A valuation of 300,000 
rupees, or £20,000, was put upon it, and it was sold in the rough. 

Queensland.—The prosperity which had marked the closing months of 
1919 on the Anakie Sapphire Field was continued in the early part of last 
year. Competition between the various buyers seemed to have the 
effect of forcing up prices, which, compared with any previous period in 
the field’s history, reached a phenomenally high point. The effect of 
the high prices was, through the over-booming of the field, to attract 
thither a far larger population than the industry could support, and then 
the inevitable reaction set in. It has been the experience on the field for 
the past 20 years that a period of inflated prosperity is always followed by 
a term of depression. Doubtless, the great amount of stone that was 
produced between October, 1919, and April of last year was more than 
the available markets could absorb, while at the same time this over- 
supply was augmented by large quantities of cut stone which had been 
held in Germany being also offered for sale early in 1920. International 
exchange, also, adversely affected the market for Queensland gems. 
A feature of the year’s mining work on the field was that, with a greatly 
increased total output, most of the operations were confined to the 
vicinity of the old workings at Retreat and Policeman Creeks. Towards 
the end of the period, however, a few miners migrated to Tomahawk 
Creek, and seemed satisfied with the results obtained, notwithstanding 
that repeated trials extending over many years have not led to any per- 
manent settlement in this locality. Some fresh ground has also been 
opened between the New Rush workings, 4 miles from Sapphire, and 
those at The Scrub, and on this ground a few claims have proved 
payable.* 


1 Communicated by Mr. M B May 6, 1921. 
Fan Se Ee Mentensaes ante, MY 
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The following is an estimate, carefully made from all available sources, 
of the output of the field for the past year, as supplied by Mr. J. Stewart 
Nisbet, secretary of the Sapphire Progress Association: 


Caomambnmne 355585 ooo 6 SLSR Se Se re SS a ws £55,050 
Mechanical nse neo Pheer SIME COP RMAC 6:0 5. 0's,0'0 0 0ko's:o eos ae eereaseeceere 7,000 
Ptames Okt GMoritile tS YORE. co cc ci sicdieccce ct cawchccncwcecdeosiss'ssaslsieu dela 1,000 
te value of stones sold privately ae? 

Approximate value of stones sold privately... .......--6-. ee eeeeeeeeeeeeees 
Approximate valaa of stones held over, unsold... . 2.0.0... cee cece cena eeaeee 600 
£64,050 


Sapphires of a novel type have been found on the Excelsior Claim, 
314 miles south of Ruby Vale, near Placeman’s Creek, in Central Queens- 
land, Australia, near the Central Queensland Railroad. They are of 
blue color, not transparent, but show a well-defined (not movable) star 
cross, due to crystallization. They occur in alluvial soil, in a second 
layer of an old river channel. The discovery dates from October, 1920. 
There is also reported, from some 25 miles above this region, the occur- 
rence of a green, rolled, corundum crystal weighing over 2 oz.; this also is 
not transparent. 

To facilitate the marketing of Queensland sapphires, the Government 
has entered into an agreement with a firm of gem dealers having offices in 
Bombay, Paris and London. By the terms of this agreement, the firm 
is appointed sole agent for the sale of all sapphires which are the property 
of the Government, for a term of three years, the privilege of terminating 
the contract at three months’ notice being reserved by both parties. 
The Government is to take all reasonable steps to acquire the entire 
production of sapphires in Queensland, except of the so-called “fancy 
stones,” defined as orange, golden-yellows, parti-colored, and green. 
The firm is to appoint a grader, who shall examine, grade and classify 
the sapphires received from the miners on the field, and shall then consign 
them to the contracting firm in Paris or elsewhere. The Queensland 
Secretary for Mines is to receive from the firm monthly advices of the 
highest ruling price for each kind of sapphire, and also the firm’s estimate 
of the probable price two months later, and the Government will make 
advances to the miners not exceeding 75 per cent. of the value of the 
gems as deduced from these advices, the balance, less charges, to be 
paid to them when the gemshave beensold. The money forsuch advances 
is to be deposited to the credit of the Government by the gem dealers. 
Except by consent of the Queensland Government the firm is not to 
retain possession of the sapphires for more than five months. It is 
provided that the cost of operating this plan is to constitute a charge 
against the returns for the stones, and this expense is’ not to exceed 734 
per cent. on the turnover, when this is not more than £30,000 in a year. 
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This charge is to be reduced }4 per cent. for every additional £10,000, 
but is never to be less than 5 per cent. During the first week of this 
agreement about £4,500 was paid to the miners in the Anakie fields for 
their sapphires, the gems purchased including about 226 oz. of first- 
grade blue sapphires, for which £1700 was paid. For 480 os. of 
small first-grade blues the miners received £1,980, and £450 was given 
on second-grade and machine or industrial stones. All these sums 
represent 75 per cent. of the value of the stones acquired.' 

United States—The New Mine Sapphire Syndicate of Utica, Fergus 
Co., Montana, reports an output for 1920 of 309,195 carats of sapphires, 
valued at $200,325. Owing to shortage of labor, mining operations were 
considerably restricted, more especially during the harvest season, 
and the fact that the electric separator got out of order rendered it neces- 
sary to ship the smaller-sized stones to London in the gravel for the first 
sorting.” 

TURQUOISE 


A report comes from Argentina that a British mineral prospector, 
Mr. Robert Davidson, has discovered in the Cordilleras, near a mine in 
the province of San Juan, a rich vein of turquoise. Samples of the 
precious materials that have been sent to Buenos Aires were pronounced 
by an expert to be fine turquoise, and worth about 7 pesos per gram. 
The vein from which the fragments were taken traverses a basaltic 
formation, and this is declared to be the first time that turquoise has 
been found in Argentina.’ 

ueens. Gost, Min. Jour., Feb. 15, 1921. 


‘ommunicated by C. T T. Gadodem, Jan. 14, 1921. 
+ South American, New York, December, 1 1920. 


DEPARTMENT OF THE INTERIOR 


HUBERT Work, Secretary 


UNITED STATES GEOLOGICAL SURVEY 
GEORGE Otis SMITH, Director 


MINERAL RESOURCES 


OF THE 


UNITED STATES 
1921 


G. F. LOUGHLIN 


Geologist in Charge, Division of Mineral Resources 


Part II—NONMETALS 


F. J. Karz, Geologist in Charge 


Clemson Callens 1 tee nes: 
Governines © 
WASHINGTON 
GOVERNMENT PRINTING OFFICE 


1924 


GEMS AND PRECIOUS STONES. 


By B. H. Sropparp. 


eee ten ewes 
Cr or oe) 
eee ee ee ees 
oe er ey 
ee ee a 
See ad 


b 518, 280 


PRODUCTION. 
Value of precious stones produced in the Uniied States, 1917-1971, 
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@ Less than three producers; figures included under ‘‘ Undistributed.”’ 
b Production of diamond in Arkansas not reported. 


Value of precious stones produced in the United States in 1921, by States. 
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1 California, Connecticut, Maine, Massachusetts, Michigan, Minnesota, New Mexico, North Carolina, 
Oregon, Pennsylvania, South Dakota, Texas, Utah, Washington, and Wyoming. 
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NOTES ON SOME PRECIOUS STONES. 
DIAMOND. 


Crystallized quartz (rock crystal), colorless topaz, zircon rendered 
colorless by heating, white sapphire, spinel, beryl, tourmaline, phena- 
cite, and even glass are often mistaken for diamond. The hardness, 
specific gravity, and dispersive power of diamond, however, render it 
distinguishable from other colorless gems. Of the minerals men- 
tioned, spinel is the only one that is singly refracting like the diamond. 
Glass is also singly refracting. As crystallized quartz is perhaps 
the mineral that is most eae mistaken for diamond, the follow- 
ing notes may be useful: Many diamond crystals, as found, are not 
perfectly transparent, are either nearly round or 8-sided or contain a 
multiple of eight sides, and are covered with rounded greasy-looking 
faces. Quartz crystals are generally transparent, somewhat elon- 
gated, with six sides pre topped by a pointed termination. The 
crystal faces are usually planes, look glassy, and do not have the greasy 
appearance commonly shown by diamonds. The six prism faces of 
a quartz crystal show horizontal striations when the crystal is so 
held that the pointed termination is on top. Small black carbona- 
ceous inclusions are perhaps not so common in quartz as in diamond, 
but they occur in both minerals. 

Diamond has a perfect cleavage, whereas quartz generally shows no 
cleavage. Some quartz crystals show imperfect cleavage or parting, 
which, however, is not perfectly plain and brilliant like the cleavage 
surface of a diamond. The diamond is the hardest mineral known; 
it will scratch any other mineral, whereas quartz, which is much 
softer, will not scratch a diamond. 

The distinction between diamond and quartz, if in the form of cut 
stones, is best made in a laboratory fitted for the purpose and in- 
volves the determination of the optical and physical properties of the 
stone and the comparison of these properties with those of quartz and 
diamond. Hardness could, of course, be used as a means of distin- 

ishing them, for a ruby, sapphire, topaz, or beryl would cut quartz, 
ete no mineral other than a diamond can cut a diamond. 

No production of diamonds in the Arkansas diamond field, Pike 
County, Ark., was reported for 1921. Information in possession of 
the Geological Survey concerning this field will be presented in a 
report by H. D. Miser and C. S. Ross, which will probably be pub- 
lished before the end of 1922. 


TOPAZ. 


Topaz, a silicate of aluminum combined with fluorine, is widely 
distributed through the United States,? but crystals of gem quality 
are somewhat rare. ‘Topaz occurs in many colors. The purest 
variety is colorless; others are blue, yellow, and red, the red variety 
being rare. A remarkably clear, colorless, transparent crystal may 
be mistaken for a diamond, but it is not nearly so hard and it has 
a much weaker double refractive and dispersive power. Very little 


— 


2Sterrett, D. B., Gems and precious stones: U. §. Geol, Survey Mineral Resources, pt. 2, for 1907, 
1908, 1912, 1913, and 1914. 
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play of prismatic colors is, therefore, shown by a faceted topaz, which 
in some other respects resembles the diamond. 

Both the yellow (or citrine) and the smoky varieties of quartz 
often masquerade in the trade under the name of topaz, but they have 
nothing in common with topaz except color. Yellow quartz is bought 
and sold under the names “Indian,” “ Bohemian,” and “Spanish” 
or “Saxon” topaz, but it is not difficult to distinguish the two, for 
topaz, with a hardness of 8, will scratch citrine and is much heavier 
than citrine, sinking rapidly in pure methylene iodide, in which cit- 
rine floats. Moreover, topaz may be distinguished from many pre- 
cious stones by its perfect cleavage, which is in only one direction, 

arallel to the basal plane. Quartz has no distinct cleavage; its 
methine is conchoidal. 

Ground topaz is used as an abrasive, topaz powder being fre- 
quently used instead of emery powder with a disk of copper, tin, or 
lead for grinding agate, jasper, chalcedony, and other gem minerals. 


CORUNDUM (SAPPHIRE). 


The increased production of sapphires at Utica, Mont., by the New 
Mine Sapphire Syndicate, of Tear England, was due to the wash- 
ing of the accumulation of old dirt of five years’ standing. The 
material had been exposed to the weather so long that valuable 
results were obtained. Mr. Francis H. Wood, director of the cony 
pany, stated (February 15, 1922) that a larger force of miners were 
at work below ground and that the washing floors were being enlarged 
so that the syndicate would be able to wash new dirt to any desirable 
extent during the summer of 1923. 


OPAL. 


There were practically no operations on the opal property of the 
Rainbow Ridge Mining Co. in Virgin Valley, Humboldt County, 
Nev., in 1921. This is the property that produced the large black 
opal, weighing 16.95 troy ounces, mentioned in the Survey’s report 
for 1919. 

COPPER ORE GEMS. 


Col. H. C. Demming, of Harrisburg, Pa., kindly furnished the 
Geological Survey with a sample of copper ore called “‘ctuprous gem”’ 
from Ferry County, Wash., which he says has been cut and marketed 
to a slight extent as a gem. It isa mixture of chalcocite and chryso- 
colla with small quantities of other undetermined minerals. The 
combination of black and green colors makes a pleasing appearance. 


MANGANOSITE. 


Mr. F. A. Canfield, of Dover, N. J., reported that a small quantity 
of manganosite from Franklin Furnace, N. J., has been cut into gem 
stones. This rare mineral is a green oxide of manganese, and the 
compact variety when cut in cabochon form is said to make a very 
pretty gem stone. 
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‘ 
IMPORTS.? 
Gems and precious stones imported and entered for consumption in the United States, 
HEHE) Sil 
Diamonds. 
Total, 
Year. one ae excluding _ Pearls. 
Glaziers. | Dust and | Rough or | Cut but pearls. 
é ya bort. uneut. not set. 
| 
WOM iter ee eae $1,098, 102 $349, 746 |$13, 092, 855 (318, 421, 838 $1, 883, 810 | $34, 846,351 |$4, 947, 509 
Tete Pcrmen se aero ae "71%, 3 7 475, 870 | 12,636,024 | 7,734, 150 1, 102, 398 22) 666, &39 765, 929 
ROU. ecco es is 984,381 | 1,420,442 | 20,306,758 | 64,085, 610 5,161,639 | 917958’ 830 |11, 008,973 
N20 eens es 152%, 753 | 3,387,488 | 10,526, 125 45, 240, 013 5, 419, 363 66, 100, 742 i 879, 354 
OD Tes ee | 435, 872 466,345 | 2, 207, 365 26, 144, 323 2 778, 931 oo, 032; 836 4 492 063 
Diamonds imported into the United States in the calendar years 1920 and 1921. 
[General imports.] 
1920 1921 
| 
yountry. Uncut. | Cut but not set. Uncut. Cut but not set, 
Carats. Value. Carats. Vale. Carats. Value. Carats. Value. 
7.6) ere 2 eee | MANE on we aoe seer aenesenclHocs Abad lo noteedooot 173 $19, 538 
PNET oto RO Bononeoce ||§ ooo 7 oles oat |S eRe Seal ococcegesca|lcocscesed Boosesssesed 14 1,011 
Australia’. . eve yc. osc SMe ae eee 1 $710 1] $40 13 1,938 
JNURUTUE oe6 onan 28 Bocengene||t ospgeaoosar 121 MBP oa coansoh [oteeezecrees 222 21,257 
Belgium......... 2,343 | $185,965 | 63,390} 8,345,615] 3,519 175,954 | 127,087 | 12,024, 417 
Brazile see ees 7,679 508, 236 737 67,445 3,662 123, 076 170 24, 984 
British Guiana... 2, 242 118, 483 5 2 1,694 | DT 249 WE ee one eee 
lobeoljo@betebteaed! Bdecadar) teccoeeocosd baongenod on decoesapaaeeccsonot {v3 alee sede < a0 2 138 
British South 
IMIG. ooosoasad 3,374 334,618 | 171 } 39, 599 5,013 | 246,677 | 85 | 5,728 
Cinadat..c.-0s 0 ee eee 41 | Sy OAGi lene eee. 53 | 6,386 
Oat ae eee eee | ae! LAMBROS SAY Rossen Soaodmedsosaloccqdooad boseagnsasad 23] 1,658 
@zechoslovaliays WS. ese ers 18 9, 210 laee . cee, ee ee erses ace ae | 
DWenmankios ce ss scee | eee eee 485 pe emis od baauanacare 11 | 1,881 
1UPAG CA eeneer| Heceeee aL Bk ao cotenane 1, 592 125 2, OTHE ea dn. eee 
ionclandee. sees 102,339 | 9, 283, 918) 22,104 3,003,534 | 17,035 | 1,264,767 | 16, oe ey eS 67005 
Binland.... 2.2. .04ME. oa Wee ae on cee Lee <a ene | pace ie ee ep 2 ae 624 
Hyance........--% 875 55,342 | 16, 247 5,900 | 638, 443 
COgTET ooo 60H been or 8+|\ibaascecocad 144 | 7,735 
GICECE seca it] S eee cae] ae see ere BI) | SS) | Ron coe ans emer (Parsons We Sees cocsoc 
ebbbOV) A Mepecomad b Seeene et Mbacoameone | hocecdoe = | Andeeeeceer 3 20 3, 818 
1g b Lis ee | Beeson Mos aneaase § Pec kons | BoGaeecoans 4 1 "138 
Italy... eee oe... ee Bee ee 306 28 2,710 
JER sopesennoce 80 | 4,748 iol eee et) eo Sa eee |e los occcanoces 
WP OSIAVIG = .c2-c eke Peete oe PAL os) Sean, MR eRe need! 6 a eee alS aniadeanc as 
IMICKICOS I. ct ge eee Oa: oars we Wy © 3 250). 2.26. eo I. eee eS eee eee 
Netherlands.....| 1,146 40,189 | 198,477 | 31,024,241 | 4,453) 366,686 | 104,663 | 11, 497, 228 
New Zealand) £1. 2... 4ab a... cee. M[E ee. |= cee ree ee "974 5, 58 
Poland and Dan- | 
AS. ener ee. | ie oe eee 486 48, 898 20 1, 550 
[Ove AO 2 Peeing o |Peaecennt Puseenenoocc 333 ERR) | Ie enenee | Reeeronemaer ASeeeeanalascaccoccoss 
Iabbpoe WC heeeem od Egoeeaeoh Beeeeseeeass 100 B, 4S Sees ce SI osetia cinco -ore SUtvepe cisions rere ete 
VAG te eeweee AGeRGnoDt Been cmnenomulecemes. ot bohs oun scect 10 1,628 
Sweden... 20 cn dbtens 65 Aes sce ost ses eee ee 70 19, 942 
Siwatzerlan dle eed ee ee eee eee 758 108, 090 209 16, 734 
Turkey in Europe 4 | 863 ai) 555 | 192 il, 615 
121, 082 | 10, 527,362 | 304,076 | 45,444,999 | 36, 120 | 2, 257,209 | 255,517] 26,338, 455 


3 Statistics compiled by J. A. Dorsey, of the United States Geological Survey, from records of the Bureau 
of Foreign and Domestic Commerce. 
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PRECIOUS STONES 


By Grsorcse F. Kunz 


The year 1921 has been a remarkable one for the precious-stone 
industry as compared with the preceding years. It has been marked by 
the shutting-down of the larger diamond mines and of nearly all the 
smaller sources. In ruby mining, fewer stones have been found, and 
this is also true of the semi-precious stones. Many of the lesser gems, 
such as the amethyst, agate, carnelian and amber, have been cut to a 
considerable extent by the Chinese, and to an even greater extent in the 
Rhine provinces, many young apprentices having been employed, and 
great quantities of material sent all over the world. 

In the pursuance of their conservative policy, the directors of the 
great De Beers combination stringently curtailed production in the course 
of 1921, finally bringing it practically to a standstill. Nevertheless, the 
sales of diamonds for the year ending June 30, 1921, amounted to the 
respectable figure of £2,300,581; however, the latter half of 1921 did not 
make as good a showing. This action of the large producers necessarily 
forced the owners of the smaller mines to follow their example, more 
especially as they had no great reserves like the largest company, and in 
Southwest Africa similar measures were taken. When, however, the turn 
of the tide comes, everything is in readiness to take full advantage of it. 

When we consider the unusual prosperity enjoyed by the precious- 
stone industry in 1919 and in the first half of 1920, the reaction evidenced 
in the present period of depression seems to be only a natural one, and 
the prospects for the future may be pronounced satisfactory. Undoubt- 
edly the increased incomes resulting from the tremendous stimulation of 
many branches of business during the World War, and for some time 
thereafter, created a strong and widespread demand for precious stones, 
more particularly for diamonds. As the number of buyers grew, prices 
rapidly mounted, especially as the situation was very wisely handled by 
the great London Diamond Syndicate, which practically controlled the 
whole diamond output. 

However, coincidentally with the falling-off in the number of pur- 
chasers, came the marketing, in one way or another, of a considerable 
quantity of old diamonds owned by exiled Russian aristocrats and also 
by noble families of many other European countries where the old order 
of things had been overthrown. This has created a temporary compe- 

580 


' PRECIOUS STONES 581 


tition with the mine products even though the actual production has been 
very greatly decreased. Still, this marketing of old diamonds will very 
soon cease, and with the hoped-for return of economic stability 
throughout the world, the precious-stone industry will resume an upward 
movement. 

Besides the sale of jewels by the impoverished nobility of certain 
European countries, another unfavorable competition with the marketing 
of new diamonds from the mines arose from the generous and thoroughly 
justifiable policy of some leading gem dealers in the United States to 
take back from many of their customers diamonds which had been bought 
in the recent era of greatest prosperity. This has often been done under 
similar circumstances in the past, and aside from the accommodation 
afforded to individuals, it greatly serves to stabilize the market in a 
temporary period of depression. 


UnitTep States Imports 


For the United States, and therefore to a considerable extent for 
the whole world, the record of precious-stone imports into this country 
constitutes a barometer recording the varying prosperity of this branch 
of industry. As a fair instance of the striking differences from one year 
to another, we give the figures of these imports for the ten-year period 
1911-1920: 


BORD cccccccccccccscescsssesceses GAB,S15,890 1997... ri rcccsccceccccccececcs $40,906,667 
LOUD isis vsiee eee sian bkslees een cies 42,502,700: IG1B oases vavatetiteeesene 24,272,000 
NDEs o:0:0:p,0:5:0:0.0 0 vin wiecepes:e wi9/6 a0 pyeie. esp 560, MOI: o wtiwisig sunse eemapwevioneeeces 105,273,543 
LOA ccc tceswecstveesesseaires RO,764,087 1020.2... ccc cece ccaccwsccece 75 

DOLBY occa iewssis vanwsaew eae ie ae 26,521, sR EAT 
WOIG: oo ciciineccecccerosncacnanaec » 61,590,080 $475,613,356 


This gives an average per year of $47,561,133. The imports for 
1921 amounted to $38,127,649, and although this total falls far below 
that of the record years 1919 and 1920, it is larger than the average for 
the eight years 1911-1918, which was $36,800,000. This serves to 
emphasize the essential stability of the diamond market, in spite of 
notable fluctuations. 

IMPORTS OF DIAMONDS AND OTHER PRECIOUS STONES INTO THE UNITED STATES 


| 1918. | 1919. | 1920. | 1921. 


oad $terw aineso we elale eae wiwieiwiesianaveese $718,397 $984,381) $1,527,753 


ocereeh hacked UMBRIA SA Coo sscatiecks nates 12,605,526 20,315,758 a ‘527 7,363 
Diamonds, cut but not iDayer dutiable........... 7,761,810) 64, rey 947 4,999 
Pearls and parts of, not strung or set, dutiable.. 722,981 11,54 1,000 <5 ‘77, 772 
Other precious stones and bort, dutiable....... 604,550| 1,623,522 3.717.741 
Other precious and semi-precious stones, out, but 

not ag GMABING Soo ics Sicins eeceedeaees 968,004 006,032 


5,031,639 
Imitation precious stones, dutiable............ 890,642 H ‘879. 903} 2,228,325 
$24,272,000) $105,273,543| $75,855,591) $38,127,649 
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Diamonds, cut, but not set, dut. Pearls, and ~~ Comes strung, not 


1919. | 1920. | 1921. 1919. | 1920. | 1921. 

Im from: 
Bebe £a pare RL SRO IS SOUS Fe ta ola ADE TW | bd appepore graced Parser erat ael Pre een sp icy 
ORION 5s 6: s:n'v'vipai'0 553,055 $2,033,268} $2,506,000 638,443) $5,982,654) $3,861,617) $3,543,425 
Netherlands............ BS S6L-G1G| SL OPEBEL] VE OOT BABS s oss essed oecas cecal aacewnsdiae 
United Kingdom........ 6,664,911 3,003,534 1,873,039] 5,347,460 
PAAR RUMEN ag ose. nin cnsn a il Seca taxen winrod Laie issood oracniasera Noid Bim ie nse Bhovale 81,003 
Other countries (a)...... 1,963,749; 8,911,134 305,328 129,883 

Toteleis sews $64,222,947| $45,444,909) $26,338,455) $11,541,000) $7,377,772| $4,538,803 


(a) Includes cut diamonds from Belgium before 1921. 


Prima facie, there does not seem any reason to identify the cut 
diamonds entered at New York from “other countries” with the 
so-called “‘ Russian” diamonds sold by exiles or looters. In 1919 and 1920 
no reports are made for Belgium, but the $8,911,134 for other countries 
in 1920 (nearly five times as much as in 1919) evidently refers to the 
newly awakened Antwerp industry, for while this in 1921 is $12,024,417, 
“other countries’’ have then fallen off to only $305,328. 

From 1867 to 1917, the total value of imports of “diamonds and 
other precious stones” was $771,544,558. As in many of the earlier 
years no distinction was made between diamonds and other precious stones 
a small allowance has to be made for the latter, but it can safely be 
assumed that the diamonds were worth close to $750,000,000. Since 
1917 we have nearly $200,000,000 additional for diamond imports. 
This gives us a total not far short of a billion dollars, and the cost of 
acquisition to the present owners, embracing as it must the duties, the 
sales tax, the cost of cutting the uncut diamonds, the setting, and the 
profits of the eventual sellers, may be set at twice as much or more. 


DIAMONDS 


Many conditions conspired to make diamond mining different from 
what it has ever been before, and resulted in an extensive closing-down 
of the principal mines. Much discussion has been indulged in as to the 
precise causes which determined the large purchases of diamonds made 
just before and during the war by Germans and Russians, and it has 
been shrewdly surmised that the ulterior aim was to stabilize the financial 
status of these countries and of individual buyers, for diamonds offered a 
permanent security for investments against the inevitable breakdown of 
the currency. When this finally occurred, the greater part of the 
accumulated diamonds were thrown upon the market in 1921 by the 
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German and the Russian owners, and nothing has more clearly proved 
that the stones were not bought to be cut and set into jewels than the fact 
that in many instances a number of packages still bearing the original, 
unbroken seal, and each containing diamonds worth £100,000 each, were 
among the goods thus offered for resale at a lower than purchase price. 

Thus the Diamond Syndicate has had manifold difficulties to contend 
with in its efforts to maintain diamond prices. The writer of the present 
article in an address at Chicago, before the Economic Section of the 
American Association for the Advancement of Science on Dec. 27, 1920, 
drew attention to the superior excellence of diamonds and precious stones 
as the only stable portable investments for war or revolution, and was 
able to give many historical proofs of the truth of this contention. 

The depression in the diamond industry was strikingly shown in the 
heavy decrease of sales in 1921 as compared with 1920, according to the 
reports of the Department of Mines and Industries of the Union of South 
Africa. As shown in the table below there was a drop of more than 
£8,000,000. The value per carat also declined, although not quite so 
sharply. Moreover, the Customs statistics show exports of only 316,702 
carats, worth £1,355,487 in 1921, while in 1920, 2,039,544 carats were 
exported at a value of £11,597,451. As during the 5-year period 1916— 
1920 the weight of the diamonds produced exceeded the weight of the 
diamonds sold by 1,254,328 carats, the export returns for 1921 prove 
that we must add 213,404 carats to this total to figure the quantity of the 
6 years’ output still held by the Diamond Syndicate. This gives 1,467,- 
733 carats.! 

The total sales since 1913 are given as follows, a part of the diamonds 
sold having been mined in previous years. 


Carats. Value. Value per Carat. 

Lt RR Or ICN ei ee rer ee 5,537,820 £12,088,083 43s. 8d. 
MOE e ecicsic sccm eG seb binen eas cms ewe cares 8,363, 6,758,544 40s. 2d. 
WOES si iacaekaue skwa Cena eeGivens @tebteens 551,951 1,459,597 52s. lid 
PB nic wincasnenveiaversinsannasnietesdloininrvesaengraioie ene 2,201,956 6,227,777 456. 7d 
DER a iia ceed wkiw ele kre laleieiaieluraGieg ated state lece.s 2,416,209 6,170,906 51s. Id 
NO ivi6jiecs rere re 074 Winn ceeteg: erate seatne Sretirainerareien ns 2,641,932 7,232,744 54s. 
WIG so uea Gea ea tecneeveeasekaovorosos re 2,648,931 13,379,662 101s. Od.— 

Fig Nia cailehatd Sdn sae Gears citkiatey Wane Wika p Sinise SAEs 1,765,554 10,163,941 1156 
WU a iu cere ee givieeiaie dubia seine Ghai s Spren bs 530,107 2,161,796 81s. 7d 


D1AMOND-CUTTING AND TRADE 


The pioneer in building up a considerable diamond-cutting industry in 
England, Sir Bernard Oppenheimer, Bart., died at his country residence, 


Sefton Park, near Slough, on June 13, 1921, at the age of fifty-four years. 
1 So. Afr. Min. Eng. Jour., Mar. 25, 1922. 
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He owed his great reputation and his title to his important efforts to 
help win the World War. In conjunction with a few partners he built an 
immense factory at Letchworth for the manufacture of war munitions, 
and by 1916 its output was not less than 16,000 shells perdiem. A similar 
energy, though enlisted in a less important cause, marked his building up 
of a diamond-cutting industry in which maimed or otherwise disabled 
veterans could receive training in this delicate and well-remunerated 
vocation. As illustrating the relative success of this enterprise, we may 
note that while the value of the cut diamonds imported from the United 
Kingdom into the United States for the year 1921, was $1,873,039 as 
compared with $3,003,534 for 1920, the percentage which this represented 
of the total diamond imports was 7.11 in 1921 against 6.61 in 1920. This 
seems to show that the English experiment is at least moderately 
successful. | 

France has followed the example of Great Britain in starting a 
diamond-cutting establishment where disabled soldiers will receive 
training in this work. It is situated in Versailles and was initiated at the 
instance of Joseph Asscher, senior member of the great diamond-cutting 
firm of Asscher Bros. in Amsterdam. For his activity in behalf of the 
French veterans he has been awarded a decoration of the Legion of 
Honor. 

As to the activity of the French Diamond Commission, the President 
of the Chambre Syndicale des Diamants, Perles, Pierres Précieuses et des 
Lapidaires, made the following statement at the meeting of Jan. 11, 1922: 


The activities of the Commission shall be as follows: 

Importations.—As in the past, authorizations by the President, control of the 
arrival at the custom house by the commissioners. 

Ezportations.—Control by the Commission and at the Chambre Syndicale, in 
presence of a customs representative; the sealed note of the exporter, provided also 
with the sealed note of the Commission, is addressed to the nearest post office. 

It should either be accompanied by an agent of the Post Office, or controlled by 
means of a memorandum stamped at the Post Office, if there shall be an agreement 
between the Postmaster General and the Minister of Finance. 

The contro] of exportation shall be available for the service of indirect contributions 
(business returns). 

The Commission should give its opinion in case of litigation. 


Concerning the diamonds sold by Russians in the Antwerp market 
in 1921, the following details transmitted to the U. S. Department of 
Commerce by James T. Kirby, clerk in the American Consulate at 
Antwerp, under date of July 26, 1921, are of importance: 

“For a period of about two months the supply of diamonds from 
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Russia had apparently ceased, when suddenly a lot of several thousand 
carats was again negotiated on the market. A considerable portion of 
this lot must, of course, be recut. Besides these Russian stocks, the 
importance of which has been somewhat overestimated, the market 
seems to have been further unfavorably influenced by contraband and 
smuggling, which had been on the increase since the signing of the 
armistice. 

‘* It is thought by some merchants that the Government could inter- 
vene to advantage by placing on stones presented for recutting a real 
duty, say 20 per cent. Such a measure, however, besides being very 
difficult of application, would be inoperative unless adopted by all coun- 
tries. The measure taken in one country only would result in favoring 
cutting establishments in neighboring countries. Antwerp would then 
remain exposed to the disagreeable duty of smuggling so long as the 
situation did not improve in Russia and Poland, where persons in need 
of funds sell their jewels at low prices. At present, therefore, it is 
difficult to give a carat a value which would be approximately exact. 

‘“*The London Syndicate recently began to buy Russian diamonds, 
which has done much toward eliminating the bad influence of this 
dumping.” 


D1aMOND MINING AND PRODUCTION 


Congo.—In the Congo, the diamond resources have been actively 


developed in recent years, as is shown by the following statistics of 
production: 


DIAMOND OUTPUT OF THE BELGIAN CONGO 


Carats. Carats 
DG he tata ses sar eateai ie Sls G wledele Ore aielarels SE 9O0: WOO sciiesocvee nese ree 275,000 
Oc ciaalanencceiicinen dikasecmaires BEE OUD nets ni nnckaineiceuseinionsaen owdense eee 315,000 
GGUS, coe Kee EAC e eye E EE NM: BONE ie eee ect r ates trons cue eens k 174,000 
TE oN ee a eink 9 Kana awe a ele 164,4 


A considerable number of what are known as “ industrial diamonds,”’ 
chiefly for use in diamond drills, are brought to Antwerp from the Congo, 
and toward the end of 1921 two of the principal London dealers in this 
class of diamonds agreed with the Congo Diamond Regie at Antwerp 
to buy all of the next three consignments of these diamonds from the 
Congo up to a maximum of 70,000 carats each time. 

Southwest Africa.—Operating under the terms presented by the 
conference of the four large South African diamond producers, held 
toward the close of 1919, the Consolidated Mines of Southwest Africa, 
the new organization which has taken over the properties of the old 
German companies in Southwest Africa, was assigned the following 
quotas of output for the four quarters of 1920 at the given base prices 
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per carat.! In order to show the number of carats, we have divided the 
quotas by the base price in each case. 


Base Price. 


Equivalent 
Quota Carats. 
£. 8 

Bisel nusrtet.2.ocrses sae so SN Sees £619,580 5 12 4 110,344 
EOOGEIE CNT CNE Sino e669 :5 HS ese Side wee EE <s 630,000 7 4 7 87,200 
MUBPCOE sais cii-nrak cored casino es OR alacinneears 540,330 8 4 4 65,770 
WOM GUBPIOR eck coos Cole moecss os eaaee ees 275,583 8 9 5 32,517 
£2,065,493 295,831 


The cost of operation varied considerably. For 1920 it was about 
£1 4s. per carat; but it was lower than it would have been but for the 
fact that the scale of operating was above normal requirements. The 
Government pays 70 per cent. of these working costs, as a partial offset 
to its heavy tax on the value of the diamonds exported. 

The Anglo-American Corporation of South Africa, Ltd., which has 
acquired a very large interest in the Consolidated Diamond Mines of 
Southwest Africa, Ltd., has deposited with the Guaranty Trust Co. of 
New York a certain number of its £1 shares, and the Trust Co. is issuing 
‘“‘ American shares” of no par value, each of which represents five of the 
£1 shares. The Anglo-American Corporation has also considerable 
holdings in several gold-mining companies, and in the Transvaal Coal 
Corporation, Ltd. Its interest in the Consolidated Diamond Mines of 
Southwest Africa is principally constituted by its holdings of the com- 
pany’s 8-per cent. debentures, secured by a mortgage on the mining 
property, which, as has already been stated in these reports, consists of 
the diamantiferous area formerly owned by the German companies of 
Southwest Africa. The Anglo-American Corporation paid two 5-per 
cent. dividends on its shares in 1920, and one such dividend in 1921, but 
although the earnings permitted another 5-per cent. dividend in 1921, it 
was thought wiser, in view of the temporary depression of the diamond 
market, to conserve the company’s resources. 

The diamond output is sold through the London Diamond Syndi- 
cate subject to the arrangement that the share of the various interests 
shall be as follows: 21 per cent. for the Consolidated of Southwest Africa, 
51 per cent. for the De Beers mines; 18 per cent. for the Premier mine, 
and 10 per cent. for the New Jagersfontein mine. Quite recently it has 
been stated that the Anglo-American Corporation has bought some 8,- 
000,000 francs’ worth of Congo diamonds, which will also be disposed of 

1 Eng. Min, Jour., Oct. 29, 1921. , 
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by the London Syndicate. This would tend to remove any competition 
of Antwerp with London in the diamond trade. 

Union of South Africa.—While usually the largest diamond producer 
in South Africa is Cape Province, in 1921 more diamonds were recovered 
in the Transvaal. Of a total of 424,486 carats worth £1,254,151, the 
Pretoria district furnished 358,505 carats valued at £852,949, this repre- 
senting practically the output of the Premier mine. Kimberley, Cape 
Province, furnished 179,752 carats, and Barkley West 53,725 carats. 
From the Orange Free State, the great alluvial diamond field, came 
143,686 carats. The depression has been most accentuated in Cape 
Province, where are the De Beers mines, although operations were on a 
reduced scale in the Transvaal also. The somewhat better results 
realized here are due in great part to the different way in which the mining 
is carried on, for in the Premier mine the diamonds are rather quarried 
than mined, so that the expensive white labor is less necessary than it is 
at Kimberley, where the work is largely performed at fairly great depths. 
On the other hand, the region least affected by labor conditions has been 
the Orange Free State, where individual prospectors secure the stones 
from the alluvial diggings.' 

The alluvial diamond output of Cape and Transvaal provinces for 
1921 was as follows: 


Carats. Value. 
CANO PIOTIBOE a iovieenenerecawmaserernnes 59,81134 £420,297 11s. ad. 
Transvaal Previn. 6i6icevcccvess ost cures 79,636 £422,508 1s. 6d. 


This gives a value per carat of £7 0.54s. for the Cape Province stones, 
and of £5 6.11s. for the Transvaal stones.? 


PRODUCTION OF DIAMONDS IN SOUTH AFRICA 


Production from Mines. Alluvial Diamonds. 
ia Estimated | Val Estimated | Val 
ma ue per ima u tr 
Carats. Value t. Carats Value. aret. 
BOL S ci essa ex 4,044,946 | £10,254,203 4ls. 6d. ,049 £1,120,227 1088. 9d 
> | | re 2,653,089 4,006,342 37s. Od. 143,924 576,729 
IOEB oreo caret: 2,131 3,887 360. 6d. 97,678 392,196 d 
1 AAO 2,170,348 4,769,479 43s. lid. 167,620 048,571 1138. 2d 
1) BRA ee 2,710,041 6,659,721 49s. 2d. 182,992 1,041,776 1138. 10d 
IDIBS ciscocames 2,385,361 6,137,283 5ls. 5d. 143,438 574 6d 
IBID: wsecacvess 2,366,744 8,960,614 758. Od. 209,589 2,740,548 261s. 6d 
OOD: cievnreyins 2,312,436 | 12,289,602 | 1066. 3d. 221.460 2,441,440 
1.) ae 424,486 1,254,151 59s. 2d. 283,1 


ee Ce ee eT 


The depression of the diamond industry, which must continue until 
the great stock of diamonds thrown on the market by the Russian Govern- 
ment, and the accumulations of South African diamonds held by 


the London Syndicate, have been absorbed by the buyers, has induced 


1 So, Afr. Min. Eng. Jour., Mar. 25, 1922. . 
? Communicated by Mr. E. Gibbs, of the Detective Service of South Africa. 
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the closing-down of most of the diamond mines in South Africa. How- 
ever, the Premier company has continued operations, though on a reduced 
scale, work being confined to five 8-hr. shifts per week, some 5000 loads 
of blue ground being worked on each shift in the No. 3 gear. 

In addition to this information, we are indebted to Dr. Percy A. 
Wagner' for the following description of an improvement in the treatment 
of the blue ground that has recently been introduced at the Premier mine: 

“Dressing operations at this mine have been greatly simplified within 
the past two years by doing away with the jigs formerly employed for 
re-treating the concentrate made by the working gears. The concen- 
trate is conveyed by means of a belt to three tube-mills run at such a 
speed as to ensure that crushing is performed by attrition without impact. 
These discharge into revolving screens with round holes 4%g¢ in. in 
diameter, everything below this diameter being rejected. The over- 
size is elevated to trommels with square holes of 5¢ in. and 34 in., and 
round holes of 3g in. and 4 in. These give six products, each of which 
goes to a greased Frue vanner. The concentrate collected on them is 
automatically scraped off and freed of the adhering grease in electrically 
heated melters fixed to the vanner frames. The product thus obtained 
represents 450,000 part by weight of the blue ground sent to the washing 


plant.” 
DIAMOND OUTPUT OF PREMIER MINE 


Year No. of No. of Yield per)! Value | Value Cost of Profit 
Ended | Loads Carate | pyalue of Load in | _per per | Production | _ per 
Oct. 31 Washed. Found. *| Carats. | Carat Load. | per Load. Load. 

£ s. d. is. d, s. d. a. d. 

1903 76,931 t % 137,435 | 1.290 |27 8.50/\385 6.70) 4 7.20 |30 11.50 

1904 939,265 749,653 866,030 | 0.798 (238 1.2018 5.30|/ 2 7.62 |15 9.68 

1905 1,388,071 5, 994,687 | 0.609 |23 6.20/14 3.98) 3 3.44 |11 0.55 

1906 2,988,471 899,746 1,277,740 0.301 (28 4.82) 8 6.61) 3 5.71 & 0.80 

1907 6,538,660 889,086 1,702,631 0.290 |18 0.20) 5 2.49) 2 4.14 2 10.35 

1908 058,844 8,825 1,536,720 0.258 (14 9.40| 3 9.75) 1 10.24 1 11.51 

1909 7,517,798 | 1,872,136 1,172,379 0.249 |12 6.29) 8 1.43) 1 11.42 1 2.01 

1910 1,882 | 2,145,83234 | 1,496,641 | 0.230 /13 11.39| 3 2.49] 2 0.56 1 1.93 

1911 8,325,272 1774,206 1,433,971 0.213 {16 1.97'3 5.34) 2 2.02 1 3.33 

1912 9,707,008 | 1,902,474 2,004,943 0.205 |20 1.50, 4 1.57| 2 4.79 1 8.78 

1913 434,680 | 2,107,883 2,336,828 0.202 {22 2.05 4 5.74 2 6.67 1 11.07 

1014 7,683,943 | 1,417,755 1,259,643 0.185 |17 9.23) 3 3.34, 2 5.89 9.45 

1915 Mining operations sus ded. 

1016 1,572,521 419,047 475,856 0.267 |22 7.95) 6 0.63) 2 7.62 3 5.01 

1917 4,928,629 906, 1,198,923 | 0.184 |26 5.48) 4 10.38} 2 2.68 | 2 7.60 

1918 4,805,851 851,57 1,203,904 0.177 |28 3.29) 5 0.12) 2 2.89 2 8.73 

1919 4,529,261 814,577 1,961,259 0.180 |48 1.84) 8 7.92) 2 10.68 5 0.24 

1920 4,660,498 20, 2,008,483 | 0.176 |61 1.77) 9 0.06) 83 3.50 | 5 9.47 

1921 1,954,230 411,981 439,626 0.211 {21 4.11) 4 5.99) 38 4.43 1 1.56 

This gives the following totals for the 18 years: 

= umber of Toads CRM a cca gaye wid sain e Cala uraece ewe mE 95,441,909 
Carata of diamonds found........... 2.0... 6c cece cece ee eeeees ,098, 
Weinleses ON COUMANNINNN 55 asia ain costa sety Kis ge aw oie neice lraioara neers £23,597,698 


The Nineteenth Annual Report of the Premier (Transvaal) Diamond 
Mining Co., Ltd., very naturally shows a reaction. The credit for 


diamond account was £439,636, and the balance carried to Expenditure 
*Communicated under date of Aug. 27, 1921. 
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and Revenue Account No. 2 was £110,384. After subtracting £20,000 
for general equipment, this left £90,354 of realized profits, the 60-per 
cent. share of the Government being £54,212, and the 40-per cent. share 
of the stockholders £36,142, With the help of the previous year’s 
balance of £40,964 and of sundry revenue totaling £100,188, the company 
was able to pay two dividends of 3s. 6d. on the preference shares, and 
carry £77,921 over to balance sheet. The two dividends (less 744 per 
cent. Government tax) amount to £92,000. No dividend was paid on 
the deferred shares. 

This left £464,731 as undistributed balance carried to next year, 
£354,381 of this being suspense profit account for diamonds unsold 
June 30,1921. The general reserve fund then stood at £700,000, while 
the special reserve fund for the stabiliment of the diamond trade had 
been increased to £2,476,900 invested in the shares of other diamond 
companies and kindred interests. 

The higher average weight of the diamonds from the Premier mine 
this year, namely 0.211 carat against 0.176 carat in the previous year, is 
attributed to the fact that much of the blue ground whence they were 
derived came from the levels near the surface of the mine, which, for 
various reasons, had not been worked out before, especially in the vicinity 
of the rim rock. On the other hand the average value of the diamonds 
per carat showed a very marked decrease, for in 1919-1920 this was 
£2 11s. 1.77d., whereas in 1920-1921 it fell to £1 1s. 4.11d., considerably 
less than half as much. 


Of the prevailing depression in the industry, the preliminary report 
Says: 


Your Directors in their report last year mentioned that there was then a lull in the 
demand for diamonds. Since that date the world generally has been passing through a 
period of severe depression, which has been felt most acutely in the diamond industry. 
For many months there was a complete cessation of sales by the Syndicate of diamonds 
purchased by them from the four large producers, and up to now no sales of any 
importance have taken place. 

In consequence of the stagnation in the diamond market and of representations by 
the Diamond Syndicate, meetings of the four large producers and the Diamond 
Syndicate were held at Cape Town in March and May of the present year, when 
matters were discussed and a satisfying arrangement as to the future deliveries was 
come to. 

The severe and continued depression compelled your Directors to take steps to 
curtail operations and to economize wherever possible, which unfortunately necessi- 
tated the retrenchment of large numbers of employees, both European and native. All 
mining work was stopped and expenditure in every department was greatly reduced. 

A slight improvement in the diamond market has been noticeable recently, but it is 
still necessary to exercise patience and economy, for the depression through which the 
ndustry is passing makes the present a difficult period. 
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The statistics of working and production in the De Beers group of 
mines for the years 1917 to 1921 are as follows: 


DE BEERS AND KIMBERLEY MINES 


Loads of Blue Loads of Blue Carats of Diamonds Selling Value 

Ground Hoisted. Ground Washed. Found. per Carat. 
1916-1917 None None 41 Not Stated 
1917-1918 None None 315 Not Stated 
1918-1919 None None 241% Not Stated 
1919-1920 None None 242 Not Stated 
1920-1921 None None 955 Not Stated 

WESSELTON MINE 
1916-1917 1,814,393 1,669,104 445,665 $3e. 9.27d. 
1917-1918 2,065,620 1,805,436 487,828 S40. 9.76d. 
1918-1919 1,035,311 1,657,146 403,039 60s. 11.79. 
1919-1920 1,927,178 1,646,895 401,531 1198. . 25d. 
1920-1921 845,295 832,442 217,761 136e. . 54d. 
BULTFONTEIN MINE 
1916-1917 2,092,267 1,761,756 675,401 466. 11.00d. 
1917-1918 2,328,615 1,859,531 646,927 498. 9.62d. 
1918-1919 1,262,942 1,629,198 507,858 63e. 5. 38d. 
1919-1920 2,021,026 2,251,257 663,419 102s, 10.29d. 
1920-1921 934,537 670,907 233,024 100s. 4.26d 
DUTOITSPAN MINE 
1916-1917 135,650 1,927,335 377,57 +54 1066. 11.93d. 
1917-1918 2,200,000 2,178,132 422,657 108s. 6. 22d. 
1918-1919 1,389,883 1,066,465 80,9 1398. 9%.77d. 
1919-1920 1,796,573 1,892,558 305,587 2218. 2.36d. 
1920-1921 861,651 830,424 132,497 248s. 4. 68d. 
GRAND TOTALS FOR ALL MINES 

1913-1914 7,166,829 6,641,398 1,903,62134 
1914-1915 738,172 693,822 188, 
1915-1916 104,583 1,857,983 501,369 
1914-1917 4,042,310 5,358,195 1,498,679 
1917-1918 6,595,078 5,843,009 1,557,729 
1918-1919 3,688,136 4,352,800 1,002,123 
1919-1920 5,744,777 5,790,710 1,370,780 
1920-1921 2,641,483 2,333,773 585,137 
1913-1921 30,721,668 32,671,789 8,787 57634 


The Thirty-third Annual Report of the De Beers Consolidated 
Mines, for the year ended June 30, 1921, reflects unmistakably the 
reaction in the diamond industry which had already set in during 1920. 
Still, the showing is more favorable than had been expected. On June 
30, 1920, the undistributed balance amounted to £592,075, of which 
£354,244 represented the value of diamonds unsold at that date. The 
receipts from diamond sales during the year reached the quite respect- 
able figure of £2,300,581; interests and profits on investments, and other 
revenue, amounted to £639,448, and there was a transfer of £1,010,232 
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from the general fund. These items, added to the balance above noted, 
give £4,542,.336 on the credit side. From this came £1,976,043 for 
mining expenditure, £143,425 for expenditure on farms and landed 
property, and on the Kimberley-Alexandersfontein Railway, £164,470 
for interest on debentures and on capital of leased companies, and £84,- 
186 transferred to sinking fund towards repayment of debentures; and 
also charges as follows: donations, £66,105; grants to employees leaving 
the company’s service in consequence of trade depression, £112,731; 
other charges, £164,537; in all, £343,373. These deductions having 
been made, there remained £1,830,829, available in part for distribution 
to shareholders, after setting aside £6593 for Union of South Africa 
income tax, and £119,505 transferred to stabiliment reserve. The 
preferred shareholders received £740,000 after deduction of tax (that is 
to say £800,000 less £60,000, or 40 per cent.), and the deferred share- 
holders £500,000, free of tax, or 20 per cent. 

The net results of the mining operations of the year ending June 30, 
1921, made but little change in the number of loads of blue ground 
remaining on the floors of the several mines, as is shown in the subjoined 
table, which also gives the average number of carats of diamonds in a 
hundred loads and the value per load. 


DE BEERS MINE 


Carats per 100 Value per Load. | Loads of Blue nega g Shed on the 


Loads. Floor at Close of 
BRIG TGIF Ue wcecp re resicarcteiremnra ba xteeeasloicglewee waire 48,306 
SOREN Picecourrapersieciverrcdpaeroner due eine ieiae ma einaseiin, waves 48,306 
IGIS-1910 00 hase Peeing [eteeditiws weooses 48,306 
BUR, | Hk eina cavcavahaceaneeeianntucre avane Pancieckretmenecariecnimieubbotan 48,396 
SUSU=IGSE BFR ce cee nce lewawbes neu eats 48,396 
WESSELTON MINE 
1916-1917 27 14s. 6.22d. 2,752,386 
1917-1918 27 14s. 9.59d. 3,012,570 
1918-1919 24 16s. 9.55d. 2,390,735 
1919-1920 24 288. 7.02d. 2,671,018 
1920-1921 26 a5e. 4.46, 2,683,871 
BULTFONTEIN MINE 
1916-1917 38 17s. 9.94d. 2,665,777 
1917-1918 35 178. 6.16d. 3,134,861 
eat de 31 198. 8.03d. 2,768, 
91920 29s. 9.04d. 2,538,374 
1920-1931 35 388. 3.20d. 2,802, 
DUTOITSPAN MINE 
1916-1917 -. 208. 3.94d. 2,411,618 
1917-1918 208. 9. 22d. 2,434,3 
1918-1919 7 23a. 0. 22d. 2,757,747 
1919-1920 16 35e. 4.70d, 2,661,7 
1920-1921 16 398. 8.9ld. 2,682,410 
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The cost of production per load of blue ground, the value per load, 
and the profit per load in the three mines of the De Beers group which 
were worked in 1919, 1920 and 1921, were as follows, according to the 
company’s report: 


1919. 
WOMMGIOG miswie edie s sis na'eaeaaands 6s. 7.19d. 16s. 9. 10s. 2.36d. 
RUMEN ROUMOMANR Gi 5 025.5 by. 0°56 B14 Bo Bk oon 5s. 30d. 198. 8.03d l4s. 1.64d. 
DUCONRN DAN os 5 sn sis Wiaic o's cea waainions 4s. 238. 9.22d 186. 11.83d. 
1920. 
WONG ES Se eS eee ee ba wae 8s. 4.97d. 28. 7.02d. 208. 2.05d. 
IOMGER oie ch ucivetcreaweekes 7s. 3.90d. 298. 9.94d. 22s. 5.95d. 
Dutoitapan..... 2.2... 0. cece ewes 6e. 8.48d, 358. 4.70d. 288. 8.22d. 
1921 
Weaselton............cce ccc eee ees lls. 9. 54d. 358. 4. 46d. 238. 6.92d. 
Wel elomtatineied ccd cee'ds ove ees oa lls. 0. 51d. 386, 3. 29d. a. 2.74d. 
PLT ig. dic wits carne aorireach ow eetia Os. 7.90d. 39s. 8.91d. 30s. 1.01d 


It will be observed that despite increased cost of production, the 
higher prices realized give in each case a larger profit per load. 

The stock of blue ground on the floors June 30, 1921, compares with 
the stock in 1920 as follows: 


1 5 1921. 
Mine. Number of Loads. Number of Loads. 
NG BOOIN gi 3545 res Sncse car erie Wenig cave valine doceiecaisnisteniva esse wcaipaanicwris 48,306 48, 
ba panei Bea aay ete CA Goiga Nee web ep ea oy atte ee Pa nena 2,683,871 
URGED © 0 Wie nde a ee 6 He ek ee a 00.8 2 oe w, wees. 008 ' . . ) 
MULGORE 850s cca cat Oa tee oS Saslaricie Neo a awe wera te 2,661,762 3,173,226 


Thus there was an increase in 1920-21 of 1,008,602 loads, showing 
that just so much more had been hoisted than had been washed during 
the year. 

As to the falling-off in the sales, the Chairman stated at the general 
meeting, held in Kimberley Dec. 9, 1921, that while during the year 
ending Dec. 31, 1920, the company sold £4,628,882 worth of diamonds, 
the returns for the ten months from Jan. 1, 1921 to Oct. 31, 1921, showed 
that the total deliveries of diamonds for that period only amounted to 
£618,930, while the expenditures of the company for these ten months 
totaled £2,019,249, leaving a deficit of £1,400,313. Of course this has 
entailed a considerable reduction of the working force, but to obviate 

Shardship as far as possible, and to aid those who were discharged in their 
search for work elsewhere, a sum of £100 was offered to each employee 
over 18 years of age on resignation, and £50 to those under that age. A 
large number of men are said to have availed themselves of this offer. 

As an illustration of the reduction of the number of employees, there 
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were employed on June 30, 1920, 3020 whites and 13,781 natives, while on 
Oct. 26, 1921, the company carried on its pay sheets 1636 whites and 
2451 Kafirs. To over 100 old employees who are past work, there have 
been allotted fortnightly grants amounting in the aggregate to £13,680 
per annum. , 

Under date of Aug. 27, 1921, Dr. Percy A. Wagner writes that the 
De Beers Consolidated Mines are erecting a huge direct-treatment plant 
to deal with the combined outputs of the Wesselton and Dutoitspan 
mines. The famous Kimberley mine has been definitely abandoned. 
The pumps have been pulled up, and water is rising in the mine at the 
rate of about 1 ft. in 24 hr. 

The total value of the diamonds produced in the De Beers mines 
from their organization in 1888 down to June 30, 1917, was $506,545,448. 
To this must be added for the four years 1918-1921 the sum of $93,- 
626,788, making in all $600,081,236 up to June 30, 1921. 

Of the smaller mines we learn from Dr. Percy A. Wagner that the 
Blaauwbosch is still being worked as an open mine to the depth of 230 
ft., this being a record for such a small mine. It is believed that this 
depth represents the limit here, and it is considered doubtful whether 
underground work would pay. In August it was reported that oper- 
ations were to be resumed at the Monteleo mine. In the case of the 
Frank Smith mine, which was closed down after a six months’ trial, the 
yield proved less than had been expected, but the quality of the diamonds 

was so good that the owners think the mine can be worked at a profit 
when the diamond market improves. 

Regarding the Postmasburg occurrences, to the west of Kimberley, 
Dr. Wagner states that only the West End pipe has so far in any way 
fulfilled expectations. It has been proved to have an area of 150 claims 
and the yellow ground carries an average of about 20 carats to the 100 
loads, the diamonds being of good quality. A large treatment plant 
is being erected, and as soon as this is completed washing operations will 
be begun. The Postmas Diamonds, Ltd., suspended operations during 
the early part of 1921, after a short period of working; the very unsatis- 
factory yield obtained was attributed to the bad design and working 
of the plant. One of the pipes opened up by this company has an 
area of 240 claims, and has been definitely proved to be diamantiferous. 
Whether it is payable or not remains to be seen. Two other pipes—the 
Smuts and the Bowden—have been located within a mile of the above- 
noted one. As to their areas or diamond content no definite information 
is available, but the general indications are considered so favorable that 


a company under the name of the Diamond Fields of Africa Exploring 
38 
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Co., Ltd., has been floated in London. All the pipes of this area are in 
dolomite, and hence the material is very strongly impregnated with 
calcium carbonate. 

While in most of the South African diamond mines but little develop- 
ment work was carried on in 1921, the area of the Crown Diamond mine, 
formerly known as the Lace Diamond mine, has formed an exception 
to this general rule, for exploratory tunnels have been opened there to 
test the productivity of the western end of the mine. A mass of mixed 
material, largely ‘“‘hardibank,” has always constituted an obstacle to 
mining here, although the fact that blue ground exists around it has 
been proved by an exploratory tunnel driven through this mass at the 
160-ft. level. Various test results from ground thus obtained were as 
follows: 1090 loads of blue ground furnished an average of 11.78 carats 
of diamonds per 100 loads; 458 loads showed an average of 16.7 carats 
per 100 loads; and 541 loads gave an average of 20.01 carats to each 100 
loads. A drill-hole bored near the mouth of the exploratory tunnel 
passed out of “hardibank”’ into blue ground at 34 ft. This shows that 
the “‘hardibank’”’ does not extend downwards, but rests upon blue 
ground. After the drill-hole had traversed blue ground to the depth of 
202 ft., basalt was encountered. A similar result was given by explora- 
tory drives put in at the 440 level in 1919, basalt being met with at the 
walls of the pipe, and in the exploratory drives at the 160-ft. level, a 
large mass of this rock was encountered which must have been thrown 
up from below, for only one sheet of this amygdaloidal basalt is known 
to exist in the mine.' 

Concerning the alluvial fields Dr. Wagner notes? that the workers in 
these fields have suffered exceptionally from the slump in diamonds, and 
that the greatest poverty and distress prevailed in the diggings, more 
especially in the Bloemhof area, where things were so bad that the Govern- 
ment Inspector of white labor advocated the closing of the diggings, 
on the ground that they were causing mental and moral degeneracy in a 
large number of those connected with them. Nevertheless a new area has 
been proclaimed, known as Coetzee’s Farm, adjoining Zwartlaagte near 
Bloemhof, and from 600 to 700 diggers have been attracted thither, but 
the finds have fallen much below expectations. The long-delayed 
proclamation of the farm Mosesberg, which has been the subject of much 
litigation, was eagerly awaited, for there were known to be extensive 
areas of rich gravel on this property, and 15,000 prospectors and miners 
were developing and mining in May, 1921. The farm is situated on the 
Vaal River above Smith’s Drift. 


The most interesting event of 1921 in the alluvial fields was the dis- 


' 80, Afr. Min. Eng. Jour., Feb. 25, 1922. 
? Communicated in letter from Pretoria, dated Aug. 27, 1921. 
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covery in an abandoned claim at Gong Gong of a diamond weighing 381 
carats, the largest ever found in the digging. Mr. Wagner tells us that 
the circumstances under which the find was made well illustrate the 
romance and vicissitudes of the alluvial diggings. Three men were 
trekking with a wagon and donkeys to Mosesberg, believing that the 
Proclamation of the farm wasimminent. In the neighborhood of Barkley 
West their donkeys strayed and were lost, with the result that the diggers 
were absolutely stranded. Eventually they decided to try their luck on 
this part of the river, and armed with picks and shovels they began 
operations at Gong Gong, on a claim which the former owner had 
abandoned in disgust. Within eighteen inches of the old working surface 
they unexpectedly turned up a big diamond. It was a large cleavage 
block, and proved to be of rather poor quality, but nevertheless, because 
of its size, it realized the sum of £2300, or nearly $9000, unheard-of 
wealth in the diggings at this time. 

Brazil.—It has been reported that United States capitalists are 
negotiating for the purchase of three diamond mines in Brazil. The 
comparative activity of the Brazilian diamond field is shown by the fact 
that in 1920 diamonds worth $656,064 were exported, principally to 
England and the United States. In 1921, the exports were valued at 
$643,280. The diamonds came from the States of Bahia and Minas 
Geraes, the former contributing something over 50 per cent., mainly 
gathered by smaller mine owners. Minas Geraes has three chief pro- 
ducing companies, namely, the Boa Vista Diamond Mine Co. of Dia- 
mantina, which is controlled by Brazilian capital, although some 20 per 
cent. of the stock is owned in England; Cascalio & Co., of Diamantina, 
controlled by English capital, and the Sopa mine of Diamantina, which 
was formerly owned by a French company, but is now controlled by 
Brazilian capital. The estimates of total production are a little uncer- 
tain, because many subterfuges are used to avoid payment of the export 
taxes, but the product is said to be worth about 1000 contos of reis per 
month, or about $136,000. 

Brazil is the great source for the carbonados, or amorphous black 
diamonds which are so successfully utilized for drilling; these come 
principally from the State of Bahia. The exports for the three years 
have been as follows: 1919, 2423 contos ($329,528); 1920, 3017 contos 
($410,312); 1921, 2616 contos ($355,776). 

Apart from diamonds, Brazil produces almost all the known semi- 
precious stones, the most important being aquamarines, rock-crystal, 
amethyst and tourmaline. This industry is in the hands of small groups 


of individual miners who work on a profit-sharing basis, the sales being 
made to local traders. 
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British Guiana.—While the diamond output of British Guiana is not 
very large, it can scarcely be called a negligible quantity, for in the 20 
years from 1901 to 1920, diamonds weighing in the aggregate 216,581 
carats were produced, the best returns being for the year 1920, when 
39,362 carats of diamonds were found. This means nearly four times 
the average for the previous 19 years, and was in great measure due to 
the discovery of rich deposits on the Kurupung River, in the neigh- 
borhood of the older diamond fields. In these new deposits has been 
found a diamond weighing 293¢ carats the largest, so far recovered in 
British Guiana. 

Venezuela.—Diamonds have been found recently in Venezuela, in 
gravel of the Caroni River. The local fancy is that they originated in 
the mountain chain called Roraima, near the headwaters of the Caroni. 
As these diamonds were found in the placer deposits and mixed with the 
gravel, our informant, Mr. Edward H. Emerson, believes that they must 
occur in the same formation as the gold quartz. Only two rocks have 
been recognized, one being a greenish schist of which the residual gold 
deposits have been formed, the other being a coarse diorite, which decom- 
posed into a coarse sand. This diorite contains fine gold, in places, but 
gives no such concentrated placers as the more easily decomposed schist; 
still our informant does not venture to say whether the diamonds 
originally occurred in the schist or in the diorite, and he admits that there 
may be some other rock farther up the river from which they may have 
come.! 


PEARLS 


Arabia.—The Arabian fisheries are guaranteed by the British Govern- 
ment, inasmuch as no one but the native Arabian is permitted to fish for 
pearls. This control was attempted some years ago. Some French 
officers endeavored to undertake the fishing, but the British Government 
interfered, and the matter remains entirely in the possession of the 
Arabians, who have carried it on from time immemorial. 

Victor Rosenstein of Bahrein, Arabia, is the largest buyer, purchasing 
nearly all the pearls found there. Among these there was one the size of 
a good-sized marble, for which he paid £6000. 

China.—In the borderland between Kiang-Sou and Che-Kiang in 
China there are many lakes wherein the pearl oyster has taken up its 
abode. The fishing rights are held by the owners of these lakes, but they 
rent out the privilege of exploitation. Of the fishermen who secure this 
right some pay for fishing during an entire year, while others, who have 
another regular vocation, pay a small amount for a single day’s fishing. 

* Communicated by Mr. Edward H. Emerson, in letter of Mar. 20, 1922. 
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‘There are said to be from 700 to 800 boats used in the exploitation. Such 
pearls as are found are sold to dealers who take them to Shanghai, where 
they sell them at a large profit. 

Madagascar.—The President of the French Republic has issued a 
decree, on the recommendation of the Minister of the Colonies, author- 
izing the granting of concessions for the fishing for pearl oysters, nacreous 
shells, and sponges in the territorial waters of Madagascar. All persons 
who, before the promulgation of the decree, had acquired rights of fishing, 
have the privilege of changing these rights into concessions, if they make 
the demand within six months. The customary fishing rights of the 
natives are to be regulated by the Governor General of the Island. Con- 
cessionaires who wish to establish a culture station are to submit the 
project to the Governor General. All the concessions are to be personal 
and temporary, although some modification in the terms may be accorded 
on due application. Each concession has a duration of ten years, but it 
may be renewed where sufficient justification is proven; they are also 
revocable in case the exploitation is interrupted for one year, or the 
rental is not paid, and for a few other reasons. The use of dredges, or 
other means of dredging, is only authorized for depths exceeding 20 
meters, and the Governor General can prohibit the use of such machines 
on the whole or any part of the concession, when this becomes necessary 
for the replenishing of the beds.! 


OTHER Precious STONES 


Australia.—The Australian sapphire fields have been passing through 
a sort of crisis recently in the recoil from the prosperity of 1919. To 
stabilize the market the Government entered into an agreement with a 
firm of gem dealers having offices in Bombay, Paris and London. This 
firm was to be sole agent for the sale of the sapphires, for a term of three 
years, each party having the right to terminate the contract on three 
months’ notice. A ruling monthly price for the sapphires was to be 
announced each month, and the Government agreed to advance 75 per 
cent. of this price to the individual miners, the balance, less charges, to 
be paid them when the gems were sold. This agreement was later 
abrogated. 

After February, 1921, when the arrangement concluded by the 
Australian Government was resumed, Anakie sapphires to the value of 
£20,000 were soon sold, the price commanded by first-grade parcel 
blues being £7 11s. per oz. This activity lasted for a while, though on a 


1 Receuil M des Procés-Verbaux des Stances de la Chambre Syndicales des 
Diamants, baton Pawn Précieuses, et des Lapidaires, No. 57, March, 1922, Pp. tr lena = 
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diminishing scale, until in September the agreement was terminated. 
The official returns of gem-stones from this field are thus given: 


Paresel Whe 3 ac Sa is isa ve ew lawe £40,354 15s. 10d. 

Fancy stones, locally cut...................0-- 1,192 0 0 

Mechanical stones, piace and corundum...... 4,976 17s. 4d. 
STN sc a noisv.ccns)aieradive vmente bra valeiens £46,523 14s. 2d. 


This compares with an output of £64,050 in 1920, showing a decrease 
of £17,527 in value. But little prospecting was done in this region, a few 
miners, who went to try their luck at Tomahawk Creek having returned 
unsuccessful. Some attempts to develop the new find at Woodbine had 
no satisfactory result; the quality of the sapphire found here does not 
compare favorably with that of the Anakie field.! 

Opal mining was almost abandoned in the Australian fields in 1921, 
the only official returns being 36 oz. worth £100. 

In May, 1920, a deputation waited on the Minister for Mines in New 
South Wales, and inquired whether the Government contemplated 
improving the facilities for the marketing of the black opal in the Light- 
ning Ridge district. The Minister replied that about 90 per cent. of the 
output was acquired on the field by some fifteen buyers, and was sold by 
them to a single buyer in London, who thus practically controlled the 
price. The Minister also stated that the Mines Department had no 
available funds for the purchase of precious stones, but that if the deputa- 
tion would report the number of stones in the hands of the miners, he 
would collect information as to market conditions. It is considered 
doubtful whether the 200 or 300 opal miners now operating at Lightning 
Ridge would be able to remain in case the prices should be depressed. 

Brazil—A number of large aquamarine beryls were found in Brazil 
during 1921. Of these the largest came from the Marambya mine and 
weighed 331.3 grams; another from the same mine weighed 213.2 grams. 
Onefrom the Verruga mine had a weight 237.7 grams. The Maram- 
bya mine furnished three other aquamarine crystals with respective 
weights of 48.3 grams, 39.7 grams, and 34.3 grams; a smaller one came 
from the Cerro mine and weighed 18.5 grams. Another Brazilian source, 
the Citubina mine, produced a lot of 108 aquamarine crystals with an 
aggregate weight of 984.5 grams.? Other precious-stone material from 
Brazil in 1921 comprised a great tourmaline crystal weighing 1623 
grams, a topaz with a weight of 41,400 grams, a rich blue topaz of 11,407 
grams, a wine-colored topaz of 24,499 grams, and a transparent beryl of 
27,215 grams. 


eae Gort. Maret hie Reno 15, 1922. 
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India.—The report of the Burma Ruby Mines, Ltd., for the year 
ending Feb. 28, 1921, shows a marked reaction from the results of the 
preceding year, for the Income and Expense Account exhibits a loss for 
the 12 months of £5929 13s. 6d., while on Feb. 28, 1920, there was a 
surplus of £4359 3s. 10d. This leaves a net deficiency of £1570 9s. 6d. 
During the year 771,406 truck loads of ruby earth were washed, against 
754,324 loads in the previous year, but the value of the stones recovered 
only amounted to £43,010 as compared with £76,153. However, the 
large total for 1919-1920 included the value of the great ‘“‘ Peace Ruby”’ 
of 42 carats, valued at £20,000. This is also reflected in the decreased 
amount of sales, namely £33,507 for 1921-1922 against £91,601 in 1919- 
1920. Still there continues to be a steady demand for the ordinary 
qualities in India and Burma, and fine stones always find a good market 
in London and Paris. As the new sluicing system which has been intro- 
duced was only in action for seven months, it was not possible to compute 
the cost of production per load for the entire year. The report states 
that the poor result of the year’s mining is accounted for by the almost 
complete absence of important and valuable stones. Expenses remained 
practically the same as before. 

Aventurine of great interest is noted in a communication made at a 
meeting of the London Mineralogical Society on Jan. 10, 1922. H. 
H. Thomas and E. G. Radley stated that the so-called “aventurine”’ 
from India is a quartz-schist, and owes its color to plates of green fuchsite 
arrayed parallel to the planes of foliation. The mica contains 1.77 per 
cent. of chromium oxide and a little vanadium. This beautiful material, 
very inexpensive, has found a great sale in the form of necklaces, enjoy- 
ing the favor of the rich imperial jade. 

Mezxico.—A mineral which has not heretofore been found in the 
region of Guadalcdzar, State of San Luis Potos{, and one which is rather 
rare in Mexico, is the bluish-green variety of beryl known as aquamarine. 
It occurs in hexagonal crystals, or crystalline masses, up to 1 cm. in 
length, but rarely has the crystallographic faces and angles. The 
mother rock of this beryl is a pegmatite, containing besides quartz a 
great quantity of microscopic crystals of topaz, and a number of other 
crystallizations so far not determined, but which may perhaps be com- 
binations of rare earths. Dr. Wittich found this pegmatite in the contact 
zone of the granitic ‘‘Realejo” in the ravine of the stream Los Arcos. 
In the pegmatites, beryl is a mineral of frequent occurrence, and is 
probably a pneumatogenic product, for it generally contains great 
quantities of gases, even of helium.' 


1 E. Wittich and Dr. I. Kratsert, “* Contribuciones a la Mineralogia Mexicana’ Memorias y Revista 
de Ia Sociedad Cientifica ‘* Antonio Alsate," Vol. 39, Nos. 9-12, pp. 659, 660, Mexico, Dec., 1921, 
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Madagascar.—A valuable contribution to our knowledge of the 
gem minerals of Madagascar has recently been made by Prof. Alfred 
Lacroix, of the Muséum d’Histoire Naturelle.1 The writer stated that 
although from its discovery the Island of Madagascar enjoyed the 
repute of possessing valuable gem deposits, a Frenchman who visited 
the Island as early as 1547 having declared that precious stones existed 
there, still it is only from 1891, thirty years ago, that we can really date 
their discovery. At that time M. A. Grandidier gave to the Muséum a 
fine crystal of rubellite and some small sapphires and zircons found 
there, as a general rule either from the eluvials (wind-drift) covering 
pegmatite veins, or else in the pegmatite itself, only very rarely in 
alluvial deposits. The most prized of these Madagascar gems are the 
beryls, which occur in a great variety of beautiful colors, yellow, blue, 
sea-green (aquamarine) and rose-pink. The latter contains a small 
amount of caesium and on those of a peach-bloom hue, or of a salmon- 
pink, the name “morganite” has been bestowed. Then there are 
tourmalines in great variety of coloration, the kunzite variety of spodu- 
mene, fine garnets, some topazes and a very few sapphires and rubies. 
To these should be added spinels, crysoberyls, zircons, cordierites, 
diopsides, amethyst and citrines. Especially characteristic are gem 
examples, such as have not been found elsewhere, of the following: 
kornerupine, danburyite, scapolite, and ferriferous orthoclase. 

We are informed that the French Government has entrusted to Prof. 
Lacroix and M. Vielle-Koechlin the task of assembling a complete 
collection of the gems found in the great French colony of Madagascar. 

The work of bringing together the very numerous specimens is nearing 
completion, and the collection will be exhibited at the French Colonial 
Exhibition in Marseilles to be held early in 1922. Prof. Lacroix is our 
greatest authority on Madagascar minerals, on which he has just issued a 
magnificent work, published at Government expense, and embodying 
the results of many years of research carried on by him in this great 
island. 

Russia.—One of the reviving industries in Soviet Russia is the mining 
of Uralian precious stones. This is now to be carried on systematically 
and on a large scale, for the report drawn up by the Mining Department 
of Ekaterinburg assumes an output of 825 poods, or nearly 30,000 Ib. 
Of course the term “precious stone’’ must be taken in a very wide sense 
as covering all decorative stones as well as gems suitable for jewels. 
Already, in the summer of 1921, the initial steps in this mining had been 
taken, indeed work in —— the already existing shafts had been 

" lecture given at the Muséum d'Histoire Naturelle, on 


1A. Lacroix, ‘‘Les Pierres 
‘ 10,1921. It isa résumé % a chapter rape from the second volume of the forthcoming work by the same 
eg entitled, *‘Minéralogie de shapers ro y 
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‘tarted in October, 1920. Among other stones, aquamarines and tour- 
waazalines are mentioned. The material is to be cut and facetted in the 
Zreat workshops at Ekaterinburg, which were established by two Italians 
at the command of Catherine II. The polishing equipment here is 
Szaid to be sufficient to treat 21,000 carats at one time. All the stones 
taken out can be utilized in one way or another, if not for jewelry or 
decoration work, for rich vases and the like, then for mineralogical 
collections. For these Ekaterinburg is the only Russian source and the 
demand is said to be great. A party of Americans who traversed the 
Urals in 1921 are stated to have secured a number of specimens, but 
the steady and regular demand comes from the “Société Uralienne 

des Naturalistes,” of which the writer was elected an Honorary Member in 

1892. 

The District Government has determined to keep the’ exploitation of 
the mines in its own hands, although numerous applications have been 
mnade by private persons and companies. 

The writer visited the Urals in 1891, and found that the finest beryls, 
topaz, and amethysts were discovered in the Government of Perm, 
notably at Alabaska and Musuka, where many of the most wonderful 

crystals of these gem minerals were found, and these now grace the 
mineral cabinets of the world. 

The amber which is found in coastal deposits in East Prussia, prin- 
cipally along the shores of the Samland Peninsula, is recovered partly 
by dredging operations and partly by excavation. Smaller quantities 
are obtained on the coast of the Baltic between Danzig and Pillau, and 
from Oranz to Memel. The amber is owned by the Public Amber- 
works in Kénigsberg, Prussia. Much of the material is worked up into 
ornamental forms in Danzig, both natural and molded amber being 
used. The articles include necklets, brooches, pendants, ear-rings, 
rings, paper-cutters, seals, penholders, cigar and cigarette holders, and 
many kinds of pipes. Besides these amber beads are exported to 
Africa, buttons to China and Japan, and rosaries to Mohammedan 
lands. Amber is also manufactured in combination with the precious 
metals. The amber guild of the Free and Hanseatic City of Danzig 
dates back to the fifteenth century, having originated in 1477, and the 
industry has constantly developed since then, so that at present its 
repute is world-wide. In order to protect their interests, the amber 
manufacturers of Danzig have organized a union bearing the name 
“Vereinigte Bernsteinwaren—Fabrikanten E. V. Danzig.” 

Southwest Africa.—In Southwest Africa, about two kilometers east 
of Usakos, a most important discovery of gem tourmalines has been 
made, in an intrusion of pegmatitic granite in schist. The tourmalines 
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occur in crystals up to 2 ft. in length, and bluish-green stones predomi- 
nate, but the rare dark-blue variety known as indicolite is also reported. 
Dr. Percy A. Wagner has had a number of them cut and states that they 
are most brilliant and flawless, constituting very handsome gems.' 

The discovery in 1910, by Dr. E. Reuning, of aquamarines and rose- 
quartz in pegmatite about three miles to the north of Réssing Station, 
and about a mile to the east of the Hanoas (Knife) Hills, has already been 
noted in a previous report.? It is stated that now, under the new control 
of the Southwest African region by the Union of South Africa, operations 
were resumed early in 1921, and when the district was visited in March 
by Dr. Percy A. Wagner, a white man and a number of natives were 
working there.? The most noted of the gem material found by Dr. 
Reuning was the golden-hued beryl on which the name heliodore was 
bestowed. Dr. Wagner notes that the heliodore of these pegmatites 
contains appreciable quantities of uranium oxide, and is distinctly 
radio-active. This he takes to indicate that the pegmatite solution 
from which the pegmatite crystallized was itself radio-active. 

Besides the “‘heliodore,” there are to be found in the pegmatites near 
Réssing Station other fine beryls, notably beautifully clear, transparent, 
flawless crystals of a light blue or pale bluish-green hue. At Swakop- 
mund, there was shown to Mr. Wagner a very fine necklace of pale, 
sky-blue aquamarines cut in Paris. Then there are other beryls, clear 
transparent to translucent crystals of a fine yellowish-green color, which 
seem to correspond to the variety of beryl known as aquamarine chryso- 
lite that is found in Siberia and Brazil. By daylight the color of these 
stones strongly resembles that of the heliodore when seen by artificial 
light.‘ 

United States.—As to the precious-stone output of the United States, 
the diamond deposits near Murfreesboro, Ark., discovered in 1906, have 
produced quite a number of diamonds. The largest stone found here so 
far weighed 20.25 carats and was of good color, though having a number 
of flaws; it furnished, when cut, a marquise stone of 4.15 carats valued at 
$3000. Another diamond weighing 18.03 carats has also been found here. 
During the coming year this mine will be worked with improved 
machinery. However, by far the largest yield of precious stones has 
been afforded by the sapphire mines of Yogo Gulch, Fergus County, 
Mont.; the value of these sapphires represents fully one-half of the total 
output of precious stones. Possibly about one-fifth of the total can be 

Pca tote oid emeeaamncomeenleet 
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credited to tourmalines, almost all from California, although a few came 
from Maine. Turquoise and turquoise-matrix from Arizona, New 
Mexico, California, and Nevada furnished about one-tenth of the total. 
The balance were quartzes, the so-called copper silicate, and moss agates, 
principally from California and the Coast States, and utilized chiefly for 
the tourist trade. At final retail prices, it may be estimated that $1,000,- 
000 worth of precious stones of United States origin have been sold since 
the beginning of the World War. A good part of this price is of course 
due to the expense of cutting, and to the profits of the various hands 
through which the stones passed. 

Amethysts have recently been found and mined in Arizona to a 
notable extent on the claims near the Roosevelt dam, discovered by W. S. 
McDaniels. Orders for material to the amount of $2000 have been 
obtained from lapidaries and dealers in Los Angeles, the crystals having 
been taken from but 20 in. below the surface of the ground. This is the 
first amethyst deposit of commercial importance in Arizona. 

Jade has never been more sought after nor held at a higher price than 
at the present time. It is also interesting to note that in addition to 
jade there has been used a compact idocrase, californite, described by the 
present writer, and which comes from California, as well as the compact 
pectolite found in Alaska, and the barenite which occurs in Rhode Island 
and in various parts of China. There was also noted this year a remark- 
able occurrence of compact garnet, resembling jade, discovered in 
Alaska by Commander Emmons and described by Henry S. Washington. 

One of the results of the World War has been a revival of interest in 
what is denominated as ‘‘mourning jewelry,’’ whether made of jet, or of 
black onyx, in combination with some white stone such as moonstone, for 
example. In this connection it is interesting to report the discovery of 
large deposits of jet in what is known as Coal Basin, at the foot of the 
Henry Mountains, Wayne County, Utah. About 14,000 linear feet of 
the outcrop of the stratum containing jet has been exposed, and the 
mineral has been found occurring promiscuously, here and there, all 
along the exposed stratum in the form of flattened-out trees, the tree- 
trunks, limbs, roots and bark having all been metamorphosed with jet. 
Geological conditions make it clear that these trees were at one time 
buried or covered to a depth of approximately 2000 ft., and there is no 
doubt that the pressure of this tremendous overburden flattened out 
trees probably a foot or more in diameter until their thickness was reduced 
to from 1 to 6 in., thus closing all the pores of the wood. The heat 
generated by this enormous and long-continued pressure produced a 
state of fossilization resulting in the present deposits of jet. This burying 
of the trees must have occurred ages’ago, probably at the time of the 
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great uplift when the Henry mountain range punctured the great south- 
ern Utah desert, rearing up peaks thousands of feet high. In the course 
of further ages the water derived from the melting snow on the mountain 
slopes cut a deep chasm out of the earth’s crust, which deepened and 
widened until at last an oblong basin was formed, thus exposing the 
stratum wherein the jet trees now lie for about 14,000 linear feet. A 
tough hard fireclay from 1 to 2 ft. thick now overlies the jet, the balance 
of the overburden being extremely soft, so that it can readily be sluiced 
off by water, when it is a simple matter to peel off the layer of clay. 
This operation is favored by the existence, at an elevation of about 600 
ft., of a spring of water which can be piped down to the jet workings. 
In some cases nearly complete “jet trees’? were found, the limbs, roots 
and bark being of this mineral. The bark was so well preserved that it 
is possible to determine that at least three different kinds of trees have 
been converted into jet. It is claimed that there is enough jet here to 
supply the world for centuries.' 

The turquoise as used by the Zufii Indians of New Mexico in early 
times is the theme of an attractive publication, issued by the Museum of 
the American Indian Heye Foundation.? This gives very reliable and 
satisfactory information on the matter, and also regarding the location of 
the deposits whence the material was drawn. The principal sources, 
both in early and modern times, have been the Cerillos mountains of New 
Mexico, about 20 miles south-southwest of Santa Fe. Still, a few other 
deposits were worked to a limited extent, such as some in the Burro and 
Little Hichita mountains in Grant County, and in the Jarilla hills in 
Otero County. It is considered unlikely that the Zufii Indians extracted 
the turquoise themselves; they more probably secured it by trade with 
Rio Grande Pueblos. Later, when corporations obtained control, and 
Indian quarrying was practically abandoned, white traders were the 
sources of supply. In early times, owing to the difficulty of transporting 
the turquoise for long distances without the aid of animals, the material 
was much rarer than is the case today, although it must not be forgotten 
that Pepper found over 50,000 worked pieces of turquoise in his excava- 
tions at Pueblo Bonito. That it was used for ornamental and sacred 
purposes by the Zufii who dwelt in the now-ruined pueblo of Hawikuh 
has been proved by the results of the excavations carried on there lately. 
The earliest notice of the use of turquoise in this region is that furnished 
by Fray Marcos de Niza, concerning his journey to Cibola in 1539. 

1 Communicated by Mr. J. C. Gustaveson, Ogden, Utah, in letter dated Apr. 12, 1922. The black 
and white jewelry which has been so much favored may consist of onyx with a tiny border made u 


of a stones or intermingled with white diamonds in a plistinum setting, or also crystal wi 
onyx or jet. 
*F. W. Hodge, “Turquoise Work of Hawikuh, New Mexico.” Leaflets of the Museum of the 
ee Indian, Heye Foundation, No. 2, New York, Mar. 22, 1921, 30 pp., 2 colored plates and text 
rations. 
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During the excavations conducted at Hawikuh by the Hendricks-Hodge 
expedition in 1917-1920 there were found various examples of turquoise 
beads and small pendants of the solid stones, as well as several hair- 
combs and ear-tablets, and a breast ornament, all incrusted with turquoise 
on bases of wood. 

Regarding the Los Cerillos mines the present writer noted in 1890 
that whatever work was carried on there was done in a very desul- 
tory way, either by local lapidaries, poor whites, or Indians. The method 
followed is to build large fires against the base of the rock until it becomes 
thoroughly heated, when cool water is thrown over it. The abrupt 
change of temperature induces large pieces of the rock to crack off; but 
much of the precious material is ruined in this way. From these broken- 
off pieces of rock the turquoise is picked out of the exposed seams with 
pieces of pointed iron, such as old barrow-teeth, or any other sharp- 
pointed instrument. Only occasionally was a blast put in.’ 


TECHNOLOGY 


The intensity of X-ray reflection by the diamond has been investi- 
gated by Sir W. H. Bragg, who read a paper on the subject before the 
Physical Society of London, May 27, 1921. An interesting feature was 
that if the outer electrons of the carbon atom lay at any considerable 
distance from the center, they must be in motion over a wide range, 
or else for some other reason contribute little to the reflection. It also 
appeared that the properties of the carbon atom in diamond are based 
on a tetrahedral, not on a spherical form.? 

In his Presidential address* before the Mineralogical Society of 
America, delivered Dec. 29, 1921, Prof. Charles Palache of Harvard 
University passed in review the chief results of the investigations made 
regarding the ‘‘diamond-pipes’”’ of South Africa, noting the valuable 
information given in Dr. Wagner’s book on the South African mines.‘ 
After admitting that in his view the exact mechanical process by which 
these vertical holes have been produced has so far not been elucidated, 
Prof. Palache turns to the question as to the determining causes for 
the differences in the characteristic qualities of diamonds from differ- 
ent ‘‘types”’ and for the very unequal distribution of diamond material 
in some of them, and their absence from others. In regard to the 
latter he said: 


1 George F. Kuns, ‘‘Gems and Precious Stones of North America,"” New York, 1890, pp. 56, 57 
af m. News, June 17 anal 5. 
ome Problems of of Mineral Genesis in South Africa,” Presidential Address, presented at the 
Second Anoual ag t phy Mineralogical Society of America, Amherst, Mass., Deo. 29, 1921. 
ss Percy A. Wagner,” The Diamond Fields of South Africa,” Johannesburg, 1014. 
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“The explanation of the apparent total absence of diamonds in 
many pipes and of these local variations in character of the stones is 
probably to be found in the delicate equilibrium existing between the 
molten magma and the carbon in solution. Goldschmidt and Fersmann 
showed in their study of diamond crystals that the forms of growth and 
of solution were markedly different; that few crystals had escaped 
solution etching; and that a crystal might even have been growing on 
certain faces in the same magmatic solution that was dissolving material 
from other faces.!_ The control of the saturated condition of the solution 
is thus sensitive, but its nature is quite unknown. It may well be 
temperature or pressure, or the presence of other dissolved substances. 
The latter would be most likely to cause variation of color or other phys- 
ical characters of the diamond crystals. And for the absence of diamond 
from so many pipes, at least two explanations may be suggested. Carbon 
may never have been present in the magma of a particular locality. It 
seems more likely that it is always present, but may be held in solution 
by peculiar chemical or physical conditions through the cooling period in 
which diamond can form and thus remains in solid solution in the rock. 
The ultimate source of the carbon is of course problematic. The sporadic 
distribution of diamond in the pipes might be explained by postulating 
local digestion in the magma of older, carbon-containing rocks. But it 
seems more probable that it is derived from the dissociation of car- 
don oxide gases in the magma, the carbon separating under favorable 
conditions as diamonds.” 

1A. von Fersmann and V. Goldschmid, “ Der Diamant,"’ Heidelberg, 1911, p. vii 


PRECIOUS AND SEMIPRECIOUS STONES (GEM MINERALS) 
By M. W. von BERNEWITZ 


Although a number of men are employed in the search for gem 
minerals and in their mining and cutting in the United States, the 
industry is irregular and of small importance. This country is a 
large. importer of precious and semiprecious stones, receiving annually : 
from foreign nations at least 100 times the domestic output. Like 
nickel, platinum, and tin domestic production is small, but: importa- 
tions are large, yet what is won from the domestic ‘deposits i is varied 
and of good grade. 

This review of gem minerals i is revived ater being omitted: roti the 
Bureau’s annual statistical and economic reports for 12 years. During 
this interim, however, the United States Bureau of Mines: has issued. 
13 publications on precious and semiprecious stones.’ These cover 
the following: Occurrence; mode of prospecting, development, and — 
mining ; identification ; characteristics; ‘grading; production; and do- 
mestic and foreign trade. Each paper has a.short, selected list of 
references. Readers are referred to these publications for many 
details that cannot be given here. - 

A precious stone is-one that has high commercial value because of 
its beauty, rarity, and permanence. Strictly, the trade regards only” | 
the diamond, emerald, opal, pearl, ruby, and sapphire as precious. A 
semiprecious stone is one that is precious to a lesser degree. This 
class includes agate, beryl, coral, feldspar gems, fossil wood, garnet, 
jade, jasper, jet, malachite, quartz gems (as amethyst, hiddenite, : and 
-kunzite),: ‘serpentine, topaz, tourmaline, turquoise, zircon, and many 
others.. In its mineral museum at Washington, D.C., the Bureau of 
Mines has a small. collection of the stones mentioned and a few others 

of interest. Many specimens can be seen at the National Museum. 

Most of the precious and semiprecious stones make desirable gems 
when properly cut and mounted as jewelry or in the form of other 
ornaments. Furthermore, investment in stones of high value has 
been an age-old method of storing wealth. It has been estimated 
that the diamonds alone owned by the people of the United States 
represent resources of 4 billion dollars or more. While gold and cur- 
rency bow to the rules of prevailing monetary systems, reserves of 
_ gems usually are untouched and have a cash value for those who need 
money. 

Production.— Although reliable production figures are asailuble for 
most foreign countries there has been little attempt to collect them for 
the United States since 1923. From 1880 to 1924 the output of crude 
precious and semiprecious stones (largely the latter) in the United 
States was valued at $9,800,000. The value of the production was 
highest in 1909 ($534, 000) and lowest in 1923 ($60,000). The value 
of the output has ranged as follows: 1886-92, $119,000 to $312,000 a 
year; 1897-1909, $130,000 to $534,000 a year; 1911- 19, $344, 000 to 
$112,000 a year. In 1921 the value of the production was $518, 000. 


- 4 For a list of these publications see Bibliography on p. 806, 799 
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‘The production of sapphires in Montana has contributed the greater 
part of the value of the domestic gem output. In 1920 the value 


of gem stones produced in the United States was $265,000, of which _ 


- $223,000 represented the value of Montana’s production. Six States 


reported values of several thousand dollars each, and production in 15 © oe 


States totaled only a few thousand dollars worth of various stones. 
In all, about 50 varieties of gem stones were reported. m | 
| Occurrence.—In the past Alaska has yielded garnet; Arizona, agate, 
_ copper-ore gems. (azurite, malachite, and chrysocolla), garnet, jasper, 
_ obsidian, opal, peridot, and turquoise; Arkansas, diamond, the largest 
being 11, 17.85, and 40.2 carats (the last was found in ‘the spring of - 
1924); California ($27,000 in 1929, mostly quartz), beryl, diamond, 


epidote, kunzite, lapis lazuli, obsidian, quartz, rhodanite, spodumene, 
topaz, tourmaline, and vesuvianite; Colorado, amazon stone, aqua- = 
_- Marine, calamine, fluorite, garnet, hematite, opal, pyrite, quartz, —  ~ 


satinspar, topaz, and turquoise; Hawaii, peridot in decomposed lava; — 
Maine, amethyst, beryl, garnet, rock crystal, topaz, and tourmaline; . 
Montana, agate (moss), chalcedony, garnet, iceland spar, sapphire, 


and topaz; Nevada, opal, turquoise, and variscite; New Mexico, tur- 


quoise; New York, garnet; North Carolina, corundum gems, diamond, 
garnet, zircon, and others; South Carolina, beryl; Texas, agate, opal, 
and topaz; and Utah, topaz, variscite, or utablite. = Ever 

- MARKETING CONDITIONS — Rr 

The marketing of precious stones differs from that of most other 
- materials.’ First, -their value denotes wealth in exceedingly small - 
~ bulk. Secondly, there is a wonderful variety of precious stones, found 
over a wide territory and obtained with difficulty, hence the supply is 
uncertain. After the stones are found, the actual marketing processes 
depend largely on the special methods of treatment and preparation 
suitable to the fashions of the time. Ete 

For the past 3 years the trend in prices for all gems and precious cut 
stones has been steadily downward. According to-a close observer of 
the trade, prices were at their lowest ebb during February 1933. The 
drop in values was reported as a reaction to falling sales. Jewelry 
was not in demand, and dealers and many private owners found it 
necessary to dispose of their stones. Since March 1933 much of this 
distress merchandise has been absorbed, and there appears to have 
been a slight improvement in prices. 

Jewelry manufacturing —According to a report of the United States 
Bureau of the Census issued in November 1932, the value of jewelry 
produced in 1931 decreased 52 percent compared with its value in 
1929. For the purposes of the census the jewelry industry embraces 
the manufacture of articles of precious and semiprecious metals (some 
plated) as well as the fabrication of articles for personal adornment, 
such as those requiring gems. As the latter represent considerably 
higher individual values than most other forms of jewelry stock the 
effect of the depression on sales of these higher-priced goods probably 
was more severe than is indicated by the average census figure. 

The Jewelers’ Circular for March 1933 states that despite the cur- 
tailment in buying there is a decided trend toward marked individu- 
ality in jewelry styles for 1933 that will distinguish the new styles 
from those of former years. The decided changes in dress and sil- 


+ Spurr, J. E., and Wormser, F. E., The Marketing of Metals and Minerals (cha ter by G. F. Kunz): 
McGraw-Hill Book Co., New York, 1925, pp. 338-362. fchaP : : 
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houette and in political, social, and economic conditions have been 


factors in this trend. The bizarre French creations in precious stones _ 


and platinum mountings have little sale in the United States. 
Artificial. “precious” stones.—Synthetic rubies, sapphires, and spin- 
els now are made in large numbers. Patents have been granted in 


the United States and Europe for the manufacture of artificial stones _ 


and for the surfacing of others. The basis of the synthetic stones is 
~ alumina and the coating is fused borax. The substance of nearly 
every species of transparent gem is essentially colorless, the color 
‘being produced by small proportions of impurity. 'The methods by 
which these stones are made and the technique for distinguishing 
them from natural stones is well known.’ In 1932 German cutters 
and dealers arranged with a joint sales organization of synthetic jewel 


manufacturers in Germany, Switzerland, and France to handle the | 


_ marketing of their artificial gem products. 


Industrial diamonds.—The diamond is the important industrial 


| gem stone, and its use is growing. In the United States there are 


about 40 dealers in industrial diamonds, and imports are increasing. 
Sales in 1932, however, were subnormal, but large stocks have not 
accumulated. | pe Ss ao ae 

Two types of diamonds aré used industrially, borts (diamonds of 
the gem variety but unfit for cutting into gems) and carbons or black 
diamonds. Borts are used for cutting and drilling glass and porce- 
lain, for fine engraving and drilling tools, for turning tools, and for 
bearings in watches and meters. Pulverized borts are used for cut- 
ting and polishing diamonds and other precious stones. Carbons or 
black diamonds are used mainly in diamond drills, for trumg abra- 


sive wheels, for wire-drawing dies, and for stone saws. Competition 


from tungsten carbide and other superhard materials has reduced the 
use of diamonds for wire-drawing and extruding dies for fine copper 


wire. - | PO eee | | 4 
Prior to 1928 the world demand for diamonds for drilling purposes 
was exceeding production. Those from Brazil ranked first for the 
purpose. In that year African diamonds were sent for trial to the — 
‘United States. As only one lot proved to be suitable subsequent: 


. shipments were subjected to special tests before they were imported. 
The African stones are alike in appearance and size and weigh one 
twentieth to one third carat. As many as 56 of them can be set in 


a drill crown, a larger number than is usual with Brazilian borts. © 


_ The African ‘stones are cheaper than those from Brazil, and their 
drilling performance is satisfactory.‘ at. | | 

Two publications of the United States Bureau of Mines give addi- 
tional information on diamond drilling in ore formations and petro- 
leum-bearing strata.5 The report by Hansen describes the types of 
diamonds used and the setter’s work, illustrates bit and reamer set- 
tings, tabulates the loss of diamonds per foot of drilling, and gives 
the cost of drilling. The mining company concerned has done 258,000 
feet of drilling in schist, diorite, jasper, and other rock in 23 years, 
and in the period 1917-31 carbons cost 40 cents per foot drilled, or 22 
percent of the total drilling cost. : 


3 Wade, F. B., The Manufacturing Jeweler, Oct. 8, 1931. 
= Hanis, oN African Borts Attain Increasing Use in Diamond Drilling: Eng. and Min. Jour. vol., 131 
» pp. st 
& Hansen, M. G., Diamond Drilling at the United Verde: Inf. Circ. 6708, Bureau of Mines, 1933, 18 pp. 
Edson, F. A., Diamond Drilling with Especial Reference to Oil-Field Prospecting and Development; 
Bull. 243, Bureau of Mines, 1926, 170 pp. 
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Taxes.—Another condition that must be considered in the market- 
ing of gem stones is the extent to which such goods are affected by | 
general taxes levied upon: both dealers and purchasers. Section 605 
of the Revenue Act of 1932 specifies the taxes payable on diamonds 
and mountings. by retail jewelers and customers and should be’ 
consulted by those interested. — : yes am 


- IMPORTS AND DOMESTIC TARIFF 


-Diamonds represent 93 percent of the gem imports into the United’ - 
States.  In.1932 the United States purchased 65 to 70 percent of the © 

world output compared with 75 to 80 percent.in 1930. ‘The value _ 
‘of. diamond importations since 1913 totals nearly $700,000,000- 


* 


Gem stones imported since 1922 are valued as follows: 


Value of gem stones imported into the United States, 1922-82 ee 


Year : Value ; Year _| Walue |[t. Year. Value | Year, Value. ; os 
1922. ______..1865, 615, 937 |] 1995. ._..._-|s73, 915, 422 |] 1928....____ $67, 964, 278 || 1931.....__. $21,126, 319. 
19%3_...- 74, 147, 807 || 1926... 78, 200, 971 || 1929-----""_|'75, 317, 358 || 1932. -----.-|, 12°71, 001 


* 19%, .-------) 71, 263, 730 |} 1927... 2.2. 64, 949, 943 1/1930... ... -| 38, 641, 693 


Gem stones imported into the United States, by classes, 1929-32 eat 


1932 
Class . 
’ Diamonds: 

Rough or uncut_._.._-.-.--. 8. , 153/$1, 512, 959 

Cut but unset..-.2.20 9, 291}182, 991) 7, 816, 297 

Bort and dust_..-_2_.-....22.__| 4,567] 89,3631. 7) ee Pee 

Glaziers’, engravers’, etc__-_._- 163, 704). 1, 061, 823 
Other precious stones, rough or ; 

Uncut .----.-.~-----~-~---------|-------| 217, 759|..-.-__| 90, 357|__--.-_| 106, 127|_______ 42, 080 
Pearls, not strung or set__._.....|--_-__ 10, 345, 420|___-___| 2, 648, 0421____.__| 1, 281, o19|.. 2. 552, 908 
Other precious and semiprecious 

stones, cut but not set__.....-_-}..----_|...-----_} 11, 661, 593}_._._._] 1, 200, 155]_-_._.__ 532, 450 
Agate, unmanufactured_pounds_-_| 11, 255: 1, 342 ) | (eee) ea erceacetee ey IRAN OL | eens eee 


cut but not set___ 2.22222} 5, 327, 839]... 853, 625]____.-_|-------- |---| eee 
1,859) ~ 1981 1,254 393] 1,779 272 


Cut or faceted_-__..-..-------_-]_-_o 3, 772, 811]. 1, 697, 092|.._____| 1, 454, 679}... 897,013 
Not.cut or faceted, mounted or 
unmounted....-.-----------.-].-..---| 58, 316{__..._.| 51, 980/._.....| 66, 490|_..____ 43, 847 
Imitation of opaque stones, not 
BCeleG .._---.--.--~--~---~---}|----- Lee]! 26, 865]. 7, 7401 5, 137 
Half pearls and bottom or filled 
pearls partly pierced...____..|.--...-| 68, 655|.......| 25,9411... | az gah 9, 426 


mounted._......-------.-2.22}_. 30, 015]_--_-_ 1 28, 409)... ff 
Solid pearls (n.e.s)_-.....-._-.-].-_.__-|__......-_|__.____ 21, 569}_-- 3, 425]__ 1, 367 
meralds: 
Rough or uncut___.__.____. ----}| 2,304 17, 168} 18, 312 72, 240/170, 876} 270, 384 14, 830 11, 625 
Cut but not set._______.. 25, 433} 2, 452, 585} 11, 244) 1, 053, 694 4,242} 182,350) 1,345 63, 441 
Marcasite: 
Real. - --------------eewennnn--[on-nen-|--a--esencfeewnnee| 90, 2641..-_...] 68 ane 105, 037 
Imitation. .-.---.-_. 2-222 -2| eee [eee [eee -| 17, 2480] ga’ gat 50, 867 
Iridescent solid pearls......_-_-2_|--22222[2-2o 222i Fagg 528 


1 Jan._June 17, 1930. Change in tariff June 22. # June 22-Dec. 31, 1930. 3 First importation. 


Importations by classes for 1929-82 are given in the following table: 
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_ Tariff on ger stones. —The. rates of duty on gem stones imported 
into the United States are as follows, according to schedule A, “Statis- 
tical Classification of Imports into the United States,” Bureau of 
Foreign and Domestic Commerce, effective January 1, 1933: 


Tariff on gem stones 
Class é. 


Diamonds: moe: _ Rate of duty, percent 
Rough or uncut_.--- ies ro So res yh re ete ee Ate da Free 
Cut but not set, suitable for jewelry_..-------- (Jom maa ot ae ~ 10 
Glaziers’ and engravers’, unset, miners’ -__-.- ~~~ -- aca weres oes - Free . 
_ Pearls and: parts, not strung or set_------- ea pee eee am esee 10 
‘Emeralds, rough or uncut______-_---1----------- CeucelGe Jem ees Free 
Other precious and semiprecious stones, rough or uncut...---------- Free. 
Emeralds; cut but not set_____-.2..-.-_.-.---------------------- 10 
Other precious and semiprecious stones, cut but not set...---------- 10 
Imitation precious stones, not. cut or faceted, and imitation semipre- 
cious stones, not faceted__._--.----------- bade aastas SEE RS eT ANE 60 
Imitation precious stones, cut or faceted, and imitation semiprecious: 
~ stones, faceted. -_....-.-------------- Sa ee ee eS 20 


Imitation pearls, according to make and size._....._-.------------- 40 to 90 
Mareasites (‘‘sulphur diamonds”’): a yee Se = sary aa 
Real -__.—- ewan eee ae ag aria ace hae Atos Soo ca kt ke: 20 —— 


FOREIGN PRODUCTION 


~ According to Meisner (see Bibliography), 92 percent of the World 
production of precious stones from 1870 to 1925 was diamonds, 3 
percent rubies and sapphires, 2.5 percent emeralds, 0.75 percent each 
opals and amber, and the remaining 1 percent all other gems com- 
bined. South Africa was the most important producer throughout 
the period due to the preponderance of its diainond output. The 
following table, summarized from Meisner’s study, indicates the effect 
‘on production for 1913-26 of the World War, the business recession of 
1920-21, and the rise of such producers as the Belgian Congo, Gold 
Coast, and British Guiana.’ te Se Ok | a 


World diamond production, 1913-26 } 


1913_........ 6, 750, 000 || 1917_...-.. -| 3,400, 000 |] 1921_....... 1, 500, 000 || 1925.......- 4, 250, 000 
1914_...-.---| 4, 230, 000 || 1918_.--_-- 3, 140, 000 || 1922. ----__- 1, 435, 000 |) 1926__.._._- 5, 000, 000 
1915..-------| 185,000 || 1919_--_-._. 3, 402, 000 || 1923. .__-_.. 3, 605, 000 
1916_.-----_- 2, 650,000 |] 1920..------] 3,615,000 |] 1924________ 3, 840, 000 |] 


1 The total carats listed for the period are equivalent to 10} short tons. 
182217—33——52 ; 
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Meisner also gives the estimated World production of precious and | ee 


' semiprecious stones 


(theoretical) for a normal or average year as 


follows: eet ee tb re 
: World production of gem stones in a normal year 
= Value | Percent ; Value | Percent 
Class (marks !) | of total Che (marks ') | of total — 
Diamond__.------------------ 85.0 || Agate.....-.-_-- midst cul atlal, B00, 
Sapphire = 22-2 oe os Garnet.__----222 eee ll 280, | 
RUDY oo2 oe eee cee eee Spinel.._..-_----- 2. ee Usb se a 85, 
Emerald__..------------------ Olvine (parided)” devteuctsoec St, 
‘Turquoise. ...-.-...---.-.--- ivine (peridot)....-:.--.-.- , 
Opal feo de eles || Rose quartz..._.2.-2.--_-_- — 50, 
spo hacia seenwescscene's sone Spied (calcite). .-.-.-.--_- ca 
is-lazuli_......---.--.----- constone. ....-..-_ newbs , 
ts ; — Others__-..---.22-------2-<-.-| 400, 
~~ Total precious_-_-.-.-.. 89.0 |} ee 
an —<— ; Total semiprecious-- ._- 
Tadeo oe _ Art jewels (possibly artificial) . 
- Rock erystal (quartz)_..--...- Ooral: 222220. oS ook eee 
“‘Tourmaline._._..--.--_---=--- Pearl. -_--.--------.-..-_._--| 20, 000, 
Amethyst. --.-------2--2..-.- BP _—___—— 
Beryl: 20s es eee Se Grand total_..-.--.---- ‘ia 310, 000 


1 ‘The mark as used in this calculation represents about 24 cents. On this basis the grand total is there- - 


fore estimated to be roughly $90,000,000. 


__ According to Sydney H. Ball*® the world output of diamonds — 

in 1932 declined 15 percent in weight and 49 percent in value compared _ 
with that in 1931. Of the 1932 production underground mines — 
_ accounted for 5.4 percent of the total weight and 10 percent of the 
total, value, the remainder being produced from alluvial workings. 
The estimated production. in 1932 is shown in the following table: 


Estimated world diamond production in 1982, in carats 


Under- 


oe a Alluvial Alluvial — 
Country ground . Country ground . 
: pane snines | Zines mines | “nes 

South Africa____.___-..--__-____ 327, 476 481, 040 || Brazil. ._.- 2.222222 fee 20, 000 
Belgian Congo._..-_..._...-.--|.-.------ 3, 541, 500 || Borneo, Australia, French 

Angola... ..-.----- euler eel! eS 5, 000 Congo, Venezuela, India, 

South-West. Africa.........-..-|-----__-- 68, 000 Tanganyika........ ee ohciees |i tue. kens 11, 300 
Gold Coast_._..._...__-.-_-2--_|----____- 1, 126, 100 |__| —_____—_ 
British Guiana___..._.....--.-]--------- 80, 327, 476 |15, 702, 940 

1 Roughly equivalent to 134 short tons. 


AFRICA 


Gold Coast—-All diamonds exported from the Gold Coast are sent 
to England. The total shipments for 1932 declined below those in 
1931, the year of record shipment (880,479 carats). The value of 
the stones exported in 1931 was not as great as that of the 861,119 
carats exported in 1930. The industry has made remarkable growth 
in the past decade; exports were 102 carats 12 years ago. Diamond 
recovery from the gravels and clays in Gold Coast Colony is described 
by E. D. Candlish in The Mining Magazine for June 1931, pages 
333-342. These diamonds are found over a wide area, are small 
(many of them being 0.1 to 0.5 carat), but are of good quality. 

South Africa—The African diamond industry for the first half of 
1932 was reviewed in The South African Mining and Engineering 


ig: Ball, Sydney H., The Diamond Review ior 1932: Nat. Jewelers’ Publicity Assoc., Newark, N.J., 1933 
Pp. 
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Journal (Dec. 31, 1932, pp. 289, 291-292). In this review it is . 
estimated that the value of production during 1932 decreased 58 
percent for mined diamonds and 43 percent for alluvial stones. ‘The 
highest output from the underground mines, valued at £12,290,000, 
was reported in 1920 and from the alluvial mines, £11, 062, 000, in 
1928. The respective figures in 1931 were £2,244, 000 and £1 937, 000. 
During the 2% years ended December 31, 1932, all diarnonds produced | 
amounted to:5,829,248 carats, but only 60 percent of these stones were — 
sold; this excess of production over sales has been a feature of the 
diamond market for sometime past. The increased supplies have 
been due partly to new developments such as the astonishing expan- 
sion in alluvial production since the Lichtenburg discoveries in 1926 
and later operations on the Namaqualand coast. 
Except in State properties and alluvial mines all production in 
South Africa has ceased. Producers outside of the Union, including 
Belgian Congo, have curtailed production and deliveries of diamonds. 
The Government of South Africa cooperated in this contingency. 
The Diamond Corporation succeeded the Old Diamond Syndicate of 
London and is the sole outlet for South African diamonds. It has 
adopted a standard assortment and fixed standard prices in gold. 
_ Effort has been made toward better stabilization in the industry, and 
in October 1932, according to the Jewelers’ Circular for December 
.1932, the London diamond ‘trade was optimistic; prices and. sales 
advanced, and there was a scarcity of many small sizes 5 and qualities. 
‘The Netherlands market also improved. : 


SOUTH AMERICA 


Brazil A adstaal diamonds (carbons) account for: abode nine 


tenths of all diamonds shipped from Brazil. The; price of these stones 


increased steadily for the period 1922-29, after which users in the 
United States began to substitute other materials. As a result of 
falling demand there has been a decided decline in the mining of 
precious and industrial diamonds in Brazil. Diamond exports in 
1930 were valued at $432,729 compared with $1,112,000 in 1929, 
$484,000 in 1928, $145,000 in 1927, and $391,000 in 1926. Carbonados 
exported. were 20, 925 carats in 1928, 24 608 carats in 1927, and 
21,313 carats in 1926. The. value of exports averaged about $62 
a carat. ° 

Colombia.—According to P. W. Ranier and others,’ the Chivor 
emerald field is on the eastern slope of the Andes, Colombia, at an 
altitude of 8,000 feet. The emeralds occur irregularly in "3-inch 
veins in a thick bed of shales and are picked out by hand after the 
veins have been exposed. The emeralds are classified according to 
colors, ranging from color 1, the darkest green, to color 5, a very 
pale green. <A very dark green emerald may bring hundreds of dollars 
a carat, whereas a very pale green stone of 5 carats may bring only $5. 
Colors 2 and 3 sell for good prices. Few emeralds have color 1, a 
fifth have color 5, a quarter each have colors 3 and 4, and a tenth 
have color 2. Europe and India are good markets for emeralds of 
the cheaper quality and lighter colors; the United States is the best 
market for the fine stones. 


7 Ranier, P. W., and others, tek Chivor- Somondoco Emerald Mines of Colombia: Tech. Pub. 258, Am. 
Inst. Min. and Met. Eng., 1930, 21 
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‘AUSTRALIA 


eNeotnite figures on precious stones proditéed | in t Australias are aiff 


cult: to obtain according to'the Official Year Book of the Common- _ Sa 


wealth of Australia. Most of the diamonds come from certain gold __ 
gravels of New South Wales. This State also is the most important _ 
opal producer of the world. During 1928 three fire opals were found — 


which weighed 790, 590, and 232 carats, respectively. Queensland is = s 
the largest producer of sapphires. - The tin gravels of Tasmania yield oe 


small isep PENS but these are scarcely worth Porovering 
| _ EUROPE 


 Russia.—The precious aad ornamental stones of. Rossin’ are re- 
viewed ‘by Lavrov. The Ural, Transbaikalia,. Altai, ane ‘other — 
; chstrigts produce gems and ornamental stones. tah Nore 
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By Sypney H. Batu 
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Precious and semiprecious stones include minerals used primarily 
for personal adornment and decorative purposes. To be so prized the 
stones must possess beauty of color and “fire” or play of colors, 
must not be too common, and must be hard enough to withstand 
ordinary wear. Among the less regal members of the group, fashion 
may temporarily determine the popularity of a gemstone. The 
quality of hardness also accounts for the many industrial uses of 
the diamond and, to a less extent, the ruby and sapphire. 

Almost 100 mineral substances have been used for decorative pur- 


ann pr 
semiprecious stones, the diamond, the emerald, the ruby, and the 
sapphire are usually included in the former and frequently, by courtesy, 
an organic substance, the pearl. These gems, however, are sometimes 
equaled in beauty by exceptionally fine opals, aquamarines, tour- 
malines, spinels, chrysoberyls (including cat’s eye and alexandrite), 
and spodumenes (hiddenite and kunzite). 

The diamond industry is much more highly organized. than that of 
any other precious stone, and the diamond output represents almost 
95 percent of the world’s gem production. | 

Production in the United States —For well over 2,000 years gem 
mining has been a minor industry in America as the American Indian, 
no less than his white successor, was an admirer of gems. The 
industry, however, has never been an important one in the United 
States. Statistics are not at hand for recent years, but from 1880 to 
1924 the American production was valued at $9,800,000, a yearly 
average of $223,000 with a maximum of $534,000 in 1909 and a mini- 
mum of $60,000 in 1923. In 1933 the value of the production was 
probably under $20,000 and consisted largely of rose quartz from South 
Dakota, agatized wood from Arizona, a small quantity of turquoise 
from the Southwest, a few sapphires and agate for the tourist trade 
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from Montana, amazonstone from Colorado, and a little rose quartz 
from California. 

Virtually all of the known precious and semiprecious stones have 
been found in the United States, but important deposits are unusual. 
Among the more notable American occurrences responsible for a 
certain production are sapphires in Montana, diamonds in Arkansas, 
tourmalines in Maine and California, hiddenite in North Carolina, 
kunzite in California, amazonstone in Colorado, rose quartz in South 
Dakota and California, and turquoise in New Mexico, Arizona, and 
Nevada. The Montana sapphire mines have been responsible for 


the major part of this country’s production, the gems being used | 


partly in jewelry but largely industrially as watch jewels. 

- Trade in precious stones in 19838.—The year 1933 was slack in the 
precious-stone industry due to the world-wide depression and the 
shifting of currency values and high tariffs. On the whole, however, 
employment was better in 1933 than in 1932, and the sales trend is 
upward. In America, jewelry sales, judging from the excise tax from 
July 1, 1933 to March 31, 1934, were $37,239,917, a 57-percent in- 
crease over the corresponding period of 1932-33. 

_ Imports and doméstic tariff—Imports of precious stones into the 
‘United States in 1933 were as follows: 


Diamonds: | ; Value 
Rough, uncut, 31,595 carats._._._._.------------ Rede tat Boke ss tt $1, 662, 224 
Cut, but not set, 178,937 carats____.______-__-_-------------- 8, 360, 283 
Glaziers’, engravers’, and miners’, not set, 260,784 carats__-__--- 1, 249, 200 

Pearls and parts, not strung or set__------- eae ta ce inate 776, 141 

Other precious stones: 

Rough, uncut......------------ jabs Coit) ear ttl) Goh Se San en 2 76, 038 
Cut, but NOt Betas hice eh do ail Ge erga Bot Ree oe 644, 475 

Imitation precious stones, except opaque_____------------------- 932, 189 

Imitation precious and semiprecious stones, opaque, including imita- 

TOU: Dears. Dee hese eh a eet a ee eS 11, 487 

Marcasites cc. 2n ticle eileen oe sae hanG eee SueGee tesa eee 39, 884 


The rate of duty on various types of gems and their imitations 
remains the same as that given in Minerals Yearbook, 1932-33, page. 
803. 

Codes under the NRA—The jewelry industry is now operating under 
a number of codes; for instance, the diamond dealers and the diamond 
cutters each have their own codes. The Code of Fair Competition for 
the Precious Jewelry Producing Industry has rather drastic articles 
as to trade terminology, fair practices as to advertising, marketing, 
and sales terms. The definition of certain terms relating to precious 
stones in the Code of Fair Competition for the Retail Jewelry Trade 
is particularly interesting; the code forbids auctions except in case of 
dire necessity or for legitimate liquidation. 

American jewelry tax.—The Federal 10-percent tax continued 
throughout 1933; it has netted the Government little revenue—only 
$3,068,494 was collected in 1932. There are indications that the tax 
is a difficult one to administer and that its effects are felt sharply by 
the jewelry business in the United States in which 1,261 houses failed 
in 1932 with liabilities of $35,627,308. 

Resolutions of Fourth International Jewelers Congress, Rome, May 
1983.—The congress, among other resolutions, refused to adopt the 
definitions of ‘‘perfect”’, ‘“‘blue white”, ‘‘commercial white”, and 
other terms used by American diamond dealers; all diamonds are to 
be weighed in metric carats. 
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Synthetic and imitation stones must be offered and invoiced as 
such, and the words “‘synthetic”’ and “imitation” must be written in 
the same character as the name of the stone involved. 

The congress also adopted certain definitions for various precious 
stones, eliminating the use of the word ‘‘olivine’”’ for members of the 
chrysolite family and confining its use to the green garnet, uvarovite; 
also an identification service for diamonds, pearls, and precious stones 
will be fostered by the congress, | 

DIAMOND 

All indexes of the diamond industry improved in 1933 compared to 
those of 1932. Among favorable factors were a curtailed production; 
_ aslight decrease in world stocks; better prices for rough and cut goods: 

larger sales of rough and cut goods, as indicated by increased American 
imports, and higher stock-market valuation of shares with several 
companies returning to the dividend list. The improvement is 
tangible, but the industry can only improve markedly provided 
prosperity returns to America, which normally should absorb over 
75 percent, in value, of the world’s diamonds. | | 

The known reserves of diamonds are not excessive, being of the 
order of those of gold, zinc, and lead rather than of copper or coal. 
During the year no discoveries of importance were made, and as the . 
world becomes better known, the possibility of finding new fields of 
importance that might greatly disturb the market becomes progres- 
sively less. The centralization and unification of the industry con- 
tinued in 1933, and hereafter the production of the Government- 
owned South African mines is to be sold through the Diamond 
Corporation (see p. 1087). 

The low price of small stones during the past 2 years has led many 
to become ‘‘diamond conscious” for the first. time, and at some future 
date ideas of size, quality, and cut will improve to the benefit of the 
industry. As some small measure of prosperity returns it is expected 


that many will be disposed to satisfy their long-deferred desire for 
luxuries. 

Share dealongs —Except in June and July, when sales were relatively 
large, 1933 was a year of small dealings in diamond-mining shares. 
This was due to continental buying, where such shares have always 
been popular. The appreciable advance of January was lost in Febru- 
ary; from March to June prices rose; they receded in July, gained in 
August and September, and suffered a slight loss in the final quarter 
of the year. Diamond shares gained about 32 percent in price during 
the year. Five selected stocks at the end of the year were about 33 
percent of the all-time high (1927) and 363 percent of the all-time low 
(June 1932). Of the 13 principal diamond-mining companies, 8 are 
paying dividends. 

Market—Some 95 percent of the output of the world’s diamond 
mines is sold to the Diamond Corporation of London, and it in turn 
sells to brokers and larger cutters. In 1933, as usual, the corporation 
only put on the market such quantities of rough stones as could be 
readily absorbed and refrained from selling for several extended periods 
in the year. The corporation continued to assist in coordinating pro- 
duction with demand and in determining the quotas of each producer, 
also to lead in other matters pertaining to the good of the industry. 
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It further held itself ready to take off the market the production of the 
few independent producers still operating, provided this seemed — 
desirable. When England, South Africa, and the United States went — 
off the gold standard the corporation raised the price of diamonds, 
_ produced under the gold standard, in the currencies of those countries 
commensurately. When South Africa went off the gold standard the 
corporation, fearing the price structure might be injured by alluvial 
diamonds produced at depreciated currency costs, instructed its buyers — 
to purchase alluvial stones at rates obtaining when South Africa was 
on the gold standard. In June the corporation decided to sort Congo 
goods in the same way as South African. Few sales agencies know 
their products better or handle their sales more astutely than the 
Diamond Corporation. 

In 1933 the corporation’s sales of rough stones, while by no means 
noteworthy, were appreciably greater than those in 1932. In January, 
June, July, and October sales were large, most of the other months 
being quiet. Prices were firm throughout the year, and the price of 
large, rough. stones was increased 20 percent in June with a slight 
increase in the smaller sizes. | 

World sales of cut goods were relatively satisfactory and doubled 
those in 1932, due partly to spurts of investment buying in America, 
Germany, and France, as confidence in the currencies was temporarily 
lost. In January and February sales were satisfactory, and June to 
October were good months. In May the price of large stones was 
increased 20 percent and that of smaller stones raised, although late in 
the year the price of the latter dropped somewhat. | 

Tn 1933 investment buying was large due to disturbances in currency 
values, for in times of financial stress, as in those of revolution, dia- 
monds, particularly fine stones, are among the commodities purchased 
to obviate loss through currency inflation. In the Paris “Vu’”’, 
Lewisohn in listing the world’s richest men emphasizes the relatively 
small losses sustained in the past few years by the leading Indian 
princes, who have always kept a substantial part of their fortunes in 
gold and precious stones, compared to the heavy losses sustained by 
western financial leaders with fortunes in stocks and bonds. 

From July to the end of the year fear for stability of the dollar 
caused some Americans to purchase diamonds. The purchasers were 
favorably impressed by the unified control of production and sales in 
the industry, the relative stability of diamond prices during the panic, 
and the expectation of price appreciation provided currency deprecia- 
tion took place. It may be that the substantial prices received for 
diamonds by friends forced to liquidate during the panic, as opposed 
to the smaller salvage value of other luxuries, also influenced pur- 
chasers. Provided the original purchase was made a decade ago (see 
fig. 106), the owner doubtless even profited by the distress sale. The 
diamond is a commodity largely immune to the fatal consequences of 
currency fluctuations, and the portability of the stones and their ready 
translation into cash in any market likewise are important considera- 
tions. 

Investment buying in France became apparent in February and 
continued throughout the year. Investment buying also occurred in 
England during the summer. Such buying in America, France, Ger- 
many, Hungary, and England partly caused the shortage of fine goods, 
and price advances. It is reported that the Jewish emigrés from Ger- 
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many during the past year were not permitted to take gold out of the 

country ; however, many had converted their fortunes into diamonds 
and were thus able to leave with part of their capital to start anew in 
other lands. | . 

As already mentioned, the low price of small stones during the past 
2 years has led to diamond consciousness; at some future date ideas 
of size, quality, and cut will improve, to the benefit of the industry. 
Moreover, many young people who have become engaged during the 
past 4 years have deferred purchasing an engagement ring until more = - -—— 
prosperous times, and eventually the diamond merchant will benefit. g28 
With repeal, dining out is becoming more prevalent in the United 
States and with it the more frequent use of formal gowns and jewelry. 

Stocks —A year ago the writer estimated that the total diamond 
stocks held by the Diamond Corporation of London, the South African 
producers including the Government, producers in other countries, 
and the cutters in Antwerp and Amsterdam were worth about 
$100,000,000. It is believed that in 1933 about as many rough 
diamonds were sold as were produced and that the stock on January 

1, 1934, is no greater in carats than it was a year ago; due to higher 
prices, however, the value has probably increased. Sales by the cor- 
poration are not made public, but in 1933 they are understood to have 
exceeded £2,000,000, a higher value than that for 1932, which in turn 
showed a gain over 1931. 

Jn Antwerp and Amsterdam, American buyers found an unusually 
restricted assortment of cut goods; indeed, from time to time through- 
out the year there were shortages in certain lines. In the United 
States retail stocks continued very low; the same is true of stocks of 
the American importer and wholesaler. The British retailer likewise 
carried barely enough stock to transact business, as did retailers in 
other centers such as Budapest, Paris, and Rome. In 1933, therefore, 
world diamond stocks, including those of the corporation and those in 


jewelers’ hands, decreased. ae 
3 months of the year. In May good cut stones of 3 carats or more 
increased 20 percent in price, which, of course, reacted favorably upon 
the price of rough stones. In May “seconds” sold by the New York 
loan societies brought surprisingly good prices, a condition noted in 
London in March and April. 

In consequence of the price advances noted and the depreciation of 
the dollar American buyers arriving in Europe in the summer found 
prices in American currency 50 to 70 percent above those in May. 
Such prices curtailed American buying but tended to mark up stones 
in stock in America. In America the recent low of diamond prices 
was reached in June 1932 and extended to March 1933. A fine 
1-carat brilliant, which in 1928-29 sold for $750, in the period of low 
prices brought only $500; the price by September 1933, however, had 
increased to about $650. Figure 106 shows the price of a 1-carat cut 
stone of good quality from 1550 A.D. to date. | 

Century of Progress diamond exhibit.—The industry's exhibit. was 
one of the major attractions at the Chicago Century of Progress; wide 
interest was shown in the diamond mine, the grease tables and the 
diamond-cutting exhibit, the diorama of the Kimberley opencut, and 
the painting of a Congo mine. Among the fine gems shown were the 
Tiffany Yellow and the beautiful Maximilian diamond; there was also 
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a rather complete assortment of rough gems. These stones were 
protected by the latest type of automatically controlled safes, tear 
gas, electric eye and burglar-proof glass, and heavily armed guards. 
The exhibit of the use of industrial gems was unusually complete. | 
Imports into the United States —In 1933 diamonds, cut and uncut 
accounted for a little over 80 percent of the imports of all precious 
stones, pearls, and imitation precious stones; if the imitation stones 
_ are excluded diamonds accounted for 87 percent of the total imports. 


Diamonds imported into the United States in 1 933, by countries 


Rough or uncut Cut, but not set 


: Value Value 
Carats Value per | Carats Value per 

carat | carat 
| 
Belgium. _..-.-.-..--.....-..----2--- 10, 432 $591, 866 | $56.73 |131, 942 | $5, 887,244 | $44. 62 
. Brazil... 2. i eose ewes wens deel tt cas 471 1, MeL Oe e oo oe ee ee S 
British Guiana____._.__......_._-...._...___. 190 1,900} 10.00°j--..-__]_-2 fe 
Canada-2.- cee oh on Se cca ee Meecacss|odesle elves ees 25 1, 003 40. 12 
NCO on oes sess cue eect edee eos ee ee 478 39, 954 3. 58 
Germany....._......-.........--......-- 105 2,144] 19.46 47 1, 948 41, 45 

Netherlands. _.__.-_....... ae ee 4,196 275, 994 | 61.01 | 45,609 | 2,314, 588 50.75 

Buy itverlanid =o ose ete Sooo toa tou ee galt. ele acs 12 1, 158 96. 50: 
Union of South Africa................-.._..._. 13, 423 704, 278 | 52.47 177 14, 968 84. 56 
nited Kingdom. ___.._....2_2-2.2_2... 2, 015 63,974 |} 31.75 647 99,420 | 153.66 


[nero | etree | eer | treet | yeep eeneeeneeeistiee | ee vee—spenaenereens 


131, 595 | 11, 662,224 | 52.61 |178, 937 8, 360, 283 46. 69 


1 Includes 763 carats valued at $21,068 not distributed by country of origin. 


Total imports of all kinds of goods into the United States in 1933 
were 32.5 percent of the average for 1923-25; the value of diamond 
imports in 1933 was only 18.9 percent of the 1923-25 average and 19.3 
percent of the 1929 value but showed a gain of 107.3 percent over 1932. 

In 1933 Belgium (70.4 percent) and the Netherlands (26.5 percent) 
accounted for 97 percent of the American imports of cut stones. The 
Union of South Africa accounted for 42.5 percent of the rough stones 
imported, and Belgium and the Netherlands accounted for 35.7 and 
16.7 percent, respectively. ; 

The value per carat of cut stones imported into the United States 
reached a peak of $100.07 in 1929. For the succeeding 8 years the 
value per carat fell, due partly to decreases in diamond prices but 
largely to diminished purchasing power in the United States which 
caused Americans to purchase smaller stones of poorer quality. The 
slight increase in the 1933 price over that of 1932 is encouraging. 

Imports of rough diamonds vary greatly from year to year and. 
normally do not depend on good or bad times. The value of imports 
reached their peak in 1926; since then the general tendency has been 
downward. In 1933, however, the value of imports slightly exceeded 
' that in 1932. The high point in quantity of imports was reached in 
1929. The quality of stones imported, as shown by price per carat, 
decreased from 1926 to 1930, picked up appreciably in 1931, fell 
again in 1932, but rose sharply in 1933 when unusually fine rough 
stones were imported. 

As usual, August and September were months of large importation 
due to stocking up for the Christmas trade. 
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Canada is less ‘diamond conscious” than America but imports a 
small quantity of cut diamonds. Imports into Canada, which in 1930 
were valued at $2,014,713, had fallen by 1933 to $331,878. 

Diamond cutting—The world diamond-cutting industry had a 
better year in 1933 than in 1932. Unemployment was less acute, and 
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FIGURE 106.—Trend of diamond quotations, 1550-19383. Data represent the price of a fine 1-carat cut stone. 


the master cutters did better financially, although the profit in cutting 
rough stones was still discouragingly small. However, cutters are 
partly the creators of their own troubles, for as soon as a particular 
cut, size, or grade is in demand all hasten to produce it, and a surplus 
with weakened prices too often results. 
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Employment in Antwerp averaged about 41 percent of the Union’s 
-membership (1932, 27 percent) and in Amsterdam about 27 percent 
(1932, 15 percent). In May, owing to the Nazi anti-Semitic attitude, 
the diamond merchants of Amsterdam and Antwerp, largely Jews, 
refused to send diamonds to Germany for cutting, thus benefiting 
the artisans of their own cities. In midsummer a number of German- 
Jew cutters fled from Germany and settled in Antwerp. | 

Antwerp with 20,000 to 25,000 artisans, Amsterdam with 5,000, and 
Hanau and other German cities with 3,500 to 4,000 are the principal 
cutting centers. Kimberley, Capetown, Johannesburg, New York, 
Paris, London, the Jura Mountains, and Geneva are minor cutting 
centers. There are also a few cutters at Rio de Janeiro and in cities 
of India and Borneo. In 1933 the South African subsidized industry 
continued on its stormy way. As the South African master cutters 
must purchase their rough stone at prices comparable to those paid 
by European cutters hereafter, less 10-percent export tax, their 
advantageous positions will largely disappear. | 

The Comptoir Diamantaire Anversois (capital 30,000,000 francs) 
has been formed to distribute credits better in the Antwerp market. 
The Hollanders likewise have formed a central organization (capital 
6,000,000 guilders) for the purchase of rough stones and the sale of 
polished goods, which is also to subsidize the cutting of small stones. 
In 1933 the Germans set up a syndicate to buy rough stones to make 
_ their trade independent of Antwerp and Amsterdam. 

World production.—The world’s production of diamonds in 1933 — 
was approximately 3,775,000 carats, worth about $14,100,000. 

The following table gives, with the accuracy available statistics 
permit, the diamond production in carats for the past 4 years. 


Production of diamonds by countries, 1 930-33, in carats | 


Country 1930 1931 1932 1933 
South Africa: : 

MOG o nce teed he see bees tee Sec os lessee! 2, 242,460 | 1,470,376 307, 431 14, 149 
AUN Vials che ose ode Mi laced ey oee ew ee 918, 706 647, 044 488, 096 492, 404 
23, 163, 590 |2 2,119,155 | 2 798, 382 506, 553 
ANGOMG e255 fora eat oo ti 329, 823 351, 495 367, 334 3 374, 000 

BBPAGI oe te ck no ee eS ae 115, 000 80, 000 34, 000 (4) 

British Guiana___-.-.----.---------_-_------- ee 110, 042 63, 479 61, 780 4 
CONGO a Sa tse eet a bases 2,519, 300 | 3, 528,200 | 3,990,069 | 3 1,931, 000 
Gold: Coast). 3-265 -5)50 ee esol ce de set 861, 119 479 863, 722 
Sierra Leone... 2222 sen es one sees Leake te |e ee ec ee 749 32, 017 
South-West Africa....-.-_-.-.-..-- 2-22 eee 415, 047 71, 532 17, 944 |_----..-..-- 
Tanganyika. 222222522 siecle ck oo been oe ce 18, 107 7, 790 1, 391 3 1, 250 
Miscellaneous®___..--..-.---------------- eee eee 3, 000 3, 600 3, 725 1, 825 
Grand total._--_._-_-.---.-_--_2_-_-. eee 7, 580, 028 | 7,105,730) 6,117,671 | 73,774, 367 


1In 1933 Rhodesia disappeared as a producer, and Sierra Leone appears for the first time as a producer 
of some importance; Tanganyika Territory is now unimportant. As the South African pipe mines were 
shut down, the year’s production came from the alluvial mines except for about one-fifth of 1 percent pro- 
duced by debris washers (i.e., tailings treatment). 

3 Includes a small quantity of diamonds recovered from tailings re-treatment. 

3 Estimated. 

4 Figures not available. 

5 Exports year ending Mar. 31. : ; : 

6 Includes India, Borneo, New South Wales, and in certain years Venezuela, French Equatorial Africa, 
Arkansas, and Rhodesia. . : 

7 Includes estimates for Brazil and British Guiana. 
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In quantity and value the 1933 production was about 62 percent 
and 81.3 percent, respectively, of that in 1932. The value of the 
1933 output was about one-fifth that of normal years; an unusually » 
large percentage of the production was bort, and material suitable 
for cutting amounted to only about 55 percent of comparable pro- 
duction in 1932. Although the South African pipe mines were shut 
down and most other producers curtailed their production, further 
curtailment appears necessary. Even if world demand increases, 
there is a considerable stock to liquidate. ~~ end oe pl yarn capt 
Diamond producers have been in a, difficult position for the past 
4 years; many companies have closed down, and a few weak ones 
have been liquidated. This has been due partly to loss of sales 
volume but largely to low prices received for the product, companies 
producing finer stones having suffered most. However, prices 
received by producers in 1933 were better than those obtained in 
1932. Further “seconds” appeared on the market from time to 
time; for instance, in February and March 1933 old cut stones from 
Russia reached Paris and Antwerp, although this source must soon 
be exhausted. | ; | 
South African conference.—On May 22, 19383, Patrick Duncan, 
Minister of Mines of the South African Government, Sir Ernest. 
Oppenheimer, and other representatives of the larger South African 
mines began a conference which reached a provisional agreement in 
September, replacing the Inter-Producers’ agreement and the latter’s 
sales agreement with the corporation. Although still unsigned, its © 
articles are now operative. The Union Government, the Administra- 
tor of South-West Africa, the Diamond Corporation, and the prin- 
cipal producers are to form a Diamond Producers’ Association with 
a board composed of 2 representatives of the companies, 1 of the 
Union Government, 1 of the South-West African administration, and 
1 of the Diamond Corporation. Stocks are to be sorted at a single 
office at Kimberley, and sales quotas for each producer, including 
;-as-one-of the ors,_are established. Sales are 


the Government -as-one of the-producers, 4 5 
to be made through The Diamond Trading Co., Ltd., controlled by 
the corporation, including sales to South African cutters (at London 
prices less the export tax). The board, to maintain prices, can 
purchase alluvial goods in the open market. The first shipment 
under the agreement is to be shown in London in March 1934. The 
representatives of the coalition government throughout the negotia- 
tions showed their desire to safeguard the stability of the diamond 
industry. Apparently it is understood that for the time being the 
cutting industry in South Africa is not to be expanded, that few 
new alluvial fields are to be opened to exploitation during the depres- 
sion, and that the Government accepts a quota for its Namaqualand 
mines. The Diamond Corporation, to allay fear that its stock might 
be thrown upon the market, agreed to consider itself a producer 
and like other producers to accept a sales quota. In other words, 
the stock will be liquidated over a period of years. Early in October 
Mr. Havenga, Minister of Finance for the Union, stated that once 
demand improved markedly the Government would forego its Na- 
maqualand quota in favor of the Kimberley, Jagersfontein, and 
Koffiefontein pipe mines. _ 

It is erected that the selling quotas will be as follows: South 
African Government 10 percent, Diamond Corporation 31% percent, 
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De Beers 30 percent, Consolidated South-West Africa 14% percent, 
Jagersfontein 6 percent, Premier 6 percent, and Cape Coast Explora- 
tion 2 percent. . . 
South African production—South Africa in 1933 produced 
506,552.64 carats worth about £1,560,404. This is only 9 percent 
of the 1928 production. Outside of a few gems recovered from 
mine tailings (14,149 carats valued at £7 ,589) the production came 
from alluvial diggings, as all of the pipe mines were shut down. 

The production during the last half of the year somewhat exceeded 
that of the first half due to better average prices. Transvaal and 
Cape Colony each furnished about 49 percent of the ‘total value 
and the Orange Free State the. remainder; Transvaal, however, 
produced about 73 percent of the quantity in carats and Cape Colony 
23 percent. : 


_ Production and sales of diamonds in South Africa, 1938 


Production ; Sales 


Carats | Value! Carats | Value Value per 


carat 
‘ no , S. d. 
Transvaal __.------..4.,-.--.------------. 871, 248 | £757,483 | 414, 686 £862, 472 417 
Cape Colony.....-.-------.--- 22-2, 118, 548 776, 622 | 170, 084 952, 812 112 0 
Orange Free Slaten coche Soee does ce eee ee 16, 760 26, 349 61, 273 108, 563 35 5 
506, 551 | 1, 560, 404 | 646, 043 1, 923, 847 59 7 
7 é : " 


1 Estimated. 


The only pipe production, that from debris washing, was from 
the Cape—3,022 carats, valued at £2,523 (16s. 8d. per carat)—and » 
from the Orange Free State—11,127 carats, valued at £5,066 (9 s. 1d. 
per carat). — 


Production of diamonds in South Africa in 1988, by alluvial fields 


Value Value 
Field _ Carats Value per Field Carats Value per 
carat carat 

Transvaal: otal S. d. |} Cape Colony—Con. S. d. 
Klerksdorp. -_.._- 57, 057. 75 | £253, 668 | 88 11 Taungs_ 222 __ 22.75 £104 |. - Le 
Lichtenburg_____ 304, 858.00 | .493,402] 32 4 Gordonia__..___.- 366. 50 1,916 |... 02.. 
Pretoria____.-...- 9, 327. 50 10,363 | 22 3 Kenhardt_..____. 15. 25 52 |..-----. 

371, 243.25 | 757,433 | 40 10 114, 169.50 | 772,640; 1385 4 

Cape Colony: Orange Free State: 

_ Kimberley_______ 8, 482. 75 47,148 | 111 2 Boshof_..__.---_- 2, 231. 50 10,977 | 98 5 
Namaqualand._..| 50, 687. 45 393, 221 | 155 2 Winburg-__...___- 2, 964. 40 7,955 | 53 8 
Barkly West____- 43, 778.00 | 269,891 | 123 4 Hoopstad____.___ 194. 00 1,170 | 120 7 
Herbert... ..____- 6, 711. 00 33, 822 | 100 10 Kroonstad..____- 153. 26 709 | 92 6 
Hay...:..------- 61. 50 - 360} 117 1 Bethulie________- 9. 50 30 |_--- 
Prieska._....____- 1, 003. 50 6,913 | 137 9 Vredefort.....____ 46.01 307 |_--.___- 
Hopetown_-__.__- 2, 305. 30 17,343 | 150 6 Philippolis_______ 34. 75 135 [--.-.2.- 
Mafeking. .______ 699. 75 1, 674 7 10 


To December 31, 1933 South Africa has had a total recorded pro- 
duction (in addition to stolen and smuggled stones) of diamonds 
valued at some £310,200,000, or well over one-fourth of its gold pro- 
duction and almost one-fifth of its total mineral output. During the 
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14 years, 1920-33, South Africa has produced 33,581,481 carats and 


sold 29,951,531, an excess production of 3,629,950 carats. The lack of 
balance between production and sales, which was first apparent in 1927, 
was due to the exploitation of the Lichtenburg and Namaqualand 
alluvial fields. Exports in 1932 were £1,955,523 and in 1933 about 
£2,075,000. | 7 | 

Due to better average prices 1933 was a less distressing year among 
the alluvial miners than 1932, and by midsummer higher prices in- 


creased somewhat the number of~diggers..The-Government--has. —.----—- 


assured the industry that few new alluvial areas will be thrown open 


to mining until the depression is over, a policy generally followed in 
1933. On April 28, 1933 claims, rendered void, on the Grasfontein — 


diggings, Lichtenburg district, became relocatable to qualified 
citizens.. On June 17 the farms Nooitgedacht and Winkelhoek in the 


Zwartruggens district, Transvaal, were proclaimed alluvial diggings. . 


In addition to the owners’ and discoverers’ rights, 1,212 claims were 
to be allotted by ballot on July 14 to 606 diggers qualified by residence 
in the Lichtenburg, Klerksdorp, and Rustenburg districts. Late in 
1933 a syndicate composed of Standerton people found diamonds on 
the farm Vaalbank on the Vaal River, east of Vereeniging. 

On January 17, 1934 general interest was aroused by the finding of 
the Jonker Diamond at Elandsfontein near the. Premier mine, the 
surprise being the greater as the field was considered a low-grade one. 
This egg-shapped stone, said to be flawless and of fine color, weighs 
726 carats and is the fourth largest diamond ever found. It was sold 
to Sir Ernest Oppenheimer, representing the Diamond Corporation, 
for £63,000 or about $434 a carat, an extremely high price for rough 
stones, particularly as the loss in cutting will be high. That sucha 
reward came to an old digger down on his luck is one of the romances 
of diamond mining. The state benefitted to the extent of £27,600 
by the sale. A 287-carat stone had been found on the same diggings 
a few days before by another digger named Pohl. Naturally, a rush 

= ald followed —b s disappointed_as claims have been 


mo We 8 2 


to the field followed, butmost were dis 
allotted only to those with residential qualifications. 
To indicate how recent large-scale diamond mining is it may be 
recalled that Erasmus Stephanus Jacobs, who as a small boy in 1867 
found the first South African diamond, died at Beaconsfield, South 
Africa, in May 1933. - 
During 1933 the South African Government Namaqualand mines 
were operated on a reduced scale; emphasis was centered on better 
recovery and prevention of theft and on development to areas covered 
py, deep overburden. Recent Namaqualand production has been as 
ollows: 


. £3:-.d- 
1929... nn nn nn nn ene nnn nnn nn nnn nen ee nn nen nen ene n en necne 265, 844 £1,748,465|6 11 6% 
1930. . nen nn nn nn ne nnn nnn nn nn nn nnn nn nn enn nn cn nn nn nnn ener eren 142, 125 1, 274,364/8 19 4. 
1931_ on nn nn nnn nn nn nnn nn nnn ne enn nnn ne ne nen none nc een seces 137, 895 940,946/6 16 4 
1932. nnn nen en ne nn re ee nnn nn nnn en enn nnn cen nn rere 99, 196.6 643,795|;6 9 10 
1983. ne eee na nn ee ee nnn nen enw nnn enn nnn nnn enn reer err nas 50, 687. 45 393,221|7 15 2 
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De Beers Consolidated Mines, by far the most important unit of 
diamond production, Premier, New J agersfontein, and the other 
underground (‘‘pipe”) mines of South Africa were shut down during 
the year, but most of them bettered their financial position through 
sales of stones on hand. New Vaal River, a producer of fine river 
stones, declared the first dividend in 1933 that has been paid since 
1928. Nooitgedacht Diamonds, one of the newer alluvial mining 
companies, paid a maiden dividend. Cape Coast Exploration, while 
its Namaqualand property is temporarily down, made a reasonable 
profit in 1933 and paid an initial dividend on J anuary 26, 1934. 

Belgian Congo-Angola.—The Central Africa diamond field (Belgian 
Congo and Angola) began to show the effects of the curtailment pro- 
gram begun in the fall of 1932 and had a smaller production than in. 
1932, but for the third year in succession it was the largest diamond 
producer of the world, although the value of its production was sur- 
passed by that of South Africa. In 1932 this field’s total production 
passed the all-time production of India and in 1933 that of Brazil. 

By the introduction of machinery the mines are reducing costs and 
the labor force necessary for operation. Giants sluice off the over- 
burden at a number of mines. Late in 1933 the Belgian Congo export 
tax was reported to have been increased from 3 to 6 percent. All six 
operating companies are dividend payers and have a long life before 
them. | ne 

The Forminiére (Société Internationale Forestiére et Miniére du 
Congo) is the original company; besides important diamond pro- 
duction, it has interests in Congo tin, gold mining, plantation, trading, 
and ranching enterprises. Since its foundation the company has 
paid the colony over 193,000,000 frances, and the stockholders have 
received about 82,500,000 francs. In addition, the company has 
spent over 47,000,000 francs in road building and in a sanitary 
campaign. Dividends paid stockholders have more than doubled 
their original investment. Diamond production for the past 5 years 
has been approximately as follows: 1929, 324,000 carats; 1930, 
328,000 carats; 1931, 429,000 carats ; 1932, 490,000 carats; and 
1933, estimated 402,600 carats. In 1933 an average of 16 mines 
was operated compared to 23 in 1932. 

Beceka (Société Miniére du Beceka) produces industrial diamonds 
mainly, less than 10 percent of its production being suitable for 
cutting. Its production in 1929 was 1,400,000 carats, in 1930 about 
1,969,500 carats, in 1931 about 2,885,095 carats, in 1932 about 
3,188,000 carats, and in 1933 1,413,500 carats (estimated). 

Kasai-Luebo-Lueta companies (Société Miniére du Kasai, Société 
Miniére du Luebo, Société Miniére du Lueta) exploit their concession 
as a unit through the Forminiére, an interesting example of profitable 
unit operation of three properties which if operated separately would 
be doubtfully profitable. 

In the gold placers of northeastern and eastern Congo a few rather 
fine diamonds are recovered as a byproduct. To the west of the 
Kasai field the Sobemco (Société de Recherches Miniéres au Congo) 
ae last year found diamonds in the upper drainage of the Wamba 

iver. 

In Portuguese West Africa the Forminiére groups and English 
(the Oppenheimer group), French, and Portuguese financiers own 
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Diamang (Companhia de Diamantes de Angola). Operating results 
in recent years were as follows: eo ators 


Results of diamond operations in Portuguese West Africa, 1 927-32 


: Carats Dividend 
Cubic me- Carats A 
Year per cubic | Net profit per £ 
ters treated | produced wrietar share 
- S. 

1927 oie te ee eel eee 203, 492 201, 511 0.99 | £108, 433 1 
OR Seen eeinee Sean ee eto 231, 980 237, 511 1. 02 109, 110 1 
199020. Seo oie A eee 323 311, 933 1.18 122, 032 1 
1980 oo ee Se oe ee eee 341, 708 329, 823 .97 109, 480 1 
IOS) 2:23 ee eo eels ee ee oes ce 397, 526 351, 495 89 105, 949 1 
1 


The 1933 production is estimated at about 373,600 carats, not- 
withstanding curtailment begun about October 1, 1932. In 1933, 
100 whites and 5,011 blacks were employed. From the formation 
of the company in 1917 to December 31, 1933 the production has 
been 3,031,250 carats. The Diamang field is in the northeast corner 
of the colony. Diamonds also occur, although not in commercial 
quantities, in the extreme southwest corner, the south-central part 
and the eastern part of the colony. oo 

Gold Coast—The Gold Coast diamond deposits, discovered im 
February 1919, are said to be known over an area of some 20,000 
square miles. The stonés are small (15 to 25 per carat) but of good 
quality. The largest diamond yet found weighed 9 carats and was 
worth £15. 5s. The total exports from 1919 to 1933 have been 
5,001,460 carats valued at £3,956,594. The estimated gross pro- 
duction in 1933 was about 1,100,000 carats. 

All exploitable deposits so far known occur in the Birrim Valley, 
although a few stones have been found at.several other places im the 
colony. The diamonds occur in stream gravels and drift overlying 


--pre-Cambrian schists, basic lava members in the latter being con- 


sidered the source. Costs of the principal producers per carat. have 
been reduced appreciably. The producers in 1933 were the Consoli- 
dated African Selection Trust, West African Diamond Syndicate, 
the Holland Syndicate and Cayco (London), Ltd., and the Akim 
Ashanti Mining Co. Markwa, Litd., owns five mining leases in the 
Birrim Valley. 

The predominant producer is the Consolidated African Selection 
Trust, with concessions covering approximately 54 square miles in the 
Birrim Valley. It also owns about 32 percent of the stock of Cape 
Coast Exploration in Namaqualand and has valuable diamond 
deposits in Sierra Leone. The latter produce relatively large stones, 
so that the company will present for sale a good assortment in sizes. 
In the Gold Coast it employs about 18 whites and 1,200 blacks. 
The company does not give out production figures but, in addition 
to storing some “rubbish” in Africa, it exports about 630,000 carats. 
The year 1933 is reported to have been satisfactory and the company 
is increasing its dividend. 

The West African Diamond Syndicate in 1933 produced about 
220,000 carats, a slight decrease compared to the 228,000 carats 


_69174—34——70 


1092 MINERALS YEARBOOK, 1934 


produced in 1932. The company treatsits concentrates in a two- 
stage magnetic separator and has decreased theft by concentrating 
all diamond picking at a single station to which concentrates are 
sent in locked containers. a 
South-West Africa—The mandated area of South-West Africa has 
been particularly hard hit by the world depression, as it depended 
largely for its revenue upon copper and diamond mining, the latter 
usually accounting for 45 to over 60 percent of the exports. Revenue 
from copper and diamonds, which was £240,000 in 1926, fell to £10,348 
in 1932-33. Production of diamonds in recent years is given in the 
_ following table: 


Production and sales of diamonds in South-West Africa, 1926-32 


Production “Sh Sales 
ae st val 
ones | ue per 
Carats Value per carat Carats . Value Garst 
. : : S.d 

1026 oe ee es oe atest 683, 801 |_..........- 6.7 | 726, 808 1£ 2, 050, 688 56 5 
1927. sen cscs se toe loos A we---| 728,877 |_-- 5.9 | 577,341 | 1,620, 862 56 2 
1928: cesoce oie cece chee eee te 503, 142 |... 2 6.3 | 564,383 | 1,389, 864 49 3 
TQ20 22 oo Sees Sete Sees 597, 187 |_-..--.---- 5.3 | 538,101 | 1,617, 698 60 8 
0h 5 | a ey eS ea 415, 047 |__.----____- 5.8 | 214, 036 640, 253 59 10 
1981 oo soc Sota cee ee wae 71, 532 |- £208, 081 4.8 | 103, 000 300, 000 58 2 
10S 2 socks c tele eet ene ate ead 17, 944 85, 508 9 , 000 211, 000 95 4 


The principal producer, Consolidated Diamond Mines of South- 
West Africa, shut down its mine in 1932, although in 1932 and 1933 it 
continued successful development work north of the Orange River. 
When times again become better it will be one of the first companies 
participating in the Diamond Corporation to recover, as:the company — 
has large reserves of a well-varied assortment of diamonds which can 
be mined cheaply. . 

Miscellaneous producers.—Due to low diamond prices many persons 
have turned to gold mining; in consequence, British Guiana’s diamond 
production was small in 1933. The colony has built a road into the 
Potaro River field and is to build a branch therefrom to the Mazaruni 
field. State aid is being given to some of the gold and diamond 
miners. 

“Gemstones” (Imperial Institute, London, 1933) gives the follow- 
ing estimates of Brazil’s diamond production: 


Low grade | garponado 


Low grade | Garbonado and bort 


Gem 
(carats) 


Gem 
Year (carats) ay (carats) (carats) (carats) 
1928... 228. 65, 000 100, 000 25, 000 |} 1931_________- 30, 000 50, 000 10, 000 
1920 oes oo cw 50, 000 75, 000 19, 000 |] 19382___.______ 15, 000 19, 000 3, 000 
1930_..--- 2 45, 000 70, 000 17, 500 


Matto Grosso and Goyaz were the principal producers, followed by 
Bahia, Minas Geraes, and Parana. The 1933 production probably 
did not exceed that in 1932. In September 1933 it was rumored that 
stones of extraordinary size, said to be diamonds, had been found 
recently near the headwaters of the Saobento River, Minas Geraes. 
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One was said to weigh 2,700 carats and another 400 carats, and five 
other large stones were reported. __ 
Diamonds were first found in Sierra Leone by members of the 
Colonial Geological Survey in 1930. They occur in the gravel of 
Kenja River and in the Kono district near the French Guinea border. 
Prospecting was begun in 1931 by the Consolidated African Selection 
Trust, the principal producer on the Gold Coast. Late in 1932 the 
company applied for a mining lease on 252 acres, and in 1933 the colon- 


ial government announced that an agreement providing for exploita- 


tion of the diamond deposits and marketing of the product was to be 
signed with the company. The colony is to participate in the profits 
of this monopoly. Consolidated will form a separate company to 
work the Sierra Leone deposits. The first stones, which are of excel- 
lent quality and good size, were exported in October 1932. Exports 
in 1932 amounted to 749 carats valued at £1,565 or £2 1s. 10d. per 
carat. The 1933 production was 32,017 carats worth some £82,000 
or about 53s. per carat. The production for the first 9 months came 
from Shongbo, but in September a second deposit was opened up. 
An average of about 125 men was employed in prospecting. | 

The 1933 production of Tanganyika Territory, a declining producer, 
was about 1,250 carats valued at about £2,730. The principal produc- 
tion has come from the Mabuki gravel deposit. Kimberlite occurs 
near Mabuki and.in the Shinyanga district some 60 miles to the south, 
and of the 20 known occurrences some are slightly diamondiferous. 
The colony’s total production has been about 100,000 carats, the larg- 
est stone weighing 92.5 carats. The principal producer has been the 
Tanganyika Diamonds, Ltd., which more recently has turned to gold 
mining. | 


The first diamond in French Equatorial Africa was found in 1915 


near Ippy in the Oubangui-Chari region, but the discovery was 
unimportant. In 1928, however, a geologist of the Compagnie 
Equatoriale de Mines found somewhat more important deposits 


north of Bris? 


Equatoriale or its subsidiaries are of small yardage and not of high 


content. In 1930 washing tests were begun, and in 1931 diamonds 
were recovered in prospecting. Production has been as follows: 
1930, 34 carats; 1931, 1,260 carats; and 1932, 1,644 carats. French 
official sources report that due to low prices the mines were shut down 
in 1932. The stones are of good quality, averaging about one-fifth 
carat each. The stones now found in the stream gravels were com- 
ponents of a conglomerate lens in sandstone, resembling the Congo 
Lubilash formation. The original source of the diamond is unknown, 
but Dr. Polinard considers its derivation from a basic igneous rock 
improbable. The geologic, although not the commercial, similarity to 
the Kasai (Belgian Congo) deposits is striking. Other stones are 
reported to have been found in French Equatorial Africa about 120 
miles farther north. ) 

Diamonds have been reported to exist on the Ivory Coast. A small 
stone or stones have been found in the Kakamega gold field, Kenya. 

India, once the premier diamond producer of the world, now has 
a production of only about 675 carats a year. In 1931 it produced 
639 carats, worth £2,569 (80s. 5d. per carat), and in 1932, 1,254 carats. 
For some time the Penna State, central India, has been the principal 


1 Middleton, J. L., Diamonds in Equatorial Aftica: Eng..and Min. Jour., May 1932, p. 285, 
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producer. India now imports a considerable quantity of diamonds, 
recent imports being as follows: : 


102 eee meshes sateen ih eee ee tie £654, 259 
MDP tinct el Tapa Sls tek ee eye Cie ag te DL 654, 413 
esate eae ate ee et eee a eae ted cen toe ocean, 377, 936 
5 5 IRR ics Peay ee teee ta dees Merete ET ec 304, 529 
esate pe el a Ss Ne Se Se es aan Pty, Pa 428, 855 


_ Borneo, once an important diamond producer, still furnishes a few - 
stones, and its cutting industry imports a fair quantity of rough stone 
from South Africa. During the past 10 years its production has aver- 
aged about 460 carats. The 1931 production was 294 carats worth 
£1,663 (113 s. per carat) and that of 1932, 274 carats. | 
New South Wales in 1930 produced 677 carats (worth £714); in 
1931, 725 carats (worth £694); and in 1932, 251 carats (worth £252). 
The price, about 20 shillings per carat, does not indicate very fine 
stones. | | 
Rhodesia had produced from the year of discovery, 1903, to Decem- 
_ ber 31, 1933, some 15,781 carats, worth £75,253. In 1932 and 1933 


there was no production, and the only commercial deposit, Samabula ‘s | 


Forest, appears to be about exhausted. 

Production from near Murfreesboro, Ark., United States of America, 
was about 300 carats of diamonds and bort in 1932. The mines were 
not operating in 1933. 

Venezuela presumably produced a few hundred carats of diamonds 
in 1933 from the region contiguous to British Guiana. _ > 

Industrial diamonds——The demand for diamonds for industrial 
purposes is a good barometer of business activity, and the increased 
sales in 1933, first noted in Germany and later in America and England, 
indicate world revival of business. There is a scarcity of industrial 
stones, as the South African pipe mines are shut down and Brazilian 
carbonado production was only one-third of normal. Demand became 
good in March and continued rather strong throughout the year, with 
shortages in better grades. 

Imports of industrial diamonds into the United States during the 
past 8 years are given in the following table. The price per carat 
has fallen from 1929 to date due to the larger imports of very small and 
hence low-priced, off-color gem stones for diamond drilling. 


Industrial diamonds imported into the United States, 1926-33 | 


Value per Value per 
Year Carats Value carat Year Carats Value carat 
1926____.___ 41, 475 $1, 939, 735 $46. 77 || 1930________ 145, 958 $2, 756, 630 $18. 89 
1927. sey 34, 645 2, 149, 912 62.06 }| 1931_._____- 224, 970 2, 400, 879 10. 67 
1928_______. 38, 342° 2, 756, 895 71.90 || 1932_______. 163, 704 1, 061, 823 6. 48 


1929_____._. | 46, 901 4, 060, 577 86.58 |) 1933_.-_____ 258, 300 1, 246, 748 4. 83 
t 


1 Includes glaziers’, engravers’, and miners’ diamonds. 


Several makers of oil-burning furnaces find the best possible atomizer 
is a diamond with a hole bored in it. Ordinary nozzles have a short 
life, but even without resetting a diamond nozzle will last 5 years. In 
laboratory tests under high temperature, oil charged with carborundum 
and containing 1 percent sulphuric acid was forced under pressure 
through the orifice in the diamond. Such a test, together with the 
fact that diamond tools are used in truing carborundum wheels, shows 
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the great difference in hardness of the two substances. The diamonds 
used are off-color gem stones, and holes in them are generally from 
0.013 to 0.0025 inch in diameter. As several important makers of 
oil burners have standardized on such nozzles and as about 1 family in 
30 in the United States has an oil burner, the quantity of industrial 
diamonds likely to be consumed in this new use may be large. 

For a number of years attempts have been made to introduce 
diamonds more generally in the superabrasive field. A great deal of 


experimental work has-been done in an effort to shape diamond dust Se ae ee 


or grains held together by a suitable binder into grinders, lapping 
wheels, tools, etc. Until recently, attefnpts to find a suitable binder 
have been unsuccessful, but at present Swiss and German manufac- 
turers are marketing such products, which are reported to be giving 
satisfactory service. 

The use of diamonds in the automobile industry is expanding, as 
it is in many scientific processes, such as testing heat-hardened metal 
parts, testing smoothness of metallic automobile parts, and preparing 
microscopic slides. 

The demand for black diamonds (carbonado) was much less in 1933 
than a couple of years ago owing to the use of small gem stones in 
diamond drilling. The price of carbonado has decreased markedly 
in the same period; 2-carat stones selling for $175 per carat in 1929 
now are worth about $75 to $90. Carbonado, which once brought 
$65 a carat in the Bahia fields, late in 1931 brought $30 a carat and in 
1933, $12 to $20 a carat. Brazilian production and exportation has 


decreased greatly, and small shipments only reach the Amsterdam 7 
market. As carbonado has a definite place in truing wheels and other — 


industrial uses, there is always a certain demand, and available stocks 
are small. 7 ‘ 


AMBER 


Sales of amber increased greatly in 1933 and as stocks were reduced 
the German _amber-mining industry_expanded_markedly early_in 


1934. At. Palmmicken, East Prussia, the principal center, 375 men 
are employed, and they are working 40 rather than 20 hours a week. 

The South Manchurian Railway engineers estimate that the coal 
deposits of Fushun contain about 435,000 tons of amber. At present 
about 4 tons a day are being produced. The amber is used almost 
exclusively in making lacquer and suffices for about one-half of 
Japan’s requirements. 


AMETHYST 


Early in 1933 a Mexican company began to exploit amethyst de- 
posits northwest of Taxco, Guerrero. Some of the material is re- 
ported to be fine and is in demand among local jewelers. 


EMERALD 


Colombia for centuries has been the source of the world’s finest 
emeralds. In 1933 the Muzo mine, which has been shut down for 
some years, was reopened with a production worth about $25,000. 
This was done under the direction of P. W. Rainier, Government 
mining engineer, who also sampled the debris from former mining 
with favorable results. An American group markets the production 
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of the Government mines by contract on a commission basis. The 
Colombian Emerald Co. produced from its Chivor mine about 4,000 


carats in 1933. . 
| SAPPHIRE 


_ Anumber of miners worked the Anakie (Queensland) sapphire fields" 
in 1933, the most active center being Iguana Flat. The production 
approximated £4,000. First blues in the rough sold for £7 per ounce 
and second blues for 7 shillings per ounce. Most of the product was 
exported to France and Switzerland. Among the more notable finds 
were a blue sapphire of 498 carats and a zircon of 259 carats. 
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Precious and semiprecious stones include minerals used primarily 
for personal adornment and decorative purposes. To be so prized the 
stones must have beauty and “‘fire” or play of color, must not be too | 
‘common, and must be hard enough to withstand ordinary wear. 
Among the less regal members of the group fashion temporarily may 
determine the popularity of agem stone. The quality of hardness also 
accounts for the many industrial uses of diamonds and, to a smaller 
extent, of rubies and sapphires. 

Almost 100 mineral substances have been used for decorative pur- 
poses, and although there is no hard and fast division of precious and 
semi-precious stones, diamonds, emeralds, rubies, and sapphires 
usually are included in the former group and frequently, by courtesy, 
pearls, an organic substance. These gems, however, sometimes are 
equaled in beauty by exceptionally fine opals, aquamarines, tourma- 
lines, spinels, chrysoberyls (including eatilevs and alexandrite), and 
spodumenes (hiddenite and kunzite). 

The diamond industry is organized much more highly than that of 
any other precious stone, and the diamond output represents almost 
95 percent of the world’s gem production. 


HISTORICAL SUMMARY 


Through the ages the precious stone industry has seen notable 
changes both as to the principal gem mined and the country of its 
source. From about 25000 to 3400 B. C. the Baltic amber mines 
dominated the industry. For the next 1425 years the turquoise 
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mines of the Sinai Peninsula were the most important gem mines in 
the world. From about 1925 to 800 B. C., the emerald mines of the © 
Egyptian Red Sea coast were unrivaled. Thereafter, until 1725 A. D., 
India and Ceylon, with their diamond, ruby, and sapphire mines, were 
the world’s leading gem producers. They lost this position to the 
Brazilian diamond mines, which in turn were supplanted in 1870 by 
the South African diamond mines. For the past 3 years closing of the 
South African pipe mines has perhaps shifted the weighted center of 
the world’s gem production to northeastern Angola. 

United States —In contrast to its wealth in most mineral resources, 
the United States is notably poor in precious stones, having no de- 
posits of first rank. The Montana sapphire deposits, the Southwest 
turquoise mines, the Maine tourmaline mines, and the southern 
California tourmaline and kunzite mines have produced gems, but 
no deposit has been found comparable to the Brazilian or South 
African diamond fields. A few diamonds have been discovered in 
Arkansas, but mining activity has been sporadic. Semiprecious stones 
occur near many resorts, but the tourist purchaser of the “local” 
product more than likely buys a South American stone cut in Ger- 
many and mounted in Providence, R. I. 

In spite of the fact that no outstanding: deposits of any one stone 
has been located in the United States, probably no other country has 
yielded such a wide variety of precious and semiprecious stones; more 
than 60 distinct species have been produced commercially. Gem 
mining is an old, if not important, American industry. When white 
men began their conquest of America they found that the Indians of 
North and South America used about as many decorative and pre- 
cious stones as were known at that time to the people of Europe, Asia, 
and Africa. Certain deposits were worked at least 2,000 years ago; 
one turquoise mine was a major mining project before the Spaniards 
arrived in America. 

Adequate statistics are available only from 1880 to 1924, and during 
those 45 years about $9,800,000 worth of gems were produced; the 
peak year was 1909 ($534,000) and the year of least production, 1923 
($60,000); these figures cover the most active period of gem mining 
in the United States. Including estimates of production from 1925 
to the present the total value of precious stones produced. in the 
United States has been about $10,500,000. Montana, the largest pro- 
ducing State, has been responsible for about 48 percent of the total 
value, followed by California and Nevada with 23 and 8 percent, 
respectively. 

From 1883 to 1921 the United States produced sapphires (as well as 
a few rubies) valued at $3,018,406; turquoise and matrix, $2,088,262; 
quartz gems, $1,894,289; tourmaline, $822,955; garnet, $173,979; 
beryl, $138,186; and variscite, $125,718. 

The Mount Mica tourmaline locality in Maine has been worked 
in a desultory manner since it was discovered in 1820, but the first 
American gem-mining concern was the Emerald & Hiddenite Mining 
Co., which exploited the emerald and hiddenite deposit at Stony 
Point, N. C., from 1880 to 1888. However, its total production is 
said to have been valued at only $22,500. Since then several other 
companies have been formed to mine emeralds in North Carolina. 

About 1900, there were extensive mining operations at several tur- 
quoise mines of the Southwest, notably at Los Cerillos and in the 
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Burro Mountains, N. Mex. Good-quality material was recovered in 
appreciable quantities, and if turquoise should regain its former 
popularity the mines no doubt would be reopened. 

Fifty years ago the agatized wood of Arizona was cut and polished 
on a scale that threatened to destroy the beauty of the petrified forest, 
but this menace disappeared when the forest became a national park. 

Sapphires were found first in Montana in 1865 in the sluice boxes of 
placer mines along the Missouri River. From 1880 to 1890 several 
thousand dollars worth were produced annually as a byproduct of 
placer mining. Shortly after 1890 the gem was found to occur in a 
basic igneous dike, and in 1896 an English company began mining. 
The work was suspended i in 1929, but production in some of the inter- 
vening years reached $450,000 annvally. Some brilliantly attractive, 
though rather pale, gems were recovered and sold in London, Paris, 
and New York, although 85 percent by weight of the production was 
shipped to Switzerland to be cut into jewels for watches. ~ 

In 1906 diamonds were found near Murfreesboro, Pike County, 
Ark., the source being a rock very similar to the kimberlite of the 
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FIGURE 129.—Value of precious and semiprecious stones produced in the United States, 1880~1923. 


South African pipes. Several companies were formed at once, but to 
date production has totaled only about 10,000 carats, and for the past . 
2 years none of the companies have operated. 

Beautiful tourmaline of various colors has been produced at Mesa 
Grande, San Diego County, Calif., and the pink variety has been ex- 
ported to China for cutting. Kunzite, the attractive, transparent, 
lilac spodumene, is obtained from the same district. The Virgin Val- 
ley, Nev., has produced some fine black opals and Latah County, 
Idaho, some attractive gem opals. The moss agates of Montana and 
Wyoming are as fine as any in the world. A number of other semipre- 
cious stones of American origin come on the market from time t time, 
notably aquamarine and golden beryl, agates and other quartz gems, 
amazon stone, malachite, and azurite. The ornamental use of gold 
quartz originated in California over 80 years ago. The deep blue 
benitoite (California), the emerald-green hiddenite (North Carolina), 
the yellowish green variscite (Utah), and the rose-red rhodolite (North 
Carolina) are found only in the United States. 
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In addition to the output of gem-mining companies mineral col- 
lectors from time to time find gems worthy of cutting, and farmers 
near Hot Springs, Ark., collect and even mine considerable quantities 
of rock crystal. Other gems are byproducts of mica, feldspar, or 
corundum mining. ey : 

Canada.—Canada is perhaps even poorer in precious stones than the 
United States, and little gem mining has been done; however, there 
are deposits of amazon stone, albite (the iridescent variety, peristerite), 
sodalite, rose quartz, garnet, and agate, the product of which when 
cut makes attractive beads.' Small amounts of rose quartz are re- 
ported to have been shipped to Germany late in 1933 or early in 1934 
from the Winnipeg River area, Manitoba.? 

Mexico.—Mexico is almost equally poor in precious stones, although 
opals have been mined and cut for centuries. The opals, while attrac- 
tive, scarcely are comparable to those of Hungary and Australia. 

Production in the United States—The value of precious stones pro- 
duced in the United States in 1934 probably did not exceed $3,000, 
including 2,000 pounds of rose quartz from South Dakota; amazon 
stone from Amelia Courthouse, Va.; variscite from Utah; vesuvianite 
from Tulare Couaty, Calif.; topaz from Fresno County, Calif.; four 
diamonds from the California gold placers; and agatized wood from 
Arizona. Amateur lapidaries also collected and cut some semiprecious 
stones from other States. Spencer * describes a new gem stone, pollu- 
cite (an acid silicate of caesium and aluminum) from Newry, Oxford 
County, Maine. The cutstone, a brilliant of 1.725 carats, is colorless 
and flawless with a brilliant luster. — 

Imports.—According to the Bureau of Foreign and Domestic Com- 
nee imports of precious stones into the United States in 1934 were 
as follows: : 


Diamonds: Carats Value 
Rough, uncut_._....-2..--2-- ee 43,754 $2, 739, 278 
Cut, but not set_______- a eetae Se een cae a eo 208,916 9, 900, 900 
Glaziers’, engravers’, and miners’, not set__________ 520, 889 2, 810, 281 

Pearls and parts, not strung or set_____..___-.._______-_______ 477, 018 

Other precious stones: 

PVOURH UN CNG otis oa reg en se ate hoe hdl n ares ead 115, 333 
Cut, but not set__.________- SoBe Ee heee ised tee ea tes 774, 238 
Imitation precious stones, except opaque____..---- ee Seetacints aS 1, 051, 608 

Imitation precious and semiprecious stones, opaque, including imi- ; 

MAULOU: POAT Se ae asters te nce rg a a Se et A A Sy 24, 992 
NMarCasiGes 2 Fo Oui eee eae aie Pale ae 14, 956 


The rate of duty on various types of gems and their imitations re- 
mains the same as that given in Minerals Yearbook, 1932-33, page 
803. 

Status of jewelry trade —Judged by sales as well as number of em- 
ployees and wages paid, the jewelry trade had an appreciably better 
year in 1934 than in 1933. Jewelry sales were larger than those of 
1933, but only about 45 percent of those of 1929. The increase was 
largely in low-priced goods, but an occasional fine gem was sold, and 
toward the end of the year there was a distinct improvement in the 
demand for fine jewelry. Furthermore, for the first time in several 
years jewelers were able to mark up their inventories, due to an up- 
ward price trend. Manufacturing jewelers had a reasonably satis- 

1 Parsons, A. L., University of Toronto Studies 36: Contrib. to Canadian rraeeale 1934, pp. 13-21. 


? Hutt, G. M., and Seibert, F. V., Bull. Canadian Min. and Met., June 1934, p. 330. 
3 Spencer, L. J., Gemmologist, April 1934, pp. 263-264. 
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factory year, and from September to December many of them oper- 
ated their plants to capacity. 

Taxes and codes.—On May 10, 1934 the Federal Government re- 
moved the 10-percent sales tax on jewelry sold for less than $25 and 
on materials for watches and clocks. For the fiscal year ended June 
30, 1934 the tax was collected on sales of $46,685,570, inciuding those 
articies sold at a wholesale price of more than $3. New York contrib- 
uted 39.6 percent of the total, Illinois 12.3 percent, and Massachu- 
setts and Pennsylvania 7.7 percent each. 

The jewelry industry in 1934 operated under several codes. AI- 
though entailing an additional expense to the code members and 
meeting objection from a few individuals the codes in general have 
improved the morale of the industry. Provisions for adjusting certain 
discrepancies between the various codes would have been helpful. 

Foreign tariffs and taxes.—On July 6, 1934, the Doumergue govern- 
ment suppressed the ‘‘luxury” tax, to the advantage of established 
French jewelers and the discomfort of jewelers who did not maintain 
their own establishments. 7 | 

-In South Africa most industries pay an income tax of 2s. 6d. per 
£1, but diamond mines pay 3s. and gold mines 4s. 

The high Indian duties are bringing many smuggled stones on the 
local market, which is disadvantageous to honest jewel merchants. 

On December 24, 1934, Italy prohibited the ge sobs of all 
precious stones but in February 1935 changed to a plan of controlled 
imports. This measure hurts not only the diamond-cutting centers 
of the world but the 40,000 employees of the Italian jewelry industry 
as well. In the past, Italy has had a considerable jewelry export 
trade with South America and the Balkans, although imports of un- 
mounted precious stones were double exports in 1934. 

Czechoslovakia, in an attempt to preserve its trade balance, pro- 
hibited the imports of precious stones early in 1935. Jewelers there- 
fore depend on stocks or on stones derived from old pieces of jewelry. 

Imports into Germany are so complicated by government restric- 
pens as to payment that the situation virtually amounts to an em- 

argo. 

Identification of jewelry—At the conference of the International 
Association of Manufacturers, Wholesalers, and Retailers of Jewelry, 
Gold, and Silverware in May 1934 at The Hague it was proposed to 
mark all precious stones, an idea apparently sponsored by the Ger- 
mans. Others considered that it would be vandalism to mar flawless 
gems but agreed that it might be a good idea to mark synthetic stones. 
Additional methods of identifying fine stones were considered, and it 
was reported that an English expert, P. Antrobus, has made plaster 
casts of some 50,000 of the finest pieces of jewelry owned in Great 
Britain, as well as detailed descriptions of the stones. ; 

Fashions in jewels—Bar clips, ear clips, long diamond pendant 
earrings, and solitaire diamonds for hair ornaments were popular 
adornments during 1934. Designs were inclined to affect the bizarre, 
with Hindoo, Cambodian, Egyptian, or Russian motifs. Diamonds 
and sapphires, the latter the stone of Princess Marina’s engagement 
ring, were particularly popular. Toward the end of the year there 
was a distinct trend toward the use of single large jewels of fine 
quality. In diamonds, the brilliant appears to be gaining in favor 
over the square or emerald cut. In demanding large stones of the 
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finest quality, women of today in part may be activated by their 
investment value. i 

Traditionally the use of platinum is linked with fine diamond jew- 
elry, the demand for which was subnormal in 1934. Due to the high 
price of gold, however, platinum was used in 1934 for rings and other 
jewelry, cigarette cases, and other personal ornaments customarily 
made of gold. . 

Century of Progress exhibit—In 1934, as in 1933, diamonds were 
featured at the Chicago Century of: Progress. The more important 
features of the 1933 exhibit were retained, and the addition of the 
exquisite La Favorite (50.28 carats) brought the value of large dia- 
monds on exhibit—including the Tiffany Yellow (128.5 carats) and 
the blue-white Maximilian diamond (42 carats)—to over $2,500,000. 
Diamond cutting was done in the streets of Amsterdam concession, 
and Mme. Sarah Bernhardt’s jewels were displayed in Burma House 
in the English Village. | | | 

| DIAMOND 


Conditions in the diamond industry improved moderately in 1934. 
Real prosperity, however, depends upon resumption of normal busi- 
ness, particularly in the United States. Unification of the production 
and sales branches of the industry progressed during the year. Two 
factors were disturbing—a slight increase in production without, 
however, adding to stocks; and the tendency of the cutting industry, 
organized to meet great demand, to sacrifice present. profits to main- 
tain its existence. _ 3 

A poor beginning in the first 5 months of the year was more than 
balanced by the reasonably good and at times excellent business of 
the last 7 montbs. Sales of rough diamonds by the corporation were 
appreciably higher than in 1933; exports from South Africa were 30 
percent higher; imports into the United States increased 26 percent; 
and world retail sales were 20 to 25 percent above those of 1933. 
Stocks in the hands of retailers are now low, and provided conditions 
improve sales of rough should be large in 1935. Prices fluctuated 
considerably during the year. Rough was about the same at the 
end of the year as at the beginning; fine-cut stones increased slightly ; 
and small polished stones, due to too keen competition among the 
cutters, dropped a little. 

Share dealings—Trading in diamond shares was of small volume 
during 1934 except in January, November, and December. Share 
prices advanced from the beginning of the year until mid-February ; 
then the general price trend was downward until November. Prices, 
however, increased appreciably in December. Six of ten important 
diamond shares advanced during the year, notably West African 
Diamond Syndicate, Angolas (Diamang), and De Beers preferred ; 
and four lost, Jagersfontein and Consolidated Diamond Mines being 
the heaviest losers. The net result for the year was an average ad- 
vance of about 9 percent. At the end of 1934 five selected stocks 
were about 36 percent of the all-time high (1927) and 406 percent of 
the all-time low (June 1932). Of the 18 principal diamond-mining 
companies 10 paid dividends. 

Market.—About 95 percent of the world’s diamond production is 
purchased by the Diamond Corporation, London, which in turn sells 
to brokers and large cutters. In 1934, as usual, the corporation was 


PRECIOUS AND SEMIPRECIOUS STONES (GEM MINERALS) 1199 


astute, keeping prices of rough firm and rarely selling rough except 
when the resulting cut product could be absorbed. By making no 
concessions as to the price of rough the corporation doubtless will 
aid in raising the price of cut stones to a level profitable to the cutters. 
During the summer polished goods were too low by 15 to 20 percent 
in comparison to rough, a differential since decreased. 

The Diamond Trading Co., the new selling subsidiary of the cor- 
poration, made its first sale under the new sorting agreement on 
May 8, 1934. Although the corporation does not publish its sales 
they are understood to have been about £4,000,000, a relatively low 
figure, but considerably higher than in 1933. The large stock of rough 
held by the corporation decreased slightly for the first time in several 

ears, 
7 Contracts with non-South African producers terminated at the 
end of 1934, but new contracts have been negotiated. It is stated 
that the corporation is to make five-eighths of its sales from stones 
produced by the South African mines and three-eighths from the out- 
side producers (Congo, Angola, and Gold Coast). Z 

The market outlook inspired confidence at the beginning of the 
year due to the producers’ agreement consummated late in 1933 and 
to expectation of a better American market. January and February 
sales were appreciable, but quantities of Russian ‘‘seconds”’ reached 

western Europe in the first 4 months of the year, and it was not until 

June and July that considerable sales of rough again were made. 
September, October, and November were months of large sales, the 
best the corporation has had in several years and much higher than 
seasonal. December, as usual, was a dull month, but large sales of 
rough were made early in 1935, so that the trade is inclined to face 
the future confidently. | 

The poor market for cut stones during the first 5 months was 
offset by distinctly better business for the balance of the year. The 
first 4 months were quiet to dull, with too much cut offered on a thin 
market. Improvement was noted in May and from then on con- 
fidence grew, culminating in large sales in September, October, and 
November with price increases in certain types and an actual shortage 
of supply in others. 

In the United States more interest was shown in diamonds in 1934 
than in 1933. Except from May to September wholesale sales in 
New York were appreciably greater compared with corresponding 
months in 1933. The average monthly gain over 1933 was 19.2 
percent. For the first half of the year the increase was due to larger 
sales of cheaper goods. In October, American buyers in Europe 
bought heavily of good quality meleés and large stones in anticipa- 
tion of the Christmas trade, and by December American buying 
reminded European centers of old times. The Christmas trade 
improved 25 to 30 percent over 1933, with much inquiry for and some 
buying of large stones. 

Diamond sales in Great Britain in 1934 exceeded those of 1933 by 
perhaps 25 percent, the diamond trade evidently being slowly on the 
upgrade. The market was strong late in the year due to the marriage 
of the Duke of Kent.and Princess Marina. Sales in other European 
countries improved, except in France, Germany, and Russia. For 
the past 3 years India has been even a larger buyer than usual. 
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Imports of precious stones into India, largely diamonds from Belgium, 
were about $2,000,000 in the fiscal year 1933-34. 

The purchase of precious stones, especially diamonds, as a hedge 
against inflation was more wide-spread in America in 1934 than in 
1933. The stones purchased were fine, unset stones of 1 to 10 carats, 
the type of most stable price. Many sales of rough in December 
were to satisfy the desires of continental investors, as was also the 
demand for large stones from June to August. Germany, Hungary, 
and France undoubtedly bought many fine diamonds as investments 
during the year. a 

Following England’s abandonment of the gold standard in the 
fall of 1931 India sent large quantities of gold to England. A large 
part of the proceeds of these sales was used in purchasing fine diamonds, 
rubies, emeralds, and sapphires. . ) : 

Stocks—The Diamond Corporation’s stocks, as well as those of 
producers and cutters in Amsterdam and Antwerp, remained large, 
probably a little less than they have been for the past 3 years or 
approximately about $100,000,000. In America, wholesalers’ stocks 
are believed to have increased nearly 10 percent in 1934 but are still 
low. Retailers’ stocks also are very small and if the present demand 
continues must be increased materially. This is equally true of 
retailers in England, Italy, Austria, and Hungary. Should real 
prosperity return to the trade large purchases must be made from the 
corporation and the cutters who buy from it. 

Prices—The price of rough began to sag slightly in February and 
did not recover until May, with the result that prices for the first 
half of 1934 were less than in the corresponding period of 1933 by 
perhaps 10 percent. From May to October prices were firm, and in 
October certain types were advanced from 5 to 7% percent. In 
short, rough ended the year at about the same price as the beginning, 
but with promise of improvement in future. Prices for fine large cut 
were firm throughout the year. The price of large cut stones is 
determined by the price of rough, but due to the large amount of 
labor involved the cost of polishing is the major factor that determines 
the price of small stones. Due to the dumping of small cut stones 
by the German cutting industry, with its low labor costs, and also 
to the keen competition of Amsterdam and Antwerp cutters, the 
price of small cut fell from January to April, and in June such goods 
were selling in America at distress prices. In Europe, however, 
prices for certain classes of small stones became firm by May, and 
thereafter the price tendency was upward. The net result of fluctua- 
tions during the year was a slight increase in the price of large stones 
and a small decrease in that of small stones. 

Imports into the United States —In 1934 cut and uncut diamonds 
(not including industrial stones) comprised 84 percent of the imports 
of all precious stones, pearls, and imitation stones; excluding imita- 
tion stones as well, diamonds accounted for 90 percent of the total. 

The value increased 126 percent from 1933, although it was equiva- 
lent to only 44 percent of the 1929 total. The price per carat of 
both cut and uncut exceeded the corresponding 1933 figure, and that 
of the rough was unusually high. The total value of imports of 
rough and cut diamonds in 1934 was $12,640,178. 
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Diamonds imported into the United States in 1934, by countries 


Rough, or uncut Cut, but not set 
Country - Value Value 
Carats >>| “Carats. |r 
Total Per carat Total Per carat 
Belgium... ...----------------------- 23, 397 | $1, 649, 493 $70.50 | 145, 266 | $6, 785, 871 $46. 71 
British Guiana.-_....----------------- 259 3, 600 13900} 220 fb socecn oon 2st see eee ees 
Canada. ..-.------------------- aweee §, 234. 57, 684 11. 02 335 23, 786 
Pran@2. 222 oeccsceessecctesestee eu scs 464 137, 002 295. 26 301 22, 854 75. 93 
Germany -_-_..--------------------~---|----------]------------|---------- 79 8, 972 118. 57 
Italy_.....-.-------------------------|----------]------------|---------- 37 7, 823 211. 43 
Mexico..-.--------.------------------]----------]------------]---------- 4 510 127. 50 
Netherlands.....-..------------------ 3, 862 257, 757 66. 74 62,523 | 3, 028, 815 . 48, 44 
Switzerland__........-..-.-.---------]----------]------------]---------- 2 172. 86. 0 
Union of South Africa__.-..-.-------- 6, 903 407, 557 59. 04 66 6, 796 102. 97 
United Kingdom.......------------ = 3, 635 226, 185 62. 22 303 15, 301 50. 50 


43,754 | 2,739,278 | 62.61 | 208,916 | 9,900,900 47, 39 


In 1934, Belgium with 68.6 percent and Netherlands with 30.6 per- 
cent accounted for 99.2 percent of the American imports of cut stones. 
The chief sources of rough were: Belgium, 58.7 percent; Union of 
South Africa, 14.5 percent; Netherlands, 9 percent; and United 
Kingdom, 8 percent. 

The value per carat of cut imported into the United States reached 
a peak of $100.07 in 1929. For the succeeding 3 years the value per 
carat fell, due in part to decreases in diamond prices but largely to 
the diminished purchasing power in the United States, resulting in 
purchases of smaller stones of poorer quality. The slight increase in 
the 1934 price per carat compared with 1932 and 1933 1s encouraging. 

Imports of rough vary greatly from year to year and normally do 
not depend directly on good or bad times. Imports reached their 
peak value in 1926, then decreased to 1932, but have increased some- 
what in the past 2 years. The peak in total carats imported was 
reached in 1929. As indicated by the value per carat the quality of 
stones imported decreased from 1926 to 1930, picked up appreciably 
in 1931, fell again in 1932, and then rose sharply in 1933 and 1934. 

As usual, the heaviest imports were in the fall in preparation for 
the Christmas trade. 

Per-capita diamond consumption in Canada is about one-half that 
of the United States. In 1934 imports into Canada were valued at 
$544,540, an increase of 64 percent over 1933. 

Diamond cutting —The diamond-cutting industry experienced diffi- 
culties in 1934. Few cutters made profits, and bickering was rampant, 
although unemployment was slightly less acute. The number of cut- 
ters now exceeds that in peak years, and the master cutters are 
inclined to polish goods without regard either to profit or world de- 
mand. Once a particular cut, size, or grade is desired all rush in to 
produce it, and a surplus with weakened prices frequently results. 

Employment in Antwerp averaged about 42.5 percent of the union 
membership (41 percent in 1933) and in Amsterdam 33.5 percent (27 
percent in 1933). Antwerp with 20,000 to 25,000 artisans, Amsterdam 
with 5,000, and Hanau and other German cities with 4,500, are the 
principal cutting centers. Kimberley, Capetown, Johannesburg, New 
York, Paris, London, Jura Mountains, Geneva, Rio de Janeiro and 
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Diamantina, and several cities in India and Borneo are minor cutting 
centers. ae 

Antwerp suffers from German competition; furthermore the cottage 
industry now scattered throughout Belgium cuts small goods at: ridic- 
ulously low prices and union hours are unknown. In M ay and again 
in October representatives of the Belgian and German industries met 
at Luxemburg, but the Belgians’ efforts to equalize wages in the two 
countries failed. The Antwerp diamond clubs have forbidden their 
members to send rough to Germany to be cut, but diamonds are 
easily smuggled across boundary lines. On October 26 the Belgian 
Government attempted to stop German “dumping” by requiring all 
obligations to German manufacturers to be paid through the Belgian 
National Bank with marks at the regular exchange rate. A Belgian 
professional school in which young and old workmen will learn im- 
proved technique and in which mechanical methods of cutting are 
taught was founded on March 28, 1934. The Antwerp Diamond. 
Corporation (Comptoir Diamantaire Anversois) formed late in Janu- 
ary 1934 (capital 30,000,000 francs) will obtain a better distribution 
of credit, particularly in the diamond market but also in that of other 
gems as well as precious metals. 

The Amsterdam industry was even less prosperous than that of 
Antwerp, as it had to compete not only with Germany but also with 
Belgium, where lower wages are paid than in Holland. The subsidy 
to cutting of small stones and the contribution by the Dutch Govern- 
ment and the city of Amsterdam of 10 guilders a week per man has, — 
however, resulted in relatively less unemployment in Amsterdam in 
1934 than in 1933. Under the circumstances, the diamond cutters 
union agreed to substantial wage cuts. 

At Hanau, Idar, and Brucken, Germany, small stones are cut well 
and cheaply because the industry is highly mechanized and wages are 
low. Unemployment, however, has been high; only 10 percent of the 
cutters were employed early in 1934, but later the situation improved 
and about 30 percent were employed. Not only did the German 
Government assist the master workmen by permitting them to pay 
their men in depreciated currency but it flooded Antwerp with cir- 
culars setting forth the advantage of having cutting done in Germany 
and having the work paid in ‘dollar bonds.” In future German com- 
petition may be even more severe, for the industry has been rounded 
out by the addition of sawing and grinding units. 

The South African cutting industry is slowly dying. The number 
of employees has dropped from 676 in 1929 to only 250 in 1934. The 
government apparently has definitely abandoned additional fostering 
of the industry. — 

The increase of 65 percent of rough imported into the United States 
in 1934 compared with 1933 suggests that the American cutting 
industry may revive. In 1934, 60 to 75 artisans were employed 
spasmodically. 

The Parisian industry is virtually at a standstill. 

Attempts at artificial production Usually every year at least one 
chemist reports that he has made artificial diamonds. M. K. Hoff- 
man, a German mineralogist, repeated Dr. Henri Moissan’s famous 
experiments and produced synthetic “diamonds.” Tests, however, 
showed that these minute carbon particles had a refractive index of 
but 1.74 (diamond, 2.4) and hence were not diamonds but apparently 
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some other form of carbon. Hans Karabacek, a Viennese inventor, 
claimed in 1934 (German patent 589144) to have made diamonds up 
to 0.25 carat.. He melted iron filings, blast-furnace slag, and carbon 
under a pressure of 20 to 35 tons per square inch and at rather mod- 
erate temperatures (900° to 1,000° C.) and then added carbon mon- 
oxide or carbon dioxide. | 5135 | 

World production —World production of diamonds in 1934 was 
approximately 4,179,581 carats valued at $18,469,923, an increase of 
21 percent in quantity and 33 percent in value compared with 1933. 

The following table gives, with the accuracy available statistics 
permit, diamond production for the past 5 years in carats: 


Production of diamonds by countries, 1930-34, in carats 


Country : 1930 1931 19382 - 1933 1934 

South Africa: 
Mines... 22220 soso eee eset ssc 2, 242,460 | 1, 470, 376 307, 431 14, 149 430, 897 
Alluvial iécsc cto. ilo ceesesece 918, 706 647, 044 488, 096 492, 404 9, 413 
1 3, 163, 590 | 1 2, 119, 155 1 798, 382 506, 553 440, 310 
Angola: 2: 2s. 20.¢-2ee342e scl elec secs 329, 823 351, 495 867, 334 2 374, 000 453, 000 
Brazilic eee fess Sot Sees see 115, 000 80, 000 34, 000 2 30, 000 2 30, 000 
British Guiana_-_.-.--.--.---------------- 110, 042 63, 479 61, 780 48, 569 2 44,818 
CONG. = 222 -c2- nosh see ease ane 2, 519, 300 | 3,528,200 | 3,990,069 | 1,604,700 1, 992, 865 
Gold Coast 3.__-_---- obanseeuneestuetecees 861, 119 880, 479 842, 297 863, 722 1, 142, 268 
Sierra Leone: .ucvcs gees sd ote pees wet Se) scccocee edb eee Sree ee 749 32, 017 70, 000 
South-West Africa_...__.------.---------- a 415, 047 71, 582 17, 944. | cwcceuoce--2 1, 100 
Tanganyika_-_.....----------------------- 18, 107 7, 790 1,391 21, 250 1, 220 
Miscellaneous 4.._---.-------------------- 8, 000 3, 600 3, 725. 1, 825 4, 000 


Grand total_.....------------------- | 7,530,028 | 7,105,730 | 6,117,671 | 3, 462, 636 4, 179, 581 


; ene ome quantity of diamonds recovered from re-treatment of tailings. 

3 Exports year ended Mar. 31. 

4 1930-33, includes India, Borneo, New South Wales, and in certain years Venezuela, French Equatorial 
Africa, United States (Arkansas), and Rhodesia; 1934, includes Borneo, India, New South Wales, Venezuela, 
Rhodesia, United States (California). 

The increased production over that of 1933 came from Sierra Leone, 
a new and growing producer, Gold Coast, Angola, and Congo. The 
value of the 1934 production was only about one-fourth and the 
quantity about one-half that of an average predepression year due 
in part to lower prices now received by the producers compared to 
those of former years but mainly to the relatively large percentage of 
bort produced by one of the Congo producers and by the Gold Coast. 

In addition to newly mined diamonds there is also available to con- 
sumers a considerable quantity of ‘“‘seconds.”” A few diamonds come 
on the market for resale every year, but, in addition, for the past 8 
years Russia has sent many diamonds to western Kurope. In the 
first 4 months of 1934 the amount received was so great ‘tat it was a 
distinct menace to the stability of the market. Since then shipments 
from this source have been halted, at least temporarily, but further 
sales by the Soviet Government are to be expected in future. 

South African sales agreement.—The agreement * entered into by 
the South African Government and the South African producers was 
signed in 1934. Parties to the agreement are the Union Government, 
the Administrator of Southwest Africa, the Diamond Corporation, 
and the Diamond Producers’ Association, with a board composed of 2 
representatives of the companies, 2 of the governments, and 1 of the 


4 Minerals Yearbook, 1934, p. 1087. 
4744—35-——77 
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Diamond Corporation. Stocks are sorted at a single office at Kim- 
berley, and sales quotas for each producer, including the Government 
as one of the producers, have been established. Sales, including sales 
to South African cutters (at London prices less the export tax), are 
made through The Diamond Trading Co., Ltd., owned by the 
Diamond Corporation. The Trading Co. maintains offices in London 
and Kimberley. To maintain prices the board can purchase alluvial 
goods in the open market and can on the other hand fix minimum 
prices for the sale of its diamonds. Throughout the negotiations the 
representatives of the coalition government showed their desire to 
safeguard the stability of the diamond industry. Apparently, it is 
understood that for the time being the cutting industry in South 
Africa is not to be expanded, that few new alluvial fields are to be 
opened to exploitation during the depression, and that the Govern- 
ment accepts a quota for its Namaqualand mines present and future. 
The Diamond Corporation, to allay fear that its stock might be 
thrown upon the market, agrees to consider itself a producer and like 
other producers to accept a sales quota. In other words, the corpora- 
tion stock will be liquidated over a period of years. Havenga, minister 
of finance for the Union, stated that once demand improved markedly 
the Government would forego its Namaqualand quota in favor of 
the Kimberley, Jagersfontein, and Koffyfontein pipe mines. The 
sales quotas are as follows: South African Government, 10 percent; 
Diamond Corporation, 31.5 percent; De Beers, 30 percent; Con- 
solidated Southwest Africa, 14.5 percent; J agersfontein, 6 percent; 
Premier, 6 percent; and Cape Coast Exploration, 2 percent. This 
agreement assures two basic needs of the industry—(1) control of 
South African production and (2) sales of South African diamonds 
through one channel. _ 

Government officials state that they desire to improve the position 
of an industry which supports tens of thousands of miners and diggers. 
As proof they cite that in 1930 Government sales totaled 97,000 carats 
and those of South African producers 23,000 carats, whereas in 1933 
the Government sold but 23,000 carats and producers 119,000 carats. 

South African production —In 1934 South Africa produced 440,- 
312.57 carats of diamonds with an estimated value of £1,437,591. 
This quantity was equivalent to about 90 percent of production in 
1933 but only about 8 percent of that in 1913, the peak year. 
Except for a few gems from mine tailings (9,413 carats valued at 
£5,474) production came from alluvial diggings. 

Cape Colony furnished 64.1 percent of the production; Transvaal, 
32.4 percent; and Orange Free State, 3.5 percent. 


Production and sales of diamonds in South Africa, 1984 


Production Sales 
Estimated Value per 
Carats “alae Carats Value carat 
S. d. 
WAS wie 6 oe si be a See ae 313, 153 £648, 603 507, 745 £807, 371 31 10 
Cape Colony._.-......--...2...-_-_--.--- 120, 552 778, 091 655, 673 | 1, 598, 514 48 9 
Orange Free State._.._.....--....----.-.-- 6, 10, 897 98, 128 87, 263 17 9 
440, 311 1, 437, 591 1, 261, 546 2, 493, 148 39 6 
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Production of diamonds in South Africa in 1984, by alluvial fields . 


: Value |}. ‘ . Value 
: Metric : Metric 

Field _ Value per Field _ Value per 
carats carat . _ carats cara 
Transvaal: S. d. || Cape Colony—Con. S. d. 
Klerksdorp..-...-- 46, 859.75 | £192, 722 82 3 Vryburg....------ 19, 25 £97 |__.---_- 
Lichtenburg--_---- 240,177.75 | 359, 056 29 11 Taungs_.-.--.---- 27.75 89 |___-.--- 
-Pretoria...------- 26, 116. 25 96, 825 74 2 Gordonia_-..-.-..- 53. 75 459 |.------- 
—_———— Van Rhynsdorp-.- - 95 3 |socevebe 


313, 158.75 | 648, 603 41 §])- | —___—|——__-— 
—== 115,331.77 | 774,003 | 184. 3 


siaatasiee 5, 705. 00 32,272 | 113 2 || Orange Free State: 

Namaqualand...-.| 68, 754.25 | 550,010; 160 0 Boshof___.---.--- 1, 309. 25 7,099 | 108 5 
Barkly West... -.- 30, 053.22 | 141, 953 94 6 Winburg.--.------ 979. 00 1, 823 37 3 
Herbert - ..------- 6, 343. 50 27, 899 88 0 Hoopstad.....--.- 3. 25 15 92 4 
Hay.2 2 2ss25s2be2 J 20. 50 27 26 4 Kroonstad.-.....-- 6.75 24 fotos 
Flaten bee boos ; ge aa ath es - Vredefort .....-.-- 114.80 550 |.--.---- 

opetown-------- , 888. , —S$>= 
Mafeking.....-.-- 1, 588. 85 3,769 |. 47 5 2, 413. 05 9, 611 78 10 


To December 31, 1934, South Africa bas had a total recorded pro- 
duction (in addition to stolen and smuggled stones) of diamonds 
valued at some £311,637,600, or well over one-fourth of its gold pro- 
duction and almost one-fifth of its total mineral output. During the 
15 years 1920-34 South Africa has produced 34,021,794 carats and sold 
30,597,574, an excess production of 3,424,220 carats. The lack of 
balance between production and sales, first apparent in 1927, was due © 
to the exploitation of the Lichtenburg and Namaqualand alluvial 
fields. Exports in 1932 were £1,955,523; in 1933, £2,131,000; and in 
1934, £2,772,000. | 

The Namaqualand production was again small, virtually all of the 
valuable claims being owned either by the State or the Cape Coast 
Explorers, and each is working onfa quota basis. Recent production 
has been as follows: 


Value per 

Year Carats Value carat | 

£s da. 

tire mocteaswoe! yeti ciee sh Soo tN 6 Tid eto te Ut 265, 844 £1, 748,465 |6 11 634 

1080! 2 oe a oe eee Sel A ne ek es 42, 125 1, 274,364]8 19 4 

10ST cee te ota St eet Sa oSs boos ede ese cus pete tets 137, 895 940,946 16 16 4 

AQSO No ES Nel tee gad Eee st Ste ly eles ane Doe te 99, 196. 6 643,795 | 6 9 10 

Boe Senate site OUEST cone hal th cathe ck ee here eins 50, 687. 45 393,221 |7 15 2 
108422 a 2022 he Sel eee ed ests eae a eee Sheet ee ecee see Se 68, 754. 25 550,010 } 8 -. 


All the pipe mines were shut down in 1934, but to give employment 

De Beers began on a small scale in February 1935 to wash some of 
its stock-piled kimberlite. The mines, however, sold diamonds from 
stocks on hand, and De Beers, for example, made a profit of £768,683 
(£128,589 in 1933). 
_ Sir Henry Strakosch * in an interesting article, after pointing out 
that money made in the diamond mines furnished much of the 
capital used in opening up the Rand (Transvaal) gold mines, adds 
the idea that these same Kimberley men, acquainted with the mis- 
fortunes arising from small diamond claims (31 feet by 31 feet) and 
Jack of technical skill, determined that the gold mimes would be 
operated as large units with the best technical ability available. 


5 Financial News, Jan. 22, 1934. 
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New Vaal River, a producer of fine alluvial stones, made a small 
profit, as did Nooitgedacht Diamonds, Ltd. Carrig Diamonds, Ltd., 
which in the heydey of the Lichtenburg district paid dividends of - 
502.5 percent in a single year, acquired several new diamond-bearing 
properties. Cape Coast Exploration, although not operating, con- 
tinued to pay dividends from selling diamonds on hand. see 

Central Africa diamond field.—The northern half of the extensive 
Central Africa alluvial field, which next to South Africa has produced 
more diamonds than any other field in history, is worked by five 
companies operating in the Belgian Congo; and the southern half 
across the frontier in Portuguese West Africa is worked by Diamang. 

Belgian Congo.—Belgian Congo production continued to show the 
effects of the curtailment program begun in the fall of 1932. For the 
fourth year in succession, however, it was the largest diamond producer _ 
of the world, although surpassed in value by South Africa. 

The Congo diamond-mining companies employ about 150 whites - 
and 10,500 blacks. By the use of machinery, especially larger units, 
and the growing efficiency of labor, the companies are reducing both 


their costs and the labor force necessary for their operations. Much 


of the overburden is removed by hydraulic giants, and many of the 
plants are run by hydroelectric power. The companies keep a large 
gravel reserve blocked out ahead of exploitation, thereby insuring a 
long productive life. All five companies pay dividends apparently 
satisfactory to their stockholders. | , 


In June 1934 the export. tax on industrial stones was reduced from 
6 to 4 percent, while that on gem diamonds remained at 6 percent. 
The goverament valuation placed on gem diamonds, however, was 
reduced from 70 to 60 francs, and that on industrial stones remained 
at 8 francs. 

The Forminiére (Société Internationale Forestiére et Miniére du 
Congo) is the original company in Central Africa and, besides its 
important diamond production, its large interests cover Congo tin 
and gold mining as well as plantation, trading, and ranching enter- 
prises. Like other large Congo mining companies it is an important 
source of revenue to the colony. Diamond production for the past 
5 years has been approximately as follows: 1930, 338,000 carats; 1931, 
429,000 carats; 1932, 490,000 carats; 1933, 402,600 carats; and 1934 | 
(estimated), 472,900 carats. Fifteen mines were operated in 1934. 

Beceka (Société Miniére du Beceka) produces industrial diamonds 
mainly, less than 10 percent of its production being suitable for 
cutting. Approximate production was as follows: 1929, 1,400,000 
carats; 1930, 1,969,500 carats; 1931, 2,885,095 carats; 1932, 3,188,000 
carats ; 1933, 1,487,100 carats; 1934 (estimated), slightly under 1,400,000 
carats. All the mines are now operated by hydroelectric power. 

Kasai-Luebo-Lueta Companies (Société Miniére du Kasai, Société 
Miniére du Luebo, Société Miniére du Lueta) exploit their concessions 
as a unit through the Forminiére. Recent production was as follows: 
1932, 192,691 carats; 1933 (estimated), 115,000 carats; 1934 (esti- 
mated), 132,000 carats. 

A few fine diamonds are recovered as a byproduct by the com- 
panies operating gold placers in the northeastern part of the colony. 
Prospectors in 1934 reported the finding of isolated diamonds of no 
commercial importance in several different parts of the colony. 
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Portuguese West Africa (Angola).—The colonial government of 
Angola and Portuguese, French, Belgian, American, and English 
investors own Diamang (Companhia de Diamantes de Angola, known 
as “ Angolas” on the London Exchange). The diamonds are shipped 
through the Belgian Congo to the corporation. Operating results 
in recent years were as follows: 


Results of diamond operations in Portuguese West Africa, 1927-84 


. Carats Dividend 
Cubic me- Carats . 
Year ters treated | produced Pee cue Net profit pat £ 

S. 
3 7.¢ Pane Rae SIN SE INES RM: ese PS 8 ae 2038, 492 201, 511 0.99 | £108, 433 1 
1928 oes one abe ten So ele 1, 980 237, 511 1.0 109, 110 1 
1920) oe Su Sotus seeceslldie » O20 311, 933 1.18 122, 032 1 
1980 S20 oe pote e es Se ey abe a tee 341, 708 329, 823 97 109, 480 1 
1031s eee sel he ete e du twcoee Sus 397, 526 351, 495 88 105, 949 1 
1932 cee eas eco ee ee eeete 407, 945 367, 334 90 107, 908 1 
193322222062 en te seule ee ee So oo 458, 940 373, 623 8 109, 386 1 
10344. ese eh et ie Seen tend 486, 000 453, 000 - 93 (2) (8) 


1 Estimated. 
2 Not yet available. : 
3 Probably at least 1s.; an interim dividend of 1s. was paid on Jan, 14, 1935. 


The mines (18 are now operated) are in the northeast corner of the 
colony. About 12 years’ gravel reserves are kept blocked out ahead 
of production. From the formation of the company in 1917 to the 
end of 1934 production has totaled 3,486,543 carats. About 110 
whites and 5,750 blacks are employed. 

To the end of January 1935, £797,360 had been loaned to the 
colony and £727,020 paid to it as participations in profits. The loan 
is to be repaid in 25 annual installments, beginning in 1935. 4 

Gold Coast——The Gold Coast diamond deposits discovered in 
February 1919 are said to extend over an area of some 20,000 square 
miles. ‘Thestones are small (15 to 25 per carat) but of good quality. 
The largest diamond yet found weighed 9 carats and was worth 
£15 5s. Total exports from 1919 to 1934 have been 6,143,728 carats 
valued at £4,572,537. The estimated gross production in 1934 was 
about 1,200,000 carats. 

All exploitable deposits so far known occur in the Birrim Valley, 
although a few stones have been found at several other places in the 
colony. The diamonds occur in stream gravels and drift overlying 
pre-Cambrian schists, basic lava beds in the schists being considered 
the source. Operating costs per carat of the principal producers have 
been reduced appreciably. The producers in 1933 were the Consoli- 
dated African Selection Trust, West African Diamond Syndicate, 
the Holland Syndicate, and Cayco (London), Ltd. Morkwa, Ltd., 
subleased its five mining leases to a continental group. 

The principal producer is the Consolidated African Selection 
Trust, with concessions covering approximately 54 square miles in 
the Birrim Valley. It also owns about 32 percent of the stock of 
Cape Coast Exploration in Namaqualand and all the stock of the 
Sierra Leone Selection Trust. The latter produces relatively large 
stones, so that the company hereafter will present for sale a good 
assortment in sizes. In the Gold Coast it employs about 18 whites 
and 1,200 blacks. The company does not release production figures 
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but in addition to storing some “rubbish” in Africa exports annually 
eno 900,000 carats. The year 1934 is reported to have been satis- 
actory. 

The West African Diamond Syndicate in 1933 produced 252,900 
carats, a 15-percent increase compared with 220,000 carats produced — 
in 1932. The company treats its concentrates in a two-stage magnetic 
separator and has decreased theft by concentrating all diamond 
picking at a single station to which concentrates are sent in locked 
containers. 

South-West Africa.—The mandated area of South-West Africa 
has been hit particularly hard by the world depression, as it depended 
largely for its revenue upon the production of copper and diamonds, 
the latter usually comprising 45 to 60 percent of the exports. Pro- 
duction of diamonds in recent years is given in the following table: 


Production and sales of diamonds in South-West Africa, 1926-34 


Production Sales 
Year - val 
Har. ones : alue per 
Carats Value per carat Carats Value carat 
S. d 
10262 2 ost an fae ee 683, 801 |.--.-.-----. 6.7 726, 808 |£ 2, 050, 688 56 5 
WOOF och tet eck ee oe tew Sed 728, 877 |...--------- 5.9 577, 341 1, 620, 862 56 2 
AIR eo St eee ae oe oe 5038, 142 }.-.----.---- 6.3 564, 383 1, 389, 864 49 3 - 
19208 oo Sh ee ae eee ees ete oe 597,187 |....----.--- 5.3 533, 101 1, 617, 698 60 8 
19800 22 ne ok ee Se ee eee 415, 047 |.-_--.------ 5.8 214, 036 640, 253 £9 10 
LOB Ve acts) oe sa Sei eee 71, 532 £208, 081 4.8 108, 000 300, 000 58 2 
1982s 22 ses Sed ae eae ee 17, 944 i; 9 44, 00C 211, 000 95 4 
1083. eens. ch ec cute eke ccutecet fess 2, 674 |----------.- 7 9,113 57, 860 26 11.8 
084 oo see ne ee eos ewe dees ee eevee eee Q)e0 iis soodensoo ie fo ele ss 331,980 |-..------- 


1 No mines operated, but a few carats no doubt recovered during development. 


The principal producer, Consolidated Diamond Mines of South- 
West Africa, closed its mine in 1932, although since then it has con- 
tinued successful development work north of Orange River, where 1t 
began washing diamonds on a small scale on January 1, 1935. It 
made a fair profit (£82,155) in 1934 from sales of stones on hand. 
When times become better again this company no doubt will be one 
of the first of those participating in the Diamond Corporation to 
recover, as it has large reserves of a well-varied assortment of dia- 
monds which can be mined cheaply. 

Sierra Leone.—In 1930 diamonds were discovered in Sierra Leone 
by members of the Colonial Geological Survey in the gravels of 
Kenja River and in the Kono district near the French Guinea border. 
Prospecting was begun in 1931 by the Consolidated African Selec- 
tion Trust, Ltd., the principal producer on the Gold Coast. In April 
1934 this company formed a subsidiary, Sierra Leone Selection Trust 
(capital £150,000 in 5s. shares), which has a monopoly of the colony’s 
diamond mining. The Government participates in the profits. The 
stones produced have a good range as to quality, shape, and size, 
which aids in marketing them. The development work accom- 
plished so far suggests that the field is important. Production in 
1932 and early 1933 was from Shongbo, but in July 1933 the Sefadu 
deposit was opened, and modern treatment plants are being installed. 
The estimated production for 1934 was about 70,000 carats. 
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Miscellaneous producers—In 1933 British Guiana produced 
48,568.88 carats of diamonds valued at $526,486.55 or $10.84 per 
carat (1932, 60,185.13 carats). An average of 7.5 stones weighed 1 
carat and the biggest stone weighed 8.5 carats. Ninety-nine percent 
of the output came from the Mazaruni district. The 1934 production 
was 44,818 carats. As the colony’s diamond output has decreased its 
gold production has increased, the “pork-knockers” finding gold 
mining more lucrative under present economic conditions. 

Diamond production in Brazil in 1984 was presumably somewhat 
less than in 1933. Exports from Bahia in 1933 were 9,590.79 carats 
of gem stones and 9,397.46 carats of carbonados. A new American- 
financed company, the Brazil Gold & Diamond Mines Corporation, 
entered the Brazilian field in 1934. . 

The diamond production of Tanganyika Territory continued to 
decline and in 1934 amounted to only 1,220 carats valued at about 
£1,754. The principal producer of diamonds, Tanganyika Diamonds, 
increased its capital to £300,000 in 1934 and became the Tanganyika 
Diamond & Gold Development Co., Ltd., with gold mining its chief 
interest. Mining was continued at Mabuki on a restricted scale, and 
a number of good stones were recovered, notably one of 42 carats 
valued at £1,470. ‘Yellow ground” (weathered kimberlite) nearby 
is stated to contain, according to recent washings, diamonds at the 
rate of 8.04 carats per 100 loads. The company also announced the 
discovery of a pipe in the Shinyanga district, but its diamond content 
is unreported as yet. 

In 1933 India produced 2,342 carats of diamonds, a considerable 
increase over recent years (1931, 639 carats; and 1932, 1,254 carats). 
Most of these came from the Panna State, Central India. India, once | 
the chief source of all the worid’s diamonds, now imports annually 
$1,500,000 to over $3,000,000 worth of diamonds. ain 

In 1934 Venezuela produced a few carats of diamonds, perhaps 
1,000, from the gravels of the Caroni River. These either were 
smuggled out or were exported through British Guiana. 

In August 1934 it was announced officially that a diamond had been 
found in placer mining near Birnin Gwari in Zaria Province, and an- 
other in the Sokoto River, Sokoto Province, Nigeria. The first stone 
weighed 0.5 carat and the second over 10 carats. A rush was about 
to start when the government prohibited further prospecting. 

In 1933 New South Wales produced 123 carats of diamonds, the 
lowest figure in recent years (1930, 677 carats; 1931, 725 carats; 1932, 
251 carats). The average price received was about $5 per carat. 

Southern Rhodesia again became a diamond producer in 1934 in a 
modest way, as 12 carats were recovered in November. Two dia- 
monds are reported to have been found in the Limpopo River gravels 
north of Messina. Its total production has been 15,793.35 carats, 
worth about £75,273. 

W. W. Bradley, State mineralogist, states that four diamonds were 
recovered in 1934 in California as a byproduct of placer gold mining. 
The largest (2.57 carats) was found by Robert Echols in Fig Indian 
Creek, Amador County. The other three were smaller and were 
found in the Yuba River, in Yuba County, near Smartville. 

Borneo, once an important diamond producer, still produces a few 
stones, and its cutting industry imports a fair quantity of rough from 
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South Africa. During the past 10 years its production has averaged 
about 460 carats. 

Industrial diamonds.—As industrial diamonds are used widely, not 
only in heavy industries but also for special precision purposes, their 
sales are a good business barometer. 

World sales were relatively large throughout 1934 probably about 
50 percent above 1933. Total sales in former years of greater business 
activity amounted to some $10,000,000 annually. The trade receives 
its industrial diamonds from three principal sources: (1) From the 
Diamond Corporation, sold by it as industrial diamonds; (2) from 
cutters and brokers, representing that part of their purchases from 
the corporation not suitable for gem stones; and (3) from sources other 
than the corporation, including notably Brazilian carbonados. 

Stocks of good industrial diamonds are now small, for the South 
_ African pipe mines responsible for over half the supply are closed and 
the Brazilian production of carbonados is far below average. 

Imports of industrial diamonds into the United States during the 
past 8 years are given in the following table. The price per carat fell 
from 1929 to 1933 due to the larger imports of very small and hence 
cheap, off-color, gem stones for diamond drilling. Seventy-three 
percent of the imports come from Belgium, the United Kingdom, and 
the Netherlands. 


Industrial diamonds imported into the United States, 1927-34 } 


Value per [ Value per 
Year Carats . Value carat Year Carats . Value carat 
1927s22 oc oot 34, 645 | $2, 149, 912 ane $62. 06 |} 1931_____-__. 224, 970 | $2, 400, 879 7 
1928__...____- 38, 342 2, 756, 895 — 71.90 |} 19382___....-- : 163,704 | .1, 061, 823 6. 48 
1929.......--. 46, 901 4, 060, 577 86. 58 |} 1933_-_....-. 258, 300 1, 246, 748 - . 


1930__._------ 145,958 | 2, 756, 630 18.89 || 1934__....__- 520, 889 | 2, 810, 281 |. 


! Includes glaziers’, engravers’, and miners’ diamonds. 


Imports into Canada in 1934 were worth $1,395,404, more than 
three times those of 1933. 

The year 1934 opened with a price increase of about 20 percent and 
with a good demand for better-grade industrial stones. ‘Throughout 
the year prices tended to increase, due to the scarcity of fine industrial 
diamonds; those of fair size reached predepression prices, as also did 
fine, off-color gem borts for diamond drilling. The supply of such — 
goods is small, and substitution of lower-grade diamonds eventually 
will be necessary. With this in view, some producers have carried on 
extensive drilling campaigns in a number of mining districts, using 

‘common industrial goods” instead of borts with apparent success. 
To indicate the extent of diamond drilling it may be added that in 
Ontario 265 drills employing 503 men drilled 179 miles of holes in 1934 
(corresponding figures for 1933, 143 drills, 251 men, and 107.7 miles 
of holes). In 1934 this drilling consumed 35,968.44 carats of borts, 
32.23 carats of ballas, and 2,004.42 carats of carbonados.°® 

The use of diamonds for ‘dressing emery wheels, shaped diamond 
tools for factory use, and diamond dies for wire-drawing expanded 
during 1934. 

Due to the rather depressed condition of the precious stone-cutting 
industry, diamond dust and its source, crushing bort, was low in price 


6 Ontario Dept. of Mines, Toronto, Bull. 98, 1935, pp. 7-8. 
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throughout the year, although it was somewhat firmer in May and 
again in August. An ample supply of this grade also came on the 
market, much of it from the Congo and West Africa. The price was 
only one-tenth that of 1928, and while the low price did not increase 
consumption, a new use has been found for this material, and its future 
looks brighter. The leading abrasive companies are increasing their 
research as to employment of diamonds, thus in a practical way con- 
ceding the marked preeminence in hardness of diamonds over any 
other natural product or any artificial substitute. The General 
Electric Co., for example, is reported to have improved tungsten 
carbide as an abrasive by embedding diamond particles in it. In 1934 
the Carborundum Co. exhibited its new diamond wheel at the Na- 
tional Metal Congress (New York, Oct. 1-5). Crushed diamonds 
accurately sized are embedded in a secret bond molded to the diameter 
desired; this is then backed by a composition wheel.of the size desired. 
It is used for grinding and shaping hard alloy tools and should even- - 
- tually find many uses, perhaps even in polishing diamonds, cutting 
glass, or similar purposes. The Norton Co., together with several 
European firms, is reported to be making similar wheels. In fact, in 
Europe wheels of this kind were on the market as early as 1933. This 
new use should increase the consumption of crushing bort greatly, for 
the larger wheels contain several hundred carats of diamonds. 

Diamond-set tools for dressing abrasive wheels consist of a single 
stone or of a number of small stones in a proper binder, the latter 
innovation being one of the reasons for the larger imports of small 
stones and smaller consumption of black diamonds. The use of such 
tools has been increasing each year. eF 

The demand for black diamonds or carbonados increased in 1934, 
particularly in small sizes. Carbonados still are essential for diamond 
drilling in badly fissured ground. Large-size carbonados, on the other 
hand, have not been cheaper for the past 40 years. The normal an- 
nual production, all from Brazil, is about 25,000 carats; in 1933 it fell 
to perhaps 8,000 carats but increased to about 18,000 carats in 1934. 


OTHER GEM MINERALS 


Amber.—Increased sales late in 1933 reduced amber stocks sharply, 
and mining was resumed in Prussia early in 1934, employing 375 men 
40 hours per week. At Palmniken, the principal center, about 
2,000,000 cubic meters of earth are reported to yield about 500 tons of 
amber, 20 percent of which is fit for ornamental purposes and the rest 
forlacquer. The sales of cheap imitation amber have been very detri- 
mental to the trade, and in consequence a law was passed in Germany 
on May:3, 1934, confining the word “amber” to the natural product 
or to products of molten and cast amber scraps; even the use of such 
terms as ‘‘imitation amber” is illegal. An advertise campaign was 
begun stressing the superiority of the natural product, and stores dis- 
playing the products of the state amber manufactory were opened in 
several of the larger German cities.” | 

' Kmerald—The Government emerald mines of Muzo, Colombia, 
were operated part of 1934; the value of production was reported as 
about $238,000. Early in 1934 a Colombian law was passed that 
required all persons engaged in cutting or selling emeralds to register 


? Bureau of Foreign and Domestic Commerce, Foreign Trade Notes: Vol. 3, no. 8, Aug. 27, 1934, pp. 5-6. 
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with the Government. Emeralds found in the possession of unregis- 
tered persons are to be confiscated. | 

Opal.—tIn the fiscal year ended June 30, 1933, Australia exported 
unset opals valued at £15,365 (£21,254 in 1931-32), the United King- 
dom taking 41 percent, Ceylon 22 percent, Germany 15 percent, and 
the United States 8 percent. Usually New South Wales is the largest 
producer, although in 1931 South Australia exceeded it; Queensland 
also is a minor producer. In 1933 the production of Lightning Ridge, 
New South Wales, was 4,231 pounds. R. S. Vincent, Minister of 
Mines, New South Wales, sponsored the idea that the opal be declared 
Australia’s national gem. : 

Ruby.—Production of rubies in Burma in 1933 is reported to have 
been only 1,103 carats. © | ! 

Sapphire-—The use of a fine square-cut Kashmir sapphire in 
Princess Marina’s engagement ring has increased the popularity of 
sapphires in Great Britain. In 1933 Kashmir produced 1,434,285 
carats of sapphire and corundum, the greater part of which must 
necessarily have been fit only for industrial use. In 1934 about 120 
men worked the Anakie sapphire field, Queensland, particularly at 
Iguana Flat. One fine 886.5-carat stone was found early in the year. 
In 1933 sapphires sold were valued at £2,826 (1932, £1,982) ; 1934 sales 
probably were nearer those of 1932 than 1933. The Miniére des 
Grandes Lacs Africains did not work its sapphire mines in the Eastern 
Belgian Congo in 1934. : 

Jadeite.—In 1932 Burma produced 3,026 cwt. of jadeite (2,765 cwt. 
in 1931), but the reported value was less than half that of 1931. Ex- 
ports in 1932 were 3,654 cwt. . 

Madagascar produces many semiprecious stones, the reported pro- 
duction being 52.4 metric tons in 1932 and 131.6 in 1933. 
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The retail jewelry industry was one of the “hardest hit’? during 
the depression, reaching a low point in 1933, when its sales were but 
33 percent of those in 1929 ($536,000,000). Sales increased about 
15 percent in 1934 (from $175,000,000 to $201,000,000), and in 1935 
a further improvement of about 15 percent was noted. Christmas 
sales in 1935 were “‘spotty;’? some States showed no improvement 
over 1934, sales in Florida doubled, and the average increase was 16 
percent. A promising feature was the greater interest in fine jewels. 

Although the increased sales are encouraging, the jewelry dollar is 
being spent more and more in the department store and, during the 
depression, in the pawnshop. Bankruptcy sales and distress sales by 
banks also cut into the jewelers’ sales. Under present conditions, 
the jeweler must look more and more for his customers among the 
well-to-do, as the number of possessors of great fortunes has decreased 
markedly in the past 6 years. In 1935 manufacturing jewelers had 
the best year since 1929. 

Fashions in jewels—The tendency in 1935 to use richer fabrics in 


’S ns naturally has led to a greater demand for genuine 
rather than imitation jewelry. Bracelets, clips, jeweled hair orna- 
ments, and earrings have been popular, as have multiple rings, each 
ring being set with either diamonds, rubies, or sapphires. Late in 
the year, necklaces made their bid for popularity. The use of fine 
jewelry that may be separated into sections to be used for different 
purposes increased. Besides the four noble gems—diamonds, emer- 
alds, rubies, and sapphires—aquamarines, topazes, and amethysts 
have been in vogue. Baguettes and other fancy shaped diamonds 
are losing popularity compared with brilliants. Gold in mountings 
gained at the expense of platinum. 

Jewelry for men appears to be returning to favor, rings in the 
middle price range having sold particularly well. 

Imports——According to the Bureau of Foreign and Domestic 
Commerce, imports of precious and imitation stones into the United 
States in 1935 totaled $27,612,390, an increase of 54 percent from 
1934. Details are shown in the following tabulation: 


Diamonds: Carats Value 
Rough, uneut.__--------------------------------- 79, 695 $4, 261, 921 
Cut, but not set. ...----------------------------- 330, 617 15, 538, 902 
Glaziers’, engravers’, and miners’, not set_-_--------- 954,589 4, 293, 611 

Pearls and parts, not strung or set_------------------------ Pent 652, 219 
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Other precious stones: Value 
Rough, Oneutne cee eect Se Ines SRE ne TT $50, 444 
Out bu Nob set. oo 2258 oe oto eee cos ee Se 1, 282, 348. 

Imitation precious stones, except opaque____._..__...----------- 1, 480, 937 

Imitation precious and semiprecious stones, opaque, including imi- 

tation pearls_..._._..------------ pew ba ae eet es ae eae 30, 032 

Marcie tess anes eaten Boe oe oe ese Hee te 21, 976 


Domestic production.—As in recent years, the gem production of the 
United States in 1935 was small and presumably did not exceed $5,000 
in value. Turquoise valued at almost $2,000 was produced in Nevada 
from the Blue Jay claim in the Lone Mountain district, Esmeralda 
County and from the Snow Storm claim near Camp Royston. Rose 
quartz in South Dakota, kunzite in California, sapphire, ruby, ame- 
thyst, rhodolite, and aquamarine in North Carolina, moss agate in 
Montana, and topaz and pink beryl in the Thomas Range, Utah, were 
also produced on a small scale. An increasing number of mineral 
collectors and amateur lapidaries pay annual visits to well-known 
mineral localities to obtain material to further their hobbies. 

DIAMOND 

Recovery in the diamond industry, first noted in the summer of © 
1932, continued at an accelerated rate in 1935, but the industry cannot 
be prosperous until the United States, its best customer, enjoys good 
times. The trade, however, is confident of the future, and virtually 
every index of the industry improved, in comparison with 1934, by 15 | 
to 75 percent. 

The reorganized method of marketing by a single sales unit, the 
Diamond Trading Co., which first functioned early in 1934, worked 
smoothly and satisfactorily. The cooperation displayed by producers 
was excellent, and while production exceeded that of 1934, the increase 
was due to the operations of the larger mining companies, who are 
responsible for the stability of the industry. De Beers is so confident 
of the future that the Dutoitspan mine was reopened in March 1936, 
and a second pipe mine may be operated later in the year. 

Stocks of rough diamonds decreased somewhat during the year, the 
sale of all sorts of industrial stones being especially large. Stocks in 
the hands of retailers are low and will have to be increased markedly 
if business continues to improve. 

Prices of rough, firm throughout the year, were raised 7% percent in 
September. The price of large cut stones advanced. Due to destruc- 
tive competition between the cutting centers, however, small polished 
goods were less firm in price but toward the end of the year began to 
follow upward the price of rough. 

Share dealings—Trading in shares of diamond-mining companies 
was rather active, and during the year the shares of the ten principal 
companies gained 26 percent in price. They were at year end about 
45 percent of the all-time high (1927) and over four times the all-time 
low (1932). Of the 17 principal companies, 11 paid dividends in 1935. 

Market.—Sales of rough by the Diamond Trading Co. exceeded 
£6,000,000, a 55-percent increase over those of 1934. The market was 
broad as to the number of buyers and varieties of diamonds purchased 
and the sale of fine-quality stones increased markedly. 

The market for cut or polished diamonds was the best since 1929, 
but the cutters made little money as the market was oversupplied, 
particularly with small sizes. 
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India has been, perhaps, the most important buyer of diamonds in 
late years and, when the price of gold was raised, converted much of 
its store into fine gems. The United States increased its diamond 
imports by about 57 percent, and Hungary and Austria increased their 
purchases markedly. | 

Fine cut stones of 1 carat or more were in demand throughout 
the year, indicating investment buying, in which, at one time or 
another in 1935, Americans, British, Hungarians, French, and Bel- 
gians participated. | 

Imports—The source of diamonds imported into the United States 
in 1935 follows: 


Diamonds imported into the United States in 1935, by countries } 


Rough, or uncut Cut, but not set 

Country Value Value 
Carats |——-—, | Carats, | 7 
Total Per carat Total Per carat 
Albania-._.-..-----------------------|----------|-------2--2-] 22-2 o0ooo- 33 $1, 547 $46. 88 
Australia._.........------------------|----------]------------]---------- 3 92 30. 66 
Belgium. .-.-.------------------------- 36, 383 | $1, 926, 697 $52.96 | 234,429 | 11, 032,946 47. 06 
British Guiana_._...-..-------------- 505 7, 015 13) 89° eco tes es tos oes bet |ee sete esas 
Canada_.-----.---- ole ee a ee I, 019 29, 832 29. 37 58 4, 019 69. 29 
Eecuador....-------.------------------|----------|------------]---------- 7 3, 500 500. 00 
France: .20eso32 305+ ees se eesse ae 1, 485 465, 248 313. 30 1, 634 110, 800 67.81 
Germany. -..------------------------|----------|------------ weet Seed 147 6, 545 44. 52 
Mexico_........----------------------|----------| -- ----------|----52-22- 4 50. 00 
N etherlands. to ath te oe reas 19, 058 789, 383 41. 42 93,656 | 4,319,912 46.13 
Switzerland. ._-.....-----------------]----s-22--|----gog-zee-[-oo gee 1 158 158. 00 
Union of South Africa_._...--.------- 8, 269 417, 727 50. 52 156 12, 886 82.60 
United Kingdom...-_.--.------------- 12, 976 626, 019 48. 24 489 46, 297 94. 67 
79,695 | 4,261,921 53.48 | 330,617 | 15, 538, 902 47.00 


a 
1 Compiled from records of the Bureau of Foreign and Domestic Commerce. 


—On April 5, 1935, Japan reduced the tariff on diamonds 


from 100 percent ad valorem to 5 percent ad valorem on industrial 
stones and 10 percent on gem stones. In February 1936, Indian 
duties on diamonds were reduced from 25 to 10 percent. Italy, on 
the other hand, on February 16, 1935, increased the duty on precious 
stones from 3 to 6 percent and imports are strictly controlled. 

~ Cutting —The struggle between Belgium, Holland, and Germany 
for supremacy in diamond cutting continued in 1935, but, of the 
three countries, only Germany improved its position. The master 
cutters made little profit, but there was more work in 1935 for the 
artisans and their wages were increased in the last half of the year. 


The cutting industry in the United States improved by perhaps 20. 


percent, but that of France suffered greatly. 

Comparative hardness.—Charles EK. Wooddell, research engineer 
of the Carborundum Co., presented a most valuable paper on the 
relative hardness of electric furnace products and natural abrasives 
before the October 1935 meeting of the Electrochemical Society. He 
found considerable difference in hardness between gem diamonds 
from different fields—carbonado softer than most diamonds and 
diamonds immeasurably harder than any artificial substance. As is 
well-known, he found the diamond much harder, compared with 
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ruby, than the single number in Mohs’ scale would indicate. His 
table of comparative hardnesses by the abrading method follows: 


- Scale: Scale: 

Corundum = 9 Quartz = 7 

Diamond = 10 Corundum = 9 
‘South American brown bort__._._________._______. 10. 00 42. 4 
South American Ballas_________________..... 9. 99 42.0 
Belgian Congo yellow (cubic crystals)_...___________ 9. 96 41.0 
Belgian Congo clear white (cubic crystals)___________ 9. 95 40. 7 
Belgian Congo gray opaque (cubic crystals)_________ 9. 89 38. 7 
South American carbonados___.____________.______ 9. 82 36. 4 
Boron earbide__.....2..2.5---2-c2---.- 9. 32 19. 7 
Black silicon carbide____________________________. 9. 15 14,0 
Green silicon carbide_____.__________________..___ 9. 13 13. 4 
Tungsten carbide (13 percent cobalt)_______________ 9. 09 12.0 
Fused alumina (3.14 percent TiO.)_________________ 9. 06 11.0 
Fused alumina “A”_2~____-- 8 9. 03 10. 0 
African crystal corundum_________________________ 9. 00 9. 0 
Rock-crystal quartz__-_._-_.__222--_-_- 8. 94 7.0 


Production of diamonds by countries, 1 931-385, in carats 


Sg ne ee a a SY 


Country 1931 1932 1933 1934 1935 
South Africa: 

Minese2). ude 20sec. SF 1, 470, 376 307, 431 14, 149 9, 414 274, 316 
Alluvial____222-2- 2-22 647, 044 488, 096 492, 404 430, 898 402, 404 
1 2,119, 155 1 798, 382 1 506, 553 1 440, 312 1 676, 720 
Angolace1o0ui 20s ts echo ae ok 351, 495 367, 334 373, 623 452, 963 482, 000 

Brazile. 220 oo se ent Petes acta 80, 000 34, 000 2 30, 000 2 30, 000 50, 
British Guiana_-__-....-- 222. 63, 479 61, 780 48, 569 44, 569 45, 000 
O80. costes ceca ss ace Sed 3, 528, 200 | 3, 990, 069 1, 975, 450 | 3, 331,360 | 23, 500, 000 
Gold Coast §.__._-.-- 2 880, 479 842, 207 863,722 | 1, 142, 268 2, 172, 563 
Sierra Leone__-_---_.....--...-.-.--.--__|-- 749 32, 017 68, 633 3 250, 000 
South-West Africa_....._._._._......_.___ 71, 532 17, 944 2, 674 4, 126 2 125, 000 
Tanganyika. ____..._.-..__________.. 7, 790 1, 391 2 1, 432 1, 414 21,714 
Miscellaneous 4_.__........_._____......_ 3, 600 8, 725 1, 825 4,000 2 3, 500 
Grand total..._._-_....--2-____ ee. 7, 105, 730 | 6, 117,671 | 3,835,865 | 5, 519, 645 7, 306, 497 


a ee ee 


1 Includes a small quantity of diamonds recovered from re-treatment of tailings. 

2 Estimated. 

? Exports year ended Mar. 31. 

4 1931-34 includes India, Borneo, New South Wales, and, in cetrain years, Rhodesia, Venezuela, French 
Equatorial Africa, and the United States (Arkansas and California); 1935, India, Borneo, Australia, French 
Equatorial Africa, and Nigeria. 


The increased production over that of 1934 came largely from the 
pipe mines of South Africa and from the alluvial mines of Sierra Leone, 
Gold Coast, South-West Africa, and Congo. Of the total production, 
about 60 percent was bort and only 40 percent suitable for the jewelry 
trade, and an unusually high percentage of this was too small to cut 
into stones of appreciable value. 

In addition to newly mined diamonds, a varying number of dia- 


monds appears on the market annually for resale. In 1935 the quantity 
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was relatively small, and these were sold at firm prices. In January 
a few Russian seconds were marketed. 

Industrial diamonds.—Sales of industrial diamonds exceeded those 
of 1934 by about 40 percent, partly due to the increased demand. for 
war equipment. This brought about a shortage of good industrial 
diamonds, especially in 1-carat sizes, as the South African pipe mines, 
normally responsible for much of the supply, are shut down and the 
Brazilian carbonado production remains small. 

Imports of industrial diamonds into the United States during the 
past 8 years are given in the following table: 


Industrial diamonds imported into the United States, 1928-36 } 


Value per Value per 
‘Year Carats Value carat Year Carats Value carat 
1928____.__.. 38, 342 | $2, 756, 895 $71.90 {| 1982...---._. 163, 704 | $1, 061, 823 $6. 48 
1929-52252 52 46,901 |} 4,060, 577 86.58 |} 1983__..-.---- 263, 484 1, 263, 156 4.79 
1930__-...--- 145, 958 2, 756, 630 18.89 || 1984._._____. 526,007 |: 2, 862, 349 5, 44 
1931__.....-- 224,970} 2, 4. 50 


400, 879 10. 67 |} 1935._.-_---- 954, 589 | 4, 293, 611 


1 Includes glaziers’, engravers’, and miners’ diamonds; compiled from records of the Bureau of Foreign 
and Domestic Commerce. 


The dollar value of 1935 imports was 50 percent greater than those 
of 1934 and over 5 percent greater than those of the boom year—1929. 
The price per carat fell markedly from 1929 to 1935 due to the increased 
use of bort for drilling and in the past 3 years to larger imports of 
diamond dust for abrasive wheels. 

Perhaps a third more diamond drilling was done during 1935 than 
in 1934. Prospecting for gold, the chief use of the diamond drill for 
the past 5 years, was supplemented by search for deposits of base 
metals, due to the better market outlook for these metals. During 
the year further successful experiments were made in diamond drilling 
with “common industrial goods’’, a grade still cheaper than borts. 
In certain_mines_drifting is being done with light, portable diamond 


drills rather than with percussion drills. The use of bonded diamond 
wheels, described in this review last year, increased, as is indicated 
by the larger imports of crushing bort. 


OTHER GEM STONES 


The 1935 production of emerald, particularly that of good quality, 
was small because the Colombian mines were shut down. Cobra 
Emeralds, Ltd., Leydsdorp District, South Africa, apparently 
operated during 1935, and a Swiss company is reported to have 
reopened the Habachthal mine in Austria. 

In 1934 the Mogok ruby district in Burma showed renewed activity 
and produced 21,622 carats in addition to returns by local miners. 

In 1934 Kashmir produced 1,071,869 carats of sapphire, and the 
Anakie field in Queensland sold stones valued at £3,055. Many of the 
sapphires exported from Siam are produced in Cambodia; normal 
production is about 3,500 carats. 

In 1934 New South Wales produced opal valued at £3,283, largely 
from Lightning Ridge. Three districts in South Australia also 
produced opal. | 

Czechoslovakia exported 110 kilos of garnet-decorated articles in 
1934, valued at 710,000 crowns. | 
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Burma’s 1934 jadeite production was normal—105 tons, worth 
presumably, about 3,500 rupees per ton. Jordansmuhl N ephrite 
Gesellschaft M. B. H., formed in 1933, quarries nephrite at Jordans- 
muhl, Silesia, which is sent to Idar to be cut. 

Government amber mines in Samland, Prussia, produce about 
1,350 troy pounds yearly. As export demand has diminished since the 
war German chemists are seeking commercial uses for substances 

derived from amber. In 1934 Burma produced 414 pounds of amber. 

Fifty tons of labradorite were quarried from Tabori Island, Labrador, 
last year. Brazil and Madagascar each produce annually somewhat 
over 400 pounds of rock crystal. In 1934 Brazil exported 307 contos 
worth of declared precious stones and in 1933 Madagascar exported 
stones valued at 300,000 francs. About 7 tons of tiger-eye (worth 
about £350) were shipped from Prieska, South Africa, in 1935. 


SYNTHETIC STONES 


“Tgmerald”’, produced in 1935 by Doctor Jager and Doctor Espig, 
chemists of the I. G. Farbenindustrie at Bitterfeld, Germany, is, 
without doubt, a synthetic emerald but to date, at least, the product 
is made only in small hexagonal crystals, the value of which does not 
approach the cost of production. The specimens so far produced are 
reported to lack transparency and can be differentiated readily from 
the gem. Synthetic beryl is said to have been made in France as 
early as 1884. The Bitterfeld plant makes a number of other syn- 
thetic gems used both as ornaments and as bearings for watches and 
meters. 

No striking developments in the synthetic production of ruby, 
sapphire, and spinel were announced during the year. They are 
produced in a wide suite of colors. In the spring of 1935 some 
“sharpshooters” in London attempted to pass a synthetic spinel as a 


synthetic diamond. 
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The jewelry industry throughout the world improved markedly in 
1936, but retail sales in the United States, estimated at $310,000,000, 
were only 58 percent of those in 1929. Prices advanced in the latter 
half of the year owing to the increase in prices of fine gems and plati- 
num. Improved financial conditions stimulated sales of fine jewelry 
in 1936, which comprised a larger proportion of total sales than in 1935. 

If the demand for fine-colored stones continues, increased pro- 
duction will be necessary to avoid a shortage. During the year a 
number of exceptionally fine jewels were exhibited in the larger cities 
throughout the country, thereby increasing the interest of the public 
in gems. 

Fashions in jewels —Women’s gowns in 1936 were of fine fabrics 
and required real gems as well as other luxurious accessories. The 
_ fashionable world has become “jewel-minded’’, and even with sport 


clothes, jewels are considered smart. For more than a year the use 
of gold has been increasing at the expense of platinum. Bracelets, 
_clips, necklaces, and earrings have been particularly popular, the last 
frequently being clips covering the lobe of the ear. Jeweled flowers 
in the form of pins are both beautiful and expensive. Diamond, 
emerald, sapphire, and ruby are of course the most desired of all 
gems; however, star sapphire and aquamarine are gaining in popularity, 
as are also, to a smaller extent, topaz, amethyst, and turquoise. 
Men continue to favor star sapphire, cat’s-eye, and star ruby. 
Domestic production.—The search for precious stones intthejUnited 
States in 1936 was more actively pursued than in the past 5 or 6 years, 
and the. total value of products probably approached $12,500. Lee 
F. Hand is reported to have produced 545 pounds of turquoise worth 
about $4,500 from the Snow Storm claim, Royston district, Nevada. 
The Mildred and Marguerite properties in the Crow Springs district and 
the Reik mine near Columbus, Nev., as well as properties in Mineral 
Park, Ariz., are also reported to have produced turquoise. Some 10 
tons of moss and other agate were collected in Montana, and agate 
and jasper were produced in California. A considerable amount of 
agatized wood was recovered from private lands around the Petrified 
Forest National Monument, Ariz., and some 3,250 pounds of irides- 
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cent obsidian was produced in Modoc County, Calif. About 800 
pounds of rose quartz of gem quality was mined in the Black Hills 
of South Dakota. Walter W. Bradley reports that a diamond 
weighing % carat was recovered in Butte County, Calif. In addition, 
the following gem stones were produced during the year: Ruby 
(Tiger, Ga.); sapphire (Macon County, Ga., and Montana); aqua- 
marine (Park County, Colo.); opal (Nevada and San Bernardino 
County, Calif.); topaz (Thomas Range, Juab County, Utah, and 
Fresno County, Calif.), and blue topaz (Teller and Park Counties, 
Colo.); garnet (Fresno County, Calif., Emerald Creek 12 miles south- 
west of Fernwood, Idaho; Thomas Range, Juab County, Utah; 
Montana; Colorado; Black Hills, South Dakota, and North Carolina 
(thodolite)); zircon (Fresno County, Calif.); prase opal (Sonoma 
County, Calif.); amazonite (Florissant district, Colorado); amethyst 
(Lorimer County, Colo.); and rock crystal (Arkansas). 

Imports.—According to the Bureau of Foreign and Domestic Com- 
merce imports of precious and imitation stones into the United States 
in 1936 totaled $38,146,113, an increase of 38 percent over 1935. De- 
tails are shown in the following tabulation: 


Diamonds: Carats Value 
Rough, uncut, duty free__.....--_..-_._________ 97,677 $6, 230, 902 
Cut, but not set, dutiable..__._..__--__________ 445,610 22, 707, 703 

Glaziers’, engravers’, and miners’, not set, free..__ 1, 166, 094 4, 328, 603 

Pearls, not strung or set, dutiable__.._____.-___-__-_ ________. 743, 738 

Other precious stones: 

Rough, uneut, free senctecs 2 oe oe te ee ed le 86, 490 
Cut, but not set, dutiable....-._---__-222--_---e LLL. 2, 342, 358 

Imitation, except opaque, dutiable............_-_-___ __.______ 1, 634, 843 

Imitation, opaque, including imitation pearls, dutiable. ________. 38, 708 

Marcasites, dutiable___.......--...22_----..-------) -onuu eee 32, 768 


DIAMOND 


With the United States and other countries again purchasing sub- 
stantial quantities of stones, the diamond industry improved beyond 
expectations in 1936; virtually all indicators of the industry showed 
gains of 25 to 45 percent over 1935. The improvement was due 
largely to the better world industrial outlook and to a marked increase 
in demand for industrial stones, as industry now absorbs many stones 
that 20 years ago would have been cut as jewels. Speculation and 
investment buying were smaller factors in the increase. Notwith- 
standing a small increase in production, stocks of rough diamonds 
decreased markedly. Stocks of polished goods were also low. Prices 
of both rough and cut diamonds advanced during 1936. 

Share dealings.—Trading in shares of diamond-mining companies 
was active, especially in the second half of 1936. Six representative 
stocks advanced an average of 86 percent during the year. At the 
end of the year they were 65 percent of their high (1927) and 650 
percent of their low (1932). Of the 15 more important stocks, 11 paid 
dividends. 

Market.—The value of sales of rough diamonds by the Diamond 
Trading Co. was about £8,500,000 in 1936, a 36-percent gain over 
1935. The market was broad; purchasers came from all parts of 
the world, and all types of stones were sold. Good-quality large 
stones were scarce at the end of the year, 3 | 
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The market for polished stones was animated, and in the last half 
of 1936 even the cutters of small diamonds were making reasonable 
profits. India and the United States were the principal buyers, 
while Japan’s 1936 purchases were more than tenfold those of 1934. 

Investment buying of fine stones of more than 1 carat was world- 
wide; the Continent was a particularly large purchaser. 

Cutting.—The status of the diamond-cutting industry improved 
markedly in 1936, and the cutting centers of Belgium, Holland, and 
Germany showed a more conciliatory attitude toward one another. 
Better prices permitted the masters to make profits, employment in- | 
creased, and the men enjoyed better wages and shorter hours. At the 
end of the year about 310 cutters were employed in the United States. 

Imports.—Diamond imports into the United States in 1936, by 
countries, were as follows: | 


Diamonds imported into the United States in 1986, by countries ! 


Rough, or uncut Cut, but not set 
Country Value Value 
Carats = |---| Carats 
Total Per carat Total Per carat 

Africa, British: 

Union of South. ........-- 4, 417 $310, 975 $70. 40 266 $30, 815 $115. 85 
Other British__.._-..-_____ 65 7,030 TOS 16 oedsecst gor | hes Slee a , 
Belgium. ........-.-.--.-..--- 47,112 | 3,084,798 | . 65. 48 329, 520 | 16, 583, 968 50. 33 
Brazil co.cc2oe kee ee 471 11, 954 25:38) |22cose2ccewe| cst cee cscs |seeseee cule 
British Malaya. -............-|------.-.---|-----.------|------- 13 4. 72. 54 
ONAGS =) 2 esc c ese c ke 418 27, 608 66. 05 364 25, 790 70. 85 
Czechoslovakia_........-.....|..----------|---....2.0-_/----- 8! Ss 165 10, 990 66. 61 
inland :4.225 aN sec ee oe A ts Le Sl ee ek Sie 60.00 
HYANCO: 0 ccccsencn dunes css 79 2, 398 30. 35 3, 619 244, 769 67. 63 
Germany? oo 5 5 oes | bee ce et See be oe dee se 5, 430 55. 98 
Hungary s2202-0 25 0ochcce esc] ace Shene seed en 177 9, 047 §1.11 
JAPAN ooo coke i ececetsceceess 70 5, 430 i es all eee ee) Me are) (erent woe 
Mexico... 2-2-2 ee 3 132 9, 022 68:35: 522ccte ee] eos cle eee ty 
Netherlands_-__.._---._.-_-_.. 23,245 | 1,376,986 59. 24 109, 349 | 5, 627, 199 51.46 
Switzerland............-_. aus [aaeten tered: |aseuedeece dc |oeeeet lS 10 3, 743 374. 30 
————United Kingdom: 222222 SF, 668 TT, 394, 701 64.37 [2,029 164,949 | 8130 °° 

97,677 | 6, 230, 902 63. 79 445, 610 | 22, 707, 703 50. 96 


1 Compiled from records of the Bureau of Foreign and Domestic Commerce. 


Taxes and tariffs—On June 22, 1936, the 10-percent excise tax on 

sales of jewelry items valued at more than $25 was repealed. In 
_ September Italy placed a “temporary” duty of 20 percent on diamond 

imports. | 

World production.—World production of diamonds in 1936 approx- 
imated 8,296,900 carats (1.829 tons) worth about $35,600,000. Com- 
pared to 1935 this is an increase of about 9 percent in quantity and 
14 percent in value. As the South African pipe mines operated only 
on a small scale, the alluvial mines accounted for some 96 percent of 
the carats and 86 percent of the value. 

The following table gives, as accurately as available statistics 
permit, world diamond production for the past 5 years: 
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World production of diamonds, 1932-86, by countries, in carats 


Country 1932 1933 1934 1985 . 1936 
Africa: ce : : 

. “Anigola seco 5) D2ih ce ee ee 367, 334 373, 623 452, 963 481, 615 580, 000 
Belgian Congo. ...._-----.--____--___- 3, 990,069 | 1,975,450 | 3,331,360 | 3,812,023 |. 1 4, 800,000 
French Atrica.. a=. 5 ou. cc 225s elle ee ot bee Ie a le 1 13, 000 
Gold Coast ?__...___-----...---------- 842, 297 863,722 | 1,142,268 | 2,172, 563 1, 489, 410 
Sierra Leone..._..__.-..-.------------ 749 32, 017 68, 633 1 250, 000 1 450, 000 
South-West Africa._....... 222222 22-- i 17, 944 2, 674 | 4, 126 128, 464 184, 873 
Tanganyika....__-.-..__..-------- 1,391 1, 432 1, 414 1, 415 3 2, 700 
Union of South Africa: me 

YB fs ee ea 307, 431 14, 149 9, 414 274, 317 339, 718 
Allvialcehs sive even eho? 488, 096 492, 404 430, 898 402, 405 284, 204 

; . 4 798, 382. 506, 553 440, 312 676, 722 623, 922 
Brazile feet et oes oe 34, 000 130, 000 1 30, 000 ~ 160, 000 1 100, 000 
British Guiana__..._.-.._--.- 2. eee 61, 780 48, 569 44,569 | 46, 564 1 47,000 
Miscellaneous §____..___..._..------- earns 3, 725 1, 825 4, 000 3, 500 - 6, 000 


ne | ee | | Sf 


6,117, 671 | 3,835,865 | 5,519,645 | 7, 622, 866 8, 296, 905 


. 1 Estimated. 

2 Exports year ended Mar. 31. 

3 Exports. 

4 Includes a small quantity of diamonds recovered from re-treatment of tailings. 

5 1932-34, includes Borneo, India, New South Wales, and, in certain years, French Equatorial Africa, 
Rhodesia, United States (Arkansas and California), and Venezuela; 1935, Australia, Borneo, French West 
Africa, India, Nigeria, and Venezuela; 1936, Borneo, India, Nigeria, Rhodesia, and Venezuela. 


The increase in production in 1936 came from the pipe mines of 
South Africa and the alluvial mines of the Belgian Congo, Angola, and 
Sierra Leone, that is, from mines administered by interests closely 
allied to the Diamond Corporation. The Central African field 
(Belgian Congo-Angola), which for 6 years has been the largest 
producer by weight, in 1936 for the first time surpassed South Africa 
in value of production as well. French Africa made its initial appear- 
ance as a producer of some importance, whereas the production of the 
South African alluvial fields continued to decrease. Less than 40 per- 
cent of the total production was of gem quality; the increase was in 
industrial stones. 

Industrial diamonds.—The rapid development of the use of hard 
alloys in industry in general and particularly in armaments programs 
has caused a great expansion in the use of abrasive diamonds. .The 
United States, Great Britain, Germany, and Russia are the principal 
consumers. ‘The chief use is trueing abrasive wheels, but diamond 
_ drills, diamond dies, wheels in which diamond or diamond dust are 
bonded in either bakelite or metal, diamond-set tools, diamond- 
bonded tools, and many other uses are also important. Some years 
ago bort largely supplanted carbonado in most drilling, but recently 
both types of diamonds have been set in some bits. Some bitmakers 
are now molding bits, the diamonds being ‘“‘set’’ in molten metal. The 
use of “common goods” (cheaper than bort) in diamond drilling is 
increasing. Experiments continue to supplant rock drills with dia- 
mond drills in driving drifts, and diamond drills are used in stoping 
at the Noranda mine. On the Rand experiments are being conducted 
with a diamond-impregnated wheel built on the principle of a coal 
cutter, with which the “banket”’ is sliced. 

It should be emphasized that 50 to 60 percent of a normal year’s 
production of abrasive diamonds is destroyed in use in various indus- 
tries. 


GEM STONES 7 1439 


The trade obtains industrial diamonds from three principal sources: 
(1) Direct from the Diamond Trading Co. or its affiliates; (2) from 
that part of cutters’ and brokers’ purchases from the company not 
suitable for gem stones or too “knotty” to cut easily; and (3) from 
“outside” sources, notably the Brazilian carbonado production. At 
present the Diamond Trading Co. is a more important source of 
industrial stones than formerly due to two factors: First, many stones 
once used in low-priced jewelry are now used industrially ; and, second, 
carbonados now make up a smaller part of the total supply of indus- 
- trial diamonds than a decade ago. Bahia’s exports of aaouedes in. 
1935 approximated 21,000 carats valued at $630,000 (in 1934, about 
14,200 carats valued at $300,000). 

Because of the greatly increased demand and the fact that most of 
the South African pipe mines have been shut down and that the 
Brazilian carbonado production has been subnormal, there has already 
been a shortage in supply of certain types of industrial stones. As a 
result of this scarcity some industrial diamonds were selling at pre- 
depression prices in 1936. Large industrial stones (over 2 carats) 
were, however, somewhat cheaper than in 1929, and carbonado was 
much cheaper. ‘The price of crushing bort, notwithstanding increased 
use, remained steady. | | 

‘Imports of industrial diamonds into the United States during the 
past 5 years are as follows: | ~ 


Industrial diamonds (glaziers’, engravers’, and miners’) imported into the United 
| | States, 1932-36 } . 


Value : Value 
Year Catats. [Re Year Carats 
; Total Per carat , Total Per carat 
1932... 163, 704 | $1, 061, 823 $6.49 || 1935.--.------ 954, 589 | $4, 203, 611 $4, 50 
1933_...-.___- 263, 484 | 1, 263, 156 4, t 1936__...-_.-- 1, 165,894 | 4,328, 429 3.71 
5. 


1934_.._--.-.. 526,007 | 2, 862, 349 


1 Compiled from records of the Bureau of Foreign and Domestic Commerce. 


EMERALD, RUBY, AND SAPPHIRE 


The Colombian Government abandoned the Muzo emerald mine 
about 5 years ago and in 1932 opened a new mine 3 miles distant. 
For the past 3 years the average annual production is said to have been 
about 400,000 carats worth 400,000 pesos. Some 300 workmen and 
a guard of 60 to 100 soldiers are employed. A few emeralds are 
recovered from the beryl pegmatites and ‘surrounding schists near 
Gravelotte, northeastern Transvaal. Sales in 1935 were 148,451 carats 
worth £10,756. 

Burma increased its ruby production considerably in 1935. The 
total output was 105,484 carats worth 114,063 rupees (in 1934, 21,622 
carats); 2,431 carats of sapphires and 6,687 carats of spinels were 
produced as byproducts. 

The Padar district of Kashmir, where operations at the sapphire 
mines were resumed in 1933, produced about 800,000 carats in 1935 
compared with 1,075,000 carats in 1934. The total Indian output in 
1935 was 904,571 carats. Ceylon’s production of precious stones 
(largely sapphire) is apparently increasing; some estimates place it 
_as high as Rs.2,000,000 in 1935. The Ratnapura, Matara, and Kandy 
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districts were especially active. Sapphire and beryl were recently 
discovered in abundance in the last two districts named. For some 
_ years the American Gem Mining Syndicate has operated its mine 
near Philipsburg, Mont., for industrial sapphires only. Production 
in 1936 was 17,200 ounces worth about $25,000. Sapphire was the 
only gem produced in Queensland in 1935, and sales totaled £1,804 
15s. compared with £3,055 in 1934. The mine is at Sapphire. The 
Belgian Congo sapphire mines of the Miniare des Grands Lacs have 
not been worked for several years. 


LESSER GEMS 


In 1935 Prussia produced 102,489 kilos of amber and purchased 
9,484 kilos from small producers (in 1934, 107,026 and 9,165 kilos, 
respectively); 22,900 kilos valued at 258,000 RM were exported in 
1935, or the highest exports since 1931. Most of the amber output 
was used industrially. In 1935 Burma produced 18.57 cwt. of amber 
_ valued by the Government at $777 and 1,264.75 cwt. of jadeite valued 
at $71,465. Meerschaum mining at Eskisehir, Asia Minor, has been 
encouraged by the Eti-Bank in connection with the Turkish 5-year 
plan. In pre-war days about 280 metric tons a year were exported, 
but less than 28 tons were shipped in 1935. Ninety percent of the 
output is exported. In 1935, 9,000 pounds of tiger-eye were exported 
from South Africa. The lighter-colored varieties occur in slabs 9 to 
12 inches long, but the darker-colored only in smaller pieces, Brazil 
produces six types of quartz, of which 90 percent comes from Minas 
Geraes, and exports of rock crystal have averaged 5 tons yearly for 
the past 7 years. The United States and Japan are the principal 
consumers. In 1935, 230,862 kilograms valued at 998,701 paper 
milreis were exported. Madagascar continues to export much low- 
priced gem material to France, Japan, the Netherlands, Great Britain, 
and Czechoslovakia. In addition to 20,000 carats of precious stones 
about 1% tons of garnet, amethyst, beryl, optical rock crystal, rose 
‘quartz, and chalcedony were exported in 1935. South-West Africa 
in 1935 exported gems other than diamonds valued at £1,818 to 
Germany. The mandated area is a source of aquamarine and helio- 
dore, red and green tourmaline, topaz, and almandine garnet. 
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The jewelry industry throughout the world improved markedly 
in 1937 due to relatively large sales in the first 9 months of the year. 
In the United States retail sales by jewelry stores, estimated by the 
United States Bureau of Foreign and Domestic Commerce at about 
$310,764,000, were approximately 60 percent of those in 1929. Com- 
pared with 1936, the increase was 10.2 percent. Diamonds, watches, 
and silverware led in the recovery. Some stores felt the recession as 
early as late August, and the Christmas trade was on the whole 
slightly less than that of 1936. The sale of more expensive items 
was particularly affected. A bright spot is the relatively small stock 
held by both wholesalers and retailers. 

Fashion in jewels —Women are again using jewelry lavishly, wearing 
gold, alone or set with gems, by day and platinum, set with fine stones, 
by night. Designs are influenced by a legion of periods, places, 
events, and geometric shapes; the results are usually delicate and a 
tribute to supercraftsmanship, although in some instances heavy and 
barbaric with crude, hard color effects. Heirlooms of the sixties and 
nineties are again being worn. Bracelets, necklaces, and hair orna- 
ments are exceedingly popular, and the last two in many instances 
can be broken down into clips, bracelets, and brooches. Clips, ear- 
rings, rings, and jeweled flowers continue in favor. The jewelry of 
the present day is marked by variety of color due to the greater use of 
colored stones and by the widespread use of small diamonds set pavé. 
This in part explains the remarkably strong market for small cut 
diamonds. The finer gems—diamond, ruby, sapphire, emerald, and 
pearl—are of course particularly popular; but topaz is gaining favor, 
and occasionally aquamarine, amethyst, moonstone, turquoise, and 
other gem stones are used. Men continue to favor star sapphire, 
cat’s-eye, star ruby, and crystal. 

Domestic production—Domestic production of precious stones 
reached a peak in 1909, when gem stones valued at $534,280 were 
produced; thereafter the industry dwindled until in 1934 the value of 
the production was probably only about $3,000. Since then it has 
gradually increased, and the 1937 output is estimated to have been 
worth about $32,000; as the production is by partnerships and indi- 
viduals exact figures are not available. 

Turquoise represents well over half, and Nevada is the principal 
producer according to a letter from Mr. W. O. Vanderburg. The 
American Gem Co. leased the property of the Copper Canyon Mining 
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Co. 8 miles south of Battle Mountain and produced 424 pounds of 
turquoise. Lee F. Hand and the American Gem Co. produced 300 
pounds of turquoise from the Lone Mountain Mine 20 miles west of 
Tonopah. Part of this was “spider-web matrix.” Hand also pro- 
duced 200 pounds from the Montezuma mine, Royston district. 
Joseph Norman and Rudolph Rundberg produced 50 pounds from a 
new prospect 17 miles north of Austin. In Colorado, the Hall mine 
near Villa Grove employed three to five men and produced consider- 
able turquoise. A little turquoise was also produced in Arizona. 
The gem stone is cut in Gallup, Santa Fe, Taos, and Albuquerque, 
N. Mex., and in California cities. A number of tons of moss agate 
were gathered in the Yellowstone Valley, southeastern Montana, and 
relatively large quantities of various kinds of agates in central Oregon. 
Scott’s Rose Quartz Co., Custer, S. Dak., produced 377 pounds of 
rose quartz of gem grade, besides some 35 tons of poorer material. 
Maine produced tourmaline, agates and jaspers, aquamarine, ame- 
thyst, and rose quartz. 

Among the other gem stones produced in the United States in 1937 
were emerald matrix (Mitchell County, N. C.); rhodolite (Macon 
County, N. C.) and other garnets (Custer, Chaffee, and Jefferson 
Counties, Colo.); aquamarine (North Carolina and Park County, 
Colo.); topaz (Teller and Park Counties, Colo.); amazonstone (Teller 
County, Colo.); rock crystal (Arkansas); agatized wood (Arizona); 
and amethyst (Larimer County, Colo.). A new deposit of fine ame- 
thyst was discovered in 1937 in Coos County, N. H. 

Lapidary work is becoming a relatively popular fad, particularly in 
the Northwest. Beach pebbles, agates, and various other attractive 
minerals are eagerly sought as materials to be cut. 

Alabaster (fine-grained gypsum) has been produced in some quan- 
tity by the Rocky Mountain Alabaster Co., Fort Collins, Colo., and 
is manufactured into lamps, vases, book ends, and other novelties. 

The American Gem Mining Syndicate, Philipsburg, Mont., pro- 
duced 21,469 ounces of sapphires, valued at about $35,000 which are 
used industrially. 

Imports.—According to the Bureau of Foreign and Domestic 
Commerce imports of precious and imitation stones (exclusive of 
diamond bort and dust) into the United States in 1937 totaled 
$50,493,585, an increase of 32 percent over 1936. Details are shown 
in the following tabulation: 


Diamonds: Carats Value 
PT SPREE OM U6 gt 0, ee 97, 219 $7, 729, 663 
Cut, but not set, dutiable.............._.____.-__- 517, 677 29, 860, 396 
Glaziers’, engravers’, and miners’, not set, free_______ 1, 885,970 6, 542, 365 

Penris: not-etrung or s6t,; Gutisble-<ccoccscccncenesnsed cumeueces 1, 104, 580 

Other precious stones: 

Ped RCC) ee 5, - ee ee 180, 433 
Cut, but Hot act, datiable....... ee te ew 3, 019, 713 

imitation, except opadue, Gutitblé.c.. ose cowecen wens ecawoe cus 1, 985, 374 

Imitation, opaque, including imitation pearls, dutiable... -._------ 25, 400 

Moarcastion, QUHGUlG,. ocnewcowinieinacwnn enemas nmEenemen 45, 661 

DIAMOND 


Until September 1937 the diamond industry continued the improve- 
ment that had been uninterrupted since 1932, and notwithstanding 
the subsequent recession virtually all indices showed gains of 7 to 49 
percent over those for 1936. The improvement was due to better 
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world financial conditions early in the year, to the increasing demand 
for industrial stones and for small gem stones in pavé jewelry, and to 
investment buying. Despite a small increase in production, stocks of 
rough diamonds decreased, and stocks of polished goods are not high. 
Prices of both rough and cut diamonds advanced during 1937. 

Share dealings—The shares of diamond-mining companies had a 
broad and active market during 1937. They had advanced in value 
about 25 percent by February 24, then slumped, by August 5 reached 
the year’s high, again fell off, and ended the year with a loss of 16 
percent. At the end of the year stocks were 53% percent of their high 
(1927) and 541 percent of their low (1932). Of the 15 more im- 
portant stocks, 13 paid dividends. 

Market—The Diamond Trading Co. sold rough diamonds to the 
value of £9,151,205, a gain of 7 percent over 1936 sales. Sales totaling 
£12,000,000 characterize markedly prosperous years. The demand 
was broad, and good-quality large stones were scarce. 

The market for polished stones was broad at higher prices and from 
January to March was almost of boom proportions. The United 
States, Argentina, and India were large purchasers, and the trade 
improved in Great Britain, Austria, Hungary, and Canada. 

Investment buying of fine stones was particularly active after 
September, France being one of the larger buyers. 

Cutting.—The diamond-cutting industry improved in 1937, although 
prosperity in the first half of the year was largely offset by poor 
business thereafter. Wages increased, as did the yearly average of 
employment. The International Commission of Commerce of the 
Diamond Industry, an association of European brokers, cutters, and 
distributors formed in 1937, is rationalizing the cutting and retail 
branches of the industry. 

Imports—Diamond imports into the United States in 1937 by 
countries were as follows: 


Diamonds imported into the United States in 1937, by countries } 


{Exclusive of industrial diamonds] 


Rough, or uncut Cut, but not set 
Country Value Value 
Carats |——————___ Carats 
Total Per carat Total Per carat 

Africa, British: 
Union of South. ______-___ 14, 044 $966, 573 $68. 82 1, 510 $115, 992 $76. 82 
Other British_.-__________ 1, 142 74, 067 O86 S68 | els 
PG) ith: a he 27,321 ; 2,247,871 82. 28 391, 058 | 21, 846, 259 55. 86 
BTAG  canrccnk wath tcc nag. (econ ee ae cana oko Aeenlesoeen-! 2 75 37. 50 
ANAC eg ce al dambennenoma| aemnnnsencen|-ancmcepencd 7 985 140. 71 
COSTA RICH... annncecenmceda|ananenconinn|qonunmncwenc!laneneuneeeen 2 455 227. 50 
Czechoslovakia. ..........____]-_-----_---.]------------]------------ 105 14, 062 133. 92 
rance.. ..--.-..----_________ 741 43, 134 58. 21 3, 437 305, 865 88. 99 
GOLAN icc mninkaneu -oeiweswaeds swe heisaanna!|aoucaemenas 1,715 45. 13 
TONY nace cee nae omwen awannnganca seceamonee el Sane eces! 6 370 61. 67 
PADBU Ss sracunnecawcousisucuuwss | soocceatccey lecetmans| Wonnermanues 1, 143 55, 009 48.13 
IMG C0 xcs ses ero ese cesar an |opcmseewenca ieeewowseetculseeweceocces 4, 900 163. 33 
Netherlands. -......__._.____-- 22, 942 1, 718, 999 74. 93 117, 097 7, 070, 255 60. 38 
SWALCOPIONG os eet eon Leeesestewee |saoo mw leeas leecbee cee 320 18, 582 | ° 58. 07 
United Kingdom _-_____-.-__- 31,029 | 2,679,019 86. 34 2, 922 425, 872 145. 75 
97, 219 7, 729, 663 79. 51 517, 677 | 29, 860, 396 57. 68 


1 Compiled from records of the Bureau of Foreign and Domestic Commerce. 
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Taxes and tariffs—tInternational tariffs, difficulties of exchange 
and taxes continue to restrict the growth of the industry. Ita y, 
British India, and Bahia reduced duties; Peru and Germany increased 
them, and Japan prohibited the importation of all jewelry. 

World production—World production of diamonds (gem and in- 
dustrial) in 1937 approximated 9,016,250 carats (1.988 tons), worth 
about $43,475,000. Compared with 1936, this is an increase of almost 
9 percent by weight and of over 22 percent in value. As only 
Dutoitspan and Bulfontein of the South African pipe mines operated, 
the alluvial mines produced 91 percent of the carats but only 68 
percent of the value. The British Empire produced 37 percent by 
weight and 68 percent by value of the output. Of the total produc- 
tion, only about one-third was of gem quality. 

The following table gives, as accurately as available statistics 
permit, world diamond production for the past 5 years: 


World production of diamonds, 1933-37, by countries, in carats 


{Including industrial diamonds] 


Country 1933 1934 1935 1936 1937 
Africa: 
Angola........------------------------ 378, 624 452, 963 481, 615 577, 531 626, 000 
Belgian Congo-......---------_-----.-- 2,256,771 | 1,450,203 | 3,758,620 | 4, 634, 266 4, 904, 000 
HPGNCH AIM CA 5. occcammescenasenacceses (Ce Saeeeeenneees: (') 7, 050 3 25, 600 
8 (0) fo Aor | an eS OR Re 803,985 | 2,391,609 | 1,145,828 | 1,175, 399 1, 170, 000 
Sierra Leone........------------------- 32, 017 68, 633 295, 483 616,200 |  4913,000 
South-West Africa_..._......---------- 2, 374 4, 126 128, 464 184, 917 2 190, 000 
TANGANYIKA. «wesc cscwcececucewcetwss 1, 432 1, 155 1, 446 2, 704 3 3, 230 
Union of South Africa: 
MiN@S 2 sewacsecseseteeesecsee sews 14, 149 9, 414 274, 317 339, 719 820, 284 
AUR vied) 25 ae Soo ce eee 492, 404 430, 899 402, 405 284, 204 207, 359 
Total, Union of South Africa_...| 4 506, 553 440, 313 676, 722 623,923 | 41,030, 434 
TIPOAUA oo osu wa dane aceon ead gawaumennsenae 34, 000 ‘ 39, 100 136, 462 2 100, 000 
Piritdatt CG oo erence econ 48, 569 44, 821 47, 785 42, 478 35, 038 
Other countries §_____.-....--.------------ 3, 500 4, 5, 500 6, 000 6, 


EN 


4,€63,000 | 4,900,000 | 6,581,000 | 8,007,000 9, 003, 000 


1 Included under ‘‘Other countries.”’ 

2 Estimate. 

8 Exports. . ; a 

‘4 Includes a small quantity of diamonds recovered from re-treatment of tailings. : : 

5 1933: Netherland India (Borneo), India, Australia (New South Wales), French Equatorial Africa, and 
Venezuela; 1934: Netherland India (Borneo), India, Australia (New South Wales), Rhodesia py bata 
United States (California), and Venezuela; 1935: Netherland India (Borneo), India, French Equatoria 
Africa, Nigeria, and Venezuela; 1936: Netherland India (Borneo), India, Rhodesia, United States (Cali- 
fornia), and Venezuela; 1937: Netherland India (Borneo), India, Australia (New South Wales), Liberia, 
Venezuela, and Rhodesia. 


The increase in production in 1937 came from the pipe mines of 
South Africa and the alluvial mines of Sierra Leone, offset in part by 
decreases in output of the alluvial mines of the Gold Coast and of 
South Africa. The increase was made by mines operated by interests 
closely allied to the Diamond Corporation. The Central African field 
(Belgian Congo-Angola) for the past 7 years has been the largest pro- 
ducer by weight but in 1937 lost first place in value to South Africa. 
The Sierra Leone deposits, discovered in January 1930 by the Colonial 
Geological Survey officers, Major Junner and J. D. Pollett, are the 
most important found since those of South-West Africa in 1908. 
The Sierra Leone production of stones of well-diversified sizes and 
qualities is growing rapidly. While the mother rock of these diamonds 
is unknown, the variety in character of the diamonds suggests more 
than one original source. 


GEM STONES 1295 


Industrial diamonds.—Rapid development of the use of hard alloys 
in general industry, particularly in the armament trade, made 1937 a 
record year in the use of industrial diamonds. The United States, 
Great Britain, Germany, Canada, and Russia are the principal con- 
sumers. Over two-thirds of the world diamond output by weight is 
used by industry. The chief use is truing abrasive wheels, but 
diamond drills, diamond dies, wheels, and tools impregnated with 
diamonds or diamond dust (bonded in an artificial plastic or set in 
powdered metal under heat and pressure), diamond-set tools, and 
many other uses are also important. The modern automobile factory, 
the airplane plant, and glass works in particular would be badly 
crippled were it not for industrial diamonds. 

It should be emphasized that, unlike the gem stones, which last for 
all time, a diamond that enters industry is eventually destroyed. 

In 1937, the market for industrial stones was strong and broad with 
an actual scarcity of the better qualities, forcing use of the poorer 
grades in certain trades. Prices were firm, with an upward tendency. 

The importance of the diamond drill is indicated by the fact that 
in 1936, 402 miles of holes were drilled in Canada alone. A diamond- 
drill hole on the Rand has been carried to a depth of almost 2 miles 
(10,035 feet). Some years ago bort largely supplanted carbonado in 
most drilling. Experiments continue with the object of supplanting 
percussion drills with diamond drills in underground mining. 

Bahia (Brazil) exports of carbonado or black diamonds in 1936 were 
12,867.97 carats (1935, 21,033.65 carats worth about $630,000). 

Imports of industrial diamonds (exclusive of bort and dust) into 
the United States during the past 5 years were as follows: 


Industrial diamonds (glaziers’, engravers’, and miners’) imported into the United 
States, 1933-387 } 


Value Value 
Year Cans: See Year Cane See 
Total Per carat Total Per carat 
| UH ae nner 263, 484 | $1, 263, 156 S479 $1 1986ssce05222-c055 1, 166, 094 | $4, 328, 603 $3. 71 
1984. 8 cca 526,007 | 2, 862,349 S544 |) B8%ss2- ecco ek 1,885,970 | 6, 542, 365 3.47 
1988. nue - neon oe 954, 589 4, 293, 611 4. 50 


1 Compiled from records of the Bureau of Foreign and Domestic Commerce. 


EMERALD, RUBY, AND SAPPHIRE 


If fashion continues its present lavish use of colored stones in jewelry, 
increased production will be necessary to avoid a shortage. At 
present much of the supply comes from old jewelry. Barring a world 
financial cataclysm, prices must rise. 

The Colombian Government emerald mines were closed in 1937 or 
at best operated on a very small scale. Leasers started operations at 
the Chivor Emerald Mines about November 1, 1937. The Russian 
emerald mines at Murzinka in the Urals were worked on a small scale. 
One report is that recent production has ranged from $175,000 to 
$300,000 per year. South Africa continues to produce beryl, some 
little of which is emerald of mediocre quality. Reported values were 
£10,756 in 1935 and £6,082 in 1936. Emeralds were discovered in 
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1937 on the farm, Willie No. 481, Leydsdorp district, Transvaal, near 
an old emerald mine. Most beryl of the pegmatite intrusive in bio- 
tite schist is pale-green, but the color is deeper near the contact. 
Much of the material is badly flawed. A small shipment has been 
made to India. Late in 1937, the Habachtal emerald mine in the 
Salzburg Mountains was reopened on a small scale. Emeralds are 
papers in gravels at Fazenda das Lages, Itaberahy district, Goyaz, 
razil. 

In 1936, for the second consecutive year, Burma increased its ruby 
production (155,381 carats in 1936 compared to 105,484 carats in 
1935). Because of restricted exports of jade to China due to the war, 
Burmese jade miners in the fall of 1937 petitioned the Government to 
be permitted to reopen the ruby mines of the Nanyaseik stone tract, 
first opened about 1890 but never extensively operated. 

The figures for the 1936 production of sapphires in Kashmir and of 
sapphires and spinels in Burma is not given. The Anakiefield, 
Queensland, produced in 1936 corundum gems worth £2,030. The 
producing areas were Sapphire, Rubyvale, and Willows. Prior to the 
World War exports, largely to Germany, reached £60,000 to £70,000 
annually. 

The Ceylon gem industry is prosperous, mining in the Sabaraga- 
muwa Province being particularly active. The Government has 
appointed a special committee to study the cutting and marketing of 
the local gems. The price of star sapphires and star rubies (the latter 
are rare) doubled in the first half of the year, and that of gem sap- 
phires has improved. The demand for cat’s-eye is more moderate. 
Burma buys from Ceylon considerable white sapphire, cat’s-eye, and 
opal. The latter is imported from Australia, cut, and exported widely 
even to Australia, where cutting facilities are limited. 


LESSER GEMS 


In 1936, Lightning Ridge and Grawin, New South Wales, produced 
opals valued at some £6,000, an improvement over 1935. The 
Queensland opal industry is practically extinct. A little was pro- 
duced at Sheep Station Creek, and some prospecting was done at 
Toompine and at Mount Margaret. 

Report of the discovery of an important alluvial deposit of zircon 
at Nizhne Saldinsk comes from Russia. : 

Burma produced 1,671 hundredweight of jadeite in 1936 against 
1,265 hundredweight in the previous year. Export of the stone to 
China is encountering difficulties, and jade miners are turning to 
ruby mining. Preparations to work the nephrite deposit near Jor- 
os A Silesia, are completed, and regular mining has doubtless 
started. 

The United States imported from Bahia, Brazil, 8% tons of rock 
crystal in 1936: in the first 8 months of 1937 the exports to America 
were much less but were offset by larger exports of somewhat poorer 
material to Europe. Prices range from $3 a pound for fine large 
crystals to 4 cents a pound for small water-clear crystals for fusing. 
The demand for Brazilian citrine is good. 

Soviet geologists report the discovery of crystal-lined caves on the 
upper Maidanal, South Kazakhstan Province. 
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Prussia produced 332 metric tons of amber in 1936 (112 tons, 1935). 
Much of this is used industrially. In 1934, Rumania produced 24 
kilos of amber; figures for 1935 and 1936 are not yet available. 

Thanks to loans by the Eti-Bank, the meerschaum industry at 
Eskisehir, Turkey, is reviving. Production in 1936 was 621 metric 
tons. 

Madagascar exported 4,804 grams of fine stones in 1936, 220 kilos 
of amethyst, and almost 100 tons of industrial stones. 

In 1936, South-West Africa sold, largely to Germany, aquamarine, 
tourmaline, and rose quartz valued at £3,993. Sales in 1937 were 
at about the 1936 rate and also included chalcedony. 
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Retail sales of jewelry in 1938 totaled about $276,000,000, or 11.5 
percent below the 1937 sales ($312,000,000) and slightly below those of 
1936 ($280,000,000). Diamond rings, watches, and gold jewelry were 
the principal sales items. January was a fair month, February and 
March were poor, and May and June were better; July witnessed a 
slump from which a slight improvement was noted each month until 
the usual marked increase in December (sales in that month usually 
make up 25 percent of the year’ssales). Although the Christmas sales 
of 1938 were almost as good as those of 1937, it was disappointing that 
no one of the later months of 1938 exceeded those of 1937 when, it will 
be remembered, trade was poor. The wholesalers’ jewelry sales, in 
comparison, were 27 to 29 percent lower than those of 1937; conse- 
quently retailers’ stocks at the end of 1938 were smaller than at the 
end of 1937. The demand for popular-price articles was better than 
for items in the higher price brackets, and the sales of costume jewelry 
were remarkably large. 

Fashions in jewels.—Jewels continue to be worn in almost barbaric 
profusion, with large stones prominent. Gold, often in two colors, is 
even being worn in the evening and continues its gain at the expense of 
platinum. Silver jewelry also became popular in 1938. The motifs 
range from Hindu and Persian to French of the times of Louis XIV and 
of the late Directoire, as well as Victorian types and those of the 
nineties of the last century. Massive gold chains with pendant 
watches, crosses, or cameos, imposing necklaces and dog collars, and 
jeweled flowers and leaves are popular; jeweled hair ornaments and 
earrings, either long pendants or set close to the lobe of the ear, are 
imperative with the present coiffures. ‘Tiaras are again worn, particu- 
larly in England. Much of the jewelry is flexible, permitting the 
stones to move with the wearer’s movements. The ensemble is as 
much in vogue in jewels as in dress accessories. Costume jewelry 
(“junk”’ jewelry in the trade) is sold in quantity and may foster a love 


1 One of the consulting engineers, Bureau of Mines. 
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for the real article. The demand for colored stones grows, such 
jewelry requiring the use of countless small diamonds set pavé for 
contrast. The finer gems—diamonds, including “‘fancies,’’ ruby, 
emerald, and sapphire—hold the center of the stage, but topaz and 
aquamarine are extremely popular, and the use of turquoise, moon- 
stone, and amethyst and a host of other colored stones is increasing. 
Men are wearing more jewelry, featuring particularly star sapphire 
and ruby, cat’s-eye, and the quartz gems. 

Domestic production.—From the peak of American gem-stone pro- 
duction of $534,280 in 1909 the industry dwindled until 1934, when 
the value of the production was only about $3,000. Since then it has 
increased appreciably, and in 1938 the total output was perhaps 
$127,000; as the production is largely by individuals or partnerships 
and there is no canvass, exact figures are not available. The revival 
of the industry is due to two factors—the desire of tourists to purchase 
souvenirs and the increasing use of a variety of colored stones in 
jewelry. The demand by jewelers for American tourmaline, kunzite, 
and turquoise is insistent; the sales of Navajo turquoise-silver jewelry, 
for example, probably exceeded those of 1937 by some 15 percent. 

In the Northwest and especially in Oregon, according to corre- 
spondence with H. C. Dake, are a large number of collectors of agate 
and other quartz minerals, many of whom are amateur lapidaries, 
while others send their ‘‘finds” to professional lapidaries, some 50 in 
number. It is estimated that in 1938 in Oregon material valued at 
$210,000 was collected; in Washington, $85,000; in Idaho, $35,000; 
and in Wyoming (largely moss agate) $8,000—a total of $338,000. 
Most of these agates remain in private collections, although it is 
believed that about one-fourth of the amount is sold to tourists. 
Turquoise valued at almost $30,000 was produced in 1938, and the 
United States is again the most important producer of this gem. 
Nevada produced over 80 percent of the total, Colorado 15 percent, 
and Arizona a small quantity. Southeastern Montana, as usual, 
produced a large amount of moss agate from the Yellowstone Valley 
which found a ready market among tourists. Scott’s Rose Quartz 
Co., Custer, S. Dak., produced about 1,000 pounds of rose quartz. 
Considerable kunzite and a little tourmaline was produced by one firm 
in San Diego County, Calif. 

William O. Vanderburg lists 39 turquoise mines in Nevada; in part 
he says: 

The production of turquoise and turquoise matrix in Nevada for 1988 was 
approximately 8,000 pounds, varying in value from $0.50 per pound for off-color 
and inferior grade material to $40 per pound for the finest quality. Due to the 
fact that the bulk of the production is made by individuals and firms who do their 
own cutting and polishing it is difficult to arrive at the value of the crude turquoise. 
Probably an average value for the crude material would be about $3.00 per pound. 
After the gems are cut and polished, sorted, and graded according to quality the 
value increases considerably. 

As a result of the increased demand for turquoise a number of deposits have been 
discovered in Nevada within the last 2 or 3 years. One of the notable features of 
turquoise mining in Nevada during the year was the shift in the bulk of the pro- 
duction from the deposits in Nye and Esmeralda Counties, centering around 
Tonopah, to the recently discovered deposits in Lander County with Battle 
Mountain and Austin as the producing centers. The principal producers of 
turquoise _in Nevada in 1938 were the Burnham Bros., Guy Grannis, W. F. 
Godber (Western Gem & Jewel Co., Los Angeles), and Geo. MeGinnis and as- 
sociates, all of whom operated properties near Hickerson Summit, Lander County; 
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Lee F. Hand and C. T. Johnson, owners of turquoise properties in the Royston 
and Crow Springs districts, Nye and Esmeralda Counties; Ed. C. Smith, who 
operated the Smith mine, Cortez district, Lander County; D. J. Wilson (American 
Gem Co., Los Angeles), who worked a deposit in Copper Basin, northern Lander 
County, under a lease agreement with the Copper Canyon Mining Co.; and 
W. F. Godber, owner of the Reik mine in the Candelaria district, Mineral County. 

The turquoise mined in Nevada varies considerably in color, ranging from green, 
blue-green, and various shades of blue to nearly white. The best quality is a 
rich blue color. Off-color material is hard to dispose of in the United States, 
although small lots of the inferior grades of turquoise have in recent years been 
sold to Germany. Turquoise matrix has an established popularity with the 
tourist trade, and some of its numerous varieties are characteristic of certain 
properties such as “‘black”’, “spider web”, “gold”, “brown”, or “pinto matrix”. 

The turquoise mines in Nevada are not operated continuously; activity is 
restricted to the summer months, and the degree of activity is dependent on the 
demands of the jewelry trade. One of the most pronounced trends in Nevada 
turquoise mining in recent years is the tendency of the cutting establishments to 
acquire their own mines. Only a few years ago the principal outlets for crude 
turquoise were traders who made annual trips through the State, bartering articles 
of Indian craftsmanship for the crude turquoise, and in turn trading it to the 
Indians of the southwest. 

The mining of turquoise is popular with miners of limited means because a 
minimum of equipment is necessary. 


The discovery of emerald at Rye Patch, Pershing County, Nev., 
was widely heralded early in 1939 as the first deposit of emerald 
found in the United States, although deposits of the gem have long 
been known in North Carolina and other Eastern States. The 
Nevada emerald occurs as unusually deep-color marginal parts of 
beryl crystals in a pegmatite that intrudes limestone. The deep- 
color material makes up a relatively small part of the beryl, and most of 
it is flawed and not transparent; in consequence, the commercial 
importance of the find is doubtful. An abandoned emerald mine 15 
miles south of Spruce Pine, N. C., was reopened early in 1938. 
North Carolina produced a little emerald matrix. 

Near Hot Springs, Ark., there are at least seven producers of rock 
crystal, and these and others sell the product. 

Among the other gem stones produced in the United States in 1938 
were agatized wood (private lands surrounding Petrified National 
Monument, Ariz.); amazon stone (Teller County, Colo.); amethyst 
(North Carolina; and Larimer County, Colo.); aquamarine (North 
Carolina and Chaffee and Park Counties, Colo.); chrysobery! (Jefier- 
son County, Colo.); garnet (North Carolina; Custer, Chaffee, and Jef- 
ferson Counties, Colo.; and Emerald Creek, Idaho); fire opal (Owyhee 
County, Idaho); phenacite (Chaffee County, Colo.); ruby (North 
Carolina and Georgia); smoky quartz (North Carolina); and topaz 
(El Dorado County, Calif.; Thomas Range, Utah; and Teller and 
Park Counties, Colo.). 

Charles H. Carpp and J. W. Kaiser operated the property of the 
American Gem Mining Syndicate, near Phillipsburg, Mont., in 
1938. They produced 9,480 ounces of industrial sapphire valued at 
about $11,000. The Rocky Mountain Alabaster Co., Fort Collins, 
Colo., quarried about 50 tons of alabaster in 1938. Some Iceland 
spar of optical grade was produced in California. 

Imporis—According to the Bureau of Foreign and Domestic Com- 
merce, imports of precious and imitation stones (exclusive of indus- 
trial diamonds) into the United States in 1938 totaled $28,304,956, a 
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decrease of 36 percent from 1937. Details are shown in the following 
table. | 


Diamonds 7 Carats Value 
Rough, uncut, duty free.-__..---.----------------- 91,515 $7, 077, 159 
Cut, but not set, dutiable-_._...-.-.--.------------ 330,925 17, 016, 842 

Pearls, not strung or set, dutiable _-._.--_-------------------- 470, 304 

Other precious stones: 

Rough, dnelt, (re@i 22234 oo Se ele ee et eee 116, 924 
Cut, bub not set, -dutiablé..- 2< 2 2s.2 25. bce beeen Reces 1, 698, 916 

Imitation, except opaque, dutiable._-.-..-_-.------------------ 1, 762, 458 

Imitation, opaque, including imitation pearls, dutiable ______-_-- 18, 896 

Marcasites, dutiable-_--.---- pet one Ce eee ae eee lS aks 143, 457 


Tariffs—There were few important changes in tariffs during the 
year. In the United States, under the provisions of the Czecho- 
slovak Trade Agreement negotiated last spring, the duties on Czecho- 
slovak imitation stones in the various brackets were reduced as much 
as 50 percent. Czechoslovakia was by far the chief source of such 
imitation stones, particularly rhinestones. The effect of the agree- 
ment was nullified when Germany occupied Czechoslovakia. Ger- 
many made barter agreements with some of the diamond-producing 
countries, without impressive results, however. A trade agreement 
with Brazil was canceled, and some of the others are stated to be 
inoperative. 

Trade terms and judicial proceedings —The Federal Trade Commis- 
sion on March 18, 1938, issued its Trade Practice Rules for the Whole- 
sale Jewelry Industry, a recodification of unfair methods of competi- 
- tion and other illegal practices in the trade. The use of the word 
‘‘nerfect’’ in describing a gem that under a 10-power loupe shows any 
imperfection is unfair practice; ‘‘perfectly cut’’ is not to be used to 
deceive the purchaser; the use of ‘diamond,’ “ruby,” or other 
names is to be confined to these mineral species alone; “real,”’ “‘genu- 
ine,” and “natural” cannot be applied to synthetic or imitation 
stones; “‘blue white’ cannot be applied to a diamond if at all off- 
color; articles must be as advertised; the adjective “synthetic”? must 
be confined to synthetic stones. The Federal Trade Commission dur- 
ing the year issued a number of cease and desist orders against firms 
not living up to its trade rules. 

In the fall, the Department of Commerce released texts of two 
commercial standards, covering gold and platinum. 

The Jewelers Vigilance Committee continued its good work against 
shortcomings of the less ethical members of the trade; as for example, 
against a store that sold 0.72-carat diamonds as 1-carat solitaires. 
But even they are unable to do away wholly with the occasional 
switching of pieces of glass for diamonds, a case of this kind having 
occurred in Baltimore a few months ago. 

Exhibits.—At the New York World’s Fair jewels will be among the 
most attractive exhibits. In the House of Jewels, five of the leading 
New York jewlers will show their most beautiful jewelry, and De Beers 
& Associated Producing Cos. and the Diamond Corporation will 
exhibit rough and cut diamonds, an exhibit valued at over $5,000,000. 
In the Belgian pavilion, besides cut diamonds worth several millions, 
the art of diamond cutting will be shown. In Iraq’s exhibit, gold- 
smiths from Baghdad will ply their ancient art. The Crown of the 
Andes, set with innumerable Colombian emeralds, is to be on exhibition. 
Boart Products, Ltd., is to have in the Hall of Mining and Metallurgy 
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an instructive exhibit showing the industrial uses of diamonds. These 
exhibits should strengthen the gem consciousness of the American 
people and promote jewelry sales. 


DIAMOND 


The improvement in the diamond industry, which had continued 
for over 5 years, ended in September 1937; and 1938—with its wars, 
changes in the political map of Europe, and financial depression—was 
a poor year, as was to be expected with an industry that feeds on 
prosperity. The small demand and a large mine output increased 
stocks of rough diamonds for the first time in 6 years, although stocks 
of cut stones in the hands of cutters and retailers are not large. Prices * 
of rough were firm, and those of cut diamonds tended to advance. 

Share dealings —The shares of diamond-mining companies listed on 
_the London Stock Exchange had a relatively narrow market in 1938. 
Off to a good start, by January 15 quotations began to slip, and, 
except for a short rally in April, the decline continued until mid-July, 
after which prices strengthened for 2 months. The Czechoslovak 
crisis affected the market adversely, but this was followed by a sharp 
rise in October. For the rest of the year the market was inclined to 
be weak. The loss for the year was about 25 percent, the quotations 
of five representative stocks at the year end being 37 percent of their 
high (1927) and 370 percent of their low (1932). Of the more impor- 
tant stocks, 12 paid dividends. 

Market—The Diamond Trading Co. sold rough diamonds valued 
at about £4,000,000, only 44 percent of the sales of 1937. Sales in the 
third quarter were quite satisfactory, those of the first and fourth 
quarters fair, and those of the second quarter small. Good-quality 
large stones are still scarce. 

Sales of polished stones were only about one-half those of 1937, the 
principal demand being for small goods and most of them of mediocre 
quality. June and July were the best months, as the Czechoslovak 
crisis interfered with the usual purchases for the Christmas trade. 
The United States, Argentina, India, and (early in the year) south- 
eastern Europe were large purchasers. . 

As is usual in years of political crises, investment buying increased 
the sale of large stones, while the mode for pavé jewelry promoted the 
demand for small stones. Sales of industrial stones were large. 

Growth of diamond-cutting industry—Diamond cutting originated 
in India, where diamonds first were discovered, certainly well over a 
thousand years ago, and to Hindu lapidaries we owe the two basic 
principles of the art—the wheel and the use of diamond dust. Indeed, 
it was not until early in the seventeenth century that Europe wrested 
the cutting supremacy from India and its ally, Borneo, now for the 
past 2 centuries the most important of the eastern cutting countries. 
The Hindu cut too crudely for European taste, in part prompting 
the growth of the European industry. By the sixteenth century 
European artisans surpassed their eastern confreres in skill and were 
in demand at eastern courts. 

The art was transmitted from India to Constantinople and later 
to Venice. Cut stones appeared in Europe between the eighth and 
thirteenth centuries. The art reached northern Europe at the turn 
of the fourteenth century, first at Nuremberg and Paris, and probably 
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Bruges only slightly later. Religious persecution drove*the™ cutters 
from Bruges to Antwerp and soon thereafter to Amsterdam, later the 
asylum of persecuted Jews from Portugal, Spain, and Poland. Ex- 
cluded from the guilds, they sought the free professions, among them 
diamond cutting. Diamond cutting appeared on the Western Conti- 
nent in Brazil in 1802, and in the late sixties of the last century a 
cutting industry sprang up in the United States, small in roster but 
renowned for its superior product. The Government-subsidized South 
African industry, started in 1928, thrived for only 5 or 6 years. 

The art of cutting has made steady improvement, slow at first but 
thereafter marked, particularly in our generation. Hindus, Venetians, 
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FIGURE 1—Approximate number of diamond ee iy Bolen, Germany, Netherlands, and the world, 
60-1938. 


Flemish people, both Catholic and Protestant, Netherlanders, Jews, 
and Americans have all made notable contributions to the craft. 

An adequate supply of rough diamonds is necessary to the growth 
of the art. The Indian mines created the ancient industry of India 
and with their decline the industry died. Cutting in Borneo was fed 
first from the local mines, but now is supplemented by imported 
South African rough. Lisbon was an important cutting center while 
Portugal controlled the India trade, and the dominant position of the 
Netherlands as a cutting center was due first to her Indian trade 
and later to her monopoly of Brazilian rough. On the other hand, 
the French industry established by Cardinal Mazarin about 1650 
starved to death owing to the lack of an adequate supply of rough 
diamonds. With the rough market centered in London, rough is 
now available to all cutters. 
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Bruges was the dominant center during most of the fifteenth 
century, Antwerp from 1483 to 1585, and then Amsterdam for over 
3 centuries. In 1909 Antwerp regained the lead and has held it since, 
except for the World War period. During the past decade the growth 
of the craft im Germany has been phenomenal. That country, like 
Belgium, cuts small rough, while the Netherlands specializes in large. 

During the financial boom of a decade ago, the industry became 
Jae to prosperous times and since 1929 has been markedly over- 
staffed. 

An ancientindustry, the secrets of which were carefully guarded 
till 60 years ago; once a home industry, taught by father to son, it 
-is now carried on in large factories. Started as a family trade, it 
has become big business. Sixty-five years ago the prince of artisans, 
the diamond cutter today, due to the unjustified growth of his craft, 
receives an indifferent and desultory wage. Unless great prosperity 
awaits in the near future, many a diamond cutter must seek employ- 
ment in more profitable industries. 

In 1500 A. D. there were some 600 cutters (India, 500; Europe, 100): 
1660, 1,400 (India-Borneo, 400; Europe, 1,000): 1700, 950 (India- 
Borneo, 350; Europe, 600): 1770, 1,400 (India-Borneo, 300; Europe, 
1,100); and 1 in 1810 but 700, owing to the Napoleonic wars (India- 
Borneo, 300; Europe, 400). The growth of the industry since 1860 is 
shown in ficure 1. 

Cutting in 1938.—The diamond-cutting industry had a poor year, 
marked by little profit for the ‘‘masters’’ and increased unemploy- 
ment among the men. Many of the latter were absorbed by other 
industries. Although the Belgian and Netherland centers lost ground, 
the German industry, which during the past decade has had such a 
phenomenal growth, suffered most severely. 

Imports. —Diamond imports into the United States in 1938, by 
countries, were as follows: 


petan ame 


© ‘' Diamonds imported into the United States in 1938, by countries } 


[Exclusive of industrial diamonds] 


Rough, or uncut Cut, but not set 
Country Value Value 
Carats Carats 
Total Per carat Total Per carat 
AUISttla ee occ tecnico eee eden ee oc eeten Pee (See de keeles $53. 55 
Belgium_____.-..-.----------- 419 $23, 311 $55. 63 278, 144 | 18, 869, 072 9, 86 
Egy pt oo cen ede ceed oh see ee eo eee eek eee As 135. 00 
FYAnC@: 23 22s wn. toc ooticcwen ose asc sews S| Soe ewe dees |e esos essed 767 67, 608 88.15 
India, British22 22422 2.5 ethos ecen ers e| sos sacadase | Secetecsesns 87 20, 456 235. 13 
Mexit0ns0 2322000 ole eel od ou ooo oee se eee ben! 23) oa eee M1 1, 346 122. 36 
Netherlands: .....--.2222--202|fecde ce ee et | eee be ecey 50,376 | 2,902, 155 57. 61 
Switzerland: ..2: 2220225 see ucle. oct eek see | eee css 232 15, 904 68. 55 
Trinidad and Tobago. __.._-_-.|_---.-_--_--.|------------|------------ 8 439 54. 88 
Union ee South Africa. --_--- 91,096 | 7,053, 848 77.43 591 65, 990 111. 66 
TOSS Si RG Sian eg on ee a ee Ceti or SS tee ha Te 5, 106 159. 56 
United Kingdom Sites ancee os Nootec ee shu e ok ee eee te 665 68, 042 102. 32 


91,515 | 7,077, 159 77.33 330, 925 | 17, 016, 842 51. 42 


1 Compiled from records of the Bureau of orsign and Domestic Commerce, 
? Figures cover period January 1 to May 4. 
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World production—World production of diamonds (gem and in- 
dustrial) in 1938 approximated 11,755,200 carats (2.351 tons) worth 
about $43,000,000. Compared with 1937 this is an increase of 22.5 
percent by weight, without much variation in value, as the increase 
was largely in low-price industrials. As only Dutoitspan and Bul- 
fontein of the South African pipe mines were operated, the alluvial 
mines produced 91.5 percent by weight and 70 percent of the value. 
The British Empire produced 31 percent by weight and 69 percent 
of the value. Of the total production, less than one-fourth by weight 
were gem stones. . 

The following table gives, as accurately as available statistics 
permit, world diamond production for the past 5 years: 


World production of diamonds, 1934-88, by countries, in carats 


[Including industrial diamonds] 


Country 1934 19385 1936 1937 1938 
Africa: 
Angolat jis. o-h che oboe twos 452, 963 481, 615 577, 531 626, 424 1 651, 000 
Belgian Congo...-_..__--.---....----.- 3, 331,360 | 3,812,023 | 4,634,266 | 4,925,228 | 17, 205,300 
French Equatorial Afriea_..._..._..___].-- 2. -- 138 1, 550 6, 197 1 23, 000 
French West Africa.-_.-_..---...-----|---..-----~-].--------- 5, 500 52, 933 59, 548 
Gold Coast_...---..-------.------ ee 2,391,609 | 1,349,847 | 1,414,677 | 1,577, 661 1, 315, 000 
Sierra Leone_....-.-__---------- eee 68, 633 295, 483 616, 200 913, 401 1 900, 000 
South West Africa_......._---- Laas 4, 126 128, 464 184, 917 196, 803 1 140, 000 
Tanganyika... -...-_-..--_-._.--L.-- 1, 155 1, 446 2, 704 3, 234 23, 590 
Union of South Africa: 
MineS soc oc colo she loestaiee el eesbees 9, 414 274, 317 839, 719 820, 284 979, 460 
Alluvial. 220.222 ss se anche eke ee 430, 899 402, 405 284, 204 207, 359 259, 145 
Total Union of South Africa_.._____- 440, 313 676, 722 623, 923 | 2 1, 030, 434 1, 238, 605 
Brazile nce eto foe teed sot cel ete 142, 500 39, 100 136, 462 238, 606 1 150, 000 
British Guiana... __--_.--- 2 -eeeee 44, 821 47, 785 41, 067 35, 958 135, 000 
Other countries 4__.._.______-._-.----..--.-- 4, 000 5, 600 6, 000 6, 000 34, 200 


6,781, 500 | 6,838,100 | 8,244,800} 9,612,900 | 11, 755, 200 


1 Estimated. 

2 Exports. 

3 Includes a smal! quantity of diamonds recovered from retreatment of tailings. 

41924: Netherland India (Borneo), India, Australia (New South Wales), Rhodesia, Nigeria, United 
States (California), and Venezuela; 1935: Netherland India (Borneo), India, Nigeria, and Venezuela; 1936: 
Netherland India (Borneo), India, Rhodesia, United States (California), and Venezuela; 1937: Netherland 
India (Borneo), India, Australia (New South Wales), Liberia, Venezuela, and Rhodesia; 1938: U. 8.8. R., 
India, Borneo, New South Wales, Venezuela, 


The increased production in 1938 compared to that of 1937 was due 
largely to an unusually large production of industrial stones by the 
Belgian Congo. South Africa increased its production about 20 
percent, and the small outputs of French Africa and of miscellaneous 
sources increased markedly. The production of South-West Africa 
decreased about 26 percent and that of Gold Coast 17 percent. 

Industrial diamonds—More diamonds were used industrially in 
1938 than ever before, although, as the proportion of crushing bort 
used increased, the dollar sales value probably was somewhat less 
than in 1937. The increase was due largely to the world-wide arma- 
ment race and the need of a superabrasive to cut and shape hard 
alloy steels, as well as to the diversified use of diamond grains bonded 
in plastics and powdered metals. Over two-thirds, by weight, of the 
world diamond output is used in industry, mainly in the United States, 
Great Britain, Canada, Germany, and the U.S.S. R. 
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The demand for industrial stones was strong throughout 1938. As 
the finer stones are scarce, industry was forced to use the smaller 
stones and those of mediocre quality more and more. Carbonado 
(the Brazilian “black diamond”) is now selling at a price that for 
certain purposes renders its use attractive. Prices were firm, with 
an upward tendency. 

Imports of industrial diamonds into the United States during the 
past 5 years were as follows: 


Industrial diamonds (glaziers’, engravers’, and miners’) imported into the United 
States, 1934-88 } 


Value Value | 
Year Carats |————__—-—-——- Year Carats |———--———__, 
Tota! Per carat Total Per carat 
1939450. cccds 526, 007 | $2, 852, 349 $5.44 |} 19387... 228 1, 885, 970 | $6, 542, 365 $3. 47 
193530 e one 4 oe , 589 4, 293, 611 4.50 |] 1988.....---.-_-.- 1, 896, 247 | 4, 213, 412 3.02 
1936....-.----..-- 1,166,094 | 4,328, 603 3. 71 


1 Compiled from records of the Bureau of Foreign and Domestic Commerce. 


EMERALD, RUBY, AND SAPPHIRE 


For the third successive year the lavish use of colored stones in 
jewelry depleted the store obtainable from old jewelry and brought 
nearer the time when the colored-gem mines will have to increase their 
scale of operation or a shortage will result. Barring a world war or a 
financial cataclysm prices must rise. 

The Government-owned Muzo emerald mine, Colombia, was closed 
at least most of the year and early in 1939 was to be leased to private 
parties. The Government gives, rather naively, the theft of the 
better stones by the miners as the reason for the proposed change in 
management. The Chivor Emerald Mines, Colombia, operated on a 
restricted scale in 1938.. The Bank of the Republic is said to have 
24,000 carats of uncut emeralds stored in its vaults. The Cobra 
Emerald Mine, South Africa, in 1937 was operated by the African & 
European Investment Co. at a small profit. The official figures of the 
value of emerald produced in South Africa were £6,082 in 1936 and 
‘£10,838 in 1937. Victor Leinz and O. H. Leonardos report the occur- 
rence of emeralds in detrital deposits in the State of Goyaz, Brazil, 
20 miles southeast of the city of Goyaz. The stones are of good color 
but are badly flawed and lack transparency. The geological occur- 
rence suggests affiliation with occurrences in the U.S. S. R., Egypt, 
and North Carolina—mica schists cut by pegmatites. The emerald 
mine at Habachtal (former Austria) is now in German territory. 

In 1937 Burma produced 157,308 carats of rubies valued at £6,841 
(20 cents a carat). Its rubies and byproduct sapphires were valued at 
£7,069 as opposed to £7,319 in 1936. Burmese miners in Cambodia 
produced a few rubies, sapphires, and zircons at the alluvial mines 
at Pailin and at Bo-Keo. The 1936 value was 1,880 piasters, three- 
fourths from the first locality and one-fourth from the second. Pro- 
duction, in carats, has been as follows: 1934, 450; 1935, 312; and 1936, 
104. 

India in 1937 produced 22,736 carats of sapphire, largely from 
Kashmir. The value as officially given is £1,682 in 1936 and £41 in 
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1937. The larger part of the Kashmir production is understood to be 
only usable industrially. 

Sapphires valued at £1,410 were sold in the Anakie (Queensland) 
field in 1937 (£2,030 in 1936). Twenty-five men were engaged in 
mining, largely around Ruby and Sapphire, although some of them 
were attempting to locate new leads in the surrounding country. 
First blues, only a small percentage of the production, were in demand, 
but yellows and greens were difficult to sell. The Miners’ Association 
sold largely in France, although a few fine stones were disposed of 
in America. Queensland produced gems, largely sapphires, from 
1860 to 1937, inclusive, worth £643,156, the years of important 
production being 1907 to 1925. 

The special committee appointed by the Government of Ceylon 
to investigate the gem-mining industry at first decided to establish 
a Government cutting works and a sales room at Colombo but finally 
recommended that the miners bring their stones to small depots 
where they could obtain the best current prices. The committee 
recommended further that an up-to-date map of the gemmiferous 
area be made, as it believes much illicit mining is being carried on 
and that there are several unexplored areas in Ceylon where gems 
may be found. Whether the central depots will be advantageous to 
the trade, time alone can tell. The Government could perhaps 
spend its efforts more advantageously in preventing unscrupulous 
merchants from selling synthetics and imitations as genuine stones. 


LESSER GEMS 


The all-time opal production of New South Wales is valued at 
£1,622,795, although for the 10 years, 1928-37, the average yearly 
production has been but £4,803. The 1936 production was valued 
at £6,110 and that of 1937 at £3,357. In the latter year over 97 — 
percent came from Lightning Ridge, Grawin and White Cliffs sup- 
plying the remainder. The total opal production of Queensland 
from 1860 to 1937 is valued at £187,745, the big production being 
in the last 8 years of the nineties. In 1936 the production was only 
worth £150 and in 1937 had shrunk to £16. This came from Sheep 
Station Creek in the Quilpie district, where four men prospected part 
of the year. South Australia had sold opal to the value of £160,158. 
from 1916 to 1937. In 1937, £11,887 worth of opal was marketed, 
the most satisfactory year since 1920. The demand was better than 
usual, and hence‘mining was more active. Coober Pedy was the 
principal source; but two smaller fields, Mintabic and Andamooka, 
also produced. Opal artifacts and jade and crystal beads were found 
in a cave near Nakuru, Kenya, by Dr. L. S. B. Leakey, the dis- 
tinguished archaeologist. The objects are believed to date from 
about 4,000 B. C. Dr. Leakey believes there were important opal 
mines in the vicinity. | 

In 1937 about 40 men gophered turquoise stringers at Nishapur, 
Iran. The owners, an Iranian mining company in Meshed, plan to 
drive a large tunnel 200 to 300 feet beneath the deepest old workings, 
which in turn are several hundred feet beneath the surface. The 
company cuts and mounts the turquoise in a small shop at Meshed. 
The same company also mines and sells salt; according to a letter 
from Lester S. Thompson, to increase the sale of the latter, a cheap 
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turquoise ring is concealed in every five-hundredth 1-kilo package of 
table salt sold. A little turquoise (20 oz. worth £8 in 1936, none in 
1937) is produced from time to time in the Brisbane district, 
Queensland. 

The Afghanistan lapis lazuli contact-metamorphic deposits are 
worked by long tunnels whose sides are badly smoked, the rock 
having been broken by fire setting. It is believed there has been no 
mining for 10 years, the lapis lazuli sold coming from stocks on hand. 
Ernest F. Fox states that the best goes to Kabul, where it is cut. 

In 1937, 2,952 cwt. of jadeite were produced in Burma, nearly 
double the previous year’s production, although the value (£13,030) 
was lower (£13,412). 

Burma also produced amber valued at £668 (£409 in 1936). 
Recent production of amber in Germany was, 1935, 112 metric tons; 
1936, 332 metric tons; and 1937, 328 metric tons. 

Vesuvianite of fine gem quality is produced to a limited extent at 
Laurel, Quebec. 

Considerable amounts of jet are produced in the Province of 
Kompong-Thom, Cambodia (1934, 13,000 kilos; 1935, 24,000 kilos; 
and 1936, 24,270 kilos). 

The United States annually imports from Brazil 5 to 6 tons of 
unusually fine quartz crystals absolutely essential in radios and in 
telephonic, telegraphic, and optical apparatus. Even if the finest 
crystals are used, the finished plates represent but a twentieth of the 
original. Minas Geraes exports its rock crystal to the United States, 
Germany, and Japan. Mining is primitive and rarely is carried to 
any considerable depth. Recently a fine rock crystal from Minas 
Geraes, Brazil, was sent to this country. It weighed 63 pounds and 
was sold for over $1,100, or about $18 per pound. 

Amethysts occur in seams in trap rock near Scott’s Bay, Nova 
Scotia, on the Bay of Fundy. The winter’s frost each year forms new 
outcrops. Some of the amethysts are cut in Europe, returned to 
Nova Scotia, set in lockets or rings, and, together with rough crystals, 
sold to tourists. The trade has increased greatly in the last 6 or 7 

ears. 
Several tons of rose quartz from pegmatic dikes in Minas Geraes, 
Brazil, are sold annually. Japan, China, and Germany are the prin- 
cipal markets, the best grades bringing $500 to $600 per metric ton. 
The State of Hyderabad, India, has widely distributed deposits of 
agate, plasma, and bloodstone. 

The Iceland spar deposit at Hegustader, Iceland, is still operated 
as a Government monopoly. 

As a result of 1938 political changes, the well-known Bohemian 
garnet localities and the Czerwenitza opal locality became German 
territory. It is understood that further working of the Jordansmihl 
(Silesia) nephrite deposits is to be regulated by the German Govern- 
ment. 

In 1936, 13 companies were mining precious stones in Madagascar, 
although the production only was worth some $21,000. In 1936, 
6.6 kilos of beryl, tourmaline, and kunzite were exported (4.5 kilos in 
1935 and 9 kilos in 1934) and 31 kilos of feldspar and quartz gems, 
garnets, and similar stones (16 kilos in 1935, 23 in 1934). In addition 
much greater weights of industrial stones were exported. The demand 
is, however, so irregular that exports for a single year mean little. 
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The mines are small units, and the use of explosives is avoided lest 
the gems be ruined. 

South-West Africa in 1937 produced 46.765 kilos of precious stones, 
largely tourmaline. Sales, largely to Germany, were, however, 
688.987 kilos. In the first 9 months of 1938, 110.563 kilos were sold 
for £1,182. The stones included aquamarine, tourmaline, topaz, rose 
quartz, and chalcedony. 

Brazil is the most important producer of the lesser gems, but figures _ 
on its 1938 production are not at hand. 


SYNTHETICS 


The Gemmological Institute of America in a study of synthetic 
emeralds finds the best method of distinguishing synthetics from real 
is the presence of irregular cracklike or wisplike markings in the 
synthetics, imperfections markedly different from the blemishes of 
emeralds.” 

The Russian Precious Stone Trust is now making synthetics in its 
Leningrad laboratory, several of which, a sapphire of 292 carats and 
a ruby of 250 carats, are sizable. 

The I. G. Farben-Industrie has a large synthetic-gem plant at 
Bitterfeld, Germany, which produces several thousand carats of syn- 
thetics a day. Some are sent to Oberstein for cutting, and others are 
used as jewels for watches and bearings for precision instruments. 
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Retail sales of jewelry in 1939 totaled about $307,000,000, or 10 
percent above sales in 1938 ($279,000,000) and only slightly less than 
those in 1937 ($312,000,000). Diamond rings, watches, and gold 
jewelry were the principal items. After February sales were better 
each month than in 1938, and after September monthly sales showed 
increases over those of 1937. Improvement was progressive in 1939, 
and the Christmas trade in jewelry was markedly better than that for 
either of the past 2 years (16 percent over 1938 and 13 percent over 
1937); moreover, there was some demand for higher-price articles. 
Sales in Oregon and Washington and, to a smaller extent, Georgia 
and South Carolina, made marked progress over 1938. Installment 
selling is increasing in the trade and is likely to show further gains. 

Manufacturers’ sales and those of wholesalers were respectively 25 
and 20 percent greater than in 1938, and it is evident that both whole- 
 salers and retailers increased their stocks somewhat in 1939 (retailers 
about 2 percent). Wholesale trade was relatively good, particularly 
during the last 5 months of the year, and sales of costume j ewelry con- 
tinued to increase. 


fashions in jewels.—Large jewels, flamboyant in color and daring — 
in design, were the mode in 1939. Use of gold (often in two or three | 
colors) and silver, to a smaller extent, gained at the expense of plati- | 


num. It is the opinion of many, however, that platinum sets off fine 
diamonds much more advantageously than gold. The motifs include | 


geometric, classical, Victorian, Georgian, Hindoo, and ancient Egyp- | 
tian. Jewelry ensembles, each piece set with similar stones, gained in |. 


popularity, as did large jewels divisible into several ornaments. Long 
pendant earrings, rings with large stones, clips, lapel ornaments, and 
necklaces were much worn. Jeweled flowers increased in popularity. 

Colored gems set pavé with countless diamonds are used to a larger 
extent yearly. The finer gems—diamond (including an unusual num- 
ber of colored diamonds), ruby, sapphire, and emerald—are most 
popular; however, aquamarine, moonstone, and topaz are used fre- 


1 One of the consulting engineers, Bureau of Mines. Figures on imports compiled by M. B. Price, of the 
Bureau of Mines, from records of the Bureau of Foreign and Domestic Commerce. 1453 
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quently and many other colored stones from time to time. For 
men’s wear, star sapphires, cat’s-eye, and quartz gems predominate. 

_As a result of the war ‘‘mourning jewelry” is likely to be in demand 
(jet x black-stained onyx alone or with white stones, such as moon- 
stone). 

Domestic production.—From the 1909 peak production of gem stones 
valued at $534,280, the domestic industry dwindled until in 1934 the 
value decreased to about $3,000. Since then production has increased 
markedly and in 1939 was valued at $235,000 to $470,000; the first 
figure is a rough estimate of the amount used in jewelry and the second 
an estimate of the total, including that treasured by collectors or sold 
to tourists, mineral collectors, and rock gardeners. Almost 85 percent 
of the amount used in jewelry comprises stones of the agate family. 
Gems are produced largely by individuals or small partnerships, and 
as there are no official production returns exact figures are not avail- 
able. The revival of the industry is due to three factors: (1) The 
purchase by automobile and other tourists of souvenirs, (2).the extraor- 
dinary increase in gem cutting as a hobby (particularly in Oregon. 
and Washington), and (3) the use of an increasing variety of colored 
stones in jewelry. 

/ The war has shut off, at least partly, the country’s normal sources 

( of supply of colored gemis and has engendered nationalistic sentiments; 
consequently, gems of American origin, notably turquoise, tourmaline, 
kunzite, benitoite, and hiddenite, should increase in popularity. An 
mportant gem-stone industry cannot, however, arise in this country 
owing to the lack of gem deposits of the first order and the high cost of 
cutting in the United States. Unfortunately, some unscrupulous 

/ dealers sell to tourists and even to their fellow townsmen ‘‘ American’’ 
gems which actually originated in foreign countries and were cut in 
Germany. : 

In the Northwest, especially in Oregon, according to correspondence 
with H.C. Dake, the number of mineral collectors and lapidaries,.both 
professional and amateur, most of whom collect and cut quartz gems, 
continues to increase markedly. He estimates the value of the mate- 
rial cut in 1939 as follows: Oregon, $300,000; Washington, $90,000; 
Idaho, $35,000; Montana, $10,000; and Wyoming, $8,000—a total of 
$443,000. Much of the material remains in private mineral collec- 
tions. In Oregon the centers of the industry are Portland and New- 
port. Some 14 lapidary shops in Newport employ from 2 to 10 per- 
sons each. For about 75 miles up and down the beach from Newport 
agate hunters (both amateur and professional) search for the rough 
material, particularly from February to the beginning of summer after 
winter storms have uncovered new sources of supply. The mineral- 
ogical societies of Lincoln County have protested against the use of 
local agate-bearing gravels as road material by the State highway 
commission. Oregon ships some uncut agates to cutters outside the 

State. In Washington the largest cutting centers are Seattle and 
Spokane; the principal stone cut is opalized wood from Miocene lake 
beds. In Wyoming local gem stones, mostly moss agate, are cut at 
Rawlins and Cheyenne. In Idaho the production was largely opalized 
wood from the southwestern part of the State and star garnets from 
Ruby Creek, Latah County. 
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Numerous collectors are slowly depleting the supplies of moss agate 
along the Yellowstone River in southeastern Montana from Huntley 
to northeast of Glendive, a distance of over 200 miles; however, the 
supply is partly replenished by the spring floods which rework the 
gravels. The most satisfactory collecting periods are during low 
water. Billings is the chief cutting center. The better moss agates 
are valued at $3 to $5 a pound in the rough. 

Nevada yielded turquoise valued at about $17,000 in 1939. The 
principal producers were the Smith mine, Cortez district, Lander 
County, the Blue Matrix mine near Tenabo, and the “Royal Blue” 
mine at Royston. The output of the Smith mine was 7,512 pounds 
in 1939. Considerable turquoise was also produced at Villagrove 
Colo., and a little in Mineral Park near Kingman, Ariz. Mines in 
Utah, some about 5 miles west of Fairfield and others about 10 miles 
south of Grantsville, yielded 1,000 pounds or more of variscite. 

A substantial quantity of sapphire was produced in Montana 
(perhaps 1,000 pounds), but very little of this was gem material, most 
of it being of industrial grade. 

In 1939 it was reported that nephrite was found in place in Cali- 
fornia and that some had been cut and was on the market. Con- 
siderable prospecting for gems was done in North Carolina in 1939, 
and the local lapidary trade is increasing, thanks largely to tourist 
demand. Kunzite crystals were discovered in Mitchell County a 
few years ago. . 

Other gem stones produced in the United States in 1939 included 
agatized wood (private lands surrounding Petrified National Monu- 
ment, Ariz.); amethyst (Townes County, Ga.; Larimer County, Colo.; 
and New Hampshire) ; aquamarine (Black Hills, S. Dak., and Maine); 
kyanite (Upson County, Ga.); garnet (Washington); oligoclase moon- 
stone (North Carolina); rock crystal (Arkansas and North Carolina); 
rose quartz (Black Hills, S. Dak., and Albany, Maine); ruby (Macon 
County, N. C.); rutilated quartz (North Carolina) ; satin spar (Niagara 
Falls, N. Y.); topaz (Thomas Ridge, Utah; San Diego, Calif.; and 
New Hampshire); and tourmaline (green—San Diego, Calif., and 
Maine; red (rubellite)—Black Hills, S. Dak.). 

For 60 years the Potter family has cut satin-spar (gypsum) beads 
and other souvenirs at Niagara Falls. Some of the material is of local 
and Canadian origin, but most of it is imported from England. 

Marble similar to Mexican onyx was produced near Pelican Point 
on Utah Lake, Utah, by the Onyx Corporation of America and by the 
Jay Em Onyx & Gem Co., near Hartville, Wyo. 

According to information furnished by A. H. Cornelison, the 
Hawaiian Islands produce a few gems and several decorative stones. 
Their output of olivines in 1939 was very small, as information regard- 
ing the locality of the best prospect was lost with the death of E. Mott 
Smith. Some clear plagioclase feldspar, locally known as “Hawaiian 
golden-yellow topaz,” was mined, also an interestingly marked jasper 
and some common opal. The known deposits of ‘Hawaiian dia- 
monds” (rock crystal) are almost exhausted. Possibly $1,000 worth 
of local stones were sold in 1939. 

Imports.—According to the Bureau of Foreign and Domestic 
Commerce, imports of precious and imitation stones (exclusive of 
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industrial diamonds) into the United States in 1939 totaled $40,487,- 
877, an increase of 43 percent over 1938. Details are shown as follows: - 


Diamonds: 
Rough or uncut (suitable for cutting into gem stones), Carats Value 
QUUY I1CG2 ceo ee ee eee ets oo eee aes 158, 982 $7, 956, 397 
Cut but unset, suitable for jewelry, dutiable: 
Less than 10 stones per carat....---.--------- 60,332 54, 107,173 
10 or more stones per carat__--.-------------- 427, 822 22, 310, 100 
Emeralds: 
Rough or uncut, free.-...-._-.--.----------------- 36, 946 17, 5381 
Cut but unset, dutiable.______.._--_-_--_--------- 17, 624 361, 345 
Pearls and parts, not strung or set, dutiable: 
IN BUDA 8c ke ee eee ie inde ete, Re ete Bale 249, 415 
Cultured or cultivated. ...-......_.------------------------ 328, 250 
Other precious stones: 
Rough or uncut, free__...-_--------- PAA ree, eo ped ge ee eee 111, 830 
Cut but unset, dutiable...-.-.2.-24.554cesceese seus ble ecace 1, 987, 479 
Imitation, except opaque, dutiable_____--------- Be eee ceases eakoe 2, 018, 1384 
Imitation, opaque, including imitation pearls, dutiable-..--.------- 30, 969 | 
Marcasites, dutiable: 
are te ie Ns Ns a pa ages Le ee lem SE ale et aaa ae in 38, 860 
AIGA ba ettaate > ee oa ee Sl eee ete eek eee 20, 394 


40, 487, 877 


Tariff, regulations —Wars in Europe and the East brought about 
many changes in tariffs. . 

As soon as war was declared France decreed that licenses are 
required for the importation of gems and jewelry, and to conserve the 
country’s gold, licenses doubtless will be difficult to procure. Supplies 
of gold for use in jewelry are controlled, and to prevent hoarding, 
jewelry containing an abnormal quantity of gold can no longer be 
manufactured. 

At the outbreak of war the British Government placed an embargo 
on the export of diamonds to prevent industrial stones from reaching 
its enemies. Committees were set up in Antwerp, Amsterdam, Paris, 
and possibly also in New York to assist the British Board of Trade in 
issuing export licenses. The early delays caused by the embargo are 
now less exaggerated, but the embargo accounts partly for the fall in 
American diamond imports of uncut and industrial stones after 
September 1939. 

Germany requires that official approval be obtained before precious 
and rare metals can be fabricated, and jewelers can only sell gold 
jewelry made of gold furnished by their clients. When Germany 
absorbed Czechoslovakia the duty on imitation precious stones 
immediately was increased 30 to 45 percent, as Czechoslovakia had a 
favored-nation trade agreement. France is supplying part of the 
shortage. | 

In Belgium special authorization from the Department of Economic 
Affairs is necessary to import or export rough diamonds for the dura- 
tion of the war. In January 1940, Hungary replaced free imports by 
a regime of permits, and by May permits were virtually unobtainable. 

In May 1939 Japan required all residents to report to the Govern- 
ment all gold held and after June 1 no gold articles could be dis- 
played in shop windows. China nationalized all gold (coins, bars, and 
jewelry) in August, the owners being compensated at official rates. 

Ceylon reduced the import duty on diamonds from 15 to 5 percent, 
or to that of India and Burma. Precious stones can be exported from 
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Brazil only by registered buyers or dealers after official appraisal. 
During the year Palestine removed duties on diamonds and unset 
precious stones. 

Effect of war on jewelry trade—When war was declared certain 


panicky dealers feverishly replenished their stocks; this buying, with | 
a certain speculation by those outside the trade, raised the price of | 
small cut diamonds 20 or 30 percent and that of large stones less. 


In reality the supply of diamonds is adequate, and prices should 
only have been raised enough to cover increased shipping and insur- 
ance costs. The price of colored stones also rose some 20 percent. 
Later higher cutting costs may have to be taken into consideration. 
Rather large stocks of costume jewelry were purchased, as the war 
automatically cut off some important sources of imitation and syn- 


thetic precious stones. Platinum prices rose (January 1, 1939, 


$34.44; December 30, 1939, $40 an ounce). 
Hereafter jewelry probably will be more expensive, but there is 
no reason to fear a shortage of supply, even if the war becomes a 


long-drawn-out affair. Obviously the warring nations need dollar | 


exchange. ron 
The American diamond-cutting industry may be stimulated some- 


what by the war, but even under war conditions small diamonds > 
doubtless will continue to be cut in Europe, as American cutting — 


costs on such goods are prohibitive. 

War and destruction are synonymous, therefore war must hurt 
industry. Today the Russian and German markets for gem stones 
are almost nonexistent; France and England are throttled by high 
taxation; hence the industry must live on the trade of the United 
States, India, and South America and on such investment buying of 
fine gems as the citizens of belligerent countries can accomplish. 

Gem publicity —At the New York World’s Fair, jewels will again 
be attractively exhibited in 1940. The House of Jewels will sho 
the beautiful jewelry of five leading Fifth Avenue jewelers and 
gorgeous diamonds, uncut and cut, of De Beers & Associated Produc- 
ing Cos. During 1939 De Beers, in a selected group of periodicals, 
conducted a campaign advertising the beauty, value, and rarity of 
the diamond. 

DIAMOND 


The year 1939 was surprisingly satisfactory in the diamond industry 
in view of the grave political crises and the two major wars. Trade 
was far better than in 1938, and in some respects was almost as good 
as in 1937, admittedly a good year. Production of rough stones, 
which was virtually equivalent to that in 1938, exceeded sales, and 
for the second successive year stocks increased. All grades of dia- 
monds increased in price. In Europe increases were as follows: 
Large rough, slight, and small rough, 25 to 45 percent; large cut, 
15 to 20 percent; and small cut, almost 100 percent. In America 
increases were less. Many stones were bought for investment, not- 
withstanding attempts by various governments to curtail the practice. 

Share dealings —The shares of diamond-mining companies listed on 
the London Stock Exchange had a restricted market in 1939. Prices 
were weak during most of the year, although there were sharp recov- 
eries in the last half of July, owing to activity in Wall Street, and after 
October, owing to news of good sales by the Diamond Trading Co., 
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and smaller recoveries from mid-February to mid-March, early May 
to mid-June, and late December. During the year five representative 
stocks lost 17 percent of their value and at the end of the year were 
31 percent of their high (1927) and 307 percent of their low (19382). 
Of the 12 principal mining shares, 7 paid dividends in 1939. 

Market.—In 1939 the Diamond Trading Co., which sells about 95 
percent of the world output of diamonds, inaugurated a new sales 
policy. “Sights” are now held fortnightly; buyers, large and small, 
are urged to attend, and goods are sorted into standard types that will 
not vary from “sight” to “sight.” Sales in 1939 were about 
£5,865,000—159 percent of those in 1938 but only 64 percent of those 
in 1937. First- and fourth-quarter sales were particularly satisfactory. 
Good-quality stones continue to be scarce. | | 

Sales of polished diamonds, while not satisfactory, showed an 
appreciable gain over 1938. Small sizes were particularly in demand, 
fine goods being bought when available and mediocre grades at other 
times. Fine large stones were in demand as investments. Sales of 
industrial stones were excellent. The market was quiet until May, 
after which the improvement was progressive, and by August the 
market was animated. When war was declared, frantic buyers, fearing 
that their sources of supply would be cut off, purchased in quantity, 
but in October the market became normal. 

Cutting in 1939.—The cutting trade was even worse in 1939 than in 
1938; “masters” made little money, and the men were frequently 
unemployed. During the year the number of artisans decreased from 
approximately 27,000 to 23,000, owing largely to the shutting down of 
German shops at the outbreak of war. Both Antwerp and Amsterdam 
suffered, the first somewhat more than the second. Cutters’ wages 
were raised 15 percent in October. | 

Imports —Diamond imports into the United States in 1939, by 
countries, were as follows: 3 


Diamonds imported into the United States in 1939, by countries 


[Exclusive of industrial diamonds] 


Rough, or uncut Cut, but not set 
Country ; Value Value 
Carats Carats (> 
Total Average Total Average 

Africa: 
British East Africa.......--.--- 34 $3, 091 $90.91 hoo teee ac es ek elec seeks 
Union of South Africa. ___-_...- 148, 001 7, 656, 408 51. 73 1, 488 $187, 107 $125. 74 
Belgium: .2c222. 2-8 xo 5-6 y eco ets ese eee asta) See 323 222) Seas 399, 806 | 21, 733, 478 54. 36 
Brazil: 20... on hbo tee see 5, 846 292, 854 50,09 Viens cel aoct ws eal ed es 
Wrancesi3 e h e e eh e l ehesctatals 4,719 699, 239 148. 18 
Germany. 22 eee es | ee ted eects sees teens 7 419 59. 86 
Guiana, British___.__.....--...-.- 101 4, 044 AQ-04 ian tie ee en te FB ae 
Netherlands: =)... s222 soe seen see ee ee ce ee tent See ese 77,422 | 4,454, 205 57. 53 
Palestine: ==. oosscc2.soscuece see esc bee se ee a] tee tec ee geen ts Gee ee 36 2, 299 63. 86 
Switzerland:: 32.222. 45sec see c|o2 3 tee se ese ave le) eset 1, 392 69, 926 50. 23 
United Kingdom... -.- 12222252) 222-022s25+5|-+2s<--+<25_].sealse-- 3, 284 270, 600 82. 40 
153,982 | 7, 956, 397 51. 67 488, 154 | 27,417, 273 56.17 


World production—World production of diamonds (gem and in- 
dustrial) in 1939 approximated 11,330,000 carats (2.266 metric tons) 
worth about $39,270,000. Compared to 19388 this is a decrease of 2 
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percent (readjusted figure, 11,620,000 carats worth $40,750,000) by 
weight and 4 percent by value. Of the South African pipe mines only 
Dutoitspan and Bulfontein operated; world alluvial mines yielded 91 
percent of the output by weight and 77 percent by value. The British 
Empire produced 26 percent by weight and 60 percent by value of the 
total production; less than one-fifth by weight were gem stones. 

The following table gives, as accurately as available statistics permit, 
world production for the past 5 years. * 


World production of diamonds, 1935-89, by countries, in metric caraig 


{Including industrial diamonds] 


Country 1935 1936 1937 1938 1939 
Africa: 

ANG018. co sec so eee Se Sena 481, 615 577, 531 626, 424 651, 265 1 682, 000 
Belgian Congo._____..._.---2...-__ 8, 812,023 | 4,634,266 | 4,925,228 | 7,205,620] 1 7,201,000 
French Equatorial Africa____.________. 138 1, 550 5, 588 16, 013 1 16, 000 
French West Africa_........_.-.-.-___|-__------ 18, 897 57, 687 61, 928 56, 314 
Gold Coast (exports)__.--.-.-.---.-.-. 1, 349, 847 | 1,414,677.) 1,577,661 | 1, 296, 763 1, 087, 652 
Sierra Leone__.._____-.-...-__-_-2-____- 295, 483 616, 200 913, 401 689, 621 1 600, 000 
South West Africa__........_-_-_.2- 128, 464 184, 917 196, 803 154, 856 35, 470 
Tanganyika____..-_--_-..2222_-- i __e 1, 446 2, 704 3, 234 3, 576 23,445 

Union of South Africa: 
Mines. ooh Soe ys te 274, 317 339, 719 820, 284 979, 460 |. 1 1,062, 670 
Alluvial. ..-.-2_-_ eee 402, 405 284, 204 207, 359 259, 148 1 184, 000 
Total Union of South Africa_____ 676, 722 623, 923 | 7 1,030,434 | 1, 238,608 | 1 1, 246,670 
Brazil aloes) ee eee gi ee hee. 39, 100 136, 462 * 238, 606 1 235, 000 1 350, 000 
British Guiana__._.___..2_2- 2-2 47, 785 41, 067° 35, 958 32, 522 32, 491 


Other countries 4. ..-..._...--.-------._.- 5, 800 6,000 | © 6, 000 34, 200 19, 000 
6, 838, 400 | 8, 258,200 | 9, 617,000 | 11,620,000 | 11, 330, 000 


! Estimated. 

2 Exports. 

3 Includes 2,791 metric carats recovered from re-treatment of tailings. ; 

41935: Borneo, India, Nigeria, and Venezuela; 1936: Borneo, India, New South Wales, Rhodesia, United 


States (California), and Venezuela; 1937: Borneo, India, Liberia, New South Wales, Rhodesia, and Venezu- ~ 


ela; 1938-39: Borneo, India, New South Wales, U.S. 8. R., and Venezuela. 


In South Africa the output of pipe mines increased, whereas that of 
alluvial mines continued its decline. Production in Brazil and the new 
fields of the French African colonies increased, but in Southwest 
Africa and the Gold Coast it was drastically curtailed. As usual, 
the Belgian Congo contributed 64 percent, by weight, of the world 
output, largely industrial stones. New discoveries are reported in 
the U.S.5. R., Kenya, and Uganda. , 

Tropical hygiene and diamond production—Diamond output, more 
than that of any other mineral product, comes from tropical countries— 
in the past from India, Borneo, and Brazil; today from Central 


Africa and to a smaller extent Brazil and British Guiana. The rich- 


ness of the tropics in gems is a matter of chance, but the scientists of 
the Middle Ages believed that the hot tropical sun ripened the gems. 
A century ago 100 percent of the production came from the tropics; 
in those days tropical diseases decimated the workmen, and jewel 
buyers felt they were risking their lives in visiting the diamond fields. 
Of the present world output, approximately 88 percent by weight and 
51 percent by value are produced in tropical countries, but today the 
personnel of the larger companies enjoys a health record comparable 
to that of mining companies operating in temperate climates. The 
different records of the two centuries “spotlights” the advance of 
tropical hygiene. 
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_/ Malaria no longer saps the vitality of the staff and workmen; the 
dreaded sleeping sickness is being conquered, and dysentery has be- 
come rare. ‘Turn-over in the staff is no longer a detriment to efficient 
operation. The staff lives in modern camps with proper water supply, 
sewerage systems, electric lights, and golf courses. Many bring their. 
families, and schools are provided for the children. The villages of 
native laborers serve as models to be imitated by the bush natives. 
The Forminiére Co., operating in the Belgian Congo, realizing that its 
future labor supply was menaced by the sleeping-sickness plague for 
some years, has had a large, mobile medical staff examining the 
natives of the countryside and giving treatment to infected natives. 
In 1938 the medical staff examined 129,348 natives for the disease. 
The scourge is now under control. Throughout the Belgian Congo 
the number of cases of the dread disease has decreased from 11 per 
1,000 in 1908-10 to 2.9 per 1,000. 

It may be stated safely that if it were not for tropical medical 
research and present-day knowledge of sanitation, the diamond pro- 
duction of the world would be at least one-third less than it is. 

a Industrial diamonds.—In 1939 more industrial diamonds were em- 
/ ployed than ever before; larger factory use in the United States and 
' unition-plant use in Europe more than offset decreased use of the 

diamond drill in Canadian prospecting. Striking features of the 1939 
advance were the rapid expansion in use of diamond-impregnated 
wheels and other abrasive tools (particularly those with a powdered- | 

i metal bond), the increased use of very small bort in drilling, and the 
gain of mechanically set over hand-set diamond-drill bits. Diamond 
drills are now employed extensively, particularly in Canada, for 

; blast-hole work. | 

\ The demand for industrial stones was strong throughout 1939. 

~ As it has been for 3 years, the scarcity of fine stones required the use 
of mediocre grades. Prices of all grades registered marked advances. 

Imports of industrial diamonds into the United States during the 
past 5 years were as follows. 


Industrial diamonds (glaziers’, engravers’, and miners’) imported into the United 
States, 1985-89 


Value Value 


Year Carats j-—— Year Carats = |-——-—_——————- 
Total Average Total Average 
1935.7. ooo ooeSiee 954, 589 | $4, 293, 611 $4. 50 || 19388__...._---. I, 396, 247 | $4, 213, 412 $3. 02 
193622 hee cols 1, 166, 094 4, 328, 603 3.71 || 1939_..__-_-_.- 38, 568, 730 9, 725, 683 2.73 
19375 1, 885, 970 6, 542, 365 3.47 


The 1939 imports are somewhat misleading, as some shipments 
were sent here for safekeeping by the countries at war; in addition 
a number of dealers, forced to leave their homelands, brought with 
them their stocks of industrial diamonds. 


EMERALD, RUBY, AND SAPPHIRE 


The increased use of colored stones in jewelry during the past 4 
years has caused concern over the source from which supplies are to 
be obtained in the future. With the State-owned Colombian emerald 
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mines closed, the Burma ruby mines worked only by the natives, and 
the production of world sapphire mines small, little new rough stone 
is coming on the market. The jewelers are using largely stones 
recovered from old jewelry, Spain having furnished many fine-colored 
stones in the past 2 years. Such a situation, however, cannot last, 
and eventually old mines must be reopened or new mines found. 

_ The Muzo emerald mine in Colombia has been shut down several 
years, but the property of the Chivor Emerald Mines, Inc., has been 
operated under lease from September 15, 1937, to date by the Com- 
pafiia de Esmeraldas de Colombia. From September 15, 1937, to 
September 1, 1939, 28,841.22 carats of emeralds of all grades and 
73,633.4 carats of moralla were produced. About 100 miners were 
employed. Since September 1, 1939, the output has been unim- 
portant. The property is to be sold to the leasing company on a 
royalty basis and a cash payment of $10,000. 

The emerald deposits of the Murchison Range, Transvaal (see 
bibliography, Kent, L. E., Emeralds, Murchison Range, Transvaal) 
were discovered in 1927; altogether there have been 15 producers, 
most of which are now moribund. Production to the end of 1937 
was 664,612 carats, worth £84,294, or 2s. 6%d. per carat. Some of 
the stones are of fine color, but like most emeralds they usually are 
flawed (owing to movement after deposition) and often include biotite 
inclusions. Color zoning is common. Cobra Emeralds, Ltd., has 
been by far the largest producer. Emeralds occur as well-shaped 
crystals, distributed sporadically in shoots and pockets in biotite 
schist near pegmatitic intrusions. The pegmatite contains no emerald 
but does contain beryl. Near later basic intrusions the emerald 
has been ‘‘baked”’ to a brownish green. The emerald deposits re- 
semble those of Egypt, the Urals, the Salzburg Alps, and North Caro- 
lina. The emeralds were deposited during the “hydrothermal phase’’ 
following the intrusion of the pegmatite. , 

Open-cut methods of mining are used, and the emeralds are sepa- 
rated largely by hand methods. The yearly emerald content has 
ranged from 2.75 to 3.16 carats per load (approximately a cubic yard). 
The product is sold directly to London gem buyers. In 1938-39 
the Cobra Emerald Mines, Ltd., was shut down, owing partly to the 
depressed state of the precious-stone market and partly to decreased 
quality of the stones. N.M. Uspensky believes that although some 
of the emeralds at the Ural emerald mines near Sverdlovsk, crystal- 
lized at 500° C., most of them crystallized below 400° C. and some as 
low as 200° C. 

In 1938 the Mogok or Katha workings, Burma, produced 202,483 
carats of rubies, a 29-percent increase over 1937 (157,308 carats). . 

The subcommittee appointed by the Government of Ceylon to 
report on marketing and cutting gems in Ceylon, recommended (1) 
that a Government institute to struct the natives in gem cutting be 
set up as part of the Department of Mineralogy, and (2) that a Govern- 
ment salesroom be attached thereto. The Singhalese cutter cer- 
tainly has much to learn from an up-to-date gem cutter. The report 
of the committee is an interesting document, describing the three 
trades concerned (the miner, the cutter, and the dealer), the laws 
relating to gemming, mining methods, marketing, and other phases 
of the industry. It is understood that the recommendations of the 
committee will be acted on favorably. 
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The sapphire production of the Mogok ruby workings, Burma, has 
been as follows in the past 3 years: 1936, 172 carats; 1937, 4,392 
carats; and 1938, 1,344 carats. Judging from the statistics of the 
Indian Government, the output of the Kashmir sapphire mines was 
probably less than 10,000 carats in 1938. : 

In 1938 gems valued at £2,166 were sold from the Anakie (Queens- 
land) sapphire field (£1,410 in 1937). First blues comprised three- 
fourths of the sales; other sapphires (green and yellow) and zircons 
were not in demand. Production came from Rubyvale, Reid’s 
Water Hole, and Mt. Laura. In 1939 a new field is said to have 
been discovered about 6 miles west of Rubyvale, central Queensland. 
A 412-carat emerald-green sapphire is reported among the finds. 
No gem sapphires were produced in New South Wales in 1938, but 132 
ounces of industrial stones were produced at Sapphire. 

At Mtito Andei, Kenya, patches of fine blue sapphire are found in 
crystalline corundum, encountered in working asbestos. Several 
small parcels of sapphires have been shipped. 


LESSER GEMS 


The Smithsonian Institution put on exhibition a huge topaz weigh- | 
ing 153 pounds, or about 350,000 carats, in 1939. It is pale blue, 
with a sherry-color interior. The Harvard University Mineralogical 
Museum also added to its collection a large white topaz weighing 225 
pounds. Late in the year the American Museum of Natural History, 
New York, obtained an even larger topaz weighing 596 pounds. All 
three crystals came from Minas Geraes, Brazil. 

In 1937 the output of aquamarine at Daso, Kashmir, was 6,260 
carats (no output in 1935 and 1936). 

The total value of the opal production of New South Wales to 
December 31, 1938, has been £1,627,021. The 1938 output was 
valued at £4,226 (1937, £3,357); Lightning Ridge produced stones 
valued at £4,132, Grawin £50, and White Cliff £44. No production 
was reported from Queensland in 1938. 

In 1930 a deposit of lapis lazuli was discovered by G. L. Judin at 
Ovalle, Pamir Mountains, Badakhshan. Like similar occurrences, it 
is a contact-metamorphic deposit in marble. 

The Katanga copper deposits are the most important present-day 
producers of malachite. The material is used in cheap jewelry and 
objets d’art. Recent sales are as follows: 1937, 314 tons; 19388, 244 
tons; and 1939, 144 tons. 

A little turquoise is produced in northern Baja California, Mexico, 

not far from Ensenada. 
_- The amber mines at Palmnicken, Samland, Prussia, produced 400 
‘metric tons of amber in 1938 (1937, 328 metric tons). Amber is 
' used as an ornament, and considerable amber oil and amber acid are 
_ distilled, as they are employed in the German dye and varnish indus- 
' tries. In 1938 Germany exported 16,400 kilos of amber valued at 
_ 229,000 reichsmarks. Most of the amber goes to Danzig for processing 
_ and reexport, the major trade being with the Balkan States and the 
Orient. In Germany the use of amber ‘“‘German gold” has been 
increased by nationalistic propaganda and the difficulty of buying 
other types of jewelry. Laws forbid the sale of imitation amber and 
synthetic resins resembling it in Germany. 
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Some gem prospecting is being done in the Grenville limestone near 
Laurel, Quebec. Clear pale-lilac diopside and honey-yellow vesu- 
_vianite occurences may have some gem value. Previously minute 
blue sapphires were found at Kilmar. As Frank D. Adams has 
pointed out, the geology of the Laurentian rocks is similar to that of 
the gem-bearing rocks of Ceylon, but owing to recent glaciations there 
is no concentration of the gems in stream gravels, 

The mining and cutting of jet at Whitby, England, was an impor- 
tant industry 75 years ago. Today, only a few score of people are 
engaged in it. The present war may revive the trade. 

In 1938 Brazil exported 746,872 kilos of rock crystal, 214 times the 


\ 


i 
H 


R., Quartz Crystal (Brazil)). Japan in particular, Great Britain, _ 


average for the preceding 14 years (see in paral Winslow, Rollin 


Germany, and to a smaller extent the Unit 
purchasers. The best-quality crystals are sent to the United States. 
for use in scientific instruments. Bahia is the principal producer, 
followed by Minas Geraes and Goyaz. The crystal occurs in peg- 
matite dikes or in detrital or placer deposits derived from them. 
Mining methods are primitive and usually are carried on by ‘“‘garim- 
puros,” locally called “crystalleiros’”; the open pits are rarely more 
than 5 meters deep. Most of the exporting firms have their own 
buyers in Brazil. Rough crystal is worth $0.15 to $18.50 per kilo, 
according to quality. Reserves of crystal are reported to be large. 
Optical quartz has been discovered recently in the Mtito Andei 
district, Kenya. | | 

No other gem except the diamond has a wider variety of industria! 
uses than rock crystal. It is employed for oscillators in radio trans- 
mitters; for quartz-plate resonators at cable and long-distance tele- 
phone terminals; and for quartz plates in sound-detecting and sound- 
locating devices of various sorts and in detonator measurers. Quartz 
is also the basis of fused quartz employed as tubes, flasks, and fibers 
for precision instruments. It is used widely in the optical trade, in 
moderate-priced jewelry and objets d’art, in quartz lamps, and as an 
abrasive. A glass developed in 1939 by the Corning Glass Works 


States are the principal | 


ar 


may decrease the use of fused quartz. In December the United States © 


Treasury Department bought 14,800 pounds of Brazilian crystals 
under its strategic-materials buying program. The price was $98,875, 
or $6.68 per pound. 

San Luis and Mendoza Provinces, Argentina, produced, respectively, 
325 and 270 metric tons of greenish yellow translucent marble (“‘onyx’’) 
suitable for decorative purposes in 1937. The United States is the 
principal purchaser; the rough material is worth $140 to $230 per 
ton. To obviate flaws, the blocks are cut by hand with chisels, no 
percussion drills or powder being used. The “onyx” deposits at El 
Marmol, Baja California, Mexico, produce from 3,000 to 25,000 cubic 
feet a year. The product is trucked to Santa Catarina, whence it is 
shipped. to the United States. 7 

In 1938 Madagascar exported 453,638.037 kilos of gems and indus- 
trial stones. Beryl, tourmaline, colored topaz, opal, sapphire, ruby, 
garnet, and spodumene totaled 6.81 kilos; feldspar, scapolite, ame- 
thyst, and other lesser gems, 263.544 kilos; opaque beryl and garnet, 
328,979.208 kilos; rock crystal, 4,693.625 kilos; rose quartz, amazon- 
stone, etc., 6,249 kilos; and industrial rock crystal, 111.763 kilos. 
France was the principal purchaser, although Germany purchased the 
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finer rock crystal and Switzerland and England certain grades of 
stones. ae : 

There were four producers of precious stones in South-West Africa 
in 1938... The following table gives productions and exports for 1937, 
1938, and the first quarter of 1939. 


Production and exports of precious stones in. South-West Africa, 1987-88 and first 


quarter of 1989 
Production Exports 

1939 (first 1939 (first 

1937 1938 quarter) 1937 188 quarter) 

. Semiprecious stones: 
“Aquamarine__.._.+----------- grams. - 4,970 |. 270 2, 000 4, 350 200 |_-..------ 
Chaleedony_.._-..--_----.-.-- [6 te eee emertmri es Oe reap TeN) (perenne eee 119, 000 70,000 |_-_-_-_.-- 

Rose quartz__.....-_.----------- GOs 2h see sere s 6, 720 54, 786 9, 720 |_..-.---.- 
TODAY. oo ccs eats eee tees do___- 4, 000 500 |---------- 3, 000 1,000 70 
Tourmaline_._.._-...--.--.---- do..--| 37,795 26, 248 4,300 | 507,851 59, 508 10, 666 


Yeeland spar_.._.------.--- ee pounds... 873 3, 680 250 309 24 |---~------ 


Germany buys virtually the entire output of aquamarine. 
_ With the possible exception of Ceylon, Brazil is the most impor- 
tant producer of the lesser gems, but figures on its 1939 production 
are not at hand. 
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sales of jewelry in 1940 


engagement and wedding rings bought, especially after the passage | 
of the Selective Service Act. — eee As 
Jewelry manufacturers were unusually busy from May: on, and 
overtime was common. The industry experienced some labor diffi- 
culties in 1940, the principal issue bemg the closed shop. 
Retailers evidently believe wholeheartedly in the future of their 
trade. Tiffany’s moved, for the fifth time in the 103 years of the 
corporation’s life, to commodious quarters at 5th Avenue and 57th 
Street, New York City; two other important Fifth Avenue retailers 
thoroughly remodeled their stores; and, late in the year, at least two 
internationally known French jewelry houses opened shops on Fifth 
Avenue. yas Se 8 ee 
‘Fashions in jewels —Colorful jewelry in large units characterized 
the 1940 mode. Gold, often in two or three colors, was more popular 
than platinum, although the latter was used in the finer diamond 
mountings. Patriotic, geometric, conventionalized floral, astronomic, 
1 Figures on imports compiled by M. B. Price, of the Bureau of Mines, from records of the Bureau of 
Foreign and Domestic Commerce. - 
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animalic (some few attractive), Egyptian, and East Indian motifs 
were seen. Styles were striking and individual. Jewelry ensembles’ 
set with similar stones continued to gain popularity, as did large 
pieces divisible into several ornaments. An abundance of bracelets 
and necklaces, hair ornaments (including tiaras), clips, rings, and. 
earrings were worn. Wealthy refugee women wear their jewels, and 
_ American women are not to be outdone. | 
Large diamonds and colored gems set pavé with small diamonds ° 
‘were popular; but in the fall, the high price of small cut (owing to 
destruction of the cutting industry in the Low Countries) forced new 
styles requiring fewer melee. The finer gems—including the diamond 
(including fine yellow and some coffee-colored stones), ruby, and 
sapphire (not only blue but yellow)—were particularly popular, while 
the emerald was less so. The less-valuable colored stones—star 
sapphires, moonstone, and topaz, and, to a smaller extent, aquamarine 
and. amethyst—were likewise much used. The appreciation of and 
demand for colored stones almost unknown to the earlier generation 
is evidence of the increasing knowledge of precious stones among the 


_ American people. Because of the insistent demand for diamonds, 


colorless stones were most popular; red, blue, green, and yellow stones 
followed in order. 20) be ne ee et ha 
- Costume jewelry.—No costume is now considered complete without 

real. or amitation jewelry, which is being used more and more. The 
black gowns so prevalent today form an excellent background for 
“gold” pins, clips, necklaces, and bracelets. The sales of costume 
jewelry in 1940 increased substantially, probably to a greater extent 
than sales of real jewelry. Designs are improving and either follow 
the lead of jewelry designers or in some instances precede. them. 
Many foreign sources of supply were cut off by the war, but American 

industry has successfully made up the deficit. Plastics are effectively 
— used, and lucite beads are a fair substitute for satin spar. .The manu- 
facture of costume jewelry centers in New York. The value at the 
factory of costume jewelry produced in 1939 was $33,921,990. (1937, 
$29,928,567), and over 12,000 people were employed in the industry. 

Domestic production.—From the 1909 peak output of gem stones 
_ valued at $534,280, the domestic industry dwindled to only $3,000 in 

1934. Since then production has increased markedly and in 1940 
was valued at $340,000 to $750,000; the first figure is a rough estimate 
of the amount used in jewelry and the second an estimate of the total, 
including that treasured by collectors or sold to tourists, collectors, 
and rock gardeners. The rise is due largely to the growth of lapidary 
work as a hobby (particularly in the Pacific Northwest and notably 
in Oregon and Washington). Stones of the agate family comprise 
about 37 percent of the amount used in jewelry. Gems are produced 
largely by individuals or partnerships, and as there are no official 
returns exact figures are not available. 

The war has shut off, at least in part, the country’s normal sources 
of supply of colored gems; their place, to some extent, has been taken 
by gems of American origin. 

In the Northwest, especially in Oregon (according to correspondence 
with H. C. Dake) mineral collectors and lapidaries, both professional 
and amateur, continue to mcrease. He estimates the value of the 
material (largely quartz minerals) collected and cut in 1940 as follows: 
Oregon (professional lapidaries—$150,000, amateurs—$225,000); 
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‘Washington, $140,000; and Idaho, $47,000—a total of $562,000. A 
new agate-producing district in Harney County, Oreg., an opalized- 
wood locality in central Washington, nephrite in place in an aplite 
dike near Split Rock, Fremont County, Wyo., and nephrite boulders 
‘about 48 miles southeast of Lander, Wyo., are reported.. Miss M. 
Barrie Berryman states that there are.some 50 professional and ama- 
teur lapidaries in Utah; she estimates the total value of the rough and 
cut gems and mineral specimens produced in the State as $25,000 
in 1940 compared with $8,000 in 1939: ~ ee eae 
With the exception of quartz gemstones, turquoise leads in total 
value—about $20,000; Nevada ranks first in output and Colorado 
second. The Fox turquoise mine near Cortez, Lander County, Nev., 
produced. 7,928 pounds of rough turquoise; of. this the more desirable 
material was. sold for $11,405. The Tonopah district: and mines at 
Austin, Nev., also produced some turquoise, as did the turquoise 
mine in the San Luis Valley near Villagrove, Colo. A little is re- 
ported to have been produced in New Mexico, and some Arizona 
turquoise was sold, although little or no mining was done in 1940. 
Sales of turquoise jewelry. in the southwestern curio shops were large. 
Arthur L. Crawford reported that three localities in Utah (5 miles 
west of Fairfield, Utah County; 9% miles south of Grantsville, ‘Tooele 
County; and 25 miles north of Lucin, Box Elder County) produced 
variscite in 1940, and the mineral was also discovered near Promon- 
tory Point, Box Elder County. . tag Me ary es 
-In 1940 Montana produced about 12,350 troy ounces of sapphires 
(1,029 pounds) valued at about $17,000. -The principal producers 
were the American Gem Mines at Philipsburg, owned by Charles H. 
Carp and J. W. Kaiser, and the Perry-Schroeder Mining Co. of Helena, 
dredge operators. The stones are used industrially, as few are suitable 
for jewelry. As difficulty is likely to arise in obtaining synthetic — 
sapphires ‘and rubies from Europe, Montana sapphire mining may well 
become an important cog in our national defense program, because 
jewels are essential in many instruments necessary for military purposes. 
Austin F. Rogers ? describes nephrite recently found in the western 
part of the Santa Lucia Range, southern Monterey County,. Calif. 
It occurs not only in large and small boulders but also in place in 
serpentine in a region of Franciscan rocks. The nephrite ranges from 
light greenish gray to black in color, and some of it is suitable for. cut- 
ting. According to reports, californite (a compact vesuvianite used as 
a substitute for jade) is being mined by the Curly Jack Mining Cor- 
poration on the South Fork of Indian Creek near Happy Camp, 
Siskiyou County, Calif. poe 
Three operators produced tourmaline, kunzite, beryl, and rock 
crystal valued at about $2,400 from the well-known gem-stone deposits 
of San Diego County, Calif. ; 
In 1940 a number of mineral collectors visited Topaz Mountain 
in the Thomas Range, Juab County, Utah, according to Miss Berry- 
man. By blasting they collected a quantity of sherry-color topaz, 
which had been bleached water-white at the surface. When cut this 
material forms attractive gems readily sold locally. 
A considerable amount of moss agate was recovered from _the 
gravels of the Yellowstone River in southeastern Montana. This 
3 Rogers, Austin F., Nephrite Jade from Monterey County, Calif.: Bull, Geol. Soc. America, vol. 51, 
No. 12, pt. 2, December 1940, p. 1941, : 
- -311486—41——-89 
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source has long furnished beautiful moss agate for jewelry, but fine 
material is becoming scarce. The deposit in the Granite Hills near 
- Split Rock; Wyo., also supplied considerable moss agate, and some 
was produced in other Mountain States. 5 
A few Sioux still dig pipestone at Pipestone, Minn., and cut it into’ 
pipes or ornaments for their own use or for sale. _ os on 
In the fall of 1939 Carl M. Anderson found a deposit of lapis lazuli, 
some of rather fine quality, at an elevation of 12,500 feet on the slope 
of Italian Mountain, Gunnison County, Colo. The lapis occurs as 
three stringers in Paleozoic metamorphic limestone intruded by dio- 
rite, which reach a maximum width of 7 or 8 inches and are traceable 
for about 300 feet.. Harold I. Rosencrans, a Longmont jeweler, con- 
trols the deposit, cuts the lapis, and sold some in the Hast and. set 
ne remainder in Indian-style silver jewelry for distribution in: the 
est. a oe a Bae Be op Se eke ae 
» Some gem stones were produced as a byproduct. of North Carolina 
feldspar and mica mining; C. C. West operated a ruby property near 
West Mills, Macon County, and sold the product to the tourist trade. 
A number of lapidaries also cut for sale to tourists. 
-- A small amount of rose quartz was produced at Scott’s mine near 
Custer, S. Dak... The total recorded production of rose quartz in the 
Black Hills from 1879 to date has been valued at about $55,000. A 
small amount was.also produced at Albany, Maine, and asteriated — 
rose quartz in North Carolina. Rot eae ee ee 
- Other.gem stones produced in the United States in 1940 included 
agate (Utah, South Dakota, New Mexico); agatized wood (private 
lands surrounding Petrified National Monument, Ariz., New Mexico, 
Utah); alabaster (New Mexico, Utah, Wyoming) ; amazonstone (Colo- 
rado); amethyst (Red Feather Lakes, Larimer County, Colo., Georgia, 
Maine, North Carolina); aquamarine (Colorado, Maine, North Caro- 
lina); azurite (Bingham, Utah); chaleedony (Utah); emerald. matrix 
(North Carolina); garnet (Colorado, New Mexico, North Carolina) ; 
golden beryl (North Carolina); jasper (California, New Mexico, 
North Carolina, Utah); lazulite (Clubbs Mountain, N.C.); malachite . 
(Bingham, Utah); moonstone (North Carolina); rock crystal (Ar- 
kansas); iridescent obsidian (California); rhodonite (Utah); rutilated 
quartz (North Carolina); topaz (Colorado, Maine, North Carolina) ; 
pink sapphire (Georgia); and tourmaline (Maine). | ee ae 
Imports ——Imports of precious and imitation stones (exclusive of 
industrial diamonds) into the United States in 1940 totaled $37,767,- 
705—a 6.7-percent decrease as compared with 1939. Details are 
shown as follows: | 


Diamonds: 
Rough or uncut (suitable for cutting into gem stones), Cerats Value 
duty tree: cccccu ce es ae ete eee ee ae ae 227,886 $11, 595, 703 
Cut but unset, suitable for jewelry, dutiable: 
Less than 10 stones per carat__--..---»-------- 54, 005 5, 457, 151 
10 or more stones per carat._----------------- 267,466 16, 544, 568 
Emeralds: 
Rough or uncut, free. 222-5. es nsec oeen sueeessy 14, 364 6, 915 
Cut but unset, dutiable._...___------------------ 16, 093 394, 104 
Pearls and parts, not strung or set, dutiable: 
INS Urals eo ee etal cea A ek ee eee Ae es 224, 101 


Cultured or cultivated....._.._..----.------------------- 355, 595 
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Other precious and semiprecious stones: a Value 


Rough-or uticut, free. 2.2 ew te eee eee aed Soweto $153, 858 
Cut but unset, dutiable._..-_2.---.-_--_.--_.------------ 2, 191, 513 
Imitation, except opaque, dutiable: . , i A Leet 
’ Not:eut or faceted: 22-2 oo. ieee ‘ - 4,127 

. Cut.or faceted: — os 48 om Pa BS ae Sy. atlas te 
* ips PAD IUNO UG: ae et Se os Ss aoe eee to ee eS 359, 672 
SMOUNGR. (ost ae ee ee camiuwctedcececass ds £28344 


Imitation, opaque, including imitation pearls, duti- 


Blses Eases Seles 42 682,198 Se 


- 8 
Marcasites, dutiable:: ae —_ 
te 7 ee ee eee Se otk ee ee. YOU TO0 
~ -Inmitation..2~-.----LL--~------------------------- ------ 18, 071 
tg a set bias ai ot Fe eee ~ 87, 767, 705 
-- As compared with 1939 imports of rough diamonds, other precious 
and semiprecious stones, cultured and imitation pearls, and synthetic 
gems. increased whereas imports of cut diamonds, uncut emeralds, 
natural pearls, and marcasites decreased. The number of watch 
jewels imported in 1940 totaled 98,771,042 valued at $1,831,007 | 


compared with 43,712,840 valued at $913,245.in 1939. 


Government regulations —Owing to the war, Government regulations a 


affecting the jewelry trade: were legion in 1940. By Presidential 
proclamation, effective July 5, 1940, as a result of the Sheppard-May 
Bill, a license was required to export industrial diamonds and quartz © 
crystals, and on December 20, 1940, the order was amplified to in- 
clude all’products that contain them. =< ba oe Ae 


_ The British embargo on the-export of diamonds (to prevent indus- 
trial diamonds from reaching the enemy) promulgated at the beginning 
of the war‘is effective, except for a major leak of Brazilian stones to 
Germany. In 1940 the order was amended several times to increase 
the control of industrial diamonds. As of July 1, 1940, diamonds, 
precious stones, and jewelry were permitted to be carried out of 
Great Britain by license only to prevent: the export of capital. “Cus- 
toms officials at British ports require the presentation of a license for 
all jewelry worn by travelers, even wedding rings if they appear to 
benew. The budget of July 1940 increased the British tax on jewelry 
to 33% percent of the wholesale value. Be NS < 

~ Canada has‘classified industrial diamonds and piezoelectric quartz. 
crystals as of indirect strategic value. To keep cash within the 
Dominion, in December 1940 Canada prohibited the importation. of 
jewelry and uncut diamonds from thé United States'and placed a 
25-percent excise. tax on the sale of luxury ‘articles. Canada was 
formerly this country’s most important foreign market for jewelry. 
Severe regulations exist regarding the sale of military emblems that 
might be mistaken for official insignia. re ee, Cee | 

- In May the Union of South Africa decreed that all shipments of 
rough diamonds can thereafter be addressed and delivered only to 
parties in London. : 

For the period July-December 1940 New Zealand cut imports of 
precious stones from the United Kingdom and its Crown colonies by 
75 percent. The export of precious stones, unset or in jewelry, from 
Australia is prohibited, except by consent of the Minister for Trade 
and Customs. ee | 

On June 3, 1940, France decreed that cut precious stones and jewelry 
could not be exported from the country; previous decrees had. covered 
thefexport of rough stones. | | 
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In May 1940 Germany prohibited the sale in the Reich of gold 
objects weighing more than 50 grams (1.6 ounces) or of more than 14 
carats gold content. Early in 1940 Hebrews in Bohemia and Moravia 
_ were required to register with the Government all precious stones and 
articles made of precious metals. In Occupied France the German 
military authorities required inspection of all private safety deposit 
boxes and official listing before January 10, 1941, of the gold and 
precious stones they contained. | pos oo ee 

Early in 1940 Japan appealed to its citizens to sell or give their gold 
jewelry to the Government. In June the sale of watches. costing 
more than $12 and the manufacture and sale of rings and necklaces 
were prohibited. Stocks of such articles in stores were to be liqui- 
dated within 3 months. The export of gold, even that in one’s teeth, 


is reported to be dutiable upon leaving Japan.. - ; be 

On. March 24, 1940, French. Indochina required all shipments of 
imitation precious stones imported into the colony to show clearly 
the country of origin. Many of the zircons cut in Bangkok, Siam, 
originate in Indochina :and are smuggled. across the border. To 
control the trade, the Indochinese Government on: June..12, 1940, 
decreed (1) that only the Kha people could dig the gems; (2) that only 
licensed buyers could purchase them; and, (3) that buyers and lapi- 
. daries must keep an accurate and detailed account of the stones 

bought and sold. . ee oe ee it tint Ss sre ee 

On July 22, 1940, Switzerland placed the control of industrial 
‘diamonds under its War Industries and Labor Office, to regulate sales 
and insure more equitable distribution of the supply on hand. 

On February 8, 1941, President Getulio Vargas of Brazil issued a 
decree prohibiting the export of 35 minerals (including industrial 
diamonds and. rock. crystal) without an export permit, except to 
American. nations. Exports to Japan, either for Japanese consump- 
tion.or for reexport, were relatively large in 1940. oo 

Industrial gem stones and national defense.—Certain gem stones are 
essential to the United States armament program. Industrial dia- 
monds are one of the critical * minerals being stocked by the Govern- 
ment to insure rapid and efficient motor- and airplane-engine pro- 
duction. Lapidaries should be trained to produce the. smaller-gage 
diamond dies. As of June 30, 1940, the Procurement Division of the 
United States Treasury. had purchased 11,800 pounds of rock crystal 
for $98,875, and early in 1941 it bought Brazilian industrial diamonds 
valued at $100,000. Piezoelectric quartz from. Brazil is necessary in 
the manufacture of certain types of radios, telephones, telegraph 
instruments, and cables. Rock crystal is"also essential for the lenses 
and prisms widely used in optical instruments and when fused is 
employed in the chemical and electrical trades. Limited quantities 
of fine fluorspar, also utilized in optical instruments, can’ be obtained 
in the Ilinois-Kentucky fluorspar district, and a synthetic substitute 
is said to be satisfactory. Iceland spar is essential for Nicol prisms. 
A deposit found recently in the Copper Mountain mining district 
30 miles southwest of Taos, N. Mex., promises to replace in the American 
optical industry the spar formerly imported from Helgustadir, Iceland. 
Tourmaline is used in the tourmaline tongs (a simple form of polari- 
scope) and might have other value in military instruments. Watch 


* Considered “critical” by the Army and Navy Munitions Board for purposes of procurement under the 
Reconstruction Finance Corporation. 
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and instrument jewels, essential for airplane instruments and time — 
bombs, are normally cut in Switzerland from European-made syn- — 
thetic sapphire. An adequate domestic supply of raw material is 
available in the Montana sapphire mines, but lapidaries should be 
trained in this country to cut the jewels. ee re ee ee 
-. Effect of war on jewelry trade.—The jewelry industry continues to feel 
the effects of war. Destruction of the cutting industry in the Low 
Countries doubled or even quadrupled the price of sthall-eut diamonds. 
The price of fine large stones, however, only increased about 20 per- 
cent, inasmuch as such goods can be profitably cut in this country, 
England, and South Africa. For the present prices should be firm, 
_ with possible increases in large-cut stones later. The limited supply 
of small-cut stones in this country will result in fashion changes, and 
pavé settings will be replaced by “‘sec”’ mountings. (large stones ‘set 

with a minimum of small stones), = © | YO , foge ee | 
_ The British embargo on the export of uncut: gem and industrial | 
diamonds has been administered broadly; in consequence, imports into 
the United States have been unusually large. New York has increased 
- In importance as a diamond center but can scarcely, as some claim, 
become the locale of the world cutting industry. ee 
The fine-precious-stone industry, with its -center—Paris—in the 
hands of the Germans, has been in chaos; imports into the United 
States have been more or less normal, and although prices are firm no 


great increase is expected, as stocks in the United States are adequate. 
For the duration of the war India will be a more important—and Paris — 


a much less important—centeroffine-gemtrading; © = | 
-- Most of the less-valuable stones were cut in Germany, Czechoslovakia, 

- and France, and before the war the United States imported synthetic 
stones from Germany, France, and Switzerland. The stocks of the 
less-valuable stones were normal when war broke, but since then they 
- have been replenished but meagerly; in consequence, shortages of 


certain stones already have occurred. Stocks of synthetic stones _ 


suitable for jewelry are not large. : 

An alleged shortage of iridium (used as an alloy in jewelry plati- 
num) caused a marked increase in price in 1940 (from $175 to $275 an 
ounce), aes the price of platinum itself was stable. The war can 
- only increase the cost of most jewelry items. lun & _ 


- DIAMOND 


Notwithstanding world conditions the diamond industry in 1940 
had a relatively satisfactory year. Production increased in total 
weight but decreased in total value. Total sales of rough stones:-by 
the Diamond Trading Co. were about the same as in 1939, but the 
war has largely limited retail purchases (with the exception of clandes- 
tine investment buying) to the American continents, India, and the East 
Indies. The invasion of the- Low Countries disrupted the cutting 
industry. ‘The Germans have the men, equipment, and plants but 
little rough stock; Great Britain has the stocks; and Great Britain 
and powers friendly to it have a few cutters of large stones. 

Share dealings—The shares of diamond-mining companies, vir- 
tually all of which are listed on the London Stock Exchange, had a 
limited and at times a nominal market in 1940. After a short spurt 
quotations declined until the French debacle in June, by which time 
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they had been: seduced almost 50 percent; prices then seesawed. for: 3 
months and. afterward rose rather. sharply. ‘During the year five 
representative stocks lost about 8 percent—better performance than ~ 
that: of most British and American stocks.. At the end of the year | 
quotations were 29 percent of their high (1927) and 285 _percent. of 
their ‘low. Of the il leading diamond-mining: companies, 8 paid 
dividends. 

~ Market.—In 1940. the ‘Diamond. Trading. Co.,: which. controls the 
sale of about 95 percent of the world output. of diamonds; sold rough 
stones valued at. about £6,000,000.. For the first 4 months of the 
year sales were large and. reminiscent of the prosperous twenties. 
But with invasion of the Low Countries. trade fell off markedly, and — 
America remained the chief customer. Industrial diamonds were, 

however, sold in quantity throughout the year. 7 
Sales of polished diamonds were also large until May, and during 


January and February small cut stones were inmarked demand. After . ~ 


May, the United ‘States was practically. the only buyer of importance 
and since then has been building up its stock of. small. cut stones: 
Retail sales in the United States. increased. compared with» those in 
1939. 

Stocks of rough stones held by aie Diamond ‘Oorpetacon: are ives. | 
although they include few fine, large gems. Stocks of rough gem- 
grade diamonds in the United States are believed to be adequate, but 
- stocks of industrial grades are less so. Stocks of large cut stones-are 
adequate; those of small cut stones are inadequate, and a the 
latter can be replenished, jewelry styles must change. | 

Imports.—Diamond: imports into » the : Veen: States i in 1940 by 
countries were as follows: 


Diamonds. imported into ) the United. States in 1940, by coundntes : 


” [Exclusive of industrial diamonds] 


_ Rough or uncut = . Cut but not set 


Country “ bid Value - Value - 
; Carats |__| . Carats | > 
Total. | Average ; . Total | Average’ 
Belem: 326 2 es ot ere ett ee id Foe eed 249, 326 ($15, 137, 583 $62. 47 
Bragiles ce eee 3, 436 $322, 773 $93. 94 1, 612 140, 058 86. 88 
Ouba-2 2202s tse eeu os ed eases saat Pyede See sacs bene oe 131 10, 884 83. 08 
WYANCG.2 2052) toe ek A oe ee a elo i es 6, 487 582, 519 89. 80 
MOOCXICO.. oot ee re wcclocte tee eee et ee 40 3, 465. 86. 63 
Netherlands: 2: cc 2c0 2255205225 -s008|s eects. oe stew eee afeee ese 34,309 | 2, 306, 740 67. 23 
Netherlands Indies____...-...-..--_-- 1, 789 45, 423 25. 39 501 18, 593 37. 11 
Palestine 20.2002 ok ce ee a Mes Sts pe BR 1,123 92, 318 82. 21 
Sl aheemae ces gue we atavnecucuec bok etar lees coeenas|eceo eee! 18 933 51. 83 
Switzerland...) 2.-< 2) sce cece ls onze eee ce | oe eee en 995 , 894 34 
Union of South Africa__........._....| 222,615 | 11, 222, 372 50. 41 24,571 | 2,827, 942 115. 09 
WSS ate oe Ss oes Se eS oN te ah ol asae peeked, 2k 1, 017 39, 986 39. 32 
United Kingdom_-_-._.__2_-2- fee) eee} eee------} 8, 341 752, 804 90. 25 
Venezuela... _.--..----.-------------- 46 5, 135 T4684. sso ee~|Socgsk eons |seeeeseces 
227, 886 | 11, 595, 703 50.88 | 321,471 | 22,001, 719 68. 44 


Cutting.—The cutting industry was normal for the first 4 months 
of the year, but when the Germans invaded the Low Countries in 
May the centers of 90 percent of the industry became wholly dis- 
organized. America, the principal market, must now depend on the 
450 cutters in the United States, 300 in ‘South Africa, and 200 in 
England to supply its needs, as Brazil, Borneo, India, and Palestine 


cater largely to local and Eastern markets: The cutters in the first 
three countries: are paid such high wages that small stones cannot be 
eut profitably. Recent increases in America (the minimum weekly 
wage rose from $75 to $120) must increase prices; however, some 
observers claim that if the industry is mechanized further the United 
States can profitably cut small diamonds: . ee 

World produetion.—Owing to the war, actual production figures are 
not available. but the estimates in the following table are believed 
_ to be fairly accurate. World production (gem and industrial) in 
1940 is estimated to. have been 14,140,200 carats (2.828 metric tons) 
valued ‘at. about $31,000,000—an all-time record as to quantity. 
Compared with 1939 total weight increased 13 percent; value de- 
creased 24 percent. In other words, the production of bort increased 
markedly and that of gem stones decreased by about 22 percent. 
. Belgian Congo was the leading world producer both in weight (77 
percent) «and. in. total value (24 percent). As only one pipe mine | 
was operated—and that: for but 8 months—the alluvial mines. pro-_ 
_ duced 96. percent of the world total by weight and 91 percent by _ 
value. Of the'world total the British Empire produced 14 ‘percent | 
by weight and 37 percent by value. Industrials comprised 85 percent 
by weight of the world total = = = ©)... 7 tear 
~The following table shows, as accurately as available statistics 
permit, world production for the past '5 years: oe 


| World production of diamonds, 1986-40, by countries, in metric carats 


_ {Including industrial diamonds) 
‘Country = - 1986 1937 =| = 198. | 1990 | 1940 
Africa: Re hy a ee ee Whine hie 
Angola... ..--..-------------.------.--| 577,531]... 626,424'| 651,265 | | 690,447] 1 '785,000 
_ Belgian Congo__..-------------------- 4, 634,266 | 4,925,228] 7,205,620} 8, 344,765 | 110, 900, 000 
French Equatorial Africa_....-.......- 1, 550 5, 588 . 19, 644 116, 000 116,000 
French West Africa__....---.-2-2-...- | 18,897 |. 57, 687 61, 928 ' 175,000 
Gold.Coast (exports) _..._...-..--_.__- 1,414,677 | 1,577,661 | 1,296,763 | 1,087,652 | | 1 825,000 
Sierra Leone__-_--0 2 euasece 616, 200 913, 401 ~ 689, 621 , 000 “1 600, 000 
South-West Africa__..........-.-.-_-_. 184,917 | - 196,803 154, 856 36,010 30, 017 
Tanganyika. ._...--..-------...------- 2, 704 3, 234 3, 576 , 445 12, 250 
., Union of South Africa: ore 

Mines* 2 oo ee ecco eete ccc 339, 719 - 820, 284 979, 460: | 2.1, 089, 144 1 351, 400 
Alluvial------____-_T_L Lai] 284, 204 | 207,350} 259,148 |” 160,684 | 1.172; 000 
"°° Total Union of South Africa_____ 623, 923 | 31,030, 434-| 1,238; 2.1, 249,828 | 1 523, 400 
Gb 2 os a cow o. boosh beak oo Soe sos 462 192, 000 111, 257 1350, 000 1 325, 000 

British Guiana._......-..--..----.---.-2. . 35, 958 | - 32, 491 | 26,7 
Other countries 4. .__....-.-.-..---------4- , 6, 000 34, 200 19, 000 131, 750 
ot 8, 258, 200 |: 9, 570,400 | 11,499,900 | 12,486,000 | 14, 140, 200 

_ 1 Estimated. . 


2 Includes 1,009 metric carats recovered by debris washers. 
3 Includes 2,791 metric carats recovered from re-treatment of tailings. : 
. 41935: Borneo, India, Nigeria, and Venezuela; 1936: Borneo, India, New South Wales, Rhodesia, United 
States (California), and Venezuela; 1937: Borneo, India, Liberia, New South Wales, Rhodesia, and Vene- 
zuela; 1938-40: Borneo, India, New South Wales, U. 8.8. R., and Venezuela. 


_ The Belgian Congo increased its output, particularly from the 
Beceka, mines, which produce mainly bort. Angola also increased 
its yield about 14 percent. The Gold Coast curtailed production 
drastically, and the pipe-mine output was about 37 percent of that in 
1939. Venezuela—a minor producer— is increasing its output. 

Age of African diamond deposits ——The more famous of the African 
diamond fields (South African kimberlite pipes) are of Cretaceous age. 
South African alluvial deposits and those of South-West Africa are 
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derived from the break-down of such pipes. The Tanganyika pipes 
are contemporaneous, as are the noncommercial Belgian Congo 
pipes; strangely enough, the Arkansas kimberlite intrusives are 
approximately of the same age. 0 
The Belgian Congo-Angola diamonds: are known to be older than © 
the Jura-Triassic and are presumably of pre-Cambrian age. Junner * 
believes that the Gold Coast deposits are also of pre-Cambrian age, 
and diamonds have been recovered from the clean-up of the Ashanti- 
Adowsena gold mine, whose ore bodies occur in the Banket series 
(Tarkwaian quartzites of pre-Cambrian age). An occasional:diamond — 
is found in the gold mines on the Witwatersrand, where the gold 
deposits also occur in pre-Cambrian rocks.. The important: Sierra 
Leone deposits and those of the French African colonies are likewise 
presumably of pre-Cambrian age. = | 

In normal years the value of the production from the Cretaceous. 
_ and pre-Cambrian deposits is more or less comparable; in 1940, owing - 
to the small amount of activity in pipe mining, the older deposits 
represented 96 percent by weight and 72 percent by value of. that 
part of the world production that can be allocated to. deposits of these 
two, types. iro. Fae De eg ey Sn” TERS ee oa 

Industrial diamonds.—In 1940 American industries, working under 
the stress of the defense program, consumed more diamonds than 
ever, probably in excess of 2,000,000 carats, and in European muni- 
tion plants. the increased use was equally great. In the past 30 
years the use of industrial diamonds has increased eightfold, and a 
_ decade hence the diamond mines of the world may have difficulty in 
satisfying the world demand. Industrial diamonds are one of the 
-eritical war materials to be stocked by the Procurement ‘Division of 
the Treasury. During the last 2 years the American trade has ac- 
cumulated a stock of industrial stones that may be adequate for I 
year’s consumption: Naturally such a small stock is wholly inad- 
equate for a highly industrialized country. lacking local sources of 
supply. Features of the trade in 1940 were (1) the further expansion 
of the use of diamond-impregnated wheels and tools with a powdered- 
metal bond, (2) the increased use of mechanically set drill bits studded 
with small stones, and (3) the tendency to replace cleavages by fine 
crystals in diamond dies. an - 

Throughout 1940 the demand for industrial diamonds was strong 
because of the high rate of industrial activity in the United States and 
in Great Britain. Prices were firm, with an upward trend. 

Imports of industrial diamonds into the United States during the 

past 5 years were as follows: 


Industrial diamonds (glaziers’, engravers’, and. miners’) imported into the United 
States, 1986-40 


Value | Value 
Year Carats  |——— ese Year Carats 
Total Average Total Average 
1936__....__._-] 1, 166,094 | $4, 328, 603 $3. 71 || 1939... 2 3, 568, 730 | $9, 725, 683 $2. 73 
19387__..-..-..-| 1, 885,970 6, 542, 365 3. 47 || 1940_-.-..-._-_- 3, 809, 071 | 11,026, 563 2.89 
19388__.....-.._| 1,396,247 | 4,213, 412 3. 02 ; 


Imports from Brazil increased markedly and caused an advance of 
16 cents a carat in the average value. 


3Junner, N. B., Origin of Gold Coast Diamonds: Gold Coast Colony Report of Geol. Survey Dept. for 
financial year 1937-88, p. 6. 
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RUBY, SAPPHIRE, AND: EMERALD » 


Sales of rubies, sapphires, and emeralds and of less-expensive 
colored gems were large i in 1940. Particolored sapphires were popular, 
and one New York jeweler combined Montana. sapphires and yellow 

gold attractively. . 

_ After the Burma Ruby Mines, Ltd., abandoned operations im 1931 
local Burmese miners continued them. The production rose markedly 
_ from 1934 to 1937 (21,622 carats of rubies valued at. £2,708 and. 153 
carats of sapphires. valued at £25 in 1934 to 157,308 ‘carats £6,841, 
_ and 4, 392 carats, £228, in 1937, respectively). There was a. further 

increase in 1938. A few spinels are a byproduct. . 

In 1939 the Anakie (Queensland) industry sold sapphires valued at 
£326; production was somewhat. greater, as appreciable quantities of 
fancy. stones and industrial corundum were exported but not sold. 
The Kashmir sapphire output was nominally 18,344 carats valued 
at £41 in 1937 and 4,892 carats, £11 in 1938. Owing to its high 
altitude this deposit (at Soomjam in the Pedar district) can be worked 
only when the weather is favorable. 

After 25 years of Indochinese sovereignty the sapphire deposits of 
Pailin were reincorporated into Thailand (Siam) toward the close of 
1940. 

In 1940 the United States imported 16,093. carats of cut emeralds 
valued at $394,104 (United Kingdom 58 percent, Russia 20 percent, 
Colombia 13 percent, France 2 percent, and Belgium 1 percent) and 
14,364. carats of rough emeralds valued at $6,915. The Chivor 
Emerald Mines, Ltd., Colombia,. was operated under lease in 1940, 
and some good material is reported to have been found. Dr. Thomas 
Clements (see following bibliography) considers that the Muzo 
(Colombia) emeralds were deposited by magmatic waters at rela- 
tively low temperatures. Although the mine has been closed since 
January 1, 1939, Dr. Clements states that the deposit isnot exhausted, 
and he believes that there may ‘be other deposits in the vicinity. 
Government reports indicate that emerald: stocks valued. at about 
$400,000 are in the Banco de la Repdblica. Brazil exports a few 
light- color emeralds obtained in the States of Minas Gerais and 
Bahia. , 

LESSER GEMS 

A little opal was s produced at Sheep Creek Station, Queensland, in 
1939, but operations at Duck Creek were at a standstill. 

* Burma produced 1,303 hundredweight of jadeite valued at £4,320 
in 1938 and 2,952 hundredweight valued at £13,030 in 1937; the cause 
of the decrease was attributed to the war in China. 

Production of amber in Palmnicken, Prussia, increased consistently 
from 1936 to 1939 (estimated exports ‘for 1939 were 26,860 kilograms 
valued at 138,000 reichsmarks); most of this output was shipped to 
Danzig for processing and re-export. The Myitkynia district pro- 
duced 38.7 hundredweight of amber valued at £668 in 1937, but no 
production was recorded in 1938. 

A rock crystal weighing 4,400 pounds and valued at $25,000 was 
found at Itamarandiba, Brazil, m 1940. The Swedish Geological 
Survey reports the discovery of tock crystal in the Province of Jamt- 
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land, northern Sweden. Preliminary tests suggest that this find may 
supply Sweden’s small demand for Piezoelectric rock crystal formerly 
obtained from Brazil. 

-Kornerupine of gem quality is reported to Maus been identified i in 
concentrate from gem pits at Ratnapura, Ceylon. 

Dr. A. L. Parsons reports that a little iolite was produced from the 
Great Slave Lake region, Canada. Some attractive gems have been 
cut from the material. be | 

Agalmatolite i is exploited on a small scale at the large’ denionit near — 
Parade Minas, Minas Gerais, Brazil; it is used for church construc- 
tion, ornamental purposes, and sculpture. oe 

In 1939 Turkey produced less meerschaum than i im 1938 (335 cases 


compared with 385 in 1938)._ 

In the first half of 1940 Brazil exported 1 Wi 5A, (45 earitte of: gem | 
stones—virtually all to the United States. ‘Bahia a and Rio de J aneiro 
were the principal shipping points. | ; 
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_ JEWELRY INDUSTRY IN 1941 
Retail sales by jewelry stores in the United States totaled about 


$526,000,000 in 1941, a 30-percent increase over 1940 (when sales 


totaled about $405,000,000) and within 2 percent of those in 1929. 
An additional 18 to 24 percent was sold by department stores. 
Arkansas, Connecticut, and Indiana showed notable advances over 
1940 in retail sales. Again, as in 1940, gains were due mainly to larger 
turn-over of relatively inexpensive items, and sales of high-priced 


_ articles were the exception. This can be explained, in New York at 


least, by the colorless stock market. Ar | | 

The jewelry trade had two “Christmases’”—the first late in Sep- 
tember, when taxwise buyers bought heavily to avoid the 10-percent 
excise tax, and the real Christmas. During both periods the buying 
rate was higher than at any corresponding time since 1929. Some 
expensive articles were sold during both buying seasons, and certain 
of these, strangely enough, were purchased by European refugees. In 
1941 the gain in sales may have been in part a hedge against inflation, 
that is, investment buying; but furthermore, compared with 1940 the 
Nation’s income had risen from about $72,000,000,000 to about 
$92,000,000,000. Sales were also increased by an all-time record 
number of marriages (1,565,000), over 16 percent above those in 1940, 
which had been the banner year. 

From year to year in the larger cities, a few of the better department 
stores are cutting into sales of retail jewelers, and it may be added that, — 
on the average, they are handling stock of finer grade year after year. 

Wholesale jewelry sales in 1941 were somewhat greater even than 
those of the retailers, and stocks in retail jewelry shops increased 14 
percent. Manufacturers’ personnel was employed full time. During 
the year, exports to South America, which normally obtains its jewelry 
supplies from Germany, were large. | 

The national income of Canada is also rising ($5,180,000,000 in 
1940—$6,200,000,000 in 1941), and retail jewelry sales in 1941 topped 
those of 1940. Canadian prices have as their ceiling those of the basic 
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period September 15-October 11, 1941. Luckily, the more important 
shops had fairly extensive stocks when the price order went into effect; 
but as the war progresses, the transfer of machinery and artisans to 
war work and the lack of certain materials may cause a shortage of 
articles, resulting in smaller retail sales. — 


FASHIONS IN JEWELS 


Large, flamboyant jewelry characterized the mode in 1941, a year 
in which it was used even with sport clothes. Gold continued to be 
worn more than platinum, although the latter was used in the finer 
diamond mountings. For the first time, however, industrial con- 
sumption of platinum exceeded that of the jewelry trade. Regi- 
mental and other military insignia and the “‘V for Victory” pins and 
clips were popular, but floral decorations, grotesque animals, geo- 
metric designs, and Victorian and South American motifs were also 
seen. Ensembles set with similar stones and large jewelry pieces 
divisible into several ornaments continued in favor. Clips and lapel 
pins were especially popular; watches, bracelets, earrings, and neck- 
laces were less so. Double wedding rings are gaining popularity. 

The shortage of melee is decreasing the use of pavé mountings, and 
- more and more fine gems are being set ‘“‘sec.”’? Stones, suchras citrine . 
and aquamarine, weighing up to 400 carats (over 2 ounces), were used 
in bracelets and pins. Diamond (including some brown stones for 
men), sapphire (largely blue, but also yellow and pink), and ruby 
were the most popular gems, followed by topaz, moonstone, emerald, 
aquamarine, and amethyst. Due to the insistent demand for dia- 
monds, colorless stones were dominant, followed by blue, red, yellow, 
and green. For the first time in many years, yellow stones were © 
‘more popular than green and were used almost as commonly as blue °, 
and red stones. Owing to wider knowledge of gem stones in the 
United States, some 40 varieties were used in jewelry in 1941, in 
contrast to the few kinds once worn. : 


DOMESTIC PRODUCTION 


Krom the 1909 peak output of gem stones valued at $534,280, 
domestic production dwindled to only $3,000 in 1934; but since that 
year productior has increased progressively and markedly and in 
1941 was valued at $240,000 to $770,000. ‘The first figure is a rough 
estimate of the value of uncut stones used in jewelry and the second 
an estimate of the total value after cutting, including stones added 
to mineralogists’ collections or sold to tourists, collectors, and rock 
gardeners. Of the total value, 70 percent represents members of the 
quartz family, 18 percent sapphires (largely used industrially), and 
12 percent turquoise. The principal producing States (in approxi- 
mate order of output) were Oregon, Montana, Washington, Nevada, 
Wyoming, and Colorado. | 

The interest in beautiful minerals continues to grow; the number of 
professional and amateur lapidaries is increasing, particularly in 
Oregon (largely Portland and Newport) and Washington. Dr. H. C. 
Dake says that in those States the shops are operating at capacity and 
there is a shortage of skilled labor; cabochon-cut gems are being sold 
to American makers of costume jewelry; and agate balance knives and 
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mortars and pestles are being produced. Local machine shops 


- manufacture cutting equipment, including diamond saws. 


Professional gem cutters operate also in New York, Rhode Island 
(Providence), Maine, North Carolina, Montana, and South Dakota. 


Gem cutting is carried on as a hobby in many States, notably in 


Idaho, Wyoming, Utah, and North Carolina. Owners of precious- 
stone claims complain that amateur mineralogists “high-grade” the 


deposits in the absence of a resident watchman. 


Agate and jasper are collected. in quantity.in Oregon and Wash- 
ington, particularly on the beaches of Lincoln County, Oreg. Most of 
this is cut by local lapidaries, although some rough is shipped to other 
States. Montana continues to produce a considerable quantity of 
fine moss agate from the gravels of Yellowstone River in the south- 
eastern part of the State. Wyoming also furnishes good material. 


Alfred M. Buranek states that Utah produced about $10,000 worth of 


agate in 1941. Arthur L. Crawford describes the principal varieties as 
jasper from the east bank of the Colorado River in Grand County; 
agate from 6 miles east of Cisco, Grand County; and red jasper geodes 
from Tidwell, Emery County. Arkansas produces considerable rock 
crystal from the vicinity of Hot Springs. Farmers dig most of it in 
the winter, but mineral dealers also mine some. Most of it is sold to 
tourists as curios, but some is used in jewelry. Scott’s Rose Quartz 
Co. produced considerable rose quartz from its mine near Custer, 
S: Dak., and sold some for jewelry use. : | 
In 1941, Montana produced about 3,720 troy pounds of sapphire 


(of which perhaps 50 percent was first-grade material), valued at 


some $43,000. The principal producers are American Gem Mines at 


Philipsburg, owned by Charles H. Carp and J. S. and R. M. Kaiser, 


and the Perry-Schroeder Mining Co., dredge operator of Helena. The 
former company operates on the West Fork of Rock Creek in Granite 
County, and the latter obtains its stones as a byproduct of gold- 
dredging Missouri River bars in Lewis and Clark County. Most of 


the stones are sold for industrial use; if for any reason the supply of 


synthetic sapphire should be inadequate to satisfy war demands for 
instrument jewels, Montana sapphire would have prime importance. 
Carl J. Trauerman (Butte Daily Post, June 3, 1941) believes that, if 
necessary, Montana could produce 150,000 to 200,000 ounces yearly. 
Besides the two localities mentioned above, production could be 
obtained from Brown’s Gulch in Silver Bow County, Dry Cottonwood 
Creek in Powell County, and lode mines of Yogo Gulch. 

Turquoise ranks after the quartz family and sapphiré in value of 
production, with a total of about $28,000. Nevada ranks first in 
output and Colorado second. The principal producer in Nevada was 
the Smith mine at Cortez, operated by A. Guisti, which produced over 
7,550 pounds; the material is shipped to E. C. Smith, Santa Barbara, 
Calif. Thc King mine at Manassa, Colo., had an unusually successful 
year, as one “pocket” alone produced almost 700 pounds of good 
material. Richara M. Pearl reports that W. S. Kettering of Pueblo 
opened up a deposit in Pueblo County, Colo., in 1941, some of the 
product being good gem material. Imitation turquoise is cutting 
somewhat into western turquoise. sales. . 

Further data furnished by B. F. Couch, Reno, Nev., suggests that 
Nevada alone produced turquoise worth at least $20,000 in 1940, so 
that the author’s estimate of $20,000 as the country’s production in 
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1940 (Gem Stones, p. 1401, Minerals Yearbook, Review of 1940) is 
probably somewhat low. The chief production centers are Royston 
and southern Death Valley (Nye County), Battle Mountain, Cortez, 
and Austin (Lander County), and one deposit in Mineral County. © 
‘Couch says also that in 1941 Nevada produced over 2,175 pounds of 
good material worth $13,775, with two producers not reporting. 
The Smith mine in the Bullion district, Lander County, was the chief 
producer, followed by mines in northern Lander County and the 
Royston and Beatty districts, both in Nye County. 
Richard M. Pearl (see Bibliography) states that Colorado has for 
several years ranked second among the States as a turquoise producer, 
the gem stone occurring at four localities in the southwestern part of 
the State. The principal mines are the Hall near Villagrove and the 
King near Manassa; both of these deposits occur in felsite porphyry. 


_ The deposit near Leadville occurs in Silver Plume (Algonkian) 


granite, and turquoise near Creede occurs as stream pebbles. The 
turquoise of the lode deposits is believed to have been deposited by 
cold meteoric waters in fractures and shear zones. : 

Alfred M. Buranek states that about $2,000 worth of variscite was 
produced from the Clay Canyon deposit near Fairview, Utah. Jewel 
ers, Museums, and mineral collectors were the purchasers. 

Vergil E. Barnes (North American Tektites, University of Texas 
Publication 3945, Austin, June 1940, pp. 477-582) describes the only | 
tektites yet. found in North America. The first of these, which have 
been dubbed “‘bediastites,”’ was found in Grimes County in 1936, and 
in all 482 have been recovered. To the local residents they aré known 
as “black diamonds,” and some have been cut for jewelry. They are 
found in an area 10 miles long and 5 miles wide. The tektites are 
black and have an average specific gravity of 2.37; the largest weighed | 
59.4 grams. Most of them are ellipsoidal, and a few are spherical or 
tabular with their exterior deeply furrowed. The tektites consist . 
dominantly of silica (73.52 to 77.76 percent) and alumina (13.3 to 
15.88 percent), with low lime. Barnes considers them fulgurites. 

Several hundred carats of colorless and yellowish topaz was obtained 
from the Tarryall Mountains, Park County, Colo. Gems up to 5 
carats in aright have been cut from this material (according to a 
letter from R. M. Pearl). Topaz Mountain in the Thomas Range, Juab 
County, Utah, also produced a little topaz. Dr. H. C. Dake reports 
that some nephrite of gem quality was obtained from the two Wyoming 
localities (Fremont County and 48 miles southwest of Lander); at the 
first locality the material is mined from a dike, and at the second it 
occurs as boulders. One mass weighed 119 pounds. He states that 
in 1941 about 1 ton of this variety of jade was produced, the best 
rough material selling for $5 a pound. Alfred M. Buranek states 
that a little fine pyrope garnet was mined near Mexican Hat in south- 
eastern Utah. Some was sold to prominent jewelers. Only three or 
four Indians worked the catlinite deposit at Pipestone, Minn., in 1941. 

Other gem stones produced in the United States in 1941 included 
agate (Arizona, Colorado, Georgia, Montana, Oregon, South Dakota, 
and Utah); agatized wood (Arizona (private lands surrounding Petri- 
fied Forest National Monument) and Wyoming): alabaster (South 
Dakota); amazonstone (central Colorado); amethyst (Colorado, 
Georgia, South Carolina, LaSal Mountains and San Rafael Swell in 
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Utah, and near Liberty, Wash.); apatite (South Dakota); aqua- 


marine (Colorado, Georgia, North Carolina, South Dakota, and | 


Wyoming); azurite (northern Colorado); carnelian (Bastrop and 
Colorado Counties, Tex.); chaleedony (Colorado) ; chrysoprase (North 


Carolina); emerald matrix (North Carolina); epidote (Milford, 


Utah); garnet (Georgia; rhodolite from Mason County, N. C.; and a 
variety from the Oregon coast known locally as “Oregon jade’’); 
hematite (Platte County, Wyo.); jasper (Socorro County, N. Mex.); 


jet (Mesa County, Colo:); lapis lazuli: (Gunnison County, Colo:); . 


opal (Georgia and Wyoming); moonstone (North Carolina); opalized 
wood (central Washington) ; rhodonite (North Carolina); rock crystal 
(Colorado, Georgia, and Idaho); rose quartz (Maine and North Caro- 


—jina); rutilated quartz (North Carolina); smoky. quartz (Colorado, 


North Carolina, and Utah); sapphire and pink sapphire (Macon 
County, N. C.); and tourmaline (Milford, Utah). 


A little pale emerald occurs in the beryl-bearing pegmatites north- 
east of Winnipeg, Manitoba, Canada. | | | 


IMPORTS 


On January 2, 1942, the United States Department of Commerce 
announced that “in the interest of national and hemisphere war effort, 
no further detailed statistics concerning the foreign trade of the 


United States” would be published. Imports of precious and imita- 


tion stones (exclusive of industrial diamonds) into the United States 
for the first 9 months of 1941 totaled $22,802,940, a 19-percent 
decrease compared with the corresponding period of 1940. Details 
for 1941 are shown in the following table. | | 


Precious and semiprecious stones (exclusive of industrial diamonds) imported for 
consumption in the United States in 1941 (J anuary—September, inclusive) ! 


Diamonds: | é : Carats Value 
Rough or uncut (suitable for cutting into gem stones), 
duty free.__..-------------------------------- 124,202 $5, 967, 938 
Cut but unset, suitable for jewelry, dutiable- - - ----- 182,652 13, 570, 481 
Emeralds: ; 
Rough or uncut, free__.._.-------------------------2--<-5 0 ---2237352 
Cut but not set, dutiable_.._-..---.-------------- 18, 497 247, 730 © 
Pearls and parts, not strung or set, dutiable: . 
Natali. och cee eee cea boo ewer eee geese aes 145, 897 
Cultured or cultivated. ___....--------------------------- 423, 918 
Other precious and semiprecious stones:. 
Rough or uncut, free___-.-------------+------------------ 75, 111 
Cut but not set, dutiable.___...-------------------------- 2, 074, 363 
Imitation, except opaque, dutiable: . 
Not cut or faceted__._...---------------------------- 9, 703 
Cut or faceted: 
Synthetic__....------- -..------------------------ 217, 988 
OUhGP one ietoccan oh et es. OS eee eee ee ees i oue 18, 806 
Imitation, opaque, including imitation pearls, duti- 
Qbles 6552 sues pe eke eee wet elet eee Sees aseeee 26, 957 
Marcasites, dutiable: 
Beal ty seco facto a See dsleee ee eee eee 22, 208 
Imitation... on eo Sa eee eee wenden eee ss cesescees 1, 840. 
22, 802, 940 


\ Figures for 1940 in Minerals Yearbook, Review of 1940, p. 1403, should read—Marcasites, real, $8,220; 


grand total, $37,769,135. 
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Imports of pearls and cut precious stones and imitation stones in- 
_ creased notably, while all other subdivisions decreased. Imports of 
uncut diamonds decreased sharply, suggesting that American cutters 
overbought in 1940. The decrease in cut imported was somewhat less: 
drastic. . The number of watch jewels imported in the first 9 months 
of 1941 totaled 79,875,751 valued at $1,769,689, compared with 98,- | 
771,042 valued at $1,831,007 in the 12 months of 1940. , 
Synthetic rubies and sapphires imported in the first 9 months of 
1941 totaled 440,491 pieces worth $217,988, or 71.8 percent of the 
quantity and 75.3 percent of the value imported in the corresponding 
period of 1940. Imports of synthetics were small in the third quarter 
of 1941 and are believed to have been negligible in the fourth quarter. 


‘GOVERNMENT REGULATIONS | 


_ Again, due to the war, Government regulations covering the jewelry 
trade were legion in 1941. Great Britain, Germany, Italy, and 
France made strong efforts to divert funds normally spent on jewelry 
to Government securities. ae | 


EFFECT OF WAR ON SOURCES OF GEMS 


The prices of colored stones, like those for diamonds, have increased 
since the Second World War started. For instance, fine rubies and 
emeralds are 15. to 20 percent higher and some of the less noble gems 
and all synthetics even more. ' ans 

_ War in the Pacific has removed Thailand and Indochina from the 
list of countries from which the United States obtains precious stones. 
The principal sources of zircons (rough, Indochina; cut in Thailand) 
therefore can no longer ‘trade with us. Thailand also supplied a few 
sapphires and rubies. Japan provided most of our cultured pearls. 
Furthermore, as a result of the war, imports of gems from India will 
have to be rerouted, and receipt of precious stones from Burma may be 
temporarily interrupted. | 

With the declaration of war imports from Germany dargely imita- 
tion stones) and Italy ceased, and the difficulty of importing watches 
and watch parts—notably jewels—from Switzerland increased. 

Bombay (Bureau of Mines Mineral Trade Notes, August 20, 1941, 
pp. 27-30) has long been one of the more important precious stone 
markets of the world. However, before the war started, Bombay had 
virtually no direct trade with the United States; its stones were 
exported to London or Paris—then the center of the trade in colored 
stones—where American gem merchants purchased their requirements. 
Bombay does not control the output of any important gem-stone de- 
posits but has always been only a junction point in the world circula- 
tion of precious stones. However, conditions have changed since the 
war. In 1938 Bombay exported $35,169 worth of gem stones and 
pearls; in 1940, $443,020. The increase of its exports to the United 
States has been even more remarkable, because American importers 
now look to Bombay instead of Paris for their colored stones. The 
quantity of stones exported is controlled by the Reserve Bank of 
India. Rubies from Mogak, Burma, are the principal exports. 
Although star rubies are cut in Burma,‘other Burmese rubies are cut 
largely in Cambay, India, and a few in Bombay itself. The price of 
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rough rubies has increased 15 to 20 percent since the war began, 
although the price of cut stones has changed little. Star rubies and 


sapphires sell for four or five times their pre-war price. Sapphires are 


imported. from Burma, Ceylon, and Kashmir and emeralds from 


Ceylon and U. S. S. R.; diamonds, formerly imported from Europe, 


usually are sold locally. Since March 1940, an export certificate, 
obtained at an accredited bank, is required before gems can be ex- 
ported to the “hard-currency’’ countries. Precious stones cannot be 
imported from “hard-currency” countries. An ad valorem duty of 
5 percent is paid on most stones imported, although gems from Burma 
are exempt from duty. | 7 

China is sending us tiger-eye and quartz cameos, which formerly 
were purchased in Germany. a 
_ Although there seems to be no deficiency in the supply of fine 
rubies, sapphires, and emeralds, there is a distinct shortage of the less 
expensive grades of these gems, of some of the lesser gems, and of syn- 
thetics. Brazil, however, is supplying the United States with 
sufficient aquamarine, topaz, citrine, amethyst, and tourmaline, and 
our imports (both cut and rough) from that country are increasing. 
In view of the unusually good demand for colored stones, the lack of 
adequate cutting facilities in the United States is unfortunate. 
American lapidaries are working overtime cutting South American 
rough and recutting into modern shapes stones recovered from old 
jewelry.. Some South American chalcedony is being stained into 
black onyx. a . 


- DIAMOND 


A layman would have expected the diamond industry, which 
produces a luxury, to be one of the first adversely affected by the war. 


In reality, in 1941 it enjoyed relative prosperity, notwithstanding the 


\ 


fact that its processing branch—the cutting of gem stones—is about 
one-eighth as large as normally since the invasion of the Low Countries. 

Production. was appreciably smaller than in 1940 and, indeed, 
less than in any year since 1937. Sales of rough, on the other hand, © 
were large, due partly to a slight increase in sales of gem stones in 
America but largely to huge sales of industrials. Prices of rough and 
fine large cut advanced; prices of small cut held at two to four times 
those of early 1940. “Investment”? buying increased in 1941—in 
Europe in “black markets,” in the United States in a free market. 

Share dealings.—The shares of diamond-mining companies, virtually 
all of which are listed on the London Stock Exchange, gained _ over 
75 percent during the year and in the fall were market leaders. Until 
Russia showed its strength, the market was uninteresting, but by 
mid-September a gain of 50 percent had been made. Prices sagged 
in October, rose sharply in November, weakened on the entrance of 
the United States (the chief market for cut) into the war, and at the 
year end strengthened on good dividend declarations. The market 
rise was in contradistinction to a 14-percent rise in English industrials 
and a loss of 18 percent during 1941 on the New York Stock Exchange. 
At the year end, diamond-mining stocks were 39 percent of their high 
(1927) and 445 percent of their low (1932). Of the 12 leading dia- 
mond-mining companies, 11 paid dividends; the twelfth, Cape Coast 
Exploration, is soon to make a handsome liquidation payment. 

, Market—In 1941, the Diamond Trading Co., which in normal 
times controls the sale of about 95 percent of world production, sold 
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rough valued at about £7,500,000 (£6,144,314 in 1940). The United 
States bought such ‘American qualities” (fine, relatively large stones) 
as were available and some fine small rough, but the increase in sales 
was due principally to large purchases of industrial diamonds by the 
Governments of the United States and Russia and by American 
‘brokers. Jn addition to its London and Kimberley offices, the 
Diamond Trading Co. in the fall opened an office at Hamilton, Ber- 
- muda, to deal with cutters and brokers residing in the United States. 
In 1941 the American market for cut was featured by an increasing 
demand, a reasonable supply of large cut, and a wholly inadequate 
supply of small cut. There was a fair turn-over in polished stones 
in Great Britain, notwithstanding Government attempts to restrict 
it. The finer stones were sold for “investment”’ purposes in a thriving 
“black market.’ South America, Canada, and India were relatively 
large buyers of cut. Citizens of Nazi-occupied Europe desired to 
“Gnvest”’ in diamonds, but opportunities were few. - = 4 
Prices of rough diamonds advanced 10 to 15 percent, and a further 
tise is likely early in 1942. Prices of fine, large cut are 10 to 20 percent 
higher than in pre-war days, and prices of small cut have doubled or 
quadrupled. In America, a fine 1-carat stone costs what it did before 
the 1929 crash; in Nazi-occupied lands and in the British “black 
market,”’ prices are much higher. ne us ge 
_ Stocks of rough increased somewhat in 1941 but will decrease in 
1942. Those in the hands of American cutters are adequate, as are’ 
those of fine, large cut; however, the supply of small cut is pitifully low. 
Imports.—On September 30, 1941, the Department of Commerce 
ceased to publish import figures. Imports from January 1 to Sep- 
tember 30, 1941, were as follows: | 


Diamonds imported into the United States in 1941 (J anuary—September, inclusive), 
. by countries 


[Exclusive of industrial diamonds] 


Rough or uncut Cut but unset 
Country Value Value 
Carats |---| Carats |_-—--_-—-__—__-__—- 
Total | Average . Total Average 

Argentina 52 S25. cv sees os be ee eee feces cee ht 14 $8, 607 $58. 95 
CliUM oe seed oc Sos ee eae oe ees 123, 052 | 6, 722, 113 * 54. 63 
Brazil 3 -- 02 Sec eet oe oe : 35, 825 | $1, 261, 715 $35. 22 2, 470 276, 702 112. 03 
British Malaya-_---.----.---.--]--------..- He wbowerenen aeetacaeiwcs 73 6, 872 - 94.14 
Cuba seo et eee cece ee fee eos Sle oe tefl scele nee 191 16, 947 88. 73 
Braue: cacce. scare actcee| ease leeks oe eee eS 3, 867 474, 752 122.77 
Germany. .6./<2 22 ss2 2208s |b ce anh) sees Sos eclel see see yond 539 42, 337 78. 55 
MeGxICOs 27 52 Stee el ae eet hal ete eee iho he 432 35, 314 81.75 
Netherlands=-2 22-2 jscee ots. | ie ch oleae (ote ee 1, 123 42, 384 37. 74 
Netherlands Indies....---..-.|....----._-_-}--.-.-.-.___|__._--_-_--- 104 51. 34 
Palestine :--: vere s so ose42 oes .| 2 says See lees wate cee es 3, 409 398, 123 116. 79 
Switzerland. ccc oe. eee |e ae oe a ee 630 108, 796 172. 69 
Union of South Africa__..-__. 88, 377 4, 706, 223 53. 25 31,043 | 3, 776, 182 121. 64 
Ue SS Rect whine oot cleo sete le Oe ee a ; 75. 00 
United Kingdom...-.-....-..|----.--.-2.|...---------|------_--e 15, 543 | 1, 653, 763 106. 40 


124, 202 | 5, 967, 938 48.05 | 182, 652 | 13, 570, 481 74. 30 


Cuttong.—In May 1940 the world cutting industry was completely 
disorganized, having lost 90 percent of its operatives as a result of 
German invasion of the Low Countries. A few cutters escaped and 
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reestablished their trade in far corners of the earth, others were 
marooned in France, but most were caught in the Low Countries. 
The United States and South Africa and, to a smaller extent, Great 
Britain and Palestine furnish an adequate supply of ‘‘American 
qualities” (fine, large cut), but there is a woeful shortage of small cut. 
Germany has attempted without success to reestablish the industry 
in Belgium and the Netherlands. 7 : 

By a fluke, New York is now the leading diamond-cutting center 
of the world, with some 650 cutters and a large number of apprentices. — 
Several firms are attempting to cut melee. Some of the more ex- 
perienced cutters make over $235 a week. South Africa has 300 to 
400 cutters, Great Britain 200 to 250, Palestine perhaps 200, Puerto 
Rico 75, and Java a few. Borneo and Brazil cut some diamonds for 
the local trade, but their product is not cut well enough for the 
American market. _ | a 

World production.—For the second year, due to the war, actual 
diamond-production figures are not available, but the estimates in 
the following table are believed to be fairly accurate. World pro-. 
duction (gems and industrials) in 1941 is estimated to have been 
9,088,000 carats (1.817 metric tons) valued at about $27,000,000. 
Compared with 1940, the total weight decreased 36 percent and the 
value 19 percent. The average quality of the stones produced was 
better than in 1940, bort representing perhaps 78 percent of the 
caratage and gem stones 22 percent. Belgian Congo was the leading 
world producer, both in weight (over 67 percent of the total) and in 
value (27 percent).. -The British Empire produced 19 percent of the 
total by weight and 31 percent by value. The South African pipe 
mines were not operated; consequently, all production was from | 
alluvial mines. | * | | 4 

The- following table shows, as accurately as available statistics 
permit, world production for the past 5 years. ; 


World production of diamonds, 1937-41, by countries, in metric carats 


[Including industrial diamonds] 
Country 1937 — 1938 1939 1940 1941 
Africa: 
Angola. _..------------------ 626, 424 651, 265 690, 353 784, 270 787,000 
Belgian Congo. .._----------- 4, 925, 228 7, 205, 620 8, 344, 765 | 1 10, 900, 000 6, 106, 000 
French Equatorial Africa._-- 5, 588 16,013 | . 1 16, 000 _ § 16,000 * “20,000 — 
French West Africa. -....---- 54, 687 61, 928 56, 314 1 75, 000 
Gold Coast (exports) -------- 1, 577, 661 1, 296, 763 1, 087, 652 1 825, 000 748, 000 
Sierra Leone.._.------------- 913, 401 689, 621 1 600, 000 750, 000 000 
South-West Africa....------- 196, 803 154, 856 35, 470 30, 017 «46, 614 - 
Tanganyika (exports) --..--- 3, 234 3, 576 3, 445 2, 250 - 11;750 
Union of South Africa: : ba 
in@S:2+---2s.s-s2s5hsc% 820, 284 979, 460 1, 089, 144 1351, 447 |----.-------- 
Alluvial. -....--.----- — 207, 359 259, 147 160, 684 1 172, 027. _ 112, 300 
Total Union of South ; ; 
Africa__.------------ 3 1,030, 434 1, 238, 607 1, 249, 828 1 §23, 474 112, 300 
TAT ote ce eee els este 606 235, 000 1 350, 000 13 325, 000 
British Guiana._-:..------------- 35, 958 32, 522 32, 491 1 26, 764 27, 000 
Other countries *_....--.--.----- 6, 000 34, 200 19, 31, 750 34, 350 
Grand total.....--< ae 9, 614, 024 11, 619, 971 12, 485, 318 | 1 14, 289, 525 9, 088, 014 
1 Estimated. 


2 Includes small quantity of diamonds derived from re-treatment of tailings. a . 

3 1937: Includes Netherlands Indies (Borneo), India, Australia (New South Wales), Liberia, Venezuela, 
and Rhodesia; 1938: U. S. S. R., India, Borneo, New South Wales, and Venezuela; 1939: Venezuela, Ind: 
Bore: Nee South Wales, and U.S. S. R.; 1940.and 1941: Borneo, India, New South Wales, U.S. 8S. R.. an 

enezuela. 
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_-Most countries showed decreased production as compared with 
1940, although Sierra Leone and South-West Africa made minor 
increases. co oe | 

During the year, DeBeers Consolidated Mines, Ltd., absorbed 
Cape Coast Exploration, Ltd., and now owns or controls all important 
diamond mines in the Union of South Africa and South-West Africa 
_ except the State m‘nes of Namaqualand. SO Bee ae 
_In 1942 some of the companies are to attempt to increase production 
of the industrial stones so necessary today and may succeed. If the 
war continues, however, the long-term outlook is for a drying up- 
of production as certain essential supplies will be lacking owing to 


the isolated position of the mines now producing. , 

Industrial diamonds.—The use of industrial diamonds continues to 
increase amazingly. The expansion, of course, is due largely to 
the national defense and war programs, but even without a war 
the increase would have been marked. World consumption in 1942 
is expected to approach 7,500,000 carats, or more than the world 
production of industrial grades. For several years, stocks of certain 
types of fine industrial diamonds have been small; however, users 
will find that the grades substituted are satisfactory. 

With signing of the United States-Brazil Trade Agreement (May — 
15, 1941), the Axis Powers lost their last primary source of industrial 
diamonds. It is reported that Germany is now using gem stones 
industrially. | : eo de oe + puter, 

On March 18, 1941, industrial diamonds were classified among the 
critical war materials, and after April 15 they could not be exported 
from the United States without an affidavit, except to the British 
Empire. Since October 31, 1941, American dealers and users have 
had to report quarterly stocks on hand and transactions completed. 
The United States Government began to stock-pile diamonds in 
June 1940. - o 
: Wee percentages, by value, of the chief uses for industrial diamonds 

ollow: 


Percent 
Diamond drilling___.._.....--22 2-2 45-40 
Diamond-set tools.__...._...........___..._._.__..._-.._.......... 30-35 - 
Diamond dies 242 on os 5 soos ee iat i Sek Je pce 10—- 7 
Crushing bort (bonded wheels and tools)..______..--.._.__- eerste ee ame 10- 7 
Miscellaneous__.._.__...._........_..-.---._.-..--.-..-..- oe. 5-11 


In 1940, for the first time in 3 years, diamond drilling in Canada 
by contractors increased (1939: 391 miles; 1940: 459 miles): The 
use of diamond drills in stope blast-hole drilling also increased in 
Canada, and it is reported in the copper mines of Rhodesia and Belgian 
Congo. The use of diamond-impregnated bits in drilling is increasing. 

The demand for diamond dies is large. Formerly the specialty of 
France, they are now being produced in America, and mechanical 
methods successfully replace meticulous hand methods. 

The Diamond Trading Co. announced that it would not raise the 
price of industrial stones during the war Indeed, the price of Congo 
(Beceka) crushing bort was reduced in the summer of 1941. Whether 
the price differential between this grade and those of South Africa 
and Gold Coast is warranted seems questionable. 

Imports of industrial diamonds into the United States during the 
past 5 years were as follows: 
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Industrial diamonds (glaziers’, engravers’, and miners’) tmported into the United 
_ States, 1987-41 


Value Value 
Year Carats Year Carats. 9 |-—————_;——_- 
Total Average 2 @ Total Average 
1937__....----- 1, 885, 970 | $6, 542, 365 $3.47 || 1940....-------- 3, 809,071 $11,026,563 | $2.89 
938... 1,306,247 | 4,213,412| 3.02 || 1941 (Jan | 
1939__.--..---..| 3, 568, 730 | 9, 725, 683 2.73 |} Sept.)....----] 2,911,117 | 7,415, 133 2. 55 


RUBY, SAPPHIRE, AND EMERALD 


Production of precious stones in Burma seems fairly well stabilized. — 
The 1939 production was 211,570 carats of rubies and 10,532 carats of 
sapphires. A few spinels and other gem stones are byproducts. 

Sapphires continued to be produced in 1941 in the Anakie field, 
Central Queensland. Prices reached perhaps an all-time peak; 
£85 an ounce was refused for high-quality gems, blue stones brought 
£45 an ounce, and second-grade stones realized 15 to 30s. an ounce. 

Ceylon is changing its mining laws. The Revenue Office now deter- 
mines gem-mining royalties, the land (both Crown land and that 
alienated by the Crown) to be exploited, and the location of the work- 
ings. Natives are to be trained, after the European method, to cut 
gems for beauty and not for weight. As Ceylon is a tourist center 
from which every globetrotter desires to bring a precious stone, prices 
are higher on the average than they are in Europe. A fine star ruby 
weighing 310 carats was found in Ceylon by Dr. D. P. E. de Silva late 
in 1941. Some 15 years ago one weighing 215 carats was found and 
sold for Rs. 85,000. a 


LESSER GEMS 


Australia is. the world’s principal source of opals, and its output 


from 1936 to 1939 ranged in value from $40,000 to $75,000 a year. 


Since 1936 South Australia (1938, £4,750; 1939, £6,020) has been the 
principal producer, followed by New South Wales. Queensland’s 
production is small (1938, £80; 1939, £50). In 1941 the fields were 
reported to be doing well and the diggers busy. The market for 
opals was said to be good. 

The ancient turquoise mines of Madan are about 30 miles west of 
Nishapur, Iran (Bureau of Mines Mineral Trade Notes, January 20, 
1942, pp. 26-28). The Iranian Government farms out the mines to 
operators for about $2,000 a year. When India, the principal market, is 
buying in quantity 150 men are employed; at present the demand is 
poor, and only 20 men are employed. As for most gem mines other 
than those producing diamonds, profits are small. Turquoise occurs 
as seams and nodules in brecciated trachyte porphyry. Mining con- 
sists of open pits, shafts, and tunnels. To minimize shattering, powder 
is used instead of dynamite. If the color of the gem does not change 
within 2 weeks of mining, it is likely to be relatively stable. 

The stones are cut at Meshed, 75 miles from the mines. The Iranian 
market absorbs 10 percent of the product; of the remainder, the best 
goes to India, and the poorer qualities go to Mecca for the pilgrim 

497779 4398 
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trade. From June 21, 1936, to March 20, 1940, yearly exports have 
averaged about 822 kilos of cut and 825 kilos of. uncut, worth, re- 
spectively, 884 rials and 19 rials per kilo (at 50 rials to the dollar, 
$17.68 and $0.38, respectively.) aa 
Brazil produces a number of gem stones, notably aquamarine, pale 
emerald, tourmaline, amethyst, yellow and blue topaz, and citrine. 
The value of aquamarine exported is normally 10 times that of tour-. 
maline. Exports are considerably larger than the declared value, 
recently estimated as $10,000. Minas Gerais is the principal pro- 
ducer. The war apparently reduced 1941 exports somewhat. 
Chile exports considerable tonnages of green “onyx” to the United 
_ States through the port of Antofagasta. — . 
Despite Government restrictions, zircon continued for a time t 
pass the Indochinese border into Thailand for cutting at Bangkok. 
As already stated, upon the outbreak of the war in the Pacific, Thailand 
ceased to be a source of zircon for the United States. © i, = 
South-West Africa, normally a large producer ‘of aquamarine, 
tourmaline, and other lesser gems, produced 4,075.031 kilos of gems 
in 1939. As Germany had been the chief buyer, trade languished 
after the war started. bn uae di 
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JEWELRY INDUSTRY IN 1942” 


Retail sales by jewelry stores in the United States totaled $699, - 
000,000 in 1942—an all-time record and a 32.9 percent icrease over 


"are , , 
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1941, Gains were particularly large in Washington and Oregon and | 


in other areas where there are big war plants. As in the past 2 years, 


the increase was due to a large turn-over of relatively inexpensive | 


items, although a few high-priced items were sold. Even the New 
York Fifth Avenue shops are showing more reasonably priced articles. 
The Christmas trade reached an all-time record, many believing it to 
be the last Christmas until the war is over when one could buy what — 


7 - one liked. 


Increased sales were due to the marked rise in income of a large 
number of Americans (national -income: 1939, 70 billion dollars; 
1942, 119.8 billion dollars—thanks, unfortunately, to the war), to 
some investment buying, and to an all-time high in. number of wed-. 
dings (about. 1,800,000 marriages, an 11-percent increase over 1941). 
Women war workers form a-new class of jewelry-store customers, and 
oe new fortunes are being made which will mean new purchasers . 
of gems. 

National ; income in 1943 will be even greater than that in 1942; 
and, notwithstanding the markedly higher taxes, the public will be 
ready to buy jewelry, particularly that moderately priced. Retailers. 


will have difficulty in keeping their showcases filled, even though their . 


business, as is likely, may average less than that of 1942. However, 
they can get diamond-set palladium jewelry and other gem stones, 
probably set in gold, and will find dealing in old jewelry profitable. 
As retailers face a shortage in help and higher operating costs and 
taxes, as well as ceiling prices on their wares, their 1943 profits are not 
likely to be as large as those of 1942. 

Sales by wholesalers showed smaller gains (9 percent), and yet their 
stocks decreased (10 percent). Retailers’ stocks decreased during the 
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year: and benain lines. (watches, alarm clocks, ete.) were sold: out = ae 


during the Christmas season ; they are begging wholesalers for goods, 


and of course, owing to Government regulations, the situation will | 


become more acute. Late in 1942 the War Production Board limited — : 


the size of inventories that might be carried by the large and financially 
~ more stable companies in the hope that stocks might be distributed 
more evenly among retailers. Inventories in 1942 shrank only slightly. | 


As far as selective service is concerned, the jewelry trade is to. 


_ receive few favors; jewelry artisans, lapidaries, and salesmen (both: 
- retail and wholesale) are nondeferrable. : 


uz Canadian retail sales were excellent Delon the new - 25-pereent ae 
excise tax was effective, June 23, 1942. ap 


_ FASHION S IN J EWELS 


ck “The rathier severe modern gown requires the gaioty of Jjeweld. CO 
Utilitarian, though smart, jewelry characterized the mode in 1942, — 


and hence multiple-use clips. and other double-duty jewelry were .- 


popular. The vogue for gold continued to grow at the expense of | - - 


platinum, which cannot be used hereafter for jewelry. Regimental 


jewelry, “V for Victory,” and floral designs were popular, although _ ~ 


geometric, Hindu, and Latin American motifs also were used. En- | 
-sembles set with similar stones were much worn.. Clips and brooches 
were especially popular; bracelets (identification and charm bracelets D 
largely), earrings, and rings were also in demand. ° - 
Owing to the shortage of melee, pavé mountings are becoming rare. 
.. Topaz, amber, and aquamarine barbaric in size were used in bracelets 
and rings. Diamond (including some yellow stones), ruby, and — 
sapphire (largely blue, but also yellow and pink) were the most popu- 
lar gems, followed by topaz, aquamarine, amethyst, and amber. The 
insistent demand for diamonds and the patriotic motif in jewelry 
caused colorless stones to be dominant, followed by blue and red 
stones, then yellow and brown, and then green, purple, and black. 
The wide knowledge of gem stones, because of lectures by jewelers’ 
and courses in some colleges, is causing the American public to use a - 
wider range of gem stones than ever before:. Fine examples of certain | 
of these stones are not too expensive, and some of them may be as” 
beautiful as some of the noble gems. 


DOMESTIC PRODUCTION 


The production of gem stones in the United States in 1942 did not 
escape the blight of war, because producers sought minerals of greater 
strategic importance. Further, gas rationing in 1942 reduced not only 
_ collecting by amateurs but cut down the number of tourist customers 
who passed the lapidary’s door. On the other hand, the shortage of 
foreign-cut stones improved the market for stones of ‘American origin 
and cut. Intensified mining of pegmatitic ore bodies for block mica, 
beryl, and tantalite should have increased the production of aqua- 
marine and other pegmatitic gem stones; but, if so, the miners appear 
to have high-graded the gem byproduct. Government-aided crystal 
mining (for radio plates) in Arkansas and California also probably 
increased the production of crystal suitable only for objets d’art. 
Makers of meerschaum pipes were short of the Turkish raw material, 
and satin spar was not available to the cutters of beads at Niagara 
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Falls. Restrictions on the use of silver in jewelry are said to have 
reduced the manufacture of turquoise-set jewelry by the Navajos. 


Tt is believed that the net result of these various factors was a _ 
markedly smaller production of gem stones in 1942. A rough esti-— 
mate of the value of uncut stones used. in jewelry and related_indus- 


tries is $150,000 with a total value after cutting of $400,000; corre- 
sponding estimates in 1941 were, respectively, $240,000 and $770,000. 


Of the total value in 1942, sapphires (largely used industrially) repre- 
-sented -31-percent, turquoise 21 percent, -and. the.quartz minerals.20. _.... 
percent. The chief producing States in approximate order of output 


were Montana, Nevada, Oregon, and Wyoming. 


ry 


Two corporations in Montana in 1942 produced sapphires weighing’ poe 
- about 50,000 ounces (1.71 short tons) worth $47,000; most of these 
stones were stock-piled for possible use as instrument jewels, although . 


a few were cut for gems. American Gem.Mines (Charles H. Carpp, 
manager) at Philipsburg was the principal producer; this company 
sold its product to the Government. The Perry-Schroeder Mining 
Co., a gold-dredging company operating near Helena, was permitted, 


after the orders closing gold mines were issued, to continue dredging _ 


because of its sapphire byproduct. The New Mine Sapphire Co. at 
Utica and the Simon property near Butte did not operate. 


’ _ The Smith mine near Beowawe, Nev. (product sold in California); 


was the principal turquoise producer; it yielded 13,033 pounds. valued 
‘at $32,000. B. F. Couch reports that other Nevada turquoise miners: 
produced about 350 pounds worth $4,000. The King property, at 
Manassa, Colo., also produced considerable turquoise, and a smal 


quantity is said to have been mined near Kingman, Ariz. The Los ~ a 


Cerrillos mine, near Santa Fe, N. Mex., was not operated. 


“Dr. HL. ©. Dake reports that in 1942 gem mining in the Pacific 


Northwest (Washington, Oregon, Idaho, Montana, and. Wyoming) 
was only about half as active as in 1941, although cutting of agate 
cabochons increased. Part of the lapidary industry was converted 
to the cutting of radio quartz plates. Fine moss agate was discovered 


ity 


about 8 miles southeast of Willowdale, central Oregon; the agate is 


“ reported to occur as a thick vein in rhyolite, and about 4,000:pounds | 


worth $4,000 is said to have been mined. - 


Fine moss agates continue to be recovered from the gravels. of | 


Yellowstone River in southeastern Montana, but in diminishing 


quantities. R. L. Harris, of Miles City, Mont., a jeweler and moss- — 


agate enthusiast, found on the banks of the Yellowstone a moss agate 
with a natural “V” for Victory on it. He had it cut and mounted in 
‘a ring of Montana silver and requested a national news weekly to 
present it to Winston Churchill; this was done, and the last leg of 
the journey was made in a ferry bomber. The Prime Minister was 


pleased to accept it. A little agatized wood, “rainbow” agate, and~ 


other forms of quartz are produced in Wyoming. - 

New occurrences of both green and black jade (nephrite) have been 
discovered in the general vicinity of Lander, Wyo. (personal communi- 
cations of Fred Abernathy, Lloyd B. Curtis, H. C. Dake, and O. W. | 
Plaga). Some of the green is of fine quality and worth $5 a pound. — 
Boulders of jade, one of which is said to weigh almost 2,000 pounds, 
occur in an area 20 miles long and 3 miles wide paralleling Sweetwater 
River. Black nephrite is reported to occur in place in granite, but 
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the lighter green is known only as boulders. It is by no means imp oe 


sible that after the war American jade will be exported to China. 
_. A, M. Buranek reports that several hundred pounds of -variscite 
"», were mined from the Clay Canyén deposit near Fairfield, Utah, and 


_ christobalite inclusions, attractive when polished, has been found in 
Millard County, and some has been sold. Good topaz crystals were 


« 
e 7 


' "Mexican Hat, San Juan County. 


but smoky quartz crystals oceur rather abundantly in. other 
“pockets” on the mountain. After heat treatment, the gem turns 
pale yellow. The Milan amethyst from Greens Ledge is not as fine 


colorless topazes also are found on Greens Ledge. Several good aqua- 


- the French mine in Gilsum. | a heat ead, Ee . 
Hugh D. Miser (see Bibliography) considers the veins from which 


the Hot Springs (Ark.) quartz crystals are obtained to be hydrother- 


mal deposits of probable magmatic origin of mid-Pennsylvanian age. 
__ Although some of the finer crystals are sold for jewelry under the trade 


constructors of water fountains. and-religious and memorial shrines, 


collectors obtained some variscite from Grantsville (Tooele County) 


name “Hot Springs diamonds,” most are sold to collectors or to 


and Lucin (Box Elder County). Fine agates and jaspers were ob- 
tained in eastern Utah. Considerable jet. was collected from the — 
Henry Mountains in southeastern Utah. Black obsidian with white ‘ 


collected on Topaz Mountain, and pyrope garnet was obtained near — | 
_ -P. C. Leggett reports that several hundred carats of fine amethyst. 


_ were produced in 1942 from two New Hampshire localities—Stark and 
Milan. The Stark locality, on Lone Mountain, is almost exhausted, 


as that from Stark, but the crystals are larger and less flawed. Gems | 
of almost 30 carats have been obtained. Yellow, wine, blue, and ~— 


marine crystals were found during the year in two mines in North... 
Groton. Deeply colored, asteriated rose quartz was produced near 


He estimates the value of crystals sold in 1941 at $12,000. Some are _ | 


cut into radio oscillators. Crystals weigh from a small-fraction of an _ 


ounce to.330 pounds. Certain localities furnish beautiful crystals of © | 


smoky quartz. 


Other gems produced in the United States in 1942 included ala- 2 


baster (South Dakota); albite (Maine); amazonstone (near Bar 
Harbor, Maine); amethyst (Maine); aquamarine (Amelia, Va.; Avon, 
Idaho) ; asteriated quartz (Wyoming); caesium beryl (Maine) ; lepid- 
olite (Maine); moss agate (Siskiyou and San Bernardino Counties, 
Calif.) ; pipestone (Minnesota); rock crystal (Arkansas); rose quartz 
(Maine and South Dakota); greenish spodumene (Maine); topaz 
(Maine) ; tourmaline (Maine) ; and californite, a variety of vesuvianite, 
(Siskiyou County, Calif.). . | 


CANADA GEM STONES 


Dr. A. L. Parsons reports that a little rock crystal was discovered 


in 1942 in Leeds County, Ontario; otherwise, ‘the industry, never 
important, was dead. 

' The Royal Ontario Museum at Toronto has a fine collection of 
Canadian gem and decorative stones, notably agate (Bay of Fundy 
and Thunder Bay district, Ontario); amethyst (Nova Scotia and 
Thunder Bay district, Ontario); and rose quartz (Lyndock Township, 
Ontario, and Manitoba). The rose quartz is deep in color and has 
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been used commercially to some extent. Included, also, are peris- 


terite, an iridescent feldspar (Monteagle Township, Ontario); sodalite 


- (Bancroft, Ontario, and Ice River, British Columbia); aquamarine © 


(rare, Lyndock Township, Ontario, and southeastern Manitoba); 


Quebec) ; and amber (Cedar Lake, Manitoba). 
-_ IMPORTS! 


ae Imports of. precious and semiprecious: (real and. imitation)..stones..- 
(exclusive of industrial diamonds) totaled $28,449,422 in 1942, a 16- 


percent decrease from 1941. Details are as follows: - 


Precious and semiprecious stones (exclusive of industrial diamonds) imported for 
oe 58S EB fne F consumption in the United States, 1941-42 


noe “we 1941 1942 
eye _ . Commodity | : 
Carats Value . Carats Value 
Diamonds: 
~ Rough or uncut (suitable for cutting into gem stones), aed 
duty-free... = 3. 2203s h as ssen-d Renae ede OL el Oa ah 215, 026 |$10, 301,371 | 277,826 | $11, 518, 085 
ae mache but unset, suitable for jewelry, dutiable._._:__._.- 229, 582 | 18,346,415 | 125,806 | 14, 599,770. | 
meralds:. | ak ae eee ee é ; _ 
_ ‘Rough or uncut, free. __-.-.-- veccdesctiets iG otis oe eee .10, 295 "25, 739 6, 506 676 
Cut but not set, dutiable___._____._- eee Ree earth a 22, 160 313, 185 21, 209 205, 717 | 
Pearls and parts, not strung or set, dutiable: 4 : 
Na Sisto ia Set asec ct eatGe Sopsete soos eee Lee oe eel 387, 053 }..-------- 179, 169 
Cultured or cultivated. -...-.:-- Ses aout eae ei) Sree 469; 6764}. 2 2..cac ar acodeatems 
Other precious and semiprecious stones: : : ean | a 
_ Rough or uncut, free-_...--- COS ee bie sel Pere aes elles tes S - 107,610 |----...--- - 72,387 -- 
Cut but not set, dutiable_-.-._.-__-- pet Nee SLs SAA Fle het ae .-| 2,968,129 |___.------ . 1,.580, 705° 
Imitation, except opaque, dutiable: es. 
Not cut or faceted. _____-------.-----2-2------ 2-2 --- | ene ee 10, 962 |__._.--- 2 . 195 
Cut or faceted: eae a. - : 
Syntheticn (222802 tee her eee | es 244, 264 |__.....--- _. 86,829 * 
Other-._.- uli cose ett aie coos pts oe ome 534, 070 |-_-------- 97, 573 © 
Imitation, opaque, including imitation pearls, dutiable_}_.__..---- 98000 [ee co sess 2,622 — 
Marcasites, dutiable: ~ ee 
ROAM ee os Mas toe he Pkt ee allen ace elke 28, 228 |_...------ 104, 150 
mitatione-22 2326S ssl eheon en oeh eoe ee eee eee 7,136 |---------- ; 1, 544 


golden beryl (rare, Manitoba); yellow scapolite (Grenville Township, 


ladium is forbidden. 


Pr Fare 


METAL SHORTAGES IN AMERICAN JEWELRY TRADE 


Most of the common metals normally utilized in costume jewelry» 


were diverted to national defense in 1941; and in 1942 use of most of 
the other metals in jewelry was prohibited. Limited amounts of 
domestic silver are still available, as, of course, is gold. Small 
amounts of the copper necessary to harden these metals can be used 
until June 30, 1948. The use of platinum, iridium, and rhodium 
in jewelry is forbidden. However, palladium alloyed with ruthenium 
is an acceptable substitute for platinum. Incidentally, should the 
need for it arise, the diamond-set platinum jewelry of United States 
citizens constitutes a considerable reserve of two critical materials 
for war purposes—platinum and diamonds.. The Canadian manu- 
facturer of jewelry is restricted even further, because the use of pal- 


PRICE CEILINGS 


Jewelry prices were frozen in June 1942 to the level effective une 
March 1942, although this did not affect ‘‘precious stones” as define 
1 Figures on imports compiled by M. B. Price, of the Bureau of Mines, from records of the Departments, 
Commerce, a2 , 
556250—48——96 


38, 777, 216 |_.-.-.---- 28, 449, 422 


a) 


(1514 MINERALS YEARBOOK, 1942 


verted wealth, and to ‘prevent critic 


t 


by the Office of Price Administration. A precious stone, according _ 
. to the OPA, is “any ruby, sapphire, emerald, natural. pearl or any 


diamond weighing more than 1 carat.or any semiprecious stone, after - 


sale by the cutter, when the cutter has received more than $100 for 

Sale of the stone.” In addition; when “two or more diamonds with 
an aggregate weight of 1.5 carats are set in one mounting,’ the 
_. diamonds shall be deemed precious. According to this definition a — 


. faded ruby, a watery sapphire,.or a badly flawed emerald weighing a- 


carat is precious, but a half-carat, flawless, well-cut diamond is not. : a 


"CONVERSION OF THE JEWELRY INDUSTRY 


ae The jewelry industry—as it produces in part. articles of ‘no value. 
to the war effort and as it has been shorn of many of its raw materials— | 


"has been converted to war work to the greatest possible extent. Some 


of the larger units are wholly converted, the smaller less completely 


‘so, although some of the smaller shops, by pooling, have obtained: i 
valuable subcontracts. Silverware plants are making munitions; a _ 
firm formerly manufacturing expensive jewelry is now cutting quartz: 


_plates for radio work; and watch factories are turning out instrument. 


_ jewels. : 


GOVERNMENT REGULATIONS 


7 Every government, from the smallest to the largest, since the war 


: _ began has had to formulate a host of-regulations for the jewelry: trade. - a 
_ The principal objects were to divert funds normally spent on jewelry 


- . to government securities, to reeset de exportation of easily con- 
material and needed skilled 
labor from being used to produce unessential merchandise. = 


. EFFECT OF WAR ON THE GEM-STONE TRADE 


-. In'1942, the United Nations lést Burma and thereby an important. 
source of ruby, sapphire, spinel, jade, and tourmaline. On the other 
hand, when Dakar sided with the Fighting French, the Axis Powers 
ie the most important source of industrial diamonds remaining to 
them. - | 
_ There is no shortage of gem diamond, ruby, emerald, and sapphire 
in America, nor of most of the less expensive precious stones, with the 
possible exception of zircon. The “good-neighbor policy” is making 
ericans more familiar with the lovely tourmaline, aquamarine, 
and topaz of South America. The lapidaries of the Northwestern 
States are cutting many agate and jasper cabochons for mountings 
of inexpensive jewelry. Supplies of synthetic stones and imitations 
are inadequate. , 
Owing to the war, Indian and Ceylonese stones (especially sapphire 
and star sapphire) arrive in New York direct instead of via Paris and 
London, as formerly. By air mail, elapsed time is 3 or 4 weeks. 
Nazi puppets in the Netherlands, Croatia, and other dependencies 
continue to rob Jews of their jewelry, in instances having the effrontery 
to pretend that the funds which the jewels represent will be adminis- 
tered in favor of the victims. . 
Americans in India are buying jewels for souvenirs on an extensive 
scale. Jaipur, the principal Indian cutting center, has never been 
busier. As the business ethics of the average Hindu jeweler are low, 


some American soldiers will find themselves possessing fine bits of — 

glass; others will acquire jewels that will serve as heirlooms for genera- 

tions tocome. Algerian goldsmiths look upon the arrival of Americans _ 
as a reasonable excuse to quadruple prices. _ 


: 7 DIAMOND af lest 
The diamond industry had its most prosperous year in: over a 
: ‘decade, owing to unprecedented sales of industrial diamonds... -Rough,.. -- — 


suitable for gem cutting, also was sold in considerable quantity... . .— 
- Production continued in 1942 at about the 1941 rate, although it 
was only 69 percent of that in 1940. A large part of the product of 
the mines of central and northwest central Africa—only African mines 
now operating—is of industrial grades, but the gem stones recovered 
- are sufficiently valuable to keep industrial prices reasonable. Prices 
_ of rough and fine large cut continued to advance; those of small cut 
_» declined somewhat. In fear of inflation, “investment” buying in- 
~. = greased in-the black markets of Europe and the free market here. | 
__ _ Share dealings.—The shares of diamond-mining companies, virtually | 
all of which are listed on the London Stock Exchange, gained over — 
one-third in value in 1942. Their record was much better than that . 
of the British industrials or American stocks in general. Frequently 
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». they were market leaders, = = Rah tee ceed ee 
e Stocks were hesitant for the first quarter, then advanced sharply; 


oe fell, owing to the British set-back in Libya, but from mid-July to:the — 
#_- year end gained markedly. At the close of the year stocks stood: at 

* 660 percent of the all-time low (1932) and at 52 percent of the all-time 
f - high (1927). Nearly all the companies paid dividends in 1942, several 
= at increased rates. - | . ee aoe cos Se eae 
ee Market —In 1942, the Diamond Trading Co., which in normal times 

- controls the sale of about 95 percent of the world output, sold rough | 


; to the value of well over £10,500,000. ‘(American qualities” (large — : 
a fine-rough)-and—fine-small_ goods enjoyed_a satisfactory market, but - = 
*.~ probably over 40 percent of the sales were of industrials." Inmid 1942. SS 
; the British Government appointed C. H. Rodwell diamond controller. ond 
i The Trading Co. branch office at Hamilton, Bermuda, is said to have ae 
* _. been closed recently, all stocks on hand having been sold. S- ee 
2 In 1942 America bought large quantities of medium-size cut, par- ee: 

ticularly in the second half of the year. The other warring nations Re 


bought what they could, usually in “black” markets at fantastic prices. 
In time of war diamonds are natural “investments” to the enslaved 
people of a conquered country and to citizens of a belligerent country 
_ whose war future is dismal. | on a sae 
Prices of rough diamonds early in the year advanced 5 to 20 per- 
cent, according to qualities. Fine cut advanced 10 to 15 percent; 
melee slumped 30 percent in the first half of the year but rallied and - 
was off but 10 percent at the year end. fae : e oe 
Stocks of rough decreased markedly in 1942, as consumption ex- ra 
ceeded production. Stocks in the hands of American cutters are 
probably adequate, as. are those of fine large cut; the supply of small 
cut is abnormally low. | a 
Imports.—As the following table shows, 1942 imports of gem 
diamonds were 91 percent of those of 1941, a small gain in rough 
‘imported being offset by a larger loss in cut. The quality of cut 
imported was excellent; that of rough was mediocre. — 
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"Diamonds imported into the United States, 1 941 —42, by countries. 
[Exclusive of industrial diamonds} 


Rough or uncut Cut but unsét 
Country fo 4 Value. _ _ Value 
, Carats |_| Carats ee : 
a Total | Average; Total 
"1941 ae 

Argentina........-.--2-.--=---- ee ee eee eres) Cn nen eee Lous 146 $8, 607 
Belgium.....2.2.2.2---------- REET TAR SEAN ete Soar eae LET Meas 145, 504 | 8, 208, 551 
Bile seo sohe ee doce ace)", 68 710 “$2, 280, 38 | $35.80 7, 434 | 678, 099 

British Malaya. Th As Mees se ip SAS ee, 236 19, 873 | 
Cabesooo oso 2 ee oe ee ee ease ee es esto 205 17, 808 
WYANC6: 25 ooo oo eae Ses ee oee|octee ues Sole eco eat hk 4, 950 726, 665 
$GOYMOny oes o Ee ol ens eesei tes] eos ee cece te ee 9 42, 337. 
.¢ ong Kong: oo ek eet Le eee be eee tbc |e 9 596 | 
Mewxioo 220-222 nen ee ellen |e ee] 443 35, 930 
Netherlands. 1, 521 76, 565 
; ‘Netherlands Indies. _-}| 104 5, 339 
lestine__....-..--.- uot Seer! wo ae 5, 523 | 703, 293 
Switzer WANG: ooo aco ace 2s Shedd [eee oe cet oe ete bees 630 108, 796 

ae of South Africa ee 42,326 | 5, bar os 
. United “Kingdom._.-.-.. ~-.-2--0.-2|-2-20-s--- a oes 19,932 | 2, 170, 18 


‘Venezuela. .-.2-.2--------- an” “992 84; 704 84,08 | Se oe feos oe 


an a a | | a 


AO, 301, 371 47,91 | 229, 582 | 18, 346, = 


ea | f fe | | 
_————SSS EES SE_—=—_——SE_ OE S=E_  —— 


Oc (aes rime bmrenesoterape mente 
ARE 6 ia pee i es Sn eee | (26,755 | 2, 042, 757 
477,812 | . 75.60 | 23,842 | 2,686,071 
19, 775 33.46 }* 55 5, 810 - 
) MalaVeree nooo anton |otecke Sean laven ak enna A co. “D8 19, 628 
WAN gta ee Pe ee Nes oes 1 395 
Colombia: :.u..< 22. 0.5-2 28s cnc) Joe ee eee ee a eed eee 18 2, 666 
a Ae Gee Ais pe ee te oe yea eee face 2, 746 321, 863 
Pe ee eel hats a ee ey “| 1,327 184, 250 
INDE AM ee Re NOM PRG ke Wate Dn pine DIUM cay 162 7,5 
SEA PAGERS IUEESEWN Sere es! ee eM e| MR ees Cy 1 a) 
Se a ree keene mate! Maree 365 41, 211 
Ae ne ee eee na ptieiae ue, le Waka cone [esnctat « 960 | — 83,341 
* Netherlands Indies_........--.-.--...|----------]--.---------|---------- 117 13, 579 , 
si i ak upee a abepmaiare = acne Me Wi Fae ee 20, 502 |. 2,989, 910 
nen anes Ene ren eee Seveteeass 175 9, 34 
10, 524, 495 41.67 | 35,153 | 4,738,062 
United Kingdom !_..._........-_-..-- 1, 683 102,154 | 60.70] 13,307 | 1,410,598 
Venezuela._.......--.---------------- 16, 447 389, 346 23. 67}. 6 700 


————— | | | | | 


277, 826 | 11, 518, 085 41.46 | 125,806 | 14, 599, 770 


1 United Kingdom of Great Britain and Northern Ireland. 


Cutting —In 1942 diamond cutting ceased its recent ne growth, 
due partly to a slightly smaller demand for large cut but mostly to 
the diversion of artisans from gem to industrial cutting. 

Now that the Low Countries are no longer factors in the cutting 
industry, the United States (750 cutters and 750 apprentices) and 
Palestine (reported as 2,500 cutters) are the largest cutting centers, 
followed by South Africa (400 cutters), Great Britain (300), Puerto 
Rico (75), and Cuba (66). Java, Borneo, and Brazil cut some 
diamonds for their local trade, but the cutting is not done well enough 
to satisfy the American trade. 

Several of the belligerents propose to tram their wounded as 
cutters, notwithstanding the unfortunate outcome of similar experi- 
ments after the First World War. 

World production.—For the third year, due to the war, accurate | 
diamond-production statistics are not available, but the estimates in 


N 


the following table are believed to be fairly accurate. World pro-__ 
~ duction (gems and industrials) in 1942 is estimated to have been 
9,254,200 carats (1.851 metric tons) valued at $28,000,000. Com- 
pared with 1941, the weight increased somewhat more than 1 percent, .- 
‘and the value did not change.. The quality was similar to that of 
1941, bort representing about 79 percent of the total and gem stones _ 
21 percent. Belgian Congo was the leading producing country, both 
in weight (65 percent of the total) and in value (29 percent). The =~ 
~ British Empire produced’ 22 percent ‘of the total: by weight’and-33~-. ~~~ 
percent by value... As the South African pipe mines weré not oper-— 
ated, all production was from alluvial mines. == 
' The following table shows, as accurately as available statistics. 
permit, world production for the past 5 years. eo, 


World production of diamonds, 1988-42, by countries, in metric carats 


[Including industrial diamonds] 


Country 1938 . 1989 1940 1941 1942 

Africa : 
Angola. _.....---------+------=-------+---- 651, 265 “690, 353 784, 270 787, 000'| - 1.791, 850 
Belgian Congo.....--.------------------- 7,205, 620 | 8, 360, 9, 603, 000 | 5, 866, 000 6, 018, 000 
French Equatorial Africa.....---.------- 16, 013 1.16, 000 116,000 -20, 000 ~ 20, 000 
French West Africa_-—-.....----- sodeuees - 61, 928 56,314 | 175,000 85,000 | .- 36,000 
Gold Coast ?._...-----------------=------ 1, 296,763 | 1, 087, 652 1 825,000 | 1,000,000 | * 1,000,000 
Sierra Leone.__-.-..-...-.--------------- 689,621 | 1600, 750,000 850, 000 1 850, 000 
South-West Africa_..---.----------+----- 154, 856 35, 470 30)017 ‘ 46,578 60, 000 
Tanganyika (exports) __----------------- 3, 576 F ; 11, 750 1,000 

Union of South Africa: 

imes__....-. - Nei ethos Wee ecole 979,460 | 1, 089, 144 1871, 447 |...-.2--=---|--- foes ess 
Alluvial. ...---.-.-.---- ee eeate css ooe “4, 259, 147 - 160, 1172, 027 112, 300 3106, 000 
Total Union of South Africa....-.--- 1, 238,607 | 1,249,828 | 1543, 474. 112, 300 3 106, 000 
. Brazil. __...-..---------- Die koe as bee fore 235,000 | 1350,000 |. 1325,000 | 325, 000 300, 000 
British Guiana........-------------------- 32, 522 32, 491 126, 764 27,000 |: 27, 000 
A. Other countries 4. ....-.----------------=-- 34, 200 19,000 | 31,750} . 34,350/ 44,350 
é Grand total... weneeneneceenee-----| 11,619, 971 | 12, 500, 553 | 13, 012, 525 | . 9,104, 978 | 9,254, 200 


& _ 2 1938-40: Exports; 1941-42: Production. 
id 3 South African production without Namaqualand was about 76,505 carats. 
& ° 


#3938: U. 8. S. India, Borneo, New South Wales, and Venezuela; 1939: Venezuela India, Borneo, 


New South Wales, and U.S. S. R.; 1940 and 1941: Borneo, India, New South Wales, U. 8. 8. B. and Vene- 
zuela (Venezuela produced 29,399 carats); 1942: Borneo, India, New South Wales, Rhodesia, U. 8.8, R., 
and Venezuela (Venezuela produced 34,084 carats). 


‘Both Angola and Belgian Congo showed slightly greater produc- 
tion; but the decrease in South Africa was rather marked, indicating © 
near exhaustion of its alluvial diggings. Far tow, ; a 

In 1942 some of-the companies attempted to ‘increase production 
of the industrial stones so necessary today and succeeded in a small 
way. If the war continues, however, the long-term outlook is for a 
drying up of production, as certain essential supplies will be lacking 
owing to the isolation of the mines now producing. a 
| Industrial. diamonds.—In ‘these days industrial diamonds steal. the 
vs limelight from the gem variety, not only as to sales but as to romance. 
Concerning the latter, we may cite the recovery of several shipments 

snatched by the Allies from under the eyes of the Axis Powers. oe 
The use of industrial diamonds, particularly of crushing ‘bort, s 
continues to -increase beyond the expectations of anyone’ in the | 

industry. Part of this expansion, of course, is due to the war program ; 
but after the war is over, industrial diamonds will retain much of nie 
their gain in use. Consumption greatly exceeds production. The - -- : 


N 
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-_ finer grades continue to be scarce, but users are schooling themselves _ 


to utilize advantageously the grades that are available. — Ee 


_.;Germany and Italy are already feeling a shortage. of industrial — 


diamonds. Germany’s shortage is dramatically indicated by the 


_ fantastic prices charged in the Swiss “black” market.” Japan. is in 


an even less enviable position, as it has not. a store of gem stones _ - 
to.which it can-resort.. 2 Pe meee cm, 
_ Wholesale prices of industrials in 1942 remained firm; retail prices — - 
strengthened. During the year the War Production Board tightened =. 
_ its.regulations as to transactions in industrial diamonds. = 
_ In pre-war days the percentages, by-value, of the chief uses for. 


industrial diamonds were as follows: . OO be ee 
Pe tang aes Bene Sy oN gL Ola aie Pt i ea epg 
. Diamond Grilling .< 225082 eos-n ass eee 4 Nas 
__. « Diamond-set tools__.......--_ 2222 2222 __- ee Soe a ees 2 BOSD. 
- -Diamond GS rea ae ee 10-7. 
_ Crushing bort (bonded wheels and tools)_--_..._._.- See2e Snot te wc IO 7, 
. Discellaneous oss teens) Ce lcs et Seg ea ae” §-11. 


Today the use of crushing bort is much greater, and the use ‘of 
diamond-set tools and of dies is relatively greater, largely at. the — 
expense of diamond consumption in drilling. es eet hee 

Imports. of industrial diamonds into the United States during 
the past 5 years were.as follows: hee ik Sera a fas 


Industrial diamonds (glaziers? , engravers’,.and miners’) imported ‘into the United ’ fa 
Pee ant kis G States, 1988-42 A. oe 


a , es a Value | i a, . Value 
.. Year. | Carats. |- aye eee Year Carats 
a Total Average : Total Average 
eo _ 1,396, 247 | $4, 218, 412 $3.02 || 1941... 6; 882, 248 $14,908,809 | $2.17 
s AOBO noe eu 3, 568, 730 | 9, 725, 683 2.73 f] 1942.02.22 11, 203, 704 | 22, 154, 076 1.98 
19402 2s 2220 cch. 3, 809, 071 |. ll, 026, 563 2. 89 San ; ; s? 


: | RUBY, SAPPHIRE, EMERALD ~ 


In Indian Precious Stones, by L. A. N. Iyer (Bull. 6, Records of 
the Geological Survey of India, Calcutta, New Delhi, 1942, pp. 
17-23), the Indian sapphire localities of Afghanistan, Burma, and 
Ceylon are described. In its 40-year life (1885-1925), the average 
annual gross of the Burma Ruby Mines Co. was only about $300,000, 
sufficient reason why the company expired some years ago. The 
local natives carry on mining in a crude way, either by shallow 
shafts from which the “byon” is removed and robbed laterally as 
far as safety permits; by terracing the sides of a hill, somewhat 
after the Colombian mining practice; or by collecting gravels from — 
limestone caves. The gravels are treated in an open, slightly slop- 
ing pond, in which the valuable gems sink and the valueless sands 
are washed away. 7 | 

Edward Giibelin (see Bibliography) described the rather distinctly 

iffering microscopic and other characteristics of sapphires from the 
major fields (Kashmir, Burma, Thailand, and Ceylon). 
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LESSER GEMS | we 
Jade (nephrite) occurs in Burma in place in a dike, in a Tertiary 
conglomerate derived from it, and in modern stream gravels (Indian 


Precious Stones, by L. A. N. Iyer, pp. 38-41). Mining is confined to: 
the dry months, March to May. Although the finer cutting is done 


in China (75 percent of the product is exported to that country), some — oe 
stones are cut in Mandalay. The market depends on the prosperity = ___ 


of China; henée, at present it is depressed. 


—. In 1940, Madagascar produced 4,400 pounds of agate, 1,004 pounds | 


of rock crystal, and 28,508 troy ounces of precious stones of various | 


classes. Its beryl, amethyst, and particularly its amber are fine. 


Brazil is rich in precious stones. . Its diamond and quartz crystal. 


_ are mentioned elsewhere;.one report states that in the first 9 months 


of 1941 Brazil exported the following additional gem stones to the 
United States: ro ; Bede a 2 Oh ear : 


“Kind 5 7 Quantity _~ Value, milreis 
AQUSIMBTING 2255555 te ee Be Sc grams_. 26,080 = 1, 912, 092. 
Amethyst__.-_-- eer Hae ere es tian eS eters at .-do__.._ 45,286 - 666, 336 
Tourmaline... ----------- Sa Nes 6 pa pak at do... 3,412 238, 027 
TOPSF co Dot ete Veen ete eee do_... 16, 561 175, 821 

Od, SRB ARE esi es ie ge Meteors Seeusesonsoceesklos +B, 410. © x 83, 076 
'. Other gem stones________...-.---------------grams.. 371,129 — 1, 481, 107 


About 63 percent of these exports reached the United States. Total ‘ 
exports of aquamarine in 1940 were reported to have been 1,169,034 


grams, worth about $667,000, and in 1941, 524,651 grams, worth about — : 


$550,000. Brazil’s cutting industry employs about 2,500 artisans. 
An aquamarine weighing 109 kilos was found early in the summer 
of 1942 at Ariranho in the State of Minas Gerais. The owners were 


at once offered 800 contos for the stone, or about $40,000. A short 


time before, a fine block of rock crystal weighing 480 kilos had. been 
found in the samé region. | 7 Py tee ae 


South-Wést Africa formerly sold its precious stones to the:Germans; — 
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in consequence, since the war began very little if any miming has been 
done: In 1939, however, 4,075,031 grams of ‘precious stones were - 
produced, and 9,226,269 grams, worth £1,132, were exported to Ger- 


many. ‘The principal stones were aquamarine, heliodor (golden yellow 


beryl), tourmaline (blue, through green, to a pale yellow-green), rose 
quartz, and chalcedony. A few colorless or light-blue topazes are also’ 


- produced around Leideritz Bay in the diamondiferous gravels, and 


some agate. Apparently, so far as aquamarine, tourmaline, and topaz 
are concerned, the pegmatite druses at the surface are more or less 
exhausted. The unweathered rock is hard, requiring the use of 
dynamite in mining, and any gem stones recovered from such-rock | 
are likely to be flawed. : | | 


INSTRUMENT AND CHRONOMETER JEWELS | 

Before the war, the United States imported virtually all its instru- 
ment and watch jewels from Europe, particularly from Switzerland: 
Without such jewel bearings, high-grade instruments and chronom- 
eters to guide our aviators and to assist our bombardiers and Na 
officers cannot be made. When war came, plants were created in this 
country to produce synthetic sapphire, and stocks of Montana sapphire 
were set aside as a reserve. Simultaneously, mechanical means of 
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| fabrication were introdubéd.. The program is ene aprionchine.: 

successful completion. In addition, certain hard-glass bearings are 
being made, which will alleviate the situation. Imports for consump- | 
tion of jewels for any movement, mechanism, device, or instrument — 
or for any meter.or compass numbered 92,547, 236, valued at $2,007,012, 
in 1941 and 36,649,359, valued at $1, 015, 788, in 1942. In November 


1942 the use of instrument. jewels ivas confined to. essential war work. - : 
~ (WPB. M-50, amended. Nov. 2, effective Nov. 2, oe ae 
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-. JEWELRY INDUSTRY IN 1943 


+ Jewelry totaled’ $998,094,416, or 26 percent above those in 1942. °° 
 , (8792,000,000)." ‘Gains over 1942 reached their peak in the second . 
|. quarter of the year, then tapered off. The causes were an all-time 


a ~ 000,000 in 1942); a large number of weddings (1,725,000—only ex- es 
.*- ceeded by the. 1,800,000 in 1942); reduced competition from other. 


e 


gh national income ($142,000,000,000, ‘compared. with $115,500,-._- 


“a 


: luxuries and semiluxuries; and much money in the-hands of free- 


./ spending warworkers. The increaséd sales. were without Govern- — . 
-Inent ‘stimulation. All men of draft age in the industry were non-. _ - 


_ deferable under the Selective Service System, and the-10-percent excise - 
_ tax on jewelry sales was effective throughout the year, Secs 
Christmas sales were 20 percent larger than in the previous yearand 


_ began as early as late September, so that our boys (and girls) overseas 
would get their gifts by Christmas. Gold jewelry, diamonds, costume 
jewelry, and Swiss watches were in particular demand.- 
Sales were largely of medium-price articles, although both retailers 
ad art galleries disposed of a number of items running into five 
ures. | a - | 
Mapalsetuinis jewelers, with their supplies of. metal markedly 
restricted by Government regulations, continued to make what jewelry 
they could, although the industry was converted, where possible, to 
war work.. Their sales early in the year were large, although less than 
those of retailers. By August, however, sales slipped below those of 
1942, and stocks decreased. Wholesalers began to sell from stocks 
accumulated in a happier day. ei - 
Luckily, now that the Office of Price Administration has removed 
price control from all diamonds, the black market in these gems has. 
evaporated. The recently increased excise tax on all jewelry (from 


1558 


“/ 10 to 20' percent, effective April 1; 1944) will scarcely increase the tax 
. eollected; as it is likely to cut down on gross sales and may create a ~ - 
black market, for certain-of the smaller refugee “merchants” will sell 
'. without charging the tax. L-45.(Karat-Gold Limitation:'Order) has’ 
» -.* ereated a black market.in. carat-gold goods, particularly: in wedding ~ 
+ yings. _It centers in New. York. ‘Some of the skilled workmen of the - ~~. 
* - industry have: left their fofmer employers-and work for fly-by-night: 


e shops or work overtime. in them. Such shops have no difficulty in ok 
~~~ “gettingy-at~a pricé, the-gold-and--the- modicum. of-eopper required. —— 
-.._Low-earat gold-rings-and-some-electroplatec _Silver_rings are_being 
- gold surreptitiously as 14-caratrings, 7 
-.* Qn January. 15,'1944,.the War~Production Board announced: that 
. approximately.50, percent’ more gold and palladium could be used. by. : 
-» jewelers in 1944 than in the latter half of 1943. ‘This liberalization of — 
eae Be 5 will retard the growth’of the black market but is not sufficient to ee 
/ A-year or two hence—unless in the meantime peace is declared—the . 
“position of most retailers is not likely to be enviable. In 1943 most 
' Jewelers: sold. their accumulated. stock, and adequate replacement is. 


-. difficult: or impdssible; further, competent help is hard to find. °Per-. 
~~ haps the less-aggressive sales attitude which the British retailers have 
' adopted—namely, sell: only that. which can be replaced—is to be... 


«  pteferred.. Present. profits subject to current high tax rates are less. 


+ desirable than having a going concern when: the- war ends... Mor. 
_.. -yetailers-‘should specialize in.diamonds, and they should replenish their”. ” 
"\~ ‘stocks from heirloom: jewelry. Some few retailers have shut up-shop; 
BS others are shortening store hours appreciably. Ses 


More: . 


© As to the ‘post-war outlook, competition within the retail trade will 
~~. be keen, but: neoonyersion. oF the jewelry trade should require less time 
«than. that of most other industries, and jewelers should be in an ad-..** » 


|” -vantageous position compared with most of their competitorsin beng. _ 
able early to extract from ex-warworkers some of their accumulated © 
-. gavings..-Within the industry there will presumably be more com- . ” 
petition from department stores, upstairs distributors, and door-to-  - 
door solicitors, because medium-price articles are likely to maké upa- 


' a larger. percentage of the gross than formerly. , . Seta 
Ss RASHIONS IN JEWELS) 


. Jewelry was never more popular than in 1943 among American 
women who realize that beautiful jewelry, appropriately worn, may) = 
- inerease-the charm of a smart gown. _ The vogue for gold, oftenin two ; 
"or three tints, continued to grow, and more silver was used than ever. 
‘Diamonds still show to’ best. advantage when set in white metal. — 
Palladium, the substitute now used for platinum, is so light that it is 
‘  jdeal for earrings, and palladium pins do not “pull down” flimsy 
| textiles. Floral designs and patriotic motifs were particularly popu- 
lar, followed by geometric, leaf, and Latin-American. and Chinese de- 
signs. Bizarre insects, animals, and dwarfs were common, particu- 
-’ larly in cheaper jewelry. Miultiple-use clips and other double-duty § ” 
_ jewelry and ensembles, all mounted with the same gem, were widely = 


pe Ps us a . fos i ees 
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aie 


ae and black: stones. : 


‘varieties as did their mothers: High school:and college girls Jo 


oso Nbhema. 8 ys ten | i BETS Es PG ees, es eens 
 * The production of gem stones throughout the world was. blighted, in 

1943 by war, but nowhere: more:than on the North American Con- 
'.» . tment, which has no gem field -of prime importance. ° In 1942 4 rough 
© estimate of the value of:uncut stones used in jewelry and related i 
~_.. dustries was $150,000; in 1943; it-was ‘not over $67,000: » The decrease 
-« was due to three principal factors: Professional gem miners turned to. 
, .., the mining of-one or more of: the strategic mmerals; amateur collectors 


oe _ touring automobilists, were, for the same reason, a tradition. The: 


__. opposed to gem miners, professional. and semiprofessional lapidaries _ 


--. =.. Owing to-a shortage of small cut, fewer-melee were used in mount- 

ings. Huge topaz and aquamarine were mounted in bracelets and . 

.., bridge rings. Diamond, ruby, and sapphire (the vogue for“varied- 

_ »; eolored sapphires is expanding) Jed in popularity, followed by natural 

and cultured pearl, emerald, topaz: and topaz quartz, aquamarine,. 

> and moonstone... The insistent demand for diamonds, together with. 
|. the patriotic motif in jewelry, caused colorless, then-red and blue.’ 
« >. Stones to be dominant, followed by green and yellow, and then purple... | 


_ American knowledge of ‘precious stones continues to expand; and | 
American women today use effectively three or: four times ‘asmany 


+ their jewelry, and turquoise and pearl are: particularly popular with: 


= did net:have enough gasoline (or tires) to-rush- out.over the week-end: . nee | 
~’.- = to well-known mineral deposits; and the best customers. of the trade,  —~ 


--. * mereased mining of pegmatite bodies for mica and-other strategic eet 
~*~ minerals apparently did not increase the production of beryl and other 
--gems'of pegmatite origin; perhaps the miners high-graded these.’ As 


in the Northwest were busy furnishing jewelers with cabochon quartzes . 
and agates, cut from stones collected in previous years, to supplant the . 


7 European cheap jewelry which was no longer available. In the East, 
» . .. “several firms are dyeing onyx black to be used in cheap jewelry. 
“« As producers, the leading States ranked as follows: Montana, Cali- 
_ ‘dornia, Wyoming, Oregon, Washington, Colorado, -and Idaho. ee 
_ The Montana sapphire industry produced about 20,000 ounces of 
sapphire worth some $20,000. The Perry-Schroeder Mining Co. of 
Helena was the principal producer. Charles H. Carpp of Philipsburg 
was also a producer. Although a small part of the product, was of 
gem grade, practically all of it was sold for cutting into watch and 
Instrument jewels. Toward the end of the year, synthetic corundum 
undercut the natural market badly. — . nee 
The agate and other quartz species in 1943 were of the same order 
_of value produced as sapphire. Dr. H. C. Dake reports that produc- 
tion, even at well-known localities in Washington and Oregon, was 
greatly reduced from that of previous years. Idaho’s production 
decreased also. - : | 
The moss agate in the gravels of Yellowstone River in Montana © 
continues to be collected, but to a smaller extent than in previous 
years. The collectors bring these to the two principal cutting and 


s = 


_ what small percentage they fancy: ~~ 
- phrite occurs mainly as boulders and pebbles, some of them large, on". 


~* the hill slopes near Lander. It also occurs in place. The better ma- fe 
terial, green translucent nephrite, brings-as much as $5 a pound, al- “~~ 


_-is-new. on. exhibition atthe Chicago Natural. History.Museu Some... 


\fter splitting the pebbles, the shops buy- ~ 


” Perhaps $15,000 worth of Wyoming jade was sold in 1943. Ne 


ow Pe 


though the 4,000 pounds sold to lapidaries brought but $3 a pound.» . a 


Several large boulders, one weighing over 8,000 pounds, were found —- 


et a a 


_ of the material is being stocked, in the hope of selling it to China after 
the war to be cut into. objets d’art. All the Lander material is 
‘peplifiter cestode ett Soe eek! a eae 


"turquoise deposit in Culberson County, Tex., is being developed. 
-. .-s Alfred-M. Buranek reports that some good plume agate was col-. °; 


' . ehrome-bearing mica. 


| - Scott’s Rose Quartz Co. (South Dakota) reports the sale of about a 


Kern County, Calif. The stone has good brilliancy although a bit ei 


-800 pounds of rose quartz, although little was mined because of the 


aera 


' 


- eRieuoise production Janguiahed, ‘The King’ and Asharoft mings’. 


_.in.Colorado produced: turquoise in 1943, although the Hall mine (prin- 2... 
cipal producer in 1942) did not operate. ‘It is stated that the Mineral |... 

_.> Park (Ariz.) district produced some turquoise, as did certain. deposits © — 

"_. in'western New Mexico.. The manufacturers of Indian jewelry, how-— 

~ "ever, look to Nevadé aid Colorado for their turquoise, although-there .. 


is no evidence at hand that the.Nevada mines operated in 1943. A 


lected at Jericho, Juab County, Utah, as was fortification agate at the. ~ 
__» new locality in Sanpete County near Levan; that some 500 pounds of 
“ . ‘fine variscite was mined at Lucin; that some superb ‘malachite and-..._. 
-- agurite were recovered from the Dixie Apex mine near St.George; |. 
. that the black obsidian with white christobalites found near Black = 
-. Creek (trade names, Flowering Obsidian, Night Blooming Cereus, and |: ~ 
. Snowflake Obsidian) is increasmg in popularity; and that Utah Jade, .. ... 
. ’ fabricated into book ends, table tops, and other articles, is merely a _ 

'- quartzite of the Harrison formation of pre-Cambrian age colored by |.’ 


oe __- Stuart A. Northrop states that some attractive “Snoonstone” (pre=. oe 


~ 


e - sumably sanidine) appears to be coming from Grant County, N. Mex.,.. ©; 
and that during the year there was a small demand for garnets. from... ; 


the Navajo Reservation, staurolites from Taos County, and agate aod 
from near Hot Springs, SierraCounty.§ =~ 
Stanley I: Perham reports among other gem stones found in Maine~ 


during the year: Purple apatite at Greenwood, Oxford County; beryl — . 
-, approaching a light emerald in color and golden beryl from West Peru; 
~ ‘fine golden beryl from Waterford and Brunswick; white caesium beryl = 
and rose quartz at. Newry; and aquamarine and asteriated rose quartz) 
_ from Albany. eee le* tht ay ene Pips Siege ty 


Little pipestone (only about 1,000 pounds). was mined at Pipestone, : 


Minn., as most of the former diggers are inthe army. 


labor shortage. _ . oo Bt 
Edward P. Henderson reports that the National Museum has an ~*~ 
18.7-carat brilliant cut from transparent scheelite from Kernville, | 


- frosty, and makes quite an attractive gem. 


624195—45——_99 


| “at Arkansas, and: North ‘Carolina. . The usability of American : | 


: © Quarts: for’ ‘use in ridion! and radar etjuipmant: was ‘enineds in. Ca 
quartz is low, but some of it may be suitable for objets d’art: . = 
_ A’ few small diamonds were recovered. at. Murfreesboro, ‘Ark. (600: 
Diamond—World production). ae 
Other gems produced in the. United ‘States 4 in 1943 ‘included agate eae 
~ (Maine); aquamarine (Maine, North Carolina, and Virginia); blood-: ; 


stone (San Bernardino County, Calif); chrysocolla (Arizona) ; golden: - a 


ay _ beryl (Virginia); jasper (Maine); banded “onyx” (calcite). (Lusk, ©." 
-. » Wyo.); malachite (Arizona) ; ‘petrified wood (Arizona); pink beryl, and: ee 


e : 


oe Bird. River: pegmatite areas in Manitoba. is cut for the. Winnipeg * . < 
_. tourist: jewelry trade. . Dr.-A. .L. Parsons reports that excellent rock .* 
~ erystal has been found in Lansdowne Township, Ontario, and a- little ~ os 
... iolite ‘in Haliburton. eee ‘Both, localitigs furnish ‘material fOr oe 

. aenatouy: lapidaries. ag ee er ae | 


: = Previous and. semiprecious. ‘stones Grclusine of Gadustcal. diamonds) smported for o - 


: Diamonds: 


tourmaline ele. nape Calif. i 3 and. smoky. uae Misi), 


on small-a attiount of ioe elisey’t acyl fein the Winnipeg River and: ay 


aa 


‘The wvaltie of imports’ of precious ‘acid semiprecious ‘(real aiid ‘mit? | 


ve tion) stones (exclusive of industrial . diamonds) totaled $72, 109, ((:|: Sea 

‘over two and one-half times that of 1942. The big i increase was in the oF 

. , importation of -rough and. cut diamonds and cut: Precious ROBES aoe ae 
Ce ‘Details are as follows: © ee ee ae le eee 


ee consumption in the United States, 1942-48 


f 
1943 


Le. 


Commodity 


Carats | Value: 


751, 674. | $37, 443, 240 
193,701 | 31, 453, 840 


Biones) GGUY 11602225 ond es Pe - 278, 437 $11, 546, 712 
126, 004 cs 640, 23: 236 


Houeh or seat: ee ee ee 6, 506 676 
Cut but not set, dutiable__.....-.-...----._- Bema 21, 209 205, 717 3, 194 32, 508 
Pearls‘and parts, not strung or set, dutiable: : ; 
UN Gara 6020 8 ce Gee one Me eee ctee|) «179, 160 ac cece 167, 284 
_ Cultured or coltivated: 2. ji. co0 0) oon ps Sateweete|ootewawawdun|sevenkendecclsosacsccc.ce — 107 - 
Other precious and semiprecious stones: aa 
’ Rough or uncut, free___._.......----------- enoacccc|feseeece se , 895 |--- 47, 726 
Cut but not set, dutiable______-...-.----------.----|22.2 1, 583, 600 |....-----__- ” 2, 589, 904 
Imitation, except opaque,. dutiable: ° . tans. 
ot-cut Or faceted 2-82-60 sss lela epetseswest-|occecsenese| <= TOR Pence co 2, 621 
Cut or faceted: 
Synthetic ee ee eee ae eet eee ee eine Ey 21 |) es eee Oe 167, 166 
OUNCE bee te tame actuate “ORG G A eet oS 100, 841 
Imitation, opaque, including imitation pearls, 
QUAD ose en Wap gonaeoneweneeens acs ideecedadee|| . “S698 bocci 3 8, 149 
Marcasites, dutiable: 
1 ee See Dre rke CR CeR ERT ee (eens Sous: 101, 785 |-_- 2 96, 154 
DMICA ROM, oe oo Sete eerie ss pana eet tse 4; 644 coca ele ee ee 
pe tC OS 28, 520, 070 |_-----.--.. 72, 109, 788 
0 ee Ge 


+ Figures on imports compiled by M. B. Price, of the Bureau of Mines, from records 0 ithe United States 
Department of Commerce: i 


. market, Germany.» 


ee ndustries. (for premple, (0 pret its precious stone industry, Brazil 2 


Zc 


fiseate ib. 


Our boys overseas are matching ‘their. wits with those of local : e. : 


. fine heirlooms. .. 


° 


' Our domestic production of gem stones is down, since professional : 
“mines are mining strategic minerals, and amateurs have neither the 


, 


- tires nor the gas to seek them. Similarly, in Brazil accelerated quartz 


and mica mining draws from the same pool of labor as diamond and. 


other gem-stone mining, and in consequence the production of the © 
latter twp is affected adversely. ei a ing 
In Great Britain, wedding rings are so scarce that some brides use ~ 
their grandmothers’ or mothers’ rings. The production quota of 
Q-carat utility rings has been increased, and many brides are reluc- 
tantly accepting them rather than the better rings they hoped to wear. 
South African bridesrefuse toacceptthem. = = sis * 


we 1 pO4 0) ino SMINRALS' YEARBOOK, 194800 9° 00 co" 
_ ., War ‘has “brought about: important. (though’ possibly -temporary)- 
geographic adjustments in various branches of the jewelry industry. 
“Fhe wide dispersal of the cutting of gem diamonds is an instance’in’ . 
"point. Argentina is making the cheap jewelry which it once imported » = 

_. > and even exports some of it. - Great Britain and the United States now 
>. ”\~ produce. synthetic sapphire and ruby, and after the war these will be. 
used for jewelry.. Czechoslovak refugees in each country are making”: | 
fine colored glasses to be used as imitation precious stones...) 5° 


‘ 


_ One of the few humorous incidents of the war is the fact that éur boys. z 4 


mee y 


a find that the South Pacific island natives will do nothing for money ~ 


» but are enchanted to work hard for second-hand “junk” jewelry.: 
Tons are being collected and sent tothe Pacificisles. 


» .-» Paradoxical as it seems, in 1943—the fifth year of World War IIi— 
_ . the diamond industry reached an all-time peak of prosperity, owing to 2 
. an unprecedented demand for industrial stones and an enormous de- . . - 
. mand for gem diamonds created by high war wages and fear of. infla- . 
UMOR Ei ee ee eBoy agi 4S age ee a 
.~ ,. Production continued downward, that of 1943 being.but 88 percent — 
f the 1942-output and only 63 percent of the production in 1940,° 
he-war demand has dangerously reduced the large stocks of both = > _ 
dustrials and gem stones accumulated in the past 16 years; in conse-... 
_ quence, the United Nations -have requested the Belgian’ Congo to: .°, 
«double -its ‘production of crushing bort, and DeBeers has reopened =» 
- Dutoitspan, one of its pipe mines. Diamond cutting continued to. ~ |. 
per MGT OSD, oie Syek ne oe bee Eek ey PO eh a Se ee 
_ 5 4 Price of gem stones, both rough and cut, surged forward; that,of + =. > 
 . industrial stones continued stable, although sellers of industrial stones Gi 
claim that the quality. of the shipments had deteriorated, amounting’ — -- 
|. The division between diamonds used for industrial purposes and ~ ee 


those used ornamentally is yearly becoming more sharply defined. © | 
. _ Share dealings. —The shares of diamond-mining companies, virtually 
all of which are listed on the London Stock Exchange, were market ~~ 
_ leaders and doubled in value in 1943, accentuating their rise in the 
past 2 years. Indeed, one who had put $1,000 in these shares in 
mid-1941 would have a value on paper of $4,500 by mid-1943:. The .. 
1943 advance culminated late in June; thereafter the market weakened 
abit. The companies paid generous dividends in 1943. — 
Market.—In 1943 the Diamond: Trading Co., which in normal times 
sells about 95 percent of the world output, is said to have sold almost 
£20,000,000 worth of rough (£10,694,671 in 1942), the highest sales 
since 1919. Sales of both cuttables and industrials gained. The 
company instituted the ‘practice of selling crushing bort by the kilo- 
grant, although American brokers continue to use the carat. am 
In 1943 the United States bought large quantities of medium-size 
diamonds, and the United States, Palestine, and South Africa bought 
cuttables for their cutting shops. Black markets thrived in all the 
warring nations, diamonds being a favorite investment of citizens of 
conquered countries.and those of belligerent countries whose war 
future is precarious. Americans bought fine diamonds heavily, partly 
to supply their craving for beauty, partly as a hedge against inflation. © 


EM STONES - “ aa Pe 
Since: 1939 the price vot fine large rough t has. thigreasad. at Ts ane st yen 


occasion. , As to cut stones, melee under % carat. has tripled:or cues 
-rupled in value since 1939; Ycarat sizes have gained 80 to 125 percent; 


 1-carat stones, 67 to 100. percent; and larger. stones progressively less. 


Increases include. the excise tax (1943, 10 percent; 1944, 20 percent). 
- Diamonds have never sold higher; and prices may have been advanced ” 
too rapidly for the good of the industry. 

~ Stocks ‘of both fine rough for gem purposes. and many. grades of | 


industrials have been reduced, possibly to a dangerous degree, since a 


Sparen and the price-is boosted by the Trading Co. on every favorable _ . ce 


hate 


ae 
— iY : 


~ demand has markedly exceeded supply. In America the cutters have 


amore or less satisfactory supply of most grades of rough; but sup plies woe 
~ of melee and fine cut in certain sizes are short. , 


_Imports.—As the following table shows, in 1943 the total value of” 
“imports! of gem diamonds was. 163° percent: higher than in 1942, the - 
“gain being particularly great in rough or uncut diamonds (225 percent); ce 
that in cut was also large (115 percent). “The quality of both rough — 
and cut paralleled th at of 1942, the: rise In 1 price pete: 1943 peetcaes 


for. the. poreased prices per carat. 


ae Diamonds imported iiito the United States; 1942-48, tye countries Se a 
“ : ras oe _ [Exclusive of industrial diamonds]. Pd ee gash ad 
Aas ere “Rough or ‘anéut Cut but unset... 
P ey Coyntry a = oe 
es eee Carats Carats | 
ate oe ‘Total '|Average 
Pee 4 ION bana! ’ hes . eae ae eee eee 
Saaeuuie” 22 jeoooseds es ee ec ame en (Cone eee meine ee URN crea 36 | 63, 019: $889.25 
Belgian Congo--.--..----- woeeee ge veess es. wie-b. 205. $4, 573 $22, SE feces eee 
. Belgium’ and. Laxemburg.-------- eae Boe SS feel Ga Sout s woe |2 Ae oe 26,755 | 2,049,057 | _.76. 59°. 
.. Brazil oes 477,812 | 75.60 | 23,842 | 2,686,071 |. 112.66. . 
Briti : 1" 5810 |. 105.64 — 
19,628: 1--'-70.60 
oe B95 -00-= 
2,666 | 148.11 
- ° 324,863 | 117/22 
~ . 184,250 }° 188.85 
7, 520 46. 42. 
: ~|-s---+ P50] 50: 00 
. : Pe oP eee dS 44,211 |’ 112.91 
" Mepmeanda ow? oak oaks Sew et eel Pee oe | cacs Fae Ue | ec ae J... 88, 341-- 86.81 
Netherlands Indies. .....-..--.---.------1----]----- Cais, Eee ene -eejeeee ee]. WY}. 18, 579 | 116. 06 
Palestine and Trans-Jordan....-......------- E eee aa Poor 20, 502 | 2,994, 830} 146. 08 
‘Switzerland_._.--.-.--.--1--------------------|- Bsa y ott | er ail ne te ad 175 * 19, 346 110. 55 
“Union of South Afriea____...._-. ..-------=---- 10, 553, 052 | 35, 351 4 767, 308 . 134. 86 
- United Kingdom of. Great Britain and Nort: Pele Sth 
ern Ireland. ._.2.2--2--2--.-,--------+---=--- AL 102,154 60. 70 | 13, 307 | “a, 410, 598 106. 00 
Venezuela. .-.....- ones Efe ee odes. teed _ 7389, 346 6 700 116. 67 
aie w, 546, 712 | 41.47 |126,004 | 14, 640, 236 ; -116.19 
: . ] hn nn a 
entina . __...--.2.---------------2--+-+---|----20--[+----2- cere taerepeseee 67 _ 12,590. 187.91 
- Belgian Congo. 25225 ss98 eee 4 90 foe ce eee eet roene 
Belgium and. Luxemburg -.-----.-- ee eee 15. 66 | 19,630.) 1, 339, §27.|. 67.73 
Bragih 2.20220 eno eee sccce eas , 933 6, 487, 150 | 158.48 
British Guians..-.......-...-.....--.------ 185 | | 21,830 | ° 118.05 
ANAdA ook Pewee ce oe eee ee ceed Bes eee |e . 49. “5, 255 | 107.24 
Cuba. 2220 eee t nee ee ac bh cece te case See eee eel sakes 21,913 | 3,337,950 |) 152.33 
Pranebsec26cb: tec oe Sie ES EERE ESE meet ieee ua 99, 401 | 175.31 
French Guiana. 6002005052262 So 552 3 ogee ee stesee| ates ee eee ou 22 2-822 “ 19 2, 010 | 105. 79 
Gambia and Sierra Leone _uuu--2---.----------| 3,861 | = 80,482 | 20.83 |--.----_]-.----------|--.----- 
Gold Coast. --....-.-+---- Wiaoecvectyens codecs) J, 000 ee ctee) ee rey Peer 
India and Dependencies UN Gon ee Ry Dre le ee Gee ete Lee 63 “10. 717 | 170.11 


: eee ne Se oa . a Dire, Rie ee eat ME Oe ee es Cee 


os 2 569. | 
Palestine and Trans-Jordan___.---2.2-22--22-2)2.2.2-4|-.-------2-2|-.----.-} 50,361 | > 
sp POR cece. a are ms 14 
~ Portugal._.2------ 2 eee I FP 


©) erm Ireland.-.....-.--....-------.----.-+.--| 22,833 | © 945, 929 | 


Coe Pee 1 vetne 
_. | Carats |———— 


406 |> $41,273 

491, 524 

9, 153, 273 |. 

- ) 4,983 | 91-64 
_ 10,88 

2) 22,773 |.; 2038-33 

- 6,667, 871 | 1 


2 Netherlands....02 220 oo esc enact ee clea eS nett Boake 


i ew ee ww ee me ee een f ee ee fee ee ee ee Ce 


Portug . "$995 
pose inea and Angola.->--2-.-----+- 1,664. | 40, 141 24 


~~ Weneguela._-__2202 7 Epon eveceeeeece---] 7, 777.| 852,784. [45 
: : {751,674 | 87, 448, 240 | 49.81 |193, 701 | 31, 453,840 | 16 


+... Qutting—Before 1940 the Low Countries cut about 90 percent of —_ 
‘the world’s diamonds. Since then the industry has been-widely | - 
_' « seattered over. the: world. Some 10,000 artisans and apprentices. 
_. {about one-third of the pre-war force) now supply (except in time of © 
. lock-out or strike) an adequate quantity of cut stones. Palestine. © ~~ 
-  (8,000;employees), the United States (1,800 employees), and South 
_. Africa -(550:employees) are. now. the principal centers of cutting: . ° . 
. Brazil, Great Britain, Cuba, Puerto Rico, Canada; India, and Borneo. . ~~ 
are less-important.centers, ee es 
-.. ” With the. rebirth of the Belgian and Netherlands industries after- 
_.. the war, competition will be keen. Perhaps the United States and = . > 
~ .. South Africa can continue—notwithstanding fantastically high wage ~~ 
~~ seales—to cut large stones profitably, and Palestine may be able to |. 


- ~eut small stones. . e eal, iat | ee eee 
World production —-Owing to the war accurate diamond-production *  . 


* otal  Laerkie ee 


Sareea eee = 


oe ‘Rough or uncut ~_ ca Cut but unset” : - a he ga 


On: 
213,57) 2 


| _ statistics are not available, but the estimates in the following table - 
are believed to be fairly reliable. World production (gems and — - 


industrials) in 1943 is estimated to have been, 8,191,360 carats (1.64°-_ 


- metric tons), valued at $27,000,000. The quantity was about 12. 


percent less and the value 4 percent less than in 1942. The quality - 


was slightly better than in 1942, cuttables making up, by weight, 


some 22 percent of the total. Belgian Congo was the leading pro-.- 


‘ ducer, both as to weight and value, although the collective value of 
the British production exceeded that of the Belgian colony. As 
DeBeers reopened Dutoitspan on September 1 pipe mines yielded 
almost 1 percent of the production, but over 99 percent came from 
placer mines. ~ | 


permit, world production for the past 5 years. 


' The following table shows, as accurately as available statistics. 


ee “- GEM'STONES' 
"5. World production of diamonds, 1989-48, by countries, in metric carats 


‘[inéluding industrial diamonds] 


‘French’ West Africa-.- 
ee os, < Gold Coast 2._- 
Cs thie 7 “Sierra Leone: Soo, 
ee > South-West Africa. 


7. “Tanganyika (expo 
> Union of South Africa: ee hey 
©. Mites. 0202 --2----s screen eee tenet 


"1971, 447 | oe Pe 
-1172,027 | 112,300. 
|. 1, 249, 828 uae 
| @ BYrawdloece ovo sesso eae Soe eectee oe 1 350, 000. 

British Guiana: .:_- : ane 32, 491 


oie ae ee eS > 19,000 - 


ee Other countries § ono anne eee n ete ne sonnne- j 
Oo 5 pana total on) S202 se ie 


1 325,000} 325,000 |. 
- 126,764 | 27,000 | - 27,000 7° * 
~~ 81,750.) 34,350 | -- 40,836 - 
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ve aT Betimmateds 0 Soe ye aay 
eo. 4939-40: Exports; 1941-43: Production... pee ear oer a oa 
oss." \"8 Oapeand Transvaal, without Namaqualand, estimated at 53,210 carats. . 
Be ta Sy 419802. Vel crus a, India, Borneo, New South Wales, and U.S. S. R.; 1940-41: E », India, 
eu he eae ‘Wales,'U. 8.8. ., and Venezuela (Venezuela produced, respectively, 14,525 and 29,399 carats); 1942: Borneo, 
«.~-a> - India,-New South Wales, Rhodesia, U. S.S.R and: Venezuela (Venezuela producéd 31,570 carats); 1943: 


ae Bolivia. 


'. .. increased-somewhat. _ 
- 8 Dr. N. Ry Junne 


The occurrence of diamonds in eastern Bolivia is reported... 


1: Borneo, India, New South -- 


| 9, 258, 734. 8,101,360 


~: -Wenezuela (23,020 carats),. Borneo, India, New South Wales, U. 8. 8..R.,: United States (Arkansas), and 3. 


_.. “Because of a shortage of supplies, the Belgian Congo produced 19 
- percent less diamond in 1943 than in 1942, and Brazilian and the South =). 
-» African alluvial production decreased; that of South-West Africa” 


Dro N. Red published 2 most valuable bulletin on the Gold”. 
'. Coast. diamond fields... Sierra. Leone. produced two. large gemstones .- 
. . "> during the’year, thus joining the select coterie of large stone produc-. 
- ers—India, Borneo, South Africa, and the Bagagem district in Brazil:. 


-. diamond-bearing kimberlite pipe at Murfreesboro, Ark. It put down | 


'. recovered with adequate safeguard to insure reliability of results. 


The stones recovered are being evaluated by a number of experts and - - i 


- + the data assembled and studied. Results are not yet available. 


a Tndustrial diamonds.—In 1835 the-great British scientist, Sir David = 


. ~ Brewster stated that were the diamond not as a gem the “head of the 


- imineral kingdom,” “it would have attained the same distinction from =~ 
its great utility in the arts.” ‘World War II has certainly proved the - 


truth of the statement. There is no important war weapon used by 
our forces that does not employ the diamond in its manufacture. 


The use of industrial diamonds, particularly of crushing bort, con- _ 


:  tinues to increase by leaps and bounds under the stimulus of war, 
| although much of the gain will be. retained in post-war times. Con- 


sumption greatly exceeds production. Finer grades continue scarce, _ 
, but research and: experience prove that the grades available are satis- _ 


\ 


factory substitutes. : 


of Mines_did_some_exploratory_work on. the: oe 
$1 bucket drill holes 30 inches in diameter through the softer surface 
_. material. They ranged from 10 to over. 50 feet in depth, averaging _ 
“slightly over 30 feet. In all, over 425 tons'of samples were taken. 
‘These have been-washed by South African methods and all diamonds. 


cae 


__ Germany and Japan are already pinched for industrial diamonds, 
. “- hence their-desperate efforts to smuggle this superabrasive into the 
homelands. Stocks in the United States are adequate, and in case-of 


_.. néed the large stock established in Canada.by the Diamond Corpors 
~ ‘ “tion-and the principal producers is available. = 62 


-Before the war the United States consumed. about 1,250,000 carats 
./ of industrial diamonds a year. ‘The figure had increased to. some 
(10,000,000 carats in 1943: World consumption must be double present 


oe 


OF carats,~ (iP 


MILLIONS 


Ficure 1.—United States imports and average price per carat of industrial diamonds, 1919-43... Be ae 


, -Figure-1, prepared by: Herbert Backman, illustrates’the two.out-. 9. 
standing features of the industrial diamond trade in the past quarter’ -. 
century: The tremendous increase in use, particularly since 1938, and. 
-the sharp decrease in the average price of the stones used. ~ In 1929°> 
> <.the.carbonado' market—then the principal source of our imports— ° 9. =. 
- was cornered. Now most of our consumption is that of crushing bert. ©. 
_. “ Imports.of industrial diamonds into the Unitéd States during the — 
past 5 years were as follows: © Pa Pe Ee ay 


ee . ' I ndustrial diamonds (glaziers’, engravers’, and miners’) ‘imported for consumption 
cee tn the United States, 1989-43 : ees 


; Value _ Value 


Year Carats Year Carats | ee 
ts Total | Average - Total — |Average 


1939. . 8,568,730 | $9,725,683 | $2.73 || 1942... 11, 203, 704 | ° $22,057,577 | $1.97 - 

1940... 3,809,071 | 11, 026, 563 2.89 || 1943....______ 12,172,679 | 21, 938,368 | . 1.80 
6, 882, 248 | 14’ 908, 809 2.17 

! 


P | 
RUBY, SAPPHIRE, AND EMERALD 


The production of fine gem stones—rubies, emeralds, and sap- 
phires—is meager and entirely -in the hands of individuals and small 
partnerships. ‘The ruby mines of Burma and the sapphire mines of 
Thailand and Indochina may still be operated on a small scale by the 
natives, but they are shut off from their principal markets, America 
and western Europe. The Japanese market must be quite restricted. 


~ gram to develop the mineral resources bordering the Red Sea,-has. ~ 
recently announced that the ancient emerald mines are.to be reopened; teens 


-: sumably: booming, ‘and the. American troops: stationed in the. East. 
constitute. an. enlarged. local market. ‘Before the war the ‘Australian ~ ee 
- sapphire mines were languishing, and. war has also interfered: with 
‘production at most of the. minor gem localities, including the Russian. - 


zo: emera d mines. have not been: operated: fos acwural yeats. 
The 2 ne sapphire mines ‘and perhaps those. of Kashmir | are pre-.. 


emerald, mines and the Montana sapphire mines. Egypt,-in its pro- : aS = 


a _ but little; if any, desirable material can be expected from this source... oe 


: ~"jncidentally, have never been more popular. The supply, however, > aa 
.-is coming from stocks. and from old jewelry, now being bought: by 


ra ” 


“Marge aquamarine, topaz and citrine, and. other precious stones.. 


a 


Paradoxically, there is no dearth of fine gem ‘stones, -which,- 


~ almost every. jeweler. -The restricted production and the phenomenal > . 
- demand, -which are likely. to. continue after the war, point. to higher. 
_prices in. the future. 

‘Since the war, New. York and Londo: have: supplanted Paris as ‘the: 
piasieal colored-stone markets. and are now oat ne stories dined: oe 
from, the Haat, ae heya ee RS 

: 8 LESSER GEMS © ee 


~ Brazil’ , ‘soutinnde He gipply: our “market with cae i ot a 


~ exploitation of an opal ‘deposit. Tf ‘the | ‘report is. reliable, perhaps « 
Pliny. was: correct, when. 1,900 years ago he | emphasized. the “wealth: < 
of: India in opal: 

‘From :1890- 0 the end: of 1938, Avistralin’ hed produced. ‘opal south 
-£1,627,000 in the rough. The 1938 production, largely. from: South © 
_ Australia, and New ‘South ‘Wales, was worth £8;876, and in 1941 the. 
” diggers’ were said to be busy, so that presumably there i Is still a. small 
production. a 

‘Dr. ‘Henry Ww. ‘N iohola Ges Bibliography) describes a ‘gi2-pomd:-: 


and three-quarters ofa foot thick. - 


~ block of lapis: lazuli exhibited in the Field Museum, Chicago (iow ae : 
~ Chicago Natural History Museum). Its ‘is 2 feet long, lh feet. wide, 


‘In August importers and. rétailers dnabadhediy letinthed: Jiuperial 
Mexican Jade on the market in a national advertising campaign. The . 
“flagrant fake was detected almost immediately, it being. proved that - 
the “jade” » was merely calcium carbonate (Mexican onyx”) stained — 

een. oo 
ee and thie United States signed a Reciprocal Trade Agreement 
~ on. April’8, 1948, by which the import duty on cut-turquoise into the 
United States from Iran is reduced. from 10 to 5 percent; uncut tur- — 
_ quoise ‘has been duty-free for some time. Owing to. adequate. tur- 
quoise deposits, the United States for some years has ameotes little» 
cut. turquoise from Iran. 


_ INSTRUMENT AND CHRONOMETER JEWELS 


When the war started, the United States was dependent on Swan 6 a 
-land and France, not only for the synthetic corundum and-spinel from _ 
which instrument jewels are made but also for their fabrication. Now, 
the nee Air Products Co., the Bulova Watch Co., and several smaller i 


, 


, 


wa 


ee aes a 
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os companies 3 rodues'a ‘an. n adetraate: supply of aynthaties ‘wha otliee firms a 
have adequate fabricating facilities to satisfy the national demand for > 
“~~ instrument: jewels, which, of course, has been greatly increased by the. -- 
War. . Production. increased. 370 percent in 1948. War Production © _ 
- Board Order 4717, issued December 23, 1943, eases controls: and coe 
: -_ Testrictions on’ instrument and jewel bearings. ‘ oe 
: Thus war has introduced in America two more fndusteied mat.” oe 
re >» fiebure: of synthetics and fabrication of instrument jewels. That of 
ae making ip exaoee presumably should survive after peace is declared: - ~~ 
.>. . Small ball’ bearings have replaced’ jewels:in watches and some ~~ 
es Apsizymnente, but it is not believed that. this substitution will ee “oy 


ae oe an 


ae eee in ‘this. year, the: Cre of Thdia cael of Ceylon ae 
Pa “other. it could furnish 8,000. sapphires and garnets for instrument =... 
Jewels; further, whether. this material could be cut by local‘lapidaries ° 
|... into instrument jewels:. Owing to a shortage of skilledglapidaries, 
=the: Colombo’ Jewelers ePproached . were ae, to . Sitempt fo. es 
fe fabricate ‘the jewels. i ee oe 


se 
f oe a 
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JEWELRY INDUSTRY IN 1944 


The sales value of taxable jewelry in 1944 reached a record total of 
approximately $1,063,000,000, 7 percent above the previous high of 
$998,094,416 set in 1943. The gain is attributed principally to — 
increases in prices rather than to a larger volume. Sales were unusuall 
heavy during the first quarter, but from April to August they fe 
below the corresponding months in 1943, owing to an increase in the 
excise tax to 20 percent on April 1 and the belief, then current, that 
the war would end soon. The public had become accustomed to the 
new tax by September, and for the last 4 months of the year sales 
exceeded those of the corresponding months of 1943. Christmas 
shopping, which began as early as September because so many were 
overseas, also exceeded that of 1943. Diamonds, Swiss watches, 
rings, and gold-plated silver-based jewelry were the leading items. 
Medium-price articles sold best, although some very expensive 
items were purchased, probably as a hedge against inflation. 

Taxes on jewelry in 1944 were $152,765,380, an increase of 53.6 per- 
cent over those of 1943, due largely to the higher tax rate. 

Prices rose somewhat in 1944 but on the whole probably less than 
those of good clothes or other comparable commodities. 

The prosperity of the jewelry trade was based upon a record 
national income (161 billion dollars, compared with 147.9 billion in 
1943), a large number of weddings, much cash in the hands of the 
aves citizen, and subnormal competition for the American spending 

ollar. | 

Sales by wholesalers were somewhat less than those of 1943, and, 
owing to a shortage of labor and restrictions on the use of certain 
metals, their stocks decreased in 1944. The resale of old jewelry 
bolstered retailers’ volume. 

The retailers increasingly feel the competition by the department 
stores, and the sales of the latter show greater increases than those 
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of the retailer. A number of department stores conduct a brokerage 
business in used jewelry, said to be profitable. Upstairs distributors 
and door-to-door solicitors also compete with the sale of medium-price 
items, the bread and butter of the retailer. 7 
- The Canadian retailer had a good year, as did his South African . 
and Australian confreres, although each was plagued by a shortage 
of stocks. By the purchase and resale of old jewelry, a vestige of 
life is kept in the British trade. __ ; | | 
Costume jewelry is now a big business, sales running into several 


tens of million dollars a year. Base metals, silver, glass, ceramics, 


plastics, and a host of other materials are used, and prices of individ- 
ual items have skyrocketed. | a eg 7 


POSTWAR PROSPECTS 


As to the postwar outlook, competition within the retail trade will 
be keen, but for a time the jewelry trade will have an advantage, for 
its reconversion: should be rapid. One encouraging factor is that 
during the war many Americans have repressed a desize to spend 
money on beautiful things. However, if in the postwar period a 
substantial reduction in the national income occurs, the jewelry 
trade will be more adversely affected than trades dispensing food, 
clothes, and other necessities. With the re-entry of the European 


cutters into the market, gem cutters in the United States, South 


Africa, and Palestine will have keener competition. Some of the 


+ et 


war-born cutting centers are likely to shrink in size or disappear. 
Although the consumption of industrial diamonds may decrease for a 
time, their expanding use in drill bits and wire-drawing dies indicates 


that the industrial market will be well-maintained. 
_ FASHIONS IN JEWELS 


Diamonds always show to best advantage when set in white metal, 
Until the war is over, palladium serves as a reasonable substitute for 
platinum, but thereafter platinum, without much doubt, will be the 
mounting par excellence for fine gems. Gold, often in two or three 
tones, was used, particularly in mounting colored stones; silver for 
the less precious stones. Even ultrafashionable jewelers began 
mounting garnets and other less costly but effective gems with 
diamonds, rubies, and sapphires. Flower designs (sometimes mounted 
on springs), ribbons often tied in bowknots, butterflies, and tiny 
animals were popular, and Victorian jewelry sprang into popularity. 
Egyptian motifs in necklaces are effective. Multiple-use jewelry 
and single-gem ensembles, clips and pins worn on coats, gowns, and 
hats, bracelets, earrings, and rings remained popular, whereas choker 


collars and hair ornaments were innovations. Stones of tremendous. 


size are worn in rings, bracelets, and pendants. The double-ring 
ceremony now predominates at weddings, the service husband desiring 
a tangible link with his far-off wife; even double engagement rings 
are now used, the groom-to-be wearing a seal or crest ring. : 

Melee (small diamonds) to mount fine gems continued to be in 
short supply and expensive and were replaced in part’ by cabochon 
rubies and sapphires. Diamond, ruby, and sapphire (multicolored 
sapphires continued their vogue) led in popularity, followed by 
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topaz (true and.citrine), aquamarine, emerald, and amethyst. Many 
other stones were worn, and the peridot is deservedly gaining 
popularity. : | 

The ever-insistent demand for diamonds caused colorless, then blue 
and red, stones to be dominant, followed by yellow, green, and purple 


stones. | 
DOMESTIC PRODUCTION 


Tn 1944, the value of uncut stones from domestic sources used in 
jewelry and related industries approximated $41,000, which is sub- 
stantially lower than the $67,000 and $150,000 reported in 1943 
and 1942, respectively. The professional gem miner sought strategic 

‘minerals; the amateur collector did not have gasoline or tires to pursue 
_his hobby, and the tourist (the principal purchaser of domestic gem 
stones) was almost nonexistent. The western lapidaries, professional 
and amateur, largely cut stock collected in a happier day. A few 
' gem stones were byproducts of the intensive search for mica in the 
New England States. i Ete A ic ore a 

As producers, the leading States ranked as follows: Arizona, 
Wyoming, Colorado, Washington, Montana, and Oregon. os 

Turquoise was the leading gem produced, its value having been 
about $17,000. .Miami, Ariz., is a new locality. The Castle Dome 
Copper Co., Inc., states that in its open pit “occasional specimens of 
turquoise are uncovered during routine mining operations. Occur- 
rence is in the form of small veinlets. Although of sufficient hardness 
for gem purposes, most of this material is of a very pale-green or blue 
color, requiring impregnation with oil to darken the stones before 
they are of commercial value.’”? Presumably, the better stones are 
collected and perhaps sold by the miners. . 

W. P. King and two miners worked the King mine, 11 miles south- 
east of Manassa, Colo., for about 3 months in 1944. He estimates 
the value of the finished product at $7,000. The Hall and Ashcroft 
turquoise properties in Colorado were not operated. Apparently, 
the mine near Beowawe, Nev., did not operate in 1944, nor did Los 
Cerrillos in New Mexico. The Navajo and Pueblo silversmiths look 
to aa Arizona, and other States for the turquoise used in their 

ewelry. 

Agates, jaspers, and related quartz minerals probably were next in 
importance. Most of them are obtained in Washington and Oregon. 
Other producers were Montana (moss agates), Arizona (agatized wood 
and chalcedony), Idaho, Colorado (agates), South Dakota (agates), 
and Wyoming (Sweetwater moss agates). Scotts Rose Quartz Co., 
Custer, S. Dak., sold a little rose quartz for jewelry use and larger 
quantities of lower-grade material for rock gardens. 

Bert A. Rhoades reports that 3,000 to 4,000 pounds of jade (neph- 
rite) were mined in the Lander, Wyo., field. He and Byford Foster 
ran small cutting shops continuously and readily sold all they could 
cut. Three other cutters worked part time. Fred Abernathy sank 
a pit on nephrite in place, but the nephrite so far found is partly 
altered. In the summer of 1944 rough nephrite was being sold at 
$1 to $10 a peund. Some of the green jade is of good quality, and the 
black makes a good material for objets d’art. 

Chinese agents purchased 5,890 pounds of Wyoming jade during 
the year to be shipped to China after the war. 
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The Montana sapphire industry had a poor year. Virtually all 
this sapphire is used industrially, only a small percentage being set in 
jewelry. The Perry-Schroeder Mining Co. of Helena, Mont., operated 
during only the first 44% months of 1944. It produced about 4,500 
ounces of culled sapphire containing $200 to $300 worth of gem mate- 
rial. No other Montana sapphire mine operated. | 

Alfred M. Buranek reports that the Clay Canyon, Utah, variscite 
deposit was worked for a short time in 1944, and that some good 
nodular variscite was shipped to the East. Smaller amounts were 
recovered from the Grantsville (Tooele County) and Lucin (Box 
Elder County) deposits. He estimates the value of the 1944 Utah 
production at approximately $2,000. He adds that Japanese internees 
- collected some topaz from Topaz Mountain; that a little fine malachite 
and azurite were obtained from the Dixie Apex mine near St. George; 
and that other gem stones collected in the State included ‘‘snowflake 
obsidian” (Black Creek), jet (southeastern Utah), and agate and 
: ois enone: Chalcedony was also found near Fruita, Mesa County, 
Colo. 7 | : 

Dr. Stuart A. Northrop reports that some fine green smithsonite 
was produced in the Magdalena district, Socorro County, N. Mex. 

Other gem stones produced in the United States in 1944 were 
transparent albite (Newry, Maine), amethyst (Stow, Maine), aqua- 
marine (Newry, Maine; New Hampshire; North Carolina; and 
Virginia), caestum beryl (Maine), garnet (Arizona), golden beryl 
(Maine), obsidian (Arizona), peridot (Arizona), white topaz (Maine), 
- and colored tourmaline (Rumford, Maine). os 

In 1944, John Adair published a scholarly ethnologic study of 
American Indian silversmiths, entitled “The Navajo and Pueblo 
Silversmiths.” 


CANADIAN GEM STONES 


Apparently there was no gem-stone production in Canada in 1944. 

A. W. Jolliffe, of the Canadian Geological Survey, writes that in 
the Yellowknife Beaulieu pegmatites, Northwest Territories, small 
crystals of blue-green tourmaline are common; larger ones occur, but 
they are usually of poorer quality; red tourmaline is less common; and 
deep blue lazulite, possibly of gem grade, also occurs. He reports 
that sapphire is found in quartz at Outpost Islands, Great Slave 
Lake; cordierite, in the same region; fine chiastolite at Quyta Lake, 
20 miles north of Yellowknife, and translucent brownish to mauve- 
pink andalusite in quartz bodies cutting aluminous sediments. 


ACCESSIONS TO MUSEUMS 


Dr. E. P. Henderson, of the United States National Museum, reports 
that a cat’s-eye emerald of 4.56 carats was added to the Roebling 
collection in 1944. The chatoyant band is well-developed, and the 
color of the emerald is a good green. He adds that a new mineral, 
brazilianite, from Brazil, a hydrous sodium-aluminum phosphate, has 
gem possibilities; and Dr. Frederick H. Pough, of the American 
Museum of Natural History (New York), reports that he has two 
gems, each of about 20 carats, cut from brazilianite. They are slightly 
green-yellow in color and very brilliant, ~~ 
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__A number of rock-crystal seals belonging to former Emperors of 
China have recently been placed on exhibition in the Philadelphia 
Museum of Art.. They and many other examples of Chinese art were 
given to the museum by Major General and Mrs. William Crozier of 
Washington. : er ee | 

| - IMPORTS! 


‘The value of imports of precious and semiprecious (real and imita- 

_ tion) stones, exclusive of industrial diamonds, totaled $77 529,806, 8 
percent more than in 1943. The value of imports of rough diamonds, 

emeralds, pearls, and “other precious and semiprecious stones” in- 
creased, whereas that of cut but unset diamonds decreased. 


Precious and semiprecious stones (exclusive of industrial diamonds) imported for 
: consumption in the United States, 1943-44 


ee a 1943 1944 
Commodity : 
Carats . Value Carats Value — 
Diamonds:. | ‘ . 
Rough or uncut (suitable for cutting into gem 
stones), duty free__......-..------2.----_ 8 eSece 751, 240 | $37, 443, 240 896, 547 | $43, 445, 219 
‘ ae but unset, suitable for jewelry, dutiable.____- - 198,701 | 31, 458, 089 169,097 | 29, 263, 121 
meralds: — : = 
Rough or uncut, free..._.-.--__.._- et oesits See 248 1, 966 
Cut but not set, dutiable....._-. ee 3, 194 32; 508 38, 666 81, 233 
‘Pearls and parts, not strung or set, dutiable: 
Natural__.___- TEI RAR caine ha ee ree no 167, 284 |_--- 242, 221 
Cultured or cultivated_-_-__.__- eevhadecswecsesS cup lhecece cuss (ii) Peete ereecerece 15, 394 
Other precious and semiprecious stones: : .. 
Rough or uncut, free. ___._... 2-2 |e 47,726 |..--..-____. 105, 401 
Cut but not set, dutiable___..............:._____._|_........... 2, 590, 931 Jo... 3, 725, 453 
Imitation, except opaque, dutiable: 
‘ Not cut or faceted_.......-. 2-222] 2,621 {....-.-- 22. 14, 550 
Cut or faceted: 
BYNCNCHC conde oe see oes cs ee es 167, 166 J----2- . 608, 718 
; MYCN Ss o2 Sars a ee ph eee et Ieee cnt, 102, 450 |_.__.--.-___ 23, 887 
Imitation, opaque, including imitation pearls, 
dutiable__.___-..-..-...22.-2.0-.2 ee eSocususs! 8,149 | 23, 113 
Marcasites, dutiable: Real.........-.....______. Secale ll 96, 154 |... 84, 828 


. «Wee 72, 116,673 |... 77, 529, 806 
Se a Sn BN SOI 
| GOVERNMENT REGULATIONS 


In January 1944, the use of gold and palladium in the manufacture 
of jewelry was liberalized, and on August 14, 1944, all restrictions were 
Tremoved by the War Production Board, the two metals no longer being 
in short supply. The restrictions against copper interliners in gold- 
plated and gold-filled stock were almost simultaneously modified. 
Iridium was released from allocation on July 21, 1944, although the 
conservation provisions of the allocation order remained in force. The 
supply of this metal has been increased. No release of restrictions on 
the use of platinum can be expected for some time, as military and es- 
sential requirements for the metal remain large. 

The War Production Board virtually prohibited the sale after 
March 1, 1945, of any jewelry containing tin. 

Although brass may be used for silver-plated flatware, no nickel is 
available for production of nickel-silver. As the silver trade must de- 
pend entirely on newly mined silver, the production of silverware in the 
United States is small today. 


1 Figures on imports compiled by M. B. Price, of the Bureau of Mines, from records of the U. S. De- 
partment of Commerce. 


ee ee poeta er 
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Government regulations for control of the jewelry industry are not 
confined to the United States. As of October 15, 1944, the Japanese 


Munitions Ministry required that all platinum in the hands of its 


citizens be sold to the Government, indicating the severe shortage of 
that important war metal in Japan. | 
~ Late in October, Sweden further restricted the importation of gold, 
platinum, and other valuables, presumably to prevent the Nazis from 
using Sweden as a haven for their ill-gained wealth. 1 
On August 1, 1944, Canada permitted the importation of jewelry 
from the United States. However, taxes.of one sort or another. are so 
high that it is unlikely that the trade can be large. On September 11, 
1944, Canada permitted free production of jewelry and silverware, 
except that of items in which tin or platinum is used. Price control 
continues. . bs cn 


EFFECT OF WAR UPON THE GEM-STONE TRADE 


Aerial bombing and artillery fire have doubtless destroyed some of . 


the fine, historical, ecclesiastical jewelry of Europe; for example, that 


of St. Gennaro, patron of Naples, said to have been sent for safekeeping | 


to the Monte Cassino monastery. 

In October, the State Department announced that that department 
and Great Britain had asked neutral countries to deny protection for 
the Nazi loot, including jewelry. Some of the latter is in safe-deposit 
boxes in neutral countries under non-German names. 

The war industries have borrowed from the jewelry-trade methods of 
precision casting, both the “ost wax” and plaster-of-paris methods. 

_ Although colored stones, especially ruby and sapphire, and many 
of the lesser gem stones have never been more popular, most of the 


world’s colored-stone mines (except those of Brazil) are shut down. 
Consequently, many of the colored stones used. today in jewelry are — 


coming from stocks or from old jewelry. The restricted supply 
accounts for the rise in prices. | 

With the fall of the Vichy Government, the diamond production of 
French Guiana, perhaps totaling 20,000 carats a year, fell into the 
hands of the United Nations. | | 

As the year ended, the Mogok ruby mines, heavily bombed in 
December, were still in the hands of the Japanese, but the Burmese 
jade and amber mines had been regained by the United Nations. 
The Mogok ruby mines apparently were won early in March 1945. 

Of course, the gem mines of Thailand and Indochina were still in 


- enemy hands. The shortage of fine cultured pearls, Japan-grown, is 


reflected in higher prices. 

The Chinese, having been until recently cut off from one of their 
principal sources of jade (Burma), are investing in fine jade, the stock 
of which is depleted. 

Our boys in the Armed Forces in India and Ceylon have purchased 
cultured pearls, synthetic gem stones, and glass imitations as real 
gems. The swindle is usually first detected when the ‘‘gems”’ are 
appraised by the American customs authorities or by some organiza- 
tion like the Gemological Institute of America. Similar tricks are 


age-old in the Orient, and even the expert is on his guard when buying . 


gems in the Kast. 
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On the other hand, some of our men overseas make worthwhile 
purchases, and the star sapphires, emeralds, and cameos they acquire 
may well be valuable heirlooms generations hence. : 


DIAMOND 


Although 1944, the sixth year of World War II, was not quite as 
good a year in the diamond industry as 1943, under the circumstances, 
it was much better than might have been expected. The demand for 
both industrial and gem stones was excellent. ? | 

Production expanded owing largely to greater production of bort 
from the BCK mines and of gem stones from South Africa. West. 
African output (Gold Coast and Sierra Leone) also may. have been 
larger. Stocks continued to decrease, consumption again exceeding 
production, particularly of industrial grades. 3 | 

Diamond cutting appeared stabilized at about 11,000 artisans, 
enough to satisfy the world demand for “virgin” cut, supplemented, 
as it was, by well-cut stones from old jewelry. : 

The price of gem stones (both rough and cut) increased, but in the 
early fall, when some foresaw the immediate reopening of the Belgian 
cutting shops, the price of small cut slumped badly. By the end of 
the year, however, the loss had been overcome. The price of in- 
dustrial stones remained stable. = 

Share dealings.—The shares of diamond-mining companies, virtu- 
ally all of which are listed on the London Stock Exchange, registered a 
slight loss during the year, their performance being less satisfactory 
poy that of the average stock on either the London or the New York 
exchange. | 

Market —Sales in 1944 by the Diamond Trading Co., which in pre- 
- war times sold about 95 percent of the world’s production, were some- 

what over £17,000,000 worth of rough, compared with £20,400,000 in 
1943, the record year. Sales of gem stones held up better than did 
those of industrials. At several of the “sights,’’ more stones could 
have been sold if there had been enough sorters to prepare them. 

The American retail trade prospered in 1944, and diamond sales 
probably reached a peak, topping those of 1943 slightly. Sales of 
diamonds at retail have probably doubled since World War II began. 
_ The price of fine cuttable rough continued to advance in 1944. 
Since 1939, small cut has tripled or quadrupled in price; fine cut 
stones have doubled in price, the increase in the case of larger stones 
being somewhat less. | 

Stocks of diamonds, both in the producers’ and the Diamond 
Corporation’s hands, have continued to decrease, and for some fine 
grades of industrials we are now dependent entirely on production. 

Imports.—The total value of imports of gem diamonds in 1944 ex- 
ceeded that of 1943, a gain of 16 percent in rough or uncut imports 
offsetting the loss of 7 percent in cut but unset diamonds. The 
quality of rough imports decreased somewhat, but that of cut, con- 
sidering the slight increase in price in 1944, was constant in the two 
years. 
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Diamonds imported into the United States, 1943-44, by countries 


[Exclusive of industrial diamonds} 


Rough or uncut Cut but unset 
Country i-3 Value Value 
Carats Cants | = 
Total Average Total Average 


FT (ee (a eel 


67 $12, 590 $187. 91 


19,693 | 1,341, 498 68. 12 


Ol 
19 2,010 | 105.79 
at 406 | 41,273 | ‘101. 66 


POM ie 2 oS gece este nh cee ee cede eos odes aes eee sence eaess 14 |. 1, 283 91. 64 
Portugals2- 2 os 22-2 4225.22. ccesececs 11 225 20. 45 83 10,888 | - 1381.18 
Portuguese Guinea and Angola. ...-.. 1, 664 40, 141 D41D see oad eee eee ed ecye san 
Switzerland...__..--.-.----.----------|----------|----2-------]----=---- 112 22, 773 203. 33 
Union of South Africa_.__.-.---.---.- 705, 429 | 35, 502, 163 50.33 | 33,394 | 6,667,871 199. 67 
United Kingdom of Great Britain and , 

Northern Ireland.._....---.-------- 20, 262 782, 350 38.61 | 25,336} 4,128, 516 162. 95 
Venezuela___._.----...----------+---- 7,777 352, 754 <A5;364)220e2 ssc eu|an te ea se rae Je 

751, 240 | 37, 443, 240 49.84 | 193,701 | 31, 458, 089 162. 41 
1944 ig 

Australis 2 os5- ods c ees se soses| ae aeons foie bt Se) eMincer ci i 500 500. 00 
Belgium and Luxemburg-._..--.----- a 5.00 |. 641 187, 063 213. 83 * 

TAZ oo cor cee cc eee eeoceesewe 25, 619 726, 378 28.35 | 25,031] 4,219,310 168. 56 
British Guiana_-__-.--- Mewenetroseseed 2, 613 64, 405 24. 65 61, 162 114. 97 
Cui oak es ee ee rai rae eh aback es! 43,683 | 6, 749, 686 154. 52 
Gambia and Sierra Leone.-_---------- 725 18, 164 18.16+| soto. 22 |eeleocee ss a] eects 
Gold Coast--..- Soy ceeseneeneeeee 1, 350 24, 860 1BAL | ce toec as | he aseet che esate nee 
Mexic0. oe 25 Sosa oce ecto ela pie prema tare ere eee ne, ee eee 1, 092 30, 738 28.15 
Netherlands. 2: jocesece0- ec ee hec| en cool see soe ee deeb cee ciesee 20 11, 423 571, 15 
Palestine and Trans-Jordan.. _-.---- Be | saewsStconlon ite ewes td eek eec ene 53, 883.| 9,337, 281 173. 29 
Union of South Africa ---...--- wocchiod 854, 239 | 42, 197, 278 49. 40 32,676 | 6, 514, 128 199. 36 
WBS. Bere ses ss acre eee wosuged| an Soae0t 1c]eaeen ce wes, eee ee ceed 1,486 | | 202,180 140. 79 

_United Kingdom of Great Britain 

and Northern Ireland...--..-------- 6, 201 233, 977 37.73 10,102 | 1,999, 650 “197.95 

Venezuela........-.-----------------+-- 5, 800 185, 152 S192 nce cece beseeeteseucleed sates 


eens | eterna | apeeeneenrereet | eet | nemtnemtnrenrtremnr | tent 


896, 547 | 43, 445, 219 48.46 | 169,097 | 29, 263, 121 173. 06 


1 Less than 1 carat. 


Cutting —Before 1940, about 90 percent of the world’s diamonds 
were polished in the Low Countries—Belgium and the Netherlands. 
Since then the industry has been widely scattered.over the world. 
The 11,000 artisans and apprentices (about one-third the prewar 
force) adequately supplied the world with cut stones, notwithstanding 
the fact that for perhaps 20 percent of their time they were unemployed 
(strikes, lockouts, and shortage of rough). The United States, 
Palestine, and Brazil are the current cutting centers. 

World production.—Owing to the war, accurate figures as to diamond 
production are not available. The figures given for 1944 production’ 
in the table that follows are entirely estimates, but the grand total 
is probably approximately correct. 

The world production of diamonds in 1944 is believed to have been 
valued at about $40,000,000. ‘The increase in caratage is due to an 
increase in BCK’s crushing bort production of some 2,650,000 carats; 
to expansion of output in Sierra Leone, the Gold Coast, and the 
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‘South-West African alluvial mines; and to an appreciably larger pro- 
duction in the South African pipe mines. The value as well as the 
production was larger, because of increased pipe production. Of the 
total, some 80 percent was industrials and 20 percent gem stones. _ 
Figures showing the production for 1940-44, corrected in minor 
Retin from those published in the chapter of this series for 1943, 
ollow. | : 


World production of diamonds, 1940-44, by countries, in metric carats” 
[Including industrial diamonds] 


Country | 1940 1941 1942 1943 | (estimeted) 
Africa: : Sg - 
ADRS 28502 popes ewasee 78A, 270 787, 000 1791, 850 794, 990 800, 000 
Belgian Congo_____.._.____-. 9, 603, 000 5, 866, 000 6, 018, 236 4, 880, 000 7, 540, 000 
French Equatorial Africa.__-. 116, 000 30, 000 20, 000 20, 000 5, 000 
French West Africa_._-..__- 1 75, 000 35, 000 20, 000 20, 000 20, 000 
' Gold Coast__.._...22-.22 2 1 825, 000 1, 000, 000 11, 000, 000 1, 000, 000 1, 000, 000 
Sierra Leone.__._._.-.._.___- 750, 000 50, 000 1 850, 000 850, 000 850, 000 
South-West Africa....._____- 30, 017 46, 578 56, 420 100, 000 154, 000 
Tanganyika 2__.---.---__. 6, 222 29, 052 40, 327 52, 998 53, 000 
Union of South Africa: aie ; 
WMesecs ooo e ote UOT, 447 cs. see ee ees aes t 170, 885 | 550, 000 
Alluvial... _. Lassie Seeoks 1172, 027 158, 422 117,628 | . 31381, 444 148, 525 
543, 474 158, 422 117, 628 302, 329 698, 525 
Bragil ic: csc oes cece 1 325, 000 325, 000 300, 000 275, 000 (4) 
British Guiana._...-.22-2.-2-_-- 1 26, 764 27, 000 : 27, 000 
Other countries §_....-.--..-___. 81, 750 34, 350 40, 836 29, 650 34, 000 
18,016,497 | 9, 188,402 | -9, 282,297 | 8,351,967 | 6 11, 500, 000 
1 Estimate. 


. 2 1940 and 1944: Exports; 1941-43: Production. 
3 Cape and Transvaal, without Namaqualand, estimated at 53,210 carats. 
4 250,000 to 370,000 carats. 
§ 1940-41: Borneo, India, New South Wales, U.S. 8. R., and Venezuela (Venezuela produced, respectively, 
14,525 and 29,399 carats); 1942: Borneo, India, New South Wales, Rbodesia, U. S. S. R., and Venezuela 
(Venezuela produced 31,570 carats); 19438: Venezuela (23,020 carats), Borneo, India, New South Wales, 
U.S. 8. R., United States (Arkansas), and Bolivia; 1944: Venezuela (22,037.07 carats), Borneo, India, New 
South Wales, and U.S. 8. R. : 
6 Approximate, 


Industrial diamonds.—W orld War II has been fought not only by 
cannon and other heavy munitions but by industrial diamonds, 
quartz plates, calcite prisms, and cathode-ray tubes. The diamond 
in over-alls is used in making virtually every kind of war munition, 
owing to the closer tolerances gained and time saved by its use. 

Industrial diamonds. are normally a byproduct of gem mining. 
However, in the carbonado mines of Bahia, Brazil, and the large BCK 
mines in the Belgian Congo, the gem stone is the byproduct. 

Although the United Nations have at their disposal the production 
from about 99.9 percent of the world’s diamond mines, yet, notwith- 
standing the increased production of industrials in 1944, at least a 
quarter of the stones used by them must be drawn from stocks mined 
before the war. 

The supply situation of the United Nations is believed to be com- 
fortable. Japan, on the other hand, is desperately attempting to 
confiscate gem stones for industrial use, and the Germans were using 
sintered-carbide-tipped tools as a substitute. 

The demand for crushing bort continues at a record level. Dr. 
H. Whittaker emphasizes that the cheaper grades of industrials can 
replace the more expensive grades for most purposes at a saving in 


thes BE aii 
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cost. The consumer is learning to use the cheaper grades, as many » 


of the finer grades are in short supply. 


Owing to the exploration boom in the gold fields, more drilling was _ 
probably done in Canada in 1944 than ever before. The use of the 
diamond drill in blast-hole drilling is also expanding. _ ; | 

Fine, sound diamonds, some of gem grade, are used in making dia- 
mond dies. Since the war began, the United States has become self- 
sufficient in the production of dies, even those with small apertures. . 
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MILLIONS OF CARATS 


FIGURE !.—United States imports and average price per carat of industrial diamonds, 1919-44. 


Figure 1, prepared by Herbert Backman, illustrates the tremendous 
increase in use and the sharp decline in average price per carat of 
industrial diamonds during recent years. eet ae _ 

Imports of industrial diamonds into the United States during the 
past 5 years were as follows: | , : 


. 


Industrial diamonds (glaziers’, engravers’, and miners’) imported for consumption 
. in the United States, 1940-44 


_. Value... - veer ewe fee op Walue 


Year Carats : Year Carats : 
Total Average : Total Average 
1940_....--- 3, 809, 071 |. $11, 026, 563 $2. 89 |] 1943_-...-.- 12, 084,133 | $21, 890, 568 $1.81 . 
1941______.. 6, 882, 248 14, 908, 809 2.17 |} 1944._._-__- |  .12, 614, 507 22, 816, 827 1.81 
1942__....--| 11,203,704 | 22, 057, 577 1.97 


RUBY, SAPPHIRE, AND EMERALD 


The emerald mines of Colombia were not operated. The Burmese, 
Siamese, and Indochinese‘gem mines (largely sapphire and ruby) may 
have been operated on a small scale; they were in enemy hands. 
The Ceylonese mines were bled of labor by the island graphite mines. 
The production of gems, therefore, was small in 1944. 

An unusually large star sapphire was exhibited for sale in New 
York early in 1945. It is said to have weighed over 800 carats in 
the rough; it was cut into a stone of 392% carats. 
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LESSER GEMS 


Dr. Frederick H. Pough, in a series of articles that appeared in the 
Jewelers’ Circular-Keystone in 1944, has made an important con- 
tribution to our knowledge of the Brazilian gem stones. The articles 
contain valuable data on gem-stone prices received by miners in the 
_ field as well as dealers’ prices at Rio; geographical and geological 
occurrence of the various gems; the heat-treatment of some of the 

ems; and the Brazilian cutting industry. At present Brazil is the 
fanpect producer of the lesser gem stones. | . ee 

Up to the end of 1939, Australia had produced opals valued at 
£1,987,090. Incomplete returns for 1939 follow: New South Wales, 
£1,020; Queensland, £50 (only seven miners) ; South Australia (Coober 
Pedy field), £6,020—a total of £7,090. In 1944, it was reported that 
the black-opal fields were no longer operated. . 

The Anglo-American Corporation of South Africa and the South- 
West Africa Co. in 1943 formed the Kaokoveld Exploration Co. to 
prospect for minerals and precious stones in the Kaokoveld territory. - 
This area, of 40,000 square miles, is in the northwestern part of 
South-West Africa. —— : | 

Rubellite (red tourmaline) of excellent quality is reported to occur 
in Mozambique (Portuguese East Africa). a 


BIBLIOGRAPHY 


_ Avatr, Joun. The Navajo and Pueblo Silversmiths. Norman, Okla., 1944. 

AnpEerson, B. W.. Gemstones and the Spectroscope. Gems and Gemology, vol. 
IV, 1944, pp. 164-167. | 

Batt, Sypnry H. - The Diamond Industry in 1944, Jewelers’ Circular-Keystone, 
New York, 1945. 

ENGINEERING (London). The Manufacture of Synthetic Sapphires. Dec. 1, 
1944, pp. 425-426. 

Henverson, E. P. Black Star Spinel. Gems and Gemology, Summer 1944, pp. 
150-158. - 

Houpen, ‘Roy J. The “Punch” Jones and Other Appalachian Diamonds. 
Virginia Polytechnic Inst. Bull., vol. XXXVII, February 1944, pp. 4-32. ‘ 

Kraus, Epwarp H. The Might of a Crystal. Michigan Alumnus Quarterly 
Review, vol. LI, October 1944, pp. 42-48. - 

Poveu, Freperick H. Today’s Facts about Brazil Gems. A Report to the U. 8. 
Jewelers. Jewelers’ Circular-Keystone, 1944, 12 pp. 

Rurr, Este. Jade of the Maori. Jour. of Gemmology, London, July 1944, 
pp. 379-381; August 1944, pp. 439-443, 559-561; 1945, pp. 22-23. 

Seaman, A. K. American-Made Synthetic Crystals (Sapphire). Gems and 
Gemology, Spring 1944, pp. 129-133. 


GEM STONES 


By Sypney H. Bauru 


SUMMARY OUTLINE 


Page Page 
Jewelry industry in 1945._...._-._._.._-_.__.. 1542 | Diamond_.._..-..-222222 2 -------- 1549 
Fashions in jewels__.__._..-_.-----_-_-__-_-___- 1543 Share dealings.____.._.__..--2--.-22--- 2. ©1549 
Domestic production..___..-..-.---- 2 _-___ 1543 | Imports.........- 2-2-2 eee eee 1549 
Canadian gem stones.._.._....__.__-_-_--_.-_-- 1546| Cutting.._.--.--.--2- 22 ee - --- 1550 
Accessions to museums.__.....-..--..-------.- 1546 | World production_.......--.-....-----_-... 1551 
Nomenclature______...._-.2----.------------- 1547 Industrial diamonds_........-....-.-----.-- 1552 
Education in gem stones_._..._...._...-____.- 1547 | Ruby, sapphire, and emerald_.._.._.___-_____- 1553 
TM POrtSer.c oe v enon ee ee fe eal = 1547 | Lesser gems_____-..--2 eee eee 1554 
Government regulations.__...___-.-----_---_- 1548 | Bibliography__...._.....--_-_---- 22-2 eee 1555 


JEWELRY INDUSTRY IN 1945 


Jewelry sales (taxable) reached a peak in 1945 (tax, $198,944,988); 
in consequence, retail jewelry-store sales—considering nontaxable 
sales together with taxable sales by department stores and others— 
amounted to about $1,200,000,000, an all-time peak and a gain of 
some 12 percent over 1944. Sales in the first quarter of the year were 
distinctly below those of 1944; from April to July they exceeded those 
of 1944 by 20 percent. The surrender of Japan in August decreased 
but did not stop increased sales in August and September, and in the 
last quarter of the year sales forged ahead. Montana, Texas, and 
Utah showed particularly large gains. Christmas time sales reached 
unusual proportions. Admittedly, certain stocks were in short 
supply, but the populace had money and bought what was available. 
All holiday records were exceeded. Jewel sales, generally including 
diamonds, in five figures were not unusual. Americans were not the 
only heavy buyers; Brazilians and South Africans were equally 
extravagant. Retail jewelers’ stocks in America decreased somewhat 
during the year. | 

Sales by wholesale jewelry houses were up slightly from those of 
1944, and in dollar alis their inventories increased slightly in 1945. 
The wholesale trade centers in New York City. 

Jewelry prosperity in 1945 was built upon the people’s large war- 
time savings; demobilized GI’s returning home with their savings; a 
high national income; a flood of marriages (only slightly below the 
1943 peak); and the dearth of other durable goods to attract money 
from the industry. It should, however, be emphasized that in the 
past decade wealth has shifted from the “400” to the medium- and 
lower-income brackets. The carriage trade is almost extinct, and 
hereafter the retailers will sell fewer expensive items and more medium- 
and low-priced goods. 

The numerous women gainfully employed during the past 6 years 
have, on the average, spent more money on clothing and luxuries 
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than the housewives. In department stores particularly, sales of 
medium- to high-priced costume jewelry have expanded the business 
of the jewelry departments. : , 

Some jewelers anticipate a recession in sales; in consequence, the 
Jewelry Industry Publicity Board has had a study made of conditions 
in the industry, in the hope of maintaining activity in the future. 


FASHIONS IN JEWELS 


More jewelry was worn in 1945 than ever before. Platinum is 
again available for mounting, and we may expect to see palladium 
relegated to the side lines, except in earrings and certain clips, where 
its lightness is a distinct advantage. Stones mounted in invisible 
seule are particularly attractive. Two-toned gold retains its popu- 
arity. | | 

In view of the shortage of skilled goldsmiths, the work of the de- 
signers merits praise. On the whole, designs were lighter and more 
artistic than in recent years. The three most popular motifs— 
flowers (sometimes in sprays or bouquets); sunburst, star, and snow- 
flake designs; and leaves—were attractive. 

Necklaces, particularly the flexible type fitting snugly to the neck, 
were fashionable. Clps were worn not only on dresses but attached 
to the necklace and on the hat. Earrings were in vogue due to the 
up-swept hair mode. Bracelets, singly or in groups, are as popular 
as ever. Rings were characterized by high pavé-domes, set with 
small stones rather than single gems. More and more they are being 
worn over gloves. Lanyards and barrettes, bandeaus, and stars for 
the hair are gaining in popularity. 

Old jewelry is still sold but was a less-important element in the trade 
than in 1944. 

Ensemble jewelry, three or four pieces set with the same gem, finds 
ready sale, as does jewelry that may be divided into two or more 
pieces as need arises. The double wedding-ring ceremony is now 
standard. | | | 

Marquise and other unusual diamond cuts are gaining in favor. 
Small diamonds for mountings are still in short supply, hence tiny 
cabochon rubies and sapphires in part supplant them. Diamond, 
ruby, and sapphire, including the lighter-color Ceylonese stones, led 
in popularity, followed by the yellow-brown gems (topaz and citrine), 
pearl, amethyst, turquoise, and aquamarine. Aquamarine held its 
own; amethyst and turquoise gained; but citrine and topaz, to a con- 
siderable extent, lost their appeal. The emerald had pride of place 
among the sophisticated. — : 

The ever-insistent demattd for diamonds caused colorless gems to 
be most popular, followed by red and blue gems; yellow, purple, and 
green gems were in lesser demand, in the order named. 


DOMESTIC PRODUCTION 


Mining for gold and mining for gem stones have been affected_by 
war more adversely than any other branches of the industry. Pro- 
duction value of gem stones in 1945 dropped to about $40,000, the 
lowest in a decade. The decline is attributed to shortages of labor, 
miring supplies, tires, and gasoline. The gem hobbyists and the 
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amateur and semiprofessional lapidaries could not replenish their 
stocks of rough; and most of their best customers, the touring auto- 
mobilists, stayed at home. Further, the supply of most strategic 
minerals became adequate early in the year, and pegmatite mining 
waned. It should be stated, however, that pegmatite mining during 
the war furnished disappointingly few gem stones. Late in the year, 
gasoline and other supplies became available; and this, with the return 
of men from the war, will doubtless encourage greater production in 
1946. . 
Oregon and Washington lapidaries were active in 1945. There are 
at least 50 shops, and the value of the 1945 output.is variously. esti- 
mated at $100,000 to $500,000. Pd 7 eee 

For the first time the value of jade produced certainly exceeded that 
of sapphire and probably that of turquoise. In 1945 Wyoming. | 
produced a number of tons of light-green nephrite and almost as much 
black jade. The publicity the press has given Wyoming jade (all 
produced from float) has attracted a number of outside prospectors to 
the State. The largest boulders yet found were located during 1945.. 

There are three professional and half a dozen amateur cutters at 
Lander, and the Lander region remains the chief producer. . Black 
nephrite, which takes a fine polish, is being obtained from the Red 
Desert. Discovery of jade in the Laramie Range is reported. The. 
white “jade” said to have been found near Kemmerer is, according to 
reliable information, chalcedony. The so-called jade. as found is sold 
at $1 to over $5 a pound. .When peace is restored, China, may well 
become a good market for Wyoming jade. (Personal communications 
from Fred Abernathy, H. C. Dake, O. W. Plaga, Bert A. Rhoads, and 
Horace D. Thomas.) | | | | fa Sine ee oe 

Alaska jade appeared on the market in 1945. The locality, on the © 
north side of Kobuk River, has been well-known to the local Eskimos 
and Indians since the Thule stage of Eskimo culture (A. D. 600 to 
1600).'! Late in 1945 the Arctic Exploration Co. of Fairbanks located 
mining claims in the district and flew a considerable shipment of jade 
to Fairbanks. Some of the material is stated to be of gem quality, 
but most is fit only for objets d’art. The Chinese have purchased 
some of it. It is reported that three or four men were collecting 
boulders from the bed of Kobuk River last. summer. The better 
Alaskan material compares favorably with the better New Zealand 
nephrite. It is suitable for tourist jewelry and objets d’art. 

Turquoise is occasionally found at the Castle Dome copper mine in 
Arizona. It is “high-graded” by the miners and sold in Miami or 
Globe. Some of it is of fine quality. A company official states— 

As in the past, turquoise of an undetermined ‘amount was recovered during 
routine mining operations. As a whole, the quality of the material recovered at 
greater depth has improved, both in hardness and in color, the latter occurring 
in the lighter shades of blue. 

Turquoise mining was relatively active in Nevada, particularly in 
the Tonopah and Battle Mountain districts. Most of the material 
is shipped to New Mexico, although some is cut locally, there being 
five cutting shops at Battle Mountain (personal communication, Jay 
A. Carpenter). Alfred L. Ransome states that the lessors, Lee Hand 


1 Ball, Sydney, H., The Mining of Gems and Ornamental Stones b j jans: 
Ethnol., Anthropol. Paper 13, 1941, p. 37. Pree eee ae eee he 
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and Paul Bare, of the Pedro claim on the Copper Basin property of 
the Copper Canyon Mining Co., Battle Mountain, produced 3,601 
pounds of cobbed turquoise in 1945. The Elko County mines appear 
to have made no shipments in 1945. 

In Colorado the King mine, now renamed the Lickspittle, was 
operated in 1945 by Charles King of Manassa, Colo. Twelve men 
were employed. The Hall mine, near Villagrove, Saguache County, 
will soon be operated again. There are rumors of a new turquoise 
deposit in the Cripple Creek district. New Mexico produced no tur- 
quoise, although Indians sorted some material from the dumps. 
Stuart A. Northrop states that the Indian jewelers are using chryso- 
colla, malachite, and chalcedony, largely from Arizona, as substitutes 
for turquoise. Reports indicate intermittent work on the turquoise 
deposit near Van Horn, Tex. 3 

The agate deposits on the Priday property in Jefferson County, 
Oreg., a large producer by hand methods, are to be operated mechan- 
ically in the future (personal communication from Dr. H. C. Dake). 
The moss agate deposits of Yellowstone River in Montana, long pro- 
ductive, are said to have produced less than usual in 1945. The 
easily accessible material is exhausted. Philip S. Hoyt produced 
some chalcedony in New Mexico and Arizona, which, after staining, 
' is set in costume jewelry. Considerable rose quartz was produced in 
South Dakota, but most of it (which was poor quality) was sold to 
decorate rock gardens. Some fine rose quartz was found at the Bon 
Ami workings at Plumbago Mountain, Newry, Maine, according to 
Stanley I. Perham. | 

Utah produced less variscite in 1945 than in the recent past. Junius 
J. Hayes reports that the Clay Canyon deposit (Utah County) pro- 
duced about 1,000 pounds; that the Amatrice Hill deposit near 
Grantsville (Tooele County), although not regularly worked, produced 
about 200 pounds; and that the Lucin deposit (Box Elder County) 
probably was not worked. - 455 

No sapphires were produced during the year in Montana; as Dr. 
Francis A. Thomson explains, they have lost their commercial market. 
to the synthetic stones. A little ruby and sapphire were reported to 
have been produced in Franklin and Clay Counties, N. C. Charles 
E. Hunter reports that Linten B. Greene procured a fine sapphire at 
the Corundum Hill mine, Macon County. It is a deep-blue tabular 
crystal ¥% inch thick and 1 inch across. He intends to keep it in his 
collection as a rough crystal. 

Dr. A. M. Butler reports that a considerable amount of ‘‘marek- 
anite”’ (black obsidian nodules in Arizona perlite beds) is beirg cut 
cabochon and set in “Indian” silver jewelry. The Superior district 
-south of Queen Creek is the most important locality. 

Eldred D. Wilson (Arizona Bureau of Mines Bull. 152, Tucson, 
Ariz., October 1944) estimates the production value of precious stones 
in Arizona from 1900 to 1921 at $300,000, an average of $13,636 a 
year. In recent years production has been much less. Wilson lists 
the precious stones found in the State, apparently in order of produc- 
tion, as follows: Turquoise, silicified wood, oxidized-copper minerals 
(azurite, malachite, and chrysocolla), garnet, peridot, Mexican onyx, | 
opal, tourmaline, and obsidian; and, of less importance, rock crystal, 
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amethyst, chrysoprase, agate, dumortierite, and catlinite. Small 
pyrope garnets and peridot are collected by Navajo Indians, the former 
from Garnet Ridge and Buell Park in Apache County and the latter 
from the same localities and from west of San Carlos, Gila County. 
At the latter locality, peridots of over 233-carat weight have been 
found. 

Deep blue dumortierite resembling lapis lazuli occurs as boulders in gravel along 
the Colorado River 30 miles north of Yuma. . 

Mrs. E. M. Roe states that ‘only one Sioux Indian mined catlinite 
at Pipestone, Minn., in 1945 but that a number of returned Indian 
servicemen expect to dig catlinite and fabricate it. 

When the test atom bomb was dropped in New Mexico, the sand 
near the crater, according to the press, was fused to a grayish green 
glass. It was dubbed “atomsite,” and souvenirs are said to have 
been made from it. | 

The States and Territory leading in gem production in 1945 were 
Wyoming, Oregon, Alaska, Nevada, Utah, and Arizona. 

Other gem stones produced in small amounts in 1945 include agate 
(Idaho, Wyoming, and Luna and Sierra Counties, N. Mex.); amazonite 
(Amelia, Va.); amethyst (North Carolina and Mineral Valley, Millard 
County, Utah); aquamarine (Mitchell, Yancey, Avery, Macon, and 
Ashe Counties, N. C.); asteriated rose quartz (Newry, Maine); 
chalcedony (Nevada); citrine (North Carolina); emerald (Mitchell 
and Yancey Counties, N. C.); garnet and golden beryl (Mitchell 
County, N. C.); jasper (Idaho and near Hot Springs, N. Mex.); 
moonstone (New Mexico and: Mitchell County; N. C.); moss agate 
(Wyoming); opal (Idaho and Virgin Valley, Nev.); opalized wood 
(Nevada and New Mexico); rock crystal (Hot Springs district, Ark.); 
sapphire (Idaho); green smithsonite (Magdalena, N. Mex.), and 
smoky quartz (North Rumford, Maine). 

Heizer and Treganza have written an interesting article on the 
California Indian Mines and Quarries (see Bibliography). Thev list 
142 sites worked by the Indians for various stones. Turquoise, quartz 
erystal, chrysocolla, chrysoprase, tourmaline, and malachite were 
among the gem materials used. They found that the San Bernardino 
County turquoise mines were worked by the Pueblos of New Mexico 
and Arizona, who made periodic trips to the mines. 


CANADIAN GEM STONES 


Canada apparently produced no precious stones in 1945, but a 
number of amateur lapidaries, particularly near Toronto, cut such 
Canadian rough as they could get. G. G. Waite,? an amateur lapi- 
dary, lists a large number of Canadian precious stones suitable for _ 
cutting; few, if any, of them are of commercial importance. Some of 
the Thunder Bay amethyst, however, is of fine color. 


ACCESSIONS TO MUSEUMS 


The National Museum, Washington, D. C., has added several fine 
gems to its collection, notably an unusually large and fine green 
chrysobery] (120.45 carats) from Ceylon and a zincite (5.12 carats) 


? Waite, G. G., Contributions to Canadian Mineralogy: University of Toronto, No. 49, 10944, pp. 75-78, 
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from Franklin, N. J. During the year the American Museum of 
Natural History acquired a 16-carat cut zincite and a 19-carat oval- 
cut brazilianite. The latter gem is of pleasing lemon-yellow color and 
quite brilliant, although it is so soft that it is suitable only for mount- 
ing as a pendant. The University of South Carolina recently acquired 
the Colburn mineral collection of Southern Appalachian gem stones, 
comprising notably representative specimens of hiddenite, rhodolite, 
and emerald. 

During the year, the well-known star sapphire, The Star of Artaban 
(300 carats), was presented to the National Museum in Washington. 


NOMENCLATURE 


The Precious Stone Dealers Association of New York on October 
11, 1945, adopted preferred names for gem stones. The use of a 
geographic designation (“‘Burma sapphire,” for instance) for precious 
stones similar to the normal type produced by the country named, 
even if the stone may come from another country thousands of miles 
away, is highly recommended. It is poor practice, however, to name 
any member of the quartz family ‘‘topaz’’; the proper name for yellow 
or brownish rock crystal is “citrine” or less acceptably ‘topaz quartz.” 
Even the latter term is incorrect and undesirable. The association 
attempts in its nomenclature to draw a sharp line between natural and 
treated stones. The nomenclature committee consisted of H. N. 
Paskow (chairman), Leo Nathan, and Thomas H. Benedict. 


EDUCATION IN GEM STONES 


GI’s are now permitted, as an educational benefit for service 
rendered, to enroll in the courses of the Gemological Institute of 
America. Gem courses in American institutions of learning apparently 
have a record number of students. The Australian Gemological 
Association has been formed to advance the knowledge of gem stones 
in that continent. | 

The Gem Trade Laboratories, Inc. (36 W. 47th St., New York City), 
sponsored by the colored-stone and pearl merchants of the city, now 
identifies stones and will make tests of them on a commercial basis. 
Dr. A. E. Alexander is in charge. 

A new film, The Magic Stone, publicizes the diamond. 


IMPORTS 


The value of imports of precious and semiprecious real and imitation 
stones, exclusive of industrial diamonds, as listed by the United States 
Department of Commerce, totaled $114,435,231, 48 percent more 
than in 1944. The great gains were in polished diamonds and in cut 
stones of other types, both natural and synthetic. The figures for 
imports follow. 


3 Jewelers’ Circular-Keystone, National Jewelers: November 1945, p. 214, 
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Precious and semiprecious stones (exclusive of industrial diamonds) imported for 
consumption in the United States, 1944-46 


1944 1945 
Commodity SEeSEERGERERtnnY EaAenREEEneRnED 
Carats Value Carats Value 
Diamonds: — 
Rough or uncut (suitable for cutting into gem 
stones), duty free__--__-.-------..--.---..--_.--. 896, 547 |$43, 445, 219 893, 761 | $43, 122, 622 
zn a ag unset, suitable for jewelry, auhaile eceteole 169, 097 | 29, 263, 121 377, 243 | 64, 185, 406 
meralds: | 
Rough or uncut, free. .......--...-.--.------------- 1, 966 1, 668 1, 085 252 
Cut but not set, dutiable_...-.........-.-2 220 2 2. 38, 666 81, 233 106, 684 181, 834 
Pearls and parts, not strung or set, dutiable: 
Naturales: =2o. sete doe eee ett esse 242, 221 |.__.-.-___-- 352, 947 
Cultured or cultivated .......-.----._-..-.--------_|-----.------ 15, 394 {-_.-__- eee 155, 548 
Other precious and semiprecious stones: 
Rough or uncut, free___...----..-...--.--------.---|---.--- +e 105, 401 |_.....--.--- 134, 698 
Cut but not set, dutiable........_.------- ee}. 3, 725, 453 |-..---....-- 5, 118, 937 
Imitation, except opaque, dutiable: 
Not cut or faceted.__..-. 2-2 |o ee, 14, 550 |__.--_--...- 3, 220 
Cut or faceted: 
Synthetic. cses ses. sweet eset c tess occ} eeectcuecuke 503, 718 |.-..----_.-- 805, 838 
Other ex cp ei ea eek a eee apeee cae 98, 887 |__..--_- oe 242, 988 
Imitation, opaque, including imitation pearls, duti- 
ADIOr soo oso ese ee eee ee ooea ek es oe ee 23,113 |....--.-.-.- 31, 136 
Marcasites, dutiable: 
ROS) 253 osc0 teens See sesteeslecs Peed sabe st cesl owe |ien coee-2e24 84,828 |__...__.--.- 101, 140 
Imitation: =. o2 22 wcecesss sos foe eck ws eeoe cue Wen ee soede ees dee boc ccs ude se ees 3, 665 


Seve. cectes 77, 529, 806 |_-_------..-| 114, 435, 231 


GOVERNMENT REGULATIONS 


The end of the war has not diminished greatly the number of 
Government regulations affecting trade in precious stones. 

In the United States, the OPA relinquished price control on “syn- 
thetic and semiprecious stones for jewelry purposes” on October 15, 
1945. On December 27, the United States Government liberalized 
the export of jewelry, including that containing diamonds, but has 
refused to reduce the excise tax (20 percent) on jewelry ‘sales, an 
element that encourages a black market in the jewelry trade. Canada 
early in the year removed price controls on jewelry. 

As a postwar measure, during the year Australia permitted the 
import and export of jewelry. On October 21, 1945, Mexico removed 
the export duty on silver jewelry, even if set with stones of local 
origin; and Argentina, as of May 4, unified at 5 percent its sales 
tax on jewelry. In the fall Mexico imposed a 3-percent sales tax on 
jewelry. As of October 1945, South Africa still required export 
permits for gold and diamond jewelry. Late in the year the Italian 
Government removed the ban on trade in precious metals and gems. 

To protect its mines and its cutters of precious stones, Brazil 
(January 22, 1945) required import licenses for all precious stones, 
diamonds, and quartz crystals; after May 25, 1945, upon presentation 
of import licenses, 1 unit of cut synthetic gems could be imported, 
provided at the same time 10 units of rough synthetic gems were 
imported. 

In Uruguay the sales tax (February 23, 1945) on jewelry became 
13 percent. On March 31, 1945, France increased the luxury tax on 
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jewelry sales from 10 to 25 percent, and late in the year Bolivia 
increased the luxury tax to a point that threatens the disappearance of 
jewelry from the retailers’ shelves in that country. | 

As to taxes, the Quebec jewelers find themselves in what would be 
a ludicrous position, were it not serious. Their sales are subject to 
a 25-percent Federal tax, a 6-percent Provincial tax, and a 2-percent 
municipal tax. 
, DIAMOND 


Nineteen forty-five was a highly prosperous year in the diamond 
industry. The sales of the Diamond Trading Co., the principal 
seller of rough stones, reached £24,500,000—an all-time peak; pre- 
sumably, the sales of cut goods also attained a record. Indeed, the 
United States imports of cut were appreciably above those of the 
lush 1920’s. Again consumption greatly exceeded production, and 
the drain on stocks was heavy. Stocks in certain categories of both — 
rough and cut are depleted, and in no grade are they large. In 
consequence, both the gem and industrial diamond trades must look 
more and more to current production for their diamonds. Additional 
mines are being equipped, but no great increase in production can be 
expected for 3 or 4 years. 

World production was almost 14,000,000 carats, a fifth greater than 
that of 1944. Of the total, 83 percent by weight were industrials 
and 17 percent gem grades. 

The price of gem rough again advanced, although there has been 
no increase in the wholesale price of industrials in 7 or 8 years. Uncut 
gem diamonds are now quoted at more than twice the prewar price. 
Cut has never been so high. Since 1939, melee has at least tripled 
in price, and larger cut has more than doubled in price. The price 
of large stones (10 carats or more) is a matter of negotiation between 
buyer and seller. Fine cut, in the United States at least, was in 
short supply much of the year. 

Industrials, once a drug on the market, now represent about 20 
percent, in dollar value, of the world’s rough sales. Yearly the 
distinction between gem grades and industrials is defined more 
sharply. | 

With the war’s end, investment in diamonds has not ceased. The 
people of much of the world have more confidence in diamonds than. 
in their own courtries’ currency. | 

Share dealings —The shares of diamond-mining companies, virtually 
all of which are listed on the London Stock Exchange, gained about 
17 percent in 1945 as contrasted with the slight loss suffered in 1944. 
Strangely enough, quotations were affected oaly slightly by the sur- 
render of Germany and Japan, but much more so by sales of rough, 
dividend declarations, and publication of annual reports. Of the 
eight principal mining companies, all paid dividends in 1945, although © 
the yield at year-end prices varied greatly. ie 

Imports——Imports of gem diamonds into the United States in- 
creased from $26,186,948 in 1942 to $107,308,028 in 1945, or almost 
310 percent. ; 

The following table shows comparative figures of imports during 
1944 and 1945. The figures for rough are almost identical; those for 
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cut show an increase. respectively, of 123 percent by weight and 119 
percent by value. The grade of the imports was somewhat poorer 


in 1945 than in 1944. 


Diamonds imported into the United States, 1944-45, by countries 


[Exclusive of industrial diamonds] 


Rough or uncut 


1 Less than 1 carat. 
2 Effective Jan. 1, 1945, includes Gambia and Sierra Leone. 


Cut but unset 


Country Value Value 
Carats Carats 
Total Average Total Average 
1944 
Africa: 
British: 
Gambia and Sierra Leone__---_- me 725 $13, 164 S18516. eres oetk ps sparse Mee et 
Gold Coast_...._..-_-..--.------- 1, 350 24, 860 184) |e cece obese Slee ue 
Union of South Africa. ._-----.-_- 854, 239 | 42, 197, 278 49. 40 32, 676 | $6, 514, 128 $199. 36 
Australian: 138: s6u. oo els A eee ba ete ee se oes Ot ed ee 1 500 500. 00 
Belgium and Luxembourg...--------- () 5 5. 00 641 137, 063 213. 83 
Brazil sino s8 st eee oe ee se 25, 619 726, 378 28. 35 25, 031 4, 219, 310 168. 56 
British Guiana__......-..-.----------- 2, 613 64, 405 24. 65 532 61, 162 114. 97 
CUDA 6 oe tole See een tate abe | se lees Soe le cee tee EU oe Sea 43, 683 6, 749, 686 154. 52 
IMCXICO 06 ec ceca des ie tecctees ol Aedes ec Sl tee ool eed 1, 092 30, 738 28. 15 
Nethérlands:,..3.22.0 $f Bossche eee oe eh ence oe eee tl 20 11, 423 571.15 
Palestine and Trans-Jordan_.-..--.-.-|_-...___--|--_---~-----]---------- §3, 883 | 9,337, 281 173. 29 
WES: Ss Rite oe So eee a oe ete alle ee tal 1, 486 202, 180 140. 79 
United Kingdom_.___.._-.___----.--- 6, 201 233, 977 37.73 10, 102 1, 999, 650 197. 95 
Venezuela._....----------.----------- 5, 800 185, 152 BL O24 as eta cell ose Sec oe ec aS 
896, 547 | 43, 445, 219 48. 46 169, 097.| 29, 263, 121 173. 06 
; 1945 
Africa: 
British: 
British East Africa. ......-------- 7, 413 207, 556 7 ie eee eae Cres (NER OR Beene 
British West Africa ?__......-....- . 1,158 21, 402 18248: oe oo te See ee 
Union of South Africa_____.______-- 834, 393 | 41, 290, 329 49. 49 46, 096 | 10, 720, 816 232. 58 
ATP@nbiNG 2s Lew Sas ao t a eee cn Sees Le fo Ae ee 4 , 000 500. 00 
AUSU 1a So Fe oh on ON a he Mee Th Sore eel mecca hes 12 1, 136 94, 67 
Belgian Congo..__-___........----.--- 10, 054 86, 793 tN (eee eel tener akire al (Ueeaeme Ar ae 
Belgium and Luxembourg. .-___--.----|-..._.____|-.-----_---_|--__------ 104, 840 | 14, 612, 123 139. 38 
icc: (| ee ant en nec a en Sa SPCR 14, 349 628, 325 43.79 | 28,472 | 4,988, 175. 20 
British Guiana__..-.....---.--.------- 67, 471 116. 33 
Canada soe sot ied Joe dca beled 100 100. 00 
CUDa ese I an Ct 11, 489, 698 176. 71 
WPanC@. 2.230 <2 sce co Nese bae ete teh ee el aetak , oll 170. 70 
Germany. __.__...--____--- 133, 496 108. 53 
India and Dependencies_ 134, 641 191. 52 
Mexico_.__.--.------_----- 5, 003 555. 89 
Netherlands. _......-.-----..-.--.----|--- 520, 516 200. 28 
Palestine and Trans-Jordan 17, 684, 997 167. 00 
Portugal._.__....-_--_2- 2222-2 __ |e 6, 405 355. 83 
Switzerland___...--____------_---_-___|_e 39, 738 146. 63 
FS ae 5 eee ee ee ee RE CR De | PE Ree) |e 562, 617 157. 64 
United Kingdom__.___.._--___-___-_- 5, 699 173, 797 3, 176, 270 181. 14 
Venezuela. .._-----2_-------2 ee 3, 973 150, 414 37. 86 624 82, 668 132. 48 
893, 761 | 43, 122, 622 48, 25 377, 243 | 64, 185, 406 170. 14 


Cutting —Due largely to revival of part of the Belgian cutting 
industry, the number of artisans employed jumped from 14,000 at 
the end of 1944 to 25,000 at the end of 1945. The amount of rough 
gem material has not been increased proportionately; and, because of 
shortages of rough, there will presumably be considerable unemploy- 
ment in the trade in 1946. The best cutting of large stones today is 
done in the United States and the finest small cut in the United 
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States, Palestine, and Belgium. The Belgian industry has made a 
remarkable come-back and at the year end had 10,000 operatives. 
The other principal cutting centers are New York City, Palestine, 
Brazil, and Holland. ; 
| World production.-Owing to the war, accurate diamond-produc- 
_tion statistics are not available, but the estimates in the following 
table are believed to be fairly reliable. World production (gems and 
industrials) in 1945 is estimated to have been 14,257,000 carats 
(3.129 short tons), worth about $64,750,000. The quantity was 
about 22 percent greater and the value 35 percent greater than in 1944. 
Of the total, cuttables made up about 18 percent of the total, a smaller 
proportion than last year because of the large production of crushjng 
bort by BCK, a Belgian Congo producer. By weight, some 5,125 
pounds were industiials and 1,130 pounds gem stones. 

The Belgian Congo was the leading producer by weight (72.9 
percent), although it represented but 13 percent of the value. On 
the other hand, the British Empire, accounting for only 19.2 percent 
of the weight, represented 71 percent of the value. 

Compared with 1944, the Belgian Congo increased its production, 
by weight, 38 percent. Tanganyika Territory continued its gain in 
output; in consequence, DeBeers sent engineers to look over the field. 
DeBeers operated its Dutoitspan and Bulfontein pipe mines and is 
beginning to reopen Premier and New Jagersfontein, although it will 
be several years before these are producing. The South African 
alluvial production increased. The Venezuelan production continued 
to decrease, and that of Brazil probably was less than in 1944. 

The following table shows as accurately as available statistics per- 
mit world production for the past 5 years. 


World production of diamonds, 1941-45, by countries, in metric carats 


[Including industrial diamonds] 


Country 1941 1942 1943 1944 1945 
Africa: 
Angola_.....----.-_--.------ 786, 980 791, 850 794, 990 800, 000 786, 000 
Belgian Congo-__-..--.------ 5, 866, 000 6, 018, 236 4, 881, 000 7, 540, 000. 10, 386, 000 
French Equatorial Africa_._- 1 30, 000 1 20, 000 1 20, 000 1 5, 000 1 5,000 
French West Africa._-_-.-_-- 57, 726 1, 500 1 35, 000 1 60, 000 1 60, 000 
Gold Coast..........-------- 1 1, 000, 000 1 1, 000, 000 1 1, 000, 000 11, 000, 000 1 500, 000 
Sierra Leone_._...-_------..- 1 850, 000 1 850, 000 1 850, 000 700, 000 1 800, 000 
South-West Africa_._...._.-- 46, 578 56, 420 1 88, 000 154, 000 _ 156, 000 
Tanganyika_......---.------ 29, 046 41, 000 52, 998 90, 667 115, 666 
Union of South Africa: 
AN@S= on oiso se eee (Ose es |e tees ce ee 175, 885 639, 000 878, 713 
Alluvial_._....-.----..-- 158, 422 118, 821 126, 444 270, 000 262, 527 
Total Union of South 
rica__.---.----___- 158, 422 118, 821 302, 329 909, 000 1, 141, 240 
Brazil__...._--_-- pte lealedee 2st 1325, 000 1 300, 000 1 275, 000 1370, 000 1 275, 000 
British Guiana_.....-._.-_------ 26, 427 22, 208 18, 272 13, 911 17, 251 
Other countries......-_---------- 34, 350 40, 836 2, 650 34, 000 2 15, 000 
> Grand total__....__..-.---- 9, 210, 529 9, 260, 871 8, 347, 239 11, 676, 578 14, 257, 157 


1 Estimated. 7 
2 Includes Venezucla (12,769 carats), Borneo, India, New South Wales, and U.S. 5S. R. 
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Industrial diamonds —With the end of World War II, it was ex- 
pected that imports (roughly, consumption) would fall markedly. 
Many war contracts were canceled after VJ-day but imports, as to 
weight, held up surprisingly, although the drastic decline in value 
indicates that crushing bort formed an ever-increasing percentage of 
American imports. Consumption again largely exceeded production, 
and stocks were heavily drawn on and are perhaps dangerously low; 
certainly, they are largely depleted as to some sizes and grades. Manu- 
facturers of diamond-set tools have, through inertia, demanded of the 
trade a type of diamonds that may be in short supply. Provided they 
show ingenuity in using diamonds physically more or less similar, they 

ill find a fair stock at their disposal. American industrial diamond 
merchants probably have a relatively large stock. 


Thanks to the large production of BCK, the 1945 output of indus-| 


trials was an all-time record, but much of it was crushing bort, and no 
great increase in the production of bort can be expected for 2 or 3 years. 

After VJ-day, the United States Government removed many of its 
controls over industrial diamonds, although import and inventory 
controls are still in effect. The British Government removed all 
controls in the Empire in December. 

Diamond drilling was exceedingly active in 1945 due to the mining 
boom in Canada and the increasing use of diamond bits in stope 
drilling. Diamond consumption in drilling increased greatly. ‘Dia- 
- mond-impregnated wheels—the bond being a plastic, a ceramic 
product, or a powdered metal—are having wide peacetime use. 
Standardization of diamond powders has been accepted by the 
industry. War-born uses for diamond tools and dies insure a satis- 
factory peacetime demand. 7 : 

Figure 1, originally prepared by Herbert Backman several years 
ago, shows the tremendous increase in use and the sharp declinein 
price per carat in American imports in the last 27 years. 


7) 
a 
< . 
a 
4 
° 
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MILLIONS OF CARATS 


| 
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Imports of industrial diamonds into the United States during the. 
past 5 years were as follows: | | . 


Industrial diamonds (glaziers’, engravers’, and miners’) imported for consumption 
in the United States, 1941-45 


Value Value 


Year Carats ————_—_——— Year Carats 2 [>-—— > 
Total Average Total Average 
1941__-2...- 6, 882, 248 | $14, 908, 809 $2.17 |] 1944____._._ 12, 614, 507 | $22, 861, 401 $1.81 
1942___.___- 11, 203, 704 22, 057, 577 1.97 |} 1945.22... 2_ 10, 729, 869 12, 810, 932 1.19 
1943_ 222. 12, 084, 133 21, 890, 568 1.81 


RUBY, SAPPHIRE, AND EMERALD 


Of the world’s purchases of precious stones, at least 95 percent are 
diamonds. Because of this and because the types of the deposits of 
the ruby, sappnire, and emerald do not lend themselves to large-scale 
operations, successful gem mining by large companies is confined to 
the diamond. It is true that Burma Ruby Mines, Ltd., for over 
3 decades worked the Burmese ruby mines and that several entrepre- 
neurs have leased and worked the Colombian emerald mines, but 
such enterprises were failures. Fine rubies come from Burma; gem 
sapphires from Thailand, Indochina, Kashmir, and Ceylon; and 
emeralds from Colombia and the Urals in Russia. In the first balf 
of 1945, the United States imported from Russia 1,682 carats of cut 
emeralds valued at some $31,000, or roughly $18.50 a carat. The 
price suggests that the quality was poor. Today some of these 
‘deposits are shut down; Indochina and Kashmir are practically ex- 
hausted, or at least it is so reported; the Colombian emerald deposits 
are dormant; and during World War II the Ceylonese gem miners 
were recruited to mine graphite. Furthermore, the colonial laws 
made the marketing of gems complicated, if not almost impossible. 
Shipments from Ceylon to America are inferior to prewar shipments. 
The Ceylonese have more money than formerly to buy fine gems, 
and they have lost their European markets for, inferior gems. The 
native miners of Burma, Thailand and Indochina in 1945 continued 
to mine a few gems, although they could scarcely have sold many to 
the Japanese. Happily, the Burma ruby mines were reoccupied by 
the United Nations on March 20, 1945, and Thailand and Indochina 
later. : / e 
In consequence of the above circumstances, very few newly mined 
colored gems are coming on the market, and today we look to jewel- 
ers’ stocks and old jewelry for our supply. Some fine emeralds are 
being obtained from once-wealthy nationals of Spain and England, 
and rubies and sapphires from the out-moded jewelry of England 
and the Continent. The demand is insistent, but the supply is inade- 
quate. Although prices today are very high, they are likely to follow 
the law of supply and demand and go higher. | | 
Fine rubies, sapphires, and emeralds of size are hard to find in 
New York today and are by no means modestly priced. The New 
York market must also compete with the Far Eastern market, where 
colored stones are highly regarded, not alone for their beauty, but 
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also as the safest of investments. Compared with the diamond the .- 
noble gems, particularly the emerald, have a more restricted group of 
admirers, although these may well be the more intelligent and intel- 
lectual of the populace. The diamond, therefore, has a higher rank 
as an investment. 

At present, demand and supply are badly out of balance and will 
be in the immediate future, unless demand becomes less insistent. 

Our soldiers in the East continue to buy gems, and as amateurs 
they are commonly duped with synthetic or inferior gems. At times, 
however, they may pick up lucky bargains. Their purchases have 
forced up prices appreciably. 

It has been noted that colored glass used to direct traffic on Ameri- 
can airfields in Burma disappeared; it is a possible source of some of 
the “gems” the boys are buying. The members of the American 
Gem Society have offered to test free for veterans the stones {they 
have purchased. 

The Muzo and Coscuez emerald mines in Colombia have been shut 
down since 1938. The Colombian Government desires to turn the 
ownership of these mines from a liability into an asset. The emeralds 
in the Bank of the Republic owned by the Government, valued by 
Modero and Dixon at pesos 1,200,459.26, were said to have been. 
sold early in 1946 to an American jewelry firm for some $685,000 
United States currency. 


LESSER GEMS 


In America the opal has been used more in fine jewelry in the past 
year than for several generations; and our armed forces, when sta- 
tioned in Australia, bought many fine gems.. The stone’s beauty ° 
deservedly warrants its revived popularity. During the war few 
Australian opals were produced, and the Mexican production has been 
small, hence the price trend of all grades is upward. 

A new gem stone of considerable beauty, brazilianite, was dis- 
covered during the year. Zincite of an attractive deep-red color, 
from Franklin, N. J., has recently been cut into gems. Reference has 
been made to both of these gems in the section on Accessions to 
Museums and in the bibliography. 

The aquamarine remains one of the most popular gem stones, so 
popular, in fact, that blue topaz, which if fine in quality is a superior 
stone, is appearing on the market as a substitute. Price has moved 
up markedly, apparently to an unwarranted extent. Brazil is the 
premier producer, particularly Minas Gerais and to a lesser extent 
Cearé. Minas Gerais includes the production of aquamarine with 
tourmaline. In 1936 over 7,235,000 carats of the two gems were 
produced; since then production has fallen and in 1943 was only 
1,469,000 carats. Exports of aquamarine to the United States, how- 
ever, have increased considerably—in 1943 158,695 carats valued at 
about $232,000 ($1.46 per carat) and in 1944, 364,285 carats valued 
at $578,506 ($1.58 per carat). Brazil also produces a much smaller 
amount of kunzite, a few emeralds, a little topaz, fine garnets, and 
much rock crystal and citrine.t Brazil stains a certain amount of 
chalcedony to black onyx, some of the product being exported. 


*See also Pough, Frederick H., Jewelers’ Circular-Keystone, February 1945, pp. 143-144, 158-163, 
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The Madagascar gem-mining industry, which was negligible during 
the war, may revive, as certain French firms wish to import rough 
gem stones. 

The gem production of Ceylon during the war was small, labor being 
diverted to more important industries. : 

South African jewelry manufacturers are attempting to interest the 
public in the Dominion’s rather mediocre gem stones, the diamond 
of course, being the exception. 

It is reported that production at the Nishapur (Iran) turquoise 
mine has been very small during the past few years (personal com- 
munication from Lester S. Thompson). Lithuania is again beginning 
to produce and fabricate amber. Meerschaum was one of the princi- 
pal exports of Turkey before the war; to a certain extent the industry 
is reviving (1944 production, 9,520 kilograms). | 

Asteriated quartz colored blue is being offered on the market as a 
substitute for the star sapphire. 
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By SYDNEY Ai. BALL 


JEWELRY INDUSTRY IN 1946 


. JEWELRY sales in 1946 totaled some $1,709,000,000, an ee 
-ciable gain over the previous record year of 1945. For. the first 
6 months, sales by retail jewelers showed greater gains over those 


of the previous. year than did those of. other retailers. During the 


period many purchases of consequence were made, and the. question. 
of price was immaterial; thereafter sales dwindled, ‘and in the last 


Ph quarter the slight gain over. the corresponding period of 1945 was due, 


not to volume, but to higher prices. .The Christmas trade was slightly. 
less than. that of | 1945, and. high-priced goods—including fine dia- 
monds—moved slowly. . Customers were more discriminating and more: | 

_ interested in the quality of the goods offered. By the year end prices 

of mediocre diamonds were appreciably off. The more fashionable — 
stores fared less well than the average... Sales by wholesalers showed 
- greater-gains than did those of the retailers, and in eenbeauen’: retail 
| jewelers’ stocks increased: during the year. _ 

‘The 1946 prosperity of the industry was built on‘a high ridtionial’ 

income, full employment, an ‘all-time high in marriages, and -some 
drawing upon wartime. savings. _ 

-. On April 29, 1946, platinum was released for civilian use, and there- 
after . the industry. had all the raw materials .it. needed. In the fall. 
the last price controls were removed from jewelry merchandise. 

In. 1947 the jeweler will have: more competition for the consumer 
dollar from durable goods, and his customers will seek better values 
than in 1946. Sales could dip appreciably, however, and the industry 
remain prosperous. 


FASHIONS IN JEWELS 


With the war behind us, formal functions are increasing in number; 
in consequence, there is a more lavish display of jewels, ‘and many a 
fine gem has emerged from safety-deposit boxes. For evening wear, 
the white motif is dominant—platinum and diamonds or pearls, 
The latter have staged a slight come-back. Palladium is still being 
used, particularly in imposing earrings and clips, where its lightness 
is an advantage. Gold, often of several tones, 1s still widely worn, 
particularly with black gowns. Jewelr continues to gain in color- 
fulness; diamond pieces often are set with rubies, sapphires, or even 
less valuable colored gems. More women are acquiring jewelry 
especially designed to their taste. 

Styles in the past year have changed little; but there is a tendency 
to abandon massive designs, and many of today’ s designs are lacy 
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and delicate, with fragile look. Motifs were myriad; flowers were 
dominant, but leaves, bowknots, snowflakes, sunbursts, and pin- 
wheels were also popular. WE he. ee eee aan 

_ Clips, pins and brooches, bracelets, earrings, necklaces, and rings 
held their popularity; while the use of jeweled hair ornaments grew. . 
‘Bracelets and necklaces frequently were woven of flexible wire. 
Necklaces tended 'to be longer. Many had pendant. jewels and others, 
attached clips.. The vogue of pendants from earrings increased ; 
other earrings were clips attached to the top and bottom of the ears. 
_ Some women wore a number of matching clips of graduated size; 
others, two or more bracelets and even several necklaces. Ensembles 


of like gems and mountings, say, matching clips, earrings.and bracelets - ae 


are highly prized. Jewelry which can serve a double purpose—an — 
imposing pin separable into two clips or a necklace which can be | 
divided into. bracelets—is serviceable and. is. gaining in popularity. 


: __» Although the double-wedding-ring. ceremony has become normal, __ 
an attempt to duce men to wear more jewelry has been only slightly = =~ 


-successful. ove on 09 gs Ew al ag oe 
- -The demand for old jewelry, much of it. Victorian, is tapering off. 


Pa Small cabochon rubies and-sapphires replace melee diamonds in 


‘some jewelry. The diamond. was, by: far, the most popular stone, . 
followed by the ruby, sapphire, pearls (both natural and cultured), 
‘the emerald, aquamarine and. turquoise.. Fine aquamarine; while ~- 
“rare and expensive, holds its popularity; turquoise is. gaining, but 
citrine and topaz are losing ground. = ile xs 
-_ ‘The ever-insistent demand for diamonds: caused. colorless. gems. to 
be ‘most popu 
‘purple gem stones were in less demand, in the-order named. * 


DOMESTIC PRODUCTION 


... Plenty of gasoline and greater leisure have permitted the mineral 
hobbyist to collect more minerals, some of which warrant cutting. 
The lapidary industry, professional and amateur, in the Western 
States continues to expand markedly; and now that its best customer, . 
_ the auto tourist, is again on the road, the demand for cut-gem. stones 
has. increased. The American costume-jewelry industry, shut off 
_. during the war from European sources of supply, is a second outlet for — 
the product. In consequence, production of gem stones may have 
skyrocketed from an estimated value (at the source) of $40,000 in 
1945 to some $325,000 in-1946, but these figures are at best, rough 
estimates, ra ke @ Slt 
Prices during the year increased considerably, warranting the pro- 
. ducer in risking capital today that he would not have dared to do in 
prewar days. “Ae os . : 
Jade, followed by agate, turquoise, and then variscite, were the most 
important gem stones produced. Of the States and Territories, 
Wyoming led, followed by Oregon, Alaska, Washington, and Nevada. 
The jade (nephrite) industry of the Kobuk River region, Alaska, is 
likely to employ a few miners and may employ some of the local 
Eskimos cutting for the tourist trade. Nephrite occurs as float: and 
pebbles, also in place in the Jade and Cosmos Hills. Most of the 


- 


ar, followed by:blue and red’gems; green, yellow, and 
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“material is poor, but part is suitable for objets d’art and for tourist 
jewelry. The Arctic Circle Exploration Co. is the principal producer _ 
and fabricator.. B. D. Stewart, Alaska Commissioner of Mines, informs — 
the author that, in the summer of 1946, the company shipped 13% tons 
of jade and that a Fairbanks trader exported 100 pounds, some of 
which was of excellent quality.. Some of the material in the rough is 
worth $5 a pound, and selected material is said to have brought.$55 
-@ pound. < i | 


Wyoming increased its production of nephrite from the Lander 


‘region, and at least one new occurrence of jade in place is reported. _. 


Many miners from ‘outside the State visited the area in.1946.. There. 
‘are three lapidaries at Lander; in addition, some jade is exported to 
-_ China, where it is cut. Some of the rough was sold for as much as 
- $15 a pound. — Most of the material is of more or less the quality of 

New Zealand jade, although some is said to.be equal to that of Chinese 

- Turkestan.” Much of the jade land was. located .under the Placer | 


~ Ket, but apparently only in a few instances has enough work been done |. 


to hold them legally. Whether one buys or sells jade boulders, he 
- gambles, for in no case is the value of the material known.until it is.cut... 
“| After’ jade; agate and related quartz minerals, were the most. im-— 
‘portant gem stones produced and are the principal materials cut by 
the large number of. professional and amateur lapidaries in the.West.. 


~. Although: some deposits have been worked out, the numerous. agate - an 


‘prospéctors. have found deposits more than compensating for.the _ 
exhaustion of the old deposits. Where virtually all of the float has: 
“been collected, underground. work has started in several districts, a 
s+¢ondition permitted by the higher ‘price paid for the raw material. 
Dr. H. ©. Dake, Portland, Oreg., believes that central Oregon is the | 


chief producer. From a single pocket near Post, $8,000 worth of 


agate was recovered in 3 days, including a single mass weighing 186 
pounds, which was sold for $1,000. Plume agates and other types. 
of chalcedony are the principal products. Washmgton was perhaps 
the next most important producer. © °° 7 7 
‘ The moss agate deposits of the flats of the Yellowstone: River, 


- Mont., are partly exhausted, but they still supply material to six pro- 


fessional lapidary shops and to scores of amateur lapidaries. A. 
Harrington reports that Idaho’s production of moss agate. increased 
in 1946 but that there were no new discoveries of importance. Owyhee 
County is one of the larger producers. The nodules called ‘thunder 
eggs’ are in demand. 7 | 

Gordon Bowser of San Luis Obispo, Calif., produced about a ton 
of moss agate worth $6,000. A little agate was also produced in San 
Bernardino County. Considerable plume agate was produced in 
south central Colorado, according to Richard M. Pearl, and from the 
Embargo mining district, Colo. T. D. Benjowsky reports that red 
‘jasper was mined near Hot Springs, Sierra County, N. Mex., and other 
agate species in Socorro and Catron Counties. A new source of den- 
dritic chalcedony was discovered during the year near Fort Cummings, 
Luna County, N. Mex. When cut, it finds a ready market in the South- 
west and in southern California. 

Charles E. Hill reports finding a new agate locality in Yavapai 
County, Ariz., from which he mined some fine stones. 
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eats nodules, weathering from lavas in niaae Packs Tex., were 
collected in quantity in 1946 and sent to various lapidaries. "Arizona 
produced some agate. — 

Alfred M. Buranek reports that the number of ip aay shops in 
Utah has grown remarkably during the year and that several new 
deposits of. agate have been discovered. Agate was produced in the © 


Dugway area, and moss agate and jasper from the Topaz, Jericho, 


and Beaver areas. So much material is being shipped to other States — 
that the Mineralogical Society of Utah is preparing a bill to be pre- 


sented to the legislature to prohibit nonresidents from shipping these 7 


minerals in quantity beyond the State boundaries. _ 

In value, turquoise was probably the third most important American 
gem stone produced in 1946, although statistical data are scanty. 
Nevada was probably the leading producer. The Nevada Turquoise. 


__Co., of Mina, Mineral County, is said to have produced turquoise — 


- valued at more than $20,000. ‘The Pedro claim of the Copper Canyon 
Mining Co. produced perhaps nearly as much. During. the last. 5 
months of 1946, rough turquoise was recovered by the Castle Dome: 


Copper Co., Ine. , through the sorting of a small percentage of the ore _ 


broken in its. routine mining operations, according to R. W. Hughes, © 
general manager. The turquoise so recovered ranged in grade from | 
thin, hard flakes with deep blue color through various degrees of hard- 
ness and shades of blue down to colorless chalky material. . 

The King turquoise mine at Manassa, Conejos County, Colo., 


leased by Horace and Wallace King, produced 2,000 pounds worth eS 


$30,000. 

A “composite turquoise” (small fragments of Arizona turquoise. in 
a matrix of black cement) is on the market and is rather attractive. — 
Los Cerrillos, N. Mex., produced a little turquoise, largely by local 
labor near the mine. It was sold to lapidaries in the vicinity. The 
- United Indian Traders Association has set up standards for hand-made 
Navajo and Pueblo jewelry and is prepared to license its mark. 

Utah continues to produce some variscite. Alfred M. Buranek 
‘reports that the Clay Canyon deposits were worked, as was the Lucin 
(Box Elder County) ona somewhat smaller scale. Junius J. Hayes 
reports that collectors got some variscite from the Grantsville deposit 
in Tooele County. 

Some geophysical work was done in the vicinity of the Murfreesboro, 
Ark., diamondiferous pipes. The main company is again in litigation. | 
Some 40 years ago a few small, alluvial diamonds were reported to have 
_been recovered at a gold placer near McCall, Idaho. Late in 1946 that . 
ground was leased and some development work started. 

Montana apparently produced no sapphire i in 1946. 

A considerable amount of “flowering” obsidian was mined in 1 Utah. 
In Arizona some “marekanite” was produced. This is a semitrans- 
parent smoky glass nodule occurring in obsidian. 

Kelley and Branson! describe small Tertiary pegmatite masses on 
the west slope of the Black Range, Grant County, N. Mex. The 
pegmatite consists largely of quartz and sanidine; the latter, which 
occurs in fair-size masses, “displays blue and white opalescence, 
giving rise to a moonstone of commercial quality.” A little may have 
been produced in 1946. 


1 Kelley, V. C., and Branson, O. T., Bull. Geo]. Soc. America, vol. 57, December 1946, p. 1256. 
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~The Barton Mines Corp., North Creek, Warren County, N. Y., sells | 


some of its garnets to lapidaries. The color is good, but the market is 
of limited scope. Valley and Adams Counties, Idaho, have garnet 


deposits, but as far as'is known none was worked in 1946. In the _ 


-_ extreme southeastern part of Utah pyrope garnets of good color, some 

over a half inch in diameter, occur in gold placers. be iat face 
— Other gem stones produced in small amounts in 1946 include 
agatized wood (Arizona and New Mexico); alabaster (South Dakota) ; 
amethyst (Dugway area, Utah); aquamarine (Deep Creek, Utah, and 
San Diego, Calif.); kunzite (San Diego, Calif.); kyanite (Upson 
County, Ga.); opal (17 miles south of Marsing, Idaho) ; opalized wood 
(central Washington); pipestone (Pipestone, Minn.); rock crystal 
(Crystal Mountain, Ark.); rose quartz (South Dakota); staurolite 
(Cherokee County, Ga.) ; topaz (Tarryall Mountains, Colo., and Topaz 
Mountain, Utah); and tourmaline (San Diego, Calif., and Mount 


_ Apatite, Maine). a | - 
== GOVERNMENT REGULATIONS 


~ A number of Government regulations enacted in 1946 affected the 
- trade in precious stones. The majority of such measures were passed 
in the hope of increased. revenue. a ee, * Ob 5s 
The United States removed control from all jewelry items, but 
apparently for some time to come is not to reduce the excise tax (20 — 
percent). Maine in 1946 placed a 5-percent luxury tax on jewelry 
sales in addition to the 20-percent Federal tax. During the year, the 
United States also removed controls on the price and export of indus- 
- trial diamonds and diamond-set tools. © - a a 
Canada removed all controls from diamonds and gem stones on 


March 15, 1946, and India on July 29, 1946. Import duties on jewelry _ 


were increased by Argentina, Czechoslovakia, Mexico, and Paraguay. ~ 
‘Luxury taxes on jewelry were established in China (50 percent), Spain 

(20 percent), and France (25 percent), and Mexico added a 5-percent 
sales tax on jewelry sold in the Federal district. Italy, permitted the 
purchase, sale, and transfer of jewelry and precious stones after April 
26, 1946, but not their exportation. Egypt, while still prohibiting 
transit trade in gold and jewelry, now permits the importation of gold, 
provided it is reexported within 6 months. France no longer requires 
a license for exporting jewelry and precious stones. On the other 
hand, such commodities exported from Burma require a license granted 
by the Reserve Bank of India. As France received fewer industrial 
diamonds than its needs, the commodity was placed under Government 


control. . 
IMPORTS 


The value of imports of precious and semiprecious, real and _imita- 
tion stones, exclusive of industrial diamonds, as listed by the United 
States Department of Commerce, totaled $189,017,646—65 percent 
more than in 1945. Diamonds were over 88 percent of the total. 
Fine gem stones and pearls and cut imitation stones showed large 
increases. - 
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Precious and semiprecious stones Gedinive of industrial dia nionae) imported 
a for consumption in the United States, 1945-46 1 


1945 = 1946 


Commodity 7 cae 
Carats Value Carats | Value 
. Diamonds: . 
Rough or uncut (suitable for cutting into gem : 
stones), duty free_._.._...-._.--.----------------- 893, 761 |$43, 122,622 | 1, 044,517 | $48, 668, 843 
- ean but unset, suitable for jewelry, dutiable__._- a 377, 243 | 64,185,406 |. 604,638 | 117, 968, 206 
meralds: 3 Ag oak, Cyne 
Rough or uncut, i en nee mene plait oes 1, 085 252 544, 711 579, 745 
Cut but not set, dutiable_-..:2--......-_._-. here ress 106, 684 181, 834 11, 902 210, 274 
Pearls and parts, not strung or set, dutiable: ook 
Naturale: 230 00 eros Se oe ec 352, 947 |_2.- Loo. 619,463 
Cultured or cultivated. MOS inl etd (bo ee henge tee LIE Star dee . 155, 548 |_-2 2 ee 1, 280, 867 
_ Other precious and semiprecious stones: are i 
Rough or uncut, free____.-.--._-._-- Meee gels eacelneesk Ate eo), 184; B98) [ieee 329, 552 
Cut but not set, ” dutiable Poet ee See ehawe bee sebacte so eee cus |. 113, 987 la cen. w-.--| 8, 932, 862 
Imitation, except- opaque, dutiable: ; ; 2 fs Deals et 
. Not cut or faceted ____.--.2.- 2-2-2. Bree ale cuted oe 8, 220 |... ._-.---- see 68, 108 ~ 
Cut or faceted: eS - i 
: . :Synthetie_..22.--.--.--- 2 --- ee oboe ct Lae 2d ' 805,838 |__..--.----- 1,640, 426 © 
Other. 222 bec eek cesta ee ee 242,988 |_-__-_-- .---| 8, 044, 674 
Imitation, opaque, including imitation pearls, ; Oe aia ate 
Gutiable ce 8 22 oo eee ck ce deesecct east elses |lecele aere ene 315.186. |ecsescen cad 298, 545 
Marcasites, dutiable: cee ey 
Die ee A Ee she UG Ol ee eo shee hod ae oe » 101, 140 |_.--------- «844,907 
Amitation-.. ..-----------+---nsc0-nncnnnnenecc ene eee ewetua ee 85665: | ecco f{ ~ 81,174 
wa-ns2--zo--| 114, 435, 231 ee oie 189, 017, 646 


1In the oirepeading tablei in Minerals Yearbook, 1945, p. 1548 and Minerals Yearbook, 1944, p 1518 data: 
for 1944 should be revised as follows: Diamonds, rough. or uncut, $43,549,837; cut but unset, or) 003,536; 
emeralds, cut but not set, $70,924; pearls and pate natural, $244, 879; total: ‘value, $77, 367, 188. 


- DIAMOND 


For mining companies, wholesalers, and retailers, 1946 was even 
a better year in the diamond industry than the previous record year, 
1945. The cutters, on the other hand, had a far from satisfactory 

ear. 
| ‘Production was less by weight than in 1945 but greater in value. 

Output of gem stones in southern Africa and Tanganyika Territory 
increased, whereas the break-down of war-worn machinery cut 
deeply into Belgian Congo’s production, which is dominantly of 
industrial grades. 

Sales of rough by the principal wholesaler, the Diamond. Corp., 
were £30,000,000, or 22 percent greater than those of the previous 
record. year 1945. Production did not meet sales, and stocks were 
depleted further; the day when all sales must be made from current : 
production approaches. 

With the war over, the market for cut diamonds is broadening, but 
few countries are as yet able to pay for luxuries, although investment 
buying continues. The American retailer never sold so many cut 
diamonds, although demand weakened in the last quarter of the 
year. 

The cutting industry alone was not prosperous. - During and since 
the war the industry mushroomed, and its capacity to cut exceeds 
the rough now available. In consequence, unemployment, strikes, 
and lock-outs were common, and there was a tendency toward . 
lower wages. 
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Prices of rough were eee moderately i in gem grades and somewhat 
more so in industrials, which during the war sold at less than prewar 
prices. Prices of polished diamonds were slightly increased in the 
first half of the year but weakened in the last quarter, particularly 
prices of mediocre-quality stones. 

As was to be expected, with the end of the war, fewer industrials 
were used. In 1946 the users were, however, importing stones of 
finer quality than those used during the war, hence the dollar value 
approached that of wartime imports. 

‘Share Dealings.—The shares of the leading diamond mining com- 
panies on the London Stock Exchange, their principal market, gained 
about 17 percent: Quotations early in June 1946 were at practically 
an all-time high. Thereafter they fluctuated and declined slightly. 
All of the principal diamond-mining companies except Premier paid 
dividends in 1946. . 

Imports.—Imports of gem diamonds into the United States increased 
from $107,308,028 m 1945 to $166,637,049 in 1946—a gain of 565 
percent. 
~ The accompanying table shows comparative figures of iaposts 
during 1945 and 1946. The imports of rough in the latter year 
were greater by 17 percent, as to carats, and 13 percent, as to value. 
The gain in imports of cut was 60 percent, as to carats, and 84 percent 
~ as to value. The grade of the 1946 rough imports was. POOESE; “and 
the grade of cut about the same. 


Diamonds imported for consumption in the United States, 1945-46, by countries 


[Exelusive of industrial diamonds) 


_ Rough or uncut , Cut but unset . 
Country Value Value. 
Carats Carats: |p 
Total Average Total Average 
1945 
Argentina 12.2 slow tebe se sat re ee ee et 4 $2, 000 $500. 00 
PA USUWI18 eo aie el en Se Se ee eS i ear 12 1, 136 94. 67 
Belgian Congo..._.._-...--..- 10, 054 $86, 793 $85 6B. se soe See ee a cet ec ece 
poe and Luxembourg. . .- gana M Ser 2 |a meter nee laa ee 104, 840 | 14, 612, 123 139. 38 
craves ne an Seen een Cet 14, 349 628, 325 43. 79 28, 472 4 988, 200 175. 20 
en East Africa_......___- 7, 413 207, 556 DR O08 |e ote eb Be ee a 
British Guiana. ___.___.__...- 1, 774 42,715 24. 08 580 67, 471 116.33 
British West Africa.___....__- 1, 158 21, 402 18248: oe ene sacle ce ee eco 
Canada.__...... 0-2 ----- 1,110 16, 650 15. 00 1 100. 60 
Cubase 242250 Sse Pe ee SO a  etee ade oles scegoeel eo 64, 737 | 11, 439, 698 176. 71 
pene. ose an tele ep Ne toe ee ee ? 170. 70 
Germany 2225-0 esol eee el Sede stele lod oe 1, 230 133, 496 108. 53 
India pee Dependencies__.__.].-.-.._-----]-.----------|------.----- 703 134, 641 191. 52. 
Mexico-__...-...-..-..---- os 13, 838 504, 641 36. 47 _ 9g 5, 003 555. 89 
Netherlands. -__________.______]__--_-_-_---_}---- ee} eee 2, 599 520, 516 200. 28 
Palestine and Trans-Jordan___|.-...--..-__]------------}-------2 ee 105, 899 | 17, 684. 997 167. 00 
Portigal. 2.2.5.2. ei ne | ot eee dos ee ole cue ernst 18 6, 405 355. 83 
Switzerland__..._.__.._.__..__]_____-_------J.---------__|_-_--------- 271 39, 738 146. 63 
Union of South Africa_._.___- 834, 393 | 41, 290, 329 49. 49 46, 096 | 10, 720, 816 232. 58 
WeScS2 Roe Ny a ee a Nat ete atl 3, 569 562, 6 157. 64 
United Kingdom. -_._...._.-.- 5, 699 173, 797 30. 50 17,535 | 3,176, 270 181.14 
Venezuela... .._.--.--.-------- 3; 973 150, 414 37.86 624 82, 668 132. 48 
Total 1945....-.......-- 893, 761 | 43, 122, 622 48. 25 377, 243 | 64,185, 406 170. 14 


See footnote at end of table. 
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Diamonds imported for consumption in the United States, 1945-46,! by countries— 
OES Gut see |. ue? Continued — - a Ne 
[Exclusive of industrial diamonds] 


Rough or uncut Cut but unset — 


“Country — : 


Value 
-Carats ~_——— fee 
Total -| Average — 
Argentina.._.._.2._2--- | cs eS phe cet Sahel soe sae eee 114 " $20, 754 $182. 05° 
Belgian Congo._._-__...2.__- oe see ae ee cetnaccl ated cosas 
Belgium and Luxembourg 288, 929 | 51,150,251 177. 03 
razil_.____ Perera see 15,939 | 3, 228, 079 202. 53 
British East Africa... - Dec bee Sooke eusfansweoews soe 
British Guiana_......--_-_ 752 84, 802 112.77 
British Malaya___._________. 617 177,379 _ 287.49 
CRAM Ree ec cnet eet ik ol aeige ei ee NE eo we 127 8, 68. 
Ouba____.-. 38, 325.| 7, 502, 503 195. 76 
Denmark cis econ [blade lfc selene . 610 152. 50 
cf tee eee es wen, ene (DIME, Scr IRS DOC ONI Te Bl (ONT FRETS 34 10, 082° 296. 53 
BUAUCB eis bic sy ee ee a e e e e 6,042 | 1,186, 641 196. 40. 
GUCCCG ee Soca ee Jt a eh lg ia he 16, 68. 52 
Hungary.-.-..___-. es tec mouse oe sl aba A ecto en A 107 4, 575 42.76 
India and Dependencies_.__._|_.........--|____..---...|_.......... 929 183, 941 198. 00. 
ANS 2. nc ee eo osh seen hes] ee anew ene |\leec secon [enn oe ee 200- , 201. 22 
SADANS Ano Xe eset ea tl Se eal wn eee oe 8. 1, 215 405. 00 
U8 (6 6 AR ie ate a  OUCRRPT REG A A LPN aC eS Sen re eae 313 62, 566 199. 89 
Netherlands. ___._.2_._.._- 37, 473 |- 7,724, 355 206. 13 
Palestine and Trans-. 121, 627 | 21, 972, 027 180. 65 
Porte al 32 tees oases oe we RE Ma Jy Seay 671 | = 146, 431 218. 23 
RIM 22 satan ted noose weber enn tai a ane tle ee hee ee gee 40 9, 411 235, 28 
Sweden._______ een en eee eet Rens Ae eteton!  he ; ; 10 2, 183 218. 30 
Switzerland-.._.__-_._.-.- | _ fea et He Bat oy Ee © LS AOS a ee 7,776 | 1,470, 574 189. 12 
Union of South Africa 44, 015, 08 -  §6.120°| 16, 783, 704 299. 07 
WS 2 Sis 8 ee tie ot ee dd eo ees a] een eR 4,796 | 1,002, 000 208. 92 
United Kingdom._______ ens - 851,113 23,198 |. 5, 134, 475 221, 33 
Venezuela...._-__.... . 383, 821 252 44, 287 175. 74 
Total 1946_...2.-...- 2. _1, 044, 517 | 48, 668, 843 604, 638 {117,'968, 206 195. 11 


1 In the corresponding table in Minerals Yearbook, 1945, p. 1550 and Minerals Yearbook, 1944, p. 1521, 
data-for 1944 should be revised as follows: Rough or uncut: Brazil, total value, $830,996; average value, 
$32.44. Grand total value, $43,549,837; total average value $48.58. Cut but unset: Brazil, total value, 
$4,014,301; average value, $160.37; U. S. S. R., total value, $147,604; average value, $102.79. Grand total 
value, $29,003,536; total average value, $171.52. oa ie : .- 


Cutting.—At the end of 1945 there were some 25,000 cutters in the 
world; at the end of 1946, some 35,000. Decréases in Brazil, the 
United States, Cuba, and Puerto Rico were more than offset by a large 
increase in Belgium and a smaller one in Palestine. Even in 1945 
there was inadequate rough to insure full employment; and in 1946, as 
the supply was not much greater, there was a chronic shortage of 
rough, resulting in unemployment for the artisans and inadequate 
profits for the master cutters. Belgium is by far the largest cutting 
center, followed by Palestine, New York, and Cuba. Some of the 
war-born centers will disappear over the next few years, and others 
will be deflated. The best cutting of sizes is done in the United States 
and that of melee in Palestine, Belgium, and the United States. 

World Production.— Accurate figures regarding diamond production 
still are not available for many countries, but the estimates in the 
following table are believed to be fairly reliable. World production 
(gems and industrials) in 1946 is estimated to have been 10,313,000 
carats (2.27 short tons) worth at the mine about $81,400,000 which 
compares with 14,384,000 carats (3.17 short tons) in 1945. - The 
quantity was 72 percent of that of 1945, but the value at the mine 
showed an increase of about 25 percent. The increase in value was 
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due to the increased production of gem grades (both as to carats and 
value) and the advance in the price of cuttables. By weight, abou 
1,228 pounds were gem stones and 3,315 pounds industrials. a 
Belgian Congo was the leading producer by weight (59 percent), 
although it represented only 11. percent of the value. On the other 
hand, the British Commonwealth, accounting for only 29 percent — 
of the weight, represented about.70 percent of the value. , 
Union of South Africa, South-West Afriea, Tanganyika Territory 
and Gold Coast showed gains, and Belgian Congo a loss. At 
- Kimberley, the Dutoitspan and Bulfontein pipe mines continued to 
operate, and in a year or two Premier and New Jagersfontein will 
resume production. . 7 eae = Hag eh at rac 
The accompanying table shows available statistics and estimates 
of world production for the past 5 years. ore tal Se 


World ‘production of diamonds, 1942-46, by countries, in metric carats _ 


[Including industrial diamonds} 


Country te 1942 1943 1944 1945 _, 1946 2. 
Africa: me Aa eft! case gt 
Angolat <2.¢ 0. Se sete do ieekobse tease 791, 853 794, 990 799, 120 803, 887 1 808,-000- 
-. Belgian Congo._:...-.-.2-------------- 6, 018, 236 | 4,881,639 | 7, 533,365 | 10,386, 000 6, 033, 452: 
. French Equatorial Africa_-._...------- 46, 345 .. 86,183 60, 060 _ 82,849 87,381. . 
French West. Africa_...-._------+-=---- 49,866 | . 36, 193 69, 726 79, 802 51, 834 : 
Gold Coast ?__..2..--2----------- fers Os 1, 055, 735 | .1, 317, 798 1,165,858 |. 812,451 |. 830, 000- 
_ Sierra Leone.........202----------+--2-| 1,046, 187 “ 834,492.) 608,744 | . 504, 309 > §59, 229° 
* South-West. Africa__..------- Enea se ete , 56, 420 94, 427 154, 379 _ 152, 629 . 163, 611 
'» “Panganyika___+-.--:.----+--------- aoe 40, 327 | - 52, 998 | 90, 667 115, 666 -1119, 446° 
: Union of South Africa: ; 
vt Mines eo oe Ses ee 8 naa 858 84, 342 552, 974 878, 713 ‘J, 025, 019 
Alluvial.__..._--------------------| _ 117, 968 217, 987 380, 708 , 262, 529 256, 768 
Total Union of South Africa_-------- ' 118,821 . 802,329 | 983,682.) 1, 141,242 1, 281, 787 
Brazil t_____- Sica adie te SE ea 300, 000 | ..° 275, 000° 301,000 | = 275, 000 325, 000 : 
British Guiana_-....-_---.---------+--+--+- 22, 207 18, 272 2.13, 911 |: 15, 442. 30, 958 
Veneziiela® <= to isc 2 ede eon Soe 34,048}... 22,846 | .. 22,0387 12,.769 |. - 20,912 
Other countries___...---------------------- 6, . 6,804 |. 42,000 2, 000 31,600 
Grand total__-_..--2-----------=------ 9, 587, 000 8, 694, 000: | 11, 764,000 | 14, 384,000 | _ 10, 313, 000 


1 Estimated. 
2 Exports. ; . ; ; ‘ 
3 Partly estimated; includes India, Borneo, Australia (New South Wales), and U~. S.S. R. 


Industrial Diamonds.—In the first year after World War II ended, 
the imports of industrial diamonds decreased markedly in carats but 
in dollar value compared favorably with all previous years except 1942- 
44. Consumption and production approached balance, but many 
grades were in short supply. Manufacturers of diamond-set tools 
must still be careful in using those industrial stones available. 

From the spring of 1946 on, the principal wholesaler of industrial 
stones was Industrial Distributors (1946) Ltd. 

On July 23, 1946, the Strategic and Critical Materials Stock Piling 
Act (Public Law 520, 79th Congress) was approved. All diamonds 
then in the hands of Government agencies were transferred to the stock 
pile, and additional industrials are to be purchased. 

After World War II broke out, the price of crushing bort was halved 
and that of other grades remained steady during the war. In 1946 
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ep price of ectehing bort was pied 80 pereent and that of other grades 
somewhat less. } 
. The year saw many improvements, but few innovations, in: 1 the use 
of industrial diamonds. | ; 
Figure 1, originally prepared by Herbert Bactinen several years ago, 
shows. the tremendous increase in use and the sharp: decline in. the 
price pee carat of American imports in ee past 28 years, Fe ees 


2) 
« 
a 
pol er, 
4. 
1) 
° 


MILLIONS OF CARATS - _ 


” FIGURE 1.—United States imports and average price per carat of industrial diamqnds, 1919-46. 


Traports’ of tadustnal diamonds into. the United States during the 
_ past 5 years were as follows: 3 


Industrial diamonds (glazicrs’, engravers’, and miners’) imported for consumption 
in the patted States, 1942-46 ; 


. We oes _ Yat, a eee | Value - 
Year| Carats ‘Year Casts: (= 
‘Total Average Ber xg ia - Total Average : 

1942 _.-_...__-_} 11, 208, 704 ($22, 057, 577 $1, 97 1945._.-.------ ‘10, 729, 869 /$12, 810, 932° . $1.19 
1943...._.-2.... 12, 084, 133 | 21, 890, 568. 1.81 || 1946.-.--_------ 4, 625, 282 | 14, 297, 5364 |. 3.09 
1944.2. 22 ae 12, 614, 507° 22, 894, 244 ‘1.81 


RUBY, SAPPHIRE, AND EMERALD | 


Deas of the dominant position of the diamond in ite gem 1 market 
and the fact that ruby, sapphire, and emerald deposits do. not lend 
themselves to large-scale operations, gem mining by large companies 
is confined to the diamond. Fine rubies:come from Burma; sapphires 
from Siam, Ceylon, Indochina, and Kashmir (according to rumor, the 
deposits in the latter two countries are practically exhausted), and 
emeralds from Colombia and U.S.S.R.. Burma, Siam, and Indochina 
are none too peaceful at the moment, a condition scarcely conducive 
to large production. The Colombian emerald mines. are not being 
operated, and the Ceylon sapphire production is still subnormal. 
Shipments from the mines are greater than in the past war years; 
but. fine gems are in short supply, and jewelers’ stocks and outmoded 
jewelry still contribute the major part of our supply. : 

793065—48-—36 
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- Fine gems. are: by. no means: modestly’ priced, and American buyers mE 
must compete with Oriental lovers of these gems. _. : 

- Wadia and. Fernando (see Bibliography) have written an inioreating : 
article on gem mining in Ceylon, an Enportant producer of. sapphire. 
and ‘many: of the lesser gems. : ; 

Siam would: welcome. ‘American: “capital i in developing: ie gem re-. 
sources, but so:far there have-been few candidates. “Who will even-. 
tually own the sapphire deposits on the common boundary of Siam ~ 
and Indochina is at-the moment in doubt. -Sapphires.and even a few > 
rubiés occur in Brazilian gravels, but no known occurrence is of com- — 
mereial importance. 

During the year, the Bank of the Republic of Colombia (the Govern- : 


ment hoping to interest tourists in emerald:‘matrix) sold 828.75. carats 
-- of cut and 342,552 carats of rough emerald, long held by it for the 


Government, for 573,076 pesos. The Government i is now consider- 
“ing gre» advisability of reopening the mines, inactive since December | 
193 

Transvaal, South Atzica, produces a — gem betyls, some of which = 
are dark enough to be classed as emeralds; they are largely, however, 
of mediocre grade. The principal producer i is the Somerset mine of 
the South Africa Beryl Mining Co. Most of the stones are exported 


_ to India. In the first quarter of 1946, 2,902 carats worth £1 433 aS 


(about: $5,732, or $1.98 per carat) were ‘sent to India. 


It is reported that the American. synthetics, “Chatham. synthetic : 


| enieralds,” are > being ees: in ‘size, depth of. color, and’ quality.’ 


LESSER GEMS 


In 1946, hee was a df scarcity: ‘Of desirable gem stones; ate: to ‘hig; 

plus higher cutting costs and good demand, prices advanced. In 
the last quarter of the year, prices softened, and particularly those of. 
mediocre qualities fell. ec 

In February 1946 new and rich opal fields were found at Coober 
Pedy, Central Australia, 1,200 miles from Adelaide. 

Due to the inflation in ‘China, the Chinese are investing in jade, 
and prices are 5 to 10 times those of prewar days. Shelves of the déal- 
ers are practically bare, and little is being exported to the United 
States. The jade centers of Peking and Canton are languishing, war. 
having cut them off from the jadeite of Burma and the nephrite of 
Turkestan. As master cutters no longer receive imperial subsidies, 
the lapidary art is deteriorating. 

The popularity of aquamarine continues to grow. The supply of 
fine Brazilian is inadequate, and prices still are rising. Late in Octo- 
ber, an aquamarine weighing 56 pounds was flown from Brazil to New 
York. The-stone was found near Resplendor, Minas Gerais. It is a 
rough, hexagonal prism, 11 inches high and 10 inches in diameter. The 
stone, itis claimed, was insured for $500,000, and the owners hope the 
cut stones from it will be worth $2,500, 000. The Indian deposits of 
beryl have recently been described. 3° ‘The Bisundni Mine, Rajputana, 
produces a little gem material of pale green color, ¢ as well as rose quartz, 


2? Switzer, George, Gems and Gemology, Spring 1946, pp. 305-307. 
3 Bureau of Mines, Mineral] Trade Notes: Vol. 22, No. 3, March 1946, pp. 4-9. 
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and.the Vasanta Kalyani mica mine, Madras, some beryl suitable for © 
gem purposes. «© a Se ee: 
x € precious stone industry of Brazil Is, under government. patron- 
_ age, to create a Precious Stone Exchange. Among the objects are to | 
assist diamond mining, protect cutters, reduce taxes on: precious 
stones, and simplify exporting. Before World War II, Brazil exported 
most of its precious stones to the Idar district, Germany. During the 
war, lapidary shops sprang up in Brazil. — \ttempts are now being 
made to introduce modern methods in these Shops: os. 
_ Emerson I. Brown, minerals attaché at the United States Embassy 
in Rio * gives an interesting summary of the precious stone industry in 
Brazil. He states that supply exceeds demand, the American market 
being dull, although the European market is becoming active.: Export - 
prices are off as much as one-third: © = ge ets ge tee eS 
_ . Edward R. Swoboda describes the spodumenes of Brazil (see Bibli- 
ography). While most of the material is colorless; kunzite and yellow 
spodumene also occur, and rarely deep green.spodumene. — .. °. 
‘Philip Lichtenberg > describes ‘the. mica-tourmaline deposit < of 
Cruzeiro, Minas Gerais, which he says is the most important producer 
of tourmaline in Brazil, a ae oY = S35 
Some fine olivines have appeared on the American market from 
stocks of the mining company that once operated the well-known 
deposit on Zebirget Island in the Red Sea. ve: io 
~The Soviet Government, under the current 5-year plan, is to increase 
notably the production of its lapidary trust, Russkie Samotsvety. 
Sverdlovsk and a town in the Altai are cutting centers, and the per- 
sonnel is to be increased. The production of the lesser gems and orna- 
mental stones is to be raised, and objets d’art and stones for jewelry cut. — 
The French are attempting to revive the gem-mining industry of 
Madagascar, an important producer of gems for jewelry as well as 
industrial applications. Mining taxes were reduced as of June 2, 1945. 
Madagascar produces a large number of gem stones, but the percentage 
suitable for cutting is small, most of them being used industrially. 
KE. Ruff ° describes the large number of gem stones which occur in 
New Zealand. Jade (nephrite) alone is, however, of commercial 
importance. i | 
Before World War II, South-West Africa was an important source 
of gem stones for the German lapidary industry. In 1939, the last 
year of export to Germany, the total value was but £1,132. 
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THE JEWELRY INDUSTRY IN 1947 


EWELERS in 1947 had more competition for the consumer’s dollar 
J from dealers retailing other durable goods, long unobtainable, and 

y also found their customers more discriminative. Consequently, 
whereas retail sales as a whole increased 18 percent in value, jewelry 
sales were—in dollar value ($1,390,000,000)—about 19 percent below 
those enjoyed in 1946 and—in volume— owing to increased prices, 
perhaps 15 percent less. During the wartime boom the jewelers had 
little competition. They now have returned to their prewar position 
and must fight for their trade. Although Christmas sales were 
large, they were somewhat less than in 1946 and were characterized by 
the slowness with which expensive items moved—especially large 
‘diamonds. Retailers’ stocks decreased somewhat in 1947, and whole- . 
sale jewelers’ sales ($494,000,000). were 14 percent less than those of — 
1946. Factories were plagued by a shortage of skilled labor. 

The profits of the industry were built on an exceptionally prosperous 
national economy—high industrial wages, a record national income, 
and record exports. Marriages were exceeded in number only by 
those of 1946. 

Exports of jewelry were large, the chief customers—notwithstanding 
certain Government restrictions—being Brazil, Canada, and the 
Philippines. aaa 

7 FASHIONS IN JEWELS 


Life in 1947 was more formal and entertainment more lavish than in 
wartime. A greater display of jewels was therefore the order of the 
day. Costumes required colorful jewelry by day and sparklin 
jewelry by night, in many instances with movable parts that shimmer 
in the light. More and more jewelry was selected to suit the type of 
the wearer; her complexion was as important in her choice of jewelry 
as in the choice of her gown. 

Jewelry in demand during 1947 was notably graceful in lines and 
delicate in workmanship, emphasizing the femininity of the wearer. 
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Clips and pins, earrings, bracelets, and rings held their popularity, 
while bracelets hiding a tiny watch under a jeweled cover were new, 
A number of small clips of the same design were worn by some. 
Earrings frequently had long pendants or drops, similar to classical 
Greek or Roman designs. Choke: necklaces remained popular, and 
bib necklaces of ancient Egyptian design became favorites. Snake 
necklaces of woven wire frequently carried detachable pendants or 
clips. Rings were often large. Link bracelets or wide, flexible brace- 
lets with crestlike ornamentation, or tailored ones of bulky gold, were 


Ensembles were more and more in vogue—a necklace, a bracelet, 


a ring, and earrings all of the same design and.mounted with the 
same kind of stone. Formal jewelry that can be broken into two ‘or 
more pieces continues to gain in popularity—a necklace, for instance, 
that’can also be used as clips and brooches. == i assis 
. The insistent demand for diamonds caused. colorless gems to be by 
far the most widely used, with blue and red almost tied as a poor — 
second, followed by green, yellow, and purple. Emeralds and colored 
diamonds seemed to be gaining in the finest jewelry. Opal was seen 
more commonly; aquamarine held its own; and topaz and citrine 
continued to lose ground. | ola — oe ME aS 
~ DOMESTIC PRODUCTION ~ 

Although by no means an important factor in the national economy, 
the value of gem stones produced and their value after cutting has 
increased impressively for the past 3 years, due mainly to the awak- 
ened interest of Americans in the Western States to the beauty of such 
minerals and the fun of cutting them. Activity in this field is fostered 
by journals, technical societies, and educational institutions. An 
adequate supply of gasoline permits not only collectors—amateur’ 
miners—to visit the field, but brings to the door of lapidaries and 
curio shops their best customers, automobile tourists. A broadening 
demand and reduced imports from Europe have increased prices 
since the beginning of World War II. Some small mining companies 
are purchasing bulldozers and other mining machinery to be used on 
their properties. | | | 

No reliable statistics exist as to the value of the domestic product. 
Last year the writer estimated the value, in the rough, at $325,000. 
In 1947 it was more—perhaps $570,000—and, after processing, the 
value might have been several times this figure. 

In Idaho, California (San Diego), and Maine, some of the old gem 
deposits changed hands, and production may increase in the future. 

The myriad forms of agate, attractive and widely distributed, 
easily found and as easily cut, led the field, followed by jade, tur- 
quoise, and variscite. Of the States and Territories, Oregon, Wyo- 
ming, Washington, Colorado, Alaska, and Nevada produced in about 
that order of quantity of output. 
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Agate.—H. C. Dake, in a personal communication, states that he 
believes Oregon alone produced in 1947 agates to the value of $1,000,- 
000. Oregon has many quartz operations, particularly in the central 
part of the State, equipped with bulldozers and power shovels, and 
also an enthusiastic group of lapidaries, amateur and professional, 
and curio ‘venders. Certain Oregon beaches have also produced well. 
In.““Gem Mining, a New Oregon Industry” (see Bibliography), Dr. 
Dake describes in detail the various agate-producing districts. 

_ Washington produces considerable opalized wood and other agate 
gems, part of which are cut in the State. Idaho produces some 
quartz gem stones, and there are a number of lapidaries at Boise. 

. The fine moss agate of the Yellowstone Valley, Mont., is still being 
gathered, but the terrace gravels have been largely picked over. The 
1947 production was worth perhaps $10,000. Montana moss agate 
is sold widely in the West. The west Texas region also produces 
considerable agate. Arizona has some fine agates, particularly from | 
near Cave Creek. Complaints have been lodged with the Govern- 
‘ment that so much agatized wood is stolen from the Petrified Forest, 
an Arizona national park, that the beauty of the park is jeopardized. 
New Mexico, particularly Luna County, produced some agate, which 
_ was shipped to the west coast for cutting. a hor 

Turquoise.—In 1947 turquoise production, in dollar value, probably | 
exceeded that of jade. Dan E. Mayers (see Bibliography) contrib- 
uted interesting data on the American Indian and turquoise. The 
Southwest Gem & Jewelry Co. produced a fair amount of turquoise, 
perhaps 200 pounds, from its properties in Mineral Park, Ariz. 
Collection of turquoise from Castle Dome, N. Mex., was said to be 
perquisite of being a miner there. Later the company recovered 
turquoise as a byproduct. It is reported that most of the open-cut 
is now below the turquoise horizon. The company reported that 
during 1947 it “recovered several hundred pounds of rough turquoise, 
as it has for the last few years.’ G. M. Butler reported that the 
lapidaries of Miami and Globe, Ariz. treat the stones with an oily 
substance, improving both the color and the hardness of the chalky, 
feebly colored product. State highway engineers, drilling to locate 
the Pinto Creek bridge foundation near Miami, encountered an old 
tunnel. A cave-in followed, revealing the presence of turquoise 
among other minerals. The Colorado State Mineral Resources 
. Board stated that in 1947 the King Mine, Manassa, Colo., produced 
turquoise valued at $30,000. An unusually large turquoise mass, 
weighing 10% pounds originally and 8% pounds after trimming, was 
included. The proprietors were offered $1,000 for it. A little tur- 
quoise was produced from the Hachita Mountains, N. Mex. Some 
development work was done on Los Cerrillos deposit, New Mexico, 
but net results were not encouraging. 
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Nevada produced but little in 1947. Some was mined in the Copper 
Basin district and cut there, but later in the year keen competition 
from Arizona forced a shut-down. ee 

Jade.—B. D. Stewart, Department of Mines of Alaska, reported 
that the Kobuk River region produced much less jade in 1947 than in 
1946, due to curtailed operations by the principal producer. The 
local demand exceeded supply, and there was none for export. In 
addition, at least one Eskimo collected and shipped some material.. 
From $25,000 to $30,000 worth of jade being shipped to China in the 
spring of 1947 by the Arctic Exploration Co., Inc., was stolen but 
later recovered. It consisted of boulders weighing 200 to 1,500 
- pounds each. ae: oe . aes. 

- In Wyoming there were a number of jade hunters around Lander, 
but as few large boulders and little high-grade gem material was 
recovered, results were disappointing compared to those of 1946. 
A new occurrence was reported in the Shirley Mountains. 
The californite locality near Happy. Camp in northern California, — 
which furnishes a fair imitation of jade, has long been known, but 
James L. Kraft, reported boulders of true jade in the vicinity. The 
California Division of Mines reported that mineral collectors pick up 
boulders of nephrite from the beaches of Monterey County, between . 


Big Sur and the San Luis Obispo County line. Austin F..Rogers _ 


‘described a massive rock, an intimate mixture of grossularite and 
idocrase (vesuvianite), from Placer County, Calif. It is white to gray 
and an attractive ornamental stone that might well serve as a sub- 
‘stitute for jade. 7 

' Diamond.—The litigation between Glenn L. Martin, the airplane 
manufacturer, and the Diamond Corp. of America, which once held a 
50-year lease on the principal Pike County, Ark., diamond deposit, 
during the summer of 1947 was dismissed, and $325,000 of the cor- 
poration’s funds were released. In August 1945, according to the 
California Division of Mines, a small diamond was found in Yuba 
County a short distance below Parks Bar by Lewis Drade, while 
placering. Confirmation of the reported discovery of a 19}-carat 
stone in the summer of 1947 at Rock Flat 4 miles west of McCall, 
Tdaho, is not yet available. -_ | 

Other Gem Stones.—In 1947 the Montana sapphire mines reported 
no production. Synthetic sapphire producers have won the principal 
market, the industrial uses. 

At one time Niagara Falls, N. Y., produced satin spar, which James 
Potter cut for the tourist trade. The local supply is now exhausted. 

Mrs. E. M. Roe reported that in 1947, at Pipestone, Minn., more 
catlinite was mined than for some years by two Indians. Total 
production probably approached $5,000. 

Other gem stones produced in small amounts in 1947 include agate, 
Colorado; alabaster, Montana; amazon stone, Colorado; amethyst, 
Colorado, Maine, North Carolina; apatite (green), Maine; aquamarine, 
Colorado, Georgia; asteriated quartz, Maine, North Carolina; cesium 
beryl, Maine; garnet, Colorado, New York, North Carolina; kunzite, 
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California; lapis lazuli, Colorado; moonstone, New Mexico; peridot, 

Maine, New Mexico; rose quartz, Maine; sapphire, Colorado; smoky 

quartz, Maine, New Hampshire, North Carolina; topaz, California, 

Colorado, New Hampshire, Utah; tourmaline, California, Colorado, 
Maine; and triphylite (chatoyant), Maine. | 


CANADIAN GEM STONES 


Time has not fulfilled the hopes of the earlier Canadian explorers. — 
Canada is probably even poorer in gem stones than the United States. 
A couple of thousand dollars would doubtless cover the value of a 
normal year’s production. There are relatively fewer lapidaries, 
professional or amateur, in Canada than in the United States; in con- 
sequence, a considerable percentage of the present small production 
is shipped across the border for cutting. Labrador has for decades . 
been the premier source of labradorite; sodalite, albitic moonstone, 
ordinary moonstone, amazon stone, and chatoyant tremolite are 
found in the Bancroft area, Hastings County, Ontario; rock crystal 
near Black Rapids (Lyndhurst P. O.), Ontario, and agate in the 
Lake Superior region. Scapolite, rose quartz, rhodonite, and sphene 
(titanite) also occur. F.G. Smith informed the writer that he shipped 
from about 90 miles northwest of Yellowknife, Northwest Territories, 
some 200 pounds of iolite which could be cut into 200 carats of flawless 
gems worth perhaps $10 a carat. a ae _— 

GOVERNMENT REGULATIONS 

Regulation of the jewelry industry did not decrease with VJ-day. 
With few exceptions, the laws attempt either to increase national 
revenue or to keep currency at home. 

Cuba, the Union of South Africa, Palestine, and Singapore, however, 
reduced certain taxes and the United States some duties in accordance 
with the General Agreement on Tariffs and Trade, at Geneva, October 
30, 1947. In both the United States and Canada, on the other hand, 
substantial luxury taxes continued to apply to jewelry sales. Peru, 
Trinidad, and Great Britain introduced or increased luxury taxes. 
A number of countries, particularly Latin American countries, 
prohibited the import of jewelry. | . 


IMPORTS 


The value of imports of gem stones, real and imitation, exclusive 
of industrial diamonds, into the United States, as listed by the United 
States Department of Commerce, totaled $110,537,647, 42 percent 
less than in 1946. Diamonds comprised 87 percent of the total. 
Practically every class was less than in the previous year. 


1 Figures on imports and exports compiled by M. B. Price, of the Bureau of Mines, from records of the 
U.S. Department of Commerce, 
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Precious and semiprecious stones (exclusive of industrial diamonds) imported 
. for consumption in the United States, 1946-47 1 


[U. S. Department of Commerce] . . 


1946 1947 
Commodity ee oe pe 
Carats Value Carats Value 
Diamonds: : ee 
Rough or uncut: (suitable for cutting into gem 
stones), duty free_________ ee ee ne 1, 044, 517 | $48, 668, 843 | 1,075,478 | $43, 051, 210 
_ ee unset, suitable for jewelry, dutiable__._.__- 604, 638 | 117, 968, 206 347, 810 53, 471, 539 
meralds: 
Rough or uncut, duty free_..-__..- otasvetico. see 2]. 644, 711 579, 745 | 7,385 | - 258, 062° 
Cut but not set, dutiable.......-.-...--22-2 eee 11, 902 210, 274 4, 133 82, 747 
Pearls and parts, not strung or set, dutiable: ; : 
Y *UNetural yc oe so oe ee a ee haa 619, 463 |_-..---_.__| 360, 963 
Cultured or cultivated. ........-...-...2.2.--.-_-__|-------- 1, 280, 867 |_-.-------- 737, 753 
Other precious and semiprecious stones: - .. 
Rough or uncut, duty free_.._-.--__---.-------..-- |e ees: BAe te 329, 552 |...-----..- 298, 393 
Cut but not set, dutiable_.:....___. Blatant Cons see [ot oe &, 932, 862 |...----.-.- 8, 662, 382 
Initation, except opaque, dutiable: oo 
Not cut or faceted ._....-.........--.-.---------|--.-------- 68,108 j..------ 2. 118, 168 
Cut or faceted:. 
Synthetic. _..-.------.---2---eee-nee-e- ae ae 1, 640, 426 |.-.---2 ee - . 488,313 
Others. 2) sie Sas. ct oo ea Gk ons oe ee 8, 044, 674 {------- oe | =, 688, 827 
Imitation, opaque, including imitation pearls, duti- 
ablevo 2. vi tists ss os ee eek sess oo ee 298, 545 {--.--..---- "15, 566 
Mareasites, dutiable: ~ : : 
Reals 2222222 oeck eee 2 nae ieNeuvdesevese dees Sees age 344, 907 }..2-------- 300, 175 
Imitation s2 goen2 we seecebie ts oh ease owes Gelade leckawteccahs 31,174 |.-.2.-. 2. 8, 549 
be Sa 189, 017, 646 |-...-..-... 110, 537, 647 


1 In the corresponding table in Minerals Yearbook, 1946, p. 549, revisions for 1945 are as follows: Diamonds, 
. rough and uncut, (carats) 895,219, (value) $43,131,784; cut but unset, (carats) 377,594, (value) $63,815,581. 
Emeralds, cut but not set, (carats) 107,591. Other precious and semiprecious stones, rough or uncut, 
$135,062; cut but not set, $5,158,408; cut or faceted, other, $252,388. Total value, $114,128,803. 


; DIAMOND 


Nineteen forty-seven was a good year for diamond wholesalers, a 
fair or better year for the producers and retailers, and a poor year for 
master cutters and their employees. | 

World production was about 4 percent less than in 1946. Union of 
South Africa and Tanganyika Territory fell off somewhat, but Vene- 
zuela percentwise increased markedly. Output from the Belgian 
Congo, largely industrial stones, continued on the low side. 

Sales of rough by the principal wholesalers, the subsidiaries of the 
Diamond Corp., were £24,500,000, as compared with £30,000,000 in 
1946, but the difference was largely made up by rough purchased by 
the cutters from overstocked: American brokers and cutters and from 
sellers of “outside goods” in the first half of the year. Rough stocks 
were again depleted. 
~ Retail sales in the United States were good, although less than in 
1946. At Christmastime, however, high-priced items moved slowly. 

Prices of rough were stable, but some of the less expensive smalls 
were raised by the beginning of 1948. Cut, particularly that of medi- 
ocre quality, declined in the first 7 months of the year, but by the year 
end had regained its loss. | 

Industrial imports were lower in weight, but as better stones were 
bought the dollar value of imports showed only a small decline. 

Share Dealings.—The shares of the leading diamond mining com- 
panies on the London Stock Exchange, their principal market, lost 
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Diamonds (exclusive of industrial diamonds) imported for consumption in the 
United States, 1946—47,! by countries 


[U. 8. Department of Commerce] 


Rough or uncut Cut but unset 
Country. Value . Value 
Carats . Carats a 
ver- ver- 
Total age Total | age 

: 1946 - 
“ATPON TING. 2 aes k ecb nwcscesecdck eeotecss Wcu sce botbselonetoews™ ee 114 $20, 754 | $182. 05 
Belgian Congo.......--.-------------------- 5, 649 $48, 834 | $8.64 |_-.-.---]--..----- a ee ne 
Bel’itmeice sis oes sa deceeseces 8,104 | 185,882 | 43.78 |288, 929 | 51, 150,251 177.038 
Brazil__........--.--- i ee em ca tprreee her Se dees 59,142 | 2,766,768 | 46.78 | 15,939 | 3,228,079 {| - 202. 53 
British East Africa__....-..-...--.--------- 12,685 | ° 636,129 |. 50.15 [_..-__--]------------|-------- 
British Guiana....-..-----------------+---- 3, 246 175, 033 | 53.92 752 84,802 | 112.77 
British Malaya......-..-------------------- 2, 500 20, 169 8.07 617 177,379 | 287.49 
Canadato.2--c2ccuLeeces sel vecdee sess stiles ho ebes csc dlece ce ot 12 - 8, 674 68. 30 
OUD. 224 cel escnevegsesesousetets Sle s ee 383 4,743 } 12.38 | 38,325 | 7,502,503 {| 195.76 
Denmark .3 cee os coos sent ece teens sects ieee|oo esse sebeul scree 152. 50 
Py Db seceas foes cheek acho secsi se eee tents ee ede eee efeeests tesa |te cts 34 10,082 | 296.53 
Trance’ ooo aL 5 ert Pah Acetate n Abate otek ee St ou mea ait ee ute 6,042 | 1,186,641 | 196.40 
Greece's. ivi ce secteece ce eee ee eee Se eee eee eee de sec cee |oet sated 240 16, 444 68. 52 
Hung arys cov asco e cect ewe see ss | Sc tee sense |etes toe 107 | 4,575 42. 76 
TNGid sooo ole else oe et ecaSe Leceee du oa eocaeee pees eee eee se Soeeceee 929 183,941 | 198.00 
Wan =o on ata ods oe bccscecew ec ueset toe aL oben |ee esses cou lec se. 200 40, 243 | 201.22 
JAVON 5 cones eet ee ee ok oe Ce ele oe | een tea rs ae eee 3 1,215 } +405.00 
MGxICO ee oe os n oak oe eee ce sce las [Lee Sere ese ae ee 313 62, 566 | 199. 89 
Netherlands. ____-...----.--------- enbeseeks 124 15, 335 | 123.67 | 37,473 | 7,724,355 | 206.13 
Palestine and Trans-Jordan_......-...--.--- 3, 566 115,927 | 32.51 [121,627 | 21,972,027 | 180.65 
Portueala 2: /s. 3. oe oe ee ee hose ee celeste lo onde et eas eee tee 671 146, 431 218. 23 
Tt ae MRED PE SE AG) ue eae ech Rees eieel OE mame has, HEWN eR 40 9,411 | 235.28 
Sweden: 3-2 552 cose eerste ee ee ed Seca ds| Sebae oelnnb|Seecases 40 2,183 | 218.30 
Switzerland: 23:)..c.2o22 oc Js decsdect tate eee ce [a eete se | oc Secsoese es eebaese 7, 776 1, 470, 574 189. 12 
Union of South Africa......-.-------------- 935, 824 | 44,015,089 | 47.03 | 56,120 | 16, 783,704 | 299.07 
UeSS. Risa eset tee we leect seteccee cs lesees een seen eece oe Bid Choke 4, 796 1, 002, 000 208. 92 
United Kingdom.....---...---------------- 10, 693 351,113 | 32.84 | 23,198 | 5,134,475 | 221.33 
Venezuela. ...-...-------- ie ohueetscoetoeed “7, 601 ~ 383, 821 50. 50 252 44, 287 175. 74 
Total 1946......-.-.--.------------~--|1, 044, 517 | 48, 668,843 | 46.59 1604, 638 |117, 968,206 | 195.11 

1947 te 
Atistria. ccc cuscseecns-ss cote steed dvd cated |sckesneces|Seeeeua scene eee 2 300 | 150.00 
Bellin: 2 2. 2-2 ses cease cece eae Soscecee 3, 482 45,579 | 13.09 (205, 650 | 30, 368, 217 147. 67 
Bravileiot. 2 ut 2 es Bot ok ene ceee es oie 29, 322 533, 796 18.20 | 7, 227 900,317 |. 124.58 . 

British Guiana........-.------------------- 822 39, 155 47. 63 223 | 26, 356 118. 19 
British Malaya... 22.ss6cseets-ceeseecbec5e[ss2 sessed} sencl ene e loses een- 320 62,884 | 196. 51 
British West Africa........--..--..-..--.--- 1, 680 11, 680 6295 ()n2 oo et ee ee oe tee 
Canad enn 2 2co2 Se sn ee eb ee eos [eee sc lec cleeeseesce pe see meas 7 1,924 | 274.86 
Ching: os eco itch Se ee ke Se bee he posse see | ease ecestenl aceceess 1, 033 245,648 | 237.80 
Cubes 22252 Soc ba eee ee bak cooee sas es Jenscheleeece seca boos cece cal esseees-. 6, 422 866,997 | 135.00 
Bey pte cies be ove wots alee losses li een bet eecee d= Seow anne hes eacasees 6 |. 4,126 | 687.67 
BranC@.)2 60035 ssovodaseen seees eo setkates 131 13, 293 | 101.47 | 4.339 | 756,758 | 174.41 
French West Indies.........---------------- 21, 093 351,188 | 16.65 |---.--__|------------|----.--- 
Germany.-2-----.2s-c26-4525-65- 2s les ep euelescesescc|<ss5-c-- 2-25 {eo- Fees 1 250-{ 250.00 
UNGAlY = ooo ceed owevesccst eo seeds. ns [eee Sse ease | Sen ee sees e el este 125 23,374 | 186.99 
Indias 22 2.0 ne eee soto ee saeco ete eles e secede oa 136 28,158 | 207.04 
Waly oan Se cecs ce desee eset sees cscs see|a_ decd e wolfe eee ese eles eces 9 3,861 ; 429.00 
MexiC0.. oe et eset ee cee eee ec 70 16,455 | 235.07 1, 021 318, 211 311. 67 
Netherlands... 22-22--2c22. coescece5s4ee-50|s-se 2252 }ene, Sapaseues|-ceoneos 24,011 | 3,742,952 | 155.88 
Palestine and Trans-Jordan..........---.---|----------|------------|-------- 35,474 | 4,297,767 | 121.15 
SOE IC a Oak gee Goan ae eer tar ham Hen mca Vn pees ce cer 96 13,940 | 145.21 
each ight bit to Ronee terse lata td Soy Veet teil lag comes 102 ,902 | 48.06 
Lie See eet ee diel eee Meee Sete ee ee sces cess 4, 798 625,621 | 130.39 
Joe aa hee eee Se oot a Ne ae a 10 2,000 | 200.00 
963, 969 | 40,421,913 | 41.93 | 38,255 | 8,749,590 | 228.72 
er OSes eges avian s Selececue toute ce oss 9, 270 707, 959 76. 37 


10, 725 480,310 | 44.78 | 9,273 | 1,719,427 | 185.42 
a4 181 437, 84b| 25275 | 222.8. |a- ene | ees 
1, 075,478 | 43,051,210 | 40.03 [347,810 | 53,471,539 | 153.74 


nen A 


1 In the corresponding table in Minerals Yearbook, 1946, p. 550, revisions for 1945 are as follows: Rough 
and uncut: Belgian Congo, (carats) 15,054, (value) $108,985, (average value) $7.24; Union of South Africa, 
(carats) 830,851, (value) $41,277,299, (average value) $49.68. Total, Cora 895,219, (value) $43,131,784 
(average value) $48.18. Cut but unset: Belgium and Luxembourg, (carats) 104,953, (value) $14,544,028, 
(average value) $138.58; Brazil, (carats) 28,573, (value) $4,653,438, (average value) $162.86; India, (value) 

$135,764, (average value) $193.12; Palestine and Trans-Jordan, (carats) 106,036, (value) $17,716,906, (average 
value) $167.08. Total, (carats) 377,594, (value) $63,815,581, (average value) $169.01. 
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about 7 percent during 1947, as compared with an over-all loss of 2 or 
3 percent on the New York Stock Exchange. Quotations were at 
their low in July-August, after which investment buying and Indian 
speculation caused a moderate improvement up to the year end. All 
the principal companies except Premier paid dividends. © 
Imports.—Imports of gem-grade diamonds into the United State 
decreased from $166,637,049 in 1946 to $96,522,749 in 1947, a loss of 
42 percent. The dollar value of rough was off 12 percent and that of 
cut, 55 percent. In both cut and rough, quality deteriorated. In 
1946 Belgium furnished 43 percent of the cut and in 1947, 57 percent. 
Palestine fell from 19 percent to 8, while Union of South Africa gained 
a bit (from 14 percent to 16). Cuba and Brazil lost their importance. 
Judging from prices per carat, the Union of South Africa and United 
Kingdom furnished the best cut and Cuba and Palestine the poorest. 
Cutting.—The gross overstaffing of the cutting industry has become 
apparent, and employment shrank from about 30,200 employees in 


1946 (excluding those in Borneo and India) to 26,500 in 1947. Wages — 


continued. to fall—principally owing to competition caused by short- 
age of rough—and strikes, lock-outs, and lay-offs still consumed at 
least one-third of the men’s time. Cuba and Brazil almost disappeared 
as cutting centers, and Palestine found the political situation withering. 
The United States continued unsurpassed as a cutter of large stones. 

World Production.—Accurate figures regarding diamond production - 
are not available for all countries, but the estimates in the following 


World production of diamonds, 1943-47, by countries, in metric carats - 


[Including industrial diamonds] 


Country 1943 1944 1945 1946 1947 

Africa: : 
ANg0l Gets eo: ee ee, eo 794, 990 799, 120 803, 887 | . 1 806, 961 799, 210 
Belgian Congo..-....----.------2-_o.- eee 4, 881, 639 | 7, 533,365 |10, 386,000 | 6,033,452 | 5, 474, 469 
French Equatorial Africa_...........----__- 56, 183 60, 000 82, 849 87,381 | 190,000 
French West Africa_....---.-.-.-.-.. 2-8. 36, 193 69, 726 79, 802.  §1, 834 190, 000 
Gold Coast 2__..22 2 eee 1,317, 798 | 1, 165, 858 812, 451 643, 196 852, 493 
Sierra Leone. __._....-----------.--------.- 834, 492 608, 744 504, 309 559, 229 605, 554 
South-West Africa...........--------2_.--_. 94, 427 154, 379 152, 629 168, 611 180, 739 
Tanganyika sb tedoudenedvec ces BGeeesinesots 52, 998 90, 667 115, 666 | 1119, 446 74, 825 

Union of South Africa: 

Mines: 222 2 ose og ese cease AS 84, 342 552, 974 878, 713 | 1,025,019 918, 042 
Alluvial. _.----2- 222 217, 987 380, 708 262, 529 256, 768 3 286, 692 
Total Union of South Africa_.._...__- 302, 329 933, 682 | 1, 141, 242 | 1,281,787 | 1, 204, 734 
Brazil 1_..______- eta woecseeteL eet ete wens ole 275, 000 801, 000 275, 000 , 000 275, 000 
British Guiana___.._._..._.--------------.e ee 18, 272 213,911 15, 442 22, 413 24, 669 
Venezuela____.----- 2-2. ---- eee 22, 846 22, 037 12, 769 20, 912 61, 634 
Other countries_...__....----.-------------.---- 6, 804 12, 000 2,900 £1,600 53, 500 
Grand total... 2-2-2 eee 8, 694, 000 }11, 764,000 14,384,000 |10, 127,000 | 9, 737, 000 


1 Estimated. 

3 Exports. . 

3 Includes an estimate of 100,000 carats for State Mines of Namaqualand. 

‘ Partly estimated; includes India, Borneo, Australia (New South Wales), and U.S. 8. R. 
§ Includes India, Russia, Borneo, New South Wales, and United States. 
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table are believed to be fairly reliable. World production (gems and 
industrials) in 1947 is estimated to have been 9,737,000 carats (2.15 
short tons), worth at the mine some $75,105,000, which compares with 
10,127,000 carats (2.23 short tons) in 1946. This is about 96 percent 
of the 1946 production as to weight and 92 percent as to value. By 
weight, 1,120 pounds were gem stones and 3,173 pounds industrials. 
Belgian Congo was the leading producer, by weight (56 percent), 
although it. represented only 12 percent of the value. On the other 
hand, the output of the British Commonwealth, which was only 30 
percent of the weight, represented 68 percent of the value. The 
Belgian Congo, the Union of South Africa, and Tanganyika produced 
less than in the previous year, while the Gold Coast, Sierra Leone, 
Southwest Africa, and Venezuela produced more. . 
Industrial Diamonds,—It appears that during the recent World | 
War brokers of industrial diamonds and manufacturers of tools 
utilizing them overstocked, contributing to the decline in the quantity 
of industrials imported in 1947. Imports were much below those of 
1942-44, whereas values were comparable. Early in 1948 production 
and consumption were in approximate balance, assuming that manu- 
facturers are ingenious enough to use the grades available. © | 
- Industrial diamonds are being stockpiled by the Munitions Board. 
- The year saw many advances in the use of industrials mechanically, — 
but only one new use, as counters for alpha, beta, and gamma rays, 
replacing in some instances the Geiger-Muller counter. As the diamond 
is sensitive to radioactivity, fine colorless crystals form the most 
sensitive and enduring counters. _ . 
- The use of the diamond drill in oil-well and blast-hole drilling 
increased. | — 
~ . Figure 1, originally prepared by Herbert Backman several years ago, 
shows the tremendous increase in use and the sharp decline in the 
price per carat of American imports in the past 29 years. 
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FIcuRE 1.—United States imports and average price per carat of industrial diamonds, 1919-47. 
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Imports of industrial diamonds into the United States during the 


past 5 years are shown in the accompanying table. 


Industrial diamonds ‘(glaziers’, engravers’, and miners’) imported for consump- 
tion in the United States, 1943-47 —_ 


[U. 8. Department of Commerce] 


Value | Value 
Year Carats }--F ]. Year Carats |-—s#—_-——_—_-—-——— 
: Total Average Total Average 
1943... --- 12, 084, 133 $21, 890, 568 $1.81 || 1946_._..-_-_-- - 4,625, 282 |$14,207,536.| $8.09 
1944.00 | 12, 614, 507 | 22,894, 244 | 1.81 |} 1947... anne-- 3, 920, 012. | 12, 840, 866 |. 3. 23 


1945_....-------| 10, 733, 411 | 12, 823, 962 1.19 


In 1947 the United States exported 92,626 carats of industrial dia- 
monds valued at $512,273 or $5.53 per carat. ie 


RUBY, SAPPHIRE, AND EMERALD 


Compared with the diamond, the 1947 sales of rubies, sapphires, 
and emeralds were small. As most of the deposits of the noble gems 
do not lend themselves to large-scale operations, precious-stone min- 
ing by large companies is confined to the diamond, notwithstanding © 
the fact that fine emeralds and rubies bring higher prices than most 
fine diamonds. Fine rubies come from Burma; sapphires from Siam, 
Ceylon, Indochina, and Kashmir (rumor has it that the deposits of 
the last two countries are virtually exhausted), and, emeralds from 
Colombia and the U.S. S. R. Political conditions in most eastern 
countries are not conducive to successful mining, and the Colombian. 
emerald mines are not being operated. But fine gems are not only in 
demand, they are also in short supply—a deficiency met only partly | 
by stones from outmoded jewelry. _ | 

The gem gravels of Ceylon furnish not only rubies and sapphires 
but also many other gem stones. The gem diggers of the Ratnapura 
district, while active, are not increasing their output, notwithstanding 
the very high prices gems bring. The mining is done by Singhalese 
diggers, who work only in certain seasons. The annual value of 
production is from £66,000 to £82,500, unless exceptionally valuable 
stones are found. : . 

__C. C. Morton (Queensland Government Mining Journal, vol. 47, 
November 1946, p. 340) describes the Willow sapphire field, Central 
Queensland. The gems occur in white clay at from 1 to 10 feet below 
the surface. The good stones are yellows and blues, although the 
dominant colors are green or blue-green. One yellow weighed about 
218 carats. Sapphires were first found at Withersfield, Queensland, in 
1870. Partial records of the production of sapphires and associated 
gems in Queensland from 1892 to the end of 1946 totaled £657,180. 
Transvaal, South Africa, produces a few gem beryls, some of which 
are dark enough to be classed as emeralds; on the average, they are of 
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_ mediocre grade. The principal producer is the Somerset mine of the 
South Africa Beryl Mining Co. If the stock on hand brings a satis-_ 
factory price (the stock is about 100,000 carats), the Beryl mine 
(Beryl Mining Co., Ltd.), may be reopened and cutting be done in the 
company’s own shop. | ; | | 
In the first half of 1947, South Africa produced 7,260 carats of 
rite as compared with 5,572 carats in the corresponding period 
of 1946. a 

Neither the Colombian Government mine, Muzo, nor the company- 
owned Chivor mines has been operated for some time, although in 
1947 the Government gave the right to the Banco de Republico to 
exploit Muzo, and it is reported that the bank, in turn, has contracted 
for the mining, grading, and cutting of the stones. A decree effective 
August 1, 1947, is aimed at suppressing the rather large black market 
in emeralds, which has existed for some years in Co ombia, by. con- 
trolling the mining, sale, possession, export, and cutting of rough 
emeralds. (Information received in part through the courtesy of 
Clinton Bernard.) PGP 308 


LESSER GEMS 


The American Gem Society, by a vote of its members, has dis- 
continued the use of the term “semiprecious,’’ as the adjective is 
considered to be meaningless. i‘ | 3 
The finest of opals, the Australian, is growing in popularity and 
increasing in price, partly due to the purchases by GI’s stationed 
‘down under.” There is some evidence that the Lightning Ridge, 
Queensland, black opal deposits are playing out. In the heyday of 
the field (1910), a thousand miners worked the field; today, only 20 
to 30, and buyers avidly snap up the few gems found, even at present 
high prices. The “Shallow Four Mile’ workings, once largely 
neglected, are the site of today’s main workings. From 1892 to the | 
end of 1946, Queensland had an official opal production of £189,150. 
New Zealand jade (nephrite) used to be recovered as a byproduct of 
_ gold sluicing, but with the decline in alluvial mining, the supply does ; 
not satisfy local demand. | 
H. Buttgenbach described a fine topaz crystal weighing 2% kilo- 
grams found near the Gitshie River, a branch of the Kungwe, in the 
Ruanda, Belgian Congo. | 
A large, fine aquamarine brooch was presented to Mrs. Harry 
Truman when, late in 1947, she and President Truman visited Brazil 
for the Pan American conference. Raymond M. Miller reports that 
Brazilian gem merchants still export quantities of blue topaz, par- 
ticularly to the Central American and Cuban markets, as aquamarine. 
In Brazil, he says, aquamarine sells at three times the price of blue 


to 


paz. 
M. F. Beliakov reports lazulite in a quartz vein in the vicinity of 
Mount Sura-iz, northern Urals. The quality of some warrants its 
use In jewelry, 
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Edward R. Swoboda? describes the garnet deposits of Brazil 
opened up since the war-boom development of the national lapidary 
industry. Both fine essonites and almandites are produced. - 
- In 1947 andalusite of fine color but small size appeared on the 
American market. The American Gem Society believes it comes 
from the gravel near Santo Teresa, State of Esperitu Santo, Brazil. 
The discovery was made in wartime prospecting for strategic minerals. 
The stone ranges in color from brick-red to yellowish-green and is 
quite brilliant. Eee ge | | _ | 

Raymond M. Miller reported that the recent find of large pockets 
of deep-colored amethyst near Bahia has caused a fall in the price of 
that stone in Brazil. The Bahia amethyst, when burned, turns to a 
fine “citrine.” Natural citrine also occurs near Bahia. Se ees, 

The best Ceylonese gem zircon, one of the dominion’s widely 
disseminated gems, is found in Dediyagalemukulane, in the Southern 
Province. | oo v2 

It is stated that India yearly exports 118,000 rupees worth (about 
$35,000) of agate. | | 7 


SYNTHETIC GEM STONES 


_ Nineteen forty-seven was a year of great advance in making 
synthetic gem stones. Late in September the Linde Air Products Co. 
astonished gem experts by putting on the market synthetic star 
sapphires and rubies. Both “star” and color are well-developed in 
~ many examples. Production was limited, but the synthetic stars 
can be sold at one-tenth or even one one-thousandth of the price of 
the natural gem. By microscopic examination, the differentiation of 
natural and synthetic stones is easy. While one cabochon stone 
weighed 109.25 carats, most of the cut stones released weighed from 
4 to 15 carats. The stones, clearly advertised as synthetic, were 
being sold through a single channel. — | 

Carroll F. Chatham of San Francisco improved appreciably the 
size and quality of his synthetic emeralds; these can readily be differ- 
entiated from the natural gems by the microscope. Such synthetic 
-gems are still relatively small? ; 

During the war, German scientists found that bearings could be 
shaped from synthetic spinel with the use of only 30 percent of the 
diamond dust required for sapphire or ruby. Later, upon being © 
heated to 950° to 1,050° C., the spinel bearings hardened and replaced 
sapphire bearings satisfactorily. : — 


2 Jewelers’ Circular-Keystone, March 1947, pp. 270-272. , 
3 Pough, Frederick H., Jewelers’ Circular-Keystone, 1947, pp. 176, 178, 224-226. 
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Linde Air Products Co. and the National Lead Co. in 1947 produced 
synthetic rutile of several colors. While not as. yet on the market, 
eventually gems of high brilliancy, but rather too soft for many jewelry 
purposes, may be available. . | 
- During the recent World War, both Great Britain and the United 
States became self-sufficient in producing synthetic corundum and 
in shaping it for watch and instrument jewels. In 1946 import of 
foreign synthetics was resumed, and in October 1946 prices dropped 
markedly.. The synthesis of corundum continued after the war in 
America, and ruby and sapphire were used in medium-price jewelry, 
for bearings, in various tools, gages, and tips for micrometers and for 
small mortars and pestles. | es mee oe 

A Swiss manufacturer has produced ball bearings from synthetic 
corundum. In comparison with steel balls, they are hard and have 
a ee modulus of elasticity, great chemical resistance, and physical 
stability. . | | 

It is reported that during the war Germans produced a sintered-. 
ruby material superior as an abrasive to other aluminum oxide 


abrasives. | 
RELATIVE VALUE OF GEM STONES | 


Gem stones are valued for many reasons but mainly for their 
beauty and rarity. Value is so dependent on perfection that it is 
difficult to rank gems rigidly. <A fine spinel may well be more valuable 
than a diamond of mediocre quality. In a broad way, the noble 
gems rank highest, about as follows: Deeply and attractively colored 
diamonds (fancies), emeralds, rubies, colorless diamonds, and sap- 
phires. The other gems follow in about this order: Imperial jade, 
star ruby, black opal, cat’s eye, alexandrite, star sapphire, spinel, 
demantoid, kunzite, morganite, peridot, aquamarine, topaz, white 
opal, jade, tourmaline, amethyst, zircon, garnet, citrine, turquoise, 
and moonstore. To assign a dollar value to the foregoing would 
have little meaning. A pound of ‘fancies’ might be worth $11,350,- 
000, or $5,000 a carat, and a pound of turquoise but $15, or, say, 1 cent 
a carat. 
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THE JEWELRY INDUSTRY IN 1948 


MERICAN jewelers found that in 1948 competition for 
A consumers’ dollars was increasing from dealers retailing other 
: durable goods, long unobtainable, and further found their cus- 
tomers more discriminating. In consequence, sales ($1,203,000,000) | 
were below those enjoyed in 1947. The 1948 Christmas trade was 
satisfactory; but expensive items, particularly large diamonds, moved 
slowly. Retailers’ stocks decreased somewhat in the latter part of 
1948; and although wholesale jewelers’ sales ($530,000,000) were 
slightly higher than those of 1947, this fact is accounted for by ex- 
tremely heavy sales in the first half of the year, which overbalanced 
slack sales in the latter half. 

The industry operated under an exceptionally prosperous national 
economv, high industrial wages, a record national income and large 
exports especially to Latin American countries. The marriage rate, 
while high, was lower than in 1947. 


FASHIONS IN JEWELS 


Interest in jewels increased in 1948. Jewelry is yearly becoming 
more individualistic. On the whole, jewelry designs are becoming 
more delicate, graceful, and lacy, and the old compact, solid look is 
passing. In 1948 the dominant motifs were flowers, leaves, and, to 
a smaller extent, birds, bowknots, and butterflies. 

Clips, brooches, and pins were approximately as popular as neck- 
laces, earrings, and ear clips. Bracelets, rings, and tiny watches 
hidden in bracelets or rings were also frequently seen. 

A large number of gem stones were mounted—diamonds notably, 
then emeralds, rubies, and sapphires. Among some 20 other gem 
stones used, amethysts, pearls, and aquamarines ranked high. Few 
‘‘fancies” (decidely colored diamonds) were mounted; but, of course, 
such stones are rare. 


1 Deceased April 8, 1949. This chapter was compiled principally from an incomplete manuscript and 
notes left by Mr. Ball. 
565 
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Wide use of the diamond and a certain popularity of pearls, real 
and cultured, caused colorless gems to be by far the most widely 
used, followed by green, red, and blue and then by purple and yellow 
stones. 

Sets of jewels of the same design and set with the same stone are 
still popular, as are “utility” jewels, which can be separated into two 
or more components. Pendants commonly hang from necklaces or 
dangle from earrings. Odd cuts of diamonds support the brilliant 
and square cut more frequently. Scatter pins became popular late 
in the year. They were even used on sandals, as were other stones, 
and the latter were even set in spectacle frames. 

Forty years ago the possession of a diamond-set ring indicated that 
the American man had attained financial success; now he rarely wears 
a diamond, although he may wear a star sapphire. A definite attempt 
last year to interest Americans in masculine jewelry apparently met 
but little success. 


DOMESTIC PRODUCTION 


In the past 129 years or thereabouts, the United States has produced 
a large number of different gem stones but has never been an im- 
portant factor in world gem production. Exceptions might be the 
Maine tourmaline deposits. over 125 years ago, the turquoise deposits 
of the Southwest in prewhite days, agate and variscite deposits in 
the recent past, and jade deposits in the present and near future. 
But gem mining has been and probably will be one of our minor 
mining industries. 

No large gem-mining companies exist in the United States, but 
several prospectors in a number of instances have banded together to 
work certain deposits for a time; a few small companies have been 
formed to mine jade; and certain professional lapidary shops employ 
a few miners. In addition, amateur lapidaries spend many weekends 
searching for material, particularly of the agate family, to feed their 
lathes. If they are not collectors the product goes to the local jeweler 
or to one of a host of roadside curio shops, particularly in the North- 
western States, California, Arizona, New Mexico, Utah, and the Black 
Hills, stocked with souvenirs of local or of pretended local origin. 
The chief customers are automobile tourists. As a fad or a quasi- 
business, the lapidary craft is spreading rapidly. 

No reliable statistics exist as to the value of the domestic output 
of gem stones; in the rough, it may approximate $400,000 to $500,000 
and more than double that after cutting. 

The many forms of agate, attractive and widely distributed, led 
the field, with jade second and turquoise a poor third. Of the States 
and Territories, Oregon, Wyoming, and Washington were the leaders. 

Agate.—Agate production in Oregon, including ‘thunder eggs,’’ is 
holding its own, and interest in the lapidary craft grows. The well- 
known Yellowstone River moss-agate locality in Montana is still pro- 
ducing but appears yearly to be nearer exhaustion. Production is 
falling, and good material is getting scarce; prices consequently are 
rising. Much of it is cut locally and sold in roadside shops. The 
Black Hills lapidaries are reported to depend on Montana for their 
rough moss agate, claiming that it is better than their own. 
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Considerable agate is produced in west Texas, although some 
_authorities state that intensive exploitation in recent years has re- 
duced the reserves markedly. Most of it is sent to California for 
cutting. 

Washington produces considerable agate of several varieties. 

A relatively large amount of agatized wood is collected on the borders 
of the Petrified Forest National Monument, Ariz. Other localities 
in Arizona have furnished agate for cutting. 

Apparently the Wyoming moss-agate deposits and the plume-agate 
deposits of New Mexico were not vigorously exploited in 1948. 

Utah produces considerable agate. In the past year or two, fine 
moss agate has been coming from a locality east of Park City. 

Georgia reports a new locality for heliotrope in Catoosa County. 

Jade.—Allan Branham of Lander, Wyo., stated that the old Wyo- 
ming deposits furnishing light-green jade have been largely depleted, 
although three or four individuals hold some. He further reported 
that the tremolite-jade mine changed hands and that, in the summer 
of 1948, it was vigorously worked, the product being sent to Denver 
in truck loads. 

“Thunder,” said to be the largest statuette ever carved in jade 
(20 inches high, weight 104 pounds) portrays an American Indian 
sitting cross-legged on rain clouds and pulling thunder from a small 
drum suspended from his shoulder. Donald Hord of San Diego, 
Calif., was the sculptor. The rough was found by Marcia Branham 
near Lander, Wyo., and the original boulder weighed 460 pounds. 

Bert Rhodes produced considerable jade from a property 60 miles 
southeast of Lander. Some was said to have been exported to Shang- 
hai, China. 

Robert M. Hawk, a manufacturing jeweler of Denver, reports that 
in 1946, while on a fishing trip, he and two companions found a large 
jade deposit north of Lander. This was producing during the sum- 
mer of 1948. The jade is in place; it is claimed that there are 50,000 
tons of it. It varies in color from light green to black and is said to 
be worth $3 to $50 a pound. Some will be cut in Denver into lamp 
bases, book ends, etc., while some has been exported _to China. 

Although the Alaska jade deposits of the Kobuk River region were 
not worked in 1948, considerable was reported to have been exported 
during the year from Pacific ports to China. 

Some nephrite was sold from Monterey County, Calif. A nephrite 
dike in place is said to have been recently found in San Benito County 
near King City, Calif. 

Green-stained quartz is reported to have been produced somewhere 
in Colorado and sold under names such as “king jade.” 

Turquoise.—In 1948 the Southwest probably produced less tur- 
quoise than in recent years. The Southwest Gem & J ewelry Co. in 
1948 produced about 200 pounds from its Mineral Park, Ariz., deposit. 
Dr. G. M. Butler reported that, as depth is attained at the Castle 
Dome Copper Co. property, the quantity of turquoise decreases. 
In 1948 the company ceased trying to recover turquoise as a byproduct, 
but some recovery by miners probably continued. Dr. Butler stated 
that much of the Arizona turquoise is artificially colored and that 
even a clever imitation of matrix turquoise is on the market. 

Some turquoise was produced at Battle Mountain and Tonopah, 
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Nev. The King mine at Manassa, Conejos County, Colo., was op- 
erated on a small scale; in addition, some turquoise was sorted from . 
the dump. The Cerrillos mine, New Mexico, was not operated dur- 
ing 1948. 

Other Gem Stones.—Alfred M. Buranek reported that Utah mines 
in 1948 produced about the normal amount of variscite. Most of it 
came from the Clay Canyon deposit but a little from Grantsville 
and Lucin. 

Utah, according to Prof. Junius J. Hayes, produced a new gem 
stone, a transparent yellow labradorite which occurs as phenocrysts 
in an andesite from Clear Lake, Millard County. Stones are small, 
aud cut stones seldom exceed 1 carat; stones weighing as much as 
10 to 15 carats are very rare. They are being sold cut at Salt Lake 
City for $3 to $6 per carat. 

The Barton Mines Corp., North Creek, Warren County, N. Y., 
miners of abrasive garnet, produced a few gem garnets. Pyrope 
garnets late in 1947 and early in 1948 were cut at Moab, Utah, in 
considerable quantities. ; | | 

Montana reported no sapphire production in 1948, either from its 
dredges or from its lode mine. The latter, Yogo Gulch, Judith Basin 
County, was up for sale in 1948 but so far as known no transfer of 
title resulted. Guy B. Ellermeier of Denver reported that at the 
old sapphire locality near Turret, Colo., first discovered in 1886, the 
stones occur in a bed of corundum schist 1 foot thick lying on garnetif- 
erous metamorphic limestone. While the corundum stones are a 
fine blue, they are too small to be of commercial interest. 

Arkansas continued to produce some rock crystals, and the sale of 
these—largely to mineral collectors—continued to be an important 
source of revenue to a few of the individuals. 

It was hoped in 1947 that changes of ownership in certain gem 
mines in the Pala area near San Diego would increase the California 
production of tourmaline, aquamarine, kunzite, and topaz in the 
Aguanga Mountain area nearby. The hope has.only partly been 
fulfilled, although a little kunzite, aquamarine, garnet, and topaz has 
been produced. 

Other gem stones produced in small amounts in 1948 in the United 
States follow: Plume agate, New Mexico; agate, Illinois; amethyst, 
Georgia (Union County); apatite, yellow, Mesilla Park, N. Mex.; 
aquamarine, Pikes Peak, Colo.; carnelian, New Mexico; rose quartz, 
South Dakota; satin spar, Perry Peak, Colo.; and topaz, Pikes Peak 
and Tarryall Mountains, Colo., and Topaz Mountain, Utah. 


CANADIAN GEM STONES 


Again in 1948 Canada produced little in the way of gem stones. 
Rock crystal (Black Rapids, Ontario), peristerite (uyndoch Township, 
Ontario), and some other attractive gem-stone material is either ex- 
ported to the United States or sold to an enthusiastic coterie of ama- 
teur lapidaries in Toronto. The Labrador labradorite, the finest in 
the world, can now be credited to Canada. 

The annual value of Canada’s gem-stone production probably does 
not exceed a few hundred dollars. 
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GOVERNMENT REGULATIONS 


The jewelry industry doubtless has never been subject to as many 
regulations as at present.. Most of the laws attempt to increase 
national revenue, keep currency at home, or obtain dollar exchange. 
A few examples follow. . 

Both Canada and the United States continued their luxury sales 
taxes. Exports of certain industrial diamonds from the United States 
required a special export license and customs inspection. Some coun- 
tries, such as the Union of South Africa, prohibited import of jewelry 
from nonsterling areas. Importation of diamonds into India, Paki- 
stan, and Ceylon was subject to various restrictive rules. There 
were severe limitations on any movement of jewelry over the borders 


of Hungary. 
IMPORTS ? 


Imports of gem stones, exclusive of industrial diamonds, in 1948, 
as reported by the United States Department of Commerce, totaled 
$115,990,280, about 5 percent more than in 1947. Of the total, 
diamonds comprised 87 percent. . | 


Precious and semiprecious stones (exclusive of industrial diamonds) imported 
for consumption in the United States, 1947-48 ! 


[U. S. Department of Commerce] 


a 


1947 1948 
Commodity re 
Carats Value Carats Value 
Diamonds: . 
Rough or uncut (suitable for cutting into gem stones), 
duty free____.__----------------------+----~-------- 2 996, 514 | 2 $42, 589, 592 912, 762 | $44, 460, 365 
. haa but unset, suitable for jewelry, dutiable___.-.----- 347, 810 53, 471, 539 | 389,314 | 56, 244, 934 
meralds: : 
Rough or uncut, duty free___.---.-------------------- 7, 385 258, 062 4, 937 28, 054 
Cut but not set, dutiable_.-_...----.--..-------------- 2 2, 286 2 75, 420 11, 213 286, 565 
Pearls and parts, not strung or set, dutiable: 
Natural oo ote eleece Sc ee oe Je be oan SS ees dss eons ee edeeee ee 2 366, 624 |_.-.------ 772, 763 
Cultured or cultivated _.......-----------------------]---------- 737, 753 |_--------- 748, 302 
Other precious and semiprecious stones: 
Rough or uncut, duty free..........------------------|---------- 298, 393 |_.-.------ 258, 553 
Cut but not set, dutiable_.....-...-------------------|---------- 2 3, 664, 048 |..-.------ 3, 160, 778 
Imitation, except opaque, dutiable: 
Not cut or faceted__...-_.--..-.-.-----------------|---------- 118, 168 |.--.------ 53, 133 
Cut or faceted: 
Synthetic. ....-------------------------------]---------- 483, 313 |....------ 777, 224 
Other___._.-.-----..-----------------------~--|---------- 7, 688, 827 [__.-_----- 8, 904, 941 
Imitation, opaque, including imitation pearls, 
dutiable__..__...-_--..-----------------------------|---------+- 15, 566 |..--.----- 59, 610 
Marcasites, dutiable: 
Real____._...--------.-------------------------------|---------- 300,175 |....------ 216, 003 
Imitation......------------------------------------ =] oe ee een 8, 549 |.---___.-. 19, 055 
TOtaliaeieces fee Ak Ao be aaeco st ae sesses 2s Sees] S-5 tes 2 110, 076, 029 |__.-_._.-- 115, 990, 280 


1 In the corresponding table in Minerals Yearbook, 1947, p. 536, revisions for 1946 are as follows: Diamonds, 
cut but unset—carats, 566,313; value, $110,465,703. Other precious and semiprecious stones, cut but not 
set, $8,932,984. Total value, $181,515,265. 

2 Revised figure. 


2 Figures on imports and exports compiled by M. B. Price, of the Bureau of Mines, from 
records of the U. S. Department of Commerce. 
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DIAMOND 


The year 1948 was a good one for diamond producers and whole- 
salers, fair for retailers, and poor for cutters. : 

World production was about 3 percent greater than in 1947. Out- 
put in the Union of South Africa was approximately the same as in 
the previous year, but the Belgian Congo registered an increase. 
In Tanganyika, production also increased markedly percentagewise. 

Sales of rough by the principal wholesalers, the subsidiaries of the 
Diamond Corp., were a little over £38,000,000 in 1948 as compared 
with about £24,500,000 in 1947. In July the corporation took over 
marketing of Tanganyika Territory’s production and that of French 
Equatorial Africa; and its buyers sometimes purchase in the “out- 
side” alluvial fields of South Africa, Brazil, and British Guiana. 

Retail sales in the United States were only fair, and retail prices 
declined. High-price articles moved very sluggishly. 

Prices of rough were strong during the early part of the year but 
weakened considerably during the latter part. : 
Share Dealings.—From 1944 to date the diamond shares have 
lacked sparkle as market performers. In 1948 the four principal 
quoted shares had an average gain of 5% percent but only fluctuated 
between 100 and 110 percent. Quotations were at their peak early 
in May and then declined. All the principal diamond-mining com- 

panies except Premier paid dividends in 1948. 

Cutting.—In 1948 the cutting industry expanded its world-wide 
personnel to 29,500-31,000, a 10- to 12-percent increase over 1947. 
Half the cutters were Belgians. The Palestine industry had a hectic 
year. The number of cutters was too great for the rough available 
and the demand for cut; hence black markets, unemployment, reduced 
wages, and price deterioration of cut followed. 

Netherlands, the United States, and South Africa are considered 
most firmly established as cutters of large stones, and Belgium and 
perhaps Palestine of small. 

Imports.—Imports of gem-grade diamonds into the United States 
increased from $96,061,131 (revised figure) in 1947 to $100,705,299 
in 1948, an increase of 5 percent. The dollar value of both rough and 
cut increased. The quantity of cut increased, whereas that of rough 
decreased. Belgium furnished 56 percent of the cut (value) in 1948. 
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Diamonds (exclusive of industrial diamonds) imported for consumption in the 
United States, 1947—48,! by countries 


[U. S. Department of Commerce] 


Rough or uncut Cut but unset 
Value Value 
Country 
Carats , Carats a 
ver- ver= 
Total age Total age 
1947 
AUST id so ete a Secor eee tbe edock ll ecco es lace A et epee $300 | $150.00 
Belgian Congoleic+. oseceneccenh sce booed 70 $16, 455 {$235.07 {__..____]---..-_...-_]____---- 
Belgium ows es eke Ss Se oe se se cases Son Sos esse eee ek 205, 650 | 30, ao 217 | 147.67 
Brazile 20 opto ey oes See Ca ee 225, 918 2 498, 631 | 219. 24 7, 227 900, 317 124. 58 
British Guiana__.__-..-..-- 21-22 ee 822 39, 155 47. 63 223 26, 356 118.19. 
British. Malaya. .o 2. sci ese cee te ock owes eine oo eleeecese eco esse 320 62, 884 | 196.51 
British West Africa._......._......--.------ 1, 680 11, 680 6505" esters sated ou Ls 
Canadas: o5 2s oso Sei oe oa ede eee ei es IL 1,924 | 274.86 
GOhina. 2 o2 ooo ede be est seco er gosen |e eee Use egeecsee 1, 033 245, 648 237. 80 
Oubas.sctetec ces ee ces ce sccee soonest oto sec cee che aeee dale ese es 6, 422 866,997 | 135.00 
Heyptss.cn et oe et co ee ee Co a IS Sn 6 4 687. 67 
France tis S22 oa este eek ee ke SL ee ae 4, 339 756, 758 | 174.41 
French West Indies._...........__--_------- 21, 093 351, 188 16:68-Asceu tos ak Sect ee ee 
Germany 2 ovo ise esse eee Jeol eee ea eee eae eS 1 250 250. 00 
UNS ary 2c ce eae ooo Soe oe Sh eee ced else n beet [eect seule |oeeretes 125 23,374 | 186.99 
INOS 2 oe eh ee a lt na tia gh el ee lf ce oe hare 136 28, 158 207. 04 
MALY secs et DOS ete oa hte AN oes eee ed 9 3,861 | 429.00 
IMCX1CO1 2 es oH ta sn Se eet ene ce ee | Lee Se es sees dese ec ge 1, 021 318, 211 311. 67 
Netherlands 2: so. 2002 -sbecc See eck oes siete ete eee tes choos} soeceesed 24, 011 8, 742, 952 155. 88 
Palestine and Trans-Jordan_...-__.___.--...|_--------.|_.-----.----]-------- 35, 474 4, 297,767 | 121.15 
Portugalsi.0 cet oe ee se cere | Soe CL eco ese. |b eee cee 13, 940 146. 21 
IAMS: =e cesses horses oe bees ee hese tere Solas ool eee ee 102 4, 90 48. 06 
sees by ee Pee Me cree a ete oe nae CAD le cate et we ese ciad 4, 798 625, 621 130. 39 
BP esrast peiats Unates ohm Ue cere dns Siar ond tat iie'| saith ee ed So oe a ae [eo te 10 2, 000 200. 00 
Union of South Africa_. 2 892, 022 |240, 054, 332 | 2 44.90 | 38, 255 8, 749, 590 228. 72 
wr Ba Riso eee. oon oe hot uoaeewe sbsece setede acct ee ee a 9, 270 707, 959 76. 37 
United Kingdom. .___-...-___--_----------- 10, 725 480, 310 44.78 9, 273 1, 719, 427 185. 42 
Wenezuela. -. 2 cc cusecweces deed eecscesusctes 44,184 | 1,187,841 | 25.75 |_-_.---.]----.---.---]-------- 
TP otal1947220.cco 52. ccs ca lecce estes: 2 996, 514 242, 589, 592 | 2 42.74 1347, 810 53, 471, 539 | 153.74 | 
1948 
AUStrias 2:42". pasle. db Se Sao Reco eh se een c ahs eae ees cence ees 215 | 215.00 
Belgian Congo._-.....-.-------------.------ 119 3,870: | 8252 eeetet ee ett eee ses 
Be QW bcc lease croatia Ul geld ceed. | toe a eee ee 213, 207 | 31, 475,999 | 147.63 
BRAZ So htt EE ek ed 15, 878 295, 294 18. 60 4, 762 578, 774 121. 54 
British Guiana__-._..-.---_-_-- See ccutuese 786 29, 219 37.17 116 12, 5385 108. 06 
Canads.22222-c4c3c. eek eee ele eeepc eth eGo cee et bea ee! 21 18, 388 637. 52 
China: 2 220 oe ol ae ct es foe 328 67,032 | 204.37 
ColomMp1as oS oe de cee ee lee ee allie se so ee a eta bake eet 20 5, 68 284. 15 
CUDR es a a So ee eer oe A RN le SNe kN ee 4,790 657, 520 | 137.27 
HOV Pte esos ss eka A ss ies ee eS oA a eee 14 1, 87 133. 93 
France. 3 2020 32 ee eee cc ode ee Seen} ce coco owe eee 13, 471 925, 673 68. 72 
French Morocco____-.-__---.-------_---_---|---_-.----}-__.--_----.|-------- 61 13, 218. 03 
Germany:: 252522250 coh Seen ee ce el Aes eosd el ese 11, 624 399, 714 34. 39 
Hong Kon? 2232s ees ee ee eee ect Bese e es acess se tue 324 83, 257. 04 
Tran Ge er ee ae re Ae Ae he et ee tocoen fe et te ee 113 12,724 | 112.60 
Wtalyic cov io Bes clas oi cos de es ates er eta stb ihe ah oe eet ce Se 3 1,088 | 362. 67 
JAMAICA oss st eet teed eae oe ee a ep elecw ee ween | eee ees 2 230 | 115.00 
JapaN eo lee eee hee ee ok ee S| west as spouse ase cecscs 2 539 269. 50 
Eebanoneied 226 eo ce ee ete ee ee be fete oe PAS So sece eee cess 23 6,283 | 273.17 
IMIC@XICO® wisi ee ee ee es Let ec eee see 80 9, 954 124, 43 
Netherlands: o6220 20222022020 sscc acdsee] |s ccs clef eceteeeaei clase sts 34,246 | 5,109,945 | 149.21 
Pakistans-. 2-0) 2a Ns Se te ee ea ee eek Sos 1 488 | 488.00 
Palestine and Trans-Jordan...........-----. 1, 120 114, 921 | 102.61 | 39,995 | 4,139,345 | 103.50 
Portugal... 2223543222 2252 2 eck eco iee weeas| Sees ee os eee 99 10, 439 105. 44 
Sigma. oe oo te SR Sto oe ef tac an beeee, 1, 049 197, 868 | 188.63 
Sweden. ...f.. 0) 222 oe ee te ose Sak ee se Soe ee Meee sk 1 450 | 450. 00 
llega tlle ed bel Soe clad sa Sec le eee Soe toe 18,298 | 3,044,693 | 166.39 
Tangier. 2. 22.0) hee 2 eee eee dotellioectestebliessncenee cs [ieee 2 1,067 | 533. 50 
Union. of South Africa.__.....-..----------- 832, 022 | 42,379,244 | 50.94 | 33,060 | 7,974,210 | 241.20 
WS Be whos te en ee ee at 9, 303 775, 378 83. 35 
United Kingdom_-__..___...._.-....-...-.-- 6, 112 310,098 | 50.74 | 4,297 724,968 | 168.71 
VenezUela so. ooo nt eee ce cece se. 56, 725 | 1,327,719 | 23.41 |---.--.-|---.--------]-------- 
Vurdslavia... <2 2cs0 oe ote cos Sevedeecllice ace at sl eee sont ee cules seees 1 275 | 275.00 
Total 1948__.-.._._-.--. eee 912, 762 | 44,460,365 | 48.71 |389, 314 | 56,244,934 | 144.47 


1 In the corresponding table in Minerals Yearbook, 1947, p. 537, revisions for 1946 are as follows: Cut but 
unset—Cuba is deleted. Total—carats, 566,313; value, ‘slio, 465,703; average value, $195.06. For 1947. 
imports were erroneously reported for Belgian Congo, Belgium, France, and Mexico. 

2 Revised figure. 
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World Production.—Accurate figures on diamond production are 
not available for all countries, but the figures in the accompanying 
table are believed to be close approximations. World production 
(gems and industrials) is estimated to have been 10,028,000 carats 
(2.21 short tons) in 1948, worth at the mine some $70,000,000, which 
compares with 9,742,000 carats (2.15 short tons) and $75,000,000 in 
1947. Therefore, as compared with 1947, production in 1948 in- 
creased 3 percent in weight and decreased 7 percent in value. It is 
estimated that, by weight, 2,244,600 carats or 990 pounds were gem 
stones and 7,783,400 carats or 3,432 pounds industrials. 

Belgian Congo was the leading producer by weight (58 percent), 


although it represented only 13 percent of the value. On the other 


hand, the British Commonwealth produced 29 percent by carats 
and over 66 percent by value of the total. 

Among noteworthy developments were the increases in output in 
the Belgian Congo and Tanganyika. With few exceptions, produc- 
tion in French territories compared favorably with the previous year. 


World production of diamonds, 1945-48, by countries, in metric carats 


[Including industrial diamonds] 


Country 1945 1946 1947, 1948 

Africa: : 
ANGOIE: 9. a2 oes ee eee oe See Seles seee sale ee 803, 887 806, 961 799, 210 795, 509 
Belgian Congo.._______.____-.__---.--------------- 10, 386, 000 6, 033, 452 5, 474, 469 5, 824, 567 
French Equatorial Africa______.__..-__-_---------- 82, 849 87, 381 107, 076 1100, 000 
French West Africa.__.__.._..__..---.2----._------ 79, 802 51, 834 62, 310 77, 970 
Gold Coast A. os ore ede ee too ee Se ae Pook 812, 451 653, 196 852, 493 1 850, 000 
Sierra Leone_..-..-._._-----------.---------------- 504, 309 559, 229 605, 554 465, 518 
South-West Africa. ...__.......--__---.-----_------ 152, 629 163, 611 179, 554 200, 691 
Tanpanyikas. 0.222225). Sea ee eset e tee eels 115, 666 119, 446 92, 229 148, 169 

Union of South Africa: 
0068 newest hes ce Qe ote Goa ores waco Shes 878, 713 1, 025, 019 918, 042 1 930, 000 
All Vda)]? oo 3 dest ec dene tes eeel Loge b eee St 262, 529 256, 768 3 286, 692 13 270, 000 
Total Union of South Africa ._.....-...--..-- 1, 141, 242 1, 281, 787 1, 204, 734 | 11, 200, 000 
BTA Ze St Sere ee ee ee ra ha ios 275, 000 325, 000 275, 000 250, 000 
British Guiand....._..-- 5. +s -s2+ sence een--- cee eens 15, 442 22, 413 24, 669 36, 301 
Venezelas: 2.02.04 A oot ket cig he cecs eetee lee 12, 769 20, 917° 61, 634 75, 513 
Other countries___....-..__..---.--..----__--__---..-.-- 2, 000 41,600 5 3, 500 53, 500 
Grand t0tali.s2c.coshees cee elec eden dedeceeces. 14, 384, 000 | 10,127,000 | 9,742, 000 10, 028, 000 
1 Estimated. 
2 Exports. 


3 Includes an estimate of 100,000 carats for State Mines of Namaqualand. 
4 Partly estimated: includes India, Borneo, Australia (New South Wales), and U.S.5S. R. 
5 Includes India, Russia, Borneo, New South Wales, and United States. 


Industrial Diamonds.—Sales of industrial diamonds in 1948 were 
very large. American and other industries purchased normal quan- 
tities, and in addition Government missions to London purchased 
large quantities for the American strategic stock pile. Prices slashed 
by the Diamond Corp. at the outbreak of the war were again increased. 
Its present stocks are small. For economy’s sake, the trend is toward 
the use of smaller stones wherever possible. 

The use of diamond drills in exploring for and breaking ore (blast- 
hole drilling) and in developing oil fields where the rock is hard is 
expanding. The use of diamond-impregnated wheels, particularly the 
vitrified type, for shaping carbide tools is increasing. 
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Figure 1 shows the tremendous increase in quantity and the sharp 
decline in the price per carat of American imports of industrial 
diamonds in the past 26 years. 
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Figur 1.—United States imports and average price per carat of industrial diamonds, 1923-48. 


In 1948 imports of industrials into the United States were much 
greater than in 1947. Imports of industrial diamonds during the past 
5 years are shown in the accompanying table. 


Industrial diamonds (glaziers’, engravers’, and miners’) imported for consump- 
tion in the United States, 1944-48 


[U. S. Department of Commerce] 


ee 


Value Value 
Year Carats _ Year Carats a 
ver- ver- 
Total age Total age 
19442. Sos ts 12, 614, 507 |$22, 894,244 | $1.81 || 19471_._..._.. | 3, 999, 119 |$13, 312, 668 $3.33 
1946.6 oo cess 10, 733, 411 | 12, 828, 962 1.19 |} 1948____________ oe 10, 418, 316 | 32, 521, 501 3.12 
1946_..--22. 222. LL 4, 625, 282 | 14,297, 536 3.09 


A re ersten moevnesonansesenee 
1 Revised figures. 


In 1948 the United States exported 47,747 carats of industrial 
diamonds valued at $312,364. 


RUBY, SAPPHIRE, AND EMERALD 


These fine gem stones are increasing in price due to short supply of 
fine newly mined stones. Notwithstanding the excellence of the 
synthetic star sapphires and rubies introduced to the market in 
September 1947, natural stones are more popular then ever, and prices 
are more than holding their own. 

The Anakie sapphire field, Queensland, whose principal center is 
now Rubyvale, was described. The gravel, up to 50 feet thick, is 
worked either by open-cuts or shafts with drifts. The gravel is dry- 
sieved and hand-picked. Dark blues predominate; but fine yellows, 
greens, and particolored stones also occur. Zircon, pleonaste, tourma- 
line, and jasper are associated. The years from 1907 to 1925, except 


3 Squires, 8S. J., Commonwealth Jeweler and Watchmaker, Dec. 11, 1948, pp. 104-105. 
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for the First World War years, were the most productive and at times 
1,000 diggers worked the field. The Rubyvale miners in 1947 sold 
gems to the value of £3,540. 

The Black Star of Queensland widely exhibited in 1948 by American 
jewelers came from this field. It weighed rough 1,156 carats and 
cut 733 carats. an 

In 1948 a giant blue sapphire (1,958 carats) was found in the same 
general region by a digger’s wife on a picnic. It was sold to the 
manager of a nearby claim. 

‘ A water shortage restricted production at the Willow Fields sapphire 
eld. 

South Africa continues to produce a few emeralds (1946, 11,533 
carats; 1947, 7,753 carats). Six thousand, four hundred and ninety- 

two carats were exported in 1946 valued at £3,101, or 9s. 6.6d. per 

carat. A few are mounted locally. 

Interesting data regarding Colombian emeralds were presented.* 
Emeralds of good color but of poor water occur in Mewar, India. 
The association is the frequent one, biotite schist intercalated in 
hornblende schist.’ 

According to Guhler’s (see Bibliography) valuable study of Siamese 
gem stones, a few rubies have been mined for 500 or more years at 
several places. The sapphire deposits of Bo Ploi are described in 
some detail. Large sapphires are rare. Most gems are cut in Bangkok 
by Siamese, Chinese, or Gulas. Guhler considers the future of the 
industry bright. Siam ships considerable quantities of gems to the 
United States. 

Ceylon produces not only ruby and sapphire but also alexandrite 
and cat’s eye and a variety of stones of lesser value, - All except moon- 
stone are recovered from gravels by placer mining including some 
dredging. Singhalese are the only miners; dealers buy the stones in 
the field at auctions or private sales and Moslems then cut them. 
A half million dollars worth of gems is produced in a year. ; 


LESSER GEMS 


The Australian Government is to study whether, by pushing the 
production of its opal fields, by far the most important in the world, 
its supply of dollars can be increased. 

At present only about 100 men are engaged in Australian opal min- 
ing; and the 1947 production—practically all of which came from 
South Australia (Coober Pedy and Andamooka)—was valued at only 
A£63,000. At Lightning Ridge, New South Wales, only a score of 
men mine and cut the black opal. The gem occurs as seams or nodules 
in a Cretaceous sandstone, beneath conglomerate and quartzite. The 
opal bearing layer is from a few inches to 2 feet thick. A little opal is 
coming from Quilpi, Queensland. Most foreign gem purchasers buy 
from dealers in Sydney, Brisbane, or Melbourne, who visit the fields 
periodically. 

There are three zircon-mining centers in French Indo-China (Bokeo, 
Pailin, and Cheon-Ksam). Burmans mine the stones, which occur 

4 Apolmor, Hermano Maria, Acad. Colomb. Rev. 7, No. 27, 1947, pp. 324-327. 


5 India Geological Survey, Minerals, vol. 1, No. 1, 1947, pp. 28-30. 
8 Squires, S. J., The Commonwealth Jeweler and Watchmaker, (Sydney, Australia), July 10, 1948. 
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almost at the surface, so little equipment is required. The stones are 
heat-treated and cut locally. They range in value from $0.50 to $660. 

Annual production, according to the Department of Commerce, is 
about $140,000. The mines are close to the Siamese border. The 
zircon production of Cambodia is large. _ 

The Lithuanian amber industry with its center at Palanga was al- 
most destroyed during the war but is recovering. 

Brazil continued to produce a large caratage of the lesser gems 
Madagascar is producing little owing to the effects of war and rebellion. 
Because of the war damage to Pforzheim, where the stones were cut 
and mounted, the production of South-West Africa has declined. 

Before the war, Turkey exported meerschaum crude to Germany and 
Austria but now makes it into smoking utensils and souvenirs. 

The turquoise deposits of Southern Sinai were described.’ The 
author believes that the flat-lying deposits were formed by post- 
Tertiary meteoric waters. Even today the Arabs produce a little, 
either re-sorting the ancient dumps now over 2,000 years old, or doing 


a little gouging. TECHNOLOGY 


Tourmaline is ae used in piezo-electric gages for measuring blast 
pressures in air and under water. It has recently been synthesized.® 

Mullite refractories can be made from topaz. 

Synthetic spinel watch jewels heated after shaping are apparently 
as satisfactory as synthetic sapphire jewels, quicker to make, and 
cheaper to produce. 

Synthetic sapphire bearings, acid proof and having great hardness, 
are finding wide application in industry. There is also a continuing 
interest in the use of natural sapphire in precision instruments. 

The California (Chatham, San F ‘Tancisco) method of making syn- 
thetic emerald has been described.? The crystal grows from seed in 
about 10 months. They are now on the market. The German method 
was described.” 

There may come on the market in the near future synthetic rutile, 
supposedly as a cheap substitute for the diamond. These products 
have high dispersion and birefringence. They have a hardness of 6% 
on Mohs’ scale, and careful polishing is required to eliminate scratch- 
ing; careful crystallographic orientation in cutting is required. 

A film of fluoride on zircon has recently been detected in some stones 
in the trade. This appears to be a new method to “doctor” gems. The 
film is inert to most acids and to fairly high temperatures. In strong 
cayuent or bright artificial light, the coating becomes a dull iridescent 


Education and Laboratories——-Not only are the universities of 
America enlarging their courses in the study of gems but the City Col- 
lege of New York has this year an evening course in lapidary, said to 
be the sole course of its kind in America. 

The excellent correspondence courses and resident lectures of the 
Gemological Institute of America (Los Angeles and New York) are 

? Davey, John C., Mining Magazine, March 1948, pp. 148-152; April 1948, p. 212. 
8 American Mineralogist, vol. 32, November-December 1947, pp. 680-681. 


® Chemical Engineering. vol. 55, "No. 2, 1948, p. 174. 
10 Geological Magazine (London), vol, 8, No. 2, 1947, pp. 98-100. 
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open to qualified students. Similar institutes exist in England and 
Australia. It and the American Gem Society work together on a 
number of problems. They have decided to substitute ‘flawless’ for 
“perfect”’ in diamond grading. 

The Diamond Council of America was organized early in 1949 to 
further the study of gemology. Prof. Paul J. Storm of the University 
of Pennsylvania is to conduct the classes. 

The Gem Trade Laboratory, 36 West Forty-seventh Street, New 
York, was established to furnish identification of gem stones and 
pearls. Dr. A. E. Alexander is director. | 

During 1948 the Cincinnati branch of the Gemological Institute of 
America established a laboratory for gem identification under the 
- direction of Edward Herschede, Jr. , | 

A Diamond Trading Club similar to the New York Diamond Dealers 
Club was organized in Los Angeles. There are about 40 local members 
and additional members from San Francisco and San Diego. Los 
Angeles is said to be the third largest jewelry manufacturing city in 
the United States and second in retail diamond sales. 

It is stated that over 15,000 veterans of World War IT are studying, 
with Government aid, to become jewelers. 7 
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_ Gem Stones — 
By W. F. Foshag,! George Switzer,! an dG. W. Josephson’ : - 


THE JEWELRY INDUSTRY IN 1949" = 7° 
| T THE close of 1948 business as.a whole in the United States was 
A at its all-time peak. The jewelry volume had declined from its 
“sensational 1947 peak. The traditional seasonal pattern of 
the jewelry industry reasserted itself for the first time in 10 years. 
Prices in general began to decline in early 1949, and jewelers liquidated 
their stocks to establish low inventories. During spring and early 
summer business was quiet but became active in July and August, 
when business confidence was restored, and was reasonably so during 
the fall months; the weeks before Christmas saw the traditional rush 
for jewelry-store merchandise. High-priced diamond jewelry lagged, 
however, because of anticipated reduction of present: excise taxes. 
According to a survey made by the National Wholesale Jewelers’: 
Association, diamond sales showed a 19-percent decline in 1949 com- 
pared to 1948. kee | 
The Jewelers’ Circular-Keystone, using United States Department 
of Commerce statistics and Internal Revenue (excise tax receipts) 
data, figured that the volume dort by jewelry: stores in. 1949: was-ap- 
_ proximately $1,055,000,000, a decline of 12 percent. from 1948. 


FASHIONS IN JEWELS _ 


The fashion aspect of the jewelry industry received more recognition 
in 1949 than ever before. The Jewelry Industry Council appointed 
a fashion director and began to include jewelry fashion shows and other 
forms of jewelry entertainment for the fashion press in its regular 
schedule of activities. A fashion advisory committee of the Jewelry 
& Allied Industries was organized to bring together designers, artisans, 
and promoters in the fields of apparel and jewelry. These organiza- 
tions deal with costume jewelry as well as with diamonds and other 
precious jewelry. . | 

The fashion picture as a whole was conservative. Paris made no 
radical change in styles. However, there was a strong trend in 
America toward the styles of the 1920’s, and the persistence of this 
trend is slowly affecting the design of jewelry. Bracelets are becoming 
increasingly popular, as are longer chains and pendants. The most 
noticeable change in jewelry fashion was the return to pendant ear- 
rings. The trend is more and more toward white metals for the 


1 Smithsonian Institution; consulting mineralogist to Bureau of Mines, 
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mounting of diamonds, but in the more elaborate pieces very little 
metal was visible. Manufacture was ingenious from. the standpoint 
of mechanical construction. Diamonds were set in hundreds of tiny’ 
links, invisibly hinged to form mobile showers of baguettes and: 
“trembling” leaves, stems, and’ petals. Kite, keystone, and triangle 
cuts were incorporated into this fine jewelry, and the marquise and 
pear shape continued to be used. 
~. In diamond engagement-ring mountings the locked-together types 
of engagement ring ‘and wedding band have become more common. 
Ingenuity continued to make small diamonds look larger. © The demand 


for straight-sided stones, especially diamond, increased. 
DOMESTIC PRODUCTION — 


For many years the United States has produced a large variety of 
gem materials but has never been. an important factor in world gem 
production. Gem mining has been and probably. will continue to be a 
minor mining industry. at ee ey 

No large gem-mining companies exist in the United States. A few. 
small companies have been organized from time to time to work cer- 
tain deposits, such as jade, turquoise, sapphire; and tourmaline. Some: 
professional lapidary shops employ a few miners. In addition, thou- 
sands of amateur lapidaries spend their vacations and weekends search- 
ing for gem materials, particularly for varieties of quartz (agate, 
jasper, and petrified wood). Many of. their products go. to local jew-: 
elers or roadside curio shops, particularly in southwestern, western, 
and northwestern States. Asa hobby, the lapidary craft is continuing 
to spread. te og ee ae ee ee 

No reliable statistics exist as to the value of the domestic output of 
gem stones; in the rough it may approximate $400,000 to $500,000: 
and more than double:that after cutting.  — oe re a ee 

The many forms of quartz, chiefly the cryptocrystalline varieties, 
led. the field, with jade second and. turquoise third. Of. the States,. 
Oregon, Wyoming, Washington, and Texas were the leaders... =. 

Agate.—Agate production, including all other varieties of chalced-: 
ony, such as jasper and petrified wood, is increasing as interest.in the 
lapidary craft grows. “Thunder eggs” continued to be produced, 
chiefly in Oregon. The well-known Yellowstone River moss-agate 
locality in Montana is still producing but in ever decreasing quantity, 
with few if any full-time agate hunters. , ioe 

It is estimated that over 50 tons of agate were produced in Ne 
Mexico, plus an additional unknown amount picked up by private 
collectors. Considerable agate was produced in west Texas, mostly 
near Alpine, in the Big Bend section, and near Laredo. South Dakota 
produced some agate, mined by Scott’s Rose Quartz Co. Re ide 

A relatively large amount of agatized wood was collected on the 
borders of the Petrified Forest National Monument, Ariz. New finds. 
of petrified wood were reported from various localities in Oregon and 
Washington. : | | © Biases 3 

A small amount of chrysoprase was mined at Porterville, Calif. 

Red jasper from Vermont was offered in ton lots, mined. by the 
Burlington Gem Co. | : : 
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Jade.—Allan Branham, Lander, Wyo., stated that the light-green 
jade (nephrite) in Wyoming is largely depleted but that new finds of 
dark green and black had been made. The year 1949 was the poorest 
in the past 13 for Wyoming jade; total sales were approximately 
$20,000, with the price of light green ranging from $10 to $15 per | 
pound and dark green and black from’$5 to $10 per pound. gig 
_._ A large deposit of black jade was found at Kortes Dam, Wyo. A 
single piece weighing 1,500 pounds was taken out... A newly discovered | 
field at. Daniel; Wyo., is reported to be of poor quality. a 

. The American Jade Co., Denver, Colo.,. reportedly spent over 
_ $50,000 developing its jade deposit in the Sweetwater River area, — 
Wyoming. Ege = | | 
_A new deposit of nephrite jade was discovered on Lewis Hill, 2 
miles north of Porterville, Tulare County, Calif.; 1 ton was mined, 
with several more tons.in sight. The jade is reported to vary in color 
from medium to dark green, with excellent translucency. Operators 

of the mine are Frank Janolco and F. V. Alston, Porterville. 

Some nephrite jade was produced from the Monterey County, 
Calif., locality, chiefly by amateur collectors. Fes Ie 6 

In November 1949 a deposit of jadeite jade was found on Clear 
Creek, San Benito County, Calif., by the late L. Ph. Bolander, K. J. 
Fritsch, and Buck Bleifus. The jadeite mined thus far has been dark 
green and not of gem quality. Considerable interest is being mani- 
fested in this deposit because it represents the first discovery of jadeite 
jade in the Western Hemisphere other than worked pieces in the 
tombs of ancient civilizations in Central America. Boh tg : 

The Havenstrite Mining Co. (formerly Arctic Circle Exploration | 
Co.) mined no jade in the Kobuk area, northwestern Alaska, during 
1949, and reports no known mining by any other organization or 
individual in the Territory. {4 » eet 
_ Turquoise.—Production of turquoise in the Southwest appears to be 
steadily diminishing. The Southwest Gem & Jewelry Co. mined 75 
to 100 pounds at its Cerebrat ranch, Arizona, property. There was 
no production reported from New Mexico during the year. Some 
turquoise is mined in Lander County, Nev. 

Diamond.—In October 1948 mining operations in the well-known — 
diamond-bearing kimberlite pipes near Murfreesboro, Ark., were 
started once again, after a shut-down of many years, by a diamond 
corporation headed by Glenn L. Martin. Milling was carried on in a 
washing and recovery mill having a capacity of 1,000 tons a day. 
Surface-mining methods were used. After 120 thousand tons of var- 
ious surface ores had been mined from numerous localities in the 60 
acres showing peridotite, the enterprise was closed as of September 
1949. 

The company obtained approximately 840 diamonds, the largest a 
stone of 4% carats. Ninety percent of the stones recovered were 
small industrials from one-tenth to 1 carat in size. Total diamonds 
produced weighed 246.15 carats. The indicated yield of the ground 
treated is 0.16 carat per 100 loads (16 cubic feet), compared with 24 
carats per 100 loads for the Premier mine in South Africa. The 
production consisted of 10 percent very imperfect distorted pieces of 
mixed color, 5 percent seconds of dark-brown tint, 20 percent small- 
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size mixed industrials, and 65 percent crushing boart. The appraised 
valuation was $984.60. 

A 3. 93-carat diamond was found near Peru, Miami County, Ind., 
in 1949. 

Other Gem Stones.—Utah reported that about the normal amount 
see pounds) of variscite was produced, mostly from the Clay Canyon — 

eposit. * 

Scott’s Rose Quartz Co. mined about 100 pounds of rose quartz in 
South Dakota. ‘The Bumpus quarry, Albany, Maine, reopened and 
produced about 50 tons of rose quartz, much of good color, including 

a single piece weighing 2,000 pounds. 

Some transparent light~yellow labradorite was produced in Utah, 
probably not over 25 pounds in all. 

No sapphires were produced at the Yogo sapphire mine, Montana. 
The mine has been taken over by a new company, the Yogo Sapphire 
Mining Co. Itis reported that the mine will be reopened and worked 
during 1950. 

Arkansas. éontiniied to produce some quartz crystals. 

A number of good crystals of green tourmaline were produced in 
the Pala District, San Diego County, Calif., some of which were cut 
into stones of over 1 carat. Some golden and pale-pink beryl and a 
very small amount of kunzite were also produced. 

.A very fine gem-quality green beryl crystal, weighing 14% ounces, 
was found in Riverside County, Calif. The exact locality has been 
withheld pending further exploration by the discoverers. 

Other gem stones produced in small amounts in 1949 in the United 
States follow: Beryl, Mt. Antero, Colo.; amblygonite, beryl, and 
spodumene,. Maine; idocrase (“ealifornite”), age County, Calif. : 
es topaz, Texas and Utah. | | 


‘CANADIAN GEM STONES 


Againi in 1949 Canada produced. very little in the. way of gem stones. 
- A few tons each of sodalite, peristerite, amazonite, and labradorite 
find their way each year to dealers in Canada and the United States. 
The annual value of Canada’s gem-stone production probably does . 
not exceed a few hundred dollars. 


IMPORTS 7 


_ Imports of gem stones, exclusive of industrial diamonds, in 1949, 
as reported by the United States Department of Commerce, totaled 
$84,185,631, about 27 percent less than in 1948. Of the total, 
diamonds comprised 83 percent. 


2 Figures on imports and exports compiled by M. B., Price and E. D. Page, of the Bureau of Mines, from 
records of the U. 8. Department of Commerce, 
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Precious. and ‘semiprecious stones. (exclusive of industrial diamonds) imported 
for consumption in the United States, 1948-49 aoe aatog® 


rae : [U. S. Department of Commerce] Piso 


een ee 1948" 1949: 
> 3,» Commodity . Se ae ae aE 
* —< Carats Value Carats . Value 
Diamonds: oc Re ee . ; ioe 
_ Rough or uncut (suitable -for cutting: into. gem |... nae ]. s ; et A 
- Stones), duty-free________--_-__--------------.--|. 1909, 871 | 1 $44, 400, 481 651, 150: | $28, 299, 799 
: enue unset, suitable for jewelry, dutiable._--_]’: 1388, 499 56, 244, 934 ‘835, 487 |- 41, 427, 718 
meralds: x: ms fo =: 2 
Rough or uncut, duty-free___.._.-------.----2--2 4,937 | 28, 054 80, 231 “226, 233 ° 
Cut: but not set, dutiable_-_:---_._.-..---222 wegee 11, 213 ~ | 286,565 | °° 13, 723 284, 578 
Pearls and parts, not strung‘or set, dutiable: : 
Natural_____----2----222-- 2. Sister ccaeiecoweees fee see 772, 763 |_-----__---- 532, 310 
Cultured or cultivated _._.2---.------.22----- | ieee 748, 302 |_--_.-_-_.. 1, 733, 698 
Other precious and semiprecious stones: : : , 
> Reugh or uncut, duty-free___._-:---.2-.------.2--]--- ee ee 258, 553 fe-----. acne: “208, 124 
Cut but not set, dutiable_-_-.__-___2--_---.2.----|------------ 3, 160, 778 |---------=-- 2, 045, 476 
Imitation, except opaque, dutiable: ne 
Not cut or faceted___..---.---------------2---|-.------ ol 53, 133 j-------.--~2|. 36,.090 
Cut or faceted: , ; an 
Synthetics <2 ot ose ee se Bocas se 777, 224 |e 680, 428 
her___.--- Lenddsees is cones ne eee (ee eee Ree 8,904, 941 }_------- eee. 8, 495, 151 
:-.' Imitation, opaque, including imitation pearls, : : 
pe UDG oo Oe rae ee ees oto Si eoe Sale ~| 89,610 J_-2------- --| 87,819 
Marcasite, dutiable: — = a er ceen 
: 11 ES ie eer re oe he eee yet Se a (ES ie eee 1 225,638 j--.---2--2-. 170, 405 
* dmitation: < ocsced2. ees eece csc ee Sen acolo eee 19,055 |_----- 2. ---| . . 7,802 
Total oii ye ie oe aot eee os ee a cult Doe oatl 1115, 940,081 |-----.---.2.} 84, 185, 631 


‘TY Revised figure. _ : fete BS Se aed es 
DIAMOND 

' World production of diamonds was. about 36 percent greater in 
1949 thanin 1948. Output for the Union of South Africa was approxi- 
mately the same. The large increase came from the Belgian Congo, 
where production increased from a little less than 6,000,000 carats to 
over 9,600,000 carats. Tanganyika continued to show a steady rise. 

Sales of rough by the principal distributors (Diamond Trading Co. 
for gem diamonds and Industrial Distributors (1946), Ltd., for 
industrial diamonds) were £28,446,000 for 1949 as compared with a 
little over £38,000,000 in 1948. 

Cutting.—The number of employed cutters fluctuated throughout 
1949 with the course of business, and there was considerable unem- 
ployment. The cost of cutting in the United States continues sub- 
stantially higher than in other diamond-cutting centers of the world. 
Half the cutters are Belgians. Conditions in the Netherlands’ cutting 
industry were fairly satisfactory, with about 1,500 to 1,600 workers 
employed. The Israel diamond-cutting industry was beset by many 
problems, chiefly lack of supply of rough from the Diamond Syndicate. 
Cutting in Germany caused other diamond-cutting centers consider- 
able difficulty. An effort is being made to revive the diamond- 
cutting industry in Cuba. 

Imports.—Imports of gem-grade diamonds into the United States 
decreased from $100,645,415 (revised figure) in 1948 to $69,727,517 
in 1949, a decrease of 31 percent. The dollar value of both rough and 
cut decreased, ‘as did the quantity of both. Belgium furnished 47 
percent (value) of the cut in 1949. 
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Diamonds ‘(exclusive of industrial diamonds) imported for consumption in ae 
United States, 1948-49, by countries. . 


“10. 8. Departnient of Commerce] 


Baaeh or uncut Cut but unset — 


Carats | 


gis 


ween ee twee Serscces aes eee 


: ~ 213, at "31; ‘475; 999° eaeee 
“1935, aio é 4,762 |: 578, Tie 
28, 219 | Me 
fe, a eres oe, ee ae ee tt Oe 
Sint A A ee Pa anne Ne Ree | ea Lah a = 328 
ee Ges el (RR een | reenter re, [praia Nene - 20 
4,790 
4 
eA ROA Mae a ce ee ei See | eee Sous 13, 471 
O00 2+ -- | -- ene se] see | eee eee . 61 
Se ee eos a kia ees on Come ke Sees oat Scorer ee (npc pn nnar eeeere eae 110, 809 
Hong reer Us ahi wh ee cechie fesse ae hou ew ia Gace lone ereeolse, 324 
Tran. occu eae ee eee ee en eee 2 113 
Israel-Jordan.._...-.---------- 1, 120 114, #21 89, 995 
Italy... Fae SEES ee ne | errs SUNT SOs (eam rane) ope eee 3 
JAMAICA 2 eo ee cote ie ek ee a eae ee ues 
Japans. oso sckocsccees cadence me | chen gobe seul eee ee soe ube ae oie es 
DeDANON 2 7 oc e| Saved Spat ede oe oe aise : 
MG@XIC0.6. o24 Vie ioe te el eee ck eee eee eee ste ebe Ls 80. 
Netherlands ____.__.-....:__..]..----------|--+-+----.--]------------ 34, 246 
Pakistan: en ce eee aoe Pe cece cell [eet to skeee 
Portdgalu eens ese coe doe Nose ha eet | soe de cee ee sete steeds 
Sweden 22235 oe eet ie ee ed | oitage be eae seoeeeae 
Switzerland)... =. 22. 2-s22550-)sccc- ae -ees|Se-ce ct bosec] ice stee-es- 18, 298 
Pangier- 20.203) oe see bf eleeteen. was cele eoees n-ne e|aeestese See 
Thailand 00 2 es eee ee dnn Ale eee ces] eteateeee eat 1,049 
Union of South Africa se weies __|: 882, 022 2, 379, 244 33, 060 
Ws SuSw Reet 2 sales cn ete ie no ee en| Sete woe He See cates 9, 303 
United Kingdom Liisa Lela 6,112 310, 098 4, 297 
Venezuela. ----...--------+--- 56, 725 | 1, 327, 719 Pr eR EAE AMUSE EADIE eae c anaes aig (= Peete eee 
pa Nes a ee Oh eee ails [tate hte in ets | ior neh tO ta 
Total Co eee rete | TT 909, 871 144, 400, 481 |. 1 388, 499 156, 244, 934 
1949 —_ : Sill ie give . 
Argentina aes, Re Soke oe eard KiNIbee ress nl be ES Se CRS eee ee 
f cee 3, 100 6 086 1, 87 aot iota eis oe ba eS wietevelus 
: : 159, 189 | : 
4,679 
atate Oi onthe sokireet soe yn eee rhea ee oe ee ke dy 38: 
ic aia, blak An its hag eRe Ps ee [a a ee oe oe 580 
OS aera eet beh Mo Neo peeeee ews Sew cee oe oass 139 
ee bawutheeet ee uth Jat) ec eet ew eens een etnemoseeoss 2, 843 
ath, he dee Lawes main |e Seas keh | eco e ti ets 63 
en ated atee Se ee oesec ee cede bieeoeeh eee eee ect ce 3, 528 
2 oft i el a ee aa 996 
70, 485 | 
27 


es bee 


Netherlands...-.2---....------]-.--- eda: Acted hat ee Dah oth 24, 789 
Netherlands Antilles....__._.- . i 3, 534 391. 27 s 

Switzerland: 22 eS ecec te tecds |e 43 25. ye| ace earectuee 14, 465 
Thailand. 2222 ee bee eae wees ecues [eseteassee oe [Steeeseeees 1, 142 
Union oe South Africa. _.__--- 595, 101 39, 644 
UecS' 6 Roo eck eek eles ee Seen ee eee oe as 8, 663 
United Kingdom Cette eens 1, 708 |, 3, 771, 
Venezuela. ..__-.----.-------- 29, 217 159 


| 


Total 1949_...--..------ 


1 Revised figure. 
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_~ World Production.—Official figures on diamond production are not 

available for all countries, but the figures in the accompanying table 
are believed to be reasonably accurate as they have been compiled 
from Government reports, information supplied by officials of pro- 
ducing companies, and other authoritative sources. World produc- 
tion (gems and industrials) is estimated to have been 13,635,000 
carats (3.01 short tons), which compares with 10,047,000 carats 


(2.21 short tons) for-1948, an increase for 1949 over 1948 of 36 percent. 


‘Belgian Congo was the leading producer by weight but not by value _ 


‘since only about 7 percent of the Belgian Congo production is of gem. 
quality. South Africa, on the other hand, although producing much 
less by weight led in termsof value. = = pera 
- Industrial -Diamonds.—Sales of industrial diamonds in -1949. were 


very large, although considerably less than in 1948. Total: sales. 


in 1949 ‘by Industrial Distributors (1946), Ltd., the *industrial- 
diamond sales organization for the DeBeers group, were valued at 
£8,469,311.. The United States purchased a large percentage of the 
total quantity, both for private industry and for the “National 
— Stockpile. « os 3 a ene Be 


a World production of diamonds, by. countries, 1946-49, in metric carats : oe 


[Including industrial diamonds] 


Country | | 1946 1947 191g | 1949 
Africa: . - Los > Pas: : 
ANGO Ase to ta eh oe Se eel 806, 961° - 799, 210 795, 509 769, 981 ~ 
Belgian Congo.._.__._.-2-.-__2_-_-_---e 6. 033, 452 | 5,474,469 | 5, 824, 567 9, 649, 896 
French Equatorial Africa.._.___._.- 0.2. oo, 87, 381 107,076 |. 118,800 123, 000 
French West Africa._._.........-_____.__._.___._- - §1, 834 53, 749 77, 970 94, 996 
Gold Coast__...-..-202---- eee 1 653, 196 1 852, 493 2 850, 000 | - 432, 530 
Sierra Leone__.-...._--.- 22-2 ee lee ' 559, 229. 605, 554. 465, 518. 494, 119 
South-West Africa. -__---._-....---------2-2-------- - 163, 611 179, 554 | . 200,691 280, 134 
Tanganyika___....--.- 2-2-2 ee 119,446 |... 92,229 148, 169 |. 191, 787 
_ Union of South Africa: a tr es ne 
H0d 622 3 Soca Bea a ete ee 1, 025, 019 918, 042 2 930, 000 964, 266 
Alluvial_...-2-2-2-2- 22 - 256, 768 3 286, 692 | 23270, 000 3 289, 75€ 
...._, Total Union of South Africa. ................| 1,281,787 | 1, 204,734 | 21, 200, 000 1, 254, 022 
Brazil (estimated)___=-__.___ Shee ee oe Te 325,000 {| 275, 000 250, 000 250, COM. . 
British Guiana_____..-__._._2___- geiua Vee 22 oot oes 30, 958 24, 669 | 36, 562 - 34,790 - 
Venesuela. oe). shoe teh cece 20, 912 61, 634 |. 75, 513 56, 362 
Other countries (estimated). __----------.--_- zeeeceseu. 1, 600 3, 500 3, 500 3, 000 
- Grand total_____---...___- A sa dee hts ae 10, 135,000 | 9, 734,000 | 10, 047,000 | 13, 635, 000 
-1 Exports. 


? Estimated. : 
3 Includes an estimate of 100,000 carats for State Mines of N: amaqualand. 


The use of diamond drills for exploring and breaking ore is expand- 
ing, and the use of diamond-impregnated wheels is increasing. The 
only significant new use of industrial diamonds is for drilling in oil 
fields. Bits up to 12 inches in diameter have been used, although 
the common sizes are 6- and 8-inch. These bits are being used not 
for core recovery but for “making hole.” 

Figure 1 shows the increase in the quantity of industrial diamonds 
imported into the United States in the past 27 years, as contrasted 
with the price per carat. 
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" MELLIONS OF CARATS. 


FIGURE 1.—United States imports and average price per carat of fncue diamonds, 1923-49. 


Industrial diamonds (glaziers’, engravers’, and amore?) imported for consumption 
in the United States, 1945—49 a! 


tu: s. Department of Commerce] 


Value — a _ Value 
_ Year Carats Year Corts 
‘Total pure : Total: | Average. 
1945.22.22. 10, 733, 411 ($12, 823, 962 : $1.19 1948 fee Sots -| 10, 421, 207 $32, 581, 385 oe $3. 13 
1946____.___- 4, 625, 282 | 14, 297, 536 | - 3.09 |} 1949.2. «6, 261, 689 | 17, 339, 219 2.77 
1947222 2-222 E 3, 999, 119 13, 312, eee _ 8.33 . 2 7 os 


1 Revised figures. 


RUBY, SAPPHIRE, AND EMERALD | 


The ] precious stones, other than. diamond, continued to increase in 
price owing to short supply of newly mined stones of fine quality. 

A 2-ounce particolored sapphire was reported found along the bed 
of a gully near Tomahawk Creek, Central Queensland, Australia, a 
locality where gems had not. been previously known to exist. 

A star sapphire was found in a mine in the Ratnapura District, 
Ceylon, weighing nearly one-half pound. It is believed that. two 
stones of about 400 carats each can be cut from it. 

Mining has been resumed at the famous Chivor-Somondoco mines 
in Colombia according to reports. The old “‘terrace’’ type of mining 
has given way to conventional underground methods.’ Production 
as 1949 was reported to be 91,656 carats compared with 82,370 carats. 

or 1948. 

The emerald mines at Muzo, Colombia, have been closed by the 
ens de la Republica, after operating for the year at a considerable 

oss 

Emeralds were mined in India, at Kaliguman, a small village in the 
Udaipur district in the State of Rajasthan. A small proportion of 
the production reportedly yielded stones of fine quality. Production 
of all qualities for 1948-49 was approximately 15,000 carats. 

South Africa and Brazil continue to produce a few emeralds. 


3 Bureau of Mines, Mineral Trade Notes: Vol. 30, No. 1, January 1950, p 
4 Bureau of Mines, Mineral Trade Notes: Vol. 31, No. 1, July 1950, pp. 313, 


-_ 
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Ceylon produces not only ruby and sapphire but also alexandrite, 
cat’s-eye, and a variety of less valuable gem stones. Most of these 
are recovered from gravels by placer mining. An estimated half 
million dollars’ worth of gems is produced each year. pe 


LESSER GEMS 


The Australian opal-mining industry continues at a low ebb. Only 
about 100 miners are active. ~The once famous black-opal fields at 
Lightning Ridge, New South Wales, are almost exhausted:... p 

Brazil continued to’ produce a large caratage of the lesser gems, 
principally amethyst, aquamarine, citrine quartz, and topaz. 


, Synthetic rutile (titania) was made in quantity by the. Linde Air - 
Products Co. and the National Lead Co. The material is grown in 
boules by a modification of the well-known Verneuil technique. No 
completely colorless material has been made, the nearest to this being 
tinged with yellow. Other shades such as red, blue, green, brown, 
and yellow have also been made. The refractive index.of synthetic 
rutile is considerably higher than diamond, ‘while its dispersion is 


approximately three times that of diamond. . | 

_ Several experiments. were reported in which the’ color of topaz, 
sapphire, and other gems was changed by exposure to radium radia- 
tion. The turning of--yellow diamonds. green and colorless quartz 
purple by bombardment in a cyclotron was also reported. ~~ 


Z ee: 
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Gem Stones 
By W. F. Foshag,! George Switzer,! and H. P. Chandler 


se 
GENERAL 
DOMESTIC PRODUCTION 


HE United States continues to be an unimportant factor in world 
Tem production. Although a wide variety of gems is produced in 

small amount, gem mining probably will continue to be a minor 
mining industry. 

There are no large gem-mining companies in the United States. <A 
few small companies have been organized from time to time to work 
certain deposits, such as jade, turquoise, sapphire, and tourmaline. 
Some professional lapidary shops employ a few miners. Most gem- 
stone production results from the efforts of thousands of amateur 
lapidaries (“rockhounds’’), who spend their vacations and week ends 
searching for materials suitable for cutting and polishing. Chief 
objects of their search are such varieties of quartz as agate, jasper, 
and petrified wood. Much of what they collect is sold or exchanged 
to mineral dealers, local jewelers, or roadside curio shops, particularly 
in the Southwestern, Western, and Northwestern States. The hobby 
of lapidary work and gem and mineral collecting has grown phenome- 
nally in the past 15 years. No reliable figures are available as to the 
number of persons engaged in this hobby, but the best estimates range 
from at least 200,000 to a million or more. | 

Since only a small percentage is mined by companies on a commer- 
cial scale, no statistics have been compiled as to the value of the 
domestic output of gem stones. In the rough, it may approximate 
$400,000 to $500,000. 

The many forms of quartz, chiefly the cryptocrystalline varieties, 
led the field, with kunzite (pink spodumene) second, jade third, and 
turquoise fourth. Of the producing States, California, Texas, Oregon, 
Washington, and Wyoming were the leaders. 

Agate.—Agate production, including all other varieties of chalced- 
ony, continues to increase as interest grows in the lapidary hobby. 

Greatest production in 1950 appears to have been from the Alpine- 
Big Bend area, Texas, where agates were recovered having a value 
variously estimated at $10,000 to $50,000. 

Another relatively large producing area was Deming, N. Mex., with 
an estimated production of 30 tons, of which not more than 3 tons 
was of good quality. 

Large quantities of agate were also found in California, Oregon, and 
Washington, with smaller amounts in Arizona, Montana, and 
Wyoming. Small quantities of various varieties of chalcedonic 
quartz, such as petrified wood and jasper, were collected in almost 
every other State. 


1 Smithsonian Institution; consulting mineralogist to Bureau of Mines. 
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Kunzite.—Kunzite, the pink gem variety of spodumene, figured in 
the gem-production picture owing to the discovery of a pocket con- 
taining 280 pounds of rough kunzite crystals in the San Pedro mine, 
Pala district, San Diego County, Calif. This is the first discovery of 
a large quantity of this gem in many years. The value of the find 
was estimated at $20,000 to $30,000. The largest crystal fragment, 
containing a large proportion of gem material, weighed 5 pounds. 
The material is reported to be of good quality but rather pale. 

Jade.—The Wyoming jade (nephrite) industry is reported to be 
decreasing rapidly. The deposits of good green jade are nearly ex- 
hausted, with a 1950 production of not over 200 pounds. Prices for 
good-quality green have increased to as high as $30 per pound. Black 
jade is still plentiful at $2.00 to $5.00 per pound. Approximately 
1,500 pounds of the black variety were sold in 1950, but a market is 
hard to find. Some black jade has been used as a substitute for black 
onyx; but, because it is harder to saw and polish, lapidaries prefer the 


onyx. 
in California about 700 pounds of nephrite jade, valued at $700, 

was produced at Porterville. Smaller amounts were picked up by 

collectors at other localities, chiefly in Monterey County. | 

The jadeite jade deposit discovered in San Benito County, Calif., 
in 1949 has been visited by many collectors but has not been exploited 
commercially because of its poor color. Other finds of jadeite have 
been reported in Mendocino County, but so far no good gem material 
has been reported. 

No production of nephrite jade was reported for the year from the 
Kobuk area, northwestern Alaska. | 

Turquoise.—Turquoise production in the Southwest continues to 
diminish. No output was reported from the Cerrillos mine in New 
Mexico. Some turquoise was mined by the Nevada Turquoise Co. 
near Battle Mountain, Nev., and the open-pit Castle Dome (copper) 
st near Miami, Ariz., produced a small amount of turquoise of good 
quality. 

Other Gem Stones.—No diamonds were produced from the Arkansas 
diamond mines in 1950, although the newly organized American 
nips Mining Co. indicated the possibility of renewing operations 
there. 

The South Dakota inspector of mines reports 68.5 tons of rose 
quartz produced in that State in 1950 for ornamental and monumen- 
tal purposes. Scott’s Rose Quartz Co., Custer, 8. Dak., mined no 
gem rose quartz in 1950, but produced 7} tons, valued at $506.50, for 
ornamental purposes. 

A small quantity of rock-crystal quartz from Arkansas and about 
500 pounds of asteriated quartz from the Springfield, N. H. area were 
sold for gem use. ; 

Some quartz colored blue by chrysocolla was produced from various 
localities in the Southwest, especially at the Inspiration (copper) 
mine near Miami, Ariz. , . 

No sapphires were produced at the Yogo Sapphire mine, Montana. 

An estimated $5,000 worth of colorless to pale-blue topaz was pro- 


duced in Mason County, Tex., mostly by local collectors for private 
collections. : 
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A small amount of peridot from near Deming, N. Mex., was sold. 
This material is reported to be abundant but will only cut 4- to 8-point 
stones. Peridot in small quantity was also found on the San Carlos 
Indian Reservation and sold by the Indians in small lots. . 

Some pyrope garnet was produced near Fort Defiance, Ariz., and — 
sold by the Indians. 


CONSUMPTION AND USES 


For the first 6 months of the year jewelry sales were slow. The 
general attitude among retailers was one of depression but not panicky 
concern, for the early months of every year are traditionally dull in 
the jewelry stores. Diamonds were particularly slow, principally in 
higher-valued pieces, because of the anticipated reduction of the jew- 
elry excise tax from 20 percent to 10 percent. The outbreak of the 
Korean War, however, killed any possibility of a tax reduction and 
had a strong effect on the sale of diamonds, for there was now nothing 
to be gained by further postponement of purchases. Actually, con- 
sumers saw higher prices in the immediate future because of inflation- 
ary influences, higher wages among diamond cutters, and greater 
demand. These factors, plus an increase in the marriage rate, caused 
a strong diamond market during the last 6 months of the year. 

As usual, the United States again in 1950 was the principal world 
market for diamonds. There was substantial purchasing of diamonds 
as investments in several troubled areas of the world and considerable 
evidence of such type of purchasing of fine-quality diamonds in Amer- 
ica during 1950. 

The jewelers’ Christmas business was good. It gained over 1949 
and sufficed to raise the year’s volume for the jewelry industry to 
$1,140,000,000 compared with $1,055,000,000 in 1949; a gain of 8 
percent. 

Fashions in Jewels.—Fashions in gems showed relatively little basic 
change during 1950. Jewelry was light, flexible, and mobile. De- 
signed on the theory that diamonds in motion look bigger than dia- 
monds in repose, mountings were made to move loosely. 

In mountings, curved lines were the most popular, but with fewer 
naturalistic flowers and abstract objects. In forms of diamond jew- 
elry, the necklace remained the most important single piece. Earrings 
changed from the long pendant type to large button clusters on the 
lobe. Diamond wrist watches became increasingly popular. 

The cluster, a large center stone surrounded by one or more rows 
of stones of matched sizes, was the outstanding motif in 1950, espe- 
cially in diamonds. The cluster mountings might be marquise, square, ° 
oval, or round. Most popular usage of these clusters was in dinner 


s. 

Mewar the end of the year the metal restrictions imposed or on the 
horizon made new designs uncertain. Gold was being used exten- 
sively owing to the shortage of platinum. 

More fancy-cut diamonds were used than since the 1920’s. Such 
shapes as pentagon, kite, trapeze, triangle, and half-moon were used 
extensively. The bulk of the diamond jewelry sold in America, how- 
ever, is mounted with the standard brilliant, the emerald cut, and 
occasionally the marquise and baguette. 
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IMPORTS? 


Imports of gem stones, exclusive of industrial diamonds, in 1950, 
as reported by the United States Department of Commerce, totaled 
$119,641,457, an increase of 42 percent over 1949. 


~TABLE I.—Precious and semiprecious stones (exclusive of industrial diamonds) 
imported for consumption in the United States, 1949-50 


[U. S. Department of Commerce] 


1949 1950 
Commodity 
Carats Value Carats Value 
Diamonds: 
Rough or uncut (suitable for cutting into gem ; be, : 
stones), duty-free.___.._.-.....-----------------.- 1 633, 731 |'$28,246,634 819,083 | $44, 775, 769 
i Sa pee unset, suitable for jewelry, dutiable-______- 335, 487 | 41, 427, 718 492,671 | 58, 524, 902 
meralds: , 
Rough or uncut, duty-free__..__... ee. 80, 231 226, 233 12, 142 7,991 
Cut but not set, dutiable___......_....-..---.-_--.- 13, 723 284, 578 9, 706 237, 446 
Pearls and parts, not strung or set, dutiable: 
Natural: <2. cars cccJe sua tesecccnec ate se See ieee eateseee es 532, 310 |...---...--- 410, 970 
Cultured or cultivated_.........-.....-..---.2....-|--.--------- 1, 738, 698 |.--.-----.-- 3, 192, 334 
Other precious and semiprecious stones: : 
Rough or uncut, duty-free_._......--.--.----------.|--.---2..--- 208, 124 |__.-.----- 2. 324, 089 
Cut but not set, dutiable__..___.......------..-..-_|------------]| 2,045, 476 |.--.__. 2, 429, 992 
Imitation, except opaque, dutiable: 
Not. cut. or faceted. 22.28 os. oe eee eel see et 36, 090 |.-.---.--... 19, 088 
Cut or faceted: 
Syntheticv-: cc. scc202.cacecseccede deez calc ctee sure 680, 428 |......-...-- 811, 372 
OUR ONS 4222 BE Stn EN oD AN as A 8, 495, 151 |.-...-.2---- 8, 752, 863 
Imitation, opaque, including imitation pearls, 
dutiable- 2... tcl as..c2 2 No cecet elk 6 el esa fo be ee tee 372819 |e2scca Ges . 14,854 
Marcasites, dutiable: 
ROR bet ets oth eel a eet al LDN oh le ot AOS ached 170, 405 |.--.-------- 136. 768 
IMitation...:.<- 2s -2eeoe 5 ses evs s ete dees ees eel neha se ctee oe 7,802 |.-.-.----_-- 3, 019 
Vota le susat ah tes hel ee Ate ce eh aed Jintao 184, 132, 466 |.-._.-.-2--- 119, 641, 457 


1 Revised figure. 


TECHNOLOGY 


Additional experiments in the artificial coloration of diamonds in a 
cyclotron were carried out during the year.2 Color changes noted 
were usually from pale brown to green, white to bluish green, and yel-. 
low to yellow green. Occasional changes from yellow to golden brown 
were observed. The induced color appears to be permanent but is 
only present as a surface skin. No permanent induced radioactivity 
was observed. Diamonds subjected to neutron bombardment in an 
atomic pile were said to have been quickly blackened after first passing 
through an intermediate green color. 

Research on diamonds was carried out by the Diamond Research 
Laboratory of Johannesburg, Union of South Africa, sponsored and 
supported by the Industial Distributors (1946), Ltd. 


2 Figures on imports and exports compiled by M. B. Price and’E. D. Page. of th 
records of the U. S. Department of Commerce. : Ee Oy ese nano 
3 Gems and Gemology, Summer 1950, p. 295, and Spring 1951, p. 3. 
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DIAMONDS 


The year 1950 was a record-breaking one in the diamond industry. 
‘Sales of diamonds effected through the Central Selling Organization 
on behalf of South African and other producers set a new record, as 
follows: Gem diamonds £38,357 ,698, industrial diamonds £12,609,343, 
total £50,967,041. The previous record was a total of £38,000,000 
established in 1948. Whereas the quantity of diamonds sold in 1950 
was approximately the same as the quantity sold in 1948, the proceeds. 
realized in sterling in 1950 exceeded by nearly £13,000,000 (34 percent) 
the sterling proceeds in 1948. This increase was due to devaluation 
of the pound sterling in terms of the dollar in September 1949. 

A new record was also set for world production of diamonds in 1950, 
with a total of 15,300,000 carats, compared with 14,175,000 carats 
in 1949, 

Cutting.—The strong demand for gem diamonds in 1950 tended to 
alleviate somewhat the unemployment situation in the cutting centers. 
Both the Diamond Manufacturers Association and the World Fed- | 
eration of Diamond Workers passed resolutions at their annual con- 
ventions in Amsterdam urging uniform working conditions and hours 
throughout the industry. 

Belgium continues te be the largest cutting center, followed by 
Germany, Netherlands, Israel, and the United States. Smaller cut- 
ting centers are well-established in South Africa, England, and Puerto 
Rico. Efforts to revive the Cuban diamond-cutting industry failed. 
In the United States there are about 300 diamond-cutting establish- 
ments, employing approximately 1,500 workers. High cutting costs 
in the United States, compared to other cutting centers, foreign 
currency manipulation, and other difficulties were only partly offset 
by greater efficiency and finer categories of cutting in the American 
industry. 

Imports.—Imports of gem-grade diamonds into the United States 
amounted to $103,300,671 in 1950 compared to $69,674,352 in 1949, 
an increase of 48 percent. Percentagewise, rough or uncut stones 
showed the greatest increase in total value. Belgium furnished 50 
percent (value) of the cut in 1950. 


TABLE 2.—Diamonds (exclusive of industrial diamonds) imported for con- 
sumption in the United States, 1949-50, by countries 


[U. S. Department of Commerce] 


Rough or uncut Cut but unset 

Country Value Value 
Carats |\——————— Carats |_——____-7 -—— * 
Total Average Total Average 

949 

Reporte os uetatle cuusietiaue oes | Seas esees Saale ree 3 $1,009] $336.33 
wsmasiree owe sou 3, 100 . OF Lee eoss2| cca seccsseu teeeeceses 
Beinn irenibanre SOO RT| eT plea sete ge pb Dement 159, 180| 19,881,847] 123.01 
PAZ Uae toe Se ee os 112,315 1 411,799 133.44) 4,679 615, 265 131. 49 
British Guiana........-----.-------------- 241 6, 464) 26. 82 30 3, 011 100. 37 
Canada._........-.---------------- one |e - |---| oe eee 38 5, 303 139. 55 
Chile. _........_...-..----__-..--..-------|--------]------------[---------- 13 3, 990 306. 92 
3 nA BOEC Sia UN aA NANa, Nletiind Mayet ae EOD GENE, recy unen 4 700} 175.00 
Cae ee eg tie ste a cc en Ae tees | te nao 580 71,009] 122.88 


1 Revised figure. 
232294—53——_36 
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TABLE 2.—Diamonds (exclusive of industrial diamonds) imported for con- 
sumption in the United States, 1949-50, by countries—Continued 


[U. 8. Department of Commerce] 


Rough or uncut 


Cut but unset 


Country Value Value 
Carats Carats 
Total Average Total Average 
1949—Continued 
Ozechoslovakia:...2..-.s-2.0.202+-- 22-22 ]2---224_| pecs ce oecu|aslecl nes i, 268 $4, 357 $99. 02 
DenMark...222. reso. cese2es seceeseie sees |S eidewsslacecesede ss |lieteeeese 139 11, 300 81, 29 
Branc@soo- 422220. se oe code steed |e Sock e cee 2, 843 355, 899 125.18 
French Morocco.__...-.-.----------------|--------|------------]---------- 15,091 939. 54 
Germany s22 ieee eS occeg ee ekes cue oct 82 | eet ee ssl ees ; 283, 903 80. 47 
Gold, Coast. <.022- 2522 -- oe Seco eeves eee 6, 947 $81, 936 S1V79) 2.0 Soke) Sccceee ee] lec be kes 
Hong? Kong.2 22 232s-o cc ecw soe tle tenet ete ea scabeee oe 41,172 548. 96 
Tran ot es ee eee as she oS ote Sos 996 82, 039 82. 37 
Israels 2-22. see ccsds a ees eveee sees cael ecedu aes | ener ele leccloet veces 70,485) 5, 402, 07 76. 64 
| | Re eee REE Re SRM CI NESeCENMINY SiSmeMDE ne IRON retary aeterne ORE te 134,933! 4,997. 52 
LeDanON ic ose 2 os foe ee dse eer elel oe eee oot eee ee teste es a2 13, 82 134. 26 
Liberia... 222-2222. es 60 2, 500 N67 ole et 
Netherland§s 22222... s302-45 seecoecc ieee biol es ee ode ee fo eee et 24,789| 3,202, 227 129.18 
Netherlands Antilles._...........--------- 11 3, 534 321.27 3, 245. 93 
Switzerland... 03.0 eno Sesscs eos use ee Se estes eat StesesnseecetSeuse 14, 465} 1,932, 944 133: 63 
Thailand so. 2s. Gece soe So sets a lecas ee ee Goes she eee eee eae , 142 251,155 219. 93 
Union of South Africa. ...---------------- 1 §80,376| 1 26, 911, 452 146.37) 39,6441 8,404, 959 212. 01 
W882 Rice so oscte cee aces obs aso ee ese ec eee 2 oe , 663 539, 412 62. 27 
United Kingdom..._____-._..--..-..--.-- 1, 708 118, 838 69.58] 3,771 449, 356 119.16 
Venezuela......-..-.--..------------------ 1 23, 973 1 704, 015 124. 30 159 17,155 107. 89 
Total 1949 -.< see c2vess.ceecte eee 1 633,731) ! 28, 246, 634 1 44, 57| 335,487! 41,427, 718 128. 49 
1950 

ATRONUING so. oe Jos soe ocd se see cece sen sea sist el oeccesssec eee see eee 109 11, 847 108. 69 
Australia sees oe he ee ee kee eet onto eed ete 12 6, 500 541. 67 
Belgian Congo.__-_-_.- E 400 11, 059 2s OSh cece: | 2overee woes (hos assis 
Belgium-Luxembourg -| 1,631 85, 283 52. 29] 257,942! 29,115, 318 112. 88 
Braziloss. oe cece ese -| 43,043 955, 922 22,21| 2,125 190, 562 89. 68 
British Guiana....-------- z 821 25, 078 30. 55 1 148 148. 00 
British West Africa, n. e. s. 349, 455 7) dies. <] eee a ee! Pe ee 
Canada) 2 cac2 oC eadeeeeee 6, 413 4. 53 657 98, 343 149. 68 
12, 738 141. 53 
261 34, 893 133. 69 
104 7,118 68. 44 
4, 497 517, 574 115.09 
French Equatorial Africa See eewuecess 215 14, 009 Bh 16l 2 is eos sles 
French Morocco.....-.--------- ececesavelesus aos esac ees ce ed et ‘156 14,779 94. 74 
Germany: - o2seo5ec2bss occ ese cette 3 41 13.67| 7,317 603, 797 82. 52 
Hong Kong. . css. osteo eees sone en's Stet [so ove get Seve ee cdsye [ace eens 21 64, 126 199. 77 

Hungary-....------.----------------------]--------|------------]---------- 5 120 
i Sa ee ene ae eee ee ne een eee Meera Weaeee nena ener 8 1,277| 159. 63 
Trans oo Se oes a hea os Gad See Ne Ses ee a Se cote ee a ee ond 16 1, 551 96. 94 
Teraeled se oe eo ee 98 5, 938 60. 59] 86,192) 6, 834, 363 79. 29 
Ltaly coe co oseon sheussle ic cSelld Jeno lee tsees| See eee ee 180. 00 
Kurwalt.-:: 2 och ocess ce et oe ee toe ees ob ee fees cake 2 542 271.00 
Lebanon: : 22-2 524s ee ee late dfecelee tte sel ee 217 37,770 174. 06 
Wethorlands: - .2c6s5-4 oad oe eee 480 13, 932 «29.03; 44,978, 4,845,140 107. 72 
Philippines cs 2 cotew nes beet esis sce ef eee eu ted eee ll een eee 3 8, 500 283. 33 
Portuguese: Asia. 2 0 kk ees se elec de cee cent [ec ee coe 39 11, 329 290, 49 
Southern-Southeastern Asia, n. @, 8...----|--------]------------]---------- 7. 4, 621 61. 61 
Switzerland deseo beeiicce tie oe eg eu ler eee  e e 3, 251 740,125 227. 66 
PhaNan oa oot ee a attom tae atuescutete as auc Set oat cel scutedent. 418 81, 596 195. 21 
Vinton of South Africa.....-..---------_-- 703, 520] 41, 956, 932 59.64) 74,476] 14, 313, 316 192.19 
pigowe create Gece Neues oaee won| omen aurea eieiemoran 3, 91 190; 000 48, 48 

United Kingdom....__.-.---------------- 9,349) 380,338} 40.68] 5,448) 776, 009 
Venezuela... - <2 25 2 seca eek 42, 834 971, 369 PA | Ee eat EN 4) sea 
Total 1950 = o5.0 2222022 esieees ce ebe. 819, 083; 44,775, 769 54. 67} 492,671; 58, 524, 902 118. 79 
pa 

' Revised figure. . 
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World Production.—Official figures on diamond production are not 
available for all countries, but the figures in the accompanying table 
are believed to be reasonably accurate, as they have been compiled 
from Government reports, information supplied by officials of pro- 
ducing companies, and other authoritative sources. World produc- 
tion (gems and industrials) is estimated to have been -15,300,000 
metric carats, which compares with 14,175,000 (revised figure) carats 
for 1949, an increase of 8 percent. : 

Belgian Congo is the leading producer by weight, but only about 
5 percent of the Belgian Congo production is of gem quality. South 
Africa, although producing much less by weight, leads in value owing. 
to the high percentage of gem stones. | 


TABLE 3.—World production of diamonds, 1947-50, by countries, in metric carats. 
[Including Industrial Diamonds] . .3 


Country 1947 1948 1949 1950 


Africa: ae 
ANG ONG ooo B22 28 A ee ee tes 799, 210 795, 509 769, 981 538 867 
Belgian Congo. .._-.-.--.-.-------------------- 5, 474, 469 5, 824, 567 9, 649, 896 | 10, 147,471 
French Equatorial Africa_.._..._....----..---- 107, 076 1118, 300 1 122, 928 111, 
French West Africa.............----..----.---- 53, 749 77,970 94, 996 126, 
Gold Coast__.____ oUtge the kd aia tie eS A Nea N 2 852, 493 3 850, 000 12972, 976 3 950, 000 
Sierra Leone___......-.-2..-------------------- 605, 554 465, 518 494,119 655, 474. 
South-West Africa_..____....--.-.-----_------- 179, 554 200, 691 280, 134 488, 422 
ANGANVIKA Soc. anc geciuin os csuecs eee etun = 92, 229 148, 169 191, 787 195, 274 
Union of South Africa: 
T0062: 2-2 iecse i eee et ee 918, 042 3 930, 000 964, 266 1, 516, 194 
Alluvial. .- 2.2502 on. ec ue see ee eae eee 4 286, 692 3 4 270, 000 4 289,756 | 4 231, 674 
Total Union of South Africa...___.__.---- 1, 204, 734 31, 200, 000 1, 254, 022 1, 747, 868 
Brazil ssn Soo ec ee ee ee 275, 000 _ 250, 000 250, 000 200, 
British Guiana_.__.-.._...-.----------------------- 34, 790 37, 462 
Venezuelas2. 22% 22222 2-2b on Sel ccs eens eed eee 56, 362 60, 389 
Other countries ?__......--.-.-----.--------------.. 3, 000 3,000 
Grand total (round figures) ....-.------------ 9, 750, 000 10, 050,000 | 114,175,000 | 15, 300, 000 
1 Revised figure. 
2 Exports. 
3 Estimated. 


4 Includes an estimated 100,000 carats for State mines of Namaqualand, 


Industrial Diamonds.—Details regarding imports, production, 
sales, and uses of industrial diamonds will be found in the Abrasive 
Materials chapter of this volume. 


OTHER GEM STONES 


The price of most gem stones other than diamonds continued to 
increase owing to short supply of newly mined stones of fine quality. 

Again in 1950 Canada produced very little in the way of gem stones. 
A few tons each of sodalite, peristerite, and labradorite are produced. 
each year, but the total value probably does not exceed a few hundred 
dollars. | | 

Ceylon maintained its output of important quantities of a variety 
of gems, chiefly ruby, sapphire, chrysoberyl (including alexandrite), 
topaz, spinel, garnet, zircon, and tourmaline. The Ceylon gems come 
from the alluvial gravels of the Ratnapura district. The gem-mining 
industry is chiefly handled by villagers and minor concerns. Value 
of the annual production is believed to be about $500,000. 


556 MINERALS YEARBOOK, 1950 


Emeralds were mined at the Chivor-Somondoco mines in Colombia. 
Production for 1949 was reported to be 91,656 carats. According to 
latest reports, the famous Muzo, Colombia, mines are still closed. 
Some good-quality emeralds were mined at Kaliguman, India, a small 
village in the Udaipur district, State of Rajasthan. South Africa 
and Brazil continued to produce a few emeralds. 

Australian gem-sapphire production for 1948 had a reported value ~ 
of £A 6,000.4 In September 1948 a 1,958-carat (uncut weight) blue 
sapphire was discovered at Anakie, central Queensland. 

Gem-stone production of Burma for 1949 was as follows: Ruby 100 
carats, sapphire 2,500 carats, spinel 12,500 carats, jadeite 2,393 pounds, 
total value approximately $88,500.° : 

The Australian opal-mining industry continues at alow ebb. South 
Australia is now the largest producer, with the main fields lying in the 
Stuart Range north of Tarcoola. Only about 100 miners are now 
active, and the value. of the annual production averages about 
$200,000.° 

Madagascar gem-stone production for the first half of 1950, chiefly 
tourmaline, beryl, and garnet, was 9,004 grams.’ 

In Mozambique the pegmatites in the Alto Ligonho district pro- 
duced some fine-quality rubellite, morganite, and aquamarine, some 
of which came into the United States. 

The zircon mining and cutting industry of Thailand, which experi- 
enced a sudden boom immediately after World War II, is now in a 
depressed condition. Bangkok cutters predict that, if the present 
export volume is not increased soon, it may be impossible to keep the 
industry alive. The zircons are mined in the Provinces of Chantaburi 
ee in southeast Thailand along the Thai-Indochina 

order. 

Brazil continued to produce a large caratage of amethyst, aqua- 
marine, citrine, topaz, and tourmaline and smaller amounts of euclase, 
chrysoberyl, andalusite, and other stones. 


SYNTHETIC GEM STONES 


Corundum and Spinel.—The year 1950 witnessed further recapture 
of the American market by European producers of synthetic corundum 
and spinel. Chief production is in Germany, followed by France. 
India and Japan are other foreign producers. 

The Idar-Oberstein district, in the French zone of West Germany, 
resumed its former position of importance as the chief cutting center 
for synthetics. Favored by low labor rates and devaluation of cur- 
rency, most synthetic gems used in the American market are now cut 
in Idar-Oberstein. Toward the end of the year, as large orders piled 
up and European deliveries became slower, more business was placed 
in the United States. . 


‘ Bureau of Mines, Minera] Trade Notes: Vol. 30, No. 6, June 1950, p. 36 

: Bureau of Mines, Mineral Trade Notes: Vol. 31, No. 6, December: 1950. p. 31, 
Australian News and Information Bureau, New York: Vol. 8, No. 4. : 

7 Bureau of Mines, Mineral Trade Notes: Vol. 31, No. 6, December 1950, p. 31. 
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Domestic synthetic corundum and spinel production for the year 
amounted to several million carats. Of this, approximately 70 percent 
was ruby-color synthetic corundum, 20 percent blue spinel, and the 
remainder corundum and spinel of other colors. Most of this material 
was used in educational ring stones, the buff-top, flat-back stones being 
the most popular style. 

Synthetic Rutile (Titania)—During the year public acceptance of 
this relatively new synthetic gem material increased. When first 
introduced, the jewelry trade did not respond, but as a result of interest 
by the amateur lapidaries and direct-mail sales, public interest has 
been created to a point where the jewelry trade is now beginning to 
accept and promote titania. 

Production has been largely on an experimental basis by the Linde 
Air Products Co. and the National Lead Co. Prices for boules are 
about 50 cents per carat for colorless and 75 cents per carat for colored 
(blue and red). 

Synthetic Emerald.—This synthetic gem stone continues to be pro- 
duced only by the Chatham Research Laboratories in San Francisco, 
Calif. Production in 1950 amounted to 50,000 carats of rough 
crystals, of which less than 10 percent was gem quality. No flawless 
stones of over 2 carats were produced. The retail price for top-quality 
synthetic emerald is $120 per carat. 


| Gem Stones 
By W. F. Foshag,! George Switzer,! and Robert D. Thomson | 


% 


GENERAL 
DOMESTIC PRODUCTION 


S IN THE PAST, the United States continues to be an unim- 
A portant factor in world gem production. A wide variety of 
gems is produced but in small quantity. Gem mining is, and 
probably will continue to be, a minor industry. ; 

Most gem-stone production in the United States results from the 
interest of thousands of amateur lapidaries, who pursue their hobby 
with great vigor and spend their vacations and weekends searching 
for materials suitable for cutting and polishing. Much of what they 
collect passes into the hands of numerous small mineral and lapidary 
supply dealers or roadside curio shops and changes hands through 
sale or exchange. _The many varieties of quartz, such as agate, jasper, 
and petrified wood, are the chief materials produced in this way. 

There are no large gem-mining companies in the United States. 
A few small companies operate certain deposits from time to time, 
such as turquoise, tourmaline, and jade, but they employ only a few 
miners. Since such a small percentage of the total gem production 
is mined on a commercial scale, no reliable statistics of the value of 
the domestic output of gems can be compiled. The value may ap- 
proximate $400,000 to $500,000. : 

The many forms of quartz—chiefly the crypto-crystalline varie- 
ties—were produced in greatest quantity and value in 1951. Other 
gems produced, but in very much smaller quantity, were jade, kunzite, 
and turquoise, and a number of others in almost insignificant quantity. 
Of the producing States, California, Oregon, Texas, Washington, and 
Wyoming were the leaders. 

' Agate.—As far as could be ascertained, there was no appreciable 
change in agate production (including all varities of chalcedony) 
from that of 1950. 

The Alpine-Big Bend area in Texas was one of the leading produc- 
ers. A single locality near Alpine was reported to have yielded ap- 
proximately 6,000 pounds of agate during the year, with an average 
value of 25 cents per pound. 

Production from New Mexico was reported as essentially unchanged 
from the previous year. : 


! Smithsonian Institution, consulting mineralogist to Bureau of Mines. 
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Large quantities of agate also were found in California, Oregon, and 
Washington, with smaller quantities in Arizona, Montana, and Wyo- 
ming. Small quantities of all forms of chalcedonic quartz, such as 
agate, jasper, petrified wood, and chert, were collected in nearly every 
State. A small quantity of chrysoprase was said to have been re- 
covered at Porterville, Calif. 

Kunzite.—Renewed mining activity in the Pala district, San Diego 
County, Calif., in the years 1949-51 yielded important quantities of 
kunzite. In the Vandenberg mine pockets were struck in July and 
~ October 1951 which yielded about 150 pounds of kunzite, of which 
about 10 percent was fine gem quality. The larger of these two 
pockets contained material of exceptionally good color. The value of _ 
this find was estimated at about $16,000. 3 | 

Jade.—The available supply of Wyoming nephrite jade continued 

‘to diminish. Material of good color was reportedly selling for $30 to 
$60 per pound. A new find was reported in Shirley Basin, north of 
Medicine Bow, yielding some material of good medium-green color, 
selling at $5 to $10 per pound. . : 

In California some jade (nephrite) was found along the coast nea 
Monterey, and some jadeite jade was collected at Clear Creek, San 
Benito County. No production was reported from the Porterville 
locality. Reports published in 1951 described the jade deposits in 
Marin, Monterey, and San Benito Counties, Calif. a, 

No production of nephrite jade was reported for the year from the 
Kobuk area, northwestern Alaska. 

Turquoise.—Turquoise production continued to decline in the 
Southwest. There was no large-scale activity in any turquoise locali- 
ties, although undoubtedly small quantities were produced from 
various mines in Nevada, Arizona, and Colorado. 

__ Other Gem Stones.—No diamonds were produced from the Arkansas 
diamond mines in 1951. . 

The Barton Mines Corp., North Creek, N. Y., reported a 1951 pro- 
duction of 60 pounds of gem-quality garnet, valued at $85.  —> 

No sapphire was produced in Montana from the Yogo Gulch area. 
The Yogo Sapphire Mining Corp. was negotiating to buy all the 
properties of the British-owned New Mine Sapphire Syndicate and 
planned to open the mines if negotiations were successful. 

No variscite was produced from the Fairfield, Utah, locality during 
1951 because of litigation. A small quantity was obtained by collec- 
tors at Grantsville and Lucin, Utah, and a new variscite deposit was 
reported near Snowville, Box Elder County, Utah. 

A number of good-size pieces (single pieces up to several hundred 
carats) of pale-blue topaz were recovered by collectors in Mason 
County, Tex. The Thomas Mountains, Utah, topaz locality was 
visited by many collectors, but no important production resulted. 


in ae serene Charles W., Nephrite in Marin County, Calif.: California Div. of Mines Spec. Rept. 10-B, 
Crippen, Richard A., Jr., Nephrite Jade and Associated Rocks of the Cape San Martin Region, Monterey 
County, Calif.: California Div. of Mines Spec. Rept. 10-A, 1951, 14 pp. 
Yoder, H. 8. and Chesterman, C. W., Jadeite of San Benito County, Calif.: California Div. of Mines 
Spec. Rept. 10-C, 1951, 8 pp. 
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‘Small quantities of tourmaline and morganite were produced in 
San Diego County, Calif., and some tourmaline and aquamarine in 
the various New England pegmatite localities, chiefly in Maine and 
New Hampshire. eH , 

Rose-quartz production from South Dakota was small. Some of 
the rock-crystal quartz from Arkansas undoubtedly went into the 
gem trade. | . 

The total value of these miscellaneous gems probably was not more — 
than a few hundred dollars. i 


CONSUMPTION AND USES 


. Business conditions in the jewelry industry remained essentially the 
same as in 1950. In general, sales were slow, particularly in the early 
months of the year, and even the traditional Christmas rush did not 
come up to the expectations of most retailers. Continuation of thé 
Korean War eliminated any immediate chance of a reduction in the 
20-percent excise tax on jewelry. This, plus continually rising living 
costs, caused a slump in the jewelry industry. 

_ Again in 1951, the United States was the principal world market for 
diamonds. There was no significant change in the volume of diamonds 
sold by jewelers. Diamond jewelry sales represented about one- 
quarter of total jewelry sales of the typical dealer in 1951. Most 
jewelers had no trouble in obtaining an adequate supply of diamonds, 
eae fine-quality stones in the larger sizes were said to be in short — 
supply. , 
‘Fashion in Jewels——During 1951 women continued to wear a large 
quantity of jewelry of conspicuous sizes. There was a steady rise in 
the production and use of baguette diamonds, as well as other fancy . 
cuts, such as the pear'and marquise. Large, emerald-cut diamonds 
were the most coveted solitaires, but because of their high price few 
could afford them. 

Paris jewelry went to no extremes and made no radical departure 
in style. Leaf forms from many trees and shrubs inspired the 
designers. The scale continued large, but forms were light and airy. 
Paris continued to set trends for the world of fashion in 1951, but 
three Italian cities—Rome, Florence, and Milan—also emerged as 
sources of inspiration. Since the Italian jewelry designers sometimes 
come from the ranks of painters, sculptors, and even architects, great 
diversity of artistic creation may be expected from this source. 


IMPORTS * 


Imports of gem stones, exclusive of industrial diamonds, in 1951, 
as reported by the United States Department of Commerce, totaled 
$129.3 million, compared with $118.5 million in 1950, an increase of 
about 9 percent. Diamonds were the more important, totaling 
$110.6 million (86 percent) of the total value of imports, with “cut 
but unset” representing 56 percent of the diamond imports. 


3 Figures on imports and exports compiled by M. B. Price and E. D. Page, of the Bureau of Mines, from 
records of the U. S. Department of Commerce. 
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TABLE 1,—Precious and semiprecious stones (exclusive of industrial diamonds) 
_imported for consumption in the United States, 1950-51 


[U. S. Department of Commerce] 


1950 1951 
Commodity SSS : 
Carats Value Carats Value 
Diamonds: 
Rough or uncut (suitable for cutting into gem 
stones), duty-free._...___. eh eau nats cueeuhad 1 673, 699-| 1 $43, 655, 706 | 697, 981 $48, 704, 819 
= eoneee unset, suitable for jewelry, dutiable_______ 1 492, 741 | | 58,531,035 | 480, 516 61, 858, 003 
me ; 
Rough or uncut, duty-free__....._.-.-.-_.._-_._.. 12, 142 7, 991 2, 706 | - 2, 698 
Cut but not set, dutiable_.....-.....-.--...______. 9, 706 |. 237, 446 20, 148 264, 527 
Pearls and parts, not strung or set, dutiable: : : : . 
Obitral ieee ee ste a ae ee te Ne 410, 970 }.-.-..--.- 449, 379 
Cultured or cultivated.....-.........-...----.-.--|_---.-_-_- 3, 192,334 |_._.___- a 2, 747, 653 
Other precious and semiprecious stones: 
Rough or uncut, duty-free_.........--2-.-.- | Execeepeeees 1304, 167 |_...-..__- 160, 609 
Cut but not set, dutiable.-.........-...--..2.2-.---|_----_ 2, 429, 992 |....---.- 2, 686, 137 
Imitation, except opaque, dutiable: 
Not cut or faceted_____. Scue Stub odvhtet Seti Wieck hay 19, 088 |... . 87,162 
Cut or faceted: : 
Synthetic. -__--..--...--.-.- 22-22 ---- |e 811, 372 |. £2 888, 629 
_ Other... __. ee ee ee Rae eee 1 8, 753, 307 |... 11, 307, 401 
Imitation, opaque, including imitation pearls, i 
: dutiablesc. sso 25 2 2286 ce en ts [oe 14, 854 foes L - 26, 394 
Marcasites, dutiable: ; 
Reale f= oso te ie eta ter grees ers ol Moga Sta 136, 768 |_...--.._- 88, 395 
POA OM cist he ee Ws eect ote coun a Ballons cue tek 8,019 |-.------W. 3, 836 
mOtalS tose ete hota eit ke a oe 1118, 508,049 |... _ 129, 275, 642 . 


i Revised figure. 
TECHNOLOGY 


The emphasis in gem-stone research was on diamonds. The 
Diamond Research Laboratory of Johannesburg, Union of South 
Africa, sponsored and supported by Industrial Distributors (1946), 
oe investigated many problems in mining and utilization of dia- 
monds. 


- ~Articles published recently dealt with the investigation of the = 


Slipper diamond, a 7.25-carat octahedron with a small included octa- 
hedron * and the luminescence of polished cleavage plates of diamond; ® 
description of the unusual twinned tetrahedral diamonds from the 
Belgian Congo; ® a fractographic study of the cleavage face of a 34%- 
carat diamond from the Premier mine, South Africa, which had a 
cleavage pattern partly characteristic of type I and partly of type II 
diamond; ’ description of the effects of treating diamonds in a cyclo- 
tron;* and measurement of the thermo conductivity of diamond, 
sapphire, and quartz.? ; | 
An excellent summary of the chief scientific and industrial develop- 
ment regarding diamonds that took place during 1951 was prepared by 


+ coe J. A., Observations on the Slipper Diamond: Gems and Gemology, vol. 6, No. 11, Fall 1950, pp. 
: : Raman, C. V., The Luminiscence of Diamond-II: Curr. Sci. (India), vol. 20, No. 1, January 1951, pp. 

6 Polinard, E., Sur une forme titraedrique du diamant: Bull. soc. geol. Belg., vol. 74, No. 3, 1950, pp. 59-63. 

7 Custers, J. F. H., Laminations in Type II Diamonds: Research, vol. 4, No. 3, March 1951, pp. 131-136. 

§ Ehrmann, M., Bombarded Diamonds: Gems and Gemology, vol. 6, No. 10, summer 1950, p. 295. 

Pough, F. H. and Schulke, A. A., The Recognition of Surface Irradiated Diamonds: Gems and Gemology, 
vol. 7, No. 1, Spring 1951, pp. 3-11. 

* Berman, R., Simon, F. E., and Wilks, J., Thermal Conductivity of Dielectric Crystals; the “Umklapp” 
Process: Nature, vol. 168, No. 4268, Aug. 18, 1951, pp. 277-280. 
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P. Grodzinski and his associates and distributed by the Industrial 

oe Information Bureau, 32-34 Holborn Viaduct, London, 
.C.1, 

In the field of colored gem stones, taaffeite, a pale mauve gem 

resembling spinel but chemically a beryllium magnesium-aluminum 

oxide, was described.” 


DIAMONDS ” 


The year 1951 was another record-breaking year in the diamond 
industry. The value of diamonds sold through the Central Selling 
Organization, on behalf of South African and other producers, 
amounted to £65 million. Sale of diamonds produced in Brazil, 
British Guiana, and Venezuela raised the overall total to approxi- 
mately £68 million, an increase of about 30 percent over 1950. A 
15-percent increase in diamond prices in March 1951 brought sterling 
prices to full parity with dollar prices, which were in effect before the 
devaluation of sterling in 1949. The increased sales for 1951, how- 
ever, are only partly attributable to this cause, also being influenced 
by increased production of rough diamonds through increased mining 
activity and better milling practices. — oe 

A sharp increase in sales of industrial diamonds featured the 1951 
epee Sales by the Central Selling Organization were divided as 
ollows: -% 


Gem diamonds- ---- eceeeauase Ie Pree Ee ee a ee Se ee £46, 780, 632 
Industrial diamonds=2.< e225 3ecc2 so secews cose coc se scl eee 18, 277, 333 
65, 057, 965 


A new record also was set for world production of diamonds in 1951, 
with a total of 16,800,000 carats, compared with 15,250,000 carats in 
1950. 

Cutting —The strong demand for gem diamonds continued un- 
abated during 1951. 

In spite of this high level of activity, the cutting industry continued 
to be plagued with unemployment, indicating a surplus of workers in 
the industry. 

Means to eliminate the disparity in cutting costs, wages, and work- 
ing hours in the various cutting centers was widely considered, but no 
uniform wage basis could be determined. Neither the efforts of the 
Netherlands and Belgian cutters and manufacturers to arrive at some 
satisfactory arrangement, nor the efforts of the Universal Alliance of 
Diamond Workers to work out an agreement with the German 
diamond workers’ organization on time, tariffs, and apprenticeships, 
were successful. 

Belgium continued to be the largest cutting center, followed by 
Germany, Netherlands, Israel, and the United States. Smaller cut- 
ting centers were in England, South Africa, France, India, Brazil, 
and Puerto Rico. 


1° Anderson, B. W., A Rare New Gem Stone: Gemologist, vol. 20, No. 237, April 1951, pp. 75-77. 

11 Poses, W. F. and Switzer, G., The Diamond Industry in 1951: Jewelers’ Circular-Keystone, vol. 122, 
No. 10, July 1952, pp. 88, 90, 116-117, and 118; No. 11, August 1952, pp. 130, 132, and 168-169; and No. 12, 
September 1952, pp. 126, 128, and 149, 
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TABLE 2.—Diamonds (exclusive of industrial diamonds) imported for consump- 
tion in the United States, 1950-51, by countries 


[U. S. Department of Commerce] 


Rough or uncut Cut but unset 
Country Value Value 
Carats Carats 
Total Average Total Average 
1950 
ATPONtind 22-2 ee oot seo sete etlwces cesea see ccils Seeese ees foe seeled 109 $11, 847 $108. 69 
Australia: = 22-266. 25 028 So lg ee cee Se ese ce eee 12 , 500 541. 67 
Belgian Congo_.-_....-.._....-..----- 1200 1 $10,000 | 1$50.00 |__....._-.]-----.------]---------- 
Belgium-Luxembourg____..-..-.------ 1336 143,454 | 1129.33 | 257,942 | 29,115, 318 112. 88 
Brazil: 0-5 soe oo Ses ee oe 198, 096 1 777, 164 127. 66 2, 125 190, 562 89. 68 
British Guiana-_-_._...._._-.-.-.-.-_-- 1375 1 92, 378 159. 67 1 148 148. 00 
British West Africa, n. e. s_....-.----- - 19, 955 1317,412 | 1381.88 |__.....---]----~-------[---------- 
Catadsu2. 5s 2 eee ce oad (?) (2) () 657 98, 343 149. 68 
Ohing:) 2.2222 ec ee kato i aol Py oy aoe ee 2c) Se oe 90 12, 738 141. 53 
Ciba seeoc-2cscccee cone eee lec steed ates tacos eoecek sees 8) encase. ae 261 34, 893 133. 69 
Denmarkeesso 06 26 ss elect eo ec eee ee 104 7, 118 68. 44 
FPYane 22sec seas Sole ih oe) ahs ol aes 4, 497 517, 574 115. 09 
French Equatorial Africa_-_._....-..- 215} ° 14,009 65.16 |_.-.---_-- whee A cee faatettels. 
French Moroceco__......--.-----------|---.------|------------]--.------- 156 14, 779 94.74 
Germany... ..22sscc ee oo ee 3 41 13. 67 7, 317 603, 797 82. 52 
Monge Kongo: 22 cet te | see ese oe eve en| elles cee $21 64, 126 199. 77 
puuesy, 5 1 24. 00 
Hesedhe ith Ua eee ea cc ecet tessa esate ee 1, 277 159. 63 
Sule Sle ete ee bet eee oR Bou Me oe Pa eels 1, 5. 96. 
Terael and Palestine 1 6, 840, 496 179, 30 
talys:<o5c5 cote 180. 00 
Kuwait___.___. 271.00 
Lebanon_.._._- 37, 770 174. 06 
Netherlands. _- , 4, 845. 140 107. 72 
Philippines 222i.) oe i osc ae | se SevenewcllUsgete Ue Sere 8, 50 s 
Portuguese Asia. .......----.-. 2. -_._]_.-_------]-------.-.--]-_-- ~~... 39 11, 329 290. 49 
Southern-Southeastern Asia, n. @. S..-|----------|------------|---------- 7. 4, 621 61. 61 
aad Es SAI oe bes 8 1151 17,324 1 48. 50 8, 251 740, 125 227. 66 
Whatland se 2322 co ce sek soe bac ae detoulbee sce cee ete eee 418 81, 596 195. 21 
yeee of South Africa. oes. ee. 1588, 551 {141, 149, 102 169. 92 74,476 | 14, 313, 316 192.19 
U.S Ate dh eae tt ate Woke! te Steed oe ee Zane ea 919 190, 000 48. 
United ‘Kingdom acteeuneeasescocs ou 15,117 1 350, 706 1 68. 54 5, 448 776, 009 142. 44 
Venezuela... .-.._..-_.---_- 2+ 2- +. 1 40, 122 1 944, 246 199058 [oc 22 ey [Seen ondhe so [ose need 7s 
Total 1950. ...-.-.-_._-.-_-.-.-. 1 673, 699 |! 3, 655, 706 164.80 | 1492, 741 |158, 531, 035 118. 79 
1951 
Australias. css 20 eee 765 ~-97, 086 126:'91-|--------12 -1, 200-|-.----100..00- 
Bahrein. 2. - 222222. sc..5 2 is acse eens 50 20, 878 417556 Vi 2ecsue gl cece deen [alee Sse 
Belgian Congo..-.....-...------------ 2, 645 215, 173 BUCS O pod ce ts ped de eee 
Blegium-Luxembourg___..-- sist amas ae 4, 582 409, 071 89. 28 251, 617 | 31, 317, 834 124. 47 
Bravil es os22 foc oso 2 eck oe we 7, 749 523, 453 67. 55 452 79, 0 174. 95 
British Guiana_........-.--..-------- 1, 563 55, 513 35. 52 6 107. 67 
British Malaya_-......__...-.....---.]-_.--.-.--]------------]---------- 161 26, 700 165. 84 
Canada snc ee oe oe cee ete 6, 112 174, 167 28. 50 7 1, 751 250. 14 
C@eylone2 2-35 222 ee oe te een a ee fe ete ee | ee ea ee ed Luacecus = 9 121 13. 44 
Ouoheioeki Bere hes nee area hes, ree Sentra 10 1, 150 115. 00 
@NMark 225 28g eo oe a eee ee |e en ee Pe ee 17 2, 348 138. 12 
PYONC@ 22h occ os 2 eee sete 286 13, 990 48. 92 8, 208 425, 507 182. 64 
Germany =. nooo noc ca seedsoetconewn | scoglv cen} | oases ae en [eee bee 9, 691 789, 720 81. 49 
ANd ia ee a eee on LE Se alo Sta oa |e edad 260 130. 00 
WYAN fo bes oe oe ore he Ne oe ele ee tet aw oot 3, 600 120. 00 
Israel and Palestine.............-.-..- 207 1, 656 8.00 | 104,194] 9,128, 630 87. 61 
Waly. ce Sos Sets sce etn ne soo ee he scce and aeedioe i ws] eee hens 12, 372 199. 55 
JaPaN costes es et ee Was os ool eee eed ieee cece s 50 5, 670 113. 40 
Kawait.c-c soos oc Soe cs ces sceeewson sdlaceece once ie oceeeoe ele oceeeses 1 800 800. 00 
Diherg. 45d ehect non ace tens eects. 180 10, 000 BS 56: a ceovecats hace cece 2 | see ae 
MOX1C0 222 son ooo es he ak Pe NE cee SL ee 1, 871 311. 83 
Netherlands-.-......_..-.-..--.---_-- 19,329 | 1,481,908 76. 67 35,940 | 4,398, 388 122. 38 
Southern British Africa.........-.....]-.--------|---.-----_--]---.------ 27,8. 180. 86 
Switzerland __.-.-.........---.._---_-- 85,110 | 5, 533, 669 65. 02 7,229 | 1,259, 918 174. 29 
Union of South Africa__........------ 66,930 | 1,856,217 27.73 64, 537 | 13, 835, 217 214. 38 
United Fine SS RES 475,927 | 37, 557, 682 78. 91 3, 120 536, 172. 10 
Urueta 92 ses sso oe sf ee eo ese eee eee 1 425. 00 
Venezuela eietede sie tiauyt ee sceneh 26, 546 754, 356 DRAG Nos sinee ue acccececnsec wardrotews 
Total 1951..__-.-_..._-...-_-_-- 697, 981 | 48, 704, 819 69.78 | 480,516 | 61, 858, 003 128. 73 


SD NPP SSS 7S SS A EY 


1 Revised figure. 
Revised to none. 
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In the United States employment in the ‘Aina cettine industry 
reached a low level in 1951. During the year less than 50 percent of 
the enrolled members of the Diamond Workers Protective Union had 
steady employment, and work in the non-union shops was seasonal. 
High labor costs in the United States permitted only cutting of the 
larger and finer grade stones. 

Imports.—Imports of gem-grade diamonds into the United States 
amounted to $110,563,000 in 1951 compared with $102,187,000 
(revised) in 1950, an increase of slightly less than 1 percent. The 
United Kingdom furnished most of the rough or uncut and Belgium- 
Luxembourg most of the cut in 1951. 

‘World Production.—Official figures on diamond production are not 
available for all countries, but the figures in the accompanying table 
are believed to be reasonably accurate. World production in 1951 
(gems and industrials) is estimated to have been 16,800,000 metric 
carats, which compares with 15,250, 000 carats for 1950, an increase 
of nearly 10 percent. 

Belgian Congo was again the leading producer by weight, but only 
about 5 percent of the Belgian Congo production was of gem quality. 
South Africa, although producing much less by weight, lead in value 
owing to a higher percentage of gem stones, 


TABLE 8.—World production of diamonds, 1948-51, by countries, in metric carats 
[Including industrial diamonds] 


Country 1948. 1949 1950 1951 
Africa: : 
Angola: 2 secseccesse ce te ced foot Lehr sate 795, 509 769, 981 - 538, 867 751, 447 
Belgian Congo__._..._---._.----.---------- 5, 824, 567 9, 649, 896 10, 147, 471 10, 564, 667 
French Equatorial Africa......_.....--..-- 118, 300 122, 928 4111, 407 2 136, 000 
French West Africa GAR toot Ssh or ote 77, 970 94, 996 126, 346 101, 000 
Gold Coast_.-.._. glottis Se lee 50, 000 1972, 976 2 950, 000 21, 600, 000 
Sierra Leone_.._---...-_--.-.----e- eee 465, 518 494, 119 655, 474 475, 759 
Southwest Africa......-..__...--.-.-2_-___- 91 280, 134 488, 422 , 
Tanganyika._...__---.- lee 148, 169 191, 787 195, 274 108, 625 
Union of South Africa: 
ONG 22 3. oor Pe OE an as Ho 2930, 000 964, 266 1, 516, 194 1, 967, 272 
AUviahi. oid see fee et -2 270, 000 3 289, 756 3 231, 674 3 289, 063 
Brazil ?? cfc s2 cos o esa bec ese ee eased 250, 000 250, 000 200, 000 200, 600 
British Guiana._._..._____ A Mk NDS SR ste ok ate 36, 562 34, 790 37, 462 43, 260 
Menemuela=: cei 25S ee ee 75, 513 56, 362 60, 389 63, 226 
Other countries 3______-___-.------------------- 3, 500 3, 000 3, 000 3, 000 
Grand total (round figures) -.....--.----- 10, 050, 000 14,175,000 | 415, 250, 000 16, 800, 000 
1 Exports. 
2 Estimated. 
: idnde an estimated 100,000 carats for State mines of Namaqualand. 
evised 


Industrial Diamonds.—Details regarding imports, production, 
sales, and uses of industrial diamonds will be found in the Abrasive 
Materials chapter of this volume. 


OTHER GEM STONES 


The price of most gem stones other than diamonds continued to 
hold steady owing to a short supply of newly mined stones of fine 
quality. 

Ceylon maintained its output of important quantities of a variety 
of gems, chiefly ruby, sapphire, chrysoberyl, spinel, garnet, zircon, 


GEM STONES | 611 


topaz, and tourmaline. The gems came from the alluvial gravels of 
the Ratnapura district. The gem mining was done by individuals or 
small companies, and no official production figures are available. 
Australian opal production * for 1951 was valued at £65,474, an 
increase of £9,255 over that produced in 1950. _Good-quality material 
was scarce. The Andamooka and Coober Pedy fields in South 
Australia were the main producing centers. The Hayricks mine in 
the Quilpie district was the only one operating in Queensland, and a 
few men worked intermittently at Lightning Ridge, New South Wales. 
The value of opal exports in 1951 amounted to £79,972, as compared 
with £40,040 in 1950. The United States was the largest. buyer in 
both years. | | . ae oa eo 
Australian sapphire production” during 1951 was. valued at 
£1,135, compared with £3,181 in 1950. Production, which amounted 
to 63 ounces, was chiefly from the areas of Rubyvale and Sapphire, 
Queensland.. Three cutting plants were operated at the fields, and. 
lapidaries in Brisbane and other cities cut Queensland sapphires for 
the local market and export. No export statistics are available... 
Cultured-pearl production in Japan during 1951 amounted to 3,375 
kilograms. Production had risen steadily from none in 1945 to 938 
kilograms in 1948 and 2,625 kilograms in 1950. The 1951 export 
value of cultured pearls was $4,354,000. An interesting change took 
place in the export market after World War II. In 1938, 40 percent 
of the cultured-pearl exports went to the United States, while in 1951 
the corresponding figure was 61 percent. . : 
Production of emeralds in Colombia was reported by the Ministry 
of Development to be about 68,000 carats in 1951. This represents 
only the production of the Government-owned Muzo and Cosquez 
mines, which had been closed the last quarter of.1949 but were opened 
again during the latter part of 1951; production was, however, erratic. 
Production of the privately owned Chivor mine is not known. The 


Chivor Emerald Mines, Inc., the owner, went into bankruptcy in | 


April 1951. Some production was continued by the workers, but all 
of the stones went into the black market. Despite this trouble, it 
was reported that a new vein was found at Chivor, and the emeralds 
produced were said to be the best quality ever taken from the mine. 

Brazil continued to produce a large quantity of amethyst, aqua- 
marine, citrine, topaz, and tourmaline and smaller quantities of 
chrysoberyl, andalusite, euclase, and other gems. 

Gem-stone production in other well-known districts, such as Burma, 
Thailand, Mozambique, Madagascar, and India, apparently was small, 
and no official figures are available. 


SYNTHETIC GEM STONES 


Synthetic Emerald.—This synthetic gem, so far as known, is 
produced only by the Chatham Research Laboratories in San Fran- 
cisco, Calif. Production in 1951 averaged 5,000 carats per month 
in crystals averaging 40 carats each. The total production of 60,000 


2 Australian Bureau of Mineral Resources, Geology and Geophysics, Australian Mineral Industry— 
1951: 1952, p. 165. 
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carats for the year was an increase of about 20 percent over 1950. 
Production was broken down as follows: 50 percent very low grade 
(opaque) but good color, 40 percent medium grade, and 10 percent — 
fine gem quality. Retail prices of top-quality stones remained about 
the same at $90 to $120 per carat. Flawless stones over 2 carats in 
size were not produced. | 

Corundum and Spinel.—The year 1951 found conditions in the 
American synthetic gem industry at a very low ebb owing to recovery 
. the European industry after World War II, chiefly in Germany and 

rance. | | 

It was reported that one shop in the United States continued to ~ 
cut synthetics on a large scale, by offering well-cut and well-sized 
stones at higher prices than the European goods but with the added 
advantage of good deliveries. Most of the material cutfrom American 
sources was for educational jewelry (for example, class rings), the’. 
- most popular style being the buff-top flat back. Ruby-colored 
corundum predominated, the distribution being 70 percent ruby 
— eorundum and 30 percent blue spinel. | 

The sales of rough synthetic gem stones manufactured in the United 
States virtually vanished. European manufactured synthetic gem 
stones—principally from Germany—reached manufacturing jewelers 
directly rather than through the normal channels of gem-stone dealers. 
Thus, by obtaining their gem stones directly from Europe the manu- 
facturing jewelers bypassed wholesalers and realized some price ad- 
. vantage. 

There was some increase in the use of synthetic star rubies and 
sapphires in 1951 over 1950. Also, some synthetic stars of European 
manufacture were seen and at much lower prices than those made in 
the United States. ; 

Synthetic Rutile (Titania)—During 1951 titania sales increased 
somewhat, with a greater number of manufacturing jewelers incor- 
porating this stone in their designs. However, there had not been 
great popular acceptance of this material, and it had not become a 
serious threat to the diamond trade, as was at first feared by some. 


Gem Stones 
By George Switzer! and Robert D. Thomson? 


% 


S in the past, the United States continued to be an unimportant. 
factor in world gem production. A wide variety of gems was 
produced but in small quantity. 


DOMESTIC PRODUCTION 


The efforts of thousands of amateur lapidaries, who spend their 
vacations and weekends searching for gem materials, yield most of 
the gem materials produced in the United States. The many varieties 
of quartz, such as agate, jasper, and petrified wood, are the chief 
materials recovered in this way. The demand for cuttable rough 
gem stones by these hobbyists also supports a few small gem-mining 
companies, which operate deposits from time to time, ‘chiefly for 
turquoise, tourmaline, kunzite, and jade. Since only a small per- 
centage of the total is produced on a commercial scale, no accurate 
statistics can be compiled on the value of the domestic output of gems; 
an estimate may approximate $400,000 to $500,000. 

The many forms of quartz, chiefly the cryptocrystalline varieties, 
represented the greatest quantity and value of gem stones produced 
in 1952. Other gems included were turquoise, topaz, garnet, jade, 
tourmaline, onyx, chrysocolla, opal, variscite, idocrase, and spinel. 
Of the producing States, California, Oregon, Texas, Nevada, Wash- 
ington, Wyoming, and Arizona, in decreasing order, were the leaders. 

Agate.—The Marfa-Alpine area in the northern part of Presidio and 
Brewster Counties, Big Bend area, in Brewster County, and Laredo- 
Zapata area in Webb and Zapata Counties, Texas, were among the 
leading producers of agate in 1952, with an estimated output of 
50,000 pounds valued at $0.50 to $60.00 per pound and a total value 
exceeding $35,000. _ | 

In Arizona the Saddle Mountain area, covering parts of Maricopa, 
Pinal, and Graham Counties, reportedly produced 8 to 10 tons of 
agate valued at $7,000—$8,000, and total production from this State 
may have been as much as 100 tons. 

Production of agate in California in 1952, largely from the Mohave 
Desert region, had an estimated value of about $100,000. 

Over 10 tons of agate valued at $10,500 were reported produced in 
_ the Bend area, Deschutes County, Oreg. Production at the Fulton 

agate beds (formerly the Priday ranch, Jefferson County) was not 
reported. However, each visitor was charged a fee and was permitted 


1 Smithsonian Institution; consulting mineralogist to the Bureau of Mines. 
2 Commodity-industry analyst, Bureau of Mines. 
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to gather up to 30 pounds of agate. Hundreds of visitors collected 
from the Fulton agate beds during the year, and some nodules report- 
edly sold for as much as several hundred dollars. 

The famous moss-agate deposits along the Upper Yellowstone 
River in Wyoming produced an estimated 6,000 to 8,000 pounds of 
agate, valued at $1 to $6 per pound and averaging $2.50 per pound, 
for a total value of about $20,000. 

New Mexico production was reported as essentially unchanged 
from 1951. . , 

Considerable quantities of agate were produced also in Utah, 
Michigan, Colorado, and Florida, and almost every State yielded 
small quantities of cuttable forms of chalcedonic quartz. 

Information on agates in the Lake Superior area and the history of 
the use of agates was published in 1952.8 

Topaz.—The Streeter-Kotempsie area of Mason County, Tex., 
known to have produced sizable quantities of gem-quality topaz at 
various times for over 50 years, produced during all of 1952, largely as 
the result of the efforts of amateur bobbyists or ‘diggers’? whose 
findings later were sold to amateurs. Both white and blue topaz 
were found by washing or sifting stream gravels in small creeks. 
The 1952 production totaled about 10,000 grams, of which approxi- 
mately 65 percent was white topaz with.a commercial value of about 
$0.35 per gram. Twenty-five percent of the topaz found was blue- 
white valued at $0.75 per gram, and about 1,000 grams of high- 
quality blue material was produced, valued at $1.25 per gram. Esti- 
mated value of the 1952 production ranged from $5,400 to $25,000. 

A small quantity of fine-quality gem topaz was reported from a 
locality near Boise, Idaho. 

' Turquoise.—Turquoise production continued essentially unchanged 
from 1951. Lee F. Hand, operating a lease near Battle Mountain, 
Nev., produced about $12,000 worth of turquoise. The Miami- 
Globe district of Gila County, Ariz., reportedly produced about 3,000 
pounds valued at $3 to $15 per pound. Arizona turquoise was stated 
to be soft and of inferior quality, but a method of oiling it was dis- 
covered, which greatly improved its color. Some of the old mines 
in the vicinity of Mineral Park, Mohave County, Ariz., were opened, 
and about 2,000 pounds of oiling grade (chalk) turquoise was pro- 
duced, valued at $2.50 to $3.00 per pound. 

A small quantity of turquoise was produced near Villa Grove, 
Saguache County, Colo. 

The famous turquoise mine near Cerrillos, Santa Fe County, 
N. Mex., was described in an article. 

Opal.—During 1952 the famous Rainbow Ridge mine of Virgin 
Valley, Humboldt County, Nev., produced what is perhaps the world’s 
largest precious opal, weighing 6 pounds. This opal was described as 
being of exceptional quality and beauty and was valued at $50,000. 
In addition to this unusual find, several additional pounds of opal 
was produced. Unfortunately, the Virgin Valley opal is not durable, 
and for this reason it is not used in the jewelry trade. 


3 Vanasse, T. C., Lake Superior Agate: The Sun, Spring Valley, Wis., 2d. ed., 1952, 66 pp. 
Pratt, Ethel M., Agate-Gemstone of the Ancients: Mineralogist, vol. 20, No. 11, November 1952, pp. 394, 


4 Foster, E. E., Famous Turquoise Mine: Mineralogist, vol. 20, No. 12, December 1952, pp. 452, 454, 
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Jade.—There was a great decline in jade mining in Wyoming 
owing to depletion of the known deposits. The 1952 production was. 
estimated at 3 tons of black jade, a few tons of dark-green and gray 
jade, and about 300 pounds of good apple-green material. The price 
ranged from $1 to $2 per pound up to as much as $60 per pound for 
the best quality. 

In California a small quantity of jade, none of fine quality, was 
produced in Mendocino, Monterey, and San Benito Counties. 

Some black jade with green streaks was reported from near Tono- 
pah, Nev. 

Other Natural Gem Stones.—Some rock-crystal quartz was produced — 
in California, Arkansas, and Idaho, but very little was of gem quality. 
A small quantity of star-rose quartz was reported from the Bumpus 
quarry, Albany, Maine. No rose quartz was produced in South 
Dakota during 1952. 

The Barton Mines Corp., North Creek, N. Y., reported a 1952 
production of 76 pounds of gem-quality garnet valued at $132.20. 

Tourmaline valued at approximately $2,000 was produced in San 
Diego County, Calif. Three mines in San Diego County—the Him- 
alaya at Mesa Grande and the Reynolds and Ashley mines at Pala— 
were operated part time. 

About 5 tons of chrysocolla reportedly was produced at the Inspira- 
tion mine, Gila County, Ariz. Only a small proportion of this was 
good cutting-grade material that sold for $5 to $100 per pound. 

_ Three hundred pounds of californite (idocrase) valued at $0.50 per 
foe was produced at the Happy Camp, Siskiyou County, Calif., 
ocality. 

The Onyx ranch, Murray, Salt Lake County, Utah, reported a pro- 
duction of 20 tons of onyx valued at $2,400, all used in the lapidary | 
trade. Near Salida, Chaffee County, Colo., 500 pounds of black 
onyx valued at $500 was produced. : 

A small quantity of variscite was mined in Utah. 

No sapphire was produced during 1952 from the Yogo Gulch area in 
Fergus, Judith Basin, and Meagher Counties, Mont., and no diamonds 
were mined in Arkansas. 

Synthetic Gems.—Synthetic emerald was produced only by the 
Chatham Research Laboratories in San Francisco, Calif. Production 
in 1952 was about 60,000 carats, of which 50 percent was very low 
quality, 40 percent medium quality, and 10 percent fine gem quality. 
Retail prices of fine-quality stones remained at $90 to $120 per carat. 
Flawless stones of more than 2 carats are not produced. 

Diamonds colored by exposure to bombardment of alpha particles in 
a cyclotron, or to neutron bombardment in an atomic pile to produce 
green stones, were made before 1952. A quantity of green diamonds 
produced in this manner appeared on the market in 1952. One dealer 
reported that he produced and sold about 500 carats of green cyclotron- 
pias diamonds in 1952, in sizes ranging from ¥ carat to 30 carats 
each. | 

Literature.—Articles on gem stones appearing in the press in 1952 
discussed amber, beryl, meteorites, obsidian, opal, pearl, peridot, 
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sinhalite, thunder eggs, tourmaline, quartz, and gem stones in Cali- 
fornia, Connecticut, and Maine.’ | 


CONSUMPTION AND USES 


Total sales of gem stones by retail jewelers rose slightly in 1952 
as a result of greater than usual Christmas buying, which partly 
offset slow sales in the early months of the year. The greatest con- 
sumption of gems was for decorative purposes, mainly in jewelry. 
Bracelets, brooches, hair ornaments, necklaces, and earrings were 
very popular. 

An outstanding use of gem stones during the year was for gem 
collections. Enthusiasm of collecting gem stones by thousands of 
amateur gem collectors for hobby collections or commercial use 
continued to increase. Supply houses, trading posts, and lapidaries 
required sizable quantities for resale. 

_A unique use of jade in 1952 was in the construction of a church 
window in Chicago by J. L. Kraft. About 446 pieces of beautifully 
cut and polished jade from his private collection were used. Kraft 
stated, “From the beginning of time, jade has symbolized truth, 
goodness, and beauty,” and estimated the jade and labor would 
have come to about $1,500,000.° a oe 2 

For the third consecutive year a new high record was established, 
when the value of diamonds sold in 1952 totaled an estimated 
£72,000,000, an increase of about 6 percent above 1951. Sales 
effected through the Central Selling Organization on behalf of 
South African and other producers amounted to £69,662,000, an 
increase of £4,604,000 over 1951. The remainder was divided 
principally between Brazil, Venezuela, and British Guiana. As in 
previous years, the United States was the principal world market for 
diamonds. There was no significant change in sales volume of dia- 
mond jewelry or diamond engagement rings between. 1951 and 1952. 
Jewelers had no difficulty in obtaining enough diamonds, although 
some reported a short supply of certain sizes and qualities. Dia- 
mond engagement rings continued to produce as mugh revenue for 
the typical jeweler as all other diamond jewelry combined. 7 

The outstanding feature of diamond sales in 1952 was the strong 
advance in industrial diamonds. Sales of industrial diamonds 


5 Blakemore, Jean, Treasure Hunting in Maine—Gems and Minerals: Smiling Cow Shop, Boothbay, 
Maine, Ist ed., 1952, 118 pp. 

California Journal of Mines and Geology, Gem Stones: Vol. 48, No. 1, January 1952, pp. 111-112. 

Dake, H. C., California Gem Trails: Mineralogist Pub. Co., Portland, Oreg., 1952, 80 pp. 

Claringbull, G. F., and Hey, M. H.., Sinhalite (MgAIB0O.),a New Mineral: Mineralogist Mag., (London), 
vol. 24, No. 217, June 1952, pp. 841-849. 

Mihelcic, Lillian, Story of Amber: Mineralogist, vol. 20, No. 9, September 1952, pp. 333-334, 

Mineralogist, California Obsidian Deposits: Vol. 20, No. 2. February 1952, pp. 85-90. 

Nininger, H. H., Out of the Sky: Univ. of Denver Press, Denver, Colo., 1952, 336 pp. 

Patchick, P. F., Mineral Collecting at Crestmore, Calif.: Rocks and Minerals, vol. 27, No. 3-4, March- 
April] 1952, pp. 130-135. 

Paugh, F. H., A Short Course in Gemology: Jewelers’ Circular—Keystone, vol. 122, No. 7, April 1952, 
Pp. 126, 144-148; No. 8, May 1952, pp. 116, 142-146; No. 9, June 1952, pp. 92, 108-109; No. 10, July 1952, pp. 100, 
102, 126-127; No. 11, August 1952, pp. 118, 153; and No. 12, September 1952, pp. 122, 161-162; vol. 123, No. 1, 
October 1952, pp. 132, 148-151; and No, 2, November 1952, pp. 118, 164-168. 

Roots, Robert D., Thunder Eggs: Rocks and Minerals, vol. 27, No. 5-6, May-June 1952, pp. 234-236. 

Smith, G. F. H., Gem Stones: Methuen & Co., Ltd., Londan, 12th ed., 1952, 537 pp. 

Sohon, J. A., Connecticut Minerals, Their Properties and Occurrence: Connecticut State Geological and 
Natural History Survey, Bull. 77, 1952, 133 pp. 

Walton, James, Physical Gemology: Sir Isaac Pitman & Sons, Ltd., London, 1952, 304 pp. 

Wescott, I. P., Some Beryl-Family Gems: Mineralogist, vol. 20, No. 1, January 1952, pp. 3-7. 

‘ Time, Jade in Church: Vol. 60, No. 14, Oct. 6. 1952, p. 76. 
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amounted to £23,892,000, an advance of more than £5,000,000 
over 1951. Sales of gem diamonds amounted to £45,770,000 in 1952, 
about £1,000,000 less than in 1951. 

Although the diamond industry was at a high level, diamond cutting 
was still troubled by shortage of rough material and some unemploy- 
ment. 

The announcement of the date for Queen Elizabeth’s coronation 
had an impact on fashion at all levels. Precious jewelry responded 
conservatively with revivals of diamond-set crown brooches, small 
baskets of jeweled flowers, increased demand for amethyst (the royal 
purple) and the Tudor rose as a motif. Tiaras and crownlike orna- 
ments of all kinds were heavily promoted. 

In engagement rings, there was a revival of the use of cushion-cut 
diamonds mounted in platinum. In lower priced engagement rings 
baguette solitaires were used set with an extension rim to increase 
their apparent size. Eighty percent of diamond engagement rings 
sold were set with center stones of 55 points or less, and the price 
reported by the typical dealer for engagement rings sold in 1952 was 
$167, exclusive of Federal tax. 

The so-called “baroque” jewelry, made by tumbling rough frag- 
ments of various gem stones to polish them while maintaining their 
irregular shape, continued to grow in popularity. 

Conditions in the American synthetic corundum and spinel industry 
continued at low ebb as a result of recovery of the European industry. 
Sales of synthetic corundum boules manufactured in the United 
States were very small. There was some sale of synthetic star 
sapphires and rubies made in the United States, but even this market 
was impaired by imports of less expensive synthetic star stones made 
in Europe. 

Sales of synthetic rutile remained essentially unchanged. There 
was no popular acceptance of this material, and it was not a serious 
threat to the diamond trade. 


FOREIGN TRADE 7 


Imports of gem stones, exclusive of industrial diamonds, in 1952 
totaled $124,807,761, compared with $128,953,866 in 1951, a decrease 
of 3 percent (table 1). 

Imports of gem-quality diamonds into the United States in 1952 
totaled $103,972,623, compared with $110,169,603 in 1951. A 
distribution of these figures into rough or uncut and cut but unset 
for the past 2 years is shown in table 2. 


TECHNOLOGY 


The expanding need for industrial diamonds and the present 
outlook for only a limited increasein production stimulated a great 
interest in the synthesis of diamonds. Several research programs 
concerned with this problem were underway, but no successful 
synthesis so far had been announced. A more than usual number of 
dubious claims were publicized, the one receiving the most press 


7 Figures on imports and exports compiled by Mae B. Price and Elsie D. Page, of the Bureau of Mines, 
from records of the U. S. Department of Commerce. 
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TABLE 1.—Precious and semiprecious stones (exclusive of industrial diamonds) 
imported for consumption in the United States, 1951—52 


[U. 8. Department of Commerce] 


1951 1952 
Commodity __ 
Carats Value Carats Value 
Diamonds: 
Rough or uncut (suitable for cutting into gem stones), 
Quty-freeso 362. d ce oes te ee Ae tee ee coe ee 1654, 235 |1$48,256,746 |725, 422 |$52, 300, 980 
3 cuebae unset, suitable for jewelry, dutiable....-----.---- 1480, 602 |161, 912, 857 |438, 546 | 51, 671, 643 
meralds: 
Rough or uncut, duty-free_---._.------------/------------- 2, 706 2,698 | 8, 790 22, 213 
Cut but not set, dutiable....._.____...--.-..--..---------- 20, 148 264, 527 | 11, 162 449, 726 
Pearls and parts, not strung or set, dutiable: 
Nattiral. 22. ch cc52 eo 5o cee ie See e eo se eee eeae 449, 379 |_-..----- 465, 165 
Cultured or cultivated___.........--.--.------------------|---------- 2, 747, 653 |__._.--- 3, 378, 383 
Other precious and semiprecious stones: 
Rough or uncut, duty-free__...__-_-_----------------------]---------- 160, 609 |....---- 226, 632 
Cut but not set, dutiable_.........------------------------|-------+-- 2, 686, 187 |-------- 2, 125, 456 
Imitation, except opaque, dutiable: 
Not cut or faceted__._._...-...------------------------|---------- 87,162 |..___--- 97, 502 
Cut or faceted: ; 
Synthetics ice oven two aceced elite tote sce eceee sees 888, 629 |.._.-..- 536, 659 
Others. 222 22 3 seo wee Pees ode eet ee | bee esses 141, 378, 844 |_----_-- 18, 412, 914 
Imitation, opaque, including imitation pearls, dutiable_-__j---------- 26, 394 |_-.--..-- 39, 142 
Marcasites, dutiable: 
Real_....------ pape oretoceceehh acute ey eee ee eee t es seas 88, 395 |_...-.-- 75, 285 
Tmitationies 2.22 2 er ee ence coe wot ee Sete ht lee eases seth eee ce 3, 836 |-------- 11, 061 
Total: 2ee.tet fess voedeates dee Sec ad tes oee eee eet ee oases 1128,953,866 |-.--.--- 124, 807, 761 


1 Revised figure. 


notices being that of Herman Meincke and associates working under 
the auspices of the German Economic Ministry. The method of 
production, when carried out under the eyes of Government investi- 
gators, produced no diamonds. 

Methods for producing synthetic sapphires, rubies, and emeralds 
were described, and distinguishing facts were emphasized.? The 
thermal conductivity of synthetic sapphire was investigated and 
found at 100° C. to be about 0.07 calorie per second per centimeter 

er °C? 
. Experiments reportedly showed that no gem, either natural or 
synthetic, has more dispersion or fire than synthetic rutile.” | 

Procedures used in cutting a rough diamond into a finished gem and 
the stages of development of the brilliant cut since the 15th century 
were described during the year.!! Details of the index of refraction, 
angle of total reflection, and inclination of main facets for diamond, 
zircon, corundum, topaz, and quartz were compiled in 1952.” 

Various standard sizes and shapes for cabochons and methods of 
drilling holes in cabochons using hollow tubes and silicon carbide 
and diamond abrasives were described.” 


8 Webster, R., Synthetic Gem Stones: Gemologist, vol. 21, No. 249, 1952, pp. 66-70. 

9 Weeks, J. L., and Seifert, R. L., Thermal Conductivity of Synthetic Sapphire: Jour. Am. Ceram, Soc., 
vol. 35, No. 1, January 1952, p. 15. ‘ 

10 Field, D. S. M., Synthetic Rutile: Mineralogist, vol. 20, No. 10, October 1952, p. 378, 380. 

11 Jewelers’ Circular—Keystone, How a Diamond Is Cut: Vol. 123, No. 2, November 1952, pp. 112, 114. 

Dake, H. C., Development of the Brilliant Cut: Mineralogist, vol. 20, No. 10, October 1952, pp. 373-374, 


376. 
12 Dake, H. C., Some Facet Cuts: Mineralogist, vol. 20, No. 11, November, 1952 pp. 421-422. 
183 Sinkankas, John, The Size and Shape of Cabochons: Rocks and Minerals, vol. 27, No. 5-6, May-June 


1952, pp. 264-269. : : 
Dake, H. C., Drilling Cabochons: Mineralogist, vol. 20, No. 1, January 1952, pp. 42, 44. 


438 | MINERALS YEARBOOK, 1952 


TABLE 2.—Diamonds (exclusive of industrial diamonds) imported for consump- 
tion in the United States, 1951-52, by countries 


[U. S. Department of Commerce 


Rough or uncut 


Country Value 
Carats 
Total ‘Average 
1951 1 

AUstralia ceo nus. 0 bette ee ; 765 $97,086 | $126.91 
Belgian Congo..__.-....-------------- 2, 645 215, 173 81.35 
Belgium-Luxembourg...-._...-.------ 4, 582 409, 071 89. 28 
Bratile: cess 3. et de eS 2 6, 827 2 497, 726 272.91 
Bae Der Dra nad cL 1, 563 55, 513 35. 52 
da_.--..-------------------------) 21,371 | 2 154,728 | 2112.86 
Se eh iid ea ce. 3 236 | 13,990 | 48.92. 
land Palestine..........-.------| 207; °° 1,656) . 8.00 
Sse oe en 180) 10,000} 55. 56 


19,329 | 1,481, 908 76. 67 
2 62, 328 | 2 5, 325, 3382 2 85. 44 
2 58, 541 | 2 1, 810, 483 2 30. 93 


Union of South Africa- - 


United Kingdom... 2 470, 598 1237, 461, 206 2 79. 60 
Uruguay). 222 ee et tee esse | Sees ee co Seis Soe ea ees 
Venezuela_______..------------------- 2 25,013 2 722, 874 2 28. 90 
Total 1951.....-.----------.---- 2 654, 235 |248, 256, 746 273. 76 
; 1952 . - 
Australig.o cscs 55 Scat ee Steeles ete ese eee seats pees ea 
Belgium-Luxem bourg-_---.-_---------- 4, 852 430, 417 88. 71 
Bermuda_.......-....---------------- 9, 545 300, 102 1 
Bolivia.j22 jucc2-2-2 och ososeececcsd= 71 2,119 29. 85 
Brawl.cc occ tes cece coe eeesenctelice 4 9, 719 479, 114 49. 30 
British Guiana. ._.-_..--...-.-------- 1,061 §3, 855 50. 76 
British Malaya..-..------------------ 1, 723 115, 367 66. 96 
Canada e222. cst se esc eee e te 3, 847 383, 463 99. 68 
Denmark soot Soe ee pe el ee od 
Prance- 222 eo eke eee 50,490 | 1,075, 560 21.30 
French Equatorial Africa___....-_..-- 13, 976 396, 924 28. 40 
French: Moroce0: 222.224.2525 22ssee542}ooces bres | Senco eee e[eee ees 
MNdGiases fet cet So et se ee Leo 
Indonesia: 22 ose ose eee oe eee ee eee 
Israel and Palestine......-...-.------- 1 47 47.00 
Tally ono soecet et ete 359 60, 808 169. 38 
JADSNEA 2 22 ek Soe ces ees h eco Dpto e hoes osc esos eeess 
Hebanon ss 2 oe see eae cet eet oes toes ee te se eee 
Mexttd. 2 cco fo i eee eee che Lee ole ete 
Netherlands. .-.______-----_-.-.------ 2, 271 219, 467 96. 64 
Portuguese: Asia; ny @.:S.22-- 2. 22222202] oes ee el Lees est ee ce tea! 
Surinam: ¢) os 2 cee ee See, 135 8, 999 66. 66 
Switzerland._..........-----.--------- 103, 447 | 7,050, 320 68.15 
Thatland 2200. cee esol eee 1,3 1538, 564 114. 77 
Union of South Africa. __......-_---_- 53, 593 | 1, 300, 987 24, 28 
United Kingdom..__.....2-.2.------- 442, 068 | 39, 418, 835 89.17 
Venezuela___._-.-.----.--------------- 26, 926 851, 032 31. 61 
West: Germany 2-5-2 2.6 ee oct et setech ee ec [EC 
Total 19523 ot foe ete kek 725, 422 | 52, 300, 980 72.10 


Cut but unset 


ee a, ny 


—_— |] | | | | 


Value 

Carats - 

Total Average 
12 $1, 200 $100. 00 
~ 4251, 703. |231, 331, 704 | 2 124.48 
2 f 174. 95 
6 107. 67 
161 26, 700 165. 84 
7 1, 751 250. 14 
9 121 13. 44 
10 1, 150 115. 00 
17 2, 348 138. 12 
3, 208 425, 507 132. 64 
9, 691 789, 720 81. 49 
2 130. 00 
30 ‘ 120. 00 
104, 194 | 2 9, 169, 614 288.01 
2,372 199. 55 
50 5, 670 113. 40 
1 800. 00 
en.) 1,871 | 311.83 
35,940 ] 4,398, 388 122. 38 
7,229 | 1,259, 918 174. 29 
2 64, 691 |213, 863, 070 2 214. 30 
3, 120 i 172.10 

1 42. f 

2 480, 602 |?61, 912, 857 2 128, 82 
142 41, 882 294, 94 
186, 682 | 22, 956, 814 122. 97 
"2056 |. 242,763 | 118. 08 
3, 349 152, 23 
peer 169} 36,694] 217.12 
15 2, 528 168. 53 
784 321, 310 409. 83 
Neng cy 6| 6021 100.33 
2, 821 25, 539 9.05 
14 2, 532 180. 86 
128, 206 | 10,017, 374 78.13 
187 29, 641 158. 51 
5 1, 250 250. 00 
7 1, 573 224. 71 
111 18, 143 118. 41 
33, 636 | 4, 246, 138 126. 24 
1, 021 7, 476 7.32 
3319] 582,130 | 175. 39 
968 134, 883 139, 34 
54, 011 | 10, 737, 727 198. 81 
6, 706 902, 044 134. 51 
"17,658 | 1,364,251 | 77. 26 
438, 546 | 51, 671, 643 117, 82 


1 Changes in Minerals Yearbook 1951 are as follows: Bahrein and Southern British Africa revised to none. 


2 Revised figure. 
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Information on different abrasives and wheels used in polishing 
gem stones by lapidaries was given in an article.* A very high 
polish can be obtained on an onyx by using oxalic acid and tin oxide.¥ 

A book on gem cutting was published in 1952. 


WORLD REVIEW 


A new record was set for world production of diamonds in 1952, 
with a total of 18,694,000 metric carats, compared with 16,917,000 
in 1951. Details are given in table 3. Belgian Congo was again the 
leading producer by weight, but 95 percent of the Belgian Congo 
production was industrial quality. South Africa, although producing 
less by weight, led in value owing to a higher percentage of gem stones. 

Angola.—A comprehensive report on the diamond industry in. 
Angola was published in 1952. Geology, tenor, character of the 
diamonds, reserves, production from 1916 to 1950, and other detailed 
information, were discussed.” _ 


TABLE 3.—World production of diamonds, 1949-52, by countries, in metric carats 
[Including industrial diamonds] , is 


Country 1949 1950 ° 1951 1952 
Africa: ee 
ATIGOla co eus. ete se es te te a 769, 981 538, 867 1734, 324 743, 302 
Belgian Congo_..___..._....--.-----.--.- igs ee 3 9, 649, 896 | 10, 147,471 | 10, 564,667 | 11, 608, 763 
French Equatorial Africa_..._.....-.-------------- 122, 928 111,407 | | 2136, 000 163, 400 
French West Africa........-....-..---------------- 94, 996 126,346 | 101,000 136, 080 
Gold Coastescscccsnceceeceseee cel see -eceeess- een 3972, 976 2 950, 000 | 1 1, 752, 878 2, 189,557 
Sierra Leone..........-.--------------------------- 494, 119 655, 474 475, 759 451, 426 
Southwest Africa_...........__._-.-....------------ 280, 134 488, 422 478, 075 - §41,027 
VanCanvyikace. coocedchcexcnscaeuessesee-wesesnesnee 191, 787 1164, 996 108, 625 143, 023 
Union of South Africa: 
Ti0G6. ooo es ee ee ee a eee egos 964, 266 1, 516,194 | 1, 967, 272 2, 093, 138 
AN Vialonw 68 oso e ee Sees luce e 4 289, 756 4 231, 674 4 289, 063 4282, 681 
Bravil?: 2.2.6 o2i2 ottadd assess sone Se eit te ee 250, 000 200, 000 200, 000 200, 000 
British Guiana c-  sss20 ceo ea oe ee sehen ee tlecee 34, 790 37, 462 43, 260 38, 305 
Venezuela......-.....-.---------------------------- ee 56, 362 60, 389 63, 226 98, 291 
Other countries ?___......-..-.----------------.-------- 3, 000 3, 000 3, 000 5, 000: 
otal: scececcestetie lees seniebetSee se so-t ites 14, 175, 000 | 15, 232,000 | 16,917,000 | 18, 694, 000 
1 Revised. 
2 Estimate. 
3 Exports. 


‘4 Includes an estimated 100,000 carats for State Mines of Namaqualand. 


Australia.—Australian opal production continued to diminish. 
The Lightning Ridge and White Cliffs fields were shut down, and only 
the Andamooka and Coober Pedy areas were supplying any opal. 
The number of miners working these deposits becomes smaller each 

ear. 
. Some Australian sapphires were produced during the year, but they 
were not of fine quality and did not compete well with Ceylon stones 
in the world market. 

Belgian Congo.—In addition to the productive area around Bak- 
wanga and Tskikapa, Kasai Province, diamonds are known to occur 
in Katanga Province and along the Lomami, Ituri, Ubangi, and Uele 

4 ‘Mineralogist, Lapidary Hints: Vol. 20, No. 6-8, June-August 1952, pp. 277-278. 
18 Mineralogist, Polishing Onyx: Vol. A No. 9, September 1952, p. 330. 


16 Willems, J. D., Gem Cutting: Chas, A. Bennett Co., Inc., Peoria, TlL., 1952, 224 pp. 
17 Bureau of Mines, Mineral Trade Notes: Vol. 34, No. 4, April 1952, pp. 32-46. 
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Rivers, but these localities are regarded to. have no economic im- 
portance."* In Kivu Province, some small concentrations of rubies, 
white zircons, sapphires, and pink and green tourmalines are known 
to have been found. Garnets occur around Boma, in the Leopoldville 
Province, and in the District du Kibali-Ituri. Amethyst is known to 
occur in the Bas Congo of Leopoldville Province and in Kasai and 
Kivu Provinces. Agate has been found at Tshala on the Bushimaie 
River, and often in the alluvials along the rivers of Kasai, Kwango, 
and Moyen-Congo.”” 

Data on diamond production in the Belgian Congo by individual 
companies in 1951 was published during the year.” 

Brazil.—Brazil continued to produce a large caratage of amethyst, 
aquamarine, citrine, topaz, and tourmaline, and smaller quantities of 
chrysoberyl, andalusite, euclase, and other gems. 

Canada.—Properties and localities of gem stones, such as zircon, 
cat’s-eye, tremolite, and scapolite, were discussed in an article.2! 

Gem-quality serpentine occurs at Kilmar, Quebec, associated with 
magnesite. The material ranges in color from dark green through 
pea green to citron yellow. Some of the stones have been made 
into ornamental objects, such as book ends.” 

Ceylon.—Ceylon continued to be the principal world producer of 
ruby, sapphire, chrysoberyl, spinel, and zircon, and produced lesser 
quantities of garnet, topaz, and tourmaline. The gems came from 
the alluvial gravels of the Ratnapura district. Mining was done 
need by individuals, and no official production figures were avail- 
able. 

Colombia.—Operations at the famous Chivor emerald mine, owned 
by Chivor Emerald Mines, Inc., were suspended. The Government- 
owned Muzo and Cosquez mines produced some emeralds, but output 
was erratic.” 

French Equatorial Africa.—According to reports of Grivar Explora- 
tion Development Corp., the United States and France agreed 
to develop jointly a new diamond mine in this country. The mine 
is near the Ubangi River, about 220 miles southeast of Berberati.2% 

Madagascar.—Garnet was produced by Syndicat Minier Carlo 
Borsa near the village of Miary.* A small quantity of opaque black 
tourmaline for industrial uses was produced on the island. 

Portuguese West Africa——Harry Winston, Inc., a New York: 
diamond dealer, was reported to have negotiated for distributor’s 
rights for rough diamonds from Portuguese West Africa. The dia- 
‘monds are mined by Angola Diamond Co.” 

Tanganyika.—It was announced in 1952 that the diamond produc- 
tion from the Williamson mine at Mwadui, Shinyanga, would be sold 

18 Bureau of Mines, Mineral Trade Notes: Vol. 35, No. 5, November 1952, p. 48. 

1 Bureau of Mines, Mineral Trade Notes: Vol. 35, No. 5, November 1952, p. 50. 


30 Bureau of Mines, Mineral Trade Notes: Vol. 35, No. 5, November 1952, pp. 31-37. 
41 Field, D.S. M., Miscellaneous Gem Stones in Canada: Canadian Min. Jour., vol. 73, No. 5, May 1952, 


pp. 78-80. 

Field, D. S. M., More Canadian Gem Stones: Canadian Min. Jour., vol. 73, No. 11, November 1952, 
PD. 86-88. 

22 Canadian Mining Journal, vol. 73, No. 11, November 1952, p. 87. 

23 sean John, Gem Mining in Ceylon: Mine and Quarry Eng. (London), vol. 18, No. 11, November 
1952, p. 349. 

* Bureau of Mines, Mineral Trade Notes: Vol. 35, No. 1, July 1952, p. 35. Mining World, vol. 14, No. 2, 
February 1952, p. 62. 

2% Mining World, vol. 14, No. 1, January 1952, p. 70. 

% Bureau of Mines, Mineral Trade Notes: Vol. 35, No. 3, September 1952, p, 40. 

7 Mining World, vol. 14, No. 10, October 1952, p. 75. 
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‘on the open market. John T. Williamson stated he refused to agree 

to new terms to sell the diamonds through the Diamond Trading 
Corp. controlled by DeBeers diamond interests. Production from 
this mine has averaged about $8,400,000 per year.” 

Venezuela.—The Minister of Mines and Hydrocarbons of Vene- 
zuela announced that the Government would grant a concession to 
the Compania Venezolana de Diamantes to exploit diamonds at 
Perantepuy. These deposits are in the southeastern part of the 
State of Bolivar near the Brazilian border.” ’ 

28 Mining World, vol. 14, No. 2, February 1952, p. 56 


29 Bureau of Mines, Mineral Trade Notes: Vol. 35, No. 5, October 1952, p. 29. Foreign Commerce 
Weekly, vol. 47, No. 12, June 23, 1952, p. 30. 
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Gem Stones 


By Robert D. Thomson,! George Switzer? and Eleanor V. Blankenbaker * 


a 


S IN past years, gem production in the United States resulted 
A largely from the efforts of amateur lapidaries who spent their 
leisure time searching for cuttable material. The many 
varieties of quartz, such as agate, jasper, and petrified wood, were the 
chief materials recovered in this way. 

A few small gem-mining companies operated deposits chiefly for 
turquois, opal, tourmaline, and jade. Because only a small percentage 
of the total was produced on a commercial scale, precise statistics 
on the value of the domestic output of gems cannot be compiled. The 
value was estimated at $500,000 to $600,000. 

The popularity of gem cutting as a hobby has increased tremen- 
dously in the past 10 years. An editor of one of the leading magazines 
in this field estimated that there were perhaps 50,000 home gem- 
cutting shops, and the total value of gems produced was millions of 
dollars. Almost all such production remained in private collections 
without passing through trade channels. 


DOMESTIC PRODUCTION 


In the following section the principal gems produced domestically 
in 1953 and areas for which information was obtained are given in 
detail. Materials produced in small quantities and their sources are 
listed in table 1. 
Agate.—There was no significant change in agate production in 
the United States in 1953 compared with 1952. | 
In Oregon an estimated 15 tons of agate was recovered, with a total 
value of about $12,000. The Fulton agate beds, Jefferson County, 
reportedly produced about 7 tons valued at $1,000 per ton. An area 
in Crook County northeast of Prineville, reportedly yielded 11,500 
pounds of agate valued at 10 cents per pound, while 2,000 pounds was 
reported found in the Crooked River area. 
Production of agate in Montana was reported to have been about 
2,000 tons; from the quantity worked stones valued .at perhaps 
$15,000 were cut. 
In Texas the Marfa-Alpine area in Presidio and Brewster Counties 
and the Big Bend area in Brewster County were the chief sources, with 
a reported production valued at about $8,000. 
1 Commodity-industry analyst. 
2 Smithsonian Institution; consulting mineralogist to the Bureau of Mines. 
3 Statistical clerk. 
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TABLE 1.—Localities in the United States where gem materials were reported 
to have been found in 1953 


State, county, and locality Gem material 
joes Jackson County: Bridgeport. _........-.-- Chalcedony. 
aska: 

HoMe?r 222005 coos cess ere See aces Black petrified wood. 

Jade Mountain, north of Kobuk River_......___. Jade (mephrite). 

Sequoia (southeast Alaska)_..-._...-..----...-.-- Petrified wood. 
Arizona: 

Apache County: Apache Indian Reservation....| Obsidian and peridot. 

Cochise County: Mule Mountain_._..-....-.___. Agate and amethyst. 

Gila County: 

Globe-Miami area... ........-.-.-..-----.---- Azurite, chrysocolla, epidote, garnet, obsidian, 
opal, amethyst, carnelian, bloodstone, agate, 
agatized wood, crocidolite, serpentine, turquois, 
and peridot. 

PICO 42 oes so eS i taco Sob St eres Cass Peridot. 

Roosevelt Dam. __._._...-.------------------ Amethyst. 


Graham County: 
Ash Spring Canyon, San Francisco River....| Petrified wood, banded agate (blue and green), 
and obsidian. 


Moonshine Canyon, San Francisco River. _..| Opal, opalized wood, onyx, and chalcedony. 

Potter Canyon, San Francisco River_.___.._- Paap’ azurite, Malachite, agate, and opalized 
wood. 

Greenlee County: 

Olifton- <2. cic dcc ce cece eee Agate. 

Coronado Trail, Metcalf_...........--....__- Turquois, malachite, azurite, variscite, chalcedony 
amethyst, garnet, agate (blue banded), an 
chrysocolla. 

Granville. _..-2.-2--....----.-..--- weavteceuce nyx. 

Guthrie, York, and Sheldon. ._....-....----- Chalcedony, turquois, azurite, opal, onyx, petrified 


and opalized wood, agate (black banded, orchid), 
quartz (rose and white). - 


Morencl: oon soos ence ocak sete cee decn cee Turquois and agate. 
Maricopa County: 
Bronco Canyon__.-..-.-....------.---------- Agate and jasper. 
Cavecreek..__....-.------------------ 2 eee Onyx, agate, petrified wood. 
Fish: Creek 2. o cu cass. Sato gate. 
Gila Bend Mountains...............-.----__- Chalcedony. 
Lake Pleasant—Slow Springs_..--.-...--.-_- . Agate. 
New River_._....----..--.---.-.------------- Agate, opal, and jasper. 
Phoenik= 2 2222025 ee Loh eae Amethyst and agate. 
Saddle and Fourth of July Mountains- ----__- Agate and chalcedony. 
Seven Springs__........---.------_-_--.---_--- Jasper. 
Wickenburg. ..........-.---------------- eee _ Agate. 
Wintersburg....-..--.--.------------ Do. 
Navajo County: : 
Holbrook\ -s.2s.s:c22i cect kote. cee Agatized wood. 
Navajo Indian Reservation. -..........-.___. Garnet. 
Pinal County: Perlite.........-----..----..-.__. Obsidian. 
Yavapai County: 
Bradshaw Range.................------_....- Agate. 
Castle Hot Springs.___.....-...-.--------_._- Do. 
Limestone Canyon— 
Cottonwood Springs. __...-.....-....._-- Agate (purple banded); petrified, opalized, and 


agatized wood; chalcedony; limonite; jasper 
(red and green); carnelian; and moonstone. 
Rock Springs_._..--..-.----...-..---------.- Agate. 
Yuma County: 


BOuUSe: <2 2252 se ee Jasper and agate. 
Castle Dome district............-----.-2-_.- Agate, jasper, opal, and petrified wood. 
Arkansas: 
Garland County-.-.-..-----....20---.-.--_------_. Rock quartz. 
Hot Spring County: Magnet__._.....-.-._. .-| Smoky quartz. 
Montgomery County_-_...-.--..-..--2--.------- Rock quartz. 
California: 
Alameda County: Berkeley Hill.._.._..-_._____- Agate. 
Calaveras County......----.----.--- ..| Chrysoprase. 
Del Norte County: Crescent City. --| Agate, jasper, and petrified wood. 
El Dorado County: Placerville. -__- --| Petrified and opalized wood, jasper, and agate. 
Fresno County: Coalinga district........-....___ Jasper, chert, and petrified wood. 
Humboldt County: Eel River and Van Duzen | Jasper and jade. 
iver. ; 
Imperial County: 
Black. Mesa: <= 2206 oie owen ee coe Petrified wood and dumortierite. 
Picacho district............-.-..-.----------- gate. 
Winterhaven.......-...-..--.---.------------ Agate and fossil wood. 
Inyo County: 
Bishop area__...-------.--.-----0------------ Garnet, epidote, clear and smoky quartz crystal, 


obsidian, petrified wood, agate, and jasper. 
Owl Springs. ._....-...-.2--------2 eee Agate. 
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TABLE 1.—Localities in the United States where gem materials were reported 
to have been found in 1953—Continued 


State, county, and locality 


California—Continued 
Kern County: 
Horse Canyon..........-.---.----2--------- 
Rosamond __....----.----.-.---------------- 
Mendocino County: Northern part_.-..---.----- 
Monterey County: 
Monterey Coast_.......---.-----.------------ 
Montereyo-- 2c ocak cost eces ovee chet cescbeus 
Plumas County.........--..---2---- 22-2 
Riverside County: 
Bannin: 


canner Flats (between Lakeview and 


Near Wiley We6llieicdsst Ose esos 
Nuevo. 
Thomas Mountain (between Hemet and 
Palm Springs). 
San Benito County: Dallas gem mine_...--.---.- 
San Bernardino County: 
Mojave and Needles district__....------..--- 
Yucaipa and Mentone district.._.....--.-.-. 
San Diego County: 
George Aanles ‘mine, Pala.css scence eeesctzced 
Himalaya and Herriot Mines_-......----..-.- 


Gem material 


Agate and jade. 
Rhodonite. 
Jade, jasper, opal, and quartz. 


Agate, nephrite, and jadeite. 
Jade, rhodonite, jasper, and agate. 
Rose quartz. 


Corundum., 

Garnet, epidote, and tourmaline. 
Chalcedony and agate. 

Rose quartz, tourmaline, topaz, and beryl. 
Aquamarine. 


Agaie. 

Asteriated rose quartz. 

Rose quartz and amazonstone. 
Benitoite, nephrite, and jadeite. 


Jasper, agate, and bloodstone. 
Rhodoni 


Kunzite, beryl, tourmaline, and quartz. 
‘Tourmaline, beryl, topaz, and quartz. 


Mesa Grande district............--..----..-- Tourmaline. 
Pages EN AO SU he He A Kunzite. 
RaMonawsevi cee o te Age cosse see et Tourmaline and garnet. 
RimMCOWss ce. soo fcc c es eel ecae ens cwececctc} Tourmaline and kunzite. 
San Diego... 2 2escccc8 o-coece deh cots ct se Do. 
San Luis Obispo County: 
OCA YUCO8 22220 seca sec eese eee sevebed Quartz. 
Morro Bay_----.-.--------------------------- Jasper and jade. 
Nipomo area. si. . 5... cn cSs es cee ceccccccuce Agate, jasper, and moss agate, 
Northern part of county_...-..--.--.----.---. Jasper. : 
Shell Beach___..-..--.-.--.-2--2_-- 222-2 ee Onyx (travertine). 
Santa Clara County: Morgan Hill and Stone | Jasper. 


Canyon. 
Siskiyou County: Happy Camp district........- 
Trinity County.....-..-------------------------- 
Colorado: 

Chaffee County: 

Brown Canyon..........-----.-------------- 

Salida 
Delta County: Roubideau Canyon_...-...--...- 
Elbert County: Bijou Basin (near Elbert) -_-_.... 
E] Paso County: 


Nephrite, jade, and idocrase. 
Agate, jasper, and rhodonite 


Petrified wood and agate. 
J ee 


Opalized wood. 


Cheyenne Canon_........-------------------- Garnet and tourmaline. 
Colorado Springs.......-..------------------- Topaz. 
Tarryall Mountains_..........---...--2...-.. Do. 
Fremont County: 
Canon City... wesc See estos tes Agate. 
Garden. Parke.) 22.2 2 oeuct foc cee erecacecelcs O. 
Larimer County: 
Red Weather DakeSio cco ccessecscssooles eee Amethyst. 
Wellington_...........--------.--..-.--...--- Amazonstone. 
Mesa County: 
TUNGG oie oss stops sede Seccecacaceeeces Agate. 
Unaweep Canyon... .| Amethyst. 
Whitewater--...-.- .| Flint and petrified wood. 
Montrose County: Crystal.._.....-.-....----.--- Amazonstone, phenacite, smoky quartz, and topaz. 
Saguache County: 
Poncho Pass.........-------.---------------- Agate. — 
Vill Grovesoc. Jcsssccc cee ccewcsoclesiesc. Turquois. 
Teller County: 
NWde@2.22 22 scilecche esate Topaz 
Crippic Creek: 2-2. 2223.3222 Zircon. 
Divides .co. soo suses ssc Ler eec cs est es ceece ee. Amethyst. 
Florissant. =2s202-$22 oui ccbecete cesses ese Petrified wood. 
Pike’s Peak: 2. sic 2c 2 cososk esacescessecce Agate. 
gah Hillsborough County: Tampa Bay (Ballast | Agatized coral. 
oint). 
Georgia: 
sabe Coe Kennesaw Mountain (near Mari- | Topaz 
etta). 
Morgan County: Buckland.-__._......-.--...---- Amethyst 
Paulding County: Dallas._...----...---..---.--. Garnet. 


Rabun County: Clayton area........-.-----.---- 
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TABLE 1.—Localities in the United States where gem materials were poported 
to have been found in 1958—Continued 


State, county, and locality , Gem material 


Georgia—Continued 
Troup County: La Grange.._.....-.-.----------- Rose quartz, aquamarine, ae amethyst. 
iikes County: Graves Moana qa miles from | Rutile, kyanite, and lazulite 
ee Washington). 
Benewah County: Emerald and Ruby Creeks._.| Star garnet. 
Blaine County: Muldoon location__....-.---.-.. Agate and petrified wood. 
Butte County: Craters of the Moon-_._.._.--.-..- Do. 
Canyon County: Caldwell.__............-.-..-. Agate and agatized wood. 
Lemhi County: Salmon-___...-.-..--....-.-----.. Opalized wood. 
Nez Perce County: Lewiston._...-.....----.-... opal, star a ela petrified wood, agate, jasper, 
; and sapphi 
Owyhee County: Bruneau Dester location_....-. Petrified wood, jasper, opalized wood, and agate. 
eerie Elkhart County: Goshen_..................| Agate and jasper. 
owa: 
Lee County: Fort Madison.......-.....-.-.-.--- Jasper. 
Page County: Clarinda. -....-2222222.- 2k Agate. 
‘ansas: 
Franklin County: Ottawa__...-.........--.-..-- Petrified wood. 
enue County: Wallace__..........-...---...-- Opal. 
“Ouachita County: West Monroe_...-......--.--- Agate, Jasper, and petrified wood . 
Vernon County: Leesville.........-.------------- Petrified wood. 
Maine: Androscoggin County: Minot_.............-- Garnet. 
Maryland: 
Baltimore County: 
Baltimore Harbor-_........--....-..-.-.-.--- Flint. 
ey seen acdobaseeteuadeccedecvechesécse s Geel 
OP QUAITY: 22-222 ssc22 ses lo scat eseseun ce erpen e. 
Calvext County: Calvert Cliffs._....-...-...-.-. Jasp 
Carroll County: New Windsor__......-.......-.- Agarite and malachite. 
Cecil County: State Line Chrome Pits___..-_...- Serpentine. 
Frederick County: Libertytown_-_........-....-- Malachite. 
Harford County: Cardiff._............-.--..---.. Serpentine. 
ais easton County: Camp Ritchie_...........- Cuprite. 
chigan: 
Emmet County: Petoskey_..........------------ Fossil coral (“‘Petoskey stone’’). 
Keweenaw County: 
Ahimeck. ooh ose eel gece: Agate and thomsonite. 
Delaware mines__.........2...---.--0.-..-..- Chlorastrolite. 
Isle Royale beaches. -_......-...--..-.------- Agate and thomsonite. 
Minnesota: 
Carlton County: Moose Lake_........-.....-..-. Agate and jasper. 
Cook County: 
North shots of Lake Superior_.....-....-.... Thomsonite and agate. 
Tom Lake. 2 cos osssccec cet cecsck cece cen seces Do. 
Lake County: Grand Marais. .__........-......- Do. 
Mississippi: 
Harrison County: Biloxi__..... 222222222 Jasper. 
Wayne County: Waynesboro__.......-.-.-.....- Petrified wood. 


Missouri: Cape Girardeau County: Ozark Moun- | Agate and jasper. 
tains (west of Cape Girardeau). 


Montana: 
Custer County: Miles City_.............--.--.-. Agate and sapphire. 
Fergus County: Lewistown__.......-..-.-.-..--- Sapphire. 
Granite County: 
Anaconda and Meyers Gulches____.......... noe 
West fork of Rock Creek___......-...-.-----. 
Lewis and Clark County: Helena__.._...._-._._- sapphive, garnet, ruby, and spinel. 
Madison County__......----- 2 Tourmaline. 
Missoula County: Lola Creek district__........__ Smoky and colorless quartz. 
eae County to Dawson County: Yellowstone | Agate. 
ver. 
Powell County: Dry Cottonwood Creek Gulch_.| Sapphire. 
Prairie County: Terry.--.........-.-.-.--------- Agate and petrified wood. 
Silver Bow County: Butte___.............2-.-22- Sapphire. 
Yellowstone County: Billings................-... Moss agate. 
Nebraska: 
Jefferson County: ; 
Fairbury......-...-.--...----...--2-.-2------ Jasper, agate, and petrified wood. 
Steele: City..22525 2. ese se cee eee Do. 
< Sioux County: Orella_.........-..------..-.---.. Agate, chalcedony, and petrified wood. 
evada: 
Clark County: Las Vegas Wash-__._........--.-. Te” 
Douglas County___...-.......--.-.-.-.------_--. 


un Dolet County: Virgin Valley, Thousand Over and rhodonite. 
Lander County: Battle Mountain area......____- Turquois. 
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TABLE 1.—Localities in the United States where gem materials were reported 
to have been found in 1953—Continued 


State, county, and locality Gem material 


Nevada—Continued 
Lincoln County: 


Acoma district __-.....-.-..---.-------------- Chaleedony. 
Bristol silver-mining district_ .-| Chrysocolla and malachite. 
Hiko district___...--..2-2-2 lee eee Jasper. 
Washoe County: Sparks.____.-._..-_---------.-- rem wood, agate, jasper, idocrase,garnet, and 
obsidian. 
New Hampshire: 
Cheshire County: 
AlSbead oes oo ee a Sewee wt wwe bee ee oe Aquamarine. 
Marlow 2h ioe es ese oo ve cose cscek Green tourmaline 
BSUITY soc) oe ee cess lcec ee ccaectesees Amethyst. 
Walpole..___--- eee Blue tourmaline. 
Westmoreland. .............-.--..--.----.--- Amethyst. 
Coos County 
Man s.3s 222 oes pS ee tose Topaz. 
Starkics ooo es cea usa ores cece Amethyst andsmoky quartz. 
Grafton County: Plymouth.._.___________..-___- Aquamarine. 
Rockingham County: Raymond (Chandler feld- | Spodumene. 
spar mine). 
Sullivan County: Tempster__.........---_--.---- Aquamarine. 
New Jersey: 
Morris County: Stirling.........-------------e Carnelian. 
Passaic County: New Street quarry in Paterson.| Prehnite. 
Sussex County: Franklin............-.-.-_-_._- Friedelite. 
New Mexico: ; 
~ Luna County: Deming_..._.....22 2222-22 -L ee Agate. 
Santa Fe County: Santa Fe_-..___.._.----------- Beryl. 
New York: 
Erie County: Buffalo._.._._...----------- eee Satin-spar (calcite) 


Orange County: Forest of Dean magnetite mine_| Sunstone. 
North Carolina: 


Ashe County.........--..-----.---2.20.00------ Garnet, moonstone, rutile, aquamarine, and 
golden beryl. 
Avery County: Cranberry.___.._-..--.._-------- Unakite. 
Macon County: Caler Fork of Cowee Creek_-__- Corundum. 
Orange County: Hillsboro. __._._.._..--._---__-- Moss agate. 
North Dakota: McLean County: Coleharbor_-___...- Petrified wood. 
Oklahoma: 
Canadian County: El] Reno-_...___.__.-.-_-_.-__- Jasper, petrified wood, and agate. 
Conenche County: Zircon mine, Wichita Moun- | Zircon. 
in. 
Dewey County: Taloga....__._....-------- ee. Jasper, petrified wood, and agate. 
Greer County: Mangum______.__..._-_.__-.--.-- Alabaste. 
Jackson County: Altus....-_..-----_---_-------- Smoky quartz. 
Ottawa County: Miami-Oklahoma district _-.-__-- Sphalerite. 
é Pushmataha County: Antlers............_--.-__- reen quartz. 
regon: 
Baker County: Greenhorn.__...._....-.--------- Agatized fern. 
Crook County: 
Goer Ranehs sos 062 an 2s. setae cas cues Agate. 
Crooked River country. -.._.-._.---_.--....- Moss agate. 
Eagle Rock__-__-..-..------.---..------- ee Agate. 
Ochoco Mountains, Lucky Strike bed_._____- Moss agate and carnelian. 
Powel! Butte Agate. 
Prineville_....._.. Do. 
View Point beds ae Do 
Curry County: Brookings. Jade. 
Deschutes County Moss agate and carnelian. 
Harney County: 
Glass Butte obsidian field.______.__.__.____._ Obsidian 
Steens Mountains._.___......---- 2 2-- eee Agate. 
Jackson County: Medford....._.....__._._-_-_-_ Agate, jasper, and petrified wood. 
Jefferson County: 
Fulton agate beds._.......-...-.--.-------.-- Agate. 
Madras 22-2532) oo ene eae Amethyst 
Pony Butte-Priday Ranch_..__......._-....- Agate. 
e County: Bear Creek ___.._.......-.----. 2. Do. 
Malheur County: Sucker Creek_......_..-.-_.-- Agate, jasper, and petrified wood. 
Polk County: Dallas..__...___._.._--_-.-2_.----- Jasper, agate, and petrified wood. 
Union and Wallowa Counties: Wallowa Moun- | Agate. 
Wheeler County: Fossil district.............-...- Do. 
Pennsylvania: 
Adams County: Greenstone..............-..--- Cuprite. 


Lancaster County: Woods mine___._..._.__-.__. Serpentine. 
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TABLE 1.—Localities in the United States where gem materials were reported 
to have been found in 1958—Continued 


State, county, and locality Gem material 
South Carolina: 
Anderson County: Pelzer_...........--------.._- Tourmaline. 
Chesterfield County: “Chesterfield (Old Brewer | Topaz. 
gold mine). 
Florence County: High Hill Creek...-.........-- Petrified wood. 
South Dakota: 
Custer County: 
Black His and Bad Tends. Usiswesee¥esesc2sae Rose anette, star beryl, jasper, jade, chert, and 
agate. 
Qustef sec ess a t chs cece etcloee se ee Beryl, rose and star quartz, and agate. 
Pennington County: Keystone__........--.------ Beryl, rose and star quartz, and tourmaline. 
Ree: Carter County: Roan Mountain. ....-.- Unakite. 
‘exas: 
Brewster County: 
AIDING 22 joss es oe se nee ett a ees cess Agate. 
Rio Grande River and Big Bend area....--.. Agate and jasper. 
DeWitt County..........---.--..---------------- Agate, agatized and opalized wood, and jasper. 
Duval: County .2c.cccesesecseososecsscscaceecc ses 0. 
Fayette County: Muldoon.....__._.--.--.------- Opalized and petrified wood. 
Gonzales County: 
Gonzales. .....---------------- tees ts csae Do. 
NIXON 2c econo sc toc cc cedel voce see es eestseercd De: 
Hidalgo County: Mission...........------------- Aga 
Lee County: Giddings. ............-----.-------- Onalized and petrified wood. 
Llano County: Llano_.........--.-.-.----------- Amethyst, garnet, smoky quartz, quartz, and black 
tourmaline. 
Mason County: Streeter..........-.-..---------- Topaz. 
Potter County: Amarillo--_...-..---------------- Petrified wood. 
Presidio County: Marfa......-..---------------- Agate and jasper. 
Trinity County: Trinity.-...-------------------- Opalized and petrified wood. 
Walker County: Huntsville._.......-.-.-..--.--- Do. 
Webb County: Laredo--__..-..------------------- Agate. 
Zapata County: Zapata and Falcon Dam on Rio Do. 
Grande River. 
’ Box Elder County: Lucin-..-......---..---------- Variscite. 
Garfield County: Escalante_.-..--------.---.-.-- Agate, dinosaur bone, and petrified wood. 
Kane County: Orderville.._----...----------.--- Agate. 
Millard County: Black Rock..-.-.....--------.-- Obsidian. 
Salt Lake County: Murray...--------------.---- Onyx. 
Sevier County: Salina__..___...-....--.--------- Agate. 
Tooele County: Dugway Pass. ......-..--..-.--- Quartz. 
Washington County: Hurricane..--..-...-...-.- Agate. 
Wayne County: 
Hanksville: 2c 02 G2s25¢ olsesest. eet ess see he Agate and petrified wood. 
"TOIrey. 224ns-c--dseeses-o25s6 .--| Petrified wood, dinosaur bone, jasper, and agate. 
Vermont: Windsor County: Chester_..----.--------- Pyrite. 
Virginia: Rockbridge County: Vesuvius. .........-.. Unakite. 
Washington: 
Cowlitz County: Kalama_...._-....-.--...----_- Carnelian and sardonyx. 
Kittitas County: 
Cle: Wlum._-._ 2 ssss cose eset ocesseescceskss Agate. 
Ellensburg. ...-.-----.----------------------- 0. 
Horse Canyon......------------------+------ Chalcedony. 
Lewis County: 
Tae Pods sstedoese lessee Da see soh as os oe Carnelian and sardonyx. 
piecexerast 2.2 2i2blleanSe a scesesscses 0. 
Yakima County: Toppenish....-...---.----...-- Do. 
Wisconsin: 
Ashland County: Chippewa River-.-.---.---.--- Jasper. 
Clark County: Owen.._--...-.-..--------------- Sata and jasper. 
Wyoming: 
Carbon County: Kortes Dam.......-..-...----.- Jade (mephrite). 
Fremont County: 
“‘Cottonwood-Haypress” and Warm Springs. Do. 
Duboisiz..c.os- si vecc let sce seth eee eet et Agate. 
Landers. coc 205k ci ae tce ace wou ece he ose es Jade (nephrite) and agate. 
North side Beaver Divide and Green | Jade (mephrite), iris agate, moss agate, jasper, 
Mountains. agatized wood, sapp ire, garnet, aventurine, 


hematite, and serpentine. 


Agate. 
Eden Valley._-.--..-.-.-----------.-2--- eee Petrified wood. 
Between Liman and Little America-._.-..__- Agate. 
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Agate valued at $2,200 was found in San Bernardino County, 
Calif., principally in the Mojave Desert region. The value of gem 
stones from other areas in California, as shown in table 1, is not 
known. ; 

The total production of agate in Arizona was reported to be 12 tons, 
valued at about $12,000. The principal localities were the Saddle 
Mountain area, in Maricopa, Pinal, and Graham Counties, in the 
Bradshaw Range east of Wickenburg, Maricopa County, and near 
Holbrook, Navajo County, from areas just outside the Petrified 
Forest National Monument. — 

The agate fields near Deming, Luna County, N. Mex., reportedly 
yielded about 50 tons of material (value not reported). Production 
from the Salida and Pike’s Peak area, Chaffee County, Colo., was 
valued at $2,000. In Florida production of agatized coral from 
Tampa, Hillsborough County, was reported as 1,000 pounds, valued at 
$3,000. 

The Iris and Fairburn agate were described in 1953.4 

Jade.—The decline in jade mining in Wyoming, noted in the past 
several years, continued in 1953 owing to depletion of known deposits. 
There was virtually no production of good-quality material worth $30 
to $100 per pound. Production was reported as follows: Apple green, 
100 pounds at $30 per pound; black, olive, etc., 2,000 pounds at $1 per 
pound; snowflake, 1,500 pounds at $2 per pound. 

A jade boulder (possibly idocrase) weighing 1,350 pounds was found 
in Shasta County, Calif., and it was estimated that after cutting it 
may be worth about $25,000.5 A small quantity of jade, none of fine 
quality, was produced in Mendocino, Monterey, and San Benito 
Counties, Calif. 

The Empire Jade Co. and the Shungnak Jade Products Co. pro- 
duced a small quantity of nephrite jade from the Shungnak district, 
Northwestern Alaska region, in 1953. By careful selection and cutting 
gem-quality jade was obtained and made into jewelry. Scraps from 
the cutting and inferior-quality grade, unsuitable for cutting, were cut 
into blocks and sold to tourists as souvenirs. 

Three articles were published in 1953 on jade.* — 

Opal.—The opal mines in Virgin Valley, Humboldt County, Nev., 
produced opal valued at approximately $60,000. 

Topaz.—Topaz continued to be produced from the Streeter- 
Kotempsie area of Mason County, Tex. Both white and blue topaz 
were found by amateur gem collectors by washing and sifting stream 
gravels in the area. The 1953 production was reported as 10,000 
grams, with an estimated value ranging from $4,000 to $10,000. 

Tourmaline.—Operations in the famous gem-producing area of 
Mesa Grande, San Diego County, Calif., produced more tourmaline 
than in the past several years. Production from the Himalaya mine, 
operated by R. R. Potter, was reported as 168 pounds, valued at 
$6,000. Morganite (pink beryl) also was produced, at a value of 
$3,000. | 


4 Jones, F. T., The Iris Agate Described: Mineralogist, vol. 21, No. 1, January 1953, pp. 3-10. 
Putnam, G. G., Fairburn Agate: Mineral Notes and News, No. 187, April 1953, pp. 8, 43. 


Long, F. W., Some Alaska Jade Trails: Mineralogist, vol. 21, Nos. 6-7-8, June-August 1953, pp. 243-249, 
258, 260, 262, 264, 266, 268, 270. 
Halphern, J. M., Arctic Jade: Rocks and Minerals, vol. 28, No. 5-6, May-June 1953, pp. 237-242. 
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Turquois.—Principal production of turquois during 1953 was from 
mines in the vicinity of Battle Mountain, Humboldt County, Nev. 
The Royal Blue Mines Co., operated by Lee F. Hand of Battle 
Mountain, reported producing turquois valued at more than $110,000. 
About 2,000 pounds of good grade turquois and 3,000 pounds of 
lighter colored material was produced in Arizona from the Miami- 
Globe district, Gila County. A small quantity of fine-quality tur- 
quois was produced from Villagrove Turquoise Lode, near Villagrove, 
Saguache County, Colo. | | 


SYNTHETIC GEMS 


Synthetic star sapphire and ruby gem stones were produced in 
Europe and the United States in 1953. Production by domestic 
industry declined sharply in 1953 compared with 1952 because of 
increased imports of foreign synthetic stones, which were sold at 
lower prices than similar stones produced in the United States. 
Linde Air Products Co., Division of Union Carbide & Carbon Corp., 
a producer of synthetic star stones, petitioned the United States 
Tariff Commission to ban imports on these products originating in 
Europe.’ | 

Synthetic emerald was produced only by the Chatham Research 
Laboratories in San Francisco, Calif. Production in 1953 was 
essentially the same as in 1952—about 60,000 carats, of which 50 
percent was low-quality, 40 percent medium-quality, and 10 percent 
fine gem quality. - 

A small production of titania (synthetic rutile) was reported by two 
United States manufacturers. 

The cultured-pearl industry in Japan, which had nearly regained 
its prewar status, was set back by a typhoon which destroyed much 
of the crop that was to have been harvested in late 1953. In some 
areas losses as high as 60 percent of the crop were reported. The 
damage was expected to cause a 20-percent rise in cultured-pear] 
prices. Major purchasers of cultured pearls urged the Japanese 
Government to establish marketing quotas to prevent flooding of the 
market with inferior quality material. 


CONSUMPTION 


Total sales of diamonds and other gem stones by retail jewelers in 

the United States declined slightly in 1953 compared with 1952. 
Total sales of diamonds, including both gem and industrial, by the 
Central Selling Organization on behalf of all major producers amount- 
ed to $176,500,000 compared with $201,600,000 in 1952. Sales of 
gem diamonds by the Diamond Trading Co. during 1953 were $121,- 
341,000, a small decrease compared with 1952. 
“Large quantities of semiprecious gem stones were collected in the 
United States by gem-stone enthusiasts. The stones were cut and 
polished in home lapidary shops for handmade jewelry or private 
collections or by commercial lapidary shops. Activity in this field 
has been increasing through the efforts of several technical journals 
and local gem societies. 


1 Chemical and Engineering News, vol. 31, No. 35, Aug. 31, 1953, pp. 3552-3553, 
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FOREIGN TRADE ° 


Imports of gem stones into the United States increased 4 percent 
in 1953 compared with 1952 (table 2). Diamonds ranked first, with 
83 percent of the imports, based on value, followed by imitation 
stones (synthetic and other), 12 pércent; and pearls (natural and 
cultured), 3 percent, as shown in table 2. 


TABLE 2.—Precious and semiprecious stones (exclusive of industrial diamonds) 
imported for consumption in the United States, 1952-53 


[U. 8. Department of Commerce] 


1952 1953 


Commodity Se 
Carats Value Carats| Value 
Diamonds: 

Rough or uncut (suitable for cutting into gem stones), 
Guty-tree.. ove eee fae i Deelah cu Lette eethes-Secce 1709, 043 |1$52, 192, 621 |733, 630 |$57, 010, 629 
Z Cut but unset, suitable for jewelry, dutiable.....--------- 438,546 | 51, 671, 643 |444, 247 | 50, 549, 942 

meralds: 
Rough or uncut, duty-free__.....-..-.-.-.----------------- 8, 790 22, 213 | 15, 561 27, 987 
Cut but not set, dutiable.....-...-.---.-.----------------- 11, 162 449, 726 | 26, 952 320, 739 
Pearls and parts, not strung or set, dutiable: 

Nattital. 20. scence Suet lteh cece os es eset ed ees ei sepiiee cece 465, 165 |.......- 264, 873 
Cultured or cultivated _._...------------------------------|--------- 3, 373, 383 |..------ 3, 769, 758 


Other precious and semiprecious stones: 


Rough or uncut, duty-free__......-------------------------|-----+---- 226, 632 |-.-----.- 203, 667 
Cut but not set, dutiable.......-.-------------------------|------ ---| 2,125,456 |-....--- 2, 218, 868 
Imitation, except opaque, dutiable: 
Not cut or faceted_...---------------------------------|--------- 97, 502 |---.--.- 40, 720 
Cut or faceted: 
Synthetic.._.....-------------~.------------------|--------- 1 §36, 047 |_-.----- 677, 029 
Other? 222-225 222222 27 este oSetipUaeeccee Seasewea sl eeuenena= 113, 413, 526 |-..-.-.- 14, 872, 795 
Imitation, opaque, including imitation pearls, dutiable----|--------- 89, 142 |......-- 127, 641 
Marcasites, dutiable: 
Reale cc hic oe ehh ee ceed peed soeees cece eeece2 [tessa tee 75, 285 |...----- 94, 813 
Imitation. .c.22- 2222-25 2ch-s-seescceeeses- steed seesess-n-|--2---se 11, 061 }--.----- 2, 589 
Total. ososceie lho sosee eos esee seo el Sade eed leesetnt feb lcesceese. 1124, 699, 402 |_---...- 130, 182, 050 


1 Revised figure. 


TABLE 3.—Diamonds (exclusive of industrial diamonds) imported for consump- 
tion in the United States, 1952-53, by countries 


[v. Ss. Department of Commerce] 


a TT 


Rough or uncut Cut but unset 
C untry Value : Value 
Carats Carats 
Total Average Total Average 


—eemecneere | eee | Ee | RS | SN | NTRS 


$41,882 | $204.94 
22,956,814 | 122.97 


a Cod 


seanecocos| wee eecaseene| soccer eooecs 


French Morocco_-_-....--.------------|-+--------]------------|----+----- 6 602 100. 33 
Germany, West......-.---------------|----------|------------|---------- 17,658 | 1,364, 251 77.2 
tw ote ne Vel ed we ccace tances | aecedutc eceseecescce|soutsoe sss 2, 821 , 539 9.05 
Indonesia.....-..------.--------------l.---------|------------|---+------ 14 2, 532 180. 86 
‘7 on imports and exports compiled by Mae. B. Price and Elise D. Page, Division of Foreign 


Activities, Bureau of Mines, from records of the U. 8. Department of Commerce. 
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TABLE 3.—Diamonds (exclusive of industrial diamonds) imported for consump- 
tion in the United States, 1952-53, by countries—Continued 


[U. S. Department of Commerce] 


Rough or uncut _Cut but unset 


Country Value 


Carats Carats 


Average Total Average 
Israel and Palestine $47.00 | 128,206 |$10, 017, 374 $78. 13 
|: eS ees ens ere eet 169. 38 187 29, 641 158. 51 
JAPAN sone secs sects nes ost sescevs eel tacea vos he 2 eae 5 1, 250 250. 00 
ebanon.2 2522 ssesesch ees c bes eee ee ee 7 1, 573 224. 71 
MeNxIC0.. wis--sscestes tote dos. 2 ticle ie et esn woe ei eel eee nll. 11 13, 143 118, 41 
Netherlands.......-----.._ 96. 64 33, 636 | 4, 246, 138 126. 24 
Portuguese Asia, 2. ¢. 8..-.......-.-..]..-.------|------------|----ee---- 1, 021 7,476 7.32 
Surinam _.._.-_..----------.- 66.66 ates. 2. 22 | eee e n foccce ee 
Switzerland_-..---------.-.---.-.---.- 174,40 3, 319 582, 130 175. 39 
ailand_..__...-- Siew et ek oe 114. 77 968 134, 883 139. 34 
Union of South Africa 1 26. 30 54,011 | 10, 737, 727 198. 81 
United Kingdom 1 89. 48 6, 706 902, 044 134. 51 
Venerielas 2-2 2.2ds.c222552-.222220i O1,61 i occeeccct|fetceessc oe eee ee tee 
Total 1952....-.---------------- 1709, 043 |152, 192, 621 173.61 | 488, 546 | 51, 671, 643 117. 82 
1953 

APpONCING Joo. Soetoro ate eee tees ee eek cede na euae deed 18 4, 263 236. 83 
Australia... 02-0 22-3 22s-222 seco dices ost cliscelsseceacee d= = |Seseetoce 3 1,771 §90. 33 
Belgian: Congo-2 22 222-2 seu sct ede cclo ee a ecoel |e. ee = fel 300 63, 603 212.01 
Belgium-Luxembourg.--....-....----- 19,116 | 1,818, 663 95.14 | 215,438 | 25, 554, 634 118. 62 
Bermuda s- 2)-2ss2c2 see heed ese eeees 8, 985 502, 677 BOI95: |eush est ese| toe ec oelSotek a8 t 
Brazilic.. 222-2255 Sel sisson see F 249. 87 34 8, 722 256. 53 
British Guiana. ...-----------------.- 83, 958 36. 39 30 2, 847 94, 90 
British Malaya--_-.-------.---.---.-.- 65, 162 116;86" jiccsectcccleecte ce alee 
British West Africa_.-...-._----.----- 726 6.00 see Secd esas eee ee 
Canada: - +: 22.222 sa ccdss i ives c sc cue 448, 338 94. 51 95 88, 241 928. 85 
Dominican Republic-------..._-.---.-|-.--------]-----.-22-_].-2---_ 1 235 235. 00 
Brant... 22 -s22 2322s se oee coeeeses see 280, 922 24.15 1,098 170, 306 155. 11 

French Equatorial Africa......-.-...- 940, 002 93.62) | a3 oo ee ea ale 
Germany, West_.....-..------- wlbeces 1, 667 9. 98 22,196 | 1, 633, 341 738. 59 
Gold Coast. ..---.-------------------- 4, 219 9: 38)|sscec 22 ucece cece made Se . 
Hong: Kong: 22-22 -2-20.2.sesesu iss scfele sees | abe eceseu cu |eseecisec: 93 93. 00 
MN Sins Foto SS a ed. eel | San ee i ae ee 2, 97. 2, 17.77 
Israel and Palestine_......---.--------|----------]---.------2-]------ 122, 218 | 10, 276, 874 84. 09 
CAN eee seta a eee dL ele Sor ela aaieeeeoa tee suse ls f 638. 48 
JBDAN i vi Ses ois ah Soe eee ee | eo cele cle ese see co ocuzeeuu 55 4,919 89. 44 
Moexl00¢ 23255-20225. cseeseceee tet oe ce sesekc obese a eeocoua ce 165 10, 62. 05 
Netherlands.-._.-..---.-----.-...----- 374, 437 89.77 29,365 | 3,491, 370 118. 90 
Switzerland__..-_-..------------------- 841, 026 107. 55 493 171, 765 348. 41 
Union of South Africa._...-.....-...- 2, 336, 405 41.29 46,441 | 8, 455, 833 182. 08 
United Kingdom-........-_-.-.--..-.- 47, 625, 107 90. 74 3, 27 526, 641 161.00 
Venezuela___--.---------------------- 51,779 | 1, 587, 872 30. 67 3 745 248. 33 
Total 1953_-.._---.-..--------.- 733, 630 | 57,010, 629 77.71 | 444,247 | 50, 549, 942 113. 79 

1 Revised figure. 


Descriptions of lapidary equipment, the general principles of con- 
struction, and applications of the various cabochon and facet machines 
were described in magazine articles to guide amateur lapidaries.® 

The merits of cutting certain gem stones by the freeform method 
were emphasized.” 

The procedure for cutting and grading diamonds involves intricate 
steps and requires skills developed through years of painstaking work. 

* Morrow, I. L., Gem-Cutting Equipment to Make in the School Shop: Industrial Arts and Vocational 
Education, vol. 42, October 1953, pp. 285-286. 

Sinkankas, John, Lapidary Machinery, part I—Cabochon Machinery: Rocks and Minerals, vol. 28, 
Pet January-February 1953, pp. 44-48; part II—Faceting Machinery, No. 3-4, March-April 1953, pp. 

Walker, D.B., A Horizontal Lap Wheel: Mineralogist, vol. 21, No. 10, October 1953, pp. 373-374, 376, 378. 


10 fen Lucille, Cutting the Freeform: Rocks and Minerals, vol. 28, No. 9-10, September-October 1953, 
Pp. . 
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The history of diamond polishing and present-day methods for cut- 
ting and polishing diamonds for market were described. 

On the basis of end use diamonds are classified as (1) gem and (2) 
industrial. Diamonds of good color and perfection are used for 
gem purposes, and the remainder are used in industry because of their 
hardness. Studies were conducted to determine, by microscopic 
techniques, the growth features of diamonds, phenomena produced by 
etching, limitations of polishing, and the rate of abrasive resistance.” 

Further work was done on coloring diamonds by irradiation in a 
cyclotron or nuclear reactor. Green was the main color obtained, 
but brown and other colors also were obtained. Formation of blue 
diamonds from yellow by exposure to high-energy electrons was 
described." 

Investigations of natural and synthetic emerald showed that syn- 
thetic stones had a greater transparency to short-wave ultraviolet 
light. Results of the experiments present a possible method for 
distinguishing natural from synthetic emerald.” 

The history of gem-stone synthesis and methods used for producing 
synthetic sapphire, ruby, and emerald were discussed.” 

Tumbling gems for polishing rough gem materials has been known 
for more than 100 years, but just recently the technique has become 
popular with amateur lapidaries. Mechanics and use of a tumbling 
barrel were described.” ; . 

A discussion to aid the layman, to clarify the meaning of brilliance 
and fire and the factors that influence each, was published in 1953. 

Patents were issued on methods for growing synthetic corundum 
and spinel gems on a seed * and for growing synthetic rutile.” 

Absorption spectra of pink and green tourmaline were measured by 
a Hilger-medium quartz spectograph. Absorption curves showed 
that color was unaffected by heating at less than 800° C., and between 
800°-1,000° C. the pink crystals were decolorized, with loss in weight 
and partial destruction of the lattice. Green tourmaline turned 


11 Industrial Diamond Review, Early Diamond Polishing in London: Vol. 13, No. 149, April 1953, p. 80. 

Grodzinski, P., The History of Diamond Polishing: Industrial Diamond Rev., vol. 13, No. 147, suppl. 1, 
February 1953, pp. 1-13. Diamond Technology; Production Methods for Diamond and Gem Stones: 
N. A. G. Press, Ltd., London, 2d rev., 1953, 784 pp. 

Holstein, O., The Graft of Diamond Polishing: Jour. Gemmol., vol. 4, No. 1, January 1953, pp. 14-23. 

Kaplan, G. R., Procedure for the Cutting and Grading of Diamonds: Gems and Gemology, vol. 8, Winter 
Issue, 1953, pp. 355-360. _ . 

12 Kraus, E. H., Classification and Description of Varieties of Diamond: Ind. Diamond Rev., vol. 13, 
No. 149, April 1953, p. 86. : 
pri Tolansky, S., The Surfaces of Diamonds: Ind. Diamond Rev., vol. 18, No. 157, December 1953, pp. . 

1-276, 

4 Custers, J. F. H., Artificial Coloration of Diamonds: Optima, vol. 3, 1953, pp. 8-12. 
is a ears R. W., A New Test for Synthetic Emerald: Gemmologist (London), vol. 22, No. 264, July, 

pp. 117. 

16 Davids, E. B. and Tindula, R. W., Synthetic Gemstones: Off. Tech. Services, Tech. Div. Rept. 
IR-11392, May 1953, 7 pp. . 
jae C., Commercial Synthesis of Star Sapphires and Star Rubies: Econ. Geol., vol. 48, No. 4, June- 

ly 1953, p. 325. 

Kaspar, J., Synthetic Corundum, part II: Ind. Diamond Rev., vol. 13, No. 149, April 1958, pp. 81-84, 
Synthetic Corundum, part III: Ind. Diamond Rev., vol. 13, No. 150, May 1953, pp. 102-104. 
sane Joel, Man-Made Gem Stones: Mineralogist, vol. 21, No. 9, September 1953, pp. 325-326, 328, 

ji ; 

Webster, R., eynriete Gemstones: Gemmologist (London), vol. 21, No. 249, 1952, pp. 66-70. 

Weyl, W. A., Synthetic Minerals: Econ. Geol., vol. 48, No. 4, June-July 1953, pp. 288-305. 

17 Leeson, Bert, The Tumbling Barrel, How Does It Work: Min. Notes and News, Na. 187, April 1953, 


ip. 9, 52, 

Mitchell, R. C., How to Tumble Gems: Lapidary Jour., vol. 6, No. 6, February 1953, pp. 442-446. 

18 Pough, F. H., Brilliance and Fire as Gemstone Properties, part I: Jewelers’ Circ.-Keystone, vol. 123, 
No. 11, August 1953, pp. 140, 187-190; eon II, No. 12, September 1953, pp. 112, 136-138, 140, 

19 Barnes, M. H. (assigned to Union Carbide & Carbon Corp.), Synthetic Gem Production: U.S. Patent 
2,634,554, Apr. 14, 1953. j j ; j ; 

2 Eversole, W. G. and Drost, Wilfred (assigned to Union Carbide & Carbon Corp.), Synthetic Rutile 
and Method of Making: U. 8. Patent 2,610,129, Sept. 9, 1952. 
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brownish at lower temperatures. Results of experiments to determine 
the relationship between color and either lattice structure or chemical 
composition were reported.” | . | 

A polariscope consisting of a cylindrical shell with polaroid plates 
can be used to determine whether a gem is singly or doubly refractive. 
Details were given for building a handmade instrument.” 

Certain gem stones, when exposed to ultraviolet rays, will glow or 
luminesce. Selected gem stones were subjected to ultraviolet and 
X-ray radiation and their reactions were recorded.” 

A historical survey of the spectroscope and its application in 
gemmology was published in a technical journal.” 


WORLD REVIEW 


Production of diamonds (including industrial diamonds) in 1953 
increased 7 percent compared with 1952, as shown in table 4. Belgian 
Congo ranked first, with 63 percent, principally industrial diamonds, 
and Union of South Africa second, with 13 percent, mainly gem-quality 
diamonds. A detailed review of the world diamond industry in 1952 
was published in 1953.” . | 

Australia.—The value of opal production in 1953 was $174,000— 
an increase of $31,000 over the 1952 figure and the highest annual 
value recorded since 1907. The increase was probably due to a rise 
in average quality rather than to the quantity of material produced. 
Most of the opal produced in 1953 was from the Coober Pedy and 
Andamooka fields in South Australia.” 

A book describing the Lightning Ridge opal area was published in 
1953. 

The Anakie field in Central Queensland is the only Australian pro- 
ducer of sapphires. Production has been declining in recent years. 
Production for 1953 was valued at $1,617. A geological report on the 
Anakie field published during the year stated that 21 men were 
engaged in mining sapphires in April 1953.28 | 

Belgian Congo.—The most important diamond fields are in the 
Kasai, Bushimae, and Kundelungu districts. Some sporadic deposits 
occur in Aruwimi, Izuri, and Itimbiri districts.” Tshikapa is con- 
sidered the focal point for the diamond industry in Belgian Congo and 
was described in an article.®° 


-. 41 Bradley, J. E. §., and Bradley, Olive, The Coloring of Pink- and Green-Zoned Tourmaline: Mineral, 
Mag. (London), vol. 30, No. 220, March 1953, pp. 26-32. 
Gems and Minerals, How to Make a Polariscope: No. 194, November 1953, pp. 10-12. 

73 Gemmologist (London), Luminescence in the Service of Gemmology: Vol. 22, No. 260, March 1953, 
pp. 46-49; No, 261, April 1953, pp. 74-76. 

Webster, Robert, Gemstone Luminescence: Gemmologist (London), vol. 22, No. 262, May 1953, pp. 77-80; 
No. 263, June 1953, pp. 98-103; No. 264, July 1953, pp. 123-126; No. 265, August 1953, pp. 139-143; No. 266, 
September 1953, pp. 161-164; No. 267, October 1953, pp. 188-191; No. 269, December 1953, pp. 229-231. 

Anderson, B. W., Crossed Filters for the Study of Fluorescence: Gemmologist (London), vol. 22, No. 260, 
March 1953, pp. 39-45. . 

% Anderson, B. W., The Spectroscope and Its Applications to Gemmology: Gemmologist (London), 
vol, 22, No. 266, September 1953, pp. 153-158; No. 267, October 1953, pp. 1738-176; No. 268, November 1953, 
pp. 198-201; No. 269, December 1953, pp. 218-222. : 

35 Foshag, W. F. and Switzer, George, Diamond Industry, 1952: Jewelers’ Cire.-Keystone, vol. 123, 
No. 10, July 1953, pp. 98-100, 108-110, 142-144; No. 11, August 1953, pp. 142, 144, 238, 240, 248, 245; No. 12, 
September 1953, pp. 108, 110, 153. ; 

%6 J, A. Dunn, chief mineral economist, Bureau of Mineral Resources, Department of National Develop- 
ment, Commonwealth of Australia, letter to Bureau of Mines. 

” Tdriess, I. L., Lightning Ridge, the Land of Black Opals: Anglobooks, New York, N. Y., 1953, 238 pp. 

28 Queensland Government Mining Journal (Australia), vol. 54, No. 622, August 1953, pp. 570-571. 

# Fieremans, C. [Geology and Geochemistry of the Diamond Fields of Belgian Congo]: Tech. Wetensch. 
Tijdschr, vol. 22, 1953, pp. 71-82. 

3° Gemmologist (London), Diamond City of the Congo: Vol. 22, No. 267, October 1953, pp. 182-187; No. 
268, November 1953, pp. 202-207. 
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TABLE 4.—World production of diamonds, 1950-53, by countries, in metric carats 


(Including industrial diamonds) 


1950 1951 1952 1953 


Africa: 

ANP pinion Sede ct ote ce cle 538, 867 734, 324 748, 302 729, 377 
Belgian Congo_......-.....------------------------ 10, 147, 471 | 10, 564, 667 | 11, 608, 763 12, 580, 256 
French Equatorial Africa____.........-.--..--.---- 111, 407 136, 000 163, 400 140, 144 
French West Africa_._...._..--.------------..----- 126, 346 . 136, 080 180, 000 
Gold C0aSt ie cocteutes ede ested eek 1 950, 000 1, 752, 878 2, 189, 557 2, 167, 364 
Sierra Leone..._.-..--.-.----------------..-------- 655, 474 475, 759 451, 426 472, 934 
South-West Africa_........-..-..--.--------------- 488, 422 478, 075 541, 027 617, 411 
Tanganyik go 68 he ea 164, 996 108, 625 148, 023 170, 679 

Union of South Africa: 
WOd@ison cso c ete ob ee te eos eee ee eee ee 1, 516,194 | 1,967,272 | 2,093,138 | 2 2,397,755 
Allttvial. < oooc eeu toe eS Se 3 231, 674 3 289, 063 3 282, 681 4 300, 000 
Bragiliest ho See ease eres ek a eee 200, 000 200, 000 200, 000 200, 000 
British: Guiana 2-0-2 22202 sev ee cece este escvesewadeeee 37, 462 43, 260 38, 305 35, 306 
Venezlela. sso. ooe seb eses Se ee ke eects 60, 389° 63, 226 98, 291 84, 790 
Other countries. ......-----.--------------------------- 3, 000 3, 000 5, 000 5, 000 
Grand totale... 2820. Si eset erect ee ceeeeeele 15, 232,000 | 16,917,000 | 18, 694,000 | 20,081, 000 

1 Estimate. 


2 Pipe mines under De Beers control. 

3 Includes an estimated 100,000 carats for State mines of Namaqualand. 

4Includes: (1) Approximately 117,000 carats for pipe mines outside De Beers control and (2) an estimated 
100,000 carats for State mines of Namaqualand. ; 


British Guiana.—The Government increased its royalty on dia- 
monds in 1953 to $0.50 per carat. 

There were several independent diamond buyers and cutters in 
Georgetown, but the domestic diamond market was controlled by a 
local syndicate, comprised of Krakowsky & Correia Co. and Morabisi 
Mining Co. There was considerable prospecting in the Kurupung 
area and Anaborong River area, as well as in the vicinity of Kurashi 
Creek, a tributary of the Cuyuni River.*! The Kurupung Placers Co. 
early in the year finished prospecting in the Kurupung area and found 
that the deposits were not large enough for commercial exploitation. 

The company began investigation in the Eping Basin.” 
- Burma.—A book on the geology and gem stones of the Mogok 
Stone Tract was published.® 

Canada.—Several large diamonds were found along the banks of 
the Rainy River near Fort Francis, Ontario, and prospectors were 
lured to the area in expectation of finding more.* 

A supplementary list of gem materials found in Canada was 
compiled. 

Ceylon.—Corundum gems produced in Ceylon include ruby and 
white and yellow sapphire; gem-quality alexandrite, amethyst, aqua- 
marine, garnet, spinel, and zircon also are produced. Production in 
1953 was estimated to be worth $420,000. 

Colombia.—The Government-owned Muzo and Cosquez emerald 
mines were opened in 1953 on a full-time production basis after 4 
years of sporadic production. The principal reason for production 

31 Bureau of Mines, Mineral Trade Notes: Vol. 36, No. 5, May 1953, p. 33. 
2 Mining Journal (London), vol. 241, No. 6172, December 1953, p. 656. 
8 Tyer, L. A. N., The Geology and Gem Stones of the Mogok Stone Tract, Burma: Mem. Geol. Survey 


India, vol. 82, 1953, 100 pp. : : 
%4 California Mining Journal, Diamond Discovery in Canada Starts Prospecting: Vol. 22, No. 11, July 


1953, p. 28. 
ie Field, D. 8. M.. List of Canadian Gems and Ornamental Minerals: Canadian Min. Jour., vol. 74, No. 4, 
1y » Dp. . 
ities die aia Kenneth, Ceylon; the Island of Gems: Gemmologist (London), vol. 22, No. 258, January 
» DP. o-f. 
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being suspended was the guerilla activities in the area. With the 
change of government in July, the new administration was able to 
renew production. 

French Equatorial Africa.—It was reported in 1953 that the Gov- 
ernment expected to double its diamond production within the next 4 
years. It was planned to increase output gradually until it reaches 
400,000 carats per year.*” 

India.—New gem-quality emerald occurrences were reported near 
Rajnagar near Deogarh in Kishangarh and in southwest Jaipur. The 
important deposits in Rajasthan are at Kalaguman. The emeralds 
are marketed at auctions held periodically under supervision of the 
Rajasthan State authorities at Jaipur.® 

As a result of a field examination in 1953, it was reported that 
profitable production could be increased from the diamond deposits 
in the Panna area, Vindhya Pradesh. It was recommended that 
accurate quantitative information be obtained regarding the extent 
and location of the reserves and that investment of greater capital in 
mining and milling equipment be considered in an effort to increase 
the production. | 

Japan.—Most of Japan’s cultured-pearl fisheries are along the 
coast of the Ku Peninsula. The industry is based on the fact that a 
grain of sand put into the oyster irritates it and causes the particle to 
be coated with a secretion, which in 7 to 8 years will harden and form 
agem pearl. Artificially cultivated pearls can be marketed at a much 
lower price than those that occur naturally. Japan is the most 
important producer of cultured pearls.” 

Union of South Africa—De Beers Consolidated Mines recently 
divided the Diamond Corp. into two companies by forming a new 
company called De Beers Investment Trust, Ltd. Diamond Corp. 
will confine its activities to the diamond trade, and the new company 
will handle the financial affairs of Diamond Corp. | 

Descriptions of diamond mining and recovery at Kimberley “! and 
of the early diamond industry * were published. 
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Gem Stones 
By John D. McLenegan,’ George Switzer,? and Eleanor V. Blankenbaker?® 


% 


EM-STONE production in the United States in 1954 continued 

G to depend upon the efforts of amateur collectors to provide 

cuttable material. A few small companies operated deposits, 
chiefly for turquois, opal, tourmaline, and jade. 

Because only a small percentage was mined on a commercial scale, 
complete statistics were not compiled on the value of the domestic 
output of gem stones. The value of the crude uncut stone was esti- 
mated at $600,000 to $700,000. 

- The many forms of quartz, such as agate, jasper, and petrified wood, 

composed the largest output, with kunzite second, jade third, and 
turquois jfourth. . California, Texas, Oregon, Washington, and Wyo- 
ming were the chief producing States. 

The gem-stone collecting and cutting hobby continued to increase 
in 1954, particularly in central and eastern United States. An 
increased number of amateur rock collectors was in the field in the 
Western States; however, many focused their attention on uranium 
prospecting instead of the collection of gem stones. 


DOMESTIC PRODUCTION 


The reported sources of gem materials in the United States in 1954 
are listed in table 1. The principal gem-stone production, in areas 
where more detailed information was obtained, is given as follows: 

Agate.—Production of agate in Montana increased in 1954. Of the 
reported $20,000 production, about half was scenic and banded agate 
from the Yellowstone River. The remainder was moss agate and 
lower grade banded material. 

The value of Oregon agate produced in 1954 approximated $12,000. 
Plume thunder-egg agate from 20 miles north of Madras, Oreg., 
ranged in price from $0.50 to $10 per square inch of slab material. 

Agate production valued at $5,000 was reported from the Alpine 
area of Brewster County, Tex., in 1954. The total agate production 
in the State was considered to be greater in 1954 than in any previous 

ear. 

Gravels in Imperial County, Calif., produced several varieties of 
agate. The value of this material, combined with that from the 
Hauser geode beds in the northern part of the county, was about 
$5,000 in 1954. Riverside County production was reported to be 
approximately 1 ton of rough agate valued at $400. 


1 Commodity-industry analyst. 
3 Smithsonian rence consulting mineralogist to the Bureau of Mines, 
r 


3 Literature-research cle 
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TABLE 1.—Localities in the United States where gem materials were reported to 
have been found in 1954 


State County Locality Gem material 
*Alaskasc co2cene2 ist Judicial division. pannel (southeast Alaska)__ Petrified wood and agate. 
Do.....----.-- 4th Judicial division_| Circle.--.......------_-___ Jade. 
D0sisecncssens 2d Judicial division- Kobek River on the north__ Do. 
D0. eecse-22- 22 |.see3 (1 (1 ean ra Noatak River_............_- Jasper. 
Arizona........-.. Apache. ceed. eevee cee ee ec es Petrified wood, - 
O03. ose os Pe (5 (+ Seana ge Fort Defiance bn weaowcescewcd Pyrope garnet. 
D0 ccsssoicacs Gilg. isso 2 se ees eee eee Obsidian, 
D0icsc-2ece-e esses COi2cs eee Globe (Salt River Canyon).| Serpentine. 
DOcceee 2eessee|ccce O0so 2s Globe-Miami area_...._....- Chalcedony, turquois, garnet, 


amethyst, agate, and apache 
tears (volcanic glass), 


Turquois, 
Peridot. : 
Obsidian, , \, 
Shattuckite and turquois. 
Plume agate and jasper. 
Amethyst. | 
Plume agate, 
Fire agate. 
Jasper. 
Agate. 
Shattuckite. 
Chalcedony. 
Foren Obsidian, 
1 aE Yavapai.._.--.-.-.. Mayer. ._-.---------------.- Calcite onyx. 
D0-c222-2 2555 MMI S233 two he ee tS Dumortierite and shattuckite, 
DO vererncedese|oncus (: [: Seer YUMGQs222ccessu ls oeltelelcs Garnet, petrified wood, - jasper, 
agate, chalcedony (desert roses) 
and turquois, 
Arkansas. ....---- Garland........--._- Hot Springisicsteezsieie Quartz crystal and novaculite. 
Do._....------| Montgomery-__.__.-|-.----.----------------------- reals, crystal, 
California______._- Alameda..----.-.-._ Berkeley hills. ----.--......- gate. . 
D02esc2 sees Alpine.___......---. Markleeville..........-_-.-_. ar 
Do..._.-.-.---} Calaveras_....-...-_ Valley Springs._.....-...-.. Chaleedony. y. 
Do.......--..-} E] Dorado___-.--__- Placerville....----.-...-.--- Idocrase, vesuvianite, : and garnet. 
Do. 2225250225 Humboldt_.._...... Along ocean.__....-.--.--..- sand ia wood, jasper. 
D0n2scn2sss2- Imperial... ..--.-.-.- peavey Welliesseebiseeose2 Opal 
Do..._--------]----- (: [sae eee Osiby2. 222205 -S22 et elbee le Petrified palm root. 
D0sces fe (3 Ce eee ee Se ee Pieacho Peak. 2-21.22 22. 2 Agate. 
D0 co Pc C7 [seen eee ee Salton Sea area_....-.-.-.-.. Desert roses. 
Doucccnceccec. Inyo...-------2.-.-- Bigpine.......-..-.-.-..___- Quartz crystal. 
DOsiccc 22s s222 sere (6 [see eee Bishop.._---------.--------. Garnet. - 
DosesecsnecseV ic Cc Fs Sees eee eee pes. Valley (Wingate Agate. 
Pass 
DOs seceecewesfueses GOeene2sizcesese% Independence. --........-.--- Turquois. 
Do.....-.-.--- Kermin 222-0205 2d BOPON. 2 sctcl se. bssece ls ce: Agatized wood. 
D0: va eecee ct eae 1 [yee en ee Mojave._.---.------------.. Petrified palm and agate. 
D0. 2s2-2oe2222|225-- (1 (¢ ee ee re Rosamond..._......---1---- Rhodonite. 
Doeo255 szucose Los Angeles........- Los Angeles.._........-.--.- Agate, 
DOis.c2e ooo st ess 1 {1 eer Newhall__....-..-.-.-...-_- Do. 
Do0nsse. 52h ees G0: 2sec ese lee Randsburg area_.--_....-.-- Agate and rhodonite. 
Doi seeens Jbcelecoss CoC) Se a oe Rosemead (Gem Ait Do. 
Dos2e2222 22-25 Marin...._.-..--___- Bolinas Bay-....--..-------- Agatized whalebone. 
Dos22-2 cece ce Mendocino....._...- Covelo.. 2. .2-22225504-2-5.- Jade. 
DO:cccescccee |e es G0sc28 oe see Ss Fel. River (Round Valley) ..| Jasper and jade. 
Do:-222 252222 Monterey._--_.--.._- Monterey------------------- Jade (nephrite), serpentine, and 
rhodonite. 
Doz2:2. 2-252. Nevada_-.---.---_.-- Nevada City__.---.....-...- Opalized wood. 
Dies 22s- 23 2222s Occ te te ti North Bloomfield. __..._.___ Opal. 
Doe 222s 2c. Riverside... .-.-...- Coon Hollow (Wiley Well)_| Agate. 
DO2neoe stewed (6 (; en ee teenie Hemet: 22 .22.62tec lock i sce Agate and jasper. 
DOs i25 2 5.8 fea GO seec 2222S Midland. _-_---.--2.-222-22- Rhodonite crystals and spinel. 
Do22252 se0edl occ ee ,: (1 ee ee, Sf: 1: ee a Rubellite 
Dols 338 Sacramento__....._- Folsom____..--..-----..-_-_- Opal and ‘agate. 
D0eee ote sleek GOn ee teed Sacramento.-__-.---..----_-- Jade (nephrite). 
3 5 | aera ee tee San Benit0-2. 222222). 22222 hence tee Benitoite crystals. 
Dolce ence cases! Ci (> eee ena ne New Idria.__..-.----_-. 2. Jadeite. 
DOs. sosocc secs San Bernardino-__.-.. Needlés v2. cs cseee 8 Agatized wood. 
DOs eee C6 (2 an San Bernardino......_______ Rhodonite. 
Dov ec52 225 Ss OOsciev scsi eo Yermo (Calico Mountains | Agatized palm. 
or Mule Canyon). 
D0s2edes2 22222 San Diego......-..-- are mine (Mesa Tourmaline. 
rande 
D0ikesssc25e 3} 2 oe5 5 (+ Sea eee Pali vice eesti ee ea Kunzite, spodumene, tourmaline 
and lepi noes 
eer mi cette. San Luis Obispo_---| Nipomo.....-...............| Sagenite and ag 
Dee Siskfyou............ Happy OaMp: son seco cs0 ss J aie (nephrite) por ealifornite, 
Do0sesie sc 22ke3 Solano___.-.------.- Fairfield. .....--.-----...-.- Travertine onyx. 
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TABLE 1.—Localities in the United States where gem materials were reported to 
have been found in 1954—Continued 


State County Locality Gem material 
California_........{ Trinity.....--...-.. Trinity River... ceteweacscolees Jade. 
Do-...-.-.---.] Tullare__-...----- 2. PRorterville.2. 2. occse-csu tec Jade and chrysoprase. 
Colorado..........| Fremont.......-...-| Canon City_.....-.._--__-... Agate and onyx. 
DOeccsse-ee le Tg: | ER ie rec, [ie ran ae Aco skeen a Jasper and petrified wood. 
DOsiss2.-2222-)- Rilo Grandés2c25022 [222 220 icc sce cee Agate and petrified wood. 
Do....-..-....| Saguache._..-_--.-.- Villa Grove-Turquoise mine.| Turquois and lazulite, 
Do-.....------| Teller......-- ee oleae Florissant_......-.---------- Jade, 
Do..-.-.--.<--| Weld.c-.---<--.-.-.- Stoneham__--...-.--.--.--.- Petrified wood, barite crystals, 
and agate. 
Connecticut......| Middlesex....._....- ares Quarry (Haddam | Tourmaline, 
Florida_...-......| Hillsborough._.....- Are Bay (Ballast Point).| Agatized coral. 
Doncs5 5258 Pinellas_....--...-_- St. Petersburg......_...-.-- Agatized ancient shark bone. 
quamarine. 
Garnet. 
Agate and jasper. 
eodes. 
Do. 
Do. 
Fossils, 
Agate, jasper, and petrified wood. 
Geodes. 
Agate. 
Marcasite and sphalerite. 
Dowoesei 20385 Wyandotte. __--.... Kansas City....------------ Agate. 
iana__..-.-.- Vernon (Parish). ...{ Hornbeck_..--....---.----.- Opalized and petrified wood. 
Maine.......-.-.- Androscoggin. .....- Livermore._.-....----.-.--- Cinnamon garnet. 
D022 si22cc3 Oxford..--------.-.- Vissocec elec eoee -| Rose quartz. 
DOseecs onc ese | s-8 do..-.----------| Kezar Lake. ....-.----.-.-2. Amethyst. 
DOs 2 eles ss 3 [25-8 Os coos esses N Sones estiedo ee eee Rose quartz. 
DO. secscecse cece 2dOs sooo 3e |? NOrwaeccc-2-- 2s ob Tourmaline. 
Do..-.-.-.---|-----do..------------| Stomeham_.......-...--____- Smoky quartz, 
DO ees fesset ees 3 G0- sedcssncccsne LOW. 22 -52sce ese cebss ccctescd Amethyst. 
Maryland -.--...- Allegany.._.-....-._| Frostburg__........--..-.-.- Siderite and barite crystals. 
Do..---..--..| Baltimore..-......_- Powder Mill Conversion | Quartz, garnet, tourmaline, and 
i Tunnel (Baltimore City). serpentine. 
Os eee en PNR « [1 ae a ee TOXAS se S08 ete ee Calcite crystals. 
o------0---[-----d0.~-.---.----.-| White Marsh.....-.-.-.--.- Jasper and quartz. 
-------.-.-| Garrett__..--..-.-..| State Lime. _.-....-.--...... Williamsite, rhodochrome, sigh: 
lite, and serpentine. 
Do.-_-----.-.-| Montgomery........] Chain Bridge vicinity___-.-- Placer gold. 
---------| Emmet.-......----.-| Petoskey_....---.....-----.- Agate, Savodict fossils, and Peto 


skey stones (coral fossils). 


gate, 
Domeykite (metal with quartz). 
Agate, datolite, and thomsonite. 
Agate, thomsénite, and chlo- 

ras 


trolites 
do Domeykite (metal Liat quartz) 
eno--------| Marquette........._| Ishpeming-...-.....-.-----. Jasper and jaspili 
eee eee GOs 2 ssi sstesecl Sescceeseslsli< 22] Jasper; 
Setesrcsecejocse AO 2.422255..5| Negaunee.<.2.-22-5.-25scc.2 Do. 
UV Suadoneenn pieces One sceetes taal ane a----------------| Jasper and jaspilite. 
~----------| Ontonagon._.---...- Mage os Datolite, malachite, and tenorite 
DY: eee ene Y bocce O0s2sse.282 2255 tY nace st2- 2 oe. Agate. 
weownasa | COOK. .csc2cse nso. 2 g Thomsonite. 


oo newn-n-.-]---.d0_...---..--.--| Paradise Beach ......-.....- Agate. 
eo doacaoses Dake... -=-22-2-.455 ----..--.-.------| Agate and thomsonite. 
-----.-----| St, Louis__.-.-----.- Duluth- ..-.---.---......--- a ai 

oteescsse| Bollinger: <9. 2 rece] scandivocee we sese ecu See and jasper. 

Do..----..---| Cape Girardeau__-..}..--.-- eg. 


em ee wenwoan ee ees meee et we wen w mene 


Do. ..---......| Crawford........-_. Cherry Valley mine (near 
Steelville). 
Do..-..-..---| Franklin. ........... a mine (near Stan- 
ni, e 


Geodes. 
Amethyst. 
Do. 


Do. 
Agate. 
Agate and jaspe: 
Geodes, agate, barite, and galena. 
Agate and lasper. 


Sie eteusue D Suewelsee Bappinre: 
district 
bweduccsees -------------! Bozeman__...-.-- Jwee--------! Corundym, 
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TABLE 1 .—Localities in the United States where gem materials were reported to 
have been found in 1954—Continued 


State County. Locality Gem material 
Montana_.--.--.- --| Granite. ...---2. ----| Phillipsburg--....-..-.-...- Sapphire 
D0 .se eens eis POs ele aus oor cS boedeceudeeasw Oe 
Do. eetesicce Jefferson. ....------- Bernice. ._.--.----.-.-.---.- Barite. 
D0:.252i262e-|eczc do..---.-------- Boulder Basin district. .....| Tourmaline. 
DO sec ees alos 8 C1 (1 eae aon Mountain, R. 8_----.--. Amethyst. 
DO snesecnc ese Judith Basin_......- Yogo Gulch_....-..-.------- Sapphire, 
DOs ie s-c2ects Lewis and Clark....| Helena_..--....---.----.--.- Do 
Dosacelcecece Madison.....-.---.- poe Lake@:occse.22sccsecee4 Serpentine 
Do.222-2-csc=|oe2.2 00.2 s2ccee2--c. | Bnnisicc 2 222-3 sec-nssseeces arnet. 
DOs. 2222250 5-\es-3 GOs ote Granite Creek. _------..---- Feats 
Dos cscces cscs |ieee2 (i (ene Mill Canyon...---------.--- Tourmalin 
D022 wersesz|sesee (i ee eer Renova. ..---------.-- dues Orthoclase ‘crystal. 
Doi. fesiecece lene (1 {oe eee Rochester..-....--------.---- Quartz crystal.: 
DO2oc82 262-46 oe 2 (: (ee aperiaan = wedi Lat ovate ees Pegmatite. 
D022 se -ese ecece Cf pane ee ee Silver Star. ....------.-.-..- Jasper. 
DOo 2222 snes | ieee Cs (ne re ee South Boulder Creek. .-----| Quartz. 
Doioncecs 222-1 e ee (3 (1 eae Sweetwater Creek..__-..... ‘*Montansa onyx.”” ~ 
D0 s2asesevece | iso s8 dd: 2. sese cena ss ped att City. ..------------ Garnet. 
DO:25 settee Park...-..------...-| Carbella..--.....-....-...-- Petrified wood, amethyst, and 
a fairy stones. 
Clyde Park. ........------.- Iceland spar. 
Gardiner- an ea as Or Petrified wood and travertine 
Jardine 2. ss4-e sete a salt Arsenopyrite. 
Livingston ot ren Le te Petrified wood. 
Springdale_......-----.-.-.- Iceland spar 
eeesane Valley 2 eossecse ea 
Beane ee ge a ate 
Lost Creek Falls....--.----- A riasoustane. 
OD soocusc cece ets secke Agate. 
Rye Creek.......---.---.--- Fluorite. 
Forsyth west to Sidney ..... Agate. 
Browns Gulch--.-......-.-.- Sapphire. 
[7 1. pane ea eee ee Amethyst. 
Highlands__...._-..-.-------| Epidote and garnet. 
Nissler 2222-20 occ2scce lk eras 
Billings. ....---------.-..-.- 
Oustet esi ccssssscctesd cies Agate ‘and jasper, 
Orellajg:: 2.22 Scere ree Chert. 7 
Rainbow Ridge mine (Vir- | Opal and rhodonite. 
gin Valley). 
Battle Mountain............ Turquois. 
ish Lake Valley........._- Agatized wood. 
WYnoek Soe e selec eeteceees Garnet. 
Conway.......----.----.-..- Topaz, smoky quartz, and 
einothivet crystals. 
Passaconaway-..-.-.-..-_..- Topaz and smoky quartz. 
Stark._..--..--20-----.---_- Smoky quartz and aieth yet: 
Montville._....-........_._- Serpentine. 
Stirling... ...__ Sau oie See Carnelian. 
Paterson_....................| Prehnite. 
Prospect Park.........-..... Prehnite, agate, and amethyst. 
Franklin. .....222..22.--..-- Willemite, garnet, rhodonite, 
and friedelite. 
eed ete Peccuuecbatcetoussci a Ruby corundum. 
Deming-......-...2.-------- Agate. 
La "Mader cosas eSucce alese: Damortisrita; pine and green 
feldspar, and lue-green beryl. 
Elephant Butte Lake._.__.- Petrified wood. 
Bgl: eo 22co les ek ee oe Petrified wood and agate. 
Barton mine (North River).| Garnet. 
North CreeK.....-..----.--- D 
Cranberry Iron mine 
Goldsmith mine (Democrat). paocns rane: 
KOs shes ochre cd | bees ee ee ese eco methyst. 
Emerald mine (Crabtree fmerald 
Mountain). 
Corundum Hill__._._.______ Ruby and sapphire. 
Geo. Howell mine__...-_____ Oligoclase. 
MeKinney mine..._..-____- *“Moonglo” and “‘sunstone.”’ 
Roan Mountain._-...._._._- Moonstone, epidote, and unakite. 
Bt Saeco AAs cece SE ee os eee Emerald. 
Kietsieidue Souelsuwetoows Jochem ee sue Amethyst. 
Little Gibbs mine...____.__- Oligoclase. 
Ray mine.-.-----..--..-2._- Emerald. 
fe ead MEAS borat oa ool SG bes ee SL Agatized wood. 
Seiling.._-...---..2-2--. 2-8 Jasper, agatized wood, jasp- 
agate, agate, denderite, chal- 
Conan ys and jadite. 
OG8S co coe eects tees 0. 


Taloga 
Fairview..-...2-.2-s<--0--cec Do. 
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TABLE 1.—Localities in the United States where gem materials were reported to 
have been found in 1954—Continued 


State County Locality Gem material 

Oregon_.._..---_- Bakers. 2222s eccke Greenhorn...........----.-- Tempskya (agatized fern). 

Doe. 2 s2-- |p 6 (0 epee eer ie Huntington..........-.--.-- Agate and jasper. 

D022 ee (008; 22c33 224k Bandon.____.-- le Fossil wood. 

D0i2.6 2) Crook......2222--22 Eagle Rock bed__._..-.-...- Agate. 

DO. 3 22nd (6 (5 panna ee Cn ne Lucky Strike bed____.__..__ Moss agate. 

DO2 ce Fees ht G0. ook Ochoco bed...--..-..-..-_-- Agate. 

DO sece we [eek : (oe ee POSt enclose Do. 

Do___.........| Deschutes._...._.._- Hampton. 22-2222 1 ee .| Jasp-agate. 

DOs 2625 eves ose (0s Sapna ee eam Terrebonne... ---___ Thunder eggs and agate. 

Done. eens Douglas_.......-.._- Sutherlin_-_..2. 22 Agate. : 

AIO} sec coe ws psenee GOs 222 2 ote aS. Yonealla_...0. Do. 

DO so coo see Grant__..--2--2 2. Galena_...--- 22202 elk Agate and petrified wood. 

DOvecsec sence hetese O0s eo scsccuc Meadow Creek_.-.....-.2.-- sa ers petrified wood, and jasp- 

agate. 
Dot etes Harney-......---_.- Bums_-....-----_.-.--2-- 2. Agate. 
Doe ec secto: Jackson.__....--.--- Eagle Point and Butte Falls.| Petrified wood, opalized and ag- 


atized wood, jasper, jasp-agate, 
bloodstone, and rhodonite, 


Doses ess Jefferson. __..---.--- Ashwood__..-. 22-2 rene 

hE + aes ae Pear (1 |) eee Sera Gateway-.--.-...-.----.....| A 

5 Dri ene eee (moni dOt oo eis Madras. -_.....-.--..2.---- nae ‘and thunder eggs. 

DOS sev ee ssl es Ce (sapere roe Pony Butte bed._.-...._..__- Agate. 

DOsccese esse f°: |<; eee ee eae Glass Buttes bed_..........- Obsidian. _ 

DOse2et Se ese dO ees eet Lakeview ........---------.- Thunder eggs. 

D2. secssuie ee feet (1 (c eee ee Plush (Hart Mountain)....- Opal. 

Do... -_2--- Lane... 22-1. peal River at Bear | Agatized petrified wood. 

reek 
Do..-.----- Lincoln. ..-.2.222... Agate Beach__..22.2-22.0.- Agate, bloodstone, sardonyx, jas- 
per, Jasp-agate, agatized coral, 
petrified wood, and fossil bone. 

DOeeeeec ee eeee G0nscisli fees Yachats....---.2.02.022--_2_ Agate, jasper agatized wood, and 
sagenite. 

DOvsessoo snes Malheur. ........._- Nys8i ove eotot ss Pherae eggs. 

Doeicie. as |e (3 (0 eae Sucker Creek. -._..-.__-____ Agate. - 

Do...------- Morrow-..-.----...- Peter’s Butte (Opal Butte). Thunder eggs and agate. . 

DOs setenv ec Wasco.-...---.----- Antelope_._.----.---.-..-..- halcedony, fa de, sagenite, ag- 
Oe jasper, bloodstone, geodes, 
amethyst crystals, and quartz. 

Do... 2 2. Wheeler....--- 22-2. Clarno bed (fossil) -...-...._ Agate. 

Pennsylvania... Adams.__...--...-_. Greenstone... .-..------_-. Cuprite. 

DOetccscccsele Bedford 22222 -..35o a) oe oc cb eee ce cele esd Quartz, calcite, and spar. 

DOzkts-censccfecess G0 sense ve esis New Enterprise_._....._.___ Quartz, calcite, and flint. 

D0: 222 Jae cenc esses Ci (i eae ee ee Salemville._...._--.-2 22-2. Quartz. 

DO. 22004 suo cfestst OO: 22sec oes Waterside.-....... 2222. 8. Spar, quartz, caleite, and flint. 

DOwueceee ne Somerset.___-.--.... Confluence ....---.--.--. 2. Smoky quartz. 

DoOscese 2 Westmoreland. ..___|..._...------------------- ee Petrified wood and flint. 

South Carolina...| Chesterfield_.._.___. ecrlecy (Old Brewer gold | Topaz. 
con Dakoiee sc Custer. ........--.-- Black Hills...-...2-----_-2- 2. Rose quartz. 
SRO ate pea do_-.-..-.-.---..| Custer......---..-..........] Agate, tourmaline, and rose 
quartz. 
Breccia and agate. 
Agatized wood. 
Garnet and rose quartz. 

Dose.c2-ebecce Pennington-........ Quinn 2.22. eee ees Jasp-agate, chert, chalcedony, 
and agate. 

Do2siscc2ace eee OOv2iseeeecee2se2 ‘Seenic__...---.---- 2... eee ny: 

DO2es2sh soso eco Ce Sect ee Sheep Mountain.._....-..__ 

DO.2ss5 ees en: Pennington and | Bad Lands--_____-.222...22- ee SaEnee and petrified wood. 

Shannon. 
DOsst-o5o2c2 2 Shannon_-____-._.... Pine Ridge.-_.-.---2-- 2. Chert. 
Tennessee... .-..- Carter.........---.- Shell Creek. ...-...--.2._2-- Unakite. 
Texas......------- Brewster__...-...._. Alpiné=2222202222202.¢ 52025 Jasper, agate, labradorite, opal), 
’ and amethyst. 

DOs.22ose.2e dese C1 (ese Marathon....-----2-22-- 38 Agate and novaculite. 

DOss2eceesce esses 6 (+ nee eer Terlingua..-...-...-_----- Agate, jasper, agatized and jas- 
perized wood. 

Doeic.ccs 2282 Burnet_-....---._-_- Marble Falis.._...-.--_--__- Garnet and topaz. 

DOicicécccsscs Culberson...__._.._. Van Horn.-...-_-------.----- Agate. 

Do....-------- Duvall__...-.--.-2 TOCh ecco s het See Do. 

DO ss22c 002 Fayette._..-.-.. 22. Carmine.....-.--..-2-.---- Febited, agatized, and opalized 
wood. 

D028 sockcesene estes OO se2e8. So 255< 34 Flatonia__.......-..--- 2-2. Do. 

DOveccecn5022 Gillespie Mg hed So ees Fredericksburg. .-........-.. Petrified, agatized, and opalized 
wood, garnet, and topaz. 

Do... Hudspeth ...._..... Sierra Blanca..-._..-......- Agate. 

Do ......-...- Jeff Davis. ..__-..___- Fort Davis_.........--.--_.. Agate and adularia (moonstone). 

DOsscis.teceu Live Oak......-...- George West..-.-.---.--...- Agate and petrified wood. 

DOseccsess ces Liano__..-----2 2-2 Llano. -_..- 2222 Garnet and topaz. 


428641-—58——_32 
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TABLE 1.—Localities in the United States where gem materials were reported to 
have been found in 1954—Continued 


State County Locality Gem material 
*TOXAS.- 22622 22e55 Masons oseccsiscec best ci ces. soecces celle Topaz, smoky quartz, amazonite, 
and cassiterite. 

Doe geceteslseus OO. cs2e coe ccceest Streeter... 2c ove kee Topaz. 

Do..-.....--..| MceMullen._....___. THAGON e625 ock case Gok Petrified, agatized, and opalized 

Do0escees2ise4 Presidio....-.-...-_. Marfa...--...22.-2-- ee re 

Donsceeccecse Reeves .....- ieee eee Balmorhea.....2.-..-._-2--- aoe onyx, and svagae: 

Dosis: ees Terrell._-.--. Sanderson..-..2..222--2 2 Aga 

DO esccccccsee Walker--.-....2.___- Huntsville__.....2....-.-__- Petrie, agatized, and opatized 

Doseecesesecel Webb.....---._-.__- Laredo. ._-------2.---- ee. ‘ents mia jasper. 

DO! 222-22 eee Zapata._......._--- Zapata....---.---------- Do. 

Do 2223525022 Brewster, Presidio, | Big Bend area___.._....____. Agate, carnelian, petrified wood, 
Jeff Davis, Pecos, jasper, jasp-agate, moonstone, 
and Reeves. chalcedony, opal, amethyst, 

and citrine. 
Utahincsgo2eo. oes Be@averss ooo aot fo Sa eae oo eo eee a et oe Petrified wood. 
Do d rine Valley (Reever) ee aes Agate. 
OT 33 eet oe Quartz crystals. 
See cl Gee ele siete tee ML Petrified wood. ' 
do Groat River_...2.-.----___- Agate. 
Escalante. .......-..--_-- Agatized wood. 2 
Henry Mountains..._-______ Barite nodules. 
BeiseudeereetS2 cele Soe ee oe cl Petrified wood and agate. 
Jericho... ee. Agate. 
Levan. eco lo ch 2 Do. 
Thomas Range..__._....____ Topaz. 
Black Rock. _...---.--_-_ Obsidian. 
Kanosh..___-- 2 Do, 
UMTS Yc vou Sosde ote s esau Onyx. 
Saling....c.2--5-2-- ee cece Agate. 
ee vestieen Boers Hurricane.-.__.2-.------ oe. ae 
St. George_.....-0---- 
Prititae 3 .cece too. gee a Barite nodules. 
Amelia Court House___-.._. Amazonite, 
VIB Sone oo wot ee leh oo Unikite 
TOS <8 oo se A eos Jasper 
Vesuvius.....-.---.-.-_- Unikite. 
Wenatchee......_.---. Thuilite. 
Seep aren Douglas..._.........| Bridgeport___ -------.-..| Thulite and jadeite. 

De een te ser Kittitas....2.22-___- Ellensburg__..----.._._____. Petrified wood and jasper. 

DO0eccei\ oslo W022 SES Vantage.......------ ee. Petrified wood. 

Do.___.-- 2. Klickitat_......_._- W5V1@ oot hh a Agatized and opalized wood, 
jasper, and agate. 

DOicestecvoess Snohomish.__.______ Roosevelt.........-------_.- Pe shale agatized, and opalized 

wood. 

DOi2c25 2025222 Yakima._._.__ ae Saddle Mountain area_.____. Do. 

Do. 22200) | 6 {ae en ee ae Sunnyside. _....-..------._. Do. 

D0e ees 2 coh eoa 6 Le eae Yakima._...2.-22-.------- 8 Petrified wood. 

Wisconsin _..._... Clark. 2207 ie cecee oe a bk, a ote se ouees Agate and jasper. 
DO. 2s Ashland, Bayfield, | Lake Superior area_...__._._ Agate. 
Douglas, and Iron. 
Wyoming....____. Albany...------__- Marshall area___.__.-_---2__- Petrified, aoe, and opalized 
wood, and agate. 

Do...-------.- Carbon. ..--- 2-22. 1 2 ee ee ee eS Jade. 

DO2scesce2 es _fosacd C3 (+ ope nace Medicine Bow.____.-._____. Do. 

DO eeceke elie: dOneeese coset Rawlins....-.-.-----2. _ 22. Do. 

Doe, Fremontin'os on ee ha oo ee oe ee Rhodonite. 

D026 2oeei aie C; [em ee Lander..-...-..--.----.-_- Agate, jade, and jade (nephrite). 

Do. 22.22 Natrona. s.ssv 2.5022 |o cies wesc cele eeece nee ok Amazon stone. 

D0s2e: is ececeh eens Ose esa ase Casper._.-...------- ee Agate. 

DOsi¢2 been 2 Sweetwater. _....._- Eden Valley__-..........__- Territilla (agatized snails), jade, 
agate, and petrified wood. 

Doser oe 2 |te ces Cs [+ ea ae ee Fars0tsceiee- so o52c oc. eeSet Petrified and agatized wood, 
jade, jasper, agate, and chalce- 
dony. 

DOs eves. sone do...-.. 2-2-8 Granger......2..--_---_-_. Agate. 

Doz. seen sen ees G0. ss Green River__..-._....____. Agatized wood, agate, jasper 
and corundum, 

DO:ssse22e222. | enkk 6 Co eee ge ed Wamsutter....-----.- Territilla (agatized snails) and 
agate 
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Several tons of plume agate, worth $5 a pound in some instances, 
was produced in Maricopa County, Ariz. Production from the 
Saddle Mountain area, Pinal and Graham Counties, in 1954, was 
estimated to be somewhat larger than in 1953. 

About 100 tons of rough agate of undetermined value was pro- 
duced from the agate fields near Deming, Luna County, N. Mex. 
Agatized fossils, valued at about $2,000, were found on the shores of 
Lake Superior, Mich. | 

_ Jade.—Production of jade in Wyoming was about 50 tons in 1954. 
It was mostly dark olive but included pink and green, pink, and some 
dark green varieties. Gem-quality, apple-green and black jade were 
scarce and high priced. Apple-green jade retailed at $40 to $100 
per pound, good black at $10 per pound, and other varieties at $5 
per pound. : | 

Alaskan jade production in 1954 amounted to an estimated value of 
about $10,000, mostly from the Shungnak district in the Northwestern 
Alaskan region. There was increased interest in the jade industry, due 
to the success of the Indian Arts and Crafts Board, which utilized 
jade from the deposits near Shungnak to produce finished jewelry. 

Topaz.—Production of topaz from the Streeter-Kotempsie area of 
Mason County, Tex., continued in 1954. An estimated 8,000 grams 
of this gem material, valued at $4,200, was found, principally by 
amateur lapidarists. 

Tourmaline.—A pocket of gem-green tourmaline containing an 
estimated 10,000 carats valued at $20 to $100 a caret was discovered 
at Norway, Maine. A 23-carat emerald-green stone was the largest 
cut from the material. . 

Turquois.—Two hundred pounds of turquois from the Villa Grove 

area, Saguache County, Colo., was produced in 1954. This was 
mostly high-grade material valued at $20 to $100 per pound. The 
Royal Blue Mines Co., formerly operated by Lee F. Hand of Battle 
Mountain, Nev., was operated by the new owner, Wendall King. 
Production in 1954 was not reported, although it was estimated to be 
about the same as in 1953. Gila County, Ariz., reported about the 
same production of chalk-grade turquois as in 1953. Total Arizona 
production of turquois in 1954 was valued at about $13,000. 
_ Other Natural Gem Stones.—About 600 tons of opalized wood was 
produced in Yakima County, Wash., from the prehistoric shoreline 
of Lake Bonneville. Limb sections % inch to 3 inches in diameter 
and up to 6 inches long retailed for about $2 per pound. Minnesota 
reported the production of thomsonite valued at $3,000 in 1954. 
The use of gem material in the St. Paul-Minneapolis area increased 
about 200 percent during the year owing in part to the increased 
use of tumblers to polish rough stone, which previously was unused 
because of slow methods of finishing. The polished stone was mar- 
keted in baroque form. Production of 1,300 pounds of aquamarine 
was reported from Troup County, Ga., mostly for markets in Ohio. 
The Idaho production of moss agate, opal, thunder eggs, and garnet 
had a retail value of about $3,000. About 500 pounds of gem quality 
and over 2 tons of specimen quartz crystal was reported mined at 
Crystal Springs, Ark. About 5 tons of onyx valued at $1,500 in the 
rough was mined in Utah County, Utah. 
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A deposit in Arizona of serpentine containing chrysolite was dis- 
cussed as to location and occurrence in the Mineralogist.‘ 

Details on a deposit of onyx in California were published in the 
Mineralogist.5 | : | 

The use of tempskya, a petrified palm root, as a gem material was 
reported from Pasco, Wash. The only reported occurrence of this 
material in the United States is the old ‘“‘Chinese diggings” near the 
former town of Greenhorn in the southwestern part of Baker County, 
Oreg. Total production through 1954 was estimated at 8 tons and 
valued up to $2 per pound.® os 

Synthetic Gems.—Diamonds were synthesized in 1954 by the 
General Electric Co., Schenectady, N. Y., although the accomplish- 
ment was not announced until February 15, 1955. 

Of fundamental importance to success of the project was develop- 
ment of a vessel that could be operated at pressures up to at least 
' 1,500,000 pounds per square inch and temperatures about 5,000° 
¥. and the ability to maintain these pressure-temperature conditions 
simultaneously for long periods. Details of the design of the pressure 
vessel were not revealed.’ os &, 8 — 

A new synthetic spinel closely resembling lapis lazuli was produced 
in Idar-Oberstein, Germany. The stones could be differentiated 
from natural lapis lazuli by X-ray powder photographs or observation 
under a Chelsea color filter. Genuine lapis lazuli has specks of iron 
pyrite that usually can be detected at some point on the surface. 
The makers of lapis-colored spinel can provide the stones with specks 
of gold if so desired, in which instance pyrites (fool’s gold) would 
indicate the genuine stone and gold would represent the imitation.’ 

The world’s second largest synthetic emerald, weighing 1,014 carats, 
was added to the Smithsonian Institution’s mineralogical collection. 
The crystal was produced by the Chatham Research Laboratories in 


San Francisco, Calif. 
CONSUMPTION 


_ Total sales of diamonds and gem stones by retail dealers increased 
slightly in 1954 compared with 1953. Sales of gem and industrial 
diamonds during 1954 totaled approximately $182 million compared 
with $176 million in 1953. The proceeds realized from sales of dia- 
monds effected through the Central Selling Organization on behalf of 
South African and other producers and diamonds drawn from stocks 
held by the Diamond Corp. were as follows: Gem diamonds, $127.6 
million; industrial diamonds, $46.4 million; total, $174 million. Cor- 
responding figures in 1953 were: Gem, $121 million; industrials, $49.9 
million; total, $171 million.’ 

The rise in the sales of gem diamonds in 1954 more than offset the 
decline in sales of industrial diamonds. 


4 Mineralogist, Arizona’s Chrysolite Asbestos: Vol. 22, No. 6, September 1954, pp. 297-300. 

5 Mineralogist, California Onyx Location: Vol. 22, No. 3, March 1954, pp. 99-100. 

6 Gentzier, Joseph S., letter to Bureau of Mines, Mar, 10, 1955, 

7 ee George, 30th Annual Report on the Diamond Industry, 1954: Jewelers’ Cire.-Keystone, 1955, 
pp. izto, 

8 oe B. W., A New Substitute for Lapis Lazuli: Gems and Gemology, vol. 8, No. 3, Fall 1954, 


pp. R 

§ Mineralogist, vol. 29, No. 5-6, May-June 1954, p. 244. 

ee George, 30th Annual Report on the Diamond Industry, 1954: Jewelers’ Circ.-Keystone, 1955, 
p. 3. 
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The consumption of semiprecious gem stones by amateur lapidarists 
increased in 1954. The chief factor in the increase was continued 
development of mechanical tumbling and faceting equipment. Com- 
mercial semiprecious gem cutters considered that the larger volume of 
their sales came from gem collectors rather than jewelry manufacturers. 


PRICES 


The first appreciable change in diamond prices since 1945 occurred 
in December 1954, when the Diamond Corp. announced a 2%-percent 
increase in the price of rough diamonds. This price increase was 
attributed to the unexpected high demand for gem stones in the 
United States. 

United States excise tax on jewelry was reduced from 20 to 10 


percent in April 1954. 
FOREIGN TRADE " 


een of gem stones into the United States increased in 1954 
compared with 1953 (table 2). Because of changes in tabulating 
procedures by the United States Department of Commerce, the 1954 
data were not comparable to those for earlier years. Diamonds 
ranked first, with 85 percent of the imports, based on value, followed 
by other precious and semiprecious stones, 12 percent; and pearls 
(natural and cultured), 3 percent. | 


TABLE 2.—Precious and semiprecious stones (exclusive of industrial diamonds) 
imported for consumption in the United States, 1953-54 


iv. S. Department of Commerce] 


1953 1954 
Item 
Carats Value Carats Value 
~ Diamonds: 
Rough or uncut (suitable for cutting into gem eine). aa 
Guty-(e6 2 he ee Le eee cecal ake 1 730,350 }1 $57,001, 329 }887, 273 | $59, 428, 768 
Ez la but unset, suitable for jewelry, dutiable_...--------- 1 444,362 |} 50, 571, 535 [594,772 | 62, 758, 349 
meralds: 
Rough or uncut, duty-free._.......-.:--.--.-.------------ 15, 561 27, 987 (2) (3) 
Cut but not set, dutiable.-........_._...-...--.-.-------- 26, 952 320, 739 | 24, 460 385, 063 
Pearls and parts, not strung or set, dutiable: 
Natural. - 22. 4252 vec cles oth ee cake coe ee ties seen eseee 264, 873 |-------- 503, 753. 
Cultured or cultivated - - --.---------.--------------------]--------- 3, 769, 758 |.--.---- 34, 333, 890 
Other precious and semiprecious stones: z 
Rough or uncut, duty-free.._.__.-.._._--..--.--_-.------|-..------ 208, 667 |-------- 28 265, 837 
Cut but not set, dutiable_.-...-......-.-.----------------]-------+- 2, 218, 868 |.._.._.. 3 1, 848, 989 
Imitation, except opaque, dutiable: 
Not cut or faceted............-...-.----.-------------]-~-----+- 40, 720 |...----- 3 37, 902 
Cut or faceted: 
Syntheti¢w wise. 2s s ss sess coke setssesc eles e | eee 029 |....-... 3 283, 302 
ObNGr so ee ee Ek se fa Cea 14, 872, 795 |_...---- 3 13, 651, 937 
Imitation, opaque, including imitation pearls, dutiable-__|.....-..- 127, 641 |..-.---- 3435, 014 
ee ee dutiable: 04, 813 
fe ae Pigcet ees 2539/ } 61, 078 
Total. ace on eh enh eae ete lb ecsect oes. eee 1 130,194, 343 |__._--.- 3 143,593, 877 
1 Revised fi 


gure. 

3 ieee January 1, 1954, not separately classified; included with precious and semiprecious stones, 
rough or uncut. 

3 Due to changes in tabulating procedures by the U. S. Department of Commerce data known not to be 
comparable to earlier years. 

4 Due to changes in classifications data not strictly comparable to earlier years. 


gr rts and exports corbin by Mae B. Price and Elsie D. Page, Division of Foreign Ac- 
tivities cag ten Mines, from records of the U. 8. Department of Commerce. 
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TABLE 3.—Diamonds (exclusive of industrial diamonds) imported for consump- 
tion in the United States, 1958-54, by countries 


{U. 8. Department of Commerce] 
Rough or uncut. Cut but unset 


Country Value Value 
Carats | SCCarrats 
Total Average Total Average 
1953 
North America: , ; 
Bermuda-..-..---..-----.-------- 8, 985 $502, 677 $55.95 |_---------|.---.--- Seou lise laue ss 
Canada: 2.2 eo eee 4,744 448, 338 94, 51 95 $88, 241 $928. 85 
Dominican Republic. -...----..2-|------- was|-sS222 ete |seceekuece 1 235 . 235.00 
Mexico 2222s ee ci cect sd jeocsfootettestsleewttir ote beoo see ce 165 10, 239 62. 05 
Le) | ee a oe 18, 729 951, 015 69. 27 261 | 98,715 $78. 22 
South America: 

TeNnLING oi 23s etesessse owed lc [se ckeei 3. ease ees [be aS 18 4, 263 236, 83 
Bragil:c croc 398 - 99, 448 249. 87 34 _ 8,722 256. 53 
British Guiana......-......--_-- ot 2,307 |  —- 83, 958 36. 39 30 . 2,847) - 94,90 
Venezuela... ...-..------ 2.2. -__ 8 51,779 | 1,587, 872 30. 67 3 745 248, 33 

Total. acces. sesso 54,484 | 1,771,278 32. 51 85 16, 577 195, 02 
Europe: | 
Belgium-Luxembourg.....-...-_-- 19,116 | 1,818, 663 95.14 | 215,438 | 25, 554, 634 118, 62 

FANCGs 255 cscs eens eewssetljcel a , 631 A 24.15 , 09 170, 306 “155.11 

Germay, West___--.-.--.-----_-_- 167 1, 667 9. 98 22,196 | 1,633, 341 - 73, 59 
EASE Re Ree eRcrand ein emctenr eee Raney SUN OST Geen ee i 48} 30, 647 638. 48. 
Netherlands 4,171 374, 437 89. 77 29,365 | 3,491,370 118. 90 
Switzerland.......--._.- 7, 820 841, 026 107. 55 493 171, 765 | .. 348, 41 
United K 524, 826-| 47, 625, 107 90. 74 3, 271 §26, 6411. 161, 00 
Potalesesses fotsse oes 2ec es 567, 731 | 50,941, 822 89.73 | 271,909 | 31, 578, 704. 116, 14 


1954 
North America: 

ermuda___._--- ee 6, 231 118, 899 19508 | oeees 2 ance st oes2 dese sec nek 
Canada. .2 22822 eee cee 4, 984 514, 120 103. 15 275 59, 487 216. 32 
Merxico___...---- eee 1 50 1550) |S 2ecc23| ers oo Se ee tee 

Totalescceccte codec sees eed 11, 315 633, 769 56. 01 275 59, 487 216. 32 
South America: 

PAZ ee i a oe et 6, 890 161, 606 23, 46 50 28, 985 82. 81 
British Guiana___....._-._.------ 064 , 591 SORT bcs. Se Wot oe ee oe 
Venezuela._...-.-----.--_.-_-__-- 81,442 | 2, 421, 299 1 653i (eee ec ee er | ea ee 

oA x: | ae ee ee 90,396 | 2, 646, 496 29. 28 350 28, 985 82. 81 


== TT: | SS SE |] S| EN 
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TABLE 3.—Diamonds (exclusive of industrial diamonds) imported for consump- 
tion in the United States, 1953-54, by countries—Continued 


[U. 8. Department of Commerce] 


Rough or uncut Cut but unset 
Country Value Value 
Carats jC Carats | 
Total Average Total Average 
1954—Continued 
Europe: 

Belgium-Luxembourg._.......__- 67, 969 | $7,232,086 | $106.40 | 335,173 |$35, 110, 962 $104, 75 
FAN. 3222s oce coset sacle ss ce 14, 563 346, 162 23. 77 4, 405 594, 543 134. 97 
Germany, West=2 22526-22222 aloe reese lees eee eee ees 38, 724 | 2, 645, 535 68, 32 
Netherlands....----------------.- 11, 673 802, 417 68. 74 25, 866 | 2,973, 356 114, 95 
Switzerland.......--.....--..-.--- 1, 455 82, 314 56. 57 208 124, 199 597. 11 
United Kingdom...-.----------.- 682, 394 | 44, 923, 762 71, 04 4,732 | 1, 267, 999 267. 96 


Africa: 
Belgian Congo...---...---------.- 204 24, 717 121; 16: |e te ee et Bch ces 
French Equatorial Africa__.._.._- 16, 812 731, 630 283.52) |e nesctiw cee oase he ecereee 
Liberia. 222322222222 oy di eee 2, 843 35, 729 ney Gl eee cie| ee ee ee n en ae e ee 
Union of South Africa____._...._- 31,619 | 1, 721, 853 54. 46 46,347 | 8,057, 384 173. 85 
WPOtals oooh 2s ane nocecee seeds 51,478 | 2,513, 929 48. 84 46, 347 8 057, 384 178. 85 
Grand total 1954.........._... 887, 273 | 59, 428, 768 66.98 | 594,772 | 62,758, 349 105, 52 


H. C. Dake described methods for calculating the potential value of 
large masses of gem materials.” The techniques of sawing, grinding, 
sanding, polishing, and setting malachite were published. The art 
of cabochon making was described.* The techniques, equipment 
knowledge, and tools required for the amateur to collect mineral 
specimens in various parts of the United States were listed.¥ 

A new gem stone, sinhalite, has been found and identified by the 
British Museum and the Smithsonian Institution.’ 

A historical and technical article, Turquois in Nevada, was pub- 
lished.” 

The historical and technical properties of jade were reviewed.'® 

An exhaustive list of gem stones that are luminescent under ultra- 
violet ight was published.” 

A new pearl weight estimation chart and table for drilled and un- 
drilled pearls was developed that provided the weight of pearls of any 
size in pearl grains, mommes, carats, and grams. Momme is a 

12 Dake, H, C., Calculating Rough Gem Values: Mineralogist, vol. 22, No. 2, February 1954, pp. 57-62. 

18 Sinkankas, John, The Treatment of Malachite: Rocks and Minerals, vol. 29, No. 11-12, November- 
December 1954, pp. 599-601. 

4 Bingham, W.J., Cabochons: Earth Seience, vol. 7, No. 4, January-February 1954, pp. 34-38. 

15 Dake, H. C., Where to Collect Minerals: Mineralogist, vol. 22, No. 11, November 1954, pp. 400, 406. 

18 Rocks and Minerals, Sinhalite, A New Gem Stone: Vol. 29, No. 5-6, May-June 1954, p. 251. 

17 California Mining Journal, Turquois in Nevada: Vol. 23, No.8, April 1954, p. 23. 


18 Parker, R. J., The Nature of Jade: Gems and Gemology, vol. 8, No. 2, Summer 1954, pp. 38-46. 
19 Webster, Robert, Gemstone Luminescence: Gemmologist, vol. 23, No. 273, April 1954, pp. 77-78. 
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Japanese term used in cultered-pearl wholesaling. One momme 
equals to 0.0132 ounce.” | 7 

Three methods were devised to distinguish naturally colored dia- 
monds from those colored by nuclear bombardment.2! 

A new brilliant cut was calculated that has a light output improve- 
ment of 21 to 28 percent. In addition, the cut enabled smaller stones 
to be utilized because of its lower height.” | 

A modified electrostatic separation process was developed at the 
Diamond Research Laboratory, Johannesburg, South Africa, to treat 
the finer sizes of gravity concentrate at various alluvial diamond mines, 
The new electrostatic separator recovered diamonds too small for 
satisfactory recovery by grease belts.” 


WORLD REVIEW 


Total world diamond production in 1954 was the highest on record 
and slightly higher than in 1953. Most of the increase came from 
the Union of South Africa and Tanganyika. 

Table 4 shows world production of diamonds, with accurate figures 
from most countries. The total world production was estimated to 
be 1 to 2 percent higher than the figures given in the table. | 

Angola.—A report on the 1954 operation of the Companhia de 
Diamantes de Angola was published.*4 


TABLE 4.—World production of diamonds, 1951-54, by countries, in metric carats 


(Including industrial diamonds) ; 


1951 1952 1953 1954 
Africa: 
Angold< 222222. seeeeccoete ls ek ie ie ee ot 734, 324 743, 302 729, 337 721, 607 
Belgian Congo. __..-----.--------2-2-2--------- 10, 564, 667 | 11, 608, 763 | 12, 580,256 | 12, 619, 378 
French Equatorial Africa___...........----.._.__- 136, 000 163, 400 140, 144 152, 529 
French West Africa-.--...-...-.-.-.--------------- 101, 000 136, 080 180, 000 216, 000 
Gold Coast.....---..------.------.----- isha Rel var oud, 1, 752, 878 | 2,189, 557 | 4 2, 180, 728 2, 135, 141 
Sierra Leone. --__----------.------ Lee 475, 759 451, 426 472, 934 398, 
South West Africa_._.........-.-.-._2----2-- eee 478, 075 541, 027 617, 411 683, 536 
TWaneanyikas ooo oo ot vedete tose i elas 108, 625 143, 023 4172, 304 326, 
Union of South Africa: 
ens OSes ee a thats Pas ee eG, 1, 967, 272 | 2,093,138 | 2,397,755 | 12,544, 305 
AllOVial ose. Cope see se ee bo eee 2 289, 063 2 282, 681 2 300, 000 2 314, 000 
South America: 
BY AGM so eeeanecion ieee cele etic as eee 200, 000 200, 000 200, 000 3 200, 000 
British Guiana gc. oo socks cael 43, 260 38, 305 35, 306 30, 073 
VOMOZUCIA: st hetied fos, Sagem etke 63, 226 98, 291 84, 790 96, 983 
Other countries... 242s sen eee eee wet ek 3, 000 5, 000 5, 000 3 5,000 
Grand (0lal. e522 cose oo Soe ese 16, 917, 000 | 18, 694,000 |420, 096,000 | 20, 440, 000 


a a 
1 Pipe mines under De Beers control but including 75,225 carats from alluvial diggings at Kleinzee. 
2 Includes an estimated 100,000 carats from the State mines of Namaqualand. — 
3 Estimate. 
4 Revised figure. 


Source: Jewelers’ Circ.-Keystone, 30th Annual Report on the Diamond Industry, 1954: 1955, p. 7. 


20 Small, J., Weight Estimations of Pearls: Gems and Gemology, vol. 8, No. 4, Winter 1954-55, pp. 99-105. 
#1 Custer, J. F. H., and Dwyer, H. B., Discrimination Between Natural Blue Diamonds, and Diamonds 
Colored Blue Artificially: Gems and Gemology, vol. 8, No. 2, Summer 1954, pp. 35-37. 
oe. Fekete R. L., Suggestion for a New Brilliant Cut: Gemmologist, vol. 23, No. 279, October 1954, pp. 
177-179. 
3% Optima, Recovery of Small Diamonds: Vol. 4, No. 1, March 1955, pp. 33-34. 
* Bureau of Mines, Mineral Trade Notes: Vol. 40, No. 2, February 1955, pp. 46-49. 


GEM STONES 497 


Brazil.—Increased prices for industrial diamonds in Brazil en- 
couraged expansion of diamond mining in 1954.5 

There was a minor diamond rush in the Diamantino area, in the 
State of Mato Grosso, where the population was reported to be 
increasing at the rate of 1,000 a month. Miners found it more 
profitable to search for alluvial diamonds than to recover quartz 
aes: which had been their chief mainstay before the diamond 
rush. 

British Guiana.—Diamond production in British Guiana during 
1954 amounted to 27,400 metric carats, a decrease of 8,000 carats 
from 1953.7 : 

Canada.—In 1954 a substantial deposit of garnet was discovered 
_in Dana township, 25 miles north of Sturgeon Falls, Ontario. The 
garnet, of alamandite type, was found in a zone of soft mica schist 
suitable for opencut mining.” 

Ceylon.—Gem-stone mining in Ceylon was limited to small-scale 
open pits operated by 5 to 10 men. The pits, usually rectangular, 
were limited to a depth of 10 to 15 feet by ground-water conditions. 
Usual operations consisted of two men bailing while the other men 
dig and pile the gravel on the surface. When a pit was completed, 
the gravel was washed in cone-shaped baskets of bamboo or cane, 
and the gem stones were picked out.” 

No production statistics were available, but it is estimated that 
the value of annual output was approximately $400,000 in 1954.2 

Principal gem-stone localities in Ceylon follow: 


Sabaragamuwa Province 


Ratnapura Kotamulla Marapona 
Balangoda Karangoda Pathakada 
Pelmadulla Hangomuwa Elapatha 
Adandawela Urupollalawn Modduwa 


Southern Province 


Ambalangoda ) There were several moonstone and amethyst mines near these 
Meethiyagoda villages. ‘The most precious moonstones are found here (dark 
Karandeniya sky-blue). 

Central Province 
Matale 
Rattota Fine color amethysts have been mined near these 
Gammaduwa villages. 
East and West Matale 


Colombia.—It was announced that the Muzo emerald mine, oper- 
ated by the Banco de la Republica, had reopened in November 1953. 
The operations were being expanded gradually, and production was 
expected to equal that of 1949. The mine was closed in 1949 because 
of internal disorders throughout Colombia.” 


35 Bureau of Mines, Mineral Trade Notes: Vol. 40, No. 4, April 1955, pp. 41, 42. 
26 Mining Journal (London), Annual Review, May 1955, p. 178. 

37 Engineering and Mining Journal, vol. 155, N o. 11, November 1954, p. 160. 

8 Jayasinghe, W. D. S., Communication to E. R. Ruhlman, dated Oct. 27, 1955. 
29 Mining Journal (London), Annual Review, May 1955, p. 198. 

* Bureau of Mines, Mineral Trade Notes: Vol. 38, No. 2, February 1954, p. 51. 
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India.—The Indian Bureau of Mines investigated the area near 
Ramaelakota (Andhra), and found evidence of a once-flourishing 
diamond-mining industry. It recommended a careful search for vol- 
canic plugs; the original source of diamonds in Andhra.*! 

Japan.—The Japanese pearl-shell expedition that had been oper- 
ating in the Arafura Sea under the terms of an interim agreement 
between the Governments of Australia and Japan discontinued diving 
in October 1954, when its quota was reached. The limit of shells 
agreed upon was 975 tons. | 

Madagascar.—Production of precious and semiprecious gem stones 
in Madagascar was valued at $30,000 in 1954, about the same as in 
1953. Among the stones produced were beryl, tourmaline, topaz, 
opal, sapphire, garnet, and amethyst.* 

A comprehensive report of the gem stones of Madagascar was 
published.*4 

South-West Africa.—Industrial Diamonds of South Africa, Ltd., 
discovered a raised diamond-bearing marine terrace near Luderitz. 
The diamonds were similar in quality to those mined at the Saddle 
Hill Terrace.® 


31 Chemical Age (London), vol. 71, Aug. 21, 1954, p. 368. 

82 Bureau of Mines, Mineral Trade Notes: Vol. 39, No. 4, October 1954, p. 56. 
33 Bureau of Mines, Mineral Trade Notes: Vol. 38, No. 6, June 1954, pp. 56-57, 
#% Jeannelle, H. F., Mineralogist: Vol. 22, No. 2, February 1954, pp. 85-90. 

% Mining World, vol. 16, No. 12, November 1954, p. 37. . 


~ Gem Stones 
By John W. Hartwell ! and Eleanor V. Blankenbaker 2 
a 7 | : 
EM-STONE production in the United States during 1955 in- 
: G creased 17. percent in value over 1954 and reached an alltime 
=m high exceeding $800,000. This was due largely to the increased 
number of collectors, lapidaries, and “rockhounds.” © It was estimated _ 
that 150,000 to 300,000 individuals were engaged, full or part time, in 
this field. Some of the added interest was created by the increase in 
~ articles on gem stones published in nationally distributed magazines 
and newspapers. Many retired individuals supplemented their income © 
by collecting, cutting and polishing, and selling gem stones in small 
shops throughout the United States. These small businesses increased _ 
~. the demand for gem materials, and prices rose as the quantity of good: - 
_ gem material decreased; however, as: prices increased, new locations 
of gem material were found, and old areas were reworked. — oars a 


- DOMESTIC PRODUCTION 


In 1955, approximately 65 percent of the total value of gem-stone 
production was credited to quartz, jade, and turquois, in decreasing 
order. Hight States—Oregon, Texas, California, Arizona, N evada, 
Washington, Wyoming, and Colorado—produced 88 percent of the 
_ total value. Oregon was the leading producing State, with an esti- 
~ mated $150,000. a yee 
_ Agate.—As in previous years, agate was the principal gem material 

produced in the United States. The price varied with the quality of 
the material, and only estimates could be made on the value of pro- 
duction. The areas near Roosevelt, Klickitat County, Wash., and 
Miles City, Custer County, Mont., were the most productive, and the. 
ee agate from these localities ranged from $0.50 to $3.50 per 

ound. . . : 
o Oregon was the leading producer, with an estimated value of 
$25,000, more than double the 1954 figure. Owners of about 20 
agate-bearing properties in central and eastern Oregon charged fees 
to collectors, based on the quantity of agate removed. 

Agate from New Mexico was produced from a locality near Deming, 
Luna County, with reported sales exceeding $12,000. : 

Over 20 tons of agate was produced in Wyoming, mainly from 
Sweetwater and Fremont Counties. — 

Other States with a reported agate-production value of over $3,000 
were Arizona, California, Colorado, South Dakota, and Texas. 

The Yellowstone River Valley in Montana was a good source of 
moss agate, but more work was required to recover the material than 
in the past. The better grade of rough agate sold for $2 to $50 per - 
pound and some rare stones up to $150. About 90 percent of the 


1 Commodity specialist. 
2 Literature-research clerk. 
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TABLE 1 —Value of Agoduetart and jnaparts of precious and semiprecious stones 
“in the United States,! 1867-1965, in thousand dollars 7 


Produc- Imports ; 


a mr | tr aren | RL | 


135; 262 


1 Includes Alaska. 
2 Not available. 
’ 8 Revised neue 


TABLE 2 Lopalities in the United States where gem marenels were reported to 
have been found in 1955 


SL eee 


State County or district Locality Gem material 
Alaska...-..------ Seward district_...-- Seward ..2222-42 3 3) Secs Pyle ; jasper, plasma, and 
epidote. 
Shungnak district...| KobuK..---.-.-------------- Jade. 
Chichagof district_-- Baranof pe ak Ie ee Agate. 
.| Apache. __-.-------- Globest222+--c- -<22oese,-220 Peridot. 
ae eee G02 2ccee-saeuc) Bt.. Johns. -.222so2- 552-25 poet wood. 
Coconino......--.--- Flagstaff__....-------------- 
__..| Gila.....---.----.---| Claypool-...-.-------------- Parquoly. : 
csvanvecucuelSsced do...............| Globe....-.-.---------------| Serpentine, turquois, hyper- 
sthene, and peridot. 

DOwsserseseafieses do__--.----------| Miami_-__.--.--------------- Turquo 
Does2i-2 32-528 Greenlee. _..-.-----. Clifton... ----s2-22-----22s4 Agate. 
DOlcs254 2 esc 2fus-ee (6 (een eee Duncan__..----------------- Jasper, chalcedony, and agate. 
DOs ces. tese oe Maricopa. ---------- Black Gap--_-.-.------------ Copper silicate. 
DOss.221 ses 28] 52-28 G0. 2225s le ssett CavecreeK.....-------------- Jasper. 
DO0-css-sceses suet G0 a Globe. 225-232-4252 4 322828 Amethyst. 
DOwses2e3ee52|-n eed (6 Ce ek aera ee Hassayampa..-------------- Chalcedony. 
DO.ce22 2s ened G0issss2 secs e.ss2 New River....-------------- Agate. 
Do0seceessees-|-2522 G0.s22i 3240 se se Phoenix. ....2-s2-22-2e-cscee Jasper and agate. 


Do0....:.---s--]-2-2- d0cie see ess Rock Springs_-_---.-------- Marble. 
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TABLE 2 — Localities i in the United States where gem materials were reported to 
have been found in 1955—-Continued 


. Ginindy: or district - Locality -Gem material. 
----..-----| Tonopah____....---_------.- Chalcedon: 
Seseueweave as fos) AjOs vs. te eevee teeth Ohaleedous (desert rose). 
pectent Boe tele tad ot Superior. _._...._..._-.......| Apache tears. - 
fe oe | Preseott.......--...--------- White jade, lavender | agate, and 
. chrysoprase. 
Since gewsos Quartzsite... -___ Juoestse 2s Quartz crystals and prblculay 
: | rhyolite. - 
basancueeeees os See Een sper 
Sewotcaceeslees). MUMAe coool ne ew ite Rhyolite 
pene tucke ees ae Rhodonite 
---.| Georgetown_..-...-.-.-.-..- Idocrase, vesuvianite, and gamet 
Winterhaven_. : Jasp-agate. 
ae -| Ogitby_ ee Chalcedony. ; 
.| Bigpine___ aah erystals.. 
Ona... .- Onyx. 
Boron._____- Morrisonite. 
Randsburg.. Aga 
Rosamond. -_ Rhodonite 
Ooiseeceese sessed Tejon Ranch-- Oo... 
See ee ene Lower Lake__. ----| Quartz. crystals. 
ees Inverness--_.----...--------- Petrified whalebone. 
cece eee Covelo___.._...--....-.--.-.| Jade and jasper. 
Monterey_-_..------- Lucia. .__-.------ .-----------| Nephrite. 
Mono..--. sewla Je aire roe br pean eat Geode. 
Napa__.-.------.--- na Springs__.____..--.._-. Quartz crystals.’ 
~Nevada___.._---_--- Noth Bloomfield etnies Seo bes Opal. 
ott eee [ct clas Seater Teas Nevada City...------------- Do. 
Placer_....-...______ Colfax... 12-22 oe. Jade (nephrite). 
Riverside Licjeteeccos ANZA 2o- on S a Rose quartz. 
Seer, Eee COses0f 2 Se ot Blythe__-.-_..---_.---------] Fire agates. *. 
San Benito Sei acssaa's New Idria...... eoeebueecekel Benitoite, jadeite, and silicified 
; serpentine. , 
San Bernardino. ween ‘Kramer Junction.-_.._- hs Jasp-agate. 
iiuscomesete | sa do.....-......--.| Needles.......-.-....-......| Blue agate. 
pevobuses! ee Pie eee « (5 eee eee succes Shoshone-._____-_-..--------- Amethyst. 
eee soeueee-f-.---G0_..-_----------]| Wrightwood. .--..-.-.--.--.] Rhodonite. 
San Diego...__. --..-| Mesa Grande_.._..-.----.-- | Tourmaline. 
[s veagapemeneaeesecert] Sees aiear D6 [ees Sun sete cet oo do weds oh Beryl, kunzite, and tourmaline 
i _— (blue). 
GOescstasnesse55 Ramona.____..--..-.-------:]| Essonite garnet. = 
San Francisco.....-- San Francisco...__..------ ~-|. Jasper, - 
San Luis Obisopo---| Nipomo-_._,-..--------+----| Agate. 
Rode ....-.]} Happy Camp.......-...--..] Jade. 
oe See Seoet Dunlap. ._._..-------...-.--| Topaz. 
eee oe teed Nathrop..._..-.-....----.-- Aquamarine and phenacite.. 
DOs2s22 5205-52 ]o-se. 3 AOvees 2 eoseeci ste Salida_........_-....__.......| Agate and beryl. 
sei esse seta Sedalia__............-.......| Topaz. 
Josew shee ee fore. do...........----]| Westcreek_..__..-..-.--.----| Amazonstoné. 
pelt ce oece _..| Colorado Springs....___.....| Phenacite and amazonite. . 
Gavewueweadt oward............------.--] Agate 
bwtivets ceca [pee OOtesete eel anes Texas Creek__....._......--| Rose quartz. 
ee eee Deekers._.......-.....-...-.| Amazonstone’ crystals and ama- 
zonstone. - 
[ore meer rea tt (ERROR; [« See epee Merete ES el eee een este Tourmaline 
eee ocec df KIOWO8s so cic oo we ele cee cece oe Agate. 
Bal conan eer Gani Junction.............] Dinosaur bone. 
fetta ahs atin Creede_..--...----...----.--| Amethyst and marcasite agate. a 
bilo eecses Paradox......_-....._...----| Covellite. 
Rt teas, Del hac aa ate legen arcasite agate 
Doesnt oh owan. os OOsecerceoe cele cee eee Agate. 
eceseco weds | et OOn coe ces ecs Villa Cie Turquois 
sack hoes Silverton....__......._......--| Rhodonite. 
stecsdacds Nitlacc cnc ec ctecte uss eds acre bone, jasper, and sloth 
one 
SoS iki a Colorado Springs............| Amazonstone. 
Sve oS avess [eet OOeses. Soca cee os Florissant_...__........_..--.| Amazonite. 
(3) ee ere ares Lake George. ........------- “Do. 
Me Goktteveccas|peeeecdede ce etedeodesdewesoe. Amythest. 
RN estas ce tee Ntee Mficntn wate Me Btn ees oh Ruby and sapphire. 
La Grange Rose quartz. 
Stow....-- ‘Aquamarine and beryl. 
Petoskey... heres stone. 
Calumet_.--._.. 
Copper Harbor Detttite and thomsonite. 
Phoenix._.....- Cholorastrolite. : 
Ishpeming Jasper. 
Grand Marais. Thomsonite 
oer (Lake Superior). 


Mth cc ccectecc cast ese 
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PABLE 2. _—Localities in the United States where gem materials were reported to 
have been found i in 1955—Continued — 


State County or district i Locality Gem material 
Montana. Cudeseeos Custer......-..--=---- Miles City, Sacddesenetisecess Agate and moss agate. 
Os28 fossa! Dawson... <2522-2202| 2200-00. — oo. co eco s ese ces Ag 
Doeee2eso 23-2 POrgus. 22 sss [Se eee esc ac cece ceesecetess Sapphire 
D02.25 2228-2 Prairies >.2--).2u2u-2 Terry 22252 sss cele eke Agate 
Do_.225.--2-3- Rosebud..-----.---. Rosebud... -..---..---------- Do. 
‘Nebraska_-_------ Sioux. _.--2------... Orella2es22 55 2 5s2k Sec T sts Chalcedony and agate. 
Neyada.-.-.------ ElkOs 2232-25225 5- Elko. _----------- soucvsaeeae Chalcedony. 
PP DOs hekies es Esmeralda. -.------.- Tonopah..-_...--- Aeee esis Tarquois. 
] Humboldt Deni .| Common and fire opal. 
do Rhodonite. : 
J arduols: 
Petrified wood. 
Turquois. 
Sulfur and piedmonttte crystals 
and sehroeckingerite. - 
Galven and agate. . 
Dunean, Arizona._..-.-.---. Chalcedony and agate eyes. 
‘Deming.........- Agate.’ 
-| Ricolite. 
Blue fluorite. 
Desert scenic stone. 
Garnet. 
Quartz ‘and rutile. 
Clay scsi sis co tese ee he ce --| Ruby and sapphire crystals. 
Macon...-.---------} Franklin......-...:----.....| Ruby. 
: Yancey. ------------ Spruce Pime.-....----------- Emerald. 
Oregon._---.------ Jackson. ---.------- edford. ic. 222252 5-25c22 Jasper, agate, peirtbed wood, 
: 5 rhodonite, and quart 
Dovecsocteee2 Jefferson... See anes Se nureene syeee geen leave Moss agate. 
DO. 23252 2522 Lake.._..----.------| Burns___-.-.-.----------+--- Obsidian. 
DO.8e2 ie eese : ee eee ; Crawfordsville. ..2..2-2.---- Purple agate. 
Doss: 2222s Wase0: = 25225 slo ee Pe ‘Jasper, eee opal, and agate. 
Puerto Rico_-----|. Cabo fone Munic-.| Rio Guanajibo weeeecsctussce Chalcedon: 
pauty. : 
Doie23 i aeesse comers Munie- | Rio Pinas. Peeeeuutes eet oe Nephrite. 
: pality. 
Do....--- epoeees ramon Munic- Playa de ‘Humacao....------ Jasper. ° 
pality ‘ Rid 
YD0ss2.22-52-22 San ee Munie- } Condado Beach. -._-...-...-. Jade. 
ip : 
DOse-essee255 San Sebastian Mu- | Rio Guatemala.--.-----.--_- Fossil coral. 
nicipality. H's 
poun Dakota. =32) -Custeroe<-c2ciceeces Custer. .---.-..-----.---228- | Agate and rose quartz. 
Ugsecweaeeealed ---d0_ _.-.--------.| Fairburn..-.................| Fairburn agate, jasp-agate, and 
= rose quartz. 
DOzsscdeesaseu eee. dOn 22-5222. -2 2) Hermosas.2252252-secee eck Jasp-agate. 
D0. 2222262252 Pennington...------ Creston .....--..----------.- Agatized wood. 
DOscco2ceseds |leccc MOcc22elesicccee Keystone. ..-..-----..-..-.. Garnet. 
Texas....--------- Brewster-.---------- pines os. 52252-2222 hcce222 Agate. 
Do_....------.| Gillespie. ..-.-.--.-- HCKGIt sss ees. weak lcisce ATiethyst, 
DO: 22223-52252 Mason-_-.------------ Katemcey.....----.---------- Topaz, amazonstone, smoky 
ee and green fluorite. 
DOo2ec2e2 42222 Travis. o.ssccus-422 Meson 5.2 62005-52225. -325-2 Top 
Utah: 2 -22.22.-22 Beaver._------------ Beaver__...------.---------- Blue. valley agate and obsidian. 
DOs.25. 2222221 6028 WO: siccccesses ail Peebeceden te eek Obsid 
DO2.525252 2222 Emery-.------------ POMONs 3-28. sos eect Petrified ‘wood. 
Doiz222266e 2 2|or 22s do__.------ hee Black x Rock weteesee else eeke Obsidian. 
D0: .2--2e5-2-6 Garfield .-.-.-------- Hatch: sceesncndencstactey Onyx. 
DO. seces cece Grand_-_.......--...| Ciseo_...-...-.-------------- Ag. 
DO2 eevee bee sce: Os 2 sete eeeestce Green River_-_---..-..------ Lace agate and jasper. 
D0s-2c2222 bel oee de ckc Sect cut. 080222202 ce eco Soke s Agate. 
DoOsvisce 2 eee G2 rs 222 Thompson..--------...--.-. Jasp-agate and dinosaur bone. 
DOs.c2-s2escc2 IrON: fcc sess eee Cedar City......--.-.------- Agate.. 
DOs ecescse22 Juab ew oon es Dragway Mountain-....-.- Geodes. 
Doe .eseo2 522 Kane....----.--.--- Orderville_......-.....--...- Septarium nodules. 
Doi 22.chsc222 Millard. .._-.------- Cave Fort..--.-------------- asper. 
DO. cet ee delhe cee GO: 2ccceccuscccs Milford. ._..-.------.--.---- Obsidian. 
DO. 2522-62252 San Juan_.._.._--.-. Joy.------------------------}| Agate and topaz. 
Dos 2.2-22823.2 S@ViePe.is22 o's ec oes Salinas 220052252 e_ eee Agate. 
DO. 2 eenecse--s Washington__._.-_.. Central... ..---.--s-s-+-+.-- Do. 
Doz.s25s-s2232 Wayne..------------ Torrey. 22s5-s2sshseicnecces Petrified wood. 
Virginia -_-.--.-.- Amelia. ....._.-...- Amel) 9& ov osssss es uss Amazonite. 
DOs este Madison............]| Syria......------.----------- Unakite (Pikes Peak epidote) 
Washington - ----- Benton..-------- .---| Mabton_....------.--------- Opalized wood. 
(eee Kittitas__._.-..-.22. Ellensburg-.-...------------ Agate and petrified wood. 


Do 
Wisconsin. . -.---- Clark. ._..-.-..--.--] Greenwood__...-.---.------- Agate. 
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State — County or district. Locality Gem material 
Wyoming._.______ Carbon __...._--_-_. Es a ee re rrr Turitella aga 
Si evees eo -|-z---0__...--......-| Saratoga. ....-.....-........| Agatized wood. 
DO.c2.eseccnee Fremont.__.....:...| Lander ....____..__ essences Jade, sweetwater agate, and pet-. 
; ' ‘ified wood. 
DO sues ceeeess| cee Cs (eae ea Riverton._._.-....-...--..-- Agate and jade. 
2) DOs aetienalfckes GO! loss cel cd oshoni..-_---- 2-22. Jade. a 
Doss ses cckes eee e: (s [See ee South Pass City. _._._.. 2... 
DO ccos bcc atoke (6 (2 SA ene ete ree Forks____..2...____: Jade. 
DOveccawec esis Natrona__....22- 2. Casper.....-.2....-._.- torts Agate. 
DOr eos Sweetwater..._..___ WOON Yc oe os ie es Petrified wood. 
DOrc02- cues secs. C3 Cs ane ne Farson -..__- 2... 8. ----| Agatized wood, eden-valley 
wood, and petrified wood. 
DO. 28520222 a [seers | eo een Green River__..--..-_._._.. Agate. 
DO scosc22 25. Wafeusae QO nts secee cen. Rock Springs. _...._....-._. Petrified wood. - 
3 bY eeeeeren eee (6 Co Fete Wamsutter.........--..--_. Agate and turitella. 


agate found had no value. The value of moss-agate production from 
this area was estimated at $5,000 to $10,000. staple Pe . 

Jade.—Alaska jade continued to be the most important gem ma- 
terial of the Territory. A large quantity of the raw material was _ 
shipped to Germany and Japan for cutting and polishing. The busi- 
ness of selling jade handicraft to tourists continued to flourish. 


- Wyoming production had some importance, but the float material 


was more difficult to find. The 1955 jade production in Wyoming 
was valued at $10,000 and came mainly from an area near Lander, 
Fremont County. — | 

California production was reported to be approximately $5,000. 
Nephrite was probably the most important jade material in the State 
and ranged in color from pale to dark bluish green. A new jade 
locality was discovered near Cloverdale, Sonoma County, Calif. 

Arizona produced a small quantity of white jade near Prescott. ; 

Opal.—The Rainbow Ridge mine near Denio, Humboldt County, — 
Nev., was reported to be developing a vein of precious opal within 
streaks of opalized wood. This mine has produced opals since 1909 
and recovered one of the largest pieces of precious opal ever recorded, 
weighing 7 pounds.? Production from this area was about $4,000 in 
1955. 

Some opal was produced in Nevada County, Calif. 

Petrified Wood.—It was reported that in Wyoming the largest pro- 
duction of petrified wood was from an area around Farson, Sweet- 
water County, where 2 tons was collected. The total value of Wyo- 

ming production was approximately $10,000. 

' About 10 tons of petrified wood was produced near Medford, Jack- 
son County, Oreg. . = 

_ Rhodonite——Some interest was shown in rhodonite during 1955, 
and a large deposit of this material was reported in Amador County, 
Calif. Most of it was poor grade. 

About 2 tons of rhodonite was produced in Humboldt County, 
Neyv., and smaller quantities were recovered in other States. The 
total production in the United States was less than $10,000. 

Topaz.—A new discovery of topaz crystals was reported in New 


SE 
§ Mining World, vol. 17, No. 9, August 1955, p. 100. 


484 - MINERALS YEARBOOK, 1955 


Hampshire in‘the vicinity of Conway, Carroll County. Only a few - 


clear 5- to 10-carat pieces suitable for cutting were obtained from each 

crystal. . ae 2 _ | 
The production of topaz from Mason County, Tex., continued dur- 

ing 1955, and it was estimated that 5,500 grams with a value of over 


$6,000 was recovered. These. stones were fine light-blue and made 


excellent gem stones. In the San Creek area, Tulore County, Tex., 
a production of over $1,000 was reported. | fs 
Turquois.—Large quantities. of low-grade turquois from Arizona 
‘were reported sold as gem material at prices ranging from $1.50 to 
$3 per pound. - °  _ . . ~ a 
"The Lone Mountain Turquoise mine, Nye County, Nev., produced 
about $20,000 of turquois in 1955. Another producer was the Blue 


~. Gem lease near Battle Mountain, Lander County. Some turquois. 


was mined on claims north and west of Columbus Flat near Candelaria, 
Mineral County, Nev. Ls | = 


“Miscellaneous Gems and Specimens.—A report was published on 


garnet deposits near Wrangell, Alaska. These garnets were of the 
almandite variety and averaged % to % inch in diameter. | . 

“One hundred and fifty pounds of dinosaur bone was found near 
- Thompson, Grand County, Utah, and 300 pounds was found near 
Grand. Junction, Mesa: County, Colo. Smaller quantities were 


reported elsewhere. Petrified whalebone valued at over $200 was 


recovered in Inverness, Marin County, Calif. 


Additional varieties of specimens reported found in 1955 from 


3 


~ various localities were: Amber, sulfur, piedmontite, schroeckingerite, 


copper silicate, quartz, pyrite, and others. 


Gem stones reported as more precious types than the common 
varieties were highly esteemed when cut and polished and had a 


greater value in the gem-stone trade. They are listed in table 3, 


according to variety, State, and value of 1955 production. | 


TABLE 3.—Value of selected gem.stones produced in 1955 


nc eae a 


Variety State Value Variety State Value 
Amethyst. -—--- ate Arizona.-_---- ee $18, 500 || Fire chalcedony- ----- Arizona...------:-| $2, 500 
Dec seo sce sss Texas. secu. t= (4) Fire opal....----..:--| Nevada--.--------- 4, 
Amethyst agate... ---- - New Mexico----.-.- 2,000 || Peridot_..------------| Arizona.-..-------- 2, 500 

Aquamarine....------ Colorado-__.------- 1,800 || Pink chalcedony. ..--|-----d0--.---------- ; 
Blue tourmaline--_--_.- California_..------ 2,000 || Purple agate...:------|--.-- GOs. 22. 25-52-4 4, 800 
Desert rose--.-.------- izona..-.------- 500 || Rose quartz. ..--.---- Georgia. -._-------- 400 
Fairburn agate...-.-- South Dakota.---.- Sapphire. -.----.----- Montana..-...----- 800 
Fire agate...-.------- ona...-------- 500 

worccsewsiecne California.....-.--| . 2,500 
ne 

1 Value not reported. 


‘A survey was taken by N. W. Ayer & Son, Inc., to establish trend 
information on sales, inventories, prices, and customer preferences on 
diamond jewelry. It is estimated that the United States consumes 
three-fourths of the world cut-diamond production, and in 1955 its 


value was approximately $151.5 million. The Central Selling Organ- 


4 Houston, J. R., The Garnet Deposits Near Wrangell, Alaska: Rocks and Minerals, vol. 30, No. 11-12, 
November-December 1955, pp. 563-569. 
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ization reported sales of gem and industrial diamonds to be 10 and 45 
percent, respectively, greater in 1955 than in 1954.5. 

__ The consumption of gem stones (excluding diamonds) in the United 
States during 1955 was greater, in line with increased imports of 
sapphires, rubies, emeralds, pearls, and semiprecious stones and the 
larger quantity of gem stones domestically produced. Amateur 
lapidaries consumed most of the domestic gem-stone production. 


PRICES 


The average retail prices for gem diamonds in 1955 follow: 4-carat, 
$130; }-carat, $310; l-carat, $860; 2-carat, $2,140; 3-carat, $3,530.° 


The greater demand for precious and semiprecious gem stones increased 


the prices of imported material. - 


FOREIGN TRADE ” 


' The value of gem-stone imports into the United States in 1955 in- 
creased 22 percent over 1954. Gem diamonds composed 86 percent 
of the total value of imports. Pearls (precious and semiprecious). and 
synthetic gem-stone imports increased 11 percent in 1955 over 1954. 

_ The value of imports. of gems and precious stones into the United 
States from 1867 to 1955, inclusive, is shown in table 1. Table 4 lists | 
the 1954 and 1955 imports of precious and semiprecious stones, and. 

table 5 shows the imports of gem diamonds for the same period. mF 

In 1955 the United States exported 46 percent more gem stones 
(precious, semiprecious, synthetic, and imitation) than in 1954. 


TABLE 4.—Precious and semiprecious stones (exclusive of industrial diamonds) 
- imported for consumption in the United States, 1954-55 
[U. S. Department of Commerce] , 


Loe. 1954 1955 
Item 
Carats Value Carats Value 
Diamonds: : : 
Rough or uncut (suitable for cutting into gem 4 . 
stones), duty free_-._-_-...---.-.-.--------.--| _ 1 887, 702 | 1 $59, 423, 768 1, 064, 932 | 2$76, 735, 186 
Cut but unset, suitable for jewelry, dutiable__- 594,772 | — 62, 758, 349 707, 859 2 74, 833, 550 
Emeralds: Cut but not set, dutiable.._..._. Selwebe 24, 460 385,063 | 45,235 1, 564, 676 
Pearls and parts, not strung or set, dutiable: ; F 
ANaturalc osc sclc a oak eeeelis clo Ssck os S25. 503, 753 |... eee 669, 351 
Cultured or cultivated...................--...|_.----_.- w--} 24,333,890 |----.-.._-_- 2 6,197, 897 
Other precious and semiprecious stones: 5° bo 
Rough and uncut, duty-free__..............-.-.|_....------- 2 265, 887 |... "228, 939 
Cut but not set, dutiable_.....__._...._........|_--.-.-_.... 21,848,989 |_-.-_---w 2 2, 837, 932 
Imitation, except opaque, dutiable: 
Not cut or faceted._......-....------.-----|--- eee 237,902 j...-2--22.k 2 25, 885 
Cut or faceted: 
Synthetic. .......... watecctocsseeccccee Saeed cade 3 283, 302 |...-.-.----- 9 298, 085 
ott, & ODOR. 20 nek oe ci a OP ee nS 3 18, 651, 937 |. 311, 806, 001 
Imitation, opaque, including imitation pearls, é 
dutlable.< 2200 o coc ce Le 235,014 |... 219, 185 
Marcasites, dutiable: Real and imitation.____......|.--...._.__. 61, 073 [-...--.-_ 44, 439 
WOte) aia sores ean odo e cane oustadlacae ton da8 13 143,588,877 |........._. ~| 2175, 262, 026 
i er Se 


1 Revised figure: ‘ 
2 Owing to changes in tabulating procedures by the U.S. Department of Commerce, data known not to 
be comparable to years before 1954. 


5 Switzer, George, 31st Annual Report on the Diamond Industry, 1955: Jewelers’ Circ.-Keystone, 1955, p. 2. 

* Switzer, George, 3lst Annual Report on the Diamond Industry, 1955: Jewelers’ Circ.- Keystone, 1955, p. 3. 

? Figures on imports and exports compiled by Mae B. Price and Elsie D. Page, Division of Foreign 
Activities, Bureau of Mines, from records of the U. S. Department of Commerce. ; 
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TABLE 5—Diamonds (exclusive of industrial diamonds) imported for consumption - 
in the United States, 1954-55, by countries 
{U. S. Department of Commerce] 


Out but unset 


_ Rough or uncut 


Country 
1954 | 
North America: 
Bermuda. .......---...------- Se seh saz sae ces Sus wed eset sees 
Canada_..-.--...-...----.-2-- $59,487 | $216.32 
Meric0:: 222-1 2s2cstsccseicese ane eee San 
Total ccsivecees cece tenes 59, 487 216. 32 
South. America: 
Bragil (sco See se ees ; ae 28, 985 82. 81 
British Guiana. -_-....---.---- 2,064) - . Ue ca seme eee eeee fobs cote lsckesse 
Venezuela __.....-..---- Seo dh ; 2] 2, : _viceceseecs| sevens Rcavcalececcansse 
Total..--------------------| 90,896 | 2,646,496 | 20.28 | 28, 985 82. 81 
“Europe: a ; 
Belgium-Luxembourg-.-...-.-- cae 35, 110, 962 104. 75: 
Bronce? ce oe cesses ] ’ 346, 162 . 4, 40: 594, 543 134. 97 
Germany, West.._...--.------]-- Weel gods steeestes ses] sseessecee : 68. 32 
Netherlands........-------- =n 11, 673 802, 417 68. 74 114. 95 
Switzerland_............--.--- 1, 455 |. 82, 314 56. 57 §97. 11 
’ United Kingdom. ...-....-.-- | 632, 394 | 44, 923, 762 71. 04 ' 267. 96 
otal <j.5e ee 73.38 | 42, 716, 504 104. 41 
Asia: - a 
Ceylon. _...-..-2 2-2. n- ene] oe ene fee e nn nee | eeenee ne e= 143. 08 
Indi. oo ee eco e bes es pace dine See ose et ses] See testes 187, 49 
Terael ccs 2 cot oie sede eee 84. 78 
JAPAN <esccs co lcecteSsekeseceee 87. 31 
Lebanon __....-.-.-.---------- 420. 21 
alaya.....-.--------..------| 453 | 55, 851 | 122.19 |_..___-.~----|-.----------]---------- 
Total___..- pte hats st Ut: . 41. 11, 895, 899 
Africa: . 
Belgian Congo-...-.--.-.------ 
French Equatorial Africa 
Liberia. -.....-..------------- , 843 
Union of South Africa__.-..-- ‘| 8,057, 384 
tal ?in 62.28 cccsg sso ecets 8,057,384 | 173.85 
Grand total_.....-- Seen ee 62, 758,349 | 105. 52 
: 1955 
North America: 
; Bermuda......-..--..--------} 2,205 | = 228,467 | +103. 61 |......--..--|-----------~-|---------- 
Canad accc2 nd ol aces eesce 14, 125 111. 22 
Netherlands Antilles......---.]- Ope susd|sesaseeceese|Staseesce= 39,955 | 1,377.76 
Total convinces Tee ; 54, 080 346. 67 
- South America: ; 
Brazil___._.......--...-------- 18, 427 118. 82. 
British Guiana__.....-.------ 40 oot eta ccos [eater ab ea ee 
Venezuela__..-.._.-....------ ; 5 7, 662 159. 63 
Total 2c A seen tees dates ; 21, 089 130. 99 
Europe: 
Austria...........----...--.--|.-....---.--].-----------]---.------- - 3,674 524. 86 
Belgium-Luxembourg.-..-...-- 45, 354, 711 106. 11 
PTANC6s 25 sooo sett , 203 , 133 . . 869, 862 194, 60 
Germany, West_..-...-.-.---- . 3, 452, 716 70. 54 
Piglet re soc cot Castlleteead pocg ua ebeee untae aeeweeenee 127, 461 937. 21 
Netherlands........-...------ ; 7 2, 633, 320 118. 39 
Switzerland..........- een 29, 965 53. 250 , 799 235. 
United Kingdom. ---.......-- 56, 960, 947, 127 173, 34 
Total scssecee Sele ee densses 105. 02 


873, 843 | 70, 567, 131 
See footnotes at end of table. 


508, 940 | 53, 447, 670 
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“TABLE 5 —Diamonds (exclusive of industrial diamonds) imported for consumption 
in the United States, 1954-55, by countries—Continued 


[U. Ss. Department of Commerce] 


Rough oruncut | Cut but unset 
Country Value ‘ Value 
. Carats Carats? [eon Sa ss 
Total | Average | . Total Average . 


Lebanon..........-.....------ 549 44, 750 B61 | 2. sscecsstce|betsececcese|Vesceeccek 


Malaya one oe ite i at a a meh |) ae ts eo DR ERe Beenie MR Rnaa ee 
Baudd Arable ss a i2 2.2. a | oo Sessa coche wen epevenees 2 700 350. 00 
Total...--..------ Perens 6,180 | 123446] 23.64| 168,517 13, 854,902 | 87. 40 
Africa: : , 
French Equatorial Africa_.... 8, 110 383, 815 47.33 |_...-.-.- ees seceousaeceuleceteecdes 
LB a eae ne eR 14, 536 422,726 | 29,08 |_.._-.-.-...|------------|---2- ee 
’ Nigeria. ->.-.2.--2---- ee. AIR 6, 158 14°84 o202-cs0ceccl co sees a (aeeeeny a meena 
Rhodesia and RT ar 
Federation of.........-.-...].---.--~---|-------.----|--..-2---. “21 8, 365 398. 33 
Union of South Africa __-.._.- 57,814 | 1,520,861 | _ 26.31 40,064 | 7, 447, 444 185. 89 
Wotalecesis occu J | 80,875 | 2,333,560 | 28. 85 40,085 | 7, 455, 809 186. 00 
Grand total]_.....2.......- .. 4 064, 982 |? 76, 735, 186 72.06 | . 707,859 |274, 838, 550 105.72 
1 Revised figure. 


2 Owing to changes in tabulating saicedavel by the U. S. Department of Commerce, data known not 
to be comparable to earlier years. 


TECHNOLOGY © 


Several books were published. during 1955 on pidentication of backs 
and minerals. The structure and optical behavior of jadeite® and 


methods of identifying petrified wood ® were discussed. Articles were 


published on the origin of jadeite and rose quartz." 
Block caving was initiated at the Kimberly, Union of South Africa, 
diamond mine.” 

Methods of cutting amethyst and asterated quartz 14 were ° 
described. The process of “tumbling” gem stones, giving instructions 
on types of equipment and abrasives for grinding and polishing, was 
published. Polishing and cutting of cleavable gem stones such as 
kunzite, zircon, spodumene, and barite were discussed in an article.!* 


bee ty R. M., How to Know Minerals and Rocks: McGraw-Hill Book Co., Inc., New York, N.Y... 
pp. _. 
Wahlstrom, E. E., Petrographic Mineralogy: John Wiley & Sons, Inc., New York, N. Y., 1955, 408 pp. 
1058 D. E., My Hobby Is Collecting Rocks and Minerals: Hart Publishing Co., New York, N. Y., 
pp. 
§ Raman, C. , and Jayaraman, A., The Structure and Optical Behavior of Jadeite: Proc. Indian Acad. 
Sel., vol. 41a, 1068 pp. 117-120; Chem. Abs., vol. 50, No. 19, Oct. 10, 1955, column 13031-f. 
10 ‘Mineralosis t, be leone ne Wood: Vol. 23, No. 2, "February 1955, pp. 72-74, 
ore de Hoover, W. P .» Genesis of Jadeite by Low-Grade Metamorphism: Am. Jour. Sei., vol. 253, No. 5, 
Po 
Petrun, ae F., [The Origin of Rose Quartz in Hydrothermal Veins]: Zapiski Vsesoyus. Mineralog. Odsh- 
chestva vol. 84 > fre pp. 191-197. Chem. Abs., vol. 50, No. 22, Nov. 25, 1955, column 15650-1. 
Gallagh her, W. 8: » New Approach to Diamond Mining at Kimberly: Optima. (J quenuespure, South- 
West ate. bee 5, No. 2, June 1955, pp. 52-61. 


13 Dake, H. C., How to Cut Amethyst: Mineralogist, vol. 28, No. 2, February 1955, p 
1985 oy ane hae , The Cutting of Asterated Quartz Cabochons: Mineralogist, vol. o, Nee 9, Bebeauibee 
: ako, 2 H. C., 


The Tumbled Gems: Mineralogist, vol. 28, No. 3, March 1955, PP- 133-138. 
inkanikas, John, Treatment of Cleavable Gemstones: Rocks and Minerals, vol. 30, No. 5-6, May-June 


19557 pp. DD. 266 280 
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The investigation ‘on diseolonns of ordinary violet adiethests that — 
change to a colorless, yellow or brown variety at 400°-500° C. and a 


discolored green amethyst was reviewed.” 
The Consolidated Diamond Mines of South-West Africa, Ltd., have 


developed a method to recover. diamonds from gravel by treating them _ 


with a water-repellent coating.’* A summary of the latest metal- 
lurgical methods for the recovery of diamonds in the Belgian Congo 
was given by the Academie royale des sciences coloniales, Paris, 
France.” 

_ An article described nee formation of various varieties of quartz and 
chalcedony and their modes of occurrence.” 


Anew lapis-lazuli-colored synthetic gem stone with a hardness of | 
8 and specific gravity of 3.58 was developed in Germany.” A process — 


for purifying alumina used to produce synthetic gem material was 
developed in Japan.” Included was the removal of iron, titanium, 
and rarer elements by only two recrystallizations. 

A patent was obtained for an apparatus by which synthetic jewels 
are manufactured.™ Another" patent was issued for a process whereby 
cobalt or nickel oxide is added to TiO; to produce a single crystal 
varying in color from yellow to deep red when fired in an oxidizing 
‘atmosphere.* : 


WORLD REVIEW 


The | 1955 wane dramend production. monched: an alltime. high of 
21.5 million carats, exceeding by.5 percent the previous record high 
reported in 1954. Of this total over 4 million carats were gem 


quality. Countries reporting major increases in production in 1955 | 


were Belgian Congo, French West Africa, Gold Coast, Sierra Leone, 


South-West Africa, and Venezuela. Table 6 shows the world produc- | 


tion of diamonds, 1951-55, by countries. 


Angola.—The production of diamonds in Angola during 1955 was | 


743,378 carats. The proportion of gem diamonds was unknown.” 

Belgian Congo.—All the diamond companies in Belgian Congo 
pooled their resources to conduct geological surveys of the areas in 
their respective concessions during a period of 3 years beginning 
July 1955.6 

The production of ‘amonte in Belgian Congo from 1913-55 is 
shown in table 7. 

Brazil.—Discovery of an aquamarine weighing 134.5 pounds was 


reported in the State of Minas Gerais. Its value was placed at 


$400,000.” 


17 Rose, H., and Lietz, J., [A Green Discolored Amethyst]: Naturwissenschaften, vol. 41, 1954, p. 448; 
Chem. Abs:, Vol. 50, No. 17, Sept. 10, 1955, column 11511-d. 

18 Mine and Quarry Engineering, vol. 21, No. 11, November 1955, pp. 463-471. 

19 Bureau of Mines, Mineral Trade Notes, Special Supplement 47: Vol. 41, No. 4, October 1955, pp. 5-7. 

20 Walton, James, The Formation of Quartz and Chalcedony: Gemologist (London), vol. 24, No. 288, 
July 1955, Dp. 119-123; vol. 24, No. 289, August 1955, pp. 139-142; vol. 24, No. 290, September 1955, pp. 164-1695 
vol. 24, No. 291, October 1955, pp. 191-194, 

a. Bambauer, "HV. + and Seh mitt, C. H., [A New Lapts-Lazuli-Colored cau tbedel; Fortschr. Mineral., 
vol. 33, 1955, p. 130; Chem. Abs., vol. 49, No. 21, Nov. 10, 1955, column 14587-d. 

2 Shiro, L, ‘Alumina for Synthetic Gem Material: Jour. Chem. Soe. Gepan), Ind. Chem. Sec., vol. 58, 
1955, pp. 181-183; Chem. Abs., vol. 49, No. 20, Oct. 25, 1955, column 14282- 

23 Dauncey, L. a (assigned to General Electric Co., Ltd., London), ere for Manufacturing Syn- 
thetic Tewele: U.S. Patent 2,692,456, Oct. 26, 1954. 

2% Merker, Leon (assigned to National Lead Co., New nt N. Y.), Colored Rutile Boules and Method 
for Making the Same: U. S. Patent 2,715,071, Aug. 9, 1955 

23 Bureau of Mines, Mineral Trade Notes: Vol. 42, No. 4, April 1956, p. 25. 

26 Bureau of Mines, Mineral Trade Notes: Vol. 41, No. 4 October 1985, p. 35, 

27 Washington Post and Times Herald, Dec. 21, 1955. 
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TABLE 6.— World production of diamonds, 1951-56, by countries, in carats} 


(Including industrial diamonds) 
1951 1952 1953 1954 1955 
Africa 
OBOE seeus sono sis Sos sees 734, 324 743, 302 729, 337 721, 607 743, 378 
_ Belgian Congo.....-._.....--...------- 10, 564, 667 | 11, 608, 763 | 12, 580, 256 | 12,619,378 | 13, 041, 487. 
French Equatorial Africa..........-... 136,000 | — 163, 400° 140, 144 ‘152, 529 - 186, 900 
French West Africa............------- 101, 000 136,080 | — 180,000 | — 216,000 318, 450 
Gold Coast...._..--..-.--...---.. w...-} 1,752,878 | 2,189,557 | 2,180,728 | 2,135, 141 2, 276, 631 
Sierra Leone.....---.-.-.---.----.----- 475,759 | 451, 426 48308, 608 i 
South-West Africa......-.-------.----- 478, 075 541, 617, 411 683, 536 797, 207 
Tanganyika. ___._-_----s-------------- 108, 625° 143, 023 1 326, 009 325, 525 
Union of South Africa: 
Lode_..__.. pena arom Serene eee oe 1, 967,272 | 2,093,188 | 2,307, 755 | 4-2, 644,305 | 4 2, 276, 804 
Alltvial. o.oo oe ee ce 5 289, 063 § 282, 681 § 300, 000 5 314, 000 52 310, 000 
South America: 7 ; aD eo wits 
oy Brag): tosce ooo cet cccecal eet cee 2 200,000 | . 200,000 | 27200,000 } 2200, 000 2200, 000 
. British Guiana..__......-..------.--.- 43, 260 38,305 |. 35,306 30, 073 38, 298 
Veneoztiela. 2222 2odc eset oo sce cece 63, 226 - 98, 291 84, 790 96, 983 141, 147 
Other countries__.....-...-----.- 22 2 3, 000 3 5,000 2 §, 000 25, 000 25, 0 
Grand total_—..---.-----------.- 16, 917, 000 | 18, 694, 000 |§20, 096, 000 | 20,440,000 | 21, 540, 000 


: ee t 
i nee hs ewelers’ Circular-Keystone, 31st Annual Report on the Diamond Industry: 1955, p. 7. 
-2 Estimate, a a ne oe 
3 Includes an estimated production by African natives of about 500,000 carats. 
4 Pipe mines under De Beers control for 1954 included 75,225 carats and 58,787 carats in 1955 from De 
Beers alluvial diggings at Kleinzee. ; : coh syne Ae bos. 
‘Includes an estimated 100,000 carats from the State mines of Namaqualand. 
§ Revised figure. 7 


Burma.—Gem-stone production in Burma declined sharply in 1955 
from 1954. Ruby production dropped from 21,628 carats to 17,053, 
sapphire production from 46,872 to 6,150, and spinel production from 
31,163 to 5,400. All production for 1955 may not have been reported.* 

Canada.—The most famous jade locality in Canada is in the Fraser 
’ River Valley of British Columbia. Some of the jade is light green 

and has excellent translucency.” ty 3 : ee | 

_Ceylon.—The production of gem stones during 1955 was estimated. 
by the Ceylon Department of Mineralogy to be from $315,000 to — 
$420,000. Ceylon’s exports to the United States in 1955 were 17 per- 
cent more than in 1954. The principal stones were sapphire, ruby, 
cat’s-eye, aquamarine, topaz, garnet, zircon, amethyst, and moonstone. 

China.—It was reported that diamond-bearing deposits were 
discovered in northern Hunan Province in central China.** 


TABLE 7.—Belgian Congo diamond production, 1918-55, in thousand carats. 


Year Produc- Year ’ Produc- Year Produc- Year = } Produc- 
tion tion tion th 
1913-22 ccs 16 || 1924___...... 548 |} 1935..._-.... 3, 812 
1914_ 2222. 2 1) 1925... 22. - 884 || 1986......... 4, 634 
1915__2-. 2. 49 }} 1926...-. 2. 1,141 |} 1987__-...--- 4,925 
1916_...-__.- 54 |]. 1927.2... 1, 042 |} 1938.._.-.-.- 7, 206 
1917__ 222i 100 || 1928_........ 1, 649 |) 1989......... -8, 360 
1918_ 2. ___- 164 jj 1929. .......- 1,908 {| 1940..._..... 9, 603 
1919... 2 Le 215 }{ 1930......-.- 2,519 |) 194%....--__. 5, 366 
1920. ..-.__-- 225 |] 1981.....-._- 3, 528 |j 1942.__._-._-- 6, 018 
1921_. 22 ee 174 |) 1932... .- 3,900 || 1943.....--.- 4, 882 
1022... 250 || 1983........- 2, 257 || 1944_.-.-.--- 7,533 
1923_...-._-- 415 }| 1984...--...- 3, 801 |) 1945_.._----. 10, 386 


Total..| 195, 250 


38 United States Embassy, Rangoon, Burma, State Department Dispatch 68: July 31, 1956, 24 pp. 
29 Bennett, John, A Gem Hunter in Canada: Mineralogist, vol. 23, No. 2, February 1985, pp. 60-62. 
% United States Embassy, Colombo, Ceylon, State Department Dispatch 685: Mar. 1, 1956, 53 pp. 
"| Bureau of Mines, Mineral Trade Notes: Vol. 41, No. 3, September 1955, p. 42, 
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Colombia.—In 1955 the Ministry of Mines and Petroleum con- 
tinued to review the laws and regulations governing the mining of — 
emeralds. Certain temporary regulations were put into effect early 

in the year, so that mining would not be interrupted.*? | 

Japan.—In 1954, 130,000 first-grade pearls were produced off the 
southern tip of Awagi Island. Plans in 1955 called for increased | 
plantings until production of 1 million pearls per year is reached. 

Liberia.—New diamond deposits continued to be reported. Con- 
trary to popular belief Liberian gem diamonds are of good quality. . 
The business of cutting and polishing diamonds was started in Liberia 
in 1955, and equipment was installed for processing small stones for 

the export market. ar | | : | ae 
_. The law governing the sale, purchase, and mining of diamonds, 
enacted by the 1954-55 session of the National Legislature was 
reported to be excellent. It did not impose too many restrictions 
and encouraged the large growth that the industry had during 1955.4. 
_. Rhodesia and Nyasaland, Federation of —On August 19, 1955, an 
agreement was reached between De Beers Corp. and the Northern 


Rhodesian Legislative Council under which -diamond-mining rights 


in the Territory will be relinquished to the Government in 1986.* 
| _ Sierra. Leone.—It was reported that illicit diamond mining and 
trading increased during 1954 and 1955.°6 | a ee 
_. Thailand.—The most important precious stones produced in Thai- 
land in 1955 were black sapphires and Siamese rubies.*” Me © ow 
Union of South Africa and South-West Africa.—Quotas on gem 
diamonds, released by the Central Selling Organization in 1955, for 
. 1955-60, inclusive, were as follows: Government of Union of South 
Africa, 10 percent; Administration of South-West Africa, 26 percent; 


De Beers Consolidated Mines, Ltd., 25 percent; Diamond Corp., Ltd., —. _ 


35 percent; and Premier (Transvaal) Diamond Mining Co., Ltd., 
4 percent.®8 a oy, eee en 

See production in South-West Africa in 1955 is shown in 
table 8. | | | 


TABLE 8.—Gem-stone production in South-West Africa, 19551 _ 


Gems Production Sales 
Diamonds! w20%< 22 5.02 sth eke eek eo heh et eee Pisa carats... 797, 198 789, 475 
Wourmaline: 2222322262. eh A an a es dog ed thd grams_. 31, 651 7, 780 
Amethyst......--222 020-22 e oe Boh eo aecetue Stoo eek touces ke pounds. _ 22, 680 |_.-..--...-.. 
Chalcedony ss2.< 23. oes ees een. See ce oe Seba d oaSeenes) O..-- 200 Nowececede Jes 
Viger S'0yGsci2- of 2 /sc weet evec odie seas cette sn eee ee Sh scan eo uecueded tons-__ ?) 2 


1 United States Consulate, Johannesburg, South-West Africa, State Department Dispatch 244: May 1, 
3 Dp. : 
3 Not available. 


Venezuela.—It was estimated that the 1955 production of pearls 
from Venezuela was nearly US$1.5 million.” 


2 Bureau of Mines, Mineral Trade Notes: Vol. 40, No. 5, May 1955, p. 54. 

% Bureau of Mines, Mineral Trade Notes: Vol. 40, No. 3, March 1955, p. 37. 

* United States Embassy, Monrovia, Liberia, State Department Dispatch 330: May 3, 1956, 6 pp. 
36 Bureau of Mines, Mineral Trade Notes: Vol. 41, No. 5, November 1955, p. 43. 

36 Bureau of Mines, Mineral Trade Notes: Vol. 42, No. 3, March 1956, pp. 24-25, 

3? Bureau of Mines, Mineral Trade Notes: Vol. 42, No. 2, February 1958, p. 34. 

38 Bureau of Mines, Mineral Trade Notes: Vol. 42, No. 2, February 1956, p. 24. 

3 Bureau of Mines, Mineral Trade Notes: Vol. 40, No. 4, April 1955, p. 48, 


nas Gem Stones _ 
~ By John W. Hartwell ! and Betty Ann Brett? 
(2 EM MATERIAL collected during 1957 in the United States 
J was valued at about $900,000, slightly less than in 1956... 

_— __ New regulations on the advertising of jewelry and gem stones _ 
in publications, circulars, or orally, were issued by the Federal Trade 
Commission on June 28, 1957. ‘These regulations apply to all manu- — 
facturers, importers, and sellers and are designed. to protect the trade . 


and public from. unfair practices.. 


--. DOMESTIC PRODUCTION ie 
_ No new localities for gem materials were reported in 1957. Sources 


of gem materials were listed in previous Gem Stones’ chapters... 
_ About 800 gem and mineral clubs were active in the United States. 
in 1957, mostly in the Rocky Mountain and Pacific Coast areas. 
The number of members was not known but was reported to be close 
to 40,000; about one-quarter owned and operated their own lapidary 
Collecting gem material in the Pacific Northwest by amateurs was 
reported becoming more difficult, as more privately owned properties 
were closed to collectors. Collecting gained popularity in the East. 


- Some owners of gem-stone claims opened their land to collectors 


for certain fees and used power-operated dirt-moving equipment to | 
uncover the gem material = ee a ee 
*. In the Pacific Northwest commercial producers of baroque or - 


“‘tumbled’’-type gems reported production valued at nearly $100,000. °— 


Because of the popularity of baroque jewelry, suitable “tumbling” 


material was difficult to obtain. Commercial lapidaries sold less of 


this type of jewelry because more amateurs ‘tumbled’ their own 
- material. ee Sak ee nen | alte 
_ Six States—Oregon, California, Nevada, Texas, Arizona, and _. 
Washington—produced 72 percent of the total reported value of 
gem materials in 1957. Oregon led in production, with an estimated 


_ $200,000—20 percent less than was reported in 1956. 


Agate.—Agate produced in the United States during 1957 was 
valued at more than $125,000, a 25-percent increase over 1956. ‘Com-_ 
mercial and amateur lapidaries sold about 200 short tons of “tumbled” 
agate material as baroque gems. Principal States, in decreasing 
order of production, were: Oregon, New Mexico, Arizona, Texas, and 
Wyoming. Output in Oregon was valued at approximately $60,000, 
a 20-percent increase over 1956. Principal areas of production were 
Jefferson, Crook, and Deschutes Counties. Reports from New Mexico 
indicated an agate production of nearly $25,000, largely from: near 

Deming, Luna County. | 


1 Commodity specialist. . 
3 Statistical clerk. 
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Arizona, produced agate worth an estimated $15,000, principally 
from Greenlee, Maricopa, Pima, and Yuma Counties; this was a 
_40-percent decrease from the value reported in 1996. 
Emerald.—The emerald mine near Little Switzerland, N. C., 


formerly leased by the American Gem and Pearl Co., was reopened 
by Little Switzerland Emerald Mines, Inc. | 
Yearly production of synthesized emeralds by C. F. Chatham, 
- San Francisco, Calif., was estimated at 60,000 carats. About 10. 
| percent of the stones were high quality, retailing at $90 to $120 per — 
carat. 5- ee a coming TE st y iat ace aia 
Jade.—Jade production in the United States during 1957, was 
valued at $50,000, a 50-percent reduction from 1956. About half of 
the total value was'reported from Wyoming. = 6 
> During 1957 the Empire Jade Co., Shungnak. district, ‘Alaska, — 
produced jade estimated equal to the 1956.output. Some jade boulders 
were cut to sizes suitable for 24-inch saws and sold to retailers in the 
United States. The balance of the material was exported to Germany 


. for finishing into jewelry. The Government-sponsored Shungnak 


Jade Project in Alaska did not sell raw jade but continued to. finish » 
ornamental objects and jewelry. Only a small part, of the jade, pur- 
chased from Eskimo claim owners, was gem quality; =... 
__ Petrified Wood.—Production of petrified wood decreased in quan- 
tity and value from the record reported during 1956. Estimated 


value of production from four States was as follows: Arizona, $25,000; 
Utah, $5,000; Wyoming, $4,000; and Colorado,.$3,000. 

Gingko, tempska, and other rare fossil woods were produced in — 
small quantities in, California, Montana, Oregon, and, Washington. 
_- Turquois.—Arizona became. the principal turquois-producing State — 
_ in 1957, surpassing Nevada, the leading State in 1956. Arizona 

_ production of turquois was $30,000. Localities near Miami and 
Kingman produced about 7,500 pounds of low-grade material. valued 
at $17,000. Nevada reported production of 1,300 pounds of high- 


grade material, which was valued at $13,000. The Lone Mountain 
and Battle Mountain mines were the principal producers. Turquois 
also was produced in Colorado. = __ ee ee “es 
‘Miscellaneous Gem Materials——Fire-opal production from the 
- Virgin Valley area, Nevada, was reported for the first time since 1955. 
Production was valued at $52,000. ee ae % 
A dispatch from the Pike County diamond field, Arkansas, states 
that a diamond weighing 3.11 carats was found during 1957. One 
diamond weighing 15.33 carats was found in 1956 near the same 
location* | 
Development of the Yogo sapphire mine in Judith Basin County, 
Mont., uncovered 2 large stones, weighing 4% and 5% carats. Plans 
were made to build a mill in 1958. 
Over 5 tons of obsidian and quantities of other durable gem ma- 
terials were used by lapidaries for “tumbling” during 1957 to fill the 
demand for baroque gems. 


8 Morello, Ted, Green Treasure of the Andes: Nature Mag., vol. 50, No. 10, December 1957, p. 515. 
« Washington Evening Star, Woman Finds 3.11-Carat Diamond in Arkansas Mine: 105th Year, No, 140, 
May 20, 1957, p. A5. 
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era 1. —Estimated Production. of: gem stones in the United States, 1955-57, 
in thousand dollars 


| 1956 | 1957 


NN ee ee eet ee ee 


Alaska: so ctsc2sncsh 2oceee ee (2) 

ATIZONG 2: Soa ss- se ccses eee ee 97 > N@V8GS 2) 2o2u i fees ee ceeds 
Arkansas_.....-------------- 4 25} (1) New Hampshire. .....-.-..-- 
California_..........--..---.- (1) 90 100 || New Jersey.._-.......--..--- 


Colorado...-.---..- we-e-----| 48 | 80 | — 35 || New Mexico-.-2--222--222---] 25 


5 Oregon... 
2 {j Pennsylvania___........-.--- 
(2) | South Dakota. S 


wees ee ween 
ee es 


eee eee 


ae mene eeenceseonan| . 


1 Included-with “Other States and Territories. BP 
‘8 Figures of less than $1,000 included with “Other States and ‘Territories. ” 
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_ Figure 1.—World. production sae rv Cong States imports of. gem ‘diamonds, 


ees CONSUMPTION - 


Sales of lapidary equipment and supplies, gem imatarials (exeludinie 
diamond), and mineral specimens were estimated at nearly $5 million. 
Synthetic gem-stone purchases from producers in the United States 
were estimated to be about $1 million; other countries supplied over 
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$10 million. Purchases of Sutieel gem material, exclusive of dia- 
mond, from other sources was reported to be nearly $15 million. | 

The apparent consumption (domestic production plus imports 
minus exports) of gem stones in the United States 1 in 1957 was over 


$142 million. 
PRICES © 


In Hatady 1957 aie Diamond Trading Co. of London, England, 
imnounced price increases of 5 to 7% percent on all qualities of rough 
diamonds used in manufacturing regular goods, tapered baguettes, 
and melee.®. 

~The average diamond prices per carat. imported into the United 
- States were for cut, but unset, $107.28 and for rough or uncut, $76.93. 
The upward trend ‘of prices paid for rough or uncut stones continued 
in 1957, with an average increase of $4. 35 per carat; prices for cut but 
not set stones decreased $2.07 per carat. 

Average prices paid for sapphire imported into the United States 
for bonsopaon were $9. 67 higher per carat in 1957 than in 1956. 


FOREIGN TRADE ° 


Imports ore gem stones into the United States: in 1957 decreased 10. | 
percent in value from.1956. This was the first decrease reported : 
since 1952. Gem diamonds supplied 85 pee of the total apoE | 
compared with 86 percent in: 1956. : 


TABLE 2.—Precious and semiprecious stones (exclusive of industrial diamonds) 
imported for consumption in the United States, 1956-57 


[Bureau of the Census] 


1956 is 1957. 
Item : rane 
- Carats ~ Value 
Diamonds: 
Rough or uncut (suitable for cutting into gem ; 
stones), duty-free.____..._-.--.--_------.----.- 11, 176, 832 * $36, 216,172 | 1,002, 696 | $77, 142, 072 
Cut but unset, suitable for jewelry, dutiable...__ 693, 142 2 75, 795, 826 609,775 | 65,418,387 © 
Emeralds: Cut but not set, dutiable.____....-.-_. 50, 931 2 1, 688, 429 37, 245 1, 594, 789 
fo and parts, not strung or set, dutiable: 
wideb ce secoet antes ete So eee oe |e Sool ane 2 626, 237 |_.....------ 480, 172 
Cultured or cultivated...-.....----- fee Cetbewatns|tukoeade kes 28,024,660 |_-..----..-- 9, 508, 701 
Other precious and pe Stones: e. 
Rough or uncut, duty-free_-......-....--.-.---..] 2-2-2... 3 280, 602) | occ clesecus 629, 814 
Cut but not set, dutinble. os i ok eo teen cua toca ness Scceee 23, 116, 372 |-2---------- 3, 163, 573 
Imitation, except opac opaque, dutiable: 
Not cut or Ode esc soon she el gesrsl see e oe eee 3 40,.496 dewstccetese 59, 598 
Cut or faceted: : 
Synthetic ws... ssan02s002- seseeveSeseece tees teee : 2 402, 272 |_...-..-.-.- 463, 687 
Other: 22220525 aes os beens codec 311, 448, 744 |_----------- 10, 061, 841 
ee opaque, including imitation pearls, |. 
Gutiable.- 2220222. 20 eo Se oe cS cate eebog 2 30,410 |---.-.---.-- 23, 054 
Marcasites, dutiable: Real and imitation_.....__|__- sant Ween, 2h 38, 911 |-.--..---.-- 26, 413 


eee Zi ocboes 168, 572, 101 


Oe wee ewe eee Omer eee meee Teen eee) Hwee eee ee 


1 Revised figure 
2 Owing to ehanged in tabulating procedures by the Bureau of the Census data known to be not compar- 
able with years before 1954. 


5 Jewelers’ Circular-Keystone, The Diamond Industry, 1956: P. 2. 
¢ Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Division of Foreign 
Activities, Bureau of Mines, from records of the U. S. Department of Commerce, Bureau of the Census, 
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~The principal imported gem stones that showed decreases in value 
were imitation gems (25 percent), natural pearls (23 percent), and 
diamond (11 percent). Increases were noted in rough or uncut: 
precious and semiprecious gems, excluding diamond and cultured 
pearls, 124 and 18 percent, respectively. | 


TABLE 3 —Diamonds (exclusive of industrial diaavonds) imported for consump- 
tion in the United States, 1956-57, by countries - 


[Bureau of the Census] 


Rough or uncut : Cut but unset . 
Country | - Value A - Value | 
ie Carats = Carats 
: Total Average . | Average 
- 1956 
North America: | one ? an 
. . Bermuda. .0.2-.....-------22.-- 498 48. L 51) Bay 0] Rae ee) (Pm ested] ponents emp 
4,929 | 676,212 116. 90 279 $79. 94 
Meri. 200.2 osseess cocsce sla [ists lose aecl see oer emery Remearesenenee 57 411. 70 
Total._-..-------.--..--------] __ 5,427 |. 624,876)" 115. 14 336 136. 22 
South America: : ee ee ae 
Brazil. .2.:....-....- 2,456 |- 112,342}. 45.74 253 —79.83° 
British Guiana... 6,595 | 200, 740° |. 80.44 |---| 
Colombia - $6 12,08 140297 “Vices 25-523) wade siwecsc|ecaesch 
Surinam 322022. en a ee ee cee eee ec seue 85 9.81 
“Druguay. oo sc2 0st accaense ts Macias Saou: [bade waco. paceecaie s 5 ~ 306. 67 
‘Venezuela..-.-_.-.--..----- owned 56,996; 1, | 1,644, 575 28. 85 156 162. 58 
t Total scicsvoht os vee Se 66,133 | 1, 4, 969, 71 12 29.78} . 569 121. 96 
Europe: ; ees ae 
ie A stria noo. es el oe ea ee eT oeee i210. 00 
4 Belgium-Luxembourg---.----=-|_ ~189, 965 16, 579, 867 | 118.46 | 422, 002 110. 92 
Czechoslovakia. -..-_....-..--- ie eee eames boar aenie ge deehore woe} 25 226. 
woeeeceeeceecwn- fo «4,684 | ~~ 436,700-7 = 94. 26 9, 293 126. 31 
2,442 | . 108,457 44.41 333 71574 
Dia See eee Seewebw oes Heme seucue sol leeeet es Seo sie) are ee | 64 + 187. 59 
3, fg _. 212,270] . 56.21 21, 987 * 122. 63 
11,0 418 |. 38.74 385 883. 24 
' ... United Kingdom. -...-..--.---- 810, OOL 60, 991, 614} = 75.24 3, 526 162. 13 
Se . ‘ 7 {eo OO 
_ wisseecte cose ewe ae 972, 493 | 78, 758, 416 . 80.99 | 496, 095 > 109. 60 
© “Oeylon. 22-36 aoc eset ae So [rb se sod pa seccc |i es 2e ce 14 : 95. 57 
BBL god eo oeet oie 76 21. 87 4 104. 75 
Gia oe Sse ee es Soe eee 1,424 85.15 © 
Sedcuceien belo es 2 2, 556 19.96 | 145,950 90. 23 
Tepaty. 6 o2 oes cess eee [aeee teu ae te weslee ae es) 3 1 080, $4.04 
~ Debanon-. 2 lle 89 $6.13 )o< oo | occ ee suse o See ess 
BA Pe eta Ste MeO twee ne chee en poe wesc ene lose locas 111 141.17 
oe Shee eee ieces. 2,721 22.18 |. 148, 553 * 90.18 
Africa fo So pear 
Vuoieteulusce 74 10:00 ce eencce| sd2c2225525-]-esneeoess 
tee eae ee epee serine a Slee so eece sot oe 77. 86. 68 
gem esS 48, 012 25 88 .4sccco ke owe eee es 
Liberia_.._.-....-_...-------.-- : 35, 536 39. 98 15 275. 33 
eaesccalstsecaes See pene eres eee eee ‘1 487.00 
2 shoes eeu . 46, 436 46. 06 47, 496 166. 31 


730,058 | 14,802,829 | 136.93 | 47,589 | 7, 910, 265 166. 22 


——— ee earsareerer sere 


ee ree te 


————e | Te 


Sebtcwswebeccssesce 11,176,832 |186, 216,172 | 173.26 | 603,142 | 75,795,826 | 109.35 


a eA a i a 
_ SSS eee SS eer 


1 Revised figure; Belgian Congo revised. to none. 
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TABLE 3.—Diamonds’ (exclusive of industrial diamonds) imported for consump- | 
tion in the United States, 1956-57, by countries—Continued - 


_ Rough or uncut os ore Cut but unset 


Country . 


Velue = | > Value’ 
Carats Carats 
ee Total | Average | Total | Average 
1957 
nea 5,850 | $567,531} $97.01] 419} — $52, 190 
147 2,600 | - 17.69 9 615 
3,426 | 135,503 | 39.55 | 778 | ~ 75,620 
4,782 | 135,938 | 28.43 236 24, O11 
TOA ce ae i es aks 2,726) 88,488] 32.44] 
Ie See en ee eon 61,890 | 2,057,533 | 33. 24 4} 493 
ERE ae See ae eee ae rte 72,971 | 2,420,012 | 33.16 | 1,027} — 100, 739 
Europe: be ao Be Ce . 
- Belgium-Luxembourg..___-__- 130, 646. | °13, 308.054 101.86.| 345, 899 | 37, 482,783 | - 
France... ..-----.---------2---| 21,052 |." 846,483 | 40.21 | 6228 |_987,074-} 
Germany, West. -..----_____ wee]. 588 18,498 | 31.46 | 29, 873 | - 2, 019, 582. 
Hi ee tee tetas Ce SI AR pail [emma eit 105 |. _3, 500 
ee) Se See ree tee OhNeS) Ope eA mE (90k eR EEN es NOEs 147 : 
_ . Netherlands---._2.- eae teens 248 |. 319,044 | 75.10 | 22,686 | 2,914, 262'| - 
-. Switzerland. __-_ 227222 917; 27,160 | 29.62 | 134] "107, 905 
_ United Kingdom. _ 22222222222 646; 424 | 55,447,905 | 85.78 | 3,275 | 551, 728-| 
pos, STs 2 a 803, 875 | 69, 967,144 | 87.04 | 408, 347 | 44, 088, 673 | 
ge Pa a 
rhe te SON FROME Ss ako ee oe os ede edee nds ona] ae 3 274 
ae ics ene ee Te mee See mE RET 8 2,250 | 97.83 885.| 259, 119 
. Tran. Bier eee es emery mE eeneni 147 12, 519 
Israel. 3,462 | 128,664} 37.16 | 151, 488 | 13, 685,980.| 
Japan. “249 4,148} 16.66] 1,207] 115,713 |. 
Malaya. i225 0.022 800 43,655 | 145.82 |... |. ae | nee ees 
pe Dhaland ooo ee oles Fa ee CRESS es ONE tag 1, 283 
te Pots eke 4,034 | 178,717 | 44.63 | 153, 472 | 14,074, 888. 
Africa: aes: an SH 
_' Belgian 'Congo____-.__.._...___- ; 4,150 18, 584 3.27 |_------ ra eases he ea 
. Africa--_-- fj 23, 600 | 633,920 | 26.76 |---|. 
cae eae 2, 469 aa eee. hy een Renee ee Sis cm tae oan 
aot nnanen-nannseen--s--| 45,496 | 1, 607,795 | 35.34 | 
movcccots eos. ous. Eeow S oe ee el 42) 8, 250 
wooed ---| 40,161 | 1,700,797 | 42.35 | 46,284 | 7,063, 491 
1 ee meee 115,966 | 4,008,668 | 34.57 | 46,327 | 7,067, 256 
Oceania: Australia.....--...---__-2_}_...-.----_-|--- 2. pulse eee 183 | 34, 641 
>, Grand total... 1, 002, 696 | 77, 142,072 | 76.93 | 609,775 | 65, 418, 387 | 


# Owing to changes in tabulating procedures by the Bureau of the Census, data known to be not com- 
parable with years before 1954, PF ae 


WORLD REVIEW 


In a historical world review of diamond discoveries; production, and 
sales it was estimated that, in 1955, nearly 22 thousand workers were 
engaged in cutting and polishing diamonds. Belgium led in number 
of workers, with 10,700, followed by Germany, 4,000; Israel, 2,500 : 
and the United States, 2,000. The remaining workers were in 11 
countries. Rough diamonds sold by the Diamond Syndicate during 
1920-29, and the Central Selling Organization, 1930-56, were in- 
cluded. Sales in 1956 were nearly $210 million.’ 


? Leeper, Sir Reginald, The Development of the Diamond Industry: Optima (Johannesburg), vol. 7, No. 
3, September 1957, pp. 125-129, - 


—. It was reported 
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- Canada.—An increased quantity of jade was produced from the 
Frazer River deposits of British Columbia, Canada, during 1957. 
These deposits were becoming more important as a source of good 
| som Eastern as deposits in the United States and Alaska were being — 

Opletede ayy a er ee ee ee 
~ Cuba.—The diamond cutting and polishing industry established | 
during World War II was reported almost nonexistent in 1957. 

~ Over 12,000 carats were exported to the United States from-1947 to 
1950, inclusive; none was exported from 1951 to 19568". 0. 


Guatemala.—aA study on jade and jade artifacts found in, Guate- 


mala gave the history of use; nomenclature; geologic occurrence; _ 
chemical, physical, and optical properties; and types of jade and. — 
other green ‘minerals used in meso-American. cultures. After the . 
study was published a jade. deposit was found in. placé. near Mon-_ 
zanal,Guatemala. 
- Mexico.—The quality, quantity, and location of agate, amethyst, 
apatite, beryl, danburite, garnet, obsidian, opal, orthoclase, scapolite, 
topaz, and tourmaline weré reported. . Many agate varieties, includ- 
ing iris, moss, flame, plume, and banded, were considered more 
_ valuable than other gem, materials found. Agate was produced in 


large quantities® Pees | Oe Tg aad 
that a “lost’’ Mexican jade deposit was traced to — 
an area near Taxco, Guerrero - fe 

cee SOUTH AMERICA : 
- Surinam.—A diamond area near Rosebel and Sabanpassie, known 
since 1880, was investigated by the Geological and. Mining Service. 
Diamond: was found in eluvial conglomerate deposits. Mining: 
would depend on the adaptability of large-scale equipment." 
 Venezuela.—Over 19,000 carats of gem-quality diamonds was pro- 
duced in 1956, equivalent. to 20 percent of total diamond production, 
Only a small part. was domestically cut. and polished. Pearls sold in 
domestic jewelry came from local sources but were only a small part 
‘of the total production. |-Most of the pearls produced were exported.” . 


bok ch MEER 


bis 


: ASA 

India.—A total of 360 tons of ore from 20:sampling shafts, sunk at 
_ intersections of gridlines 250 feet apart, in the Panna diamond-mining . 
area yielded 63' diamonds, equivalent to 12.5 carats per 100 tons.’ 
Tran:—An estimated 15,000. pourids of -turquiois was mined in 
Nishapur during 1956. _ Production in 1957: was reported to be 30 
percent less in quantity but 15 percent more ‘in value.. Sales’ to-the 
United States were about $2,400." foe we te 


8 U. 8. Embassy, Havana, Cuba, State Department Dispatch 412: Nov. 18, 1957, p. 1. | ei, 

-# Foshag, W. F., Mineralogical Studies on Guatemalian Jade: Smithsonian Miscellancous Collections, 
vol, 135, No. 6, Dec. 3, 1957, 60 pp. a as ee 
% Barron, E. M:, Report on’Mexican Gem Minerals: Unpublished. - nea : 

U Science Newsletter, vol. 71, No. 18, Mar. 30, 1957, p. 198. ic 
41 U, 8. Consulate, Paramaribo, Surinam, State Department Dispatch 116: Nov. 20, 1957, p: 3. 
18 U. 8. Embassy, Car&cas, Venezuela, State Department Dispatch 469; Jan. 7, 1958, pp. 38-40. 

4 Bureau of Mines, Mineral Trade Notes: Vol. 45, No. 6, December 1957, pp. 28-29. 
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| | _Israel.—Progress was reported by. the Israel diamond-polishing 
industry, which anticipated exports valued at $31 million during 


_. 1957, compared with $24.5 million in 1956. According to spokesmen 


.. of the industry, employment rose to about, 3,000. The average 
“added value” of the diamond increased from 17 to’ 20 percent.5 
-Japan.—The pearl industry overproduced in the spring during de- 

_ clining prices, cut production, increased exports, and stabilized prices 
in the last half of 1957. Production for the year was 45,469 pounds— 
4,134 pounds less than in 1956. Exports were 55,140 pounds valued 


— at $14.3 million. 


U.S. 8S. R.—Diamond was discovered in an area of over 115 square © 
miles near Yakutia. In an article describing the deposits, data were - 
_ given on diamond properties and methods of prospecting, petrography, 

_-and mineralogy of the kimberlite. The largest diamond found 

weighed 32.5 carats; but in typical deposits, 70:to 90 percent of the 

diamonds were smaller than 1/10 carat. Because the stones were 

small, the field might be regarded principally as a source of industrial ° 
The Yakutia discoveries also were summarized and references to 


Russian publications describing the six separate diamond-bearing — 


areas were given. It was indicated that aboiit 19 percent of the 
diamonds were good industrial stones and gem stofies® = 
Angola.—The_ Portuguese Government was formulating plans to 
_ develop a diamond-cutting and polishing industry in Lisbon, utilizing 
diamond produced in Angola. Most of the Angola output was gem 
quality (60. percent), and was exported.to the United Kingdom.” — 
_, Belgian Congo.—A decree effective August 1, 1957, was issued in- 
creasing the base value of Kasai diamonds, but reducing the export 


tax. from 5 to 3 percent ad valorem. =~ + ror 
__ French West Africa—On February 20, 1957, at Kerouane, French 
Guinea, an African cooperation, Bakima, was created for diamond 
exploitation in the Famarodou area. This organization was estab- 
lished to protect the authorized miners and: to help stop the illegal 
production and sale of diamond. The history of the area and methods 
of mining were related.” v | 7 
Liberia.—Diamond exports in 1956 were over 1 million carats, 
more than 5 times the 1955 exports.”! a | 
_ A second diamond rush was reported in the Suehn-Bopolo district, 
northeast of Bomi Hills, about 75 miles from Monrovia.” 
Rhodesia and Nyasaland, Federation of—An emerald discovery 
near the Belingwe Native Reserve, Southern Rhodesia,: was placed 
under Government control. Specimens were sent to the United States < 


18 U. 8. Embassy, Tel Aviv, Israel, State Department Dispatch 222: Oct. 15, 1957, p. 3. 
16 U. 8. Consulate, Nagoya, Japan, State Department Dispatch 43: Jan. 10, 1958, p. 1. 
ieee C. F., The Diamond Fields of Yakutia: Min. Mag. (London), vol. 47, No. 6, December 
Pp. . 
it Mo ts Soaue Diamond Industry in 1956-57, Vlaams Economisch Verbond (Antwerp, Belgium), 
undated: Pp. 72-76. 
18 U. 8. Consulate, Luanda, Angola, State Department Dispatch 62: Nov. 26, 1957, pp. 1-2. 
*U. 8. Consulate, Dakar, French West Africa, State Department Dispatch 241: Apr. 16, 1957, pp. 1-7. 
31 U. 8, Embassy, Monrovia, Liberia, State Department Dispatch 256: Apr. 10, 1957, pp. 2-3. 
2 U. 8. Embassy, Monrovia, Liberia, State Department Dispatch 206: Feb. 6, 1957, pp. 5-6. 
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| for Snordieal: “The value. and extent of ran were hot owe a 

Tan ganyika.—In 1957 production from the Williamson and Ala- 
masi, Ltd., diamond mines exceeded that for 1956. Exports from the 
territory increased about 4 percent. in weight: and over. 1 percent in 
value. Improvements made by Alamasi, Ltd., increased the output 
above the average of-former years.% J ohn T. Williamson, principal | 
owner of the Williamson Diamond, Ltd., mine died January 8, 1958. 

Union of South Africa.—The Diamond Export Duty Act of. 1957 
--was-approved-and-adopted by the-Government.:—This-act, consoli= 
dating the export duty acts of 1917, 1919, 1947, 1950, and 1956, 
which were wholly or partly repealed, regulated. the export duty of 
rough and uncut-diamonds from:the Union of South Africa.”6 | 

The DeBeers Consolidated Mines, on behalf of the Central. Sales 
Organization, reported sales of gem diamond in 1957 totaling nearly 
$148 million, the highest on record and about $6 million. over 1956.7” 
_-H. F. Oppenheimer became chairman of the board of DeBeers 
Consolidated Mines, Ltd., on the death of his father, Sir Ernest 
Oppenheimer, on November 25, 1957. a hee 


“OCEANIA. 


‘Australia stipe eae of an. ‘additional 100 tons of oystershiell by 
Japanese “pearlers” outside the 10-mile zone was approved by the 
een Government. The number of pearls recovered was not 

nown 

A quantity of mae pearls. was produced by the Australian- 
J. apanese-United States company described in pee 1956 Gem Stones 


Snape 
: TECHNOLOGY 


' Scheelite crystal %e inch in maximum dimensions were disceysted: 
in the Tyler Creek tungsten mine near Deer Creek, Calif. Crystals 


are rare, because most peepee: contain only disseminated scheelite 


grains. 
A series of articles was s published on gem materials, listing the prop- 
erties that make them highly esteemed. Information on localities 
and facts about cutting and polishing were given.*! . 
The properties of natural and artificial gem stones and methods 
of distinguishing between them were described. e 


3 Tarte eri Nyasaland Newsletter (Batisbury), Value of Rhodesian Emerald Find Still Unknown: 


Feb. 7 Dp. 3 
4 v. g Consulate, Dar es Salaam, 'T nye, nate ramen oe etn gh Feb. 19, 1958, p. 4. 
3% Canadian Mining Journal, The "Une ohn : Vol, 51, No 


Febru ary 1958, p . 120. 
%* U.S. Embassy, Pretoria, Union of South Aiton State Stato Department ¢ Dispatch 76: Sept. 3, ‘1957, p. 1, 
%7 DeBeers Consolidated Mines, Ltd., Annual Report, 1957: p. 
38 DeBeers Cone Mines, Ltd., Annual Report, 1957: pp. ve: 11. 
U.S. Consulate, Pert Australia, State Department "Dispatch 3: Aug. 28, 1957, p. 4. 
10, ‘No. 5, Ma Stats Divison of Mines, Mineral Information Service, Scheelite-Crystal Discovery: Vol. 
0. ay ’ Pp 
31 Owens, G. 8., Gems: Rocks and Minerals, vol. 32, Nos. 1-2, January-February 1957, pp. 43-46; Report 
on Spinel: Nos. 7-8, July-August Tee pp. 378-377; Beryl: Nos. 9-10, September-October 1957, pp. 469-472; 
Report on Chrysoberyl: Nos. 11-12, November-December 1957, pp. 582- 
le, Bill, Tourmaline: Rocks and Minerals, yor 32, Nos. 1-2, January- Februar 1957, pp. 47-48; Tur- 
quoise: Nos. 3-4, March-April 1957, pp. 146-147; Feldspar Gems: Nos. 5-6 May-June 1957, pp. 268-260; 
na Gems (part I, The Crystalline orms): Nos. 7-8, July-August 1957, pp. 400-401; Quartz Gems (part 
a. Sonar ocrystalline Forms): Nos. 9-10, September-October 1957, 473-474, 
Characteristics of Natural and Synthetic Gems]: Ion, vol. 16, 0. 176, March nee pp. 147-152; 
eee Bel ervice No. 57-1879; Ind. Diamond Rev. Abs., vol. 17, No. 198, May: 1957, p. B78. 
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~ A review of the gem-stoné industry i in California included quteralogy 
and geology; occurrences, locations of deposits, mining, u utilization: and 
treatment, ‘markets, and a bibliography. ~ 

A method of forming emerald crystals under high temperature and 
| pressure was given.™ | 

Sapphires: grown in aqueous selibons=a process. similar to that: 
vised to grow quartz crystals—appeared free from strain. ‘The crystals 
might be useful in manufacturing optical items. The process might be 
used to make synthetic rubies and star sapphires: under controlled 
conditions.*> 

oA synthetic gem—strontium titanate—was made by the Vernouil 
process. It had an index of refraction. higher than aaa and: a 
hardness of 6.on the Mohs scale.** 

Quality corundum crystals without strains and with minimum 
brittleness were grown by the Verneuil process.” — | 

-A report on gem stones and industrial crystals other than netural 
discussed the inadequacies of the terminology. used. in the trade to 
describe the finished products. 

Twelve mineral specimens were described, giving the synonyms, 
nomenclature, varieties, compositions, crystallography, physical and 
optical properties, tests, diagnoses, occurrence, and uses. Hach min- 
eral was illustrated in color. ‘These mineral specimens were listed in 
chronological order: Beryl, sphalerite, chrysocolla, garnierite,. pitch- 
blende, chromite, quartz, corundum, fuller’s earth, kyanite, pyrrhotite, 
and feldspar.” 

A formula for calculating the weight of regular cuts of gem stones 
and: pearls, particularly brilliant-cut diamonds, was given. Tables 
and graphs were included.” 

A new instrument, the refractoscope, to determine the density 
and/or the index of "refraction of gem stones, was introduced to 
jewelers and gemmologists." 

Laboratory methods to remove surface coatings from rough di- 
amonds by chemical means were investigated. Present methods 
require a window cut into the stone to determine its quality.* 

The color terminology and quality grades in diamond evaluation 
were discussed.“ 


3 Wright, L. A., Gem Stones: Chap. in Min. Commodities of California, California Div. Mines, Bull. 
176, December 1957, pp. 205-214. 

u Hurst, V. J., Mineralogical Notes: Georgia Mineral Newsletter, vol. 10, No. 3, Autumn 1957, p. 95. 

85 Chemical Engineering News, vol. 35, No. 38, Sept. 23, 1957, p. 62. 

3% Pough, R. H., Fabulite: Jewelers’ Cire. -Keystone, vol. 127, No. 8, May 1957, pp. 78-83. 

37 Ikornikova, N. Yu., and Popova, A. A. Sear eiion of Uniaxial ‘Crystals of Synthetic Corundum]; 
poneey Se Nauk (8. S. 8. R.), vol. 106, No. 3, 1956, pp. 460-461; Ceram. Abs., vol. 40, No. 7, July 1957, 
column 172i. 

38 Pough, F. H., Reconstruction, Synthesis, Culture-or-What?: Jewelers’ Circ.-Keystone, vol. 127, No. 
10, July 1957, pp. ‘69-70, 87; No. 11, August 1957, pp. 160, 162, 188, 190; No. 12, September 1957, pp. 94, 96, 
98, tlt, 153; vol. 128, No. 1, October 1957, pp. 126, 128, 193-195. 

89 Mine and Quarry Engineering (London), Mineral Specimens No. 40-51: Vol. 23, No. 1, January 1987, 
pp. 14-15; No. 2, February 1957, pp. 58-59; No. 3, March 1957, pp. 102-103; No. 4, April 1957, pp. 144-145: 
No. 5, May 1957, pp. 190-191; No. 6, June 1957, pp. 238-239; No. 7, July 1957, pp. 288-289; No. 8, August 
1957, Dp. 334-335; No. 9, September 1957, pp. 380-381; No. 10, October 1957, pp. 428-429; No. 11, November 
1957, pp. 472-473; No. 12, December 1957, pp. 516-517. 

40 Schiebel, W. [Formula for Calculating the Weight of Regular Cuts of Gemstones and Pearls, Particu- 
larly of the Brilliant Cut Diamond]: Deutsch. Gesell. Edelsteinkunde Ztschr., No. 18, Winter 1956-57, 
Pp. 16-22; ne: Diamond Rev. Abs., vol. 17, No. 196, March 1957, p. B53. 

“1 Pough, F . H., Refractoseope: Jewelers’ Cire. -Keystone, vol. 127, No. 9, June 1957, pp. 62, 64, 66, 111. 

« International Cooperation Administration, Monthly Report, Bureau of Mines Metallurgist, Rio de 
Janeiro, Brazil, July 1957: July 31, 1957, 2-page airgra: 

& Klippel, Robert, Modern Diamond Assorting: Jewelers Cire,-Keystone, vol. 127, No. 11, August 1957, 
Pp. 152, 164, 156, 158; No. 12, September 1957, pp. 90, 92, 1 
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The properties of certain natural and synthetic colorless gem stones 
were described.“ | pe 

Methods of determining the difference between true jade and 
artificially colored jade were given.” Oo 

Patents, suitable for use in lapidary processes, were obtained on a 
diamond bandsaw,* a diamond-filled-paste applicator,” an automatic 
feeder for cooling lapidary grinding tools,** a machine for grindin 
gem diamonds to selected shapes, and an apparatus for cutting an 
polishing gem facets.© | “Erk Se 
_ Patents were also issued on a process of bonding diamond powder 
on a tool grinding face,” and a method of producing blue-white 
boules, which have gemlike properties.” | | 


548: Pough, F. H., Colorless Stones: Jewelers’ Cire.-Keystone, vol. 128, No. 2, November. 1957, pp. 100, 102, - 
xR? Wong, eae Be Sure It’s Really Fine Jade: Jewelers’ Circ.-Keystone, vol. 128, No. 3, December 
pp. eee : 
4 Barron, J. H., Diamond Bandsaw: U. 8. Patent 2,784,536, Mar. 12, 1957. 
. oe Ss. are zbolicator for Applying a Diamond-Filled Paste to a Working Surface: U. 8. Patent 
7 ; y an. ’ e : + 
ino J., Jr., Control Means for Cooling of Dressing Diamond or the Like: U. 8. Patent 2,781,035, Feb. 
is Salzer, A., Automatic Diamond Cutting and Polishing Device: U. 8. Patent 2,829,472, Apr. 8, 1958. 
5% Collar, L. H., Machine for Grinding and Polishing Gem Facets: U. S. Patent 2,779,138, Jan. 29, 1957. 
1 Keeleric, G. F., Process for Making Abrasive Article: U. S. Patent 2,785,060, Mar. 12, 1957. : 
' os ree Leon (assigned to National Lead Co.), Synthetic Rutile Composition: U. 8. Patent 2,801,182, 
y 30, 1957. . | 


| Gem Stones 
By John W. Hartwell! and Betty Ann Brett? 
a; 


_. HE ESTIMATED VALUE of gem material produced in the 

- United States in 1958 exceeded $1 million for the first time. 
Material collected was nearly 1 million pounds. | 
_ The Federal Trade Commission suggested that the descriptive 
terms—cultured, man-made, and create iy mina should not be used 
as designations for laboratory-produced emeralds, sapphires, or other 
gem stones. It was suggested that they be called synthetic, imitation, 
simulated, or some word of like meaning to distinguish them from 
natural stones.  . 


DOMESTIC PRODUCTION 


_ Forty-one States reported production compared with 32 in 1957. 
Oregon was the leading producing State with an estimated $200,000, 
the same as in 1957. Ten States—Oregon, California, Texas, N evada, 
Arizona, Washington, Wyoming, Utah, Colorado, and Montana—pro- 
duced 87 percent of the total value. Increased production was re- 
ported for 19 States; decreased production, for 3 States. 

Gem materials were found in about 200 new localities mostly in 
Eastern States. The principal varieties of gem material produced 
in. decreasing order, by weight, were petrified wood, agate, rose 
quartz, quartz crystal, obsidian, and jade. In decreasing order, b 
value, the principal varieties were turquois, agate, petrified wood, 
jade, and quartzcrystal. __ 

Agate——Agate produced was valued at $50,000, a 60-percent drop 
from 1957. Only 389 tons of this material was collected, com- 
pared with 200 tons in 1957. The principal States, in decreasing 
order of production, were Oregon, New Mexico, California, Wyo- 
ming, and Texas. The value of production in Oregon was about the 
same as in 1957; that in New Mexico was about half the 1957 value. 

Diamond.—Production of diamond in Arkansas was reported at 
475 carats, valued at over $5,000. Hundreds of individuals paid fees 
for the privilege of searching for the gems on privately owned 
diamond deposits in Pike County. | ; 

Three diamonds, smoky in color, were recovered from a mud pipe 
in Pershing County, Nev., and a claim was filed on the deposit. 
Diamond also was discovered 155 feet underground b the Jersey 
Quarry Co. in an unidentified locality in Illinois. The diamonds 
from Illinois were reported to be too small for gems. 
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Jade.—Jade production was valued at $60,000, a 20-percent increase 
compared with 1957. Alaska was the principal producing State, 
followed by Wyoming, California, and Colorado. | 

Jade was found in its place of formation in Fremont County, Nev. 
All jade previously recovered in this area was from alluvial deposits. 

In California, good-quality jade was recovered from a deposit 
under 36 feet of water off the coast at San Simeon by skin divers. 
Jade also was produced in Arizona and Nevada. _ 

A new lapidary shop was built at the Shungnak Jade Project 
School, Shungnak, Alaska, and a portable diamond drill was ob- | 
tained to core jade boulders as an aid in the search for gem-grade 
material. A shortage of gem-quality jade prompted intensified pros- 
pecting. 

Petrified Wood.—Over 110 tons of petrified wood was produced, 
about equal to the 1957 quantity. Estimated value of production 
was about $50,000, principally from Arizona, Utah, Wyoming, Ore- 
gon, and California. Navajo County, Ariz., was the main producing 
area, with a value estimated at $12,000. : | | ee 

Turquois.—Arizona was the leading producing State, with 80,000 
pounds, but because the turquois was low grade its value was only 
$16,000. Nevada produced only 1,500 pounds but led in value of 
production with $30,000. Colorado production was 350 pounds, 
valued at $16,000. New Mexico production was about 5,000 pounds, 
valued at $5,000. . 

Miscellaneous Gem Material——Rose quartz production in South Da- 
kota was 35 tons, valued at $5,000. A small output also was reported 
from Maine. Se 

A vein of noncrystalline smoky quartz, ranging from light brown 
to deep black, was discovered in Jasper County, Ge Excellent gems 
were cut from unflawed pieces.® 2 

Precious opal produced in Nevada was valued at less than $2,000, 
compared with $52,000 in 1957. 

Obsidian (26,000 pounds) valued at $7,000 was about 214 times 
the quantity estimated for 1957. Obsidian was used principally in 
tumbling machines for making baroque gems. 

Quartz crystal (52,000 pounds) , valued at $23,000, came principally 
from Garland and Montgomery Counties, Ark. Other producing 
States were California, Utah, and Pennsylvania. 

Feldspar gem-stone production totaled 9,000 pounds, valued at 
$5,000. The principal producing States were South Dakota, Vir- 
ginia, Pennsylvania, and Colorado. 

About 1,800 pounds of beryl specimens, valued at $1,500 was pro- 
duced in Mohave County, Ariz. 

Copper mineral specimens totaling 6,800 pounds valued at $11,000 
were produced in Arizona. Of this total, 1,300 pounds was chryso- 
colla, valued at about $3,800. 

The quantity and value of some other gem stones produced were: 
Fluorite, 5,000 pounds, $1,400; onyx, 15,000 pounds, $5,000; rhodonite, 
10,000 pounds, $3,000; and tourmaline, 2,000 pounds, $8,000. 


2Gleason, F. E., Smoky Quartz in Georgia: Georgia Mineral Newsletter, vol. 11, No. 
Winter 1958, pp. 132-133. , pts 
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TABLE 1.—Estimated production of gem stones in the United States, in thousand 

dollars — 

1957 1958 1957 1958 

Alsska. scsc22eleeib222ssec2 ct ee es () (}) New York......-.---------------- 8 
Arizona. s2222 262 eczeccecscecies $75 $86 || North Carolina_....-...-.----.--- (?) 1.3 
Arkansas:2 2.22272 00-2ce- cosas @® 23 |! Oregon_....-.-.....-------------- 200 
California ......--..-------------- 100 - 150 1} Pennsylvania...-..--------.------ (?) 2 
Colorado. .....------------------- 35 38 || South Dakota...--..------.------ 15 16 
Connecticut......-.-------------- () 3 || Texas = soe sees eccecoeeecewele 100 100 
Adah0< 2. -2ssesseredo5-2 cece Sant GAP Utahes 2c ceccckccssee cect neste 12 40 
Mlinois; 322.2022 2sec esse ce scscts 1.3 |} Vermont .....22-- 225-22 e gee eess]sae-2.5 2 1 
Maine. 22 25 oes dese seks ste (*) 5 irginia: <5 2525- Sse seis] secetsce 3 
Maryland s2222<2s25ecca5-b237e (2) 1.5 || Washington........-....-----..-- 75 75 
Montana.-.-..------------------- 35 85 || Wyoming.--...---.---.---------- 55 52 

ebraska . 2 22-25-2250 225 22-52: 2 2 || Other States 2. .-.--...----------- 36 21 
Nevada -s2---222lse- ie ete 100 100 
New Hampshire. ...-.----------- (2) 5 Total 22222 22ns5s dese ee 882 | 1,006 
New Jersey . ...------------------ O 5 se 


New Mexico.....-..-----.-------- 


1 Included with “Other States.” —_. 

2 Less than $1,000 value with “Other States’ include: Florida (1957), Georgia (1957-58), Iowa (1957-58) 
Kansas (1958), Kentucky (1958), Massachusetts (1958), Michigan (1957-58), Minnesota (1957-58), Missour 
(1957-58), North Dakota (1957-58), Ohio (1958), Oklahoma (1958), South. Carolina (1958), Tennessee (1958), 


and West Virginia (1958). 
CONSUMPTION 


_ Sales of lapidary equipment and supplies, gem materials (excluding 

diamond), and mineral specimens slightly exceeded 1957 sales, with 
an estimated $5.5 million. Synthetic and imitation gem-stone sales 
from domestic and foreign suppliers were estimated at $11 million. 
Purchases of natural gem materials, exclusive of diamond, were re- 
ported to be about $15 million. 

_ The apparent consumption (domestic production plus imports 
minus exports) of gem stones was over $151 million compared with 
$142 million in 1957. | | 

PRICES 


Retail prices for some natural gem stones, cut and polished in for- 


eign countries, in 1957-58 were as follows: 
Range of prices 


Variety, size or color: per carat, dollars 


Alexandrite (1-2 carats). ---..------------------- 5-15 _ 
Alexandrite (5-20 carats) -_..-_-----------------. Up to 200 
Alexandrite (cats-eye, 5-6 carats) --_-------__------ Up to 100 
Chrysoberyl (1 carat) _-.---.---_----__-------------- 20-25 
Garnet (demantoid, 1-2 carats) _.---_--------_------ Up to 100 
Peridot (up to 6 carats) -._--.----_------------------- 1-2 
Peridot (100 and over) —_..------__--------------~~- 8-18 
Ruby (2 carats and over) —-----__--__---------.~---- 2,500 up 
Ruby (% carat and under)-__~_-___---.---___------ 2-5 
Ruby (star, all sizes) ____---_---_------------------ Up to 1,500 
Sapphire (golden) —~------------.---_-_------------- 10-25 
Spinel. “(ruby ) 222255004 o on esse oo ese sees Up to 100 
Spinel (purple, pink, blue) ~-.--___--_---_----_---_-- Up to 10 
Tourmaline (purple, pink, ruby) ----------------_.~. Up to 15 
Tourmaline (green) ..---._----------_--------------. 5-10 
Zireon (pale blue) ~----------_-_-_--_----_----_-_.-- 12 
Zircon (deep blue) ~~---__-------___-_-----_--__----- 8-10 
Zircon (white) —...--~- Geo ouieeetotee tooo oe 4-7 


Source: Jewelers’ ee nh eae vol. 128, No. 7, April 1958, pp. 104, 110, 112, 114- 
117; No. 8, May 1958, pp. 68, 70, 76; No. 9, June 1958, pp. 58, 60, 62. 
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Wholesale prices paid per carat for rough and uncut alexandrite 
ranged from $300 to $500 for Ceylon stones and up to $500 for the 
Siberian variety. Sapphires of the alexandrite variety, from Ceylon, 
cost about $50 per carat wholesale. ; 


FOREIGN TRADE ‘ 


Imports of gem stones decreased nearly 2 percent in value from 
1957. Gem diamonds supplied 85 percent of total imports, the same 
as in 1957. Precious stone imports from the Federation of Rhodesia 
se Nyasaland were reported for the first time and were valued at. 

141,000. 

Decreases in the value of cut but not set imported gem stones were 
a lag for synthetic gems (51 percent), emeralds (31 percent), and 
rubies and sapphires (10 percent). Increases were noted in natural 
pearls (24 percent), rough or uncut precious stones (excluding dia- 
mond) (22 percent), and cultured pearls (9 percent). | 


WORLD REVIEW 


World diamond production increased 2.7 million carats over 1957, 
Of the world total, 18 percent, was of gem quality. Sales of gem dia- 
mond in 1958 were 5.2 million carats valued at about $140 million 


compared with 5.5 million carats valued at $148 million in 1957. 


TABLE 2.—Precious and semiprecious stones (exclusive of industrial diamonds) 
i imported for consumption in the United States 


[Bureau of the Census] , 
1957 1958 


Item 


Carats Value Carats Value 
(thousand) (thousand) 


Diamonds: ; 


Rough or uncut (suitable for cutting into gem 
stones), duty-free. __.....-... 2.2. - 1997,162 | 12$77,170 | 1,129, 297 $72, 430 
Cut but unset, suitable for jewelry, dutiable___.___ 609, 775 65, 418 718,422} . 68,065 
Emeralds: Cut but not set, dutiable___._._........__. 37, 245 21, 595 38, 848 1, 100 
Pearls and parts, not strung or set, dutiable: 
A ee ee ane ee ECM a ne ee |. |. ee eres 
Cultured or eultivated...........-..-......-.-....-|.---...._ 39, 509 [-.--.- 2-2 e 10, 347 
Other precious and semiprecious stones: 
Rough or uncut, duty-free. __....--....----222----_ |e 2630 |------2..-4- 717 
Cut but not set, dutiable.__._.........._._.._-....|............ 33, 164 |-..-.2_L_-_e 2, 904 
Imitation, except opaque, dutiable: 
Not cut or faceted._....--.....-...-.------..._|oo 260 |e .e le 65 
Cut or faceted: 
Dy MMNObiGs ooo vedi eet crosses ea eles 2 464 [2-2 
Ot Or Ss Mantas et a ec ee dee el ate ns 1240,125 |... 2-8. 9, 311 
Imitation, opaque, including imitation pearls, 
CULIADIO 2 22 se ettns sete eae eS we ot 223 |.--.------- 17 
Marcasites, dutiable: Real and imitation. _......_.|......._.... BIG |e ccecee ee 26 


1 Revised figure. 
2 Data Known to be not comparable with 1958. 


‘Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Divi- 
sion of Foreign Activities, Bureau of Mines, from records of the U.S. Department of Com- 
merce, Bureau of the Census. 
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Countries reporting increases in production were: Tanganyika, 28 
percent; Belgian Congo, 7 percent; and Ghana, 7 percent. All other 


countries reported lower production than in 1957. 
TABLE 8.—Diamonds (exclusive of industrial diamonds) imported for consump- 
tion in the United States, by countries 


{Bureau of the Census] 


. 1957 


Country .. Rough or uncut | Cut but unset | Rough or uncut Cut but unset 
Value Value 
Carats | (thou- 
sand) Sand) 
North America:.Canada.._._- * 8, 850 $568 $103 
South America: 
Argentina.........2..-... 4 147 3 12 
Brat cu. cece gaee cee 3 3, 426 135 17 
British Guiana_-......... 4, 782 136 6 
Surinam.........-..--...-/ 2, 726 88 foecdcowcfeceveuset, 7 BEY oD leet 
Venezuela..--.....-.----- 61, 890 2, 058 4 
Total....-..---20--220-- 72, 971 2, 420 39 
Europe: 
Austfia.c.-.-22-2---------] ee (ici Ae ol Sooke ofa ee les ea soe 
Belgium-Luxembourg... ..] .130, 646 13, 308 40, 740 
France 21, 052 846 89. 
Germany, West 588 18 2, 442 
AUNGAIY ste otececeds esha ese tec eet AGRE) Bln eee he ope nie eo) 
Ttalyso a tee2t oe oe seen coe ees SL cese ee) VET! 90 foe a cee 
Netherlands 4, 248 8, 252 2, 927 
Switzerland... 9 ei ene (Serer 100 
United Kingdom 2646, 890 646, 077 1, 447 
Total___. 2804, 341 859, 360 48, 623 
Asia: 
Ceylon. ii. sseste8 oe. 22 fortes shat i chcce cs cabbies eee ieee ee ee 21 
Hong Kong__.---------.--|-.---.---|----------} 3 JO) fue 15 
India. 2] $2]. 885} 259 J. feel 4 
TSH jateuuene coon co cec bes ca ne. mess eee es. TAT). PAB dec ee eis ee settee, 
Israel... 3, 462 12, 769 
Japan__..----------------] AD 4] 1,207] 106 |__ t 22 
Lebanor a Ce a een eee 
Malaya, Federation of_- Bagel > ee P2oc.- s(n ac. oee eee ee eeeeebe | aeecececs|iea ee 
Singapore, Colony of-.---/f {0S [ererercnnfeene-mnd 99} 4 fe 
Th: Gisoccee els ocee lees coc le seeeee ek pase edcn [ocesdwet lecdeccoceloccceuus 
Total 4, 034 12, 831 
Africa: 
. Belgian Congo....._..__.- 4,150 CS Pee ee ce 
British East Afriea__.-._.]---___._}__---_- 
French Equatorial Africa_| 23, 690 O34: loo 72 sees oes 2 
French West Africa__._-- 2, 469 Ol fects coon fe ce ,686 } = 92 Jee feel 
Ghana___........----.-...]--.-..---|------.--_]---------]_..-.---| 72,951 | 53 |__.._____ SGeevese 
Liberia._..-...-..---. 2-2. 45, 496 1,608 |..-.-----J---.22 22, 989 Q) 
Southern British Africa__j_.......-|--------..) 42} 3 [_tw___ fee 
Union of South Africa_-___| 2 34, 161 21,670 6, 469 
Western Portuguese 
b> ARNO SG eee toca eee esac aededccs meee lessecces!, O66). BB Seac. 02s.) [poses 
Totals: 2.0 cesses 2109, 966 6, 469 
Oceania: Australia. .__-....._]_.-..---_]-----.. BS poo 8S eee we aes] ee ae ee feel A scccc eee 
SSeS _——ma—=L SS EES ——— SO ———_—_—_ 
Grand total_......-2.. 2997, 162 |2 2 77,170 
een SS SSS SSPa afar anflerenes nse ansjSSUSUSS Sens tsentvsosisnantsnnanaansnessocmresarerestt 
1 Less than $1,000. 
? Revised figure. : 


3 Data known to be not comparable with 1958. 
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NORTH AMERICA 


Canada.—Upstream gravels near Princeton district, British Colum- 
bia, yielded seven or eight minute diamonds. The area was staked, 
and further prospecting and sampling were anticipated.” oe 

An article on industrial minerals in Canada contained a section on 
the occurrence of gem stones and mineral crystals. Some information 


was given on the size of the Canadian gem-stone industry.® 
SOUTH AMERICA 


Brazil.—In 1957 the National Department of Mineral Production — 
authorized rough-diamond exports of over 7,800 carats valued at nearly 
$950,000 and over 55,600 carats of cut semiprecious gems valued at. 
about, $5,500.” 3, oe ks 4 

British Guiana.—Exports of diamond in 1958 were 31,000 carats 
valued at $1,394,000 or over $42 per carat, compared with 29,000 carats 
in 1957. The 1958 production of diamond reversed a decreasing trend 
apparent since 1955.° | a —_ . 

A new diamond-cutting plant was established, costing $20,000.° 

Paraguay.—No gem stones were produced, but probable locations 
were discussed in a report.*° | : : 

Venezuela.—Nearly 14,500 carats of gem-quality diamonds were pro- 
duced compared with about 24,800 carats in 1957. 


EUROPE 


Belgium.—The demand for gem diamond lessened throughout the 
world, especially in the United States, Belgium’s principal buyer. 

Imports of cuttable gem diamonds decreased 20 percent by weight 
compared with 1957, and imports of polished gems were 3% percent 
less. Exports were 7 percent less. | | 

Purchasers in the United States bought 79 percent by weight of all 
uncut gem diamonds sold and 50 pacers of the polished gems.” 

Portugal.—The Government established a diamond-cutting corpora- 
tion, Sociedade Portuguesa de Lapidocio de Diamantes in Lisbon. 
This company will process stones produced in Angola, formerly ex- 
ported to the United Kingdom, and will purchase additional stones 
from London diamond interests. | 

United Kingdom.—Gem-diamond sales of the Central Selling Organi- 
zation in London were $138.4 million, 6.4 percent below 1957 sales.* 


ata Mining Journal, Royal Canadian Venturers: Vol. 79, No. 9, September 1958, 


p. : 
6 Western Miner and Oil Review (Vancouver, B.C.), The Search for Industria] Minerals 
in Canada: Vol. 31, No. 6, June 1958, pp. 36-37. 
oe Embassy, Rio de Janeiro, Brazil, State Department Dispatch 332: Sept. 23, 1958, 
p. 2. 
ioe ue. ce Georgetown, British Guiana, State Department Dispatch 150: Mar. 18, 
59, p. 30. 
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"S. Embassy, Caracas, Venezuela, State Department Dispatch 856: May 14, 7 
1: Dispatch 962: Apr. 29, 1959, Encl. 1, p. 2. y a lea 
12 Bureau of Mines, Mineral Trade Notes: Vol. 48, No. 6, June 1959, pp. 30-32. 
13U.S. Embassy, Lisbon, Portugal, State Department Dispatch 337: Jan. 2, 1958, p. 1. 
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Afghanistan.—Lapis lazuli production totaled over 1.5 short tons. 
The value of the uncut material was $41 to $45 per pound, and the 
cut and polished gems were valued at $59 to $136 per pound.*® 

India.—The production of emeralds in 1957 totaled 338,000 carats, 
compared with 474,000 carats in 1956. Diamond production was 790 
carats in 1957 and 1,535 in 1958.26 ‘oe 

Israel— Diamond exports from Israel were US$32.7 million in 
1957, and US$32 million in 1958. It was estimated they would reach 
US$35 million during the 1959-60 period.” | | 

Japan.—Pearl standards were raised to reduce the number of in- 
ferior grade pearls exported. Members of the Pan-Japan Pearl Cul- 
tivators Cooperation warned all pearl producers to avoid buying or — 
selling cultured pearls produced by using a nucleus of synthetic ma- 
terial. The difficulty of drilling such pearls without breaking caused 
a damaging effect upon the cultured pearl export trade.”* | 

The United States was the biggest market for cultured pearls, 
taking about 70 percent of exports. The remainder was exported to 
Europe. Exports of over 54,000 pounds of cultured pearls to the 
United States was expected in 1958.*° y Bess a 

Thailand.—Only a small quanity of gem stones originate in Thailand. 
Imports in 1956 were over 13 million carats, of which 12 million was 
synthetic stones. Most of the imported gems were cut, polished, and 
sold locally. Gem-stone exports were over 1 million carats, princi- 
pally synthetic gems, zircons, and sapphires.” | 

USS.R.—A ‘%-year plan was drafted for the development of the 
Yakutia diamond industry in the U.S.S.R. It was expected that: the 
home demand for gem diamonds would be met under this plan.**_ Dur- 
ing exploitation of the Yakutia diamond deposits, gem-quality chryso- © 
lites were found.” | ? e 

AFRICA 


Basutoland.—Diamond was discovered in a kimberlite pipe in the 
Makhotlong area. Only small gem and industrial diamonds were 
recovered.”* 

French Guinea—A short history was written on the occurrence and 
production of diamond in French Guinea. Most gem diamonds found 
were of poor quality. Production was 250,000 carats.” 


= uae mmaaeey Kabul, Afghanistan, State Department Dispatch 466: May 23, 1959, 
nel. 1, p. 1. 
16 Bureau of Mines, Mineral Trade Notes: Vol. 47, No, 2, August 1958, p. 24. 

U.S. Embassy, New Delhi, India, State Department Dispatch 1237: os 23,. 1958, p. 1. 

17 U.S. Embassy, Tel Aviv, Israel, State Department Dispatch 533: Feb. 26, 1959, p. 10. 
; ae epen ae Bulletin, Synthetic Nuclei Attacked by Pearl Cultivators : No. 219, Dec. 

> Jewelers’ Circular-Keystone, Japan Expects a Big Boost in Pearl Exports This Year: 
Vol. 129, No. 5, February 1959, p. 140. 

% Bureau of Mines, Mineral Trade Notes: Vol. 46, No. 6, June 1958, pp. 37-38. 

© Mining Journal (London), vol. 251, No. 6428, Oct. 31, 1958, p. 478. 

2 Tlin, I. V., Kuryleva, N, A., Popugayeva, L. A., and Cigal, Ya. B. [Chrysolites From the 
Kimberlite Tubular Columns of Yakutiya as Precious Stones for Jewelry Industry]: 
Se Okhrana Nedr., No. 2, 1958, pp. 8-9; Library of Congress Ref. Card 132, Jan. 
er he Quarry Engineering (London), New Diamondfield: Vol. 24, No. 8, August 

Pp. ° 

% Moyal, Maurice, Guinea’s Mineral Wealth: Min. Mag. (London), vol. 252, No. 6446, 

Mar. 6, 1959, p. 255. 
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_ Liberia.—Diamond mining was established on a small scale by the 
Liberian Government in 1936. Real interest in diamond mining began 
in 1953, and in early 1957, 30,000 people were prospecting and mining 
around the Lofa River. Because of the disorder of the diamond rush 
and the loss of manpower for other activities the Government closed 
the diamond fields in April 1957. In July 1958 they were reopened 
to prospectors on a controlled basis, except for an area near the Lofa 
River which was withheld for future large-scale mining by conces- 
Sionaires. By late 1958 more than 1,300 prospecting licenses and 400 
mining licenses had been issued. Foreigners were excluded from 
mining or prospecting, except in coricessions. No thorough geologic 
survey of the diamond field was made. Diamond production was 
- difficult to estimate because of the great number of diamonds smuggled 
into Liberia from nearby countries. Illicit imports into Liberia were 
thought to be valued at $10 million in 1956 and $5 million in 1957. 
The reduction in 1957 was attributed to stricter export controls in 
Sierra Leone.”® : gS ghia dy 
- Exports of diamond in 1957 were 800,000 carats valued at $1.5 ‘mil- 
lion, but only 20,000 carats valued at $200,000 was gem quality.22 - 
“Rhodesia and Nyasaland, Federation of—Samples of the emeralds 
found near the Belingwe Native Reserve, known as the Sandawana - 
emeralds, were sent to the United States for valuation. The initial 
shipment weighed 1.27 ounces and produced 40 cut stones weighing _ 
6.54 carats valued at $375. The second parcel, weighing 5.6 ounces, 
produced 200 carats of cut gems valued at about $6,000. Many other 
gem materials, including diamond, chrysoberyl, amethyst, and: rose 
quartz, have been found in Southern Rhodesia.2”?”__ re 
_A second emerald discovery was reported near the initial Beling-we 
find. The emeralds in this deposit were of lower quality2> Se 
South-West Africa.—Production and exports of gem’ stones in 1958 
was reported as follows: ”° | fa OS fo Baa 


TABLE 4.—Production and exports of gem stones, South-West Africa 


Exports’ . 
Production : 
Quantity Value 
Wolamotnd ti hin se acc te Bes Sy pee eee telnet a 640,752 carats______ $32,100. 000 
Amethyst (20.84 tons). .....-...._.------.-__._____-_-.-.----...- 14.67 tons. __.-___- 7, 400 
Rose quartz (2 tons)__..-..----...-..--.------------- ~~ 1.28 tons_.-_. 2. _ 616 
ANGERS CVO 1 232 case ieee oo eel ena tone So ek nari oil PUONscsu2c sk eea 560 
ourmaline (10,700 grams). _____.._.--.-.-.-..--.--.----------«--..--0., 1,000 grams -._.-- 420 


SS et ere nrueesusspsvesmse-esessesueeurvesnmnisountnns 


1 Data not available. 


= 0.8, Embassy, Monrovia, Liberia, State Department Dispatch 180: Jan. 6, 1959, 
pp. . 
soe Journal (London), Liberia’s Diamond Laws: Vol. 251, No. 6429, Nov. 7, 1958, 


p. ; 
# Jason, Lewis, Valuing Gems Stones Found in Rhodesia: Rhodesian Min. Eng. (Salis- 

bury), vol. 23, No. 8, August 1958, p. 38. 
28 Bureau of Mines, Mineral Trade Notes: Vol. 47, No._6, December 1958, p. 35. 

ro vee fot aa Na Johannesburg, South-West Africa, State Department Dispatch 245: 
ar. 3, » p. 2. 
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_ Tanganyika.—The De Beers Consolidated Mines, Ltd., and the Tan- 
ganyika Government became equal owners in the Williamson Dia- 
mond, Ltd., mine at Mwadui under terms of an agreement signed 
August 13, 1958.29 a | | nites 

~' Diamond production from the Williamson mine was 515,762 carats 
valued at over $12 million, an alltime high and an increase of 143,160 
carats over 1957 production. The recently constructed treatment 
plant of the Williamson Diamond, Ltd., operated at full capacity 
during the year.* 

A mining claim acquired by Tanganyika Corundum, Corp., Ltd., 
in 1958 contained ruby of near precious quality and corundum associ- 
ated with zoisite as an apple-green rock suitable for art objects. Early 
production was anticipated.? © | | 

The De Beers Consolidated Mines, Ltd., 71st Annual Report, 1958, 
included a statement by the chairman of the board that the most 
important development during 1958 was the purchase jointly with 
the Government of Tanganyika of the entire share capital of the 
Williamson Diamond, Ltd. For 50 percent interest about $7.1 mil- 
lion was paid and in addition a loan of nearly $3.7 million was made 
to the Tanganyika Government to assist them in financing their share 
of the business. This loan is repayable out of dividends received by 
the Government on its shareholding in Williamson Diamonds. — 

The financing of the sale of the Williamson mine was unusual in 
that it was based indirectly on an issue of Anglo American Corpora- 
tion of South Africa, Ltd., bonds that were offered by the Deutsche 
Bank Aktiengesellschaft of Frankfurt, West Germany, for sale to 
the public in Germany. The capital thus raised was used to support 
a loan by the Anglo American Corporation to De Beers Consolidated 
Mines, Ltd. Details of the transaction were presented in a joint 
announcement by the Directors of De Beers and the Anglo American 
companies issued September 3, 1958. fe we 2 

Union of South Africa—A new $4 million diamond treatment and 
recovery plant at the De Beers mine at Kimberley was opened by 
H.'F. Oppenheimer, chairman of De Beers Consolidated Mines, Ltd., 
June 10, 1958. The plant was capable of handling 20,000 tons of ore 
a day. The plant will serve Du Toitspan, Bultfontein, and Wessel- 
ton mines, as well as the De Beers mine, should it come back into 
production.® | | 
_ A diamond deposit discovered near Swartruggens, Transvaal, was 
described. a 

OCEANIA 


_ Australia—Precious opal weighing 136 pounds was discovered in 
southern Australia. Three pieces of these opal in the rough, valued 
at $175,000 were shipped to the United States.** Another opal, weigh- 


*% Bureau of Mines, Mineral Trade Notes: Vol. 47, No. 3, November 1958, pp. 30, 31. 
a is ear Dar es Salaam, British East Africa, State Department Dispatch 272: 
ar. 20, , p. 3. 
3 Mining Magazine (London), Corundum (Ruby): Vol. 100, No. 3, March 1959, p. 149. 
3 Engineering and Mining Journal: Vol. 159, No. 7, July 1958, p. 159. 
* Mining Magazine (London), Investigation of a Transvaal Diamond: Occurrence: Vol. 
100, No. 3, Mareh 1959, pp. 181-182. 
. * Wall Street Journal, Unfinished Pieces of cae Opal Stone Ever Found Arrive in 
U.S. From Australia: Vol. 152, No. 80, Oct. 16,1958, p.4.. 4 —— 
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ing 5 pounds, 14 ounces, was found in the Andamooka opal field. It 
contained about 2 pounds of precious opal valued at $3387 an ounce. 

Diamond prospecting and mining in Australia were discussed. 
The government of Western Australia granted a temporary reserve 
in the Kimberley area for diamond prospecting. In New South Wales 
placer diamond mining has been active for a number of years. The 
diamonds are of high quality but small, and only a few are suitable 


for jewelry. 
TECHNOLOGY 


_ Geochemical prospecting for diamonds by testing soils and plants 
for nickel was noted as a possibility.*” a | 

The history, geology, and use of diamond found in India were 
published.® : 

A British Guiana Geological Survey publication reported a com- 
plete survey of the diamond resources of the colony.” yn * 

The history and geology of the Bubani Emerald mine, India, were 
published. The emeralds, found in pockets or lenses in a talc-actino- 
lite-biotite schist in the vicinity of pegmatites, often are associated 
with apatite and green mica.” | . eae 

A review of the gem-stone industry in California included mineral- 
Oo and geology, occurrences, locations of deposits, and a 
bibliography.“ 

Each monthly issue of the Mine and Quarry Engineering (London) 
journal beginning with October 1953 described a mineral, giving the ~ 
synonyms, nomenclature, varieties, composition, crystallography, 
pone optical properties, tests, diagnoses, occurrences, and uses. 

ach mineral was illustrated in color. In the 1958 issues the minerals 
in chronological order were: Vanadinite, wollastonite, pyromorphite, 
vivianite, monazite, graphite, magnesite, bauxite, garnet, lepidolite, 
dioptase, and sphaerocobaltite. 7 

The method used by the Consolidated Diamond Mines of South- 
West Africa, Ltd., in developing its 240-mile-long diamond property 
on the sea coast was described. The report of the recovery procedures 
including sampling, overburden removed, excavation and tramming, 
and preliminary treatment of the diamondiferous gravels. 

A series of articles published in German on synthetic emeralds 
contained information on varieties produced, manufacturing methods, 
characteristic differences between American and German synthetic 
emeralds, and causes of cracks formed in production. All articles 
were illustrated. 


% Mining Magazine (rendon); Diamonds: Vol. 99, No. 8, September 1958, p. 164. 

87 Mine and Quarry Engineering (London), Geochemical Prospecting for Diamonds:. Vol. 
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33 Kulkarni, M. G., Prosperity Through Diamonds: Malaney & Co., Bombay, India, 1958, 
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» Pp. 1—-s. 
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829; No. 7, July 1958, pp. 381-385 ; Ind. Diamond Abs., vol. 5, June 1958, p. ‘AST ; July 
1958, p. Ai02; November 1958, p. A171; September 1958, p. A185. 
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Details were given on the synthesis of gems, differentiation of 
synthetic from natural stones, and the manufacture of rutile, quartz, 
emerald, and diamond.“ | 

Information on the production of strain-free synthetic sapphire 
by a hydrothermal technique was given. The process involves dis- 
solving and recrystallizing aluminum oxide from an aqueous solution 
under high pressure and temperature. Synthetic rubies also could 
be made, using the same process, if a small quantity of a chromate 
was added to the nutrient.* | ae 

Other articles on synthetic gem stones were published concernin 
the production and properties of synthetic corundum, quartz, ana 
garnet; ** the historical development of synthetic gems with references 
to optical and physical properties,” and methods of producing and 
crystallizing synthetic corundum.* : 

Processes used in the manufacture of synthetic crystals for in- 
dustrial use were described.” | 

Synthetic lapis lazuli was made with color and appearance equal 
to the natural material but with the hardness and wear resistance of 
spinel. 7 

Black pearls were made by exposing white pearls to neutron bom- 
bardment in a reactor. The black luster was said to be permanent.” 

The judging diamond with relation to origin, weight, luster, and 
color, and methods of cutting was discussed.” 

A new system of calculating the weight of a cut gem stone was 
given.® 

Ultrasonic methods used in cutting, drilling, and carving hard gem 
material were reviewed.** 

It was determined that a small percentage of iron oxide—not 
chromium or vanadium—caused the colorization of green amazonite.” 

Optical, electrical, and other physical tests were made on more than 
1,000 gem diamonds to show adsorption by infrared light and to 
identify the variety of impurities. 


“¥Espig, H., [Manufacture of Synthetic Precious Stones]: Chem. Tech. (Berlin), vol. 9, 
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8 Schiebel, W., [Ultrasonic Methods for Working Gemstones]: Zeits. Dtsch. Ges. fiir 
Edelsteinkunde, vol. 19, 1957, pp. 7-11; Ind. Diamond Abs., vol. 15, March 1958, p. A48. 
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Foreign patents were issued on gem construction,” color improve- 
ment of pale diamonds,® and an apparatus for manufacturing syn- 


thetic jewels.” 


5? Marks, R. V., alescent Gem Construction ; Australian Patent 216,746, Official Jour., 
vol. 28, No. 29-34, August-September 1958; Ind. Diamond Abs., vol. 15, December 1958, p. 
88 Custers, H. F. J., Dyer, H. B., and Ditchburn, R. W., Method for Improving the Colour 
of Pale Yellow or Brown Diamonds: Swiss Patent 332,126, Patentliste, No. 16-17, August— 
September 1958; Ind. Diamond Abs., vol. 15, December 1958, p. A206. i 
'General Electric Co., Ltd., Apparatus for Manufacturing Synthetic Jewels: British 
Patent 798,818, Official Journal (Patents), No. 3616, June 4, 1958; Ind. Diamond Abs., 
vol. 15, August 1958. p. A128. oe 


Gem Stones 
_ By John Ww. Hartwell? and Betty Ann Brett ? 


2 


EM stones and mineral specimens produced in the United States 
during 1959 had an estimated value of $1,185,000, nearly 18 
percent more than in 1958. This increase was primarily due 

to a 235-percent gain from Utah and increases from 28 other States. 

New gem stone deposits continue to be found in all sections of the 

United States. A few old deposits, thought depleted, were reestab- 

lished as producing localities with the introduction of new mining 


methods. . 
DOMESTIC PRODUCTION 


Because of the many scattered, part-time, and amateur producers 
of gem stones it was not possible for the Bureau to canvass all opera- 
tions. Therefore, the information is based on a partial survey, and 
the domestic production figures given in this chapter are estimates 
based on available data. | | | 

Production was reported for the first time from the 50th State, 
Hawaii. Oregon was the leading producing State, with an estimated 
$200,000, the same as in 1958. Eleven States—Oregon, California, 
Utah, Nevada, Texas, Arizona, Wyoming, Washington, Colorado, 
New Mexico, and Montana—produced 88 percent of the total value. 

During the year petrified wood, turquoise, jade, agate, quartz 
crystal, and mineral specimens, in that order, comprised about 27 
percent of the value of all gem materials and mineral specimens 
collected. Principal varieties produced, in decreasing order by 
weight, were petrified wood, agate, rose quartz, anclaasited mineral 
specimens, quartz crystals, and jasper. ‘These materials comprised 
about 10 percent of the total weight collected. 

Agate.—Producers in 27 States reported recovering 35 tons of agate 
valued at $30,000, a 10-percent decrease in weight, and a 40-percent 
decrease in value from 1958. Principal producing States, in de- 
creasing order of production, were Oregon, Utah, yoming, Cali- 
fornia, and Texas. Gem-stone industry representatives estimated 
that agate production from Oregon, Washington, Idaho, and Mon- 
tana ranged from 50 to 200 tons. 

Jade.—Over 11,000 pounds of jade valued at $35,000 was produced 
during 1959. Wyoming was the leading State in value ($17,000) ; 
Alaska led in quantity (5,625 pounds). Sone processed jade, mined 
at Dah] Creek near Kobuk, Alaska, was sold at auction at the Anchor- 
age Fur Rendezvous, Anchorage, at prices ranging from $3 to $22 


1Commodity specialist. 
2 Statlotiog clerk. 
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per pound. The average price paid for Alaskan jade, rough and 
uncut, was more than $2 per pound. Quantities of jade continued to 
be sent to West Germany for cutting and polishing. 

Petrified Wood.—An estimated 350 tons of petrified wood valued at 
more than $100,000 was produced by 16 States during 1959—greater 
than three times the estimated 110 tons reported in 1958. Utah was 
the leading State, with nearly 200 tons valued at $60,000, followed 
by Arizona, Oregon, and Wyoming. . 

Quartz Crystal—About 16 tons of quartz crystal valued at $10,000 
was produced in 12 States. Arkansas led with over 18 tons valued 
at $5,000. About 11,000 carats of smoky quartz crystal valued at $1,000 
was reported recovered in New Hampshire. | 

Turquoise—Total U.S. production was estimated at 16,000 pounds 
with a value of $63,000. Arizona remained the leading producing 
State with 9,000 pounds valued at $18,200. The area around Globe 
and Miami yielded about 6,000 pounds valued at nearly $12,000. An 
additional 1,000 pounds valued at $2,000 was reported produced in 
the Cerbat Mountains in Mohave County. | 

In Nevada Lone Mountain Turquoise Mine, Esmeralda County, 
reported production of 550 pounds valued at $11,000, Total State 
production was nearly 1,500 pounds valued at $22,600. 

The Villa Grove Lode Mine, Saguache County, Colo., reported 
production of 340 pounds valued at $16,000. Ce 
~ Miscellaneous Gem Material—The quantity of mineral specimens pro- 
duced in the United States was estimated at over 125,000 pounds 
valued at nearly $90,000. The principal producing States were 
Arizona and Colorado. | | 

Tourmaline production at a Mesa Grande location in San Diego 
County, Calif., was 80 pounds valued at $7,200. 

Production of 1.25 pounds of fire opal valued at $1,500 was re- 
ported from the Banhow Ridge and Bonanza mines in Humboldt 
County, Nev. A new opal discovery near Yerington, Nev., was re- 
ported. One opal recovered in this deposit weighed 55 pounds. 

Diamond production in Arkansas was reported at 110 carats valued 
at $825. During the year a 6.42 carat stone reportedly was found. 

Sapphire production in North Carolina was estimated at $2,500. 
Montana production was reported by a mine owner to average about 
$6,000 per day; annual production was not given. 

Rose quartz production at the Scott Mine, S. Dak., was 134,000 
pounds valued at $5,000. Total U.S. production was estimated at 
140,000 pounds with a value of $6,000. 

The quantity and value of some other gem stones produced were: 
Amazonite, 2,000 pounds, $2,000; beryl specimens, 750 pounds, 
$1,300; fluorite, 7,000 or $2,500; garnet, 500 pounds, $2,100; 
jasper, 23,000 pounds, $7,000; obsidian, 10,000 pounds, $6,500; peridot, 
680 pounds, $1,600; and rhodonite, 9,000 pounds, $2,200. 


CONSUMPTION 


Consumption of diamond ($180 million) was about 28 percent 
higher; sales of cultured pearl ($13 million) were 25 percent higher; 
and sales of synthetic and imitation stones ($10 million) about 10 
percent higher than 1958. 
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TABLE 1.—Estimated production of gem stones in the United States 
. (In thousand dollars) 


1958 1959 1958 1959 
Alaske= 0x2 coc teosecea Q $18 1| New Mexico__..-..----------- $28 $39 
Arizona__.__...-------.------ 6 88 |} New York___....-..-.-------- 
Arkansas_._.-----.----------- 23 18 || North Carolina.....--------.- 1 9 
California. _-_...---.---------- 150 150 |} North Dakota_.....--.------- 1 1 
Colorado--..----------------- 38 43 || Ohio.__...----.-------------- (o) 2 
Connecticut_.---------------- 3 5 || Oklahoma._.__.._--_.~.------]---------- (') 
Plorida:, 222. i eco eee oes [Seen bcee 3 |) Oregon ...-05.2c0-2-2s. codecs 200 200 
Hawaii_......-...-.-.------.-]--.-~----- (’) Pennsylvania___....---------- 2 3 
[dSN0 2.202525 shes oe oe 5 5 || South Dakota......---------- 16 20 
Thinois... 2c ue eeeesks cease 1 1 |] Tennessee. .......-.-------.-- i Peace 
Kansas. 258 2 ees deeeelseceees ee Tl Pexase cc cccen ew aeeesclaeeeets 100 100 
Maines 2 sos ovens tad eels 5 1044] Utah. - 222-2.2-24-022245 95- 40 134 
Maryland.._--.-------------- 2 2 || Vermont.....----------.-.-.- 1 1 
‘Massachusetts_...------------}-------~-- 0) Virginia. 22220232 us2/---l225 3 4 
Michigan__.-.__.-------------|---------- 1 |} Washington. __.--.---.---.-.- 75 75 
Minnesota__......------------ ] Jesdesicess West Virginia._....---------- 1 1 
Missouris wc sccos-- eee es ef seste cence 3 || Wyoming. ...------.-----.--- 52 76 
Montana_-_._....------------- 35 35 || Other States_.....-.---------. 17 9 
Nebraska......--.------------ —————_——_—_—— 
Nevada. -...------------------ 100 100 Potali.c-c.22 22-222 Ss0 1,006 1,184 
New Hampshire__..-.-.------ 5 10° 
New Jersey...---------------- 4 6 


eee nee LL 


1 Included with ‘‘Other States.” 


Apparent consumption (domestic production plus imports minus 
exports) of gem stones in the United States in 1959 was about $189 


million. 
PRICES 


A booklet published early in 1960 listed retail replacement prices 
(for insurance purposes) for excellent and good quality, 1- to 40-carat, 
cut and polished gem stones.’ The gem stones included agate, aqua- 
marine, alexandrite, amazonite, amethyst, bloodstone, chrysoprase, 
cairngorm, citrine, diamond, emerald, garnet, hematite, jade, kunzite, 
labradorite, lapis lazuli, moonstone, morganite, onyx, opal, pearl, 
peridot, ruby, sardonyx, sapphire, synthetic gems, topaz, tourmaline, 
turquoise, and zircon. Prices ranged from $1 for a good quality 
1-carat agate gem to $16,000 for an excellent quality 8-carat Siberian 
emerald, or ruby. Diamond prices were quoted for stones up to and 


including 8 carats. 
FOREIGN TRADE * 


Value of gem-stone imports into. the United States in 1959 increased 
98 percent over that of 1958. Gem diamond accounted for 85 percent 
of the total imports, about the same as had been reported since 1954. 

Import value of natural pearls remained the same as in 1958, but 
cultivated pearls showed a 26-percent increase, primarily due to an 
increase of imports from Japan. 

Emerald imports, cut but not set, showed an increase of $1.4 mil- 
lion, primarily because of imports from Switzerland of $1.1 million, 
compared with $170,300 in 1958. The average value per carat of 
emeralds imported from Switzerland in 1959 was $725. 


. 


3 Guffey, Neal, Gem Appraisers’ Guide: Lapidary Jewelers, Inc. (Georgetown), Wash- 
ington, D.C., 1960, 56 pp. 
Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Divi- 
sion of Foreign Activities, Bureau of Mines, from records of the U.S. Department of 
Commerce, Bureau of the Census. 
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Exports of gem stones, precious and semiprecious, from the United 
States was $5.6 million in 1959, compared with $3.6 million in 1958; 
and reexports were $19.6 million, compared with $11.5 million in 1958. 


TABLE 2.—Precious and semiprecious stones (exclusive of industrial diamonds) 
imported for consumption in the United States 


[Bureau of the Census] 


1958 1959 
Item 
Carats Value Carats Value 
(thousands) (thousands) 
Diamonds: 
Rough or uncut (suitable for cutting into gem 
stones), duty free_._....-..-..-------------------- 11, 129, 808 1 $72, 563 | 1, 599, 720 $94,299 
Cut, but unset, suitable for jewelry, dutiable_.__.._ 718, 422 1 68, 068 928, 699 86, 366 
Emeralds: Cut but not set, dutiable_....--....-.2222. 38, 848 1, 100 88, 875 _ 2,450 
Pearls and parts, not strung or set, dutiable: 
Natural.cc.c22tocecte ee eA heen |e ase se $97" | cic Secs ee 595 
Cultured or cultivated._.---...--.-......--.-..-. walecsedecndoss! ; 10, 347 |.-...-...... 13, 083 
Other precious and semiprecious stones; 
Rough or uncut, duty free......._-.-.-.-----..-----]------------ WIE: fesciecesesce 678 
Cut but not set, dutiable__..................-....--]------------ 2; 904 |_-s-2222s25- 3, 990 
Initation, except opaque, dutiable: 
Not cut or faceted__....-..-.....--..-..-----~..]--.--------- G5" | event ses 64 
Cut or faceted: 
Byntheti¢s 220s sesees lL oceuc cu sede eoceent |i cocecek cee 28. |ccocesecesse 243 
Gher oo fs0 ss. sie le seo le sesee eect oe oes en kek tees 9, 311 jeeece2sssece 10, 746 
Imitation, opaque, including imitation pearls, 
Qutiable co. 2 ee oe eee ot ply (dole te carer 14 
Marcasites: Real and imitation, dutiable__.._..|-.-.-...-.-. 26 loccnesesctes 8 
Potaloscse eee sol ec Foeee kc eeew es chess eee 1165, 943 |_..--------- 212, 536 
1 Revised figure. 


WORLD REVIEW 


World diamond production decreased 1.2 million carats below that 
of 1958—the first annual decrease in 13 years. Decreases from Sierra 
Leone (200,000 carats) and the Belgian Congo (1.8 million carats) 
were the principal causes of lower production. Increases in other 
countries reduced the difference, bringing total production to 26.8 
million carats. 

Sales of gem diamonds (reported by the Central Selling Organiza- 
tion, London, which sold about 90 percent of the world total) were 
$177 million, compared with sales of $138 million in 1958. 


NORTH AMERICA 


Dominican Republic.—Production and sales of amber in 1959 were 
about 161 pounds valued at $520.° 


SOUTH AMERICA 


Brazil.—Possibilities of exploiting the Brazilian diamond deposits 
by large companies were discussed. Brazil produced only 3 percent 
of the world’s diamonds, but deposits were known in 12 States. These 
deposits were worked by large numbers of individuals who used 


5U.S. Embassy, Ciudad Trujillo, Dominican Republic, State Department Dispatch 354: 
Apr. 22, 1960, p. 1. 
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TABLE 3,—Diamonds (exclusive of industrial diamonds) imported for consumption 
in the United States, by countries 


{Bureau of the Census] 


1958 1959 


Rough or uncut | Cut but unset Rough or uncut Cut but unset 


Country 


Ceara penetrates meee eT Ennead) (eee i , , , , Te 


North America: 


Me@xiC0 oo eo ee toe Sets cesta ee eee. pene Picante et 


TS  , ia 


QE os Pease esoelasecened|aaeeccsc oe eee es 
39, 405 
52, 092 


Se eeeenenemmnemneenesmen feemmmeememeeenneemmmre| fermen (re OE  / 


192, 980 
111, 581 

784 
Netherlands__.__...____ 8, 252 
Switzerland... ..........]-------.---]-------. 
1 646, 274 


1859, 871 


Belgium-Luxembourg-- 


398, 790 
France-...-....-.---.-- 


24, 373 


rennet | anette | ntact | tntensties | anne | eorenenrenemae tet | manana 


cr fa fi ff fe fe 


ere | erences | aevverecrenyaetciee | steamer ft | nee | enepntteete 


151, 152 


a ff ff 
Se ee fe fs | | 


Africa: 
Belgian:Congo.e-c222:1 76026 80 fecccceceee ue ke ce cule ec 
British East Africa... 479 [ = 15 Jeon 
French Equatorial 

Afri 


Se ee ees ens err? 


—~ omnes anannaanne ee ere 


(2) 
Union of South Africa... 16,472 
Western Portuguese 
Africg sod 


30, 384 
106, 801 


1 Revised figure. 
2 Less than $1,000. 
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TABLE 4.—World production of diamond, by countries 


[In thousand carats] 
Nee TT aaa ean Deane aman te A SA AA A a aaa eaaaaaiaaaaaad 
1958 1959 
Country sig | Ee se 


Gem Industrial Gem Industrial 


Africa: 
Angol§.o..2ic22Ses.o Sah. esusced ee boissons soca 601 400 516 500 
Belgian Congo: 
Bakwanga.-..--------------------------------- 304 15, 700 396 13, 800 
Kasgit2 soot sce ego eee 469 200 259 400 
French Equitorial Africa 1.__._---.---------------- 45 60 40 60 
French West Africa 1...-----.---.------------------ 195 260 200 400 
Ghanas oes esos oi oie eects ee tes sees lene 1, 232 2, 200 876 2, 200 
Bibetia?.2.¢o552.0 eso een he ess see 0 470 
Sierra: Leone. 2: ce csc-ce2- ve eseeeece eee 590 | . 900 644 650 
South-West Africa_......-------------------------- 844 | - 60 841 90 
Tanganyika-:.-2-. iss caesecssele ns ese ste sec sesey ; 231 290 274 350 
Union of South Africa: 
Premier: eo. eo ee eee eee ate 316 960 323 950 
De Beers Group .-_.---------------------------- 488 480 562 500 
Other “‘pipe’’ mines !_._.-.-------------------- 40 70 30 70 
Allivial ©8203 occ ue ee eee doe 100 100 250 150 
Other regions: 
Brag !208 2 ccei clio Se Set ces benuse ge este seus 150 150 180 170 
British Guiana_..-_-.-.---.------------------------ 18 20 22 40 
Veneztiela:222c coos see eee te ot ee eee 15 75 15 80 
India, Borneo, Australia, U.S.S.R., and Others !__. 5 5 5 10 
World total: 2c2-k ee ee cewste ent che eet aeee 5, 961 22, 430 5, 903 20, 920 
1 Estimate. 
2 Exports only. 
3 Including State-owned mines. 


primitive recovery methods. Over 90 percent of the diamond re- 
covered was gem stone, because little effort was made to save the 
small and industrial stones. Recovery of diamond by large com- 
panies may be difficult because of the low ratio of payable diamond 
material to worthless rock.® | 

The variety and approximate quantity of uncut gem stones ex- 
ported from Brazil in 1959 are given in table 5.” 

British Guiana.— Production of diamond in 1959 was more than 430,- 
000 stones weighing about 62,330 carats, compared with more than 
280,000 stones weighing about 33,000 carats in 1958.° 


Colombia.—During 1958 the Banco de la Republica decided to re- 
organize the Muzo and Cosquez emerald mines. In mid-1959 a pro- 
posal was made by the Minister of Mines to establish the emerald 
mining industry as a “public utility,” with exploitation rights 


TABLE 5.—Gem stone exports from Brazil, uncut, 1959 


Variety Quantity Variety Quantity 

(pounds) (pounds) 
Agate 22.0 soso he oe iad 357,300 |} Popa. -o2222-s2ceesccse eau eee sees 400 
Amethyst. 2.202. cess esc seca peseee 33, 100 |} Tourmaline_-.----._------ 600 
Aquamarine_-___-..-------..---------- 1,0C0 |] Other, n.e.s__.------------ 352, 800 
Cat's eyee sie soo a sode cee eee Se ee 10 |} Diamond (carats).....-.-._.---------- 25, 000 


*Mieritz, R. B., Brazil, An Untapped Diamond Source: Min. World, vol. 21, No. 1, 
January 1959, pp. 41-43. 
7U.S. Embassy, Rio de Janeiro, Brazil, State Department Dispatch 1044: Apr. 28, 1960, 


pp. 2-3. 
. . paduertal Diamond Review (London), News in Brief: Vol. 20, No. 231, February 1960, 
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reserved for the Government. Renewable 5-year contracts could be 
granted to private companies under government supervision.® | 

Early in 1960 it was announced that these emerald mines would be 
worked" by a new company, The Colombia Emerald Co. This com- 
pany was organized with government and private capital. (Private 
capital came from foreign and domestic sources, ) 1° 

roduction of emeralds in 1958 was over 93,000 carats of third-, 

fourth-, fifth-, and sixth-class material; 68,000 carats was classed as 
Morrallas ‘(semicrystallized product. having the appearance of tur- 
quoise matrix, but green in color). Emerald production in 1957 was 
estimated at 12,500 carats.2 

Venezuela.—Production of gem diamond in 1959 was 15,108 carats.” 


EUROPE 


Belgium.—A decline in recent years in the number of apprentices for 
some parts of the Belgium diamond industry was due to lower 
Wages, increased production demand, and inadequate training facil- 
ities. The industry, in recognition of the importance for a number 
of skilled workers, was considering establishing technical schools.2 

Imports of cuttable gem diamonds in 1959 were about 4.4 million 
carats valued at $102 million, compared with 4.4 million carats worth 
more than $90 million in 1958. Exports of cuttable and polished 
diamond in 1959 were about 1.1 million carats valued at $115 million. 
Nearly 50 percent of the polished diamond, valued at $50 million, 
was exported to the United States.14 | 7 

Finland—Gem materials found in Finland include chrome diop- 
side, which usually occurs as nontransparent material suitable for 
cabochons, (Transparent crystals of this diopside are rare.) Other 
gem materials reportedly found were almandine, blue cordierite, 
staurolite, quartz crystals, and garnet.” 

Germany, East.—Russian authorities reported opening an amber mine 
at Palmniken, East Germany. Production was reported at 25 to 30 
tons annually.1¢ 

Netherlands.—The Netherland Institute of Scientific Research of 
Precious Stones and Pearls installed X-ray equipment to distinguish 
natural and cultivated pearls. Examinations were available to 
private individuals for a fee.?” 

U.S.S.R.—A new diamond discovery in the northern Ural Mountains 
was reported. These diamonds were of gem quality.18 

The quality of diamond produced from the Yakutian area was 
unknown, but 80 percent of the stones were small, ranging from 0.5 
to 82.5 carats. The largest found was a 54.14-carat stone. Stones 


® Bureau of Mines, Mineral Trade Notes: Vol. 50, No. 1, January 1960, p. 18. 
%” Mining World, vol. 22, No. 3, March 1960, pp. 81-82. 

4 Bureau of Mines, Mineral Trade Notes: Vol. 49, No. 2, August 1959, p. 45. 

122U.8. Embassy, Caracas, Venezuela, State Department Dispatch 942: Apr. 26, 1960, p. 1. 
*°U.S. Consulate, Antwerp, Belgium, State Department Dispatch 125: Dee. 23, 1959, 


pp. 

* Bureau of Mines, Mineral Trade Notes: Vol. 50, No. 6, June 1960, pp. 8~9. 

% Laitakari, Aarne, Some Unusual Stones in Finland: Rocks and Minerals, vol. 34, 
No. 7-8, July-August 1959, p. 297. 

#@ Mining Journal (London), vol. 253, No. 6477, Oct. 9, 1959, p. 340. 

*7 Bureau of Mines, Mineral Trade Notes: Vol. 49, No. 4, October 1959, p. 40. 

#8 Mining Journal (London), Russian Diamonds: Vol. 254, No. 6490, Jan. 8, 1960, p. 46. 
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of gem quality were rare, although enough were found to start a 
small-scale jewelry-making industry.” Los 

United Kingdom.—The Central Selling Organization in London re- 
ported that sales of gem diamond in 1959 rose to $176,492,923 from 
$138,377,948 in 1958. Sales of diamond in the United States (about 
three-fourths of world sales) benefited from increased business ac- 
tivity and restocking of inventories depleted during 1958.” 

Cairngorms, amethysts, topaz, royal blue beryl, sapphires, garnets, 
sard, and agates from Scotland were described.?* 


ASIA 


Afghanistan.—Lapis lazuli production in 1959 was about 2 tons, com- 
pared with 1.5 tons in 1958. Unit value of cut and uncut material 
ranged from $41 to $136, the same as in 1958.” 

Bahrein, State of—Reports indicated that the value of pearl produc- 
tion would reach $210,000 in 1959. The pearling industry had been 
declining for several years owing to consumer preference for Japa- 
nese cultured pearls.”* | . 

‘Burma.—The quantity and value of gem stones produced in 1959 
were: Jadeite, 47,700 pounds valued at $72,800; ruby, 15,200 carats 
valued at $415,800; sapphire, 438,500 carats valued at $214,600; and 
spinel, 73,900 carats va ued at $119,100.% 

China.—Geologists reportedly discovered a diamond deposit in the 
Yuan River, Province of Hunan.” 

-" ‘India—Production of emeralds totaled 249,000 carats, compared 
with 80,000 in 1958, and 338,000 in 1957. Diamond production was 
682 carats in 1959, 1,535 in 1958, and 790 in 1957. Other precious 
and semiprecious stones also were produced during these years.” 

A directory of mines, firms, and mineral commodities of India, 
giving the name and address of each company owning or operating 
mines, was published.” 

Israel.—Israel was able to compete in world gem-diamond trade 
because of a low-wage level, high rate of raw material usage, and 
technical improvements in its production processes. Therefore, dur- 
ing 1959, new workers were trained, and additional diamond-cutting 
and -polishing enterprises were established. The raw materials and 
financial assistance were supplied by the Government.” 

Exports of polished diamond were about 470,000 carats. This 
was a 37-percent increase over the 1958 production of 341,000 carats.” 


19 Katkoff, V. Russia’s Diamond Strike, How Potent?: Jewelers’ Cire.-Keystone, vol. 129, 
No. 7, April 1959, pp. 85-91. 

2 Wall Street Journal, vol. 155, No. 5, Jan. 8, 1960, p. 15. 

21 Rhodesian Mining Journal, Gem Stones of Scotland: Vol. 30, No. 378, November 1958, 


p. 312. 

2.8. Embassy, Kabul, Afghanistan, State Department Dispatch 199: Apr. 9, 1960, p. 1. 
23Bureau of Mines, Mineral Trade Notes: Vol. 50, No. 1, January 1960, p. 18. 
%1.S. Embassy, Rangoon, Burma, State Department Dispatch 520: Apr. 27, 1960, Buel. 


1, p.1. 

25 Jewelers’ Circular-Keystone, Briefly : Vol. 129, No. 12, September 1959, p. 144. 

20.8. Embassy, New Delhi, India, State Department Dispatch 1431; June 4, 1959, p. 

35 ; Dispatch 1006: Apr. 25, 1960, Encl. 1, p. Tye 

Gane aD ane Quarry Engineering (London), List of Indian Mines: Vol. 25, No. 6, June 
p. : 

23Gemmologist, Report From Israel ; Vol. 28, No. 338, September 1959, pp. 177-178. 

2South African Mining and nger Journal (Johannesburg), Israeli Diamond 

Exports: Vol. 71, No. 3500, Mar. 4, 1960, p. 551. 
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Japan.—Pear] exports in 1959 were valued at nearly $29 million, an 
increase of $6 million over 1958.” Higher prices were expected be- 
cause a typhoon in September 1959 caused about $15 million damage 
to the pearl industry. <A shortage of quality cultured pearls might 
result for 2 to 5 years.™ 

A short history of the cultured-pearl industry of Japan, and recent 
techniques introduced by the industry, was reported.” 

Thailand.—About 1 million carats of gem stones was imported in 
1959, compared with 6.9 million in 1958. Of the 1959 imports, 99 per- 
cent were “precious and semiprecious stones, including synthetics, cut 
but not set, n.e.c.” Exports, 1.1 million carats in 1958, rose to 3.4 
million carats in 1959. Exports in 1959 included uncut sapphires 
(163,000 carats) , cut sapphires (314,000 carats), and cut zircons (217,- 
000 carats) 28 

AFRICA 


French West Africa—Upper Guinea has many alluvial diamond de- 
posits, about which production data are not available. However, two 
mining companies, Soginex, a De Beers subsidiary, and Compagnie 
Miniere de Beyla, a French company, exported about 52,000 carats 
of gem diamond in 1959.* | 

Rhodesia and Nyasaland, Federation of.— Vulcan Minerals (Pvt.), Ltd., 
sold its emerald deposit in the Belingwe district of Southern Rho- 
desia to Rio Tinto Ltd. The new owner planned to make a geologi- 
cal and mining survey of the area.®® 7 

Amethyst production in 1958 was about 3,800 pounds valued at 
$462, reported by the Northern Rodesian Department of Mines.* 

South-West Africa—Gem-diamond exports in 1959 were 819,351 
carats valued at $42,530,000. Other gem materials produced were 
rose quartz (4.25 tons), tourmaline (41.3 pounds) , Chalcedony (670 
pounds), topaz (20,300 pounds), and amethyst. Almost 3 tons of 
amethyst valued at $1,176 was exported.?7 

Tanganyika.—The Tanganyika Corundum Corp. produced a few 
small specimens from its ruby-corundum claim acquired in 1958.28 

A three-part historical and operational account of the Williamson 
Diamond mine was given. Part one described the property and the 
services rendered to the community. Part two discussed geology and 
mining operations. Part three gave information on the process of 
concentrating diamond.” 


* Foreign Commerce Weekly, Japanese: Pearl Exports Set Record in 1959: Vol. 68, 
No. 5, Feb. 1, 1960, p. 29. 

%1' Wall Street Journal, Cultured Pearl Sales Expected to Rise in 60 Despite Higher 
Prices : Vol. 155, No. 9, Jan. 14, 1960, p. 19. 

Jewelers’ Circular Keystone, Japan Typhoon Will Cause Pearl Shortage: Vol. 130, 
No. 4, January 1960, p. 116. 

*2 Bureau of Mines, Mineral ‘Trade Notes: Vol. 50, No. 1, January 1960, pp. 18—24. 

*8 U.S. Embassy, Bangkok, Thailand, State Department Dispatch 552: Mar. 30, 1960, 
Encl. 10, p. 1; Dispatch 673 : May 27, 1959, Encl. 10, p. 1. 
Bo anno eT ese Canakry, Republic of Guinea, State Department Dispatch 242: Mar. 

A » DP. 


South African Mining and Engineering Journal (J ohannesburg), Rio Tinto and 
Emeralds : Vol. 70, No. 3482, Nov. 6, 1959, p. 1153. 
%U.S. Consulate, J ohannesburg, Union of South Africa, State Department Dispatch 78: 
Sept. 29, 1959, Encl. 1, p. 1. 
ae ee Tene Johannesburg, Union of Seuth Africa, State Department Dispatch 252: 
ar. 31, Dp. 1. 
ie mae Masesine (London), Tanganyika Mining Industry, 1959: Vol. 102, No. 3, 
arc , DP. ‘: 
® Du Toit, G. J., The Williamson Diamond Mine: Mine and Quarry Eng. (London), vol. 
qe ae 3, March 1959, pp. 98-103; No. 4, April 1959, pp. 146-153 ; No. 5, May 1959, pp. 
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Union of South Africa.—Production of emerald crystals totaled 145 
pounds in 1958, compared with 13 pounds in 1957. The leading pro- 
ducer in 1958 was the African Emerald Mining Co. (Pty.), Litd., 
Pretoria. Tigers-eye production in 1958 and 1957 was 20 and 40 short 
tons, respectively.*° 


OCEANIA 


Australia—All important gem stones except ruby and jade have 
been found in Australia. However, only opal and to a lesser extent 
sapphire, diamond, and emerald have been recovered commercially. 

The principal opal- producing areas were Coober Pedy and Anda- 
mooka in South Australia, Lightning Ridge and White Cliffs in New 
South Wales, and the Hayrick mine near Quilpie, Queensland. 


TABLE 6.—Exports of opal from Australia’ by destination 


Country 1954 1955 1956 1957 1958 
Ceylon.._...------------------------------ $20, 906 $48, 010 $22, 340 $19, 889 $17,703 
Germany, West--------------------------- 55, 662 | ~ 64, 180 76, 715 148, 777 156, 507 
Hong Kong_-_..---------------------------- 511 17, 284 24, 201 23, 598 

Lu Howe eb ne gees cers. se sews ee slesae 645 12, 947 115, 752 244, 966 369, 531 
New Zealand_....-.----------------------- 1, 485 4, 382 3 2, 487 
United Kingdom-_-.-_--..------------------- 5, 103 7, 397 2, 860 27, 554 12, 611 
Other British countries_--.---------------- 8, 519 7,775 981 18, 543 5, 61 
United States_.....----.------------------- 114, 406 109, 912 127, 725 180, 442 166, 640 
Other..o..2--.cces se coset eee see 1, 861 3, 559 18, 106 34, 769 49, 076 

Motalosiver ves sdteess sees te eeeeee 204, 098 275, 446 389, 390 647, 227 787, 006 


tan oe from Australian Mineral Industry, Quarterly Review: Vol. 12, No. 2, pt. 1, November 
» D. 42. 


Sapphire has been produced from the Anakie field, Queensland, 
and the Inverell district of northeastern New South Wales. In 1920 
gems valued at $125,000 were produced in the Anakie field; however, 
by 1958 the annual production value had fallen to about $1,800. The 
sapphire was found in the form of water-worn fragments, presum- 
ably liberated from basalt deposits. Other gem stones found in these. 
alluvial deposits were green, yellow, and orange-yellow transparent 
to translucent corundum. 

In 1959 Tungsten Consolidated Ltd., bought 40 percent interest 
in an Inverell sapphire deposit. While developing the property, 
more than 100 ounces of gem-quality corundum was produced per 
week; about 80 ounces was cuttable. 


Diamond was small, off color, and not of gem pea The a 
cipal producing areas were Copeton, Bingara, and Cudgegong fields 


of New South Wales. 


Emerald production also was small. The principal producing 
area was near Poona, Western Australia. 
Complete statistical information on Australian and Japanese 
pearl-fishing operations in areas off the Australian coast were com- 
iled by the Australian Fisheries Division, Department of Primary 
dustry. These statistics, published in two volumes, covered the 


4) Bureau of Mines, Mineral Trade Notes: Vol. 49, No. 6, December 1959, pp. 41-42. 
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industry from mid-19th century through 1957. Annual supplements 
were planned for succeeding years.*1 

Pearl production values from 1954 to 1957 were $8,192, $7,493, 
$16,178, and $28,067, respectively. Ornamental shell (mother-of- 
pearl, trochus, and green snail) production for fiscal year 1957-58 
was 2,809 short tons, about $2.9 million in value.” 

French Oceania.—Mother-of-pearl shell exports totaled 535 short tons 
at $795,000 in 1957, and 693 tons at $1,132,000 in 1956. About 85 
percent of the exports were to France and West Germany.*® 


TECHNOLOGY 


A guide to the minerals and rocks of Minnesota was published. * 

The quartz family minerals, including the phanero and crypto- 
crystalline varieties found in California, were described. General 
references also were included. | 

The geographical, geological, morphological, and economic condi- 
tions of the important mineral deposits of the Burmese Union were 
discussed. These minerals included precious gem stones and jade.** 

An occurrence of jadeite in Kotaki, Niigata Prefecture, Japan, 
and its association with albite and a calciferous rock was studied. 
It was stated that albite placed under high pressure was transformed 
into jadeite with liberation of SiOQ..” 

Studies were made on rocks from the west slope of the Urals 
containing genetic accessory minerals which accompany diamond in 
Ordovician gravels,.* 

A pale green, fine-grained, ornamental rock from the Transvaal, 
Union of South Africa, known as South African jade, and another 
type of garnet, uvarovite, were described.” 

The Jewelers’ Circular-Keystone magazine, beginning with the 
January 1959 issue, gave facts and legends about birthstones for 
each month of the year. These gem stones in chronological order 
were garnet, amethyst, aquamarine, diamond, emerald, pearl, ruby, 
sardonyx, sapphire, opal, topaz, and turquoise. 

Each monthly issue of the Mine and Quarry Engineering (London) 
journal beginning with October 1953 described a mineral, giving 
the synonyms, nomenclature, varieties, composition, crystallography, 
physical and optical properties, tests, diagnoses, occurrences, and uses. 
Each mineral was illustrated in color. In the 1959 issues the minerals 
in chronological order were: Ilmenite, aragonite, tourmaline, adamite, 


‘ “U.S. Embassy, Canberra, Australia, State Department Dispatch 509: June 22, 1959, 
p. 
TP Bureau of Mines, Mineral Trade Notes: Vol. 50, No. 1, January 1960, pp. 16—17. 

‘8 Bureau of Mines, Mineral Trade Notes: Vol. 49, No. 4, October 1959, p. 40. 

“ Schwartz, G. M., and Thiel, G. A. Guide to the Minerals and Rocks of Minnesota: 
Univ. of Minnesota, 1958, pp. 1-26. 

‘ Peete i of Mines, Quartz Family Minerals: Min. Inf. Service, vol. 12, No. 
» & » Dp. 1-0. 

6 Jungwirth, Josef, Mining in Burmese Union—Present Status and Development Pos- 
sibilities: Berg-u hiittenmiinn. Monatsh. montan. Hochschule Leoben, vol. 104, 1959, 
pp. 143-151 ; Chem. Abs., vol. 53, No. 21, Nov. 10, 1959, col. 19721b. 

47 Shido, Fumiko, Calciferous Amphibole Rich in Sodium From Jadcite Bearing Albite 
of Kotaki, Niigata Prefecture: Chishitsugaku Zasshi (Tokyo), No. 64, 1958, pp. 595-600; 
Chem. Abs., vol. 53, No. 11, June 10, 1959, col. 9914e. 

48 Verbitskaya, N. P., and Gapeeva, G. M., Possible Sources of Diamonds in Alluvial 
Deposits of the West Slope of the Urals: Razvedka i Okhrana Nebr., vol. 25, No. 3, 1959, 
pp. 8-12; Chem. Abs., vol. 53, No. 18, Sept. 25, 1959, col. 16840e. 

# Frankel, J. J., Uvarovite Garuet and South African Jade (Hydrogrossular) From the 
Bushveld Complex, Transvaal: Am. Mineral., vol. 44, No. 5-6, May—June 1959, pp. 565-591. 
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campylite, asbestos, autunite, analcime, epidote, anglesite, prehnite, 
and niccolite. noo 

An inexpensive cardboard-mounted dichroscope was offered for sale 
in the latter part of 1959. This simple instrument helps in identify- 
ing colored stones and in distinguishing many synthetic from natural 

ems.” has an : ao > 3 a 
F An article on the atomic structure of diamond crystal presented new 
knowledge and led to a better understanding of the properties of 
diamonds. Also, current theories concerning the hardness of diamond 
were given.” 7 | | 

Sizable diamonds have been sold that were coated in such a way 
that some of the objectionable color was absorbed or neutralized. 
The coating made the stones appear whiter and therefore more valu- 
able. Methods of restoring the original color and the efforts of the 
Jewelers Vigilance Committee to discover some simple optical test 
to detect the coatings was reported.” | a“ | 

‘Four types of facets may be made when recutting diamonds with 
old-fashioned designs. This recutting is said to give better refraction 
but causes a weight loss of 10 to 50 percent.” 

The refractive indices, absorption coefficients, and_biabsorption 
were determined for two synthetic ruby samples, one colored pink by 
0.11 percent Cr.0; (chromic oxide) and the other colored deep red 
by 1.40 percent Cr.05.% | | 

A method for making rubies, similar to the hydrothermal growth 
technique used to make emeralds, was announced. About 2 years was 
required to produce these rubies, and they were made in batches of 
3,000 to 4,000 carats. Emeralds could be manufactured in about a 

ear.°> : ot 
7 White sapphires reported to be more perfect than natural stones 
were produced by the Bell Telephone Laboratories.” oe 
- Studies were made on unusual star-beryl, which contained a multi- 
tude of crystal inclusions.*” i 

-Astudy was made of the directional variation of grinding hardness 
in strontium titanate. 

Chrysoberyl and its special optical properties were described.” 

Care and restoration of pearl luster were explained. Scratch 
hardness of pearls, tested with a sceleroscope, is 58 to 64 compared 
with 178 for quartz, 304 for spinel, and 667 for ruby.” 


* Pough, F'. H., New Low-Cost Dichroscope on Market—Or You Can Make Your Own: 
Jewelers’ Circ.-Keystone, vol. 129, No. 11, August 1959, pp. 172, 174. 

51 Wedepohl, P. T., Why Diamonds Are So Hard: Jewelers’ Cire.-Keystone, vol. 129, 
No. 11, August 1959, pp. 132-133, 188, 190, 192, 195. 

52 Jewelers’ Circular-Keystone, More Gyps Now “Coat” Diamonds, JVC Warns: Vol. 129, 
No. 12, September 1959, p. 159. 

53 Deutcher Goldschmiede Zeitung (Stuttgart), [Re-cutting Diamonds]: Vol. 57, No. 9, 
September 1959, p. 499; Ind. Diamond Abs., vol. 16, November 1959, p. A212. 

& Mandarino, J. A., Refraction, Absorption, and Biabsorption in Synthetic Ruby: Am. 
Mineral., vol. 44, No. 9-10, September—October 1959, pp. 961-973. 

5 Jewelers’ Circular-Keystone, “Cultured” Rubies Shown to Jewelers by Chatham: 
Vol. 129, No. 12, September 1959, p. 158. 

2 ane sueweletier Sapphires Brewed in “Pressure Cooker”: Vol. 76, No. 10, Sept. 
’ » DP. 5 

5 Eppler, W. F., An Unusual Star-Beryl: Jour. Gemmology (London), vol. 7, No. 5, 
January 1960, pp. 183-191 ; Ind. Diamond Abs., vol. 17, March 1960, p. A61. 

68 Giardini, A. A., and Conrad, M. A., Directional Hardness of Strontium Titanate by 
Peripheral Grinding: Ceram. Abs., vol. 42, No. 4, April 1959, pp. 165-168. 

58 Webster, R., The Prized Chrysoberyl : Gemmologist (London), vol. 28, No. 339, October 
1958, pp. 190-194. 
jogo oa Cireular-Keystone, Why Pearls Deserve Loving Care: Vol. 129, No. 9, June 

, p. 68. 
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_ A conference on crystal growth was held at the Institute of Crys- 
tallography, Academy of Sciences, U.S.S.R., during 1959. Talks 
were given on hydrothermal synthesis of quartz and methods for 
crystallization at ultrahigh pressures.® 

apparatus for extracting diamond from concentrates was 


patented in the U.S.S.R.@ 

A method was patented for examining and classifying gem dia- 
mond, which also produced a record by means of which the diamond 
could be positively identified. 

A patent was issued on a process for manufacturing synthetic 

ems. 
‘ Artificial gem stones were made by pulverizing colored ceramics, 
porcelain, and glass, pressing the powder into briquets with or with- 
out binders, and firing the briquets at 950° to 1,300° C. The fired 
material was then worked into finished gem stones by cutting, grind- 
ing, engraving, polishing, and boring.® 


* Central Intelligence Agency, A. U.S.S.R. Conference on the Growth of Crystals: Sci. 
Inf, Rept. PB131891 T—30, Sept. 18, 1959, pp. 37-39. 

® Dubinskii, 8. A., Shvetsov, G. F., and Khaidarov, A. A., Apparatus for Extraction of 
Diamonds from Concentrates: U.S.S8.R. Patent 113,055, Aug. 15, 1958; Chem. Abs., vol. 
53, No. 8, Feb. 10, 1959, col. 2511d. 
és Samuels, A. S., Sr., Method of Examining and Classifying Diamonds: U.S. Patent 
2,909,961, Oct. 27, 1959. 

* Kato, Ichiro, Ultrahigh-Pressure Furnace for Manufacture of Synthetic Gems: Jap- 
anese Patent 9960, Nov. 19, 1958; Chem. Abs., vol. 53, No. 5, Mar. 10, 1959, col. 4619b. 

® Weichel, Fritz, and Maurer, Karl, Gem Stones From Ceramics, Porcelain, and (or) 
moe. Piet Patent 936,739, Dec. 22, 1955; Chem. Abs., vol. 53, No. 3, Feb. 10, 1959, 
col, e@. 


Gem Stones 
_By John W. Hartwell’ and Betty Ann Brett? 


2 


EM materials and mineral specimens produced in the United 
States during 1960 were estimated at $1,188,000—a $3,000 in- 
crease over 1959. 

During the year the U.S. Customs Bureau auctioned 8,014 carats 
of confiscated diamonds, realizing over $1 million for the Government. 

‘The Federal Trade Commission approved the use of the term 
“Chatham-created emerald” to describe the gem stone produced by the 
Chatham Research Laboratories, San Francisco, Calif. This term 
was developed to replace the word “cultured” formerly used. The 
Commission emphasized that this phrase was to be used only in 
ee the gems and not the jewelry in which the stones were 
mounted. : | . : 


DOMESTIC PRODUCTION 


Production information was collected by the Bureau of Mines by 
canvassing amateur and professional producers of gem stones, but. 
it was not possible to contact all operations. Therefore, facts are 
based on only a partial survey. 

Forty-four States reported production of gem stones, compared 
with 45 in 1959. Oregon again was the leading State. Thirteen 
States—Oregon, California, Arizona, Nevada, Texas, Washington, 
Utah, Wyoming, Colorado, New Mexico, Arkansas, Montana, and 
South Dakota—produced 89 percent of the total value. 

Agate——About 200 tons of agate, valued at $175,000, was produced 
in 29 States in 1960. This was a large increase in value and quantity 
over 1959. Principal States, in decreasing order of production, were 
Oregon, Utah, New Mexico, Arizona, California, Wyoming, Colorado, 
and Texas. | 

A large agate weighing 237 pounds was discovered in Idaho. It 
was 14 inches in diameter, contained alternate bands of blue and 
white quartz, and had a small portion in the center containing quartz 
crystals. | 

Fire agate production was valued at $5,000; moss, plume, and Tur- 
ritella agate production was valued at more than $33,000. | 

Diamond.— Diamonds were still being found at the “Crater of Dia- 
monds” near Murfreesboro, Ark. Production in 1960 was 141 carats 


1Commodity specialist, Division of Minerals. -. ..-.---.- 
3 Statistical clerk, Division of Minerals. 
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valued at about $9,000. Kimberlite, valued at $7,500 and weighing 
15,000 pounds also was sold. | | 

Jade.—Production of jade from Alaska, California, Colorado, and 
Wyoming was 22,000 pounds, valued at $51,000. Wyoming was the 
leading State with 7,000 pounds, valued at $24,000. Some Alaskan 
jade was sent to West Germany for cutting and polishing; other jade 
was cut and polished locally by native craftsmen. 

Petrified Wood.—A most 150 tons of petrified wood valued at $90,000 
was produced in 16 States during 1960. This was considerably less 
than in 1959. Arizona led with nearly 45 tons, followed by Utah, 
Oregon, Wyoming, and New Mexico. ‘Twenty-five thousand pounds 
of petrified palm wood and petrified bone, valued at $20,000, was pro- 
duced in 8 States. A large deposit of petrified wood, apparently 
buried under volcanic ash, was discovered in Crook County, Oreg. 

Quartz Crystal_—An estimated 18 tons of quartz crystal, valued at 
$15,000, was produced in 15 States. Arkansas, with over 11 tons 
valued at nearly $7,000, was the principal producing State. Thirty- 
eight tons of rose quartz, valued at $5,000, was produced in 5 States. 
Arizona, with 35 tons, was the leading State. A small quantity of 
smoky quartz, valued at $1,500, also was produced. . 

Turquoise.—Production of turquoise from Arizona, Colorado, and 
Nevada was 16,000 pounds, valued at $60,000. The Villa Grove 
Turquois Lode, Saguache County, Colo., reported production of over 
400 pounds, valued at $16,400. The American Gem Co. reported 
production from its Lone Mountain Turquois Mine, Esmeralda 
County, Nev., of 382 pounds, valued at $6,640. _ 

Miscellaneous Gem Material—-Mineral specimens produced in the 
United States were estimated at nearly 300,000 pounds, valued at. 
$125,000. Principal producing States were Arizona, Utah, Califor- 
nia, Oregon,and Wyoming. —_ | . 


_ TABLE 1.—Estimated value of gem stone production in the United States 


(Thousand dollars) 
a ee Dees | meme 
State 1959 1960 State 1959 1960 

Aldskay oc \o 2255-2 ec ccs $18 (4) New Jersey_._-.._.-----.-.___ $6 $7 
Arizona__..---.--.-.--------- 88 ~ $120 || New Mexico_......-_-.._____. 39 40 
Arkamsas_._..---- 0. 18 38 |) New York____-..--_-__ 8 a) 
California. ...2.......--..-__- 150 150 || North Carolina..._.._-.____._ 9 4 
Colorado. ._.....---------.--. 43 45 || North Dakota__.__.__-_____.. 1 1 
Connecticut.....-..-.....--_- 5 7 HOS sete kt ew 2 3 
Florida_..---.-.-.---2-------- B: faseeeuceee Oklahoma..._...-..--_._____. () 1 
Hawaii. oh25 teed eles (1) (1) Oregon. 22 Sb se ee (!) Q) 
Idaho. ...-22 oe 5 5 |] Pennsylvania_.__....----__ 3 4 
Mlinois...22.02020.222-32- 1 1 || South Dakota____-.--.._____ 20 20 
Hansas- 26 cece eo eS i ee Tenmnessee_.....:--.----------|--0 1 
Maine:2 22) 22 02 2. ne ee 10 15 || Texas... 2-22 100 100 
Maryland__...-..----_.--.._- 2 2 |) Utah.-__-- ee 134 72 
Massachusetts........-----__- (1) 1 || Vermont....------ ee 1 1 

ichigan__.-....--..------__- 1 1 || Virginia_....----2 2 4 5 

0115 £1 2.c/6) F: eee ee ee ee (ee Tea 2 || Washington._._---._.- 75 75 
Missouri.....-.-..-------.-_- Se Eee West Virginia. .....--_._____ 1 1 
Montana____...-.---- ee 35 35 || Wyoming. _.__..---- 76 68 
Nebraska._._-.......-----_-__- 3 Other States_._..------ 22 209 235 
Nevada. _..-.----=------- 100 1 
New Hampshire........-..... 10 15 bOtAL essa 2s estat a) 1, 184 1, 188 


t Included with ‘“‘Other States.” 
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Rough garnet production was 4,500 pounds, valued at $5,000. The 
garnet mine, North Creek, N.Y., reported sales of 1,440 carats of cut 
_ and polished stones valued at $3,600. ‘ ; 

Fire opal from Nevada was valued at over $5,000; quantity was not 
reported, but one producer at Virgin Valley, Nev., reported 20 pounds 
valued at $800. | 

Lapis lazuli production from the Caseade Mine, San Bernardino 
County, Calif., was 250 pounds. The value depended upon the quality 
and was priced from $3.50 to $200 per pound. He? a 

The quantity and value of some other gem stones and mineral 
specimens produced were: Amethyst, 1,600 pounds, $2,200; beryl 
specimens, 1,000 pounds, $500; copper minerals, 8,000 pounds, $5,000 ; 
fluorite, 5,000 pounds, $8,000; geodes, 50,000 pounds, $10,000; howlite, 
8,000 pounds, $1,500; jasper, 100,000 pounds, $30,000; kunzite, 50 
pounds, $1,500; lepidolite, 1,500 pounds, $1,000; marcasite, 1,500 

ounds, $1,500; onyx, 16,000 pounds, $4,500; peridot, 440 pounds, 
1,000; rhodonite, 20,000 pounds, $6,000; rhyolite, 21,000 pounds, 
$3,000; and vesuvianite, 2,500 pounds, $1,500. | | 


CONSUMPTION 


Consumption of diamond ($166 million) was 8 percent lower than 
in 1959; sales of synthetic and imitation stones ($6 million) were 40 
percent lower; and sales of natural and cultured pearls ($14.6 million) 
were 6 percent higher. 

Apparent consumption (domestic production plus imports minus 
exports) of gem stones in the United States in 1960 was over $164 
million, compared with $189 million in 1959. : 


PRICES 


Prices of colored precious stones and some semiprecious stones have 
increased in the past few years. Some gem stones were difficult to 
find in wholesale and retail stores in the United States because of a 
greater demand from European countries. os 8 3 

Emeralds were in demand everywhere, but especially in Italy where 
the green stones are highly esteemed. Most natural emeralds sold 
originated in Colombia and Africa (good quality stone but small or 
dark), Brazil (pale), and India, where the mines were nearly 
exhausted. | ee os 7 

Deep blue aquamarines, produced in Brazil, were scarce and priced 
higher than wholesalers in New York were willing to pay. 

Large rubies, always high-priced, were rare, whereas the prices of 
small cheap stones rapidly increased. The large flawed crystals, 
usually sold as mineral specimens, were cut and polished for the 
jewelry trade. Large quantities of dull, dark, and flawed star rubies 
from India were sold. me 

Se ai also gained in popularity, and prices increased con- 
siderably above the unusual low prices of former years. Production 
of fancy sapphires from Ceylon continued to decréase. | 

Prices of Ceylon cat’s eye and alexandrite increased, but these gems 
were almost nonexistent in the markets. No alexandrites were avail- 
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able in European markets in late 1960, but a few small Russian stones 
at_ prices higher than diamonds of the same size were offered. 

Wholesale prices of black opal increased 50 percent or more. Red 
tourmaline, in short supply, and green and blue tourmaline, in good 
supply, increased only slightly in price. Most quartz gems were 
abundant, but fine amethysts were rare, and even average-quality 
stones were hard to find. 

Most other semiprecious and synthetic gem stones increased in 
price only slightly despite the increased labor costs of cutting and 
polishing. | : 

Zircon was the only gem whose price decreased.® 


FOREIGN TRADE * 


Imports.—Imports of gem stones decreased nearly 10 percent in value 
from 1959. Gem diamonds accounted for 86 percent of the total 
imports but decreased about $6.8 million in value from 1959. 

The value of natural and cultivated pearls imported increased 
$900,000 over 1959. 

Emerald imports, cut but not set, decreased $1 million. Imports 
from Switzerland increased nearly 400 carats, but the unit value per 
carat dropped from $725 in 1959 to $184 in 1960, resulting in an 
$861,000 drop in value. Imports from Colombia and Ceylon dropped 
12 percent and 83 percent, respectively, in quantity. There were 


TABLE 2.—U.S. imports for consumption of precious and semiprecious stones 
(exclusive of industrial diamonds) 


LS esses? 


1959 1960 
Item 
Carats Value Carats Value 
(thousands) (thousands) 
a Pee! Uwe ake ne aaa 
Diamonds: 
Rough or uncut (suitable for cutting into gem 
stones), duty free ...__--.------22 2-2 eee 11, 578.170 1 $94,283 | 1, 365, 529 $87, 510 
Cut, but unset, suitable for jewelry, dutiable.._____ 1 916, 824 .. 86,366 801, 945 78, 037 
Emeralds: Cut but not set, dutiable.____........_____ . 88, 875 2, 450 81, 207 1, 463 
Pearls and parts, not strung or set, dutiable: 
ING UY at act cod en ne eae A Sete M8 ok rst O5 | ecestwsseu th 629 
Cultured or cultivated............_....._._-___....|........... 13, 083 |_----- ee 13, 934 
Other precious and semiprecious stones: 
Rough or uncut, duty free_._..........-.-..-..--_.-|........ 678 j_.---______- 620 
Cut but not set, dutiable_..........-.............__|__.._....__. 3, 990 |_.-------- 3, 967 
Imitation, except opaque, dutiable: : 
Not cut or faceted___.......--_.-.-------.-.__|------- 64 Jie ee 74 
Cut or faceted: 
Synthetics. vss es nee ot oe el 243) \ fee Soe sis! 334 
SOUR ooo ep has acces ate gen ete foes ute Cad 10, 746 |_-------.-.- 5, 897 
Imitation, opaque, including imitation pearls, 
dutiablesc:. 22225 ete eee ee cede 2 (ene 8 
Marcasites: Real and imitation, dutiable.....__|_.._....____ 8 oo ee sou ce 7 
Total dscns ise scsceece ess Ae So es ora gee! 1212, 520 |----..2 2-2. 192, 480 


1Revised figure. 
Sovrce: Bureau of the Census 


*Pough, Frederick H., Precious Stones: Scarcer, Costlier: Jewelers’ Circ.-Keystone, vol. 
131, No. 6, March 1961, pp. 76. 93-94. 

4 Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Divi- 
sion of Foreign Activities, Bureau of Mines, from records of the U.S. Department of 
Commerce, Bureau of the Census. 
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almost no imports from Thailand, whereas in 1959 nearly 2,500 carats 
were imported. | 

Imports of imitation gems, cut or faceted were nearly 55 percent 
under 1959. | 


TABLE 3.—U.S. imports for consumption of diamonds (exclusive of industrial 
diamonds), by countries 


1959 1960 


—ey 


Rough or uncut Cut but unset Rough or uncut Cut but unset - 


Country 
; Value Value Value Value 
Carats | (thou- | Carats | (thou-]| Carats | (thou- | Carats | (thou-: 
sands) sands) sands) sands) 
North America: 

anadd_....--.--------- 13, 822 | $1, 259 817 $61 13,751 | $1,004 936 $74 
MG@xi002 po ee scwctee cn cs se ssctetiss |e ncwoscs 15 LE Assese seks |e tazesce 173 16 

Total tacetssseuseces 13,322 | 1,259 832 62 13,751 | 1,004 1, 109 90 

South America: 
Argentina...---. ------- 508 PNM Soe ee oe ccd ate ceusce- levees oesaseetessesletcesces 
Brazil. ...----.--------- 22, 032 725 213 18 24, 811 907 34 8 
British Guiana._---..-- 7, 461 241 67 & 22, 102 743 23 1 
Colombia._....-.------- 216 : 
Surinam: 2.2 -os-225505<]he- eet sees [eenc eles 
Venezuela...----------- 47, 518 
Total_..--- a oseeceenn- 77, 735 
Europe: . 
ANStTIA 3s cescee seca} coe Sect wiosceose 220 72 eee eee (apes 753 47 
Belgium-Luxembourg.-| 398,790 | 20,003 | 538,811 | 50,786 | 207,225 | 14,354 | 435, 284 44, 462 
France_..--- eaeossetecs 24, 373 1, 257 18, 981 1, 461 45, 965 1, 803 13, 337 1, 181 
Germany, West. ------- 2,418 57 49, 400 8, 438 553 13 59, 703 3, 974 
THtalyicosesecsssce Sooees 1, 152 28 58 14. [esuece sew eseee es 66 15 
Netherlands....--.-.--- 6, 900 546 25,782 | 3,987 22,512 | 1,432 33, 869 3, 762 
Switzerland. ...--...--- 3, 184 9 918 433 2, 501 138 99 10 
United Kingdom.---_-.- 877, 236 |!63, 749 7,398 | 1,016 | 829,523 | 59, 547 7,133 1, 094 
Total. os-2225ss2se2- 1, 314,002 |185,731 | 646,568 | 61,163 |1, 108, 279 | 77, 287 550, 244 54, 545 
Asia: 
Unda 22 how Sree ceehecs bocce reecsd ll etseuss 1,970 Sol, lecsescesssfeteetees 6, 1 
Isroel_.. ---2se2522-255= 6, 625 158 | 1228, 677 | 17, 497 64,894 | 1,801 | 213,013 | 17,453 
Japan. _...---.------ --+|----~------ |e ooo ’ 169° [cs ec--ess| oon seca 6, 39 
Lebanon.-___._-----.---]-..---------|-------- h iy (Reece aieeser pecoetemreeonnee) Pearle metaerbeysee, Petree 
Singapore, Colony of.--|--.--------|-------- 32 AS lecso scores teases ce feat ens ee- fee eeee 
Total see ee soos 6, 625 158 | 1232, 510 | 18,001 64,894 | 1,801 | 219,497 | 17,549 
Africa: 
Congo, Republic of 

the, and Ruanda- 

UrtmGl?. sccecce one nook noe an oeu snes] ocee cee sce|-s--25-- 22 ED oeea tise epebee ce 
Western Africa, n.e.¢.3. 5, 546 D4 Noes saclc|iccueces 7,180 250 Vn i ceed fecean: 
Western Equatorial 
_. Africa, n.e.¢.4.---.---- 1, 796 85 cacecaees|sesetloe 3, 494 1052|2nestusess|eece-ee0 
Ghana.____-------------- 43, 808 404 |_..---..--]-------- 7,104 AT \ooscsccde=|-cescsss 
Liberiace.c. 52 -2.e ee 30, 384 905 |[zezeeeeol feces se 22 23, 567 879: | ces cee oeeete es 
Union of South Africa._.| 1.85, 251 | 13, 124 36,590 | 7,109 | 586,185 | 3,198 30, 955 5, 843 

Otaluu+-----0252252- 1166, 485 | } 4, 742 36,590 | 7,109 97,552 | 4,480 30, 945 5, 843 
Oceania: Australia___..._._|--.--------|]--------]----------|-------- 920 118 83 1 
Grand total....------ 11, 578, 170 |!94, 283 | 1916, 824 | 86,366 |1,365, 529 | 87,510 | 801,945 | 78, 037 


Enna 


1 Revised figure, 

3 Effective July 1960; formerly Belgian Congo. 

8 Effective July 1960; formerly French West Africa and Republic of Togo. 
4 Effective July 1960; formerly French Equatorial Africa. 


Source: Bureau of the Census. 
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Exports.—Exports of gem stones, precious and semiprecious, were 
$7.6 million in 1960, compared with $5.3 million (revised) in 1959; 
and reexports were $21.7, compared with $19.7 million (revised) in 
1959. 


WORLD REVIEW 


World diamond production decreased 700,000 carats below 1959. 
This decrease was due to the political unrest in the Republic of the 
Congo where loss in production was 1.8 million carats. Increases in 
other countries brought the total production to 26.1 million carats. 

Gem-diamond production increased 300,000 carats, principally be- 
cause of increased production from Angola, Sierra Leone, and the 
Union of South Africa (De Beers’ Group). ms | 

Sales of gem diamonds, reported by the Central Selling Organiza- 
tion, London, which sold about 90 percent of the world total, were a 
record $178 million, compared with $177 million in 1959. 


TABLE 4.—World production of diamonds, by countries 


(Thousand carats) 


SSS Set ars ethene PerPTPesihat? 


1959 1960 
‘Country vine : 
Gem Industrial Gem Industrial 
Africa: 
ANgOl aos 222 ona. eons eee Jed eo 516 500 658 400 
Central African"Republic3_..........-_...-_______- 40 69 ; 30 45 
Congo, Republic of the..--.-....._-._.__....- | 655 14, 200 - 413 13, 040 
baa TF Saieeaieieiaeieiaeiateianiaianmatnieeeemeemmeee 876 2, 200 ite 2, pa 
WIMNCA 8s fo ec ck essen ee ek neo bone l 
Tvory Coast 3. oo. ccc cco tense ee \ 200 400 80 120 
biheria 3225 3. a ka eo 470 500 577 400 
Sierra Leone__.......--.--___----o 644 650 912 1, 050 
South-West Africa..._.........._..__._..-.---.. 841 90 866 7 
anganyika_._-_..-.-2. ee 274 350 287 250 
Union of South Africa: 
Peers. 22 otic. soe Se De a tos ae 323 950 309 1,000 
De Beers Groupe___-....-----.-.-_-_--------- 562 500 717 5 
Other “pipe”? Mines ?___._-.__-___-.-o 30 70 30 70 
Alluvial 24 200000 250 150 240 160 
Other regions: 
Bra7 ih es ee tes ok eee Ss ter ln tht 180 170 159 | - 150 
British Guiana....-..---- 22 40 41 60 
Venezuela.._...--.----- 15 80 14 57 
India, Borneo, Australia, U.S.8.R., and Others 2___ 5 10 10 20 
World total. .....22-_2- ee 5, 908 20, 920 6, 700 20, 500 


1 Formerly French Guinea. 

1 Estimate. 

+ Exports only. 

' Including State-owned mines. 


NORTH AMERICA 


Dominican Republic.—Amber, containing numerous insect and plant 
inclusions, from deposits in Dominican Republic was described. Some 
references to other world deposits known to contain animal and 
vegetable inclusions were made.°® 


5 Science, Amber With Insects and Plant Inclusions from the Dominican Republic: Vol. 
131, No. 3409, Apr. 29, 1960, p. 1313. 
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Brazil—Exploracao de Mineros Brasilia Ltd., a partnership of two 
Canadian corporations, prospected for diamonds and gold in several 
areas in the State of Minas Gerais during 1960. An alluvial deposit 
was found in central Brazil, but the quantity of gold was considered 
too low to risk the development of the property solely for diamonds.° 
- a Guiana.—A. new diamond deposit was reported found near 

ereku.’ 


EUROPE 


Spain.—The history and present production of “Spanish Topaz” 
mines near Velas Buenas, Spain, were given. ‘These “topaz” crystals 
(brown quartz crystals or citrine) were valued in 1958 at US$35 per 
kilogram.® a | oo 

U.S.8.8.—Gem diamond produced by the U.S.S.R. was to be sold 
exclusively by the Central Selling Organization of the Diamond Corp., 
London, under an agreement whereby the diamonds produced from 
Siberian deposits would be marketed for the first time in the free 
world. a | 

The diamond mines in Yakut ASSR and their industrial develop- 
ment were described.° 


ASIA 


Fine precious gems of Burma, Ceylon, and Thailand became scarce 
because mining almost ceased. Sapphires were still found in these 
countries, but the Ceylon stones were less valuable than those of Burma 
or Thailand. The Thailand sapphires were easier to cut and polish 
than Burma stones but had less value. | | 

Ceylon.—Gem stone mines in Ceylon produced alexandrite, amethyst, 
aquamarine, cat’s eye, garnet, moonstone, ruby, sapphire, spinel, 
topaz, tourmaline, and zircon. The average annual output was esti- 
mated at US$420,000.7° : 

India—The Geological Survey of India reported discovery of a 
rare variety of diamond in the Majhagawan diamond mines in the 
Panna district. Diamond also was reported to occur in a conglom- 
merate bed near Banganapalle in Andhra Pradesh." 

Indonesia.—A. new diamond field was discovered in South Kaliman- 
tan near the Ulin airport at Bandjarmas. One diamond that was 
found weighed 12 carats. 

Israel—T' he history and status of the diamond industry were re- 
ported.? Israel, with nearly 150 small factories employing 4,000 
people, cutting and polishing gem diamonds ranging from 45 carat 


6 Mining World, Latin America: Vol. 13, No. 12, November 1960, p. 70. 
7 Diamond News, Diamond Rush in British Guiana : Vol. 24, No. 3, December 1960, p. 13. 
8 Pough, Frederick H., The “Spanish Topaz’ Mines: Jewelers’ Circ.-Keystone, vol. 130, 
No. 4, January 1960, pp. 62, 64. 
® Bureau of Mines, Mineral Trade Notes: Vol. 50, No. 5, May 1960, pp. 7-12. 
10 Mining Journal (London), Diamonds, Gemstones, and Abrasives: Annual Review, 
May 1960, pp. 71, 73, 75, 77. 
Mining World, India : Vol 22, No. 12, November 1960, pp. 78-79. 
in ae (London), Mineral Discoveries in India: Vol. 255, No. 6530, Oct. 14, 
» DP. . 
12 Bureau of Mines, Mineral Trade Notes: Vol. 51, No. 5, November 1960, pp. 18-24. 
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to % carat, was the third largest diamond center in the world. Dia- 
mond exports in 1959 were valued at nearly US$47 million, and 42 
percent of the total was exported to the United States. 


AFRICA 


Congo, Republic of the—Most diamond mining in the Congo was 
suspended for about 2 months during 1960 because of political con- 
ditions. The Bakwanga mine produced about 95 percent of the total 
output. It was closed on August 28, resumed operations late in Oc- 
tober, and production was expected to become normal early in 1961. 
Most other smaller mines of the Forminiere were partially shut down 
during the last half of the year.” 

Guinea, Republic of —In the first part of 1960, Soguinex, a subsidiary 
of De Beers, and another French company, produced two-thirds of the 
Guinean. diamonds; the other third was produced by a large number 
of individual miners. In November 1960 a Government resolution 
decreed that all private exploitation should be nationalized. Diamond 
exploitation was placed under the control of a new organization, 
Societe Nationale d’Exploitation de Diamonts, which was run for the 
Government by Russian mining engineers. In 1960, 1,116,500 carats 
of diamond was exported compared with 643,000 carats in 1959.14 

Alluvial diamond mining deposits near the Sierra Leone border 
were described.*® | | 

Ivory Coast.—The output of diamond in 1959 by the two principal 
producers was about 188,000 carats, a 13-percent increase over 1958. 
One producer erected a plant to treat the 1960 production by a new 
process tried in a pilot plant during 1959. This new plant will re- 
cover about 250,000 carats from old tailings.?° | 

Malagasy Republic—During 1959, O44 40 pounds of precious and 
semiprecious stones, valued at nearly US$9,000, was exported. In the 
first half of 1960, exports were 21,800 pounds valued at US$19,000. 
Most valuable gems exported were citrine and labradorite.” 

Rhodesia and Nyasaland, Federation of——Rhodesia Chrome Mines, 
Ltd., discovered a deposit of nephrite jade in the midlands of Southern 
Rhodesia during 1960. This was the first discovery of this mineral 
in Southern A frica.?8 

Sierra Leone.—A program, called the Sierra Leone Revolving Loan 
Scheme, was instituted by the Department of Information, Ministry 
of Mines and Labor, to help native diamond miners improve mining 
methods and secure equipment. This program, financed by a free 
grant from American Aid released to the British Territories in 
Africa, allocated Sierra Leone $140,000.19 


%8 Foreign Commerce Weekly, Strife-Torn Congo Struggles To Keep Mineral Output at 
Norma! Rate: Vol. 64. No. 22, Nov. 28, 1960, pp. 32, 34. 
: ey Peovolavins Republic of the Congo, State Department Dispatch 226: 
an. = , ) ’ p. . 
Your ae ee Conakry, Republic of Guinea, State Department Dispatch 225: Mar. 13, 
, p. 15. 
eee M. E., Diamond Mining in Guinea: Gemmologist, vol. 29, No. 348, July 1960, 
pp. 121-131. 
#6 Bureau of Mines, Mineral Trade Notes: Vol. 50, No. 6, June 1960, p. 10. 
17 Bureau of Mines, Mineral Trade Notes: Vol. 52, No. 2, February 1961, pp. 10-11. 
epee Diamond Review (London), News in Brief: Vol. 20, No. 238, September 
» DP. : 
7? Bureau of Mines, Mineral Trade Notes: Vol. 52, No. 2, February 1961, p. 10. 
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South-West Africa.—Most of the 18 varieties of gem stones produced 
in South Africa come from an area near Namaland, and include agate, 
amazonite, amethyst, aquamarine, emerald, garnet, jade, topaz, and 
tourmaline. | - | 

Production of gem diamond in 1959 was nearly 875,000 carats, com- 
pared with 834,000 in 1958. Output in 1960 was estimated at 4 percent 
more than in 1959. | 

The Central Selling Organization reported that South-West Africa 

‘contributed about 24 percent of the total value of gem diamonds sold 
on the world market in 1959. 

Consolidated Diamond Mines, asubsidiary of De Beers Consolidated 
Mines, Litd., accounted for about 99 percent of the diamonds produced 
in this country.” | 

Tanganyika.— Tanganyika Corundum Corp, Ltd., continued to de- 
velop a ruby-corundum deposit near Longido, but no significant pro- 
duction or sale of gem material was reported. | 

Ruby and Sapphire were reported discovered in deposits in the 
Lushoto district, Tanganyika." 

Union of South Africa—Income from the sale of gem diamond dur- 
ing 1960 decreased 7 percent from 1959 owing to a decrease in the 
quantity of diamonds sold.. Production of semiprecious gems was 
amethyst, 2,000 pounds, and tourmaline, 5,700 pounds. Tiger eye 
continued to be exported (2,000 pounds), but production figures were 
not available.?? : | 


OCEANIA 


Australia—Nullamanna Sapphires Pty., Ltd., about 10 miles north 
of Inverell, New South Wales, began producing sapphire during 1959. 
In 2 months, 221 ounces of material was produced. . : 

Opal was discovered near Helen Springs Station 90 miles north of 
Tennant Creek. Some black opal was produced. The Cretaceous rock 
formations in western New South Wales were reported to be favorable 
for opal discoveries. : 

Opal production was expected to exceed US$2.8 million in 1960, 
compared with US$1.9 million in 1959. Exports to Japan in 1959 
were valued at over US$1 million; to West Germany, over US$400,000. 

Information concerning Australia’s gem stone deposits and pro- 
duction was published by the Australian Bureau of Mineral 
Resources.”8 | 

In an area between Southern Cross and York in Western Australia, 
mineral deposits were staked by several large mining companies. 
Included was a 80-square-mile tract 40 miles northeast of Hall’s 
Creek staked for agate and other gem stones.”* 

A new syndicate was licensed by the State of Western Australia to 
operate cultured pear] farms in two areas in King Sound at Malumbo 


2 Bureau of Mines, Mineral Trade Notes: Vol. 52, No. 1, January 1961, pp. 15-17. 

oer eon ournal (London), Mining in Tanganyike in 1960: Vol. 256, No. 6559, May 5. 
. pp. . : 

2U.S. Consulate, Cape Town, Union of South Africa, State Department Dispatch 110: 
Mar. 30. 1961, pp. 2, 6, encl. 2, pp. 1, 2. 
ionO aes ournal (London), Australia’s Gemstone Industry : Vol. 255, No. 6521, Aug. 12, 
ne Financial, Standard (Melbourne), Mineral Interest Widens: Vol. 117, No. 2920, Jan. 

’ » p. . ; 
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Anchorage. The services of a Japanese technician and cultured pearl 
expert were to be obtained.” | | 


ANTARCTICA 


Antarctica.— Petrified wood of low-grade gem quality was found by 
a Bureau of Mines field engineer in perhaps the world’s most remote 
location near the head of Mackay glacier west of the Ross Sea. 


TECHNOLOGY 


Newly developed prospecting techniques were mentioned as possible 
methods of searching for the original source of diamonds found in 
the Great Lakes glacial drift areas.?¢ | 

Two publications on Maine minerals and mineral locations were 
issued during the year.?? | | 

The occurrence and description of 63 gem and ornamental stones 
in Washington was published.?* | 

Descriptions and occurrences of many Malagasy minerals and gem 
materials were given.”® 

__ Each monthly issue of the Mine and Quarry Engineering (London) 
journal beginning with October 1953 described'a mineral, giving the 
synonyms, nomenclature, varieties, composition, crystallography, 
physical and optical properties, tests, diagnoses, occurrences, and 
uses. Each mineral was illustrated in color. In the 1960 issues the 
minerals in chronological order were: Crocoite, lazurite, erythrite, 
manganite, serpentine, scheelite, stilbite, ulexite, brochantite, brucite, 
mispickel, and agate. | 

Deposits of minerals in Arkansas and Oklahoma, including diamond 
in peridotite, were described.*° 

A historical review and the characteristics of Brazilian diamonds 
were given, and the diamonds were compared with diamonds from 
other countries.** 

A Russian book on the diamond fields of Yakutia, northern Siberia, 
was published in 1959. It contained 525 pages, 41 colored plates, and 
305 photographs, drawings, and diagrams. The book was reviewed 
and abstracted in a British publication. 

A history of African diamond mining and recovery of diamond from 
alluvial and underground deposits were published.** 

2% Bureau of Mines, Mineral Trade Notes: Vol. 51, No. 5, November 1960, p. 28. 

Smith, Charles H., Diamonds in the Great Lakes Area—A Geological Enigma: Ca- 
nadian Min. Jour., vol. 81, No. 7, July 1960, pp. 51-52. 

*7 Morrill, Phillip, and others, Maine Mines and Minerals: Dillingham Natural History 
Museum, Hast Winthrop, Maine, vol. 1, Western Maine, 1960, 82 pp.; vol. 2, Eastern 
Maine, 1960, 82 pp. 

Maine Geological Survey (Augusta), Maine Mineral Collecting: 1960, 23 pp. 

% Valentine, G. M., and Huntting, M. J., Inventory of Washington Minerals, 2d Hd.: 
Wash. Dept. of Conserv., Div. of Mines and Geol., Bull. 37, vol. 1, pt. 1, 1960, pp. 43-46 
(text) ; vol. 2, pt. 1, 1960, p. 35 (map). 

2 Behier, Jean, Madagascar Mineralogy : Rept. Malgache, Ann. Geol., Madagascar, No. 29, 
1960, pp. 1-78; Chem. Abs., vol. 55, No. 2, Jan. 23, 1961, col. 1301e. 

8 Scull, B. J., The Age of Mineralization in the Ouachita Mountains of Arkansas and 
Oklahoma: Symposium on Geol. Ouachita Mts., Dallas Geol. Soc., Ardmore Geol. Soc. 
1959, pp. 62-69; Chem. Abs., vol. 54, No. 1, Jan. 10, 1960, col. 178b. 

“1 Reis, Esmaraldino, The Big Brazilian Diamonds: Brazil Dept. Natl. Prod. Mineral, 
Div. Geol. e Mineral., Rio de Janeiro, vol. 191, 1959, 65 pp.; Chem. Abs., vol. 54, No. 14, 
July 25, 1960, col. 139923. 


3 Wilson, N. W., The Diamond Deposits of Yakutia: Min. Mag. (London), vol. 103, No. 4, 
October 1960, pp. 205-213. 
% Daily, A. F., Africa’s Key Role in Diamond Mining: World Mining, pt. 1, vol. 13, No. 
10, September 1960, pp. 38-43; pt. 2, vol. 13, No. 11, October 1960, pp. 36-41; pt. 3, vol. 

13, No. 12, November 1960, pp. 32-37. 
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Additional information on diamond mining, processing, and syn- 
thetic development may be found in the Abrasive Materials chapter 
of this volume. | 

Chemical, optical, and X-ray data on jadeite and associated min- 
erals found in central Japan were given.*+ It was suggested that 
jadeite probably was formed under high pressure at a low temperature 
during metamorphism. Desilication of its host rock by the associated 
ultramafic rock might have promoted its formation. 

The composition and structure of moonstones from Ceylon, Coim- 
batore, and Korea were studied, and results were given. _ 

The mechanism of quartz formation in the laboratory and some 
conclusions concerning the natural process was written.*¢ 

‘Equipment used by various research laboratories in the synthesis of 
diamond was described.*” | i 

The U.S. Air Force established a research laboratory at Bedford, 
Mass., to synthesize crystals, including diamonds. It was hoped that 
diamonds could be developed for making transistors that could be 
operated at high temperatures. Information on equipment used and 
results obtained was given.* | 

Diamond, kyanite, garnet, topaz, and jadeite were synthesized in 
the laboratory under ultra-high pressures.*® . 

A new emerald substitute was manufactured in Austria. These 
emeralds, grown from a seed consisting of a faintly colored, faceted, 
beryl gem, were then coated with a thin layer of emerald by a hydro- 
thermal or flux-fusion process. The result was an unpolished faceted 
gem.*° . 

Star gem stones produced synthetically were described.** 

Methods of producing quartz cat’s eye,*? garnet,** and unicrystal- 
line bodies ** were patented. | 

Cutting of jade minerals by diamond saws was compared with wire 
and disc cutting methods.* 


% Seki, YOtard. Aiba, Mizuo, and Kato, Chigusa, Jadeite and Associated Minerals of 
Metagabbroie Rocks in the Sibukawa District, Central Japan: Am. Mineral, vol. 45, Nos. 5 
and 6, May—June. 1960, pp. 668-679. ‘ 

8% Jayaraman, A., X-Ray Study of the Structure of Moonstones: Proc. Indian Acad. Sci., 
vol. 50A, 1959, pp. 349-357; Chem. Abs., vol. 54, No. 15, Aug. 10, 1960, col. 15107a. 

36 Corwin, James F., Natural Quartz From the Laboratory: Jour. Chem. Ed., vol. 37, 
No. 1, January 1960, pp. 11-14. 

37 Giardini, A. A., Tydings, J. E., and Levin, S. B., A Very High Pressure-High Tempera- 
ture Research Apparatus and the Synthesis of Diamond: Am. Mineral., vol. 45, Nos. 1 and 
2, January-February 1960, pp. 217-221. 

Schwartz, C. M., and Wilson, W. B., Ultra High Pressure for Materials Research: Bat- 
telle Tech. Rev., vol. 8, No. 6, June 1959, pp. 3-8. 

8% Pough, Frederick H., The “Gem” Factory on Route 128: Jewelers’ Circ.-Keystone, 
vol. 130, No. 7, April 1960, pp. 78, 80, 92-94, 123. 

‘ea Moe Progress, Ultra-High-Pressure Techniques: Vol. 77, No. 4, April 1960, pp. 170, 

Birch, Francis, and Robertson, B. C., Report P.B. 128556: U.S. Govt. Research Rept., 
vol. 29, No. 2, 1958, 55 pp. 

40 Holmes, Ralph J., and Crowningshield, G. Robert, A New Emerald. Substitute: Reprint 
from Gems and Gemology, Spring 1960, 22 pp. 

41 Pough, Frederick H., New Star Stones Break With Tradition : Jewelers’ Cire.-Keystone, 
vol. 131, No. 2, November 1960, pp. 64, 78, 80, 82. 

#42 Watson, John E., Method of Making Synthetic Quartz Cat’s-eye Gem: U.S. Patent 
2,948,082, Aug. 9, 1960. 

43 Nielsen, James W. (assigned to Bell Telephone Laboratories), Method of Making Single 
Crystal Garnets: U.S. Patent 2,957,827, Oct. 25. 1960. 

Wentorf, Robert H. (assigned to Union Carbide Corp.), Method of Making Garnet: U.S. 
Patent 2,941,861, June 27, 1960. 

“ Kebler, Richard W., Dutchess, Elmer E., and Hutcheson, Ralph L. (assigned to Union 
carbige by oe Method for Making Synthetic Unicrystalline Bodies: U.S. Patent 2,962,838, 

ec. 6, : 

45 ee R. Norris, Jade Cutting Today: Gems and Gemology, vol. 10, No. 3, Fall 1960, 
pp. —od. 
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The need for lapidary diamond saws, less costly than the circular 
type now being used, was discussed. It was suggested that hacksaw 
blades, diamond-charged and adapted to lapidary work, would be a 
good substitute since power tools suitable for operating this type of 
blade were already on the market.** 

Cutting, grinding, and polishing techniques used in producing 
kunzite gem stones were described.*” oo 

A machine for faceting gems was patented in Switzerland. The 
patent was illustrated and showed details of the gem holder which 
was angularly adjustable but limited by stops.*8 | 

A brilliant-cut diamond with a new shape called the trilliant, 
having 44 facets and a polished girdle, was developed.‘ 

Methods of testing pearls to determine if they are natural or cul- 
tured were described. : 

A simple, quick, and cheap method of determining whether a dia- 
mond is naturally or artificially blue was developed. 

The color changes in diamond bombarded with neutrons and elec- 
trons in a high voltage accelerator were described.” 

A method of preventing gem opal from cracking during processing 
was patented in Japan.* | 2 , 

A foldable device for use in examining transparent or translucent 
gem materials with polarized light was patented. - 

An electrical detector was invented to sort transparent and trans- 
lucent gem diamond from opaque gangue materials. The optical 
property of gem diamond to reflect light was used to develop this 
apparatus. — | | 

Lists of reference books for gem collectors and lapidaries were 
given.*® Some books on gems and gem materials were published in 
late 1959 and during 1960.°" 


PO tac tale New Lapidary Products: Vol. 28, Nos. 2-3, February—March 1960, pp. 
47 Deane, N., Cutting a Kunzite: Jour. Gemology, vol. 7, No. 8, October 1960, pp. 294-295. 
4° Stachli, W., Machine for Faceting Series of Gems: Swiss Patent 343,829, Mar. 1, 1956. 
49 Gemmologist (London), Brilliant-Cut Diamond of New Shape Developed: Vol. 29, No. 

345, April 1960, p. 63. 

5 Pough, Frederick H., Natural or Cultured? X-ray Will Tell All: Jewelers’ Circ.- 
Keystone, vol. 130, No. 7, April 1960, pp. 74, 88-90. 

51 Custers, J. F. H., Dyer, H. B., and Raal, F. A., A Simple Method of Differentiating 
Between Natural Blue Diamonds and Diamonds Coloured Blue Artificially : Ind. Diamond 
Rev., vol. 30, No. 236, July 1960, pp. 134-135. 

52 Custers, J. F. H., and Wedepohl, P. T., Diamonds and the Atom: Jewelers’ Circ.- 
Keystone, vol. 130, No. 13, September 1960, pp. 106, 125, 126. 

53 Nagao, C., Japanese Patent 311 (1960) Jan. 19, 1960. 

5 Chromy, Benjamin J., Device for Optical Examination of Gem Materials: U.S. Patent 
2,934,993, May 3. 1960. 

% Linari-Linholm, A. A., An Optical Method of Separating Diamond from Opaque 
Gravels: Inst. Min. and Met. (London), preprint 88, 1960, 11 pp. 

58 Pough, Frederick H., Basic Books and Tools for the Gem Specialist : Jewelers’ Circ.- 
Keystone, vol. 130, No. 6, March 1960, pp. 80, 82, 115-116. 

Pough, Frederick H., Information for Your Talks About Gems: Jewelers’ Cire.-Keystone, 
vol. 130, No. 13, September 1960, pp. 108, 110, 127-128. 

Pough, Frederick H., Good Source Material for Jeweler Lectures: Jewelers’ Cire.-Key- 
stone, vol. 130, No. 11, July 1960, pp. 66, 70, 72, 74, 76. 

Jewelers’ Circular-Keystone, Books: Vol. 180, No. 9, June 1960, p. 110. 

Pough, Frederick H., Classic Gem Texts Stand Tests of Time: Jewelers’ Cire.-Keystone, 
vol, 180, No. 8, May 1960, pp. 66, 68. 

” Copeland, L., and others, The Diamond Dictionary: Gemological Inst. America, Los 
Angeles, Calif., 1960, 317 pp. 

Lapham, Davis M., and Geyer, Alan R., Mineral Collecting in Pennsylvania: Pennsyl- 
vania Topographic and Geologie Survey Bull. G-33, 1959, 74 pp. 

We tee eee Gemstones of North America: D. Van Nostrand Co., Inc., Princeton, 
wey ’ Pp. 

Northrop, Stuart A., Minerals of New Mexico, Rev. Ed.: Univ. of N. Mex. Press, Albu- 
querque, N. Mex., 1959, 665 pp. 
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EM materials and mineral specimens produced in the United 
States during 1961 were estimated at $1,309,000—a $121,000 
increase over 1960. 

According to the U.S. Department of Commerce, there were 326 
lapidary plants in 25 States in 1958.3 New York, N.Y., had the 
greatest number with 205, followed by Providence County, R.L., 37; 
and Los Angeles, Calif., 11. The average number of employees in 
each plant was 6. Four of the larger plants, located in the counties 
of Westchester, N.Y., Middlesex, N.J., Rolette, N. Dak., and Tarrant, 
Tex., employed 100 to 249 workers each. Also listed were 249 
plants in 15 States manufacturing “jewelry findings and materials.” 
Most plants were in Rhode Island, with 144, followed by New York, 
41, Massachusetts, 23, and New Jersey, 20. One plant in Massachusetts 
employed more than 500 workers. The average plant employed 20 
workers. 

The Internal Revenue Service amended its regulations covering 
the Federal retail excise tax on jewelry. The new regulations added 
to, amended, or superseded sections of Regulation 51 as amended and 
printed in 1956. The following stones, whether real or synthetic, cut, 
polished, rough, or in their natural state, were taxable when sold at 
retail: Amber, beryl (aquamarine, emerald, golden beryl, heliodor, 
and morganite), chrysoberyl (alexandrite, cat’s eye, and athe 
corundum (ruby and sapphire), diamond, feldspar (moonstone), 
garnet, jadeite (jade), jet, lapis lazuli, nephrite (jade), opal, pearl 
(natural and cultured), peridot, quartz (amethyst, bloodstone, citrine, 
moss agate, onyx, sardonyx, and tiger’s eye), spinel, topaz, tourmaline, 
turquoise, and zircon. In addition to these stones, the tax applied to 
all articles commonly or commercially known as jewelry, regardless 
of the substance of which they were made. In determining the retail 
price for tax purposes, any charge for the coverings or containers in 
which the stones or jewelry were delivered to the customer were to 


be included.* 
DOMESTIC PRODUCTION 


Production data were collected by the Bureau of Mines by can- 
vassing amateur and professional producers of gem stones, but it was 
not possible to contact all operators. Therefore, information is based 
on only a partial survey. 


1 Commodity specialist, Division of Minerals. 
2 Statistical clerk, Division of Minerals. 
aga Ss. a of Commerce. 1958 Census of Manufacturers: Lapidary Work. 
. p. 72. 
¢Burnstine, Bernard N. A Jeweler’s Guide. Jewelers’ Circ._Keystone, v. 131, No. 7, 
April 1961, pp. 86-89, 102, 104. 
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Gem material and mineral-specimen production was reported from 
45 States, 1 more than in 1960. California, Oregon, and Texas were 
the leading States. Eleven States—California, Oregon, Texas, Ari- 
zona, Nevada, Wyoming, Washington, Utah, New Mexico, Colorado, 
and Montana—produced 85 percent of the total value. 

An amethyst mine in Roberta, Cabarrus County, N.C., began 
operating in 1961. Two weeks after mining started, three bushels 
of amethysts in clusters and single crystals were recovered.® 


TABLE 1.—Estimated value of .gém store production in the United States 


(Thousand dollars) 

State 1960 1961 State 1960 1961 
Arizona... ---.--2-2___- Aen $120 $119 || North Carolina...__...______- $4 $6 
Arkansas_____.2.22----2-- 38 19 |} North Dakota.__.__-.--_..._- 1 1 
California. ........-------- 4. 160 200 |] Ohio... eee 3 4 

£6) (0) v0 ke 45 36 || Petinsylvatiia.....-----. 4 5 
Connecti¢ut__.....2. 22222222. 7 9 || Rhode Island__.__- 2} 1 
Delaware.....--..-.-_....-.4-]-.5----4-- 1 |} South Dakota. ...__...-_..__- 20 18 
Hawali__.. 22-2 eee ee Q) 18 || Tenriessee._._.-. 2.22.22. 1 1 
MAINO... cos. ssp oeedsoseok oa 15 20 || Texas___....- 002-2222. 022. 100 150 
Marylarid.._... 222-22 2 BU tal 2 oe ee tol ee 72 73 
Massachusetts.:..-.. 4-2... 1 2°|| Vermont. ..-...-.2--22_-..e 1 2 
Nebraska_......2-.-----2--2-- 4 5 || Virginia... 20 ----oee 5 6 
Nevada. -_.._-2.- 22-2 2. 100 -100 || West Virginia. .....-......._- i 1 
New Hampshire..........-22-| - 15 ©. W yOming. ...225.--- aaa ee 68 83 
New Jersey....__________.-__- 7 9 || Other States 2__..-2.2 22.8. 355 361 
New Mexico.._...-.---.-2-2-: 40 46 ; Sh is 
New York....-...--.------_- 2 9 10 Totalin- soccccsceen eee 1,188 1, 309 


1 Included with “ Other States.” 
2 Includes Alaska, Idaho, Illinois, Indiana (1961), Michigan, Minnesota (1960), Missouri (1961), Montana, 
Oklahoma, Oregon, and Washington with a value of $1,000 or more and those States indicated by footnote 1. 


A pink sapphire weighing 14 ounces, estimated to contain 2,000 
carats of cuttable material, was found in the Cowee Valley gem field, 
Macon County, N.C. A 24-ounce ruby weighing 3,400 carats also 
was found. The ruby contained many flaws, but from the unflawed 
material within the stone 800 to 1,200 carats may be cut.® 

New synthetic emeralds were available to U.S. jewelers as a result 
of a contract between Linde Co. and a Brazilian gem stone dealer, a 
worldwide distributor of Austrian-manufactured synthetic emeralds. 
The new synthetics were to retail for $62 to $75 per 1-carat stone, 
compared with the Chatham-created emeralds priced at $50 to $280 
for the same size.” | | 

Agate——Nearly 180 tons of agate valued at $130,000 was reported 
produced in 23 States in 1961. Estimates were that an additional 200 
tons valued at $150,000 was produced in States from which no reports 
were received. Principal States, in decreasing order of production, 
were Oregon, South Dakota, New Mexico, Arizona, Washington, 
Utah, California, and Montana. 

Moss agate production was valued at $6,000; turritella, $8,000; and 
fire agate, $4,000. Plume agate was not reported produced. 


5 Rocks and Minerals. Amethyst Mine Opens in North Carolina. V. 36, Nos. 9, 10, 
September—October 1961, p. 458. 

®The Evening Star, Washington, D.C. Carolina Gem-Hunter Finds 2 Giant Stones. 
No. 205, July 24, 1961, p. 24. 

7 Jewelers’ Circular-Keystone. The New Synthetic Emeralds. V. 131, No. 12, August 
1961, pp. 156, 158, 160, 161. 
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Diamond.—Production of diamond at “Crater of Diamonds” near 
Murfreesboro, Ark., was 121 carats valued at $7,260. Kimberlite was 
still being sold, but production and value were not reported. The two 
largest diamonds found during 1961 weighed 3.42 and 3.27 carats. 

A washing and concentrating plant, capable of processing 100 cubic 
yards of diamond-bearing kimberlite per day, was in operation during 
1961 at the Arkansas Diamond Mine near Murfreesboro, Ark. A 
total of 9 carats valued at $320 was reported recovered during the year. 

Jade-—Jade production from Alaska, California, Nevada, and Wyo- 
ming was 24,000 pounds valued at $73,000. Wyoming was the lead- 
ing State with 9,000 pounds valued at $42,000. Jade was reported 
discovered in the Lake Huron region, Mich. No other information 
on this new source was given. : 

Outcroppings of green, yellow, blue, gray, and brown jade were 
discovered southwest of Twenty Nine Palms, Calif. 

Obsidian——Obsidian production, totaling 90,000 pounds valued at 
$25,000, was reported from six States. Utah was the leading State 
with 42,000 pounds valued at $13,000. Some of the obsidian varieties 
collected included rainbow, golden sheen, snowflake, black, and white. 

Petrified Wood.—About 80 tons of petrified wood valued at $69,000 
was produced in 12 States. South Dakota led with nearly 26 tons, 
followed by Arizona, Wyoming, Utah, Nebraska, and Nevada. Petri- 
fied palm wood production was 5,300 pounds valued at nearly $4,000, 
and petrified bone produced was 11,000 pounds valued at $6,600. 

Quartz Crystal—Reports indicated that about 35 tons of quartz 
erystal and miscellaneous quartz specimens, except smoky and rose, 
was produced, valued at $20,000. Arkansas was the leading pro- 
ducing State with 26 tons valued at $8,000. 

, Smoky and rose quartz production was 10,000 pounds valued at 
8,000. 

Tourmaline.—Production of tourmaline from Maine was reported 
to be over 4,000 carats valued at $500, and 10,000 pounds of tourmaline 
specimens valued at more than $1,000 were produced. Most of the 
material came from the Harvard Mine near Greenwood, Maine, and 
from areas around Newry. Specimens of apatite, cookeite with 
quartz, and lepidolite also were obtained from the Harvard Mine. 

Turquoise.—Five States reported production of 5,300 pounds of 
turquoise valued at $40,000. Arizona produced 2,900 pounds valued 
at $12,000 ; Nevada, 1,800 pounds, at $20,000 ; and Colorado 100 pounds, 
at, $5,000. Minor values were reported from California and New 
Mexico. , 

The Blue Star mine, north of Carlin, Nev., a producer of turquoise 
for 25 years with an output of about $400,000, was being developed 
into a gold-producing property during 1961. 

Miscellaneous Gem Material—-Mineral specimens produced in the 
United States were estimated at 350,000 pounds valued at $200,000. 
Principal producing States were Texas, South Dakota, California, 
Colorado, and New Mexico. 

Rough garnet production was 1,700 pounds valued at $2,100, princi- 
pally from California. Sales of 458 carats of cut and polished stones 
valued at $916 were reported from a garnet mine at North Creek, 


N.Y. 
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A few pounds of gem opal valued at $3,000 were reported produced 
from the Rainbow Ridge and Bonanza opal mines in Virgin Valley, 
Nev. Another producer from a locality south of Yerington, Nev., 
reported production of 1,500 pounds. 

Output of 100 pieces of jet valued at $200 was reported from New 
Mexico for the first time in many years. | 

Production of black coral, obtained by divers off the islands of 
Kauai, Lanai, Maui, and between Maui and Molokini Islands in 
Hawaii, was about 3,200 pounds valued at $18,000. Due to the depths 
to which divers were required to go to recover the coral, prices were 
expected to increase from $5 to $8 per pound in 1961 to $12 in 1962. 

The quantity and value of some other gem stones and mineral spec- 
imens produced were: Amethyst, 1,000 pounds, $1,000; beryl spec- 
imens, 1,000 pounds, $6,000; copper minerals, 10,000 pounds, $12,000; 
feldspar gems, 15,000 pounds, $3,000; fiuorite, 2,000 pounds, $1,500; 
fossils, 5,000 pounds, $3,000; geodes, 25,000 pounds, $15,000; gold 
nuggets, 2 pounds, $1,000; idocrase, 3,000 pounds, $2,500; jasper, 75,000 
pounds, $25,000; lepidolite, 2,000 pounds, $1,000; marcasite, 2,000 
pounds, $1,500; onyx, 50,000 pounds, $10,000; ornamental stone, 50,000 
pounds, $8,000; peridot, 10,000 pounds, $15,000; rhodonite, 30,000 
pounds, $10,000; rhyolite, 5,000 pounds, $1,500; topaz, 1,000 pounds, 
$2,000; and verd-antique, 15,000 pounds, $1,500. 


CONSUMPTION 


Diamond consumption, $193 million was 16 percent greater than 
in 1960; sales of synthetic and imitation gem stones, $5.3 million were 
12 percent lower; and sales of natural and cultured pearls, $17 mil- 
lion were 16 percent higher. 

Apparant consumption (production plus imports minus exports 
and reexports) of gem stones in the United States was over $181 
million, compared with $164 million in 1960. 


PRICES 


Prices quoted during October 1961 for cut and polished gem dia- 
monds were: 14 carat, $70 to $295; 14 carat, $170 to $540; 1 carat, 
$400 to $1,680; and 2 carats, $1,090 to $4,000. The range in price of 
each size depended upon quality (cut, clarity, and color). 

The price of medium-grade, rough, green opal from Australia in- 
creased from US$45 per ounce in 1959 to US$90 in 1960, and to 
US$185 in 1961. Best-grade, rough, black opal was selling at US$448 
or more per ounce in mid-1961. 

A report on the diamond industry was published. This publication 
contained information on diamond marketing and world prices of gem 
and industrial diamonds during 1960.8 


§Switzer, George. Thirty-Sixth Annual Report on the Diamond Industry—1960 
Jewelers’ CireKeystone, 1961, 53 pp. 
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FOREIGN TRADE ° 


Imports.—Gem stone imports increased 16 percent in value over 1960. 
Gem diamonds accounted for 87 percent of the total imports and 
increased 947,000 carats in quantity and $28 million in value over 1960. 

Diamonds, cut but unset, were principally imported from Israel 
and Belgium-Luxembourg, with 51 percent from the latter. The 
average values per carat of diamond imports from the principal ex- 
porting countries were Belgium-Luxembourg, $98.02; France, $96.24; 
Israel, $78.97; Netherlands, $112.46; Union of South Africa, $179.18 ; 
United Kingdom, $129.82; and West Germany, $66.78. Average value 
of all imports of these cut but unset diamonds was $93.67. 

Imports of emeralds, cut but not set, increased 146,000 carats over 
1960; 89 percent came from India. The average values per carat of 
emerald imports from the principal exporting countries were Brazil, 
$23.12; Ceylon, $48.53; Colombia, $78.35 ; France, $30.29; Hong Kong, 
$86.84; India, $5.36; Italy, $84.78; Pakistan, $87; Switzerland, 
$138.18; Union of South Africa, $114.64; United Kingdom, $16.91; 
and West Germany, $37.47. 

The value of imported cultured pearls increased about $2.5 million 
over 1960, but the value of natural pearls decreased $129,000. 

Rubies and sapphires, cut but not set, valued at $675,000 were 
imported from 138 countries. Imports from Colombia, the principal 
source, were valued at $506,000. 


TABLE 2.—U.S. imports for consumption of precious and semiprecious stones, 
exclusive of industrial diamonds 


1960 1961 
Stones 
Carats Value Carats Value 
(thousands) (thousands) 
Diamonds: 
Rough or uncut, suitable for cutting into gemstones, 
Ouby fee oats ere aces 1,365, 529 | 1$87,518 | 2,274,923 $114, 670 
Cut, but unset, suitable for jewelry, dutiable..._.__ 801, 945 78, 037 839, 150 78, 605 
Emeralds: Cut but not set, dutiable._-...-...-...-.-..- 81, 207 1, 463 227, 284 2, 090 
Pearls and parts, not strung or set, dutiable: 
Natural: c223022 507 0.03 eee ete omete ened eet 629 |__._--..-.-- 
Cultured or cultivated. _...-.-.........--.------.|------------ 13, 984 |......-_..-. 16, 425 
Other precious and semiprecious stones: 
Rough or uncut, duty free...........---.-...-.----|-..--------- 620 |_..-.-..._-- 1, 169 
Cut but not set, dutiable...._.._......._.-..-...-..]-...---.-.-- 3,967 |....-----.-- 3, 899 
Imitation, except opaque, dutiable: 
Not cut or faceted..........-..-..-.--.-..------]------------ ‘Lg Se eee 54 
Cut or faceted: 
Synthetie:. 2: occ. oa cece Setesccesesseefeceazescccce},  » » BB4. jeoecSeclee se 3 
Othercoc2 io es eet sk eee 2s eee eee 6, 897-2 sees es 4, 907 
Imitation, opaque, including imitation pearls, duti- , (4 
SDIO so se ot ee cae let eee eee eee eects cecceceewe? ~ 3 -Neeneoe cco lk 
Marcasites: Real and imitation, dutiable.........._|-..-.------- Vi] eee 36 
"POtale sosssaset necro ee Sa eco 1192, 488 |__..-___-_-- 222, 715 
1 Revised figure. 


Source: Bureau of the Census. 


®Figures on imports and exports compiled by Mae B. Price and Hilsie D. Jackson, 
Division of Foreign Activities, Bureau of Mines, from records of the U.S. Department 
of Commerce, Bureau of the Census. 
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TABLE 3.—U.S. imports for consumption of diamonds (exclusive of industrial 
diamonds), by countries 


1960 | 1961 


Cut but unset Cut but unset 


Rough or uncut Rough or uncut 


Country 
‘| Value; - Value Value Value 
Carats | (thou- | Carats | (thou-| Carats | (thou- | Carats | (thou- 
sands) sands) sands) sands) 
North America: 
Canada_......-.----- 13, 751 } $1, 004 - 936 $74 |. . 7,772 $833 79} .° $10 
Me@xiCOc2200 50-252 ce ees loc eee 173 16 257 3 160 14 
Panama. 2.2 oes oo2e| sti naceaus eos saseleece= Stee] ere eenen le errammteeery imate mast 23 3 
Total soo eee 18,751 | 1,004 1, 109 90 8, 029 836 262 27 
SS EES — —E—EeeSS Ss OSS O_—E=EeeSSoE—E—E—E——eST ——_ 
South America: 
Brazil. ...-..---.-.----- 26,811 907 34 8 42, 962 759 706 36 
British Guiana..___._.. 22, 102 743 23 1 26, 150 686 93 8 
Venezuela......-...-.-. 41,220 | 1,161 |.......-.-]-.-.....} 111,700 S161 [coos ec clee oc ees 
Totalisesio0 sae soos 90,183 | 2,811 57 9 {| 180,812 4, 596 799 44 
Europe: 
Mustrigic tJ 2. seo te ee cet 753 AC, [eet Pots Va ake te ee toe 
Belgium-Luxembourg..| 207,225 | 14,354 | 435,284 | 44,462 | 210, 419 15, 391 428,054 | 41,957 
ETONCO: <oescccsssecests 45,965 | 1,803 13,337 | 1,181 , 857 5 10, 578 : 
py West...-...- 553. 13 59,703 | 3,974 89 52, oe 3, 480 
Netherlands.._..-.-..-_ 22,512 | 1,432 33,869 | 3, 762 50, 563 2,360 28, 756 8, 234 
Switzerland_._.._____- 2, 50 6, 526 269 349 
US Soh ce sn ee ea eee eee eeepc ont ledeee ses | coe set tele oe 1,023 85 
United Kingdom.___.___ 829, 523 |1 59, 555 7, 183 1,094 |1, 561,423 | 81, 702 5, 238 680 
Totalceceveee these cee 1,108,279 §177,295 | 550,244 | 54,545 |1,877, 684 | 101, 272 526, 693 50, 718 
Asia: 
Hong Kong: 2.0222 se lsc oe west aces cha ccacee scious ius eesesneelsecececes 1 () 
1 15,0: Vee ear eg RO ee ERIE oe 86 15") ete ecco 9 3 
WANs bes eceecccchouectes |scdoeslecul ton ssus lone ees ace edead|opeseetact} 2c. ees 56 4 
israel, csulcecclenssel 54,894} 1,801 | 213,013 | 17,453 60, 744 1,938 | 278,229) 21,971 
Japa sec eck 8 ee ee a 6, 398 81 244 26 942 91 
Singapore, Colony of...]...-......].......-]_.-.-.--..]--------]-----~----[ 38 i 
Thalan@. neo os | Soc lessee le bare ce cool coteecacloocaset ces lf ceecoeet 83 1 
Total scecosseei ge tse 54,894 | 1,801 | 219,497 | 17, 549 50, 988 1,964 | 279,358 | 22,081 
Africa: 
Congo, Republic of 

the, and Ruanda- 

Urundi 3_.-- 2 22 : He Pee eRe eae (ees ee 10, 860 228 10 1 
Western Africa, n.e.c.4+5_ 7, 180 B59) 2 a ccocess sacs 80, 243 25090: feseccacoe.|avsacscs. 
Western Equatorial 

Africa, n.e.¢.6_.-- 2. 3, 494 105 osee 2s. 22|ecocece. 3, 863 BL .ecsecsue.laasedoee 
Ghana_..-...-.-.2-- 2 .__ 7, 104 BUNS oS eee CN ed Soa sacn to Ge ae So TT tas 
Liberiac.soous22c2 2-2 e 23, 567 879 fcc esoseces psu lee ed 8,118 P80 posses legoues 5 
Union of South Africa..| 56,185 | 3,198 30,955 | 5,843 54, 331 3, 346 31, 951 5, 725 

TOlal ste oct 97,552 | 4,489 30,955 | 5,843.1 157,410 6, 002 31, 961 5, 726 

Oceania: Australia......... 9! 118 83 Dolch eel ece oe te V7 9 

Grand total......._- 1, 365, 529 |187,518 | 801,945 | 78,037 12,274,923 | 114,670 | 839,150) 78,605 


1 Revised figure. 

2 Less than $1,000. 

3 Effective July 1960; formerly Belgian Congo. 

4 Effective July 1960; formerly French West Africa and Republic of Togo. 
5 Ne.c.—not elsewhere classified. 

6 Effective July 1960; formerly French Equatorial Africa. 


Source: Bureau of the Census. 


Exports.—Exports of gem stones, precious and semiprecious, were 
$148 million, compared with $7.6 million in 1960. Diamonds, cut 
but unset, accounted for 76 percent of the total. 

The value of gem stones exported, except diamonds, was over $2 
millon, of which 50 percent went to Switzerland and West Germany. 
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Reexports of gem stones, precious and semiprecious, were $28 mil- 
lion, compared with $21.7 million in 1960. Diamonds, rough, uncut, 
and suitable for cutting into gem stones, accounted for 80 percent of 


the total. 
WORLD REVIEW | 


_ Gem and industrial diamond sales through the Central Selling 
Organization (London) were a record $268 million. No breakdown 
between gem and industrial sales was given. The previous sales 
record was $255.2 million, set in 1959. | 


TABLE 4.—World production of diamonds, by countries 


(Thousand carats) 


1961 


Gem Industrial 


688 460 
41 
405 17, 788 
740 2, 
490 730 
219 330 
595 500 
887 1, 050 
¢ 816 0 
Tanganyika-s-2..-. csc csckesceceocesl sce aeewsee 340 345 
Union of South Africa: 
Pipe mines: 
PIOmereo 228 cco scecsccewckecsascssctess 360 1, 200 
De Beers Group....-....---.--------------- 953 760 
Other “‘pipe’”? mines ?.......--...--..-.----- 35 80 
Alluvial mines 2 4_._....-..---.----.-------- 240 160 
Other regions: 
Brazdl 2623s th to ee Se cange lb ess ca 175 175 
British Guiana_._.....-.--.---------------.-------- 68 45 
Venertuela oo. 5522 er Ok ee ee 60 74 
India, Borneo, Australia, U.S.S.R., and Others 2__. 80 420 
World t0talec soc onc oe Sees cecie ce eee 7, 200 26, 500 
1 Revised figure. 
2 Estimate. 
3 Exports only. 


£ Including State-owned mines. 


NORTH AMERICA 


Canada.—The possibility of finding diamond in Canada was reported 
to be good because of the similarity between the diamond-bearing 
rocks in Siberia and those of northern Canada.” 


SOUTH AMERICA 


Brazil—A_. deposit of tourmaline was discovered in pegmatites at 
Serra da Cacunda, Minas Gerais. Three other tourmaline mines 
were registered with the Government, one each in the States of 
a Conia: Ceara, and Sao Paulo" The quantity produced was 
unknown, : 


10 Jewelers’ Circular-Keystone. Diamond Finds in Canada Likely. V. 131, No. 7, 
April 1961, p. 134. : 

ae Journal (London). Mining News from Brazil. V. 257, No. 6593, Dec. 29, 1961, 
Dp. : 
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Reactivation of an old diamond mine, the Boa Vista, in the State 
of Minas Gerais, was planned by a group of investors from the United 
States. The new company’s name was Diamonds of Brazil, Inc.” 

Exports of semiprecious stones in 1960 were 533 tons valued at 
US$481,321, compared with 317 tons valued at US$27,173 in 1959. 
These figures were compiled from export licenses issued by the Bra- 
zilian Department of Mineral Production.1® 

British Guiana.—Diamond production was 112,679 carats in 1961, of 
which 67,600 was gem material. This was an increase of about 12,000 
carats over 1960. A new diamond deposit was discovered during 
1961 at Kurupung. 

Chile.—Exports of lapis lazuli in 1961 were 1.8 short tons valued at 
US$6,400, compared with 4.4 tons valued at US$2,840 in 1960. In 
both years West Germany wasthe leading customer. _- 

Colombia.—A new company, Empresa de Esmeraldas, was formed 
by the Banco de la Republica to take over and work the existing emer- 
ald mines. Reports were received that new deposits of emerald were 
found in the western Department (State) of Boyaca.? 

Venezuela.—Diamond production in 1961 was 184,000 carats, of 
which 60,500 carats was gem quality. Exports of 54,000 carats were 
to Bermuda and the United States. The discovery of several large 
deposits in the Caroni River bed resulted in increased production of 
all types of diamonds during the year.’® 


EUROPE 


U.S.8.R.—A fter the discovery of the first kimberlite pipe in Yakutia 
in 1954, about 200 pipes and dikes were reported found. Only seven 
or eight had a diamond content high enough for economic exploitation. 
Two of these were in southern Yakutia; the rest were in the north or 
near the Arctic Circle. 

It was estimated that 900,000 carats was produced in Yakutia and 
about 50,000 carats in the Ural Mountain region in 1960. Of the 
total produced, about 5.5 percent was gem diamond. Gem diamonds 
were being cut and polished in Leningrad and Sverdlovsk.27 


ASIA 


Bahrain.— Expectations were that the 1961 pearl harvest from the 
Persian Gulf would exceed the 1960 production of US$210,000. The 
pearling fleet consisted of 11 boats with 450 divers, compared with 
over 1,800 boats used 30 years ago. Most of the pearls were polished 
and drilled in India before being made into jewelry.1® 


42 Jewelers’ Circular-Keystone. American Investors Seek Diamonds in Brazil Mine. 
V. 131, No. 9, June 1961, pp. 95-96. 

18Mining Journal, Notes on the Mineral Potential of Brazil. V. 256, No. 6560. 
May 12, 1961, p. 585. 

4U.S. Embassy, Santiago, Chile. State Department Dispatch 645. Apr. 17, 1962, p. 31. 

oe Journal (London). Mining Miscellany. V. 257, No. 6580, Sept. 29, 1961, 


p. 317. 

16 Bureau of Mines. Mineral Trade Notes. V. 54, No. 5, May 1962, p. 10. 

7 Kowalewski, Jan. Mineral Resources Development in U.S.S.R.—II. Min. J., v. 257, 
No. 6571, July 28, 1961, p. 94. 

18 Foreign Commerce Weekly. Forecast for Bahrain Pearl Harvest Appears Optimistic. 
V. 67, No. 2, Jan. 8, 1962, p. 60. 
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Hong Kong.—The Colonial Government with the help of Japanese 
consultants was reviving its pearl industry. Although it was still 
in the experimental stage, the developers hoped to produce cultured 
pearls within a few years.'* 

India.—The National Mineral Development Corp., owned by the 
Government of India, proved a diamond deposit in the Panna region 
and planned production of 40,000 to 50,000 carats by 1963. It was 
estimated that 65 percent of total production would be gem diamonds.”° 

Emerald deposits in the Udaipur region at Gamgudha, Kalouman, 
and Tikhi had yielded high-grade gems in past years, and the possi- 
bilities of again producing in these areas were being explored.” 

Israel.— A new diamond center, sponsored by the Government-con- 
trolled Diamond Development Corp. and the Jerusalem Economic 
Corp., was opened in Jerusalem in November 1960. The Israel dia- 
mond industry in 1961 employed about 8,000 people, with an expansion 
of an additional 4,000 people expected in the near future. 7 

In 1960, Israel imported nearly 1.5 million carats of rough diamonds 
valued at US$51 million and exported about 618,000 carats valued at 
ak million, of which US$18 million were sent to the United 

tates.?? oa 

The value of exports of polished gem diamonds increased 425 per- 
cent in the 10-year period, 1951-60. Total carats exported increased 
365 percent in the same period. The United States was the largest 
customer for the cut stones.” 

The finding of malachite in the King Solomon mine was reported. 
Some of the copper ores found in the mine contained blebs of minerals 
with a coloring of turquoise, beige, blue, and black with specks of 
white, and they were used for decorative purposes. Some of the softer 
queen were broken up and cemented together in a mosaic pattern for 
jewelry. 

The entire gem stone industry was controlled by the Government, 
and those wishing to purchase malachite or other gem materials for 
jewelry were required to obtain a license from the Ministry of Develop- 
ment.?* 
. AFRICA 


British East Africa.—Tanganyika’s production of diamond in 1961 
was valued at US$17 million. Crude ruby and ruby-bearing corun- 
dum were sold for US$41,000. 

Federal Ventures, Ltd., Tanganyika, finished preliminary examina- 
tion of the ruby and sapphire occurrence in the Umba River area, 
Lushoto district in 1960. A processing plant was planned, and 
production was expected to start in 1962. 

Specimens of semiprecious stones found by prospectors during 1961 
included quartz, garnet, zircon, sphene, beryl, chrysoberyl, and 
tourmaline. 


*% Foreign Trade (Ottawa). Commodity Notes. V. 116, No. 7, Sept. 23, 1961, p. 14. 
20 Hngineering and Mining Journal. In India. V. 162, No. 10, October 1961, p. 182. 
Pape Journal (London). Udaipur’s Mineral Wealth. V. 257, No. 2572, Aug. 4, 1961, 

p. 


2 Bureau of Mines. Mineral Trade Notes. V. 53, No. 4, October 1961, pp. 19-21. 

*% Bureau of Mines. Mineral Trade Notes. V. 53, No. 4, October 1961, pp. 19-21. 

% Gold, Gertrude. King Solomon’s Mine Produces Riches Again. Jewelers’ Cire— 
Keystone, v. 181, No. 10, July 1961, pp. 48, 50. 


594 MINERALS YEARBOOK, 1961 


Tanganyika Crystals, Ltd., at Anusha, was reported to be producing 
high-quality cut stones, especially amethysts. 

Overseas companies were investigating opportunities for invest- 
ments in the local precious and semiprecious gem stone industry.” 

British West Africa—During 1961 a report from Kenya indicated 
that 1,000 carats of sapphire valued at US$846 was produced.?¢ 

Cameroun, Republic of.—Three diamonds, the largest of which was 1.7 
carats, were discovered in the Méré and Vina regions during 1960. 
Extensive prospecting during 1961 was proposed by the Government 
of Cameroun.?? 7 

Ivory Coast.—Ivory Coast Diamond Company, State-owned, was to 
be formed to mine diamond in the Ivory Coast and to help stop illegal 
mining. Exports of gem diamond for the first 11 months of 1961 
were valued at US$2 million.?* 3 a a 

Malagasy Republic—One of the outstanding characteristics of the 
mineralization in Malagasy is the occurrence of a wide variety of semi- 
precious gem stones. The most highly prized gems came from deposits 
in the Sahatany Valley and from Antsirabe, Ankazobe, and Ikala- 
mavony pegmatite fields. Domestic production during 1961 was spo- 
radic and barely supplied loca] lapidaries. Some of the more impor- 
tant gems mined were beryl (morganite, aquamarine, and heliodor), 
tourmaline (rubellite, indicolite, and others having colors of green, 
brown, violet, and pink), spodumene (kunzite and others of yellow 
and greenish yellow color), garnet (spessartite and almandite), topaz 
(colors range from water clear to a slightly greenish tint), sapphire 
(cordierite), feldspar (amazonite, moonstone, and others water white 
to golden yellow in color), and quartz (rock crystal, citrine, smoky, 
amethyst, chalcedony, and jasper). 

Other varieties of gems found in Malagasy that may be cut and 
polished are alabaster, chrysoberyl, danburite, diopside, epidote, ferro- 
pecotite, kornerupite, labradorite, opal, rhodonite, rhodizite, scapolite, 
serpentine, spinel, and turquoise. : 

Other mineralogical specimens highly prized by collectors included 
ampangabeite, erate. betafite, and grandidierite. 

Rhodesia and Nyasaland, Federation of—The Sandawana emerald de- 
posits, owned by Rio Tinto Co., Ltd., were reported producin high- 
quality gems during 1960. Production and values were calnoah. 
T'wo new emerald deposits were reported in the Fort Victoria district.”* 
Another emerald discovery was reported in the Mazoe district 20 miles 
north of Salisbury.” | 

South-West Africa—In June 1961, Marine Diamond Corp., Ltd., was 
formed to mine diamond by dredging in a coastal area extending from 
the mouth of the Orange River north 172 miles and extending from 
the low-water mark on the coast to the 3-mile limit." Also, Atlantic 


Mining Journal (London). Tanganyika’s Mining Industry in 1961. V. 258, No. 
6605, Mar. 23, 1962, pp. 288-289. 

U.S. Consulate, Nairobi, Kenya. State Department Dispatch 400. Mar. 26, 1962, p. 2. 

2 Bureau of Mines. Mineral Trade Notes. V. 538, No. 3, September 1961, p. 16. 

28 Mining Journal (London). Mining Miscellany. V. 258, No. 6600, Feb. 16, 1962, p. 173. 

* Rhodesian Mining and Engineering (Salisbury). News Concentrates. V. 26, No. 6, 
June 1961, pp. 30, 50. ; 

9 Bureau of Mines. Mineral Trade Notes. V. 53, No. 5, November 1961, p. 17. 

1 Bureau of Mines. Mineral Trade Notes. V. 53, No. 5, November 1961, pp. 14~15. 
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TABLE 5.—Production, exports, and value of gem stones from South-West Africa 
during 1961 


Production Exports 
Gem to : 
Quantity Quantity Value 
Mismondsscsse sooo les seene ca eset ocnteub.cieee carats... _ 816 787,949 | US$47, 267, 567 
Amethyst = 22-2 seen eccdscccbsccecece csc edeccces pounds... 6, 658 658 - dil 
Chalcedon Fic cocsec ccs cecsc eco o sects ececceccccs eed do...- 30, 200 2, 600 1, 960 
ROS8O: Quartz... 2. cso ese oe snes foaenecee seeds do... _ 980 980 140 
Tourmaline... ....-......-2...2- ddesdessccescoslecwsed do... 73 11 4,900 
Araconite. 22. 220s. se ctaecncec dene lesen si easescdeue~ do... 400 400 280 


Diamond Corp., Litd., was seeking an 8-mile concession north of the 
Orange River along the coast to the 3-mile limit. 

Union of South Africa—LEmerald production from northeastern 
Transvaal increased to 3,600 pounds in 1960 from 1,800 pounds in 
1959. African Emerald Mining Company (Pty.) Ltd., African Gem 
Company, and Gravelotte Emerald Mine were the only producers. 
Virtually all of the emerald was exported to Switzerland and the 
United Kingdom. Tiger’s eye production was about 3 tons.** 

Plans were made for reopening the famous de Beers’ diamond mine 
at Kimberley.** This mine, also known as the “Big Hole,” was mined 
to a depth of 3,520 feet and produced over 14 million carats before 
mining stopped in 1908.%5 


OCEANIA 


Australia—The value of opal reported in official statistics was the 
amount buyers reported to the Government as the price paid for rough 
material. Opal production in 1960 was valued at USS1L5 million, 
and exports were 0882.3 million.®6 


TECHNOLOGY 


A list of mineral species, some of which were found only in Cali- 
fornia, was published.*” 

Information on jade gem material in Washington was given.® 

A new book on opal, published in Australia, contained information 
on the history of opal mining and discussed modern methods of extrac- 
tion. It was illustrated with drawings and photographs of different 
types of opal.® : 

Gem stones of South Africa and their locations were described.*° 


ee Journal (London). Mining Miscellany. V. 257, No. 6586, Nov. 10, 1961, 


p. : 7 : 

3U.S. Consulate, Johannesburg, Union of South Africa. State Department Dispatch 7. 
July 7, 1961, p. 14, encl. 3, pp. 1, 2. 

34 Mining World and Engineering Record (London). De Beers Well Equipped to Meet 
Difficult Times Ahead in Africa. V.177, No. 4551, June 1961, p. 243. 

35 Rocks and Minerals. Kimberley Diamond Mine May Reopen. V. 36, Nos. 1 and 2, 
January—February 1961, p. 41. 

88 Bureau of Mines. Mineral Trade Notes. V. 54, No. 1, January 1962, pp. 40, 41. 

37 Stinson, Melvin C. The Mineral Kingdom. Miner. Inf. Service, California Div. of 
Mines, San Francisco, Calif., v. 14, No. 8, August 1961, 16 pp. 

88 Waskey, Frank H. Washington State Jade. Rocks and Minerals, v. 36, Nos. 1 and 2, 
January—February 1961, pp. 30-31. 

39 Leechman, Frank. The Opal Book. Ure Smith Pty. Ltd., Sydney, Australia, 1961, 


55 pp. 
40 Blignaut, Adi. Gemstones of Southern Africa. Geol. Museum of Johannesburg, Trans- 
vaal, South Africa, 1961, 28 pp. 
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Each monthly issue of Mine and Quarry Engineer (London) begin- 
ning with October 1953 described a mineral, giving the synonyms, 
nomenclature, varieties, composition, crystallography, physical and 
optical properties, tests, diagnoses, occurrences, and uses. Each min- 
eral was illustrated in color. In the 1961 issues the minerals in chron- 
ological order were strontiamite, wavellite, cryolite, aurichalcite, 
datolite, hemimorphite, adularia, diopside, gibbsite, topaz, rutile, and 
opal. 

A series of articles on quartz as a gem material were published.*4 

Data on gem stones having dichroism, the. property of presenting 
different colors in two directions by transmitted light, were given.” 

The origin of jadeite and experimental studies on its synthesis were 
described.* 

Recent developments in the synthesis of gem material for jewelry 
and industrial applications were reviewed.** 

Single crystals of corundum made by the Verneuil method were 
investigated to determine the quantity, color, and degree of oxidation 
of manganese which they contained. The crystals contained from 
0.1 to 20 mole-percent manganese oxide. Chemical and microscopic 
examinations were reported.*® 

A Russian publication reviewed the history of emerald synthesis in 
Germany. Past and recent methods used to manufacture emeralds 
were described. The synthesis of phenakite, zircon, garnet, titanite, 
and rutile also was mentioned.* | 

Methods of growing crystals of synthetic ruby in a closed system 4” 
and of producing garnet synthetically were patented.* 

An improvement in the color of pale yellow or brown gem diamonds 
by exposure to gamma radiation was described.” 

The design of an apparatus for use in extraction of diamonds was 
patented in Russia.®° 

A method of producing diamonds by explosive force was described.** 


“1Pough, Frederick H. The Many Faces of Quartz. Jewelers’ Cire._Keystone, v. 132, 
No. 1, October 1961, pp. 80, 82, 102-103; No. 2, November 1961, pp. 68, 70, 77-78; No. 3, 
December 1961, pp. 50, 52, 54, 56. 

42Pough, Frederick H. Bi-Color, Parti-Color and Dichroic Stones. Jewelers’ Circ.— 
Keystone, vy. 131, No. 10, July 1961, pp. 52, 54. 

ef ria aa Vv. N. The Problem of Jadeite. Econ. Geol., v. 56, No. 8, December 1961, 


. 1480. 

*4Chemical Engineering. Flame-Grown Gem Stones Enjoy Broadened Use in Optics 
and Fashion Jewelry. V. 68, No. 26, Dec. 25, 1961, pp. 26—28. 

*SBaumgirtel, Rolf. (Investigations on Corundum Single-Crystals Containing Man- 
ganese.) Chem. Tech., No. 10, 1961, 615 pp. 

*BHspig, Hermann. (BHmerald Synthesis.) Chem. Tech., No. 6, 1960, pp. 327-331. 

47Ballman, Albert A., Anthony J. Caporaso, and Robert A. Laudise (assigned to Bell 
Telephone Laboratories, Inc.). Method of Growing Corundum Crystals. U.S. Pat. 
2,979,413, Apr. 11, 1961. 

#8 Van Uitert, L. G. G. (assigned to Bell Telephone Laboratories, Inc.). Polycrystalline 
Garnet Materials. U.S. Pat. 3,003,966, Oct. 10, 1961. 

*Custers, J. F. H., H. B. Dyer, and R. W. Ditchburn (assigned to Industrial Dis- 
tributors Ltd. (1946)). Treatment of Diamonds. U.S. Pat. 2,998,365, Aug. 29, 1961. 

50Lomakin, G. A. Russian Pat. 129,146, June 15, 1960. 

®1Van Tilburg, J. Australian Pat. 226,337, Nov. 27, 1959. 


Gem Stones 


By John W. Hartwell’ and Betty Ann Brett? 


} 


RODUCTION of gem materials and mineral specimens in the 
P United States during 1962 was valued at approximately $1,296,- 
000, a $13,000 decrease from 1961. 

Public Law 87-713, passed by Congress in 1962, stated that deposits 
of petrified wood were excluded from appropriation under the mining 
laws. Petrified wood was no longer to be considered a mineral that 
could be used to establish a valid mining claim. It was defined as 
“agatized, opalized, petrified, or silicified wood, or any material formed 
by the replacement of wood by silica or other matter.” 


DOMESTIC PRODUCTION 


Production data were collected by the Bureau of Mines by canvass- 
ing amateur and professional producers of gem stones, but it was not 
possible to contact all operators. Therefore, information was based 
on a partial survey. 

Gem material and mineral-specimen production was reported from 
45 States, the same as in 1961. During both years California, Oregon, 
and Texas were the leading producing States. Twelve States, with 
production valued at $25,000 or over, produced 89 percent of the total 
value. These States were Arizona, California, Colorado, Maine, 
Montana, Nevada, New Mexico, Oregon, Texas, Utah, Washington, 
and Wyoming. 

The reported find of a 14-ounce pink sapphire and a 24-ounce ruby 
in North Carolina during 1961 was discovered to be a hoax! 

Gem grade pollucite was reported mined during 1962 at the Walden 

m mine, Portland, Conn. A cut and polished gem of more than 12 
carats and a 49 carat uncut stone of gem quality were some of the larger 
pe produced. Many 1 to 4 carat pieces were recovered and offered 

or sale. 

Agate.—A bout 125 tons of agate valued at $92,000 was reported pro- 
duced in 18 States. The variety and quantity of agate included in the 
total was classified as: Moss, 4,300 pounds; turritella, 5,100 pounds; 
and fire agate, 1,400 pounds; the balance were miscellaneous types. 
Principal States, in decreasing order of production, were Oregon, 

1 Commodity specialist, Division of Minerals. 

* Statistical assistant, Division of Minerals. 

* The Knoxville News-Sentinel. Rockhounds Go To “Gem Fields.” Aug. 18, 1961, p. B-9. 
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Arizona, New Mexico, Washington, California, South Dakota, Texas, 
and Utah. 

Diamond.—Diamond production at Crater of Diamonds near Mur- 
- freesboro, Ark., was reported at 200 carats valued at $8,850. A frosty- 
white diamond was reported weighing 4.39 carats and valued at $3,000. 

Jade-—Production of jade from Alaska, California, and Wyoming 
was 45,600 pounds valued at nearly $100,000. California was the lead- 
ing State with 23,000 pounds valued at nearly 25,000. A 2,250-pound 
jade rock discovered in 170 feet of water off Catalina Island, Calif., 
was valued at $75,000. . 

Mineral Specimens.—A bout 140,000 pounds of mineral specimens were 

roduced and valued at nearly $50,000. Arizona, Colorado, and New 
Mexico were the leading States; each produced more than 25,000 
pounds. Copper mineral specimens production, not included in the 
above total, was reported at 21,900 pounds valued at $12,700. Most of 
the copper minerals came from Arizona. 

Obsidian—Production, totaling 122,000 pounds valued at $24,000, 
was reported from five States. California was the leading State with 
nearly 83,000 pounds valued at $17,000. 

Petrified Wood.—Production of 174 tons valued at $92,000 was re- 
ported from 11 States during 1962. Utah led with nearly 32 tons 
followed in descending order by Arizona, Wyoming, South Dakota, 
California, Colorado, New Mexico, and Texas. Petrified palm wood 
production was only 138 pounds valued at $138, and petrified bone 
produced was 3,000 pounds valued at $2,000. 

Quartz Grystal:—-Outpuit from 18 States was reported at 72,100 
pounds valued at $30,200. Rose quartz production was estimated at 
37,000 pounds with a value of $1,200. Smokey quartz production was 
570 pounds valued at about $1 per pound. 

Turquoise.—Production in 1962 was reported at 11,500 pounds valued 
at $44,500. Arizona was the leading turquoise-producing State with 
7,400 pounds valued at nearly $17,000. New Mexico followed with 
2,250 pounds valued at $6,000. Two other States that also reported 
production were Nevada and California. Nevada material was rated 
more valuable with values ranging from $5 to $20 per pound. | 

Miscellaneous Gem Material.—Jasper production was estimated at 
nearly 59,000 pounds valued at $15,000. Principal production was 
reported from Arizona. All grades of opal mined during the year 
were reported at 104,000 pounds valued at about $13,000. Only 10 
pounds of fire opal valued at $150 was declared. Nevada was the lead- 
ing-producing State with an estimated 101,000 pounds valued at $8,000. 
Most of this material was produced in Virgin Valley. Garnet pro- 
duction was 2,400 pounds valued at $1,200. Sales of 196 carats of 
cut and polished stones valued at nearly $500 were reported from a 
garnet mine at North Creek, N.Y. Black coral obtained by divers 
off the island of Maui was valued at $6,000 with a production of 1,200 
pounds. No production was reported from the ocean near the other 
islands. Peridot gems from Arizona and New Mexico were reported 
to be valued at $14,000 with a production of 22,300 pounds. 

The quantity and value of some other gem and ornamental stone 
reported produced were: Amethyst, 3 pounds, $180; beryl specimens, 
1,300 pounds, $3,200; feldspar gems, 3,900 pounds, $1,500; fluorite, 
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23,100 pounds, $8,200; fossils, 1,600 pounds, $800; geodes, 1,100 pounds, 
$560; gold nuggets, 20 ounces, $700; idocrase, 4,500 pounds, $1,400; 
marcasite, 1,000 pounds, $700; onyx, 32,000 pounds, $8,000 ; ornamental 
stone, 73,100 pounds, $4,400; rhodonite, 6,300 pounds, $3,400; rhyolite, 
42,000 pounds, $4,900; sapphire, 14 pounds, $2,100; topaz, 600 pounds, 
$1,500; and vesuvianite, 1,400 pounds, $280. 


CONSUMPTION 


Gem diamond consumption, $192 million, was nearly the same as in 
1961; sales of imported imitation and synthetic gem stones, $4.3 mil- 
lion, were 20 percent lower; and sales of natural and cultured pearls, 
$18.9 million, were 12 percent higher. 

Apparent consumption (production plus imports minus exports and 
reexports) of gem stones in the United States was $167 million, com- 
pared with $181 million in 1961. 


PRICES 


Prices quoted during January for cut and polished unmounted gem 
diamonds were: 0.25 carat, $65 to $318; 0.5 carat, $200 to $550; 1 carat, 
$525 to $1,500; 2 carats, $1,200 to $4,364; and 3 carats, $2,400 to $8,162. 
aa me range of each size depended upon quality (cut, clarity, and ~ 
color). 

A report on the diamond industry contained information on dia- 
mond marketing and world prices of gem and industrial diamonds 
during 1961.4 


FOREIGN TRADE * 


Imports.—Gem stone imports increased less than 1 percent in value, 
compared with 1961. Gem diamonds accounted for 85 percent of total 
- Imports but decreased 711,352 carats in quantity and $1.6 million in 
value, compared with 1961. 

Diamonds, rough or uncut, were principally imported, by quantity, 
from the United Kingdom (53 percent), followed by Venezuela (9 
percent), British West Africa (9 percent), and the Republic of South 
Africa (8 percent). Diamonds, cut but unset, were principally im- 
ported from Belgium-Luxembourg (49 percent) and Israel (36 per- 
cent). The average values per carat of cut but unset diamond imports 
were Belgium-Luxembourg, $95.49; Israel, $79.36; the Netherlands, 
$103.58; Republic of South Africa, $182.43; the United Kingdom, 
$129.64; and West Germany, $71.63. 

Imports of emeralds, cut but unset, decreased 30,600 carats under 
1961; 93 percent came from India, 2 percent each from Colombia and 
Switzerland, 1 percent from West Germany, and the balance from 
18 other countries. The average value per carat of emerald imports 


‘Switzer, George. Thirty-Seventh Annual Report on the Diamond Industry—1961. 
Jewelers’ Circ.-Keystone, 1962. 48 pp. 

* Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Divi- 
sion of Foreign Activities, Bureau of Mines, from records of the U.S. Department of Com- 
merce, Bureau of the Census. 
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from the principal exporting countries were Colombia, $124,28 ; India, 
$10.95; Switzerland, $45.64; and West Germany, $10.87. 

Rubies and sapphires, cut but unset, valued at $1,207,700 were im- 
ported from 15 countries, principally from Colombia (86 percent), the 
United Kingdom (4 percent), India (3 percent), and Republic of 
South Africa (3 percent). Imports from Colombia, the principal 
source, were valued at $1,033,000—more than a 100-percent increase, 
compared with 1961. 

Cultured pearl imports were about $1.8 million more than 1961, and 
imports of natural pearls were $237,000 more. The principal countries 
from which natural pearls were imported were Japan (49 percent) 
and India (41 percent). 

The largest quantity of rough or uncut and cut but unset gem stones 
imported into the United States came from Hong Kong ($658,000) 
and Brazil ($285,000). 


TABLE 1.—U.S. | imports for consumption of precious and semiprecious stones, 
exclusive of industrial diamonds 


1961 1962 
Stones ; 
Quantity Value Quantity Value 
(thousands) (thousands) 
Diamonds: 
Rough or uncut, suitable for cutting into gem 
stones, duty free......--.---..---.-------- carats..| 2,274, 928 $114,670 | 1, 420, 443 $102, 446 
Cut, but unset, suitable for jewelry, dutiable 
carats... 839, 150 78, 605 982, 278 89, 188 
Emeralds: Cut but not set, dutiable........-...- do.... 227, 284 2, 090 196, 649 2, 798 
Pearls and parts, not strung or set, dutiabie: 
Naturale: 2.22 se-betoe cht bes ee Saaesiely (1) 500 (1) 737 
Cultured or cultivated. ........-.......-...-------. Q) 16, 425 () 18, 198 
Other precious and semiprecious stones; 
Rough or uncut, duty free......-.....-----~.------ (1) 1,169 (2) 1, 765 
Cut but not set, dutiable_.........-....-.........-- (4) 33, 900 (4) 5, 098 
Imitation, except opaque, dutiable: 
Not cut or faceted__.....-..--.....------------- () 54 ® 61 
Cut or faceted: 
Synthetic..... 2 .--neennnnneen- number.. 664, 932 2345 | 1,176, 058 457 
Other oo 24 2 oe os esse ee ee as (1) 4, 907 (4) 3, 740 
Imitation, opaque, including imitation pearls, 
dutiablesecs. 32 2cecc0c: ono vec socsccwecnesetecesce (1) 14 (1) 18 
Marcasites: Real and imitation, dutiable........._. () 36 @) (?) 
Vota) on. cesoeecco selec seeeteesstectaccteccecsouce (1) 222, 715 (!) 224, 506 


1 Quantity not recorded. 
2 Revised figure. 
3 Less than $1,000. 


Source: Bureau of the Census, 


Exports.—Precious and semiprecious gem stones exported were 
$18.8 million, compared with $14.8 million in 1961. Diamonds, cut 
but unset, accounted for 74 percent of the total. The value of gem 
stones exported, except diamonds, was over $3 million. 

Reexports of gem stones, precious and semiprecious, were $40 mil- 
lion, compared with $28 million in 1961. Diamonds, rough, uncut, 
ae i for cutting into gem stones, accounted for 86 percent of 
the total. 
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TABLE 2.—U.S. imports for consumption of diamonds (exclusive of industrial 
diamonds), by countries 


Country 


nee tenes Geena’ (eememmememeene reed eee! 


North America: 


ne | mee | ements | aeereenenerememinieesteints | eurnenmrenrmennsreeannen 


8, 029 


SSS o_O oe | J 
nen | re | | | Se f RS f nee 


South America: 
Brazil Hctusscesccoecaen a 
British Guiana......- 
Venezuelg.-....---.-.. 


42, 962 
26, 150 9, 852 
111,700 | 3,151 |---| 128, 264 


180, 812 139, 112 


——— SS. oO SSS Oe ee J 
SR | | Ne | ee fee | es 


39, 877 
4, 902 
2) 144 


FR (Ol ee fe ee ee ee [eee ee fem e ewe meen [ow ene ene 


Germany, West..___. 
Ireland 


em mew emenne fam meee wwe 


-122..-| 50,563 | 2,360 | 28, 756 | 3,234 | "29, 367° 


oT Teme [mamma ne [mmo me (mem nme ee [—wewc ewe fee ee wm ween lee woman 


"369 | 349 | 205) SOB | 


752, 905 


neers | eee | matte | aterm | seareeeeieni—eneeewe 


822, 698 


Se SS SS Ea OEE E——=E——_—EESES_" 


Te em fae eee ee (eee on 


U«.S.S. 
United Kingdom_____- 1, 561, 423 
1, 877, 684 


Asia: 


we meee cece] le www omen 
Oe et fe ee ee fee we we ete mm oeee foe annem wn 


50, 744 
244 


Malaya, Federation of-|.._..--....|--.----..|.-.......|--..-...|___.---.-.-|_-- 
Singapore, Colony of. .|..-.---.__.|---_.-._. 
Thailand_....--.......]-.-.------- |e. 


ees | aerate | etstnteetatnnaer | evenness | etnettmenenerercten 


279, 358 | 22, 081 20, 001 


—————.| b OSs S SO ee | SS J 
[amen | | | NC | meee fl meno f some 


Africa: 

British West Africa 
and Sierra Leone. __.|-._..-.....|-.------- |---| 125, 407 
Cameroon, Federal 
Republic of.._--.-2- [22-22 fee ee Le 2, 218 
Congo, Republic of 
the aod Ruanda- 


Urundi_....2 2222. 34, 945 
LE 15) 0 [, eee en) ame Meee ORC Gre em NT eee oie 23, 962 
Liberia.-....------..-.] 8,113 | = 280 |---|, 10, 456 
ICON Gos ceeu ccna lsat ccna, aceurc ce ecatces ctocn. 778 
South Africa, Repub- 
lic. of 9. 222025022 <3 120, 213 
Western Africa, n.e.¢.3. 80,243 | 2,097 j_..- 2 __|__e 57, 030 
Western Equatorial 
Africa, n.@.¢.%.....---} 3,863 | BL LeeLee 58, 495 
i ke) :) rr 433, 504 
Oceania: Australia. .-.....|.----------|---------| 77 [Qe 
Grand tota]__....... 


NS eS SSPE tsessesicnpeneareranes aseummmnsnssssssas 
1 Less than $1,000. 
3 Effective Jan. 1, 1962; formerly Union of South Africa. 
Not elsewhere classified, 


Source: Bureau of the Census, 
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WORLD REVIEW ° 
NORTH AMERICA 


Canada.—De Beers Consolidated Mines, Ltd., an associate of Anglo- 
American Corporation of South Africa, Ltd., acquired the exploration 
license that was granted to W. G. Wahl, Ltd., to explore for diamonds 
in Ontario.? Mineral sources in eastern Ontario that could be easily 
reached by collectors were reported.’ Boulders of jade were reported 
discovered in Vital Creek, near Takla Landing, British Columbia. 
Two stones weighing 5,000 and 3,000 pounds each were shipped to 
Vancouver for display. Vancouver dealers in jade were reported to be 
exporting about 40 tons a year, the greater portion being destined for 
West Germany.® 


TABLE 8.—World production of diamonds, by countries 


(Thousand carats) 
1961 1962 
Country 
Gem Industrial Gem Industrial 
Africa: 
ANGOl82 2 Sccceoe soso ee tetesel pose se eee 688 460 701 380 
Central African Republic. ..........-...-.-.-----.- 41 70 80 185 
Congo, Republic of the..._..-.---_-----------~----- 405 17, 738 12 456 1317, 700 
Qhans..222.-ccessc cee ele Sutoes sea tcu ewe uceeS 3654 31, 560 628 i 
Guines:3 4: oc occcecbo sess os nccecee tee cen sceess 490 730 1 . 210 
Ivory Coast...... 219 330 102 182 
Liberia 4.....-... 3 596 500 225 680 
Sierra Leone? 4.20522 .2- 52 3- eolsn cc sneceu ec 3799 31, 497 707 1, 200 
South Africa, Republic of: 
Pipe mines: 
Premiep sss sch es od ees ot sek tee we clevcce cscs 360 1, 200 425 1, 260 
De Beers Group-.-.-.......--...---~--.---------- 953 760 883 750 
Other pipe mines ?___.......-.-.-.-.-..----.--- 35 80 36 84 
Alluvial mines ?....-..------.--------------- ee 240 160 290 190 
South-West Africa......---.--.-..----------------- 816 90 800 227 
Tanganvikesuc-3..d.seccelest osu lscesctecetceeces- 340 345 323 324 
Other regions: 
BraZiliscoSecuscesdesese2sot ccc elee dec ecnke seeks 175 175 175 175 
British’G ianaece 2c cess cc csc cc swscecececseeecsesce 68 45 60 40 
Nenezelaj.oe. ec enc Seibec cocokoceccnavetecasscces 60 74 94 83 
U.S.S.R., India, and others 3?_....--...----------.- 80 420 75 425 
World total_...-...-..-.--------..-----.--------. 37,019 3 26, 234 6, 200 26, 675 
1 Including exports reported from Congo (excluding French). 
3 Estimate. 
3 Revised figure. 
4 Exports. 


SOUTH AMERICA 


Brazil.—New diamond deposits were reported discovered near Grao 
Mogol, Minas Gerais,” and at Chapada dos Guimarees, Mato Grosso.™ 


® Values in this section are U.S. dollars, based on the average rate of exchange by the 
Federal Reserve Board unless otherwise specified. 

™Northern Miner (Toronto). De Beers Comes to Canada Looking for Diamonds. V. 48, 
No. 11, June 7, 1962, p. 16, sec. 1. 

8Marshall, John W., Jr. Mineral Collecting in Eastern Ontario, Canada. Rocks and 
Minerals, v. 37, Nos. 5-6, May—June 1962, pp. 229-232, 328. 

® Western Miner and Oil Review (Vancouver). Jade Boulders in Omineca. V. 35, No. 12, 
December 1962, p. 52. 

1° Engineering and Mining Journal. V. 163, No. 10, October 1962, p. 154. 

Mining Journal (London). Diamond Find in Brazil. V. 259, No. 6624, Aug. 3, 1962, 


p. 110. 
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A large-scale diamond-prospecting program by the Pacific Tin Co. 
near Diamantina, Minas Gerais, on the Rio Sao Francisco was in 
progress, and about 65 to 70 men were employed. An amethyst dis- 
covery was reported. Production was estimated at 3 tons, 10 percent 
of which was faceting grade. The available varieties of colors and 
sizes were described. 

British Guiana—Diamond production decreased 12 percent from 
1961. Bad weather at midyear, hampering the individual prospectors, 
was blamed for the reduced production.28 

Venezuela.—Three gem-mining concessions were granted by the Gov- 
ernment: One for rubies, another for precious stones in the State of 
Merida, and the third was for diamonds in the State of Bolivar. 


EUROPE 


Belgium.—Imports of cuttable diamonds were reported to be about 
3.4 million carats valued at $95 million in 1961. N early 192,000 carats 
of this quantity came from the United States. Polished diamond im- 
ports were 221,000 carats valued at $36 million. Polished diamond 
exports were 916,000 carats valued at $102 million. 

Switzerland—Data on gem stone and jewelry imports for 1960 and 
1961 were reported. Statistics on output of manufactured and semi- 
manifactnred precious and semiprecious stones were not available. 
Tariff rates and import duties were given. 


ASIA 


Burma.—The Kachin State Supreme Council announced plans to 
develop and. nationalize the jade industry, which was centralized 
about 65 miles west of Mogaung, Myitkyina District, where the 
mining and trading was monopolized by the Chinese. Plans included 
development of abandoned mines and establishment of plants to man- 
ufacture household articles of low-grade jade.!? 

Ceylon.—Gem stone mining followed the same pattern as in previous 
years. Value of exports which was the only figure published was 
$420,000. The principal varieties produced were ruby, sapphire, cat’s 
eye, topaz, zircon, aquamarine, and moonstone." 

Hong Kong.—Jewelry and gem stones available, prices, methods of 
manufacturing and processing, and items for sale that should be 
avoided by U.S. buyers were described. Nearly 700 jewelry stores 
and lapidaries flourished in this British island colony. J ewelry man- 
ufacture was limited to small, simple articles of jade and ivory; no 
figure carving was attempted. Every carved stone object originated 


44Mining World. World Wide Mining Activities. V. 25, No. 5, Apr. 25, 1963, p. 124. 

ee. Sap eves Preah’ se Belgium. State Department Airgram 37. ‘Nov. 2, 1962, 
encl. 8. p. 1; encl. 10, pp. 1, 2. 

** Nelson, John H. What's Current in Commodities? Jewellery, Switzerland. Foreign 
Trade, v. 118, No. 3, Aug. 11, 1962, PP; 8, 9. 

17 Bureau of Mines. Mineral Trade Notes. V. 55, No. 4, October 1962, p. 18. 

is World. World Wide Mining Activities. Y. 25, No. 5, Apr. 25, 1963, p. 107. 
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a China and could not be purchased for import into the United 
tates.’* i 

India.—Crude emerald production in 1960 and 1961 was 321,000 and 
304,000 carats, respectively, and no value was given. In 1960 trimmed 
or processed emeralds, weighing 59,000 carats, were valued at $12,200, 
and in 1961, 14,000 carats were processed valued at $2,700. The 
diamond mines in the Ramkherya and Majhgawan areas in the Panna 
District, Madhya Pradesh, were expected to start producing in 1963. 
Recovered during the prospecting of these areas in 1960-62 were 540 
gems and 284 industrial diamonds. Surveys of other diamond deposits 
in the Kurnool, Anantpur, Mahboobnagar, and Krishna Districts were 

lanned.# 7 | 
Japan.— During 1962 exports of pearls from the extensive pearl- 
forming area in Mie Prefecture was reported to be 62,850 kilograms 
valued at $41,850,000. The quantity exported was 2,000 kilograms 
more than during 1961. The United States was still the leading cus- 
tomer, followed by Switzerland.“ Cultured pearl exports in 1961, 
reported by the All Japan Pearl Culture Cooperative, reached a rec- 
ord of 27,350 pounds valued at $35.8 million, an increase of 20 percent 
over 1960.4 The Japanese jewelry industry was reviewed. Pearls, 
opal, and coral ranked high in gem stone sales. Quantities of jade 
were sold at prices higher than in the United States. Carved ivory 
was also offered for sale. Prices for pearls, opals, coral, and jade were 
quoted.”* 
AFRICA 


Angola.—Diamond production was normal in the Lunda District. 
Following several years of exploration, a new diamond field in the 
Guango Basin was expected to start producing in 1963. Diamond 
output in 1962 was 1,081,100 carats, of which 65 percent was gem 
quality.” 

British East Africa Tanganyika Corundum Corp., Litd., continued. 
to work the ruby-corundum deposit near Longido during 1961. Ex- 
ports to Germany of green zoisite matrix and rough ruby were reported 
for the first time. Federal Ventures, Ltd., completed a preliminary 
examination of the ruby and sapphire deposits of the Umba River in 
the Lushoto District and applied for a mining lease. Negotiations 
were underway for the sale of these gem materials. One prospecting 
license for zircon in the Lushoto District was granted. The zircons 
found were described as suitable for use as gem stones. An important 
development for the semiprecious stone industry was the establishment 
of a lapidary by Tanganyika Crystals, Ltd., at Arusha.* Owners of 
the Williamson Diamond mines made an agreement with the Tan- 


1 Pough Frederick H. A Glance at Jewelry Scene in Hong Kong, Jeweler’s Circ.-Key- 
stone, v. 133, No. 1, October 1962, pp. 88, 90, 103-105; Hong Kong Hokus Pokus, No. 2, 
November 1962, pp. 66, 68, 85-86. 

2 Bureau of Mines. Mineral Trade Notes. V. 55, No. 6, December 1962, p. 10. 


No. 3, . , 56. 
% Mining World. World Wide Mining Activities. V. 25, No. 5, Apr. 25, 1963, p. 114. 
% Mining Magazine ce Tanganyika Mining Industry, 1961. V. 106, No. 6, 
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anyikan Government to examine new ruby and sapphire deposits 
found near the Umba River.”” 

Ivory Coast.—T wo government corporations were formed to prospect 
for diamonds in the vicinity of Seguela. Other organizations to which 
the government considered granting concessions were consolidated 
African Selection Trust, Diamond Distributors, Inc., and Harry 
Winston, Inc. The Israeli Government was granted exclusive dia- 
mond prospecting rights for 1 year in two large areas.”* 

Mozambique—Tourmaline was produced in 1961 by Empresa 
Mineira do Alto Ligonha, Lda., from the pegmatite area of the Zam- 
bezia District. Production in 1961 was estimated at 500,000 carats, 
compared with 70,000 carats in 1960. Most of the production was 
exported to West Germany.” : 

Rhodesia and Nyasaland, Federation of—-Progress continued in the 
development of the Sandawana emerald deposit. Drilling indicated 
that emeralds may be found in some areas at deeper levels than was 
expected.*° Four exclusive precious stone prospecting licenses were 
granted by the Southern Rhodesian Government to Sandawana Mines 
(Pvt.), Ltd., in July 1962.3 Amethyst veins discovered southeast of 
Kalomo, Northern Rhodesia, were described. Mining was done by 
manual selection of gem quality stones from weathered vein material. 
Reserves of quality material were estimated at over 2 million 
pounds. According to the Central Statistical Office, Salisbury, ame- 
thyst production in Northern Rhodesia was nearly 10,000 pound 
valued at $22,400. Agate output in Southern Rhodesia in 1961 was 
3,700 pounds valued at $1,500. A report on Rhodesian gem-stone 
production and problems in marketing was published.** 

South Africa, Republic of —Exports of emerald crystals decreased to 
353 pounds valued at $311,500, compared with 1,200 pounds valued at 
$145,000 in 1961 and 2,880 pounds at $113,000 in 1960. The crystals 
exported in 1961 and 1962 went principally to the United Kingdom. 
Tiger’s eye production was 206,000 pounds in 1962 and 34,000 pounds 
in 1961. Exports were 126,000 pounds valued at $37,500 in 1962 and 
12,000 pounds valued at $760 in 1961. The only producer of tiger’s 
eye was P. C. Beukes, Niekerkshope, Cape Province.*® A 32-carat 
gem diamond and several 10-carat stones were found by miners at 
Windsorton.** The Treasure Trove Diamond mine on the West Rand 
near Postmasburg was expected to resume production. This mine, 
which was closed in 1930, produced principally gem quality stones.’ 


ee (London). Ruby Deposits in Tanganyika. V. 259, No. 6627, Aug. 24, 

3s Mining Journal (London). Diamond Prospecting in the Ivory Coast. V. 258, No. 6618, 
June 22, 1962, p. 652. 

* Bureau of Mines. Mineral Trade Notes. V. 53, No. 8, September 1962. n. 29. 

*® South African Mining & Engineering Journal (Johannesburg). V. 73, pt. 1, No. 3616. 
May 25, 1962, pp. 1145. 

“Mining Journal (London). V. 259, No. 6624, Aug. 3, 1962. p. 110. 

= Brown, A. G. The Amethyst Deposits of Mwakambiko. Rhodesian Min. and Eng. 
(Salisbury, Southern Rhodesia), v. 27, No. 12, November 1962, g: 28. 

* Bureau of Mines. Mineral Trade Notes. V. 55, No. 8, September 1962, p. 29. 

*% Broeksma, J. B. A. Rhodesia May Be on the Way to “Gem Country” Status. Rho- 
desian yea and Eng. (Salisbury, Southern Rhodesia), v. 27, No. 10, October 1962, 


pp. 19-20, 30. 
U.S. Consulate, Johannesburg. State Department Airgram A-362. Mar. 28, 1963. 


5 pp. 

A FeRt of Mines. Mineral Trade Notes. V. 55, No. 2, August 1962, pp. 28, 29. 
% Engineering and Mining Journal. V. 163, No. 10, October 1962, p. 168. 
Mining Journal (London). V. 259, No. 6633, Oct. 5, 1962, p. 321. 
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South-West Africa.—Marine Diamond Corp., Ltd., dredged for dia- 
monds off the South-West African coast. By July, 9,000 carats were 
produced and 250 carats per day were expected to be recovered during 
the balance of the year. Southern Diamonds Corporation, Ltd., was 
formed to operate off the Atlantic coast near the Cape of Good Hope. 
Fifty percent of the operating expenses were being furnished by the 
owner of Marine Diamond Corp., and the balance, from two other 
companies.** Ocean diamond mining was still considered to be in 
the experimental stage, and no official estimate of the payable reserves 
of diamondiferous gravel was made. Diamond and mineral deposits 
were discovered along the Skeleton coast between the dry beds of the 
-Ugab and Unjab Rivers. Over 800 diamonds, 90 percent being of 
gem quality, were reported recovered in this area.” Semiprecious 
stone production in 1961 was reported to be about 38,000 pounds; 
principally amethyst, chalcedony, rose quartz, and tourmaline. Ex- 
ports were 14,000 pounds valued at $10,300, almost all of which was 
rae to West Germany. Producers of semiprecious stones were 

isted.*° 


TABLE 4.—South-West Africa: Production and exports of gem stones in 1962 


ern A AE A 


Production Exports 
Gem ces 
Quantity Quantity Value 
Distionds s2cee.5 0 eet oot ssldasececoececcesel sees carats..| 11,027,233 800, 497 $40, 000, 000 
Amethyst. 2 los. ccc ckc cele esd ech essoce aston etcee es pounds... 312, 000 9, 560 9, 800 
Chalcedony s2iic-s2ccccc cows ccscoc bes ccs nse ys so se shes do_..- 8, 000 4,740 2, 150 
Rose Giart7zc. ec oe ec sek Pes bush cece cuecuescs acetate do___- 500: | esecencod i esce | eee coerce 
Tourmaline: 12222 sects en ese cece eco once wee cess do___- AT, on ceeteeeu es alee cess sce 
Aragonite:: sont ws sees sees cb ata lee essen e ect otto do___- 98, 000 8, 000 1, 120 


eee LT 


1Industrial and gem diamonds combined. 


Source: U.S. Consulate, Johannesburg, Republic of South Africa. State Department Airgram A-334. 
Mar, 18, 1963, pp. 1-2. 


OCEANIA 


Australia —Opal exports were about $900,000 per year from the pro- 
ducing areas of Coober Pedy and Andamooka, South Australia, and 
Lightning Ridge, New South Wales. The Australian Government 
considered the industry to be of sufficient importance to station officials 
full time at the fields and to incur expenditures to provide water for 
the areas‘? Rise in prices of sapphire caused an increased interest in 
mining this gem. The sapphire mining district of Inverell in New 
South Wales and the Anakie District of Queensland reported in- 
creased activity.“2 The potential of sapphire and opal mining was 
discussed in a report by the Queensland Government. 


Peet Magazine (London). Diamonds Mined Off the Seabed. V. 107, No. 1, July 
. Dp. 


® Minin g Journal (London). Diamonds and Salt in South West Africa. V. 258, No. 6610, 
Apr. 27, 1962, p. 419 


Bureau of Mines. Mineral Trade Notes. V. 55, No. 2, August 1962, pp. 29, 30. 
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TECHNOLOGY 


Nineteen gem and mineral localities in Kern County, Calif., were 
described. ‘The names and locations of the deposits and the materials 
found were published. 

Opal occurrences in New Mexico were described and identification 
and infrared absorption data were given.‘ 

A world-wide review of emerald deposits was published.** 

A report on the diamond industry contained information on dia- 
mond marketing, and the prices of gem and industrial diamonds 
throughout the world during 1961.47 

Each monthly issue of The Mineralogist Magazine, beginning with 
November—December 1960, described methods of mineral identifica- 
tion. In the 1960 through 1962 issues the titles of the articles in chron- 
ological order were Introduction, Physical Characteristics of Min- 
erals, Chemistry and the Blowpipe, Heat Tests for Elements, The 
Native Elements, The Sulfides and Sulfosalts, The Halides and 
Oxides, The Carbonates, The Anhydrous Silicates, The Hydrous Sili- 
cates, The Oxygen Salts Part I, The Oxygen Salts Part I, and Eval- 
uation and Tests for Unknowns, 

A series of articles on quartz minerals starting in October 1961 
was concluded. The gem variety of quartz minerals described were 
formed by hot and cold solutions and included rock crystal, smoky 
and rose quartz, cairngorm, and amethyst. 

Analyses and physical properties were given for three types of 
garnets found in a mine near Gabbs, Nev.?® 

Each monthly issue of Mine and Quarry Engineer (London) be- 
ginning with October 1953 described a mineral, giving the synonyms, 
nomenclature, varieties, compositions, crystallography, physical and 
optical properties, tests, occurrences, and uses. Each mineral was il- 
lustrated in color. In the 1962 issues the minerals in chronolocical 
order were spheene, rosasite, petalite, silver, marcasite, descloizite, 
cobaltite, anhydrite, willemite, zircon, pyrolusite, and covellite. 

Black coral found in Hawaii was softer than red coral, took a good 
polish, could be cut with a wood saw or a knife before drying, was 
soft and pee in warm water, shrank when it dried and hardened, 
and developed concentric separation cracks in sections through the 
trunk and limbs on shrinkage.*° 

Orange (natural and synthetic) gem stones were described. Yellow 
and golden natural gems are common but orange gems, which include 
diamond, opal, scapolite, and sapphire, were considered the rarest of 
all colors in the gem world. The makers of synthetic orange sapphires 


“ Troxel, Bennie W., and Paul K. Morton. Mines and Mineral Resources of Kern 
County, Calif. California Div. of Mines, County Rept. No. 1, 1962, pp. 90-92, 

# Sun, Ming-Shan. Tridymite (Low Form) in Some Opal of New Mexico. Am, Miner., 
v. 47, No. 11-12, November—December 1962, pp. 1453-1455, 

Rhodesian Mining and Engineering (Salisbury, Southern Rhodesia). Emeralds: Where 
and How They Occur. V. 27, No. 1, January 1962, pp. 23-24. 

** Switzer, George. Thirty-Seventh Annual Report on the Diamond Industry—1961. 
Jewelers’ Circ.-Keystone, 1962, 48 pp. 

**Pough, Frederick H. The Many Faces of Quartz. Jewelers’ Cire.-Keystone, v. 132, 
No. 4, January 1962, pp. 60, 62, 64. 

“ Lee, Donald E._ Grossularite-Spessartite Garnet From the Victory Mine, Gabbs, Nevada. 
Am. Miner., v. 47, No. 1-2, January-February 1962, pp. 147-151. 

eta te Frederick H. Black Beauty in Hawaii. Jewelers’ Cire.-Keystone, v. 132, 
No. 13, September 1962, pp. 100, 102, 129. 
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produced the change in color by adding nickel oxide to the formula.* 

Methods and devices used in prospecting for gem stones were de- 
scribed. To facilitate the recognition of water-worn gems in gravel 
deposits, 12 gem stones were described and data on what to look for 
when prospecting given.*? : 

A system of prospecting for kimberlite pipes from the air was de- 
scribed. Prepared and coordinated supplemental data from an aero- 
magnetic survey provided a basis for final ground operation.” 

A method of cleaning bedrock for the recovery of diamonds was 
described.™ 

The Diamond Research Laboratory in Johannesburg, Republic of 
South Africa, discovered a method whereby diamonds can be sep- 
arated optically from waste rock or gravel. | 

Methods of cutting and polishing semiprecious gems in cabochon 
form were described.*° 

Methods employed in Hong Kong for cutting and polishing jade 
were described.” | 

A brilliant silicon carbide gem of about 0.5 carat required special 
techniques for cutting and polishing.* 

Calcium titanate boules approximately 1 inch Jong and 0.5 inch in 
diameter were grown by the flame fusion technique then heat-treated 
to produce untwinned crystals. This colorless crystal had an index 
of refraction of 2.40, slightly less than diamond; a hardness of 6.5 to 
7, slightly less than quartz; conchoidal fracture, melting point of 
1,960° C, and a specific gravity of 4.10, about as heavy as zircon—one 
of the heaviest gem stones.” 

A process of producing large emerald crystals synthetically by Bell 
Laboratories was described. Even though the temperature durin 
crystallization was about 1,000° C, the crystals could be remove 
quickly from the furnace for cooling, because of their high resistance 
to thermal shock.® | 

The artificial growth of oxide crystals was described as a method 
of providing insight into the forces that hold solids together and of 
furthering understanding of how to use solids in technology.® 


| Jewelers’ Circ.-Keystone. The Padparadschah: A Color for Collectors. V. 132, No. 12, 
August 1962, pp. 140, 160-161. 

Goldberg, I. Hints for Prospectors on Recognition of Gemstones. Rhodesian Min. and 
Eng. (Salisburg, Southern Rhodesia), v. 27, No. 10, October 1962, pp. 26-27, 30. 

8 Barygin, V. M. Poiski kimberlitovykh trubok aérometodami (Prospecting for Kim- 
berlite Pipes from the Air). ‘Trud. yakutskogo filiala sibirskogo otdel. Akad. Nauk 
U.S.S.R., No. 6, 1961, pp. 172-179; trans. by N. W. Wilson, Min. Mag. (London), v. 107, 
No. 2, August 1962, pp. 73-78 

& Mining Magazine (London). Cleaning Bedrock by Vacuum. V. 107, No. 1, July 1962, 


p. 28. 

way ine enone (London). Optical Sorting of Diamonds. V. 106, No. 4, April 1962, 
pp. 248. 

8% Rhodesian Mining and Engineering (Salisbury, Southern Rhodesia). Give ‘Cabochon 
Charm’ to our Semi-Precious Stones. V. 27, No. 10, October 1962, pp. 20-21. 
Pee A. Neg How Jade Is Cut Today. Gemmologist (London), v. 31, No. 369, 

pri , p. 62. 

ay R. K. A Rare Synthetic. J. Gemmology (London), v. 8, No. 6, April 1962, 
pp. 220. 

® Merker, Leon. Synthesis of Calcium Titanate Single Crystals by Fiame Fusion Tech- 
nigue. J. Am. Ceram. Soc.: Ceram. Abs., v. 45, No. 8, Aug. 1, 1962, pp. 366-369. 

“Chemistry. Growing Emeralds. V. 36, No. 2, October 1962, pp. 23, 26. 

© Laudise, R. A. Growing Oxide Crystals. Bell Laboratories Record, v. 40, No. 7, 
July-August 1962, pp. 244—250. 
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A method of growing crystals, similar to the Verneuil method but 
adding supplementary heat to all portions of the crystalline mass be- 
fore shutting off the burner, was patented.®? . 

A process of growing a pegmatitic crystal by thermally inducing 
a circulation of nutrient solution in the seed-growing region was 
described.® 

Several patents were granted for methods of producing diamonds 
synthetically.* | 

The changes of coloration, transparency, and origin of beryls during 
heating to 1,200° C were studied. Coloration usually increased 
during heating. At temperatures above 600° C, transparency and 
glassy luster disappeared, and refractive indicies and birefringence 
decreased.® 

A series of articles on the Brazilian gem market described the dis- 
covery of kunzite, tourmaline, and aquamarine deposits, what the 
tourist or jeweler can see in Brazil, and the difficulties of the Brazilian 
miners in producing gem stones.** 


“2 Merker, Leon (assigned to National Lead Co., New York). Method for Growing 
Crystals. U.S. Pat. 2,012,374, Dec. 12, 1961. 

Sawyer, Charles B. (assigned to Sawyer Research Products, Inc., Eastlake, Ohio). 
Production of Artificial Crystals. U.S. Pat. 3,013,867, Dee. 19, 1961. 

* Bovenkerk, Harold P. (assigned to General Electric Co.). Method for Producing 
Improved Diamond Crystals. U.S. Pat. 2,992,900, July 18, 1961; Method of Diamond 
Growth and Apparatus Therefor, U.S. Pat. 3,031,269, Apr. 24, 1962. 

. Sear ae H., H. B. Dyer, B. W. Senior, and P. T. Wedepohl, Canadian Pat. 648,290, 

une 19, 32. 

Eversole, William QG. (assigned to Union Carbide Corp., Kenmore, N.Y.). Synthesis of 
Diamond. U.S. Pat. 3,030,187, Apr. 17, 1962; U.S. Pat. 8,030,188, Apr. 17, 1962. 

®% Gavrusevich, B. S., and F. Ya. Sarapulov. (Concerning the Change of Color and 
Optical Properties of Beryls on Heating.) Trans. Akad. Nauk S.8.S.R., Doklady, v. 31, 
No. 8, 1941, pp. 771-774; Tech. Trans. (Dept. of Commerce), v. 7, No. 9, May 15, 1962, 


. 637. 
y * Pough, Frederick H. Brazilian Gem Market, 1962. Jewelers’ Cire.-Keystone, v. 132, 
No. 5, February 1962, pp. 70, 75, 93-94; No. 6, March 1962, pp. 74, 76, 91-92; No. 7 
April 1962, pp. 76, 78, 80, 144; No. 8, May 1962, pp. 78, 80, 82, 90-91; No. 9, June 1963, 
pp. 50, 52 60-61. 


Gem Stones — 


By Benjamin Petkof+ 


| 


RODUCTION of gem materials and mineral specimens was esti- 

mated at $1.4 million, an increase of 9 percent from the previous 

year. Production of these materials still remained largely in the 
hands of individual collectors. - 


DOMESTIC PRODUCTION 


The Bureau of Mines collected production data by direct can- 
vass of known amateur and professional gem stone producers. All 
roducers are not known to the Bureau and the data presented are 
ased on a partial survey. : ) 
For the third consecutive year, production of gem material and 
mineral specimens was reported from 45 States. California, Oregon, 
Texas, Arizona, Wyoming, and Nevada, the leading producing States, 
accounted for almost 62 percent of the total production in value. — 
Crystals of beryl, ranging in size from 1/16 inch in diameter and 
length to 2 feet in diameter and 4 feet in length, have been found in 
Coosa County, Ala. Much of the material is gem quality, and colors 
mg from white to green, brown, and yellow. Most of the crystals 
are iractured and weathered, but fragments have been cut and polished 
into attractive gem stones. | | 
Emeralds of beautiful color and good quality have been found in 
Montana. The emeralds are very bright green and are similar to 
those of Chivor, Colombia. While most of the crystals are opaque, 
some have clear green portions.’ | 
The Four Peaks amethyst mine was expected to begin production. 
_ The mine is located over a mile up on the western slope of the Four 
Peaks mountain range in Arizona. Mining equipment and construc- 
tion material have been transported to the site by helicopter, and 
the amethyst crystals will be brought out in the same way.‘ 
Agate.—Production of almost 106 tons of agate valued at $92,000 
was reported in 23 States. Production included moss, turritella, fire, 
and other miscellaneous varieties of agate. Wyoming, New Mexico, 
Utah, and Arizona were the principal producers, in decreasing order 
of production. 


1Commodity specialist, Division of Minerals. 
2 Mining World. V.25, No. 6, May 1963, p. 40. 
§ California Mining Journal. A.H. Welling Finds Valuable Emerald Deposits Near Su- 
perior, Montana. V. 33, No. 2, October 1963, p. 7. 
‘Mining World. V. 25, No. 3, March 1963, p. 38. 
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Diamond.—Production was reported only in Arkansas. The recov- 
ery of 100 carats valued at $38,000 was reported. ; | 
 Jade—Jade production of 45,000 pounds valued at $90,000 was re- 

ported in five States. Wyoming and California accounted for 92 per- 
cent of the total production. Smaller quantities were produced in 
Nevada, Alaska, and North Carolina. - | | 

Mineral Specimens.—Production of various materials for mineral 
specimens was reported at almost 203,000 pounds valued at about 
$63,000. Production in eden quantities was reported from 31 
States. The largest producing States, in decreasing order of rank, 
were California, Colorado, Michigan, Utah, and South Dakota. Pro- 
duction of copper mineral specimens, not included in the previously 
quoted total, was reported as 19,500 pounds valued at $8,800. The 
bulk of the production came from Michigan. = = = © 
~ Obsidian.—Production ‘of over 85,000 pounds valued at over $29,000 
was reported in five States. Arizona, California, and Utah were 
the largest producers, accounting for 96 percent of total production. 

Petrified Wood.—Petrified wood production .of all varieties was re- 
ported as 115 tons valued at $78,000. Of this total, 1,400 pounds was _ 
petrified palm wood. The major producers of this commodity, in 
decreasing order, were Utah, Wyoming, and Arizona. These States 
were responsible for about 75 percent of total production. Eleven — 
_ other States produced petrified wood. ; aed EP 9 

Quartz Crystal—Arizona and South Dakota provided 62 percent of 
total quartz crystal production, which was reported as 81,000 pounds 
valued at $30,000. ‘Twenty other States also reported some produc- 
_ tion, but seven of these produced under 100 pounds of quartz crystal 

each. Approximately 4,000 pounds of the total production was of the 
smoky and rose quartz varieties. Peart O° ay 

Tourmaline—About 220 pounds of tourmaline valued at almost 
$12,000 was produced. Half of this originated in Maine. ‘The next 
largest producer was Minnesota, with lesser quantities from Alabama, 
California, Colorado, and South Carolina. ee | 
_ Turquoise.—The greatest quantity of turquoise was produced in Ari- 
zona. Wisconsin, California, Colorado, Wyoming, N evada, and New 
Mexico produced lesser quantities. Total production was 14,750 
pounds valued at $81,600. | inp 

Miscellaneous Gem Material_—Production of jasper was 36,600 pounds. 
valued at $20,158, with Arizona and California producing two-thirds 
of the total. Opal production was about 7,400 pounds valued at 
almost $8,300. In addition, 12 pounds of fire opal valued at $180 
was produced. New Mexico was the leading producing State with 
3,100 pounds valued at $2,033. Garnet production was 4,800 pounds 
valued at $4,300. Coral production was primarily from Hawaii, with 
smaller quantities from a few other States. Total production was 
9,100 pounds valued at $40,000. Peridot production occurred pri- 
marily in Arizona. About 1,500 pounds valued at $4,000 was 
produced. 

The quantities and va‘ues of other gem and ornamental materials, 
for which production was reported, were amethyst, 470 pounds, $560; 
beryl specimens, 1,400 pounds, $1,480; feldspar gems, 7,400 pounds, 
$4,000; fluorite, 2,200 pounds, $800; fossils, 17,900 pounds, $8,900; 
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geodes, 1,500 pounds, $4,000; idocrase, 2,300 pounds, $4,700; marca- 
site, 620 pounds, $580; onyx, 68,500 pounds, $19,100; ornamental 
stone, 46,700 pounds, $10,300; rhodonite, 42,800 pounds, $11,200; sap- 
phire, 18 pounds, $140; topaz, 470 pounds, $420. | 


CONSUMPTION 


Consumption of gem diamond was valued at $224 million, an 
increase of about $32 million over 1962; imported imitation and — 
synthetic gem stones was $5.1 million, an increase of $0.8 million 
over 1962; and natural and cultured pearls was $17.9 million, $1 
million less than 1962. | | —_ 

Apparent consumption (domestic production plus imports, minus 
exports and reexports) of gem materials in the United States was 
$170 million, compared with $167 million in 1962. | 


PRICES . 


Prices ranges of cut and polished unmounted diamonds rose, com- 
pared with those of the previous year, because of increased demand. 
Estimated price ranges were 0.25 carat, $72 to $340; 0.5 carat, $220 
to $600; 1 carat, $575 to $1,650; 2 carats, $1,380 to $5,000; 3 carats, 


$2,880 to $9,900. | 
ae _ FOREIGN TRADE 
_ Imports.—Total precious and semiprecious gem stone imports were 
valued at about. $256 million. About 2.8 million carats of rough 


TABLE 1.—U.S. imports for consumption of precious and semiprecious stones, 
exclusive of industrial diamond Pe ae a 


1963 
Stones 
‘Quantity Value 
(thousands) 
Diamonds: 
Rough or uncut, suitable for cutting into gemstones, : 
duty-free 23 coo elec re 8 carats__| ! 1, 421, 143 1, 749, 641 $129, 870 
Cut but unset, suitable for jewelry, dutiable 
carats... 982, 278 89,188 | 1,017, 620 93,977 
Emeralds: Cut but not set, dutiable.....--___... do..-- 196, 649 |. 2, 798 190, 933 2, 081 
Pearls epee not strung or set, dutiable: 
Stulalos. so oon los os cheese ees ewece sends (3) (3) 479 
Cultured or cultivated........-.......02..---2 2 @) 18,198 |.-....--- 17, 427 
Other precious and semiprecious stones: 
or uncut, duty-free.............-----.---.-.- ° 1, 765 (?) 1, 708 
Cut but not set, dutiable....._...--....-..--..---.- 3) 15,102 () 5, 183 
Imitation, except opaque, dutiable: 
Not cut or faceted_.......-..------------------- Q) 61 (3) 28 
Cut or faceted: 
Synthetic... _..........--.-..-.--- number..} 1,176, 058 457 5A, 
Other: oon cose sews eit eee cece sous 13, 730 (3) 4, 487 
Imitation, opaque, including imitation pearls, 
Gutiable..--- 6-2 co scccco ct toate bee cc ences (*) 18 3) 154 
Mareasites: Real and imitation, dutiable_..._..___ (@) @) 4) ® 
Total osss che eweces decscawaesecoctet eteacedn lee! (3) 1 224, 602 (4) 255, 792 
1 Revised figure. 
Quantity not recorded. 
3 Less than $1,000. 


Source: Bureau of the Census. 
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(uncut) and cut gem diamonds was imported and represented almost 
88 percent of total imports by value. bes | 
Rough diamonds were principally imported by quantity from the 
_ following countries: United Kingdom, 52 percent; British West 
Africa, 18 percent; and Republic of South Africa, 6 percent. Cut 
but unset diamonds, by quantity, were imported principally from 
Belgium-Luxembourg (51 percent) and Israel (37 percent). Aver- 
age values per carat of cut but unset diamond imports were Belgium- 
Luxembourg, $96.78; Israel, $79.42; Netherlands, $110.06; Republic 
of South Africa, $174.83; United Kingdom, $163.82; West Germany, 
$76.11. = 42 

Over 92 percent, by weight, of the cut but unset emeralds im- 
_ ported were from India. Of the remainder, 7 percent was imported 
from Switzerland, Belgium-Luxembourg, Colombia, and France. 
Twelve other countries supplied varying small amounts. The aver-— 
age values per carat of emerald imports from principal exporting © 
countries were India, $9.11; Switzerland, $16.21; and Belgium- 
Luxembourg, $15.43. | a? 

Japan supplied almost the entire quantity of imported cultured 
pearls. Natural pearl imports were primarily from India (66 per- 
cent), Japan (14 percent), and Switzerland (7 percent) ; the remain- 
der were from France, Iran, Hong Kong, Venezuela, and West 
Germany. | | 

In addition, about $6.9 million of other precious and semiprecious 
stones, both rough and cut but unset, were imported. However, no. 
Jassification information on varieties was available. | 5 

Exports.—Precious and semiprecious gem stone exports were valued 
at $40.5 million, compared with $18.8 million in 1962. Doubling of 
exports of cut but unset diamonds accounted for the increase. Cut but 
unset diamonds accounted for 81 percent of total exports. The value 
of gem stones, other than diamond, was over $5 million. 7 

Reexports of all varieties of gem stone were valued at $46.7 million, 
compared with $40.0 million in 1962. Diamonds in the rough but 
uncut category accounted for 84 percent of total reexports, 
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TABLE 2.—U.S. imports for consumption of diamond (exclusive of industrial 
diamond), by countries 


1962 1963 


Rough or uncut Cut but unset | Rough or uncut Cut but unset 


Country 
Value Value Value Value 
Carats (thou- | Carats | (thou- | .Carats | (thou- | Carats | (thou-- 
sands) sands) sands) : sands) 
North America: 
' Canada.....-..-.----- 5, 128 $655 217 $16 9, 110 $918 847 $66 
Me6xte02 222 ones sees focessccsess |e ocSee le 198 22. Viescenus sl leso su sues 12 
Total._...---..---.-- 5, 128 655 415 38 9, 110 918 859 69 
South America: 

Tazo. s.csee tows 996 39 1, 469 121 1,911 19P |e eecicecleoccesce 
British Guiana. ._.---- 9, 852 346]. = 188 10 1, 011 43 84 6 
Columbisz:...22 52222 ecsctesee Sete ce Le seecet es] es edescs "124 2S Gi loe oases veer ccs 
Venezuela.........----- 128, 264 4,026). 2 25s el seceea 55, 905 $971) | oes] Sheets 

Total ...sc2-ce258528 139, 112 4, 410 1, 602 131 58, 951 2, 211 84 { 6 

Europe: te 
Austria___..---...---- 2 eters ane eae) (rset 130 Cs Soe armen cae fae Rae eee eee 
Belgium-Luxembourg 39, 877 2,381 | 478,795 | 45, 721 33, 537 3,282 | 522,383 } 50,555 
France....-.-.----.--- , 902 413 | 14,291 1, 459 7, 169 633 16, 746 1, 775 
Germany, West_.....- 2, 144 59 | 75,301 5, 394 7 (2) 46, 015 3, 502 
Gibraltar 7 Q) 
Treland 2 225i2-c2s22oc2][suu= 
Waly 2s. sce 5 ck 6 oceans sche ecele ee Se coes 
Malta and Gozo... 
Netherlands, . 
Portugal... 
Spain.....-- 
Switzerland -__ 26 
US: S Reseoe sno eae ee eb ected 2, 640 Jal soe loose 
United Kingdom_.-__.- 2753, 5383 | 2 67,176 5, 901 
Totalicccs.-s22.-2e22 2 823, 326 | 271,776 | 601, 760 | 56,231 {1,011,513 | 94,038 | 610, 559 59, O56 
Asia: 
Hong Kong--..-...--.|--.--------|------+-- 46 12 ceSaen2es | Soaeeeas 50 
India. 2222 owe ooo | Sec eee sect |seb dee se 38 B02) ees cde 207 16 
i fy) 1 RR eee eran (ae eee ee arae, Peano arceos 74 Galea eee el ee ee ee eS 
Israelc=. 22-2 .cl etnies 20, 001 949 | 351,306 | 27, 881 69, 671 3,404 | 374,199 29, 719 
JAAN oo Susi Se oe a syik ens sisi ee sce tees 831 70 ; 32 
Lebanon. -.--....-.----]--.----1---|--------- penpevetclecc ceed pee eet edo. sen 15 4 
Malaya, Federation of.|....--.----|--------- 7 QO |iecsee- oe) cet bee ceet ci) ce cese se 
Thailand. ..0<-2:2-4-2|uc cecsb ni clan oescucn|se-eseee- | sucess 3 Oo feexs22 eb oebecs 
Totalis- 2-222 .2esscued 20, 001 949 | 352, 302 | 28, 029 69, 957 3,409 | 379,029 | 30,110 
Africa: 
British West Africa 

and Sierra Leone....| 125, 407 4,622 \23225se5|2ccccece 320, 845 $0726 evens seco 
Cameroon, Federal 

Republic of._..-.---- 2, 218 a.) 321 OSuleses eel ecl| ee See oes eee ees 
Congo, Republic of 

the, and Ruanda- 

Urundi_._-------.--- 34, 945 1/309. [222 2e2 boa |e ese 8, 811 868) bocovececcelcesteees 
Ghana....------------ 23, 96 258. |ics2sctec[eesesast 1, 993 49" (22 Sole ale vetoes 
Liberia.......--------- 10, 456 DOU [xs ese oe 19, 051 1,395 |--...--.--]-------- 
Nigeria.__.....-.----.- 778 190° )2ssoo tases. 22 4,329 | 186 |--------..]-------- 
South Africa, Repub- 

Of cot ce saat 2120, 285 | 212,268 | 25,878 | 4,721 | 112,448 11,558 27, 089 4, 736 
Western Africa, n.e.c.3_ 57, 030 Do T12: \osek segues oes 71, 096 4,148 |_.___...--|-------- 
Western Equatorial 

Africa, n.e.c.3_.._---- 58, 495 2,105 | -ace peso] se cee 61, 537 2, OIG sso eee wees oases 

Total_....-.-..----- 2 433,576 | 2 24,758 | 26,199 | 4,759] 600,110 | 29,294 27, 089 4, 736 

Seesvesed £1, 421, 143 |? 162, 548 | 982,278 | 89, 188 |1, 749, 641 | 120,870 11, 017,620°| 93, 977 


1 Less than $1,000. 
? Revised figure. 
3 Not elsewhere classified. 


Source: Bureau of the Census 
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SOUTH AMERICA 


Brazil—A large emerald deposit, claimed to be the largest in South 
America, has been located at Polao Arcado, in the State of Bahia. 
Shafts have been sunk and exploitation has begun.® About 503,000 
pounds of semiprecious gem stone material was exported during the 
year. The material consisted primarily of agate, with lesser amounts 
of amethyst, citrine, garnet, aquamarine, tourmaline, and topaz. A 
valuation cannot be placed on these materials due to the wide variation 
of Brazilian currency during the year. a : 

Chile.—Lapis lazuli was produced by only one company during 1962. 
Compafiia Minera Caren mined the stone from a deposit high in the 
Andes Mountains in Coquimbo Province. Exports of about 22,000 
pounds were reported for 1962. The bulk of the exports went to the 
United States, with smaller quantities going to West Germany, France, 
Japan, and Italy.” | | ~ aus ef 


TABLE 3.—World production of diamonds, by countries 


(Thousand carats) 


oe 1962 1963 
. Country Bas ee aN bas 
Gem Industrial. -Gem. Industrial 
Africa: 
AGON 8 8 aie yeaa Sev ees eee aces 1762 | . 1319 759} 326 
Central African Republic_____...-- wesouestasiesete 80 185 121 282 
Congo, Republic of the. -..-.-.-.-- 22 --_ 256} . 14,400 296 14, 468 - 
Congo, Republic of 2...-.-.--.------2_-_- 1158 12,471 341 5, 843 
Ghhanaes so oe oc eo ccce ec coe Seen ae 628 2, 580 536 2, 142 
Guinea, Republic of. ....-.----------- 3140 3210 422 432 
Ivory Coast__..._ Siecle eden ucee wae eee 102 - 182 63 117 
Liberia 820 ens coeces co coco S ose sene Socheecs 225 249 608 
Sierra Leone... 2222 os oo eee oe oce eck esos k ee 1707 11, 200 555 833 
South Africa, Republic of: 
Pipe mines: 
Premiercecoctes ecsisccnseestoaus eg 425 1, 260 522 I, 565 
De Beers Group 6........---.-..-.------_-- 883 750 $21 754 
Others. 0220222222322 son et eet 36 84 37 86 
luvial mines. ....-.-.-222-2 2. eee eee 290 190 294 196 
South-West Africa... 800 227 1, 076 119 
Na eC RES 1323 324 313 
Other regions: 
175 175 175 175 
60 - 40 60 40 
Dclesscsesiceet 5 1 eee ee 
94 83 . 38 31 
UsS58. Bite sete snc snl eee ceuade ce 1 200 § 2, 300 240 | . 2, 760 
World total? 186,347 | '8 27,659 8 6, 572 30, 089 
ee ie pe tone oe aS Se 
1 Revised figure. 
2 Probable origin, Republic of the Congo. 
4 Estimate 


* Date known to be Jow, na sure basis for an upward revision. 

4 Exports, most production from adjacent nations. — 

® Includes some alluvial diamond from De Beers’ properties. 

' Countries producing minor quantities of gem diamonds not included. 
® Data do not add to total because of rounding. 


® Values in this section are U.S. dollars based on the average rate of exchange by the 
Federal Reserve Board unless otherwise specified. 

‘Mining Journal (London). V. 261, No. 6681, Sept. 6, 1963, p. 218. 

™Bureau of Mines. Mineral Trade Notes. V. 57, No. 5, November 1963, p. 13. 
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Venezuela.—Production of gem diamond increased from 60,495 carats 
in 1961 to 98,970 carats in 1962. Exports of all qualities of diamond 
in 1962 totaled 2,189 carats, valued at $2.6 million. The major 
portion of exports was destined for the United States and Bermuda, 
with quantities consigned to Israel, the United Kingdom, and West 
Germany. Production of gem diamond for 1963 was 38,400 carats. 


‘EUROPE 


Belgium.—Cuttable diamond imports increased 8 percent, from about 
3.4 million carats in 1961 to about 3.7 million carats in 1962. Pol- 
ished diamond imports decreased from 221,000 carats in 1961 to 
919,000 in 1962. Israel and the Republic of South Africa were the 
principal suppliers. Exports during 1962 of cuttable and polished 
diamonds totaled 1.1 million carats and were valued at $120 million. 
Slightly over 500,000 carats of this material valued at about $53.8 
million was sent to the United States. 7 oe 

os -ASIA | he og 8 2 

Afghanistan—The Afghan Ministry of Mines and Industries an- 
nounced that about 3,600 pounds of lapis lazuli was produced in the 
year ending March 1962. About 1,800 pounds valued at $250,000 
was exported.’° . i Fats | | 

Burma.—The jade mining industry in the Kachin State has been 
nationalized by the Kachin State Affairs Council. Nationalization 
primarily affected Chinese nationals who own more than half of 
the 1,000 jade mines in the area. Chinese-owned mines have stopped 
operations, and the unemployed workers have been informed by the 
Gonnail that they may have these mines if they work them on a 
collective or cooperative basis. | | cate 

India.—During the financial year of 1963-64, India’s exports of 
precious stones were expected to reach a value of about $30.5 mil- 
lion. The Ramkheria mine in the Panna area was not in operation 
because of lack of equipment and was expected to be in operation in 
1964. The Majhgawan, in the same area, was expected to be operative 
at the end of 1963. By December 1962, 1,070 carats were discov- 
ered? The Indian State Geological Survey investigated diamond 
deposits and sampled pipe rocks of Vajrakarpur, in the Anantapur 
district of Andhra Pradesh." Production of crude and dressed em- 
eralds during 1962 was reported as about. 306,000 and 52,700 carats, 
respectively, valued at about $12,000 and $37,800, respectively. India 
imported emeralds valued at about $2 million. 

eri aay eee of $103 million worth of polished diamond in 1963 
made Israel the world’s second largest processor of diamond.“ Dur- 
ing 1962, about 838,000 carats of polished diamond valued at about 


8 Bureau of Mines. Mineral Trade Notes. V. 56, No. 6, June 1963, p. 13. 

® Bureau of Mines. Mineral Trade Notes. V. 56, No. 6, June 1963, pp. 8, 11. 

10 Bureau of Mines. Mineral Trade Notes. V. 57, No. 5, November 1963, p. 13. 
11 Bureau of Mines. Mineral Trade Notes. V. 56, No. 5, May 1963, pp. 14-15. 
12 Mining Journal (London). V. 260, No. 6661, Apr. 19, 1963, p. 373. 

13 Mining Journal en 63, Dp. 

44 Mining Journal (London 
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$82.3 million were exported, compared with about 699,000 carats 
valued at about 26 percent less in 1961.15 - | 

Japan.—The Japanese cultured pearl industry has formed an orga- 
nization to supervise the quality of exports. One of the aims of the 
19-member group is to prevent very thinly coated pearls from reach- 
ing the consumer market.2* — | 


AFRICA 


Angola.—A_ newly formed company has been granted a concession 
to exploit stone deposits containing precious and semiprecious stones. 
This company will concern itself primarily with rubies, sapphires, 

_topazes, and aquamarines that occur in the riverbeds of southern and — 
southeastern sections of the country. Previously, the only large-scale 
concessionaire, the Companhia de Diamantes, exploited only high- 
value precious stones.*”7 Diamond production in 1963 was about 1.1 
million carats, of which 70 percent was gem variety. m Cyaan 

Central African Republic—The Central African National Assembly 
enacted legislation to establish a State-owned diamond-mining firm, 
to be known as the Société Nationale de Recherches et d’Exploitations 
Miniéres. This legislation was expected to increase diamond produc- 
tion and to control the activities of non-Central African diamond buy- 
ers. Within the next 2 years this organization plans to establish. 
several small diamond-mining centers in the southwestern section of 
the Nation. These centers will be staffed with 2 to 3 mining engineers 
and 15 to 30 laborers. Villages will be established with such facilities 
as retail stores and licensed buying offices. It is expected that these 
centers will attract the large number of “diggers” scattered through- 
out the area, and that licensed buying offices will purchase their pro- 
duction. These offices will resell to buying offices in Bangui. The 
oyetmene wil sell its production directly to buying offices in 

angui. ao8 : 

The Israel-Central African Republic diamond export monopoly was 
dissolved on December 31, 1963.28 | 

Diamond production during 1963 was reported as 403,000 carats, of 
which 30 percent was gem quality. | 

Gabon.—A Government decree issued November 16, 1963, stopped 
exploitation of diamond resources by all persons, except those of 
Gabonese origin who are registered artisans under the direct control 
of the Government-owned mining company. Little interest has been 
shown in diamond mining owing to the small size of the deposits and 
exploitation difficulties.1® 

Ghana.—The Ghana Diamond Marketing Board was established Jan- 
uary 1, 1963, for the purpose of purchasing, grading, and appraising 
diamonds produced within the country. Subject to the prior ap- 
proval of the Minister of Finance and Trade, the Board has the power 
to control and fix prices paid to producers, to license agents to pur- 
chase diamonds from the Board, and to control exports of diamonds. 


* Mining Journal (London). V. 260, No. 6651, Feb. 8, 1963, p. 134. 

16 Jewelers’ Circular-Keystone. V. 134, No. 2, November 1963, p. 121. 

“ Mining Journal (London). V. 260, No. 6669, June 14, 1963, p. 600. 

18 Bureau of Mines. Mineral Trade Notes. V. 58, No. 5, May 1964, pp. 17-18. 
* Bureau of Mines. Mineral Trade Notes. YV. 58, No. 3, March 1964, p. 49. 
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Previously licensed agents were to be relicensed to buy from the 
Board.2° Diamond production of 2.7 million carats was reported for 
- 1963. Twenty percent was gem quality. | | 

Kenya.—About 48,000 pounds of semiprecious gem stone material, 
valued at about $4,000 was produced during 1963. The bulk of this 
material was rose quartz; smaller quantities of such materials as 
augite and corundum were also produced. . 

_ Rhodesia and Nyasaland, Federation of—Amethysts have been dis- 
covered in the Gwaai section of Southern Rhodesia and develop- 
ment of the claim has begun. The stones are considered of excellent 
quality.22 Gem stone production for 1963 was reported as follows: 
Southern Rhodesia, 4,000 pounds of jade valued at about $1,120, and 
36 pounds of chrysoberyl valued at about $58; Northern Rhodesia, 
34,000 pounds of amethyst valued at about $286,000. No gem stone 
production was reported in Nyasaland. 2 
South Africa, Republic of.—The old De Beers mine, which was closed 
‘in 1908, has been prepared for reopening. A new shaft has been sunk 
to the 412-foot level and connected to the old shaft. Mining is to be 
_done by dropping ore from upper levels through existing ore passes 
to the crushing plant on the 1,720-foot level, for crushing to minus 5 
inches. From here the ore would be hoisted to the 412-foot level, 
carried to a new surface crusher by a 1,700-foot inclined conveyor, 
- and crushed to 1.5 inches. Then the crushed material would travel by 
another conveyor to the central treatment plant.” | 
| During 1962, the Premier diamond mine completed its $7 million 
plant expansion program to increase production to 2.5 million carats 
per year. New facilities were installed to treat 400,000 tons per month 
of tailings remaining from previous mining operations. ‘These tail- 
ings contained small industrial diamonds for which there was small 
demand in the past.” | 
Rich diamond deposits have been found in Namaqualand, and 
it has been claimed that they may be larger than the Kimberly fields. 
The statement has been made that these deposits are the source of the 
diamonds found off the Namaqualand coast.?* Production of emerald 
crystals was reported as 527 pounds. A like amount valued at 
$412,000 was exported. Production of tiger’s-eye was reported as 129 
tons. Exports were listed as 150 tons valued at $49,000. 7 
South-West Africa.The Marine Diamond Corp., Ltd., has sunk three 
boreholes in the offshore diamond-bearing gravel deposits located 
north of Plum Pudding Island. High-quality diamonds averaging in 
excess of one-half carat in size were found. This yield rivals that of 
the Chamels Reef deposit, where more than 150 carats per day, mostly 
of gem quality, is recovered.”> During 11 months prior to June 1963, . 
the Marine Diamond Corp. recovered 116,369 diamonds weighing 
51,917 carats valued at $1.7 million.2° The Diamond Mining & Utility 


“© Bureau of Mines. Mineral Trade Notes. V. 56, No. 4, April 1963, pp. 14-15. 
inee ei ournal (London). Amethyst in Southern Rhodesia. V. 261, No. 668, Oct. 11, 
» D. . ; 
2 Mining Engineering. Famous Diamond Mine Comes to Life Again. YV.15, No. 9, Sep- 
tember 1963, PP: . 
* 33 a setrine culng Review. Premier Diamond Mine Expands Plant. V. 52, No. 14, 
pr. 6, » D. 5. 
2 Engineering and Mining Journal. V. 164, No. 3, March 1963, pp. 155, 157. 
2% Bureau of Mines. Mineral Trade Notes. V. 56, No. 3, March 1963, p. 11. 
*® Bureau of Mines. Mineral Trade Notes. V. 58, No. 4, April 1964, pp. 11-12. 
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Co. agreed to lease its concessions and rights, granted by the South- 
West African Government, to the Tidewater Oil Co. The latter com- 
pany thereby acquired diamond mining rights on land and from the 
highwater mark to the 6-mile limit. The lease will run for 25 years 
and includes an option to buy the grant after 5 years.27 

In April the South-West Africa Administration granted a marine 
diamond mining concession to Terra Marina, a newly formed com- 
pany composed of various financial interests in the Republic of South 
Africa. Their concession is off the South-West Africa coast and ex- 
tends from Diaz Point at Liideritz northward to Hottentot Bay.?* 
Gem diamond production decreased about 15 percent from that of 
1962. Semiprecious gem stone production decreased from about 
419,000 pounds in 1962 to 155,000 pounds. Production for 1963 ap- 
pears in table 4. : : 


TABLE 4.—South-West Africa: Production and exports of gem stones in 1963 


Exports . 
Gem Production ce 
(quantity) — 
Quantity Value 

Diamond... oo. 22 sist seca ese se oescasessdecasecoeccs carats... 1, 076, 000 1, 329, 644 | $57,800, 000 
” Amasonite..20.---2------225- oe ei eee e neon sess pounds. 18,000) [iowa one scc sence cece 
Amethyst....-.---....------ Wewsesoccte dessa desk let do... 134, 000 |. 56, 000 8, 200 
Chaleedony = 2.2 25222224522 net csee teks aces ee do.... 1 AO stots cca cden oacecawnacets 
R080 QUALZE 2.6 see oes es ewe ck sss s lessees soles ee do_... $00 fe ceeccesosces uo eccdewozewe 
MIGO BOVO. 02252625 woos hee yee ened dec eeee eae tee eee 5, 860 1, 550 
Sebo shetscase cece ocsesco cesses see do... 140 33 4, 300 


-Tanganyika.—A total of 588,870 carats of diamonds valued at about 
$13.9 million were exported. This compared with 647,177 carats | 
valued at $15.1 million in 1962.29 About 46 pounds of rough ruby and 
sapphire, valued at about $46,800, were exported in 1962.%° a 


OCEANIA 


Australia.—The value of opal and sapphire produced in 1961 was 
reported as $1.9 million and $18,000, respectively .*# | | 

The Capricornia Mineral Development Co. Pty., Ltd., has been 
formed to mine crysoprase, which is available in the Marlboro ranges, 
near Rockhampton. This material has. a marked similarity to 
Chinese jade. Crysoprase has been shipped to the United States, 
West Germany, Japan, and Hong Kong. An access road has been 
constructed, and crysoprase veins have been exposed.* | 

French Pacific Islands.—Mother-of-pearl prices have been dependent 
on the economic conditions of both the United States and Europe, 
which are the chief markets. Prices have varied from a low of $0.25 
per pound in 1951 to a high of $1 per pound in 1963. Previously, 
uncontrolled collection and export of shell depleted many collecting 


2 Bureau of Mines. Mineral Trade Notes. V. 57, No. 1, July 1963, p. 11. 

78 Bureau of Mines. Mineral Trade Notes. V. 57, No. 2, August 1963, p. 20. 

2 Mining Journal (London). V. 262, No. 6705, Feb. 21, 1964, p. 139. 

%0South African Mining and Engineering Journal (Johannesburg, Republic of South 
Africa). V. 74, pt. 1, No. 3656, Mar. 1, 1963, p. 497. 

* Bureau of Mines. Mineral Trade Notes. V. 56, No. 6, June 1963, p. 17. 

# World Mining. V.17, No. 3, March 1964, p. 67. 

: onan Government Mining Journal (Australia). V. 64, No. 746, December 1963, 
Dp. e 
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areas. However, rigid government controls have been applied. The 
Government is presently financing a program to repopulate the pearl 
_ shell beds and develop the culture of pearls. Seeding of pearls is 
being carried out experimentally. During 1961, 565 short tons of 
mother-of-pearl was exported. 2 - a ¢ 


TECHNOLOGY 


Each monthly issue of Mine and Quarry (London) beginning with 
October 1952 has described a mineral, giving the synonyms, nomen- 
clature, varieties, composition, crystallography, physical and optical 
prope tests, diagnosis, occurrences, and uses. In the February 
and May 1963 issues brazilinite and turquoise were described. 

Spectrolite, the new gem form of labradorite coming from Finland, | 
is described. The Finnish material occurs in isolated large to medium — 
individual crystals, in contrast to the material from Labrador, which 
occurs in coarse-grained chunks with each crystal unit several inches 
across. Blue is the commonest sheen of the spectrolite, but other 
hues of equal intensity are common.®® The tumbling method for 
evolving the irregularly shaped semiprecious stones (baroques) is 
reviewed.°4 | | 

An article was written on gem mineral occurrences in Colorado that 
have been found and lost. Topaz, turquoise, sapphire, and jade are 
~ mentioned.®? | | | 

Methods of developing “synthetic emeralds” were discussed, and 
products made by the Lechleitner method and the Chatham process 
were compared. ‘The principle of the Lechleitner system, like Chat- 
ham’s, is one of making an approximation of natural conditions in 
which a crystal is able to enlarge itself. The additional growth is — 
erystallographically continuous.® : 

An article on turquoise reviewed the traditions of the celebrated 
historical mines of Persia (now Iran) 2° . 

The origin of Colorado gold stone was described. The product 
~ does not contain gold nor is ita stone. The process involved in pro- 

ducing this material is discussed.” 

The techniques of the lapidary industry of Japan are discussed. 
Japanese stone carving is relatively new and expanded after German 
sources were cut off in 1939. The popular materials are rose quartz, 
rock crystal, aventurine, sodalite, lapis, tiger’s-eye, gold stone, ame- 
thyst, and agate.*+ 


* Bureau of Mines. Mineral Trade Notes. V. 56, No. 5, May 1963, p. 15. 

% Jewelers’ Circular-Keystone. Spectrolite a New and Exciting Gem Stone. V. 133, No. 
12, August 1963, pp. 138, 140, 159, 162. 

%* Rhodesian Mining and Engineering (Saliabary, Southern Rhodesia). How “Baroque” 
Gem Stones Are Polished. V. 27, No. 18, December 1962, p. 27. 

77 Pearl, Richard M. Colorado Minerals Lost and Found. Rocks and Minerals, v. 38, 
Nos. 3—4, ye barrel oa 1963, pp. 129-130. 

* Pough, Frederick H. A Unique “Synthetic,” the Linde-Lechleitner Stone. Jewelers’ 
Circular-Keystone, v. 133, No. 11, July 1963, pp. 52, 54, 62, 64, 66. 

*® King, k Turquoise-Mining and Praditiona of the Past. Canadian Min. J. 
(Quebec, Canada), v. 84, No. 1, January 1963, be; 48-49. 

# Pough, Frederick H. The True Story of Colorado Gold Stone. Jewelers’ Cireular- 
Keystone, v. 133,.No. 5, February 1963, pp. 92, 98, 100, 101. 

4 Pough, Frederick H. The Lapidaries of Kofu. Jewelers’ Circular-Keystone, v. 133, 
No. 4, January 1963, pp. 60, 62, 72—74. 
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Methods of irradiating diamonds with charged particles are de- 
scribed. A brief history of irradiation is given, problems are: dis- 
cussed, and results are evaluated.‘ | 


__ The practice of raising the color grade of certain diamonds to near 
colorless by disguising the true light-yellow or brown body color by 
applying a foreign substance to the surface of the stone was discussed 
for the first time. Guides are listed for detecting coating when exam- 
ining diamonds. | | | 

An article on the production of cultured pearls described the basic 
anatomy of the oyster, growing pearl oysters, color and luster of the 
pearl, chemical analysis of the pearl, and synthetic pearl essence.* 

An unusual use of antibiotics was reported from J apap, where a 
scientist on the staff of the Fisheries School of Mie Prefecture de- 
scribed tests over 4 years in which the antibiotic chlortetracycline 
raised production of top-quality cultured pearls by 30 percent.*® 

A method for improving the color and qua ity of natural or cultured 
pearls was patented. The pearls are subjected to high-energy, ioniz- 
ing radiation.4¢ on . 

A patent was issued in Australia on an improved method for manu- 
facturing synthetic diamonds, wherein graphite or a carbide is dis- 
solved in molten nickel or nickel alloy solvent to form a saturated 
solution.‘ a oe 7 | | 

A cigarette filter tip consisting of tourmaline particles dispersed in 
a nontoxic carrier was patented.*® eee 4 

A French patent was granted on a method for producing blue dia- 
monds by chemically coloring white natural diamonds. 

A description was given of simple tests that can be made to dis- 
tinguish genuine precious and semiprecious stones from paste stones. 
The use of the spectroscope and specific gravity tests with heavy 
liquids such as bromoform, methylene iodide, and clerici’s solution 
were discussed.*° | 


“Pough, Frederick H. Recent Diamond Irradiation Techniques. Jewelers’ Circular- 
Keystone, v. 134, No. 8, December 19638, pp. 54, 56, 58, 60. . 

# Miles, Eunice Robinson. Coated Diamonds. Jewelers’ Circular-Keystone, v. 133, No. 
8, May 1963, pp. 66-69, 82, 84, 86, 88, 90, 92. 

44 eae Leon. Producing Cultured Pearls. Chemistry, v. 36, No. 11, December 1963, 
Ppp. "9 e : : : 

45 Chemical Trade Journal and Chemical Engineer (London). Antibiotics in Pearl Pro- 
duction. V.153, No. 3977, Aug. 30, 1963, p. 305. 

46 Chow, K. Process for Irradiating Pearls and Product Resulting Therefrom. U.S. 
Pat. 3,075,906, Jan. 29, 1963. 

“Custers, J. F. H., H. B. Dyer, B. W. Senior, and P. T. Wedepohl. Australian Pat. 
239,176, June 26, 1962. 

48 Jacobson, G. Cigarette Filters. U.S. Pat. 3,087,500, Apr. 30, 1963. 

“ Duchaine, M.P. J. French Pat. 1,316,489, Dee. 26, 1963. 

50 Parkinson, Kenneth. Test That Stone. Rocks and Minerals, v. 38, Nos. 3—4, March-— 
April 1963, pp. 181-135, 216. 


Gem Stones 
By Benjamin Petkof 


STIMATE of 1964 production of gem materials and mineral 
E specimens reached $1.5 million, an increase of 7 percent over 1963. 
Individual collectors continued to account for the bulk of 
domestic production. | 
Regulations controlling the collection of petrified wood on public 
lands were issued by the Bureau of Land Management of the De- 
partment of the Interior.?. | | 


DOMESTIC PRODUCTION 


The Bureau of Mines discontinued its collection of data by direct 
canvass of known amateur and professional gem stone producers. Es- 
timates of production indicated that 38 States produced gem stone. Of 
these, California, Oregon, Texas, Arizona, and Wyoming were the 
leading producers. | 

A deposit of black jade was discovered 62 miles southwest of Doug- 
las, Wyo., by a rock hobbyist who leased his claim to the Eloxite Corp. 
Similar jade is known only in Siberia. The domestic stone is claimed 
to be of a better quality because it, polishes to a more lustrous sheen. 
The mining company was selling the material for $8,000 per ton. 
Material has been shipped to Japan for cutting and carving and to the 
Federal Republic of Germany for jewelry. 

The California Division of Mines and Geology announced the dis- 
covery of nephrite jade in 1962 by its personnel in the Bagby district. 
214 N.-N.E. of Bagby, Calif. The jade occurs in veins along the east 
contact of the serpentine belt and ranges up to 5 feet thick and 150 
feet long. The best quality jade occurs in various shades of green 
without any flaws and changes into rock of less desirable color perfec- 
tion and hardness. The jade is generally within a thick shell of par- 
tially nephritized serpentine.® | 

The Himalaya Mine of San Diego County, Calif., which won its 
fame as a producer of gem tourmaline between 1903 and 1913, was 
sold to new owners who plan to open it for organized groups to hunt 
for tourmaline and other minerals that can be found on the mine dump. 

A ruby weighing almost 87 carats was found at the old Shuler corun- 
dum mine in Cowee Valley near Franklin, N.C. The stone was valued 
in excess of $4,000. 7 


21Commodity specialist, Division of Minerals. 

2 Bureau of Land Management, U.S. Department of the Interior. Subchapter C—Min- 
erals Management. Circ. 2147, July 1, 1964, pp. - 

2 California Mineral Information Service, Division of Mines and Geology. New Jade 
Deposit Found by Division .... V.1%7, No. 2, February 1964, p. 21. 
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CONSUMPTION 


Consumption of gem diamond reached $259 million, an increase of 
almost 16 percent over 1963; imported imitation and synthetic gem 
stones including imitation pearl was $6.1 million, an increase of 20 
percent over 1963; and natural and cultured pearls were $19.7 million, 
an increase of 10 percent over 1963. ne 

Apparent consumption (domestic production plus imports minus 
exports and reexports) of gem material in the United States was 
$189 million, up 11 percent over 1963. 


PRICES 


Prices quoted during the year for cut and polished, unmounted gem 
diamonds were 0.25 carat, $70 to $275 ; 0.50 carat, $185 to $600; 1 carat, 
$500 to $1,800; 2 carat, $1,200 to $5,600. ae _ 


FOREIGN TRADE 


Over 90 percent of the cut but unset emerald was imported from 
India. Nineteen other countries supplied the remaining quantity. 
The average value of emerald imports from India was $11.50 per carat. 

Japan supplied the bulk of the pearl imports. Cut but unset rubies 
and sapphires, valued at $4.1 million, were imported. In addition, 
about $6.9 million of other precious and semiprecious stones were 
pec However, no classification information on the latter was 
available. | -% 


TABLE 1.—U.S. imports for consumption of precious and semiprecious stones, 
exclusive of industrial diamonds 


1963 1964 
Stones 
Value Value 
Quantity (thou- Quantity (thou- 
sands) sands) 
Diamonds: 
Rough or uncut, suitable for cutting into gem 
stones, duty-free. ..---------------------- earats._| 1,749, 641 $129, 870 | 1, 547, 955 $149, 729 
Cut but unset, suitable for jewelry, dutiable.carats..| 1, 071, 620 93,977 | 1,096,795 108, 805 
Emeralds: Cut but not set, dutiable_---._---.--. do..-- 190, 933 2, O81 180, 069 8, 218 
Pearls and parts, not strung or set, dutiable: 
Naturak.< 22-025. sc ee sb eo se oceleees see s4- (1) 479 (1) 474 
Cultured or cultivated...----.--------------------- (1) 17, 427 (2) 19, 204 
Other precious and semiprecious stones: 
Rough or uncut, duty-free. .---------------------- (#) 1, 708 (?) 2, 514 
Cut but not set, dutiable...-__--.------------------ (4) 5, 183 (4) 7, 657 
- Imitation, except opaque, dutiable: 
Not cut or faceted.....--.-.------------~-------- (® 28 0) (2) 
Cut or faceted: 
Synthetic. _......----------------number-__] * 1, 054, 236 398 | 1, 218, 326 623 
Others... 2. 222 oe st he Sees Q) 4, 487 (1) 5, 825 
Imitation, opaque, including imitation pearls, 
dutiable:. 2-2 oe eet os ot es oe ees eee et ee (1) 154 () 337 
Marcasites: Real and imitation, dutiable_...------- (1) (3) “Vesestt essa loleesetes eels 
TOtal 2vest kage Septet See aot (1) 255, 792 (4) 298, 386 
eS 
* Revised. 


1 Quantity not recorded. 
2 No longer separately classified. 
3 Less than 4 unit. 


Source: Bureau of the Census. 
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Precious and semiprecious gem stone exports were valued at $46.8 
million compared with $40.5 million in 1963. Diamonds, both rough 
and uncut, accounted for almost 89 percent of total exports. | 

Reexports of all varieties of gem stone were valued at $64.3 million 
compared with $46.7 million in 1963. Diamond in the rough but 
uncut category accounted for 85 percent of total reexports. 


TABLE 2.—U.S. imports for consumption of diamond (exclusive of industrial 
diamond), by countries 


1963 1964 


Rough or uncut Cut but unset Rough or uncut . Cut but unset 


Country . 
Value Value Value Value 
Carats | (thou- | Carats | (thou-| Carats | (thou- | Carats | (thou- 
sands) sands) sands) sands) 
AUStTA 22252600 see Sock ee es] Seseeeee fas Fe SRM AIA ae SS IS aes 584 $35 
Belgium-Luxembourg--... 33, 5387 | $8,282 | 522,383 1$50, 555 77,728 | $9,264 | 583, 207 60, 155 
Brazil_..---.-...--- et oR eS 1,911 nA Nig lesen ieee eee [es eae 1, 329 196 5 . 8 
British Guiana..__._-.____ 1, 011 43 84 6| 10,156 B83) buch ee esse 
Canada....-___.---.------- 9, 110 918 847 66 7, 753 1, 200 227 28 
Central African Republic...) ..._-...-_|-.--.----|.---------]---- __--| 102,919 6,468 |isecece ce [eee ese 
olumbia.......--.--..--.- 124 bSeyel esos PRoR ee Oke ee late al | ee ee 
Congo (Léopoldville) ..._._ 8, 811 BES: |e eae c ee 236 1 (1 Hm [eae cre pak eee 
France. ..._-.-----------_-- 7, 169 633 16,746 | 1,775 6, 066 435 15,781 1, 678 
Germany, West..........- 7 (1) 46,015 | 3,502 |---.-..__-]--.------ 18, 040 1, 335 
Ghanaecs cs. bose c2eeu 49 858 1 1k [een Ce (penne 
Guiness eco ie os Se cet bat acte ce |ee Seen oe bks 2, 774 @18 | oe 22) feces 
Hong Kong....___-_..-_-___]----------].-2------} 227) 80 J --+-______j------.-- 329 41 
Indigice2c2cecs ec ceecsee oe eee eet DON * TG ee se ce eeee 535 111 
Treland__._--..-.-.--. 3, 616 464 | Boe | een ce es 
dsraglocc. 2 es 49, 011 3,800 | 426,052 | 36,800 
Ttal¥cce eno oe io | ek ee ee 103 | igostees |eedeecsd 84 17 
» PAPA sn en ee bk 2838}; 5| 4,381} 321 |_--.---_-_}-----_-~-. ’ 1,541 95 
Liberia...____- obec os es 8,417 806 |----------]-------- 
Malta and Gozo.______---- 519 14 660 66: |issce cone fee See 205 16 
Netherlands__.....-....-- = 26, 5389 1, 583 19,299 | 2,124 39, 265 4,179 14, 358 1,896 
Nigeria.........._.________ 4,329 De [aioe srs ORs Sade oe eon ete ek ete 
Sierra Leone....__ penne Sere 320, 845 $5725 |e 2s asec es 72, 153 2,867. face ae ka | acesee 
Republic of South Africa._| 112, 448 11, 558 27,089 | 4,736] 138,015 | 12,162 23,721 4,918 
Switzerland..._.....__.._- ’ 37, 402 1, 549 501 205 33, 748 2,192 783 364 
LFS Ps i: Ra ORE An OPE, One Renrictn| cee, 411 it aE RAEN pens aS 5, 590 503 
United Kingdom_________- 906,340 | 86,977 4, 280 699 | 894,260 | 100,928 5, 387 754 
Venezuela...._....-..----- 65,905°)° 1,072 |oses_ 8 oclew cdo 78,486 | 2,960 |_-....__-_|__-.___- 
Western Africa, n.e.c.2...._| 71, 096 CEC CE Eee oe here 20, 995 Ti 868-}scec. eee elee eset 
Western Equatorial Africa.| 61, 537 2,916: |22 ates |code |S dle | ee ee see se 
Total 3....__-------- 1, 749, 641 | 129,870 |1, 017, 620 | 93,977 |1, 547,955 | 149,729 |1, 096,795 | 108, 805 


1 Less than ¥% unit. 
3 Not elsewhere classified. 
Includes imports valued at less than $25,000 for following countries: Barbados, 1964; Jamaica, 1964; 
Mexico, 1963; Netherlands Antilles, 1964; Trinidad and Tobago, 1964; Gibraltar, 1963; Portugal, 1963-64; 
South Korea, 1964; Lebanon, 1963; Thailand, 1963; Senegal, 1964; Australia, 1964; New Zealand, 1964. 


Source: Bureau of the Census. 


WORLD REVIEW 


Brazil.—Mineracao Tejucana S.A. has been given the right to develop 
previously uneconomic alluvial diamond deposits along the Jequitin- 
honha River in the area of Diamantina and Bocaiuba, Minas Gerais. 
Economic exploitation is expected by dredging with equipment that 
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can treat 3 million cubic meters per year for the recovery of about 
30,000 carats, valued at about $600,000.* 

A large crystal of gem beryl weighing about 15 pounds was found 
near Padre Paraiso, Municipality of Carafi, Minas Gerais and was 
valued at $143,000. | | 

Cameroon.—The Ivory Coast Diamond Corp. has been awarded dia- 
mond prospecting rights by the Ministry of Transportation, Mines, 
and Post and Communication.® . 


TABLE 3.—World production of gem diamond by countries 
(Thousand carats) 


Country 1963 1964 
Africa: 
AMNGONG oo ssoce sec csbs tes Secu eteeiesceceksevescleeceses SoLtigeedassusseneteeecs 759 804 
Central African Republic_......--........-.-.-------------- nen 121 221 
Congo, Creueyik) Republic-of 1 ¢2.-.-2.2:22 4.2225. 224 ee oe ec cet 341 316 
Congo, (Léopoldville) Republic of the.-.----..--------------.------------------- 296 205 
ONOe ioe Deke eae cade esclece ecu tesl ate eee ees oe ee EUS 536 267 
Guinea -2 60 eh ee Sa a ie eee 22 22 
LVOry ‘Coast. oto oon oo eee shee et oo ek a eee toe 63. 120 
Haiberiatecr20 12 kde se eee sesese yee Sel et ole se foe cas eclese 240 298 
Blerra: Leone: 32-2222 35 2. Scene eh a oe th ee cee oct bene tecde cece es 555 516 
Republic of South Africa: 
Pipe mines: 

PYOMNG! 2055s ccecekedesecccescaseteedeces Sc es seoc eu cocck fee ous cekeeeecee 522 556 
DeBeers: Soup 2325.6 fee eo ses aces sok kocsis se adeno ate loeeeecd 921 928 
Others. i253. 2 oes ose ckecsc seco ssi Sewanee be deh oeeccoc eee he ceusuue : rlé 18 
MVS eo tesco es Pee EL Se oT De ee See iio En a ¥ 338 288 
South-West Africa: . 2.) tok. cach co csee eee ou ee ee eseour cote denecanc]e 1,076 1,373 

VTanganiG.. 2 2.0 2ec occ cccece ec cdee acoso teletecscdcensecsulaccwlceuscceesees 

Other Countries: 

Brazil ©0282 eos seb ok ee tee cote bee bet cess oweeJecpesence eee esses 175 175 
British Gulana2 oes et het oe case et oe oees 60 
Wndige 22 2s Fone neo eres cs So sdeavecbeleces ee cues lew siw ee ce ode ee eed ee sacbes veces 1 2 
U-S:6: Fs O22. ooesco se so Seek ce e e  e S e  S a 240 240 
Veneztlel ann 25252 ok ccc e los occ cca is daseccote sat scecesndsudehens-cucs 38 58 
World total co) 8c hee a oe es ee ee A ee leet t 6, 594 6, 570 


¢ Estimated. * Revised. 
1 Exports. 
2 Probable origin, Republic of the Congo. 
’ 8 Includes some alluvial from DeBeers properties. 


Canada.—Rock blasted from a quarry on Ile Ronde, Montreal, showed 
a similarity to South African kimberlite. This indicated a possibility 
that diamonds are embedded in the rock far below the surface. 

Ceylon—The Government formed the State Gem Mining Corpora- 
tion to control internal and external trade in precious stones within 
the country. The corporation was expected to eliminate smuggling, 
thereby improving the Government’s revenue and foreign exchange 
position in addition to insuring a reasonable return to the miner. The 
corporation shall have the authority to set license fees on all gem pits 
and impose taxes on all sections of the industry. The industry reforms 
caused a large number of gem dealers in Ratnapura to close their 
businesses.” 

Chile——-Compafiia Minera Caren continued to operate the only active 
lapis lazuli mine near the Argentine border in Coquimbo Province. 


‘Mining Journal (London). V. 263, No. 6729, Aug. 7, 1964, p. 93. 

5 Bureau of Mines. Mineral Trade Notes. V. 59, No. 5, November 1964, pp. 4—5. 
¢ Bureau of Mines. Mineral Trade Notes. V. 59, No. 4, October 1964, p. 17. 
tMining Journal (London). V. 263, No. 6731, Aug. 21, 1964, p. 137. 
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About 8,800 pounds, valued at $12,000, was produced during 1963. 
The bulk of this material was exported to Italy, France, United States, 
Germany, and Switzerland. Greater production was planned during 
1964 to meet the increasing market created by hobbyists who are cut- 
ting and polishing lapis lazuli. 

Colombia.—During 1963 the Muzo, Coscuez, and Chivor emerald 
mines produced 50,560 carats of gem quality emerald. In addition, 
these mines produced 140,556 carats of low-grade emerald (morralla.)°® 

Czechoslovakia.—A northern area of the country where gem quality 
pyrope was formerly found has shown a similarity to the Siberian 
kimberlites. Studies of the pyrope rock have been made and it was 
concluded that further exploration for diamond was warranted.’ 

India.—The National Mineral Development Corporation of India 
undertook development of two new diamond mines at Majgawar and 
Ramkhiria. The yield of these mines was estimated at 30,000 and 
12,500 carats per year respectively. a 

Ivory Coast.—Three companies, Société Anonyme de Recherches et 
d’Exploitations Minigre en Céte d’Ivoire, Société Diamantifere de 
Céte d'Ivoire, and Société Miniére de Bandama produced diamonds 
during 1963. The Société Waston and the Diamond Corporation of 
the Ivory Coast prospected but did not begin operation in 1963. Gov- 
ernment enforcement of its ban on clandestine operations eliminated 
the production of native prospectors.”? | 

Sierra Leone.—The Government and Templesman and Bros., an 
American firm, have signed an agreement to set up a factory to cut 
and polish rough and uncut diamonds within the country. Opera- 
tion of the facility is anticipated by the end of 1965.% A detailed 
article describing licensed diamond mining in the country was 
published.™* 

South Africa, Republic of—Mining began at the Finsch Mine, the first 
new diamond mine in 50 years, in December. The mine, at Potmasburg 
on a claim discovered by A. T. Fincham was purchased by DeBeers 
Consolidated Mines for over $6 million in 1963. The area was 
being stripped of overburden to reach the diamond-bearing “blue 
ground.” Treatment of the “yellow ground” in the overburden for 
the recovery of diamond has begun. Pilot plant experience will de- 
termine the design of the treatment and recovery plant to be built. 
The area will be mined by open pit methods to a depth of 300 feet. 
Operating results will then determine whether to continue open pit 
methods or begin underground mining.* 

A special court in Pretoria opened hearings on the General Electric 
Co.’s application to patent the process for manufacturing diamond. 
The Transvaal and Orange Free State Chamber of Mines opposed 
the application by claiming that the synthesis of diamond is an obvious 


8 Bureau of Mines. Mineral Trade Notes. V. 59, No. 2, August 1964, p. $4. 
© Bureau of Mines. Mineral Trade Notes. V. 60, No. 1, January 1965, pp. 12-13. 
10Mine and Quarry Engineering (London). Czech Diamond Prospects. V. 30, No. 2, 


on). p. 216. 
12 Bureau of Mines. Mineral Trade Notes. V. 59, No. 1, July 1964, Pp: 138. 
15, teen Jourast (London). Sierra Leone Diamond Factory. V. 264, No. 6752, Jan. 
i Wairba’ rn, W. C. Licensed Diamond Mining in Sierra Leone. Min. Mag. (London), 
v. 112, No. 8, March 1965, pp. 166-167, 169, 171, 173, 175, 177. 
16 Mines Magazine. New Diamond Mine. V. 55, No. 3, March 1965, pp. 23-24. 
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process and not an invention. The legal dispute was expected to be 
lengthy because of the affidavits entered by affected parties and the 
legal efforts by the Chamber of Mines to require deponents to give 
evidence in person.?¢ | , 3 

South-West Africa—Diamond dredging activities continued in the 
ofishore marine sediments. Offshore prospecting was underway by 
several mining companies. Notable among these was the Rockeater, a 
ship specifically designed for underwater mineral sampling, whose 
sampling operations were supported by the DeBeers Consolidated 
Mines, Ltd. 

Marine Diamond Corp., Ltd., continued to recover diamonds from 
its offshore concession. During the period of January 1 to May 3l, 
1964, the company mined almost 102,000 carats of diamonds. 

Mining activities continued along the territory’s coastal belt. Con- - 
solidated Diamond Mines’ Vacu-Veyor, essentially a large vacuum 
cleaner, proved successful for removing sand and gravel from bed 
rock.17 An article provided a description of Consolidated Diamond 
Mines diamond mining practices.1® 7 

South-West Africa continued to produce and export semiprecious 
gem materials such as agate, amazonite, quartz (amethyst, green and 
rose), chalcedony, jasper, and tourmaline. 7 , 

Thailand.—During 1963 about 13 million carats of precious and 
semiprecious materials was imported and over 11 million carats was 
exported. The bulk of the material imported consisted of synthetic 
or reconstructed precious or semiprecious stones.” | 

Upper Volta—Diamond exploration rights were awarded to the 
West African Selection Trust, Ltd., for 1 year commencing at the 
beginning of 1964 and to be renewable for 2 years. The organization 
agreed to spend $62,000 per year for exploration. Geological sur- 
veys had been completed for only 20 percent of the territory involved, 
and traces of diamond were found near the Ghanaian border.” 

U.S.S.R.— Both industrial and gem diamonds were mined at Mirny in 
Yakutia, Eastern Siberia, by opencast methods. A new concentrat- 
ing plant capable of operating the entire year was being built. Finds 
a new kimberlite pipes were reported north of Mirny on the Olenck 

iver.” 

Zambia.—Rio Tinto, Ltd., discontinued exports of higher grade 
emerald from the Sandawana mine near Belingwe in order to form a 
domestic cutting industry that will export cut emerald. Rio Tinto 
planned to continue to export lower grade uncut emerald.22 


TECHNOLOGY 


_ Detection by loupe or Gemolite that a diamond was coated to enhance 
its color was reported. The coating, a foreign substance, is applied to 


7¢Bureau of Mines. Mineral Trade Notes. V. 58, No. 5, May 1964, p. 18. 

7 South African Mining & Engineering Journal (Johannesburg). Mining Activities in 

-W.A. V. 75, Pt. 2, No. 83725, June 26, 1964, pp. 187-188, 191. 

48South African Mining & Engineering Journal (Johannesburg). 26-million to 1 Con- 
Aone Operation at Cons. Diamonds. V. 76, Pt. 1, No. 3759, Feb. 19, 1965, pp. 


% Bureau of Mines. Mineral Trade Notes. V. 59, No. 6, December 1964, pp. 18-19. 
#¢ Bureau of Mines. Mineral Trade Notes. V. 58, No. 5, May 1964, p. 23. 
21 Mining & Minerals Engineering (London). Diamond Mining in Yakutia. V. 1, No. 
7, March 1965, p. 277. 
72Bureau of Mines. Mineral Trade Notes. VY. 60, No. 3, March 1965, p. 7. 
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the surface of certain diamonds to raise their color by neutralizing 
their true yellow color. Recent application of the phase microscope 
has brought the nature of coated surfaces of diamond into critical 
focus and photographic records were made under 500 to 1,000 magnifi- 
cation. The pictures reveal clearly where coatings were applied. 
They confirm earlier findings of characteristic markings that were 
seen with use of 10X loupe or a Gemolite.?* 

The development of an_ultramodern automatic diamond sorting 
machine was reported. The machine was based on techniques in 
various scientific fields that electronics coordinated effectively, as 
X-rays, precision mechanics, vacuum, and compressed air. ; 

Steps taken to improve gem diamond production at the operations 

of the leading gem diamond producer was briefly described. The 

installation of two Wedag medium scoop wheel separators by Con- 
solidated Diamond Mines of South-West Africa Litd., should con- 
tribute considerably in increasing production.” | 

Advanced equipment used in diamond prospecag on the sea-floor 
sampling program conducted on behalf of the DeBeers group off the 
coast of South-West Africa was described.?* | 

Method and equipment used in the production of diamonds in the 
U.S.S.R. were described.?7 | oe 

Tests for identifying artificial and improved turquoise were re- 
ported. Many substitutes are offered in place of genuine turquoise. 
The offerings are of three types: Compacted poor quality turquoise, 
colored and soaked with plastic; other natural substances similarly 
treated; and wholly artificial aggregates.?® 

An article was written on the misleading use of names on maps in- 
ne turquoise locations in the Turquoise Mountains east of Baker, 

alif.?9 7 : 

The use of synthetic sapphire jewel bearings in gas flow meters was 
discussed. Synthetic sapphires are nonmagnetic, corrosion-resistant, 
easily obtainable, and have miniature dimensions within critical 
tolerances.®° 
- The occurrence of needle-like structures and some color phases in 
quartz are described.*2 | | 
A. guide on gems, minerals, crystals, and ores was written for pro- 


fessional mineralogists, gem cutters, collectors, and hobbyists. ‘The 


2 Miles, Eunice R. First Close-Up Shots of Coated Diamonds. Jewelers’ Circular- 
Keystone, v. 75, No. 1, October 1964, pp. 70-73, 104-108. 

*4Mining Journal (London). Automatic Rough Diamond Sorter. V. 263, No. 6743, 
November 1964, p. 355. Mining Magazine (London). Automatic Rough Sorter. V. 
ITI, No. 6, December 1964, p. 391. 

* Mining Magazine (London). Dense Medium Separators for Diamonds. V. III, No. 
6, December 1964, pp. 381-383. 

°° Mining Magazine (London). Sea-Floor Sampling. V. III, No. 6, December 1964, 
pp 403, 405. South African Mining & Engineering Journal (J perme er Ae Prospecting 

or Diamonds Off South-West Africa. V.75, Pt. 2, No. 3743, October 1964, pp. 1208-1209. 

oan Mining. How Russia Mines More Diamonds. V. 17, No. 18, December 1964, 


78Pough, F. H. Turquoise and Its Substitutes. Jewelers’ Circular-Keystone, v. 84, 
No. 4, January 1964, pp. 78, 80 and 81. 

29 Pemberton, H. E. Place Names in the Turquoise Mountains, The Mineralogist, v. 
32, No. 5, October 1964, pp. 10-18. 

80 Chemical Engineering. Synthetic Jewel Bearings Make Accurate Gas Flow Meter. 
V. 71, No. 22, October 1964, p. 146. 

% Pough, F. H. Quartz Jewelry Stones. Jewelers’ Circular-Keystone, v. 75, No. 1, 
October 1964, pp. 86-90, 98-100. 
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book describes where to find them, methods of identification, cutting, 
and displaying.*? _ 

The cultivation of high-quality pearls i in fresh-water mussels was 
described. The fresh-water mussel often is larger and has a thicker 
shell than the Japanese salt-water oyster. Fresh-water mussels yield 
two crops of non-nucleated pearls. 

_ The surface structures of crystal faces of natural and synthetic 

emeralds were reported. By using a reflection and phase contrast 
microscope, a clear distinction can be made between natural and syn- 
thetic emeralds. 

The geologic occurrence, variations, color zoning, and inclusions 
were discussed in an article on tourmaline.* 

Goldmanite, a new garnet, has been identified as a constituent of a 
metamorphosed uranium-vanadium deposit in the Sandy (or South 
Laguna) mine area, about 4 miles southeast of Laguna, N. Mex. Oc- 
currence, separation, properties, composition, and analytical pro- 
cedures are described.®¢ 


ieee ean can . M. Gems, Minerals, Crystals and Ores. The Odyssey Press, New York, 
pp 

3 Pough, ‘F. H. Cultured in gee 4 and Luster Distinguish ee ater Cultured 
Pearls, Jewelers’ Circular-Keystone, v. 84, No. 11, July 1964, pp. 72-76, 

% Sunagawa, I. A Distinction Between Natural ‘and Synthetic Tieralda * whe Amerti- 
can Mineralogist, v. 49, Nos. 5 and_6, May—June 1964, pp. 785-792. 

s% Ransom, J. EH. Tourmaline—The Geological Saga of a Crystal. The Mineralogist, 
vy. 32, No. 4, "August 1964, pp. 2-9. 

3 Moench, R. H. and R. Meyrowitz. Goldmanite, a Vanadium Garnet from Laguna, 
id 7 ie The American Mineralogist, v. 49, Nos. 5 and 6, May-June 1964, pp. 


Gem Stones 


By Benjamin Petkof? 


Gem stone production during 1965 was 
estimated at $2.2 million, an increase of 50 
percent over last year. Amateur collectors 


Production estimates show that 38 States 
produced gem material during the year. 
Oregon, California, Texas, Idaho, Arizona, 
Wyoming, and Nevada were the leading 
producing States. The estimated value of 
production was 50 percent more than in 
1964. . 

During the year the excise tax on gem 
materials was removed. This appeared 
likely to promote increased sales of gems 


continued to be the. principal collectors of 
domestic gem material. 


DOMESTIC PRODUCTION 


and gem materials. 

Very well-formed augite crystals were 
found on the west rim of the Haleakala 
Crater, Island. of Maui, Hawaii. Most of 
the crystals were single but contact and 
penetration twins were also found. The 
largest one found was eleven-sixteenth of 
an inch long.2 Wavellite was identified 
in the King turquoise mine in the San Luis 
Valley, Colo. 


CONSUMPTION 


Gem diamond consumption reached $307 
million, an increase of almost 19 percent 
over that of 1964. Value of imported syn- 
thetic and imitation gem stones including 
imitation pearl was $7.1 million, an in- 
crease of 16 percent over that of 1964 and 
value of natural and cultured pearls was 


$22.2 million, an increase of 13 percent 
over that of 1964. 

Apparent consumption (domestic pro- 
duction plus imports minus exports) was 
$248 million, an increase of 31 percent 
over that of 1964. 


PRICES 


At midyear, prices for cut and polished, 
unmounted gem diamond were 0.25 carat 
$75 to $275; 0.50 carat $200 to $725; 1 


carat $400 to $1, 900; and 2 carats $1,250 
to $5,500. 


FOREIGN TRADE 


Precious and semiprecious gem stone ex- 
ports were valued at $47.1 million, com- 
pared with $46.8 million in 1964. Dia- 
mond, both rough and uncut, accounted 
for the bulk of the exports. 


Reexports of all varieties of gem stone 
were valued at $60.5 million, compared 
with $64.3 million in 1964. Diamond 


made up the major portion of total re- 
exports. 

India provided 73 percent of the emer- 
ald (cut but unset) imported during the 
_1Commodity specialist, Division of Minerals. 

2 Pemberton, Earl Augite Crystals at 
Haleakala Crater, Hawaii. Gems and Minerals, 
No. 331, April 1965, p. 42. 


3 Rock Products. Rare Wavellite Found in 
King Mine. V. 68, No. 4, April 1965, p. 122. 
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Table 1.—U.S. imports for consumption of precious and semiprecious somes; 
exclusive of industrial diamond 


Stones 


1964 - 1965 


Value 


Value Quantity : 
thousands) 


Quantity 
; (thousands) 


Diamond: 


Rough or uncut, suitable for cutting into gem stones, 


duty-freew oe eo ak Le ee carats__ 1,547,955 $149,729 1,900,936 $175,457 
Cut but unset, suitable for jewelry, dutiable__do____- 1 ‘096; 795 108,805 1,258,745 . 131 ,828 
Emerald: Cut but not set, dutiable_-.._._._____- do____- "180 ‘069 3,218 189 ,828 5,397 
- Pearls and parts, not strung or set, dutiable: ; 
Naturals: 2. oo owe Be lee ea Cee NA 474 NA | “592 
Cultured or cultivated. ._-.-........-.-.---------- NA 19 ,204 NA 21,674 
Other precious and semiprecious stones: 
Rough or uncut, duty-free_.._...--.---_-----_--_-_- NA 2,514 NA 2,728 
Cut but not set, dutiable______- eee NA 7,441 NA 8,901 
Imitation, except opaque, dutiable: : . 
Cut or faceted: no 
Synthetic___..-...2 22-2 22 number._ 1,218,326 623 2,526,418 1,007 
Others 22s o20 2 Pe a NA 5 ,825 NA 5 ,429 
Imitation, opaque, including imitation Ls pag dutiable_ NA 337 NA | 415 
Marcasites: Real and imitation, dutiab! Ciet ote NA FD ' NA 3 
Total -coeun hot eee ee a NA * 298,172 NA 353 ,431 — 
NA Not available. 


year. The remainder was supplied by 25 
other countries. Indian emerald imports 
had an average value of $16.20 per carat. 
Ruby and sapphire (cut but unset) were 
imported from 20 countries, with India 
and Thailand supplying over 50 percent 


of the total value of almost $4.8 million. 

Japan supplied 97 percent of the cul- 
tured-pearl imports by value but only 8 
percent of the natural pearl imports. In- 
dia supplied 66 percent by value of the 
natural pearl imports. 
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Table 2.—US. imports for consumption of diamond (exclusive of industrial diamond), 


by countries 
1964 - 1965 
Rough or uncut Cut but unset Rough or uncut - Cut but unset 
Country 
Value Value Value Value 
Carats (thou- Carats (thou- Carats (thou- Carats (thou- 
sands) sands) sands) sands) 
Argentina_....----------  ---------------+------------------- = 22 enn nnn “15 $18 
Australia__..-.-....----- 24 $10 oe ee ee Se ee ee ek oe ee oa oe ee 
Austriae 2 ¢220s sleet. yee ee 584 $352 ee lo ee oe 255 40 
Barbados__......-...-..- -~-------------- 81 11 925. = $14 noses reese cee 
Belgium-Luxembourg. -.-- 77,728 9,264 583,207 60,155 74,979 7,597 679,614 73,923 
Brazil o- 22222 oes 5 ccs 1,329 196 5 3 4,185 293 1,014 . 97 
British Guiana._-_.___.-- 10,156 S83 e500 222 Sontesee 19 ,295 742 40 5 
Canada__..--.---..----:- -7,753 1,200 227 28 7,189 1,138 349 44 
Central African Republic._ 102, ,919 5 45 luztloscecs eee ed 144, *209 - $366.22... 222523 2uct28 
Ceylone: 222.02 ee ee See eee sal eee cok ie Sea o oe ees ese 177 20 
Cour. (Léopoldvilie) tare 236 Wise hn ee a 928 63 see eee os 
Denmark _._.------------ 2 (4) 
France____..-------.---- 
Germany, West 
Ghana____-.---.-.------ 
Guinea.___------ 
Hong Kong...--.- 
ndia. 2 225s 28. 
Tran...-----.---- 
Treland.....----- 
Israel___...--.-- 
Italy. =22-2 52225 
Ivory Coast 
amaica__...-----..----- 
Japanese ie s see See 
Korea: South__...--.---- 
Lebanon ____--.-..------ 
Liberia: pe Ge eee a 
Malaysia____....---.---- 
Malta end Gozo 
Netherlands 
‘Netherlands Antilles...... ------ weseuseuss _ 22 WWsctecsccseseeso. = 
New Guinea 222 -22.52-2-22 (keen iscece un ce ete Seco eeeeeeee st oe 349 38_.-..-- tess eeleceS 
New Zealand_.__..-----. ------------ Beal 74 yf arpa tern Seen A a NO ee ne INS ND le 
Nigeride ci scetso esse so Sosse sees ese he ese lesste seco see 961 10822220 clones 
Panama 2 sos se os ee ele eee eee teeta e eee epee se 2 1 
Pers. 22) fo ce ee Sa aot tse ce ah ett Sate ae as 55 6 
Poland ce a ee a Is ae Ae A ee ee eee 158 11 
Portugal..22 s2iceeescelee. SoS eesen ee lSuces 33 Bob eo Bs ee Sse Soe Sue ces 
Senegal____.-..-.------- 12 7 Sy et ae os omeewe a bene ee Se oe oe alee 
Sierra Leone____________- 72.153 2,867 3.220 5.24055-20-5 44161. -2::818 2520 Sec eee ck 
South Africa, Republic of _- 138,015 12,162 23,721 4,918 158,539 15,330 27 ,223 6,166 
Switzerland_____._._.---- 33,748 2,192 783 364 104,044 9,879 1,142 = 633 
Trinidad and Tobago__...  ---.------------ 95 AG tn ee ee eC SD cis te 
US:S Reo oe eee. | Soe et see eee 5,590 508 ose eG hce 11,289 1,410 
United Kingdom - - --.---- 894 ,260 100,928 5,887 . 754 1,141,833 113,481 5,626 857 
Venezuela_____._-------- 78,486 2,960_....------------- 54,448 1,950_....___..-.------ 
Western Africa, n.e.c.?_ - -- 20,995 1,868_.____.--.-------- 34,973 4,903__......---------- 
Western Portuguese 
Afriea..n:6.0:2. j o22 soe ec sec aeeesteG sees sete . 2,145 1242S d eee 
Total__...-----.-- 1,547,955 149,729 1,096,795 108,805 1,900,936 175,457 1,258,745 131 ,828 


1 Less than 14 unit. 
2Not elsewhere classified. 


WORLD REVIEW 


Angola.—The Angolan Diamond Com- prospecting teams to mark and map claims 
pany produced diamond in excess of 1 for exploitation when its present contract 
million carats during the year. During terminates in 1971. 

1964 the company produced almost 1.15 Basutoland. 
million carats. Rubble processed in 1964 weighing 103 and 527 carats were found 
yielded 0.37 carat per cubic meter. The at the Letseng-la-Terae native diamond 
company intends to contract for additional diggings in northeast Basutoland. They 
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Table 3.—World production. of diamond, by countries | 
(Thousand carats) 


ae 1964 1965 
Country 
Gem Industrial Gem Industrial 
Africa: : 

Angola. . 2-2 25-2 ewok st eee eis ee Die atlas 804 345 878 277 
Central African Republie_:_.-...2222- 2-2. Sect ee Seca, 2 221 221 268 268 
Congo (Brazzaville) 12 e__.0002 22 eee 316 4,949 318 4,982 
Congo (Léopoldville)__-..-.. 2-2 eee 295 14,457 14 12 ,490 

hang ss oe ete seo cle Beer esceessooeeua 267 2,402 225 2,023 
CUINC Bae ed gk ee AE Nah eS Boe ee onlin enc Ch r21 r 51 e211 e.51 
Ivory Coasts. 202 sca bese Velie ee 120 80 116 77 

ADOT Sb ihe 08 ee aah ie ae eee ae aaa 298 272 277 263 
Sierra Leone. 22.0. ce2-3o02 6b. See eee F 585 ® 878 © 658 e 804 
Republic of South Africa: 

Pipe mines: 
Breniet testis see ea dias tanie S eB ane Daa oes 556 1,668 e 654 e 1,963 
De Beers group $ : 928 759 e 1,119 e 916 
Otherss2 25 ese ee pelea Sie aha Neth aah 18 41 e 18 ®& 42 
AMM Vial ei ots s Fe Ae ee te OB ae 288 192 e 188 e 126 
South-West Africa__......- 2-2-2 eee ee t 1,387 154 1,432 158 
"Tan7ania.2. coil os eee d eee eee Soe ee r 338 326 e414 e414 
Total Africa__....--.-- 2.22 eee 6,442 * 26,795 6,600 24 ,854 

Other countries: 

Paziese 2 oo 4 eke Ue Coo ea Soe ee etl eee oles 175 175 175 175 
British Guiana_____.._-.-.-2--2 2-2 __. 60 49 45 68 
Indigy e e  eeel s ia e 2 1 40 1 
USSR 0. aie oe ero he Sees a tt DE 240 2,760 300 3,200 
Venesuela i022. ste st race lace eee ods 58 . 58 46 45 

World total 4..__-2 22 2k ®6,977 * 29,838 7,170 28 ,343 


e Estimated. 


1 Exports. 
2 Probable origin, Republic of the Congo. 


7 Revised. 


3 Includes some alluvial from De Beers Properties. 


4 Does not include minor world production... 


were found by native Africans, using hand 


methods.* . 
-—Kimberlite Searches 

Ltd., a De Beers Consolidated Mines Ltd. 
subsidiary has found indications of dia- 
mond in northern Bamangwato Tribal Ter- 
ritory, west of Francestown.5 

Belgium.—About 4.93 million carats of 
rough cuttable diamond was imported dur- 
ing 1964, an increase of about 11 percent 
over 1963 imports. Polished diamond im- 
ports reached 304,000 carats, an increase 
of 2 percent over 1963 imports. During 
the first 9 month of 1965 about 3.72 mil- 
lion carats of cuttable and 241,000 carats 
of polished diamond had been imported. | 

Exports of cuttable and polished dia- 
mond reached 1.02 million and 1.33 mil- 
lion carats, respectively, in 1964. During 
the first 9 months of 1965, 762,000 carats 
of cuttable and 1.04 million carats of pol- 
ished diamond were exported. The major 
portion of polished diamond went to the 
United States, the United Kingdom, and 
Hong Kong. 

Chile. Compania 
Minera Caren, mined about 36,400 pounds 


of lapis lazuli during 1964. The company 
has arranged to sell about 22,000 pounds 
of material to a New York importing firm. 
Deliveries are expected to extend into 
1966. About 12,000 pounds of lapis lazuli, 
valued at $15,492, was exported to West 
Germany, Hong Kong, Italy, and the Unit- 
ed States.7 

Dahomey.—The Government issued the 
first license for diamond pospecting to De 
Beers Consolidated Mines Ltd., London. 
Plans include prospecting in the Dassa- 
Zoumé foothills and the area to the north.§ 

Indonesia. 
sist the Indonesian Government in develop- 
ing the Kalimantan diamond fields. Re- 
ports indicated that these deposits contain 
primarily gem quality diamond.® 


4 Bureau of Mines. Mineral Trade Notes. V. 
62, No. 1, January 1966, pp. 8-9. 

5 Mining Journal (London). V. 264, No. 6763, 
Apr. 2, 1965, p. 251. 

6 Bureau of Mines. Mineral Trade Notes. V. 
62, No. 3, March 1966, pp. 8~9. 

7 Bureau of Mines. Mineral Trade Notes. V. 
61, No. 4, October 1965, p. 29. 

8 Bureau of Mines. Mineral Trade Notes. V. 
62, No. 2, February 1966, p. 

8 Bureau of Mines. Mineral “Trade Notes. V. 
61, No. 3, September 1965, p. 24. 
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Israel. 
rial reached about $96.7 million in 1965. 
Exports of polished diamond were valued 
at $131.76 million.1° 


Sierra Leone.—The Parliament approved 
the agreement between the Sierra Leone 
Government and the New York firm of 
Leon Tempelsman & Son to establish a 
diamond cutting and polishing industry. 
The firm will have a 10-year monopoly of 
diamond cutting and polishing in the coun- 
try. Complete details of this agreement 
have been published.1+ 


South Africa, Republic of.—Late in 
1964, the Commissioner of Patents award- 
ed four patents to the General Electric Co. 
relating to the manufacture of synthetic 
diamond. The Transvaal and Orange Free 
State Chamber of Mines has requested per- 
mission to appeal the patent award.12 

South-West Africa.—In -May 1965, De 
Beers Consolidated Mines Ltd. announced 
through its subsidiary, Consolidated Dia- 


holders. 
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mond Mines of South-West Africa Ltd. 
(CDM), that a 29-percent interest in the 
Marine Diamond Corp. Ltd. (MDC), had 
been acquired. MDC recovered diamond 
from shallow water concessions of the 
South-West African coast. In addition, 
CDM transferred its coastal strip conces- 
sion between high and low water mark to 
MDC.13 

In October, Orama Holding Ltd. was 
formed by CDM and other MDC stock- 
Ownership of 58 percent of 
CDM’s stock gave Orama controlling in- 
terest. 

The exploration vessel “Rockeater” was 
purchased by De Beers to continue evalua-. 
tion of offshore mineral concessions. This 
vessel was previously used to evaluate MDC 
offshore concessions for De Beers. 

During 1964, MDC recovered 286,651 
carats of diamond. During 1965 pro- 
duction of almost 219,000 carats of dia- 
mond was lower because of bad weather 


_and accidents.14 


TECHNOLOGY > 


A method was developed to grow single 
alumina crystals by vapor-deposition. For 
constant gas compositions and flow rates, 
the growth rate varied directly with tem- 
perature. Crystal growth rate varied up 
to 90 milligram per square centimeter per 
hour. Analysis showed impurities to be 
less than 30 parts per million. Substrate 
temperature, total pressure, and reactant 
gas partial pressures controlled crystal 
structure.15 


A new theory has been published about 
the origin of the diamonds found in the 
glacial drift in Ohio, Indiana, Michigan, 
and Wisconsin. The theory proposes that 
the diamonds had been carried south from 
- am ancient meteorite crater located in an 
area in southeastern Hudson Bay. When 
the meteorite impacted, the deep mantle 
rock breccia, containing diamonds, was 
brought to the surface in a central uplift 
as found in lunar craters. After the crater 
formed, it was filled with sediments which 
lithified. It is conjectured that these rocks 
slid by gravity from the crater center as 
it was uplifted, reexposing the diamond- 
bearing rocks.16 

Volume compression measurements were 
made on sapphire, rutile, and spinel to a 
maximum pressure of 10,000 atmospheres. 


The data were reported as the constants 
of an empirical equation.17 

Methods were developed to produce 
gem-quality synthetic emerald. Material 
was grown by hydrothermal techniques in 
a high-pressure bomb on seed plates cut 
parallel to a pyramid face. The techniques 
used were similar to those used for quartz 
crystal synthesis.18 Gem material was 
crystallized in 2 minutes from beryl powder 
at pressures in excess of 10,000 atmos- 


pheres. Color was controlled by the quan- 

10 Mining gourmet (London). V. 266, No. 6805, 
Jan. 21, 1966, p. 

11 Bureau of fas Mineral Trade Notes. V. 
61, No. 1, July 1965, p. 13. 

12 Bureau of Mines. Mineral Trade Notes. V. 
61, No. 6, December 1965, p. 12. 

13 Bureau of Mines. Mineral Trade Notes. V. 
61, No. 2, August 1965, pp. 24-26. 

14 Bureau of Mines. Mineral Trade Notes. V. 


_ 62, No. 2, February 1966, pp. 9-12. 


15 Schaffer, Philip S. Vapor-Phase Growth of 
Alpha Alumina Single Crystals. J. Am. Ceram. 
Soc., v. 48, No. 10, October 1965, pp. 508-511. 


1% Schwarez, H. P. The Origin of Diamonds 
in Drift of the North Central United States— 
Geological Notes. J. of Geol., v. 73, No. 4, July 
1965, pp. 657-663. 

7 Weir, C. E. Compressibility of Eleven In- 
organic Materials. NBS J. of Res., v. A 
(Phys. and Crem.), No. 1, January-February 
1965, pp. 29-31. 

18 Pough, Frederick H. The New Linde Syn- 
thetic Emerald. Jewelers’ Circular-Keystone, v. 
135, No. 12, August 1965, pp. 126-142. 
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tity of metallic oxides in the beryl powder.19 

Ruby crystals have been grown experi- 
mentally from solution in molten lead 
fluoride. The solvent was chosen from a 
group having preferred properties. Crys- 
tals were grown under three sets of experi- 
mental conditions in a sealed platinum 
crucible that was in a high-temperature 
furnace. The results of the experiments 
were discussed.?0 

Structure was determined by studying 
etch. patterns on polished diamond surfaces. 
The surfaces were etched at an elevated 
temperature with potassium nitrate. Sev- 
eral etch patterns were obtained. Rectilin- 
-ear: structures corresponded to a layered 
growth. _ Curved lines indicated growth 
interference. Additional conclusion con- 
cerning growth were derived based on ob- 
served patterns.?1 


Various microstructure patterns have 


been observed concurrently on the surfaces 
-of diamonds obtained from the Panna 
mines in India. Observations 
that these diamonds may have been sub- 
jected to solution in nature.22 


A more efficient method to make Sieaies 
on precious and semiprecious gem stones 
has been described. ‘Two rough stones are 
arranged to work the edges of each other’s 
table while their axes of rotation are at 
right angles. While working against each 
other, round girdles are formed on both 
stones simultaneously.23 


A method was reported to convert a used 
garbage disposal unit in an efficient lap- 
ping and grinding unit.?4 

Waste has been reduced in cutting caba- 
chons from semiprecious material. A slab 
of material is faced with gem-defining 
patches. These patches are sawed off with 
straight line cuts. The edges are ground 
off to the patch. The patch is removed, 
and the cabachon is completed.?5 


-A method was developed to produce 
large synthetic diamond crystals from a 
diamond seed. The method can be used 
to grow diamond in a batch or a continu- 
ous process at comparatively low tempera- 
ture and pressure.?6 


indicate: 
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_ A device has been designed to finish and 
to polish semiprecious gem stones quickly 
by applying a high-frequency vibration to 
a plastic-lined container, mixing and tum- 
bling the charge of gem stone and abrasive 
completely.27 

A method to synthesize diamond par- 
ticles by using an electric discharge across 
a spark gap has been developed. One or 
both of the electrodes contain elemental 
carbon and are immersed in a dielectric 
liquid. Repeated discharges provide an 
elevated pressure and temperature that con- © 
verts particles of carbon to diamond.28 

An apparatus has been built to inspect a 
mounted or unmounted gem stone. A 


_ magnified image is projected which makes 


any flaw easily visible.29 

A method was developed to join two 
brilliant-cut natural diamonds to form a 
large composite doublet stone in a mar- 
quise form.30 — 


1 Hiciinay,- Bill. -Synthetic Emerald Process 
May Aid Laser, Maser RxD. efile ronle DEN: 
v. 10, No. 484, Apr. 12, ee p. 44, 

20 White, E. A. D., and J. W. Brightwell. The . 
Growth of Ruby Crystals From Solution in 
Molten Lead Fluoride.. (Paper pres. at the 
Symp. on Inorganic Single Crystals in London, 
Apr. 12-13, 1965). Chem. and Ind. (London), 
No. 39, Sept. 25, 1965, pp. 1662-1668. 

21 Seal, Michael. Structure in Diamonds as 
Revealed by Etching. Am. Mineralog., v. 50, 
No. 1 and No. 2, January-February 1965, pp. 
105-123. 

22 Patel, A. R., and M. K. Agarwal. Micro- 
structures on Panna Diamond Surfaces. Am. 
Mineralog., v. 50, No. 1 and No. 2, January-— 
February 1965, pp. 124-131. 

3 Roos, S. (assigned to Nederlandse Organis- 
atie voor Toegepast-Natuurwetenschappelijk On- 
derzoek ten behoewe van Nijerheid Handel en 
Verkeer, The Hague, Netherlands). Method for 
Making Girdles. U.S. Pat. 3,202,147, Aug. 24, 

At Your Disposal. 


1965. 

24 Redmond, Gordon. Gems 
and Minerals, September 1965, pp. 16-18. 

Drown, C. R. Method of Gem Cutting. U.S. 
Pat. 3,211, 141, Oct. a 1965. 

26 Brinkman, J. A., C. J. Meecham, and H. M. 
Dieckamp (assigned to Noch American Aviation, 
Inc.). U.S. Pat. 3,175,885, Mar. 30, 1965. 

27 Smith, E. E. ‘Apparatus for Agitating and 
Polishing. Materials. U.S. Pat. 3,197,922, Aug. . 
3, 1965. 

28 Inoue, Kiyoshi. Method of Synthesizing Dia- 
mond Particles by Utilizing Electric Discharge. 
U.S. Pat. 3,207,582, Sept. 21, 1965. 

2 "Robinson, D. A., L. M. Robinson, and J. 
Dods. Apparatus for Viewing Gems and Similar 
Objects. U.S. Pat. 3,225,647, Dec. 28, 1965. 
Australian Pat. 249, 602, Feb. 13, 1964. 

30 Sirakian, C., and Fils. British Pat. 1,005,- 
060, Sept. 22, 1965. 
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Table 1.—U.S. imports for consumption of precious and semiprecious stones, 
exclusive of industrial diamond 


1965 1966 


Quan- Quan- 
Stones tity Value tity Value 
(thou- (thou- (thou- (thou- 
sands) sands) sands) sands} 
Diamond: 
Rough or uncut, suitable for cutting into gem 
stones: ou 2-0 b2 50 Se oe a carats_— 1,901 $175,457 2,032 $208,039 
- Cut but unset, suitable for jewelry  ____do _____ 1,259 181,828 1,452 165,737 
Emerald: Cut but unset _-._-_____-_________ (a 190 5,397 220 6,025 
Rubies and sapphires: cut but unset suitable for 
jewelry ~~ __-_.--___ Jia eS Si tele ee . NA 4,769 NA 1,162 
Marcasites: Real and imitation, dutiable _-__________ NA 3 NA D 
Pearls and parts, not strung or set: 
Natural .222 5-50 0n0 2 ee ee NA 592 NA Tao 
Cultured or cultivated ~..--...--_--_.-________. NA 21,674 NA 21,236 
Imitation: \. 222 see oe a NA 415 NA 506 
Other precious or semiprecious stories: 
Rough or uneut ~_~-_--______- NA 2,728 NA 2,433 
Cut but unset ~~~. NA r 3,630 NA 4,972 
Other “nissp.f; 22cJ2cee ciclo ee i es NA 218 NA 320 
Imitation: 
Cut but unset, synthetic __.____.______ number... 2,526 1,007 2,699 1,178 
Other: Joe ee i eel eos oe ee NA r 6,131 NA 8, otk 
Total a.8¥2 soetes as oh en A fo NA YF 353,849 NA 426,738 


a Fa 
r Revised. NA Not available. 


483 


484 MINERALS YEARBOOK, 1966 


Table 2.—U.S. imports for consumption of diamond (exclusive of industrial diamond), — 


by countries 
(Thousand carats and thousand dollars) 
1965 1966 
Country Rough or uncut Cut but unset Rough or uncut. Cut but unset 


Quantity Value Quantity Value Quantity Value Quantity Value 


Belgium-Luxembourg 

Brazil ~-------.-.. 75 $7,597 680 $73,923 72 $9,520 787 $94,353 
British West Africa__ 4 293 1 97 4 425 esha 
Canada ~~--------~- éa5 ebeule Set: esse 2 325 a de He SS 
Central African 

Republie ~~~. 7 1,138 @) 44 10 1,663 (*) 16 
Prant¢é: 222 25222 ek 144 8,365 Pete See 187 9,835 ee yeas 
Germany, West —-~-- 2 70 16 1,665 3 211 18 1,902 
Ghana ~~ ~~ ~~ ~-____ Bhs GaSe 19 1,370 (1) 1 17 1,441 
Guinea ______-_ 8 146 @) 16 20 464 tee fete tte, 
Guyana ~__.---___-_- 2 205 waice . che 1 66 eee ee tee 
India) -ss-s5- ce 19 742 cea! 5 25 995 (4) 8 
Ireland ~~...--______ ease | Lee 2 342 aiws.) | Bees 720 
Israel ~.-..-_-______ 4 val (7) 3 56 2,248 2 101 
Japan —..- 1... 57 8,810 473 42,134 36 3,096 525 51,446 
Liberia ~-------.._. (*) 142 (*) 6 78 
Netherlands ~~... 7 674 aint og eee ere 16 1,881 Boe ye See) 
Sierra Leone  ~___.__ 84 4,094 21 2,885 49 8,825 21 3,013 
South Africa, 

Republie of ~.--._ 44 2,818 ee ES eR 161 7,705 (@) 53 
Switzerland ________ 159 15,330 27 6,166 121 18,028 28 7,001 
ULS-S-Re. 2 ese lees 104 9,879 1 633 69 8,504 1 422 
United Kingdom __._ Seg . Guteot 11 1,410 parte ee 29 8,391 
Venezuela — ~.-_-___- 1,142 113,481 6 857 1,106 131,809 10 1,354 
Western Africa, , 

Os 1 =< i a 54 1,950 So2e. “Sess 66 2,525 Soe 4 hoes 
Western Portuguese . 35 4,903 wee oun 21 3,446 ehees) Rees 

Africa, n.e.e. .-.- 2 124 Seow bese 7 1,445 Bowe wags 

Other countries ~____ 3 259 1 186 (4) 71 5 438 
Total ~..--.-.- 1,901 175,457 1,259 131,828 2,032 208,039 1,452 165,737 


1 Less than % unit. 
2 Not elsewhere classified. 


Table 3.—World production of gem diamond, by countries 


(Thousand carats) 


Country 1965 1966 
Africa: 

AnG@olas 22255 a te ole a is ss a ts 878 964 
Central African Republic ~----.-.-.-.-____________________ 268 270 
Congo (Brazzaville) 12 ¢ _--_-_-_--_-_-- ee 318 318 
Congo (Kinshasa) -~-----------------------------. +e 14 15 
Ghandy <a xsecc ee tbo enh eo ek Boe ee Se 225 282 
Guineas¢|~ 2-3-2 oe ee bee 21 21 
Ivory: Coast -i22cc5t oe SS ee eee ee r 119 110 
Inberia:® Sosa cSu2esok oes en ON OS 277 843 
Niérra: Lé0ne. 222d eek ee ee a 658 629 


Republie of South Africa: 
Pipe mines: 


Premier: 22525242 ee er ee r 610 625 
De Beers group? ____.__-__ vr 985 1,429 
Othér® 226 Se i es ae oe al 6123 131 
AVavial 222. ee he ee tg Fe as dat ee a r 230 300 
South-West Africa ~~~ r 41,491 1,583 
Vanzanila- 22222 2 cet Se ee a ee Ec ee 414 473 
Total Africa, sesso te r 6,631 7,493 

Other countries: 
Brazil-@. <2 ook Se ec a 175 150 
Guyana ons les ee ee ee 45 37 
Undies 0 BA ee eo tee aed eS 2 
USSR.) S260 seo. Sa i te a, 300 300 
Vienezuélats=3 52 Sk eee a ee ee ee 46 42 
Worldvtotal? (2s. ote eee os A de es 7,201 8,024 


e Estimated. T° Revised. 

1 Exports. 

2 Probable origin, Congo (Kinshasa). 

3 Includes some alluvial from De Beers Properties. 
4 Does not include minor world production. 


Gem Stones 


By Benjamin Petkof * 


Domestic gem stone production was 
estimated during 1967 at $2.4 million, 
unchanged from 1966. Gem stone collec- 


tion continued to be essentially a recrea- 
tional activity of individual collectors and 
hobbyists. 


DOMESTIC PRODUCTION 


Production estimates indicated that 38 
States produced gem material in 1967. 
The leading producing States were Ore- 
gon, California, Idaho, Arizona, Texas, 


Wyoming, Colorado, Montana, and Nev- 
ada with each State producing material 
valued over $100,000. These States pro- 
vided 77 percent of total production. — 


CONSUMPTION 


Consumption of gem diamond, both 
rough and cut, reached $387 million, only 
a small increase from $374 million in 
1966. Value of imported synthetic and 
imitation gem stones including imitation 
pearl reached $11.5 million, compared 
with $10.0 million in 1966; natural and 


cultured pearls declined 19 percent from 
1966. 

Apparent consumption of gem _ stones 
(domestic production plus imports minus 
exports and reexports) was $304 million, 
compared with $289 million in 1966. 


PRICES 


During the year, price ranges for cut 
and polished, unmounted gem diamond 
were 0.25 carat, $80 to $375; 0.50 carat, 


$200 to $800; 1 carat, $500 to $2,500; 2 
carat, $1,800 to $7,000. 


FOREIGN TRADE 


Exports of precious and semiprecious 
gem stone were valued at $6.5 million, 
compared with $64.1 million in 1966. Dia- 
mond, over one-half carat in weight, cut 
but unset, made up the bulk of the ex- 
ports. 

Reexports of all varieties of gem stone 
reached $72.0 million, a decline of $3.2 
million from those of 1966. The major 
portion of reexports consisted of rough or 
uncut gem quality diamond. 

Ruby and sapphires valued at $5.7 mil- 


lion were imported from 27 countries. 
Thailand, India, and Ceylon supplied 
about 70 percent of the total. 

Imports of emerald rose in quantity but 
declined in value. India supplied 38 per- 
cent of all imports. 

India and Japan were the major sources 
of imported natural pearl. However, 
Japan remained the largest supplier of cul- 
tured pearls. 


1 commits specialist, Division of Mineral 
es, 


Stu 
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Table 1.—U.S. imports for consumption of precious and semiprecious stones, exclusive of 
industrial diamond 


(Thousand earats and thousand dollars) 


tg te 


1966 1967 
Quantity Value Quantity Value 


a i a 
Diamond: 
Rough or uncut, suitable for cutting into gem stones 
carats._ 2,032 $208 , 039 2,506 $212 , 902 


Stones 


Cut but unset, suitable for jewelry._____________ do_._.._ 1,452 165,737 1,455 174,570 
Emeralds: Cut but unset____....__.°._.... do____ ™218 75,994 242 5,518 
Rubies and sapphires: Cut but unset, suitable for jewelry ____ NA 7,163 NA 5,685 
Marcasites: Real and imitation, dutiable...._._.. NA 5 NA 3 
Pearls and parts, not strung or set: 

Natural ono owe. 8 Pe eae perdi NA 733 NA 576 

Cultured or cultivated____..___.___._____.._._..___. NA 21,236 NA 17,140 

TOUICANON 2220 ele ce et Oe a OL NA 506 NA 374 
Other precious or semiprecious stones: 

Rough or uneut_.________-_---. NA 2,483 NA 4,900 

Cut bitsinset. 2... ge et se en, oe ee NA 4,972 NA 6,539 

UNGER Mes Dil cee eB ea Cok hee eee tS NA 320 NA 270 
Imitation: 

Cut but unset, synthetic.....__.___________- number._ 2,699 1,178 3,042 1,382 

ROOT os ot sre opm cyst be ath Pe neh tree Be et NA 8,341 NA 9,786 

OCA 25 cs pt ast ete 8 ere Sn 2 So Gp ik Lge fen. NA © 426,707 NA. 439 ,645 


a remmeeere eee 


t Revised, NA Not available, 


Table 2.—U.S. imports for consumption of diamond (exclusive of industrial diamond), by countries 


(Thousand carats and thousand dollars) 


1965 1966 1967 
Rough or uncut Cut but unset Rough or uncut Cut but unset Rough or uncut Cut but unset 
Quan- Value Quan- Value Quan- Value Quan- Value . Quan- Value Quan- Value 
tity tity tity tity tity tity 
Argentina <2 322k Pers ot Soe eee eae See, Vee Batin | Wek ete Secey Seo eee. \ ooo tec 4 $241 .-.-- ---_u- 
Belgium-Luxembourg 75 $7,597 680 $78,923 72 $9,520 787 $94,358 47 6,111 75 $96,676 
Pail ce ee cee te ke os 4 293 97 A? AOR Loc testes 21 1,009 169 
British: West: Africa... 2. - 2. ela Scene ce leek. “Seed locked adeee, sheeie 2 B25 9 ke ta ee 2 BBO) Se ctesto, - tee 
Canada ose soe see don ees Se St kate etek soe coteu lee ece qT 1,188 () 44 10 1,663 Q) 16 5 847 Q) 64 
Central African Republic..__........... 0... 2 ---_ ee 144 8,865 2. Lue 187 9.886. Leics veebues 1838 9,002 _.-__ _LLiL_e 
CY prus 2 2 oe coe et chs cae i. Be es Oe ee ORM ah « fa opts eee hats tle po anaes he uth ee ae. 2 281 (@) 33 
Hrances 2). 2 cede lek el se ed a cael eto bee 2 70 16 1,665 211 18 1,902 1 101 17 2,085 
Germany,: Wests: 25552002 ce ese eb ee ee fe Ged 19 1,370 (4) 1 17 1,441 2 227 11 1,039 
Ghana sce. Poe es oe le ee Soeedlosas en 3 146 Q) 16 20 464 2.2 LLL ee 5 68: . 252-32. leo eas 
GUine@ ates Se ea pe hag ae a Ara Pah Ds 2 205° g2ees . gov tens 1 OG. 22 SAE aa oe? pie Avy fee ee 
GUyandes Ata es WN Birt as 19 742 Loe 5 25 995 Q) 8 31 1,870 cece. cece 
WNGia 2 Fae St eh le ee LEM facta tee, “ce 2 at ta 2 bY se eo 8 T20” sisece Qos oes 14 1,239 
Areland]: 222 oe ott wee Pee Boat oo ewe oes val (Q) 3 56 2,248 101 182 571 3 240 
Asfael othe be ete ene a ee Ok hen eh ee A A ee 57 3,310 473 42,134 36 3,096 525 51,446 46 4,079 533 55,033 
JAPAN: 222 ta ee ee NS Q) 8 142 Q) 6 78 Q) 14 150 
WDC A aie es an Me eh ese tt ela q 674 -one Lee 16 15881) Geek 2 Beste 26 $3,946 ___.. ._---- 
Netherlands: .2 22523 ics eck eee ccd eee es 34 4,094 21 2,835 49 8,825 21 3,018 39 8,566 14 2,065 
Sierra Leone._.._......-..-_------.-------------------- 44 2,818) 25086) Deo, 161 7,705 Q) 53 180 5,921 3 307 
South Africa, Republic of._........--.--.----- --------- 159 15,330 27 6,166 121 18,028 28 7,001 8383 39,852 32 7,766 
Southern A friea, 1.¢,¢50000050 00300 oe eee) ek Gebefes selec Scvesso “deece (dcegees -eeGae Sua ses 2 101 Q) 31 
Switzerland: 22-3 2202 e ie Le ee ee ee ee oe 104 9,879 1 633 69 8,504 1 422 q 1,524 @) 174 
WW SiGe Rees Sty oie seh ee amet ary gees beh Ln. pele hee se 11 174109 -2eok.. Pages e et 29 3,391 (‘) 17 39 5,918 
United Kingdom_....._-.-22 2-2 eee 1,142 113,481 6 857 1,106 181,809 10 1,354 1,239 122,000 10 1,895 
Venezuela. 525 oN at Pe 54 99008 eet * Seca 66 "B20? leet (Se nee 64 2,947 «acne (22d5 525 
Western Africa, n.ec._2_ eee eee eee 85 4,903 __... ~_.L-L- 21 $8,446 2.0 LLL Llee 85 4,260 @)) 6 
Western Portuguese Africa, nec... eee 2 TOS). col, eos qT (EAS? owed: oko -seSee ettecet, ecie, oleeeee 
Other countries__._.....2.220 2-2 eee eee 3 259 1 186 () val 5 488 Q) 67 (1) 180 
POtle ono ott oa asec eels's SUR cae ee etwas 1,901 175,457 1,259 131,828 2,032 208,039 1,452 165,737 2,506 212,902 1,455 174,570 


} Less than }4 unit. 


SHNOLS WHS 


61g 


520 


MINERALS YEARBOOK, 1967 


WORLD REVIEW 


Brazil.—The diamond mining industry 
has been undergoing a change from hand 
mining method to the application of large 
hydraulic dredges for large-scale recovery. 
A dredge has been placed in operation on 
the Jequitinhonha River by Meneracao 
Tijucana S.A., Dragagem de Ouro S.A., 
and Pacific Tin Corporation which moves 
material at the rate of 400 cubic yards 
per hour in 12-cubic-foot buckets. Test 
drilling has shown that the diamond re- 


covery rate averaged 0.01 carat per cubic 
yard of diamondiferous gravel. Eighty 
percent of the material recovered is of 
gem grade. 

The Mining Depariiient of the Fed- 
eral Government began prospecting and 
evaluating the Tocantins River area for 
available diamond by the interpretation 
of aerial photographs and coring opera- 
tions. This area has previously been 
worked by crude hand methods.” 


Table 3.—World production of gem diamond, by countries ! 


(Thousand earats) 


Country 1963 1964 1965 1966 1967 P 
Africa: 

Angola: 2:2 262 csc ete oe ee 759 804 878 964 £1,000 
Central African Republic ” 121 221 268 270 260 
Congo (Kinshasa)_._____._-.________-__---_____. 296 295 14 15 263 
Congo (Brazzaville)¢ 2? 3_.__._..____-.-__-_______- 841 316 318 r 300 300 
Ghanas 2.2223 oo eat wee nee oo eee eek ee ese tA 378 25 282 254 
Guinea 62 eS a tte a Ss ee 222 21 21 21 20 
Ivory: Coasts. 5.0 oe ee ee bs 63 120 119 110 105 
Wiheria 2: 9. se oe tae oe tM es 240 298 277 348 353 
Sierra Leone_.....______..- 22k 555 585 658 629 e 600 
South-West Africa, Territory Of 6 a a od 1,076 1,387 1,491 1,583 ¢1,700 
PANZaMas 26. Foe Gee SRE ee ee 276 338 414 TATA 494 

South Africa, Republic of: 
Premier (3,2, 22-305 a Chee eee tae pete hed 522 556 610 625. NA 
De Beers group 4. .~.- =. 222-0. seen. 921 928 985 1,429 NA 
Other pipe mines_________.____.--.-.._.__-- 16 18. 123 131 NA 
Allviabes=.2.2 Ben ccoew be A Ak a el te 338 288 230 300 NA 
Total South Africa____.._-._._-_._---______ ¥1,797 1,790 1,948 2,485 ¢2,100 
Total Atriea:<. 2222 enei ot ase eet 5,550 °6,553 *6,481 °7,476 7,449 

Other areas: 

PAZAN Ceo eset oi te phate toh Cyt otaeeenn Sf 175 175 175 150 160 
Guyana cn ee ee ee 60 60 45 37 38 
Tnidia sat eae eae a ee 1 2 r3 2 6 
Tndonesiaz. o.oo se ee ee de ese ee NA NA 2 2 
USS Rits. = fe ete Oates pnt has het Re r 600 ‘800 1,000 +*1,200 1,400 
Venezuela. .____.___._________-________________. r38 57 r 52 42 38 

World total ®s 2.2555 sate we lie es r 6,424 '7, ,647 ©°7,707 +*8,909 9,093 


¢ Estimate. t Revised. P Preliminary. NA Not available. 
} Compiled mostly from data available Apri) 1968. 

2 Exports. 

3 Probable origin, Republic of the Congo. 

4 Includes some alluvial from De Beers properties. 

5 Totals are of listed figures only; no undisclosed data included. 


Canada—A_ recent paper postulates vided for a -2— to 3-year prospecting 


that the source of the diamond previously 
found in the glacial deposits of Ohio and 
Wisconsin was kimberlite deposits in the 
James Bay area.? 


Lesotho.—The Government and The 
Rio Tinto-Zinc Corp. Ltd. announced an 
agreement for diamond prospecting and 
eventually mining at the Lesotho State 
Diamond deposit at Letseng-la-Terai in 
northeastern Lesotho. The agreement pro- 


period to determine if large-scale mining 
operations are justified.4 A large pale- 
brown stone weighing 601 carats was re- 
covered. 


2 Linder, P. H. Modern Dredges Successful 
in Recovering Brazilian Diamond. Lapidary 
J.; v. 21, No. 2, May 1967, pp. 298-805. 

3 Northern Miner (Toronto, Canada). Dia- 
mond-Type Rocks in James Bay Area No. 1, 
Mar. 30, 1967, p. 15. 

4U.S. Embassy, Maseru, Lesotho. Depart- 
ment a State, Airgram A-83, Oct. 27, 1967, 
pp. 1-2. 


GEM STONES 


Sierra Leone.—In terms of value dia- 
mond was the major mineral product of 
Sierra Leone. : 

Sierra Leone Selection Trust Ltd. 
(SLST) and the Government renegoti- 
ated the SLST leases, providing for an 
increase in the income and diamond 
profits tax paid by the company. SLST 
also agreed to release certain locations in 
Kono and Tongo for licensed alluvial 
mining, to allow licensed diggers to re- 
cover diamond from its mine tailings, to 
begin a program of rehabilitating mined- 
out areas, and to study prospecting po- 
tential for more diamond.® 


South Africa, Republic of.—The Finsch 
diamond mine was formally opened on 
February 24, 1967. The ore reserves were 
estimated at 110 million tons down to the 
open pit mining limit of 900 feet; at a 
planned production rate of 17,000 loads 
(16 cubic feet per load) per day, mini- 
mum life would be 25 years. The recov- 
ery rate was 38 carats per 100 loads.® 
About 75 percent of the diamond recov- 
ered was industrial grade. The average 
overall recovery ratio is 1 to six million. 
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The Finsch is the first new pipe mine 
since the Premier mine was opened in 


1903.’ 


Tanzania.—Williamson Diamonds, Ltd. 
and two subsidiary companies, New Ala- 
masi and Kahama Mines, Ltd., supplied 
most of the diamond production and ex- 
ports. The Government has 50 percent 
interest in this group. The company mined 
3,285,038 tons of ore which yielded 923,- 
423 carats at the Mwadui mine. Ore pro- 
duction at the New Alamasi totaled 
411,512 tons of ore which contained 
93,176 carats. The ore body was mined 
out at the Kahama Mines Ltd., and 
treatment of the stockpile began. Com- 
pletion is expected in 4 years. Williamson 
Diamond continued to look for diamond 
north of Kahama during 1967, but noth- 
ing of value was found.® 


5 Bureau of Mines. Mineral Trade Notes. v. 


64, No. 6, June 1967, p. 5. 

6U.S. Embassy, Johannesburg, Republic of 
South Africa. Department of State, Airgram 
Going On in 


A-351, Mar. 28, 1967, p. 1. 
7 World Mining. What’s 
World Mining. v. 3, No. 4, April 1967, p. 41. 
8 Bureau of Mines. Mineral Trade Notes. v. 
65, No. 1, January 1968, p. 7. 


* U, S, GOVERNMENT PRINTING OFFICE : 1968 345-054/6L 


Gem Stones 


By Benjamin Petkof } 


Estimates of domestic gem stone produc- 
tion indicate that output has increased 
slightly from $2.4 million in 1967 to $2.5 
million in 1968. The United States has no 


formal gem stone mining industry and the 
collection of yem materials rests firmly in 
the hands of individual collectors and rock 
hobbyists as a recreational activity. 


DOMESTIC PRODUCTION 


Thirty-eight States produced gem mate- 
rial during 1968. The following States were 
the major producers and supplied material 
valued in excess of $100,000: Oregon, Cali- 


fornia, Idaho, Texas, Arizona, Wyoming, 
Co'orado, and Montana. These States sup- 
plied 72 percent of total production. 


CONSUMPTION 


Consumption of both rough and cut gem 
diamond exceeded 4.3 million carats valued 
at $475 million, an increase of 10 percent 
in quantity and 23 percent in value over 
that of 1967. The value of imported syn- 
thetic and imitation gem stones including 
imitation pearl reached $12.4 million, an 
increase of 20 percent over that of the 


previous year; natural and cultured pearls 
declined 24 percent from 1967. 

Apparent consumption of gem _ stones 
(domestic production plus imports minus 
exports and reexports) increased 45 per- 
cent from $304 million in 1967 to $441 
million in 1968. 


PRICES 


During the year, price ranges for cut 
and polished, unmounted gem diamond 
were 0.25 carat, $75 to $400; 0.50 carat, 


FOREIGN 


Exports of precious and semiprecious 
gem stone increased over 50 percent to a 
value of $99.2 million. Diamond, over 
one-half carat in weight, cut but unset 
made up the bulk of the exports. 

Imports of gem material increased 22 
percent in value over those of 1967 with 
gem diamond accounting for 88 percent 
of the total. 

Emerald imports almost doubled, with 
India and Colombia supplying almost 60 


$200 to $800; 1 carat, $650 to $2,500; 
2 carats, $1,500 to $9,000; 3 carats, $3,000 


to $18,000. 


TRADE 


percent of the receipts. 

Ruby and sapphire imports increased 
61 percent and were received from 27 
countries with Ceylon, Burma, and India 
furnishing 68 percent of the total. 

Imports of natural and cultured - pearl 
declined with India and Japan supplying 
the major portions of natural and cultured 
material, respectively: 


1 Physical scientist, Division of Mineral Studies. 


523 


524 MINERALS YEARBOOK, 1968 


Table 1.—U.S. imports for consumption of precious and semiprecious gem stones 


(Thousand carats and thousand dollars) 


1967 1968 
Stones : 
Quantity Value Quantity Value 
Diamonds: 
Rough or uncut__.--.----------------------- earats... 2,506 $212 ,902 2,514 $252 ,653 
Cut but unset___.._...--.-------.------------ do_... 1,455 174,570 1,834 222,478 
Emeralds: Cut but unset_......--.--------------- do... 242 5,518 365 10,644 
Rubies and sapphires: Cut but unset_._..........-------- NA 5,685 NA 9,175 
Marcasites2ios.2.csccess ceo seo Se se eae ole ee ets NA NA ; 1 
Pearls: 
Natural=c23i.ooccee rien tu eke Ses oA eae eee ee sess NA 576 NA 525 
Gultured) 2ocsecscc seu eehe Seo lece eee aet soso ece NA 17,140 NA 12,865 
Imitation?- 2230252. Jcec ok ck occ cc owe coc etocs NA 374 NA 403 
Other precious and semiprecious stones: 
Rough and uncut_......-.....---------------------- NA 4,900 NA 5,062 
Cut but unset.......----- eee MOE hss wiiscacueteeees NA r7,745 NA 11,038 
Other; -nis:p.f 2.2 eh a eee co sucl cusses soles NA 270 NA 374 
Synthetic 
Cut but unset__.....---.----------.-- -number_. 3,042 1,382 5,085 2,404 
Others. 22-2 cheese ere ee eee eels N 10 NA 166 
Imitation gem stones__._--------------------------- NA 8,476 NA 9,405 
Total onweso se sss lhe ete ueicoecse eee cle cesses NA 489 ,645 NA 537,193 


® Revised. NA Not available. 


Table 2.—U.S. imports for consumption of diamond (exclusive of industrial diamond), by countries 


(Thousand carats and thousand dollars) 


a ee Pe ee ee 
1966 1967 1968 


Rough or uncut Cut but unset Rough or uncut Cut but unset Rough or uncut . Cut but unset 


Country —_— _—_ OO -erS>XKha—r—m———————— 
Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 


serene 


Belgium-Luxembourg--........ 72 $9,520 787 $94,358 47 $6,111 775 $96,676 46 $7,455 954 $119,896 
Brazile ccc cc esses ckcc ccs 4 A226 fo cecceens. coeccsce 21 1,009 2 169 10 594 (@) 8 
Canada. occ. ce ccesc skeet cc 10 1,668 (1) 16 5 847 (4) 64 9 1,256 5 205 
Central African Republic____... 187 9,886 seule coeoeece 183 9,002). ccetices: ccccezes 218 11,818 1 61 
France 0% sous cece cceccccscce 8 211 18 1,902 1 101 17 2,085 22 1,004 22 2,614 
Germany, West............_.. () 1 17 1,441 2 227 11 1,039 (1) 2 5 556 
ONAs os. tec ccs eccee sees 20 464. -cseeseee -éccdeTse 5 G82 ecsctens  2obeecee seers ees eu eeece 46 

Guyana on 2.32 cece lee l 26 995 @)) 8 31 1,870) -cossceek.  Secegees 14 880 1 
India sci sc ce ccs ceecccevceccce: Cd dcecess . Eeeccuck 8 1205 2 sececs. - Se oeee tc 14 T3289.) cccccsce. -feeeescy 30 2,714 
Treland occ ccc cece cscs 56 2,248 01 182 5 0 Se: Se | 305 
Israel eves s cece ae ncclees 86 8,096 525 51,446 46 4,079 533 55,083 50 5,245 666 10,217 
BPaNs joc cosoa lcs ske Ses (4) () 14 150 () 2 00 
Liberias<<-2225 225.552 cued 16 1,881. cbescecu: “sctuocos 26 $4946. cencvose, . cegeccse 7 1,898? c2ssscccd. -ecceuces 
Netherlands. _.........-.--.-. 49 8,825 21 8,013 39 8,566 14 2,065 46 9,953 19 3,078 
Sierra Leone. ......-...-...-.. 161 7,705 Q) 538 180 5,921 30 6 1,892 1,310 
South Africa, Republic of-...... 121 18 ,023 28 7,001 333 39.852 32 7,766 434 46 ,380 35 9,076 
Switzerland......2.222-22222222. 69 8,5 1 422 1,52 () 17 20 2,039 4 785 
SS. weer ew nc ee new ee ee wee es ceceen-- one ----- 29 3,391 () 17 - $9 6,918) coceleee cece cele 68 9,588 
United Kingdom. ...--.-...... 1,106 181,809 10 1,354 1,889 122,000 10 1,895 1,439 152,881 17 2,239 
Venezuela__........-----.---- 66 2,026. “Seeces su eect ecee 64 2,847 -scsetccs, weccicce 95 468 Sececces: caeesals 
Western Africa, n.e.c.....----- 21 + BeRkG: - cweesisns, base leus 35 4,260 iS 6 86 6.614 1) 5 
Other countries.__-....--.-..- 10 1,907 5 438 10 1,070 a 244 qT 272 ti) 275 
Total ocacuscatececccus 2,082 208,089 1,452 165,737 2,606 212,902 1,455 174,570 2,614 252,658 1,884 222,478 


en 
1 Less than 4 unit. 
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Canada.—Kimberlite dikes were dis- 
covered underground at the Upper Canada 
Mines, Limited, by the Geological Survey 
of Canada. Upper Canada and neighboring 
Queenston Gold Mines Limited, entered 
into an exploration agreement with Cana- 
dian Rock Company Limited, a wholly 


owned subsidiary of De Beers Consolidated © 


Mines Ltd. of South Africa. During the 
latter part of the year an announcement 
was made that work progress had not been 
encouraging. 

The Kimberlite Mining Corporation 
Limited began a drilling and geophysical 
program in the Coral Rapids area of 
northern Ontario. Reportedly a 250-foot 
width of kimberlite material was found 
during drilling.’ 


Ceylon.—Export duties on precious and 
semiprecious stones were abolished effective 
November 16, 1968. The abolition of duties 


was expected to provide incentive for gem 
exporters to accept foreign exchange 
controls.* 


Colombia.—The Government has estab- 
lished a group called the Empresa Colom- 
biana de Esmeraldas to develop and ad- 
minister deposits of emeralds and other 
precious stones in the national reserve 
region of Colombia. The directorate of this 
organization will consist of the Minister 
of Mines and four other members appointed 
by the Government. The issuance of per- 
mits to others for the purposes of explora- 
tion and development of emerald deposits 
has been suspended.‘ 


2Canadian Mining Journal. Diamonds. V. 90, 
No. 2, February 1969, p. 124. 

8U.S. Embassy, Ceylon. a Department 
Airgram A-544, Nov. 27, 1968, 1. 

} Mining Journal (London). Columbia Emerald 
oe hain V. 271, No. 6942, Sept. 6, 1968, 
p.l 


Table 3.—World production of gem diamond, by countries . 


(Thousand carats) 
Country 1964 1965 1966 1967 1968 P 
Africa: 

Angolan o2iscce2 sc conde costcetseleeee ck ® 874 t 887 1 968 983 1,316 
Central African Republic Sonoma co ewe 221 268 270 e 260 © 305 
Congo (Kinshasa) ...........-----.---- 295 14 712 1 551 
Congo (Brazzaville) ©! 2?___..-... 2. 816 318 800 NA NA 
HSNAe. cosucenotescasuosewosenes sacs 878 25 282 254 © 245 
Guinea: ¢:0 25 2k occ ek eee ce 21 21 21 NA NA 
Ivory Coast......-........_...------- 120 119 110 -©105 e110 
Liberia.) 22005 Soe eo se ee ek 298 277 $43 362 537 
Sierra Leone. .........._.-...-....--.- 58 65 629 6 e 560 
South-West Africa.._...............--- 1,387 1,491 1,588 *'31,5381 31,552 
TAanZania= a. shee S cons ced elexeewcces 888 e414 e474 * 864 356 

South Africa, Republic of: 
Premierc2 osccci tele ckdeesecs css 556 610 625 594 608 
ae Beers Group 4. -...-<.2-+--scse ne ae ert 2,128 2,307 

er pipe mines_................. 
Allivighs 203.2 ea 238 230 300 334 484 
Total, South Africa, Republic of--- 1,790 1,948 2,485 t 83,056 8,399 
Total Africa_.._..-.------------ 16,623  '6,440  *°7,477 * 7,976 8,931 
Other Areas: 
Brazil@cu 22 cows oes ee coe ce edeless 175 175 150 160 160 
GUYaNna ees ote eee eec ese ec kee 60 45 37 41 28 
India eso oc ee oe eee ences, 2 t4 2 5 q 
Indonesia._-........-----_- ee 14 14 r14 14 14 
US'S Ryeioc scene Sechelt 800 1,000 1,200 1,400 1,400 
Venezuela 2550 ceo cel ce ccc 5 5 42 38 60 
Total $22 2e Joe eceweov sew etoeeece °%,731 7,730 ¥ 8,922 9,634 10,600 
¢ Estimate. P Preliminary. ® Revised. NA Not available. 


1 Exports, fiscal year ending August 31. 

2 Probable or‘gin Congo (Kinshasa). 

3 Output of Consolidated Diamond Mines of South-West Africa Ltd. 
4 Includes some alluvial from De Beers properties. 

5 Totals are of listed figures only. 
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Guyana.—The diamond production po- 
tential was discussed and reviewed in a 
recent paper. Production was primarily in- 
dustrial with a small quantity of gem 
grade and was from alleuvial deposits.’ 

India.—The Geological Survey of India 
has begun work to determine the feasibility 
of commercially extracting diamond from 
the pipe rock, conglomerates, and river 
gravels in Andhra Pradesh.® 


Sierra Leone.—In November 1968, a 
mining agreement was reached between 
the Diamond Corporation West Africa Ltd. 
and the Sierra Leone Government wherein 
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the corporation would be the sole marketer 
and exporter of diamond produced under 
the Alleuvial Diamond Mining Scheme. 
The terms of the agreement require that 
the corporation pay an annual fee to the 
Government for these rights and forego the 
service fee paid for its operation of the 
Government Diamond Office. The agree- 
ment became effective at the beginning of 
1969.” 


Thailand.—Imports and exports of pre- 
cious and semiprecious stones for 1967 were 
published.*® 


TECHNOLOGY 


Several papers were published concern- 
ing the development of kimberlite deposits. 
These papers presented theories and sup- 
porting data on the occurrence of diamond 
and other materials in kimberlite.® 


5 Norwood, V. G. C. Guyana—an Expanding 
Source of Industrial Diamonds. Min. Mag., v. 
118, No. 8, March 1968, pp. 169-171. 

§ Journal of Mines, Metals & Fuels. Explora- 
tion for Diamonds in Andhra Pradesh. V. 14, 
No.. 8, August 1968, p. 285. 

7 Bureau of Mines. Mineral Trade Notes. 
Diamond (Sierra Leone). V. 66, No. 3, March 
1969, p. 7. 

8 Bureau of Mines. Mineral Trade Notes. Gem 
stones. V. 65, No. 12, December 1968, pp. 18-19. 

® Crockett, Richard N., and Robert Mason. 
Foci of Mantle Disturbance in Southern Africa 


The refractive index of type I diamond 
has been shown to vary indirectly with 
pressure. A direct measurement technique, 
with the application of hydrostatic pres- 
sure, was used to make direct measure- 
ments to a pressure of 7 kilobars.*° 


and Their Economie Significance. Econ. Geol., 
v. 68, No. 5, August 1968, p. 532-540. 

Dawson, J. B. Recent Researches on Kimber- 
lite and Diamond Geology. Eeon. Geol., v. 63, 
No. 5, August 1968, p. 504-511. 

Kennedy, George C., and Bert E. Nordlie. The 
Genesis of Diamond Deposits (Abstract). Econ. 
Geol., v. 68, No. 5, August 1968, p. 495-503. © 

10Schmidt, E. D. D., J. L. Kirk, and K. 
Vedam. Variation of the Refractive Index of 
Diamond With Hydrostatic Pressure to 7 Kilo- 
bars. Am. Miner., v. 58, Nos. 7-8, July-August 
1968, pp. 1,404—1,406. 
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Gem Stones 


By Jerry J. Gray! 


Estimated gem stone production of $2.4 
million was 4 percent less than the pre- 
vious year because output dropped at the 
Star garnet deposit, Clarkia, Idaho. The 
decrease would have been larger except for 
initiation of production from a new com- 
mercial jade mine in Washington and in- 
creased visitor days at a precious opal fee 
site in Idaho. Domestic gem stone produc- 


tion continued to be principally the result 
of recreational mining by private individu- 
als at free or fee sites. Only a few deposits 
were opcrated to produce rough material 
for direct sale to wholesale or retail out- 
lets. The semiprecious gem industry of Or- 
cgon was reviewed with reasons given why 
it developed into a significant activity for 


' the State. 2 


DOMESTIC PRODUCTION 


Gem stone production was reported from 
38 States. The following States supplied 78 
percent of the total: Oregon, $750,000; Cal- 
ifornia, $200,000; Arizona, $153,000; Texas, 
$150,000; Washington, $150,000; Wyoming, 
$129,000; Colorado, $122,000; Montana, 
$109,000; and Nevada, $100,000. 

Activities involving all of the precious 
gem stones (except ruby) were reported. 
The Murfreesboro, Ark., diamond pipe, 60 
years after its discovery, was consolidated 
under one owner, General Earth Minerals. 
The Dallas, Tex., firm opened the whole 
pipe to fee digging; formerly, only a small 
portion was available to the public. 3 Both 
the largest emerald crystal (3-1/16 inches 
by 214 inches, 1,438 carats) and the long- 
est (6 inches by 14 inch) ever found in 
North America were collected at the newly 
opened Rist mine. This fee site and the 
older Ellis mine fec site are located near 
Hiddenite, N.C., and were operated by 
American Gem, Inc. Two Montana sap- 
phire deposits were described. One, a pla- 
cer deposit, was open to the public for a 
straight fee,5 and the other, a dike, 5 miles 
long with an average width of 8 feet, was 
to be worked partially commercial and 
partially by individuals who gained dig- 
ging rights by buying a lot in a vacation 
real estate development situated near the 
dike.6 The precious opal deposit near 


Spenccr, Idaho, had its first full season as 
a fee site. The mine had been operated as 
a commercial mine until late in the 1968 
scason. 7 . 

Concerning semiprecious gem __ stones, 
jade was in danger of being in oversupply. 
‘Two new jade provinces were supplying 
the market, one in Washington 8 and the 
other in Alaska,® along with continued 
production from two mines in 


1 Geologist, Albany Mineral Supply Field Office, 
Bureau of Mines, Albany, Oreg. 

2 Shaffer, Leslie L. D., and Steve IT. Hashimoto. 
The Semiprecious Gem Industry of Oregon. Oreg. 
Bus. Rev., v. 28, No. 7, July 1969, pp. 1-4. 

_ Lier. Hugh. Crater of Diamonds is Reopened 
to the Public. Lapidary J. v. 23, No. 7, October 
1969 pp. 970-974. 

*Trapp, Francis W. Green Bolts are Found 
Again Near Hiddenite, N.C. Lapidary J. v. 24, 
No. 1, April 1970, pp. 116-126. 

5 Williams, Marjorie. Sapphires on the Eldorado 
Bar. Gems and Minerals, No. 383, August 1969, 
pp. 28-31. 

© Leiper, Hugh. “Five Miles of Sapphires’’ Fam- 
ous Yogo Montana Sapphire Mine to be Reopened. 
Lapidary J., v. 22, No. 10, January 1969, pp. 
1278~—1286. 

* Cuthbert, Donna L. Precious Opal, Queen of 
Gems, in Idaho. Lapidary J. v. 23, No. 7, Octo- 
ber 1969, pp. 928-930. 

* McLeod, D. L. Nephrite Jade Has Been Dis- 
covered in Washington. Lapidary J. v. 22, No. 8, 
November 1968, pp. 1034-1037. 

®Munz, William. Hundreds of Tons of Nephrite 
Jade: Lapidary J. v. 24, No. 1, April 1970, pp. 
18-26. 
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California1o and a small output from 
Wyoming.11 Jade imported from a new 
mine in British Columbia added to the 


oversupply. 12 Demand for jade probably 
did not keep pace with supply because de-, 


mand had been a function of population 
growth and affluence, which did not ex- 
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hibit a sudden growth surge. - 

Output of star garnet, from Clarkia, 
Idaho, dropped sharply after the US. For- 
est Service stopped the free collecting on 
several square miles of its acquired lands. 
Collecting was restriced to a 40-acre fee 
site concession. 13 


CONSUMPTION | 


The domestic gem stone output gener- 
ally went to rock, mineral, and gem stone 
collections, objects of art, and jewelry. Ap- 
parent consumption of gem stones (domes- 
tic production plus imports minus exports 


and reexports) declined to $343 million, — 


compared with $355 million revised in 1968, 
because of greater exports. are 
Total consumption was measured pri- 
marily by reported import-export data. 
The reported values contain mainly high- 
value-per-unit-weight rough and cut stones. 


The cut stones inflate the total consump: _ 


tion value figure by that amount added by 
foreign cutting and polishing. Gem . dia- 
mond consumption, both rough and cut, 


continuing an upward trend, reached $505 


million, a 6-percent increase over that of 


1968 and 163 percent over the $192 million 
of 1962. Value of synthetic and imitation 
gem stones including imitation pearl was 
$12.7 million, an increase of 2 percent over 
that of 1968; value of natural and cultured 
pearls declined to $12.7 million, a 5-per- 
cent decline from that of 1968 and a 43- 
percent decline from that of 1965. = 

If gem stone consumption were viewed 
from the standpoint of quantity instead of | 
value, it would change from 1 ton of im- 
ported diamonds to hundreds of tons of 


- domestically produced semiprecious mate- 


rials. Consumption, in terms of quantity, | 
equates to domestic: production of semipre- 
cious materials;. however, there is no good’ 
estimate available for domestic quantitative 
output. 


PRICES 


_ During the year, price ranges for cut 
and polished, unmounted gem diamond 
were 0.25 carat, $100 to $400; 0.50 carat, 
$950 to $800; 1 carat, $650 to $2,750; 2 car- 
ats, $1,500 to $9,000; and 3 carats, $3,900 


FOREIGN 


Precious and semiprecious gem stone ex- 

ports were valued at $128.0 million, com- 
pared with $99.2 million in 1968. 
Diamond, over one-half carat in weight, 
cut but unset, made up the bulk of the 
exports. Reexport of all varieties of gem 
stones was valued at $97.6 million, com- 
pared with $85.6 million the previous year. 
Rough or uncut gem-quality diamond 
formed the major portion of reexports. 


Imports of gem material increased 5 per- 
cent in value over those of 1968; gem dia- 


mond supplied from 26 countries ac- | 


counted for 89 percent of the total. 
The total value of emeralds imported 

was 14 percent less than the previous year. 

Although originating from 33 countries, 


to $17,000. The medium price, for ‘each 
range was 0.25 carat, $200; 0.5 carat, $500; 
1 carat, $1,600; 2 carats, $4,250; and 3 car- 
ats, $8,000. . 


TRADE | ae 
Brazil, Colombia, and India supplied 86 
percent of the total carats and 68 percent 


10 Davis, Fenelon F. Some Highlights of 1969, 
California Mining Review. Mineral Information 
Service, v. 23, No. 4, April 1970, p.-75. 

Draper,’ James W. Botryoidal Jade of: the Cal- 
ifornia Coast. Lapidary.J..v. 23, No. 5, August 
1969, pp. 684-686. : 

Hemrich, Gerald I. Botryoidal Jade in Califor- 
ne gcanideny J. No. 386, November 1969, pp. 
2-47. 


11 Gregory, Gardiner E. Jade Hunting at Jeffrey 
City, Wyoming. Lapidary J. v. 22, No. 11, Febru- 
ary 1969, pp. 1476-1481. 
42 Cavenaile, Rene. Surrey, B.C., Housewife- 
Prospector Finds British Columbia. “Mountain of 
Jade.” Lapidary J. v. 22, No. 12, March 1969, p. 
1562. ; ee ze ; 

13,Gems and Minerals. National Forest Service 
Announces New Arrangements for Garnet Collect- 
ing at ae Creek, Idaho. No. 382, July 1969, 
pp. 11-12. — 
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of the total value. Imports of rubies and 
sapphires remained at about the same 
level with Thailand, India, and Ceylon 
supplying 69 percent of the total value. 
The value of imported pearls decreased 5 
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percent from that of 1968 and 40 percent 
from that of 1965. India was the major 
source of natura] pearl, 69 percent; Japan 
the major source of cultured pearls, 92 
percent. 


Table 1.—U.S. imports for consumption of precious and semiprecious gem stones 


(Thousand carats and thousand dollars) 


1968 1969 
Stones 
Quantity Value Quantity Value 
Diamonds: 
: ‘Rough or uncut_........-_.---.------- earats_. 2,514 $252 , 653 2,932 $287 , 566 
Cut but unset... 2-2 eee do.-._ 1,834 222,478 1,758 217,081 
Emeralds: Cut but unset_._.........--.--_.- do___- 365 10,644 309 9,175 
Rubies and sapphires: Cut but unset_.._......_.____ NA 9,175 NA 9,201 
Mareasites: 22. 220220 ooo ee ee oe ste ee NA 1 NA 6 
Pearls: 
Natural. oo 2 2.262 oie ele eo ueu set etieeess NA 525 NA AT5 
Cultured) oo ee oe es NA 12,865 NA 12,238 
Imitation. 2222 S60 foto. 3 ced bee eb eee oe NA 408 NA 672 
Other precious and semiprecious stones: 
Rough and uncut__.__...--------------------: NA 5,062 NA 4,847 
Cut but unset... eet NA 11,038 NA 12,799 
Other, 0:8: pifes o22 os ee ee oe ct ol NA 374 NA 559 
Synthetic: ™ : 
Cut but unset____.-___-___-_--___ number-. 5,085 2,404 4,886 2,793 
Other 6 2, 20-22 2e. hoor eats. N 166 NA 282 
Imitation gem stones___________-____--------- NA 9,405 NA 8,999 
Potal soccer heen Hos So ee Sd NA 537,193 NA 566, 693 


NA Not available. 
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WORLD REVIEW 


Table 3.—World production of gem diamond, by countries 


(Thousand carats) 


1969 p 


Country 1967 1968 
Africa: ! 

Angola...) 8 uve schist Se ee ao tees Se eek 983 1,316 e 1,536 
Central African Republic. .-.-.------------------------- e 260 e 305 e 330 
Congo, (Kinshasa)....----------------------------+---- 1 263 551 491 
Ghana 32 cote ree wee eet eee Sele cee 254 e 245 e 238 
Ivory Coast... 2 cess sc peck ee cet este eect te ee es e105 e110 e121 
Liberia? 2232 eo ee tect eee betes elt oe ees r 262 537 e 550 
Sierra: Leéone:?2 oa 2 Snob se Sete eee cee eee ee eet eS 560 560 600 
South-West Africa e3______.-_------------------------+ 1,531 1,636 1,700 
Tanzania. 2.6. --s5i-c ecsd ence case ce eee eee eee 2 oe t 433 35 e 380 

South Africa, Republic of: ¢ 
“Premiers. ioc cece cee Seales cee See ecea 594 580 NA 
De Beers Group 4____--.--------------------------- 2,128 2,170 NA 
Otherin ccd ae eto ese seceecete sheaves 334 446 NA 
Total, South Africa, Republic of..._-.-.--~-------- 3,056 3,196 3,380 
Total Afrie¢as:oss.suose sees oo Sh ee Se see oe cee 17,707 8,812 9,326 

Other areas: 

<< Brazilese x. hse Sate a Seo tcated oes hed NID Sen ten ees 160 160 160 
Guyana.e. 0 222. ohe cde hose uetete te Be cee ee eet 41 28 31 
India; 22 occ ecese ke SEALE SU eb ee ee eee ieeb ete 5 7 e7 
Indonesia: ?.. eco ee we ee eee Boe ew ew ees 14 14 14 
U.S SER 6 Steen a a ea ean tee ae ley ad 2, 1,400 1,400 1,500 
Venezielae 2s. ict ee Bees Suk en be ce eee eee cs 38 60 118 
TOtAl 8 bec e fc ees ec i i et re wy 19,3865 10,481 11,156 


e Estimate. » Preliminary. r Revised. 


NA Not available. 


1 Gem diamond is also produced in Guinea but data are not available. 


2 Exports, fiscal year ending August 31. 


3 Output of Consolidated Diamond Mines of South-West Africa Ltd. 


4 Includes some alluvial from De Beers properties. 
5 Totals are of listed figures only. 


Angola.—Exports of gem and industrial 
diamonds, totaling 2 million carats valued 
at $70 million, continued to provide a 
major portion of the country’s total export 
value. Only one company, Companhia de 
Diamantes Angola (DIAMANG), mined 
for diamond; however, two new companies 
were granted concessions for the explora- 
tion and exploitation of diamond’ and 
other precious stones, 14 

Australia.—A 220-ounce opal found at 
Andamooka sold for a world record price 
of $188,000. 15 


Botswana.—De Beers Consolidated Mines 
Ltd. established that one of the diamondi- 
ferous kimberlite pipes discovered during 
1968 at Orapa, in the central part of the 
country, could become a major source of 
diamonds. Initial ore production of 8,000 
tons per day is scheduled for 1971 with a 
doubling of production by 1974-75. Out- 
put to date indicated a ratio of 70 percent 
industrial stones to 30 percent gem-quality 
stones. The National Assembly of Bot- 
swana passed the ‘‘Precious Stone Industry 


(Protection) Act, 1969” to regulate and 
control the new industry. A mineral re- 
source and mining activities review of the 
Republic was published. 16 


Burma.—The Burmese Government held 
its fifth annual Gem, Jade, and Pearl Em- 
porium March 5-13, 1969, and sold $2.4 
million worth of material. Cultured pearls 
accounted for 44 percent of total sales. All _ 
gem stone prospecting, mining, and mar- 
keting was nationalized March 12, and all 
private gem-mining operations and equip- 
ment were appropriated without promise 
of compensation. The justification for the 
action was that it would provide greater 
benefits to the gem workers and to the 
people of Burma generally, and that it 


14 Bureau of Mines. Mineral Trade Notes. Dia- 
mond. V. 66, No. 8, August 1969, pp. 8—10. 
———, Gem Stones. V. 66, No. 12, December 1969, 
pp. 13-14. 

18 The Mining Journal. The Industry in Action: 
World Record-Priced Opal. V. 273, No. 7008, 
Dec. 12, 1969, p. 541. 

16 Roocock, C. Review of Mineral Resources and 
Mining Activities in the Republic of Botswana. 
Geological Survey—Botswana, Jan. 15, 1969, 12 pp. 
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would curb smuggling. The claim was 
made that the gem trade had enriched 
only a few individuals, largely persons of 
foreign origin, and had brought only poor 
revenue to the Government. 17 


Canada—A new type opal gem stone 


with prismatic reflective colors was discov- 
ered in the Province of Alberta. The 
stone, suitable for doublets, was the, opal- 
ized _conchiolin of the fossil ammonite. 18 
Two lode deposits of jade were reported to 
have been’ discovered in British 
Columbia. 19 . 


Colombia.—An emerald weighing 7,025 
carats (almost 3 pounds) was reported to 
have been found at the Las Cruces mine 


in Cundinamarca. It was the largest ever 


found in Colombia. 2° 


Southern Rhodesia—A portion of an 
emerald crystal weighing 1,160 carats was 
found at the Chikwanda mine near Fort 


' sonian 
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Victoria. The area may have possibilities 


as a new emerald source. 21 
Tanzania.—Tanzania exported 780;210 
carats of diamond (gem and industrial 
combined) valued at $24.9 million and 514 
kilograms of other gem stones valued at 
$200,000. Gem-corundum, ruby, and sap- 
phire exports totaled 296 kilograms valued 
at $140,000. A new source of ruby and 


sapphire was reported to have been located 


and was being mined.22 

Exports of gem zoisite totaled 20 kilo- 
grams valued at $30,000. During 1967, a 
deposit of gem-quality violet-blue zoisite 
crystals (given the varietal name tanzan- 
ite) was discovered. The crystals, because 
of a striking red, blue, yellow-green 
pleochroism, quickly gained popularity in 
the gem market. A 122.7 carat faceted tan- 
zanite was placed on display by the Smith- 
Institute, 23 and several “reports 
were published describing the gem mineral 
and its location. 24 — 


TECHNOLOGY 


A colorless synthetic yttrium-aluminum 
garnet developed for use in microwave, 
laser, and ultrasonic devices was marketed 
as a diamond substitute. Faceted stones 
were sold for $50 per carat under the 
trade name “Diamonair”.25 A general re- 
view of diamond mining and recovery was 
published.26 A study of diamonds re- 
covered from the Witwatersrand gold 
mines suggested that the stones were sub- 
ject to charged-particle radiation and ‘sub- 


sequent annealing.27 Single crystal sap- 
phire filaments were grown to lengths of 
100 feet with tensile strength of 300,000 
pounds per square inch and a modulus of 


elasticity 65 to 75 million pounds per 


square inch.28 A molten salt solution 
method of growing gem-grade rubies was 
discussed. Controlled defects can be intro- 
duced similar to those found in natural 
stones. 29 


17 Bureau a. Mines. Mineral Trade Notes. Gem 
p. 13-14. 
m is young 


Stones. V. 66, Ne 7 July 1969, p. "15. 
21 Bureau of Mines. Mineral Trade Notes. Gem 
sence V. 67, Ne 4, spell 120; P. Ae Pre 
apidary ou ew uby, Sapphire 
ae in Africa. V. 23, No. 9, December 1969, 
p. : 


% Trapp, Francis W. “The Midnight Blue.” A 
New Tanzanite is Added to the Smithsonian’s Col- 
even: Lapidary J. v. 28, No. 5, August 1969, p. 


2% Brayman, Harold H. ‘Really Beautiful Stuff” 
Tanzanite. Science Digest, May 1969, pp. 70-72. 


Hurlbut, C. * ar Gem Zoisite From Tanzania. 
Miner., v. 54, No. 5-6, June 1969, pp. ue 

"Fhom pson, Thomas. Tanzania to Tiffany’s. 
Life, v. 56, No. 18, May 9, 10h pp- 70-76. 

25 Business Week. Marketing— e Fake Dia- 
moind Market Glitters. No. 2111, Veh 14, 1970, 


116. 
Mi Chabria, John R. How To Grow ig Size - 
Single Crystal Y I Gs. Ceram. Ind. Mag., - 89, 
No. 5, November 1967, pp. 52-54. 

Crowingshield, R Robert. Diamonair—A New Dia- 
mond Substitute. Lapidary J. v. 23, No. 12, March 
1970, ae ay 

Linholm A. A. L. Diamond Recovery is Big 
budne Eng. & Min. J. v. 170, No. 11, Novem- 


ber 1969, pp- 67-80. 
Raal, F. A. A Study of Some Gold Mine Dia- 
monds The, Ain ary 54, No. 1-2, January- 
eoru , Pp ~~ 
= Chemistry. ered Foot- Long Sapphires. V. 
42, No. 1 a J ammary. 1969, p. 23. 
emical Engineering. Growing Gem-Grade 
Rubio V. 76, No. 5, Mar. 10, 1969, p. 64. 


Gem Stones 


By Robert G. Clarke + 


Domestic gem stone production was esti- 
mated at $2.4 million in 1970, unchanged 
from that of 1969. Gem stone collection 
continued to be principally a recreational 
activity of individual collectors and hobby- 


ists at free or fee sites. Only a few deposits 
were operated to produce rough material 
for direct sale to wholesale or retail outlets 
or for raw material to manufacture fin- 
ished jewelry by the deposit operators. 


DOMESTIC PRODUCTION 


Gem stone production was reported from 
38 States. The following States led in pro- 
duction and accounted for 78 percent of 
the total: Oregon, $750,000; California, 
$200,000; Arizona, $155,000; Texas, 
$150,000; Washington, $150,000; Wyoming, 
$130,000; Colorado, $120,000; Montana, 
$109,000; and Nevada, $100,000. 

Many States publish brochures describing 
their major occurrences of gem stones and 
minerals, including maps and _ instructions 
on how to reach the deposits. The bro- 
chures are free and usually may be ob- 
tained from the individual State Depart- 
ment of Economic Development, or from 
the State Geologist. 

Reports of activities in gem collecting 
included all varieties of precious and semi- 
precious stones. In Louisiana, an 18.20 


carat diamond was found in Princeton, in 
a yard, by a little girl at play.2 It was 
named the LaMounce diamond for Louisi- 
ana (La), and Mr. Mounce, the jeweler 
who purchased it. It has since been cut 
into three fine gems by Lazare Kaplan and 
Sons of New York City; an oval, a mar- 
quise, and a heart shape. 

In South Dakota, the Cheyenne River 
Agency of the South Dakota Sioux oper- 
ated a quarry near Rapid City for alabas- 
ter which was handcrafted at the Sioux 
Stone Craft Co.3 Third year sales exceeded 
the total of the first 2 years combined. 
Many accounts of interesting field trips re- 
sulting in mineral and gem stone finds were 
related in journals for enthusiasts.4 5 Many 
clubs and societies reported on the activities 
of their members. 


CONSUMPTION 


The output of domestic gem stones gen- 
erally went to rock, mineral, and gem 
stone collections, objects of art, and jew- 
elry. Apparent consumption of gem stones 
(domestic production plus imports minus 


exports and reexports) declined to $292 
million, compared with $343 million in 
1969 because of greater exports and reex- 
ports of diamonds. 


PRICES 


During the year, price ranges for cut 
and polished, unmounted gem diamond 
were as follows: 0.25 carat, $100 to $425; 
0.50 carat, $275 to $900; 1 carat, $700 to 
$2,800; 2 carats, $2,000 to $9,500; and 3 
carats, $4,000 to $20,000. The median price 
for each range was 0.25 carat, $200; 0.5 
carat, $500; 1 carat, $1,550; 2 carats, 
$4,100; and 3 carats, $8,500. 


1 Physical Division of Nonmetallic 
Minerals. 

? Lapidary Journal. Diamond Found in Louisi- 
ana. V. 24, No. 8, November 1970, p. 11 

3? Lapidary Journal. Stone Age Provides New 
panes for Sioux. V. 24, No. 7, October 1970, 
p. . 

*+Gems and Minerals. News Notes of Collecting 
rae No. 388, January 1970-No. 399, December 

5 Rocks and Minerals. Mineral Localities Infor- 
mation Department. V. 45, o 1, January 
1970-V. 45, No. 12, December 1970. 


scientist, 


529 


530 


MINERALS YEARBOOK, 1970 


FOREIGN TRADE 


United States exports of diamond in 
1970, on which some work was done prior 
to reexport, amounted to 391,599 carats 
valued at $116.6 million. Of this total, dia- 
monds, cut but unset, suitable for gem 
stones, not classified by weight, were 93,937 
carats valued at $5.3 million; cut but 
unset, suitable for gem stones, not over 14 
carat, were 49,297 carats valued at $5.4 
million; and, cut but unset,. suitable for 
gem stones, over 14 carat, were 248,365 car- 
ats valued at $105.9 million. 

Reexports of diamond in 1970, on which 
no work was done, amounted to 1,258,146 
carats valued at $67.8 miilion in the fol- 
lowing categories: Cut but unset, suitable 
for gem stones, not classified by weight, 
1,213,958 carats valued at $58.5 million; 
cut but unset, suitable for gem stones, not 
over 14 carat, 28,704 carats valued at $4.4 
million; cut but unset, suitable for gem 
stones, over 14 carat, 15,484 carats valued 
at $4,920,588. 

Exports and reexports of all other gem 
materials amounted to $12.4 million. Of 
this total, natural precious and semipre- 
cious stones, worked or unworked, not set 
or strung, were valued at $11.1 million. 
Exports and reexports of pearls, natural 
and cultured, not set or strung, were val- 
ued at $0.9 million. Synthetic or recon- 


structed precious or semiprecious stones, 
not set or strung, exports and reexports, 
were valued at $0.4 million. 

Imports of gem material decreased 14 

percent in value compared with that of 
1969. Gem diamonds accounted for 87 per- 
cent of the total value of imports. 
_ Imports of emeralds decreased 16 percent 
in value, but increased 6 percent in quan- 
tity. Of 24 countries supplying emeralds to 
the United States, India furnished 215,664 
carats valued at $2.8 million; Brazil, 33,565 
carats valued at $0.6 million; and Colom- 
bia, 17,419 carats valued at $1.5 million. 
These three countries furnished 82 percent 
of the quantity (in carats) and 64 percent 
of the value of emeralds. Imports of emer- 
alds from Switzerland amounted to 14,224 
carats valued at $1.2 million, but the ac- 
tual country of origin is unknown. | 

Imports of rubies and sapphires de- 
creased 37 percent in value from 29 
countries, Four countries accounted for 76 
percent of the value of rubies and sap- 
phires as follows: Thailand, $2.3 million; 
India, $0.9 million; Ceylon, $0.7 million; 
and Hong Kong, $0.5 million. The value 
of imported natural and cultured pearls 
decreased 22 and 17 percent, respectively; 
the value of imported imitation pearls in- 
creased 122 percent. 


Table 1.—U.S. imports for consumption of precious and semiprecious gem stones 


(Thousand carats and thousand dollars) 


Stones 


1969 1970 


Quantity Value Quantity Value 


Diamonds: 


Rough or uncut__._......_-_-.----------.----.- 
Cut but unset____________.-_-___..__-----_----- 


Emeralds: Cut but unset 


Marcasites 
Pearls: 


Other precious and semiprecious stones: 
Rough and uncut 


Cut but umset__........... 1. -_---- ie 


Rubies and sapphires: Cut but unset_________-_____- 


Jimitation 4-22 oe ee ah Oe er es 


carats 2,982 $287,566 2,633 $234,164 
oe d0e sc8 1,758 217,081 1,642 190,733 
See! (name 309 9,175 326 7,715 
Beedle NA 9,201 NA 5,769 
Boece c koe NA 6 NA 4 
Set eee NA 475 NA 371 
Sb peeseek NA 12,238 NA 10,184 
Sei eke NA 672 NA 1,493 
te NA 4,847 NA 10,001 
GA ae a NA 12,799 NA 12,034 
seesee ee NA 559 NA 590 
number __ 4,886 2,793 7,333 4,363 
See NA 282 NA 526 
Soc oeees NA 8,999 NA 8,096 
ae crerer eras NA 566,693 NA 486,043 


NA Not available. 


531 


GEM STONES 


“yun %% ueyy sseq 1 


S8L'06T  Zr9O'T POT' PSS seo‘? T80‘LTS = 8G2‘T 999'L8S 6286'S 8LP'ZSS PERT B99"COS PIG’ Aeros ers arse sere -ns- 1840, 

816 9 cre g 889 ‘T L LPP y 929 g SLS Bie PT ree “~~ satqjunod 19449 
igh aoe TE Te ee 998 T toe? pene OTZ‘s LZ g @) PI9‘S OS SRE ETS ates ora"u “ealayy Ulaqse 
Rae gear es gse'9 666.000 | FSR Ret possess 687 ‘S BOTS - Van et Paes 897'S | a a SRT ial ices a daar Bjanzaue, 
016 9 _ Short Zerit 967 ‘T 6 SL2'S8T L69‘T 683‘ LT TSs'CSt  G8R TT tt etter tet eee: wopsuly peyuy 
928 ‘9 4 ne Sige ee 629‘9 | al i 889 ‘6 89 Pig Meengtan eg © era ea So ek gee ae uas's'n 
29S I poe Pp 616 2 f70‘T 9 982, 4 60'S OG, ss PEC PaaS at ae ,, PUBIIEZI IMS 
898'9 93 TL9 ‘Pg 869 STL'8 83 G8o ‘TF T9e 9L0‘6 ce 088 ‘9F 4 as JO ayqnday ‘eayy yynog 
v1 9.9, | 2. Pero oogsy eaear see LPP'T OT Tee‘s 2S ore ‘T 6 268 ‘T 1 SS SS a aon aUuosT Vilaig 
668 ‘T sI 988 ‘2 &Z T9¢'¢ LZ O18 ‘ZI SF 8L0‘2 61 896 '6 le a he Spueliey3eN 
Boe eee. See a 868 ‘T 9 EOS Wee ee a ae JORG ue 8T Sep © BRETT 6B goer L BUST TTT rss rescore 9 eraqira 
ST (y) 0Z () TL T G (1). 00T T 2g Cs . - Rear a tee sapere ueder 
8SL‘T9 F09 861 ‘9 ag LLL‘8L . 399 SSL 'F 98 LTZ‘OL 999 GPZ‘g o¢ Pay os dee ee ie pees [ovis] 
GLY'S OF a RE oe ERE erie ss 899'Z 08 Sato | ee pple DE eee On LO Pa Res SO aRie sa esac eee eipu] 
61 G) PLOT 92. TT TSSEES Set “" 020‘T 0z g () ogg VA ee EE Ra OORT Sater ascess sueAnsy 
91g 4 LIT v4 LOG g el T ggg g 3 GQ)  ‘Serdses assesses qseM ‘Aueullery 
ogg ‘2g LZ S6T #F PoP 's 0Z 6LE OT FIS‘2 a F00‘T OG.) Fes ern rater Sees aout 
ge ey Fn ae Ae 928 ‘9 GOT Toot rss sss sss"= 998g 38S 19 T 818 ‘IT 81z 7777777 anqnday uvayy jesyues 
09 T 29F Z rg (1) Log ‘T 8 90% g a Se il alg ii epeuey 
08 T P8T‘T —=«-«*Te 89 Tt 880‘T 62 8 i) ¥6¢ Ol, 9 Sheers TSG arcs aie senseh [1ze1g 
G0L‘80T$ £98 SLg ‘9$ $9 FIT‘SIT$ 916 62L‘9$ 69 968‘6IT$ 796 -  ocPr'1Le OF « MERE ATT a Rass Sinoquiexn’y-uini jag 


enreA = AYQUENY — one, Ayqueng anjea ApQueng ~ on[VeA  Ayjueny 
(ee 
qesun 4nq ynD qnoun Jo ysnoxy qesun 4nq yng | qnoun Jo y3no0y yesun 4nq qn qnoun Jo ysnoy Arqunog 


ane mneeeemeemmemnerene ee rt : 


OL6T 696I | goer 
(sie[[op puesnoyy puz syeIKe9 puesnoy,y) 


saqtjunos hq ‘(puouerp [etsnput yo aAsn[DxX9) Puowerp Jo uordumsuod 107 siodurt ‘gq —"z ayqey 


enfeéA = =—s- AyQueni an[eA Aqqueny 


532 


WORLD 


Angola.—Diamond exports amounted to 
2,939,912 carats, compared with 1,980,394 
carats in 1969. The number of exploration 
projects increased tremendously because 
most of the area previously held exclu- 
sively for Companhia de Diamantes de An- 
gola (DIAMANG) has been released, par- 
ticularly at sites near Luanda and Gabela. 

Australia——A large kimberlite intrusion 
was located by a team working for Stellar 
Mining Co. in the Kimberley district of 
Westem Australia, where gems have been 
discovered in prior years.® 

Botswana.—Work at the Orapa pipe, cov- 
ering 276 acres, claimed to be the world’s 
second largest, proceeded on_ schedule.7 
The indicated recovery ratio of industrial 
‘diamond to gem diamond was 90 to 10. 
First stage development was forecast for 
July 1971 at 7,250 metric tons per day to 
yield 2 million carats per year. 

Brazil.—Dredging activity for diamond 
in the Rio Jequitinhonha was increased 50 
percent by the transfer of a dredge for- 
merly used for gold recovery in the Rio 
das Belhas by Mineracao ‘Tejucana S.A., of 
Minas Gerais. Geologists reportedly found 
diamond pipe or kimberley-like deposits of 
_diamonds in Piaui State. Opals in large 
quantities were also reported from Piaui 
State. Exact weight and value of gem pro- 
duction were unavailable, but the Federal 
Government of Brazil has set up a Gem 
Bank in Minas Gerais State to control the 
gem industry. 

Central African Republic——Diamond 
production fell 18 percent in value and 10 
percent in volume from 1969. Most of the 
decrease was due to disagreements between 
mining companies and the Government. 
Also, in 1970 the Government passed a law 
forbidding anyone but native-born citizens 
from prospecting for diamonds or other 
precious stones. 

Congo, Kinshasa.—In 1970 the total out- 
put of diamonds, both gem and industrial, 
was almost equal to that of 1969. However, 
the amount of gem diamonds (in carats) 
increased 256 percent. The increase in gem 
diamonds reflected a decrease in industrial 
diamonds, which alleviated slightly the 
Government’s distress in light of the 
planned sales of U.S. surplus industrial 
diamond holdings. The Congo retained its 
world rank of number one for total natu- 
ral diamonds produced. 
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REVIEW 


India—The National Minera] Develop- 
ment Corp. operated the nationalized dia- 
mond industry in the Panna district more 
vigorously, and also conducted prospecting 
operations at Angore, in the Chhatarpur 
district, and at Andhra Pradesh, in the 
Anantpur district.9 India aimed to satisfy 
domestic diamond demand through domes- 
tic production. India imported rough dia- 
monds purchased through the Central Sel- 
ling Organization (CSO) . and reexported 
finished gems. 

Israel.—The decrease in general business 
activity in the United States in 1970 af- 
fected the two countries that import the 
greatest amount of rough diamonds and 
export the greatest amount of polished 
diamonds, Belgium ranked first and Israel 
ranked second, and both countries pro- 
cured most of their rough diamonds 
through the CSO, At Tel Aviv, in’ the 
world’s largest diamond exchange, daily 
transactions in 1970 were estimated at $60 
million.1° 

Ivory Coast.—Diamond production in 


"1970 increased 5 percent over that of 1969. 


A new plant at Tortiya (south of Ko- 
rogho) was started to treat low-grade ore. 
Improvements were also. made at older 
plants at Seguela. The increase in produc- 
tion from all plants was estimated at 30 
percent, and will be reflected in future re- 
ports. Output of diamonds from Ivory 
Coast is estimated to be 40 percent gem 
stones. | . 

Kenya.—Gem stone production included 
amethyst, sapphire, ruby, garnet, tourma- 
line, aquamarine, and zircon. Indicated 
quantities and value‘were greater than in 
1969. 

Liberia——Exports of rough diamonds 
were reported as 775,500 carats valued at 
$5.5 million. No distinction was made be- 
tween gem diamonds and industrial dia- 
monds, but according to a report by the 
Director of the Bureau of Natural Re- 
sources and Surveys of Liberia, most of the 
diamond output was not high quality. 


6 Mining & Mineral Engineering (London). V. 
6, No. 12, December 1970, p. 53. 

7 Mining Magazine. Botswana 
123, No. 6, December 1970, p. 473. : ; 

3 Rolff, Almeida. Gem News From Brazil. Lapi- 
dary J., v. 24, No. 3, June 1970, pp. 514-516. 

*Singh, D. V. A Review on Diamond and Its 
Beneficiation. J. Mines, Metals and Fuels, v. 18, 
No. 11, November 1970, pp. 399-406. 

10 Time. Israel, the Kindest Cut of All. V. 96, 
No. 7, Aug. 17, 1970, p. 62. 
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Sierra Leone.—Diamonds are the coun- 


try’s most important mineral resource. To 


derive maximum benefit from its diamond 
resources, the Government acquired major- 
ity control (51 percent) of Sierra Leone 
Selection Trust Ltd. (SLST), which had 
the concession to about 450 square miles 
of the best diamond area. A new company, 
the National Diamond Mining Co., Ltd. 
(DIMINCO) was formed. Diamond ex- 
ports dropped owing to the depressed 
world diamond market.11 

South Africa, Republica of.—From the 
best information available, South Africa 
ranked second in total diamond production 
and first in gem diamonds in 1970. The 
Department of Mines also reported pro- 
duction of 7,500,000 carats of emerald, of 
which 4,975,000 carats was exported; and 
1,150 short tons of Tiger’s-Eye, of which 
139 short tons was exported. In the annual 
report of De Beers Consolidated Mines 
Ltd., sales by the CSO were 23 percent less 
than sales in 1969, and the book value of 
diamonds-on-hand increased 92 percent.12 

Southern Rhodesia—A large emerald 
crystal, 2 inches high by 3 inches across, 
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weighing 1,160 carats, was found at the 
Chikwanda mine of Rhodesia Star mines, 
Fort Victoria, Rhodesia, in late December 
1969. If a cut gem stone was produced 
from it, one appraiser estimated the gem 
could be worth $2 million. The collector, 
who has acquired it, intends to keep it 
uncut.13 

Tanzania.—Diamonds were the principal 
mineral mined and almost the entire out- 
put came from Williamson Diamonds Ltd., 
which is 50 percent Government owned. 
Prospecting for colored gem stones at- 
tracted numerous small miners in the 
northern sections for minerals such as 
tanzanite.14 

U.S.S.R.—Diamond production increased 
in 1970 and was claimed by the U.S.S.R. to 
rank second in the world. However, most 
of the output was industrial diamond, and 
was from the pipes in Yakutia near Mirny. 
Gem deposits were reported to have been 
discovered in the Turkestan mountain 
range in Uzbekistan and included tur- 
quoise, amethyst, chalcedony, jasper, and 
selenite.15 


TECHNOLOGY 


The practical aspects of the diamond 
cutter’s art, from cleaving and sawing to 
the final facetting operations were de- 
scribed; and the assistance of science was 
explained as an aid to the cutter in under- 
standing the structure and properties of 
the diamond crystal.16 

Pigmented synthetic quartz crystals of 
large size (up to 2 pounds) in citrine, per- 
idine, and cobalt blue colors, developed by 
Soviet scientists, and believed to be in- 
tended for less expensive jewelry items, 
were displayed at gem shows as crystals 
and in cut form in jewelry.17 


On May 28, 1970, General Electric Corp. 
made public its progress in developing 
man-made, gem-quality diamonds up to | 
carat in size, but the cost of their produc- 
tion exceeded that of natural stones.18 


The defects of the crystalline structure 
of a natural emerald from Muzo, Colom- 
bia, and of an artificial emerald synthes- 
ized by Gilson, were studied by X-ray. The 
study revealed zoning of strong misorienta- 
tions in the natural crystals and a high 
number of irregularities of curved grains 
in the synthetic.19 


Polarized absorption spectra of natural 
yellow, green, and blue sapphires, and of 
synthetic blue sapphires grown by the Ver- 
neuil process were studied and interpreted 
for the roles of titanium and iron in the 
resulting colors.20 


11 Bureau of Mines. ae Trade Notes. Dia- 
monds. V. 68, No. 2, pp. 

2 Mining Journal. De Be Consolidated Mines 
Ltd. Annual Report. V. 276, No. 7082, May 14, 
1971, pp. 389-395. 

13 Lapidary Journal. Giant Emerald Crystal 
Found at Ft. Victoria, Rhodesia. V. 24, No. 4, 
July 1970, p. 646. 

14 Skilling’s Mining Review. Diamonds and 
Gold Are Leading Exports of Tanzania. V. 59, 
No. 48, Nov. 28, 1970, pp. 14, 15. 

15 Mining journal. V. 276, No. 7082, May 14, 
1971, p. 391. 

16 Rainier, D. M. How Gem Diamonds are 
Fashioned. ‘Ind. Diamond Rev., v. 30, No. 358, 
September 1970, pp. 350-357. 

17 Pough, F. H. Colored Synthetic Quartz From 
Russia. Lapidary J., v. 24, No. 3, June 1970, pp. 


444-446. 
Tapidary Journal. G. E. Announces First 
Man—Made Gem-—Quality Diamonds. V. 24, No. 


4, July 1970, pp. 540-548. 

19 Schubnel, H. J., and A. Zarka. Topographie 
Aux Rayons X D’une Emeraude Naturelle et 
D’une Emeraude Artificielle. Association Francoise 
de i eae Bull. No. 25, December 1970, 
pp. 7-1 

20 Lehmann, G. and H. Harder. Optical Spectra 
of Di- and ‘Trivalent Iron in Corundum. The 
Am. Miner., v. 55, Nos. 1 and 2, January— 
February 1970, pp. 98-105. 


Gem Stones 


By Robert G. Clarke + 


Gem stone production was estimated to 
be $2.6 million dollars in 1971, an increase 
of 8 percent over 1970 figures. Individual 
collectors reported more finds of gem ma- 
terials in both quantity and value. Since 
the United States has no formal gem stone 


mining industry, activity. was principally 
the result of recreational mining by 
hobbyists. A few deposits were operated to 
produce rough material for direct sale to 
wholesale or retail outlets, or for raw ma- 
terial to manufacture finished jewelry. 


DOMESTIC PRODUCTION 


Collectors in 38 States produced gem 
materials estimated at $1,000 or more for 
each State. Of these, the following States 
supplied 78 percent of the total, in thou- 
sand dollars, as follows: Oregon, $755; Cali- 
fornia, $205; Arizona, $160; Texas $155; 
Washington, $155; Wyoming, $135; Colo- 
rado, $125; Montana, $114; Nevada, $105; 
and Idaho, $100. ; 

Emeralds from Hiddenite, N.C. made 
news in that the largest emerald crystal, 59 
carats, ever found in North America was 
discovered there August 1970. The stone 
was fashioned, cut to 13.14 carats as a 
gem, named the Carolina Emerald and dis- 
played by Tiffany’s of New York.? Reports 
of emerald. recoveries from Hiddenite were 


published in newspapers and journals.3 A 
jade boulder, 8 feet long and weighing 
over 5 tons, was taken from the Pacific 
Ocean near Jade Cove, just south of the 
town of Big Sur, Calif.¢ Similar nephrite 
boulders, weighing up to 1 ton, were re- 
ported to have been found at a site on the 
Rib River in Marathon County in 
Wisconsin.5 

Black opal from Virgin Valley, Nev., has 
an unfortunate tendency to craze. A proc- 
ess has now been developed which stabi- 
lizes the opal and allows it to become one 


‘of the most treasured gems of the world.é 


Descriptions of field trips, events, and re- 
ports of mineral and gem stone finds were 
reported in periodicals.7 


CONSUMPTION | 


Domestic gem stone output generally 
went to rock, mineral, and gem _ stone 
collections, objects of art, and jewelry. Ap- 
parent consumption of gem stones (domes- 


tic production plus imports minus exports 
and reexports) increased to $311 million, 
compared with $292 million in 1970,. be- 
cause of greater imports of diamond. 


1 Physical scientist, Division of Nonmetallic 
Minerals. 
2 Crowningshield, R. America’s Largest Faceted 


Emerald. Lapidary J., v. 25, No. 1, April 1971, 


p. 40. 

3 Knoxville (Tenn.) News-Sentinel. Rockhound 
Finds Gems in N. C. Hole. Aug. 18, 1971, p. 40. 
The State, Columbia, §. C. Raw Emeralds. Aug. 
1, 1971, p. 26A. 

4The Evening Star, Washington, D.C. $180,000 
Jade Slab. V. 110, No. 215, Aug. 3, 1971, p. A3. 

5 Kraege, H. Another Prospectors Mecca. Rocks 
and Minerals, v. 46, No. 12, December 1971, p. 


37. : : 
6 Zeitner, June C. Precious Opal from Nevada. 


Lapidary J. v. 24, No. 12, March 1971, pp. 
1534-1542. 

7Gems and Minerals. Field Trips, News Notes 
of Collecting Areas. No. 400, January 1971-No. 
411, December 1971. : 


Rocks and Minerals. Mineral Localities Infor- 


mation, Visiting Rockhounds Welcome. V. 46, 
a 1, January 1971-V. 46, No. 12, December 
1971. 


Lapidary Journal. Calendar of Events, Show 
News. V. 24, No. 10, January 1971-V. 25, No. 9, 
December 1971. 

- The Mineralogical Record. Friends of Mineral- 
ogy. V. 2, No. 1, January-February 1971-V. 2, 
No. 6, November—December 1971. 


531 


532 


MINERALS YEARBOOK, 1971 


PRICES 


During the year, representative price 
ranges for first quality, cut and polished, 
unmounted gem diamond were 0.25 carat, 
$100 to $450; 0.5 carat, $250 to $950; 1 
carat $650 to $3,000; 2 carats, $2,000 to 


$10,000; and 3 carats, $3,000 to $18,000. 
The median price for each range was 0.25 
carat, $210; 0.5 carat, $525; 1 carat, $1,600; 
2 carats, $4,500; and 3 carats, $8,700. 


FOREIGN TRADE 


Exports of all gem materials amounted 
to $132.9 million, and reexports, to $85.1 
million. Diamond was 94 percent of the 
value of each, exports and reexports. 
United States exports of diamond in 1971, 
on which work was done prior to reexport 
amounted to 349,136 carats valued at 
$125.3 million. Of this, diamonds, cut but 
unset, suitable for gem stones, not classi- 
fied by weight, were 62,904 carats valued 
at $4.9 million; cut but unset, not over 0.5 
carat, were 109,932 carats valued at $8.6 
million; and cut but unset, over 0.5 carat, 
were 176,300 carats valued at $111.8 mil- 
lion. 

Reexports of diamond, on which no 
work was done, amounted to 1,226,755 car- 
ats valued at $79.8 million in the follow- 
ing categories: Cut, but unset, suitable for 
gem stones, not classified by weight, 
1,173,727 carats valued at $65.2 million; 
cut but unset, not over 0.5 carat, 20,851 
carats valued at $4.4 million; cut but 


unset, over 0.5 carat, 32,177 carats valued — 


at $10.2 million. 

The seven leading countries for diamond 
exports and reexports combined, account- 
ing for 95 percent of the carats and 93 
percent of the value were as follows: Is- 
rael, 577,121 carats valued at $32.2 million; 
Belgium, 335,274 carats valued at $23.7 
million; Switzerland, 282,846 carats valued 
at $27.5 million; Hong Kong, 119,124 car- 
ats valued at $59.0 million; The Nether- 
lands, 117,363 carats valued at $23.8 mil- 
lion; Japan, 39,969 carats valued at $21.1 
million; and the United Kingdom 23,809 
carats valued at $3.1 million. 

Exports of all other gem _ materials 
amounted to $7.6 million. Of this total, 
pearls, natural and cultured, not set or 
strung, were valued at $0.4 million. Natu- 
ral precious and semiprecious stones, unset, 
were valued at $5.7 million; and synthetic 
stones, unset, were valued at $1.6 million. 
Reexports of all other gem materials 
amounted to $5.3 million. Reexports of 
pearls amounted to $0.3 million; of natu- 


ral precious and semiprecious stones, unset, 
to $4.9 million; and of synthetic precious 
and semiprecious stones, to $0.1 million. 

Imports of gem material increased 8 per- 
cent in value compared with that of 1970. 
Diamond accounted for 88 percent of the 
total value of gem stone imports. 

The four leading countries from which 
diamond imports came, in total carats and 
in total value were as follows: Belgium- 
Luxembourg, 1,123,193 carats valued at 
$122.7, million; the United Kingdom, 
959,516 carats valued at $120.3 million; the 
Republic of South Africa, 928,896 carats 
valued at $89.8 million; and, Israel, 717,470 
carats valued at $73.0 million. 

Imports of emeralds increased 8 percent 
in quantity and less than 1 percent in 
value. Of 33 countries supplying natural 
emeralds to the United States, India fur- 
nished 190,358 carats valued at $3.6 mil- 
lion; Brazil, 67,519 carats valued at $0.7 
million; Hong Kong, 34,818 carats valued 
at $0.4 million; and Colombia, 18,622 car- 


- ats valued at $1.3 million. These four 


countries furnished 89 percent of the 
quantity (in carats) and 78 percent of the 
value of total emerald imports. The 
United Kingdom, Switzerland, France, 
West Germany, Israel, and Italy accounted 
for most of the remainder, but the country 
of origin was unknown. 

Imports of rubies and sapphires in- 
creased 42 percent and came from 27 
countries. Seven countries accounted for 92 
percent of the value of rubies and sap- 
phires, as follows: Thailand, $4.4 million; 
India, $0.8 million; Ceylon, $0.7 million; 
Hong Kong $0.5 million; France, $0.4 mil- 
lion; Switzerland, $0.4 million; and the 
United Kingdom, $0.3 million. 

Synthetic materials, gem stone quality, 
cut but not set, amounted to $9.6 million 
in imports. From West Germany, the value 
of synthetics was $3.5 million; from Japan, 
$1.4 million; from Switzerland, $1.3 mil- 
lion; from Israel, $1.1 million; and from 
France, $0.9 million. 
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Table 1.—U.S. imports for consumption of precious and semiprecious gem stones 
(Thousand carats and thousand dollars) 


2 i ee 
1970 . 1971 
Quantity Value Quantity Value 


Se ee ee SS SSS SS See 
Diamonds: 


Stones 


Rough or uncut. __-.----------------------------°--7- 2,633 $234,164 2,742 $254,575 
Cut but unset_._..---------------------------------- 1,642 190,733 1,925 208 ,667 
Emeralds: Cut but unset_.------------------------------7-- 326 7,715 351 7,731 
Rubies and sapphires: Cut but unset _-..-------------------- NA 5,769 NA 8,206 
Marcasites_._.____-.-------------------------- 00 oon NA 4 NA 1 
Pearls: 
Natural. __.__----------------- ener re NA 371 NA 364 
Cultured. ____._----------------------- 2-2-0 r error NA 10,184 NA 6,895 
Imitation._____.--------------------------- 9-0-7 0-0-7 NA 1,493 NA 5,018 
Other precious and semiprecious stones: 
Rough and uncut__-_--------------------------------- NA 10,001 NA 3,532 
Cut but unset__.__..--------------------------------- NA 12,034 NA 18,456 
Other, n.s.p.f__..-----------------------------00 00077 NA 590 NA 134 
Synthetic: 
Cut but unset__..._..------------------- number _ 7,333 4,363 11,040 9,492 
Other_.__.--.----------------------- enn NA 526 NA 137 
Imitation gem stones-----.--------------------------- NA 8,096 NA 7,180 
Bt See eae se 
Totalicinco. Sassen ate eee Soto eee ce soeess NA 486,043 NA 525,983 


NA Not available. 
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GEM STONES 


WORLD 


Angola.—A new firm, Consorcio Mineiro 
de Diamantes (CONDIAMA), formed by 
Companhia de Diamantes de Angola 
(DIAMANG) of Lisbon, and De Beers 
Consolidated Mines Ltd. of Kimberley, Re- 
public of South Africa, was granted ex- 
clusive rights to concession areas relin- 
quished by DIAMANG_ whose rights 
originally granted in 1921 expired May 14, 
1971.8 The Angolan Government will gain 
financially from the new contracts. 

Australia—A major emerald deposit was 
opened near Poona, 430 miles northeast of 
Perth. One emerald from the deposit 
weighed 138 carats and measured 1.8 
inches by 0.8 inch.9 At Glengarry, an oval 
shaped black opal, valued at $168,000, 
measuring 2.25 inches by 1.5 inches was 
found and named the Orient Queen.1° 

Botswana.—The Orapa diamond mine 
began operations in July 1971 on a sched- 
uled treating of 8,000 tons of diamond- 
bearing ore per day.11 Gem diamond re- 
covery was indicated to be only 10 percent 
of the estimated annual yield of 2 million 
carats.12 

Burma.—The Mineral Development 
Corp., the Burmese state-owned mining 
concern, sent an exploration team to the 
Shan State following reported diamond 
finds in Mongmit township.13 Jade was 
predominant in sales at Burma’s Seventh 
Annual Gem, Jade, and Pearl Emporium 
accounting for $1.96 million of the total of 
$2.60 million. Pearl sales amounted to 
$480,000. All other gem sales amounted to 
$154,000. Jade sales, accounting for 76 per- 
cent of. the total sales, set a new record 
owing to strong demand from Hong Kong. 
No single large stones were sold.14 

Brazil—A new diamond rush started in 
Minas Gerais State when diamond stones 
were found weighing 75, 44, and 24 
carats.15 

Ceylon.—The Government set up the 
State Gem Corporation which sponsored a 
gem auction. To protect consumers, the 
State Gem Corporation initiated a proce- 
dure to issue a certificate of authenticity 
for each gem stone giving its specific grav- 
‘ity, refractive index, hardness, weight, vol- 
ume, color, and luster, together with a 
true-to-scale contact print.16 

India.—The National Mineral Develop- 
ment Corporation (NMDC) started opera- 
tions in the Majhgawan diamond pipe of 
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21 surface acres at Panna.17 Ore reserves 
down to 1,000 feet was estimated to be 55 
million tons. Although the grade is low, 10 
carats per 100 tons, the venture is profita- 
ble because of the high ratio of gem dia- 
mond to industrial diamond, about 4 to 1. 
Other areas investigated by NMDC were at 
Golconda and Kurnool in Andhra Pradesh. 
NMDC imports gem diamond from Ghana 
for cutting and reexport.18 

Ivory Coast.—Société Anonyme de Re- 
cherches et d’Exploitation Miniéres en Céte 
d'Ivoire (SAREMCI) at Tortiya south of 
Korogho, accounted for 91 percent and So- 
ciété Diamantifere de Céte d’Ivoire (SO- 
DIAMCI) accounted for 8 percent of dia- 
mond production reported in 1970. New 
equipment installed by each was expected 
to maintain the ratio in 1971.19 

Malagasy Republic—Garnets were the 
most important gem stones produced and 


were marketed for jewelry, bearings, and 


abrasives.20 De Beers Consolidated Mines 
Ltd. of South Africa concluded an agree- 
ment with the Government for prospecting 
for diamond. Under the agreement De 
Beers would analyze 20,000 samples of ore 
concentrate from the Malagasy Republic. 
The contract included Government sharing 
in any subsequent corporation.?1 


8 Bureau of Mines. Mineral Trade Notes. Dia- 
mond, Angola. V. 68, No. 12, December 1971, 
pp. 11-12. 

® Journal of Mines, Metals & Fuels (India). 
Notes and News, Emerald Mine in Western Aus- 
tralia. V. 19, No. 12, December 1971, p. 372. 

10 The Evening Star, Washington, D.C. $168,000 
A Found. V. 119, No. 190, July 9, 1971, p. 


6. 
11 Holz P. 
Canadian Mining J., v. 


Other African Countries. Botswana. 
93, No. 3, March 1972, 


p. 71. 

12 World Mining. De Beers Orapa Diamond 
Mine Starts Production in June 1971. V. 6, No. 
13, December 1970, p. 50. 

A haere Minerals (London). No. 46, July 
» p. 45. 

14 Bureau of Mines. Mineral Trade Notes. Gem 
Stones, Burma. V. 68, No. 6, June 1971, p. 5. 

18 Jewelers’ Circular-Keystone. Briefly. V. 142, 
No. 3, December 1971, p. 74. 

18 Staff, Modern Asia: Hong Kong. Gem _Coun- 
try. V. 5, No. 8, October 1971, pp. 24-27. Cey- 
lon Government Gazette, No. 14, 989/8, Dec. 23, 
1971, pp. 1JA-16A. 

17 Staff, World Mining. Diamond Mining in 
India Today. V. 24, No. 6, June 1971, pp. 34-35. 

18 Journal of Mines, Metals & Fuels (India). 
Import of African Diamonds. V. 19, No. 1, Janu- 
ary 1971, p. 25.. 

19 Bureau of Mines. Mineral Trade Notes. Ivory 
Coast. V: 68, No. 8, August 1971, p. 11. 

20 Mining Annual Review. Malagasy. June 1971, 


. 352. 
21 Bureau of Mines. Mineral Trade Notes. Mal- 
agasy Republic. V. 68, No. 7, July 1971, p. 17. 
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Nigeria——The Government published 
Decree No. 55, Diamond Trading Decree 
1971, in the Official Gazette No. 64, V. 58, 
Dec. 31, 1971.22 The Federal Military Gov- 
ernment issued the decree which contained 
15 sections. Mining, selling, buying, im- 
porting, exporting, and cutting of diamond 
was to be licensed or authorized, and vio- 
lators subject to arrest, forfeitures, and 
penalties. 

Scotland.—A short paper described areas 
for collectors of minerals, precious stones, 
and semiprecious stones in Scotland.23 A 
location map of the country was included. 

Sierra Leone——The third largest dia- 
mond ever found, 969.8 carats and valued 
at $11.7 million, was reported.24 Sierra 
Leone diamond production has a_ high 
ratio of gem diamond. The Government 
and the economy are tied to diamond pro- 
duction to a remarkable degree as trade 
data for the last three years showed. Dia- 
mond exports were about two-thirds of the 
country’s exports in value and were the 
source of 15 to 20 percent of the Govern- 
ment’s revenue. 

South Africa, Republic of.—Production 
of diamond decreased but value of sales 


537 


increased. De Beers announced a 5 percent 
general increase in prices in terms of US. 
dollars on November 1, 1971; also, the 
South African exchange rate varied be- 
tween August and December 1971.25 

South West Africa——Consolidated Dia- 
mond Mines of South-West -Africa, Ltd. 
(CDM), a subsidiary of De Beers, closed 
the sea and foreshore operations in the 
areas leased to the Marine Diamond Cor- 
poration Ltd., a subsidiary of CDM.26 

Tanzania.—Diamond was the most im- 
portant mineral mined and exported. Dia- 
mond exports in 1971 were 808,000 carats. 
Gem zoisite (tanzanite) exports amounted 
to 79,000 carats and were 36 percent of the 
total value of exports of gem stones ex- 
cluding the value of diamond. Ruby, sap- 
phire, garnet, amethyst, and tourmaline 
were other gem stone types exported. 

Venezuela.—A_ significant diamond dis- 
covery of gem quality on a 15,000 acre 
concession in the State of Bolivar was 
reported.27 Diamond production increased 
6 times in quantity and 4 times in value 
from 1965 to 1970 according to Govern- 
ment data in an article which also de- 
scribed mining methods and laws.28 


TECHNOLOGY 


A detailed description of synthetic gem 
stones and other synthetic materials was 
published.22 Diamond imitations, their 
pretensions, and some trade names were 
also described.30 

Personnel of the Hawaii Institute of Ma- 
rine Biology tested a miniature submarine 
at Makapuu Point, Oahu, in a series of 
dives to harvest precious coral of which 
the varieties included gold, pink, bamboo, 
gold bamboo, and black. The submersible 
was equipped with an arm and claw and a 
large basket.21 Union Carbide Corp.’s 
Crystal Products Department reported pro- 
duction of a giant synthetic white sap- 
phire, 28,000 carats, 3.5 inches in diameter 
and 8 inches long, the largest manufac- 
tured sapphire crystal on record, using the 
Czochralski process.32 


The damage caused by mechanically pol- 
ishing sapphire and spinel wafers was min- 
imized by chemical polishing.33 Topaz was 
described in terms of geometrical and 
electrostatic interactions.24 Tiny laser 
beams were used to burn out unsightly 
dark inclusions in diamond, a development 
for jewelers to be aware of.35 


22 Bureau of Mines. Mineral Trade Notes. Dia- 
mond; Nigeria. V. 69, No. 4, April 1972, pp. 

23 Adamson, G. F. S. The Gemstones of Scot- 
land. Mining and Minerals Engineering, v. 7, 
No. 6, June 1971, pp. 21-24. 

2% The Sunday Star, Washington, D.C. Third 
Largest Diamond Found on Conveyor in Mine 
Plant. V. 120, No..107, Apr. 16, 1972, p. D7. 

2 Statt Mining Journal, (London). Diamond 
ae Improve. 278, No. 7117, Jan. 14, 1972, 


% Mining and be aoe SC enune (London). 
Marine Diamonds. 6, June 1971, p. 25. 

27 The Wall Steel font’ Fairway Explora- 
tions Ltd. Reports Making Significant Diamond 
Find. V. 178, No. 8, July 13, 1971, p. 33. 

28 Fairbairn, W.C. Diamonds in Venezuela. 
Mining Magazine, v. 125, No. 4, October 1971, 
pp. 349-353. 

28 Webster, R. A. Comprehensive Compendium 
on Modern prone Gem Stones, Part I. Lapi- 
dary J., v. 25, No. 1, April 1971, pp. 275-280; 
Part II, Lapidary J., v. 25, No. 2, May 1971, pp. 
304-317. 

30 Sarett, M. R. The Facts About Diamond Im- 
itations. Lapidary J. v. 25, No. 5, August 1971, 
pp. 714-715. 

31 Reported by Bureau of Mines State Liaison 
Officer for Hawaii.. 

%Jron Age. Gem of a Giant and Giant of a 
om Techfront. V. 208, No. 15, Oct. 7, 1971, p. 


33 Reisman, A., M. Berkenblit, J. Cuomo, and 
$. A. Chan. The Chemical Polishing of Sapphire 
and MgAl Spinel. J. Electrochemical Soc., v. 118, 
No. 10, October 1971, pp. 1653-1657. 

34 Ribbe, P. H., and G. V. Gibbs. The Crystal 
Structure of Topaz and Its Relation to Physical 
Properties. The American pineraceie v. 56, 
January-February 1971, pp. 24— 

35 Jewelers’ Circus Bestione: Or eeeneitine New 
to Look For in a Diamond. V. 61, No. 6, p. 114. 


Gem Stones 


By Robert G. Clarke + 


Although no formal gem stone mining 
industry exists in the United States, pro- 
duction in 1972 was estimated to be 
$2.7 million, an increase of 4% over the 
value of production in 1971. Individual 
collectors accounted for most of the quan- 


DOMESTIC 


Gem stone production was estimated to 
be $1,000 or more for each of 38 States. 
The following States accounted for 77% of 
the total production, in thousands: Ore- 
gon, $793; California, $215; Arizona, $168; 
Texas, $163; Washington, $163; Wyoming, 
$142; Colorado, $131; Montana, $120; Ne- 
vada, $110; and Idaho, $105. 

The State of Arkansas purchased the 
only diamond mine area in North America 
for development as a State park.2 The 
property amounted to 867 acres, including 
the 78-acre diamond-producing crater. The 
cost was $750,000. 

A find of semiprecious tourmaline was 
reported at the Vevel Pit on Plumbago 
Mountain, near Newry, Maine. High 
value estimates were made for the find be- 
cause of the large quantity of watermelon 
tourmalines, 3 inches in diameter, 4 to 5 
inches long, green on the outside and pink 
inside. 

The Ruggles mine, near Grafton, N.H., 
the oldest mica mine in the United States, 
was reopened to tourists and rock collec- 
tors on a fee basis.4 The mine was origi- 
nally opened in 1803 and was operated for 
the production of feldspar from 1932 to 
1959. About 150 minerals have been found 
at the Ruggles mine. The list, in addition 
to mica and feldspar, includes amethyst, 
beryl, rose and smoky quartz, aquamarine, 
garnet, gummite, autunite, and zircon. 

Tourists to the Mt. Washington Valley 
area of the White Mountain National For- 
est obtained collector’s permits free of 
charge from the U.S. Forest Service Head- 


tity and value. Members of clubs in all 
States collected mineral specimens and rock 
samples. A few deposits were operated for 
the production of rough material that was 
sold directly to wholesale or retail outlets 
and sometimes to jewelry manufacturers. 


PRODUCTION 


quarters at Laconia, N.H.5 The permit al- 
lowed hobby collecting only and required 
restoring work areas. Minerals mentioned 
as collected included smoky quartz, ame- 
thyst, topaz, feldspar, mica, and other peg- 
matite minerals. 

Mines and minerals of the State of Vir- 
ginia were described in a four-part series.é 

A 10,000-pound boulder of jade was cut 
at the Majestic Jade Co., Riverton, Wyo.7 
The boulder was one of several removed 
by the company from its Verla-Irene oper- 
ations near Jeffrey City, Wyo. After cutting, 
the jade sold for an average of $10 per 
pound. 

Descriptions of field trips, events, and 
mineral and gem stone finds were reported 
throughout the year by Gems and Miner- 
als, Lapidary Journal, Mineralogical Rec- 
ord, and Rocks and Minerals. 


1 Physical Division of Nonmetallic 
Minerals. 

2 Arkansas Gazette (Little Rock, Ark.). Crater 
of Diamonds Land is Purchased by State. Mar. 
15, 1972, p. 17. 

3 Shevis, A $1 Million Value Newry Tourmaline 
Trove Is Found. Daily eee Journal, Au- 
gusta, Mallee Nov. 18, 1972, pp. 1-2. 

4 Bohlin, V. Gems To Fall From the Sky. Her- 
ald Traveler and Perey Record American (Bos- 
ton, Mass.), Sept. 6, 1972, p. 22. 

5 Morrisey, C. There’s Quartz in Them Thar 
Hills. New Sones sare News (Manchester, 
N.H.), Sept. 3, 1972, pp. 

6 Morrill P. Veda” Fines and Minerals. 
Rocks and Minerals. Part I; No. 393, v. 47, No. 
6, June 1972, pp. 363-371. Part II; Nos. 
394-395, v. 47, Nos. 7-8, July-August 1972, pp. 


scientist, 


' 435-444. Part TU; No. 396, v. 47, No. 9, Sep- 


tember 1972, pp. 515—523. Part IV; No. 397, v. 
47, No. 10, October 1972, pp. 587-596. 

7 ae Tribune (Casper, Wyo.). More To Come. 
Jan. 6, 1973. 
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CONSUMPTION 


Domestic gem stone output generally 
went to rock, mineral, and gem stone 
collections, objects of art, and jewelry. Ap- 
parent consumption of gem stones (domes- 


tic production plus imports minus exports 
and reexports) increased to $423 million, 
compared with $311 million in 1971, be- 
cause of greater imports of diamond. 


PRICES 


During 1972, representative price ranges 
for first-quality, cut and polished, un- 
mounted gem diamond were 0.25 carat, 
$100 to $400; 0.5 carat, $300 to $1,000; 1 
carat, $700 to $3,500; 2 carats, $2,000 to 


$11,500; and 3 carats, $3,500 to $25,000. The 
median price for each range was 0.25 
carat, $200; 0.5 carat, $550; 1 carat, $1,675; 
2 carats, $4,500; and 3 carats, $9,000. 


FOREIGN TRADE 


. Exports of all gem materials amounted 
to $184.9 million, and reexports, to $110.9 
million. Diamond was 93% of the value of 
exports and 92% of the value of reexports. 
U.S, exports of diamond in 1972, on which 
work was done prior to reexport, 
amounted to 371,381 carats valued at 
$172.3 million. Of this, diamond, rough or 
uncut, suitable for gem stones, not classi- 
fied by weight, was 345 carats valued at 
$18,975; cut but unset, not over 0.5 carat, 
was 63,780 carats valued at $11.5 million; 
and cut but unset, over 0.5 carat, was 
307,256 carats valued at $160.8 million. 

Reexports of diamond, on which no 
work was done, amounted to 1,430,244 car- 
ats valued at $101.9 million in categories 
as follows: Rough or uncut, suitable for 
gem stones, not classified by weight, 
1,335,606 carats valued at $79.0 million; 
cut but unset, not over 0.5 carat, 40,384 
carats valued at $7.7 million; cut but 
unset, over 0.5 carat, 54,254 carats valued 
at $15.2 million. 

The six leading recipients of diamond 
exports and reexports accounted for 94% 
of the carats and 86% of the value and 
were as follows: Israel, 609,121 carats val- 
ued at $41.0 million; Belgium, 435,075 car- 
ats valued at $28.5 million; Switzerland, 
203,209 carats valued at $37.7 million; 
Netherlands, 177,003 carats valued at $40.0 
million; Japan, 154,497 carats valued at 
$34.7 million; and Hong Kong, 112,124 car- 
ats valued at $71.1 million. 

Exports of all other gem materials 
amounted to $12.6 million. Of this total, 
pearls, natural and cultured, not set or 
strung, were valued at $0.2 million. Natu- 


ral precious and semiprecious stones, unset, 
were valued at $9.7 million; synthetic or 
reconstructed stones, unset, were valued at 
$2.7 million. Reexports of all other gem 
materials amounted to $9.0 million. Reex- 
ports of pearls amounted to $0.3 million; 
of natural precious and _ semiprecious 
stones, unset, to $8.5 million; and of syn- 
thetic or reconstructed stones, unset, to 
$0.2 million. 


Imports of gem material increased 36% 
in value compared with that of 1971. Dia- 
mond accounted for 88% of the total 
value of gem stone imports. 


The four leading suppliers of diamond 
imports were as follows: United Kingdom, 
1,334,000 carats valued at $182.2 million; 
Belgium-Luxembourg, 1,275,000 carats val- 
ued at $158.1 million; Republic of South 
Africa, 980,000 carats valued at $108.3 mil- 
lion; and Israel, 890,000 carats valued at 
$103.4 million. 


Imports of emeralds increased 63% in 
quantity and 187% in value. Of 30 coun- 
tries supplying natural emeralds to the 
United States, India furnished 276,198 car- 
ats valued at $6.2 million; Brazil, 90,483 
carats valued at $1.5 million; and Colom- 
bia, 26,635 carats valued at $7.2 million. 
Also furnishing emeralds to the United 
States, but for which the country of origin 
was unknown, were Switzerland, 31,266 car- 
ats valued at $2.3 million; Hong Kong, 
52,905 carats valued at $1.4 miilion; 
United Kingdom, 31,634 carats valued at 
$1.2 million; and France, 4,979 carats val- 
ued at $1.0 million. These seven countries 
furnished 90% of the quantity (in carats) 
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and 94%, of the value of total emerald im- Thailand, $7.3 million; Sri Lanka (Cey- 

- ports. lon) , $1.5 million; Switzerland, $1.0 mil- 
Imports of rubies and sapphires in- lion; India, $1.0 million; Hong Kong, $0.7 

creased 61% and came from 31 countries. million; France, $0.5 million; and United 

Seven countries accounted for 95% of the Kingdom, $0.5 million. 

value of rubies and sapphires, as follows: Synthetic materials, gem stone quality, 


Table 1.—U.S. imports for consumption of precious and semiprecious gem stones 
(Thousand carats and thousand dollars) 


1971 1972 
Stones —. 
Quantity Value Quantity Value 
Diamonds: 
Rough or uneut____.-_._.----_ eee 2,742 254,575 3,096 338 , 624 
Cut but unset_____-.--.-2- 22-2 eee. 1,925 208,667 2,410 288 ,055 
Emeralds: Cut but unset____..________- 2 ee 351 LA 5738 22,176 
Rubies and sapphires: Cut but unset_______._.__...___._____ NA 8,206 NA 13,172 
Marcasites 25 eth el ee 52s OS ate oe NA 1 NA 
Pearls: 
Natural? 42c22 2 ied 224 foe te oe oa NA 364 NA 571 
Cultured 2). sone eee te oe we NA 6,895 NA 7,615 
Imitation cc. Geol ces ri ah bie eye NA 5,013 NA 3,707 
Other precious and semiprecious stones: 
Rough and uncut_____________--- 2 NA 3,532 NA 6,210 
Cut but unset___..__.__-- eee NA 13 ,456 NA = 17,288 
Other, n:s:pef 2222222252025. feu le ee OU NA 134 NA 1,107 
Synthetie: 
Cut but unset_________-__--.-.--___-_____ number... 11,040 9,492 16 ,957 10,571 
OUNCE oi sos ca ee Ba et eh UG ey ee deo NA 137 NA 165 
Imitation gem stones____________._.-______.___.._.___ NA 7,180 NA 6,829 
Total. 22iScs0 25 secs cle ase oe es ke ee NA 525,983 NA 716 ,136 


NA Not available. 


Table 2.—U.S. imports for consumption of diamond (exclusive of industrial diamond), 
by country 


(Thousand carats and thousand dollars) 


1970 1971 1972 
: Rough or Cut but Rough or Cut but Rough or Cut but 
Country uncut unset uneut unset uneut unset 
Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value. Quan- Value 
tity tity tity tity tity tity 
Belgium- 

Luxembourg 64 6,572 8638 108,705 88 9,092 1,036 113,626 64 10,706 1,211 147,392 
Brazil_._____- 31 1,184 1 80 3 129 2 232) 26 3 321 
Canada._____ 2 462 1 60 ne ae 1 69 ee a 1 82 
Central 

African 

Republic... 165 5,826 ae -- 208 6,785 ates -- 207 6,587 ne os 
France______- 4 195 27 2,550 21 634 31 2,514 33 «1,564 23 «61,895 
Germany, 

West______ 2 117 4 516 1 121 2 210 =) 31 3 324 
Guyana.-_.___ 26 1,074) (4) 19 1 49 () 19 2 96 (3) 6 
India___-__-__ ae a 40 3,475 és as 80 6,429 bs -- 186 16,507 
Israel. __-.-__ 52 6,723 604 61,753 47 3,425 671 69,569 88 5,120 852 98,816 
Japan________ () 20 (2) 18 (4) 33 2 203 Be a 1 129 
Liberia.______ 6 1,893 a. i 17 3,797) Q) 66 38 1,611 (Q) 67 
Netherlands_. 23 7,886 13. +=«1,899 31 6,190 20 2,440 37 10,948 15 2,266 
Sierra Leone. = __ a 6 814 281 14,3831 4 527 =164 15,598 3 324 


South Africa, 
Republic of. 598 54,571 26 6,868 904 83,389 25 6,388 953 100,059 27 ~=8,286 


Switzerland___ 4 354 1 262 16 3,149 11 1,156 47 2,269 8 1,188 
U.S.S.R____-- ve ot 44 6,826 ae ote 24 3,324 = ak 35 =, 802 
United 

Kingdom_-__1,432 140,248 6 970 947 118,913 12. 1,366 1,302 178,659 82 3,586 
Venezuela___._ 223 6,333 =. -- 177 4,283 a -. 244 65,118 - — 
Other___--__- 6 711 6 918 (3) 255 4 529 2 237 10 «1,564 


a a ee 
Total__2,633 234,164 1,642 190,783 2,742 254,575 1,925 208,667 3,096 338 ,624 2,410 288,055 
1 Less than 4 unit. 
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cut but not set, and including others, 
amounted to $10.7 million in imports. 
From West Germany, the value of synthet- 
ics was $3.8 million; from Switzerland, $1.5 
million; from France, $1.0 million; from 
Japan, $0.9 million; and from Austria, $0.8 
million. 

Marcasites, cut, not set, and suitable for 
jewelry were imported from two countries. 
From France, the value of marcasites was 
$77,000, and from Israel, $19,000. 

Precious and semiprecious stones, rough 
and uncut, amounted to $6.2 million in 
imports. Three countries accounted for 
75% of the value as follows: Colombia, 
$2.7 million; Brazil, $1.0 million; and Aus- 
tralia, $0.9 million. 

Precious and semiprecious stones, cut 
but not set, amounted to $17.2 million in 
imports. Six countries accounted for 86% 
of the value as follows: Hong Kong, $7.8 
million; Brazil, $2.2 million; Australia, $2.2 
million; West Germany, $1.3 million; 
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Japan, $0.9 million; and Taiwan, $0.5 mil- 
lion. 

Natural pearls and parts imported from 
India were valued at $0.4 million. Other 
leading suppliers of natural pearls and the 
value of imports were as follows: France, 
$57,500; Hong Kong, $35,500; and Japan, 
$29,000. Imports of cultured pearls from 
Japan were valued at $7.3 million. Cul- 
tured pearls were also imported from 
Hong Kong valued at $112,600; from 
Burma, $89,000; and from Switzerland, 
$67,600. 

Four countries accounted for nearly 
100% of the value of imports of imitation 
pearls, as follows: Japan, $3.0 million; 
Hong Kong, $0.5 million; Taiwan, $0.2 
million; and Spain, $0.04 million. 

Of 18 countries supplying imitation gem 
stones to the United States, five countries 
accounted for 97% by value, as follows: 
Austria, $3.2 million; West Germany, $1.9 
million; Czechoslovakia, $0.8 million; Japan, 
$0.4 million; and Hong Kong, $0.3 million. 


WORLD REVIEW 


Angola.—The consortium composed of 
Companhia de Diamantes de Angola 
(45%) , De Beers Consolidated Mines, Ltd. 
(45%), and the Angolan Government 
(10%) reported the finding of two promis- 


ing and extensive kimberlite deposits in its’ 


concession area. No announcement of sig- 
nificant finds during the past year was 
made by the smaller companies. 

Australia —Australian production of natu- 
ral sapphire was the world’s largest in 
1970.9 Recovery of alluvial sapphires were 
mainly from Swanbrook Creek near Inver- 
ell and from Frazer Creek near Glen 
Innes, both in New South Wales. Domin- 
ion Mining, Ltd. commissioned a new 
$600,000 sapphire washing plant, claimed 
to be the world’s largest. The sapphires 
ranged from colorless to dark blue, blue 
green, green, yellow, and blue yellow. A 
large portion of the marketable gems 
weighed more than 1 carat each, and some 
weighed as much as 40 carats. 

Botswana.—The Orapa diamond mine, 
which became fully operational in June 
1972, was the only producer of diamonds. 
It was estimated that 85% of the diamond 
production by weight was industrial dia- 
mond, and that 50% of the value was gem 
stone. About 8,540 tons per day were 


mined from the open pit. Little addi- 
tional cost would be involved to expand 
processing by 50% should the market de- 
mand warrant the increase.10 
Brazil.—Mineragio Tejucana S.A. contin- 
ued to be the largest diamond mining op- 
eration. The company operated two 
electric bucket dredges (12- and 9-cubic- 
foot buckets) on the Jequitinhonha River 
54 miles north of Diamantina, Minas Ger- 
ais. The company also operated a suction 
dredge to remove barren sand ahead of 
the bucket dredges. Early in 1972, a large 
aquamarine weighing 65 kilograms was 
found near Ihla Grande, Municipio of 
Itaobim, Minas Gerais, and was the largest 
found in Minas Gerais since 1947. 
Burma.—Burma’s Eighth Annual Gem, 
Jade, and Pearl Emporium closed March 5, 
1972, with reported sales of US$2.3 mil- 
lion, a 12% decrease from the previous 
year’s record sales.11 Jade was the biggest 


8 Bureau of Mines. Diamond: Angola. Mineral 
Trade Notes, v. 69, No. 10, October 1972, p. 3. 

9 World Mining. Mechanization Boosts Austra- 
lian Sapphire Output. V. 26, No. 1, January 
1973, p. 55. 

10 Bureau of Mines. Diamond: Botswana. Min- 
oral Trade Notes, v. 69, No. 9, September 1972, 
p. 3. 

11 Bureau of Mines. Gem Stones: Burma. Min- 
eral Trade Notes, v. 69, No. 6, June 1972, p. 10. 
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seller, accounting for US$1.7 million in 
sales. Several Burmese press accounts com- 
mented unfavorably on the status of the 
gem industry and suggested that a better 
system should be found. A ruby deposit 
was reported 60 miles northwest of Mo- 
gong, Kachin State.12 


Guyana.—M & V Diamond Mines was 
incorporated in Canada under a Dominion 
charter with the objective of mining dia- 
monds in Guyana.13 The company quali- 
fied in Guyana on December 31, 1971. The 
company obtained five diamond _ locations 
covering a combined length of 5.5 miles on 
th Potaro and Kopinang Rivers in the 
Mazaruni Mining District, the main dia- 
mond area of Guyana. 


India—All diamond production in 1972 
was from the Panna District, Madhya Pra- 
desh. Diamond mining operations were 
controlled and supervised by the Govern- 
ment of India-owned National Mineral De- 
velopment Corporation (NMDC) in col- 
laboration with the State Government of 
Madhya Pradesh. About 82% of the pro- 
duction was gem quality. NMDC imported 
mine-run diamond from African sources 
for cutting, polishing, and reexport, which 
in 1971 amounted to US$28 million as 
imports and US$42 million as exports. 

Ivory Coast.—Diamond production was 
the only output of the mining industry in 
Ivory Coast since the stoppage of man- 
ganese ore mining in 1970.14 Société Anony- 
me de Recherches et d’Exploitation 
Miniéres en Cote d'Ivoire (SAREMCT) 
produced 250,367 carats in 1971 and aimed 
for a similar production in 1972. Société 
Diamantifere de Céte d'Ivoire (SO- 
DIAMCI) stopped activities at Sassandra 
and at Seguela. On the other hand, the 
Waston Co. put into operation in January 
1971 a processing plant that produced 
65,382 carats in 1971 and for which the 
objective in 1972 was 72,000 carats. 

Lesotho.—London and Rhodesian Min- 
ing and Land Co. (Lonrho) ceased pros- 
pecting operations at Kao in Butha Buthe 
district that it had begun in 1969 in a 
search for diamond.15 Rio Tinto-Zinc 
Corp. (RTZ) pulled out of Letseng-la- 
Terai in the Mokhotlong district after 
more than 3 years of prospecting and sam- 
pling. Lonrho spent approximately $1.25 
million and RTZ about $3.75 million on 
their respective operations. Newmont Min- 
ing Corp., which began prospecting at Kao 
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in 1971, has spent $1.9 million on its oper- 
ation. 

Sierra Leone——-The “Star of Sierra 
Leone,” a 969-carat diamond, third largest 
ever found in the world, was sold to Harry 
Winston, Inc., of New York for more than 
900,000 pounds sterling or over $2 million. 
The sale of “The Star of Sierra Leone” 
contributed greatly to the profits of the 
National Diamond Mining Co. (DIM- 
INCO). DIMINCO is 51% owned by the 
Government.16 Diamond sales represented 
more than 60% of all Sierra Leone official 
exports in 1971. The importance of the 
diamond mining industry to the economy 
resulted in further prospecting for kimber- 
lite sources by DIMINCO to offset proj- 
ected decreases in production from alluvial 
areas. 

South Africa, Republic of —The Repub- 
lic of South Africa and the Territory of 
South-West Africa combined are credited 
with over 40% of the gem-quality diamond 
output of the world in the period 1966 to 
1971.17 The De Beers group of mines, open 
pit, underground, and coastal, accounted 
for over 90% of the combined output of 
the two countries. De Beers developed a 
long-term mining plan for its mines under 
which part of the operations will be on 
standby to stretch out the lives of all the 
mines. Also, preference can be given to the 
sizes of diamond stones in demand by 
opening mines that satisfy the demand and 
by closing those that do not meet the de- 
mand. 

United Kingdom.—A comprehensive list 
of sites in England was published for 
collectors of gem stones and ornamental 
rocks.18 General locations for 18 mineral 
and rock types were shown on an accom- 
panying map. 

U.S.S.R.—V-O Almazjuvelirexport, the 


12 World Mining. Burma. Jadeite and Precious 


Stones. V. 26, No. 1, January 1973, p. 38. 

13 Northern Miner (Toronto). Form New Com- 
pany To Mine Diamonds In South America. V. 
57, No. 51, Mar. 9, 1972, p. 15. 

14 Ivory Coast Bureau of Mines and Geology. 
Translations on Africa, No. 1242. Joint Publica- 
tions Research Service, No. 57754, Dec. 12, 1972, 
pp. 16—20. 

15 Bureau of Mines. Diamond: Lesotho. Mineral 
Trade Notes, v. 70, No. 3, March 1973, pp. 3-4. 

16 Meisler, S. Diamond Digging in Sierra Leone 
is Dirty Business. The Denver Post, Sept. 28, 
1972, p. 47. 

17 Engineering and Mining Journal. Diamonds: 
One of South Africa’s Best Friends. V. 173, No. 
11, November 1972, pp. 184-185. 

18 Adamson, G. L. S. Gems and Decorative 
Stones in England. Mine & Quarry (London), v. 
2, No. 1, January 1973, pp. 35-37. 
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U.SS.R. foreign trade organization special- 
izing in diamond and jewelry exporting, 
exhibited amber products and diamonds at 
Unimart 1972, the Annual International 
Trade Fair, at Seattle, Wash.19 Represent- 
atives of U.S.S.R. claimed that the produc- 
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tion of diamond from Siberia equals that 
of the Republic of South Africa in quan- 
tity and quality. It was also claimed that 
the Kaliningrad amber fields are the larg- 
est in the world and constitute more than 
two-thirds of the world’s amber reserve. 


Table 3.—Diamond (natural): World production by country 1 
(Thousand carats) 


1970 1971 1972 p 
Country 
Gem  Indus- Total Gem Indus- Total Gem Indus- Total 
trial trial trial 
Africa: 
Angola_.....---.---- 1,797 599 2,396 1,810 603 2,413 1,171 891 1,562 
Botswana___._.___.. rA7 r417 v 464 82 740 822 360 2,043 2,403 
Central African 
Republie._..-.---- 313 169 482 288 149 437 346 178 524 
hana___-_-__--_-_--- 255 2,295 2,550 256 2,306 2,562 266 §=2,393 2,659 
Guinea e...____..-___ 22 52 274 22 52 14 25 55 80 
Ivory Coast___.--... 85 128 213 130 196 326 181 199 e 330 
Lesotho _____.___._- 4 13 17 1 6 q 1 8 9 
Liberia___._.._______ 4577 4235 4812 4582 4277 4809 532 278 e 810 
Sierra Leone 5____.___ 723 1,232 1,955 715 1,220 1,935 609 1,038 1,647 
feu pai Repub- 
ic of: 
Premier mine- --. 623 1,867 2,490 609 1,828 2,437 613 =1,841 2,454 
Other De Beers 
Company *&____ 2,615 2,140 4,755 2,162 1,769 3,931 2,291 1,874 4,165 
Other..._._..--- 520 347 867 398 265 663 466 310 T%6 
Total______.-_ 3,758 4,354 8,112 3,169 3,862 7,031 3,370 4,025 7,395 
South-West Africa, 
Territory of____.-- 1,772 93 1,865 1,566 82 1,648 1,516 80 1,596 
‘anzania__._________ 359 349 708 419 418 837 865 365 5 730 
Zaire 2222 sete 1,649 12,488 14,087 1,250 11,270 12,520 980 12,380 13,360 
Other areas: 
Brazil e__.-..---2_ 7150 r 150 r 300 r 150 r 150 r 800 155 155 310 
Guyana__.__.-.-.--- 24 37 61 19 29 48 20 29 49 
Indias.s scien ns es 17 3 20 16 3 19 17 3 20 
Indonesia ¢__...____- 14 6 20 12 3 15 12 3 15 
U.S.S.R.e.-.......... 1,600 6,250 7,850 1,800 7,000 8,800 1,850 7,350 9,200 
Venezuela. ___2__.--_ r.131 r 378 r 509 11 385 499 141 315 456 
World total___._.-- 13,297 29,198 42,495 12,351 28,751 41,102 11,867 31,288 48,155 
e Estimate. P Preliminary. r Revised. 


1 Total (gem plus industrial) diamond output of each country is actually reported except where indicated to 


be anestimate by footnote. In contrast, the detailed separate reporting of gem diamond and industrial diamond 
represents Bureau of Mines estimates in the case of all countries except Lesotho (all years), Liberia (1970 and 
1971) and Venezuela (all years), where sources give both total output and detail. The estimated distribution 
of total output between gem and industrial diamond is conjectural in the case of a number of countries, based 


on unofficial information of varying reliability. 
2 Official estimate by Government of Guinea. 


’ Exports of diamond originating in Lesotho; excludes stones imported for cutting and subsequently 


reexported. 
4 Exports for year ended August 31 of that stated. 
5 Exports. 


6 All company output from the Republic of South Africa except for that from the Premier mines; also ex- 
cludes company output from the Territory of South-West Africa and from Botswana. 


TECHNOLOGY 


A description of a technique to pan for 
diamond was published.20 By a modifica- 
tion of the method used to pan for placer 
gold, it is possible to find diamond speci- 
mens in the United States. The specific 
gravity of gold is 19.3 in the pure state 
and may decrease to 15.0 with impurities. 
The specific gravity of diamond is 3.52. 
Hence, the difference between diamond 


and quartz or common sand, specific grav- 
ity of 2.7, indicates the care to be exer- 
cised in the panning operation for dia- 
mond. The technique was used by the 


19 Barnett, C. Soviet Diamonds Mined in Siberia 
Dazzle Onlookers at Trade Fair. J. of Commerce, 
v. 313, No. 22, 762, Aug. 15, 1972, p. 3. 

20 Joque, M. S. Prospecting for Diamonds. Lap- 
idary J., v. 26, No. 10, January 1973, pp. 
1501-1507. 
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author at localities in California. In addi- 
tion, to these finds, Frank Fischer, an en- 
trepreneur now of Lake Hamilton, Ark., 
applied his knowledge of diamond identi- 
fication that he gained from 10 years expe- 
rience in the diamond fields of Minas Ger- 
ais, Brazil, to sites south of Murfreesboro, 
Ark. Mr. Fischer reported diamond finds at 
several locations. He believed that the lack 
of familiarity with diamond by most 
collectors explains the dearth of diamond 
finds in the United States. 


The quality of synthetic crystals was im- 
proved by application of computer controls 
to the growth process.21 The system was 
developed for producing the rare-earth 
garnet (gadolinium gallium garnet or 
GGG) and can be adapted to growing 
other kinds of crystals. 

At least 15 lasers were in use by dia- 
mond cutters around the world in New 
York, Antwerp, Israel, and India to in- 
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crease the value of diamond gem stones by 
100% or more.22 

A yearlong scientific study of the pat- 
ented 144-facet diamond cut showed that 
the new cut had an average brilliance 
32.2% higher than that of the conven- 
tional 58-facet cut.23 

The most valuable gem stone of the 
feldspars is moonstone. A complete descrip- 
tion of the chemical and physical require- 


ments for forming moonstone was _pre- 


sented in an article that also described 
means for proper identification.?+ 


21 American Metal Market. Crystals of Gadoli- 


nium Produced at Bell Labs. V. 79, No. 176, 
Sept. 26, 1972, p. 11. 

22 Ward, A. Pique Diamonds, Treated By Las- 
ers On The Increase In World Markets. Jewelers’ 
Circular-Keystone, v. 142, No. 6, March 1972, pp. 
98-100. 

23 Jewelers’ Circular-Keystone. 144-facet dia- 
monds more brilliant: Zeiss. V. 143, No. 3, De- 
cember 1972, p. 109. 

24 Rieman, H. M. Moonstone. Lapidary J., v. 
25, No. 11, February 1972, pp. 1560-1564. 
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By Robert G. Clarke * 


The production value of gem stones and 
mineral specimens in the United States 
during 1973 was estimated to be $2.7 mil- 
lion, essentially equal to the value of pro- 
duction in 1972. Amateur collectors pro- 
vided most of the material. A few small 


companies operated. deposits for turquoise, 
opal, jade, emerald, and sapphire. These 
small companies sold mostly to wholesale 
or retail outlets and sometimes to jewelry 
manufacturers. 


DOMESTIC PRODUCTION 


Gem stone production was estimated to 
be $1,000 or more for each of 38 States. 
The following States accounted for 76% of 
the total production, in thousands: Ore- 
gon, $700; California, $220; Arizona, $170; 
Texas, $163; Washington, $160; Montana, 
$150; Wyoming, $142; Nevada, $140; Colo- 
rado, $131; and Idaho, $110. 


The Yogo mine near Utica, Mont. was 
reopened by a new firm controlled by Sap- 
phire International Corp.’ The operation 
was described as employing 40 miners on 
two shifts, and daily ore production was 
100 to 150 tons yielding 3,000 to 5,000 car- 
ats per day of a mix of good gem stones, 
imperfect stones, and chips. The above- 
ground washing plant operated about 6 
months of the year, depending on the 
weather. Underground operations contin- 
ued year-round. The sapphires from Yogo 
Gulch are a consistent corn-flower blue 
and are brilliant under artificial light. 


Pala Properties, International, continued 
to work the Stewart Lithia mine and the 
Tourmaline Queen mine in the Pala dis- 
trict, San Diego County, Califs Good 
pockets of tourmaline matrix exhibiting 
deep rose coloring with green caps were 
uncovered in the Tourmaline Queen. 
Large tourmaline crystals, 2 inches in di- 
ameter and 434 inches long, were accompa- 
nied: by quartz crystals 4 inches in diame- 
ter and 614 inches long. The company also 
worked the White Queen mine where 
morganite was produced on an intermit- 
tent schedule and also planned to reopen 


_the Pala Chief, Esmeralda, and the Hima- 


laya mines. | 

“Benitoite, one of the rarest gem stones, 
was produced from an open-cut mine in 
San Benito County, Calif. The locality is 
near the headwaters of the San Benito 
River, about 25 miles north of Coalinga. 
Benitoite has a fire and dispersion very 
close to that of diamond; however, it has a 
hardness of 6.5 or less on the Mohs’ scale. 

Seashell and rock collectors at Miami 
Beach, Fla., found a large new source of 
material for their hobby.5 A dredging 
project to deepen the shipping channel at 
the Port of Miami yielded about 400,000 
tons of mixed material that contained a 
high percentage of coral and clam shells. 
The dredgings were put in numerous piles 
at the southern end of Miami Beach. An 
abundance of the coral and of the clam 
shells were infilled with yellow calcite crys- 
tals caused by fossilization. A mollusk pa- 
leontologist at the Rosenstiel School of 
Marine and Atmospheric Science, Univer- 
sity of Miami, estimated the fossils to have 
a range in age from 100,000 to 1 million 
years. 


ae ees eee 

1 Physical Scientist, Division of Nonmetallic 
Minerals—Mineral Supply. 

2The Mining Record of Denver, 
Yogo Mine in Montana is Reopened. V. 
34. Aug. 22, 1973, p. 2. : 

2 California Geology. Mining Activity in Cali- 
fornia, July 1972-July 1973. V. 26, No. 12, De- 
cember 1973, p. 294. 

4Schiffman, W. Mine Produces Rarest of Gems. 
San Jose Mercury-News, July 22, 1973, p. 12. 

5Gems and Minerals. Good News for Florida 
Rockhounds. No. 430, July 1973, pp- 40-41. 
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Touchstones were collected from gravel 
beds of the Coosa River System near We- 
tumpka, Ala., in Elmore County.6 Touch- 
stone, which has been used since ancient 
times by jewelers and goldsmiths, can give 
a precision of about 1 part in 100 in esti- 
mating the gold content of a gold-silver or 
gold-copper alloy. The stones from the 
Coosa River are also called tarbaby agates. 
The touchstone from the Coosa River is a 
deep velvet black variety of jasper and can 
be polished to a strikingly beautiful gem 
stone. 


Two gem-quality diamonds, 2 to 21% car- 
ats in weight, were reportedly found at the 
Crater of Diamonds State Park at Mur- 
freesboro, Ark. Mr. J. Cannon, Superin- 
tendent of the Park, commented that the 
stones were of beautiful gem quality. Find- 
ers are keepers at the Park, and hence the 
value of the stones was unknown until the 
finders report appraisals. 


Descriptions of field trips, events, and 
mineral and gem stone finds were reported 
regularly in the following publications: 
Gems and Minerals, Lapidary Journal, Min- 
eralogical Record, and Rocks and Miner- 
als. 


Domestic Gem Stone Producers.—The 
Department of the Interior has received 
many inquiries regarding producers of gem 
Stones, In response to these inquiries, the 
Bureau of Mines started an annual canvass 
in 1973. Quantity and value data were 
withheld to maintain confidentiality of the 
producers who responded to the canvass. 
The following lists producers by principal] 
gem stone reported: 


Emerald.—Big Crabtree mine, Mitchell 
County, N.C., operated by. PBH Emerald 
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Co., P.O. Box 163, Little Switzerland, N.C. 
28749. 

Jade.—Stewart mine, Kobuk Village, 
Alaska, operated by Stewart Jewel Jade 
Co., 531 4th Ave., Anchorage, Alaska 99501. 

Opal.—Royal Peacock mine, Humboldt 
County, Nev., operated by Harry W. Wil- 
son, Denio, Nev. 89404. 

Spencer Opal mine, Clark County, 
Idaho, operated by Mark L. Stetler, 1862 
Ranier Street, Idaho Falls, Idaho 83401. 
Mostly operated on a daily fee digging 
basis for amateurs. 

Sapphire.—Chaussee Sapphire mine, 
Granite County, Mont., operated by Chaus- 
see Sapphire Corp., P.O. Box 706, Philips- 
burg, Mont. 59858. 

Sapphire Village mine (Yogo Gulch), 
Judith Basin County, Mont., operated by 
Sapphire International Corp., Utica, Mont. 
59452. 

Turquoise—Blue Eye mine, Lander 
County, Nev. operated by Elmer F. Schroe- 
der, Roderick Corp., Box 6, Crescent Val- 
ley, Nev. 89821. 

Blue Jay mine, Esmeralda County, Nev., 
operated by M. C. Winfield, P.O. Box 813, 
Tonopah, Nev. 89049. 

June #1 mine, Lander County, Nev., 
operated by W. H. Coplen, Box 301, Sells, 
Ariz. 85634. 

Pinto Valley Turquoise Operation, Gila 
County, Ariz., operated by L. W. Hardy 
Co., Inc., 3809 E. Hwy. 66, Kingman, Ariz. 
86401. 

Tina Gem mine, Lander County, Nev., 
operated by R. G. Bonner, Box 948, Fal- 
lon, Nev. 89406. 

Variscite—Brown Claims, Esmeralda 
County, Nev., operated by C. R. Barbe, 
Box 187, Mina, Nev. 89422, 


CONSUMPTION 


Domestic gem stone output generally 
went to rock, mineral, and gem stone 
collections, objects of art, and jewelry. Ap- 
parent consumption of gem stones (domes- 


tic production plus imports, minus exports 
and reexports) was $423 million, equal to 
that of 1972. 


PRICES 


Prices of all gem stones increased during 
1973. Price ranges in February 1973 for 
first-quality, cut and polished, unmounted 
gem diamond were as follows: 0.25 carat, 
$100 to $425; 0.5 carat, $300 to $1,000; 1 


carat, $700 to $3,800; 2 carats, $2,300 to 
$12,000; and 3 carats, $4,100 to $25,000. 
The median price for each range in Feb- 


§ Mayo, R. Tarbaby Agate. Rocks and Miner- 
als, v. 48, No. 1, January 1973, pp. 63-64. 
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ruary was 0.25 carat, $225; 0.5 carat, $550; 
1 carat, $1,750; 2 carats, $4,750; and 3 car- 
ats, $9,500. A similar determination of 
price ranges in June 1973 was 0.25 carat, 
$100 to $450; 0.5 carat, $300 to $1,195; 1 
carat, $800 to $5,000; 2 carats, $2,200 to 
$20,000; and 3 carats, $4,500 to $35,000. 
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The median price for each range in June 
was 0.25 carat, $250; 0.5 carat, $595; 1 
carat, $2,000; 2 carats, $4,950; 3 carats 
$11,950. Price data were not ascertained in 
the latter part of 1973 because of instabil- 
ity and conflict in international political 
affairs. 


FOREIGN TRADE 


Exports of all gem materials amounted 
to $333.1 million, and reexports to $186.8 
million. Diamond comprised 94% of the 
value of exports and 93% of the value of 
reexports. U.S, exports of diamond in 1973, 
on which work was done prior to ship- 
ment, amounted to 259,119 carats valued at 
$314.2 million. Of this, diamond cut but 
unset, suitable for gem stones, not over 0.5 
carat, was 44,714 carats valued at $16.7 
million; and cut but unset, over 0.5 carat, 
was 214,405 carats valued at $297.5 million. 

Reexports of diamond, on which no 
work was done, amounted to 1,467,234 car- 
ats valued at $173.9 million in categories 
as follows: Rough or uncut, suitable for 
gem stones, not classified by weight, 
1,389,340 carats valued at $128.3 million; 
cut but unset, not over 0.5 carat, 35,579 
carats valued at $9.0 million; cut but 
unset, over 0.5 carat, 42,315 carats valued 
at $36.6 million. 

The six leading recipients of diamond 
exports accounted for 92% of the carats 
and 93% of the value and were as follows: 
Hong Kong, 69,071 carats valued at $97.2 
million; Switzerland, 59,126 carats valued 
at $52.3 million; Japan, 53,592 carats val- 
ued at $51.7 million; the Netherlands, 
30,037 carats valued at $53.9 million; Bel- 
gium, 19,878 carats valued at $30.8 million; 
and Israel, 7,395 carats valued at $6.3 mil- 
lion, The six leading recipients of dia- 
mond. reexports accounted for 94% of the 
carats and 92% of the value and were as 
follows: Israel, 636,497 carats valued at 
$70.2 million; Belgium, 403,108 carats val- 
ued at $30.7 million; the Netherlands, 
194,101 carats valued at $30.4 million; 
Switzerland, 124,715 carats valued at $19.3 
million; Japan, 15,874 carats valued at $5.8 
million; and Hong Kong, 9,075 carats val- 
ued at $2.8 million. 

Exports of all other gem materials 
amounted to $19.0 million. Of this total, 
pearls, natural and cultured, not set or 
strung, were valued at $0.5 million. Natu- 


ral precious and semiprecious stones, unset, 
were valued at $16.2 million; and synthetic 
or reconstructed stones, unset, were valued 
at $2.3 million. Reexports of all other gem 
materials amounted to $12.9 million. Reex- 
ports of pearls amounted to $0.8 million; 
of natural precious and semiprecious 
stones, unset, to $11.6 million; and of syn- 
thetic or reconstructed stones, unset, to 
$0.5 million. 


Imports of gem material from 85 coun- 
tries and territories increased 31% in value 
compared with that of 1972. Diamond ac- 
counted for 86%, of the total value of gem 
material imports. 


Most of the rough and uncut diamond 
imports were from seven countries, which 
accounted for 98% of this category as fol- 
lows: the United Kingdom, 978,553 carats, 
$225.8 million; Sierra Leone, 747,000 carats, 
$78.9 million; Republic of South Africa, 
426,881. carats, $83.7 million; Venezuela, 
296,271 carats, $9.8 million; Central Afri- 
can Republic, 190,833 carats, $7.7 million; 
Belgium-Luxembourg, 68,056 carats, $16.8 
million; and the Netherlands, 55,255 carats, 
$22.2 million. Of the imports of diamond, 
cut and unset, not over 0.5 carat, 89% was 
supplied by the following eight countries: 
Belgium-Luxembourg, 1,016,871 carats, 
$131.4 million; Israel, 774,090 carats, $106.6 
million; India, 211,061 carats, $22.8 mil- 
lion; the U.S.S.R., 27,435 carats, $5.2 mil- 
lion; France, 23,485 carats, $2.4 million; 
the United Kingdom, 18,511 carats, $1.9 
million; the Netherlands 15,158 carats, $1.7 
million; the Republic of South Africa, 
13,656 carats, $3.9 million. For diamond, 
cut and unset, over 0.5 carat, 99% came 
from the following seven countries: Bel- 
gium-Luxembourg, 142,001 carats, $45.8 
million; Israel, 77,944 carats, $21.6 million; 
the Republic of South Africa, 10,070 car- 
ats, $8.9 million; the Netherlands, 2,832 
carats, $2.4 million; India, 2,148 carats, 
$0.3 million; the U.S.S.R., 1,882 carats, $0.7 
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million; and the United Kingdom, 1,683 
carats, $0.5 million. 

Imports of emeralds increased 31% in 
quantity and 47% in value. Of 28 coun- 
tries supplying natural emeralds to the 
United States, 10 countries accounted for 
97% of the quantity as follows: India, 
412,179 carats, $6.7 million; Brazil, 148,399 
carats, $1.2 million; Colombia, 47,524 car- 
ats, $15.2 million; Hong Kong, 34,196 car- 
ats, $1.0 million; Switzerland, 27,840 carats, 
$2.9 million; the United Kingdom, 22,651 
carats, $2.3 million; Israel, 13,771 carats, 
$0.6 million; the Netherlands, 9,652 carats, 
$0.1 million; West Germany, 9,419 carats, 
$0.2 million; and Belgium-Luxembourg, 
3,478 carats, $0.2 million. 

Imports of rubies and sapphires in- 
creased 47% and came from 30 countries. 
Eight countries accounted for 90% of the 
value of rubies and sapphires as follows: 
Thailand, $11.7 million; Hong Kong, $2.5 
million; India, $1.4 million; Switzerland, 
$0.7 million; the United Kingdom, $0.6 
million; France, $0.3 million, and Israel, 
$0.2 million. 

Natural pearls and parts imported from 
India were valued at $260,000. Other lead- 
ing suppliers of natural pearls and the 


value of imports were as follows: Italy, 
$33,100; Japan, $28,600: Hong Kong, 
$18,500; Switzerland, $10,500; Burma, 


$8,300; and Taiwan, $5,300. Imports of cul- 
tured pearls from Japan were valued at 
$8.4 million. Cultured pearls, also im- 
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ported from Hong Kong were valued at 
$231,000; from Burma, $348,000; from 
Switzerland, $101,000; from France, $38,000; 
from Thailand, $22,000: from Italy, 
$19,000; from West Germany, $8,000; and 
from India, $8,000. 

The imports of imitation pearls de- 
creased two-thirds. Imports from Japan 
valued at $1.1 million comprised 85% of 
the total. Other countries from which imi- 
tation pearls were imported included: 
Spain, $78,000; Taiwan, $27,000; Australia, 
$7,000; Hong Kong, $5,000; the Republic 
of Korea, $4,000: and West Germany, 
$1,000. Smaller values also came from 
France, Switzerland, and Portugal. 

Of 17 countries supplying imitation gem 
stones to the United States, 6 countries ac- 
counted for 78% by value, as follows: Aus- 
tria, $4.0 million; West Germany, $2.8 mil- 
lion; Czechoslovakia, $0.8 million; 
Switzerland, $0.5 million; Japan, $0.3 mil- 
lion; and Denmark, $0.1 millicn. 

Synthetic materials, gem-stone quality, 
cut but not set, and others, decreased 
about 3% in value. From West Germany, 
the value of synthetics was $4.8 million; 
from Switzerland, $1.2 million; from 
Japan, $1.0 million; from France, $0.8 mil- 
lion; from Taiwan, $0.7 million; from Is- 
rael, $0.5 million; from Hong Kong, $0.4 
million; from Belgium-Luxembourg, $0.3 
million; and from Austria, $0.2 million. 
These nine countries accounted for 98% of 
synthetic gem imports. 


Table 1—U.S. imports for consumption of precious and semiprecious gem stones 


(Thousand carats and thousand dollars) 


1972 1973 


Stones 


Quantity Value Quantity Value 
Diamonds: 


Rouge OP UNCUL 25 )2 ee ea eo ne Oe ellen 


Cut 


Natural: 2252 s202 Set teeta es Sd a, 


Imitation__._______. | 
Other precious and semiprecious stones: 
t 


Other n.s.p.f 
Synthetie: 


Total 


NA Not available. 
1 Adjusted by the Bureau of Mines. 


Se 3,096 338,624 12,821 1460,198 
eee hte 2,410 288,055 2,360 360 , 892 
eb ae 573 22,176 749 32 ,600 
eae NA 13,172 NA 19 ,336 
penne NA 96 NA 28 
credeend sets NA 571 NA 368 
Been te es NA 7,615 NA 9 232 
Die hea NA 3,707 NA 1,257 
ie Be, NA 6,210 NA 5,859 
Joes NA 17,288 NA 25,043 
ete ot eras NA 1,107 NA 1,582 
number __ 16,957 10,571 16 ,365 10,066 
Rae ee N 165 N 341 
ne aes NA 6,829 NA 10,906 
4 eh NA 716,136 NA 937 ,658 
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Marcasites, cut but not set, and suitable 
for jewelry were imported from four coun- 
tries: Israel, $23,125; Switzerland, $3,644; 
Hong Kong, $850; and the United King- 
dom, $450. 

Precious and semiprecious stones, rough 
and uncut, amounted to $59 million in 
value of imports. Seven countries ac- 
counted for 92% of the value as follows: 
Colombia, $2.4 million; Brazil, $1.3 mil- 
lion; Australia, $0.8 million; the United 
Kingdom, $0.3 million; the Republic of 
South Africa, $0.3 million; Mozambique, 
$0.2 million; and Hong Kong, $0.1 million. 

Precious and semiprecious stones, cut 
but not set, amounted to $25.0 million. 
Eleven countries accounted for 94% of the 


WORLD 


Angola.—Companhia de Diamantes de 
Angola (DIAMANG), the only diamond 
producer, reported an increase in export 
value in 1972 of 4% to $634 million 
owing to an increase in the percentage of 
gem stones produced.? The quantity of 
diamond exported in 1972 decreased 6% to 
2.2 million carats. All diamond exports go 
to metropolitan Portugal. The Consorcio 
de Diamantes de Angloa, the consortium 
of DIAMANG and De Beers interests that 
inherited all but 50,000 square kilometers 
of DIAMANG’s former concession area, 
continued active exploration. A number of 
promising kimberlite deposits were found, 
but no plans were made for immediate ex. 
ploitation. 

Australia.—Large deposits of high-qual- 
ity nephrite jade were discovered near 
Cowell, a town in the east coast of Eyre 
Peninsula, about 125 miles northwest of 
Adelaide, South Australia A newly 
formed company, Jade Australia Proprie- 
tary Ltd., Adelaide, was reported to have 
extensive proven reserves. 

According to Australian sources, its 300 
sapphire mines produce sapphires valued 
at $15 million and account for 80% of the 
world volume of sapphire and 50% of the 
world sapphire value.9 

Botswana.—Development of a _ second 
large diamond mine is expected.10 The 
Government of Botswana and De Beers 
Botswana Mining Co., discussed develop- 
ment of the DK 1 kimberlite pipe 25 miles 
southeast of the existing Orapa mine, 
which currently produces 2.4 million carats 
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value as follows: Hong Kong, $9.4 million; 
Australia, $3.4 million; Brazil, $3.1 million; 
West Germany, $1.9 million; Iran, $1.4 
million; Taiwan, $1.4 million; Japan, $1.0 
million; Sri Lanka, $0.5 million; Mexico, 
$0.5 million; India, $0.5 million; and 
Switzerland, $0.5 million. 

Coral and cameos, cut but not set, were 
imported from Italy, $1.2 million; from 
Japan, $0.5 million; and from Taiwan, $0.3 
million. Minor quantities of coral and ca- 
meos were also imported from the United 
Kingdom, France, West Germany, Switzer- 
land, Israel, Singapore, the Philippine Re- 
public, Hong Kong, the People’s Republic 
of China, Australia, and Egypt. 


REVIEW 


worth about $30 million per year. The 
mine at DK 1 could be operating within 
18 months after agreements are reached. 


Burma.—Burma’s Ninth Annual Gem, 
Jade, and Pearl Emporium was held Feb- 
ruary 19-24, 1973. Jade sold amounted to 
$4,307,000; gems, to $281,000; and pearls, 
to $1,247,000. The total amounted to 
$5,835,000, a record high. The increase was 
due primarily to rising world prices of 
jade rather than an increase in the quan- 
tity of jade, or gems, or pearls. Attendance 
was by 12 countries, 151 firms, and 219 
persons. Hong Kong buyers took 119 lots 
of jade out of the 156 lots sold. The Peo- 
ple’s Republic of China delegation bought 
27 lots of jade, and Japanese buyers 
bought 9 lots. One bidder from the United 
States bought one lot of jade. Neither 
gems nor pearls were bought by USS. bid- 
ders. Motivated by the success of the 
Ninth Emporium, the Government held a 
special emporium in August 1973 for jade 
and pearls, omitting gem stones. At the 
special emporium, jade sales amounted to 
$5.3 million. Hong Kong dealers monopo- 
lized the buying of jade, accounting for 72 
lots of the 81 sold. Burmese authorities as- 
sert that reserves of jadeite are adequate 


7U.S. Bureau of Mines. Angola. Mineral Trade 
Notes, v. 70, No. 8, August 1973, pp. 8-9. 

8Stone, J. Massive Jade Discovery in South 
Australia. Calif. Min. J., v. 42, No. iJ, July 
1973, p. 24. : 

® Jewelers’ Circular-Keystone. Briefly. Australia 
Becomes a Major Source of Sapphires. V. 64, No. 
3, December 1973, p. 97. . 

10 Engineering and Mining Journal. In Africa. 
Botswana. V. 174, No. 12, December 1973, p. 
127. 
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and that prospects are good for locating 
additional deposits. 

Canada.—Pacific Jade Industries, opera- 
tors of all nephrite jade mines near Ogden 
Mountain, British Columbia, reported 1972 
jade sales of nearly $200,000, over half of 
which was sold to the People’s Republic of 
China.11 Exports to other countries in- 
cluded West Germany, Hong Kong, Singa- 
pore, and Japan. The most precious jade 
is generally apple-green in color, translu- 
cent, free of flaws, and free of color varia- 
tions, Variations in color can be almost 
white or black and all shades of green in 
between. The value of jade sold ranged 
from $1 to $30 per pound, averaging about 
$3.30 per pound. In addition to selling 
crude jade, Pacific Industries also marketed 
finished pieces ranging from inkstands and 
paper weights to works of art. 

Central African Republic.—Cominco, 
Ltd., a Canadian company and Diamond 
Distributors, Inc., of New York formed a 
new company, Société Centraficaine d’ Ex- 
ploitation Diamantifere, to conduct dia- 
mond mining and exploration in the Cen- 
tral African Republic.12 Cominco, which 
has the majority interest, will manage the 
new company and provide technical direc- 
tion; Diamond Distributors, Inc., will be 
responsible for marketing. In the Central 
African Republic, 60% of the amount of 


Net imports of rough 
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diamond recovered is from the Upper 
Sangha (Carnot, Berberati, and Nola re- 
gions); the remainder is from the north- 
ern (Bamingui-Bangoran) and_ eastern 
(Haute-Kotte) areas.13 About 45,000 work- 
ers were employed in 1973 to gather dia- 
mond from alluvial deposits. 

Colombia.—The Government-owned em- 
erald mines at Muzo, Coscuez, and Pena 
Blanca were closed in July 1973 and the 
operations landfilled to conserve the un- 
mined emeralds. The emerald mine areas 
were placed under Colombian Army con- 
trol. Negotiations were underway between 
the Ministry of Mines and private opera- 
tors to arrange the reopening of the mines. 
The amount of security to be exercised by 
the Army to protect the operations was an 
important item. The export of emeralds 
accounted for more than half of the value 
of mineral exports from Colombia up to 
the time of the mine closures. 

Israel— The growth in the imports and 
exports of gem stones, particularly dia- 
mond, has been explosive. The main rea- 
sons have been the continual turmoil in 
exchange rates, and worldwide inflation. 
People are actively seeking a reliable item 
of value and a hedge against inflation. 
Gem stones, most of all diamond, fill the 
need. The following tabulation indicates 
the growth pattern: 14 


Net exports of polished 


Year gem diamond diamond 
ea Airs ari ok 
Carats Value Carats Value 
1970_._.-------------------------------- 8,624,027 $154,361,873 1,501,265 $202,040,738 
197 oe ee ee ee ee Seki 5,292,715 224,065,256 1,874,685 265 ,269 ,576 
9% 2ooe loc ele oe he eee cee ee 6,176,605 316,059,884 2,296 , 829 385,691,783 
1978... woe eee he nice --3-4--565 6,587,698 448,020,973 2,445 ,092 556,754,004 


The value of diamond exports to the 
United States increased 78% from $74 mil- 
lion in 1971 to $132 million in 1973; how- 
ever, the share of the exports to the 
United States decreased from 28% in 1971 
to 24% in 1973. After the United States, 
Japan, Hong Kong, the Netherlands, Switz- 
erland, Belgium, and West Germany, in 
that order, were the major recipients of 
‘diamond exports for 1971 through 1973. In 
September 1973, diamond enterprises num- 
bered 649 and the employees numbered 
9,857. 

Lesotho.—As part of a continuing effort 
by the Lesotho National Development Corp. 
(LNDC) to revive commercial interest in 
diamond mining, De Beers Consolidated. 


Mines, Ltd., was granted permission to 
conduct a 6-month evaluation of the Let- 
seng-la-Terai diamond pipe in the Mok- 
hotlong District.15 This site was aban- 
doned by Rio Tinto Zinc Corp. in 1972, 


11 Fish, R. H. East and West Meet at B. C. 
Jade Mine. Northern Miner, v. 59, No. 37, Nov. 
29, 1973, p. 44. . 

j2.Northern Miner (Toronto). Cominco to 
Mine Diamonds in Central African Republic. V. 
39, No. 37, Nov. 29, 1973, p. 32. 

13 Translations on Africa. Central African Re- 
public. 1972 Mining Statistics Show Diamond 
Production Recovering. JPRS July 23, 1973. No. 
1340. p. 1. 

14 Israel, State of. Annual Report for the Year 
1973. Ministry of Commerce & Industry, Diamond 
Department, February 1974, 27 pp- 

15 U.§. Bureau of Mines. Diamond: Lesotho. 
Mineral Trade Notes, v. 70, No. 9, September 
1973, p. 5. 
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and Newmont Mining Corp. cancelled a 
similar effort earlier this year at Kao in 
the Butha Buthe District. However, subse- 
quent evaluations made of the stones in 
those areas have shown the diamond to be 
of higher value than originally appraised. 

Sierra Leone.—Diamond exports contin- 
ued to be the main source of revenue for 
Sierra Leone for 1972 and 1973. World 
prices which began rising in 1972 were 
still rising in 1973. The National Diamond 
Mining Corp. (DIMINCO) increased _ its 
work force to recover as much diamond as 
possible from its alluvial deposits. Dia- 
mond production was not tied to long- 
term price contracts as were other miner- 
als, therefore revenue to the Government 
of Sierra Leone increased as diamond 
prices increased. 


Table 3.—Diamond (natural): 
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Sri Lanka—The State Gem Corp. a 
Government-owned company, introduced 
an incentive program to encourage market- 
ing of privately held gem materials. The 
incentive program was so successful that 
receipts to the Government increased more 
than twentyfold for the ‘period January— 
July 1973 compared with those of the 
Similar period in 1972. Many lovely gem 
Stones are produced in Sri Lanka, but 
worldwide high _ prices applied at the 
source by the State Gem Corp. discouraged 
buyers from the United States.16 

South Africa, Republic of —The Central 
Selling Organization reported 1973 dia- 
mond sales of $1,290 million, an increase 


*6 Pough, F. H. Ceylon: Island of Gems. Jewel- 
ers’ Circular-Keystone, v. 144, No. 5, February 
1974, pp. 77-79. 


World production, by country 1 


(Thousand carats) 


1971 1972 1973 Pp 
—_—— eee 


Country 
Gem Indus- Total 
ri 


Gem Indus- Total Gem Indus- Total 


trial trial trial 
Africa: 


Angola__.._.-- | 1,810 603 2,418 1,616 539 2,155 1,594 531 2,125 
Botswana___________ 82 740 822 360 2,048 2,403 3862 2,054 2,416 
Central African 

Republie__________ r 304 7164 r 468 346 178 524 251 129 380 

hana____.________ | 256 2,306 2,562 266 2,393 2,659 232 82,085 2,317 
Guineae___.--___ 2 52 74 25 55 80 25 55 80 
Ivory Coast_________ 130 196 326 134 200 334 120 180 300 
Lesotho 2___.________ 1 6 7 1 8 9 1 9 e10 
Liberia_.._-_________ 3 532 3277 3 809 3414 3350 3764 450 370 e 820 
Sierra Leone_________ 7778 *1,168 +1,946 720 1,080 1,800 4670 41,000 ©41,670 
South Africa, Republic 

of: 

Premier mine. ___ 609 1,828 2,487 618 1,841 2,454 625 1,876 2,501 
Other de Beers 
Co. $e 2,162 1,769 3,931 2,289 1,872 4,161 2,368 1,938 4,306 
Other_._________ 398 265 663 468 312 780 455 303 758 
Total___._____ 3,169 3,862 7,081 3,370 4,025 7,395 3,448 4,117 7,565 
South West Africa, 

Territory of_.______ 1,566 82 1,648 1,516 80 1,596 1,520 80 1,600 
Tanzania__._._______ 419 418 837 4326 4325 4651 290 290 e 580 
Zaire__._--...__ 71,274 +11,469 12,748 1 ,339 12,051 13,390 1 ,294 11,646 12,940 

Other areas: 

Brazil e_..-.-22 150 150 300 155 155 310 160 160 320 
Guyana_____________ 19 29 48 20 29 49 21 31 e 52 
India_.___._______ 16 3 19 17 3 20 18 3 21 
Indonesia e__________ 12 3 15 12 3 15 12 3 15 
U.S.S.R.e.. 1,800 7,000 8,800 1,850 7,350 9,200 1,900 7,600 9,500 
Venezuela_____._____ 114 385 499 141 315 456 241 537 118 

World total_.______ 712,454 728,918 41,367 12 ,628 31,182 48,810 12,609 30,880 43,489 

e Estimate. P Preliminary. t Revised. 


1 Total (gem plus industrial) diamond output for each country is actually reported except where indicated 


to be an estimate by footnote. In contrast, the detailed separate reporting of gem d 


(1971 and 1972), and Venezuela (1971 and 1972), where sources give both total output and detail. The esti- 
mated distribution of total output between gem and industrial diamond is conjectural in the case of a number 
of countries, based on unofficial information of varying reliability. 


2 Exports of diamond originating in Lesotho; 
reexported. 

3 Exports for year ending August 31 of that stated. 

4 Exports. 


excludes stones imported for cutting and subsequently 


5 All company output from the Republic of South Africa except for that from the Premier mine; also excludes 
company output from the Territory of South West Africa and from Botswana. 
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of 40%, over those of 1972. No breakdown 
of quantity of gem stones or value of gem 
stones versus the quantity and value of in- 
dustrial stones was given. De Beers sus- 
pended operations at some mines in favor 
of operations at other mines to adjust pro- 
duction to meet demand.i17 Consumer de- 
mand worldwide in 1973 was mostly for 
1.0 carat stones and resulted in a surplus 
of small stones weighing less than 14 carat. 
A marketing program was developed for 
use of smaller stones to accentuate other 
gem stones in jewelry settings. 
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Zaire-—On November 30, 1973, the Gov- 
ernment of Zaire announced that compa- 
nies formerly operated by a Belgian group, 
FORMINIERE, would be taken over 
100%. Included in this group was the dia- 
mond mine of the Société Miniére de Bak- 
wanga (MIBA) located at Mbuji Mayi, 
East Kasai Region. The MIBA mine pro- 
duces over 12 million carats of diamond 
annually, nearly all industrial diamond, 
and is a major foreign exchange earner for 
Zaire. MIBA employed about 4,000 workers 
in East Kasai in 1973. 


TECHNOLOGY 


The Diamond Grading Laboratory, Lon- 
don, England, developed a method for pos- 
itive identification of individual diamond 
gems.18 The method utilizes the range of 
color in diamond, approximately 1,000 
hues, and the characteristics of flaws and 
inclusions commonly found in all diamond. 
A full “fingerprint” dossier, including a 
color photograph, was recommended for 
all stones 1 carat and over, for an approxi- 
mate cost of $75 each. 


Another utilization of diamond charac- 
teristics was developed for identifying the 
source, or area in the world, from which a 
diamond came. The De Beers Diamond 
Research Center, Johannesburg, Republic 
of South Africa, compiled a set of 150,000 
physical observations of diamond from var- 
ious parts of the world for use in estab- 
lishing the identifying traits.1® 

Geologists have believed that high pres- 
sures and temperatures were necessary for 
the growth of diamond. Laboratory efforts 
using high pressure and temperatures were 
proven successful, first by General Electric 
Co. research workers and subsequently by 
many others. However, a review of all 
available data disclosed that other condi- 
tions may foster the growth of diamond.20 
Information gained from patent literature 
and from laboratory experiments was used 
to present a new theory on the growth of 
both natural and synthetic diamond. Ac- 
cording to the -theory, the essential re- 
quirement is a set of conditions that will 
provide a source of individual carbon 
atoms that exist in excited states. This 
theory attempts to explain why diamond is 
not present in the lower regions of kim- 
berlite pipes, and why some kimberlite 
pipes have no diamond present. Although 


high pressure and high temperature used. 
by the earlier experimenters provided a set 
of conditions that presented carbon atoms 
in an excited state, the passage of an elec- 
tric current in the presence of catalytic 
contaminants was needed to complete the 
transformation to diamond. 

Nephrite jade has a hardness of 614 on 
the Mohs’ scale and jadeite jade has a 
hardness of 7. However, the hardness is 
not an indication of the toughness, or the 
resistance to breakage. In addition to the 
two jades, a number of minerals were 
measured for relative toughness even 
though no widely accepted scale exists.21 
For comparison, carbonado diamond was 
found to be the toughest mineral. Of all 
other natural minerals, nephrite jade 
measured highest in resistance to breakage, 
and jadeite was ranked next, a sequence 
which is the reverse of their accepted rela- 
tive hardness. In fact, the two jades ex- 
ceeded most commercially available ceram- 
ics. Only ultrahigh strength, hot-pressed. 
oxides and nitrides used for cutting tools 
and turbine vanes exceeded the two jades 
in toughness. 

The most attractive of current imita- 
tion diamonds is a well-made doublet 


11 Forbes. De Beers. V. 112, No. 2, July 15, 
1973, pp. 62-64. 

18 Black, §. Diamond: Position Secure As Queen 
of the Gems. The Financial Times, London. No. 
25,968, Feb. 7, 1973, pp- 18-19. . 

19 De Beers Consolidated Mines Limited. 1973 
Annual Report. P. 23. 

2 Wilson, W. D. On the Growth of Diamond, 
Part I-A—Modern Theory. Lapidary J., v. 27, 
No. 6, September 1973, pp. 982-984. On the 
Growth of Diamond, Part IIl—Growth of Dia- 
mond at Low Pressure. Lapidary J., v. 27, No. 
7, October 1973, pp. 1096-1098. 

4 Bradt, C., J. ‘V. Biggers, and R. C. 
Newnham. The Toughness of Jade. Am. Mineral- 
rein 58, Nos. 7-8, July-August 1973, pp. 

27-732. 


556 


which combines the virtues of two 
synthetics.22 A sapphire crown provides 
durability to the exposed area, and a 
strontium titanate pavillion provides fire 
and brilliance. The juncture may be at the 
girdle or it may be just below the girdle. 
The plastic cement used to join the crown 
and pavillion is resistant to almost any- 
thing likely to be encountered except 
steam cleaning. 

All phases of faceting require equipment 
to be properly prepared and also require a 
skillful artisan. The proper procedure for 
dopping gems for facet cutting was de- 
scribed for a variety of minerals.23 

The term “cameo” applies particularly 
to a stone, shell, glass or other hard sub- 
stance upon which a design has been 
carved. A comparison was made of meth- 
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ods used to carve antique cameos and cur- 
rent methods are thoroughly illustrated by 
examples in color photography.24 

Pierre Gilson, one of the leading produc- 
ers of synthetic emeralds, submitted a 
3.5-carat synthetic black opal to the Gem- 
ological Institute of America for 
€xamination.25 The specimen was de- 
scribed as “absolutely beautiful.” The rep- 
resentatives of Gilson claimed that stones 
as large as 20 carats may be available in 
the future. 
a eae 

2 Pough, F. H. The Simulated Diamond Story. 
Jewelers’ Circular-Keystone, vy, 163, No. 10, July 
1973, pp. 146, 162-170. 

3 Grieger, J. Faceting Know-How. Grieger J., v. 
1, No. 2, May 1973, pp. 1, 11. 

4 Williams, J. D. Cameos. Miner. Digest, vy. 2, 
2d. Quarter, 1973, pp. 42-51. 


ewelers’ Circular-Keystone. Gilson’s New 
Triumph. V. 144, No, 2, November 1973, p. 91. 
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Robert G. Clarke + 


The production value of gem stones and 
mineral specimens in the United States 
during 1974 was estimated to be $4.6 mil- 
lion, an increase of 70% over that of 1973. 
Most of the value was contributed by the 
few companies which operated deposits for 
emerald, jade, opal, sapphire, and tur- 


quoise. Amateur collectors were important: 
even though their total contribution was 
surpassed by the commercial operators. 
The commercial operators sold mainly to 
wholesale or retail outlets and occasionally 
to jewelry manufacturers. 


DOMESTIC PRODUCTION 


Gem stone production was estimated to 
be $1,000 or more for each of 39 States. 
The following States accounted for 70% 
of the total production value in thou- 
sands: Arizona, $1,500; Oregon, $500; 
Montana, $400; Nevada, $400; California, 
$220; and New Mexico, $200. 

Gem stones are considered as one of the 
reliable items of value sought by people as 
a hedge against inflation. Added to this 
demand, the recent tremendous increase in 
American Indian jewelry has stimulated 
the turquoise mining industry to new rec- 
ords in value of output. 

The Fairburn agate received its name 
from the town in which it was found first, 
Fairburn, S. Dak. Fairburns are beautiful 
agates noted for many fine lines in the 
pattern and brilliant natural colors. Be- 
cause of the sharp contrasts of red, white, 
yellow, and black bands, they are often 
considered the world’s most beautiful 
agates. Good ones sell for $5 to $100 per 
pound. Two articles described the collect- 
ing areas.” 

Cape May “diamonds” are little quartz 
pebbles washed onto New Jersey beaches.* 
These are sold in most Cape May souvenir 
shops. In addition to beachcombing for 
the “diamond” quartz pebbles, collectors 
also gather pebbles of citrine, rose quartz, 
amethyst, smoky quartz, unakite, jasper, 


basanite, ilmenite, zircon, and various fos- 
sils of shellfish. 

Several good quality diamonds, up to 2 
carats in weight, were found at the Crater 
of Diamonds State Park in Arkansas, ac- 
cording to reports from park authorities. 


Some of the world’s finest sparkling 
quartz crystals are found in northern and 
western Arkansas where the collecting lo- 
calities are numbered by the dozens.* Ama- 
teurs are permitted to collect at the com- 
mercial mine described. The record clear 
crystal from the operation measured 57 


_inches in length and 37 inches in width. 


Descriptions of field trips, events, and 
mineral and gem stone finds were reported 
regularly in the following publications: 
Gems and Minerals, Lapidary Journal, 
Mineralogical Record, and Rocks and Min- 
erals. 


The quantity and value of emerald, 
jade, sapphire and tourmaline produced 


oe scientist, Division of Nonmetallic Min- 
erals. 
2 Linde, M. Collecting Fairburn Agates. Gems 
and Minerals, No. 439, May 1974, pp. 22-23. 
Josiassen, S. Rockhound Paradise. Gems and 
inerals, No. 439, May 1974, p. 23. 
* Thomas, C. A. Bonus Trips in the Capé May, 
a baad Area. Gems and Minerals, No. 445, pp. 


4 Broughton, P. L. Rock Crystal Clusters From 


Coleman Crystal Mine Near Hot Springs, Arkansas. 
OT ea Journal, v. 28, No. 4, July 1974, pp. 724 


593 


594 


domestically were withheld to maintain 
confidentiality. About 9 tons of rough opal 
was produced and was valued at $68,000. 
The production of turquoise of all grades 
and qualities was nearly 160 tons valued 
at $2.0 million. Producers of gem stones in 
the United States, by principal gem stone 
reported, were as follows: 

Emerald—Big Crabtree mine, Mitchell 
County, N.C., operated by PBH Emerald 
Co., P.O. Box 163, Little Switzerland, 
N.C. 28749. 

Jade.—Stewart Jewel Jade mine, Kobuk 
Village, Alaska, operated by Stewart Jewel 
Jade Co., 531 4th Ave., Anchorage, Alaska 
99501. 

Opal.—Jeppesen and Wilson mine, Clark 
County, Idaho, operated by’ Jeppesen, 
Wilson, and others, Rt. 2, Box 162, Idaho 
Falls, Idaho 83401. Operated on a daily 
fee-digging basis for amateur collectors. 

Lorrie Lee mine, Humboldt County, 
Nev., operated by Charles L. Eddy, 10799 
Sherman Grove, Sunland, Calif. 91040. 

Royal Peacock mine, Humboldt County, 
Nev., operated by Harry W. Wilson, Denio, 
Nev. 89404. . 

Spencer Opal mine, Clark County, 
Idaho, operated by Mark L. Stetler, 1862 
Ranier St, Idaho Falls, Idaho 83401. 
Operated on a daily fee-digging basis for 
amateur collectors. 

Sapphire.—Chaussee Sapphire mine, Gran- 
ite County, Mont., operated by Chaussee 
Sapphire Corp., P.O. Box 706, Philipsburg, 
Mont. 59858. Also sold unscreened material 
to tourists during the summer months. 

Sapphire Village mine (Yogo Gulch), 
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Judith Basin County, Mont., operated by 
Sapphire International Corp., Box 30, 
Utica, Mont. 59452. 

Tourmaline.—Plumbago Gem mine, Ox- 
ford County, Maine, operated by Plum- 
bago Mining Corp., P.O. Box 366, Con- 
gress Street, Rumford, Maine 04276. 

Turquoise.—Aurora mine, Lander County, 
Nev., operated by Carico Lake Mining Co., 
P.O. Box 3426, Albuquerque, New Mexico 
87110. 

Blue Jim mine, Lander County, Nev., 
operated by James Elquist, Box 255, Battle 
Mountain, Nev. 89820. 

Cortez Canyon mine, Lander County, 
Nev., operated by Nevada King Turquoise 
Co., P.O. Box 21, Searchlight, Nev. 89046. 

Duval mine, Mohave County, Ariz., 
turquoise operations by L. W, Hardy Co., 
Inc., 3809 E. Highway 66, Kingman, Ariz. 
86401. 

Pinto Valley mine, Gila County, Ariz., 
operated by L. W. Hardy Co., Inc., 3809 
E. Highway 66, Kingman, Ariz. 86401. 

Red Mountain Turquoise mine, Lander 
County, Nev., operated by Donald B. 
Potts, Box 629, Tonopah, Nev. 89049. 

Shoshone mine, Lander County, Nev., 
operated by Lombardo Turquoise Milling 
and Mining Co., Box 148, Austin, Nev. 
89310. 

Tina Gem mine, Lander County, Nev., 
operated by Richard G. Bonner, Box 948, 
Fallon, Nev. 89406. : 

Villa Grove Turquoise mine, Saguache 
County, Colo., operated by Clayton C. 
Musick, Box 101, Villa Grove, Colo. 
81155. 


CONSUMPTION 


Domestic gem stone output went to 
amateur and commercial rock, mineral, and 
gem stone collections, objects of art, and 
jewelry. Apparent consumption of gem 


stones (domestic production plus imports, 
minus exports and reexports) was $401 
million, about 5% less than that of 1973. 


PRICES 


Typical costs to a retail jeweler for a 
2-week period in December 1974 for rep- 
resentative gem stones, based on a survey 
of dealers in all parts of the United States, 


were as follows: 


5 Jewelers’ Circular-Keystone. JC-K’s Colored 
Sone Price Index. 45, No. 5, February 1975, 
p. 51. 
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Carat Median price Price range 
Gem stone weight per carat per carat 
Amethyst: c222220402- 2 sci seve sutos sess ees as 10 $12 $8-$20 
Aquamarine: -_-222202 0222420 cee oe ee co 8 95 60-200 
. Black opal 222 cosen Wee en ee 3 800 200-—1,500 
Cat sseye on oe ee a ee 10 1,000 600-5,000 
Citrine: 2002-4 ee ee 10 -50 4— 
Bmerald i222 225252 we oe 1 1,100 500-7,000 
Green garnet ~_ -- 22 ee 1 275 150-400 
Man’s sky blue star ______________ 10 200 80-1,000 
Peridot: :222-2 2 vn eh Soca 15 40 25-60 
Ruby” 22222 S322 2 a re BES 2 800 350—15,000 
Sapphire... = see ee 2 500 250-2, 200 
Tanzanite... 2222 -o 2 2222 oe eS 5 220 200-500. 
Tourmaline: :_ 29). 5225 en oe ee 10 35 20-75 
White/opal fiery ~_..______-_______ 5 80 35-100 


Sr astaine prices, wholesale, per pound, 
Kingman, Ariz., were as follows: 


Natural turquoise 
Low- Medium- 
grade grade 


High- 
grade 


Kingman 
mine — $80 $100-125 cae 
Castle 
Dome 
mine . 80 100-125 150-200 
Treated, cutting-grade turquoise 


Grade 1—Blue ~_____________ 60 

Grade 1—Blue Green —~_______ 40 

Grade 1—Green ~____________ 30 
FOREIGN 


Exports of all gem materials amounted 
to $320.7 million, and reexports to $165.3 
million. Diamond accounted for 95% of 
the value of exports and 92% of the value 
of reexports. Exports of diamond in total 
were 285,136 carats valued at $304.6 
million. Of this total, diamond cut but 
unset, suitable for gem stones, not over 
0.5 carat, was 50,340 carats valued at 
$18.1 million; and cut but unset, over 
0.5 carat, was 234,796 carats valued at 
$286.5 million. 

Reexports of diamond amounted -to 
1,176,132 carats, valued at $151.8 million, 
in categories as follows: Rough or uncut, 
suitable for gem stones, not classified by 
weight, 1,059,089 carats valued at $92.7 
million; cut but unset, not over 0.5 carat, 
56,686 carats valued at $13.3 million; 
cut but unset, over 0.5 carat, 60,357 
carats, valued at $45.9 million. 

The seven leading recipients of diamond 


‘Hong Kong, 


Treated, banibled pained turquoise 

Vy -inch = small; %-inch-¥4-inch = 
medium; 14-inch and up = large. The 
tumbled- “polished turquoise is the same 
price regardless of size. 


Grade 1—Blue ~~__~-____ $60-$80 
_ Grade i— Blue Green —___- 20-40 
Grade |—Green ~_______ = 20-40 
Stabilized turquoise 
Graded xa 2en a 100 
Grade 2 hc sre 80 
Grade 3.20 Boe ee 60 


No survey was made of diamond prices. 
However, diamond price trends indicated 
that a 25% increase occurred in the 
higher range and that the lower range 
was unchanged. 


TRADE 


exports accounted for 92% of the carats 
and 95% of the value and were as follows: 
80,627. carats valued at 
$87.8 million; Switzerland, 75,933 carats, 
at $63.9 million; the Netherlands, 36,107 
carats, at $58.2 million; Japan, 37,247 
carats, at $30.6 million; Belgium, 20,170 
carats, at $28.6 million; West Germany, 
7,822 carats, $10.9 million; and France, 
4,968 carats, at $10.2 million. The six 
leading recipients of diamond reexports 
accounted for 93% of the carats and 
90% of the value and were as follows: 
Israel, 437,476 carats valued at $41.3 
million; Belgium, 383,943 carats, $33.1 
million; the Netherlands, 197,919 carats, 
$31.0 million; Switzerland, 54,924 carats, 
$20.8 million; Japan, 8,812 carats, $5.3 
million; Hong Kong, 12,454 carats, $5.0 
million. 

Exports of all other gem materials 
amounted to $16.0 million. Of this total, 
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pearls, natural and cultured, not set or 
strung, were valued at $0.8 million. 
Natural precious and semiprecious stones, 
unset, were valued at $13.3 million; and 
synthetic or reconstructed stones, unset, 
were valued at $2.0 million. Reexports of 
all other gem materials amounted to $13.5 
million. Reexports of pearls amounted to 
$0.9 million; of natural precious and semi- 
precious stones, unset, to $12.5 million; 
and of synthetic or reconstructed stones, 
unset, to $0.1 million. 

Imports of gem materials decreased 6% 
in value from those of 1973. Diamond 
accounted for 86% of the total value of 
gem material imports. 

Although rough and uncut diamond 
imports were reported from 28 countries, 
over 99% in value were from 10 countries 
as follows: The United Kingdom, 911,165 
carats, $211.8 million; the Republic of 
South Africa, 389,222 carats, $69.0 
million; Sierra Leone, 453,084. carats, 
$57.6 million; the Netherlands, 51,101 
carats, $19.2 million; Belgium-Luxem- 
bourg, 43,260 carats, $14.8 million; Li- 
beria, 5,724 carats, $8.7 million; Ven- 
ezuela, 382,738 carats, $8.2 million; Israel, 
36,878 carats, $8.1 million; Central African 
Republic, 131,912 carats, $6.8 million; 
and France, 30,501 carats, $5.7 million. 
Cut but unset diamonds, not over ¥ 
carat were imported from 30 countries; 
however, the imports of this category from 
8 countries amounted to 99% of its total 
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value as follows: Belgium-Luxembourg, 
838,552 carats, $119.7 million; Israel, 
710,386 carats, $109.3 million; India, 
219,250 carats, $26.5 million; the Repub- 
lic of South Africa, 12,956 carats, $3.8 
million; the Netherlands, 28,183 carats, 
$3.6 million; the U.S.S.R., 13,161 carats, 
$2.6 million; the United Kingdom, 16,967 
carats, $2.3 million; and, France, 19,557 


_carats, $2.1 million. 


For diamond cut and unset, over 0.5 
carat, 98% in value came from the fol- 
lowing six countries: Belgium-Luxembourg, 
114,815 carats, $43.2 million; Israel, 63,234 
carats, $19.6 million; the Republic of 
South Africa, 9,837 carats, $6.0 million; 
the Netherlands, 3,714 carats, $1.4 million; 
the U.S.S.R., 1,964 carats, $1.0 million; 
and, the United Kingdom, 1,742 carats, 
$0.9 million. , 

Imports of emeralds increased 16% in 
quantity and 4% in value. Imports of 
rubies and sapphires increased 8% in value. 
Natural pearls and parts increased 20% 
in value but cultured pearls decreased 
4% in value. Imitation pearls decreased 
19% in value. Other precious and semi- 
precious stones, rough and uncut, de- 
creased 21% in value. Other precious 
and semiprecious stones, cut but unset, 
increased 16% in value and others, not 
in these categories, increased 21% in value. 


‘Synthetic gem stones, cut but unset, de- 


creased 37% in value and imitation gem 
stones increased 29% in value. 


Table 1.—U.S. imports for consumption of precious and semiprecious gem stones 
(Thousand carats and thousand dollars) 


1978 1974 
Stones Quantity Value Quantity Value 
Diamonds: 
Rough or uncut _____--_______--___-_-- 12,821 1 460,198 2,450 412,678 
Cut but unset ______________--_______-- 2,860 T 360,987 2,083 347,362 
Emeralds: Cut but unset __..__------_---~_ T 750 ¥ 32,865 871 34,046 
Coral, cut but not set, and cameos suitable 
for use in jewelry ________.-__-__-__-__- NA 2,103 NA 3,082 
Rubies and sapphires: Cut but unset —-_-- NA 19,336 NA 20,960 
Marecasites: oo. Ss eet oe NA 28 NA 249 
Pearls: 
Natural o:2200242042-2--2. 45sec s5c5ee55 NA 368 NA 440 
Cultured (25 5 NA 9,232 NA 8,874 
Imitation ~~ _- NA 1,257 NA 1,019 
Other precious and semiprecious stones: 
Rough and uncut ________________ NA 5,859 NA 4,646 
Cut but unset __.____ NA 25,043 NA 29,083 
Other n.s.p.f ~~~ NA 1,582 NA 1,851 
Synthetic : 
Cut but unset __________ number __ 16,365 10,066 9,271 6,316 
Other ____-_-____-__-_ NA 841 NA 362 
Imitation gem stones ________________- NA Tr 8,803 NA 11,352 
Total ov'aG oC ve te NA T 938,018 NA 882,320 


T Revised. NA Not available. 
1 Adjusted by the Bureau of Mines. 


597 


GEM STONES 


‘SOUT JO NveIng ay} Aq pezsn(py z 
‘yyun % wey) 88a] ; 
"pastady x 


Z9S'LPS 880°S SLO‘SIF OSS L86‘098 x 0982 S6l'09F 2 T28°Se GS0°88e OTrS P29'88S 960° OUT TTT Torr rronerncnnes [8701 

goL‘T ob gs0's «6 pe8'T 6 T9L‘T L poat = OT. 18% mace ee ee 12430 
0Z (x) S12'8 888 ra (x) 688°6 966 ae me SII‘ De | Sh TE ee aE Ee Blanzaue A 
6023'S 61 66L‘ITS T16 STFS 03 608°SZS 616 989°S Ze 699'SLT BORE 9 TOT wWopsury peu 
6098 aT Bee er: T8692 08 ed i 308° gg ra Rh ° sa Gh Sosa ae shi epee ote ws's'n 
L89‘T 8 18Z ra 6cr T g ‘T8T t S8I‘T 8 6938'S EY. 9 + eae ee SRNR SRO PpuBp1aZyIMs 
9816 8% 8r6°89 = 688 888°Z1 ¥Z LOL‘S8 LOp 982'8 LZ 6S0‘00L 896  ~~7777TTTTTT yO oNQndey ‘Boltzy YZNOg 
28 I LLO‘LE SSF OF. (x) 6I6'8L2 LeLz £43 $ e699. = P9T TTT SEER ESGLE. auoay BAI 
8r6'F 38 S6l'6t =1s Sly . 8T. 60°26 ag 9936'S ST 8t6‘0L LS Sear r eas ye Ree Oe spus[zayjeN 
g (x) e39°8. 9 907 (x) Z6TS L Lg (x) HIS <8. fre ee ee eliaqr'T 
¥98 ¥ LL T 986 & 98 T 63T tT ~ BE 8 ME ate pie wag apne ey usder 
998°82. PLL za0°8 LB FOS'83r =: G98 888°L ve 91886 96-88 OCUG:” “860 “SSS ee ee [aBasy 
60L‘°9% 18s a ca 660°&S aid 1% (x) LOS‘9— = 98T a Sa re Oe a eIpul 
ST (x) a ae g (x) Lg (x) 9 (x) 96 B20 Pa SSe TEP ee eusdns) 
10% 4 3h I ¥6 t 108 I 728 g 18 Gl Sere es som ‘AuUBUIED) 
osl’s 02 899'S 18 TRS vz 69T 9 968'T es v99'T g8 Sragisinien ee er ee aouB.y 
i me 99L'9 ost of ae 899'L I6T Bis ve L89‘9 0g." “arse nese oqndey uvolazy [e1qUag 
2g (x) (x) (x) 16 T 9LZ T 28 T a Rou 00 Peeper ere eure epeusg 
rag v oeg T 60% o 9 (x) Ts g 9% Gj “SS SrSsaeS eee [izBig 
936°Z9T $86 FOS'tT = §68F LIS‘LLT a = 6STT 988°9T 89 C6ELIT = TIS‘T 90L0T F999 TTT TTT ttre Banoquraxn’'y-wni Zag 
anteA = 4319. ante A 4419 on[vA 444 onyeA 4414 ante A 4314 anleA 4414 

-ueng  uBny -uengy -“ueng -ueng® -uBng A£r,un0p 
qeasun yng yng =. youn Azo ySn0y qesun yng 4nO qnoun Jo y3noy qesun 4ynq yng qnoun Jo y3noy 
vL6T SL6T oL6T 


(sIB[[op pugsnoy} pus syezed pusenoy) 
Axyanos Aq ‘(puourerp [eysnpur jo aaisnjoxa) puouterp jo uoydumsuod 103 sj1odumt *g°qQ—Z 2142. 


598 


MINERALS. YEARBOOK, 1974 | 


WORLD REVIEW 


Australia——Descriptions of the two areas 
in Australia, where most of the world’s 
sapphires are produced, was provided in 
a recent issue of the Lapidary Journal.® 


The Swanbrook mine, near Inverel, sev- 


eral hundred miles north of Sydney, New 
South Wales, is a strip mining operation of 
Dominion Mining N.L. and is one of the 
largest of about 50 mines in the area. 
Each truckload of gravel mined contains 
about 100 grams (2 ounces) of sapphire 
of which about 10% is gem quality and 
sold by the carat. The rest of the sapphires 
are sold by the kilogram to collectors. 
Mechanical separation by screens and 
sieves is done first, followed by hand- 


sorting to pick out the materials which — 


cannot be separated mechanically. The 
mine is in a cultivated area and all land 
is restored to its original condition. The 
Queensland sapphire fields are in the 
vicinity of the settlement of Anakie, about 
200 miles west of Rockhampton. Individual 
miners are allotted mining areas 66 by 66 
feet. The sapphire-bearing gravel is gen- 
erally not more than 3 feet deep and 
mining is done by hand. If water is avail- 
able, the gravel is washed over a screen, 
but dry sorting is also practiced in this 
arid area of Australia. 

Production of opal in Australia probably 
accounts for 98% of the world’s supply. 
Several well-illustrated articles described 
the localities in Australia where opals are 
found and also the methods used to mine 
them.” At Coober Pedy, the largest field 
in South Australia, heavy equipment such 
as bulldozers, is used to supplement the 
pick and shovel common to other areas. 
Two other major areas are Ankamooka, 
also in South Australia, and Lightning 
Ridge in New South Wales. Opal prices 
varied, depending on quality, from about 
$1 per ounce for the lowest grade of 
crude to $1,200 per ounce for excellent 


quality. Top grade opal in larger pieces up _ 


to 1 ounce in size sold for nearly $3,000 
per ounce. 

Botswana.—The Orapa mine of the De 
Beers Botswana Mining Co., (Pty.) Ltd., 
produced an estimated 2,718,000 carats of 
diamond from 2,954,000 tons of ore treated 
or 92 carats per ton treated.* Gem stones 
were about 15% of the yield. Sampling of 
kimberlite pipes; DK 1 and DK 2, by De 
Beers was completed but negotiations on 


further development were still in progress. 
The Government of Botswana has requested 
a review of terms for the Orapa mine.” 
Drilling was continued in several kimber- 


- lite pipes-in southern Botswana. 


‘Brazil.—The only large mechanical oper- 
ation, Mineragao Tejucana, S. A., reported 
production of 65,861. carats of diamond 
from 8.6 million cubic yards of gravel 
dredged and treated during 1973. Average 
sales price was $33.81 per carat. Pro- 
duction was about equally divided between 
gem .and industrial stones. . 

The Brazil National Department of 
Mineral Production published its first 
bulletin on prices of minerals and metal- 
lurgical products for the period of January 
to March 1974. For precious and semi- 
precious stones the price list gave a range 
for the various qualities and median price 
f.o.b. Rio de Janeiro for diamond, aqua- 
marine, emerald, chrysoberyl, citrine, ame- 
thyst, topaz, morganite, kunzite, garnet, 


opal, alexandrite, and tourmaline. 


Central African Republic.—The 1974 
diamond production attained a level about. 
one-fifth higher than that of 1973. About 
two-thirds of the output was gem stone 
diamond by weight; and by value, gem 
stone ‘diamond ‘was more than 90%. 
Diamond exports accounted for about 35% 
of the foreign exchange receipts. Société 
Centrafricaine d’Exploitation Diamantifére 
was formed as a joint enterprise in 1973 
by Diamond Distributors International, 
Inc., of New York, Cominco, Ltd., of Can- 
ada, and the Government to mechanize 
mining operations as well as to aid diggers. 
The joint enterprise was credited with the 
gains for 1974. 

Ghana.—The Ghana Department of 
Mines reported diamond production of 
2.3 million carats in 1973, a decline from 


& Curtis, R. Sapphire Treasure Won From Aus- 
tralian Open-Cut Mine. Lapidary Journal, v. 28, 
No. 8, November 1974, pp. 1280-1282. 

Kovac, CC. Queensland’s Sapphires. Lapidary 
journals v. 28, No. 8, November 1974, pp. 1318~ 


7 Wright, D. The Craze for Opal. Lapidary Jour- 
nal, v. 27, No. 11, February 1974, pp. 1726-1732. 

Ross, R. Lightning Ridge Block Opal Knobby. 
Lapidary Journal, v. 27, No. 12, March 1974, pp. 
1796-1802. 

Oakley, P. An Opal Prospecting Tour Through 
Australia. Lapidary Journal, v. 28, No. 5, August 
1974, pp. 778-789. 

8 De Beers Consolidated Mines Limited. Annual 
Report 1974, p. 22. 

® Page 5 of work cited in footnote 8. 
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the 2.7 carats produced in 1972. Since 
1968, the average annual production from 
Ghana’s two diamondiferous areas, the 
Birim River Basin (Eastern Region) and 
the Bonsa Region (Western), has averaged 
2.47. million carats. Three companies, 
Ghana Consolidated Diamonds, Ltd., Cayco 
(Ghana) Ltd., and the Amalgamated Dia- 
mond Corp., are actively engaged in mining 
diamonds in the Birim River Basin. First 
International Natura Corp. of the United 


States completed exploration in the Birim. 


and Pra River areas, and it was reported 
the firm would be issued a license for a 
project in which the Government will own 
a 55% share. Since the liquidation in 
1969 of Takrowase Diamond Field, the 
Government has preferred participation 
rather than outright ownership in diamond 
mining operations. Effective from October 
1, 1972, the Government acquired by de- 
cree a 55% interest in Consolidated 
African Trust’s Ghana diamond operations 
by forming Ghana Consolidated Diamonds 
Ltd., in which Consolidated African Selec- 
tion Trust Ltd. has a 45% share. Ghana 
Consolidated Diamonds Ltd. production in 
the 5-year period, 1968-73, was 2.39 
million carats, or about 96% of the coun- 
try’s production, according to Ghana’s 
Mines Department. The output averages 
about 10% gem stones of high quality. 

Kenya.—A pink corundum deposit was 
claimed to be possibly the largest ruby 
mine in the world and was also the sub- 
ject of dispute between Government ad- 
ministrators and geologists from the United 
States who made the original discovery.” 
According to the reports, about 300 kilo- 
grams of corundum were exported in the 
first 9 months of 1974 and were worth 
between $30,000 and $40,000 or over 
$100 per kilogram. The mine is located in 
the Tsavo National Game Park in south- 
eastern Kenya. 

Lesotho—On March 1, 1974, an an- 
nouncement was made that De Beers Dia- 
mond Corp. and the Government of 
Lesotho (GOL) reached an agreement in 
principle on opening the Letseng-la-terai 
diamond mine in the Maluti mountains 
at an estimated cost of over $30 million.” 
The agreement was to be signed early in 
1975.% GOL will have a 25% equity in 
the corporation and will receive 62.5% 
of profits after recovery of invested capital. 
If the mine were to prove substantially 
more profitable than anticipated, the GOL 
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percentage of profits could rise on a sliding 
scale to a maximum of 72%. Production 
is expected to start in 1977 at a rate of 
4,000 tons of ore per day. A diamond 
sales company registered in Lesotho will 
be established and, throughout the life of 
the mine, the production will be marketed 
through the Central Selling Organization. 

South Africa, Republic of—In April 
1974 a miner found a 616-carat gem 
diamond in the crusher at the Dutoitspan 
mine in the Kimberley area.* The diamond 
is the ninth largest gem diamond ever 
found and is the largest found in the 
Kimberley area. The announcement by 
De Beers said that the diamond was a 
yellow octahedron of good shape but not 


‘of the best quality. 


Diamond sales by the Central Selling 
Organization decreased from R921 million 
($1,289.4 million) in 1973 to R849 million 
($1,288.6 million) in 1974, or 7.8%. Pro- 
duction of the larger and more valuable 
stones from all mines, old and new, declined. 
Generally, the increased demand for small 
diamonds was insufficient to offset the drop 
in value due to lower sales of large dia- 
monds. 

Sri Lanka.—The State Gem Corporation 
established a gem export incentive program 
under which exporters could reserve 25% 
of their gem value in unrestricted external 
accounts. The program created a boom in 
gem stone mining because all other seg- 
ments of the business population, in addi- 
tion to those already in the gem stone 
industry, joined in the export market to 
have access to the trade privileges. Gem 
stones in 1973 ranked fourth after tea, 
rubber, and coconut products in value 
of exports and were expected to rank 
second in 1974, exceeded only by the value 
of tea. Prior to 1973, gem stones con- 
tributed little to the total export value 
of Sri Lanka, but the 20-fold increase of 
the value in 1973 compared with that of 
1972 raised the value of gem stones into 
the top rankings. Gem stones of interest 
to collectors include sapphire, ruby, garnet, 


10 1J.S. Bureau of Mines. Diamond: Ghana. Min- 
eral Trade Notes, v. 71, No. 7, July 1974, pp. 344. 

1! Arkansas Gazette. Americans, Kenya Seeking 
Ruby Mine. Oct. 7, 1974, sec. A, p. 8. 

122U.8. Bureau of Mines. Diamond: Lesotho. 
painerat Trade Notes, v. 71, No. 5, May 1974, p. 


13 Pages 5 and 6 of work cited in footnote 8. 

14 World Mining. Republic of South Africa. Dia- 
monds Sparkle Again for DeBeers. V. 27, No. 6, 
June 1974, p. 52. 
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catseye, spinel, moonstone, alexandrite, 
tourmaline, and varieties of quartz. 
Thailand. 
Thailand are located in the provinces of 
Chantaburi, Kanchanburi, Phrae, Si Saket, 
and Trat.” The following types of gem 
stones are found: Ruby, sapphire, spinel, 
peridot, garnet, zircon, beryl, tourmaline, 
jadeite, quartz, and occasionally diamond. 
A high-volume of jade and rough sapphire 
stones are imported and reexported as cut 
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stones because of the lower labor costs 
in Thailand. The majority, about 85%, 
of Thai gems are sold as cut stones. In 
Bangkok, the average prices for cut stones 
late in 1973 were $500 per carat for ruby, 
$380 per carat for blue sapphire, and $70 
per carat for yellow sapphire. In 1957 
gem stone exports amounted to about 
$380,000 but in 1973 the total value was 
about $31.0 million. 


TECHNOLOGY 


The world’s third largest rough dia- 
mond—the 968.9-carat Star of Sierra 
Leone—was cut into 11 fine white gem 
stones ranging from 143.2 carats to 1.85 
carats.° The total weight of the cut stones 
was 328.14 carats, a recovery of 33.9% 
comparing favorably with previously cut 
large stones. 

Two color-illustrated articles described 
in detail the effects of either gamma radi- 
ation or heat treatment on the resulting 
gem stone colors.” 

Colorless to pale-yellow topaz turned to 
a sherry color (imperial topaz) or to 
brown; however, an occasional topaz turned 
blue when irradiation was followed by 
heating. When colorless quartz was gamma- 
irradiated, it had a smoky or amethyst 
color, depending on the iron and aluminum 
content as well as the growth direction. 
Some natural colorless or pale-color beryl 
turned a deep-blue color after radiation, 
but the color was unstable on exposure 
to light. Similar dosages of gamma irradi- 
ation induced major color changes in 
tourmaline, but the stability of these colors 
was unpredictable on exposure to light 
or. heat. An unstable new color in some 
Brazilian crystalline quartz was produced 
by gamma irradiation followed by gentle 
heating techniques. Pearls, a gem stone 
material, turned gray, bluish-gray, or blue 
by gamma irradiation and were stable. 
Kunzite turned a deep green after gamma 
irradiation but bleached on exposure to 
light or after heating. Minor color changes 
apparently were produced in jade and no 


changes appeared in opal after irradiation. 

Technological progress in the use and 
application of lasers and grasers (X-ray 
laser) in gem stone analyses was reported.”® 
Items of significant progress were as fol- 
lows: 

1. High-output laser systems have pro- 
cessed a variety of materials including 
plastic, metal, stone, and minerals. 

2. Laser interferometry, holography, and 
acoustical holography have been used for 
the nondestructive testing of materials. 

3. The X-ray laser or graser has been 
used in research and may lead to know- 
ledge of the molecular structure of matter 
but it is extremely dangerous to use. 

The first International Kimberlite Con- 
ference was held in the Republic of South 
Africa and Lesotho September 17 through 
October 8, 1973." The conference of about 
200 delegates from 20 countries brought 
together geologists who have an interest 


18 Bangkok Bank Monthly Review. Other Aspects 
of the Economy. Gem Stones—A Fromuss In- 
dustry. V. 16, No. 3, March 1975, pp. 172-176 

16 Jewelers’ Circular-Keystone. The Diamond 
Scene. Winston Cuts Sierra Rone Star, Largest 
Gem Is 143.2 Carats. V. 154, No. 4, January 1975, 


p. 138. 

17 Nassau, K. The Effects of Gamma Rays on the 
Color of Beryl, Smok as ae Amethyst and To- 
paz. Lapida Tedenal, No. 1, April 1974, 
pp. 20-26, 30, 36—40. 

Nassau, K. The Effect of Gamma Rays on 
Tourmaline, Greenish-Yellow Quartz, Pearls, Kunz- 
ite, and Jade. Lapidary Journal v. 28, No. 7, 
arya 1974, pP- 1064-1074, 

idman, Progress in Laser Technology and 
Art Ua en) Journal, v. 28, No. 4, July 1974, pp. 


19 Boyd, F. Kimberlite Conference in Africa. 
Geotimes, v. 1; No. 5, May 1974, pp. 24-25. 
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in the discovery of kimberlites, which can 
be the source rock for diamond. 

The eruption of kimberlites in various 
parts of the world has brought an unusual 
variety of rock to the surface from the 
upper mantle and crustal basement. South- 
ern Africa is rich in kimberlites, and the 
kimberlite occurrences in the smal] country 
of Lesotho alone amount to 17 pipes, 21 
dike enlargements, and more than 200 
dikes.” | 
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A guide to collecting in working and 
abandoned mines was published and 
strongly emphasized attention to safety.™ 
The publication was directed towards the 
experienced mineral collector who occasion- 
ally has the opportunity to go underground. 


_ 70 Lesotho National Development Corp. Lesotho 
Kimberlites, ed. by P. H. Nixon. Printed by Cape 


_& Transvaal Printers, Ltd., Capetown, Republic of 


South Africa, 1973, 336 pp., 69 plates. 

21 Wilson, W. E. A Guide to Underground Col- 
lecting. The Mineralogical Record, v. 5, No. 3, 
May-June 1974, pp. 128-137. 


Gem Stones 


By Robert G. Clarke‘ 


The value of gem stones and mineral 
specimens produced in the United States 
during 1975 was estimated to be $8.7 mil- 
lion, an increase of 90% over that of 1974. 
The domestic commercial mining industry 
contributed most of the increase, particu- 


larly in the production of turquoise. Ama- 
teur collectors accounted for much of the 
activity in many States. Commercial oper- 
ators sold mainly to wholesale or retail 
outlets and also to jewelry manufacturers. 


DOMESTIC PRODUCTION 


Mines and collectors in 39 States pro- 
duced gem materials estimated at $1,000 
or more in value for each State. Ten 
States supplied 91% of the total value, 
as follows: Arizona, $5 million; Nevada, 
$1 million; Oregon, $500,000; Montana, 
$400,000; California, $220,000; New Mexico, 
$200,000; Texas, $160,000; Washington, 
$160,000; Wyoming, $140,000; and Colorado, 
$135,000. 

Park authorities at the Crater of Dia- 
monds Park in Arkansas reported the find- 
ing of the second largest diamond ever 
found in the area? The diamond, 16.37 
carats in weight, was flawless and clear 


white. The rough value was placed at 


$15,000; when finished, the stone will be 
worth $80,000 to $100,000. _ 

Several minute diamond crystals were 
discovered in a rock sample from a dia- 
treme in Wyoming, according to geologists 
who have been examining pipelike in- 
trusions of igneous rock in the Rocky 
Mountain area? 

In Nevada, the explosion in demand for 
turquoise jewelry resulted in an increased 
value of gem stone production of 150% 
from an estimated $400,000 in 1974 to 
$1 million in 1975. To help individuals 
learn more about collecting localities in 
Nevada, a “map” was published of the 
State’s rocks and minerals. 

The quantity and value of emerald, 
jade, opal, and sapphire were withheld 


to maintain confidentiality of reporting 
producers. Peridot was produced by about 
200 individuals of the San Carlos Apache 
Tribe at Peridot, Ariz; no estimate of 
quantity and value of the peridot was 
available. 

The production of turquoise of all 
grades and quantities was nearly 586 tons, 
valued at $5.2 million, and was principally 
from Arizona, Colorado, and Nevada. The 
great interest in American Indian style 
jewelry continued throughout 1975. Many 
articles appeared in various publications 
describing the qualities of genuine tur- 
quoise and Indian jewelry. 

The discovery of tourmaline in Maine 
initially occurred in August 1972. The dis- 
covery and subsequent development were 
described in detail.® Tourmaline has ap- 
peared in jewelry stores occasionally in 
the past, but the discovery at Newry as- 
sured a regular supply. Retail prices in 


} Physical scientist, Division of Nonmetallic 

iner. ° 

Arkansas Gazette. Little Rock, Ark. Record 
Diamond Found in Park. Aug. 21, 1975, sec A, p. 1. 
_ 3US. Geological Survey. Diamond Discovered 
in Wyoming. News Release, June 10, 1975. - 

evada Bureau of Mines and Geology. Rock- 

hound’s Map of Nevada. Spec. Pub. 1, 1975. 

5 Dunn, P. J. Elbaite From Newry, Maine. 
sary eile v. 6, No. 1, January-February 1975, 


PP. <4—-2). 

MacFall, R. P. Gem Tourmaline . . . Redis- 
covered at Newry. Miner. Record, v. 6, No. 1, 
January-February 1975, pp. 14-21. 

The Story Beyond the Story of the Great 
Tourmaline Discovery. Lapidary J., v. 29, No. 5, 
August 1975, pp. 994-1001. 
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1975 ranged from about $8 per carat for 
small, slightly flawed stones to $100 per 
carat for large stones of good color weigh- 
ing about 50 carats. 

In addition to emerald, North Carolina 


is also the source for rhodolite, a garnet. 


varietal. Western North Carolina’ is -invari- 
ably associated with rhodolite garnets and 
probably the world’s only supplier. A 


description of the area where rhodolite is. 


found was published with complete in- 
structions for gem seekers at the dig-for- 
fee mine. 

Accurate and up-to-date information for 
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central Oregon was provided with the 
cautionary advice to inquire in advance to 
verify the information.’ 

Custer, S. Dak., has been called the rose 
quartz capital of the world. In addition, 
four totally. new minerals were discovered 
in ‘the area: Jahusite, robertsite, segelerite, 
and wylheite.® 

Producers of gem stones in the United 


States, by: ae gem stone reported, 


follow: 


6 Broughton, P. L. North Carolina’s Mason Moun- 
tain Rhodolites. Guan and Minerals, No. 453, July 
1975, BP. 30-31. 

DD; so gai ae in et Oregon 1975. 
r) 


collecting areas is difficult to maintain. A Lapeer a ee 1975, oro By. 

listing of fee-basis and free digging areas bin is. sue Bakoe oneal we 

for agate and | other gem materials in @1¢4 June pp. 32-1 
Mine _ Location __ Operator 


Emerald: Big Crabtree mine eu 


Jade: Stewart J ewel Jade mine -- 


Opal: ; 
"Royal Peacock mine ---.---- eed 


Spencer Opal mine (dig-for-fee 
mine). 


Sapphire: 
Chaussee Sapphire mine ------- 
‘(sold unscreened material to 
tourists in summer and. as- 
sisted in: screening). ; 
Sapphire Village mine (Yogo 
Gulch). Mont. 


Turquoise: : 
Aurora mine Wewioue Joe steoes 
Black Spider mine Piso soeoness 
Blue Eagle mine soo severe oe 
Blue Jim mine _._-.----------- 
Blue Spider mine --.--.-------- 
Boundary mine --.-----.------- 
Duval Corp. mine ~_.----..----- 
Morenci mine ------.------ ee 


Pinto: Valley: mine «osce2ve55e0- 


Red Mountain mine —__--.------ 


Mitchell County, N.C __- 
Kobuk Village, Alaska -. 


Humboldt County, Nev — 
Clark County, Idaho.--. , Mark L, Stetler 


Granite County, Mont -- 
Judith Basin County, 


Lander County, Nev _-- 
Mineral County, Nev _-- 
Lander County, Nev --- 
Mineral County, Nev ~-- 


Mohave County, Ariz -- 


Gila County, Ariz ~...-- 


Lander County, Nev __-- J. 


PBH Bmore Co. 
P.O. Box 1 
« Little: S irerland, N.C. 28749 
Stewart Jewel Jade Co. 
531 4th Ave. 
_ Anchorage, Alaska 99501 . 


“Harry W. Wilson 
Denio, Nev. 89404 


1862 Ranier St. 
‘Idaho Falls, Idaho 83401. 


Chaussee Sapphire Corp. 
P.O. Box 706 
Philipsburg, Mont. 59858 . 


Sapphire International Corp. 
P.O, Box 30 
Utica, Mont. 59452 


Carico Lake Mining Co. 
P.O. Box 3426 
‘Albuquerque, N. Mex. 87110 
Grillos Mining Co. 

2221 10th St. 

Lubbock, Tex. 79401 

E, Loving and D. Lester 
P.O. Box 155 

Mina, Nev. 89422 

James Elquist 

P.O. Box 255 

Battle Mountain, Nev. 89820 
John Lee & Co. 

5101 North 40th Ba Apt. 119 
Phoenix, Ariz. 018 

D. Brannon ed a Herrington 
P.O. Box 377 

Mina, Nev. 89422 

L. W. Hardy Co., Inc. 

3809 East Highway 66 
Kingman, Ariz. 86401 


Greenlee County, Ariz _- W. O. Brown 


230 West 66 Avenue 
Gallup, N. Mex. 87301 
L. W. Hardy Co., Inc. 
3809 East Highway 66 
Kingman, Ariz. 86401 
M. Johnson 

102 West 9th Place 
Mesa, Ariz. 85201 
Turquoise Nugget (colessee) 
P.O. Box 1118 
Flagstaff, Ariz. 86001 
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Mine 


_ Location 
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Turquoise—Continued 
Royal Blue mine 


Shoshone and Ackerman mines _- 


Turquoise Chief mine 


ee ee we ee oe 


Sem eww enw em es 


Villa Grove mine 


Esmeralda County, Nev _ 
Churchill County, Nev __ 


Lake County, Colo 
Saguache County, Colo __ 


Operator 


R. C, Wileox 

P.O. Box 1811 

Tonopah, Nev. 89049 _ 
Lombardo Turquoise Co., Inc. 
1800 East Main St... 
Austin, ae: 89310 


Ree 
Albuquerque, N. Mex. 87110 
usick ; 
P.O. Box 174 
Villa Grove, Colo. 81165 


CONSUMPTION 


_ Domestic gem. stone output was utilized 
for amateur and commercial rock, mineral, 
and gem stone collections, objects of art, 
and jewelry. Apparent consumption of gem 


stones (domestic production plus imports 
minus exports and reexports) was $468 
million, about 17% more than in 1974. 


PRICES 


Typical costs to a retail jeweler in Decem- gem stones as reported by 15 typical. im- 
ber 1975 for representative better quality porters follow: ° 


Carat Median price Price range 
Gem stone weight per carat per carat 
Amethyst 10 $12 $8-$20 
qu i 8 95 50-250 
8 - 450 200—-1,500 
5 1,000 700—1,250 
10 - 4-8 
1 1,700 750—12,000 
1 425 400-500 
10 225 85-500 
10 45 —70 
2 2,000 850—15,000 
2 650 350—3,500 
; 755 ater 
‘Tourmaline, green ___ 10 
Tourmaline, pink ___. 10 70 25-90 
White opal, fiery -.......__.._..__. 5 65 385-120 


NorTEs.—Ten-carat cat’s eyes and 15-carat peridot, both of which were on the 1974 list, became 
unavailable during 1975, but the median price per carat of the smaller stones held at the levels 


_ of the larger stones. 


..No survey was made of diamond prices; price trends indicated higher prices for cut diamond 1 
carat and smaller, but no change in larger cut diamond. 


FOREIGN TRADE 


Exports of all gem materials amounted 
to $257.2 million, and reexports to $133.7 
million. Diamond accounted for 92% of 
the value of both exports and reexports. 
Exports of diamond totaled 264,873 carats 
valued at $237.0 million. Of this total, 
diamond cut but unset, suitable for gem 
stones, not. over 0.5 carat, was 50,180 
carats valued at $15.2 million; and cut 
but unset, over 0.5 carat, was 209,427 carats 
valued at $220.7 million. 

Reexports of diamond amounted to 
1,178,482 carats, valued at $122.7 million, 


® Jewelers’ Circular-Keystone. 


in categories as follows: Rough or uncut, 
suitable for gem stones, not classified by 
weight, 1,049,903 carats valued at $79.4 
million; cut but unset, not over 0.5 carat, 
44,089 carats valued at $10.1 million; cut 
but unset, over 0.5 carat, 84,490 carats, 
valued at $33.1 million. . 

The eight leading recipients of diamond 
exports accounted for 84% of the carats 


JCG-K’s Colored 
a Price Index. V. 146, No. 4, January 1976, 


p. 
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and 96% of the value and were as follows: 


Hong Kong, 82,136 carats valued at $94.3 - 


million; Japan, 40,484 carats, $33.5 million; 
Switzerland, 40,643 carats, $31.8 million; 
the Netherlands, 21,894 carats, $24.9 mil- 
lion; Belgium, 13,986 carats, $20.5. million; 
France, 6,598 carats, $9.3 million; West 


Germany, 3,885 carats, $7.6 million; and ~ 


the United Kingdom, 12,878 carats, $6.5 
million. 7 ai 


The eight leading recipients of diamond . 


reexports accounted for 97% of both 


carats and value and were as follows: . 
Israel, 506,473 carats valued at $35.0 mil- 


lion; Belgium, 363,304 carats, $33.4 million; 
the Netherlands, 181,990 carats, $21.7 mil- 
lion; Switzerland, 7,343 carats, $7.1 million; 
the United Kingdom, 45,784 carats, $6.9 
million; Japan, 9,472 carats, $6.2 million; 
Hong Kong, 8,953 carats, $4.7 million; 
and France, 18,578 carats, $3.8 million. .” 

Exports of all other gem materials 
amounted to $20.2 million. Of this total, 
pearls, natural and cultured, not set or 
. strung, were valued at $0.4 million. Natu- 
ral precious and semiprecious stones, unset, 


were valued at $16.7 million; and synthetic. . 


or reconstructed stones, unset, were valued 


at $3.1 million. Reexports of all other 


gem materials amounted to $19.9 million 
in categories as follows: Pearls, $10.0 mil- 
lion; natural precious and semiprecious 
stones, unset, $9.8 million; synthetic or 
reconstructed stones, unset, $0.1 million. 

Imports of gem materials decreased about 
4% in value from those of 1974. Diamond 
accounted for 85% of the total value of 
gem material imports. 


Although rough and uncut diamond . 


imports were- reported from 22 countries, 
over 99% of the value was from 10 areas, 
as follows: The Republic of South Africa, 
926,738 carats, $189.9 million; the United 
Kingdom, 450,689 carats, $70.0 million; 


Sierra Leone, 272,331 carats, $32.7 million; 


the Netherlands, 36,132 carats, $13.6 mil- 
lion; Belgium-Luxembourg, 30,988 carats, 
$8.3 million; Venezuela, 389,146 carats, 
$8.2 million; Southwest Africa, 36,206 car- 
ats, $6.6 million; Israel, 32,574 carats, $5.5 
million; Central African Republic, 134,068 
carats, $5.3 million; and Liberia, 3,870 
carats, $5.0 million. 

Cut but unset diamond, not over 14 
carat, was imported from 35 countries; 
however, the imports of this category from 
8 countries amounted to 98% of total car- 
ats and value as follows: Israel, 834,875 
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carats, $125.7 million; Belgium, 729,438 
carats, $105.4 million; India, 299,214 carats, 
$36.9 million; the U.S.S.R., 44,634 carats, 


~ $9.1 million; the Netherlands, 48,194 carats, 


$6.4 million; the Republic of South Africa, 
14,254 carats, $4.0° million; the United 
Kingdom, 15,836 carats, $2.1 million; and 
France, 17,910 carats, $2.0 million. : Cut 
but unset diamond, over 14 carat, was im- 


ported from 32 countries; the imports 


from 6 countries amounted to 98% of 
total carats and value as follows: Belgium, 


_ 121,122 carats, $48.6 million; Israel, 72,606 


carats, $22.6 million; the Republic of 


South Africa, .7,636..carats, $4.5 million; 
‘the Netherlands, 10,183 carats, $3.9 million; . 


the U.S.S.R., 12,831 carats, $3.8 million; 


and the United Kingdom, 1,094 carats, 


$0.5 million. 
Imports of emeralds decreased 7% in 


quantity but increased 19% in value. 


Emeralds were imported from 33 coun- 


tries of which the 10 leading countries 


accounted for 94% of the carats and 92% 
of the value. In order of value these 
countries were as follows: Colombia, $13.0 
million; India, $6.8 million; Switzerland, 
$4.6 million; Hong Kong, $3.3 million; 
Brazil, $2.9 million; France, $2.2 million; 
the United Kingdom, $1.3 million; Sri 
Lanka, $1.3 million; Israel, $1.0 million; 
and West Germany, $0.8 million. Imports 
of rubies and sapphires decreased 9%. in 
value from those of 1974. Ruby and sap- 
phire imports were reported from 36 
countries of which the 7 leading countries 
accounted for 95% of the value as. follows: 
Thailand, $12.3 million; Sri Lanka, $1.9 
million; Hong Kong, $1.2 million; India, 
$1.1 million; Switzerland, $1.0 million; the 
United Kingdom, $0.4 million; and France, 


“$0.4 million. Natural pearls and parts 


from 12 countries increased 53% in value 
of imports; 4 countries accounted for 97% 
of the value as follows: Canada, $63,000; 
India, $365,000; Burma, $157,000; and 
Japan, $67,000. Cultured pearls, on the 
other hand, decreased 18% in value of 
imports, which were received from 16 
countries, although Japan, at $7.0 million, 
accounted for 97%, of the value. Imports of 
imitation pearls decreased 49% in value; 
Japan, at $469,000, accounted for 91% of 
the value. Coral, cut but unset, along with 
cameos suitable for use in jewelry, more 
than doubled in value of imports, which 
were received from 19 countries; 3 coun- 
tries accounted for 97% of the value as 
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follows: Italy, $4.9 million; Japan, $0.8 mil- million; Australia, $2.7 million; Taiwan, 
lion; and Taiwan, $0.5 million. . $1.7 million; India, $1.2 million; and 
Imports of other precious and semi- Iran, $1.1 million. Synthetic gem stones, 
precious stones, rough and uncut, increased cut but unset, increased 27% in value and 
37% in value and came from 4] countries came from 19 countries of which 7 ac- 
of which 6 countries accounted for 75% counted for 99% of the value as follows: 
of the value as follows: Brazil, $1.8 million; West Germany, $4.8 million; Switzerland, 
Colombia, $1.0 million; Australia, $1.0 mil- $0.7 million; Japan, $0.7 million; France, 
lion; the Republic of South Africa, $0.5. $0.6 million; Hong Kong, $0.6 million: 
million; Tanzania, $0.3 million; and Vene- Taiwan, $0.3 million; and Austria, $0.2 
zuela, $0.2 million. Other precious and — ‘million. Imitation gem stones decreased . 
semiprecious stones, cut but unset, de- 27% in value from 24 countries; 5 coun- 
creased only 1% in value and were im- tries accounted for 99% of the value as 
ported from 58 countries, of Which 7 follows: Austria, $3.3 million: : West Ger- 
countries accounted for 84% of the value many, $2.8 million; Czechoslovakia, “$1.1 
as follows: Hong Kong, $10.6 million; million; Japan, $0.7 million; and Hong 
Brazil, $3.6 million; West Germany, $3.1 _ Kong, $0.3 million. . : 


Table 1.—U.S. imports for consumption of precious and semiprecious gem stones 


(Thousand carats and thousand dollars) 
| | - 4974S . 1975 
Stones aa a ee 
; ; Quantity Value Quantity Value 
Diamonds: 
* 2,450 412,678 - 2,341 347,882 


Rough or uncut -__-_------ = 
Cut but unset woe enna nnn e eee 2,083 347,362 2,236 374,237 
Emeralds: Cut but unset ____.-_._...... 77777 871 84,046 - 806 40,348 
Coral, cut but unset, and cameos. suitable for ; 
use in jewelry Saepieteetet eee _ NA 8,082 ; NA 6,475 
Rubies and sapphires: Cut but unset _...____ NA 20,960 NA 19,069 
Marcasites Peele wemUane es Gees hs Secececlocn NA 249 NA . 23 
Pearls: 
Natural mre renner nee ee NA 440 NA ~ 673 
Cultured ween nnn n nen nee NA 8,874 NA | 7,261 
Imitation __.2..- 0 Saeed. Soot. NA 1,019 - NA 515 
Other precious and semiprecious stones: ; 
Rough and uncut ____...____ Soe eeet ie to NA 4,646 NA 6,380 
Cut but unset ____ 222000 NA 29,083 NA 28,718 
Other n.s.p.f PeSeeer eee NA ~ 1,851 NA 1,935 
Synthetic: 
Cut but unset __...._. number __ 9,271 6,316 13,682 8,008 
jl See ore Sane Onn ve notin NA 362 NA 610 
Imitation gem stones Seeetoese oslo NA 11,352 NA 8,296 


Le eee ee ee ee NA 882,820 NA 850,430 
NA Not available. - 
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WORLD 


_Angola.—The production of diamond in 

Angola declined in 1975 owing to the 
political chaos caused by the collapse of 
public authority following the exodus of 
the Portuguese. The principal diamond 
producing company. was the Portuguese 
firm, Compania de Diamantes de Angola 
(Diamang), which was reported to be in 
financial: difficulties.” Diamang’s produc- 
tion .was from alluvial diamond-bearing 
gravels in areas drained by the major 
river systems of central and southern An- 
gola. Stripping was the mining method 
used, and was accomplished by mechanical 
excavators and hydraulic monitors, as well 
as manual shovels. —- 

Australia.—It was estimated that 95% 
of the amount of opal used in jewelry in 
the world comes from. six deposits in 
Australia." More than half of the: produc- 
tion is from the area of Coober’ Pedy. In 
1973, the value of opal exported from 
Australia was officially reported ‘to be $27 
million, but unofficial estimates were much 
higher. It is simple to smuggle out high- 
quality opal following cash and carry 
deals. Mining methods have been mostly 
by hand digging to be gentle with the 
opal. Lately, however, bulldozers and rip- 
pers have been used to strip the surface, 
and then hand digging is used to remove 
opal as it is exposed. _ - 

The Mining Houses of Australia Ltd., 
having ceased sapphire mining operations, 
offered to sell its sapphire stockpile to 
shareholders to liquidate its inventories.” 
However, a strong recovery in the sapphire 
market led to Dominion Mining’s resump- 
tion of full-scale operations at its Frazers 
Creek property in New South Wales. 

Botswana—The Government of Bot- 
swana and De Beers Botswana Mining Co. 
concluded negotiations relating to the terms 
governing diamond mining at Orapa and 
Letlhakine (formerly the DK 1 and DK 2 
complex).* Production at Orapa will be 
increased to 4.5 million carats per year by 
1979 from the present 2.4 million carats. 
The Letlhakine mine is expected to pro- 
duce about 400,000 carats annually by 
1979. ss 

At Orapa in 1975, the tonnage treated 
was 3,359,832 short tons, compared with 
2,953,628 tons treated in 1974.4 The recovery 
grade was 79.19 carats per 110 short tons, 
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compared with 92.03 carats per 110 tons in 
1974. Two X-ray sorting machines were in . 
use, and two additional machines were be- 
ing installed in a new.circuit. | . 
Brazil—Results of a 4-year aerial infra- — 
red photographic survey of the Amazon 
region indicated areas suitable. for pros- 
pecting for diamond in the Tumucumaque 
mountains and in Roraima. This prompted 
Anglo'.American Corp. (AAC) to join In- 
come (Bethlehem Steel Corp./Hanna Mining 
Corp.) to form Sopermi (40% AAC, 60% 
Income), an exploration firm which is ac- 
tive in Minas Gerais and Mato Grasso.” 
Canada.—No occurrences of precious gem 
stones have been found in Canada, but a 
variety of other gem stone minerals are. 
available. The main geological regions and 
some important gem stone aréas were de-. 
scribed in an article which was well illus- 
trated by color photographs.* .. 
Central African Republic.—The output 
of diamond in-1975 in the Central African 
Republic was 339,000 carats, about the same 
as in 1974, and the value was $14.7 mil- 
lion compared with $14.4 million in 1974. 
In spite of lower dollar exchange rates, 
the income was higher owing to improved 
gem stone quality and increased prices of 
diamond. ae, 
Diamond in the Central African ‘Repub- 
lic, to date, has been: mined in alluvial 
fans, basins, water courses, and streambeds. 
Because these formations are not conducive: 
to large-scale mining operations, most: dia- 
mond mining has been by individuals and 
small groups. However, diamond recovery 
at these small operations has become more 
difficult, and a shift to large-scale operations 
was needed, requiring larger capital ex- 
penditures. To maintain and expand pro- 
duction, Diamond Distributors - Interna- 
tional Inc. (United States), Cominco, | Ltd. 
(Canada), and the Government of the Cen- 


1° Mining Journal. Diamang. How Much Longer? 

Hartley, W. D. Dreams of Striking It Rich 
Sustain Men Bitten . Wall Street 
Journal, v. 185, No. 9, Jan. 14, 1975, pp. 1, 

ining Journal. Sapphire Dividends? V. 

5 Bureau of Mines. Diamond: Botswana. Mineral 
Trade Notes, v. 72, No. 11, November 1975, p. 4. 
Annual Report. 59 pp. 

ining Journal. AAC: Brazilian Diamond In- 


V. 286, No. 7330, Feb. 13, 1976, p. 129. 
1, 26. 
a 284, 
No. 7293, May 30, 1975, p. 422 
% De Beers Consolidated Mines Limited. 1975 
Br 
84, No. 7295, June 13, 1975, p. 463 


terest. V. 2 
16 Steacy, H. R. Canada’s Beautiful, Little 
eta emstones. Canadian og. J., December 
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tral African Republic established a local 
firm, Société Centrafricaine d’Exploitation 
Diamantifére (SCED), in late 1973 to meet 
these objectives. SCED has had two success- 


ful years and has been largely responsible: 


for maintaining the production of diamond 
in the Republic at the 1974-75 levels. 

The quality of diamond. is good as 60% 
to 70% are of gem grade. Most stones are 
exported uncut to Europe, Israel, or the 
United States. Skilled Central African ar- 
tisans in Black Africa’s only diamond cut- 
ting factory cut about 5% of the gem 
diamond production. In 1974, diamond 
exports to the United States were valued at 
$6.8 million for gem quality and $464,000 
for industrial diamond. Diamond exports 
comprise an important element in the for- 
eign exchange earnings and -tax revenues 
of the Republic. Over the past 10 years 
about 30% of its foreign exchange earnings 
have been from diamond exports. 

Colombia.—Bids were invited. from pri- 
vate companies. for mining rights at the 
three largest emerald deposits in the De- 
partment of Boyaca, at Muzo, Coscuez, and 
Pefias Blancas, which have been closed 
since Empresa Colombiana de Minas (Eco- 
nominas) ceased operations iu July 1973* 
The successful companies, which must be 
at least 51% Colombian owned, would 
have an initial lease for 5 years with the 
possibility of an extension for a further 
3 years; Econominas will continue to be 
responsible 
deposits. The mining district was described 
as too rich for a poor country, leading 
to violence. -_ 

Ghana—The total production of dia- 
mond in Ghana is probably fifth in the 
ranking of countries in the world, but 
nearly 90% of Ghana's production is in- 
dustrial grade2® Gem diamond in the 
9. to 4-carat range was recovered in a 
dredging operation by Dunkwa Goldfields 
Co. on the Jimi River in the Ashanti 
region. Small gem stones were also re- 
covered in the Bonsa Valley of Western 
Ghana. The First International Natura 
Corp. New York, with substantial US. 
investment, negotiated with the Govern- 
ment of Ghana for mining rights on a 
25-square-mile area at the confluence of 
the Birim and Pra Rivers. The Govern- 
ment will have 55% equity in the project 
when negotiations are concluded. 

Diamond production is marketed ex- 
clusively by the Government’s Diamond 
Marketing Corp. (DMC). DMC buys all 
local diamond production, and grades, 


for overall control of the 


MINERALS YEARBOOK, 1975 


values, processes, and sells to end users 
abroad. The sales of diamond abroad were 
made with the assistance of Consolidated 
African Selection Trust in London. The 
majority of diamond exports were made 
to the United Kingdom, the Netherlands, 
and Belgium-Luxembourg. ; 

Israel.—The diamond industry in Israel 
was said to be the world’s largest.” Ex- 
ports of polished diamond in 1975 were 
2,701,388 carats, compared with 2,467,008 in 
1974, an increase of 9.5% according to 
statistics of the Diamond Department of 
the Ministry of Commerce and Industry. 
The contemporary market demand for 
smaller stones resulted in a 2.4%, decrease 
in the value of 1975 exports, $548.6 million 
compared with the record $562.2 million 
in 1974. The U.S. market accounted for 
$153 million out of Israel’s total 1975 
exports. In concentrating on the smaller 
stones, it was estimated that in 1975 
Israel produced 85% of the world’s supply 
of melées (gem diamonds of from 40 
stones per, carat to 2 stones per carat). The 
wider application of automated equipment 
in many plants. plus increased individual 
effort made possible greater output with 
approximately the same number of workers. 

Lesotho.—After nearly 2 years of nego- 
tiations, Prime Minister Leabua Jonathan 
and. De_ Beers Consolidated . Chairman 
Harry Oppenheimer signed an agreement 
which will open a new diamond mine in 
Lesotho2! Control of the mine will be by 
a newly formed company, De Beers Lesotho 
Mining Co., Ltd., in which Lesotho will 
hold 25% equity. De Beers investment 
commitment is U.S. $35 million over 2 
years. . 

The agreement permits development of 
Lesotho’s only identified kimberlite dia- 
mond pipe at Letseng la Terae in the 
northeastern district of Mohkotlong. Out- 
put of the mine, will be marketed through 
a second company to be formed by De 
Beers and registered in Lesotho. Lesotho 
will charge a sales tax of about 15% on 
mine production until De Beers recovers 
its capital costs. Depending on the mine 
profitability, the taxes may rise to 71.5% 
of profits on a graduated scale. 


17 Bolsa Review. News Review. April 1975, p. 


220. 
18 Omang, J. Emeralds a Way of Life in Colom- 
bia. Washington Post, Sept. 2, 1975, p. D10. 
19 Bureau of Mines. Diamond: Ghana. Mineral 
Trade Notes, v. 72, No. 4, April 1975, p. 14-15. 
20 Israel Industry & Commerce Export News. 
Israel’s Diamond Industry. V. 27, March 1976, p. 5. 
21 Bureau of Mines, Diamond: esotho. Mineral 
Trade Notes, v. 72, No. 4, April 1975, pp. 15-16. 
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Malagasy Republic.—The Malagasy Serv- 
ice of Mines reported production and ex- 
port of a variety of gem and ornamental 
stones which contributed to the foreign 
exchange earnings of the Republic. The 
list included agate, amazonite, amethyst, 
beryl (gem grade), citrine, garnet (gem 
grade), opal, tourmaline, jasper, labradorite. 
rose quartz, and smoky quartz. The exports 
were mostly to collectors interested in 
minerals from the Island of Madagascar. 

Pakistan.—The Pakistan Mineral Devel- 
opment Corp. recovered about 3,000 carats 
of rubies at the Hunza ruby mines for 
testing and evaluation in Karachi 

Sierra Leone—The 51% Government- 
owned National Diamond Mining Co. 
commenced prospecting in new areas of 
the Southern Province to replace diamond 
deposits nearing exhaustion. Diamond Dis- 
tributors, International, Inc., of New York, 
acquired a prospecting license for dia- 
mond and gold. 

South Africa, Republic of—The Central 
Selling Organization reported diamond 
sales in 1975 of 793.5 million rands (US 
$1,066 million), or 6.5% less than in 1974.2 
During 1975, production exceeded sales, 
and the excess was absorbed into stock, 
No breakdown of either gem stones or 
industrial diamond sales was given. Dur- 
ing 1975, demand for the smaller size of 
gem diamond improved, but the demand 
for larger, more expensive stones remained 
weak. To meet the demand for smaller 
stones, production at mines where the 
average stone size is smaller was increased 
and that of mines where the average is 
larger was decreased. 

At the dormant Kimberly mine rains 
have caused severe slope failures in the 
drainage tunnel which was started in 
November 1975 and is expected to be 
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completed in 1977. Also in the Kimberly 
Division, mechanization was accelerated to 
replace manual operations wherever pos- 
sible in underground sections and on the 
surface under a program to phase out 
migratory labor. 

South-West Africa, Territory of.—The 
Consolidated Diamond Mines of South 
West Africa (Proprietary) Ltd. reported an 
increase in ore treated in 1975 to 13,498,048 
short tons from 13,047,780 tons in 1974. 
The average stone size decreased from 0.88 
carat in 1974 to 0.73 carat in 1975. Over- 
burden stripped increased from 45,074,540 
tons in 1974 to 46,389,670 tons in 1975. 
Diamond production was higher in 1975 
at 1,747,739 carats, compared with 1,569,961 
carats in 1974, 

The application of a well-point dewater- 
ing system together with the use of a 
bucket wheel excavator enabled mining to 
proceed up to 492 feet seaward of the 
high water mark, and extending operations 
to 656 feet appeared feasible. 

U.S.S.R.— Soviet geologists, according to 
the Novost Information Service of Moscow, 
have discovered additional reserves of tur- 
quoise, other semiprecious stones, and in- 
dustrial stones in Uzbekistan in Central 
Asia. The other stones included lazurite, 
chalcedony, onyx, quartz, and rhodonite. 
The Ministry of Geology added that a 
stone processing plant was already under 
construction to produce 322,920 square feet 
of ornamental stone tiles per year. Produc- 
tion of these stones in Uzbekistan will 
increase three or four times by 1980.% 


24-Mining Journal. Industry in Action. Hunza 
Rubies Encouraging. V. 284, No. 7292, May 23, 
1975, p. 403. 

73 De Beers Consolidated Mines Limited. 1975 
Annual Report. 59 pp. 

4 Industrial Minerals. ompany News & Mineral 
Notes. No. 93, June 1975, p. 51. 
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Table 3.—Diamond (natural): World production, by country 2 
(Thousand carats) 
; 1978 1974 1975 P 
Country Gem Indus Indus Ind 
- - ndus- 
em ‘trial Total Gem trial Total Gem trial Total 
Africa: 
Angola ---------------- 1,594 531 2,125 1,470 490 1,960 345 115 ¢ 460 
Botswana -------------- 362 2,054 2,416 408 2,310 2,718 362 . 2,052 2,414 
Central Africa Republic 341 1183 * 524 220 118 338 220 119 339 
Ghana ----------------- ¥ 231 62,076 * 2,307 257 «2,815 2,572 233 2,095 2,328 
Guinea® -.-------------- 25 55 80 Ci 55 80 25 55 80 
Ivory Coast ------------ 120 180 300 142 167 279 84 125 209 
Lesotho Br poet eeeoeeeess 1 8 9 2 9 11 1 2 3 
Liberia’ --------------- 509 308 817 377 259 636 4241 4165 4 406 
Sierra Leone ----------- 646 758 1,404 670 1,000 ° 1,670 600 900 ¢ 1,500 
—$—$—< 
South Africa, 

Republic of: | 
Premier mine ------ 625 1,876 2,501 605 1,817 2,422 509 1,527 2,036 
Other De Beers 

properties5 ------ 2,368 1,938 4,806 2,397 1,961 4,358 2,518 2,061 4,579 

Other  .-------~------ 455 303 758 438 292 730 . 408 272 680 

Total --.--------- 3,448 4,117 7,565 3,440 4,070 7,510 3,435 38,860 7,295 
South-West Africa. 

Territory Of 22 SsS2-52= 1,520 80 1,600 1,491 79 1,570 1,660 88 1,748 
Tanzania toe ete sees 251 250 501 249 249 498 224 224 448 
Zaire --.--------------- 71,082 11,858 12,940 1,143 12,468 18,611 1,076 11,734 12,810 

Other areas: 
Brazil ..---------------- r 56 rB7 6° 113 127 127 254 135 185 ¢270 
Guyana -..------------- . Bl 21 52 12 ~~. «18 30 8 13 21 
Tndia 22.22. seen e2-25565 18 3 21 18 3 21 17 3 ‘20 
Indonesia @ ~-.--.------- 12 3 15 12 3 15 . 12 3 15 
. U.SS8.R.¢  -...--------- 1,900. 7,600 9,500 1,900 7,600 9,500 1,950 7,750 9,700 
Venezuela —.------------ 315 463 178 279 970 1,249 239 821 1,060 


World total 


BO aie ea Oe ee ae BE 
wena nnn nne F 12,462 730,605 743,067 12,212 32,310 44,522 10,867 30,259 41,126 


17Total (gem plus industrial) diamond output for each country is actually reported except where 
indicated to be an estimate by footnote. In contrast, the detailed separate reporting of gem diamond 
and industrial diamond represents Bureau of Mines estimates in the case of every country except 
Central African Republic (1973), Lesotho (1973-75), Liberia (1973-74), Guyana (1973), and: Vene- 
zuela (all years), where sources give both total output and detail. The estimated distribution of 
total output between gem and industrial diamond is conjectural in the case of a number of coun- 


3 Exports 


4 Partial figure, January 1 through December 15 only. 
5 All company output from the Republic of South Africa except that credited to the Premier 
mine; excludes company output from the Territory of South-West Africa and Botswana. 
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Turquoise may be of inferior quality or 
may be confused with other materials to 
the disadvantage of the owner of the 
turquoise. For example, chrysocolla is 
identified frequently as turquoise. A sim- 
ple test will help identify the sample cor- 
rectly A drop of commercial grade of 
hydrochloric acid (HCl), commonly called 
muriatic acid (32% HCl), is placed on the 
sample. If it is chrysocolla, the acid will 
turn to a greenish-yellow color which can 
be easily observed by blotting it with a 
white tissue. No reaction will take place 
on fair to excellent quality turquoise. 
Azurite and malachite will change the 
acid’s color and they will effervesce also. 


American Indian turquoise jewelry can 
also be difficult to assess. Advice to pro- 
spective buyers included cautions against 
fakes, mass-produced or machine-made 
jewelry labeled “Indian” creation, and 
even stolen jewelry.* The quality of the 
turquoise in the jewelry was also described 
for the benefit of prospective buyers.” The 
geographical distribution of turquoise in 


2 O’Haire, R. T. A Simple Test, Chrysocolla or 
Turquoise? Arizona Bureau of Mines, Fieldnotes, 
v. 5, No. 2, June 1975, p. 9. 

26 Changing Times, The Kiplinger Magazine. The 
Big Rip-Off in Indian Jewelry. V. 29, No. 9, Sep- 
tember 1975, p. 4. 

27 Albuquerque Journal. Turquoise Cost Up, But 
Weer Out. 93d Year, No. 3, Apr. 21, 1974, pp. 
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the United States is limited to the margins 
of the Colorado Plateau of the South- 
western States. With the aid of instru- 
mental neutron activation analysis to de- 
tect trace elements, researchers are able 
to tell which turquoise came from which 
mine.* The information obtained from a 
study of turquoise artifacts from a pre- 
Columbian Indian village contributed 
knowledge to the trading patterns of the 
inhabitants. 

The Job Safety & Health magazine of 
the U.S. Department of Labor indicated 
10,000 lasers were in use by industry, and 
the boring of holes in diamond was noted” 
A proposed safety code required protective 
housings, safety interlocks, visual and 
audible warning signals to alert operators 
in case of interlock failure and other steps 
to eliminate exposure to any radiation or 
other hazards. 

The current process equipment and 
products of the semiconductor crystal 
industry were reviewed and predictions 
were made for the future state-of-the-art 
The processes which were described in- 
cluded the Czochvalski, float zone, pedestal 
growth, and zone leveling and procedures 
such as edge defined ribbon growth, 
dendritic web growth, Schmid Viechnicki, 
and cold crucible melting. 

Natural diamond and most manufac- 
tured diamond are formed at high pres- 
sure. It is possible to synthesize diamond 
by growing it from existing diamond in a 
low-pressure gas rich in carbon? It was 
found advantageous to have the seed dia- 
mond in powder form to take advantage 
of the large surface per unit of weight. 
Powder having a particle size of up to 1 
micrometer has a specific surface of about 
10 square meters per grain. It was also 
found that, if the diamond particles are 
suspended in the gas, such as methane by 
applied vibrations, the growth would be 
improved; the method could also yield 
threads, whiskers, or fibers of diamond. 

Information about the earth’s deep in- 
terior is scanty, and even inferences drawn 
from seismic and electrical conductivity 
measurements include assumptions about 
the relevant mineral species. Recently geo- 
physical investigations applied improved 
techniques to suggest major revisions in 
the accepted hypothesis pertaining to the 
earth’s lower mantle. The key to the new 
techniques is a device developed at the 
National Bureau of Standards and is 
known as a diamond-anvil or diamond- 
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window pressure cell? The device is not 
new, but its refinements and applications 
are. In addition to the work at the Na- 
tional Bureau of Standards, groups at the 
Geophysical Laboratory of the Carnegie 
Institution of Washington and at the 
University of Rochester contributed studies 
of chemical and physical properties. 

The most prominent characteristic of 
minerals and gems is color. The cause of 
the color in many of these materials is 
frequently unknown or misunderstood, and 
many erroneous early guesses as to the 
causes of specific colors in minerals have 
been repeatedly copied from one text to 
the next so that much misinformation is 
current. Twelve distinct causes of color 
were described in three articles** and brief 
outlines of four theories—crystal _ field, 
molecular orbital, band, and physical op- 
tics—were included. 

The tumbling process has been in use 
about 30 years for polishing gem stones. 
The technique is more popular now than 
ever before, and an evaluation of tumbling 
was presented.* The shape of a tumbler 
may be round, hexagonal, or barrel. The 
material of construction may be glass, 
ceramic, plastic, rubber, or steel. The tum- 
bler may have a fixed speed of rotation, or 
it may be variable. Tumblers may be open 
or sealed. Tumblers may rotate on a fixed 
or a variable axis, or may vibrate, usually 
on a vertical axis. The stones for the 
tumbler should be of similar grain, density, 
toughness, hardness, and porosity. The load 
should be exact, although most tumblers 
work well when about two-thirds to three- 


78 Science News. Archaeology. Snaketown Tur- 
quoise Trading. V. 


108, Nos. 8-9, Aug. 23-30, 
1975, p. 125. 


7° American Metal Market. Laws for Lasers. V. 
82, No. 13, Jan. 20, 1975, p. 26, 

50 Lenzing, J. Survey of Semiconductor Crystal- 
Growing Processes and Equipment. Solid State 
qechmoleny, v. 18 No. 2, February 1975, pp. 34 


3 Devjaguin, B. V. and D. B. Fedoseev. The 
Synthesis of Diamond at Low Pressure. Scientific 
rae ae v. 233, No. 5, November 1975, pp. 

® Science. Research News. High-Pressure Geo- 
physics: A Window on the Lower Mantle. V. 190, 
No. 4218, Dec. 5, 1975, pp. 967, 968. ; 

%8 Nassau, K. The Origins of Color in Minerals 
and Gems—Part I. iepid J., v. 29, No. 5, 
August 1975, pp. 920, $22, 924, 996, 998. 

——. The rigins of Color i 
Gems—Part II. Lapidary J., v. 29, No. 6, Septem- 
ber 1975, pp. 1060, 1062, 1064, 1066, 1068, 1070, 


Gems—Part III. Lapidary J.. v. 29. No. 7, October 
1975, pp. 1250, 1252, 1353, 1254, 1956; 1958. 
3 Tumblers, Tumbling and Tum- 


Z J. 
bled Gems—Part I. Lapid J., v. 29, No. 9, 
December 1975, pp. 1670-1691. 
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le variations, it was recommended 


fourths full, The amounts of fluid or — the possib 
that the instructions of the manufacturers 


abrasive polishing media, and special 
be followed explicitly. 


water, 
variable. Because of all 


additives are also 


Gem Stones 


By W. Timothy Adams?’ 


The production value of gem stones and 
mineral specimens in the United States 
during 1976 was estimated to be $8.9 mil- 
lion, an increase of 2% over that of 1975. 
Most of the value was contributed by the 
few companies that operated deposits for 
emerald, jade, opal, sapphire, and turquoise. 


Amateur collectors were important even 
though their total contribution was surpass- 
ed by the commercial operators. The com- 
mercial operators sold mainly to wholesale 
or retail outlets and occasionally to jewelry 
manufacturers. 


_ DOMESTIC PRODUCTION 


- Mines and collectors in 39 States pro- 
duced gem materials estimated at $1,000 or 
more for each State. Ten States supplied 
90% of the total value as follows: Arizona, 
$4.0 million; Nevada, $1.3 million; Maine, 
$1.1 million; Oregon, $525,000; California, 
$231,000; New Mexico, $210,000; Montana, 
$170,000; Texas, $168,000; Washington, 
$168,000; and Wyoming, $147,000. 

Park authorities at the Crater of Dia- 
monds Park in Arkansas reported the find- 
ing of 398 diamonds, of which 1 was 3 carats 
and 3 were 2 carats each. No value was 
placed on the stones.” 

A report was published on the evaluation 
of diamond-containing weathered kimber- 
lite pipes in Colorado and Wyoming.* 

A 200-carat emerald crystal was found at 
the Big Crabtree emerald mine near Little 
Switzerland, N.C. The stone appeared to be 
of fine quality and could yield a stone of 40 
carats if cut. It would be larger than the 
Carolina emerald of 14 carats. Peridot was 
mined by about 200 individuals of the San 
Carlos Apache Tribe at Peridot, Ariz., and 


no estimate of quantity and value of the 
peridot was available. 

The production of turquoise of all grades 
and quantities reported was 221 tons, val- 
ued at $3.9 million and was principally 
from Arizona, Nevada, and Colorado. The 
great interest in Native American style 


jewelry continued throughout 1976. Many 


articles appeared in various publications 
describing the qualities of genuine tur- 
quoise and Native American jewelry.‘ 


1Physical scientist, Division of Nonmetallic Minerals. 

2Arkansas Department of Parks and Tourism, Parks 
Division. 

3McCallum, M. E. and C. D. Mabarak. Diamond in State- 
Line Kimberlite Diatremes, Albany County, Wyo.; Lari- 
mer County, Colo., Geol. Survey of Wyo., RI 12, September 
1976, 36 pp. 

‘Hass, L. N. Turquoise — Blue Heaven in a Stone, Part 
r oe and Miner., No. 458, December 1975, pp. 8-9, 62-63, 

———. Part II. Gems and Miner., No. 459, January 1976, 
pp. 42, 62-64. 

——. Part III. Gems and Miner., No. 460, February 


1976, pp. eee 

Rowe, R. C. Turquoise — Genuine or False. Gems and 
Miner., No. 459, January 1976, pp. 35-37. 

Hemrich, G. 1. Turquoise Substitutes. Gems and Miner., 
No. 470, December 1976, pp. 17-20, 22. 
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. Mine Location Operator 
Emerald: Big Crabtree mine ________ Mitchell County, N.C ______ PBH Emerald Co. 
Little Switzerland, N.C. 28749 
Jade: Stewart Jewel Jade mine ______ Kobuk Village, Alaska _____ Serer pred sere Jade Co. 
ve. 
; Anchorage, Alaska 99501 
* aval Paacbok imites wic20- S328 Humboldt County, Nev_____ __ Harry W. Wilson 
Spencer Opal mine (dig-for-f "Clark County, Idaho Mark L Stoller 
pencer mine (dig-for-fee unty, O ler 
mine). 1862 Ranier St. 
Idaho Falls, Idaho 83401 
Pain Sapphire Granite County, Mont Chaussee Sapphire Corp 
jussee Sapphire mine rani unty, Mont _____ ussee Sapp . 
(sold unscreened material to Box706 
tourists in summer and as- Philipsburg, Mont. 59858 
sisted in screening). 
ay jade Village mine Judith Basin County, Sapphire International Corp. 
ogo Gulch). Mont. | Box 30 
Utica, Mont. 59452 ~ 
Turquoise: 
Aurora mine _____ 2 Lander County, Nev ______ paleo Lake Mining Co. 
Black Spider _d ‘Grills Ming Ga e710 
rmine ~___________ 227 d0 oo eae SS 
2221 10th'St. 
. Lubbock, Tex. 79401 
Blue Eagle mine ____________ 2 Mineral County, Nev ______ pia and D. Lester 
; Xx 
Mina, Nev. 89422 
BlueJimmine ____._§________ Lander County, Nev ______ pays Elquist 
‘ . Battle Sat ar a Nev. 89820 
Blue Spider mine ____._._._.______ eee tdO ei a John Lee & Co. 
5101 North 40th St., Act. 119 
sev rk : - Phoenix, Ariz. 85018 
Boundary mine ______________ Mineral County, Nev ______ ea on and R. H. Herrington 
x 
, Mina, Nev. 89422 
Duval Corp. mine ______._» -§ ___ ___ Mohave County, Ariz ___ _ __ L. W. Hardy Co., Inc. 
; 3809 East Highway 66 
i Ariz. 86401 
Morenci mine ____§_§_._-/_-_._-_____ Greenlee County, Ariz _____ W. O. Brown 
230 West 66 Ave. 
Gallup, N. Mex. 87301 
Pinto Valley mine ____________ Gila County, Ariz ._______ L. W. Co., Inc. 
3809 East Highway 66 
Red Mountain mine ___________ Lander County, Nev ______ J. M. Johnson 
102 West 9th Pl. 
Mesa, rhe ioe ea 
pur taaiee ugget (colessee 
Box 1118 
ay eat Ariz. 86001 
Royal Bluemine _____________ Esmeralda County, Nev ____ we Aree 
St Nev. 89040 
Shoshone and Ackerman mines ____ Churchill County, Nev _____ Lombardo eee Co., Inc. 
1300 East Main S 
aay Nev. 893 10 
Turquoise Chief mine __________ Lake County, Colo. _______ N. F. Reed 
Albuquerque, N. Mex. 87110 
Villa Grove mine ________._____ Saguache County, Colo ___ __ G. a 


Box 17 
Villa Gre: Colo. 81155 


CONSUMPTION 


Domestic gem stone output went to am- stones (domestic production plus imports 
ateur and commercial rock, mineral, and minus exports and reexports) was $705 mil- 
gem stone collections, objects of art, and lion, 51% more than that of 1975. 
jewelry. Apparent consumption of gem 


PRICES 


Typical costs to a retail jeweler in De- importers were as follows: 
cember 1976 for representative better qual- ————— 
5Jewelers’ Circular — Keystone. JC-K’s Colored Stone 
ity gem stones as reported by 15 typical Price Index. V. 147, No. 5, February 1977, p. 84. 


Gem stone 


ee i ea eee er wr wre 
ee ee eee ern rere 
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Median price Price range 
per carat per carat 

10 $15 $11-$17.50 

8 120 75-260 

5 1,100 750-1,100 
10 8 5-10 

1 2,875 1,500-5,000 

1 415 400-600 
10 300 190-450 

3 438 300-500 

5 62 60-70 
10. 50 45-60. 

2 1,875 1,250-3,500 

2 125 400-1,200 

5 300 150-250 
10 55 55-100 
10 100 15-125 — 


3.—Ten-carat cat’s eyes and ibecaret PocNts: both of which were on the 1974 list, became unavailable during 


NOTES t 
1975, but the median price per carat of the smaller 


stones held at the levels of the larger stones. 


No survey was made of ctiamone prices; price trends indicated higher prices for cut diamond 1 carat and smaller, but no 
diamon 


change in larger cut 


FOREIGN TRADE 


Exports of all gem materials amounted to 
$326.7 million, and reexports to $155.5 mil- 
lion. Diamond ,accounted for 94% of the 
value of exports and 92% of the reexports. 
Exports of diamond totaled 312,853 carats 
valued at $306.1 million. Of this total, dia- 
mond cut but unset, suitable for gem stones 
not over 0.5 carat, was 53,375 carats valued 
at $21.1 million; and cut, but unset, over 0.5 
carat was 258,738 carats valued at $284.9 
million: o mt . 

Reexports of diamond amounted to 
1,198,805 carats, valued at $142.7 million, in 
categories as follows: Rough or uncut, suit- 
able for gem stones, not classified by weight, 
1,025,188 carats valued at $88.9 million; cut 
but unset, not over 0.5 carat, 45,127 carats 
valued at $9.2 million; cut but unset, over 
0.5 carat, 128,450 carats, valued at $44.6 
million. oy 

The :10 leading recipients of diamond 
exports accounted for 89% of the carats and 
98% of the value and were as follows: Hong 
Kong, 98,102 carats valued at $132.5 mil- 
lion; the Netherlands, 39,033 carats valued 
at $39.7 million; Switzerland, 32,480 carats 
valued at $37.2 million; Japan, 46,924 carats 
valued at $33.5 million; Belgium, 25,827 
carats valued at $25.8 million; France, 6,288 
carats valued at $14.5 million; West Ger- 
many, 5,416 carats valued at $7.1 million; 
the United Kingdom, 4,671 carats valued at 
$4.7 million; Israel, 9,670 carats valued at 
$3.2 million; and Canada, 8,952 carats val- 
ued at $2.3 million. 

The eight leading recipients of diamond 
reexports accounted for 96% of the carats 
and 97% of the value and were as follows: 
Belgium, 482,030 carats valued at $41.1 


million; Israel, 403,017 carats valued at 
$34.3: million; the Netherlands, 213,537 
carats valued at $25.2 million; the United 
Kingdom, 32,830 carats valued at $11.7 
million; Switzerland, 7,832 carats valued at 
$8.9 million; France, 20,884 carats valued at 
$6.9 million; Japan, 26,764 carats valued at 
$5.6 million; and Hong Kong, 10,797 carats 
valued at $4.5 million. te 

Exports of all other gem materials am- 
ounted to $20.6 million. Of this total, pearls, 
natural and cultured, not set or strung, 
were valued at $0.6 million. Natural pre- 
cious and: semiprecious stones, unset, were 
valued at $18.0 million; and synthetic or 
reconstructed stones, unset, were valued at 
$2.0 million. Reexports of all other gem 
materials amounted to $12.8 million in 
categories as follows: Pearls, $0.8 million; 
natural precious and semiprecious stones, 
unset, $11.8 million; synthetic or recon- 
structed stones, unset, $0.1 million. 

- Imports of gem materials increased about 
89% in value over those of 1975. Diamond 
accounted for 86% of the total value of gem 
material imports. 

Although rough and uncut diamond im- 
ports were reported from 24 countries, over 
99% of the value was from 9 countries as 
follows: The Republic of South Africa, 
1,194,128 carats, $257.2 million; the United 
Kingdom, 494,884 carats, $113.8 million; 
Sierra Leone, 331,554 carats, $42.9 million; 
the Netherlands, 50,393 carats, $20.5 mil- 
lion; Israel, 38,573 carats, $8.2 million; 
Belgium-Luxembourg, 37,885 carats, $6.7 
million; Venezuela, 260,066 carats, $6.0 mil- 
lion; Liberia, 2,790 carats, $2.9 million; and 
the Central African Republic, 36,006 carats, 
$2.2 million. 
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Cut but unset diamond, not over 1/2 


carat, was imported from 88 countries; 
however, the imports of this category from 
10 countries amounted to 99% of total 
carats and value as follows: Israel, 1,100,253 
carats, $178.7 million; Belgium, 1,011,991 
carats, $157.1 million; India, 498,996 carats, 
$64.7 million; the Netherlands, 68,419 car- 
ats, $9.6 million; the U.S.S.R., 35,794 car- 
ats, $8.1 million; the Republic of South 
Africa, 13,747 carats, $3.7 million; Switzer- 
land, 12,673 carats, $1.7 million; the United 
Kingdom, 11,243 carats, $1.6 million; 
France, 9,276 carats, $1.9 million; and Hong 
Kong, 8,981 carats, $1.3 million. Cut but 
‘unset diamond, over 1/2 carat was imported 
from 30 countries; the imports from 9 coun- 
tries amounted to 99% of the total carats 
and 98% of the value as follows: Belgium, 
156,083 carats, $66.8 million; Israel, 102,563 
carats, $32.5 million; the Republic of South 
Africa, 8,178 carats, $6.0 million; the Neth- 
erlands, 9,717 carats, $3.3 million; the 
US.S.R., 6,660 carats, $2.5 million; the 
United Kingdom, 2,661 carats, $2.0 million; 
Switzerland, 1,142 carats, $1.1 million; In- 
dia, 3,389 carats, $0.8 million; and Hong 
Kong, 860 carats, $0.7 million.. ts 
Imports of emeralds increased 45% in 
quantity and 37% in value. Emerald was 
imported from 33 countries; the imports 
from 9 countries amounted to.96% of the 
carats and 94% of the value as follows: 
Colombia, 57,252 carats, $21.6 million; In- 
dia, 578,780 carats, $9.7 million; Switzer- 
land, 28,457 carats, $6.9 million; Brazil, 
207,620 carats, $3.8 million; Israel, 76,805 
carats, $2.7 million; the United Kingdom, 
76,069 carats, $2.5 million; Hong Kong, 
49,730 carats, $2.1 million; West Germany, 
34,817 carats, $1.7 million; and France, 
3,745 carats, $1.1 million. Ruby and sap- 
phire were imported from 84 countries; the 
imports from 7 countries amounted to 91% 
of the value as follows: Thailand, $15.6 
million; Sri Lanka, $2.3 million; India, $2.0 
million; Switzerland, $2.0 million; Hong 
Kong, $1.8 million; West Germany, $0.7 
million; and Canada, $0.4 million. Natural 
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pearls and parts from 11 countries increas- 


ed 12% in value of imports; 5 countries 


accounted for 91% of the value as follows: 
India, $371,000; Japan, $104,000; France, 
$85,000; Burma, $82,000; and Hong Kong, | 
$48,000. Cultured pearls increased 52% -in 
value of imports which were received from 
20 countries of which Japan, at $10.6 mil- 
lion, accounted for 95% of the value. Im- 
ports of imitation pearls increased 32% in 
yalue; Japan, at $569,000, accounted for 
84% of the value. Coral, cut but unset,.and 
cameos suitable for use in jewelry increased 
slightly in value of imports, which were 
received from 20 countries; 3 countries. 
accounted for 94% of the value as follows: 
Italy, $3.4 million; Taiwan, $1.5 million; and 


. Japan, $1.2 million. _ - 


Imports of other precious and semipre- 
cious stones, rough and uncut, increased — 
30% in value and came from 46.countries of — 
which 7 countries accounted for 78% of the 
value as follows: Brazil,.$2.5 million; Aus- 
tralia, $2.0 million; Colombia, $1.1 million; 
Hong Kong, $0.3 million; India, $0.2 million; — 
the Republic of South Africa, $0.2 million; 
and Zambia, $0.2 million. Other. precious 
and semiprecious stones, cut but unset in- 
creased 26% in value and were imported 
from 59 countries, of which 7 countries 


_ accounted for 87% of the value as follows: 


Hong Kong, $15.4 million; Brazil, $5.3 mil- 
lion; West Germany, $3.5 million; Australia, 
$2.9 million; Taiwan, $1.5 million; Iran, $1.0 
million; and India, $1.0 million. Synthetic 
gem stones, cut but unset, increased 26% in 
value and came from 17 countries of which 
6 countries accounted for 96% of the value 
as follows: West Germany, $5,689 million: 
France, $1,226 million; Switzerland, $1,191 
million; Japan, $1,099 million; Taiwan, 
$0.272 million; and Hong Kong, $0.259 mil- 
lion. Imitation gem stones increased 9% in 
value and came from 18 countries, of which 
5 countries accounted for 98% of the value 
as follows: Austria, $4,959 million; West 
Germany, $2,618 million; Czechoslovakia, 
$0.961 million; Japan, $0.252 million; and 
Hong Kong, $0.106 million. 


. are being used 
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Table 1.—U.S. imports for consumption of precious and semiprecious gem stones 


Ro or uncut ____--- eh Pe Se Une athe Ste ce 


Imitation. ____ _ _--------------------7" 


_ Other precious and semiprecious stones: © - 
Rough and uncut 


: . (Thousand carats and thousand dollars) 


1975 

Quantity Value Quantity Value 
2,341 347,882 2, 462,657 
2,236 374,237 8,087 549,182 

40,348 1,165 55 
NA 6,475 NA 6,497 
NA 19, NA 27,165 

N NA 

NA 678 NA 155 
NA 7,261 NA 11,062 
NA 515 NA 680 
NA 380 NA 8,266 
N. 28,718 NA 35,278 
NA 1,935 NA 2,565 
18,682 8,008 18,705 10,115 
NA 610 NA 166 
NA 8,296 NA 9,072 
NA 850,430 NA 1,179,366 


~ NA Not available. - 


_ WORLD REVIEW — 


Australia.—Turquoise was ‘discovered in 
Australia in 1967. The deposits are located 
in the remote central region of the North- 
ern Territory approximately 265 miles 
northeast of the railhead at Alice Springs. 


The turquoise occurs in a series of Cam- 


brian siltstone-mudstone beds that form 


_ part of the Sandover Beds of the Georgina 
- Basin. A range of phosphate types is pro- 


duced from the mine. Microscopic and X-ray 
diffusion examination have shown the typi- 
cal high-grade material to. be composed of 
very-fine-grained, close-packed nodules of 
turquoise. The turquoise has been formed 
by the chemical combination of phosphates 
and alumina in the phosphate-rich beds and 
copper leached from the overlying copper- 
rich tuffaceous siltstones. Mining is by 
open-cut methods. Specimens up to three- 
quarters ton have been recovered. Proven 
reserves are considerable, and continuity of 
supply is offered. A wide range of material 
is available for gem cutters and the carving 
trade. The area is not open to collectors and 
hobbyists.® 

New markets for Australian opals are 
being opened both at home and in Japan. 
Stones from Cooper Pedy and Andamooka 
in a variety of styles in 
watch bracelets and pendants. A new manu- 
facturing process is reported to insure high 
durability of the stone.” 

Botswana.—A new tax regime instituted 
by the Government of Botswana established 
an effective partnership between the Gov- 
ernment and the De Beers Group. The 


Orapa mine produced 2,360,945 carats of 


- diamond from 3,428,985 tons of ore in 1976. 


Construction work is in progress at Orapa 
to increase the capacity of the mine from 2.3 
million carats to 4.5 million carats per year. 
The new Letlhakine mine, 24 miles south- 
east of Orapa was commissioned, and pro- 
duction began at the rate of 320,000 carats 
per year. The mine treated diamondiferous 
gravels surrounding the pipe. Design work 
was in progress for the second stage of 
development to treat the kimberlite. Pros- 
pecting continued at a kimberlite pipe 
discovered in Jwaneng in the south of the 
country. The pipe is overlain by 150 feet of 
overburden and represents a considerable 
technical achievement. A drilling program 
has established that the pipe is large and 
contains diamond in economic quantities.® 

Burma.—The Mogok ruby that made 
Burma one of the gem capitals of the world 
has also been the cause of the country’s 
plunder by smugglers and black market- 
eers. The gem industry was nationalized in 
1969, and 18 kinds of precious stones in- 
cluding rubies, sapphires, and jade were 
brought under official control. Officials ad- 
mit that thieves are still active despite 
strong security at the mines.” 


6Cumming, J. Australian parle: Lapidary J., v. 30, 
No. 7, October 1976, pp. 1684-1636. 
ining Journal ces. New Uses for Opal. V. 


Conferen 
287, No. 7375, Dec. 24, 1976, p. 510. 
8De Beers Consolidated Mines Ltd. 1976 Annual Report, 


aung, C. T, The Curse of the Burmese Ruby. Wash. 
Post, Apr. 18, 1976, p. H-8. 
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GEM STONES 


Significant quantities of Burmese jadeite 
ends up in Thailand through various 
smuggling routes. The price of fine apple 
and emerald green jadeite is such that a 
market has been created for the once- 
neglected yellow, red, and apricot colors. 
Much of the yellow and red material being 
offered is not jadeite but dyed quartz. 
The fraud may be detected by concoidal 
fractures on a chipped edge rather than the 
fibrous fracture displayed by jadeite.* 

Colombia.—Two years ago small em- 
eralds of little commercial value were dis- 
covered in alluvial sands near the small 
town of Yacopi. The discovery coincided 
with the closing of Muzo, the major emerald 
mine in Colombia. The increasing pro- 
duction from the Yacopi area gives evidence 
to the belief that soon something of real 
value will be discovered there. A major find 
at Yacopi would give Colombia a new source 
of foreign exchange." 

Guatemala.—Rough Maya jade will be 


-made available to wholesale gem distribu-. 


tors and rockhounds. The jadeite is of excel- 
lent carving quality. The colors range from 
a pearly white and a richer green to a dark 
green that appears black when polished. 
The quality of the jade has been evaluated, 
and it compares favorably with Wyoming 
jade. Larger rough-cut boulders have been 
exported to Hong Kong for statue carving.’? 

Lesotho.—The Letseng-la-Terai mine be- 
gan producing at a rate of 4,000 tons of ore 
per day. Systematic mining began in May 


with the object of exposing hard kimberlite ~ 


at depth and stockpiling the overlying soft 
weathered kimberlite. At yearend, 500,000 
tons of the weathered kimberlite had been 
stockpiled. The profitability of the mine 
depends on the production of a comparative- 
ly small quantity of large, high-quality 
stones."* | 

India.—The Indian diamond industry, 
which is export-oriented and cottage based, 
has grown twelvefold in the past decade and 
now provides employment to approximately 
150,000 workers, mostly skilled artisans. 
The United States has emerged as one of 
the principal buyers of Indian diamond 
accounting for more than 27% of India’s 
exports. India’s share in the world diamond 
trade is about 7% to 8% in terms of value 
and 1.2% to 1.5% in terms of caratage. A 
combination of skills developed over the 
years and low production costs have en- 
abled India to specialize in the polished 
small diamonds known as “‘makeables.” The 
bulk of India’s raw material requirments, 
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namely, rough diamonds, is supplied by the 
Diamond Trading Company (DTC), London. 
The outlook for the industry is encour- 

aging.“ — | 

Iran.—Iranian production of turquoise 
from March 21, 1975 to March 20, 1976, was 
reported as 68.2 short tons. Proven reserves 
were reported as 11,000 short tons and 
resources as 22,000 short tons.** 

Pakistan.—The Government of Pakistan 
decided to set up an organization to buy 
uncut emeralds, diamonds, and other pre- 
cious stones from the mines at Swat in the 
North West Frontier Province and export 
them in finished form. The mines have been 
sealed by the police and mining operations 
suspended for the present. Of the 800 carats 
of emerald produced per. month, a large 
proportion was said to be smuggled out of 
the country.*¢ 

South Africa, Republic of.—The Central 
Selling Organization reported diamond 
sales in 1976 of $1,555 million, 46% greater 
than in 1975. During 1976, sales exceeded 
production, and the excess was provided 
from stocks. The Central Selling Organiza- 
tion. increased the price of diamond twice 
in 1976, by 3% in January and 6% in 
September. The demand for the smaller 
sizes and the lower qualities of larger dia- 
monds was very strong in 1976. Toward the 
end of the year, there was improvement in 
demand for better quality large stones. No 
breakdown of gem stones or industrial 
diamond sales was given.’” 

South-West Africa, Territory of.—The 
Consolidated Diamond Mines of South-West 
Africa (Proprietary) Ltd. reported an in- 
crease in ore treated in 1976 to 14,167,067 
short tons, from 13,498,048 tons in 1975. The 
average stone size increased from 0.73 carat 
per stone to 0.95 carat per stone in 1976. 
Overburden stripped increased from 46,3- 
89,670 short tons in 1975 to 54,996,027 tons 
in 1976. Diamond production decreased to 
1,693,994 carats in 1976 from 1,747,739 ca- 
rats in 1975. 


10G, J. The Latest * Yellow-Red Burma 
Jade. Lapidary J. v. 29, No. 11, Hx 


1976, p. 2084. 

World . Colombian Miners Seek Emeralds at 

ae Muzo Mine Closed. V. 29, No. 4, April 
pp. 

x , W. RK. Ancient Jade Deposits Rediscov- 
ered. Lapi Ne eee 

ae Consolidated Mines Ltd. 1976 Annual Re- 

141J.S. Embassy, New Delhi, India. State Department 

i A-87, Dec. 23, 1976, 8 pp. 

U. , Ti Department Air- 

gram A-225, Dec. 29, 1976, Enclosure 1: 1 pp. 


16Mini Journal. Production Smuggling in Swat. V. 
, Mar. 5, 1976, p. 188. 
Consolidated Mines Ltd. 1976 Annual Re- 
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Further refinements made to the dewa- 
tering systems and stability improvements 
to the sea wall enabled operations to ad- 
vance 150 feet further seaward of the high 
water mark. Fewer minor breakdowns were 
experienced with the bucketwheel excava- 
tor during the year, but three major compo- 
nent failures decreased overall availability. — 

Thailand.—Many of Thailand’s precious 
and semiprecious stone mines are nearing 
depletion, resulting in a marked increase in 
importation of blue sapphires from Austra- 
lia. Smuggling of gem stones from Burma 
and Cambodia also incre. 18 

U.S.S.R.—Soviet geologists are reported 
to have made diamond finds in ancient 
Timan paleozoic deposits west of the 
Urals." ee 

The Frankfurt diamond bourse has gone 
into receivership. German promoters 
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attempted to make Frankfurt a world dia- 
mond market using cutters from Idar- 
Oberstein to challenge the dominance of 
Israel, Antwerp, New York, and Bombay. 
Breaking into a trade that is divided 
between De Beers and the many Israeli and 
Belgian craftsmen was too big a task for the 
Germans even with Soviet help. 7 

It is reported that the U.S.S.R. has open- 
ed an export office in Antwerp under the 
name of RUSSALMAZ MV. It is also re- 
ported that the U.S.S.R. is selling the bulk 
of its finished goods to the Diamond Trading 
Co. marketing network since attempts to 
compete directly had failed.” . 


Ss. kok, Thailand. State Department 


a Embasey, Bang! 
i A-140, June 16, 1976, 8 pp. 
18Mining Journal. Industry in Action: Exploration. V. 
287, No. 7352, July 16, 1976, p. 51. 


cInnes, N. A Soviet Investment. Barron’s, v. 56, No. 
1, Jan. 5, 1976, p. 4. £ ober 2 


Table 3.—Diamond (natural): World production, by country? 


(Thousand carats) 
1974 1975 1976” 
ae Gem «UF Total «Gem «= AUF Total «Gem = Indus otal 
Angola ___-_______ 1,470 490 1,960 345 115 °460 +495 165 . °660 
fae eer ee 408 2,310 2,718 . 360 2,037 2,397 354 =—- 2,007 2,361 
Central African 
Republic _________ 220 118 338 220 119 339 221 119 &340 
Ghana _-_________ 257 2,315 2,572 233 2,095 2,328 228 2,055 2,283 
Guinea® ___-______ 25 55 80 25 55 : 80 25 55 - 80 
Ivory Coast ____-____ 112 167 279 84 125 209 22 38 60 
Lesotho _______ . 2 9 ll ast 2 3 1 2 °3 
LiberiaS ______ 377 259 636 4241 4165 4406 250 150 ©400 
Sierra Leone® _______ 670 1,000 1,670 600 900 1,500 600 900 1,500 
South ie 
ic of: 
jer mine .__~— 605 1,817 2,422 509 1,527 2,086 458 1,875 1,833 
Other De Beers — 
oh PA Ltt. 2,397 1,961 4,358 2,518 2,061 4,579 2,549 2,086 4,635 
Woe ee he 292 730 408 272 680 332 222 554 
Total _.-______ 3,440 4,070 7,510 3,435 3,860 1,295 3,339 3,683 7,022 
South-West Africa, 
erritory of _______ 1,491 19 1,570 1,660 87 1,747 1,609 85 1,694 
BR a Sa 249 249 498 224 224 448 225 225 ©450 
Zaire: oo I "620 12,991 13,611 395 12,415 12,810 591 11,280 11,821 
Other areas: 
Brawl on 127 127 254 135 135 °270 135 135 °270 
Guyana ___________ 12 18 30 8 13 21 6 8 14 
India ____________ 18 3 21 17 3 20 17 3 20 
Indonesia® _________ 12 3 15 12 3 15 12 3 15 
USS.R 1,900 7,600 9,500 1,950 7,750 9,700 2,000 7,900 9,900 
Venezuela _________ 279 970 1,249 239 82 1,060 190 643 833 
World total _______ 11,689 32,833 44,522 10,184 30,924 41,108 10,320 29,406 39,726 


°Estimate. Preliminary. 


TRevised. 
?Total (gem plus industrial) diamond output for each country is actually reported exce 
estimate by footnote. In contrast, the detailed separate reporting of gem gs 


where indicated to be an 
ond and industrial diamond represents 


Bureau of Mines estimates in the case of every country except Lesotho (1974-75), Liberia (1974), Venezuela (all years), and 


Zaire (1974-75) where sources give both total output and detail. The estimated 
ial diamond is conjectural in the case of a number of countries, based on unofficial information of varying 


and ind 
reliability. 


distribution of total output between gem 


sExports of diamond originating in Lesotho; excludes stone imported for cutting and subsequently reexported. 


“Partial figure; January 1 through December 15 only. 


All company output from the Republic of South Africa except for that credited to the Premier mine; also excludes 


company output from the Territory of South-West Africa and Botsw 


‘ana. 
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TECHNOLOGY 


_ Ruby crystals were subjected to a static 
pressure greater than 1 megabar in a 
diamond-windowed pressure cell. The pres- 
sure was monitored continuously by observ- 
_ing the spectral shift of the sharp fluores- 
cent Ri ruby line excited with a calcium- 
helium gas-diffusion laser beam. One mega- 
bar appears to be the highest pressure ever 
reported for a static experiment in which an 
interval calibration was employed. The 
accessibility of this pressure range, coupled 
with the high temperature already reached, 
makes it possible to experiment directly at 
the conditions of the earth’s core. 

General Electric (GE) scientists success- 
fully tested a new machine that can apply 
pressures greater than 8 million pounds per 
square inch. To achieve and maintain these 
pressures, GE created a pair of tungsten 
carbide pistons tipped with the company’s 
manufactured industrial diamonds. The ap- 
paratus will be used to study changes that 
occur in materials under high pressures and 
temperatures. 

Two distinct suites of minerals included 
in natural diamond are described. It is 
indicated that they probably represent 
different physical and chemical conditions 
during diamond growth. Detailed minera- 
logical and chemical study of the minerals 
included in diamond during its growth can 
provide significant data regarding the 
chemistry and physics of the upper mantle, 
as well as providing insight into the genesis 
of diamond." 

A detailed analysis of the composition of 
gaseous inclusions in seven Arkansas dia- 
monds ranging in size from 0.37 to 2.06 car- 
ats and containing other inclusions was 
made by mass spectrographic techniques. 
- The released gases were found to be of 
variable compositon and similar to those 
reported earlier from diamonds of African 
origin. Based on the tentative assumption 
that the gases are genetically related to the 
host diamond, a theoretical gas-solid dia- 
mond growth model was presented, which 
can account for the observed compositional 
variations in the included gases.” 

There are three significant features in 
the typical appearance of opal that provide 
clues to the mechanism responsible for the 
color display: (1) The color is associated with 
small grains, and throughout each grain the 
color is fairly uniform, (2) the color of the 
grains changes as the orientation of the 
stone is changed with respect to the light 
source and the observer, and (3) generally 


the colors are spectrally pure. Electron 
micrographs revealed regular geometric 
patterns of tiny holes across the entire 
surface of a grain. These arrays of holes are 
sufficiently regular to act as three 
dimensional diffraction gratings that give 
rise to the stones’ characteristic fire.* 

The Spencer mines in Idaho produced 
gem opal, which not only has the intense 
color of Australian doublets and triplets, 
but has an additional feature of displaying a 
star of brilliant colors. There are three 
types of stars to be found among the Idaho 
gems: A cat’s eye stone that exhibits a 
single streak of dispersed colors across the 
triplet, a three-ray star, and a six-ray. star. 
Stars such as these have not been reported 
for Australian opal.?« 

Two major techniques, flux and hydro- 


thermal, have been used to grow emerald 


crystals, and various solvents have been 
employed. The lithium molybdate flux has 
proved to be commercially viable in the 
hands of Chatham and Gilson. Hydrother- 
mal work, using two acid mineralizers, 
which gave satisfactory growth, did not 
prove to be commercially viable.” 

Color changes were observed on gamma- 
ray irradiation of over 500 colorless, pink, 
blue, and green tourmalines. The only sig- 
nificant changes observed were the develop- 
ment or intensification of pink or the deve- 
lopment of yellow superimposed on the 
preexisting color. Some of these colors are 
stable to heat, and some are not.?* 

The well-known brown color produced by 
the irradiation of topaz has been reexamin- 
ed particularly with respect to the kinetics 


21Mao, H. K. and P. M. Bell. High Pressure Physics: The 
1-Megabar Mark on the Ruby Ri Static Pressure Scale. 
Science, v. 191, No. 4229, Feb. 27, 1976, pp. 851-852. 
22American Metal Market /Metalworking News. GE 
Machine Able to Generate 8 reat Pounds of Pressure. 
V. 88, No. 111, June 7, 1976, p. 27 
23Meyer, H. O. A. and H. M. Teal agi Inclusions in 
Diamond: Temperature and Press rium. 
Science, v. 191, No. 4229, Feb. 27, 1976, pr Ppp. a 
24American Mineralogist. Experimental Results and a 
Theoretical Interpretation of Gaseous Inclusions Found in 
Natural Diamonds. V. 60, No. 5-6, May-June, 


Arkansas 
1975, pp. 413-418. 

P. J.,.A. J. Gaskin, and J. V. Sanders. Opal. 
Py v. Sh No. 4, April 1976, i nae 88-95. 


V. Star Opal From Idaho. Lapidary J. pas 2. 
a 11, February 1976, pp. 1986, 1988, "1990, 1992, 2008, 


Nassau, K. Synthetic aig The Confusing 

and the Current Technolog: Part I, oat J. 
No. 1, April 1976, pp. 196- 

27Nassau, K. red eran Emerald: The Confusing ning at 

the Current Technol ‘wr Part II. ; bepidary J 
No. m May 1976, pp. 468, 470, 472, 488 

fassau, K. Rey [rr Irradiation ny ee Changes 

inthe Coleco Tounmelinee Mineralogist, v. 60, No. 7- 
8, July-August 1976, pp. MOTs 
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of the color formation. The known color is 
produced at two different rates. Heating to 
200 for a few hours removes essentially all 
the color of the specimens tested.” 

A completely new comparison microscope 
assists the geologist and mineralogist in the 
accurate identification of minerals by color. 
The Lovibond-Nelson microcolorimeter is 
based on an optically linked pair of micro- 
scopes using a single light source. Accurate- 
ly graded glass filters are calibrated to the 
Lovibond subtractive color system and give 
an optical match with a sample.*° _ 

An automatic cutting machine, The Pier- 
matic, an English invention, cuts small 
diamond stones with efficiency and consis- 
tency of make. Machines are in use in 
Israel, New York, and Puerto Rico. Use of 
the machine is usually limited to stones of 
about 30 points.*? 
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Modern technology in the form of aerial 
photographs offers major assistance to 
mineral collectors. Photograph prints avail- 
able from film libraries show settlers’ home- 
steads, derelict railways, ghost towns, or 
any kind of habitation or clearing. Fifty- 
year-old bush trails show plainly no matter 
how overgrown they have become. Careful 
study of photographs will often save many 
miles of wandering in search of prospective 
sites.*? 


2°Nassau, K. and B. E. Prescott. Blue and Brown Topaz 
Produced by Gamma Irradiation. Am. Mineralogist, v. 60, 
No. 7-8, July- cmaaherrh 1976 pp. 705-709. 

ournal. Methods and Machines. Microcol- 

orimeter for Mine at Identification. V. 286, No. 7842, May 
7, 1976, p. 363. 

31 Jeweler’s Circular-Keystone. Gemstones. Automatic 
Diamond Cutting in N.Y. V. 146, No. 7, June 1976, p. 46. 

$2Hutchinson, W. and J. Hutchinson. Genuine Treasure 
Maps. Lapidary J., v. 80, No. 3, June 1976, pp. 818-821. 


- Gem Stones 


By W. Timothy Adams? 


The value of gem stones and mineral 
specimens produced in the United States 
during 1977 was estimated to be $8.9 mil- 
lion, the same as that of 1976. Production in 
the domestic commercial mining industry 
decreased, with the shutdown of many 


turquoise mines and the sapphire mine in 
Montana. Amateur collectors accounted for 
much of the activity in many States. Com- 
mercial operators sold mainly to wholesale 
or retail outlets and also to jewelry manu- 
facturers. 


DOMESTIC PRODUCTION 


Mines and collectors in 39 States produc- 
ed gem materials estimated at $1,000 or 
more in value for each State. Nine States 
supplied 90% of the total value, as follows: 
Arizona, $4.5 million; Maine, $1 million; 


Nevada, $1 million; Oregon, $520,000; Cali- 


fornia, $230,000; Wyoming, $200,000; New 
Mexico, $170,000; Texas, $160,000; and 
Washington, $160,000. 

Park authorities at the Crater of Dia- 
monds Park in Arkansas reported 91,849 
people visited the park and found 371 dia- 
monds. The largest was a 4-carat, 25 point 
canary yellow stone, but no value was 
placed on the stone. A campground for 
visitors with 60 class A campsites with 
utility hookups is scheduled for completion 
this year.? 

A 2,400-pound boulder of Wyoming jade 
was displayed in the lobby of the First 
National Bank Building in Denver, Colo. 
The material came from a_ 1-mile-wide, 
4-mile-long jade strain discovered in south- 
western Wyoming. Much of the jade carved 
in Hong Kong is supplied from Wyoming 
and imported into this country as finely 
carved Oriental jewelry.* 


The second largest ruby ever found in the . 


Cowee Valley near Franklin, N.C., was 
discovered at the Gregory Ruby Mine, a dig- 
for-fee mine. The stone weighed 456 carats 
and is conservatively valued at $20,000. It is 
3-inches in diameter, 1 inch thick, 85% 
ruby, and the value could exceed $100,000 
if a star is formed when the stone is cut.‘ 
The Maine Tourmaline Necklace was do- 


nated to the State of Maine by the Maine 
Retail Jewelers’ Association on May 25, 
1977. Two years in the making, the necklace 
is made of Maine native gold and 24 pink 
and green Maine tourmalines with the cen- 
ter drop stone weighing 24.58 carats. The 
necklace will be available for the First Lady 
of Maine to wear at official functions.* 
Peridot was produced by about 200 indi- 
viduals of the San Carlos Apache Tribe at 
Peridot, Ariz. Twenty tons of crude mate- 
rials valued at $17,000 was reported for 
1977. Of this, it is estimated that 7% re- 
mains as salable material after processing 
into faceted and tumble-polished gem 
stones. The major portions of the finished 
stones are in the lower priced tumble- 
polished category. A report was completed 
on the olivine resources on Peridot Mesa at 
the request of the San Carlos Apache Tribe.¢® 
The production of turquoise of all grades 
and quantities reported was 44 tons and was 
principally from Arizona, Nevada, and Colo- 
rado. About 10% of the turquoise produced 
was gem-grade material, which sold for $10 
to $100 per carat and averaged about $200 
per pound. Lower grade turquoise suitable 
for stabilizing treatment sold for about $35 
per pound of rough material. The value for 
all types and grades of turquoise in 1977 
was estimated at $4.5 million. The market 
for turquoise seems to be decreasing some- 
what in the face of high prices and suspicion 
as to whether the material offered is a 
synthetic made of other material and col- 
ored to look like turquoise. 
417 


418 
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CONSUMPTION 


Domestic gem stone output went to am- 
ateur and commercial rock, mineral, and 
gem stone collections, objects of art, and 
jewelry. Apparent consumption of gem 


stones (domestic production plus imports 
minus exports and reexports) was $1,044.7 
million, 48% more than that of 1976. 


PRICES 


Typical costs to retail jewelers in De- 
cember 1977 for representative better qual- 
ity gem stones as reported by colored-stone 


dealers in various U.S. cities were as 
follows:7 


a SS SS SS Se 


Amethyst 


Aquamarine ______--_--------------------- 


Cat’s eye 
Citrine 
Emerald: 


Medium to better __ _______-__--------------- 


Commercial 
Garnet, green 


Opal, bla 
Opal, whi 


Ruby: 


Commercial 
Sapphire: 


edium to better ____---_-~---------~----- 


Comme: 
Star sapphire: 
Sky-blue 


Topaz 
Tourmaline, green 
Tourmaline, pink 


Typical costs to retail jewelers in De-~ 


cember 1977 for representative diamonds as 


Mid enio Detter eaten ee ea 


. Median prices per carat 
aie Price range Earl Early 
ight t ar ar! 
ike: see ane ember November 

eee 10 $17.50- $36 $30 $30 
nee 10- 500 150 150 
— 5 1,000- 2,400 1,600 1,600 
siate 10 8 30 16 16 
ae 1 = -1,500-16,000 5,000 5,000 
ene 1 250- 7,000 1,500 1,500 
= 1 ~700- 1,400 1,026 1,026 
Bots. 3 500- 1,200 766 766 
aE foe 5 120- 220 150 150 
wee 5 76- 120 90 90 

1 700- 9,000 2,000 2,000 

eae 1 250- 3,500 700 700 
ae 1 450- 3,600 1,000 1,000 
aa 1 100- 1,600 326 326 
ae 160- 1,600 600 600 
Be reat 46- 330 190 190 
5 500- 600 550 550 

Ste 5 220- 440. 360 360 
5 60- 130 90 90 

Secs 5 50- 160 125 125 


reported by diamond dealers in various U.S. 
cities were as follows:® 


Early November 


Carat Description, Clarity? 
weight color? (GIA terms) 
0.04-0.08 _______--_--~- G-1 V8i 
04- 08 __.._-_------ G-1 Sh 
09-16). eS G-1 VS1 
09216222. oot Ses = G-1 Shi 
st Cy 7 Aenean see ed ev en G-1 VSi 
BGs PO Facts hae G-1 Shi 
.28- .28 ~-______---- G-1 VS81 
28-28) oe a ee eee Gil Shi 
29-00-22 eee ome G-1 VS: 
292-385; to eh SS G-1 Sh 
466250 22 See ee oe G-1 VSi 
HAG: 256. 2 eo ale ee G-1 Shi 
169s: 19s eras fA See G-1 VS: 
692.19) ou G-1 Shi 
95-115 ~nes2222en 5 G-1 VS: 
QSTAS. 22 oe ESS G-1 Shi 
100 22520322 223u 2 25 D FL 


Price range Medium price per carat 
per carat Early December 
$630-$1,088 $824 $744 
550- 832 730 634 
660- 1,198 940 850 
604- 954 800 708 
816- 1,246 1,050 1,000 
680- 1,016 902 864 
848- 1,418 1,206 1,150 
794- 1,292 1,000 952 
1,132- 1,618 1,312 1,304 
906- 1,546 1,100 1,028 
1,486- 2,536 2,090 1,940 
1,100- 2,000 1,680 1,528 
1,738- 3,826 2,852 2,616 
1,838- 2,650 2,234 2,104 
2,420- 6,244 4,410 4,410 
1,984- 5,632 3,410 3,232 
17,000-21,000 20,000 16,000 


1Gemological Institute of America color grades: D—colorless; G-1—traces of color. 
2Clarity: FL—no blemishes; VSi—very slightly included; Sli—slightly included. 
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FOREIGN TRADE 


Exports of all gem materials amounted to. 


$356.6 million, and reexports to $245.7 mil- 
lion. Diamond accounted for 94% of the 
value of exports and 95% of the reexports. 
Exports of diamond totaled 316,160 carats 
valued at $336.0 million. Of this total, dia- 

mond cut but unset, suitable for gem stones 
not over 0.5 carat, was 63,968 carats valued 

at $26.4 million; and cut, but unset, over 0.5 
carat was 246,351 carats valued at $308.3 
million. . 

- Reexports of diamond amounted to 
1,240,469 carats, valued at $232.9 million, in 
categories as follows: Rough or uncut, suit- 
able for gem stones, not classified by weight, 
1,113,988 carats valued at $146.0 million; 
cut but unset, not over 0.5 carat, 49,679 
carats valued at $15.5 million; cut but 
unset, over 0.5 carat, 76,802 carats, valued 
at $71.4 million. 

The 11 leading recipients of diamond 
exports accounted for 97% of both the 
carats and the value and were as follows: 
Hong Kong, 107,902 carats valued at $131.6 
million; Belgium, 32,664 carats valued at 
$45.2 million; Switzerland, 25,452 carats 
valued at $41.8 million; Japan, 33,190 carats 
valued at $35.8 million; the Netherlands, 
24,327 carats valued at $32.1 million; 
France, 6,011 carats valued at $18.8 million; 
the United Kingdom, 9,809 carats valued at 
$7.2 million; Israel, 18,360 carats valued at 
$7.0 million; Canada, 11,789 carats valued 
at $5.8 million; India, 31,758 carats valued 
at $0.4 million; and Austria, 4,381 carats 
valued at $0.3 million. 

The nine leading recipients of diamond 
reexports accounted for 99% of the carats 
and 98% of the value and were as follows: 
Israel, 466,101 carats valued at $73.6 mil- 
lion; Belgium, 395,545 carats valued at $69.0 
million; the Netherlands, 185,544 carats 
valued at $30.6 million; Switzerland, 9,111 
carats valued at $13.3 million; the United 
Kingdom, 40,444 carats valued at $12.2 
million; France, 14,288 carats valued at 
$10.6 million; Japan, 15,981 carats valued at 
$8.9 million; Hong Kong, 12,408 carats val- 
ued at $7.9 million; and India, 84,874 carats 
valued at $2.0 million. 

Exports of all other gem materials 
amounted to $20.6 million. Of this total, 
pearls, natural and cultured, not set or 
strung, were valued at $0.5 million. Natural 
precious and semiprecious stones, unset, 


were valued at $18.2 million; and synthetic 
or reconstructed stones, unset, were valued 
at $1.9 million. Reexports of all other gem 
materials amounted to $12.8 million in 
categories as follows: Pearls, $1.1 million; 
natural precious and semiprecious stones, 


unset, $11.6 million; synthetic or recon- 


structed stones, unset, $0.1 million. 

Imports of gem materials increased 39% 
in value over those of 1976. Diamond 
accounted for 88% of the total value of gem : 
material imports. 

Although rough and uncut diamond im- 
ports were reported from 28 countries, 99% 
of the value was from 7 countries as follows: 


_The Republic of South Africa, 1,096,493 


carats, $315.8 million; the United Kingdom, 
1,280,769 carats, $238.6 million; Sierra 
Leone, 185,869 carats, $40.5 million; the 
Netherlands, 29,152 carats, $12.5 million; 
Israel, 56,567 carats, $11.2 million; Belgium, 
22,348 carats, $7.6 million; and Venezuela, 
154,814 carats, $5.4 million. 
Cut but unset diamond, not over 1/2 
carat, was imported from 33 countries; 
however, the imports of this category from 7 
countries amounted to 98% of total carats 
and value as follows: Israel, 1,145,413 car- 
ats, $256.2 million; Belgium, 1,106,815 car- 
ats, $223.3 million; India, 765,432 carats, 
$129.3 million; the U.S.S.R., 35,207 carats, 
$9.8 million; the Netherlands, 46,784 carats, 
$9.0 million; the Republic of South Africa, 
20,707 carats, $7.6 million; and the United 
Kingdom, 26,520 carats, $4.2 million. Cut 
but unset diamond, over 1/2 carat, was 
imported from 28 countries; the imports 
from 8 countries amounted to 99% of both 
the total carats and value as follows: Bel- 
gium, 150,059 carats, $84.5 million; Israel, 


115,087 carats, $48.1 million; the Republic of 


South Africa, 12,900 carats, $9.3 million; the 
USS.R., 9,239 carats, $4.2 million; the 
Netherlands, 7,608 carats, $3.5 million; the 
United Kingdom, 4,479 carats, $2.8 million; 
Switzerland, 766 carats, $1.6 million; and 
India, 3,905 carats, $1.2 million. 

Emerald imports increased 34% in quan- 
tity and 16% in value. Emerald was import- 
ed from 34 countries; the imports from 10 
countries amounted to 98% of the carats 
and 95% of the value as follows: Colombia, 
73,948 carats, $25.1 million; India, 968,937 
carats, $12.5 million; Switzerland, 26,198 


‘carats, $7.3 million; Israel, 68,644 carats, 
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$3.6 million; Hong Kong, 68,717 carats, $3.1 
million; the United Kingdom, 57,877 carats, 
$2.9 million; Brazil, 212,974 carats, $2.4 
million; the Federal Republic of Germany, 
30,318 carats, $1.9 million; France, 5,368 
carats, $1.4 million; and Belgium, 12,706 
carats, $0.8 million. Imports of ruby and 
sapphire were imported from 32 countries; 
the imports from 10 countries amounted to 
96% of the value as follows: Thailand, $22.5 


million; Switzerland, $2.0 million; Sri Lan- 


ka, $1.9 million; Hong Kong, $1.6 million; 
India, $1.6 million; Belgium, $0.5 million; 
Burma, $0.5 million; Israel, $0.5 million; the 
United Kingdom, $0.5 million; and Canada, 
$0.4 million. Natural pearls and parts from 
12 countries decreased 28% in value of 
imports; 5 countries accounted for 92% of 
the value as follows: India, $369,000; Burma, 
$36,000; Japan, $35,000; Italy, $33,000; and 
Hong Kong, $27,000. Imports of cultured 
pearls increased 65% in value, and were 
received from 17 countries; Japan, at $17.6 
million, accounted for 96% of the value. 
Imports of imitation pearls increased 39% 
in value; Japan, at $748,000, accounted for 
79% of the value. Coral, cut but unset, and 
cameos suitable for use in jewelry decreased 
32% in value of imports, which were receiv- 
ed from 15 countries; 3 countries accounted 
for 95% of the value as follows: Italy, $1.8 
million; Taiwan, $1.8 million; and Japan, 
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$0.6 million. 

Imports of other precious and semipre- 
cious stones, rough and uncut, increased 
26% in value and came from 43 countries, 7 
of which accounted for 80% of the value as 
follows: Brazil, $3.9 million; Australia, $1.5 
million; Colombia, $0.8 million; Kenya, $0.7 
million; Switzerland, $0.7 million; Zaire, 
$0.4 million; and Israel, $0.3 million. Other 
precious and semiprecious stones, cut but 
unset, increased 1% in value and were 
imported from 65 countries, of which 5 
countries accounted for 84% of the value as 
follows: Hong Kong, $17.8 million; Brazil, © 
$4.2 million; the Federal Republic of Ger- 
many, $3.9 million; Australia, $2.7 million; 
and Taiwan, $1.2 million. Synthetic gem 
stones, cut but unset, increased 3% in value 
and came from 17 countries, 6 of which 
accounted for 94% of the value as follows: 
The Federal Republic of Germany, $6.4 
million; Japan, $1.1 million; Switzerland, 
$1.1 million; France, $0.7 million; Austria, 
$0.3 million; and Israel, $0.2 million. Imita- 
tion gem stones increased 19% in value and 
came from 22 countries, of which 5 coun- 
tries accounted for 94% of the value as 
follows: Austria, $6.0 million; the Feder- 
al Republic of Germany, $2.8 million; 
Czechoslovakia, $0.7 million; Japan, $0.3 
million; and the United Kingdom $0.3 mil- 
lion. 


Table 1.—U.S. imports for consumption of precious and semiprecious gem stones 
(Thousand carats and thousand dollars) , 


ot 8 SS SS SSS SS 


Stones 


Emeralds: Cut but unset. ____---_--~--------- 
Coral, cut but unset, and cameos suitable for 

use in jewelry 
Rubies and sapphires: Cut but unset ____--~~+---- 
Marcasites ___________------------------ 


Imitation 2.2 ee ee te Saks 
Other precious and semiprecious stones: 
Rough anduncut _______---------------- 
Cut but unset ______.------------------ 
Other ns.p.f ____---------------------- 
Synthetic: 
Cut but unset ____-_--~-------- number_ _ 


NA Not available. 


1976 1977 
~ Quantity Value Quantity Value 

2,464 462,657 2,909 638,205 
3,087 549,182 3,502 806,332 
1,165 55,286 1,563 64,375 
NA 6,497 NA 4,410 
NA 27,165 NA 33,544 
NA 20 NA 58 
NA 755 NA 544 
NA 11,062 NA 18,260 
NA 680 NA 942 
NA 8,266 NA 10,448 
NA 35,278 NA 35,617 
NA 2,565 NA "3,273 
18,705 10,115 15,753 10,391 
NA . 766 NA 864 
NA 9,072 NA 10,841 
NA 1,179,366 NA 1,688,104 
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WORLD REVIEW 


Angola.—The Government of Angola in- 
creased its holdings in Compania de Dia- 
mantes de Angola (Diamang) from 200,000 
shares to over 1.5 million shares. This gave 
the Government a 60.85% majority interest. 
Foreign companies with interests in Dia- 
mang will not be affected by the takeover.® 

Australia.—Subject to obtaining the nec- 
essary government approval, Conzinc Rio- 
tinto of Australia (CRA) Exploration Pty. 
was attempting to increase its 35% interest 
in venture prospecting for diamonds in the 
Kimberley’s, Western Australia.2° Promis- 
ing diamond finds in the Kimberley region 
of West Australia led to a confrontation 
between Western Australia’s State Govern- 
ment and the Federal Government’s Di- 
rector of Aboriginal Affairs. Exploration 
permits issued by the State to CRA Explor- 
ation Pty., DeBeers Consolidated Ltd., and 
Broken Hill Pty. Ltd. were rejected by the 
Director under his authority over aborigi- 
nal lands. It is believed that diamondiferous 
kimberlite pipe has been discovered." 

- Botswana.—Agreement has been reached 
between the Government of Botswana and 
DeBeers Consolidated Mines Ltd. on the 
basic final arrangements for the develop- 
ment and operation of the iarge diamond 
mine at Jwaneng. Development of the mine 
and. infrastructure i is.expected to take about 
4 years.'? 

Central African Empire. —Diamond out- 
put increased to 301,000 carats. In 1976, 
total diamond production was 286,000 car- 


ats, half of the 524,000 carats mined as- 


recently as 1972. Exports totaled 269,000 
carats valued at $14.4 million. Exports 
maintained their value, reflecting the em- 
phasis on gem-quality stones. Part of the 
decline in production was due to legal 
difficulties between the leading alluvial 
diamond mining company, Société Centr- 
africaine d’ Exploitation Diamantifere 
(SCED), and the Central African Empire 
Government. Questions relating to SCED 
status under the nation’s investment and 
tax code led to a temporary suspension of 
mining.’* 

Colombia.—Colombia supplies 90% of the 
world’s emeralds. Legal production is esti- 
mated at $25 million, which represents 
about 10% of the nation’s total exports. 
Fewer than 1% of the emeralds found are 
judged to be of top quality.* 

Greenland.—Fiscanex Ltd., Willowdale, 


Ontario, Canada, arketed ruby corundum 
as individual crystals or dots of crystals in a 
variety of rock matrix types. These stones 
have exceptionally good color and fluoresce 
strongly under longwave ultravioletlight 
but somewhat less under shortwave ultra- 
violetlight: The firm anticipates. entering 
the reconstituted ruby material market 
since the quality of the material is suitable 
for recrystallized laser applications. . 
Israel.—Exports of cut diamonds for the 
first 9 months of 1977 increased 42%. The 
diamonds were valued at $708 million with 
the expectation that exports will total more 
than $1,000.million in 1977.5 ~ 
Pakistan.—Rich deposits of rubies occur 
in the Hunza area of northern Pakistan. In 
order to properly explore the occurrences, 
Pakistan Mineral Development Corp. took 
responsibility for the Hunza ruby project in 
1974. The main marble formation having 
ruby mineralization was reported to have a 
stratigraphic thickness of 2,500 feet and was 


traced for an uninterrupted strike length of 


more than 12 miles. Average weight of 
individual ruby crystals being produced is 
slightly less than a carat. Crystals up to 2 
carats are not uncommon. Color of the 
stones ranges from dull red or brownish, 
pink, purple to red, bright red, and dark 
pigeon-blood red: 

South Africa, Republic of. — Preliminary 
data on diamond production for 1977 show- 
ed an increase of 14%. The total for 1977 
was 8,033,000 carats; 4,171,000 carats of 
industrial diamond and 3,862,000 carats of 
gem stones. The upward trend in sales has 
prompted DeBeers Consolidated Mines Ltd. 
to expand its exploration program and 
accelerate mine development at ongoing 
operations. The Finsch open pit in northern 
Cape Province is being expanded to increase 
production from 2.0 million to 3.0 million 
carats per year by 1979. The Langhoogle 
underground mine, Cape Province, is being 
reopened and is expected to supply 60,000 
carats per year beginning in July 1978. The 
Koingnaas mine on the Cape Province coast 
was scheduled to begin production in July 
1978 and produce 500,000 carats per year.!” 
Expansion was also scheduled for the Kim- 
berley District mines, however, the Dutoit- 
span and Bultfontein mines were tempo- 
rarily closed by flooding. Mine personnel 
were transferred to the two other mines in 
the district. Production is expected to be 
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maintained at the 1976 level of over 1 
million carats.'* . 

Demand for the smaller sized gem stones 
increased rapidly in 1977. The Central Sel- 
ling Organization announced price _in- 
creases of 15% and 17% during 1977 for a 
compound increase of nearly 35% for the 
year. Increased prices and demand provided 
Central Selling Organization sales of ap- 
proximately $2.1 billion in 1977, a 33% 
increase over 1976.'* 

.South-West Africa, Territory of—A new 
diamond deposit was claimed in the Huns- 
berge area, east of the Restricted Diamond 
Area No. 1.?°. 

Zaire.—Société Miniére de Bakwanga 
(Miba), Zaire’s principal producer of low- 
grade industrial diamond, is operated by 
the Zairian Government. Miba has an ex- 
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port. quota of 13.5 million carats per year, 
which is set by Zaire—British Diamond 
Distributors, Ltd., an affiliate of the Central 
Selling Organization.. Miba has suffered 
from supply problems along with a cash 
squeeze that prevented it from: making 
normal reinvestmerits to upgrade and main- 
tain capital equipment to overcome a sub- 
stantial shortage of exports below that al- 
lowed by the quota.” a 
Zambia.—The Kafubu emerald mine is to 
be developed on a commercial scale. Recent 


geological surveys have shown that the 


emerald deposits south of Kalulushi may be 
more extensive and of much greater value 
than originally anticipated. The mine has 
been clandestinely operated by small 
workers.?2 


Table 3.—Diamond (natural): World production, by country? 


(Thousand carats) 
1915 1976 1977" 
Count: ; ae : 
ey Gem  14e— Total «Gem = B4UE Total = Gem = ndus Total 
Africa: ; ; ; mo 
Angola ___________ 743 248 991 255 85 340 265 88 353 
Botswana _________ 359 2,038 2,397 358 2,026 2,384 404 2,287 2,691 
Central African _ os 

Empire ____§_______ 220 119 339 172 114 286 182 119 301 
Ghana ___________ 233 2,095 2,328 228 2,055 2,283 230 2,070 2,300 
Guinea® __________ 25 55 80 25 55 80 25 55 80 
Ivory Coast _________ 84 125 209 24 36 60 26 39 °65 
Lesotho ___________ 21 29 23 24 24 25 6 22 £28 
Liberia _-___..______ 3244 3162 3406 3176 3144 3390 163 163 326 
Sierra Leone ________ 293 439 132 192 289 481 180 =.270 °450 

ee ne a ee 
——— ee ees 
South Africa, 

Republic of: 
Premier mine ____ 509 1,527 2,036 458 1,875 1,833 502 1,508 2,010 
Other De Beers 

properties: ed cs 2,518 2,061 4,579 2,549 2,086 4,635 2,796 2,287 5,083 

Other _________ 408 272 680 3383 222 555 564 376 940 

Total --._____ 3,485 3860 7,295 3,340 3,683 7,028 8,862 4,171 8,033 
South-West Africa, 

Territory of ~--_____ 1,660 "gg 1,748 1,609 85 1,694 1,901 100 2,001 
Tanzania be 224 224 448 219 219 . 438 187 188 ©375 
WAire® 4. T3905 12415 12,810 591 11,230 = 11,821 561 10,652 11,213 

Other areas: i x 
Brazil . 2 _-_-______ 131 131 262 38 38 76 100 100 °200 
Guyana ___________ 8 13 21 6 8 14 7 10 17 
India ~~ 17 3 20 17 3 20 19 3 °22 
Indonesia® _________ r3 12 15 3 12 15 38 12 15 

SS.Recme se Et 1,950 7,750 9,700 2,000 7,900 9900 2,100 8200 10,300 
Venezuela _________ 239 821 1,060 190 643 833 160 540 700 

‘World total _______ 10,264 30,600 "40,864 9,444 28,629 38,073 10,381 29,089 39,470 
°Estimate. Preliminary. ‘Revised. 


1Total (gem plus industrial) diamond output for each country is poiop reported except where indicated to be an 


estimate by footnote. In contrast, the detailed separate reporting of 
Bureau of Mines estimates in the case of every country except Lean 


m ond and industrial diamond represents 
o (1975-76), Liberia (1977), Venezuela (1975 and 


1976), and Zaire (1975), where sources give both total output and detail. The estimated distribution of total output 
between gem and industrial diamond is conjectural in the case of a number of countries, based on unofficial information 


of varying reliability. 


?Exports of diamond originating in Lesotho; excludes stone imported for cutting and subsequently reexported. 


3Exports. 


“All company output from the Republic of South \Africa except for that credited to the Premier mine; also excludes 
company output from the Territory of South-West Africa and Botswana. 
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TECHNOLOGY 


Grading and demonstrating cut diamonds 
is said to be fast and accurate when using 
the Gem Proportionscope. When the dia- 
mond is placed in the optical field of the 
instrument, any deviation from ideal pro- 
portions is said to be clearly visible. Com- 
parisons can be easily made for establishing 
the grade of a diamond’s cut.” 

Six isolated and totally enclosed inclu- 
sions were recovered from an Arkansas 
diamond by burning in air at 850°C. They 
are identified as (a) three euhedral crystals 
of chromian diopside, (b) a euhedral bicrys- 
tal of chromian diopside plus orthopyroxene 
with minor included matter, (c) anhedral 
olivine plus a small amount of attached 
unidentified glassy silicate rich in silicon 
and aluminum with minor iron, titanium, 
zinc, and potassium, (d) finely polycrystal- 
line periclase plus minor magnetite. X-ray 
diffraction, and chemical and morphological 
data are given. The periclase may have 
existed in the diamond as magnesite; if so, 
the observed inclusions bear resemblance to 
equilibrium phases recently reported for 
silicate plus carbonate reactions under 
mantle-like conditions. Interpretation of 
pressure-temperature equilibrium condi- 
tions for the diamond inclusion system 
based on the silicate-carbonate reaction and 
the two-pyroxene geothermometer suggests 
5x10* kbars and 1,300°C, but the olivine plus 
vitreous-like phase inclusion may indicate a 
pressure well below 5x10‘ kbars.*4 

When does a science come of age? When it 
grows so fast and in so many parts of the 
world that its members need abstracts. 
These data will be useful in two types of 
laboratories: (1) The research laboratory 
where the goal is new syntheses through 
flame, flux, and pressure; and (2) the testing 
laboratory, which is under constant chal- 
lenge to identify manmade materials and 
treatments. More than 1,750 entries are 
arranged in the alphabetical order of mine- 
ral species. However, garnet-type synthetics 
such as yttium-aluminum garnet (YAG) and 
gadolinium-gallium garnet (GGG) are 
grouped together, as are double, triplets, 
and information about synthesis in general. 
Treatments such as irradiation, staining, 
coating, and heating are also covered. Each 
entry gives the color, type, manufacturer, 
identification data, and the name and date 
of the publication or patent describing it. 


The abstracted journals and monographs 
are worldwide and date from the 1880’s.?5 

For many years it was said that opal 
could not be synthesized. However, synthe- 
tics are now available from several sources. 
When the synthetics first came on the 
market, gemologists had to develop methods 
of differentiating them from natural opals. 
One of the first indications was that synthe- 
tic opals were too perfect as compared with 
most natural opals, but better methods 
were necessary. A series of tests was devised 
and are presented to assist in the identifica- 
tion of synthetic opal.?6 

Faceting may be described as the techni- 
que of cutting a gem stone with a number of 
flat polished surfaces arranged in a given 
pattern and at predetermined angles. The 
main reason for faceting a stone is that this 
style of cutting takes advantage of the 
inherent brilliance of the material being 


- cut. The amount of brilliance a gem shows 


depends on the quantity of light reflected 
from its surface and, even more important, 
the amount of internal reflection. Faceted 
gems are usually cut from transparent 
materials to take advantage of their proper- 
ty of reflecting light. Even though stones 
are faceted primarily for their brilliance, 
many of the more valuable stones are cut 
for their color. If color is the main feature, 
even if a stone has just a little potential 
brilliance, it will look better faceted. The 
potential brilliance of a gem is very impor- 
tant in determining the style of cut that will 
help the stone achieve its potential bril- 
liance. There are two basic styles of cuts— 
the brilliant and the step (or emerald) cut. 
Brilliant cuts are preferred for stones hav- 
ing a high refractive index and a high 
dispersion; the step cut is effective for 
colored gems having a low to medium re- 
fractive index. The evaluation of equip- 
ment, materials, methodology, and techni- 
ques were discussed in a recent publi- 
cation.’ 
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By Staff, Section of Nonmetallic Minerals, 
Ceramics and Refractories Unit 


The value of gem stones and mineral 
specimens produced in the United States 
during 1980 was estimated to have decreas- 
ed more than 15% to $6.9 million from the 
1979 value of $8.2 million. All types of gem 
stones production, except for opal, decreas- 
ed during the year. Amateur collectors 


accounted for much of the activity in many 
States. Commercial operators produced 
rough jade, jasper, agate, sapphire, tur- 
quoise, opal, peridot, emerald, onyx, obsid- 
ian, and tourmaline, which they sold main- 
ly to wholesale or retail outlets and also to 
jewelry manufacturers. 


DOMESTIC PRODUCTION 


Mines and collectors in 40 States produc- 
ed gem materials with an estimated value 
of $1,000 or more in each State in 1980. Ten 
States supplied 89% of the total value, as 
follows: Arizona, $3.1 million; Maine, 
$900,000; Nevada, $900,000; Oregon, 
$450,000; California, $210,000; Wyoming, 
$190,000; Texas, $160,000; New Mexico, 
$150,000; Washington, $150,000; and Arkan- 
sas, $140,000. 

Park authorities at the Crater of Dia- 
monds Park in Pike County, Ark., reported 


that approximately 75,000 people visited 
the park in 1980 and found 582 diamonds. 
The largest was a 5.2-carat stone of undeter- 
mined value. Most of the stones are off- 
white to brown; however, yellow, pink, and 
green stones are also found. The decrease in 
attendance during the year, reflecting a 
general nationwide decrease in tourism, 
was compounded by the heat wave which 
affected the region; however, “dig for fee” 
operations remained popular. 


CONSUMPTION 


Domestic gem stone output went to ama- 
teur and commercial rock, mineral, and 


production plus imports minus exports and 
reexports) in 1980 was $1,791 million, 38% 


gem stone collections, objects of art, and more than that of 1979. 
jewelry. Apparent consumption (domestic 
PRICES 


A sampling of prices that colored-stone 
dealers in various U.S. cities charged their 


cash customers during December 1980 fol- 
lows: 
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; Median price per 
Price range carat 
Carat a 
Gem stone ‘ per carat 
weight Early 
: 1980 ec pes December 
1980 
Amethyst soa chs ees ad es ie aed oe ent ol 10 $14- $28 $15 $15 
Aquamarine. 20) 4 a ie ay 5 55- 300 168 168 
Cat’s eye (chrysoberyl) _ Bade ele ag ee ee tee he hf 2 290-1,500 850 850 
Citrine) 22 ee ee Se ey ee 10 & 18 12 12 
Emerald: 
Medium to better ____§_§___§_____~_ ee 1 1,600-5,000 3,150 3,500 
Commercial _ — — __— Senn noe RN aga 1 225-2,500 900 900 
Garnet, green (tsavorite, demantoid) ____________2________ 1 425-1,250 600 725 
Opal, black___________ a eee = montanes 3 350- 750 500 500 
Opal) whites. is 2 a a ey ee ee 5 60- 125 15 15 
poe (variety of olivine)._§-»§$ ~-/§_~»_~» 5 p55 ee eee 5 45- 90 65 55 
uby: 
Medium to better _—§___$_§_-_~_~9__ ee 1 950-4,500 1,830 2,750 
Commercial ____________ Sete We 3 oa 8 hot te et 1 350-1,800 590 850 
Sapphire: 
Medium to better ___§__§__ ~~ 1 475-2,500 750 1,200 
Commercial Bias dl al act oP a BS ee patna yeh Se eons eg, 1 150- 900 225 425 
Star sapphire: 
Sky-blue aR ce ta A ee EE eit Do 5 80- 900 250 250 
TOY ica pds SA fee Sei pa Saat ie ars ae SE omy OB se 5 25- 150 100 100 
Tanzanite (blue-violet zoisite)_ ____ _ _ Fon SSH ON SP ret, te ae, 5 500-1,200 500 590 
SL OPAG (22% aes ee eS ree San hi ene ee op EE 5 150- 265 245 245 
Tourmaline, green _______§_____~~ ~~~ eee 5 40- 145 70 75 
Tourmaline, pink ____§___._-§_-___~§__ LL 5 40- 150 80 80 


Jewelers’ Circular-Keystone, v. 151, No. 2, February 1980, p. 196; v. 152, No. 1, January 1981, p. 126. These figures 
rail a sampling of net prices that colored stone dealers in various U.S. cities charged their cash customers during 
the month. 


A sampling of prices that diamond deal- customers in December 1980 follows: — 
ers in various U.S. cities charged their : 


: Median price per carat*® 
Price range 


Carat Description, Clarity? Earl 
weight lor? r per carat December on 

ig. colo (GIA terms) 1980 1979 Decem| r 
0.04-0.08____.. 22 Le G-I VS: $450- $755 $587 $570 
04-08 2 oboe ee Boe G-I Sh 350- 615 540 520 
O92 G2 S25 So fe ce OP ee ee G-I VS: 475- 849 640 655 
1 ae | «Ya ce G-I Shi 875-681 595 585 
WOO ie nh ete Se G-I VS; 725- 1,710 980 1,080 
M22 eo ee a OS ee El G-I Sh 600- 1,510 895 975 
Fy 2 ey <a en cere ea eer PS G-I VS: 950- 1,970 1,220 1,385 
202 2B) 522 Sas ee oes a eh G-I Sl, 771- 1,720 1,090 1,150 
GOD SBD win mate) 28 oy ant ee AS G-I VS: 1,000- 2,270 1,400 1,550 
P20 BD) 50 2 ok ee ie er totem oe te G-I Sly 800- 1,905 1,120 1,375 
46- 55 _ eae enh od Se oe Sal SS G-I VS: 1,600- 3,215 1,950 2,738 
AGS DD 935 yt NS eon oh ae eh ta G-I Sh 1,050- 2,645 1,540 1,950 
S095 19) seo ee Cio ee G-I VS: 2,000- 5,200 2,605 3,556 
SOs SIO eM ok eth ue 8, oie oe te G-I Sh 1,400- 3,450 2,103 2,530 
1.00-1.15__§__ __ eee am D FL 42,000-54,000 37,000 453,000 
TOOT bic he oe oe Sa ae et E VVS:1 16,000-24,000 17,000 428,000 
1.00-1.15 So Seeee sek. G VS: 6,000- 9,000 6,100 48,600 
VQQLT 5 jk oh et A et ee H VS2 4,000- 6,500 4,650 45,650 
POO 5 eo oe ee i ES I Sh 2,500- 3,900 3,170 43,550 


1Gemological Institute of America (GIA) color grades: D—colorless; E—rare white; G-I—traces of color. 

Clarity: FL—no blemishes; VVSi—very, very slightly included; VSi—very slightly included; VS2—very slightly 
included, but more visible; Sli—slightly included. 

%Jewelers’ Circular-Keystone, v. 151, No. 2, February 1980, p. 194; v. 152, No. 1, January 1981, p. 124. These figures 
represent a sampling of net prices that diamond dealers in various U.S. cities charged their customers during the month. 

‘Representative of early November 1980 sales. December sales are nonrepresentative. 
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FOREIGN TRADE 


The following section contains foreign 
trade statistics tables 1-6 for 1979 and 1980. 


Table 7 contains world production statistics 
for 1976-80. 


Table 1.—U.S. exports and reexports of diamond (exclusive of industrial diamond), 
by country 


a 


Country 


Exports: 
Belgium-Luxembourg 
Canada 
France 
Hong Kong 
Israel 
Japan 
Switzerland 
United Kingdom 
Other 


Reexpo: 
Bears tasenbcuse 
France 
Hong Kong 


Sei land ee as ee es 
United Kingdom 
Other 


1979 1980 

Quantity Value Quantity _ Value 
(carats) (millions) (carats) (millions) 
33,589 $110.5 31,797 $95.9 
5,503 49 7,041 5.1 
4,606 26.2 5,112 31.0 
73,854 243.1 69,927 240.5 
23,966 21.4 21,164 16.2 
35,792 72.0 28,039 64.2 
18,249 104.2 24,110 127.3 
4,349 14.1 5,068 19.5 
13,573 26.7 18,385 43.6 
213,481 623.1 210,643 643.3 
SSS SS EEE 
354,873 86.4 333,186 119.2 
9,688 8.3 922 6.9 
12,812 22.1 36,345 40.6 
126,763 3.2 199,201 6.7 
295,662 63.9 262,625 93.2 
10,528 11.3 61,579 1.3 
53,468 8.9 42,987 6.8 
13,076 27.6 18,323 44.6 
94,273 24.7 109,024 18.4 
10,884 5.1 43,918 54.2 
982,027 261.5 1,114,110 397.9 


Table 2.—U.S. imports for consumption of diamond (cut but unset), by kind and country 


i a S656 SS eS SS SS 


Kind and country 


Cut but unset, not over 0.5 carat: 
Belgium-Luxembourg 
India 
Israel 
South Africa, Republic of 
Switzerland 


Cut but unset, over 0.5 carat: 
Belgium-Luxembourg 
India 
Israel 
Netherlands 
South Africa, Republic of 
Switzerland 
United Kingdom 
Other 


1979 1980 
Quantity Value Quantity Value 
(carats) (millions) (carats) (millions) 
557,859 $187.0 531,251 $223.6 
769,769 172.9 854,526 198.9 
676,353 241.9 787,585 322.8 
20,655 13.8 34,751 25.6 
18,277 7.0 9,528 4.6 
72,890 28.5 538,202 22.9 
2,110,803 651.1 2,270,793 798.4 
SSS Ee 
127,277 138.1 155,280 242.2 
5,390 2.1 5,155 2.7 
77,190 66.3 89,015 117.8 
2,794 2.6 2,555 4.9 
9,545 19.8 28,638 43.1 
5,181 10.7 3,678 16.6 
4,551 7.8 5,475 15.4 
3,602 4.2 6,309 14.9 
235,530 251.6 296,105 457.6 
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Table 3.—U.S. imports of precious and semiprecious gem stones, by kind and country 


‘1979 1980 
Kind and country Quantity Value Quantity Value 
(carats) (millions) (carats) (millions) 
Emerald 
Brazil ine rei en ns eS ne 94,237 $4.8 240,198 $7.5 
Colombia_ ________ - 205,129 45.1 81,910 55.7 
Brance so. toh 2h oe a Ss oan te age a pecs 6,215 1.0 5,073 1.5 
Germany, Federal Republic of v 21,511 2.5 38,618 3.0 
Hong Kong: 2.22 ee ee 126,097 8.0 56,073 8.6 
India________________ 1,673,987 - 14.4 3,025,578 18.6 
Israel Bed Bia BAN A ey Ses Spee p mon ye fcc 71,718 13.8 8,234 21.2 
Switzerland __§_§_§_§___~_~_______ ee 13,352 6.8 27,310 12.0 
United Kingdom sh Nc a aty aa N SN Bee | 5,188 2.6 6,032 7.2 
OD re at Syn te ey ea! 59,797 6.1 31,864 6.1 
Notal (2 = S29 Sak ee ae a Pa ota See 2,277,231 105.1 3,600,890 - 141.4 
Ruby 
Burma) oo ee ae a = NA 3 NA 8 
Gormeny, Federal Republic of _____._-__________ NA A NA 9 
HongKong _________________ prio ds eine As NA 2.1 NA 13.5 
India he Poet ee ee a NA 17 NA 3.1 
Israeli 222.5 oo othe wi Pe eh re eA we NA 4 NA 5 
Sri Lanka _____ set Ren OMS hgh) POI He gm NA 3 NA 9 
Switzerland ______ ee Se a eich ea ep ne NA 1.0 NA 3.3 
Thailand) 2 ts ea eee Bl NA 23.0 NA 58.1 
United Kingdom ____§__§__§_____ ~~ NA 2 NA 1.3 
Other___________ ea es NA 6 NA 2.6 
id (0): | ae oe eae _ NA 30.0 NA 85.0 
Sapphire 
Burma ape. er as Ne ley en NA A NA 3 
Germany, Federal Republic Of oe oes eee ee NA A NA 6 
HongKong ____________ S38 NA 1.4 NA 49 
India fsa in es Mae ae canna th Gh fee tie NA a) NA 1.6 
Srilanka: 2 9.5266 ee A NA 3.4 NA 6.8 
Switzerland __ —__ rae el te eee NA 1.2 NA L7 
Thailand 2:02 4.5 oe ee Se i Be 8 Be NA 15.0 NA 31.8 
United Kingdom ___ __ S goer aus _ NA 2 NA 8 
Other Rt eater Nc as Ve te AOL ante ade NA 1.3 NA 2.4 
Total _ Wa ac a tet Ec eet oa ty NA 24.2 NA 50.9 
Other: 
Rough, uncut: 
Australia ___ _ go ihn wal = Bol yt Ae NA 1.6 NA 2.0 
BraZibe 225 8 Rl Fe Ba A NA 3.1 NA 4.5 
Colombia -__§_~§_~_-_~_9 ~~ ee NA 1.8 NA 1.8 
Israel a= 3 Soh a a i ed at NA 6 NA Jl 
KMenyaw jee oe ie ee NA 8 NA 5 
South Africa, Republic of ae nee NA 3.3 NA 3.2 
Switzerland _________________________ NA 3.0 NA 3.5 
mibia® 2 0 ee ee _ NA 18 NA 1.9 
Other __ fa dM eat nt Doha aca he tee Te wattage 28en Be Aes NA 3.2 NA 2.8 
TotaliGsee = $56 20k Oe Se NA 19.2 NA 20.3 
Cut but unset: 
Australia. /8 03's as 2s eh nt St ln NA 2.4 NA 2.4 
Brazil ___§____ ae marre NA 11.2 NA 17.4 
Germany, Federal Republic Of gon eee ene NA 5.3 NA 7.9 
Hong Kong ae Rihanna tee # 2 a NA 17.2 NA 17.1 
PALWAN oxy a tn ms a 8 tn inte oat ye NA 5 NA 1.0 
Other 220-2 ee eo NA 7.7 NA 11.1 
Total's 282 St Sta a OD et NA 44.3 NA 56.9 


NA Not available. 
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Table 4.—Value of U.S. imports of 
synthetic and imitation gem stones, by 
country 


(Million dollars) 
Country 1979 1980 


Synthetic, cut but unset: 
Austria: 0 253 Se ee 
Franc@2- 2.52522 SU lS 
Germany, Federal Republic of_ _ — 
Japan’? 2 ee Se 
Korea, Republic of _______--_- 
Switzerland. _____.________ 
Taiwan 2 no eS 


a lWinmowoor 
SO fit ON, eS 
[wor wwii 


= 
oO 
bn 
1 
| 
| 
{ 
( 
| 
| 
| 
| 
| 
! 
| 
1 
( 
( 
t 
| 
nw On oo 
— 


Imitation: 
Austria ¢32.2 et 8.2 
Czechoslovakia_ ___ _______~_ 13 
i Germany, Federal Republic of_ _ — 3.1 
Japan 22s. Ae tea 3 
Al 
8 
8 


oe oO 


her ye. ot 


3 lidotwrH oom 


— 
oo 


Table 5.—U.S. imports for consumption of precious and semiprecious gem stones 
(Thousand carats and thousand dollars) 


eer rr st SS 


1979 1980 
Stones ee ee Ooreromrrooo 
Quantity Value Quantity Value 
Diamonds: 
Rough or uncut ______./-_______----------~---- 2,120 956,340 11,594 995,212 
Cut butunseto 220. oe ew ee St ee 2,347 902,755 2,567 1,255,983 
Emeralds: Cut but unset _.___§_._______-__-~---~-~-~---- 2,277 105,064 3,601 141,413 
Coral: Cut but unset, and cameos 
suitable for use in jewelry_____________--_---------- NA 3,511 NA 3,544 
Rubies and sapphires: Cut but unset __________--_------- NA 53,513 NA 226,426 
Marcasites =. Soe Sooo oe Se eee Bae ee oS NA 134 NA 136 
Pearls: ; 
Nattral-2 2.0.2) en ek See ee EU NA 2,453 NA 3,829 
Cultuted! 2.0.0 2 Cea ee ee Se er Me NA 39,655 NA 77,375 
Imitation: 2. 2s eee eee es NA 1,321 NA 1,965 
Other precious and semiprecious stones: 
Rough and uncut _________.--------~----------- NA 19,198 NA 20,323 
Cut but-unset. oo ee ee ee ee NA 44,319 NA 56,927 
Other.nsipf 2020 oe Se ee ee ee ee NA 4,763 NA 7,430 
Synthetic: 
Cut but unset? _.___..____._--___----------- 20,223 22,579 17,848 19,714 
Other: os oe ee te ee eee ee NA 1,485 NA 1,277 
Imitation gem stones _____________~~------------ NA 13,814 NA 13,689 
Total 3.0 2% 2 ere oI ee aS A XX =. 2,170,904 XX 2,825,243 


NA Not available. XX Not applicable. 
‘Includes 16,544 carats of other natural diamond, advanced, in 180: 
*Quantity i in thousands of stones. 
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Table 6.—U.S. imports for consumption of diamond (exclusive of industrial diamond), by 
country 


(Thousand carats and thousand dollars) 


re 


1979 1980 
Country Rough or uncut Cut but unset Rough or uncut Cut but unset 
Quan- Quan- Quan- Quan- 
tity Value tity Value tity Value tity Value 
Belgium-Luxembourg_ _ _ _ _ _ 40 12,042 685 825,055 33 19,494 687 466,235 
Central African Empire ____ 15 5,267 foe. = 66 7,082 acs ae 
Indias css Sete ok 1 83 776 175,016 (1) 22 860 201,703 
Israel: oo eS ye ee 59 18,406 754 308,177 24 12,471 877 440,559 
Liberia___________ Sone 32 7,726 — a 5 10,491 a es 
Netherlands ___________ 15 11,158 7 4,163 12 6,879 5 6,029 
Sierra Leone ___________ 123 51,628 5 2,165 85 49,165 ‘4 2,627 
South Africa, Republic of_ _ __ 1,134 671,526 30 33,591 908 662,142 63 68,726 
Switzerland. ___________ 6 6,871 18 17,666 19 11,582 13 21,145 
United Kingdom_________ 266 145,389 19 13,797 201 = =198,541 18 21,276 
Venezuela.____________ 308 20,324 (4) 61 205 16,810 Q) 144 
Other Africa, n.e.c___ 27 T1482 (4) 234 15 1,052 1 478 
Other: 22 tee 32 4,488 53 22,830 21 4,481 38 27,061 
a 
Total. =§ § 5 72,118 956,340 2,347 902,755 1,594 995,212 22,567 1,255,983 
ee 
¥Revised 


1Less than 1/2 unit. 
Data do not add to total shown because of independent rounding. 
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Gem Stones 


_ By J. W. Pressler* 


The value of gem stones and mineral 
specimens produced in the United States 
during 1981 was estimated to be $7.6 mil- 
lion. During the year, turquoise production 
decreased while tourmaline and sapphire 
production increased. Amateur collectors 


accounted for much of the activity in many 
States. Commercial operators produced 
rough jade, jasper, agate, sapphire, tur- 
quoise, opal, and tourmaline, which they 
sold mainly to wholesale or retail outlets 
and also to jewelry manufacturers. 


DOMESTIC PRODUCTION 


Mines and collectors in 46 States produc- 


ed gem materials with an estimated value | 


of $1,000 or more in each State in 1981. Ten 
States supplied 90% of the total value, as 
follows: Arizona, $3.3 million; Nevada, $1.0 
million; Maine, $700,000; Oregon, $600,000; 
California, $300,000; Wyoming, $250,000; 
and Arkansas, New Mexico, Texas, and 
Washington, $200,000 each. In 1981, esti- 
mated production increased 33% in New 
Mexico and Washington, 25% in Texas, 
20% in Oregon, 5% in Nevada, and 3% in 
Arkansas, but decreased 12% in Maine. 
Park authorities at the Crater of Dia- 
monds Park in Pike County, Ark., reported 
that approximately 97,000 people visited 
the park in 1981 and found 1,327 diamonds 
with a total weight of 244 carats. This was 
an increase of 99% compared with the old 
record of 668 stones found in 1975. The 
largest was an 8.3-carat white stone of 
undetermined value. The next three largest 
diamonds, one brown and two whites, rang- 
ed from 5.90 to 6.25 carats. The principal 
factor contributing to this new record was 
the introduction of new concentrating and 
screening techniques that enable diggers to 
recover more of the smaller (1- to 24-point) 
diamonds. The average for all diamonds 
found was 18 points. Ticket sales and total 
attendance were up substantially from the 


75,000 tickets sold in 1980. The “dig for fee” 
operations remained popular. 

In Pala, San Diego County, Calif., Pala 
Gem Mines produced tourmaline at their 
Stewart lithia mine. The other small mines, 
in the same county, continued to produce 
fine gem-quality and specimen tourmaline, 
kunzite, and morganite. 

~ Montana continued to lead the other 
States in the production of corundum, par- 
ticularly gem-quality sapphire. Gemco In- 
ternational produced 35,000 carats of sap- 
phires in 1980 from Yogo Gulch, Fergus 
County, with a high percentage of prize 
blues. A 500-ton-per-day recovery plant was 
planned to be onstream by 1982. Three 
other pay-as-you-dig or fee placer operations 
were active: Eldorado Bar and Castle’s Sap- 
phire Mine near Helena, and Gem Moun- 
tain Sapphire Mine near Philipsburg. Gem- 
quality rubies and sapphires are also found 
in the Cowee Valley near Franklin, N.C. A 
163-carat ruby is believed to be one of the 
largest rubies ever found in the area. 

The largest single emerald ever found in 
North America was a 1,438-carat crystal 
from the Rist Mine near Hiddenite, N.C., in 
1969. Each year, many small emeralds are 
found by visitors there, as well as from the 
Crabtree Mine near New Switzerland, N.C. 
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CONSUMPTION 


Domestic gem stone output went to ama- 
teur and commercial rock, mineral, and 


production plus imports minus exports and 
reexports) in 1981 was $1,812 million, 1% 


gem stone collections, objects of art, and more than that of 1980. 
jewelry. Apparent consumption (domestic 
PRICES 


Yearend domestic sales of commercial- 
grade gem diamonds (inexpensive com- 
mercial-grade stones up to 1 carat) surged 
during the Christmas season, but there was 
a reduced market for better quality certifi- 
cate stones over 1.0 carat. 

The U.S. price of 1.0-carat, D-flawless 
investment-grade diamond plummeted dur- 
ing the year, decreasing more than 60% 
from an alltime high in October 1980 of 


$54,250 to a $20,000-to-$25,000 range at 
yearend 1981. 

Colored stones languished during the 
year, with commercial materials being 
more popular, and expensive stones experi- 
enced poor sales. Average prices of some 
high-quality stones—emerald, black opal, 
and ruby—decreased 30% to 50%, while 
others—sapphire, star sapphire, tanzanite, 
and tourmaline—increased 56% to 80%. 


Table 1.—Prices of U.S. cut diamonds, by size and quality 


Median price per carat® 


Be F Price range 
: Description, _Clarity” 
Carat weight color (GIAterms) Poor oe Deseraper Baan r 
1981 

0.04-0.08..-.- oe ee ee es GI VS1 $375- $650 $570 $467 
0408 oe ee Pa GI Shi 325- 550 520 400 
09-162 ooh ste Be inf25 GI VS: 475- 750 655 550 
09-16. 2 oe el GI Sli 400- 615 585 470 
We22. Joe ee See GI VS1 600- 1,205 1,080 837 
Wedd CO eee eee GI Sh 510- 1,045 975 687 
woe 22H ak ee GI VS: 750- 1,375 1,385 900 
Be tee GI Sh 640- 1,215 1,150 800 
2030 Se ee GI VSi 875- 1,795 1,550 1,200 
20-2802 Se So oe eee GI Sli 740- 1,535 1,875 917 
AG D0 eos Sone OO Se G-I VSi 1,300- 2,285 2,738 1,800 
AO 00 2 eS ee eee G-I Sh 1,000- 2,000 1,950 1,500 
(O99 Soe oS Se eee S G-I VSi 1,600- 3,010 3,556 2,300 
CODEC ca fate I ot G-I Sli 1,200- 2,420 2,530 1,850 
100-116. 22505 5h cose el D FL (4) 553,000 26,500 
100-115 oo eee E VVS:1 = 10,000-16,050 523,000 11,250 
100-115-202. 1 GUS eee oe G VS1 4,600- 8,480 58,600 5,075 
PO0-1 15 oo ee H VSe 3,500- 5,700 55,650 3,800 
L00-E1S— eee ae Se nS I Shi 2,600- 4,000 53,550 2,750 
a 


1Gemological Institute of America (GIA) color grades: D—colorless; E—rare white; G-I—traces of color. 
Clarity: FL—no blemishes; VVSi—very, very slightly included; VSi—very slightly included; VS2—very slightly 


included, but more visible; Sli—slightly included. 


SJewelers’ Circular-Keystone, v. 152, No. 1, January 1981, p. 124; v. 158, No. 2, February 1982, p. 150. These figures 
represent a sampling of net prices that diamond dealers in various U.S. cities charged their customers during the month. 
Not enough sales reported to quote prices. Last quoted as $36,000-$44,000 in July 1981 Jewelers’ Circular-Keystone. 


Quoted at yearend in The Diam 


ond Registry Bulletin, New York, N.Y., as $20,000-$25,000. 


5Representative of early November 1980 sales. December sales are nonrepresentative. 


GEM STONES 355 


Table 2.—Prices of U.S. cut colored gem stones, by size 


Median price per 
range carat 
Gem stone Carat een 

weight 1981 December Roe 

1981 
Amethyst =o 22 2 wa ee ee 10 $10- $25 $15 $18 
rlipapianiad fie pa a ne te ee Ie te 5 40- o 168 87 

ts eye 2 eS ee Fat Se 2 850 
idea petro nae eee ee eee 10 12- 45 12 16 
merald: 
Medium to better... ____-_-____ 1 1,200-4,000 8,500 500 
Commercial... 3522 Re ee 1 800-2,500 900 1,175 
Gone ben pel a en AEN es eee Sh ca : cient 125 SoA 
Opal: white. 286220 jac cee tect 5 45- 125 15 80 
lo a Se nee Fa NE at ee oe a Bhd anh hem yee 5 45- 100 55 65 
(aE ny Te ee 1 1,200-5,000 2,750 1,650 
a cme fal eo ls Eek oh 1 600-3,000 850 700 
Medici to bekbed as cao otete en ie densa tense us 1 450-2,500 1,200 1,500 
‘ poss eee ee ee ee ee See 1 250- 800 425 750 
tar sa 

Sky- nue SS i a BANS BS at Nn A ieee Ae hcl og teh 5 350- 500 250 450 
Gray 2 2 Bi a a ee 5 80- 200 100 102 
Wanzanite..2 932200 2 20 el ie ea At ie 5 400-1,000 590 850 
Topaz: 2 er ees oe I 5 15- 350 245 287 
Tourmaline, green ____§___.-§ ~»_-_-§ -_/ > 7 eee 5 45- 150 15 25 
Tourmaline, pink _____________________-~--- 5 65- 200 80 125 


1 Jewelers’ Circular-Keystone, v. 152, No. 1, January 1981, p. 126; v. 153, No. 2, February 1982, p. 152. These figures 
represent a sampling of net prices that colored stone dealers in various U.S. cities charged their cash customers during 


the month. 
2Not reported. 


FOREIGN TRADE 


U.S. imports of rough and polished natu- 
ral diamonds, excluding industrial dia- 
monds, attained a record $2.2 billion declar- 
ed custom value in 1981. Total polished 
diamond imports, principally from Belgium 
(36%) and Israel (29%), increased 43% to 


$1.8 billion, a new alltime record. The over- 


0.5-carat category, mostly from Belgium 
(42%), Israel (19%), and Switzerland (17%), 
increased 66% to $760 million, and the less- 
than-0.5-carat group, mostly from Israel 
(37%), Belgium (31%), and India (24%), 
increased 30% to $1.04 billion. However, 
imports of rough natural diamond, princi- 
pally from the Republic of South Africa 


(70%), the United Kingdom (9%), and Sier- 
ra Leone (4%), decreased 41% in caratage 
and 59% in value in 1981 compared with 
that of 1980. The decrease in carat value 
from $731 in 1980 to $359 in 1981 for South 
African imports was an indication that De 
Beers Consolidated Mines Ltd. was with- 
holding the better quality rough stones 
from the market. 

The total value of emerald imports 
decreased 7% to $132 million in 1981. The 
total value of rubies and sapphires imported 
in 1981 increased 30% to $177 million, 
compared with the revised figure of $136 
million in 1980. 


Q 
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Table 3.—U.S. exports and reexports of diamond (exclusive of industrial diamond), 


by country 
1980 1981 
Country . Quantity Value Quantity Value 
(carats) (millions) (carats) (millions) 
Exports: 
Belgium-Luxembourg ___________-__-~~--~--- 31,797 $95.9 47,781 $49.4 
Canadas 2.228 ee eS 7,041 5.1 9,020 71 
France 2 De a eo eee 8 5,112 31.0 5,909 23.0 
Germany, Federal Republic of _._ ______-_---_~~- 2,452 15 3,037 68 
Hong Kong: oe oe ee SS ee 69,927 240.5 47,802 184.8 
Israels cS ee ee On ee Se 21,164 16.2 16,253 11.8 
Japan 2a a ee 28,039 64.2 31,415 66.8 
Netherlands__.._§__/§__________----~--.__-- 739 5.7 371 43 
INPAPOTE: 2M a ee ee 6,836 13.7 6,585 12.3 
Switzerland ______.__.________--._-__---+-- 24,110 127.3 16,930 98.4 
nited Kingdom ____._.——--__---~-----_---- , 19.5 218 18.3 
Other 5 ee ee ee ee eS 8,358 16.7 6,729 8.3 
Total 2 ae ee ee ee 210,643 643.3 197,110 441.3 
Belgium-Luxembourg — ______-___.~--~---~-~-- 333,186 119.2 11,973,297 142.0 
France: 2.9)! ae eke waits Sas 6,922 6.9 4,315 5.2 
Hong Kong _________-.-__.---~-~-----+-- 36,345 40.6 55,118 44.9 
ES i ae Ae ee ne as ET 199,201 6.7 323,785 1.2 
Israelis 2 2 oe ee ee 262,625 93.2 386,840 19.3 
SIRI ROAR ED Pepe eS, DPR ISE Net ent te eee Mae ee En ee D 61,579 13 79,813 19.5 
Netherlands____9_. -_-_.___-~_~-~-~-~-~-~-~~__-~-_~ 42,987 6.8 41,324 3.2 
Switzerland ________________-. _-----~-- 18,823 44.6 28,182 58.5 
United Kingdom —..___________-_----------- 109,024 18.4 43,719 39.1 
Gis re eee ee Pa ee lS 43,918 54.2 81,484 13.9 
Total. oo se ee ee a Se 1,114,110 397.9 8,017,877 412.8 


1 Artificially inflated in 1981 by auction of 1,477,365 carats of U.S. Government stockpile industrial diamond stones with 
subsequent reexport as gem stones to Belgium-Luxembourg. 


Table 4.—U.S. imports of diamond for consumption, by kind and country 


1980 1981 
Kind and country Quantity Value Quantity Value 
(carats) (millions) (carats) (millions) 
Rough or uncut, natural:1 , 
Belgium-Luxembourg _—.__——._-___--_------~--- 32,587 $19.5 28,122 $12.2 
Central African Republic ________-~ ee Ae ae 66,308 ~ 71 19,869 2.2 
Israel (5 ee ee 23,635 12.5 ,609 6.7 
Liberia's. 2 Oe ee 5,023 10.5 3,717 2.7 
Sierra Leone~ 2 2 2 ee Se 85,352 49.2 37,872 23.3 
South Africa, Republic of ..__________-------- 907,749 662.1 656,362 282.5 
Switzerland __ ________.__.__--__------_- 18,988 11.6 7,948 Al 
United Kingdom _____________-___-------- 201,138 193.5 80,010 56.9 
enemuela - fv ‘204,513 16.8 67,351 6.0 
Other 2h es ns ee 48,310 12.4 10,430 6.5 
Total. = 22 ec2 3 eee ee es 1,593,603 995.2 933,285 403.1 
Cut but unset, not over 0.5 carat: 
jum-Luxe! UY. 2 Se ee ee ee 531,251 223.6 177,054 319.9 
Hong Kong: 222 oe ee eS 10,128 3.6 19,370 10.0 
RR ee Re A Os a ass Ws ee ee ee 854,526 198.9 1,120,122 246.0 
Israel :# 22" oe Re 787,535 322.8 958,153 383.3 
South Africa, Republic of ____________-------- 34,751 25.6 45,150 27.9 
Switeerland = 25 =a a 9,528 4.6 29,660 13.8 
United Kingdom _________________-_-___--- 12,192 5.9 17,571 10.8 
OT haat tN, See BS Sait er 30,882 13.4 68,851 25.5 
Total 2.22 en ee hee eee oe Se 2,270,793 798.4 8,035,931 1,037.2 
Cut but unset, over 0.5 carat: 
Belgium-Luxembourg _ _. --__—_-___~.-__--_-- 155,280 242.2 206,171 319.3 
Mong Kong: 2225 eee See ee 1,298 3.4 899 26.2 
India. 22 eh ee ke 5,155 2.7 11,409 6.3 
Israel’ 2 2 FS re nt lg he, Te oe 89,015 117.8 138,107 146.7 
Netherlands___ ______________________--_ 2,555 49 8,288 16.0 
South Africa, Republic of _....___-._...-__--+- 43.1 26,463 48.2 
Switerland __.________________---__--- 3,678 16.6 18,688 125.6 
United Kingdom ______.-_._.---__~------- 5,475 15.4 11,112 40.1 
Other 22 3 ce ee ee ee ee 5,011 11.5 11,927 31.4 
Total) 2.243.023 S23 Senos Leos cece 296,105 457.6 438,064 7159.8 


‘Includes some natural advanced diamond. 
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Table 5.—U.S. imports of precious and semiprecious gem stones, by kind and country 


1980 1981 
Kind and country Quantity Value Quantity Value 
carats) (millions) (carats) (millions) 
saa L bo 1,777 $0.7 6,645 $3.2 
um-Luxembourg ______—.__—-____~--~---- : : . $3. 
Brazil <2 ee ee ee ee 240,198 1.5 48,977 5.8 
ge Ste Nay SS Bs eget ene An 2,587 at 18,788 1.2 
ag la Ss SNS a See 81,910 55.7 121,708 40.2 
IN NR I ts AI en RG al aye ce Pon CE 5,073 1.5 9,759 2.2 
Germany, Federal Republic of _. ..._...--------- 38,618 3.0 41,795 4.6 
Hong Kong ________..__-------~-----~--~~- 56,073 8.6 120,313 12.2 
India. 3 ie eee eee 3,025,578 18.6 1,572,510 15.8 
Israel a a Lee 88,234 21.2 96,870 22.8 
Paki ee Senta oe ty et ee 793 A 4,651 1.2 
South Africa, Republic of _........-.--_-_------ 6,200 11 14,787 14 
Switzerland ______________._-~-~.~------- 27,310 12.0 49,721 1.1 
jland. <0) ..4% 0 Sek eo ee ee 6,779 5 31,940 2.6 
United Kingdom _______.___.______-------- 6,032 7.2 7,097 46 
Other) ie. Le 2 oat te Se Se 13,728 2.7 152,098 12.7 
Total 20th ee 3,600,890 141.4 2,297,659 131.6 
Ruby: 
Belgium-Luxembourg ___.____.___.--------- 2 1.4 
Burma 20052-45522 ee eee ee Se 8 3.3 
CR ada eon aera Roe cht 5 Tad eo fat NS he . al 1.2 
Sa st Re eas ee Siete eta a oe oe a 7 1.4 
Cony. Federal Republic of ________.__-------~ 9 3.1 
Hong Kong =. 0 ee NA © 13.5 NA 9.1 
India o5 22220530 2s eee ee toe ae oS 3.1 47 
Switzerland 2022.2 2. 255-0 Soe ee ee 3.3 12.0 
iland <i ee eee 58.1 47.6 
United Kingdom ____§_____...--_~~-----~-- 13 47 
Other: 45 ee ee 3.0 ° 5.3 
Total) 2.13% Se oe Se eee ee NA 85.0 NA 93.8 
Sapphire: 
ee Pca ie Mars Open Ox che eee Ne hh a A 2.6 
fa INS the ao Pe oes Shek Be aol eee oye de 3 2.2 
Germany. Federal Republic of .._....._.-----~-~- Ri) 24 
Hong Kong. 32 ee ee 49 8.4 
India. 2. a SS es ee ee ee NA 1.6 NA 3.3 
Sri Lanka 3 re eo er ek 6.8 1.5 
Switzerland =.= 2 = Sk Soe ee eS 17 11.1 
dland 2702 ee 31.8 34.8 
paid Kingdom 2222 8 ceo ee a See 8 5.1 
fafeaes) Mie AA IAR Se NAS Re A ee ee , 2.0 5.6 
Totals. cf de oy ee NA 50.9 NA 83.0 
Other: 
Rough, uncut 
Australia. oe be ee Sees 2.0 1.2 
Brazil 3 Se ee ee 4.5 3.2 
Colombia __ _____.-_-.--_------------+- 18 2.2 
South a, Republic of _...-...--_.------ NA 3.2 NA: 1.6 
Switzerland _____________------------ 3.5 1 
Zambia 23 So et ee 1.9 2.5 
Other — 2 et So ee 3.4 6.3 
Total 2 oe es NA 20.3 NA 17.7 
Cut but unset: 
a ee A hea hh cere teal ak Net Sh Rees ES 2.4 3.5 
a AB ra Oe SO ERD, ene th eee Oe 17.4 36.4 
Gaaeay Federal Republic of __._____~----~ 79 11.0 
ong Kong so Do ee eo 17.1 17.6 
aCe in ek Oh ENE COS. Ses ROR EMRE ee ae aon cee ee NA 2.7 NA 24 
Switzerland ______________.__-------- 4 1.0 
Taiwan: ae i ee 1.0 9 
land: 2 a ee 1.5 28 
Other. oe oo ee ee a 6.5 5.4 
Total 2202 es Se ee ee NA 56.9 NA 81.0 


NA Not available. 


358 


MINERALS YEARBOOK, 1981 


Table 6.—Value of U.S. imports of . 
synthetic and imitation gem stones, by 


country 
(Million dollars) 
Country 1980 1981 
Synthetic, cut but unset: 

Ustrias 2 te 0.9 7 
Pranc@ so 8 1.2 
Germany, Federal Republic of_ _ _ 7.5 5.8 
Korea, Republic of___._§___§_____ 5.3 8.2 
Switzerland___..-§_-§_-§_/§__.____ 21 2.6 
Other _________________ 3.1 3.1 

Total. = rots er 19.7 22.6 
Imitation: 

Austria _____~___________ 8.5 V4 

Czechoslovakia. __________. 8 8 

Germany, Federal Republic of_ _ _ 3.1 3.8 

OR ee See es Poe 13 1.0 

Total 2922.22 13.7 13.3 


Table 7.—U.S. imports for consumption of precious and semiprecious gem stones 
(Thousand carats and thousand dollars) 


Sto 1980 1981 
ne 
Quantity Value Quantity § Value 
Diamonds: 
Rough or uncut? ___-$_-_ > 5 5 ee 1,594 995,212 935 404, 
Cut but unset. 5 --§ - 5 ee 2,567 1,255,988 3,474 —-1,796,908 
Emeralds: Cut but unset __ 2-5 » 5 3,601 141,413 2,298 131,560 
Coral: Cut but unset, and cameos suitable for use in jewelry______ NA 3,544 NA 3,630 
Rubies and sapphires: Cut but unset_.§_§-§ $=» =» >)» =» NA 135,914 NA 176,758 
eS (ete ee Se ee NA 1 NA 9 
Pearls: 
Nattral 222.25 oi a et eto NA 3,829 N 2,008 
Bot iia Rr Sis is i et oe a NA 77,3875 NA 105,942 
Imitation 2). 2.249 ke ee NA ,965 N. 1,966 
Other precious and semiprecious stones: 
age anduncut _________~___ NA 20,323 NA 17,697 
Cut but unset_____$___ ~~ NA 56,927 NA 87,325 
Other ns.p.f ~ ~--_-___._ NA 7,430 NA 665 
Synthetic: 
Cut but unset? _.- = 17,848 19,714 28,846 22,646 
Other oe ee NA 277 NA 961 
Imitation gem stones _._-§_-§_- =§ =» => 5 = NA 13,689 NA 13,332 
Ne | ER ee ee RS es aE XX "2,734,731 XX =. 2,766,250 
"Revised. NA Not available. XX Not applicable. 


1Includes 16,544 carats of other natural diamond, advanced, valued at $1.15 million in 1980, and 1,823 carats valued at 


$1.26 million in 1981. 
*Quantity in thousands of stones. 


WORLD REVIEW 


Angola.—Prior to Angola’s independence 
in 1974, annual diamond production was 2.4 
million carats, and by 1979, production had 
fallen to 840,000 carats. A revitalization of 
this country’s important diamond mining 
industry, spearheaded by Companhia de 
Diamantes de Angola (Diamang), bolstered 
by increasing prices, caused annual produc- 
tion of diamonds to climb to 1.5 million 
carats, with export earnings of $400 million 
in 1980. Diamang was 77.1% owned by the 


Government, with the remainder held by 
British, South African, United States, Bel- 
gian, and Swiss interests, with marketing 
handled by De Beers.? 
Australia.—Exploration and evaluation 
of the Argyle prospect by the CRA-Ashton 
Joint Venture continued during the year 
with drilling and bulk sampling of the 
kimberlite pipe AK-1, and bulk sampling of 
the Upper Smoke Creek, Lower Smoke 
Creek, and the Limestone Creek alluvial 
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deposits. Cumulative totals for all work 
performed (including 1980), indicate that 
152,000 carats have been recovered from 
37,800 short tons of the AK-1 pipe, and 
102,000 carats have been recovered from 
52,100 tons of the alluvials. Composite sort- 
ing of these diamonds showed a quality of 
10% gem, 30% near-gem, and some high- 
quality industrials, and the balance indus- 
trials. A representative sampling has been 
evaluated by the Central Selling Organiza- 
tion at $8.00 per carat, depending on the 
bort value assumed. 

The final feasibility study commenced at 
yearend for the design and construction of a 
large-scale commercial plant with an initial 
capacity of 2.5 million short tons per year. 
Large-diameter core drilling for kimberlite 
sampling and geological continuity of the 
pipe progressed to depths of 145 meters. 
With these assumptions, diamond produc- 
tion should start in 1985 at a level of 10 to 
15 million carats per year, slightly better in 
the initial years until the alluvials are 
processed, and with a project life of 20 to 30 
years. This mine alone would easily surpass 
Zaire as the world’s largest producer of 
industrials and would have a strong impact 
upon the world market. At yearend, an 
agreement was made by the Central Selling 
Organization with the Ashton Joint Ven- 
ture and the Australian Government to 
market most of the production, with some 
concessions to allow domestic sales, and the 
development of a cutting arid polishing 
center in Perth.? 

Australia produces five types of precious 
gem stones—black, gray, and white fire 
opal, sapphires, diamonds, chrysoprase, and 
rubies. The Aga emerald mine in Western 
Australia is a recent development. Al- 
though it has been an intermittent produc- 
er since 1909 with exports to India, recent 
exploration revealed an increased potential 
for emerald production. Recovery of gem- 
quality was about 11%, and the largest 
crystal found so far was 9.6 carats. The 
lower grade emeralds were being sold to the 
United States.‘ 

Belgium.—Total imports of diamonds by 
Belgium reached 54 million carats in 1981, a 
17% increase compared with that of the 
previous year; however, total value decreas- 
ed 3.4% compared with that of 1980. Total 
exports were 48 million carats valued at 
$3.1 billion, a caratage increase of 8.5% and 
value increase of 7.4% compared with that 
of 1980. The major market for Belgium 
diamonds continued to be the United States, 
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which received 1 million carats in 1981. The 
Central Selling Organization’s share of Bel- 
gium’s rough stone imports had gradually 
fallen from 89% in 1977 to 68% in 1981.5 
Price setting of investment-grade diamonds 
was being done twice daily by an important 
Antwerp-based diamond dealer.¢ 

Botswana.—At yearend 1981, De Beers 
asked Botswana to stockpile diamonds be- 
cause of the world slump in prices. De Beers 
had a 50% interest in De Beers Botswana 
Mining Co. in the operation of the Orapa 
and Letlhakane Mines, and the new Jwa- 
neng Mine near Gabarone in the southern 
part of the state. The Jwaneng Mine, sched- 
uled to have a rated capacity of 5.3 million 
short tons per year, was to be onstream in 
the second half of 1982. It is expected to 
have a higher recovery grade than that of 
any other mine in the Group, and to pro- 
duce diamonds of medium quality. De Beers 
reported it to be probably the most impor- 
tant kimberlite pipe discovered anywhere 
in the world since Kimberley more than a 
century ago.’ 

Brazil.—Most of the gem diamond pro- 
duction in Brazil has come from indepen- 
dent prospectors called “garimpeiros” who 
produce about. 120,000 carats per year. A 
conservative estimate for 1981 indicated 
total state production of 228,000 carats of 
gem and 372,000 carats of industrial dia- 
mond, mostly from Minas Gerais and Mato 
Grosso Provinces.® 

China.—OCTHA, a South African dia- 
mond mining, cutting, and marketing 
group, is investing $3 million in China to 
establish the first diamond cutting and 
polishing operation in China.°® 

Colombia.—Econominas, the Colombian 
state mining organization, reported that 
legal exports: of emeralds in 1980 were 
valued at $196 million, principally to Japan, 
the United States, and Taiwan. Emerald 
exports accounted for almost 50% of the 
total mineral exports from Colombia. How- 
ever, it was estimated that this was only 
40% of the real amount exported, the re- 
mainder being smuggled out of the country 
illegally.*° 

Ghana.—The Akwatia diamond mine, 65 
miles from the Ghanaian capital of Accra, 
was facing several financial difficulties. The 
mine, which started operations in 1924, was 
no longer profitable, and its closing was a 
possibility. In 1973, the mine had produced 
2.4 million carats annually and only pro- 
duced about 1.0 million carats in 1981. 
However, at yearend the Government 
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underwrote a $15 million loan to Ghana 
Consolidated Diamond Co. to modernize its 
plant and improve its economic viability. 
Also at yearend, the Government of India 
announced an agreement to purchase rough 
diamonds from the Diamond Marketing 
Corp. of Ghana, and it was estimated that 
this would result in additional margins for 
Ghana, compared with the previous sales 
through the Diamond Trading Co. of 
London.*! 

Guinea.—A $70 million alluvial diamond 
venture was being developed in the Kis- 
sidougou Banankor area close to the border 
of Sierra Leone, an area noted for high- 
quality diamonds. Initial production was 
expected to begin in August 1983 at an 
annual production level of 200,000 carats 
and increase to 500,000 carats per year by 
1985. The project was a joint venture be- 
tween Bridge Oil of Australia (45%) and the 
Republic of Guinea (50%). The remaining 
5% was to be shared by Simonius Vischer 
and Industrial Diamond Co. of Switzerland, 
with marketing performed by Aredor Sales 
managed by Industrial Diamond Co.” 

A diamond of 800 carats was discovered in 
Guinea in 1981. The diamond, the largest 
found in the country since 1958, was of 
industrial quality. 

India.—The discovery of three large dia- 
monds in the Vajrakarur area of Andhra 
Pradesh has led the Geological Survey of 
India to embark on a 3-year program of 
intensive diamond exploration. The 
Majhagawan diamond mines of the Panna 
district have yielded a total of 233,000 
carats of diamonds worth $20 million since 
1960. The Panna area has also produced 
about 3,200 carats of crude emerald per 
year." 

The Gem and Jewellery Export Promo- 
tion Council in India reported that exports 
of gem stones and jewelry rose by 8% to 
$700 million in 1980-81. The council fixed a 
new target of $860 million for 1981-82, with 
most of the revenue from cut and polished 
gem diamonds, which ranks as India’s top 
foreign exchange earning commodity. India 
already led the world in quantity of dia- 
mond exports and was ranked third after 
Israel and Belgium in terms of value.'® 

Israel.—The Israeli diamond cutting, pol- 
ishing, and trading industry, one of the 
most important in the world, was severely 
affected by the recent decline in world gem 
sales. The industry has been the nation’s 
largest industrial export business, with ex- 
ports totaling $1.4 billion at its peak. At its 
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peak in 1979, 700 companies employed 
12,000 people, compared with about 600 
companies employing 8,000 people in 1981. 
Exports in 1981 were about $950 million, 
68% lower than the peak year of 1979.76 
- Israel accounts for about 50% of world 
production of cut emeralds, and exports 
have grown in value from $2.6 million in 
1971 to $10 million in 1977. It is expected 
that exports exceeded $50 million in 1981.17 
_Ivery Coast.—Diamond mining of both 
gem and industrial quality in the Ivory 
Coast has been centered in the Tortiya and | 
Seguela regions. Société Anonyme de Re- 
cherches et d’Exploitations Miniéres en 
Céte d’Ivoire’s operation at Tortiya began in 
1948 and continued until 1975, when it 
closed because of high costs. The Seguela 
Mine was successfully operated by the Wat- 
son Society from 1971 to 1977. The Ivory 
Coast has not produced any diamonds in the 
past 2 years.’® 
_ Lesotho.—At the Letseng-la-Terai Mine 
of De Beers Lesotho Mining Co., Ltd., the 
tonnage treated was down slightly to about 
2.1 million short tons, and the grade was 
practically the same at 2.80 carats per 110 
short tons. The percentage of gem diamonds 
remained high at 93%, and the diamonds 
larger than 10 carats in size represented 
12% of the production.?® Commercial oper- 
ations at other diamond-bearing kimber- 
lites in this small, landlocked country sur- 
rounded by the Republic of South Africa 
had been organized into two labor-intensive 
cooperatives with portable washing plants, 
which provided profitable work for over 
1,100 employees.?° 

The Lesotho Government’s Bureau of Sta- 
tistics reported- that 1980 production, 
105,245 carats of diamonds, was valued at 
$274.88 per carat.?1 

Namibia.—Responding to poor market 
conditions, curtailment of the mining and 
treatment operations of Consolidated Dia- 
mond Mines (Pty.) Ltd., a subsidiary of De 
Beers, resulted in a 25% reduction in total 
tonnage treated, and a reduction of 20% in 
diamond production from 1.6 million carats 
in 1980 to 1.25 million carats in 1981. These 
beach placers near Oranjemund yield dia- 
monds of 95% gem-quality, and contributed 
as much as 18% of De Beers pretax profits 
in 1979.72 

The T.O.N.M. Oil and Gas Exploration 
Corp. has acquired a 50% interest in Afri- 
can Coast Diamond and Minerals (Pty.) Ltd. 
(ACDM). ACDM has mining rights to 90 
square miles along the Atlantic coast of 
Namibia. A large-scale pilot plant with 
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Sortex equipment is located between the 
Hoarusib and Hoanib Rivers. Reserves have 
been estimated to be 2 to 6 million carats.* 

It was reported that three kimberlite 
pipes had been discovered near the western 
border of the Republic of South Africa with 
_ Namibia, and De Beers inaugurated an 
extensive prospecting program across the 
frontier in the northeastern corner of 
Namibia. 

Sierra Leone.—During 1981, the Nation- 
al Diamond Mining Co., Ltd. (DIMINCO) of 
Sierra Leone mined principally alluvial de- 
posits to produce about 595,000 carats of 
diamonds. Over 50% of the diamonds were 
of gem-quality, including some very large 
stones, which has resulted in illicit oper- 
ations and theft. DIMINCO estimates that 
as much as 50% of the diamonds mined 
have been smuggled out. DIMINCO initiat- 
ed an Alluvial Diamond Mining Scheme to 
have frequent sights in Freetown with pay- 
ment in hard currency to detract from the 
smuggling. In the July sights, DIMINCO 
sold almost 45,000 carats for $188 per carat, 
not including a special sale of a 119-carat 
diamond for $1.1 million. A new joint ven- 
ture of the Sierra Leone Government (60%), 
the Kuwait Foreign Trading, Contracting 
and Investment Co. (80%), and Sierra Leone 
Selection Trust (10%) was formed to mine 
the diamond-bearing kimberlites in the 
Kono area, to be initiated in 1981 and fully 
operational by 1985.25 

South Africa, Republic of.—De Beers 
continued its widespread reconnaissance 
and prospecting program in the Republic of 
South Africa without the discovery of any 
new important kimberlite provinces. Shaft 
sampling of a kimberlite cluster on the 
Venetia farm, with bulk sample treatment 
by a heavy media separation plant, pro- 
gressed during the year. Sampling for re- 
serve extension of existing mines in Nama- 
qualand continued. 

The Namaqualand Div. of De Beers sus- 
pended operations in the Tweepad area for 
the last 7 months of 1981, and production at 
Annexe Kleinzee and the Koingnaas com- 
plex was reduced by 10% for the remainder 
of the year. Diamond recovery declined 15% 
to a level of 1.2 million carats with an 
average grade of 18.6 carats per 110 short 
tons. 

At the Finsch Mine, operation of the new 
treatment plant for the full year at a high 
throughput and improved diamond recov- 
ery efficiency resulted in a 50% increase of 
diamond production in 1981 compared with 
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1980. The open pit mine, presently produc- 
ing from the 160- to 220-meter levels, was 
scheduled to change over to underground 
production in 1988. Vertical shaft sinking to 
763 meters was completed in August 1981.76 
Leichardt Exploration of Australia dis- 
covered more diamonds on Farm “‘C” at the 
Reads Drift prospect, confirming expecta- 
tions that higher grades exist at depth.?’ 
The Octha diamond group was expanding 
its investment program to $160 million in 
South Africa, to create an integrated dia- 
mond mining, cutting, marketing, and re- 
tailing operation. Included in its operations 
was a Namaqualand Mine and four mines 
in the Kimberley area. Production in 1981, 
about 100,000 carats of 85% gem-quality, 


‘was expected to be increased to 1 million 


carats per year 50% gem-quality, by 1986.7 

Sweden.—Two diamonds, each about 0.3 
millimeter, were found in an area of kim- 
berlite on the Baltic island of Alnon, just off 
the east coast of Sweden near Sundsvall. 
Washing of 12 short tons of ore yielded one 
diamond. This was the first confirmed dia- 
mond find ever made in western Europe.” 

Thailand.—Thailand continued to be one 
of the most important centers of gem stone 
cutting and polishing in the world, princi- 
pally diamonds, rubies, and sapphires. Ex- 
port value of all precious stones in 1980 was 
approximately $2.5 billion.®° 

U.S.S.R.—The Siberian platform of the 
Soviet Union in north-central Asia has 
emerged as one of the most remarkable 
kimberlite and diamond areas on earth. 
Since the pioneering days 25 years ago, over 
400 kimberlite pipes have been discovered 
within an oval belt 300 miles long and 250 
miles wide southwest of the Lena River, a 
kimberlite province comparable with the 
Diamond Belt of southern Africa. Twelve 
principal kimberlite and/or diamond re- 
gions have been delineated, and the state 
has concentrated on these for maximum 
production development. The famous Mir 
diamond mine is in the Malo Botuoba re- 
gion and was one of the richest pipes. 
However, it is questionable whether the full 
potential of this remote area will ever be 
realized, because at least 5 of the 12 princi- 
pal regions are well within the Arctic Cir- 
cle, where deep permafrost prevails along 
with long winters and extremely sub-Arctic 
temperatures. In one case at Mirnyy, con- 
struction engineers were fortunate in find- 
ing a dolerite sill upon which to build a 
milling and recovery plant.*! 

A new diamond mine was under develop- 
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ment near Mirnyy in the Yakutsk Autono- 
mous Soviet Socialist Republic . The mine, 
which was the first Soviet underground 
diamond mine, was to go into operation 
during the period 1983-85. Twin 21-foot 
shafts will be sunk by freezing techniques 
in the unconsolidated formation below 
permafrost—one for ore removal and the 
other for ventilation. Both shafts will be 
approximately 3,300 feet deep.*? 

Zaire.—Zaire is the largest producer of 
industrial diamonds. in the world. Produc- 
tion by Société Miniére de Bakwanga (Miba) 
progressively dropped from a record 18 
million carats in 1961 to an estimated 7.5 
million carats in 1981. legal mining and 
smuggling have been reported to represent 
50% of official production by Miba. 

Faced with higher operating costs and 
declining grades, Miba was seeking financ- 
_ing for a new mine, as well as moderni- 
zation and expansion of current alluvial 
operations. The plant was to treat primary 
kimberlite and to purchase two dredges to 
work deposits in riverbeds and adjoining 
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areas. The Miba deposits at Mbuji-Mayi are 
about 1,400 kilometers east of Kinshasa in 
Kasai Oriental Province. The deposits were 
first worked over 60 years ago; recent ex- 
ploitation has been equally divided between 
alluvial deposits and primary kimberlite 
deposits to depths of 60 meters.** 

In 1981, Sozacom, the Zairean state mar- 
keting agency, announced a break with De 
Beers’ Central Selling Organization, which 
had exclusive marketing rights for the last 
14 years. At yearend, Sozacom announced 
that they had marketed 10 millions carats 
for 1981, as demand for industrials and low- 
grade gems had held up better in a reces- 
sion year compared with the demand for 
larger gems.** 

At yearend, three companies—Inter- 
national Diamond Co. of London, and Caddi 
Sprl and Glasol NV of Belgium—who had 
agreed to market Zaire’s diamonds in coop- 
eration with Sozacom, also agreed to assist a 
local diamond cutting and polishing indus- 
try by constructing a $2 million plant. 


TECHNOLOGY 


The labeling of the so-called recon- 
structed or reconstituted Geneva ruby, pro- 
duced in the early development of synthetic 
ruby in 1903-04, has been convincingly prov- 
en incorrect. The most popular production 
technique explanation—that of fusing small 

pieces of genuine ruby together by flame 
fusion such as with Verneuil torch—has 
been discounted by scientific experiments. 
Genuine reconstructed products from these 
experiments do not resemble in any way the 
boules or cut stones of the original recon- 
structed ruby. The originals can now be 
attributed to multiple-step boule production 
under less than ideal conditions.** 

The quality of synthetic ruby has now so 
improved that the new synthetic Kashan 
ruby is so similar to the natural that only 
professional laboratories can distinguish 
the difference. Heretofore, a professional 
with a 10-power hand lens could distinguish 
between natural rubies with crystal and 
Saturn-like inclusions, coarse twinning, and 
wispy fingerprints, and synthetic ruby with 
bubble inclusions and curved striae, but 45- 
power microscopic observation by a profes- 
sional is now necessary.** 

Zircon-based age-dating of six different 
Siberian kimberlite pipes have indicated a 
geological age ranging from 148 to 450 
million years. Diamond-bearing eclogite ex- 
amination presented definite conclusions 


that the diamonds were formed in a medi- 
um close to normal basalt in chemical 
composition, the only difference being that 
the formation of diamonds took place at a 
depth of about 200 kilometers. Isolation and 
separate examination of diamond-bearing 
inclusions such as red garnet and chrome 
diopside indicated that the morphology of 
the enclosed mineral is a perfect copy of the 
morphology of the diamond itself, and con- 
firm the age of the diamond.*’ 


1Physical scientist, Division of Industrial Minerals. 
2World Mining. Southern Africa. V. 35, No. 2, p. 68. 
Mining Annual Review (London). 1981, p. 490. 
3Industrial Minerals Tandon): Ashton’s Cut? Comment. 
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Gem Stones 


By J. W. Pressler’ 


The value of gem stones and mineral 
specimens produced in the United States 
during 1982 was estimated to be $7.2 mil- 
lion, a 5% decrease compared with that of 


1981. During the year, turquoise production 


decreased while tourmaline, sapphire, and 
opal production increased. Amateur collec- 
tors accounted for much of the activity in 
many States. Commercial operators pro- 
duced agate, jade, jasper, opal, sapphire, 
tourmaline, and turquoise, which they sold 


mainly to wholesale or retail outlets and 


also to jewelry manufacturers. 


-Domestic Data Coverage.—Domestic pro- 
duction data for gem stones are developed 
by the Bureau of Mines from the production 
of Gem Stones survey, a voluntary survey of 


U.S. operations. Of the 46 operations to 


which a survey request was sent, 26% 
responded, representing an estimated 25% 
of the total production indicated in the text. 
Production for the 34 nonrespondents was 
estimated using reported prior year produc- 
tion levels adjusted by trends in employ- 
ment and other guidelines. 


DOMESTIC PRODUCTION 


Mines and collectors in 46 States pro- 
duced gem materials with an estimated 


value of $1,000 or more in each State in © 


1982. Eleven States supplied 91% of the 
total value as follows: Arizona, $2.8 million; 
Nevada, $1.2 million; Maine and Oregon, 
$500,000 each; California and Wyoming, 
$250,000 each; Montana, $225,000; and 
Arkansas, New Mexico, Texas, and Wash- 
ington, $200,000 each. In 1982, estimated 
production increased 125% in Montana and 
20% in Nevada, but decreased 29% in 
Maine, 17% in California and Oregon, and 
14% in Arizona. 

Park authorities at the Crater of Dia- 
monds Park in Pike County, Ark., reported 
that 84,600 people visited the park in 1982 
and found 1,382 diamonds with a total 
weight of 263 carats. This was a slight 
increase compared with the 1,327 diamonds 
found in 1981. The largest was a 3.48-carat 
brown stone of undetermined value. The 
next four largest diamonds, une brown, two 
whites, and one yellow, ranged from 2.43 to 
3.40 carats. The new concentrating and 
screening techniques that enabled diggers 
to recover more of the smaller (1- to 24- 
point) diamonds contributed substantially 


to the total diamonds recovered, which 
averaged 19 points compared with 33 points 
2 years ago. The “dig for fee’ operations 
remained popular. 

Prospecting and evaluation of kimberlite 
in Michigan and Kansas continued during 
1982. Commercial interest and evaluation of 
the Murfreesboro diamond-bearing kimber- 
lite was active. . 

The Geological Survey of Wyoming con- 
tinued its research and exploration activi- 
ties in the southern Laramie Range. Comin- 
co American, Inc., and Superior Minerals 
Co. prospected several regions in the Lar- 
amie Range and Medicine Bow Mountains. 
Cominco American and Superior were com- 
mitted to testing of kimberlite diatremes for 
commercial diamond mineralization near 


the Wyoming-Colorado border, with a pilot 


plant located in Fort Collins, Colo. 

In Pala, San Diego County, Calif., Pala 
Gem Mines produced tourmaline at its 
Stewart lithia mine. Other small mines, in 
the same county, continued to produce fine 


gem-quality and specimen tourmaline, kun- 


zite, and morganite. 
Montana continued to lead the other 


357 
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States in the production of corundum, par- 
ticularly gem-quality sapphire. Intergem 
‘Inc., of Denver, Colo., was conducting sam- 
pling and hydraulic testing in June 1982 on 
the Yogo Gulch Sapphire Mine in Fergus 
County, Mont. No sapphire production was 
reported for the year. Three pay-as-you-dig 
or fee placer operations were active: Eldora- 


do Bar and Castle’s Sapphire Mine near — 


Helena, and Gem Mountain Sapphire near 
Philipsburg. Gem-quality rubies and sap- 
phires were also found in the Cowee Valley 
near Franklin, N.C. The Cherokee Mine 
near Franklin, N.C., was active, with many 
visitors. buying gravel by the bucket, fol- 
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lowed by washing and sorting. 

The American Gem Co. operated the Rist 
Emerald Mine near Hiddenite, Alexander 
County, N.C. The dig-for-fee mine had pro- 
duced a. single-crystal emerald weighing 


-more than 1,000 carats in 1980, with an 


estimated value of $30,000. 

One of the most popular gem-hunting 
areas in the United States was Emerald 
Creek in northern Idaho where gem-quality 
and asteriated garnet continued to be pro- 
duced. The U.S. Forest Service adminis- 
tered the riverbed and gravel area in Bene- 
wah County, Idaho, and charged prospec- 
tors and rock hounds a cally fee. oe 


CONSUMPTION | 


_ Domestic gem stone output went to ama- 
teur and commercial rock, mineral, and 
gem stone collections, objects of art, and 
jewelry. Apparent consumption (domestic 


production plus imports minus exports and 
reexports) in 1982 was valued at $1,643 
million, 10% less than the revised value of 
$1, 816 million for 1981. 


PRICES 


A sampling of prices that diamond deal-. 
ers in various U.S. cities charged their 


‘le 


customers.in January 1983 is shown in table 


Table 1. —Prices of U.S. cut diamonds, by size 2 and quality — 


Carat weight - color! 


0:04-0:08 2 aoe See ee ees GI 
(04-082 22 cone te oe ees GI 
OOMIG 2 ae eee ee G-I 
OOS 16 = anti le ake AN ke) oS ie ~ GI 
(ye G-I 
iy aay + 4a menage i ac Seeley ee GI 
S2Or 20 ie A re ee G-I 
(28s 20 Sw ie SE ete G-I 
(20+). OOo Se a ee eS G-I 
OOe BD eo ee Se ee G-I 
46° $02 so ol eee tee te es G-I 
AO BD se es net al OY ete G-I 
MOOR 19. SG eee eS oe G-1 
669-19 eso ei Ss G-I 
pid) 25 eee le ang eee ee <a D 
LOO) ee ee aS E 
100-1162 S222 Se 5 beso oe G 
100-1. lb2o ae ee Se H 
100-115 = 22 SS 2 soe bee SSUES I 


- Description, 


Median price per carat® 


: Price range 
Clarity? ; 3 Earl 
per carat’ y 
1983 

VSi $400- $613 $532 $475 
Sli - 365- 520 385 400 
VSi 450- 700 565 525 
Shi 400- 585 450 450 
VS: 600- 1,205 829 750 
Sli 490- 1,045 700 650 
VS: 675- 1,375 1,050. 940 
Sli 580- 1,215 850. 750 
VSi 690- 1,600 1,250 1,250 
Sli 600- 1,210 950 1,000 
VS 1,200- 2,125 2,000 1,900 
Sli 885- 1,740 1,500 1,480 
V8: 1,500- 3,010 2,300 2,250 
Shi 1,000- 2,180 2,000 1,750 
FL ee 12,000-25,000 22,500 19,750 
VVSi 7,000- 7,500 12,500 7,300 
V8i 3,500- 4,500 5,350 3,900 
VSe 2,800- 4,050 4,400 3,200 
Sh 2,000- 3,000 2,775 2,600 


1Gemological Institute of America color grades: D—colorless; E—rare white; G-I—traces of color. 
2Clarity: FL—no blemishes; VVS,;—very, very slightly included; VSi—very slightly included; VS2—very slightly 


included, but more visible; Sli—slightly included. 


3 Jewelers’ Circular- Keystone, v. 154, No. 2, February 1983, p. 86. These figures represent a sampling of net prices that 
diamond dealers in various U.S. cities charged their customers during the month. 
“The Diamond Registry Builetin, v. 13, No. 1, Dec. 31, 1981, and v. 14, No. 1, Dec. 31, 1982. 


Yearend domestic sales of commercial- 
grade gem diamonds and inexpensive com- 
mercial-grade stones up to 1 carat, had its 
traditional Christmas season surge. In 1982, 
total sales of gold jewelry, in which the 
value of the precious stone, principally 


diamond, was over 50% of the total value, 
decreased 3% compared with that of 1981. 
The U.S. price of 1.0-carat, D-flawless, 
investment-grade diamond fluctuated dur- 
ing 1982 between $12,000 and $25,000 per 
carat, and at yearend 1982 was $19,750 per 
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carat, a 12% decrease compared with that 
of 1981. However, investment diamond sales 
are only a very small percentage of the total 
diamond market, estimated at $100 million 
for the world, compared with total world 
diamond jewelry sales of $18.5 billion. 

A sampling of prices that colored-stone 
dealers in various US. cities charged their 
customers during January 1983 is shown in 
table 2. 
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Colored stones languished during the 
year. Commercial gem materials were more 
popular although expensive, and fine- 
quality stones experienced poor sales. Aver- 
age prices of some medium-quality stones— 
sapphire, Colombian emerald, and ruby— 
decreased 20% to 56%. The average price 
for medium-quality tsavorite garnet in- 
creased 27% because of its rarity and beau- 
ty. 


Table 2.—Prices of U.S. cut colored gem stones, by size’ 


Median Price per 
Price range carat? 
Carat 
Goes weight Pergarat ary Bay 
1982 1983 
Amethyst 22-53 22-25 See ee eee eee 10 $10- $35 $18 $17 
Aquamarine... "he i ee 40- 300 187 150 
Citrine 2 a a a eh eS 10 6- 45 16 10 
Emerald: 
Colombian ___________________--_____-____--__ 1 ——-1,200-4,000 2,500 1,500 
Zambian! et ee ee Se te 1 NA NA 1,400 
Garnet, tsavorite _________ ~~ 1 300-1,200 625 725 
Opal, Bathe. hn baie ba ohne ones ee es te 3 900 250 NA 
Opal; white= 22222 2220 ee i in et 5 40- 130 80 NA 
Peridot == 2-222 eee soe oe ee et ee se 5 40-. 200 65 NA 
Ruby: 
Medium to betters 22 2 oe i es, 1 1,000-5,000 1,650 1,200 
Commercial ___ _______. » -./ ----_ _- - - ee 1 500-3,000 700 NA 
a rae 
edium to better __§_$____________ ee 1 450-2,500 1,500 700 
Commercial: 2.2 oe ee ee ee 1 225-1, 000 750 NA 
Star sapphire: 
Sky-blue «2.2 ee 5 200-1,000 450 NA 
Grays eo ee ae Ee oe a ee ee eS 5 30- 200 102 NA 
Tanzanite. 2). oe ee Ee Se ee 5 300-1,200 850 762 
TOpae 2 oe eke ee ee i ee 5 75- 500 237 210 
Tourmaline, green ____. _--§ _-§ -§_ 5 Le 5 40- 200 125 132 
Tourmaline, pink. 2:2.2.°. 2 oe Se ee 5. 40- 250 125 187 


NA Not available. 
1Medium to better quality. 


2Jewelers’ Circular- Keystone, v. 153, No. 2, February 1982, p. 152; v. 154, No. 2, February 1983, 


. 87. These figures 


represent a sampling of net prices that colored stone dealers in various U.S. cities charged their cash customers during 


the month. 


FOREIGN TRADE 


The declared customs value of U.S. im- 
ports of rough and polished natural dia- 
monds, excluding industrial diamonds, was 
$1.9 billion in 1982, a 14% decrease com- 
pared with that of 1981. Total polished 
diamond imports, principally from Belgium 
(35%) and Israel (25%), were valued at $1.6 
billion. Imports in the over-0.5-carat cate- 
gory, mostly from Belgium (40%), Israel 
(15%), and Switzerland (15%), decreased 
17% in value to $633 million. Imports in the 
less-than-0.5-carat group, mostly from Bel- 
gium (32%), Israel (81%), and India (27%), 
decreased 3% in value to $1.01 billion. 
Imports of rough natural diamond, princi- 
pally from the Republic of South Africa 
(65%), the United Kingdom (9%), and Bel- 
gium, (9%), decreased 5% in caratage and 


32% in value in 1982 compared with that of 
1981. The decrease in carat value from $430 
in 1981 to $345 in 1982 for South African 
imports again indicated that De Beers Con- 
solidated Mines Ltd. was withholding the 
better quality rough stones from the mar- 
ket. 

The total value of emerald imports de- 
creased 8% to $121 million in 1982. The 
total value of rubies and sapphires imported 
in 1982 decreased 27% to $129 million, 
compared with $177 million in 1981. Import 
caratage of ruby and sapphire were re- 
ported for the first time in 1982, and indi- 
cated an average carat value of $34 for ruby 
and $24.50 for sapphire. 

Export value of all gem materials, other 
than diamond, amounted to $67.3 million. 
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Of this total, other precious and semipre- 
cious stones, cut but unset, were valued at 
$29.6 million; other natural precious and 
semiprecious stones, not set or cut, $17.2 
million; synthetic gem stones and materials 
for jewelry, cut, $7.7 million; pearls, natu- 
ral, cultured, or synthetic, not strung or set, 
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$1.3 million; and other, $11.5 million. Reex- 
ports of all gem materials, other than dia- 
mond, amounted to $43.1 million in value in 
categories as follows: pearls, $3.0 million; 
precious and semiprecious stones, cut but 
unset, $32.5 million; and other, $7.6 million. 


Table 3.—U.S. exports and reexports of diamond (exclusive of industrial diamond), 


by country 
1981 1982 
Country Quantity Value Quantity Value 
(carats) (millions) (carats) (millions) 
Exports: 
Belgium-Luxembourg ______§_._§__ ~~~. 47,781 $49.4 40,655 $33.6 
Canada ihe ae Pe te 9,020 71 10,193 5.8 
France: 2202 2 OS ee 5,909 23.0 4,990 9.8 
Germany, Federal Republic of ___..__§_/_/__________ 3,037 6.8 1,961 3.5 
Hong Kong __~___ — pS oS ce coe le ee ee 47,802 134.8 47,395 - 100.0 
Israel 25 Oot Fo ee ee eh Sat 16,253 11.8 20,353 5.6 
Japan 5 2 eS Se ee oe AIRS ao 31,415 66.8 27,411 52.0 
Netherlands___§_§_§_$_»$_~________ Le 371 4.3 1,052 2.5 
Singapore ________§________ 6,585 12.3 8,528 17.0 
Switserland 2 2 2255.2 2 Ss ae 16,930 98.4 13,649 48.4 
United Kingdom _____§_~§ ~~~ 2 5 eee 5,278 18.3 4,180 9.1 
Other 2 De hee ee oe 6,729 8.3 4,504 5.5 
Total: 33 Sess 5 rt 197,110 441.3 184,871 292:8 
Reexports: 

Belgium-Luxembourg ______________________ 11,973,297 142.0 11,368,040 108. 

France sc<o32 eer ee Oe Be 4,315 5.2 4, 3. 

Hong Kong... 2 55,118 44.9 112,431 54, 

India 3 SAS Soc s eR ee 323,785 7.2 370,863 4, 

Israel eso i Be oe ee Os Be eae 386,840 79.3 338,034 66. 

Papen 2 Sel eee yd Lhe ert ee gill sn AR Poel eles 79,813 19.5 77,687 26. 

Netherlands____________________________ 41,324 3.2 824 4. 

Switzerland ________§ == 28,182 58.5 43,727 39. 

United Kingdom _..________________ 43,719 39.1 69,113 25. 

Other-2 22 2a oe OL eee eet oe ow we 81,484 13.9 85,922 9. 
Total 3,017,877 412.8 2,498,178 345.7 


1 Artificially inflated in 1981 by auction of 1,477,365 carats of U.S. Government stockpile industrial diamond stones with 


m stones to 


subsequent reexport as 
to Belgium-Luxembourg. 


auctioned and reexpo 


Belgium-Luxembourg. In 1982, approximately 1.2 million carats were similarly 


Table 4.—U.S. imports of diamond for consumption, by kind and country 


1981 1982 
Kind and country Quantity Value Quantity Value 
(carats) (millions) (carats) (millions) 
Rough or uncut, natural:? 
Belgium-Luxembourg ______________________ 28,237 © $12.2 T7117 $25.3 
Central African Republic ___§_$____.§_§__________ 19,869 2.2 7,860 5 
GUNG a 5 oe ee Be Nes So te — ates 37,168 4.0 
ISAC ax. Fie a yee ea eee eee 21,609 6.7 25,123 4.9 
Liberia... eos ee Se te ee T3798 32 4,407 4.7 
Netherlands__________~_________ Se a 6,581 4.4 
ierra WG 2S oh hea Em het ts 37,872 23.3 1,953 6 
South Africa, Republic of _.__________________ T656,444 282.5 579,815 199.8 
Switzerland ___________~____~______ T7 966 42 6,955 6.8 
United Kingdom _____-~_~_~§_~__§_~_~___ 80,236 56.9 77,818 19.3 
Venezela.-. an 2s ee le 67,351 6.0 38,156 2.8 
Other 023 2 bs ro ee ee Sa 111,726 72 27,767 3.5 
TOtal (tne te a ee eh T935,108 T404.4 890,720 276.6 


See footnotes at end of table. 
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Table 4.—U.S. imports of diamond for consumption, by kind and country —Continued 


1981 1982 
Kind and country Quantity Value Quantity Value 
(carats) (millions) (carats) (millions) 
Cut but unset, not over 0.5 carat: 
Belgium-Luxembourg __________-__-___------- 177,054 $319.9 954,156 $323.6 
Hong Kong) oe ee er ee ee 19,370 10.0 27,196 . 110 
Indiat 2 SE So ee ee ee 1,120,122 246.0 1,229,187 271.4 
Israel oo ee i Bt ee 8,153 383.3 2,168 315.4 
South Africa, Republic of _.____________------ 45,150 27.9 49,611 24.2 
Switzerland ________________---_------- 29,66 13.8 44,734 15.4 
United Kingdom _______________________.- 17,571 10.8 39,080 16.5 
Mero oe ate tN eS 68,851 25.5 87,427 30.4 
Totals (os ies nese) 3 8 Ot ke tS ee 3,035,931 1,087.2 3,263,559 1,007.9 
Cut but unset, over 0.5 carat: 
Belgium-Luxembourg _—~_____.___-_-_-_------~-~- 206,171 319.3 232,263 250.7 
Hong Kong 222-0 oe eee eee pe ee 5,899 26.2 9,177 28.4 
NGA hf A Se ee ee 11,409 6. 299 ~ 16 
Israel i ao i A te 138,107 146.7 111,084 95.7 
Netherlands. _____§___________..-------- 288 16.0 12,322 16.5 
South Africa, Republic of _____._______-_-_------~- 26,463 48.2 36,045 51.7 
Switzerland _______________------------- 18,688 125.6 14,539 91.8 
United Kingdom __....________-_---------- 11,112 40.1 22,089 46.4 
Other. 2 Se ee Po ye i ee 11,927 31.4 15,717 44.3 
Total. 2.2 oo22 Se Oe eee ee 438,064 759.8 480,535 633.1 
TRevised. 
1Includes some natural advanced diamond. 
Table 5.—U.S. imports of natural precious and semiprecious gem stones, other than 
diamond, by kind and country 
1981 1982 
Kind and country Quantity Value Quantity Value 
(carats) (millions) (carats) (millions) 
Emerald: 
Belgium-Luxembourg ____._-—____~-~~------ 6,645 $3.2 5,892 $1.5 
Bragil.- oe ome eae hee ee 48,977 5.8 328,976 5.7 
Canada 2 ee ee 18,788 1.2 10,351 7 
Colombian = ke ee 121,708 40.2 116,272 37.6 
France) 2) 66230 2S eet ee CL eS 9,759 2.2 12,963 2.9 
Germany, Federal Republic of _____..____~----- 41,795 4.6 19,167 2.2 
Hong Kong 2% 22 eo eh ee 120,313 12.2 100,955 15.5 
India 2222 322 oe ee ee eee re 1,572,510 15.8 1.136,247 11.5 
Israel au joe Bo ea Se oe eee 96,870 22.8 8,543 17.1 
Pakistan___________________ POE ER eee 4,651 1.2 4813 1.0 
South Africa, Republic of ___ _______---------- 14,787 1.4 15,702 A 
Switzerland ____.___._____~--~----------- 49,721 1.1 76,377 14.5 
Thailand: 22225. wo ee Se Be 31,940 2.6 48,246 1.9 
United Kingdom __.>____.---------------- 7, 4.6 18,442 3.9 
Others =. 2 2 ea Oe ee ee 152,098 12.7 39,404 4.4 
Total? tr oe eR pee a Soe 2,297,659 131.6 2,166,850 120.8 
Ruby: 
Rost NA 92 22s ae ee i ee Jl 14,267 2 
Germany, Federal Republic of __._________----- 3.1 35,994 1.3 
Hong Kong ____-_-_---~---------------- 9.1 203,379 9.1 
India 2) eo eee es ee 4.7 303,205 47 
Israel 2 ee eect et ek NA wi 25,258 7 
lialyce oo oe oe ee ne le l 40,722 1 
Switzerland _________~___-_-_-~_-----_--- 12.0 45,876 16.4 
Thailand 2.20"). oot oe oe eee 47.6 1,175,698 25.2 
United Kingdom _________---------------- 4.7 47,395 3.6 
Other 2 eto to Oe a ot eS 11.7 41,489 45 
Total! ee eee ee ee NA 93.8 1,933,283 65.8 


See footnotes at end of table. 
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Table 5.—U.S. imports of natural precious and semiprecious gem stones, other than 
diamond, by kind and country —Continued 


1981 5 1982 
Kind and country Quantity Value Quantity Value 
(carats) (millions) (carats) (millions) 
Sapphire 

AR pos a Me aa eee a ae a eS $.1 14,521 $0.2 

Belgian oe ae 1.4 10,922 1.4 

Canada 2 23 et 1.1 12,919 4 

Bi Sco Ss Beh A ee a eee, 2.2 11,036 18 

Germany, Federal Republic of _._____.._________ 2.4 40,381 1.6 

HongKong —~~_-_______-~_________ ee 8.4 179,616 8.0 

Ndiaye he ee en eee NA 3.3 360,810 2.4 

ea ee te eet tea ae ee 6 41,597 6 

Sri Lanka 22 <8 a on es 7.5 41,938 4.0 

Switzerland _____.- ~~. 2 11.1 66,575 13.4 

MANO? oe i Ee ea eh a 34.8 1,749,651 22.3 

United Kingdom _____-~ 22 ~~~ 5.1 25,800 3.0 

OT ahs Be Set he nh 5.0 25,184 4.2 

po a 

Total, 2523 2.2 eh ee eee te NA 83.0 2,580,950 63.3 

Orr ough 
» uncut 
Australia -_..____..-..202L. ~~ __L 
Brazil. S525 othe tee 
Colombia ’2 2's es 
South Africa, Republic of 

Switzerland _________22~ 8 
Zambia, 2 er Re Se 8 es 
Other. 2 2-2 oe ee es 


Total os pe eke es Be ec NA 7200.1 NA 158.9 


TRevised. NA Not available. 


Table 6.—Value of U.S. imports of 
synthetic and imitation gem stones, by 


country 
(Million dollars) 

Country 1981 1982 

Synthetic, cut but unset: 
Austria ________________ 1.8 1.0 
France 22 2 2 eS oan eS 1.2 1.3 
Germany, Federal Republic of_ _ _ ™59 5.9 
Korea, Republic of ._________ 8.2 11.1 
Switzerland. _.§_~§_~_~________ 3.2 3.0 
Other _________________ ™3.3 19 
Total 22 so 8 oe Se 123.6 24.2 

Imitation: 

Austria __-______________ 7.7 7.2 
Czechoslovakia. ___________ r9 8 
Germany, Federal Republic of_ _ _ 3.9 3.0 
Other! 22:22 es es eo 2.8 2.4 
Total: oie. he 15.38 13.4 
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Table 7.—U.S. imports for consumption of precious and semiprecious gem stones 
(Thousand carats and thousand dollars) 


1981 1982 
Stones - 
Quantity Value Quantity | Value 
Diamonds: 
Rough or uncut! ___ 5 5 7 7 935 404,3 891 276,577 
Cut butiunset= 2 ee ea eee 3,474 —- 1,796,908 3,745 1,641,035 
Emeralds: Cut but unset _.. _. - . -_ -- --~___~--------~- 2,298 131,560 2,167 120,809 
Coral: Cut but unset, and cameos suitable for use in jewelry_ _ —__- ‘NA 3,630 NA 2,804 
Rubies and sapphires: Cut but unset _____-______--~--~--- NA 176,758 4,514 129,794 
Marcasites'\: 2 22 2} oo Se Oe ee ee eS NA 498 NA 38 
Pearls: 
Natural - 22 222-6 pee ee ee eee Sees NA 008 NA 3,003 
: tired 2 fo Se ee i is NA 105,942 NA 92,741 
Imitation ________---------------------+--- = NA 1,966 NA 458 
Other precious and semiprecious stones: 
Rough; uncuts 2 2 eel ee NA 17,697 NA 19,769 
Cut, set and unset _____.__.__~_---------------- NA 87,990 NA 842 
Synthetic: . 
Cut bed nae. pk ae a ieee en ae bs fee es By es 28,846 22,646 26,703 23,238 
a cel FN eae ee NA 961 NA 896 
Imitation gem stones __ _.________~-~------.----_-- NA 13,332 NA 13,448 
Total =~. se Soou see eee ee ee eee eee XX 2,766,250 XX 2,384,452 


TRevised. NA Not available. XX Not applicable. . 


— Ancludes 1,823 carats of other natural diamond, advanced, valued at $1. 26 million i in 1981, and 4,985 carats valued at 


$837,000 in 1 982. 
Quantity i in thousands of tii 
WORLD REVIEW 
Angola.—In Angola, Companhia de ery of 16 carats per metric ton from these 


Diamantes de Angola (Diamang) became 
the operating arm of the state-owned Na- 
tional Diamond Enterprise (Endiama). En- 
diama has the exclusive right to prospect, 
explore, and trade in Angolan diamonds. 
The Diamond Trading Co., owned by Anglo 
American Corp. of South Africa Ltd. and De 
Beers of the Republic of South Africa, pro- 
vided essential managerial, technical, and 
marketing services, and owned a 2% inter- 
est in Diamang. Diamang was making sig- 
nificant progress in revitalizing Angola’s 
diamond industry, the second most impor- 
tant , mineral industry, following 
petroleum. 2 

Australia.—On November 1, 1982, Ashton 
Joint Venture (AJV) was restructured into 
two new joint ventures—Argyle Diamond 
Mines Joint Venture, with responsibility for 
the development, mining, and management 
of AJV’s diamond interest in the Argyle 
and Ellendale areas of Western Australia, 
and Ashton Exploration Joint Venture, 
covering all exploration and evaluation ac- 
tivities in the remainder of the existing 
AJV area of diamond exploration in the 
Kimberley region. 

Six small shafts on the kimberlite pipe 
AK-1 were completed in late 1982 to an 
average depth of 51 meters. Diamond recov- 


shaft samples was much higher than cumu- 
lative averages to date. Total cumulative 
totals of bulk testing of the kimberlite pipe 
AK-1 gave a recovery of 408,392 carats from 
62,846 tons, an average of 6.5.carats per ton. 
Testing of 120,650 tons of alluvial ore re- 
sulted in the recovery of 401,985 carats, an 
average of 3.33 carats per ton. Based on this 
information, diamond reserves were esti- 
mated to be about 500 million carats.? 

AJV estimated that the average diamond 
quality from the AK-1 pipe comprised 5% 
gem, 25% cheap gem, and 70% industrial, 
with a total average value of $6.50 per 
carat. Average diamond quality for the 
alluvials comprised 10% gem, 35% cheap 
gem, and 55% industrial, with a total aver- 
age value of $11.00 per carat.* 

A 34.5-kilometer water supply pipeline 
from Lake Argyle was completed in Novem- 
ber 1982 for the commercial alluvial oper- 
ation and the large-scale kimberlite treat- 
ment plant. Work was continuing to double 
the capacity of the Argyle alluvial treat- 
ment plant to 4,000 tons per day by early 
1983. This project will expand Argyle’s dia- 
mond production capability to about 5 mil- 
lion carats per year. After the State govern- 
ment of Western Australia approved the 
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mining and marketing proposals on Decem- 
ber 21, 1982, commercial production of dia- 
monds from the Upper Smoke Creek alluvi- 
al deposit was initiated at yearend.’ 

In the last 15 years, Australian produc- 
tion of opals and sapphires increased to 
over $66 million in value in 1982, with the 
principal production coming from small 
syndicate operations and individual produc- 
ers. Precious opal mining came from long- 
established fields at Coober Pedy and An- 
damooka in South Australia, at Lightning 
Ridge and White Cliffs in New South Wales, 
and from smaller fields in Queensland. 

Australia has become the major world 
supplier of rough gem-quality sapphires. 
The industry is centered in the placer grav- 
els of the Glen Innes-Inverell district and in 
Queensland in the Anakie district.¢ 

Belgium.—Antwerp’s diamond industry 


had increased exports despite major price  gound in the mining area, and followed finds 


instability in the last few years, but local 
employment in diamond cutting had de- 
creased sharply, principally because of 
increased competition from India and the 
U.S.S.R. The U.S.S.R. had become the larg- 
est source of imports of polished goods for 
Antwerp dealers, some of which were reex- 
ported to the United States. Antwerp was 
expected to remain a world center for trad- 
ing, grading, and cutting by virtue of its 
skilled labor force and favorable business 
climate. Diamond exports in 1982 increased 
in value: 0.7% to to $3. 1 billion, with the 
United States receiving $832 million, or 
35%, of the total value.’ 
Botswana.—Botswana’s diamond produc- 
tion was rapidly approaching that of the 
Republic of South Africa, with 7.8 million 
carats in 1982 compared with South African 
production of 9.2 million carats, and showed 
possibilities of becoming the leading produc- 
er of gem diamonds in the world. Botswana 
started its Jwaneng Mine in June, the third 
major diamond mine developed in recent 
years. Jwaneng produced about 2.6 million 
carats of medium-quality diamonds in 1982, 
and the yield was expected to reach 4.5 
million carats by 1985. The other two mines, 
Orapa with a production of 4.5 million 
carats per year and Letlhakane with a 
production of 0.5 million carats per year, 
were operated by Debswana, a joint venture 
by De Beers and the Botswana Government. 
All diamond production was sold to the 
Central Selling Organization (CSO).® 
Brazil.—Société d’Enterprise et d’Invest- 
issements S.A. (Sibeka), the Belgium-based 
diamond producer, was prospecting for 
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diamonds in Brazil through its subsidiary, 
Sibinter, which had an 8.5% interest in 
Dinamin CA. Dinamin was carrying out an 
extensive drilling and dredging program 
over an area south of the Orinoco River.® 

Central African Republic.—The Central 
African Republic’s only active mining in- 
dustry was gem diamond. In 1981, the 
International Development Association ap- 
proved a $4 million technical assistance 
project for the Central African Republic, 
part of which included a study of the 
diamond sector. Central African diamond 
production decreased 10% in 1982 to about 
277,000 carats, and remained far below the 
1972 high of 524,000 carats.’ 

China.—A diamond weighing 96.94 carats 
was found in 1982 at the Chenjiafu diamond 
placer mine near Tancheng in Shandong 
Province. It was the third largest diamond 


of 159 carats in 1979 and 124 carats in 1981. 
The diamonds may come from deposits in 
the nearby Yi-Meg Mountain Range." 

Although several diamond mining areas 
have been reported in China, Changte in 
north Hunan Province is the only one 
confirmed. Changte has been known since 
1955, and the recovery grade of the mine is 
about 0.25 carat per ton. Provinces where 
diamond deposits, individual stones, or kim- 
berlite pipes have been discovered include 
Liaoning, Shandong, Guangxi, Guizhou, and 
Xizang. The Changte Mine produced princi- 
pally industrial stones; production had been 
initiated in the early 1970’s. China’s dia- 
mond production was estimated to have 
been 15,000 carats -in 1976, and by 1980, 
output had increased to 1.8 to 2.8 million 
carats, with about 20% gem-quality. 

A diamond cutting industry has operated 
in Shanghai for about 50 years. A new 
diamond cutting plant was established in 
Beijing in 1981, financed by a Federal Re- 
public of Germany company that previously 
had a marketing outlet for Chinese gold and 
silver jewelry. The new plant capacity was 
estimated at 60,000 carats per year of prin- 
cipally small stones. The first Chinese cut 
gem diamonds were introduced to the Lon- 
don market in 1980, and were pronounced 
of high-quality cut.?? 

Colombia.—Colombia, previous supplier 
of 90% of the world’s high-quality emeralds, 
was facing strong competition from stones 
from Brazil, Zimbabwe, Mozambique, Tan- 
zania, and especially Zambia. At yearend 
1982, the median price of Zambian emeralds 
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was almost the same as Colombian emer- 
alds. However, the Bogota prices remained 
high, and because of their exceptional color 
and reputation, Colombian emeralds con- 
tinued to dominate the market for invest- 
ment gems.?* 

Ghana.—India contracted in 1982 to mar- 
ket Ghana’s diamond production of over 
800,000 carats per year. The Ghanaian Gov- 
ernment had also asked the Indian Govern- 
ment to participate in a joint venture for 
diamond mining in Ghana."** 

Guinea.—The Guinean $85 million joint 
venture, Société Mixte Aredor-Guinea, re- 
ceived at yearend 1982 a 7-year bank credit 
of $43 million as part of a $60 million 
financing package to develop and exploit 
diamond and gold deposits in the Baule 
Basin. Aredor-Guinea was a joint venture of 
Guinea, 50%; Bridge Oil Ltd. of Australia, 
45%; Industrial Diamond Co., of London, 
2.5%; and Simonius Vischer of Basel, Swit- 
zerland, 2.5%. The alluvial project was 
scheduled to come onstream in 1984 and 
was to mine 400,000 cubic meters of dia- 
mond-bearing gravels annually, with re- 
serves sufficient for 15 years of operation. 
Exploration testing had indicated recovery 
of 20 carats per 100 tons, 80% gem quality, 
- and average diamond value of $170 per 
carat. Guinea was the only African nation 
to sell its diamonds independently of the 
CSO.*5 

India.—The Geological Survey of India 
(GSD explored the Ramkheria alluvial de- 
posit adjacent to the famous Panna dia- 
mond district of India, and estimated the 
diamond reserves to be over 200,000 carats 
with a grade of 10 carats per 100 tons. GSI 
was also exploring many other diamond 
prospects including the famous Golconda 
Mines in Andhra Pradesh. 

Emerald production in India’s Rajasthan 
State was on the decline with only 6,600 
carats produced in 1980 compared with 
38,000 carats in 1975. Gem-quality garnet, 
agate, and jasper were also produced in 
Rajasthan, while Maharashtra State _pro- 
duced 80% of India’s corundum and sap- 
phire.*¢ 

The Indian Government continued to pro- 
mote its diamond cutting and polishing 
industry to improve its export earnings, 
with over 200,000 artisans specializing in 
cutting small, inexpensive stones. Exports 
for the 1981-82 year were about $800 mil- 
lion, only a slight improvement over 1978- 
79. To ensure a long-term source of small 
gem diamond, India’s Metals and Minerals 
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Trading Corp. had offered to play a major 
role in the marketing of Ashton Joint Ven- 
ture diamond production from Western 
Australia.” 

Israel.—In September and October 1982, 
Israel’s diamond imports increased consid- 
erably over the corresponding months in 
1981, indicating that dealers were begin- 
ning to replenish their inventories that had 
depleted over the previous 2 years. For 
January and February 1983, exports of 
finished goods were $181 million, an 8% 
increase compared with that of the corre- 
sponding period of 1982.18 

Ivory Coast.—Diamond mining in the 
Tortiya area had ceased in 1980, and pros- 
pecting programs were the major mining 
activity in the Ivory Coast. A diamond 
deposit was discovered in 1982 in the Tor- 
tiya area, 440 kilometers northwest of Ab- 
idjan. A Canadian company was contracted 
to follow up this initial discovery under the 
supervision of the state company, Société 
pour le Development Minier de la Cote 
d’Ivoire.?® a 

Lesotho.—During May 1982, the Lesotho 
Government and De Beers agreed that the 
Letseng-la-Terai diamond mine was no 
longer economic, and the mine was closed. 
Stockpiled ore was treated through October 
1982, and final cleanup operations were 
finished by yearend. Average recovery for 
1982 was 2.95 carats per 100 tons.” 

Liberia —Exports of Liberian diamonds 
were valued at $23 million in 1981. About 


15% of these exports were believed to origi- 


nate from Guinea and Sierra Leone. Liberia 
exported diamonds to four countries in 
1981: The United Kingdom (48%), Belgium 
(29%), the United States (21%), and Israel 
(2%).4 . 

Namibia.—Production at De Beer’s Con- 
solidated Diamond Mines (Pty.) Ltd. beach- 
placer diamond mine at Oranjemund was | 
reduced early in 1982 to achieve further 
economies because of the soft diamond mar- 
ket. This resulted in 19% less diamond 
production for 1982. Ten million tons of ore 
was treated during the year, with an aver- 
age recovery of 10.13 carats per 100 tons. 
Ninety-five percent of the production was of 
gem quality.” 

Pakistan.—The Pakistan Investment 
Promotion Bureau project for cutting, proc- 
essing, finishing, and polishing diamond 
and precious stones, to be established in 
Karachi, was delayed for lack of approval 
and financing. This plan was reportedly 
similar to the plan of the Government of 
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India, which has been so successful.” 

Three new emerald deposits were discov- 
ered by the country’s Gemstone Corp., at 
Charbagh, Makad, and Gujar Killi- in 
Swat. 

Sierra Leone.—Diamond production in 
Sierra Leone had consistently accounted for 
over one-half of its export earnings in re- 
cent years. The National Diamond Mining 
Co. (DIMINCO) was forced to layoff over 
1,800 employees in 1982. The country’s dia- 
mond. production in 1982 was less than 
300,000 carats, a decrease of about 5% from 
1981 totals. Production had previously 


peaked at nearly 2 million carats in 1969. 


‘Production from the Alluvial Diamond Min- 
ing Scheme accounted for most of the short- 
fall and is expected to diminish further as 
alluvial deposits are depleted.?5 

DIMINCO had developed a $100 million 
project for the underground mining of a 
kimberlite pipe at. Kono and negotiated 
during 1982 for international funding.”*. 

South Africa, Republic of.—De Beer’s 
CSO reported that diamond sales were high- 
er in the second half of 1982 compared with 
the previous two half-years, reflecting a 
significant improvement in the demand for 
small sizes and cheaper qualities. Retail 
sales of diamond jewelry i in 1982 was only 
3% lower than in 1981, a record year. 
Despite all of De Beer’s economy measures 
and cutbacks during 1982, its diamond 
stocks remained high at a value of $1.7 
billion. 


Operations at the De Beer’s Koffiefontein 


Mine, a producer of high-quality diamonds, 
was suspended in June 1982, but its Finsch 
Mine, which produced smaller and lower 
quality stones, was restored to full capacity. 
Production at the Premier Mine increased 
21% as a result of improved grade and 
recovery brought about by better mining 
and metallurgical controls. In Namaqua- 
land, the Tweepad plant closed in mid-1981 
and was reopened in September 1982; and 
the Annex Kleinzee plant was temporarily 
closed, resulting in an overall reduction of 
22% in the Namaqualand Div. output. Ac- 
tive exploration continued during the year, 
with the sampling of the kimberlite pipes 
on the farm Venetia, and the testing of 
gravel along the north bank of the Orange 
River.27 

Tanzania.—Diamond production in Tan- 
zania comprised 99% of the country’s value 
of mineral production, and 88% of mineral 
export revenues. Diamond production came 
from kimberlite and its associated alluvial 
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deposits in the Shinyanga region. William- 
son Diamonds Ltd. and Alamasi Ltd. oper- 
ated two mines in the area.?* 

Thailand.—Thailand customs estimated 
that total gem export value in 1981 was over 
$220 million, principally sapphires and ru- 
bies. Over 200,000 miners, cutters, and pol- 
ishers were employed in the country.”® 

. U.S.S.R.—Diamond, after fossil fuels and 
precious metals, was one of the significant 
foreign-exchange-earning exports of the So- 
viet Union. Diamonds were cut in centers at 
Leningrad, Sverdlovsk, and Smolensk. A 
principal market was Antwerp, through a 
Soviet-Belgium diamond export organ- 
ization, Almazyuvelierexport. Operating 
mines in Yakutia included the Mirnyy open 
pit with five concentrators, the Aykhal open 
pit and concentrator, the Udachnaya placer 
mine and concentrator, and the Irelyakh 
placer mine with two dredges. A small 
production came from the Vishera River 
region in Perm Oblast’, where four dredges 
and two separation plants were operated at 
two deposits. 

Venezuela.—The Venezuelan Ministry of 
Energy and Mines enacted a new law dur- 
ing 1982 to improve mining techniques of 
small miners because an estimated 65% of 
their diamond production was smuggled out . 
of the country.*! 

Sibeka, through its subsidiary, Sibinter, 
continued to prospect by drilling and dredg- 
ing during the year in the large area south 
of the Orinoco.*? 

Zaire.—Zaire’s state-owned Société Mi- 
niére de Bakwanga (Miba) diamond mine 
produced about 6 million carats in 1982, 
valued at about $45 million. About 70% of 
this output was industrial-quality crushing 
bort, 25% was for cheap gem or high-quality 
industrial use such as setting stones, and 
the remaining 5% was gem stones. An esti- 
mated additional 6 million carats was. pro- 
duced by numerous small alluvial operators 
and illicit miners in the Tshikapa area. This 
artisanal production was supposed to have 
been sold to authorized buyers in Kinshasa. 
Instead, most of it was smuggled into the 
neighboring Congo and sold in Bujumbura, 
Brazzaville, and Europe. Congo has no dia- 
mond production of its own, but is a sizable 
exporter of gem-quality goods. Despite ef- 
forts of the Zairean Government to set up 
purchasing offices in several parts of the 
country in 1982 and to pay for the diamonds 
at black market exchange rates, the project 
was only marginally successful and may not 
continue. At yearend, the Zairean Depart- 
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ment of Mines and Energy had established 
a list of approved private buyers of artisa- 
nally mined diamonds. These buyers will 
compete legally with the state marketing 
agency, Sozacom, which also has a diamond 
buying and marketing operation.** Miba 
had suffered declining grade and production 
of its alluvial deposits since 1961 and had 
been seeking a $40 million loan from the 
International Finance Corp. for the mining 


of its Massif I kimberlite pipe near Mbuji 


Mayi, with no progress at yearend 1982. 
Despite this, preparations continued for 
development of the new mine with increas- 
ed capacity and modernization of its treat- 
ment plant.** Of the world’s 15 largest 
diamond pipes, Zaire has two: Talala, cover- 
ing 40 hectares, and Massif I, 18.6 hectares. 
Zairean announcements during 1982 indi- 
cated satisfaction with its break in 1981 
with CSO for the marketing of its Miba 


diamond production. Five-year contracts 
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were signed with three buying concerns, 
Caddi Sprl and Glasol NV of Antwerp, 
Belgium, and Industrial Diamond Co. of 
London, England. Despite this apparent 
success, the Zairean Government an- 
nounced on March 7, 1983, that it was once 
again returning to the CSO, and gave CSO 
exclusive purchase rights for Miba’s dia- 
mond production with a floor price of $8.55 
per carat. The prior system of three desig- 
nated buyers was determined not to be as 
profitable to the Government as the new 
CSO arrangement was expected to be with a 
guaranteed minimum price.*5 
Zambia.—Extensive illegal mining of em- 
erald occurred in Zambia during 1982. Esti- 


‘mated total value of emerald production for 


the year was $100 million. International 
Development and Construction Co. of Saudi 
Arabia and the Reserved Minerals Corp. of 
Zambia formed a joint venture for mining of 
emeralds in Zambia.*¢ 


TECHNOLOGY 


Two methods were announced during 
1982 to mark valuable gem diamonds with 
invisible identification marks. General 
Electric Co. developed an ion implanter to 
bombard the surface of a stone with a brand 
or secret pattern for use in positive identi- 
fication.*” 

The Gemological Institute of America 
announced the development of a machine to 
inscribe an identification on the girdle of a 
stone using a laser device. The inscription 
will only be visible under 10-power magnifi- 
cation or better.** 


1Physical scientist, Division of Industrial Minerals. 

2Mining Journal (London). Mining Annual Review— 
1982. June 1982, p. 428. 
. Company News/Comment. Sibeka Annual Re- 
port, 1981. V..299, No. 7665, July 16, 1982, p. 53. 

3CRA Ltd. Third Quarter 1982 Press Release. Mel- 
bourne, Victoria, Australia, Oct. 29, 1983. 
. Fourth Quarter 1982 Press Release. Melbourne, 
Victoria, Australia, Jan. 27, 1983. 

“Mining Journal (London). Ashton Evaluation Nears 


Peripiesion: V. 299, No. 7683, Nov. 19, 1982, 
p. 257. 
5Second work cited in footnote 3. 


®Page 370 of first work cited in footnote 2. 

7U.S. Embassy, Antwerp, Belgium. State Department 
Telegram 3, Jan. 5, 1983. ‘ 

5Industrial Minerals (London). World of Minerals. 
Botswana. A Third Diamond Mine Is Opened. No. 181, 
October 1982, p. 9. 

*Second work cited in footnote 2. 

10Page 447 of first work cited in footnote 2. 

11Industrial Minerals (London). Company News and 
Mineral Notes. No. 186, March 1983, p. 64. 

12Hawkins, B. Diamonds in the People’s Republic of 
China. Minerals Bureau, Department of Mineral and 
Energy Affairs, Republic of South Africa. Rept. No. 1/82, 
Project No. 820202, July 1982, 17 pp. 

a ineering and Mining Journal. V. 183, No. 9, 
September 1982, p. 234. 


14Tndustrial Minerals (London). Company News and 
Mineral Notes, No. 181, October 1982, p. 62. 

45Mining Journal (London). Guinea Diamond Venture 
Underway. V. 299, No. 7669, Aug. 13, 1982, p. 108. 

Industrial Minerals (London). Diamonds in Guinea— 
First Stage Finances Take Shape. V. 187, April 1983, p. 53. 

16Fswar, N. V. The Indian Mining Industry. World Min., 
v. 35, No. 6, June 1982, p. 62. 

17Industrial Minerals (London). World of Minerals. No. 
177, June 1982, p. 9. 

Mining Journal (London). V. 299, No. 7663, July 2, 1982, 


p. 18. 

18U).S. Embassy, Tel Aviv, Israel. State Department 
reer 3768, Mar. 18, 1983. 

ineering and Mining Journal. V. 183, No. 10, 

October 1982, pr 235. 

20De Beers Consolidated Mines Ltd. Annual Report 
1982. P. 27. 

211J.S. Embassy, Monrovia, Liberia. State Department 
Airgram A-08, Jan. 28, 1983. 

22Pages 24-26 of work cited in footnote 20. 

23Industrial Minerals (London). Company News and 
Mineral Notes. No. 178, July 1982, p. 55. 

ae . Company News and Mineral Notes. No. 184, 
January 1983, p. 44. ; 

251).S. Embassy, Freetown, Sierra Leone. State Depart- 
ment Airgram A-01, Jan. 28, 1983. pp. 4-5. 

26Industrial Minerals (London). Company News and 
Mineral Notes. No. 179, August 1982, p. 65. 

27Pages 3 and 5 of work cited in footnote 20. 

28U.S. Embassy, Dar Es Salaam, Tanzania. State Depart- 
ment Telegram 6556, Oct. 19, 1982, p. 1. 

2°World Mining. V. 35, No. 10, October 1982, p. 168. 

20Page 500 of first work cited in footnote 2. 

31World Mining. V. 35., No. 12, December 1982, p. 82. 

32Second work cited in footnote 2. 

33Mining Journal (London). V. 300, No. 7699, March 11, 
1983, pp. 157-158. 

U.S. Embassy, Kinshasa, Zaire. State Department Tele- 
gram 14615, Dec. 23, 1982, Sec. 1, p. 1. 

34Second work cited in footnote 2. 

35U.S. Embassy, Kinshasa, Zaire. State Department 
Telegram 2915, Mar. 9, 1983, pp. 1-2. 

36U.S. Embassy, Lusaka, Zambia. State Department 
Airgram A-002, Aug. 15, 1982. 

Industrial Mineral (London). Company News and Miner- 
al Notes. No. 183, December 1982, p. 83. 

37Wall Street Journal. V. 199, No. 34, Feb. 19, 1982, p. i2. 
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Gem Stones 


By J. W. Pressler' 


The value of gem stones and mineral 
specimens produced in the United States 
during 1983 was estimated to be $7.4 mil- 
lion, a 3% increase compared with that of 
1982. Turquoise and peridot production 
decreased while tourmaline, sapphire, and 
opal production increased. Amateur collec- 
tors accounted for much of the activity in 
many States. Small mine operators pro- 
duced jade, opal, sapphire, tourmaline, and 
turquoise, which they sold mainly to whole- 
sale and retail outlets, in gem and mineral 
shops, gem shows, and to jewelry manufac- 


turers. 

Domestic Data Coverage.—Domestic pro- 
duction data for gem stones were developed 
by the Bureau of Mines from the production 
of Gem Stones survey, a voluntary survey of 
U.S. operations. Of the 46 operations to 
which a survey request was sent, 43% 
responded, representing an estimated 35% 
of the total production indicated in the text. 
Production for the 23 nonrespondents was 
estimated using reported prior year produc- 
tion levels adjusted by trends in spy 
ment and other guidelines. 


DOMESTIC PRODUCTION 


Mines and collectors in 46 States produc- 
ed gem materials with an estimated value 
of $1,000 or more in each State. Eleven 
States supplied 91% of the total value as 
follows: Arizona, $2.8 million; Nevada, $1.2 
million; Oregon, $600,000; Maine, $500,000; 
California and Montana, $300,000 each; 
Wyoming, $250,000; Texas, $225,000; and 
Arkansas, New Mexico, and Washington, 
$200,000 each. Estimated production in- 
creased 33% in Idaho and Montana, 20% in 
California and Oregon, and 13% in Texas. 

Park authorities at the Crater of Dia- 
monds Park in Pike County, AR, reported 
that 89,500 people visited the park and 
recovered, by washing, screening and pan- 
ning, 1,501 diamonds, a 9% increase over 
that of 1983, with a total weight of 315 
carats. The largest was a 6.2-carat white 
stone of undetermined value. The next four 
largest diamonds, one white, two yellows, 
and one brown, ranged from 4.2 to 5.68 
carats. The total diamonds recovered aver- 
aged 21 points compared with 19 points in 
1982. The “dig for fee” operations remained 

popular. 

In Emerald Creek, ID, the U.S. Forest 
Service issued 867 permits to diggers and 


panners who found 735 pounds of gem 
garnet, most of which was asteriated, with 
the balance faceting grade. The garnet area 
consisted of three gulches, with one being 
especially noted for large stones. The 15 
largest stones reported during the season 
ranged from 4 to 18 ounces. Because of the 
cold weather, the area was opened for about 
100 days from May to September during 
1983. 

About 100 kimberlite pipes, 14 of them 
yielding diamonds, were discovered in Wyo- 
ming since 1960 by private companies and 
the Wyoming Geological Survey, utilizing 
heavy mineral stream sediment sampling, 
detailed geological mapping, and bulk sam- 
ple testing. In 1983, the University of Wyo- 
ming, the Wyoming Geological Survey, and 
the National Aeronautics and Space Ad- 
ministration were working on an airborne 
remote-sensing project for detection of kim- 
berlite. Three 100-square-mile plots near 
the Wyoming-Colorado border had been 
covered from an altitude of 2,000 feet and 
the images received were being analyzed by 
computer. This airborne technique may pro- 
vide a more efficient and rapid means of 
exploring for additional kimberlite occur- 
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rences.? Bulk sampling and testing of about 
10,000 short tons from the 14 diamondif- 
erous kimberlites to date had yielded only 
an average of 0.01 carat per short ton, well 
below economic viability. The largest stone 
found weighed about 1 carat, and was of 
industrial grade. 

The Michigan Department of Natural 
Resources announced that there was evi- 
dence that kimberlite had been found in the 
Crystal Falls area of Iron County, MI.- Dow 
Chemical Co. planned to mine a 30-ton 
sample for processing at the Michigan Tech- 
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nological University laboratory to deter- 
mine its diamond content.* 

Montana continued to be the largest pro- 
ducer of gem-quality sapphire in the United 
States. Two companies, Intergem Inc. of 
Denver, CO, and Big Blue Sapphire Co. Inc. 
of Great Falls, MT, tested their properties 
on Yogo Gulch, near Lewiston, Fergus 
County, MT. Some high-quality Kashmiri- 
blue sapphires were recovered, although the 
total corundum content of the ore was less 
than 10 carats per ton. 


CONSUMPTION 


Domestic gem stones output went to ama- 
teur and commercial rock, mineral, and 
gem stone collections, objects of art, and 
jewelry. Value of apparent consumption 
(domestic production plus imports minus 
exports and reexports) increased 30% to 
$2,182 million. 

Jewelry store sales increased 5% to $8.9 
billion, and jewelry containing pearls and 
diamonds increased almost 10%. The 
Christmas trade was particularly good. De- 


mand for small, lower quality diamond 
goods was high, but the demand for larger 
stones of good quality was restricted. 

U.S. consumption of colored stones in- 
creased slightly. However, the value of all 
imported gem stones, other than diamond, 
increased 24%, with sapphire leading the 
way. Annual sales of emerald continued to 
be almost equal to those of ruby and sap- 
phire combined. 


PRICES 


The U.S. price of 1.0-carat, D-flawless, 
investment-grade diamond fluctuated be- 
tween $13,000 and $19,000 per carat, and at 
yearend was $13,500 per carat, a decrease of 
32% for the year. However, only a few 


hundred of these perfect 1-carat stones have 
been available each year, and their value 
may have amounted to less than 0.2% of the 
total market. 


Table 1.—Prices of U.S. cut diamonds, by size and quality 


oe Price range Median price per carat* 
P Description, Clarity? ne 
Carat weight 1 per carat 
r GIA terms r January December 
ai hte, ‘is 1983 1983 
G046-008 = owes cet Se Se Se G-I VSi $400- $613 $501 $490 
| ee Lae Sane renee eee G-l Sh 400- 400 450 
Oa eas re ee re ea bed md deat Gl VS; 450- 770 525 560 
ihe LS oa as linia Sa oie eS er ee G-I 8h 410- 610 _ 450 475 
(hese. anemones G-I VS, 700- 1,300 750 835 
2 SES "SERRE gS COOLS. a GI Sli 800+ 1.195 650 690 
| a ee ee GI VS; TTS 1,470 940 965 
Je ae 5 eas ee eee GI Sh 650- 1,350 750 770 
pA a a i a en GI VS; 875- 1,700 1,250 1,260 
OR Ss Se et eee G-l Sl; 735- 1,570 1,000 1,050 
OS: | rene. Sap eee G-I VS: 1,450- 2,350 1,900 2,000 
et tay 4 Sa SER eS apes Sa ea pe Reg G-I Sh 900- 1,845 1,480 1,545 
I TD ccs ns po GI VSi 1,800- 3,010 2,500 
fa ERY | SoA ORR a dyn ie SS G-I Sli 1,400- 2,465 1,750 1,950 
UT en rss eaeio eee D FL :18,000-19,000 19,750 13,500 
DOCS D oi ese wie Se ree E VV8i 6,800- 8,200 7,300 7,500 
TED oo kcite awe G VSi 3,500- 5,200 3,900 4,200 
TEE as cee si — a hes a es sine le H VS2 2,400- 4,800 3,200 3,300 
LOS SS i his edema I Sl; 2,000- 3,800 2,600 2,600 
a  — 


1Gemological Institute of America (GIA) color grades: D—colorless; E—rare white; G-I—traces of color. 
Clarity: FL—no blemishes; VVS;—very, very slightly included; VS,—very slightly included; VSe—very slightly 


included, but more visible; Sl:—slightly included. 


SJewelers’ Circular-Keystone, v. 155, No. 2, Feb. 1984, p. 124. These figures represent a sampling of net prices that 
diamond dealers in various U.S. cities charged their customers during the month. 
“T2 Diamond Registry Bulletin, v. 14, No. 1, Dec. 31, 1982, and v. 15, No. 1, Jan, 1984. 
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Prices for colored stones experienced lit- 
tle change during the year. 
The unit value of Colombian and Zam- 


bian emerald continued at a median price of 
$1,500 per carat. 


Table 2.—Prices of U.S. cut colored gem stones, by size’ 
———_—_ 
; Median price per 
carat) 2 
January Janu 
1983 1984 
ee ere MY 


Price range 


Gem stone per carat 


PNR a wt a eet a he eo Nae orate 10 $8- $24 $17 $17 
TT See Cc ea a NR 5 75- 210 150 150 
SAINI tgs ns RO = ee 10 & 18 10 10 
Emerald: 
EE 2 a eee, Sey eee eRe Saree, 1 $00-1,800 1,500 1,500 
PAIN pds ane es ee as eS 1 3 1,400 1,400 
Dee || i ee a. a 550-1,500 NA 550 
iSeries 1ORMben o ks Rte cai esas a RE tas erp ae 1 350-1,100 i 725 
SES) + EST DIL IES PRE aR Nal Cees Ie NA 
og i a I ees ad si I = ob mee ee Me ae ee NA 
IIGRINID OO DOL UBT 2c cea pare: Ss ee ee eee i 500-2,200 1,200 1,200 
pO | | TTT: RTE 1 330. 660 NA 330 
Sapphire: 
pecans Ges dol thai i 1 150-1,500 700 700 
BT | ee ne Dea) Dees 1 Nai ey Nay eens pO l 220- 440 NA 
CPAAPER ONAN oS > ene ai pea Ae Sey ee sa 5 500- 950 762 762 
PSTN ss opens ri i hanip ie sown a wip gh ah ta eg I 5 80- 400 210 210 
ROMTICALICG, GAME ica ta oso eS yt ae ee ae 5 60- 200 132 132 
TROMPINPAIG, PEK oe oe a 5 50- 225 137 187 
a a a I ea a I a 
NA Not available. 


‘Medium to better quality. 


Jewelers’ Circular-Keystone, vy. 153, No. 2, Feb. 1982, p. 154; v. 154, No. 2, Feb. 1983, p. 87. These figures represent a 
sampling of net prices that colored stone dealers in various U.S. cities charged their cash customers during the month. 


he Gemstone Registry Bulletin, v. 11, No, 2, Jan. 1984. 


FOREIGN TRADE 


The declared customs value of U.S. im- 
ports of rough and polished natural dia- 
mond, excluding industria] diamond, in- 
creased 19% to $2.3 billion. Total polished 
diamond imports, principally from Belgium- 
Luxembourg, 32%; Israel, 24%; and India, 
23%; were valued at $2.0 billion. Imports in 
the over-0.5-carat category, mostly from 
Belgium-Luxembourg, 38%; Israel, 18%; 
and Switzerland, 15%; increased 17% in 
value to $741 million. Imports in the less- 
than-0.5-carat group, mostly from India, 
36%; Belgium-Luxembourg, 29%; and Isra- 
el, 28%; increased 28% in value to $1.2 
billion. Imports of rough natural diamond, 
84% from the Republic of South Africa, 
increased 15% in caratage and 6% in value. 
A slight decrease in carat value for South 
African imports, from $345 to $336, was 
indicated. 

The total value of emerald imports in- 
creased 11% to $134 million. The total value 


of ruby imports increased 2% to $67 million, 
and sapphire imports increased 35% to $85 
million. Average carat values increased 
14% for emerald to $63, but decreased 30% 
for ruby to $24, and remained virtually 
unchanged for sapphire at $25. 

Export value of all gem materials other 
than diamond remained virtually unchang- 
ed at $66.8 million. Of this total, other 
precious and semiprecious stones, cut but 
unset, were valued at $33.3 million; other 
natural precious and semiprecious stones, 
not set or cut, $14.3 million; synthetic gem 
stones and materials for jewelry, cut, $3.7 
million; pearls, natural, cultured, or syn- 
thetic, not strung or set, $1.8 million; and 
other, $13.7 million. Reexports of all gem 
materials, other than diamond, remained 
almost unchanged at $42.2 million. Reex- 
port categories were precious and semipre- 
cious stones, cut but unset, $31.1 million; 
and other, $7.9 million. 
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Table 3.—U.S. exports and reexports of diamond (exclusive of industrial diamond), 


by country 
1982 1983 
Country Quantity Value Quantity Value 
(carats) {millions} (carats) {millions} 
Exports 
Belgium-Luxembourg —-—--___...-/--------- 40,655 $33.6 103,106 $50.5 
BE ee aioe a See 10,193 5.8 16,134 10.0 
ReM6 2s Re see ee ea "990 9.8 4,094 9.9 
pole Federal Republic of .. .--_-----..----- 1,961 3.5 3,626 5.0 
Miritnnd 2s ss Soe eee eee 47,395 100.0 58,851 87.0 
OS ee Se ee eee 20, 5.6 75,092 39,2 
A ecsumen = cis gests Se IS ea SRS ayee rele rates ike 27,411 52.0 30,911 62.3 
SR SE 8,528 17.0 296 11.5 
MMS CS 2 os een a ee eee 123 38 1,198 Ll 
Switsériand .————-. -__._. _- awe Se eee 13,649 48.4 12,473 76.8 
Tada 82 o/h ses ee ee nea 426 a4 3,504 3.3 
United Arnab Emirates. oe Se ee 879 5 1,085 7 
TS sshd BRAT RCN OMEN no cs cas ea cpt ea a — 4,180 9.1 5,441 9.5 
ther 2c 2ucs os een See 4,128 "6.5. 2,912 6.0 
Tote (20S ee eee ee ae = 184,871 292.8 324,373 372.8 
Reexports 
Helgtar-Laxemboure —— = os ree ere wer ee—— 1) 368,046 108.0 11,317,578 84.6 
ben palin ASS oe ae a ea 5,117 1.6 10,145 1.7 
ng nn Nc access 11,864 6 10,613 a 
Germany, Federal Republic of __ .......-~.----- 1,781 L5 25,919 2.2 
Ee rrrnge IIN 2  anw mes os eit et en gee 112,431 54.8 83,800 28.0 
Verlia 2 alee ee eek eee ea } 7.2 226,987 6.1 
em gn ali Sener ind ean eae sip ae Ten 338,034 66.7 212,557 84.7 
CeO Re Ea eR ea, 77,687 26.8 92,934 11.0 
Netherlands oa a igi a ron ,824 4.6 54,407 4.7 
Neiteerland 2255 68 oo ee ome 43,727 39.3 31,667 43.7 
Einitted nineties tmnt 69,113 25.2 73,474 26.9 
Fe ese pa erica at ete 71,697 9.4 24,095 5.9 
TINGEAY, Sore gress cm ates a aa cr ah oe ee 2,498,178 345.7 2,164,176 249.6 


"Revised. 

1 Artificially inflated in 1982 by auction of approximately 1.2 million carats of U.S. Government stockpile diamond 
stones with subsequent reexports as gem stones to Belgium-Luxembourg. In 1983, 1 million carats was similarly 
auctioned and reexported to Belgium-Luxembourg. 


Table 4.—U.S. imports for consumption of diamond, by kind and country 


1982 1983 
Kind and country Quantity Value Quantity Value 
(carats) (millions) arats) (millions) 
Rough or uncut, natural:! 
Belgium-Luxembou OD ans ak te pst kits sn am sm TTA $25.3 111,211 $14.7 
Brill = ae ee hee ee eee 251 3 2,290 a 
I any 5. iene icc 23 (7) 3,400 i 
Colombin Se 5 eS ee Se ed i i we 5 21,413 a 
Ce a aera nr ean Seen 8,878 11 8,690 2.7 
Debinican Mente. once on eee ee oa ae pee 2,331 a 
“pes 5.1: ES CS ee eee 1,768 1 989 3 
EL Sh eR ee ep Ee 25,123 49 9,651 16 
Netherlands ee eee ee 6,581 44 585 2.1 
South Africa, Republic of __ ________-.....---- 579,815 ™199.9 729,547 245.3 
SON I pce sie ah pte we 6,955 6.8 13,035 2.6 
Danited Kinedott:. 22 eS eee ee T7818 19.3 41,234 13.4 
i ae amar Ret al meee 38,156 28 65,908 3.2 
CR ooo oe eek ota eis th ana ee ee 773,235 "17 10,866 5.8 
MURS roo So anmremach smart 890,720 276.6 1,025,650 292.7 
Cut but unset, not over 0.5 carat: ; 
Belgium-Luxembourg — .. ..-------------+-.-..--- 954,156 323.6 1,126,400 358.7 
Hong Bate oe ee eee 27,196 11.0 29,957 8.9 
Tes. ths ere ee en ee 1,229,187 271.4 2,153,148 440.8 
SETS ee aD Fe po ot I ae eee er 315.4 1,047,471 342.4 
South Africa, Republic of ______.....-----+--+.- 49,611 24.2 45,1 24.3 
Beast nk eg st = ln ge i 15.4 44, 18.0 
United Kingdon 6625 aoe eee 39,080 16.5 $1,417 17.2 
“A. | EE a et Pe 87,427 30.4 110,438 81.1 
PNM ceca wish em inp pcan doin on roo ae 3,263,559 1,007.9 4,588,882 1,241.4 


See footnotes at end of table. 
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Table 4.—U.S. imports for consumption of diamond, by kind and country —Continued 


1982 1983 
. eS he ee 
Kind and country Quantity Value Quantity Value 
(carats) (millions) (carats) (millions) 


Cut but unset, over 0.5 carat: 


BARNES EEN UNI 2 oa a wre rs pee pe aes St ie 232,263 $250.7 281,064 $284.2 
=e pct ae ra RE ep 9.177 28.4 9135 33.8 
ERI ae RE op ea ape we ck 27,299 7.6 58,871 18.1 
PRT 5 eek a ne en ge Stee 111,084 95.7 165,641 132.1 
gy Te a aa ee 12,322 16.5 10,841 18.8 
South Africa, Republic of _.___ __. ol Sieg 2a ESAT ee, Saal OP 36,045 51.7 33,936 47.4 
itpariand 50 oe eee 14,539 91.8 27,364 111.1 
NTEEAROST PR CORDON passes tics ce BE 22,089 46.4 29,544 58.8 
(Oe aw we is tal 0S Ps wb wk bo eb eg ees 15,717 44.3 33,501 47.0 
he ee 2 

Li a een ee ene ee aes 480,535 633.1 649,897 741.3 

"Revised. 
1Includes some natural advanced diamond, 
*Less than one-tenth unit. 
Table 5.—U.S. imports of natural precious and semiprecious gem stones, other than 
diamond, by kind and country 
1982 1983 
: ———— ee 
Kind and country tity Value Quantity Value 
carats) (millions) (carats) (millions) 
Emerald: 
Belgium-Luxembourg______..__-___ 5,392 $1.5 027 $16 
AME od actin is ape ee ae Se ee ae 828, 5,7 174,314 8.0 
OO ee eg ree res eres esters 116,272 37.6 203,485 44.) 
Oe ea ey ae aE ee ORE a 12,963 2.9 7,806 2.2 
Germany, Federal Republicof...._.. = 19,167 22 28,293 3.7 
RCO eerie Som ics se 100,955 15.5 44,289 6.1 
fF 1 Ea EE IE UD Et ee RN Fo 1,136,247 11.5 1,274,765 12.8 
Le LN a a EN TO 5 238,543 17.1 87,145 179 
South Africa, Republic of = 15,702 A 7,979 3 
Switzerland a a Sa a 8 he eh ee fm Sm j= mim wor 76, 14.5 41,518 17.4 

EIN pases tn en me pl php dian ee apt 61 () 78,853 () 
PEDALS Ls eae ee 43,246 19 64,590 2.2 
RSNA EOIN pesca A 18,442 3.9 36,273 11.0 
Si LORE SPECS Se MERE a COIS RRR "54,507 "6.1 33,662 68 

2) 

WR er ite re ee ee seat 2,166,850 120.8 2,116,999 134.1 

i 
—————— ee 
—_— 

PNR a gl ce pee ee 14,267 2 163,361 2 
Colomitia. on Se fa peas ae () 37,070 2 
Germany, Federal Republicof____..__________ 35,994 13 63,343 1.5 
BRIE TOU wren Sadek seal oe OL. E 9.1 125,447 49 

PDE TS EONS RNS ot ee ee 303,205 4.7 230,186 3.3 
IO ao cn niet ons cash 0 RE Shae es a 25, T 28,376 1.2 
DOUMMME SS Sasa asada 45,876 16.4 221,416 8.8 

I ex png pp pang 1,175,698 . 25.2 1,840,758 36.0 
Ryitiued Nespiptonnn <2 feat Oe ae ley 47,895 3.6 19,472 4.1 
ae a ETI TE 782,194 4.6 67,243 6.6 

ne i 

Bie te oe | rr 1,933,283 65.8 2,786,672 ' 66.8 

a err eH 
aaa 

Sapphire: 
Rustralia Sen a ct ag Sas Sh a ee 3,819 3 43,493 6 
oe aa TES OS REELS a 14,521 ae 44,945 Al 
Belgium-Luxembourg ..___....._________.._. 10,922 1.4 28,462 1.0 
BEER apres ete e a KIS bGAGk 4,022 ie 11,080 () 
ERE ES SO 8 12,919 A 15,146 6 
ROI asa asia ae wees Se 800 a 14,656 oe 
rg pan em ep em es cannery iap ls ses 11,036 18 11,026 2.5 
Germany, Federal Republicof__.._______...__~ 40,381 1.6 1,800 2.5 
Se REE OE Ea a a 179,616 8.0 167,305 9.9 
are ES TENET IS Boa aT 360,810 2.4 481 2.7 
WO ois cae ea ee 1,597 6 48,966 & 
eo pn ony tah ee cs ah pecs eR PC 41,938 4.0 48,377 4.3 
NIN Sse a reat et ge ae ane 66,575 13.4 244,025 1L8 
IN 1,749,651 22.3 2,456,096 32.7 
ee gn, EIR EEA VNR Be I ES 25,800 3.0 33,959 8.3 
Se ek a yi tle a aia a eh eg sien "16,543 3.6 50,736 7.3 
PE casei Sa ec OL BOO SR ES gO Nm 2,580,950 63.3 3,470,558 85.2 


See footnotes at end of table, 
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Table 5.—U.S. imports of natural precious and semiprecious gem stones, other than 
diamond, by kind and country —Continued 


1982 1983 
Kind and country antity Value tity Value 
. y moms (millions) etd (millions) 
Other: 
Rough, uncut: 
ETN gS a es aaaelned tie a ean a $0.9 $1.0 
mi eat: $e Se ate ee oS A 4 
OE EE SE eee 44 11.1 
rschaor ee Sei an cree ee = Gael eae eaten is meg () 14 
Colombia — ESPEN - OES Ba NA = NA | 
(SS ee Sa ona Reh ah A ef ts As Poa ; 
Pakis MSS BS ire eee Messin Poe T 5 
dL Lgl 0s + SAREE MSS py ee ee 2.9 a 
OE A eg eee es we ny Se B 9 
TR ig eas boii gc cnr oak tse om 5.0 2.5 
OS a) TE Se eee NA 19.7 NA 26.7 
Cut, set and unset: 
i ete Sees eee 24 2.1 
I: 8 Ree a ee 15.7 12.5 
hata i ee oe 1.6 2.5 
Germany, Federal Republic of ____._.....-—--- 10.0 11.8 
Pion OUg 2 ase ae ea Sr 19.7 22.6 
i a ae area aan Ya SS NA 3.7 NA 45 
EN eee an aia a a Re LTT Raa neEE ahaa ay sm 84.7 152.8 
Peritwir ine | a ocean Rieck wiv ater ese ieee 3.4 4.5 
TRIWEN oso ee a eaweeiea 11 4.38 
lend oS See SS eee ee 2.2 2.6 
CS a ne eee eee Many ee ree T14.4 6.8 
PEA og cn cela shshcn caesar seats isis nin paionca ns NA 158.9 NA 227.5 
"Revised. NA Not available. 
1Less than one-tenth unit. 
Table 6.—Value of U.S. imports of 
synthetic and imitation gem stones, by 
country 
(Million dollars} 
Country 1982 1983 
Synthetic, cut but unset: 
ee 1.0 13 
erase ans ermran Sas a 13 1.0 
Serna Federal Republic of_ —_ 5.9: 6.1 
cna folie... -_ i 1 
rea, (ee ere z : 
SWItErIaMe oo a 3.0 3.2 
hers os een: "15 1.2 
Woteh see ee 24.2 20.5 
Imitation: 
AO or Siac aie 7.2 10.9 
Czechoslovakia_ __.-....... R: 1.2 
Germany, Pederel Republic of_ _ _ 3.0 44 
GRAIG fw soak ee 13 2.4 
Oe oar steer oi 5 1.4 
TMI etched eatin te niga aes 13.4 20.3 
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Table 7.—U.S. imports for consumption of precious and semiprecious gem stones 
(Thousand carats and thousand dollars) 


Stones 


Other precious and semiprecious stones: 
uncut 


BE ss hae wal Sie ek bh bag Se 
Imitation gem stones 


Se ee ee ee re ewe eee 


me a a a a ee ew ee ee ee 


1982 1983 
Quantity Value Quantity Value 

eaeainaies 891 276,577 1,026 292,687 
ens 3,745 1,641,035 5,239 1,982,686 
pines ae 2,167 120,809 2,117 134,180 
Be NA 2,804 NA 

seseceiasi 4,514 129,794 6,257 151,931 
ean ada N 38 NA 121 
Baie NA 3,003 NA 3,019 
ayes NA 92,741 NA 6 
ss NA 1,458 NA 3,015 
pre nenes NA 19,769 NA 26,700 
penees NA ™60,300 NA 58,983 
eens 26,703 23,238 36,787 18,948 
pee RIN N 896 NA 1,536 
ies alike NA *11,990 NA 17,281 
a XX 2,884,452 XX 2,856,454 


*Revised. NA Not available. XX Not applicable. 


Includes 4,985 carats of other natural diamond, advanced, valued at $837,000 in 1982, and 16,799 carats valued at 


$759,200 in 1983. 
?Quantity in thousands of stones, 


WORLD REVIEW 


Angola.—It was estimated that diamond 
production by Companhia de Diamantes de 
Angola (DIAMANG) remained unchanged 
at 1.2 million carats, with a reduced value 
because of the depressed state of the inter- 
national diamond market. DIAMANG had 
retained over 600 expatriate workers since 
1978 in an effort to improve productivity, 
principally in Lunda-Norte Province, near 
the Zairean border. Illicit theft and traf- 
ficking was reportedly encouraged by the 
Unita insurgents, who almost certainly 
derived substantial income from these 
activities.‘ 

DIAMANG’s total work force, about 
17,000, operated several mines within a 
50,000-square-kilometer concession in 
Lunda-Norte Province, with three mining 
divisions, at Andrada, Lucapa, and Cuango. 
Most of the diamonds were recovered from 
alluvial terrace and riverbed gravels. The 
average grade was about 0.2 to 0.3 carat per 
cubic meter, with some rich pockets yield- 
ing up to 100 carats per cubic meter. Ample 
alluvial reserves remained, and there was 
no haste to work the extensive kimberlite 
discovered during operations. Limited min- 
ing of the weathered kimberlite tops was 
carried out, and one of the largest pipes 
in the world—Camofuca Camazombo—was 
still being explored. Alluvial diamond re- 
covery methods were conventional, with 


some heavy media separators being em- 
ployed.’ 

Australia.—The Western Australia State 
Government approved the Argyle Diamond 
Mines Joint Venture’s mining project com- 
mencement of the AK-1 kimberlite pipe, 
with an estimated $440 million investment. 
The project involves preparation of the 
Argyle kimberlite pipe for commercial min- 
ing and construction of a 3.3-million-short- 
ton-per-year treatment plant, together with 
ancillary infrastructure and services. Ex- 
pected to be in production in 1986, the 
project’s annual output will eventually 
reach 25 million carats of diamond per year, 
with a minimum life of 20 years. Reserves 
are over 500 million short tons. Argyle was 
the richest diamond mine in the world in 
terms of carats per ton of ore.* 

Shortly after it approved the project, the 
state purchased Northern Mining Corp. 
N.L.’s 5% interest in the Argyle project for 
$38 million, most of which was to be covered 
by advance royalties on production. West- 
ern Australia’s Prime Minister stated that 
the investment was the first step in the 
creation of the Western Australian Devel- 
opment Corp. designed to hold equity stakes 
in all natural resource projects.’ 

Commercial production of diamond from 
Argyle’s Upper Smoke Creek alluvial depos- 
it commenced on January 1, 1983, at an 
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expanded rate of 4,400 short tons of ore per 
day. By yearend, 1.18 million short tons of 
ore had yielded 6.15 million carats of dia- 
mond. It was planned to continue alluvial 
operations for 3 years, and to phase in with 
the kimberlite mining operation.* 

Argyle’s diamond quality had been esti- 
mated through the testing and exploration 
phase as 10% gem and 20% to 25% near- 
gem. However, a yearend report by the 
Australian Bureau of Mineral Resources 
reestimated the quality to be 45% gem and 
cheap-gem, with the balance being industri- 
al stones and grit.® 

De Beers Central Selling Organisation 
(CSO) had a purchasing and marketing 
contract with the Argyle Diamond Sales 
Ltd. for 95% of the gem and 75% of the 
cheap-gem and industrial diamond stones 
covering the period of alluvial production 
and 5 years of large-scale mining of the 
AK-1 kimberlite pipe through 1990, which 
was estimated to have an annual produc- 
tion rate of 25 million carats. It was ex- 
pected that Australia would be the world’s 
largest producer of natural diamond com- 
mencing in 1986. 

Two other companies reported diamond 
production from their exploration activities. 
The Bow River joint venture of Freeport of. 
Australia Pty. Inc. and Gem Exploration & 
Minerals Ltd. recovered 2,177 diamonds 
with a total weight of 367 carats from 2,250 
tons of ore at Limestone Creek near the 
Argyle deposit. Afro-West Mining Ltd. also 
reported recovery of diamonds from claims 
along Smoke Creek, downstream from the 
Argyle project.'® 

Botswana.—Botswana not only became 
the world’s second largest producer of natu- 
ral diamond, but the world’s second largest 
producer of gem diamond. Three mines— 
Jwaneng, Letlhakane, and Orapa—reported 
production of 10.73 million carats, valued at 
$491 million, of which 4.3 million carats 
was of gem quality. The new Debswana’s 
(De Beers-Government of Botswana joint 
venture) Jwaneng diamond mine west of 
Gabarone exceeded its nameplate capacity, 
and because of improved recovery processes, 
greatly increased its production ratio of 
small gem diamonds. Jwaneng produced 
almost 5.9 million carats of diamond, and 
another increase of up to 6.5 million carats 
was predicted for 1984, after which produc- 
tion would level off. In 1983, the Govern- 
ment of Botswana was forced to stockpile 
about one-third of its gem production, and 
the total value of its cumulative stockpile at 
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yearend was about $600 million. This was 
principally because the world market for 
larger stones was weak, while the small 
gem and near-gem material was very 
strong. Botswana’s diamond exports consti- 
tuted about two-thirds of its total foreign 
exchange earnings."* 

New diamond sorting and evaluation fa- 
cilities were established for all of Botswa- 
na’s production, and Mabrodium of Belgium 
was granted permission to establish a small 
diamond cutting and polishing factory. The 
first polished stone was produced in 1981 by 
the company’s subsidiary, Diamond Manu- 
facturing Co., in Gabarone.” 

Evaluation of the DK7 kimberlite pipe 
near Jwaneng was near final evaluation at 
yearend 1983, and an agreement by De 
Beers and Falconbridge Explorations 
Botswana resulted in continuing examina- 
tion and evaluation of other licensed areas. 

Central African Republic.—The princi- 
pal mining industry of the Central African 
Republic was diamond. State revenues from 
this production continued to erode. Illicit 
mining and trafficking was substantial. Re- 
ported production has been as high as 
524,000 carats in 1974, but in 1982, this had 
fallen to 277,000 carats. This decrease had 
encouraged the Government to attract for- 
eign investment. The major marketing co- 
operative consisting of nine companies pro- 
duced 264,900 carats in 1983, and five other 
companies produced 30,500 carats. A 1981 
World Bank International Development As- 
sociation’s $4 million technical assistance 
project loan had included a portion for 
diamond exploration and a feasibility study. 
The final report, submitted in 1983 by a 
Canadian contractor, was confidential." 

China.—A new diamond cutting and pol- 
ishing plant was installed in Beijing in 1981, 
financed by the Dresdner Bank of the Fede- 
ral Republic of Germany. The joint venture 
consisted of the China National Arts and 
Crafts Import and Export Corp. and the 
export firm F. K. Narasimham from Frank- 
furt Main, and Franz Amann of Brucken 
Pfalz. The plant consisted of several hun- 
dred cutting and polishing machines from 
Franz Amann and included a training 
school for several hundred students. It was 
estimated that the indigenous supply of 
rough diamond consisted of 20% gem and 
near-gem quality, thus making approxi- 
mately 500,000 carats available for cutting. 
There was no domestic demand for cut 
diamond or diamond jewelry. 

China had an ambitious plan for develop- 
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ment of modern cutting and polishing 
plants using low-cost labor for an export- 


oriented industry. The plan also included ° 


manufacture of diamond machinery and 
tools.*# 

Colombia.—Smuggling of valuable emer- 
alds from Colombia continued to make true 
production and revenues difficult to assess. 
Export revenues from all precious stones, 
principally emeralds, declined in 1982 by 
17% to $43 million. 

Gabon.—The Government of Gabon re- 
ported that 25,913 carats of diamond had 
been produced in 1979 with a unit value of 
$16.53 per carat. No diamond production 
has been reported in recent years." 

Ghana.—Ghana Consolidated Diamonds 
Ltd., a Government corporation that oper- 
ated a diamond placer deposit at Akwatia, 
reported that production of primarily indus- 
trial diamond decreased to an estimated 
300,000 carats from 836,000 carats in 1981. 
The original Akwatia Valley placer gravel 
deposits were essentially depleted. Mining 
in 1983 was within a thin Akwatia terrace 
gravel pay zone. Current reserves were 
expected to be mined out within 10 years. 
Additional lower grade placer resources 
averaging 1 to 1.4 carats per cubic meter 
were known to occur in the Birim Valley. 
A United Nations Development Program 
team investigated these resources and 
found that development would require sub- 
stantial new foreign investment. 

Guinea.—Aredor-Guinea S.A. was ex- 
pected to begin commercial production of its 
$80 million alluvial diamond project in the 


first quarter of 1984. The Aredor-Guinea ° 


alluvial gravel mining was to be accom: 
plished by three 7-cubic-yard draglines with 
140-foot booms, and loaded into 40-ton artic- 
ulated vehicles for delivery to the nearby 
recovery plant. The plant consisted of a 
main recovery facility containing a heavy 
media separator, a washing section, a feed 
section, and a separator house. 

Fifty percent of the Aredor-Guinea was 
owned by the Government of Guinea, and 
50% by Aredor Holdings Ltd. of Australia. 
Aredor Holdings in turn was owned 79.2% 
by Bridge Oil Ltd. 11.83% by the World 
Bank’s International Finance Corp., 5% by 
Industrial Diamond Co. of the United King- 
dom, 3.5% by Bankers Trust Australia (UK) 
Ltd., and 1% by Simonius Vischer of Basel, 
Switzerland. With a production rate of 
250,000 carats per year from 440,000 short 
tons of gravel, Aredor-Guinea had sufficient 
reserves for 14 years of operations. The 
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alluvial deposit is located in the 
Kissidougou area in southeast Guinea near 
the Sierra Leone border. Initial prospecting 
and exploration indicated that average ex- 
pected size of stone was 0.8 to 1 carat with 
an estimated value of $185 to $200 per 
carat. Marketing of the stones was to be 
done by Aredor Sales Pty. Ltd. of Basel, 
Switzerland, arid managed by Industrial 
Diamond of London.?” 

The U.S. Overseas Private Investment 
Corp., after a detailed feasibility survey, 
was providing political risk insurance to 
Bridge Oil’s investment.** 

India.—The flourishing diamond cutting 
and polishing industry exported 5.4 million 
carats of finished stones valued at $1.1 
billion, which required 27 million carats of 
imported rough stones as the raw material. 
This indicated an approximate recovery of 
20% from rough to finished stone. The 
number of Indian gem skilled workers had 
increased to 350,000, most of whom reside in 
the Palanpur-Bombay area. The trade and 
industry was dominated by 250 related fam- 
ilies, also from the Palanpur area.’® India 
was the leading importer and exporter of 
diamonds in the world. Both private and 
governmental buyers were searching the 
world to establish continuous supplies of 
rough. India’s Minerals and Metals Trading 
Corp. (MMTC) continued its attempts to 
conclude agreements with African diamond 
producing countries to bypass the hold De 
Beers’ Diamond Trading Corp. and CSO 
have on the world market. However, little 
progress had been achieved. Recent reports 
from Australia showed similar failure of the 
MMTC for direct buying. 

Despite efforts by the Indian Government 
to increase diamond mining, annual produc- 
tion had averaged only about 14,700 carats 
during the 1981-83 period. The largest sin- 
gle diamond found during the period was a 
29-carat gem quality from Majhgawan.” 

Indonesia.—The Anaconda Co. was ex- 
ploring for diamond in central Kalimantan. 
Indonesia had produced about 15,000 carats 
of principally gem diamond from the alluvi- 
al gravels in recent years, and had been a 
producer of diamond since the 17th cen- 
tury." 

Israel.—Imports of rough diamond in Is- 
rael increased 37% to $782 million. Exports 
of cut and polished diamond goods increased 
11% to 1.0 billion. However, about $100 
million of the commodity trade deficit in- 
crease could be traced to the diamond 
trade.”* 
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Ivory Coast.—The Government of Ivory 
Coast reported that 48,000 carats of dia- 
mond had been produced in 1979. No appar- 


ent production has been reported in recent. 


years. 

Liberia.—Two alluvial diamond mining 
areas were in operation, at Takpormah on 
the Lofa River 130 kilometers northwest of 
Monrovia and at Gbapa south of Nimba. 
Most gravels were screened, washed, and 
jigged or panned by hand. In 1982, 780 
diamond mining licensees produced 433,000 
carats valued at $26 million. Gem-quality, 2- 
carat diamonds were produced from Tak- 
pormah and up to 6 carats from Gbapa. 
Reported production decreased 24% in 1983 
compared with that of 1982. 

Mali.—The Malian Ministry of Energy 
and Mines and the French Office for Geo- 
logical and Mining Exploration signed an 
agreement in Bamako to conduct diamond 
exploration and extraction in the Kenieba 
area.*5 

Namibia.—Despite the De Beers’ CDM 
(Pty.) Ltd.'s temporary cutback near 
Oranjemund, 10.6 million short tons of 
gravel and conglomerate were processed to 
produce 963,000 carats of diamond, a reduc- 
tion of 5%. The No. 4 plant foreshore 
mining face was maintained in operation 
throughout the year and extended about 
130 meters seawards of the high water 
mark, and mining operations were starting 
to extend the seawall further westward into 
the sea. Operational bedrock depth was 15 
meters below mean sea level. The ratio of 
gem to industrial quality was maintained at 
95%.34 

Pakistan.—In the previous few years, 
Pakistan had emerged as an important 
world producer of precious gem stones. In 
1981, exports were $6.2 million of principal- 
ly aquamarine, emerald, ruby, and topaz. 
The Gemstone Corp. of Pakistan, a Govern- 
ment corporation, had been set up in 1979 to 
promote the production of gem materials. 
Most of the gem stones were found in the 
northern areas of the country close to the 
Himalayas." ; 

Sierra Leone.—Sierra Leone’s diamond 
production decreased from about 800,000 
carats annually in 1978-79 to an estimated 
275,000 carats in 1983. Estimated to be 70% 
gem quality, illicit mining and trafficking 
in Yengema and Tonge was reported to be 
uncontrollable. A new Kono kimberlite 
mining project was organized in 1983 by 
Sierra Leone Selection Trust and the Gov- 
ernment of Guinea, which was projected to 
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cost in excess of $100 million. The project 
was to be handled by the Guinean National 
Diamond Mining Co., which was 60% owned 
by the Government, and 40% owned by 
Sierra Leone Selection Trust (a subsidiary 
of British Petroleum Minerals Co.). Financ- 
ing was to be obtained from European 
banking institutions, with loan guarantees 
by U.S. Overseas Private Investment. The 
feasibility of sinking a cheaper inclined 
shaft, rather than a vertical shaft, was 
being investigated.?* 

South Africa, Republic of.—Substantial 
increases in diamond production at the 
largest mine of De Beers, the Finsch, result- 
ed in a 13% increase in South African 
diamond production to 10.3 million carats. 
Higher throughput and grade improve- 
ments resulted in recovery of more small 
gem diamond for the improving world mar- 
ket. However, De Beers’ rough diamond 
stocks increased 10% to a total of $1.85 
million. The farm Letitia kimberlite explo- 
ration was terminated at yearend by De 
Beers, but exploration of the farm Venetia 
continued. De Beers was also a successful 
bidder in two deepwater marine diamond 
prospecting concessions situated off the Na- 
maqualand coast. Preliminary investigation 
was to require profiling of the coastal shore 
for location of gravel beds or heavy mineral 
concentrations.?’ A 471-carat flawless white 
diamond was found in a crusher at De 
Beers’ Premier Mine near Pretoria. A 72- 
carat flawless white diamond had been 
found earlier in the year.” 

There was spirited bidding on the shal- 
low, mid-, and deepwater concessions on the 
Namaqualand coastline offered and award- 
ed by the South African Government during 
the year. Bid awards were made to large 
companies and small independents such as 
De Beers, Newmont Mining Corp., O’Okiep 
Copper Co. Ltd., Rio Tinto Zinc Corp. Ltd., 
Terra Marina Mining Co. Ltd., and Ocea- 
neering International Ltd. 

Mafikeng Diamonds Ltd. was test mining 
an alluvial diamond deposit near Mafikeng, 
Bophuthatswana. Rio Tinto’s subsidiary, 
Rio Tinto South Africa, was managing the 
daily throughput of 1,400 short tons of 
gravel. The test duration was to be a full 
year. The 2,300-hectare lease contained 
about 27 million short tons of gravel.?* 

Two kimberlite pipes, previously aban- 
doned by De Beers as uneconomic, were 
being retested by Trans Hex Group Ltd. of 
Cape Town. The Swaziland Government 
issued a license to Trans Hex for the mining 
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of the Ehlane and Dokolwayo pipes.*° 

Sri Lanka.—Sri Lanka, previously Cey- 
lon, has been a world-class producer of gem 
stones since ancient times. Most important 
are sapphire, ruby, chrysoberyl, beryl, and 
spinel. Other gem stones include aquama- 
rine, garnet, moonstone, topaz, tourmaline, 
and zircon. These precious stones are found 
in the layers of older alluvium and river 
gravels of Quaternary age in the valleys of 
the Ratnapura district in southwest Sri 
Lanka. The operations are a mixture of 
Government corporations, overseas joint 
ventures, and private entrepreneurs. Some 
priority has been given to the areas to be 
inundated by the Majaweli and Samanala 
Wewa irrigation projects. Regular gem auc- 
tions have been held since 1980." The State 
Gem Corp. is significantly involved in the 
industry, but most of the production comes 
from the small miners. Simple hand wash- 
ing processes are employed. Estimated 1981 
exports and tourist sales were $91 million, 
an increase of 31% compared with that of 
1980.3? 

In 1983, a large deposit of high-quality 
blue sapphires was discovered near the 
village of Aluth Nuwara in southern Sri 
Lanka. It was reported that many million- 
aires were created overnight, and as many 
as 10,000 people became rich. As much as 
90% of the gems were smuggled out of the 
country.** 

U.S.S.R.—Soviet diamond output increas- 
ed 1% to 10.7 million carats, with no indica- 
tion of any new diamond mining develop- 
ment. The Soviet method of diamond mar- 
keting had not changed for 20 years, with 


both polished diamonds and rough gems 


sold via Geneva and Antwerp. The Antwerp 
Diamond Association reported that rough 
diamond supplies from the U.S.S.R. were 
larger in 1983 than those from De Beers. 
Shipments of packets of Soviet cut stones in 
Antwerp indicated a somewhat lower quali- 
ty, which may be a market phenomenon 
because of the higher demand for lower 
quality goods.* 

A 95-carat gem diamond was found in 
Yakutsk, Siberia.** 
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Zaire.—Zaire was the world’s largest pro- 
ducer of natural and industrial diamond. 
Société Miniére de Bakwanga’s (MIBA) dia- 
mond mine was at Mbuji Mayi on the river 
of the same name. MIBA continued its 
program to develop kimberlite deposits, be- 
cause of the declining alluvial reserves. A 
new $8 million dredge, put into operation on 
the river, was expected to extend MIBA’s 
life for alluvial mining by allowing the 
mining of adjacent river flats and terraces. 
The new dredge had an annual capacity of 1 
million cubic meters and an operating 
depth of 28 feet.%* 

MIBA, 20% owned by Sibeka of Belgium 
and 80% by the Zairean Government, 
mined 1.4 million cubic meters of alluvials 
for a production of 5.5 million carats of 
diamond. Fourteen private offices pur- 
chased 5.9 million carats of artisanal dia- 
monds worth over $71 million. In previous 
years, most of these diamonds had been 
smuggled out of Zaire. The quality of the 
combined diamond production of MIBA and 
14 private offices was estimated to be 71% 
industrial stones and bort and the balance 
gem and cheap-gem. The Société Zairoise de 
Commercialisation de Minerais (Sozacom), 
Zaire’s diamond marketing organization, 
which had taken over the independent mar- 
keting companies in Kinshasa and Tshika- 
pa, reported a 58% decrease in diamond 
sales for a total of 423,000 carats of dia- 
mond, 60% gem quality. Despite the Gov- 
ernment’s efforts, illicit mining and traf- 
ficking of gem diamonds continued to be 
substantial.*7 Sozacom moved the sorting 
and grading of diamond from the Centre 
National d’Expertise office in Kinshasa 
to the Miba Mine Headquarters in Mbuji 
Mayi.** 

Zambia.—Since 1974, emerald production 
from the Kafubu area of the Copperbelt had 
increased significantly, with about 18 
known deposits being mined in 1983. The 
estimated value of emerald production was 
$100 million, with only 10% of the output 
reaching the official market. The bulk of 
the emerald was reportedly being mined 
illegally and smuggled out of the country.** 
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TECHNOLOGY 


Heat treatment was one of the first meth- 
ods people used to alter the appearance of 
gem stones. The Romans soaked ordinary 
agate in honey and heated it to produce 
black stone capable of taking a high polish. 
Throughout history, low levels of heat have 
been used to alter or improve the color of 
aquamarine, quartz, sapphire, topaz, and 
zircon. High technology has now improved 
this technique so that much more dramatic 
changes can be effected. It is likely that 
most modern-colored gem stones are treated 
by heat, or other means, and that detection 
can only be done by professional gemolo- 
gists. A tabulation of all gem stones and 
their reaction to heat treatment and/or 
radiation, including detection methods, was 
published. Ethical practices of the industry 
were discussed in light of the knowledge 
that the general public is not aware of this 
color enhancement as compared with a 
natural gem stone.* 

The Confederation Internationale de la 
Bijouterie, Dimants, Perles et Pierres 
(CIBJO) is composed of jewelry trade associ- 
ations from 23 countries. The American 
Gem Trade Association, the largest associa- 
tion of colored stone dealers in the United 
States, voted to adopt the CIBJO definitions 
and rules of application. One of the defini- 
tions was article 7 prohibiting use of the 
term “semiprecious,” indicating that the 
term “semiprecious” is unauthorized and 
false and must never be used.** 
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3]ron Mountain, Michigan, News. Evidence of Kimber- 
lite in Iron County. Apr. 16, 1983, p. 1. 
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Gem Stones 


By J. W. Pressler? 


The value: of gem stones and mineral 
specimens produced in the United States 
during 1984 was estimated to be $7.5 mil- 
lion, virtually the same as that of 1983. 
Turquoise and peridot production decreased 
while tourmaline, sapphire, and opal pro- 
duction increased. Amateur collectors 
accounted for much of the activity in many 
States. Small mine operators produced jade, 
opal, sapphire, tourmaline, and turquoise, 
which they sold mainly to wholesale and 
retail outlets, in gem and mineral shops, 
gem shows, and to jewelry manufacturers. 


Domestic Data Coverage.—Domestic pro- 
duction data for gem stones are developed 
by the Bureau of Mines from the “Gem 
Stones” survey, a voluntary survey of U.S. 
operations. Of the 52 operations to which a 
survey request was sent, 44% responded, 
representing an estimated 60% of the total 
production indicated in the text. Production 
for the 29 nonrespondents was estimated 


_using reported prior year production levels 


adjusted by trends in employment and 
other guidelines. 


DOMESTIC PRODUCTION 


Mines and collectors in 46 States pro- 
duced gem materials with an estimated 
value of $1,000 or more in each State. Ten 
States supplied 88% of the total value as 
follows: Arizona, $2.7 million; Nevada, $1.3 
million; California, $500,000; Montana, 
$450,000; Maine and Oregon, $400,000 each; 
Wyoming, $225,000; and Arkansas, New 
Mexico, and Washington, $200,000 each. 
Estimated production increased 67% in 
California, 50% in Idaho and Montana, and 
8% in Nevada, but decreased 33% in Ore- 
gon, 20% in Maine, 10% in Wyoming, and 
4% in Arizona. 

Park authorities at the Crater of Dia- 
monds Park in Pike County, AR, reported 
that 85,000 people visited the park and 
recovered, by washing, screening, and pan- 
ning, 1,339 diamonds, an 11% decrease from 
that of 1983, with a total weight of 202 
carats. The largest was a 5.58-carat brown 
stone of good quality. The total diamonds 
recovered averaged 15 points (100 points 
equals 1 carat) compared with 21 points in 
1983. More small stones were found because 
of improvements in panning and screening 
equipment, especially the hemispherical 


“suruka” screen. The “dig for fee” oper- 
ations remained popular. 

In Emerald Creek, ID, the U.S. Forest 
Service issued 753 permits to diggers and 
panners who found 1,800 kilograms of gem 
garnet, most of which was asteriated, with 
the balance faceting grade. The garnet area 
consisted of three gulches, with one being 
especially noted for large stones. The 15 
largest stones reported during the season 
varied from 50 to 500 grams. Because of the 
cold weather, the area was opened for about 
100 days from May to September. 

Exploration for diamondiferous kimber- 
lite in Wyoming was continued by Cominco 
American Incorporated and Superior Min- 
erals Co., working independently with the 
Geological Survey of Wyoming and the 
University of Wyoming, using remote 
sensing techniques. The Geological Survey 
of Wyoming also discovered a new kimber- 
lite district in the Pole Mountain region of 
the Laramie Range. Bulk sampling and 
testing of properties in the Colorado- 
Wyoming State line district indicated 
grades of 0.01 and 0.2 carat per short ton, 
with stones as large as 1 carat. 
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In upper Michigan and northwest Wis- 
consin, Dow Chemical Co., Exmin Corp., 
Anaconda Mining Co., and others conducted 
investigations and sampled kimberlites in 
Dickinson and Iron Counties, MI, and Flor- 
ence, Forest, and Pierce Counties, WI. 
Three small diamonds: were found by a 
prospector in the Antigo area, Langlade 
County, WI, in glacial deposits. 

_ Alaska’s first confirmed find of diamond 
occurred near Circle, AK, in 1982, while 
working a gold placer deposit. 

Montana continued to be the largest pro- 
ducer of gem-quality corundum in the 
United States. Intergem Inc. of Denver, CO; 
produced over 100,000 carats of corundum 
in 1984 from test operations of its properties 
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on Yogo Gulch, near Lewiston, Fergus 
County, MT. Some high-quality colored 
stones were recovered, including blue and 
alexandrite-like purple. Recoverable corun- 
dum content of the ore was less than 10 
carats per ton. After cutting, some of the 
larger sapphires were as much as 4 carats, 
but average cut stones, done in Bangkok, 
were only 20 points. Intergem was vertically 
integrated with its Yogo Mine, cutting and 
polishing of stones, and marketing of jewel- 
ry. In addition to Intergem, three other pay- 
as-you-dig or fee placer operations were 
active in Montana: Eldorado Bar and Cas- 
tle’s Sapphire Mine near Helena, and Gem 
Mountain Sapphire Mine near Philipsburg. 


CONSUMPTION 


Domestic gem stone output went to ama- 
teur and commercial rock, mineral, and 


gem stone collections, objects of art, and 
jewelry. Value of apparent consumption 
(domestic production plus imports minus 
exports and reexports) increased 40% to 
$2,978 million. oh. . 
The sales value of jewelry containing 
pearls and diamonds increased: 19%, with 


the Christmas trade being particularly . 


good. Demand for small, lower quality goods 
was high, and the demand for larger stones 


of good quality was better than-that in 1983. 
- U.S. consumption of colored stones, led by 
emerald, ruby, and sapphire, increased sig- 
nificantly. Annual sales of emerald contin- 
ued to be almost equal to those of ruby and 
sapphire combined. The value of all im- 
ported gem stones, other than diamond, 
increased 28%, with other cut, set, and 
unset, principally cultured pearls, increas- 
ing 48%, followed by emerald with a 15% 
increase. a . 


PRICES 


The U.S. price of 1.0-carat, D-flawless, 
investment-grade diamond fluctuated be- 
tween $11,000 and $14,000 per carat, and at 
yearend was $12,750 per carat, a decrease 
of 6% for the year. However, only a few 
hundred of these perfect 1-carat stones have 
been available each year, and their value 


may have amounted to less than 0.2% of the 
total market. 

Prices for colored stones experienced lit- 
tle change during the year. 

The unit value of Colombian and Zam- 
bian emeralds continued at a median price 
of $1,400 to $1,500 per carat. 
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Table 1.—Prices of U.S. cut diamonds, by size and quality 


Clarity? Price range Median price per carat® 


* Description, 
Carat weight coir! (GIA terms) Pet carat® December § November 
in 1984 1983 1984 

0.04-0,08 = 2 ee Pe eS G-I ‘VS $400- $613 $490 $490 
(Q4- 0B 22 A eS G-I Shi - 400- 520 450 450 
O09 TO ero ts oy ke i i ee Lote G-I VS, 450- 770 560 560 
092) 16.0... See eee a G-I Sh 410- 610 475 475 
Pe 22 ee oe eee a a ee G-I VS 700- 1,300 835 835 
Ba Af (ey ae ee oe nn pee ei ee re G-I Shi _ §00- 1,195 690 690 
SOOR Oc ee i a ota ie ena ara Aide G-I VS; - TT5- 1,470 965 965 
(262 20. ON ow  e Se ee ee ee G-I Shi 650- 1,350 770 770 
OOS BO en Se Sete le ey et G-I VS; 875- 1,700 1,260 1,260 
oy! BER 1; \eacie e ee  eE R ee  ee e G-I Sli 735- 1,570 | 1,050 1,050 
(A622. 5b. ee ee SS G-I VSi 1,450- 2,850 | 2,000° 2,000 
(AG= 55.22 ee BO er GI Sh — 900- 1,845 1,545 1,545 
0921-790 = OEE we ee eee G-I VS1 1,800- 3,010 2,500 | 2,500 
09S TG ee on Se ee eS ee G-I . Sh 1,400- 2,465 1,950 1,950 
L00-115* ee ee ee ee D FL 11,000-14,000 13,500 12,750 
100116 se oe ee See eee E VVSi 6,800- 8,200 7,500 7,500 
T0015 Soe wn oe eee ee G VS: 3,500- 5,200 4,200 4,200 
LOOMS 22 oe ee es es H VS2 2,400- 4,800 3,300 3,300 
1,001.16 po ee ee eee ee Se _I . Sh 2,000- 3,800 2,600 2,600 


1Gemological Institute of America (GIA) color grades: D—colorless; E—rare white; and G-I—traces of color. 
2Clarity: FL—no. blemishes; VVS1—very, very slightly included; VS1—very slightly included; VSe—very slightly 


included, but more visible; and Sli—slightly included. 


3 Jewelers’ Circular-Keystone. V. 155, No. 2, Feb. 1984, p. 


124, and v. 155, No. 12, Dec. 1984, p. 42. These figures 


represent a sampling of net prices that diamond dealers in various U'S. cities charged their customers during the month. 


The Diamond Registry Bulletin. V. 15, No. 1, Jan. 1984. 


Table 2.—Prices of U.S. cut colored gem stones 


Median price per 
ne Carat Price range carat? 2 
Gem stone ight per carat 
weig’ in 1984 January November 
198 1984 
Amethysto 2 2 3k ee eae le See eee 10 $8- $24 $17 $17 
Aquamarine? i 2:2. 23.272 Se i ee 5 75- 210 150 150 
pinne 7 ai ga Ea RR 10 8 18 10 10 
merald: 
Colombian’ 2.2%-. 225i feces pe eee se ase 1 900-1,800 1,500 1,500 
Zambian 5 22 = Se oe ee eS SS 1 750-2,200 1,400 1,400 
Commercial, 2d quality? ____________________- 550-1,500 550 550 
Sra tsdvorite: ee ee ee ee ae 1 350-1,100 725 725 
uby: 
Medium to better __._________-_-_--------+- 1 500-2,200 1,200 1,200 
Commarea, 2d:quality® +2... ee A eee 1 330- 660 330 330 
apphire: 
Medium to better ________________-_--_-__- 1 150-1,500 700 700 
i Commercial, 2d quality? _._._______________-_- 1 zy ans 220 ar 
anzanite 22 2 nj oe ee a ee 5 - 162 q 
Topa? <2 Soe. nee St ee ee 5 80- 400 210 210 
Tourmaline, green____________..-~---------~--- 5 60- 200 132 132 
Tourmaline, pink ________-___---------------- 5 50- 225 137 137 
1Medium to better quality. 


2Jewelers’ Circular-Keystone. V. 154, 


No. 2, Feb. 1983, p. 87, and v. 155, No. 12, Dec. 1984, p. 44. These figures represent 


a sampling of net prices that colored stone dealers in various U.S. cities charged their cash customers during the month. 


3The Gemstone Registry Bulletin. V. 2, No. 2, Jan. 1984, and 


FOREIGN 


The declared customs value of U.S. im- 
ports of rough and polished natural dia- 
mond, excluding industrial diamond, in- 
creased 28% to $2.9 billion. Total polished 
diamond imports, principally from Belgium, 
32%; Israel, 26%; and India, 22%; were 


v. 3, No. 1, Jan. 1985, p. 8. 


TRADE 


valued at $2.6 billion. Imports in the over- 
0.5-carat category, mostly from Belgium, 
36%; Israel, 24%; and Switzerland, 13%; 
increased 43% in value to $1.1 billion. 
Imports in the less-than-0.5-carat group, 
mostly from India, 36%; Belgium, 29%; and 
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Israel, 26%; increased 22% in value to $1.5 — 


billion. Imports of rough natural diamond, 
79% from the Republic of South Africa, 
increased 6% in caratage and 11% in value. 
A 8% decrease in South African carat 
value, from $336 to $325, was indicated. 

The total value of emerald imports in- 
creased 15% to $155 million. The total value 
of ruby imports increased 19% to $80 mil- 
lion, and sapphire imports decreased 3% to 
$83 million. Average carat value decreased 
45% for emerald to $35, influenced by large 
imports of cheap cut emeralds from India. 
Average carat values decreased 31% for 


ruby to $16 and 8% for sapphire to $23, both. 


impacted principally by imports of cheap 
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goods from Thailand. 

Export value of all gem materials other 
than diamond decreased 20% to $53.6 mil-— 
lion. Of this total, other precious and semi- 
precious stones, cut but unset, were valued 
at $27.7 million; other natural precious and 
semiprecious stones, not set or cut, $12.8 
million; synthetic gem stones and materials 
for jewelry, cut, $4.7 million; pearls, natu- 
ral, cultured, and imitation, not strung or 
set, $2.6 million; and other, $5.8 million. 
Reexports of all gem materials, other than 
diamond, increased 25% to $52.8 million. 
Reexport categories were precious and 
semiprecious stones, cut but unset, $33.3 
million, and other, $19.5 million. 


Table 3.—U.S. exports and reexports of diamond (exclusive of industrial diamond), 


by country eR 
1983 1984 
Country Quantity Value _. Quantity Value 
(carats). _ (millions) (carats) (millions) 
Exports: ; ; 
Belgium-Luxembourg _________=.____________ 103,106 $50.5 128,521 $65.0 
Canada 2.2 seen de eB Bk a 16,134 10.0 19,043 11.0 
Frances. io ee a eet ee 4,094 99 2,153 7.1 
Germany, Federal Republic of ________.....____ 3,626 5.0 3,677 3.7 
Hong Kong: 2. i ee 58,851 87.0 63,320 64.8 
Israel 22 on 2 Sate ee ie ew a 75,092 39.2 101,532 53.0 
Japan oo os eo ewe a 30,911 62.3 29,043 54.2 
Singapore: =.2. ee ne oe ee 996 11.5 3,734 9.2 
weden ee ee 1,198 11 (>) 
Switzerland __._-__-_..--- ~~~ ~~ 12,473 76.8 20,113 73.9 
Thailand 3-02 2 oo ee ee 3,504 3.3 3,813 2.4 
United Arab Emirates___§__§__9_~~2~__~_~______ 1,035 vi 29 (4) 
United Kingdom ____._§_~___~_~_ 5,441 9.5 5,707 14.2 
Other 2 A 2 ee eo oe ee 2,912 6.0 4,468 4.4 
Motels a Se rp es tit Feist ek ee 324,373 372.8 385,162 362.9 
Reexports: = 
Belgium-Luxembourg _______._______-.__ __ 21,317,578 84.6 21,072,640 57.4 
Canadaz 222 2S he ee a als 145 17 3804 6 
Ching = 22 2th ee 10,613 Jl 17,784 7 
Germany, Federal Republic of _._._..-_-_________ 25,919 2.2 32,530 1.5 
Hong Kong. 226 5 ee ee 83,800 28.0 27,244 17.6 
India S03 eee eke oe oe eS 226,987 6.1 228,205 6.5 
Tsrael!2 ito ots tio a Se eee 212,557 34.7 126,400 26.3 
apans S222 Sock cet Me Reet eS 92,934 11.0 98,398 8.5 
Netherlands... ~~ ~§ 2 2 LL 54,407 47 21,793 3.4 
Switzerland ________________ ~~ ________ 31,667 43.7 110,486 46.3 
United Kingdom _____§__ ee 78,474 26.9 93,442 32.6 
POT. 2 5) see Fase a carl eS 2 Po 24,095 5.9 50,592 10.3 
sD Ot a a5 ios a ht te 28 te cee Oh oe 2,164,176 249.6 1,887,348 211.7 
1Less than 1/10 unit. 


?Artificially inflated in 1983 by auction of approximately 1 million carats of U.S. Government stockpile diamond stones 


with subsequent reexports as gem stones to 
reexported to Belgium-Luxembourg and India. 


Belgium-Luxembourg. In 1984, 1 million carats was similarly auctioned and 
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Table 4.—U.S. imports for consumption of diamond, by kind and country 


1983 1984 
Kind and country © Quantity Value Quantity Value 
, * (carats) (millions) (carats) (millions) 
Rough or uncut, natural:1 
Belgium-Luxembourg siete eee eS oa ek 111,211 $14.7 160,100 $32.8 
Brag oso Sn ee, ee eens 2,290 a 1,431 
Cape Verde 2 aio ha a See eee 3,400 1 sha 
Colombia (2.52 2 2 a ee eee LS 21,413 1 216 : 
Congo.2 be oo Se Se Oe ee ee Se A 2.7 12,977 4.4 
Dominican Republic ________.__---.-------~_-_ 2,331 as eos eps! 
Guyana. 636 he ee A 4,989 a) 2,475 ll 
Teracl oo se ey a ee ee eee oe 9,651 1.6 14,880 47 
Netherlands 22's et ee ee ar 1,585 2.1 4,675 4.1 
South Africa, Republic Of siae en Sean 729,547 245.3 794,912 258.3 
Switzerland ~. ._-_-_______ — oe ee eee eee: ae 138,035 2.6 748 7.2 
United: Kingdom «=. 2 2 2 41,234 13.4 22,125 4.6 
Venezuela 2) -. 2 in ee ee 65,908 3.2 34,811 2.3 
Otherness SE 10,366 5.8 - 163 6.9 
Totaly 22% eae Se eee ee Be 1,025,650 292.7 ~ 1,084,513 325.9 
Cut but unset, not over 0.5 carat: 
Belgium-Luxembourg — ~~. ___...~----_.-- 1,126,400 358.7 1,424,655 433.6 
Brazil 35 te NE he ah Ne er AE < 5,530 8 - * 20,567 6.0 
Canada a SE a 9,832 2.5 38,567 5.2 
Hong Kong. oo Soh Po ee ee ee 29,957 8.9 100,017 20.3 
Nave Ss oS Soe ee eee Soe Se 2,153,148 440.8 © 3,107,794 544.8 
Israe] __ 2 ____ue Bees SF he ee ein ed 1,047,471 342.4 1,113,127 399.5 
Malaysia 2 we ee 5,215 18 21,949 7.8 
Netherlands___________________=___ ie 19,802 8.6 56,924 23.5 
South Africa, Republic of ___._..._-.....-_____ 45,187 24.3 38,301 23.8 
Switzerland. 32 ee 44,864 18.0 56,670 23.8 
ease Kingdom ___________ Be The Ae thdog lane tt 31,417 17.2 33,3382 15.3 
Seeeete ea ewe ees So Sel eos Soe e 70,059 "17.4 44,080 16.0 
Total: 32 ite oe a SoA elie yal onde eyed 4,588,882 1,241.4 6,055,933 1,519.6 
Cut but unset, over 0.5 carat: j 
Belgium-Luxembourg ______________-~_-_____ 281,064 284.2 410,638 379.8 
Hong Kong 2 2 a a a a 9,135 23.8 13,697 22.5 
India’ 2.2 ee ee eee 58,871 18.1 83,415 28.2 
Israel ict. Seta ee ye SA ee 165,641 132.1 342,221 259.5 
Netherlands. $9. ~~ ~~~ __ 10,841 18.8 32,846 33.6 
South Africa, Republic of _. ____________-___-_ 33,936 47.4 61,595 89.8 
Switzerland .:55.0 0 oo Sh Se 27,364 111.1 56,618 134.0 
Cate Kingdoms. 52 be Se a 29,544 58.8 34,643 68.9 
BAP eee Suh pe oe eS 33,501 47.0 51,200 48.6 
Total! 222224 2 oooh ee oo See eee 649,897 741.3 1,086,873 1,059.9 


Revised. 
1Includes some natural advanced diamond. 


Table 5.—U.S. imports for consumption of natural precious and semiprecious gem stones, 
other than diamond, by kind and country 


1983 1984 
Kind and country Quantity Value Quantity Value 
(carats) (millions) (carats) (millions) 
Emerald: 
Argentinas. so eS we 550 (4) 12,474 $1.3 
Belgium-Luxembourg — —_—_--_____----------- 34,027 $1.6 10,092 2.8 
Brazil?) 2225 o0 co Se ee ee 174,314 8.0 197,367 13.8 
Colombia 2.0 2. oe eee iS 203,485 44.1 271,559 48.9 
Prancenoo 2 oe oe Si ee et ee : 2.2 11,456 2.5 
Germany, Federal Republic of ___________---_-_- 28,293 3.7 52,883 2.4 
Hong. Kong: -: 22 62 2 es eS 44,289 6.1 114,630 11.3 
India" Sa ee eS oe ee es 1,274,765 12.8 8,220,565 16.7 
Israel 2 2 oe oe ke oe et ee 87,145 17.9 162,559 19.6 
Japan 8,415 2.0 28,516 1.4 
Paraguay «5250 oe ee — ad 25,790 () 
South Africa, Republic of _______________-_-__ 7,979 3 3,118 al 
Switzerland 20002 a a 41,518 17.4 103,859 20.8 
Taiwan: 52 ci 2 ON ee 78,853 (2) 2,758 (4) 
Thailand»<- ooo ee 64,590 2.2 116,812 4.5 
Bawee Kingdom: 9. 2 ee eee 36,273 11.0 0,008 4.6 
ht se eh ee i ee ee es er erie oe Soe 24,697 '4.8 55,709 3.9 
2 Wu: epee oe A RR 2,116,999 134.1 4,410,155 154.6 


See footnotes at end of table. 
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Table 5.—U.S. imports for consumption of natural precious and semiprecious gem stones, 
other than diamond, by kind and country —Continued 


Kind and country 


Braet ee ek ee fae a AA eaten oO 
Fran oo ee ee ae EN 
Germany, Federal Republic of 
Hong Kong 


Thailand . 
Other 


Sapphire: 
Australia_ 


France 


Hong Kong 
India 


Other 


Other: 
Australia 


Brag ee cee ee ee ee, 


Pakistan: i. ono 2 3 Ae ee ee 
South Africa, Republic of 
Switzerland __._§_-§_$_§__________________ 
United Kingdom 


Australia 


Chine test a aa ee, 


Other 


1983 1984 
Quantity Value Quantity Value 

(carats) (millions) (carats) (millions) 
163,361 $.2 75,977 $.1 
930 9 14,246 19 
6,594 2 10,712 Jl 
37,070 2 948 2 
4,393 1.6 11,277 1.4 
53,343 1.5 65,703 1.6 
125,447 4.9 71,857 5.5 
230,186 3.3 226,782 1.8 
28,376 1.2 99,663 2.1 
4,168 a 33,146 6 
221,416 8.8 81,943 12.6 
1,840,758 36.0 4,107,406 43.0 
19,472 4.1 21,208 6.1 
45,158 3.8 32,977 2.7 
2,786,672 66.8 4,853,845 19.7 
43,493 6 13,415 A 
44,945 Al 1,186 (3) 
28,462 1.0 20,436 1.8 
11,080 (4) 13,209 A 
15,146 6 9,260 6 
14,656 l 1,647 (4) 
11,026 2.5 11,185 2.5 
121,800 2.5 67,298 1.8 
167,305 9.9 98,180 3.8 
130,481 2.7 175,855 1.7 
48,966 8 71,286 1.6 
8,317 3 45,737 1.3 
5,245 l 22,478 l 
12,106 A 22,955 8 
48,377 4.3 28,999 2.7 
244,025 11.8 87,879 15.7 
2,456,096 32.7 2,917,584 39.2 
33,959 8.3 36, 6.6 
725,068 6.8 32,816 2.3 
3,470,553 85.2 3,678,378 83.0 
1.0 1.9 
A A 
11.1 14.0 
1.4 Jl 
7.3 10.3 
3 se 

Su NA ; 
ve 5 5 
3 1.6 
7 5 
2 6 
a) A 
2.0 2.3 
NA 26.7 NA 35.8 
2.1 2.8 
12.5 32.7 
Jl 1.3 
2.5 5.0 
11.8 12.0 
22.6 20.4 
NA 45 NA 6.1 
152.8 240.7 
45 7 
4.8 5.4 
2.6 2.8 
8 1.5 
T5.9 5.6 
NA 227.5 NA 337.0 


TRevised. NA Not available. 
1Less than 1/10 unit. 
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Table 6.—Value of U.S. imports of _ 
synthetic and imitation gem stones, | 
including pearls, by country 
(Million dollars) 
Country 1983 1984 
Synthetic, cut but unset: 
Austria: 22 ee 1.3 0.8 
France. __-.~__~-_~~--_-~- 1.0 1.4 
Germany, Federal Republic of_ _ _ 6.1 5.5 
Japan: a 1.0 1.4 
Korea, Republic of___ ________ 6.7 9.4 
Switzerland______________ 3.2 3.6 
Other 02). ee = 1.2 17 
Totals 2722 2 ene es 20.5 23.8 
Imitation: 
> ANIBtHas ot ak 10.9 17.4 
Czechoslovakia. __________-_ 1.2 1.8 
Germany, Federal Republic of_ _ _ 4.4 6.0 
Japan __________ i.e 2.4 4.5 
Other. 2s Be ee 1.4 2.7 
Total: 5 2 ne eh ee 20.3 32.4 
Table 7.—U.S. imports for consumption of precious and semiprecious gem stones 
(Thousand carats and thousand dollars) 
1983 1984 
Stones - - 
Quantity Value Quantity Value 
Diamonds: ; 
Rough or uncut! ______ __ aaa Aare ate 1,026 292,687 1,085 325,851 
Cut butsunset? 222. 252 ee ee eS 5,239 1,982,686 7,148 2,579,466 
Emeralds: Cut but unset ____— — eae eaten mea ae 2,117 34,130 4,410 154,644 
Coral: Cut but unset, and cameos suitable for use in jewelry... — _ _ — NA 2,584 NA 3,120 
Rubies and sapphires: Cut but unset _.--_-._____-_-_------ 6,257 151,931 8,532 162,677 
Marcasites __________--__--- aes ee N. 121 NA 152 
Pearls: ; 
Natural _______._-_- ue ofall Set fast NA 3,019 NA 2,823 
Cultureds 3 5. == 4892 ye SR ies ie es tay ea NA 162,833 NA 240,439 
Imitation 1.222 22263022 22220205 ase eel NA 3,015 NA © 6,171 
Other precious and semiprecious stones: 
Rough, uncut _ _ _ Spee roll PO Sl spat eee ee NA 26,700 NA 35,792 
Cut, set and unset ____§____________-___--- a pak te es, NA 58,983 NA 90,421 
Synthetic: ay 
Cut but inset? 2 22 fs ne 36,787 18,948 52,484 21,368 
ers Se eke SI Se a i ate he ee ee he ee NA 1,536 NA — 2,410 
Imitation gem stones ____ ______________--------- NA 17,281 NA 26,182 
Total cote RS ee et oot et i a ee XX 2,856,454 XX =. 33,651,516 
NA Not available. XX Not applicable. 


MIncludes 16,799 carats of other natural diamond, advanced, valued at $759,200 in 1983, and 2,084 carats valued at 


$700,100 in 1984. 
2Quantity in thousands of stones. 


WORLD REVIEW 


De Beers Consolidated Mines Ltd.’s sales 
of rough diamond through the Central Sell- 
ing Organization was $1.6 billion, virtually 
the same as that of 1983. The value of De 
Beers’ stocks of rough diamond has increas- 
ed from $936 million in 1980 to $2.0 billion 
in 1984, even though world retail jewelry 
sales had set new records every year. The 
1983 retail value of world diamond jewelry 
sales increased 9% to $21.6 billion, repre- 


senting 45 million pieces containing 9.2 
million carats of gem diamond. The largest 
consuming markets were the United States, 
36%, and Japan, 19%, with 50% of their 
diamond needs imported from India, the 
world’s largest processor of small] diamonds. 

Angola.—Angola, whose diamonds are 
considered by the market to be “nice 
goods,” is ranked among the top three 
countries in the world in terms of quality. 
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Although diamonds have been found over 
much of Angola in alluvial and eluvial 
deposits, Companhia de Diamantes de An- 


gola (DIAMANG), 77% owned by the Ango- . 


lan Government, has concentrated its pros- 
pecting and exploitation in a 50,000-square- 
kilometer concession in Lunda Norte Prov- 
ince in northeast Angola near the Zairian 
border. A labor force of 17,000 workers and 
dozens of mining and treatment sites, com- 
plicated by smuggling and illicit operations, 
continued to present major problems at the 
mining headquarters at Dundo. Diamond 
production was estimated at over 1 million 
carats in 1984, 97% of which was gem or 
near-gem quality. In 1983, the three mining 
divisions’ production was Lucapa, 443,000 
carats; Andrada, 295,000 carats; and Cuan- 
go, 296,000 carats. In late 1984, the Angolan 


Press Agency said that 124 people were on. 


trial for smuggling, which caused the loss of 
about $140 million to DIAMANG. Of these, 
1 person was sentenced to death, and 122 
others were jailed. The trials were a major 
attempt by the Angolan Government to 
curb the smuggling.” 

Australia.—Argyle Diamond Mines Joint 
Venture produced 5.7 million carats of dia- 
mond in its second year of alluvial mining 
operations, an 8% decline compared with 
1983 production, reflecting the expected 
depletion of the higher grade alluvial mate- 
rial. The 1985 production was projected by 
Argyle to decline as the remaining alluvial 
material is mined out. Although much of 
the Argyle infrastructure was already in, 
construction was initiated at the beginning 
of 1984 for the $400 million mine and 
treatment plant on the AK-1 kimberlite 
project. The primary crushing plant was 
delivered in September with planned test 
operations of the mine and concentrator in 
mid-1986. Design capacity called for the 
treatment of 3 million metric tons of ore 
annually to produce over 20 million carats 
of diamond, 45% of which will be gem and 
near-gem quality, with the balance industri- 
al quality. The AK-1 pipe is estimated to 
contain 150 million tons of kimberlite with 
a grade of 6.5 carats per ton.? 

CRA Ltd. and Ashton Mining Ltd. estab- 
lished a diamond marketing organization in 
Antwerp, Belgium. It was to be run by 
Argyle Diamond Sales Ltd. (ADS), and was 
owned 60% by CRA and 40% by Ashton. 
The organization will eventually handle 
some 6 million carats of diamond per year. 
From June 1984, ADS was responsible for 
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marketing 25% of the cheap-gem and indus- 
trial diamonds, which will increase to a 
level of 6 million carats per year when the 
AK-1 project comes on-stream in 1986. 
Northern Mining Corp. NL, the other part- 
ner in Argyle, had been previously pur- 
chased by the Western Australian govern- 
ment and in 1984 was selling its 5% share of 
production through a Belgian agent. A $65 
million public offering of the Western 
Australian government share was made 
through the Western Australian Develop- 
ment Corp.* 

The Bow River joint venture, 20. kilo- 
meters from the Argyle project, composed of 
Freeport of Australia Pty. Inc. and Gem 
Exploration and Minerals Ltd., recovered 
0.35 carat per ton and 0.56 carat per ton 
from two of the four terraces sampled dur- 
ing 1983-84.5 . 

Three equal joint venture members, Ash-- 
ton, AOG Minerals Ltd., and Aberfoyle Ltd. 
have delineated a potentially major new 
diamond province in the Coanjula area of 
the Northern Territory of Australia near 
the border of Queensland. Diamonds were 
discovered in 15 of the 22 first priority 
geophysical targets.® 

Stockdale Prospecting Ltd. and United 
Nickel Ltd. were drilling the Jubilee dia- 
mond prospect near Kalgoorlie, Western 
Australia.” 

Australia produced over 80% of the 
world’s opal, and over 70% of the world’s 
uncut sapphire. In the last 15 years, produc- 
tion has increased to a total value in 1984 of 
over $50 million. Small syndicates and indi- 
viduals operated opal mines at Coober Pedy 
and Andamooka in South Australia, at 
Lightning Ridge and White Cliffs in New 
South Wales, and in Queensland. Sapphire 
production in 1984 was from the alluvial 
gravels of the Glen Innes-Inverell district in 
New South Wales and from the Anakie 
district in Queensland. The heat treatment 
of the steel-blue stones, as a method of 
enhancement, has greatly improved the 
quality in the international market.® 

Belgium.—The World Diamond Congress 
held in Antwerp reported through the Dia- 
mond High Council that diamond prices 
were stronger, and that exports to the 
principal consuming countries, the United 
States, Switzerland, and Japan, were up 
substantially compared with those of 1983. 
Sales of Belgian, Israeli, and Soviet dia- 
monds have benefitted from the movement 
in demand toward higher priced stones at 
the expense of the cheaper Indian goods.® 
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Botswana.—Botswana was the world’s 
second largest producer of diamonds with a 
total of 12.9 million carats, a 20% increase 
compared with that of 1983. This included 
5.8 million carats of gem diamond. The 
richness of the Jwaneng Mine, with over 
149 carats recovered from 100 metric tons of 
ore, far surpassed any of De Beers’ oper- 
ations or joint ventures. In Botswana, 15.2 
million tons of diamondiferous kimberlite 
was processed to produce 12.9 million carats 
of diamonds. The Jwaneng Mine produced 


7.5 million carats, Orapa produced 4.7 mil-— 


lion carats, and the Letlhakane, 0.7 million 
carats.'° 

Brazil. =Ritratifers de Diamantes Brasil 
S.A. Exportacao de Comercio was investing 
$6.9 million in an alluvial diamond deposit 
in Romaria, Minas Gerais. Capacity was to 
be 240 cubic meters per hour of gravel with 
a recoverable content of 200 carats of dia- 
- mond per day. When fully operational in 
1985, the mine will produce 72,000 carats of 
diamond per year, 76% gem quality and 
24% industrial. 

According to the Brazilian Department of 
Trade and Industry, Brazilian production of 
diamond almost doubled in 1983 to more 
than 1 million carats. About 60% of the 
diamond came from mines in the States of 
‘Minas Gerais, Matto Grosso, Para, Bahia, 
and the territory of Roraima.?? 

Minercaéo Tejucana S.A. was expanding 
its operations in Minas Gerais in 1984, with 
a fifth dredge on an alluvial diamond depos- 
it with a capacity of 84,000 carats of dia- 
mond per year. Morro Vermelho Ltda. was 
developing its reserves and had a pilot plant 
in operation on its alluvial diamond deposit 
in Cuiaba, Matta Grosso. Design production 
was 60,000 carats per year.® 

Brazil is a major world producer of gem 
stones, other than diamond. Exports in 1982 
included over 1.1 million kilograms of crude 
and worked agate, 197,000 kilograms of 
crude and worked amethyst, 42,000 kilo- 
grams of crude and worked emerald, 32,000 
kilograms of citrine, 26,000 kilograms of 
crude and worked aquamarine, and 400,000 
kilograms of other crude and worked gem 
stones.'* 

Canada.—Two companies, Monopros Ltd. 
and BP Resources (Canada) Ltd., were ac- 
tively prospecting for diamond in northeast- 
ern Ontario. Kimberlite has been found, not 
only as boulders in gravel, but as outcrops 
in the Kirkland Lake area of Ontario. In 
British Columbia, kimberlite has been 
found on two properties, and one gem-quali- 
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ty diamond measuring 0.48 millimeter was 
identified.5 

Central African Republic.—Diamond 
production, the principal mining industry of 
the Central African Republic, improved in 
1984. Although smuggling and illicit mining 
continued to be a problem, the High Com- 
missioner of Mines and Geology announced 
a plan of stricter controls of the 40,000 
workers, 200 collectors, and 12 purchasing 
offices. Production increased 19% to 350,000 
carats, and it was planned to reach 530,000 
carats in 1985.16 ~ 

China.—The China Nonmetallic Minerals 
Industry Corp. estimated that China’s an- 
nual production of diamond was less than 1° 
million carats, of which 17% was of gem 
quality. Mines were located in three Prov- 
inces: Liaoning, Hunan, and Shandong. 
Liaoning’s Binhai Mines in Fu County was 
the best source of larger high-quality gem 
stones. Shandong has one principal placer 
mine, Chengjiafu near Tancheng, where 
stones of 96, 124, and 159 carats have been 
found since 1979. A number of smaller 
placer mines also were operated. The 
Changde Mine in Changde County, Hunan, 
began production in the early 1970’s of 
principally industrial stones, with a recov- 
ery of 0.25 carat per metric ton. Kimberlite 
deposits were also identified in Guangxi and 
Guizhou.!” 

Colombia.—Empresa Colombiana de Mi- 
nas and the United Nations Development 
Fund announced in 1983 a $2.5 million, 30- 
month exploration program for emeralds 
and improvement of mining techniques. 
Improved reserves at the Muzo Mine, 90 
miles northwest of Bogota, and at the 
Coscuez and Peeas Blancas Mines, was to be 
attempted.'* 

Ghana.—Ghana Consolidated Diamonds 
Ltd. produced 340,000 carats of diamond in 
1983, of which 10% was gem quality and the 
balance industrial quality. Reserves at Ak- 
watia are nearing exhaustion, and produc- 
tion has declined progressively. The compa- 
ny will initiate production at its $12 million 
Birim River placer project in early 1985, in 
which diamond reserves were estimated at 
20 million carats. Design capacity was based 
on an annual extraction rate of 800,000 
cubic meters of gravel, with a recovery of 1 
million carats of diamond.'® 

Guinea.—The $86.6 million Société Mixte 
Aredor-Guinea alluvial diamond mine ini- 
tiated operations in April 1984. The mine is 
at Banankoro near Kissidougou in south- 
east Guinea near the Sierra Leone border. 
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Proven diamond reserves are 2.5 million 
carats, 90% of which is of gem quality 
having an average size of 0.53 carat. The 
average net selling price for the first pro- 
duction consignment was higher than ex- 
pected, $248 per carat compared with an 


estimated price of $225 per carat. Diamond © 


production was less than expected in the 
first 8 months of operation through Decem- 
ber 1984, with 70,000 carats produced. Drag- 
line operation encountered large boulders, 
clay beds, and undulating bedrock, which 
impeded operations. The latter problem re- 
quired an increase in washing plant capaci- 
ty from 400,000 cubic meters per year to 
750,000 cubic meters per year. The target 
production level of 200,000 carats per year 
was to be achieved by July 1985.7 

In 1984, diamond prospecting rights were 
awarded to several other companies in 
Guinea as follows: Brady Nixon, 10,000 
square kilometers in Kindia-Telemele; 
ADG, 39,000 square kilometers in Faranah- 
Kouroussa; and Gulf African Enterprises, 
9,000 square kilometers in Nzerekore- 
Yomou.?! : a wee 

India.—India has the world’s leading dia- 
mond cutting and polishing industry. Cen- 
tered in Surat, Navsari, and Bombay, ap- 
proximately 300,000 workers operate in the 
cottage industry. Low wages enabled India 
to compete very favorably on the world 
market. In 1984, 28 million carats of rough 
cheap-gem material, commonly called ‘“In- 
dian goods,” was processed as cuttables. 
India apparently is consuming more than 
the estimated 26 million carats in the world 
supply, and is using a substantial portion of 
the natural industrial stones; 38 million 
carats in 1984. The Indian Ministry of 
Commerce and the Hindustan Diamond Co., 
Ltd. have agreed to develop a sawn-goods 
industry to provide more cutting material 
for the cottage industry. Sawn goods are 
being processed mainly by Belgium and 
Israel, and their excess supply could be 
made available to India, especially for the 
cheaper and small sizes. India’s exports of 
cut and polished diamonds were 5 million 
carats with a value of $584 million.” 

Israel.—Imports of rough diamond were 
$881 million, a 18% increase compared with 
that of 1983. Exports of cut and polished 
diamonds were $1,035 million, a 3.5% de- 
crease compared with that of 1983. Israel 
produced more small stones and larger 
stones than in the recent past, and its 
traditional medium range was less in de- 
mand. It also had firmly established itself 
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as the main source of fancy cuts, especially 
marquises. The trend toward movement of | 
manufacturing activities to smaller plants 
continued. Sales to the United States repre- 
sented about one-half of Tel Aviv’s diamond 
exports.?5 

Ivory Coast. —The Ivory Coast Syndicate 
(ICS) recently completed a second field pro- 
gram on its 1,800-square-kilometer conces- 
sion in the Sanwi region in the southwest. 
ICS consisted of three Canadian companies, 
Eden Roc Mineral Corp., Golden Rule Re- 
sources Inc., and Dibi Resources Inc., which 
together held a 49% interest, with the state- 
owned Société pour le Développement Min- 
iére de La Cote d’Ivoire holding the balance. 
Eden Roc recommended diamond drilling in 
the Afema sector, pilot plant processing of 
Asupiri River alluvials, and bulk sampling 
of alluvials where a diamond occurrence 
was located. Further ground work over the 
anomalies also was recommended. 

Liberia.—Liberia’s diamond production 
declined 27% to 240,000 carats, 45% of 
which was gem quality, and the balance 
industrial quality. Total value was $11 mil- 
lion, a 36% decrease. compared with the 
$17.2 million in 1983.25 

More than one-half of the diamonds ex- 
ported from Liberia were believed to have 
originated in Sierra Leone and Guinea, 
because of the availability of hard currency 
in Liberia. Exporters must have a Govern- 
ment license.?*- __ 

Namibia.—DeBeers’ CDM (Pty.) Ltd. con- 
tinued mining operations at a reduced rate 
and produced 930,200 carats of diamond 
from the beach placers, a 3% decrease 
compared with that of 1983. However, over- 
burden stripped increased to 19.3 million 
tons, a 12% increase compared with that of 
1983. A bedrock vacuum cleaning unit was 
commissioned with encouraging results. 
Seawall construction had advanced the 
high-water mark to 260 meters seaward, 
and mining was taking place 200 meters 
beyond the original high-water mark. The 
Namibian Government increased the tax on 
diamond mining to 55%, and CDM pointed 
out that its tax burden in 1984 will climb to 
75% of profits.27 

Sierra Leone.—British Petroleum Co. 
Ltd. sold its 49% interest in Sierra Leone’s 
National Diamond Mining Co. (DIMINCO) 
for $8.5 million. DIMINCO is now virtually 
state-owned. Negotiations for the financing 
of the $100 million Kono kimberlite project 
collapsed at yearend. An estimated 70% of 
Sierra Leone’s diamond production is gem 
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quality, and smuggling and illicit mining 
has intensified.?* 

South Africa, Republic of.—De Beers’ 
Consolidated Mines represented 94% of 


South African diamond production, and . 


mined 22.1 million tons of ore with a recov- 
ery of 9.5 million carats of diamond. The 
Finsch diamond mine, the Republic of 
South Africa’s largest and richest source of 
diamond, treated 5.1 million metric tons of 
ore and produced 4.9 million carats, 65% 
gem quality, and the balance industrial 
quality. The Finsch ore grade of 95 carats of 
diamond per 100 metric tons of ore was the 
highest of all other South African diamond 
mines. Finsch underground mine develop- 
ment has progressed to the 680-meter level. 
As the mine shifted from open pit to under- 
ground mining, the last phases of open pit 

-mining produced a lower grade material, 
and resulted in an ore grade of 95 carats per. 
100 metric tons in 1984, compared with 100 
carats per 100 metric tons in 1983.” 

De Beers’ Namaqualand Div. recovered 
high-quality gem diamonds from marine 
alluvial deposits along the Namaqualand 
coast similar to those produced by CDM 
‘north of the Orange River in Namibia. 
Production was from farm concessions 
Tweepad, Karreedoornvlei, Koingnass, and 
Langhoogte. The Annex Kleinzee plant has 
been temporarily suspended since 1982. De 
Beers was awarded several prospecting 
leases off the Namaqualand coast, totaling 
over 9,000 square kilometers in 1984. 

Ocean Diamond Mining Ltd. initiated a 
beach mining project off the coast of Nami- 
bia near CDM operations. An air-lift suction 
dredge will excavate diamondiferous grav- 
els to a washing plant. The company ex- 
pected to produce about 3,000 carats per 
month of over 95% gem-quality stones.*° 

Tanzania.—The famous Mwadui dia- 
mondiferous kimberlite mine in Tanzania is 
one of the largest kimberlites ever found in 
the world. Production of diamond, 70% gem 
quality, decreased to 262,000 carats in 1984. 
Results from a completed $30 million min- 
eralogical survey performed by Geosurvey 
Ltd. of Nairobi; Kenya, indicated the pres- 
ence of new diamond-bearing deposits. The 
Dar Madine: al-Umma Ltd., a private 
Egyptian-Arab mineral resource develop- 
ment company, was considering the devel- 
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opment of the newly found diamond re- 
sources.*? 

U.S.S.R.—Soviet annual diamond produc- 
tion in recent years has been constant at a 
level of 10.7 million carats, 40% of which 
was gem quality and cheap Indian goods, — 
with the balance industrial stones. A major 
diamond mining complex on the Lena River 
had been temporarily closed for moderni- 
zation for some time and was reopened in 
1984. The new Anabar diamond placer mine 
on the Ebelyakh River, long delayed be- 
cause of the severe weather conditions and 
permafrost, was commissioned in 1983.*? 

A large diamond weighing 291.6 carats 
was found at the Udachnaya Mine in the 
Yakutsk A.S.S.R. This was the second larg- 
est stone ever found in the U.S.S.R., and it 
was likely to remain in the country.” 

The U.S.S.R. heavily sold cut diamonds, 
especially good-quality rounds in medium 
sizes, mainly in the Antwerp market, dur- 
ing two periods in May and October 1984. 
This caused considerable disruption in the 
cutting industries of Belgium and Israel, 
which produced comparable goods, because 
Soviet prices were 10% to 15% below mar- 
ket levels. A conservatively estimated $300 
million in cut stones entered Europe, $200 


million of which came through Antwerp, 


and generated badly needed foreign ex- 
change for the U.S.S.R.*4 

Zaire.—Zaire became the world’s largest 
producer of diamonds with a total of 18.5 
million carats, a 54% increase compared 
with that of 1983. This included 5.2 million 
carats of gem and cheap gem quality. Artis- 
anal mining almost doubled its production 
from 5.9 to 10.7 million carats. Production 
from the Bakwanga deposits has enabled 
Zaire to be the world’s largest producer of 
industrial diamond (Congo boart) since the 
alluvial deposits were discovered in 1918. 
Société Miniére de Bakwanga’s (MIBA) new 
100,000-cubic-meter-per-month bucket 
dredge was in production, and had the 
capacity to produce 1 million carats of 
diamond per year. MIBA’s 1983 production 
was 5.5 million carats and was soid to 
Britmond-Zaire, a De Beers’ affiliate, for 
$48 million. Only 3.5% of this production 
was classified as gem quality, but it sold for 
$21 million, 44% of MIBA’s revenue. 
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The Zairian Government’s 1982 decree 
liberalizing diamond production and mar- 
keting by private Zairians, resulted in some 
abatement of illegal mining and smuggling. 
Total diamond exports increased from $72 
million in 1982 to $139 million in 1983. The 
Société Zairoise de Commercialisation de 
Minerais was abolished by Presidential de- 
cree in 1984, and as a result, both MIBA and 
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La Générale des Carriéres et des Mines du 
Zaire were to be responsible for their own 
marketing. Britmond is the sole buyer of 
MIBA diamonds with a floor price of $8.55 
per carat. Britmond stated that in the first 
half of 1984 the market value of the dia- 
monds was below the floor price, attributing 
the decline to the theft of the more valuable 
stones, a continuing problem.** 


TECHNOLOGY 


Geological research of the West Kimber- 


ley Province in Western Australia indicated 
that diamonds are found in lamproites as 
well as kimberlites. Seventy new discoveries 
of lamproite on the southwest border of the 
Kimberley craton have been made. This 
was the first recognition of a primary ter- 
restrial source of diamond other than kim- 
berlite. Different properties and tectonic 
settings for these two diamond-bearing 
rocks has given a new and expanding geo- 
logic horizon, with different major ele- 
ments, trace elements, indicator minerals, 
and geophysical responses.** 

A research team at Cornell University 
has used a Q-switched YAG laser beam to 
melt a diamond surface at high pressure. 
This experiment was the first phase in 
investigations to determine whether molten 
carbon can exist in the earth’s interior.*’ 

Microscopic diamonds, the largest of 
which was about 30 micrometers, have been 
formed during the gas-phase decomposition 
of a mixture of methane and hydrogen in a 
microwave plasma, by the Hitachi Research 
Laboratory, Ibaraki, Japan. Diamond, a 
very good electrical insulator and heat con- 
ductor, could be a very important substrate 
for integrated circuits.** 

The General Electric Research and Devel- 
opment Center in Schenectady, New York, 
produced gem-quality synthetic jadeite with 
a diamond-making press in samples large 
enough to be cut into gems.*° 
_ Soviet scientists at Kharkov University, 
developed a _ geobotannical prospecting 
method for location of diamondiferous kim- 
berlites. Some well-known deposits in the 
Yakut A.S.S.R. were tested and showed 
excellent geological delineation.*° 
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_ Gem Stones 


By Staff, Bureau of Mines 


The value of gem stones and mineral 
specimens produced in the United States 
during 1985 was estimated to be $7.4 mil- 
lion, virtually the same as that of 1984. 
Amateur collectors accounted for much of 
the activity in many States. Small mine 
operators produced jade, opal, sapphire, 
tourmaline, and turquoise, which they sold 
mainly to wholesale and retail outlets, in 
gem and mineral shops, gem shows, and to 
jewelry manufacturers. 


‘ment and other guidelines. 


Domestic Data Coverage.—Domestic pro- 
duction data for gem stones are developed 
by the Bureau of Mines from the “Gem 
Stones” survey, a voluntary survey of U.S. 
operations. Of the 43 operations to which a 
survey request was sent, 33% responded. 
Production for the 29 nonrespondents was 


estimated using reported prior year produc- 


tion levels adjusted by trends in employ- 


DOMESTIC PRODUCTION 


Mines and collectors in 46 States produc- 
ed gem materials with an estimated value 
- of $1,000 or more in each State. Ten States 
supplied 88% of the total value as follows: 
Arizona, $2.7 million; Nevada, $1.3 million; 
California, $550,000; Montana and Maine, 
$400,000 each; Oregon, $350,000; Wyoming, 
$225,000; and Arkansas, New Mexico, and 
Washington, $200,000 each. Estimated pro- 
duction increased 10% in California, 17% in 
Idaho, but decreased 11% in Montana and 
18% in Oregon. 


Lac Minerals Ltd. entered a joint venture’ 


with Superior Oil Co. in the continuing 
exploration of the Wyoming-Colorado bor- 
der area near Tie Siding, WY, for diamond. 
The land holdings involve 63 unpatented 
claims and rights on an additional 2,500 
acres leased from a Union Pacific subsid- 
iary. Exploration revealed the existence of 


kimberlite pipes and dikes. A 3,000-short- © 


ton bulk sample was processed through 
Superior’s pilot plant at Fort Collins, CO, 
and found to be diamondiferous. A 500-carat 
sample of gem and industrial-quality dia- 
monds was offered for sale by the parties, as 
part of the characterization studies, to de- 
termine the economic value. 

A major new deposit of pink tourmaline 
(rubellite) associated with purple apatite 


was discovered at the Mount Rubellite 
Quarry near Hebron, ME. Purple and lav- 
ender apatite crystals also were found. The 
discovery could be the most significant gem 
stone find in Maine since the tourmaline 
discovery at Newry in 1972. 

Exmin Corp. leased some lands in Minne- 
sota’s Morrison, Todd, and Wadena Coun- 
ties to explore for diamonds. Some dia- 
monds and kimberlite have been reported 
in Michigan and Wisconsin, and exploration 
continued in these two States in 1985. 

A Texas partnership, Hanvey-Boulle Ltd., 
expressed a willingness to spend up to $2 
million to take a core sample at the Crater 
of Diamonds State Park, Murfreesboro, AR, 


_ to determine if diamond mining is feasible. 


The State of Arkansas has final right of 
approval, and the Arkansas State Parks, 
Recreation, and Travel Commission ap- 
pointed a special committee to examine any 
plans for commercial operations. A detailed 
proposal was requested from the firm by the 
committee. The firm indicated that the core 
sampling would involve drilling to a depth 
of 500 feet to determine the number of 
diamonds per hundred tons of soil. The firm 
also leased 3,000 acres of land surrounding 
the park, including several hundred acres 
leased from Anaconda Mining Co.! 
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CONSUMPTION | 


Domestic gem stone output went to ama- 
teur and commercial rock, mineral, and 
gem stone collections, objects of art, and 
jewelry. Value of apparent consumption 
increased slightly to $3,008 million from 
that of 1984. 

U.S. consumption of colored stones, led by 
emerald, ruby, and sapphire, decreased. An- 
nual sales of emerald continued to be al- 
most equal to those of ruby and sapphire 
combined. The value of all imported gem 
stones, other than diamond, decreased 10%, 


with other cut, set and unset, principally 
cultured pearls, decreasing 12%, followed 
by emerald with a 10% decrease. 

According to data reported by the U.S. 
Department of Commerce, the sales value of 
merchandise sold by jewelry stores in 1985 
increased 9%, to $11.1 billion, over that of 
the previous year. Jewelers of America Inc. 
data indicated a substantial gain in colored 
gem stones sales, compared with diamond 
sales, for the Nation, and even more strong- 


_ly for the Southwest. 


PRICES 


The U.S. price of 1.0-carat, D-flawless, 
investment-grade diamond fluctuated be- 
tween $10,500 and $13,500 per carat, and at 
yearend was $12,750 per carat. However, 
only a few hundred of these perfect 1-carat 


stones have been available each year, and 
their value may have amounted to less than 
0.2% of the total market. 

Prices for colored stones experienced lit- 
tle change during the year. 


Table 1.—Prices of U.S. cut diamonds, by size and quality 


Carat weight oclor? 


Description, 


nnn En 


G-I 
G-I 
G-I 
G-I 
GI 
G-I 
G-I 
G-I 
G-I 
G-I 
G-I 
G-I 
G-I 
G-I 
D 
E 
G 
H 

I 


ah igh Price range Median price per carat® 
Pee ) per carat November August 

es in 1985 1984 1985 
VSi $400- $590 $490 $482 
Sli 400- 500 450 440 
VSi 440- 750 560 550 
Sh 410- 600 475 460 
VS1 670- 1,200 835 810 
Sh 490- 1,150 690 675 
VSi 720- 1,400 965 950 
Sh 650- 1,300 170 155 
VS1 860- 1,300 1,260 1,235 
Shi 720- 1,500 1,050 1,010 
VS1 1,400- 2,300 2,000 1,950 
Shi 850- 1,845 1,545 1,500 
VS1 1,700- 2,900 2,500 2,460 
Shi 1,400- 2,450 1,950 1,910 
FL 10,500-13,500 12,750 12,750 

VVSi1 6,600- 7,900 7,500 7,200 
VS: 3,400- 5,200 4,200 4,120 
VSe2 2,400- 4,800 3,300 3,300 
Shi 2,000- 3,800 2,600 2,600 


4Gemological Institute of America (GIA) color grades: D—colorless; E—rare white; and G-I—traces of color. 
2Clarity: FL—no blemishes; VVS:—very, very slightly included; VSi—very slightly included; VS2—very slightly 


included, but more visible; and Sli—slightly included. 


3Jewelers’ Circular-Keystone. V. 156, No. 14, Dec. 1985, p. 42; and v. 156, No. 12, Oct. 1985, p. 276. These figures 
represent a sampling of net prices that diamond dealers in various U.S. cities charged their customers during the month. 


e Diamond Registry Bulletin. V. 15, No. 1, Jan. 1985. 
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Table 2.—Prices of U.S. cut colored gem stones, by size! 


. - Median price 


Price range. _ per 


Carat 
Gem stone ; per carat carat,! 2 
weight in 1985? November 
1984 

INOUYE 55 te eh hy ed ce a os he ate erat 10 $6.50- $25 $17 
PQUAMATING 60) 5a ee a ee  §. 50 - 200 150 
CUNO Ee nee at 10 5 - 20 10 
Emerald: 

COloMm bia 222 ert ee yay Bons ee a Pe as 1 250 =-5,000 1,500 

PODIAN  s P  A gig Sn a ne ee eine tee 1 250 = -4,000 1,400 

Commercial, 2d qualitys..______________..____ sss 300 = -1,600 550 
Garnet, tsavorite_____-__ 1 175 ~- 500 725° 
Ruby: * 

Medium to better. __________________________ 1 460 = -2,000 1,200 

Commercial, 2d qualitys._.__-.._________.____ 1 220° -- 700 330 
Sapphire: ; 

Medium to better-_______.____-______ 1 50 -1,500 700 

Commercial, 2d qualitys__-.___...._______ 1 165 - 480 220 
TANeANie Susie eh ee ee ee Rhee 5 0 - 750 762 
DODOE ee eae ee tS are che ata ke ieee ge 5 10 - 500 210 
Tourmaline, green* ___.__.__._.__._.._.°__...______._. 5 50 - 250 182 
Tourmaline, pink* ~-§_____.______._.______ 5 40 - 200 187 


Medium to better quality. 


Jewelers’ Circular-Keystone. V. 155, No. 12, Dec. 1984, p. 44; and v. 156, No. 1, Jan. 1985, p. 52. These figures represent 
a sampling of net prices that colored stone dealers in various US. cities charged their cash customers during the month. 

5The Gemstone Registry Bulletin. V. 2, No. 2, Jan. 1984, and v. 8, No. 1, Jan. 19885, p. 8. 

“The Gemstone Registry Bulletin. V. 17, No. 3, Feb. 28, 1986, p. 8. 


FOREIGN TRADE 


The declared customs value of U.S. im- 
ports of rough and polished natural dia- 
mond, excluding industrial diamond, was 
up slightly to $3.0 billion. Total polished 
diamond imports, principally from Israel, 
29%; India, 19%; and Belgium, 13%; were 
valued at $2.7 billion. Imports in the over- 
0.5-carat category, mostly from Israel, 30%; 
Belgium, 28%; and Switzerland, 13%; in- 
creased 7% in value to $1.1 billion. The 
value of imports in the less-than-0.5-carat 
group, mostly from India, 31%; Belgium, 
29%; and Israel, 29%; increased slightly to 
$1.6 billion. Imports of rough natural dia- 
mond, 53% from the Republic of South 
Africa, decreased 4% in caratage and slight- 
ly in value. A 5% increase in South African 
carat value, from $325 to $341, was indicat- 
ed 


The total value of emerald imports 
decreased 10% to $139 million. The total 


value of ruby imports decreased 13% to $70 
million, and sapphire imports decreased 
15% to $71 million. Average carat values 
increased 45% for emerald to $51. Average 
carat values increased 15% for ruby to $19 
and decreased 18% for sapphire to $19. 
Export value of all gem materials other 
than diamond increased 12% to $60.1 mil- 
lion. Of this total, other precious and semi- 
precious stones, cut but unset, were valued 
at $35.4 million; other natural precious and 
semiprecious stones, not set or cut, $12.2 
million; synthetic gem stones and materials 
for jewelry, cut, $4.1 million; pearls, natu- 
ral, cultured, and imitation, not strung or 
set, $3.6 million; and other, $4.2 million. 
Reexports of all gem materials, other than 
diamond, decreased 24% to $39.9 million. 
Reexport categories were precious and 
semiprecious stones, cut but unset, $22.9 
million; and other, $16.9 million. 1 
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Table 3. _U. S. exports and reexports of diamond (exclusive of industrial Mamond); 


wo lwo! OA lRannrinwdte 


Oddy NoOBoonanwa 


by country 
a — 
1984 1985 
Country Quantity Value Quantity Value 
Se ; (carats) (millions) (carats) (millions) 
EN ese we er er - 
Exports i ; : 
oa aeaabonng LB Chae a EN te nD es De a a 128,521 ~ $65.0 179,829 $82 
en ee iste PEE DARE Ae toed 19,043 11.0 23,012 12 
CG aA Ck ee ee a A nk re ier 7 2,153 7.1 1,763 8 
cette Federal Republic Ole tee ete ae 8,677 3.7 2,937 2 
HongKong ----=---.---------~---------- 63,320 64.8 42,302 61 
Israel 9 2-2 Oe Rein toa ETS Ee 101,532 53.0 109,842 56. 
Japan 22 a Ree ee ee Sh 29,043 54.2 31,218 46 
Singapore: 2. 2) oo ee Ee eS 3,734 9.2 2,039 4 
Wweden c= 42 cei I a ee a a on) () - 21 ( 
Switzerland ____.§_.~ ~~~ ~~ ______-----+--+- 20,113 73.9 29,025 95 
Thailand=. 2 eee 3,813 2.4 5,226 2 
United Arab Emirates. ____.________---------- 29 () ex _ 
United Kingdom ________—___------------- 5,707 14.2 3,966 4 
Of. 2 ee 4,468 4.4 6,865 8. 
Total (23 Se eo Soe eee ee eae 385,162 362.9 438,045 885, 
Reexpo : 
Bolen Ludenibouig eee Pies et eee 21,072,640 57.4 839,257 56. 
Canadas os oe a Se eee eS 7,834 6 243 
China! -.24. 22 So oo eS et re 17,784 7 8,120 
Germany, Federal Republic of ____._______------- 32,530 1.5 53,318 1 
Hong Kong __________.~----~-~---------- 27,244 17.6 42,021: - 14 
India) fi eee eee eee 228,205 6.5 153,323 3. 
ae Fe as i a ce, eg I anh Ia Paes et ne a ate ee 126,400 26.3 196,743 ' 81 
Bp tee he eh CAA ee eS Ee ee 98,398 8.5 114,713 8 
Netherlands eat a a eee a ee ee Rebate oe 21,793 3.4 106,819 5. 
Switzerland 2:25.04 oe ee 110,486 46.3 41,953 ALL 
United Kingdom _____.____.---L2-----=--- 93,442 32.6 297,044 12. 
Other... ______ ee ete... 50,592 10.3 82,324 10. 
Total <tabo e ee 1,887,348 211.7 1,939,878 186.0 
1Less than 1/10 unit. 


2Artificially inflated in 1984 by auction of approximately 1 million carats of U.S. Government stockpile industrial 
diamond stones with subsequent reexports as gem stones to Belgium-Luxembourg and India. 


Source: Bureau of the Census. 


Table 4.—U.S. imports for consumption of diamond, by kind, weight, 
and country 


1984 1985 
Kind, weight, and country of origin Quantity Value! Quantity Value! 
(carats) (millions) (carats) (millions) 
Rough or uncut, natural:? ; 
Belgium-Luxembourg Sisco nc uote Ae eet eS 160,100 $32.8 130,996 $32.9 
Brazil: 60 32 ef Ra eR yA S 1,481 3 96,280 6.6 
Cape Verde! oo te ee ae a 21 (8) 
Colombia= oo 22505; Goeec 3s ele Ne a 216 2 a oo 
NPOw = fee oS ee eC SSS 12,977 4.4 80 2 
Guyanas ee ee a en ee 2,475 1 636 (3) 
Iie Sel tes a a hae eo ee 14,880 47 27,198 8.3 
Netherlands_______.___.. 7. .--___-___- 4,675 41 9,643 8.0 
South Africa, Republic of _._.__-.__/____.-___-__- 794,912 258.3 555,907 189.4 
Switzerland... en be Oe ee eee 7,748 7.2 15,106 10.4 
United Kingdom ________---_____---------- 22,125 4.6 116,601 52.0 
Venezuela 22 2 - ee 3 ee eek 34,811 2.3 21,036 8 
Other 225 Sars ee ee ee 28,163 6.9 75,309 8.9 
Total! w/e he oo She eee eS 1,084,513 325.9 1,042,813 317.5 
Cut but unset, not over 0.5 carat: 
Belgium-Luxembourg Ee Spe ee 1,424,655 433.6 1,466,325 444.8 
Brazil 22 eee Lets Sse eek Shs 20,567 6.0 2,790 2.5 
Canada. 22 poco 22 bee Poe ee eee 38,567 5.2 19,607 6.6 
Hong Kong .2=-=-2225- 5525-244 2 eas 100,017 20.3 146,416 39.4 
India. ose 222 oe Se ee BAe ee eee oe 3,107,794 544.8 2,667,906 486.8 
Israels ee eS ee eS 1,113,127 399.5 1,237,123 448.2 
Malaysia. 222.25 eee ee ee 21,949 . 78 17,772 6.0 
Netherlands_..._____--_--------------~--- 56,924 23.5 85,811 26.9 
South Africa, Republic of ..____-__-_----------- 38,301 23.8 48,074 16.9 
Switzerland _______...-____-----------+---- 56,670 23.8 153,329 38.7 
United Kingdom _________.--_------------- 33,332 15.3 35,138 13.4 


See footnotes at end of table. 
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and country —Continued 
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1984 1985 
Kind, weight, and country of origin Quantity Value! Quantity Value! 
(carats) (millions) (carats) (millions) 
Cut but unset, not over 0.5 carat —Continued 
6 ee a a aI eS Pen 44,030 $16.0 68,754 $22.2 
otal: 2252 «seein ee Bo ee Ae ee 6,055,933 1,519.6 5,969,045 1,552.4 
Cut but unset, over 0.5 carat: 
Belgium-Luxembourg wary reget Os aso NaN soe be PL pa 410,638 379.8 369,838 314.7 
Hong Kong) en peneety Sear 13,697 "22.5 24,259 37.0 
India: == ee yee 8 ee a 83,415 23.2 47,709 16.1 
Asraelicti 8 ce 20 5 os 2 oe oe hd ay pa a ed ea 342,221 259.5 489,038 340.9 
Netherlands. _______..._.-~.-_-----_.---- 32,846 33.6 34,951 35.5 
South Africa, Republic of _______.--_-~---_--- 61,595 89.8 16,025 11.4 
Switzerland). 4 oo eh ee 56,618 134.0 46,098 148.5 
United Kingdom _____~___.~-_---~~~------ 34,643 68.9 46,832 75.1 
Other.22 oN ee Be ee ee 51,200 48.6 54,397 91.5 
Total: 9 a 2 ee ha ee ee 1,086,873 1,059.9 1,139,147 1,136.7 
1Customs value. . 
2Includes some natural advanced diamond. 
SLess than 1/2 unit. 


Source: Bureau of the Census. 


Table 5.—U.S. imports for consumption of natural precious and semiprecious gem stones, 
other than diamond, by kind and country 


1985 


1984 
Kind and country Quantity Value Quantity | Value 
(carats) (millions) (carats) (millions) 
Emerald: 7 
Argentina .._______.__-__-_-_----------- 12,474 $1.8 122 (*) 
Belgium-Luxembourg __ ~~ _ ....__.-_.-~-.~--+- 10,092 28 106,895 . $3.4 
Brazil Site ent a 2 Be ee 197,367 13.8 219,068 6.0 
Colombia’. 22) a oe ee ee 271,559 48.9 197,249 56.1 
France 3 oS 2 ee Se ee 11,456 2.5 20,928 3.8 
Germany, Federal Republic of ____..___...----- 52,883 2.4 26,176 17 
Hong Kong _________~_-_~---~-----+----- 114,630 11.3 317,142 10.8 
Indias 2-2-5 i Se ee ee SS 3,220,565 16.7 1,413,167 11.0 
PRON Ft 8 ote in a et sree BN ee 162,559 19.6 01,683 11.5 
Japan) 222 ee ee ee ee 28,516 1.4 12,661 1,4 
Paraguay 2222 ss ee ee 25,790 4) aoe a2 
South Africa, Republic of __ __________+------- 118 Jl 2,436 4 
Switzerland _____§______~__-~_ ~~ eee 103,859 20.8 163,048 23.9 
Paiwan'! 2 ou 2 oo oe ee ee CL ee 2,758 () 1 () 
Thailand 20-2 2263 3g 8 Oe Ee ie 116,812 4.5 74,418 11 
ont Kingdom: 1/2 2 noe eee ee 20,008 4.6 20,403 2.8 
Te aa cha yh Se ine he eA oie tata At Ny Io 55,709 3.9 65,916 5.1 
Total 20 the es a ee et ee 4,410,155 154.6 2,741,813 139.0 
Ruby: 
Alistria.2)22 cae aig see ee eee ee 15,977 l 99 (4) 
Belgium-Luxembourg _ _—- —-_-_~------------ 14,246 19 11,381 17 
Brag ee ee A ec ce et es a 10,712 A 18,9938 (*) 
Roe ie aS St Beate ap it a eh os Ma 2 I we 948 2 4,701 ml 
Poe Sees She ok as 11,277 1.4 9,712 1.9 
Germany. Federal Republic of _. .__..~§./._..____--_ 65,703 1.6 35,204 1.6 
Hong: Kong 2522 ee ee ee 71,857 5.5 110,083 3.7 
India\ 22 22 2 i Se 226,782 18 221,923 13 
Israel oS eS ee Se ee ee 99,663 2.1 42,921 1.2 
Vaganes Sk ee aes ee eee wet 33,146 6 21,242 5 
Switzerland = 2. 2 oe et ee ee ee 81,943 12.6 296,877 15.6 
Thailand) * 2 oa 25s. eet te 4,107,406 43.0 2,770,136 31.2 
Rnited Kingdom _ _____.~-_-~.--~--------_- 21,208 6.1 33,713 6.4 
est Si fee fee AP pe Se ye as ee 32,977 2.7 103, "162 4.5 
Totabestia.es 2 oe ee a 4,853,845 79.7 3,680,697 69.7 


See footnotes at end of table. 
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Table 5.—U.S. imports for consumption of natural precious and semiprecious gem stones, 
other than diamond, by kind and country —Continued 


a 1985 


1984 
Kind and country Quantity Value Quantity Value 
mas (carats) (millions) (carats) (millions) 
Sapphire: , 

MStralia see a i el sl 13,415 $0.4 1,070 ty 
Austria 27-02 sim St Si a oN ae Lt 1,186 nn (2) 122 () 
Bere sleiese tenn EAS one eB tas a oe 20,436 1.8 32,047 $0.9 
Brags 8 oe ee ee ee ee ee eat 13,209 1 1,424 (?) 
Canadas: 2.6. Be 8 a ela ee ee 9,260 6 2,717 5 
Colombia - = 22 ee 1,647 () 2,057 Jl 
France. awe des rode Oh ae 11,185 2.5 18,978 1.9 
diag Federal ‘Ropabile Of 280 ee ee eee 67,298 1.8 32,028 1.2 
Hong Kong ____ ~~~ eee 98,180 3.8 166,329 4.8 
India 2.22 Ook eo See Bee 175,855 1.7 92,456 1.0 
ove Spit Sp ee ee ae dc ee WE 286 16. 56,909 1.2 

Ce eye sa lemtoet ae er ee td es OO Sts Se 45,737 1.3 50,770 - 8 
Korea, Republic of . et et SN es 22,478 J 2,664 Q) 
SINgApiTe 2 cee EY ee oe ee 2,955 8 5,910 A 

Wi banka: 2 2 Se oe eo ee 28,999 2.7 32,464 15 
Switzerland __ 2-2 22/2 2 wt 87,879 15.7 1,909 17.0 
Thailand -2=. 21 22s che oe Se a dd oe 2,917,584 39.2 2,765,371 32.4 
ave Kingdom... 2 2 6,973 6.6 049 6.1 

Sete topo oh most eee EP a BAe ed 32,816 2.3 72,000 1.0 
Totalin fei et ee es 3,678,378 83.0 3,827,769 70.8 
Other: 
Rough, uncut: 
Australia <5. ..3 ooo ee 19 1.5 
ce ae scotia site oP ac a 4 PF 6 6) 
jh hee oh el rats cin a Tae See RE Sy a 14.0 14.0 
Cs Sidr ie on ee Be Jl (4) 
Colombia _-__ $$ 5§ 5 5 ee 10.3 9.8 
Hong Kong..o2 ee ee & 9 
Nigeria. <5 3 of Ae eee ee ee NA 2.6 - NA 3 
a \Palkistan.¢ 9) 3 ee ey ee ee, 5 A 
South Africa, Republic of - meee Bt es ied BSR ok 1.6 2 
Switzerland _-_§_-_§_-_2 2 5 Jl 
United Kingdom ~~ 2 2 6 8 
Zambia: 2). nine ee Oe a A 3 
Other. 202 oe ee ee 2.3 : 48 
a A 
OCR 68 2th NA 35.8 NA 33.1 
a ES OE 
——— ee ee 
Cut, set and unset: 
Australia. 20 2 Ser oe ee 2.8 , Al 
Brazil oo a 32.7 ~ 10.5 
Catiada.2 2s. oat ie So ea ae Dien pee Ie 1.3 1.0 
China ~~ 5.0 4.5 
Germany, Federal Republic Of, SS os ee kt 12.0 12.3 
ong Kong__________.______ 20.4 29.5 
India: oS tee Ee NA 6.1 NA 5.2 
PAPA oe se ees a 2 eh 240.7 200.9 
Switzerland __-_. ~~~ ~_§__ | 47 
AI WAN {oss ak a ote te tn 5.4 '- 62 
Thailand 2.5 9222 ee ee 2.8 3.4 
oe Kingdom ae ae oe ate aac Go et OA A 1.5 17 
eae heh ie at Fn ee ee 5.6 . 12.6 
a 
Ota aio 25 cos a ot te cc NA 337.0 NA 296.6 
NA Not available. 
1Less than 1/10 unit. 


Source: Bureau of the Census. 
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Table 6. —Value of U.S. imports of | 
‘synthetic and imitation gem stones, | 
including pearls, by country 


(Million dollars) 
Country 1984 1985 
Synthetic, cut but unset: 
Austria ~~ 0.8 0.4 
PPAnce S50 soe ee 1.4 3 
Germany, Federal Republic of_ _ _ 5.5 5.5 
apan: ee a 1.4 “1 
Korea, Republic of__._§_§_/§_____ 9.4 71 
Switzerland. _______ pate es 3.6 2.2 
here eS 1.7 1.4 
Total ts 2s ee a 23.8 17.6 
Imitation: | 
Austria... eo 17.4 23.0 
Czechoslovakia... ~~ $$ ___ 18 1.7. 
Germany, Federal Republic of_ _ _ 6.0 8.9 
PaPAN ses ee Bt Pes 4.5 6.3 
Other’ = 2225-60 oS 2.7 3.6 
. Total 222222 Socecek 32.4 43.5 


Source: Bureau of the Census. 


ale 7.—U.S. imports for consumption of precious and. semiprecious gem stones: 
(Thousand carats and thousand dollars) 


Ston 1984 1985 
nes 
Quantity | Value’ Quantity Value 
Diamonds: : 
Rough or uncut? ___§ 2 5 ee 1,085 — 325,851 1,043 317,584 
Cut but unset______~ ~~~ LL 7,143 2,579,466 _- 7,108 = 2,689,178 
Emeralds: Cut but unset $$ -. 5 25) 5 eee 4,410 154,644 2,741 139,045 
Coral: Cut but unset, and cameos suitable for use in jewelry. _____ NA 3,120 NA ——.2,224 
Rubies apd sapphires: Cut but unset. 2 =~ 5 = 8,582 162,677 7,509 140,618 
SoS See Se Se eee B NA 152 NA 256 
Pearls: : ne 
Naturalis. 205 oo oa ee i ot a NA . 2,823 NA 2,997 
Cultured: 22222 i Oe oe, NA ~~ 240,439 NA 228,004 
Imifation 2.2 5 oe ee oe NA 6,171 NA 8,396 
Other precious and semiprecious stones: 
ugh, uncut. 2.2 SS ee ee NA 35,792 NA 33,168 
Cut, set and unset __. -§- 27 2 NA 90,421 NA 63,070 
Synthetic: 5 : . 
Cut bat unset® 2.0.0) Oe es 52,484 21,368 52,164 17,590 
‘Other 4). oe eee a Be NA 2,410 NA 2,457 
" Imitation gem stones 225 i NA 26,182 NA 35,333 
Total: he ees Ue eh ee oe XX sia : XX 3,679,920 


NA Not available. XX Not applicable. 

nace 2,084 carats of other natural diamond, advanced, valued at $700,100 in 1984, and 680 carats valued at 
$1,062,100 in 1985. 

Mo uie: in thousands of stones. 


Source: Bureau of the Census. 


WORLD REVIEW 


De Beers Consolidated Mines Ltd.’s sales 
in 1985 through the Central Selling Organi- 
zation were estimated to be $1.8 billion 
compared with $1.61 billion in 1984. Second 
half 1985 sales were unusually strong. Sales 
of colored gems also did very well. 

Emeralds were produced in Australia, 
Colombia, Mozambique, Pakistan, the Re- 
public of South Africa, the U.S.S.R., Zam- 
bia, and Zimbabwe. Sapphires were produc- 


ed in Australia and Sri Lanka. Aquama- 
rines were produced in Brazil and in very 
minor amounts in several other countries. 
Australia.—Argyle Diamond Mines Joint 
Venture produced a total of about 17 mil- 
lion carats from its alluvial operation before 
the operation was closed in October. The 
second phase, production from the AK-1 
kimberlite pipe, commenced on schedule in 
December. The firm estimated that the 
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AK-1 deposit would produce about 25 mil- 
lion carats per year for about 20 years.” 
Botswana.—The new Jwaneng. Mine 
expanded its diamond production. While 
mining was centered in the middle lobe, 
stripping proceeded on ‘the northeastern 
lobe. The ore grade increased by 23% at the 
Jwaneng Mine, by 30% at the Letlhakane 
Mine, and by 8% at the Orapa Mine. — 
Burma.—The Ministry of Mines carried 
out exploration for diamonds by test pitting 
and drilling. It discovered 68 diamonds with 
a total weight of 65.31 carats in the period 
April 1, 1984, to December 31, 1984. Most of 
these were industrial diamonds. 
Demand for Burmese rubies, particularly 
the bright red, continued to be strong. Very 
little material of comparable quality was 
available from other producers, such as 
Kenya, Tanzania, and Pakistan, in 1985. 
Rubies from Afghanistan were comparable 
but their availability was limited. 
Guinea.—Diamonds from the Aredor 
project reached the New York market in 
midyear after some delay caused by adverse 


mining conditions. Société Mixte Aredor- 


Guinea was granted the sole right to ex- 
plore and mine within its concession. Prior 
to this, private Guinean citizens could also 
mine in the concession. The private sector 
partners will market all the diamonds until 
the loans are paid off, after which the 
Government of Guinea will have the right 
to sell 30% of the rough gem diamonds and 
50% of the rough industrial diamonds. The 
project was scheduled to produce from 
250,000 to 500,000 carats per year.* 
India.—The Indian diamond industry 
was almost exclusively dependent on im- 
ports of rough diamonds because domestic 
production usually totals under 15,000 car- 
ats. Imports of rough diamonds for Indian 
fiscal year 1983-84 totaled 28.4 million car- 
ats, the bulk of which came from De Beers. 
India’s efforts to import diamonds directly 
from producers was of limited success. Some 
direct imports from Botswana, Ghana, and 
Sierra Leone were arranged. Indian exports 
of cut and polished diamonds for Indian 
fiscal year 1983-84 totaled 5.65 million car- 
ats, making India the world’s leading dia- 
mond exporter, and diamonds India’s larg- 
est single export item. Nearly 45% of the 
diamonds was exported to the United 
States. Japan was the second largest buyer, 
accounting for 11%, much less than that of 
the United States. 
In response to foreign competition, the 
Indian industry announced plans to intro- 
duce foreign technology and machinery into 
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what had been a cottage industry and was 


considering the production of sawn dia- 
monds. The Government of India reduced 
duties on diamond cutting machinery and 
tools. Plans for a public-private joint ven- 
ture to build a 1,300-acre self-contained 
diamond industrial park in Surat were 
announced. 

India opened its first diamond sechiange 
in Bombay on February 25. Titled the Bha- 
rat Diamond Bourse, it enrolled 150 mem- 
bers and provided them with customs clear- 
ance facilities and a vault for storing con- 
signments. — 

The Government of India staged a series 
of income tax raids on diamond traders to 
seize records and diamond stocks as a part 
of its overall campaign against Government 
corruption and the underground economy. 
The industry responded by stopping all 
rough diamond imports and closing down 


operations. After a month of negotiations 


between the Government and the industry, 
activity resumed.‘ 

Israel.—Imports of rough diamonds in . 
the period January-October 1985 were $919 
million, up 28.4% over the same period in 
1984. Exports of cut and polished diamonds 


-in the period January-October 1985 were 


$1,034 million, up 20.4% over the same 
period in 1984. 

Namibia.—The Government-established 
Thirion commission of inquiry that had 
been investigating allegations of corruption 
and misappropriation of funds in the dia- 
mond industry for several years obtained 
evidence that the Diamond Board had not 
been exercising its regulatory powers over 
diamond mining as was originally intended. 
Interest centered on the alleged serious 
undervaluation of taxable diamond exports 
and on the excessive depletion of reserves in 
the diamond deposits. The Thirion commis- 
sion’s major purpose was to recommend 
ways of obtaining a greater degree of gov- 
ernmental control over the mining indus- 
try. 

Pakistan.—The Pakistani Federal Bu- 
reau of Statistics reported that $1.5 million 
worth of gem stones was exported in the 
latest period, the fiscal year 1983-84, mainly 
to Hong Kong, the Federal Republic of 
Germany, the United States, and the Unit- 
ed Kingdom. The exports, by type, included 
130,282 kilograms of rough emeralds and 
326 kilograms of cut emeralds, 6,062 kilo- 
grams of rough rubies and 3,912 kilograms 
of cut rubies, and 430 kilograms of rough 
sapphires and 865 kilograms of cut sap- 
phires. 
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South Africa, Republic of.—The Minister 
of Finance announced a special temporary 
‘surcharge of 5% over and above the 20% 
surcharge already in effect on taxes paid by 
all domestic diamond and gold mines. The 
new surcharge was added in view of mining 
profits obtained owing to the favorable 
rand-dollar exchange rate in 1984. The 
Chamber of Mines, a mining trade associa- 
tion, responded by saying that any addition- 
al profits had been absorbed by increased 
capital expenditure. 
' De Beers reported about 95% of 1985 
South African diamond. production, or 


about 9.7 million carats. Its Finsch Mine, © 


the largest diamond mine in the Republic of 
South Africa, produced 4.9 million carats, 
and its Premier Mine produced 2.7 million 
carats. Other sources indicate that in 1984, 
73% of South African production was from 
Cape Province, 26% from Transvaal, and 
the balance from the Orange Free State. 
The Finsch Mine worked slightly lower 
grade ore, in accordance with manage- 
ment’s plan. The Premier Mine experienced 
no further collapse of the gabbro sill. Inves- 
tigations indicated that retreatment of the 
mine’s tailings pile appeared to be feasible, 
and the work was scheduled to begin during 
1985. . 
Swaziland.—Trans Hex Co. was involved 
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with its joint venture partner, the Swazi- 
land Government, in a $5 million expansion 
of mining activity at its kimberlite pipe. 
The open pit extraction of industrial and 
low-quality gem diamonds, plus smaller 
amounts of good-quality gems, was expected 
to last at least 8 years. The expansion in 
capacity was expected to go on-stream in 
October 1985. 

Zaire.—Société Miniére de Bakwanga 
(MIBA) produced 6,896,000 carats in 1984 
and exported 6,902,000 carats worth $57.9 
million. MIBA invested $9.7 million in a 
new hydroelectric power station plus sub- 
stantial sums on geological exploration and 
research, modernization of workers’ hous- 
ing, and improving the security of: the 
operations. 7 

Zambia.—The Government instituted 
new regulations on emerald mining in 1984, 
which were implemented in 1985. Pros- 
pecting and mining licenses must be obtain- 
ed from the Ministry of Mines. Any compa- 
ny seeking a license must form a joint 
venture with the Government-owned Re- 
served Mineral Corp. holding a 55% majori- 
ty of the shares. Several dozen local cooper- 
atives have obtained licenses. The army and 
police have removed and will continue to 
remove illegal diggers from the emerald 
area until Reserved Mineral’s new security 
service can take over completely. 


TECHNOLOGY 


Sumitomo Electric Co. perfected a tech- 
nique for the mass production of large 
industrial diamonds from graphite. The 
graphite was subjected to ultrahigh pres- 
sure in the range of 50,000 to 60,000 at- 
mospheres at a temperature of 1,400° C to 
1,600° C for 100 hours. Attaining this criti- 
cal temperature and pressure on a consist- 
ent basis was difficult, but was achieved. 
Heretofore, only small-sized diamonds could 
be mass produced. The firm planned to 
underprice natural diamond slightly and 
make its sales mainly to the semiconductor 
and precision toolmaking industries. Al- 


though the firm had no immediate plans for 
the production of gem diamonds, this break- 
through could clearly result in the produc- 
tion of gem diamonds in the near future.> 


Arkansas Gazette. Texas Firm Willing To Spend $2 
Million on Tests at Crater of Diamonds. Oct. 12, 1985, p. 2. 

2Industrial Minerals (London). World of Minerals. 
No. 220, Jan. 1986, p. 8. 

3Jewelers’ Circular-Keystone. Upfront. V. 156, No. 6, 
Apr. 1985, p. G. 

‘Shor, R. What if India Offers Quality Diamonds at 
Bargain Rates? Jewelers’ Circ.-Keystone, v. 155, No. 8, 
June 1985, pp. 187-201. 

Industrial Minerals (London). Synthetic Diamond 
Breakthrough. No. 218, June 1985, p. 10. 


Gem Stones 


By Gordon T. Austin? | 


The value of natural gem stones, mineral 
specimens, and freshwater pearls, natural 
and cultured, produced in the United States 
was estimated to be $9.3 million, an in- 
crease of 26% over that of 1985. Small mine 
owners and amateur collectors accounted 
for most of the production. Small mines 
produced tourmaline, jade, opal, sapphire, 
turquoise, agates, lapis lazuli, garnet, beryl, 
and quartz. 

The combined value of synthetic and 
simulant gem stones was reported to be 
$10.3 million. This was the first year that 
the domestic production of synthetic and 
simulant gem stones was reported by the 
Bureau of Mines. Synthetic gem stones are 
manmade and have the same optical, 
physical, and chemical properties and the 
same appearance as the natural gem stone. 
Synthetic gem stones produced in the Unit- 
ed States include ruby, sapphire, garnet, 
spinel, alexandrite, quartz, emerald, and 
diamond. Simulants are manmade gem 
stones that have an appearance similar to 
that of a natural gem stone but have differ- 
ent optical, chemical, and physical proper- 


ties. The major gem stone simulant_ pro- 
duced in the United States was cubic zirco- 
nia. 

The gem stone materials are sold to. 
wholesale and retail outlets, in gem and 
mineral shops, at gem and mineral shows, 
and to jewelry manufacturers. 

Domestic Data Coverage.—Domestic pro-. 
duction statistics for gem stones were devel- 
oped by the Bureau of Mines from the “Gem 
Stones” survey, a voluntary survey of U.S. 
operations, and from Bureau estimates of 
amateur collectors’ production. Of the 105 
operations to which a survey request was 
sent, 98% responded, accounting for 78% of 
the total production. 

The 105 operations surveyed in 1986 were 
an increase of about 144% compared with 
operations surveyed in 1985, and the re- 
sponse rate represents an increase of 182%. 
Production by the nonresponding oper- 
ations and by amateur collectors was esti- 
mated based on information from published 
data, gem and mineral dealers, gem and 
mineral shows, and collectors. 


DOMESTIC PRODUCTION 


‘Mines and collectors in all 50 States 
produced natural gem stones and/or fresh- 
water pearls with an estimated value of 
$1,000 or more in each State. Ten States 
supplied 84% of the total value of the nat- 
ural gem material. The States, in order of 
declining value of production, were Arizona, 
Tennessee, North Carolina, Arkansas, Mon- 
tana, California, Oregon, Idaho, Texas, and 
Wyoming. Production of synthetic and sim- 
ulant gem stone materials was valued at 
$10.3 million. Seven firms, four in Califor- 
nia and one each in three other States, 
accounted for the production. The States, in 
order of declining value of production, were 


California, Massachusetts, New Jersey, and 
Michigan. 

Vortex Mining Co. of Utica, MT, complet- 
ed construction of a sapphire washing plant 
situated on the continuation of the Yogo 
sapphire dike in central Montana. Most of 
the sapphires found by Vortex were the 
highly prized cornflower-blue color and less 
than 1 carat in size. The sapphires found to 
date have been cut either by Vortex or in 
Thailand. No rough material was offered 
for sale.? 

The Dow Chemical Co.; Amselco Explora- 
tion Inc., a subsidiary of British Petroleum 
Co. of Canada; and Exmin Corp., a sub- 
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sidiary of the Belgian company Sibeka (So- 
ciété d’Entreprises et d’Investissements 
S.A.); conducted exploration for diamond on 
approximately 60,000 acres of land in Iron 
and Dickinson Counties, MI. The same 
three firms continued to explore for dia- 
mond in Wisconsin, and Exmin leased land 
for diamond exploration in Minnesota. 

The joint venture between Lac Minerals 
Ltd. and Mobil Oil Co. for diamond explora- 
tion has not. discovered any economically 
recoverable diamond deposits. However, ex- 
ploration continued during 1986 in the 
State line district on the Colorado-Wyoming 
border. One kimberlite project was explored 
and evaluated to the extent that it was 
determined that the grade of the deposit, 
diamonds per ton of kimberlite, was suffi- 
cient to be of interest. However, it was 
determined that the quality of the dia- 
monds recovered would not make the proj- 
ect profitable. Hanvey-Boulle Ltd., a mining 
company from Dallas, TX, submitted a plan 
‘to the State of Arkansas in October 1985 to 
sample the Crater of Diamonds State Park 
at Murfreesboro to determine the feasibility 
of constructing a diamond mining oper- 
ation. A special committee, appointed by 
the Governor, completed a study of the 
proposed plan in late 1986. The committee 
recommended that the Governor appoint an 
“expert” committee of engineers and other 
mining experts to study the technical as- 
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pects of the proposed project. A committee 
of experts was appointed at yearend.* In 
June, a milestone was reached at the Crater 
of Diamonds State Park, when the 10,000th 
diamond was found since the park was 
established in 1972.4 

In 1986, the world’s largest diamond gem 
stone was cut and polished in the United 
States. The stone, known as the Zales Dia- 
mond and owned by Zales Corp., is a 535- 
carat, nontraditional shaped stone, which 
was cut from an 890-carat rough. In addi- 
tion, 22 satellite stones, some as large as 20 
carats, were cut from the same piece of 
rough, the origin of which was unclear. The 
world’s largest star sapphire, 1,154 carats, — 
was cut in the United States from a 1,905- 
carat rough reportedly found in the State of 
Idaho.’ The world’s largest cut gem stone, a 
smoky quartz that measures 10.0 by 5.6 by 
4.0 inches, was cut in the United States 
from Brazilian rough. The stone was named 
the “Eye of the Idol” after the cut of the 
same name. The finished gem stone was 
valued at approximately $20,000. The 
world’s largest gem stone by weight is the 
Brazilian Princess, a blue topaz, 5.7 by 5.7 
by 4.7 inches, that weighs 21,005 carats. It 
was cut in the United States in 1976. A 
Miami Beach, FL, resident discovered an 
apple-sized pink sapphire at a dig-for-fee 
gem mine in North Carolina. 


CONSUMPTION 


Domestic gem and gem stone production 
was consumed in commercial and amateur 
gem and mineral collections, the production 
of objects of art, and the manufacture of 
jewelry. Value of U.S. apparent consump- 
tion increased 10% to $3,296 million. 

U.S. imports for consumption of colored 
gem stones, led by emerald, ruby, and sap- 
phire, increased 16% over those of 1985. 
The value of annual imports of emerald 
continued as the largest of any single col- 
ored gem stone. However, the combined 
value of imported ruby and sapphire ex- 
ceeded that of emerald by 17%. The value of 


pearls imported into the United States con- 
tinued to decline, decreasing 15% compared 
with that of 1985. The value of all imported 
gem stones, other than diamond, increased 
7%. 

According to data reported by the US. 
Department of Commerce, the sales value of 
all jewelry, costume jewelry, gold, and pre- 
cious and semiprecious stones was about 
$24 billion, an increase of 11% over that of 
1985. The same source reported that sales in 
jewelry stores increased 12% over that of 
1985 to $12.4 billion. 


PRICES 


The U.S. price of a 1-carat, D-flawless 
diamond fluctuated between $9,500 and 
$16,500, and at yearend was $16,000. How- 
ever, only a few hundred of these high- 
quality, 1-carat stones have been available 


each year, and their value has accounted for 
less than 0.2% of the total U.S. market. 
Prices of ruby, blue sapphire, and emerald 
experienced slight increases, while other 
colored stones experienced little change 
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| during the year. The average price of chok- 10% compared with that of 1985. The price 
er-length strands of 6.0- to 6.5-millimeter of American freshwater pearls increased 
imported pearls increased approximately 15% over that of 1985. 


Table 1.—Prices of U.S. cut diamonds, by size and quality. 


a ; Price range Average price per carat# 
: Description, Clarity? —— ee 
Carat weight vale! (GIA texms) per eater: Tine Tans 
in 1985 1986 

0.04-0:07 2-2 koe ee eee ee H-I VS $440- $420 $420 $420 
0407 22 22 Bese ek Ae sae H-I Shi 420- 380 380 380 
WOS= 214 esse Ci ee Sek H-I vs 470- 460 460 460 
08--.14 22 oa So ee H-I Sh 440- 420 420 420 
16+ 3222 ee he eee et H-I VS 850- 680 750 750 
ABE 22s ee eh H-I Sh 700- 600 700 700 
iDOs. 220 as arte eee H-I VS 1,200- 900 900 11,750 
28s) 29 ke hee H-I Shi | 900- 750 750 900 
BOO a een a eet oS gee ee ee Ros ine H-I VS 1,400- 1,000 1,175 1,475 
0582s ee ee ee & H-I Shi 1,000- 800 900 1,250 
AG AO Se ee cr gir det ee HI VS 1,700- 1,300 1,475 ia 

JAG AQ) Lc Ss ee et oS H-I Shi 1,400- 1,100 1,250 = 
S102 80-4 2 Je he ae. ee ee H-I VS 2,200- 1,800 2,000 2,175 
Ae: BO a2 a ee no oe he es H-I Sh 2,000- 1,400 1,600 1,800 
TOO eet on Sts ah D IF  16,500- 9,500 611,500 £12,000 
1.00) 252 etn ee et E VVS1 9,450- 4,100 64,550 65,000 
OQ oo a es he es ee Si G vs 8,700- 2,500 63,000 63.150 
A008 2 2) etn eat Se Ae H VSe 3,100- 2,000 62,400 62,525 


1Gemological Institute of America (GIA) color grades: D—colorless; E—rare white; and HG-I—traces of color. 

2Clarity: IF—no blemishes; VVSi—very, very slightly included; VS—very slightly included; VS2—very slightly 
included, but more visible; and Sl;—slightly included. : , 

3Rapaport Diamond Report. V. 9, No. 1, Jan. 10, 1986; and v. 9, No. 45, Dec. 26, 1986. These figures represent Rapaport 
Diamond Report opinion of New York wholesale asking price. 

4Rapaport Diamond Report. V. 8, No. 26, July 12, 1985; and v. 9, No. 22, July 11, 1986. 

5The Diamond Registry Bulletin. V. 17, No. 1, Dec. 1985, p. 8; and v. 17, No. 11, Dec. 1986, p. 8. 

©The Diamond Registry Bulletin. V. 16, No. 7, July 1985, p. 8; and v. 17, No. 7, July 1986, p. 8. 


Table 2.—Prices of U.S. cut colored gem stones, by size’ 


Average price 


Price range 
Gem stone Cast “percarah Pet 
‘ in 1986 June 1986 
Amethyst 2. sos 20.2 222 Se Be ee ee 1 $6- $10 $8 
Aquamarine £22352... st ee 2 ee ee Re See 1 100- 250 175 
Emeérald) 2.2.2 32222 3.5) 52h ee ee 1 1,350-3,000 1,775 
Garnet; tsavorite — = te hk ee ee es 1 700-1,200 950 
Ruby See ee Se re Se Sees 1 1,800-3,300 2,150 
Sapphire 232 2 SO ee A ee ee 1 50-1,300 725 
pee Semel sai eee fa be A ee ee a ees ; Ae ba ee " 
ODER sc a tS a Sn ee ec etc nae - : 
Tourmaline, green* _________._.___-__-_---__--_-_---- 1 40- 250 145 
Tourmaline, DINK ous ol ee A lon, Soe 1 50- 300 175 


1Fine quality. 

2Jewelers’ Circular-Keystone. V. 157, No. 5, May 1986, p. 166; and v. 158, No. 2, Feb. 1987, p. 340. These figures 
represent a sampling of net prices that wholesale colored stone dealers in various U.S. cities charged their cash customers 
during the month. 

3 Jewelers’ Circular-Keystone. V. 157, No. 8, Aug. 1986, p. 430. 

“The Gemstone Registry Bulletin. V. 3, No. 11, Dec. 30, 1985, p. 8; and v. 4, No. 11, Dec. 31, 1986, p. 8. 


FOREIGN TRADE 


Export value of all gem materials was 
$584.9 million. Export value of all gem 
materials other than diamond decreased 
slightly to $59.3 million. Of this total, other 
precious and semiprecious stones, cut but 
unset, were valued at $31.5 million; other 
precious and semiprecious stones, not set or 


cut, $16.5 million; synthetic gem stones and 
materials for jewelry, cut, $4.7 million; 
pearls, natural, cultured, and imitation, not 
strung or set, $2.6 million; and other, $3.9 
million. Reexports of all gem materials was 
$317.1 million. Reexports of all gem materi- 
als other than diamond increased 38% to 
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$55 million. Reexport categories were syn- 
thetic gem stones and materials for jewelry, 
cut, $0.5 million; precious and semiprecious 
stones, cut but not set, $44.5 million; and 
other precious and semiprecious stones, nat- 
ural, not cut or set, $10 million. 

The customs value of U.S. imports of 
rough and polished natural diamond, ex- 
cluding industrial diamond, was up 15% to 
about $3.5 billion. Total imports of polished 
diamond, principally from Israel, 32%; Bel- 
gium, 28%; and India, 21%; were valued at 
$3.0 billion, an 11% increase over those of 
1985. Imports of diamond greater than 0.5 
carat, mostly from Israel, 34%; Belgium, 
30%; and Switzerland, 14%; increased 10% 
in value to $1.8 billion. The value of imports 
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in the less-than-0.5-carat category, mostly 
from India, 35%; Israel, 31%; and Belgium, 
27%; increased 15% to $1.8 billion. The 
imports of rough diamond, 52% in value 
from the Republic of South Africa, decreas- 
ed 19% in caratage and increased 19% in 
value. A 46% increase in South African 
carat value, from $341 to $499, was indicat- 
ed by custom values. 

The total customs value of imported em- 
erald increased 10% to $152.4 million. The 
total value of ruby imports increased 20% 
to $83.5 million, and sapphire imports in- 
creased 34% to $95.1 million. Average carat 
values increased 8% for emerald to $55, 
16% for ruby to $22, and 16% for sapphire 
to $22. 


Table 3.—U.S. exports and reexports of diamond (exclusive of industrial diamond), 


@D loompal ManmHeHwonto 


by country 
1985 1986 
Country Quantity Value! Quantity Value! 
(carats) (millions) (carats) (millions) 
Exports: 

Belgium-Luxembourg ___-_____~--_---_---__-_ 179,829 $82.3 205,565 $108 

Canadas) i 012 12.2 19,176 13 

France.2 eS eee ee 1,763 8.3 3,148 6 

_ Germany, Federal Republic of _......._.-__-___- 2,937 2.5 2,286 3 

Hong Kong: 22 2 a ee ee 42,302 61.7 67,393 97. 

Israel. So ee ee ee oes 109,842 56.7 156,819 87. 

Japan___ At trays Ng ae ante EE 31,218 46.5 48,266 93. 

Singapore: ct I Eee Lae 2,039 4.4 5,810 7. 

WEdEN 23 = ayes Se oe a ne 21 (?) ae = 

Switzerland ___. __-__§______________________ 29,025 95.6 19,318 85. 

ailand’ 202 oe eS ee 5,226 2.8 16,958 6. 

United Kingdom _______§__§__§__ ee 3,966 40° 6,405 7. 

Others 2.9 2 Sh be 6,865 8.3 9,915 8. 

Total: 2.2 ote eee ee 438,045 385.3 561,059 525. 

Reexports:3 
Belgium-Luxembourg ______________________ 839,257 56.7 806,945 89.5 
— Beat 8 A te Eh peta Stae eioa 243 3 6,516 5 
ete 2 Per een eet Hk nent _ 8,120 A 10,392 6 
Germany, Federal Republic of ___._/$_.____________ 53,318 1.6 39,479 2.7 
Hong Kong _______._~_~_.______-________- 42,021 14.0 59,969 20.3 
Trig. 2 5 Sieh a le ee eh ne) 158,323 3.9 127,221 3.3 
Israel a2 20S ne eet ee ne eh 196,743 31.4 210,333 59.2 
Japan. Soph lt ie IIE Rin Fk oF IIS ta 114,713 8.5 105,827 8.8 
Netherlands Papa cee ee) Saree AD Crd ee aE ent ent ree eRe ee We vetaaeere 106,819 5.2 68,079 5.1 
Switzerland 5-2 6 see et 41,953 41.2 30,797 35.1 
United Kingdom ________________________- 297,044 12.2 398,044 27.6 
Other_______ ase Paes 82,324 10.6 102,348 9.4 
TOC el 58 uP ea Be os ee re eh 1,989,878 186.0 1,965,950 262.1 
1Customs value. 
2Less than 1/10 unit. 


3 Artificially inflated in 1985 and 1986 by auction of approximately 1 million carats of U.S. Government stockpile 
industria] diamond stones with subsequent reexports as gem stones to Belgium-Luxembourg and India. 


Source: Bureau of the Census. 
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Table 4.—U.S. imports for consumption of diamond, by kind, weight, and country 


1985 1986 _ 
Kind, weight, and country of origin Quantity Value! Quantity Value! 
(carats) (millions) (carats) (millions) 
Rough or uncut, natural:? 
Belgium-Luxembourg 6 a ht er 130,996 $32.9 418,782 $73.8 
Brazilion ts 65 Se ah I OE as Soll on ed he 90,280 — 6.6 29,444 3.4 
Cape: Verdé:.2-. 252 2s Na 21 () 940 1.0 
Cong0.%,. 332363 S5 25.5523 5 Soe ee eee 80 2 a = 
Guyana®. 2 Se ee, Fe Ne See 636 (2) 2,122 3 
Wsrael nc ee a ye Se oe 27,198 8.3 45,240 12.2 
Netherlands ico o.2 2228 eS Se nk ee 9,643 8.0 7,318 3.7 
South Africa, Republic of _. -.- _-.- -..__________ _ 555,907 189.4 452,973 225.9 
Switzerland. (22.32 oe 15,106 10.4 22,629 8.1 
United Kingdom ___________~ ee eth oh 116,601 52.0 135,099 66.0 
Venezuela -.2. 2 be ee 21,086 8 37,096 1.0 
Other________ BSA ae SE tan Se sant ey ae ene 75,309 8.9 155,618 39.7 
Total 2.3 ae bie Se ee 1,042,813 317.5 1,307,261 435.1 
Cut but unset, not over 0.5 carat: 
Belgium-Luxembourg ______-___-___-----~-~--- 1,466,325 444.8 1,540,601 471.9 
HBP az sorrel eee ed BT oo eee 22,790 2.5 23,013 75 
Canada. ooo se Se Ee i Ek ath hee 2 Sa 19,607. 6.6 30,485 4.0 
Hong Kong ________~-____-___~-_---_--- 146,416 39.4 131,717 25.0 
India _~_ 2 Se ees te 2 ae 2,667,906 486.8 2,886,722 629.0 
Israe ly 2 ok ey Fa eI De ERG Sar ek eta ee ok 1,237,123 448.2 1,555,742 542.7 
Malaysia’ 2.2205 oes Se ee ee ee ee 17,772 6.0 2,151 7 
Netherlands. __§_§_§_§______~_____~_~____ 85,811 26.9 28,296 11.0 
South Africa, Republic of __..§._._.___.-.------ 48,074 16.9 139,692 19.1 
Switzerland ___§_-§_______~_~ ~~ ~~ Le 153,329 38.7 15,629 28.7 
United Kingdom ____ > 2) 2 ee ee 35,138 13.4 36,714 17.9 
Other tos 8 or ee 68,754 22.2 172,878 21.9 
Total’ 22 3. on oe ee te 5,969,045 1,552.4 6,623,635 1,779.4 
Cut but unset, over 0.5 carat: 
Belgium-Luxembourg ___ —________+1-~------- 369,838 314.7 412,645 371.1 
Hong Kong ______§_ 2 ee 24,259 37.0 34,236 45.4 
Indlata.0 ee he ee whe Oe Se 47,709 16.1 50,098 13.2 
Israel __§ > 5 45 Fa Ren ne = 439,038 340.9 529,226 429.0 
Netherlands... 225 2 34,951 35.5 24,673 23.8 
South Africa, Republic of __ ________.-~~--_--- 76,025 TTA 65,180 13.7 
Switzerland 2 2. 2425 fe ee ee 46,098 148.5 48,898 169.6 
United Kingdom _._____ 5 ee 46,832 75.1 35,303 63.8 
Other 23.2 e782 Se hn ok ee ee 54,397 91.5 60,871 55.9 
Total _ font keel SU GNE AL hatte IA ET itd J 1,139,147 1,136.7 1,261,130 1,245.5 
1Customs value. 


2Includes some natural advanced diamond. 
3Less than 1/10 unit. 


Table 5.—U.S. imports for consumption of natural precious and semiprecious gem stones, 
other than diamond, by kind and country 


Kind and country 


Emerald: 
Argentina _____..-----~--~~-~-~-_-_----_-_-_ 
Belgium-Luxembourg _________~_____________ 
Brazil. 2 et a ee 


Germany, Federal Republic of .. $$ ~»_»_/» ______-- 
Hong Kong ______________________--~_-___ 
Trdg 2 at Bee Sol eA ed nee rel 


WM alwan 81h le SIS eae ee ee et ieee 
PU alam oe ia te ee 
United Kingdom __________._-__-------___ 
Other. = Sc oS a St ee ain, Sl ot Bl 


See footnotes at end of table. 
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Table 5.—U.S. imports for consumption of natural precious and semiprecious gem stones, 
other than diamond, by Se and country —Continued 


1985 1986 
Kind and country Quantity | Value? Quantity Value? 
(carats) (millions) (carats) —_— (millions) 
Ruby: 
Helga aizenibotlne a eee eB cae se wel Ae jan st ate 11,381 $1.7 16,528 $4.3 
BAC css a een ene ee ear aes 18,993 () 579 (7) 
Colombia <3 et ea a eee) 4,701 ai 1,558 1 
Brancé@ so: en nee eee 8 9,712 19 4,563 1.9 
Germany, Federal Republic of ___._-§_§___________ _ 85,204 1.6 14,412 39 
Hong Kong Se Seva nati a RE hee Sue ey ee 110,033 3.7 85,954 3.4 
Indias 22.2 nh Bo ee ee ee 221,923 1.3 247,687 2.1 
Israel oo) 5 ik tne ar Se ee Sn fd an le 42,921 1.2 35,433 1.3 
Japan_________-- a evaee eee 21,242 5 82,786 A 
Switzerland = 5-2-3 a ee ee LN ee 296,877 15.6 256,921 16.5 
Thailand __ _ Flat Gee EEN aa A Oe NINE as en, 2,770,136 31.2 3,020,440 44.4 
United Kingdom ___~ 9 25 5-5 5 5 5 ee ee eee 33,713 6.4 19,496 5.8 
Other. __ ~~~ ge salen hee 103,861 4.5 82,677 2.4 
Total = sa ge EE A Nt Bi xe 3,680,697 69.7 3,869,034 83.5 
Sapphire: 
Australias) 7a2 tee eee he ee eh 1,070 ?) 2,219 2 
Austria. _—§ $$$ ___ es Pee ene pare toes 122 (?) _ 
Belgium-Luxembourg _____________--------- 32,047 9 19,152 3.0 
Brazil_______ he iia, el pee Ae tN 1,424 (?) 28,604 ?) 
Canada 34) 285) se AO es ie ook ee ee 2,717 5 4,643 7 
ColoMbiaw22 222 ie ee eS 2,057 Jl 1,769 (?) 
Frane=4224 uf 2% Ah SE A can bai 18,973 19 26,764 19 
Germany, Federal Republic of _. .§_-§./$_~>$~~_~ 22 32,028 1.2 20,699 1.2 
Hong Kong 2 2. ee ee ee es 166,329 4.8 132,201 49 
India 22-222 2 es Pa Brat ENS EN as AE 92,456 1.0 127,121 1.0 
Ered ee A ee a ee ee 56,909 1.2 40,322 1.2 
ABE a RACINE SAS TB htt a nl SOE pe feo a 50,770 8 29,157 5 
Korea. Republiciof 2222.2 Veneto 2,664 ?) 7,527 Al 
Singapores.15 8. (2 95 52 es ie eee 5,910 4 946 () 
Sribanka: os ee ee 32,464 1.5 22,149 - 2.2 
Switzerland __§_§_§_~§_ > -§_§ 5 ee LL 431,909 17.0 370,520 21.0 
Thailand's 23.2 2,765,371 32.4 8,394,602 50.3 
United Kingdom _______ > 2 ee LL E 6.1 60,786 5.5 
OTR Ga At Oe ee Fe Rn nee 72,000 1.0 71, 587 14 
Totalie nf 5 oti ew a et as 3,827,769 70.8 4,360,718 95.1 
Other: 
Rough, uncut: 
Australiay 2.20702 5 oe oo eee Oe ee oS 1.5 6 
Brazil. 2st so ee RO 14.0 15.9 
Colombia ____ ~~ ~§_-§ _-§ ee ee 9.8 75 
Hong Kong... 2-2 5S 22-232 oe ek 9 11 
Igerla’ = a i ee a Se 3 3 
Pakistan: 223.243 fe Ao BN ees Se NA A NA 6 
South Africa, Republic of _______..__----~- 2 7 
Switzerland: oo: 23. 3 ee ee Al 4 
United Kingdom ___~_ = ee 8 A 
Zambian e626 ee ee ae ee ET, 3 1 
Other 202-2 is ee oe 4.8 3.0 
MT Oball cea Avs Opa we Et uy Se A ee A NA 33.1 NA 31.2 
Cut, set and unset: 
Australias... of hee Soe be he 4.1 4.6 
AZ ee ee Fee ect oe Senn ye 10.5 11.0 
Canada eles 2 EIA Seg SNES, Aa a Oe 1.0 8 
China 22 23 oe a Se et ee” 4.5 5.1 
Germany, Federal Republic of _____._________ 12.3 11.4 
Hong Kong___ 5 5 LL 29.5 29.3 
India ths Bp eR as tee Rael ed eke NA 5.2 NA 4.8 
Papen sat ne ee ee 200.9 161.9 
Sucteeriand BPO a Os poe afcag 0 Giger ash hn Rh 4.7 2.9 
Waiwani = oot re 0S Sy ee eg es Pe 6.2 12.1 
Thailand _< os a 3.4 6.1 
United Kingdom _____________----~_____ 17 2.5 
Other _-__ ____ mate lft aks et 12.6 19.3 
Total _ = Su Wii aae Ae NA 296.6 NA 271.8 
TRevised. NA Not available. 
1Customs value. 
2Less than 1/10 unit. 


Source: Bureau of the Census. 
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Table 6.— Value of U.S. imports of 
synthetic and imitation gem stones, 
_ including pearls, by country — 


(Million dollars’) 


Country 


Synthetic, cut but unset: 
A : 


Korea, Republic of__ _ _ _ 
Switzerland. ________ 
Thailand __________ 


Imitation: 
Austria _ as 


aoe Ss 0 

Germany, Federal Republic of _ _ S 5.5 
oho 2.2 

8 


1985 1986 


NP eyes. = 
+ lomnwornon 


i 
= 
for) 
nN 


wo 


Czechoslovakia_ ______ 


TRevised. 
1Customs value. 


DS 1LOnoor 


ary i 
NR PAA Ys 


Source: Bureau of the Census. 


Table 7.—U.S. imports for consumption of precious and semiprecious gem stones 
(Thousand carats and thousand dollars) 


1985 1986 
Stones - ; — 
Quantity Value? Quantity Value? 
Diamonds: 
Rough or uncut?___§_§_§_§ 5 2 ee 1,043 317,584 1,307 435,029 
Cut:but-unset. «cose oe SS ee eee 7,108 2,689,178 7,885 3,024,902 
Emeralds: Cut but unset __ $$ -§ »§ /5-/ - - ee eee 2,741 139,045 2,757 52,396 
Coral: Cut but unset, and cameos suitable for use in jewelry — — —_ NA 2,224 NA 2,291 
Rubies and sapphires: Cut but unset __ ________.--__------ 7,509 140,618 8,230 . 178,655 
Marcasitées; 22 5205225 2 2 ees ete ee eA LE N 2 NA 139 
Pearls: 
Naturalis 2ts22) 22 Soe er a ae ee NA 2,997 NA 3,406 
Cultured: 202 SS a he NA 228,004 NA 190,497 
Imitation: = .22 2. 2 Ss a Se SAS ene NA 8,396 NA 9,655 
Other precious and semiprecious stones: 
Rough,uncut= 22 si a NA 33,168 NA 30,589 
Cut; set'and unset <2. 222 Le eS NA 63,070 NA 65,392 
Other. 2 22 ie ate OE NA Ss ay nie MB ee NA NA NA 8,102 
Synthetic: 
Cut but unset? ___ 2 22 2 5 5 5 ee 52,164 17,590 63,532 22,074 
Otheracd = 2)2-2 AS ew oe Soe Se ee oe A NA 2,457 NA 2,586 
Imitation gem stones __ . __-_§ ______________________ NA 35,333 NA 52,939 
Potala oo ee ee ee SS ee XX =: 3,679,920 XX 4,178,652 
NA Not available. XX Not applicable. 
1Customs value. 


2Includes 630 carats of other natural diamond, advanced, valued at $1,062,100 in 1985, and 19,2438 carats value at 


$675,326 in 1986. 
3Quantity in thousands of stones. 


Source: Bureau of the Census. 


WORLD REVIEW 


De Beers Consolidated Mines Ltd.’s sales 
of uncut diamonds through the Central 
Selling Organization in 1986 were reported 
to be $2.56 billion compared with $1.83 
billion in 1985, an increase of 40%. Sales of 
colored gem stones also increased. 


Emerald was mined in Australia, Brazil, 
Colombia, Mozambique, Pakistan, the Re- 
public of South Africa, the U.S.S.R., Zam- 
bia, and Zimbabwe. Sapphire was produced 
in Australia, Kenya, Sri Lanka, Tanzania, 
Thailand, and the United States. Aquama- 


418 


rine was produced in Afghanistan, Brazil, 
China, India, Nigeria, Pakistan, Tanzania, 
and the United States. 

Angola.—The Government of Angola liq- 
uidated Companhia de Diamantes de Ango- 
la, the state-owned diamond mining compa- 
ny, and stopped ‘mining diamonds. The Gov- 
ernment formed a new corporation called 
Empresa Nacional de Diamantes de Angola 
to oversee Angolan diamond operations. 
Under the new system, Angola’s diamond- 
bearing areas would be parceled into con- 
cessions and allocated to foreign companies. 
The Angolan Civil War totally disrupted 
the production of diamonds. Production fell 
from 1.5 million carats in 1979 to approxi- 
mately 0.3 million carats in 1986. The aver- 
age price fell from $158 per carat in 1980 to 
$45 per carat in 1986. Production costs 
increased greatly because the mining areas 


were not secured, and all equipment, sup- 


plies, and personnel had to be airlifted to 
the mines.¢ 

Australia.—Argyle Diamond Mines Joint 
Venture completed the first year of produc- 
tion from: the AK-1 lamproite pipe. The 
production of 29.2 million carats exceeded 
the planned production of 25 million carats. 
Argyle Diamond Sales Ltd. held the first 
sale of the rare pink diamond. The. 56 cut 
stones sold for $1.54 million.’ 

‘Freeport Bow River Properties Inc. and 
Gem Exploration and Minerals Ltd. com- 
pleted trial mining and feasibility studies 
on the Bow River alluvial diamond deposit. 
Plans were announced for construction of a 
mine and processing plant. 

Australian Ores & Minerals Ltd. Div. and 
De Beers, Afro West Mining Ltd. and Arac- 
ca Petroleum Corp., and Ashton Mining 
Ltd. all continued exploration and testing of 
their diamond projects. 

Australia accounted for about 70% of 
world sapphire production and 80% of the 
world opal production.® 

China.—The Chinese Corp. of the Peo- 
ple’s Republic of China opened overseas 
offices of the China National Arts and 
Crafts Import and Export Corp. in the 
Federal Republic of Germany and the Unit- 
ed States. The offices were established 
to improve the marketing of freshwater 
pearls. 

Exports of rough and polished diamonds 
greatly increased the first half of 1986. 
Diamond exports from China were valued 
at $12 million during the period of January 
through June 1986, compared with $10 mil- 
lion for all of 1985.° 

Ruby and sapphire deposits of record size 
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were discovered in Wemchange County on 
Hainan Island off the southern coast of 
China. The largest find was an oriental 
sapphire deposit with reserves calculated at 
over 820 kilograms (4.1 million carats). 

The Government of China and Chicester 
Diamonds Services, a firm associated with 
De Beers, signed a diamond prospecting 
agreement to explore for diamond in Shan- 
dong Province. 

China also produced aquamarine, a 
crystal, citrine, turquoise, peridot, sapphire, 
jet, and jade. 

Ghana.—Ghana Consolidated Diamonds 
Ltd. began mining operations in January in 
the Birim Valley. The operations were 
established as the main source of gravel for 
milling, replacing the almost depleted Ak- 
watia deposits. The continued use of obso- 
lete, inefficient machinery resulted in a 
decrease in the number of carats produced. 
Gold was recovered as a byproduct of the 
diamond production. 

The Government of Ghana published the 
Minerals and Mining Law of 1986, modify- 
ing existing laws. It ruled that all minerals 
in Ghana in their natural state would be 
vested in the Provisions National Defense 
Council for and on behalf of the people of 
Ghana. The Government shall also have the 
right of preemption of all minerals recov- 
ered in Ghana or any waters controlled by 
Ghana. 

Guinea.—Bridge Oil Ltd. reported that 
Aredor diamond production was 203,788 
carats, an increase of 54% compared with 
1985 production. A single 100.2-carat, high- 
quality gem diamond from the project was 
sold for $3.62 million.!° This was the most 
valuable diamond mined from Aredor to 
date. A second stone of 121.1 carats also was 
found but was not sold. Feasibility studies 
and design work were completed for a 
system to recover gold from the diamondif- 
erous gravel. 

Indonesia.—Australian-based Pelsart Re- 
sources NL, part of the Parry Corp., nego- 
tiated a joint venture with Ashton Mining 
NL to explore for diamond in the Pujon 
area of central Kalimantan. Alluvial dia- 
monds have been found in this area for 
many years. The source of the diamonds 
and the delineation of the extent of the 
diamond-bearing alluvials are the primary 
objectives of the exploration. 

Acorn Securities Ltd. of Australia report- 
ed that the joint venture of Acorn, 65%; 
P.T. Aneka Tambang, 20%; and Keymead 
Ltd. of London, 15%, the Indonesian state- 
owned mining company, was exploring allu- 
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vial diamond claims in the Danan Seran 


area of southern Kalimantan and had com- 


pleted a successful sampling program. Re- 
sults to date yielded 992 stones weighing 
144.76 carats. The stones ranged in size 
from 0.01 to 2.31 carats, and 19 of the stones 
exceeded 1.0 carat. The. stones appeared to 
be 95% gem quality. 

South Africa, Republic of.—De Beers 
made the decision to deepen its operations 
and switch from the long-established block- 
caving system to sublevel caving in the 


Dutoitspan and Bultfontein Mines. The. 
project would extend the economic life of. 


both mines and would reduce labor costs. 
The two mines share a common shaft sys- 
tem. Both mines were developed about 100 
years ago. . 

The Gravelotte emerald mine continued 


MINERALS YEARBOOK, 1986 


to produce a limited number of very-high- 
quality emeralds in 1986. The mine accumu- 
lated an inventory of 1.5 million carats 
because of the weakness of the market. The 
Republic of South Africa also produced 
aquamarine and tourmaline. 

Syria.—The Ministry of Syrian Oil and 
Minerals Resources confirmed the existence 
of a project to exploit diamond deposits 
discovered in the Homs area." 

Zaire.—Diamond production set a record 
high for the second consecutive year. Pro- 
duction was reported to be 23,303,739 car- 
ats, an increase of about 19%. The average 
price per carat was $8.26, well above the 
$7.90-per-carat floor price established by the 
agreement entered into with De Beers in 
1985. . 


TECHNOLOGY 


The Gemological Institute of America 
perfected a new set of testing procedures to 
determine whether an amethyst is natural 
or synthetic. Polarized light is used to 
. determine if Brazil law twinning is present. 
If Brazil law twinning is present, the stone 
is natural amethyst. In the absence of any 


twinning, a synthetic origin is probable, but 


further testing is needed to correctly iden- 
tify the stone as synthetic. Angular or 
straight color zoning with colorless or vio- 
letish zones next to purple areas identify 
natural amethyst. The presence of only 
light and dark purple zoning or the com- 
plete absence of zoning indicates a synthetic 
stone. These procedures have made it possi- 
ble for the first time for the average dealer 
to determine if stones represented as natu- 
ral amethyst are truly natural.” 


1Physical scientist, Division of Industrial Minerals. 

2Jewelers’ Circular-Keystone. Gemstones. V. 158, No. 2, 
Feb. 1987, p. 337. 
coo Gazette. Gem of a Plan Awaits Study. Feb. 8, 

,p.2. . 

*Murfreesboro Diamond. Nashville Man Finds Crater’s 
10,000th Gem. June 18, 1986, p. 1. 

5 Jewelers’ Circular-Keystone. Gemstones. V. 157, No. 11, 
Nov. 1986, p. 159. 

. . V. 157, No. 9, Sept. 1986, p. 118. 

7Where necessary, values have been converted from 
Australian dollars ($A) to U.S. dollars at the Dec. 3, 1986, 
rate of $A1.00=US$1.54. © 

SAustralian Bureau of Mineral Resources. Australian 
Mineral Industry Annual Review. Preliminary Summary 
1986. Gemstones, Feb. 1987. 

*Page 158 of work cited in footnote 5. 

10Where necessary, values have been converted from 
Australian dollars ($A) to U.S. dollars at the Dec. 3, 1986, 
rate of $A1.00=US$1.54. 

‘Mining Journal (London). Development. V. 308, 

No. 7903, Feb. 6, 1987; p. 95. 

12Crowningshield, R., H. Cornelius, and C. W. Fryer. A 
Simple Procedure To Separate Natural From Synthetic 
Amethyst on the Basis of Twinning. Gems & Gemology, 
v. 22, No. 3, 1986, pp. 130-189. 


Gem Stones 


By Gordon T. Austin! 


The value of natural gem materials, gem 
mineral specimens, and natural and cultur- 
ed freshwater pearls produced in the Unit- 
ed States was estimated to be $21.4 million, 
an increase of 130% over that of 1986. The 
significant increase reflects both a true 
increase in production and an increase in 
the number of producers surveyed. Small 
mine owners and professional and amateur 
collectors accounted for most of the produc- 
tion. Small mines produced tourmaline, 
jade, opal, sapphire, turquoise, agate, lapis 
lazuli, garnet, beryl, and quartz. 

The combined value of synthetic and 
simulant gem stones was reported to be 
$15.3 million, an increase of 49% over that 
of 1986. The increase reflects an actual 
increase in production. Synthetic gem 
stones are manmade and have the same 
optical, physical, and chemical properties 
and the same appearance as the natural 
gem stone. Synthetic gem materials pro- 
duced in the United States include ruby, 
sapphire, garnet, spinel, alexandrite, 
quartz, emerald, turquoise, lapis lazuli, cor- 
al, and diamond. Simulants are manmade 
gem materials that have an appearance 
similar to that of a natural gem material 
but have different optical, physical, and 
chemical properties. The gem simulants 


produced in the United States include tur- 
quoise, coral, lapis lazuli, malachite, and 
cubic zirconia. Cubic zirconia is the major 
simulant and is produced in colored and 
colorless varieties. — 

The gem stone materials are sold to 
wholesale and retail outlets, in gem and 
mineral shops, at gem and mineral shows, 
to cutting factories, and to jewelry manufac- 
turers. . 

Domestic Data Coverage.—Domestic pro- 
duction statistics for gem materials were 
developed by the Bureau of Mines from the 
“Gems and Gem Stones Survey,” a volun- 
tary survey of U.S. operations, and from 


Bureau estimates of unreported production. 


Of the 267 operations to which a survey 
request was sent, 91% responded, account- 
ing for 95% of the total production, 92% of 
the natural production, and 100% of the 
synthetic and simulant production. 

The 267 operations surveyed in 1987 were 
an increase of about 154% compared with 
the number of operations surveyed in 1986. 
The response rate was essentially unchang- 
ed. Production by nonresponding operations 
and by professional and amateur collectors 
was based on information from published 
data, gem and mineral dealers, gem and 
mineral shows, and collectors. 


DOMESTIC PRODUCTION 


Production of natural gem materials in 
all 50 states exceeded a value of $1,000. Ten 
States supplied 82% of the total value of 
natural gem material produced. The States, 
in order of declining value of production, 
were Tennessee, California, Arizona, Mon- 
tana, Maine, North Carolina, Idaho, Ore- 
gon, and New Hampshire. Production of 
synthetic and simulant gem materials was 


valued at $15.3 million. Twelve firms, five 
in California, four in Arizona, and one each 
in Massachusetts, Michigan, and New Jer- 
sey, produced synthetic and simulant gem 
material. The States, in order of declin- 
ing value of production, were Massachu- 
setts, California, New Jersey, Michigan, and 
Arizona. 

Dia Em Resources Ltd. and LKA Interna- 
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tional Inc. continued to evaluate the emer- 
ald occurrences on their Rist and Ellis 
Mines at Hiddenite, NC. LKA designed and 
built a beryllometer to assist in sorting 
emeralds from waste materials. The bery!- 
lometer contains a nuclear source material 
that allows the emerald to be located by 
induced radiation. The emerald is not per- 
manently affected by the radiation. 

The largest diamond ever reported from 
California was recovered in northern Cali- 
fornia during 1987. The 14.33 carat alluvial 
diamond was recovered while panning for 
gold in Trinity County. The diamond ‘is a 
knotted © grayish-green | semitranslucent 
industrial-grade stone with adamantine lus- 
ter. a 

The Dow Chemical Co.; Amselco Explora- 
tion Inc., a subsidiary of British Petroleum 
Co. of Canada; and Exmin Corp., a subsid- 
iary of the Belgian company Sibeka (Société 
d’Entreprises et d’Investissements S.A.), 
continued exploration for diamonds on leas- 
ed lands in Michigan and Wisconsin. Exmin 
continued diamond exploration efforts in 
Minnesota. / = 

Ashton Mining Co., a subsidiary of the 
Australian company Ashton Mining Inc., 
conducted exploration for diamond in the 
Crooked Creek and Goodnews Bay areas of 
Alaska during 1987. The work in the Good- 
news Bay area resulted in the recovery of 
some microindustrial diamonds. 

Diamond Co. NL, a wholly owned subsid- 
iary of the Australian company Carr Boyd 
Minerals Ltd., negotiated mining leases and 
commenced diamond exploration work in 
northern Colorado. The joint venture be- 
tween Lac Minerals Ltd. and Mobil Oil Co. 
continued its diamond exploration project 
in the State Line District on the Colorado- 
Wyoming border. 

The Diamond Mining Task Force, ap- 
pointed in 1986 by the Arkansas Governor 
to assist the State Parks, Recreation, and 
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Travel Commission in determining if com- 
mercial diamond mining would be allowed 
at the Crater of Diamonds State Park, 
continued to collect data and undertake 
studies. The engineering firm of Howard, 
Needless, Tammer, and Bergendorf was 
hired to prepare an engineering and eco- 
nomic feasibility study of the proposed dia- 
mond mining project. At yearend, studies 
were under way and no decisions had been 
made concerning the mining project. 

A major discovery of some of the finest 
topaz crystals ever found in the United 
States was made at a small pegmatite 
situated in Coos County, NH. The crystals 
were sharp, lustrous, blue to blue-green or 
bicolored blue and golden brown; many 
were flawless. The same deposit also yielded 
30 kilograms of high-quality gem smoky 
quartz rough. 

American Pearl Farms of Tennessee com- 
pleted its first significant harvest of cultur- 
ed freshwater pearls. American currently 
has five pearl farms under operation and 
acquired additional water acreage for a 
sixth farm to be established during 1988. 
The new farm is planned to be nine times 
larger than the existing farms. 

The Zales Diamond, a 535-carat nontra- 
ditional-shaped stone, cut in the United 
States in 1986, was recut into a traditional 
shape. The loss in carat weight resulted in 
the stone’s no longer being the world’s 
largest polished diamond. A 3,500-carat 
blue sapphire was found in North Carolina, 
and a 5,500-carat North Carolina star sap- 
phire: was cut into a 3,000-carat stone. No 
value was established for either of the 
sapphires. The world’s largest gem topaz, a 
92,892-carat light golden topaz, was cut 
from a 26-pound waterworn crystal. The 
cushion-cut stone was purchased by the 
rockhound hobbyists of America for $40,000 
and will be donated to the Smithsonian 
Museum of Natural History. 


CONSUMPTION 


Domestic gem materials production was 
consumed in commercial and amateur man- 
ufacture of jewelry, in gem and mineral 
collections, and in the production of objects 
of art. The value of U.S. apparent consump- 
tion was estimated to be $3,459 million, an 
increase of about 4%. 

U.S. imports for consumption of colored 
gem stones, led by emerald, ruby, and sap- 
phire, decreased slightly. The value of an- 
nual imports of emerald continued as the 
largest of any colored gem stone. The com- 
bined value of imported ruby and sapphire 
in 1987 was exceeded by the value of emer- 


ald by 6%. In 1986, the combined values of 
ruby and sapphire exceeded emerald by 
17%. 

The value of imports of other colored 
stones increased 21% compared with those 
of 1986, and the value of imported synthetic 
and imitation gem materials increased 
28%. The value of pearls imported into the 
United States continued to decline for the 
third consecutive year, decreasing approx- 
imately 20% compared with that of 1986. 
The fluctuation in the value of imports is a 
direct reflection of purchasing trends in the 
marketplace. 
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PRICES 


The U.S. price of a 1-carat, D-colored, 
flawless diamond fluctuated between 
$14,000 and $16,000, and was $14,000 at 
yearend. However, only a few hundred of 
these high-quality, 1-carat stones have been 
available each year, and their value has 
accounted for an insignificant percentage of 
the total value in the U.S. market. Prices of 
ruby, blue sapphire, and emerald rose 39%, 
35%, and 45%, respectively, when their 


June 1987 prices were compared with their 
June 1986 prices. The price increases ap- 
pear to be the result of a combination of 
things: the lower American dollar, the in- 
creased demand in the United States for 
quality stones, and a decrease in the supply 
of stones from the traditional producing 
areas. The price of American freshwater 
pearls increased slightly over that of 1986, 
and the demand remained firm. 


Table 1.—Prices of U.S. cut diamonds, by size and quality 


Average price por carai™ 


: Description, 
Carat weight color! 


Clarity? 


(GIA terms) June 


Rencarate June 


7 1986 1987 
a 
oh H-I VS  — $440- $440 $420 $400 


0.04-0.07 Heese Sole eee 

OR Oia oe tA ee ee Re H-I 
08- .14___ Bee ae Sa i H-I 
OBS A eee Sek ee H-I 
18-222 2 a et eg EE ae ard H-I 
CB Se ote ne ee ae ae HI 
BO ass AA Site ok eat gE Ue ae H-I 
Le eee eae aI H-I 
lee | em a ee a CE! H-I 
BO ed (isa Hes ane oh gy ie ARP H-I 
PAGS AD a side ants I ee RPS H-I 
Liat ga, | Saamea eee a alata sl ARE NOTRE H-I 
BO BO ies oes tt eee ete Be H-I 
BOO SED isle ra ee i H-I 

1 sie ae oe OC a D 

PO ES dN ate Be ies pete a _E 

OO Saco st oh ee ye ee G 

DOU eta er Seale TOE noe ee ee | H 


Sli 420- 420 380 420 
Vs 470-470 460 470 
Shi 440-440 420 440 
vs 680- 680 750 680 
Shi 600- 600 700 600 
vs 900- 900 11,750 900 
Sh 750- 750 900 750 
VS 1,175- 1,225 1,475 1,175 
Sli 950- 950 1,250 950 
vs 1,425- 1,525 ee 1,475 
Sh 1,300- 1,300 a 1,300 
Vs 2,175- 2,175 2,175 2,175 
Sh 1,900- 1,900 1,800 1,900 
IF = 14,750-14,000 612,000 14,500 
VVSi 6,200- 5,875 65,000 6,000 
VS: 3,350- 3,475 63,150 63,250 
VSe 2,650-. 2,950 2,525 62,550 


1Gemological Institute of America (GIA) color grades: D—colorless; E—rare white; and H-I—traces of color. 


?Clarity: IF—no blemishes; 
included, but more visible; and SI 1—slightly included. 


VVS:—very, very slightly included; VS—very slightly included; VSe—very slightly 


3Rapaport Diamond Report. V. 10, No. 1, Jan. 2, 1987; and v. 10, No. 45, Dec. 25, 1987. These figures represent Rapaport 


Diamond Report opinion of New York wholesale asking price. 


*Rapaport Diamond Report. V. 9, No. 22, July 11, 1986; and v. 10, No. 23, June 26, 1987. 
5The Diamond Registry Bulletin. V. 18, No. 1, Dec. 1986, p. 8; and v. 18, No. 1, Dec. 1987 »p.8. 
®The Diamond Registry Bulletin. V. 17, No. 7, July 1986, p. 8; and v. 17, No. 6, July 1987, p. 8. 


Table 2.—Prices of U.S. cut colored gem stones, by size! 


Price range Average price per carat? 
— 


Gem stone 


Carat per carat, 


weight June June 

. 1987? 1986 1987 
AMethiyet = Sato ces cc ete ke ie ee 1 $6- $10 $8 $8 
QUAMIAPING 25a A it ee ee ee 1 100- 250 175 175 
PMOrald oo oP aaa Saeko an 1 1,800-3,000 1,775 2,400 
Garnet, tsavorite________ = 1 500-1,200 950 950 
FED Y oe ed ei Sy Ue es Ue ee 1 2,300-3,500 2,150 3,000 
DAPDNING 2s ee eae tee 1 550-1,500 725 1,050 
SNZANICS nn Aelia Sian ede 8G 2 1 275- 450 354 354 
DOpERS Seen) inet en ews ues ee, : 7.50 7.50 


6- 9 
Tourmaline, red ~________ 60- 125 145 92.50 


1Fine quality. 


2 Jewelers’ Circular-Keystone. V. 159, No. 2, Feb. 1988, p. 400. These figures represent a sampling of net prices that 


wholesale colored stone dealers in various US. cities charged 


their cash customers during the month. 


3 Jewelers’ Circular-Keystone. V. 159, No. 8, Aug. 1987, p. 442. 
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FOREIGN TRADE 


Export value of all gem materials was 
$740.8 million. Export value of all gem 
materials other than diamond increased 
36% to $80.4 million. Of this total, other 
precious and semiprecious stones, cut but 
unset, were valued at $45.4 million; other 
precious and semiprecious stones, not set or 
cut, $21.0 million; synthetic gem stones and 
materials for jewelry, cut, $5.8 million; 
pearls, natural, cultured, and imitation, not 
strung or set, $1.8 million; and other, $369.4 
million. Reexports of all gem materials 
other than diamond increased 12% to $61.7 
million. Reexport categories were synthetic 
gem stones and materials for jewelry, cut, 
$0.6 million; precious and semiprecious 
stones, cut but not set, $40.1 million; and 
other precious and semiprecious stones, nat- 
ural, not cut or set, $1.31 million. 

“The customs value of U.S. imports of 
rough and polished natural diamond, ex- 
cluding industrial diamond, was down 
slightly to about $3.4 billion. Total imports 
of polished diamond came principally from 
Israel, 32%; Belgium, 28%; and India, 21%. 


They were valued at $3.0 billion, essentially 
unchanged from those of 1986. Imports of 
diamond greater than 0.5 carat came mostly 
from Israel, 38%; Belgium, 36%; and Swit- 
zerland, 8%. They decreased 15% in value 
to $1.1 billion. Imports in the less-than-0.5- 
carat category came mostly from India, 
35%; Israel, 32%; and Belgium, 24%. The 
value increased 6% to $1.9 billion. The 
imports of rough diamonds increased 5% in 
caratage and decreased slightly in value. 
The Republic of South Africa accounted for 
only 7% of the value of the imports, down 
from 52% in 1986. However, the average 
carat value of imports from the Republic of 
South Africa increased from $499 to $758. 

The total customs value of imported em- 
erald decreased 8% to $141.6 million. The 
total value of ruby imports decreased 29% 
to $59.4 million, and sapphire imports 
decreased 22% to $74.0 million. Average 
carat values increased 24% for emerald to 
$68, 14% for ruby to $25, and 27% for 
sapphire to $28. 


Table 3.—U.S. exports and reexports of diamond (exclusive of industrial diamond), 


by country 
1986 | 1987 
Count: Quantity 1 Quantity 1 
cs (carat ( eae (carat ad 
_— we ware) millions) weight) —_nillions) 
Exports: 

Belgium-Luxembourg — —--- ------------~----~ 205,565 $108.9 162,009 $122.9 
Canada_______-_--------------------777 19,17 13.7 24,94 17.8 
France ________------------------7-7-777 3,148 6.9 1,943 4.3 
Germany, Federal Republic of - _ --------------~ 2,286 3.1 3,842 4.0 
Hong Kong ~~ -----------------7-7-7-77 67,393 97.1 100,365 148.2 
Israel ___-__--~_------------=--------7-7- 156,819 87.2 172,634 110.8 
Japan___----------------------77 777-7 48,266 93.6 62,404 144.1 
Singapore ____-_-------------~--------7-7 5,810 7.5 5,686 7.0 
Switzerland _______--------------------- 19,318 85.4 30,161 16.3 
Thailand________-_--------------------- 16,958 6.4 14,028 9.3 
United Kingdom __ _-----------~---------- 6,405 7.8 4,151 8.2 
Other__.____-_------------------------ 9,915 - 8.0 5,221 7.5 

Total. 2 622. soe2s24 eee 561,059 525.6 587,387 660.4 

Reexports:? 

Belgium-Luxembourg — -—— ------------------ 806,945 89.5 1,184,952 101.1 
Canada____--_-------—--------------7-7- 6,516 5 5,424 8 
China. _____-___---------------------7-- 10,392 6 2,062 al 
Germany, Federal Republic of _ - ___------------ 39,479 2.7 24,840 2.6 
Hong Kong __---------------------7-7-7-77- 59,969 20.3 82,491 27.2 
India ete ee eee Se a ee Sse 127,221 3.3 84,893 2.9 
Israel ________----~---------------7--7-7- 210,333 59.2 199,579 70.3 
Japan ne oo eee eee eee 105,827 8.8 95,919 7.2 
Netherlands______----------------------- 68,079 5.1 47,313 3.2 
Switzerland ___ __-------------------- = 30,797 35.1 39,765 57.7 
United Kingdom ___-- ----------------7---- 398,044 27.6 101,300 18.4 
Other... se a eee eee 102,348 9.4 74,333 16.2 

Total _.___---------------7-7- 77-77-07 1,965,950 262.1 1,942,871 307.7 


1Customs value. 
2Artificially inflated in 1986 by auction of approximately 1 million carats of U.S. Government stockpile industrial 
diamond stones with subsequent reexports as gem stones to Belgium-Luxembourg and India. 


Source: Bureau of the Census. 


?Includes some natural advanced diamond. 
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Table 4.—U.S. imports for consumption of diamond, by kind, weight, and country 

1986 1987 
Kind, range, and country of origin Quantity 1 Quantity 1 
‘ Pua (carat ( ae ) _Garat ( vale ) 
weight) menue weight) accra 
Rough or uncut, natural:? 

Belgium-Luxembourg Wesise ie ce ee he oe et 418,782 $73.8 323,742 $82.0 
Brazil.0)2)6 ce oh tre ele A 29,444 3.4 _ 44,287 5.4 
Cape Verde 25.05 SS) poe ee oe ete 940 1.0 = = 
Guyane 25.22 ei Si eh Gs Be oe 2,122 3 oe a 
Israel.) 2306 nye ee Se BE 45,240 12.2 28,029 7.3 
Netherlands: = 2.2.2 2 7,318 3.7 2,930 2.9 
South Africa, Republic of _-_________~_._.______ 452,973 225.9 | 37,870 28.7 
Switzerland! 32 5-5 See 22,629 8.1 5,185 12.6 

’ United Kingdom _______________~___ Le 135,099 66.0 797,759 208.3 
Venezuela 2) 2 2 es te 37,096 1.0 7,901 1 
Other. at a he eat, SEA age epee Si 155, 618 39.7 121,657 72.1 

Ota tee tex ecto BL tet Yee om om cde ne oat seat | 1,807,261 485.1. 1,869,360- 420.0 

Cut but unset, not over 0.5 carat: : 
Belgium- Luxembourg anes oh od Sh NS ie Oe hea hat 1,540,601 471.9 1,307,990 468.2 
Brazil. 22 oe bee ee ee Sete ee 23,013 7.5 33,352 | 8.7 
Canadas 220 = oe Pe eae ee 30,485 4.0 21,750 88 
Hong Kong) 2 2 eB 131,717 25.0 241,251 41.8 
FEV 2 59sec yt age Nastcaien ape Odea ANN ce cry AG A 2,886,722 629.0. 3,198,504 670.8 

 Asraélo 20 Sh oR ee 1,555,742 542.7 1,511,724 © 629.8 
Malaysia 20.5 22.34 ro eh ee ne A ae eet 2,151 7 ae Bes 
Netherlands - s/o ee eee 28,296 11.0 51,959 13.6 
South Africa, Republic of _.._ $$. ~~ 139,692 19.1 14,461 11.8 
Switzerland _____§_§__§_ >_> _-§_ ee 75,629 28.7 73,268 40.3 
United Kingdom ____~~__~__~_~___~_ 36,714 17.9 18,321 15.8 
Other Se a tN recente ee a 172,873 21.9 144,708 83.3 

Total eat oh actie oa al ie Re ee et hh oo She te 6,623,635 1,779.4 6,617,288 1,942.9 
_Cut but unset, over 0.5 carat: 

Belgium-Luxembourg _______________-~______ 412,645 371.1 384,789 380.1 
Hong: Kong:.- 2 34,236 45.4 12,361 21.3 
India’ 32. oo 2 ee oie ee 50,098 13.2 110,019 28.0 
Israeli a ee ee be oe Pa 529,226 429.0 468,132 406.1 
Netherlands____ 9292 ~~ ~~ eee eee 24,673 23.8 8,403 11.6 
South Africa, Republic of .. _._.___...____.____ 65,180 73.7 27,654 413 
Switzerland: = 25) 2 oe a eh 48,898 169.6 37,583 81.7 
United Kingdom ____§____-§-§_-§ $e 35,303 63.8 29,155 42.6 
Other 222 Vee ee ook le eee ee ee Ey 60,871 55.9 56,345 47.5 
Otay eyo ete i ye 1,261,130 1,245.5 1,184,441 1,060.2 

1Customs value. 


Table 5.—U.S. imports for consumption of natural precious and semiprecious gem stones, 
other than diamond, by kind and country 


Kind and country 


Eels: 

Argentina Ss ee RR eS Cs tt ie Sy as 
Bieri oe eee) ie OSS et 
France 
Germany, Federal Republic of 
Hong Kong 
India 


Switzerland AT ew lade eae te 
Whailand cob) fate ope e sae eA 
United Kingdom 
Other 


See footnotes at end of table. 


1986 1987 
Quantity Value? Quantity Value? 

(carats) (millions) (carats) (millions) 
437 (7) — cds 
16,262 $3.1 30,190 $3.9 
144,899 6.4 112,194 7.0 
199,935 52.3 195,403 44.6 
10,674 3.0 8,401 1.9 
60,471 3.2 38,034 3.9 
187,525 12.0 170,853 15.2 
1,267,481 14.5 1,231,033 17.0 
59,724 14.1 60,942 19.4 
3,816 8 5,637 6 
37,795 1.8 (7) 
448,580 27.4 58,789 18.3 
5,056 3 3,697 (?) 
138,284 2.6 104,058 3.0 
20,461 6.1 7,652 2.2 
155,735 4.8 48,032 4.6 
2,757,135 152.4 2,074,920 141.6 
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Table 5.—U.S. imports for consumption of natural precious and semiprecious gem stones, 
other than diamond, by kind and country —Continued 


nS 


1986 1987 
Kind and country ; Quantity Value’ Quantity Value? 
(carats) (millions) (carats) (millions) 


i 


Ruby: 
Belgium-Luxembourg _ — _ ~-- -- -------------- 16,528 $4.3 12,078 $0.7 
Brazil 2.2 eo ee ee Se eet 579 (7) 3,102 (7) 
Colombits8 202 ne oe ee A 1,558 1 3,198 ) 
Prancé 2 ese oe ae ee ee eee ee 4,563 19 6,219 1.6 
Germany, Federal Republic of ________-__------- 14,412 3 18,267 8 
Hong Kong ____-----~------------------ 85,954 3.4 42,687 : 3.6 
India ee ee ee eee ee eS 247,687 2.1 302,323 aS) 
Israels oh a ee eS SS 35,433 1.3 : 6 
Jdvan no So ewe et eee he eS 82,786 A 335,381 5 
Switzerland _________.---_------=------- 256,921 16.5 41,492 14.1 
’ Thailand. .3 Ae ee ee 3,020,440 44.4 1,536,723 31.4 
United Kingdom _________-~--_-~-~----------- 19,496 5.8 1,523 2.9 
Others) 22 no eA ee ee eee eS 82,677 2.4 37,781 2.3 
Total 3 = sw e eBee AS Ee ee 8,869,034 83.5 2,357,817 59.4 
Sapphire: - : 
Australia________--_--_~------------------ 2,219 2 ee : Rae 
Austria 2 22 ee eS eee ate = 1,000 ?) 
Belgium-Luxembourg _ __——_-~--------------- 19,152 3.0 21,356 1.2 
Brazil. jess Se eee ee ee eee eee 28,604 () 2,580 (7) 
Canada oe ee ee ee ee ee eS oe 4,643 wi 6,905 ; 1 
Colombia__..______--~------------------ 1,769 (7) 2,284 (7). 
France's 32.000 bese oe Se oe ee a 26,764 1.9 7,048 11 
Germany, Federal Republic of _______---------- 20,699 1.2 12,067 1.6 
Hong Kong _______----_-----------~----- 132,201 49 63,684 5.4 
India. icc ee eo Se 127,121 1.0 84,973 5 
Israeli; = Son oe ee ee oe 40,322 12 14,254 11 
Japan. soe ee eee He 29,157 5 48,460 A 
Korea, Republic of _________--------------- 7,527 Jl 9,793 (7). 
Singapores 223 eh ee hee ee ee oe 946 ie) 7 (7) 
Sri lanka.- 22 ee ee ee eee 22,149 2.2 55,241 3.1 
Switzerland ____ .. -.-___---------------- _ 370,520 21.0 46,786 11.3 
Thailand 32..0--oee S eee oe ee. eee 3,394,602 50.3 2,121,376 42.7 
United Kingdom __-.___-__--------_-------- 60,736 5.5 110,112 3.9 
Other j2 oo ee eS ee Se ee 71,587 14 37,847 1.0 
Total _____ ie Yee Reena eee ee Ver eee! 4,360,718 95.1 2,645,723 74.0 
—— 
Other: 
Rough, uncut: 
Australia. 2 ee eo eS ets & 8 
Brazil Jee oe ee ee ee 15.9 20.7 
Colombia...) 2.22 ee eee eee 7.5 5.5 
Hong Kong_______-_--.~-----------~--- 11 1.4 
Nigeria.) oo. 3 oo Se ee ee ee SS 3 2 
Pakistan 2). et ee eS NA 6 NA 1.2 
South Africa, Republic of _______-~.-------- 4d 3 
Switzerland _________..-~.------~~--- A al 
United Kingdom _________----~-------- A () 
TX IG 2 ee Sad Sah tet he ES et 7 : A 
Others eh eee eee Ae Se 3.0 3.8 
Total <7 = Sai tt Se ee NA 31.2 NA 34.1 


Australia :2 2 co poe ee oo ee 4.6 6.1 
Brazil 22ers eee 11.0 17.2 
Canada 2 te eee ee ee 8 6 
Ching). 22.0 eee eee ee ee eS 5.1 2.7 
Germany, Federal Republic of ____..-~----~- 11.4 13.7 
Hong Kong.._ _ _ ----~-~~-~~-~--------- 29.3 28.7 
IWidia. oe ee ee eee ees NA 4.8 NA 5.7 
APal2 oeSneeee teee S SS 161.9 128.8 
Switzerland __.______---------~--~-~-~--+- 2.9 3.0 
UWA cree ee ee A 12.1 11.1 
Thailand: <.2- eee Soe oe eee eet = 6.1 11.7 
United Kingdom _.-_____--~-~~-------- 2.5 1.0 
Other 2: ho eee Sere eee ee ee oe hee 19.3 21.2 
Totals. owes LO Re ee eS NA 271.8 NA 251.5 
NA Not available. 
1Customs value. 
2Less than 1/10 unit. 


Source: Bureau of the Census. 
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Table 6.—Value of U.S. imports of 
‘synthetic and imitation gem stones, 
including pearls, by country 


(Million dollars?) 
Country 1986 1987 

Synthetic, cut but unset: 
Austria ~~. =e era 0.5. 13 
Francés 22< 2. es en oe 9 8 
Germany, Federal Republic of_ _ _ 6.4 9.2 
Japan ~_~___§__ 9.0 18 
Korea, Republic of. ._____-~ 2.8 11.6 
Switzerland. _____~_~______ 1.5 4.6 
Other nee oe ee 1.0 5.0 
Total __.______ Dy a ae 22.1 34.3 

Imitation: 
Austria) 2.2 2.22322 e So 34.4 50.7 
Czechoslovakia_ 9. ~ 2.0 2.1 
Germany, Federal Republic of_ _ _ 12.0 Tl 
apan: 22 20h a 7.2 3.7 
Other: 2:2:2 i.e ee 7.0 8.0 
Totals 22. eo eeeese Ss 62.6 71.6 
1Customs value. . 


Source: Bureau of the Census. 


Table 7.—U.S. imports for consumption of precious and semiprecious gem stones 
(Thousand carats and thousand dollars) 


1986 1987 
Stones ; 
Quantity Value? Quantity Value! 
Diamonds: 
Rough or uncut?____»§_>§_»_§ 5 5 eee 1,307 $435,029 1,369 $420,004 
Cut but unset_______ 2 ere ote hee eaten wee he 7,885 3,024,902 7,752 3,003,090 
Emeralds: Cut but unset __ $$ -/_/____-_-__-_ ee 2,757 2,396 2,075 . 141,575 
Coral: Cut but unset, and cameos suitable for use in jewelry... _ _ _ oN. 2,291 NA 3,060 
Rubies and sapphires: Cut but unset _________..____------ 8,230 178,655 5,004 133,396 
Marcasites< 22's Se ee Soe eee es N 189 NA 766. 
Pearls: ; 
Natural. = 3.223 3 a ee ee ete a NA 3,406 NA 3,879 
Cultured ~ 2 ee hele eee NA 190,497 NA 151,854 
Imitation = 20 =. a ee ee ee NA 9,655 NA 6,259 
Other precious and semiprecious stones: 
Rough; uneut 2.652 2 ee ee ew ee NA 30,589 NA 34,079. 
Cut; set. and unset 22 oo ee ee NA 65,392 NA 78,215 
Other.2 at ee ee Oat ee ee .NA 8,102 NA 13,716 
Synthetic: =f 
Cut but unset? ~_-__ 7 7 5 5 5 ee eee ee 63,532 22,074 82,697 - 30,958 
Others 2 2c ee eee el ee N. 2,586 NA 3,358 
Imitation gem stones ____________---_-_-----+---- NA 52,939 NA 65,311 
Total 2 2c a ee ae Be eee ee XX 4,178,652 XX 4,089,520 
NA Not available. XX Not applicable. 
41Customs value. 


2Includes 19,248 carats valued at $675,326 in 1986. 
3Quantity in thousands of stones. 


Source: Bureau of the Census. 


WORLD REVIEW 


De Beers Consolidated Mines Ltd.’s sales 
of uncut diamonds through the Central 
Selling Organization in 1987 were reported 
to be a record $3.07 billion compared with 
$2.56 billion in 1986, an increase of approx- 
imately 20%. Sales of colored gem stones 
also remained very strong. 


Emerald was mined in Australia, Brazil, 
Colombia, Mozambique, Pakistan, the Re- 
public of South Africa, the U.S.S.R., Zam- 
bia, and Zimbabwe. Sapphire was produced 
in Australia, Colombia, Kenya, Malawi, 
Nigeria, Sri Lanka, Tanzania, Thailand, 
and the United States. Aquamarine was 
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produced in Afghanistan, Brazil, China, In- 
dia, Nigeria, Pakistan, the Republic of 
South Africa, Tanzania, the United States, 
and Zambia. Ruby was produced in Af- 
ghanistan, Burma, India, Kenya, Sri Lanka, 
Tanzania, Thailand, and the United States. 

Angola.—Sociedade Portugesa de Em- 
preendimentas and Endeama (SPB), a Por- 
tuguese company, signed a 2-year agree- 
ment with the Angolan state mining compa- 
ny to mine and appraise diamonds. SPE 
will also assist in diamond exploration and 
training Angolan personnel.? Visitors to 
Angola reported that Cuban soldiers sta- 
tioned there were becoming good sources for 
Angolan rough diamonds. Angolan diamond 
production continued to suffer because of 
the civil war. 

Australia—Argyle Diamond Mines Joint 
Venture completed the second year of pro- 
duction from the AK-1 lamproite pipe. Pro- 
duction of 30.3 million carats exceeded the 
planned production of 25 million carats. 
Argyle Diamond Sales Ltd. launched a ma- 
jor sales campaign in October 1987 directed 
at significantly increasing the international 
market for “cognac” or “champagne” col- 
ored diamonds. The terms are used to help 
market the brown-colored gem diamonds 
Argyle produces each year.? Additionally, 
Argyle formed a direct relationship with 
the India diamond-cutting trade to upgrade 
its diamond cutting technology to reduce 
the amount of Argyle near-gem material 
that is reclassified as industrial because of 
cutting difficulties.‘ 

Freeport Bow River Properties Inc., the 
operating company of the Freeport-McMo- 
Ran Australia Ltd. and Gem Exploration 
and Minerals Ltd. joint venture, started 
construction of the Bow River alluvial dia- 
mond project. The project will process 4,000 
metric tons per day of gravel. Diamond 
output is expected to exceed 600,000 carats 
per year. The diamond production is fore- 
cast to be 18% to 25% gem quality, 65% to 
72% near-gem quality, and 8% to 10% bort. 
Also, Freeport-McMoRan Australia made 
an encouraging diamond discovery while 
drilling its project at Orraroo in South 
Australia. Work continued on the joint 
venture diamond project between Freeport- 
McMoRan Australia and Swan Resources at 
Springfield Basin in New South Wales. 

Carr Boyd Minerals Ltd., in partnership 
with the De Beers subsidiary Stockdale 
Prospecting Ltd., and Afro-West Mining 
and Gem Exploration and Minerals Ltd. are 
continuing separate diamond exploration 
projects in various Australian locations. 
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Capricorn Resources Australian NL initiat- 
ed offshore diamond prospecting 150 kilo- 
meters northwest of Wyndham on the 
northern coast of Western Australia. Ash- 
ton Mining Ltd. continued the management 
of two ongoing diamond exploration ven- 
tures. Gem Exploration completed a bulk- 
sampling program on a diamond prospect 
near the Kununurra District of East Kim- 
berley and investigated magnetic anomalies 
in West Kimberley. The results were not 
announced. Auridian Consolidated NL con- 
tinued its diamond exploration activities in 
North Shaw, Halls Creek, Pilbara, Mount 
Behn, Van Emmereck, Mount Barnett, and 
Pentagon areas. 

Production of sapphire in 1987 was esti- 
mated to be $18 million and represented 
about 75% of the rough sapphire imported 
into Thailand, the world’s leading sapphire 
processing and marketing country. The opal 
production in 1987 was estimated to be $58 
million and represented about 85% of the 
world production of natural opal. The 
South Sea cultured pearl production was 
estimated at $20 million. Australia pro- 
duces about 25% of all South Sea pearls; 
however, the production represents approx- 


imately 80% of the high-quality goods.® 


Botswana.—Debswana, the Botswana 
diamond mining company that is a 50-50. 
joint venture between De Beers and the 
Government of Botswana, sold its signifi- 
cant diamond stockpile to De Beers. The 
stockpile was estimated to contain a high 
proportion of large, high-quality gem mate- 
rial. The purchase was paid for with a 
combination of cash and newly issued De 
Beers company shares. The Government of 
Botswana now owns 2.6% of De Beers and 
the right to appoint two members to the 
Board of Directors of De Beers and De 
Beers’ Diamond Trading Co.” Botswana pro- 
duced a record high 18.2 million carats in 
1987; approximately 71% were gem quality. 

Brazil.—Mining and production started 
on a diamond-rich kimberlite pipe in the 
State of Mato Grosso, approximately 20 
kilometers from Julina. This is the first 
production from a kimberlite pipe in Brazil. 
All production to date was from secondary 
alluvial sources. 

The new alexandrite deposit mine discov- 
ered in early 1987 near Italira in Gerau 
Mines was temporarily closed late in the 
year by the Government. The location pro- 
duced a large quantity of fine gem-quality 
alexandrite and promises to be prolific for 
the next several years.® 
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Canada.—Dia Met Minerals of Vancou- 
ver continued to negotiate the financing for 
drilling the Jack kimberlite pipe in British 
Columbia. The pipe, located 55 kilometers 
north of Golden, British Columbia, contains 


minute gem-quality diamonds. Additional - 


pipes in the area were sampled during the 
summer months. Information from the sum- 
mer program is not available at this time. 

Central African Republic.—African Star 
Mining Co., a subsidiary of the U.S. firm 
O’Hair Mining and Drilling Co., established 
the first large-scale mechanized diamond 
mining operation in the Central African 
Republic. Two mines and associated wash- 
ing plants with an initial production rate of 
2,500 cubic meters per day were under 
construction with production scheduled to 
begin in early 1988. The firm planned to 
increase production to 5,000 cubic meters 
per day in 60 to 90 days after startup. The 
estimated average grade of the project re- 
serves is 0.4 carat per cubic meter that 
grade 95% gem quality. Annual production 
is forecast to be approximately 670,000 car- 
ats per year. The planned production of the 
two operations is 200% of the current total 
production of the Central African Republic. 

China.—Boarara Mining Ltd. of Aus- 
tralia entered into an agreement with 
Southolme Ltd. of Hong Kong to explore 
and develop diamond projects in Hunan 
Province in China. Diamonds are found 
along the 1,000-kilometer length of the 
Yuan Jiang River terraces and channels, 
which are often 20 to 30 meters deep and up 
to 300 to 400 meters wide. The terraces have 
been mined for years by local farmers. A 
source pipe for the diamonds has not been 
found. 

The Yuan Jiang River Alluvial Project, a 
joint venture between City Resources (Asia) 
Ltd. (a subsidiary of the Australian compa- 
ny City Resource Ltd.), China Hunan Inter- 
national Development Corp., and China Ge- 
ology Import and Export Group, was formed 
to explore for and produce diamonds and 
gold on the lower reaches of the Yuan Jiang 
River. City Resources will supervise and 
control the work and the Chinese partners 
will furnish the labor force. The project 
area is approximately 120 square kilome- 
ters. 

China produced diamonds, aquamarine, 
quartz crystal, citrine, turquoise, peridot, 
sapphire, jet, pearls, and jade. 

Guinea.—Diamond production at Badge 
Oil’s Aredor project decreased. The dia- 
monds from Aredor are noted for their size 


MINERALS YEARBOOK, 1987 


and quality with an average price of $284 
per carat in 1987. The stones average 0.82 
carat; however, an average of 55 gems over 
10 carats and 10 stones over 15 carats was 
recovered each month. During 1987, a 100.2- 
carat stone was sold for $1.6 million, and a 
143-carat stone was sold for $3.9 million. 
Production costs have been lowered from 
$260 per carat in 1984 to about $90 per carat 
in 1987.9 

India.—Orissa Mining Corp. discovered a 
large deposit of high-quality ruby in Orissa 
State. The deposit in the Jilligdhar area of 
the Kalahandi District has made the compa- 
ny one of the largest producers of gem 
stones in the country. The smaller fine- 
quality stones sell wholesale at about $1,000 
per carat. The lower quality stones suitable 
for cabochons sell for a few hundred dollars 
per carat once they are cut. The Govern- 
ment-owned Mineral Development Corp. 
announced the discovery of a major new 
diamond deposit in Chittaurgarh Province. 
Early reports indicate that the deposit may 
be more productive than any area currently 
being mined. 

Indonesia.—Acorn Securities Ltd. contin- 
ued negotiations with the Government of 
Indonesia for a long-term production agree- 
ment for the South East Kalimantan dia- 
mond project. The first parcel of diamonds 
from the project, 1,032 carats, was evalu- 
ated at an average value of $170 per carat. 
The parcel of 6,342 stones was 97% gem 
quality. Acorn has a reserve base of 16 
million cubic meters with an average grade 
of 0.2 carat of diamond, 80 milligrams of 
gold, and 20 milligrams of platinum per 
cubic meter. 

Pakistan.—Production from a new emer- 
ald deposit in Gujjar Kallay in the Swat 
District resulted in an increase in the aver- 
age monthly production from 350 carats to 
4,000 carats. The stones are of very good 
quality. Pakistan continued to produce 
high-quality pink topaz, other gem topaz, 
and tourmaline. 

Sierra Leone.—Diamond Corp., a subsid- 
iary of De Beers, negotiated with the Gov- 
ernment of Sierra Leone regarding a $3 
million loan to rehabilitate the mining 
equipment for the National Diamond Min- 
ing Co.’s operations at Yengema.” Oliver 
Resources PLC, through its Sierra Leone 
subsidiary, was granted exclusive gold and 
diamond licenses on about 78 square kilo- 
meters of alluvial deposits along tributaries 
of the Pampana River. 

South Africa, Republic of.—Thirteen ad- 


GEM STONES 


ditional marine diamond concessions were 
allocated off of the South African west 
coast. Fourteen companies or individuals 
are working the concessions that were 
issued in 1988 and 1984. The 1987 marine 
diamond production was estimated at 
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50,000 carats. De Beers began reactivation 
of the Koffiefontein Mine in the Orange 
Free State. The Mine, idle since 1982, is 
expected to be back in production in early - 
1988. 


TECHNOLOGY 


Shalev Computerized Systems Ltd. in Ra- 
mat Hasharon, Israel spent $2 million de- 
veloping Robo Gem, a robot that automati- 
cally calculates the best possible shape and 
optimum yield of virtually all rough gems 
except diamond. The robot is more exact 
than human cutters, increases yields from 
rough stones an average of 10%, and re- 
duces the cost of cutting by up to 70%." 

Zui Yehuda of Israel developed a method 
for treating diamonds that reportedly im- 
proves the clarity of fractured diamonds 
dramatically. In most diamonds the treat- 
ment can easily be identified with a 10X 
loupe. Many of the treated stones showed a 
yellow concentration of color along frac- 
tures. All of the treated stones displayed a 
distinct rainbow of color when viewed along 
the thin side of the fracture.” 


Enhancement of all types of gem materi- 


als through chemical and physical means 
has become much more commonplace and 
has included a wider variety of gem materi- 
als in the past few years. Irradiation by the 
electromagnetic spectrum (X-rays, gamma 
rays, etc.) and by energetic particles (neu- 
trons, electrons, alphas, etc.) is being used 
to enhance or change the color of diamonds, 
topaz, tourmaline, quartz, beryl, sapphire, 
zircon, scapolite, and pearls. Blue topaz is 
normally irradiated, but this does not imply 
that all of these gem materials are regular- 
ly irradiated.* 

A number of gem materials can be en- 
hanced by chemical treatment or impregna- 
tions. The treatment may alter the bulk of 
the gem material or only penetrate the 
surface. This includes bleaching, oiling, 


waxing, plastic impregnations, color im-. 


pregnations, and dying. The treatments 
that alter only the surface of the gem 
material include surface coatings of various 
types, interference filters, foil backings, sur- 
face decoration, and inscribing. Chemical 


treatment is more widespread than the 
common dying of quartz, treatment of tur- 
quoise, and oiling of emeralds. Chemical 
treatment and impregnations have been 
used to enhance chalcedony, coral, ivory, 
pearl, tiger’s eye, emerald, lapis lazuli, opal, 
ruby, sapphire, turquoise, beryl, quartz, 
jade, diamond, and amber.** 
The oldest and most common method of 


' gem material enhancement is heat treating. 


Heat treatment of gem materials was used 
in Greece and Rome well before the Chris- 
tian Era. Heat treatment can cause color 
change, structural change, and improve 
clarity. In the past, heat treatment was 
common for quartz and gem corundum. 
Today, materials that are heat treated to 
enhance their appearance include sapphire, 
topaz, beryl, tourmaline, quartz, zircon, am- 
ber, diamond, and zoisite.*® 

Testing can determine if certain types of 
gem materials have been treated. However, 
not all types of treatments for all types of 
gem materials can be detected. 


Physical scientist, Branch of Industrial Minerals. 

Industrial Minerals (London). Company News. No. 240, 
Sept. 1987, p. 101. 

Jewelers’ Circular-Keystone. Brown is Beautiful and 

Saleable. V. 158, No. 7, July 1987, p. 303. 

4_—_—. V. 157, No. 5, May 1987, p. G. 

5Australian Bureau of Mineral Resources. Australian 
Mineral Industry Annual Review. Preliminary Summary 
1987. Gemstones, Feb. 1988. 

®Jewelers’ Circular-Keystone. South Sea Pearls. V. 158, 
No. 7, July 1987, p. 308. 

"Industrial Minerals (London), World of Minerals. No. 
239, Aug. 1987, p. 9. 
‘oe and Gemology. Gem News. V. 23, No. 4, winter 

°Ellis, R. Aredor Makes the Grade. Min. Mag., Sept. 
1987, pp. 206-213. 

Mining Journal (London). Development. V. 309, No. 
7931, Aug. 21, 1987, p. 141. 

1Business Week. Developments To Watch. No. 2998, 
May 1987, p. 141. 

12Rapaport Diamond Report. Diamond Treatment Alert. 
No. 220, Dec. 4, 1987, p. 8. 

18Nassau, K. Gemstone Enhancement. Buttersworth, 
1984, pp. 46-60. 

14Pages 61-78 of work cited in footnote 12. 

15Pages 25-44 of work cited in footnote 12. 
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roduction value of natural 

gem materials in the United 

States during 1988 increased 

about 103% to $43.5 million. 
The materials produced included fa- 
ceting rough, lapidary rough, carving 
material, specimen material, natural 
and cultured freshwater pearls, mother 
of pearl, and coral. 

The combined production value of 
synthetic and simulant gem materials 
was reported to be $16.3 million, about 
a 7% increase over that of 1987. Syn- 
thetic gems are manmade and have the 
same optical, physical, and chemical 
properties and the same appearance as 
the natural gem that they represent. 
Synthetic gem materials produced in 
the United States include alexandrite, 
coral, diamond, emerald, garnet, lapis 
lazuli, quartz, ruby, sapphire, spinel, 
and turquoise. Simulants are manmade 
gem materials that have an appearance 
similar to that of a natural gem mate- 
rial but have different optical, physical, 
and chemical properties. The gem sim- 
ulants produced in the United States 
include coral, cubic zirconia, lapis la- 
zuli, malachite, and turquoise. Addi- 
tionally, certain colors of synthetic sap- 
phire and spinel, used to represent 
other gem stones, would be classed as 
simulants. Cubic zirconia is the major 
simulant and is produced in both col- 
ored and colorless varieties. 

The gem materials were sold to 
wholesale and retail outlets, in gem and 
mineral shops, at gem and mineral 
shows, to cutting factories, and to jew- 
elry manufacturers. 


DOMESTIC DATA 
COVERAGE 


Estimates of U.S. production were 
developed by the Bureau of Mines from 
the “Gems and Gem Stones Survey,” a 
voluntary survey of U.S. operations, 
and from Bureau estimates of unre- 
ported production. Of the approxi- 
mately 300 operations to which a sur- 
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vey request was sent, 82% responded, 
accounting for about 95% of the total 
production, 92% of the natural pro- 
duction, and 100% of the synthetic and 
simulant production. 

The 300 operations surveyed in 1988 
were an increase of about 14% com- 
pared with the number of operations 
surveyed in 1987. The response rate was 
essentially unchanged. Production by 
nonresponding operations, by profes- 
sional collectors, and by amateur or 
hobbyist collectors was estimated by 
the Bureau. These estimates were based 
on information from published data, 
conversations with gem and mineral 
dealers, analyses of gem and mineral 
shows and sales statistics, and from 
information informally supplied by 
collectors. In the formal voluntary sur- 
vey and the informal surveys, the Bu- 
reau is totally dependent upon the co- 
operation of the producers, brokers, 
dealers, and collectors. Individuals and 
companies have been very cooperative 
and forthcoming with information. 
The Bureau is very appreciative of this 
cooperation. 


DOMESTIC PRODUCTION 


Each of the SO States produced at 
least $1,000 worth of gem materials. 
Ten States accounted for 95% of the 
total value of natural gem material 
produced. The States, in order of de- 
clining value of production, with their 
1987 standing shown in parenthesis, 
were Tennessee (1), California (2), Ar- 
izona (3), Arkansas (4), Montana (5), 
Oregon (10), North Carolina (7), Idaho 
(8), Missouri (9), and Utah (19). Cer- 
tain States were known for the produc- 
tion of a single gem material, i.e., 
Tennessee for freshwater pearls and 
Arkansas for quartz, whereas other 
States produced a wide variety of gem 
materials. Arizona is best known for 
the widest variety of gem materials. 
Production included agate, amethyst, 
antlerite, azurite, chrysocolla, fire ag- 


ate, garnets, jade, malachite, onyx, 
peridot, petrified wood, precious opal, 
shattuchite, smithsonite, and tur- 
quoise. California, Idaho, Montana, 
and North Carolina also produced a 
wide variety of gem materials. North 
Carolina was the only State to have 
produced all four of the major gems: 
diamond, emerald, ruby, and sapphire. 

The average production value of nat- 
ural gem materials for the past 10 years 
was $12.5 million per year, with a high 
of $43.5 million in 1988 and a low of 
$6.9 million in 1980. The value of 
production for the past 10 years must 
be separated into two trends. The first 
trend was the period between 1979 and 
1985, during which time approximately 
24 producers were surveyed. Produc- 
tion averaged $7.5 million per year and 
was generally level. The second trend, 
1986 to the present, production aver- 
aged $24.2 million and was the result of 
an increase of 1,150% in the number of 
producers surveyed. 

The reported production value of 
synthetic and simulant gem materials 
was $16.3 million in 1988. The reported 
value of production increased 7%, 
however, the quantity of materials pro- 
duced was significantly greater. A shift 
in the types of materials produced, 
primarily a change from colored cubic 
zirconia to colorless cubic zirconia, re- 
sulted in the production of lower value 
material. Thirteen firms, five in Cali- 
fornia, four in Arizona, and one each 
in Massachusetts, Michigan, New Jer- 
sey, and Ohio, produced synthetic and 
simulant gem material. The six States, 
in order of declining value of production, 
were Massachusetts, California, New 
Jersey, Michigan, Ohio, and Arizona. 

Dia Em Resources Ltd. and LKA 
International Inc. completed the evalu- 
ation of their Rist and Ellis Emerald 
Mines at Hiddenite, NC. Using the 
beryllometer designed and built by 
LKA to assist in sorting emeralds from 
waste materials, approximately 3,000 
carats of emerald was recovered. Anal- 
ysis of all of the data collected indi- 
cated that the property did not have the 
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degree of commercial viability required 
by LKA to continue to the next phase 
of the project. LKA plans to dispose of 
the property in 1989. It announced 
plans to also sell the two largest emer- 
ald crystals ever found in the United 
States, the 1,438-carat Stephenson and 
the 1,686.3-carat LKA crystal. 

A 0.25-carat diamond was recovered 
during testing of a bulk ore sample 
from a North Carolina placer gold 
mine. The stone, positively identified 
by a mineralogist, was of industrial 
grade. The diamond was the seventh 
largest found in North Carolina, the 
largest being 4.33 carats. A company 
geologist stated that the find was inter- 
esting, but would not change the com- 
pany’s approach to the project. 

The Dow Chemical Co. sold its 6- 
year-old diamond exploration project 
in the Upper Peninsula of Michigan to 
Crystal Exploration Inc. of Denver, 
CO, a subsidiary of Restech Interna- 
tional Ltd. of Sydney, Australia. Dow 
discovered seven kimberlite pipes, and 
core drilling yielded a scattering of 
sand-grain-size. diamonds. The dia- 
monds were too few and too small for 
commercial production. A Dow spokes- 
person stated that more exploration 
and mining expertise was needed and 
that Dow was not a hard-rock mining 
company. Dow retained an option to 
take part in the exploration and devel- 
opment and to share in any profits. 

Amselco Exploration Inc., a subsid- 
iary of British Petroleum Co. of Can- 
ada, and Exmin Corp., a subsidiary of 
the Belgian company Sibeka (Société 
d’Entreprises et d’Investissements S.A.), 
continued exploration for diamonds on 
leased lands in Michigan and Wisconsin. 
Exmin continued diamond exploration 
efforts in Minnesota. 

Three firms continued their diamond 
exploration project in the State Line 
District on the Colorado-Wyoming 
border. 

The Diamond Mining Task Force, 
appointed in 1986 by the Arkansas 
Governor to assist the State Parks, Rec- 
reation, and Travel Commission in de- 
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termining if commercial diamond min- 
ing would be allowed at the Crater of 
Diamonds State Park, recommended 
preliminary tests of the Park to deter- 
mine the size of the reserve. Whether 
the area will be tested is up to the State 
Parks, Recreation, and Travel Commis- 
sion. The recommended tests included 
drilling 10 angled core holes, about 2.5 
inches in diameter and 850 feet long. 
The recommendations set a $350,000 
price tag on the testing and stated that 
funding should come from _ private 
sources. Sunshine Mining Co., which 
started a joint venture called Arkansas 
Diamond Development Co., proposed 
to conduct an estimated $3 million in 
geological testing without any written 
guarantee that they will receive a com- 
mercial contract to mine diamonds. At 
yearend, studies were under way and no 
decisions had been made concerning 


. the mining project. 


Recent mining on private land at 
Opal Butte in Morrow County, OR, 
approximately 35 miles south of Hepp- 
ner, produced a wide variety of very 
fine-quality opals. The varieties pro- 
duced included hyalite, rainbow, contra 
luz, hydrophane, crystal opal, fire 
opal, blue opal, and dendritic opal. 
The opal occurs in rhyolite geodes in a 
decomposed perlite.” 

A number of mines in southern Or- 
egon started producing gem labordorite 
feldspar in 1988. The material comes in 
a wide range of colors, including yellow 
(the most common), pink, peach, 
salmon, red-orange, red-green, blue- 
green, and bicolored red and green. 
The best red faceting-grade material 
cuts some of the finest gem feldspar 
available. The mines also produce sun- 
stone, a feldspar with schiller that is 
caused by millions of microscopic cop- 
per platelets on the cleavage planes of 
the feldspar. Sunstone is the State gem 
stone of Oregon. 

American Pearl Farms of Tennessee 
completed its second significant har- 
vest of cultured freshwater pearls. 
American currently has five pearl 
farms under operation and acquired 


additional water acreage for a sixth 
farm to be established during 1989. The 
new farm is planned to be nine times 
larger than the existing farms. 

During December 1988, the largest 
and heaviest faceted gem stone ever cut 
was completed by a U.S. cutter. The 
36,853-carat champagne colored topaz 
was cut from a 46-pound crystal mined 
in Brazil. The stone was cut in a dia- 
mond shape that was 13.75 inches long, 
6.13 inches thick, and 4.75 inches wide. 
This was the third consecutive year in 
which record-size gem stones were cut 
in the United States. The unnamed 
stone was displayed for the first time at 
the Tucson Gem and Mineral Show in 
Tucson, AZ. The stone was offered for 
sale at $3 a carat, a total asking price 
of $110,600. 


CONSUMPTION 


Domestic gem materials production 
was consumed in commercial and am- 
ateur manufacture of jewelry, in gem 
and mineral collections, and in the 
production of objects of art. The value 
of U.S. apparent consumption was es- 
timated to be a record high $3,703 
million, an increase of about 7%. The 
average annual estimated consumption 
for the past 10 years was $2,506 mil- 
lion, with a high of $3,703 million in 
1988 and a low of $1,238 million in 
1979. The trend of estimated consump- 
tion for the past 10 years was one of 
continued growth with about 199% 
increase or an annual compounded 
growth rate of about 13%. 

The U.S. estimated apparent con- 
sumption of diamonds increased about 
25% in quantity and value to 8.3 mil- 
lion carats and $3.1 billion, respec- 
tively. The average annual apparent 
consumption of diamonds for the past 
10 years was 4.6 million carats, with a 
high of 8.3 million carats in 1988 and a 
low of 1.2 million carats in 1981. The 
trend for apparent consumption, quan- 
tity and value, for the past 10 years was 
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one of significant increase. Apparent 
consumption of diamonds increased 
about 153% in quantity and 216% in 
value over that period. 

The estimated apparent consumption 
of colored stones, led by emerald, ruby, 
and sapphire, was valued at $353.8 mil- 
lion, an increase of 18%. The annual 
average consumption of colored stones 
for the past 7 years was valued at $316.3 
million, with a high of $361.0 million in 
1984 and a low of $252.4 million in 1982. 
The trend for apparent consumption of 
colored stones for the past 7 years was 
one of fluctuating increases and de- 
creases, but the general tread was one of 
increased consumption. 

The estimated apparent consump- 
tion of pearls—natural, cultured, and 
imitations—was $168.9 million, an in- 
crease of about 5%. This was the first 
increase after 3 years of decreases from 
the 7-year high in 1984. The value was 
about 82% greater than the 7-year low 
in 1982, but was about 7% less than the 
7-year average of $181.8 million per 
year. 

Estimated apparent consumption of 
synthetic and imitation gem materials 
decreased about 5% to $105.9 million. 
‘| Average apparent consumption of syn- 
thetic and imitation gem materials for 
the past 7 years was $65.2 million, with 
a high of $109.1 million in 1987 and a 
low of $29.9 million in 1979. The trend 
for apparent consumption for the past 
7 years was one of generally strong growth. 
Apparent consumption increased about 
251% over the 7. years or averaged an 
annual compounded rate of growth of 
about 23% a year during the period. 

It was estimated by the American 
Diamond Industry Association that 
U.S. jewelers sold 19.8 million pieces of 
diamond jewelry worth a total of $11.3 
billion during 1988. 


PRICES 


The average U.S. wholesale asking 
price of the top 25 grades (D-H color 
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and IF through VS, clarity) of a 1-carat 
diamond fluctuated between $6,200 
and $7,000 and was $7,000 at yearend. 
The average value per carat of all 
grades, sizes, and types of gem-quality 
diamonds consumed in the United 
States, based on 1988 estimated appar- 
ent consumption, was $373, unchanged 
from that of 1987. The average value of 
diamonds consumed in the United 


States for the past 10 years, based on the 


estimated annual apparent consumption, 
was $490 per carat, with a high of $1,128 
per carat in 1981 and a low of $298 per 
carat in 1979. The trend for the average 
annual value of diamonds consumed for 
the past 10 years was one of rapid in- 
crease from the 10-year low in 1979 to the 
10-year high in 1981 followed by a gen- 
eral decline until an apparent stabiliza- 
tion in 1987. 

The average yearend wholesale pur- 
chase price of a fine-quality 1-carat 
ruby, paid by retail jewelers on a per 
stone or memo basis, was $3,500, an 
increase of 17%. The average value of 
all rubies imported into the United 
States increased 19% to $30.06 per carat. 
The average annual value of all rubies 
imported into the United States for the 
past 7 years was $24.31 per carat, with a 
high of $34.04 per carat in 1982 and a 
low of $16.42 per carat in 1984. The 
trend for the value of ruby imports for 
the past 7 years was one of rapid decline, 
52% for the period from 1982 to 1984. 
This was followed by a steady, moderate 
increase of 16% annual recovery. 

The average yearend wholesale pur- 
chase price of a fine-quality 1-carat 
sapphire, paid by retail jewelers on a 
per stone or memo basis, was $1,400, 
an increase of 33%. The average value 
of all sapphires imported into the 
United States decreased 17% to $23.22 
per carat. The average annual value of 
all sapphires imported into the United 
States for the past 7 years was $20.66 
per carat, with a high of $27.97 per 
carat in 1987 and a low of $18.50 per 
carat in 1984. The trend for the value of 
sapphires imports for the past 7 years 


was one of fluctuating increases and- 


decreases with the 1988 value ending 
the 7-year period about 5% below the 
beginning value in 1982. 

The average yearend wholesale pur- 
chase price of a fine-quality 1-carat 
emerald, paid by retail jewelers on a per 
stone or memo basis, was $2,600, an 
increase of 8%. The average value of all 
emeralds imported into the United 
States increased 15% to $78.79 per 
carat. The average annual value of all 
emeralds imported into the United 
States for the past 10 years was $54.99 
per carat, with a high of $78.79 per 
carat in 1988 and a low of $35.06 per 
carat in 1984. The trend for the value of 
emerald imports for the past 10 years 
was one of fluctuating increases and 
decreases from 1979 through 1984 fol- 
lowed by a steady moderate growth 
resulting in the 1988 average value be- 
ing about 71% greater than 1979. 


FOREIGN TRADE 


Export value of all gem materials 
increased 36% to $1,010 million, the 
first time ever that exports have ex- 
ceeded a billion dollars. The quantity 
of diamonds exported was essentially 
unchanged at 590,412 carats, however, 
the value of exports increased about 
38% to $908.9 million. The average 
annual quantity of diamonds exported 
for the past 10 years was 369,264 car- 
ats, with a high of 590,412 in 1988 and 
a low of 184,871 in 1982. The trend for 
the quantity of diamonds exported for 
the past 10 years was one of moderate 
decline, 13%, during the first 4 years, 
followed by significant growth, 219%, 
from the low in the period from 1982 to 
1988. The average annual value of dia- 
mond exports for the past 10 years was 
$521.6 million, with a high of $908.9 
million in 1988 and a low of $292.8 
million in 1982. The trend for the value 
of diamond exports for the past 10 
years was one of significant decline, 
113%, over 4 years, followed by 3 years 
of moderate growth, 32%, leading to 3 
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TABLE 1 


PRICES OF U.S. CUT DIAMONDS, BY SIZE AND QUALITY 


Carat weight 


0.25 
29 
.20 
.29 
25 
29 
00 
50 
00 
50 
.50 
50 
WAS) 
15 
15 

75 
As) 
As) 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 


Description, 
color! 
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H 


Clarity? 


(GIA terms) 


VS1 
VS2 
Sit 
VS1 
VS2 
Sit 
VS1 
VS2 
Sit 
VS1 
VS2 
Slt 
VS1 
VS2 
Slit 
VS1 
VS2 
Sit 
VS1 
VS2 
Sit 
VS1 
VS2 
Slt 


Price range 
per carat* 


Jan. 1988-—Jan. 1989 


$1,100-$1,300 

950- 1,100 

800- 9880 

950- 1,100 

900- 1,000 

780- 860 
2,300- 2,500 
2,100- 2,300 
1,800- 1,900 
2,200- 2,300 
2,000- 2,100 
1,700- 1,800 
2,600- 3,000 
2,500- 2,700 
2,200- 2,300 
2,400- 2,600 
2,200- 2,300 
2,000- 2,100 
4,200- 4,600 
3,700- 4,100 
3,200- 3,500 
3,700- 4,100 
3,300- 3,600 
3,900- 3,200 


‘Gemological Institute of America (GIA) color grades: D—colorless; E—rare white; H-I—traces of color. 
? Clarity: IF—no blemishes; VVS1 —very, very slightly included; VS—very slightly included; VS2—very slightly included, but more visible; 


Sl1—slightly included. 


3 Jeweler’s Circular-Keystone. V. 159, No. 2, Feb. 1989. 
4 Jeweler’s Circular-Keystone. V. 154, No. 2, Aug. 1988. 


PRICES OF U.S. CUT COLORED GEM STONES, BY SIZE‘ 


Gem stone 


Amethyst 
Aquamarine 
Emerald 


Garnet, tsavorite 


Ruby 
Sapphire 
Tanzanite 
Topaz 


Tourmaline, red 


‘Fine quality. 


Carat 
weight 


ee ee Se ee ee ef 


TABLE 2 


Price range per 


carat in 19882 


$6— $10 
100- 250 
1,800-3,000 
700-1 ,200 
2,500-3,500 
600-1,500 
275- 450 
6- 9 

60- 125 


Average* 
July 
1988 


$1,300 
1,100 
880 
1,100 
1,000 
860 
2,500 
2,300 
1,900 
2,300 
2,100 
1,800 
2,900 
2,700 
2,300 
2,600 
2,300 
2,100 
4,600 
4,100 
3,500 
4,100 
3,600 
3,200 


Average price per carat? 


Jan. 1988 
$8 
175 
2,400 
950 
3,000 
1,050 
354 

7.50 

92.50 


Jan. 1989 


$8 
175 
2,600 
650 
3,500 
1,400 
300 
9 
92.50 


2 Jewelers’ Circular-Keystone. V. 159, No. 2, Feb. 1989, p. 399. These figures represent a sampling of net prices that wholesale colored 
stone dealers in various U.S. cities charged their cash customers during. 
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years of significant growth, 136%, 
which resulted in a record-high year in 
1988. 

Exports of other precious and semi- 
precious stones, cut but unset, in- 
creased about 51% to $68.5 million. 
The average annual export value for the 
past 7 years for cut but unset natural 
gem stones, other than diamonds and 
pearls, was $38.8 million, with a high 
of $68.5 million in 1988 and a low of 
$27.7 million in 1984. The 7-year trend 
for the export value of these gem ma- 
terials was one of fluctuating increases 
and decreases, but resulted in a signif- 
icant overall increase of 131% for the 
period. Exports of the same types of 
gem materials, except as uncut and 
unset, increased 15% to $24.2 million. 
The average annual value of exports for 
the past 7 years was $16.9 million, with 
a high of $24.2 million in 1988 and a 
low of $12.2 million in 1985. The 7- 
year trend for the value of exports was 
one of 4 years of moderate, 29% de- 
cline, followed by 3 years of signifi- 
cant, 98% growth, which resulted in an 
overall growth of 58% for the period. 

Exports of synthetic gem material, 
cut and uncut but not set, increased 
slightly to .$6.0 million. The average 
annual value of exports for the past 7 
years was $5.2 million, with a high of 
$7.7 million in 1982 followed by a low 
of $3.7 million in 1983. The 7-year 
trend for the value of exports was one 
of extreme decline, 52%, from 1982 to 
1983; followed by a steady, moderate 
growth, 62%, over the next 5 years. 

Exports of natural, cultured, and 
imitation pearls, not set or strung, in- 
creased about 22% to $2.2 million. 

Reexports of gem material increased 
10% to $407.9 million. The quantity of 
diamonds reexported decreased about 
21% to 1.5 million carats, the third 
lowest amount in the past 10 years. 
However, the value of diamonds ex- 
ported increased about 4% to $319.0 
million. The average annual quantity 
of diamonds reexported for the past 10 
years was 1.9 million carats, with a high 
of 3.0 million carats in 1981 and a low 
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of 1.0 million in 1979. The 10-year 
trend for the quantity of diamonds 
reexported was highly mixed. The pe- 
riod started with an extreme increase, 
207%, through 1981, followed by a 
moderate decline, 37%, through 1984, 
followed by 3 years of essentially level 
reexports, leading to the most recent 
decline in 1988. The average annual 
value of reexported diamonds for the 
past 10 years was $295.4 million, with a 
high of $412.8 million in 1981 and a 
low of $186.0 million in 1985. The 
10-year trend for the value of reexports 
was one of extreme increase, 58%, for 
1979-82, moderate decline, 55%, for 
the next 4 years, followed by 3 years 
of significant increase, 72%, which re- 
sulted in the average annual value end- 
ing the period 22% greater than it 
started. 

The reexports of natural gem mate- 
rials, cut but not set, other than dia- 
monds and pearls, increased about 
37% to $55.1 million, a record high for 
the 7-year period for which data were 
available. The average annual value of 
reexports for the past 7 years was $37.1 
million, with a high of $55.1 million in 
1988 and a low of $22.9 million in 
1985. The 7-year trend for the value of 
reexports was one of alternating de- 
creases and increases with the increases 
prevailing and resulting in a 70% rise in 
value during the period. The reexports 
of natural gem materials, not cut or 
set, other than diamonds and pearls, 
increased about 1,600% to $22.2 mil- 
lion. The extremely large increase was 
most likely the result of reexporting 
uncut colored stones to worldwide cut- 
ting centers for cutting and reexport to 
the United States as finished gems. The 
average annual value of reexports for 
the past 7 years was $12.2 million, with 
a high of $22.2 million in 1988 and a 
low of $1.3 million in 1987. The 7-year 
trend for the value of reexports was one 
of extreme increases and decreases, 
with the value at the end of the period 
increasing by 192%. Reexports of nat- 
ural, cultured, and imitation pearls and 
synthetic gem materials was $11.3 mil- 
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lion and $0.3 million, respectively. 
The value of all gem materials im- 

ported increased about 24% to $5,063 

million. The value of imported gem 


-diamonds accounted for about 85% of 


the total. The value of imported gem 


| diamonds increased 26% to a record 


high $4,306 million. The increase in 
the value of cut diamonds imported. 
accounted for 81% of the total dollar 
increase. The average annual value of 


imports for the past 10 years was 
$2,330 million, with a high of $4,306 
million in 1988 and a low of $1,859 
million in 1979. The 10-year trend for 
the value of diamond imports was one 
of generally steady continuous growth 
with an increase of 132% for the pe- 
riod. During the period, the value of 
imported uncut diamonds increased 
72%, while the value of imported cut 
stones increased 869%. 


TABLE 3 


U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF 
INDUSTRIAL DIAMOND), BY COUNTRY 


1987 1988 
Country Quantity Value’. Quantity Value’ 
(carats) (millions) (carats) (millions) 
Exports: 
Belgium 162,009 $122.9 163,246 $142.4 
Canada 24,943 17.8 24,104 18.4 
France 1,943 4.3 7,946 11.4 
Germany, Federal Republic of 3,842 4.0 3,736 4.7 
Hong Kong . 100,365 148.2 92,067 208.1 
Israel 172,634 110.8 169,433 137.9 
Japan 62,404 144.1 74,566 196.2 
Singapore 5,686 7.0 5,135 9.2 
Switzerland 30,161 76.3 23,929 141.9 
Thailand 14,028 9.3 16,082 12.2 
United Kingdom 4,151 8.2 3,641 20.6 
Other 5,221 7.5 6,527 5.9 
Total 587,387 660.4 590,412 908.9 
Reexports: 
Belgium 1,184,952 101.1 833,081 104.4 
Canada 5,424 8 5,855 132 
China 2,062 A 14,009 3 
Germany, Federal Republic of 24,840 2.6 31,236 2.6 
Hong Kong 82,491 27.2 34,682 19.6 
India 84,893 2.9 139,684 5.0 
Israel 199,579 70.3 137,820 65.9 
Japan 95,919 7.2 114,904 10.2 
Netherlands 47,313 3.2 89,000 9.4 
Switzerland 39,765 57.7 34,234 77.5 
United Kingdom 101,300 18.4 26,929 12.6 
Other 74,333 16.2 83,026 10.3 
Total 1,942,871 307.7 1,544,460 319.0 
‘Customs value. 
Source: Bureau of the Census. 
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The value of imports for all other 
gem materials, led by emerald, ruby, 
and sapphire, increased 14% to $757.6 
million. Emerald imports increased 
about 23% to $174.6 million. The av- 
erage annual value of emerald imports 
for the past 10 years was $139.5 mil- 
lion, with a high of $174.6 million in 
1988 and a low of $105.1 million in 
1979. The 10-year trend for the value of 
emerald imports was one of fluctuating 
increases and decreases resulting in a 
66% increase for the period. 

The value of ruby imports increased 
21% to $72.0 million, the fifth highest 
value in the past 10 years. The 10-year 
average annual value of imports was 
$70.6 million, with a high of $93.8 mil- 
lion in 1981 and a low of $30.0 million in 
1979. The 10-year trend of import values 
was one of extreme fluctuations. The 
period ended with values having in- 
creased 140%, but were still 23% below 
the high for the period. The value of 
sapphire imports increased 10% to $81.5 
million, the fifth highest value in the past 
10 years. The 10-year average annual 
value of sapphire imports was $71.1 mil- 
lion, with a high of $95.1 million in 1986 
and a low of $24.2 million in 1979. The 
10-year trend for the value of imports 
was one of extremely fluctuating in- 
creases and decreases. The period ended 
with the value 237% greater than at the 
beginning, but still 14% below the high 
for the period. 

The value of imported gem materi- 
als, other than diamond, emerald, 
ruby, and sapphire, increased 10% to 
$429.5 million. The average annual 
value of imports was $315.8 million, 
with a high of $429.5 million in 1988 
and a low of $153.3 million in 1979. 
The 10-year trend for the value of 
imports was one of fluctuating in- 
creases and decreases resulting in an 
overall increase of 180% for the period. 
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De Beers Consolidated Mines Ltd.’s 
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Kind, range, and 
country of origin 


Rough or uncut, natural: ? 
Belgium 
Brazil 
Israel 
Netherlands 
South Africa, Republic of 
Switzerland 
United Kingdom 
Venezuela 
Other 
Total 


Cut but unset, not over 0.5 carat: 


Belgium 
Brazil 
Canada 
Hong Kong 
India 
Israel 
Netherlands 
South Africa, Republic of 
Switzerland 
United Kingdom 
Other 

Total 


Cut but unset, over 0.5 carat: 


Belgium 
Hong Kong 
India 
Israel 
Netherlands 
South Africa, Republic of 
Switzerland 
United Kingdom 
Other 
Total 


‘Customs value. 


2 Includes some natural advanced diamond. 


TABLE 4 


U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, 
BY KIND, WEIGHT, AND COUNTRY 


Quantity 
(carats) 


323,742 
44,287 
28,029 

2,930 
37,870 
5,185 
797,759 
7,901 
121,657 
1,369,360 


1,307,990 
33,352 
21,750 

241,251 

3,198,504 

1,511,724 
51,959 
14,461 
73,268 
18,321 

144,708 
6,617,288 


384,789 
12,361 
110,019 
468,132 
8,403 
27,654 
37,583 
29,155 
56,345 
1,134,441 


1987 


Value" 
(millions) 


$82.0 
5.4 
7.3 
2.9 
28.7 
12.6 
208.3 
nd 
72.1 
420.0 


468.2 
8.7 
8.8 

41.8 
670.8 
629.8 

13.6 

11.8 

40.3 

15.8 

33.3 

1,942.9 


380.1 
21.3 
28.0 

406.1 
11.6 
41.3 
81.7 
42.6 
47.5 

1,060.2 


Quantity 
(carats) 


305,142 
349,461 
38,734 
57,791 
48,515 
14,307 
619,461 
684 
210,203 
1,644,298 


1,035,452 
34,554 
9,156 
285,268 
3,758,747 
1,109,474 
27,588 
5,532 
76,169 
23,406 
160,707 
6,526,053 


709,527 
59,949 
386,422 
906,752 
7,859 
22,762 
24,281 
17,546 
92,028 
2,227,126 


1988 


Value ' 
(millions) 


$111.8 
10.7 
8.2 

7.9 
44.9 
8.2 
317.5 
| 

79.3 
588.6 


406.7 


37.9 
2,036.0 


578.9 
40.1 
111.3 
675.2 
12.9 
40.6 
95.1 
45.3 
81.8 
1,681.2 
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sales of uncut diamonds through the 
Central Selling Organization in 1988 
were reported to be a record $4.17 
billion compared with $3.07 billion in 
1987, an increase of approximately 
36%. Sales of colored gem stones also 
remained very strong. 

Emerald was mined in Australia, 
Brazil, Colombia, India, Mozambique, 
Pakistan, the Republic of South Af- 
rica, the U.S.S.R., Zambia, and Zim- 
babwe. Sapphire was produced in Aus- 
tralia, Colombia, Kenya, Malawi, 
Nigeria, Sri Lanka, Tanzania, Thai- 
land, and the United States. Aquama- 
rine was produced in Afghanistan, Bra- 
zil, China, India, Nigeria, Pakistan, 


the Republic of South Africa, Tanza- 


nia, the United States, and Zambia. 
Ruby was produced in Afghanistan, 
Burma, India, Kenya, Sri Lanka, Tan- 
zania, Thailand, and the United States. 


Angola 

Endiama, the Government-owned 
and operated diamond mining com- 
pany, signed an agreement with Lazare- 
Kaplan International. (LKI) of New 
York that allows LKI to export to the 
United States $20 million per year of 
Angolan rough diamonds. Endiama is 
marketing diamonds through a total of 
five rough dealers: LKI, Industrial Di- 
amond Corp. of London, and three 
Antwerp firms, George Evens, Arsla- 
nian Freres, and IDH Diamonds. 

The leaders of the Angolan UNITA 
movement announced the discovery of 
huge deposits of diamonds in the areas 
of Cuado and Cubango. The spokes- 
person stated that the deposits were in 
the firm control of UNITA and that 
they plan to develop the deposits as 
soon as possible. 


Australia 

Freeport Bow River Properties Inc., 
the operating company of the Freeport- 
‘McMoRan Australia Ltd. and Gem 
Exploration and Minerals Ltd. joint 
venture, started production from the 
Bow River alluvial diamond project. 
Diamond output was about 480,000 
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TABLE 5 


U.S. IMPORTS FOR CONSUMPTION OF NATURAL PRECIOUS 
AND SEMIPRECIOUS GEM STONES, OTHER THAN DIAMOND, 
BY KIND AND COUNTRY 


1987 1988 
Kind and country “Quantity Value’ © Quantity Value” 
(carats) (millions) (carats) (millions) 
Emerald: 
Belgium 30,190 $3.9 11,963 $5.6 
Brazil 112,194 7.0 80,199 6.4 
Colombia 195,403 44.6 243,521 63.8 
France 8,401 1.9 13,817 3.2 
Germany, Federal Republic of 38,034 3.9 34,376 2.4 
Hong Kong 170,853 15.2 135,384 14.7 
India 1,231,033 17.0 1,205,636 20.4 
Israel 60,942 19.4 89,399 24.7 | 
Japan 5,637 6 20,102 10 | 
South Africa, Republic of 5 (7) 4 () | 
Switzerland 58,789 18.3 65,021 20.6 ; 
Taiwan 3,697 (7) 256 A 
Thailand 104,058 3.0 216,501 3.8 
United Kingdom 7,652 2.2 8,026 29 
Other 48,032 4.6 91,701 5.1 
Total 2,074,920 141.6 2,215,906 174.6 
Ruby: 
Belgium 12,078 a 8,926 1.3 
Brazil 3,102 (2) 4,945 ie 
Colombia 3,198 (2) 258 (?) 
France 6,219 1.6 5,885 3.4 
Germany, Federal Republic of 18,267 8 26,530 1.0 
Hong Kong 42,687 3.6 47,152 4.6 
India 302,323 9 318,575 1.1 
Israel 7,043 6 38,593 1.6 
Japan 335,381 5 11,572 8 
Switzerland 41,492 14.1 40,183 11.6 
Thailand 1,536,723 31.4 1,822,557 40.5 
United Kingdom 11,523 2.9 8,443 3.6 
Other 37,781 2.3 61,703 2.3 
Total 2,357,817 58.7 2,395,322 72.0 
Sapphire: 
Australia — — 2,883 ie 
Austria 1,000 () 603 ) | 
Belgium 21,356 12 20,024 9 
Brazil 2,580 ) 9,528 2 
Canada 6,905 7 16,177 9 
Colombia 2,234 ) 1,398 7) 
France 7,048 1.1 46,296 2.3 
Germany, Federal Republic of 12,067 1.6 26,750 1.0 
See footnotes at end of table. 
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TABLE 5—Continued 


U.S. IMPORTS FOR CONSUMPTION OF NATURAL PRECIOUS AND 
SEMIPRECIOUS GEM STONES, OTHER THAN DIAMOND, 


BY KIND AND COUNTRY 


United Kingdom 
Other 21.2 17.7 


Total NA 251.5 NA 274.7 


TABLE 6 
VALUE OF U.S. IMPORTS OF 


dd aresuney =~ —— oe pee | SYNTHETIC AND IMITATION GEM 
ae (millions) pees (millions) STONES, INCLUDING PEARLS, 
BY COUNTRY 
Hong Kong 63,684 $5.4 123,689 $5.8 
India 84,973 5 149,488 1.2 (Million dollars) ‘ 
Israel 14,254 1.1 8,931 1.1 
Japan 48,460 4 22,662 6 Country 1987 1988 
Korea, Republic of 9,793 @) 6,438 (2) | Synthetic, cut but unset: 
Singapore 7 ?) 4,705 2 Austria 1.3 2.0 
Sri Lanka 55,241 3.1 39,259 2.4 France 8 6 
Switzerland 46,786 11.3 32,446 10.2 Germany, Federal Republic of = 9.2 9.1 
Thailand 2,121,376 42.7 2,878,129 50.2 Japan 180 2.1 
United Kingdom 110,112 3.9 10,102 2.9 Korea, Republic of 1.6 ©6841 
Other 37,847 1.0 110,301 1.4 Switzerland 46 6.0 
Total 2,645,723 74.0 3,509,809 81.5 Other 5.0 56 
Other: Total 34.3 33.5 
Rough, uncut: Imitation: 
Australia 8 9 Austria 50.7 49.4 
Braz por Pan | Gzechosiovania 227 
Colombia ln i Eee Germany, Federal Republic of 7.1 6.7 
Hong Kong J OT OO 0 
Nigeria [fen | ter 8062 
Pakistan NA 1.0 Total 71.6 69.6 
South Afica, Repubioof —( —S——« 8 (AB | Omron 
Switzerland Wie zy aes 17 Source: Bureau of the Census. 
United Kingdom | fof — fs 
Zambia eS en ee 
Other 55 | carats. The diamond production was 
Total NA 344 NA 48.2 about 20% gem quality, 70% near-gem 
Cut, set and unset: quality, and 10% bort. 
Australia 64 126 Argyle Diamond Mines Pty. Ltd.’s 
Brazil TT | wef 4 186 annual diamond production from the 
Canada aa ea 0 ed ; AK-1 pipe increased by nearly 14% to 
a record 34,553,724 carats. Argyle’s 
China ee ts WE : 
annual production accounted for about 
Germary, Federal Republic off | 137 «4 15.8 | 370% of the world’s production of nat- 
Hong Kong eee Et ee 27.4 | ural diamonds. Additional deposits of 
India 5.7 5.1 | alluvial diamonds in the lower reaches 
Japan cr) aa ae 144.5 | of the Smoke and Limestone Creeks 
Switzerland , Jf sof iF 3.1 | that drain the AK-1 pipe add about 60 
Taiwan L.——“‘iS He ttn i113 | million carats to Argyle’s resources. 
Thailand ee ae 44.2 | Mining of these alluvial diamonds is 


scheduled to begin in 1989, annual pro- 
duction is projected to be about 2 million 
carats. Argyle Diamond Sales Ltd. an- 
nounced the sale of a brilliant-cut 1.51- 


NA Not available. 
1 Customs value. 
2 Less than 1/10 unit. 


carat purple-red diamond for an Austra- 
lian record price of $1 million per carat. 


Source: Bureau of the Census. The diamond was cut in Perth. 
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TABLE 7 


U.S. IMPORTS FOR CONSUMPTION OF PRECIOUS AND SEMIPRECIOUS 
GEM STONES 


(Thousand carats and thousand dollars) 


Sines 1987 1988 
Quantity Value ' Quantity Value" 
Diamonds: 
Rough or uncut 1,369 $420,004 1,644 $588,611 
Cut but unset 7,752 3,003,090 8,753 3,717,151 
Emeralds: Cut but unset 2,075 141,575 2,216 174,623 
Coral: Cut but unset, and cameos suitable 
for use in jewelry NA 3,060 NA 2,967 
Rubies and sapphires: Cut but unset 5,004 133,396 5,905 153,552 
Marcasites 766 1,229 
Pearls: . 
Natural NA 3,879 NA 3,389 
Cultured NA 151,854 NA 171,693 
Imitation NA 6,259 NA 7,198 
Other precious and semiprecious stones: 
Rough, uncut NA 34,079 NA 48,186 
Cut, set and unset NA 78,215 NA 79,056 
Other NA 13,716 NA 19,795 
Synthetic: 
Cut but unset 82,697 30,958 81,096 28,995 
Other NA 3,358 NA 4,485 
Imitation gem stone NA 65,311 NA 62,404 
Total XX 4,089,520 XX 5,063,334 
NA Not available. XX Not applicable. 
‘Customs value. 


Source: Bureau of the Census. 


Gem Exploration Ltd. reported suc- 
cess in a sampling program for the 
Kununurra project in Western Austra- 
lia. Four alluvial diamonds weighing 
1.42 carats were recovered from ancient 
alluvial deposits of the Ord River. The 
stones discovered included both gem 
and industrial quality. 

Capricorn Resources Australia NL 
launched Australia’s first underwater 
diamond exploration project. Using 
crocodile- and shark-proof cages to 
protect the divers, underwater work 
was started in the Joseph Bonaparte 
Gulf off the north coast of Western 
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Australia. The company believes that 
diamonds from the Argyle and Bow 
River areas have washed into the gulf. 
To date the divers have recovered four 
diamonds averaging 0.27 carat from 
samples taken from the seabed. 

Max Resources NL was preparing to 
develop a diamond prospect at Nul- 
lagine, about 200 kilometers southwest 
of Port Hedland. Nullagine would be- 
come Australia’s third diamond mine. 
Annual production is projected to be 
138,000 carats, of which 60% will be 
gem quality. 

The value of sapphires exported from 


Australia increased by about 23% to 
$24.6 million. Sapphires were mined in 
the Anakie District and Lava Plains in 
Queensland, and in the New England 
District of New South Wales. The pro- 
duction value of opals increased about 
17% to $97 million. Most of the in- 
crease was due to increased production 
from the Sheepyard Field, which 
started production in 1987. Australia 
also produced agate, amethyst, aqua- 
marine, chrysoprase, garnet, peridot, 
rhodonite, and zircon; the export value 
of these materials increased 28% to $8.7 
million.* Australia also produces the 
Pool Emerald, a laboratory grown hy- 
drothermal emerald that was recrystal- 
lized from emerald from the Emerald 
Pool Mine in Western Australia. 


Belgium 

The total value of diamond imports 
and exports was about $12.4 billion, a 
record for any diamond center. Antwerp 
was the largest trading center. 


Botswana 

Debswana, the operator of the dia- 
mond mining joint venture between De 
Beers and the Botswana Government, 
announced plans to build a new dia- 
mond processing plant at the Jwaneng 
Mine. The plant would recover dia- 
monds too small to be recovered by old 
methods. Annual production should 
increase about 10% from the present 
production of about 7.6 million carats. 


Brazil 

Brasaust Mineracal, the Brazilian 
subsidiary of the Australian companies 
Gem Exploration and Minerals and 
Titan Resources, completed the first 
phase of a bulk sampling program of 
the Estrela do Sul diamond project in 
Minas Gerais State. Of 20 samples to- 
taling 574 cubic meters, 2 samples with 
a combined volume of 35.4 cubic 
meters yielded 8 diamonds weighing 
3.75 carats. The best sample returned 
an equivalent grade of 11.8 carats per 
100 cubic meters. A total of 1,290 cubic 
meters of material was collected from 
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the palaeo-conglomerate. 


Canada 

Monopros Ltd., a subsidiary of De 
Beers, announced the discovery of a 
kimberlite near Prince Albert, Saskatch- 
ewan. Monopros conducted a bulk 
sampling program, but has not revealed 
the results. Rumors circulated that 
Monopros had exposed a diamond pipe 
on its property and that overburden 
removal could reveal additional poten- 
tial. Other major companies have es- 
tablished large land positions in the 
area. 


China 

It was reported the Mount Yimeng 
area in Shandong Province has an esti- 
mated 11.2 million carats of diamond 
reserves, the largest of any Province in 
China. Two Government-owned mines 
currently operate in the area producing 
a total of 30,000 carats per year. Five of 
the largest diamonds discovered in 
China have come from this area. 

Construction was started in north- 
east China on the country’s largest 
diamond mine. Located in Wafang- 
dian, Liaoning Province, the mine will 
cost an estimated $19 million. It was 
forecasted that the mine will produce 
about 118,000 carats per year once 
production begins in 1989. : 

A Hong Kong-based jewelry firm 
established a new diamond-polishing 
factory in the city of Shunde, Guang- 
dong Province. The cutting facility, 
which began with 10 cutters trained in 
Thailand, was expected to eventually 
increase its work force to a total of 300 
workers. 

Argyle Diamond Sales and the Austra- 
lian Government set up a diamond cut- 
ting and polishing factory at Shunyi, 
near Beijing. When in full operation, the 
factory will employ approximately 1,000 
Chinese workers processing near-gem 
material. 


Colombia 
The Colombian Ministry of Mines 
and Ecominas, the state mining com- 
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pany, is attempting to improve the im- 
age of the emerald industry. The indus- 
try has been racked by violence, 
smuggling, and ecologically damaging 
mining practices. In an effort to correct 
the damaging mining practices and to 
better determine production, Ecominas 
began to periodically monitor the op- 
erations of the 4 large concessionaires 
and the 14 smaller subcontractors. 
Marketing improvements, through the 
establishment of a national federation 
of emerald producers and traders (sup- 


ported by the state) and the creation of 


an emerald exchange in Bogota, were 
implemented. 


Guinea 

A 181.77-carat diamond, recovered 
in November from the Aredor Mine, 
was purchased by a syndicate of buyers 
for $8.6 million. At $47,400 per carat, 
it was the highest per carat price ever 
paid for a rough diamond. A spokes- 
person for Bridge Oil Ltd., Australia, a 
partner in the mine, said the stone 
should polish out to a D-color, between 
85 and 100 carats. There are only 16 
white diamonds over 100 carats in the 
world. If the stone is D-color, flawless, 
and 100 carats it could sell for more 
than $18 million. 


India 

A 50-carat rare blue diamond crystal 
was found in the gravel of the Mahanadi 
River between Boudh and Sonepur. The 
area produced alluvial diamonds, most 
were yellow to brown in color, in sizes up 
to 10 carats. 


Israel 

Exports of diamonds were about 
$2.6 billion, an increase of 23% com- 
pared with that of 1987. Approximately 
43% was exported to the United States 
and about 35% to the Far East. 


Namibia 

CDM Ltd. experienced a decrease in 
total diamond production because of a 
decrease in the grade of the materials 
processed. Technical problems with the 


No. 1 plant and No. 4 plant pretreat- 
ment facility did not allow for an offset 
of the lower grades with higher through- 
put. The No. 4 pretreatment facility 
was put into production only to find 
that modifications were needed be- 
cause of the extreme variations of the 
materials being treated. The modifica- 
tions were completed by yearend. CDM 
announced that construction of a new 
mine at Auchas on the Orange River 
would begin in early 1989. 

A new diamond-sorting operation was 
opened in Windhoek. Namibia Ltd. op- 
erates the plant with about 80 Namibians 
that were trained by the Central. Selling 
Organization personnel. Previously, the 
sorting was done in Kimberly, the Repub- 
lic of South Africa. 

An extremely rich alluvial diamond 
deposit was discovered near Luderitz by 
the Namibian West Coast Diamond Co. 
The deposit was about 120 meters off the 
coast in about 6 meters of water. In 7 
hours, two divers recovered 931 dia- 
monds weighing a total of 1,550 carats, 
indicating a extremely rich deposit. 


Sierra Leone 

The Diamond Corp. West Africa 
Ltd., a subsidiary of De Beers, report- 
edly closed its operations in Sierra Le- 
one where it had been involved in buy- 
ing and exporting diamonds for over 30 
years. Meanwhile, the Government of 
Sierra Leone announced it had licensed 
15 exporters to legally export dia- 
monds. Each exporter was required to 
deposit $0.5 million monthly in the 
Central Bank of which $0.3 million can 
be used. The remaining $0.2 million 
must be used to help local imports with 
hard currency. Currently, it is believed 
that a majority of Sierra Leone dia- 
monds enter the world markets through 
Liberia. 


South Africa, Republic of 

The reopening of the Koffiefontein 
Mine was delayed when heavy rains 
flooded the No. 2 shaft and damaged 
underground installations. Under- 
ground production finally began in 
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July with full production planned for 
the second quarter of 1989. 

At the Buffels inland complex, Lang- 
hoogte Mine reserves were exhausted 
early in the year, and thereafter, new 
reserves at Nuttabooi were mined. Ex- 
tensions to the security area to include 
Nuttabooi, and the new haul road were 
completed during the first quarter of 
the year. 


Sri Lanka 

Reports indicated a diamond rush 
was underway in Koslanda township in 
the highland tea growing area. The 
diamond finds were concentrated along 
the course of the Menik Ganga River 
near the Diyaluma Waterfall, a famous 
tourist attraction. In the past, the local 
villagers, in their search for sapphires, 
had dismissed the diamonds as barren 
stones, but experts report they are high- 
quality diamonds. 


TECHNOLOGY 


Cutters Choice, a division of Dyna- 
Systems of Boise, ID, began marketing 
a new lap for cutting and polishing gem 
stones. The new laps were made of 
glass instead of the traditional metal. 
Glass gives the laps a flatter surface, 
which is less scratch-prone and not as 
harsh in cutting although it cuts faster. 
In commercial-cutting factory tests, the 
laps stayed sharp longer than metal 
laps. The company markets 12 different 
glass laps. 

The U.S.S.R. announced the devel- 
opment of automatic crystal growth 
equipment that can produce large, 30- 
centimeter by 8-centimeter, synthetic 
crystals of all precious stones except 
diamond and tourmaline. The growth 
of the large tubelike crystals require 
about 38 hours. The “Diacont” auto- 
matic crystal growth equipment was 
developed by the Institute for Crystal- 
lography, Moscow, in collaboration 
with the Central Research Institute for 
Physics, Budapest. 
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The Laboratory for Hydrothermal 
Growth at the Institute of Geology and 
Geophysics, Siberian Branch of the 
U.S.S.R. Academy of Sciences in No- 
vosibirsk, produced a selection of un- 
usual hydrothermally grown synthetic 
beryl crystals. Deposited over colorless 
beryl seeds, ionic dopants resulted in a 
number of different colors. Purple re- 
sulted from doping with a combination 
of chromium and manganese. Intense 
pink was caused by manganese alone. 
Blue was the product of copper, and 
rich slightly orangy red color was from 
traces of cobalt. It is known that at 
least one other color, a dark sapphire 
blue, was produced. It is not known 
how much of the material has been 
grown or if it will be commercially 
produced.* | 


' Physical scientist, Branch of Industrial Minerals. 

2 Gems and Gemology. V. 24, No. 4, Winter 1988, pp. 
229-236. 

3 Australian Bureau of Mineral Resources. Australian 
Mineral Industry Annual Review. Preliminary Summary 
1988. Gemstones, Feb. 1989. 

4 Page 252 of work cited in footnote 2. 
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TABLE 8 
DIAMOND: WORLD PRODUCTION, BY TYPE AND COUNTRY ' 


(Thousand carats) 


Natural 
Salinity 1984 1985 1986 1987? 1988° oe. 
Gem? se Total Gem? gira Total Gem? oe Total Gem? pee Total Gem? nen Total Ic 
Angola 652 250 902 464 250 714 240 10 °250 180 10 °190 950 50 1,000 _— 
Australia 3,415 2,277 5,692 4,242 2,828 7,070 13,145 16,066 29,211 13,650 16,683 30,333 17,517 17,517 735,034 — 
Botswana 5,810 7,104 12,914 6318 6,317 12,635 9,610 3,500 13,110 9,367 3,840 13,207 10,801 4,428415,229 — 
Brazil 200 550 750 233 217 450 310 315 625 #309 213 522 310 300 610 — 
Central African 
Republic 236 101 337 190 87 277 259 99 358 304 108 412 4284 459 ©4343 — 
China® 200 800 1,000 200 800 1,000 200 9800 1,000 200 800 1,000 200 800 1,000 15,000 
Czechoslovakia — — — — _— — —_ — — - = _ _: — — 5,000 - 
France — — — — — — —_ —_— — — — — — — — 4,000 
Ghana 35 311 346 60 "576 "636 "83 ='438 521 ‘65 400 465 49 303 352 — 
Greece — — — _ — — — — — — — — (°) — (°) 1,000 
Guinea 44 3 47 123 9 132 190 14 204 163 12 175 136 10 146 — 
Guyana® 6 8 14 ‘4 7 11 3 6 39 4 7 11 1 8 44 — 
India 13 2 15 14 2 16 13 ‘3 16 "16 is 19 16 3 19 — 
Indonesia ® 5 22 27 5 22 27 5 22 27 5 25 30 5 25 30 — 
Ireland . — = — = = = = _ — — — — —- — — 90,000 
Ivory Coast® & 20 2 25 15 5 20 10 4 14 15 "6 21 15 5 20 — 
Japan — — — — — — — — — — — — — — — 25,000 
Liberia 108 132 240 66 72 138 63 189 252 60 190 °250 67 100 *167 — 
Namibia 884 46 930 865 45 910 970 40 1,010 ‘987 ‘50 = 1,037 901 37 *938 — 
Romania — — — — — — — —- oS — — — — —_— — 5,000 
Sierra Leone® 240 105 345 243 106 349 215 100 315 ‘150 "75 225 100 75 175 — 
South Africa, 
Republic of: 
Finsch Mine 1,714 3,184 4,898 1,770 3,184 4,954 1,821 3,208 5029 1,455 2,701 4,156 1,372 2,548 3,920 _— 
Premier Mine 765 1,785 2,550 820 1,864 2,684 882 1,977 2,859 772 1,713 2,485 696 1,543 2,239 — 
Other De Beers 
properties ’ 1,452 593 2,045 1,500 569 2,069 1,428 529 1,957 1,427 546 1,973 1,388 531 1,919 — 
Other 585 65 650 460 35 495 342 41 383 409 30 439 283 21 304 — 
Total 4,516 5,62710,143 4,550 5,652 10,202 4,473 5,755 10,228 4,063 4,990 9,053 3,739 4,643 8,382 25,000 
Swaziland 7 10 17 9 12 21 17 23 °40 17 23 £40 60 90 150 — 
Sweden — — —_— — — — _— — — —_ _ — — — — 25,000 
Tanzania 193 84 277 165 71 236 133 57 190 ‘105 "45 **©150 105 45 150 _ 
U.S.S.R. ° 4,300 6,400 10,700 4,400 6,400 10,800 4,400 6,400 10,800 '4,400 '6,400°10,800 4,500 6,500 11,000 41,500 
United States — — — — — — — — _— — — — — — — W 
Venezuela 40 232 272 35 180 215 45 189 234 50 200 °250 50 200 250 —_ 
Yugoslavia — — — _— — — — — _ — — — _ — — 5,000 
Zaire 5,169 13,290 18,459 4,032 16,127 20,159 4,661 18,643 23,304 '3,885'15,540 19,425 3,800 15,200 19,000 — 
Total 26,093 37,359 63,452 "26,233 °39,785 "66,018 39,045 52,672 91,717 37,995 49,620 87,615 43,606 50,393 93,999 241,500 


*Estimated. "Preliminary. ‘Revised. W Withheld to avoid disclosing company propriety data. 

‘Table includes data available through May 31, 1989. Total diamond output (gem plus industrial) for each country actually is reported except where indicated by a footnote to be estimated. In contrast, the 
detailed separate production data for gem and industrial diamond are Bureau of Mines estimates in the case of every country except Australia (1984-87), Botswana (1987), Brazil (1987), Central African 
Republic (1984-88), Guinea (1984-87), and Liberia (1984-86), for which source publications give details on grade as well as totals. The estimated distribution of total output between gem and industrial 
diamond is conjectural, and for most countries, is based on the best available data at time of publication. 

? Includes near-gem and cheap-gem qualities. 

3 Includes all synthetic diamond production. 

4 Reported figure. 

® Less then 1/2 unit. 

® Figures are estimates based on reported exports and do not include smuggled diamonds. 

7 Other De Beers Group output from the Republic of South Africa includes Kimberley Pool, Koffiefontein Mine, and the Namaqualand Mines. 
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GEM STONES 


By Gordon T. Austin 


Mr. Austin, a physical scientist with over 30 years industry and Government experience, has been the gem stones 
commodity specialist since 1986. Mr. William Field, mineral data assistant, prepared the domestic production survey data. 


he value of production of nat- 

ural gem materials in the 

United States during 1989 de- 

creased slightly to $42.9 mil- 
lion. The materials produced included 
faceting rough, lapidary rough, carving 
material, specimen material, natural 
-and cultured freshwater pearls, mother 
of pearl, agatized coral, and coral. 

The reported combined production 
value of synthetic and simulant materi- 
als was $18.8 million, about a 15% 
increase over that of 1988. Synthetic 
gems are manmade and have essentially 
the same optical, physical, and chemi- 
cal properties and the same appearance 
as the natural gem that they represent. 
Synthetic gem materials produced in 
the United States include alexandrite, 
coral, diamond, emerald, garnet, lapis 
lazuli, quartz, ruby, sapphire, spinel, 
and turquoise. Simulants are manmade 
gem materials that have an appearance 
similar to that of a natural gem mate- 
rial but have different optical, physical, 
and chemical properties. The gem sim- 
ulants produced in the United States 
include coral, cubic zirconia, lapis la- 
zuli, malachite, and turquoise. Addi- 
tionally, certain colors of synthetic sap- 
phire and spinel, used to represent 
other gem stones, would be classed as 
simulants. Colored and colorless vari- 
eties of cubic zirconia are the major 
simulants produced. 

Wholesale and retail outlets, gem 
and mineral shops, gem and mineral 
shows, cutting factories, and jewelry 
manufacturers were the major purchas- 
ers of domestic gem materials. 


DOMESTIC DATA 
COVERAGE 


The Bureau of Mines estimates of U.S. 
production were from the “Natural and 
Synthetic Gem Material Survey,” a vol- 
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untary survey of U.S. operations, and 
from Bureau estimates of unreported 
production. Of the approximately 358 
operations surveyed, 82% responded, ac- 
counting for about 95% of the total 
production, 92% of the natural produc- 
tion, and 100% of the synthetic and 
simulant production. 

The 358 operations surveyed in 1989 
were an increase of about 19% com- 
pared with the number of operations 
surveyed in 1988. The response rate was 
essentially the same as that of 1988. 
The Bureau estimated the production 
by nonresponding operations, by pro- 
fessional collector, and by amateur or 
hobbyist collectors. The basis for these 
estimates were information from pub- 
lished data, conversations with gem 
and mineral dealers, analyses of gem 
and mineral shows and sales statistics, 
and from information informally sup- 
plied by collectors. The Bureau is to- 
tally dependent on the cooperation of 
the producers, brokers, dealers, and 
collectors for the formal voluntary sur- 
vey and the informal surveys. Individ- 
uals and companies have been very 
cooperative and forthcoming with in- 
formation. The Bureau is very appre- 
ciative of this cooperation. 


PRODUCTION 


Each of the 50 States produced at 
least $1,000 worth of gem materials. 
Ten States accounted for 95% of the 
total value of natural gem material 
produced. The States, in order of de- 
clining value of production, with their 
1988 standing shown in parenthesis, 
were Tennessee (1), Arkansas (4), Cal- 
ifornia (2), Arizona (3), Montana (5), 
Nevada (12), Oregon (6), North Caro- 
lina (7), Maine (16-17), and Utah (10). 
Certain States were known for the pro- 
duction of a single gem material (i.e., 


Tennessee for freshwater pearls and Ar- | 
kansas for quartz). Other States pro- | 
duced a variety of gem materials. Ari- 
zona produced the greatest variety of | 
gem materials. Production included ag- 
ate, amethyst, antlerite, azurite, chryso- | 
colla, fire agate, garnets, jade, mala- | 
chite, obsidian, onyx, peridot, petrified | 
wood, precious opal, shattuchite, smith- | 


sonite, and turquoise. California, Idaho, 
Montana, and North Carolina also pro- 
duced a variety of gem materials. North 
Carolina was the only State to have ever 
produced all four of the major gems: 
diamond, emerald, ruby, and sapphire. 
The average production value of nat- 
ural gem materials for the past 10 years 
was $12.5 million a year, with a high of 
$43.5 million in 1988 and a low of $6.9 
million in 1980. The value of produc- 
tion for the past 10 years must be 
separated into two trends. The first 
trend was the period between 1979 to 
1985, during which time approximately 
24 operations reported production. 
Production averaged $7.5 million a 
year and was generally level. During the 
second trend, 1986 to the present, pro- 
duction averaged $24.2 million and was 
the result of an increase of 1,392% in 
the number of producers surveyed. 
The reported production value of 
synthetic and simulant gem materials 
was $18.8 million in 1989. The reported 
value of production increased 15%; 
however, the quantity of materials pro- 
duced was significantly greater. A shift 
in the types of materials produced, 
primarily a change from colored cubic 
zirconia to colorless cubic zirconia, re- 
sulted in the production of lower val- 


ued material. Thirteen firms, five in — 


California, four in Arizona and one 


each in Massachusetts, Michigan, New | 
Jersey, and Ohio, produced synthetic | 


and simulant gem material. The six 


States, in order of declining value of © 
production were Massachusetts, Cali- 
fornia, New Jersey, Michigan, Ohio, : 
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and Arizona. 

Dia Em Resources Ltd. and LKA 
International Inc. completed the evalu- 
ation of their Rist and Ellis Emerald 
Mines at Hiddenite, NC, in 1988, and 
disposed of the property in 1989. 
LKA’s plans to sell the two largest 
emerald crystals ever found in the 
United States, the 1,438-carat Stephen- 
son and the 1,686.3-carat LKA crystal, 
have not been successful to date. 

Crystal Exploration Inc. of Denver, 
CO, a subsidiary of Restech Interna- 
tional Ltd. of Sydney, Australia, con- 
tinued exploration for diamonds on 
mineral leases in Michigan. It pur- 
chased the leases from Dow Chemical 
Co. in 1988. Crystal took advantage of 
the north-central U.S.’s cold winter 
weather to explore for diamonds on the 
frozen grounds of swamps in Michigan 
and Wisconsin. 

Amselco Exploration Inc., a subsid- 
iary of British Petroleum Co. of Canada, 
and Exmin Corp., a subsidiary of the 
Belgian company Sibeka (Societe d’En- 
treprises et d’Investissements S.A.), con- 
tinued exploration for diamonds on 
leased lands in Michigan and Wisconsin. 
Exmin also continued diamond explora- 
tion efforts in Minnesota. 

Three firms continued their diamond 
exploration project in the State Line dis- 
trict on the Colorado-Wyoming border. 

The Arkansas State Parks, Recre- 
ation, and Travel Commission voted 12 
to 0 to enter a cooperative agreement 
with four mining companies to under- 
take a testing program at Crater of 
Diamonds State Park. Their vote en- 
acted the recommendation of the Dia- 
mond Mining Task Force. The program 
will decide if commercial diamond 
mining at the park would be feasible. 
-The four companies will pay for the 
testing, plus any litigation costs. Each 
firm also will appoint a representative 
to a technical advisory team that will 
manage the testing. The four firms are 
(1) Continental Diamonds, a joint ven- 
ture between Continental Diamonds 
Inc. and Galactic Resources Ltsd., (2) 
Diamond Development Co., a equal 
ownership joint venture between Sun- 
shine Mining Co., Rhombus Inc., Ex- 
diam Inc., and Boulle Partnership, (3) 
Capricorn Diamonds Ltd., and (4) 
Kennecott Inc. The testing would cost 
about $350,000 and would include 
drilling about 30 core holes. Two envi- 
ronmental groups, the Sierra Club and 
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Friends of the Crater of Diamonds, have 
promised to sue to stop the testing. 

In June, the U.S. Forest Service held 
the first ever bid opening for quartz 
mining parcels in the Ouachita Na- 
tional Forest. A total of 76 bids, worth 
more than $25,000, were received on 84 
parcels. The successful bids covered 
only 46 of the 84 parcels, representing 
about 522 hectares (1,289 acres) valued 
at $18,464. The parcels ranged in size 


from about 4 hectares (10 acres) to 


about 32 hectares (80 acres). A success- 
ful bidder will be issued a 5-year con- 
tract on the parcel and will be required 
to pay an annual fee to retain the 
contract. The revenues generated by the 
program, bids, and annual fees will be 
divided equally between the Federal 
and State Governments. The State plans 
to return its share to the county con- 
taining the lease parcel. 

Mines in southern Oregon continued 
to produce a large amount of gem 
Labradorite. Production included both 
material that contained schiller, com- 
monly known as sunstone, and non- 
schiller material, called helidorite by 
some. The Ponderosa Mine furnished 
the material to cut an extremely fine 
bright red color stone of over 10 carats. 
The mine at Opal Buttes in Morrow 
County continued to produce several 
varieties of very high-quality opal. 

Hobbyist and commercial produc- 
tion of sapphire in Montana increased 
significantly during the year. Improve- 
ments in the techniques for heat treat- 
ing the material and better commercial 
acceptance of the Montana sapphires 
were the major reasons for this in- 
crease. The increase in production oc- 
curred at all three of the major produc- 
ing areas, the Missouri River, Rock 
Creek, and Yogo Gulch. 

Plumbago Mining Corp. of Rum- 
ford, ME, mined amethyst for the en- 
tire permitted mining season, June 
through September, at the Sweden, 
ME, property of the Saltman family. 
Gems & Gemology reported produc- 
tion was about 2,270 kilograms, of 
which most was specimen quality. An 
officer of Plumbago reported the cut- 
ting of a 12-carat stone from material 
from the mine and that some material 
recovered would yield stones as large as 
20 carats. 

Sugar Hill Minerals reported the re- 
covery of the largest gem morganite ever 
found in North America. The rose col- 


ored beryl was found at the company’s 
Bennett Quarry near Buckfield, ME. 
The large crystal produced about 23 kilo- 
grams of varying sized blocks of gem 
rough for the company’s gem inventory. 

American Pearl Farms of Tennessee 
completed its third significant harvest 
of cultured freshwater pearls. Ameri- 
can currently has five pearl farms un- 
der operation and purchased additional 
water acreage for a sixth farm to be 
established during 1991. The new farm 
will be nine times larger than the exist- 
ing farms. 

Pala International reported the dis- 
covery in May of the largest gem pocket 
found at the Himalaya Mine during the 
past 12 years. The pocket was approxi- 
mately 0.7 by 1 by 3.7 meters and 
yielded about 500 kilograms of tour- 
maline. Approximately 50% of the ma- 
terial was suitable for carving or cabo- 
chons, with less than 1% suitable for 
faceting. The Himalaya Mine is in the 
Mesa Grande District of San Diego 
County, CA. 


CONSUMPTION AND USES 


Consumption of domestic gem ma- 
terial production was in the commercial 
and amateur manufacture of jewelry, 
for exhibit in gem and mineral collec- 
tions, and for decorative purposes in 
statuettes, vases, and other art objects. 
Some industrial applications requiring 
clean homogeneous stones used low- 
quality gem diamond. 

Industrial uses of tourmaline include 
a simple laboratory instrument to show 
the polarization of light, as a material 
to measure the compressibility of flu- 
ids, and in gages for measuring high 
pressures. Mortar and pestle sets, knife 
edges for balances, textile rollers, and 
spatulas are some nongem uses of ag- 
ate. The manufacturing of jewel bear- 
ings for timing devices, gages, meters, 
and many other types of instruments 
requiring precision elements used natu- 
ral gem material. These uses are now 
mostly supplied by artificial and syn- 
thetic crystalline materials. 

The uses of synthetic and simulant 
gem crystals include applications in fre- 
quency controllers, polarizers, transduc- 
ers, radiation detectors, infrared optics, 
bearings, strain gages, amplifiers, lasers, 
lenses, crucibles, and many more. A 


GEM STONES MINERALS YEARBOOK—1989 


recently developed use is as connectors 
for optical fibers. 

The estimated value of U.S. apparent 
consumption was a record high $3,711 
million, but only a slight increase over 
that of 1988. The average annual esti- 
mated consumption for the past 10 
years was $2,737 million, with a high of 
$3,711 in 1989 and a low of $1,642 in 
1982. The trend for estimated consump- 
tion for the past 10 years was one of 
continued growth with about 199% total 
increase or an annual compounded 
growth rate of about 13%. 

The value of U.S. estimated apparent 
consumption of diamonds increased 
slightly to $3.1 billion. The average an- 
nual value of apparent consumption of 
diamonds for the past 10 years was 
$2,158 million, with a high of $3,115 
million in 1989 and a low of $1,642 
million in 1982. The trend for the value 
of apparent consumption for the past 10 
years was one of significant increase. The 
value of apparent consumption of dia- 
monds increased 216% over the period. 

The 1989 estimated apparent con- 
sumption of colored stones, led by em- 
erald, ruby, and sapphire, was valued at 
$406.9 million, an increase of 31%. 
The annual average value of consump- 
tion of colored stones for the past 8 
years was $316.0 million, with a high of 
$406.9 million in 1989 and a low of 
$252.4 million in 1982. The trend for 
apparent consumption of colored 
stones for the past 8 years was one of 
fluctuating increases and decreases, but 
the general trend was one of increased 
consumption. 

The estimated apparent consump- 
tion of pearls—natural, cultured, and 
imitations—was $146.9 million, a de- 
crease of about 18% from 1988. The 
value was about 53% greater than the 
8-year low in 1982, but was about 18% 
less than the 8-year average of $178.9 
million a year. 

Estimated apparent consumption of 
synthetic and imitation gem materials 
decreased about 49% to $43.7 million. 
Average apparent consumption of syn- 
thetic and imitation gem materials for 
the past 8 years was $50.3 million per 
year, with a high of $109.1 million in 
1987 and a low of $13.9 million in 
1982. The trend for apparent consump- 
tion for the past 8 years was one of 
generally strong growth until the signif- 
icant decrease in 1989. Even with the 
1989 decrease, annual apparent con- 
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sumption increased about 214% over 
the 8 years. 

Estimates of U.S. diamond jewelry 
sales by jewelers were $11.6 billion dur- 
ing 1989, up slightly from the $11.3 
billion in 1988. 


PRICES 


Demand, beauty, durability, rarity, 
freedom from defects, and perfection 
of cutting determine the value of a gem 
stone. But the major factor in estab- 
lishing the price of gem diamond is the 
control over output and prices as exer- 
cised by the Central Selling Organiza- 
tion’s (CSO) Diamond Trading Co. 
Ltd. The CSO is a subsidiary of De 
Beers Consolidated Mines Ltd. 

The average U.S. wholesale asking 
price of the top 25 grades (D-H color 


and IF through VS2 clarity) of a 1-carat 
diamond fluctuated between $7,256 
and $7,202 and was $7,044 at yearend. 
The average value per carat of all 
grades, sizes, and types of gem-quality 
diamond imports was $408, a 9% in- 
crease compared with that of 1988. The 
average value of diamond imports for 
the past 10 years was $407 a carat, with 
a high of $541 in 1980 and a low of 
$353 in 1984. The trend for the average 
annual value of diamonds imported for 
the past 10 years was one of general 
decline from the 10-year high in 1980 to 
stable prices in 1986, 1987, and 1988, 
followed by the 1989 increase. 

The average yearend wholesale pur- 
chase price of a fine-quality 1-carat 
ruby, paid by retail jewelers on a per 
stone or memo basis, was $3,500, un- 
changed from 1988. The average value 
of ruby imports increased 9% to $33.75 
a carat. The average annual value of 


TABLE 1 
PRICES OF U.S. CUT DIAMONDS, BY SIZE AND QUALITY 


Price range 


Carat Description, Clarity” percarat? Average* 
weight color! (GIA terms) Jan. 1989—Jan. 1990 July 1989 
0.25 G VSs1 $1,300-$1,400 $1,400 
.25 G VS2 1,100- 1,200 1,200 
25 G Sil 880- 970 970 
25 H Vs! 1,100- 1,200 1,200 
25 H VS2 1,000-— 1,100 1,100 
25 H SI 860- 950 950 
.50 G VS1 2,500- 2,700 2,900 
50 G VS2 2,300- 2,500 2,600 
50 G Sli 1,900- 2,300 2,200 
50 H VS! 2,300- 2,600 2,600 
.50 “H VS2 2,100- 2,400 2,400 
.50 H Si 1,800- 2,100 2,100 
75 G VSI 2,900- 3,500 3,300 
.75 G VS2 2,700- 3,200 3,000 
.75 G SI 2,300- 2,800 2,600 
.75 H VS1 2,600- 3,000 2,900 
75 H VS2 2,300- 2,700 2,600 
.75 H SI 2,100- 2,500 2,400 
1.00 G VS! 4,600- 4,600 4,600 
1.00 G VS2 4,100- 4,100 4,100 
1.00 G SIl 3,500- 3,500 3,500 
1.00 H VS! 4,100- 4,100 4,100 
1.00 H VS2 3,600- 3,600 3,600 
1.00 H SIl 3,200- 3,200 3,200 


1 Gemological Institute of America (GIA) color grades: D—colorless; E—rare white; H-I—traces of color. 
2 Clarity: IF—no blemishes; VVS1—very, very slightly included; VS—very slightly included; VS2—very slightly included, but not visible; 


Sll—slightly included. 
3 Jeweler’s Circular-Keystone V. 161, No. 3, Feb. 1990. 
4 Jeweler’s Circular-Keystone V. 159, No. 2, Sept. 1989. 
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ruby imports for the past 8 years was 
$25.33 per carat, with a high of $34.04 
in 1982 and a low of $16.42 in 1984. 
The trend for the value of ruby imports 
for the past 8 years was one of rapid 
decline, 52% for the period from 1982 
to 1984. This was followed by a steady, 
moderate increase of 16% per year. 

The average yearend wholesale pur- 
chase price of a fine-quality 1-carat 
sapphire, paid by retail jewelers on a 
per stone or memo basis, was $1,400, 
unchanged from 1988. The average 
value of sapphire imports increased 5% 
to $24.28 per carat. The average annual 
value of sapphire imports for the past 8 
years was $23.43 per carat, with a high 
of $27.97 in 1987 and a low of $18.50 
in 1984. The trend for the value of 
sapphire imports for the past 8 years 
was one of fluctuating increases and 
decreases. The 8-year period ended 
with the 1989 value slightly below the 
1982 value. 

The average yearend wholesale pur- 
chase price of a fine-quality 1-carat 
emerald, paid by retail jewelers on a per 
stone or memo basis, was $2,750, an 
increase of 6%. The average value of 
emerald imports decreased 23% to 
$61.00 per carat. The average annual 
value of emerald imports for the past 
10 years was $56.47 per carat, with a 
high of $78.79 in 1988 and a low of 
$35.06 in 1984. The trend for the value 
of emerald imports for the past 10 years 
was one of fluctuating increases and 
decreases from 1980 through 1984. A 
steady moderate growth followed, re- 


sulting in the 1989 average value being 
about 55% greater than the 1980. 


FOREIGN TRADE 


The export value of gem materials 
increased 17% to $1,180 million, a 
record high. The quantity of diamonds 
exported increased 17% to 692,588 car- 
ats, and the value of diamond exports 
increased about 20% to $1,086.6 mil- 
lion. The average annual quantity of 
diamonds exported for the past 10 
years was 369,264 carats, with a high of 
590,412 in 1988 and a low of 184,871 in 
1982. The trend for the quantity of 
diamonds exported for the past 10 
years was one of moderate decline, 
13%, during the first 4 years, followed 
by significant growth, 219%, from 
1982 to 1989. The average annual value 
of diamond exports for the past 10 
years was $521.6 million, with a high of 
$908.9 million in 1988 and a low of 
$292.8 million in 1982. The trend for 
the value of diamond exports for the 
past 10 years was one of significant 
decline, 113%, over 4 years, followed 
by a moderate growth of 32% in 3 
years, and then a significant growth of 
136% over the last 3 years. This re- 
sulted in record exports in 1989. 

The export of other precious stones, 
cut but unset and other than diamonds 
and pearls, decreased about 36% to 
$43.6 million. The average annual ex- 
port value for the past 8 years for these 


TABLE 2 
PRICES OF U.S. CUT COLORED GEM STONES, BY SIZE’ 


Average price 


Fareey Price range per carat? 
Gem stones : per carat 
weight in 19892 Jan. Jan. 
1989 1990 
Amethyst 1 $6- $18 $8.00 $13.00 
Aquamarine 1 100- 250 175.00 175.00 
Emerald 1 1,900-3,500 2,400.00 2,750.00 
Garnet, tsavorite 1 500- 800 950.00 650.00 
Ruby 1 3,000-4,000 3,000.00 3,500.00 
Sapphire 1 800-2,000 1,050.00 1,400.00 
Tanzanite 1 250- 350 354.00 300.00 
Topaz 1 6- 12 7.50 9.00 
Tourmaline, red 1 60- 125 92.50 92.50 


' Fine quality. 


2 Jewelers’ Circular-Keystone V. 161, No. 3, Mar. 1990, p. 190. These figures represent a sampling of net prices that wholesale colored 
stone dealers in various U.S. cities charged their cash customers during the month for fine quality stones. 
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natural gem stones was $39.4 million, 
with a high of $68.5 million in 1988 
and a low of $27.7 million in 1984. The 
8-year trend for the value of exports for 
these types of gem materials was one of 
increases and decreases, but ultimately 
resulting in a significant total increase 
of 131% for the period. 

Exports of synthetic gem material 
increased by 667%, to $46.0 million. 
The average annual value of exports for 
the past 8 years was $15.6 million, with 
a high of $46.0 million in 1989 and a 
low of $6.0 million in 1987 and 1988. 
The 8-year trend for the value of ex- 
ports was one of extreme decline, 52%, 
for 1982-83, followed by steady mod- 
erate growth of 62% over the next 5 
years and showing a significant gain in 
the last year. 

Export of natural, cultured, and im- 
itation pearls, not set or strung, in- 
creased about 55% to $3.4 million. 

Reexports of gem material decreased 
24% to $293.2 million. The quantity of 
diamonds reexported decreased about 
77% to 0.4 million carat, the lowest 
amount in the past 10 years. The value 
of diamonds reexported decreased 
about 51% to $157.1 million. The av- 
erage annual quantity of diamonds re- 
exported for the past 10 years was 1.8 
million carats, with a high of 3.0 mil- 
lion carats in 1981 and a low of 0.4 
million in 1989. The 10-year trend for 
the quantity of diamonds reexported 
was highly mixed. The period started 
with 2 years of extreme increase, 171%, 
followed by 3 years of moderate de- 
cline, 37%, followed by 3 years of 
essentially stabile reexports, and then 
the most recent declines in 1988 and 
1989. The average annual value of re- 
exported diamonds for the past 10 
years was $285.0 million, with a high of 
$412.8 million in 1981 and a low of 
$157.1 in 1989. The 10-year trend for 
the value of reexports was one of in- 
crease, 4%, for 1980-81, moderate de- 
cline, 55%, the next 4 years, followed 
by 3 years of significant increase, 72%, 
and then the major decrease in 1989. 
The value of 1989 reexports was 61% 
less than that of 1980. 

The reexport of natural gem materi- 
als, cut but not set, other than dia- 
monds and pearls, decreased about 
92% to $4.6 million, a record low for 
the 8-year period for which data were 
available. The average annual value of 
reexports for the past 8 years was $33.0 
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million, with a high of $55.1 million in 
1988 and a low of $4.6 million in 1989. 
The 8-year trend for the value of reex- 
ports was one of alternating decreases 
and increases. 

The reexport of natural gem materi- 
als not cut or set, other than diamonds 
and pearls, increased about 473% to 
$127.3 million. The extremely large in- 
crease was most likely the result of 
reexporting colored stones to world- 
wide cutting centers for cutting and 
reexport to the United States as fin- 
ished gems. The average annual value 
of reexports for the past 8 years was 
$25.0 million, with a high of $127.3 
million in 1989 and a low of $1.3 million 
in 1987. The 8-year trend for the value of 
reexports was one of extreme increases 
and decreases, with the value over the 
period increasing 1,575%. 

Reexports of natural, cultured, and 
imitation pearls and synthetic gem ma- 
terials were $3.9 million and $0.4 mil- 
lion, respectively. 

The value of gem materials imported 
increased slightly to a record high of 
$5,115 million. The value of imported 
gem diamonds accounted for about 
85% of the total. The average annual 
value of gem material imports for the 
past 10 years was $3,661 million, with a 
high of $5,115 million in 1989 and a 
low of $2,384 million in 1982. 

The value of imported gem dia- 
monds increased slightly to a record 
high of $4,358 million. The 10-year 
trend for the value of diamond imports 
was one of generally steady continuous 
growth with an increase of 94% for the 
period. During the period, the value of 
imported uncut diamonds decreased 
44%, while the value of cut stones 
imported increased 203%. 

The imports of cut diamonds in- 
creased slightly in quantity and value to 
8.9 million carats and $3,805.5 million, 
respectively. The average annual quan- 
tity of cut diamonds imported was 6.3 
million carats, with a high of 8.9 mil- 
lion in 1989 and a low or 1.3 million 
carats in 1980. The trend for cut dia- 
mond imports for the past 10 years was 
one of continued increases; the period 
ended with imports 246% greater than 
at the beginning of the period. The 
average annual value of imported cut 
diamonds was $2,549.6 million, with a 
high of $3,805.5 in 1989 and a low of 
$1,256.0 million in 1980. The trend for 
the value of imported cut diamonds for 
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the past 10 years was of strong growth 
and increases. The value at the end of 
the period was 203% greater than at the 
beginning. 

The value of imports of other gem 
materials, led by emerald, ruby, and 
sapphire, was $756.4 million, about the 
same as those of 1988. Emerald im- 
ports increased about 19% to 207.5 
million. The average annual value of 
emerald imports for the past 10 years 
was $149.8 million, with a high of 
$207.5 million in 1989 and a low of 
$120.8 million in 1982. The 10-year 
trend for the value of emerald imports 
was one of fluctuating increases and 


decreases resulting in a 44% increase 
for the period. 

The value of ruby imports increased 
16% to 83.4 million, the fourth highest 
value for the past 10 years. The average 
annual value of imports for the past 10 
years was $75.8 million, with a high of 
$93.8 in 1981 and a low of $58.7 in 
1987. The 10-year trend for import 
values was one of extreme fluctuations. 
The period ended with values having 
increased 42% from the 10-year low, 
but still 11% below the high for the 
period. 

The value of sapphire imports in- 
creased 23% to $100.0 million, the high 


TABLE 3 


U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF 
INDUSTRIAL DIAMOND), BY COUNTRY | 


1988 
Country Quantity 
(carats) 
Exports: 

Belgium 163,246 
Canada 24,104 
France 7,946 

Germany, Federal 
Republic of 3,736 
Hong Kong 92,067 
Israel 169,433 
Japan 74,566 
Singapore 5,135 
Switzerland 23,929 
Thailand 16,082 
United Kingdom 3,641 
Other 6,527 
Total 590,412 

Reexports: 

Belgium 833,081 
Canada © 5,855 
China 14,009 

Germany, Federal 
Republic of 31,236 
Hong Kong 34,682 
India 139,684 
Israel 137,820 
Japan 114,904 
Netherlands 89,000 
Switzerland 34,234 
United Kingdom 26,929 
Other 83,026 
Total 1,544,460 


' Customs value. 
2 Less than 1/2 unit. 


Source: Bureau of the Census. 


1989 
Value ' Quantity Value ' 
(millions) (carats) (millions) 
$142.4 178,220 $187.1 
18.4 24,957 30.0 
11.4 5,577 11.4 
4.7 2,717 4.4 
208.1 112,529 234.5 
137.9 222,424 192.6 
196.2 65,407 199.7 
9.2 3,274 10.1 
141.9 16,800 133.3 
12.2 39,575 16.4 
20.6 7,263 44.6 
5.9 13,845 22.5 
908.9 692,588 1,086.6 
104.4 101,462 29.7 
1.2 765 1.1 
0.3 677 ) 
2.6 5,523 0.9 
19.6 28,157 19.0 
5.0 49,240 3.4 
65.9 28,464 21.6 
10.2 49,227 7.1 
9.4 12,125 3.5 
77.5 25,401 47.4 
12.6 3,188 16.0 
10.3 53,671 7.4 
319.0 357,900 157.1 
435 


TABLE 4 


U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, 
WEIGHT, AND COUNTRY 


Kind, range, and 


country of origin Quantity 
(carat) 

Rough or uncut, natural: 2 
Belgium 305,142 
Brazil 349,461 
Israel 38,734 
Netherlands 57,791 
South Africa, Republic of 48,515 
Switzerland 14,307 
United Kingdom 619,461 
Venezuela 684 
Other 210,203 
Total 1,644,298 
Cut but unset, not over 0.5 = 

carat: 

Belgium 1,035,452 
Brazil 34,554 
Canada 9,156 
Hong Kong 285,268 
India 3,758,747 
Israel 1,109,474 
Netherlands 27,588 
South Africa, Republic of 5,532 
Switzerland 76,169 
United Kingdom 23,406 
Other 160,707 
Total 6,526,053 
Cut but unset, over 0.5 carat: —— 
Belgium 709,527 
Hong Kong 59,949 
India 386,422 
Israel 906,752 
Netherlands 7,859 
South Africa, Republic of 22,762 
Switzerland 24,281 
United Kingdom 17,546 
Other 92,028 
Total 2,227,126 


' Customs value. 
2 Includes some natural advanced diamond. 


Source: Bureau of the Census. 


value for the past 10 years. The average 
annual value of sapphire imports for 
the past 10 years was $78.7 million, 
with a high of $100.0 million in 1989 
and a low of $50.3 million in 1980. The 
10-year trend for the value of imports 
was one of extremely fluctuating in- 
creases and decreases. The period 
ended with the value 96% greater than 
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1988 1989 
Value! Quantity Value! 
(millions) (carat) (millions) 
$111.8 57,962 $18.0 
10.7 33,709 5.7 
8.2 12,979 7.1 
7.9 24,424 11.7 
44.9 9,130 13.8 
8.2 12,268 11.9 
317.5 747,397 254.0 
ad 7,275 9 
79.3 284,292 229.5 
588.6 1,189,436 552.6 
406.7 1,531,997 962.7 
13.7 39,200 16.2 
4.1 7,754 5.5 
63.1 101,828 48.1 
886.1 3,136,459 792.4 
532.8 1,784,444 1,104.3 
26.8 19,227 24.1 
5.1 10,707 15.7 
36.8 41,986 75.6 
22.9 37,581 37.3 
37.9 138,808 | 57.0 
2,036.0 6,849,991 3,138.9 
578.9 266,164 99.0 
40.1 68,930 19.5 
111.3 1,176,503 312.0 
675.2 318,288 178.5 
12.9 4,809 10.5 
40.6 1,245 4 
95.1 21,420 13.4 
45.3 11,116 8.2 
81.8 151,614 25.1 
1,681.2 2,020,089 666.6 


at the beginning and at the high for the 
period. 

The value of imported gem materials 
Other than diamond, emerald, ruby, 
and sapphire decreased 15% to $365.5 
million. The average annual value of 
imports was $314.7 million, with a high 
of $429.5 in 1988 and a low of $110.6 
in 1980. The 10-year trend for the value 


of imports was one of fluctuating in- 
creases and decreases resulting in a 
total increase of 230% for the period. 


WORLD REVIEW 


Diamond sales by De Beers Consol- 
idated Mines Ltd.’s CSO in the second 
half of 1989 were $1.77 billion. This 
was 24% less than the $2.32 billion for 
the first half of 1989 and 10% less than 
for the second half of 1988. Total dia- 
mond sales by the CSO were $4.09 
billion in 1989, about 2% less than the 
1988 record high of $4.17 billion. Ac- 
cording to diamond dealers, the re- 
duced sales were most likely the result 
of a sagging U.S. demand. Estimates of 
the annual world market for diamond 
jewelry are approximately $40 billion. 
The U.S. share of this market dropped 
in 1989 from the historical level of 
about 33% to 29%. The three largest 
consumers are Japan (30%), the United 
States (29%), and Europe (18%). The 
amount of diamonds in the pipeline 
between the CSO rough sales and the 
retail purchaser is of equal importance 
to the CSO sales. Estimates of the 
material in the pipeline in 1989 were 
about $15 to $18 billion, measured at 
wholesale polished prices, or 2.5 years 
of sales. Sales of colored gem stones 
remained very strong. 

Natural diamond production occurs 
in Africa, Asia, Australia, and South 
America. The principal producing lo- 
calities are as follows: in Africa— 
Angola, Botswana, Namibia, the Re- 
public of South Africa, and Zaire; in 
Asia—the U.S.S.R. (Northeastern Si- 
beria and in the Yakut, A.S.S.R.); in 
Australia; and in South America— 
Venezuela and Brazil. 

Foreign countries in which major gem 
stone deposits (other than diamond) oc- 
cur are Afghanistan (beryl, kunzite, 
ruby, tourmaline); Australia (beryl, opal, 
sapphire); Brazil (agate, amethyst, beryl, 
kunzite, ruby, sapphire, tourmaline, 
topaz); Burma (beryl, jade, ruby, sap- 
phire, topaz); Colombia (beryl, sap- 
phire); Kenya (beryl, garnet, sapphire); 
Madagascar (beryl, rose quartz, sap- 
phire, tourmaline); Mexico (agate, opal, 
topaz); Sri Lanka (beryl, ruby, sapphire, 
topaz); Tanzania (tanzanite, garnet, 
ruby, sapphire, tourmaline); and Zambia 
(amethyst, beryl). 
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Angola 

Endiama, the Government-owned and 
operated diamond mining company, sold 
over 1 million carats of diamonds in 
1989 valued at about $200 million. But 
when diamonds taken in UNITA raids 
and smuggling are considered, the coun- 
ty’s production was most likely nearly 
double the official sales. UNITA repre- 
sentatives recently offered $10 million 
worth of rough for sale on the US. 
market. 

De Beers signed a declaration of 
intent with Endiama to help in devel- 
oping Angolan diamond deposits. The 
agreement, worth $180 million annu- 
ally, is for co-operation in prospecting, 
mining, and marketing. Further discus- 
sions and technical studies, leading to 
the establishment of a joint venture, are 
underway. Endiama may start market- 
ing a “significant proportion” of pro- 
duction through the CSO in 1990, mov- 
ing toward an exclusive agreement as 
production increases. It is also the in- 
tentions of the parties to build a dia- 
mond sorting building in Luanda in 
which to sort Angolan production be- 
fore its sale to the CSO. 


Australia 

Poseidon Exploration Ltd.  pur- 
chased Freeport Bow River Properties 
Inc., the joint venture of Freeport- 
McMoRan Australia Ltd. and Gem 
Exploration and Minerals Ltd. The 
joint venture owned and operated the 
Bow River alluvial diamond project. 
Production from Bow River averages 
20% gem quality, 70% near-gem qual- 
ity, and 10% bort. 

Argyle Diamond Mines Pty. Ltd.’s 
annual diamond production from the 
AK-1 pipe was essentially unchanged 
at about 34.4 million carats. Argyle’s 
annual production accounted for about 
37% of the world’s production of nat- 
ural diamonds. 

Many firms continued their diamond 
exportation efforts. Gem Exploration 
Ltd. reported success in a sampling 
program for the Kununurra Project in 
Western Australia, and Terres Re- 
sources NL also worked in the Ku- 
nunurra area. Poseidon-Trian Minerals 
continued to explore in the Phillips 
Range in Western Australia, as did the 
Capricorn Resources, Copperfield, and 
Moonstone joint venture. Auridiam- 
Afro-West worked on its project at 
Mount Wynne in Western Australia, as 
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TABLE 5 


U.S. IMPORTS FOR CONSUMPTION OF NATURAL PRECIOUS AND 
SEMIPRECIOUS GEM STONES, OTHER THAN DIAMOND, 


Kind and 
country 


Emerald: 


Belgium 
Brazil 
Colombia 
France 


Germany, Federal Republic 
of 


Hong Kong 
India 
Israel 
Japan 


South Africa, Republic of 


Switzerland 
Taiwan 
Thailand 
United Kingdom 
Other 

Total 


Ruby: 


Belgium 
Brazil 
Colombia 
France 


Germany, Federal Republic 
of 


Hong Kong 
India 

Israel 

Japan 
Switzerland 
Thailand 

United Kingdom 


Other 


Total 


Sapphire: 


Australia 
Austria 
Belgium 
Brazil 
Canada 
Colombia 
France 


Germany, Federal Republic 
of 


Hong Kong 
India 
Israel 
Japan 


See footnotes at end of table. 


Quantity 
(carats) 


11,963 
80,199 
243,521 
13,817 


34,376 
135,384 
1,205,636 
89,399 
20,102 

4 

65,021 
256 
216,501 
8,026 
91,701 
2,215,906 


8,926 
4,945 

258 
5,885 


26,530 
47,152 
318,575 
38,593 
11,572 
40,183 
1,822,557 
8,443 
61,703 
2,395,322 


2,883 
603 
20,024 
9,528 
16,177 
1,398 
46,296 


26,750 
123,689 
149,488 

8,931 

22,662 


1988 


BY KIND AND COUNTRY 


Value ! 
(millions) 


$5.6 
6.4 
63.8 
3.2 


2.4 
14.7 
20.4 
24.7 

1.0 

(?) 
20.6 


Quantity 
(carats) 


10,605 
80,829 
429,390 
5,345 


23,902 
135,423 
2,068,254 
89,559 
10,178 
146 
60,265 
1,681 
366,925 
6,187 


112,866 
3,401,555 


7,760 
8,093 
337 
21,483 


20,822 
79,583 
455,954 
26,326 
796 
70,098 
1,778,218 
3,596 
73,345 


2,546,411 


30,439 
377 
26,155 
8,705 
5,622 
358 
7,825 


31,999 
102,671 
112,937 

29,535 

2,532 


1989 


Value! 
(millions) 


$1.2 

12.8: 

73.1 
4.0 


3.2 
18.9 
25.9 
24.7 
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TABLE 5—Continued 


U.S. IMPORTS FOR CONSUMPTION OF NATURAL PRECIOUS AND 
SEMIPRECIOUS GEM STONES, OTHER THAN DIAMOND, 


Kind and 
country 


Sapphire—Continued 
Korea, Republic of 
Singapore 
Sri Lanka 
Switzerland 
Thailand 
United Kingdom 


Other 
Total 
Other: 
Rough, uncut: 


Australia 
Brazil 
Colombia 
Hong Kong 
Nigeria 
Pakistan 


South Africa, Republic of 


Switzerland 
United Kingdom 
Zambia 
Other 
Total 
Cut, set and unset: 
Australia 
Brazil 
Canada 
China 


Germany, Federal 
Republic of 


Hong Kong 


India 
Japan 
Switzerland 
Taiwan 
Thailand 
United Kingdom 
Other 

Total 


NA Not available. 
' Customs value. 
? Less than 1/10 unit. 


Source: Bureau of the Census. 


did Stockdale, a subsidiary of De 


BY KIND AND COUNTRY 


1988 1989 

Quantity Value! Quantity Value’ 
(carats) (millions) (carats) (millions) 

6,438 ?) 9,024 ?) 

4,705 $.2 481 (’) 

39,259 2.4 63,184 $4.1 

32,446 10.2 67,086 15.6 

2,878,129 50.2 3,576,666 55.1 

10,102 2.9 9,435 25 

110,301 1.4 34,348 1.6 

3,509,809 81.5 4,119,379 100.0 

9 1.4 

29.7 36.0 

2.4 10.5 

a 2.2 

2 7 

NA 1.0 NA 1.4 

4.8 2 

1.7 1.3 

6 (*) 

9 5 

5.5 Via 

NA 48.2 NA 65.3 

12.6 10.7 

18.6 5.0 

4 2 

2.3 1.1 

15.8 12.2 

Wa 27.4 or Dire 

5.1 3.7 

144.5 118.3 

3.1 1.3 

11.3 1.8 

14.2 10.0 

1.7 2.4 

17.7 15.7 

NA 274.7 NA 203.6 


Pacific Ltd. 


explored the Copeon- 


Beers, in the Ellendale area. Pemlya 
Mines NL and Noranda Pty. Ltd.’s 
joint venture searched for diamonds in 
the Eastern Pilbara. Cluff Resources 
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Bingara area of New South Wales. 
Cambridge Gulf Exploration NL 
started a search for diamonds on leases 
covering about 2,000 square kilometers 


TABLE 6 


VALUE OF U.S. IMPORTS OF 
SYNTHETIC AND IMITATION 
GEM STONES, INCLUDING 
PEARLS, BY COUNTRY 


(Million dollars ') 


Country 1988 1989 
Synthetic, cut but unset: 
Austria 2.0 3.7 
France 6 4 
Germany, Federal 
Republic of 9.1 9.4 
Japan 2.1 0.4 
Korea, Republic of — 8.1 4.3 
Switzerland 6.0 3.8 
Other 5.6 7.4 
Total 33.5 29.4 
Imitation: = —. 
Austria 49.4 40.0 
Czechoslovakia 2.7 3.1 
Germany, Federal 
Republic of 6.7 1.6 
Japan 4.6 4 
Other 6.2 12.2 


Total 69.6 57.3 
‘Custom value. 


Source: Bureau of the Census. 


on either side of the Ord rivermouth. 
Quicksilver Resources was seeking in- 
vestors to finance the exploration of 
three diamond prospects in Western 
Australia, the Byro Project, Mount 
Edith, and Tier Range. The Mount 
Gipps Ltd. and Reedy Lagoon Corpo- 
ration NL joint venture will begin drill- 
ing for diamonds in the Reedy Lagoon 
region of South Australia during 1990. 

Australia held its first culture pearl 
auction in October at Darwin. Long the 
leading producer in the quantity of 
cultured South Sea pearls, it was time 
also to claim the title of number one in 
quality. For this reason, the nine pearl 
farms that account for an estimated 
80% of the production decided to sell 
the bumper pearl crops at home instead 
of in Japan. The auction was a large 
success with 60 firms worldwide spend- 
ing $33.5 million. The Japanese were 
the largest purchaser, buying about $23 
million.! 

A new form of gem _ orthoclase, 
named Rainbow Lattice Sunstone, was 
discovered in an area known as the 
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TABLE 7 


U.S. IMPORTS FOR CONSUMPTION OF PRECIOUS AND 
SEMIPRECIOUS GEM STONES 


(Thousand carats and thousand dollars) 


ree 1988 1989 : 
Quantity Value Quantity Value 
Diamonds: 
Rough or uncut 1,644 588,611 1,189 552,557 
Cut but unset 8,753 3,717,151 8,870 3,805,590 
Emeralds: Cut but unset 2,216 174,623 3,402 - 207,546 
Coral: Cut but unset, and cameos 
Suitable for use in jewelry ie ao NA ne 
Rubies and sapphires: Cut but unset 5,905 153,552 6,666 183,344 
Marcasites 1,229 NA NA 
Pearls: 
Natural NA 3,389 NA 4,382 
Cultured NA 171,693 NA 144,335 
Imitation NA 7,198 NA 5,456 
Other precious and semiprecious 
stones: 
Rough, uncut NA 48,186 NA 65,298 
Cut, set and unset NA 79,056 NA 55,909 
Other NA 19,795 NA NA 
Synthetic: 
Cut but unset 81,096 28,995 99,292 29,368 
Other NA 4,485 NA 3,441 
Imitation gem stone NA 62,404 NA 57,323 
Total XX 5,063,334 XX 5,114,549 


NA Not available. 
! Customs value. 


XX Not applicable. 


Source: Bureau of the Census. 


Mud Tank Zircon Field in the Harts 
Range of the Northern Territory. The 
material was named for the unique 
lattice pattern of aventurescence it dis- 
plays. Inclusions of ilmenite and hema- 
tite oriented on the crystal lattices 
causes this effect.” 

Heavy rains during the month of 
March severely disrupted opal produc- 
tion from Coober Pedy, Mintabie, and 


Andamooka. The rains collapsed mine » 


shafts and flooded tunnels and opencut 
mines. It will take 6 months, and in 
some cases a year, to get back into full 
production. The lost production will 
result in an increase in the price of 
Australian opal. 


Brazil 

Glencairn Explorations Ltd. received 
a positive feasibility study on the Feijao 
Cru diamond deposit in Bahia. It was 
estimated that production would be 
42,000 to 84,000 carats annually and 
would average 80% gem quality. The 


GEM STONES MINERALS YEARBOOK— 1989 


original discovery was made by Miner- 
acao Piracicaba Ltd., a Brazilian com- 
pany. Glencairn can earn 50% interest 
in Piracicaba by investing an additional 
$250,000. There are about 25 small 
mines operating in the Chapada Dia- 
mantina region of Bahia. 

Mineracao Tejucana, the joint ven- 
ture between Sibeka’s wholly owned 
Sibradiam Participacoes Ltda. and 
Union Miniere, produced more than 
34,000 carats of diamonds and 107 
kilograms of gold from its dredging 
operations on the Jequitinhoha River. 
The joint venture operated four dredges 
on the Lamarao flat and a fifth dredge 
was located outside of the main pro- 
duction area. 

A discovery of tourmaline of un- 
usual colors was made in Paraiba. The 
material, called ‘‘Paraiba” tourmaline, 
ranged in color from a highly saturated 
medium bluish green to medium dark 
blue-green and to a dark blue to vio- 
letish blue. The saturation and depth of 


color is outstanding. The stones de- 
mand a high price with 30 to 50 point 
stones selling for as much as $150 per 
carat and 5-carat stones going for as 
much as $2,500 per carat. 


Canada 

Cameco and Uranerz Exploration 
and Mining reportedly found seven 
kimberlite pipes on their joint-venture 
Fort a la Corne property east of Prince 
Albert, Saskatchewan. Microdiamonds 
were found in one pipe. The two firms 
have staked 170,000 hectares for explo- 
ration in the Fort a la Corne area. 
Additionally, Uaranerz is acquiring 
land to the north in the Choiceland- 
Snowden-Smeaton area for explora- 
tion. The race to claim land for dia- 
mond exploration in Saskatchewan is 
growing. The staking of a 200,000 hec- 
tare parcel between Prince Albert and 
Saskatoon increased the total amount 
of land held for diamond exploration 
to 647,000 hectares. Monopros, the Ca- 
nadian exploration arm of De Beers, 
started the staking rush in 1988. 

Corona Corp. discovered kimberlite 
rocks on the Sturgeon Lake exploration 
property of Claude Resources. A drill 
intersected kimberlite at a depth of 37 
meters and was still in kimberlite at 111 
meters. To date, there is no indication 
that the kimberlite contains diamonds; 
additional work will be necessary to 
determine if diamonds are present. The 
property is located north of Prince 
Albert, Saskatchewan. 


Central African Republic 

A joint venture, founded in 1987 be- 
tween Osborne & Chappel Goldfields 
and Societe d’Enterprise et d’Investisse- 
ments SA, continued their diamond ex- 
ploration program with encouraging re- 
sults. The joint venture has exploration 
rights for alluvial diamonds along a 170- 
kilometer stretch of the Mamber River. 
To date, reconnaissance drilling, geo- 
physical testwork, and small-scale bulk 
sampling has been completed. 


China 

The production of colored gem 
stones increased about 30% in the past 
year. The five most commonly mined 
gem stones were aquamarine, tourma- 
line, sapphire, topaz, and nephrite 
jade. Other gem materials produced 
include amazonite, amber, amethyst, 
andalusite, aventurine, azurite, bowen- 
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ite, diopside, garnets, jet, kunzite, mal- 
achite, peridot, quartz, ruby, tur- 
quoise, and zircon.” 

Ashton Mining Ltd. of Australia was 
granted exclusive exploration, mining, 
and marketing rights for diamonds in 
the Hunan Province. The company will 
share equally in any production, proc- 
essing, and sale of diamonds with the 
provincial government. A cutting fac- 
tory will be established in Hunan when 
diamond production begins. 

In Laioning Province, the Wafandian 
diamond deposit, potentially the larg- 
est in China, is being developed for 
mining and is scheduled to begin oper- 
ation in late 1990. Production is fore- 
casted to be 118,000 carats per year. 
The Wafandian Mine would be China’s 
fifth diamond mine, joining the Bin- 
Hai also in Laioning Province, and the 
Chang Ma, Tao Cheng, and Linshu 
Mines in Shandong Province. 


Columbia 

At the Muzo emerald mine in Boy- 
aca, two major leaseholders, Tecminas 
and Coesminas, have begun using 
shafts and underground tunnels in ad- 
dition to strip mining to recover emer- 
alds. The relative flatness of the Muzo 
mining area and the accumulation of 
hundreds of years of mine tailings re- 
sulted in limiting access to some areas 
for production and exploration. The 
shafts and tunnels may allow the pro- 
ducers to relocate some of the old 
production veins and to discover new 
productive areas. The tunnels have en- 
countered problems both with ground 
support and the inflow of water.* 


Finland 

The Finnish Geological Survey (GSI) 
reported the discovery of a 2,250-carat 
emerald. The totally transparent gem 
was estimated to be valued at approxi- 
mately $250,000. The GSI drew up 
plans to intensify the exploration work 
in a 2-hectare area. 


Guinea 

A 255.6l-carat diamond, recovered 
from the Aredor Mine, was purchased 
for slightly more than $10 million. At 
$39,300 per carat, it was not the highest 
per carat price ever paid for a rough 
diamond; a 181.77-carat rough dia- 
mond from Aredor sold for $47,400 per 
carat in 1988. However, the total pur- 
chase price was the highest ever paid 
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for a rough diamond. In February, 
Aredor was granted a 405-square-kilo- 
meter extension to its mining lease. The 
new ground is believed to contain high- 
quality alluvial reserves. 


India 

During fiscal year April 1, 1988, to 
March 31, 1989, the value of finished 
diamonds exported increased 75% to 
$2.95 billion. The value was the great- 
est for any country and accounted for 
about 28% of the value of diamonds 
and 70% of the stones used in diamond 
jewelry. The increase was the result of a 
general increase in demand for dia- 
monds, a depreciation of the rupee, 
falling labor costs, and favorable Gov- 
ernment policies aimed at boosting ex- 
ports. India plans to increase its share 
of the market to near 50% of the value 
within 2 years. The diamond industry 
employs approximately 1 million skilled 
and semi-skilled workers. 

The Indian Minerals Exploration 
Corp. Ltd. and the French BRGM 
company entered into an agreement to 
explore for diamonds and develop any 
commercial deposits discovered in the 
Pana, Krishna, and Vajnakarur areas. 


Israel 


Diamond imports and exports in- 
creased for the year. Imports increased 
about 6% to $2.6 billion and exports 
were approximately $2.7 billion, an in- 
crease of over 7% compared with that 
of 1988. Approximately 43% was ex- 
ported to the United States and about 
35% to the Far East. 

Dov Riger of Israel and Tasaki 
Shinju of Japan opened a joint-venture 
automated polishing factory at Beit 
Shean, in northern Israel. The factory 
employs 30 workers using automatic 
piermatic polishing machines. The en- 
tire output of the factory is committed 
to the Japanese parent company. 
Tasaki Shinju has annual sales of about 
$200 million. 


Namibia 

Consolidated Diamond Mines of 
South-West Africa (CDM), the De Beers 
Consolidated Mines, Ltd. subsidiary 
that controls the majority of the dia- 
mond mining concessions in Namibia, 
began development of two new diamond 
operations. The Elizabeth Bay operation 
will recover about 250,000 carats per year 
of small stones from windblown depos- 


its. The mine is located about 30 kilome- 
ters south of the town of Luderirtz and 
will mine and process about 4 million 
metric tons per year during its projected 
10-year life. Production is scheduled to 
begin in March 1991. The Auchas Mine 
along the Orange River will recover 
about 40,000 carats per year of large 
stones. The mine is scheduled to begin 
production in July 1990. CDM also is 
undertaking offshore diamond recovery 
research at depths of up to 90 meters in 
its offshore concessions.° 

The Namibian West Coast Diamond 
Co. started a major exploration pro- 
gram in the deep-sea area of its conces- 
sion. The concession starts about 2 
kilometers offshore, continues to about 
10 kilometers, and is roughly 90 kilo- 
meters long. A 250-ton survey and re- 
search vessel was purchased to survey, 
test, and map the deepwater area. In 
the past 2 years, the company has re- 
covered about 26,000 carats of dia- 
monds from the concession. However, 
it is estimated that large-scale commer- 
cial mining of the concession is still 10 
years in the future. 

It was reported that in Swakopmund, 
fake diamond octahedra and imitation 
tsavorite garnet rough were being sold 
to gem stone buyers. The fake dia- 
monds were made from cubic zirconia 
and the tsavorites from cut green bottle | 
glass. 


Sierra Leone 

In January, the Ministry of Mines 
began issuing export licenses to private 
firms and individuals for the export of 
diamonds. The Ministry granted 26 li- 
censes for diamond exporting, 11 of 
which were granted to foreign individ- 
uals or companies. Applicants. must 
pay a fee for the licenses, a fixed fee 
and/or a royalty, post a performance 
bond of $500,000, and must achieve a 
performance goal of exporting 250,000 
in diamonds monthly, or forfeit the 
bond. The new regulations eliminate 
the diamond dealers and recognizes 
only two legal players in the diamond 
fields—the miners and the exporters. 
The Ministry believes that privatization 
will increase diamond production as 
well as increasing diamonds sold or 
exported through official markets. 


South Africa, Republic of 
The Kim Diamond Cutting Works, 
currently under construction, will proc- 
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ess 30,000 carats of rough a week. The 
cutting factory will employ at least 
1,280 workers. Using local rough, it 
will process stones from 1 to 30 points 
for the overseas market. The factory is 
scheduled for completion by the end of 
April 1990. — 

A new open pit diamond mine, the 
Samanda, is being developed in the 
Orange Free State Province. The mine 
is forecasted to begin production in the 
second quarter of 1990. The developer 
is apparently a private concern. 

De Beers announced that, in cooper- 
ation with Saturn Mining Ltd. of the 
Anglovaal group, it will open a new 
diamond mine on the Venetia farm in 
The Transvaal. The mine will cost ap- 
proximately $280 million and will be 
the largest investment De Beers has ever 
made in a single mine. The mine is 
scheduled to begin production in the 
second half of 1990 at a rate of about 4 
million carats per year. 

Gemgold Mining Ltd. commenced 
mining diamonds from a open pit mine 
in the Cape Province. The company 
expects to produce about 40,000 carats 
in 1990 and 100,000 carats in 1991. 


Tanzania 

Williamson Diamonds Co. received a 
$4.7 million loan from Willcroft Co. 
Ltd. The funds will be used to modern- 
ize Williamson’s diamond treatment 
plant, which has been in operation for 
over 30 years. The condition of the 
treatment plant has adversely affected 
Tanzania’s diamond production for a 
number of years. 


Zaire 

In April, the Government of Zaire 
enacted new regulations on the pur- 
chase and export of diamonds. The 
purchasers of artisanal diamonds, 
called comptoirs, were required to pay a 
license fee and deposit of $300,000, 
compared with the old fee and deposit 
of $100,000. Additionally, comptoirs 
were allowed to purchase diamonds in 
Kinshasa if stones were offered for 
sale. Because Kinshasa is not an offi- 
cial buying location, there are not the 
same controls that are present in the 
interior where representatives from the 
National Evaluation Center are re- 
quired to be present at all transactions. 

Pilfering and smuggling from the 
diamond-producing areas was rampant 
according to the Societe Miniere de 
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Bakwanga (Miba). Miba estimated that 
illegal mining and trafficking of dia- 
monds in the two Kasai provinces cost 
the Government somewhere between 
$140,000 and $350,000 every month. 
Tough security measures are difficult to 
enforce because state security men con- 
nive with the smugglers, giving them 


-protection as they go about their busi- 


ness. The law allows Zairian nationals 
the freedom to mine industrial dia- 


monds anywhere in the country as long 


as the diamonds are sold through 
Miba. The system is no longer working 
because of access to better markets 
outside of Miba. 

A substantial diamond deposit was 
reportedly discovered at a rubber plan- 
tation owned by the Amcit Blattner 
family at Kaparata. The plantation was 
sealed off by soldiers, which denied the 
owners access. The Blattners may enter 
into an agreement with a well-known 
diamond firm to exploit the deposit. It 
is possible that local residents are dig- 
ging diamonds after gaining access by 
bribing the soldiers that are guarding 
the plantation. 


Zambia 

The Government of Zambia central- 
ized the future marketing of emeralds 
by allowing the export only of cut and 
polished stones. Gem-Impex Ltd. of 
Zurich, Switzerland, was appointed the 
sole distributor of emeralds cut and 
polished in Zambia to implement the 
centralization. Gem-Impex will market 
Zambian emeralds worldwide for the 
state-owned Zambian Emerald Indus- 
tries Ltd. Zambian Emerald, which op- 
erates a 50-cutter factory in Ndola, has 
the exclusive right to cut and polish 
emeralds produced in Zambia. Produc- 
tion from the Ndola factory was about 
5,000 carats per month in a variety of 
shapes and sizes. 


CURRENT RESEARCH 


Mr. Zvi Yehuda of Ramat Gan, Is- 
rael, developed a new diamond enhance- 
ment process. The process improves the 
apparent clarity of diamonds by filling 
surface-reaching cleavages and fractures. 
The process replaces the air that nor- 
mally fills the cleavages and fractures 
with a transparent material that has an 
index of refraction near that of diamond. 


The result is that the cleavages and/or 
fractures are less visible and thus the 
appearance and apparent clarity of the 
diamond is improved. The treatment can 
be detected using a standard darkfield- 
equipped gemological microscope. The 
orange and blue flash effects, flow struc- 
tures, and flattened, trapped gas bubbles 
evident in the filled areas are easily de- 
tected. Yehuda also has founded a firm 
in the United States that uses a similar 
procedure to improve the appearance and 
apparent clarity of emeralds.° 

The technology to improve the ap- 
parent color of diamonds in the very 
light to light yellow color ranges has 
been used occasionally to increase the 
value of a stone. The addition of a 
grayish or bluish material to the surface 
of “J” or “K” color stones can give the 
stone the appearance of a “G”’ color. 
This deceptive treatment could affect 
the value of a 1.00 carat “VS1” “K” 
stone by as much as $1,600 by changing 
its appearance to that of a “VS1” “G.” 
The coating may be a fluoride com- 
pound similar to that used for lens 
coating in optics. The coating generally 
can be detected by careful examination 
under 30 to 45 power magnification. 

Miners from Santa Terezinha de Go- 
ias, Brazil, developed a new process for 
treating rough and cut emeralds to im- 
prove their appearance, similar to the 
use of oil and Canada balsam on em- 
eralds in the past. The treatment is 
based on the filling of the fractures that 
reach the surface of the stones. The 
stones are cleaned, dried, heated, and 
then treated with a synthetic fracture 
sealant marketed under the trade name 
Opticon. Individuals in the United 
States have improved and expanded 
upon the process to include treating 
stones, primarily cut emeralds, with 
Opticon in a heated vacuum vessel. 


OUTLOOK 


World demand for gem diamond can 
be expected to rise because of the rising 
average personal income of the popula- 
tion of the United States and other in- 
dustrialized countries. Demand is ex- 
pected to increase because of highly 
effective promotional campaigns. These 
promotions are changing social customs . 
in many Far East countries, particularly 
in the use of diamond engagement rings. 
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TABLE 8 
DIAMOND: WORLD PRODUCTION, BY TYPE AND COUNTRY’ 


(Thousand carats) 


Natural Natural 
Canute 1985 1986 1987 1988P Se: 1989° eee 
Gem? ee ~ Total Gem? pee “Total Gem? pkey ~ Total Gem? pee ~ Total Gem? pa ~ Total 

Angola 464 250 714 240 10 °250 180 10 ©1990 950 50 °1,000 — 950 50 1,000 = 
Australia 4,242 2,828 7,070 13,145 16,066 29,211 13,650 16,683 30,333 17,517 17,517 35,034 — 17,540 17,540 35,080 a2: 
Botswana 6,318 6,317 12,635 9,590 3,500°13,090 9,368 3,840 13,208 10,660 4,569 15,229 — 10,676 4,576 415,252 = 
Brazil 233. «217s «450—'—‘i ti ss S—“(w 3200's 332—si4S 3531800 533 — 350 200 550 = 
Central African 
Republic 190 87 277 259 99 358 304 108 412 284 59 343 — 280 60 340 — 
China‘ 200 800 1,000 200 800 1,000 200 800 1,000 200 800 1,000 15,000 200 800 1,000 15,000 
Cote d’Ivoire 
(formerly Ivory 
Coast) * > 15 5 20 10 4 14 15 6 21 8 a | a 11 4 15 = 
Czechoslovakia — — a — — — — — — — — *5,000 — — — 5,000 
France — — —_— — — — — — — — — — £4,000 — —_— — 4,000 
Ghana® 60 576 636 88 498 "586 65 400 465 165 495 '°7660 — 168 452 7620 = 
Greece = a ee = = SY , ree. 0 SS @ °1,000 —- — — 1,000 
Guinea ® 123 9 132 190 14 204 163 12 175 136 10 146 — 4138 410 4148 = 
Guyana® 4 7 11 3 6 49 2 5 se 1 3 44 = 2 3 5 = 
India 14 2 16 13 3 16 13 3 °16 12 3 15 = 3 11 14 = 
Indonesia‘® 5 22 27 "6 22-28 eg #22 =90 a = 7 25 32 _ 
Ireland —_— —_— —- — — — —_ — — — — — *60,000 — a — 60,000 
Japan —_ — — — — — _ —_ — — — — £25,000 — — — 25,000 
Liberia 66 72 «138 63 189 252 60 190 £250 67 100 167 — 68 102 170 = 
Namibia 865 45 910 970 40 1,010 971 50 1,021 901 37-938 — 970 30° 1,000 = 
Romania —_ _— — _ — _ — — — — — — £5,000 — — — 4,500 
Sierra Leone*> 243 106 349 215 100 315 150 75 225 100 75 °175 — 100. 75 175 = 
South Africa, a ee ge 
_Republic of: 

Finsch Mine 1,770 3,184 4,954 1,821 3,208 5,029 1,455 2,701 4,156 1,372 2,548 3,920 — 1,613 2,997 44,610 . — 

Premier Mine 820 1,864 2,684 882 1,977 2,859 772 1,713 2,485 696 1,543 2,239 — 689 1,526 42,215 ae 

Other De 

Beers’ d 

properties? 1,500 569 2,069 1,428 529 1,957 1,427 546 1,973 1,388 531 1,919 — 1,360 520 41,880 = 

Other 460 35 495 342 4} 383 409 30 439 «36165 “426 — 348 63 411 = 

Total 4,550 5,652 10,202 4,473 5,755 10,228 4,063 4,990 9,053 "3,817 ‘4,687 "8,504 '©55,000 4,010 5,106 9,116 60,000 

Swaziland 13 8 21 23 16 39 "48 '32 5880 44 ~~ 29 73 = 33 22.455 = 
Sweden — —_ — — — — — — _ — — — £25,000 — — — 25,000 
Tanzania 165 71 236 133 57 190 105 45 ©150 105 45 *150 — 105 45 150 = 
U.S.S.R.° 4,400 6,400 10,800 4,400 6,400 10,800 4,400 6,400 10,800 4,500 6,500 11,000 41,500 4,500 6,500 11,000 41,500 
United States — — — = — — = _— — = _ = WwW — — — WwW 
Venezuela 35 180 215 45 189 234 35 63 98 55 53-108 _ 55 60 115 = 
Yugoslavia — — — = = soe = — — —_ — — £5,000 — — — 5,000 
Zaire 4,032 16,127 20,159 4,661 18,643 23,304 3,885 15,540 19,425 2,734 15,493 18,227 — 2,850 16,150 19,000 — 

Total 26,237 39,781 66,018 © 39,037 52,726 *91,763 38,004 49,599 87,603 42,616 50,730 93,346 ©241,500 43,016 51,821 94,8372 46,000 


*Estimated. P Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data. 

' Table includes data available through May 16, 1990. Total diamond output (gem plus industrial) for each country actually is reported except where indicated by a footnote to be estimated. In contrast, the detailed 
separate production data for gem diamond and industrial diamond are Bureau of Mines estimates in the case of every country except Australia (1985-87), Botswana (1987), Brazil (1987), Central African Republic 
(1985-88), Guinea (1985-89), and Liberia (1985-86), for which source publications give details on grade as well as totals. The estimated distribution of total output between gem and industrial diamond is conjectural, 
and for most countries, is based on the best available data at time of publication. Estimated distribution figures have been revised as necessary to correspond to reported total production figures. 

2 Includes near-gem and cheap-gem qualities. 

3 Includes all synthetic diamond production. 

4 Reported figure. 

5 Figures are estimates based on reported exports and do not include smuggled diamonds. 

6 Figures do not include smuggled artisanal production. 

‘Includes estimates for artisanal production. 

8 Revised to zero. 

° Other De Beers’ Group output from the Republic of South Africa includes Kimberley Pool, Koffiefontein Mine, and the Namaqualand Mines. 
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The changes are resulting in significant 
growth in the diamond market. 

Demand for other precious gems will 
continue to grow as diamonds become 
more expensive and the popularity and 
acceptance of colored stone increases. 
Demand for synthetic and simulant 
gem materials for both personal and 
industrial consumption is expected to 
increase. The diversity of sizes, types, 
uses, and values of gem materials pre- 
cludes any meaningful forecasting of 
future demand. 


BACKGROUND 


The history of production and prep- 
aration of gem stones begins with the 
wearing of items for personal adorn- 
ment in prehistoric times. This pre- 
ceded even the wearing of clothes. Am- 
ber was mined in the Baltic countries 
for use as a gem material before 25000 
B.C. Later, the Phoenicians in their 
writings described trade routes to the 
Baltic for amber and to areas in Asia 
and Africa for other gem materials. 
The voyages of Columbus brought in- 
creased interest in gem deposits, espe- 
cially emerald, in South America. The 
discovery of diamond in Africa in 1859 
focused major interest on Africa. More 
recently, the discovery of diamond in 
Western Australia in 1967 has resulted 
in the development of one of the largest 
deposits in the world. 

Commercial mining of gem materials 
has never been extensive in the United 
States. Although more than 60 gem min- 
erals and materials have been produced 
commercially from domestic sources, 
most of the deposits are relatively small. 
In many instances, production rests in 
the hands of the numerous hobbyists and 
members of mineralogical and lapidary 
clubs. The Crater of Diamonds State 
Park near Murfreesboro, AR, is open to 
the public on a daily fee basis. Many 
gem-quality stones are found there each 
year. 


Definitions, Grades, and 
Specifications 

Select rocks, certain varieties of min- 
eral specimens, and some organic mate- 
rials such as pearl, amber, jet, and coral 
are included in gem stones data. Custom- 
arily, diamond, ruby, sapphire, and em- 
erald are considered the major gems. 
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The designation “gem stone” refers to 
a material appropriate for personal 
adornment. The most important quali- 
ties of gem stones are beauty, durability, 
uniqueness, and rarity. Beauty, indicated 
as splendor, purity, or attractiveness, is 
judged mainly according to the taste of 
the beholder and includes such appear- 
ances as luster, transparency, brilliance, 
and color. Luster of a mineral or stone is 
independent of color and is the surface 
appearance in reflected light. Apart from 
materials that have a metallic luster, the 
chief contributors to luster are transpar- 
ency and refractive index. The perfection 
of polish enhances the luster of a stone. 
Visible imperfections impair the luster of 
transparent stones. However, defects, de- 
scribed as “jardens” or “inclusions,” 
may enhance the beauty and value of 
natural rubies, sapphires, and other gem 
stones and may be used to identify the 
country of origin and even the mine. 
Durability is measured by the resistance 
of a stone to abrasion, pitting, chipping, 
or splitting. Resistance to abrasion is 
correlated with relative hardness, but 
intrinsic brittleness and toughness indi- 
cate resistance to wear in other aspects. 
Rarity is an essential qualification and 
is more important for some stones in 
determining their value than their phys- 
ical characteristics. 

Of the 1,500 mineral species, only 
about 100 possess all of the attributes 
required in gems. Silicates furnish the 
greatest number, including such miner- 
als as beryl, topaz, tourmaline, and 
feldspar. Oxides such as corundum 
(ruby and sapphire) and quartz (ame- 
thyst, agate, etc.) comprise the second 
largest group. Sulfides, carbonates, 
and sulfates are of small importance; 
the phosphates yield only turquoise 
and variscite. An exception is pearl, 
essentially calcium carbonate, which is 
ranked high as a gem. Diamond, the 
best known gem stone, is an isometric 
crystalline form of the element carbon. 

In general, gem materials are classi- 
fied the same as minerals, that is, into 
group, species, and variety. Group re- 
fers to two or more gem materials that 
are similar in crystal structure and 
physical properties but have different 
chemical properties. Each individual 
member of the group is called a species. 
Varieties of species have similar crystal 
structure and chemical characteristics 
but differ in color. An example of this 
would be the hessonite variety of the 


grossular species of the garnet group. 


Products for Trade and Industry 

Cutting and polishing of gem materi- 
als are done to obtain the most effective 
display of the material. No significant 
change is made in the fundamental prop- 
erties, and the preparation is intended to 
enhance the desirable characteristics that 
are present initially. Gem materials are 
cut into gem stones in three main styles; 
cabochons, baroque, and faceted. 

Cabochons are cut in four opera- 
tions: sawing, grinding, sanding, and 
polishing. Sawing, the initial step in 
cutting, is customarily done with a 
diamond saw to obtain a slab or slice of 
the desired size and thickness from the 
rough gem material. The cabochon 
outline is scribed onto a flat surface, 
most often using a template for making 
a standard size for jewelry mountings. 
Rough grinding of the stone may be by 
metal-bond diamond, silicon carbide, 
or aluminum oxide wheels or coated 
abrasive disks. In grinding, the hard- 
ness of the gem material determines the 
grit and hardness of the abrasive used. 
Multiple grinding steps starting with 
80- to 100-mesh (grit) through 600- 
mesh abrasives are normally used. The 
scratches left by grinding are removed 
by progressively finer grinding and 
sanding. Disk or belt sanders use 
bonded to cloth abrasives, waterproof 
reinforced paper abrasives, or cloth 
charged with abrasive pastes. The final 
polish is obtained by using hard felt, 
wood, or leather laps, with various 
polishing agents such as fine diamond 
compound, tin oxide, tripoli, chro- 
mium oxide, cerium oxide, alumina, 
and rouge. 

Polished irregular shapes are called 
baroque gems. An inexpensive method 
of polishing baroque gems consists of 
tumbling them in rubber-lined drums, 
using a grinding and polishing medium 
with or without water. 

Facet cutting is employed ordinarily 
on transparent gem stones to increase 
brilliancy and appearance and is gener- 
ally confined to the harder materials. 
Softer materials may be faceted, but 
extreme care must be exercised in cut- 
ting and polishing the stones and in 
their use in jewelry. The “round bril- 
liant” cut, most commonly used in 
faceting, has 58 facets, 33 above the 
circle “girdle” and 25 below it, ar- 
ranged in eightfold symmetry. The 
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FIGURE 1 
PRINCIPAL FORMS OF CRYPTOCRYSTALLINE AND CRYSTALLINE GEM STONE CUTS 
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“round brilliant” and some other com- 
mon cuts are illustrated in figure 1. 


Industry Structure 

The world market for diamonds is 
controlled by De Beers Consolidated 
Mines Ltd. It is by far the most strictly 
_controlled of the world’s commodity 
markets. An estimated 80% to 85% of 
gem and natural industrial diamond is 
marketed by De Beers’ wholly owned 
subsidiary, the Diamond Corp. Ltd. 
The marketing is done through the 
CSO by the Diamond Trading Co. Ltd. 
and the Industrial Distributors Ltd., 
divisions of the CSO. The CSO sells 
uncut gem diamonds on behalf of De 
Beers and most other major producers 
at sights (approved bidder viewings) in 
London, England; Lucerne, Switzer- 
land; and Kimberley, Republic of 
South Africa. 

Diamonds reach the CSO sights 
through three channels. First, South 
African and Namibian production goes 


directly to the Diamond Producers As- 


sociation. The principal members of 
this association are De Beers, the South 
African Government, and the Namib- 
ian administration. Second, contrac- 
tual sales by foreign producers are han- 
dled by the Diamond Corp. Ltd., 
which represents the foreign producers 
on the Diamond Producers Associa- 
tion. Third, open-market competitive 
sales and West African sales go directly 
through the Diamond Trading Co. 
The Diamond Producers Association 
funnels the production of the first two 
groups into the Diamond Purchasing 
and Trading Co. (50% held by De 
Beers), part of the CSO. From this 
point, the diamonds go through the 
Diamond Trading Co. The Diamond 
Trading Co. markets diamond to South 
African cutters at a 10% discount on 
world prices; and, through its branch in 
London, diamonds are sold at sights on 
world markets. The third group’s pro- 
duction is handled directly by the Dia- 
mond Trading Co.’s London Branch. 
The CSO has been extremely success- 
ful at maintaining the rough diamond 
market for about 100 years. In modern 
times there has never been a decrease in 
CSO’s price of rough diamonds. Table 
9 illustrates the timing and the amounts 
of the average CSO price increases for 
rough gem diamonds from 1949 until 
the present. The compounded effect of 
these increases is a price increase of 
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about 1,800% over the approximate 
41.5 years. Thus, a piece of rough that 
sold for $100 in August 1949 would sell 
for about $1,800 in April 1990. 

For more than 30 years, the major 
diamond cutting and polishing centers 
of the world were located in Belgium 
and Israel, with a certain amount of the 
larger stones being cut in the United 
States. Today there is estimated to be 
over 450,000 cutters as the result of the 
development of a large cottage industry 
in India that started in the early 1980’s. 
This has had a major impact on world 
diamond trade. Indian consumption of 
most of the world’s small-gem, cheap- 
gem, and near-gem rough material in 
the manufacture of small stones re- 
sulted in annual cut-stone exports of 
almost $3 billion from April 1, 1988, to 
March 31, 1989. These small stones 
averaged less than one-fifth of a carat 
(0.20 carat). The availability of small 
inexpensive stones resulted in substan- 
tial changes in the design of jewelry. 
The utilization of small cut diamond 
stones (usually 0.07-0.14 carats each 
called melee) to create a pavé effect 
(set close together to conceal the metal 
base) is but one example. Cutting and 
polishing of colored, synthetic, and 
simulant gem stones is centered in 
Thailand, India, Hong Kong, and Bra- 
zil, where cheap labor and favorable 
export laws ensure the lowest total costs 
for finished gems. 


Geology-Resources 

Gem materials occur in a large vari- 
ety of igneous, metamorphic, and sed- 
imentary rocks and mineral deposits, 
usually as a small fraction of the total 
deposit. The origins are as varied as the 
occurrences. Principal formation of 


gem materials is by precipitation from 
watery solutions, by crystallization 
from molten rock, and by metamorphic 
processes. Approximately one-third of 
gem minerals are composed of silicate 
minerals, about one-fifth of alumina- 
silicates, and nearly one-seventh of ox- 
ides. The remaining compositional 
groups include the sulfides, phos- 
phates, borosilicates, carbonates, and, 
in the single case of diamond, an ele- 
ment. The composition of selected gem 
materials is included as one of the items 
in table 10. 

The United States has no defined 
large resources of major gem materials. 
Emerald deposits are known in North 
Carolina, as are ruby and sapphire. 
Historically, sapphires have been mined 
in Montana, and commercial mining 
once again is underway. Numerous 
other domestic deposits of gem miner- 
als are known and have been mined for 
many years. However, no systematic 
evaluations of the magnitude of these 
deposits have been made, and no posi- 
tive statements can be made about 
them. 

Occasional finds of diamond have 
been made, but no great diamond pipes 
or alluvial deposits similar to those of 
Africa have been reported. Several com- 
panies are involved in diamond explora- 
tion in the Colorado-Wyoming State 
Line area, in Michigan, Minnesota, Wis- 
consin, and Arkansas. Diamond-bearing 
kimberlites have been located, and bulk 
samples have been processed for dia- 
mond recovery. Results have not been 
made public. 

World resources of gem materials are 
nearly all unevaluated. However, world 
gem diamond reserve is estimated to be 
about 300 million carats, including 


TABLE 9 


DE BEERS CSO ROUGH DIAMOND PRICE INCREASES, 
BY PERCENTAGE 


Sept. 1949 25.0% Nov. 1967 16.0% 
Mar. 1951 15.0 Sept. 1968 2.5 
Sept. 1952 2.5 July 1969 4.0 
Jan. 1954 2.0 Nov. 1971 5.0 
Jan. 1957 5.7 Jan. 1972 5.4 
May 1960 2.5 Sept. 1972 6.0 
Mar. 1963 5.0 Feb. 1973 11.0 
Feb. 1964 12 Mar. 1973 7.0 
Aug. 1966 7.5 May 1973 10.0 


Aug. 1973 10.2% Sept. 1982 2.5% 
Dec. 1974 1.5 Apr. 1983 3.5 
Jan. 1976 3.0 Aug. 1986 7.5 
Sept. 1976 5.8 Nov. 1986 7.0 
Mar. 1977 15.0 Sept. 1987 10.0 
Dec. 1977 17.0 Apr. 1988 13.5 
Aug. 1978 30.0 Mar. 1989 15.5 
Sept. 1979 13.0 Mar. 1990 5.5 
Feb. 1980 12.0 
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TABLE 10 


GUIDE TO SELECTED GEM STONES AND GEM MATERIALS USED IN JEWERLY 


May be 


Name Composition Color Practica Cost? Mohs Specific a aa Roracive confused Becoemon 
size gravity tion index Sri characters 
Amber Hydrocarbon Yellow, red, Any Low to 2.0-2.5 1.0-1.1 Single 1.54 Synthetic Fossil resin, 
green, medium or pressed, _ soft. 
blue plastics 
Beryl: 

Aquamarine ___ Beryllium Blue-green do. Medium 7.5-8.0 2.63-2.80 Double 1.58 Synthetic Double 
alluminum to light to high spinel, refraction, 
silicate blue blue topaz refractive 

index. 

Emerald do. Green Medium Very high 7.5 2.63-2.80 do. 1.58 Fused Emerald 

emerald, filter, 
glass, dichroism, 
tourmaline, refractive 
peridot, index. 
green 
garnet, 
doublets 
Emerald, do. do. Small High 7.5-8.0 2.63-2.80 do. 1.58 Genuine Flaws, 
synthetic emerald brilliant, 
fluorescence 
in 
ultraviolet 
light. 
Golden do. Yellow to Any Low to 7.5-8.0 2.63-2.80 do. 1.58 Citrine, 
golden medium topaz, 
glass, 
doublets 

Morganite do. Pink to ' do. do. 7.5-8.0 2.63-2.80 do. 1.58 Kunzite, Refractive 

rose tourmaline, index. 
pink 
sapphire 
Calcite: 
Marble Calcium White, do. Low 3.0 2.72 Double 1.49- Silicates, Translucent. 
carbonate pink, red, (strong) 1.66 banded 
blue, agate, 
green, or alabaster 
brown gypsum 
Mexican onyx do. do. 3.0 2.72 do. 1.6 do. Banded, 
translucent. 
Chrysoberyl: 
Alexandrite Beryllium Green by ULS.S.R. High 8.5 3.50-3.84 Double 1.75 Synthetic Dichroism, 
aluminate day, red (small), inclusions 
by Sri Lanka in 
artificial (medium) synthetic 
light sapphire. 
Catseye do. Greenish to Small to do. 8.5 3.50-3.84 do. 1.75 Synthetic, Gravity and 
brownish large shell translucence 
Chrysolte do. Yellow, Medium Medium 8.5 3.50-3.84 do. 1.75 Tourmaline, Refractive 
green, and peridot index, 
or brown silky. 
Coral Calcium Orange, Branching, Low 3.5-4.0 2.6-2.7 do. 1.49- False coral Dull 
carbonate red, white, medium 1.66 translucent. 
black, or 
green 
Corundum: 
Ruby Aluminum Rose to Small Very high 9.0 3.95-4.10 do. 1.78 Synthetics, Inclusions, 
oxide deep including fluorescence 
purplish spinel 
red 


See footnotes at end of table. 
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TABLE 10—Continued 


GUIDE TO SELECTED GEM STONES AND GEM MATERIALS USED IN JEWERLY 


Name Composition Color 
Corundum— 
Continued 

Sapphire Aluminum Blue 

oxide 

Sapphire, do. Yellow, 

fancy pink, 
white, 
orange, 
green, or 
violet 

Sapphire and do. Red, pink, 

ruby stars violet 
blue, gray 

Sapphire or do. Yellow, 

ruby pink, 
synthetic blue, or 
red 
Diamond Carbon White, 
blue- 
white, 
yellow, 
brown, 
green, 
pink, 
blue 
Feldspar: 
Amazonstone Alkali Green 
aluminum- 
silicate. 

Labradorite do. Gray with 
blue and 
bronze 
sheen 
color play 

Moonstone do. White 

Garnet Complex Brown, 
silicate black, 
yellow, 
green, 
ruby red, 
or orange 
Jade: 

Jadeite do. Green, 
yellow, 
black, 
white, or 
mauve 

Nephrite Complex do. 

hydrous 
silicate. 


See footnotes at end of table. 
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Practical 


cg Cost? Mohs 
size 
Medium High 9.0 
Medium to Medium 9.0 
large 
do. High to 9.0 
low 
Up to 20 Low 9.0 
carats 
Any Very high 10.0 
Large Low 6.0-6.5 
do. do. 6.0-6.5 
do. do. 6.0-6.5 
Small to Low to 6.5-7.5 
medium. high 
Large Low to 6.5-7.0 
very 
high 
do. do. 6.0-6.5 


Specific Refrac- Refractive May be Recognition 
: : 5 confused 
gravity tion index : characters 
with- 
3.95-4.10 Double 1.78 Synthetics, Inclusions, 
including double 
spinel refraction, 
dichroism. 
3.95-4.10 do. 1.78 Synthetics, Inclusions, 
glass and double 
doublets refraction, 
refractive 
index. 
3.95-4.10 do. 1.78 Star quartz, Shows 
synthetic asterism, 
stars color on 
side view. 
3.95-4.10 do. 1.78 Synthetic Curved 
spinel, strae, 
glass bubble 
inclusions. 
3.516- Single 2.42 Zircon, High index, 
3.525 titania, dispersion, 
cubic single 
zirconia refraction, 
hardness, 
cut, luster. 
2.56 —_— 1.52 Jade Cleavage, 
sheen, 
vitreous to 
pearly, 
opaque, 
grid. 
do. — 1.56 do. do. 
2.77 _ 1.52- Glass or Blue sheen, 
1.54 white onyx opalescent. 
3.15-4.30 Single 1.79- Synthetics, Single 
strained 1.98 spinel, refraction, 
glass anomalous 
strain. 
3.3-3.5 Crypto- 1.65- Onyx, Luster, 
crystalline 1.68 bowenite, spectrum, 
vesuvianite, translucent 
grossularite to opaque. 
2.96-3.10 do. 1.61- do. do. 
1.63 
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TABLE 10—Continued 
GUIDE TO SELECTED GEM STONES AND GEM MATERIALS USED IN JEWERLY 


: ee : May be ace 
ae Practical 2 Specific Refrac- Refractive Recognition 
Name Composition Color diel Cost Mohs gravity ion paren potas characters 
Peridot Iron Yellow Any Medium 6.5-7.0 3.27-3.37 Double 1.65- Tourmaline Strong 
Magnesium __ or green (strong) 1.69 chrysoberyl double 
silicate refraction, 
low 
dichroism. 
Opal Hydrous Colors Large Low to 5.5-6.5 1.9-2.3 Isotropic 1.45 Glass, Play of 
silica flash in high synthetics, color. 
white, triplets 
gray, 
black, red, 
or yellow 
Pearl Calcium White, Small do. 2.5-4.0 2.6-2.85 — — Cultured Luster, 
carbonate pink, or and structure, 
black imitation X-ray. 
Quartz: 
Agate Silica Any color Large Low 7.0 2.58-2.64 — — Glass, Crypto- 
plastic, | crystalline, 
Mexican irregularly 
onyx banded, 
dendritic 
inclusions. 

Amethyst do. Purple do. Medium 7.0 2.65-2.66 Double 1.55 do. Refractive 

index, 
double 
refraction, 
transparent. 

Cairngorm do. Smoky do. Low 7.0 2.65-2.66 do. 1.55 do. Do.. 

Citrine do. Yellow do. do. 7.0 2.65-2.66 do. do. do. Do. 

Crystal, rock do. Colorless do. do. 7.0 2.65-2.66 do. do. do. Do. 

Jasper do. Uniform or do. do. 7.0 2.58-2.64 — — do. Opaque, 

spotted vitreous. 
red, 

yellow, or 

green 

Onyx do. Many do. do. 7.0 2.58-2.64 — _ do. Uniformly 

colors banded. 

Rose do. Pink, rose do. do. 7.0 2.65-2.66 Double 1.55 do. Refractive 

red index, 
double 
refraction, 
translucent. 
Spinel Magnesuim Any Small to Medium 8.0 3.5-3.7 Single 1.72 Synthetic, Refractive 
aluminum medium garnet index, 
oxide single 
refraction, 
inclusions. 
Spinel, synthetic do. do. Up to 40 Low 8.0 3.5-3.7. Double 1.73 Spinel, Weak 
carats corundum, double 
beryl, refraction, 
topaz, curved 
alexandrite __ striae, 
bubbles. 
Spodumene: 

Kunzite Lithium Pink to Medium Medium 6.5-7.0 3.13-3.20 do. 1.66 Amethyst, Refractive 
aluminum lilac morganite index. 
silicate 

Hiddenite do. Yellow to do. do. do. do. do. Synthetic Do. 

green spinel 


See footnotes at end of table. 
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TABLE 10—Continued 


GUIDE TO SELECTED GEM STONES AND GEM MATERIALS USED IN JEWERLY 


Composition 


Name Color 
Tanzanite Complex Blue 
silicate 
Topaz do. White, 
blue, or 
green 
Tourmaline do. All, 
including 
mixed 
Turquoise Copper Blue to 
aluminum green 
phosphate phosphate 
Zircon _ Zirconium = White, 
silicate blue, 
brown, 
yellow, or 
green 


'Small—up to 5 carats: medium—up to 50 carats; large—over 50 car. 
2 Low—up to $25 per carat; medium—up to $200 per carat; high—over $200 per carat. 


near-gem and cheap-gem qualities. 
Nearly all of the reserves are in Austra- 
lia, Africa, and the U.S.S.R. (Siberia). 
The estimates for diamond reserves are 
of limited value because data needed 
for reliable estimates are not available 
from the producers. Reserve data on 
other gem materials are even less avail- 
able than for diamond. 


Technology 


Synthetic Gems.—The first synthetic 
gem produced was ruby, and later, by 
various melt techniques, sapphire, 
spinel, rutile, strontium titanate, and cu- 
bic zirconia. The Verneuil flame-fusion 
process, developed in 1902, consists of 
growing a single crystal in a simple, 
downward-impinging oxyhydrogen blow- 
pipe flame. In manufacturing synthetic 
gems, pure oxides of aluminum and tita- 
nium, and as needed, moderating and 
coloring oxides, are charged at the top of 
a small furnace and melted as they pass 
through an oxygen-hydrogen flame. The 
molten material is solidified on a fire- 
clay peg as a carrot-shaped single crystal 
known as a boule, usually 4 to 1 inch 
in diameter, 2 to 4 inches long, and weigh- 
ing 75 to 250 carats. After cooling, the 
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boule is heat treated and-tapped at one 
end to relieve the internal strain that 
causes the boule to split into two vertical 
halves. The halves are then cut and pol- 
ished into gems. Other melt techniques 
used are the Czochralski pulled-growth 
method for ruby, sapphire, spinel, 
yttrium-aluminum-garnet (YAG), gado- 
linium-gallium-garnet (GGG), and alex- 
andrite; the Bridgman solidification 
method for sapphire; and skull melting 
for cubic zirconia and sapphire. | 
‘Solution techniques for manufactur- 
ing synthetic gems include flux meth- 
ods for emerald, ruby, sapphire, spinel, 
YAG, GGG, and alexandrite; hydro- 
thermal methods for emerald, quartz, 
and the colored varieties of quartz such 
as smoky, yellow, citrine, and amethyst; 
and the high temperature ultra-high- 
pressure presses used in the manufac- 
ture of synthetic diamond in which a 
molten metal is used as the solvent. 
Other techniques involve solid- or 
liquid-state reactions and phase trans- 
formations for jade and lapis lazuli; 
vapor phase deposition for ruby and 
sapphire; ceramics for turquoise, lapis 
lazuli, and coral; and others for opal, 
glass, and plastics. However, the Ver- 
neuil, Czochralski, and scull melting 


Practical Cost2 Mohs Specific Refrac- Refractive peed “a Recognition 
size gravity tion index with- characters 
Small High 6.0-7.0 3.30 Double 1.69 Sapphire, Strong 
synthetics. trichroism. 
Medium Low to 8.0 3.4-3.6 do. 1.62 Beryl, Refractive 
medium quartz index. 
do. do. 7.0-7.5 2.98-3.20 do. 1.63 _ Peridot, Double 
beryl, refraction, 
corundum, _ refractive 
glass index. 
Large Low 6.0 2.60-2.83 do. 1.63 Glass, Difficult if 
plastics matrix not 
present, 
matrix 
usually 
limonitic. 
Small to Low to 6.0-7.5 4.0-4.8 Double 1.79- Diamond, Double 
medium medium (strong) 1.98 synthetics, refraction, 
topaz, strongly 
aquamarine dichroic, 
wear on 
facet 
edges. 


processes are the melt techniques most 
often used for gem materials. The var- 
ious synthetics and the method of pro- 
duction are shown in table 11. 


Enhancement of Gem Stones.— 
Enhancement of all types of gem ma- 
terials through chemical and physical 
means has become much more com- 
monplace and in the past few years has 
included a wider variety of gem mate- 
rials. Irradiation by electromagnetic 
spectrum (X-rays, gamma rays, etc.,) 
and by energetic particles (neutrons, 
electrons, alphas, etc.) is being used to 
enhance or change the color of dia- 
monds, topaz, tourmaline, quartz, 
beryl, sapphire, zircon, scapolite, and 
pearls. Blue topaz is normally irradi- 
ated, but this does not imply that all of 
these gem materials are regularly 
irradiated.’ 

A number of gem materials can be 
enhanced by chemical treatment or im- 
pregnations. The treatments may alter 
the bulk of the gem material or only 
penetrate the surface. This includes 
bleaching, oiling, waxing, plastic im- 
pregnations, color impregnations, and 
dying. The treatments that alter only 
the surface of the gem material include 
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TABLE 11 
SYNTHETIC GEM STONE PRODUCTION METHODS 


ae rng Company eoneon 
Ruby Flux Chatham 1950’s 
Kashan 1960’s 
Knischka 1980’s 
J. O. Crystal Do. 
(Ramaura) 
Zone melt Seiko Do. 
Melt pulling Kyocera 1970’s 
(Inamori) 
Verneuil Various producers 1900’s 
Star ruby do. Linde 1940’s 
(Div. of Union Carbide) 
Melt pulling Kyocera 1980’s 
Nakazumi Do. 
Sapphire Flux Chatham 1970’s 
Zone melt Seiko 1980’s 
Melt pulling Kyocera Do. 
Verneuil Various producers 1900’s 
Star sapphire do. Linde 1940’s 
Emerald Flux Chatham 1930’s 
Gilson 1960’s 
Kyocera 1970’s 
Seiko 1980’s 
Lennix Do. 
U.S.S.R. Do. 
Hydrothermal Lechleitner 1960’s 
Regency Do. 
Biron 1980’s 
U.S.S.R. Do. 
Alexandrite Flux Creative crystals 1970’s 
Melt pulling Kyocera Do. 
Zone melt Seiko 1980’s 
Cubic zirconia Skull melt Various producers 1970’s 


surface coatings of various types, inter- 
ference filters, foil backings, surface 
decoration, and inscribing. Chemical 
treatment is more widespread than the 
common dying of quartz, treatment of 
turquoise, and oiling of emeralds. 
Chemical treatment and impregnations 
have been used to enhance chalcedony, 
coral, ivory, pearl, tiger’s eye, emerald, 
lapis lazuli, opal, ruby, sapphire, tur- 
quoise, beryl, quartz, jade, diamonds, 
and amber. 

The oldest and most common method 
of gem material enhancement is heat 
treating. Heat treatment of gem materi- 
als was used in Greece and Rome well 
before the Christian Era. Heat treatment 
can cause color change, structural 
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change, and improve clarity. In the past, 
heat treatment was common for quartz 
and gem corundum. Today, materials 
that are heat treated to enhance their 
appearance include sapphire, topaz, 
beryl, tourmaline, quartz, zircon, amber, 
diamond, and zoisite.? 


Mining 

Gem materials mining operations 
can range from the most primitive to 
the most sophisticated. In hard rock, at 
shallow depths, an operation by one, 
two, or three persons may be mined by 
prybar, pick, shovel, and baskets for 
carrying material. A larger operation 
may include drilling, blasting, and min- 
imum timbering. Mechanized hauling 


and hoisting is done only at the larger 
mines. 

Diamond mining in the kimberlite 
pipes of Africa and the U.S.S.R. and 
the lamproite pipes of Australia repre- 
sent the ultimate in that huge quantities 
of ore must be mined to extract small 
quantities of diamond produced at as 
low a cost as possible. 

Placer mining for gem stones ranges 
from small-scale, simple procedures to 
huge complicated operations. In some 
areas, digging is by hand and sorting 
and recovery is by panning, screening, or 
sluicing. Diamond miners in the larger 
placer operations use bucket dredges and 
heavy-duty excavating equipment, as, for 
example, in Australia, Brazil, Namibia, 
the Republic of South Africa, and the 
US.S.R. 


Processing 

Most gem stone material is broken or 
crushed where necessary and concen- 
trated by various combinations of hand 
picking, washing, screening, or jigging. 
In large-scale operations, mineral ben- 
eficiation methods employ mechaniza- 
tion and the latest technology in all 
steps from primary crushing and 
screening to the final recovery proc- 
esses. Diamond recovery, in particular, 
makes use of standard gravity methods, 
grease belts, electrostatic separation, 
skin-flotation, magnetic separation, 
separation by X-ray luminescence, and 
separation by optical sorting. 


1 Focus. Modern Jeweler, v. 89, No. 2, Feb. 1990, pp. 
46-48. 

2Gem News. Gems & Gemology, v. 25, No. 1, Spring 
1989, p. 47. 

3 Gemstones. Jewellery News Asia. Issue No. 60, Aug. 
1989, pp. 40-48. 

4Gem News. Gems & Gemology, v. 25, No. 2, Sum- 
mer 1989, p. 112. 

>Hinde, C. Namibian Diamonds. Mining Magazine, 
v. 161, No. 6, Dec. 1989, pp. 494-496. 

© Koivula, J. I., Kammerling, Fritsch, Fryer, Hargett, 
and Kane. The Characteristics and Identification of 
Filled Diamonds. Gems & Gemology, v. 25, No. 2, 
Summer 1989, pp. 68-83. 

7Nassau, K. Gemstone Enhancement. Butterworth, 


1984, pp. 221. 
8_____ pp. 61-78. 
9___. pp, 25-44. 
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GEM STONES 


Mr. Austin, a physical scientist with more than 30 years indust 


By Gordon T. Austin 


ry and Government experience, has been the gem stones 


commodity specialist since 1986. Mr. William Field, mineral data assistant, prepared the domestic production survey data. 


roduction value of natural 

gem materials in the United 

States during 1990 was essen- 

tially unchanged at $52.9 mil- 
lion. The materials produced included 
faceting rough, lapidary rough, carving 
material, specimen material, natural 
and cultured freshwater pearls, mother 
of pearl, agatized coral, and coral. 

The reported combined production 
value of synthetic and simulant materials 
was $20.5 million, about a 9% increase 
over that of 1989. Synthetic gems are 
laboratory grown and have essentially 
the same optical, physical, and chemical 
properties, and the same appearance as 
the natural gem that they represent. Syn- 
thetic gem materials produced in the 
United States include alexandrite, coral, 
diamond, emerald, garnet, lapis lazuli, 
quartz, ruby, sapphire, spinel, and tur- 
quoise. Simulants are laboratory grown 
gem materials that have an appearance 
similar to that of a natural gem mate- 
rial but have different optical, physical, 
and chemical properties. The gem sim- 
ulants produced in the United States 
include coral, cubic zirconia, lapis la- 
zuli, malachite, and turquoise. Addi- 
tionally, certain colors of synthetic sap- 
phire and spinel, used to represent 
other gem stones, would be classed as 
simulants. Colored and colorless vari- 
eties of cubic zirconia are the major 
simulants produced. 

Wholesale and retail outlets, gem and 
mineral shops, gem and mineral show 
dealers, cutting factories, and jewelry 
manufacturers were the major purchas- 
ers of domestic gem materials. 


DOMESTIC DATA 
COVERAGE 


The U.S. Bureau of Mines estimates of 
US. production were from the “Natural 
and Synthetic Gem Material Survey,” a 
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voluntary survey of U.S. operations, and 
from Bureau estimates of unreported 
production. Of the approximately 400 
operations surveyed, 82% responded, ac- 
counting for about 95% of the total 
production, 92% of the natural produc- 
tion, and 100% of the synthetic and 
simulant production. 

The 400 operations surveyed in 1990 
were an increase of about 10% com- 
pared with the number of operations 
surveyed in 1989. The response rate was 
essentially the same as that of 1989. 


The Bureau estimated the production - 


by nonresponding operations, by pro- 
fessional collectors, and by amateur or 
hobbyist collectors. The basis for these 
estimates were information from pub- 
lished data, conversations with gem 
and mineral dealers, analyses of gem 
and mineral shows and sales statistics, 
and from information informally sup- 
plied by collectors. In the formal volun- 
tary survey and the informal surveys, the 
Bureau is totally dependent upon the 
cooperation of the producers, brokers, 
dealers, and collectors. Individuals and 


companies have been very cooperative - 


and forthcoming with information. 
The Bureau is very appreciative of this 
cooperation. 


BACKGROUND 


The history of production and prep- 
aration of gem stones begins with the 
wearing of items for personal adorn- 
ment in prehistoric times; this preceded 
even the wearing of clothes. Amber was 
mined in the Baltic countries for use as 
a gem material before 25,000 B.C. 
Later, the Phoenicians in their writings 
described their trade routes to the Bal- 
tic for amber and to areas in Asia and 
Africa for other gem materials. The 
voyages of Columbus brought in- 
creased interest in gem deposits, espe- 


cially emerald, in South America. The 
discovery of diamond in Africa in 1859 
focused major interest on Africa. More 
recently, the discovery of diamond in 
Western Australia in 1967 has resulted 
in the development of one of the largest 
deposits in the world. 

Commercial mining of gem materials 
has never been extensive in the United 
States. Although more than 60 gem 
minerals and materials have been pro- 
duced commercially from domestic 
sources, most of the deposits are rela- 
tively small. In many instances, produc- 
tion rests in the hands of the numerous 
hobbyists and members of mineralogical 
and lapidary clubs. The Crater of Dia- 
monds State Park near Murfreesboro, 
AR, is open to the public on a daily fee 
basis. Many gem-quality stones are 
found there each year. 


Definitions, Grades, and Specifications 

Select rocks, certain varieties of min- 
eral specimens, and some organic ma- 
terials, such as pearl, amber, jet, and 
coral, are included in gem stones data. 
Customarily, diamond, ruby, sapphire, 
and emerald are considered the major 
gems. 

The designation “gem stone” refers to 
a material appropriate for personal 
adornment. The most important quali- 
ties of gem stones are beauty, durability, 
uniqueness, and rarity. Beauty, indicated 
as splendor, purity, or attractiveness, is 
judged mainly according to the taste of 
the beholder and includes such appear- 
ances as luster, transparency, brilliance, 
and color. Luster of a mineral or stone is 
independent: of color and is the surface 
appearance in reflected light. Apart from 
materials that have a metallic luster, the 
chief contributors to luster are transpar- 
ency and refractive index. The perfection 
of polish enhances the luster of a stone. 
Visible imperfections impair the luster of 
transparent stones. However, defects, de- 
scribed as “jardens” or “inclusions,” 
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may enhance the beauty and value of 
natural rubies, sapphires, and other gem 
stones and may be used to identify the 
country of origin and even the mine. 
Durability is measured by the resistance 
of a stone to abrasion, pitting, chipping, 
or splitting. Resistance to abrasion is 
correlated with relative hardness, but in- 
trinsic brittleness and toughness indicate 
resistance to wear in other aspects. 
Rarity is an essential qualification and 
is more important for some stones in 
determining their value than their phys- 
ical characteristics. 

Of the 1,500 mineral species, only 
about 100 possess all of the attributes 
required in gems. Silicates furnish the 


greatest number, including such miner- _ 


als as beryl, topaz, tourmaline, and 
feldspar. Oxides such as corundum 
(ruby and sapphire) and quartz (ame- 
thyst, agate, etc.) comprise the second 
largest group. Sulfides, carbonates, 
and sulfates are of small importance; 
the phosphates yield only turquoise 
and variscite. An exception is pearl, 
essentially calcium carbonate, which is 
ranked high as a gem. Diamond, the 
best known gem stone, is an isometric 
crystalline form of the element carbon. 
In general, gem materials are classi- 
fied the same as minerals, that is, into 
group, species, and variety. Group re- 
fers to two or more gem materials that 
are similar in crystal structure and 
physical properties but have different 
chemical properties. Each individual 
member of the group is called a species. 
Varieties of species have similar crystal 
structure and chemical characteristics 
but differ in color. An example of this 
would be the hessonite variety of the 
grossular species of the garnet group. 


Products for Trade and Industry 
Cutting and polishing of gem materi- 
als are done to obtain the most effective 
display of the material. No significant 
change is made in the fundamental prop- 
erties, and the preparation is intended to 
enhance the desirable characteristics that 
are present initially. Gem materials are 
cut into gem stones in three main styles; 
cabochons, baroque, and faceted. 
Cabochons are cut in four operations: 
sawing, grinding, sanding, and polish- 
ing. Sawing, the initial step in cutting, is 
customarily done with a diamond saw to 
obtain a slab or slice of the desired size 
and thickness from the rough gem mate- 
rial. The cabochon outline is scribed 
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onto a flat surface, most often using a 
template for making a standard size for 
jewelry mountings. Rough grinding of 
the stone may be by metal-bond dia- 
mond, silicon carbide, or aluminum ox- 
ide wheels or coated abrasive disks. In 
grinding, the hardness of the gem mate- 
rial determines the grit and hardness of 
the abrasive used. Multiple grinding 
steps starting with 80- to 100-mesh (grit) 
through 600-mesh abrasives are normally 
used. The scratches left by grinding are 
removed by progressively finer grinding 
and sanding. Disk or belt sanders use 
bonded to cloth abrasives, waterproof 
reinforced paper abrasives, or cloth 
charged with abrasive pastes. The final 
polish is obtained by using hard felt, 
wood, or leather laps, with various pol- 
ishing agents such as fine diamond com- 
pound, tin oxide, tripoli, chromium ox- 
ide, cerium oxide, alumina, and rouge. 

Polished irregular shapes are called 
baroque gems. An inexpensive method 
of polishing baroque gems consists of 
tumbling them in rubber-lined drums, 
using a grinding and polishing medium 
with or without water. 

Facet cutting is employed ordinarily on 
transparent gem stones to increase bril- 
liancy and appearance and is generally 
confined to the harder materials. Softer 
materials may be faceted, but extreme 
care must be exercised in cutting and 
polishing the stones and in their use in 
jewelry. The “round brilliant” cut, most 
commonly used in faceting, has 58 fac- 
ets, 33 above the circle “girdle” and 25 
below it, arranged in eightfold symmetry. 
The “round brilliant” and some other 
common cuts are illustrated in figure 1. 


Industry Structure 

An estimated 80% to 85% of gem 
and natural industrial diamond is mar- 
keted through the Central Selling Orga- 
nization (CSO) by the Diamond Trad- 
ing Co. Ltd. and the Industrial 
Distributors Ltd. The CSO sells uncut 
gem diamonds on behalf of De Beers 
and most other major producers at 
sights (approved bidder viewings) in 
London, England, in Lucerne, Switzer- 
land, and Kimberley, Republic of 
South Africa. 

The CSO has been extremely success- 
ful at maintaining the rough diamond 
market for about 50 years. In modern 
times there has never been a decrease in 
CSO’s price of rough diamonds. Table 
9 illustrates the timing and the amounts 


of the average CSO price increases for 
rough gem diamonds from 1949 until 
the present. The compounded affect of 
these increases is a price increase of 
about 1,800% over the approximately 
41.5 years. Thus, a piece of rough that 
sold for $100 in August 1949, would 
sell for about $1,800 in April 1990. 

For more than 30 years, the major 
diamond cutting and polishing centers 
of the world were in Belgium and Is- 
rael, with a certain amount of the 
larger stones being cut in the United 
States. However, in the early 1980’s, 
the development of a large cottage in- 
dustry in India—today there is esti- 
mated to be more than 450,000 cutters 
—made a major impact on world dia- 
mond trade. Indian consumption of 
most of the world’s small-gem, cheap- 
gem, and near-gem rough material in 
the manufacture of small stones re- 
sulted in annual cut-stone exports of 
almost $3 billion from April 1, 1988, to 
March 31, 1989. These small stones 
averaged less than one-fifth of a carat 
(0.20 carat). The availability of small 
inexpensive stones resulted in substan- 
tial changes in the design of jewelry. 
The utilization of small cut diamond 
stones (usually 0.07 to 0.14 carats each, 
called melee) to create a pave effect (set 
close together to conceal the metal 
base) is but one example. Cutting and 
polishing of colored, synthetic, and 
simulant gem stones is centered in 
Thailand, India, Hong Kong, and Bra- 
zil, where cheap labor and favorable 
export laws ensure the lowest total costs 
for finished gems. 


Geology-Resources 

Gem materials occur in a large vari- 
ety of igneous, metamorphic, and sed- 
imentary rocks and mineral deposits, 
usually as a small fraction of the total 
deposit. The origins are as varied as the 
occurrences. Principal formation of 
gem materials is by precipitation from 
watery solutions, by crystallization 
from molten rock, and by metamorphic 
processes. Approximately one-third of 
gem minerals is composed of silicate 
minerals, about one-fifth of alumina- 
silicates, and nearly one-seventh of ox- 
ides. The remaining compositional 
groups include the sulfides, phos- 
phates, borosilicates, carbonates, and, 
in the single case of diamond, an ele- 
ment. The composition of selected gem 
materials is included as one of the items 
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FIGURE 1 
PRINCIPAL FORMS OF CRYPTOCRYSTALLINE AND CRYSTALLINE GEM STONE CUTS 
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in table 2. 

The United States has no defined 
large resources of major gem materials. 
Emerald deposits are known in North 
Carolina, as are ruby and sapphire. 
Historically, sapphires have been mined 
in Montana, and commercial mining 
once again is underway. Numerous 
other domestic deposits of gem miner- 
als are known and have been mined for 
many years. However, no systematic 
evaluations of the magnitude of these 
deposits have been made, and no posi- 
tive statements can be made about 
them. 

Occasional finds of diamond have 
been made, but no great diamond pipes 
or alluvial deposits similar to those of 
Africa have been reported. Several 
companies are involved in diamond ex- 
ploration in the Colorado-Wyoming 
State line area, in Michigan, Minnesota, 
Wisconsin, and Arkansas. Diamond- 
bearing kimberlites have been located, 
and bulk samples have been processed 
for diamond recovery. Results have not 
been made public. 

World resources of gem materials are 
nearly all unevaluated. However, world 
gem diamond reserve is estimated to be 
about 300 million carats, including near- 
gem and cheap-gem qualities. Nearly all 
of the reserves are in Australia, Africa, 
and the U.S.S.R. (Siberia). The estimates 
for diamond reserves are of limited value 
because data needed for reliable esti- 
mates are not available from the produc- 
ers. Reserve data on other gem materials 
are even less available than for diamond. 


Technology 


Synthetic Gems.—The first synthetic 
gem produced was ruby, and later, by 
various melt techniques, sapphire, spin- 


el, rutile, strontium titanate, and cubic 
zirconia. The Verneuil flame-fusion 
process, developed in 1902, consists of 
growing a single crystal in a simple, 
downward-impinging oxyhydrogen blow- 
pipe flame. In manufacturing synthetic 
gems, pure oxides of aluminum and tita- 
nium, and as needed, moderating and 
coloring oxides, are charged at the top of 
a small furnace and melted as they pass 
through an oxygen-hydrogen flame. The 
molten material is solidified on a fire- 
clay peg as a carrot-shaped single crystal 
known as a boule, usually 2 to 1 inch in 
diameter, 2 to 4 inches long, and weigh- 
ing 75 to 250 carats. After cooling, the 
boule is heat treated and tapped at one 
end to relieve the internal strain that 
causes the boule to split into two vertical 
halves. The halves are then cut and 
polished into gems. Other melt tech- 
niques used are the Czochralski pulled- 
growth method for ruby, sapphire, 
spinel, yttrium-aluminum-garnet (YAG), 
gadolinium-gallium-garnet (GGG), and 
alexandrite; the Bridgman solidification 
method for sapphire; and skull melting 
for cubic zirconia and sapphire. 
Solution techniques for manufactur- 
ing synthetic gems include flux meth- 
ods for emerald, ruby, sapphire, spinel, 
YAG, GGG, and alexandrite; hydro- 
thermal methods for emerald, quartz, 
and the colored varieties of quartz such 
as smoky, yellow, citrine, and amethyst; 
and the high temperature ultra-high- 
pressure presses used in the manufac- 
ture of synthetic diamond in which a 
molten metal is used as the solvent. 
Other techniques involve solid- or 
liquid-state reactions and phase trans- 
formations for jade and lapis lazuli; 
vapor phase deposition for ruby and 
sapphire; ceramics for turquoise, lapis 
lazuli, and coral; and others for opal, 


TABLE 1 


glass, and plastics. However, the Ver- 
neuil, Czochralski, and scull melting 
processes are the melt techniques most 
often used for gem materials. The var- 
ious synthetics and the method of pro- 
duction are shown in table 3. 


Enhancement of Gem Stones.—En- 
hancement of all types of gem materials 
through chemical and physical means 
has become much more commonplace 
and in the past few years has included a 
wider variety of gem materials. Irradi- 
ation by electromagnetic spectrum (X- 
rays, gamma rays, etc.) and by ener- 
getic particles (neutrons, electrons, 
alphas, etc.) is being used to enhance or 
change the color of diamonds, topaz, 
tourmaline, quartz, beryl, sapphire, 
zircon, scapolite, and pearls. Blue to- 
paz is normally irradiated, but this 
does not imply that all of these gem 
materials are regularly irradiated.! 

A number of gem materials can be 
enhanced by chemical treatment or im- 
pregnations. The treatments may alter 
the bulk of the gem material or only 
penetrate the surface. This includes 
bleaching, oiling, waxing, plastic im- 
pregnations, color impregnations, and 
dying. The treatments that alter only 
the surface of the gem material include 
surface coatings of various types, inter- 
ference filters, foil backings, surface 
decoration, and inscribing. Chemical 
treatment is more widespread than the 
common dying of quartz, treatment of 
turquoise, and oiling of emeralds. 
Chemical treatment and impregnations 
have been used to enhance chalcedony, 
coral, ivory, pearl, tiger’s eye, emerald, 
lapis lazuli, opal, ruby, sapphire, tur- 
quoise, beryl, quartz, jade, diamonds, 
and amber. 


CSO ROUGH DIAMOND PRICE INCREASES, BY PERCENTAGE 


Sept. 1949 25.0 Nov. 1967 16.0 Aug. 1973 10.2 Sept 1982 2.5 
Mar. 1951 15.0 Sept. 1968 2.5 Dec. 1974 1.5 Apr. 1983 3.5 
Sept. 1952 25 July 1969 4.0 Jan. 1976 3.0 Aug. 1986 7.5 
Jan. 1954 2.0 Nov. 1971 5.0 Sept. 1976 5.8 Nov. 1986 7.0 
Jan. 1957 5.7 Jan. 1972 5.4 Mar. 1977 15.0 Sept 1987 10.0 
May 1960 2.5 Sept. 1972 6.0 Dec. 1977 17.0 Apr. 1988 13.5 
Mar. 1963 5.0 Feb. 1973 11.0 Aug. 1978 30.0 Mar. 1989 15.5 
Feb. 1964 7.5 Mar. 1973 7.0 Sept. 1979 13.0 Mar. 1990 5:5 
Aug. 1966 7.5 May 1973 10.0 Feb. 1980 12.0 
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TABLE 2 
GUIDE TO SELECTED GEM STONES AND GEM MATERIALS USED IN JEWELRY 


Cl —- Or ee 


May be 


ae Practical 2 Specific Refrac- Refractive Recognition 
Name Composition Color al Cost Mohs gravity hon index ee eheeaciers 
Amber Hydrocarbon Yellow, red, Any Low to 2.0-2.5 1.0-1.1 Single 1.54 Synthetic or Fossil resin, 
green, blue medium pressed, soft. 


Beryl: 


plastics 
PS 


Aquamarine Beryllium Blue green to Any Medium  7.5-8.0  2.63-2.80 Double 1.58 Synthetic Double 
alluminum light blue to high spinel, blue refraction, 
silicate. topaz refractive index. 

Emerald do. Green Medium Very high 7.5 2.63-2.80 do. 1.58 Fused Emerald filter, 

emerald, dichroism, 
glass, refractive index. 
tourmaline, 
peridot, 
green 
garnet, 
doublets 
Emerald, do. do. Small High 7.5-8.0  2.63-2.80 do. 1.58 Genuine Flaws, brilliant, 
synthetic emerald fluorescence in 
ultraviolet 
light. 
Golden do. Yellow to Any Low to 7.5-8.0  2.63-2.80 do. 1.58 Citrine, 
golden medium topaz, 
glass, 
doublets 

Morganite do. Pink to rose Any do. 7.5-8.0 2.63-2.80 do. 1.58 Kunzite, Refractive index. 

tourmaline, 
pink 


Calcite: 


sapphire 
eee SAPO 


Marble Calcium White, pink, Any Low 3.0 2.72 Double 1.49- _— Silicates, Translucent. 
carbonate red, blue, (strong) 1.66 banded 
green, or agate, 
brown alabaster 
gypsum 
Mexican do. do. Any Low 3.0 2.72 do. 1.6 do. Banded, 


onyx translucent. 
ater. 


Chrysoberyl: 


Alexandrite Beryllium Green by U.S.S.R. High 8.5 3.50-3.84 Double 1.75 Synthetic Dichroism, 
aluminate day, red by (small), inclusions in 
artificial Sri Lanka synthetic 
light (medium) sapphire. 
Catseye do. Greenish to Small to do. 8.5 3.50-3.84 do. 1.75 Synthetic, Gravity and 
brownish large shell translucence. 
Chrysolte do. Yellow, Medium Medium 8.5 3.50-3.84 do. 1.75 Tourmaline, Refractive index, 
green, peridot silky. 
and/or 
brown 
ee 
Coral Calcium Orange, red, Branching, Low 3.5-4.0 2.6-2.7 do. 1.49- False coral Dull translucent. 
carbonate white, medium 1.66 
black, 
or green 
Snare 
Corundum: 
Ruby Aluminum Rose to Small Very high 9.0 3.95-4.10 do. 1.78 Synthetics, Inclusions, 
oxide deep including fluorescence. 
purplish spinel 
red 
Sapphire do. Blue Medium High 9.0 3.95-4.10 do. 1.78 do. Inclusions, 
double 
refraction, 
dichroism. 


5 8 Se =e 


See footnotes at end of table. 
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TABLE 2—Continued 
GUIDE TO SELECTED GEM STONES AND GEM MATERIALS USED IN JEWELRY 


ee TTT ™——_— 


May be 


af Practical 2 Specific Refrac- Refractive Recognition 
Name Composition Color size! Cost Mohs gravity tion ‘ndiex rr haiicierk 
IC 
Corundum— 
_ Continued 
Sapphire, Aluminum Yellow, Medium to Medium 9.0 3.95-4.10 Double 1.78 Synthetics, Inclusions, 
fancy oxide pink, large glass and double 
white, doublets refraction, 
orange, refractive index. 
green, or 
violet 
Sapphire and_ do. Red, pink, do. High to 9.0 3.95-4.10 do. 1.78 Star quartz, | Shows asterism, 
ruby stars violet blue, low synthetic color on side 
or gray stars view. 
Sapphire do. Yellow, Up to 20 Low 9.0 3.95-4.10 do. 1.78 Synthetic Curved strae, 
or ruby pink, carats spinel, glass bubble 
synthetic or blue inclusions. 
Diamond Carbon White, Any Very high 10.0 3.516-3.525 Single 2.42 Zircon, High index, 
blue-white, titania, dispersion, 
yellow, cubic single 
brown, zirconia refraction, 
green, hardness, cut, 
pink, blue luster. 
Feldspar: 
Amazon- Alkali Green Large Low 6.0-6.5 2.56 — 1.52 Jade Cleavage, sheen, 
stone aluminum- vitreous to 
silicate pearly, opaque, 
grid. 
Labradorite Alkali Gray with do. Low 6.0-6.5 2.56 — 1.56 do. Cleavage, sheen, 
aluminum- blue and vitreous to 
silicate bronze pearly opaque, 
sheen grid. 
color play 
Moonstone do. White do. Low 6.0-6.5 2.77 — 1.52- Glass or Blue sheen, 
1.54 white onyx opalescent. 
Garnet Complex Brown, Small to Low to 6.5-7.5 3.15-4.30 Single 1.79- Synthetics, Single refraction, 
silicate black, medium high straine 1.98 spinel, anomalous 
yellow, glass strain. 
green, ruby 
red, or 
orange 
Jades 
Jadeite do. Green, Large Low to 6.5-7.0 3.3-3.5 Crypto- 1.65- Onyx, Luster, 
yellow, very crystall 1.68 bowenite, spectrum, 
black, high vesuvianite, translucent to 
white, or grossularite opaque. 
mauve 
Nephrite Complex do. do. do. 6.0-6.5  2.96-3.10 do. 1.61- do. Do. 
hydrous 1.63 
silicate 
Peridot Iron Yellow Any Medium  6.5-7.0 3.27-3.37. Double 1.65- Tourmaline Strong double 
magnesium and/or (strong 1.69 chrysoberyl refraction, low 
silicate _ green dichroism. 
Opal Hydrous Colors flash Large ‘Low to 5.5-6.5 1.9-2.3. Isotropic 1.45 Glass, Play of color. 
silica in white, high synthetics, 
gray, triplets 
black, 
red, or 
yellow 
Pearl Calcium White, pink, Small do. 2.5-4.0 2.6-2.85 — _ Cultured and Luster, structure, 
carbonate or black imitation X-ray. 


See footnotes at end of table. 
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TABLE 2—Continued 
GUIDE TO SELECTED GEM STONES AND GEM MATERIALS USED IN JEWELRY 


: ee P May be oe 
i Practical 2 Specific Refrac- Refractive Recognition 
Name Composition Color size! Cost Mohs gravity tion index parca characters 
Quartz: 
Sobran ck ee, 
Agate Silica Any color Large Low 7.0 2.58-2.64 — — Glass, Cryptocrystalline, 

plastic, irregularly 
Mexican banded, 


onyx dendritic 
inclusions. 
Amethyst do. Purple do. Medium 7.0  2.65-2.66 Double 1.55 do. 


Refractive index, 


double 

refraction, 

transparent. 
Cairngorm do. Smoky Low 7.0 2.65-2.66 do. do. Do. 
Citrine do. Yellow do. Low 7.0 2.65-2.66 


Crystal, rock do. Colorless 


2.65-2.66 

Uniform or 2.58-2.64 — — do. Opaque, 

Spotted red, vitreous. 
yellow, or 


green Re re a SS 
Onyx do. Many colors do. Low 7.0 2.58-2.64 — — do. Uniformly 
banded. 
Rose do. Pink, rose do. Low 7.0  2.65-2.66 Double 1.55 do. 


Refractive index, 
red double 


refraction, 
translucent. 
Spinel Magnesium Any Small to Medium 8.0 3.5-3.7 Single 1.72 Synthetic, 
aluminum 


Refractive index, 
medium garnet single 
oxide. 


refraction, 
inclusions. 
Spinel, do. Any Up to 40 Low 8.0 3.5-3.7 Double 1.73 Spinel, 
synthetic 


Weak double 
carats 


do. Low 7.0 


corundum, refraction, 
beryl, topaz, curved striae, 
alexandrite bubbles. 
Spodumene: 
Kunzite Lithium Pink to lilac Medium Medium __ 6.5-7.0 3.13-3.20 do. 1.66 Amethyst, Refractive index. 
aluminum 


morganite 
silicate 
Hiddenite do. Yellow to do. do. 6.5-7.0 do. do. Synthetic Do. 
green spinel 
Tanzanite Complex Blue Small High 6.0-7.0 3.30 do. 1.69 
silicate 


Sapphire, Strong 


synthetics. trichroism. 
White, blue, Medium Low to 8.0 3.4-3.6 do. 1.62 Beryl, quartz Refractive index. 
green medium 


All, including do. do. 7.0-7.5 2.98-3.20 do. 1.63 Peridot, beryl, Double 
mixed 


corundum, refraction, 
glass refractive index. 
Turquoise Copper Blue to Large Low 6.0 2.60-2.83 do. 1.63 Glass, 
aluminum 


Difficult if 
green 


Topaz do. 


Tourmaline do. 


plastics matrix not 
phosphate Phosphate present, matrix 
usually 
limonitic. 
Zirconium White, blue, Small to Low to 6.0-7.5 4.0-4.8 Double 1.79- Diamond, Double 
silicate or brown, medium medium (strong) 1.98 synthetics, refraction, 
yellow, or topaz, strongly 
green 


aquamarine dichroic, wear 
on facet edges. 


'Small—up to 5 carats; medium—up to 50 carats; 


large—more than 50 carats. 
? Low—up to $25 per carat; medium—up to $200 


per carat; high—more than $200 per carat. 
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placer operations use bucket dredges and 
heavy-duty excavating equipment, as, for 
example, in Australia, Brazil, the Repub- 
lic of South Africa, Namibia, and the 
US.S.R. 


The oldest and most common mined by prybar, pick, shovel, and 
method of gem material enhancement | baskets for carrying material. A larger 
is heat treating. Heat treatment of gem | operation may include drilling, blast- 
materials was used in Greece and Rome | ing, and minimum timbering. Mecha- 
well before the Christian Era. Heat | nized hauling and hoisting is done only 
treatment can cause color change, | at the larger mines. 
structural change, and improve clarity. Diamond mining in the kimberlite 
In the past, heat treatment was com- pipes of Africa and the U.S.S.R. and 
mon for quartz and gem corundum. | the lamproite pipes of Australia repre- 
Today, materials that are heat treated to | sent the ultimate in that huge quantities 
enhance their appearance include sap- | of ore must be mined to extract small 
phire, topaz, beryl, tourmaline, quartz, quantities of diamond produced at as 
zircon, amber, diamond, and zoisite. low a cost as possible. 

Placer mining for gem stones ranges 

Mining. —Gem materials mining op- | from small-scale, simple procedures to 
erations can range from the most prim- | huge complicated operations. In some 
itive to the most sophisticated. In hard | areas, digging is by hand, and sorting 
rock, at shallow depths, an operation | and recovery is by panning, screening, OF 
by one, two, or three persons may be | sluicing. Diamond miners in the larger 


Processing. —Most gem stone mate- 
rial is broken or crushed where neces- 
sary and concentrated by various com- 
binations of hand picking, washing, 
screening, or jigging. In large-scale op- 
erations, mineral benefication methods 
employ mechanization and the latest 
technology in all steps from primary 
crushing and screening to the final re- 
covery processes. Diamond recovery, in 
particular, makes use of standard gravity 
methods, grease belts, electrostatic sepa- 
ration, skin-flotation, magnetic separa- 
tion, separation by X-ray luminescence, 
and separation by optical sorting. 


TABLE 3 


SYNTHETIC GEM STONE PRODUCTION METHODS 
ANNUAL REVIEW 


Date of first 


Gem stone Production Company : é 
methods production | Production 
Ruby Flux Chatham 1950's In 1990, all 50 States produced at 
Kashan 1960’s least $1,000 worth of gem materials. 
Knischka 1980's Ten States accounted for 95 % of the 
J.O. Crystal 1980’s total value of natural gem material 
(Ramaura) produced. The States, in order of de- 
Zone melt Seiko 1980’s clining value of production, were Ten- 
Melt pulling Kyocera 1970’s nessee, Arkansas, Arizona, Montana, 
(Inamori) California, Oregon, Alabama, North 
Verneuil Various producers 1900’s Carolina, Utah, and Texas. Certain 
Star ruby do. Various producers 1900’s States were known for the production 
(Div. of Union Carbide) of a single gem material (i.e., Tennes- 
Melt pulling Kyocera 1980's see for freshwater pearls and Arkansas 
Nakazumi 1980’s for quartz). Other States produced a 
Sapphire Flux Chatham 1970's variety of gem materials. Arizona pro- 
Zone melt Seiko 1980’s duced the greatest variety of gem ma- 
Melt pulling Kyocera 1980’s terials. Production included agate, ame- 
Verneuil Various producers 1900’s thyst, antlerite, azurite, chrysocolla, fire 
Star sapphire do. Linde 1940’s agate, garnets, jade, malachite, obsid- 
Emerald Flux Chatham 1930’s ian, onyx, peridot, petrified wood, pre- 
cious opal, shattuchite, smithsonite, and 
Gilson 170058 turquoise. California, Idaho, Montana, 
Kyocera 1970's and North Carolina also produced a 
Seiko 1980's variety of gem materials. North Carolina 
Lennix 1980’s was the only State to have produced all 
US.S.R. 1980’s four of the major gems: diamond, emer- 
Hydrothermal Lechleitner 1960’s ald, ruby, and sapphire. 

Regency 1960’s The average production value of nat- 
ao 1980's ural gem materials for the past 10 years 
USSR. 1980's was $20.7 million per year, with a high 
Alexandrite Flux Creative crystals 1970's of $52.9 million in 1990 and a low of 
$7.2 million in 1982. The value of 

Melt pulling Kyocera 1970’s : 
production for the past 10 years must 
one mett Sek be separated into two trends. The first 
Catie rconia Skull melt____—_Variows producers_1S705__ trend was the period between 1981 
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through 1985, during which time ap- 
proximately 24 operations reported 
production. Production average $7.4 
million per year and was generally level. 
During the second trend, 1986 to the 
present, production averaged $34.0 
million and was the result of an in- 
crease of 1,567% in the number of 
producers surveyed. 

The reported production value of 
synthetic and simulant gem materials 
was $20.5 million in 1990. The reported 
value of production increased 9%. The 
average value of production of syn- 
thetic and simulant gem materials for 
the past 5 years was $16.2 million, with 
a high of $20.5 million in 1990 and a 
low of $10.3 million in 1986. Thirteen 
firms, five in California, four in Ari- 
zona, and one each in Massachusetts, 
Michigan, New Jersey, and Ohio, pro- 
duced synthetic and simulant gem 
material. The six States, in order of 
declining value of production, were 
Massachusetts, California, New Jersey, 
Michigan, Ohio, and Arizona. 

Arizona is well known for the widest 
variety of gem materials produced by 
any State. In 1990, gem material pro- 
duction included agate, amethyst, ant- 
lerite, azurite, chrysocolla, fire agate, 
fluorite, garnet, jade, jasper, mala- 
chite, obsidian (Apache tears), onyx, 
peridot, petrified wood, precious opal, 
shattuchite, smithsonite, and _ tur- 
quoise. Yet, turquoise, peridot, petri- 
fied wood, and azurite/malachite ac- 
counted for more than 90% of the total 
value of gem material produced. Ari- 
zona was the largest producer of tur- 
quoise, peridot, and petrified wood in 
terms of dollar value in the United 
States. It was also the world’s largest 
producer of the first two gem materi- 
als. Additionally, there are four manu- 
facturers of synthetic or simulant gem 
materials in Arizona that produce 
about $100,000 worth of material each 
year. 

Arkansas is famous for the produc- 
tion of quartz crystals. Yet, Arkansas is 
second in value of production of fresh- 
water pearls and shells and the only 
State in the United States that has had 
any sustained diamond production. 

For the past 19 years hobbyists have 
found from 300 to 1,500 diamonds per 
year at the Crater of Diamonds State 
Park. Since 1972, about 13,000 dia- 
monds have been recovered; this 
amount of diamond production is in- 
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sufficient to classify the United States 
as a diamond-producing country. Still, 
the potential to become a diamond 
producer may be there, and efforts were 
underway to evaluate this potential 
more fully. The program to evaluate the 
diamond deposit was halted by legal 
actions after completing three explora- 


tion drill holes. The program is cur-_ 


rently on hold, awaiting the outcome of 
the litigations. 

Gem material production from Cali- 
fornia includes a variety of materials. 
California is the leading tourmaline 
producer in the United States and the 
only producer of benitoite. Addition- 
ally, California produces agate, alabas- 
ter, beryl, dumortierite, fire agate, gar- 
net, gem feldspar, jade, jasper, kunzite, 
lepidolite, obsidian, quartz, rhodonite, 
topaz, and turquoise. Yet, even with 
this long list of gem materials, most 
people think of California in terms of 
its State gem benitoite, the production 
of high-quality tourmalines, and its 
fine orange spessartine garnets. 

In May 1989, Pala International re- 
ported the discovery of the largest gem 
tourmaline pocket found in the Hima- 
laya Mine during the past 12 years. The 
pocket yielded about 500 kilograms of 
tourmaline; 50% was carving or cabo- 
chon grade, less than 1% was faceting 
grade, and the remainder was specimen 
grade. 

California also has four manufactur- 
ers of synthetic or simulant gem mate- 
rials. The State is the second largest 
producer of synthetics and simulants in 
terms of value of total production. 

Colorado is not known as a gem ma- 
terial producing State, but it does hold 
some gem stone honors. For 4 or 5 years 
prior to 1988, Colorado had the only 
commercially operated amethyst mine in 
the United States. It has the only com- 
mercially mined deposit of lapis lazuli in 
the United States and one of the few 
dig-for-fee topaz deposits currently op- 
erating. Additionally, the State was the 
first to commercially produce turquoise 
and still has commercially operated tur- 
quoise mines. The State also produced 
the United States’ finest gem-quality 
rhodochrosite and a quantity of high- 
quality rhodonite. 

Many different locations in the State 
produce aquamarine, the Colorado 
State gem stone. The best known loca- 
tions and the locations with the longest 
history of continued production (since 


about 1884) are Mount Antero and 
White Mountain in Chaffee County. 
Mount Antero, at 14,269 feet, may be 
the highest gem stone location in the 
United States. White Mountain, sepa- 
rated from Antero by a small saddle, is 
only slightly lower at 13,900 feet. 

Star garnet, the Idaho State gem 
stone, leads the list of gem materials 
produced in the State. Idaho is one of 
two places that produce significant 
amounts of star garnet; India is the 
Other. These almandite garnets are 
translucent, purplish-red stones that 
show four- or six-ray stars when cabo- 
chon cut or are transparent deep red 
stones that can be faceted. The primary 
sources of Idaho star garnet are the 
placer deposits on the East Fork of 
Emerald Creek and its tributary 
gulches in Benewah County. Addition- 
ally, the placers of Purdue Creek in 
Latah County yield star garnets. Cur- 
rently, garnets that do not cut stars also 
are commercially mined from areas in 
Clearwater County. These garnets range 
from purplish rose-red to a highly prized 
“special pink.” Gem-quality garnets oc- 
cur at several other locations in Idaho 
and are mined periodically by hobbyists 
or professional collectors for the gem 
stone market. 

Opal is the second largest contributor 
to the total value of gem material pro- 
duced in Idaho. The varieties produced 
include precious, yellow, blue, pink, and 
common. The Spencer opal mine is the 
largest producer. At the Spencer Mine, 
precious opal occurs as one or more thin 
layers within common opal that have 
partially filled gas cavities within a 
rhyolite-obsidian flow. About 10% of 
the material is thick enough to cut into 
solid gems; the remainder is suitable for 
making doublets and triplets. The Spen- 
cer Mine is also the source of the pink 
opal, which occurs as either pink com- 
mon opal or pink bodied precious opal. 

In recent years, an increasing amount 
of gem material (smokey quartz, aqua- 
marine, topaz, and garnets) has been 
recovered from the Sawtooth batholith. 
A significant portion of the batholith 
lays within the Sawtooth National Recre- 
ation Area, administered by the Forest 
Service, U.S. Department of Agriculture. 
Herein lies a possible problem. The For- 
est Service may prohibit the collection of 
gem and mineral specimens from the 
National Recreation Area under CFR 
Title 36, 269.9b, which prohibits the 
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removal of “natural features of the 
land.” Additionally, all mining is prohib- 
ited in a recreation area. It appears that 
material is still being collected from the 
area, but this may stop in the future. 
Hopefully, collectors and the Forest Ser- 
vice can arrive at some mutual under- 
standing where hobbyists can collect ma- 
terial or possibly collect controlled 
amounts for the commercial market. 

In the U.S. gem stone industry, Maine 
and tourmaline are almost synonymous. 
In 1822, Maine’s Mount Mica was the 
site of the first gem stone production in 
the United States. In September 1991, 
Plumbago Mining Corp. was actively 
mining the Mount Mica pegmatite for 
gem material and mineral specimens. 
Over the years, Mount Mica produced 
hundreds of pounds of fine-quality gem 
and mineral specimen tourmaline. 

Mount Mica is not the only large 
producer of high-quality tourmalines. 
Dunton Mine of Newry Hill is the most 
prolific gem tourmaline producer in 
Maine. Since its discovery in 1898, the 
mine has produced tons of gem- and 
specimen-grade tourmaline. Other mines 
and quarries in a three county area pro- 
duce gem- and mineral specimen-grade 
tourmalines. These include the Bennett, 
BB #7, Emmons, Harvard, Tomminen, 
Waisenen, Black Mountain and Red Hill 
Quarries, and Nevel Mine in Oxford 
County. It also includes the Mount Ap- 
atite Quarries in Androscoggin County 
and the Fisher and Porcupine Hill Quar- 
ries in Sagadahoc County. 

Maine also produces fine-quality 
beryls—aquamarine, heliodor, and mor- 
ganite. Pegmatites in Oxford, Andro- 
scoggin, and Sagadahoc Counties regu- 
larly produce fine-quality blue and blue- 
green aquamarine, rich yellow and gold 
colored heliodor, and rose and peach 
colored morganite. In 1989, the largest 
rose colored morganite on record was 
found at the Bennett Quarry near Buck- 
field in Oxford County. 

In 1989, Plumbago Mining Corp. 
opened the most significant commer- 
cial amethyst mine in the United States 
near the town of Sweden in Oxford 
County. Reported production in the 
first year of operation was about 5,000 
pounds of gem-quality and specimen- 
grade amethyst. The gem material has 
good deep purple color, but is mostly 
small pieces. An officer of the com- 
pany did report the cutting of a 12- 
carat stone from the material and that 
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some material recovered would yield 
stones as large as 20 carats. 

Montana produces many different 
gem materials, some suited to faceting, 
while others are better suited to the cut- 
ting of cabochons, carvings, or objects 
of art. The gem materials that come to 
mind when Montana is mentioned are 
sapphires and Montana moss agate, with 
Dryhead agates a very close third. Yet, 
amethyst, amazonite, azurite, covellite, 
cuprite, garnet, onyx, opal, petrified 
wood, rhodochrosite, rhodonite, smokey 
quartz, sphalerite, and wonderstone 
(banded rhyolite) are also produced or 
have been produced in the State for use 
as gem material. 

Since 1865 Montana has produced 
sapphires. In recent years, it appears 
that the Montana sapphire has gained 
in popularity, and because of the im- 
proved popularity, production has in- 
creased significantly. Currently, com- 
mercial sapphire production is from 
deposits on the Missouri River in Lewis 
and Clark County, the Rock Creek area 
in Granite County, and from the Yogo 
Gulch area in Judith Basin County. 
Additionally, there are dig-for-fee sap- 
phire operations on the Missouri River 
and Rock Creek. 

Until 1989, the value of Nevada’s gem 
material production was essentially de- 
pendent upon the production of tur- 
quoise and opal, and the production of 
turquoise was, and still is, declining. In 
1989, Nevada reported the first major 
production of nephrite jade. 

The Nevada jade is from a deposit 
near Tonopah. The material varies in 
color from different shades of green to 
black, and some is mottled with off- 
white to tan markings. The reported 
quality is from fine gem to carving- 
grade. Mine run jade is available from 
fist-size pieces to individual boulders 
that weigh more than 1 ton. The jade is 
very similar to good to fine Wyoming 
jade. 

Nevada has been a major producer 
of turquoise since the 1930’s, and until 
the early 1980’s, the State was the 
largest turquoise producer in the 
United States. Estimates indicate that 
over the years, 75 to 100 different mines 
and/or prospects have produced sizable 
quantities of turquoise. Production 
varied from a few thousand dollars 
worth of material at some properties to 
more than a million dollars at others. 
Estimates of total production to date 


are between $40 to $50 million. 

Precious opal production from de- 
posits in the Virgin Valley area began in 
about 1906. The opal from Virgin Val- 
ley is comparable to any in the world 
for its vivid play of color and is unsur- 
passed in terms of the size of material 
available. The material varies in color 
from deep pure black to brown to 
yellowish-white to white to colorless. 
The play of color includes all the colors 
common to precious opal—red, blue, 
green, yellow, orange, and so on. The 
opal occurs primarily as replacement of 
wood, or sometimes, the replacement 
of cones of conifer trees. The uses of 
the opal are greatly restricted because 
of a severe problem with crazing. Cur- 
rently, two mines in Virgin Valley are 
open to individuals on a dig-for-fee 
basis during the summer months. The 
operators of these mines also mine the 
deposits for their own inventories. 

North Carolina is the only State in 
the United States where all four major 
gem materials, diamond, ruby, sap- 
phire and emerald, are found. During 
1988 was the last time all four major 
gem materials were found in the same 
year. The diamond was found in a gold 
placer mine, rubies and sapphires were 
recovered from the Cowee Valley, and 
emeralds were found near Hiddenite 
and Little Switzerland. 

Production of ruby and sapphire from 
the Cowee Valley in Macon County be- 
gan in 1895 when the American Pros- 
pecting and Mining Co. systematically 
mined and washed the gravels of Cowee 
Creek. Today some dig-for-fee opera- 
tions are in the Cowee Valley. Many 
people pay to dig or purchase buckets 
of gravel to wash to recover gem corun- 
dum, garnets, and other gem materials. 

Every year there is publicity concern- 
ing the discovery of large and valuable 
rubies and sapphires at one or more of 
the mines in Cowee Valley. No doubt 
large corundum crystals and pieces of 
corundum are found each year. Simi- 
larly, valuable rubies and sapphires 
may be found, but the number of large 
and valuable gems and the values of 
these gems often are over-stated. Dur- 
ing the period when commercial mines 
operated in the area, gem material was 
found that would cut fine-quality 3- to 
4-carat stones. Today, the amount of 
quality gem material has greatly de- 
clined. Most of the rubies found are 
not of top color or clarity and on 
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average are suitable for cutting stones 
of a carat or less. The sapphires tend to 
be larger than the rubies and high- 
quality sapphires are more abundant 
than high-quality rubies. 

In 1875, emeralds were discovered 
near what is now Hiddenite, with the 
first attempts at commercial mining of 
emeralds in the Hiddenite area in 1881. 
Other attempts at mining were made in 
the 1920’s, the 1950’s, the 1970’s, and 
the latest ended in 1990. At different 
times the emerald deposits in the Hid- 
denite area have produced large emer- 
ald crystals, and some _ significant 
stones have been cut from Hiddenite 
material. Yet, to date, it has not been 
possible to maintain an economically 
viable mine operation on any of the 
deposits. This includes the last attempt 
that would have mass mined the deposit 
and used a berylometer to sort the emer- 
ald from the waste rock. The berylometer 
worked well, but the amount of emerald 
present did not support the project. 

Historically, Oregon has been known 
for the production of various picture and 
scenic jaspers, agates, thundereggs, pet- 
rified wood, and to a certain degree, gem 
labradorite. Oregon’s State rock, the 
“thunderegg,” may be the best known 
gem material from Oregon. Graveyard 
Point, Priday, and Polka Dot are names 
that are uniquely associated with beauti- 
ful Oregon agates. The same is true for 
the relationships between the names 
Biggs, Deschutes, and Sucker Creek and 
picture or scenic jasper. Yet, gem labra- 
dorite, which includes both sunstone and 
heliolite, is currently the largest single 
contributor to the value of annual gem 
material production in Oregon. At least 
seven firms or individuals currently are 
producing sunstone and/or heliolite 
from three different geographic areas. 

The other gem material to contribute 
significantly to the value of Oregon 
gem material production is opal. Dur- 
ing 1988, the first significant commer- 
cial mining and marketing of a variety 
of very fine quality opals from Opal 
Butte began. The varieties produced 
include hyalite, rainbow, contra luz, 
hydrophane, crystal, fire, blue, and 
dendritic. Exquisite stones as large as 
315 carats have been cut from contra 
luz rough from this deposit. 

Tennessee has the largest U.S. pro- 
duction of freshwater pearls and fresh- 
water mussel shells of the 11 producing 
States. The fishing and marketing of 


GEM STONES—1990 


freshwater pearls and mussel shells are 
not new in the United States or in 
Tennessee. There has been an estab- 


lished U.S. freshwater mussel fishing 


industry since the mid-1850’s. The 
mussels are from the family Unioidae, 
of which about 20 different species are 
commercially harvested. During 1990, 
the value of U.S. mussel shell exports 
was more than $50 million. 

To date, freshwater pearls from the 
United States have been a byproduct of 
the shell industry. Currently, the pri- 
mary use of the shells is to make the 
bead nucleus used by the Japanese cul- 
tured pearl industry. Additionally, the 
shells are used in making cameos and 
as mother-of-pearl. With the coming of 
the freshwater cultured pearl farms in 
Tennessee and the increasing popular- 
ity of freshwater pearl jewelry with the 
U.S. consumer, this may change. In 
1963, the first experimental U.S. fresh- 
water cultured pearl farm was estab- 
lished. Since the technology for cultur- 
ing freshwater pearls was proven in the 
late 1970’s, six freshwater pearl farms 
have been established. These farms are 
the beginning of the U.S. freshwater 
cultured pearl industry, and the cul- 
tured pearl is the heart and future of 
the U.S. pearl industry. 

The gem material that Utah is best 
known for, topaz, is not well suited for 
use as a gem stone, but it does make a 
fine mineral specimen. Topaz crystals 
have been collected from certain rhyolite 
flows in the Thomas Mountains for more 
than 100 years. Similar crystals also are 
found in select rhyolites in the Wah Wah 
Mountains. The crystals from the Tho- 
mas Mountains are predominately small, 
10 to 20 millimeters long and 4 to 6 
millimeters across, and crystals from the 
Wah Wah Mountains are even smaller. 
Occasionally, large gem-quality crystals 
are found. The color of the topaz varies 
from colorless to light yellow, sherry 
brown, rose or light pink. Unfortunately, 
the light yellow to sherry brown color 
fades to colorless if exposed to sunlight 
or heat and rose or light pink colored 
crystals are rare. Because of the size of 
the crystals and problem with color fad- 
ing, the material yields only small to very 
small colorless stones. 

Another Utah gem material with 
nearly a 100-year production history is 
gem variscite, first produced in about 
1893 near Fairfield. The latest recorded 
commercial production was from near 


Lucin during the summer of 1990. 
Variscite occurs as fracture fillings or as 
nodules. The nodules may be solid, 
almost geode in nature, or fractured 
solid nodules that have undergone al- 
teration. The color of the variscite var- 
ies from deposit to deposit and from 
location to location within the same 
deposit. It is a shade of light to dark 
yellow-green, but can occur as a dark, 
nearly jade green and so pale as to 
appear almost white. It also can have 
black and brown spiderwebbing. 

Another gem material from Utah is 
snowflake obsidian. Snowflake obsid- 
ian (also known as flower obsidian) 
earns its name from the bluish-white or 
grayish-white patterns of cristobalite 
included into the normally black obsid- 
ian. During 1990, two different firms 
produced this material commercially. 

Topaz, variscite, and obsidian from 
Utah are well known and are nice ma- 
terials. But, in the author’s opinion, 
the red beryl from the Wah Wah Moun- 
tains is the most remarkable and desir- 
able of Utah’s gem materials. Bixbite, 
the variety name for red beryl (called 
red emerald by some) occurs in rhyo- 
lites at several locations in the Thomas 
and Wah Wah Ranges. The beryl varies 
in color from a pink to bright red, with 
the bright red being what could be 
called strong raspberry-red. The mate- 
rial from most of the locations is not as 
spectacular, either in crystal size or 
color, as the crystals from the Violet 
claims in the Wah Wah’s. 

The Violet claims in the Wah Wah’s 
are the only known location for commer- 
cial production of red beryl. In recent 
years, the claims have furnished a small 
but steady supply of materials for both 
mineral specimens and a few fine-quality 
cut stones. The crystals average about 10 
millimeters in length, and most are 
flawed. Because of the size of the crystals 
and flaws, finished stones only average 
about 0.40 carats with few more than 1 
carat. The largest finished stone to date is 
only 4.46 carats. The material is expen- 
sive, but justifiably so, because of its 
beauty and rarity. 

Certain other States produce a single 
gem material of note; they are Alaska 
with its two jade mines; Florida’s aga- 
tized coral; Hawaii’s black coral; Minne- 
sota’s thomsonite; New York’s herkimer 
quartz; Ohio’s flint; and South Dakota’s 
rose quartz. 

The value of production by individ- 
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ual gem material can be reported for 
those materials that have three of more 
producers and if one of the three does 
not account for more than 75% of the 
total or two of the producers account 
for 95% or more of the production. 
Table 4 is a list by commodity in alpha- 
betic order, with values in dollars 
rounded to the nearest thousand. 


Consumption and Uses 

Consumption of domestic gem ma- 
terial production was in the commercial 
and amateur manufacture of jewelry, 
for exhibit in gem and mineral collec- 
tions, and for decorative purposes in 
statuettes, vases, other art objects, and 
certain industrial applications. 

Industrial uses of tourmaline include 
a simple laboratory instrument to show 
the polarization of light, as a material 
to measure the compressibility of flu- 
ids, and in gages for measuring high 
pressures. Mortar and pestle sets, knife 
edges for balances, textile rollers, and 
spatulas are some nongem uses of ag- 
ate. The manufacturing of jewel bear- 
ings for timing devices, gages, meters, 
and many other types of instruments 
requiring precision elements used natu- 
ral gem material. These uses are now 
mostly supplied by artificial and syn- 


TABLE 4 


VALUE OF 1990 U.S. GEM STONE 
PRODUCTION, BY GEM 


MATERIALS 
Gem materials Value 

Agate $250,000 
Beryl 105,000 
Coral (all types) 60,000 
Garnet 78,000 
Gem feldspar 500,000 
Geode/nodules 240,000 
Fire agate 20,000 
Jasper 148,000 
Obsidian 27,000 
Opal 146,000 
Peridot 884,000 
Petrified wood 633,000 
Quartz 1,767,000 
Sapphire/ruby 3,727,000 
Topaz 26,000 
Tourmaline 350,000 
Turquoise 1,105,000 

Total 10,066,000 
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thetic crystalline materials. 

Some industrial applications requir- 
ing clean homogeneous stones used 
low-quality gem diamond. The quan- 
tity of natural and synthetic industrial- 
grade diamonds used in the United 
States each year is 12 to 15 times greater 
than the amount of diamonds con- 
sumed by the jewelry industry. 

The uses of synthetic and simulant 
gem crystals include applications in fre- 
quency controllers, polarizers, trans- 
ducers, radiation detectors, infrared 
optics, bearings, strain gages, amplifi- 
ers, lasers, lenses, crucibles, and many 
more. A recently developed use is as 
connectors for optical fibers. 

The 1990 estimated value of U.S. 
apparent consumption was $3,059 mil- 
lion, down about 18% from 1989’s 
record high. The average annual esti- 
mated consumption for the past 10 
years was $2,871 million, with a high of 
$3,711 in 1989 and a low of $1,642 in 
1982. The trend for estimated con- 
sumption for the past 10 years was one 
of continued growth with about 68% 
total increase. 

In 1990, the value of U.S. estimated 
apparent consumption of diamonds de- 
creased 18% to $2.6 billion. The aver- 
age annual value of apparent consump- 
tion of diamonds for the past 10 years 
was $2,293 million, with a high of 
$3,115 million in 1989 and a low of 
$1,642 million in 1982. The trend for 
the value of apparent consumption for 
the past 10 years was one of significant 
increase. The value of apparent con- 
sumption of diamonds increased 90% 
over the period. 

The 1990 estimated apparent con- 
sumption of colored stones, led by em- 
erald, ruby, and sapphire, was valued at 
$397.1 million, a decrease of 3%. The 
annual average value of consumption 
of colored stones for the past 9 years 
was $325.0 million, with a high of 
$406.9 million in 1989 and a low of 
$252.4 million in 1982. The trend for 
apparent consumption of colored 
stones for the past 9 years was one of 
fluctuating increases and decreases, but 
the general tread was one of increased 
consumption. 

The estimated apparent consump- 
tion of pearls—natural, cultured, and 
imitations—was $16.5 million, a de- 
crease of about 89% from that of 1989. 
This large decrease makes one wonder 
if there is not an error in the import 


data for pearls. The value was only 
17% of the 9-year low reached in 1982. 

Estimated apparent consumption of 
synthetic and imitation gem materials 
increased about 115% to $94.1 million. 
Average apparent consumption of syn- 
thetic and imitation gem materials for 
the past 9 years was $55.2 million per 
year, with a high of $109.1 million in 
1987 and a low of $13.9 million in 
1982. The trend for apparent consump- 
tion for the past 9 years was one of 
generally strong growth except for the 
significant decrease in 1989. Annual 
apparent consumption increased about 
577% over the 9 years. 


Prices 

Demand, beauty, durability, rarity, 
freedom from defects, and perfection 
of cutting determine the value of a gem 
stone. But the major factor in estab- 
lishing the price of gem diamond is the 
control over output and prices as exer- 
cised by the CSO Diamond Trading Co. 
Ltd. The CSO is a subsidiary of De 
Beers Consolidated Mines Ltd. 

The average U.S. wholesale asking 
price of the top 25 grades ( D through 
H color and IF through VS2 clarity) of 
a l-carat diamond fluctuated between 
$6,200 and $7,000 and was $7,000 at 
yearend. The average value per carat of 
all grades, sizes, and types of gem- 
quality diamond imports was $525, a 
29% increase compared with that of 
1989. The average value of diamond 
imports for the past 10 years was $405 
per carat, with a high of $525 in 1990 and 
a low of $353 in 1984. The trend for the 
average annual value of diamonds im- 
ported for the past 10 years was one of 
general decline, from the 10-year high in 
1980 to stable prices in 1986, 1987, and 
1988, followed by the 1989 and 1990 
increases. 

The average yearend wholesale pur- 
chase price of a fine-quality 1-carat 
ruby, paid by retail jewelers on a per 
stone or memo basis, was $4,200, an 
increase of 20% from that of 1989. The 
average value of ruby imports increased 
49% to $48.71 per carat. The average 
annual value of ruby imports for the 
past 9 years was $37.93 per carat, with 
a high of $48.71 in 1990 and a low of 
$16.42 in 1984. The trend for the value 
of ruby imports for the past 9 years was 
one of rapid decline, 52% for the pe- 
riod from 1982 to 1984. This was fol- 
lowed by a steady, moderate increase. 
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The average yearend wholesale pur- 
chase price of a fine-quality 1-carat 
Sapphire, paid by retail jewelers on a 
per stone or memo basis, was $1,600, a 
14% increase from that of 1989. The 
average value of sapphire imports de- 
creased 11% to $21.57 per carat. The 
average annual value of sapphire im- 
ports for the past 9 years was $23.22 
per carat, with a high of $27.97 in 1987 
and a low of $18.50 in 1984. The trend 
for the value of sapphire imports for 
the past 9 years was one of fluctuating 
increases and decreases. The 9-year pe- 
riod ended with the 1990 value 12% 
below the 1982 value. 

The average yearend wholesale pur- 
chase price of a fine-quality 1-carat 
emerald, paid by retail jewelers on a per 
stone or memo basis, was $2,750, the 
same as for 1989. The average value of 
emerald imports decreased 28% to 
$43.65 per carat. The average annual 
value of emerald imports for the past 
10 years was $57.18 per carat, with a 
high of $78.79 in 1988 and a low of 
$35.06 in 1984. The trend for the value 
of emerald imports for the past 10 years 
was one of fluctuating increases and 
decreases from 1981 through 1984. A 
steady moderate growth followed until 
the 2 years of decline in 1989 and 1990, 
the average value in 1990 being about 
76% of the 1981 value. 


Foreign Trade 

The export value of gem materials 
increased 33% to $1,566 million, a 
record high. The quantity of diamonds 
exported increased 45% to 1,003,760 
carats, and the value of diamond ex- 
ports increased about 29% to $1,398.8 
million. The average annual quantity 
of diamonds exported for the past 10 
years was 496,477 carats, with a high of 
1,003,760 in 1990 and a low of 184,871 
in 1982. The trend for the quantity of 
diamonds exported for the past 10 
years was one of moderate decline, 
13%, during the first 2 years, followed 
by significant growth, 443%, from 
1983 to 1990. The average annual value 
of diamond exports for the past 10 
years was $643.6 million, with a high of 
$1,398.8 million in 1990 and a low of 
$292.8 million in 1982. The trend for 
the value of diamond exports for the 
past 10 years was one of decline, 16%, 
over 3 years, followed by 3 years of 
moderate growth, 32%, and then 3 
years of significant growth, 112%. This 
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resulting in record-high exports in 
1990. | 

The export of other precious stones, 
cut but unset and other than diamonds 
and pearls, increased about 62% to 
$70.6 million. The average annual ex- 
port value for the past 9 years for these 
natural gem stones was $42.9 million, 
with a high of $70.6 million in 1990 
and a low of $27.7 million in 1984. The 
9-year trend for exports value of these 
types of gem materials was one of 
fluctuating increases and decreases, but 
one resulting in a significant total in- 
crease, 139% for the period. 

Exports of synthetic gem material 
decreased 8% to $42.5 million. The 
average annual value of exports for the 
past 9 years was $18.6 million, with a 
high of $46.0 million in 1989 and a low 
of $6.0 million in 1987 and 1988. The 
9-year trend for the value of exports 
was one of extreme decline, 52%, for 


TABLE 5 
PRICES OF U.S. CUT DIAMONDS, BY SIZE AND QUALITY 


eee 


1982-88, followed by steady significant 
growth, 608%, during the past 2 years. 
Exports of natural, cultured, and 
imitation pearls, not set or strung, de- 
creased about 74% to $0.9 million. 

Reexports of gem material decreased 
84% to $47.3 million. 

The value of gem materials imported 
decreased 10% to $4,609.3 million 
from the 1989 record high of $5,115 
million. The value of imported gem 
diamonds accounted for about 86% of 
the total. The average annual value of 
gem material imports for the past 10 
years was $3,839 million, with a high of 
$5,115 million in 1989 and a low of 
$2,384 million in 1982. 

The value of imported gem dia- 
monds decreased about 9% to $3,955.2 
million from the 1989 record high of 
$4,358 million. The 10-year trend for 
the value of diamond imports was one 
of generally steady continuous growth 


Price range 


Carat Description, Clarity? per earit? Average* 
weight color! (GIA terms) Jan. 1989_Jan. 1990 July 1989 
0.25 G VS1 $1,300-$1,400 $1,400 
25 G VS2 1,100- 1,200 1,200 
25 G SII 880- 970 970 
.25 H VS1 1,100- 1,200 1,200 
25 H VS2 1,000- 1,100 1,100 
A) H Sil 860- 950 950 
.50 G VS1 2,500- 2,700 2,900 

50 G VS2 2,300- 2,500 2,600 


1,900- 2,300 2,200 


.50 VS2 2,100- 2,400 2,400 
—_._.-—_!_.. I 2,400 
50 SI 1,800- 2,100 2,100 


x 


Sapa] afc 
La | aA 
| 
nF 
aan S) 


2,300- 2,800 2,600 
NS, 300- 2,800 2, 600 
75 VS! 2,600- 3,000 2,900 


al, 
ormree 
< 
Wi 
nS) 


on lin |i 

a) 
| 

< 

ey 


2,300- 2,600 2,600 


2,900- 3,500 
2,700- 3,200 


3,300 
3,000 


2,300- 2,700 2,600 
75 Su 2,100- 2,500 2,400 
1.00 VS1 4,600- 4,600 4,600 
1.00 VS2 4,100- 4,100 4,100 
1.00 SII 3,500- 3,500 3,500 
1.00 VS1 4,100- 4,100 4,100 
1.00 3,600- 3,600 3,600 
1.00 H Sil 3,200- 3,200 3,200 
' Gemological Institute of America (GIA) color grades: D—colorless; E—rare white; H-I—traces of color. 
< Clarity: IF—no blemishes; VVS1—very, very slightly included; VS—very slightly included; VS2—very slightly included, but not visible; 
Sit—slightly included. 


3 Jeweler’s Circular-Keystone. V. 161, No. 3, Feb. 1990. 
“ Jeweler’s Circular-Keystone. V. 159, No. 2, Sept. 1989. 


Q};QO;O) x 
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TABLE 6 
PRICES OF U.S. CUT COLORED GEM STONES, BY SIZE 


ee 


Average price 


Gem stones Carat ee ee 
weight in 19902 Jan. Jan. 
1989 1990 
Amethyst 1 $6- $18 $8.00 $13.00 
Aquamarine 1 100- 250 175.00 175.00 
Emerald 1 1,900-3,500 2,400.00 2,750.00 
Garnet, tsavorite 1 500- 800 950.00 650.00 
Ruby 1 3,000-4,000 3,000.00 3,500.00 
Sapphire 1 800-2,000 1,050.00 1,400.00 
Tanzanite 1 250- 350 354.00 300.00 
Topaz 1 6- 12 7.50 9.00 
Tourmaline, red 1 60- 125 92.50 92.50 


Tourmaline, red Ce SS 


' Fine quality. 


2 Jewelers’ Circular-Keystone. V. 161, No. 3, Mar. 1990, p. 190. These figures represent a sampling of net prices that wholesale colored 
stone dealers in various U.S. cities charged their cash customers during the month for fine-quality stones. 


with an increase of 80% for the period. 
During the period, the value of im- 
ported uncut diamonds increased 42%, 
while the value of cut stones imported 
increased 89%. 

The imports of cut diamonds de- 
creased 29% in quantity and 11% in 
value to 6.3 million carats and $3,384.4 
million, respectively. The average an- 
nual quantity of cut diamonds im- 
ported was 6.6 million carats, with a 
high of 8.9 million in 1989 and a low or 
1.6 million carats in 1982. The trend 
for the quantity of cut diamond im- 
ports for the past 10 years was one of 
continued increases until the 1990 de- 
cline; the period still ended with im- 
ports 80% greater than at the begin- 
ning of the period. The average annual 
value of imported cut diamonds was 
$2,762.4 million, with a high of 
$3,805.5 in 1989 and a low of $1,641.0 
million in 1982. The trend for the value 
of imported cut diamonds for the past 
10 years was of strong growth and 
increases. The value at the end of the 
period was 88% greater than at the 
beginning. 

The value of imports of other gem 
materials, led by emerald, ruby, and 
sapphire, was $558.9 million, an de- 
crease of about 26% compared with 
that of 1989. Emerald imports de- 
creased about 22% to $162.4 million. 
The average annual value of emerald 
imports for the past 10 years was 
$151.9 million, with a high of $207.5 
million in 1989 and a low of $120.8 
million in 1982. The 10-year trend for 
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the value of emerald imports was one 
of fluctuating increases and decreases 
resulting in a 44% increase for the 
period. 

The value of ruby imports increased 
18% to $98.4 million, a record-high 
value for the past 10 years. The average 
annual value of imports for the past 10 
years was $77.2 million, with a high of 
$98.4 in 1990 and a low of $58.7 in 
1987. The 10-year trend for import 
values was one of extreme fluctuations. 
The period ended with values having 
increased 68% from the 10-year low 
and establishing a record high for the 
period. 

The value of sapphire imports de- 
creased 18% from the 1989 10-year 
high to $81.9 million. The average an- 
nual value of sapphire imports for the 


past 10 years was $81.8 million, with a - 


high of $100.0 million in 1989 and a 
low of $63.3 million in 1982. The 10- 
year trend for the value of imports was 
one of extremely fluctuating increases 
and decreases. The period ended with 
the value slightly lower than at the 
beginning of the period. 

The value of imported gem materials 
other than diamond, emerald, ruby, 
and sapphire decreased 41% to $216.2 
million. The average annual value of 
imports was $325.3 million, with a high 
of $429.5 in 1988 and a low of $134.6 
in 1981. The 10-year trend for the value 
of imports was one of fluctuating in- 
creases and decreases resulting in the 
period ending 61% higher than the 
period started. 


World Review 

De Beers, Cententary AG’s diamond 
marketing arm, the CSO, reported 1990 
sales of rough, uncut diamonds in- 
creased 2% over that of 1989 to $4.17 
billion. Sales for the year were up, but 
sales for the second half of 1990 were 
32% less than the sales for the first half 
of the year. Also, if the sales were 
adjusted for inflation, which was about 
6% in the United States and higher in 
other leading consumer countries, the 
value of diamond sales actually de- 
creased. The CSO markets from 80% 
to 85% of the total world production of 
natural diamonds. Sales of colored 
stones remained strong. 

Natural diamond production occurs 
in Africa, Asia, Australia, and South 
America. The principal producing lo- 
calities are as follows: in Africa— 
Angola, Botswana, Namibia, the Re- 
public of South Africa, and Zaire; in 
Asia—U.S.S.R. (northeastern Siberia 
and in the Yakut A.S.S.R.); in Austra- 
lia; and in South America— Venezuela 
and Brazil. 

Foreign countries in which major 
gem stone deposits (other than dia- 
mond) occur are Afghanistan (beryl, 
kunzite, ruby, tourmaline); Australia 
(beryl, opal, sapphire); Brazil (agate, 
amethyst, beryl, kunzite, ruby, sapphire, 
tourmaline, topaz); Burma (beryl, jade, 
ruby, sapphire, topaz); Colombia (beryl, 
sapphire); Kenya (beryl, garnet, sap- 
phire); Madagascar (beryl, rose quartz, 
sapphire, tourmaline); Mexico (agate, 
opal, topaz); Sri Lanka (beryl, ruby, sap- 
phire, topaz); Tanzania (tanzanite, gar- 
net, ruby, sapphire, tourmaline); and 
Zambia (amethyst, beryl). 


Angola.—Endiama, the state dia- 
mond company, signed a two-part 
agreement with De Beers’ CSO that 
reestablished a trading relationship that 
was ended in 1985. The first part of the 
agreement calls for De Beers to provide 
a $50 million loan to Endiama to be 
used to increase the production from 
the Cuango area. De Beers will market 
all of the production from the Cuango 
area; the area accounts for about 80% 
of Angola’s production. 

The second part of the agreement 
calls for De Beers to spend $50 million 
over 5 years on the evaluation of the 
Camutue kimberlite in northeastern 
Angola and on the search for addi- 
tional kimberlite sources of diamonds. 


GEM STONES—1990 


Any mines resulting from this agree- 
ment will be jointly developed by De 
Beers and Endiama. 

Endiama also signed an agreement 
with Steinmetz Evens Diamonds for the 
sale of diamonds produced in the An- 
drada and Lucapa areas. The alluvial 
deposits of these areas are about de- 
pleted and are of little interest to De 
Beers.* 


Australia.—Diamond production in 
Australia decreased slightly because of 
a decrease in the production from Ar- 
gyle. Argyle produced 33.8 million car- 
ats compared with 1989 production of 
34.4 million, a decrease of about 2%. 
Estimates of 1990 Bow River produc- 
tion are about 900,000 carats. 

In a move to increase the market for 
diamonds from the Argyle mine, Ar- 
gyle Diamonds of Australia announced 
a multimillion dollar advertisement 
program to promote champagne col- 
ored diamonds. The multipart program 
will be directed primarily at the U.S. 
market. 

More than 90 companies are involved 
in diamond projects in Australia, with 
another 23 companies exploring for 
diamonds on offshore projects. The 
success of the Argyle mine and reas- 
sessment of old information has led to 
the latest rush concentrated in New 


South Wales, with some. companies in 
northern New South Wales claiming to 
have discovered pipes larger than that 
at Argyle. 

Miners in Coober Pedy claimed to 
have found the world’s biggest opal; 
the uncut opal weighed 5.27 kilograms 
and has an estimated worth of $3 mil- 
lion. The stone is 233.37 centimeters 
long and 12.19 centimeters wide. The 
opal is milky white in color. 


Botswana.—Corona Corp. agreed to 
acquire control of Repadre Capital 
Corp. and the new firm will be named 
Corona Diamonds International Corp. 
Repadre had agreed to a joint venture 
with Ampal (Pty.) Ltd. to develop Am- 
pal’s diamond licenses in Botswana. 
Ampal holds multiple prospecting li- 
censes covering about 20,700 square 
kilometers upon which a number of 
kimberlites have been identified. Ex- 
ploration drilling is schedule to start on 
30 to 50 of these targets. Corona Dia- 
monds could earn a 40% interest in the 
properties by spending about $1.75 mil- 
lion before December 31, 1991. Addi- 
tional interests can be earned by further 
expenditures. 

The Government of Botswana and 
Lazare Kaplan International Inc. (LKI) 
signed a long-term agreement for a 
diamond cutting and polishing factory 


TABLE 7 


U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF 
INDUSTRIAL DIAMOND), BY COUNTRY 


1989 
Country Quantity 
(carats) 
Exports and 
reexports: 

Belgium 279,682 
Canada 25,722 
France 5,577 
Hong Kong 140,686 
Israel 250,888 
Japan 114,634 
Singapore 3,274 
Switzerland 42,201 
Thailand 39,575 
United Kingdom 10,451 
Other 137,798 
Total 1,050,488 

' Customs value. 


Source: Bureau of the Census. 
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1990 
Value ' Quantity Value! 
(millions) (carats) (millions) 

$216.8 267,010 $269.4 
31.1 35,837 23.7 
11.4 8,388 13.2 
253.5 163,845 316.4 
214.2 248,766 221.0 
206.8 98,777 282.9 
10.1 4,766 20.2 
180.7 82,800 131.3 
16.4 $1,211 35.1 
60.6 14,180 45.8 
42.1 28,180 39.7 
1,243.7 1,003,760 1,398.7 


in Botswana. The agreement represent 
a major investment by a U.S. company 
in Botswana. The factory will be a 
state-of-the-art plant using automated 
and manual equipment. LKI will man- 
age the plant and train Botswana work- 
ers aS operators. It is anticipated that 
the plant will ultimately employ at least 
500 skilled workers. 

The Government of Botswana and 
Mabrodiamn, 85% owner of Diamond 
Manufacturing Botswana (DMB), signed 
a contract to expand DMB’s 12-year-old 
cutting factory at Garabone. The agree- 
ment was to expand the plant from its 
current 55 workers to 200 workers. The 
factory manufactures low-quality 2 
grainer sawn rough, but some 10-carat 
sawn is manufactured also. Cutting fac- 
tory labor costs in Botswana are lower 
than in Belgium, but higher than in the 
Far East. 


Canada.—Uranerz Exploration and 
Mining of Canada reported finding two 
diamonds, one two millimeters and the 
other four millimeters, near Melfort in 
the area of Fort a la Corne. These 
diamonds are significantly larger than 
the microdiamonds found in the past. 
Microdiamonds have been found in the 
area by other companies, including 
Claud Resources and Monopros Ltd., a 
subsidiary of De Beers. None of the 
companies exploring in the area has yet 
to discover a commercial deposit of dia- 
monds, but these larger stones do in- 
crease the interest of the companies ex- 
ploring the area. Uranerz plans to spend 
$2 million on exploration in the area in 
the next 2 years. 


China.—The Mineral Resources Bu- 
reau reports that geologists discovered 
13 diamond deposits along the Tanlu 
Fault ‘Zone that stretches across several 
Provinces in the eastern part of the 
country. The Bureau claims to have 
found more than 100 kimberlites and 4 
diamond placers in Shandong Prov- 
ince, while in Liaoning Province it 
found 3 large primary deposits and 3 
smaller placer deposits. 


Cook Islands.—The Cook Islands 
received $25 million in aid from the U.S. 
Agency for International Development 
for the development of a black pearl 
industry. The pearl industry would be 
started on the island of Suwarrow and 
possibly extended to the islands of Pen- 
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TABLE 8 


U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, 
BY KIND, WEIGHT, AND COUNTRY 


Kind, range, and 


country of origin Quantity 
(carat) 

Rough or uncut, natural:? 
Belgium 57,962 
Brazil 33,709 
Israel 12,979 
Netherlands 24,424 
South Africa, Republic of 9,130 
Switzerland 12,268 
United Kingdom 747,397 
Venezuela 7,275 
Other 284,292 
Total - 1,189,436 
Cut but unset, not more than OO 

0.5 carat: 
Belgium 1,531,997 
Brazil 39,200 
Canada 7,754 
Hong Kong 101,828 
India 3,136,459 
Israel 1,784,444 
Netherlands 19,227 
South Africa, Republic of 10,707 
Switzerland 41,986 
United Kingdom 37,581 
Other 138,808 
Total 6,849,991 
Cut but unset, more than 0.5 —_— 
carat: 

Belgium 266,164 
Hong Kong 68,930 
India 1,176,503 
Israel 318,288 
Netherlands 4,809 
South Africa, Republic of 1,245 
Switzerland 21,420 
United Kingdom 11,116 
Other 151,614 
Total 2,020,089 


1989 1990 
Value ' Quantity Value! 
(millions) (carat) (millions) 
$18.0 104,544 $26.1 
5.7 10,547 1.2 
7.1 11,769 5.4 
11.7 5,552 12.1 
13.8 458 4 
11.9 1,653 3.6 
254.0 300,579 287.1 
9 8,923 5 
229.5 779,030 234.4 
552.6 1,223,055 570.8 
962.7 769,047 326.9 
16.2 17,168 6.1 
5.5 7,232 1.0 
48.1 176,077 45.4 
792.4 2,946,261 768.8 
1,104.3 471,820 224.0 
24.1 4,363 2.4 
15.7 8,326 7.5 
75.6 12,894 4.7 
37.3 5,593 1.9 
57.0 80,997 39.8 
3,138.9 4,499,778 1,428.5 
99.0 516,109 651.1 
19.5 15,811 32.8 
312.0 181,619 113.0 
178.5 983,684 942.0 
10.5 10,844 24.9 
4 5,792 11.5 
13.4 14,484 70.3 
8.2 28,288 52.6 
25.1 48,550 57.7 
666.6 1,805,181 1,955.9 


1 Customs value. 
2 Includes some natural advanced diamond. 


Source: Bureau of the Census. 


rhyn and Pukapuka. 


Guinea.—Currently, at least four 
companies are either exploring for or 
mining diamonds in Guinea. Aredor, the 
company with the longest history in dia- 
mond operations in the country, is expe- 
riencing a decline in production and in 
profits. The decline in production is be- 
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cause of decreasing ore grades. The de- 
creasing profits is because of a combina- 
tion of lower diamond production and a 
lower sales price for diamonds. The 1990 
average sales price for Aredor’s dia- 
monds was down 19% to $245 per carat. 

Star Diamonds has a prospection 
license area 30 kilometers to the south 
and east of the Aredor lease. The alluvial 


deposits that are of the most interest are 
those on the flats near Bouro and those 
at the headwaters of the Bouloumba. 

Sidam-Minorex is exploring in an 
area for diamonds near Forecariah, 
east of Conakry, and Hydro Mineral 
Exploration is exploring for diamonds 
near Bounoudou. 

Brigade Aurifere de Guinee has a con- 
cession to mine gold in an area north of 
the Aredor lease in which diamonds may 
be found also. 


Hong Kong.—Less than 50% (42 of 
98) of the jadeite jewelry lots were sold 
at Christie’s Swire Ltd.’s auction in 
October. The 42 lots brought in $1.4 
million. The sale was disappointing ac- 
cording to Christie’s, but the jadeite 
market is and always has been ex- 
tremely volatile. In November, buyers 
purchased about 75% (90 of 121 lots) 
of the jadeite jewelry sold at auction by 
Sotheby’s Hong Kong Ltd. The total 
purchase price of the jewelry was $4.02 
million. According to a Sotheby’s rep- 
resentative, the market for top-quality 
jade is strong, but the market for dec- 
orative materials is very soft. 


India.—Imports of rough diamonds 
fell in 1990 by 16% in value and 37% in 
volume to $1.97 billion and 38 million 
carats, respectively. Total exports of 
polished stones for the year also de- 
clined, caratage decreased 13% to 8.7 
million carats, and value fell 9% to 
$2.7 billion. The decline in demand of 
cut goods resulted in the closing down 
of thousands of production units in the 
past 12 months and as many as 20,000 
workers laid off by yearend. The de- 
creases were blamed on the recession in 
the United States and the Persian Gulf 
war. Cut diamonds account for 90% by 
value of gem and jewelry exports, 
which in turn account for nearly 20% 
of the country’s total exports. 


Indonesia.—Development of _ the 
Danau Seran diamond project in South 
East Kalimantan began in late 1990. 
Dry mining and a conventional dia- 
mond recovery plant will be used in 
place of a dredge. This approach is 
cheaper and easier to finance. The 
Danau Seran contains about 2.9 mil- 
lion cubic meters of diamondiferous 
gravel with a grade of 0.1 carats per 
cubic meter. The deposit will be mined 
over the next 3 years at a production 
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rate of 72,000 cubic meters per month. 
The group that put up the $2 million in 
financing will control a 25% equity 
interest. The interests of Indonesian 
Diamond Corp. (formerly Acorn Secu- 
rities) and Keymead have been reduced 
to 44.7% and 10.3%, respectively, with 
PT Aneka Tambang (Indonesian Gov- 
ernment) holding the remainder.” 


Malaysia.—Boulders of nephrite 
jade were discovered in Sabah State in 
the northern part of Borneo. The boul- 
ders ranged in size from about 0.5 
meters to 1.0 meters. The jade has a 
flawless area of good color that is 
suitable for jewelry. The source of the 
boulders and the commercial viability 
of the deposit are not known at this 
time. 


Sierra Leone.—The Government of 
Sierra Leone granted a 20-year conces- 
sion to Sunshine Mining Co. of the 
United States to mine and market dia- 
monds from the Kono kimberlite de- 
posit. Exploration and development 
work to date indicates the deposit con- 
tains about 2.4 million carats of recov- 
erable gem-quality diamonds. Sunshine 
estimated the project capital costs at 
about $54 million. 

The Government of Sierra Leone 
granted a lease to Intertarade Prospect- 
ing, a Swedish firm, to mine diamonds 
in an area north of Freetown. The firm 
announced plans to spend about $3 
million dollars on deposits that are 
reported to be of marginal viability. 

Wildcat Holdings PL, a wholly oned 
subsidiary of Pioneer Resources, en- 
tered into an agreement with Xerxes 
Ltd. to explore for diamonds in the 
Baoma district. The area is believed to 
contain both alluvial and kimberlite 
diamond deposits. 


South Africa, Republic of.—The De 
Beers Mine, the smallest of the four 
mines De Beers Consolidated Mines 
Ltd. operates in Kimberley, is sched- 
uled to close in October 1990. Treat- 
ment of surfaces stockpile ore at the 
mine will continue well into 1991. The 
mine was discovered in 1871 and oper- 
ated as an open pit mine until 1885, at 
which time underground operations 
were started. The mine closed in 1908 
and remained closed until opening once 
more in 1960 and operated until 1990. 
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TABLE 9 


U.S. IMPORTS FOR CONSUMPTION OF GEM STONES, OTHER THAN 
DIAMOND, BY KIND AND COUNTRY 


Kind and country 


Emerald: 
Belgium 
Brazil 


Colombia 
France 


Germany, Federal Republic 


of 
Hong Kong 


India 

Israel 

Japan 

South Africa, Republic of 
Switzerland 


Taiwan 
Thailand 
United Kingdom 
Other 
Total 
Ruby: 
Belgium 


Brazil 
Colombia 
France 


Germany, Federal Republic 


of 
Hong Kong 
India 
Israel 
Japan 
Switzerland 
Thailand 
United Kingdom 
Other 
Total 
Sapphire: 
Australia 
Austria 
Belgium 
Brazil 
Canada 
Colombia 
France 


Germany, Federal Republic 


of 
Hong Kong 
India 
Israel 
Japan 


See footnotes at end of table. 


Quantity 
(carats) 


10,605 
80,829 
429,390 
5,345 


23,902 
135,423 
2,068,254 
89,559 
10,178 
146 
60,265 
1,681 
366,925 
6,187 
112,866 


3,401,555 


7,760 
8,093 
337 
21,483 


20,822 
79,583 
455,954 
26,326 
796 
70,098 
1,778,218 
3,596 
73,345 


2,546,411 


30,439 
377 
26,155 
8,705 
5,622 
358 
7,825 


31,999 
102,671 
112,937 

29,535 

2,532 


1989 


Value ! 
(millions) 


$1.2 
12.8 
73.1 
- 4.0 


3.2 
18.9 
25.9 
24.7 


Quantity 
(carats) 


21,217 
1,189,248 
382,051 
10,202 


44,811 
156,111 
1,317,886 
93,973 
2,769 

52 
144,394 
4,533 
291,458 
95722 
51,962 
3,720,389 


4,250 
1,562 

346 
3,340 


11,580 
49,175 
313,583 
12,857 

13 
190,056 
1,323,506 
66,831 
42,991 
2,020,090 


3,013 
202 
14,131 
2,827 
2,126 
1,328 
2,409 


44,834 
83,519 
101,510 
26,140 
7,666 


1990 


Value! 
(millions) 


$1.1 
6.3 
58.2 
2.5 


2.1 
13.2 
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TABLE 9—Continued 


U.S. IMPORTS FOR CONSUMPTION OF GEM STONES, OTHER THAN 
DIAMOND, BY KIND AND COUNTRY 


Kind and country Quantity 
(carats) 
Sapphire—Continued 
Korea, Republic of 
Singapore 
Sri Lanka 
Switzerland 
Thailand 
United Kingdom 
Other 
Total 

Other: 

Rough, uncut: 


9,024 

481 
63,184 
67,086 
3,576,666 
9,435 
34,348 
4,119,379 


Australia 
Brazil 
Colombia 
Hong Kong 
Nigeria 
Pakistan 
South Africa, Republic of 
Switzerland 
United Kingdom 
Zambia 
Other 
Total 
Cut, set and unset: 


NA 


Australia 
Brazil 
Canada 
China 


Germany, Federal 
Republic of 


Hong Kong 
India 

Japan 
Switzerland 
Taiwan 
Thailand 

United Kingdom 
Other 


Total NA 


1990 


Quantity 
(carats) 


1989 


Value! 
(millions) 


Value ! 
(millions) 


204 (’) 

4,931 6 
106,211 
91,574 
3,248,891 
11,135 
44,113 
3,796,764 


NA 1 


NA 


NA 


NA 


NA Not available. 
1 Customs value. 
2 Less than 1/10 unit. 


Source: Bureau of the Census. 


The Kim Diamond Cutting Works, a 
diamond cutting factory, was con- 
structed in Kimberley. The factory will 
employ at least 1,280 workers and will 
process 30,000 carats of local rough per 
week. The plant will produce from 
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0.01- to 0.30-carats stones for the ex- 
port market. 


Sri Lanka.—The Government of Sri 
Lanka changed the regulations on the 
export of geuda three times during 


1990. The first change was made at the 
end of July when the agreement to sell 
geuda only to Thailand was ended and 
the sale of geuda was opened to buyers 
from all countries. In August, the ex- 
ports of geuda was restricted to milky 
corundum; therefore, only firms special- 
izing in the heat treatment of this type of 
geuda could export materials. In Octo- 
ber, the regulations were amended to 
include silky, yellow silky, ottu, ooral, 
diesel, and dalan geuda. The Govern- 
ment descriptions used for geuda based 
on appearance under reflected light in- 
clude milky (white, blue or yellow with a 
milky or soapy appearance), silky (white 
or blue with a shiny effect over the entire 
stone caused by rutile inclusions), yellow 
silky (yellow with shiny effect), ottu (blue 
patches or bi-colored), coral (color con- 
centrated in patches without a definite 
outline and difficult to locate color 
source), diesel (brownish with oily ap- 
pearance similar to diesel), and dalan 
(loosely sued for two or more of the 
above varieties in small sizes, also for 
large stones with many cracks and bub- 
bles). Under the new system the num- 
ber of carats of geuda exported in- 


TABLE 10 


VALUE OF U.S. IMPORTS OF 
SYNTHETIC AND IMITATION 
GEM STONES, INCLUDING 
PEARLS, BY COUNTRY 


(Million dollars ') 


Country 1989 1990 
Synthetic, cut but unset: 
Austria 3.7 3.6 
France 4 8 
Germany, Federal 
Republic of 9.4 9.6 
Japan 4 6 
Korea, Republic of 4.3 5.5 
Switzerland 3.8 3.1 
Other 7.4 9.4 
Total 29.4 32.6 
Imitation: << = 
Austria 40.0 53.6 
Czechoslovakia 3.1 1.9 
Germany, Federal 
Republic of 1.6 1.6 
Japan 4 3 
Other 12.2 3.2 
Total 57.3. «60.6 


‘Customs value. 


Source: Bureau of thé Census. 
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TABLE 11 
U.S. IMPORTS FOR CONSUMPTION OF GEM STONES 


(Thousand carats and thousand dollars) 


1989 1990 


Stones 


Quantity Value ! Quantity Value! 
Diamonds: 
Be ee ee eet 


Rough or uncut 1,189 $52,557 1,223 570,750 
Cut but unset 8,870 3,805,590 6,305 3,384,472 
Emeralds: Cut but unset 3,402 207,546 3,720 162,375 
Rubies and sapphires: Cut but unset 6,666 183,344 5,817 180,375 
Pearls: 
Natural NA 4,382 NA 3,734 
Cultured NA 144,335 NA 19,097 
Imitation NA 5,456 NA 3,814 
Other precious and semiprecious stones: 
Rough, uncut NA 65,298 NA 63,751 
Cut, set and unset NA 55,909 NA 119,866 
Other NA NA NA 5,917 
Synthetic: 
Cut but unset 99,292 29,368 113,367 32,649 
Other NA 3,441 NA 1,911 
Imitation gem stone NA 57,323 NA 60,594 


ee pedal eames pee tt ieceik 
Total XX 5,114,549 XX 4,609,305 
NA Not available. XX Not applicable. 


1 Customs value. 


Source: Bureau of the Census. 


creased, but the value of geuda exports 
decreased.° 


Tanzania.—The Government of Tan- 
zania and Tanex Ltd., a company asso- 
ciated with De Beers Centerary AG, 
concluded an agreement to explore for 
diamonds over a large area south of 
Lake Victoria and to the south and west 
of the Williamson Mine. Exploration 
in the past has discovered several kim- 
berlites that contained diamonds, but 
none were economical to mine. 


U.S.S.R.—The Soviet Government 
entered into an agreement with De 
Beers giving De Beers exclusive market- 
ing right to the U.S.S.R. diamond pro- 
duction for the next 5 years. The agree- 
ment was with Glavalmazzoloto, the 
organization that administers the sale 
and export of rough diamonds. Under 
the terms of the contract, a De Beers’ 
subsidiary will provide a $1 billion ad- 
vance against future production, but 
secured by the Soviet stockpile. It is 
estimated that the contract calls for a 
purchase of $1 billion worth of dia- 
monds per year. 
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It is estimated that the U.S.S.R.’s dia- 
mond cutting industry employs about 
16,000 workers. The eight Krystall facto- 
ries at Moscow, Smolensk, Kiev, Bar- 
naul, Vinnitsa, Yerecvan, Kusa, and Go- 
mel employ fewer than 8,000, with the 
Moscow plant having about 900 workers. 
The workers at the various factories may 
be paid by different methods. 

The workers at the Moscow plant are 
paid by the piece according to its size 
and difficulty of the cut. At Kiev, those 
workers whose work is not subject to 
inspection receive a 50% higher salary. 
Some of the Krystall factories have an 
incentive program for workers produc- 
ing stones of 0.3 carats and larger. The 
incentive is a bonus of 5% of the added 
value, which is paid to each 20-worker 
team and is shared by the team. 

Annual cut diamond production is a 
function of the number of workers in 
the industry and their productivity. If it 
is assumed that the industry has a 
production rate of 20 carats of finished 
goods per month per worker and that 
polished yields are less than 40%, then 
the industry’s consumptions of rough 
and yield of finished can be estimated. 


It is estimated that during a year the 
US.S.R.’s diamond cutting industry 
processes about 3.8 million carats of 
rough that yields about 1.6 million 
carats of polished goods. The polished 
goods would be worth between $500 
million and $550 million on the world 
market. 

Reportedly, the U.S.S.R. is consider- 
ing a joint venture with unnamed West- 
em concerns to open a new diamond 
mine and cutting factory. The mine 
would be on a deposit about 100 kilo- 
meters north of Archngel. Reports in- 
dicate that the deposit contains 50% 
gem-quality diamonds. 


Vietnam.—A new ruby mine in Ho- 
ang Lien Son district of Luc Yen, 270 
kilometers west of Hanoi, produced 
about 1.12 million carats of ruby dur- 
ing 1990. It is estimated by company 
officials that about 30% of the rough 
or 336,000 carats is top quality faceting 
rough; 40%, or 448,000 carats, is me- 
dium quality for faceting and cabo- 
chons; and 30% is low quality for 
beads and cabochons. The mine is op- 
erated by a Thai-Vietnamese joint ven- 
ture between B.H. Mining Co. Ltd. and 
the Vietnamese state gem enterprise, 
Vinagemco. It is planned for the pro- 
duction to be sold at auction in Hanoi. 


Zaire.—It was reported that a 345.7- 
carat diamond was found in the Sediza 
Mine. The stone is said to be internally 
flawless with only a few minor surface 
blemishes. Early estimates of the stone’s 
value are as high as $3.8 million. 


Zambia.—The Government of Zam- 
bia reduced restrictions on the mining 
and marketing of gem stones. Miners can 
now retain 50% of foreign exchange 
earnings instead of 20%. Additionally, a 
gem stone board, run by miners, and an 
auction system will be established. The 
Government estimates that Zambia ex- 
ported $200 million worth of gem stones 
in 1989, although only $10 million were 
officially reported. 


Zimbabwe.—De Beers was unable to 
reach agreement with the Government of 
Zimbabwe on the development of the 
River Ranch Kimberlite deposit near the 
southern border at Beitbridge. The de- 
posit was originally discovered in 1975. 
The Government of Zimbabwe was un- 
willing to grant De Beers’ CSO an 


487 


exclusive marketing agreement. The Gov- | thin transparent layer of the coating.’ 
ernment wanted to market the produc- 
tion through its Minerals Marketing 
Corp., which would also retain a portion 
of the production for domestic process- 
ing. The Government has initiated pro- 
cedures for the forfeiture of the River 


Ranch claims held by De Beers. 


OUTLOOK 


World demand for gem diamond can 
be expected to rise because of increas- 
ing effective personal income of the 
population of the United States and 
other industrialized countries. Also de- 
mand will increase because of highly 
effective promotional efforts. These 
promotions are changing social cus- 
toms in many eastern countries, partic- 
ularly with the use of diamond engage- 
ment rings. The changes are resulting in 
significant growth in the diamond mar- 
ket. Demand for other precious gems 
will continue to grow as diamonds be- 
come more expensive and the popular- 
ity and acceptance of colored stone 
increases. Demand for synthetic and 
simulant gem materials for both per- 
sonal and industrial consumption is 
expected to increase. The diversity of 
sizes, types, uses, and values of gem 
materials precludes any meaningful 
forecasting of future demand. 


Current Research 

An oval jade cabochon in a ring 
offered to Sotheby’s Hong Kong Ltd. 
for its 1990 jadeite jewelry auction was 
found to have been treated with a new 
procedure to improve its appearance. 
Testing by the Hong Kong Gems Lab- 
oratory discovered a coating that is a 
highly adhesive, colorless organic resin 
mixed with a chemical compound that 
makes it resistant to high temperatures. 
The Gemological Association of All 
Japan found an oval jade cabochon 
that had exceptionally good color, lus- 
ter, and transparency that was poor 
quality white jadeite treated with a 
green resinous coating. The coatings 
can be identified by immersing the 
piece in methylene iodide and shining a 
bright light on the stone to display the 
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1 Nassau, K. Gemstone Enhancement. Buttersworth, 
1984, pp. 46-60 

2 Jewelry News Asia, No. 75, Nov. 1990, pp. 61-78. 

3 Pages 25-44 of work cited in footnote 2. 

4Mining Journal. V. 316, No. 8103, Jan. 4, 1991, p. 1. 

5 Industry in Action Mining Journal. V. 315, No. 8096 
Nov. 9, 1990, p. 357. 

6 Jewelry News Asia, No. 76, Dec. 1990, p. 28. 

7 Jewelry News Asia, No. 75, Nov. 1990, p. 90. 
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TABLE 12 
DIAMOND: WORLD PRODUCTION, BY TYPE AND COUNTRY? 


(Thousand carats) 


1986 1987 1988 1989 1990° 
Natural Natural Natural Natural Natural 
Country nn ———= Synthe- ——__— Synthe- ———_— Sy ntthe- 
Gem? 4S qorat Gem? MS Tota Gem? MUS Tota tic? Gem? 44S otal tic?» Gem? MS Tota tic? 
trial trial trial trial trial 
Angola 240 10 £250 180 10 =°190 950 50 1,000 — *'1,165 80 "1,245 — 1,200 80 1,280 — 
Australia 13,145 16,066 29,211 13,650 16,683 30,333 "17,413 '17,413 '34,826 — 17,540 17,540 35,080 — 17,331 17,331 434,662 — 
Botswana 9,590 3,500 13,090 9,368 3,840 13,208 10,660 4,569 15,229 — 10,676 4,576 15,252 — 12,146 5,206 *17,352 — 
Brazil 310 315 625 *300 200 500 353 180 533 — 350 = * 150 500 — 350 150 500 — 
Central African 
Republic 259 99 358 304 108 412 284 59 343 — 1334 "81 = 415 — 300 80 380 — 
China‘ 200 800 1,000 200 800 1,000 200 800 1,000 15,000 200 800 1,000 15,000 200 800 1,000 15,000 
Céte d’Ivoire* > 10 4 14 15 6 21 8 3 11 — "9 3 "12 _ 9 3 12 _ 
Czechoslovakia ° — — — —_— — — — — — 5,000 — —_ — 5,000 —_ — — 5,000 
France * —_ — — _— — — — — — 4,000 —_ — — 4,000 _— _ — 4,000 
Ghana® 88 498 586 65 400 465 "ISS 465 *°620 — '124 370 **494 — 129 386 515 — 
Greece * — — — _— _— — — — — 1,000 — - — 1,000 — —_ — 1,000 
Guinea ® 190 14 204 163 12 175 136 10 146 — 138 10 148 — 130 5 135 — 
Guyana 3 6 9 2 5 e7 1 3 4 _— ™3 a) 8 _— 3 5 8 _— 
India 13 3 16 "16 3 "19 Til 3 14 — 3 12 15 _— 3 12 15 — 
Indonesia‘ 6 22 28 7 22 29 7 22 29 — 7 25 32 —_ 7 23 30 — 
Ireland * — _— — _— _— —_ — _ — 60,000 — —_ — 60,000 _— _— — 60,000 
Japan * — — — — — — — — — 25,000 — —_— — 25,000 — _ — 25,000 
Liberia 63 189 252, «112183 * £295 67 100 167 — "62 93155 — 40 60 100 _ 
Namibia 970 40 1,010 971 501,021 901 37 938 — *910 "17 -°927 — 735 13. *748 — 
Romania‘ — —_ _— _ _— _ — — — 5,000 — _ — 4,500 _ — — 4,500 
Sierra Leone* 215 100 315 150 75 225 42 "6 18 — ™90 39129 — 100 50 150 — 
South Africa, FE ee ee oa ee 
Republic of: 
Finsch Mine 1,821 3,208 5,029 1,455 2,701 4,156 1,372 2,548 3,920 — 1,613 2,997 4,610 — 1,462 2,716 +4,178 — 
Premier Mine 882 1,977 2,859 772 =1,713 2,485 696 1,543 2,239 — 689 1,526 2,215 — 724 1,604 *2,328 — 
Other De 
Beers’ 
___Properties? 1,428 529. 1,957 1,427 546 1,973 1,388 531 1,919 — 1,360 520 =: 1,880 — 1,240 474 41,714 — 
Other 342 41 383 409 30 439 361 65 426 — 348 63 411  — 400 74 4474 fe 
Total «4473. -5,755 10,228 4,063 4,990 9,053 3,817 4,687 8,504 55,000 4,010 5,106 9,116 *60,000 3,826 4,868 *8,694 60,000 
Swaziland 23 16 39 48 32 ©80 44 29 73 _ 33 22. =: «55 — 19 13 32 — 
Sweden ° — — — — — — — — — 25,000 — — — 25,000 —_ — — 25,000 
Tanzania ° 133 57 190 105 45 150 105 45 150 — 105 45 150 — 105 45 150 —_— 
US.S.R.° "7,400 *7,400 14,800 *7,400 7,400 14,800 ‘7,500 ‘7,500 515,000 41,500 ‘7,500 ‘7,500 '15,000 41,500 7,500 7,500 15,000 41,000 
United States —_ — — — — _ — — — Ww — — _— Ww — — — WwW 
Venezuela ® "46 «='165)— 212 38 "68 = * 106 "54 "74 = * 128 _— "70185 255 — 88 245 4333 — 
Yugoslavia * — ~ _ _ — — _ _ — 5,000 oe _ — 5,000 — — — 5,000 
Zaire _ 4,661 18,643 23,304 3,885 15,540 19,425 52,724 15,439 * 18,163 — *2,663 *15,092 *17,755 __ — 2,700 15,300 18,000, = — 
Total® 42,038 53,702 "95,741 "41,042 "50,472 '91,514 '45,402 *51,494 96,896 241,500 "45,992 51,751 "97,743 246,000 46,921 52,175 99,096 245,500 


“Estimated. Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data. 

! Table includes data available through May 17, 1991. Total diamond output (gem plus industrial) for each country actually is reported except where indicated by a footnote to be estimated. In contrast, the 
detailed separate production data for gem diamond and industrial diamond are U.S. Bureau of Mines estimates in the case of every country except Australia (1986-87), Botswana (1987), Brazil (1987), Central 
African Republic (1986-89), Guinea (1986-89), and Liberia (1986), for which source publications give details on grade as well as totals. The estimated distribution of total output between gem and industrial 
diamond is conjectural, and for most countries, is based on the best available data at time of publication. Estimated distribution figures have been revised as necessary to correspond to reported total 
production figures. 

2 Includes Near-gem and cheap-gem qualities. 

3 Includes all synthetic diamond production. 

4 Reported figure. 

5 Figures are estimates based on reported exports and do not include smuggled diamonds. 

6 Figures do not include smuggled artisanal production. 

7 Other De Beers’ Group output from the Republic of South Africa includes Kimberley Pool, Koffiefontein Mine, Namaqualand Mines, and Venetia Mine. 

® Data may not add to totals shown because of independent rounding. 
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GEMSTONES 


By Gordon T. Austin 


Mr. Austin, a physical scientist with more than 30 years industry and Government experience, has been the gemstones 
commodity specialist since 1986. Mr. William Field, statistical assistant, prepared the domestic production survey data. 


Webster’s defines a gem "as any jewel, 
whether stone, pearl or the like, having 
value and beauty that are intrinsic and not 
derived from its setting; a precious or, 
sometimes, a Semiprecious stone cut and 
polished for ornament. A stone of value 
because it is carved or engraved,.as a 
cameo or intaglio." Additionally, the 
dictionary states that gemstone or gem 
material is a stone or material from 
which a gem may be cut. In less formal 
or common terms a gem, gemstone, or 
gem material may be described as 
specimens of minerals or organic 
materials used for personal adornment, 
display, or to manufacture objects of art 
because they possess beauty, rarity, and 
durability. | | 

In 1991, the value of natural gemstones 
from deposit in the United States was 
$84.4 million, an increase of 60% 
compared with that of 1990. Production 
of gemstones included faceting rough, 
lapidary rough, carving material, 
specimen material, natural and cultured 
freshwater pearls, mother of pearl, fossil 
ivory, amber, agatized coral, and coral. 

Synthetic gemstones are grown in the 
laboratory but have essentially the same 
appearance, and optical, physical, and 
chemical properties as the natural 
material that they represent. Synthetic 
gemstones produced in the United States 
include alexandrite, coral, diamond, 
emerald, garnet, lapis lazuli, quartz, 
ruby, sapphire, spinel, and turquoise. 
Simulants are laboratory grown gem 
materials that have an appearance similar 
to that of a natural gem material but have 
different optical, physical, and chemical 
properties. The gemstone simulants 
produced in the United States include 
coral, cubic zirconia, lapis lazuli, 
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malachite, and turquoise. Additionally, 
certain colors of synthetic sapphire and 
spinel, used to represent other gemstones, 
would be classed as simulants. Colored 
and colorless varieties of cubic zirconia 
are the major simulants produced. In 
1991, the reported combined production 
value of U.S. synthetic and simulant 
materials was $17.9 million, about a 17% 
decrease from that of 1990. 

Wholesale and retail outlets, gem and 
mineral shops, gem and mineral shows 


dealers, cutting factories, and jewelry 


manufacturers were the major purchasers 
of domestic gem materials. 


DOMESTIC DATA COVERAGE 


The U.S. Bureau of Mines estimates 
U.S. production from the “Natural and 
Synthetic Gem Material Survey," a 
voluntary survey of U.S. operations, and 
from Bureau estimates of unreported 
production. Of the approximately 400 
operations surveyed, 82% responded, 
accounting for about 95% of the total 
production, 92% of the natural 
production, and 100% of the synthetic 
and simulant production. 

The number of operations surveyed in 
1991 was essentially the same as the 
number surveyed in 1990. The response 
rate was essentially the same also. The 
Bureau estimated the production by 
nonresponding operations, by professional 
collectors, and by amateur or hobbyist 
collectors. The basis for these estimates 
were information from published data, 
conversations with gem and mineral 
dealers, analyses of gem and mineral 
shows and sales statistics, and from 
information informally supplied by 
collectors. In the formal voluntary 


survey and the informal surveys, the 
Bureau is totally dependent upon the 
cooperation of the producers, brokers, 
dealers, and collectors. Individuals and 
companies have been very cooperative 
and forthcoming with information. The 
Bureau is very appreciative of this 
cooperation. —— | | 


BACKGROUND 


The history of production and 
preparation of gemstones begins with the 
wearing of items for personal adornment 
in prehistoric times; this preceded even 
the wearing of clothes. Amber was 
mined in the Baltic countries for use as a 
gem material before 25,000 B.C. Later, 
the Phoenicians in their writings | 
described their trade routes to the Baltic 
for amber and to areas in Asia and Africa 
for other gemstones. The voyages of 
Columbus brought increased interest in 
gemstone deposits, especially emerald, in 
South America. The discovery of 
diamond in Africa in 1859 focused major 
interest on Africa. More recently, the 
discovery of diamond in Western 
Australia in 1967 resulted in the 
development of the largest known 
diamond deposit in the world. 

Commercial mining of gemstones has 
never been extensive in the United States. 
Although more than 60 different gem 
materials have been produced 
commercially from domestic sources, 
most of the deposits are relatively small. 
In many instances, production rests in the 
hands of the numerous hobbyists and 
members of mineralogical and lapidary 
clubs. The Crater of Diamonds State 
Park near Murfreesboro, AR, is open to 
the public on a daily fee basis, as are 
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many other gemstone deposits throughout 
the United States. Many gem-quality 
stones are found at these locations each 
year. 


Definitions, Grades, and 
Specifications 


Select rocks, certain varieties of 
mineral specimens, and some organic 
materials, such as pearl, amber, jet, and 
coral, are included in gemstones data. 
Customarily, diamond, ruby, sapphire, 
and emerald are considered the major 


gems. 
The most important qualities of 
gemstones are beauty, durability, 


uniqueness, and rarity. Beauty, indicated 
as splendor, purity, or attractiveness, is 
judged mainly according to the taste of 
the beholder, and _ includes _ such 
appearances as luster, transparency, 
brilliance, and color. Luster of a mineral 
or stone is independent of color and is the 
surface appearance in reflected light. 
Apart from materials that have a metallic 
luster, the chief contributors to luster are 
transparency and refractive index. In cut 
gems, the perfection of the polish 
enhances the luster. Visible 
imperfections impair the luster of 
transparent stones. However, defects, 
described as "jardens" or "inclusions," 
may enhance the beauty and value of 
natural rubies, sapphires, and other 
gemstones. In some cases these 
inclusions may be used to identify the 
country and even the mine from which 
the stone was recovered. Durability is 
measured by the resistance of a stone to 
abrasion, pitting, chipping, or splitting. 
Resistance to abrasion is correlated with 
relative hardness, but intrinsic brittleness 
and toughness indicate resistance to wear 
in other aspects. Rarity is an essential 
qualification and is more important for 
some stones in determining their value 
than their physical characteristics. 

Of the approximate 2,700 mineral 
species, only about 100 possess all of the 
attributes required of a gem. It must be 
noted that collectors of gems may not 
require that a gem be durable because the 
stone is destined for display and is not to 
be worn. Therefore, the number of 
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species of gemstones may be greater than 
the 100 that meet all of the requirements. 
Silicates furnish the greatest number, 
including such minerals as beryl, topaz, 
tourmaline, and feldspar. Oxides such as 
corundum (ruby and sapphire) and quartz 
(amethyst, agate, etc.) comprise the 
second largest group. Sulfides, 
carbonates, and sulfates are of small 
importance; the phosphates yield only 
turquoise and variscite. An exception is 
pearl, essentially calcium carbonate, 
which is ranked high as a_ gem. 
Diamond, the best known gem, is an 
isometric crystalline form of the element 
carbon. : 

In-general, gemstones are classified the 
same as minerals; that is, into group, 
species, and variety. Group refers to two 
or more gem materials that are similar in 
crystal structure and physical properties 
but have different chemical properties. 
Each individual member of the group is 
called a species. Varieties of species 
similar crystal structure and 
chemical characteristics but differ in 
color. An example of this would be the 
hessonite variety of the grossular species 
of the gamet group. 


Products for Trade and Industry 


Cutting and polishing of gems from 
gemstones are done to obtain the most 
effective display of the material. No 
significant change is made in the 
fundamental properties, and the 
preparation is intended to enhance the 
desirable characteristics that are present 
initially. Gemstones are cut into gems in 
three main styles: cabochons, baroque, 
and faceted. 

Cabochons are cut in four operations: 
sawing, grinding, sanding, and polishing. 
Sawing, the initial step in cutting, is 
customarily done with a diamond saw to 
obtain a slab or slice of the desired size 
and thickness from the rough gemstone. 
The cabochon outline is scribed onto a 
flat surface, most often using a template 
for making a standard size for jewelry 
mountings. Rough grinding of the stone 
may be by metal-bond diamond, 
electroplated diamond, silicon carbide, or 
aluminum oxide wheels or coated 


abrasive disks. In grinding, the hardness 
of the gemstone determines the grit and 
hardness of the abrasive used. Multiple 
grinding steps starting with 80- to 100- 
mesh (grit) through 600-mesh abrasives 
are normally used. The scratches left by 
grinding are removed by progressively 
finer grinding and sanding. Disk or belt 
sanders use bonded to cloth abrasives, 
waterproof reinforced paper abrasives, or 
cloth charged with abrasive pastes. The 
final polish is obtained by using hard felt, 
wood, or leather laps, with various 
polishing agents such as fine diamond 
compound, tin oxide, tripoli, chromium 
oxide, cerium oxide, alumina, or rouge. 
_ Polished irregular shapes are called 
baroque gems. An inexpensive method 
of polishing baroque gems is to tumble 
them in rubber-lined drums, using a 
grinding and polishing medium with or 
without water. _ 

Facet cutting usually is employed on 
transparent gemstones to _ increase 
brilliancy and appearance. It generally is 
confined to the harder materials. Softer 
materials may be faceted, but extreme 
care must be exercised in cutting and 
polishing the stones and in their use in 
jewelry. Often the softer gems are used 
only for display and not for making 
jewelry. The “round brilliant" cut, most 
commonly used in faceting, has 58 facets, 
33 above the circle "girdle" and 25 below 
it, arranged in eightfold symmetry. The 
“round brilliant" and some other common 
cuts are illustrated in figure 1. 


Industry Structure 


The world market for rough diamonds 
is controlled to a degree by De Beers 
Centenary AG’s marketing arm, the 
Central Sales Organization (CSO). It is 
by far the most controlled of the world’s 
commodity markets. An estimated 80% 
to 85% of gem and natural industrial 
diamond is marketed by the CSO. The 
marketing is done through the CSO by 
the Diamond Trading Co. Ltd. and the 
Industrial Distributors Ltd. The CSO 
sells uncut gem diamonds on behalf of De 
Beers and most other major producers at 
sights (approved bidder viewings) in 
London, England, and _ Lucerne, 
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Switzerland. There are 10 such sights 
each year. . 

Diamonds reach the CSO sights 
through three channels. De Beers owned 
and operated mines, contracts sales by 
mine owner and operators, and open- 
market competitive sales. The 
distribution of rough diamonds in the 
Republic of South Africa is determined 
by the South Africa Diamond Board. All 
categories of rough diamonds that can be 
processed economically in South Africa 
must first be offered to local 
manufacturers. Rough can be exported 
duty free only if it has first been offered 
to the local market, otherwise a 15% duty 
is charged. Different systems of offering 
rough on the local market apply to the 
different mine producers, but they must 
offer the rough to local manufacturers in 
a manner determined by the board. — 

The CSO has been extremely successful 
at maintaining the rough diamond market 
for about 50 years. In modern times 
there has never been a decrease in CSO’s 
price of rough diamonds. Table 1 
illustrates the timing and the amounts of 
the average CSO price increases for 
rough gem diamonds from 1949 until the 
present, while table 2 indicates the value 
of CSO’s annual sales for the past 10 
years. The compounded effect over 43 

| years of these increases is a price 
increase of about 1,800%. Thus, a piece 
of rough that sold for $100 in August 
1949 would sell for about $1,800 in April 
1991. (See tables 1 and 2.) 

For more than 30 years, the major 
diamond cutting and polishing centers of 
the world were in Belgium and Israel, 
with a certain amount of the larger stones 
being cut in the United States. However, 
in the early 1980’s, the development of a 
large cottage industry in India—today 
there is estimated to be more than 
500,000 cutters—made a major impact on 
world diamond trade. India consumes 
most of the world’s small-gem, cheap- 
gem, and near-gem rough material in the 
manufacture of small stones, which 
resulted in annual cut-stone exports worth 
billions of dollars. These small stones 
averaged less than one-fifth of a carat 
(0.20 carat). The availability of small 
inexpensive stones resulted in substantial 
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changes in the design of jewelry. The 


utilization of small cut diamond stones | 


(usually 0.07 to 0.14 carats each, called 
melee) to create a pavé effect (set close 
together to conceal the metal base) is but 
one example. Cutting and polishing of 
colored, synthetic, and  simulant 
gemstones is centered in Thailand, India, 
Hong Kong, Korea, China, and Brazil, 
where cheap labor and favorable export 


laws ensure the lowest total costs for 


finished gems. It is estimated that the 
U.S.S.R.’s_ diamond cutting industry 
employs about 16,000 workers. The 
eight Krystall factories at Moscow, 
Smolensk, Kiev, Barnaul, Vinnitsa, 
Yerevan, Kusa, and Gomel employ fewer 
than 8,000, with the Moscow plant 
having about 900 workers. The workers 
at the various factories may be paid by 


different methods. 


The workers at the Moscow plant are 
paid by the piece according to its size and 
difficulty of the cut. At Kiev, those 
workers whose work is not subject to 
inspection receive a 50% higher salary. 
Some of the Krystall factories have an 
incentive program for workers producing 
stones of 0.3 carats and larger. The 
incentive is a bonus of 5% of the added 
value that is paid to each 20-worker team 
that is shared by the team. 

Annual cut diamond production is a 


function of the number of workers in the 


industry and their productivity. If it is 
assumed that the industry has a 
production rate of 20 carats of finished 
goods per month per worker and that 
polished yields are less than 40%, then 
the industry’s consumption of rough and 
yield of finished goods can be estimated. 
It is estimated that during a year, the 
U.S.S.R.’s diamond cutting industry 
processes about 3.8 million carats of 
rough that yields about 1.6 million carats 
of polished goods. The polished goods 
would be worth between $500 million and 
$550 million on the world market. 
During 1991, Leo and Schachter & Co. 
opened the United States’ newest, largest, 
and most modern diamond polishing 
factory in New York. The factory is 
fully computerized to track every 
diamond from rough to finished stone. 
The computer predicts the cash return 


from each piece of rough based on 
estimates of the rough’s color, clarity, 
yield, and make, estimates are reported to 
be within 2% of actuals. The factory 
employs 40 polishers. : 


Geology-Resources 


Gemstones are found in a large variety 
of igneous, metamorphic, and 
sedimentary rocks and mineral deposits, 
usually as a small fraction of the total 
deposit. The origins are as varied as the 
deposits. Gemstones form primarily by 
precipitation from watery solutions, by 
crystallization from molten rock, and by 
metamorphic processes. Approximately 
one-third of gemstones is composed of 
silicate minerals, about one-fifth of 
alumina-silicates, and almost one-seventh 
of oxides. The remaining compositional 
groups include the sulfides, phosphates, 
borosilicates, carbonates, and, in the 
single case of diamond, an element. The 
composition of selected gem materials is 
included as one of the items in table 3. 
(See table 3.) . 

_ There are no large resources of major 
gem materials defined in the United 
States. Emerald deposits are known in 
North Carolina, as are ruby and sapphire. 
Historically, sapphires have been mined 
in Montana, and significant commercial 
mining once again is underway. 
Numerous other domestic deposits of 
gemstones are known and have been 
mined for many years. However, no 
systematic evaluations of the magnitude 
of these deposits have been made, and no 
positive statements can be made about 
their reserve or the size of the resource. 

Occasional finds of diamond have been 
made, but no great diamond pipes or 
alluvial deposits similar to those of Africa 
have been reported. Several companies 
are involved in diamond exploration in 
the Colorado-Wyoming State line area, in 
Michigan, Minnesota, Wisconsin, and 
Arkansas. Diamond-bearing kimberlites 
have been located and bulk samples have 
been processed for diamond recovery. 
Results have not been made public. 

World resources of gemstones are 
nearly all unevaluated. However, world 
gem diamond reserve is estimated to be 
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about 300 million carats, including near- 
gem and cheap-gem qualities. Nearly all 
of the reserves are in Australia, Africa, 
and the U.S.S.R. (Siberia). The 
estimates for diamond reserves are of 
limited value because data needed for 
reliable estimates are not available from 
the producers. Reserve data on other 
gemstones are even less available than for 
diamond. 


Technology — 


Synthetic Gems.—Synthetic gemstone 
production uses many different methods, 
but they can be grouped into one of three 
types of processes: melt growth, solution 
growth, or extremely high-temperature, 
high-pressure growth. 

The year 1902 saw the first production 
of synthetic ruby using the Verneuil 
flame-fusion process. Later, sapphire, 
spinel, rutile, and strontium titanate were 
grown with this technique. In this 
process, a single crystal, called a boule, 
forms in the flame of a simple, 
downward-impinging oxygen-hydrogen 
blowtorch. Pure oxides of aluminum (in 
the cases of ruby, sapphire, and spinel) 
or titanium (rutile and strontium titanate) 
are poured into the top of a small furnace 
and melted. Other oxides are added as 
needed for process control and to obtain 
the specific color desired. The melted 
material solidifies as a boule on a rotating 
fire-clay peg as the peg is slowly 
withdrawn. 

A boule has a very characteristic shape, 
with a rounded end; a long, cylindrical 
body; and a tapering end. It is usually 
about 13 to 25 millimeters in diameter, 
50 to 100 millimeters long, and weighs 
75 to 250 carats (a carat is 200 
milligrams). Under controlled 
conditions, boule about 5 millimeters in 
diameter and more than 890 millimeters 


long can be produced for the 
manufacturing of jewel bearings. 

Another melt technique is the 
Bridgman-Stockbarge solidification 


method, named for an American, P. W. 
Bridgman, and a German, D. C. 
Stockbarge, who, aided by _ three 
Russians, J. Obreimov, G. Tammann, 
and L. Shubnikov, discovered and 
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perfected the process between 1924 and 
1936. Currently, the method is used 


‘primarily for growing nongem halide, 


sulfide, and various metallic oxide 
crystals, one of the metallic oxides being 
aluminum oxide or sapphire. 

The Bridgman-Stockbarge process uses 
a specially shaped crucible, which is a 
cylindrical tube open at one end and 
capped at the other by a small, pointed 
cone. The crucible is filled with the 
powdered chemicals necessary to grow a 
specific crystal and is lowered slowly 
through a furnace. The small, pointed 
end of the cone cools first because it is 
the first part of the crucible that moves 
from the hottest part of the furnace into 
cooler regions and it is the first part. to 
emerge from the furnace. As the crucible 
cools, the molten materials solidify, 
hopefully in the structure of a single 
crystal, in the point of the crucible. The 
crystal then acts as a seed around which 
the remainder of the molten material 
solidifies until the entire melt has frozen, 
filling the container with a single crystal. 

This process is simple, and crystals of 
various sizes can be grown. The crystals 
are typically about 51 millimeters in 
diameter and 15 millimeters in length, but 
large ones exceeding 890 millimeters in 
diameter and weighing more than 1 
metric ton have been grown. The 
crystals have the same shape as the 
crucible. 

The Czochralshi pulled-growth method 
is used for ruby, sapphire, spinel, 
yttrium-aluminum-garnet (YAG), 
gadolinium-gallium-garnet (GGG), and 
alexandrite. Czochralshi developed his 
method about 1917 while working with 
crystals of metallic nutrients. 

In the Czochralshi method, ingredient 
powders—nutrients—are melted in a 
platinum, iridium, graphite, or ceramic 
crucible. A seed crystal is attached to 
one end of a rotating rod, then the rod is 
lowered into the crucible until the seed 
just touches the melt. Then the rod is 
slowly withdrawn. The crystal grows as 
the seed pulls materials from the melt, 
and the material cools and solidifies. 


Yet, because of surface tension of the 


melt, the growing crystal stays in contact 
with the molten material and continues to 


grow until the melt is depleted of the 
desired material. 

Typically, the seed is pulled from the 
melt at a rate of 1 to 100 millimeters per 
hour. Crystals grown using this method 
can be very large, more than 51 |. 
millimeters in diameter and 1 meter in | 
length, and of very high purity. Each 
year this method grows millions of carats 
of crystals for use as gems, laser rods, 
windows for special scientific or technical 
applications, and for other industrial 
applications. 

Certain gemstones pose unique 
problems with regard to attempts to grow 
them. The problems arise because 
certain materials are either so reactive 
that they cannot be melted even in 
unreactive platinum and iridium crucibles 
or they melt at much higher temperatures 
than the crucible materials can endure. 
Therefore, another melting system must 
be used, called the skull melting system. 
Cubic zirconia, because of its high 
melting point (2,700° C), must be grown 
using the skull melting method. 

The “skull” is a hollow-walled copper 
cup. Water is circulated through the 
hollow walls to cool the inside wall of the 
skull. The cup is filled with powdered 
ingredients and heated by radio frequency 
induction until the powders melt. 
Because the water cools the walls of the 
skull, the powdered materials next to the 
walls do not melt, and the molten 
material is contained within a shell of 
unmelted material. Therefore, the 
reactive or high-temperature melt is 
contained within itself. When the heat 
source is removed and the system is 
allowed to cool, crystals form by 
nucleation and grow until the entire melt 
solidifies. Crystals grown using this 
system vary in size, depending on the 
number of nucleations. In growing cubic 
zirconia, a single skull yields about 1 
kilogram of material per cycle. 

Solution techniques for making 
synthetic gems include flux methods for 
emerald, ruby, sapphire, spinel, YAG, 
GGG, and alexandrite. The other 
solution method is the hydrothermal 
method, often used for growing beryl 
(emerald, aquamarine, and morganite) 
and quartz. 
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Quartz crystals are grown in a 
hydrothermal solution in large pressure 
vessels known as autoclaves. Careful 
control of temperature and pressure in the 
different areas of the autoclave result in 
the feed material, known as_lascas, 
dissolving in the hotter portion. The 
material redeposits on seed crystals, 
located in the cooler portion, forming 
synthetic quartz crystals. The process 
usually takes 30 to 60 days for the 
crystals to reach the desired size. The 
process can also produce rock crystal, 
amethyst, or citrine. 

The same system is used to grow beryl 
crystals. Beryl seed crystals are 
suspended in the cooler upper portion of 
an autoclave. Nutrient materials dissolve 
in the hotter, lower portion of the 
autoclave and, because of the temperature 

| and pressure gradients, migrate to the 
cooler seeds and are deposited. Other 
techniques involve solid- or liquid-state 
reactions and phase transformations for 
jade and lapis lazuli; vapor phase 
deposition for ruby and sapphire; 
ceramics for turquoise, lapis lazuli, and 
coral; and others for opal, glass, and 
plastics. = 

The Verneuil, Czochralski, and scull 
melting processes are the melt techniques 
most often used for gem materials. The 
various synthetics and the method of 
production are shown in table 4. (See 
table 4.) 


Enhancement of Gemstones.— 
Enhancement of all types of gemstones 
through chemical and physical means has 
become much more commonplace and in 
the past few years has included a wider 
variety of materials. Irradiation by 
electromagnetic spectrum (X-rays, 
gamma rays, etc.) and by energetic 
particles (neutrons, electrons, alphas, 
etc.) is being used to enhance or change 
the color of diamonds, topaz, tourmaline, 
quartz, beryl, sapphire, zircon, scapolite, 
and pearls. Blue topaz is normally 
irradiated, but this does not imply that all 
of these gem materials are regularly 
irradiated.' 

Many gemstones can be enhanced by 
chemical treatment or impregnations. 
The treatments may alter the bulk of the 
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gem material or only penetrate the 
surface. This includes bleaching, oiling, 
waxing, plastic impregnations, color 
impregnations, and dying. The 
treatments that alter only the surface of 
the material include surface coatings of 
various types, interference filters, foil 
backings, surface decoration, and 
inscribing. Chemical treatment is more 


widespread than just the common dying 


of quartz, treatment of turquoise, and 
oiling of emeralds. Chemical treatment 
and impregnations have been used to 
enhance amber, beryl, chalcedony, coral, 
diamonds, emerald, ivory, jade, lapis 
lazuli, opal, pearl, quartz, ruby, sapphire, 
tiger’s eye, and turquoise.” 

Since about 1987, fractures, cleavages, 


and other void-type imperfections that 


reach the surface in diamonds have been 
filled using a process developed by Mr. 
Zvi Yehuda, of Ramat Gan, Israel. This 
treatment can enhance that apparent 
clarity of treated faceted diamonds; 
examples are available that show SI 
stones enhanced to VS and I1 improved 
to SI2. Recently, it was announced that 
Yehuda also had developed a similar 
treatment for emeralds. 

The oldest and most common method 
of gemstone enhancement is heat treating. 
Heat treatment of gem materials was used. 
in Greece and Rome well before the 
Christian Era. Heat treatment can cause 
color change, structural change, and 
improve clarity. In the past, heat 
treatment was common for quartz and 
gem corundum. Today, materials that 
are heat treated to enhance their 
appearance include amber, beryl, 
diamond, quartz, ruby, sapphire, topaz, 
tourmaline, zircon, and zoisite.* 

Recently, an additional type of 
treatment for sapphire has appeared— 
diffusion treatment, a chemical-heat 
treatment. In this process a thin layer of 
color is diffused into the surface of the 
gem. The color may be diffused as little 
as 0.1 millimeter or as much as 0.4 
millimeter into the gem. The treatment is 
a long process of heat treatment in a bath 
of chemicals containing the proper 
proportions of titanium and iron. The 
American Gem Trade Association 
(AGTA) adopted a policy for the 


disclosure of diffusion treated sapphires. 
The policy is “If the color of a gemstone 
is confined to an area near the surface so 
that the color of the stone would be 
visibly affected by  recutting or 
repolishing then the following statement 
must also appear: Although the color 
induced in the diffusion treated sapphire 
is permanent, it remains confined to a 
shallow surface layer." Therefore, 
recutting or repolishing is _ not 
recommended.‘ 


Mining.—Gemstone mining operations 
can range from the most primitive to the 


“most sophisticated. In hard rock, at 


shallow depths, an operation by one, two, 
or three persons may be mined by 
prybar, pick, shovel, and buckets. or 
baskets for carrying material; often 
drilling and blasting is employed. A 
larger operation includes drilling, 
blasting, and minimum __timbering. 
Mechanized hauling and hoisting is done 
only at the larger mines. _ | 

Diamond mining in the kimberlite pipes 
of Africa and the U.S.S.R. and the 
lamproite pipes of Australia represent the 
ultimate in that huge quantities of ore 
must be mined to extract small quantities 
of diamond (20 to 30 carats per 100 tons 
of ore) produced at as low a cost as 
possible. 

Placer mining for gemstones ranges 
from small-scale, simple procedures to 
huge, complicated operations. In some 
areas, digging is by hand, and sorting and 
recovery is by panning, screening, or 
sluicing. Diamond miners in the larger 
placer operations use bucket dredges and 
heavy-duty excavating equipment, as, for 
example, in Australia, Brazil, Namibia, 
the Republic of South Africa, and the 
U.S.S.R. 


Processing.—Most gemstones are 
broken or crushed where necessary and 
concentrated by various combinations of 
hand picking, washing, screening, or 
jigging. In large-scale operations, 
mineral beneficiation methods are 
mechanized and employ the latest 
technology in each step from primary 
crushing and screening to the final 
recovery processes. Diamond recovery, 
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in particular, makes use of standard 
gravity methods, grease belts, 
electrostatic separation, skin-flotation, 
magnetic separation, separation by X-ray 
luminescence, and separation by optical 
sorting. 


ANNUAL REVIEW 
Production 


In 1991, all 50 States produced at least 
$1,000 worth of gem materials. Ten 
States accounted for 95% of the total 
value of production of natural gemstones. 
The States, in order of declining value of 
production, were Tennessee, California, 
Missouri, South Dakota, Arizona, 
Montana, Oregon, Texas, Arkansas, and 
Nevada. Certain States were known best 
for the production of a single gem 
material (i.e., Tennessee for freshwater 
pearls and Arkansas for quartz). Other 
States produced a variety of gemstones. 
Arizona produced the greatest variety. 
Production included agate, amethyst, 
antlerite, azurite, chrysocolla, fire agate, 
garnets, jade, malachite, obsidian, onyx, 
peridot, petrified wood, precious opal,- 
shattuchite, smithsonite, and turquoise. 
California, Idaho, Montana, and North 
Carolina also produced a variety of 
gemstones. Historically, North Carolina 
is the only State to have produced all four 
of the major gems: diamond, emerald, 
ruby, and sapphire. 

The average production value of natural 
gem materials for the past 10 years was 
$28.4 million per year, with a high of 
$84.4 million in 1991 and a low of $7.2 
million in 1982. The value of production 
for the past 10 years must be separated 
into two trends. The first trend was the 
period between 1981 through 1985, 
during which time approximately 24 
Operations reported production. 
Production averaged $7.4 million per 
year and was generally level. In the 
second trend, 1986 to the present, 
production averaged $424 million and 
was the result of an increase of 1,567% 
in the number of producers surveyed. 
The reported value of synthetic and 
simulant gemstone production was $17.7 
million in 1990. The reported value of 
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-and simulant gem material. 


production decreased 17%. The average 
value of production of these gem 
materials for the past 6 years was $16.5 
million, with a high of $20.5 million in 
1990 and a low of $10.3 million in 1986. 
Fifteen firms, five in California; four in 
Arizona; and one each in Massachusetts, 
Michigan, New Jersey, North Carolina, 
Ohio, and Washington, produce synthetic 
The eight 
States, in order of declining value of 
production, were Massachusetts, 
California, New Jersey, Michigan, 
Washington, North Carolina, Arizona, 
and Ohio. 

Arizona is well known for the widest 
variety of gemstones produced by any 
State. In 1991, they included agate, 
amethyst, antlerite, azurite, chrysocolla, 
fire agate, fluorite, garnet, jade, jasper, 
malachite, obsidian (Apache tears), onyx, 
peridot, petrified wood, precious opal, 
shattuchite, smithsonite, and turquoise. 
Yet, turquoise, peridot, petrified wood, 
and azurite-malachite accounted for more 
than 90% of the total value of gem 
material produced. Production from 
Arizona of these gemstones was the 
largest in terms of dollar value in the 
United States and the world’s largest for 
the first two. Additionally, four 
manufacturers of synthetic or simulant 
gem materials were in Arizona and 
produced about $100,000 worth of 
material. 

Arkansas is famous for the production 
of quartz crystals. Yet, Arkansas is 
second in value of production of 
freshwater pearls and shells and the only 
State in the United States that has had any 
sustained diamond production. 

Since 1972 hobbyists have found from 
300 to 1,500 diamonds per year at the 
Crater of Diamonds State Park. From 
1906 to the present, it is estimated that 
production from the deposit is 100,000 to 
150,000 carats; this amount of diamond 
production is insufficient to classify the 
United States as a diamond-producing 
country. Still, the potential to become a 
diamond producer may be there, and 
efforts were underway to evaluate this 
potential more fully. The program to 
evaluate the diamond deposit was halted 
by legal actions after completing three 


exploratory drill holes. Although a 
Federal appellate court has cleared the 
way for the program to continue, the 
program is currently on hold. 

Gemstone production from California 
includes a _ variety of materials. 
Tourmaline production from the State is 
the largest in the Nation, and California 
has the only producer of benitoite. 
Additionally, agate, alabaster, beryl, 
dumortierite, fire agate, freshwater 
mussel shell and pearls, garnet, gem 
feldspar, jade, jasper, kunzite, lepidolite, 
obsidian, quartz, rhodonite, topaz, and 
turquoise are produced from deposits in 
the State. Yet, even with this long list of 
gemstones, most people think of 
California in terms of its State gem 
benitoite, its high-quality tourmalines, 
and its fine orange spessartine garnets. 

In May 1989, Pala International 
reported the discovery of the largest gem 
tourmaline pocket found in the Himalaya 
Mine during the past 13 years. The | 
pocket yielded about 500 kilograms of 
tourmaline; 50% was carving or 
cabochon grade, less than 1% was 
faceting grade, and the remainder was 
specimen grade. The Himalaya continues 
to produce substantial quantities of fine- 
quality tourmaline. 

As unusual as it may sound, the State 
also has a freshwater culture pearl farm 
at Marysville. The farm uses animals 
imported from Tennessee and other 
southeastern States. Productions includes 
pearls, shell, and finished nucleus for 
cultured pearl implants. 

California also has four manufacturers 
of synthetic or simulant gemstones. The 
value of production from the State is the 
second largest for synthetics and 
simulants. 

Colorado is not known as a gemstone- 
producing State, but it does hold some 
gemstone honors. For 4 or 5 years prior 
to 1988, Colorado had the only 
commercially operated amethyst mine in 
the United States. It has the only 
commercially mined deposit of lapis 
lazuli in the United States and one of the 
few fee-for-dig topaz deposits currently 
operating. Additionally, the State was the 
first to commercially produce turquoise 
and still has commercially operated 
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turquoise mines. The State also produced 
the United State’s finest gem-quality 
rhodochrosite and a quantity of high- 
quality rhodonite. 

Many different locations in the State 
produce aquamarine, the Colorado State 
gemstone. The best known locations and 
the locations with the longest history of 
continued production (since about 1884) 
are Mount Antero and White Mountain in 
Chaffee County. Mount Antero, at 4,349 
meters, may be the highest gemstone 
location in the United States. White 
Mountain, separated from Antero by a 


small saddle, is only slightly lower at 


4,237 meters. 

Star garnet, the Idaho State gemstone, 
leads the list of gemstones produced in 
the State. Idaho is one of two places that 

produce significant amounts of star 
garnet; India is the other. These 
almandite garnets are translucent, 
purplish-red stones that show four- or six- 
ray stars when cabochon cut or are 
transparent deep red stones that can be 
faceted. The primary sources of Idaho 
star garnet are the placer deposits on the 
East Fork of Emerald Creek and its 
tributary gulches in Benewah County. 
Additionally, the placers of Purdue Creek 
in Latah County yield star gamets. 
Currently, garnets that do not cut stars 
also are commercially mined from areas 
in Clearwater County. These garnets 
range from purplish rose-red to a highly 
prized “special pink." Gem-quality 
garnets are found at several other 
locations in Idaho and are mined 
periodically by hobbyists or professional 
collectors for the gemstone market. 

Opal is the second largest contributor 
to the total value of gemstone production 
in Idaho. The varieties produced include 
precious, yellow, blue, pink, and 
common. The Spencer opal mine is the 
largest producer. At the Spencer Mine, 
precious opal occurs as one or more thin 
layers within common opal that have 
partially filled gas cavities within a 
rhyolite-obsidian flow. About 10% of the 
material is thick enough to cut into solid 
gems; the remainder is suitable for 
making doublets and triplets. The 
Spencer Mine is also the source of the 
pink opal, which occurs as either pink 
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common opal or pink bodied precious 


opal. 

In recent years, an increasing amount 
of gem material (smokey quartz, 
aquamarine, topaz, and garnets) was 
recovered from the Sawtooth batholith. 
A significant portion of the batholith lays 
within the Sawtooth National Recreation 
Area, administered by the Forest Service, 
U.S. Department of Agriculture. Herein 
lies a problem. The Forest Service 
prohibits the collection of gem and 
mineral specimens from the National 
Recreation Area under CFR Title 36, 
269.9b, which prohibits the removal of 
"natural features of the land." 


Additionally, all mining is prohibited in a 


recreation area. It appears that material 


‘is still being collected from the area, but 


this may stop in the future. 
In the U.S. gemstone industry, Maine 
and tourmaline are almost synonymous. 


In 1822, Maine’s Mount Mica was the 


site of the first gemstone production in 
the United States. In 1991, Plumbago 
Mining Corp. was actively mining the 
Mount Mica pegmatite for gem material 
and mineral specimens. Over the years, 
production from Mount Mica has 


included hundreds of kilograms of fine- 


quality gem and mineral specimen 
tourmaline. 

Mount Mica is not the only large 
producer of high-quality tourmalines. 
Dunton Mine of Newry Hill is the most 
prolific gem tourmaline producer in 
Maine. Since its discovery in 1898, the 
mine has produced tons of gem- and 
specimen-grade tourmaline. Other mines 
and quarries in a three county area 
produce gem- and mineral specimen- 
grade tourmalines. These include the 
Bennett, BB #7, Emmons, Harvard, 
Tomminen, Waisenen, Black Mountain 
and Red Hill Quarries, and Nevel Mine 
in Oxford County. It also includes the 
Mount Apatite Quarries in Androscoggin 
County and the Fisher and Porcupine Hill 
Quarries in Sagadahoc County. 

Production from Maine deposits also 
includes fine-quality beryls—aquamarine, 
heliodor, and morganite. Pegmatites in 
Oxford, Androscoggin, and Sagadahoc 
Counties regularly produce fine-quality 
blue and blue-green aquamarine, rich 


yellow- and gold-colored heliodor, and 
rose- and peach-colored morganite. In 
1989, the largest rose colored morganite 
on record was found at the Bennett 
Quarry near Buckfield in Oxford County. 

In 1989, Plumbago Mining Corp. 
opened the most significant commercial 
amethyst mine in the United States near 
the town of Sweden in Oxford County. 
Reported production in the first year of 
operation was about 2,300 kilograms of 
gem-quality and specimen-grade 
amethyst. The gem material has good 
deep purple color, but is mostly small 
pieces. An officer of the company did 
report the cutting of a 12-carat stone from 
the material and that some material 
recovered would yield stones as large as 
20 carats. The mine did not produce 
during 1991. 

Montana produces many different 
gemstones, some suited for faceting, 
while others are better suited for the 
cutting of cabochons, carvings, or 
objects-of-art. Montana is noted for the 
production of sapphires, Montana moss 
agate, and Dryhead agates. Yet, 
amethyst, amazonite, azurite, covellite, 
cuprite, garnet, onyx, opal, petrified 
wood, rhodochrosite, rhodonite, smokey 
quartz, sphalerite, and wonderstone 
(banded rhyolite) are also produced or 
have been produced from deposit in the 
State for use as gemstones. 

Sapphires have been produced from 
Montana deposits since 1865. In recent 
years, Montana sapphire has gained in 
popularity, and because of the improved 
popularity, production has increased 
significantly. Currently, commercial 
sapphire production is from deposits on 
the Missouri River in Lewis and Clark 
County, the Rock Creek area in Granite 
County, and from the Yogo Gulch area in 
Judith Basin County. Additionally, there 
are fee-for-dig sapphire operations on the 
Missouri River and Rock Creek. © 

Until 1989, the value of Nevada’s 
gemstone production was essentially 
dependent upon the production of 
turquoise and opal, and the production of 
turquoise was, and still is, declining. In 
1989, Nevada reported the first major 
production of nephrite jade. 
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The Nevada jade is from a deposit near 
Tonopah. The material varies in color 
from different shades of green to black 
and some is mottled with off-white to tan 
markings. The reported quality is from 
fine gem to carving-grade. Mine run 
jade is available from fist-size pieces to 
individual boulders that weigh more than 
1 ton. The jade is very similar to good 
| to fine Wyoming jade. 

Nevada has been a major producer of 
turquoise since the 1930’s, and until the 
early 1980’s, the State was the largest 
turquoise producer in the United States. 
Estimates indicate that over the years, 75 
to 100 different mines and/or prospects 
have produced sizable quantities of 
turquoise. Production varied from a few 
thousand dollars worth of material at 
some properties to more than $1 million 
at others. Estimates of total production 
to date are between $40 to $50 million. 

Precious opal production from deposits 
in the Virgin Valley area began in about 
1906. The opal from Virgin Valley is 
comparable to any in the world for its 
vivid play of color and is unsurpassed in 
terms of the size of material available. 
The material varies in color from deep 
pure black to brown to yellowish-white to 
white to colorless. The play of color 
includes all the colors common to 
precious opal—red, blue, green, yellow, 
orange, and so on. The opal is found 
primarily as replacement of wood, or 
sometimes, the replacement of cones of 
conifer trees. The use of the opal is 
greatly restricted because of a severe 
problem with crazing. Currently, two 
mines in Virgin Valley are open to 
individuals on a fee-for-dig basis during 
the summer months. The operators of 
these mines also mine the deposits for 
their own inventories. 

North Carolina is the only State in the 
United States where all four major gem 
materials, diamond, ruby, sapphire and 
emerald, have been found. During 1988 
was the last time all four major 
gemstones were found in the same year. 
The diamond was found in a gold placer 
mine, rubies and _ sapphires were 
recovered from the Cowee Valley, and 
emeralds were found near Hiddenite and 
Little Switzerland. 
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Production of ruby and sapphire from 
deposits along the Cowee Valley in 


Macon County began in 1895 when the’ 


American Prospecting and Mining Co. 
systematically mined and washed the 
gravels of Cowee Creek. Today ruby, 
sapphire, and fee-for-dig operations are in 
the Cowee Valley. Many people pay to 
dig or purchase buckets of gravel to wash 
to recover gem corundum, garnets, and 
other gemstones. 

Every year there is publicity concerning 
the discovery of large and valuable rubies 
and sapphires at one or more of the mines 
in Cowee Valley. No doubt large 
corundum crystals and pieces of 
corundum are found = each year. 
Similarly, valuable rubies and sapphires 
may be found, but the number of large 
and valuable gems and the values of these 
gems often are overstated. During the 
period when commercial mines. operated 
in the area, gemstones were found that 
would cut fine-quality 3- to 4-carat 
stones. Today, the amount of quality 
gem material has greatly declined. Most 
of the rubies found are not of top color or 


clarity and on average are suitable for 


cutting stones of 1 carat or less. The 
sapphires tend to be larger than the rubies 
and high-quality sapphires are more 
abundant than high-quality rubies. 

In 1875, emeralds were discovered near 
what is now Hiddenite, with the first 
attempts at commercial mining of 
emeralds in the Hiddenite area in 1881. 
Other attempts were made in the 1920’s, 
the 1950’s, the 1970’s, and the latest 
attempt ended in 1990. At different times 
the emerald deposits in the Hiddenite area 
have produced large emerald crystals, 
and some significant stones have been cut 
from Hiddenite material. Yet, to date, it 
has not been possible to maintain an 
economically viable mine operation on 
any of the deposits. This includes the 
last attempt that would have mass mined 
the deposit and used a berylometer to sort 
the emerald from the waste rock. The 
berylometer worked well, but the amount 
of emerald present did not support the 
project. 

Historically, Oregon has been known 
for the production of various picture and 
scenic jaspers, agates, thundereggs, 


petrified wood, and to a certain degree, 
gem labradorite. Oregon’s State rock, 
the "thunderegg,” may be the best known 
gem material from Oregon. Graveyard 
Point, Priday, and Polka Dot are names 
that are uniquely associated with beautiful 
Oregon agates. The same is true for the 
relationships between the names Biggs, 
Deschutes, and Sucker Creek and picture 
or scenic jasper. Yet, gem labradorite 
(sunstone) is currently the largest single 
contributor to the value of annual 
gemstone production in Oregon. At least 
seven firms or individuals currently are 
producing sunstone from three different 


‘geographic areas. 


The other. gemstone to contribute 
significantly to the value of production 
from Oregon is opal. During 1988, the 
first significant commercial mining and 
marketing of a variety of very fine quality 
opals from Opal Butte began. The 
varieties include hyalite, rainbow, contra 
luz, hydrophane, crystal, fire, blue, and 
dendritic. Exquisite stones as large as 
315 carats have been cut from contra luz 
rough from this deposit. 

Tennessee has the largest U.S. 
production of freshwater mussel shells 
and pearls of the 11 producing States. 
The fishing and marketing of freshwater . 
mussel shells and pearls are not new in 
the United States or in Tennessee. There 
has been an established U.S. freshwater 
mussel fishing industry since the mid- 
1850’s. The mussels are from the family 
Unioidae, of which about 20 different 
species are commercially harvested. 
During 1991 the value of U.S. mussel 
shell exports was more than $63 million. 

To date, freshwater pearls from the 
United States have been a byproduct of 
the shell industry. Currently, the primary 
use of the shells is to make the bead 
nucleus used by the Japanese cultured 
pearl industry. Additionally, the shells 
are used in making cameos and as 
mother-of-pearl. With the coming of the 
freshwater cultured pearl farms in 
Tennessee and the increasing popularity 


of freshwater pearl jewelry with the U.S. 


consumer, this may change. In 1963, the 
first experimental U.S. freshwater 
cultured pearl farm was established. 
Since the technology for culturing 
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freshwater pearls was proven in the late 
1970’s, six freshwater pearl farms have 
been established. These farms are the 
beginning of the U.S. freshwater cultured 
pearl industry, and the cultured pearl is 
the heart and future of the U.S. pearl 
industry. 

The gemstone that Utah is best known 
for, topaz, is not well suited for use as a 
gem, but it does make a fine mineral 
specimen. Topaz crystals have been 
collected from certain rhyolite flows in 
the Thomas Mountains for more than 100 
years. Similar crystals also are found in 
select rhyolites in the Wah Wah 
Mountains. The crystals from the 
Thomas Mountains are predominately 
small, 10 to 20 millimeters long and 4 to 
6 millimeters across, and crystals from 
the Wah Wah Mountains are even 
smaller. Occasionally, large gem-quality 
crystals are found. The color of the 
topaz varies from colorless to light 
yellow, sherry brown, rose or light pink. 
Unfortunately, the light yellow to sherry 
brown color fades to colorless if exposed 
to sunlight or heat and rose- or light 
pink-colored crystals are rare. Because 
of the size of the crystals and problem 
with color fading, the material yields only 
small to very small colorless stones. 

Another Utah gemstone with nearly a 
100-year production history is variscite, 
first produced in about 1893 near 
Fairfield. The latest recorded 
commercial production was from near 
Lucin during the summer of 1991. 
Variscite is found as fracture fillings or 
as nodules. The nodules may be solid, 
almost geode in nature, or fractured solid 
nodules that have undergone alteration. 
The color of the variscite varies from 
deposit to deposit and from location to 
location within the same deposit. It is a 
shade of light to dark yellow-green, but 
can be a dark, nearly jade green and so 
pale as to appear almost white. It also 
can have black and brown spiderwebbing. 

Another material from Utah is 
snowflake obsidian. Snowflake obsidian 
(also known as flower obsidian) earns its 
name from the bluish-white or grayish- 
white patterns of cristobalite included into 
the normally black obsidian. During 
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1991, two different firms produced this 
material commercially. 

Topaz, variscite, and obsidian from 
Utah are well known and are nice 
materials. But, in the author’s opinion, 
the red beryl from the Wah Wah 
Mountains is the most remarkable and 
desirable of Utah’s gemstones. Bixbite, 
the variety name for red beryl (called red 
emerald by some) is found in rhyolites at 
several locations in the Thomas and Wah 
Wah Ranges. The beryl varies in color 
from a pink to bright red, with the bright 
red being what could be called strong 
raspberry-red. The material from most 
of the locations is not as spectacular, 
either in crystal size or color, as the 
crystals from the Violet claims in the 
Wah Wah’s. | 

The Violet claims in the Wah Wah’s 
are the only known location for 


commercial production of red beryl. In 


recent years, the claims have furnished a 
small but steady supply of materials for 
both mineral specimens and a few fine- 
quality gems. The crystals average about 
10 millimeters in length, and most are 
flawed. Because of the size of the 


crystals and flaws, finished stones only 


average about 0.40 carat with few more 
than 1 carat. The largest finished stone 
to date is only 4.46 carats. The material 
is expensive, but justifiably so, because 
of its beauty and rarity. 

Certain other States produce a single 
gem material of note, they are: Alaska 
with its two jade mines; Florida’s 
agatized coral; Hawaii’s black coral; 
Minnesota’s thomsonite; New York’s 
herkimer quartz; Ohio’s flint; and South 
Dakota’s rose quartz. 

The value of 1991 production by 
individual gemstone can be reported for 
those materials that have three of more 
producers and if one of the three does not 
account for more than 75 % of the total or 
two of the producers account for 95% or 
more of the production. (See table 5.) 


Consumption and Uses 


Consumption of domestic gemstones 
was in the commercial and amateur 
manufacture of jewelry, for exhibit in 
gem and mineral collections, and for 


decorative purposes in statuettes, vases, 
other art objects, and certain industrial 
applications. 

Frequently, tourmaline is used as a 
standard for calibrating piezoelectric 
manometers and testing devices. It is also 
a control substance in boron experiments 
because it is itself an inert boron- 
containing compound. Tourmaline is the 
standard used in tests to check possible 
effects of water-soluble boron in 
fertilizers. 2 ios 

Many scientific and industrial 
instruments use tourmaline. One such use 
is tourmaline tongs, a simple laboratory 
instrument that shows the polarization of 
light. Because tourmaline is both 
pyroeletric and piezoelectric, meaning it 
generates electricity when heated or 
compressed, it is a component of 
instruments for measuring high pressures 
and fluid compressibility. Thermal 
dosimeters, which were early instruments 
that measured the intensity of radium 
emanations, depended upon tourmaline’s | 
pyroelectric properties. 

Once the mark of a top-rated watch or 
timepiece was that it was Swissmade and 
had 18 or 21 ruby or sapphire jewel 
bearings. Originally, these jewel bearings 
were made from natural ruby and 
sapphire. Later, the availability of 
inexpensive synthetic gemstones allowed 
the natural materials to be replaced in the 
manufacture of jewel bearings. 

Why are ruby and sapphire used as 
bearings? Because ruby and sapphire, 
color variations of the mineral corundum, 
are second only to diamond in hardness; 
they have no cleavage (cleavage being the 
tendency for a crystallized mineral to 
break in certain definite directions, 
indicates a minimum value of cohesion in 
the direction easy fracture) and thus they 
are very durable; they have a very low 
coefficient of friction when highly 
polished; they are chemically inert; and 
they can be cut and polished without 
great difficulty. 

Watches were not the only instruments 
in which sapphire and ruby bearings were 
used. Most precision gauges in aircraft 
and boats depend upon jewel bearings, as 
do many gauges, meters, and other 
instruments in manufacturing and 
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chemical plants. The military is still 
highly dependent on jewel bearings for 
many of its high-tech weapons systems. 
Recently, another use for one type of 
jewel bearing appeared—as connectors for 
optical fibers. 

In recent years, technological advances 
allowed the growth of large, high-quality 
synthetic ruby crystals, called laser ruby, 
for the manufacture of laser rods. Several 
other synthetic gemstones also are being 
produced for lasers, including chromium- 
doped chrysoberyl (dope being a element 
added to the crystal growing nutrients to 
achieve a particular color), synthetic 
alexandrite, and varieties of doped 
yttrium-aluminum-garnet (Y AG). 

Lasers require high-purity, optically 
perfect crystals. The crystal must be large 
enough so that a laser rod can be cut 
from the raw crystal, and the mineral or 
material must have the correct physical 
properties to allow light amplification 
without the necessity of excessive energy. 
Synthetic ruby, sapphire, and YAG have 
all these characteristics. 

Over the years, both natural and 
synthetic corundum have been ground and 
graded as an abrasive. Corundum was the 
major compound used in the polishing of 
eyeglass lenses. While industrial diamond 
has replaced much of the corundum used 
in the lens-polishing industry, some 
polishers still use corundum for 
specialized lenses. 

Other gem materials have enjoyed 
limited uses in nongem applications. The 
abrasive and ceramic industries use topaz 
as a raw material because of its hardness 
and chemical features. Once, lenses for 
eyeglasses were made from gem-quality 
beryl—if the morganite variety of beryl 
were used, one would truly be looking at 
the world through rose-colored glasses. 
Mortar and pestle sets, knife edges for 
balances, textile rollers, and spatulas are 
some nongem uses of agate. 

Some industrial applications requiring 
clean homogeneous stones used low- 
quality gem diamond. The quantity of 
natural and synthetic industrial-grade 
diamonds used in the United States each 
year is 12 to 15 times greater than the 
amount of diamonds consumed by the 
jewelry industry. 
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The 1991 estimated value of U.S. 
apparent consumption was $3,059 
million, down about 18% for 1989’s 
record high. The average annual 
estimated consumption for the past 10 
years was $2,871 million, with a high of 
$3,711 in 1989 and a low of $1,642 in 
1982. The trend for estimated 
consumption for the past 10 years was 
one of continued growth, with about 68% 
total increase. : 

In 1991, the value of U.S. estimated 
apparent consumption of diamonds was 
essentially unchanged from that of 1990 
at $2.6 billion. | The average annual 
value of apparent consumption of 
diamonds for the past 10 years was 
$2,419 million, with a high of $3,115 
million in 1989 and a low of $1,279 
million in 1982. The trend for the value 
of apparent consumption for the past 10 
years was one of significant increase. 
The value of apparent consumption of 


diamonds increased 100% over the 
period. | 
The 1990 estimated apparent 


consumption of colored stones, led by 
emerald, ruby, and sapphire, was valued 
at $397.1 million, a decrease of 3%. The 
annual average value of consumption of 
colored stones for the past 9 years was 
$325.0 million, with a high of $406.9 
million in 1989 and a low of $252.4 
million in 1982. The trend for apparent 
consumption of colored stones for the 
past 9 years was one of fluctuating 
increases and decreases, but the general 
tread was one of increased consumption. 

The estimated apparent consumption of 
pearls—natural, cultured, and 
imitations—was $19.5 million, an 
increase of about 18% from the 10-year 
low in 1990. The average annual 
consumption for the past 10 years was 
$163.0 million, with a high of $244.7 
million in 1984 and a low of $16.5 
million in 1990. 

Estimated apparent consumption of 
synthetic and imitation gemstones 
decreased about 78% to $20.9 million. 
Average apparent consumption of these 
materials for the past 10 years was $51.8 
million per year, with a high of $109.1 
million in 1987 and a low of $13.9 
million in 1982. The trend for apparent 


consumption for the past 10 years was 
one of generally strong growth except for 


| the significant decrease in 1989 and 1991. 


Annual apparent consumption at the end 
of the period was 50% greater than at the 
beginning of the period. The U.S. 
Department of Commerce reported that 
jewelry store retail sales were $13.8 
billion, a 3.6% decrease compared with 
those of 1990. 


Prices 


Demand, beauty, durability, rarity, 
freedom from defects, and perfection of 
cutting determine the value of a gem. In 
establishing the price of gem diamond, 
the CSO’s control over output and prices 
also is a major factor. | 

The average U.S. wholesale asking 
price of the top 25 grades (D through H 
color and IF through VS2 clarity) of a 1- 
carat diamond fluctuated between $7,200 
and $7,300, and was $7,300 at yearend. 
The average value per carat of all grades, 
sizes, and types of gem-quality diamond 
imports was $517, a slight decrease 
compared with that of 1990. The average 
value of diamond imports for the past 10 
years was $405 per carat, with a high of 
$525 in 1990 and a low of $353 in 1984. 
The trend for the average annual value of 
diamonds imported for the past 10 years 
was one of general decline from the 10- 
year high in 1980 to stabile prices in 
1986, 1987, and 1988, followed by the 
1989 and 1990 increases. 

The average yearend wholesale 
purchase price of a fine-quality 1-carat 
ruby, paid by retail jewelers on a per 
stone or memo basis, was $4,200, an 
increase of 20% from that of 1989. The 
average value of ruby imports decreased 
39% to $29.80 per carat. The average 
annual value of ruby imports for the past 
10 years was $37.12 per carat, with a 
high of $48.71 in 1990 and a low of 
$16.42 in 1984. The trend for the value 
of ruby imports for the past 10 years was 
one of rapid decline, 52% for the period 
from 1982 to 1984. This was followed 
by a steady, moderate increase until the 
1991 decrease. 

The average yearend wholesale 
purchase price of a fine-quality 1-carat 
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sapphire, paid by retail jewelers on a per 


stone or memo basis, was $1,600, a 14% | 


increase from that of 1989. The average 
value of sapphire imports increased 8% 
to $23.31 per carat. The average annual 
value of sapphire imports for the past 10 
years was $23.23 per carat, with a high 
of $27.97 in 1987 and a low of $18.50 in 
1984. The trend for the value of 
sapphire imports for the past 10 years 
was one of fluctuating increases and 
decreases. The 10-year period ended 
with the 1991 value 5% below the 1982 
value. 
The average yearend wholesale 
purchase price of a fine-quality 1-carat 
| emerald, paid by retail jewelers on a per 
stone or memo basis, was $2,750, the 
same as for 1989. The average value of 
emerald imports decreased 4% to $42.01 
per carat. The average annual value of 
emerald imports for the past 10 years was 
$55.65 per carat, with a high of $78.79 
in 1988 and a low of $35.06 in 1984. 
The trend for the value of emerald 
imports for the past 10 years was one of 
fluctuating increases and decreases from 


1982 through 1984. A steady moderate. 


growth followed until the 3 years of 
decline in 1989, 1990, and 1991. The 
average value in 1990 being about 76% 
of the 1981 value. (See tables 6 and 7.) 


Foreign Trade 


The value of exported exports plus 
reexports increased 9% to $1,712 
million, a record high. The quantity of 
cut diamonds exported and reexported 
increased slightly to 1,008,154 carats, 
and the value of diamond exported and 
reexported decreased slightly to $1,351.2 
million. The average annual quantity of 
cut diamonds exported and reexported for 
the past 10 years was 577,581 carats, 
with a high of 1,008,154 in 1991 and a 
low of 184,871 in 1982. The trend for 
the quantity of cut diamonds exported and 
reexported for the past 10 years was one 
of significant growth, 445%, from 1982 
to 1991. The average annual value of cut 
diamonds exported and reexported for the 
past 10 years was $734.6 million, with a 
high of $1,398.8 in 1990 and a low of 
$292.8 million in 1982. The trend for 
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the value for the past 10 years was one of 
fluctuating increase and decline over 3 
years, followed by 6 years of growth, 
32%, and then 1 year of slight decline. 
The period ended with value of exports 
and reexports 361% greater than at the 
start of the period. 

The value of other precious stones, cut 
but unset and other than diamonds and 
pearls, exported and reexported increased 
to $71.9 million. The 10-year trend for 
value of exports plus reexports of these 
types of gemstones was one of fluctuating 
increases and decreases, but one resulting 
in a significant overall total increase for 
the period. The value of exports and 
reexports of other precious stones not cut 
or set was $113.6 million. An additional 


. $22.1 million worth of other gemstones 


was exported or reexported during 1991. 

The value of synthetic gemstone 
exports plus reexports was $21.9 million. 
The 10-year trend for the value of exports 
plus reexports was one of extreme decline 
during the period between 1982 to 1988, 
followed by significant growth, 608%, 
during 1989-90, and then a significant 
decline in 1991. 

The value of natural, cultured, and 
imitation pearls, not set or strung, exports 
and reexports of pearls increased 
significantly to more than $4.2 million. 

The value of gems and gemstones 
imported increased slightly to $4,640.6 
million compared with those of 1990, but 
still below the 1989 record high of 
$5,115 million. The value of imported 
gem diamonds accounted for about 86% 
of the total. The average annual value of 
gems and gemstones imports for the past 
10 years was $4,027 million, with a high 
of $5,115 million in 1989 and a low of 
$2,384 million in 1982. 

The value of imported gem diamonds 
increased slightly to $3992.0 million 
compared with that of 1990, but below 
the 1989 record high of $4,358 million. 
The 10-year trend for the value of 
diamond imports was one of generally 
steady continuous growth until the decline 
in 1990 and the small growth in 1991 that 
resulted in current value still being less 
than that of 1988. Even with the 
downward adjustment, total increase for 
the period was 108%. During the period 


the value of imported uncut diamonds 
increased 91%, while the value of cut 
stones imported increased 111%. 

The imports of cut diamonds increased 
6% in quantity and 2% in value to 6.7 
million carats and $3,464.6 million, 
respectively. The average annual 
quantity of cut diamonds imported was 
6.9 million carats, with a high of 8.9 
million in 1989 and a low of 1.6 million 
carats in 1982. The trend for the 
quantity of cut diamond imports for the 
past 10 years was one of continued 
increases until the 1990 decline; the 
period still ended with imports 79% 
greater than at the beginning of the 
period. The average annual value of cut 
diamond imports was $2,929.2 million, 
with a high of $3,805.5 in 1989 and a 
low of $1,641.0 million in 1982. The 
trend for the value of cut diamond 
imports for the past 10 years was of 
strong growth and increases. The value 
at the end of the period was 111% greater 
than at the beginning. i 

The value of imports of other gem and 
gemstones, led by emerald, ruby, and 
sapphire, was $531.1 million, a decrease 
of about 5% compared with that of 1990. | 
Emerald imports increased slightly to 
$165.5 million. The average annual 
value of emerald imports for the past 10 
years was $155.3 million, with a high of 
$207.5 million in 1989 and a low of 
$120.8 million in 1982. The 10-year 
trend for the value of emerald imports 
was one of fluctuating increases and 
decreases resulting in a 37% increase for 
the period. 

The value of ruby imports decreased 
28% to $70.9 million from 1990’s 
record-high value for the past 10 years of 
$98.4 million. The average annual value 
of imports for the past 10 years was 
$74.9 million, with a high of $98.4 in 
1990 and a low of $58.7 in 1987. The 
10-year trend for import values was one 
of extreme fluctuations. The period 
ended with values having increased 21% 
from the 10-year low for the period. 

The value of sapphire imports was 
$81.6, essentially unchanged from that of 
1990. The average annual value of 
sapphire imports for the past 10 years 
was $81.7 million, with a high of $100.0 
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million in 1989 and a low of $63.3 
million in 1982. The 10-year trend for 
the value of imports was one of 
extremely fluctuating increases and 
decreases. The period ended with the 
value 29% greater than that at the 
beginning of the period. 

The value of imported gem materials 
other than diamond, emerald, ruby, and 
sapphire increased slightly to $213.1 
million. The average annual value of 
imports was $332.5 million, with a high 
of $429.5 in 1988 and a low of $210.3 in 
1990. The 10-year trend for the value of 
imports was one of fluctuating increases 
and decreases resulting in the period 
ending essentially at the same level that 
the period started. (See tables 8, 9, 10, 
11, and 12.) : 


World Review 


Diamond sales by De Beers Centenary 
AG was $3.93 billion in 1991, a decrease 
| of 6% compared with 1990 sales of $4.17 
billion. Sales during the second half of 
1991 were only $1.84 billion, 11% less 
than the $2.08 billion sales for the second 
half of 1990. A De Beers official stated 
that the reduction in sales was the result 
of the Persian Gulf war and the economic 
turndown in the United States. De Beers 
controls about 80% of the rough, uncut 
diamonds ‘sold in the world. Sales of 
colored stones remained strong. : 

In May, De Beers unveiled the 273- 
carat Centenary diamond, reportedly the 
largest top-colored, flawless diamond 
outside of the British Crown Jewels. The 
Centenary was cut from a 599-carat piece 
of rough recovered at the Premier Mine 
in the Republic of South Africa in 1986. 
Three years were spent in preparing, 
cutting, and polishing the modified heart- 
shaped stone. The Centenary is insured 
for more than $100 million. 

Natural diamond production occurs in 


Africa, Asia, Australia, and South 
America. The principal producing 
localities are as_ follows: in 


Africa—Angola, Botswana, Namibia, the 
Republic of South Africa, and Zaire; in 
Asia—U.S.S.R. (northeastern Siberia and 
in the Yakut A.S.S.R.); in Australia; 
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(tanzanite, garnet, 


and in South America—Venezuela and 
Brazil. (See table 13.) | 
Foreign countries in which major 
gemstone deposits (other than diamond) 
occur are Afghanistan (beryl, kunzite, 
ruby, tourmaline); Australia (beryl, opal, 
sapphire); Brazil (agate, amethyst, beryl, 
kunzite, ruby, sapphire, tourmaline, 
topaz); Burma (beryl, jade, ruby, 
sapphire, topaz); 
sapphire); Kenya (beryl, garnet, 
sapphire); Madagascar (beryl, rose 
quartz, sapphire, tourmaline); Mexico 
(agate, opal, topaz); Sri Lanka (beryl, 
ruby, sapphire, topaz); Tanzania 
ruby, sapphire, 
tourmaline); and Zambia (amethyst, 


beryl). 


Angola.—The Government of Angola’s 
diamonds company, Endiama, entered 
into a prospecting agreement with a 
Portuguese-Zairian consortium. The 
consortium is Sociedade Portuguesa de 


' Envestimentos and SAICAN;; both firms 


are privately held. It is reported that the 
Zairian firm may have links with 
President Mobutu Sese Seko of Zaire. 


The prospecting rights are along the 


Cuango River near the Angola-Zaire 
border, the same area included in the 
April diamond sales agreement between 
Angola and De Beers Centenary.° 


Australia.—Stirling Resources NL has 
entered into a joint venture with 
Sabminco NL on Stirling’s Boab Creek 
exploration license in West Kimberleys of 
Western Australia. Stirling has identified 
what is interpreted to be a potential 
kimberlite pipe and buried alluvial 
channel. The license is adjacent to 
Sabminco’s Diamond Mountain project 
area where Sabminco has recovered gem- 
quality diamonds from drill holes in a 
buried alluvial channel. 


Brazil.—The Director of the Brazilian 
Gem and Precious Metal Institute 
announced that he expected that exports 
of cut gems and uncut gemstones would 
be about $200 million for 1991. This 
would be an increase of 18% compared 
with 1990’s $170 million worth of 


Colombia (beryl, | 


exports. He is hopeful that exports will 


‘increase to as much as $500 million 


within 2 years. One reason for the 
increase in exports is that the domestic 
market is weak; in 1980 domestic 
purchases of gemstones was $800 million, 
in 1990 they were $360 million, and only 
$300 million in 1991. 


Canada.—Uranerz Exploration, | 
operator of its joint venture with Cameco, 
announced the recovery of additional 
diamonds from drill samples from the 
Fort a la Corne property. The latest 
stones recovered averaged 0.04 carat with 
the largest at 0.6 carat. Some on the 
stones recovered were of gem quality. 

Uranerz’s exploration program has 
identified 70 potential kimberlite pipes in 
a corridor that is 50 kilometers by 20 
kilometers from Price Albert to Nipawin 
in Saskatchewan. The first 15 sites tested 
proved to be kimberlites, and to date a 
total of 160 diamonds have been 
recovered from drill cores. Uranerz is 
playing down the exploration results, but 
experts are speculating on the possibility 
of a diamond mine in Saskatchewan by 
the end of the decade. Normally, 
geologists search for indicator minerals, 
minerals that form under the same 
conditions as diamonds, but at the Fort a 
la Corne property they found the actual 
diamonds in the drill samples. 

Dia Met Minerals Ltd. announced the 
results of the analysis of one drill hole on 
the Dia Met and BHP-Utah Mines Point 
Lake prospect, a 800-square-kilometer 
joint venture in the Northwest Territories. 
Analysis of a 59-kilogram sample of core 
taken from between 140 and 180 meters 
yielded 81 diamonds each less than 2 
millimeters in diameter. The drill hole 
was in a kimberlite pipe that is estimated 
to have a surface area of between 
162,000 and 324,000 square meters and 
to have a depth of 1 kilometer. The 
Point Lake prospect is about 480 
kilometers north of Yellowknife, the 
capital of Northwest Territories. The 
announcement has set off a rush to stake 
claims around the Point Lake prospect. 


China.—A_ 60.5-carat diamond was 
unearthed from the Wafangdian Mine in 
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Dalian city in northeast Liaoning 
Province. Since the Wafangdian Mine 
went into production in 1990 many 
diamonds more than 10 carats have been 
found.°  # 

Argyle Diamonds has opened a 
diamond cutting and polishing factory in 
China. The factory is a joint project 
between the Australian International 
Development Assistance Bureau and the 
China Pearl, Diamond, Gem, and Jewelry 
Import and Export Corp. 

The factory, about 30 kilometers from 
the center of Beijing, is one of the most 
modern and best equipped training 
factories in the world. It is planned for 
the factory to train about 900 cutters by 
the end of 1992. The factory began 
training with five Australian trained 


Chinese cutters and nine skilled 
international trainers recruited by 
Argyle.’ 


Cook Islands.—In June, about two- 
thirds of the 39,000 black pearls offered 
in the first full auction by Cook Islands 
Pearls Ltd. was sold. A total of 54 lots, 
with a reserve price of $2.7 million, was 
expected to bring more than $4.5 million. 
The highest successful bid for a single lot 
was $114,000 by Kikuchi Pearl Co. Ltd. 
of Japan.® 


Ghana.—The Government of Ghana, 
Lazare Kaplan of the United States, and 
Inco Ltd. of Canada have entered into an 
agreement to mine and market Ghanaian 
diamonds. This is the first privatization 
of the diamond industry under the current 
Government. The agreement was 2 years 
in the making. | 

The agreement calls for a two-phased 
mining plan, the first of which will take 
7 to 11 years to complete. The mine will 
be brought to a production level of about 
0.5 million carats per year. The second 
phase will bring the mine to a production 
level of about 1 million carats per year. 
Currently, the mine production is 
between 0.1 and 0.2 million carats per 
year. 

Murtob Mining Co. Ltd. of Akwatia 
purchased a diamond concentrating plant 
from Somerville Engineering Associates 
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of England. The plant is trommel and 
jig-grease tables style. 


Guinea.—Bridge Oil Inc.’s Aredor 
Mine recovered another 100-plus carat 
stone. Since 1986 the Aredor Mine has 
produced more than five stones more than 
100 carats. The latest stone was 192.9 
carats and estimated to be worth more 
than $2.0 million. The other large stones 
were; 100 carats sold in 1986 for $1.56 
million, 143 carats sold in 1987 for $3.65 
million, 181.77 carats sold in 1988 for 
$8.62 million, and a 255.6 carat sold for 
more than $10 million in 1989. The 
largest stone on record for the Aredor 
Mine was a nongem-quality 460-carat 
stone.° 


India.—Total rough diamond imports 
for 1991 increased 57% in volume to 
59,990,000 carats compared with those of 
1990, while the value decreased 0.5% to 
$1,990 million. The net polished 
diamond exports for 1991 totaled 
8,817,000 carats valued at $2,564 
million, an increase of 0.2% and a 
decrease of 5%, respectively, compared 
with those of the previous year. This 
reflected the demand for cheaper goods 
for most of the year. | 

Ashton Mining, an _ Australian 
company, negotiated an agreement with 
the Indian National Mineral Development 
Corp. to assist in the modernization of 
the Panna Mine. The mine produced 
about 20,000 carats of diamonds in 1991, 
and the modernization is intended to 
increase production by increasing the 
amount of ore processed. 


Indonesia.—Indonesian Diamond Corp. 
was delayed in the construction of its 
diamond plant in South East Kalimantan. 
The plant was ready for production in 
December 1991. The pilot plant, capable 
of running about 30 cubic meters per 
hour, processed material from the mine 
until the commercial plant was 
completed. The delay and cost overruns 
resulted in the plant costing about $1.1 
million more than the original estimate of 
$2 million. The first diamonds from the 
commercial operation, 2,200 carats, were 


sold for an average price of $191 per 
carat. It is planned to operate both plants 
in the coming year to process about 
54,000 cubic meters of ore per month and 
recover about 5,400 carats of diamonds 
each month. 


Israel.—Israel has established a joint 
venture involving the U.S.S.R. and 
Panama to polish and market emeralds | 
from the Ural area of the U.S.S.R. The 
joint venture will operate under the name 
Emural and have exclusive right on the | 
U.S.S.R. emeralds for the next 50 years. 
_ Two Israeli companies, Hargem and 
Izumrud, will supply the company with 
training as well as the polishing 
equipment and technology. Two factories 
were opened in the U.S.S.R. with about 
200 workers and 4 Israeli experts. The 
joint venture is expected to eventually 
supply about 20% of the world emeralds. 

The 1991 exports of polished diamonds 
from Israel were valued at $2,472 
million, an 11% decrease compared with 
those of 1990. During the year, 630 
diamond cutting factories employed more 
than 9,500 workers. | 


Namibia.—Consolidated Diamond 
Mines (CDM) began production at the 
open pit Elizabeth Bay Mine in June. It 
is planned that the mine will produce 
about 4 million tons of ore per year that 
will result in the recovery of about 
250,000 carats of diamonds. The 
production from the Elizabeth Bay Mine - 
will increase CDM’s annual production to 
about 1 million carats per year. During 
the expected 10-year life of the mine, the 
mine should produce about 2.5 million 
carats of diamonds. 

Monarch Minerals and Mining, Inc., a 
U.S. firm, announced production began 
at its new diamond mine in southeastern 
Namibia in July. The mine is located on 
Monarch’s 50-square-kilometer mining 
concession at the mouth of the Fish 
River. 


Tahiti.—Sales of black pearls at the 
14th International Pearls Sale in Papeete, 
Tahiti, were 48,771 pearls for $4.97 
million. These sales represented an 
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increase of 19% in the number of pearls 
sold, but the total value of sales 
decreased 17% and the average price per 
pearl decreased 30% compared with those 
of 1990. The pearls ranged in size from 
8.5 to 18 millimeters in diameter and 
were of much better quality than in recent 
years. There were 40 overseas buyers at 
the auction representing companies from 
6 different countries. 


Tanzania.—Late in the year the 
| Government of Tanzania urgently invited 
tenders from competent companies for 
mineral rights at the Merelani tanzanite 
| area, Arusha region. The tender areas 
are nine 200-meter by 300-meter blocks. 
The applicants must be experienced 
gemstone miners, processors, and 
marketers. Additionally, they must 
indicate the prospecting methods they 
intend to use, the availability of 
| equipment, the method of drilling, a 
detailed work program, _ security 
arrangement for the mine, and the 
financial commitment to the program. 
The successful applicants will be required 
to post a $25,000 bond. 


U.S.S.R.—Reports on Radio Moscow 
indicate the discovery of a major diamond 
field in Buryatskaya on the Soviet side of 
the Mongolian border. It is reported that 
more than 10 diamond-bearing sites in the 
eastern part of the Sayany Mountains 
were found. The discovery comes after 
30 years of small-scale prospecting in the 
region, during which small quantities of 
diamonds were found. 

The world’s biggest new source of 
diamonds in this century may be the five 
kimberlite diamond pipes near the village 
of Pomorie at Lamonsov in the North 
Russian oblast of Archangelsk. 
Development plans for the pipes are for 
two shafts to a depth of about 1,000 
meters, one on each side of the pipe. 
The cost to develop the five pipes, 
including the infrastructure and power 
station, is estimated to be $4 billion. 
Funds of the project will have to come 
from foreign sources or joint ventures. 

Tokyo Maruichi Shoji Co. (Maruichi) 
of Japan entered into a joint venture with 
the Yakut Autonomous Soviet Socialist 
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Republic for Maruichi to produce an 
unspecified amount of diamonds from the 
Republic for export to Japan. According 
to the agreement, approximately 10% of 
the diamonds will be cut and polished 
prior to export. This appears to be one 


step in the Yakut authorities taking 


control of the Republic’s diamond 
production from the central U.S.S.R. 
Government. 


Zimbabwe.—Auridium Consolidated NL 
of Australia has acquired the exploration 
license for the Ranch River diamond 
project that was forfeited by De Beers 
early in 1991. Kimberlitic Searches Ltd., 
a De Beers subsidiary, evaluated the 
project in the early 1980’s and found the 
diamond project was uneconomical at that 
time. Auridium and its partner, 
Cornerstone Investments, Ltd., believe 
that given the current diamond market the 
project may be economical during the 
1990’s. Evaluations will be undertaken 
to determine if the deposit is economical 
at this time. : 

Delta Gold NL of Australia has applied 
for exploration rights in eight diamond- 
bearing areas totaling about 4,600 square 
kilometers. The company already has 
completed a great deal of fieldwork in the 
selected areas. 


Current Research 


An oval jade cabochon in a ring offered 


to Sotheby’s Hong Kong Ltd. from its 


1990 jadeite jewelry auction was found to 
have been treated with a new procedure 
to improve its appearance. Testing by 
the Hong Kong Gems _ Laboratory 
discovered a coating that is a highly 
adhesive, colorless organic resin mixed 
with a chemical compound that makes it 
resistant to high temperatures. The 
Gemological Association of All Japan 
found an oval jade cabochon that had 
exceptionally good color, luster, and 
transparency that was poor-quality, white 
jadeite treated with a green resinous 
coating. The coatings can be identified 
by immersing the piece in methylene 
iodide and shining a bright light on the 
stone to display the thin transparent layer 
of the coating." 


OUTLOOK 


World demand for gem diamond can be 
expected to rise because of increasing 
effective personal incomes and _ the 
populations of the United States and other 
industrialized countries. Also, demand 
will increase because of highly effective 
promotional efforts. These promotions 
are changing social customs in many 
eastern countries, particularly the use of | 
diamond engagement rings. The changes 
are resulting in significant growth in the 
diamond market. | Demand for other 
precious gems will continue to grow as 
diamonds become more expensive and the 
popularity and acceptance of colored 
gemstones increase. Demand for 
synthetic and simulant gemstones for both 
personal and industrial consumption is | 
expected to increase. The diversity of 
sizes, types, uses, and values of gems 
and gemstones precludes any meaningful 
forecasting of future demand. 
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TABLE 1 


10.2 
1.5 
3.0 
5.8 

15.0 

17.0 

30.0 

13.0 

12.0 


Sept. 1982 2.5 
Apr. 1983 3.5 
Aug. 1986 7.5 
Nov. 1986 7.0 
Sept. 1987 10.0 
Apr. 1988 13.5 
Mar. 1989 15.5 
Mar. 1990 5.5 


DE BEERS’ CSO ROUGH DIAMOND PRICE INCREASES, BY 
PERCENTAGE 
Sept. 1949 25.0 —— Nov. 1967 16.0 Aug. 1973 
Mar. 1951 15.0 Sept. 1968 2.5 Dec. 1974 
Sept. 1952 2.5 July 1969 4.0 Jan. 1976 
Jan. 1954 2.0 Nov. 1971 5.0 Sept. 1976 
Jan. 1957 5.7 Jan. 1972 5.4 Mar. 1977 
May 1960 2.5 Sept. 1972 6.0 Dec. 1977 
Mar. 1963 $.0 Feb. 1973 11.0 Aug. 1978 
Feb. 1964 7.5 Mar. 1973 7.0 Sept. 1979 
Aug. 1966 75 May 1973 10.0 Feb. 1980 
TABLE 2 
DE BEERS’ CSO ROUGH 
DIAMOND SALES AND STOCKS 
Gillions of dollars) 
Year Sales Stocks 
1982 1.30 1.71 
1983 1.50 | 1.85 
1984 1.61 1.95 
1985 1.80 1.90 
1986 2.56 — 1.85 
1987 3.07 2.30 
1988 4.17 2.00 
1989 4.09 2.47 
1990 4.17 2.68 


1991 3.93 3.03 
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TABLE 3 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


‘cal Specifi Ref geese: May be Recog- 
Name Composition Color sie Cost? Mohs oe ae ‘ oe confused ce 
size’ gravity tion index with- charac- 
ters 
Amber Hydrocarbon Yellow, Any Low to 2.0-2.5 1.0-1.1 Single 1.54 Synthetic Fossil 
red, green, medium or pressed, _ resin, 
blue . plastics soft. 
Beryl: 

Aquamarine Beryllium Blue-green Any Medium 7.5-8.0 2.63-2.80 Double 1.58 Synthetic Double 
alluminum to light blue to high Spinel, blue _refrac- 
silicate topaz tion, 

refrac- 
tive 
. index. 

Emerald do. Green Medium Very 75 2.63-2.80 do. 1.58 Fused Emerald 

high "3 . emerald, filter, 

. glass, dich- 
tourmaline, roism, 
peridot, refrac- 
green tive 
garnet, index. 
doublets 

Emerald, do. do. Small High 7.5-8.0 2.63-2.80 do. 1.58 Genuine Flaws, 

synthetic emerald brilliant, 

fluor- 
escence 
in ultra- 
violet 
light. 
Golden do. Yellow to Any Low to 7.5-8.0 2.63-2.80 do. . 1.58 Citrine, 
golden medium topaz, 
glass, 
doublets 

Morganite do. Pink to rose Any do. 7.5-8.0 2.63-2.80 = do. 1.58 Kunzite, Refrac- 

tourmaline, tive 
pink index. 
sapphire 


Marble Calcium White, Any Low 3.0 2.72 Double 1.49-1.66  Silicates, Trans- 
carbonate _ pink, red, (strong) banded lucent. 
blue, green, agate, 
or brown alabaster 
gypsum 
Mexican onyx do. do. Any Low 3.0 2.72 ~~ do. 16 do. Banded, 
trans- 
lucent. 


EE ntti 
Chrysoberyl: 


Alexandrite Beryllium Green by U.S.S.R. High 8.5 3.50-3.84 Double 1.75 Synthetic Dich- 
aluminate day, red by (small), roism, 
artificial Sri Lanka inclu- 
light (medium) sions in 
synthetic 
sapphire. 


ETE enemeerememee ene aneeree re eee tenes 
See footnotes at end of table. 
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Name 


Composition 


Color 


TABLE 3—Continued 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


ve CU et EdIEEEEESE EE EESEEEE Sagan 


Practical 
size' 


Cost? 


Specific 


Mohs F 
gravity 


Refrac- 
tion 


‘ May be 
Refractive confused 
index : 
with- 


Recog- 
nition 
charac- 
ters 


a 


Chrysoberyl— 
Continued: 
Catseye 


Chrysolte 


Coral 


Beryllium 
aluminate 


do. 


Calcium 
carbonate 


Greenish to 
brownish 


Yellow, 
green, 
and/or 
brown 
Orange, 
red, white, 
black, or 
green 


Small to High 
large 

Medium Medium 
Branching, Low 
medium 


8.5 3.50-3.84 Double 
8.5 3503.84 do. 
3.5-4.0 262.7 do. 


1.75 Synthetic, 
shell 


_ 1.75  Tourma- 
line, 
peridot 


.  1.49-1.66 False coral 


Gravity 
and 
trans- 
lucence. 
Refrac- 
tive 
index, 
silky. 
Dull 
trans- 
lucent. 


a 


Corundum: 
Ruby 


Sapphire 


Sapphire, 
fancy 


Sapphire and 
ruby stars 


Sapphire or 
ruby synthetic 


Diamond 


Aluminum 


oxide 


do. 


do. 


do. 


do. 


Carbon 


Rose to 
deep 
purplish red 


Blue 


Yellow, 
pink, white, 
orange, 
green, or 
violet 


Red, pink, 
violet blue, 
or gray 


Yellow, 
pink, or 
blue 


White, 
blue-white, 
yellow, 
brown, 


green, pink, 


blue 


Small 


Very 
high 
Medium High 


Mediumto Medium 
large 


do. High to 
low 
Up to 20 Low 
carats 
Any Very 
high 


9.0 3.95-4.10 
9.0 3.95-4.10 
9.0 3.95-4.10 
9.0 3.95-4.10 
9.0 3.95-4.10 


10.0 3.516-3.525 Single 


do. 


do. 


do. 


do. 


do. 


1.78 Synthetics, 
including 
spinel 


1.78 do. 


1.78 Synthetics, 
glass and 
doublets 


1.78 Star quartz, 
synthetic 
stars 


1.78 Synthetic 
spinel, 
glass 


2.42 Zircon, 
titania, 
cubic 
zirconia 


Inclu- 
sions, 
fluor- 
escence. 
Inclu- 
sions, 
double 
refrac- 
tion, » 
dich- 
roism. 
Inclu- 
sions, 
double 
refrac- 
tion, 
refrac- 
tive 


_ index. 


Shows 
asterism, 
color on 
side 


- view. 


Curved 
striae, 
bubble 
inclu- 
sions. 
High 
index, 
-disper- 
sion, 
single 
refrac- 
tion, 
hardness, 
cut, 
luster. 


a 
See footnotes at end of table. 3 


GEMSTONES— 1991 


635 


_ ‘TABLE 3—Continued . ; 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


nnn LL TTT CC LT TT ASA EES 


: “6 Ref aehecn Maybe Revcg- 
Name Composition Color pvarteal Cost? Mohs SP aes eos sea confused ei 
size | gravity tion index with- charac- 
ters 
Feldspar: se 
Amazonstone Alkali Green Large Low 6.0-6.5 2.56 — 1.52 Jade Cleav- 
. aluminum- age, 
silicate sheen, 
vitreous 
to pearly, » 
opaque, 
grid. 
Labradorite Alkali Gray with Large Low 6.0-6.5 2.56 — 1.56 Jade Cleav- 
aluminum- blue and: age, _ 
silicate — bronze sheen, — 
sheen color vitreous 
play to pearly 
opaque, 
grid. 
Moonstone do. White do. Low 6.0-6.5 2.77 —  1.52-1.54 Glass or Blue 
| white onyx _ sheen, 
opal- 
escent. 
Garnet Complex Brown, — Small to Low to 6.5-7.5 3.15-4.30 Single 1.79-1.98 Synthetics, Single 
silicate black, - medium high . strained spinel, refrac- 
yellow, glass tion, 
green, ruby anom- 
red, or alous 
orange . strain. 
Jade: | | 
“Jadeite  — do. Green, Large Low to 6.5-7.0 3.3-3.5 Crypto- —1.65-1.68 Onyx, ‘Luster, 
yellow, very crystal- bowenite, spec- 
black, high line vesu- trum, 
white, or vianite, trans- 
mauve grossularite lucent to 
opaque. 
Nephrite Complex do. do. do. 6.0-6.5 2.96-3.10 do. 1.61-1.63 do. Do. 
hydrous 
silicate 
Peridot Iron Yellow Any Medium 6.5-7.0 3.27-3.37 Double 1.65-1.69 Tourmaline Strong 
magnesium and/or (strong) chryso- double 
silicate green beryl refrac- 
tion, low 
dich- 
roism. 
Opal Hydrous Colors flash Large Low to 5.5-6.5 1.9-2.3 Iso- — 1.45 Glass, Play of 
silica in white high tropic synthetics, color. 
gray, black, triplets 
red, or 
yellow 
Pearl Calcium White, pink, Small do. 2.5-4.0 2.6-2.85 — — Cultured Luster, 
carbonate or black and struc- 
imitation ture, 
X-ray. 


eee 


See foomotes at end of table. 
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TABLE 3—Continued 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


: : ose May be Rese: 
Name Composition olor Pees Cost? Mohs Specific Refrac- Refractive echieed | nition 
size gravity tion index with- charac- 
ters 
Quartz: 
Agate Silica ~ Any color Large Low 70 2.58-2.64 — — Glass, Crypto- 
. . plastic, crystal- 
Mexican line, irre- 
onyx gularly 
banded, 
dendritic 
inclu- 
. sions. 
Amethyst do. Purple do. Medium 7.0 2.65-2.66 Double 1.55 = do. Refrac- 
tive 
index, 
double 
refrac- 
tion, 
trans- 
parent. 
Cairngorm do. Smoky do. Low 7.0 2.65-2.66 do. 1.55 do. Do. 
Citrine do. Yellow do. Low 7.0 2.65-2.66 do. 1.55 = do. Do. 
Crystal, rock do. Colorless do. Low 7.0 2.65-2.66 do. 155 do | Do. 
Jasper do. Uniform or do. Low 7.0 2.58-2.66 —_- — do. Opaque, 
spotted red, vitreous. 
. yellow, or . 
Onyx do. Many - do. Low 7.0 2.58-2.64 — _ do. Uni- 
colors ; formly 
banded. 
Rose do. Pink, rose do. Low 7.0 2.65-2.66 Double 1.55 do. Refrac- 
red tive 
index, 
double 
refrac- 
tion, 
trans- 
lucent. 
Spinel Magnesuim Any Small to Medium 8.0 3.5-3.7 Single 1.72 Synthetic, Refrac- 
aluminum medium garnet tive 
oxide. index, 
single 
refrac- 
tion, 
inclu- 
sions. 
Spinel, do. Any Up to 40 Low 8.0 3.5-3.7 Double 1.73 Spinel, Weak 
synthetic carats corundum, double 
beryl, refrac- 
topaz, tion, 
alexandrite curved 
striae, 
bubbles. 


Kunzite Lithium Pink to lilac Medium Medium 6.5-7.0 3.13-3.20 Double 1.66 Amethyst,  Refrac- 
aluminum morganite tive 
silicate index. 


a 
See footnotes at end of table. 
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GUIDE TO SELECTED GEMSTO 


TABLE 3—Continued 


NES AND GEM MATERIALS USED IN JEWELRY 
Recog- 
: . ; , May be os 
Name Composition . Color meactcal Cost? Mohs SP os Relier Refractive pee ae eee 
size gravity tion index with- charac- 
ters 


gL A en pereensennenannnneerees 


Spudumene— 
Continued: 


Hiddenite 


Tanzanite 


Topaz 


Tourmaline 


Turquoise 


Zircon 


Lithium 
aluminum 
silicate 
Complex 
silicate 


do. 


do. 


Copper 
aluminum 
phosphate 


Zirconium 
silicate 


Yellow to 
green 


Blue 


White, 
blue, green 


All, 
including 
mixed 


Blue to 
green 
phosphate 


White, 
blue, or 
brown, 
yellow, or 
green 


Medium 
Small 
Medium 


do. 


Large 


Small to 
medium 


Medium 
High 
Low to 


medium 


do. 


Low 


Low to 
medium 


6.5-7.0 
6.0-7.0 
8.0 


7.0-7.5 


6.0 


6.0-7.5 


3.13-3.20 Double. 


3.30. do. 
3.43.6 do. 
2.98-3.20 do. 
2.60-2.83 do. 


4.0-4.8 Double 
(strong) 


1.69 


1.62 


1.63 


1.63 


1.79-1.98 


Synthetic 
spinel 


Sapphire, 
synthetics 


Beryl, 
quartz 


Glass, 


plastics 


Glass, 
plastics 


Diamond, 
synthetics, 
topaz, 
aquamarine 


Refrac- 
tive 
index. 
Strong 
trich- 
roism. 
Refrac- 
tive 
index. 
Difficult. 
if matrix 
not 
present, 
matrix 
usually 
limonitic. 
Difficult 
if matrix 
not 
present, 
matrix 
usually | 
limo- 
nitic. 
Double 
refrac- 
tion, 
strongly 
dichroic, 
wear on 
facet 
edges. 


a 


'Small—up to S carats; medium—up to 50 carats; large—more than 50 carats. 
"Low—up to $25 per carat; medium—up to $200 per carat; high—more than $200 per carat. 
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TABLE 4 
SYNTHETIC GEMSTONE PRODUCTION METHODS 


VALUE OF 1991 U.S. 


GEMSTONE PRODUCTION, 
aes ee Csinaiy ay > 4 BY GEM MATERIALS 
Ruby Flux Chatham 1950’s Gem materials Value 

Do. do. Kashan 1960’s Agate $535,000 

‘ do. Knischka 1980's Beryl 450,000 

Do. do. J.O. Crystal 1980’s Coral (all types) 63,000 

(Ramaura) Garnet 251,000 

Do Zone melt , Seiko 1980's Gem feldspar 1,485,750 

Do. Melt pulling Kyocera 1970’s Geode/nodules 769.640 

(Inamori) - : 

Do. Verneuil Various producers 1900’s pee eene irae 

Star ruby do. Linde 1940’s saree rahe ati 

(iv. of Union Carbide) Obsidian 18,000 

Do. Melt pulling Kyocera 1980’s Opal 579,300 

Do. do. Nakazumi 1980's Peridot 1,757,000 

Sapphire Flux Chatham 1970's Penaee soos 462,500 

Do Zone melt Seiko 1980’s Quartz 5,197,300 

Do. ~ Melt pulling Kyocera 1980’s Sapphire/ruby 3,282,000 

Do Verneuil - Various producers 1900’s - | Topaz 126,600 

Star sapphire Verneuil Linde 1940’s Tourmaline 629,000 

Emerald Flux Chatham | 1930's Turquoise ___ 10,800 

Do. do. Gilson 1960's Total 16,647,290 
Do. do. Kyocera 1970’s 
Do. do. Seiko 1980's 
Do. do. Lennix 1980’s 
Do. do. U.S.S.R. 1980’s 
Do. Hydrothermal Lechleitner 1960’s 
Do. do. Regency 1980’s 
Do. do. Biron 1980’s 
Do. do. U.S.S.R. 1980's 
Alexandrite Flux Creative crystals 1970's 
Do. Melt pulling Kyocera 1980’s 
Do. Zone melt Seiko 1980’s 


i 
Cubic zirconia Skull melt Various producers 1970’s 
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TABLE 6 
PRICES OF U.S. CUT DIAMONDS, BY SIZE AND QUALITY 
Carat Description, Clarity? ee Average* 
weight color’ (GIA terms) Jan. 1990-Jan, 1991 July 1991 
0.25 G VS1 $1,400 -$1,400 $1,400 
.25 G VS2 1,200 -1,200 1,200 
.25 G SIl 970 = -970 970. 
25 H VSI 1,200 -1,200 1,200 
25 H Vs2 1,100 -1,100 1,100 
25 H sll 950  -950 950 
.50 G VS1 2,700 -2,700 2,700 
50 G VS2 2,500 -2,500 2,500 
50 G SIl 2,300 -2,300 2,300 
50 H VSI 2,600 -2,600 2,600 
.50 H VS2 2,400 -2,400 2,400 
50 H Sli 2,100 -2,100 2,100 
75 G VS1 3,500 -3,500 3,500 
75 G VS2 3,200 -3,200 3,200 
-75 G SI1 2,800 -2,800 2,800 
75 H VS1 3,000 -3,000 3,000 
75 H VS2 2,700 -2,700 2,700 
75 H SI1 2,500 -2,500 2,500 
1.00 G VS1 4,600 -4,600 4,600 
1.00 G VS2 4,100 -4,100 4,100 
1.00 G Sil 3,500 -3,500 3,500 
1.00 H vs! 4,100 -4,100 4,100 
1.00 H VS2 3,600 -3,600 3,600 
1.00 H SI1 3,200 -3,200 3,200 


‘Gemological Institute of America (GIA) color grades: D--colorless; E--rare white; G-H-I--traces of color. 
"Clarity: IF—no blemishes; VVS1--very, very slightly inchuded; VS--very slightly included; VS2--very slightly included, but not visible; 


SIl—slightly included. 


*Jeweler’s Circular-Keystone, V. 163, No. 3, Feb. 1991. 
‘Jeweler’s Circular-Keystone, V. 162, No. 9, Sept. 1991. 


TABLE 7 


PRICES OF U.S. CUT COLORED GEMSTONES, BY SIZE! 


Gemstone 


Amethyst 
Aquamarine 
Emerald 

Garnet, tsavorite 
Ruby 

Sapphire 
Tanzanite 

Topaz 
Tourmaline, red 
‘Fine quality. 


Carat 
weight 


Average price per 


Price range carat? 

per carat 

in 1991? oe oe 

1990 1991 

1 $6 -$18 $13.00 $13.00 
1 100 -250 175.00 175.00 
1 1,900 -3,500 2,750.00 2,750.00 
1 500 -800 750.00 750.00 
1 3,000 -4,000 3,500.00 3,900.00 
1 800 -2,000 1,400.00 1,400.00 
1 250 -350 262.50 210.00 
1 6 -12 9.00 9.00 
1 60 -125 92.50 92.50 


*Jewelers’ Circular-Keystone. V. 162, No. 12, Oct. 1991, p. 119. These figures represent a sampling of net prices that wholesale colored 
stone dealers in various U.S. cities charged their cash customers during the month for fine-quality stones. 
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TABLE 8 . 
U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF INDUSTRIAL DIAMOND), BY COUNTRY 


| 1990" . 1991 
(carats) (millions) (carats) (millions) 

Exports and reexports: . 
Belgium 305,621 $274.0 787,290 $341.7 
Canada . 81,072 40.8 303,492 32.0 
France. | 9,280 | 14.7 8,746 | 23.7 
Hong Kong 163,591 316.5 118,966 267.6 
Israel 254,240 222.3 260,924 238.3 
Japan 110,024 283.6 107,285 | 195.5 
Singapore 4,766 20.2 | | 19,550 27.5 
Switzerland 82,937 | 131.6 43,456 143.3. 
Thailand 53,327 45.5 35,019 39.3 
United Kingdom 83,358 47.2 — :12,682 37.6 
Other 67,204 36.2 142,173 36.1 

Total . 1,215,420 | 1,432.6 . 1,839,583 24,382. 
‘Revised, 
‘Customs value. 


Data do not add to total shown because of independent rounding. 


Source: Bureau of the Census. 
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TABLE 9 


U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY 


Kind, range, and 
country of origin 
Rough or uncut, natural:? 

Belgium 

Brazil 

Israel 

Netherlands 

South Africa, Republic of 

Switzerland _ 

United Kingdom 

Venezuela 

Other 

Total 


Cut but unset, not more than 0.5 carat: 


Belgium 
Brazil 
Canada 
Hong Kong 
India 
Israel 
Netherlands 
South Africa, Republic of 
Switzerland 
United Kingdom 
Other 
Total 
Cut but unset, more than 0.5 carat: 
Belgium 
Hong Kong 
India 
Israel 
Netherlands 
South Africa, Republic of 
Switzerland 
United Kingdom 
Other 


Total 
"Revised. 
‘Customs valuc. 
7Includes some natural advanced diamond. 


Source: Bureau of the Census. 
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Quantity 
(carat) 


104,544 
10,547 
11,769 

5,552 
458 
1,653 

300,579 

73,423 
779,530 


1,223,055 


‘169,047 
17,168 
7,232 
176,077 
2,946,261 
471,820 
4,363 
8,326 
12,894 
5,593 
80,997 


4,499,778 


516,109 
15,811 
181,619 
983,684 
10,844 
5,792 
14,484 
28,288 
48,550 


1,805,181 


1990 


Value! 
(millions) 


$26.1 
1.2 
5.4 
12.1 
io 
3.6 


39.8 


1,428.5 


651.1 
32.8 
113.0 
942.0 
24.9 
11.5 
70.3 
52.6 
57.7 


1,955.9 


Quantity 
(carat) 


455,621 
106,396 
17,097 
18,334 
13,787 
64,717 
625,965 
20,580 
460,339 


1,782,836 


789,422 
41,626 
4,419 
132,735 
3,373,905 
727,175 
5,612 
16,517 
21,237 
1,424 
86,601 


5,200,673 


592,530 
14,196 
41,316 

783,799 

4,491 
5,291 
23,766 
9,018 
23,553 


1,497,960 


Value! 
(millions) 


$40.7 
9.8 
10.3 
9.2 
7.6 


1.7 
10.0 
6.2 
7 
20.9 


1,550.7 


793.9 
34.5 
33.8 

834.4 
13.8 
12.2 

115.2 
34.8 
41.3 


1,913.9 
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TABLE 10 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN DIAMOND, BY KIND AND COUNTRY 


1990 1991 
Kind and country ——Quantiy ~*~‘ adie” "Quantity ~~ Value!’ 
(carats) _ (millions) _ (carats) (millions) 
Emerald: 
Belgium 21,217 $1.1 10,782 $1.6 
Brazil 1,189,248 6.3 1,554,717 6.7 
Colombia 382,051 58.2 212,818 51.5 
France 10,202 2.5 7,456 3.0 
Germany, Federal Republic of 44,811 2.1 19,828 2.2 
Hong Kong 156,111 13.2 114,521 13.4 
India 1,317,886 24.7 1,298,384 22.7 
Israel 93,973 20.6 134,178 21.3 
Japan 2,769 2 2,946 7 
South Africa, Republic of 52 C) 206 0.3 
Switzerland 144,394 18.9 66,283 23.3 
Taiwan 4,533 2 414 1 
Thailand 291,458 7.4 483 037 12.6 
United Kingdom 9,722 2.6 8,755 9 
Other 51,962 "4.3 24,980 5.1 
Total? 3,720,389 162.4 3,939,305 165.5 
Ruby: <= se 
Belgium 4,250 4 8,127 1.3 
_ Brazil 1,562 1 11,517 5 
Colombia 346 l 145 ro) 
_ France 3,340 2.2 4,686 39 
Germany, Federal Republic of 11,580 38 15,438 1.6 
Hong Kong 49,175 5.3 38,030 4.4. 
India 313,583 2.3 455,938 1.9 
Israel 12,857 1.1 10,736 38 
Japan 13 0) «647 5 | 
Switzerland 190,056 26.6 72,979 . 16.5 
Thailand 1,323,506 46.6 1,715,511 37.3 
United Kingdom 66,831 6.5 12,089 3.2 
Other 42,991 6.3 32,128 2.4 
Total’ 2,020,090 98.4 2,377,971 70.9 
Sapphire: eo = 
Australia 3,013 a2 3,963 3 
Austria 202 9) 603 C) 
Belgium 14,131 5 5,044 1.3 
Brazil 2,827 Al 7,932 4 
Canada 2,126 2 8,109 4 
Colombia 1,328 °) 111 () 
France 2,409 1.9 4,695 13 
Germany, Federal Republic of 44,834 29 21,882 8 
Hong Kong 83,519 3.9 141,486 6.2 
India 101,510 8 59,588 6 
Israel 26,140 1.5 10,723 8 
Japan 7,666 1 6,536 5 
Korea, Republic of 204 0) 1,980 @) 


See footnotes at end of table. 
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TABLE 10—Continued 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN DIAMOND, BY KIND AND COUNTRY 


. 1990 , 1991 
Kind and country Quantity ==—~—S~*~<C:*«‘ td Quantity =—=—=S=SS*~*«w ade 
(carats) ~ (millions) (carats) (millions) 
Sapphire—Continued | } | 
Singapore 4,931 $0.6 . 833 $0.4 
Thailand 3,248,891 $1.2 3,122,987 46.1 
United Kingdom : | 11,135 1.8 15,895 | 1.4 
Other 44,113 LG 14,062 9 
Total? 3,796,764 81.9 3,501,548 81.5. 
Other: a ee sn ae eae 
Rough, uncut: 
Australia 1.7 . 1.1 
Brazil — | | : "41.5 35.2 
Colombia 2.4 . 1.4 . 
Hong Kong 2.0 2.0 
Nigeria . a a 
Pakistan NA 4 NA ry ae 
South Africa, Republic of 4 6 
Switzerland . 3.5 1.0 
United Kingdom Be ee 4 1.2 
Zambia | | 13 | 8 
Other 15.9 11.8 
Total | | NA 67.9 NA 56.0 
Cut, set and unset: aie en te oe ae 
Australia . 6.1 3.2 
Brazil = ee : 8.6 9.3 
Canada . 4 2 
China 71.4 8 
Germany, Federal Republic of 719.5 15.2 
Hong Kong "17.6 16.4 
India NA 5.6 NA 7.4 
Japan *10.0 9.3 
Switzerland . 1.7 1.1 
Taiwan 3.1 2.8 
Thailand 40.9 72.3 
United Kingdom 2.1 2.1 
Other 719.8 14.4 
Total® NA 136.8 NA 154.7 
Revised. NA Notavallable, 0 
‘Customs valuc. 
"Lees than 1/10 unit. 


*Data may not add to totals shown because of independent rounding. 


Source: Bureau of the Census. 
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TABLE 11 
VALUE OF U.S. IMPORTS OF 
SYNTHETIC AND IMITATION 
GEMSTONES, INCLUDING 
PEARLS, BY COUNTRY _ 
Stones" 
(Million dollars‘) Quantity Value! 
. Diamonds: . . 
Country 1990 1991 Rough or uncut 1,223 570,750 
Synthetic, cut but unset: Cut but unset 6,305 3,384,472 
Austria 3.6 3.4 | Emeralds: Cut but unset 3,720 162,375 
France 38 1.9 | Coral and similar materials, unworked 2,792 7,504 
Germany, Federal Republic of 9.6 8.7 | Rubies and sapphires: Cut but unset 5,817 180,375 
Japan 6 -7 | Pearls: 
Korea, Republic of | 5.5 4.9 Natural NA 3,734 
Switzerland 3.1 2.8 Cultured NA 19,097 
Thailand 7.0 16.0] Imitation NA 3,814 | 
Other 2.4 4.4] Other precious and semiprecious stones: , 
Total “32.6 42.8 Rough, uncut NA *§5,436 
Imitation: fore Cut, set and unset ‘NA ™113,949 
Austria 53.9 58.7 Other NA 6,727 
Czechoslovakia 1.9 4.1 Synthetic: | 
Germany, Federal Republic of 1.6 1.8 Cut but unset 113,367 32,649 
Japan 2.0 1.5 Other NA 1,911 
Other 5.0 3.0 Imitation gemstone NA 60,594 
Total 64.4 69.1 Total? XX  *4,603,388 
"Revised. "Revised. NA Not available. XX Not applicable. 
‘Customs value ‘Customs value 
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TABLE 12 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES 


(Thousand carats and thousand dollars) 


Quantity 


1,783 
6,699 
3,939 
2,556 
5,880 


NA 
NA 
NA 


NA 
NA 
NA 


148,173 
NA 
NA 


XX 


1991 


Value! 


66,649 


4,634,656 
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TABLE 13 
DIAMOND: WORLD PRODUCTION, BY TYPE AND COUNTRY' 


(Thousand carats) 
1987 1988 | 1989 
coy Gem? ae Total Gem’ as Total ge Gem’ hares Total Syme: 
| trial trial trial ad 

Angola® | 180 10 190 950 50 1,000 = 1,165 80 ‘1,245 = 
Australia «13,650 «16,683 30,333. «= s«17,413 «17,413 34,826 | — 17,540 17,540 35,080 = 
Botswana § 9,368 3,840 13,208 10,660 4,569 15,229 = 10,676 4,576 15,252 = 
Bail ==——sti(‘é‘;!;C*!«( 800 00 500353 180 533 — 350 150 500 — 
Central African Republic 304 108 412 284 59. 343 = 334 81 45 = 
Chin® s—™t 200 800 1,000 200 800 1,000 15,000 200 800 1,000 15,000 
Céte d’Ivoire® 5 15 6 21 8 3 11 a 9 3 12 a 
Czechoslovakia® i (“ai = = ae 5,000 - = - 5,000 
Franceott—~S = = = = oa — ——- 4,000 ans = = 4,000 
Ghana® 65 400 465 "78 181 259 — 86 "201 "287 _ 
Greece’ _ — = — _ _ 1,000 . ad _ _ 1,000 
Guinea® | 163 12 - 175 136 10 146 — 138 10 148 = 
Guyana 2 5 7 1 3 4 ; — 3 5 8 _ 
India 16 3 19 11 3 4 —_ 3 12 6 — 
Indonesia’ 7 22 29 ‘a > 29 = 7 25 32 as 
Ireland? a = = as = és 60,000 = = — 60,000 
Japan® —. _ — — - == 25,000 _ _ _ 25,000 
Liberia 112-183 295 67 100 167 ne: 93 155 = 
Namibia 971 50 ~—:1,021 7390 "48 938 = 910 17 927 af 
Romania®& _ - _ _ _ _ 5,000 _ - _ 4,500 
Sierra Leone‘ 150 7S 225 12 6 18 —_ 90 39 129 _ 
South Africa, Republic of: Reet, oe eee ey ee eres Fe _———) 
Finsch Mine 1,455 2,701 = 4,156 1,372 2,548 3,920 és 1,613 2,997 4,610 = 
Premier Mine 772 1,713 2,485 696 1,543 2,239 a 689 1,526 2,215 = 
Other De Beers’ . 

properties’ 1,427 546 —-:1,973 1,388 531 ‘1,919 = 1,360 520 ‘1,880 = 
Other 409 30 439 361 65 426 = 348 63 411 se 

Total 4,063 4,990 9,053 3,817 4,687 8,504  °55,000 4,010 5,106 9,116 60,000 
Swaziland 48 32 *80 44 29 73 —- 33 22 55 = 
Sweden® — _ _ _ _ _ 25,000 — — —_ 25,000 
Tanzania (it—~S "87 "37 "124 60 26 "86 = "53 23 76 = 
U.S.S.R.° 7,400 7,400 14,800 7,500 7,500 15,000 41,500 7,500 7,500 15,000 41,500 
United States —_ ~ — — — _ WwW _ _— = WwW 
Venezuela 38 68 106 54 74 128 ae 70 185 255 = 
Yugoslavia® - _ - _ —_— _ 5,000 — _ _ 5,000 
Zaire 3,885 15,540 19,425 2,724 15,439 18,163 = 2,663 15,092 17,755 = 
Total “41,024 50,464 "91,488  *45,269 °51,202 96,471 241,500 45,902 51,560 97,462 246,000 


See footnotes at the end of table 
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TABLE 13—Continued 
DIAMOND: WORLD PRODUCTION, BY TYPE AND COUNTRY’ 


(Thousand carats) 
1990 . 1991° 
Natural Natural 
seus Gem? indus- ‘Total Sy aa Gem? indus- Total sy othe: 
trial ic . trial tic 

Angola® 1,215 "85 1,300 _— 1,215 85 1,300 — 
Australia 17,331 17,331 34,662 — 17,978 17,978 “35,956 — 
Botswana 12,146 5,206 17,352 —_ 12,000 6,000 18,000 —_ 
Brazil 600 00 ™1,500 _— 600 900 1,500 _ 
Central African Republic 303 "78 "381 _ 300 70 370 — 
China’ 200 800 1,000 15,000 200 800 1,000 15,000 
Céte dIvoire’ * 9 3 12 — 11 4 15 - 
Czechoslovakia*® — — — 5,000 — — _ 5,000 
France® - — — 4,000 _ — — 4,000 
Ghana‘ 191 446 7637 _ 210 490 700 _ 
Greece® _ eed — 1,000 = _ _ 1,000 
Guinea® 130 5 °135 . — 85 6 91 — 
Guyana 3 5 . 8 — 3 5 8 — 
India 3 12 15 _ 3 12 15 —_ 
_ Indonesia’ 7 23 30 ~~ 8 24 32 =- 
Ireland® _ — — 60,000 —_ — _ 60,000 
Japan’ _ _ ae 25,000 —_ —- _ 30,000 
Liberia 40 60 *100 _ 40 60 100 _ 
Namibia 7745 16 761 — 1,170 — 24 “1,194 _ 
Romania® . - _ — 4,500 _ — — 4,500 
Sierra Leone® "66 12 78 — 175 68 243 _ 
South Africa, Republic of: oe. Fe ee eS a ie ——s 
Finsch Mine — 1,462 2,716 4,178 — 1,500 2,500 4,000 — 
Premier Mine 724 1,604 — 2,328 — 700 1,500 2,200 _ 

Other De Beers’ 
properties’ 1,240 474 1,714 _ 1,200 500 1,700 ~_ 
Other 400 "88 488 _ 400 112 $12 _ 
Total 3,826 4,882 8,708 °60,000 3,800 4,612 "8,412 60,000 
Swaziland 25 ae *42 — 18 12 30 _ 
Sweden® — _ — 25,000 _ _ _ 25,000 
Tanzania 59 26 85 _ 56 24 80 _ 
U.S.S.R.° 7,500 7,500 15,000 41,000 7,500 7,500 15,000 60,000 
United States — — — Ww _ _ - 90,000 
Venezuela 88 245 333 _ 90 250 340 — 
Yugoslavia® - _ _ 5,000 — _ _ 5,000 
Zaire 2,914 16,513 "19,427 _ 3,000 17,000 20,000 — 
Total "47,401 54,165 101,566 245,500 48,462 $5,924 104,386 359,500 


“Estimated. ‘Revised. W Withheld to avoid disclosing company proprictary data. 

"Table inchxles data available through May 19, 1992. Total diamond output (gem plus industrial) for each country actually is reported, except where indicated by a footnote to be estimated. In contrast, the 
detailed separate production date for gem diamond and industrial diamond are U.S. Bureau of Mines estimates except for Australia (1987), Brazil (1987-90), and Central African Republic (1987-90), for which 
source publications give details on grade as well as totals. The estimated distribution of total output between gem and industrial diamond is conjectural, and for most countries, is based on the best available data 


SFigures are estimates based on reported exports and do not include smuggled diamonds. 
7Other De Beers’ Group output from the Republic of South Africa includes Kimberley Pool, Kofficfonicin Mince, Namaqualand mines, and Venctia mines. 
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FIGURE 1 
PRINCIPAL FORMS OF CRYPTOCRYSTALLINE AND CRYSTALLINE GEMSTONE CUTS 
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GEMSTONES 


By Gordon T. Austin 


Mr. Austin, a physical scientist with more than 30 years of industry and Government experience, has been the gemstones 
commodity specialist since 1986. Ms. Kelly Dorney of the Branch of Data Collection and Coordination prepared the domestic 


production survey data. 


Webster’s dictionary defines a gem "as 
any jewel, whether stone, pearl or the 
like, having value and beauty that are 
intrinsic and not derived from its setting; 
a precious or, sometimes, a semiprecious 
stone cut and polished for ornament. A 
stone of value because it is carved or 
engraved, as a cameo or intaglio." 
Additionally, the dictionary states that 

| gemstone or gem material is a stone or 
material from which a gem may be cut. 
In less formal or common terms a gem, 
gemstone, or gem material may be 
described as specimens of minerals or 
Organic materials used for personal 
adornment, display, or to manufacture 
objects of art because they possess 
beauty, rarity, and durability. 

In 1992, the value of natural 
gemstones from deposits in the United 
States was $66.2 million, a decrease of 
22% compared with that of 1991. 
Production of gemstones included faceting 
rough, lapidary rough, carving material, 
specimen material, natural and cultured 
freshwater pearls, mother of pearl, fossil 
ivory, amber, and coral. 

Synthetic gemstones are grown in the 
laboratory but have essentially the same 
appearance and optical, physical, and 
chemical properties as the natural 
material that they represent. Synthetic 
gemstones produced in the United States 
include alexandrite, coral, diamond, 
emerald, garnet, lapis lazuli, quartz, 
ruby, sapphire, spinel, and turquoise. 
Simulants are laboratory grown gem 
materials that have an appearance similar 
to that of a natural gem material but have 
different optical, physical, and chemical 
properties. The gemstone simulants 
produced in the United States include 
coral, cubic zirconia, lapis lazuli, 
malachite, and turquoise. Additionally, 
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certain colors of synthetic sapphire and 
spinel, used to represent other gem 
stones, would be classed as simulants. 
Colored and colorless varieties of cubic 
zirconia. are the major  simulants 
produced. In 1992, the reported 
combined production value of U.S. 
synthetic and simulant materials was 
$18.9 million, about a 6% increase from 
that of 1991. 

Wholesale and retail outlets, gem and 
mineral shops, gem and mineral shows 
dealers, cutting factories, and jewelry 
manufacturers were the major purchasers 
of domestic gem materials. 


DOMESTIC DATA COVERAGE 


The U.S. Bureau of Mines estimates 
U.S. production from the "Natural and 
Synthetic Gem Material Survey," a 
voluntary survey of U.S. operations, and 
from Bureau estimates of unreported 
production. Of the 380 operations 
surveyed, 94% responded, accounting for 
about 96% of the total production, 93 % 
of the natural production, and 99% of the 
synthetic and simulant production. 

The number of operations surveyed in 
1992 was essentially the same as the 
number surveyed in 1991. The response 
rate was slightly better. The Bureau 
estimated the production by 
nonresponding operations, by professional 
collectors, and by amateur or hobbyist 
collectors. The basis for these estimates 
were information from published data, 
conversations with gem and mineral 
dealers, analyses of gem and mineral 
shows and sales statistics, and from 
information informally supplied by 
collectors. 


BACKGROUND 


The history of production and 
preparation of gemstones begins with the 
wearing of items for personal adornment 
in prehistoric times; this preceded even 
the wearing of clothes. Amber was 
mined in the Baltic countries for use as a 
gem material before 25000 B.C. Later, 
the Phoenicians in their writings 


described their trade routes to the Baltic 


for amber and to areas in Asia and Africa 
for other gemstones. The voyages of 
Columbus brought increased interest in 
gemstone deposits, especially emerald, in 
South America. The discovery of 
diamond in Africa in 1859 focused major 
interest on Africa.. More recently, the 
discovery of diamond in Western 
Australia in 1967 resulted in the 
development of the largest known 
diamond deposit in the world. 

Commercial mining of gemstones is 
extensive in the United States but not as 
large-scale operations. More than 60 
different gemstones have been produced 
commercially from relatively small 
domestic sources. In many instances, 
production rests in the hands of the 
numerous hobbyists and members of 
mineralogical and lapidary clubs. The 
Crater of Diamonds State Park near 
Murfreesboro, AR, is open to the public 
on a daily-fee basis, as are many other 
gemstone deposits throughout the United 
States. Many gem-quality stones are 
found at these locations each year. 


Definitions, Grades, and Specifications 
Select rocks, certain varieties of 
mineral specimens, and some organic 


materials, such as pearl, amber, jet, and 
coral, are included in gemstones data. 
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Customarily, diamond, ruby, sapphire, 
and emerald are considered the major 


gems. 
The most important qualities of 
gemstones are beauty, durability, 


uniqueness, and rarity. Beauty, indicated 
as splendor, purity, or attractiveness, is 
judged mainly according to the taste of 
the beholder and _ includes such 
appearances as luster, transparency, 
brilliance, and color. Luster of a mineral 
or stone is independent of color and is the 
surface appearance in reflected light. 
Apart from materials that have a metallic 
luster, the chief contributors to luster are 
transparency and refractive index. In cut 
/gems, the perfection of the polish 
enhances. the luster. Visible 
imperfections impair the luster of 
transparent stones. However, defects, 
described as "jardens" or “inclusions,” 
may enhance the beauty and value of 
natural rubies, emeralds, and other 
gemstones. In some cases _ these 
inclusions may be used to identify the 
country and even the mine from which 
the stone was recovered. Durability is 
measured by the resistance of a stone to 
abrasion, pitting, chipping, or splitting. 
Resistance to abrasion is correlated with 
relative hardness, but intrinsic brittleness 
and toughness indicate resistance to wear 
in other aspects. Rarity is an essential 
qualification and is more important for 
some stones in determining their value 
than their physical characteristics. __ 
Of the approximate 2,700 mineral 
species, only about 100 possess all of the 
attributes required of a gem. Collectors 
of gems may not require that a gem be 
durable because the storie is destined for 
display and is not to be worn. Therefore, 
the number of species of gemstones may 
be greater than the 100 that meet all of 
the requirements. Silicates furnish the 
greatest number, including such minerals 
as beryl, topaz, tourmaline, and feldspar. 
Oxides such as corundum (ruby and 
sapphire) and quartz (amethyst, agate, 
etc.) comprise the second largest group. 
Sulfides, carbonates, and sulfates are of 
small importance; the phosphates yield 
primarily turquoise and variscite. An 
exception is pearl, essentially calcium 
carbonate, which is ranked high as a 
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gem. Diamond, the best known gem, is 
an isometric crystalline form of the 
element carbon. 

Gemstones are classified the same as 
minerals; that is, into group, species, and 
variety. Group refers to two or more 


gem materials that are similar in crystal 


structure and physical properties but have 
different chemical properties. Each 
individual member of the group is called 
a species. Varieties of species have 
similar crystal structure and chemical 
characteristics but differ in color. An 
example of this would be the hessonite 
variety of the grossular species of the 
garnet group. 


Products for Trade and Industry 


Cutting and polishing of gems from 
gemstones are done to obtain the most 


effective display of the material. No 
significant change is made in _ the 
fundamental properties, and_ the 


preparation is intended to enhance the 
desirable characteristics that are present 
initially. Gemstones are cut into gems in 
three main styles: faceted, cabochons, 
and baroque. 

Facet cutting usually is employed on 
transparent gemstones to increase 
brilliancy and appearance. It generally is 
confined to the harder materials. Softer 
materials may be faceted, but extreme 
care must be exercised in cutting and 
polishing the stones and in their use in 
jewelry. Often the softer gems are used 
only for display and not for making 
jewelry. The "round brilliant" cut, most 
commonly used in faceting, has 58 facets, 
33 above the circle "girdle" and 25 below 
it, arranged in eightfold symmetry. The 
"round brilliant" and some other common 
cuts are illustrated in figure 1. (See 
figure 1.) 

Cabochons are cut in four operations: 
sawing, grinding, sanding, and polishing. 
Sawing, the initial step in cutting, is 
customarily done with a diamond saw to 
obtain a slab or slice of the desired size 
and thickness from the rough gemstone. 
The cabochon outline is scribed onto a 
flat surface, most often using a template 
for making a standard size for jewelry 
mountings. Rough grinding of the stone 


may be by metal-bond diamond, 
electroplated diamond, silicon carbide, or 
aluminum oxide wheels or coated 
abrasive disks. In grinding, the hardness 
of the gemstone determines the grit and 
hardness of the abrasive used. Multiple 
grinding steps starting with 80- to 100- 
mesh (grit) through 600-mesh abrasives 
are normally used. The scratches left by 
grinding are removed by progressively 
finer grinding and sanding. Disk or belt 
sanders use abrasives bonded to cloth, 
waterproof reinforced paper abrasives, or 
cloth charged with abrasive pastes. The 
final polish is obtained by using hard felt, 
wood, or leather laps, with various 
polishing agents such as fine diamond 
compound, tin oxide, tripoli, chromium 
oxide, cerium oxide, alumina, or rouge. 

Polished irregular shapes are called 
baroque gems. An inexpensive method 
of polishing baroque gems is-to tumble 
them in rubber-lined drums, using a 
grinding and polishing medium with or 
without water. 


Industry Structure 


The world market for rough diamonds 
is controlled to a high degree by De 
Beers Centenary AG’s marketing arm, 
the Central Sales Organization (CSO). It 
is by far the most controlled of the 
world’s commodity markets. An 
estimated 80% of gem and natural 
industrial diamond is marketed by the 
CSO. The marketing is done through 
the CSO by the Diamond Trading Co. 
Ltd. and Industrial Distributors Ltd. The 
CSO sells uncut gem diamonds on behalf 
of De Beers and most other major 
producers at sights (approved bidder 
viewings) in London, England, and 
Lucerne, Switzerland. There are 10 such 
sights each year. 

Diamonds reach . the CSO sights 
through three channels—De Beers owned 
and operated mines, contract sales by 
mine owner and operators, and open- 
market competitive sales. 

The distribution of rough diamonds in 
the Republic of South Africa is 
determined by the South Africa Diamond 
Board. A new agreement was reached 
between De Beers Consolidated Mines 
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Ltd., its customer, and the Government 
of South Africa on the method of 
domestic rough diamond distribution. In 
the past, all categories of rough diamonds 
that could be processed economically in 
South Africa must first be offered to local 
manufacturers. Rough could be exported 
duty free only if it had first been offered 
to the local market, otherwise a 15% duty 
is charged. Now, all rough will be 
shipped to London and mixed with 
diamonds from the other producers. 
Rough for South African cutters is then 
drawn from the world rough supply. 

The CSO has been extremely 
successful at maintaining the rough 
diamond market for more than 50 years. 
In modern times there has never been a 
decrease in CSO’s price of rough 
diamonds. Table 1 illustrates the timing 
and the amounts of the average CSO 
price increases for rough gem diamonds 
from 1949 until the present, while table 2 
indicates the value of CSO’s annual sales 
for the past 10 years. The compounded 
effect over 44 years of these increases is 
a price increase of about 1,800%. Thus, 
a piece of rough that sold for $100 in 
August 1949 would sell for about $1,800 
in April 1991. (See tables 1 and 2.) 

For more than 30 years, the major 
diamond cutting and polishing centers of 
the world were in Belgium and Israel, 
with a certain amount of the larger stones 
being cut in the United States. In the 
early 1980’s, the development of a large 
cottage industry in India—today there is 
estimated to be more than 500,000 
cutters—made a major impact on world 
diamond trade. India consumes most of 
the world’s small-gem, cheap-gem, and 
near-gem rough material in the 
manufacture of small stones, which 
resulted in annual cut-stone exports worth 
billions of dollars. These small stones 
averaged less than one-fifth of a carat 
(0.20 carat). The availability of small 
inexpensive stones resulted in substantial 
changes in the design of jewelry. The 
utilization of small cut diamond stones 
(usually 0.07 to 0.14 carats each, called 
melee) to create a pave effect (set close 
together to conceal the metal base) is but 
one example. 

It is estimated that the Russian’s 
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diamond cutting industry employs about 
16,000 workers. The eight Krystall 
factories at Moscow, Smolensk, Kiev, 
Barnaul, Vinnitsa, Yerevan, Kusa, and 
Gomel employ fewer than 8,000, with the 
Moscow plant having about 900 workers. 
The workers at the various factories may 
be paid by different methods. 

The workers at the Moscow plant are 
paid by the piece according to its size and 
difficulty of the cut. At Kiev, those 
workers whose work is not subject to 
inspection receive a 50% higher salary. 
Some of the Krystall factories have an 
incentive program for workers producing 
stones of 0.3 carats and larger. The 
incentive is a bonus of 5% of the added 
value that is paid to each 20-worker team 
and is shared by the team. 

Annual cut diamond production is a 
function of the number of workers in the 
industry and their productivity. If it is 
assumed that the industry has a 
production rate of 20 carats of finished 
goods per month per worker and that 
polished yields are less than 40%, then 
the industry’s consumption of rough and 
yield of finished goods can be estimated. 
It is estimated that during a year, the 
Russian diamond cutting _ industry 
processes about 3.8 million carats of 
rough that yields about 1.6 million carats 
of polished goods. The polished goods 
would be worth between $500 million and 
$550 million on the world market. 

During 1991, Leo and Schachter & 
Co. opened the United States’ newest, 
largest, and most modern diamond 
polishing factory in New York. The 
factory is fully computerized to track 
every diamond from rough to finished 
stone. The computer predicts the cash 
return from each piece of rough based on 
estimates of the rough’s color, clarity, 
yield, and make; estimates are reported to 
be within 2% of actuals. The factory 
employs 40 polishers. 

Cutting and polishing of colored, 
synthetic, and simulant gemstones is 
centered in, listed according to 
importance, Thailand, India, Hong Kong, 
Republic of Korea, China, and Brazil, 
where cheap labor and favorable export 
laws ensure the lowest total costs for 
finished gems. 


Geology-Resources 


Gemstones are found in a large variety 
of igneous, metamorphic, and 
sedimentary deposits, usually as a small 
fraction of the total deposit. The origins 
are as varied as the deposits. Gemstones 
form primarily by precipitation from 
watery solutions, by crystallization from 
molten rock, and by metamorphic 
processes. Approximately one-third of 
gemstones is composed of silicate 
minerals, about one-fifth of alumina- 
silicates, and almost one-seventh of 
oxides. The remaining compositional 
groups include the sulfides, phosphates, 
borosilicates, carbonates, and, in the 
single case of diamond, an element. The 
composition of selected gem materials is 
included as one of the items in table 3. 
(See table 3.) 

There are no large resources of major 
gem materials defined in the United 
States. Emerald deposits are known in 
North Carolina, as are ruby and sapphire. 
Historically, sapphires have been mined 
in Montana, and significant commercial 
mining once again is underway. 
Numerous other domestic deposits of 
gemstones are known and have been 
mined for many years. However, no 
systematic evaluations of the magnitude 
of these deposits have been made, and no 
positive statements can be made about 
their reserve or the size of the resource. 

Occasional finds of diamond have been 
made, but no great diamond pipes or 
alluvial deposits similar to those of Africa 
have been reported. Several companies 
are involved in diamond exploration in 
the Colorado-Wyoming State line area, in 
Michigan, Minnesota, Wisconsin, and 
Arkansas. Diamond-bearing kimberlites 
have been located and bulk samples have 
been processed for diamond recovery. 
Results have not been made public. 

World resources of gemstones are 
nearly all unevaluated. However, world 
gem diamond reserves are estimated to be 
about 300 million carats, including near- 
gem and cheap-gem qualities. Nearly all 
of the reserves are in, listed in order of 
size, Australia, Africa, and Russia 
(Siberia). The estimates for diamond 
reserves are of limited value because data 
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needed for reliable estimates are not 
available from the producers. Reserve 
data on other gemstones are even less 
available than for diamond. 


Technology 


Synthetic Gems.—Synthetic gemstone 
production uses many different methods, 
but they can be grouped into one of three 
types of processes: melt growth, solution 
growth, or extremely high-temperature, 
high-pressure growth. 

The year 1902 saw the first production 
of synthetic ruby using the Verneuil 
flame-fusion process. Later, sapphire, 
spinel, rutile, and strontium titanate were 
grown with this technique. In this 
process, a single crystal, called a boule, 
forms in the flame of a _ simple, 
downward-impinging oxygen-hydrogen 
blowtorch. Pure oxides of aluminum (in 
the cases of ruby, sapphire, and spinel) 
or titanium (rutile and strontium titanate) 
are poured into the top of a small furnace 
and melted. Other oxides are added as 
needed for process control and to obtain 
the specific color desired. The melted 
material solidifies as a boule on a rotating 
fire-clay peg as the peg is slowly 
withdrawn. 

A boule has a very characteristic 


shape, with a rounded end, a long, 


cylindrical body, and a tapering end. It 
is usually about 13 to 25 millimeters in 
diameter, 50 to 100 millimeters long, and 
weighs 75 to 250 carats (a carat is 200 
milligrams). Under controlled 
conditions, a boule about 5 millimeters in 
diameter and more than 890 millimeters 


long can be produced for the 
manufacturing of jewel bearings. 
Another melt technique is_ the 


Bridgman-Stockbarge _ solidification 
method, named for an American, P.W. 
Bridgman, and a German, D.C. 
Stockbarge, who, aided by three 
Russians, J. Obreimov, G. Tammann, 
and L. Shubnikov, discovered and 
perfected the process between 1924 and 
1936. Currently, the method is used 
primarily for growing nongem halide, 
sulfide, and various metallic oxide 
crystals, one of the metallic oxides being 
aluminum oxide or sapphire. 
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The Bridgman-Stockbarge process uses 
a specially shaped crucible, which is a 
cylindrical tube open at one end and 
capped at the other by a small, pointed 
cone. The crucible is filled with the 
powdered chemicals necessary to grow a 
specific crystal and is lowered slowly 
through a furnace. The small, pointed 
end of the cone cools first because it is 
the first part of the crucible that moves 
from the hottest part of the furnace into 
cooler regions and it is the first part to 
emerge from the furnace. As the crucible 
cools, the molten materials solidify, 
hopefully in the structure of a single 
crystal, in the point of the crucible. The 
crystal then acts as a seed around which 
the remainder of the molten material 
solidifies until the entire melt has frozen, 
filling the container with a single crystal. 

This process is simple, and crystals of 
various sizes can be grown. The crystals 
are typically about 51 millimeters in 
diameter and 15 millimeters in length, but 
large ones exceeding 890 millimeters 


diameter and weighing more than 1. 


metric ton have been grown. The 
crystals have the same shape as the 
crucible. 

The Czochralshi pulled-growth method 
is used for ruby, sapphire, spinel, 
yttrium-aluminum-garnet (YAG), 
gadolinium-gallium-garnet (GGG), and 
alexandrite. Czochralshi developed his 
method about 1917 while working with 
crystals of metallic nutrients. 

In the Czochralshi method, ingredient 
powders—nutrients—are melted in a 
platinum, iridium, graphite, or ceramic 
crucible. A seed crystal is attached to one 
end of a rotating rod, then the rod is 
lowered into the crucible until the seed 
just touches the melt. Then the rod is 
slowly withdrawn. The crystal grows as 
the seed pulls materials from the melt, 
and the material cools and solidifies. 
Yet, because of surface tension of the 
melt, the growing crystal stays in contact 
with the molten material and continues to 
grow until the melt is depleted of the 
desired material. 

Typically, the seed is pulled from the 
melt at a rate of 1 to 100 millimeters per 
hour. Crystals grown using this method 
can be very large, more than 51 


millimeters in diameter and 1 meter in 
length, and of very high purity. Each 
year this method grows millions of carats 
of crystals for use as gems, laser rods, 
windows for special scientific or technical 
applications, and for other industrial 
applications. 7 

Certain gemstones pose unique 
problems with regard to attempts to grow 
them. The problems arise because 
certain materials are either so reactive 
that they cannot be melted even in 
unreactive platinum and iridium crucibles 
or they melt at much higher temperatures 
than the crucible materials can endure. 
Therefore, another melting system must 
be used, called the skull melting system. 
Cubic zirconia, because of its high 
melting point (2,700° C) must be grown 
using the skull melting method. 

The "skull" is a hollow-walled copper 
cup. Water is circulated through the 
hollow walls to cool the inside wall of the 
skull. The cup is filled with powdered 
ingredients and heated by radio frequency 
induction until the powders melt. 
Because the water cools the walls of the 
skull, the powdered materials next to the 
walls do not melt, and the molten 
material is contained within a shell of 
unmelted material. Therefore, the 
reactive or high-temperature melt is 
contained within itself. When the heat 
source is removed and the system is 
allowed to cool, crystals form by 
nucleation and grow until the entire melt 
solidifies. Crystals grown using this 
system vary in size, depending on the 


- number of nucleations. In growing cubic 


zirconia, a single skull: yields about 1 
kilogram of material per cycle. 

Solution techniques for making 
synthetic gems include flux methods for 
emerald, ruby, sapphire, spinel, YAG, 
GGG, and _ alexandrite. The other 
solution method is the hydrothermal 
method, often used for growing beryl 
(emerald, aquamarine, and morganite) 
and quartz. 

Quartz crystals are grown in a 
hydrothermal solution in large pressure 
vessels known as autoclaves. Careful 
control of temperature and pressure in the 
different areas of the autoclave result in 
the feed material, known as_lascas, 
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dissolving in the hotter portion. The 
material redeposits on seed crystals, 
located in the cooler portion, forming 
synthetic quartz crystals. The process 
usually takes 30 to 60 days for the 
crystals to reach the desired size. The 
process can also produce rock crystal, 
amethyst, or citrine. 

The same system is used to grow beryl 
crystals. Beryl seed crystals are 
suspended in the cooler upper portion of 
an autoclave. Nutrient materials dissolve 
in the hotter, lower portion of the 
autoclave and, because of the temperature 
and pressure gradients, migrate to the 
cooler seeds and are deposited. 

Other techniques involve solid- or 
liquid-state reactions and _ phase 
transformations for jade and lapis lazuli; 
vapor phase deposition for ruby and 
sapphire; ceramics for turquoise, lapis 
lazuli, and coral; and others for opal, 
glass, and plastics. 

The Verneuil, Czochralshi, and skull 
melting processes are the melt techniques 
most often used for gem materials. The 
various synthetics and the method of 
production are shown in table 4. (See 
table 4.) 


Enhancement of Gemstones.— 
Enhancement of all types of gemstones 
through chemical and physical means has 
become much more commonplace and in 
the past few years has included a wider 
variety of materials. Irradiation by 
electromagnetic spectrum (X-rays, 
gamma trays, etc.) and by energetic 
particles (neutrons, electrons, alphas, 
etc.) is being used to enhance or change 
the color of diamonds, topaz, tourmaline, 
quartz, beryl, sapphire, zircon, scapolite, 
and pearls. Blue topaz is normally 
irradiated, but this does not imply that all 
of these gem materials are regularly 
irradiated.’ 

Many gemstones can be enhanced by 
chemical treatment or impregnations. 
The treatments may alter the bulk of the 
gem material or only penetrate the 
surface. This includes bleaching, oiling, 
waxing, plastic impregnations, color 
impregnations, and _ dyeing. The 
treatments that alter only the surface of 
the material include surface coatings of 
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various types, interference filters, foil 
backings, surface decoration, and 
inscribing. Chemical treatment is more 
widespread than just the common dyeing 
of quartz, treatment of turquoise, and 
oiling of emeralds. Chemical treatment 
and impregnations have been used to 
enhance amber, beryl, chalcedony, coral, 
diamonds, emerald, ivory, jade, lapis 
lazuli, opal, pearl, quartz, ruby, sapphire, 
tiger’s eye, and turquoise.” 

Since about 1987, fractures, cleavages, 
and other void-type imperfections that 
reach the surface in diamonds have been 
filled- using a process developed by Mr. 
Zvi Yehuda, of Ramat Gan, Israel. This 
treatment can enhance that apparent 
clarity of treated faceted diamonds; 
examples are available that show SI 
stones enhanced to VS and I, improved to 
SL. Yehuda also has developed a similar 
treatment for emeralds. 

The oldest and most common method 
of gemstone enhancement is heat treating. 
Heat treatment of gem materials was used 
in Greece and Rome well before the 
Christian Era. Heat treatment can cause 
color change, structural change, and 
improve clarity. In the past, heat 
treatment was common for quartz and 
gem corundum. Today, materials that 
are heat treated to enhance their 
appearance include amber, _ beryl, 
diamond, quartz, ruby, sapphire, topaz, 
tourmaline, zircon, and zoisite.3 

Recently, an additional type of 
treatment for sapphire has appeared— 
diffusion treatment, a chemical-heat 
treatment. In this process a thin layer of 
color is diffused into the surface of the 
gem. The color may be diffused as little 
as 0.1 millimeter or as much as 0.4 
millimeter into the gem. The treatment is 
a long process of heat treatment in a bath 
of chemicals containing the proper 
proportions of titanium and iron. The 
American Gem Trade _ Association 
(AGTA) adopted a policy for the 
disclosure of diffusion treated sapphires. 
The policy is "If the color of a gemstone 
is confined to an area near the surface so 
that the color of the stone would be 
visibly affected by recutting or 
repolishing then the following statement 
must also appear: Although the color 


induced in the diffusion treated sapphire 
is permanent, it remains confined to a 
shallow surface layer." Therefore, 
recutting or repolishing is not 
recommended.‘ 


Mining.—Gemstone mining operations 
can range from the most primitive to the 
most sophisticated. In hard rock, at 
shallow depths, an operation by one, two, 
or three persons may be mined by 
prybar, pick, shovel, and buckets or 
baskets for carrying material; often 
drilling and blasting is employed. A 
larger operation includes drilling, 
blasting, and minimum __ timbering. 
Mechanized hauling and hoisting is done 
only at the larger mines. 

Diamond mining in the kimberlite 
pipes of Africa and Russia and the 
lamproite pipes of Australia represent the 
ultimate in that huge quantities of ore 
must be mined to extract small quantities 
of diamond (20 to 30 carats per 100 tons 
of ore) produced at as low a cost as 
possible. 

Placer mining for gemstones ranges 
from small-scale, simple procedures to 
huge, complicated operations. In some 
areas, digging is by hand, and sorting and 
recovery is by panning, screening, or 
sluicing. Diamond miners in the larger 
placer operations use bucket dredges and 
heavy-duty excavating equipment, as, for 
example, in Australia, Brazil, Namibia, 
the Republic of South Africa, and Russia. 


Processing.—Most gemstone ores are 
broken or crushed where necessary and 
concentrated by various combinations of 
hand picking, washing, screening, or 


jigging. In large-scale operations, 
mineral beneficiation methods are 
mechanized and employ the latest 


technology in each step from primary 
crushing and screening to the final 
recovery processes. Diamond recovery, 
in particular, makes use of standard 
gravity methods, grease belts, 
electrostatic separation, skin-flotation, 
magnetic separation, separation by X-ray 
luminescence, and separation by optical 
sorting. 
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ANNUAL REVIEW 
Production 


In 1992, all 50 States produced at least 
$1,000 worth of gem materials. Ten 
States accounted for 83% of the total 
value of production of natural gemstones. 
The States, in order of declining value of 
production, were Tennessee, California, 
Arizona, Louisiana, Texas, Oregon, 
Oklahoma, Iowa, Arkansas, and North 
Carolina. Certain States were known 
best for the production of a single gem 
material (i.e., Tennessee for freshwater 
pearls and Arkansas for quartz). Other 
States produced a variety of gemstones. 
Arizona produced the greatest variety. 
Production included agate, amethyst, 
antlerite, azurite, chrysocolla, fire agate, 
garnets, jade, malachite, obsidian, onyx, 
peridot, petrified wood, precious opal, 
shattuchite, smithsonite, and turquoise. 
California, Idaho, Montana, and North 
Carolina also produced a variety of 
gemstones. Historically, North Carolina 
is the only State to have produced all four 
of the major gems: diamond, emerald, 
ruby, and sapphire. 

The average production value of 
natural gem materials for the past 10 
years was $34.9 million per year, with a 
high of $84.4 million in 1991 and a low 
of $7.4 million in 1983. The value of 
production for the past 10 years must be 
separated into two trends. The first trend 
was the period between 1981 through 
1985, during which time approximately 
24 operations reported production. 
Production averaged $7.4 million per 
year and was generally level. In the 
second trend, 1986 to the present, 
production averaged $45.7 million and 
was the result of an increase of 1,567% 
in the number of producers surveyed. 

The reported value of synthetic and 
simulant gemstone production was $18.9 
million in 1992, an increase of 6% over 
that of 1991. The average value of 
production of these gem materials for the 
past 7 years was $16.9 million, with a 
high of $20.5 million in 1990 and a low 
of $10.3 million in 1986. Fourteen 
firms, four in California, four in 
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Arizona, and one each in Massachusetts, 
Michigan, New Jersey, North Carolina, 
Ohio, and Washington, produced 
synthetic and simulant gem material. The 
eight States, in order of declining value 
of production, were California, 
Massachusetts, Arizona, New Jersey, 
Washington, North Carolina, Michigan, 
and Ohio. fe 

Arizona is well known for the widest 
variety of gemstones produced by any 
State. In 1992, these included agate, 
amethyst, antlerite, azurite, chrysocolla, 
fire agate, fluorite, garnet, jade, jasper, 
malachite, obsidian (Apache tears), onyx, 
peridot, petrified wood, precious opal, 
shattuchite, smithsonite, and turquoise. 
Yet, turquoise, peridot, petrified wood, 
and azurite-malachite accounted for more 
than 90% of the total value of gem 
material produced. Production from 
Arizona of these gemstones was the 
largest in terms of dollar value in the 
United States and the world’s largest for 
the first two. Additionally, four 
manufacturers of synthetic or simulant 
gem materials were in Arizona and 
produced about $1.8 million worth of 
material. 

Arkansas is famous for the production 
of quartz crystals, but it appears that the 
fads that have supported the production of 
quartz crystals for the past few years has 
ended. It is second in value of 
production of freshwater pearls and shells 
and the only State in the United States 
that has had any sustained diamond 
production. 

Since 1972, hobbyists have found from 
300 to 1,500 diamonds per year at the 
Crater of Diamonds State Park. From 
1906 to the present, it is estimated that 
production from the deposit is 100,000 to 
150,000 carats; this amount of diamond 
production is insufficient to classify the 
United States as a diamond-producing 
country. Still, the potential to become a 
diamond producer may be there, and 
efforts were underway to evaluate this 
potential more fully. A four phased 
program to evaluate the diamond deposit 
was halted by legal actions after 
completing three exploratory drill holes in 
1990. After a Federal appellate court 
cleared the way for the program to 


continue, phase 1, the drilling of 26 core 
holes totaling 2,600 meters, was 
completed during 1992. 

Gemstone production from California 
includes a variety of materials. 
Tourmaline production from the State is 
the largest in the Nation, and California 
has the only producer of benitoite. 
Additionally, agate, alabaster, beryl, 
dumortierite, fire agate, freshwater 
mussel shell and pearls, garnet, gem 
feldspar, jade, jasper, kunzite, lepidolite, 
obsidian, quartz, rhodonite, topaz, and 
turquoise are produced from deposits in 
the State. Yet, even with this long list of 
gemstones, most people think of 
California in terms of its State gem 
benitoite, its high-quality tourmalines, 
and its fine orange spessartine garnets. 

The State also has a freshwater culture 
pearl farm at Marysville. The farm uses 
animals imported from Tennessee and 
other southeastern States. Production 
includes pearls, shell, and finished 
nucleus for cultured pearl implants. 

California also has four manufacturers 
of synthetic or simulant gemstones. The 
value of production from the State is the 
largest of any State for synthetics and 
simulants. 

Colorado is not known as a gemstone- 
producing State, but it does hold some 
gemstone honors. It has the only 
commercially mined deposit of lapis 
lazuli in the United States and one of the 
few fee-for-dig topaz deposits currently 
operating. Additionally, the State was the 
first to commercially produce turquoise 
and still has commercially operated 
turquoise mines. It also produced the 
United States’ finest gem-quality 
rhodochrosite and a quantity of high- 
quality rhodonite. 

Many different locations in the State 
produce aquamarine, the Colorado State 
gemstone. The best known locations and 
the locations with the longest history of 
continued production (since about 1884) 
are Mount Antero and White Mountain in 
Chaffee County. Mount Antero, at 4,349 
meters, may be the highest gemstone 
location in the United States. White 
Mountain, separated from Antero by a 
small saddle, is only slightly lower at 
4,237 meters. 
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Star garnet, the Idaho State gemstone, 
leads the list of gemstones produced in 
the State. Idaho is one of two places that 
produce significant amounts of star 
garnet; India is the other. These 
almandite garnets are translucent, 
purplish-red stones that show four- or six- 
ray stars when cabochon cut or are 
transparent deep red stones that can be 
faceted. The primary sources of Idaho 
star garnet are the placer deposits on the 
East Fork of Emerald Creek and its 
tributary gulches in Benewah County. 
Additionally, the placers of Purdue Creek 
in Latah County yield star gamets. 
Currently, garnets that do- not cut stars 
also are commercially mined from areas 
in Clearwater County. 
range from purplish rose-red to a highly 
prized "special pink." Gem-quality 
garnets are found at several other 
locations in Idaho and are mined 
periodically by hobbyists or professional 
collectors for the gemstone market. 

Opal is the second largest contributor 
to the total value of gemstone production 
in Idaho. The varieties produced include 
precious, yellow, blue, pink, and 
common. The Spencer opal mine is the 
largest producer. At the Spencer Mine, 
precious opal occurs as one or more thin 
layers within common opal that have 
partially filled gas cavities within a 
rhyolite-obsidian flow. About 10% of the 
material is thick enough to cut into solid 
gems; the remainder is suitable for 
making doublets and triplets. | The 
Spencer Mine is also the source of the 
pink opal, which occurs as either pink 
common opal or pink bodied precious 
opal. | 

In the U.S. gemstone industry, Maine 
and tourmaline are almost synonymous. 
In 1822, Maine’s Mount Mica was the 
site of the first gemstone production in 
the United States. In 1992, Plumbago 
Mining Corp. was actively mining the 
Mount Mica pegmatite for gem material 
and mineral specimens. Over the years, 
production from Mount Mica has 
included hundreds of kilograms of fine- 
quality gem and mineral specimen 
tourmaline. 

Mount Mica is not the only large 
producer of high-quality tourmalines. 
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These garnets. 


Dunton Mine of Newry Hill is the most 
prolific gem tourmaline producer in 
Maine. Since its discovery in 1898, the 
mine has produced tons of gem- and 
specimen-grade tourmaline. Other mines 
and quarries in a three county area 
produce gem- and mineral specimen- 
grade tourmalines. These include the 
Bennett, BB #7, Emmons, Harvard, 
Tomminen, Waisenen, Black Mountain 
and Red Hill Quarries, and Nevel Mine 
in Oxford County. It also includes the 
Mount Apatite Quarries in Androscoggin 
County and the Fisher and Porcupine Hill 
Quarries in Sagadahoc County. 

Production from Maine deposits also 
includes fine-quality beryls—aquamarine, 
heliodor, and morganite. Pegmatites in 
Oxford, Androscoggin, and Sagadahoc 
Counties regularly produce fine-quality 
blue and blue-green aquamarine, rich 
yellow- and gold-colored heliodor, and 
rose- and peach-colored morganite. 

Montana produces many different 
gemstones, some suited for faceting, 
while others are better suited for the 
cutting of cabochons, carvings, or 
objects-of-art. Montana is noted for the 
production of sapphires, Montana moss 
agate, and Dryhead agates. Yet, 
amethyst, amazonite, azurite, covellite, 
cuprite, garnet, onyx, opal, petrified 
wood, rhodochrosite, rhodonite, smokey 
quartz, sphalerite, and wonderstone 
(banded rhyolite) also are produced or 
have been produced from deposit in the 
State for use as gemstones. 

Sapphires have been produced from 
Montana deposits since 1865. In recent 
years, Montana sapphire has gained in 
popularity, and because of the improved 
popularity, production has increased 
significantly. Currently, commercial 
sapphire production is from deposits on 
the Missouri River in Lewis and Clark 
County, the Rock Creek area in Granite 
County, and from the Yogo Gulch area in 
Judith Basin County. Additionally, there 
are fee-for-dig sapphire operations on the 
Missouri River and Rock Creek. 

Nevada has been a major producer of 
turquoise since the 1930’s, and until the 
early 1980’s, the State was the largest 
turquoise producer in the United States. 
Estimates indicate that over the years, 75 


to 100 different mines. and/or prospects 
have produced sizable quantities of 
turquoise. Production varied from a few 
thousand dollars worth of material at 
some properties to more than $1 million 
at others. Estimates of total production 
to date are between $40 to $50 million. 

Precious opal production from deposits 
in the Virgin Valley area began in about 
1906. The opal from Virgin Valley is 
comparable to any in the world for its 
vivid play of color and is unsurpassed in 
terms of the size of material available. 
The material varies in color from deep 
pure black to brown to yellowish-white to 
white to colorless. The play of color 
includes all- the colors common to 
precious opal—red, blue, green, yellow, 
orange, and so on. The opal is found 
primarily as replacement of wood, or 
sometimes, the replacement of cones of 
conifer trees. The use of the opal is 
greatly restricted because of a severe 
problem with crazing. Currently, two 
mines in Virgin Valley are open to 
individuals on a fee-for-dig basis during 
the summer months. The operators of 
these mines also mine the deposits for 
their own inventories. 

North Carolina is the only State in the 
United States where all four major gem 
materials, diamond, ruby, sapphire, and 
emerald, have been found. During 1988 
was the last time all four major 
gemstones were found in the same year. 
The diamond was found in a gold placer 
mine, rubies and _ sapphires were 
recovered from the Cowee Valley, and 
emeralds were found near Hiddenite and 
Little Switzerland. | 

Production of ruby and sapphire from 
deposits along the Cowee Valley in 
Macon County began in 1895 when the 
American Prospecting and Mining Co. 
systematically mined and washed the 
gravels of Cowee Creek. Today ruby, 
sapphire, and fee-for-dig operations are in 
the Cowee Valley. Many people pay to 
dig or purchase buckets of gravel to wash 
to recover gem corundum, garnets, and 
other gemstones. 

Historically, Oregon has been known 
for the production of various picture and 
scenic _jaspers, agates, thundereggs, 
petrified wood, and to a certain degree, 
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gem labradorite. Oregon’s State rock, 
the “thunderegg," may be the best 
known gem material. from Oregon. 
Graveyard Point, Priday, and Polka Dot 
are names that are uniquely associated 
with beautiful Oregon agates. The same 
is true for the relationships between the 
names Biggs, Deschutes, and Sucker 
Creek and picture or scenic jasper. Yet, 
gem labradorite (sunstone) is currently 
the largest single contributor to the value 
of annual gemstone production in 
Oregon. At least seven firms or 
individuals currently are producing 
sunstone from three different geographic 
areas. . 

The other gemstone to contribute 
significantly to the value of production 
from Oregon is opal. During 1988, the 
first significant commercial mining and 
marketing of a variety of very fine 
quality opals from Opal Butte began. 
The varieties include hyalite, rainbow, 
contra luz, hydrophane, crystal, fire, 
blue, and dendritic. Exquisite stones as 
large as 315 carats have been cut from 
contra luz rough from this deposit. 

Tennessee has the largest U.S. 
production of freshwater mussel shells 
and pearls of the 11 producing States. 
There has been an established U.S. 
freshwater mussel fishing industry since 
the mid-1850’s. The mussels are from 
the family Unioidae, of which about 20 
different species are commercially 
harvested. During 1992 the value of 
U.S. mussel shell exports was more than 
$43 million. 

To date, freshwater pearls from the 
United States have been a byproduct of 
the shell industry. With the coming of 
the freshwater cultured pearl farms in 
Tennessee and the increasing popularity 
of freshwater pearl jewelry with the U.S. 
consumer, this may change. Since the 
technology for culturing freshwater pearls 
was proven in the late 1970's, six 
freshwater pearl farms have been 
established. These farms are the 
beginning and heart of the U.S. pearl 
industry. 

In Wisconsin and Michigan, 12 
kimberlite pipes have been identified on 
exploration holdings, 7 have yielded 
microdiamonds, and 3 have not been 
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tested. 

Utah topaz is not well suited for use as 
a gem, but it does make a fine mineral 
specimen. Topaz crystals have been 
collected from certain rhyolite flows in 
the Thomas Mountains and the Wah Wah 
Mountains. The crystals from the 
Thomas Mountains are predominately 
small, 10 to 20 millimeters long and 4 to 
6 millimeters across, and crystals from 
the Wah Wah Mountains are even 
smaller. Occasionally, large gem-quality 
crystals are found. The color of the 
topaz varies from colorless, to light 
yellow, sherry brown, rose, or light pink. 
The light yellow to sherry brown color 
fades to colorless if exposed to sunlight 
or heat and rose or light pink colored 
crystals are rare. Because of the size of 
the crystals and problem with color 
fading, the material yields only small to 
very small colorless stones. 

Another Utah gemstone is variscite, 
first produced in about 1893 near 
Fairfield. The latest recorded 
commercial production was from near 
Lucin during the summer of 1992. 
Variscite is found as fracture fillings or 
as nodules. The nodules may be solid, 
almost geode in nature, or fractured solid 
nodules that have undergone alteration. 
The color of the variscite varies from a 
shade of light to dark yellow-green, but 
can be a dark, nearly jade green and so 
pale as to appear almost white. It also 
can have black and brown spiderwebbing. 

Another material from Utah is 
snowflake obsidian. Snowflake obsidian 
(also known as flower obsidian) earns its 
name from the bluish-white or grayish- 
white patterns of cristobalite included in 
the normally black obsidian. During 
1992, two different firms produced this 
material commercially. 

The red beryl from the Wah Wah 
Mountains is the most remarkable and 
desirable of Utah’s gemstones. Bixbite, 
the variety name for red beryl, is found 
in rhyolites at several locations in the 
Thomas and Wah Wah Ranges. The 
beryl varies in color from a pink to bright 
red, with the bright red being what could 
be called strong raspberry-red. The 
material from most of the locations 1s not 
as spectacular, either in crystal size or 


color, as the crystals from the Violet 
claims in the Wah Wah’s. 

The Violet claims in the Wah Wah’s 
are the only known location for 
commercial production of red beryl. In 
recent years, the claims have furnished a 
small but steady supply of materials for 
both mineral specimens and a few fine- 
quality gems. The crystals average about 
10 millimeters in length, and most are 
flawed. Because of the size of the 
crystals and flaws, finished stones only 
average about 0.40 carats with few more 
than 1 carat. The largest finished stone 
to date is only 4.46 carats. The material 
is expensive, but justifiably so, because 
of its beauty and rarity. 

Certain other States that produce a 
single gem material of note are: Alaska 
with its two jade mines; Florida’s 
agatized coral; Hawaii’s black coral; 
Minnesota’s thomsonite; New York’s 
herkimer quartz; Ohio’s flint; and South 
Dakota’s rose quartz. 

The value of 1992 production by 
individual gemstone can be reported for 
those materials that have three or more 
producers and if one of the three does not 
account for more than 75 % of the total or 
two of the producers account for 95% or 
more of the production. (See table 5). 


Consumption and Uses 


Consumption of domestic gemstones 
was in the commercial and amateur 
manufacture of jewelry, for exhibit in 
gem and mineral collections, and for 
decorative purposes in statuettes, vases, 
other art objects, and certain industrial 
applications. 

Frequently, tourmaline is used as a 
standard for calibrating piezoelectric 
manometers and testing devices. It is also 
a control substance in boron experiments 
because it is itself an inert boron- 
containing compound. Tourmaline is the 
standard used in tests to check possible 


effects of water-soluble boron in 
fertilizers. 
Many scientific and industrial 


instruments use tourmaline. One such use 
is tourmaline tongs, a simple laboratory 
instrument that shows the polarization of 
light. Because tourmaline is both 
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pyroeletric and piezoelectric, meaning it 
generates electricity when heated or 
compressed, it is a component of 
instruments for measuring high pressures 
and fluid compressibility. Thermal 
dosimeters, which were early instruments 
that measured the intensity of radium 
emanations, depended upon tourmaline’s 
pyroelectric properties. 

Once the mark of a top-rated watch or 
timepiece was that it was Swissmade and 
had 18 or 21 ruby or sapphire jewel 
bearings. Originally, these jewel bearings 
were made from natural ruby and 
sapphire. Later, the availability of 
inexpensive synthetic gemstones allowed 
the natural materials to be replaced in the 
manufacture of jewel bearings. 

Why are ruby and sapphire used as 
bearings? Because ruby and sapphire, 
color variations of the mineral corundum, 
are second only to diamond in hardness; 
they have no cleavage (cleavage being the 
tendency for a crystallized mineral to 
break in certain definite directions, 
indicating a minimum value of cohesion 
in the direction easy fracture) and thus 
they are very durable; they have a very 
low coefficient of friction when highly 
polished; they are chemically inert; and 
they can be cut and polished without 
great difficulty. 

Watches were not the only instruments 
in which sapphire and ruby bearings were 
used. Most precision gauges in aircraft 
and boats depend upon jewel bearings, as 
do many gauges, meters, and other 
instruments in manufacturing and 
chemical plants. The military is still 
highly dependent on jewel bearings for 
many of its high-tech weapons systems. 
Recently, another use for one type of 
jewel bearing appeared—as connectors for 
optical fibers. 

In recent years, technological advances 
allowed the growth of large, high-quality 
synthetic ruby crystals, called laser ruby, 
for the manufacture of laser rods. Several 
other synthetic gemstones also are being 
produced for lasers, including chromium- 
doped chrysoberyl (dope being an 
element added to the crystal growing 
nutrients to achieve a particular color), 
synthetic alexandrite, and varieties of 
doped yttrium-aluminum-garnet (Y AG). 
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Lasers require high-purity, optically 
perfect crystals. The crystal must be large 
enough so that a laser rod can be cut 
from the raw crystal, and the mineral or 


material must have the correct physical 


properties to allow light amplification 
without the necessity of excessive energy. 
Synthetic ruby, sapphire, and YAG have 
all these characteristics. 

Over the years, both natural and 
synthetic corundum has been ground and 
graded as an abrasive. Corundum was the 
major compound used in the polishing of 
eyeglass lenses. While industrial diamond 
has replaced much of the corundum used 
in the lens-polishing industry, some 
polishers still use corundum for 
specialized lenses. 

Other gem materials have enjoyed 
limited uses in nongem applications. The 
abrasive and ceramic industries use topaz 
as a raw material because of its hardness 
and chemical features. Once, lenses for 
eyeglasses were made from gem-quality 
beryl—if the morganite variety of beryl 
were used, one would truly be looking at 
the world through rose-colored glasses. 
Mortar and pestle sets, knife edges for 
balances, textile rollers, and spatulas are 
some nongem uses of agate. 

Some industrial applications requiring 
clean homogeneous stones used low- 
quality gem diamond. The quantity of 
natural and synthetic industrial-grade 
diamonds used in the United States each 
year is 12 to 15 times greater than the 
amount of diamonds consumed by the 
jewelry industry. 

The 1992, estimated value of U.S. 
apparent consumption was $3,226 
million, down about 13% from 1989's 
record high. The average annual 
estimated consumption for the past 10 
years was $3,148 million, with a high of 
$3,705 in 1988 and a low of $2,132 in 
1983. The trend for estimated 
consumption for the past 10 years was 
one of continued growth with some 
downward adjustments related to 
economic conditions. 

In 1992, the value of U.S. estimated 
apparent consumption of diamonds 
increased about 8% to $2.8 billion. The 
average annual value of apparent 
consumption of diamonds for the past 10 


years was $2.6 billion, with a high of 
$3.1 billion in 1989 and a low of $2.1 
billion in 1983. 

The 1992 estimated apparent 
consumption of colored stones, led by 
emerald, ruby, and sapphire, was valued 
at $392.0 million, a decrease of 3%. The 
estimated apparent consumption of 
pearls—natural, cultured, and imitations— 
was $19.1 million, a slight decrease. The 
average annual consumption for the past 
10 years was $155.3 million, with a high 
of $244.7 million in 1984 and a low of 
$16.5 million in 1990. Estimated 
apparent consumption of synthetic and 
imitation gemstones increased about 
464% to $117.9 million. Average 
apparent consumption of these materials 
for the past 10 years was $62.6 million 
per year, with a high of $117.9 million in 
1992 and a low of $17.2 million in 1983. 
During 1992, sales in retail jewelry stores 
increased about 4% to $14.4 billion, 
according to the U.S. Department of 
Commerce. 


Prices 


Demand, beauty, durability, rarity, 
freedom from defects, and perfection of 
cutting determine the value of a gem. In 
establishing the price of gem diamond, 
the CSO’s control over output and prices 
of diamond rough also is a major factor. 

The average U.S. wholesale asking 
price of the top 25 grades (D through H 
color and IF through VS2 clarity) of a 1- 
carat diamond fluctuated between $7,208 
and $7,256, and was $7,208 at yearend. 
The average value per carat of all grades, 
sizes, and types of gem-quality diamond 
imports was $443, a 14% decrease 
compared to that of 1991. The average 
value of diamond imports for the past 10 
years was $408 per carat, with a high of 
$525 in 1990 and a low of $353 in 1984. 

The average yearend wholesale 
purchase price of a fine-quality 1-carat 
ruby, paid by retail jewelers on a per 
stone or memo basis, was $3,900, the 
same as that of 1991. The average value 
of ruby imports decreased slightly to 
$29.53 per carat. The average annual 
value of ruby imports for the past 10 
years was $36.67 per carat, with a high 
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of $48.71 in 1990 and a low of $16.42 in 
1984. 

The average yearend wholesale 
purchase price of a fine-quality 1-carat 
sapphire, paid by retail jewelers on a per 
stone or memo basis, was $1,400, the 
same as that of 1991. The average value 
of sapphire imports decreased 30% to 
$16.29 per carat. The average annual 
value of sapphire imports for the past 10 
years was $22.40 per carat, with a high 
of $27.97 in 1987 and a low of $16.29 in 
1992. 

The average yearend wholesale 
purchase price of a fine-quality 1-carat 
emerald, paid by retail jewelers on a per 
stone or memo basis, was $2,750, the 
same as for 1991. The average value of 
emerald imports increased 72% to $72.23 
per carat. The average annual value of 
emerald imports for the past 10 years was 
$57.30 per carat, with a high of $78.79 
in 1988 and a low of $35.06 in 1984. 
(See tables 6 and 7). 


Foreign Trade 


The value of diamond exports plus 
reexports decreased 5% to $1.45 billion. 
The quantity of cut diamonds exported 
and reexported decreased 10% to 911,419 
carats, and the value of diamond exported 
and reexported decreased slightly to 
$1.32 billion. | 

The value of other precious stones, cut 
but unset or rough other than diamonds, 
pearls, and synthetics, exported and 
reexported increased from $105.5 million 
to $241.2 million. The value of synthetic 
gemstone exports plus _ reexports 
decreased slightly to $21.2 million. 

The value of natural, cultured, and 
imitation pearls, not set or strung, exports 
and reexports of pearls increased 62% to 
more than $6.7 million. 

The value of gems and gemstones 
imported increased 4% to $4,839.4 
million compared to those of 1991, but 
was still below the 1989 record high of 
$5,115 million. The value of imported 
gem diamonds accounted for about 86% 
of the total. The average annual value of 
gems and gemstones imports for the past 
10 years was $4,272 million, with a high 
of $5,115 million in 1989 and a low of 
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$2,856 million in 1983. 


The value of imported gem diamonds 
increased 4% to $4,143.6 million, but 
was below the 1989 record high of 
$4,358 million. The imports of cut 
diamonds increased 15% in quantity and 
5% in value to 7.7 million carats and 
$3,648.6 million, respectively. | The 
average annual quantity of cut diamonds 
imported for the past 10 years was 7.3 
million carats, with a high of 8.9 million 
in 1989 and a low of 5.2 million carats in 
1983. The average annual value of cut 
diamond imports was $3,130.0 million, 
with a high of $3,805.5 in 1989 and a 
low of $1,982.7 million in 1983. 

The value of imports of other gem and 
gemstones, led by emerald, ruby, and 
sapphire, was $668.2 million, a decrease 


of about 26% compared to that of 1991. 


Emerald imports increased 29% to 
$213.5 million. The average annual 
value of emerald imports for the past 10 
years was $164.6 million, with a high of 
$213.5 million in 1992 and a low of 
$134.1 million in 1983. 

The value of ruby imports increased 
10% to $77.8 million, but was less than 
the record-high value for the past 10 
years of $98.4 million in 1990. The 
average annual value of imports for the 
past 10 years was $76.1 million, with a 
high of $98.4 in 1990 and a low of $58.7 
in 1987. The value of sapphire imports 
was $75.1, a decrease of 8% compared to 
those of 1991. The average annual value 
of sapphire imports for the past 10 years 
was $82.9 million, with a high of $100.0 
million in 1989 and a low of $70.8 
million in 1985. 

The value of imported gem materials 
other than diamond, emerald, ruby, and 
sapphire increased 35% to $327.7 
million. The average annual value of 
imports was $338.9 million, with a high 
of $429.5 in 1988 and a low of $210.3 in 
1990. (See tables 8, 9, 10, 11, and 12). 


World Review 


Diamond sales by De Beers Centenary 
AG was $3.4 billion in 1992, a decrease 
of 13% compared with 1991 sales of 
$3.94 billion. Sales during the second 
half of 1992 were only $1.63 billion, 


12% less than the $1.84 billion sales for 
the second half of 1991. A De Beers 
official stated that the reduction in sales 
was the result of the world economic 
conditions. De Beers controls about 80% 
of the rough, uncut diamonds sold in the 
world. Sales of colored stones remained 
strong. 

Natural diamond production occurs in 
Africa, Asia, Australia, and South 
America. The principal producing 
localities are as _ follows: in 
Africa—Angola, Botswana, Namibia, the 
Republic of South Africa, and Zaire; in 
Asia—Russia (northeastern Siberia and in 
the Yakutia); in Australia; and in South 
America— Venezuela and Brazil. 

Foreign countries in which major 
gemstone deposits (other than diamond) 
occur are Afghanistan (beryl, kunzite, 
ruby, tourmaline); Australia (beryl, opal, 
sapphire); Brazil (agate, amethyst, beryl, 
kunzite, ruby, sapphire, tourmaline, 
topaz); Burma (beryl, jade, ruby, 
sapphire, . topaz); Colombia (beryl, 
sapphire); Kenya (beryl, garnet, 
sapphire); Madagascar (beryl, rose 
quartz, sapphire, tourmaline); Mexico 
(agate, opal, topaz); Sri Lanka (beryl, 
ruby, sapphire, topaz); Tanzania 
(tanzanite, garnet, ruby, sapphire, 
tourmaline); and Zambia (amethyst, 
beryl). : 


Angola.—Odebrecht, a _ Brazilian 
company, purchased modular diamond 
recovery plants from Van Eck & Lurie 
for use on its diamond projects in 
Angola. Odebrecht is undertaking 
projects in Quango Province on behalf of 
Endiama, the Angolan state mining 
corporation. 


Armenia.—The diamond cutting and 
polishing factory at Nur Adjen produced 
about $60 million of income during the 
year, despite cutbacks of rough diamonds 
from Yakutia. The factory worked at full 
capacity even in the winter because of its 
priority for electricity and heat. The 
factory’s 1,800 workers are not allowed 
to drink at lunch (unlike Russian and 
Ukrainian diamond factory workers), 
have high moral, and comparatively high 
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salaries; these factors resulted in high- 
quality production. 


Australia.—Argyle’s diamond 
production of 39.0 million carats was a 
record for the mine. The Argyle partners 
stated that the installation of a new heavy- 
media separation circuit in the alluvial 
plant and the 2-million-ton expansion in 
the AK-1 treatment plant would increase 
production and efficiency. The largest 
gem-quality diamond recovered from the 
Argyle mine to date, a 41.7-carat 
elongated octahedron, was discovered in 
May. The peanut shell-sized diamond 
has not been evaluated to establish a 
price. However, it is not as valuable as 
the highly prized Argyle pink diamonds. 
Since the start of mining in 1983, more 
than 265 million carats of diamonds has 
been recovered from the AK 1 pipe and 
alluvial operations. 

Ashton Mining Ltd. reported that the 
Australian Diamond Exploration Joint 
Venture had discovered 20 commercial- 
sized stones in the Northern Territory. 
The stones were from work on the Merlin 
anomaly. . 

Redfire Resources NL announced it 
appeared its opal mining would start in 
early 1993 on their Coocoran opal project 
in New South Wales 20 kilometers west 
of Lighting Ridge. Initial company 
estimations are that the deposit has 
potential for a bonanza of economic-grade 
opals from two separate zones. 

Centenary International Mining is 
spending $373,000 to earn a 70% interest 
in the Lila Springs Claims, a boulder opal 
deposit in New South Wales. The 
company plans to raise funds for the 
purchase of equipment to start recovering 
opal to quickly establish a cash-flow. 
Additionally, Centenary has claims that 
cover about 200 kilometers of strike 
length along the Giralia Fault. These 
claims cover a fossil beach sand deposit 
suspected to contain diamonds. 


Canada.—Sudbury Contact Mines 
announced the discovery of six more 
microdiamonds from its Diamond Lake 
property east of Kirkland Lake, Ontario. 
This brings to 14 the number of diamonds 
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recovered from cores from 3 holes drilled 
during the winter of 1991-92. Sudbury 
drilled eight additional targets during the 
summer. The targets were drilled to an 
average depth of 150 meters. 

Dia Met Minerals announced 
additional results from the testing of its 
kimberlite discovery in the Lac De Gras 
area of the Northwest Territories. The 
most recent information disclosed the 
recovery of 101 carats of diamonds from 
a 160-ton bulk sample from core drilling. 
About 25% of the diamonds was gem 
quality, and some of the stones were in 
the 1- to 3-carat size range. 

_ Thermal Exploration Co. of California 
acquired a 70% interest in about 390,000 
hectares in the Lac de Gras area of the 
Northwest Territories. The claims are on 
the same trend as Dia Met Minerals’ and 
BHP-Utah’s holdings. Kennecott Canada 
Ltd. can earn a 70% interest in Thermal’s 
holding by providing 100% of the 
exploration costs. 

Sudbury Contact Mines, which 
continued to explore in the Kirkland Lake 
mining district of northern Ontario, they 
sampled a second kimberlite pipe and 
commenced drilling late in the year. 

Celtic Gold and Claude Resources 
secured funding to continued exploration 
of their joint-venture diamond project at 
Sturgeon Lake in Saskatchewan. Drilling 
is underway to examine a ring structure. 


China.—Everay Jewellery Ltd. opened 
its sixth diamond cutting factory in 
Guangdong Province. The new factory is 
the company’s largest in China and has a 
capacity for 1,000 workers. The factory 
produced round brilliants of five points 
and less. Everay’s production of finished 
goods from China is just over 100,000 
pieces per month. 


Russia.—The Siberian Republic of 
Sakha (formerly Yakutia), an autonomous 
republic with the Russian Federation, 
signed an agreement with De Beers 
Centenary AG to exclusively market 
diamonds through the CSO. Under the 
agreement, the Republic has the right to 
retain up to 10% of its rough diamonds 
for cutting or independent sales. Sakha is 


responsible for 99.8% of the rough 
diamond production from the 
Commonwealth of Independent States. 
Additionally, De Beers agreed to furnish 
equipment and training to establish a 
cutting factory in Sakha. Called Polar 
Star, the plant will cut about 100,000 
carats per year and produce jewelry for 
the domestic market. 

Sakha also signed an agreement with 
Reichbart Arye, an Israeli firm, which 
will supply diamond cutting equipment, 
technology, and training. Diamonds will 
be cut in the town of Barnaul and in 
Israel. Additionally, Sakha entered into 
an agreement with Arda Co., a Japanese 
jewelry firm, for diamond cutting plants 
in Sakha. Arda plans to cut 50,000 to 
100,000 carats per year for sale in Japan, 
the Republic of Korea, and Taiwan. 

Smolensk Gems NV. is a venture 
between Antwerp-based PHP Diamond, 
Smolensk Cutting Factory, the Antwerp 
office of Russalmaz, and 
Almazjuvelierexport in Moscow. The 
venture will cut Russian rough into fancy 
cuts, mainly triangles and princess cuts. 
The finished goods will be sold in 
Antwerp. 

A recent government decree created 
the Severoalmaz joint stock company to 
mine the diamond deposits discovered in 
the 1980’s at Lomonosov in_ the 
Archangel region. The decree provides 
for creating a production complex to 
mine, sort, and cut diamonds and to make 
diamond instruments. Severoalmaz will 
include the Russian corporation 
Almazzoloto, the Finance Ministry, 
Archangel Regional Administration, and 
the Arkhangelskgeologiya enterprise. It 
is expected that foreign firms will join in 
providing technical and economic 
expertise, and assistance in construction 
of the mining and recovery plants. 


Sierra Leone.—The National 
Provisional Ruling Council of Sierra 
Leone (which overthrew the President in 
April 1992) rendered invalid all diamond 
export licenses issued by the former 
regime. All sales of diamonds after July 
were by tender. 

Sunshine Mining settled a legal dispute 
with Boulle Group, its former partner, 
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and gained 100% control of the Koidu 
Kemberlite project, believed to contain 
reserves of 2.5 million carats of 
diamonds. Sunshine announced plans for 
a two phase approach to developing the 
project. Phase 1 would be an 
approximate 2-year bulk sampling project 
to substantiate the reserves. Phase 2 
would be the construction of a full-scale 
mine and recovery plant at a cost of 
about $37 million. The project is 
anticipated to have a 15-year life. 


South Africa, Republic of.—De Beers 
Consolidated Mines Ltd. brought its new 
Venetia Mine to full production late in 
the year. It is reported that the mine will 
produce about 5.9 million carats per year. 
Venetia, located in the northern Transvaal 
near Messina, is a low-cost, high-grade 
(137 carats per 100 tons) open pit mine. 
Production from the mine is reported to 
be 50% to 60% gem-quality stones. 
Production from the mine is equal to 70% 
of the country’s total production in 1991. 

Agreement was reached between De 
Beers Consolidated Mines Ltd., its 
customers, and the Government of South 
Africa on the method of domestic rough 
diamond distribution. In the past, rough 
mined in South Africa was offered to 
domestic cutters before being exported. 
Now, all rough will be shipped to 
London and mixed with diamonds from 
the other producers. Rough for South 
African cutters is then drawn from the 
world rough supply. 

Three Canadian partners, Stow 
Resources, Dryden Resources, and 
Southerera Resources, commissioned the 
treatment plant for the Leicester diamond 
mine near Kimberly. A dozen clear 
white gem-quality diamonds were 
recovered during startup, including two 
that are slightly more than 1 carat and 
one of about 6.5 carats. Previous 
production from the mine yielded 32,000 
carats, with about 50% gem-quality and 
about 10% larger than 10 carats. 


Tanzania.—De Beers’ subsidiary 
Willcroft Co. Ltd. entered into a 
prospecting and mining agreement with 
the Ministry of Water, Energy and 


512 


Minerals. The agreement is _ for 
prospecting and mining rights on an area 
of more than 22,000 square kilometers in 
the Mwanza, Shinyanga, and Tabora 
regions. The Ministry also has signed 
diamond exploration agreements with 
Reunion Mining Plc. and RZT. 

In May, the Tanzania Mineral Dealers 
Association and the Ministry of Water, 
Energy, and Minerals of Tanzania held 
the first gemstone auction in Arusha. 
Sixty dealers offered goods for sale at the 
auction attended by 28 buyers from 9 
countries. About $200,000 worth of 
mostly rough tanzanite, ruby, rhodolite 
garnet, green garnet, chrome tourmaline, 
and sapphire were sold. 


Uruguay.—It is estimated that annual 
exports of amethyst are about 80 tons 
valued at more than $500,000. The 
amethyst is used as mineral specimens, 
decorator pieces, and as gemstones. 


Uzbekistan.—A deposit of industrial 
diamonds was opened in Tyan-Shan near 
Tashkent. The diamonds are up to 2 
millimeters in diameter, but the deposit 
also may contain larger gem diamonds. 
It does allow the republic to enter the 
ranks of diamond-producing countries. 


Zaire.—The volume and value of 
diamonds marketed through unofficial 
channels increased after the mutiny in 
September 1991. The value of diamonds 
marketed through these channels was 
estimated to be more than $200 million in 
1991, two to five times greater than 
before the mutiny. The problem seems to 
have abated somewhat during 1992. 


Zimbabwe.—Australian-based 
Auridiam Consolidated Ltd. recovered 
about 5,000 carats of diamonds, including 
a 17-carat gem-quality stone, from the 3- 
month pilot plant testwork on its Rive 
Ranch concession. The concession, near 
the Limpopo River, in _ southern 
Zimbabwe, was acquired in the past year 
after De Beers Consolidated Mines Ltd. 
and the Government of Zimbabwe could 
not come to terms. Based on these 
encouraging results, Auridiam is planning 


a 200,000-cubic-meter-per-year 
production plant that would produce about 
500,000 carats per year for 10 to 15 
years. The diamonds recovered to date 
were offered for tender in Antwerp. 
Reunion Mining Plc. discovered two 
kimberlites on its concession near Lake 
Kariba, 300 kilometers west of Harare. 
Other anomalies in the same area lead the 
company to believe a group or cluster of 
pipes may be present. Reunion has 6 
additional concessions for diamond 
exploration in Zimbabwe. 
See table 13 for world diamond 
production by country. (See table 13.) 


OUTLOOK 


World demand for gem diamond can 
be expected to rise because of increasing 
effective personal incomes in_ the 
populations of the United States and other 
industrialized countries. Also, demand 
will increase because of highly effective 
promotional efforts. These promotions 
are changing social customs in many 
eastern countries, particularly in the use 
of diamond engagement rings. The 
changes are resulting in significant 
growth in the diamond market. Demand 
for other precious gems will continue to 
grow as diamonds become more 
expensive and the popularity and 
acceptance of colored gemstones increase. 
Demand for synthetic and simulant 
gemstones for both personal and 
industrial consumption is expected to 
increase. The diversity of sizes, types, 
uses, and values of gems and gemstones 
precludes any meaningful forecasting of 
future demand. 


‘Nassau, K. Gemstone Enhancement. Buttersworth, 1984, 
pp. 46-60. 

?Pages 61-78 of work cited in footnote 1. 

5Pages 25-44 of work cited in footnote 1. 

‘Rapaport Diamond Report. Mar. 6, 1992, Colored Stones 
Section. V. 15, No 9., p. 26. 
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GEMSTONE— 1992 


Sept. 1949 
Mar. 1951 
Sept. 1952 
Jan. 1954 
Jan. 1957 
May 1960 
Mar. 1963 
Feb. 1964 
Aug. 1966 


DE BEERS’ CSO ROUGH DIAMOND PRICE INCREASES, 


25.0 Nov. 1967 
15.0 Sept. 1968 
2.5 July 1969 
2.0 Nov. 1971 
5.7 Jan. 1972 
2.5 Sept. 1972 
5.0 Feb. 1973 
7.5 Mar. 1973 
75 May 1973 

TABLE 2 


TABLE 1 
BY PERCENTAGE 
16.0 Aug. 1973 
2.5 Dec. 1974 
4.0 Jan. 1976 
5.0 Sept. 1976 
5.4 Mar. 1977 
6.0 Dec. 1977 
11.0 Aug. 1978 | 
7.0 Sept. 1979 
10.0 Feb. 1980 


DE BEERS’ CSO ROUGH 
DIAMOND SALES AND STOCKS 


Year 
1983 
1984 
1985 


" 1986 


1987 


1988 


1989 
1990 
1991 
1992 


(Billions of dollars) 

Sales ‘Stocks 
1.50 1.85 
1.61 1.95 
1.80 1.90 
2.56 1.85 
3.07 2.30 
4.17 2.00 
4.09 2.47 
4.17 2.68 
3.93 3.03 
3.42 3.36 


10.2 
1.5 
3.0 
5.8 

15.0 

17.0 

30.0 

13.0 

12.0 


Sept. 1982 2.5 
Apr. 1983 3.5 
Aug. 1986 7.5 
Nov. 1986 7.0 
Sept. 1987 10.0 
Apr. 1988 13.5 
Mar. 1989 15.5 
Mar. 1990 _ 5.5 
Feb.1993 11.5 
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TABLE 3 


GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


: : ; May be pea 

Name Composition Color Hig Cost” Mohs SP ant Refraction Brees confused amie 
size - gravity index with- charac- 

ters 

Amber Hydrocarbon Yellow, Any Low to 2.0-2.5 1.0-1.1 Single 1.54 Synthetic Fossil 

red, green, medium or pressed, _ resin, 
blue plastics soft. 

Beryl: 

Aquamarine Beryllium Blue-green Any Medium __7.5-8.0 2.63-2.80 Double 1.58 Synthetic Double 
aluminum to light to high spinel, blue _refrac- 
silicate blue topaz tion, 

refrac- 
tive 
index. 

Bixbite do. do. Small Very 7.5-8.0 2.63-2.80 do. 1.58 Pressed Refrac- 

high plastics, tive 
tourmaline _—_ index. 

Emerald do. Green Medium do. 7.5 2.63-2.80 = do. 1.58 Fused Emerald 

emerald, filter, 
glass, dich- 
tourmaline, roism, 
peridot, refrac- 
green tive 

garnet, index. 
doublets 

Emerald, do. do. Small High 7.5-8.0 2.63-2.80 do. 1.58 Genuine Flaws, 

synthetic emerald brilliant, 

fluor- 
escence 
in ultra 
violet 
light. 
Golden do. Yellowto Any Lowto _—_7.5-8.0 2.63-2.80 do. 1.58 Citrine, 
theliodor) golden medium topaz, 
glass, 
doublets 

Goshenite do. do. Any Low 7.5-8.0 2.63-2.80 do. 1.58 Quartz, Refrac- 

glass, tive 

white index. 

sapphire, 

white topaz 
Morganite do. Pink to Any do. 7.5-8.0 2.63-2.80 do. 1.58 Kunzite, Refrac- 

rose tourmaline, tive 

pink sap- index. 

phire 

Calcite: 

Marble Calcium White, Any Low 3.0 2.72 Double 1.49-1.66  Silicates, Trans- 
carbonate pink, red, (strong) banded lucent. 

blue, agate, 
green, or alabaster 
brown gypsum 

Mexican onyx do. do. Any Low 3.0 2.72 do. 1.6 do. Banded, 

trans- 
lucent. 


See footnotes at end of table. 
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TABLE 3—Continued 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


5 ne ss 


May be Recee: 
Name - Composition Color Prue Cost? Mohs Spee Refraction pemeeeys confused ee 
size gravity index with- charac- 
ters 


a “en = 
Chrysobery]: 


Alexandrite Beryllium Green by Former High 8.5 3.50-3.84 Double 1.75 Synthetic Dich- 
aluminate day, red by  U.S.S.R. roism, 
artificial (small), Sri inclu- 
light Lanka sions in 
(medium) synthetic 
sapphire. 
Catseye do. Greenishto Small to do. 8.5 3.50-3.84 = do. 1.75 Synthetic, Gravity 
brownish large shell and 
trans- 
lucence. 
Chrysolte do. Yellow, Medium Medium 8.5 3.50-3.84 do. 1.75 Tourmaline  Refrac- 
green, » peridot tive 
and/or index, 
brown silky. 
Coral —SCalcium=—=SOrange, —~<-Branching, Low. 3.54.0 2.62.7 do. 1.49-1.66 False coral” Dull 
carbonate red, white, | medium . trans- 
black, or lucent. 


green 


5 5 ts a i 


Corundum: 


Ruby Aluminum Rose to Small Very 9.0 3.95-4.10 = do. 1.78 Synthetics, = Inclu- 
oxide deep pur- high including sions, 
plish red spinel fluor- 
escence. 
Sapphire do. Blue Medium High 9.0 3.95-4.10 do. 1.78 do. Inclu- 

. _ sions, 
double 
refrac- 
tion, 
dich- 
roism. 

Sapphire, do. Yellow, Mediumto Medium 9.0 3.95-4.10 = do. 1.78 Synthetics, —Inclu- 
fancy pink, large glass and sions, 
white, doublets double 
orange, refrac- 
green, or tion, 
violet refrac- 
tive 
index. 
Sapphire and do. Red, pink, do. High to 9.0 3.95-4.10 do. 1.78 Star Shows 
ruby stars violet blue, low quartz, asterism, 
or gray synthetic color on 
stars side 
view. 
Sapphire or do. Yellow, Up to 20 Low 9.0 3.95-4.10 do. 1.78 Synthetic Curved 
ruby pink, or carats spinel, strae, 
synthetic blue glass bubble 
inclu- 
sions. 


—_—_—_—_—_—_———— ee 


See footnotes at end of table. 
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TABLE 3—Continued 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


a 


; P : May be HECOB: 
Name Composition Color Precucal Cost” Mohs Sperine Refraction dy es confused ee 
size gravity index withe charac- 
ters 
Diamond Carbon White, Any Very 10.0 3.516-3.525 Single 2.42 Zircon, High 
blue-white, high titania, index, 
yellow, cubic disper- 
brown, zirconia sion, 
green, single 
pink, blue refrac- 
tion, 
hardness, 
cut, 
luster. 
Feldspar: 
Amazonite Alkali alumi- Green Large Low 6.0-6.5 2.56 — 1.52 Jade Cleavage 
num silicate » Sheen, 
vitreous 
to pearly, 
opaque, 
grid. 

Labradorite do. Gray with do. Low 6.0-6.5 2.56 — 1.56 do. Cleavage 
blue and , sheen, 
bronze vitreous 
sheen color to pearly 
play opaque, 

. grid. 
Moonstone do. White do. Low ~ 6.0-6.5 2.77 —  1.52-1.54 Glass or Blue 
white onyx __ sheen, 

opal- 
escent. 
Garnet Complex Brown, Small to Low to 6.5-7.5 3.15-4.30 Single 1.79-1.98 Synthetics, Single 
silicate black, medium high strained spinel, refrac- 

yellow, glass tion, 
green, ruby anom- 

red, or alous 
orange strain. 

Jade: 

Jadeite do. Green, Large Low to 6.5-7.0 3.3-3.5 Cryptocry 1.65-1.68 Onyx, Luster, 
yellow, very stalline bowenite, spec- 
black, high vesu vian- trum, 
white, or ite, grossu- _trans- 
mauve larite lucent, to 

opaque. 

Nephrite Complex do. do. do. 6.0-6.5 2.96-3.10 do. 1.61-1.63 do. Do. 

hydrous 
silicate 
Peridot Iron magne- Yellow Any Medium —_ 6.5-7.0 3.27-3.37 Double 1.65-1.69 Tourmaline Strong 
sium silicate and/or (strong) chrysoberyl double 
green refrac- 
tion, low 
dich- 
roism. 
Opal Hydrous Colors Large Low to 5.5-6.5 1.9-2.3 Isotropic 1.45 Glass, Play of 
silica flash in high synthetics, color. 
white gray, triplets 
black, red, 
or yellow 
See footnotes at end of table. 
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TABLE 3—Continued 


GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Composition 


Calcium 
carbonate 


Color 


White, 
pink, or 
black 


Practical 


1 


Cost” 


do. 


Mohs 


2.5-4.0 


Specific 
gravity 


2.6-2.85 


Refraction 


Refractive 
index 


May be 
confused 
with- 
Cultured 
and imita- 
tion 


Recog- 
nition 
charac- 
ters 
Luster, 
struc- 
ture, 
X-ray. 


Agate 


Amethyst 


Cairngorm 
Citrine 
Crystal, rock 
Jasper 


Onyx 


Rose 


Spinel 


Spinel, 
synthetic 


Silica 


do. 


do. 
do. 
do. 
do. 


do. 


do. 


Magnesium 
aluminum 
oxide 


do. 


Any color 


Purple 


Smoky 
Yellow 
Colorless 


Uniform or 
spotted red, 
yellow, or 
green 
Many 
colors 


Pink, rose 
red 


Any 


Any 


Large 


do. 


do. 


do. 


Small to 
medium 


Up to 40 
carats 


Low 


Medium 


Medium 


Low 


7.0 


7.0 


7.0 


7.0 


8.0 


8.0 


2.58-2.64 


2.65-2.66 


2.65-2.66 
2.65-2.66 
2.65-2.66 
2.58-2.66 


2.58-2.64 


2.65-2.66 


3.5-3.7 


3.5-3.7 


Double 


do. 
do. 
do. 


do. 


Single 


Double 


1.55 


1.55 


1.72 


1.73 


Glass, 
plastic, 
Mexican 
onyx 


do. 


do. 


Synthetic, 
garnet 


Spinel, 
corundum, 
beryl, 
topaz, 
alexandrite 


Crypto- 
crystal- 
line, irre- 
gularly 
banded, 
dendritic 
inclu- 
sions. 
Refrac- 
tive 
index, 
double 
refrac- 
tion, 
trans- 
parent. 


Opaque, 


vitreous. 


Uni- 
formly 
banded. 


Refrac- 
tive 
index, 
double 
refrac- 
tion, 
trans- 
lucent. 


Refrac- 
tive 
index, 
single 
refrac- 
tion, 
inclu- 
sions. 


Weak 
double 
refrac- 
tion, 
curved 
striae, 
bubbles. 


OO eee 


See footnotes at end of table. 
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TABLE 3—Continued 


GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


: . ‘ May be pa 
Name Composition Color eee Cost? Mohs Sp eealie Refraction da confused aus 
size gravity index with- charac- 
. ters 
Spodumene: 

Kunzite Lithium Pink to Medium Medium __ 6.5-7.0 3.13-3.20 Double 1.66 Amethyst, —_ Refrac- 
aluminum lilac morganite tive 
silicate index. 

Hiddenite do. Yellow to do. do. 6.5-7.0 do. do. Synthetic Do. 

green spinel 
Tanzanite Complex Blue Small High 6.0-7.0 3.30 do. 1.69 Sapphire, Strong 
silicate synthetics. _trich- 
roism. 
Topaz do. White, Medium Low to 8.0 3.4-3.6 do. 1.62 Beryl, Refrac- 
blue, green medium quartz tive 
index. 
Tourmaline do. All, includ- do. do. 7.0-7.5 2.98-3.20 do. 1.63 Peridot, Double 
ing mixed beryl, refrac- 
corundum, tion, 
glass refrac- 
tive 
index. 
Turquoise Copper Blue to Large Low 6.0 2.60-2.83 do. 1.63 Glass, Difficult 
aluminum green plastics if matrix 
phosphate phosphate not pres- 
ent, 
matrix 
usually 
. limonitic. 
Zircon Zirconium White, Small to Low to 6.0-7.5 4.0-4.8 Double —  1.79-1.98 Diamond, Double 
silicate blue, or medium medium (strong) synthetics, —_refrac- 
brown, topaz, tion, 
yellow, or aquamarine strongly 
green dichroic, 
wear on 
facet 
edges. 


1§mall—up to 5 carats; medium—up to 50 carats; large—more than 50 carats. 
2Low—up to $25 per carat; medium—up to $200 per carat; high—more than $200 per carat. 
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TABLE 4 
SYNTHETIC GEMSTONE PRODUCTION METHODS 


pen ans Production Conipany Date of first 
methods production 
Ruby Flux Chatham 1950’s 
Do. do. Kashan 1960’s 
Do. do. Knischka 1980’s 
Do. do. J.O. Crystal (Ramaura) 1980’s 
Do. Zone melt Seiko 1980’s 
Do. Melt pulling Kyocera 1970’s 
Do. dnamori) 
Do. Verneuil Various producers 1900’s 
Star ruby do. Linde (Div. of Union Carbide) 1940’s 
Do. Melt pulling Kyocera 1980’s 
Do. do. Nakazumi 1980’s 
Sapphire Flux Chatham 1970’s 
Do. Zone melt Seiko 1980’s 
Do. Melt pulling Kyocera 1980’s 
Do. Verneuil Various producers 1900’s 
Star sapphire Verneuil Linde 1940’s 
Emerald Flux Chatham 1930’s 
Do. do. Gilson 1960’s 
Do. do. Kyocera 1970’s 
Do. do. Seiko 1980’s 
Do. do. Lennix 1980’s 
Do. do. Former U.S.S.R. 1980’s 
Do. Hydrothermal Lechleitner 1960’s 
Do. do. . Regency 1980’s 
Do. do. Biron 1980’s 
Do. do. Former U.S.S.R. 1980’s 
Alexandrite Flux Creative crystals 1970’s 
Do. Melt pulling Kyocera 1980’s 
Do. Zone melt Seiko 1980’s 
Cubic zirconia Skull melt Various producers 1970's 
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VALUE OF 1992 U.S. 


TABLE 5 


GEMSTONE PRODUCTION, 
BY GEM MATERIALS 
Gem materials Value 

Agate $548,000 
Beryl 323,000 
Coral (all types) 122,000 
Garnet 108,000 
Gem feldspar 1,042,000 
Geode/nodules 260,000 
Fire agate 45,000 
Jasper 111,000 
Obsidian 4,000 
Opal 756,000 
Peridot 1,306,000 
Petrified wood 211,000 
Quartz 638,000 
Sapphire/ruby 895,000 
Topaz 12,000 
Tourmaline 82,000 
Turquoise 1,994,000 

Total 8,457,000 
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TABLE 6 
PRICES OF U.S. CUT DIAMONDS, BY SIZE AND QUALITY 


Carat Description, Clarity” ae Average‘ 
weight color' (GIA terms) Jan. 1992-Jan. 1993 July 1992 
0.25 G VS1 $1,400- $1,400 $1,400 
.25 G VS2 1,200 - 1,200 1,200 
25 G Sli 970 -970 970 
.25 H VS1 1,200 - 1,200 1,200 
.25 H VS2 1,100 - 1,100 1,100 
.25 H SI 950 -950 950 
50 G VS1 2,700 - 2,900 2,900 
50 G VS2 2,500 - 2,600 2,600 
50 G SI 2,300 - 2,300 2,300 
.50 H VS1 2,600 - 2,700 2,700 
50 H VS2 2,400 - 2,500 2,500 
50 . H SIl 2,100 - 2,200 2,200 
75 G VS1 3,500 - 3,500 3,500 
.75 G vs2 3,200 - 3,200 3,200 
75 G SI 2,800 - 2,800 2,800 
75 H VS1 3,100 -3,100 3,100 
75 H VS2 2,800 - 2,800 2,800 
75 H SI 2,600 - 2,600 2,600 
1.00 G VS1 4,600 - 4,600 4,600 
1.00 G VS2 4,100 - 4,100 4,100 
1.00 G Sil 3,700 - 3,700. . 3,700 
1.00 H vs! 4,100 - 4,100 4,100 
1.00 H VS2 3,800 - 3,900 . 3,900 
1.00 H sil 3,400 - 3,600 3,600 


‘Gemological Institute of America (GIA) color grades: D—colorless; E—rare white; G-H-I—traces of color. 

7Clarity: IF no blemishes; VVS1—very, very slightly included; VS—very slightly included; VS2—very slightly 
included, but not visible; SI1—slightly included. 

5Jeweler’s Circular-Keystone. V. 164, No. 3, Mar. 1993, p. 148. 

“Jeweler’s Circular-Keystone. V. 163, No. 9, Sept. 1992, p. 118. 
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TABLE 7 
PRICES OF U.S. CUT COLORED GEMSTONES, BY SIZE’ 


Average price per 


Price range 
Gemstone nae per oat — et 

in 199? : : 

1992 1993 
Amethyst 1 $8 - $18 $13.00 $13.00 
Aquamarine 1 75 - 250 175.00 82.50 
Emerald 1 2,500- 3,500 2,750.00 2,750.00 
Garnet, tsavorite 1 600 - 900 750.00 750.00 
Ruby 1 3,000- 4,800 3,900.00 3,900.00 
Sapphire 1 800- 2,000 1,400.00 1,400.00 
Tanzanite 1 100 - 240 210.00 130.00 
Topaz 1 5 -12 9.00 7.00 
Tourmaline, red 1 60 - 125 92.50 92.50 


'Fine quality. . 

?Jewelers’ Circular-Keystone. V. 164, No. 3, Mar. 1993, p. 148. These figures represent a sampling of net prices that 
wholesale colored stone dealers in various U.S. cities charged their cash customers during the month for fine-quality 
nes. 
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; TABLE 8 . 
U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF INDUSTRIAL DIAMOND), BY COUNTRY 


1991 1992 . 
Country Quantity Value! Quantity Value! 
(carats) (millions) (carats) (millions) 
Exports and reexports 
Belgium *2,177,190 $430.5 2,404,886 $368.6 
Canada 305,702 32.1 413,285 30.7 
France 8,746 23.7 7,455 25.2 
Hong Kong 291,537 270.4 198,418 312.5 
Israel 364,495 "272.1 335,521 279.0 
Japan 125,260 7196.3 80,953 121.5 
Singapore 720,653 "27.5 24,213 30.9 
Switzerland 7116,246 7149.7 $2,447 146.4 
Thailand 39,748 39.7 23,057 17.1 
United Kingdom 20,516 *38.5 16,156 51.7 
Other 240,323 41.3 393,999 65.8 
Total 73,710,416 1,521.6 3,950,390 1,449.5 
"Revised. 
‘Customs value. 


Source: Bureau of the Census. 
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TABLE 9 
U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY 


Kind, range, and 


country of origin Quantity Value! Quantity Value’ 

(carat) (millions) (carat) (millions) 

Rough or uncut, natural:? 

Belgium 455,621 $40.7 402,763 $81.9 
Brazil 106,396 9.8 26,867 1.4 
Israel 17,097 10.3 26,699 10.7 
Netherlands 18,334 9.2 79,564 17.6 
South Africa, Republic of 13,787 7.6 13,405 17.6 
Switzerland 64,717 18.9 1,156 9.4 
United Kingdom 625,965 249.5 685,544 189.1 
Venezuela 20,580 0.3 318 0.1 

Other 460,339 181.1 392,059 167.1. 

Total 1,782,836 527.4 1,628,375 495.0 
Cut but unset, not more than 0.5 carat: ——= = =. a — 
Belgium 789 ,422 280.1 795,348 270.5 
Brazil 41,626 17.6 15,414 6.6 
Canada 4,419 1.2 6,558 2.1 
Hong Kong 132,735 29.0 247,289 44.1 
India 3,373,905 825.4 4,249,843 935.2 
Israel | 227,175 357.9 670,327 313.0 
Netherlands ~ 5,612 1.7 3,338 1.1 
South Africa, Republic of 16,517 10.0 7,263 6.3 
Switzerland 21,237 6.2 11,055 4.6 
United Kingdom 1,424 0.7 4,779 1.4 
Other 86,601 20.9 80,899 19.2 
Total 5,200,673 1,550.7 6,092,113 1,604.2 
Cut but unset, more than 0.5 carat: ere a =, = ie craaaraaar) 
Belgium 592,530 793.9 589,036 776.2 
Hong Kong 14,196 34.5 14,879 30.8 
India . 41,316 33.8 30,634 18.0 
Israel 783,799 834.4 915,487 973.8 
Netherlands 4,491 13.8 3,928 18.9 
South Africa, Republic of 5,291 12.2 5,706 22.4 
Switzerland 23,766 115.2 10,712 95 1 
United Kingdom 9,018 34.8 20,061 35.1 
Other 23,553 41.3 41,319 74.3 
Total 1,497,960 1,913.9 1,631,762 2,044.5 


‘Customs value. 


"Includes some natural advanced diamond. 
’Data may not add to totals shown because of independent rounding. 


Source: Bureau of the Census. 
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TABLE 10 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN DIAMOND, BY KIND AND COUNTRY 


1991 1992 
Kind and country Quantity Value! Quantity Value’ 
(carats) (millions) (carats) (millions) 
Emerald: 
Belgium 10,782 $1.6 4,381 $0.7 
Brazil 1,554,717 6.7 125,548 4.5 
Colombia 212,818 51.5 403,988 92.4 
France 7,456 3.0 3,753 4.1 
Germany 19,828 2.2 149,870 4.3 
Hong Kong 114,521 13.4 232,025 19.2 
India 1,298,384 22.7 1,208,678 16.5 
Israel 134,178 21.3 116,586 21.4 
Japan 2,946 0.7 125 0.2 
South Africa, Republic of 206 0.3 962 0.1 
Switzerland 66,283 23.3 164,283 39.6 
Taiwan 414 0.1 3,452 0.3 
Thailand 483,037 12.6 299,313 6.6 
United Kingdom 8,755 0.9 1,957 1.2 
Other 24,980 5.1 240,985 2.5 
Total? 3,939,305 165.5 2,955,906 213.5 
Ruby: ee a 
Belgium 8,127 1.3 9,065 1.1 
Brazil 11,517 0.5 6,793 0.3 
Colombia 145 () 70 () 
France 4,686 0.9 790 0.6 
Germany 15,438 1.6 17,677 1.1 
Hong Kong 38,030 4.4 99,817 3.8 
India 455,938 1.9 375,745 1.7 
Israel 10,736 0.8 12,094 1.5 
Japan 647 0.1 3 ~#A 
Switzerland 72,979 16.5 36,221 23.3 
Thailand 1,715,520 37.3 2,008,030 39.1 
United Kingdom 12,089 3.2 2,401 3.3 
Other 32,128 2.4 66,233 2.1 
Total? 2,377,980 70.9 2,634,939 77.8 
Sapphire: ~~ oe 
Australia 3,963 0.3 4,682 0.1 
Austria 603 0) 65 () 
Belgium 5,044 1.3 6,744 0.7 
Brazil 7,932 0.4 23,326 0.2 
Canada 8,109 0.4 187,196 0.5 
Colombia 111 () 82 0.1 
France 4,695 1.3 597 1.4 
Germany 21,882 0.8 49,194 1.3 
Hong Kong 141,486 6.2 113,670 3.8 
India 59,588 0.6 71,670 0.5 
Israel 10,723 0.8 28,987 1.2 
Japan 6,536 0.5 2,159 0.1 
Korea, Republic of 1,980 ~) NA NA 
Singapore 833 0.4 101 () 
See footnotes at end of table. 
GEMSTONE— 1992 
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TABLE 10—Continued 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN DIAMOND, BY KIND AND COUNTRY 


Kind and country 


Quantity 


1991 


Value! 


Quantity 


1992 


Value! 


(millions) 


Switzerland* 

Thailand 

United Kingdom 

Other 
Total? 

Other: 

Rough, uncut: 
Australia 
Brazil 


Colombia 
Hong Kong 


Nigeria 
Pakistan 
South Africa, Republic of 
Switzerland 
United Kingdom 
Zambia 
Other 
Total 
Cut, set and unset: 


Australia 
Brazil 
Canada 
China 
Germany 
Hong Kong 
India 
Japan 
Switzerland 
Taiwan 
Thailand 
United Kingdom 
Other 
Total® 


"Revised. NA Not available. 
‘Customs value. 


Data may not add to totals shown because of independent rounding. 


3Less than 1/10 unit. 
“Erroneously omitted in 1991. 


Source: Bureau of the Census. 


i) 


4 


(carats) 


54,023 
21,096 
3,122,987 
15,895 
14,062 


3,501,548 


NA 


NA 


NA 


NA 


$3.9 
16.2 
46.1 
1.4 
0.9 


81.5 


1.1 
35.2 
1.4 

2.0 
0.2 
0.7 
0.6 
1.0 
1.2 
0.8 
11.8 


56.0 


3.2 
9.3 
0.2 
0.8 
15.2 
716.6 
7.4 
9.4 
1.1 
2.8 
72.3 
2.1 
714.6 


155.0 


(carats) 


85,218 
27,608 
3,991,362 
4,210 
13,989 


4,610,860 


NA 


NA 


NA 


(millions) 
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TABLE 11 


VALUE OF U.S. IMPORTS OF 
SYNTHETIC AND IMITATION 


GEMSTONES, INCLUDING 


PEARLS, BY COUNTRY 


(Million dollars’) 


Country 


Synthetic, cut but unset: 


Australia 
Austria 
France 
Germany 
Hong Kong 
Japan 


Korea, Republic of 


Switzerland 
Taiwan 
Thailand 
Other 

Total 

Imitation: 

Austria 
Czechoslovakia 
Germany 
Japan 
Other 

Total 


"Revised. 
1Customs value. 


1991 


0.5 
3.4 
1.9 
*8.8 


1.6 
5 

4.9 
2.8 
5 
16.0 
1.8 
"42.9 
58.6 
4.0 
1.8 
1.5 
3.0 


69.0 


Data may not add to totals shown because of independent 


rounding. 


Source: Bureau of the Census. 
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U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES 


TABLE 12 


(Thousand carats and thousand dollars) 


Stones 


Diamonds: 
Rough or uncut 
Cut but unset 
Emeralds: Cut but unset 
Coral and similar materials, unworked 
Rubies and sapphires: Cut but unset 
Pearls: | | 
Natural 
Cultured 
Imitation 
Other precious and semiprecious stones: 
Rough, uncut 
Cut, set and unset 
Other 
Synthetic: 
Cut but unset 
Other 
Imitation gemstone 
Total? 


‘Revised. NA Not available. XX Not applicable. 
1Customs value. 
Source: Bureau of the Census. 


Quantity 


1,783 
6,699 
3,939 
72,554 
5,880 


NA 
NA 
NA 


338,300 
NA 
429 


148,203 
NA 
NA 


XX 


1991 


Value! 


527,424 
3,464,599 
165,508 
6,741 
"152,484 


4,645 
16,812 
2,492 


43,825 
133,530 
"5,435 


742,901 
*2,099 
66,507 


*4,635,002 


Quantity 


1,628 
7,724 
2,956 
2,787 
7,246 


NA 
NA 


NA — 


408,236 
NA 
281 


217,059 
NA 
NA 


XX 


Value! 


495,003 
3,648,626 

213,497. 
6,115 
152,886 


3,896 
18,313 
3,710 


41,446 
109,233 
5,957 


58,189 
1,636 
80,927 


4,839,43 
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TABLE 13 
DIAMOND: WORLD PRODUCTION, BY TYPE AND COUNTRY’ 


(Thousand carats) 
1988 1989 1990 
Natural Natural Natural 
-Country ————_—__._--______—— Syn- -_ Syn- _ Syn- 
Gem’ im Total? thetic‘ Gem’ inoue. Total? thetic* Gem ae Total? thetic* 
trial trial i trial 
Angola*® 950 50 1,000 —_ 1,165 80 51,245 -— 71,060 73 71,133 —_ 
Australia 17,413 =—-:17,413 34,826 — 17,540 17,540 35,080 — 17,331 17,331 34,662 — 
Botswana 10,660 *4,570 15,229 — 10,680 ‘4,570 15,252 — 12,150 *5,200 17,352 _ 
Brazil 7350 180 530 — 350 150 500 — 600 900 1,500 _ 
Central African 
Republic 284 59 343 — 334 81 415 _— 303 78 381 — 
China’ 200 800 1,000 15,000 200 800 1,000 15,000 200 800 1,000 15,000 
Céte d’Ivoire® 8 3 11 —_ 9 3 12 — 9 3 12 _ 
Czechoslovakia® —_ _— — 5,000 — _ = 5,000 _ — — 5,000 
France® _ _ —_— 4,000 —_— _ _ 4,000 _ _— _— 4,000 
Gabon® 400 100 500 — 400 100 500 — 400 100 500 — 
Ghana’ 55 7465 520 _ 124 370 7494 _ 163 487 7650 _ 
Greece® — — _ 1,000 — —_ — 1,000 _— — _— 1,000 
Guinea’ 136 10 146 —_ "137 10° 147 _ 119 8 127 _ 
Guyana 1 3 4 — . 3 5 8 _ *§ 713 18 _ 
India 11 3 14 — 3 12 15 _ 3 e915 18 _ 
Indonesia® 7 22 29 — 7 25 32 — 7 23 30 _ 
Ireland® — _ — 60,000 — — — 60,000 — — — 60,000 
Japan® = _ _ 25,000 _ _ —_ 25,000 —_ — _ 25,000 
Liberia 67 100 167 — 62 — «93 155 — 40 60 *100 — 
Namibia 7925 50 975 _ 910 *20 927 —_— ™750 15 763 — 
- Romania* = a — 5,000 = = — 4,500 = a — 4,500 
Russia® ° —_ — _ — — — — _ — ~ — _ 
- Sierra Leone® 12 6 18 — 90 39 129 — 66 12 78 _ 
SumAge, sso a ee es en ee ee ee ee ee 
_ Republic of: 
Finsch Mine *1,320 72,600 3,920 _ 71,600 3,000 4,610 — 1,480 2,700 4,178 _ 
Premier Mine ™700 1,540 2,239 _ 7100 ~—s- "1,520 2,215 — 720. ~—s—- 1,600 2,328 — 
Venetia Mine — — — — _— — — _ 20 40 62 — 
Other De Beers’ 
properties” 1,400 520 1,919 _ 1,350 *530 1,880 — 1,200 460 1,652 —_ 
Other *380 *40 426 _ 350 50 411 — *380 100 488 _ 
Total 3,800 4,700 ~—«-8,504 55,000 4,000 ~—«S,100«SS=«&S «116. *60,000 3,800 4,900 —«8« 708 ~~—«*60,000 
Swaziland 44 29 73 — 33 22 55 — 25 17 42 — 
Sweden® — _ — 25,000 — _ — 25,000 _ — _ 25,000 
. Tanzania 105 745 7150 — 105 745 *°150 —_ 60 25 85 _ 
U.S.S.R°°9 4 ™11,000 ™11,000 "22,000 41,500 11,500 11,500 *23 ,000 41,500 ‘12,000 12,000 ™24,000 41,000 
United States — _ — WwW — — — WwW —_ — —_ WwW 
Venezuela 54 75 "129 — 70 185 255 _— 88 245 333 _ 
Yugoslavia* ? —_ _ — 5,000 — — — 5,000 — — _ 5,000 
Zaire 2,724 15,439 18,163 _ 2,663 15,092 17,755 — 2,914 16,513 19,427 — 
Total 49,206 55,122 104,331 241,500 50,385 55,842 "106,242 246,000 52,093 "58,818 "110,919 245,500 - 


See footnotes at end of table. 
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TABLE 13—Continued 
DIAMOND: WORLD PRODUCTION, BY TYPE AND COUNTRY’ 


(Thousand carats) 
1991 1992° 
Country er Syn- Ce Syn- 
Gen? iad: Total? thetic‘ Gem’ Incus: Total® thetic‘ 
trial trial 
Angle sssi‘éSOSOC*éCRONSC”#~;${(wS2)~#«<(t%B_!!~C~C~CSS*~*~*~SSSSSSSSSSSSCSC~aO 
Australia 17,978 17,978 35,956 _ 21,000 21,000 42,000 — 
Botswana 711,550 4,950 16,506 — 10,000 5,000 15,000 — 
Brazil 600 900 °1,500 — 600 900 1,500 _— 
Central African Republic 7296 82 379 _ 296 82 378 — 
China® 200 800 1,000 15,000 200 800 1,000 15,000 
Céte d’Ivoire® 11 4 15 _ 11 4 15 _ 
Czechoslovakia® _ — — 5,000 —_ _ _ 5,000 
France® — — — °4,000 — — _— 4,000 
Gabon® 400 100 500 _ 400 100 500 — 
Ghana’ 175 7525 °700 — 175 525 700 _ 
Greece® _ -_ — 1,000 = _ — 750 
Guinea®’ 9] 6 97 — 90 5 95 — 
Guyana 7 *38 * °45 — 8 42 50 — 
India 3 15 18 = 3 15 18 _— 
Indonesia® 8 24 32 — 6 21 27 _ 
Ireland® _ — —_ 60,000 —_ —_ — 60,000 
Japan® = = a 30,000 ae =" — 30,000 
Liberia 40 60 °100 — 60 90 150 - — 
Namibia 1,170 20 71,187 — 1,500 50 51,549 _ 
Romania® _ — _— 4,500 _— oo — 4,000 
-Russia® ® _ — — _ 9,000 9,000 18,000 60,000 
Sierra Leone® 160 83 243 — 165 85 250 _ 
South Africa, Republic of: Se ee ee a es ee ee 
Finsch Mine ™1,200 2,280 "3,483 _ 1,200 2,250 53,446 — 
Premier Mine 700 "1,550 2,250 _ 740 1,700 52,444 — 
Venetia Mine 100 200 303 —_ 660 1,200 51,868 —_ 
Other De Beers’ 
properties’ ™1,500 7400 *] 897 _ 1,350 500 51 ,849 —_ 
Other 400 7100 7498 — 450 100 5549 — 
Total 73,900 4,530 8,431 *60,000 4,400 5,750 10,156 60,000 . 
See foomotesatend oftable. 
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TABLE 13—Continued 
DIAMOND: WORLD PRODUCTION, BY TYPE AND COUNTRY’ 


(Thousand carats) 
1990 1991° 
Narural Natural 

Country : ~ Syn- Syn- 

Gem? Ente Total® thetic‘ Gem? cated Total? thetic* 

trial . trial 
Swaziland 34 "23 57 —_ 36 24 60 _ 
Sweden® —_ — — 25,000 —_ _ _ 25,000 
Tanzania ™70 30 7100 — 70 30 100 — 
U.S.S.R.°° ° 710,000 710,000 20,000 60,000 — — —_ _ 
United States — — — 90,000 — — — 90,000 
Venezuela 7102 112 214 — 108 115 223 _ 
Yugoslavia® —_ _ — 5,000 _ —_ _ 5,000 
Zaire 3,000 714,814 17,814 — 3,000 12,000 15,000 — 
Total 50,694 755,156 105,855 359,500 $2,063 55,703 107,771 358,750 


‘Estimated. ‘Revised. W Withheld to avoid disclosing company proprictary data. 

'Table includes data available through May 25, 1993. Total natural diamond output (gem plus industrial) for each country actually is reported, except where indicated by a footnote 
to be estimated. In contrast, the detailed separate production data for gem diamond and industrial diamond are U.S. Bureau of Mines estimates except Brazil (1988-90), and Central 
African Republic (1988-90), for which source publications give details on grade as well as totals. The estimated distribution of total output between gem and industrial diamond is 
conjectural, and for most countries, is based on the best available data at time of publication. 

Includes near-gem and cheap-gem qualities. 

5Natural gem and industrial data may not add to totals shown because of independant rounding. 

“Includes all synthetic diamond production. 

Reported figure. 

‘Figures are estimates based on reported exports and do not include-smugg|léd diamonds. 

7Figures do not include smuggled artisanal production. 

*Formerly part of the U.S.S.R.. 

All production in the U.S.S.R. from 1988-91 came from Russia. 

"Other De Beers’ Group output from the Republic of South Africa includes Kimberley Pool, Koffiefontein Mine, and Namaqualand mines. 

"Dissolved in Dec. 1991. 

2Dissolved in Apr. 1992; however, information is inadequate to formulate reliable estimates of individual country production. 
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FIGURE 1 
PRINCIPAL FORMS OF CRYPTOCRYSTALLINE AND CRYSTALLINE GEMSTONE CUTS 
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GEMSTONES 


By Gordon T. Austin 


Mr. Austin, a physical scientist with more than 30 years of industry and Government experience, has been the gemstones 
commodity specialist since 1986. Ms. Kelly Dorney of the Branch of Data Collection and Coordination prepared the domestic 


production survey data. 


Webster’s dictionary defines a gem “as 
any jewel, whether stone, pearl or the 
like, having value and beauty that are 
intrinsic and not derived from its setting; 
a precious or, sometimes, a semiprecious 
stone cut and polished for ornament. A 
stone of value because it is carved or 
engraved, as a cameo or intaglio." 
Additionally, the dictionary states that 
gemstone or gem material is a stone or 
material from which a gem may be cut. 
So a gem, gemstone, or gem material 
may be described as inorganic or organic 
minerals used for personal adornment, 
display, or to manufacture objects of art 
because they possess beauty, rarity, and 
durability. 

In 1993, the value of natural 
gemstones from deposits in the United 
States was $57.7 million, a decrease of 
13% compared with that of 1992. 
Production of gemstones included faceting 
rough, lapidary rough, carving material, 
specimen material, natural and cultured 
freshwater pearls, mother of pearl, shell, 
fossil ivory, amber, and coral. 

Laboratory grown synthetic gemstones 
have essentially the same appearance and 
optical, physical, and chemical properties 
as the natural material that they represent. 
Synthetic gemstones produced in the 
United States include alexandrite, coral, 
diamond, emerald, garnet, lapis lazuli, 
quartz, ruby, sapphire, spinel, and 
turquoise. Laboratory grown simulants 
have an appearance similar to that of a 
natural gem material but have different 
optical, physical, and chemical 
properties. The gemstone simulants 
produced in the United States include 
coral, cubic zirconia, lapis lazuli, 
malachite, and turquoise. Additionally, 
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certain colors of synthetic sapphire and 
spinel, used to represent other gemstones, 
would be classed as simulants. Colored 
and colorless varieties of cubic zirconia 
are the major simulants produced. In 
1993, the reported value of production of 
U.S. synthetic and simulant materials was 
$17.9 million, about a 5% decrease from 
that of 1992. 

Wholesale and retail stores, gem and 
mineral shops, gem and mineral dealers, 
cutting factories, and jewelry 
manufacturers were the major purchasers 
of domestic gem materials. 


DOMESTIC DATA COVERAGE 


The U.S. Bureau of Mines (USBM) 
estimates U.S. production from the 
"Natural and Synthetic Gem Material 
Survey," a voluntary survey of U.S. 
operations, and from USBM estimates of 
unreported production. Of the 387 
operations surveyed, 84% responded, 
84% of the natural gemstone producers 
and 95% of the synthetic and simulant 
producers. 

The number of operations surveyed in 
1993 was 3% less than the number 
surveyed in 1992. The response rate was 
about the same. The USBM estimated 
the production by nonresponding 
operations, by professional collectors, and 
by amateur or hobbyist collectors. The 
basis for these estimates was information 
from published data, conversations with 
gem and mineral dealers, analyses of gem 
and mineral shows and sales statistics, 
and from information informally supplied 
by collectors. 


BACKGROUND 


The history of production and 
preparation of gemstones begins with the 
wearing of items for personal adornment 
in prehistoric times; this preceded even 
the wearing of clothes. Amber was 
mined in the Baltic countries for use as a 
gem material before 25000 B.C. Later, 
the Phoenicians in their writings 
described their trade routes to the Baltic 
for amber and to areas in Asia and Africa 
for other gemstones. The voyages of 
Columbus brought increased interest in 
gemstone deposits, especially emerald, in 
South America. The discovery of 
diamond in Africa in 1859 focused major 
interest on Africa. More recently, the 
discovery of diamond in Western 
Australia in 1967 resulted in the 
development of the largest known 
diamond deposit in the world. 

Commercial mining of gemstones is 
extensive in the United States but not as 
large-scale operations. More than 60 
different gemstones have been produced 
commercially from small domestic 
sources. Often, production rests in the 
hands of hobbyists and members of 
mineralogical and lapidary clubs. The 
Crater of Diamonds State Park near 
Murfreesboro, AR, is open to the public 
on a fee-per-day basis, as are many 
gemstone deposits throughout the United 
States. Each year many gem-quality 
stones are found at these locations. 


Definitions, Grades, and Specifications 
The gemstones data include 


information on select rocks, certain 
varieties of mineral specimens, and some 
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organic materials, such as pearl, amber, 
jet, and coral. Customarily, diamond, 
ruby, sapphire, and emerald are the 
major gems. 

The most important qualities of 
gemstones are beauty, durability, 
uniqueness, and rarity. Beauty, indicated 
as splendor, purity, or attractiveness, is 
according to the taste of the beholder and 
includes such appearances as luster, 
transparency, brilliance, and _ color. 
Luster of a mineral or stone is 
independent of color and is the surface 
appearance in reflected light. Apart from 
materials that have a metallic luster, the 
chief contributors to luster are 
transparency and refractive index. In cut 
gems, the perfection of the polish 


enhances the luster. Visible 
imperfections impair the luster of 
transparent stones. Yet, defects, 


described as "jardens" or "inclusions," 
may enhance the beauty and value of 
natural rubies, emeralds, and other 
gemstones. Sometimes these inclusions 
may be used to identify the country and 
even the mine from which the stone 
came. Durability is the resistance of a 
stone to abrasion, pitting, chipping, or 
splitting. Resistance to abrasion is 
correlated with relative hardness, but 
intrinsic brittleness and toughness suggest 
resistance to wear in other aspects. 
Rarity is an essential qualification and is 
more important for some stones in 
determining their value than their physical 
characteristics. 

Of the approximate 2,900 mineral 
species, only about 100 possess all the 
attributes required of a gem. Collectors 
of gems may not require that a gem be 
durable because the stone is for display 
and is not to be worn. Therefore, the 
number of species of gemstones may be 
greater than the 100 that meet all the 
requirements. 

Silicates furnish the greatest number, 
including such minerals as beryl, topaz, 
tourmaline, and feldspar. Oxides such as 
corundum (ruby and sapphire) and quartz 
(amethyst, agate, etc.) comprise the 
second largest group. Sulfides, 
carbonates, and sulfates are of small 
importance; the phosphates yield 
primarily turquoise and variscite. An 
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exception is pearl, essentially calcium 
carbonate, which ranks high as a gem. 
Diamond, the best known gem, is an 
isometric crystalline form of the element 
carbon. 

Gemstones are classified the same as 
minerals; that is, into group, species, and 
variety. Group refers to two or more 
gem materials that are similar in crystal 
structure and physical properties but have 
different chemical properties. | Each 
member of the group is a species. 
Varieties of species have similar crystal 
structure and chemical characteristics but 
differ in color. An example of this 
would be the hessonite variety of 
grossular species of the garnet group. 


Products for Trade and Industry 


Cutting of gems from gemstones is to 
obtain the most effective display of the 
material. No significant change is made 
in the fundamental properties, and the 
preparation is to enhance the desirable 
characteristics that are present initially. 
Gemstones are cut into gems in three 
main styles: faceted, cabochons, and 
baroque. 

Facet cutting usually is on transparent 
gemstones to increase brilliancy and 
appearance. Often it is confined to the 
harder materials. Softer materials may 
be faceted, but extreme care must be 
exercised in cutting and polishing the 
stones and in their use in jewelry. Often 
the softer gems are only for display and 
not for making jewelry. The "round 
brilliant" cut, most commonly used in 
faceting, has 58 facets, 33 above the 
circle "girdle" and 25 below it, arranged 
in eightfold symmetry. The “round 
brilliant" and other common cuts are 
illustrated in figure 1. (See figure 1.) 

Cabochons are cut in four operations: 
sawing, grinding, sanding, and polishing. 
Sawing, the first step in cutting, 
customarily is done with a diamond saw 
to obtain a slab or slice of the desired 
size and thickness from the rough 
gemstone. The cabochon outline is 
scribed onto a flat surface, using a 
template for making a standard size for 
jewelry mountings. Rough grinding of 
the stone may be by metal-bond diamond, 


electroplated diamond, silicon carbide, or 
aluminum oxide wheels or coated 
abrasive disks. In grinding, the hardness 
of the gemstone determines the grit and 
hardness of the abrasive used. Multiple 
grinding steps starting with 80- to 
100-mesh (grit) through 600-mesh 
abrasives are used. The scratches left by 
grinding are removed by progressively 
finer grinding and sanding. Disk or belt 
sanders use abrasives bonded to cloth, 
waterproof reinforced paper abrasives, or 
cloth charged with abrasive pastes. The 
final polish is on hard felt, wood, or 
leather laps, with various polishing agents 
such as fine diamond compound, tin 
oxide, tripoli, chromium oxide, cerium 
oxide, alumina, or rouge. 

Polished irregular shapes are baroque 
gems. An inexpensive method of 
polishing baroque gems is to tumble them 
in rubber-lined drums, using a grinding 
and polishing medium with or without 
water. 


Industry Structure 


The Central Sales Organization (CSO), 
the marketing arm of De Beers Centenary 
AG, highly controls the world market for 
rough diamonds. It is by far the most 
controlled of the world’s commodity 
markets. The CSO markets about 80% 
of the world’s gem and natural industrial 
diamond. The marketing through the 
CSO is by the Diamond Trading Co. Ltd. 
and Industrial Distributors Ltd. The CSO 
sells uncut gem diamonds for De Beers 
and most other major producers at sights 
(approved bidder viewings) in London, 
England, and Lucerne, Switzerland. 
There are 10 such sights each year. 

Diamonds reach the CSO sights 
through three channels—De Beers owned 
and operated mines, contracts sales by 
mine owner and operators, and open- 
market competitive sales. 

The distribution of rough diamonds in 
the Republic of South Africa is by the 
South Africa Diamond Board. A new 
agreement was reached between De Beers 
Consolidated Mines Ltd., its customers, 
and the Government of South Africa on 
the method of domestic rough diamond 
distribution. In the past, all categories of 
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rough diamonds that could be processed 
economically in South Africa must first 
be offered to local manufacturers. Rough 
could be exported duty free only if it had 
first been offered to the local market, 
otherwise a 15% duty was charged. 
Now, all rough will be shipped to 
London and mixed with diamonds from 
the other producers. Rough for South 
African cutters is then drawn from the 
‘world rough supply. 

The CSO has been extremely 
successful at maintaining the rough 
diamond market for more than 50 years. 
In modern times there has never been a 
decrease in CSO’s price of rough 
diamonds. (See tables 1 and 2.) The 
compounded effect over 44 years of these 
increases is a price increase of about 
1,800%. Thus, a piece of rough that 
sold for $100 in August 1949 would sell 
for about $1,830 in February 1993. 

For more than 30 years, the major 
diamond cutting and polishing centers of 
the world were in Belgium and Israel, 
with a certain amount of the larger stones 
being cut in the United States. In the 
early 1980’s, the development of a large 
cottage industry in India—today there are 
more than 500,000 cutters—made a major 
impact on world diamond trade. India 
consumes most of the world’s small-gem, 
cheap-gem, and near-gem rough material 
in the manufacture of small stones, which 
resulted in annual cut-stone exports worth 
billions of dollars. These small stones 
averaged less than one-fifth of a carat 
(0.20 carat). The availability of small 
inexpensive stones resulted in substantial 
changes in the design of jewelry. The 
utilization of small cut diamond stones 
(usually 0.07 to 0.14 carats each, called 
melee) to create a pavé effect (set close 
together to conceal the metal base) is but 
one example. 

Estimates are that Russia’s diamond 
cutting industry employs about 16,000 
workers. The eight Krystall factories at 
Moscow, Smolensk, Kiev, Barnaul, 
Vinnitsa, Yerevan, Kusa, and Gomel 
employ fewer than 8,000, with the 
Moscow plant having about 900 workers. 
The workers at the various factories may 
be paid by different methods. 

The workers at the Moscow plant are 
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paid by the piece according to its size and 
difficulty of the cut. At Kiev, those 
workers whose work is not subject to 
inspection receive a 50% higher salary. 
Some Krystall factories have an incentive 
program for workers producing stones of 
0.3 carat and larger. The incentive is a 
bonus of 5% of the added value that is 
paid to each 20-worker team and is 
shared by the team. 

The diamond cutting and polishing 
factory at Nur Adjen, Armenia, produced 
about $60 million of income per year. 
The factory works at full capacity even in 
the winter because of its priority for 
electricity and heat. The factory’s 1,800 
workers are not allowed to drink at lunch 
(unlike Russian and Ukrainian diamond 
factory workers), have high morale, and 
comparatively high salaries; these factors 
resulted in high-quality production. 

Annual cut diamond production 
depends on the number of workers in the 
industry and their productivity. If it is 
assumed that the industry has a 
production rate of 20 carats of finished 
goods per month per worker and that 
polished yields are less than 40%, then 
the industry’s consumption of rough and 
yield of finished goods can be estimated. 
It is estimated that during a year, the 
Russian diamond cutting industry 
processes about 3.8 million carats of 
rough that yields about 1.6 million carats 
of polished goods. The polished goods 
would be worth between $500 million and 
$550 million on the world market. 

During 1991, Leo and Schachter & 
Co. opened the newest, largest, and most 
modern U.S. diamond polishing factory 
in New York. The factory is 
computerized to track every diamond 
from rough to finished stone. The 
computer predicts the cash return from 
each piece of rough based on estimates of 
the rough’s color, clarity, yield, and 
make; estimates are reported to be within 
2% of actuals. The factory employs 40 
polishers. 

Cutting and polishing of colored, 
synthetic, and simulant gemstones are 
centered in, listed according to 
importance, Thailand, India, Hong Kong, 
Republic of Korea, China, and Brazil, 
where cheap labor and favorable export 


laws ensure the lowest total costs for 
finished gems. 


Geology-Resources 


-. Gemstones form in a large variety of 


igneous, metamorphic, and sedimentary 
deposits, usually as a small fraction of the 
total deposit. The origins are as varied 
as the deposits. Gemstones form 
primarily by precipitation from watery 
solutions, by crystallization from molten 
rock, and by metamorphic processes. 
Approximately one-third of gemstones is 
silicate minerals, about one-fifth alumina- 
silicates, and almost one-seventh oxides. 
The remaining compositional groups 
include the sulfides, phosphates, 
borosilicates, carbonates, and, in the 
single case of diamond, an element. The 
composition of selected gem materials is 
one line item in table 3. (See table 3.) 

There are no large resources of major | 
gem materials defined in the United 
States. North Carolina has emerald, 
ruby, and sapphire deposits. Historically, 
sapphires have been mined in Montana, 
and commercial mining is underway 
again. Many other domestic deposits of 
gemstones are known and have been 
mined for many years. Still, there are no | 
systematic evaluations of the magnitude 
of these deposits, and no statements can 
be made about their reserve or the size of 
the resource. 

Occasional finds of diamond have been 
made, but no great diamond pipes or 
alluvial deposits similar to those of Africa 
have been reported. Diamond exploration 
is underway by several companies in the 
Colorado-Wyoming State line area, and in 
Michigan, Minnesota, Wisconsin, and 
Arkansas. Diamond-bearing kimberlites 
have been located and bulk samples have 
been processed for diamond recovery. 

World resources of gemstones are 
nearly all unevaluated. However, world 
gem diamond reserves are estimated to be 
about 300 million carats, including near- 
gem and cheap-gem qualities. Nearly all 
the reserves are in, listed in order of size, 
Australia, Africa and Russia. The 
estimates for diamond reserves are of 
limited value because data needed for 
reliable estimates are not available from 
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the producers. Reserve data on other 
gemstones are even less available than for 
diamond. 


Technology 


Synthetic Gems.—Synthetic gemstone 
producers use many different methods, 
but they can be grouped into one of three 
types of processes: melt growth, solution 
growth, or extremely high-temperature, 
high-pressure growth. 

The year 1902 saw the first production 
of synthetic ruby using the Verneuil 
flame-fusion process. Later, sapphire, 
| spinel, rutile, and strontium titanate were 
grown with this technique. In this 
process, a single crystal, called a boule, 
forms in the flame of a simple, 
downward-impinging oxygen-hydrogen 
blowtorch. Pure oxides of aluminum (in 
the cases of ruby, sapphire, and spinel) 
or titanium (rutile and strontium titanate) 
are poured into the top of a small furnace 
and melted. Other oxides are added as 
needed for process control and to obtain 
the specific color desired. The melted 
material solidifies as a boule on a rotating 
fire-clay peg as the peg is slowly 
withdrawn. 

A boule has a very characteristic 
shape, with a rounded end, a long, 
cylindrical body, and a tapering end. It 
is usually about 13 to 25 millimeters in 
diameter, 50 to 100 millimeters long, and 
weighs 75 to 250 carats (a carat is 200 
milligrams). Under controlled 
conditions, a boule about 5 millimeters in 
diameter and more than 890 millimeters 


long can be _ produced for the 
manufacturing of jewel bearings. 

Another melt technique is the 
Bridgman-Stockbarge solidification 


method, named for an American, P.W. 
Bridgman, and a German, D.C. 
Stockbarge, who, aided by three 
Russians, J. Obreimov, G. Tammann, 
and L. Shubnikov, discovered and 
perfected the process between 1924 and 
1936. Currently, the method is used 
primarily for growing nongem halide, 
sulfide, and various metallic oxide 
crystals, one of the metallic oxides being 
aluminum oxide or sapphire. 

The Bridgman-Stockbarge process uses 
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a specially shaped crucible, which is a 
cylindrical tube open at one end and 
capped at the other by a small, pointed 
cone. The crucible is filled with the 
powdered chemicals necessary to grow a 


specific crystal and is lowered slowly 


through a furnace. The small, pointed 
end of the cone cools first because it is 
the first part of the crucible that moves 
from the hottest part of the furnace into 
cooler regions and it is the first part to 
emerge from the furnace. As the crucible 
cools, the molten materials solidify, 
hopefully in a single crystal, in the point 
of the crucible. The crystal then acts as 
a seed around which the remainder of the 
molten material solidifies until the entire 
melt has frozen, filling the container with 
a single crystal. 

This process is simple, and crystals of 
various sizes can be grown. The crystals 
are typically about 51 millimeters in 
diameter and 15 millimeters in length, but 
large ones exceeding 890 millimeters in 
diameter and weighing more than 1 
metric ton have been grown. The 
crystals have the same shape as the 
crucible. 

The Czochralshi pulled-growth method 
is used for ruby, sapphire, spinel, 
yttrium-aluminum-garnet (YAG), 
gadolinium-gallium-garnet (GGG), and 
alexandrite. Czochralshi developed his 
method about 1917 while working with 
crystals of metallic nutrients. 

In the Czochralshi method, ingredient 
powders—nutrients—are melted in a 
platinum, iridium, graphite, or ceramic 
crucible. A seed crystal is attached to one 
end of a rotating rod, the rod is lowered 
into the crucible until the seed just 
touches the melt, and then the rod is 
slowly withdrawn. The crystal grows as 
the seed pulls materials from the melt, 
and the material cools and solidifies. 
Yet, because of surface tension of the 
melt, the growing crystal stays in contact 
with the molten material and continues to 
grow until the melt is depleted. 

Typically, the seed is pulled from the 
melt at a rate of 1 to 100 millimeters per 
hour. Crystals grown using this method 
can be very large, more than 51 
millimeters in diameter and 1 meter in 
length, and of very high purity. Each 


year this method grows millions of carats 
of crystals for use as gems, laser rods, 
windows for special scientific or technical 
applications, and for other industrial 
applications. 

Certain gemstones pose unique 
problems when attempting to grow them. 
The problems arise because certain 
materials are either so reactive that they 
cannot be melted even in unreactive 
platinum and iridium crucibles or they 
melt at higher temperatures than the 
crucible materials can endure. Therefore, 
another melting system must be used, 
called the skull melting system. Cubic 
zirconia, because of its high melting point 
(2,700 ° C) must be grown using the skull 
melting method. 

The "skull" is a hollow-walled copper 
cup. Water is circulated through the 
hollow walls to cool the inside wall of the 
skull. The cup is filled with powdered 
ingredients and heated by radio frequency 
induction until the powders melt. 
Because the water cools the walls of the 
skull, the powdered materials next to the 
walls do not melt, and the molten 
material is contained within a shell of 
unmelted material. Therefore, the 
reactive or high-temperature melt is 
contained within itself. When the heat 
source is removed and the system is 
allowed to cool, crystals form by 
nucleation and grow until the entire melt 
solidifies. Crystals grown using this 
system vary in size, depending on the 
number of nucleations. In growing cubic 
zirconia, a single skull yields about 1 
kilogram of material per cycle. 

Solution techniques for making 
synthetic gems include flux methods for 
emerald, ruby, sapphire, spinel, YAG, 
GGG, and alexandrite. The other 
solution method is the hydrothermal 
method, often used for growing beryl 
(emerald, aquamarine, and morganite) 
and quartz. 

Quartz crystals are grown in a 
hydrothermal solution in large pressure 
vessels known as autoclaves. Careful 
control of temperature and pressure in the 
different areas of the autoclave result in 
the feed material, known as _lascas, 
dissolving in the hotter portion. The | 
material redeposits on seed crystals, 
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located in the cooler portion, forming 
synthetic quartz crystals. The process 
usually takes 30 to 60 days for the 
crystals to reach the desired size. The 
process can produce rock crystal, 
amethyst, or citrine. 

The same system is used to grow beryl 
crystals. Beryl seed crystals are 
suspended in the cooler upper portion of 
an autoclave. Nutrient materials dissolve 
in the hotter, lower portion of the 
autoclave and, because of the temperature 
and pressure gradients, migrate to the 
cooler seeds and are deposited. 

Other techniques involve solid- or 
liquid-state reactions and phase 
transformations for jade and lapis lazuli; 
vapor phase deposition for ruby and 
sapphire; ceramics for turquoise, lapis 
lazuli, and coral; and others for opal, 
glass, and plastics. 

The Verneuil, Czochralshi, and scull 
melting processes are the melt techniques 
most often used for gem materials. (See. 
table 4.) 


Enhancement of Gemstones.— 
Enhancement of gemstones through 
chemical and physical means has become 
much more commonplace in the past few 
years and includes a wider variety of 
materials. Irradiation by electromagnetic 
spectrum (X-rays, gamma rays, etc.) and 
by energetic particles (neutrons, 
electrons, alphas, etc.) is used to enhance 
or change the color of diamonds, topaz, 
tourmaline, quartz, beryl, sapphire, 
zircon, scapolite, and pearls. Nearly all 
blue topaz is irradiated, but this does not 
imply that these gem materials are 
irradiated regularly.' 

Many gemstones can be enhanced by 
chemical treatment or impregnations. 
The treatments may alter the bulk of the 
gem material or only penetrate the 
surface. This includes bleaching, oiling, 
waxing, plastic impregnations, color 
impregnations, and dyeing. The 
treatments that alter only the surface of 
the material include surface coatings of 
various types, interference filters, foil 
backings, surface decoration, and 
inscribing. Chemical treatment is more 
widespread than just the common dyeing 
of quartz, treatment of turquoise, and 
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oiling of emeralds. Chemical treatment 
and impregnations have been used to 
enhance amber, beryl, chalcedony, coral, 


diamonds, emerald, ivory, jade, lapis 


lazuli, opal, pearl, quartz, ruby, sapphire, 
tiger’s eye, and turquoise.” 

In recent years the bleaching and 
impregnating of jadeite jade have become 
much more common. Investigators at 
gem laboratories estimate that as much as 
90% of the jadeite sold in Taiwan is 
bleached; this includes both high- and 
low-quality material. The treatment is a 
two-step process where the jadeite is first 
chemically bleached using hydrochloric 
acid, nitric acid, or sodium compounds. 
The bleaching can take several hours to 
several weeks. The jadeite is then 
impregnated with a polymer, wax, or 
resin.? 

Since about 1987, fractures, cleavages, 
and other void-type imperfections that 
reach the surface in diamonds have been 
filled using a process developed by Mr. 
Zvi Yehuda, of Ramat Gan, Israel. This 
treatment can enhance that apparent 
clarity of treated faceted diamonds; 
examples are available that show SI 
stones enhanced to VS and I, improved to 
SI,. Yehuda also had developed a similar 
treatment for emeralds. 

The oldest and most common method 
of gemstone enhancement is heat treating. 
Heat treatment of gem materials was used 
in Greece and Rome well before the 
Christian Era. Heat treatment can cause 
color change, structural change, and 
improve clarity. In the past, heat 
treatment was common for quartz and 
gem corundum. Today, materials that 
are heat treated to enhance their 
appearance include amber, beryl, 
diamond, quartz, ruby, sapphire, topaz, 
tourmaline, zircon, and zoisite.‘ 

An additional type of treatment for 
sapphire and ruby is diffusion treatment, 
a chemical-heat treatment. In this 
process a thin layer of color is diffused 
into the surface of the gem. The color 
may be diffused as little as 0.1 millimeter 
or as much as 0.4 millimeter into the 
gem. The treatment is a long process of 
heat treatment in a bath of chemicals 
containing the proper proportions of 
titanium and iron. The American Gem 


Trade Association (AGTA) adopted a 
policy for the disclosure of diffusion 
treated gems. The policy is “If the color 
of a gemstone is confined to an area near 
the surface so that the color of the stone 
would be visibly affected by recutting or 
repolishing then the following statement 
must also appear: Although the color 
induced in the diffusion treated gems is 
permanent, it remains confined to a 
shallow surface layer." Therefore, 
recutting or repolishing is _ not 
recommended.° 


Exploration.—Gemstone exploration 
should be undertaken in much the same 
manner as any other mineral exploration 
program. Historically, this has not been 
the case, except for diamond exploration. 
Exploration for diamonds starts with an 
area analysis to determine favorable 
geologic settings. The analysis is 
followed by on-the-ground regional 
reconnaissance and mapping. Airborne 
geophysical surveys may be completed 
before or after the _ regional 
reconnaissance work. Followup geologic 
work on the ground is used to determine 
the presence of kimberlite or lamproite 
host rock. If a host rock is present, then 
drilling and sampling determine if 
diamonds are present and in what quantity 
and quality. : 

Historically, most gemstone deposits 
have been found by following float 
material to the source or by alluvial 
sample collected while searching for 
some other mineral, usually gold. One of 
the largest Maine tourmaline deposits was 
found when tourmaline crystal were 
found in the roots of an overturned tree. 
In the future, gemstone exploration will 
be conducted in a more businesslike and 
scientific manner. Successful exploration 
for gemstone deposits begins with the 
selection of target areas based on the 
presence of known favorable host rocks. 
Geologic studies and maps, topographic 
maps, and aerial photographs are used to 
identify favorable metamorphic, igneous, 
alluvial, or eolian geological formations. 

The second step is field examination of 
the selected targets. This may include 
geologic mapping and limited sampling, 
but in many cases reconnaissance studies 
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are sufficient. The next step, if 
warranted, is to sample the deposit in 
detail to measure the physical parameters 
of the deposit, specifically its grade and 
size. 

The method of sampling used depends 
upon the type of deposit. Hard-rock 
deposits, igneous or metamorphic, are 
sampled differently than alluvial or eolian 
deposits. 

Hard-rock deposits can be either 
diamond core drilled or trenched. 
Trenches should be _ oriented 
perpendicular to the strike of the 
formation and can be dug by hand, with 
a dozer, or with a backhoe. 

Placer deposits can be sampled by 
drilling, trenching, or by excavating pits 
or shafts. The physical nature of the 
deposit; its thickness, hardness, and grain 
size; and whether it is above or below the 
water table influence the method of 
sampling chosen. For shallow deposits, 
hand augers or power augers can be used 
to drill sample holes. In deposits that are 
too hard to hand auger because of the 
presence of clay, iron oxide cement, or 
mild calcium carbonate cement, two- 
person motor-driven augers or vehicle- 
mounted augers (such as post hole 
diggers or telephone pole hole diggers) 
work well. However, augering does not 
always provide uncontaminated samples 
and is not effective below the water table. 

Truck-mounted water-jet drills and 
rotary hammer drills are used to test thick 
deposits and deposits that are too hard to 
drill with other methods. A water-jet 
drill uses flush-jointed drill pipe with 
perforations near the bit to direct jets of 
water forward and downward from the 
bit. A hammer advances the drill bit and 
casing at the same time. Water from the 
jets flushes out the hole and returns 
cuttings to the surface in the annulus 
between the drill pipe and casing. Also, 
truck-mounted rotary drills equipped with 
double-pipe drill string and downhole 
hydraulic hammers can be used. 
Compressed air is forced down the inner 
pipe and returns samples to the surface in 
the annulus between the inner pipe and 
outer casing. Bits are selected depending 
on the type of material to be drilled. 

Trenching can be carried out using 
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either a dozer or a backhoe, depending on 
the size and depth of the deposit. In 
unconsolidated sediments it is difficult to 
maintain the stability of the walls of 
trenches, and samples can _ be 
contaminated by material sloughing from 
above. Bulk samples can be collected 
from 1-cubic-meter pits or shafts. 
However, again, wall stability can be a 
problem unless some form of shoring is 
used. 


Mining.—Gemstone mining operations 
can range from the most primitive to the 
most sophisticated. In hard rock, at 
shallow depths, an operation by one, two, 
or three persons may be mined by 
prybar, pick, shovel, and buckets or 
baskets for carrying material; drilling and 
blasting may be employed. A larger 
operation includes drilling, blasting, and 
minimum timbering. Mechanized hauling 
and hoisting is done only at the larger 
mines. 

Diamond mining in the kimberlite 
pipes of Africa and Russia and the 
lamproite pipes of Australia represent the 
ultimate in that huge quantities of ore 
must be mined to extract small quantities 
of diamond (as few as 20 to 30 carats per 
100 tons of ore) produced at as low a 
cost as possible. 

Placer mining for gemstones ranges 
from small-scale, simple procedures to 
huge, complicated operations. In some 
areas, digging is by hand, and sorting and 
recovery is by panning, screening, or 
sluicing. Diamond miners in the larger 
placer operations use bucket dredges and 
heavy-duty excavating equipment, as, for 
example, in Australia, Brazil, Namibia, 
the Republic of South Africa, and Russia. 


Processing.—Most gemstone ores are 
broken or crushed where necessary and 
concentrated by various combinations of 
hand picking, washing, screening, or 
jigging. In large-scale operations, 
mineral beneficiation methods are 
mechanized and employ the latest 
technology in each step from primary 
crushing and screening to the final 
recovery processes. Diamond recovery, 
in particular, makes use of standard 


gravity methods, grease belts, 
electrostatic separation, skin-flotation, 
magnetic separation, separation by X-ray 
luminescence, and separation by optical 
sorting. 


ANNUAL REVIEW 


Production 


In 1993, all 50 States produced at least 
$1,000 worth of gem materials. Ten 
States accounted for 93% of the total 
value of production of natural gemstones. 
The States, in order of declining value of 
production, were Tennessee, Maine, 
Arizona, Arkansas, Alabama, Kentucky, 
Oregon, Utah, California, and Nevada. 
These States accounted for about 93% of 
the total value of U.S. production of 
natural gemstones. Certain States were 
known best for the production of a single 
gem material (i.e., Tennessee for 
freshwater pearls and Arkansas for 
quartz). Other States produced a variety 
of gemstones. Tennessee, Arkansas, 
Alabama, and Kentucky, in declining 
order of value of production, were the 
major producers of freshwater mussel 
shell and pearl. Arizona produced the 
greatest variety. Production included 
agate, amethyst, ntlerite, azurite, 
chrysocolla, fire agate, garnets, jade, 
malachite, obsidian, onyx, peridot, 
petrified wood, precious opal, shattuchite, 
smithsonite, and turquoise. California, 
Idaho, Montana, and North Carolina also 
produced a variety of gemstones. 
Historically, North Carolina is the only 
State to have produced all four of the 
major gems: diamond, emerald, ruby, 
and sapphire. 

The reported value of synthetic and 
simulant gemstone production was $17.9 
million in 1993, a decrease of 5% over 
that of 1992. Fourteen firms, four in 
California; four in Arizona; and one each 
in Massachusetts, Michigan, New Jersey, 
North Carolina, Ohio, and Washington, 
produced synthetic and simulant gem 
material. Production during 1993 
included the manufacture of amethyst, 
azurite/malachite, cubic zirconia, 
emerald, lapis, ruby, sapphire, and 
turquoise. The materials were made by 
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10 plants operating in 8 States. The 
States, in descending order of value of 
production, were California, 
Massachusetts, New Jersey, Washington, 
Arizona, Michigan, New Mexico, and 
Ohio. 

Arizona is known for its variety of 
gemstones that include agate, amethyst, 
antlerite, azurite, chrysocolla, fire agate, 
fluorite, garnet, jade, jasper, malachite, 
obsidian (Apache tears), onyx, peridot, 
petrified wood, precious opal, shattuchite, 
smithsonite, and turquoise. Yet, 
turquoise, peridot, petrified wood, and 
azurite-malachite accounted for more than 
90% of the total value of gem material 
produced. Arizona was the largest 
domestic producer of azurite, fire agate, 
peridot, petrified wood, and turquoise. 
Also, it is estimated that Arizona was the 
world’s largest producer of peridot, 
turquoise, and petrified wood and a 
significant producer of pyrope garnet. 
Many gem and mineral dealers believe 
that the value of mineral specimens 
produced from Arizona deposits is equal 
to, if not greater than, the value of 
gemstone produced. The USBM does not 
survey the production of mineral 
specimens, but its gemstones survey does 
capture data on that portion of the 
mineral specimens that are gemstones. 
The mineral specimen information 
collected is for gemstones that are used as 
specimen, because the value of the 
specimen is in the total value of 
production of the individual gemstone. 
This is particularly true for the 
production of Arizona’s petrified wood. 
Additionally, four manufacturers of 
synthetic or simulant gem materials in 
Arizona produced about $0.3 million 
worth of material. 

Arkansas continued to be the State 
with the greatest value of quartz 
production. At least four firms produced 
significant amounts of gem and specimen 
rock crystal from deposits in the areas 
around Hot Springs, Mt. Ida, and 
Jessieville. As stated earlier, the rivers, 
lakes, and reservoirs of Arkansas 
continued as the second largest source of 
U.S. freshwater mussel shell and pearl. 
Arkansas also produces several different 
mineral specimens other than rock 
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crystals, but only the rock crystal 
specimen production is in the gemstone 
production numbers. 

During 1993 at Crater of Diamonds 
State Park, Murfreesboro, AR, visitors 
reported finding 800 diamonds that 
totaled 144.44 carats. Crater of 
Diamonds State Park is the only location 
in the United States to have reported 
sustained production of diamonds for any 
appreciable length of time. Diamonds are 
found by visitors to the State park who 
pay a daily fee to hunt for diamonds 
using only handtools. It is possible that 
1993 could be the last year that Arkansas 
has the only operating diamond mine. 
Mining tests were underway during late 
1993 and early 1994 on two diamond 
properties in the Colorado-Wyoming 
Stateline Mining District. Since 1972, 
hobbyists have found from 300 to 1,500 
diamonds per year at the Crater of 
Diamonds State Park. From 1906 to the 
present, it is estimated that production 
from the deposit is 100,000 to 150,000 
carats; this amount of diamond production 
is insufficient to classify the United States 
as a diamond-producing country. Still, 
the potential to become a diamond 
producer may be there, and efforts were 
underway to evaluate this potential more 
fully. 

Gemstone production from California 
includes a variety of materials almost a 
large as  Arizona’s. Tourmaline 
production from the State is significant, 
and California has the only producer of 
benitoite. Additionally, deposits in the 
State produce agate, alabaster, beryl, 
dumortierite, fire agate, garnet, gem 
feldspar, jade, jasper, kunzite, lepidolite, 
obsidian, quartz, rhodonite, topaz, and 
turquoise. Yet, even with this long list of 
gemstones, most people think of 
California in terms of its State gem 
benitoite, its high-quality tourmalines, 
and its fine orange spessartine garnets. 

The State also has a freshwater culture 
pearl farm at Marysville, but it did not 
harvest shell or pearls during 1993. The 
farm uses animals imported from 
Tennessee and other southeastern States. 
Production includes pearls, shell, and 
finished nucleus for cultured pearl 
implants. 


California also has four manufacturers 
of synthetic or simulant gemstones. The 
value of production from the State is the 
largest of any State for synthetics and 
simulants. 

Colorado is not known as a gemstone- 
producing State, but it does hold some 
gemstone honors. It has the only 
commercially mined deposit of lapis 
lazuli in the United States and one of the 
few fee-for-dig topaz deposits currently 
operating. Additionally, the State was the 
first to produce turquoise commercially, 
and it still has commercial turquoise 
mines. It also produced the United 
States’ finest gem-quality rhodochrosite 
and a quantity of high-quality rhodonite. 

During 1993, two diamond deposits in 
the Colorado-Wyoming State Line 
diamond district were tested by bulk 
sampling. Reports in the International 
California Mining Journal, February 
1994, issue indicated that the Kelsey Lake 
project of Colorado Diamond Coprp., 
project manager for Redaurum Red Lake 
Mines Ltd., collected several bulk 
samples from the alluvial deposits 
associated with the Kelsey Lake 
kimberlites. A 6.2-carat, gem-quality 
diamond was recovered from one sample 
and a 1.1-carat stone from another. To 
date, sampling of the Kelsey Lake 
projects has yielded 268 stones larger 
than 2 millimeters, of which 60% was 
gem quality and 25% was more than 1 
carat. Plans have been completed and 
activities are underway for a 100,000-ton 
test mining program. On May 31, 1994, 
the Denver Post reported the underground 
mining test by Royal Star Resources Ltd., 
a Canadian company, of the Sloan Ranch 
kimberlite deposit 40 kilometers 
northwest of the town of Fort Collins. 
Samples totaling 1,200 tons were 
processed and yielded more than 3,500 
diamonds, the largest a 5.51-carat stone. 
Additional kimberlite will be mined and 
processed before a decision can be made 
about the economic feasibility of mining 
diamonds from the Sloan Ranch 
kimberlite. 

Many locations in the State produce 
small quantities of aquamarine, the 
Colorado State gemstone. The best 
locations and the locations with the 
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longest history of continued production 
(since about 1884) are Mount Antero and 
White Mountain in Chaffee County. 
Mount Antero, at 4,349 meters, may be 
the highest gemstone location in the 
United States. White Mountain, 
separated from Antero by a small saddle, 
is only slightly lower at 4,237 meters. 

Star garnet, the Idaho State gemstone, 
and other gem-quality garnet lead the list 
of gemstones produced in the State. 
Idaho is one of two places that produce 
significant amounts of star garnet; India 
is the other. These almandite garnets are 
translucent, purplish-red stones that show 
four- or six-ray stars when cabochon cut 
or are transparent deep red stones that 
can be faceted. The primary sources of 
‘Idaho star garnet are the placer deposits 
on the East Fork of Emerald Creek and 
‘its tributary gulches in Benewah County. 
Additionally, the placers of Purdue Creek 
in Latah County yield star garnets. 
Currently, garnets that do not cut stars 
are mined commercially from areas in 
Clearwater County. These garnets range 
from purplish rose-red to a highly prized 
"special pink.” Gem-quality garnets are 
found at several other locations in Idaho 
and are mined periodically by hobbyists 
or professional collectors for the 
gemstone market. 

Opal is the second largest contributor 
to the total value of gemstone production 
in Idaho. The varieties produced include 
precious, yellow, blue, pink, and 
common. The Spencer opal mine is the 
largest producer. At the Spencer Mine, 
precious opal occurs as one or more thin 
layers within common opal that have 
partially filled gas cavities within a 
rhyolite-obsidian flow. About 10% of the 
material is thick enough to cut into solid 
gems; the remainder is suitable for 
making doublets and triplets. The 
Spencer Mine is also the source of the 
pink opal, which occurs as either pink 
common opal or pink-bodied precious 
opal. 

Maine and tourmaline are almost 
synonymous in the gemstone industry. In 
1822, Maine’s Mount Mica was the site 
of the first gemstone production in the 
United States. In 1993, Plumbago 
Mining Corp. was actively mining the 
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Mount Mica pegmatite for gem material 
and mineral specimens. Over the years, 
production from Mount Mica has 
included hundreds of kilograms of fine- 
quality gem and mineral specimen 
tourmaline. At least two deposits in the 
State produced significant quantities of 
tourmaline during the year. 

Mount Mica is not the only large 
producer of high-quality tourmalines. 
Dunton Mine of Newry Hill is the most 
prolific gem tourmaline producer in 
Maine. Since its discovery in 1898, the 
mine has produced tons of gem- and 
specimen-grade tourmaline. Other mines 
and quarries in a three-county area 
produce gem- and mineral specimen- 
grade tourmalines. These include the 
Bennett, BB #7, Emmons, Harvard, 
Tomminen, Waisenen, Black Mountain 
and Red Hill Quarries, and Nevel Mine 
in Oxford County. It also includes the 
Mount Apatite Quarries in Androscoggin 
County and the Fisher and Porcupine Hill 
Quarries in Sagadahoc County. 

Production from Maine deposits also 
includes fine-quality beryls—aquamarine, 
heliodor, and morganite. Pegmatites in 
Oxford, Androscoggin, and Sagadahoc 
Counties regularly produce fine-quality 
blue and blue-green aquamarine, rich 
yellow- and gold-colored heliodor, and 
rose- and peach-colored morganite. 

A new discovery of amethyst in an old 
producing area resulted in the production 
of a significant amount of faceting- and 
specimen-grade amethyst in 1993. 

Montana produces many different 
gemstones, some suited for faceting, 
while others are suited for the cutting of 
cabochons, carvings, or objects-of-art. 
Montana is noted for the production of 
sapphires, Montana moss agate, and 
Dryhead agates. Yet, deposits in the 
State also produced amethyst, amazonite, 
azurite, covellite, cuprite, garnet, onyx, 
opal, petrified wood, rhodochrosite, 
thodonite, smokey quartz, sphalerite, and 
wonderstone (banded rhyolite) for use as 
gemstones. 

Sapphires have been produced from 
Montana deposits since 1865. In recent 
years, Montana sapphire has gained in 
popularity, and because of the improved 
popularity, production has increased 


significantly. Currently, commercial 
sapphire production is from deposits on 
the Missouri River in Lewis and Clark 
County, the Rock Creek area in Granite 
County, and from the Yogo Gulch area in 
Judith Basin County. Additionally, there 
are fee-for-dig sapphire operations on the 
Missouri River, Dry Cottonwood Creek, 
and Rock Creek. 

Nevada has been a major producer of 
turquoise since the 1930’s, and until the 
early 1980’s, the State was the largest 
turquoise producer in the United States. 
Estimates show that over the years, 75 to 
100 different mines or prospects produced 
sizable quantities of turquoise. The value 
of production varied from a few thousand 
dollars at some properties to more than 
$1 million at others. Estimates of total 
production to date are between $40 to $50 
million. 

Precious opal production from deposits 
in the Virgin Valley area began in about 
1906. The opal from Virgin Valley is 
comparable to any in the world for its 
vivid play of color and is unsurpassed in 
terms of the size of material available. 
The material varies in color from deep 
pure black to brown to yellowish-white to 
white to colorless. The play of color 
includes all the colors common to 
precious opal—red, blue, green, yellow, 
orange, and so on. The opal forms 
primarily as replacement of wood, or 
sometimes, the replacement of cones of 
conifer trees. A severe crazing problem 
restricts the use of the opal. Currently, 
two mines in Virgin Valley are open on a 
fee-to-dig basis during the summer 
months. The operators of these mines 
also mine the deposits for their 
inventories. 

North Carolina is the only State in the 
United States where all four major gem 
materials, diamond, ruby, sapphire, and 
emerald, have been found. During 1988 
was the last time all four major 
gemstones were found in the same year. 
The diamond was from a gold placer 
mine, the rubies and sapphires were from 
the Cowee Valley, and the emeralds were 
from near Hiddenite and Little 
Switzerland. 

Production of ruby and sapphire from 
deposits along the Cowee Valley in 
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Macon County began in 1895 when the 
American Prospecting and Mining Co. 
systematically mined and washed the 
gravels of Cowee Creek. Today ruby, 
sapphire, and fee-for-dig operations are in 
the Cowee Valley. Many people pay to 
dig or purchase buckets of gravel to wash 
to recover gem corundum, garnets, and 
other gemstones. During 1993, deposits 
in North Carolina also produced gem- 
quality garnets, kyanite, emerald, and 
aquamarine. 

Historically, Oregon has been known 
for the production of various picture and 
Scenic Jaspers, agates, thundereggs, 
petrified wood, and to a certain degree, 
gem labradorite. Oregon’s State rock, 
the "thunderegg," may be the best known 
gem material from Oregon. Graveyard 
Point, Priday, and Polka Dot are names 
that are associated uniquely with beautiful 
Oregon agates. The same is true for the 
relationships between the names Biggs, 
Deschutes, and Sucker Creek and picture 
or scenic jasper. Yet, gem labradorite 
(sunstone) is currently the largest single 
contributor to the value of annual 
gemstone production in Oregon. At least 
seven firms or individuals currently are 
producing sunstone from three different 
geographic areas. 

The other gemstone to contribute 
significantly to the value of production 
from Oregon is opal. During 1988, the 
first significant, commercial mining and 
marketing of very fine-quality opals from 
Opal Butte began. The varieties include 
hyalite, rainbow, contra luz, hydrophane, 
crystal, fire, blue, and dendritic. 
Exquisite stones as large as 315 carats 
have been cut from contra luz rough from 
this deposit and the fire opal is as fine as 
the best from Mexico. 

Tennessee has the largest U.S. 
production of freshwater mussel shells 
and pearls of the 11 producing States. 
There has been an established U.S. 
freshwater mussel fishing industry since 
the mid-1850’s. The mussels are from 
the family Unioidae, of which about 20 
different species are harvested 
commercially. During 1993, the value of 
U.S. mussel shell exports was more than 
$32 million. 

Historically, freshwater pearls from 
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the United States were a byproduct of the 
shell industry. With the coming of the 
freshwater cultured pearl farms in 
Tennessee and the increasing popularity 
of freshwater pearl jewelry with the U.S. 
consumer, this has changed. Since the 
technology for culturing freshwater pearls 
was proven in the late 1970's, six 
freshwater pearl farms have been 
established. These farms are the 
beginning and heart of the U.S. pearl 
industry. | | 

In Wisconsin and Michigan, 12 
kimberlite pipes have been identified on 
exploration holdings, 7 have yielded 
microdiamonds, and 3 have not been 
tested. Ashton Mining of Canada, Inc. 
announced that its Great Lakes project 
found a small kimberlite body in the 
Crystal Falls area of Michigan. The 
company also reported the possibility of 
additional kimberlite bodies in the Upper 
Peninsula of Michigan. 

Utah topaz is not well suited for use as 
a gem, but it does make a fine mineral 
specimen. Topaz crystals have been 
collected from certain rhyolite flows in 
the Thomas Mountains and the Wah Wah 
Mountains. The crystals from the 
Thomas Mountains are predominately 
small, 10 to 20 millimeters long and 4 to 
6 millimeters across, and crystals from 
the Wah Wah Mountains are even 
smaller. Occasionally, large gem-quality 
crystals are found. The color of the 
topaz varies from colorless, to light 
yellow, sherry brown, rose, or light pink. 
The light yellow to sherry brown color 
fades to colorless if exposed to sunlight 
or heat and rose or light pink colored 
crystals are rare. Because of the size of 
the crystals and problem with color 
fading, the material yields only small to 
very small colorless stones. 

' Another Utah gemstone is variscite, 
first produced in about 1893 near 
Fairfield. The latest recorded 
commercial production was from near 
Lucin during the summer of 1992. 
Variscite forms as fracture fillings or as 
nodules. The nodules may be solid, 
almost geode in nature, or fractured solid 
nodules that have undergone alteration. 
The color of the variscite varies from a 
shade of light to dark yellow-green, but 


can be a dark, nearly jade green and so 
pale as to appear almost white. It also 
can have black and brown spiderwebbing. 

Another material from Utah is 
snowflake obsidian. Snowflake obsidian 
(also known as flower obsidian) earns its 
name from the bluish-white or grayish- 
white patterns of cristobalite included into 
the normally black obsidian. During 
1992, two different firms produced this 
material commercially. 

The red beryl from the Wah Wah 
Mountains is the most remarkable and 
desirable of Utah’s gemstones. Bixbite, 
the variety name for red beryl, is found 
in rhyolites at several locations in the 
Thomas and Wah Wah Ranges. The 
beryl varies in color from a pink to bright 
red, with the bright red being what could 
be called strong raspberry-red. The 
material from most of the locations is not 
as spectacular, either in crystal size or 
color, as the crystals from the Violet 
claims in the Wah Wah’s. 

The Violet claims in the Wah Wah’s 
are the only known location for 
commercial production of red beryl. In 
recent years, the claims have furnished a 
small but steady supply of materials for 
both mineral specimens and a few fine- 
quality gems. The crystals average about 
10 millimeters in length, and most are 
flawed. Because of the size of the 
crystals and flaws, finished stones only 
average about 0.40 carat with few more 
than 1 carat. The largest finished stone 
to date is about 10 carats. The material 
is expensive, but justifiably so, because 
of its beauty and rarity. 

Certain other States produce a single 
gem material of note, they are: Alaska 
with its two jade mines; Florida’s 
agatized coral; New York reported 
significant quartz production (herkimer 
diamonds) from the Herkimer-Middleville 
area and a small amount of almandite 
garnet production from the North Creek 
area; New Mexico reported production of 
agate, turquoise, copper minerals, and 
gem feldspar; both Alaska and Hawaii 
reported the production of gem-quality 
coral; Minnesota reported production of 
thomsonite and agate; Ohio reported 
production of flint; and South Dakota 
produced rose quartz. 
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The value of 1993 production by 
individual gemstone can be reported for 
those materials that have three or more 
producers and if one producer does not 
account for more than 75% of the total or 
if two do not account for 95% or more of 
the production. (See table 5.) 


Consumption and Uses 


Consumption of domestic gemstones 
was in the manufacture of jewelry; for 
exhibit in gem and mineral collections; 
for decorative purposes in statuettes, 
vases, and other art objects; and for 
certain industrial applications. 

Frequently, tourmaline is used as a 
standard for calibrating piezoelectric 
manometers and testing devices. It is 
also a control substance in boron 
experiments because it is itself an inert 
boron-containing compound. Tourmaline 
is the standard used in tests to check 
possible effects of water-soluble boron in 
fertilizers. 


Many scientific and industrial 
instruments use tourmaline. One such 
use is tourmaline tongs, a simple 


laboratory instrument that shows the 
polarization of light. Because tourmaline 
is both pyroeletric and piezoelectric, 
meaning it generates electricity when 
heated or compressed, it is a component 
of instruments for measuring high 
pressures and fluid compressibility. 
Thermal dosimeters, which were early 
instruments that measured the intensity of 
radium emanations, depended upon 
tourmaline’s pyroelectric properties. 

Once the mark of a top-rated watch or 
timepiece was that it was Swissmade and 
had 18 or 21 ruby or sapphire jewel 
bearings. . Originally, these jewel 
bearings were made from natural ruby 
and sapphire. Later, the availability of 
inexpensive synthetic gemstones allowed 
the natural materials to be replaced in the 
manufacture of jewel bearings. 

Why are ruby and sapphire used as 
bearings? Because ruby and sapphire, 
color variations of the mineral corundum, 
are second only to diamond in hardness; 
they have no cleavage (cleavage being the 
tendency for a crystallized mineral to 
break in certain definite directions, 
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showing a minimum value of cohesion in 
the direction of easy fracture) and thus 
they are very durable; they have a very 
low coefficient of friction when highly 
polished; they are chemically inert; and 
they can be cut and polished without 
great difficulty. 

Watches were not the only instruments 
in which sapphire and ruby bearings were 
used. Most precision gauges in aircraft 
and boats depend upon jewel bearings, as 
do many gauges, meters, and other 
instruments in manufacturing and 
chemical plants. The military is still 
highly dependent on jewel bearings for 
many of its high-tech weapons systems. 
Another use for one type of jewel bearing 
is as connectors for optical fibers. 

In recent years, technological advances 
allowed the growth of large, high-quality 
synthetic ruby crystals, called laser ruby, 
for the manufacture of laser rods. 
Several other synthetic gemstones also are 
produced for lasers, including chromium- 
doped chrysoberyl (dope being an element 
added to the crystal growing nutrients to 
get a particular color), synthetic 
alexandrite, and varieties of doped YAG. 

Lasers require high-purity, optically 
perfect crystals. The crystal must be 
large enough so that a laser rod can be 
cut from the raw crystal, and the mineral 
or material must have the correct physical 
properties to allow light amplification 
without the necessity of excessive energy. 
Synthetic ruby, sapphire, and YAG have 
these characteristics. 

Over the years, both natural and 
synthetic corundum have been ground and 
graded as an abrasive. Corundum was 
the major compound used in the polishing 
of eyeglass lenses. Although industrial 
diamond has replaced much of the 
corundum used in the lens-polishing 
industry, some still use corundum for 
specialized lenses. 

Other gem materials have enjoyed 
limited uses in nongem applications. The 
abrasive and ceramic industries use topaz 
as a raw material because of its hardness 
and chemical features. Once, lenses for 
eyeglasses were made from gem-quality 
beryl—if the morganite variety of beryl 
was used, one would truly be looking at 
the world through rose-colored glasses. 


Mortar and pestle sets, knife edges for 
balances, textile rollers, and spatulas are 
some nongem uses of agate. 

Some industrial applications requiring 
clean homogeneous stones used low- 
quality gem diamond. The quantity of | 
natural and synthetic industrial-grade 
diamonds used in the United States each 
year is 12 to 15 times greater than the 
amount of diamonds consumed by the 
jewelry industry. 

The 1993 estimated value of U.S. 
apparent consumption of gems and 
gemstones was $4,266 million, up about 
24% from that of 1992. In 1993, the 
value of U.S. estimated apparent 
consumption of diamonds increased about 
29% to $3.6 billion. The 1993 estimated 
apparent consumption of colored stones, | 
led by emerald, ruby, and sapphire, was 
valued at $517 million, an increase of 
30%. The estimated apparent | 
consumption of pearls—natural, cultured, 
and imitations—was $18 million, a 6% 
decrease. Estimated apparent 
consumption of synthetic and imitation 
gemstones decreased about 13% to 
$102.3 million. 


Prices 


Demand, beauty, durability, rarity, 
freedom from defects, and perfection of 
cutting decide the value of a gem. In 
establishing the price of gem diamond, 
the CSO’s control over output and prices 
of diamond rough also is a major factor. 

The average U.S. wholesale asking 
price of the top 25 grades (D through H 
color and IF through VS, clarity) of a 1- 
carat diamond fluctuated between $7,200 
and $7,300, and was about $7,300 at 
yearend. The average value per carat of 
all grades, sizes, and types of gem-quality 
diamond imports was $444, essentially 
the same as that of 1992. The average 
yearend wholesale purchase price of a 
fine-quality 1-carat ruby, paid by retail 
jewelers on a per stone or memo basis, 
was $3,900, the same as that of 1992. 
The average value of ruby imports 
decreased 15% to $25.14 per carat. 

The average yearend wholesale 
purchase price of a fine-quality 1-carat 
sapphire, paid by retail jewelers on a per 
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stone or memo basis, was $1,400, the 
same as that of 1992. The average value 
of sapphire imports decreased 5% to 
$15.46 per carat. 

The average yearend wholesale 
purchase price of a fine-quality 1-carat 
emerald, paid by retail jewelers on a per 
stone or memo basis, was $2,750, the 
same as for 1992. The average value of 
emerald imports decreased 38% to 
$44.83 per carat. (See tables 6 and 7.) 


Foreign Trade 


The value of all diamond exports plus 
reexports increased 10% to $1.50 billion. 
The quantity of cut diamonds exported 
and reexported decreased 10% to 911,419 
carats, and the value of diamond exported 
and reexported increased 9% to $1.44 
billion. 

The value of other precious stones, cut 
but unset or rough other than diamonds, 
pearls, and synthetics, exported and 
reexported decreased from $241.2 million 
to $103.1 million. The value of synthetic 
gemstone exports plus _ reexports 
decreased from $21.2 million to $19.3 
million. 

The value of natural, cultured, and 
imitation pearls, not set or strung, exports 
and reexports of pearls increased from 
$6.7 million to more than $7.3 million. 

The value of gems and gemstones 
imported increased 18% to a record high 
$5,850.9 million. The value of imported 
gem diamonds accounted for about 86% 
of the total. 

The value of imported gem diamonds 
increased 23 % to a record high $5,096.3 
million. The imports of cut diamonds 
increased 26% in quantity and 23% in 
value to 9.7 million carats and $4,486.3 
million, respectively. 

The value of imports of other gem and 
gemstones, led by emerald, ruby, and 
sapphires, was $754.5 million. Emerald 
imports increased 14% to $244.4 million. 
The value of ruby imports increased 16% 
to $90.6 million, but was less than the 
record-high value for the past 10 years of 
$98.4 million in 1990. The value of 
sapphire imports was $79.3 milion, an 
increase of 6% compared to that of 1992. 

The value of imported gem materials 
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other than diamond, emerald, ruby, and 
sapphire increased 35% to $327.7 
million. (See tables 8, 9, 10, 11, and 
12.) 


World Review 


Diamond sales by De Beers Centenary 
AG was $4.4 billion in 1993, an increase 
of 28% compared with 1992 sales of $3.4 
billion. Sales during the first half of 
1993 were $2.5 billion, 42% more than 
the $1.8 billion for the first half of 1992. 
Sales during the second half of 1992 were 
only $1.8 billion, but still 12% more than 
the $1.6 billion sales for the second half 
of 1992. A De Beers official stated that 
there were sharp sales gains in the Indian- 
type cheaper rough, -but larger rough, 
more than 3 carats, was sold sparingly. 
De Beers controls about 80% of the 
rough, uncut diamonds sold in the world. 
Sales of colored stones remained strong. 
In February, De Beers increased the price 
of rough diamonds by an average of 
1.5%. Not all prices went up 1.5%— 
some were unchanged while others 
increased as much as 8%. 

Natural diamond production occurs in 


Africa, Asia, Australia, and South 
America. The principal producing 
localities are as_ follows: in 


Africa—Angola, Botswana, Namibia, the 
Republic of South Africa, and Zaire; in 
Asia—Russia (northeastern Siberia and in 
the Yakutia); in Australia; and in South 
America—Venezuela and Brazil. (See 
table 13.) 

Foreign countries in which major 
gemstone deposits (other than diamond) 
occur are Afghanistan (beryl, kunzite, 
ruby, tourmaline); Australia (beryl, opal, 
sapphire); Brazil (agate, amethyst, beryl, 
kunzite, ruby, sapphire, tourmaline, 
topaz); Burma (beryl, jade, ruby, 
sapphire, topaz); Colombia (beryl, 
sapphire); Kenya (beryl, garnet, 
sapphire); Madagascar (beryl, rose 
quartz, sapphire, tourmaline); Mexico 
(agate, opal, topaz); Sri Lanka (beryl, 
ruby, sapphire, topaz); Tanzania 
(tanzanite, garnet, ruby, sapphire, 
tourmaline); and Zambia (amethyst, 
beryl). 


Angola.—Odebrecht, a Brazilian 
company, purchased modular diamond 
recovery plants from Van Eck & Lurie 
for use on its diamond projects in 
Angola. Odebrecht is undertaking 
projects in Quango Province for 
Endiama, the Angolan state mining 
corporation. 


Australia.—Argyle’s diamond 
production of 42 million carats was 
another record year for the mine. Since 
the start of mining in 1983, more than 
304 million carats of diamonds has been 
recovered from the AK-1 pipe and 
alluvial operations. Argyle’s annual pink 
diamond sale saw a single buyer, a 
Geneva-based jeweler, buy the entire 46- 
stone, 41.48-carat offering for $2.25 
million. 

The Philips Range Joint Venture, a 
venture between Triad Minerals NL and 
Black Hill Minerals Ltd., both Australian 
companies, and the Canadian firm Cliff 
Resources Corp., has completed a drilling 
project on the Aries kimberlite pipe and 
has started a 100,000-ton bulk sampling 
of the overburden. The venture has 
processed 1,700 tons of overburden 
through its 100-tons-per-hour plant and 
recovered 69 diamonds that weighed 26.7 
carats with five stones greater than 1 
carat.© Ashton Mining Ltd. continued to 
explore the Merlin and adjacent Excalibur 
prospects in the Northern Territory. A 
70-ton sample from Merlin produced 20 
commercial-size stones; 20% were gem 
quality, 20% were near-gem, and the 
largest stone was 2.44 carats. On the 
Excalibur, a 60-kilogram sample 
produced 7 macrodiamonds and 92 
microdiamonds. Many drill holes on the 
prospect have intercepted kimberlite down 
to 111 meters. 


Botswana.—The largest diamond ever 
found in Botswana, 446 carats, was 
recovered at the Jwaneng Mine. The 
stone is currently being evaluated and no 
value has been set. 

Preliminary exploration work is 
underway on the Gemsbok project to 
evaluate five diamond prospecting 
licenses. The licenses cover about 4,800 
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square kilometers. The project is a 50-50 
joint venture between  Scintilore 
Explorations and Fancamp Resources. 

The $3 million diamond cutting and 
polishing factory jointly owned by Lazare 
Kaplan Botswana, a subsidiary of the 
U.S. firm Lazare Kaplan International, 
and the Government of Botswana is the 
newest cutting factory in Botswana. The 
factory was subsidized to train local 
cutters under JBotswana’s financial 
assistance policy for foreign investors. 
The factory will purchase rough from De 
Beers’ CSO. 


Brazil.—Southwestern Gold Corp. and 
Hillsborough Resources have had 
encouraging results from their joint- 
venture exploration on the 592,000- 
hectare Canabrava project in Minas 
Gerais. Sampling discovered kimberlite 
indicator minerals and stream samples 
contained diamonds. Diamonds from the 
stream samples contained one pink 
diamond.’ 

The KWG Resources and Diamond 
Co. Ltda. Charneca diamond property 
joint venture in Minas Gerais began 
production with a 750-cubic-meter-per- 
day washing plan and plans to add a 
second 300-cubic-meter-per-day plant. 
KWG, the operating partner, reported the 
recovery of 31 gem-quality diamonds 
weighing 79 carats during the first 19- 
days of operation. The joint venture 
controls two additional concessions in 
Minas Gerais—the Santo Antonio and 
Grupiaria.® 


Burma (Myanmar).—The Burmese 
30th Annual Gems, Jade, and Pearl 
Emporium attracted 654 buyers from 16 
countries and accounted for a near record 
$14.7 million. Jade sales were $11.5 
million; pearls, $0.6 million; and gems, 
$1 million. The gem sales were mostly 
cut rubies and sapphires. Some rough 
was offered as well as cut peridot, spinel, 
green tourmaline, danburite, almandine 
garnet, aquamarine, diopside, enstatite, 
zircon, colorless topaz, and scapolite. 
For the first time heat-treated rubies were 
offered for sale. The heat-treated 
material was all from the new Monghsu 
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Mine.? 


Canada.—Broken Hill Proprietary 
Co., an Australian company, and its 
Canadian partner Dia Met Minerals, Ltd. 
announced the start of work on the first 
diamond mine in Canada with their 
presentation of their mining plan to 
environmental authorities. The mine and 
other facilities would cost about $375 
million and would be in full operation by 
1997. 


During 1993, diamond exploration. 


activities were too extensive to be 
summarized in this limited space. It is 
recommended that interested individuals 
obtain copies of "Diamond in Canada: An 
Over View of Current Developments" by 
R. Irvine and M. Boucher, Industrial 
Minerals Division, Mineral Metal 
Commodities Branch Mineral Policy 
Sector, Energy, Mines and Resources 
Canada, Ottawa, Ontario; or "Mineral 
Exploration in Canada: Recent 
Developments and the Diamond Story" by 
J. M. Duke and B. A. Kjarsgaard, 
Geological Survey of Canada, Ottawa, 
Ontario. 


China.—The New China News 
Agency announced a De Beers Chinese 
joint venture that includes equipment and 
technology for exploration and processing 
of diamond ore, assistance in training 
personnel, and the opening of a diamond 
cutting factory. The new factory will be 
in Shanghai, one of two major cities 
targeted by De Beers’ recently announced 
$1.2 million marketing campaign to 
increase China’s consumption of cut 
diamonds. . 


Ghana.—The Government of Ghana 
has agreed to sell 80% of the 
Government-owned Ghana Consolidated 
Diamond Mines, Ltd., 40% each to De 
Beers and Lazare Kaplan International. 
A new company, Birim River Diamonds 
Ltd., will operate the diamond mines with 
De Beers as the managing partner. Plans 
are for production to be increased to 0.4 
million carats per year in 3 years; 
eventually production will increase to 1 
million carats per year. 


concessions 


Greece.—In February, a new synthetic 
ruby, grown by a flux process, was 
announced to the industry at the Athens 


Jewelry Fair by J. and A. Douras, its 


producers. The material is grown in a 
plant in Piraeus. The Douros method 
grows crystals that are 20 to 50 grams 
and smaller that are almost identical in 
appearance to Ramaura material. The 
refractive indices, density, absorption 
spectrum, fluorescence, and dichroism of 
the new synthetic are the same as for 
natural ruby. 


India.—India processed about 65% of 
the carats of the world’s rough diamonds, 
accounting for a 45% share of the world 
trade in finished goods. While most of 
the finished goods were less than 20 
points in size, the industry is increasing 
the amount of larger goods cut. The 11 
million carats of cut diamonds exported 
accounted for 17% of the value of total 
exports from India. 


Mali.—Mink Minerals Resources Inc., 
a Canadian firm, agreed to acquire 65% 
of Syndicat Diamat—the Mali diamond 
exploration and development company 
owned by the Governments of Mali and 
France—by spending more than $6 
million over 3 years and additional 
amounts over 3 additional years. The 
Syndicat Kenieba district concession has 
21 identified kimberlite pipes, 8 of which 
contain diamonds. Sampling of paleo 
placer deposits within the concession 
yielded more than 70 gem-quality 
diamond, many larger than 1 carat. 


Namibia.—Namibian Minerals Corp. 
(Namco), a firm just listed on the 
Vancouver Stock Exchange, is 
undertaking a program to evaluate and 
develop two Namibian marine 
covering 920 square 
kilometers. Detailed geophysical surveys 
and sampling are planned with the start of 
mining scheduled for early 1995. The 
concessions are off the coast for the port 
of Luderirz and Hottentots Bay in water 
200 meters or more in depth. According 
to Namco, the concessions may contain 
as many as 27 million carats, and 
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projections of production are 150,000 to 
250,000 carats per year. 


Russia.—The Russian diamond mining 
industry, with about 95% of production 
coming from five mines in 
Sakha—Udachny, Aijikhal, Mir, 
International, and Sytykanskaya—is 
undergoing much change. Construction 
is underway on the Jubilee Mine that will 
begin production in 1994. Two deep 
vertical shafts have been completed at the 
International Mine, and plans are 
underway to convert the Mir from an 
open pit to underground mine. 
Additionally, efforts are underway to 
bring the five kimberlite pipes north of 
Archangel into production. 

Current diamond exploration includes 
Ashton Mining’s work in the Karelia 
area, work near Krasnovishersk in the 
Pern district, Kondor and Imperial, Inc. 
are exploring known pipes in Archangel, 
Gorizont Co. is exploring additional areas 
in Archangel, and geologists have 
discovered diamonds in the Khanka 
depression close to the city of 
Lesozavadsk near the Sino-Russian 
border. 

Mr. Thomas Chatham, president of 
U.S.-based Chatham Created Gems, Inc., 
announced the formation of Chatham- 
Siberian Gem Co., based in Moscow. 
The company will grow and market 
synthetic white, yellow, and blue 
diamonds. The diamonds will be made 
using the high-temperature, high-pressure 
process. The new company plans to 
begin marketing about 100 carats of 
finished goods per month at a price that 
is 10% of that of equivalent natural 
diamonds. 

In Moscow, J.V. Intertrade, a joint 
venture between the Moscow 
Municipality, the Russian Committee for 
Precious Stones and Metals, and Kaszirer 
Diamond and Oltusky—both Belgian 
firms—opened a diamond cutting factory. 
The Municipality provided land and 
construction. The committee is expected 
to insure a supply of rough, and the 
Belgians invested $6 to $7 million in 
funds. Ruisdiamond, an Israeli-Russian 
joint venture, also opened a new cutting 
factory in Moscow. It will use laser 
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technology on types of rough that are 
difficult to cut. The newest cutting 
factory in Yakutia is in the city of 
Namtsy: It is the sixth factory to open in 
Yakutia during 1993, and an additional 
seven cutting factories have been 
announced. 

Mr. Valerie Rudakov, president of 
Almazy Rossi-Sakha, the firm responsible 
for mining, sorting, pricing, and selling 
Russia’s rough diamonds, announced the 
opening of an internal Russian Diamond 
Selling Center. Operating much like the 
CSO, the Selling Center will allocate 
diamonds to Russian cutting factories as 
if they were CSO sightholders. Almazy 
Rossi-Sakha is a joint stock company in 
which 32% is controlled by the 
governments of Russia and Sakha each, 
8% by the eight regions of Sakha, 5% by 
the Guarantee Fund, and 23% by 
employees. The company’s goals are to 
supply adequate rough diamonds at 
“world prices" to Russian | cutting 
factories and to ensure the continued well 
being and growth of the Russian cutting 
industry. 


South Africa, Republic of.—Diamond 
Field Resources (DFR), a Canadian 
company, purchased the Loxton Dan and 
Frank Smith diamond mines in the 
Kimberley area. The company reports 
that the mines have reserves sufficient for 
an additional 20 years of operation even 
at the increased rate plan. DFR plans to 
increase production from the mines to 
100,000 carats per year. DFR also has a 
marine diamond concession off the coast 
of Luderitz in Namibia. 


Tanzania.—During 1993, the 
Government of Tanzania lifted the 
restrictions on diamond sales and 
exploration to foreign investors. Because 
of these changes Dual Resources and Pue 
Gold Resources, both Canadian firms, 
each purchased 20% of Tanzania 
Diamond Mines’ (TDM) diamondiferous 


kimberite project, two contiguous 
diamond lining leases, and _ three 
exploration _ licenses. East Africa 


Diamond Exploration, a wholly owned 
subsidiary of TDM, will manage the 


joint-venture project.'° 

European Ventures acquired a 50% 
interest in Tan Range Exploration Corp.’s 
60-square-kilometer diamond concession; 
both firms are Canadian. European 
agreed to spend $300,000 on exploration 
over the next 2 years, and issued Tan 
Range 100,000 shares of European’s 
common stock.!! 


Uruguay.—It is estimated that annual 
exports of amethyst are about 80 tons 
valued at more than $500,000. The 
amethyst is for mineral specimens, 
decorator pieces, and as gemstones. 


Zaire.—Sediza, De Beers’ Zairian 
diamond purchasing company, purchased 
a +770-carat top-colored, gem-quality 
rough diamond. It is reported that the 
firm paid an artisanal miner $7 million 
for the stone and paid the Government of 
Zaire a 10% fee to export it. Because of 
its shape, the rough will be sawed or 
cleaved into two pieces for cutting. 


Zimbabwe.—The River Ranch Mine, 
operated by Auridiam Zimbabwe Ltd., a 
joint venture between the Canadian firm 
Cornerstone Investments Ltd. and 
Auridiam Consolidated NL of Australia, 
is expanding production from its current 
50,000 carats per year to 130,000 carats 
per year and plan to produce 330,000 
carats per year by 1995. Gem-quality 
stones account for about 60% of the 
production, and many of the stones are 
larger than 8 carats. During 1993, the 
mine produced two large fine stones— 
one was 29.6 carats and the other was 17 
carats. Recovered fragments totaling 
356.2 carats from one broken stone and 
33.4 carats from another single stone 
suggest the presence of very large stones. 

The joint venture between Reunion 
Mining and Argosy Mining Corp. has 
confirmed the discovery of a second 
kimberlite pipe on its Hwange project in 
western Zimbabwe. The pipe is about 10 
kilometers from an earlier discovered 
pipe. The joint venture announced that 
additional exploration permits have been 
added to the venture to increase the 
Hwange project area. 
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OUTLOOK 


World demand for gem diamond can 
be expected to rise because of increasing 
effective personal incomes and the 
populations of the United States and other 
industrialized countries. Also, demand 
will increase because of highly effective 
promotional efforts. These promotions 
are changing social customs in many 
eastern countries, particularly the use of 
diamond engagement rings. The changes 
are resulting in significant growth in the 
diamond market. Demand for other 
precious gems will continue to grow as 
diamonds become more expensive and the 
popularity and acceptance of colored 
gemstones increase. Demand for 
synthetic and simulant gemstones for both 
personal and industrial consumption is 
expected to increase. The diversity of 
sizes, types, uses, and values of gems 
and gemstones precludes any meaningful 
forecasting of future demand. 
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TABLE 1 
DE BEER’S CSO ROUGH DIAMOND 
PRICE INCREASES, BY PERCENTAGE 


Sept. 1949 25.0 Nov. 1967 16.0 Aug. 1973 10.2 Sept. 1982 2.5 
Mar. 1951 15.0 Sept. 1968 2.5 Dec. 1974 1.5 Apr. 1983 3.5 
Sept. 1952 2.5 July 1969 4.0 Jan. 1976 3.0 Aug. 1986 7.5 
Jan. 1954 2.0 Nov. 1971 5.0 Sept. 1976 5.8 Nov. 1986 7.0 
Jan. 1957 5.7 Jan. 1972 5.4 Mar. 1977 15.0 Sept. 1987 10.0 
May 1960 2.5 Sept. 1972 6.0 Dec. 1977 17.0 Apr. 1988 13.5 
Mar. 1963 5.0 Feb. 1973 11.0 Aug. 1978 30.0 Mar. 1989 15.5 
Feb. 1964 75 Mar. 1973 7.0 Sept. 1979 13.0 Mar. 1990 5.5 
Aug. 1966 75 May 1973 10.0 Feb. 1980 12.0 Feb. 1993 1.5 
TABLE 2 
DE BEER’S CSO ROUGH 
DIAMOND SALES AND STOCKS 
(Billions of dollars) 

Year Sales Stocks 
1984 1.61 1.95 
1985 1.80 1.90 
1986 2.56 1.85 
1987 3.07 2.30 
1988 4.17 2.00 
1989 4.09 2.47 
1990 4.17 2.68 
1991 3.93 3.03 
1992 3.42 3.36 
1993 4.40 4.10 
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TABLE 3 


GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


a ne 


Color 


Hydrocarbo Yellow, red, 


green, blue 


Practical == Gost? == Mohs 

size 

Any Lowto 2.02.5 
medium 


; Re- 
pee frac- 
sayny tion 

1.0-1.1 Single 


Refrac- May be 
tive confused 
index with 
1.54 Synthetic or 
pressed, 
plastics 


Recognition 
characters 


Fossil resin, 
soft. 


RO 


Name Composition 
Amber 
n 
Beryl: 

Aquamarine Beryllium 
aluminum 
silicate 

Bixbite do. 

Emerald do. 

Emerald, do. 

synthetic 

Golden do. 

(heliodor) 

Goshenite do. 

Morganite do. 


Calcium 
carbonate 


Blue-green to 
light blue 


do. 


Green 


Yellow to 
golden 


do. 


White, pink, 
red, blue, 
green or brown 


Any Medium 7.5-8.0 
to high 

Small Very 7.5-8.0 
high 

Medium do. 7.5 

Small High 7.5-8.0 

Any Low to 7.5-8.0 
medium 

Any Low 7.5-8.0 

Any Low 7.5-8.0 


Any Low 3.0 


2.63-2.80 Double 


2.63-2.80 do. 
2.63-2.80 do. 
2.63-2.80 do. 
2.63-2.80 do. 
2.63-2.80 do. 
2.63-2.80 Low 


2.72 Double 
(strong) 


1.58 Synthetic 
spinel, blue 
topaz 

1.58 Pressed 
plastics, 
tourmaline 

1.58 Fused 
emerald, 
glass, 
tourmaline, 
peridot, 
green 
garnet, 
doublets 

1.58 Genuine 
emerald 


1.58 Citrine, 
topaz, glass, 
doublets 

1.58 Quartz, 
glass, white 
sapphire, 
white topaz 

1.58 Kunzite, 
tourmaline, 
pink 
sapphire 


1.49-1.66  Silicates, 
banded 
agate, 
alabaster 
gypsum 


Double 
refraction, 
refractive index. 
Refractive 
index. 


Emerald filter, 
dichroism 
refractive index. 


Flaws, brilliant, 
fluorescence in 
ultra-violent 
light. 


Refractive 
index. 


Refractive 
index. 


Translucent. 


on 
Mexican do. do. Any Low 3.0 2.72 do. 1.6 do. Banded, 
onyx translucent. 
Chrysoberyl: 
Alexandrite Beryllium Green by day, Russia High 8.5 3.50-3.84 Double 1.75 Synthetic Dichroism, 
aluminate red by artificial (small), inclusions in 
light Sri synthetic 
Lanka sapphire. 
(medium) 
Catseye do Greenish to Small to do. 8.5 3.50-3.84 do. 1.75 Synthetic, Gravity and 
brownish large shell translucence. 
Chrysolte do. Yellow, green, Medium Medium 8.5 3.50-3.84 do. 1.75 Tourmaline, Refractive 
and/or brown peridot index, silky. 
Coral Calcium Orange, red, Branchin Low 3.5-4.0 2.6-2.7 do. 1.49-1.66 False coral Dull translucent. 
carbonate white, black, g; 
or green medium 


a — 


See footnotes at end of table. 
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TABLE 3—Continued 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refrac- Refractive 


Name Composition Color size! gravity tice index 


Ruby Aluminum Rose to deep Small Very 9.0 3.95-4.10 Double 1.78 Synthetics, Inclusions, 
oxide purplish red high including fluorescence. 
spinel 
Sapphire do. Blue Medium High 9.0 3.95-4.10 do. 1.78 do. Inclusions, 
double 
refraction, 
dichroism. 
Sapphire, . do. Yellow, pink, Medium Medium 9.0 3.95-4.10 do. 1.78 Synthetics, Inclusions, 
fancy white, orange, _to large glass and double 
green, or violet ; doublets refraction, 
refractive index. 
Sapphire do. Red, pink, do. High to 9.0 3.95-4.10 do. 1.78 Star quartz, Shows asterism, 
and ruby violet blue, or low synthetic color on side 
stars gray stars view. 
Sapphire or do. Yellow, pink, Up to20 Low 9.0 3.95-4.10 do. 1.78 Synthetic Curved strae, 
ruby or blue carats spinel, glass bubble 
synthetic inclusions. 
Diamond Carbon White, Any Very 10.0 3.516-3.525 Single 2.42 Zircon, High index, 
blue-white, high titania, dispersion, 
yellow, brown, cubic single 
green, pink, zirconia refraction, 
blue hardness, cut, 
luster. 
a tee 
Feldspar: 

Amazonite Alkali Green Large Low 6.0-6.5 2.56 — 1.52 Jade Cleavage, sheen, 
aluminum- Vitreous to 
silicate pearly opaque, 

grid. 
ee nn 
Labradorite do. Gray with blue do. Low 6.0-6.5 2.56 —_ 1.56 do. Cleavage, sheen, 
and bronze vitreous to 
sheen color pearly opaque, 
play grid. 
Moonstone do. White do. Low 6.0-6.5 2.77 — 1,52-1.54 Glass or Blue sheen, 
white onyx opalescent. 
Garnet Complex Brown, black, Small to Low to 6.5-7.5 3.15-4.30 Single 1.79-1.98 Synthetics, Single 
silicate yellow, green, medium high strained spinel, glass _ refraction, 
ruby red, or anomalous 
orange strain. 
Jade: 
Jadeite do. Green, yellow, Large Low to 6.5-7.0 3.3-3.5  Crypto- 1.65-1.68 Onyx, Luster, 
black, white, very high crystal- bowenite, spectrum, 
or mauve line vesu-vianite translucent to 
’ opaque. 
grossularite 
Nephrite Complex do. do. do. 6.0-6.5 2.96-3.10 — do. 1.61-1.63 = do. Do. 
hydrous 
silicate 
a ee 
Opal Hydrous Colors flashin Large Low to 5.5-6.5 1.9-2.3 Isotropic 1.45 Glass, Play of color. 
silica white, gray, high synthetics, 
black, red, or triplets 
yellow 
Pearl Calcium White, pink, or Small do. 2.5-4.0 2.6-2.85 —_ — Cultured Luster, 
carbonate black and structure, X-ray. 
imitation 
a a ee a a ea ea a Pe ee 
Peridot Iron Yellow and/or Any Medium 6.5-7.0 3.27-3.37 Double 1.65-1.69 Tourmaline Strong double 
magnesium green (strong) chrysoberyl _refracation, low 
silicate dichroism. 


See footnotes at end of table. 
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TABLE 3—Continued 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


wae Practical Specific Refrac- Refractive Recognition 
Name Composition Color size! Cost? Mohs “gravity nee ae Se Kee 
Quartz: 
Agate Silica Any color Large Low 7.0 2.58-2.64 — Glass, Cryptocrystal- 
plastic, line, irregularly 
Mexican banded, 
onyx dendritic 
inclusions. 

Amethyst do. Purple do. Medium 7.0 2.65-2.66 Double 1.55 do Refractive 
index, double 
refraction, 
transparent. 

Cairngorm do. Smoky do. Low 7.0 2.65-2.66 do. 1.55 do. Do. 

Citrine do. Yellow do. Low 7.0 2.65-2.66 do. 1.55 do Do. 

Crystal, do. Colorless do. Low 7.0 2.65-2.66 do. 1.55 do. Do. 

rock 
Jasper do. Uniform or Low 7.0 2.58-2.66 - do. Opaque, 
spotted red, vitreous. 
yellow, or 
green 

Onyx do. Many colors do. Low 7.0 2.58-2.64 —_ do. Uniformly 
banded. 

Rose do. Pink, rose red do. Low 7.0 2.65-2.66 do. 1.55 do. Refractive 
index, double 
refration, 
translucent. 

Spinel Magnesium Any Smallto Medium 8.0 3.5-3.7 Single 1.72 Synthetic, Refractive 
aluminum medium garnet index, single 
oxide refraction, 

inclusions. 

Spinel, do. Any Upto 40 Low 8.0 3.5-3.7 Double 1.73 Spinel, Weak double 

synthetic carats corundum, refraction, 
beryl, curved striae, 
topaz, bubles. 
alexandrite 


Hiddenite 


Tanzanite 
Topaz 


Tourmaline 


Turquoise 


Zircon 


Lithium 

aluminum 

silicate 
do. 


Complex 
silicate 
do. 


do. 


Copper 
aluminum 
phosphate 


Zirconium 
Silicate 


Pink to lilac 


Yellow to 
green 
Blue 


White, blue, 
green 

All, including 
mixed 


Blue to green 
White, blue, or 


brown, yellow, 
or green 


Medium 


do. 


Small 


Medium 


do. 


Large 


Small to 
medium 


Medium 


do. 
High 
Low to 


medium 
do. 


Low 


Low to 
medium 


1Small—up to 5 carats; medium—up to 50 carats; large—more than 50 carats. 
21 ow—up to $25 per carat; medium—up to $200 per carat; high—more than $200 per carat. 
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6.5-7.0 


6.5-7.0 


6.0-7.0 


8.0 


7.0-7.5 


6.0 


6.0-7.5 


3.13-3.20 Double 


3.13-3.20 do. 
3.30 do 
3.4-3.6 do 
2.98-3.20 do 
2.60-2.83 do. 
4.0-4.8 Double 
(strong) 


1.66 Amethyst, 
morganite 


1.66 Synthetic 
spinel 
1.69 Sapphire, 

synthetics. 
1.62 Beryl, 
quartz 
1.63 Peridot, 
beryl, 
corundum, 
glass 
1.63 Glass, 
plastics 


1.79-1.98 Diamond, 


synthetics, 
topaz, 
aquamarine 


Refractive 
index. 


Do. 


Strong 
trichroism. 
Refractive 
index. 

Double 
refraction, 
refractive index. 


Difficult if 
matrix not 
present, matrix 
usually 
limonitic. 
Double 
refraction, 
strongly 
dichroic, wear 
on facet edges. 
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TABLE 4 
SYNTHETIC GEMSTONE PRODUCTION METHODS 


Gemstone pou Company pee ohiis 
Ruby Flux Chatham 1950’s 
Do. do. Kashan 1960’s 
Do. do. Knischka 1980’s 
Do. do. J.O. Crystal (Ramaura) 1980's 
Do. do Douras 1990’s 
Do. Zone melt ~ Seiko 1980’s 
Do. Melt pulling Kyocera (Inamori) 1970's 
Do. Verneuil Various producers 1900’s 
Star ruby do. Linde (Div. of Union Carbide) 1940's 
Do. Melt pulling, - _ Kyocera st 1980’s 
Do. do. Nakazumi 1980’s 
Sapphire Flux Chatham 1970’s 
Do. Zone melt Seiko 1980’s 
Melt pulling Kyocera 1980's 
Do. Verneuil Various producers 1900’s 
Star sapphire do. Linde 1940’s 
Emerald Flux Chatham 1930's 
Do. do. Gilson 1960’s 
Do. do. Kyocera 1970's 
Do. do. Seiko 1980’s 
Do. do. Lennix 1980's 
Do. do. Russia 1980's 
Do. Hydrothermal Lechleitner 1960's 
Do. do. Regency 1980’s 
Do. do. Biron 1980’s 
Do. do. Russia 1980’s 
Alexandrite Flux Creative crystals 1970's 
Do. Melt pulling Kyocera 1980’s 
Do. Zone melt Seiko 1980’s 
Cubic zirconia Skull melt Various producers 1970’s 
88 


TABLE 5 


VALUE OF U.S. GEMSTONE 
PRODUCTION, BY GEMSTONE 


Gem materials 
Agate 
Beryl 


Coral (all types) 


Garnet 


Gem feldspar 
Geode/nodules 


Fire agate 
Jasper 
Obsidian 
Opal 


Peridot 


Petrified wood 


Quartz 


Sapphire/ruby 


Topaz 

Tourmaline 

Turquoise 
Total 


(Thousand dollars) 

1992 1993 
548 843 
323 470 
122 166 
108 233 

1,042 701 
260 207 
45 40 
111 531 

4 10 

756 639 
1,306 1,520 
211 234 
638 1,036 
895 313 
12 8 

82 9,534 
1,994 3,035 
8,457 19,520 
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TABLE 6 
PRICES OF U.S. CUT DIAMONDS, BY SIZE AND QUALITY 


Price range 


Carat Description, Clarity” ger carat? Average* 
weight color! (GIA terms) Jan, 1993-Jan. 1994 July 1993 
0.25 G VS1 $1,400-$1,400 $1,400 
.25 G VS2 1,200- 1,200 1,200 
.25 G SI1 970- 970 970 
25 H VS1 1,200- 1,200 1,200 
25 H VS2 1,100- 1,100 1,100 
25 H SI 950- 950 950 
50 G VS1 2,900- 3,050 3,050 
50 G VS2 2,600- 2,700 2,700 
50 G Sil 2,300- 2,400 2,400 
50 H VS1 ~__2,700- 2,800 ~ 2,800 
50 H VS2 2,500- 2,600 2,600 
50 H SsT1 2,200- 2,300 2,300 
75 G VS1 3,500- 3,650 3,650 
By i) G VS2 3,200- 3,350 3,350 
75 G SI1 2,800- 2,950 2,950 
.75 H VS1 3,100- 3,250 3,250 
75 H VS2 2,800- 2,950 2,950 
75 H si 2,600- 2,750 2,750 
1.00 G VS1 4,600- 4,800 4,750 
1.00 G VS2 4,100- 4,250 4,200 
1.00 G SI 3,700- 3,850 3,800 
1.00 H VS1 4,100- 4,250 4,200 
1.00 H VS2 3,900- 4,050 4,000 
1.00 H Sil _ 3,600- 3,750 3,700 


1Gemological Institute of America (GIA) color grades: D—colorless; E—rare white; G-H-I-—traces of color. 

Clarity: IF—no blemishes; VVS1—very, very slightly included; VS—very slightly included; VS2—very slightly 
included, but not visible; SI1—slightly included. 

5Jeweler’s Circular-Keystone. V. 165, No. 3, Mar. 1994, p. 146. 

‘Jeweler’s Circular-Keystone. V. 164, No. 9, Sept. 1993, p. 114. 


TABLE 7 
PRICES OF U.S. CUT COLORED GEMSTONES, BY SIZE* 


ee Price range Average price per carat? 

Gemstone weight per ence Tan, Tai 

in 1993 1993 1994 
Amethyst 1 $8- $18 $13.00 $13.00 
Aquamarine i 75- 90 82.50 82.50 
Emerald 1 2,000- 3,500 2,750.00 2,750.00 
Garnet, tsavorite 1 600- 900 750.00 750.00 
Ruby 1 3,000- 4,800 3,900.00 3,900.00 
Sapphire 1 800- 2,000 1,400.00 1,400.00 
Tanzanite 1 100- 185 130.00 150.00 
Topaz 1 5- 9 7.00 7.00 
Tourmaline, red 1 60- 125 92.50 92.50 

1Fine quality. 


Jewelers’ Circular-Keystone. V. 165, No. 3, Mar. 1994, p. 146. These figures represent a sampling of net prices that 
wholesale colored stone dealers in various U.S. cities charged their cash customers during the month for fine-quality 
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Country or territory 


Exports and reexports: 


Australia 
Belgium 

Canada 
Germany 

Hong Kong 
India 

Israel 

Japan 

Mexico 
Singapore 

South Africa, Republic of 
Switzerland 
Thailand 

United Kingdom 
Other 


Source: Bureau of the Census. 
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TABLE 8 ; 
U.S. EXPORTS AND REEXPORTS OF DIAMOND 
(EXCLUSIVE OF INDUSTRIAL DIAMOND), BY COUNTRY 


Quantity 
(carats) 


552 
*792,646 
*412,161 

11,878 
157,109 
101,717 
*245,690 
75,992 
3,016 
19,114 
928 
"44,211 
"17,369 
712,292 
*29,903 


*1,924,578 


1992 


Value! 
(millions) 


$1.7 
"322.3 
30.7 
10.1 
311.3 
15.4 
7250.3 
121.4 
1.7 
30.7 
“1.7 
146.2 
16.5 
50.8 
50.6 


*1,361.4 


Quantity 
(carats) 


585 
443,623 
242,593 

3,408 
232,487 
128,675 
320,100 

88,756 

7,638 
14,604 

1,276 
36,605 
58,490 
13,925 
37,682 


1,630,447 


1993 


Value! 
(millions) 


$1.3 
363.9 
33.6 
3.3 
333.5 
15.8 
286.7 
144.5 
1.6 
35.7 
2.0 
160.4 
24.4 
43.5 
48.9 
1,499.1 
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TABLE 9 
U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY 


F 1992 1993 
si ee as ere Quantity Value! Quantity Value’ 
epterniory OL one (carats) (millions) (carats) (millions) 
Rough or uncut, natural:? 
Belgium 402,763 $81.9 143,860 $111.7 
Brazil 26,867 1.4 55,214 4.7 
Isreal 26,699 10.7 13,535 5.7 
Netherlands 79,564 17.6 1,607 2.6 
South Africa, Republic of 13,405 17.6 26,058 43.7 
Switzerland 1,156 9.4 8,549 12.6 
United Kingdom 685,544 189.1 1,127,237 229.3 
Venezuela 318 | 161 1 
Other 392,059 167.1 394,271 199.6 
Total® . 1,628,375 495.0 1,770,492 610.1 
Cut but unset, not more than 0.5 carat: =. 7. se 
Belgium 795,348 270.5 951,502 315.7 
Brazil 15,414 6.6 5,928 2.0 
Canada 6,552 2.1 5,709 1.5 
Hong Kong 247,289 44.1 147,006 40.8 
India 4,249,843 935.2 5,577,187 1,178.7 
Israel 670,327 313.0 800,084 347.8 
Netherlands 3,338 1.1 1,778 4 
South Africa, Republic of 7,263 6.3 5,658 5.4 
Switzerland 11,055 4.6 8,357 2.8 
United Kingdom 4,779 1.4 3,146 6 
Other 80,899 19.2 109,748 25.7 
Total 6,092,107 1,604.2 7,616,103 1,921.4 
Cut but unset, more than 0.5 carat: a os ‘= = 
Belgium 589,036 776.2 676,500 912.2 
Hong Kong 14,886 30.8 33,037 44.6 
India 30,634 18.0 100,209 63.4 
Israel 915,487 973.8 1,161,760 1,255.7 
Netherlands 3,928 18.9 2,177 6.8 
South Africa, Republic of 5,706 22.4 11,788 34.4 
Switzerland 10,712 95.1 11,678 114.1 
United Kingdom 20,061 35.1 14,041 35.9 
Other 41,319 74.3 75,940 97.7 
Total® *1,631,769 2,044.5 2,087,130 2,564.8 
"Revised. 
‘Customs value. 
2Includes some natural advanced diamond. 
5Data may not add to totals shown because of independent rounding. 
Source: Bureau of the Census. 
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TABLE 10 
U.S. IMPORTS FOR CONSUMPTION OF NATURAL GEMSTONES, 
OTHER THAN DIAMOND, BY KIND AND COUNTRY 


oo 
Kind and country ae see See eee 
or territory Quantity Value’ Quantity Value! 
(carats) (millions) (carats) (millions) 
Emerald: 
Belgium 4,381 $0.7 8,122 $2.1 
Brazil 125,548 4.5 1,100,146 4.0 
Colombia 403,988 92.4 581,333 118.9 
France 3,753 4.1 490 1.0 
Germany 149,870 4.3 66,929 2.3 
Hong Kong 232,025 19.2 271,592 21.5 
India 1,208,678 16.5 2,090,983 26.8 
Israel 116,586 21.4 447,491 27.9 
Switzerland 164,283 39.6 105,266 24.1 
Taiwan 3,452 3 581 2.5 
Thailand 299,313 6.6 706,280 6.8 
Other 244,029 4.0 72,928 6.5 
Total 2,955,906 213.5 ~~ 5,452,141 244.4 
Jade: OO == 
Brazil 9.0 73 
Germany 15.7 13.8 
Hong Kong 12.7 15.4 
India NA 6.1 NA 7.0 
Israel 5.4 6.0 
Taiwan 2.8 3.1 
Thailand 47.5 17.5 
Other 10.3 10.6 
Total NA 109.2 NA 80.7 
Ruby: 
Belgium 9,065 131 4,932 7 
Brazil 6,793 3 7,219 | 
France 790 6 629 7 
Germany 17,677 1.1 101,945 1.2 
Hong Kong 799,823 3.9 218,116 6.2 
India 375,745 1.7 1,012,472 2.8 
Israel 12,094 1.5 14,938 1.8 
Switzerland 36,221 23.3 19,664 15.7 
Thailand 2,008,030 39.1 2,181,489 47.9 
United Kingdom 2,401 3.3 3,784 2.5 
Other 766,306 2.0 39,175 10.3 
Total 72,634,945 77.9 3,604,363 90.6 
Sapphire: wi —— 
Australia 4,682 | 12,377 1 
Beglium 6,744 7 18,710 8 
Brazil 23,326 2 2,585 1 
Canada 187,196 5 48,593 8 
Germany 49,194 1.3 122,609 1.0 
Hong Kong 113,716 3.9 202,914 3.7 
Israel 28,987 1.2 30,554 1.0 
Sri Lanka 85,218 3.5 196,128 4.5 
Switzerland 27,608 13.6 32,786 7.8 
Thailand 3,991,362 45.5 4,255,519 54.1 
See footnotes at end of table. 


\o 


2 


GEMSTONES—1993 


TABLE 10—Continued 
U.S. IMPORTS FOR CONSUMPTION OF NATURAL GEMSTONES, 
OTHER THAN DIAMOND, BY KIND AND COUNTRY 


; 1992 1993 
Kind and country : : 
or territory Quantity Value! Quantity Value! 
(carats) (millions) (carats) (millions) 
Sapphire—Continued: 
United Kingdom 4,210 $1.2 5,404 $0.8 
Other 88,663 3.4 201,604 4.6 
Total 4,610,906 75.1 5,129,783 79.3 
Other: —s . ae ee is -- 
Rough, uncut: 
Australia NA 2.1 NA 2.6 
Brazil NA 30.2 NA 21.4 
Colombia NA 4.4 NA 6.1 
Hong Kong NA 1.0 NA 71 
South Africa, Republic of | NA 3 NA 2.4 
Switzerland NA oY NA | 
Zambia NA 1.0 NA 8 
Other 11,702,472 13.8 21,772,815 9.0 
Total 41,130,452 53.5 56,187,445 49.7 
Cut, set and unset: +. ae 
Australia 3.8 4.2 
Brazil 9.0 7.2 
China 9 1.8 
Germany 15.7 13.8 
Hong Kong NA 17.3 NA 20.3 
India 6.9 8.0 
Japan 9.3 10.1 
Switzerland 8 1.2 
Taiwan 3.1 3.5 
Thailand 47.5 17.5 
Other 17.1 16.6 
Total NA 131.5 NA 104.2 
"Revised. NA Not available. 
1Customs value. 


Source: Bureau of the Census. 
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TABLE 11 TABLE 12 
VALUE OF U.S. IMPORTS OF U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES 
SYNTHETIC AND IMITATION 
GEMSTONES, INCLUDING (Thousand carats and thousand dollars) 
PEARLS, BY COUNTRY 
Pe 1992 1993 
(Million dollars’) Quantity Value! Quantity Value? 
Diamonds: 
Country or territory 1992 1993 Rough or uncut 1,628 495,003 1,770 610,113 

Synthetic, cut but unset: Cut but unset 7,724 3,648,640 9,703 4,486,270 
Australia 1.9 3.4 Emeralds: Cut but unset 2,956 213,497 5,452 244,356 
Austria 6.3 3.7 Coral and similar materials, unworked 2,787 6,115 2,800 5,442 
Germany *10.1 10.7 Jade: Cut and rough NA 109,233 NA 80,679 
Hong Kong 2.9 2.0 Rubies and sapphires: Cut but unset 7,246 ™153,059 8,734 169,934 
Korea, Republic of 4.2 2.1 Pearls: ©. 

Switzerland 4.6 3.8 Natural NA 3,896 NA 2,887 

Thailand 23.2 12.5 Cultured NA 18,195 NA 20,483 

Other 4.8 5.9 Imitation NA *3,698 NA 1,957 
Total *58.0 44.1 Other precious and semiprecious stones: 

Imitation: "Rough uncut t—™~C~S 408,236 41,446 558,900 38,378 
Austria *69.9 45.9 Cut, set and unset NA *109,376 NA 80,825 
Czechoslovakia 7.0 _ Other 281 5,957 175 5,869 
Germany 2.8 2.0 Synthetic: 

Japan 2.3 7 Cut but unset ™217,010 57,950 163,423 44,107 
Other 2.7 11.4 Other NA 1,628 NA 1,523 
Total "84.7 60.0 Imitation gemstone NA 81,029 NA 58,071 

"Revised. Total xX 4,948,722 XX 5,850,894 

1Customs value. 


Source: Bureau of the Census. 
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"Revised. NA Not available. XX Not applicable. 
1Customs value. 


Source: Bureau of the Census. 
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TABLE 13 
DIAMOND: WORLD PRODUCTION, BY TYPE AND COUNTRY* 


(Thousand carats) 
1989 1990 1991 
Natural Naural i ists Natural 
aid Indus- eee as (ona hel Indus- 
Gem? trial Total? thetic Gem? trial Total? oe Gem? trial Total? 
Angola® 1,165 80 1,245 _ 1,060 73 1,133 _ 899 62 961 
Australia 17,540 17,540 35,080 - 17,331 17,331 34,662 _ 17,978 17,978 35,956 
Belarus —™S ae = = & a = = = a = = 
Botswana 10,680 4,570 15,252 _ 12,150 3,200 17,352 _ 11,550 4,950 16,506 
Brazil 350 150 500 _ 600 900 1,500 _ 600 900 °1,500 
Central African Republic 334 81 415 _ 303 78 381 _ 296 82 379 
China*® 200 800 1,000 15,000 200 800 1,000 15,000 200 800 1,000 
Cdte dIvoire’ ® 9 3 12 — 9 3 12 _ 11 4 15 
| Czech Republic® — _ _ — _ _ —_ _ — _ ~ 
Czechoslovakia’ ’ _ _ _ 710,000 _ _ — 710,000 _ _ _ 
Prance® — _ _ 4,000 _ _- _ *5,000 — -_ _ 
Gabon® 400 100 500 _ 400 100 500 _ 400 100 500 
Ghana” 395 99 494 _ *§20 7130 650 _ "560 *140 700 
Greece® - _ _ 1,000 _ -_ _ 1,000 _ —— — 
Guinea’ ® 137 10 147 - 119 8 127 _ 91 6 97 
Guyana 3 5 8 _ 5 13 18 _ 6 16 "22 
India 12 "3 15 _ "15 3 18 _ *15 3 18 
Indonesia® 7 25 32 —- 7 23 30 —_ 8 24 32 
Ireland* _ _ _ 60,000 _ _ - 60,000 —_ — — 
Japan® a = — 25,000 = os — 25,000 = = = 
Liberia® " 762 793 155 _— 40 60 100 _ 40 60 100 
Namibia 910 20 927 — 750 15 7163 _ 1,170 20 1, 187 
‘ema fe 5000 2 — 3002 =: 
Rusie® oe en = ze = — = me = = Pe 
Serbia and Moutenegro™ ge Sek 5 & 2 = 
SierraLeone® 90 39 129 = 66 12 78 = 160 83 243 
Slovakia? ee = = ze = = = = = = 
South Africa, Republic 
of: 
Finsch Mine 1,600 3,000 4,610 — 1,480 2,700 4,178 - 1,200 2,280 3,483 
Premier Mine 700 1,520 2,215 - 720 1,600 2,328 _ 700 1,550 2,250 
Venetia Mine _ - _- _ 20 40 62 _ 100 200 303 
Other De Beers’ 
properties® 1,350 530 1,880 - 1,200 460 1,652 _ 1,500 400 1,897 
Other 350 50 411 _— 380 100 488 _ 400 100 498 
Total 4,000 5,100 9,116 *60,000 *3,800 4,900 8,708 *60,000 3,900 4,530 8,431 
Swaziland 33 22 55 — 25 17 42 _ 34 23 57 
Sweden® - _ _— 25,000 _ —_ _ 25,000 — — _ 
Tanzania 105 45 150 _ 60 25 85 -_ 70 30 100 
U.S.S.R.° 4 11,500 11,500 23,000 *120,000 12,000 12,000 24,000 *120,000 10,000 10,000 20,000 
Ukraine _ —- — — - _ _ _ _ ~ = 
United States _ - _ W _ _ _ Ww _ _ —_ 
Venezuela 70 185 255 _ 85 248 333 ~ 102 112 214 
Yugoslavia’ ° _ _ _ 5,000 _ _ — 5,000 = i a 
Zaire 4,663 715,092 17,755 - 2,914 716,513 19,427 — 3,000 14,814 17,814 
Total 50,665 755,562 106,242 325,000 *'52,459 758,452 110,919 269,000 51,090 54,737 105,832 
See footnotes at end of table. 
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TABLE 13—Continued ) 
DIAMOND: WORLD PRODUCTION, BY TYPE AND COUNTRY! 


(Thousand carats) 
1992 1993° 
Gem? eal Total’ thetic‘ Gem ‘al Total? thetic* 
Angola "1,100 *80 *1,180 -— 470 30 500 — 
Australia 717,750 722,250 * *40,000 — 19,000 23,200 42,200 _ 
Belarus — - _ 30,000 _ _ —_ 30,000 
Botswana *11,160 74,790 715,946 = 12,000 5,000 17,000 _ 
Brazil° *653 665 *1,318 — 600 900 1,500 _ 
Central African Republic. 307 107 414 ~ 307 ss i106 413 _ 
China® 200 800 1,000 15,000 230 850 1,080 15,500 
Cate d’Ivoire* § Sroie * 4S Bee oe. et SUM, Ge AAG ES Go Set a NDS, ye eI hs gs _ 
Czech Republic*® — — —_ — _ — _ 5,000 
Czechoslovakia®’ _ - _ 710,000 — — — —_ 
France® — _ -— 73,500 _— | _ — 3,500 
Gabon® 400 100 500 — 400 100 500 _ 
Ghana” *570 7140 *710 — 600 150 750 — 
Greece® — _ _ 750 — —_ _ 1,000 
Guinea® 90 5 95 _ 90 5 95 _ 
Guyana 13 32 45 - 14 36 50 — 
India 15 3 18 _ 16 3 19 — 
Indonesia’ 6 21 27 — 7 20 27 _ 
Ireland® _ _ — 60,000 _ _ _ 66,000 
Japan® —- — — 30,000 — — _ 32,000 
Liberia® * 762 ¥ 793 *7155 _ 60 90 150 _ 
Namibia *1,500 50 1,548 — 1,100 40 71,139 _ 
Romania® — _ — 77. — — — —_ 
Russia® 9,000 9,000 18,000 80,000 8,000 8,000 16,000 80,000 
Serbia and Montenegro” —_ - — 5,000 —_ _ — 5,000 
Sierra Leone® *200 "96 296 es 90 68 7158 ~ 
Slovakia’ — _ — _ _ —_ _ 5,000 
South Africa, Republic of: 
Finsch Mine 1,200 2,250 3,446 — 700 1,300 72,012 — 
Premier Mine ae 740 ~—«‘1,700 2,444 = 500 1,100 71,5968 = 
Venetia Mine 660 1,200 1,868 _— 1,750 3,200 74,969 _ 
Other De Beers’ properties!* 1,350 500 1,849 —_ 900 350 71,249 _ 
Other 450 100 549 — 450 100 550 _ 
Total 4,400 "5,750 710,166 *60,000 4,300 6,050 10,324 75 ,000 
Swaziland 36 24 51 —_ 27 18 45 _ 
Sweden’ _ _ — 25,000 — — _ 25,000 
Tanzania 748 *20 68 — 48 20 68 — 
U.S.S.R.° * _ — _— _ _— — _ _— 
Ukraine —_ — _ *10,000 — — _ 10,000 
United States — -_ — 90,000 _- _ — 103,000 
Venezuela *302 *176 *478 _ 335 200 535 _ 
Yugoslavia® '° — — — —_ _ — _ _ 
See footnotes at end of table. 
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TABLE 13—Continued 
DIAMOND: WORLD PRODUCTION, BY TYPE AND COUNTRY’ 


(Thousand carats) 
1992 1993° 
Country ___—_ Syn- es Syn- 
Gem? oe Total® thetic* Gem? eceaend Total® thetic‘ 
trial trial 
Zaire * 78,934 * 74,567 713,501 _ 9,500 5,500 15,000 _ 
Total 56,757 48,773 7105,521 *419,250 57,205 50,390 107,620 456,000 


‘Estimated. ‘Revised. W Withheld to avoid disclosing company proprietary data. 

!Table includes data available through June 8, 1994. Total natural diamond output (gem plus industrial) for each country actually is reported, except where indicated by a footnote 
to be estimated. In contrast, the detailed separate production data for gem diamond and industrial diamond are U.S. Bureau of Mines estimates except Brazil (1989-90), and the 
Central African Republic (1989-90), for which source publications give details on grade as well as totals. The estimated distribution of total output between gem and industrial 
diamond is conjectural, and for most countries, is based on the best available data at time of publication. 

"Includes near-gem and cheap-gem qualities. 

5Natural gem and industrial data may not add to totals shown because of a rounding. 

‘Includes all synthetic diamond production. 

5Figures do not include smuggled artisanal prodacaeas: 

*Figures are estimates based on reported exports and do not include smuggled diamonds. 

7Reported figure. 

*Formerly part of Czechoslovakia. 

*Dissolved on Dec. 31, 1992. 

"Gem" vs. “Industrial” diamond breakdown has been revised to reflect the value of near-gem material, classified as industrial prior to 1991, but which was ultimately being sold 
for well above industrial prices. 

‘Data for 1989 do not include smuggled production. Data for 1990-92 are estimates of artisanal production, likely smuggled out of Liberia, but which are comparable to that 
hitherto reported to the Government. 

Formerly part of Yugoslavia. 

43Qther De Beers’ Group output from the Republic of South Africa includes Kimberley Mines, Koffiefontein Mine, and Namaqualand Mines. 

“Dissolved in Dec. 1991. 

‘Dissolved in Apr. 1992. 
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FIGURE 1 
PRINCIPAL FORMS OF CRYPTOCRYSTALLINE AND CRYSTALLINE GEM STONE CUTS 
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GEMSTONES 


By Ronald F. Balazik 


Webster's dictionary defines a gem as "any jewel, whether 
stone, pearl or the like, having value and beauty that are intrinsic 
and not derived from its setting; a precious or, sometimes, a 
semiprecious stone cut and polished for ornament. A 
semiprecious stone of value because it is carved or engraved, as 
a cameo or intaglio." Additionally, the dictionary states that 
gemstone is "any mineral or petrified material which can, when 
cut and polished, be used in jewelry." Therefore, a gem, 
gemstone, or gem material may be described as inorganic or 
organic minerals used for personal adornment, display, or to 
manufacture objects of art because they possess beauty, rarity, 
and durability. (See table 1.) 


Production 


Gemstones production in the United States during 1995 
included cut, polished, engraved or carved material; specimen 
material; natural and cultured freshwater pearl; saltwater pearl; 
shell; amber; and coral. It is estimated that the value of 
domestic gemstone production from indigenous sources was at 
least $75 million in 1995. This estimate is based on a survey of 
more than 340 domestic gemstone operations conducted by the 
U.S. Geological Survey (USGS). The survey provides a 
foundation for projecting the scope and level of domestic 
gemstone operations. However, the survey is not necessarily 
representative of all gemstone activity in the United States, 
which includes thousands of professional and amateur 
collectors. Consequently, the USGS attempts to supplement its 
survey with estimates of domestic gemstones production from 
published data, contacts with gem dealers and collectors, and 
analyses of gem and mineral shows. 

The USGS survey indicated that gem materials were 
produced in every State during 1995. Six States accounted for 
more than 90% of the total value of production reported by 
survey respondents. These States (in declining order of reported 
production value) were Tennessee, Alabama, Arkansas, Oregon, 
North Carolina, and Arizona. Certain States are known best for 
the production of a single gem material (e.g., Tennessee for 
freshwater pearls). Other States, however, produce a wide array 
of gemstones. For example, Arizona gemstone production 
includes agate, amethyst, antlerite, azurite, chrysocolla, fire 
agate, garnets, jade, malachite, obsidian, onyx, peridot, petrified 
wood, precious opal, shattuchite, smithsonite, and turquoise. 
California, Idaho, Montana, and North Carolina also produced 
a wide variety of gemstones. 

New, potentially important gemstone mining operations were 
reported in 1995. For example, two new sapphire mining 
operations were initiated in Montana late in the year. Full-scale 


Operations were expected to begin in 1996. Plans to open a 
commercial gem-quality diamond mine in Colorado also were 
reported during 1995. 

It is estimated that U.S. synthetic gem production in 1995 
was at least $25 million; simulant gemstone output reportedly 
was even _ greater. Some estimates of domestic 
synthetic/simulant production exceed $100 million. Laboratory 
grown synthetic gemstones have essentially the same 
appearance and optical, physical, and chemical properties as the 
natural material that they represent. Synthetic gemstones 
produced in the United States include alexandrite, coral, 
diamond, emerald, garnet, lapis lazuli, quartz, ruby, sapphire, 
spinel, and turquoise. Laboratory grown simulants have an 
appearance similar to that of a natural gem material but have 
different optical, physical, and chemical properties. The 
gemstone simulants produced in the United States include coral, 
cubic zirconia, lapis lazuli, malachite, and turquoise. 
Additionally, certain colors of synthetic sapphire and spinel, 
used to represent other gemstones, would be classed as 
simulants. Colored and colorless varieties of cubic zirconia are 
the major simulants produced. 

(See table 2.) 

Nine firms in five states reported the production of synthetic 
and simulant gem material in 1995. Reported production 
totalled $25 million. This output included the manufacture of 
alexandrite, azurite/malachite, cubic zirconia, emerald, lapis, 
ruby, sapphire, and turquoise. In descending order of 
production value, the States with reported output were 
California, New York, Michigan, Arizona, and New Jersey. 


Consumption 


Consumption of domestic gemstones was in the manufacture 
of jewelry; for exhibit in gem and mineral collections; for 
decorative purposes in statuettes, vases, and other art objects; 
and certain industrial applications. According to a survey 
conducted by a business association of domestic jewelry 
retailers, diamond remains the favorite gemstone jewelry among 
U.S. consumers. The survey also indicated that, in decreasing 
order of preference, diamonds were followed by emeralds, 
sapphires, and rubies as jewelry. 


Prices 


Values and prices of U.S. cut diamonds and U.S. cut 
gemstones are shown in tables 3, 4, and 5. Demand, beauty, 
durability, rarity, freedom from defects, and perfection of cutting 
generally govern the value of most gems. The Central Selling 


Organization (CSO), controlled by De Beers Centenary AG, is 
a significant force affecting gem diamond prices worldwide. 


Foreign Trade 


The United States imported gemstones from more than 25 
countries and exported/reexported gemstones to more than 75 
countries during 1995. (See tables 6 through 10.) 

The total value of all gemstones exported and reexported by 
the United States was about $2.53 billion; diamonds, including 
$2.01 billion for cut diamonds, accounted for 87% of the total. 
The value of U.S. exports plus reexports of natural rough 
colored gemstones was about $42.3 million, while the value of 
U.S. exports plus reexports of cut natural colored gemstones 
was about $207 million. Synthetic rough and cut gemstone 
exports plus reexports by the United States during the year were 
valued at $14.3 million and $14.5 million, respectively. Natural 
and cultured pearls exported and reexported by the United 
States were valued at $2.85 million and $5.33 million, 
respectively. Approximately $47.1 million of coral and shell 
was exported and reexported by the United States in 1995. 

The United States remained the world's largest importer of 
colored gemstones in 1995. During the year, U.S. imports of 
gems and gemstones increased 3% to a record high of $6.66 
billion. The value of imported gem diamonds accounted for 
about 89% of the total. 


World Review 


Foreign countries with major gemstone deposits other than 
diamond are Afghanistan (beryl, kunzite, ruby, and tourmaline); 
Australia (beryl, opal, and sapphire); Brazil (agate, amethyst, 
beryl, kunzite, ruby, sapphire, topaz, and tourmaline); Burma 
(beryl, jade, ruby, sapphire, and topaz); Colombia (beryl, and 
sapphire); Kenya (beryl, garnet, and sapphire); Madagascar 
(beryl, rose quartz, sapphire, and tourmaline); Mexico (agate, 
opal, and topaz); Sri Lanka (beryl, ruby, sapphire, and topaz); 
Tanzania (garnet, ruby, sapphire, tanzanite, and tourmaline); 
and Zambia (amethyst and beryl). 

There are many natural diamond producers throughout the 
world. However, most production occurs in Africa (Angola, 
Botswana, Namibia, South Africa, and Zaire); Asia 
(northeastern Siberia and Yakutia in Russia); Australia; and 
South America (Venezuela and Brazil). (See table 11.) 

De Beers Centenary AG, which controls most of the rough, 
uncut diamonds sold worldwide, reported record sales of $4.53 
billion in 1995. This was an increase of 6.6% compared with 
1994 sales. During 1995, diamond stocks held by De Beers 


($4.67 billion) were greater than its annual sales for the second 
consecutive year; prior to 1994, stocks had never exceeded 
sales. 

De Beers also encountered other significant issues in 1995. 
By yearend, for example, Australia's Argyle Diamond Mines 
Joint Venture was considering departure from the CSO. In 
addition, De Beers was seeking a trade agreement with Russia, 
which was selling diamonds independent of the CSO. 

De Beers annual sales during the past five years were as 
follows: 1994, $4.25 billion; 1993, $4.40 billion; 1992, $3.42 
billion; 1991, $3.93 billion; and 1990, $4.17 billion. During 
the same period De Beers' stocks of diamonds were: 1994, 
$4.38 billion; 1993, $4.10 billion; 1992, $3.36 billion; 1991, 
$3.03 billion; and 1990, $2.68 billion. (Estimated world retail 
sales of diamond jewelry rose 5% to more than $47 billion in 
1995.) 


Outlook 


World demand for precious gems, particularly diamond, is 
expected to continue growing as personal disposable income 
rises in the United States and in other industrialized nations. 
Promotional efforts by producers and dealers also will further 
spur demand for gem diamond. Such efforts combined with 
rising incomes already are increasing retail diamond sales in 
Japan and other Asian countries. Demand for other precious 
gems will continue to rise as diamonds become more expensive 
and the popularity and acceptance of colored gemstones 
increase. Some in the industry anticipate further consolidation 
of jewelry retailing toward fewer companies and predict more 
niche marketing that targets specific demographic groups. 
Demand for synthetic and simulant gemstones for both personal 
and industrial consumption is expected to increase. 


OTHER SOURCES OF INFORMATION 
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Gemstones, Mineral Commodity Summaries—1996. 
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Industrial Diamond, Mineral Industry Surveys, Annual 
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Other Sources 

Annual Report—1995, De Beers Consolidated Mines Limited, 
Kimberley, South Africa. 

Directory of Principal U.S. Gemstone Producers in 1995, 
Mineral Industry Surveys, U.S. Bureau of Mines, 1995. 
An overview of Production of Specific U.S. Gemstones, 
Special Publication 14-95, U.S. Bureau of Mines, 1995. 


TABLE 1 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size I/ Cost 2/ Mohs gravity Refraction index confused with- characters 
Amber Hydrocarbon Yellow, red, Any Low to 2.0-2.5 1.0-1.1 Single 1.54 Synthetic or Fossil resin, soft. 
green, blue medium pressed, plastics 
Beryl: 
Aquamarine Beryllium Blue-green Any Medium 7.5-8.0 2.63-2.80 Double 1.58 Synthetic spinel, Double refraction, 
aluminum silicate to light blue to high blue topaz refractive index. 
Bixbite do. do. Small Very 7.5-8.0 2.63-2.80 do. 1.58 Pressed plastics, Refractive index. 
high tourmaline 
Emerald do. Green Medium do. 75 2.63-2.80 do. 1.58 Fused emerald, Emerald filter, 
glass, tourmaline, dichroism, refractive 
peridot, green index. 
garnet doublets 
Emerald, synthetic do. do. Small High 7.5-8.0 2.63-2.80 do. 1.58 Genuine emerald Flaws, brilliant, fluorescence 
in ultraviolent light. 
Golden (heliodor) do. Yellow to Any Low to 7.5-8.0 2.63-2.80 do. 1.58 Citrine, topaz, 
golden medium glass, doublets 
Goshenite do. do. Any Low 7.5-8.0 2.63-2.80 do. 1.58 Quartz, glass, Refractive index. 
white sapphire, 
white topaz. 
Morganite do. Pink to rose Any Low 7.5-8.0 2.63-2.80 do. 1.58 Kunzite, do. 
tourmaline, 
pink sapphire 
Calcite: 
Marble Calcium carbonate White, pink, red, Any Low 3.0 2.72 Double 1.49-1.66 Silicates, Translucent. 
blue, green, or (strong) banded agate, 
brown alabaster gypsum 
Mexican onyx do. do. Any Low 3.0 2.72 do. 1.6 do. Banded, translucent. 
Chrysobery1: 
Alexandrite Beryllium Green by day, Former High 8.5 3.50-3.84 Double 1.75 Synthetic Dichroism, inclusions in synthetic sapphire 
aluminate red by artificial U.S.S.R. 
light (small), Sri 
Lanka 
(medium) 
Cats-eye do. Greenish to Small to do. 8.5 3.50-3.84 do. 1.75 Synthetic, shell Gravity and translucence. 
brownish large 
Chrysolite do. Yellow, green, Medium Medium 8.5 3.50-3.84 do. 1.75 Tourmaline, Refractive index, silky. 
and/or brown peridot 


See footnotes at end of table. 


GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


TABLE 1--Continued 


Practical Specific Refractive May be Recognition 
Name Composition Color size I/ Cost 2/ Mohs gravity Refraction index confused with- characters 
Coral Calcium carbonate Orange, red, Branching, Low 3.5-4.0 2.6-2.7 Double 1.49-1.66 False coral Dull translucent. 
white, black, or medium 
green 
Corundum: 
Ruby Aluminum oxide Rose to deep Small Very high 9.0 3.95-4.10 do. 1.78 Synthetics, Inclusions, 
purplish red including spinel fluorescence. 
Sapphire do. Blue Medium High 9.0 3.95-4.10 do. 1.78 do. Inclusions, double 
refraction, dichroism. 
Sapphire, fancy do. Yellow, pink, Medium Medium 9.0 3.95-4.10 do. 1.78 Synthetics, glass Inclusions, double 
white, orange, to large and doublets refraction, refractive index. 
green, or violet 
Sapphire and do. Red, pink, violet do. High to 9.0 3.95-4.10 do. 1.78 Star quartz, Shows asterism, 
ruby stars blue, or gray Low synthetic stars color on side view. 
Sapphire or ruby do. Yellow, pink, or Up to 20 Low 9.0 3.95-4.10 do. 1.78 Synthetic spinel, Curved strae, 
synthetic blue carats glass bubble inclusions. 
Diamond Carbon White, blue-white, Any Very high 10.0 3.516-3.525 Single 2.42 Zircon, titania, High index, 
yellow, brown, cubic zirconia dispersion, single 
green, pink, blue refraction, hardness, 
cut, luster. 
Feldspar: 
Amazonite Alkali aluminum Green Large Low 6.0-6.5 2.56 -- 1.52 Jade Cleavage, sheen, 
silicate vitreous to pearly, 
opaque, grid. 
Labradorite do. Gray with blue do. Low 6.0-6.5 2.56 -- 1.56 do. Cleavage, sheen, 
and bronze vitreous to pearly, 
sheen color play. opaque, grid. 
Moonstone do. White do. Low 6.0-6.5 2.77 -- 1.52-1.54 Glass or Blue sheen, opalescent. 
white onyx. 
Garnet Complex silicate | Brown, black, Small to Low to 6.5-7.5 3.15-4.30 Single 1.79-1.98 Synthetics, Single refraction, 
yellow, green, medium high strained spinel, glass anomalous strain. 
ruby red, or 
orange 
Jade: 
Jadeite do. Green, yellow, Large Low to 6.5-7.0 3.3-3.5 Cryptocry 1.65-1.68 Onyx, bowenite, Luster, spectrum, 
black, white, or very high stalline vesuvianite, translucent, to opaque. 
mauve grossularite 
Nephrite Complex hydrous do. do. do. 6.0-6.5 2.96-3.10 do. 1.61-1.63 do. Do. 
silicate 


See footnotes at end of table. 
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TABLE 1--Continued 


Practical Specific Refractive May be Recognition 
Name Composition Color size I/ Cost 2/ Mohs gravity Refraction index confused with- characters 
Opal Hydrous silica Colors flash in white gray, Large Low to 5.5-6.5 1.9-2.3 Isotropic 1.45 Glass, synthetics, Play of color. 
black, red, or yellow high triplets 
Pearl Calcium carbonate White, pink, or black Small do. 2.5-4.0 2.6-2.85 -- -- Cultured and Luster, structure, X-ray. 
imitation 
Peridot Iron magnesium Yellow and/or green Any Medium 6.5-7.0 3.27-3.37 Double 1.65-1.69 Tourmaline Strong double refraction, 
silicate (strong) chrysoberyl low dichroism. 
Quartz: 
Agate Silica Any color Large Low 7.0 2.58-2.64 — -- -- Glass, plastic, Cryptocrystalline, irregularly banded, 
Mexican onyx dendritic inclusions. 
Amethyst do. Purple do. Medium 7.0 2.65-2.66 Double 1.55 do. Refractive index, double refraction, 
transparent. 
Cairngorm do. Smoky do. Low 7.0 2.65-2.66 do. 1.55 do. Do. 
Citrine do. Yellow do. Low 7.0 2.65-2.66 do. 1.55 do. Do. 
Crystal, rock do. Colorless do. Low 7.0 2.65-2.66 do. 1.55 do. Do. 
Jasper do. Uniform or spotted red, do. Low 7.0 2.58-2.66 -- -- do. Opaque, vitreous. 
yellow or green 
Onyx do. Many colors do. Low 7.0 2.58-2.64 -- -- do. Uniformly banded. 
Rose do. Pink, rose red do. Low 7.0 2.65-2.66 do. 1.55 do. Refractive index, double refraction, 
translucent. 
Spinel Magnesium Any Small to Medium 8.0 3.5-3.7 Single 1.72 Synthetic, garnet Refractive index, single refraction, 
aluminum oxide medium inclusions. 
Spinel, Synthetic do. Any Up to 40 Low 8.0 3.5-3.7 Double 1.73 Spinel, corundum, Weak double refraction, curved striae, 
carats beryl, topaz, bubbles. 
alexandrite 
Spodumene: 
Kunzite Lithium aluminum Pink to lilac Medium Medium 6.5-7.0 3.13-3.20 Double 1.66 Amethyst, Refractive index. 
silicate morganite 
Hiddenite do. Yellow to green do. do. 6.5-7.0 3.13-3.20 do. 1.66 Synthetic spinel Do. 
Tanzanite Complex silicate Blue Small High 6.0-7.0 3.30 Double 1.69 Sapphire, synthetics Strong trichroism. 
Topaz do. White, blue, green Medium Low to 8.0 3.4-3.6 do. 1.62 Beryl, quartz Refractive index. 
medium 
Tourmaline do. All, including mixed do. do. 7.0-7.5 2.98-3.20 do. 1.63 Peridot, beryl, Double refraction, 
corundum, glass refractive index. 
Turquoise Copper aluminum Blue to green Large Low 6.0 2.60-2.83 do. 1.63 Glass, plastics Difficult if matrix not 
phosphate present, matrix usually limonitic. 
Zircon Zirconium silicate White, blue, or brown, Small to Low to 6.0-7.5 4.0-4.8 Double (strong) 1.79-1.98 Diamond, Double refraction, 
yellow, or green medium medium synthetics, topaz, strongly dichroic, wear on facet edges. 


aquamarine 


1/ Small-up to 5 carats; medium-up to 50 carats; large-more than 50 carats. 
2/ Low-up to $25 per carat; medium-up to $200 per carat; high-more than $200 per carat. 


TABLE 2 


SYNTHETIC GEMSTONE PRODUCTION METHODS 


Production Date of first 
Gemstone methods Company production 
Ruby Flux Chatham 1950's 
Do. do. Kashan 1960's 
Do. do. J.O. Crystal (Ramaura) 1980's 
Do. do. Douras 1990's 
Do. Zone melt Seiko 1980's 
Do. Melt pulling Kyocera (Inamori) 1970's 
Do. Verneuil Various producers 1900's 
Star ruby do. Linde (Div. of Union Carbide) 1940's 
Do. Melt pulling Kyocera 1980's 
Do. do. Nakazumi 1980's 
Sapphire Flux Chatham 1970's 
Do. Zone melt Seiko 1980's 
Do. Melt pulling Kyocera 1980's 
Do. Verneuil Various producers 1900's 
Star sapphire do. Linde 1940's 
Emerald Flux Chatham 1930's 
Do. do. Gilson 1960's 
Do. do. Kyocera 1970's 
Do. do. Seiko 1980's 
Do. do. Lennix 1980's 
Do. do. Russia 1980's 
Do. Hydrothermal Lechleitner 1960's 
Do. do. Regency 1980's 
Do. do. Biron 1980's 
Do. do. Russia 1980's 
Alexandrite Flux Creative crystals 1970's 
Do. Melt pulling J.O. Crystal 1990's 
Do. do. Kyocera 1980's 
Do. Zone melt Seiko 1980's 
Cubic zirconia Skull melt Various producers 1970's 


TABLE 3 


VALUE OF U.S. GEMSTONE 


PRODUCTION, BY GEMSTONE 1/ 


(Thousand dollars) 

Gem materials 1994 1995 
Agate 234 907 
Beryl 492 698 
Coral (all types) 88 114 
Diamonds 284 163 
Garnet 780 4,180 
Gem feldspar 2,620 3,150 
Geode/nodules 127 206 
Obsidian 40 64 
Opal 1,120 475 
Peridot 635 225 
Petrified wood 208 150 
Quartz 1,060 1,440 
Sapphire/ruby 2,810 785 
Shell 33,000 54,500 
Topaz 13 2 
Tourmaline 14 52 
Turquoise 1,710 1,670 
Other 5,310 5,580 

Total 50,500 r/ 74,400 2/ 
1/ Revised. 


1/ Data are rounded to three significant digits; may not add to totals 


shown. 


2/ Estimated minimum production. 


TABLE 4 
PRICES OF U.S. CUT DIAMONDS, BY SIZE AND QUALITY 


Carat Description, Clarity 2/ Price range per carat 3/ Average 4/ 
weight color 1/ (GIA terms) Jan. 1995-Jan. 1996 July 1994 
0.25 G VS1 $1,400 - $1,400 $1,400 
25 G VS2 1,300 - 1,300 1,300 
2 G Su 975 - 975 O75 
25 G VSI 1,300 - 1,300 1,200 
55) G VS2 1,150 - 1,150 1,150 
ad G Su 950 - 950 950 
50 G VS1 3,050 - 3,050 3,050 
50 G VS2 2,700 - 2,700 2,700 
50 G Sv 2,400 - 2,400 2,400 
50 G VS1 2,800 - 2,800 2,800 
50 G VS2 2,600 - 2,600 2,600 
50 G Su 2,300 - 2,300 2,300 
i) G VSI 3,650 - 3,600 3,650 
75, G VS2 3,350 - 3,350 35350 
Avis) G Su 2,950 - 3,100 2,950 
75, G VSI 3,250 - 3,400 35250 
75, G VS2 2,950 - 3,200 2,950 
ve) G Su 2,750 - 2,900 2,750 
1.00 G VSI 4,800 - 4,900 4,800 
1.00 G VS2 4,250 - 4,600 4,250 
1.00 G Su 3,850 - 4,200 3,850 
1.00 G VSI 4,250 - 4,500 4,250 
1.00 G VS2 4,050 - 4,400 4,050 
1.00 G Sul 3,750 - 4,000 3,750 


1/ Gemological Institute of America (GIA) color grades: D- -colorless; E- -rare white; G - H - I - -traces 
of color. 

2/ Clarity: IF--no blemishes; VVS1--very, very slightly included; VS1--very slightly included; 
VS2--very slightly included, but not visible; SI1--slightly included. 

3/ Jeweler's Circular-Keystone. V. 167, No. 3, Mar. 1996, p. 142. 

4/ Jeweler's Circular-Keystone. V. 166, No. 9, Sept. 1995, p. 232. 


TABLE 5 
PRICES OF U.S. CUT COLORED GEMSTONES, BY SIZE 1/ 


Average price per carat 2/ 


Carat Price range per carat Jan. Jan. 
Gemstone weight in 1995 2/ 1995 1996 
Amethyst 1 $8 - $18 $13.00 $13.00 
Aquamarine 1 75 - 90 82.50 82.50 
Emerald 1 1,750 - 3,200 2,475.00 2,475.00 
Garnet, tsavorite 1 600 - 900 750.00 750.00 
Ruby 1 2,450 - 3,900 3,175.00 3,175.00 
Sapphire 1 800 - 1,800 1,300.00 1,300.00 
Tanzanite 1 115 - 220 157.50 172.50 
Topaz 1 3-5 4.00 4.00 
Tourmaline, red 1 60 - 125 92.50 92.50 
1/ Fine quality. 


2/ Jewelers' Circular-Keystone. V. 167, No. 3, Mar. 1996, p. 142. These figures represent a 
sampling of net prices that wholesale colored stone dealers in various U.S. cities charged its cash 
customers during the month for fine-quality stones. 


TABLE 6 
U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF INDUSTRIAL DIAMOND), BY COUNTRY 1/ 


1994 1995 

Quantity Value 2/ Quantity Value 2/ 

Country (carats) (millions) (carats) (millions) 
Belgium 462,000 $430 658,000 $475 
Canada 263,000 46 123,000 44 
France 11,100 27 23,900 31 
Hong Kong 192,000 402 462,000 436 
Israel 413,000 393 496,000 480 
Japan 55,000 134 150,000 159 
Singapore 14,000 36 26,500 57 
Switzerland 36,200 190 54,100 183 
Thailand 41,300 19 124,000 32 
United Kingdom 23,300 66 10,900 64 
Other 110,000 49 202,000 85 
Total 1,620,000 1,790 2,330,000 2,040 


1/ Data are rounded to three significant digits; may not add to totals shown. 


2/ Customs value. 


Source: Bureau of the Census, U.S. Department of Commerce. 


TABLE 7 
U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY 1/ 


1994 1995 
Kind, range, and Quantity Value 2/ Quantity Value 2/ 
country of origin (carats) (millions) (carats) (millions) 
Rough or uncut, natural: 3/ 
Belgium 301,000 $174 181,000 $119 
Brazil 15,300 4 4,910 1 
Israel 23,100 15 36,500 22 
Netherlands 109 (4/) -- -- 
South Africa 34,800 43 17,800 26 
Switzerland 1,960 8 6,950 10 
United Kingdom 482,000 225 969,000 155 
Venezuela 556 (4/) 19,900 (4/) 
Other 576,000 321 476,000 299 
Total 1,440,000 790 1,710,000 631 
Cut but unset, not more than 0.5 carat: 
Belgium 849,000 236 677,000 181 
Brazil 27,000 4 6,450 1 
Canada 10,000 2 3,990 1 
Hong Kong 145,000 30 216,000 39 
India 6,150,000 1,130 7,240,000 1,190 
Israel 880,000 360 769,000 352 
South Africa 3,680 3 8,580 4 
Switzerland 5,260 2 8,600 1 
United Kingdom 9,750 2 8,260 2 
Other 83,300 21 112,000 23 
Total 8,160,000 1,790 9,050,000 1,790 
Cut but unset, over 0.5 carat: 
Belgium 769,000 1,030 873,000 1,110 
Hong Kong 29,000 43 43,600 64 
India 248,000 143 326,000 196 
Israel 1,350,000 1,570 1,490,000 1,740 
Netherlands 49] 3 300 1 
South Africa 19,700 54 15,100 37 
Switzerland 16,900 153 19,600 196 
United Kingdom 14,600 45 8,290 38 
Other 78,300 121 105,000 143 
Total 2,520,000 3,160 2,880,000 3,530 


1/ Data are rounded to three significant digits; may not add to totals shown. 


2/ Customs value. 
3/ Includes some natural advanced diamond. 
4/ Less than 1/2 unit. 


Source: Bureau of the Census. 


TABLE 8 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN DIAMOND, BY KIND AND COUNTRY 1/ 


1994 1995 
Quantity Value 2/ Quantity Value 2/ 
Kind and country (carats) (millions) (carats) (millions) 
Emerald: 
Belgium 8,360 $2 27,000 $4 
Brazil 1,140,000 7 2,620,000 6 
Colombia 928,000 89 1,130,000 94 
France 1,590 2 1,500 2 
Germany 106,000 4 24,600 2 
Hong Kong 295,000 13 315,000 17 
India 2,310,000 33 2,570,000 47 
Israel 107,000 25 116,000 27 
Japan 1,940 1 1,300 (3/) 
South Africa 249 (3/) 474 (3/) 
Switzerland 33,200 28 50,900 26 
Taiwan 545 (3/) 3,890 (3/) 
Thailand 558,000 10 418,000 7 
United Kingdom 4,300 4 2,630 1 
Other 169,000 9 32,600 3 
Total 5,670,000 227 7,320,000 236 
Ruby: 
Belgium 26,900 2 14,600 1 
Brazil 5,670 (3/) 233 (3/) 
Colombia 7,390 (3/) 438 (3/) 
France 393 1 482 2 
Germany 90,900 3 129,000 1 
Hong Kong 171,000 7 278,000 6 
India 1,480,000 7 1,370,000 6 
Israel 81,300 1 8,360 1 
Japan 3,170 (3/) 1,050 (3/) 
Switzerland 24,500 14 52,400 18 
Thailand 2,950,000 56 2,270,000 41 
United Kingdom 2,770 2 13,900 2 
Other 25,900 4 39,400 5 
Total 4,860,000 96 4,180,000 84 
Sapphire: 
Australia 27,200 1 49,900 1 
Austria 229 1 214 (3/) 
Belgium 16,300 2 9,280 (3/) 
Brazil 12,300 (3/) 7,70 (3/) 
Canada 274,000 1 82,200 (3/) 
Colombia 7,240 1 1,270 (3/) 
France 739 (3/) 863 1 
Germany 130,000 3 146,000 2 
Hong Kong 172,000 5 505,000 4 
India 244,000 2 329,000 1 
Israel 34,500 1 17,500 2 
Japan 1,950 (3/) 831 (3/) 
Singapore 8,880 (3/) 1,250 (3/) 
Sri Lanka (Ceylon) 341,000 8 328,000 9 
Switzerland 17,000 12 17,700 13 
Thailand 5,740,000 62 5,240,000 49 
United Kingdom 7,130 2 7,750 2 
Other 31,600 2 30,300 1 
Total 7,060,000 101 6,780,000 84 


See footnotes at end of table. 


TABLE 8--Continued 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN DIAMOND, BY KIND AND COUNTRY 1/ 


1994 
Quantity Value 2/ Quantity 
Kind and country (carats) (millions) (carats) 
Other: 
Rough, uncut: 

Australia $3 $3 
Brazil 27 32 
Colombia 6 3 
Hong Kong 1 1 
Nigera NA (3/) NA (3/) 
Pakistan 2 1 
South Africa 1 (3/) 
Switzerland (3/) (3/) 
United Kingdom (3/) (3/) 
Zambia 1 1 
Other 30,500,000 13 1/ 61,900,000 21 

Total 97,400,000 54 r/ 1,530,000,000 61 

Cut, set and unset: 

Australia 4 6 
Brazil 8 8 
Canada 1 (3/) 
China 4 5 
Germany 15 r/ 14 
Hong Kong NA 23° Tf NA 23 
India 11 r/ 13 
Japan 10 ia 
Switzerland 2 1 
Taiwan 3 2 
Thailand 21 1/ 19 
United Kingdom (3/) 1 
Other NA 18 1/ NA 22 

Total NA 122 1/ NA 125 


t/ Revised. NA Not available. 


1/ Data are rounded to three significant digits; may not add to totals shown. 


2/ Customs value. 


3/ Less than 1/2 unit. 


Source: Bureau of the Census. 


TABLE 9 
VALUE OF U.S. IMPORTS OF SYNTHETIC AND IMITATION 
GEMSTONES, INCLUDING PEARLS, BY COUNTRY 


(Thousand dollars) 1/ 


Country 1994 1995 
Synthetic, cut but unset: 
Australia 2,720 1,120 
Austria 5,050 6,250 
China 908 2,830 
France 999 1,010 
Germany 10,900 11,000 
Hong Kong 1,890 1,390 
Italy 688 1,120 
Japan 1,080 512 
Korea, Republic of 1,470 1,360 
Sri Lanka (Ceylon) 725 510 
Switzerland 3,530 4,430 
Thailand 9,820 371 
Other 1,130 1,780 
Total 41,000 41,200 
Imitation: 2/ 
Austria 48,100 59,900 
China 421 575 
Czech Republic 9,830 12,800 
Germany 2,160 1,640 
Japan 552 1/ 503 
Taiwan 744 448 
Other 1,020 1,240 
Total 62,800 1/ 77,100 
r/ Revised. 
1/ Customs value. 
2/ Includes pearls. 
Source: Bureau of the Census. 
TABLE 10 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES 1/ 
(Thousand carats and thousand dollars) 
1994 1995 
Stones Quantity Value 2/ Quantity Value 2/ 
Diamonds: 
Rough or uncut 1,440 790,000 1,710 631,000 
Cut but unset 10,700 4,940,000 11,900 5,320,000 
Emeralds: Cut but unset 5,670 227,000 7,320 236,000 
Coral and similar materials, unworked 2,400 4,630 2,140 4,020 
Rubies and sapphires: Cut but unset 11,900 197,000 11,000 168,000 
Pearls: 
Natural NA 2,360 NA 3,260 
Cultured NA 24,700 NA 30,400 
Imitation NA 1,870 NA 1,660 
Other precious and semiprecious stones: 
Rough, uncut 971,000 44,100 1,420,000 48,600 
Cut, set and unset NA 94,600 NA 91,500 
Other 157 5,000 108,000 8,800 
Synthetic: 
Cut but unset 178,000 41,000 160,000 41,200 
Other NA 1,660 NA 1,830 
Imitation gemstone 3/ NA 60,900 NA 75,400 
Total XX 6,440,000 XX 6,660,000 


NA Not available. XX Not applicable. 


1/ Data are rounded to three significant digits; may not add to totals shown. 


2/ Customs value. 
3/ Does not include pearls. 


Source: Bureau of the Census. 


TABLE 11 


NATURAL DIAMOND: WORLD PRODUCTION, BY TYPE AND COUNTRY 1/ 2/ 


(Thousand carats) 


Country 1991 1992 
Gem e/ 3/ Industrial e/ Total 4/ Gem e/ 3/ Industrial e/ Total 4/ 
Angola 5/ 899 62 961 1,100 80 1,180 
Australia 17,978 17,978 35,956 18,078 22,095 40,173 
Botswana 11,550 4,950 16,500 11,160 4,790 15,950 
Brazil 600 900 1,500 e/ 653 665 1,318 
Central African Republic 296 82 378 307 107 414 
China 200 800 1,000 e/ 200 800 1,000 e/ 
Gabon 400 100 500 e/ 400 100 500 e/ 
Ghana 560 140 700 e/ 570 140 710 e/ 
Namibia 1,170 20 1,190 1,520 30 1,550 
Russia XX XxX XX 9,000 9,000 18,000 
Sierra Leone 6/ 160 83 243 180 116 296 
South Africa 3,800 4,600 8,400 r/ 4,600 5,600 10,200 
U.S.S.R. 7/ 10,000 10,000 20,000 e/ XX XX XX 
Venezuela 102 8/ 112 8/ 214 302 8/ 176 8/ 478 
Zaire 3,000 14,814 17,814 8,934 4,567 13,501 
Other 275 1r/ 166 r/ 441 r/ 305 r/ 218 r/ 524 r/ 
Total 51,000 54,800 106,000 57,300 48,500 106,000 
1993 1994 e/ 
Gem e/ 3/ Industrial e/ Total 4/ Gem 3/ Industrial Total 
Angola 5/ 130 15 145 270 30 300 
Australia 18,844 23,032 41,876 19,485 23,815 43,300 
Botswana 10,310 4,420 14,730 10,550 r/ 8/ 5,000 15,550 r/ 8/ 
Brazil 600 900 1,500 e/ 600 900 1,500 
Central African Republic 370 125 495 A400 r/ Ned Be 531 r/ 
China 230 850 1,080 e/ 230 850 1,080 
Gabon 400 100 500 e/ 400 100 500 
Ghana 570 140 710 e/ 580 145 725 
Namibia 1,120 20 1,140 1,312 r/8/ -- r/ 1,312 r/ 8/ 
Russia 8,000 8,000 16,000 8,500 8,500 17,000 
Sierra Leone 6/ 90 68 158 155 100 255 
South Africa 4,600 5,700 10,300 4,340 r/ 5,343 r/ 9,683 r/ 
U.S.S.R. 7/ XX XX XX XX XX XxX 
Venezuela 146 1/8/ 155 8/ 301 203 r/ 8/ 214 1r/8/ 417 r/ 8/ 
Zaire 2,006 13,620 15,626 4,000 13,000 17,000 
Other 296 1/ 218 r/ 513 r/ 333 r/ 221 r/ 554 r/ 
Total 47,700 57,400 1/ 105,000 51,400 r/ 58,300 r/ 110,000 r/ 
1995 e/ 
Gem 3/ Industrial Total 
Angola 5/ A450 50 500 
Australia 18,312 22,381 40,693 
Botswana 11,502 5,300 16,802 8/ 
Brazil 600 900 1,500 
Central African Republic 400 130 530 
China 230 900 1,130 
Gabon 400 100 500 
Ghana 580 145 725 
Namibia 1,382 8/ -- 1,382 8/ 
Russia 9,000 9,000 18,000 
Sierra Leone 6/ 113 8/ 100 213 8/ 
South Africa 4,300 5,383 9,683 8/ 
U.S.S.R. 7/ XX XX XX 
Venezuela 229 8/ 64 8/ 293 8/ 
Zaire 4,000 13,000 17,000 
Other 363 246 609 
Total 51,900 57,700 110,000 


e/ Estimated. r/ Revised. XX Not applicable. 
1/ Table includes data available through June 21, 1996. 
2/ World totals are rounded to three significant digits; may not add to totals shown. 
3/ Includes near-gem and cheap-gem qualities. 
4/ Total natural diamond output (gem plus industrial) for each country actually is reported, except where indicated to be an estimate. 


5/ Figures do not include smuggled artisanal production. 


6/ Figures are estimates based on reported exports and do not include smuggled diamonds. 


7/ Dissolved in Dec. 1991. 


8/ Reported figure. 


(GEMSTONES 


By Ronald F. Balazik 


According to Webster’s dictionary, a gem is “any jewel, 
whether stone, pearl or the like, having value and beauty that are 
intrinsic and not derived from its setting; a precious or, 
sometimes, a semiprecious stone cut and polished for ornament. 
A semiprecious stone of value because it is carved or engraved, 
as acameo or intaglio.” Additionally, the dictionary states that 
gemstone is “any mineral or petrified material which can, when 
cut and polished, be used in jewelry.” 

For this report, therefore, “gemstone” is defined as any 
organic or inorganic mineral used for personal adornment, 
display, or object of art because the mineral possesses beauty, 
rarity, and durability. Note that shell and cultured pearl are 
treated as gemstones in this report. Also, synthetic gems are 
covered in this report but are treated separately from natural 
gemstones. (See tables I and 2.) 


Production 


It is estimated that the value of natural gemstones produced 
in the United States from indigenous sources during 1996 was 
at least $44 million. (See table 3.) This output was significantly 
less than production in the preceding year because foreign 
markets for shell declined, particularly in Japan where the 
operations of cultured pearl producers who use shell material for 
pearl nuclei were adversely affected by massive pearl oyster 
deaths. 

The estimate of 1996 gemstones production is based on a 
survey of more than 250 domestic gemstone operations 
conducted by the U.S. Geological Survey (USGS). The survey 
provides a foundation for projecting the scope and level of 
domestic gemstone production. However, the survey does not 
represent all gemstone activity in the United States, which 
includes thousands of professional and amateur collectors. 
Consequently, the USGS attempts to supplement its survey with 
estimates of domestic gemstones production from related 
published data, contacts with gem dealers and collectors, and 
analyses of gem and mineral shows. 

Natural gem materials indigenous to the United States are 
collected, produced, or marketed in every State. However, six 
States accounted for more than 75% of the total value of 
production reported by survey respondents. These States (in 
declining order of reported production value) were Tennessee, 
Oregon, Kentucky, Arkansas, Arizona, and Alabama. Certain 
States are known best for the production of a single gem 
material (e.g., Tennessee for freshwater shell). Other States, 
however, have a wide array of gemstones. For example, 
Arizona gemstone deposits include agate, amethyst, azurite, 
chrysocolla, fire agate, garnets, jade, malachite, obsidian, onyx, 
petrified wood, precious opal, smithsonite, and turquoise. A 


U.S. GEOLOGICAL SURVEY—MINERALS INFORMATION 


great variety of gemstones also can be found in California, 
Idaho, Montana, and North Carolina. 

Progress continued in 1996 toward opening the first 
commercial diamond mine in North America in almost a 
century. Colorado Diamond Co., a subsidiary of Redaurum Red 
Lakes Mines Ltd. (Toronto), announced a two-year trial mining 
program at its Kelsey Lake kimberlite prospect near Fort 
Collins, CO (U.S. Geological Survey 1997b). Open pit mining 
at Kelsey Lake commenced in 1995, and a diamond processing 
plant at the site began operating in May 1996. Production is 
expected to reach 100,000 to 150,000 carats at its peak. 

Evaluation of a large lamproite intrusion located in Crater of 
Diamonds State Park near Murfreesboro, AR, also continued in 
1996 (U.S. Geological Survey, 1997a). The intrusion has long 
been known to contain diamonds that range greatly in size and 
quantity. During 1996, the U.S. National Park Service 
permitted Arkansas to proceed with bulk sampling and testing 
operations. 

In addition to natural gemstones, laboratory-grown synthetic 
gems and gem simulants are produced in the United States and 
elsewhere. Synthetic gemstones essentially have the same 
appearance and the same optical, physical, and chemical 
properties as the natural materials that they represent. 
Simulants have an appearance similar to that of a natural gem 
material but have different optical, physical, and chemical 
properties. Synthetic gemstones produced in the United States 
include alexandrite, emerald, ruby, sapphire, turquoise, and 
zirconia. Simulants produced in the United States include coral, 
cubic zirconia, lapis lazuli, malachite, and turquoise. 
Additionally, certain colors of synthetic sapphire and spinel, 
used to represent other gemstones, are classed as simulants. 
Colored and colorless varieties of cubic zirconia are the major 
simulants produced. 

Synthetic gem production in the United States reached $24 
million in 1996; simulant gemstone output was even greater 
(estimated to exceed $100 million). Five firms in four states, 
representing virtually all of the U.S. synthetic gem industry, 
reported production to the USGS in 1996. In descending order 
of production value, the States with reported output were 
California, New York, Michigan, and Arizona. 


Consumption 


The U.S. market in 1996 for natural, unset colored 
gemstones (excluding pearl and coral) was estimated to be more 
than $370 million. The domestic market for unset gem 
diamonds in 1996 was estimated to be more than $4.3 billion, 
the largest in the world. 

Gemstones are used in the United States and elsewhere for 


jewelry, collections/exhibits, decorative art objects, and certain 
industrial applications. According to a poll conducted in 1996 
by a U.S. jewelry retailers association, 61% of domestic 
consumers who were surveyed preferred diamond as their 
favorite gemstone; others preferred emeralds (10%), sapphires 
(9%), and rubies (7%) (International Colored Gemstone 
Association, 1996). 


Prices 


Gemstone prices are governed by many factors, including 
beauty, clarity, defects, demand, and rarity. Values and prices 
of gemstones produced and/or sold in the United States are 
shown in tables 3 through 5. In addition, customs values for 
diamonds and other gemstones imported and exported or 
reexported are shown in tables 6 through 10. 

The Central Selling Organization (CSO), controlled by De 
Beers Centenary AG (Switzerland), is a significant force 
affecting gem diamond prices worldwide. The average price of 
all rough uncut diamonds sold worldwide was estimated to be 
about $70 per carat in 1996; by country, the average value 
reported per carat ranged from $9 for Australian production to 
$315 for Namibian output (Financial Times, 1997). 


Foreign Trade 


By several standards, the United States is the world leader in 
gemstone trade. In 1996, U.S. gemstone imports came from 
106 countries and domestic exports/reexports of gemstones 
went to 56 countries. (See tables 6 through 10.) 

The United States remained the world’s largest importer of 
colored gemstones in 1996; imports of natural colored 
gemstones, excluding coral and pearl, reached $572 million. 
During the year, U.S. imports of all gemstones, including 
synthetics and simulants, increased 8% to a record high of $7.24 
billion. Gem diamonds accounted for about 90% of the total. 

Domestic exports and reexports of all gemstones in 1996 
totaled about $2.7 billion; diamonds, including $2.2 billion for 
cut diamonds, accounted for 81% of the total. The value of U.S. 
exports plus reexports of natural, rough, colored gemstones was 
about $29.1 million, while the value of U.S. exports plus 
reexports of natural, cut, colored gemstones was about $175 
million. Synthetic gemstone exports and reexports during the 
year were valued at $12.4 million and $17.1 million, 
respectively. Exports and reexports of pearl were valued at $1.9 
million and $6.6 million, respectively. Approximately $38.6 
million of coral and shell was exported and reexported by the 
United States in 1996. 


World Review 


In 1996, world diamond production reached 117 million 
carats with an estimated value of approximately $7 billion. (See 
table 11.) Although there are many diamond mines throughout 
the world, much production is concentrated in a few regions. 
Most world diamond production occurs in Africa (Angola, 
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Botswana, Namibia, South Africa, and Zaire); Asia 
(northeastern Siberia and Yakutia in Russia); Australia; and 
South America (Brazil and Venezuela). 

In addition to the new U.S. diamond mine, noted on page 1, 
substantial progress was made in 1996 on plans for Canada’s 
first gem-quality diamond mine (Wilkinson, 1997). Final 
approvals for construction of the mine, located in the Northwest 
Territories, were granted during the year by the Canadian 
government. The mine is expected to employ 800 workers and 
generate approximately $350 million annually over a 25-year 
lifespan. Production is scheduled to begin in 1998. 

De Beers Centenary AG, through its CSO, controlled most 
of the rough, uncut diamonds sales worldwide during 1996. De 
Beers reported record sales of $4.83 billion during the year. 
The record was 7% greater than De Beers rough diamond sales 
in 1995. Moreover, the sales in 1996, unlike the preceding 2 
years, surpassed the value of diamond stocks ($4.7 billion) held 
by De Beers (Cockle, 1997b). Nevertheless, world diamond 
retail sales decreased slightly to $52 billion, partly due to a 
weaker Japanese market (Cockle, 1997a). 

De Beers also encountered significant events in the world 
diamond market during 1996. For example, Australia’s Argyle 
Diamond Mines Joint Venture (which accounts for more than 
one-third of global diamond output) withdrew from the CSO to 
sell its production independently. In addition, Russia’s 
marketing accord with the CSO was not renewed when 
agreement on the terms of a new contract could not be reached; 
negotiations between the two parties were continuing at yearend. 

It is estimated that annual world production of cut natural 
gemstones other than diamond and pearl exceeded $2 billion in 
the mid-1990’s. Foreign countries with major gemstone 
deposits other than diamond are Afghanistan (beryl, ruby, and 
tourmaline); Australia (beryl, opal, and sapphire); Brazil (agate, 
amethyst, beryl, ruby, sapphire, topaz, and tourmaline); Burma 
(beryl, jade, ruby, sapphire, and topaz); Colombia (beryl, 
emerald, and sapphire); Kenya (beryl, garnet, and sapphire); 
Madagascar (beryl, rose quartz, sapphire, and tourmaline); 
Mexico (agate, opal, and topaz); Sri Lanka (beryl, ruby, 
sapphire, and topaz); Tanzania (garnet, ruby, sapphire, 
tanzanite, and tourmaline); and Zambia (amethyst and beryl). 
The world’s largest blue sapphire (90,000 carats) reportedly 
was discovered in Madagascar during 1996 (Unpub. data 
accessed June 18, 1997, on the World Wide Web at URL 
http://www.gemstone.org/source.html). 


Outlook 


Trends toward the growth of personal disposable income, 
particularly in industrialized and developing nations, will 
continue to be the principal influence on world demand for 
precious gems. In addition, the independence displayed by 
major diamond producers in 1996 vis-a-vis the De Beers CSO 
may prove to be an important new trend in world diamond 
markets; however, its significance cannot be assessed at present. 

Asian nations such as Japan and others with growing 
personal wealth are expected to be the most rapidly expanding 
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markets for precious gems, particularly diamond. One indicator 
of this trend is that China will open its first diamond exchange 
and recently liberalized its investment policy for foreign jewelry 
manufacturers to allow more sales within the country (Henricus, 
1997; Schlussel, 1997). 

Demand for colored gemstones will continue to rise as 
diamonds become more expensive and promotional efforts by 
retailers promote the popularity of alternatives. The retail 
jewelry trade will further consolidate toward fewer companies 
while more dealers focus on niche markets and target specific 
demographic groups. Greater demand for synthetic and 
simulant gemstones also is anticipated. 
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TABLE 1 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size 1/ Cost 2/ Mohs gravity Refraction index confused with- characters 
Amber Hydrocarbon Yellow, red, green, blue Any Low to 2.0-2.5 1.0-1.1 Single 1.54 Synthetic or pressed Fossil resin, soft. 
medium plastics 
Beryl: 
Aquamarine Beryllium aluminum Blue-green to light blue do. Mediumto 7.5-8.0  2.63-2.80 Double 1.58 Synthetic spinel, blue = Double refraction, refractive index. 
silicate high topaz 
Bixbite do. do. Small Veryhigh 7.5-8.0  2.63-2.80 do. 1.58 Pressed plastics, Refractive index. 
tourmaline 
Emerald do. Green Medium do. 75 2.63-2.80 do. 1.58 Fused emerald, glass, Emerald filter, dichroism, refractive 
tourmaline, peridot, index. 
green garnet doublets 
Emerald, synthetic do. do. Small High 7.5-8.0 2.63-2.80 do. 1.58 | Genuine emerald Flaws, brilliant, fluorescence in 
ultraviolet light. 
Golden (heliodor) do. Yellow to golden Any Low to 7.5-8.0 2.63-2.80 do. 1.58 Citrine, topaz, glass, 
medium doublets 
Goshenite do. do. do. Low 7.5-8.0 2.63-2.80 do. 1.58 Quartz, glass, white Refractive index. 
sapphire, white topaz. 
Morganite do. Pink to rose do. do. 7.5-8.0 2.63-2.80 do. 1.58 Kunzite, tourmaline, Do. 
pink sapphire 
Calcite: 
Marble Calcium carbonate White, pink, red, blue, do. do. 3.0 2.72 Double 1.49-1.66 Silicates, banded agate, Translucent. 
green, or brown (strong) alabaster gypsum 
Mexican onyx do. do. do. do. 3.0 2.72 do. 1.6 do. Banded, translucent. 
Chrysoberyl: 
Alexandrite Beryllium aluminate Green by day, red by Former High 8.5 3.50-3.84 Double 1.75 Synthetic Dichroism, inclusions in synthetic 
artificial light U.S.S.R. sapphire. 
(small), Sri 
Lanka 
(medium) 
Cats-eye do. Greenish to brownish Small to do. 8.5 3.50-3.84 do. 1.75 Synthetic, shell Gravity and translucence. 
large 
Chrysolite do. Yellow, green, and/or Medium Medium 8.5 3.50-3.84 do. 1.75 Tourmaline, peridot Refractive index, silky. 
brown 
Coral Calcium carbonate Orange, red, white, black, Branching, Low 3.5-4.0 2.6-2.7 do. 1.49-1.66 False coral Dull translucent. 


or green 


medium 


See footnotes at end of table. 
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TABLE 1--Continued 


Practical Specific Refractive May be Recognition 
Name Composition Color size 1/ Cost 2/ Mohs gravity Refraction index confused with- characters 
Corundum: 
Ruby Aluminum oxide Rose to deep purplish red Small Veryhigh 9.0 3.95-4.10 Double 1.78 Synthetics, including _Inclusions, fluorescence. 
spinel 
Sapphire do. Blue Medium High 9.0 3.95-4.10 do. 1.78 do. Inclusions, double refraction, 
dichroism. 
Sapphire, fancy do. Yellow, pink, white, Medium to Medium 9.0 3.95-4.10 do. 1.78 Synthetics, glass and Inclusions, double refraction, 
orange, green, or violet large doublets refractive index. 
Sapphire and ruby do. Red, pink, violet, blue, or do. High tolow 9.0 3.95-4.10 do. 1.78 Star quartz, synthetic | Shows asterism, color side view. 
stars gray stars 
Sapphire or ruby do. Yellow, pink, or blue Up to 20 Low 9.0 3.95-4.10 do. 1.78 | Synthetic spinel, glass | Curved striae, bubble inclusions. 
synthetic carats 
Diamond Carbon White, blue-white, yellow, Any Very high 10.0 3.516-3.525 Single 2.42 Zircon, titania, cubic High index, dispersion, single 
brown, green, pink, blue zirconia refraction hardness, cut, luster. 
Feldspar: 
Amazonite Alkali aluminum Green Large Low 6.0-6.5 2.56 - 1.52 Jade Cleavage, sheen, vitreous to pearly, 
silicate opaque, grid. 
Labradorite do. Gray with blue and do. do. 6.0-6.5 2.56 -- 1.56 do. Do. 
bronze sheen color play 
Moonstone do. White do. do. 6.0-6.5 2.77 -- 1.52-1.54 Glass or white onyx Blue sheen, opalescent. 
Garnet Complex silicate Brown, black, yellow, Small to Low to high 6.5-7.5  — 3.15-4.30 Single 1.79-1.98 Synthetics, spinel, Single refraction, anomalous strain. 
green, ruby red, or medium strained glass 
orange 
Jade: 
Jadeite do. Green, yellow, black, Large Low to very 6.5-7.0 3.3-3.5 Cryptocry- 1.65-1.68 | Onyx, bowenite, Luster, spectrum, translucent, to 
white, or mauve high stalline vesuvianite, opaque. 
grossularite 
Nephrite Complex hydrous do. do. do. 6.0-6.5 2.96-3.10 do. 1.61-1.63 do. Do. 
silicate 
Opal Hydrous silica Colors flash in white gray, Large Low to high 5.5-6.5 1.9-2.3 Isotropic 1.45 — Glass, synthetics, Play of color. 
black, red, or yellow triplets 
Pearl Calcium carbonate White, pink, or black Small do. 2.5-4.0 2.6-2.85 -- -- Cultured and imitation Luster, structure, X-ray. 
Peridot Iron magnesium Yellow and/or green Any Medium 6.5-7.0  3.27-3.37 Double —_1.65-1.69 | Tourmaline chrysoberyl Strong double refraction, low 
silicate (strong) dichroism. 


See footnotes at end of table. 


TABLE 1--Continued 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size 1/ Cost 2/ Mohs gravity Refraction index confused with- characters 
Quartz: 
Agate Silica Any color Large Low 7.0 2.58-2.64 -- -- Glass, plastic, Mexican Cryptocrystalline, irregularly 
onyx banded, dendritic inclusions. 
Amethyst do. Purple do. Medium 10 2.65-2.66 Double 1.55 do. Refractive index, double refraction, 
transparent. 
Cairngorm do. Smoky do. Low 7.0 2.65-2.66 do. L535 do. Do. 
Citrine do. Yellow do. do. 7.0 2.65-2.66 do. 1.55 do. Do. 
Crystal, rock do. Colorless do. do. 7.0 2.65-2.66 do. 1.55 do. Do. 
Jasper do. Uniform or spotted red, do. do. 7.0 2.58-2.66 - -- do. Opaque, vitreous. 
yellow, or green 
Onyx do. Many colors do. do. 7.0 2.58-2.64 -- -- do. Uniformly banded. 
Rose do. Pink, rose red do. do. 7.0 2.65-2.66 do. 1.55 do. Refractive index, double refraction, 
translucent. 
Spinel Magnesium Any Small to Medium 8.0 3.5-3.7 Single 1.72 Synthetic, garnet Refractive index, single refraction, 
aluminum oxide medium inclusions. 
Spinel, synthetic do. do. Up to 40 Low 8.0 3.5-3.7 Double 1.73. Spinel, corundum, beryl, Weak double refraction, curved 
carats topaz, alexandrite striae, bubbles. 
Spodumene: 
Hiddenite Lithium aluminum _‘ Yellow to green Medium Medium 6.5-7.0 3.13-3.20 do. 1.66 Synthetic spinel Refractive index. 
silicate 
Kunzite do. Pink to lilac do. do. 6.5-7.0 —3.13-3.20 do. 1.66 Amethyst, morganite Do. 
Tanzanite Complex silicate Blue Small High 6.0-7.0 3.30 do. 1.69 Sapphire, synthetics Strong trichroism. 
Topaz do. White, blue, green Medium Low to 8.0 3.4-3.6 do. 1.62 Beryl, quartz Refractive index. 
medium 
Tourmaline do. All, including mixed do. do. 7.0-7.5 2.98-3.20 do. 1.63 Peridot, beryl, Double refraction, refractive index. 
corundum, glass 
Turquoise Copper aluminum Blue to green Large Low 6.0 2.60-2.83 do. 1.63 — Glass, plastics Difficult if matrix not present, 
phosphate matrix usually limonitic. 
Zircon Zirconium silicate White, blue, or brown, Small to Low to 6.0-7.5 4.0-4.8 Double 1.79-1.98 Diamond, synthetics, Double refraction, strongly dichroic, 
yellow, or green medium medium (strong) topaz, aquamarine wear on facet edges. 


1/ Small-up to 5 carats; medium-up to 50 carats; large-more than 50 carats. 
2/ Low-up to $25 per carat; medium-up to $200 per carat; high-more than $200 per carat. 


TABLE 2 
SYNTHETIC GEMSTONE PRODUCTION METHODS 


Production Date of first 
Gemstone methods Company/producer production 
Alexandrite Flux Creative crystals 1970's 
Do. Melt pulling J.O. Crystal 1990's 
Do. do. Kyocera 1980's 
Do. Zone melt Seiko 1980's 
Cubic zirconia Skull melt Various producers 1970's 
Emerald Flux Chatham 1930's 
Do. do. Gilson 1960's 
Do. do. Kyocera 1970's 
Do. do. Seiko 1980's 
Do. do. Lennix 1980's 
Do. do. Russia 1980's 
Do. Hydrothermal Lechleitner 1960's 
Do. do. Regency 1980's 
Do. do. Biron 1980's 
Do. do. Russia 1980's 
Ruby Flux Chatham 1950's 
Do. do. Kashan 1960's 
Do. do. J.O. Crystal (Ramaura) 1980's 
Do. do. Douras 1990's 
Do. Zone melt Seiko 1980's 
Do. Melt pulling Kyocera (Inamori) 1970's 
Do. Verneuil Various producers 1900's 
Sapphire Flux Chatham 1970's 
Do. Zone melt Seiko 1980's 
Do. Melt pulling Kyocera 1980's 
Do. Verneuil Various producers 1900's 
Star ruby do. Linde (Div. of Union Carbide) 1940's 
Do. Melt pulling Kyocera 1980's 
Do. do. Nakazumi 1980's 
Star sapphire Verneuil Linde 1940's 
TABLE 3 


VALUE OF U.S. GEMSTONE PRODUCTION, BY GEMSTONE 1/ 


(Thousand dollars) 
Gem materials 1995 1996 
Agate 907 1,110 
Beryl 698 960 
Coral (all types) 114 152 
Diamonds 163 685 
Garnet 54 r/ 40 
Gem feldspar 3,150 4,980 
Geode/nodules 206 169 
Obsidian 64 64 e/ 
Opal 475 363 
Peridot 225 -- 
Petrified wood 150 54 e/ 
Quartz 1,440 1,880 
Sapphire/ruby 4,910 r/ 2,030 
Shell 29,000 1/ 22,800 
Topaz 9 14 
Tourmaline 52 25 
Turquoise 1,670 1,410 
Other 5,410 1/ 6,900 
Total 48,700 1/ 43,600 


e/ Estimated. r/ Revised. 
1/ Data are rounded to three significant digits; may not add to totals shown. 


TABLE 4 
PRICES OF U.S. CUT DIAMONDS, BY SIZE AND QUALITY 1/ 


Carat Description, Clarity 3/ Representative prices 
weight color 2/ (GIA terms) January 1996 4/ August 1996 5/. December 1996 6/ 
0.25 G VSI $1,400 $1,400 $1,500 
25 G VS2 1,300 1,280 1,380 
25 G Sil 975 1,030 1,130 
ois) H VSI 1,300 1,300 1,400 
Ors) H VS2 1,150 1,150 1,250 
ee, H Sil 950 950 1,050 
50 G VSI 3,050 3,200 3,300 
50 G VS2 2,700 2,800 2,900 
50 G SI 2,400 2,300 2,500 
50 H VSI 2,800 2,800 2,900 
50 H VS2 2,600 2,500 2,600 
50 H Sil 2,300 2,200 2,400 
ay ps) G VSI 3,600 3,600 3,800 
ES) G VS2 3,350 3,400 3,600 
a P) G Sil 3,100 3,100 3,300 
i) H VS1 3,400 3,450 3,650 
oS H VS2 3,200 3,250 3,450 
ae H SI 2,900 2,900 3,100 
1.00 G VSI 4,900 5,200 5,400 
1.00 G VS2 4,600 4,900 5,200 
1.00 G Sil 4,200 4,400 4,700 
1.00 H VSI 4,500 4,800 5,000 
1.00 H VS2 4,400 4,700 4,900 
1.00 H Sil 4,000 4,200 4,500 


1/ Data are rounded to three significant digits. 

2/ Gemological Institute of America (GIA) color grades: D--colorless; E--rare white; G - H - I --traces of color. 
3/ Clarity: IF--no blemishes; VVS1--very, very slightly included; VS1--very slightly included; VS2--very slightly 
included, but not visible; SI1--slightly included. 

4/ Jewelers’ Circular-Keystone. V. 167, No. 3, Mar. 1996, p. 142. 

5/ Jewelers' Circular-Keystone. V. 167, No. 9, Sept. 1996, p. 222. 

6/ Jewelers' Circular-Keystone. V. 168, No. 1, Jan. 1997, p. 290. 


TABLE 5 
PRICES OF U.S. CUT COLORED GEMSTONES, BY SIZE 1/ 


Carat Price range per carat 

Gemstone weight January 1996 2/ December 1996 — 2/ 
Amethyst 1 $8 -$18 $7 - $16 
Aquamarine 1 75-90 75 - 190 
Emerald 1 1,750 - 3,200 1,575 - 2,900 
Garnet, tsavorite 1 600 - 900 600 - 900 
Rhodolite 1 20 - 30 20 - 30 
Ruby 1 2,450 - 3,900 2,450 - 3,900 
Sapphire 1 800 - 1,800 800 - 1,800 
Tanzanite 1 125 - 220 125 - 220 
1/ Fine quality. 


2/ Jewelers' Circular-Keystone. V. 167, No. 3, Jan. 1996, p. 142; and V. 168, No. 1, 
Jan. 1997, p. 290. These figures represent a sampling of net prices that wholesale 
colored stone dealers in various U.S. cities charged its cash customers during the 
month for fine-quality stones. 


TABLE 6 


U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF INDUSTRIAL DIAMOND), BY COUNTRY 1/ 


1995 1996 
Quantity Value 2/ Quantity Value 2/ 
Country (carats) (millions) (carats) (millions) 
Belgium 658,000 $475 576,000 $547 
Canada 123,000 44 135,000 50 
France 23,900 31 24,000 43 
Hong Kong 462,000 436 324,000 400 
India 146,000 21 137,000 21 
Israel 496,000 480 546,000 558 
Japan 150,000 159 106,000 139 
Russia 9,930 23 569 4 
Singapore 26,500 Sd 18,100 5D 
Switzerland 54,100 183 50,500 234 
Thailand 124,000 32 95,000 42 
United Arab Emirates 10,500 5 6,320 7 
United Kingdom 10,900 64 31,900 94 
Other 35,800 r/ 35 r/ 40,900 32 
Total 2,330,000 2,040 2,090,000 2,230 
r/ Revised. 
1/ Data are rounded to three significant digits; may not add to totals shown. 
2/ Customs value. 
Source: Bureau of the Census. 
TABLE 7 
U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY 1/ 
1995 1996 
Quantity Value 2/ Quantity Value 2/ 
Kind, range, and country of origin (carat) (millions) (carat) (millions) 
Rough or uncut, natural: 3/ 
Australia 34,200 (4/) 74,600 $1 
Belgium 181,000 $119 277,000 149 
Brazil 4,910 1 38,500 5 
Ghana 162,000 119 157,000 105 
India 61,900 1 11,100 (4/) 
Russia 34,900 33 34 (4/) 
Israel 36,500 22 33,600 34 
South Africa 17,800 26 21,900 33 
Switzerland 6,950 10 20,900 44 
United Kingdom 969,000 155 658,000 200 
Venezuela 19,900 (4/) 11,300 2 
Zaire 82,600 82 92,000 84 
Other 100,000 r/ 65 r/ 51,500 75 
Total 1,710,000 631 1,450,000 731 
Cut but unset, not more than 0.5 carat: 
Belgium 677,000 181 841,000 232 
Brazil 6,450 1 9,490 3 
Canada 3,990 1 18,000 4 
Hong Kong 216,000 39 358,000 68 
India 7,240,000 1,190 7,140,000 1,250 
Israel 769,000 352 890,000 387 
Netherlands -- -- 1,000 (4/) 
South Africa 8,580 4 5,350 7 
Switzerland 8,600 1 7,420 2 
Thailand 65,000 10 54,600 8 
United Kingdom 8,260 2 1,450 1 
Other 47,300 1/ 13 1/ 62,600 23 
Total 9,050,000 1,790 9,390,000 1,980 
Cut but unset, over 0.5 carat: 
Belgium 873,000 1,110 833,000 1,190 
Hong Kong 43,600 64 48,300 60 
India 326,000 196 259,000 151 
Israel 1,490,000 1,740 1,580,000 2,020 
Netherlands 300 1 199 1 
Russia 40,500 63 39,400 53 


See footnotes at end of table. 


TABLE 


7--Continued 


U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY 1/ 


1995 1996 
Quantity Value 2/ Quantity Value 2/ 
Kind, range, and country of origin (carat) (millions) (carat) (millions) 
Cut but unset, over 0.5 carat--Continued: 
South Africa 15,100 37 15,800 52 
Switzerland 19,600 196 16,100 163 
United Kingdom 8,290 38 6,820 53 
Other 64,800 r/ 80 r/ 69,400 111 
Total 2,880,000 3,530 2,870,000 3,850 
r/ Revised. 


1/ Data are rounded to three significant digits; may not add to totals shown. 


2/ Customs value. 


3/ Includes some natural advanced diamond. 
4/ Less than 1/2 unit. 


Source: Bureau of the Census. 


TABLE 8 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN DIAMOND, BY KIND AND COUNTRY 1/ 


1995 1996 

Quantity Value 2/ Quantity Value 2/ 
Kind and country (carats) (millions) (carats) (millions) 

Emerald: 
Belgium 27,000 $4 13,900 $2 
Brazil 2,620,000 6 4,340,000 7 
Canada 9,940 1 15,600 1 
China 1,610 1 1,550 (3/) 
Colombia 1,130,000 94 968,000 74 
France 1,500 2 3,340 2 
Germany 24,600 2 13,900 2 
Hong Kong 315,000 17 304,000 17 
India 2,570,000 47 3,280,000 39 
Italy 10,300 (3/) 7,540 (3/) 
Israel 116,000 27 401,000 26 
Japan 1,300 (3/) 3,020 1 
South Africa 474 (3/) 1,370 (3/) 
Switzerland 50,900 26 89,800 18 
Taiwan 3,890 (3/) 207 (3/) 
Thailand 418,000 7 358,000 8 
United Kingdom 2,630 1 2,330 3 
Other 10,800 r/ 2 t/ 138,000 3 
Total 7,320,000 236 9,930,000 203 

Ruby: 

Belgium 14,600 1 11,000 1 
Brazil 233 (3/) 11,300 (3/) 
Canada 11,700 (3/) 9,540 (3/) 
China 2,270 (3/) 9,020 (3/) 
Colombia 438 (3/) 423 (3/) 
France 482 2 1,260 1 
Germany 129,000 1 31,000 1 
Hong Kong 278,000 6 377,000 7 
India 1,370,000 6 2,340,000 6 
Israel 8,360 1 25,400 1 
Italy 10,200 1 83 (3/) 
Japan 1,050 (3/) 2,240 (3/) 
Switzerland 52,400 18 14,900 17 
Thailand 2,270,000 4] 3,010,000 44 
United Kingdom 13,900 2 3,370 4 
Other 15,100 r/ 3 r/ 57,100 3 
Total 4,180,000 84 5,910,000 86 

Sapphire: 
Australia 49,900 1 9,190 (3/) 
Austria 214 (3/) 56 (3/) 
Belgium 9,280 (3/) 25,900 1 
Brazil 7,570 (3/) 8,190 (3/) 


See footnotes at end of table. 


TABLE 8--Continued 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN DIAMOND, BY KIND AND COUNTRY I/ 


1995 1996 
Quantity Value 2/ Quantity Value 2/ 
Kind and country (carats) (millions) (carats) (millions) 
Sapphire--Continued: 
Canada 82,200 (3/) 4,840 (3/) 
China 1,670 (3/) 506,000 1 
Colombia 1,270 (3/) 395 (3/) 
France 863 1 738 1 
Germany 146,000 2 64,500 2 
Hong Kong 505,000 4 298,000 6 
India 329,000 1 682,000 2 
Israel 17,500 2 67,800 3 
Italy 4,400 (3/) 10,500 (3/) 
Japan 831 (3/) 1,640 (3/) 
Korea, Republic of -- -- 1,110 (3/) 
Singapore 1,250 (3/) 84 1 
Sri Lanka (ceylon) 328,000 9 864,000 10 
Switzerland 17,700 13 23,100 10 
Tanzania 4,060 (3/) 3,010 (3/) 
Thailand 5,240,000 49 5,920,000 55 
United Kingdom 7,750 2 8,030 3 
Other 20,100 1/ 1 r/ 26,600 2 
Total 6,780,000 84 8,530,000 95 
Other: 
Rough, uncut: 

Australia NA $3 NA $4 
Brazil NA 32 NA 21 
Colombia NA 3 NA 1 
Fiji NA (3/) NA 1 
Hong Kong NA 1 NA 1 
India NA 1 NA 1 
Kenya NA 1 NA 2 
Nigeria NA (3/) NA (3/) 
Pakistan NA 1 NA (3/) 
Philippines NA 1 NA 1 
Russia NA 9 NA (3/) 
South Africa NA (3/) NA (3/) 
Switzerland NA (3/) NA (3/) 
Tanzania NA 1 NA 1 
Thailand NA 1 NA 1 
United Kingdom NA (3/) NA 1 
Zambia NA 1 NA 2 
Other NA 6 r/ NA 12 
Total NA 61 NA 50 

Cut, set and unset: 
Australia NA 6 NA 5 
Brazil NA 8 NA 8 
Canada NA (3/) NA (3/) 
China NA 5 NA 5 
French Polynesia NA 7 NA 4 
Germany NA 14 NA 11 
Hong Kong NA 23 NA 24 
India NA 13 NA 18 
Israel NA 5 NA 5 
Japan NA 11 NA 20 
Kenya NA 1 NA 1 
Sri Lanka (ceylon) NA 3 NA 3 
Switzerland NA 1 NA 2 
Taiwan NA 2, NA 2 
Tanzania NA 2 NA 2 
Thailand NA 19 NA 25 
United Kingdom NA 1 NA 1 
Other NA 2 r/ NA 4 
Total NA 125 NA 138 


t/ Revised. NA Not available. 

1/ Data are rounded to three significant digits; may not add to totals shown. 
2/ Customs value. 

3/ Less than 1/2 unit. 


Source: Bureau of the Census. 


TABLE 9 


VALUE OF U.S. IMPORTS OF SYNTHETIC AND IMITATION 
GEMSTONES, BY COUNTRY 1/ 


(Thousand dollars) 2/ 
Country 1995 1996 
Synthetic, cut but unset: 
Australia 1,120 768 
Austria 6,250 5,320 
China 2,830 4,880 
France 1,010 1,090 
Germany 11,000 12,100 
Hong Kong 1,390 2,060 
India 938 1,000 
Italy 1,120 318 
Japan 512 93 
Korea, Republic of 1,360 1,440 
Sri Lanka (Ceylon) 510 649 
Switzerland 4,430 3,780 
Thailand 7,910 r/ 6,410 
Other 840 1/ 855 
Total 41,200 40,700 
Imitation: 3/ 
Austria 59,900 46,200 
China 575 414 
Czech Republic 12,800 17,300 
Germany 1,640 2,360 
Japan 503 788 
Taiwan 448 214 
Other 1,240 1,270 
Total 77,100 68,500 
r/ Revised. 


1/ Data are rounded to three significant digits; may not add to totals shown. 


2/ Customs value. 
3/ Includes pearls. 


Source: Bureau of the Census. 


TABLE 10 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES 1/ 


(Thousand carats and thousand dollars) 


1995 1996 
Stones Quantity Value 2/ Quantity Value 2/ 
Diamonds: 
Rough or uncut 1,710 631,000 1,450 731,000 
Cut but unset 11,900 5,320,000 12,300 5,830,000 
Emeralds: Cut but unset 7,320 236,000 9,930 203,000 
Coral and similar materials, unworked NA 4,020 NA 6,340 
Rubies and sapphires: Cut but unset 11,000 168,000 14,400 181,000 
Pearls: 
Natural NA 3,260 NA 1,100 
Cultured NA 30,400 NA 31,800 
Imitation NA 1,660 NA 1,740 
Other precious and semiprecious stones: 
Rough, uncut 1,420,000 48,600 1,610,000 37,400 
Cut, set and unset NA 91,500 NA 105,000 
Other NA 8,800 NA 6,320 
Synthetic: 
Cut but unset 160,000 41,200 174,000 40,700 
Other NA 1,830 NA 3,800 
Imitation gemstone 3/ NA 75,400 NA 66,800 
Total XX 6,660,000 XX 7,240,000 


NA Not available. XX Not applicable. 


1/ Data are rounded to three significant digits; may not add to totals shown. 


2/ Customs value. 
3/ Does not include pearls. 


Source: Bureau of the Census. 


TABLE 11 


NATURAL DIAMOND: ESTIMATED WORLD PRODUCTION, BY TYPE AND COUNTRY 1/ 2/ 


(Thousand carats) 


Country 1992 1993 1994 1995 1996 
Gemstones: 3/ 
Angola 4/ 1,100 130 270 2,700 1/ 3,600 
Australia 18,100 18,800 19,500 18,300 18,897 5/ 
Botswana 11,200 10,300 10,550 5/ 11,500 11,000 
Brazil 653 1,000 r/ 300 r/ 700 r/ 700 
Central African Republic 307 5/ 370 400 400 350 
China 200 230 230 230 230 
Gabon 400 400 400 400 400 
Ghana 104 r/5/ 106 1/5/ 118 r/ 126 r/ 125 
Nambia 1,520 1,120 1,312 5/ 1,382 5/ 1,300 
Russia 9,000 8,000 8,500 9,000 9,250 
Sierra Leone 180 90 155 113 5/ 162 
South Africa 4,600 4,600 5,050 r/ 5,070 1/ 5,360 
Venezuela 302 145 1/5/ 203 229 5/ 230 
Zaire 8,930 2,010 4,000 4,000 3,000 
Other 305 277 t/ 463 1/ 608 1/ 813 
Total 56,800 r/ 47,600 1/ 51,400 54,800 1/ 55,400 
Industrial: 
Angola 4/ 80 15 30 300 1/ 400 
Australia 22,100 23,000 23,800 22,400 23,096 5/ 
Botswana 4,790 4,420 5,000 5,300 5,000 
Brazil 665 600 1r/ 600 1/ 600 1/ 600 
Central African Republic 107 5/ 125 131 130 120 
China 800 850 850 900 900 
Gabon 100 100 100 100 100 
Ghana 590 r/5/ 484 1r/5/ 473 1/5/ 505 1/ 505 
Nambia 30 20 -- -- -- 
Russia 9,000 8,000 8,500 9,000 9,250 
Sierra Leone 116 68 100 101 1/ 108 
South Africa 5,600 5,700 5,800 1/ 5,880 1/ 6,000 
Venezuela 176 155 5/ 214 5/ 64 5/ 60 
Zaire 4,570 13,600 13,000 13,000 15,000 
Other 218 210 r/ 277 r/ 344 1/ 464 
Total 48,900 r/ 57,400 58,900 1/ 58,600 1/ 61,600 
Grand total 106,000 105,000 110,000 113,000 1/ 117,000 
1/ Revised. 


1/ World totals and estimated data are rounded to three significant digits; may not add to totals shown. 
2/ Table includes data available through May 28, 1997. 

3/ Includes near-gem and cheap-gem qualities. 

4/ Figures do not include smuggled artisanal production. 

5/ Reported figure. 
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Domestic Production and Use: Output of natural gemstones was primarily from Tennessee, Alabama, Arkansas, 
North Carolina, Oregon, and Arizona. Output of synthetic gemstones was primarily from 14 firms; 4 in Arizona, 3 in 
California, and 1 each in Massachusetts, Michigan, New Jersey, New Mexico, North Carolina, Ohio, and Washington. 
It was estimated that visitors found 185 carats of diamonds in the Crater of Diamonds State Park in Arkansas. There 
was considerable production of freshwater pearls in Tennessee; turquoise in Arizona and Nevada; beryl, tourmaline, 
and amethyst in Maine; tourmaline, beryl, kunzite, and garnet in California; and sapphire in Montana. Major uses were 
jewelry, carvings, and gem and mineral collections. 


Salient Statistics—United States: 1991 1992 1993 1994 1995° 
Production: Natural? 84.4 66.2 57.7 50.5 75.5 
Synthetic 17.9 18.9 18.1 22.2 24.4 
Imports for consumption 4,640 4,950 5,850 6,440 6,520 
Exports, including reexports 1,710 1,450 1,630 2,240 2,510 
Consumption, apparent 3,030 3,480 4,300 4,270 4,110 
Price Variable, depending on size, type, and quality 
Stocks, yearend? NA NA NA NA NA 
Employment, mine* 800 800 1,000 1,000 850 
Net import reliance® as a percent 
of apparent consumption 97 98 98 98 98 


Recycling: Insignificant. 


import Sources (1991-94 by value): Israel, 28%; India, 25%; Belgium, 15%; United Kingdom, 5%; and other, 27%. 
Diamond imports were about 90% of the total value of gem imports. 


Tariff: Item Number Most favored nation (MFN) Non-MFN® 
12/31/95 12/31/95 

Diamonds, unworked or sawn 7102.31.0000 Free Free. 

Diamond, less than % carat 7102.39.0010 Free 10% ad val. 
Diamond, cut, more than % carat 7102.39.0050 Free 10% ad val. 
Precious stones, unworked 7103.10.2000 Free Free. 

Precious stones, simply sawn 7103.10.4000 21% ad val. 50% ad val. 
Rubies, cut 7103.91.0010 Free 10% ad val. 
Sapphires, cut 7103.91.0020 Free 10% ad val. 
Emeralds, cut 7103.91.0030 Free 10% ad val. 
Other precious, cut but not set 7103.99.1000 2.1% ad val. 10% ad val. 
Other precious stones, other 7103.99.5000 21% ad val. 50% ad val. 
Imitation precious stones 7018.10.2000 2.8% ad val. 20% ad val. 
Synthetic cut, but not set 7104.90.1000 3.1% ad val. 10% ad val. 
Pearls, natural 7101.10.0000 Free 10% ad val. 
Pearls, cultured 7101.21.0000 2.1% ad val. 10% ad val. 
Pearls, imitation not strung 7018.10.1000 8% ad val. 60% ad val. 


Depletion Allowance: 14% (Domestic), 14% (Foreign). 


Government Stockpile: The National Defense Stockpile (NDS) does not contain an inventory of gemstones per se. 
However, portions of the industrial diamond inventory are of near-gem or gem quality. Additionally, the beryl and 
quartz inventories contain some gem-quality materials and the inventory of synthetic ruby and sapphire could be used 
by the gem industry. The Defense Logistics Agency is currently disposing of materials from the NDS. 


Prepared by Gemstones Specialist (703) 648-7721. 
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Events, Trends, and Issues: In the past, except for a few gem diamonds found each year in Arkansas, U.S. diamond 
production was insignificant. However, test mining is underway at two mines in the Colorado-Wyoming Stateline 
district. Domestic commercial gemstone production includes agates, beryls, freshwater pearls, garnets, jade, jasper, 
mother-of-pearl, opals, peridot, quartz, sapphire, tourmalines, and turquoise. Significant steps are being made in the 
marketing of lines of jewelry made with U.S. gemstones. 


Exploration for diamonds continues in Alaska, Colorado, Michigan, Minnesota, Wisconsin, and Wyoming. The second 
phase of the diamond exploration project, bulk sampling, at the Crater of Diamonds State Park in Arkansas has been 
approved. Significant diamond exploration efforts by multiple companies continued in the Northwest Territories of 
Canada and in several areas in Australia. 


World Mine Production,’ Reserves, and Reserve Base: 


Mine production Reserves and reserve base® 
1994 1995° 
United States — — World reserves and reserve 
Angola 270 300 base of gem diamond are 
Australia 19,500 20,000 substantial. No reserves or 
Botswana 11,000 11,000 reserve base data are 
Brazil 600 600 available for other gem- 
Central African Republic 370 400 stones. 
China 230 250 
Ghana 580 600 
Namibia 1,280 1,300 
Russia 8,500 8,500 
Sierra Leone 155 200 
South Africa 5,000 5,000 
Venezuela 220 200 
Zaire 4,000 4,000 
Other countries 5,230 5,300 
World total (rounded) 56,900 57,700 


World Resources: Most of the world gem diamond reserves are in southern Africa, Russia, and Western Australia. 
Estimation of a reserve base is now difficult to determine because of the changing economic evaluation of near-gem 
materials and new discoveries in Australia, Canada, and Russia. 


Substitutes: Plastics, glass, metals, wood, paper, and other materials are substituted for gemstones. Synthetic 
materials that have the same appearance and chemical and physical properties are substituted for natural gemstones. 
Simulants are materials of similar appearance, but with different chemical and physical properties, that are substituted 
for natural gemstones. 


“Estimated. NA Not available. 

‘Excludes industrial diamond and garnet. See Diamond (Industrial) and Garnet (Industrial). 

Natural includes production of freshwater pearls, natural and cultured. 

’Stocks data are not available and are assumed to be zero for apparent consumption and net import reliance calculation. 
“Estimate includes operators of fee site deposits. 

°Defined as imports - exports + adjustments for Government and industry stock changes. 

®See Appendix B. 

‘Data in thousands of carats of gem diamond. 

®See Appendix C for definitions. 


Mineral Commodity Summaries, January 1996 


GEMSTONES 


By Ronald F. Balazik 


Gemstones have been used as symbols of beauty, wealth, and 
status for more than 10,000 years (Schumann, 1998). Despite its 
long history, however, “gemstone” has no single, precise 
definition that is generally accepted. According to Webster’s New 
International Dictionary (2"' edition), a gemstone is “any jewel, 
whether stone, pearl or the like, having value and beauty that are 
intrinsic and not derived from its setting; a precious or, 
sometimes, a semiprecious stone cut and polished for ornament. 
A semiprecious stone of value because it is carved or engraved, as 
a cameo or intaglio.” Additionally, the dictionary states that a 
gemstone is “any mineral or petrified material which can, when 
cut and polished, be used in jewelry.” 

Natural gemstones are minerals; each type has its own chemical 
composition and physical attributes. For this report, therefore, 
‘“semstone” means any mineral, organic or inorganic, used for 
personal adornment, display, or object of art because it possesses 
beauty, rarity, and durability. Note that shell and cultured pearl 
are treated as gemstones in this report. In addition, synthetic gems 
and gemstone simulants are included in this report but are treated 
separately from natural gemstones. (See tables I and 2.) 


Production 


The gemstone industry in the United States consists of several 
distinct sectors: (1) individuals and organizations that mine 
gemstones or harvest shell and natural/cultured pearls, (2) 
companies that manufacture synthetic gemstones, and (3) 
individuals or firms that process/cut natural and synthetic 
gemstones. The domestic gemstone industry is focused on the 
production of colored gemstones and the cutting of large 
diamonds. Employment in the industry is estimated to range 
between 1,000 and 1,500 persons (U.S. International Trade 
Commission, 1997). 

Most natural gemstone producers in the United States are small 
businesses that are widely dispersed and operate independently. 
It is estimated that the small producers have an average of fewer 
than three employees, including many who only work part time. 
The number of gemstone mines operating from year to year 
fluctuates because the inherent uncertainty associated with the 
finding and marketing gem-quality minerals makes it difficult to 
obtain financing for developing and sustaining economically 
viable deposits (U.S. International Trade Commission, 1997). 

The total value of natural gemstones produced in the United 
States during 1997 was estimated to be at least $25 million. (See 
table 3.) This production value was less than that of the preceding 
year primarily because foreign markets for U.S. shell material 
decreased, particularly in Japan where the operations of cultured 
pearl producers that use the shell for pearl nuclei were adversely 
affected by declining markets in Southeast Asia, competition from 
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China, and high mortality rates among pearl oysters (Jewelers’ 
Circular Keystone, 1997b). In addition, gemstone output in 1997 
declined, in part, because a few of the larger producers halted 
mine operations and relied on materials stockpiled in previous 
years. 

The estimate of 1997 U.S. gemstone production is based on a 
survey of approximately 200 domestic gemstone operations 
conducted by the U.S. Geological Survey (USGS). The survey 
provides a foundation for projecting the scope and level of 
domestic gemstone production. The survey, however, does not 
represent all gemstone activity in the United States, which 
includes thousands of professional and amateur collectors. 
Consequently, the USGS supplements its survey with estimates of 
domestic gemstones production from related published data, 
contacts with gem dealers and collectors, and analyses of gem and 
mineral shows. 

Natural gem materials indigenous to the United States are 
collected, produced, and/or marketed in every State. In 1997, five 
States accounted for more than 70% of the total value of 
production reported by survey respondents. These States were (in 
declining order of reported production value) Tennessee, 
Kentucky, Arizona, California, and Montana. Certain States are 
best known for the production of a single gem material (for 
example, Kentucky and Tennessee for freshwater shell). Other 
States, however, have a wide array of gemstones. For example, 
Arizona gemstone deposits include agate, amethyst, azurite, 
chrysocolla, fire agate, garnet, jade, malachite, obsidian, onyx, 
petrified wood, precious opal, smithsonite, and turquoise. A great 
variety of gemstones also are found in California, Idaho, 
Montana, and North Carolina. 

Estimated diamond production in the United States reached at 
least $1 million during 1997. Late in the year, Redaurum Limited 
(Toronto) announced that it planned to sell its Kelsey Lake 
diamond mine near Fort Collins, CO (H. Coopersmith, Colorado 
Diamond Company, oral commun., 1998). The mine, which 
opened in 1995, is North America’s first commercial diamond 
mine in almost a century. The only other significant diamond- 
bearing area known in the United States is in Crater of Diamonds 
State Park near Murfreesboro, AR. Testing and evaluation of 
diamond-bearing rock in the Park was completed in 1997. A final 
report on the tests and evaluations was presented to the Arkansas 
Department of Parks and Tourism in late 1997 (U.S. Geological 
Survey, 1998). 

In addition to natural gemstones, synthetic gems and gemstone 
simulants are produced in the United States. Synthetic gemstones 
essentially have the same appearance and the same optical, 
physical, and chemical properties as the natural materials that 
they represent. Simulants have an appearance similar to that of a 
natural gem material but have different optical, physical, and 
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chemical properties. Synthetic gemstones produced in the United 
States include alexandrite, emerald, ruby, sapphire, turquoise, and 
zirconia. The major simulants produced in the United States are 
colored and colorless varieties of cubic zirconia. Coral, lapis 
lazuli, malachite, and turquoise are also produced. In addition, 
certain colors of synthetic sapphire and spinel, used to represent 
other gemstones, are classed as simulants. 

In 1997, synthetic gem production in the United States reached 
$22 million; simulant gemstone output was even 
greater—estimated to exceed $100 million. Five firms in four 
states, representing the U.S. synthetic gem industry, reported 
production to the USGS in 1997. In descending order of 
production value, the States with reported output were New York, 
California, Michigan, and Arizona. 

In late 1997, a company in North Carolina announced plans to 
market the first commercial supplies of moissanite, a gem-like 
silicon carbide made by the firm. The company will sell the 
moissanite as a diamond simulant (Jewelers’ Circular Keystone, 
1997a). 


Consumption 


Although the United States accounts for less than 1% of total 
global gem production, it is the world’s leading gemstone market. 
On the basis of such indicators as trade data and income growth 
rates, it was estimated that U.S. gemstone markets, bolstered by 
a strong and growing national economy, accounted for at least 
one-third of world gem demand in 1997.' Domestic markets for 
natural, unset colored gemstones (excluding diamond but 
including shell, pearl, and coral) totaled approximately $650 
million during the year. The domestic market for unset gem 
diamonds in 1997 was estimated to exceed $5 billion, the largest 
in the world. 

Moreover, U.S. diamond jewelry sales in 1997 increased 8% to 
$19.3 billion; this was the sixth consecutive year that sales 
increased (Jewelers’ Circular Keystone, 1998b). 

Gemstones are used in the United States and elsewhere for 
jewelry, collections and exhibits, decorative art objects, and 
certain industrial applications. According to a poll conducted by 
a U.S. jewelry retailers association, 61% of domestic consumers 
who were surveyed preferred diamond as their favorite gemstone; 
others chose emeralds (10%), sapphires (9%), and rubies (7%) 
(International Colored Gemstone Association, 1996). 


Prices 


Gemstone prices are governed by many factors and qualitative 
characteristics, including beauty, clarity, defects, demand, and 
rarity. Colored gemstone prices are generally influenced by 
market supply/demand considerations, and diamond prices are 
supported by producer controls on the quantity and quality of 
supply. Values and prices of gemstones produced and/or sold in 
the United States are shown in tables 3 through 5. In addition, 
customs values for diamonds and other gemstones imported and 
exported/reexported are shown in tables 6 through 10. 


'The domestic market rose by an average of 14% annually during 1995-1997. 


31.2 


De Beers Consolidated Mines Limited in South Africa is a 
significant force affecting gem diamond price worldwide because 
it mines about one-half the diamonds produced each year 
worldwide and controls about three-fourths of global raw diamond 
supply through its Central Selling Organization (CSO) which has 
marketing agreements with other producers (Shor, 1997). The 
average price of all rough, uncut diamonds sold throughout the 
world was estimated to be about $70 per carat in 1997; by 
country, the average value reported per carat ranged from about 
$10 for Australian production to more than $300 for Namibian 
output (Financial Times, 1997). 


Foreign Trade 


As measured by several standards, such as imports, the United 
States is the world leader in gemstone trade. In 1997, U.S. 
gemstone exports/reexports were shipped to 86 countries, and 
imports of gemstones were received from 114 countries. (See 
tables 6 through 10.) Total U.S. gemstone trade with all countries 
in 1997 exceeded $11 billion; diamonds accounted for 89% of the 
trade. 

The American Diamond Industry Association reported that U.S. 
trade in loose, polished diamonds reached unprecedented levels 
in 1997; records were set for imports and exports, as well as for 
quantity and value (Sheung, 1998). The records were attributed 
to the growing U.S. economy and a strong consumer demand for 
diamond jewelry. 

The value of U.S. gemstone exports and reexports in 1997 
totaled $2.8 billion; diamonds, including $2.3 billion for cut 
diamonds, accounted for 84% of the total. Domestic exports and 
reexports of natural, rough, colored gemstones were valued at 
$192 million, and the value of U.S. exports and reexports of 
natural, cut but unset, colored gemstones was $187 million. 
Synthetic gemstone exports and reexports during the year were 
valued at $10.6 million and $17.9 million, respectively. Exports 
and reexports of natural and cultured pearl were valued at $3.8 
million and $7.4 million, respectively. Approximately $15 million 
of coral and shell was exported/reexported by the United States in 
1997. 

The United States remained the world’s largest importer of 
gemstones in 1997; imports of natural, unset, colored gemstones, 
including coral and pearl, reached $671 million. During the year, 
U.S. imports of all gemstones, including synthetics and simulants, 
increased by 16%, to a record high of $8.38 billion. Diamonds 
accounted for 91% of the imports. 

Also during 1997, the Office of the United States Trade 
Representative, assisted by the USGS, entered negotiations with 
17 Asian and Pacific Rim governments to reduce barriers in 
gemstone trade. The negotiations, still underway at yearend, 
focused on tariffs and other barriers to international trade. 


World Review 


Global gemstone markets primarily are concerned with two 
distinctly different commodities: (1) diamonds, and (2) colored 
gemstones; that is, gems other than diamonds. Most diamond 
supplies are controlled by a few major mining companies; prices 
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are supported by managing the quantity and quality of the gems 
relative to demand, a function performed by the CSO. Unlike 
diamonds, colored gemstones are primarily produced at relatively 
small, low-cost operations with few dominant producers; prices 
are influenced more by supply availability and consumer demand. 

World diamond output in 1997 totaled 110 million carats with 
an estimated value of approximately $7 billion. (See table 11.) 
Most production was concentrated in a few regions— Africa 
(Angola, Botswana, Namibia, South Africa, and Zaire); Asia 
(northeastern Siberia and Yakutia in Russia); Australia; and 
South America (Brazil and Venezuela). 

Sales of rough diamond by the CSO in 1997 reached $4.6 
billion, 4% less than the record sales of 1996 (Mining Journal, 
1998). The sales loss reflected reduced demand in Asian markets 
following the decline of several national economies in the region. 
Nevertheless, strong market demand in the United States helped 
compensate for the Asian decline and make the 1997 sales level 
the second highest on record. It is estimated that U.S. demand for 
rough diamond alone has been equivalent to about 15% of the De 
Beers sales in recent years. 

During 1997, De Beers took several actions to maintain its 
influence on global diamond supplies and respond to declining 
markets in Asia: (1) the company signed a new contractual 
agreement that returned Russia to the CSO after more than a 2- 
year absence (Teslenko, 1997); (2) the CSO began to reduce its 
supply of diamonds available in world markets to stabilize and 
support prices (Jewelers’ Circular Keystone, 1998a); (3) De Beers 
prepared to increase output from its mines and compete more 
vigorously against producers outside the CSO (Jewelers’ Circular 
Keystone, 1997c; Shor, 1997); and (4) the company continued 
planning for new markets, particularly in China, the Middle East, 
and South America (Diamond Registry Bulletin, 1998). 

Construction of Canada’s first commercial diamond mine was 
almost completed by year-end 1997; production was scheduled to 
begin in 1998. When fully operational, the mine (in Canada’s 
Northwest Territories) will produce 4.5 million carats per year, or 
about 5% of world output valued from $350 million to $490 
million, (Hart, 1998; Reuters, 1998). Planning also was underway 
in 1997 for another significant diamond mine in the Northwest 
Territories that could be operational within a few years. 

It is estimated that annual world production of cut natural 
gemstones other than diamond and pearl exceeds $2 billion per 
year. Most colored gemstone mining consists of small, low-cost, 
and widely-dispersed operations in remote regions of developing 
nations. Pearls are cultured throughout the South Pacific and in 
other seas near the equator. The largest producers are Australia, 
China, and Japan. 

Foreign countries with major gemstone deposits other than 
diamond are Afghanistan (beryl, ruby, and tourmaline); Australia 
(beryl, opal, and sapphire); Brazil (agate, amethyst, beryl, ruby, 
sapphire, topaz, and tourmaline); Burma (beryl, jade, ruby, 
sapphire, and topaz); Colombia (beryl, emerald, and sapphire); 
Kenya (beryl, garnet, and sapphire); Madagascar (beryl, rose 
quartz, sapphire, and tourmaline); Mexico (agate, opal, and 
topaz); Sri Lanka (beryl, ruby, sapphire, and topaz); Tanzania 
(garnet, ruby, sapphire, tanzanite, and tourmaline); and Zambia 
(amethyst and beryl). 
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Like the diamond industry, colored gemstone producers and 
markets were adversely affected by the economic crisis in Asia 
during 1997. Mining and sales reportedly were disrupted in many 
Asian countries. Prices of high-quality colored gemstones, 
however, did not decline dramatically (Cavey, 1998). 

The application of thermal, chemical, and physical treatments 
to enhance the color and other attributes of natural gemstones 
received considerable attention in various gem _ industry 
publications during 1997. Many business associations and 
professionals in the industry have proposed or adopted treatment 
guidelines. Standards for disclosure of treatment practices to 
consumers also have been an important issue in the industry. The 
Federal Trade Commission has addressed aspects of the issue in 
its Guides for the Jewelry Industry (Gemological Institute of 
America, 1994). 


Outlook 


All gemstone market forecasts, particularly long-range 
projections, must focus on the reality that gemstones are 
essentially luxury merchandise; consequently, consumer demand, 
and ultimately supply, is determined by personal discretionary 
income levels and consumer preferences among nonessential 
goods in the marketplace.” Fortunately for producers of precious 
gems, long-term economic forecasts anticipate continued growth 
of discretionary income in the industrialized countries and expect 
even higher growth rates of personal wealth in certain developing 
nations as well. In the next decade, for example, China and 
several Middle Eastern countries where personal wealth is 
growing, may emerge as major new markets for precious gems, 
particularly diamonds (Diamond Registry Bulletin, 1998). 

If the CSO continues its 1997 restraints on diamond supplies to 
stabilize prices and restore market confidence, its rough diamond 
sales will fall significantly. Some market analysts predict that 
CSO rough diamond sales in 1998 will be the lowest in since 
1992 (Jewelers’ Circular Keystone, 1998c). 

Diamond mining in Canada may prove to be part of a 
significant trend in world diamond markets. New Canadian mines 
are expected to produce as much as one-seventh of world diamond 
output early in the next century (Hart, 1998). Nevertheless, only 
a limited share of the new production is expected to be marketed 
through the CSO (Hart, 1998; Reuters, 1998). Thus, Canada with 
other important independent producers, such as Argyle Diamond 
Mines (Australia) which withdrew from the CSO in 1996, may 
bring a greater measure of competition to global diamond 
markets. Presumably, more competition would bring lower prices 
for buyers; however, the actual outcome and its significance are 
uncertain at present. 

Demand for colored gemstones will continue to rise as 
diamonds become more expensive and retailers promote the 
popularity of alternatives. The retail jewelry trade will further 
consolidate toward fewer companies and more dealers will focus 
on niche markets and target specific demographic groups. Greater 
demand for synthetic and simulant gemstones also 1s anticipated. 


*Related economic factors include consumer confidence and interest rates. 
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GEMSTONES— 1997 


TABLE 1 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size 1/ Cost 2/ Mohs gravity Refraction index confused with- characters 
Amber Hydrocarbon Yellow, red, green, blue Any Low to 2.0-2.5 1.0-1.1 Single 1.54 Synthetic or pressed Fossil resin, soft. 
medium plastics 
Benitoite Barium titanium Blue, purple, pink, Small to High 6.0-6.5  3.64-3.68 Double _1.76-1.80 Sapphire, tanzanite, Strong blue in ultraviolet light. 
silicate colorless medium blue diamond, blue 
tourmaline 
Beryl: 
Aquamarine Beryllium aluminum Blue-green to light blue Any Mediumto 7.5-8.0  2.63-2.80 do. 1.58 Synthetic spinel, blue = Double refraction, refractive index. 
silicate high topaz 
Bixbite do. do. Small Veryhigh 7.5-8.0 = 2.63-2.80 do. 1.58 Pressed plastics, Refractive index. 
tourmaline 
Emerald do. Green Medium do. 75 2.63-2.80 do. 1.58 | Fused emerald, glass, | Emerald filter, dichroism, refractive 
tourmaline, peridot, index. 
green garnet doublets 
Emerald, synthetic do. do. Small High 7.5-8.0 2.63-2.80 do. 1.58 Genuine emerald Flaws, brilliant, fluorescence in 
ultraviolet light. 
Golden (heliodor) do. Yellow to golden Any Low to 7.5-8.0 2.63-2.80 do. 1.58 Citrine, topaz, glass, 
medium doublets 
Goshenite do. do. do. Low 7.5-8.0 2.63-2.80 do. 1.58 Quartz, glass, white Refractive index. 
sapphire, white topaz. 
Morganite do. Pink to rose do. do. 7.5-8.0 2.63-2.80 do. 1.58 Kunzite, tourmaline, Do. 
pink sapphire 
Calcite: 
Marble Calcium carbonate White, pink, red, blue, do. do. 3.0 2.72 Double 1.49-1.66 — Silicates, banded agate, Translucent. 
green, or brown (strong) alabaster gypsum 
Mexican onyx do. do. do. do. 3.0 2a do. 1.6 do. Banded, translucent. 
Chrysoberyl: 
Alexandrite Beryllium aluminate Green by day, red by Former High 8.5 3.50-3.84 Double 1.75 Synthetic Dichroism, inclusions in synthetic 
artificial light U.S.S.R. sapphire. 
(small), Sri 
Lanka 
(medium) 
Cats-eye do. Greenish to brownish Small to do. 8.5 3.50-3.84 do. 1.75 Synthetic, shell Gravity and translucence. 
large 
Chrysolite do. Yellow, green, and/or Medium Medium 8.5 3.50-3.84 do. 1.75 Tourmaline, peridot Refractive index, silky. 
brown 
Coral Calcium carbonate Orange, red, white, black, Branching, Low 3.5-4.0 2.6-2.7 do. 1.49-1.66 False coral Dull translucent. 


or green 


medium 


See footnotes at end of table. 


GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


TABLE 1--Continued 


Practical Specific Refractive May be Recognition 
Name Composition Color size 1/ Cost 2/ Mohs gravity Refraction index confused with- characters 
Corundum: 
Ruby Aluminum oxide Rose to deep purplish red Small Veryhigh 9.0 3.95-4.10 Double 1.78 Synthetics, including _Inclusions, fluorescence. 
spinel 
Sapphire do. Blue Medium High 9.0 3.95-4.10 do. 1.78 do. Inclusions, double refraction, 
dichroism. 
Sapphire, fancy do. Yellow, pink, white, Medium to Medium 9.0 3.95-4.10 do. 1.78 Synthetics, glass and Inclusions, double refraction, 
orange, green, or violet large doublets refractive index. 
Sapphire and ruby do. Red, pink, violet, blue, or do. High tolow 9.0 3.95-4.10 do. 1.78 | Star quartz, synthetic | Shows asterism, color side view. 
stars gray stars 
Sapphire or ruby do. Yellow, pink, or blue Up to 20 Low 9.0 3.95-4.10 do. 1.78 | Synthetic spinel, glass | Curved striae, bubble inclusions. 
synthetic carats 
Diamond Carbon White, blue-white, yellow, Any Very high 10.0 3.516-3.525 Single 2.42 Zircon, titania, cubic High index, dispersion, single 
brown, green, pink, blue zirconia refraction hardness, cut, luster. 
Feldspar: 
Amazonite Alkali aluminum Green Large Low 6.0-6.5 2.56 -- 1.52 Jade Cleavage, sheen, vitreous to pearly, 
silicate opaque, grid. 
Labradorite do. Gray with blue and do. do. 6.0-6.5 2.56 -- 1.56 do. Do. 
bronze sheen color play 
Moonstone do. White do. do. 6.0-6.5 2.77 -- 1.52-1.54 | Glass or white onyx Blue sheen, opalescent. 
Garnet Complex silicate Brown, black, yellow, Small to Low to high 6.5-7.5  —3.15-4.30 Single 1.79-1.98 Synthetics, spinel, Single refraction, anomalous strain. 
green, ruby red, or medium strained glass 
orange 
Jade: 
Jadeite do. Green, yellow, black, Large Low to very 6.5-7.0 3.3-3.5 Cryptocry- 1.65-1.68 | Onyx, bowenite, Luster, spectrum, translucent, to 
white, or mauve high stalline vesuvianite, opaque. 
grossularite 
Nephrite Complex hydrous do. do. do. 6.0-6.5  2.96-3.10 do. 1.61-1.63 do. Do. 
silicate 
Opal Hydrous silica Colors flash in white gray, Large Low to high 5.5-6.5 1.9-2.3 Isotropic 1.45 — Glass, synthetics, Play of color. 
black, red, or yellow triplets 
Pearl Calcium carbonate White, pink, or black Small do. 2.5-4.0 2.6-2.85 -- -- Cultured and imitation Luster, structure, X-ray. 
Peridot Iron magnesium Yellow and/or green Any Medium 6.5-7.0  3.27-3.37 Double —_1.65-1.69 | Tourmaline chrysoberyl Strong double refraction, low 
silicate (strong) dichroism. 


See footnotes at end of table. 


TABLE 1--Continued 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size 1/ Cost 2/ Mohs gravity Refraction index confused with- characters 
Quartz: 
Agate Silica Any color Large Low 7.0 2.58-2.64 -- -- Glass, plastic, Mexican Cryptocrystalline, irregularly 
onyx banded, dendritic inclusions. 
Amethyst do. Purple do. Medium 10 2.65-2.66 Double 1.55 do. Refractive index, double refraction, 
transparent. 
Cairngorm do. Smoky do. Low 7.0 2.65-2.66 do 1.55 do. Do. 
Citrine do. Yellow do. do. 7.0 2.65-2.66 do 1.55 do. Do. 
Crystal, rock do. Colorless do. do. 7.0 2.65-2.66 do 1.55 do. Do. 
Jasper do. Uniform or spotted red, do. do. 7.0 2.58-2.66 -- -- do. Opaque, vitreous. 
yellow, or green 
Onyx do. Many colors do. do. 7.0 2.58-2.64 -- -- do. Uniformly banded. 
Rose do. Pink, rose red do. do. 7.0 2.65-2.66 do 1.55 do. Refractive index, double refraction, 
translucent. 
Spinel Magnesium Any Small to Medium 8.0 3.5-3.7 Single 1.72 Synthetic, garnet Refractive index, single refraction, 
aluminum oxide medium inclusions. 
Spinel, synthetic do. do. Up to 40 Low 8.0 3.5-3.7 Double 1.73 Spinel, corundum, beryl, Weak double refraction, curved 
carats topaz, alexandrite striae, bubbles. 
Spodumene: 
Hiddenite Lithium aluminum Yellow to green Medium Medium 6.5-7.0  3.13-3.20 do. 1.66 Synthetic spinel Refractive index. 
silicate 
Kunzite do. Pink to lilac do. do. 6.5-7.0 3.13-3.20 do. 1.66 Amethyst, morganite Do. 
Tanzanite Complex silicate Blue Small High 6.0-7.0 3.30 do. 1.69 Sapphire, synthetics Strong trichroism. 
Topaz do. White, blue, green Medium Low to 8.0 3.4-3.6 do. 1.62 Beryl, quartz Refractive index. 
medium 
Tourmaline do. All, including mixed do. do. 7.0-7.5 2.98-3.20 do. 1.63 Peridot, beryl, Double refraction, refractive index. 
corundum, glass 
Turquoise Copper aluminum Blue to green Large Low 6.0 2.60-2.83 do. 1.63 — Glass, plastics Difficult if matrix not present, 
phosphate matrix usually limonitic. 
Zircon Zirconium silicate White, blue, or brown, Small to Low to 6.0-7.5 4.0-4.8 Double 1.79-1.98 Diamond, synthetics, Double refraction, strongly dichroic, 
yellow, or green medium medium (strong) topaz, aquamarine wear on facet edges. 


1/ Small-up to 5 carats; medium-up to 50 carats; large-more than 50 carats. 
2/ Low-up to $25 per carat; medium-up to $200 per carat; high-more than $200 per carat. 


TABLE 2 


SYNTHETIC GEMSTONE PRODUCTION METHODS 


Production Date of first 
Gemstone methods Company/producer production 
Alexandrite Flux Creative crystals 1970's 
Do. Melt pulling J.O. Crystal 1990's 
Do. do. Kyocera 1980's 
Do. Zone melt Seiko 1980's 
Cubic zirconia Skull melt Various producers 1970's 
Emerald Flux Chatham 1930's 
Do. do. Gilson 1960's 
Do. do. Kyocera 1970's 
Do. do. Seiko 1980's 
Do. do. Lennix 1980's 
Do. do. Russia 1980's 
Do. Hydrothermal Lechleitner 1960's 
Do. do. Regency 1980's 
Do. do. Biron 1980's 
Do. do. Russia 1980's 
Ruby Flux Chatham 1950's 
Do. do. Kashan 1960's 
Do. do. J.O. Crystal (Ramaura) 1980's 
Do. do. Douras 1990's 
Do. Zone melt Seiko 1980's 
Do. Melt pulling Kyocera (Inamori) 1970's 
Do. Verneuil Various producers 1900's 
Sapphire Flux Chatham 1970's 
Do. Zone melt Seiko 1980's 
Do. Melt pulling Kyocera 1980's 
Do. Verneuil Various producers 1900's 
Star ruby do. Linde (Div. of Union Carbide) 1940's 
Do. Melt pulling Kyocera 1980's 
Do. do. Nakazumi 1980's 
Star sapphire Verneuil Linde 1940's 
TABLE 3 


VALUE OF U.S. GEMSTONE PRODUCTION, BY GEMSTONE 1/ 


(Thousand dollars) 
Gem materials 1996 1997 
Agate 1,110 218 
Beryl 960 901 
Coral (all types) 152 65 
Diamonds 685 W 
Garnet 40 35 
Gem feldspar 4,980 579 
Geode/nodules 169 100 
Obsidian 64 e/ (2/) 
Opal 363 341 
Petrified wood 54 e/ 2 e/ 
Quartz 1,880 1,130 
Sapphire/ruby 1,680 1/ 964 
Shell 22,800 11,700 
Topaz 14 8 
Tourmaline 25 16 
Turquoise 1,410 976 
Other 6,900 7,990 
Total 43,300 r/ 25,000 


e/ Estimated. r/ Revised. W Withheld to avoid disclosing company 


proprietary data. 


1/ Data are rounded to three significant digits; may not add to totals 


shown. 
2/ Less than 1/2 unit. 


TABLE 4 


PRICES OF U.S. CUT DIAMONDS, BY SIZE AND QUALITY 1/ 


Representative prices 


Carat Description, Clarity January June December 
weight color 2/ (GIA terms) 3/ 1997 4/ 1997 5/ 1997 6/ 

0.25 G VSI $1,500 $1,500 $1,500 
25 G VS2 1,380 1,380 1,380 
as) G SI 1,130 1,130 1,130 
25 H VSI 1,400 1,400 1,400 
23 H VS2 1,250 1.250 1,250 
25 H Sil 1,050 1,050 1,050 
50 G VSI 3,300 3,300 3,300 
50 G VS2 2,900 2,900 2,900 
50 G SI 2,500 2,500 2,500 
50 H VSI 2,900 2,900 2,900 
50 H VS2 2,600 2,600 2,600 
50 H Sil 2,400 2,400 2,400 
Wis) G VSI 3,800 3,800 3,800 
75 G VS2 3,600 3,600 3,600 
Bs) G SI 3,300 3,300 3,300 

A H VSI 3,650 3,650 3,650 
ay ES) H VS2 3,450 3,450 3,450 
75 H Sil 3,100 3,100 3,100 
1.00 G VSI 5,400 5,400 5,500 
1.00 G VS2 5,200 5,200 5,200 
1.00 G Sil 4,700 4,700 4,700 
1.00 H VSI 5,000 5,000 5,100 
1.00 H VS2 4,900 4,900 4,900 
1.00 H SI 4,500 4,500 4,500 


1/ Data are rounded to three significant digits. 


2/ Gemological Institute of America (GIA) color grades: D--colorless; E--rare white; G - H - I --traces of color. 
3/ Clarity: IF--no blemishes; VVS1--very, very slightly included; VS1--very slightly included; VS2--very 
slightly included, but not visible; SI1--slightly included. 


4/ Jewelers' Circular-Keystone. v. 168, no. 2, Feb. 1997, p. 316. 
5/ Jewelers' Circular-Keystone. v. 168, no. 7, July 1997, p. 210. 
6/ Jewelers' Circular-Keystone. v. 169, no. 1, Jan. 1998, p. 314. 


TABLE 5 


PRICES PER CARAT OF U.S. CUT COLORED GEMSTONES 1/ 


Price range per carat 


January December 

Gemstone 1997 2/ 1997 2/ 
Amethyst $7- $16 $7- $16 
Aquamarine 75- 190 75- 190 
Emerald 1,580 - 2,900 800 - 2,000 
Garnet, tsavorite 600- 900 600- 900 
Rhodolite 20 - 30 20 - 30 
Ruby 2,450 - 3,900 1,800 - 2,900 
Sapphire 800 - 1,800 800 - 1,800 
Tanzanite 120- 210 120- 190 
1/ Fine quality. 


2/ Jewelers' Circular-Keystone. v. 168, no. 2, Feb. 1997, p. 316; and v. 169, 
no. 1, Jan. 1998, p. 314. These figures represent a sampling of net prices 
that wholesale colored stone dealers in various U.S. cities charged their cash 
customers during the month for fine-quality stones. 


TABLE 6 
U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF INDUSTRIAL DIAMOND), BY COUNTRY 1/ 


1996 1997 

Quantity Value 2/ Quantity Value 2/ 

Country (carats) (millions) (carats) (millions) 

Belgium 576,000 $547 843,000 $614 
Canada 135,000 50 151,000 61 
France 24,000 43 26,200 31 
Hong Kong 324,000 400 578,000 401 
India 137,000 21 189,000 24 
Israel 546,000 558 776,000 734 
Japan 106,000 139 79,500 70 
Russia 569 4 577 (3/) 
Singapore 18,100 55 18,000 44 
Switzerland 50,500 234 62,300 185 
Thailand 95,000 42 101,000 24 
United Arab Emirates 6,320 7 59,700 13 
United Kingdom 31,900 94 27,200 87 
Other 40,900 32 41,500 a3 
Total 2,090,000 2,230 2,950,000 2,320 


1/ Data are rounded to three significant digits; may not add to totals shown. 


2/ Customs value. 
3/ Less than 1/2 unit. 


Source: Bureau of the Census. 


U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY 1/ 


TABLE 7 


1/ Data are rounded to three significant digits; may not add to totals shown. 
2/ Customs value. 

3/ Includes some natural advanced diamond. 

4/ Less than 1/2 unit. 

5/ Formerly Zaire. 


Source: Bureau of the Census. 


1996 1997 
Quantity Value 2/ Quantity Value 2/ 
Kind, range, and country of origin (carat) (millions) (carat) (millions) 
Rough or uncut, natural: 3/ 
Australia 74,600 $1 1,320 (4/) 
Belgium 277,000 149 585,000 $110 
Brazil 38,500 5 26,000 11 
Congo (Brazzaville) 13,100 18 11,600 13 
Congo (Kinshasa) 5/ 92,000 84 87,100 88 
Ghana 157,000 105 195,000 97 
Guinea 1,220 2 8,170 10 
India 11,100 (4/) 110,000 4 
Israel 33,600 34 60,500 47 
Russia 34 (4/) 29,800 1 
Sierra Leone 15,000 19 13,900 16 
South Africa 21,900 33 120,000 40 
Switzerland 20,900 44 7,360 12 
United Kingdom 658,000 200 652,000 186 
Venezuela 11,300 2 13,300 3 
Other 22,200 1/ 36 1/ 17,300 9 
Total 1,450,000 731 1,940,000 646 
Cut but unset, not more than 0.5 carat: 
Belgium 841,000 232 779,000 213 
Brazil 9,490 3 2,960 2 
Canada 18,000 4 5,050 1 
Germany 6,240 1 5,370 4 
Hong Kong 358,000 68 419,000 77 
India 7,140,000 1,250 7,790,000 1,320 
Israel 890,000 387 1,010,000 568 
Japan 7,980 2: 7,000 4 
South Africa 5,350 7 4,480 4 
Switzerland 7,420 2 23,600 6 
Thailand 54,600 8 57,100 11 
United Kingdom 1,450 1 1,200 1 
Other 49,400 r/ 20 1/ 51,100 12 
Total 9,390,000 1,980 10,200,000 2,230 
Cut but unset, over 0.5 carat: 
Belgium 833,000 1,190 989,000 1,470 
Botswana 14,300 8 15,200 9 
Canada 4,220 6 2,660 7 
France 2,680 10 1,760 8 
Hong Kong 48,300 60 62,900 83 
India 259,000 151 375,000 260 
Israel 1,580,000 2,020 1,690,000 2,390 
Japan 1,270 2 5,800 17 
Russia 39,400 53 44,100 41 
Singapore 1,660 9 S75 4 
South Africa 15,800 52 25,200 106 
Switzerland 16,100 163 30,400 235 
Thailand 15,200 29 11,000 11 
United Kingdom 6,820 53 12,300 32 
Other 30,200 1/ 47 t/ 22,300 37 
Total 2,870,000 3,850 3,280,000 4,720 
1/ Revised. 


TABLE 8 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN DIAMOND, BY KIND AND COUNTRY 1/ 


1996 1997 
Quantity Value 2/ Quantity Value 2/ 
Kind and country (carats) (millions) (carats) (millions) 
Emerald: 
Belgium 13,900 $2 10,500 $3 
Brazil 4,340,000 7 493,000 6 
Canada 15,600 1 1,950 (3/) 
China 1,550 (3/) 32 (3/) 
Colombia 968,000 74 1,430,000 80 
France 3,340 2 4,380 1 
Germany 13,900 2 30,500 3 
Hong Kong 304,000 17 356,000 18 
India 3,280,000 39 2,830,000 45 
Israel 401,000 26 162,000 23 
Japan 3,020 1 4,590 (3/) 
South Africa 1,370 (3/) 17,700 (3/) 
Switzerland 89,800 18 71,300 25 
Taiwan 207 (3/) 247 (3/) 
Thailand 358,000 8 448,000 7 
United Kingdom 2,330 3 3,600 2 
Other 145,000 1/ 4 t/ 96,900 3 
Total 9,930,000 203 5,960,000 217 
Ruby: 
Belgium 11,000 1 2,100 1 
Brazil 11,300 (3/) 5,550 (3/) 
Burma 189 1 29,700 3 
Canada 9,540 (3/) 1,010 (3/) 
China 9,020 (3/) 14,200 (3/) 
Colombia 423 (3/) 613 (3/) 
France 1,260 1 366 (3/) 
Germany 31,000 1 71,000 2 
Hong Kong 377,000 Lt 404,000 11 
India 2,340,000 6 1,480,000 8 
Israel 25,400 1 218,000 1 
Japan 2,240 (3/) 1,140 (3/) 
Switzerland 14,900 17 69,400 30 
Thailand 3,010,000 44 2,830,000 48 
United Kingdom 3,370 4 5,780 4 
Other 57,000 1/ 2 t/ 233,000 2 
Total 5,910,000 86 5,360,000 111 
Sapphire: 
Australia 9,190 (3/) 103,000 2 
Belgium 25,900 1 3,480 (3/) 
Brazil 8,190 (3/) 5,470 (3/) 
Burma 539 1 331 1 
Canada 4,840 (3/) 1,680 (3/) 
China 506,000 1 64,100 (3/) 
Colombia 395 (3/) 3,690 (3/) 
France 738 1 337 (3/) 
Germany 64,500 2 101,000 2 
Hong Kong 298,000 6 246,000 7 
India 682,000 2 354,000 3 
Israel 67,800 3 99,600 2 
Japan 1,640 (3/) 6,220 (3/) 
Singapore 84 1 36 (3/) 
Sri Lanka (ceylon) 864,000 10 616,000 12 
Switzerland 23,100 10 349,000 20 
Tanzania 3,010 (3/) -- -- 
Thailand 5,920,000 55 4,450,000 64 
United Kingdom 8,030 3 8,990 6 


See footnotes at end of table. 


TABLE 8--Continued 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN DIAMOND, BY KIND AND COUNTRY 1/ 


1996 1997 
Quantity Value 2/ Quantity Value 2/ 
Kind and country (carats) (millions) (carats) (millions) 
Sapphire: (continued) 
Other 37,700 r/ $1 r/ 243,000 $3 
Total 8,530,000 95 6,660,000 124 
Other: 
Rough, uncut: 

Australia NA 4 NA 3 
Brazil NA 21 NA 23 
China NA if NA 8 
Colombia NA 1 NA 1 
Fiji NA 1 NA 1 
Hong Kong NA 1 NA 1 
India NA 1 NA 1 
Kenya NA 2 NA 1 
Nigeria NA (3/) NA (3/) 
Pakistan NA (3/) NA 1 
Philippines NA 1 NA 1 
Russia NA (3/) NA (3/) 
South Africa NA (3/) NA 1 
Switzerland NA (3/) NA 1 
Taiwan NA 4 NA 12 
Tanzania NA 1 NA 2 
Thailand NA 1 NA 1 
United Kingdom NA 1 NA 1 
Zambia NA 2 NA 3 
Other NA a af NA 8 
Total NA 50 NA 70 

Cut, set and unset: 
Australia NA ) NA 8 
Brazil NA 8 NA 10 
Canada NA (3/) NA (3/) 
China NA P) NA 7 
French Polynesia NA 4 NA 5 
Germany NA 11 NA 9 
Hong Kong NA 24 NA 31 
India NA 18 NA 26 
Israel NA 5 NA 5 
Japan NA 20 NA 10 
Kenya NA 1 NA 2 
Sri Lanka (ceylon) NA 3 NA 3 
Switzerland NA 2 NA 2 
Taiwan NA 2 NA 2 
Tanzania NA 2 NA 3 
Thailand NA 25 NA 28 
United Kingdom NA 1 NA 2 
Other NA 4 NA 4 
Total NA 138 NA 155 


t/ Revised. NA Not available. 


1/ Data are rounded to three significant digits; may not add to totals shown. 


2/ Customs value. 


3/ Less than 1/2 unit. 


Source: Bureau of the Census. 


TABLE 9 


VALUE OF U.S. IMPORTS OF SYNTHETIC AND IMITATION 


GEMSTONES, BY COUNTRY 1/ 


(Thousand dollars) 2/ 
Country 1996 1997 
Synthetic, cut but unset: 
Australia 768 386 
Austria 5,320 6,250 
Brazil 116 176 
China 4,880 10,100 
France 1,090 1,120 
Germany 12,100 11,500 
Hong Kong 2,060 2,010 
India 1,000 1,130 
Italy 318 123 
Japan 03 138 
Korea, Republic of 1,440 1,710 
Spain 83 123 
Sri Lanka (ceylon) 649 674 
Switzerland 3,780 4,930 
Taiwan 376 519 
Thailand 6,410 6,100 
Other 280 t/ 475 
Total 40,700 47,400 
Imitation: 3/ 
Austria 46,200 40,000 
China 414 609 
Czech Republic 17,300 10,500 
Germany 2,360 2,430 
Japan 788 1,190 
Spain 175 317 
Taiwan 214 304 
Other 1,090 r/ 1,240 
Total 68,500 56,600 
1/ Revised. 


1/ Data are rounded to three significant digits; may not add to totals shown. 


2/ Customs value. 
3/ Includes pearls. 


Source: Bureau of the Census. 


TABLE 10 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES 1/ 


(Thousand carats and thousand dollars) 


1996 1997 
Stones Quantity Value 2/ Quantity Value 2/ 
Diamonds: 
Rough or uncut 1,450 731,000 1,940 646,000 
Cut but unset 12,300 5,830,000 13,400 6,950,000 
Emeralds, cut but unset 9,930 203,000 5,960 217,000 
Coral and similar materials, unworked NA 6,340 NA 6,080 
Rubies and sapphires, cut but unset 14,400 181,000 12,000 235,000 
Pearls: 
Natural NA 1,100 NA 785 
Cultured NA 31,800 NA 34,000 
Imitation NA 1,740 NA 2,210 
Other precious and semiprecious stones: 
Rough, uncut 1,610,000 37,400 1,180,000 57,900 
Cut, set and unset NA 105,000 NA 120,000 
Other NA 6,320 NA 5,640 
Synthetic: 
Cut but unset 174,000 40,700 230,000 47,400 
Other NA 3,800 NA 6,040 
Imitation gemstone 3/ NA 66,800 NA 54,400 
Total XX 7,240,000 XX 8,380,000 


NA Not available. XX Not applicable. 
1/ Data are rounded to three significant digits; may not add to totals shown. 


2/ Customs value. 
3/ Does not include pearls. 


TABLE 11 
NATURAL DIAMOND: ESTIMATED WORLD PRODUCTION, BY TYPE AND COUNTRY 1/ 2/ 


(Thousand carats) 


Country 1993 1994 1995 1996 1997 
Gemstones: 3/ 

Angola 130 270 2,600 1/ 2,250 t/ 1,110 
Australia 18,800 19,500 18,300 18,897 4/ 18,100 
Botswana 10,300 10,550 4/ 11,500 12,700 t/ 13,000 
Brazil 1,000 300 676 1/ 4/ 200 r/ 300 
Central African Republic 370 4/ AQ1 t/ 400 350 400 
China 230 230 230 230 230 
Congo (Kinshasa) 5/ 2,010 4,000 4,000 3,600 1/ 2,500 
Ghana 106 4/ 118 4/ 126 142 r/ 140 
Guinea 134 306 274 165 160 
Liberia 60 40 60 60 60 
Namibia 1,120 1,312 4/ 1,382 4/ 1,420 1/ 1,500 
Russia 8,000 8,500 9,000 9,250 9,550 
Sierra Leone 90 155 113 162 4/ 110 
South Africa 4,600 5,050 5,070 4,280 r/ 4,380 
Venezuela 267 t/ 380 r/ 125 r/ 105 r/ 100 
Zimbabwe 26 104 114 300 t/ 350 
Other 101 r/ 180 1/ 183 r/ 231 r/ 235 
Total 47,400 t/ 51,400 54,200 t/ 54,400 t/ 52,200 

Industrial: 
Angola 15 30 300 250 t/ 124 
Australia 23,000 23,800 22,400 23,096 4/ 22,100 
Botswana 4,420 5,000 5,300 5,000 5,000 
Brazil 600 600 600 600 600 
Central African Republic 125 131 130 120 100 
China 850 850 900 900 900 
Congo (Kinshasa) 5/ 13,600 13,000 13,000 17,000 r/ 12,500 
Ghana 484 4/ 473 4/ 505 573 1/ 560 
Guinea 33 75 91 40 40 
Liberia 90 60 90 90 90 
Russia 8,000 8,500 9,000 9,250 9,550 
Sierra Leone 68 100 101 108 90 
South Africa 5,700 5,800 5,880 5,670 t/ 5,790 
Venezuela 144 1/ 203 t/ 66 r/ 55 r/ 50 
Zimbabwe 18 69 90 137 t/ 100 
Other 117 1/ 96 1/ 127 t/ 149 r/ 151 
Total 57,300 t/ 58,800 1/ 58,600 63,000 r/ 57,700 
Grand total 105,000 110,000 113,000 117,000 110,000 

1/ Revised. 


1/ World totals and estimated data are rounded to three significant digits; may not add to totals shown. 
2/ Table includes data available through May 27, 1998. 

3/ Includes near-gem and cheap-gem qualities. 

4/ Reported figure. 

5/ Formerly Zaire. 
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Domestic Production and Use: Domestic commercial gemstone production includes amber, agates, beryls, coral, 
freshwater pearls, garnets, jade, jasper, mother-of-pearl, opals, quartz, sapphire, topaz, turquoise, and many other gem 
materials. Output of natural gemstones was primarily from Tennessee, Alabama, Arkansas, Oregon, North Carolina, 
and Arizona. Reported output of synthetic gemstones was from nine firms in California, New York, Michigan, Arizona, 
and New Jersey. There was considerable production of freshwater pearls in Tennessee; turquoise in Arizona and 
Nevada; beryl, tourmaline, and amethyst in Maine; tourmaline, beryl, Kunzite, and garnet in California; and sapphire in 
Montana. Major uses were jewelry, carvings, and gem and mineral collections. 


Salient Statistics—United States: 1992 1993 1994 1995 1996° 
Production:* Natural® 66.2 57.7 50.5 60.0 62.0 
Synthetic 18.9 18.1 22.2 26.0 26.0 
Imports for consumption 4,950 5,850 6,440 6,540 7,140 
Exports, including reexports 1,450 1,630 2,240 2,520 2,660 
Consumption, apparent 3,480 4,300 4,270 4,110 4,570 
Price Variable, depending on size, type, and quality 
Stocks, yearend* NA NA NA NA NA 
Employment, mine,? number 800 1,000 1,000 850 850 
Net import reliance® as a percent 
of apparent consumption 98 98 98 98 98 


Recycling: Insignificant. 


Import Sources (1992-95 by value): Israel, 30%; Belgium, 22%; India, 21%; United Kingdom, 4%; and other, 23%. 
Diamond imports were about 90% of the total value of gem imports. 


Tariff: Item Number Most favored nation (MFN) Non-MFN’ 
12/31/96 12/31/96 

Diamonds, unworked or sawn 7102.31.0000 Free Free. 

Diamond, 2 carat or less 7102.39.0010 Free 10% ad val. 
Diamond, cut, more than 2 carat 7102.39.0050 Free 10% ad val. 
Precious stones, unworked 7103.10.2000 Free Free. 

Precious stones, simply sawn 7103.10.4000 16.8% ad val. 50% ad val. 
Rubies, cut 7103.91.0010 Free 10% ad val. 
Sapphires, cut 7103.91.0020 Free 10% ad val. 
Emeralds, cut 7103.91.0030 Free 10% ad val. 
Other precious, cut but not set 7103.99.1000 1.3% ad val. 10% ad val. 
Other precious stones, other 7103.99.5000 16.8% ad val. 50% ad val. 
Imitation precious stones 7018.10.2000 1.7% ad val. 20% ad val. 
Synthetic cut, but not set 7104.90.1000 1.9% ad val. 10% ad val. 
Pearls, natural 7101.10.0000 Free 10% ad val. 
Pearls, cultured 7101.21.0000 1.3% ad val. 10 % ad val. 
Pearls, imitation not strung 7018.10.1000 6.4% ad val 60% ad val. 


Depletion Allowance: 14% (Domestic), 14% (Foreign). 


Government Stockpile: The National Defense Stockpile (NDS) does not contain an inventory of gemstones per se. 
However, portions of the industrial diamond inventory are of near-gem or gem quality. Additionally, the beryl and quartz 
inventories contain some gem-quality materials, and the inventory of synthetic ruby and sapphire could be used by the 
gem industry. The Defense Logistics Agency is currently disposing of materials from the NDS. 


Prepared by Ronald F. Balazik, (703) 648-7721 [Fax: (703) 648-7722]. 
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Events, Trends, and Issues: A notable change in U.S. gem diamond production may be developing. Except for a few 
gem diamonds found each year in Arkansas, U.S. diamond output has been negligible. However, test mining for 
diamonds has been conducted near the Colorado-Wyoming border, and a plant with the capacity to produce 100,000 
carats per year was completed in the area during 1996. Exploration for diamonds also has been underway in other 
States (e.g., Alaska, Arkansas, Michigan, Minnesota, and Wisconsin). 


Demand for gemstones, including synthetics and simulants, is expected to increase in the United States and other 
industrialized nations as personal disposable income rises. A survey conducted by a domestic jewelry retailers 
association indicates that (in decreasing order of preference) diamonds, emeralds, sapphires, and rubies were the 
favorite gemstone jewelry of U.S. consumers. 


World Mine Production.® Reserves. and Reserve Base: 


Mine production Reserves and reserve base” 
1995 1996° 
United States —_ —_— World reserves and reserve base of 
Angola 450 650 gem diamond are substantial. No 
Australia 18,300 20,000 reserves or reserve base data are 
Botswana 11,500 11,500 available for other gemstones. 
Brazil 600 600 
Central African Republic 400 400 
China 230 250 
Ghana 580 600 
Namibia 1,380 1,300 
Russia 9,000 9,000 
Sierra Leone 113 200 
South Africa 4,300 4,500 
Venezuela 229 200 
Zaire 4,000 4,000 
Other countries 820 800 
World total (may be rounded) 51,900 54,000 


World Resources: Most of the world gem diamond reserves are in southern Africa, Russia, and Western Australia. 
Estimation of a reserve base is difficult to determine because of the changing economic evaluation of near-gem 
materials and new discoveries in Australia, Canada, and Russia. 


Substitutes: Plastics, glass, metals, wood, paper, and other materials are substituted for gemstones. Synthetic 
materials that have the same appearance and chemical and physical properties are substituted for natural gemstones. 
Simulants, materials with a similar appearance but with different chemical and physical properties, also are substituted 
for natural gemstones. 


“Estimated. NA Not available. 

‘Excludes industrial diamond and garnet. See Diamond (Industrial) and Garnet (Industrial). 

“Reported and estimated minimum production only. 

Natural includes production of freshwater pearls, natural and cultured. 

“Stock data are not available and are assumed to be zero for apparent consumption and net import reliance calculation. 
°Estimate includes operators of fee site deposits. 

®Defined as imports - exports + adjustments for Government and industry stock changes. 

“See Appendix B. 

8Data in thousands of carats of gem diamond. 

°See Appendix C for definitions. 


U.S. Geological Survey, Mineral Commodity Summaries, February 1997 


GEMSTONES 


By Ronald F. Balazik 


Domestic survey data and tables were prepared by Christine K. Pisut, statistical assistant, and the world production table 
was prepared by Glenn J. Wallace, international data coordinator. 


Gemstones have been used as symbols of beauty, wealth, and 
status since prehistoric times (Schumann, 1998). Amber, for 
example, has been mined for use as a gem since before 25,000 
B.C. The oldest names for gems can be traced back to ancient 
China, Greece, and Rome. 

Regardless of their long history, however, gems and 
gemstones have no single, precise definition that is generally 
accepted. According to Webster’s New International 
Dictionary (1961, p. 1,042), a gem is “Any jewel, whether 
stone, pearl or the like, having value and beauty that are 
intrinsic and not derived from its setting; a precious or, 
sometimes, a semiprecious stone cut and polished for ornament. 
A semiprecious stone of value because it is carved or engraved, 
as acameo or intaglio.” Additionally, the dictionary states that 
a gemstone is “Any mineral or petrified material which can, 
when cut and polished, be used in jewelry” (Webster’s New 
International Dictionary, 1961, p. 1,043). 

For this report, the terms “gem” and “gemstone” mean any 
mineral or organic material (e.g., pearl and petrified wood) 
used for personal adornment, display, or object of art because it 
possesses beauty, rarity, and durability. Of the 2,700 mineral 
species, only about 100 possess all these attributes. Silicates 
compose the largest group of gemstones; oxides and quartz 
compose the second largest (table 1). A further refinement of 
“gemstone” is “colored gemstone,” which in this report 
designates all nondiamond gems, including amber, coral, and 
shell. In addition, synthetic gems, cultured pearl, and gem 
simulants are discussed below but are treated separately from 
natural gemstones (table 2). 


Production 


Commercial mining of gemstones has never been extensive 
in the United States. More than 60 different gemstones have 
been produced commercially from domestic mines, but most of 
the deposits have been relatively small compared with many 
other mining operations. In many instances, moreover, 
contemporary gemstone mining in the country is conducted by 
hobbyists, collectors, and gem clubs rather than business 
organizations. 

The commercial gemstone industry in the United States 
consists of several distinct sectors: (1) individuals and 
companies that mine gemstones or harvest shell and pearl, (2) 
firms that manufacture synthetic gemstones, and (3) individuals 
and companies that cut natural and synthetic gemstones. The 
domestic gemstone industry is focused on the production of 
colored gemstones and the cutting of large diamonds. Industry 
employment is estimated to range from 1,000 to 1,500 workers 
(U.S. International Trade Commission, 1997, p. 1). 

Most natural gemstone producers in the United States are 
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small businesses that are widely dispersed and operate 
independently. The small producers probably have an average 
of less than three employees, including those who only work 
part time. The number of gemstone mines operating from year 
to year fluctuates because the inherent uncertainty associated 
with the discovery and marketing of gem-quality minerals 
makes it difficult to obtain financing for developing and 
sustaining economically viable deposits (U.S. International 
Trade Commission, 1997, p. 23). 

The total value of natural gemstones produced in the United 
States during 1998 was estimated to be at least $14.3 million 
(table 3). This production value was significantly less than that 
of the preceding year primarily because foreign markets for 
U.S. shell material decreased, particularly in Japan where the 
operations of cultured pearl producers that use the shell for 
pearl nuclei were adversely affected by declining markets in 
Southeast Asia, high mortality of pearl oysters, and competition 
from China (Jewelers’ Circular Keystone, 1998c; Jewellery 
News Asia, 1998b). Unless new markets are acquired, shell 
production in the United States may not recover for many 
years; China, however, has the potential to become a larger 
U.S. market and, thereby, could help to offset the losses in 
Japan (Jewelers’ Circular Keystone, 1998b). 

The estimate of 1998 U.S. gemstone production was based on 
a survey of more than 200 domestic gemstone producers 
conducted by the U.S. Geological Survey (USGS). The survey 
provided a foundation for projecting the scope and level of 
domestic gemstone production during the year. The survey, 
however, did not represent all gemstone activity in the United 
States, including thousands of professional and amateur 
collectors. Consequently, the USGS supplemented its survey 
with estimates of domestic gemstone production from related 
published data, contacts with gem dealers and collectors, and 
information garnered at gem and mineral shows. 

Natural gem materials indigenous to the United States are 
collected, produced, and/or marketed in every State. Only four 
States, however, accounted for more than two-thirds of the total 
value of production in 1998, as reported by survey respondents. 
These States were (in descending order of reported production 
value) Tennessee, Arizona, California, and Oregon. Certain 
States are best known for the production of a single gem 
material; for example, Kentucky and Tennessee (for freshwater 
shell). Other States, however, have a wide array of gemstones. 
For example, Arizona gemstone deposits include agate, 
amethyst, azurite, chrysocolla, fire agate, garnet, jade, 
malachite, obsidian, onyx, peridot, petrified wood, opal, 
smithsonite, and turquoise. A great variety of gemstones also 
are found in California, Idaho, Montana, and North Carolina. 
High-quality emeralds reportedly were discovered in North 
Carolina during 1998 (Jewelers’ Circular Keystone, 1999a). 
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Following considerable attention in recent years, new U.S. 
diamond production declined and was virtually nonexistent in 
1998. During the year, Colorado’s Kelsey Lake diamond mine, 
which became North America’s first commercial diamond 
producer in almost a century when it opened in 1995, ceased 
production and was offered for sale (Shor, 1998; Maria Musso, 
Redaurum Limited, oral commun., 1999). Nevertheless, 
further exploration for diamond continued in the Kelsey Lake 
area and in other parts of Colorado during 1998. The only 
other significant diamond-bearing area known in the United 
States is in Crater of Diamonds Park near Murfreesboro, AR, 
where a dig-for-fee operation for tourists is maintained by the 
State. An Arkansas law prohibiting commercial diamond 
mining in the park was debated in the State legislature during 
1998 and was enacted early in 1999 (Diamond Registry 
Bulletin, 1999b). 

In addition to natural gemstones, synthetic gems and 
gemstone simulants are produced in the United States. 
Synthetic gemstones have the same optical, physical, and 
chemical properties as the natural materials that they appear to 
be. Simulants have an appearance similar to that of a natural 
gem material but have different optical, physical, and chemical 
properties. Synthetic gemstones produced in the United States 
include alexandrite, emerald, ruby, sapphire, turquoise, and 
zirconia. The major simulants produced in the United States 
are colored and colorless varieties of cubic zirconia. Simulants 
of coral, lapis lazuli, malachite, and turquoise also are 
manufactured. In addition, certain colors of synthetic sapphire 
and spinel, used to represent other gemstones, are classified as 
simulants. 

Synthetic gem production in the United States exceeded $24 
million during 1998; simulant gemstone output was even 
greater—estimated to be well over $100 million. Six firms in 
five States, representing virtually all the U.S. synthetic gem 
industry, reported production to the USGS in 1998. In 
descending order of production value, the States with reported 
synthetic output were New York, California, North Carolina, 
Arizona, and Michigan. Some of the producers are attempting 
to produce synthetic gem-quality diamond (Tom Chatham, 
Chatham Created Gems, oral commun., 1998). 

During 1998, a North Carolina firm began marketing 
moissanite, a gem-quality silicon carbide that it produces (C3 
Inc., 1998). According to published reports, the moissanite is 
an excellent diamond simulant, but has been marketed for its 
other gem qualities as well. 


Consumption 


Although the United States accounts for less than 1% of total 
global gem production, it is the world’s leading gemstone 
market. On the basis of indicators, such as trade data and 
income growth rates, U.S. gemstone markets—bolstered by 
strong demand among consumers with increasing personal 
wealth and growing discretionary income—apparently 
accounted for at least 35% of world gem demand in 1998. The 
U.S. market for unset gem diamonds during the year was 
estimated to have exceeded $8 billion, the largest in the world. 
Domestic markets for natural, unset nondiamond gemstones 
totaled more than $650 million. 

In addition to jewelry, gemstones are used for collections, 
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exhibits, and decorative art objects. According to a poll 
conducted by a U.S. jewelry retailers association in the mid- 
1990’s, about two-thirds of domestic consumers who were 
surveyed preferred diamond as their favorite gemstone; most 
others chose, in descending order, emeralds, sapphires, and 
rubies ICA Gazette, 1996). 


Prices 


Gemstone prices are governed by many factors and 
qualitative characteristics, including beauty, clarity, defects, 
demand, and rarity. Diamond pricing in particular is complex; 
values can vary significantly depending on time, place, and the 
subjective evaluations of buyers and sellers. There are more 
than 14,000 categories used to assess rough diamond and 
perhaps 100,000 price points for polished diamond alone 
(Pearson, 1998). 

Colored gemstone prices are generally influenced by market 
supply-and-demand considerations, and diamond prices are 
supported by producer controls on the quantity and quality of 
supply. Values and prices of gemstones produced and/or sold 
in the United States are shown in tables 3 through 5. In 
addition, customs values for diamonds and other gemstones 
imported and exported/reexported are shown in tables 6 
through 10. 

DeBeers Consolidated Mines Limited in South Africa is a 
significant force affecting gem diamond prices worldwide 
because it mines about one-half the diamonds produced each 
year and controls at least three-quarters of global raw diamond 
supply through its Central Selling Organization (CSO), which 
has marketing agreements with other producers. Estimates 
based on the reported output of major diamond mines in 1998 
indicate that the average value of all diamond produced during 
the year was about $55 per carat; by country, the average value 
per carat ranged from about $10 in Australia to more than $270 
in Namibia (Rombout, 1999). 


Foreign Trade 


Several export and import measures demonstrate the 
significance of the United States in world gemstone trade. 
During 1998, total U.S. gemstones trade with all countries and 
territories exceeded $11.6 billion; diamonds accounted for 96% 
of the total. In 1998, U.S. exports/reexports of diamond were 
shipped to 63 countries/territories, and imports of all gemstones 
were received from 98 countries/territories (tables 6-10). 

During 1998, U.S. trade in cut diamonds reached 
unprecedented levels; the country continued to be the world’s 
leading diamond importer and set export records as well. 
Record high imports were attributed to a strong U.S. economy 
that boosted domestic demand for diamond jewelry among 
consumers with increasing personal wealth and more 
discretionary income. 

The United States is a significant international diamond 
transit center as well as the world’s largest gem diamond 
market. The large volume of reexports (table 6) shipped to 
other centers reveals the significance that the United States has 
in the world’s diamond supply network. 

Synthetic gemstones became more prominent trade issues for 
the United States in 1998. Imports of synthetic gems 
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(particularly from China, Russia, and Taiwan) reportedly 
increased during the year. Prices of certain synthetic gem 
imports, such as amethyst, were very competitive (Mike 
Romanella, Commercial Mineral Company, oral commun., 
1999). The marketing of synthetic imports as natural 
gemstones has become a serious problem for some domestic 
producers (Tom Chatham, Chatham Created Gems, Inc., oral 
commun., 1998). 

During 1998, the Office of the United States Trade 
Representative, assisted by the USGS, continued negotiations 
with 17 Asian and Pacific Rim Governments to reduce barriers 
in gemstone trade (AJM, 1998). The negotiations, still 
underway at yearend, focused on tariffs and other barriers to 
international trade. 


World Review 


The gemstone industry worldwide is comprised of two 
distinctly different sectors: (1) diamond mining and marketing, 
and (2) the production and sale of colored gemstones. Most 
diamond supplies are controlled by a few major mining 
companies; prices are supported by managing the quantity and 
quality of the gems relative to demand, a function performed by 
DeBeers through its CSO. Unlike diamonds, colored 
gemstones are primarily produced at relatively small, low-cost 
operations with few dominant producers; prices are influenced 
by consumer demand in addition to supply availability. 

In 1998, world diamond production totaled at least 115 
million carats with an estimated value of more than $7 billion 
(table 11). Some estimates of worldwide diamond mine output 
(including industrial-quality diamonds) in 1998 ranged up to 
126 million carats (Mining Journal, 1999). Most production 
was concentrated in a few regions—Africa (Angola, Botswana, 
Namibia, South Africa, and Zaire); Asia (northeastern Siberia 
and Yakutia in Russia); Australia; and South America (Brazil 
and Venezuela). In 1998, Botswana was the world’s leading 
diamond producer in terms of output value; Australia, which 
increased its output significantly during the year, led in 
quantity of production (Diamond Registry Bulletin, 1998a). 

Sales of rough diamond by the CSO in 1998 were only $3.3 
billion, 28% below sales during 1997 and almost one-third less 
than the record high sales of 1996 (Diamond Registry Bulletin, 
1999a). The sales loss reflected reduced demand in the markets 
of Japan and several Southeast Asian countries, which 
experienced severe declines in their national economies. In 
order to stabilize and support prices, the CSO reduced its 
supply of diamonds for worldwide markets to its lowest level in 
6 years (Jewellery News Asia, 1999c). Strong market demand 
in the United States helped the CSO and other suppliers 
compensate for the Asian decline; domestic diamond jewelry 
sales alone grew by 9% and reached a record high in 1998, the 
seventh consecutive year sales have risen (Jewelers’ Circular 
Keystone, 1999b; Rapaport Diamond Report, 1999). Demand 
in the United States for rough diamond equated to almost one- 
fifth of CSO sales during the year. 

Additional events in 1998 significant to diamond mining and 
marketing worldwide include the following: 

! Russia extended its diamond supply contract (covering 8% 
to 15% of world production) with DeBeers for three more years 
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(Diamond Registry Bulletin, 1998c). 

! Canada’s first commercial diamond mine opened amid 
expectations that it would make Canada a major diamond 
producer (Diamond Registry Bulletin, 1998b). The new mine 
is expected to account for about 6% of world diamond output 
value when it reaches full production levels in 1999 (Diamond 
Registry Bulletin, 1998b). One-third of the mine’s output will 
be marketed by DeBeers through the CSO (Jewellery News 
Asia, 1999a). 

! Civil wars afflicting several nations in central Africa 
continued to threaten the viability of significant diamond- 
producing areas in the region. In 1998, the USGS helped the 
U.S. Department of State assess issues concerning diamond 
mining and the hostilities in central Africa. 

! China, with a potential market of more than 1 billion 
consumers, began to establish its first international diamond 
exchange and a free trade zone for diamonds (Jewellery News 
Asia, 1998c and 1999b). 

! Some governments (e.g., Belgium’s parliament) considered 
stronger regulatory regimes for their diamond industries 
(Diamond International, 1998). 

Worldwide production of natural gemstones other than 
diamond was estimated to have exceeded $2 billion per year in 
the late 1990’s. Most nondiamond gemstone mines are small, 
low-cost, and widely dispersed operations in remote regions of 
developing nations. Foreign countries with major gemstone 
deposits other than diamond are Afghanistan (beryl, ruby, and 
tourmaline); Australia (beryl, opal, and sapphire); Brazil 
(agate, amethyst, beryl, ruby, sapphire, topaz, and tourmaline); 
Burma (beryl, jade, ruby, sapphire, and topaz); Colombia 
(beryl, emerald, and sapphire); Kenya (beryl, garnet, and 
sapphire); Madagascar (beryl, rose quartz, sapphire, and 
tourmaline); Mexico (agate, opal, and topaz); Sri Lanka (beryl, 
ruby, sapphire, and topaz); Tanzania (garnet, ruby, sapphire, 
tanzanite, and tourmaline); and Zambia (amethyst and beryl). 
In addition, pearls are cultured throughout the South Pacific 
and in other equatorial waters; Australia, China, and Japan are 
key producers. 

Like the diamond industry, colored gemstone producers 
attempted to recover from the weakened markets created by the 
Asian economic crisis of 1997-98. Mining and sales reportedly 
were disrupted in many nations, particularly in southeast Asia. 
Prices of high-quality colored gemstones, however, did not 
decline dramatically (Cavey, 1998). 

Additional noteworthy events in the colored gemstone 
industry during 1998 included the following: 

! Proposals to establish the world’s first emerald exchange 
were considered at a Government-sponsored conference in 
Colombia (Mining Journal, 1998). 

! Like diamonds, the introduction and proliferation of new 
synthetic gem-quality materials and simulants—as well as 
treatment processes to enhance gemstone attributes 
artificially—continued to raise issues and controversies 
regarding standards for disclosure to consumers. 

! As the Japanese pearl industry continued to suffer losses, a 
potentially significant cultured pearl industry that emerged in 
China during the 1990’s was able to maintain its 10% annual 
growth rate (Jewelers’ Circular Keystone, 1998a; Jewellery 
News Asia, 1998a). 
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Outlook 


The collapse of several important diamond markets in recent 
years reminds gemstone industry forecasters that market 
strength ultimately is sustained by consumer demand, not 
supply constraints. Because gemstone markets are concerned 
with luxury merchandise, they must rely on the growth of 
personal wealth and discretionary income levels among 
consumers who make choices among nonessential goods in the 
marketplace.' Fortunately for producers of precious gems, 
long-term economic forecasts predict continued growth of 
discretionary income in the industrialized world, and anticipate 
even higher growth rates in developing countries, such as 
China and other Asian nations. 

The recovery of diamond markets in the next few years, 
however, may be slow. Buoyed by U.S. demand, CSO sales are 
expected to rebound and reach $3.8 billion in 1999 (Paribas 
Group, 1998). Nevertheless, this achievement is well below the 
successes enjoyed by DeBeers in recent years. Diversification 
of markets, with less reliance on U.S. consumption, will be the 
key to long-term, steady growth in world demand. 

The ability of the CSO to manage the flow of diamonds to 
world markets also will be a greater challenge for DeBeers in 
the coming decade. Independent producers, such as Argyle 
Diamond Mines in Australia and new mines in Canada, will 
bring a greater measure of competition to global markets. 

More competition presumably will bring more supplies and 
lower prices; at present, however, the actual impact of such 
competition is uncertain. 

Demand for gemstones other than diamond will depend on 
how successfully jewelers promote their alternatives. As the 
jewelry industry consolidates toward fewer, larger companies 
and turns more to mass merchandizing, smaller dealers will 
need to focus on niche markets and target specific demographic 
groups to remain competitive. Numerous synthetics, simulants, 
and treated gems will enter the marketplace and necessitate 
more transparent trade industry standards to maintain customer 
confidence. Russia is expected to become a major source of 
synthetic gems for U.S. markets within a few years. Much 
greater volumes of gem jewelry will be sold via telemarketing 
programs and new electronic media, such as the internet. 
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GEMSTONES— 1998 


TABLE 1 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size 1/ Cost 2/ Mohs gravity Refraction index confused with characters 
Amber Hydrocarbon Yellow, red, green, blue Any Low to 2.0-2.5 1.0-1.1 Single 1.54 Synthetic or pressed Fossil resin, soft. 
medium plastics 
Benitoite Barium titanium Blue, purple, pink, Small to High 6.0-6.5  3.64-3.68 Double —1.76-1.80 Sapphire, tanzanite, Strong blue in ultraviolet light. 
silicate colorless medium blue diamond, blue 
tourmaline 
Beryl: 
Aquamarine Beryllium aluminum Blue-green to light blue Any Mediumto 7.5-8.0  2.63-2.80 do. 1.58 Synthetic spinel, blue = Double refraction, refractive index. 
silicate high topaz 
Bixbite do. do. Small Veryhigh 7.5-8.0 = 2.63-2.80 do. 1.58 Pressed plastics, Refractive index. 
tourmaline 
Emerald do. Green Medium do. 75 2.63-2.80 do. 1.58 | Fused emerald, glass, | Emerald filter, dichroism, refractive 
tourmaline, peridot, index. 
green garnet doublets 
Emerald, synthetic do. do. Small High 7.5-8.0 2.63-2.80 do. 1.58 | Genuine emerald Flaws, brilliant, fluorescence in 
ultraviolet light. 
Golden (heliodor) do. Yellow to golden Any Low to 7.5-8.0 2.63-2.80 do. 1.58 Citrine, topaz, glass, Weak-colored. 
medium doublets 
Goshenite do. do. do. Low 7.5-8.0 2.63-2.80 do. 1.58 Quartz, glass, white Refractive index. 
sapphire, white topaz. 
Morganite do. Pink to rose do. do. 7.5-8.0 2.63-2.80 do. 1.58 Kunzite, tourmaline, Do. 
pink sapphire 
Calcite: 
Marble Calcium carbonate White, pink, red, blue, do. do. 3.0 2.72 Double 1.49-1.66 — Silicates, banded agate, Translucent. 
green, or brown (strong) alabaster gypsum 
Mexican onyx do. do. do. do. 3.0 pe do. 1.60 do. Banded, translucent. 
Chrysoberyl: 
Alexandrite Beryllium aluminate Green by day, red by Small High 8.5 3.50-3.84 Double 1.75 Synthetic Dichroism, inclusions in synthetic 
artificial light (Former sapphire. 
U.S.S.R.) 
Medium 
(Sri Lanka) 
Cats-eye do. Greenish to brownish Small to do. 8.5 3.50-3.84 do. 1.75 Synthetic, shell Gravity and translucence. 
large 
Chrysolite do. Yellow, green, and/or Medium Medium 8.5 3.50-3.84 do. 1.75 Tourmaline, peridot Refractive index, silky. 
brown 
Coral Calcium carbonate Orange, red, white, black, Branching, Low 3.5-4.0 2.6-2.7 do. 1.49-1.66 False coral Dull translucent. 


or green 


medium 


See footnotes at end of table. 


GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


TABLE 1--Continued 


Practical Specific Refractive May be Recognition 
Name Composition Color size 1/ Cost 2/ Mohs gravity Refraction index confused with characters 
Corundum: 
Ruby Aluminum oxide Rose to deep purplish red Small Veryhigh 9.0 3.95-4.10 Double 1.78 Synthetics, including _Inclusions, fluorescence. 
spinel 
Sapphire do. Blue Medium High 9.0 3.95-4.10 do. 1.78 do. Inclusions, double refraction, 
dichroism. 
Sapphire, fancy do. Yellow, pink, white, Medium to Medium 9.0 3.95-4.10 do. 1.78 Synthetics, glass and Inclusions, double refraction, 
orange, green, or violet large doublets refractive index. 
Sapphire and ruby, do. Red, pink, violet, blue, or do. High tolow 9.0 3.95-4.10 do. 1.78 | Star quartz, synthetic | Shows asterism, color side view. 
stars gray stars 
Sapphire or ruby, do. Yellow, pink, or blue Up to 20 Low 9.0 3.95-4.10 do. 1.78 | Synthetic spinel, glass | Curved striae, bubble inclusions. 
synthetic carats 
Diamond Carbon White, blue-white, yellow, Any Very high 10.0 3.516-3.525 Single 2.42 Zircon, titania, cubic High index, dispersion, hardness, 
brown, green, pink, blue zirconia luster. 
Feldspar: 
Amazonite Alkali aluminum Green Large Low 6.0-6.5 2.56 - 1.52 Jade Cleavage, sheen, vitreous to pearly, 
silicate opaque, grid. 
Labradorite do. Gray with blue and do. do. 6.0-6.5 2.56 -- 1.56 do. Do. 
bronze sheen color play 
Moonstone do. Colorless or yellow do. do. 6.0-6.5 2.77 -- 1.52-1.54 Glass Pale sheen, opalescent. 
Garnet Complex silicate Brown, black, yellow, Small to Low to high 6.5-7.5  —3.15-4.30 Single 1.79-1.98 Synthetics, spinel, Single refraction, anomalous strain. 
green, ruby red, or medium strained glass 
orange 
Jade: 
Jadeite do. Green, yellow, black, Large Low to very 6.5-7.0 3.3-3.5 Cryptocry- 1.65-1.68 | Onyx, bowenite, Luster, spectrum, translucent, to 
white, or mauve high stalline vesuvianite, opaque. 
grossularite 
Nephrite Complex hydrous do. do. do. 6.0-6.5  2.96-3.10 do. 1.61-1.63 do. Do. 
silicate 
Opal Hydrous silica Colors flash in white, gray, do. Low to high 5.5-6.5 1.9-2.3 Single 1.45 — Glass, synthetics, Play of color. 
black, red, or yellow triplets 
Pearl Calcium carbonate White, pink, or black Small do. 2.5-4.0 2.6-2.85 -- -- Cultured and imitation Luster, structure, X-ray. 
Peridot Iron magnesium Yellow and/or green Any Medium 6.5-7.0  3.27-3.37 Double —_1.65-1.69 | Tourmaline chrysoberyl Strong double refraction, low 
silicate (strong) dichroism. 


See footnotes at end of table. 


GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


TABLE 1--Continued 


Practical Specific Refractive May be Recognition 
Name Composition Color size 1/ Cost 2/ Mohs gravity Refraction index confused with characters 
Quartz: 
Agate Silica Any color Large Low 7.0 2.58-2.64 -- -- Glass, plastic, Mexican Cryptocrystalline, irregularly 
onyx banded, dendritic inclusions. 
Amethyst do. Purple do. Medium 10 2.65-2.66 Double 1.55 do. Refractive index, double refraction, 
transparent. 
Cairngorm do. Smoky do. Low 7.0 2.65-2.66 do. 1.55 do. Do. 
Citrine do. Yellow do. do. 7.0 2.65-2.66 do. 1.55 do. Do. 
Crystal, rock do. Colorless do. do. 7.0 2.65-2.66 do. 1.55 do. Do. 
Jasper do. Uniform or spotted red, do. do. 7.0 2.58-2.66 - -- do. Opaque, vitreous. 
yellow, or green 
Onyx do. Many colors do. do. 7.0 2.58-2.64 -- -- do. Uniformly banded. 
Rose do. Pink, rose red do. do. 7.0 2.65-2.66 Double 1.55 do. Refractive index, double refraction, 
translucent. 
Spinel Magnesium Any Small to Medium 8.0 3.5-3.7 Single 1.72 Synthetic, garnet Refractive index, single refraction, 
aluminum oxide medium inclusions. 
Spinel, synthetic do. do. Up to 40 Low 8.0 3.5-3.7 Double 1.73 Spinel, corundum, beryl, Weak double refraction, curved 
carats topaz, alexandrite striae, bubbles. 
Spodumene: 
Hiddenite Lithium aluminum Yellow to green Medium Medium 6.5-7.0  3.13-3.20 do. 1.66 Synthetic spinel Refractive index. 
silicate 
Kunzite do. Pink to lilac do. do. 6.5-7.0 3.13-3.20 do. 1.66 Amethyst, morganite Do. 
Tanzanite Complex silicate Blue Small High 6.0-7.0 3.30 do. 1.69 Sapphire, synthetics Strong trichroism. 
Topaz do. White, blue, green Medium Low to 8.0 3.4-3.6 do. 1.62 Beryl, quartz Refractive index. 
medium 
Tourmaline do. All, including mixed do. do. 7.0-7.5 2.98-3.20 do. 1.63 Peridot, beryl, Double refraction, refractive index. 
corundum, glass 
Turquoise Copper aluminum Blue to green Large Low 6.0 2.60-2.83 do. 1.63 — Glass, plastics Difficult if matrix not present, 
phosphate matrix usually limonitic. 
Zircon Zirconium silicate White, blue, or brown, Small to Low to 6.0-7.5 4.0-4.8 Double 1.79-1.98 Diamond, synthetics, Double refraction, strongly dichroic, 
yellow, or green medium medium (strong) topaz, aquamarine wear on facet edges. 


1/ Small, up to 5 carats; medium, up to 50 carats; large, more than 50 carats. 
2/ Low, up to $25 per carat; medium, up to $200 per carat; high, more than $200 per carat. 


TABLE 2 


SYNTHETIC GEMSTONE PRODUCTION METHODS 


Production Date of first 
Gemstone methods Company/producer production 
Alexandrite Flux Creative Crystals Inc. 1970's 
Do. Melt pulling J.O. Crystal Co., Inc. 1990's 
Do. do. Kyocera Corporation 1980's 
Do. Zone melt Seiko Corp. 1980's 
Cubic zirconia Skull melt Various producers 1970's 
Emerald Flux Chatham Created Gems, Inc. 1930's 
Do. do. Gilson 1960's 
Do. do. Kyocera Corporation 1970's 
Do. do. Seiko Corp. 1980's 
Do. do. Lennix 1980's 
Do. do. Russia 1980's 
Do. Hydrothermal Lechleitner 1960's 
Do. do. Regency 1980's 
Do. do. Biron 1980's 
Do. do. Russia 1980's 
Ruby Flux Chatham Created Gems, Inc. 1950's 
Do. do. Kashan 1960's 
Do. do. J.O. Crystal Co., Inc. 1980's 
Do. do. Douras 1990's 
Do. Zone melt Seiko Corp. 1980's 
Do. Melt pulling Kyocera Corporation 1970's 
Do. Verneuil Various producers 1900's 
Sapphire Flux Chatham Created Gems, Inc. 1970's 
Do. Zone melt Seiko Corp. 1980's 
Do. Melt pulling Kyocera Corporation 1980's 
Do. Verneuil Various producers 1900's 
Star ruby do. Linde Air Products Co. 1940's 
Do. Melt pulling Kyocera Corporation 1980's 
Do. do. Nakazumi Crystal Laboratory 1980's 
Star sapphire Verneuil Linde Air Products Co. 1940's 
TABLE 3 


VALUE OF U.S. GEMSTONE PRODUCTION, BY GEMSTONE 1/ 


(Thousand dollars) 

Gem materials 1997 1998 

Agate 218 128 
Beryl 901 1,060 
Coral (all types) 65 76 
Diamond W (2/) 
Garnet 35 66 
Gem feldspar 579 378 
Geode/nodules 100 46 
Opal 341 769 
Quartz 1,130 768 
Sapphire/ruby 964 369 
Shell 11,700 1,150 
Topaz 8 8 
Tourmaline 16 49 
Turquoise 976 837 
Other 7,990 8,610 
Total 25,000 14,300 


W Withheld to avoid disclosing company proprietary data. 
1/ Data are rounded to three significant digits; may not add to totals 


shown. 
2/ Included in "Other." 


TABLE 4 


PRICES OF U.S. CUT DIAMONDS, BY SIZE AND QUALITY 1/ 


Representative prices 


Carat Description, Clarity 2/ January June December 
weight color 3/ (GIA terms) 1998 4/ 1998 5/ 1998 6/ 
0225 G VSI $1,500 $1,500 $1,500 
de) G VS2 1,380 1,380 1,380 
2d G SI 1,130 1,130 1,130 
2 H VSI 1,400 1,400 1,400 
ia) H VS2 1,250 1,250 1,250 
Zo H SI 1,050 1,050 1,050 
50 G VSI 3,300 3,400 3,400 
50 G VS2 2,900 3,000 3,000 
50 G SI 2,500 2,500 2,500 
50 H VSI 2,900 3,000 3,000 
50 H VS2 2,600 2,700 2,700 
50 H Sil 2,400 2,400 2,400 
75, G VSI 3,800 3,800 3,800 
at is) G VS2 3,600 3,600 3,600 
715, G SI 3,300 3,300 3,300 
ae) H VSI 3,650 3,650 3,650 
Ais) H VS2 3,450 3,450 3,450 
ID H SI 3,100 3,100 3,100 
1.00 G VSI 5,500 5,500 5,700 
1.00 G VS2 5,200 5,200 5,300 
1.00 G SI 4,700 4,700 4,800 
1.00 H VSI 5,100 5,100 5,200 
1.00 H VS2 4,900 4,900 4,900 
1.00 H Sil 4,500 4,500 4,500 


1/ Data are rounded to three significant digits. 
2/ Clarity: IF, no blemishes; VVS1, very, very slightly included; VS1, very slightly included; VS2, very 
slightly included, but not visible; SI1, slightly included. 
3/ Gemological Institute of America (GIA) color grades: D, colorless; E, rare white; G - H - I, traces of color. 
4/ Jewelers' Circular Keystone, v. 169, no. 2, February 1998, p. 196. 
5/ Jewelers' Circular Keystone, v. 169, no. 7, July 1998, p. 74. 
6/ Jewelers' Circular Keystone, v. 170, no. 1, January 1999, p. 42. 


TABLE 5 


PRICES PER CARAT OF U.S. CUT COLORED GEMSTONES 


Price range per carat 1/ 


January December 
Gemstone 1998 1998 

Amethyst $7-$16 $7-$16 
Aquamarine 75-190 75-190 
Emerald 750-1,900 900-2,000 
Ruby 1,800-2,900 1,800-2,800 
Sapphire 800-1,800 800-1,800 
Tanzanite 130-200 180-300 


1/ Jewelers' Circular Keystone, v. 169, no. 2, February 1998, p. 196 and 
v. 170, no. 1, January 1999, p. 42. These figures represent a sampling 
of net prices that wholesale colored stone dealers in various U.S. cities 
charged their cash customers during the month for fine-quality stones. 


TABLE 6 


U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF INDUSTRIAL DIAMOND), 


BY COUNTRY 1/ 


1997 1998 
Quantity Value 2/ Quantity Value 2/ 
Country (carats) (millions) (carats) (millions: 
Exports: 

Belgium 20,500 $2 14,800 $6 
Canada 77,500 29 67,100 25 
France 586 2 180 10 
Hong Kong 7,670 20 22,300 5 
India 1,080 1 29,000 2 
Israel 7,890 2 2,770 7 
Japan 5,540 15 7,750 17 
Singapore 1,940 Z 409 (3/) 
Switzerland 9,860 26 5,480 28 
Thailand 616 (3/) 200 (3/) 
United Arab Emirates 2,440 (3/) -- -- 
United Kingdom 2,860 (3/) 6,590 6 
Other 13,900 7 52,500 15 

Total 152,000 108 209,000 123 

Reexports: 

Bahrain 40 (3/) -- -- 
Belgium 822,000 612 852,000 676 
Canada 73,900 32 81,300 39 
France 25,600 30 16,600 27 
Hong Kong 570,000 380 567,000 272 
India 187,000 23 401,000 42 
Israel 768,000 732 846,000 960 
Japan 74,000 55 76,800 58 
Singapore 16,000 42 14,600 oH | 
Switzerland 52,400 159 56,000 164 
Thailand 101,000 24 137,000 22: 
United Arab Emirates 57,300 13 22,700 12 
United Kingdom 24,400 86 79,100 97 
Other 28,100 26 52,800 39 

Total 2,800,000 2,210 3,200,000 2,430 

Grand total 2,950,000 2,320 3,410,000 2,560 


1/ Data are rounded to three significant digits; may not add to totals shown. 


2/ Customs value. 
3/ Less than 1/2 unit. 


Source: Bureau of the Census. 


TABLE 7 
U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY 1/ 


1998 
Quantity Value 2/ Quantity Value 2/ 
Kind, range, and country of origin (carat) (millions) (carat) (millions) 
Rough or uncut, natural: 3/ 
Australia 1,320 (4/) 13,000 (4/) 
Belgium 585,000 $110 306,000 $111 
Brazil 26,000 11 8,990 1 
Congo (Brazzaville) 11,600 13 1,820 2 
Congo (Kinshasa) 5/ 87,100 88 66,300 72 
Ghana 195,000 97 59,900 61 
Guinea 8,170 10 16,800 11 
India 110,000 4 5,320 (4/) 
Israel 60,500 47 30,500 34 
Russia 29,800 1 112,000 (4/) 
Sierra Leone 13,900 16 7,450 10 
South Africa 120,000 40 109,000 61 
Switzerland 7,360 12 1,030 3 
United Kingdom 652,000 186 609,000 206 
Venezuela 13,300 3 13,800 2 
Other 17,300 9 79,600 14 
Total 1,940,000 646 1,440,000 588 
Cut but unset, not more than 0.5 carat: 
Belgium 779,000 213 1,110,000 261 
Brazil 2,960 2 14,100 2 
Canada 5,050 1 676 (4/) 
Germany 5,370 4 11,400 4 
Hong Kong 419,000 77 378,000 61 
India 7,790,000 1,320 9,820,000 1,560 
Israel 1,010,000 568 1,010,000 521 
Japan 7,000 4 7,190 2 
South Africa 4,480 4 8,600 5 
Switzerland 23,600 6 7,330 2 
Thailand 57,100 11 70,400 10 
United Kingdom 1,200 1 1,150 1 
Other 51,100 12 73,200 24 
Total 10,200,000 2,230 12,500,000 2,450 
Cut but unset, more than 0.5 carat: 
Belgium 989,000 1,470 1,050,000 1,490 
Botswana 15,200 9 1,690 1 
Canada 2,660 7 880 3 
France 1,760 8 1,780 16 
Hong Kong 62,900 83 92,200 105 
India 375,000 260 556,000 306 
Israel 1,690,000 2,390 2,040,000 2,990 
Japan 5,800 17 3,920 8 
Russia 44,100 41 20,000 57 
Singapore DID 4 3,860 15 
South Africa 25,200 106 21,200 92 
Switzerland 30,400 235 24,900 239 
Thailand 11,000 11 10,700 14 
United Kingdom 12,300 32 5,670 77 
Other 22,300 37 25,400 39 
Total 3,280,000 4,720 3,860,000 5,440 


1/ Data are rounded to three significant digits; may not add to totals shown. 


2/ Customs value. 

3/ Includes some natural advanced diamond. 
4/ Less than 1/2 unit. 

5/ Formerly Zaire. 


Source: Bureau of the Census. 


TABLE 8 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN DIAMOND, 
BY KIND AND COUNTRY 1/ 


1997 1998 
Quantity Value 2/ Quantity Value 2/ 
Kind and country (carats) (millions) (carats) (millions) 
Emerald: 
Belgium 10,500 $3 20,700 $2 
Brazil 493,000 6 499,000 5 
Canada 1,950 (3/) 5,750 1 
China 32 (3/) 5,120 (3/) 
Colombia 1,430,000 80 1,500,000 68 
France 4,380 1 588 (3/) 
Germany 30,500 3 33,500 4 
Hong Kong 356,000 18 350,000 10 
India 2,830,000 45 2,730,000 50 
Israel 162,000 23 243,000 24 
Japan 4,590 (3/) 399 (3/) 
South Africa 17,700 (3/) 7,790 (3/) 
Switzerland 71,300 25 67,800 21 
Taiwan 247 (3/) 377 (3/) 
Thailand 448,000 7 434,000 6 
United Kingdom 3,600 2 3,090 1 
Other 96,900 3 31,100 4 
Total 5,960,000 217 5,930,000 195 
Ruby: 
Belgium 2,100 1 2,610 (3/) 
Brazil 5,550 (3/) 4,520 (3/) 
Burma 29,700 3 1,090 7 
Canada 1,010 (3/) 24 (3/) 
China 14,200 (3/) 3,080 (3/) 
Colombia 613 (3/) 4,300 (3/) 
France 366 (3/) 2,440 1 
Germany 71,000 2 15,700 1 
Hong Kong 404,000 11 287,000 15 
India 1,480,000 8 970,000 10 
Israel 218,000 1 21,400 1 
Japan 1,140 (3/) 3,730 (3/) 
Switzerland 69,400 30 66,300 29 
Thailand 2,830,000 48 2,370,000 47 
United Kingdom 5,780 4 8,440 4 
Other 233,000 2 50,800 3 
Total 5,360,000 111 3,810,000 119 
Sapphire: 
Australia 103,000 2 37,000 (3/) 
Belgium 3,480 (3/) 29,000 1 
Brazil 5,470 (3/) 5,770 (3/) 
Burma 331 if 824 1 
Canada 1,680 (3/) 283 (3/) 
China 64,100 (3/) 6,700 (3/) 
Colombia 3,690 (3/) 2,400 (3/) 
France 337 (3/) 250 (3/) 
Germany 101,000 2 59,900 2 
Hong Kong 246,000 7 244,000 6 
India 354,000 3 757,000 4 
Israel 99,600 2 96,300 2 
Japan 6,220 (3/) 3,550 (3/) 
Singapore 36 (3/) 2,270 (3/) 
Sri Lanka (Ceylon) 616,000 12 346,000 17 
Switzerland 349,000 20 137,000 16 
Tanzania -- -- 7,030 (3/) 
Thailand 4,450,000 64 4,900,000 66 
United Kingdom 8,990 $6 23,400 $5 
Other 243,000 3 16,800 3 
Total 6,660,000 124 6,670,000 123 


See footnotes at end of table. 


TABLE 8&--Continued 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN DIAMOND, 


BY KIND AND COUNTRY 1/ 


1997 1998 
Quantity Value 2/ Value 2/ 
Kind and country (carats) (millions) (millions) 
Other: 
Rough, uncut: 
Australia NA 3 NA 3 
Brazil NA 23 NA 19 
China NA 8 NA 1 
Colombia NA 1 NA 1 
Fiji NA 1 NA 2 
Hong Kong NA 1 NA 1 
India NA 1 NA 2 
Kenya NA 1 NA (3/) 
Nigeria NA (3/) NA (3/) 
Pakistan NA 1 NA 1 
Philippines NA 1 NA 1 
Russia NA (3/) NA (3/) 
South Africa NA 1 NA 1 
Switzerland NA 1 NA (3/) 
Taiwan NA 12 NA (3/) 
Tanzania NA 2 NA 1 
Thailand NA 1 NA 1 
United Kingdom NA 1 NA 1 
Zambia NA 3 NA 1 
Other NA 8 NA 9 
Total NA 70 NA 45 
Cut, set and unset: 
Australia NA 8 NA 8 
Brazil NA 10 NA 10 
Canada NA (3/) NA 1 
China NA 7 NA 8 
French Polynesia NA 3 NA ei 
Germany NA 9 NA 9 
Hong Kong NA 31 NA 35 
India NA 26 NA 37 
Israel NA 5 NA 4 
Japan NA 10 NA 14 
Kenya NA 2 NA 1 
Sri Lanka (Ceylon) NA 3 NA 4 
Switzerland NA 2 NA 2 
Taiwan NA 2 NA 2 
Tanzania NA 3 NA 5 
Thailand NA 28 NA 24 
United Kingdom NA 2 NA 3 
Other NA 4 NA 4 
Total NA LSS NA 178 
NA Not available. 


1/ Data are rounded to three significant digits; may not add to totals shown. 


2/ Customs value. 


3/ Less than 1/2 unit. 


Source: Bureau of the Census. 


TABLE 9 


VALUE OF U.S. IMPORTS OF SYNTHETIC AND IMITATION 


GEMSTONES, BY COUNTRY 1/ 


(Thousand dollars) 2/ 
Country 1997 1998 
Synthetic, cut but unset: 
Australia 386 187 
Austria 6,250 6,770 
Brazil 176 205 
China 10,100 11,300 
France 1,120 720 
Germany 11,500 10,800 
Hong Kong 2,010 2,240 
India 1,130 1,640 
Italy 123 32 
Japan 138 25 
Korea, Republic of 1,710 1,990 
Spain 123 47 
Sri Lanka (Ceylon) 674 444 
Switzerland 4,930 3,670 
Taiwan 519 926 
Thailand 6,100 4,280 
Other 475 560 
Total 47,400 45,900 
Imitation: 3/ 

Austria 40,000 37,100 
China 609 1,320 
Czech Republic 10,500 7,880 
Germany 2,430 1,880 
Japan 1,190 765 
Spain 317 212 
Taiwan 304 284 
Other 1,240 908 
Total 56,600 50,400 


1/ Data are rounded to three significant digits; may not add to totals shown. 


2/ Customs value. 
3/ Includes pearls. 


Source: Bureau of the Census. 


TABLE 10 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES 1/ 


(Thousand carats and thousand dollars) 


1997 
Stones Quantity Value 2/ Quantity Value 2/ 
Diamonds: 
Rough or uncut 1,940 646,000 1,440 588,000 
Cut but unset 13,400 6,950,000 16,400 7,900,000 
Emeralds, cut but unset 5,960 217,000 5,930 195,000 
Coral and similar materials, unworked NA 6,080 NA 7,640 
Rubies and sapphires, cut but unset 12,000 235,000 10,500 242,000 
Pearls: 
Natural NA 785 NA 1,090 
Cultured NA 34,000 NA 36,900 
Imitation NA 2,210 NA 1,530 
Other precious and semiprecious stones: 
Rough, uncut 1,180,000 57,900 883,000 31,100 
Cut, set and unset NA 120,000 NA 140,000 
Other NA 5,640 NA 6,330 
Synthetic: 
Cut but unset 230,000 47,400 275,000 45,900 
Other NA 6,040 NA 7,770 
Imitation gemstone 3/ NA 54,400 NA 48,800 
Total XX 8,380,000 XX 9,250,000 


NA Not available. XX Not applicable. 
1/ Data are rounded to three significant digits; may not add to totals shown. 


2/ Customs value. 
3/ Does not include pearls. 


Source: Bureau of the Census. 


TABLE 11 
NATURAL DIAMOND: ESTIMATED WORLD PRODUCTION, BY TYPE AND COUNTRY 1/ 2/ 


(Thousand carats) 


Country 1994 1995 1996 1997 1998 
Gemstones: 3/ 
Angola 270 2,600 2,250 1,110 2,400 
Australia 19,500 18,300 18,897 4/ 18,100 18,400 
Botswana 10,550 4/ 11,500 12,400 r/ 15,100 1/ 13,500 
Brazil 300 676 4/ 200 300 300 
Canada -- -- -- -- 278 
Central African Republic 401 400 350 400 330 
China 230 230 230 230 230 
Congo (Kinshasa) 5/ 4,000 4,000 3,600 3,300 r/ 2,000 
Cote d' Ivoire 80 53 202 207 207 
Ghana 118 4/ 126 142 664 r/ 640 
Guinea 306 274 165 165 1/ 165 
Liberia 40 60 60 60 60 
Namibia 1,312 4/ 1,382 4/ 1,400 r/ 1,420 r/ 1,600 
Russia 10,000 r/ 10,500 r/ 10,500 1/ 10,500 1/ 10,500 
Sierra Leone 155 113 162 4/ 64 r/ 50 
South Africa 5,050 5,070 4,280 4,380 4,100 
Venezuela 380 125 99 r/ 158 1/ 100 
Zimbabwe 104 114 300 321 af 40 
Other 99 1/ 119 r/ 165 1/ 121 r/ 126 
Total 52,900 1/ 55,700 1/ 55,400 1/ 56,600 1/ 55,000 
Industrial: 
Angola 30 300 250 124 364 
Australia 23,800 22,400 23,096 4/ 22,100 22,500 
Botswana 5,000 5,300 5,000 5,000 5,000 
Brazil 600 600 600 600 600 
Central African Republic 131 130 120 100 200 
China 850 900 900 900 900 
Congo (Kinshasa) 5/ 13,000 13,000 17,000 18,900 1/ 13,000 
Cote d' Ivoire 4 22 100 100 100 
Ghana 473 4/ 505 573 166 1/ 160 
Guinea 75 91 40 40 40 
Liberia 60 90 90 90 90 
Russia 10,000 r/ 10,500 1/ 10,500 r/ 10,500 r/ 10,500 
Sierra Leone 100 101 108 AO t/ 30 
South Africa 5,800 5,880 5,670 5,790 6,200 
Venezuela 203 66 73 «/ 90 r/ 150 
Zimbabwe 69 90 137 100 30 
Other 92 1/ 101 r/ 120 1/ 105 1/ 106 
Total 60,300 r/ 60,100 r/ 64,400 1/ 64,700 1/ 59,900 
Grand total 113,000 r/ 116,000 r/ 120,000 r/ 121,000 r/ 115,000 
1/ Revised. 


1/ World totals and estimated data are rounded to three significant digits; may not add to totals shown. 
2/ Table includes data available through May 27, 1999. 

3/ Includes near- and cheap-gem qualities. 

4/ Reported figure. 

5/ Formerly Zaire. 
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Domestic Production and Use: Domestic commercial gemstone production includes amber, agates, beryls, coral, 
freshwater shell, garnet, jade, jasper, mother-of-pearl, opal, quartz, sapphire, topaz, turquoise, and many other gem 
materials. Output of natural gemstones was primarily from Alabama, Arizona, Arkansas, Kentucky, North Carolina, 
Oregon, and Tennessee. Reported output of synthetic gemstones was from five firms in Arizona, California, Michigan, 
and New York. There was notable production of turquoise in Arizona; beryl in Maine; sapphire in Montana; opal in 
Nevada; ruby in North Carolina; and freshwater shell and pearl in Tennessee. Major uses were jewelry, carvings, and 
gem and mineral collections. 


Salient Statistics—United States: 1993 1994 1995 1996 1997° 
Production:* Natural? 57.7 50.5 48.7 43.6 40.0 
Synthetic 18.1 22.2 26.0 26.0 27.0 
Imports for consumption 5,850 6,440 6,540 7,240 8,000 
Exports, including reexports 1,630 2,240 2,520 2,660 2,700 
Consumption, apparent 4,300 4,270 4,100 4,570 5,370 
Price Variable, depending on size, type, and quality 
Stocks, yearend* NA NA NA NA NA 
Employment, mine, number® 1,000 1,000 850 800 800 
Net import reliance® as a percent 
of apparent consumption 98 98 98 98 99 


Recycling: Insignificant. 


Import Sources (1993-96 by value): Israel, 30%; Belgium, 22%; India, 21%; and other, 27%. Diamond imports were 
about 90% of the total value of gem imports. 


Tariff: Item Number Most favored nation (MFN) Non-MFN® 
12/31/97 12/31/97 

Diamonds, unworked or sawn 7102.31.0000 Free Free. 

Diamond, 2 carat or less 7102.39.0010 Free 10% ad val. 
Diamond, cut, more than 2 carat 7102.39.0050 Free 10% ad val. 
Precious stones, unworked 7103.10.2000 Free Free. 

Precious stones, simply sawn 7103.10.4000 14.7% ad val. 50% ad val. 
Rubies, cut 7103.91.0010 Free 10% ad val. 
Sapphires, cut 7103.91.0020 Free 10% ad val. 
Emeralds, cut 7103.91.0030 Free 10% ad val. 
Other precious, cut but not set 7103.99.1000 0.8% ad val. 10% ad val. 
Other precious stones, other 7103.99.5000 14.7% ad val. 50% ad val. 
Imitation precious stones 7018.10.2000 1.1% ad val. 20% ad val. 
Synthetic cut, but not set 7104.90.1000 1.2% ad val. 10% ad val. 
Pearls, natural 7101.10.0000 Free 10% ad val. 
Pearls, cultured 7101.21.0000 0.8% ad val. 10 % ad val. 
Pearls, imitation not strung 7018.10.1000 5.6% ad val 60% ad val. 


Depletion Allowance: 14% (Domestic), 14% (Foreign). 


Government Stockpile: The National Defense Stockpile (NDS) does not contain an inventory of gemstones per se. 
However, portions of the industrial diamond inventory are of near-gem or gem quality. Additionally, the beryl and quartz 
inventories contain some gem-quality materials, and the inventory of synthetic ruby and sapphire could be used by the 
gem industry. The Department of Defense is currently disposing of some NDS materials that may be gem quality. 


Prepared by Ronald F. Balazik, (703) 648-7721 [Fax: (703) 648-7722]. 
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Events, Trends, and Issues: Progress toward full-scale operations continued at a new Colorado diamond mine, the 
first commercial diamond mining operation in North America in almost a century. In addition, Federal permits were 
granted for further evaluations of diamond-bearing deposits at a State park in Arkansas. 


Demand for gemstones, including synthetics and simulants, may increase in the United States and other industrialized 
nations as personal disposable income rises. A survey conducted by a domestic jewelry retailers association indicates 
that (in decreasing order of preference) diamonds, emeralds, sapphires, and rubies were the favorite gemstone jewelry 
of U.S. consumers. 


World Mine Production,’ Reserves, and Reserve Base: 


Mine production Reserves and reserve base® 
1996 1997° 
United States (°) () World reserves and reserve base of 
Angola 3,600 4,000 gem diamond are substantial. No 
Australia 18,900 19,000 reserves or reserve base data are 
Botswana 11,000 11,000 available for other gemstones. 
Brazil 700 700 
Central African Republic 350 400 
China 230 250 
Congo (Kinshasa) 3,000 3,000 
Namibia 1,300 1,300 
Russia 9,300 9,500 
South Africa 5,400 5,500 
Venezuela 230 250 
Other countries 1,400 1,100 
World total (may be rounded) 55,400 56,000 


World Resources: Most of the world gem diamond reserves are in southern Africa, Russia, and Western Australia. 
Estimation of a reserve base is difficult to determine because of the changing economic evaluation of near-gem 
materials and recent discoveries in Australia, Canada, and Russia. 


Substitutes: Plastics, glass, and other materials are substituted for gemstones. Synthetic materials that have the 
same appearance and chemical and physical properties are substituted for natural gemstones. Simulants, materials 
with a similar appearance but with different chemical and physical properties, also are substituted for natural 
gemstones. 


“Estimated. NA Not available. 

‘Excludes industrial diamond and garnet. See Diamond (Industrial) and Garnet (Industrial). 

“Estimated minimum production. 

3Includes production of freshwater shell. 

“Stock data are not available and are assumed to be zero for apparent consumption and net import reliance calculation. 
°Defined as imports - exports + adjustments for Government and industry stock changes. 

®See Appendix B. 

‘Data in thousands of carats of gem diamond. 

’See Appendix D for definitions. 

*Less than ‘2 unit. 


U.S. Geological Survey, Mineral Commodity Summaries, January 1998 


GEMSTONES 


By Donald W. Olson 


Domestic survey data and tables were prepared by Christine K. Pisut, statistical assistant, and the world production table 
was prepared by Regina R. Coleman, international data coordinator. 


Gemstones have been used as symbols of wealth and status 
since prehistoric times. For example, amber has been mined 
for use as a gem since before 25,000 B.C. For this report, the 
terms “gem” and “gemstone” mean any mineral or organic 
material (e.g., pearl and petrified wood) used for personal 
adornment, display, or object of art because it possesses beauty, 
rarity, and durability. Of the 2,700 mineral species, only about 
100 possess all these attributes. Silicates compose the largest 
group of gemstones; oxides and quartz compose the second 
largest (table 1). A further refinement of “gemstone” is 
“colored gemstone,” which in this report designates all 
nondiamond gems, including amber, coral, and shell. In 
addition, synthetic gems, cultured pearl, and gem simulants are 
discussed but are treated separately from natural gemstones 
(table 2). 


Production 


Commercial mining of gemstones has never been extensive 
in the United States. More than 60 different gemstones have 
been produced commercially from domestic mines, but most of 
the deposits have been relatively small compared with other 
mining operations. In many instances, contemporary gemstone 
mining in the country is conducted by hobbyists, collectors, and 
gem clubs rather than business organizations. 

The commercial gemstone industry in the United States 
consists of several distinct sectors: (1) individuals and 
companies that mine gemstones or harvest shell and pearl, (2) 
firms that manufacture synthetic gemstones, and (3) individuals 
and companies that cut natural and synthetic gemstones. The 
domestic gemstone industry is focused on the production of 
colored gemstones and on the cutting of large diamonds. 
Industry employment is estimated to range from 1,000 to 1,500 
workers (U.S. International Trade Commission, 1997, p. 1). 

Most natural gemstone producers in the United States are 
small businesses that are widely dispersed and operate 
independently. The small producers probably have an average 
of less than three employees, including those who only work 
part-time. The number of gemstone mines operating from year 
to year fluctuates because the inherent uncertainty associated 
with the discovery and marketing of gem-quality minerals 
makes it difficult to obtain financing for developing and 
sustaining economically viable deposits (U.S. International 
Trade Commission, 1997, p. 23). 

The total value of natural gemstones produced in the United 
States during 1999 was estimated to be at least $16.1 million 
(table 3). This production value was 12.6% greater than the 
preceding year. This increase was primarily because of the 
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discovery of an emerald deposit of significant value in North 
Carolina (Jewelers’ Circular Keystone, 1999a) and because of 
increased foreign markets for U.S. shell material as the demand 
from Southeast Asia cultured pearl producers increased 
(Jewellery News Asia, 2000). 

The estimate of 1999 U.S. gemstone production was based on 
a survey of more than 200 domestic gemstone producers 
conducted by the U.S. Geological Survey (USGS). The survey 
provided a foundation for projecting the scope and level of 
domestic gemstone production during the year. However, the 
USGS survey did not represent all gemstone activity in the 
United States, including thousands of professional and amateur 
collectors. Consequently, the USGS supplemented its survey 
with estimates of domestic gemstone production from related 
published data, contacts with gem dealers and collectors, and 
information garnered at gem and mineral shows. 

Natural gem materials indigenous to the United States are 
collected, produced, and/or marketed in every State. During 
1999, all 50 States produced at least $1,000 worth of gem 
materials. Six States accounted for more than 81% of the total 
value, as reported by survey respondents. These States, in order 
of declining value of production, were Tennessee, North 
Carolina, Arizona, California, Utah, and Oregon. Some States 
were known for the production of a single gem material— 
Tennessee for freshwater pearls and Arkansas for quartz. 

Other States produced a variety of gemstones. For example, 
Arizona gemstone deposits include agate, amethyst, azurite, 
chrysocolla, fire agate, garnet, jade, malachite, obsidian, onyx, 
peridot, petrified wood, opal, smithsonite, and turquoise. A 
wide variety of gemstones also were found in California, Idaho, 
Montana, and North Carolina. More than 3,000 carats of high- 
quality emeralds have been recovered since they were 
discovered in North Carolina in late 1998 (Jewelers’ Circular 
Keystone, 1999a). 

The only operation on a significant diamond-bearing area 
known in the United States is in Crater of Diamonds Park near 
Murfreesboro, AR, where a dig-for-fee operation for tourists is 
maintained by the State. An Arkansas law prohibiting 
commercial diamond mining in the park was debated in the 
State legislature during 1998 and was enacted early in 1999 
(Diamond Registry Bulletin, 1999c). 

In addition to natural gemstones, synthetic gems and 
gemstone simulants are produced in the United States. 
Synthetic gemstones have the same optical, physical, and 
chemical properties as the natural materials that they appear to 
be. Simulants have an appearance similar to that of a natural 
gem material, but they have different optical, physical, and 
chemical properties. Synthetic gemstones produced in the 
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United States include alexandrite, emerald, moissanite, ruby, 
sapphire, turquoise, and zirconia. Simulants of coral, lapis 
lazuli, malachite, and turquoise also are manufactured. In 
addition, certain colors of synthetic sapphire and spinel, used to 
represent other gemstones, are classified as simulants. 

Synthetic gem production in the United States exceeded $47 
million during 1999; simulant gemstone output was even 
greater—estimated to be well over $100 million. Five firms in 
four States, representing virtually all the U.S. synthetic gem 
industry, reported production to the USGS in 1999. In 
descending order of production value, the States with reported 
synthetic output were North Carolina, California, New York, 
and Arizona. Some of the producers are attempting to produce 
synthetic gem-quality diamond (Tom Chatham, Chatham 
Created Gems, oral commun., 1999). 

In 1999, a North Carolina firm entered its second year 
marketing moissanite, a gem-quality silicon carbide that it 
produces. Moissanite is an excellent diamond simulant, but it 
is being marketed for its other gem qualities as well. 


Consumption 


Although the United States accounts for less than 1% of total 
global gem production, it is the world’s leading gemstone 
market. On the basis of indicators, such as trade data and 
income growth rates, U.S. gemstone markets—bolstered by 
strong demand among consumers with increasing personal 
wealth and growing discretionary income—apparently 
accounted for at least 35% of world gem demand in 1999. The 
U.S. market for unset gem diamonds during the year was 
estimated to have exceeded $9 billion, the largest in the world. 
Domestic markets for natural, unset nondiamond gemstones 
totaled more than $720 million. 

In addition to jewelry, gemstones are used for collections, 
exhibits, and decorative art objects. According to a poll 
conducted by a U.S. jewelry retailers association in the mid- 
1990’s, about two-thirds of domestic consumers who were 
surveyed preferred diamond as their favorite gemstone; most 
others chose, in descending order, emeralds, sapphires, and 
rubies (ICA Gazette, 1996). 


Prices 


Gemstone prices are governed by many factors and 
qualitative characteristics, including beauty, clarity, defects, 
demand, and rarity. Diamond pricing in particular is complex; 
values can vary significantly depending on time, place, and the 
subjective evaluations of buyers and sellers. There are more 
than 14,000 categories used to assess rough diamond and more 
than 100,000 different combinations of cut, carat, clarity, and 
color values used to assess polished diamond (Pearson, 1998). 

Colored gemstone prices are generally influenced by market 
supply-and-demand considerations, and diamond prices are 
supported by producer controls on the quantity and quality of 
supply. Values and prices of gemstones produced and/or sold 
in the United States are shown in tables 3 through 5. In 
addition, customs values for diamonds and other gemstones 
imported and exported/reexported are shown in tables 6 
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through 10. 

De Beers Consolidated Mines Limited in South Africa is a 
significant force affecting gem diamond prices worldwide 
because it mines about one-half the diamonds produced each 
year and controls about 70% of global raw diamond supply 
through its Central Selling Organization (CSO), which has 
marketing agreements with other producers. Estimates based 
on the reported output of major diamond mines in 1999 
indicate that the average value of all diamond produced during 
the year was about $65 per carat; by country, the average value 
per carat ranged from about $15 in Australia to more than $257 
in Namibia (Rombouts, Luc, May 12, 2000, Diamond mining 
and exploration overview—1999, accessed May 30, 2000, at 
http://www.terraconsult.be/overview.htm). 


Foreign Trade 


Several export and import measures demonstrate the 
significance of the United States in world gemstone trade. 
During 1999, total U.S. gemstones trade with all countries and 
territories exceeded $14.3 billion; diamonds accounted for 91% 
of the total. In 1999, U.S. exports/reexports of diamond were 
shipped to 67 countries/territories, and imports of all gemstones 
were received from 123 countries/territories (tables 6-10). 

During 1999, U.S. trade in cut diamonds reached 
unprecedented levels; the country continued to be the world’s 
leading diamond importer and set export records as well. 
Record high imports were attributed to a strong U.S. economy 
that boosted domestic demand for diamond jewelry among 
consumers with increasing personal wealth and more 
discretionary income. 

The United States is a significant international diamond 
transit center as well as the world’s largest gem diamond 
market. The large volume of reexports (table 6) shipped to 
other centers reveals the significance that the United States has 
in the world’s diamond supply network. 

Synthetic gemstones trade continued to increase for the 
United States in 1999. Imports of synthetic gems (particularly 
from Brazil, China, and Switzerland) reportedly increased 
during the year. Prices of certain synthetic gem imports, such 
as amethyst, were very competitive (Mike Romanella, 
Commercial Mineral Company, oral commun., 1999). The 
marketing of synthetic imports as natural gemstones and the 
mixing of synthetic materials with natural stones in imported 
parcels have become problems for some domestic producers. 

During late 1999, the Asia-Pacific Economic Cooperation 
(APEC) countries (of which the United States is a member), 
presented the World Trade Organization (WTO) with an 
“Accelerated Trade Liberalization” proposal that would create a 
level playing field for world trade of goods, including 
gemstones. The APEC proposal, if enacted, would create a 
single global tariff rate of 5% and eliminate non-tariff barriers. 
WTO support for the proposed policy is expected and the new 
policy should be in effect by 2002 (AJM, 1999). 


World Review 
The gemstone industry worldwide has two distinctly different 
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sectors: (1) diamond mining and marketing, and (2) the 
production and sale of colored gemstones. Most diamond 
supplies are controlled by a few major mining companies; 
prices are supported by managing the quantity and quality of 
the gems relative to demand, a function performed by De Beers 
through its CSO. Unlike diamonds, colored gemstones are 
primarily produced at relatively small, low-cost operations with 
few dominant producers; prices are influenced by consumer 
demand in addition to supply availability. 

In 1999, world diamond production totaled at least 112 
million carats with an estimated value of more than $7 billion 
(table 11). Most production was concentrated in a few 
regions—A frica (Angola, Botswana, Congo [Kinshasa], 
Namibia, and South Africa), Asia (northeastern Siberia and 
Yakutia in Russia), Australia, North America (Northwest 
Territories in Canada), and South America (Brazil and 
Venezuela). In 1999, Botswana was the world’s leading 
diamond producer in terms of output value and quantity 
(Diamond Registry Bulletin, 2000a). 

Record sales of rough diamond by the CSO in 1999 reached 
$5.24 billion, 57% higher than the 1998 total of $3.3 billion. 
The sales record reflected the improvement in major retail 
markets—continuing strength in the U.S. market, increased 
polished diamond imports into Japan, some recovery of the 
market in Southeast Asian countries, and steady growth in the 
European market (Diamond Registry Bulletin, 1999a). 
Diamond jewelry sales in the United States grew by 12% in 
1999—the largest jump of the 1990’s and the eighth 
consecutive year sales have risen (Jewelers’ Circular Keystone, 
2000b). 

Additional events in 1999 significant to diamond mining and 
marketing worldwide include the following: 


! Canada’s first commercial diamond mine, the Ekati Mine, 
completed its first full year of production. The Ekati Mine 
is in the Northwest Territories and is a joint venture 
between BHP Diamonds Inc. (BHP) and Dia Met Minerals 
Ltd. It produced 2.5 million carats valued at $422 million. 
Ekati diamonds are sold by the BHP sales office in 
Antwerp (65%) and by the CSO (35%) (Rombouts, Luc, 
May 12, 2000, Diamond mining and exploration 
overview— 1999, accessed May 30, 2000, at http://www. 
terraconsult.be/overview.htm). 

! The Diavik Project, which will be Canada’s second 
commercial diamond mine (also located in the Northwest 
Territories), had some delays in development because of 
slow permitting. Diavik is a joint venture between Rio 
Tinto Plc. (60%) and Aber Resources Ltd. (40%), and it is 
expected to come on-stream in 2003. The capital cost will 
be about $900 million, but the mine is expected to produce 
6 to 8 million carats per year worth about $60 per carat. 

! A large part of the artisanal production in Angola comes 
from deposits controlled by the National Union for the 
Total Independence of Angola (UNITA). UNITA used the 
revenue of their diamond sales to finance their civil war 
effort. The United Nations declared a ban on trade with 
UNITA. Diamonds were used to finance warfare also in 
Congo (Kinshasa) and Sierra Leone. These “conflict 
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diamonds” have become a public relations nightmare for 
reputable producers elsewhere in the world. 

! De Beers decreased its diamond inventory by 18% to 
$3.957 billion, compared with $4.8 billion in 1998. The 
company’s long-term goal is a one-half reduction 
(Diamond Registry Bulletin, 2000b). 

! The Gemesis Corp. in Sarasota, FL, announced that it has 
developed technology sufficient to produce consistent 
quality and quantities of synthetic diamonds and plans to 
start selling them in 2000. The stones will range mostly 
from 1.5 to 2 carats (Jewelers’ Circular Keystone, 1999b). 

! E-commerce in diamonds and gemstone jewelry grew 
during 1999, but a 100% jump in Internet jewelry website 
sales still adds up to less than 5% of the total market. 
E-commerce is still a small, but growing part of the overall 
retail market (Diamond Registry Bulletin, 1999d). It was 
reported also that some diamond sightholders sold over the 
Internet to consumers (Diamond Registry Bulletin, 1999e). 


Worldwide production of natural gemstones other than 
diamond was estimated to have exceeded $2 billion per year in 
the late 1990’s. Most nondiamond gemstone mines are small, 
low-cost, and widely dispersed operations in remote regions of 
developing nations. Foreign countries with major gemstone 
deposits other than diamond are Afghanistan (beryl, ruby, and 
tourmaline); Australia (beryl, opal, and sapphire); Brazil 
(agate, amethyst, beryl, ruby, sapphire, topaz, and tourmaline); 
Burma (beryl, jade, ruby, sapphire, and topaz); Colombia 
(beryl, emerald, and sapphire); Kenya (beryl, garnet, and 
sapphire); Madagascar (beryl, rose quartz, sapphire, and 
tourmaline); Mexico (agate, opal, and topaz); Sri Lanka (beryl, 
ruby, sapphire, and topaz); Tanzania (garnet, ruby, sapphire, 
tanzanite, and tourmaline); and Zambia (amethyst and beryl). 
In addition, pearls are cultured throughout the South Pacific 
and in other equatorial waters; Australia, China, French 
Polynesia, and Japan are key producers. 

Colored gemstone producers continued their recovery from 
the weakened markets created by the Asian economic crisis of 
1997-98. Mining and sales reportedly were disrupted in many 
nations, particularly in southeast Asia. Prices of high-quality 
colored gemstones, however, did not decline dramatically 
(Cavey, 1998). 

Additional noteworthy events in the colored gemstone 
industry during 1999 included the following: 


! Like diamonds, the introduction and proliferation of new 
synthetic gem-quality materials and simulants—as well as 
treatment processes to enhance gemstone attributes 
artificially—continued to raise issues and controversies 
regarding standards for disclosure to consumers. 

! During 1999, cultured pearl sales continued to rise, even 
though the Japanese pearl industry was still suffering from 
high mortality of pearl-producing oysters. To compensate 
for the shortage of Japanese akoyas, manufacturers 
promoted Chinese freshwater pearls, abalone pearls, and 
other new varieties and colors of pearls. Approximately 
15% of all 1999 cultured pearl sales were freshwater 
Chinese pearls (Jewelers’ Circular Keystone, 1999c; 
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Jewelers’ Circular Keystone, 2000a). 
Outlook 


It appears that the year 2000 will be another good year for 
the U.S. economy, which is good for the diamond and gemstone 
industry as a whole. Because gemstone markets are concerned 
with luxury merchandise, they must rely on the growth of 
personal wealth and discretionary income levels among 
consumers who make choices among nonessential goods in the 
marketplace. Other important factors that will drive market 
demand include consumer confidence and interest rates. Long- 
term economic forecasts predict continued growth of 
discretionary income throughout the world, and anticipate even 
higher growth rates in developing countries, such as China and 
other Asian nations, which bodes well for producers of precious 
gems. 

The recovery of diamond and nondiamond gem markets in 
the Far East and Japan is progressing slowly, and this trend is 
expected to continue for the next few years. De Beers sales are 
expected to reach new records in 2000, as evidenced by the 
tripling of first-half earnings over those of 1999 (Mallet, 
Victor, August 16, 2000, De Beers triples earnings, accessed 
August 17, 2000, at http://news.ft.com/ft/gx.cgi/ftc ?pagename= 
View&c=Article&cid=FT37MGHRY BC&live=true&useoverrid 
etemplate=IXLZHNNP94C). 

After a century of the diamond industry’s reliance on De 
Beers, the CSO will be dismantled. In its place will be the 
Diamond Trading Company (DTC), which will strive to be the 
“supplier of choice” by supplying “value added” services like 
marketing advice. The DTC will “encourage the development 
of a competitive and growth-oriented 21st century industry” 
(Diamond Registry Bulletin, 2000c). Independent producers, 
such as Argyle Diamond Mines in Australia and new mines in 
Canada, will continue to bring a greater measure of competition 
to global markets. More competition presumably will bring 
more supplies and lower prices. 

Demand for gemstones other than diamond will depend on 
how successfully jewelers promote their alternatives. As the 
jewelry industry consolidates toward fewer, larger companies 
and turns more to mass merchandizing, smaller dealers will 
need to focus on niche markets and target specific demographic 
groups to remain competitive. Numerous synthetics, simulants, 
and treated gems will enter the marketplace and necessitate 
more transparent trade industry standards to maintain customer 
confidence. A Florida firm will start selling synthetic 
diamonds ranging from 1.5 to 2 carats in 2000 (Jewelers’ 
Circular Keystone, 1999b). 

Greater volumes of diamonds, gemstones, and jewelry will be 
sold through the continued growth of telemarketing programs 
and e-commerce, but established retailers won’t be hurt for 
many years (Diamond Registry Bulletin, 1999b). 
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TABLE 1 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size 1/ Cost 2/ Mohs gravity Refraction index confused with characters 
Amber Hydrocarbon Yellow, red, green, blue Any Low to 2.0-2.5 1.0-1.1 Single 1.54 Synthetic or pressed Fossil resin, soft. 
medium plastics 
Benitoite Barium titanium Blue, purple, pink, Small to High 6.0-6.5  3.64-3.68 Double —1.76-1.80 Sapphire, tanzanite, Strong blue in ultraviolet light. 
silicate colorless medium blue diamond, blue 
tourmaline 
Beryl: 
Aquamarine Beryllium aluminum Blue-green to light blue Any Medium to 7.5-8.0 2.63-2.80 do. 1.58 | Synthetic spinel, blue | Double refraction, refractive index. 
silicate high topaz 
Bixbite do. do. Small Very high 7.5-8.0  2.63-2.80 do. 1.58 Pressed plastics, Refractive index. 
tourmaline 
Emerald do. Green Medium do. 75 2.63-2.80 do. 1.58 Fused emerald, glass, | Emerald filter, dichroism, refractive 
tourmaline, peridot, index. 
green garnet doublets 
Emerald, synthetic do. do. Small High 7.5-8.0 2.63-2.80 do. 1.58 Genuine emerald Flaws, brilliant, fluorescence in 
ultraviolet light. 
Golden (heliodor) do. Yellow to golden Any Low to 7.5-8.0 2.63-2.80 do. 1.58 Citrine, topaz, glass, Weak-colored. 
medium doublets 
Goshenite do. do. do. Low 7.5-8.0 2.63-2.80 do. 1.58 Quartz, glass, white Refractive index. 
sapphire, white topaz 
Morganite do. Pink to rose do. do. 7.5-8.0 2.63-2.80 do. 1.58 Kunzite, tourmaline, Do. 
pink sapphire 
Calcite: 
Marble Calcium carbonate White, pink, red, blue, do. do. 3.0 2.72 Double 1.49-1.66 — Silicates, banded agate, Translucent. 
green, or brown (strong) alabaster gypsum 
Mexican onyx do. do. do. do. 3.0 242 do. 1.60 do. Banded, translucent. 
Chrysoberyl: 
Alexandrite Beryllium aluminate Green by day, red by Small High 8.5 3.50-3.84 Double 1.75 Synthetic Dichroism, inclusions in synthetic 
artificial light (Former sapphire. 
U.S.S.R.) 
Medium 
(Sri Lanka) 
Cats-eye do. Greenish to brownish Small to do. 8.5 3.50-3.84 do. 1.75. Synthetic, shell Gravity and translucence. 
large 
Chrysolite do. Yellow, green, and/or Medium Medium 8.5 3.50-3.84 do. 1.75 Tourmaline, peridot Refractive index, silky. 
brown 
Coral Calcium carbonate Orange, red, white, black, Branching, Low 3.5-4.0 2.6-2.7 do. 1.49-1.66 False coral Dull translucent. 


or green 


medium 


See footnotes at end of table. 


TABLE 1--Continued 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size 1/ Cost 2/ Mohs gravity Refraction index confused with characters 
Corundum: 
Ruby Aluminum oxide Rose to deep purplish red Small Very high 9.0 3.95-4.10 Double 1.78 Synthetics, including —_ Inclusions, fluorescence. 
spinel 
Sapphire do. Blue Medium High 9.0 3.95-4.10 do. 1.78 do. Inclusions, double refraction, 
dichroism. 
Sapphire, fancy do. Yellow, pink, white, Medium to Medium 9.0 3.95-4.10 do. 1.78 Synthetics, glass and Inclusions, double refraction, 
orange, green, or violet large doublets refractive index. 
Sapphire and ruby, do. Red, pink, violet, blue, or do. High tolow 9.0 3.95-4.10 do. 1.78 Star quartz, synthetic Shows asterism, color side view. 
stars gray stars 
Sapphire or ruby, do. Yellow, pink, or blue Up to 20 Low 9.0 3.95-4.10 do. 1.78 Synthetic spinel, glass | Curved striae, bubble inclusions. 
synthetic carats 
Diamond Carbon White, blue-white, yellow, Any Very high 10.0 3.516-3.525 Single 2.42 Zircon, titania, cubic High index, dispersion, hardness, 
brown, green, pink, blue zirconia luster. 
Feldspar: 
Amazonite Alkali aluminum Green Large Low 6.0-6.5 2.56 XX 1.52 Jade Cleavage, sheen, vitreous to pearly, 
silicate opaque, grid. 
Labradorite do. Gray with blue and do. do. 6.0-6.5 2.56 XX 1.56 do. Do. 
bronze sheen color play 
Moonstone do. Colorless or yellow do. do. 6.0-6.5 2.77 XX 1.52-1.54 Glass Pale sheen, opalescent. 
Garnet Complex silicate Brown, black, yellow, Small to Low tohigh 6.5-7.5  — 3.15-4.30 Single 1.79-1.98 Synthetics, spinel, Single refraction, anomalous strain. 
green, ruby red, or medium strained glass 
orange 
Jade: 
Jadeite do. Green, yellow, black, Large Low to very 6.5-7.0  3.3-3.5 Cryptocry- 1.65-1.68 | Onyx, bowenite, Luster, spectrum, translucent, to 
white, or mauve high stalline vesuvianite, opaque. 
grossularite 
Nephrite Complex hydrous do. do. do. 6.0-6.5  2.96-3.10 do. 1.61-1.63 do. Do. 
silicate 
Opal Hydrous silica Colors flash in white gray, do. Low to high 5.5-6.5 1.9-2.3 Single 1.45 — Glass, synthetics, Play of color. 
black, red, or yellow triplets 
Pearl Calcium carbonate White, pink, or black Small do. 2.5-4.0 2.6-2.85 XX XX Cultured and imitation Luster, structure, X-ray. 
Peridot Iron magnesium Yellow and/or green Any Medium 6.5-7.0  3.27-3.37 Double —‘1.65-1.69 Tourmaline chrysoberyl Strong double refraction, low 
silicate (strong) dichroism. 


See footnotes at end of table. 


TABLE 1--Continued 


GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size 1/ Cost 2/ Mohs gravity Refraction index confused with characters 
Quartz: 
Agate Silica Any color Large Low 7.0 2.58-2.64 XX XX Glass, plastic, Mexican Cryptocrystalline, irregularly 
onyx banded, dendritic inclusions. 
Amethyst do. Purple do. Medium 7.0 2.65-2.66 Double 1.55. do. Refractive index, double refraction, 
transparent. 
Cairngorm do. Smoky do. Low 7.0 2.65-2.66 do 153 do. Do. 
Citrine do. Yellow do. do. 7.0 2.65-2.66 do L55 do. Do. 
Crystal, rock do. Colorless do. do. 7.0 2.65-2.66 do ipo) do. Do. 
Jasper do. Uniform or spotted red, do. do. 7.0 2.58-2.66 XX XX do. Opaque, vitreous. 
yellow, or green 
Onyx do. Many colors do. do. 7.0 2.58-2.64 XX XX do. Uniformly banded. 
Rose do. Pink, rose red do. do. 7.0 2.65-2.66 Double 1.55 do. Refractive index, double refraction, 
translucent. 
Spinel Magnesium Any Small to Medium 8.0 3.5-3.7 Single 1.72 Synthetic, garnet Refractive index, single refraction, 
aluminum oxide medium inclusions. 
Spinel, synthetic do. do. Up to 40 Low 8.0 3.5-3.7 Double 1.73 Spinel, corundum, beryl, Weak double refraction, curved 
carats topaz, alexandrite striae, bubbles. 
Spodumene: 
Hiddenite Lithium aluminum Yellow to green Medium Medium 6.5-7.0  3.13-3.20 do 1.66 Synthetic spinel Refractive index. 
silicate 
Kunzite do. Pink to lilac do. do. 6.5-7.0 3.13-3.20 do 1.66 Amethyst, morganite Do. 
Tanzanite Complex silicate Blue Small High 6.0-7.0 3.30 do 1.69 Sapphire, synthetics Strong trichroism. 
Topaz do. White, blue, green Medium Low to 8.0 3.4-3.6 do 1.62 Beryl, quartz Refractive index. 
medium 
Tourmaline do. All, including mixed do. do. 7.0-7.5 2.98-3.20 do 1.63 Peridot, beryl, Double refraction, refractive index. 
corundum, glass 
Turquoise Copper aluminum Blue to green Large Low 6.0 2.60-2.83 do. 1.63 — Glass, plastics Difficult if matrix not present, 
phosphate matrix usually limonitic. 
Zircon Zirconium silicate White, blue, or brown, Small to Low to 6.0-7.5 4.0-4.8 Double 1.79-1.98 Diamond, synthetics, Double refraction, strongly dichroic, 
yellow, or green medium medium (strong) topaz, aquamarine wear on facet edges. 
XX Not applicable. 


1/ Small, up to 5 carats; medium, 5 to 50 carats; large, more than 50 carats. 
2/ Low, up to $25 per carat; medium, up to $200 per carat; high, more than $200 per carat. 


TABLE 2 


SYNTHETIC GEMSTONE PRODUCTION METHODS 


Production Date of first 
Gemstone methods Company/producer production 
Alexandrite Flux Creative Crystals 1970's 
Do. Melt pulling J.O. Crystal 1990's 
Do. do. Kyocera 1980's 
Do. Zone melt Seiko 1980's 
Cubic zirconia Skull melt Various producers 1970's 
Emerald Flux Chatham 1930's 
Do. do. Gilson 1960's 
Do. do. Kyocera 1970's 
Do. do. Seiko 1980's 
Do. do. Lennix 1980's 
Do. do. Russia 1980's 
Do. Hydrothermal Lechleitner 1960's 
Do. do. Regency 1980's 
Do. do. Biron 1980's 
Do. do. Russia 1980's 
Ruby Flux Chatham 1950's 
Do. do. Kashan 1960's 
Do. do. J.O. Crystal 1980's 
Do. do. Douras 1990's 
Do. Zone melt Seiko 1980's 
Do. Melt pulling Kyocera 1970's 
Do. Verneuil Various producers 1900's 
Sapphire Flux Chatham 1970's 
Do. Zone melt Seiko 1980's 
Do. Melt pulling Kyocera 1980's 
Do. Verneuil Various producers 1900's 
Star ruby do. Linde 1940's 
Do. Melt pulling Kyocera 1980's 
Do. do. Nakazumi 1980's 
Star sapphire Verneuil Linde 1940's 
TABLE 3 


VALUE OF U.S. GEMSTONE PRODUCTION, BY TYPE 1/ 


(Thousand dollars) 
Gem materials 1998 1999 
Agate 128 96 
Beryl 1,060 3,360 e/ 
Coral (all types) 76 54 
Diamond (2/) (2/) 
Garnet 66 90 
Gem feldspar 378 187 
Geode/nodules 46 69 
Opal 769 147 
Quartz 768 674 
Sapphire/ruby 369 117 
Shell 1,150 2,600 
Topaz 8 8 
Tourmaline 49 W 
Turquoise 837 860 
Other 8,610 7,820 
Total 14,300 16,100 


e/ Estimated. W Withheld to avoid disclosing company proprietary data. 
1/ Data are rounded to no more than three significant digits; may not add 


to totals shown. 
2/ Included with "Other." 


TABLE 4 
PRICES OF U.S. CUT DIAMONDS, BY SIZE AND QUALITY 1/ 


Representative prices 


Carat Description, Clarity 2/ January June December 
weight color 3/ (GIA terms) 1999 4/ 1999 5/ 1999 6/ 

0225 G VSI $1,500 $1,500 $1,500 
2D G VS2 1,380 1,380 1,380 
25 G SI 1,130 1,130 1,130 
2 H VSI 1,400 1,400 1,400 
3) H VS2 1,250 1,250 1,250 
8) H SI 1,050 1,050 1,050 
50 G VSI 3,400 3,400 3,400 
50 G VS2 3,000 3,000 3,000 
50 G SI 2,500 2,500 2,500 
50 H VSI 3,000 3,000 3,000 
50 H VS2 2,700 2,700 2,700 
50 H SI 2,400 2,400 2,400 
75, G VSI 3,800 3,800 3,800 
vis) G VS2 3,600 3,600 3,600 
75, G SI 3,300 3,300 3,300 
75, H VSI 3,650 3,650 3,650 
ie) H VS2 3,450 3,450 3,450 
75, H SI 3,100 3,100 3,100 
1.00 G VSI 5,700 5,700 5,700 
1.00 G VS2 5,300 5,300 5,300 
1.00 G Su 4,800 4,800 4,800 
1.00 H VSI 5,200 5,200 5,200 
1.00 H VS2 4,900 4,900 4,900 
1.00 H Su 4,500 4,500 4,500 


1/ Data are rounded to no more than three significant digits. 
2/ Clarity: IF, no blemishes; VVS1, very, very slightly included; VS1, very slightly included; VS2, very 


slightly included, but not visible; SI1, slightly included. 


3/ Gemological Institute of America (GIA) color grades: D, colorless; E, rare white; G - H - I, traces of color. 
4/ Jewelers' Circular Keystone, v. 170, no. 2, February 1999, p. 44. 
5/ Jewelers' Circular Keystone, v. 170, no. 7, July 1999, p. 38. 

6/ Jewelers' Circular Keystone, v. 171, no. 1, January 2000, p. 48. 


TABLE 5 
PRICES PER CARAT OF U.S. CUT COLORED GEMSTONES 


Price range per carat 


January December 
Gemstone 1999 1/ 1999 2/ 

Amethyst $7-$16 $7-$14 
Aquamarine 75-190 75-200 
Emerald 900-2,000 1,000-2,400 
Ruby 1,800-2,800 1,800-2,800 
Sapphire 800- 1,800 650-1,850 
Tanzanite 180-300 250-350 


1/ Jewelers' Circular Keystone, v. 170, no. 2, February 1999, p. 44. 
These figures represent a sampling of net prices that wholesale colored 
stone dealers in various U.S. cities charged their cash customers during 


the month for fine-quality stones. 


2/ Jewelers' Circular Keystone, v. 171, no. 1, January 2000, p. 48. 
Amethyst and aquamarine prices are from The Guide, Fall/Winter 1999- 
2000, p. 12 and p. 72. These figures represent a sampling of net prices 
that wholesale colored stone dealers in various U.S. cities charged their 
their cash customers during the month for fine-quality stones. 


TABLE 6 
U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF INDUSTRIAL DIAMOND), 
BY COUNTRY 1/ 


1998 1999 
Quantity Value 2/ Quantity Value 2/ 
Country (carats) (millions) (carats) (millions) 
Exports: 
Belgium 14,800 $6 9,260 $10 
Canada 67,100 25 81,700 30 
France 180 10 16,700 10 
Hong Kong 22,300 5 29,600 34 
India 29,000 2 56,200 13 
Israel 2,770 7 14,600 28 
Japan 7,750 17 5,460 22 
Singapore 409 (3/) 11,400 =) 
Switzerland 5,480 28 42,000 719 
Thailand 200 (3/) 102 1 
United Arab Emirates -- -- 1,360 3 
United Kingdom 6,590 6 20,200 21 
Other 52,500 15 199,000 47 
Total 209,000 123 487,000 303 
Reexports: 
Belgium 852,000 676 980,000 669 
Canada 81,300 39 97,400 41 
France 16,600 27 40,800 40 
Hong Kong 567,000 272 822,000 308 
India 401,000 42 902,000 134 
Israel 846,000 960 1,120,000 1,020 
Japan 76,800 58 109,000 62 
Singapore 14,600 27 43,100 27 
Switzerland 56,000 164 184,000 265 
Thailand 137,000 22 177,000 22 
United Arab Emirates 22,700 12 25,300 10 
United Kingdom 79,100 97 111,000 97 
Other 52,800 39 346,000 75 
Total 3,200,000 2,430 4,950,000 2,770 
Grand total 3,410,000 2,560 5,440,000 3,080 
-- Zero. 


1/ Data are rounded to no more than three significant digits; may not add to totals shown. 
2/ Customs value. 
3/ Less than 1/2 unit. 


Source: U.S. Census Bureau. 


TABLE 7 


U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY 1/ 


1998 1999 
Quantity Value 2/ Quantity Value 2/ 
Kind, range, and country of origin (carat) (millions) (carat) (millions) 
Rough or uncut, natural: 3/ 
Australia 13,000 (4/) 945 $1 
Belgium 306,000 $111 118,000 121 
Brazil 8,990 1 11,600 5 
Congo (Brazzaville) 1,820 2 25,500 2 
Congo (Kinshasa) 5/ 66,300 72 53,200 74 
Ghana 59,900 61 110,000 102 
Guinea 16,800 11 10,100 16 
India 5,320 (4/) 18,600 (4/) 
Israel 30,500 34 38,000 25 
Russia 112,000 (4/) 3,080,000 4 
Sierra Leone 7,450 10 4,420 6 
South Africa 109,000 61 40,500 73 
Switzerland 1,030 3 2,520 18 
United Kingdom 609,000 206 663,000 229 
Venezuela 13,800 2 3,290 1 
Other 79,600 14 88,900 56 
Total 1,440,000 588 4,270,000 734 
Cut but unset, not more than 0.5 carat: 
Belgium 1,110,000 261 771,000 208 
Brazil 14,100 2 3,720 2 
Canada 676 (4/) 1,260 1 
Germany 11,400 4 6,290 1 
Hong Kong 378,000 61 289,000 47 
India 9,820,000 1,560 12,400,000 1,900 
Israel 1,010,000 521 1,080,000 608 
Japan 7,190 2 12,100 3 
South Africa 8,600 5 3,280 3 
Switzerland 7,330 2 36,400 10 
Thailand 70,400 10 103,000 14 
United Kingdom 1,150 1 1,650 1 
Other 73,200 24 245,000 42 
Total 12,500,000 2,450 14,900,000 2,840 
Cut but unset, more than 0.5 carat: 
Belgium 1,050,000 1,490 1,030,000 1,630 
Botswana 1,690 1 -- -- 
Canada 880 3 1,780 6 
France 1,780 16 2,530 6 
Hong Kong 92,200 105 81,000 117 
India 556,000 306 664,000 383 
Israel 2,040,000 2,990 2,290,000 3,650 
Japan 3,920 8 1,910 7 
Russia 20,000 57 29,000 44 
Singapore 3,860 15 2,210 7 
South Africa 21,200 92 24,800 67 
Switzerland 24,900 239 35,100 254 
Thailand 10,700 14 16,700 18 
United Kingdom 5,670 77 20,800 75 
Other 25,400 39 34,100 55 
Total 3,860,000 5,440 4,230,000 6,320 
-- Zero. 


1/ Data are rounded to no more than three significant digits; may not add to totals shown. 


2/ Customs value. 


3/ Includes some natural advanced diamond. 


4/ Less than 1/2 unit. 
5/ Formerly Zaire. 


Source: U.S. Census Bureau. 


TABLE 8 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN DIAMOND, 


BY KIND AND COUNTRY 1/ 


1998 1999 
Quantity Value 2/ Quantity Value 2/ 
Kind and country (carats) (millions) (carats) (millions) 
Emerald: 
Belgium 20,700 $2 14,000 $2 
Brazil 499,000 5 601,000 6 
Canada 5,750 1 803 (3/) 
China 5,120 (3/) 955 (3/) 
Colombia 1,500,000 68 601,000 59 
France 588 (3/) 7,040 1 
Germany 33,500 4 25,800 3 
Hong Kong 350,000 10 252,000 10 
India 2,730,000 50 2,860,000 35 
Israel 243,000 24 272,000 26 
Japan 399 (3/) 8,370 (3/) 
South Africa 7,790 (3/) 183 (3/) 
Switzerland 67,800 21 34,300 27 
Taiwan 377 (3/) 3,760 (3/) 
Thailand 434,000 6 201,000 4 
United Kingdom 3,090 1 52,800 3 
Other 31,100 4 102,000 6 
Total 5,930,000 195 5,040,000 183 
Ruby: 
Belgium 2,610 (3/) 6,120 1 
Brazil 4,520 (3/) 7,350 (3/) 
Burma 1,090 | 4,290 14 
Canada 24 (3/) 373 (3/) 
China 3,080 (3/) 3,260 (3/) 
Colombia 4,300 (3/) 2,140 (3/) 
France 2,440 1 1,790 (3/) 
Germany 15,700 1 54,400 7 
Hong Kong 287,000 15 270,000 6 
India 970,000 10 1,320,000 4 
Israel 21,400 1 24,000 3 
Japan 3,730 (3/) 3,160 (3/) 
Switzerland 66,300 29 46,200 20 
Thailand 2,370,000 47 2,250,000 48 
United Kingdom 8,440 4 29,300 3 
Other 50,800 3 59,800 2 
Total 3,810,000 119 4,080,000 110 
Sapphire: 
Australia 37,000 (3/) 8,540 (3/) 
Belgium 29,000 1 12,500 2 
Brazil 5,770 (3/) 6,920 (3/) 
Burma 824 1 1,830 2 
Canada 283 (3/) 44 (3/) 
China 6,700 (3/) 15,200 (3/) 
Colombia 2,400 (3/) 2,110 (3/) 
France 250 (3/) 815 (3/) 
Germany 59,900 2 143,000 3 
Hong Kong 244,000 6 301,000 9 
India 757,000 4 862,000 3 
Israel 96,300 2 100,000 6 
Japan 3,550 (3/) 16,300 (3/) 
Singapore 2,270 (3/) 285 (3/) 
Sri Lanka (Ceylon) 346,000 17 480,000 19 
Switzerland 137,000 16 38,600 15 
Tanzania 7,030 (3/) 822 (3/) 
Thailand 4,900,000 66 5,080,000 64 


See footnotes at end of table. 


TABLE 8&--Continued 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN DIAMOND, 
BY KIND AND COUNTRY 1/ 


1998 1999 
Quantity Value 2/ Quantity Value 2/ 
Kind and country (carats) (millions) (carats) (millions) 
Sapphire-Continued: 
United Kingdom 23,400 $5 14,100 $4 
Other 16,800 3 81,700 2 
Total 6,670,000 123 7,160,000 129 
Other: 
Rough, uncut: 
Australia NA 3 NA 4 
Brazil NA 19 NA 26 
China NA 1 NA 1 
Colombia NA 1 NA 2 
Fiji NA 2 NA 2 
Hong Kong NA 1 NA 1 
India NA 2 NA 1 
Kenya NA (3/) NA (3/) 
Nigeria NA (3/) NA (3/) 
Pakistan NA 1 NA (3/) 
Philippines NA 1 NA 1 
Russia NA (3/) NA (3/) 
South Africa NA 1 NA 1 
Switzerland NA (3/) NA (3/) 
Taiwan NA (3/) NA (3/) 
Tanzania NA 1 NA (3/) 
Thailand NA 1 NA 7 
United Kingdom NA 1 NA (3/) 
Zambia NA 1 NA 2 
Other NA 9 NA 11 
Total NA 45 NA 7 
Cut, set and unset: 
Australia NA 8 NA 8 
Brazil NA 10 NA 10 
Canada NA 1 NA 1 
China NA 8 NA 11 
French Polynesia NA 7 NA Ss) 
Germany NA 3 NA 14 
Hong Kong NA 35 NA 44 
India NA 37 NA 66 
Israel NA 4 NA 6 
Japan NA 14 NA 16 
Kenya NA 1 NA 2 
Sri Lanka (Ceylon) NA 4 NA 3 
Switzerland NA 2 NA 2 
Taiwan NA 2 NA 3 
Tanzania NA 5 NA 8 
Thailand NA 24 NA 30 
United Kingdom NA 3 NA 6 
Other NA 4 NA 7 
Total NA 178 NA 243 
NA Not available. 


1/ Data are rounded to no more than three significant digits; may not add to totals shown. 


2/ Customs value. 


3/ Less than 1/2 unit. 


Source: U.S. Census Bureau. 


TABLE 9 


VALUE OF U.S. IMPORTS OF SYNTHETIC AND IMITATION 


GEMSTONES, BY COUNTRY 1/ 


(Thousand dollars) 2/ 
Country 1998 1999 
Synthetic, cut but unset: 
Australia 187 488 
Austria 6,770 7,180 
Brazil 205 2,110 
China 11,300 13,300 
France 720 500 
Germany 10,800 10,500 
Hong Kong 2,240 2,110 
India 1,640 971 
Italy 32 104 
Japan 2D 6 
Korea, Republic of 1,990 2,720 
Spain 47 39 
Sri Lanka (Ceylon) 444 89 
Switzerland 3,670 4,260 
Taiwan 926 828 
Thailand 4,280 4,490 
Other 560 331 
Total 45,900 50,100 
Imitation: 3/ 

Austria 37,100 50,800 
China 1,320 1,180 
Czech Republic 7,880 11,700 
Germany 1,880 1,710 
Japan 765 495 
Spain 212 36 
Taiwan 284 336 
Other 908 1,090 
Total 50,400 67,300 


1/ Data are rounded to no more than three significant digits; may not add to 


totals shown. 
2/ Customs value. 
3/ Includes pearls. 


Source: U.S. Census Bureau. 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES 1/ 


TABLE 10 


(Thousand carats and thousand dollars) 


1998 
Stones Quantity Value 2/ Quantity Value 2/ 
Diamonds: 
Rough or uncut 1,440 588,000 4,270 734,000 
Cut but unset 16,400 7,900,000 19,200 9,160,000 
Emeralds, cut but unset 5,930 195,000 5,040 183,000 
Coral and similar materials, unworked NA 7,640 NA 7,090 
Rubies and sapphires, cut but unset 10,500 242,000 11,200 239,000 
Pearls: 
Natural NA 1,090 NA 2,120 
Cultured NA 36,900 NA 44,800 
Imitation NA 1,530 NA 1,420 
Other precious and semiprecious stones: 
Rough, uncut 883,000 31,100 1,330,000 43,500 
Cut, set and unset NA 140,000 NA 196,000 
Other NA 6,330 NA 6,110 
Synthetic: 
Cut but unset 275,000 45,900 287,000 50,100 
Other NA 7,770 NA 7,370 
Imitation gemstone 3/ NA 48,800 NA 65,900 
Total XX 9,250,000 XX 10,700,000 


NA Not available. XX Not applicable. 


1/ Data are rounded to no more than three significant digits; may not add to totals shown. 


2/ Customs value. 
3/ Does not include pearls. 


Source: U.S. Census Bureau. 


TABLE 11 
NATURAL DIAMOND: ESTIMATED WORLD PRODUCTION, BY TYPE AND COUNTRY 1/ 2/ 


(Thousand carats) 


Country 1995 1996 1997 1998 1999 
Gemstones: 3/ 
Angola 2,600 2,250 1,110 2,400 1,080 
Australia 18,300 18,897 4/ 18,100 18,400 13,403 4/ 
Botswana 11,500 12,400 15,100 14,800 1/ 15,000 
Brazil 676 4/ 200 300 300 300 
Canada -- -- -- 300 r/ 2,000 p/ 
Central African Republic 400 350 400 330 400 
China 230 230 230 230 230 
Congo (Kinshasa) 5/ 4,000 3,600 3,000 1/ 3,300 1/ 3,500 
Cote d' Ivoire 53 202 207 210 1/ 210 
Ghana 126 142 664 649 1/ 649 
Guinea 274 165 165 300 1/ 300 
Liberia 60 60 80 1/ 150 1/ 600 
Namibia 1,382 4/ 1,402 r/4/ 1,345 1/ 1,394 1/ 1,995 
Russia 10,500 10,500 10,500 11,500 1/ 11,500 
Sierra Leone 113 162 4/ 300 1/ 200 1/ 225 
South Africa 5,070 4,400 r/ 4,500 1/ 4,300 r/ 4,000 
Venezuela 125 99 158 100 100 
Zimbabwe 114 300 321 10 r/ -- 
Other 119 165 123 1/ 106 1/ 107 
Total 55,700 55,500 1/ 56,600 58,900 1/ 55,600 
Industrial: 
Angola 300 250 124 364 120 
Australia 22,400 23,096 4/ 22,100 22,500 16,381 4/ 
Botswana 5,300 5,000 5,000 5,000 5,000 
Brazil 600 600 600 600 600 
Central African Republic 130 120 100 200 150 
China 900 900 900 900 920 
Congo (Kinshasa) 5/ 13,000 17,000 17,600 1/ 18,900 1/ 14,500 
Cote d' Ivoire 22 100 100 100 100 
Ghana 505 573 166 160 160 
Guinea 91 40 40 100 1/ 100 
Liberia 90 90 120 1/ 150 1/ 400 
Namibia -- -- 71 73 105 
Russia 10,500 10,500 10,500 11,500 1/ 11,500 
Sierra Leone 101 108 100 1/ 50 r/ 75 
South Africa 5,880 5,550 1/ 5,540 1/ 6,460 1/ 6,000 
Venezuela 66 73 90 150 150 
Zimbabwe 90 137 100 19 1/ -- 
Other 101 120 105 97 r/ 68 
Total 60,100 64,300 1/ 63,400 1/ 67,300 r/ 56,300 
Grand total 116,000 120,000 120,000 1/ 126,000 1/ 112,000 


p/ Preliminary. 1/ Revised. -- Zero. 

1/ World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
2/ Table includes data available through May 26, 2000. 

3/ Includes near- and cheap-gem qualities. 

4/ Reported figure. 

5/ Formerly Zaire. 
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(Data in million dollars, unless otherwise noted) 


Domestic Production and Use: Total U.S. gemstone output has decreased in recent years because of declining 
foreign demand for freshwater shell, a major component of the domestic industry. Domestic gemstone production also 
included amber, agates, beryls, coral, garnet, jade, jasper, pearl, opal, quartz, sapphire, topaz, turquoise, and many 
other gem materials. Output of natural gemstones was primarily from Arizona, Arkansas, California, Nevada, Oregon, 
and Tennessee. Reported output of synthetic gemstones was from six firms in Arizona, California, Michigan, North 
Carolina, and New York. There was notable production of turquoise in Arizona; beryl in Maine; sapphire in Montana; 
Opal in Nevada; ruby in North Carolina; and freshwater pearl in Tennessee. Major uses were jewelry, carvings, and 
gem/mineral collections. 


Salient Statistics—United States: 1994 1995 199 1997 1998° 
Production:? Natural® 50.5 48.7 43.6 25.0 23.0 
Synthetic 22.2 26.0 24.0 21.6 30.0 
Imports for consumption 6,440 6,540 7,240 8,380 9,600 
Exports, including reexports* 2,240 2,520 2,660 2,/60 2,600 
Consumption, apparent? 4,270 4,100 4,650 5,670 7,100 
Price Variable, depending on size, type, and quality 
Employment, mine, number® 1,200 1,200 1,200 1,200 1,200 
Net import reliance® as a percent 
of apparent consumption 99 98 98 99 99 


Recycling: Insignificant. 


Import Sources (1994-97 by value): Israel, 34%; Belgium, 22%; India, 21%; and other, 23%. Diamond imports 
accounted for 91% of the total value of gem imports. 


Tariff: Item Number Normal Trade Relations (NTR) Non-NTR’ 
12/31/98 12/31/98 

Diamonds, unworked or sawn 7102.31.0000 Free Free. 

Diamond, 2 carat or less 7102.39.0010 Free 10% ad val. 
Diamond, cut, more than 2 carat 7102.39.0050 Free 10% ad val. 
Precious stones, unworked 7103.10.2000 Free Free. 

Precious stones, simply sawn 7103.10.4000 12.6% ad val. 50% ad val. 
Rubies, cut 7103.91.0010 Free 10% ad val. 
Sapphires, cut 7103.91.0020 Free 10% ad val. 
Emeralds, cut 7103.91.0030 Free 10% ad val. 
Other precious stones, cut but not set 7103.99.1000 0.4% ad val. 10% ad val. 
Other precious stones, misc. 7103.99.5000 12.6% ad val. 50% ad val. 
Imitation precious stones 7018.10.2000 0.6% ad val. 20% ad val. 
Synthetic stones, cut but not set 7104.90.1000 0.6% ad val. 10% ad val. 
Pearls, natural 7101.10.0000 Free 10% ad val. 
Pearls, cultured 7101.21.0000 0.4% ad val. 10 % ad val. 
Pearls, imitation not strung 7018.10.1000 4.8% ad val 60% ad val. 


Depletion Allowance: 14% (Domestic), 14% (Foreign). 


Government Stockpile: The National Defense Stockpile (NDS) does not contain an inventory of gemstones per se. 
However, portions of the industrial diamond inventory are of near-gem or gem quality. Additionally, the beryl and quartz 
inventories contain some gem-quality materials, and the inventory of synthetic ruby and sapphire could be used by the 


gem industry. The U.S. Department of Defense is currently selling some NDS materials that may be of gemstone 


quality. 


Prepared by Ronald F. Balazik [(703) 648-7721, rbalazik@usgs.gov, fax: (703) 648-7722] 
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Events, Trends, and Issues: A Colorado diamond mine, the only commercial U.S. diamond producer in almost a 
century, was offered for sale in 1998. Canada’s first commercial diamond mine was opened in 1998. The mine may 
account for about 5% of global output when fully operational. Additional Canadian mines are scheduled to open in the 
next few years and may increase national output to 15% of world production. 


As the world’s leading gem market, accounting for at least one-third of world demand and reaching sales totaling $6 
billion, the United States is expected to dominate global gemstone consumption well into the next millennium. Synthetic 
gemstones will gain a larger share of domestic jewelry sales. China may emerge as a major new gem market in the 
next decade. 


World Mine Production.® Reserves. and Reserve Base: 


Mine production Reserves and reserve base” 
1997 1998° 
United States ee () World reserves and reserve base of 
Angola 1,110 1,000 gem diamond are substantial. No 
Australia 18,100 18,500 reserves or reserve base data are 
Botswana 13,000 13,000 available for other gemstones. 
Brazil 300 300 
Central African Republic 400 400 
China 230 230 
Congo (Kinshasa) "' 2,500 2,500 
Namibia 1,500 1,500 
Russia 9,550 10,000 
South Africa 4,380 4,500 
Venezuela 350 350 
Other countries 780 750 
World total (may be rounded) 52,200 53,000 


World Resources: Natural gem-quality diamonds are among the world’s rarest mineral materials. Most diamond- 
bearing ore bodies have a diamond content that ranges from less than 1 carat per ton to only about 6 carats per ton. 
The major gem diamond reserves are in southern Africa, Russia, and Western Australia; Canadian resources may 
prove to be significant as well. Estimation of a reserve base is difficult to determine because of the changing economic 
evaluation of near-gem materials and recent discoveries in Australia, Canada, and Russia. 


Substitutes: Plastics, glass, and other materials are substituted for natural gemstones. Synthetic gemstones 
(manufactured materials that have the same chemical and physical properties as gemstones) are common substitutes. 
Simulants (materials that appear to be gems, but differ in chemical and physical characteristics) also are frequently 
substituted for natural gemstones. 


*Estimated. 

‘Excludes industrial diamond and garnet. See Diamond (Industrial) and Garnet (Industrial). 
“Estimated minimum production. 

$Includes production of freshwater shell. 

“Reexports account for more than 90% of the totals. 

*If reexports are not considered, apparent consumption would be significantly greater. 
®Defined as imports - exports/reexports + adjustments for Government and industry stock changes. 
“See Appendix B. 

8Data in thousands of carats of gem diamond. 

°See Appendix D for definitions. 

"Less than 1% unit. 

"Formerly Zaire. 


U.S. Geological Survey, Mineral Commodity Summaries, January 1999 
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By Donald W. Olson 


Domestic survey data and tables were prepared by Christine K. Pisut, statistical assistant, and the world production table 
was prepared by Regina R. Coleman, international data coordinator. 


Humans have been intrigued by gems since prehistoric times. 
They have been valued as treasured objects throughout history 
by all societies in all parts of the world. The first stones known 
to have been used for making jewelry include amber, amethyst, 
coral, diamond, emerald, garnet, jade, jasper, lapis lazuli, pearl, 
rock crystal, ruby, serpentine, and turquoise. These stones 
served as status symbols for the wealthy. Today, gems are not 
worn to demonstrate wealth as much as they are for pleasure or 
in appreciation of their beauty (Schumann, 1998, p. 8). In this 
report, the terms “gem” and “gemstone” mean any mineral or 
organic material (such as amber, pearl, and petrified wood) 
used for personal adornment, display, or object of art because it 
possesses beauty, rarity, and durability. Of the 2,700 mineral 
species, only about 100 possess all these attributes. Silicates 
compose the largest group of gemstones; oxides and quartz 
compose the second largest (table 1). A further subcategory of 
gemstones is “colored gemstone,” which in this report 
designates all nondiamond gemstones, including amber, coral, 
and shell. In addition, synthetic gemstones, cultured pearls, 
and gemstone simulants are discussed but are treated separately 
from natural gemstones (table 2). Current information on 
industrial-grade diamond can be found in the U.S. Geological 
Survey minerals yearbook chapter on industrial diamond. 


Production 


Commercial mining of gemstones has never been extensive 
in the United States. More than 60 varieties of gemstones have 


been produced commercially from domestic mines, but most of 
the deposits have been relatively small compared with other 
mining operations. In many instances, contemporary gemstone 
mining in the United States is conducted by hobbyists, 
collectors, and gem clubs rather than business organizations. 

The commercial gemstone industry in the United States 
consists of several distinct sectors: (1) individuals and 
companies that mine gemstones or harvest shell and pearl, (2) 
firms that manufacture synthetic gemstones, and (3) individuals 
and companies that cut natural and synthetic gemstones. The 
domestic gemstone industry is focused on the production of 
colored gemstones and on the cutting of large diamonds. 
Industry employment is estimated to range from 1,000 to 1,500 
workers (U.S. International Trade Commission, 1997, p. 1). 

Most natural gemstone producers in the United States are 
small businesses that are widely dispersed and operate 
independently. The small producers probably have an average 
of less than three employees, including those who only work 
part time. The number of gemstone mines operating from year 
to year fluctuates, because the inherent uncertainty associated 
with the discovery and marketing of gem-quality minerals 
makes it difficult to obtain financing for developing and 
sustaining economically viable deposits (U.S. International 
Trade Commission, 1997, p. 23). 

The total value of natural gemstones produced in the United 
States during 2000 was estimated to be at least $17.2 million 
(table 3). The production value was 6.9% greater than the 
preceding year. The production growth was mostly because the 


Gemstones in the 20th Century 


In 1900, U.S. production of gemstones was valued at about 
$233,000. The top five gemstone types, in descending order 
of production value, were turquoise, sapphire, rhodolite 
(garnet), aquamarine, and quartz crystal; these accounted for 
about 85% of total domestic production. Turquoise was 
produced primarily in Nevada and New Mexico. Sapphire 
production was in Montana, rhodolite and beryl production 
occurred in North Carolina, and quartz crystal production was 
in California and Montana. In 1900, the United States also 
imported diamond and other gemstones valued at about $13.6 
million. Nearly $4 million worth of these imports were rough 
South African diamonds that were all cut in the United States. 
Opals from Australia that were cut in the United States were 
also a significant portion of these imports. 

In 2000, domestic gemstone production was estimated to be 
$74.3 million, of which an estimated $57.1 million was 
synthetic gemstone and $17.2 million was natural gemstone. 
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The top seven natural gemstone types, in descending order of 
production value, were shell, beryl, agate, turquoise, quartz, 
coral, and gem feldspars; these accounted for about 47% of 
the total natural gemstone production. Output of natural 
gemstones was primarily from Tennessee, Arizona, California, 
Nevada, and Utah, in decreasing order. Reported output of 
synthetic gemstones was from five firms in North Carolina, 
New York, Florida, California, and Arizona, in decreasing 
order of production. There was notable production of 
freshwater pearl in Tennessee, turquoise in Arizona, and beryl 
in North Carolina and Utah. In 2000, the United States also 
imported diamond and other gemstones valued at about $12.9 
billion. Of these imports, 79% was from Israel, India, and 
Belgium, in descending order of gemstone import value. 
Diamond imports accounted for 93% of the total value of 
gemstone imports, and slightly more than 10.4% by weight of 
those diamonds was cut in the United States. 


32.1 


2000 shell harvest was 42% larger than in 1999 and foreign 
markets for U.S. shell material grew as the demand from 
Southeast Asia cultured pearl producers increased (Jewellery 
News Asia, 2000b). 

The estimate of 2000 U.S. gemstone production was based 
on a survey of more than 200 domestic gemstone producers 
conducted by the U.S. Geological Survey (USGS). The survey 
provided a foundation for projecting the scope and level of 
domestic gemstone production during the year. However, the 
USGS survey did not represent all gemstone activity in the 
United States, which includes thousands of professional and 
amateur collectors. Consequently, the USGS supplemented its 
survey with estimates of domestic gemstone production from 
related published data, contacts with gemstone dealers and 
collectors, and information garnered at gem and mineral shows. 

Natural gemstone materials indigenous to the United States 
are collected, produced, and/or marketed in every State. 

During 2000, all 50 States produced at least $1,000 worth of 
gemstone materials. Five States accounted for about than 75% 
of the total value, as reported by survey respondents. These 
States, in order of declining value of production, were 
Tennessee, Arizona, California, Nevada, and Utah. Some 
States were known for the production of a single gemstone 
material, Tennessee for freshwater pearls and Arkansas for 
quartz, for example. Other States produced a variety of 
gemstones, like Arizona, whose gemstone deposits included 
agate, amethyst, azurite, chrysocolla, fire agate, garnet, jade, 
malachite, obsidian, onyx, peridot, petrified wood, opal, 
smithsonite, and turquoise. A wide variety of gemstones also 
were found in California, Idaho, Montana, and North Carolina. 

There were only two operations on significant known 
diamond-bearing areas in the United States during 2000. The 
first is the Kelsey Lake Diamond Mine, which straddles the 
Colorado-Wyoming State line. Kelsey Lake is now the only 
commercial producing diamond mine in the United States. It is 
operated by Great Western Diamond Company, a wholly- 
owned subsidiary of McKenzie Bay International Ltd., who 
purchased the property from Redaurum Limited in April 2000 
(McKenzie Bay International Ltd., May 1, 2000, Kelsey Lake 
Diamond Mine released from bankruptcy proceedings Yes 
International to perform investor relations, accessed November 
20, 2000, at URL http://www.mckenziebay.com/news/archive/ 
000501.htm). Diamonds are present in three of the nine known 
kimberlite pipes on the Kelsey Lake property. The remaining 
six kimberlites have yet to be fully explored and tested for their 
diamond potential. Of diamonds recovered, 50% to 65% were 
clear gem quality, and almost a third were one carat or larger in 
size. The identified resources are at least 17 million tons (Mt) 
grading at an average of 4 carats per hundred tons (J. Taylor, 
April 11, 2000, McKenzie Bay International Ltd., accessed July 
16, 2001, at URL http://www.mckensiebay.com/reports/ 
jt000411.htm). Kelsey Lake was reopened and began 
production again in September 2000, after installing new 
equipment in the main processing and recovery plant. 
Maximum diamond recovery rates are expected in 2001 
(McKenzie Bay International Ltd., September 6, 2000, 
Diamond production begins at Kelsey Lake Diamond Mine, 
accessed November 20, 2000, at URL 
http://www.mckenziebay.com/news/archive/000906.htm). The 
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second operation was in Crater of Diamonds State Park near 
Murfreesboro in Pike County, AR, where a dig-for-fee 
operation for tourists and rockhounds is maintained by the State. 
Crater of Diamonds is the only diamond mine in the world that 
is open to the public. The diamonds occur in a lamproite 
breccia tuff associated with an extinct volcanic pipe and in the 
soil developed from the lamproite breccia tuff. Since the 
diamond-bearing pipe and the adjoining area became a State 
park in 1972, over 21,000 diamonds have been recovered. 
Recent exploration demonstrated that there are some 78.5 Mt of 
diamond-bearing rock in this diamond deposit (Howard, 1999, 
p. 62). An Arkansas law, enacted early in 1999, prohibits 
commercial diamond mining in the park (Diamond Registry 
Bulletin, 1999). 

In addition to natural gemstones, synthetic gemstones and 
gemstone simulants are produced in the United States. 
Synthetic gemstones have the same optical, physical, and 
chemical properties as the natural materials that they appear to 
be. Simulants have an appearance similar to that of a natural 
gemstone material, but they have different optical, physical, and 
chemical properties. Synthetic gemstones produced in the 
United States include alexandrite, diamond, emerald, 
moissanite, ruby, sapphire, turquoise, and zirconia. Simulants 
of coral, lapis lazuli, malachite, and turquoise also are 
manufactured. In addition, certain colors of synthetic sapphire 
and spinel, used to represent other gemstones, are classified as 
simulants. 

Synthetic gemstone production in the United States exceeded 
$57 million during 2000; simulant gemstone output was even 
greater and was estimated to be more than $100 million. Five 
firms in five States, representing virtually all the U.S. synthetic 
gemstone industry, reported production to the USGS. The 
States with reported synthetic gemstone production were 
Arizona, California, Florida, New York, and North Carolina. 
At least one U.S. company has developed technology to 
produce consistent quality and quantities of synthetic diamond 
and has reported production during 2000. The synthetic 
diamond stones weight ranged from 1.5 to 2 carats. 

In 2000, a North Carolina firm entered its third year of 
marketing moissanite, a gem-quality synthetic silicon carbide 
that it produces. Moissanite is also an excellent diamond 
simulant, but it is being marketed for its own gem qualities. 


Consumption 


Although the United States accounts for less than 1% of total 
global gemstone production, it is the world’s leading gemstone 
market. On the basis of indicators, such as trade data and 
income growth rates, U.S. gemstone markets—bolstered by 
strong demand among consumers with more personal wealth 
and more discretionary income—apparently accounted for at 
least 35% of world gemstone demand in 2000. The U.S. market 
for unset gem-quality diamonds during the year was estimated 
to have exceeded $9 billion, the largest in the world. Domestic 
markets for natural, unset nondiamond gemstones totaled about 
$770 million. 

According to a poll conducted by a U.S. jewelry retailers 
association in the mid-1990s, about two-thirds of domestic 
consumers who were surveyed preferred diamond as their 
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favorite gemstone (ICA Gazette, 1996). In 2000, the top- 
selling colored gemstones, in descending order, were blue 
sapphire, ruby, emerald, amethyst, tanzanite, tourmaline, 
garnet, fancy sapphire, pearl, and blue topaz (Prost, 2001). In 
addition to jewelry, gemstones are used for collections, 
exhibits, and decorative art objects. 


Prices 


Gemstone prices are governed by many factors and 
qualitative characteristics, including beauty, clarity, defects, 
demand, and rarity. Diamond pricing, in particular, is complex; 
values can vary significantly depending on time, place, and the 
subjective evaluations of buyers and sellers. There are more 
than 14,000 categories used to assess rough diamond and more 
than 100,000 different combinations of carat, clarity, color, and 
cut values used to assess polished diamond (Pearson, 1998). 

Colored gemstone prices are generally influenced by market 
supply and demand considerations, and diamond prices are 
supported by producer controls on the quantity and quality of 
supply. Values and prices of gemstones produced and/or sold 
in the United States are listed in tables 3 through 5. In 
addition, customs values for diamonds and other gemstones 
imported, exported, or reexported are listed in tables 6 through 
10. 

De Beers Consolidated Mines Ltd. in South Africa is a 
significant force affecting gem diamond prices worldwide 
because it mines about one-half of the diamonds produced each 
year and sorts and values about two-thirds (by value) of the 
world’s annual supply of rough diamonds through its Diamond 
Trading Company (DTC), which has marketing agreements 
with other producers. Estimates based on the reported output 
of major diamond mines in 2000 indicate that the average value 
of all diamond produced during the year was about $71 per 
carat; by country, the average value per carat ranged from 
about $14 in Australia to more than $276 in Namibia (Luc 
Rombouts, Terraconsult bvba, May 2, 2001, Diamond annual 
review—2000, accessed June 19, 2001, at URL 
http://www.terraconsult.be/overview.htm). 


Foreign Trade 


During 2000, total U.S. gemstone trade with all countries and 
territories exceeded $17.4 billion; diamonds accounted for 
about 92% of the total. In 2000, U.S. exports and reexports of 
diamond were shipped to 72 countries and territories, and 
imports of all gemstones were received from 112 countries and 
territories (tables 6-10). 

During 2000, U.S. trade in cut diamonds reached 
unprecedented levels; the country continued to be the world’s 
leading diamond importer and set export records as well. 
Record high imports were attributed to a relatively strong U.S. 
economy that boosted domestic demand for diamond jewelry 
among consumers with more personal wealth and discretionary 
income. 

The United States is a significant international diamond 
transit center, as well as the world’s largest gem diamond 
market. The large volume of reexports (table 6) shipped to 
other centers reveals the significance that the United States has 
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in the world’s diamond supply network. 

Synthetic gemstone trade continued to increase for the United 
States in 2000. Imports of synthetic gems increased slightly 
during the year. Synthetic gemstone imports from Austria, 
China, Germany, Switzerland, and Thailand made up about 
80% of the total domestic imports of synthetic gemstones during 
the year. Prices of certain synthetic gemstone imports, such as 
amethyst, were very competitive. The marketing of synthetic 
imports and enhanced gemstones as natural gemstones and the 
mixing of synthetic materials with natural stones in imported 
parcels continued to be problems for some domestic producers 
in 2000. Another problem during the year was that some 
simulants were being marketed as synthetic gemstones. 


World Review 


The gemstone industry worldwide has two distinct sectors: 
(1) diamond mining and marketing, and (2) the production and 
sale of colored gemstones. Most diamond supplies are 
controlled by a few major mining companies; prices are 
supported by managing the quantity and quality of the 
gemstones relative to demand, a function performed by De 
Beers through DTC. Unlike diamonds, colored gemstones are 
primarily produced at relatively small, low-cost operations with 
few dominant producers; prices are influenced by consumer 
demand in addition to supply availability. 

In 2000, world diamond production totaled at least 118 
million carats with an estimated value of more than $7.86 
billion (table 11). Most production was concentrated in a few 
regions—Africa [Angola, Botswana, Congo (Kinshasa), 
Namibia, and South Africa], Asia (northeastern Siberia and 
Yakutia in Russia), Australia, North America (Northwest 
Territories in Canada), and South America (Brazil and 
Venezuela). In 2000, Botswana was the world’s leading 
diamond producer in terms of output value and quantity (Luc 
Rombouts, Terraconsult bvba, May 2, 2001, Diamond annual 
review—2000, accessed June 19, 2001, at URL 
http://www.terraconsult.be/overview.htm). 

Global diamond sales hit a record high of $25.8 billion, 
nearly 9% higher than 1999, according to figures released by 
the Diamond High Council (CNN.com, January 30, 2001, 
Diamond sales enjoy record year, accessed February 2, 2001, at 
http://www.cnn.com/2001/WORLD/europe/01/30/ 
belgium.diamonds/index.html). Record sales of rough diamond 
by DTC in 2000 reached $5.67 billion, 8.2% higher than the 
1999 total of $5.24 billion. The sales record was primarily the 
result of very strong sales in the first half of the year. Sales in 
the second half of the year actually dropped by 23% compared 
with the second half of 1999 (The Diamond Registry, January 
2001, U.S. market drives De Beers to record sales increase in 
2000, accessed April 25, 2001, at URL 
http://www.diamondregistry.com/News/sales_record.htm). 
Retail diamond jewelry sales in the United States grew by 6% in 
2000, the ninth consecutive year sales have risen (Diamond 
Registry Bulletin, 2001a). 

Additional events significant to diamond mining and 
marketing worldwide in 2000 include the following: 

! The Ekati Mine, Canada’s first commercial diamond mine, 
completed its second full year of production. The Ekati Mine, 
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located in the Northwest Territories, was a joint venture 
between BHP Diamonds Inc. (BHP) and Dia Met Minerals 
Ltd., but in June 2001, BHP purchased Dia Met Minerals 
Ltd. (BHP Diamonds Inc., 2001). Ekati has estimated 
reserves of 60.3 Mt of ore in kimberlite pipes, containing 
54.3 million carats of diamonds, and the mine life is 
projected to be 25 years. In 2000, Ekati produced 2.63 
million carats valued at $454 million, which reflected a 
record sales price of $172.52 per carat. Ekati diamonds are 
sold by the BHP sales office in Antwerp (65%) and by DTC 
(35%) (Luc Rombouts, Terraconsult bvba, May 2, 2001, 
Diamond annual review—2000, accessed June 19, 2001, at 
URL http://www.terraconsult.be/overview.htm). 

The Diavik diamonds project is located in the Northwest 
Territories. Diavik has estimated reserves of 25.6 Mt of ore 
in kimberlite pipes, containing 102 million carats of 
diamonds, and the mine life is projected to be 20 years. 
Diavik received the required permits and regulatory approval 
in 2000 and began site infrastructure development and 
project construction. Diavik is an unincorporated joint 
venture between Diavik Diamond Mines Inc. (60%) and 
Aber Diamond Mines Ltd. (40%), and it is expected to 
commence diamond production in the first half of 2003. The 
mine is expected to produce about 102 million carats of 
diamond at a rate of 6 million carats per year worth about 
$63 per carat (Diavik Diamond Mines Inc., 2000, p. 10-12). 

“Conflict diamonds” continued to partially finance warfare 
in Angola, Congo (Kinshasa), and Sierra Leone. In 2000, 
these “conflict diamonds” were discussed in the United 
Nations (U.N.), the U.S. Congress, the World Diamond 
Council, and the news media. The U.N. adopted a resolution 
on the role of diamonds in fueling conflict. A bill that was 
introduced, but not passed, in the 106th U.S. Congress would 
have required jewelry retailers to reveal the country of origin 
for all diamonds sold in the United States. In 2001, a revised 
version of this bill was reintroduced in the 107th U.S. 
Congress. The revised bill calls for a comprehensive 
diamond certification program and says that the United 
States can only import rough diamond from countries with 
the proper controls to ensure against importation of “conflict 
diamonds.” “Conflict diamonds” were also the subject of 
much television and other media coverage in 2000. Despite 
all of this discussion and media attention, surveys indicate 
that during 2000, most diamond jewelry consumers did not 
ask for the country of origin when making their diamond 
buying decisions (Diamond Registry Bulletin, 2000a). One 
survey in 2000 indicated that 93% of consumers who were 
surveyed had never heard of “conflict diamonds,” but 76% of 
consumers said that they would not purchase diamonds or 
diamond jewelry knowing that it came from a country where 
social injustice had occurred as a result of its production 
(Diamond Registry Bulletin, 2000c). 

De Beers Canada Mining Inc. acquired the Snap Lake 
diamond project from Winspear Diamonds Inc. and Aber 
Diamond Corporation in 2000. Snap Lake is located in the 
Northwest Territories and will be De Beers’ first mine 
outside of southern Africa and the first underground diamond 
mine in Canada. Snap Lake has estimated reserves of 22.8 
Mt of ore in a kimberlite dike, containing 38.8 million carats 
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of diamonds, and the mine life is projected to be 20 years or 
more. Snap Lake is in its development phase and is 
scheduled to begin diamond production in the first half of 
2003 (De Beers Canada Mining Inc., 2000, Snap Lake 
diamond project fact sheet, accessed June 13, 2001, at URL 
http://www.debeerscanada.com/files_new/snap/ 
infrastruct.htmll). 

E-commerce in diamond and gemstone jewelry continued to 
grow during 2000. While more jewelry websites started 
operating online, many of the dot-com businesses overspent 
on advertizing and went out of business as a result. 
Preholiday season surveys indicated that the vast majority of 
1999 online holiday customers also shopped online in 2000, 
and they spent more. The entire sum of online holiday sales, 
however, only amounted to about 1.5% of overall retail 
jewelry sales in 2000 (Diamond Registry Bulletin, 2000b). 
Worldwide production of natural gemstones other than 
diamond was estimated to have exceeded $2 billion per year in 
the late 1990s. Most nondiamond gemstone mines are small, 
low-cost, and widely dispersed operations in remote regions of 
developing nations. Foreign countries with major gemstone 
deposits other than diamond are Afghanistan (beryl, ruby, and 
tourmaline); Australia (beryl, opal, and sapphire); Brazil (agate, 
amethyst, beryl, ruby, sapphire, topaz, and tourmaline); Burma 
(beryl, jade, ruby, sapphire, and topaz); Colombia (beryl, 
emerald, and sapphire); Kenya (beryl, garnet, and sapphire); 
Madagascar (beryl, rose quartz, sapphire, and tourmaline); 
Mexico (agate, opal, and topaz); Sri Lanka (beryl, ruby, 
sapphire, and topaz); Tanzania (garnet, ruby, sapphire, 
tanzanite, and tourmaline); and Zambia (amethyst and beryl). In 
addition, pearls are cultured throughout the South Pacific and in 
other equatorial waters; Australia, China, French Polynesia, and 
Japan are key producers. 

Colored gemstone producers continued their recovery from 
the weakened markets created by the Asian economic crisis of 
1997-98. Mining and sales reportedly were disrupted in many 
nations, particularly in Southeast Asia. Prices of high-quality 
colored gemstones, however, did not decline dramatically 
(Cavey, 1998). 

Additional noteworthy items in the colored gemstone industry 
ae 2000 included the following: 

! Owing to the increased misuse of the terms like “synthetic” 
and “laboratory-created” in deceptive advertizing and owing 
to the proliferation of treatment processes to enhance 
gemstone attributes artificially without disclosure, the Federal 
Trade Commission has modified its “Guides for the Jewelry, 
Precious Metals, and Pewter Industries.” The modified 
regulations went into effect April 10, 2001. 

During 2000, the popularity of colorful gemstones, colored 
synthetic gemstones, and “fancy” colored diamonds (even 
black diamonds) increased, as was evidenced by increased 
sales that are expected to continue in 2001 (Jewelers’ Circular 
Keystone, 2000; Jewellery News Asia, 2000a, 2000c, 2001). 


Outlook 
It appears that the 2001 U.S. economy will not be a 


continuation of the good times we have enjoyed for the last few 
years. The U.S. diamond industry can take comfort in the fact 
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that the value of their inventory is holding much better than the 
stock market (Diamond Registry Bulletin, 2001b). 

Historically, diamonds have proven to hold their value despite 
wars or depressions 1n the economy (Schumann, 1998, p. 8). 

Diamond exploration is continuing in Canada, and many new 
deposits are being found. There have been additional 
discoveries in both the core and buffer zones of the Ekati lease. 
At least 35 kimberlites have been discovered in north-central 
Alberta, 70 large kimberlites have been found in Saskatchewan, 
and additional discoveries have been made in Ontario and 
Quebec (Luc Rombouts, Terraconsult bvba, May 2, 2001, 
Diamond annual review—2000, accessed June 19, 2001, at 
URL http://www.terraconsult.be/overview.htm). When the 
Diavik and Snap Lake mines begin production, Canada will be 
producing at least 15% to 20% of the total world diamond 
production. 

Independent producers, such as Argyle Diamond Mines in 
Australia and new mines in Canada, will continue to bring a 
greater measure of competition to global markets. More 
competition presumably will bring more supplies and lower 
prices. 

Numerous synthetics, simulants, and treated gemstones will 
enter the marketplace and necessitate more transparent trade 
industry standards to maintain customer confidence. 

More diamonds, gemstones, and jewelry will be sold through 
online marketplaces and other forms of e-commerce that 
emerge to serve the diamond and gemstone industry. This will 
take place as the industry and its customers become more 
comfortable with and learn the best applications of new e- 
commerce tools for the gemstone industry (Authority on 
Jewelry Manufacturing, 2001). 
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TABLE 1 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size 1/ Cost 2/ Mohs gravity Refraction index confused with characters 
Amber Hydrocarbon Yellow, red, green, blue Any Low to 2.0-2.5 1.0-1.1 Single 1.54 Synthetic or pressed Fossil resin, soft. 
medium plastics 
Benitoite Barium titanium Blue, purple, pink, Small to High 6.0-6.5 3.64-3.68 Double 1.76-1.80 | Sapphire, tanzanite, Strong blue in ultraviolet light. 
silicate colorless medium blue diamond, blue 
tourmaline 
Beryl: 
Aquamarine Beryllium aluminum Blue-green to light blue Any Medium to 7.5-8.0 2.63-2.80 do. 1.58 Synthetic spinel, blue Double refraction, refractive index. 
silicate high topaz 
Bixbite do. do. Small Very high = 7.5-8.0 2.63-2.80 do. 1.58 Pressed plastics, Refractive index. 
tourmaline 
Emerald do. Green Medium do. 75 2.63-2.80 do. 1.58 | Fused emerald, glass, | Emerald filter, dichroism, refractive 
tourmaline, peridot, index. 
green garnet doublets 
Emerald, synthetic do. do. Small High 7.5-8.0 2.63-2.80 do. 1.58 Genuine emerald Flaws, brilliant, fluorescence in 
ultraviolet light. 
Golden (heliodor) do. Yellow to golden Any Low to 7.5-8.0 2.63-2.80 do. 1.58 Citrine, topaz, glass, Weak-colored. 
medium doublets 
Goshenite do. do. do. Low 7.5-8.0 2.63-2.80 do. 1.58 Quartz, glass, white Refractive index. 
sapphire, white topaz 
Morganite do. Pink to rose do. do. 7.5-8.0 2.63-2.80 do. 1.58  Kunzite, tourmaline, Do. 
pink sapphire 
Calcite: 
Marble Calcium carbonate White, pink, red, blue, do. do. 3.0 2.72 Double 1.49-1.66 Silicates, banded agate, Translucent. 
green, or brown (strong) alabaster gypsum 
Mexican onyx do. do. do. do. 3.0 2542 do. 1.60 do. Banded, translucent. 
Chrysoberyl: 
Alexandrite Beryllium aluminate Green by day, red by Small High 8.5 3.50-3.84 Double 1.75 Synthetic Dichroism, inclusions in synthetic 
artificial light (former sapphire. 
U.S.S.R.) 
Medium 
(Sri Lanka) 
Cats-eye do. Greenish to brownish Small to do. sm) 3.50-3.84 do. 1.75 — Synthetic, shell Gravity and translucence. 
large 
Chrysolite do. Yellow, green, and/or Medium Medium 8.5 3.50-3.84 do. 1.75 Tourmaline, peridot Refractive index, silky. 
brown 
Coral Calcium carbonate Orange, red, white, black, Branching, Low 3.5-4.0 2.6-2.7 do. 1.49-1.66 False coral Dull translucent. 
or green medium 
Corundum: 
Ruby Aluminum oxide Rose to deep purplish Small Very high 9.0 3.95-4.10 do. 1.78 Synthetics, including _ Inclusions, fluorescence. 
red spinel 
Sapphire do. Blue Medium High 9.0 3.95-4.10 do. 1.78 do. Inclusions, double refraction, 
dichroism. 
Sapphire, fancy do. Yellow, pink, white, Medium to Medium 9.0 3.95-4.10 do. 1.78 Synthetics, glass and Inclusions, double refraction, 
orange, green, or violet _ large doublets refractive index. 
Sapphire and ruby, do. Red, pink, violet, blue, do. High to low 9.0 3.95-4.10 do. 1.78 Star quartz, synthetic | Shows asterism, color side view. 
stars or gray stars 


See footnotes at end of table. 
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TABLE 1—Continued 


Practical Specific Refractive May be Recognition 
Name Composition Color size 1/ Cost 2/ Mohs gravity Refraction index confused with characters 
Corundum: 
Sapphire or ruby, Aluminum oxide Yellow, pink, or blue Up to 20 Low 9.0 3.95-4.10 Double 1.78 | Synthetic spinel, glass Curved striae, bubble inclusions. 
synthetic carats 
Diamond Carbon White, blue-white, yellow, Any Very high 10.0 3.516-3.525 Single 2.42 Zircon, titania, cubic —_ High index, dispersion, hardness, 
brown, green, pink, blue zirconia luster. 
Feldspar: 
Amazonite Alkali aluminum Green Large Low 6.0-6.5 2.56 XX 1.52 Jade Cleavage, sheen, vitreous to pearly, 
silicate opaque, grid. 
Labradorite do. Gray with blue and do. do. 6.0-6.5 2.56 XX 1.56 do. Do. 
bronze sheen color play 
Moonstone do. Colorless or yellow do. do. 6.0-6.5 2.77 XX 1.52-1.54 Glass Pale sheen, opalescent. 
Garnet Complex silicate Brown, black, yellow, Small to Low to high 6.5-7.5 3.15-4.30 Single 1.79-1.98 Synthetics, spinel, Single refraction, anomalous strain. 
green, ruby red, or medium strained glass 
orange 
Jade: 
Jadeite do. Green, yellow, black, Large Low to very 6.5-7.0 3.3-3.5  Crypto- 1.65-1.68 | Onyx, bowenite, Luster, spectrum, translucent, to 
white, or mauve high crystalline vesuvianite, opaque. 
grossularite 
Nephrite Complex hydrous do. do. do. 6.0-6.5 2.96-3.10 do. 1.61-1.63 do. Do. 
silicate 
Opal Hydrous silica Colors flash in white gray, do. Low to high 5.5-6.5 1.9-2.3 Single 1.45 — Glass, synthetics, Play of color. 
black, red, or yellow triplets 
Pearl Calcium carbonate — White, pink, or black Small do. 2.5-4.0 2.6-2.85 XX XX Cultured and imitation Luster, structure, x ray. 
Peridot Iron magnesium Yellow and/or green Any Medium 6.5-7.0 3.27-3.37 Double 1.65-1.69 | Tourmaline Strong double refraction, low 
silicate (strong) chrysoberyl dichroism. 
Quartz: 
Agate Silica Any Large Low 7.0 2.58-2.64 XX XX _— Glass, plastic, Cryptocrystalline, irregularly 
Mexican onyx banded, dendritic inclusions. 
Amethyst do. Purple do. Medium 7.0 2.65-2.66 Double 1.55 do. Refractive index, double refraction, 
transparent. 
Cairngorm do. Smoky orange or yellow do. Low 7.0 2.65-2.66 do. LoS do. Do. 
Citrine do. Yellow do. do. 7.0 2.65-2.66 do. 1,55 do. Do. 
Crystal, rock do. Colorless do. do. 7.0 2.65-2.66 do. 1.55 do. Do. 
Jasper do. Any, striped, spotted, or do. do. 7.0 2.58-2.66 XX XX do. Opaque, vitreous. 
sometimes uniform 
Onyx do. Many colors do. do. 7.0 2.58-2.64 XX XX do. Uniformly banded. 
Rose do. Pink, rose red do. do. 7.0 2.65-2.66 Double 1.55 do. Refractive index, double refraction, 
translucent. 
Spinel Magnesium Any Small to Medium 8.0 3.5-3.7. Single 1.72 Synthetic, garnet Refractive index, single refraction, 
aluminum oxide medium inclusions. 
Spinel, synthetic do. do. Up to 40 Low 8.0 3.5-3.7. Double 1.73 Spinel, corundum, Weak double refraction, curved 
carats beryl, topaz, striae, bubbles. 
alexandrite 
Spodumene: 
Hiddenite Lithium aluminum Yellow to green Medium Medium 6.5-7.0 3.13-3.20 do. 1.66 Synthetic spinel Refractive index. 
silicate 
Kunzite do. Pink to lilac do. do. 6.5-7.0 3.13-3.20 do. 1.66 Amethyst, morganite Do. 


See footnotes at end of table. 


TABLE 1—Continued 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size 1/ Cost 2/ Mohs gravity Refraction index confused with characters 
Tanzanite Complex silicate Blue Small High 6.0-7.0 3.30 Double 1.69 Sapphire, synthetics Strong trichroism. 
Topaz do. White, blue, green Medium Low to 8.0 3.4-3.6 do. 1.62 Beryl, quartz Refractive index. 
medium 
Tourmaline do. Any, including mixed do. do. 7.0-7.5 2.98-3.20 do. 1.63 Peridot, beryl, Double refraction, refractive index. 
corundum, glass 
Turquoise Copper aluminum Blue to green Large Low 6.0 2.60-2.83 do. 1.63 — Glass, plastics Difficult if matrix not present, 
phosphate matrix usually limonitic. 
Zircon Zirconium silicate White, blue, or brown, Small to Low to 6.0-7.5 4.0-4.8 Double 1.79-1.98 Diamond, synthetics, | Double refraction, strongly dichroic, 
yellow, or green medium medium (strong) topaz, aquamarine wear on facet edges. 


XX Not applicable. 
1/ Small: up to 5 carats; medium: 5 to 50 carats; large: more than 50 carats. 
2/ Low: up to $25 per carat; medium: up to $200 per carat; high: more than $200 per carat. 


TABLE 2 
SYNTHETIC GEMSTONE PRODUCTION METHODS 


Production Company/ Date of first 
Gemstone methods producer production 
Alexandrite Flux Creative Crystals 1970s 
Do. Melt pulling J.O. Crystal 1990s 
Do. do. Kyocera 1980s 
Do. Zone melt Seiko 1980s 
Cubic zirconia Skull melt Various producers 1970s 
Emerald Flux Chatham 1930s 
Do. do. Gilson 1960s 
Do. do. Kyocera 1970s 
Do. do. Seiko 1980s 
Do. do. Lennix 1980s 
Do. do. Russia 1980s 
Do. Hydrothermal _ Lechleitner 1960s 
Do. do. Regency 1980s 
Do. do. Biron 1980s 
Do. do. Russia 1980s 
Ruby Flux Chatham 1950s 
Do. do. Kashan 1960s 
Do. do. J.O. Crystal 1980s 
Do. do. Douras 1990s 
Do. Zone melt Seiko 1980s 
Do. Melt pulling Kyocera 1970s 
Do. Verneuil Various producers 1900s 
Sapphire Flux Chatham 1970s 
Do. Zone melt Seiko 1980s 
Do. Melt pulling Kyocera 1980s 
Do. Verneuil Various producers 1900s 
Star ruby do. Linde 1940s 
Do. Melt pulling Kyocera 1980s 
Do. do. Nakazumi 1980s 
Star sapphire Verneuil Linde 1940s 
TABLE 3 


VALUE OF U.S. GEMSTONE PRODUCTION, BY TYPE 1/ 


(Thousand dollars) 

Gem materials 1999 2000 

Agate 47 r/ (2/) 
Beryl 3,360 e/ (2/) 
Coral (all types) 54 (2/) 
Diamond (3/) (3/) 
Garnet 90 78 
Gem feldspar 187 314 
Geode/nodules 69 59 
Jasper 49 30 
Opal 147 219 
Quartz 674 416 
Sapphire/ruby 117 65 
Shell 2,600 3,270 
Topaz 8 8 
Tourmaline W 54 
Turquoise 860 (2/) 
Other 7,820 9,210 
Total 16,100 17,200 


e/ Estimated. r/ Revised. W Withheld to avoid disclosing 


company proprietary data. 


1/ Data are rounded to no more than three significant digits; 


may not add to totals shown. 
2/ Included in "Total." 
3/ Included with "Other." 


TABLE 4 
PRICES OF U.S. CUT DIAMONDS, BY SIZE AND QUALITY 1/ 


Representative prices 


Carat Description, Clarity 2/ January June December 
weight color 3/ (GIA terms) 2000 4/ 2000 5/ 2000 6/ 

0.25 G VSI $1,500 $1,500 $1,500 
25 G VS2 1,380 1,380 1,380 
va) G Sil 1,130 1,130 1,130 
2D H VSI 1,400 1,400 1,400 
Oe) H VS2 1,250 1,250 1,250 
25 H Sil 1,050 1,050 1,050 
50 G VSI 3,400 3,400 3,400 
0 G VS2 3,000 3,000 3,000 
os!) G SI 2,500 2,500 2,500 
50 H VSI 3,000 3,000 3,000 
0) H VS2 2,700 2,700 2,700 
Fe 8) H SI 2,400 2,400 2,400 
ee) G VSI 3,800 3,800 3,800 
es) G VS2 3,600 3,600 3,600 
WE) G SI 3,300 3,300 3,300 
ee) H VSI 3,650 3,650 3,650 
iD H VS2 3,450 3,450 3,450 
75 H SI 3,100 3,100 3,100 
1.00 G VSI 5,700 5,800 5,900 
1.00 G VS2 5,300 5,400 5,700 
1.00 G SI 4,800 4,900 5,000 
1.00 H VSI 5,200 5,300 5,500 
1.00 H VS2 4,900 5,000 5,300 
1.00 H SI 4,500 4,600 4,800 


1/ Data are rounded to no more than three significant digits. 


2/ Gemological Institute of America (GIA) color grades: D—colorless; E—rare white; G, H, I— traces of color 
3/ Clarity: IF—no blemishes; VVS 1—very, very slightly included; VS 1—-very slightly included; VS2—very 


slightly included, but not visible; SI11—slightly included. 

4/ Source: Jewelers' Circular Keystone, v. 171, no. 2, February 2000, p. 58. 
5/ Source: Jewelers' Circular Keystone, v. 171, no. 7, July 2000, p. 46. 

6/ Source: Jewelers' Circular Keystone, v. 172, no. 1, January 2001, p. 52. 


TABLE 5 
PRICES PER CARAT OF U.S. CUT COLORED GEMSTONES 


Price range per carat 


January December 
Gemstone 2000 1/ 2000 2/ 
Amethyst $7-$14 $7-$14 
Aquamarine 75-200 75-250 
Emerald 1,000-2,400 1,000-2,400 
Ruby 1,800-2,800 1,800-2,800 
Sapphire 650-1,800 450-1,450 
Tanzanite 250-350 325-400 


1/ Source: Jewelers' Circular Keystone, v. 171, no. 2, February 2000, p. 58. 
Amethyst and aquamarine prices are from The Guide, Spring/Summer 

2000, p. 12, 72. These figures represent a sampling of net prices that 
wholesale colored stone dealers in various U.S. cities charged their cash 
customers during the month for fine-quality stones. 

2/ Source: Jewelers' Circular Keystone, v. 172, no. 1, January 2001, p. 52. 
Amethyst, aquamarine, and tanzanite prices are from The Guide, Fall/Winter 
2000-2001, p. 12, 72, 104. These figures represent a sampling of net prices 
that wholesale colored stone dealers in various U.S. cities charged their cash 
customers during the month for fine-quality stones. 


TABLE 6 
U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF 
INDUSTRIAL DIAMOND), BY COUNTRY 1/ 


1999 2000 
Quantity Value 2/ Quantity Value 2/ 
Country (carats) (millions) (carats) (millions) 
Exports: 
Belgium 9,260 $10 114,000 $248 
Canada 81,700 30 123,000 39 
France 16,700 10 30,300 67 
Hong Kong 29,600 34 111,000 150 
India 56,200 13 109,000 36 
Israel 14,600 28 268,000 354 
Japan 5,460 22 23,100 60 
Singapore 11,400 5 15,000 14 
Switzerland 42,000 79 73,100 143 
Thailand 102 1 13,100 12 
United Arab Emirates 1,360 3 1,540 6 
United Kingdom 20,200 21 74,600 64 
Other 199,000 47 319,000 89 
Total 487,000 303 1,270,000. 1,280 
Reexports: 

Belgium 980,000 669 3,850,000 666 
Canada 97,400 4] 105,000 49 
France 40,800 40 75,100 21 
Hong Kong 822,000 308 3,260,000 396 
India 902,000 134 600,000 79 
Israel 1,120,000 1,020 4,770,000 1,010 
Japan 109,000 62 259,000 34 
Singapore 43,100 27 259,000 a2. 
Switzerland 184,000 265 477,000 187 
Thailand 177,000 22 247,000 28 
United Arab Emirates 25,300 10 72,100 13 
United Kingdom 111,000 97 455,000 94 
Other 346,000 yi) 551,000 89 
Total 4,950,000 2,770 15,000,000 2,700 
Grand total 5,440,000 3,080 16,300,000 3,980 


1/ Data are rounded to no more than three significant digits; may not add to totals 


shown. 


2/ Customs value. 


Source: U.S. Census Bureau. 


TABLE 7 
U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY 1/ 


1999 2000 
Quantity Value 2/ Quantity Value 2/ 
Kind, range, and country of origin (carat) (millions) (carat) (millions) 
Rough or uncut, natural: 3/ 
Australia 945 $1 12 (4/) 
Belgium 118,000 121 431,000 $190 
Brazil 11,600 5 29,500 9 
Congo (Brazzaville) 25,500 2 7,860 15 
Congo (Kinshasa) 53,200 74 2,290 10 
Ghana 110,000 102 699,000 36 
Guinea 10,100 16 4,390 8 
India 18,600 (4/) 276,000 (4/) 
Israel 38,000 25 19,200 20 
Russia 3,080,000 4 4,240 1 
Sierra Leone 4,420 6 668 1 
South Africa 40,500 73 136,000 194 
Switzerland 2,520 18 5,200 23 
United Kingdom 663,000 229 538,000 185 
Venezuela 3,290 1 6,870 2 


See footnotes at end of table. 


TABLE 7--Continued 
U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY 1/ 


1999 2000 
Quantity Value 2/ Quantity Value 2/ 
Kind, range, and country of origin (carat) (millions) (carat) (millions) 
Rough or uncut, natural--Continued: 3/ 
Other 88,900 $56 116,000 $47 
Total 4,270,000 734 2,280,000 741 
Cut but unset, not more than 0.5 carat: 
Belgium 771,000 208 769,000 221 
Brazil 3,720 2 13,400 3 
Canada 1,260 1 2,070 1 
Germany 6,290 1 4,590 1 
Hong Kong 289,000 47 466,000 719 
India 12,400,000 1,900 11,600,000 2,050 
Israel 1,080,000 608 1,150,000 693 
Japan 12,100 3 3,950 2 
South Africa 3,280 3 1,480 2 
Switzerland 36,400 10 133,000 9 
Thailand 103,000 14 127,000 18 
United Kingdom 1,650 1 11,700 3 
Other 245,000 42 217,000 42 
Total 14,900,000 2,840 14,500,000 3,120 
Cut but unset, more than 0.5 carat: 
Belgium 1,030,000 1,630 1,330,000 2,170 
Botswana -- -- 2 (4/) 
Canada 1,780 6 2,830 9 
France 2,530 6 2,110 16 
Hong Kong 81,000 117 105,000 139 
India 664,000 383 639,000 461 
Israel 2,290,000 3,650 2,740,000 4,630 
Japan 1,910 7 14,800 13 
Russia 29,000 44 45,100 61 
Singapore 2,210 ¢ 4,180 14 
South Africa 24,800 67 34,100 140 
Switzerland 35,100 254 34,200 263 
Thailand 16,700 18 23,800 27 
United Kingdom 20,800 75 22,100 100 
Other 34,100 55 48,500 90 
Total 4,230,000 6,320 5,040,000 8,140 
-- Zero. 


1/ Data are rounded to no more than three significant digits; may not add to totals shown. 


2/ Customs value. 


3/ Includes some natural advanced diamond. 


4/ Less than 1/2 unit. 


Source: U.S. Census Bureau. 


TABLE 8 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN DIAMOND, 
BY KIND AND COUNTRY 1/ 


1999 2000 
Quantity Value 2/ Quantity Value 2/ 
Kind and country (carats) (millions) (carats) (millions) 
Emerald: 

Belgium 14,000 $2 10,600 $2 
Brazil 601,000 6 6,750,000 8 
Canada 803 (3/) 1,120 1 
China 955 (3/) 1,060 (3/) 
Colombia 601,000 59 11,300,000 66 
France 7,040 1 3,180 1 
Germany 25,800 3 40,700 2 
Hong Kong 252,000 10 240,000 2 
India 2,860,000 35 3,110,000 32 


See footnotes at end of table. 


TABLE 8--Continued 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN DIAMOND, 


BY KIND AND COUNTRY 1/ 


1999 2000 
Quantity Value 2/ Quantity Value 2/ 
Kind and country (carats) (millions) (carats) (millions) 
Emerald--Continued: 
Israel 272,000 $26 181,000 $30 
Japan 8,370 (3/) 48 (3/) 
South Africa 183 (3/) 78 (3/) 
Switzerland 34,300 27 137,000 15 
Taiwan 3,760 (3/) 526 (3/) 
Thailand 201,000 4 258,000 4 
United Kingdom 52,800 3 3,630 1 
Other 102,000 6 76,400 5 
Total 5,040,000 183 22,100,000 176 
Ruby: 
Belgium 6,120 1 2,120 1 
Brazil 7,350 (3/) 6,020 (3/) 
Burma 4,290 14 55,900 4 
Canada 373 (3/) 120 (3/) 
China 3,260 (3/) 1,170 (3/) 
Colombia 2,140 (3/) 1,840 (3/) 
France 1,790 (3/) 1,710 (3/) 
Germany 54,400 7 16,300 1 
Hong Kong 270,000 6 253,000 10 
India 1,320,000 4 1,600,000 5 
Israel 24,000 3 37,800 3 
Japan 3,160 (3/) 9,280 (3/) 
Switzerland 46,200 20 32,100 7 
Thailand 2,250,000 48 2,450,000 46 
United Kingdom 29,300 3 5,590 4 
Other 59,800 2 31,200 4 
Total 4,080,000 110 4,500,000 85 
Sapphire: 
Australia 8,540 (3/) 7,320 1 
Belgium 12,500 2 3,000 1 
Brazil 6,920 (3/) 6,590 (3/) 
Burma 1,830 2 8,720 2 
Canada 44 (3/) 699 1 
China 15,200 (3/) 30,000 (3/) 
Colombia 2,110 (3/) 43,100 (3/) 
France 815 (3/)) 1,740 1 
Germany 143,000 3 53,700 1 
Hong Kong 301,000 9 326,000 11 
India 862,000 3 1,160,000 4 
Israel 100,000 6 63,100 5 
Japan 16,300 (3/) 105,000 1 
Singapore 285 (3/) 147 (3/) 
Sri Lanka 480,000 19 492,000 25 
Switzerland 38,600 15 50,400 17 
Tanzania 822 (3/) 238 (3/) 
Thailand 5,080,000 64 6,000,000 81 
United Kingdom 14,100 4 13,800 3 
Other 81,700 2 28,900 4 
Total 7,160,000 129 8,400,000 156 
Other: 
Rough, uncut: 
Australia NA 4 NA 4 
Brazil NA 26 NA 15 
China NA 1 NA 1 
Colombia NA 2 NA 2 
Fiji NA 2 NA 2 
Hong Kong NA 1 NA 1 
India NA 1 NA 1 
Kenya NA (3/) NA (3/) 
Nigeria NA (3/) NA (3/) 
Pakistan NA (3/) NA 1 


See footnotes at end of table. 


TABLE 8--Continued 


BY KIND AND COUNTRY 1/ 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN DIAMOND, 


1999 2000 
Quantity Value 2/ Quantity Value 2/ 
Kind and country (carats) (millions) (carats) (millions) 
Other--Continued: 
Rough, uncut--Continued: 
Philippines NA $1 NA $1 
Russia NA (3/) NA (3/) 
South Africa NA 1 NA 2 
Switzerland NA (3/)) NA (3/) 
Taiwan NA (3/) NA (3/) 
Tanzania NA (3/) NA 1 
Thailand NA 7 NA 11 
United Kingdom NA (3/) NA 1 
Zambia NA 2 NA 5 
Other NA 11 NA 9 
Total NA a7 NA 56 
Cut, set and unset: 
Australia NA 8 NA 18 
Brazil NA 10 NA 10 
Canada NA 1 NA 1 
China NA 1a NA 13 
French Polynesia NA 5 NA 5 
Germany NA 14 NA 17 
Hong Kong NA 44 NA 56 
India NA 66 NA 81 
Israel NA 6 NA 11 
Japan NA 16 NA 10 
Kenya NA 2 NA 1 
Sri Lanka NA 3 NA 6 
Switzerland NA 2 NA 3 
Taiwan NA 3 NA 2 
Tanzania NA 8 NA 13 
Thailand NA 30 NA ao 
United Kingdom NA 6 NA 6 
Other NA 7 NA 9 
Total NA 243 NA 294 
NA Not available. 


1/ Data are rounded to no more than three significant digits; may not add to totals shown. 


2/ Customs value. 
3/ Less than 1/2 unit. 


Source: U.S. Census Bureau. 


TABLE 9 


VALUE OF U.S. IMPORTS OF SYNTHETIC AND IMITATION 
GEMSTONES, BY COUNTRY 1/ 


(Thousand dollars) 2/ 


Country 1999 2000 
Synthetic, cut but unset: 

Australia 488 97 
Austria 7,180 6,670 
Brazil 2,110 136 
China 13,300 13,500 
France 500 1,020 
Germany 10,500 10,300 
Hong Kong 2,110 2,990 
India 971 7195 
Italy 104 289 
Japan 6 69 
Korea, Republic of 2,720 2,510 


See footnotes at end of table. 


TABLE 9--Continued 


VALUE OF U.S. IMPORTS OF SYNTHETIC AND IMITATION 
GEMSTONES, BY COUNTRY 1/ 


(Thousand dollars) 2/ 


Country 1999 2000 

Synthetic, cut but unset--Continued: 
Spain ee) 10 
Sri Lanka 89 612 
Switzerland 4,260 6,410 
Taiwan 828 708 
Thailand 4,490 3,820 
Other 331 1,000 
Total 50,100 50,900 

Imitation: 3/ 

Austria 50,800 59,100 
China 1,180 990 
Czech Republic 11,700 11,200 
Germany 1,710 1,250 
Japan 495 756 
Spain 36 45 
Taiwan 336 274 
Other 1,090 2,580 
Total 67,300 76,200 


1/ Data are rounded to no more than three significant digits; may not add 


to totals shown. 


2/ Customs value. 
3/ Includes pearls. 


Source: U.S. 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES 1/ 


Census Bureau. 


TABLE 10 


(Thousand carats and thousand dollars) 


1999 2000 
Stones Quantity Value 2/ Quantity Value 2/ 
Diamonds: 
Rough or uncut 4,270 734,000 2,280 741,000 
Cut but unset 19,200 9,160,000 19,500 11,300,000 
Emeralds, cut but unset 5,040 183,000 22,100 176,000 
Coral and similar materials, unworked NA 7,090 NA 8,920 
Rubies and sapphires, cut but unset 11,200 239,000 12,900 241,000 
Pearls: 
Natural NA 2,120 NA 960 
Cultured NA 44,800 NA 46,100 
Imitation NA 1,420 NA 2,020 
Other precious and semiprecious stones: 
Rough, uncut 1,330,000 43,500 1,070,000 39,400 
Cut, set and unset NA 196,000 NA 247,000 
Other NA 6,110 NA 7,840 
Synthetic: 
Cut but unset 287,000 50,100 329,000 50,900 
Other NA 7,370 NA 6,190 
Imitation gemstone 3/ NA 65,900 NA 74,200 
Total XX 10,700,000 XX 12,900,000 


NA Not available. XX Not applicable. 


1/ Data are rounded to no more than three significant digits; may not add to totals shown. 


2/ Customs value. 
3/ Does not include pearls. 


Source: U.S. Census Bureau. 


TABLE 11 
NATURAL DIAMOND: ESTIMATED WORLD PRODUCTION, BY TYPE AND COUNTRY 1/ 2/ 


(Thousand carats) 


Country 1996 1997 1998 1999 2000 
Gemstones: 3/ 
Angola 2,250 1,110 2,400 3,700 1/ 5,400 
Australia 18,897 4/ 18,100 18,400 13,403 4/ 12,014 4/ 
Botswana 12,388 1/4/ 15,111 1/ 4/ 14,772 r/ 4/ 16,000 1/ 19,700 
Brazil 200 300 300 300 300 
Canada -- -- 300 2,000 2,000 
Central African Republic 350 400 330 400 400 
China 230 230 230 230 230 
Congo (Kinshasa) 3,300 r/ 3,300 1/ 5,080 r/ 4,120 r/ 3,500 
Cote d' Ivoire 202 207 210 210 200 
Ghana 142 664 649 518 1/ 178 
Guinea 165 165 300 410 r/ 410 
Liberia 60 80 150 120 r/ 120 
Namibia 1,402 4/ 1,350 1/ 1,390 1/ 1,550 1/ 1,520 
Russia 10,500 11,200 r/ 11,500 11,500 11,600 
Sierra Leone 162 4/ 300 200 450 1/ 450 
South Africa 4,400 4,500 4,300 4,000 4,300 
Venezuela 99 158 80 1/ 59 1/ 60 
Zimbabwe 300 321 10 jin ise a 
Other 165 124 1/ 106 207 1/ 258 
Total 55,200 r/ 57,600 1/ 60,800 r/ 59,200 1/ 62,600 
Industrial: 
Angola 250 124 364 400 1/ 600 
Australia 23,096 4/ 22,100 22,500 16,381 4/ 14,684 4/ 
Botswana 5,000 5,000 5,000 5,350 1/ 4,950 
Brazil 600 600 600 600 600 
Central African Republic 120 100 200 150 150 
China 900 900 900 920 920 
Congo (Kinshasa) 18,940 1/ 4/ 18,677 1/4/ 21,000 r/ 16,000 1/ 14,200 
Cote d' Ivoire 100 100 100 100 100 
Ghana 573 166 160 128 r/ 712 
Guinea 40 40 100 140 1/ 140 
Liberia 90 120 150 80 r/ 80 
Namibia -- 71 73 89 r/ 80 
Russia 10,500 11,200 r/ 11,500 11,500 11,600 
Sierra Leone 108 100 50 150 1/ 150 
South Africa 5,550 5,540 6,460 6,020 1/ 6,480 
Venezuela 73 90 17 r/ 36 1/ 40 
Zimbabwe 137 100 19 30 r/ 13 
Other 120 105 97 141 1/ 143 
Total 66,200 r/ 65,100 r/ 69,300 r/ 58,200 1/ 55,600 
Grand total 121,000 r/ 123,000 r/ 130,000 r/ 117,000 r/ 118,000 


t/ Revised. -- Zero. 

1/ World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
2/ Table includes data available through May 25, 2001. 

3/ Includes near- and cheap-gem qualities. 

4/ Reported figure. 
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Domestic Production and Use: Total U.S. gemstone output has decreased in recent years owing to a decline in 
foreign demand for freshwater shell, a major component of the domestic industry. Domestic gemstone production 
also included amber, agates, beryl, coral, garnet, jade, jasper, pearl, opal, quartz, sapphire, topaz, turquoise, and 
many other gem materials. Output of natural gemstones was primarily from Tennessee, Arizona, North Carolina, 
Arkansas, California, and Utah, in decreasing order. Reported output of synthetic gemstones was from five firms in 
North Carolina, New York, California, and Arizona, in decreasing order. There was notable production of freshwater 
pearl in Tennessee, turquoise in Arizona, and beryl in North Carolina and Utah. Major uses were jewelry, carvings, 
and gem and mineral collections. 


Salient Statistics—United States: 1995 1996 1997 1998 1999° 
Production:* Natural? 48.7 43.6 25.0 14.3 13.5 
Synthetic 26.0 24.0 21.6 24.2 49.1 
Imports for consumption 6,540 7,240 8,380 9,250 10,200 
Exports, including reexports* 2,520 2,660 2,/60 2,980 3,380 
Consumption, apparent? 4,100 4,650 5,670 6,310 6,880 
Price Variable, depending on size, type, and quality 
Employment, mine, number® 1,200 1,200 1,200 1,200 1,200 
Net import reliance® as a percent 
of apparent consumption 98 98 99 99 99 


Recycling: Insignificant. 


Import Sources (1995-98 by value): Israel, 36%; Belgium, 21%; India, 21%; and other, 22%. Diamond imports 
accounted for 92% of the total value of gem imports. 


Tariff: Item Number Normal Trade Relations 
12/31/99 

Diamonds, unworked or sawn 7102.31 .0000 Free. 
Diamond, 2 carat or less 7102.39.0010 Free. 
Diamond, cut, more than 2 carat 7102.39.0050 Free. 
Precious stones, unworked 7103.10.2000 Free. 
Precious stones, simply sawn 7103.10.4000 10.5% ad val. 
Rubies, cut 7103.91.0010 Free. 
Sapphires, cut 7103.91 .0020 Free. 
Emeralds, cut 7103.91 .0030 Free. 
Other precious, cut but not set 7103.99.1000 Free. 
Other precious stones, other 7103.99.5000 10.5% ad val. 
Imitation precious stones 7018.10.2000 Free. 
Synthetic cut, but not set 7104.90.1000 Free. 
Pearls, natural 7101.10.0000 Free. 
Pearls, cultured 7101.21.0000 Free. 
Pearls, imitation, not strung 7018.10.1000 4.0% ad val. 


Depletion Allowance: 15% (Domestic and foreign). 


Government Stockpile: The National Defense Stockpile (NDS) does not contain an inventory of gemstones per se. 
However, portions of the industrial diamond inventory are of near-gem or gem quality. Additionally, the beryl and 
quartz inventories contain some gem-quality materials, and the inventory of synthetic ruby and sapphire could be used 
by the gem industry. The U.S. Department of Defense is currently selling some NDS materials that may be gemstone 
quality. 


Prepared by Donald W. Olson [(703) 648-7721, dolson@usgs.gov, fax: (703) 648-7722] 
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Events, Trends, and Issues: Canada’s first commercial diamond mine opened during the fourth quarter of 1998 with 
expectations that it would make Canada a major diamond producer. The new mine is expected to account for about 
6% of world diamond output value when it reaches full production levels. Additional Canadian mines scheduled to 
open in the next few years may double Canada’s share of world production. 


In 1999, the U.S. gemstone market exceeded an estimated $9 billion, accounting for at least one-third of world 
demand. The United States is expected to dominate global gemstone consumption well into the next century. 
Synthetic gemstones will gain a larger share of domestic jewelry sales. China may emerge as a major new gem 
market in the next decade. 


World Mine Production,’ Reserves, and Reserve Base: 


Mine production Reserves and reserve base® 
1998 1999° 
United States (°) ) World reserves and reserve base of 
Angola 2,400 2,400 gem diamond are substantial. No 
Australia 18,400 18,500 reserves or reserve base data are 
Botswana 13,500 13,500 available for other gemstones. 
Brazil 300 300 
Canada 278 300 
Central African Republic 330 350 
China 230 230 
Congo (Kinshasa) '° 2,000 2,500 
Ghana 640 650 
Namibia 1,600 1,600 
Russia 10,500 10,500 
South Africa 4,100 4,500 
Venezuela 100 120 
Other countries 622 750 
World total 55,000 56,200 


World Resources: Natural gem-quality diamonds are among the world’s rarest mineral materials. Most diamond- 
bearing ore bodies have a diamond content that ranges from less than 1 carat per ton to only about 6 carats per ton. 
The major gem diamond reserves are in southern Africa, Canada, Russia, and Western Australia. Estimation of a 
reserve base Is difficult to determine because of the changing economic evaluation of near-gem materials and recent 
discoveries in Australia, Canada, and Russia. 


Substitutes: Plastics, glass, and other materials are substituted for natural gemstones. Synthetic gemstones 
(manufactured materials that have the same chemical and physical properties as gemstones) are common 
substitutes. Simulants (materials that appear to be gems, but differ in chemical and physical characteristics) also are 
frequently substituted for natural gemstones. 


“Estimated. 

‘Excludes industrial diamond and garnet. See Diamond (Industrial) and Garnet (Industrial). 
7Estimated minimum production. 

3Includes production of freshwater shell. 

“Reexports account for more than 90% of the totals. 

*If reexports are not considered, apparent consumption would be significantly greater. 
®Defined as imports - exports and reexports + adjustments for Government and industry stock changes. 
‘Data in thousands of carats of gem diamond. 

8See Appendix C for definitions. 

°Less than ¥% unit. 

Formerly Zaire. 


U.S. Geological Survey, Mineral Commodity Summaries, February 2000 


GEMSTONES 


By Donald W. Olson 


Domestic survey data and tables were prepared by Christine K. Pisut, statistical assistant, and the world production table 
was prepared by Glenn J. Wallace, international data coordinator. 


Gemstones have fascinated humans since prehistoric times. 
They have been valued as treasured objects throughout history 
by all societies in all parts of the world. The first stones known 
to have been used for making jewelry include amber, amethyst, 
coral, diamond, emerald, garnet, jade, jasper, lapis lazuli, pearl, 
rock crystal, ruby, serpentine, and turquoise. These stones 
served as status symbols for the wealthy. Today, gems are not 
worn to demonstrate wealth as much as they are for pleasure or 
in appreciation of their beauty (Schumann, 1998, p. 8). In this 
report, the terms “gem” and “gemstone” mean any mineral or 
organic material (such as amber, pearl, and petrified wood) 
used for personal adornment, display, or object of art because it 
possesses beauty, durability, and rarity. Of more than 4,000 
mineral species, only about 100 possess all these attributes and 
are considered to be gemstones. Silicates other than quartz 
compose the largest group of gemstones; oxides and quartz 
compose the second largest (table 1). A further subcategory of 
gemstones is colored gemstone, which in this report designates 
all nondiamond gemstones, including amber, coral, and shell. 
In addition, synthetic gemstones, cultured pearls, and gemstone 
simulants are discussed but are treated separately from natural 
gemstones (table 2). Current information on industrial-grade 
diamond can be found in the U.S. Geological Survey (USGS) 
Minerals Yearbook chapter on industrial diamond. 


Production 


Commercial mining of gemstones has never been extensive 
in the United States. More than 60 varieties of gemstones have 
been produced commercially from domestic mines, but most of 
the deposits have been relatively small compared with other 
mining operations. In the United States, much of the current 
gemstone mining is conducted by hobbyists, collectors, and 
gem clubs rather than business organizations. 

The commercial gemstone industry in the United States 
consists of (1) individuals and companies that mine gemstones 
or harvest shell and pearl, (2) firms that manufacture synthetic 
gemstones, and (3) individuals and companies that cut natural 
and synthetic gemstones. The domestic gemstone industry is 
focused on the production of colored gemstones and on the 
cutting of large diamonds. Industry employment is estimated to 
range from 1,000 to 1,500 workers (U.S. International Trade 
Commission, 1997, p. 1). 

Most natural gemstone producers in the United States are 
small businesses that are widely dispersed and operate 
independently. The small producers probably have an average 
of less than three employees, including those who only work 
part time. The number of gemstone mines operating from year 
to year fluctuates because the inherent uncertainty associated 
with the discovery and marketing of gem-quality minerals 
makes it difficult to obtain financing for developing and 
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sustaining economically viable deposits (U.S. International 
Trade Commission, 1997, p. 23). 

The total value of natural gemstones produced in the United 
States during 2001 was estimated to be at least $15.1 million 
(table 3). The production value was 12% less than the 
preceding year. The production decrease was mostly because 
the 2001 shell harvest was 13% less than in 2000. 

The estimate of 2001 U.S. gemstone production was based on 
a survey of more than 200 domestic gemstone producers 
conducted by the USGS. The survey provided a foundation for 
projecting the scope and level of domestic gemstone production 
during the year. However, the USGS survey did not represent 
all gemstone activity in the United States, which includes 
thousands of professional and amateur collectors. 
Consequently, the USGS supplemented its survey with 
estimates of domestic gemstone production from related 
published data, contacts with gemstone dealers and collectors, 
and information garnered at gem and mineral shows. 

Natural gemstone materials indigenous to the United States 
are collected, produced, and/or marketed in every State. During 
2001, all 50 States produced at least $1,000 worth of gemstone 
materials. Six States accounted for nearly 80% of the total 
value, as reported by survey respondents. These States, in order 
of declining value of production, were Tennessee, Arizona, 
California, Oregon, Utah, and Arkansas. Some States were 
known for the production of a single gemstone material— 
Tennessee for freshwater pearls and Arkansas for quartz, for 
example. Other States produced a variety of gemstones, like 
Arizona, whose gemstone deposits included agate, amethyst, 
azurite, chrysocolla, fire agate, garnet, jade, malachite, obsidian, 
onyx, peridot, petrified wood, opal, smithsonite, and turquoise. 
A wide variety of gemstones also are found in California, Idaho, 
Montana, and North Carolina. 

There were only two operations in significant known 
diamond-bearing areas in the United States during 2001. The 
first, the Kelsey Lake Diamond Mine, is the only U.S. 
commercial diamond mine and is near Fort Collins, CO, in 
Colorado, close to the Wyoming State line. The mine is owned 
and operated by Great Western Diamond Co. (a subsidiary of 
McKenzie Bay International, Ltd., of Canada). The Kelsey 
Lake property includes nine known kimberlite pipes, of which 
three have been tested and have shown that diamonds are 
present. The remaining six pipes have yet to be fully explored 
and tested for their diamond potential. Of diamonds recovered, 
50% to 65% were clear gem quality, and almost one-third were 
one carat or larger in size. The identified resources are at least 
17 million metric tons (Mt) grading an average of 4 carats per 
hundred metric tons (Taylor Hard Money Advisers, 2000$') 


'References that include a section twist (§) are found in the Internet 
References Cited section. 


The second operation was in Crater of Diamonds State Park 
near Murfreesboro in Pike County, AR, where a dig-for-fee 
operation for tourists and rockhounds is maintained by the 
State. Crater of Diamonds is the only diamond mine in the 
world that is open to the public. The diamonds occur in a 
lamproite breccia tuff associated with an extinct volcanic pipe 
and in the soil developed from the lamproite breccia tuff. Since 
the diamond-bearing pipe and the adjoining area became a 
State park in 1972, over 21,000 diamonds have been recovered. 
Recent exploration demonstrated that there is about 78.5 Mt of 
diamond-bearing rock in this diamond deposit (Howard, 1999, 
p. 62). An Arkansas law, enacted early in 1999, prohibits 
commercial diamond mining in the park (Diamond Registry 
Bulletin, 1999). 

Studies done by the Wyoming Geological Survey have 
shown that Wyoming has the potential for a $1 billion diamond 
mining business. Wyoming has many of the same geologic 
conditions as Canada, and there is evidence of hundreds of 
kimberlite pipes in the State. Twenty diamondiferous 
kimberlite pipes and one diamondiferous mafic breccia pipe 
have been identified in southern Wyoming. Two of the largest 
kimberlite fields, State Line and Iron Mountain, and the largest 
lamproite field, Leucite Hills, in the United States are located in 
Wyoming. There has been slight interest in the southern 
Wyoming and northern Colorado area by several diamond 
mining firms, but the only diamond mine developed in the area 
thus far is the Kelsey Lake mine. Individual diamond gems 
worth $89,000 and $300,000 have been found there (Montana 
Forum.com, 20028). 

In addition to natural gemstones, synthetic gemstones and 
gemstone simulants are produced in the United States. 
Synthetic gemstones have the same optical, physical, and 
chemical properties as the natural materials that they appear to 
be. Simulants have an appearance similar to that of a natural 
gemstone material, but they have different optical, physical, 
and chemical properties. Synthetic gemstones produced in the 
United States include alexandrite, diamond, emerald, 
moissanite, ruby, sapphire, turquoise, and zirconia. Simulants 
of coral, lapis lazuli, malachite, and turquoise also are 
manufactured in the United States. In addition, certain colors 
of synthetic sapphire and spinel, used to represent other 
gemstones, are classified as simulants. 

Synthetic gemstone production in the United States was more 
than $24.7 million during 2001; stimulant gemstone output was 
even greater and was estimated to be more than $100 million. 
Five firms in five States, representing virtually the entire U.S. 
synthetic gemstone industry, reported production to the USGS. 
The States with reported synthetic gemstone production were 
Arizona, California, Florida, New York, and North Carolina. 

At least one U.S. company, Gemesis Corp., produces 
consistent quality and quantities of synthetic gem diamond and 
reported a second year of production in 2001. The synthetic 
diamonds are produced using technology, equipment, and 
expertise developed by a team of scientists from Russia and the 
University of Florida. The weight of the synthetic diamond 
stones ranged from 1.5 to 2 carats, and the stones are yellow, 
brownish yellow, colorless, and green (Weldon, 19998). 

In 2001, a North Carolina firm entered its fourth year of 
marketing moissanite, a gem-quality synthetic silicon carbide it 
produces. Moissanite is also an excellent diamond simulant, 
but it is being marketed for its own gem qualities. 
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Consumption 


Although the United States accounts for less than 1% of total 
global gemstone production, it is the world’s leading gemstone 
market. U.S. gemstone markets apparently accounted for about 
35% of world gemstone demand in 2001. The U.S. market for 
unset gem-quality diamonds during the year was estimated to 
have exceeded $10.5 billion, the largest in the world. Domestic 
markets for natural, unset nondiamond gemstones totaled about 
$696 million. 

A poll conducted by a U.S. jewelry retailers association in the 
mid-1990s showed that about two-thirds of domestic consumers 
who were surveyed designated diamond as their favorite 
gemstone (ICA Gazette, 1996). In 2001, the top-selling colored 
gemstones, in descending order, were blue sapphire, pearl, 
tanzanite, ruby, emerald, amethyst, green tourmaline, rhodolite 
garnet, fancy sapphire and pink tourmaline (tied), and blue 
topaz. During 2001, there was a shift in the price ranges of 
retail gemstone jewelry purchases from the $500 to $2,000 price 
range down to purchases in the under $500 price range (Wade, 
2002§). Following terrorist attacks on September 11, consumer 
confidence was shaken, but the fourth quarter U.S. retail sales 
were up by 4% (by value), and Christmas season retail jewelry 
sales showed a 0.6% increase over Christmas 2000 (Diamond 
Registry Bulletin, 2002c; Donahue, 2002§). An unexpected 
effect on diamond and jewelry sales of the September 11 
terrorist attacks was that purchases of engagement rings shot up 
enormously, and that trend continued through the end of 2001 
(Diamond Registry Bulletin, 2001le). Despite the economic 
slowdown of the first half of 2001 and the economic effects of 
the events of September 11, the overall U.S. diamond jewelry 
sales for the year were $26.1 billion, down by only 1% from 
those of 2000. The small size of this drop was due to the 
stronger than expected fourth quarter (Diamond Registry 
Bulletin, 2002d; Donahue, 20028). 

In addition to jewelry, gemstones are used for collections, 
exhibits, and decorative art objects. 


Prices 


Gemstone prices are governed by many factors and 
qualitative characteristics, including beauty, clarity, defects, 
demand, durability, and rarity. Diamond pricing, in particular, 
is complex; values can vary significantly depending on time, 
place, and the subjective evaluations of buyers and sellers. 
There are more than 14,000 categories used to assess rough 
diamond and more than 100,000 different combinations of carat, 
clarity, color, and cut values used to assess polished diamond 
(Pearson, 1998). 

Colored gemstone prices are generally influenced by market 
supply and demand considerations, and diamond prices are 
supported by producer controls on the quantity and quality of 
supply. Values and prices of gemstones produced and/or sold in 
the United States are listed in tables 3 through 5. In addition, 
customs values for diamonds and other gemstones imported, 
exported, or reexported are listed in tables 6 through 10. 

De Beers Group companies are a significant force affecting 
gem diamond prices worldwide because they mine about one- 
half of the diamonds produced each year. The companies also 
sort and valuate about two-thirds (by value) of the world’s 
annual supply of rough diamonds through De Beers’ subsidiary 
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Diamond Trading Co. (DTC), which has marketing agreements 
with other producers. 


Foreign Trade 


During 2001, total U.S. gemstone trade with all countries and 
territories exceeded $15.5 billion, which was approximately 
11% less (by value) than gemstone trade of the previous year. 
Diamonds accounted for about 94% of the 2001 gemstone trade 
total. In 2001, U.S. exports and reexports of diamond were 
shipped to 61 countries and territories, and imports of all 
gemstones were received from 107 countries and territories 
(tables 6-10). 

During 2001, U.S. trade in cut diamonds decreased by about 
8% compared with the previous year; however, the United 
States remained the world’s leading diamond importer. These 
decreases in trade amounts were attributed to the slowdown in 
the economy and the economic effects of the September 11 
terrorist attacks. 

The United States is a significant international diamond 
transit center as well as the world’s largest gem diamond 
market. The large volume of reexports shipped to other centers 
reveals the significance that the United States has in the 
world’s diamond supply network (table 6). 

Synthetic gemstone trade also decreased for the United States 
in 2001. Imports of synthetic gems decreased by almost 13% 
during the year. Synthetic gemstone imports from Austria, 
China, Germany, Hong Kong, and Switzerland made up almost 
83% (by value) of the total domestic imports of synthetic 
gemstones during the year. Prices of certain synthetic 
gemstone imports, such as amethyst, were very competitive. 
The marketing of synthetic imports and enhanced gemstones as 
natural gemstones and the mixing of synthetic materials with 
natural stones in imported parcels continued to be problems for 
some domestic producers in 2001. There were also problems 
with some simulants being marketed as synthetic gemstones 
during the year. 


World Review 


The gemstone industry worldwide has two distinct sectors— 
(1) diamond mining and marketing and (2) the production and 
sale of colored gemstones. Most diamond supplies are 
controlled by a few major mining companies; prices are 
supported by managing the quantity and quality of the 
gemstones relative to demand, a function performed by De 
Beers through DTC. Unlike diamonds, colored gemstones are 
primarily produced at relatively small, low-cost operations with 
few dominant producers; prices are influenced by consumer 
demand in addition to supply availability. 

In 2001, world diamond production totaled about 117 million 
carats (table 11). Most production was concentrated in a few 
regions—Africa [Angola, Botswana, Congo (Kinshasa), 
Namibia, and South Africa], Asia (northeastern Siberia and 
Yakutia in Russia), Australia, North America (Northwest 
Territories in Canada), and South America (Brazil and 
Venezuela). In 2001, Botswana was the world’s leading 
diamond producer in terms of output value and quantity. 

De Beers reported that its sales of rough diamonds for 2001 
were $4.45 billion, which was down by 21.5% from $5.7 
billion in 2000. De Beers officials said that global retail 
diamond sales decreased by 5% in 2001 from those of the 
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previous year. This consumption figure was higher than 
initially had been expected following events on September 11 
(Weldon and Donahue, 20028). 

Statistics of the Diamond High Council of Belgium show that 
sales in the Antwerp diamond sector suffered a 12% drop in 
2001 to $25.8 billion. Imports of diamonds into Antwerp 
decreased by 17% to $6.15 billion, and exports decreased by 
18% to $5.72 billion (Diamond Registry Bulletin, 2002a). 

Additional events in 2001 significant to diamond mining, 
production, and marketing worldwide include the following: 

@ The Ekati Diamond Mine, Canada’s first and only operating 
commercial diamond mine, completed its third full year of 
production. In 2001, Ekati produced 3.7 million carats of 
diamonds from 3.3 Mt of ore mined (Darren R. Dyck, senior 
project geoscientist, BHP Billiton Diamonds Inc., written 
commun., 2002). The mine, located in the Northwest 
Territories in Canada, was a joint venture between BHP 
Diamonds Inc. (BHP) and Dia Met Minerals Ltd. In June, 
BHP’s parent company BHP Ltd., merged with Billiton plc to 
create BHP Billiton Ltd., the world’s largest mining company 
(BHP Billiton Ltd., 2001a; Diamond Registry Bulletin, 2001b). 
In July, BHP Billiton announced that it had agreed to purchase 
Dia Met (BHP Billiton Ltd., 2001b). Buying out Dia Met gave 
BHP Billiton an 80%, controling ownership of the Ekati mine 
(Diamond Registry Bulletin, 2001c). Ekati has estimated 
reserves of 60.3 Mt of ore in kimberlite pipes, containing 54.3 
million carats of diamonds, and the mine life is projected to be 
25 years. Operating at full capacity, Ekati production is 
expected to range from 3.5 to 4.5 million carats per year. Ekati 
diamonds are sold by the BHP Billiton Diamonds Inc. sales 
office in Antwerp (65%) and by DTC (35%) (Rombouts, 
20018). Near the end of 2001, BHP Billiton Diamonds started 
producing from the Misery kimberlite pipe (BHP Billiton Ltd., 
2001c). The Ekati already accounts for 4% of the world market 
by weight and 6% by value (Law-West, 2002). In 2002, BHP 
Billiton will begin using underground mining techniques to 
recover diamonds from deeper portions of two of the Ekati 
kimberlite pipes— Koala and Panda—which were first open pit 
mined (Diamond Registry Bulletin, 2002b). 

@ The Diavik Diamonds Project also is located in the 
Northwest Territories. Diavik has estimated reserves of 25.6 Mt 
of ore in kimberlite pipes, containing 102 million carats of 
diamonds, and the mine life is projected to be 20 years. Diavik 
received the required permits and regulatory approval in 2000 
and began site infrastructure development and project 
construction. Diavik is an unincorporated joint venture between 
Diavik Diamond Mines Inc. (60%) and Aber Diamond Mines 
Ltd. (40%), and it is expected to commence diamond production 
in the first half of 2003. The mine is expected to produce about 
102 million carats of diamond at a rate of 6 million carats per 
year worth about $63 per carat (Diavik Diamond Mines Inc., 
2000, p. 10-12). 

@ There is another Canadian commercial diamond project 
located in the Northwest Territories—the Snap Lake diamond 
project. De Beers Canada Mining Inc. acquired a 68% interest 
in the Snap Lake diamond project from Winspear Diamonds 
Inc. in 2000, and in early 2001, De Beers acquired the 
remaining 32% interest in the project from Aber Diamond Corp. 
Snap Lake will be De Beers’ first mine outside southern Africa 
and the first underground diamond mine in Canada. In August, 
De Beers Canada announced that Snap Lake would begin 


production in 2006 (Law-West, 2002; De Beers Canada Mining 
Inc., 2001§). Snap Lake has estimated reserves of 22.8 Mt of 
ore in a kimberlite dike, containing 38.8 million carats of 
diamonds, and the mine life is projected to be 20 years or more 
(De Beers Canada Mining Inc., [2000]§; Jack T. Haynes, 
assistant site manager, De Beers Canada Mining Inc., oral 
commun., 2001). 

Another Canadian commercial diamond project is the Jericho 
diamond project located in Nunavut. In 2000, Tahera Corp. 
completed a feasibility study that indicated that Jericho will 
produce 3 million carats over an 8-year mine life. Tahera has 
discovered five kimberlite pipes, of which three are landbased. 
Geological models indicate a resource of approximately 17 Mt 
to a depth of 300 meters, with grades ranging from 0.3 carats 
per metric ton to 1.0 carats per ton for the kimberlite pipes. In 
early 2001, Tahera filed a formal project proposal and a draft 
environmental impact statement for the Jericho project. These 
filings marked the beginning of the environmental assessment 
and regulatory approval process for the proposed Jericho 
diamond mine (Law-West, 2002; Tahera Corp., 20028). 

@ In May, De Beers Consolidated Mines Ltd. completed its 
privatization and was delisted from the Johannesburg Stock 
Exchange. The company was purchased by a consortium that 
included the Oppenheimer family, Anglo American plc, and 
Debswana Diamond Co. (Pty) Ltd. The company is now the 
world’s largest private diamond mining company. The 
privatization left De Beers heavily in debt, made the company 
much less transparent, and had no effect on the company’s 
antitrust issues (Diamond Registry Bulletin, 2001d). 

@ In 2001, conflict diamonds—those rough diamonds used by 
rebel forces and their allies to help finance warfare aimed at 
subverting governments recognized as legitimate by the United 
Nations (U.N.)—continued to partially finance conflicts in 
Angola, Congo (Kinshasa), and Sierra Leone. 

The United Nations Security Council (UNSC) has enacted 
sanctions against exports of diamonds from Angola and Sierra 
Leone without official government-issued certificates of origin 
into U.N. member countries. Any export of rough diamonds 
from Liberia also is currently under UNSC sanction because 
Liberia was allowing the export of conflict diamonds through 
their country. 

In November, an international diamond certification system 
called the Kimberley process was mandated by the U.N. to deal 
with the problem of conflict diamonds (Diamond Registry 
Bulletin, 2001f). The Kimberley process was acceptable to the 
U.N., the U.S. Congress, the diamond industry, and involved 
nongovernmental organizations (Diamond Registry Bulletin, 
2001a). The certification system includes the following key 
elements: the use of forgery-resistant certificates and 
tamper-proof containers for shipments of rough diamonds; 
internal controls and procedures that provide credible assurance 
that conflict diamonds do not enter the legitimate diamond 
market; a certification process for all exports of rough 
diamonds; the gathering, organizing, and sharing of import and 
export data on rough diamonds with other participants of 
relevant production; credible monitoring and oversight of the 
international certification scheme for rough diamonds; effective 
enforcement of the provisions of the certification scheme 
through dissuasive and proportional penalties for violations; 
self-regulation by the diamond industry that fulfills minimum 
requirements; and the sharing of information with all other 
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participants on relevant rules, procedures, and legislation as 
well as examples of national certificates used to accompany 
shipments of rough diamonds (Weldon, 2001§). The Kimberley 
process will be fully implemented by the end of 2002 (Law- 
West, 2002). 

@ In the United States, the Clean Diamond Trade Act, which 
will implement effective measures to stop trade in conflict 
diamonds, was introduced in the House of Representatives on 
August 2, and passed on November 28. The act has already 
been introduced in the Senate and is expected to pass in the fall 
of 2002. 

@ Gemesis Corp., a synthetic gem diamond producer based in 
Florida, announced that it will be opening a $25 million 
manufacturing plant in the summer of 2002. In 2 years, the 
plant could house 300 diamond-producing machines and could 
produce 30,000 to 40,000 stones each year. Gemesis’ revenues 
could reach $70 to $80 million per year (Diamond Registry 
Bulletin, 2001g). 

@ Towards the end of 2001, De Beers quietly settled private 
civil class actions related to the industrial diamonds case in 
Ohio against De Beers Industrial Diamonds Division (Pty) Ltd. 
and General Electric Co. The settlement establishes a $20 
million cash fund plus interest and also provides for payment of 
an in-kind rebate of industrial diamonds that “class members” 
purchase from the plaintiffs during the period from January 1, 
2002, to December 31, 2003; such a settlement does not legally 
constitute a formal admission of guilt. The settlement covered 
an alleged illegal price fixing that took place during a period 
from November 1, 1987, through May 23, 1994. The timing of 
the settlement should be viewed in the context of the current 
policy of De Beers to conform with local laws of each 
jurisdiction in which the company conducts business. This 
settlement might be used as a precedent for a present gem- 
quality diamond class action still before courts in New York 
(Tacy Diamond Intelligence, 20028). 

Worldwide production of natural gemstones other than 
diamond was estimated to have exceeded $2 billion per year in 
the late 1990s. Most nondiamond gemstone mines are small, 
low-cost, and widely dispersed operations in remote regions of 
developing nations. Foreign countries with major gemstone 
deposits other than diamond are Afghanistan (aquamarine, 
beryl, emerald, kunzite, lapis lazuli, ruby, and tourmaline); 
Australia (beryl, opal, and sapphire); Brazil (agate, amethyst, 
beryl, ruby, sapphire, topaz, and tourmaline); Burma (beryl, 
jade, ruby, sapphire, and topaz); Colombia (beryl, emerald, and 
sapphire); Kenya (beryl, garnet, and sapphire); Madagascar 
(beryl, rose quartz, sapphire, and tourmaline); Mexico (agate, 
opal, and topaz); Sri Lanka (beryl, ruby, sapphire, and topaz); 
Tanzania (garnet, ruby, sapphire, tanzanite, and tourmaline); 
and Zambia (amethyst and beryl). In addition, pearls are 
cultured throughout the South Pacific and in other equatorial 
waters; Australia, China, French Polynesia, and Japan are key 
producers. 

Colored gemstone producers continued their recovery from 
the weakened markets created by the Asian economic crisis of 
1997 through 1998. Mining and sales reportedly were disrupted 
in many nations, particularly in Southeast Asia. Prices of high- 
quality colored gemstones, however, did not decline 
dramatically (Cavey, 1998). 

Additional noteworthy items in the colored gemstone industry 
during 2001 included the following: 
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@ The fighting and political chaos that followed September 11 
disrupted the production and supply of gemstones in 
Afghanistan. Gem dealers are optimistic that the interim 
government will stabilize Afghanistan and the disruption will 
be temporary. Many Afghani gemstones mentioned above are 
mined in the northern areas of the country (Prost, 2001$). 

@ The popularity of colorful gemstones, colored synthetic 
gemstones, and “fancy” colored diamonds (even black 
diamonds) continued to increase. This was evidenced by 
increased sales in 2001 (Jewelers’ Circular Keystone, 2001). 


Outlook 


While it is hard to determine from the mixed indicators 
whether or not the 2002 U.S. economy is in recovery, there are 
early indications that there will be growth in U.S. diamond and 
jewelry markets in 2002 (Diamond Registry Bulletin, 2002e). 
Historically, diamonds have proven to hold their value despite 
wars or depressions in the economy (Schumann, 1998, p. 8). 

Diamond exploration is continuing in Canada, and many new 
deposits are being found. There have been additional 
discoveries in both the core and buffer zones of the Ekati lease 
as well as additional discoveries in the Northwest Territories 
and Nunavut. Many diamond-bearing deposits also have been 
discovered in Alberta, Ontario, Quebec, and Saskatchewan 
(Rombouts, 2001§). When the Diavik, Snap Lake, and Jericho 
mines begin production, Canada will be producing at least 15% 
to 20% of the total world diamond production. This means that 
Canada will probably eclipse South Africa’s diamond 
production within a decade. 

Independent producers, such as Argyle Diamond Mines in 
Australia and new mines in Canada, will continue to bring a 
greater measure of competition to global markets. More 
competition presumably will bring more supplies and lower 
prices. Further consolidation of diamond producers and larger 
amounts of rough diamond being sold outside the DTC will 
continue as the diamond industry continues to adjust to 
De Beers giving up its control of the industry. 

Numerous synthetics, simulants, and treated gemstones will 
enter the marketplace and necessitate more transparent trade 
industry standards to maintain customer confidence. 

Pending enactment of the Clean Diamond Trade Act by the 
U.S. Congress by the end of 2002 and the final outcome of the 
Kimberley process and its international certification scheme, 
the way business is done in the diamond industry will be 
impacted so that conflict diamonds hopefully will no longer be 
a problem for the industry. 

More diamonds, gemstones, and jewelry will be sold through 
online marketplaces and other forms of e-commerce that 
emerge to serve the diamond and gemstone industry. This will 
take place as the industry and its customers become more 
comfortable with and learn the best applications of new e- 
commerce tools for the gemstone industry (Authority on 
Jewelry Manufacturing, 2001). 
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TABLE 1 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size 1/ Cost 2/ Mohs gravity Refraction index confused with characteristics 
Amber Hydrocarbon Yellow, red, green, blue Any Low to 2.0-2.5 1.0-1.1 Single 1.54 Synthetic or pressed Fossil resin, color, low density, soft 
medium plastics, kaurigum and trapped insects. 
Apatite Chloro-calcitum Colorless, pink, yellow, Small Low 5.0 3.16-3.23 Double 1.63-1.65 | Amblygonite, andalusite, Crystal habit, color, hardness, and 
phosphate green, blue, violet brazilianite, precious appearance. 
beryl, titanite, topaz, 
tourmaline 
Azurite Copper carbonate Azure, dark blue, pale Small to do. 3.5-4.0 3.7-3.9 do. 1.72-1.85 | Dumortierite, hauynite, | Color, softness, crystal habits and 
hydroxide blue medium lapis lazuli, lazulite, associated minerals. 
sodalite 
Benitoite Barium titanium Blue, purple, pink, do. High 6.0-6.5 3.64-3.68 do. 1.76-1.80 Sapphire, tanzanite, Strong blue in ultraviolet light. 
silicate colorless blue diamond, blue 
tourmaline, cordierite 
Beryl: 
Aquamarine Beryllium aluminum Blue-green to light blue Any Medium to 7.5-8.0 2.63-2.80 do. 1.58 Synthetic spinel, blue Double refraction, refractive index. 
silicate high topaz 
Bixbite do. Red Small Veryhigh = _7.5-8.0 2.63-2.80 do. 1.58 Pressed plastics, Refractive index. 
tourmaline 
Emerald do. Green Medium do. 75 2.63-2.80 do. 1.58 Fused emerald, glass, Emerald filter, dichroism, refractive 
tourmaline, peridot, index. 
green garnet doublets 
Emerald, synthetic do. do. Small High 7.5-8.0 2.63-2.80 do. 1.58 Genuine emerald Lack of flaws, brilliant fluorescence 
in ultraviolet light. 
Golden (heliodor) do. Yellow to golden Any Low to 7.5-8.0 2.63-2.80 do. 1.58 Citrine, topaz, glass, Weak-colored. 
medium doublets 
Goshenite do. Colorless do. Low 7.5-8.0 2.63-2.80 do. 1.58 Quartz, glass, white Refractive index. 
sapphire, white topaz 
Morganite do. Pink to rose do. do. 7.5-8.0 2.63-2.80 do. 1.58 Kunzite, tourmaline, Do. 
pink sapphire 
Calcite: 
Marble Calcium carbonate White, pink, red, blue, do. do. 3.0 2.72 Double 1.49-1.66  Silicates, banded agate, = Translucent. 
green, or brown (strong) alabaster gypsum 
Mexican onyx do. do. do. do. 3.0 212 do. 1.60 do. Banded, translucent. 
Charoite Hydrated sodium Lilac, violet, or white Small to do. 5.0-6.0 2.54-2.78 XX 1.55-1.56 Purple marble Color, locality 
calcium hydroxi- medium 
fluoro-silicate 
Chrysoberyl: 
Alexandrite Beryllium aluminate Green by day light, red Small High 8.5 3.50-3.84 Double 1.75 Synthetic Strong dichroism, color varies from 
by artificial light (former red to green, hardness. 
U.S.S.R.) 
Medium 
(Sri Lanka) 
Cats-eye do. Greenish to brownish Small to do. 8.5 3.50-3.84 do. 1.75. Synthetic, shell Density, translucence, chatoyance. 
large 
Chrysolite Beryllium aluminate Yellow, green, and/or Medium Medium 8.5 3.50-3.84 Double 1.75 Tourmaline, peridot Refractive index, silky. 


brown 


See footnotes at end of table. 


GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


TABLE 1--Continued 


Practical Specific Refractive May be Recognition 
Name Composition Color size 1/ Cost 2/ Mohs gravity Refraction index confused with characteristics 
Chrysoberyl-- 
Continued: 
Chrysocolla Hydrated copper Green, blue Any Low 2.0-4.0 2.0-2.4 XX 1.46-1.57 Azurite, dyed Lack of crystals, color, fracture, low 
silicate chalcedony, malachite, density and softness. 
turquoise, variscite 
Coral Calcium carbonate Orange, red, white, Branching, do. 3.5-4.0 2.6-2.7 Double 1.49-1.66 — False coral Dull translucent. 
black, purple, or green medium 
Corundum: 
Ruby Aluminum oxide Rose to deep purplish red Small Very high 9.0 3.95-4.10 do. 1.78 Synthetics, including Inclusions, fluorescence. 
spinel, garnet 
Sapphire, blue do. Blue Medium High 9.0 3.95-4.10 do. 1.78 do. Inclusions, double refraction, 
dichroism. 
Sapphire, fancy do. Yellow, pink, colorless, _Mediumto Medium 9.0 3.95-4.10 do. 1.78 Synthetics, glass and Inclusions, double refraction, 
orange, green, or violet _ large doublets, morganite refractive index. 
Sapphire and ruby, do. Red, pink, violet, blue, or — do. High to low 9.0 3.95-4.10 do. 1.78 Star quartz, synthetic Shows asterism, color side view. 
stars gray stars 
Sapphire or ruby, do. Yellow, pink, or blue Up to 20 Low 9.0 3.95-4.10 do. 1.78 Synthetic spinel, glass Curved striae, bubble inclusions. 
synthetic carats 
Cubic zirconia Zirconium and Colorless, pink, blue, Small do. 8.25-8.5 5.8 Single 2.17. Diamond, zircon, titania, Hardness, density, refractive index, 
yttrium oxides lavender, yellow moissanite lack of flaws and inclusions. 
Diamond Carbon White, blue-white, Any Very high 10.0 3.516-3.525 do. 2.42 Zircon, titania, cubic High index, dispersion, hardness, 
yellow, brown, green, zirconia, Moissanite luster. 
red, pink, blue 
Feldspar: 
Amazonite Alkali aluminum Green-blue Large Low 6.0-6.5 2.56 XX 1.52 Jade, turquoise Cleavage, sheen, vitreous to pearly, 
silicate opaque, grid. 
Labradorite do. Gray with blue and do. do. 6.0-6.5 2.56 XX 1.56 do. Do. 
bronze sheen color play 
(schiller) 
Moonstone do. Colorless, white, gray, do. do. 6.0-6.5 2.77 XX 1.52-1.54 — Glass, chalcedony, opal _ Pale sheen, opalescent. 
or yellow with white, 
blue, or bronze schiller 
Sunstone do. Orange, red brown, Small to do. 6.0-6.5 2.77 XX 1.53-1.55  Aventurine, glass Red glittery schiller. 
colorless with gold or medium 
red glittery schiller 
Garnet Complex silicate Brown, black, yellow, do. Low to high 6.5-7.5 3.15-4.30 Single 1.79-1.98 | Synthetics, spinel, Single refraction, anomalous strain. 
green, red, or orange strained glass 
Hematite Tron oxide Black, black-gray, Medium to Low 5.5-6.5 5.12-5.28 XxX 2.94-3.22 Davidite, cassiterite, Crystal habit, streak and hardness. 
brown-red large magnetite, neptunite, 
pyrolusite, wolframite 
Jade: 
Jadeite Complex silicate Green, yellow, black, Large Low to very 6.5-7.0 3.3-3.5 Crypto- 1.65-1.68 — Nephrite, chalcedony, Luster, spectrum, translucent to 
white, or mauve high crystalline onyx, bowenite, opaque. 


vesuvianite, grossularite 


See footnotes at end of table. 


TABLE 1--Continued 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size 1/ Cost 2/ Mohs gravity Refraction index confused with characteristics 
Jade--Continued: 
Nephrite Complex hydrous Green, yellow, black, Large Low to very 6.0-6.5 2.96-3.10  Crypto- 1.61-1.63 Jadeite, chalcedony, Luster, spectrum, translucent to 
silicate white, or mauve high crystalline onyx, bowenite, opaque. 
vesuvianite, grossularite 
Jet (gagate) Lignite Deep black, dark brown do. Low 2.5-4.0 1.19-1.35 XxX 1.64-1.68 | Anthracite, asphalt, Luster, color. 
cannel coal, onyx, 
schorl, glass, rubber 
Lapis lazuli Sodium calcium Dark azure-blue to do. do. 5.0-6.0 2.50-3.0 XX 1.50 Azurite, dumortierite, Color, crystal habit, associated 
aluminum silicate bright indigo blue or dyed howlite, lazulite, minerals, luster, and localities. 
even a pale sky blue. sodalite, glass 
Malachite Hydrated copper Light to black-green do. do. 3.5-4.0 3.25-4.10 XxX 1.66-1.91 | Brochantite, chrysoprase, Color banding, softness, associated 
carbonate banded opaque green gemstones minerals. 
Moissanite Silicon carbide Colorless and pale shades Small Low to 9.25 3.21 Double 2.65-2.69 | Diamond, zircon, titania, Hardness, dispersion, refractive 
of green, blue, yellow medium cubic zirconia index, lack of flaws and inclusions. 
Obsidian Amorphous, Black, gray, brown, Large Low 5.0-5.5 2.35-2.60 XX 1.45-1.55  Aegirine-augite, gadolinite Color, conchoidal fracture, flow 
variable (usually dark green, white, gagate, hematite, bubbles, softness, and lack of 
felsic) transparent pyrolusite, wolframite crystal faces. 
Opal Hydrated silica Reddish orange, colors do. Low to high 5.5-6.5 1.9-2.3 Single 1.45 — Glass, synthetics, Color play (opalescence). 
flash in white gray, triplets, chalcedony 
black, red, or yellow 
Peridot Iron magnesium Yellow and/or green Any Medium 6.5-7.0 3.27-3.37 Double 1.65-1.69 | Tourmaline, chrysoberyl Strong double refraction, low 
silicate (strong) dichroism. 
Quartz: 
Agate Silicon dioxide Any Large Low 7.0 2.58-2.64 XX XX _— Glass, plastic, Mexican —_ Cryptocrystalline, irregularly banded, 
onyx dendritic inclusions. 
Amethyst do. Purple do. Medium 7.0 2.65-2.66 Double 1.55 Glass, plastic, fluorite Macrocrystalline, refractive index, 
color, transparent, hardness. 
Aventurine do. Green, red-brown, do. Low 7.0 2.64-2.69 do. 1.54-1.55 Iridescent analcime, Macrocrystalline, color, metallic 
gold-brown, with metallic aventurine feldspar, iridescent flake reflections, hardness. 
iridescent reflection emerald, aventurine glass 
Cairngorm do. Smoky orange or yellow do. do. 7.0 2.65-2.66 do. 1.55 do. Macrocrystalline, refractive index, 
color, transparent, hardness. 
Carnelian do. Flesh red to brown red do. do. 6.5-7.0 2.58-2.64 do. 1.53-1.54 Jasper Cryptocrystalline, color, hardness. 
Chalcedony do. Bluish, white, gray do. do. 6.5-7.0 2.58-2.64 do. 1.53-1.54 Tanzanite Do. 
Chrysoprase do. Green, apple-green do. do. 6.5-7.0 2.58-2.64 do. 1.53-1.54 | Chrome chalcedony, jade, Do. 
prase opal, prehnite, 
smithsonite, variscite, 
artifically colored 
green chalcedony 
Citrine Silica Yellow Large Low 7.0 2.65-2.66 Double 1.55 do. Macrocrystalline, refractive index, 
color, transparent, hardness. 
Crystal, rock do. Colorless do. do. 7.0 2.65-2.66 do. 1.55. Topaz, colorless sapphire Do. 
Jasper Silica Any, striped, spotted, or do. do. 7.0 2.58-2.66 XX XX Topaz, colorless sapphire Cryptocrystalline, opaque, vitreous 
sometimes uniform luster, hardness. 


See footnotes at end of table. 
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TABLE 1--Continued 


Practical Specific Refractive May be Recognition 
Name Composition Color size 1/ Cost 2/ Mohs gravity Refraction index confused with characteristics 
Quartz--Continued: 
Onyx Silica Many colors Large Low 7.0 2.58-2.64 XX XX Topaz, colorless sapphire Cryptocrystalline, uniformly banded, 
hardness. 
Petrified wood do. Brown, gray, red, yellow do. do. 6.5-7.0 2.58-2.91 Double 1.54 Agate, jasper Color, hardness, wood grain. 
Rose do. Pink, rose red do. do. 7.0 2.65-2.66 do. 1.55 do. Macrocrystalline, refractive index, 
color, transparent, hardness. 
Tiger's eye do. Golden yellow, brown, do. do. 6.5-7.0 2.58-2.644 XX 1.53-1.54 XxX Macrocrystalline, color, hardness, 
red, blue-black chatoyancy. 
Rhodochrosite Manganese Rose-red to yellowish, do. do. 4.0 3.45-3.7. Double 1.6-1.82 Fire opal, rhodonite, Color, crystal habit, reaction to acid, 
carbonate stripped tugtupite, tourmaline and perfect rhombohedral cleavage. 
Rhodonite Manganese iron Dark red, flesh red, with do. do. 5.5-6.5 3.40-3.74 do. 1.72-1.75 | Rhodochrosite, thulite, Color, black inclusions, lack of 
calcium silicate dendritic inclusions of hessonite, pyroxmangite, reaction to acid and hardness. 
black manganese oxide spessartine, spinel, 
tourmaline 
Shell: 
Mother-of-pearl Calcium carbonate White, cream, green, Small Low 3 2.6-2.85 XX XX Glass and plastic Luster, iridescent play of color. 
blue-green, with imitation 
iridescent play of color 
Pearl do. White, cream to black, do. Low to high 2.5-4.5 2.6-2.85 XX XX Cultured and glass or Luster, iridescence, structure, x ray. 
sometimes with hint of plastic imitation 
pink, green, purple 
Spinel Magnesium Any Small to Medium 8.0 3.5-3.7 Single 1.72 Synthetic, garnet Refractive index, single refraction, 
aluminum oxide medium inclusions. 
Spinel, synthetic do. do. Up to 40 Low 8.0 3.5-3.7. Double 1.73 Spinel, corundum, beryl, Weak double refraction, curved 
carats topaz, alexandrite striae, bubbles. 
Spodumene: 
Hiddenite Lithium aluminum ‘Yellow to green Medium Medium 6.5-7.0 3.13-3.20 do. 1.66 Synthetic spinel Refractive index, color, pleochroism. 
silicate 
Kunzite do. Pink to lilac do. do. 6.5-7.0 3.13-3.20 do. 1.66 Amethyst, morganite Refractive index, color, pleochroism. 
Tanzanite Complex silicate Blue to lavender Small High 6.0-7.0 3.30 do. 1.69 Sapphire, synthetics Strong trichroism, color. 
Topaz do. White, blue, green, pink, Medium Low to 8.0 3.4-3.6 do. 1.62 Beryl, quartz Color, density, hardness, refractive 
yellow, gold medium index, perfect in basal cleavage. 
Tourmaline do. Any, including mixed do. do. 7.0-7.5 2.98-3.20 do. 1.63 Peridot, beryl, garnet Double refraction, color, refractive 
corundum, glass index. 
Turquoise Copper aluminum Blue to green with black, Large Low 6.0 2.60-2.83 Double 1.63 — Glass, plastics, variscite, Difficult if matrix not present, matrix 
phosphate brown-red inclusions dumortierite, chrysocolla, usually limonitic. 
dyed howlite 
Unakite Granitic rock, Olive green, pink, do. do. 6.0-7.0 2.60-3.20 XX XX XX Olive green, pink, and gray-blue 
feldspar, epidote, and blue-gray colors. 
quartz 
Zircon Zirconium silicate White, blue, brown, Small to Low to 6.0-7.5 4.0-4.8 Double 1.79-1.98 | Diamond, synthetics, Double refraction, strongly dichroic, 
yellow, or green medium medium (strong) topaz, aquamarine wear on facet edges. 
XX Not applicable. 


1/ Small: up to 5 carats; medium: 5 to 50 carats; large: more than 50 carats. 
2/ Low: up to $25 per carat; medium: up to $200 per carat; high: more than $200 per carat. 


TABLE 2 
SYNTHETIC GEMSTONE PRODUCTION METHODS 


Production Date of first 
Gemstone method Company/producer production 
Alexandrite Flux Creative Crystals 1970s 
Do. Melt pulling  J.O. Crystal 1990s 
Do. do. Kyocera 1980s 
Do. Zone melt Seiko 1980s 
Cubic zirconia Skull melt Various producers 1970s 
Emerald Flux Chatham 1930s 
Do. do. Gilson 1960s 
Do. do. Kyocera 1970s 
Do. do. Seiko 1980s 
Do. do. Lennix 1980s 
Do. do. Russia 1980s 
Do. Hydrothermal Lechleitner 1960s 
Do. do. Regency 1980s 
Do. do. Biron 1980s 
Do. do. Russia 1980s 
Ruby Flux Chatham 1950s 
Do. do. Kashan 1960s 
Do. do. J.O. Crystal 1980s 
Do. do. Douras 1990s 
Do. Zone melt Seiko 1980s 
Do. Melt pulling Kyocera 1970s 
Do. Verneuil Various producers 1900s 
Sapphire Flux Chatham 1970s 
Do. Zone melt Seiko 1980s 
Do. Melt pulling Kyocera 1980s 
Do. Verneuil Various producers 1900s 
Star ruby do. Linde 1940s 
Do. Melt pulling Kyocera 1980s 
Do. do. Nakazumi 1980s 
Star sapphire Verneuil Linde 1940s 
TABLE 3 


VALUE OF U.S. GEMSTONE PRODUCTION, BY TYPE 1/ 


(Thousand dollars) 

Gem materials 2000 2001 

Agate (2/) (2/) 
Beryl (2/) (2/) 
Coral (all types) (2/) 83 
Diamond (3/) (3/) 
Garnet 78 294 
Gem feldspar 314 (2/) 
Geode/nodules 59 375 
Jasper 30 43 
Opal 219 44 
Quartz 416 308 
Sapphire/ruby 65 152 
Shell 3,270 2,860 
Topaz 8 (2/) 
Tourmaline 54 334 
Turquoise (2/) (2/) 
Other 9,210 8,350 
Total 17,200 15,100 


1/ Data are rounded to no more than three significant digits; may 


not add to totals shown. 
2/ Included in "Total." 
3/ Included with "Other." 


TABLE 4 
PRICES OF U.S. CUT DIAMONDS, BY SIZE AND QUALITY IN 2001 1/ 


Carat Description, Clarity 2/ Representative prices 
weight color 3/ (GIA terms) January4/ June 5/ December 6/ 
0.25 G VSI $1,500 $1,500 $1,200 
25 G VS2 1,380 1,380 1,150 
29 G Sil 1,130 1,130 975 
25 H VSI 1,400 1,400 1,100 
2D H VS2 1,250 1,250 1,000 
25 H Sil 1,050 1,050 925 
50 G VSI 3,400 3,400 3,200 
50 G VS2 3,000 3,000 2,800 
50 G Sil 2,500 2,500 2,400 
50 H VS1 3,000 3,000 2,800 
50 H VS2 2,700 2,700 2,400 
50 H Sil 2,400 2,400 2,200 
.75 G VSI 3,800 3,800 3,800 
es G VS2 3,600 3,600 3,600 
a G Sil 3,300 3,300 3,300 
DD H VSI 3,650 3,650 3,500 
do H VS2 3,450 3,450 3,450 
JED H Sil 3,100 3,100 3,000 
1.00 G VSI 5,900 5,900 5,800 
1.00 G VS2 5,700 5,700 5,500 
1.00 G Sil 5,000 5,000 4,800 
1.00 H VSI 5,500 5,500 5,200 
1.00 H VS2 5,300 5,300 4,900 
1.00 H SI 4,800 4,800 4,700 


1/ Data are rounded to no more than three significant digits. 

2/ Gemological Institute of America (GIA) color grades: D—colorless; E—rare 
white; G, H, traces of color. 

3/ Clarity: IF—no blemishes; VVS 1—very, very slightly included; VS 1—-very 
slightly included; VS2—-very slightly included, but not visible; SI1—slightly included. 
4/ Source: Jewelers' Circular Keystone, v. 172, no. 2, February 2001, p. 66. 

5/ Source: Jewelers' Circular Keystone, v. 172, no. 7, July 2001, p. 50. 

6/ Source: Jewelers' Circular Keystone, v. 173, no. 1, January 2002, p. 49. 


TABLE 5 
PRICES PER CARAT OF U.S. CUT COLORED GEMSTONES IN 2001 


Price range per carat 


Gemstone January 1/ December 2/ 
Amethyst $7-$14 $7-$14 
Blue sapphire 800-1,300 800-1,300 
Blue topaz 3-5 3-5 
Emerald 1,300-2,000 1,300-2,000 
Green tourmaline 70-125 70-125 
Pearl: 3/ 

Cultured saltwater 5 5 

Natural 210 210 
Pink tourmaline 75-125 75-125 
Rhodolite garnet 18-30 18-30 
Ruby 1,700-2,200 1,700-2,200 
Tanzanite 250-350 300-400 


1/ Source: The Guide, spring/summer 2001, p. 14, 30, 43, 59, 71, 85, 95, 
97, 103, 125, and 137. These figures are approximate current wholesale 
purchase prices paid by retail jewelers on a per stone basis for fine-quality 
stones. 

2/ Source: The Guide, fall/winter 2001-2002, p. 14, 30, 43, 59, 71, 85, 95, 
97, 103, 125, and 137. These figures are approximate wholesale purchase 
prices paid by retail jewelers on a per stone basis for fine-quality stones. 

3/ Prices are per 4.6 mm pearl. 


TABLE 6 
U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF 
INDUSTRIAL DIAMOND), BY COUNTRY 1/ 


2000 2001 
Quantity Value 2/ Quantity Value 2/ 
Country (carats) (millions) (carats) (millions) 
Exports: 

Belgium 114,000 $248 573,000 $454 
Canada 123,000 39 98,800 29 
France 30,300 67 35,400 135 
Germany 17,300 6 23,400 4 
Guatemala 34,300 8 135,000 13 
Hong Kong 111,000 150 336,000 125 
India 109,000 36 294,000 35 
Israel 268,000 354 575,000 512 
Japan 23,100 60 35,400 27 
Mexico 155,000 23 91,500 20 
Netherlands 12,400 3 36,600 7 
Switzerland 73,100 143 102,000 163 
Thailand 13,100 12 85,500 15 
United Kingdom 74,600 64 42,300 68 
Other 117,000 1/ 70 1/ 133,000 96 
Total 1,270,000 1,280 2,600,000 1,700 

Reexports: 
Belgium 3,850,000 666 1,340,000 565 
Canada 105,000 49 117,000 47 
Dominican Republic 24,700 3 52,600 7 
Hong Kong 3,260,000 396 1,390,000 347 
India 600,000 79 723,000 92 
Israel 4,770,000 1,010 1,760,000 899 
Japan 259,000 34 91,100 32 
Malaysia 56,800 4 16,700 4 
Mexico 190,000 2d, 29,100 4 
Singapore 259,000 32 76,400 14 
Switzerland 477,000 187 277,000 130 
Thailand 247,000 28 185,000 25 
United Arab Emirates 72,100 13 194,000 27 
United Kingdom 455,000 94 103,000 102 
Other 354,000 1/ 76 1/ 68,100 49 
Total 15,000,000 2,700 6,420,000 2,340 
Grand total 16,300,000 3,980 9,010,000 4,050 

r/ Revised. 


1/ Data are rounded to no more than three significant digits; may not add to totals shown. 
2/ Customs value. 


Source: U.S. Census Bureau. 


TABLE 7 


U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY 1/ 


2000 2001 
Quantity Value 2/ Quantity Value 2/ 
Kind, range, and country of origin (carat) (millions) (carat) (millions) 
Rough or uncut, natural: 3/ 
Belgium 431,000 $190 73,800 $75 
Botswana -- -- 4,880 12 
Brazil 29,500 9 16,800 8 
Canada 10,900 2 8,650 9 
Congo (Brazzaville) 7,860 15 4,750 10 
Congo (Kinshasa) 2,290 10 15,200 10 
Ghana 699,000 36 20,400 3 
Guinea 4,390 8 7,060 14 
Guyana 14,700 1 34,500 4 
Hong Kong 635 1 3,780 4 
Israel 19,200 20 9,120 10 
Russia 4,240 1 24,400 11 
South Africa 136,000 194 297,000 290 
United Kingdom 538,000 185 367,000 84 
Venezuela 6,870 2 6,110 3 
Other 372,000 r/ 68 r/ 6,880 5 
Total 2,280,000 741 900,000 550 
Cut but unset, not more than 0.5 carat: 
Australia 520 (4/) 3,440 (4/) 
Belgium 769,000 221 731,000 216 
Brazil 13,400 3 12,600 2 
Canada 2,070 1 3,320 1 
China 34,100 8 33,800 fi 
Dominican Republic 1,010 (4/) 6,970 1 
Hong Kong 466,000 79 316,000 So 
India 11,600,000 2,050 9,050,000 1,510 
Israel 1,150,000 693 992,000 535 
Japan 3,950 2 7,980 3 
Mexico 3,900 3 140,000 12 
Singapore 6,210 2 9,240 2 
Sri Lanka 5,600 1 10,500 2 
Switzerland 133,000 9 10,900 4 
Thailand 127,000 18 77,700 14 
United Arab Emirates 132,000 19 86,500 21 
United Kingdom 11,700 3 7,490 7 
Other 38,800 1/ 12 r/ 22,000 9 
Total 14,500,000 3,120 11,500,000 2,410 
Cut but unset, more than 0.5 carat: 
Belgium 1,330,000 2,170 1,100,000 1,840 
Canada 2,830 9 3,910 14 
France 2,110 16 7,150 31 
Hong Kong 105,000 139 192,000 145 
India 639,000 461 673,000 406 
Israel 2,740,000 4,630 2,550,000 4,560 
Japan 14,800 13 5,110 13 
Mauritius 3,240 7 3,770 7 
Russia 45,100 61 62,900 112 
South Africa 34,100 140 24,100 161 
Switzerland 34,200 263 13,700 118 
Thailand 23,800 27 9,100 9 
United Arab Emirates 7,190 8 19,700 17 
United Kingdom 22,100 100 15,700 118 
Other 42,300 1/ 89 t/ 23,300 Le 
Total 5,040,000 8,140 4,710,000 7,630 


r/ Revised. -- Zero. 


1/ Data are rounded to no more than three significant digits; may not add to totals shown. 


2/ Customs value. 


3/ Includes some natural advanced diamond. 


4/ Less than 1/2 unit. 


Source: U.S. Census Bureau. 


TABLE 8 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN DIAMOND, 
BY KIND AND COUNTRY 1/ 


2000 2001 
Quantity Value 2/ Quantity Value 2/ 
Kind and country (carats) (millions) (carats) (millions) 
Emerald: 
Australia 2 (3/) 161,000 (3/) 
Belgium 10,600 $2 11,700 $2 
Brazil 6,750,000 8 2,050,000 6 
China 1,060 (3/) 2,120 (3/) 
Colombia 1,620,000 r/ 66 1,070,000 58 
Germany 40,700 2 29,700 1 
Hong Kong 240,000 9 354,000 6 
India 3,110,000 32 2,040,000 20 
Israel 181,000 30 127,000 26 
Japan 48 (3/) 16,900 1 
Sri Lanka 29,100 1 41,000 Z 
Switzerland 137,000 15 36,300 10 
Taiwan 526 (3/) 83 (3/) 
Thailand 258,000 4 287,000 ) 
United Kingdom 3,630 1 5,770 1 
Zambia 15,300 2 106,000 1 
Other 36,300 r1/ 2; 32,000 3 
Total 12,400,000 r/ 176 6,370,000 141 
Ruby: 
Belgium 2,120 1 500 1 
Brazil 6,020 (3/) 134 (3/) 
Burma 55,900 4 9,740 2 
China 1,170 (3/) 8,940 (3/) 
Colombia 1,840 (3/) 328 (3/) 
Germany 16,300 1 24,800 (3/) 
Hong Kong 253,000 10 123,000 4 
India 1,600,000 5 762,000 2 
Israel 37,800 3 26,500 1 
Japan 9,280 (3/) 28,400 (3/) 
Pakistan 6,400 (3/) 1,400 (3/) 
Sri Lanka 5,660 1 4,260 1 
Switzerland 32,100 7 26,400 10 
Thailand 2,450,000 46 = 1,940,000 43 
United Kingdom 5,590 4 21,800 2 
Other 21,000 r/ 4 25,700 2 
Total 4,500,000 853,000,000 69 
Sapphire: 
Australia 7,320 1 3,270 (3/) 
Belgium 3,000 1 1,720 1 
Brazil 6,590 (3/) 642 (3/) 
Burma 8,720 2 i fe) 1 
Canada 699 1 250 (3/) 
China 30,000 (3/) 15,100 (3/) 
Colombia 43,100 (3/) 3,680 (3/) 
France 1,740 1 1,670 1 
Germany 53,700 1 42,500 1 
Hong Kong 326,000 11 281,000 8 
India 1,160,000 4 873,000 5 
Israel 63,100 5 40,700 3 
Sri Lanka 492,000 25 294,000 20 
Switzerland 50,400 17 36,900 12 
Thailand 6,000,000 81 4,470,000 66 
United Kingdom 13,800 3 17,500 3 
Other 134,000 1/ 5 1/ 65,900 2 
Total 8,400,000 156 ~—6, 150,000 122 


See footnotes at end of table. 


TABLE 8--Continued 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN DIAMOND, 
BY KIND AND COUNTRY 1/ 


2000 2001 
Quantity Value 2/ Quantity Value 2/ 
Kind and country (carats) (millions) (carats) (millions) 
Other: 
Rough, uncut: 

Australia NA $4 NA $4 
Brazil NA 15 NA 13 
China NA 1 NA 1 
Colombia NA 2 NA (3/) 
Fiji NA 2 NA 2 
Hong Kong NA 1 NA 1 
India NA 1 NA 2 
Indonesia NA 2 NA 2 
Kenya NA (3/) NA (3/) 
Nigeria NA (3/) NA (3/) 
Pakistan NA 1 NA 1 
Philippines NA 1 NA 1 
Russia NA (3/) NA (3/) 
South Africa NA 2 NA 1 
Switzerland NA (3/) NA (3/) 
Taiwan NA (3/) NA (3/) 
Tanzania NA 1 NA 1 
Thailand NA 11 NA 1 
United Kingdom NA 1 NA 1 
Zambia NA 5 NA (3/) 
Other NA 9 NA 7 

Total NA 56 NA 38 

Cut, set and unset: 

Australia NA 18 NA 16 
Austria NA 1 NA 1 
Brazil NA 10 NA 7 
Canada NA 1 NA 1 
China NA 13 NA 12 
Columbia NA (3/) NA 1 
French Polynesia NA 5 NA 5 
Germany NA Ly NA 15 
Hong Kong NA 56 NA 44 
India NA 81 NA 82 
Indonesia NA 1 NA 1 
Israel NA 11 NA 5 
Japan NA 10 NA 20 
Mexico NA 1 NA 2 
South Africa NA 2 NA 1 
Sri Lanka NA 6 NA 6 
Switzerland NA 2 NA 2 
Taiwan NA 2 NA 1 
Tanzania NA 13 NA 10 
Thailand NA 33 NA 27 
United Kingdom NA 6 NA 8 
Other NA 4 r/ NA 3 

Total NA 294 NA 268 


t/ Revised. NA Not available. 

1/ Data are rounded to no more than three significant digits; may not add to totals shown. 
2/ Customs value. 

3/ Less than 1/2 unit. 


Source: U.S. Census Bureau. 


TABLE 9 
VALUE OF U.S. IMPORTS OF SYNTHETIC AND 
IMITATION GEMSTONES, BY COUNTRY 1/ 


(Thousand dollars) 2/ 
Country 2000 2001 
Synthetic, cut but unset: 
Australia 97 224 
Austria 6,670 2,980 
Belgium 11 80 
Brazil 136 62 
China 13,500 13,700 
France 1,020 974 
Germany 10,300 10,000 
Hong Kong 2,990 2,410 
India 795 819 
Italy 289 43 
Japan 69 53 
Korea, Republic of 2,510 1,360 
Netherlands 231 74 
Singapore 148 157 
Spain 10 31 
Sri Lanka 612 1,250 
Switzerland 6,410 7,530 
Taiwan 708 464 
Thailand 3,820 1,970 
Other 610 r/ 165 
Total 50,900 44,300 
Imitation: 3/ 
Austria 59,100 64,800 
China 990 1,330 
Czech Republic 11,200 13,700 
Germany 1,250 1,140 
Hong Kong 161 255 
India 850 355 
Italy 167 207 
Japan 756 400 
Korea, Republic of 859 1,120 
Spain 45 147 
Taiwan 274 245 
Other 540 r/ 497 
Total 76,200 84,300 
r/ Revised. 


1/ Data are rounded to no more than three significant digits; 
not add to totals shown. 

2/ Customs value. 

3/ Includes pearls. 


Source: U.S. Census Bureau. 


TABLE 10 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES 1/ 


(Thousand carats and thousand dollars) 


2000 2001 
Stones Quantity Value 2/ Quantity Value 2/ 
Diamonds: 
Rough or uncut 2,280 741,000 900 550,000 
Cut but unset 19,500 11,300,000 16,200 10,000,000 
Emeralds, cut but unset 22,100 176,000 6,370 141,000 
Coral and similar materials, unworked NA 8,920 NA 10,900 
Rubies and sapphires, cut but unset 12,900 241,000 9,150 191,000 
Pearls: 
Natural NA 960 NA 8,520 
Cultured NA 46,100 NA 47,200 
Imitation NA 2,020 NA 1,290 
Other precious and semiprecious stones: 
Rough, uncut 1,070,000 39,400 1,020,000 22,200 
Cut, set and unset NA 247,000 NA 213,000 
Other NA 7,840 NA 5,070 
Synthetic: 
Cut but unset 329,000 50,900 345,000 44,300 
Other NA 6,190 NA 5,760 
Imitation gemstone 3/ NA 74,200 NA 83,000 
Total XX 12,900,000 XX 11,400,000 


NA Not available. XX Not applicable. 


1/ Data are rounded to no more than three significant digits; may not add to totals shown. 


2/ Customs value. 
3/ Does not include pearls. 


Source: U.S. Census Bureau. 


TABLE 11 


NATURAL DIAMOND: ESTIMATED WORLD PRODUCTION, BY TYPE AND COUNTRY 1/ 2/3/ 


(Thousand carats) 


Country 1997 1998 1999 2000 2001 
Gemstones: 4/ 
Angola 1,110 2,400 3,360 r/ 3,914 1/5/ 4,653 5/ 
Australia 18,100 18,400 13,403 5/ 11,992 r/ 5/ 10,700 
Botswana ESA Se 14,772 5/ 16,000 19,368 r/ 5/ 20,100 
Brazil 100 r/ 100 r/ 900 1/ 1,000 r/ 1,000 
Canada -- 203 r/5/ 2,429 1/5/ 2,558 1/5/ 2,600 
Central African Republic 400 330 JIE 346 r/ 360 
China 230 230 230 230 235 
Congo (Kinshasa) 3,300 5,080 4,120 3,500 9,100 
Cote d' Ivoire 207 210 270 1/ 210 r/ 210 
Ghana 664 649 282 r/ 178 700 
Guinea 165 294 r/ 410 278 1/ 270 
Liberia 80 150 120 100 r/ 100 
Namibia 1,350 1,390 1,550 1,520 1,490 
Russia 11,200 11,500 11,500 11,600 11,600 
Sierra Leone 300 200 450 450 450 
South Africa 4,500 4,300 4,000 4,300 4,470 
Tanzania 82 83 200 301 302 
Venezuela -- 1/ 5/ 80 5/ 59 5/ 80 r/ 5/ 85 
Zimbabwe 321 10 15 7 5 
Other 33 1/ 32 1/ 29 1/ 44 1/ 70 
Total 57,200 r/ 60,400 r/ 59,600 r/ 62,000 r/ 68,500 
Industrial: 
Angola 124 364 373 1/ 435 r/ 517 
Australia 22,100 22,500 16,381 5/ 14,700 r/ 13,100 
Botswana 5,000 5,000 5,350 5,850 r/ 5,060 
Brazil -- r/ -- 1/ -- r/ -- r/ -- 
Central African Republic 100 200 120 1/ 115 r/ 120 
China 900 900 920 920 950 
Congo (Kinshasa) 18,677 5/ 21,000 16,000 14,200 9,100 
Cote d' Ivoire 100 100 128 r/ 110 1/ 110 
Ghana 166 160 101 1/ 712 170 
Guinea 40 98 r/ 140 91 r/ 90 
Liberia 120 150 80 70 1/ 70 
Namibia fal 73 89 80 -- 
Russia 11,200 11,600 11,500 11,600 11,600 
Sierra Leone 100 50 150 150 150 
South Africa 5,540 6,460 6,020 6,480 6,700 
Tanzania 35 15 35 55 53 
Venezuela 85 1/ 5/ 17 5/ 36 5/ 29 1/5/ 40 
Zimbabwe 100 19 30 13 10 
Other 79 1/ 80 1/ 87 1/ 126 r/ 200 
Total 64,500 r/ 68,700 r/ 57,500 r/ 55,700 1/ 48,000 
Grand total 122,000 r/ 129,000 r/ 117,000 118,000 117,000 


r/ Revised. -- Zero. 


1/ World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
2/ Table includes data available through May 27, 2002. 


3/ In addition to the countries listed, natural diamond is produced in Nigeria, but information is inadequate to estimate output. 
4/ Includes near- and cheap-gem qualities. 


5/ Reported figure. 
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Domestic Production and Use: Total U.S. gemstone output has decreased in recent years owing to a decline in 
foreign demand for freshwater shell, a major component of the domestic industry. Domestic gemstone production also 
included agates, amber, beryl, coral, garnet, jade, jasper, opal, pearl, quartz, sapphire, topaz, turquoise, and many 
other gem materials. Output of natural gemstones was primarily from Tennessee, North Carolina, Arizona, Oregon, 
California, Arkansas, and Utah, in decreasing order. Reported output of synthetic gemstones was from four firms in 
North Carolina, New York, California, and Arizona, in decreasing order of production. There was notable production of 
freshwater pearl in Tennessee, turquoise in Arizona, and beryl in North Carolina and Utah. Major uses were jewelry, 
Carvings, and gem and mineral collections. 


Salient Statistics—United States: 1996 1997 1998 1999 2000° 
Production:* Natural? 43.6 25.0 14.3 16.1 16.6 
Synthetic 24.0 21.6 24.2 47.5 “50 
Imports for consumption 7,240 8,380 9,250 10,700 12,900 
Exports, including reexports” 2,660 2,/60 2,980 3,610 4,080 
Consumption, apparent® 4,650 5,670 6,310 7,150 8,890 
Price Variable, depending on size, type, and quality 
Employment, mine, number® 1,200 1,200 1,200 1,200 1,200 
Net import reliance’ as a percent 
of apparent consumption 98 99 99 99 99 


Recycling: Insignificant. 


Import Sources (1996-99 by value): Israel, 38%; India, 21%; Belgium, 20%; and other, 21%. Diamond imports 
accounted for 93% of the total value of gem imports. 


Tariff: Item Number Normal Trade Relations 
12/31/00 

Diamonds, unworked or sawn 7102.31 .0000 Free. 
Diamond, 2 carat or less 7102.39.0010 Free. 
Diamond, cut, more than 2 carat 7102.39.0050 Free. 
Precious stones, unworked 7103.10.2000 Free. 
Precious stones, simply sawn 7103.10.4000 10.5% ad val. 
Rubies, cut 7103.91.0010 Free. 
Sapphires, cut 7103.91 .0020 Free. 
Emeralds, cut 7103.91 .0030 Free. 
Other precious, cut but not set 7103.99.1000 Free. 
Other precious stones 7103.99.5000 10.5% ad val. 
Imitation precious stones 7018.10.2000 Free. 
Synthetic cut, but not set 7104.90.1000 Free. 
Pearls, natural 7101.10.0000 Free. 
Pearls, cultured 7101.21.0000 Free. 
Pearls, imitation, not strung 7018.10.1000 4.0% ad val. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: The National Defense Stockpile (NDS) does not contain an inventory of gemstones. 
However, portions of the industrial diamond inventory are of near-gem or gem quality. Additionally, the beryl and 
quartz inventories contain some gem-quality materials that could be used by the gem industry. The U.S. Department 
of Defense is currently selling some NDS materials that may be gemstone quality. 


Prepared by Donald W. Olson [(703) 648-7721, dolson@usgs.gov, fax: (703) 648-7722] 
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Events, Trends, and Issues: Canada’s first commercial diamond mine, the Ekati Mine, completed its first full year in 
1999, with production of 2.5 million carats valued at $422 million. During the first 6 months of 2000, Ekati production 
was another 1.35 million carats of diamond. Canada’s second commercial diamond mine, the Diavik project, is 
expected to come on-stream in 2003 with production of 6 to 8 million carats per year worth about $65 per carat. 


The Kelsey Lake Diamond Mine, which straddles the Colorado-Wyoming State line, began production again in 
September 2000. Kelsey Lake is now owned by McKenzie Bay International, Ltd., a Canadian mining company, and is 
operated by McKenzie’s local subsidiary, Great Western Diamond Co. Kelsey Lake is the United States’ only 
commercial producing diamond mine. 


In 2000, the U.S. gemstone market is expected to be about $8.9 billion, accounting for at least one-third of world 
demand. The United States is expected to dominate global gemstone consumption during the next decade. Synthetic 
gemstones will gain a larger share of domestic jewelry sales. 


World Mine Production,® Reserves, and Reserve Base: 


Mine production Reserves and reserve base’ 
1999 2000° 
United States ('°) (2) World reserves and reserve base of 
Angola 1,080 1,080 gem diamond are substantial. No 
Australia 13,400 14,000 reserves or reserve base data are 
Botswana 15,000 15,000 available for other gemstones. 
Brazil 300 300 
Canada 2,000 2,300 
Central African Republic 400 400 
China 230 230 
Congo (Kinshasa) 3,500 3,500 
Ghana 649 650 
Namibia 2,000 2,000 
Russia 11,500 11,500 
South Africa 4,000 4,000 
Venezuela 100 100 
Other countries 1,440 1,440 
World total 55,600 56,500 


World Resources: Natural gem-quality diamonds are among the world’s rarest mineral materials. Most diamond- 
bearing ore bodies have a diamond content that ranges from less than 1 carat per ton to only about 6 carats per ton. 
The major gem diamond reserves are in southern Africa, western Australia, Canada, and Russia. Estimation of a 
reserve base Is difficult because of the changing economic evaluation of near-gem materials and recent discoveries in 
Australia, Canada, and Russia. 


Substitutes: Plastics, glass, and other materials are substituted for natural gemstones. Synthetic gemstones 
(manufactured materials that have the same chemical and physical properties as gemstones) are common substitutes. 
Simulants (materials that appear to be gems, but differ in chemical and physical characteristics) also are frequently 
substituted for natural gemstones. 


“Estimated. 

‘Excludes industrial diamond and garnet. See Diamond (Industrial) and Garnet (Industrial). 

“Estimated minimum production. 

3Includes production of freshwater shell. 

“Estimated by rounding the 1999 synthetic production figure, because the 2000 synthetic production figure was withheld; synthetic production in 
2000 was at least as high as that of 1999. 

*Reexports account for more than 90% of the totals. 

°If reexports were not considered, apparent consumption would be significantly greater. 

‘Defined as imports - exports and reexports + adjustments for Government and industry stock changes. 
8Data in thousands of carats of gem diamond. 

°See Appendix C for definitions. 

"less than 1% unit. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2001 


GEMSTONES 


By Donald W. Olson 


Domestic survey data and tables were prepared by Christine K. Pisut, statistical assistant, and the world production table 
was prepared by Glenn J. Wallace, international data coordinator. 


In this report, the terms “gem” and “gemstone” mean any 
mineral or organic material (such as amber, pearl, and petrified 
wood) used for personal adornment, display, or object of art 
because it possesses beauty, durability, and rarity. Of more than 
4,000 mineral species, only about 100 possess all these attributes 
and are considered to be gemstones. Silicates other than quartz 
compose the largest group of gemstones; oxides and quartz 
compose the second largest (table 1). A further subcategory of 
gemstones is colored gemstone, which in this report designates 
all nondiamond gemstones, including amber, coral, and shell. 

In addition, synthetic gemstones, cultured pearls, and gemstone 
simulants are discussed but are treated separately from natural 
gemstones (table 2). Trade data in this report are from the 

U.S. Census Bureau. Quantities are reported in carats, unless 
otherwise noted. All percentages in the report were computed 
based on the unrounded data. Current information on industrial- 
grade diamond and industrial-grade garnet can be found in the 
U.S. Geological Survey (USGS) Minerals Yearbook chapters on 
industrial diamond and industrial garnet. 

Gemstones have fascinated humans since prehistoric times. 
They have been valued as treasured objects throughout history 
by all societies in all parts of the world. Amber, amethyst, coral, 
diamond, emerald, garnet, jade, jasper, lapis lazuli, pearl, rock 
crystal, ruby, serpentine, and turquoise are some of the first 
stones known to have been used for making jewelry. These 
stones served as symbols of wealth and power. Today, gems are 
not worn to demonstrate wealth as much as they are for pleasure 
or in appreciation of their beauty. 


Production 


Commercial mining of gemstones has never been extensive 
in the United States. More than 60 varieties of gemstones have 
been produced commercially from domestic mines, but most 
of the deposits have been relatively small compared with other 
mining operations. In the United States, much of the current 
gemstone mining is conducted by collectors, gem clubs, and 
hobbyists rather than business organizations. 

The commercial gemstone industry in the United States 
consists of individuals and companies that mine gemstones 
or harvest shell and pearl, firms that manufacture synthetic 
gemstones, and individuals and companies that cut natural 
and synthetic gemstones. The domestic gemstone industry is 
focused on the production of colored gemstones and on the 
cutting of large diamonds. Industry employment is estimated 
to range from 1,000 to 1,500 workers (U.S. International Trade 
Commission, 1997, p. 1). 

Most natural gemstone producers in the United States 
are small businesses that are widely dispersed and operate 
independently. The small producers probably have an average 
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of less than three employees, including those who only work 
part time. The number of gemstone mines operating from 
year to year fluctuates because the uncertainty associated with 
the discovery and marketing of gem-quality minerals makes 
it difficult to obtain financing for developing and sustaining 
economically viable deposits (U.S. International Trade 
Commission, 1997, p. 23). 

The total value of natural gemstones produced in the United 
States during 2002 was estimated to be at least $12.6 million 
(table 3). The production value was 15% less than that of the 
preceding year. The production decrease was mostly because 
the 2002 shell harvest was 49% less than in 2001. 

The estimate of 2002 U.S. gemstone production was based 
on a survey of more than 230 domestic gemstone producers 
conducted by the USGS. The survey provided a foundation for 
projecting the scope and level of domestic gemstone production 
during the year. However, the USGS survey did not represent 
all gemstone activity in the United States, which includes 
thousands of professional and amateur collectors. Consequently, 
the USGS supplemented its survey with estimates of domestic 
gemstone production from related published data, contacts with 
gemstone dealers and collectors, and information garnered at 
gem and mineral shows. 

Natural gemstone materials indigenous to the United States 
are collected, produced, and/or marketed in every State. During 
2002, all 50 States produced at least $1,000 worth of gemstone 
materials. Seven States accounted for nearly 80% of the total 
value, as reported by survey respondents. These States, in order 
of declining value of production, were Tennessee, Arizona, 
Oregon, California, Arkansas, Idaho, and Montana. Some States 
were known for the production of a single gemstone material— 
Tennessee for freshwater pearls and Arkansas for quartz, for 
example. Other States produced a variety of gemstones, like 
Arizona, whose gemstone deposits included agate, amethyst, 
azurite, chrysocolla, garnet, jade, jasper, malachite, obsidian, 
onyx, opal, peridot, petrified wood, smithsonite, and turquoise. 
There is also a wide variety of gemstones found and produced in 
California, Idaho, Montana, and North Carolina. 

The United States has two significant operations in known 
diamond-bearing areas. The first, the Kelsey Lake diamond 
mine, is the United States’ only commercial diamond mine and 
is close to the Colorado-Wyoming State line near Fort Collins, 
CO. Kelsey Lake did not report any production during 2002, 
and the company was upgrading the equipment in the processing 
plant. The mine is owned and operated by Great Western 
Diamond Co. (a subsidiary of McKenzie Bay International, Ltd. 
of Canada). The Kelsey Lake property includes nine known 
kimberlite pipes, of which three have been tested and have 
shown that diamonds are present. The remaining six pipes have 
yet to be fully explored and tested for their diamond potential. 
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Of diamonds recovered, 50% to 65% was clear gem quality, and 
almost one-third was one carat or larger in size. The identified 
resources are at least 17 million metric tons (Mt) grading an 
average of 4 carats per hundred metric tons (Taylor Hard Money 
Advisers, 20008'). 

The second operation is in Crater of Diamonds State Park 
near Murfreesboro in Pike County, AR, where a dig-for-fee 
operation for tourists and rockhounds is maintained by the 
State. Crater of Diamonds is the only diamond mine in the 
world that is open to the public. The diamonds occur in a 
lamproite breccia tuff associated with a volcanic pipe and in the 
soil developed from the lamproite breccia tuff. In 2002, 614 
diamonds with an average weight of 0.12 carat were recovered 
at Crater of Diamonds State Park. Seven of the diamonds 
weighed more than | carat each. Since the diamond bearing 
pipe and the adjoining area became a State park in 1972, more 
than 22,000 diamonds have been recovered (J. Michael Howard, 
Geology Supervisor, Arkansas Geological Commission, written 
commun., 2003). Recent exploration demonstrated that there is 
about 78.5 Mt of diamond-bearing rock in this diamond deposit 
(Howard, 1999, p. 62). An Arkansas law, enacted early in 1999, 
prohibits commercial diamond mining in the park (Diamond 
Registry Bulletin, 1999). 

Studies by the Wyoming Geological Survey have shown that 
Wyoming has the potential for a $1 billion diamond mining 
business. Wyoming has many of the same geologic conditions 
as Canada, and there is evidence of hundreds of kimberlite 
pipes in the State. Twenty diamondiferous kimberlite pipes and 
one diamondiferous mafic breccia pipe have been identified in 
southern Wyoming. Two of the largest kimberlite fields, State 
Line and Iron Mountain, and the largest lamproite field, Leucite 
Hills, in the United States are in Wyoming. There has been 
slight interest in the southern Wyoming and northern Colorado 
area by several diamond mining firms, but the only diamond 
mine developed in the area thus far is the Kelsey Lake mine. 
Individual diamond gems worth $89,000 and $300,000 have 
been found there (Associated Press, 20028). 

In addition to natural gemstones, synthetic gemstones and 
gemstone simulants are produced in the United States. Synthetic 
gemstones have the same chemical, optical, and physical 
properties as the natural materials that they appear to be. 
Simulants have an appearance similar to that of a natural gemstone 
material, but they have different chemical, optical, and physical 
properties. Synthetic gemstones produced in the United States 
include alexandrite, cubic zirconia, diamond, emerald, moissanite, 
ruby, sapphire, and turquoise. Simulants of coral, lapis lazul1, 
malachite, and turquoise also are manufactured in the United 
States. In addition, certain colors of synthetic sapphire and spinel, 
used to represent other gemstones, are classified as simulants. 

Synthetic gemstone production in the United States was more 
than $18.1 million during 2002; simulant gemstone output was 
even greater and was estimated to be more than $100 million. Six 
firms in six States, representing virtually the entire U.S. synthetic 
gemstone industry, reported production to the USGS. The States 
with reported synthetic gemstone production were Arizona, 
California, Florida, Michigan, New York, and North Carolina. 


‘References that include a section mark (§) are found in the Internet 
References Cited section. 
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One U.S. company, Gemesis Corp., produced consistent- 
quality synthetic gem diamond and reported a third year of 
production in 2002. The synthetic diamonds are produced 
using technology, equipment, and expertise developed by a 
team of scientists from Russia and the University of Florida. 
The weight of the synthetic diamond stones range from 1.5 to 
2 carats, and the stones are yellow, brownish yellow, colorless, 
and green (Weldon, 1999§). During 2002, Gemesis moved into 
a new facility near Sarasota, FL, where it now has 27 diamond- 
growing machines running and eventually plans to have a total 
of 250 machines installed. Each of the machines is capable of 
growing 3-carat rough diamonds by generating temperatures 
and pressures that recreate the conditions in the Earth’s mantle, 
where diamonds form (Davis, 2003). In the next year and a 
half, Gemesis machines could be producing as many as 30,000 
to 40,000 stones each year, and revenues may hit $70 million 
to $80 million per year (Diamond Registry Bulletin, 2001). 
Gemesis diamonds will be available in retail jewelry stores in 
fall 2003. The prices of the Gemesis synthetic diamonds will 
be below those of natural diamond but still above the prices of 
simulated diamond (Weldon, 20038). 

A second U.S. company, Apollo Diamond, Inc., has developed 
and patented a method for growing gem-quality diamonds 
by chemical vapor deposition (CVD). The CVD technique 
transforms carbon into plasma, which then is precipitated onto a 
substrate as diamond. CVD has been used for more that a decade 
to cover large surfaces with microscopic diamond crystals, but 
until this process, no one had discovered the combination of 
temperature, gas composition, and pressure that results in the 
growth of a single diamond crystal. Robert Linares of Apollo 
Diamond received a patent for the process in June 2003. Now 
CVD diamonds can be grown for about $5 per carat. CVD 
diamonds precipitate as nearly 100% pure, almost flawless 
diamond and, therefore, may not be discernible from natural 
diamond. Apollo Diamond is planning to start selling their 
diamonds on the jewelry market by January 2004 (Davis, 2003). 

In 2002, a North Carolina firm entered its fifth year of 
marketing moissanite, a gem-quality synthetic silicon carbide it 
produces. Moissanite is also an excellent diamond simulant, but 
it is being marketed for its own gem qualities. 


Consumption 


Although the United States accounts for little of the total 
global gemstone production, it is the world’s leading gemstone 
market. U.S. gemstone markets accounted for more than an 
estimated 35% of world gemstone demand in 2002. The U.S. 
market for unset gem-quality diamond during the year was 
estimated to have exceeded $12.1 billion. Domestic markets 
for natural, unset nondiamond gemstones totaled about $788 
million. 

A poll conducted by a U.S. jewelry retailers association in the 
mid-1990s showed that about two-thirds of domestic consumers 
who were surveyed designated diamond as their favorite 
gemstone (ICA Gazette, 1996). In 2002, the top-ten-selling 
colored gemstones, in descending order, were blue sapphire, 
ruby, emerald, tanzanite, amethyst, rhodolite garnet, pearl, opal, 
peridot, and blue topaz. Only 27% of the jewelry retailers said 
their sales were down in 2002 compared with 37% in 2001. 
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During 2002, 32% of the retail gemstone jewelry purchases 
were in the under $500 price range (Prost, 2003). During the 
2002 holiday season, consumers were cautious, and the U.S. 
retail sales increase was a low 2.2% overall (by value). Mall- 
based jewelry stores posted only an 0.8% increase compared 
with sales of the 2001 holiday shopping season (Diamond 
Registry Bulletin, 2003d). In 2002, the value of the U.S. 
diamond jewelry market increased by 5% from that of 2001 
to $27.4 billion. This means that the U.S. market accounted 
for more than one-half of the world’s diamond jewelry sales 
in 2002. During 2002, diamond engagement rings accounted 
for 84% of all engagement rings purchased, an increase of 
2.5% compared with 2001. The value of the U.S. diamond 
engagement ring market was $4.3 billion (Diamond Registry 
Bulletin, 2003c). In addition to jewelry, gemstones are used for 
collections, decorative art objects, and exhibits. 


Prices 


Gemstone prices are governed by many factors and qualitative 
characteristics, including beauty, clarity, defects, demand, 
durability, and rarity. Diamond pricing, in particular, is 
complex; values can vary significantly depending on time, place, 
and the subjective evaluations of buyers and sellers. There are 
more than 14,000 categories used to assess rough diamond and 
more than 100,000 different combinations of carat, clarity, color, 
and cut values used to assess polished diamond (Pearson, 1998). 

Colored gemstone prices are generally influenced by market 
supply and demand considerations, and diamond prices are 
supported by producer controls on the quantity and quality of 
supply. Values and prices of gemstones produced and/or sold 
in the United States are listed in tables 3 through 5. In addition, 
customs values for diamonds and other gemstones imported, 
exported, or reexported are listed in tables 6 through 10. 

De Beers Group companies are a significant force affecting 
gem diamond prices worldwide because they mine about one- 
half of the diamonds produced each year. The companies also 
sort and valuate about two-thirds (by value) of the world’s 
annual supply of rough diamonds through De Beers’ subsidiary 
Diamond Trading Co. (DTC), which has marketing agreements 
with other producers. 


Foreign Trade 


During 2002, total U.S. gemstone trade with all countries and 
territories was about $17.3 billion, which was approximately 
12% more (by value) than gemstone trade of the previous year. 
Diamonds accounted for about 96% of the 2002 gemstone 
trade total. In 2002, U.S. exports and reexports of diamond 
were shipped to 73 countries and territories, and imports of all 
gemstones were received from 114 countries and territories 
(tables 6-10). During 2002, U.S. trade in cut diamonds 
increased by about 15% compared with the previous year, 
and the United States remained the world’s leading diamond 
importer. The United States is a significant international 
diamond transit center as well as the world’s largest gem 
diamond market. The large volume of reexports shipped to 
other centers reveals the significance that the United States has 
in the world’s diamond supply network (table 6). 
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Synthetic gemstone trade increased by more than 15% for the 
United States in 2002 compared with the previous year. Synthetic 
gemstone imports from Austria, China, Germany, Hong Kong, 
Switzerland, and Thailand made up almost 87% (by value) of the 
total domestic imports of synthetic gemstones during the year. 
Prices of certain synthetic gemstone imports, such as amethyst, 
were very competitive. The marketing of synthetic imports 
and enhanced gemstones as natural gemstones and the mixing 
of synthetic materials with natural stones in imported parcels 
continued to be problems for some domestic producers in 2002. 
There were also problems with some simulants being marketed as 
synthetic gemstones during the year. 


World Review 


The gemstone industry worldwide has two distinct sectors— 
diamond mining and marketing and the production and sale 
of colored gemstones. Most diamond supplies are controlled 
by a few major mining companies; prices are supported by 
managing the quality and quantity of the gemstones relative 
to demand, a function performed by De Beers through DTC. 
Unlike diamonds, colored gemstones are primarily produced 
at relatively small low-cost operations with few dominant 
producers; prices are influenced by consumer demand in 
addition to supply availability. 

In 2002, world diamond production totaled about 132 million 
carats—76.5 million carats gem quality and 55.2 million carats 
industrial grade (table 11). Most production was concentrated in 
a few regions—Africa [Angola, Botswana, Congo (Kinshasa), 
Namibia, and South Africa], Asia (northeastern Siberia and 
Yakutia in Russia), Australia, North America (Northwest 
Territories in Canada), and South America (Brazil and 
Venezuela). In 2002, Australia led the world in total diamond 
output quantity (combined gemstone and industrial), and 
Botswana was the world’s leading gemstone diamond producer 
in terms of output value and quantity. 

De Beers reported that its sales of rough diamonds for 2002 
were $5.15 billion, which was up by 15.7% from $4.45 billion 
in 2001. De Beers diamond stocks were reduced by nearly $1 
billion during the year, and De Beers reported a net income of 
$434 million in 2002, down from $492 million the previous year 
(Diamond Registry Bulletin, 2003b). 

The Antwerp High Council in Belgium reported that overall 
diamond trade increased by 14.8% to $26.3 billion during 2002. 
That was the combination of an increase of 18.9% in rough 
diamond trade and an increase of 10.7% in polished diamond 
trade. The United States was the strongest market for Antwerp 
polished diamond with exports to the United States increasing 
by 13% to $2.28 billion during 2002 (Diamond Registry 
Bulletin, 2003a). 

Additional events in 2002 significant to diamond mining, 
production, and marketing worldwide include the following: 

e The Ekati Diamond Mine, Canada’s first operating 
commercial diamond mine, completed its fourth full year 
of production. In 2002, Ekati produced 4.98 million carats 
of diamonds (BHP Billiton Ltd., 2003). BHP Billiton 
has an 80% controlling ownership of the Ekati Mine in 
the Northwest Territories in Canada. Ekati has estimated 
reserves of 60.3 Mt of ore in kimberlite pipes that contain 
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54.3 million carats of diamonds, and the mine life is 
projected to be 25 years. Operating at full capacity, Ekati 
production is expected to range from 3.5 million to 4.5 
million carats per year. Ekati diamonds are sold by BHP’s 
Antwerp sales office. The Ekati is now producing from the 
Koala, Misery, and Panda kimberlite pipes (BHP Billiton 
Ltd., 2001). The Ekati already accounts for 4% of the world 
market by weight and 6% by value (Law-West, 2002). 

In 2002, BHP Billiton began using underground mining 
techniques to recover diamonds from deeper portions of the 
Koala and Panda kimberlite pipes, which were first open pit 
mined (Diamond Registry Bulletin, 2002). De Beers’ hold on 
the world diamond market was further reduced at the end of 
2002 when the agreement between Ekati and De Beers to sell 
35% of Ekati production to De Beers expired and was not 
renewed. The agreement had helped Ekati get started in the 
world diamond market and ended on good terms (Jewelers’ 
Circular Keystone, 2002). 

e The Diavik Diamond Mine, also in the Northwest 
Territories, has estimated reserves of 25.6 Mt of ore in 
kimberlite pipes, containing 102 million carats of diamond, 
and the mine life is projected to be 20 years. Diavik 
received the required permits and regulatory approval 
in 2000 and began site infrastructure development and 
project construction. Diavik is an unincorporated joint 
venture between Diavik Diamond Mines Inc. (60%) and 
Aber Diamond Mines Ltd. (40%). The Diavik mine began 
diamond production in December 2002, and it should be built 
up to full production by February 2003—60 days ahead of 
the projected opening date (Professional Jeweler, 20028). 
The mine is expected to produce about 102 million carats of 
diamond at a rate of 6 million carats per year worth about 
$63 per carat (Diavik Diamond Mines Inc., 2000, p. 10-12). 

e A third Canadian commercial diamond project in the 
Northwest Territories is the Snap Lake diamond project. 
De Beers Canada Mining Inc. has projected that Snap Lake 
would begin production in 2006 or 2007 (Law- West, 2002). 
The Snap Lake diamond project has estimated reserves 
of 22.8 Mt of ore in a kimberlite dike that contains 38.8 
million carats of diamond. The mine life is projected to be 
20 years or more (Jack T. Haynes, Assistant Site Manager, 
De Beers Canada Mining Inc., oral commun., 2001). 

In 2002, the worldwide diamond industry recovered 
somewhat from low demand in 2001 and moved toward 
the record levels of 2000. The world rough diamond 
supply increased by almost 10%, world demand for 
polished wholesale diamonds increased by 4%, and world 
diamond jewelry retail sales increased by 3% compared 
with the levels of 2001. This growth was constrained 
by economic uncertainties, weak stock markets, low 
consumer confidence, corporate “creative accounting” 
scandals, the hostilities in Afghanistan, and the long lead 
time to the expected arrival of U.S. and allied troops in 
Iraq. Worldwide diamond jewelry retail sales were valued 
at $56.9 billion, containing diamond valued $14.5 billion 
(polished wholesale prices) (Diamond Intelligence Briefs, 
2003). 

In 2002, an international rough diamond certification system 
called the Kimberley Process Certification Scheme (KPCS) 


was implemented to solve the problem of conflict diamonds— 
those rough diamonds used by rebel forces and their allies 
to help finance warfare aimed at subverting governments 
recognized as legitimate by the United Nations (U.N.). The 
KPCS was agreed upon by U.N. member nations, the diamond 
industry, and involved nongovernmental organizations. 
The KPCS includes the following key elements: the use of 
forgery-resistant certificates and tamper proof containers for 
shipments of rough diamonds; internal controls and procedures 
that provide credible assurance that conflict diamonds do not 
enter the legitimate diamond market; a certification process 
for all exports of rough diamonds; the gathering, organizing, 
and sharing of import and export data on rough diamonds with 
other participants of relevant production; credible monitoring 
and oversight of the international certification scheme for 
rough diamonds; effective enforcement of the provisions of 
the certification scheme through dissuasive and proportional 
penalties for violations; self regulation by the diamond 
industry that fulfills minimum requirements; and the sharing 
of information with all other participants on relevant rules, 
procedures, and legislation as well as examples of national 
certificates used to accompany shipments of rough diamonds 
(Weldon, 2001§). The KPCS will not be fully implemented 
until all participating countries have passed the necessary laws 
to carry it out. 
e In the United States, the Clean Diamond Trade Act, 

which will implement effective measures to stop trade 
in conflict diamonds, was passed by the U.S. House 
of Representatives on November 28, 2001, and by the 
U.S. Senate on January 7, 2003. The President signed 
the Act into law on April 25, 2003. Enactment of the 
Clean Diamond Trade Act made the United States a full 
participant in the KPCS (U.S. House of Representatives, 
2003§). U.S. participation is critical to the success of the 
KPCS in excluding conflict diamonds from the legitimate 
supply chain because the United States has the largest 
part of the world diamond market. The industry and 
trade associations have played an active role in achieving 
this progress in ending the problem of conflict diamonds 
(Professional Jeweler, 20038). 

e Near the end of 2001, De Beers quietly settled private 
civil class actions related to the industrial diamond case in 
Ohio against De Beers Industrial Diamonds Division (Pty) 
Ltd. and General Electric Co. The settlement established 
a $20 million cash fund plus interest and also provided for 
payment of an in-kind rebate of industrial diamonds that 
“class members” purchase from the plaintiffs during the 
period from January 1, 2002, to December 31, 2003. The 
settlement covered an alleged illegal price fixing that took 
place from November 1, 1987, through May 23, 1994 (Tacy 
Diamond Intelligence, 20028). 

In July, a Chicago, IL-based firm made the first prototype 
gem-quality diamond produced from cremated human remains. 
The firm began offering this service to the public in August 
2002. By yearend 2002, a significant number of orders had been 
placed, and more than 30 diamonds had been produced. The 
diamonds are produced domestically and in Spain and Russia. 
During 2002, all diamonds produced were blue, but since 
yearend they are also producing yellow diamonds (Dean Van 
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Den Biesen, Vice President of Operations, LifeGem, Inc., oral 
commun., September 5, 2003). 

Worldwide production of natural gemstones other than 
diamond was estimated to have exceeded $2 billion per year. 
Most nondiamond gemstone mines are small, low-cost, and 
widely dispersed operations in remote regions of developing 
nations. Foreign countries with major gemstone deposits other 
than diamond are Afghanistan (aquamarine, beryl, emerald, 
kunzite, lapis lazuli, ruby, and tourmaline), Australia (beryl, 
opal, and sapphire), Brazil (agate, amethyst, beryl, ruby, 
sapphire, topaz, and tourmaline), Burma (beryl, jade, ruby, 
sapphire, and topaz), Colombia (beryl, emerald, and sapphire), 
Kenya (beryl, garnet, and sapphire), Madagascar (beryl, rose 
quartz, sapphire, and tourmaline), Mexico (agate, opal, and 
topaz), Sri Lanka (beryl, ruby, sapphire, and topaz), Tanzania 
(garnet, ruby, sapphire, tanzanite, and tourmaline), and Zambia 
(amethyst and beryl). In addition, pearls are cultured throughout 
the South Pacific and in other equatorial waters; Australia, 
China, French Polynesia, and Japan are key producers. 

The U.S. colored gemstone market posted a recovery 
compared with the economic turbulence of 2001, showing 
considerable improvement in terms of value, but still not as 
good as the 2000 value. The industry is in a slight growth 
pattern, but the threatening hostilities with Iraq prevented an 
immediate economic recovery. The surge in retail spending 
through the holiday season reasserted the U.S. dominance as a 
gemstone market, while the European Union and Japan declined 
for the third year in arow. The rest of the Asian markets grew 
or remained the same as in the previous year. The popularity of 
colorful gemstones, colored synthetic gemstones, and “fancy” 
colored diamonds continued to increase. This was evidenced by 
increased sales in 2002 (Colored Stone, 2003). 

In 2002, the American Gem Trade Association (a U.S. and 
Canadian trade association) announced that it was adding 
tanzanite to the traditional list of birthstones. Tanzanite is the 
first stone added to the traditional birthstone list in 90 years, 
and it joins turquoise and zircon as an additional birthstone 
for the month of December. Tanzanite was first introduced 
as a gemstone in 1969. It is by far the most popular of blue 
gemstones after sapphire. Tanzanite is characterized by 
combinations of royal blue and burgundy hues, which have 
an almost universal appeal. While some tanzanite displays a 
trace of blue when it is originally mined, most crystals emerge 
from the Earth with a muted gray green color. All tanzanite 
has been subjected to a heat process to produce the violet blue 
hues. The only known source of tanzanite 1s a 5-square-mile 
area in the hills of Merelani, 10 miles south of the Kilimanjaro 
International Airport, between Moshi and Arusha in Tanzania. 
With its growing popularity among consumers, adding it to the 
traditional list of birthstones will only increase the demand for 
tanzanite (American Gem Trade Association, 20028). 

U.S. shell production decreased again in 2002. Shell has been 
one of the largest segments of U.S. gemstone production for 
several years. The U.S. shell material from mussels is used as 
seed material for culturing pearls. This production decrease is 
the result of overharvesting in past years, the killing off of U.S. 
native mussel species by nuisance or invasive exotic species, 
and a decline in market demand. During the past 10 years, the 
United States has lost about three-quarters of the native mussel 
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population, and one-half of the approximately 300 total U.S. 
native mussel species are now listed as endangered species. The 
zebra mussel is the invasive exotic species that has done most 
of the damage, and it has been introduced into U.S. rivers and 
waterways in discharged ballast water from transoceanic ships 
(lowa Department of Natural Resources, 2001§; Scott Gritterf, 
Fisheries Biologist, lowa Department of Natural Resources, 

oral commun., November 14, 2002). The market still has never 
completely recovered from the die-off of Japanese oysters. 
Japan had stockpiled seed materials, and now they are using 
manmade seed materials or seed materials from China and other 
sources. There has also been an increase in the popularity of 
darker and colored pearls that do not use U.S. seed material (Ted 
Kroll, Assistant Director of Fisheries, Kentucky Department of 
Fish and Wildlife, oral commun., November 15, 2002). 


Outlook 


There are indications that there will be continued growth 
in U.S. diamond and jewelry markets in 2003. Historically, 
diamonds have proven to hold their value despite wars or 
economic depressions (Schumann, 1998, p. 8). 

Diamond exploration is continuing in Canada, and many new 
deposits have been found. There are several other commercial 
diamond projects and additional discoveries located in Alberta, 
British Columbia, the Northwest Territories, Nunavut, Ontario, 
and Quebec. When the Snap Lake mine begins production, 
Canada could account for 15% to 20% of the total world 
diamond production. If Canadian production continues to 
increase at about the same rate, Canada will probably eclipse 
South Africa’s diamond production within a decade. 

Independent producers, such as Argyle Diamond Mines in 
Australia and Ekati and Diavik in Canada, will continue to 
bring a greater measure of competition to global markets. More 
competition presumably will bring more supplies and lower 
prices. Further consolidation of diamond producers and larger 
amounts of rough diamond being sold outside the DTC will 
continue as the diamond industry adjusts to De Beers giving up 
its control of the industry. 

Numerous synthetics, simulants, and treated gemstones will 
enter the marketplace and necessitate more transparent trade 
industry standards to maintain customer confidence. 

More diamond, gemstones, and jewelry will be sold through 
online marketplaces and other forms of e-commerce that emerge to 
serve the diamond and gemstone industry. This will take place as 
the gemstone industry and its customers become more comfortable 
with and learn the applications of new e-commerce tools. 
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TABLE 1 


GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size! Cost” Mohs gravity Refraction index confused with characteristics 
Amber Hydrocarbon Yellow, red, green, blue Any Low to 2.0-2.5 1.0-1.1 Single 1.54 Synthetic or pressed Fossil resin, color, low density, soft 
medium plastics, kaurigum and trapped insects. 
Apatite Chloro-calcium Colorless, pink, yellow, Small Low 5.0 3.16-3.23 Double 1.63-1.65 Amblygonite, andalusite, Crystal habit, color, hardness, and 
phosphate green, blue, violet brazilianite, precious appearance. 
beryl, titanite, topaz, 
tourmaline 
Azurite Copper carbonate Azure, dark blue, pale Small to do. 3.5-4.0 3.7-3.9 — do. 1.72-1.85 Dumortierite, hauynite, Color, softness, crystal habits and 
hydroxide blue medium lapis lazuli, lazulite, associated minerals. 
sodalite 
Benitoite Barium titanium Blue, purple, pink, do. High 6.0-6.5 3.64-3.68 do. 1.76-1.80 Sapphire, tanzanite, Strong blue in ultraviolet light. 
silicate colorless blue diamond, blue 
tourmaline, cordierite 
Beryl: 
Aquamarine Beryllium aluminum Blue-green to light blue Any Medium to 7.5-8.0 2.63-2.80 do. 1.58 Synthetic spinel, blue Double refraction, refractive index. 
silicate high topaz 
Bixbite do. Red Small Very high 7.5-8.0 2.63-2.80 do. 1.58 Pressed plastics, Refractive index. 
tourmaline 
Emerald do. Green Medium do. 75 2.63-2.80 — do. 1.58 Fused emerald, glass, Emerald filter, dichroism, refractive 
tourmaline, peridot, index. 
green garnet doublets 
Emerald, synthetic _— do. do. Small High 7.5-8.0 2.63-2.80 do. 1.58 Genuine emerald Lack of flaws, brilliant fluorescence 
in ultraviolet light. 
Golden (heliodor) do. Yellow to golden Any Low to 7.5-8.0 2.63-2.80 do. 1.58 Citrine, topaz, glass, Weak-colored. 
medium doublets 
Goshenite do. Colorless do. Low 7.5-8.0 2.63-2.80 do. 1.58 Quartz, glass, white Refractive index. 
sapphire, white topaz 
Morganite do. Pink to rose do. do. 7.5-8.0 2.63-2.80 do. 1.58 Kunzite, tourmaline, Do. 
pink sapphire 
Calcite: 
Marble Calcium carbonate White, pink, red, blue, do. do. 3.0 2.72 Double 1.49-1.66 Silicates, banded agate, Translucent. 
green, or brown (strong) alabaster gypsum 
Mexican onyx do. do. do. do. 3.0 2.72 do. 1.60 do. Banded, translucent. 
Charoite Hydrated sodium _Lilac, violet, or white Small to do. 5.0-6.0 2.54-2.78 XX 1.55-1.56 Purple marble Color, locality. 
calcium hydroxi- medium 
fluoro-silicate 
Chrysobery]: 
Alexandrite Beryllium aluminate Green by day light, red Small (CIS) High 8.5 3.50-3.84 Double 1.75 Synthetic Strong dichroism, color varies from 
by artificial light Medium red to green, hardness. 
(Sri Lanka) 
Cats-eye do. Greenish to brownish Small to do. 8.5 3.50-3.84 do. 1.75 Synthetic, shell Density, translucence, chatoyance. 
large 
Chrysolite Beryllium aluminate Yellow, green, and/or Medium Medium 8.5 3.50-3.84 Double 1.75 Tourmaline, peridot Refractive index, silky. 


brown 


See footnotes at end of table. 


STE 


cOOC—AOOPUVAA STVAANIN APYAUMNS TVOIDOTOND SN 


TABLE 1--Continued 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size! Cost” Mohs gravity Refraction index confused with characteristics 
Chrysocolla Hydrated copper Green, blue Any Low 2.0-4.0 2.0-2.4 XX 1.46-1.57 Azurite, dyed Lack of crystals, color, fracture, low 
silicate chalcedony, malachite, density and softness. 
turquoise, variscite 
Coral Calcium carbonate Orange, red, white, Branching, do. 3.5-4.0 2.6-2.7 Double 1.49-1.66 False coral Dull translucent. 
black, purple, or green medium 
Corundum: 
Ruby Aluminum oxide Rose to deep purplish Small Very high 9.0 3.95-4.10 do. 1.78 Synthetics, including Inclusions, fluorescence. 
red spinel, garnet 
Sapphire, blue do. Blue Medium High 9.0 3.95-4.10 do. 1.78 do. Inclusions, double refraction, 
dichroism. 
Sapphire, fancy do. Yellow, pink, colorless, Medium to Medium 9.0 3.95-4.10 do. 1.78 Synthetics, glass and Inclusions, double refraction, 
orange, green, or violet large doublets, morganite refractive index. 
Sapphire andruby, do. Red, pink, violet, blue, do. High to low 9.0 3.95-4.10 do. 1.78 Star quartz, synthetic Shows asterism, color side view. 
stars or gray stars 
Sapphire or ruby, do. Yellow, pink, or blue Up to 20 Low 9.0 3.95-4.10 do. 1.78 Synthetic spinel, glass Curved striae, bubble inclusions. 
synthetic carats 
Cubic zirconia Zirconium and Colorless, pink, blue, Small do. 8.25-8.5 5.8 Single 2.17 Diamond, zircon, titania, Hardness, density, refractive index, 
yttrium oxides lavender, yellow moissanite lack of flaws and inclusions. 
Diamond Carbon White, blue-white, Any Very high 10.0 3.516-3.525 do. 2.42 Zircon, titania, cubic High index, dispersion, hardness, 
yellow, brown, green, zirconia, moissanite luster. 
red, pink, blue 
Feldspar: 
Amazonite Alkali aluminum Green-blue Large Low 6.0-6.5 2.56 XX 1.52 Jade, turquoise Cleavage, sheen, vitreous to pearly, 
silicate opaque, grid. 
Labradorite do. Gray with blue and do. do. 6.0-6.5 2.56 XX 1.56 do. Do. 
bronze sheen color 
play (schiller) 
Moonstone do. Colorless, white, gray, do. do. 6.0-6.5 LAT KX 1.52-1.54 Glass, chalcedony, opal _— Pale sheen, opalescent. 
or yellow with white, 
blue, or bronze schiller 
Sunstone do. Orange, red brown, Small to do. 6.0-6.5 2.77 XX 1.53-1.55 Aventurine, glass Red glittery schiller. 
colorless with gold or medium 
red glittery schiller 
Garnet Complex silicate Brown, black, yellow, do. Low to high _6.5-7.5 3.15-4.30 Single 1.79-1.98 Synthetics, spinel, Single refraction, anomalous strain. 
green, red, or orange strained glass 
Hematite Iron oxide Black, black-gray, Medium to Low 5.5-6.5 5.12-5.28 XX 2.94-3.22 Davidite, cassiterite, Crystal habit, streak and hardness. 
brown-red large magnetite, neptunite, 
pyrolusite, wolframite 
Jade: 
Jadeite Complex silicate Green, yellow, black, Large Low to very _6.5-7.0 3.3-3.5 Crypto- 1.65-1.68 Nephrite, chalcedony, Luster, spectrum, translucent to 
white, or mauve high crystalline onyx, bowenite, opaque. 
vesuvianite, grossularite 
Nephrite Complex hydrous do. do. do. 6.0-6.5 2.96-3.10 do. 1.61-1.63 Jadeite, chalcedony, Do. 
silicate onyx, bowenite, 


vesuvianite, grossularite 


See footnotes at end of table. 


TABLE 1--Continued 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


c00C—SHNOLSWAD 


Practical Specific Refractive May be Recognition 
Name Composition Color size! Cost’ Mohs gravity Refraction index confused with characteristics 

Jet (gagate) Lignite Deep black, dark brown do. Low 2.5-4.0 1.19-1.35 XX 1.64-1.68 Anthracite, asphalt, Luster, color. 
cannel coal, onyx, 
schorl, glass, rubber 

Lapis lazuli Sodium calcium Dark azure-blue to do. do. 5.0-6.0 2.50-3.0 XX 1.50 Azurite, dumortierite, Color, crystal habit, associated 

aluminum silicate —_ bright indigo blue or dyed howlite, lazulite, minerals, luster, and localities. 
even a pale sky blue sodalite, glass 

Malachite Hydrated copper Light to black-green do. do. 3.5-4.0 3.25-4.10 XX 1.66-1.91 Brochantite, chrysoprase, Color banding, softness, associated 

carbonate banded opaque green gemstones minerals. 

Moissanite Silicon carbide Colorless and pale Small Low to 9.25 3.21 Double 2.65-2.69 Diamond, zircon, titania, Hardness, dispersion, refractive 
shades of green, blue, medium cubic zirconia index, lack of flaws and inclusions. 
or yellow 

Obsidian Amorphous, Black, gray, brown, Large Low 5.0-5.5 2.35-2.60 XX 1.45-1.55 Aegirine-augite, gagate, | Color, conchoidal fracture, flow 

variable (usually dark green, white, gadolinite, hematite, bubbles, softness, and lack of 
felsic) transparent pyrolusite, wolframite crystal faces. 

Opal Hydrated silica Reddish orange, colors do. Low tohigh 5.5-6.5 1.9-2.3 Single 1.45 Glass, synthetics, Color play (opalescence). 
flash in white gray, triplets, chalcedony 
black, red, or yellow 

Peridot Iron magnesium Yellow and/or green Any Medium 6.5-7.0 3.27-3.37 Double 1.65-1.69 Tourmaline, chrysoberyl Strong double refraction, low 

silicate (strong) dichroism. 

Quartz: 

Agate Silicon dioxide Any Large Low 7.0 2.58-2.64 XX XX _ Glass, plastic, Mexican Cryptocrystalline, irregularly banded, 
onyx dendritic inclusions. 
Amethyst do. Purple do. Medium 7.0 2.65-2.66 Double 1.55 Glass, plastic, fluorite Macrocrystalline, refractive index, 
color, transparent, hardness. 
Aventurine do. Green, red-brown, do. Low 7.0 2.64-2.69 do. 1.54-1.55 Iridescent analcime, Macrocrystalline, color, metallic 
gold-brown, with metallic aventurine feldspar, iridescent flake reflections, 
metallic iridescent emerald, aventurine hardness. 
reflection glass 
Cairngorm do. Smoky orange or yellow do. do. 7.0 2.65-2.66 — do. 1.55. do. Macrocrystalline, refractive index, 
color, transparent, hardness. 
Carnelian do. Flesh red to brown red do. do. 6.5-7.0 2.58-2.64 do. 1.53-1.54 Jasper Cryptocrystalline, color, hardness. 
Chalcedony do. Bluish, white, gray do. do. 6.5-7.0 2.58-2.64 do. 1.53-1.54 Tanzanite Do. 
Chrysoprase do. Green, apple-green do. do. 6.5-7.0 2.58-2.64 do. 1.53-1.54 Chrome chalcedony, jade, Do. 
prase opal, prehnite, 
smithsonite, variscite, 
artifically colored 
green chalcedony 
Citrine Silica Yellow Large Low 7.0 2.65-2.66 Double 1.55 do. Macrocrystalline, refractive index, 
color, transparent, hardness. 
Crystal: 
Rock crystal do. Colorless do. do. 7.0 2.65-2.66 — do. 1.55 Topaz, colorless sapphire — Do. 
Jasper do. Any, striped, spotted, or do. do. 7.0 2.58-2.66 XX XX do. Cryptocrystalline, opaque, vitreous 


sometimes uniform 


luster, hardness. 


See footnotes at end of tahle 
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TABLE 1--Continued 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size’ Cost” Mohs gravity Refraction index confused with characteristics 
Crystal--Continued: 
Onyx Silica Many colors Large Low 0 2.58-2.64 XX XX _ Topaz, colorless Cryptocrystalline, uniformly banded, 
sapphire hardness. 
Petrified wood do. Brown, gray, red, yellow do. do. 6.5-7.0 2.58-2.91 Double 1.54 Agate, jasper Color, hardness, wood grain. 
Rose do. Pink, rose red do. do. 7.0 2.65-2.66 do. 1.55 do. Macrocrystalline, refractive index, 
color, transparent, hardness. 
Tiger's eye do. Golden yellow, brown, do. do. 6.5-7.0 2.58-2.64 XX 1.53-1.54 XX Macrocrystalline, color, hardness, 
red, blue-black hatoyancy. 
Rhodochrosite Manganese Rose-red to yellowish, do. do. 4.0 3.45-3.7 Double 1.6-1.82 Fire opal, rhodonite, Color, crystal habit, reaction to acid, 
carbonate stripped tugtupite, tourmaline and perfect rhombohedral cleavage. 
Rhodonite Manganese iron Dark red, flesh red, with do. do. 5.5-6.5 3.40-3.74 do. 1.72-1.75 Rhodochrosite, thulite, Color, black inclusions, lack of 
calcium silicate dendritic inclusions of hessonite, spessartine, reaction to acid and hardness. 
black manganese oxide pyroxmangite, spinel, 
tourmaline 
Shell: 
Mother-of-pearl Calcium carbonate White, cream, green, Small Low 3.5 2.6-2.85 XX XX_ Glass and plastic Luster, iridescent play of color. 
blue-green, with imitation 
iridescent color play 
Pearl do. White, cream to black, do. Low tohigh = 2.5-4.5 2.6-2.85 XX XX Cultured and glass or Luster, iridescence, structure, x-ray. 
sometimes with hint plastic imitation 
of pink, green, purple 
Spinel Magnesium Any Small to Medium 8.0 3.5-3.7 Single 1.72 Synthetic, garnet Refractive index, single refraction, 
aluminum oxide medium inclusions. 
Spinel, synthetic do. do. Up to 40 Low 8.0 3.5-3.7 Double 1.73 Spinel, corundum, beryl, Weak double refraction, curved 
carats topaz, alexandrite striae, bubbles. 
Spodumene: 
Hiddenite Lithium aluminum Yellow to green Medium Medium 6.5-7.0 3.13-3.20 do. 1.66 Synthetic spinel Refractive index, color, pleochroism. 
silicate 
Kunzite do. Pink to lilac do. do. 6.5-7.0 3.13-3.20 do. 1.66 Amethyst, morganite Refractive index, color, pleochroism. 
Tanzanite Complex silicate Blue to lavender Small High 6.0-7.0 3.30 do. 1.69 Sapphire, synthetics Strong trichroism, color. 
Topaz do. White, blue, green, pink, Medium Low to 8.0 3.4-3.6 do. 1.62 Beryl, quartz Color, density, hardness, refractive 
yellow, gold medium index, perfect in basal cleavage. 
Tourmaline do. Any, including mixed do. do. 7.0-7.5 2.98-3.20 — do. 1.63 Peridot, beryl, garnet Double refraction, color, refractive 
corundum, glass index. 
Turquoise Copper aluminum Blue to green with black, Large Low 6.0 2.60-2.83 Double 1.63 Glass, plastics, variscite, Difficult if matrix not present, 
phosphate brown-red inclusions dumortierite, dyed matrix usually limonitic. 
howlite, chrysocolla 
Unakite Granitic rock, Olive green, pink, do. do. 6.0-7.0 2.60-3.20 XX XX XX Olive green, pink, and gray-blue 
feldspar, epidote, and blue-gray colors. 
quartz 
Zircon Zirconium silicate White, blue, brown, Small to Low to 6.0-7.5 4.0-4.8 Double 1.79-1.98 Diamond, synthetics, Double refraction, strongly dichroic, 
yellow, or green medium medium (strong) topaz, aquamarine wear on facet edges. 
XX Not applicable. 


'Small--up to 5 carats; medium--5 to 50 carats; large--more than 50 carats. 
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TABLE 2 
SYNTHETIC GEMSTONE PRODUCTION METHODS 


Production Date of first 
Gemstone method Company/producer production 
Alexandrite Flux Creative Crystals 1970s. 
Do. Melt pulling J.O. Crystal 1990s. 
Do. do. Kyocera 1980s. 
Do. Zone melt Seiko 1980s. 
Cubic zirconia Skull melt Various producers 1970s. 
Emerald Flux Chatham 1930s. 
Do. do. Gilson 1960s. 
Do. do. Kyocera 1970s. 
Do. do. Seiko 1980s. 
Do. do. Lennix 1980s. 
Do. do. Russia 1980s. 
Do. Hydrothermal Lechleitner 1960s. 
Do. do. Regency 1980s. 
Do. do. Biron 1980s. 
Do. do. Russia 1980s. 
Ruby Flux Chatham 1950s. 
Do. do. Kashan 1960s. 
Do. do. J.O. Crystal 1980s. 
Do. do. Douras 1990s 
Do. Zone melt Seiko 1980s. 
Do. Melt pulling Kyocera 1970s. 
Do. Verneuil Various producers 1900s. 
Sapphire Flux Chatham 1970s. 
Do. Zone melt Seiko 1980s. 
Do. Melt pulling Kyocera 1980s. 
Do. Verneuil Various producers 1900s. 
Star ruby do. Linde 1940s. 
Do. Melt pulling Kyocera 1980s. 
Do. do. Nakazumi 1980s. 
Star sapphire Verneuil Linde 1940s. 
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TABLE 3 


VALUE OF U.S. GEMSTONE PRODUCTION, BY TYPE!’ 


(Thousand dollars) 
Gem materials 2001 2002 
Beryl (2) 9 
Coral, all types 83 108 
Diamond @) (3) 
Garnet 46° 46 
Gem feldspar (2) 379 
Geode/nodules 375 (2) 
Opal 44 (2) 
Quartz: 
Macrocrystalline’ 307 246 
Cryptocrystalline” 381 84 
Sapphire/ruby 152 212 
Shell 2,860 1,440 
Topaz (2) (2) 
Tourmaline 334 105 
Turquoise 2) 540 
Other 8,350 8,420 
Total 14,900 12,600 


“Estimated. "Revised. 


‘Data are rounded to no more than three significant digits; may 
not add to totals shown. 


"Included in "Total." 


“Included with "Other." 
“*Macrocrystalline quartz (crystals recognizable with the naked 

eye) includes amethyst, amethyst quartz, aventurine, blue quartz, 
citrine, hawk's eye, pasiolite, prase, quartz cat's eye, rock crystal, 
rose quartz, smoky quartz, and tiger's eye. 


*Cryptocrystalline (microscopically small crystals) includes agate, 
carnelian, chalcedony, chrysoprase, fossilized wood, heliotrope, 
jasper, moss agate, onyx, and sard. 
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TABLE 4 


PRICES OF U.S. CUT DIAMONDS, BY SIZE AND QUALITY IN 2002! 


Carat Description, Clarity” Representative prices 
weight color’ (GIA terms) January“ June” December® 
0.25 G VSI $1,200 $1,200 $1,200 
2D G VS2 1,150 1,150 1,150 
25 G Sil 975 975 975 
2D H VSI 1,100 1,100 1,100 
25 H VS2 1,000 1,000 1,000 
25 H Sl 925 925 925 
50 G VSI 3,200 3,200 3,200 
50 G VS2 2,800 2,800 2,800 
50 G Sil 2,400 2,400 2,400 
50 H VSI 2,800 2,800 2,800 
50 H VS2 2,400 2,400 2,400 
50 H Sl 2,200 2,200 2,200 
ie G VSI 3,800 3,800 3,600 
DD G VS2 3,600 3,600 3,500 
TD G Sl 3,300 3,300 3,200 
DD H VSI 3,500 3,500 3,300 
ao H VS2 3,450 3,450 3,200 
Abs H Sil 3,000 3,000 2,900 
1.00 G VSI 5,800 5,800 5,800 
1.00 G VS2 5,500 5,500 5,500 
1.00 G Sil 4,800 4,800 4,800 
1.00 H VSI 5,200 5,200 5,200 
1.00 H VS2 4,900 4,900 4,900 
1.00 H Sil 4,700 4,700 4,700 


'Data are rounded to no more than three significant digits. 
*Gemological Institute of America (GIA) color grades: D—colorless; E—rare white; G, H, I—traces of color. 
*Clarity: IF—no blemishes; VVS1—very, very slightly included; VS1—very slightly included; VS2—-very slightly 


included, but not visible; Sl—slightly included. 


“Source: Jewelers' Circular Keystone, v. 173, no. 2, February 2002, p. 49. 
Source: Jewelers! Circular Keystone, v. 173, no. 7, July 2002, p. 52. 
°Source: Jewelers' Circular Keystone, v. 174, no. 1, January 2003, p. 40. 


TABLE 5 


PRICES PER CARAT OF U.S. CUT COLORED GEMSTONES IN 2002 


Price range per carat 


Gemstone January’ December” 
Amethyst $7-$14 $7-$14 
Blue sapphire 800-1,300 750-1,200 
Blue topaz 3-5 3-5 
Emerald 1,300-2,000 1,300-2,000 
Green tourmaline 70-125 70-150 
Pearl:° 
Cultured saltwater 5 5 
Natural 210 210 
Pink tourmaline 60-125 60-125 
Rhodolite garnet 18-30 18-30 
Ruby 1,200-1,550 1,100-1,450 
Tanzanite 170-270 200-300 


‘Source: The Guide, spring/summer 2002, p. 14, p. 30, p. 43, p. 59, p. 71, p. 
85, p. 95, p. 97, p. 103, p. 125, and p. 137. These figures are approximate 
current wholesale purchase prices paid by retail jewelers on a per stone basis 


for fine-quality stones. 


*Source: The Guide, fall/winter 2002-2003, p. 14, p. 30, p. 45, p. 61, p. 72, p. 
86, p. 96, p. 98, p. 104, p. 123, and p. 135. These figures are approximate 
current wholesale purchase prices paid by retail jewelers on a per stone basis 


for fine-quality stones. 
*Prices are per 4.6 mm pearl. 
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TABLE 6 
U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF 
INDUSTRIAL DIAMOND), BY COUNTRY’ 


2001 2002 
Quantity Value’ Quantity Value” 
Country (carats) (millions) (carats) (millions) 
Exports: 
Belgium 573,000 $454 343,000 $278 
Canada 98,800 29 105,000 4] 
France 35,400 135 8,760 37 
Germany 23,400 4 3,360 3 
Guatemala 135,000 13 168,000 17 
Hong Kong 336,000 125 251,000 89 
India 294,000 35 83,100 12 
Israel 575,000 512 246,000 477 
Japan 35,400 27 13,800 31 
Mexico 91,500 20 199,000 43 
Netherlands 36,600 7 460 8 
Switzerland 102,000 163 9,570 48 
Thailand 85,500 li 28,200 5 
United Kingdom 42,300 68 19,000 19 
Other 133,000 96 76,500 57 
Total 2,600,000 1,700 1,550,000 1,160 
Reexports: 
Belgium 1,340,000 565 2,650,000 801 
Canada 117,000 47 109,000 29 
Dominican Republic 52,600 7 102,000 9 
Hong Kong 1,390,000 347 2,470,000 381 
India 723,000 2 1,230,000 Res 
Israel 1,760,000 899 4,290,000 1,250 
Japan 91,100 32 181,000 35 
Malaysia 16,700 4 64,200 6 
Mexico 29,100 4 12,900 3 
Singapore 76,400 14 158,000 20 
Switzerland 277,000 130 382,000 191 
Thailand 185,000 25 368,000 25 
United Arab Emirates 194,000 27 253,000 71 
United Kingdom 103,000 102 364,000 134 
Other 68,100 49 117,000 59 
Total 6,420,000 2,340 12,700,000 3,230 
Grand total 9,010,000 4,050 14,300,000 4,400 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 
*Customs value. 


Source: U.S. Census Bureau. 
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TABLE 7 


U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY’ 


2001 2002 
Quantity Value” Quantity Value” 
Kind, range, and country of origin (carat) (millions) (carat) (millions) 
Rough or uncut, natural:° 
Belgium 73,800 $75 17,800 $12 
Botswana 4,880 12 6,350 18 
Brazil 16,800 8 20,000 ies) 
Canada 8,650 9 9,900 2 
Congo (Brazzaville) 4,750 10 9,630 14 
Congo (Kinshasa) 15,200 10 27,800 24 
Ghana 20,400 3 3,180 3 
Guinea 7,060 14 6,850 19 
Guyana 34,500 4 54,900 6 
Hong Kong 3,780 4 Rep) (4) 
Israel 9,120 10 5,590 15 
Russia 24,400 11 26,700 6 
South Africa 297,000 290 436,000 353 
United Kingdom 367,000 84 344,000 69 
Venezuela 6,110 3 15,100 5 
Other 6,880 5 29,600 7 
Total 900,000 550 1,010,000 567 
Cut but unset, not more than 0.5 carat: 
Australia 3,440 (4) 2,650 1 
Belgium 731,000 216 770,000 22] 
Brazil 12,600 pi 7,660 2 
Canada 3,320 1 4,960 1 
China 33,800 fi 70,400 6 
Dominican Republic 6,970 1 12,900 1 
Hong Kong 316,000 59 403,000 64 
India 9,050,000 1,510 11,500,000 1,890 
Israel 992,000 535 997,000 454 
Japan 7,980 3 2,500 1 
Mexico 140,000 12 249,000 12 
Singapore 9,240 2 4,110 1 
Sri Lanka 10,500 2 7,110 2 
Switzerland 10,900 4 6,600 2 
Thailand 77,700 14 99,600 11 
United Arab Emirates 86,500 21 82,300 18 
United Kingdom 7,490 7 12,000 4 
Other 22,000 9 23,500 7 
Total 11,500,000 2,410 14,300,000 2,710 
Cut but unset, more than 0.5 carat: 
Belgium 1,100,000 1,840 1,280,000 2,060 
Canada 3,910 14 7,520 27 
France 7,150 31 2,250 17 
Hong Kong 192,000 145 89,800 153 
India 673,000 406 1,120,000 742 
Israel 2,550,000 4,560 3,040,000 5,300 
Japan 5,110 13 2,960 7 
Mauritius 3,770 7 3,230 Z 
Russia 62,900 112, 45,200 78 
South Africa 24,100 161 30,600 127 
Switzerland 13,700 118 13,500 101 
Thailand 9,100 9 5,140 5 
United Arab Emirates 19,700 17 7,520 8 
United Kingdom 15,700 118 21,000 100 
Other 23,300 72 27,600 67 
Total 4,710,000 7,630 5,690,000 8,800 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 


2 
Customs value. 


Includes some natural advanced diamond. 


‘Less than 1/2 unit. 


Source: U.S. Census Bureau. 
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TABLE 8 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN DIAMOND, 


BY KIND AND COUNTRY’ 
2001 2002 
Quantity Value’ Quantity Value’ 
Kind and country (carats) (millions) (carats) (millions) 
Emerald: 
Australia 161,000 (3) 10,200 (3) 
Belgium 11,700 $2 26,800 $1 
Brazil 2,050,000 6 4,940,000 6 
China 2,120 (3) 18,100 (3) 
Colombia 1,070,000 58 683,000 69 
Germany 29,700 1 15,200 1 
Hong Kong 354,000 6 102,000 4 
India 2,040,000 20 ~=2,100,000 20 
Israel 127,000 26 97,900 20 
Japan 16,900 1 1,090 @) 
Sri Lanka 41,000 2 95 @) 
Switzerland 36,300 10 75,200 9 
Taiwan 83 (3) 33 (3) 
Thailand 287,000 5 538,000 a 
United Kingdom 5,770 1 44,500 4 
Zambia 106,000 1 408 (3) 
Other 32,000 3 18,000 2 
Total 6,370,000 141 8,670,000 143 
Ruby: 
Belgium 500 1 15,000 2 
Brazil 134 (3) 301 (3) 
Burma 9,740 3 11,000 3 
China 8,940 (3) 45,600 (3) 
Colombia 328 (3) -- -- 
Germany 24,800 (3) 18,200 1 
Hong Kong 123,000 4 140,000 4 
India 762,000 2 1,110,000 5 
Israel 26,500 1 32,700 2 
Japan 28,400 (3) 2,300 (3) 
Pakistan 1,400 (3) -- -- 
Sri Lanka 4,260 1 3,210 @) 
Switzerland 26,400 10 13,800 15 
Thailand 1,940,000 432,220,000 50 
United Kingdom 21,800 2 20,800 4 
Other 25,700 2 24,300 1 
Total 3,000,000 69 3,660,000 88 
Sapphire: 
Australia 3,270 (3) 82,700 1 
Belgium 1,720 1 8,440 1 
Brazil 642 (3) 1,250 (3) 
Burma 395 1 669 4 
Canada 250 (3) 664 (3) 
China 15,100 (3) 28,800 (3) 
Colombia 3,680 (3) -- a 
France 1,670 1 1,710 1 
Germany 42,500 1 143,000 2 
Hong Kong 281,000 8 251,000 ii 
India 873,000 5 828,000 4 
Israel 40,700 3 26,700 2 
Sri Lanka 294,000 20 274,000 25 
Switzerland 36,900 12 31,600 8 
Thailand 4,470,000 66 5,040,000 77 
United Kingdom 17,500 3 32,700 4 
Other 65,900 2 28,700 3 
Total 6,150,000 122 6,780,000 139 


See footnotes at end of table. 
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TABLE 8--Continued 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN DIAMOND, 


BY KIND AND COUNTRY’! 
2001 2002 
Quantity Value? Quantity Value” 
Kind and country (carats) (millions) (carats) (millions) 
Other: 
Rough, uncut: 
Australia NA $4 NA $3 
Brazil NA 13 NA 10 
China NA 1 NA 3 
Colombia NA (3) NA (3) 
Fiji NA 2 NA 2 
Hong Kong NA 1 NA 1 
India NA 2 NA 1 
Indonesia NA 2 NA 2 
Kenya NA @) NA @) 
Nigeria NA @) NA (3) 
Pakistan NA 1 NA 3 
Philippines NA 1 NA 1 
Russia NA (3) NA (3) 
South Africa NA 1 NA 1 
Switzerland NA (3) NA (3) 
Taiwan NA (3) NA (3) 
Tanzania NA 1 NA 1 
Thailand NA 1 NA 2 
United Kingdom NA 1 NA 1 
Zambia NA (3) NA 1 
Other NA a NA 8 
Total NA 38 NA 41 
Cut, set and unset: 

Australia NA 16 NA 16 
Austria NA 1 NA 2 
Brazil NA 7 NA 8 
Canada NA 1 NA 1 
China NA 12 NA 26 
Columbia NA 1 NA 1 
French Polynesia NA 5 NA 
Germany NA 15 NA 18 
Hong Kong NA 44 NA a2 
India NA 82 NA 75 
Indonesia NA 1 NA (3) 
Israel NA 5 NA 5 
Japan NA 20 NA 11 
Mexico NA 2: NA 1 
South Africa NA 1 NA 1 
Sri Lanka NA 6 NA 6 
Switzerland NA 2 NA 2 
Taiwan NA 1 NA 2 
Tanzania NA 10 NA 7 
Thailand NA 27 NA 31 
United Kingdom NA 8 NA 8 
Other NA 3 NA 6 
Total NA 268 NA 265 


NA Not available. -- Zero. 

‘Data are rounded to no more than three significant digits; may not add to totals shown. 
*Customs value. 
*Less than 1/2 unit. 


Source: U.S. Census Bureau. 
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TABLE 9 
VALUE OF U.S. IMPORTS OF SYNTHETIC AND IMITATION 
GEMSTONES, BY COUNTRY’ 


(Thousand dollars)” 
Country 2001 2002 
Synthetic, cut but unset: 
Australia 224 Zh 
Austria 2,980 2,730 
Belgium 80 a2 
Brazil 62 143 
China 13,700 10,300 
France 974 831 
Germany 10,000 9,630 
Hong Kong 2,410 1,950 
India 819 822 
Italy 43 50 
Japan 53 28 
Korea, Republic of 1,360 727 
Netherlands 74 65 
Singapore 157 79 
Spain 31 14 
Sri Lanka 1,250 844 
Switzerland 7,530 6,360 
Taiwan 464 312 
Thailand 1,970 1,670 
Other 165 913 
Total 44,300 37,600 
Imitation:* 

Austria 64,800 39,900 
China 1,330 2,260 
Czech Republic 13,700 8,850 
Germany 1,140 1,300 
Hong Kong 255 1,560 
India 39) 1,280 
Italy 207 139 
Japan 400 247 
Korea, Republic of 1,120 467 
Spain 147 72 
Taiwan 245 164 
Other 497 434 
Total 84,300 56,700 


'Data are rounded to no more than three significant digits; may not 
add to totals shown. 


*Customs value. 
*Includes pearls. 


Source: U.S. Census Bureau. 
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TABLE 10 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES! 


(Thousand carats and thousand dollars) 


2001 2002 
Stones Quantity Value” Quantity Value” 
Diamonds: 
Rough or uncut 900 550,000 1,010 567,000 
Cut but unset 16,200 10,000,000 19,900 11,500,000 
Emeralds, cut but unset 6,370 141,000 8,670 143,000 
Coral and similar materials, unworked NA 10,900 NA 10,400 
Rubies and sapphires, cut but unset 9,150 191,000 10,400 226,000 
Pearls: 
Natural NA 8,520 NA 1,490 
Cultured NA 47,200 NA 35,000 
Imitation NA 1,290 NA 968 
Other precious and semiprecious stones: 
Rough, uncut 1,020,000 22,200 812,000 24,200 
Cut, set and unset NA 213,000 NA 229,000 
Other NA 5,070 NA 6,580 
Synthetic: 
Cut but unset 345,000 44,300 251,000 37,600 
Other NA 5,760 NA 5,610 
Imitation gemstone* NA 83,000 NA 55,700 
Total XX ~~: 11,400,000 XX = 12,900,000 


NA Not available. XX Not applicable. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 


*Customs value. 
*Does not include pearls. 


Source: U.S. Census Bureau. 
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TABLE 11 
NATURAL DIAMOND: ESTIMATED WORLD PRODUCTION, BY TYPE AND COUNTRY” ”?* 


(Thousand carats) 


Type and country” 1998 1999 2000 2001 2002 
Gemstones: 
Angola 2,400 3,360 3,914 > 4,653 > 5,400 
Australia 18,400 13,400 * 12,000 * 10,700 15,100 
Botswana 14,800 * 17,200 * 18,500 * 19,800 * 21,300 
Brazil 100 > 900 > 1,000 ° 1,000 ° 700 
Canada 203 ° 2,429 ° 2,435 °° a08o8 4,984 ° 
Central African Republic 330 311 346 360 375 
China 230 230 230 235 235 
Congo (Kinshasa) 5,080 4,120 3,500 9,100 9,100 
Cote d' Ivoire 210 270 210 210 160 
Ghana 658 * 546 * 792 * 936 * 770 
Guinea 294 287 * 278 270 270 
Guyana 50 °° AS: 82 5° 179 ©: 100 
Liberia 150 120 100 100 120 
Namibia 1,350 * 1,630 * 1,450 * 1,487 *° 1,350 
Russia 11,500 11,500 11,600 11,600 11,500 
Sierra Leone 200 450 450 450 450 
South Africa 4,280 * 4,010 ° 4,320 ° 4,470 4,350 
Tanzania 83 200 301 216° 182 
Venezuela 80 59 29* 14° 15 
Zimbabwe 10 15 gt -' -- 
Other 19* 20 * 24° 25° 25 
Total 60,400 61,100 * 61,600 * 69,500 * 76,500 
Industrial: 
Angola 364 373 435 517 600 
Australia 22,500 16,381 ° 14,700 13,100 18,500 
Botswana 5,000 53730 * 6,160 * 6,600 * 7,100 
Central African Republic 200 120 115 120 125 
China 900 920 920 950 955 
Congo (Kinshasa) 21,000 16,000 14,200 9,100 9,100 
Cote d' Ivoire 100 128 110 110 90 
Ghana hos" 136 * 198 * 234 * 193 
Guinea 98 96 * 91 100 * 100 
Liberia 150 80 70 70 80 
Namibia Ae --' 106 * -- -- 
Russia 11,600 11,500 11,600 11,600 11,500 
Sierra Leone 50 150 150 150 150 
South Africa 6,420 * 6,010 * 6,470 * 6,700 6,530 
Tanzania 15 35 53° 38° 33 
Venezuela LF 36 80 * 38° 40 
Zimbabwe 19 30 Lact -" -- 
Other 44° 52 64 * 66 * 68 
Total 68,700 57,800 * 55,500 * 49,500 * 55,200 
Grand total 129,000 119,000 * 117,000 * 119,000 * 132,000 


"Revised. -- Zero. 

‘World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 

°Table includes data available through May 27, 2003. 

*In addition to the countries listed, natural diamond is produced in Nigeria, but information is inadequate to estimate output. 
“Includes near-gem and cheap-gem qualities. 

Reported figure. 
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GEMSTONES' 
(Data in million dollars, unless otherwise noted) 


Domestic Production and Use: Total U.S. gemstone output has decreased in recent years owing to a decline in 
foreign demand for freshwater shell, a major component of the domestic industry. Domestic gemstone production 
included agates, amber, beryl, coral, garnet, jade, jasper, opal, pearl, quartz, sapphire, shell, topaz, tourmaline, 
turquoise, and many other gem materials. Output of natural gemstones was primarily from Tennessee, Arizona, 
California, Oregon, Utah, Nevada, and Idaho, in decreasing order. Reported output of synthetic gemstones was from 
five firms in North Carolina, New York, Florida, California, and Arizona, in decreasing order of production. Major uses 
were jewelry, carvings, and gem and mineral collections. 


Salient Statistics—United States: 1997 1998 1999 2000 2001° 
Production:? 
Natural? 25.0 14.3 16.1 17.2 15.3 
Synthetic 21.6 24.2 47.5 ofA 24.5 
Imports for consumption 8,380 9,250 10,700 12,900 11,700 
Exports, including reexports* 2,760 2,980 3,610 4,540 4,590 
Consumption, apparent? 5,670 6,310 7,150 8,410 7,190 
Price Variable, depending on size, type, and quality 
Employment, mine, number® 1,200 1,200 1,200 1,200 1,200 
Net import reliance® as a percentage 
of apparent consumption 99 99 99 99 99 


Recycling: Insignificant. 


Import Sources (1997-2000): Israel, 40%; India, 21%; Belgium, 20%; and other, 19%. Diamond imports accounted 
for 93% of the total value of gem imports. 


Normal Trade Relations 


Tariff: Item Number 


Diamonds, unworked or sawn 
Diamond, 2 carat or less 
Diamond, cut, more than '’% carat 
Precious stones, unworked 
Precious stones, simply sawn 
Rubies, cut 

Sapphires, cut 

Emeralds, cut 

Other precious, cut but not set 
Other precious stones 
Imitation precious stones 
Synthetic cut, but not set 
Pearls, natural 

Pearls, cultured 

Pearls, imitation, not strung 


7102.31.0000 
7102.39.0010 
7102.39.0050 
7103.10.2000 
7103.10.4000 
7103.91.0010 
7103.91.0020 
7103.91.0030 
7103.99.1000 
7103.99.5000 
7018.10.2000 
7104.90.1000 
7101.10.0000 
7101.21.0000 
7018.10.1000 


Depletion Allowance: 14% (Domestic and foreign). 


12/31/01 
Free. 
Free. 
Free. 
Free. 

10.5% ad val. 
Free. 
Free. 
Free. 
Free. 

10.5% ad val. 
Free. 
Free. 
Free. 
Free. 

4.0% ad val. 


Government Stockpile: The National Defense Stockpile (NDS) does not contain an inventory of gemstones. 
However, a small portion of the industrial diamond inventory is of near-gem quality. Additionally, the beryl and quartz 
inventories contain some gem-quality materials that could be used by the gem industry. The U.S. Department of 
Defense is currently selling some NDS materials that may be near-gem quality. 


Prepared by Donald W. Olson [(703) 648-7721, dolson@usgs.gov, fax: (703) 648-7722] 
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Events, Trends, and Issues: The Kelsey Lake diamond mine, which is the United States’ only commercial diamond 
mine, straddles the Colorado-Wyoming State line. Kelsey Lake is owned and operated by Great Western Diamond 
Co., a wholly owned subsidiary of McKenzie Bay International, Ltd. of Canada. In September 2001, McKenzie Bay 
entered into a contract to sell Great Western to Roberts Construction of North Dakota and BJ&J Ltd. of Colorado. 


In 2001, the U.S. market for unset gem-quality diamonds was estimated to be more than $9 billion, accounting for at 
least one-third of world demand. The domestic market for natural, unset nondiamond gemstones totaled more than $770 
million. The United States is expected to dominate global gemstone consumption throughout this decade. 


The large jump in reported diamond production for Botswana is due to the new Orapa mine expansion, which came on- 
stream in May 1999 and was completed during 2000. This expansion was designed to increase the Orapa’s production 
to 12 million carats per year. New tighter controls on diamond smuggling, due to international bans on conflict 
diamonds, have caused some countries like Angola to reported higher production figures. 


World Mine Production,’ Reserves, and Reserve Base: 


Mine production Reserves and reserve base® 
2000 2001° 

United States (°) (°) World reserves and reserve base of 
Angola 4,350 4,400 gem diamond are substantial. No 
Australia 12,000 13,000 reserves or reserve base data are 
Botswana 19,700 16,000 available for other gemstones. 
Brazil 300 300 
Canada 2,000 2,300 
Central African Republic 400 400 
China 230 230 
Congo (Kinshasa) 3,500 3,500 
Ghana 180 800 
Namibia 1,520 1,550 
Russia 11,600 11,600 
South Africa 4,300 4,800 
Venezuela 60 60 
Other countries 1,410 1,440 

World total (rounded) 61,600 60,400 


World Resources: Canada’s Ekati Mine completed its second full year in 2000, with diamond production of 2.63 
million carats valued at $454 million. In the sixteen-month period that ended May 31, 2001, Ekati produced 3.60 million 
carats of diamond, with an average sale price of $168.30 per carat. Canada’s Diavik project is expected to come on- 
stream in 2003 with production of 6 to 8 million carats per year. Canada’s first underground diamond mine, the Snap 
Lake project, is expected to come on-stream in 2005. When the Diavik and Snap Lake mines begin production, 
Canada will be producing at least 15% to 20% of total world diamond production. 


Natural gem-quality diamonds are among the world’s rarest mineral materials. Most diamond-bearing ore bodies have a 
diamond content that ranges from less than 1 carat per ton to only about 6 carats per ton. The major gem diamond 
reserves are in southern Africa, Western Australia, Canada, and Russia. 


Substitutes: Plastics, glass, and other materials are substituted for natural gemstones. Synthetic gemstones 
(manufactured materials that have the same chemical and physical properties as gemstones) are common substitutes. 
Simulants (materials that appear to be gems, but differ in chemical and physical characteristics) also are frequently 
substituted for natural gemstones. 


*Estimated. 

‘Excludes industrial diamond and garnet. See Diamond (Industrial) and Garnet (Industrial). 

7Estimated minimum production. 

3Includes production of freshwater shell. 

“Reexports account for more than 90% of the totals. 

*If reexports were not considered, apparent consumption would be significantly greater. 

SDefined as imports - exports and reexports + adjustments for Government and industry stock changes. 
’Data in thousands of carats of gem diamond. 

8See Appendix C for definitions. 

*Less than % unit. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2002 


GEMSTONES 
By Donald W. Olson 


Domestic survey data and tables were prepared by Nicholas A. Muniz and Christine K. Pisut, statistical assistants, and the 
world production table was prepared by Glenn J. Wallace, international data coordinator. 


In this report, the terms “gem” and “gemstone” mean any 
mineral or organic material (such as amber, pearl, and petrified 
wood) used for personal adornment, display, or object of art 
because it possesses beauty, durability, and rarity. Of more than 
4,000 mineral species, only about 100 possess all these attributes 
and are considered to be gemstones. Silicates other than quartz 
compose the largest group of gemstones; oxides and quartz 
compose the second largest (table 1). A further subcategory of 
gemstones is colored gemstone, which in this report designates 
all nondiamond gemstones, including amber, coral, and shell. 

In addition, laboratory-created gemstones, cultured pearls, and 
gemstone simulants are discussed but are treated separately from 
natural gemstones (table 2). Trade data in this report are from 
the U.S. Census Bureau. Quantities are reported in carats unless 
otherwise noted. All percentages in the report were computed 
based on the unrounded data. Current information on industrial- 
grade diamond and industrial-grade garnet can be found in the 
U.S. Geological Survey (USGS) Minerals Yearbook chapters on 
industrial diamond and industrial garnet. 

Gemstones have fascinated humans since prehistoric times. 
They have been valued as treasured objects throughout history 
by all societies in all parts of the world. Amber, amethyst, coral, 
diamond, emerald, garnet, jade, jasper, lapis lazuli, pearl, rock 
crystal, ruby, serpentine, and turquoise are some of the first 
stones known to have been used for making jewelry. These 
stones served as symbols of wealth and power. Today, gems are 
worn more for pleasure or in appreciation of their beauty than to 
demonstrate wealth. In addition to jewelry, gemstones are used 
for collections, decorative art objects, and exhibits. 


Production 


Commercial mining of gemstones has never been extensive 
in the United States. More than 60 varieties of gemstones have 
been produced commercially from domestic mines, but most 
of the deposits have been relatively small compared with other 
mining operations. In the United States, much of the current 
gemstone mining is conducted by collectors, gem clubs, and 
hobbyists rather than by businesses. 

The commercial gemstone industry in the United States 
consists of individuals and companies that mine gemstones 
or harvest shell and pearl, firms that manufacture laboratory- 
created gemstones, and individuals and companies that cut 
natural and laboratory-created gemstones. The domestic 
gemstone industry is focused on the production of colored 
gemstones and on the cutting of large diamonds. Industry 
employment is estimated to range from 1,000 to 1,500 workers 
(U.S. International Trade Commission, 1997, p. 1). 

Most natural gemstone producers in the United States 
are small businesses that are widely dispersed and operate 
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independently. The small producers probably have an average 
of less than three employees, including those who only work 
part time. The number of gemstone mines operating from 
year to year fluctuates because the uncertainty associated with 
the discovery and marketing of gem-quality minerals makes 

it difficult to obtain financing for developing and sustaining 
economically viable deposits (U.S. International Trade 
Commission, 1997, p. 23). 

The total value of natural gemstones produced in the United 
States during 2003 was estimated to be at least $12.5 million 
(table 3). The production value decreased slightly from that of 
the preceding year. 

The estimate of 2003 U.S. gemstone production was based 
on a survey of more than 230 domestic gemstone producers 
conducted by the USGS. The survey provided a foundation for 
projecting the scope and level of domestic gemstone production 
during the year. However, the USGS survey did not represent 
all gemstone activity in the United States, which includes 
thousands of professional and amateur collectors. Consequently, 
the USGS supplemented its survey with estimates of domestic 
gemstone production from related published data, contacts with 
gemstone dealers and collectors, and information garnered at 
gem and mineral shows. 

Natural gemstone materials indigenous to the United States 
are collected, produced, and/or marketed in every State. During 
2003, all 50 States produced at least $1,000 worth of gemstone 
materials. Seven States accounted for 77% of the total value, 
as reported by survey respondents. These States, in order 
of declining value of production, were Tennessee, Arizona, 
Oregon, California, Nevada, Montana, and Idaho. Some 
States were known for the production of a single gemstone 
material—Tennessee for freshwater pearls, for example. Other 
States produced a variety of gemstones, for example Arizona, 
whose gemstone deposits included agate, amethyst, azurite, 
chrysocolla, garnet, jade, jasper, malachite, obsidian, onyx, 
opal, peridot, petrified wood, smithsonite, and turquoise. There 
is also a wide variety of gemstones found and produced in 
California, Idaho, Montana, and North Carolina. 

The United States has two significant operations in known 
diamond-bearing areas. The first, the Kelsey Lake diamond 
mine, is the United States’ only commercial diamond mine and 
is close to the Colorado-Wyoming State line near Fort Collins, 
CO. Kelsey Lake did not report any production during 2003. 
The mine is owned and operated by Great Western Diamond Co. 
(a subsidiary of McKenzie Bay International, Ltd. of Canada). 
The Kelsey Lake property includes nine known kimberlite 
pipes, of which three have been tested and have shown that 
diamonds are present. The remaining six pipes have yet to be 
fully explored and tested for their diamond potential. Of the 
diamonds recovered, 50% to 65% was clear gem quality, and 
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almost one-third was one carat or larger in size. The identified 
resources are at least 17 million metric tons (Mt) grading an 
average of 4 carats per 100 metric tons (Taylor Hard Money 
Advisers, 2000§'). Diamond was produced at Kelsey Lake 
through the month of April 2002. As of early 2003, the mine 
was in care-and-maintenance mode. 

The second U.S. diamond operation is in Crater of Diamonds 
State Park near Murfreesboro in Pike County, AR, where a dig- 
for-fee operation for tourists and rockhounds is maintained by 
the State of Arkansas. Crater of Diamonds is the only diamond 
mine in the world that is open to the public. The diamonds 
occur in a lamproite breccia tuff associated with a volcanic 
pipe and in the soil developed from the lamproite breccia tuff. 
In 2003, 641 diamonds with an average weight of 0.2 carats 
were recovered at Crater of Diamonds State Park. Since the 
diamond-bearing pipe and the adjoining area became a State 
park in 1972, more than 22,000 diamonds have been recovered 
(J.M. Howard, geology supervisor, Arkansas Geological 
Commission, written commun., 2003). Exploration has 
demonstrated that there is about 78.5 Mt of diamond-bearing 
rock in this diamond deposit (Howard, 1999, p. 62). An 
Arkansas law, enacted early in 1999, prohibits commercial 
diamond mining in the park (Diamond Registry Bulletin, 1999). 

Studies by the Wyoming Geological Survey have shown that 
Wyoming has the potential for a $1 billion diamond mining 
business. Wyoming has many of the same geologic conditions 
as Canada, and there is evidence of hundreds of kimberlite 
pipes in the State. Twenty diamondiferous kimberlite pipes and 
one diamondiferous mafic breccia pipe have been identified in 
southern Wyoming. Two of the largest kimberlite fields, State 
Line and Iron Mountain, and the largest lamproite field in the 
United States, Leucite Hills, are in Wyoming. There has been 
slight interest in the southern Wyoming and northern Colorado 
area by several diamond mining firms, but the only diamond 
mine developed in the area thus far is the Kelsey Lake Mine. 
Individual diamond gems worth $89,000 and $300,000 have 
been found there (Associated Press, 20028). 

In addition to natural gemstones, laboratory-created gemstones 
and gemstone simulants are produced in the United States. 
Laboratory-created or synthetic gemstones have the same 
chemical, optical, and physical properties as the natural materials 
that they appear to be. Simulants have an appearance similar 
to that of a natural gemstone material, but they have different 
chemical, optical, and physical properties. Laboratory-created 
gemstones produced in the United States include alexandrite, 
cubic zirconia, diamond, emerald, moissanite, ruby, sapphire, 
and turquoise. Simulants of coral, lapis lazuli, malachite, and 
turquoise also are manufactured in the United States. In addition, 
certain colors of laboratory-created sapphire and spinel, used to 
represent other gemstones, are classified as simulants. 

Laboratory-created gemstone production in the United 
States was valued at more than $33.4 million during 2003; 
simulant gemstone output was even greater and was estimated 
to be valued at more than $100 million. Five firms in five 
States, representing virtually the entire U.S. laboratory-created 


‘References that include a section mark (§) are found in the Internet 
References Cited section. 
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gemstone industry, reported production to the USGS. The 
States with reported laboratory-created gemstone production, in 
descending production value order, were North Carolina, New 
York, Florida, Michigan, and Arizona. 

One U.S. company, Gemesis Corp., produced consistent 
quality laboratory-created gem diamond and reported a 
fourth year of production in 2003. The laboratory-created 
diamonds are produced using equipment, expertise, and 
technology developed by a team of scientists from Russia 
and the University of Florida. The weight of the laboratory- 
created diamond stones range from 1.5 to 2 carats, and most 
of the stones are yellow, brownish yellow, colorless, and green 
(Weldon, 19998). In 2002, Gemesis moved into a new facility 
near Sarasota, FL, where it started with 27 diamond-growing 
machines, each machine capable of growing 3-carat rough 
diamonds by generating temperatures and pressures that recreate 
the conditions in the Earth’s mantle, where natural diamonds 
form. Gemesis eventually plans to have 250 diamond-growing 
machines installed (Davis, 2003). In the near future, Gemesis 
could be producing as much as 30,000 to 40,000 stones each 
year, and annual revenues may hit $70 million to $80 million 
(Diamond Registry Bulletin, 2001). Gemesis diamonds became 
available for retail purchase in jewelry stores and on the Internet 
in the fall of 2003. The prices of the Gemesis laboratory-created 
diamonds will be below those of natural diamond but still above 
the prices of simulated diamond (Weldon, 20038). 

A second U.S. company, Apollo Diamond, Inc., has developed 
and patented a method for growing gem-quality diamond 
by chemical vapor deposition (CVD). The CVD technique 
transforms carbon into plasma, which then is precipitated onto 
a substrate as diamond. CVD has been used for more that 
a decade to cover large surfaces with microscopic diamond 
crystals, but until this process, no one had discovered the 
combination of temperature, gas composition, and pressure 
that resulted in the growth of a single diamond crystal. Robert 
Linares of Apollo Diamond received a patent for the process in 
June 2003. Now CVD diamond can be grown for about $5 per 
carat. CVD diamond precipitates as nearly 100% pure, almost 
flawless diamond, and therefore may not be discernible from 
natural diamond. Apollo Diamond is planning to start selling 
their diamonds in the jewelry market during 2004 (Davis, 2003). 

In 2003, a North Carolina firm entered its sixth year of 
marketing moissanite, a gem-quality laboratory-created silicon 
carbide it produces. Moissanite is also an excellent diamond 
simulant, but it is being marketed for its own gem qualities. 


Consumption 


Although the United States accounts for little of the total global 
gemstone production, it is the world’s leading gemstone market. 
U.S. gemstone markets accounted for more than an estimated 
35% of world gemstone demand in 2003. The U.S. market for 
unset gem-quality diamond during the year was estimated to 
have exceeded $12.9 billion. Domestic markets for natural, unset 
nondiamond gemstones totaled nearly $816 million. 

In the United States about two-thirds of domestic consumers 
designate diamond as their favorite gemstone when surveyed. In 
2003, the top 10 selling colored gemstones, in descending order, 
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were blue sapphire, ruby, tanzanite, emerald, amethyst, blue 
topaz, tsavorite garnet, aquamarine, opal, and green tourmaline. 
Only 25% of the jewelry retailers said their sales were down in 
2003 compared with 27% in 2002. During 2003, almost 50% 

of the retail gemstone jewelry purchases were in the under $500 
price range. Sixty-six percent of U.S. jewelry retailers said their 
customers show a lack of concern about political issues, such 

as human-rights violations or possible criminal connections 

with gemstone mining. Eighty-two percent of the retailers said 
that news reports on such issues did not have an impact on their 
jewelry sales (Prost, 2003; Wade, 2004). During the 2003 holiday 
season, overall U.S. retail sales increased by 5.2% compared 
with the previous year (by value). Jewelers and luxury retailers 
generally posted higher increases than the overall sales increases 
compared with sales of the 2002 holiday shopping season 
(Diamond Registry Bulletin, 2004a). In 2003, the value of the 
U.S. diamond jewelry market increased by 6% from that of 2002 
to $29.1 billion (Diamond Registry Bulletin, 2004g). The U.S. 
market accounted for about 56% of the global diamond jewelry 
retail market in 2003 (Rosen, 20048). 


Prices 


Gemstone prices are governed by many factors and qualitative 
characteristics, including beauty, clarity, defects, demand, 
durability, and rarity. Diamond pricing, in particular, is 
complex; values can vary significantly depending on time, place, 
and the subjective evaluations of buyers and sellers. There are 
more than 14,000 categories used to assess rough diamond and 
more than 100,000 different combinations of carat, clarity, color, 
and cut values used to assess polished diamond (Pearson, 1998). 

Colored gemstone prices are generally influenced by market 
supply and demand considerations, and diamond prices are 
supported by producer controls on the quantity and quality of 
supply. Values and prices of gemstones produced and/or sold 
in the United States are listed in tables 3 through 5. In addition, 
customs values for diamonds and other gemstones imported, 
exported, or reexported are listed in tables 6 through 10. 

De Beers Group companies are a significant force affecting 
gem diamond prices worldwide because they mine more than 
40% of the diamonds produced each year (De Beers Group, 
2004§). De Beers companies also sort and valuate about 
two-thirds (by value) of the world’s annual supply of rough 
diamonds through De Beers’ subsidiary Diamond Trading Co. 
(DTC), which has marketing agreements with other producers 
(De Beers Group, 20038). 


Foreign Trade 


During 2003, total U.S. gemstone trade with all countries 
and territories was valued at about $18.7 billion, which was 
approximately 8% more than gemstone trade of the previous year. 
Diamond accounted for about 96% of the 2003 gemstone trade 
total. In 2003, U.S. exports and reexports of diamond were shipped 
to 74 countries and territories, and imports of all gemstones were 
received from 114 countries and territories (tables 6-10). During 
2003, U.S. trade in cut diamonds increased by about 6% compared 
with the previous year, and the United States remained the world’s 
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leading diamond importer. The United States is a significant 
international diamond transit center as well as the world’s leading 
gem diamond market. The large volume of reexports shipped to 
other centers reveals the significance that the United States has in 
the world’s diamond supply network (table 6). 

In 2003, trade in laboratory-created gemstone decreased by 
more than 3% for the United States, compared with the previous 
year. Laboratory-created gemstone imports from China, 
Germany, Hong Kong, Sri Lanka, Switzerland, and Thailand 
made up almost 90% (by value) of the total domestic imports of 
laboratory-created gemstones during the year. Prices of certain 
laboratory-created gemstone imports, such as amethyst, were 
very competitive. The marketing of imported laboratory-created 
gemstones and enhanced gemstones as natural gemstones 
and the mixing of laboratory-created materials with natural 
stones in imported parcels continued to be problems for some 
domestic producers in 2003. There also were problems with 
some simulants being marketed as laboratory-created gemstones 
during the year. 


World Industry Structure 


The gemstone industry worldwide has two distinct sectors— 
diamond mining and marketing and the production and sale 
of colored gemstones. Most diamond supplies are controlled 
by a few major mining companies; prices are supported by 
managing the quality and quantity of the gemstones relative 
to demand, a function performed by De Beers through DTC. 
Unlike diamonds, colored gemstones are primarily produced 
at relatively small, low-cost operations with few dominant 
producers; prices are influenced by consumer demand and 
supply availability. 

In 2003, world diamond production totaled about 150 million 
carats—80.9 million carats gem quality and 69.5 million carats 
industrial grade (table 11). Most production was concentrated in 
a few regions—Africa [Angola, Botswana, Congo (Kinshasa), 
Namibia, and South Africa], Asia (northeastern Siberia and 
Yakutia in Russia), Australia, North America (Northwest 
Territories in Canada), and South America (Brazil and 
Venezuela). In 2002, Australia led the world in total diamond 
output quantity (combined gemstone and industrial), and 
Botswana was the world’s leading gemstone diamond producer 
in terms of output value and quantity. 

De Beers reported that its sales of rough diamonds for 2003 
were $5.5 billion, which was up by 7% from $5.15 billion in 
2002 (Diamond Registry Bulletin, 2004e). 

The Antwerp [Belgium] High Council’s Hoge Raad voor 
Diamant Diamond Office reported that polished diamond 
exports increased by 11.9% to $7.19 billion during 2003, 
compared to $6.42 billion in 2002. Israel’s polished diamond 
exports increased by 5.9% to $5.53 billion during 2003, and its 
exports of rough diamond increased by 37.8% to $2.29 billion. 
The United States was the leading diamond trading partner for 
both Belgium and Israel (Diamond Registry Bulletin, 2004b). 

Additional events in 2003 significant to diamond mining, 
production, and marketing worldwide include the following: 

The Ekati Diamond Mine, Canada’s first operating 
commercial diamond mine, completed its fifth full year of 


production. In 2003, Ekati produced 5.57 million carats of 
diamond from 4.46 Mt of ore (BHP Billiton Ltd., 2004b). BHP 
Billiton Ltd. has an 80% controlling ownership of the Ekati, 
which is located in the Northwest Territories in Canada. Ekati 
has estimated reserves of 60.3 Mt of ore in kimberlite pipes that 
contain 54.3 million carats of diamond, and Ekati projects the 
mine life to be 25 years. Ekati diamonds are sold by BHP’s 
Antwerp sales office. The Ekati Mine is now producing from 
the Koala, Panda, and Misery kimberlite pipes. In November 
2002, BHP began using underground mining techniques to 
recover diamonds from deeper portions of the Koala kimberlite 
pipe, which was first open pit mined (Diamond Registry 
Bulletin, 2002). Plans have now been approved for underground 
mining of deeper portions of the adjacent Panda kimberlite pipe, 
and initial production is expected in early 2005 (BHP Billiton 
Ltd., 2004a). 

The Diavik Diamond Mine, also in the Northwest Territories, 
has estimated its reserves to be 25.6 Mt of ore in kimberlite pipes, 
containing 107 million carats of diamond, and Diavik projects the 
mine life to be 16 to 22 years. Diavik is an unincorporated joint 
venture between Diavik Diamond Mines Inc. (60%) and Aber 
Diamond Mines Ltd. (40%). The Diavik Mine began diamond 
production in December 2002, and it achieved full production 
by February 2003—60 days ahead of the projected opening 
date (Professional Jeweler, 20028). In 2003, Diavik produced 
3.8 million carats of diamond from 1.3 Mt of ore. The mine is 
expected to produce about 107 million carats of diamond at a rate 
of 8 million carats per year worth about $63 per carat (Diavik 
Diamond Mines Inc., 2000, p. 10-12; 2004). 

A third Canadian commercial diamond project in the 
Northwest Territories is the Snap Lake diamond project. De 
Beers Canada Mining Inc. has projected that Snap Lake would 
begin production in 2006 or 2007 (Law-West, 2002). The 
Snap Lake diamond project estimates its reserves to be 22.8 
Mt of ore in a kimberlite dike that contain about 38.8 million 
carats of diamond. The mine life is projected to be 20 years or 
more (Jack T. Haynes, assistant site manager, De Beers Canada 
Mining Inc., oral commun., 2001). 

In 2002, an international rough diamond certification system 
called the Kimberley Process Certification Scheme (KPCS) 
was implemented to solve the problem of conflict diamonds— 
rough diamonds used by rebel forces and their allies to help 
finance warfare aimed at subverting governments recognized 
as legitimate by the United Nations (U.N.). The KPCS was 
agreed upon by U.N. member nations, the diamond industry, and 
involved nongovernmental organizations. The KPCS includes 
the following key elements: the use of forgery-resistant 
certificates and tamper-proof containers for shipments of rough 
diamonds; internal controls and procedures that provide credible 
assurance that conflict diamonds do not enter the legitimate 
diamond market; a certification process for all exports of rough 
diamonds; the gathering, organizing, and sharing of import 
and export data on rough diamonds with other participants of 
relevant production; credible monitoring and oversight of the 
international certification scheme for rough diamonds; effective 
enforcement of the provisions of the certification scheme 
through dissuasive and proportional penalties for violations; 
self-regulation by the diamond industry that fulfills minimum 
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requirements; and the sharing of information with all other 
participants on relevant rules, procedures, and legislation as 
well as examples of national certificates used to accompany 
shipments of rough diamonds (Weldon, 2001§). The KPCS will 
not be fully implemented until all participating countries have 
passed the necessary laws to carry it out. 

In the United States, the Clean Diamond Trade Act, which 
will implement effective measures to stop trade in conflict 
diamonds, was passed by the U.S. House of Representatives 
on November 28, 2001, and by the U.S. Senate on January 
7, 2003. The President signed the Act into law on April 25, 
2003. Enactment of the Clean Diamond Trade Act made the 
United States a full participant in the KPCS (U.S. House of 
Representatives, 2003§). U.S. participation 1s critical to the 
success of the KPCS in excluding conflict diamonds from 
the legitimate supply chain because the United States has the 
largest part of the world diamond market. The industry and 
trade associations have played an active role in achieving 
this progress in ending the problem of conflict diamonds 
(Professional Jeweler, 20038). 

Near the end of 2003, De Beers and the U.S. Department of 
Justice began work toward settlement of its long-running dispute 
over alleged illegal price fixing. On July 13, 2004, De Beers 
Centenery AG pled guilty in Federal court in Ohio to conspiring 
to fix the price of industrial diamond in the United States and 
elsewhere, resolving a 1994 case. De Beers was sentenced to pay 
a $10 million fine. With this settlement, De Beers is now free to 
enter the U.S. market (Diamond Registry Bulletin, 2004f, h). 

Worldwide production of natural gemstones other than 
diamond was estimated to have exceeded $2 billion in 2003. 
Most nondiamond gemstone mines are small, low-cost, and 
widely dispersed operations in remote regions of developing 
nations. Foreign countries with major gemstone deposits other 
than diamond are Afghanistan (aquamarine, beryl, emerald, 
kunzite, lapis lazuli, ruby, and tourmaline), Australia (beryl, 
opal, and sapphire), Brazil (agate, amethyst, beryl, ruby, 
sapphire, topaz, and tourmaline), Burma (beryl, jade, ruby, 
sapphire, and topaz), Colombia (beryl, emerald, and sapphire), 
Kenya (beryl, garnet, and sapphire), Madagascar (beryl, rose 
quartz, sapphire, and tourmaline), Mexico (agate, opal, and 
topaz), Sri Lanka (beryl, ruby, sapphire, and topaz), Tanzania 
(garnet, ruby, sapphire, tanzanite, and tourmaline), and Zambia 
(amethyst and beryl). In addition, pearls are cultured throughout 
the South Pacific and in other equatorial waters; Australia, 
China, French Polynesia, and Japan are key producers. 

The U.S. colored gemstone market posted an overall increased 
sales during 2003 compared with the previous years sales. 
There were 3 months in which colored stone trade contracted— 
March, April, and November. Colored stone sales in April 
were at their lowest level since November 2001, as the general 
slowdown in business finally was reflected in the wholesale end 
of colored stone trade (Colored Stone, 2003, 2004a, b). 

The popularity of colored gemstones, colored laboratory- 
created gemstones, and “fancy” colored diamonds continued to 
increase in 2003. This was indicated by a recent survey by the 
Jewelry Consumer Opinion Council (Diamond Registry Bulletin, 
2004d). Colored stone popularity also was evidenced by their 
general increased sales in 2003 (Colored Stone, 2003, 2004a, b). 
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Tanzanite continued to increased in popularity, moving up to 
third best selling stone in 2003 from fourth best selling colored 
stone in 2002. This increase is in part owing to the American 
Gem Trade Association (a United States and Canadian trade 
association) adding tanzanite to the traditional list of birthstones 
for December in 2002. It is by far the most popular of blue and 
violet-blue gemstones after sapphire. Tanzanite is characterized 
by combinations of royal blue and burgundy hues, which have 
an almost universal appeal. While some tanzanite displays a 
trace of blue when it is originally mined, most crystals emerge 
from the Earth with a muted gray-green color. All tanzanite 
has been subjected to a heat process to produce the violet-blue 
hues. The only known source of tanzanite 1s a 5-square-mile 
area in the hills of Merelani, 10 miles south of the Kilimanjaro 
International Airport, between Moshi and Arusha in Tanzania. 
Its rarity appears to also add to tanzanite’s growing popularity 
among consumers. 

Though U.S. shell production increased by 72% in 2003 
compared with 2002, shell is not expected to ever be the large 
segment of U.S. gemstone production it was for several years 
in the past. The U.S. shell material from mussels 1s used as 
seed material for culturing pearls. The lower shell production 
is owing to overharvesting in past years, the killing off of U.S. 
native mussel species by invasive exotic species, and a decline 
in market demand. During the past 10 years, the United States 
has lost about three-quarters of the native mussel population, 
and one-half of the approximately 300 total U.S. native mussel 
species are now listed as endangered species. The zebra 
mussel is the invasive exotic species that has done most of 
the damage, and it has been introduced into U.S. rivers and 
waterways in discharged ballast water from transoceanic ships 
(lowa Department of Natural Resources, 2001§; Scott Gritterf, 
fisheries biologist, lowa Department of Natural Resources, 
oral commun., November 14, 2002). The market still has not 
completely recovered from the die-off of Japanese oysters. Seed 
material had been stockpiled in Japan, and now producers in 
Japan are using manmade seed materials or seed materials from 
China and other sources in addition to the stockpiled material. 
There also has been an increase in the popularity of darker and 
colored pearls that do not use U.S. seed material (Ted Kroll, 
assistant director of fisheries, Kentucky Department of Fish and 
Wildlife, oral commun., November 15, 2002). 


Outlook 


There are indications that there will be continued growth 
in U.S. diamond and jewelry markets in 2004. Historically, 
diamonds have proven to hold their value despite wars or 
economic depressions (Schumann, 1998, p. 8). 

Diamond exploration is continuing in Canada, and many new 
deposits have been found. There are several other commercial 
diamond projects and additional discoveries located in Alberta, 
British Columbia, Northwest Territories, Nunavut, Ontario, and 
Quebec. Canada produced about 15% of the world’s diamond 
in 2003, and in price per carat of diamond produced, Canada 
outranked many of the world’s traditionally major diamond- 
mining countries (Diamond Registry Bulletin, 2004c). If 
Canadian production continues to increase at about the same 
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rate, Canada will probably eclipse South Africa’s diamond 
production within a decade. 

Independent producers, such as Argyle Diamond Mines 
in Australia and Ekati and Diavik in Canada, will continue 
to bring a greater measure of competition to global markets. 
More competition presumably will bring more supplies and 
lower prices. Further consolidation of diamond producers and 
larger amounts of rough diamond being sold outside DTC will 
continue as the diamond industry adjusts to De Beers’ reduced 
influence on the industry. 

More laboratory-created gemstones, simulants, and treated 
gemstones will enter the marketplace and necessitate more 
transparent trade industry standards to maintain customer 
confidence. 

Internet sales of diamonds, gemstones, and jewelry will 
continue to grow and increase in popularity, as will other forms 
of e-commerce that emerge to serve the diamond and gemstone 
industry. This will take place as the gemstone industry and 
its customers become more comfortable with and learn the 
applications of new e-commerce tools (Diamond Registry 
Bulletin, 20041, j). 
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TABLE 1 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size’ Cost? Mohs gravity Refraction index confused with characteristics 
Amber Hydrocarbon Yellow, red, green, blue Any Low to 2.0-2.5 1.0-1.1 Single 1.54 Synthetic or pressed Fossil resin, color, low density, 
medium plastics, kaurigum soft and trapped insects. 
Apatite Chloro-calcium Colorless, pink, yellow, Small Low 5.0 3.16-3.23 Double 1.63-1.65 Amblygonite, andalusite, Crystal habit, color, hardness, 
phosphate green, blue, violet brazilianite, precious and appearance. 
beryl, titanite, topaz, 
tourmaline 
Azurite Copper carbonate Azure, dark blue, pale Small to do. 3.5-4.0 3.7-3.9 do. 1.72-1.85 Dumortierite, hauynite, Color, softness, crystal habits and 
hydroxide blue medium lapis lazuli, lazulite, associated minerals. 
sodalite 
Benitoite Barium titanium Blue, purple, pink, do. High 6.0-6.5 3.64-3.68 — do. 1.76-1.80 Sapphire, tanzanite, Strong blue in ultraviolet light. 
silicate colorless blue diamond, blue 
tourmaline, cordierite 
Beryl: 
Aquamarine Beryllium aluminum Blue-green to light blue Any Medium to 7.5-8.0 2.63-2.80 do. 1.58 Synthetic spinel, blue Double refraction, refractive 
silicate high topaz index. 
Bixbite do. Red Small Very high 7.5-8.0 2.63-2.80 — do. 1.58 Pressed plastics, Refractive index. 
tourmaline 
Emerald do. Green Medium do. yes) 2.63-2.80 do. 1.58 Fused emerald, glass, Emerald filter, dichroism, 
tourmaline, peridot, refractive index. 
green garnet doublets 
Emerald, synthetic do. do. Small High 7.5-8.0 2.63-2.80 — do. 1.58 Genuine emerald Lack of flaws, brilliant 
fluorescence in ultraviolet light. 
Golden (heliodor) do. Yellow to golden Any Low to 7.5-8.0 2.63-2.80 — do. 1.58 Citrine, topaz, glass, Weak-colored. 
medium doublets 
Goshenite do. Colorless do. Low 7.5-8.0 2.63-2.80 do. 1.58 Quartz, glass, white Refractive index. 
sapphire, white topaz 
Morganite do. Pink to rose do. do. 7.5-8.0 2.63-2.80 do. 1.58 Kunzite, tourmaline, Do. 
pink sapphire 
Calcite: 
Marble Calcium carbonate White, pink, red, blue, do. do. 3.0 2.72 Double 1.49-1.66 Silicates, banded agate, Translucent. 
green, or brown (strong) alabaster gypsum 
Mexican onyx do. do. do. do. 3.0 2.72 do. 1.60 = do. Banded, translucent. 
Charoite Hydrated sodium Lilac, violet, or white Small to do. 5.0-6.0 2.54-2.78 XX 1.55-1.56 Purple marble Color, locality. 
calcium hydroxi- medium 
fluoro-silicate 
Chrysoberyl: 
Alexandrite Beryllium aluminate Green by day light, red Small (CIS*); High 8.5 3.50-3.84 Double 1.75 Synthetic Strong dichroism, color varies 
by artificial light medium from red to green, hardness. 
(Sri Lanka) 
Cats-eye do. Greenish to brownish Small to do. 8.5 3.50-3.84 — do. 1.75 Synthetic, shell Density, translucence, 
large chatoyance. 
Chrysolite Beryllium aluminate Yellow, green, and/or Medium Medium 8.5 3.50-3.84 Double 1.75 Tourmaline, peridot Refractive index, silky. 


brown 


See footnotes at end of table. 
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TABLE 1--Continued 


Practical Specific Refractive May be Recognition 
Name Composition Color size’ Cost” Mohs gravity Refraction index confused with characteristics 
Chrysocolla Hydrated copper Green, blue Any Low 2.0-4.0 2.0-2.4 XX 1.46-1.57 Azurite, dyed Lack of crystals, color, fracture, 
silicate chalcedony, malachite, low density and softness. 
turquoise, variscite 
Coral Calcium carbonate Orange, red, white, black, § Branching, do. 3.5-4.0 2.6-2.7 Double 1.49-1.66 False coral Dull translucent. 
purple, or green medium 
Corundum: 
Ruby Aluminum oxide Rose to deep purplish red Small Very high 9.0 3.95-4.10 do. 1.78 Synthetics, including Inclusions, fluorescence. 
spinel, garnet 
Sapphire, blue do. Blue Medium High 9.0 3.95-4.10 do. 1.78 do. Inclusions, double refraction, 
dichroism. 
Sapphire, fancy do. Yellow, pink, colorless, Medium to Medium 9.0 3.95-4.10 — do. 1.78 Synthetics, glass and Inclusions, double refraction, 
orange, green, or violet large doublets, morganite refractive index. 
Sapphire and ruby, do. Red, pink, violet, blue, or do. High to low 9.0 3.95-4.10 do. 1.78 Star quartz, synthetic Shows asterism, color side view. 
stars gray stars 
Sapphire orruby, do. Yellow, pink, or blue Up to 20 Low 9.0 3.95-4.10 — do. 1.78 Synthetic spinel, glass Curved striae, bubble inclusions. 
synthetic carats 
Cubic zirconia Zirconium and Colorless, pink, blue, Small do. 8.25-8.5 5.8 Single 2.17 Diamond, zircon, titania, Hardness, density, refractive 
yttrium oxides lavender, yellow moissanite index, lack of flaws and 
inclusions. 
Diamond Carbon White, blue-white, Any Very high 10.0 3.516-3.525 do. 2.42 Zircon, titania, cubic High index, dispersion, hardness, 
yellow, brown, green, zirconia, moissanite luster. 
red, pink, blue 
Feldspar: 
Amazonite Alkali aluminum Green-blue Large Low 6.0-6.5 2.56 XX 1.52 Jade, turquoise Cleavage, sheen, vitreous to 
silicate pearly, opaque, grid. 
Labradorite do. Gray with blue and do. do. 6.0-6.5 2.56 XX 156 = do. Do. 
bronze sheen color play 
(schiller) 
Moonstone do. Colorless, white, gray, do. do. 6.0-6.5 D4 1.52-1.54 Glass, chalcedony, opal Pale sheen, opalescent. 
or yellow with white, 
blue, or bronze schiller 
Sunstone do. Orange, red brown, Small to do. 6.0-6.5 2.77 XX 1.53-1.55  Aventurine, glass Red glittery schiller. 
colorless with gold or medium 
red glittery schiller 
Garnet Complex silicate Brown, black, yellow, do. Low tohigh —_6.5-7.5 3.15-4.30 Single 1.79-1.98 Synthetics, spinel, Single refraction, anomalous 
green, red, or orange strained glass strain. 
Hematite Iron oxide Black, black-gray, Medium to Low 5.5-6.5 5.12-5.28 XX 2.94-3.22 Davidite, cassiterite, Crystal habit, streak and 
brown-red large magnetite, neptunite, hardness. 
pyrolusite, wolframite 
Jade: 
Jadeite Complex silicate Green, yellow, black, Large Low to very __6.5-7.0 3.3-3.5 Crypto- 1.65-1.68 Nephrite, chalcedony, Luster, spectrum, translucent to 
white, or mauve high crystalline onyx, bowenite, opaque. 


vesuvianite, grossularite 


See footnotes at end of table. 


GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


TABLE 1--Continued 


€00C—SHNOLSWNAD 


Practical Specific Refractive May be Recognition 
Name Composition Color size’ Cost? Mohs gravity Refraction index confused with characteristics 
Jade--Continued: 
Nephrite Complex hydrous Green, yellow, black, Large Low to very _6.0-6.5 2.96-3.10 Crypto- 1.61-1.63 Jadeite, chalcedony, Luster, spectrum, translucent to 
silicate white, or mauve high crystalline onyx, bowenite, opaque. 
vesuvianite, grossularite 
Jet (gagate) Lignite Deep black, dark brown do. Low 2.5-4.0 1.19-1.35 XX 1.64-1.68 Anthracite, asphalt, Luster, color. 
cannel coal, onyx, 
schorl, glass, rubber 

Lapis lazuli Sodium calcium Dark azure-blue to do. do. 5.0-6.0 2.50-3.0 XX 1.50 Azurite, dumortierite, Color, crystal habit, associated 
aluminum silicate bright indigo blue or dyed howlite, lazulite, minerals, luster, and localities. 

even a pale sky blue. sodalite, glass 

Malachite Hydrated copper Light to black-green do. do. 3.5-4.0 3.25-4.10 XX 1.66-1.91 Brochantite, chrysoprase, Color banding, softness, 
carbonate banded opaque green gemstones associated minerals. 

Moissanite Silicon carbide Colorless and pale shades = Small Low to 9.25 3.21 Double 2.65-2.69 Diamond, zircon, titania, Hardness, dispersion, refractive 

of green, blue, yellow medium cubic zirconia index, lack of flaws and 
inclusions. 

Obsidian Amorphous, Black, gray, brown, Large Low 5.0-5.5 2.35-2.60 XX 1.45-1.55 Aegirine-augite, gadolinite. Color, conchoidal fracture, flow 
variable (usually dark green, white, gagate, hematite, bubbles, softness, and lack of 
felsic) transparent pyrolusite, wolframite crystal faces. 

Opal Hydrated silica Reddish orange, colors do. Low tohigh  5.5-6.5 1.9-2.3 Single 1.45 Glass, synthetics, Color play (opalescence). 

flash in white gray, triplets, chalcedony 
black, red, or yellow 

Peridot Iron magnesium Yellow and/or green Any Medium 6.5-7.0 3.27-3.37 Double 1.65-1.69 Tourmaline, chrysoberyl Strong double refraction, low 
silicate (strong) dichroism. 

Quartz: 

Agate Silicon dioxide Any Large Low 7.0 2.58-2.64 XX XX_ Glass, plastic, Mexican _—_ Cryptocrystalline, irregularly 
onyx banded, dendritic inclusions. 
Amethyst do. Purple do. Medium 7.0 2.65-2.66 Double 1.55 Glass, plastic, fluorite Macrocrystalline, refractive index, 
color, transparent, hardness. 
Aventurine do. Green, red-brown, do. Low 7.0 2.64-2.69 do. 1.54-1.55 Iridescent analcime, Macrocrystalline, color, metallic 
gold-brown, with metallic aventurine feldspar, iridescent flake reflections, 
iridescent reflection emerald, aventurine glass hardness. 
Cairngorm do. Smoky orange or yellow do. do. 7.0 2.65-2.66 — do. 1.55 do. Macrocrystalline, refractive index, 
color, transparent, hardness. 
Carnelian do. Flesh red to brown red do. do. 6.5-7.0 2.58-2.64 — do. 1.53-1.54 Jasper Cryptocrystalline, color, hardness. 
Chalcedony do. Bluish, white, gray do. do. 6.5-7.0 2.58-2.64 — do. 1.53-1.54 Tanzanite Do. 
Chrysoprase do. Green, apple-green do. do. 6.5-7.0 2.58-2.64 — do. 1.53-1.54 Chrome chalcedony, jade, Do. 
prase opal, prehnite, 
smithsonite, variscite, 
artifically colored 
green chalcedony 
Citrine Silica Yellow do. do. 7.0 2.65-2.66 do. 1.55 do. Macrocrystalline, refractive index, 
color, transparent, hardness. 
Crystal: 
Rock do. Colorless do. do. 7.0 2.65-2.66 do. 1.55 Topaz, colorless sapphire Do. 


60€ 


See footnotes at end of table. 
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GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


TABLE 1--Continued 


Practical Specific Refractive May be Recognition 
Name Composition Color size’ Cost” Mohs gravity Refraction index confused with characteristics 
Crystal--Continued: 
Jasper Silica Any, striped, spotted, or Large Low 7.0 2.58-2.66 XX XX _ Topaz, colorless sapphire Cryptocrystalline, opaque, 
sometimes uniform vitreous luster, hardness. 
Onyx do. Many colors do. do. 7.0 2.58-2.64 XX XX ~~ do. Cryptocrystalline, uniformly 
banded, hardness. 
Petrified wood do. Brown, gray, red, yellow do. do. 6.5-7.0 2.58-2.91 Double 1.54 Agate, jasper Color, hardness, wood grain. 
Rose do. Pink, rose red do. do. 7.0 2.65-2.66 — do. 1.55 ~~ do. Macrocrystalline, refractive index, 
color, transparent, hardness. 
Tiger's eye do. Golden yellow, brown, do. do. 6.5-7.0 2.58-2.64 XX 1.53-1.54 XX Macrocrystalline, color, hardness, 
red, blue-black hatoyancy. 
Rhodochrosite Manganese Rose-red to yellowish, do. do. 4.0 3.45-3.7 Double 1.6-1.82 Fire opal, rhodonite, Color, crystal habit, reaction to 
carbonate stripped tugtupite, tourmaline acid, and perfect rhombohedral 
cleavage. 
Rhodonite Manganese iron Dark red, flesh red, with do. do. 5.5-6.5 3.40-3.74 — do. 1.72-1.75 Rhodochrosite, thulite, Color, black inclusions, lack of 
calcium silicate dendritic inclusions of hessonite, pyroxmangite, reaction to acid and hardness. 
black manganese oxide spessartine, spinel, 
tourmaline 
Shell: 
Mother-of-pearl Calcium carbonate White, cream, green, Small Low 6 ie) 2.6-2.85 XX XX_ Glass and plastic Luster, iridescent play of color. 
blue-green, with imitation 
iridescent play of color 
Pearl do. White, cream to black, do. Low tohigh ~—2.5-4.5 2.6-2.85 XX XX _ Cultured and glass or Luster, iridescence, structure, 
sometimes with hint of plastic imitation X-ray. 
pink, green, purple 
Spinel Magnesium Any Small to Medium 8.0 3.5-3.7 Single 1.72 Synthetic, garnet Refractive index, single 
aluminum oxide medium refraction, inclusions. 
Spinel, synthetic do. do. Up to 40 Low 8.0 3.5-3.7 Double 1.73 Spinel, corundum, beryl, Weak double refraction, curved 
carats topaz, alexandrite striae, bubbles. 
Spodumene: 
Hiddenite Lithium aluminum Yellow to green Medium Medium 6.5-7.0 3.13-3.20 do. 1.66 Synthetic spinel Refractive index, color, 
silicate pleochroism. 
Kunzite do. Pink to lilac do. do. 6.5-7.0 3.13-3.20 do. 1.66 Amethyst, morganite Do. 
Tanzanite Complex silicate Blue to lavender Small High 6.0-7.0 3.30 = do. 1.69 Sapphire, synthetics Strong trichroism, color. 
Topaz do. White, blue, green, pink, Medium Low to 8.0 3.4-3.6 do. 1.62 Beryl, quartz Color, density, hardness, 
yellow, gold medium refractive index, perfect in 
basal cleavage. 
Tourmaline do. Any, including mixed do. do. 7.0-7.5 2.98-3.20 — do. 1.63 Peridot, beryl, garnet Double refraction, color, 
corundum, glass refractive index. 
Turquoise Copper aluminum ___ Blue to green with black, Large Low 6.0 2.60-2.83 do. 1.63 Glass, plastics, variscite, Difficult if matrix not present, 
phosphate brown-red inclusions dumortierite, chrysocolla matrix usually limonitic. 
dyed howlite 
Unakite Granitic rock, Olive green, pink, do. do. 6.0-7.0 2.60-3.20 XX XX XX Olive green, pink, and gray-blue 


feldspar, epidote, 
quartz 


and blue-gray 


colors. 


See footnotes at end of table. 
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TABLE 1--Continued 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size’ Cost? Mohs gravity Refraction index confused with characteristics 
Zircon Zirconium silicate § White, blue, brown, Small to Low to 6.0-7.5 4.0-4.8 Double 1.79-1.98 Diamond, synthetics, Double refraction, strongly 
yellow, or green medium medium (strong) topaz, aquamarine dichroic, wear on facet edges. 
XX Not applicable. 


‘Small: up to 5 carats; medium: 5 to 50 carats; large: more than 50 carats. 
*Low: up to $25 per carat; medium: up to $200 per carat; high: more than $200 per carat. 
*Commonwealth of Independent States. 


TABLE 2 


LABORATORY-CREATED GEMSTONE PRODUCTION METHODS 


Production Date of first 
Gemstone method Company/producer production 
Alexandrite Flux Creative Crystals 1970s. 
Do. Melt pulling J.O. Crystal 1990s. 
Do. do. Kyocera 1980s. 
Do. Zone melt Seiko 1980s. 
Cubic zirconia Skull melt Various producers 1970s. 
Emerald Flux Chatham 1930s. 
Do. do. Gilson 1960s. 
Do. do. Kyocera 1970s. 
Do. do. Seiko 1980s. 
Do. do. Lennix 1980s. 
Do. do. Russia 1980s. 
Do. Hydrothermal Lechleitner 1960s. 
Do. do. Regency 1980s. 
Do. do. Biron 1980s. 
Do. do. Russia 1980s. 
Ruby Flux Chatham 1950s. 
Do. do. Kashan 1960s. 
Do. do. J.O. Crystal 1980s. 
Do. do. Douras 1990s. 
Do. Zone melt Seiko 1980s. 
Do. Melt pulling Kyocera 1970s. 
Do. Verneuil Various producers 1900s. 
Sapphire Flux Chatham 1970s. 
Do. Zone melt Seiko 1980s. 
Do. Melt pulling Kyocera 1980s. 
Do. Verneuil Various producers 1900s. 
Star ruby do. Linde 1940s. 
Do. Melt pulling Kyocera 1980s. 
Do. do. Nakazumi 1980s. 
Star sapphire Verneuil Linde 1940s. 
TABLE 3 
VALUE OF U.S. GEMSTONE PRODUCTION, BY TYPE! 
(Thousand dollars) 
Gem materials 2002 2003 
Beryl 9 18 
Coral, all types 108 118 
Diamond (2) (2) 
Garnet 46 56 
Gem feldspar ee tee 659 
Geode/nodules (3) (3) 
Opal (3) (3) 
Quartz: 
Macrocrystalline’ 246 228 
Cryptocrystalline” 84 391 
Sapphire/ruby 212 474 
Shell 1,440 2,490 
Topaz (3) (3) 
Tourmaline 105 48 
Turquoise 540 827 
Other 8,420 3,450 
Total 12,600 12,500 


See footnotes at end of table. 
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TABLE 3--Continued 
VALUE OF U.S. GEMSTONE PRODUCTION, BY TYPE! 


“Estimated. 

'Data are rounded to no more than three significant digits; may not add to totals shown. 
“Included with "Other." 

“Included in "Total." 

“Macrocrystalline quartz (crystals recognizable with the naked eye) includes amethyst, 
amethyst quartz, aventurine, blue quartz, citrine, hawk's eye, pasiolite, prase, quartz cat's 
eye, rock crystal, rose quartz, smoky quartz, and tiger's eye. 

*Cryptocrystalline (microscopically small crystals) includes agate, carnelian, chalcedony, 
chrysoprase, fossilized wood, heliotrope, jasper, moss agate, onyx, and sard. 


TABLE 4 
PRICES OF U.S. CUT DIAMONDS, BY SIZE AND QUALITY IN 2003' 


Carat Description, Clarity” Representative prices 
weight color’ (GIA terms) January" June” December® 
0.25 G VS1 $1,200 $1,200 $1,200 
do. G VS2 1,150 1,150 1,150 
do. G Sil 975 975 975 
do. H VS1 1,100 1,100 1,100 
do. H VS2 1,000 1,000 1,000 
do. H Sil 925 925 925 
0.50 G VS1 3,200 3,200 3,200 
do. G VS2 2,800 2,800 2,800 
do. G Sil 2,400 2,400 2,400 
do. H VS1 2,800 2,800 2,800 
do. H VS2 2,400 2,400 2,400 
do. H Sil 2,200 2,200 2,200 
0.75 G VS1 3,600 3,600 3,600 
do. G VS2 3,500 3,500 3,500 
do. G Sil 3,200 3,200 3,200 
do. H VS1 3,300 3,300 3,300 
do. H VS2 3,200 3,200 3,200 
do. H Sil 2,900 2,900 2,900 
1.00 G VS1 5,800 5,800 5,800 
do. G VS2 5,500 5,500 5,500 
do. G Sil 4,800 4,800 4,800 
do. H VS1 5,200 5,200 5,200 
do. H VS2 4,900 4,900 4,900 
do. H Sil 4,700 4,700 4,700 


‘Data are rounded to no more than three significant digits. 
*Gemological Institute of America (GIA) color grades: D—colorless; E—rare white; G, H, I—traces of color. 
*Clarity: IF—no blemishes; VVS1—very, very slightly included; VS 1—very slightly included; VS2—-very 

slightly included, but not visible; SI11—slightly included. 


“Source: Jewelers! Circular Keystone, v. 174, no. 2, February 2003, p. 44. 
Source: Jewelers' Circular Keystone, v. 174, no. 7, July 2003, p. 52. 
Source: Jewelers! Circular Keystone, v. 175, no. 1, January 2004, p. 28. 


TABLE 5 
PRICES PER CARAT OF U.S. CUT COLORED GEMSTONES IN 2003 


Price range per carat 


Gemstone January. December” 
Amethyst $7-14 $7-14 
Blue sapphire 650-1,000 650-1,000 
Blue topaz 3-5 3-5 
Emerald 1,500-2,000 1,400-2,000 
Green tourmaline 70-150 45-60 
Pearl:* 

Cultured saltwater 5 5 
Natural 210 210 


See footnotes at end of table. 
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TABLE 5--Continued 
PRICES PER CARAT OF U.S. CUT COLORED GEMSTONES IN 2003 


Price range per carat 


Gemstone January’ December 
Pink tourmaline 60-125 60-125 
Rhodolite garnet 18-30 18-30 
Ruby 1,000-1,400 900-1,250 
Tanzanite 175-275 175-275 


‘Source: The Guide, spring/summer 2003, p. 14, 30, 45, 61, 72, 86, 96, 98, 104, 123, and 135. These figures are 
approximate current wholesale purchase prices paid by retail jewelers on a per stone basis for fine-quality stones. 


"Source: The Guide, fall/winter 2002-2003, p. 14, 30, 45, 61, 72, 86, 96, 98, 104, 123, and 135. These figures 
are approximate current wholesale purchase prices paid by retail jewelers on a per stone basis for fine-quality stones. 


*Prices are per 4.6 mm pearl. 


TABLE 6 
U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF 
INDUSTRIAL DIAMOND), BY COUNTRY’ 


2002 2003 
Quantity Value” Quantity Value?” 
Country (carats) (millions) (carats) (millions) 
Exports: 
Belgium 343,000 $278 14,200 $11 
Canada 105,000 Al 78,200 47 
France 8,760 37 3,150 7 
Germany 3,360 3 4,790 4 
Guatemala 168,000 17 2,850 (3) 
Hong Kong 251,000 89 114,000 59 
India 83,100 12 34,900 5 
Israel 246,000 A477 38,400 39 
Japan 13,800 31 17,300 19 
Mexico 199,000 43 205,000 cy 
Netherlands 460 8 307 3 
Switzerland 9,570 48 7,360 29 
Thailand 28,200 5 34,400 6 
United Kingdom 19,000 19 4,080 7 
Other 76,500 57 141,000 67 
Total 1,550,000 1,160 699,000 335 
Reexports: 

Belgium 2,650,000 801 3,860,000 1,270 
Canada 109,000 59 124,000 64 
Dominican Republic 102,000 9 78,700 12 
Hong Kong 2,470,000 381 2,670,000 471 
India 1,230,000 157 1,420,000 234 
Israel 4,290,000 1,250 5,700,000 1,930 
Japan 181,000 35 185,000 46 
Malaysia 64,200 6 28,800 5 
Mexico 12,900 3 6,980 2 
Singapore 158,000 20 204,000 30 
Switzerland 382,000 191 409,000 283 
Thailand 368,000 a5 266,000 55 
United Arab Emirates 253,000 71 220,000 57 
United Kingdom 364,000 134 397,000 140 
Other 117,000 59 207,000 92 
Total 12,700,000 3,230 15,800,000 4,690 
Grand total 14,300,000 4,400 16,500,000 5,020 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 
*Customs value. 
*Less than 1/2 unit. 


Source: U.S. Census Bureau. 
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TABLE 7 


U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY’ 


2002 2003 
Quantity Value? Quantity Value” 
Kind, range, and country of origin (carat) (millions) (carat) (millions) 
Rough or uncut, natural:° 
Belgium 17,800 $12 7,160 $4 
Botswana 6,350 18 2,850 5 
Brazil 20,000 15 65,100 29 
Canada 9,900 2 13,700 18 
Congo (Brazzaville) 9,630 14 10,400 9 
Congo (Kinshasa) 27,800 24 20,400 31 
Ghana 3,180 3 7,280 (4) 
Guinea 6,850 19 3,760 9 
Guyana 54,900 6 173,000 15 
Hong Kong 353 (4) 739 1 
Israel 5,590 15 53,200 9 
Russia 26,700 6 20,000 10 
South Africa 436,000 353 582,000 463 
United Kingdom 344,000 69 441,000 61 
Venezuela 15,100 5 3,230 3 
Other 29,600 2 101,000 4] 
Total 1,010,000 567 1,500,000 707 
Cut but unset, not more than 0.5 carat: 
Australia 2,650 1 825 (4) 
Belgium 770,000 227 775,000 282 
Brazil 7,660 2 5,810 1 
Canada 4,960 1 4,900 5 
China 70,400 6 73,000 6 
Dominican Republic 12,900 1 12,200 1 
Hong Kong 403,000 64 374,000 59 
India 11,500,000 1,890 10,500,000 1,750 
Israel 997,000 454 1,050,000 525 
Japan 2,500 1 1,910 1 
Mexico 249,000 12 160,000 5 
Singapore 4,110 1 2,710 1 
Sri Lanka 7,110 2 4,660 1 
Switzerland 6,600 2 47,800 8 
Thailand 99,600 11 68,200 10 
United Arab Emirates 82,300 18 198,000 31 
United Kingdom 12,000 4 2,530 2 
Other 23,500 ie 70,400 18 
Total 14,300,000 2,710 13,400,000 2,710 
Cut but unset, more than 0.5 carat: 
Belgium 1,280,000 2,060 1,260,000 2,310 
Canada 7,520 27 15,800 51 
France 2,250 17 3,040 11 
Hong Kong 89,800 153 76,500 124 
India 1,120,000 742 1,210,000 815 
Israel 3,040,000 5,300 3,000,000 5,540 
Japan 2,960 7 2,810 7 
Mauritius 3,230 7 2,500 > 
Russia 45,200 78 58,600 101 
South Africa 30,600 127 35,100 149 
Switzerland 13,500 101 15,100 158 
Thailand 5,140 5 19,400 17 
United Arab Emirates 7,520 8 10,200 10 
United Kingdom 21,000 100 16,600 95 
Other 27,600 67 27,200 59 
Total 5,690,000 8,800 5,760,000 9,460 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 


2 
Customs value. 


Includes some natural advanced diamond. 


‘Less than 1/2 unit. 


Source: U.S. Census Bureau. 
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TABLE 8 


BY KIND AND COUNTRY! 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN DIAMOND, 


2002 2003 
Quantity Value” Quantity Value” 
Kind and country (carats) (millions) (carats) (millions) 
Emerald: 
Australia 10,200 (3) 84 (3) 
Belgium 26,800 $1 8,150 $1 
Brazil 4,940,000 6 262,000 5 
China 18,100 (3) 10,800 (3) 
Colombia 683,000 69 522,000 54 
Germany 15,200 1 56,900 1 
Hong Kong 102,000 4 101,000 5 
India 2,100,000 20 1,460,000 21 
Israel 97,900 20 128,000 23 
Japan 1,090 (3) 552 (3) 
Sri Lanka 95 (3) -- -- 
Switzerland 75,200 9 27,300 6 
Taiwan 33 (3) -- -- 
Thailand 538,000 7 419,000 7 
United Kingdom 44,500 4 3,890 2 
Zambia 408 (3) 214 (3) 
Other 18,000 2 18,300 1 
Total 8,670,000 143 3,020,000 126 
Ruby: 
Belgium 15,000 2 8,330 1 
Brazil 301 (3) 13,800 (3) 
Burma 11,000 3 354 3 
China 45,600 (3) 4,810 (3) 
Colombia -- -- 1,250 (3) 
Germany 18,200 1 14,900 1 
Hong Kong 140,000 4 181,000 
India 1,110,000 5 1,910,000 5 
Israel 32,700 2 7,190 1 
Japan 2,300 (3) 6,860 (3) 
Pakistan -- -- 1,080 (3) 
Sri Lanka 3,210 (3) 12,500 2 
Switzerland 13,800 1S 42,100 2 
Thailand 2,220,000 50 2,260,000 47 
United Kingdom 20,800 4 3,540 2 
Other 24,300 1 88,000 8 
Total 3,660,000 88 4,550,000 87 
Sapphire: 
Australia 82,700 1 5,080 (3) 
Belgium 8,440 1 10,400 1 
Brazil 1,250 (3) 1,040 (3) 
Burma 669 4 23,200 1 
Canada 664 (3) 4,350 (3) 
China 28,800 (3) 12,500 (3) 
Colombia -- -- 248 (3) 
France 1,710 1 18,700 3 
Germany 143,000 2 35,800 3 
Hong Kong 251,000 7 234,000 6 
India 828,000 4 1,150,000 5 
Israel 26,700 2 26,500 a 
Sri Lanka 274,000 25 314,000 30 
Switzerland 31,600 8 75,100 6 
Thailand 5,040,000 77 6,010,000 73 
United Kingdom 32,700 4 21,800 3 
Other 28,700 3 88,400 2 
Total 6,780,000 139 8,040,000 136 


See footnotes at end of table. 
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TABLE 8--Continued 


BY KIND AND COUNTRY! 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN DIAMOND, 


2002 2003 
Quantity Value” Quantity Value” 
Kind and country (carats) (millions) (carats) (millions) 
Other: 
Rough, uncut: 
Australia NA $3 NA $4 
Brazil NA 10 NA 9 
China NA 3 NA 2 
Colombia NA (3) NA 1 
Fiji NA 2 NA 2 
Hong Kong NA 1 NA 1 
India NA 1 NA 3 
Indonesia NA 2 NA 3 
Kenya NA (3) NA (3) 
Nigeria NA (3) NA @) 
Pakistan NA 3 NA 1 
Philippines NA 1 NA 2 
Russia NA (3) NA (3) 
South Africa NA 1 NA 1 
Switzerland NA (3) NA (3) 
Taiwan NA (3) NA (3) 
Tanzania NA 1 NA 2 
Thailand NA 2 NA 2 
United Kingdom NA 1 NA (3) 
Zambia NA i NA (3) 
Other NA 8 NA 31 
Total NA 41 NA 40 
Cut, set and unset: 

Australia NA 16 NA 13 
Austria NA 2 NA 1 
Brazil NA 8 NA 8 
Canada NA 1 NA 1 
China NA 26 NA Zi 
Columbia NA 1 NA (3) 
French Polynesia NA 7 NA 6 
Germany NA 18 NA 21 
Hong Kong NA 32 NA 34 
India NA 75 NA 77 
Indonesia NA (3) NA 2 
Israel NA 5 NA 6 
Japan NA 11 NA 20 
Mexico NA 1 NA (3) 
South Africa NA 1 NA 1 
Sri Lanka NA 6 NA 4 
Switzerland NA 2 NA 11 
Taiwan NA 2 NA 2 
Tanzania NA 7 NA 6 
Thailand NA 31 NA 36 
United Kingdom NA 8 NA 1 
Other NA 6 NA 6 
Total NA 265 NA 281 


NA Not available. -- Zero. 

‘Data are rounded to no more than three significant digits; may not add to totals shown. 
*Customs value. 
*Less than 1/2 unit. 


Source: U.S. Census Bureau. 
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TABLE 9 


VALUE OF U.S. IMPORTS OF LABORATORY-CREATED 
AND IMITATION GEMSTONES, BY COUNTRY'” 


(Thousand dollars) 
Country 2002 2003 
Laboratory-created, cut but unset: 
Australia 27 36 
Austria 2,730 477 
Belgium 72 18 
Brazil 143 48 
China 10,300 10,100 
France 831 881 
Germany 9,630 11,300 
Hong Kong 1,950 1,230 
India 822 530 
Italy 50 74 
Japan 28 187 
Korea, Republic of a2] 712 
Netherlands 65 zs) 
Singapore 79 35 
Spain 14 19 
Sri Lanka 844 1,610 
Switzerland 6,360 7,220 
Taiwan 312 234 
Thailand 1,670 1,180 
Other 913 385 
Total 37,600 36,300 
Imitation:* 

Austria 39,900 39,600 
China 2,260 2,430 
Czech Republic 8,850 6,100 
Germany 1,300 1,120 
Hong Kong 1,560 1,140 
India 1,280 567 
Italy 139 137 
Japan 247 376 
Korea, Republic of 467 674 
Spain 72 133 
Taiwan 164 72 
Other 434 430 
Total 56,700 52,700 


'Data are rounded to no more than three significant digits; may not 


add to totals shown. 
Customs value. 
Includes pearls. 


Source: U.S. Census Bureau. 
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TABLE 10 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES! 


(Thousand carats and thousand dollars) 


2002 2003 
Stones Quantity Value” Quantity Value” 
Diamonds: 
Rough or uncut 1,010 567,000 1,500 707,000 
Cut but unset 19,900 11,500,000 19,100 12,200,000 
Emeralds, cut but unset 8,670 143,000 3,020 126,000 
Coral and similar materials, unworked NA 10,400 NA 11,100 
Rubies and sapphires, cut but unset 10,400 226,000 12,600 222,000 
Pearls: 
Natural NA 1,490 NA 601 
Cultured NA 35,000 NA 39,100 
Imitation NA 968 NA 2,920 
Other precious and semiprecious stones: 
Rough, uncut 812,000 24,200 1,360,000 21,900 
Cut, set and unset NA 229,000 NA 241,000 
Other NA 6,580 NA 6,440 
Laboratory-created: 
Cut but unset 251,000 37,600 224,000 36,300 
Other NA 5,610 NA 6,920 
Imitation gemstone® NA 55,700 NA 49,800 
Total XX =: 12,900,000 XX = 13,600,000 


NA Not available. XX Not applicable. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


*Customs value. 
“Does not include pearls. 


Source: U.S. Census Bureau. 
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TABLE 11 
NATURAL DIAMOND: ESTIMATED WORLD PRODUCTION, BY COUNTRY AND TYPE”’”* 


(Thousand carats) 


Country and type" 1999 2000 2001 2002 2003 
Gemstones: 
Angola 3,360 3,914 > 4,653 > 4,520 * 4,770 
Australia 13,403 ©? 11,956 °° 11,779 *° 15,142 *° 14,900 
Botswana 17,200 18,500 19,800 21,300 22,800 
Brazil 900 ° 1,000 ° 700 © 500 ©? 500 
Canada 2,429 > 2,534 37169? 4,984 ° 11,200 
Central African Republic 311 346 Sait S11 * 300 
China 230 230 235 235 235 
Congo (Kinshasa) 4,120 3,500 3,640 ° 4,400 ' 5,400 
Cote d' Ivoire 270 210 207" 204 ' 205 
Ghana 546 792 936 770 800 
Guinea 287 278 273." 368 * 368 
Guyana 45° 82 ° 179 > 248"? 250 
Liberia 120 100 100 48° 36 
Namibia 1,630 1,450 1,487 ° 1,350 1,650 
Russia 11,500 11,600 11,600 11,500 12,000 
Sierra Leone ys 58° 167° (Age 214 
South Africa 4,000 4,320 4,470 4,350 5,070 
Tanzania 200 301 216 181° 198 
Venezuela 59° 29° Lae 46 °° 30 
Zimbabwe 15 8 -- -- -- 
Other’ 20 24 25 25 24 
Total 60,600 * 61,200 * 64,500 * 70,600 * 80,900 
Industrial: 

Angola 373 435 517 502 * 530 
Australia 16,381 ° 14,612 ©? 14,397 © 18,500 ° 18,200 
Botswana 5,730 6,160 6,600 7,100 7,600 
Central African Republic 120 115 112 * 104 * 100 
China 920 920 950 955 955 
Congo (Kinshasa) 16,000 14,200 14,560 ©? 17,456 ©? 21,600 
Cote d' Ivoire 128 110 102 ' 102 * 102 
Ghana 136 198 234 193 200 
Guinea 96 91 91° 123 123 
Liberia 80 70 70 32° 24 
Namibia -- 106 -- -- -- 
Russia 11,500 11,600 11,600 11,500 12,000 
Sierra Leone are 19° 56° 205 ©? 296 
South Africa 6,010 6,470 6,700 6,530 7,600 
Tanzania 35° 53° 38° 325° 35 
Venezuela 36° 80 > 28 °°? 61> 50 
Zimbabwe 30 15 -- -- -- 
Other’ 52 64 66 68 67 
Total 57,600 * 55,300 * 56,100 * 63,500 * 69,500 
Grand total 118,000 * 117,000 * 121,000 * 134,000 * 150,000 


‘Revised. -- Zero. 

'World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
*Table includes data available through June 10, 2004. 

“In addition to the countries listed, Nigeria and the Republic of Korea produce natural diamond and synthetic diamond, 
respectively, but information is inadequate to formulate reliable estimates of output levels. 

“Includes near-gem and cheap-gem qualities. 

Reported figure. 

*Includes Gabon, India, and Indonesia. 

Includes India and Indonesia. 
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GEMSTONES' 


(Data in million dollars, unless otherwise noted) 


Domestic Production and Use: The combined U.S. natural and synthetic gemstone output decreased in 2002 from 
that of 2001. Production of natural gemstones increased by 12% during 2002, primarily owing to increased tourmaline 
production in California. Domestic gemstone production included agates, amber, beryl, coral, garnet, jade, jasper, 
opal, pearl, quartz, sapphire, shell, topaz, tourmaline, turquoise, and many other gem materials. In decreasing order, 
California, Tennessee, Arizona, Oregon, Arkansas, Idaho, and Montana produced 85% of U.S. natural gemstones. 
Production of synthetic gemstones decreased by 38% during the year, owing to large decreases in the production of 
cubic zirconia and moissanite. Reported output of synthetic gemstones was from six firms in North Carolina, New 
York, Florida, California, Michigan, and Arizona, in decreasing order of production. Major uses were jewelry, carvings, 


and gem and mineral collections. 


Salient Statistics—United States: 
Production: 
Natural® 
Synthetic 
Imports for consumption 
Exports, including reexports* 
Consumption, apparent? 
Price 
Employment, mine, number? 
Net import reliance® as a percentage 
of apparent consumption 


Recycling: Insignificant. 


1998 


14.3 
24.2 
9,250 
2,980 
6,310 


1,200 
99 


1999 2000 2001 2002° 

17.2 15.1 16.9 

47.5 37.1 24.7 15.3 

10,700 12,900 11,400 12,900 

3,610 4,330 4,330 4,690 

7,150 8,620 7,110 8,240 
Variable, depending on size, type, and quality 

1,200 1,200 1,200 1,200 

99 99 99 99 


Import Sources (1998-2001): Israel, 42%; Belgium, 20%; India, 20%; and other, 18%. Diamond imports accounted 


for 94% of the total value of gem imports. 


Tariff: Item 


Diamonds, unworked or sawn 
Diamond, ’ carat or less 
Diamond, cut, more than 12 carat 
Precious stones, unworked 
Precious stones, simply sawn 
Rubies, cut 

Sapphires, cut 

Emeralds, cut 

Other precious, cut but not set 
Other precious stones 
Imitation precious stones 
Synthetic cut, but not set 
Pearls, natural 

Pearls, cultured 

Pearls, imitation, not strung 


Number 


7102.31.0000 
7102.39.0010 
7102.39.0050 
7103.10.2000 
7103.10.4000 
7103.91.0010 
7103.91.0020 
7103.91.0030 
7103.99.1000 
7103.99.5000 
7018.10.2000 
7104.90.1000 
7101.10.0000 
7101.21.0000 
7018.10.1000 


Depletion Allowance: 14% (Domestic and foreign). 


Normal Trade Relations 


12/31/02 
Free. 
Free. 
Free. 
Free. 

10.5% ad val. 
Free. 
Free. 
Free. 
Free. 

10.5% ad val. 
Free. 
Free. 
Free. 
Free. 

4.0% ad val. 


Government Stockpile: The National Defense Stockpile (NDS) does not contain an inventory of gemstones. 
However, a very small portion of the industrial diamond stone inventory is of near-gem quality. Additionally, the beryl! 
and quartz inventories contain some gem-quality materials that could be used by the gem industry. The U.S. 
Department of Defense is currently selling some NDS materials that may be near-gem quality. 


Prepared by Donald W. Olson [(703) 648-7721, dolson@usgs.gov, fax: (703) 648-7722] 
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Events, Trends, and Issues: In 2002, the U.S. market for unset gem-quality diamonds was estimated to be more 
than $10.5 billion, accounting for at least one-third of world demand. The domestic market for natural, unset 
nondiamond gemstones totaled more than $700 million. The United States is expected to dominate global gemstone 
consumption throughout this decade. 


In order to deal with the problem of ?conflict diamonds,” which are used to support insurgent forces in Africa, an 
international system of certification for rough diamond shipments called the Kimberley process was mandated by the 
United Nations in 2001. This process was implemented during 2002, and along with the apparent end of the conflicts 
in Angola, Congo (Kinshasa), and Sierra Leone, cleared the way for legitimate diamond trade. 


Canada’s Ekati Mine completed its third full year in 2001, with diamond production of 3.7 million carats. Canada’s 
Diavik project is expected to come on-stream in 2003 with production of 6 to 8 million carats per year. Canada’s first 
underground diamond mine, the Snap Lake project, is expected to come on-stream in 2005. When the Diavik and 
Snap Lake mines begin production, Canada will be producing at least 15% to 20% of total world diamond output. 


World Mine Production,’ Reserves, and Reserve Base: Mine production for Angola, Botswana, Brazil, Canada, 
Congo (Kinshasa), Ghana, Guinea, Sierra Leone, and Tanzania have been revised upward, while production for 
Australia, Namibia, South Africa, and Venezuela have been revised downward based on new information from official 
country sources. 


Mine production Reserves and reserve base® 
2001 2002° 

United States (°) (°) World reserves and reserve base of 
Angola 4,650 4,700 gem diamond are substantial. No 
Australia 10,700 12,000 reserves or reserve base data are 
Botswana 20,100 20,100 available for other gemstones. 
Brazil 1,000 1,000 
Canada 2,600 2,700 
Central African Republic 360 400 
China 240 250 
Congo (Kinshasa) 9,100 7,000 
Ghana 700 700 
Guinea 270 300 
Namibia 1,490 1,600 
Russia 11,600 11,900 
Sierra Leone 450 500 
South Africa 4,470 4,200 
Tanzania 300 300 
Other countries 500 500 

World total (may be rounded) 68,500 68,000 


World Resources: Natural gem-quality diamonds are among the world’s rarest mineral materials. Most diamond- 
bearing ore bodies have a diamond content that ranges from less than 1 carat per ton to only about 6 carats per ton. 
The major gem diamond reserves are in southern Africa, Western Australia, Canada, and Russia. 


Substitutes: Plastics, glass, and other materials are substituted for natural gemstones. Synthetic gemstones 
(manufactured materials that have the same chemical and physical properties as gemstones) are common 
substitutes. Simulants (materials that appear to be gems, but differ in chemical and physical characteristics) also are 
frequently substituted for natural gemstones. 


“Estimated. 

‘Excludes industrial diamond and garnet. See Diamond (Industrial) and Garnet (Industrial). 

7Estimated minimum production. 

3Includes production of freshwater shell. 

“Reexports account for about 66% of the totals. 

“If reexports were not considered, apparent consumption would be significantly greater. 

®Defined as imports - exports and reexports + adjustments for Government and industry stock changes. 
’Data in thousands of carats of gem diamond. 

8See Appendix C for definitions. 

°Less than ¥% unit. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2003 


GEMSTONES 


By Donald W. Olson 


Domestic survey data and tables were prepared by Nicholas A. Muniz, statistical assistant, and the world production table 
was prepared by Glenn J. Wallace, international data coordinator. 


In this report, the terms “gem” and “gemstone” mean any mineral or organic material (such as amber, pearl, petrified wood, and 
shell) used for personal adornment, display, or object of art because it possesses beauty, durability, and rarity. Of more than 4,000 
mineral species, only about 100 possess all these attributes and are considered to be gemstones. Silicates other than quartz are the 
largest group of gemstones; oxides and quartz are the second largest (table 1). Gemstones are subdivided into diamond and colored 
gemstones, which in this report designates all natural nondiamond gems. In addition, laboratory-created gemstones, cultured pearls, 
and gemstone simulants are discussed but are treated separately from natural gemstones (table 2). Trade data in this report are from 
the U.S. Census Bureau. All percentages in the report were computed using unrounded data. Current information on industrial-grade 
diamond and industrial-grade garnet can be found in the U.S. Geological Survey (USGS) Minerals Yearbook, volume I, Metals and 
Minerals, chapters on industrial diamond and industrial garnet. 

In 2004, the estimated value of natural gemstones produced in the United States was $14.5 million, and the estimated value of U.S. 
laboratory-created gemstone production was $30.7 million. The total estimated value of U.S. gemstone production was $45.2 million. 
The estimated value of U.S. gemstone imports was $15.5 billion, and the value of combined U.S. gemstone exports and reexports was 
estimated to be $7.23 billion. 

Gemstones have fascinated humans since prehistoric times. They have been valued as treasured objects throughout history by all 
societies in all parts of the world. Amber, amethyst, coral, diamond, emerald, garnet, jade, jasper, lapis lazuli, pearl, rock crystal, 
ruby, serpentine, and turquoise are some of the first stones known to have been used for making jewelry. These stones served as 
symbols of wealth and power. Today, gems are worn more for pleasure or in appreciation of their beauty than to demonstrate wealth. 
In addition to jewelry, gemstones are used for collections, decorative art objects, and exhibits. 


Production 


Commercial mining of gemstones has never been extensive in the United States. More than 60 varieties of gemstones have been 
produced commercially from domestic mines, but most of the deposits have been relatively small compared with other mining 
operations. In the United States, much of the current gemstone mining is conducted by individual collectors, gem clubs, and hobbyists 
rather than by businesses. 

The commercial gemstone industry in the United States consists of individuals and companies that mine gemstones or harvest shell 
and pearl, firms that manufacture laboratory-created gemstones, and individuals and companies that cut and polish natural and 
laboratory-created gemstones. The domestic gemstone industry is focused on the production of colored gemstones and on the cutting 
and polishing of large diamond stones. Industry employment is estimated to range from 1,000 to 1,500 workers (U.S. International 
Trade Commission, 1997, p. 1). 

Most natural gemstone producers in the United States are small businesses that are widely dispersed and operate independently. 
The small producers probably have an average of less than three employees, including those who only work part time. The number of 
gemstone mines operating from year to year fluctuates because the uncertainty associated with the discovery and marketing of gem- 
quality minerals makes it difficult to obtain financing for developing and sustaining economically viable deposits (U.S. International 
Trade Commission, 1997, p. 23). 

The total value of natural gemstones produced in the United States during 2004 was estimated to be at least $14.5 million (table 3). 
The production value increased by 15% from that of the preceding year. 

The estimate of 2004 U.S. gemstone production was based on a survey of more than 230 domestic gemstone producers conducted 
by the USGS. The survey provided a foundation for projecting the scope and level of domestic gemstone production during the year. 
However, the USGS survey did not represent all gemstone activity in the United States, which includes thousands of professional and 
amateur collectors. Consequently, the USGS supplemented its survey with estimates of domestic gemstone production from related 
published data, contacts with gemstone dealers and collectors, and information garnered at gem and mineral shows. 

Natural gemstone materials indigenous to the United States are collected, produced, and/or marketed in every State. During 2004, 
all 50 States produced at least $1,000 worth of gemstone materials. Seven States accounted for 79% of the total value, as reported by 
survey respondents. These States, in order of declining value of production, were Tennessee, Arizona, Oregon, California, Idaho, 
Montana, and Nevada. Some States were known for the production of a single gemstone material—Tennessee for freshwater pearls, 
for example. Other States produced a variety of gemstones, for example Arizona, whose gemstone deposits included agate, amethyst, 
azurite, chrysocolla, garnet, jade, jasper, malachite, obsidian, onyx, opal, peridot, petrified wood, smithsonite, and turquoise. There is 
also a wide variety of gemstones found and produced in California, Idaho, Montana, and North Carolina. 

During 2004, the United States had only one operation in known diamond-bearing areas from which diamonds were produced. That 
diamond operation is in Crater of Diamonds State Park near Murfreesboro in Pike County, AR, where a dig-for-fee operation for 
tourists and rockhounds is maintained by the State of Arkansas. Crater of Diamonds is the only diamond mine in the world that is 
open to the public. The diamonds occur in a lamproite breccia tuff associated with a volcanic pipe and in the soil developed from the 
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lamproite breccia tuff. In 2004, 383 diamond stones with an average weight of 0.2 carats were recovered at Crater of Diamonds State 
Park. Since the diamond-bearing pipe and the adjoining area became a State park in 1972, 22,833 diamond stones have been 
recovered (Rachel Engebrecht, park interpreter, Crater of Diamonds State Park, written commun., July 11, 2004). Exploration has 
demonstrated that there is about 78.5 million metric tons (Mt) of diamond-bearing rock in this diamond deposit (Howard, 1999, p. 62). 
An Arkansas law, enacted early in 1999, prohibits commercial diamond mining in the park (Diamond Registry Bulletin, 1999). 

The Kelsey Lake diamond mine was a commercially operated diamond mine, located close to the Colorado-Wyoming State line 
near Fort Collins, CO. Diamond was produced at Kelsey Lake through April 2002, but the mine has been in care-and-maintenance 
mode since then with no additional production reported. The Kelsey Lake property includes nine known kimberlite pipes, of which 
three have been tested and have shown that diamonds are present. The remaining six pipes have yet to be fully explored and tested for 
their diamond potential. Of the diamonds recovered, 50% to 65% was clear gem quality, and almost one-third was one carat or larger 
in size. The identified resources are at least 17 Mt grading an average of 4 carats per 100 metric tons (Taylor Hard Money Advisers, 
20008 ). 

Studies by the Wyoming Geological Survey have shown that Wyoming has the potential for a $1 billion diamond mining business. 
Wyoming has many of the same geologic conditions as Canada, and there is evidence of hundreds of kimberlite pipes in the State. 
Twenty diamondiferous kimberlite pipes and one diamondiferous mafic breccia pipe have been identified in southern Wyoming. Two 
of the largest kimberlite fields, State Line and Iron Mountain, and the largest lamproite field in the United States, Leucite Hills, are in 
Wyoming. There has been slight interest in the southern Wyoming and northern Colorado area by several diamond mining firms, but 
the only diamond mine developed in the area thus far is the Kelsey Lake Mine. Individual diamond gems worth $89,000 and 
$300,000 have been found there (Associated Press, 20028). 

The success of Canadian diamond mines has made people focus on whether there are also commercially producible diamond 
deposits in the United States. Currently, there are no operating commercial diamond mines in the United States. Australian and 
Canadian companies are now conducting diamond exploration in Alaska and Minnesota. Alaska has similar geologic terrain to the 
Northwest Territories; and garnet and other diamond indicator minerals, as well as 17 microscopic diamonds have been found near 
Anchorage. Two Canadian companies have invested $1 million in an exploration drilling program. Geologists from the University of 
Minnesota teamed with an Australian mining company are conducting a soil sampling program in Minnesota for mineral exploration, 
including diamond. The samples are being analyzed by Australia’s WMC Resources Ltd. The scientists believe that there is good 
chance of success owing to Minnesota’s similar geology to Canada (Diamond Registry Bulletin, 2005a). 

In another exploration venture during the second half of 2004, Delta Mining and Exploration Corp. found a diamond-bearing 
kimberlite in an 80-acre site known as the Homestead property near Lewistown, MT. Preliminary tests have shown the presence of 
microscopic diamonds. The firm is now planning a $700,000 soil sampling program, as further exploration. Diamonds have been 
found in the stream beds and glacial valleys of Montana for years. One notable find was the 14-carat Lewis and Clark diamond found 
near Craig in 1990 (Associated Press, 20048). 

In addition to natural gemstones, laboratory-created gemstones and gemstone simulants are produced in the United States. 
Laboratory-created or synthetic gemstones have the same chemical, optical, and physical properties as the natural materials. 

Simulants have an appearance similar to that of a natural gemstone material, but they have different chemical, optical, and physical 
properties. Laboratory-created gemstones produced in the United States include alexandrite, diamond, emerald, moissanite, ruby, 
sapphire, and turquoise. Simulants of coral, lapis lazuli, malachite, and turquoise also are manufactured in the United States. In 
addition, certain colors of laboratory-created sapphire and spinel, used to represent other gemstones, are classified as simulants. 

Laboratory-created gemstone production in the United States was valued at more than $30.7 million during 2004; simulant 
gemstone output was even greater and was estimated to be valued at more than $100 million. Five firms in five States, representing 
virtually the entire U.S. laboratory-created gemstone industry, reported production to the USGS. The States with reported laboratory- 
created gemstone production, in descending production value order, were North Carolina, Florida, Massachusetts, Michigan, and 
Arizona. 

Gemesis Corp., a company in Sarasota, FL, produced consistent quality laboratory-created gem diamond and reported a fifth year of 
production in 2004. The laboratory-created diamonds are produced using equipment, expertise, and technology developed by a team 
of scientists from Russia and the University of Florida. The weight of the laboratory-created diamond stones range from 1.5 to 2 
carats, and most of the stones are yellow, brownish yellow, colorless, and green (Weldon, 1999§). Gemesis uses diamond-growing 
machines, each machine capable of growing 3-carat rough diamonds by generating high pressures and high temperatures (HPHT) that 
recreate the conditions in the Earth’s mantle, where natural diamonds form. Gemesis eventually plans to have 250 diamond-growing 
machines installed at their facility near Sarasota, FL (Davis, 2003); at that point, Gemesis could be producing as much as 30,000 to 
40,000 stones each year, and annual revenues may hit $70 million to $80 million (Diamond Registry Bulletin, 2001). Gemesis 
diamonds became available for retail purchase in jewelry stores and on the Internet in fall 2003. The prices of the Gemesis laboratory- 
created diamonds are below those of natural diamond but above the prices of simulated diamond (Weldon, 20038). 

Apollo Diamond, Inc., a company near Boston, MA, has developed a method for growing gem-quality diamond by chemical vapor 
deposition (CVD). Robert Linares of Apollo Diamond received a patent for the process in June 2003. The CVD technique transforms 
carbon into plasma, which then is precipitated onto a substrate as diamond. CVD has been used for more that a decade to cover large 
surfaces with microscopic diamond crystals, but until this process, no one had discovered the combination of temperature, gas 
composition, and pressure that resulted in the growth of a single diamond crystal. CVD diamond precipitates as nearly 100% pure, 
almost flawless diamond, and therefore may not be discernible from natural diamond by some tests (Davis, 2003). Apollo Diamond is 
producing |-carat stones thus far, but hopes to be making 2-carat stones by 2006. The company is planning to start selling their 


‘References that include a section mark (§) are found in the Internet References Cited section. 


30.2 U.S. GEOLOGICAL SURVEY MINERALS YEARBOOK—2004 


diamonds in the jewelry market during the last half of 2005 at costs 10% to 30% below those of comparable natural diamonds 
(Hastings, 2005). 

In early 2004, scientists at the Carnegie Institution’s Geophysical Laboratory published a study that showed researchers grew 
diamond crystals by a special CVD process at very high growth rates. They were able to grow gem-sized crystals in a day; a growth 
rate 100 times faster than other methods used to date. The lead author of the study said that the diamonds were much harder to polish 
than conventional diamond crystals produced by HPHT methods. This is a new way of producing diamond crystals for such new 
applications as diamond-based electronic devices and next-generation cutting tools (Willis, 2004). By early 2005, the Carnegie 
Institution’s Geophysical Laboratory and the University of Alabama had jointly developed and patented the CVD process and 
apparatus to produce 10-carat, Y2-inch-thick single diamond crystals at very rapid growth rates (100 micrometers per hour). This faster 
CVD method uses microwave plasma technology, and it allows multiple crystals to be grown simultaneously. This size is about five 
times that of commercially available lab-created diamonds produced by HPHT and other CVD techniques. Dr. Russell Hemley of the 
Carnegie Institute stated, “High-quality crystals over 3 carats are very difficult to produce using the conventional approach. Several 
groups have begun to grow diamond single crystals by CVD, but large, colorless, and flawless ones remain a challenge. Our 
fabrication of 10-carat, half-inch, CVD diamonds is a major breakthrough” (Willis, 2004; Carnegie Institution of Washington, 2005; 
Science Blog, 2005§). Both Apollo Diamond and the Carnegie Institution have noted that their diamonds produced by the CVD 
method are harder than natural diamonds and diamonds produced by HPHT methods. 

In 2004, the North Carolina company Charles & Colvard, Ltd. entered its seventh year of marketing moissanite, a gem-quality 
laboratory-created silicon carbide it produces. Moissanite is also an excellent diamond simulant, but it is being marketed for its own 
gem qualities. Moissanite exhibits a higher refractive index (brilliance) and higher luster than diamond. Its hardness is between 
corundum (ruby and sapphire) and diamond, which gives it durability (Charles & Colvard, Ltd., 20058). 


Consumption 


Although the United States accounted for little of the total global gemstone production, it was the world’s leading gemstone market. 
U.S. gemstone markets accounted for more than an estimated 35% of world gemstone demand in 2004. The U.S. market for unset 
gem-quality diamond during the year was estimated to have exceeded $14.6 billion. Domestic markets for natural, unset nondiamond 
gemstones totaled nearly $859 million. 

In the United States, about two-thirds of domestic consumers designate diamond as their favorite gemstone when surveyed. In 
2004, the top 10 selling colored gemstones, in descending order, were blue sapphire, fancy sapphire, ruby, tanzanite, emerald, pink 
tourmaline, amethyst, blue topaz, peridot, and pearl. Tsavorite garnet, aquamarine, opal, and green tourmaline dropped out of the top 
10 from the previous year. Only 13% of the jewelry retailers said their sales were down in 2004 compared with 25% in 2003 (Wade, 
2004; Prost, 2005). During 2004, U.S. retail jewelry store sales reached $28.3 billion, an increase of 5% compared with the previous 
year (by value). Jewelers’ sales for the month of December 2004 were $6.7 billion, a 2% increase compared with that of December 
2003 (Rapaport Diamond Report, 2005). Global retail sales of diamond jewelry increased by about 6.2% in 2004 compared with the 
previous year (Diamond Registry Bulletin, 2005d). The U.S. market accounted for more than 50% of the global diamond jewelry 
retail market in 2004. 


Prices 


Gemstone prices are governed by many factors and qualitative characteristics, including beauty, clarity, defects, demand, durability, 
and rarity. Diamond pricing, in particular, is complex; values can vary significantly depending on time, place, and the subjective 
evaluations of buyers and sellers. There are more than 14,000 categories used to assess rough diamond and more than 100,000 
different combinations of carat, clarity, color, and cut values used to assess polished diamond (Pearson, 1998). 

Colored gemstone prices are generally influenced by market supply and demand considerations, and diamond prices are supported 
by producer controls on the quantity and quality of supply. Values and prices of gemstones produced and/or sold in the United States 
are listed in tables 3 through 5. In addition, customs values for diamonds and other gemstones imported, exported, or reexported are 
listed in tables 6 through 10. 

De Beers Group companies are a significant force affecting gem diamond prices worldwide because they mine more than 40% of 
the diamond produced each year (De Beers Group, 2004§). De Beers companies also sort and valuate about two-thirds (by value) of 
the world’s annual supply of rough diamond through De Beers’ subsidiary Diamond Trading Co. (DTC), which has marketing 
agreements with other producers (De Beers Group, 20038). 


Foreign Trade 


During 2004, total U.S. gemstone trade with all countries and territories was valued at more than $22.1 billion, which was an 
increase of 18% from that of the previous year. Diamond accounted for about 96% of the 2004 gemstone trade total. In 2004, U.S. 
exports and reexports of diamond were shipped to 89 countries and territories, and imports of all gemstones were received from 169 
countries and territories (tables 6-10). During 2004, U.S. trade in cut diamond increased by about 14% compared with the previous 
year, and the United States remained the world’s leading diamond importer. The United States is a significant international diamond 
transit center as well as the world’s leading gem diamond market. The large volume of reexports shipped to other centers reveals the 
significance that the United States has in the world’s diamond supply network (table 6). 


GEMSTONES—2004 30.3 


In 2004, trade in laboratory-created gemstone increased by almost 13% for the United States compared with the previous year. 
Laboratory-created gemstone imports from Austria, China, Germany, Hong Kong, Sri Lanka, Switzerland, and Thailand made up 
almost 92% (by value) of the total domestic imports of laboratory-created gemstones during the year. Prices of certain laboratory- 
created gemstone imports, such as amethyst, were very competitive. The marketing of imported laboratory-created gemstones and 
enhanced gemstones as natural gemstones and the mixing of laboratory-created materials with natural stones in imported parcels 
continued to be problems for some domestic producers in 2004. There also were problems with some simulants being marketed as 
laboratory-created gemstones during the year. 


World Industry Structure 


The gemstone industry worldwide has two distinct sectors—diamond mining and marketing and the production and sale of colored 
gemstones. Most diamond supplies are controlled by a few major mining companies; prices are supported by managing the quality 
and quantity of the gemstones relative to demand, a function performed by De Beers through DTC. Unlike diamond, colored 
gemstones are primarily produced at relatively small, low-cost operations with few dominant producers; prices are influenced by 
consumer demand and supply availability. 

In 2004, world diamond production totaled about 156 million carats—89.4 million carats gem quality and 66.6 million carats 
industrial grade (table 11). Most production was concentrated in a few regions—Africa [Angola, Botswana, Congo (Kinshasa), 
Namibia, and South Africa], Asia (northeastern Siberia and Yakutia in Russia), Australia, North America (Northwest Territories in 
Canada), and South America (Brazil and Venezuela). In 2004, Russia led the world in total diamond output quantity (combined 
gemstone and industrial). Botswana was the world’s leading gemstone diamond producer, followed by Russia, Canada, and Australia, 
in descending quantity order. 

Russian diamond production figures were released for the first time in December 2004. Production information had been kept as a 
state secret since the first diamond discovery in Siberia in 1955 (Diamond Registry Bulletin, 2005e). 

De Beers reported that its sales of rough diamond for 2004 were $5.6 billion, which was up by 3% from $5.5 billion in 2003 
(Diamond Registry Bulletin, 2004b; Diamond Registry Bulletin, 2005b). 

Israel’s polished diamond net exports increased by 14.4% to $6.33 billion during 2004, and its exports of rough diamond increased 
by 31% to $2.92 billion. The United States remained the leading diamond trading partner for Israel. Israel’s rough diamond imports 
from the DTC were $932 million in 2004, which was 18% of their total rough imports. This was a drop from 22% in 2003 (Diamond 
Registry Bulletin, 2005c). 

Additional events in 2004 significant to diamond mining, production, and marketing worldwide include the following: 

e The Ekati Diamond Mine, Canada’s first operating commercial diamond mine, completed its sixth full year of production. In 
2004, Ekati produced 4.08 million carats of diamond from 4.54 Mt of ore (BHP Billiton Ltd., 2005). BHP Billiton Ltd. has an 80% 
controlling ownership of the Ekati, which is located in Northwest Territories in Canada. Ekati has estimated reserves of 60.3 Mt of 
ore in kimberlite pipes that contain 54.3 million carats of diamond, and Ekati projected the mine life to be 25 years. Ekati diamonds 
are sold by BHP’s Antwerp sales office. The Ekati Mine is now producing from the Koala, Panda, and Misery kimberlite pipes. In 
November 2002, BHP began using underground mining techniques to recover diamonds from deeper portions of the Koala kimberlite 
pipe, which was first open-pit mined (Diamond Registry Bulletin, 2002). Plans were approved for underground mining of deeper 
portions of the adjacent Panda kimberlite pipe, and initial production was expected in early 2005 (BHP Billiton Ltd., 2004). 

e The Diavik Diamond Mine, also in the Northwest Territories, completed its second full year of production. In 2004, Diavik 
produced 7.57 million carats of diamond from its A154 North ore body and the adjacent A154 South pipe. Both pipes are located 
within the same pit (Diavik Diamond Mines Inc., 2005). The Diavik Diamond Mine has estimated its reserves to be 25.6 Mt of ore in 
kimberlite pipes, containing 107 million carats of diamond, and Diavik projected the mine life to be 16 to 22 years. Diavik is an 
unincorporated joint venture between Diavik Diamond Mines Inc. (60%) and Aber Diamond Mines Ltd. (40%). The mine is expected 
to produce about 107 million carats of diamond at a rate of 8 million carats per year worth about $63 per carat (Diavik Diamond 
Mines Inc., 2000, p. 10-12). 

In 2002, an international rough diamond certification system called the Kimberley Process Certification Scheme (KPCS) was 
implemented to solve the problem of conflict diamonds—rough diamonds used by rebel forces and their allies to help finance warfare 
aimed at subverting governments recognized as legitimate by the United Nations (UN). The KPCS was agreed upon by UN member 
nations, the diamond industry, and involved nongovernmental organizations. The KPCS includes the following key elements: the use 
of forgery-resistant certificates and tamper-proof containers for shipments of rough diamonds; internal controls and procedures that 
provide credible assurance that conflict diamonds do not enter the legitimate diamond market; a certification process for all exports of 
rough diamonds; the gathering, organizing, and sharing of import and export data on rough diamonds with other participants of 
relevant production; credible monitoring and oversight of the international certification scheme for rough diamonds; effective 
enforcement of the provisions of the certification scheme through dissuasive and proportional penalties for violations; self regulation 
by the diamond industry that fulfills minimum requirements; and the sharing of information with all other participants on relevant 
rules, procedures, and legislation as well as examples of national certificates used to accompany shipments of rough diamonds 
(Weldon, 2001§). Canada acted as the chair and secretariat of the KPCS for the first 2 years, and in October, Russia assumed these 
duties. The KPCS will not be fully implemented until all participating countries have passed the necessary laws to carry it out. The 
Kimberley Process presently comprises 43 participants, and these participants account for approximately 99.8% of the global 
production of rough diamonds (Kimberley Process, 2005§). Discussions about the possible participation of several other countries are 
ongoing. 
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In the United States, the Clean Diamond Trade Act, which will implement effective measures to stop trade in conflict diamonds, 
was passed by the U.S. House of Representatives on April 8, 2003, and by the U.S. Senate on April 10, 2003. The President signed 
the Act into law on April 25, 2003. Enactment of the Clean Diamond Trade Act made the United States a full participant in the KPCS 
(U.S. House of Representatives, 2003§). U.S. participation is critical to the success of the KPCS in excluding conflict diamonds from 
the legitimate supply chain because the United States is the world’s leading gem diamond market. The industry and trade associations 
have played an active role in achieving this progress in ending the problem of conflict diamonds (Professional Jeweler, 20038). 

At the end of 2003, De Beers and the U.S. Department of Justice began work toward settlement of its long-running dispute over 
alleged illegal price fixing. On July 13, De Beers Centenary AG pled guilty in Federal court in Ohio to conspiring to fix the price of 
industrial diamond in the United States and elsewhere, resolving a 1994 case. De Beers was sentenced to pay a $10 million fine. 
With this settlkement, De Beers is now free to enter the U.S. market (Diamond Registry Bulletin, 2004c, d). 

Worldwide, the value of production of natural gemstones other than diamond was estimated to have exceeded $2 billion in 2004. 
Most nondiamond gemstone mines are small, low-cost, and widely dispersed operations in remote regions of developing nations. 
Foreign countries with major gemstone deposits other than diamond are Afghanistan (aquamarine, beryl, emerald, kunzite, lapis lazuli, 
ruby, and tourmaline), Australia (beryl, opal, and sapphire), Brazil (agate, amethyst, beryl, ruby, sapphire, topaz, and tourmaline), 
Burma (beryl, jade, ruby, sapphire, and topaz), Colombia (beryl, emerald, and sapphire), Kenya (beryl, garnet, and sapphire), 
Madagascar (beryl, rose quartz, sapphire, and tourmaline), Mexico (agate, opal, and topaz), Sri Lanka (beryl, ruby, sapphire, and 
topaz), Tanzania (garnet, ruby, sapphire, tanzanite, and tourmaline), and Zambia (amethyst and beryl). In addition, pearls are cultured 
throughout the South Pacific and in other equatorial waters; Australia, China, French Polynesia, and Japan are key producers. 

The U.S. colored gemstone market posted an overall increase in sales during 2004 compared with the previous years sales. The 
popularity of colored gemstones, colored laboratory-created gemstones, and “fancy” colored diamonds continued to increase in 2004. 
This was indicated by the increased U.S. imports for consumption values in most colored stone categories (emerald, coral, rubies, 
sapphires, other precious and semiprecious stones, and laboratory-created) in 2004 compared with the values from the previous year 
(table 10). Colored stone popularity also was evidenced by their general slight sales increase in 2004 (Prost, 2005). 

Tanzanite continued its popularity, moving back to fourth best selling stone in 2004 after moving up to third best selling stone in 
2003. This popularity is in part owing to the American Gem Trade Association (a United States and Canadian trade association) 
adding tanzanite to the traditional list of birthstones for December in 2002. It is by far the most popular of blue and violet-blue 
gemstones after sapphire. Tanzanite is characterized by combinations of royal blue and burgundy hues, which have an almost 
universal appeal. While some tanzanite displays a trace of blue when it is originally mined, most crystals emerge from the Earth with 
a muted gray-green color. All tanzanite has been subjected to a heat process to produce the violet-blue hues. The only known source 
of tanzanite is a 5-square-mile area in the hills of Merelani, 10 miles south of the Kilimanjaro International Airport, between Moshi 
and Arusha in Tanzania. Its rarity appears to also add to tanzanite’s growing popularity among consumers. 

Though U.S. shell production increased by 61% in 2004 compared with 2003, shell is not expected to ever be the large segment of 
U.S. gemstone production it was for several years in the past. The U.S. shell material from mussels is used as seed material for 
culturing pearls. The lower shell production is owing to overharvesting in past years, the killing off of U.S. native mussel species by 
invasive exotic species, and a decline in market demand. During the past 10 years, the United States has lost about three-quarters of 
the native mussel population, and one-half of the approximately 300 total U.S. native mussel species are now listed as endangered 
species. The zebra mussel is the invasive exotic species that has done most of the damage, and it has been introduced into U.S. rivers 
and waterways in discharged ballast water from transoceanic ships (lowa Department of Natural Resources, 2001§; Scott Gritterf, 
fisheries biologist, lowa Department of Natural Resources, oral commun., November 14, 2002). The market still has not completely 
recovered from the die-off of Japanese oysters. Seed material had been stockpiled in Japan, and now producers in Japan are using 
manmade seed materials or seed materials from China and other sources in addition to the stockpiled material. There also has been an 
increase in the popularity of darker and colored pearls that do not use U.S. seed material (Ted Kroll, assistant director of fisheries, 
Kentucky Department of Fish and Wildlife, oral commun., November 15, 2002). In some regions of the United States, shell from 
mussels is beginning to be used as a gemstone based on its own merit, rather than as seed material for pearls. This shell material is 
being used in beads, jewelry, and watch faces. 


Outlook 


There are indications that there may be continued growth in U.S. diamond and jewelry markets in 2005. Historically, diamonds 
have proven to hold their value despite wars or economic depressions (Schumann, 1998, p. 8). 

Diamond exploration is continuing in Canada, and many new deposits have been found. There are several other commercial 
diamond projects and additional discoveries located in Alberta, British Columbia, Northwest Territories, Nunavut, Ontario, and 
Quebec. Canada produced about 14% of the world’s diamond in 2004, and in price per carat of diamond produced, Canada outranked 
many of the world’s traditionally major diamond-mining countries (Diamond Registry Bulletin, 2004a). Canadian production 
continues to increase, and Canada is now third in production of gemstone diamond, after Botswana and Russia. 

Independent producers, such as Argyle Diamond Mines in Australia and Ekati and Diavik in Canada, will continue to bring a 
greater measure of competition to global markets. More competition presumably will bring more supplies and lower prices. Further 
consolidation of diamond producers and larger amounts of rough diamond being sold outside DTC will continue as the diamond 
industry adjusts to De Beers’ reduced influence on the industry. 

More laboratory-created gemstones, simulants, and treated gemstones will enter the marketplace and necessitate more transparent 
trade industry standards to maintain customer confidence. 


GEMSTONES—2004 30.5 


Internet sales of diamonds, gemstones, and jewelry has grown tremendously during 2004, and they will continue to grow and 
increase in popularity, as will other forms of e-commerce that emerge to serve the diamond and gemstone industry. This will take 
place as the gemstone industry and its customers become more comfortable with and learn the applications of new e-commerce tools 
(Diamond Registry Bulletin, 2004e, f). 
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TABLE 1 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size’ Cost” Mohs gravity Refraction index confused with characteristics 
Amber Hydrocarbon Yellow, red, green, blue Any Low to 2.0-2.5 1.0-1.1 Single 1.54 Synthetic or pressed Fossil resin, color, low 
medium plastics, kaurigum density, soft and 
trapped insects. 
Apatite Chlorocalcium Colorless, pink, yellow, Small Low 5.0 3.16-3.23 Double 1.63-1.65 Amblygonite, andalusite, Crystal habit, color, 
phosphate green, blue, violet brazilianite, precious hardness, appearance. 
beryl, titanite, topaz, 
tourmaline 
Azurite Copper carbonate Azure, dark blue, pale Small to do. 3.5-4.0 3.7-3.9 do. 1.72-1.85 Dumortierite, hauynite, Color, softness, crystal 
hydroxide blue medium lapis lazuli, lazulite, habits and associated 
sodalite minerals. 
Benitoite Barium titanium Blue, purple, pink, do. High 6.0-6.5 3.64-3.68 — do. 1.76-1.80 Sapphire, tanzanite, Strong blue in ultraviolet 
silicate colorless blue diamond, blue light. 
tourmaline, cordierite 
Beryl: 
Aquamarine Beryllium aluminum Blue-green to light blue Any Medium to 7.5-8.0 2.63-2.80 — do. 1.58 Synthetic spinel, blue Double refraction, 
silicate high topaz refractive index. 
Bixbite do. Red Small Very high 7.5-8.0 2.63-2.80 do. 1.58 Pressed plastics, Refractive index. 
tourmaline 
Emerald do. Green Medium do. 75 2.63-2.80 do. 1.58 Fused emerald, glass, Emerald filter, dichroism, 
tourmaline, peridot, refractive index. 
green garnet doublets 
Emerald, synthetic do. do. Small High 7.5-8.0 2.63-2.80 do. 1.58 Genuine emerald Lack of flaws, brilliant 
fluorescence in 
ultraviolet light. 
Golden (heliodor) do. Yellow to golden Any Low to 7.5-8.0 2.63-2.80 do. 1.58 Citrine, topaz, glass, Weak-colored. 
medium doublets 
Goshenite do. Colorless do. Low 7.5-8.0 2.63-2.80 do. 1.58 Quartz, glass, white Refractive index. 
sapphire, white topaz 
Morganite do. Pink to rose do. do. 7.5-8.0 2.63-2.80 do. 1.58 Kunzite, tourmaline, Do. 
pink sapphire 
Calcite: 
Marble Calcium carbonate White, pink, red, blue, do. do. 3.0 2.72 Double 1.49-1.66 Silicates, banded agate, Translucent. 
green, or brown (strong) alabaster gypsum 
Mexican onyx do. do. do. do. 3.0 2.72 do. 1.60 do. Banded, translucent. 
Charoite Hydrated sodium Lilac, violet, or white Small to do. 5.0-6.0 2.54-2.78 XX 1.55-1.56 Purple marble Color, locality. 
calcium hydroxi- medium 
fluoro-silicate 
Chrysobery]: 
Alexandrite Beryllium aluminate Green by day light, red Small (CIS*); High 8.5 3.50-3.84 Double 1.75 Synthetic Strong dichroism, color 
by artificial light medium varies from red to 
(Sri Lanka) green, hardness. 


See footnotes at end of table. 
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Practical Specific Refractive May be Recognition 
Name Composition Color size’ Cost” Mohs gravity Refraction index confused with characteristics 
Chrysoberyl— 
Continued: 
Cats-eye Beryllium aluminate Greenish to brownish Small to High 8.5 3.50-3.84 Double 1.75 Synthetic, shell Density, translucence, 
large chatoyance. 
Chrysolite do. Yellow, green, and/or Medium Medium 8.5 3.50-3.84 do. 1.75 Tourmaline, peridot Refractive index, silky. 
brown 
Chrysocolla Hydrated copper Green, blue Any Low 2.0-4.0 2.0-2.4 XX 1.46-1.57 Azurite, dyed Lack of crystals, color, 
silicate chalcedony, malachite, fracture, low density 
turquoise, variscite and softness. 
Coral Calcium carbonate Orange, red, white, black, Branching, do. 3.5-4.0 2.6-2.7. Double 1.49-1.66 False coral Dull translucent. 
purple, or green medium 
Corundum: 
Ruby Aluminum oxide Rose to deep purplish red Small Very high 9.0 3.95-4.10 — do. 1.78 Synthetics, including Inclusions, fluorescence. 
spinel, garnet 
Sapphire, blue do. Blue Medium High 9.0 3.95-4.10 — do. 1.78 — do. Inclusions, double 
refraction, dichroism. 
Sapphire, fancy do. Yellow, pink, colorless, Medium to Medium 9.0 3.95-4.10 do. 1.78 Synthetics, glass and Inclusions, double 
orange, green, or violet large doublets, morganite refreaction, refractive 
index. 
Sapphire and ruby, do. Red, pink, violet, blue, or do. High to low 9.0 3.95-4.10 do. 1.78 Star quartz, synthetic Shows asterism, color 
stars gray stars side view. 
Sapphire or ruby, do. Yellow, pink, or blue Up to 20 Low 9.0 3.95-4.10 — do. 1.78 Synthetic spinel, glass | Curved striae, bubble 
synthetic carats inclusions. 
Cubic zirconia Zirconium and Colorless, pink, blue, Small do. 8.25-8.5 5.8 Single 2.17 Diamond, zircon, titania, Hardness, density, lack 
yttrium oxides lavender, yellow moissanite of flaws and inclusions, 
refractive index. 
Diamond Carbon White, blue-white, Any Very high 10.0 3.516-3.525 do. 2.42 Zircon, titania, cubic High index, dispersion, 
yellow, brown, green, zirconia, moissanite hardness, luster. 
red, pink, blue 
Feldspar: 
Amazonite Alkali aluminum Green-blue Large Low 6.0-6.5 2.56 XX 1.52 Jade, turquoise Cleavage, sheen, vitreous 
silicate to pearly, opaque, grid. 
Labradorite do. Gray with blue and do. do. 6.0-6.5 2.56 XX 1.56 = do. Do. 
bronze sheen color play 
(schiller) 
Moonstone do. Colorless, white, gray, do. do. 6.0-6.5 2.77 XX 1.52-1.54 Glass, chalcedony, opal Pale sheen, opalescent. 
or yellow with white, 
blue, or bronze schiller 
Sunstone do. Orange, red brown, Small to do. 6.0-6.5 2.77 XX 1.53-1.55 Aventurine, glass Red glittery schiller. 
colorless with gold or medium 


red glittery schiller 


See footnotes at end of table. 
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Practical Specific Refractive May be Recognition 
Name Composition Color size’ Cost” Mohs gravity Refraction index confused with characteristics 
Garnet Complex silicate Brown, black, yellow, Small to Low tohigh = 6.5-7.5 3.15-4.30 Single 1.79-1.98 Synthetics, spinel, Single refraction, 
green, red, or orange medium strained glass anomalous strain. 
Hematite Iron oxide Black, black-gray, Medium to Low 5.5-6.5 5.12-5.28 XX 2.94-3.22 Davidite, cassiterite, Crystal habit, streak, 
brown-red large magnetite, neptunite, hardness. 
pyrolusite, wolframite 
Jade: 
Jadeite Complex silicate Green, yellow, black, Large Low tovery  6.5-7.0 3.3-3.5 Crypto- 1.65-1.68 Nephrite, chalcedony, — Luster, spectrum, 
white, or mauve high crystalline onyx, bowenite, translucent to opaque. 
vesuvianite, 
grossularite 
Nephrite Complex hydrous do. do. do. 6.0-6.5 2.96-3.10 — do. 1.61-1.63 Jadeite, chalcedony, Do. 
silicate onyx, bowenite, 
vesuvianite, 
grossularite 
Jet (gagate) Lignite Deep black, dark brown do. Low 2.5-4.0 1.19-1.35 XX 1.64-1.68 Anthracite, asphalt, Luster, color. 
cannel coal, onyx, 
schorl, glass, rubber 
Lapis lazuli Sodium calcium Dark azure-blue to do. do. 5.0-6.0 2.50-3.0 XX 1.50 Azurite, dumortierite, Color, crystal habit, 
aluminum silicate bright indigo blue or dyed howlite, lazulite, | associated minerals, 
even a pale sky blue. sodalite, glass luster, and localities. 
Malachite Hydrated copper Light to black-green do. do. 3.5-4.0 3.25-4.10 XX 1.66-1.91 Brochantite, chrysoprase, Color banding, softness, 
carbonate banded Opaque green associated minerals. 
gemstones 
Moissanite Silicon carbide Colorless and pale shades Small Low to 9.25 3.21 Double 2.65-2.69 Diamond, zircon, titania, Hardness, dispersion, lack 
of green, blue, yellow medium cubic zirconia of flaws and inclusions, 
refractive index. 
Obsidian Amorphous, Black, gray, brown, Large Low 5.0-5.5 2.35-2.60 XX 1.45-1.55 Aegirine-augite, Color, conchoidal 
variable (usually dark green, white, gadolinite, gagate, fracture, flow bubbles, 
felsic) transparent hematite, pyrolusite, softness, and lack of 
wolframite crystal faces. 
Opal Hydrated silica Reddish orange, colors do. Low tohigh = 5.5-6.5 1.9-2.3 Single 1.45 Glass, synthetics, Color play (opalescence). 
flash in white gray, triplets, chalcedony 
black, red, or yellow 
Peridot Iron magnesium Yellow and/or green Any Medium 6.5-7.0 3.27-3.37 Double 1.65-1.69 Tourmaline, chrysoberyl Strong double refraction, 
silicate (strong) low dichroism. 
Quartz: 
Agate Silicon dioxide Any Large Low 7.0 2.58-2.64 XX XX_ Glass, plastic, Mexican Cryptocrystalline, 
onyx irregularly banded, 


dendritic inclusions. 


See footnotes at end of table. 
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Practical Specific Refractive May be Recognition 
Name Composition Color size’ Cost” Mohs gravity Refraction index confused with characteristics 
Quartz—Continued: 

Amethyst Silicon dioxide Purple Large Medium 7.0 2.65-2.66 Double 1.55. Glass, plastic, fluorite | Macrocrystalline, color, 
refractive index, 
transparent, hardness. 

Aventurine do. Green, red-brown, do. Low 7.0 2.64-2.69 do. 1.54-1.55 Iridescent analcime, Macrocrystalline, color, 

gold-brown, with metallic aventurine feldspar, metallic iridescent flake 
iridescent reflection emerald, aventurine reflections, hardness. 
glass 

Cairngorm do. Smoky orange or yellow do. do. 7.0 2.65-2.66 do. 1.55 do. Macrocrystalline, color, 
refractive index, 
transparent, hardness. 

Carnelian do. Flesh red to brown red do. do. 6.5-7.0 2.58-2.64 — do. 1.53-1.54 Jasper Cryptocrystalline, color, 
hardness. 

Chalcedony do. Bluish, white, gray do. do. 6.5-7.0 2.58-2.64 — do. 1.53-1.54 Tanzanite Do. 

Chrysoprase do. Green, apple-green do. do. 6.5-7.0 2.58-2.64 — do. 1.53-1.54 Chrome chalcedony, Do. 

jade, prase opal, 
prehnite, smithsonite, 
variscite, artifically 
colored green 
chalcedony 

Citrine Silica Yellow do. do. 7.0 2.65-2.66 do. 1.55 do. Macrocrystalline, color, 
refractive index, 
transparent, hardness. 

Crystal: 

Rock do. Colorless do. do. 7.0 2.65-2.66 do. 1.55 Topaz, colorless Do. 

sapphire 

Jasper do. Any, striped, spotted, or do. do. 7.0 2.58-2.66 XX XX ~~ do. Cryptocrystalline, 
Opaque, vitreous luster, 

sometimes uniform hardness. 

Onyx do. Many colors do. do. 7.0 2.58-2.64 XX XX ~~ do. Cryptocrystalline, 
uniformly banded, 
hardness. 

Petrified wood do. Brown, gray, red, yellow do. do. 6.5-7.0 2.58-2.91 Double 1.54 Agate, jasper Color, hardness, wood 
grain. 

Rose do. Pink, rose red do. do. 7.0 2.65-2.66 do. 1.55 do. Macrocrystalline, color, 
refractive index, 
transparent, hardness. 

Tiger's eye do. Golden yellow, brown, do. do. 6.5-7.0 2.58-2.64 XX 1.53-1.54 XX Macrocrystalline, color, 


red, blue-black 


hardness, hatoyancy. 


See footnotes at end of table. 


TABLE 1—Continued 


GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size’ Cost” Mohs gravity Refraction index confused with characteristics 
Rhodochrosite Manganese carbonate Rose-red to yellowish, Large Low 4.0 3.45-3.7. Double 1.6-1.82 Fire opal, rhodonite, Color, crystal habit, 
stripped tugtupite, tourmaline reaction to acid, perfect 
rhombohedral cleavage. 
Rhodonite Manganese iron Dark red, flesh red, with do. do. 5.5-6.5 3.40-3.74 do. 1.72-1.75 Rhodochrosite, thulite, Color, black inclusions, 
calcium silicate dendritic inclusions of hessonite, spinel, lack of reaction to acid, 
black manganese oxide pyroxmangite, hardness. 
spessartine, tourmaline 
Shell: 
Mother-of-pearl Calcium carbonate = White, cream, green, Small do. i a) 2.6-2.85 XX XX_ Glass and plastic Luster, iridescent play 
blue-green, with imitation of color. 
iridescent play of color 
Pearl do. White, cream to black, do. Low to high 2.5-4.5 2.6-2.85 XX XX Cultured and glass or Luster, iridescence, 
sometimes with hint of plastic imitation x-structure, ray. 
pink, green, purple 
Spinel Magnesium Any Small to Medium 8.0 3.5-3.7. Single 1.72 Synthetic, garnet Refractive index, single 
aluminum oxide medium refraction, inclusions. 
Spinel, synthetic do. do. Up to 40 Low 8.0 3.5-3.7. Double 1.73 Spinel, corundum, beryl, Weak double refraction, 
carats topaz, alexandrite curved striae, bubbles. 
Spodumene: 
Hiddenite Lithium aluminum _—‘ Yellow to green Medium Medium 6.5-7.0 3.13-3.20 — do. 1.66 Synthetic spinel Refractive index, color, 
silicate pleochroism. 
Kunzite do. Pink to lilac do. do. 6.5-7.0 3.13-3.20 — do. 1.66 Amethyst, morganite Do. 
Tanzanite Complex silicate Blue to lavender Small High 6.0-7.0 3.30 ~~ do. 1.69 Sapphire, synthetics Strong trichroism, color. 
Topaz do. White, blue, green, pink, Medium Low to 8.0 3.4-3.6 do. 1.62 Beryl, quartz Color, density, hardness, 
yellow, gold medium refractive index, perfect 
in basal cleavage. 
Tourmaline do. Any, including mixed do. do. 7.0-7.5 2.98-3.20 do. 1.63 Peridot, beryl, garnet Double refraction, color, 
corundum, glass refractive index. 
Turquoise Copper aluminum Blue to green with black, Large Low 6.0 2.60-2.83 do. 1.63 Chrysocolla, dyed Difficult if matrix not 
phosphate brown-red inclusions howlite, dumortierite, present, matrix usually 
glass, plastics, variscite limonitic. 
Unakite Granitic rock, Olive green, pink, do. do. 6.0-7.0 2.60-3.20 XX XX XX Olive green, pink, gray- 
feldspar, epidote, and blue-gray blue colors. 
quartz 
Zircon Zirconium silicate White, blue, brown, yellow, Small to Low to 6.0-7.5 4.0-4.8 Double 1.79-1.98 Diamond, synthetics, Double refraction, 
or green medium medium (strong) topaz, aquamarine strongly dichroic, wear 
on facet edges. 
XX Not applicable. 


‘Small: up to 5 carats; medium: 5 to 50 carats; large: more than 50 carats. 
"Low: up to $25 per carat; medium: up to $200 per carat; high: more than $200 per carat. 


‘Commonwealth of Independent States. 


TABLE 2 
LABORATORY-CREATED GEMSTONE PRODUCTION METHODS 


Gemstone Production method Company/producer Date of first production 
Alexandrite Flux Creative Crystals 1970s. 
Do. Melt pulling J.O. Crystal 1990s. 
Do. do. Kyocera 1980s. 
Do. Zone melt Seiko 1980s. 
Cubic zirconia Skull melt Various producers 1970s. 
Emerald Flux Chatham 1930s. 
Do. do. Gilson 1960s. 
Do. do. Kyocera 1970s. 
Do. do. Seiko 1980s. 
Do. do. Lennix 1980s. 
Do. do. Russia 1980s. 
Do. Hydrothermal Lechleitner 1960s. 
Do. do. Regency 1980s. 
Do. do. Biron 1980s. 
Do. do. Russia 1980s. 
Ruby Flux Chatham 1950s. 
Do. do. Kashan 1960s. 
Do. do. J.O. Crystal 1980s. 
Do. do. Douras 1990s. 
Do. Zone melt Seiko 1980s. 
Do. Melt pulling Kyocera 1970s. 
Do. Verneuil Various producers 1900s. 
Sapphire Flux Chatham 1970s. 
Do. Zone melt Seiko 1980s. 
Do. Melt pulling Kyocera 1980s. 
Do. Verneuil Various producers 1900s. 
Star ruby do. Linde 1940s. 
Do. Melt pulling Kyocera 1980s. 
Do. do. Nakazumi 1980s. 
Star sapphire Verneuil Linde 1940s. 


TABLE 3 
VALUE OF U.S. GEMSTONE PRODUCTION, BY TYPE! 


(Thousand dollars) 
Gem materials 2003 2004 
Beryl 18 18 
Coral, all types 118 261 
Diamond (2) (2) 
Garnet 56 207 
Gem feldspar 659 659 
Geode/nodules (3) (3) 
Opal (3) (3) 
Quartz: 
Macrocrystalline* 228 206 
Cryptocrystalline” 391 383 
Sapphire/ruby 474 473 
Shell 2,490 4,000 
Topaz (3) (3) 
Tourmaline 48 45 
Turquoise 827 699 
Other 6,870 * 7,160 
Total 12,500 14,500 
"Revised. 


‘Data are rounded to no more than three significant digits; may 
not add to totals shown. 

“Included with "Other." 

“Included in "Total." 

“Macrocrystalline quartz (crystals recognizable with the naked 
eye) includes amethyst, amethyst quartz, aventurine, blue quartz, 
citrine, hawk's eye, pasiolite, prase, quartz cat's eye, rock crystal, 
rose quartz, smoky quartz, and tiger's eye. 

°Cryptocrystalline (microscopically small crystals) includes agate 
carnelian, chalcedony, chrysoprase, fossilized wood, heliotrope, 
jasper, moss agate, onyx, and sard. 


TABLE 4 
PRICES OF U.S. CUT DIAMONDS, BY SIZE AND QUALITY IN 2004! 


Carat Description, Clarity* Representative prices 
weight color” (GIA terms) January" June” December® 
0.25 G VS1 $1,200 $1,200 $1,200 
do. G VS2 1,150 1,150 1,150 
do. G Sul 975 975 975 
do. H VSI 1,100 1,100 1,100 
do. H VS2 1,000 1,000 1,000 
do. H SH 925 925 925 
0.50 G VS1 3,200 3,200 3,200 
do. G VS2 2,800 2,800 2,800 
do. G SH 2,400 2,400 2,400 
do. H VSI 2,800 2,800 2,800 
do. H VS2 2,400 2,400 2,400 
do. H SH 2,200 2,200 2,200 
0.75 G VS1 3,600 3,600 3,600 
do. G VS2 3,500 3,500 3,500 
do. G Sul 3,200 3,200 3,200 
do. H VS1 3,300 3,300 3,300 
do. H VS2 3,200 3,200 3,200 
do. H SH 2,900 2,900 2,900 
1.00 G VS1 5,800 5,800 5,800 
do. G VS2 5,500 5,500 5,500 
do. G Sul 4,800 4,800 4,800 
do. H VSI 5,200 5,200 5,200 
do. H VS2 4,900 4,900 4,900 
do. H SH 4,700 4,700 4,700 


‘Data are rounded to no more than three significant digits. 

*Gemological Institute of America (GIA) color grades: D—colorless; E—rare white; G, H, I—traces of color. 
*Clarity: IF—no blemishes; VVS 1—very, very slightly included; VS 1—very slightly included; VS2—very 
slightly included, but not visible; SI11—slightly included. 

‘Source: Jewelers' Circular Keystone, v. 174, no. 2, February 2003, p. 44. 

°Source: Jewelers’ Circular Keystone, v. 174, no. 7, July 2003, p. 52. 

°Source: Jewelers’ Circular Keystone, v. 175, no. 1, January 2004, p. 28. 


TABLE 5 
PRICES PER CARAT OF U.S. CUT COLORED GEMSTONES IN 2004 


Price range per carat 


Gemstone J anuary| December” 
Amethyst $7-14 $7-15 
Blue sapphire 650-1,200 685-1,250 
Blue topaz 3-5 3-5 
Emerald 1,800-2,800 1,900-3,200 
Green tourmaline 45-60 45-60 
Pearl:° 
Cultured saltwater 5 5 
Natural 210 210 
Pink tourmaline 60-125 60-125 
Rhodolite garnet 18-30 18-30 
Ruby 800-1,125 800-1,125 
Tanzanite 225-300 250-400 


‘Source: The Guide, spring/summer 2004, p. 14, 30, 45, 61, 72, 86, 96, 
98, 104, 123, and 135. These figures are approximate current wholesale 
purchase prices paid by retail jewelers on a per stone basis for fine- 
quality stones. 

Source: The Guide, fall/winter 2004-2005, p. 14, 30, 45, 61, 72, 86, 96, 
98, 104, 123, and 135. These figures are approximate current wholesale 
purchase prices paid by retail jewelers on a per stone basis for fine- 
quality stones. 


*Prices are per 4.6-milimeter pearl. 


TABLE 6 


U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF INDUSTRIAL 


DIAMOND), BY COUNTRY’ 


2003 2004 
Quantity Value” Quantity Value” 
Country (carats) (millions) (carats) (millions) 
Exports: 
Belgium 14,200 $11 189,000 $99 
Canada 78,200 47 68,500 47 
Costa Rica 18,800 1 31,800 3 
France 3,150 7 16,300 11 
Germany 4,790 4 1,370 1 
Guatemala 2,850 (3) 5,990 1 
Hong Kong 114,000 59 529,000 219 
India 34,900 5 151,000 31 
Israel 38,400 39 340,000 204 
Japan 17,300 19 22,600 26 
Mexico 205,000 32 397,000 124 
Netherlands 307 3 421 3 
Netherlands Antilles 19,000 21 47,200 23 
Singapore 1,590 6 12,300 5 
Switzerland 7,360 29 18,300 47 
Thailand 34,400 68,500 15 
United Arab Emirates 9,290 15,700 4 
United Kingdom 4,080 26,300 28 
Other 92,200 * 36° 58,600 39 
Total 699,000 335 2,000,000 932 
Reexports: 

Armenia -- -- 61,800 3 
Belgium 3,860,000 1,260 * 4,140,000 1,310 
Canada 124,000 64 217,000 106 
Dominican Republic 78,700 12 104,000 23 
France 16,200 30 155,000 31 
Guatemala 114,000 13 91,100 8 
Hong Kong 2,670,000 471 2,620,000 489 
India 1,420,000 234 1,710,000 335 
Israel 5,700,000 1,920 * 6,340,000 2,570 
Japan 185,000 46 181,000 46 
Malaysia 28,800 5 41,100 9 
Mexico 6,980 2 37,000 5 
Singapore 204,000 30 262,000 46 
South Africa 24,600 15 49,000 13 
Switzerland 409,000 283 518,000 285 
Thailand 266,000 55 284,000 70 
United Arab Emirates 220,000 57 380,000 101 
United Kingdom 397,000 140 487,000 171 
Other 51,700 * 34° 93,200 46 
Total 15,800,000 4,670" 17,800,000 5,670 
Grand total 16,500,000 5,010" 19,800,000 6,600 


"Revised. -- Zero. 

‘Data are rounded to no more than three significant digits; may not add to totals shown. 
*Customs value. 

“Less than % unit. 


Source: U.S. Census Bureau. 


TABLE 7 


U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY’ 


2003 2004 
Quantity Value” Quantity Value’ 
Kind, range, and country of origin (carat) (millions) (carat) (millions) 
Rough or uncut, natural: 
Angola 5,630 $21 6,590 $19 
Australia 90,000 14 12,200 8 
Belgium 7,160 28,100 6 
Botswana 2,850 5 144,000 48 
Brazil 65,100 29 9,530 8 
Canada 13,700 18 36,500 38 
Congo (Brazzaville) 10,400 9 9,140 8 
Congo (Kinshasa) 20,400 31 20,900 17 
Guyana 173,000 15 157,000 16 
India 1,330 (4) 34,500 3 
Israel 53,200 9 12,300 14 
Namibia 611 (4) 28,700 1 
Russia 20,000 10 250,000 20 
South Africa 582,000 463 430,000 508 
United Kingdom 441,000 61 15,300 18 
Other 18,200 * 18 11,500 21 
Total 1,500,000 707 1,210,000 753 
Cut but unset, not more than 0.5 carat: 
Belgium 775,000 282 786,000 275 
Canada 4,900 5 4,800 4 
China 73,000 6 67,100 10 
Congo (Kinshasa) 3,850 (4) 5,920 (4) 
Dominican Republic 12,200 1 37,200 4 
France 65 (4) 4,860 (4) 
Hong Kong 374,000 59 200,000 43 
India 10,500,000 1,750 9,720,000 1,770 
Israel 1,050,000 525 969,000 477 
Italy 2,860 (4) 3,960 (4) 
Mexico 160,000 5 14,400 (4) 
Russia 29,400 5 21,500 5 
Singapore 2,710 9,460 2; 
Switzerland 47,800 8 7,390 2 
Thailand 68,200 10 189,000 36 
United Arab Emirates 198,000 31 122,000 24 
United Kingdom 2,530 2 4,580 2 
Other 47,400 * 16 37,200 16 
Total 13,400,000 2,710 12,200,000 2,670 
Cut but unset, more than 0.5 carat: 
Belgium 1,260,000 2,310 1,230,000 2,450 
Canada 15,800 51 23,600 67 
France 3,040 11 27,800 50 
Hong Kong 76,500 124 71,300 111 
India 1,210,000 815 1,530,000 1,080 
Israel 3,000,000 5,540 3,080,000 6,660 
Italy 2,510 3 4,870 5 
Namibia 6 (4) 6,010 9 
Russia 58,600 101 62,200 [Pall 
South Africa 35,100 149 40,500 242 
Switzerland 15,100 158 20,100 155 
Thailand 19,400 Ly 21,300 23 
United Arab Emirates 10,200 10 23,800 21 
United Kingdom 16,600 95 13,800 84 


See footnotes at end of table. 


TABLE 7—Continued 


U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY’ 


2003 2004 
Quantity Value” Quantity Value” 
Kind, range, and country of origin (carat) (millions) (carat) (millions) 
Cut but unset, more than 0.5 carat—Continued: 
Other 30,000 * 68 * 35,700 126 
Total 5,760,000 9,460 6,190,000 11,200 
"Revised. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
*Customs value. 


Includes some natural advanced diamond. 
‘Less than % unit. 


Source: U.S. Census Bureau. 


TABLE 8 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 
DIAMOND, BY KIND AND COUNTRY’ 


2003 2004 
Quantity Value’ Quantity Value’ 
Kind and country (carats) (millions) (carats) (millions) 
Emerald: 
Afghanistan os =o 5,860 $1 
Belgium 8,150 $1 25,200 2 
Brazil 262,000 5 355,000 4 
China 10,800 (3) 227,000 1 
Colombia 522,000 54 677,000 47 
Germany 56,900 1 7,440 1 
Hong Kong 101,000 5 57,100 4 
India 1,460,000 21 1,880,000 18 
Israel 128,000 23 259,000 21 
Netherlands -- -- 50,200 (3) 
South Africa 16 (3) 6,370 1 
Swaziland -- -- 3,800 
Switzerland 27,300 6 9,450 7 
Thailand 419,000 7 424,000 8 
United Arab Emirates 11,000 (3) 1,200 (3) 
Zambia 214 (3) 2,620 (3) 
Other 11,800 * a 7,520 6 
Total 3,020,000 126 4,000,000 122 
Ruby: 
Belgium 8,330 i 6,450 2 
Brazil 13,800 (3) 99,300 (3) 
China 4,810 (3) 21,700 (3) 
Dominican Republic 28,200 (3) 4,920 (3) 
Germany 14,900 1 19,400 1 
Hong Kong 181,000 7 52,100 4 
India 1,910,000 > 1,300,000 4 
Israel 7,190 1 41,300 1 
Italy 2,540 2 6,570 (3) 
Japan 6,860 (3) 25,200 (3) 
Netherlands -- -- 50,200 (3) 
South Africa -- -- 3,130 (3) 
Sri Lanka 12,500 Z 5,260 1 
Thailand 2,260,000 47 2,090,000 43 
United Arab Emirates 31,100 1 7,700 1 
Other 74,400 * 19* 12,100 16 
Total 4,550,000 87 3,750,000 f2 
Sapphire: 
Australia 33,200 * (3) 5,300 (3) 
Bahrain -- -- 5,930 (3) 
Belgium 10,400 1 4,480 1 
China 12,500 (3) 120,000 (3) 
Germany 35,800 3 41,000 2 
Hong Kong 234,000 6 138,000 7 
India 1,150,000 5 1,040,000 
Israel 26,500 3 56,600 3 
Japan 287 (3) 11,900 (3) 
Netherlands 6,000 (3) 50,200 (3) 
South Africa 76 (3) 13,300 (3) 
Sri Lanka 314,000 30 455,000 42 
Switzerland 75,100 6 29,900 11 
Taiwan 725 (3) 10,700 (3) 
Thailand 6,010,000 qs 5,470,000 78 


See footnotes at end of table. 


TABLE 8—Continued 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 
DIAMOND, BY KIND AND COUNTRY! 


2003 2004 
Quantity Value’ Quantity Value’ 
Kind and country (carats) (millions) (carats) (millions) 
Sapphire—Continued: 
Turkey -- -- 11,200 (3) 
United Arab Emirates 23,200 1 7,360 (3) 
United Kingdom 21,800 3 7,820 3 
Other 77,600 * eta 18,900 6 
Total 8,040,000 136 7,500,000 163 
Other: 
Rough, uncut: 
Australia NA $4 NA $3 
Brazil NA 9 NA 8 
Canda NA 2 NA 3 
China NA 5 NA 3 
Colombia NA 1 NA 1 
France NA 1 NA 1 
Germany NA > NA 2 
Hong Kong NA i NA 1 
India NA 3 NA 1 
Mexico NA (3) NA 1 
Netherlands NA 1 NA 1 
Pakistan NA 1 NA 1 
South Africa NA 1 NA 7 
Tanzania NA 2 NA 1 
Thailand NA ee NA 1 
Other NA a NA 4 
Total NA ae NA 39 
Cut, set and unset: 
Australia NA ot NA 9 
Austria NA 1 NA 3 
Brazil NA 8 NA 13 
Canada NA 1 NA 1 
China NA 34° NA 45 
France NA 1 NA 1 
Germany NA 32° NA 38 
Hong Kong NA 32° NA 33 
India NA 78° NA 82 
Israel NA 6 NA 4 
Italy NA i NA 1 
Mexico NA (3) NA 1 
South Africa NA 1 NA 5 
Sri Lanka NA 5 NA 7 
Switzerland NA 18° NA 10 
Taiwan NA 2 NA 2 
Tanzania NA 6 NA 7 
Thailand NA By a NA 46 
United Arab Emirates NA 1 NA 2 
Other NA 4° NA 8 
Total NA 21T* NA 320 


"Revised. NA Not available. -- Zero. 

‘Data are rounded to no more than three significant digits; may not add to totals shown. 
*Customs value. 

“Less than % unit. 


Source: U.S. Census Bureau. 


TABLE 9 
VALUE OF U.S. IMPORTS OF LABORATORY-CREATED 
AND IMITATION GEMSTONES, BY COUNTRY'” 


(Thousand dollars) 
Country 2003 2004 
Laboratory-created, cut but unset: 
Austria 477 2,410 
Brazil 48 225 
Canada 123 98 
China 10,100 14,100 
Cyprus -- 246 
Czech Republic 5 114 
France 881 989 
Germany 11,300 13,800 
Hong Kong 1,230 1,500 
India 530 261 
Italy 74 1D 
Japan 187 fi 
Korea, Republic of 2 649 
Netherlands 35 2a2 
Philippines 95 38 
Sri Lanka 1,610 1,290 
Switzerland 7,220 3,340 
Taiwan 234 197 
Thailand 1,180 1,090 
United Kingdom 46 31 
Other 203-5 96 
Total 36,300 40,900 
Imitation:? 

Austria 39,600 60,800 
China 2,430 4,660 
Czech Republic 6,100 7,000 
Germany 1,120 974 
Hong Kong 1,140 700 
India 567 207 
Italy 137 100 
Japan 376 1,110 
Korea, Republic of 674 774 
Liechtenstein -- 28 
Russia 70 53 
Spain 133 165 
Taiwan 72 220 
Thailand -- 31 
United Arab Emirates 21 62 
Other 339 * 176 
Total 52,700 77,000 


"Revised. -- Zero. 

‘Data are rounded to no more than three significant digits; may not 
add to totals shown. 

*Customs value. 

“Includes pearls. 


Source: U.S. Census Bureau. 


TABLE 10 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES' 


(Thousand carats and thousand dollars) 


2003 2004 
Stones Quantity Value? Quantity Value” 
Diamonds: 
Rough or uncut 1,510* 707,000 1,210 753,000 
Cut but unset 19,100 = 12,200,000 18,400 13,900,000 
Emeralds, cut but unset 3,020 126,000 4,000 122,000 
Coral and similar materials, unworked 5,910 11,100 6,120 11,500 
Rubies and sapphires, cut but unset 12,600 222,000 11,200 234,000 
Pearls: 
Natural NA 601 NA NA 
Cultured NA 39,100 NA 29,500 
Imitation NA 2,920 NA 3,780 
Other precious and semiprecious stones: 
Rough, uncut 1,360,000 21,900 ~—-1,130,000 25,200 
Cut, set and unset NA 241,000 NA 279,000 
Other NA 6,440 NA 5,680 
Laboratory-created: 
Cut but unset 224,000 36,300 249,000 40,900 
Other NA 6,920 NA 8,110 
Imitation gemstone* NA 49,800 NA 73,300 
Total XX ~—-13,600,000 XX — 15,500,000 


"Revised. NA Not available. XX Not applicable. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 


*Customs value. 
“Does not include pearls. 


Source: U.S. Census Bureau. 


TABLE 11 
NATURAL DIAMOND: ESTIMATED WORLD PRODUCTION, BY COUNTRY AND TYPE"”? 


(Thousand carats) 


Country and type" 2000 2001 2002 2003 2004 
Gemstones: 
Angola 3,880 * 4,640 ° 4,520 4,500 * 5,400 
Australia 11,956 > 11,779 ° 15,142 ° 14,900 9,279 > 
Botswana 18,500 19,800 21,300 22,800 23,300 
Brazil 1,000 700 500 500 500 
Canada 2,534° 3,716 > 4,937 ©? 11,200 12,618 > 
Central African Republic 348 ' 340 ° 312° 250 * 250 
China 230 235 235 235 250 
Congo (Kinshasa) 3,500 3,640 4,400 5,400 6,000 
Cote d'Ivoire 210 207 204 152° 152 
Ghana 792 936 770 760 * 800 
Guinea 278 273 368 484° 468 
Guyana 82 > 179 > 248 > 413° 450 
Liberia 100 100 48 36 18 
Namibia 1,450 1,487 ° 1,562? 1,481 °° 2,000 
Russia 17,500 * 17,500 * 17,400 * 20,000 * 21,400 
Sierra Leone 58 167 147° Dan” 309 
South Africa 4,320 4,470 4,350 5,070 5,780 
Tanzania 301 216 204 * 201 * 305 
Venezuela 29 > fas 46 ° 1S Mc 40 
Zimbabwe 8 -- -- -- 16 
Other® 24 25 25 24 24 
Total 67,100 * 70,400 * 76,700 * 88,700 * 89,400 
Industrial: 
Angola 431° 516° 502 500 * 600 
Australia 14,612 > 14,397 > 18,500 > 18,200 11,341 > 
Botswana 6,160 6,600 7,100 7,600 7,800 
Central African Republic 116° 113" 104 83 * 83 
China 920 950 955 955 960 
Congo (Kinshasa) 14,200 14,560 > 17,456 > 21,600 22,000 
Cote d'Ivoire 110 102 102 78° 78 
Ghana 198 234 193 190° 200 
Guinea 91 91 123 161° 157 
Liberia 70 70 32 24 12 
Namibia 106 -- -- -- -- 
Russia 11,700 * 11,700 * 11,600 * 13,000 * 14,200 
Sierra Leone 19 56 205 ° 2h" 304 
South Africa 6,470 6,700 6,530 7,600 8,670 
Tanzania 53° 38 > 36" 36° 55 
Venezuela 80° 28 > 61° 24:12 60 
Zimbabwe 15 -- -- -- 31 
Other’ 64 66 68 67 66 
Total 55,400 * 56,200 * 63,600 * 70,400 * 66,600 
Grand total 122,000 * 127,000 * 140,000 * 159,000 * 156,000 


Preliminary. ‘Revised. -- Zero. 

‘World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
Table includes data available through June 3, 2005. 

“In addition to the countries listed, Nigeria and the Republic of Korea produce natural diamond and synthetic diamond, 
respectively, but information is inadequate to formulate reliable estimates of output levels. 

“Includes near- gem and cheap-gem qualities. 

Reported figure. 

Includes Gabon, India, and Indonesia. 

“Includes India and Indonesia. 


68 
GEMSTONES? 


(Data in million dollars, unless otherwise noted) 


Domestic Production and Use: The combined U.S. natural and synthetic gemstone output increased by 46% in 
2003 from that of 2002. Production of natural gemstones decreased by 13% during 2003, primarily owing to a 
decreased domestic production of pearls and opal. Domestic gemstone production included agates, amber, beryl, 
coral, garnet, jade, jasper, opal, pearl, quartz, sapphire, shell, topaz, tourmaline, turquoise, and many other gem 
materials. In decreasing order, Tennessee, Arizona, Oregon, California, Arkansas, Nevada, Idaho, and Montana 
produced 80% of U.S. natural gemstones. Production of synthetic gemstones increased by 88% during the year, 
owing to large increases in the production of moissanite. Reported output of synthetic gemstones was from five firms 
in North Carolina, New York, Florida, Michigan, and Arizona, in decreasing order of production. Major uses were 
jewelry, carvings, and gem and mineral collections. 


Salient Statistics—United States: 1999 2000 2001 2002 2003° 
Production: 
Natural® 16.1 17:2 15.1 12.6 10.9 
Synthetic 47.5 37.1 24.7 18.1 33.9 
Imports for consumption 10,700 12,900 11,400 12,900 11,800 
Exports, including reexports* 3,610 4,330 4,330 4,700 5,070 
Consumption, apparent? 7,150 8,620 7,110 8,230 6,770 
Price Variable, depending on size, type, and quality 
Employment, mine, number® 1,200 1,200 1,200 1,200 1,200 
Net import reliance® as a percentage 
of apparent consumption 99 99 99 99 99 


Recycling: Insignificant. 


Import Sources (1999-2002 by value): Israel, 42%; India, 21%; Belgium, 19%; and other, 18%. Diamond imports 
accounted for 94% of the total value of gem imports. 


Tariff: Item Number Normal Trade Relations 
12/31/03 

Diamonds, unworked or sawn 7102.31.0000 Free. 
Diamond, % carat or less 7102.39.0010 Free. 
Diamond, cut, more than % carat 7102.39.0050 Free. 
Precious stones, unworked 7103.10.2000 Free. 
Precious stones, simply sawn 7103.10.4000 10.5% ad val. 
Rubies, cut 7103.91.0010 Free. 
Sapphires, cut 7103.91.0020 Free. 
Emeralds, cut 7103.91.0030 Free. 
Other precious, cut but not set 7103.99.1000 Free. 
Other precious stones 7103.99.5000 10.5% ad val. 
Imitation precious stones 7018.10.2000 Free. 
Synthetic cut, but not set 7104.90.1000 Free. 
Pearls, natural 7101.10.0000 Free. 
Pearls, cultured 7101.21.0000 Free. 
Pearls, imitation, not strung 7018.10.1000 4.0% ad val. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: The National Defense Stockpile (NDS) does not contain an inventory of gemstones. 
However, a very small portion of the industrial diamond stone inventory is of near-gem quality. Additionally, the beryl! 
and quartz crystal inventories contain some gem-quality materials that could be used by the gem industry. The U.S. 
Department of Defense is currently selling some NDS materials that may be near-gem quality. 


Prepared by Donald W. Olson [(703) 648-7721, dolson@usgs.gov, fax: (703) 648-7975] 
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Events, Trends, and Issues: In 2003, the U.S. market for unset gem-quality diamonds was estimated to be more 
than $12.1 billion, accounting for more than one-third of world demand. The domestic market for natural, unset 
nondiamond gemstones was estimated at about $788 million. The United States is expected to dominate global 
gemstone consumption throughout this decade. 


The United Nations mandated the Kimberley Process Certification Scheme for rough diamond shipments in 2001. 
This process was implemented during 2002. The U.S. Congress enacted the Clean Diamond Trade Act, and the 
President signed it into law on April 25, 2003. This law makes the United States a full participant in the Kimberley 
Process, and U.S. participation is critical to the scheme’s success in excluding conflict diamonds from the legitimate 
supply chain. 


Canada’s Ekati Mine completed its fourth full year in 2002, with diamond production of 4.98 million carats. The Diavik 
Diamond Mine came onstream in January 2003 and will have production of 6 to 8 million carats per year. Canada’s 
first entirely underground diamond mine, the Snap Lake project, is expected to come onstream in 2005. When Snap 
Lake begins production, Canada will be producing at least 15% to 20% of total world diamond output. 


World Mine Production,’ Reserves, and Reserve Base: Mine production in 2003 for Canada, Central African 
Republic, Guinea, Namibia, Sierra Leone, and Tanzania were revised upward, while production for Angola, 
Botswana, Brazil, and Congo (Kinshasa) were revised downward based on submissions from official country sources. 


Mine production Reserves and reserve base® 
2002 2003° 

United States (°) (°) World reserves and reserve base of 
Angola 5,400 5,000 diamond-bearing deposits are 
Australia 15,100 17,000 substantial. No reserves or reserve 
Botswana 21,300 20,000 base data are available for other 
Brazil 700 500 gemstones. 
Canada 4,980 8,000 
Central African Republic 375 500 
China 235 240 
Congo (Kinshasa) 9,100 4,000 
Ghana 770 800 
Guinea 270 370 
Namibia 1,350 1,400 
Russia 11,500 11,800 
Sierra Leone 450 650 
South Africa 4,350 4,720 
Tanzania 182 440 
Other countries” A20 420 

World total (rounded) 76,500 75,800 


World Resources: Most diamond-bearing ore bodies have a diamond content that ranges from less than 1 carat per 
ton to about 6 carats per ton. The major gem diamond reserves are in southern Africa, Australia, Canada, and 
Russia. 


Substitutes: Plastics, glass, and other materials are substituted for natural gemstones. Synthetic gemstones 
(manufactured materials that have the same chemical and physical properties as gemstones) are common 
substitutes. Simulants (materials that appear to be gems, but differ in chemical and physical characteristics) also are 
frequently substituted for natural gemstones. 


“Estimated. 

‘Excludes industrial diamond and garnet. See Diamond (Industrial) and Garnet (Industrial). 

Estimated minimum production. 

*Includes production of freshwater shell. 

“Reexports account for about 66% of the totals. 

“If reexports were not considered, apparent consumption would be significantly greater. 

Defined as imports — exports and reexports + adjustments for Government and industry stock changes. 
‘Data in thousands of carats of gem diamond. 

°See Appendix C for definitions. 

*Less than % unit. 

*°In addition to countries listed, Cote d'Ivoire, Gabon, Guyana, India, Indonesia, Liberia, and Venezuela are known to produce gem diamonds. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2004 
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By Donald W. Olson 


Domestic survey data and tables were prepared by Nicholas A. Muniz, statistical assistant, and the world production table 
was prepared by Glenn J. Wallace, international data coordinator. 


In 2005, the estimated value of natural gemstones produced 
in the United States was more than $13.4 million, and the 
estimated value of U.S. laboratory-created gemstone production 
was more than $51.1 million. The total estimated value of U.S. 
gemstone production was almost $64.6 million. The value of 
U.S. gemstone imports was $17.2 billion, and the value of 
combined U.S. gemstone exports and reexports was estimated to 
be $8.85 billion. 

In this report, the terms “gem” and “gemstone” mean any 
mineral or organic material (such as amber, pearl, petrified 
wood, and shell) used for personal adornment, display, or object 
of art because it possesses beauty, durability, and rarity. Of 
more than 4,000 mineral species, only about 100 possess all 
these attributes and are considered to be gemstones. Silicates 
other than quartz are the largest group of gemstones in terms 
of chemical composition; oxides and quartz are the second 
largest (table 1). Gemstones are subdivided into diamond and 
colored gemstones, which in this report designates all natural 
nondiamond gems. In addition, laboratory-created gemstones, 
cultured pearls, and gemstone simulants are discussed but are 
treated separately from natural gemstones (table 2). Trade data 
in this report are from the U.S. Census Bureau. All percentages 
in the report were computed using unrounded data. Current 
information on industrial-grade diamond and industrial-grade 
garnet can be found in the U.S. Geological Survey (USGS) 
Minerals Yearbook, volume I, Metals and Minerals chapters on 
industrial diamond and industrial garnet, respectively. 

Gemstones have fascinated humans since prehistoric times. 
They have been valued as treasured objects throughout history 
by all societies in all parts of the world. Amber, amethyst, coral, 
diamond, emerald, garnet, jade, jasper, lapis lazuli, pearl, rock 
crystal, ruby, serpentine, and turquoise are some of the first 
stones known to have been used for making jewelry. These 
stones served as symbols of wealth and power. Today, gems are 
worn more for pleasure or in appreciation of their beauty than to 
demonstrate wealth. In addition to jewelry, gemstones are used 
for collections, decorative art objects, and exhibits. 


Legislation and Governments Programs 


The Clean Diamond Trade Act was signed into law on April 
25, 2003, by the President. This law provided the effective 
measures to stop trade in conflict diamonds in the United States, 
and its enactment made the United States a full participant in the 
Kimberley Process Certification Scheme (KPCS) (U.S. House 
of Representatives, 2003§). U.S. participation in the KPCS is 
critical to its success in excluding conflict diamonds from the 
legitimate supply chain because the United States is the world’s 
leading gem-quality diamond market. The industry and trade 
associations have played an active role in achieving this progress 
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in ending the problem of conflict diamonds (Professional 
Jeweler, 2003$§'). 


Production 


U.S. gemstone production data were based on a survey of 
more than 230 domestic gemstone producers conducted by the 
USGS. The survey provided a foundation for projecting the 
scope and level of domestic gemstone production during the 
year. However, the USGS survey did not represent all gemstone 
activity in the United States, which includes thousands of 
professional and amateur collectors. Consequently, the USGS 
supplemented its survey with estimates of domestic gemstone 
production from related published data, contacts with gemstone 
dealers and collectors, and information garnered at gem and 
mineral shows. 

Commercial mining of gemstones has never been extensive 
in the United States. More than 60 varieties of gemstones have 
been produced commercially from domestic mines, but most 
of the deposits have been relatively small compared with other 
mining operations. In the United States, much of the current 
gemstone mining is conducted by individual collectors, gem 
clubs, and hobbyists rather than by businesses. 

The commercial gemstone industry in the United States 
consists of individuals and companies that mine gemstones 
or harvest shell and pearl, firms that manufacture laboratory- 
created gemstones, and individuals and companies that cut and 
polish natural and laboratory-created gemstones. The domestic 
gemstone industry is focused on the production of colored 
gemstones and on the cutting and polishing of large diamond 
stones. Industry employment is estimated to range from 1,000 
to 1,500 workers (U.S. International Trade Commission, 1997, 
p. 1). 

Most natural gemstone producers in the United States 
are small businesses that are widely dispersed and operate 
independently. The small producers probably have an average 
of less than three employees, including those who only work 
part time. The number of gemstone mines operating from 
year to year fluctuates because the uncertainty associated with 
the discovery and marketing of gem-quality minerals makes 
it difficult to obtain financing for developing and sustaining 
economically viable operations (U.S. International Trade 
Commission, 1997, p. 23). 

The total value of natural gemstones produced in the United 
States during 2005 was estimated to be more than $13.4 million 
(table 3). The production value decreased by 7% from that of the 
preceding year. 


‘References that include a section mark (§) are found in the Internet 
References Cited section. 


Natural gemstone materials indigenous to the United States 
are collected, produced, and/or marketed in every State. During 
2005, all 50 States produced at least $1,000 worth of gemstone 
materials. Seven States accounted for 78% of the total value, 
as reported by survey respondents. These States, in order 
of declining value of production, were Tennessee, Arizona, 
Oregon, California, Arkansas, Montana, and Nevada. Some 
States were known for the production of a single gemstone 
material—Tennessee for freshwater pearls, for example. 

Other States produced a variety of gemstones, for example 
Arizona’s gemstone deposits included agate, amethyst, azurite, 
chrysocolla, garnet, jade, jasper, malachite, obsidian, onyx, opal, 
peridot, petrified wood, smithsonite, and turquoise. There is also 
a wide variety of gemstones found and produced in California, 
Idaho, Montana, and North Carolina. 

During 2005, the United States had only one operation in 
known diamond-bearing areas from which diamonds were 
produced. That diamond operation is in Crater of Diamonds 
State Park near Murfreesboro in Pike County, AR, where a dig- 
for-fee operation for tourists and rockhounds is maintained by 
the State of Arkansas. Crater of Diamonds is the only diamond 
mine in the world that is open to the public. The diamonds 
occur in a lamproite breccia tuff associated with a volcanic 
pipe and in the soil developed from the lamproite breccia tuff. 
In 2005, 536 diamond stones with an average weight of 0.193 
carats were recovered at the Crater of Diamonds State Park. 
Since the diamond-bearing pipe and the adjoining area became 
a State park in 1972, 25,369 diamond stones with a total 
carat weight of 4,954.41 have been recovered (Tom Stolarz, 
park superintendent, Crater of Diamonds State Park, written 
commun., January 31, 2006). Exploration has demonstrated 
that there is about 78.5 million metric tons (Mt) of diamond- 
bearing rock in this diamond deposit (Howard, 1999, p. 62). 

An Arkansas law enacted early in 1999 prohibits commercial 
diamond mining in the park (Diamond Registry Bulletin, 1999). 
There have been no commercially operated diamond mines in 
the United States since 2002. Diamond was produced at the Kelsey 

Lake diamond mine, located close to the Colorado-Wyoming 

State line near Fort Collins, CO, for several years until April 2002. 
The Kelsey Lake property includes nine known kimberlite pipes, 
three of which have been tested and have shown that diamonds are 
present. The remaining six pipes have yet to be fully explored and 
tested for their diamond potential. Of the diamonds recovered, 35% 
to 50% was industrial grade. The identified resources are at least 17 
Mt grading an average of 4 carats per 100 metric tons (Taylor Hard 
Money Advisers, 20008). 

Studies by the Wyoming Geological Survey have shown that 
Wyoming has the potential for a $1 billion diamond mining 
business. Twenty diamondiferous kimberlite pipes and one 
diamondiferous mafic breccia pipe have been identified in 
southern Wyoming. Two of the largest kimberlite fields, State 
Line and Iron Mountain, and the largest lamproite field in the 
United States, Leucite Hills, are in Wyoming. Several diamond 
mining firms have been interested in the southern Wyoming and 
northern Colorado area, but the only diamond mine developed 
in the area thus far is the Kelsey Lake Mine (Associated Press, 
20028). 


30.2 


The success of Canadian diamond mines has stimulated 
interest in exploring for commercially feasible diamond 
deposits in the United States outside of Wyoming and Colorado. 
Australian and Canadian companies are now conducting 
diamond exploration in Alaska and Minnesota. Alaska has some 
similar geologic terrain to the Northwest Territories of Canada; 
in addition, certain varieties of garnet and other diamond 
indicator minerals as well as 17 microscopic diamonds have 
been found near Anchorage, AK. Two Canadian companies 
have invested $1 million in an exploratory drilling program. 
Geologists from the University of Minnesota teamed with 
an Australian mining company and were conducting a soil 
sampling program in Minnesota for mineral exploration, 
including diamond. The samples were being analyzed by 
Australia’s WMC Resources Ltd. The scientists thought that 
there is a good chance of success owing to similarities between 
the geology in Minnesota and Canada (Diamond Registry 
Bulletin, 2005a). 

In another exploration venture, Delta Mining and Exploration 
Corp. found a diamond-bearing kimberlite in an 32.4- 
hectare (80-acre) site known as the Homestead property near 
Lewistown, MT. Preliminary tests have shown the presence of 
microscopic diamonds. The company was planning a $700,000 
soil sampling program as further exploration. Diamonds have 
been found in the stream beds and glacial valleys of Montana for 
years (Associated Press, 20048). 

In addition to natural gemstones, laboratory-created 
gemstones and gemstone simulants are produced in the United 
States. Laboratory-created or synthetic gemstones have the 
same chemical, optical, and physical properties as the natural 
materials. Simulants have an appearance similar to that of a 
natural gemstone material, but they have different chemical, 
optical, and physical properties. Laboratory-created gemstones 
produced in the United States include alexandrite, diamond, 
emerald, moissanite, ruby, sapphire, and turquoise. Simulants 
of coral, lapis lazuli, malachite, and turquoise also are 
manufactured in the United States. In addition, certain colors of 
laboratory-created sapphire and spinel, used to represent other 
gemstones, are classified as simulants. 

Laboratory-created gemstone production in the United 
States was valued at more than $51.1 million during 2005; 
simulant gemstone output was even greater and was estimated 
to be valued at more than $100 million. Five companies in five 
States, representing virtually the entire U.S. laboratory-created 
gemstone industry, reported production to the USGS. The 
States with reported laboratory-created gemstone production, 
in descending order of production value, were North Carolina, 
Florida, Massachusetts, Michigan, and Arizona. 

Gemesis Corp., a company in Sarasota, FL, consistently 
produced gem-quality laboratory-created diamond and 
reported a sixth year of production in 2005. The laboratory- 
created diamonds are produced using equipment, expertise, 
and technology developed by a team of scientists from Russia 
and the University of Florida. The weight of the laboratory- 
created diamond stones range from 1.5 to 2 carats, and most 
of the stones are yellow, brownish yellow, colorless, and green 
(Weldon, 19998). Gemesis uses diamond-growing machines, 
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each machine capable of growing 3-carat rough diamonds by 
generating high-pressure, high-temperature (HPHT) conditions 
that recreate the conditions in the Earth’s mantle where natural 
diamonds form. Gemesis eventually plans to have 250 diamond- 
growing machines installed at the facility near Sarasota, FL 
(Davis, 2003); at that point, Gemesis could be producing as 
much as 30,000 to 40,000 stones each year, and annual revenues 
may reach $70 million to $80 million (Diamond Registry 
Bulletin, 2001). Gemesis diamonds became available for retail 
purchase in jewelry stores and on the Internet in fall 2003. The 
prices of the Gemesis laboratory-created diamonds are below 
those of natural diamond but above the prices of simulated 
diamond (Weldon, 20038). 

Apollo Diamond, Inc., near Boston, MA, has developed and 
patented a method for growing extremely pure, gem-quality 
diamond with flawless crystal structure by chemical vapor 
deposition (CVD). The CVD technique transforms carbon 
into plasma, which is then precipitated onto a substrate as 
diamond. CVD has been used for more than a decade to cover 
large surfaces with microscopic diamond crystals, but until this 
process, no one had discovered the combination of temperature, 
gas composition, and pressure that resulted in the growth of a 
single diamond crystal. CVD diamond precipitates as nearly 
100% pure, almost flawless diamond, and therefore may not 
be distinguishable from natural diamond by some tests (Davis, 
2003). In 2005, Apollo Diamond produced stones that range 
from 1 to 2 carats and expected to expand to larger stones in the 
future (Maney, 2005§). The company planned to start selling 
diamonds in the jewelry market at costs 10% to 30% below 
those of comparable natural diamonds (Hastings, 2005). Apollo 
planned to open the Apollo Diamond Web store to the general 
public in 2006 (Apollo Diamond, Inc., 2005§). Besides its use 
as a gemstone, CVD diamond’s highest value is as a material for 
high-tech uses, such as in computer technology (Maney, 20058). 

In early 2004, scientists at the Carnegie Institution of 
Washington’s Geophysical Laboratory published the results 
of a study in which researchers grew diamond crystals by a 
special CVD process at very high growth rates. They were 
able to grow gem-sized crystals in a day—a growth rate 100 
times faster than other methods used before. This is a new way 
of producing diamond crystals for such new applications as 
diamond-base electronic devices and next generation cutting 
tools (Willis, 2004). By early 2005, the Geophysical Laboratory 
and the University of Alabama had jointly developed and 
patented the CVD process and apparatus to produce ¥2-inch- 
thick 10-carat single diamond crystals at very rapid growth 
rates (100 micrometers per hour). This faster CVD method uses 
microwave plasma technology and allows multiple crystals to 
be grown simultaneously. This size is about five times that of 
commercially available laboratory-created diamonds produced 
by HPHT methods and other CVD techniques. Dr. Russell 
Hemley, a researcher at the Carnegie Institution, stated, “High- 
quality crystals over 3 carats are very difficult to produce using 
the conventional approach. Several groups have begun to grow 
diamond single crystals by CVD, but large, colorless, and 
flawless ones remain a challenge. Our fabrication of 10-carat, 
half-inch CVD diamonds is a major breakthrough” (Willis, 
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2004; Carnegie Institution of Washington, 2005; Science Blog, 
20058). 

Both Apollo Diamond and the Carnegie Institution have 
noted that their diamonds produced by the CVD method are 
harder than natural diamonds and diamonds produced by HPHT 
methods. 

In 2005, the North Carolina company Charles & Colvard, Ltd. 
entered its eighth year of producing and marketing moissanite, 
a gem-quality laboratory-created silicon carbide. Moissanite is 
also an excellent diamond simulant, but it is being marketed for 
its own gem qualities. Moissanite exhibits a higher refractive 
index (brilliance) and higher luster than diamond. Its hardness is 
between those of corundum (ruby and sapphire) and diamond, 
which gives it durability (Charles & Colvard, Ltd., 20058). 

Although U.S. shell production decreased by 11% in 2005 
compared with that of 2004, shell is not expected to ever be 
the large segment of U.S. gemstone production it was for 
several years in the past. U.S. shell material from mussels is 
used as seed material for culturing pearls. The lower shell 
production is owing to overharvesting in past years, the killing 
off of U.S. native mussel species by invasive exotic species, 
and a decline in market demand. During the past 10 years, the 
United States has lost about three-quarters of the native mussel 
population, and one-half of the approximately 300 total U.S. 
native mussel species are now listed as endangered species. The 
zebra mussel is the invasive exotic species that has done most 
of the damage, and it has been introduced into U.S. rivers and 
waterways in discharged ballast water from transoceanic ships 
(Iowa Department of Natural Resources, 2001§; Scott Gritterf, 
fisheries biologist, lowa Department of Natural Resources, 
oral commun., November 14, 2002). The market still has not 
completely recovered from the die-off of Japanese oysters. Seed 
material had been stockpiled in Japan, and now producers in 
Japan are using manmade seed materials or seed materials from 
China and other sources in addition to the stockpiled material. 
There also has been an increase in the popularity of darker and 
colored pearls that do not use U.S. seed material (Ted Kroll, 
assistant director of fisheries, Kentucky Department of Fish and 
Wildlife, oral commun., November 15, 2002). In some regions 
of the United States, shell from mussels is beginning to be 
used as a gemstone based on its own merit rather than as seed 
material for pearls. This shell material is being used in beads, 
jewelry, and watch faces. 


Consumption 


Although the United States accounted for little of the 
total global gemstone production, it was the world’s leading 
gemstone market. U.S. gemstone markets accounted for more 
than an estimated 35% of world gemstone demand in 2005. The 
U.S. market for unset gem-quality diamond during the year was 
estimated to have exceeded $16.2 billion. Domestic markets for 
natural, unset nondiamond gemstones totaled more than $996 
million. 

In the United States, about two-thirds of domestic consumers 
designate diamond as their favorite gemstone when surveyed. In 
2005, the top 10 selling colored gemstones, in descending order, 


were blue sapphire; ruby; blue topaz; fancy sapphire; amethyst; 
peridot; tanzanite; emerald; aquamarine, citrine, and opal (tied 
for ninth place); and rhodolite garnet. Pink tourmaline and pearl 
dropped out of the top 10 from the previous year. During 2005, 
50% of the jewelry retailers said their sales were up compared 
with 45% of retailers in 2004 (Prost, 2005; Wade, 2006). 

U.S. retail jewelry sales reached approximately $60 billion in 
2005, with about 56% of that value involving diamond jewelry 
(SeekingAlpha, 2006§). U.S. online jewelry sales increased by 
more than 25% in 2005 to nearly $2.1 billion; this represents 
about 3.5% of all jewelry sold in the United States IDEX 
Magazine, 20068). The U.S. market accounted for more than 
50% of the global diamond jewelry retail market in 2005. 

The U.S. colored gemstone market posted an overall increase 
in sales during 2005 compared with the previous year’s sales. 
The popularity of colored gemstones, colored laboratory-created 
gemstones, and “fancy” colored diamonds continued to increase 
in 2005. This was indicated by increased values of U.S. imports 
for consumption in most colored stone categories (emerald, 
coral, rubies, sapphires, other precious and semiprecious stones, 
and laboratory-created gems) in 2005 compared with the values 
from the previous year (table 10). Colored stone popularity also 
was evidenced by their general sales increase in 2005 (Wade, 
2006). 

The Gemological Institute of America (GIA) terminated 
the employment of four of its graders for improprieties in its 
New York, NY, laboratory, and the lab chief resigned. The 
improprieties were violations of the GIA code of ethics by 
clients of the lab, in particular, improper attempts to influence 
the outcome of grading reports. GIA is the world’s foremost 
authority in gemology, diamond and gem grading and 
identification, jewelry education, and gemology research. The 
majority of GIA employees remain above reproach, and the GIA 
remains the leading lab in the industry. The incident had the 
potential to damage confidence in gem grading, but because of a 
thorough and immediate investigation into the situation, that did 
not happen (Diamond Registry Bulletin, 2005c, f). 


Prices 


Gemstone prices are governed by many factors and qualitative 
characteristics, including beauty, clarity, defects, demand, 
durability, and rarity. Diamond pricing, in particular, is complex; 
values can vary significantly depending on time, place, and the 
subjective valuations of buyers and sellers. There are more than 
14,000 categories used to assess rough diamond and more than 
100,000 different combinations of carat, clarity, color, and cut 
values used to assess polished diamond (Pearson, 1998). 

Colored gemstone prices are generally influenced by market 
supply and demand considerations, and diamond prices are 
supported by producer controls on the quantity and quality of 
supply. Values and prices of gemstones produced and/or sold 
in the United States are listed in tables 3 through 5. In addition, 
customs values for diamonds and other gemstones imported, 
exported, or reexported are listed in tables 6 through 10. 

De Beers Group companies are a significant force affecting 
the price of gem-quality diamond worldwide because they mine 
more than 40% of the gem-quality diamond produced each year 


30.4 


(De Beers Group, 2005§). De Beers companies also sort and 
valuate about two-thirds (by value) of the world’s annual supply 
of rough diamond through De Beers’ subsidiary Diamond 
Trading Co. (DTC), which has marketing agreements with other 
producers (De Beers Group, 20038). 

The yearly average diamond price index of the Diamond High 
Council of Antwerp increased in 2005 by 7.8% to 330.4 for 
1-carat diamonds and by 1.3% to 262.2 for ¥%2-carat diamonds. 
The diamond price index measures price changes relative to 
the baseline of 100 set by the 1985 price (Diamond Registry 
Bulletin, 2006c). 


Foreign Trade 


During 2005, total U.S. gemstone trade with all countries and 
territories was valued at more than $26.0 billion, which was 
an increase of 17.7% from that of the previous year. Diamond 
accounted for about 95% of the 2005 gemstone trade total. In 
2005, U.S. exports and reexports of diamond were shipped 
to 89 countries and territories, and imports of all gemstones 
were received from 103 countries and territories (tables 6-10). 
During 2005, U.S. trade in cut diamond and unworked diamond 
increased by 14.6% and 21.9% respectively, compared with 
the previous year. The United States remained the world’s 
leading diamond importer. The United States is a significant 
international diamond transit center as well as the world’s 
leading gem-quality diamond market. The large volume of 
reexports shipped to other centers reveals the significance that 
the United States has in the world’s diamond supply network 
(table 6). 

Trade in laboratory-created gemstone increased by 0.3% for 
the United States in 2005 compared with the previous year. 
Laboratory-created gemstone imports from Austria, China, 
France, Germany, Hong Kong, Sri Lanka, Switzerland, and 
Thailand made up almost 93% (by value) of the total domestic 
imports of laboratory-created gemstones during the year. Prices 
of certain imported laboratory-created gemstones, such as 
amethyst, were very competitive. The marketing of imported 
laboratory-created gemstones and enhanced gemstones as 
natural gemstones and the mixing of laboratory-created 
materials with natural stones in imported parcels continued to be 
problems for some domestic producers in 2005. There also were 
problems with some simulants being marketed as laboratory- 
created gemstones during the year. 


World Industry Structure 


The gemstone industry worldwide has two distinct 
sectors—diamond mining and marketing and colored gemstone 
production and sales. Most diamond supplies are controlled by a 
few major mining companies; prices are supported by managing 
the quality and quantity of the gemstones relative to demand, a 
function performed by De Beers through DTC. Unlike diamond, 
colored gemstones are primarily produced at relatively small, 
low-cost operations with few dominant producers; prices are 
influenced by consumer demand and supply availability. 

In 2005, world natural diamond production totaled about 
183 million carats—102 million carats gem quality and 81.0 
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million carats industrial grade (table 11). Most production was 
concentrated in a few regions—Africa [Angola, Botswana, 
Congo (Kinshasa), Namibia, and South Africa], Asia 
(northeastern Siberia and Yakutia in Russia), Australia, North 
America (Northwest Territories in Canada), and South America 
(Brazil and Venezuela). In 2005, Australia led the world in total 
diamond output quantity (combined gemstone and industrial). 
Botswana was the world’s leading gemstone diamond producer, 
followed by Russia, Australia, Canada, Congo (Kinshasa), South 
Africa, and Angola in descending quantity order. These seven 
countries produced 95.1% of the world’s gemstone diamond 
output in 2005. 

De Beers reported that its sales of rough diamond for 2005 
were $6.54 billion, which was up by 15% from $5.7 billion in 
2004 (Diamond Registry Bulletin, 2004a, 2005b, 2006b). 

In 2002, the international rough-diamond certification system 
KPCS was implemented to solve the problem of conflict 
diamonds—rough diamonds used by rebel forces and their allies 
in several countries to help finance warfare aimed at subverting 
governments recognized as legitimate by the United Nations 
(UN). The KPCS was agreed upon by UN member nations, the 
diamond industry, and involved nongovernmental organizations. 
The KPCS includes the following key elements: the use of 
forgery-resistant certificates and tamper-proof containers for 
shipments of rough diamonds; internal controls and procedures 
that provide credible assurance that conflict diamonds do not 
enter the legitimate diamond market; a certification process 
for all exports of rough diamonds; the gathering, organizing, 
and sharing of import and export data on rough diamonds with 
other participants of relevant production; credible monitoring 
and oversight of the international certification scheme for 
rough diamonds; effective enforcement of the provisions of 
the certification scheme through dissuasive and proportional 
penalties for violations; self regulation by the diamond industry 
that fulfills minimum requirements; and sharing information 
with all other participants on relevant rules, procedures, and 
legislation as well as examples of national certificates used to 
accompany shipments of rough diamonds (Weldon, 20018). 
Canada acted as the chair and secretariat of the KPCS for 
the first 2 years, and in October 2004, Russia assumed these 
duties. For the KPCS to be fully implemented, all participating 
countries must pass the necessary laws to carry it out. In 2005, 
Indonesia and Lebanon joined the list of countries participating 
in the KPCS, amounting to a total of 45 nations that have signed 
the agreement; participating nations in the KPCS account for 
approximately 98% of the global production and trade of rough 
diamonds (Diamond Registry Bulletin, 2005h; Kimberley 
Process, 2005§). Discussions about the possible participation of 
several other countries are ongoing. 

Worldwide, the value of production of natural gemstones 
other than diamond was estimated to have exceeded $2 billion 
in 2005. Most nondiamond gemstone mines are small, low-cost, 
and widely dispersed operations in remote regions of developing 
nations. Foreign countries with major gemstone deposits other 
than diamond are Afghanistan (aquamarine, beryl, emerald, 
kunzite, lapis lazuli, ruby, and tourmaline), Australia (beryl, 
opal, and sapphire), Brazil (agate, amethyst, beryl, ruby, 
sapphire, topaz, and tourmaline), Burma (beryl, jade, ruby, 


GEMSTONES—2005 


sapphire, and topaz), Colombia (beryl, emerald, and sapphire), 
Kenya (beryl, garnet, and sapphire), Madagascar (beryl, rose 
quartz, sapphire, and tourmaline), Mexico (agate, opal, and 
topaz), Sri Lanka (beryl, ruby, sapphire, and topaz), Tanzania 
(garnet, ruby, sapphire, tanzanite, and tourmaline), and Zambia 
(amethyst and beryl). In addition, pearls are cultured throughout 
the South Pacific and in other equatorial waters; Australia, 
China, French Polynesia, and Japan are key producers. 


World Review 


Canada.—The Ekati Diamond Mine, Canada’s first operating 
commercial diamond mine, completed its seventh full year 
of production. In 2005, Ekati produced 3.23 million carats of 
diamond from 4.44 Mt of ore (BHP Billiton Ltd., 2006b). BHP 
Billiton Ltd. has an 80% controlling ownership in Ekati, which 
is in the Northwest Territories. Ekati has estimated reserves 
of 60.3 Mt of ore in kimberlite pipes that contain 54.3 million 
carats of diamond, and BHP Billiton projected the mine life to 
be 25 years. The Ekati Mine is now producing from the Koala, 
Panda, and Misery kimberlite pipes. BHP Billiton is using 
underground mining techniques to recover diamonds from 
deeper portions of the Panda kimberlite pipe (BHP Billiton 
Ltd., 2004). Underground mining of the deeper portions of the 
Koala kimberlite pipe has been approved and is expected to 
begin in December 2007 (BHP Billiton Ltd., 2006a). The Koala 
and Panda kimberlite pipes were first open pit mined (Diamond 
Registry Bulletin, 2002). Approximately one-third of the Ekati 
diamond production is industrial-grade material (Darren Dyck, 
senior project geologist, BHP Diamonds, Inc., oral commun.., 
May 27, 2001). 

The Diavik Diamond Mine, also in the Northwest Territories, 
completed its third full year of production. In 2005, Diavik 
produced 8.3 million carats of diamond from its A154 North 
ore body and the adjacent A154 South pipe. Both pipes are 
located within the same pit (Diavik Diamond Mines Inc., 2006). 
Diavik has estimated the mine’s remaining proven and probable 
reserves to be 29.8 Mt of ore in kimberlite pipes, containing 
95.6 million carats of diamond, and projected the mine life to be 
16 to 22 years (Diavik Diamond Mines Inc., 2005). The mine 
is an unincorporated joint venture between Diavik Diamond 
Mines Inc. (60%) and Aber Diamond Mines Ltd. (40%). The 
mine is expected to produce a total of about 107 million carats 
of diamond at a rate of 8 million carats per year worth about $63 
per carat during the entire mine life, which began production in 
December 2002 (Diavik Diamond Mines Inc., 2000, p. 10-12). 

Diamond exploration is continuing in Canada, with several 
other commercial diamond projects and additional discoveries 
located in Alberta, British Columbia, the Northwest Territories, 
the Nunavut Territory, Ontario, and Quebec. Canada produced 
about 7% of the world’s combined natural gemstone and 
industrial diamond production in 2005. Canadian diamond 
discoveries continue to be made and production continues to 
increase, and Canada is now fourth ranked in production of 
gemstone diamond after Botswana, Russia, and Australia. 

Guyana.—A report by Partnership Africa Canada (PAC) 
stated that nearly 20% of diamonds mined in Guyana evade the 
KPSC by being smuggled to Brazil and cited weak controls in 
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Brazil and Venezuela as the problem. The situation exposes the 
entire industry to laundered diamonds from other countries, 
such as Cote d’Ivoire and Congo (Kinshasa). The report called 
for the expulsion of Brazil and Venezuela from the KPSC if the 
situation is not corrected (Diamond Registry Bulletin, 2006a). 

Israel.—Polished diamond net exports for the 12-month 
period through October 2005 increased by 4.2% to $6.33 
billion compared with the same period in 2004, and exports of 
rough diamond increased by 22.2% to $3 billion for the same 
period. Polished diamond net imports for the first 10 months 
of 2005 decreased by 18.4% to $264 million compared with 
those of the first 10 months of 2004, while net imports of rough 
diamond increased by 2.2% to $4.5 billion for the same 10- 
month period (Diamond Registry Bulletin, 2005d). The United 
States remained the leading diamond trading partner for Israel 
(Diamond Registry Bulletin, 2005e). 

Russia.—Diamond production figures were released for the 
first time in December 2004. Production information had been 
kept as a state secret since the first diamond discovery in Siberia 
in 1955 (Diamond Registry Bulletin, 2005g). 

Sierra Leone.—During the civil war in Sierra Leone, official 
diamond exports had plunged to $1.5 million a year. However, 
since the implementation of the KPSC and the end of the civil 
war diamond exports for 2005 were reported at $142 million 
(Diamond Registry Bulletin, 2006d). 


Outlook 


There are indications that there may be continued growth in 
the U.S. diamond and jewelry markets in 2006. Historically, 
diamonds have proven to hold their value despite wars or 
economic depressions (Schumann, 1998, p. 8). 

Independent producers, such as Argyle Diamond Mines 
in Australia and Ekati and Diavik in Canada, will continue 
to bring a greater measure of competition to global markets. 
More competition presumably will bring more supplies and 
lower prices. Further consolidation of diamond producers and 
larger amounts of rough diamond being sold outside DTC will 
continue as the diamond industry adjusts to De Beers’ reduced 
influence on the industry. 

More laboratory-created gemstones, simulants, and treated 
gemstones will enter the marketplace and necessitate more 
transparent trade industry standards to maintain customer 
confidence. 

During 2005, online sales rose by 25%, representing 3.5% 
of all retail jewelry sales for the year, and Internet sales of 
diamonds, gemstones, and jewelry will continue to grow and 
increase in popularity, as will other forms of e-commerce that 
emerge to serve the diamond and gemstone industry. This will 
take place as the gemstone industry and its customers become 
more comfortable with and learn the applications of new e- 
commerce tools (Diamond Registry Bulletin, 2004b, c; IDEX 
Magazine, 20068). 
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TABLE 1 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size’ Cost” Mohs gravity Refraction index confused with characteristics 
Amber Hydrocarbon Yellow, red, green, blue Any Low to 2.0-2.5 1.0-1.1 Single 1.54 Synthetic or pressed Fossil resin, color, low 
medium plastics, kaurigum density, soft and 
trapped insects. 
Apatite Chlorocalcium Colorless, pink, yellow, Small Low 5.0 3.16-3.23 Double 1.63-1.65 Amblygonite, andalusite, Crystal habit, color, 
phosphate green, blue, violet brazilianite, precious hardness, appearance. 
beryl, titanite, topaz, 
tourmaline 
Azurite Copper carbonate Azure, dark blue, pale Small to do. 3.5-4.0 3.7-3.9 do. 1.72-1.85 Dumortierite, hauynite, Color, softness, crystal 
hydroxide blue medium lapis lazuli, lazulite, habits and associated 
sodalite minerals. 
Benitoite Barium titanium Blue, purple, pink, do. High 6.0-6.5 3.64-3.68 do. 1.76-1.80 Sapphire, tanzanite, Strong blue in ultraviolet 
silicate colorless blue diamond, blue light. 
tourmaline, cordierite 
Beryl: 
Aquamarine Beryllium aluminum Blue-green to light blue Any Medium to 7.5-8.0 2.63-2.80 do. 1.58 Synthetic spinel, blue Double refraction, 
silicate high topaz refractive index. 
Bixbite do. Red Small Very high 7.5-8.0 2.63-2.80 — do. 1.58 Pressed plastics, Refractive index. 
tourmaline 
Emerald, natural do. Green Medium do. 75 2.63-2.80 do. 1.58 Fused emerald, glass, Emerald filter, dichroism, 
tourmaline, peridot, refractive index. 
green garnet doublets 
Emerald, synthetic do. do. Small High 7.5-8.0 2.63-2.80 — do. 1.58 Genuine emerald Lack of flaws, brilliant 
fluorescence in 
ultraviolet light. 
Golden (heliodor) do. Yellow to golden Any Low to 7.5-8.0 2.63-2.80 do. 1.58 Citrine, topaz, glass, Weak-colored. 
medium doublets 
Goshenite do. Colorless do. Low 7.5-8.0 2.63-2.80 do. 1.58 Quartz, glass, white Refractive index. 
sapphire, white topaz 
Morganite do. Pink to rose do. do. 7.5-8.0 2.63-2.80 do. 1.58 Kunzite, tourmaline, Do. 
pink sapphire 
Calcite: 
Marble Calcium carbonate White, pink, red, blue, do. do. 3.0 2.72 Double 1.49-1.66 Silicates, banded agate, Translucent. 
green, or brown (strong) alabaster gypsum 
Mexican onyx do. do. do. do. 3.0 2.72 do. 1.60 do. Banded, translucent. 
Charoite Hydrated sodium Lilac, violet, or white Small to do. 5.0-6.0 2.54-2.78 XX 1.55-1.56 Purple marble Color, locality. 
calcium hydroxi- medium 
fluoro-silicate 
Chrysobery]: 
Alexandrite Beryllium aluminate Green by day light, red Small (CIS*); High 8.5 3.50-3.84 Double 1.75 Synthetic Strong dichroism, color 


by artificial light 


medium 
(Sri Lanka) 


varies from red to 
green, hardness. 


See footnotes at end of table. 
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TABLE 1—Continued 


GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size’ Cost” Mohs gravity Refraction index confused with characteristics 
Chrysoberyl— 
Continued: 
Cats-eye Beryllium aluminate Greenish to brownish Small to High 8.5 3.50-3.84 Double 1.75 Synthetic, shell Density, translucence, 
large chatoyance. 
Chrysolite do. Yellow, green, and/or Medium Medium 8.5 3.50-3.84 do. 1.75 Tourmaline, peridot Refractive index, silky. 
brown 
Chrysocolla Hydrated copper Green, blue Any Low 2.0-4.0 2.0-2.4 XX 1.46-1.57 Azurite, dyed Lack of crystals, color, 
silicate chalcedony, malachite, fracture, low density 
turquoise, variscite and softness. 
Coral Calcium carbonate Orange, red, white, black, Branching, do. 3.5-4.0 2.6-2.7. Double 1.49-1.66 False coral Dull translucent. 
purple, or green medium 
Corundum: 
Ruby Aluminum oxide Rose to deep purplish red Small Very high 9.0 3.95-4.10 — do. 1.78 Synthetics, including Inclusions, fluorescence. 
spinel, garnet 
Sapphire, blue do. Blue Medium High 9.0 3.95-4.10 — do. 1.78 — do. Inclusions, double 
refraction, dichroism. 
Sapphire, fancy do. Yellow, pink, colorless, Medium to Medium 9.0 3.95-4.10 do. 1.78 Synthetics, glass and Inclusions, double 
orange, green, or violet large doublets, morganite refreaction, refractive 
index. 
Sapphire or ruby, do. Red, pink, violet, blue, or do. High to low 9.0 3.95-4.10 do. 1.78 Star quartz, synthetic Shows asterism, color 
stars gray stars side view. 
Sapphire or ruby, do. Yellow, pink, or blue Up to 20 Low 9.0 3.95-4.10 — do. 1.78 Synthetic spinel, glass | Curved striae, bubble 
synthetic carats inclusions. 
Cubic zirconia Zirconium and Colorless, pink, blue, Small do. 8.25-8.5 5.8 Single 2.17 Diamond, zircon, titania, Hardness, density, lack 
yttrium oxides lavender, yellow moissanite of flaws and inclusions, 
refractive index. 
Diamond Carbon White, blue-white, Any Very high 10.0 3.516-3.525 do. 2.42 Zircon, titania, cubic High index, dispersion, 
yellow, brown, green, zirconia, moissanite hardness, luster. 
red, pink, blue 
Feldspar: 
Amazonite Alkali aluminum Green-blue Large Low 6.0-6.5 2.56 XX 1.52 Jade, turquoise Cleavage, sheen, vitreous 
silicate to pearly, opaque, grid. 
Labradorite do. Gray with blue and do. do. 6.0-6.5 2.56 XX 1.56 = do. Do. 
bronze sheen color play 
(schiller) 
Moonstone do. Colorless, white, gray, do. do. 6.0-6.5 2.77 XX 1.52-1.54 Glass, chalcedony, opal Pale sheen, opalescent. 
or yellow with white, 
blue, or bronze schiller 
Sunstone do. Orange, red brown, Small to do. 6.0-6.5 2.77 XX 1.53-1.55 Aventurine, glass Red glittery schiller. 
colorless with gold or medium 


red glittery schiller 


See footnotes at end of table. 


OTO¢ 


S0O0cC—AOOTAVAA STVAANIN AXANNS TVOIDOTOAD ‘S11 


TABLE 1—Continued 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size’ Cost” Mohs gravity Refraction index confused with characteristics 
Garnet Complex silicate Brown, black, yellow, Small to Low tohigh — 6.5-7.5 3.15-4.30 Single 1.79-1.98 Synthetics, spinel, Single refraction, 
green, red, or orange medium strained glass anomalous strain. 
Hematite Iron oxide Black, black-gray, Medium to Low 5.5-6.5 5.12-5.28 XX 2.94-3.22 Davidite, cassiterite, Crystal habit, streak, 
brown-red large magnetite, neptunite, hardness. 
pyrolusite, wolframite 
Jade: 
Jadeite Complex silicate Green, yellow, black, Large Low tovery — 6.5-7.0 3.3-3.5 Crypto- 1.65-1.68 Nephrite, chalcedony, — Luster, spectrum, 
white, or mauve high crystalline onyx, bowenite, translucent to opaque. 
vesuvianite, 
grossularite 
Nephrite Complex hydrous do. do. do. 6.0-6.5 2.96-3.10 — do. 1.61-1.63 Jadeite, chalcedony, Do. 
silicate onyx, bowenite, 
vesuvianite, 
grossularite 
Jet (gagate) Lignite Deep black, dark brown do. Low 2.5-4.0 1.19-1.35 XX 1.64-1.68 Anthracite, asphalt, Luster, color. 
cannel coal, onyx, 
schorl, glass, rubber 
Lapis lazuli Sodium calcium Dark azure-blue to do. do. 5.0-6.0 2.50-3.0 XX 1.50 Azurite, dumortierite, Color, crystal habit, 
aluminum silicate bright indigo blue or dyed howlite, lazulite, | associated minerals, 
even a pale sky blue. sodalite, glass luster, and localities. 
Malachite Hydrated copper Light to black-green do. do. 3.5-4.0 3.25-4.10 XX 1.66-1.91 Brochantite, chrysoprase, Color banding, softness, 
carbonate banded opaque green associated minerals. 
gemstones 
Moissanite Silicon carbide Colorless and pale shades Small Low to 9.25 3.21 Double 2.65-2.69 Diamond, zircon, titania, Hardness, dispersion, lack 
of green, blue, yellow medium cubic zirconia of flaws and inclusions, 
refractive index. 
Obsidian Amorphous, Black, gray, brown, Large Low 5.0-5.5 2.35-2.60 XX 1.45-1.55 Aegirine-augite, Color, conchoidal 
variable (usually dark green, white, gadolinite, gagate, fracture, flow bubbles, 
felsic) transparent hematite, pyrolusite, softness, and lack of 
wolframite crystal faces. 
Opal Hydrated silica Reddish orange, colors do. Low tohigh = 5.5-6.5 1.9-2.3 Single 1.45 Glass, synthetics, Color play (opalescence). 
flash in white gray, triplets, chalcedony 
black, red, or yellow 
Peridot Iron magnesium Yellow and/or green Any Medium 6.5-7.0 3.27-3.37 Double 1.65-1.69 Tourmaline, chrysoberyl Strong double refraction, 
silicate (strong) low dichroism. 
Quartz: 
Agate Silicon dioxide Any Large Low 7.0 2.58-2.64 XX XX_ Glass, plastic, Mexican Cryptocrystalline, 


onyx irregularly banded, 
dendritic inclusions. 


See footnotes at end of table. 
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TABLE 1—Continued 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size’ Cost Mohs gravity Refraction index confused with characteristics 
Quartz—Continued: 

Amethyst Silicon dioxide Purple Large Medium 7.0 2.65-2.66 Double 1.55 Glass, plastic, fluorite | Macrocrystalline, color, 
refractive index, 
transparent, hardness. 

Aventurine do. Green, red-brown, do. Low 7.0 2.64-2.69 do. 1.54-1.55 Iridescent analcime, Macrocrystalline, color, 

gold-brown, with metallic aventurine feldspar, metallic iridescent flake 
iridescent reflection emerald, aventurine reflections, hardness. 
glass 

Cairngorm do. Smoky orange or yellow do. do. 7.0 2.65-2.66 do. 1.55 do. Macrocrystalline, color, 
refractive index, 
transparent, hardness. 

Carnelian do. Flesh red to brown red do. do. 6.5-7.0 2.58-2.64 — do. 1.53-1.54 Jasper Cryptocrystalline, color, 
hardness. 

Chalcedony do. Bluish, white, gray do. do. 6.5-7.0 2.58-2.64 — do. 1.53-1.54 Tanzanite Do. 

Chrysoprase do. Green, apple-green do. do. 6.5-7.0 2.58-2.64 — do. 1.53-1.54 Chrome chalcedony, Do. 

jade, prase opal, 
prehnite, smithsonite, 
variscite, artifically 
colored green 
chalcedony 

Citrine Silica Yellow do. do. 7.0 2.65-2.66 do. 1.55 do. Macrocrystalline, color, 
refractive index, 
transparent, hardness. 

Crystal: 

Rock do. Colorless do. do. 7.0 2.65-2.66 do. 1.55 Topaz, colorless Do. 

sapphire 

Jasper do. Any, striped, spotted, or do. do. 7.0 2.58-2.66 XX XX ~~ do. Cryptocrystalline, 

sometimes uniform opaque, vitreous luster, 
hardness. 

Onyx do. Many colors do. do. 7.0 2.58-2.64 XX XX ~~ do. Cryptocrystalline, 
uniformly banded, 
hardness. 

Petrified wood do. Brown, gray, red, yellow do. do. 6.5-7.0 2.58-2.91 Double 1.54 Agate, jasper Color, hardness, wood 
grain. 

Rose do. Pink, rose red do. do. 7.0 2.65-2.66 do. 1.55 do. Macrocrystalline, color, 
refractive index, 
transparent, hardness. 

Tiger's eye do. Golden yellow, brown, do. do. 6.5-7.0 2.58-2.64 XX 1.53-1.54 XX Macrocrystalline, color, 


red, blue-black 


hardness, hatoyancy. 


See footnotes at end of table. 
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TABLE 1—Continued 


GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size’ Cost” Mohs gravity Refraction index confused with characteristics 
Rhodochrosite Manganese carbonate Rose-red to yellowish, Large Low 4.0 3.45-3.7. Double 1.6-1.82 Fire opal, rhodonite, Color, crystal habit, 
stripped tugtupite, tourmaline reaction to acid, perfect 
rhombohedral cleavage. 
Rhodonite Manganese iron Dark red, flesh red, with do. do. 5.5-6.5 3.40-3.74 do. 1.72-1.75 Rhodochrosite, thulite, | Color, black inclusions, 
calcium silicate dendritic inclusions of hessonite, spinel, lack of reaction to acid, 
black manganese oxide pyroxmangite, hardness. 
spessartine, tourmaline 
Shell: 
Mother-of-pearl Calcium carbonate = White, cream, green, Small do. 3 2.6-2.85 XX XX_ Glass and plastic Luster, iridescent play 
blue-green, with imitation of color. 
iridescent play of color 
Pearl do. White, cream to black, do. Low to high 2.5-4.5 2.6-2.85 XX XX Cultured and glass or Luster, iridescence, 
sometimes with hint of plastic imitation x-structure, ray. 
pink, green, purple 
Spinel Magnesium Any Small to Medium 8.0 3.5-3.7_ Single 1.72 Synthetic, garnet Refractive index, single 
aluminum oxide medium refraction, inclusions. 
Spinel, synthetic do. do. Up to 40 Low 8.0 3.5-3.7 Double 1.73 Spinel, corundum, beryl, Weak double refraction, 
carats topaz, alexandrite curved striae, bubbles. 
Spodumene: 
Hiddenite Lithium aluminum _—Yellow to green Medium Medium 6.5-7.0 3.13-3.20 — do. 1.66 Synthetic spinel Refractive index, color, 
silicate pleochroism. 
Kunzite do. Pink to lilac do. do. 6.5-7.0 3.13-3.20 do. 1.66 Amethyst, morganite Do. 
Tanzanite Complex silicate Blue to lavender Small High 6.0-7.0 3.30 ~~ do. 1.69 Sapphire, synthetics Strong trichroism, color. 
Topaz do. White, blue, green, pink, Medium Low to 8.0 3.4-3.6 do. 1.62 Beryl, quartz Color, density, hardness, 
yellow, gold medium refractive index, perfect 
in basal cleavage. 
Tourmaline do. Any, including mixed do. do. 7.0-7.5 2.98-3.20 do. 1.63 Peridot, beryl, garnet Double refraction, color, 
corundum, glass refractive index. 
Turquoise Copper aluminum Blue to green with black, Large Low 6.0 2.60-2.83 do. 1.63 Chrysocolla, dyed Difficult if matrix not 
phosphate brown-red inclusions howlite, dumortierite, present, matrix usually 
glass, plastics, variscite limonitic. 
Unakite Granitic rock, Olive green, pink, do. do. 6.0-7.0 2.60-3.20 XX XX XX Olive green, pink, gray- 
feldspar, epidote, and blue-gray blue colors. 
quartz 
Zircon Zirconium silicate White, blue, brown, yellow, Small to Low to 6.0-7.5 4.0-4.8 Double 1.79-1.98 Diamond, synthetics, Double refraction, 
or green medium medium (strong) topaz, aquamarine strongly dichroic, wear 
on facet edges. 
XX Not applicable. 


"Small: up to 5 carats; medium: 5 to 50 carats; large: more than 50 carats. 
"Low: up to $25 per carat; medium: up to $200 per carat; high: more than $200 per carat. 


*Commonwealth of Independent States. 
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LABORATORY-CREATED GEMSTONE PRODUCTION METHODS 


TABLE 2 


Gemstone Production method Company/producer Date of first production 
Alexandrite Flux Creative Crystals 1970s. 
Do. Melt pulling J.O. Crystal 1990s. 
Do. do. Kyocera 1980s. 
Do. Zone melt Seiko 1980s. 
Cubic zirconia Skull melt Various producers 1970s. 
Emerald Flux Chatham 1930s. 
Do. do. Gilson 1960s. 
Do. do. Kyocera 1970s. 
Do. do. Seiko 1980s. 
Do. do. Lennix 1980s. 
Do. do. Russia 1980s. 
Do. Hydrothermal Lechleitner 1960s. 
Do. do. Regency 1980s. 
Do. do. Biron 1980s. 
Do. do. Russia 1980s. 
Ruby Flux Chatham 1950s. 
Do. do. Kashan 1960s. 
Do. do. J.O. Crystal 1980s. 
Do. do. Douras 1990s. 
Do. Zone melt Seiko 1980s. 
Do. Melt pulling Kyocera 1970s. 
Do. Verneuil Various producers 1900s. 
Sapphire Flux Chatham 1970s. 
Do. Zone melt Seiko 1980s. 
Do. Melt pulling Kyocera 1980s. 
Do. Verneuil Various producers 1900s. 
Star ruby do. Linde 1940s. 
Do. Melt pulling Kyocera 1980s. 
Do. do. Nakazumi 1980s. 
Star sapphire Verneuil Linde 1940s. 
TABLE 3 


VALUE OF U.S. GEMSTONE PRODUCTION, BY TYPE! 


(Thousand dollars) 
Gem materials 2004 2005 
Beryl 48 
Coral, all types 261 216 
Diamond (2) 
Garnet 207 46 
Gem feldspar 659 626 
Geode/nodules 212 214 
Opal 137 140 
Quartz: 
Macrocrystalline® 206 196 
Cryptocrystalline* 383 427 
Sapphire/ruby 473 450 
Shell 4,000 3,560 
Topaz (2) 
Tourmaline 39 
Turquoise 699 511 
Other 7,170 * 6,960 
Total 14,500 13,400 


See footnotes at end of table. 
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TABLE 3—Continued 


VALUE OF U.S. GEMSTONE PRODUCTION, BY TYPE! 


"Revised. 


'Data are rounded to no more than three significant digits; may 


not add to totals shown. 
“Included with "Other." 
*Macrocrystalline quartz (crystals recognizable with the naked 


eye) includes amethyst, amethyst quartz, aventurine, blue quartz, 


citrine, hawk's eye, pasiolite, prase, quartz cat's eye, rock crystal, 


rose quartz, smoky quartz, and tiger's eye. 


“Cryptocrystalline (microscopically small crystals) includes agate 


carnelian, chalcedony, chrysoprase, fossilized wood, heliotrope, 


jasper, moss agate, onyx, and sard. 


TABLE 4 


PRICES OF U.S. CUT DIAMONDS, BY SIZE AND QUALITY IN 2005! 


Carat Description, Clarity? Representative prices 
weight color” (GIA terms) June December® 
0.25 G VSI $1,200 $1,200 $1,200 
do. G VS2 1,150 1,150 1,150 
do. G SI O75 975 975 
do. H VS1 1,100 1,100 1,100 
do. H VS2 1,000 1,000 1,000 
do. H SI 925 925 925 
0.50 G VSI 3,200 3,200 3,200 
do. G VS2 2,800 2,800 2,800 
do. G SI 2,400 2,400 2,400 
do. H VSI 2,800 2,800 2,800 
do. H VS2 2,400 2,400 2,400 
do. H SI 2,200 2,200 2,200 
0.75 G VSI 3,600 3,600 3,600 
do. G VS2 3,500 3,500 3,500 
do. G Sil 3,200 3,200 3,200 
do. H VSI 3,300 3,300 3,300 
do. H VS2 3,200 3,200 3,200 
do. H SI 2,900 2,900 2,900 
1.00 G VSI 5,800 5,800 5,800 
do. G VS2 5,500 5,500 5,500 
do. G SI 4,800 4,800 4,800 
do. H VSI 5,200 5,200 5,200 
do. H VS2 4,900 4,900 4,900 
do. H SI 4,700 4,700 4,700 


‘Data are rounded to no more than three significant digits. 


"Gemological Institute of America (GIA) color grades: D—colorless; E—rare white; G, H, I—traces of color. 


*Clarity: IF—no blemishes; VVS1—very, very slightly included; VS 1—very slightly included; VS2—very 
slightly included, but not visible; SI11—slightly included. 


“Source: Jewelers' Circular Keystone, v. 174, no. 2, February 2003, p. 44. 


Source: Jewelers' Circular Keystone, v. 174, no. 7, July 2003, p. 52. 
Source: Jewelers' Circular Keystone, v. 175, no. 1, January 2004, p. 28. 
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TABLE 5 


PRICES PER CARAT OF U.S. CUT COLORED GEMSTONES IN 2005 


Price range per carat 


Gemstone January’ December” 
Amethyst $7-15 $7-15 
Blue sapphire 625-1,250 625-1,250 
Blue topaz 3-5 3-5 
Emerald 1,900-3,200 1,900-3,200 
Green tourmaline 45-60 45-60 
Pearl:? 
Cultured saltwater 5 5 
Natural 210 210 
Pink tourmaline 60-125 60-125 
Rhodolite garnet 18-30 18-30 
Ruby 900-1,125 900-1,125 
Tanzanite 250-375 250-400 


‘Source: The Guide, spring/summer 2005, p. 14, 30, 45, 61, 72, 86, 96, 
98, 104, 123, and 135. These figures are approximate current wholesale 


purchase prices paid by retail jewelers on a per stone basis for fine- 


quality stones. 


Source: The Guide, fall/winter 2005-2006, p. 14, 30, 45, 61, 72, 86, 96, 
98, 104, 123, and 135. These figures are approximate current wholesale 


purchase prices paid by retail jewelers on a per stone basis for fine- 


quality stones. 


*Prices are per 4.6-millimeter pearl. 
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TABLE 6 
U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF INDUSTRIAL 
DIAMOND), BY COUNTRY’ 


2004 2005 
Quantity Value” Quantity Value” 

Country (carats) (millions) (carats) (millions) 

Exports: 
Australia 7,570 $7 33,700 $7 
Belgium 189,000 100 * 1,300,000 538 
Canada 68,500 47 84,200 56 
Costa Rica 31,800 3 37,200 3 
France 16,300 11 90,000 51 
Hong Kong 529,000 219 1,030,000 294 
India 151,000 Bil 206,000 57 
Israel 352,000 * 208 * 1,890,000 1,090 
Japan 22,600 26 52,400 33 
Mexico 397,000 124 1,080,000 144 
Netherlands 421 3 27,600 8 
Netherlands Antilles 47,200 23 35,500 33 
Singapore 12,300 5 54,000 19 
South Africa 498 (3) 21,100 4 
Switzerland 19,000 * 47 108,000 82 
Taiwan 11,000 6 16,700 4 
Thailand 68,500 15 98,000 28 
United Arab Emirates 15,700 4 101,000 43 
United Kingdom 26,300 28 78,800 Pap 
Other 52,200 * 29" 87,200 46 
Total 2,020,000 * 936" 6,430,000 2,580 

Reexports: 

Armenia 69,500 * 3 44,300 3 
Australia 19,100 7 40,300 8 
Belgium 4,780,000 * 1,370 * 3,920,000 1,100 
Canada 223,000 * 107° 247,000 136 
Dominican Republic 104,000 23 153,000 33 
France 155,000 32° 88,200 16 
Guatemala 91,100 8 107,000 12 
Hong Kong 2,690,000 * 490 * 2,500,000 618 
India 2,200,000 * 345 * 1,840,000 387 
Israel 7,650,000 * 2,690 * 7,670,000 2,640 
Japan 207,000 * 47° 150,000 33 
Malaysia 41,100 9 34,900 5 
Mexico 37,000 5 57,700 11 
Singapore 264,000 * 46 218,000 35 
South Africa 78,000 * 48 ° 47,600 36 
Switzerland 563,000 * 289 * 638,000 303 
Thailand 285,000 * 70 290,000 83 
United Arab Emirates 477,000 * 108 * 612,000 142 
United Kingdom 490,000 * 171 540,000 211 
Other 147,000 * 59 * 122,000 87 
Total 20,600,000 * 5,930" 19,300,000 5,890 
Grand total 22,600,000 * 6,870" 25,700,000 8,470 

"Revised. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 
*Customs value. 
*Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 7 


U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY’ 


2004 2005 
Quantity Value” Quantity Value” 
Kind, range, and country of origin (carat) (millions) (carat) (millions) 
Rough or uncut, natural:* 
Angola 6,590 $19 19,400 $57 
Australia 12,200 8 62,400 8 
Botswana 144,000 48 274,000 132 
Brazil 9,530 8 24,600 2 
Canada 36,500 38 57,600 62 
Congo (Kinshasa) 20,900 17 44,300 116 
Ghana 1,910 (4) 58,000 3 
Guyana 157,000 16 68,400 8 
India 34,500 3 29,200 (4) 
Namibia 28,700 1 10,700 1 
Russia 250,000 20 45,500 13 
South Africa 430,000 508 347,000 413 
Other 74,400 68 * 16,800 49 
Total 1,210,000 753 1,060,000 864 
Cut but unset, not more than 0.5 carat: 
Belgium 786,000 21S 530,000 197 
Canada 4,800 4 7,890 9 
China 67,100 10 78,900 13 
Dominican Republic 37,200 4 57,100 5 
Hong Kong 200,000 43 228,000 58 
India 9,720,000 1,770 8,780,000 1,820 
Israel 969,000 477 843,000 425 
Mauritius 1,890 4 10,400 15 
Mexico 14,400 (4) 247,000 35 
Singapore 9,460 2 6,180 2, 
South Africa 8,410 3 5,330 2: 
Switzerland 7,390 2 33,600 18 
Thailand 189,000 36 71,500 18 
United Arab Emirates 122,000 24 91,600 23 
Other 67,700 15° 28,600 13 
Total 12,200,000 2,670 11,000,000 2,650 
Cut but unset, more than 0.5 carat: 
Belgium 1,230,000 2,450 1,160,000 2,620 
Canada 23,600 67 15,200 50 
Hong Kong 71,300 111 83,400 162 
India 1,530,000 1,080 1,340,000 1,260 
Israel 3,080,000 6,660 3,070,000 7,670 
Mexico 16 (4) 49,900 37 
Russia 62,200 121 57,600 126 
South Africa 40,500 242 46,300 336 
Switzerland 20,100 155 16,600 138 
Thailand 21,300 23 21,200 20 
United Arab Emirates 23,800 21 50,300 64 
Other 88,200 * 2725 67,000 232 
Total 6,190,000 11,200 5,980,000 12,700 
"Revised. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 


2 
Customs value. 


Includes some natural advanced diamond. 


‘Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 8 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 
DIAMOND, BY KIND AND COUNTRY’ 


2004 2005 
Quantity Value’ Quantity Value’ 
Kind and country (carats) (millions) (carats) (millions) 
Emerald: 
Argentina -- -- 12,500 (3) 
Belgium 25,200 $2 4,230 $1 
Brazil 355,000 4 83,600 5 
Canada 412 (3) 6,430 (3) 
China 227,000 1 17,900 (3) 
Colombia 677,000 47 456,000 54 
France 745 1 2,360 T 
Germany 7,440 1 93,600 
Hong Kong 57,100 4 86,100 8 
India 1,880,000 18 1,340,000 17 
Israel 259,000 ZA. 139,000 22 
Italy 865 (3) 3,120 2 
Namibia -- -- 4,590 (3) 
Switzerland 9,450 18,500 8 
Thailand 424,000 8 348,000 
United Kingdom 851 2 2,520 2 
Other 74,600 6 4,770 2 
Total 4,000,000 122 2,620,000 LS 
Ruby: 
Belgium 6,450 2 11,600 1 
China 21,700 (3) 29,700 (3) 
Dominican Republic 4,920 (3) 23,600 (3) 
France 786 1 2,300 5 
Germany 19,400 1 77,600 1 
Hong Kong 52,100 4 119,000 fl 
India 1,300,000 4 935,000 5 
Israel 41,300 1 8,840 1 
Italy 6,570 (3) 4,340 1 
Kenya 526 (3) 33,500 (3) 
Sri Lanka 5,260 1 4,080 1 
Switzerland 2,230 ‘ia 89,300 29 
Thailand 2,090,000 43 3,030,000 48 
United Arab Emirates 7,700 1 3,340 1 
Other 186,000 2 8,630 Z 
Total 3,750,000 72 4,380,000 102 
Sapphire: 
Australia 5,300 (3) 57,900 1 
Austria 947 (3) 29,600 1 
Belgium 4,480 1 7,120 1 
China 120,000 (3) 84,100 (3) 
Dominican Republic 3,750 (3) 24,500 (3) 
Germany 41,000 2 72,700 5 
Hong Kong 138,000 7 272,000 15 
India 1,040,000 987,000 6 
Israel 56,600 3 31,600 3 
Italy 4,130 (3) 5,880 (3) 
Singapore 379 (3) 5,350 (3) 
Sri Lanka 455,000 42 448,000 45 
Switzerland 29,900 11 49,000 9 
Thailand 5,470,000 78 5,620,000 81 


See footnotes at end of table. 
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TABLE 8—Continued 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 
DIAMOND, BY KIND AND COUNTRY! 


2004 2005 
Quantity Value” Quantity Value” 
Kind and country (carats) (millions) (carats) (millions) 
Sapphire—Continued: 
United Arab Emirates 7,360 (3) 2,490 (3) 
United Kingdom 7,820 $3 2,550 (3) 
Other 113,000 4 14,700 $5 
Total 7,500,000 163 7,710,000 174 
Other: 
Rough, uncut: 
Australia NA 3 NA 2 
Brazil NA 8 NA 10 
Canada NA 3 NA 4 
China NA 3 NA 4 
Colombia NA 1 NA 1 
Czech Republic NA (3) NA 2 
Germany NA 2 NA 3 
India NA 1 NA 1 
Japan NA (3) NA 1 
Mexico NA 1 NA 1 
Netherlands NA 1 NA 1 
Pakistan NA 1 NA 1 
South Africa NA 7 NA [ 
Tanzania NA 1 NA 3 
United Kingdom NA (3) NA 1 
Other NA De NA 5 
Total NA 39 NA 40 
Cut, set and unset: 
Australia NA 9 NA 9 
Austria NA 3 NA 4 
Brazil NA 13 NA 18 
Canada NA 1 NA 1 
China NA 45 NA 57 
France NA 1 NA 3 
Germany NA 38 NA 33 
Hong Kong NA 33 NA 49 
India NA 82 NA 93 
Israel NA 4 NA 5 
Italy NA 1 NA 1 
South Africa NA i) NA 3 
Sri Lanka NA 7 NA 7 
Switzerland NA 10 NA 19 
Taiwan NA 2 NA 2 
Tanzania NA 7 NA 7 
Thailand NA 46 NA 40 
United Arab Emirates NA 2 NA 1 
United Kingdom NA 1 NA 1 
Other NA yi NA 7 
Total NA 320 NA 360 


*Customs value. 
3Less than % unit. 


"Revised. NA Not available. -- Zero. 
'Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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TABLE 9 
VALUE OF U.S. IMPORTS OF LABORATORY-CREATED 
AND IMITATION GEMSTONES, BY COUNTRY'” 


(Thousand dollars) 
Country 2004 2005 
Laboratory-created, cut but unset: 
Austria 2,410 3,700 
Brazil 225 151 
Canada 98 133 
China 14,100 15,200 
Cyprus 246 86 
Czech Republic 114 91 
France 989 945 
Germany 13,800 12,200 
Hong Kong 1,500 1,580 
India 261 526 
Ireland 7 69 
Italy 71D 131 
Japan 112 110 
Korea, Republic of 649 468 
Netherlands 232 296 
South Africa -- 87 
Sri Lanka 1,290 1,300 
Switzerland 3,340 2,050 
Taiwan 197 238 
Thailand 1,090 1,420 
United Arab Emirates -- 70 
Other 158° 253 
Total 40,900 41,100 
Imitation:* 

Austria 60,800 73,600 
Brazil 8 16 
China 4,660 3,500 
Czech Republic 7,000 11,000 
France 16 13 
Germany 974 1,160 
Hong Kong 700 271 
India 207 361 
Italy 100 22 
Japan 1,110 474 
Korea, Republic of 774 619 
Philippines 16 15 
Russia 53 17 
Spain 165 256 
Taiwan 220 179 
Thailand 31 52 
United Kingdom -- 24 
Other 2275" 109 
Total 77,000 91,900 


"Revised. -- Zero. 
‘Data are rounded to no more than three significant digits; may not 
add to totals shown. 


2 
Customs value. 


*Includes pearls. 


Source: U.S. Census Bureau. 
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TABLE 10 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES’ 


(Thousand carats and thousand dollars) 


2004 2005 
Stones Quantity Value’ Quantity Value” 
Diamonds: 
Rough or uncut 1,210 753,000 1,060 864,000 
Cut but unset 18,400 13,900,000 17,000 = 15,400,000 
Emeralds, cut but unset 4,000 122,000 2,630 137,000 
Coral and similar materials, unworked 6,120 11,500 5,520 12,200 
Rubies and sapphires, cut but unset 11,200 234,000 12,100 275,000 
Pearls: 
Natural NA 15,500 * NA 21,800 
Cultured NA 29,500 NA 27,100 
Imitation NA 3,780 NA 4,170 
Other precious and semiprecious stones: 
Rough, uncut 1,130,000 25,200 1,630,000 22,900 
Cut, set and unset NA 279,000 NA 319,000 
Other NA 5,680 NA 7,200 
Laboratory-created: 
Cut but unset 249,000 40,900 196,000 41,100 
Other NA 8,110 NA 10,300 
Imitation gemstone’ NA 73,300 NA 87,700 
Total XX = 15,500,000 * XX — 17,200,000 


"Revised. NA Not available. XX Not applicable. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 


*Customs value. 
“Does not include pearls. 


Source: U.S. Census Bureau. 
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TABLE 11 
NATURAL DIAMOND: WORLD PRODUCTION, BY COUNTRY AND TYPE”? 


(Thousand carats) 


Country and type’ 2001 2002 2003 2004 2005 
Gemstones: 
Angola” 4,643 * 4,520 5,130° 5,490 ° 5,580 
Australia 14,397 * 15,136 * 13,981 * 20,602 ' 20,000 ° 
Botswana*® 19,812 "> 21,297 "> 22,800 23,300 23,900 
Brazil® 700 500 > 400 * 300 °° 300 
Canada 3,716 4,937 10,756 * 12,618 12,300 
Central African Republic” 340 312 250 263 ' 265 
China® 100 * 100 ° 100 * 100 * 100 
Congo (Kinshasa) 3,638 4,223 * 5,381 ° 6,180 ° 6,300 ° 
Céte d'Ivoire 207 © 205 ' 154° 201. * 201 ° 
Ghana 936 © 770 © 675° 690 * 760 © 
Guinea® 273 368 484 © 8545 411° 
Guyana 179 248 413 455° 357 
Liberia® 100 48 36 18 18 
Namibia 1,487 1,562 1,481 2,004 * 1,900 ° 
Russia” 17,500 17,400 20,000 21,400 23,000 
Sierra Leone 102 * 162° jie bg 318 °° 318 © 
South Africa 4,465 ° 4,351° 5,144 ° 5,780 * 5,780 © 
Tanzania 216° 204 201 258 * 175 
Venezuela 14 46 11 4O * 46 * 
Other’ 54° 42" 44° 7A 110 
Total 72,900 * 76,400 * 87,700 * 100,000 * 102,000 
Industrial: 
Angola” 516 502 570° 610° 620 
Australia 11,779 * 18,500 17,087 * 22,709 ' 20,000 ° 
Botswana 6,604 > 7,100 7,600 7,800 8,000 
Brazil® 600 600 600 600 600 
Central African Republic 113 104 83 88° 88 
China® 950 955 955 960 960 
Congo (Kinshasa) 14,560 17,456 21,600 24,700 ° 25,200 ° 
Céte d'Ivoire 102 101° 76° so 99 © 
Ghana* 234 193 225° 230° 253 
Guinea® 91 123 161 ° Ligne 137 ° 
Liberia” 70 32 24 12 12 
Russia” 11,700 11,600 13,000 14,200 15,000 
Sierra Leone 120° 190° 274 *° 374 °° 374 ° 
South Africa 6,698 * 6,526 * 7,540 * 8,500 ** 9,380 © 
Tanzania 38 36 36 46* 30 
Venezuela 28 61 24 60 © 69 © 
Other® 91" 81° 82° 121" 190 
Total 54,300 ' 64,200 ° 69,900 * 81,200 * 81,000 
Grand total 127,000 141,000 ° 158,000 ° 182,000 ° 183,000 


“Estimated. ‘Revised. 

‘World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
Table includes data available through June 5, 2006. 

“In addition to the countries listed, Nigeria produces natural diamond, but information is inadequate to formulate 
reliable estimates of output levels. 

“Includes near-gem and cheap-gem qualities. 

Reported figure. 

°Exports. 

"Includes Cameroon, Congo (Brazzaville), Gabon (unspecified), India, Indonesia, and Zimbabwe. 

‘Includes Congo (Brazzaville), India, Indonesia, and Zimbabwe. 


30.22 U.S. GEOLOGICAL SURVEY MINERALS YEARBOOK—2005 


68 
GEMSTONES? 


(Data in million dollars unless otherwise noted) 


Domestic Production and Use: The combined U.S. natural and synthetic gemstone output decreased by 24% in 
2004 from that of 2003. Production of natural gemstones increased by 3% during 2004. Domestic gemstone 
production included agates, amber, beryl, coral, garnet, jade, jasper, opal, pearl, quartz, sapphire, shell, topaz, 
tourmaline, turquoise, and many other gem materials. In decreasing order, Tennessee, Oregon, Arizona, California, 
Montana, Nevada, Idaho, and Arkansas produced 83% of U.S. natural gemstones. Production of laboratory-created 
(synthetic) gemstones decreased by more than 33% during the year, owing to the closure of the only U.S. cubic 
zirconia producer. Reported output of laboratory-created gemstones was from four firms in North Carolina, Florida, 
Michigan, and Arizona, in decreasing order of production. Major uses were jewelry, carvings, and gem and mineral 
collections. 


Salient Statistics—United States: 2000 2001 2002 2003 2004° 
Production: 
Natural® 17.2 14.9 12.6 12.5 12.9 
Laboratory-created (synthetic) 57.1 24.7 18.1 33.4 22.2 
Imports for consumption 12,900 11,300 12,900 13,600 15,400 
Exports, including reexports’ 4,330 4,320 4,880 5,490 6,940 
Consumption, apparent? 8,640 7,020 8,050 8,160 8,500 
Price Variable, depending on size, type, and quality 
Employment, mine, number® 1,200 1,200 1,200 1,200 1,200 
Net import reliance’ as a percentage 
of apparent consumption 99 99 99 99 >99 


Recycling: Insignificant. 


Import Sources (2000-03 by value): Israel, 44%; India, 20%; Belgium, 19%; and other, 17%. Diamond imports 
accounted for 94% of the total value of gem imports. 


Tariff: Item Number Normal Trade Relations 
12-31-04 

Diamonds, unworked or sawn 7102.31.0000 Free. 
Diamond, *2 carat or less 7102.39.0010 Free. 
Diamond, cut, more than % carat 7102.39.0050 Free. 
Precious stones, unworked 7103.10.2000 Free. 
Precious stones, simply sawn 7103.10.4000 10.5% ad val. 
Rubies, cut 7103.91.0010 Free. 
Sapphires, cut 7103.91.0020 Free. 
Emeralds, cut 7103.91.0030 Free. 
Other precious stones, cut but not set 7103.99.1000 Free. 
Other precious stones 7103.99.5000 10.5% ad val. 
Imitation precious stones 7018.10.2000 Free. 
Synthetic cut, but not set 7104.90.1000 Free. 
Pearls, natural 7101.10.0000 Free. 
Pearls, cultured 7101.21.0000 Free. 
Pearls, imitation, not strung 7018.10.1000 4.0% ad val. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: The National Defense Stockpile (NDS) does not contain an inventory of gemstones. 
However, a very small portion of the industrial diamond stone inventory is of near-gem quality. Additionally, the beryl 
and quartz crystal inventories contain some gem-quality material that could be used by the gem industry. The U.S. 
Department of Defense is currently selling some NDS materials that may be near-gem quality. 


Prepared by Donald W. Olson [(703) 648-7721, dolson@usgs.gov, fax: (703) 648-7975] 
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Events, Trends, and Issues: In 2004, the U.S. market for unset gem-quality diamonds was estimated to have 
exceeded $12.9 billion, accounting for more than an estimated 35% of world demand. The domestic market for 
natural, unset nondiamond gemstones was estimated to be about $816 million. The United States is expected to 
dominate global gemstone consumption throughout this decade. 


The Kimberley Process Certification Scheme for rough diamond shipments, which was mandated by the United 
Nations, was implemented during 2002. The United States was a full participant in the Kimberley Process in 2003. 
Thus far the scheme appears to be successful in excluding conflict diamonds from the legitimate supply chain. 


Canada’s Ekati Mine completed its fifth full year in 2003, with diamond production of 5.57 million carats. The Diavik 
Diamond Mine came onstream and was up to full operating capacity by February 2003 and produced 3.8 million 
carats by yearend. Canada’s first entirely underground diamond mine, the Snap Lake project, is expected to come 
onstream in 2006. Canada produced about 15% of the world’s diamond in 2003. 


World Mine Production,’ Reserves, and Reserve Base: Mine production in 2004 for Angola, Australia, Canada, 
Guinea, Namibia, Russia, Sierra Leone, and Tanzania were revised upward, while production for Botswana, Congo 
(Kinshasa), Ghana, and South Africa were revised downward based on submissions from country sources. 


Mine production Reserves and reserve base® 
2003 2004° 

United States (°) e World reserves and reserve base of 
Angola 4,770 5,500 diamond-bearing deposits are 
Australia 14,900 15,000 substantial. No reserves or reserve 
Botswana 22,800 22,500 base data are available for other 
Brazil 500 500 gemstones. 
Canada 11,200 11,300 
Central African Republic 300 300 
China 235 235 
Congo (Kinshasa) 5,400 5,000 
Ghana 800 750 
Guinea 368 490 
Namibia 1,650 1,700 
Russia 12,000 12,500 
Sierra Leone 214 250 
South Africa 5,070 5,000 
Tanzania 198 310 
Other countries’ 495 495 

World total (rounded) 80,900 81,800 


World Resources: Most diamond-bearing ore bodies have a diamond content that ranges from less than 1 carat per 
ton to about 6 carats per ton. The major gem diamond reserves are in southern Africa, Australia, Canada, and 
Russia. 


Substitutes: Plastics, glass, and other materials are substituted for natural gemstones. Synthetic gemstones 
(manufactured materials that have the same chemical and physical properties as gemstones) are common 
substitutes. Simulants (materials that appear to be gems, but differ in chemical and physical characteristics) also are 
frequently substituted for natural gemstones. 


“Estimated. 

‘Excludes industrial diamond and garnet. See Diamond (Industrial) and Garnet (Industrial). 

“Estimated minimum production. 

‘Includes production of freshwater shell. 

“Reexports account for about 78% of the totals. 

“If reexports were not considered, apparent consumption would be significantly greater. 

°Defined as imports — exports and reexports + adjustments for Government and industry stock changes. 
‘Data in thousands of carats of gem diamond. 

®See Appendix C for definitions. 

‘Less than % unit. 

‘In addition to countries listed, Cote d’lvoire, Gabon, Guyana, India, Indonesia, Liberia, and Venezuela are known to produce gem diamonds. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2005 
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(GEMSTONES 
By Donald W. Olson 


Domestic survey data and tables were prepared by Jackie Arbour and Mahbood Mahdavi, statistical assistants, and the 
world production table was prepared by Glenn J. Wallace, international data coordinator. 


In 2006, the estimated value of natural gemstones produced 
in the United States was more than $11.3 million, and the 
estimated value of U.S. laboratory-created gemstone production 
was more than $52.1 million. The total estimated value of U.S. 
gemstone production was almost $63.4 million. The value of 
U.S. gemstone imports was $18.3 billion, and the value of 
combined U.S. gemstone exports and reexports was estimated to 
be $9.93 billion. 

In this report, the terms “gem” and “gemstone” mean any 
mineral or organic material (such as amber, pearl, petrified 
wood, and shell) used for personal adornment, display, or object 
of art because it possesses beauty, durability, and rarity. Of 
more than 4,000 mineral species, only about 100 possess all 
these attributes and are considered to be gemstones. Silicates 
other than quartz are the largest group of gemstones in terms 
of chemical composition; oxides and quartz are the second 
largest (table 1). Gemstones are subdivided into diamond and 
colored gemstones, which in this report designates all natural 
nondiamond gems. In addition, laboratory-created gemstones, 
cultured pearls, and gemstone simulants are discussed but are 
treated separately from natural gemstones (table 2). Trade data 
in this report are from the U.S. Census Bureau. All percentages 
in the report were computed using unrounded data. Current 
information on industrial-grade diamond and industrial-grade 
garnet can be found in the U.S. Geological Survey (USGS) 
Minerals Yearbook, volume I, Metals and Minerals chapters on 
industrial diamond and industrial garnet, respectively. 

Gemstones have fascinated humans since prehistoric times. 
They have been valued as treasured objects throughout history 
by all societies in all parts of the world. Amber, amethyst, coral, 
diamond, emerald, garnet, jade, jasper, lapis lazuli, pearl, rock 
crystal, ruby, serpentine, and turquoise are some of the first 
stones known to have been used for making jewelry. These 
stones served as symbols of wealth and power. Today, gems are 
worn more for pleasure or in appreciation of their beauty than to 
demonstrate wealth. In addition to jewelry, gemstones are used 
for collections, decorative art objects, and exhibits. 


Production 


U.S. gemstone production data were based on a survey of more 
than 230 domestic gemstone producers conducted by the USGS. 
The survey provided a foundation for projecting the scope and 
level of domestic gemstone production during the year. However, 
the USGS survey did not represent all gemstone activity in the 
United States, which includes thousands of professional and 
amateur collectors. Consequently, the USGS supplemented its 
survey with estimates of domestic gemstone production from 
related published data, contacts with gemstone dealers and 
collectors, and information gathered at gem and mineral shows. 
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Commercial mining of gemstones has never been extensive 
in the United States. More than 60 varieties of gemstones have 
been produced commercially from domestic mines, but most 
of the deposits have been relatively small compared with other 
mining operations. In the United States, much of the current 
gemstone mining is conducted by individual collectors, gem 
clubs, and hobbyists rather than by businesses. 

The commercial gemstone industry in the United States 
consists of individuals and companies that mine gemstones or 
harvest shell and pearl, firms that manufacture laboratory-created 
gemstones, and individuals and companies that cut and polish 
natural and laboratory-created gemstones. The domestic gemstone 
industry is focused on the production of colored gemstones and 
on the cutting and polishing of large diamond stones. Industry 
employment is estimated to range from 1,000 to 1,500 workers 
(U.S. International Trade Commission, 1997, p. 1). 

Most natural gemstone producers in the United States 
are small businesses that are widely dispersed and operate 
independently. The small producers probably have an average 
of less than three employees, including those who only work 
part time. The number of gemstone mines operating from 
year to year fluctuates because the uncertainty associated with 
the discovery and marketing of gem-quality minerals makes 
it difficult to obtain financing for developing and sustaining 
economically viable operations (U.S. International Trade 
Commission, 1997, p. 23). 

The total value of natural gemstones produced in the United 
States during 2006 was estimated to be more than $11.3 million 
(table 3). The production value decreased by 16% from that of 
2005. 

Natural gemstone materials indigenous to the United States 
are collected, produced, and/or marketed in every State. 

During 2006, all 50 States produced at least $1,000 worth of 
gemstone materials. Nine States accounted for 82% of the total 
value, as reported by survey respondents. These States were, 

in order of declining value of production, Tennessee, Oregon, 
Arizona, California, Arkansas, Alabama, Idaho, Montana, 

and Nevada. Some States were known for the production of a 
single gemstone material—Tennessee for freshwater pearls, 

for example. Other States produced a variety of gemstones; for 
example Arizona’s gemstone deposits included agate, amethyst, 
azurite, chrysocolla, garnet, jade, jasper, malachite, obsidian, 
onyx, opal, peridot, petrified wood, smithsonite, and turquoise. 
There is also a wide variety of gemstones found and produced in 
California, Idaho, Montana, and North Carolina. 

During 2006, the United States had only one operation in 
known diamond-bearing areas from which diamonds were 
produced. That diamond operation is in Crater of Diamonds 
State Park near Murfreesboro in Pike County, AR, where a dig- 
for-fee operation for tourists and rockhounds is maintained by 
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the State of Arkansas. Crater of Diamonds is the only diamond 
mine in the world that is open to the public. The diamonds 
occur in a lamproite breccia tuff associated with a volcanic 
pipe and in the soil developed from the lamproite breccia tuff. 
In 2006, 488 diamond stones with an average weight of 0.241 
carats were recovered at the Crater of Diamonds State Park. 
Of the 488 diamond stones recovered, 15 weighed more than 

1 carat. Since the diamond-bearing pipe and the adjoining area 
became a State park in 1972, 25,857 diamond stones with a total 
carat weight of 5,071.92 have been recovered (Tom Stolarz, 
Park Superintendent, Crater of Diamonds State Park, written 
commun., January 31, 2007). Exploration has demonstrated 
that there is about 78.5 million metric tons (Mt) of diamond- 
bearing rock in this diamond deposit (Howard, 1999, p. 62). 

An Arkansas law enacted early in 1999 prohibits commercial 
diamond mining in the park (Diamond Registry Bulletin, 1999). 
There have been no commercially operated diamond mines 
in the United States since 2002. Diamond was produced at the 

Kelsey Lake diamond mine, located close to the Colorado- 
Wyoming State line near Fort Collins, CO, for several years 
until April 2002. The Kelsey Lake property has now been fully 
reclaimed. 

Studies by the Wyoming Geological Survey have shown that 
Wyoming has the potential for a $1 billion diamond mining 
business. Wyoming has many of the same geologic conditions 
that are found in the diamond-producing areas of Canada, 
and there is evidence of hundreds of kimberlite pipes in the 
State. There have been 20 diamondiferous kimberlite pipes 
and 1 diamondiferous mafic breccia pipe identified in southern 
Wyoming. The State Line and the Iron Mountain kimberlite 
fields of Wyoming are two of the largest kimberlite fields in the 
United States, and the Leucite Hills lamproite field in Wyoming 
is the largest lamproite field in the United States. Several 
diamond mining firms have shown interest in the northern 
Colorado and southern Wyoming area (Associated Press, 2002). 

The success of Canadian diamond mines has stimulated some 
interest in exploring for commercially feasible diamond deposits 
in the United States outside of Colorado and Wyoming, in Alaska, 
Minnesota, and Montana. Parts of Alaska have similar geologic 
terrain to the Northwest Territories; and some diamond indicator 
minerals, as well as some microscopic diamonds have been found 
near Anchorage, AK. This has lead to exploratory drilling by 
two Canadian companies. University of Minnesota geologists 
teamed with an Australian mining company to conduct a soil 
sampling program in Minnesota exploring for diamond and other 
mineral deposits. The samples were being analyzed by Australia’s 
BHP Billiton Plc., and the chances of success were thought to 
be good owing to similarities between the geology in Canada 
and Minnesota (Diamond Registry Bulletin, 2005a). Diamond 
deposit exploration is also being conducted near Lewistown, MT; 
a diamond-bearing kimberlite was found in a 32.4-hectare site 
known as the Homestead property. Preliminary tests have shown 
the presence of microscopic diamonds. Diamonds have been 
found in the stream beds and glacial valleys of Montana for years 
(Associated Press, 2004). 

In addition to natural gemstones, laboratory-created 
gemstones and gemstone simulants are produced in the United 
States. Laboratory-created or synthetic gemstones have the 
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same chemical, optical, and physical properties as the natural 
gemstones. Simulants have an appearance similar to that of a 
natural gemstone material, but they have different chemical, 
optical, and physical properties. Laboratory-created gemstones 
that have been produced in the United States include alexandrite, 
diamond, emerald, garnet, moissanite, ruby, sapphire, spinel, 
turquoise, and zirconia. However, during 2006, only diamond, 
garnet, moissanite, and turquoise were produced commercially. 
Simulants of coral, lapis lazuli, malachite, and turquoise also are 
manufactured in the United States. In addition, certain colors of 
laboratory-created sapphire and spinel, used to represent other 
gemstones, are classified as simulants. 

Laboratory-created gemstone production in the United States 
was valued at more than $52.1 million during 2006, which was 
a slight increase over that of 2005. The value of U.S. simulant 
gemstone output was estimated to be more than $100 million. 
Five companies in five States, representing virtually the entire 
U.S. laboratory-created gemstone industry, reported production to 
the USGS. The States with reported laboratory-created gemstone 
production were, in descending order of production value, North 
Carolina, Florida, Massachusetts, Michigan, and Arizona. 

Gemesis Corp. in Sarasota, FL, consistently produced gem- 
quality laboratory-created diamond and reported a seventh year 
of production in 2006. The laboratory-created diamonds are 
produced using equipment, expertise, and technology developed 
by a team of scientists from Russia and the University of 
Florida. The weight of the laboratory-created diamond stones 
range from 1.5 to 2 carats, and most of the stones are yellow, 
brownish yellow, colorless, and green (Weldon, 1999). Gemesis 
uses diamond-growing machines, each machine capable of 
growing 3-carat rough diamonds by generating high-pressure, 
high-temperature (HPHT) conditions that recreate the conditions 
in the Earth’s mantle where natural diamonds form (Davis, 
2003). Gemesis could be producing as much as 30,000 to 40,000 
stones each year, and annual revenues may reach $70 million 
to $80 million (Diamond Registry Bulletin, 2001). Gemesis 
diamonds are available for retail purchase in jewelry stores and 
on the Internet, and the prices of the Gemesis laboratory-created 
diamonds are below those of natural diamond but above the 
prices of simulated diamond (Weldon, 2003). 

Apollo Diamond, Inc., near Boston, MA, developed and 
patented a method for growing extremely pure, gem-quality 
diamond with flawless crystal structure by chemical vapor 
deposition (CVD). The CVD technique transforms carbon into 
plasma, which is then precipitated onto a substrate as diamond. 
CVD has been used for more than a decade to cover large surfaces 
with microscopic diamond crystals, but until this process, no one 
had discovered the temperature, gas composition, and pressure 
combination that resulted in the growth of a single diamond 
crystal. CVD diamond precipitates as nearly 100% pure, almost 
flawless diamond, and therefore may not be distinguishable from 
natural diamond by some tests (Davis, 2003). In 2006, Apollo 
Diamond Inc. produced laboratory-created stones that range from 
1 to 2 carats and expected to expand to larger stones in the future. 
Late in 2006, Apollo started selling jewelry directly to consumers 
through a jeweler in Boston, MA. In 2007, the company hoped to 
increase production of large stones, while expanding distribution 
to other jewelers and selling online through an Apollo Diamond 
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Web store (O’Connell, 2007). Apollo planned to start selling 
diamonds in the jewelry market at costs 10% to 30% below those 
of comparable natural diamonds (Hastings, 2005). Besides its use 
as a gemstone, CVD diamond’s highest value is as a material for 
high-tech uses, such as in computer technology (Maney, 2005). 

The Carnegie Institution of Washington Geophysical 
Laboratory and the University of Alabama had jointly developed 
and patented the CVD process and apparatus to produce ¥2- 
inch-thick 10-carat single diamond crystals at very rapid growth 
rates (100 micrometers per hour). This faster CVD method uses 
microwave plasma technology and allows multiple crystals to 
be grown simultaneously. This size is about five times that of 
commercially available laboratory-created diamonds produced 
by HPHT methods and other CVD techniques. A researcher 
at the Carnegie Institution stated, “High-quality crystals over 
3 carats are very difficult to produce using the conventional 
approach. Several groups have begun to grow diamond single 
crystals by CVD, but large, colorless, and flawless ones remain a 
challenge. Our fabrication of 10-carat, half-inch CVD diamonds 
is a major breakthrough” (Willis, 2004; Carnegie Institution of 
Washington, 2005; Science Blog, 2005). Apollo Diamond and 
the Carnegie Institution have noted that diamonds produced 
by the CVD method are harder than natural diamonds and 
diamonds produced by HPHT methods. 

In 2006, the North Carolina company Charles & Colvard, Ltd. 
entered its ninth year of producing and marketing moissanite, 

a gem-quality laboratory-created silicon carbide. Moissanite is 
also an excellent diamond simulant, but it is being marketed for 
its own gem qualities. Moissanite exhibits a higher refractive 
index (brilliance) and higher luster than diamond. Its hardness is 
between those of corundum (ruby and sapphire) and diamond, 
which gives it durability (Charles & Colvard, Ltd., 2007). 

U.S. shell production decreased by 8% in 2006 compared with 
that of 2005. U.S. shell mussels is used as a source of mother-of- 
pearl and as seed material for culturing pearls. The lower shell 
production is because of overharvesting in past years, the killing 
off of U.S. native mussel species by invasive exotic species, and 
a decline in market demand. Pearl producers in Japan are using 
manmade seed materials or seed materials from China and other 
sources in addition to the stockpiled material. There also has 
been an increase in the popularity of darker and colored pearls 
that do not use U.S. seed material. In some regions of the United 
States, shell from mussels is being used more as a gemstone 
based on its own merit rather than as seed material for pearls. 
This shell material is being processed into mother-of-pearl and 
used in beads, jewelry, and watch faces. 


Consumption 


Although the United States accounted for little of the total 
global gemstone production, it was the world’s leading gemstone 
market. U.S. gemstone markets accounted for more than an 
estimated 35% of world gemstone demand in 2006. The U.S. 
market for unset gem-quality diamond during the year was 
estimated to be about $17.3 billion. Domestic markets for natural, 
unset nondiamond gemstones totaled approximately $1.07 billion. 

In the United States, about two-thirds of domestic consumers 
designate diamond as their favorite gemstone when surveyed. 
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In 2006, the top-selling colored gemstones were, in descending 
order, blue sapphire, blue topaz, emerald, ruby, fancy sapphire, 
amethyst, pink tourmaline, peridot and citrine (tied for eighth 
place), rhodolite garnet, and green tourmaline. Aquamarine, 
opal, and tanzanite from the previous year dropped out of the 
top 10. During 2006, 42% of the jewelry retailers said their sales 
were up compared with 50% of retailers in 2005 (Wade, 2006; 
Zborowski, 2007). 

The U.S. colored gemstone market posted an overall increase 
in sales during 2006 compared with the sales in 2005. The 
popularity of colored gemstones, colored laboratory-created 
gemstones, and “fancy” colored diamonds continued to increase 
in 2006. This was indicated by increased values of U.S. imports 
for consumption in some colored stone categories (emerald, coral, 
pearls, other precious and semiprecious stones, and laboratory- 
created gems) in 2006 compared with the values from 2005 (table 
10). Colored stone popularity also was evidenced by their general 
sales increase in 2006 (Zborowski, 2007). 


Prices 


Gemstone prices are governed by many factors and qualitative 
characteristics, including beauty, clarity, defects, demand, 
durability, and rarity. Diamond pricing, in particular, is complex; 
values can vary significantly depending on time, place, and the 
subjective valuations of buyers and sellers. There are more than 
14,000 categories used to assess rough diamond and more than 
100,000 different combinations of carat, clarity, color, and cut 
values used to assess polished diamond (Pearson, 1998). 

Colored gemstone prices are generally influenced by market 
supply and demand considerations, and diamond prices are 
supported by producer controls on the quantity and quality of 
supply. Values and prices of gemstones produced and/or sold 
in the United States are listed in tables 3 through 5. In addition, 
customs values for diamonds and other gemstones imported, 
exported, or reexported are listed in tables 6 through 10. 

De Beers Group companies remain a significant force affecting 
the price of gem-quality diamond worldwide because they mine 
about 40% of the gem-quality diamond produced each year (De 
Beers Group, 2005; Diamond Registry Bulletin, 2007b). De Beers 
companies also sort and valuate about two-thirds (by value) of 
the world’s annual supply of rough diamond through De Beers’ 
subsidiary Diamond Trading Co. (DTC), which has marketing 
agreements with other producers (De Beers Group, 2003). 

In 2006, there were about 200,000 diamond jewelry retail 
outlets worldwide. From these retail outlets, about 45% of 
diamond jewelry was sold in the United States, 33% in Asia, 
and 11% in Europe. Increase in sales was approximately 6% 
compared with that of 2005. The value of the entire market was 
more than $62 billion (De Beers Group, 2006). 

The International Diamond and Jewelry Exchange (IDEX) 
diamond price index showed the following price trends in 
polished stones from June 2005 to June 2006. Larger polished 
diamonds and very small diamonds (less than 0.1 carat) rose in 
price while diamonds in the 0.5- to 1-carat range declined slightly 
in price; the price of 1.5-carat diamonds increased 2.8%, and the 
price of 2-carat diamonds increased 5.5%. The decline in prices of 
diamonds in the 0.5- to 1-carat range had been an ongoing trend 
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for many months. About 30% of the polished diamond market’s 
total dollar value falls into the 0.5- to 2-carat size range. Among 
very large diamonds, round cut 5-carat polished diamonds had 
risen a dramatic 17% in price since June 2005. These diamonds 
represent less than 1% of the market. The IDEX diamond price 
index measures price changes relative to the baseline of 100 set by 
the June 2004 price (Diamond News, 2006). 


Foreign Trade 


During 2006, total U.S. gemstone trade with all countries 
and territories was valued at more than $27.9 billion, which 
was an increase of 8.5% from that of 2005. Diamond accounted 
for about 96% of the 2006 gemstone trade total. In 2006, U.S. 
exports and reexports of diamond were shipped to 87 countries 
and territories, and imports of all gemstones were received from 
104 countries and territories (tables 6-10). During 2006, U.S. 
trade in cut diamond and unworked diamond increased slightly 
and by 13.4%, respectively, compared with that of 2005. The 
United States remained the world’s leading diamond importer 
and is a significant international diamond transit center as 
well as the world’s leading gem-quality diamond market. The 
large volume of reexports shipped to other centers reveals the 
significance that the United States has in the world’s diamond 
supply network (table 6). 

Imports of laboratory-created gemstone increased by 2.9% 
for the United States in 2006 compared with trade in 2005. 
Laboratory-created gemstone imports from Austria, China, 
Germany, Hong Kong, India, Sri Lanka, Switzerland, and 
Thailand, with more than $500,000 in imports from each 
country, made up about 92% (by value) of the total domestic 
imports of laboratory-created gemstones during the year. Prices 
of certain imported laboratory-created gemstones, such as 
amethyst, were very competitive. The marketing of imported 
laboratory-created gemstones and enhanced gemstones as 
natural gemstones and the mixing of laboratory-created 
materials with natural stones in imported parcels continued to be 
problems for some domestic producers in 2006. There also were 
problems with some simulants being marketed as laboratory- 
created gemstones during the year. 


World Review 


The gemstone industry worldwide has two distinct 
sectors—diamond mining and marketing and colored gemstone 
production and sales. Most diamond supplies are controlled by a 
few major mining companies; prices are supported by managing 
the quality and quantity of the gemstones relative to demand, a 
function performed by De Beers through DTC. Unlike diamond, 
colored gemstones are primarily produced at relatively small, 
low-cost operations with few dominant producers; prices are 
influenced by consumer demand and supply availability. 

In 2006, world natural diamond production totaled about 
171 million carats—91.3 million carats gem quality and 79.9 
million carats industrial grade (table 11). Most production was 
concentrated in a few regions—Africa [Angola, Botswana, 
Congo (Kinshasa), Namibia, and South Africa], Asia 
(northeastern Siberia and Yakutia in Russia), Australia, North 
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America (Northwest Territories in Canada), and South America 
(Brazil and Venezuela). In 2006, Australia led the world in total 
diamond output quantity (combined gemstone and industrial). 
Botswana was the world’s leading gemstone diamond producer, 
followed by Russia, Canada, Australia, Angola, South Africa, 
Congo (Kinshasa), and Namibia in descending quantity order. 
These eight countries produced 96.5% (by quantity) of the 
world’s gemstone diamond output in 2006. In 2006, the total 
estimated value of global gem diamond production was $12.0 
billion; this was a 4.3% increase compared with that of 2005 
(De Beers Group, 2006). 

De Beers reported that its sales of rough diamond for 2006 
were $6.15 billion, which was a decrease of 6% from $6.54 
billion in 2005 (JCK Online, 2007). 

In 2002, the international rough-diamond certification 
system, the Kimberley Process Certification Scheme (KPCS), 
was agreed upon by United Nations (UN) member nations, the 
diamond industry, and involved nongovernmental organizations. 
The KPCS includes the following key elements: the use of 
forgery-resistant certificates and tamper-proof containers for 
shipments of rough diamonds; internal controls and procedures 
that provide credible assurance that conflict diamonds do not 
enter the legitimate diamond market; a certification process 
for all exports of rough diamonds; the gathering, organizing, 
and sharing of import and export data on rough diamonds with 
other participants of relevant production; credible monitoring 
and oversight of the international certification scheme for 
rough diamonds; effective enforcement of the provisions of 
the certification scheme through dissuasive and proportional 
penalties for violations; self regulation by the diamond industry 
that fulfills minimum requirements; and sharing information 
with all other participants on relevant rules, procedures, and 
legislation as well as examples of national certificates used 
to accompany shipments of rough diamonds (Weldon, 2001). 
Canada acted as the chair and secretariat of the KPCS for 
the first 2 years, and in October 2004, Russia assumed these 
duties. The list of participating countries has expanded to 
include 42 nations that have met the minimum requirements of 
the agreement. The rough diamond-trading entity of Chinese 
Taipei has also met the minimum requirements of the KPCS. 
The KPCS was implemented to solve the problem of conflict 
diamonds—rough diamonds used by rebel forces and their allies 
in several countries to help finance warfare aimed at subverting 
governments recognized as legitimate by the UN. The 
participating nations in the KPCS account for approximately 
98% of the global production and trade of rough diamonds 
(Diamond Registry Bulletin, 2005b; Kimberley Process, 2007). 
Discussions about the possible participation of several other 
countries are ongoing. 

Globally, the value of production of natural gemstones other 
than diamond was estimated to have exceeded $2 billion in 
2006. Most nondiamond gemstone mines are small, low-cost, 
and widely dispersed operations in remote regions of developing 
nations. Foreign countries with major gemstone deposits other 
than diamond are Afghanistan (aquamarine, beryl, emerald, 
kunzite, lapis lazuli, ruby, and tourmaline), Australia (beryl, 
opal, and sapphire), Brazil (agate, amethyst, beryl, ruby, 
sapphire, topaz, and tourmaline), Burma (beryl, jade, ruby, 
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sapphire, and topaz), Colombia (beryl, emerald, and sapphire), 
Kenya (beryl, garnet, and sapphire), Madagascar (beryl, rose 
quartz, sapphire, and tourmaline), Mexico (agate, opal, and 
topaz), Sri Lanka (beryl, ruby, sapphire, and topaz), Tanzania 
(garnet, ruby, sapphire, tanzanite, and tourmaline), and Zambia 
(amethyst and beryl). In addition, pearls are cultured throughout 
the South Pacific and in other equatorial waters; Australia, 
China, French Polynesia, and Japan are key producers. 

Canada.—The Ekati Diamond Mine, Canada’s first operating 
commercial diamond mine, completed its eighth full year of 
production in 2006. Ekati produced 2.52 million carats of 
diamond from 4.48 Mt of ore (BHP Billiton Ltd., 2007). BHP 
Billiton Ltd. has an 80% controlling ownership in Ekati, which 
is in the Northwest Territories in Canada. Ekati has estimated 
reserves of 60.3 Mt of ore in kimberlite pipes that contain 54.3 
million carats of diamond, and BHP Billiton projected the 
mine life to be 25 years. Approximately one-third of the Ekati 
diamond production is industrial-grade material (Darren Dyck, 
Senior Project Geologist, BHP Diamonds, Inc., oral commun., 
May 27, 2001). 

The Diavik Diamond Mine, also in the Northwest Territories, 
completed its fourth full year of production. In 2006, Diavik 
produced 9.8 million carats of diamond from two adjacent 
kimberlite pipes located within the same pit (Diavik Diamond 
Mines Inc., 2007). The mine will also be producing from a third 
kimberlite pipe by yearend 2007. Diavik has estimated the mine’s 
remaining proven and probable reserves to be 24.5 Mt of ore in 
kimberlite pipes, containing 81.7 million carats of diamond, and 
projected the mine life to be 16 to 22 years (Diavik Diamond 
Mine Dialogue, 2007). The mine is an unincorporated joint 
venture between Diavik Diamond Mines Inc. (60%) and Aber 
Diamond Mines Ltd. (40%). The mine is expected to produce a 
total of about 110 million carats of diamond at a rate of 8 million 
carats per year (Diavik Diamond Mines Inc., 2000, p. 10-12; 
Diavik Diamond Mine Dialogue, 2007). 

Canada’s third diamond mine, the Jericho Diamond Mine 
(wholly owned by Tahera Diamond Corp.), began production 
of rough diamonds during the first quarter of 2006 and declared 
commercial production on July 1, 2006. The Jericho mine is 
located in Nunavut. Jericho experienced startup difficulties, 
which persisted throughout 2006, but 539,000 t of kimberlite ore 
was processed, resulting in production of 296,000 carats. Tahera 
estimated the Jericho Diamond Mine’s reserves to be 2.6 Mt of 
ore and 3.11 million carats of diamond (Tahera Diamond Corp., 
2007). 

Diamond exploration is continuing in Canada, with several 
other commercial diamond projects and additional discoveries 
located in Alberta, British Columbia, the Northwest Territories, 
Nunavut, Ontario, and Quebec. Canada produced about 7% of 
the world’s combined natural gemstone and industrial diamond 
production in 2006. 

Canadian diamond discoveries continue to be made and 
production continues to increase. Canada ranked third in 
quantity produced of gemstone diamond in 2006 after Botswana 
and Russia. 

Cote d’Ivoire.—In September, the UN Security Council 
unanimously upheld resolution 1643 (2005), which requires 
nations to prevent the import of all rough diamonds from Céte 
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d'Ivoire into their territory. The UN Security Council deemed 
Céte d’Ivoire to be a threat to international peace and security. 
The effect of this action is the continued embargo against diamond 
trade from Céte d’Ivoire (Diamond Registry Bulletin, 2006b). 
Ghana.—In late 2006, the Minister of Mines and Energy of 
Ghana reported that the country had put new “conflict diamond” 
controls in place and was now in accord with the Kimberley 
Process. These controls became necessary after it was discovered 
that rebels in northern Céte d’Ivoire were mining diamonds and 
selling them in Ghana (Diamond Registry Bulletin, 2007a). 
Liberia.—The UN Security Council extended the ban on 
Liberian diamond exports through the end of 2006. The ban 
was put into place by the UN in May 2001. Members of the UN 
Security Council urged the Liberian Government to accelerate 
the implementation of reform measures so that they could join 
the Kimberley Process (Diamond Registry Bulletin, 2006a). 
Russia.—The historic Malysheva Emerald mine in central 
Russia officially reopened on October 9. The mine is now 
owned by Emerite Co. (a wholly owned Russian subsidiary 
company of the Tsar Emerald Corp). The deposit was first 
discovered in 1833, and mining began a year later. Over time, 
the Malysheva became well know for its deposits of high-quality 
gemstones, which included emerald, alexandrite, topaz, citrine, 
and a variety of beryl. The mine’s production has been curtailed 
several times throughout its history for various political reasons. 
The most recent closure was in 1995 following the collapse of 
the Soviet Union. In 2000, the mine resumed limited production, 
but full-scale mining could not be achieved. The Tsar Emerald 
Corp. has now completed a 3-year rehabilitation of the mine, 
and the Malysheva has been restored to its former status. With 
the reopening in October, came the first recovery of underground 
emerald ore in recent years (Co, 2006; Colored Stone, 2007). 
Tanzania.—The violet-blue gemstone tanzanite was discovered 
in 1967 near the village of Merelani in northern Tanzania. From 
its discovery until the early 1990s, tanzanite was mined by local 
small-scale miners without the aid of modern technology or 
investment capital. Then, tanzanite began to increase significantly 
in mainstream popularity. African Gem Resources Ltd. (a South 
African company), which later became TanzaniteOne Ltd., moved 
in and set up a modern mechanized mining operation that was 
well-funded by international investors on a large central portion 
of the Merelani tanzanite mining district. The company promoted 
their operation to the world as an alternative to the existing 
tanzanite supply chain, with no child labor, no unsafe working 
conditions, and no illegal smuggling. The local miners saw this 
as an attempt to force them out, control tanzanite trade, and keep 
the profits for themselves. Local miners clashed violently and 
repeatedly with the TanzaniteOne workers. In February 2006, 
TanzaniteOne announced an international promotional campaign 
and the establishment of a brand for tanzanite. The campaign 
would promote tanzanite to customers worldwide, especially in the 
United States, Europe, and South Africa. The branding proposal 
included certificates of authenticity, which signified that the 
tanzanite was purchased from TanzaniteOne or one of its partners. 
The certifications are managed by the Tanzanite Foundation 
(a nonprofit organization funded by TanzaniteOne and its 
customers). The Tanzanite Foundation recommends that tanzanite 
consumers insist on receiving a “Certificate of Authenticity.” The 
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announcement reportedly was well received by most of the local 
miners of the Merelani gem community because, in promoting 
tanzanite to the world, local miners would also benefit, and local 
companies could create brands of their own. TanzaniteOne started 
regular purchases from local small-scale miners and won their 
respect by offering prices much higher than most foreign dealers 
pay (Kondo, 2007; Tanzanite Foundation, The, 2007). 


Outlook 


There are indications of possible continued growth in the U.S. 
diamond and jewelry markets in 2007. Historically, diamonds 
have proven to hold their value despite wars or economic 
depressions (Schumann, 1998, p. 8). 

Independent producers, such as Argyle Diamond in Australia 
and Ekati and Diavik in Canada, will continue to bring a greater 
measure of competition to global markets. More competition 
presumably will bring more supplies and lower prices. Further 
consolidation of diamond producers and larger amounts of 
rough diamond being sold outside DTC will continue as the 
diamond industry adjusts to De Beers’ reduced influence on the 
industry. 

More laboratory-created gemstones, simulants, and treated 
gemstones will enter the marketplace and necessitate more 
transparent trade industry standards to maintain customer 
confidence. 

During 2006, online sales rose by 25%, representing 3.5% 
of all retail jewelry sales for the year, and Internet sales of 
diamonds, gemstones, and jewelry are expected to continue 
to grow and increase in popularity, as will other forms of e- 
commerce that emerge to serve the diamond and gemstone 
industry. This is likely to take place as the gemstone industry 
and its customers become more comfortable with and learn the 
applications of new e-commerce tools (IDEX Magazine, 2006). 


References Cited 


Associated Press, 2002, Geologist sees no interest in Wyoming diamond mining: 
Associated Press, March 14. (Accessed July 15, 2002, at 
http://www.montanaforum.com/rednews/2002/03/14/build/mining/ 
wyodiamond.php?nnn=2.) 

Associated Press, 2004, Microscopic diamond found in Montana: Associated 
Press, October 10. (Accessed October 19, 2004, at http://www.cnn.com/2004/ 
TECH/science/10/19/diamond.discovery.ap/index.html.) 

BHP Billiton Ltd., 2007, BHP Billiton production report for the quarter ended 
31 December 2006: Melbourne, Australia, BHP Billiton Ltd. news release, 
January 25, 12 p. 

Carnegie Institution of Washington, 2005, Very large diamonds produced very 
fast: Washington, DC, Carnegie Institution of Washington news release, May 
16, 1p; 

Charles & Colvard, Ltd., 2007, Moissanite the jewel—Everlasting beauty: 
Morrisville, North Carolina, Charles & Colvard, Ltd. (Accessed October 9, 
2007, at http://www.moissanite.com/everlasting_beauty.cfm.) 

Colored Stone, 2007, Historic mine reopens: Colored Stone, v. 20, no. 1, 
January/February, p. 6. 

Co, Charlene, 2006, Rediscovering the Malyshev emerald mine: Jewellery News 
Asia, no. 268, December, p. 44-52. 

Davis, Joshua, 2003, The new diamond age: Wired, v. 11, no. 09, September, 

p. 96-105, 145-146. 

De Beers Group, 2003, Diamond Trading Company: Johannesburg, South 
Africa, De Beers Group. (Accessed August 10, 2004, at 
http://www.debeersgroup.com/dtc/dtcProfile.asp.) 


29.6 


De Beers Group, 2005, Welcome to the De Beers Group: Johannesburg, South 
Africa, De Beers Group. (Accessed May 30, 2006, via 
http://www.debeersgroup.com/DeBeers Web. ) 

De Beers Group, 2006, Welcome to the De Beers Group: Johannesburg, South 
Africa, De Beers Group. (Accessed September 28, 2007, via 
http://www.debeersgroup.com/DeBeersWeb. ) 

Diamond News, 2006, Diamond price news—June global polished diamond 
prices show modest gain: Diamond News, July 9. (Accessed August 9, 2006, 
at http://www.diamondsnews.com/diamond_price_news.htm.) 

Diamond Registry Bulletin, 1999, Verdict in—Crater of Diamonds remains 
public park: Diamond Registry Bulletin, v. 31, no. 2, February 28, p. 6. 

Diamond Registry Bulletin, 2001, Synthetic diamond production expands—Is it 
a threat?: Diamond Registry Bulletin, v. 33, no. 11, December 31, p. 2. 

Diamond Registry Bulletin, 2005a, Diamonds in Alaska and Minnesota?: 
Diamond Registry Bulletin, v. 37, no. 5, May 31, p. 3. 

Diamond Registry Bulletin, 2005b, U.N. reaffirms support for Kimberley 
Process: Diamond Registry Bulletin, v. 37, no. 11, December 30, p. 4. 

Diamond Registry Bulletin, 2006a, Diamonds from Liberia ban extended by 
United Nations: Diamond Registry Bulletin, v. 38, no. 9, October 31, p. 3. 

Diamond Registry Bulletin, 2006b, Ivory Coast embargoes by UN: Diamond 
Registry Bulletin, v. 38, no. 8, September 30, p. 2. 

Diamond Registry Bulletin, 2007a, Ghana said “conflict diamond” controls have 
improved: Diamond Registry Bulletin, v. 39, no. 2, February 28, p. 3. 

Diamond Registry Bulletin, 2007b, Where have all the big diamonds gone?: 
Diamond Registry Bulletin, v. 39, no. 1, January 31, p. 1. 

Diavik Diamond Mine Dialogue, 2007, Reserves updated: Diavik Diamond 
Mine Dialogue, v. 10, May 4, p. 2. 

Diavik Diamond Mines Inc., 2000, Diavik annual social and environmental 
report—2000: Yellowknife, Northwest Territories, Canada, Diavik Diamond 
Mines Inc., 74 p. 

Diavik Diamond Mines Inc., 2007, Diavik 2006 fourth quarter update: 
Yellowknife, Northwest Territories, Canada, Diavik Diamond Mines Inc. 
news release, February 2, | p. 

Hastings, Michael, 2005, Romancing the stone: Newsweek [Asia Edition], 

v. 145, no. 7, February 14, p. 40-46. 

Howard, J.M., 1999, Summary of the 1990’s exploration and testing of the 
Prairie Creek diamond-bearing lamproite complex, Pike County, AR, 
with a field guide, in Howard, J.M., ed., Contributions to the geology of 
Arkansas: Little Rock, AR, Arkansas Geological Commission Miscellaneous 
Publication 18D, v. IV, p. 57-73. 

IDEX Magazine, 2006, U.S. online jewelry sales soaring: IDEX Magazine, June 
4. (Accessed July 7, 2006, at http://www.idexonline.com/ 
portal_FullMazalUbracha.asp?id=25686.) 

JCK Online, 2007, De Beers diamond sales fell 6 percent in 2006: JCK Online, 
February 9. (Accessed July 5, 2007, at http://www.jckonline.com/article/ 
CA6415317.html.) 

Kimberley Process, 2007, The Kimberley Process participants: New York City, 
New York, Kimberley Process. (Accessed September 5, 2007, at 
http://www.kimberleyprocess.com/structure/ 
participants_world_map_en.html.) 

Kondo, Hamza, 2007, Peace and tanzanite: Colored Stone, v. 20, no. 1, January/ 
February, p. 26-29. 

Maney, Kevin, 2005, Man-made diamonds sparkle with potential: USA Today, 
October 6. (Accessed June 26, 2006, at http://www.usatoday.com/tech/news/ 
techinnovations/2005- 10-06-man-made-diamonds_x.htm.) 

O’Connell, Vanessa, 2007, Gem war: The Wall Street Journal, January 13-14, 
p. 1, 4-5. 

Pearson, Carl, 1998, Diamonds—The demand equation: Mining Journal, v. 331, 
no. 8505, November 6, p. 7. 

Science Blog, 2005, Scientists patent process to create large diamond 
gemstones: Science Blog, April 4. (Accessed July 7, 2005, at 
http://www.scienceblog.com/cms/node/7526.) 

Schumann, Walter, 1998, Gemstones of the world: New York, NY, Sterling 
Publishing Co., Inc., 272 p. 

Tahera Diamond Corp., 2007, Year-end report: Toronto, Ontario, Canada, Tahera 
Diamond Corp. press release, March 27, 4 p. 

Tanzanite Foundation, The, 2007, Tanzanite: Merelani, Tanzania, The Tanzanite 
Foundation. (Accessed September 28, 2007, via 
http://www.tanzanitefoundation.org/.) 

US. International Trade Commission, 1997, Industry & trade summary— 
Gemstones: U.S. International Trade Commission Publication 3018, March, 72 p. 


U.S. GEOLOGICAL SURVEY MINERALS YEARBOOK—2006 


Wade, Suzanne, 2006, Our annual retail survey reveals that some gems are more 
equal than others: Colored Stone, v. 19, no. 1, January/February, p. 24-27. 
Weldon, Robert, 1999, Man-made diamonds in Florida: Professional Jeweler, 
August 23. (Accessed February 1, 2000, at http://www.professionaljeweler. 
com/archives/news/1999/082399story.html.) 
Weldon, Robert, 2001, Kimberley Process inches forward: Professional Jeweler, 
October 1. (Accessed March 21, 2002, at 
http://www. professionaljeweler.com/archives/news/2001/100101story.html.) 
Weldon, Robert, 2003, Gemesis diamonds at retailers: Professional Jeweler, 
November 22. (Accessed November 25, 2003, at 
http://www. professionaljeweler.com/archives/news/2003/112203story.html.) 
Willis, FM., 2004, Ultrahard diamonds: Today’s Chemist at Work, v. 13, no. 5, 
May, p. 12. 
Zborowski, Megan, 2007, Brands rising: Colored Stone, v. 20, no. 1, January/ 
February, p. 22-25. 


GENERAL SOURCES OF INFORMATION 
U.S. Geological Survey Publications 


Diamond, Industrial. Ch. in Minerals Yearbook, annual. 


GEMSTONES—2006 


Garnet, Industrial. Ch. in Minerals Yearbook, annual. 

Gem Stones. Ch. in United States Mineral Resources, 
Professional Paper 820, 1973. 

Gemstones. Ch. in Mineral Commodity Summaries, annual. 


Other 


Antwerp Confidential. 

Colored Stone Magazine. 

De Beers Consolidated Mines Ltd. annual reports, 1998-2001. 

Directory of Principal U.S. Gemstone Producers in 1995. U.S. 
Bureau of Mines Mineral Industry Surveys, 1995. 

Gems & Gemology. 

Gemstone Forecaster. 

Lapidary Journal. 

Overview of Production of Specific U.S. Gemstones, An. U.S. 
Bureau of Mines Special Publication 95-14, 1995. 


207 


8°6C 


9007 AOOTAVAA STIVAHNIN AXAUNS TVOIDOTOXD 'S'N 


TABLE 1 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size| Cost” Mohs gravity Refraction index confused with characteristics 
Amber Hydrocarbon Yellow, red, green, blue Any Low to 2.0-2.5 1.0-1.1 Single 1.54 Synthetic or pressed Fossil resin, color, low 
medium plastics, kaurigum density, soft and 
trapped insects. 
Apatite Chlorocalcium Colorless, pink, yellow, Small Low 5.0 3.16-3.23 Double 1.63-1.65 Amblygonite, andalusite, Crystal habit, color, 
phosphate green, blue, violet brazilianite, precious hardness, appearance. 
beryl, titanite, topaz, 
tourmaline 
Azurite Copper carbonate Azure, dark blue, pale Small to do. 3.5-4.0 3.7-3.9 do. 1.72-1.85 Dumortierite, hauynite, Color, softness, crystal 
hydroxide blue medium lapis lazuli, lazulite, habits and associated 
sodalite minerals. 
Benitoite Barium titanium Blue, purple, pink, do. High 6.0-6.5 3.64-3.68 do. 1.76-1.80 Sapphire, tanzanite, Strong blue in ultraviolet 
silicate colorless blue diamond, blue light. 
tourmaline, cordierite 
Beryl: 
Aquamarine Beryllium aluminum Blue-green to light blue Any Medium to 7.5-8.0 2.63-2.80 do. 1.58 Synthetic spinel, blue Double refraction, 
silicate high topaz refractive index. 
Bixbite do. Red Small Very high 7.5-8.0 2.63-2.80 do. 1.58 Pressed plastics, Refractive index. 
tourmaline 
Emerald, natural do. Green Medium do. 75 2.63-2.80 do. 1.58 Fused emerald, glass, Emerald filter, dichroism, 
tourmaline, peridot, refractive index. 
green garnet doublets 
Emerald, synthetic do. do. Small High 7.5-8.0 2.63-2.80 — do. 1.58 Genuine emerald Lack of flaws, brilliant 
fluorescence in 
ultraviolet light. 
Golden (heliodor) do. Yellow to golden Any Low to 7.5-8.0 2.63-2.80 do. 1.58 Citrine, topaz, glass, Weak-colored. 
medium doublets 
Goshenite do. Colorless do. Low 7.5-8.0 2.63-2.80 do. 1.58 Quartz, glass, white Refractive index. 
sapphire, white topaz 
Morganite do. Pink to rose do. do. 7.5-8.0 2.63-2.80 do. 1.58 Kunzite, tourmaline, Do. 
pink sapphire 
Calcite: 
Marble Calcium carbonate White, pink, red, blue, do. do. 3.0 2.72 Double 1.49-1.66 Silicates, banded agate, Translucent. 
green, or brown (strong) alabaster gypsum 
Mexican onyx do. do. do. do. 3.0 2.12 do. 1.60 ~~ do. Banded, translucent. 
Charoite Hydrated sodium Lilac, violet, or white Small to do. 5.0-6.0 2.54-2.78 XX 1.55-1.56 Purple marble Color, locality. 
calcium hydroxi- medium 
fluoro-silicate 
Chrysobery]1: 
Alexandrite Beryllium aluminate Green by day light, red Small to High 8.5 3.50-3.84 Double 1.75 Synthetic Strong dichroism, color 
by artificial light medium varies from red to 


green, hardness. 


See footnotes at end of table. 
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TABLE 1—Continued 


GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size| Cost” Mohs gravity Refraction index confused with characteristics 
Chrysoberyl— 
Continued: 
Cats-eye Beryllium aluminate Greenish to brownish Small to High 8.5 3.50-3.84 Double 1.75 Synthetic, shell Density, translucence, 
large chatoyance. 
Chrysolite do. Yellow, green, and/or Medium Medium 8.5 3.50-3.84 do. 1.75 Tourmaline, peridot Refractive index, silky. 
brown 
Chrysocolla Hydrated copper Green, blue Any Low 2.0-4.0 2.0-2.4 XX 1.46-1.57 Azurite, dyed Lack of crystals, color, 
silicate chalcedony, malachite, fracture, low density 
turquoise, variscite and softness. 
Coral Calcium carbonate Orange, red, white, black, Branching, do. 3.5-4.0 2.6-2.7 Double 1.49-1.66 False coral Dull translucent. 
purple, or green medium 
Corundum: 
Ruby Aluminum oxide Rose to deep purplish red Small Very high 9.0 3.95-4.10 — do. 1.78 Synthetics, including Inclusions, fluorescence. 
spinel, garnet 
Sapphire, blue do. Blue Medium High 9.0 3.95-4.10 — do. 1.78 — do. Inclusions, double 
refraction, dichroism. 
Sapphire, fancy do. Yellow, pink, colorless, Medium to Medium 9.0 3.95-4.10 — do. 1.78 Synthetics, glass and Inclusions, double 
orange, green, or violet large doublets, morganite refreaction, refractive 
index. 
Sapphire or ruby, do. Red, pink, violet, blue, or do. High to low 9.0 3.95-4.10 do. 1.78 Star quartz, synthetic Shows asterism, color 
stars gray stars side view. 
Sapphire or ruby, do. Yellow, pink, or blue Up to 20 Low 9.0 3.95-4.10 — do. 1.78 Synthetic spinel, glass | Curved striae, bubble 
synthetic carats inclusions. 
Cubic zirconia Zirconium and Colorless, pink, blue, Small do. 8.25-8.5 5.8 Single 2.17 Diamond, zircon, titania, Hardness, density, lack 
yttrium oxides lavender, yellow moissanite of flaws and inclusions, 
refractive index. 
Diamond Carbon White, blue-white, Any Very high 10.0 3.516-3.525 do. 2.42 Zircon, titania, cubic High index, dispersion, 
yellow, brown, green, zirconia, Moissanite hardness, luster. 
red, pink, blue 
Feldspar: 
Amazonite Alkali aluminum Green-blue Large Low 6.0-6.5 2.56 XX 1.52 Jade, turquoise Cleavage, sheen, vitreous 
silicate to pearly, opaque, grid. 
Labradorite do. Gray with blue and do. do. 6.0-6.5 2.56 XX 1.56 ~~ do. Do. 
bronze sheen color play 
(schiller) 
Moonstone do. Colorless, white, gray, do. do. 6.0-6.5 2.77 XX 1.52-1.54 Glass, chalcedony, opal Pale sheen, opalescent. 
or yellow with white, 
blue, or bronze schiller 
Sunstone do. Orange, red brown, Small to do. 6.0-6.5 Zt eee 1.53-1.55 Aventurine, glass Red glittery schiller. 
colorless with gold or medium 


red glittery schiller 


See footnotes at end of table. 
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TABLE 1—Continued 


GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size’ Cost” Mohs gravity Refraction index confused with characteristics 
Garnet Complex silicate Brown, black, yellow, Small to Low tohigh —6.5-7.5 3.15-4.30 Single 1.79-1.98 Synthetics, spinel, Single refraction, 
green, red, or orange medium strained glass anomalous strain. 
Hematite Iron oxide Black, black-gray, Medium to Low 5.5-6.5 5.12-5.28 XX 2.94-3.22 Davidite, cassiterite, Crystal habit, streak, 
brown-red large magnetite, neptunite, hardness. 
pyrolusite, wolframite 
Jade: 
Jadeite Complex silicate Green, yellow, black, Large Low tovery _6.5-7.0 3.3-3.5 Crypto- 1.65-1.68 Nephrite, chalcedony, — Luster, spectrum, 
white, or mauve high crystalline onyx, bowenite, translucent to opaque. 
vesuvianite, 
grossularite 
Nephrite Complex hydrous do. do. do. 6.0-6.5 2.96-3.10 — do. 1.61-1.63 Jadeite, chalcedony, Do. 
silicate onyx, bowenite, 
vesuvianite, 
grossularite 
Jet (gagate) Lignite Deep black, dark brown do. Low 2.5-4.0 1.19-1.35 XX 1.64-1.68 Anthracite, asphalt, Luster, color. 
cannel coal, onyx, 
schorl, glass, rubber 
Lapis lazuli Sodium calcium Dark azure-blue to do. do. 5.0-6.0 2.50-3.0 XX 1.50 Azurite, dumortierite, Color, crystal habit, 
aluminum silicate bright indigo blue or dyed howlite, lazulite, | associated minerals, 
even a pale sky blue. sodalite, glass luster, and localities. 
Malachite Hydrated copper Light to black-green do. do. 3.5-4.0 3.25-4.10 XX 1.66-1.91 Brochantite, chrysoprase, Color banding, softness, 
carbonate banded opaque green associated minerals. 
gemstones 
Moissanite Silicon carbide Colorless and pale shades Small Low to 9.25 3.21 Double 2.65-2.69 Diamond, zircon, titania, Hardness, dispersion, lack 
of green, blue, yellow medium cubic zirconia of flaws and inclusions, 
refractive index. 
Obsidian Amorphous, Black, gray, brown, Large Low 5.0-5.5 2.35-2.60 XX 1.45-1.55 Aegirine-augite, Color, conchoidal 
variable (usually dark green, white, gadolinite, gagate, fracture, flow bubbles, 
felsic) transparent hematite, pyrolusite, softness, and lack of 
wolframite crystal faces. 
Opal Hydrated silica Reddish orange, colors do. Low tohigh = 5.5-6.5 1.9-2.3 Single 1.45 Glass, synthetics, Color play (opalescence). 
flash in white gray, triplets, chalcedony 
black, red, or yellow 
Peridot Iron magnesium Yellow and/or green Any Medium 6.5-7.0 3.27-3.37 Double 1.65-1.69 Tourmaline, chrysoberyl Strong double refraction, 
silicate (strong) low dichroism. 
Quartz: 
Agate Silicon dioxide Any Large Low 7.0 2.58-2.64 XX XX_ Glass, plastic, Mexican Cryptocrystalline, 
onyx irregularly banded, 


dendritic inclusions. 


See footnotes at end of table. 
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TABLE 1—Continued 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size’ Cost” Mohs gravity Refraction index confused with characteristics 
Quartz—Continued: 

Amethyst Silicon dioxide Purple Large Medium 7.0 2.65-2.66 Double 1.55 Glass, plastic, fluorite Macrocrystalline, color, 
refractive index, 
transparent, hardness. 

Aventurine do. Green, red-brown, do. Low 7.0 2.64-2.69 do. 1.54-1.55 Iridescent analcime, Macrocrystalline, color, 

gold-brown, with metallic aventurine feldspar, metallic iridescent flake 
iridescent reflection emerald, aventurine reflections, hardness. 
glass 

Cairngorm do. Smoky orange or yellow do. do. AD 2.65-2.66 do. 1.35: ~do; Macrocrystalline, color, 
refractive index, 
transparent, hardness. 

Carnelian do. Flesh red to brown red do. do. 6.5-7.0 2.58-2.64 — do. 1.53-1.54 Jasper Cryptocrystalline, color, 
hardness. 

Chalcedony do. Bluish, white, gray do. do. 6.5-7.0 2.58-2.64 do. 1.53-1.54 Tanzanite Do. 

Chrysoprase do. Green, apple-green do. do. 6.5-7.0 2.58-2.64 do. 1.53-1.54 Chrome chalcedony, Do. 

jade, prase opal, 
prehnite, smithsonite, 
variscite, artifically 
colored green 
chalcedony 

Citrine Silica Yellow do. do. 7.0 2.65-2.66 do. 1.55 do. Macrocrystalline, color, 
refractive index, 
transparent, hardness. 

Crystal: 

Rock do. Colorless do. do. 7.0 2.65-2.66 do. 1.55 Topaz, colorless Do. 

sapphire 

Jasper do. Any, striped, spotted, or do. do. 40 2.58-2.66 XX XX ~~ do. Cryptocrystalline, 
opaque, vitreous luster, 

sometimes uniform hardness. 

Onyx do. Many colors do. do. 70 2.58-2.64 XX XX ~~ do. Cryptocrystalline, 
uniformly banded, 
hardness. 

Petrified wood do. Brown, gray, red, yellow do. do. 6.5-7.0 2.58-2.91 Double 1.54 Agate, jasper Color, hardness, wood 
grain. 

Rose do. Pink, rose red do. do. 7.0 2.65-2.66 do. 1.55 do. Macrocrystalline, color, 
refractive index, 
transparent, hardness. 

Tiger's eye do. Golden yellow, brown, do. do. 6.5-7.0 2.58-2.64 XX 1.53-1.54 XX Macrocrystalline, color, 


red, blue-black 


hardness, hatoyancy. 


See footnotes at end of table. 


C167 


900°C AOOPTAVAA STIVAHNIN AXANNS TVOIDO'TOXD ‘S71 


TABLE 1—Continued 


GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size! Cost” Mohs gravity Refraction index confused with characteristics 
Rhodochrosite Manganese carbonate Rose-red to yellowish, Large Low 4.0 3.45-3.7 Double 1.6-1.82 Fire opal, rhodonite, Color, crystal habit, 
stripped tugtupite, tourmaline reaction to acid, perfect 
rhombohedral cleavage. 
Rhodonite Manganese iron Dark red, flesh red, with do. do. 5.5-6.5 3.40-3.74 do. 1.72-1.75 Rhodochrosite, thulite, Color, black inclusions, 
calcium silicate dendritic inclusions of hessonite, spinel, lack of reaction to acid, 
black manganese oxide pyroxmangite, hardness. 
spessartine, tourmaline 
Shell: 
Mother-of-pearl Calcium carbonate White, cream, green, Small do. 3.5 2.6-2.85 XX XX_ Glass and plastic Luster, iridescent play 
blue-green, with imitation of color. 
iridescent play of color 
Pearl do. White, cream to black, do. Low to high 2.5-4.5 2.6-2.85 XX XX Cultured and glass or Luster, iridescence, 
sometimes with hint of plastic imitation x-structure, ray. 
pink, green, purple 
Spinel, natural Magnesium Any Small to Medium 8.0 3.5-3.7 Single 1.72 Synthetic, garnet Refractive index, single 
aluminum oxide medium refraction, inclusions. 
Spinel, synthetic do. do. Up to 40 Low 8.0 3.5-3.7 Double 1.73 Spinel, corundum, beryl, Weak double refraction, 
carats topaz, alexandrite curved striae, bubbles. 
Spodumene: 
Hiddenite Lithium aluminum _—Yellow to green Medium Medium 6.5-7.0 3.13-3.20 do. 1.66 Synthetic spinel Refractive index, color, 
silicate pleochroism. 
Kunzite do. Pink to lilac do. do. 6.5-7.0 3.13-3.20 — do. 1.66 Amethyst, morganite Do. 
Tanzanite Complex silicate Blue to lavender Small High 6.0-7.0 3.30 ~~ do. 1.69 Sapphire, synthetics Strong trichroism, color. 
Topaz do. White, blue, green, pink, Medium Low to 8.0 3.4-3.6 do. 1.62 Beryl, quartz Color, density, hardness, 
yellow, gold medium refractive index, perfect 
in basal cleavage. 
Tourmaline do. Any, including mixed do. do. 7.0-7.5 2.98-3.20 do. 1.63 Peridot, beryl, garnet Double refraction, color, 
corundum, glass refractive index. 
Turquoise Copper aluminum Blue to green with black, Large Low 6.0 2.60-2.83 — do. 1.63 Chrysocolla, dyed Difficult if matrix not 
phosphate brown-red inclusions howlite, dumottierite, present, matrix usually 
glass, plastics, variscite limonitic. 
Unakite Granitic rock, Olive green, pink, do. do. 6.0-7.0 2.60-3.20 XX XX XX Olive green, pink, gray- 
feldspar, epidote, and blue-gray blue colors. 
quartz 
Zircon Zirconium silicate White, blue, brown, yellow, Small to Low to 6.0-7.5 4.0-4.8 Double 1.79-1.98 Diamond, synthetics, Double refraction, 
or green medium medium (strong) topaz, aquamarine strongly dichroic, wear 
on facet edges. 
XX Not applicable. 


‘Small: up to 5 carats; medium: 5 to 50 carats; large: more than 50 carats. 


"Low: up to $25 per carat; medium: up to $200 per carat; high: more than $200 per carat. 


‘Commonwealth of Independent States. 
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TABLE 2 


LABORATORY-CREATED GEMSTONE PRODUCTION METHODS 


Gemstone Production method Company/producer Date of first production 
Alexandrite Flux Creative Crystals Inc. 1970s. 
Do. Melt pulling J.O. Crystal Co., Inc. 1990s. 
Do. do. Kyocera Corp. 1980s. 
Do. Zone melt Seiko Corp. 1980s. 
Cubic zirconia Skull melt Various producers 1970s. 
Emerald Flux Chatham Created Gems 1930s. 
Do. do. Gilson 1960s. 
Do. do. Kyocera Corp. 1970s. 
Do. do. Seiko Corp. 1980s. 
Do. do. Lennix 1980s. 
Do. do. Russia 1980s. 
Do. Hydrothermal Lechleitner 1960s. 
Do. do. Regency 1980s. 
Do. do. Biron Corp. 1980s. 
Do. do. Russia 1980s. 
Ruby Flux Chatham Created Gems 1950s. 
Do. do. Kashan Created Ruby 1960s. 
Do. do. J.O. Crystal Co., Inc. 1980s. 
Do. do. Douras 1990s. 
Do. Zone melt Seiko Corp. 1980s. 
Do. Melt pulling Kyocera Corp. 1970s. 
Do. Verneuil Various producers 1900s. 
Sapphire Flux Chatham Created Gems 1970s. 
Do. Zone melt Seiko Corp. 1980s. 
Do. Melt pulling Kyocera Corp. 1980s. 
Do. Verneuil Various producers 1900s. 
Star ruby do. Linde Air Products Co. 1940s. 
Do. Melt pulling Kyocera Corp. 1980s. 
Do. do. Nakazumi Earth Crystals Co. 1980s. 
Star sapphire Verneuil Linde Air Products Co. 1940s. 
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TABLE 3 
VALUE OF U.S. GEMSTONE PRODUCTION, BY TYPE! 


(Thousand dollars) 

Gem materials 2005 2006 
Beryl 48 21 
Coral, all types 216 106 
Diamond (2) (2) 
Garnet 46 44 
Gem feldspar 626 1,190 
Geode/nodules 214 47 
Opal 140 380 
Quartz: 

Macrocrystalline® 196 228 
Cryptocrystalline* 427 147 
Sapphire/ruby 450 198 
Shell 3,560 3,210 
Topaz (2) (2) 
Tourmaline 39 55 
Turquoise S11 202 
Other 6,960 5,440 
Total 13,400 11,300 


‘Data are rounded to no more than three significant digits; may 
not add to totals shown. 

“Included with "Other." 

*Macrocrystalline quartz (crystals recognizable with the naked 
eye) includes amethyst, amethyst quartz, aventurine, blue quartz, 
citrine, hawk's eye, pasiolite, prase, quartz cat's eye, rock crystal, 
rose quartz, smoky quartz, and tiger's eye. 

“Cryptocrystalline (microscopically small crystals) includes agate, 
carnelian, chalcedony, chrysoprase, fossilized wood, heliotrope, 
jasper, moss agate, onyx, and sard. 
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TABLE 4 
PRICES OF U.S. CUT DIAMONDS, BY SIZE AND QUALITY IN 2006' 


Carat Description, Clarity? Representative prices 
weight color’ (GIA terms) J anuary* June” December® 
0.25 G VSI $1,300 $1,300 $1,300 
do. G VS2 1,200 1,200 1,200 
do. G SH 1,100 1,100 1,100 
do. H VS1 1,150 L150 1,150 
do. | VS2 1,050 1,050 1,050 
do. H Su 1,000 1,000 1,000 
0.50 G VSI 3,200 3,200 3,200 
do. G VS2 2,800 2,800 2,800 
do. G SH 2,400 2,400 2,400 
do. H VS1 2,800 2,800 2,800 
do. H VS2 2,400 2,400 2,400 
do. H SH 2,200 2,200 2,200 
0.75 G VSI 3,800 3,800 3,800 
do. G VS2 3,600 3,600 3,600 
do. G Sil 3,300 3,300 3,300 
do. H VS1 3,500 3,500 3,500 
do. ii | VS2 3,300 3,300 3,300 
do. H Sul 3,000 3,000 3,000 
1.00 G VSI 6,500 6,500 6,500 
do. G VS2 6,100 6,100 6,100 
do. G Sul 5,000 5,000 5,000 
do. H VSI 5,500 5,500 5,500 
do. H VS2 5,300 5,300 5,300 
do. H SH 4,600 4,600 4,600 


‘Data are rounded to no more than three significant digits. 

*Gemological Institute of America (GIA) color grades: D-colorless; E-rare white; G, H, I-traces of color. 
*Clarity: IF—no blemishes; VVS1—very, very slightly included; VS 1—very slightly included; 
VS2—-very slightly included, but not visible; SI1—slightly included. 

“Source: Jewelers' Circular Keystone, v. 177, no. 2, February 2006, p. 136. 

Source: Jewelers’ Circular Keystone, v. 177, no. 7, July 2006, p. 169. 

Source: Jewelers' Circular Keystone, v. 178, no. 1, January 2007, p. 137. 


TABLE 5 
PRICES PER CARAT OF U.S. CUT COLORED GEMSTONES IN 2006 


Price range per carat 


Gemstone January’ December” 
Amethyst $7-15 $7-15 
Blue sapphire 675-1,250 700-1,375 
Blue topaz 5-10 5-10 
Emerald 2,400-3,500 2,400-4,000 
Green tourmaline 45-60 45-60 
Cultured saltwater pearl” ) 5 
Pink tourmaline 60-125 60-125 
Rhodolite garnet 18-30 18-30 
Ruby 900-1,125 1,725-2,000 
Tanzanite 275-425 300-450 


‘Source: The Guide, spring/summer 2006, p. 14, 31, 45, 61, 72, 86, 96, 
98, 104, and 123. These figures are approximate current wholesale 
purchase prices paid by retail jewelers on a per stone basis for 1 to <2 
carat, fine-quality stones. 

Source: The Guide, fall/winter 2006-2007, p. 22, 37, 51, 65, 74, 85, 95, 
98, 104, and 119. These figures are approximate current wholesale 
purchase prices paid by retail jewelers on a per stone basis for | to <2 
carat, fine-quality stones. 

*Prices are per 4.6-millimeter pearl. 
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TABLE 6 


U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF INDUSTRIAL 
DIAMOND), BY COUNTRY’ 


2005 2006 
Quantity Value Quantity Value” 
Country (carats) (millions) (carats) (millions) 
Exports: 
Australia 33,700 $7 50,100 $19 
Belgium 1,300,000 538 2,480,000 725 
Canada 84,200 56 82,900 90 
Costa Rica 37,200 3 67,700 7 
France 90,000 a1 189,000 64 
Hong Kong 1,030,000 294 1,620,000 419 
India 206,000 57 706,000 232 
Israel 1,890,000 1,090 3,820,000 1,700 
Japan 52,400 53 74,900 43 
Mexico 1,080,000 144 864,000 129 
Netherlands 27,600 8 27,600 6 
Netherlands Antilles 35,500 33 15,500 | 
Singapore 54,000 fee) 83,300 14 
South Africa 21,100 4 32,000 13 
Switzerland 108,000 82 142,000 129 
Taiwan 16,700 4 21,800 4 
Thailand 98,000 28 121,000 34 
United Arab Emirates 101,000 43 226,000 61 
United Kingdom 78,800 22 88,600 66 
Other 87,200 46 220,000 74 
Total 6,430,000 2,580 10,900,000 3,890 
Reexports: 

Armenia 44,300 3 54,300 5 
Australia 40,300 8 16,500 6 
Belgium 3,920,000 1,100 4,340,000 1,070 
Canada 247,000 136 260,000 162 
Dominican Republic 153,000 33 107,000 15 
France 88,200 16 11,500 1 
Guatemala 107,000 12 96,800 10 
Hong Kong 2,500,000 618 3,470,000 771 
India 1,840,000 387 1,910,000 369 
Israel 7,670,000 2,640 8,770,000 2,310 
Japan 150,000 33 91,700 23 
Malaysia 34,900 5 28,100 6 

Mexico 57,700 11 31,500 
Singapore 218,000 35 173,000 37 
South Africa 47,600 36 396,000 55 
Switzerland 638,000 303 453,000 345 
Thailand 290,000 83 243,000 62 
United Arab Emirates 612,000 142 513,000 131 
United Kingdom 540,000 201 525,000 213 
Other 122,000 87 176,000 58 
Total 19,300,000 5,890 21,700,000 5,660 
Grand total 25,700,000 8,470 32,600,000 9,540 


2 
Customs value. 


Source: U.S. Census Bureau. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 
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TABLE 7 


U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY’ 


Quantity Value’ Quantity Value’ 
Kind, range, and country of origin (carats) (millions) (carats) (millions) 
Rough or uncut, natural" 
Angola 19,400 $57 42,600 $34 
Australia 62,400 8 1,350 1 
Botswana 274,000 132 172,000 162 
Brazil 24,600 2 5,840 5 
Canada 57,600 62 45,300 4] 
Congo (Kinshasa) 44,300 116 45,800 66 
Ghana 58,000 3 38,700 1 
Guyana 68,400 8 24,500 3 
India 29,200 (4) 12,300 1 
Namibia 10,700 1 4,050 2 
Russia 45,500 13 443,000 27 
South Africa 347,000 413 332,000 384 
Other 16,800 49 31,900 74 
Total 1,060,000 864 1,200,000 801 
Cut but unset, not more than 0.5 carat: 
Belgium 530,000 197 526,000 203 
Canada 7,890 9 10,500 14 
China 78,900 13 62,600 16 
Dominican Republic 57,100 5 64,200 6 
Hong Kong 228,000 58 390,000 70 
India 8,780,000 1,820 8,560,000 1,780 
Israel 843,000 425 843,000 426 
Mauritius 10,400 15 5,370 11 
Mexico 247,000 35 453,000 58 
Singapore 6,180 2 979 1 
South Africa 5,330 2 3,350 2 
Switzerland 33,600 18 53,800 25 
Thailand 71,500 18 102,000 21 
United Arab Emirates 91,600 23 131,000 35 
Other 28,600 13 65,000 26 
Total 11,000,000 2,650 = 11,300,000 2,690 
Cut but unset, more than 0.5 carat: 
Belgium 1,160,000 2,620 1,120,000 2,600 
Canada 15,200 50 18,800 66 
Hong Kong 83,400 162 65,600 154 
India 1,340,000 1,260 1,390,000 1,480 
Israel 3,070,000 7,670 2,870,000 8,140 
Mexico 49,900 37 9,480 1 
Russia 57,600 126 53,600 132 
South Africa 46,300 336 78,200 259 
Switzerland 16,600 138 11,000 191 
Thailand 21,200 20 16,900 24 
United Arab Emirates 50,300 64 82,500 111 
Other 67,000 235 83,000 298 
Total 5,980,000 12,700 5,790,000 13,800 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 


2 
Customs value. 


Includes some natural advanced diamond. 


Source: U.S. Census Bureau. 
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TABLE 8 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 
DIAMOND, BY KIND AND COUNTRY’ 


2005 2006 
Quantity Value” Quantity Value” 
Kind and country (carats) (millions) (carats) (millions) 
Emerald: 
Argentina 12,500 (3) -- -- 
Belgium 4,230 $1 137,000 $1 
Brazil 83,600 5 206,000 8 
Canada 6,430 (3) 993 (3) 
China 17,900 (3) 5,000 (3) 
Colombia 456,000 54 ~— 1,020,000 86 
France 2,360 7 1,020 2 
Germany 93,600 12,400 
Hong Kong 86,100 8 439,000 a) 
India 1,340,000 17. ~—_-:1,450,000 19 
Israel 139,000 22 138,000 22 
Italy 3,120 Z 7,590 3 
Namibia 4,590 (3) -- -- 
Switzerland 18,500 8 28,200 19 
Thailand 348,000 420,000 7 
United Kingdom 2,520 2 1,320 1 
Other 4,770 2 37,400 (3) 
Total 2,620,000 137 3,910,000 igs) 
Ruby: 
Belgium 11,600 1 1,760 1 
China 29,700 (3) 17,000 (3) 
Dominican Republic 23,600 (3) 15,700 (3) 
France 2,300 5 2,840 4 
Germany 77,600 1 9,590 2 
Hong Kong 119,000 7 129,000 6 
India 935,000 5 1,930,000 3 
Israel 8,840 i 4,810 i 
Italy 4,340 1 3,280 1 
Kenya 33,500 (3) 2,000 (3) 
Sri Lanka 4,080 1 2,120 1 
Switzerland 89,300 29 15,000 12 
Thailand 3,030,000 48 = 1,510,000 a2 
United Arab Emirates 3,340 1 2,220 (3) 
Other 8,630 Z 24,600 3 
Total 4,380,000 102 3,680,000 87 
Sapphire: 
Australia 57,900 1 2,100 (3) 
Austria 29,600 1 3,060 (3) 
Belgium 7,120 1 2,860 1 
China 84,100 (3) 35,000 (3) 
Dominican Republic 24,500 (3) 44,300 (3) 
Germany 72,700 5 119,000 3 
Hong Kong 272,000 15 336,000 
India 987,000 6 1,680,000 5 
Israel 31,600 3 26,700 2 
Italy 5,880 (3) 2,860 (3) 
Singapore 5,350 (3) 2,840 (3) 
Sri Lanka 448,000 45 363,000 49 
Switzerland 49,000 9 43,200 10 
Thailand 5,620,000 81 4,150,000 fe 


See footnotes at end of table. 
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TABLE 8—Continued 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 
DIAMOND, BY KIND AND COUNTRY’ 


2005 2006 
Quantity Value” Quantity Value” 
Kind and country (carats) (millions) (carats) (millions) 
Sapphire—Continued: 
United Arab Emirates 2,490 (3) 6,130 $1 
United Kingdom 2,550 (3) 4,220 1 
Other 14,700 $5 39,500 6 
Total 7,710,000 174 6,860,000 162 
Other: 
Rough, uncut: 
Australia NA 2 NA 5 
Brazil NA 10 NA 11 
Canada NA 4 NA 4 
China NA 4 NA 4 
Colombia NA 1 NA 2 
Czech Republic NA 2 NA 2 
Germany NA S, NA 1 
India NA 1 NA 7 
Japan NA 1 NA 1 
Mexico NA 1 NA (3) 
Netherlands NA 1 NA (3) 
Pakistan NA 1 NA 2 
South Africa NA 1 NA (3) 
Tanzania NA 3 NA 1 
United Kingdom NA 1 NA (3) 
Other NA 5 NA 13 
Total NA 40 NA ms 
Cut, set and unset: 
Australia NA 9 NA 13 
Austria NA 4 NA 2 
Brazil NA 18 NA 18 
Canada NA 1 NA 1 
China NA a7 NA 71 
France NA 3 NA 4 
Germany NA 33 NA 44 
Hong Kong NA 49 NA 50 
India NA 93 NA 86 
Israel NA 5 NA 6 
Italy NA 1 NA 1 
South Africa NA a NA 3 
Sri Lanka NA 7 NA 1] 
Switzerland NA 19 NA 13 
Taiwan NA 2 NA 2 
Tanzania NA 7 NA 6 
Thailand NA 40 NA a7 
United Arab Emirates NA 1 NA 1 
United Kingdom NA 1 NA 2 
Other NA 7 NA 14 
Total NA 360 NA 405 


?Customs value. 
3Less than % unit. 


NA Not available. -- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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TABLE 9 
VALUE OF U.S. IMPORTS OF LABORATORY-CREATED 
AND IMITATION GEMSTONES, BY COUNTRY"’” 


(Thousand dollars) 
Country 2005 2006 
Laboratory-created, cut but unset: 
Austria 3,700 882 
Brazil 151 361 
Canada 133 124 
China 15,200 14,900 
Cyprus 86 (3) 
Czech Republic 91 Li 
France 945 354 
Germany 12,200 12,700 
Hong Kong 1,580 1,830 
India 526 1,000 
Ireland 69 (3) 
Italy 131 51 
Japan 110 qo 
Korea, Republic of 468 468 
Netherlands 296 436 
South Africa 87 (3) 
Sri Lanka 1,300 2,210 
Switzerland 2,050 4,550 
Taiwan 238 197 
Thailand 1,420 778 
United Arab Emirates 70 60 
Other 253 1,170 
Total 41,100 42,300 
Imitation:* 

Austria 73,600 72,600 
Brazil 16 12 
China 3,500 3,850 
Czech Republic 11,000 9,250 
France 13 118 
Germany 1,160 1,760 
Hong Kong 271 250 
India 361 434 
Italy 222 214 
Japan 474 269 
Korea, Republic of 619 689 
Philippines {5 (3) 
Russia 17 7 
Spain 256 170 
Taiwan 179 66 
Thailand 32 49 
United Kingdom 24 139 
Other 109 135 
Total 91,900 90,100 


‘Data are rounded to no more than three significant digits; may not 
add to totals shown. 


*Customs value. 
3Less than % unit. 


“Includes pearls. 


Source: U.S. Census Bureau. 
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TABLE 10 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES' 


(Thousand carats and thousand dollars) 


2005 2006 
Stones Quantity Value” Quantity Value” 
Diamonds: 
Rough or uncut 1,060 $864,000 1,200 $801,000 
Cut but unset 17,000 15,400,000 17,100 16,400,000 
Emeralds, cut but unset 2,630 137,000 3,910 175,000 
Coral and similar materials, unworked 5,520 12,200 5,600 24,900 
Rubies and sapphires, cut but unset 12,100 275,000 10,500 249,000 
Pearls: 
Natural NA 21,800 NA 23,600 
Cultured NA 27,100 NA 44,300 
Imitation NA 4,170 NA 4,100 
Other precious and semiprecious stones: 
Rough, uncut 1,630,000 22,900 2,270,000 31,400 
Cut, set and unset NA 319,000 NA 363,000 
Other NA 7,200 NA 9,250 
Laboratory-created: 
Cut but unset 196,000 41,100 194,000 42,300 
Other NA 10,300 NA 11,400 
Imitation gemstone* NA 87,700 NA 86,000 
Total XX — 17,200,000 XX = 18,300,000 


NA Not available. XX Not applicable. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 


*Customs value. 
“Does not include pearls. 


Source: U.S. Census Bureau. 
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TABLE 11 
NATURAL DIAMOND: WORLD PRODUCTION, BY COUNTRY AND TYPE"’”?® 


(Thousand carats) 


Country and type" 2002 2003 2004 2005 2006 
Gemstones: 
Angola’ 4,520 5,130 5,490 6,300 * 7,000 
Australia 15,136 13,981 6,058 ow ae 7,305 
Botswana 21,297 22,800 23,300 23,900 24,000 
Brazil° 500 ° 400 300 ° 300 300 
Canada 4,937 10,756 12,618 12,300 ° 12,350 
Central African Republic” 312 250 263 285? 315 
China® 100 100 100 100 100 
Congo (Kinshasa) 4,223 5,381 6,180 6,100 ** 5,600 
Cote d'Ivoire 205 154 201 * 201 * 200 
Ghana 770 724° (pe 850 ' 780 
Guinea 368 500 * aoa: 413° 255 
Guyana 248 413 445" 340 ** 300 
Liberia” o2* 26 * a i 7 
Namibia 1,562 1,481 2,004 1,902 * 2,200 
Russia” 17,400 20,000 21,400 23,000 23,400 
Sierra Leone” 162° 233 318 395 360 
South Africa 4,351 5,144 5,800 "$ 6,400 "* 6,240 * 
Tanzania 204 > 201 258 185° 195 
Venezuela 46 11 40 ° 46 ° 45° 
Other® 42 eg 186 ' 241° 236 
Total 76,400 87,800 ' 86,200 * 91,800 ° 91,300 
Industrial: 
Angola® 502 570 610 700 * 800 
Australia 18,500 17,087 18,172 * 23,730" 21,915 
Botswana® 7,100 7,600 7,800 8,000 8,000 
Brazil“ 600 600 600 600 600 
Central African Republic 104 83 88 95" 105 
China® O55 955 960 960 965 
Congo (Kinshasa) 17,456 21,600 24,700 24,200 ** 22,400 ° 
Céte d'Ivoire 101 76 99 99 © 99 © 
Ghana® 193 180° 180° 213° 190 
Guinea® 123 167° 185* 138° 118 
Liberia” 28 14° at 4? 4 
Russia” 11,600 13,000 14,200 15,000 15,000 
Sierra Leone 190 274 * 374 © 274 * 252 
South Africa 6,526 7,540 8,500 ° 9,400 ** 9,130 
Tanzania" 36 36 46 ao7 35 
Venezuela 61 24 60 * 69 © 70 * 
Other’ 81 82 121 190 189 
Total 64,200 69,900 76,700 * 85,700 * 79,900 
Grand total 141,000 158,000 163,000 * 178,000 * 171,000 


“Estimated. ‘Revised. 

‘World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
*Table includes data available through June 5, 2007. 

“In addition to the countries listed, Nigeria and the Republic of Korea produce natural diamond and synthetic diamond, 
respectively, but information is inadequate to formulate reliable estimates of output levels. 

“Includes near-gem and cheap-gem qualities. 

Reported figure. 

Includes Cameroon, Congo (Brazzaville), Gabon (unspecified), India, Indonesia, Togo (unspecified), and Zimbabwe. 
Includes Congo (Brazzaville), India, Indonesia, and Zimbabwe. 
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(Data in million dollars unless otherwise noted) 


Domestic Production and Use: The combined value of U.S. natural and synthetic gemstone output increased by 
29% in 2005 from that of 2004. The value of natural gemstones production decreased by 4% during 2005. Domestic 
gemstone production included agates, amber, beryl, coral, garnet, jade, jasper, opal, pearl, quartz, sapphire, shell, 
topaz, tourmaline, turquoise, and many other gem materials. In decreasing order, Tennessee, Arizona, Oregon, 
California, Idaho, Montana, Arkansas, and Nevada produced 84% of U.S. natural gemstones. The value of 
laboratory-created (synthetic) gemstones production increased by more than 44% during the year, owing to increases 
in the production of moissanite and of laboratory-created and cultured diamonds. Laboratory-created gemstones 
were manufactured by five firms in North Carolina, Florida, Massachusetts, Michigan, and Arizona, in decreasing 
order of production. Major gemstone uses were jewelry, carvings, and gem and mineral collections. 


Salient Statistics—United States: 2001 2002 2003 2004 2005° 
Production: 
Natural® 14.9 12.6 12.5 14.5 13.9 
Laboratory-created (synthetic) 24.7 18.1 33.4 30.7 44.3 
Imports for consumption 11,300 12,900 13,600 15,400 16,900 
Exports, including reexports’ 4,320 4,880 5,490 7,230 8,580 
Consumption, apparent? 7,020 8,050 8,160 8,220 8,380 
Price Variable, depending on size, type, and quality 
Employment, mine, number® 1,200 1,200 1,200 1,200 1,200 
Net import reliance’ as a percentage 
of apparent consumption 99 99 99 99 99 


Recycling: Insignificant. 


Import Sources (2001-04 by value): Israel, 50%; India, 20%; Belgium, 18%; and other, 12%. Diamond imports 
accounted for 94% of the total value of gem imports. 


Tariff: Item Number Normal Trade Relations 
12-31-05 

Diamonds, unworked or sawn 7102.31.0000 Free. 
Diamond, *2 carat or less 7102.39.0010 Free. 
Diamond, cut, more than % carat 7102.39.0050 Free. 
Precious stones, unworked 7103.10.2000 Free. 
Precious stones, simply sawn 7103.10.4000 10.5% ad val. 
Rubies, cut 7103.91.0010 Free. 
Sapphires, cut 7103.91.0020 Free. 
Emeralds, cut 7103.91.0030 Free. 
Other precious stones, cut but not set 7103.99.1000 Free. 
Other precious stones 7103.99.5000 10.5% ad val. 
Imitation precious stones 7018.10.2000 Free. 
Synthetic cut, but not set 7104.90.1000 Free. 
Pearls, natural 7101.10.0000 Free. 
Pearls, cultured 7101.21.0000 Free. 
Pearls, imitation, not strung 7018.10.1000 4.0% ad val. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: The National Defense Stockpile (NDS) does not contain an inventory of gemstones. 
However, a very small portion of the industrial diamond stone inventory is of near-gem quality. Additionally, the beryl 
and quartz crystal inventories contain some gem-quality material that could be used by the gem industry. The U.S. 
Department of Defense is currently selling some NDS materials that may be near-gem quality. 


Prepared by Donald W. Olson [(703) 648-7721, dolson@usgs.gov, fax: (703) 648-7975] 
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Events, Trends, and Issues: In 2005, the U.S. market for unset gem-quality diamonds was estimated to have 
exceeded $14.6 billion, accounting for more than an estimated 35% of world demand. The domestic market for 
natural, unset nondiamond gemstones was estimated to be about $859 million. The United States is expected to 
dominate global gemstone consumption throughout this decade. 


Canada’s Ekati Mine completed its sixth full year in 2004, with diamond production of 4.08 million carats. The Diavik 
Diamond Mine completed its second full year in 2004, with diamond production of 7.57 million carats. Diamond 
exploration is continuing in Canada, and many new deposits have been found. Canada produced about 14% of the 
world’s natural gemstone diamond production in 2004. 


The success of Canadian diamond mines has stimulated interest in whether there are also commercially feasible 
diamond deposits in the United States. Currently, there are no operating commercial diamond mines in the United 
States. Australian and Canadian companies are now conducting diamond exploration in Alaska and Minnesota. 


World Mine Production,’ Reserves, and Reserve Base: Mine production in 2005 for Angola, Australia, the Central 
African Republic, Guinea, Namibia, Sierra Leone, South Africa, and Tanzania increased, while production for 
Botswana, Canada, and Ghana decreased based on submissions from country sources. 


Mine production Reserves and reserve base® 
2004 2005° 

United States (°) e World reserves and reserve base of 
Angola 5,400 6,300 diamond-bearing deposits are 
Australia 9,280 20,600 substantial. No reserves or reserve 
Botswana 23,300 23,000 base data are available for other 
Brazil 500 500 gemstones. 
Canada 12,600 11,700 
Central African Republic 250 300 
China 250 250 
Congo (Kinshasa) 6,000 6,000 
Ghana 800 640 
Guinea 468 550 
Guyana 450 450 
Namibia 2,000 2,100 
Russia 21,400 21,400 
Sierra Leone 309 360 
South Africa 5,780 6,000 
Tanzania 305 370 
Other countries” 300 300 

World total (rounded) 89,400 101,000 


World Resources: Most diamond-bearing ore bodies have a diamond content that ranges from less than 1 carat per 
ton to about 6 carats per ton. The major gem diamond reserves are in southern Africa, Australia, Canada, and 
Russia. 


Substitutes: Plastics, glass, and other materials are substituted for natural gemstones. Synthetic gemstones 
(manufactured materials that have the same chemical and physical properties as gemstones) are common 
substitutes. Simulants (materials that appear to be gems, but differ in chemical and physical characteristics) also are 
frequently substituted for natural gemstones. 


“Estimated. 

"Excludes industrial diamond and garnet. See Diamond (Industrial) and Garnet (Industrial). 

“Estimated minimum production. 

‘Includes production of freshwater shell. 

“Reexports account for about 78% of the totals. 

*If reexports were not considered, apparent consumption would be significantly greater. 

°Defined as imports — exports and reexports + adjustments for Government and industry stock changes. 
‘Data in thousands of carats of gem diamond. 

°See Appendix C for definitions. 

‘Less than % unit. 

In addition to countries listed, Cote d’lvoire, Gabon, Guyana, India, Indonesia, Liberia, and Venezuela are known to produce gem diamonds. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2006 
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In 2007, the estimated value of natural gemstones produced 
in the United States was more than $11.9 million, and the 
estimated value of U.S. laboratory-created gemstone production 
was more than $73.5 million. The total estimated value of U.S. 
gemstone production was almost $85.4 million. The value of 
U.S. gemstone imports was $20.1 billion, and the value of 
combined U.S. gemstone exports and reexports was estimated to 
be $12.3 billion. 

In this report, the terms “gem” and “gemstone” mean any 
mineral or organic material (such as amber, pearl, petrified 
wood, and shell) used for personal adornment, display, or object 
of art because it possesses beauty, durability, and rarity. Of 
more than 4,000 mineral species, only about 100 possess all 
these attributes and are considered to be gemstones. Silicates 
other than quartz are the largest group of gemstones in terms 
of chemical composition; oxides and quartz are the second 
largest (table 1). Gemstones are subdivided into diamond and 
colored gemstones, which in this report designates all natural 
nondiamond gems. In addition, laboratory-created gemstones, 
cultured pearls, and gemstone simulants are discussed but are 
treated separately from natural gemstones (table 2). Trade data 
in this report are from the U.S. Census Bureau. All percentages 
in the report were computed using unrounded data. Current 
information on industrial-grade diamond and industrial-grade 
garnet can be found in the U.S. Geological Survey (USGS) 
Minerals Yearbook, volume I, Metals and Minerals chapters on 
industrial diamond and industrial garnet, respectively. 

Gemstones have fascinated humans since prehistoric times. 
They have been valued as treasured objects throughout history 
by all societies in all parts of the world. Amber, amethyst, coral, 
diamond, emerald, garnet, jade, jasper, lapis lazuli, pearl, rock 
crystal, ruby, serpentine, and turquoise are some of the first 
stones known to have been used for making jewelry. These 
stones served as symbols of wealth and power. Today, gems are 
worn more for pleasure or in appreciation of their beauty than to 
demonstrate wealth. In addition to jewelry, gemstones are used 
for collections, decorative art objects, and exhibits. 


Production 


U.S. gemstone production data were based on a survey of 
more than 230 domestic gemstone producers conducted by the 
USGS. The survey provided a foundation for projecting the 
scope and level of domestic gemstone production during the 
year. However, the USGS survey did not represent all gemstone 
activity in the United States, which includes thousands of 
professional and amateur collectors. Consequently, the USGS 
supplemented its survey with estimates of domestic gemstone 
production from related published data, contacts with gemstone 
dealers and collectors, and information gathered at gem and 
mineral shows. 
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Commercial mining of gemstones has never been extensive 
in the United States. More than 60 varieties of gemstones have 
been produced commercially from domestic mines, but most of 
the deposits are relatively small compared with those of other 
mining operations. In the United States, much of the current 
gemstone mining is conducted by individual collectors, gem 
clubs, and hobbyists rather than by businesses. 

The commercial gemstone industry in the United States 
consists of individuals and companies that mine gemstones 
or harvest shell and pearl, firms that manufacture laboratory- 
created gemstones, and individuals and companies that cut and 
polish natural and laboratory-created gemstones. The domestic 
gemstone industry is focused on the production of colored 
gemstones and on the cutting and polishing of large diamond 
stones. Industry employment is estimated to range from 1,000 
to 1,500 workers (U.S. International Trade Commission, 1997, 
p: 1): 

Most natural gemstone producers in the United States 
are small businesses that are widely dispersed and operate 
independently. The small producers probably have an average 
of less than three employees, including those who only work 
part time. The number of gemstone mines operating from 
year to year fluctuates because the uncertainty associated with 
the discovery and marketing of gem-quality minerals makes 
it difficult to obtain financing for developing and sustaining 
economically viable operations (U.S. International Trade 
Commission, 1997, p. 23). 

The total value of natural gemstones produced in the United 
States during 2007 was estimated to be more than $11.9 million 
(table 3). This production value was a 5% increase from that of 
2006. 

Natural gemstone materials indigenous to the United States 
are collected, produced, and/or marketed in every State. During 
2007, all 50 States produced at least $1,000 worth of gemstone 
materials. Nine States accounted for 84% of the total value, as 
reported by survey respondents. These States were, in order 
of declining value of production, Tennessee, Oregon, Arizona, 
California, Arkansas, Alabama, Montana, North Carolina, 
and Idaho. Some States were known for the production of a 
single gemstone material—Tennessee for freshwater pearls, 
for example. Other States produced a variety of gemstones; for 
example Arizona’s gemstone deposits included agate, amethyst, 
azurite, chrysocolla, garnet, jade, jasper, malachite, obsidian, 
onyx, opal, peridot, petrified wood, smithsonite, and turquoise. 
There is also a wide variety of gemstones found and produced in 
California, Idaho, Montana, and North Carolina. 

During 2007, the United States had only one operation in 
known diamond-bearing areas from which diamonds were 
produced. That diamond operation is in Crater of Diamonds 
State Park near Murfreesboro in Pike County, AR, where a dig- 
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for-fee operation for tourists and rockhounds is maintained by 
the State of Arkansas. Crater of Diamonds is the only diamond 
mine in the world that is open to the public. The diamonds occur 
in a lamproite breccia tuff associated with a volcanic pipe and 
in the soil developed from the lamproite breccia tuff. In 2007, 
1,024 diamond stones with an average weight of 0.247 carats 
were recovered at the Crater of Diamonds State Park. Of the 
1,024 diamond stones recovered, 44 weighed more than 1 carat. 
Since the diamond-bearing pipe and the adjoining area became 
a State park in 1972, 26,881 diamond stones with a total carat 
weight of 5,324.65 have been recovered (Kimberly Garland, 
interpreter, Crater of Diamonds State Park, written commun., 
January 16, 2008). Exploration has demonstrated that there is 
about 78.5 million metric tons (Mt) of diamond-bearing rock in 
this diamond deposit (Howard, 1999, p. 62). An Arkansas law 
enacted early in 1999 prohibits commercial diamond mining in 
the park (Diamond Registry Bulletin, 1999). 

There have been no commercially operated diamond mines 
in the United States since 2002. Diamond was produced at the 
Kelsey Lake diamond mine, located close to the Colorado- 
Wyoming State line near Fort Collins, CO, for several years 
until April 2002. The Kelsey Lake property has now been fully 
reclaimed. 

The success of the Canadian diamond industry has stimulated 
interest in exploration for commercially feasible diamond 
deposits in the United States in Alaska, Colorado, Minnesota, 
Montana, and Wyoming. Microscopic and larger diamonds and 
some diamond indicator minerals have been found in all of 
these States. Parts of Alaska have similar geologic terrain to the 
diamond producing areas of Canada’s Northwest Territories, 
and there are similarities between the geology in other Canadian 
areas where diamond deposits have been found and the geology 
in Minnesota (Diamond Registry Bulletin, 2005a). A diamond- 
bearing kimberlite was found in a 32.4-hectare site known as 
the Homestead property near Lewistown, MT; and diamonds 
have been found in the stream beds and glacial valleys of 
Montana for years (Associated Press, 2004). Studies by the 
Wyoming Geological Survey have shown that Wyoming has 
the potential for a large diamond-mining business. Wyoming 
has many of the same geologic conditions that are found in the 
Canadian diamond-producing areas, and there is good evidence 
of hundreds of kimberlite pipes in the State. More than 20 
diamondiferous kimberlite pipes and 1 diamondiferous mafic 
breccia pipe have been identified in southern Wyoming. The 
State Line and the Iron Mountain kimberlite fields of Wyoming 
are two of the largest kimberlite fields in the United States, 
and the Leucite Hills lamproite field in Wyoming is the largest 
lamproite field in the United States (Associated Press, 2002). 

In addition to natural gemstones, laboratory-created 
gemstones and gemstone simulants are produced in the United 
States. Laboratory-created or synthetic gemstones have the 
same chemical, optical, and physical properties as the natural 
gemstones. Simulants have an appearance similar to that of a 
natural gemstone material, but they have different chemical, 
optical, and physical properties. Laboratory-created gemstones 
that have been produced in the United States include alexandrite, 
diamond, emerald, garnet, moissanite, ruby, sapphire, spinel, 
turquoise, and zirconia. However, during 2007, only diamond, 
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moissanite, and turquoise were produced commercially. 
Simulants of coral, lapis lazuli, malachite, and turquoise also are 
manufactured in the United States. In addition, certain colors of 
laboratory-created sapphire and spinel, used to represent other 
gemstones, are classified as simulants. 

Laboratory-created gemstone production in the United States 
was valued at more than $73.5 million during 2007, which was 
a 41% increase compared with that of 2006. This was owing 
to very large increases in the production of laboratory-created 
diamonds combined with a large increase in laboratory-created 
moissanite production. The value of U.S. simulant gemstone 
output was estimated to be more than $100 million. Four 
companies in four States, representing virtually the entire U.S. 
laboratory-created gemstone industry, reported production to the 
USGS. The States with reported laboratory-created gemstone 
production were, in descending order of production value, North 
Carolina, Florida, Massachusetts, and Arizona. 

Since the 1950s, when scientists manufactured the first 
laboratory-created bits of diamond grit using a high-pressure, 
high-temperature (HPHT) method, this method of growing 
diamonds has become relatively commonplace in the world 
as a technology for laboratory-created diamonds, so much so 
that thousands of small plants all over China are now using 
the HPHT method and producing laboratory-created diamonds 
suitable for cutting as gemstones. Gem-quality diamonds of one 
carat or more are harder to manufacture because at that size it is 
difficult to consistently produce diamonds of high quality, even 
in the controlled environment of a lab using the HPHT method. 
But after 50 years of development, that situation is changing and 
several laboratory-created diamond companies are producing 
high-quality diamonds that equal those produced from mines 
(Park, 2007). 

Gemesis Corp. in Sarasota, FL, consistently produced gem- 
quality laboratory-created diamond and reported an eighth year 
of production in 2007. The laboratory-created diamonds are 
produced using equipment, expertise, and technology developed 
by a team of scientists from Russia and the University of 
Florida. The weight of the laboratory-created diamond stones 
range from 1.5 to 2 carats, and most of the stones are yellow, 
brownish yellow, colorless, and green (Weldon, 1999). Gemesis 
uses diamond-growing machines, each machine capable 
of growing 3-carat rough diamonds by generating HPHT 
conditions that recreate the conditions in the Earth’s mantle 
where natural diamonds form (Davis, 2003). Gemesis could be 
producing as much as 30,000 to 40,000 stones each year, and 
annual revenues may reach $70 million to $80 million (Diamond 
Registry Bulletin, 2001). Gemesis diamonds are available for 
retail purchase in jewelry stores and on the Internet, and the 
prices of the Gemesis laboratory-created diamonds are below 
those of natural diamond but above the prices of simulated 
diamond (Weldon, 2003). 

Apollo Diamond, Inc., near Boston, MA, developed and 
patented a method for growing extremely pure, gem-quality 
diamond with flawless crystal structure by chemical vapor 
deposition (CVD). The CVD technique transforms carbon 
into plasma, which is then precipitated onto a substrate as 
diamond. CVD has been used for more than a decade to 
cover large surfaces with microscopic diamond crystals, but 
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until this process, no one had discovered the temperature, gas 
composition, and pressure combination that resulted in the 
growth of a single diamond crystal. CVD diamond precipitates 
as nearly 100% pure, almost flawless diamond, and therefore 
may not be distinguishable from natural diamond by some 
tests (Davis, 2003). In 2006, Apollo Diamond Inc. produced 
laboratory-created stones that range from 1 to 2 carats and 
expected to expand to larger stones in the future. Growth of 
CVD diamonds is limited only by the size of the seed placed 
in the diamond growing chamber. Late in 2006, Apollo started 
selling jewelry directly to consumers through a jeweler in 
Boston, MA. In 2007, the company increased its production 
of large stones and is now selling online through an Apollo 
Diamond Web store (O’Connell, 2007). Apollo planned to start 
selling diamonds in the jewelry market at costs 10% to 30% 
below those of comparable natural diamonds (Hastings, 2005). 
CVD diamond’s highest value, besides its use as gemstones, is 
as a material for high-tech uses. CVD diamond could be used 
to make extremely powerful lasers; to create cellular telephones 
that fit into a watch, and storage devices for MP3 players that 
could store 10,000 movies, not just 10,000 songs; to create 
frictionless medical replacement joints; to create windows on 
spacecraft; to create surgical diamond blades and scalpels; to 
create tweeters for audio equipment; or to create coatings for 
cars that would not scratch or wear out. The greatest potential 
use for CVD diamond is in computers and other electronic 
devices that utilize processors (Maney, 2005; Park, 2007). 

The Carnegie Institution of Washington Geophysical 
Laboratory and the University of Alabama jointly developed 
and patented the CVD process and apparatus to produce %-inch- 
thick 10-carat single diamond crystals at very rapid growth 
rates (100 micrometers per hour). This faster CVD method uses 
microwave plasma technology and allows multiple crystals to 
be grown simultaneously. This size is about five times that of 
commercially available laboratory-created diamonds produced 
by HPHT methods and other CVD techniques. A researcher 
at the Carnegie Institution stated, “High-quality crystals over 
3 carats are very difficult to produce using the conventional 
approach. Several groups have begun to grow diamond single 
crystals by CVD, but large, colorless, and flawless ones remain 
a challenge. Our fabrication of 10-carat, half-inch CVD 
diamonds is a major breakthrough” (Willis, 2004; Carnegie 
Institution of Washington, 2005; Science Blog, 2005). Apollo 
Diamond and the Carnegie Institution have noted that diamonds 
produced by the CVD method are harder than natural diamonds 
and diamonds produced by HPHT methods. 

In 2007, Charles & Colvard, Ltd., in North Carolina, entered 
its 10th year of producing and marketing moissanite, a gem- 
quality laboratory-created silicon carbide. Moissanite is also 
an excellent diamond simulant, but it is being marketed for 
its own gem qualities. Moissanite exhibits a higher refractive 
index (brilliance) and higher luster than diamond. Its hardness is 
between those of corundum (ruby and sapphire) and diamond, 
which gives it durability (Charles & Colvard, Ltd., 2007). 

U.S. shell production increased by 3% in 2007 compared 
with that of 2006. U.S. mussel shells are used as a source 
of mother-of-pearl and as seed material for culturing pearls. 
Pearl producers in Japan are using manmade seed materials 
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or seed materials from China and other sources in addition to 
the stockpiled material. There also has been an increase in the 
popularity of darker and colored pearls and freshwater pearls 
that do not use U.S. seed material. In some regions of the United 
States, shell from mussels is being used more as a gemstone 
based on its own merit rather than as seed material for pearls. 
This shell material is being processed into mother-of-pearl and 
used in beads, jewelry, and watch faces. 


Consumption 


Although the United States accounted for little of the 
total global gemstone production, it was the world’s leading 
gemstone market. It is estimated that U.S. gemstone markets 
accounted for more than 35% of world gemstone demand in 
2007. The U.S. market for unset gem-quality diamond during 
the year was estimated to be about $19.0 billion, an increase of 
10% compared with that of the previous year. Domestic markets 
for natural, unset nondiamond gemstones totaled approximately 
$1.22 billion in 2007, which was an increase of 9% from that of 
2006. 

In the United States, about two-thirds of domestic consumers 
designate diamond as their favorite gemstone when surveyed 
(Wade, 2006). The U.S. colored gemstone market posted an 
overall increase in sales during 2007 compared with the sales in 
2006. The popularity of colored gemstones, colored laboratory- 
created gemstones, and “fancy” colored diamonds continued 
to increase in 2007. This was indicated by increased values of 
U.S. imports for consumption in some colored stone categories 
(emerald, rubies and sapphires, and cultured pearls) in 2007 
compared with the values from 2006 (table 10). Colored stone 
popularity also was evidenced by their general sales increase 
in 2007 (Zborowski, 2007). Another indication reported by 
the Natural Color Diamond Association, was that demand for 
colored diamonds rose sharply during the first half of 2007, 
and the trend was expected to continue. This increased demand 
pushed prices up for colored diamond stones. The largest 
demand for colored stones was in the Asian and United States 
markets with increased sales of champagne, cognac, grey, black, 
pink, orange and yellow stones (Diamond Registry Bulletin, 
2007 a). 


Prices 


Gemstone prices are governed by many factors and qualitative 
characteristics, including beauty, clarity, defects, demand, 
durability, and rarity. Diamond pricing, in particular, is complex; 
values can vary significantly depending on time, place, and the 
subjective valuations of buyers and sellers. There are more than 
14,000 categories used to assess rough diamond and more than 
100,000 different combinations of carat, clarity, color, and cut 
values used to assess polished diamond (Pearson, 1998). 

Colored gemstone prices are generally influenced by market 
supply and demand considerations, and diamond prices are 
supported by producer controls on the quantity and quality of 
supply. Values and prices of gemstones produced and/or sold 
in the United States are listed in tables 3 through 5. In addition, 
customs values for diamonds and other gemstones imported, 


exported, or reexported are listed in tables 6 through 10. 

De Beers Group companies remain a significant force 
affecting the price of gem-quality diamond worldwide because 
they mine a significant portion of the world’s gem-quality 
diamond produced each year, and they also purchase diamonds 
from Russia. In 2007, De Beers companies produced 51.1 
million carats, which maintained the record production of 2006. 
De Beers companies also sort and valuate a large portion (by 
value) of the world’s annual supply of rough diamond through 
De Beers’ subsidiary Diamond Trading Co. (DTC), which has 
marketing agreements with other producers. In 2007, DTC 
had diamond sales of $5.92 billion, which were down about 
4% from those of 2006 (De Beers Group, 2007, 2008). In 
2007, there were about 200,000 diamond jewelry retail outlets 
worldwide. From these retail outlets, about 45% of diamond 
jewelry was sold in the United States, 33% in Asia, and 11% 
in Europe. Increase in sales was approximately 6% compared 
with that of 2006. There were an estimated 32,000 retail outlets 
specializing in fine jewelry in the United States. Of these 
jewelry-only retailers, 79% are small, independent businesses 
that are highly competitive in their local markets. The remaining 
21% are major national and regional chains and online retailers. 
The estimated U.S. retail jewelry market was $65.3 billion 
during 2007. The market shares by type of outlet were (in 
decreasing value order): local independents, 21%; national 
and regional chains, 15%; department stores, 13%; television 
shopping networks, 11%; Internet auction sites, 11%; discount 
chains, 8%; Internet jewelry sites, 6%; and others (catalogs, 
boutiques, and other outlets), 15% (Profile America, Inc., 2008). 


Foreign Trade 


During 2007, total U.S. gemstone trade with all countries 
and territories was valued at about $32.4 billion, which was 
an increase of 16% from that of 2006. Diamond accounted 
for about 95% of the 2007 gemstone trade total. In 2007, U.S. 
exports and reexports of diamond were shipped to 85 countries 
and territories, and imports of all gemstones were received 
from 98 countries and territories (tables 6-10). During 2007, 
U.S. trade in cut diamond and unworked diamond increased by 
10% and by 6%, respectively, compared with that of 2006. The 
United States remained the world’s leading diamond importer 
and is a significant international diamond transit center as 
well as the world’s leading gem-quality diamond market. The 
large volume of reexports shipped to other centers reveals the 
significance that the United States has in the world’s diamond 
supply network (table 6). 

Imports of laboratory-created gemstone decreased by 2% 
for the United States in 2007 compared with trade in 2006. 
Laboratory-created gemstone imports from Austria, China, 
Germany, Hong Kong, India, Sri Lanka, Switzerland, and 
Thailand, with more than $500,000 in imports from each 
country, made up about 89% (by value) of the total domestic 
imports of laboratory-created gemstones during the year. Prices 
of certain imported laboratory-created gemstones, such as 
amethyst, were very competitive. The marketing of imported 
laboratory-created gemstones and enhanced gemstones as 
natural gemstones, and the mixing of laboratory-created 
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materials with natural stones in imported parcels, continued 
to be problems for some domestic producers in 2007. There 
also were problems with some simulants being marketed as 
laboratory-created gemstones during the year. 


World Review 


The gemstone industry worldwide has two distinct sectors— 
diamond mining and marketing and colored gemstone 
production and sales. Most diamond supplies are controlled by a 
few major mining companies; prices are supported by managing 
the quality and quantity of the gemstones relative to demand, a 
function performed by De Beers through DTC. Unlike diamond, 
colored gemstones are primarily produced at relatively small, 
low-cost operations with few dominant producers; prices are 
influenced by consumer demand and supply availability. 

In 2007, world natural diamond production totaled about 
169 million carats—92.6 million carats gem quality and 76.7 
million carats industrial grade (table 11). Most production was 
concentrated in a few regions—Africa [Angola, Botswana, 
Congo (Kinshasa), Namibia, and South Africa], Asia 
(northeastern Siberia and Yakutia in Russia), Australia, North 
America (Northwest Territories in Canada), and South America 
(Brazil and Venezuela). In 2007, Russia led the world in total 
diamond output quantity (combined gemstone and industrial). 
Botswana was the world’s leading gemstone diamond producer, 
followed by Russia, Canada, Angola, South Africa, Congo 
(Kinshasa), and Namibia in descending quantity order. These 
seven countries produced 96% (by quantity) of the world’s 
gemstone diamond output in 2007. 

In 2002, the international rough-diamond certification 
system, the Kimberley Process Certification Scheme (KPCS), 
was agreed upon by United Nations (UN) member nations, the 
diamond industry, and involved nongovernmental organizations. 
The KPCS includes the following key elements: the use of 
forgery-resistant certificates and tamper-proof containers for 
shipments of rough diamonds; internal controls and procedures 
that provide credible assurance that conflict diamonds do not 
enter the legitimate diamond market; a certification process 
for all exports of rough diamonds; the gathering, organizing, 
and sharing of import and export data on rough diamonds with 
other participants of relevant production; credible monitoring 
and oversight of the international certification scheme for 
rough diamonds; effective enforcement of the provisions of 
the certification scheme through dissuasive and proportional 
penalties for violations; self regulation by the diamond industry 
that fulfills minimum requirements; and sharing information 
with all other participants on relevant rules, procedures, and 
legislation as well as examples of national certificates used 
to accompany shipments of rough diamonds (Weldon, 2001). 
Canada acted as the chair and secretariat of the KPCS for 
the first 2 years, and in October 2004, Russia assumed these 
duties. The list of participating countries has expanded to 
include 47 nations that have met the minimum requirements of 
the agreement. The rough diamond-trading entity of Chinese 
Taipei has also met the minimum requirements of the KPCS. 
The KPCS was implemented to solve the problem of conflict 
diamonds—rough diamonds used by rebel forces and their allies 
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in several countries to help finance warfare aimed at subverting 
governments recognized as legitimate by the UN. The 
participating nations in the KPCS account for approximately 
98% of the global production and trade of rough diamonds 
(Diamond Registry Bulletin, 2005b; Kimberley Process, 2008). 
Discussions about the possible participation of several other 
countries are ongoing. 

Globally, the value of production of natural gemstones other 
than diamond was estimated to have exceeded $2 billion in 
2007. Most nondiamond gemstone mines are small, low-cost, 
and widely dispersed operations in remote regions of developing 
nations. Foreign countries with major gemstone deposits other 
than diamond are Afghanistan (aquamarine, beryl, emerald, 
kunzite, lapis lazuli, ruby, and tourmaline), Australia (beryl, 
opal, and sapphire), Brazil (agate, amethyst, beryl, ruby, 
sapphire, topaz, and tourmaline), Burma (beryl, jade, ruby, 
sapphire, and topaz), Colombia (beryl, emerald, and sapphire), 
Kenya (beryl, garnet, and sapphire), Madagascar (beryl, rose 
quartz, sapphire, and tourmaline), Mexico (agate, opal, and 
topaz), Sri Lanka (beryl, ruby, sapphire, and topaz), Tanzania 
(garnet, ruby, sapphire, tanzanite, and tourmaline), and Zambia 
(amethyst and beryl). In addition, pearls are cultured throughout 
the South Pacific and in other equatorial waters; Australia, 
China, French Polynesia, and Japan are key producers. 

Canada.—Canadian diamond production continued 
increasing in 2007 to about 18 million carats. Diamond 
exploration continued in many parts of Canada, and many new 
deposits have been found and are being developed. In 2007, 
Canada produced about 11% of the world’s combined natural 
gemstone and industrial diamonds. 

The Ekati Diamond Mine, Canada’s first operating 
commercial diamond mine, completed its ninth full year of 
production in 2007. Ekati produced 3.67 million carats of 
diamond from 4.33 million metric tons (Mt) of ore (BHP 
Billiton Ltd., 2008). BHP Billiton Ltd. has an 80% controlling 
ownership in Ekati, which is in the Northwest Territories in 
Canada. Ekati has estimated reserves of 60.3 Mt of ore in 
kimberlite pipes that contain 54.3 million carats of diamond, 
and BHP Billiton projected the mine life to be 25 years. 
Approximately one-third of the Ekati diamond production is 
industrial-grade material (Darren Dyck, senior project geologist, 
BHP Diamonds, Inc., oral commun., May 27, 2001). 

The Diavik Diamond Mine, also in the Northwest Territories, 
completed its fifth full year of production. In 2007, Diavik 
produced 11.9 million carats of diamond (Diavik Diamond 
Mines Inc., 2008). At yearend 2006, Diavik estimated the mine’s 
remaining proven and probable reserves to be 24.5 Mt of ore in 
kimberlite pipes, containing 81.7 million carats of diamond, and 
projected the mine life to be 16 to 22 years (Diavik Diamond 
Mine Dialogue, 2007). The mine is an unincorporated joint 
venture between Diavik Diamond Mines Inc. (60%) and Harry 
Winston Diamond Mines Ltd. (40%). In November, Diavik 
announced approval of its investment in the underground mining 
phase of the Diavik Diamond Mine. Underground diamond 
production will begin in 2009 and continue beyond 2020. Open 
pit mining is expected to cease in 2012, at which time Diavik 
will become an all-underground mine (Diavik Diamond Mine 
Dialogue, 2008). The mine is expected to produce a total of 
about 110 million carats of diamond at a rate of 8 million carats 
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per year (Diavik Diamond Mines Inc., 2000, p. 10-12; Diavik 
Diamond Mine Dialogue, 2007). 

Canada’s third diamond mine, the Jericho Diamond Mine 
wholly owned by Tahera Diamond Corp., completed its first 
full year of production. The Jericho mine is located in Nunavut. 
In 2007, Jericho produced 375,000 carats (Abazias Diamonds, 
2008). Tahera estimated the Jericho Diamond Mine’s reserves 
at 2.6 Mt of ore and 3.11 million carats of diamond (Tahera 
Diamond Corp., 2007). 

Diamond exploration continued in Canada, with several other 
commercial diamond projects and additional discoveries located 
in Alberta, British Columbia, the Northwest Territories, the 
Nunavut Territory, Ontario, and Quebec. Canada produced about 
11% of the world’s combined natural gemstone and industrial 
diamond production in 2007. 

Cote d’Ivoire.—In 2007, the UN Security Council continued 
the ban on rough diamond trade with the Cote d’Ivoire. The 
ban was originally implemented in 2004 and continued in 2006 
under resolution 1643 (2005). The UN Security Council deemed 
Cote d’Ivoire to be a threat to international peace and security 
because the profits from its trade of rough diamonds were used 
to arm civil conflict within Cote d’Ivoire. The sanctions were 
aimed at stemming civil conflict in Céte d’ Ivoire. According to 
the World Diamond Council, Cote d’ Ivoire is the only remaining 
source of conflict diamonds (Diamond Registry Bulletin, 2006, 
2007c). 

Liberia.—The UN removed diamond sanctions against 
Liberia. The move was followed by the European Union also 
lifting its embargo on rough diamond trade from Liberia. Liberia 
was accepted as a member state to the Kimberley Process 
Certification Scheme in May 2007. The United States added 
Liberia to its list of diamond trading partners in June (Diamond 
Registry Bulletin, 2007b). 

Namibia.—Mining began in January 2007 at the marine 
project of Bonaparte Diamond Mines NL, located off the coast 
of Namibia. During the first quarter, 21,942 diamonds weighing 
more than 9,000 carats were recovered (Diamond Registry 
Bulletin, 2007d). 


Outlook 


There are indications of possible continued growth in the U.S. 
diamond and jewelry markets in 2008. Historically, diamonds 
have proven to hold their value despite wars or economic 
depressions (Schumann, 1998, p. 8). 

Independent producers, such as Ekati and Diavik in Canada, 
will continue to bring a greater measure of competition to global 
markets. More competition presumably will bring more supplies 
and lower prices. Further consolidation of diamond producers 
and larger amounts of rough diamond being sold outside DTC 
will continue as the diamond industry adjusts to De Beers’ 
reduced influence on the industry. 

More laboratory-created gemstones, simulants, and treated 
gemstones will enter the marketplace and necessitate more 
transparent trade industry standards to maintain customer 
confidence. 

During 2007, online sales rose to 6% of all retail jewelry 
sales, compared with 3.5% in 2006. Internet sales of diamonds, 
gemstones, and jewelry are expected to continue to grow and 
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increase in popularity, as will other forms of e-commerce that 
emerge to serve the diamond and gemstone industry. This is 
likely to take place as the gemstone industry and its customers 
become more comfortable with and learn the applications of 
new e-commerce tools (IDEX Magazine, 2006; Profile America, 
Inc., 2008). 
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TABLE 2 
LABORATORY-CREATED GEMSTONE PRODUCTION METHODS 


Gemstone Production method Company/producer Date of first production 
Alexandrite Flux Creative Crystals Inc. 1970s. 
Do. Melt pulling J.O. Crystal Co., Inc. 1990s. 
Do. do. Kyocera Corp. 1980s. 
Do. Zone melt Seiko Corp. 1980s. 
Cubic zirconia Skull melt Various producers 1970s. 
Emerald Flux Chatham Created Gems 1930s. 
Do. do. Gilson 1960s. 
Do. do. Kyocera Corp. 1970s. 
Do. do. Lennix 1980s. 
Do. do. Russia 1980s. 
Do. do. Seiko Corp. 1980s. 
Do. Hydrothermal Biron Corp. 1980s. 
Do. do. Lechleitner 1960s. 
Do. do. Regency 1980s. 
Do. do. Russia 1980s. 
Ruby Flux Chatham Created Gems 1950s. 
Do. do. Douras 1990s. 
Do. do. J.O. Crystal Co., Inc. 1980s. 
Do. do. Kashan Created Ruby 1960s. 
Do. Melt pulling Kyocera Corp. 1970s. 
Do. Verneuil Various producers 1900s. 
Do. Zone melt Seiko Corp. 1980s. 
Sapphire Flux Chatham Created Gems 1970s. 
Do. Melt pulling Kyocera Corp. 1980s. 
Do. Verneuil Various producers 1900s. 
Do. Zone melt Seiko Corp. 1980s. 
Star ruby Melt pulling Kyocera Corp. 1980s. 
Do. do. Nakazumi Earth Crystals Co. 1980s. 
Do. Verneuil Linde Air Products Co. 1940s. 
Star sapphire do. Linde Air Products Co. 1940s. 
Do., do. Ditto. 
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TABLE 3 


VALUE OF U.S. GEMSTONE PRODUCTION, BY TYPE! 


(Thousand dollars) 
Gem materials 2006 2007 
Beryl pA 18 
Coral, all types 106 150 
Diamond (2) (2) 
Garnet 44 67 
Gem feldspar 1,190 1,330 
Geode/nodules 47 a2 
Opal 380 328 
Quartz: 
Macrocrystalline® 228 215 
Cryptocrystalline* 147 300 
Sapphire/ruby 198 283 
Shell 3,210 3,370 
Topaz (2) (2) 
Tourmaline 55 59 
Turquoise 202 475 
Other 5,450 * 5,260 
Total 11,300 11,900 
"Revised. 


'Data are rounded to no more than three significant digits; may 
not add to totals shown. 


"Included with "Other." 


*Macrocrystalline quartz (crystals recognizable with the naked 
eye) includes amethyst, amethyst quartz, aventurine, blue quartz, 


citrine, hawk's eye, pasiolite, prase, quartz cat's eye, rock crystal, 


rose quartz, smoky quartz, and tiger's eye. 


“Cryptocrystalline (microscopically small crystals) includes agate, 


carnelian, chalcedony, chrysoprase, fossilized wood, heliotrope, 


jasper, moss agate, onyx, and sard. 
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TABLE 4 
PRICES OF U.S. CUT DIAMONDS, BY SIZE AND QUALITY IN 2007! 


Carat Description, Clarity” Representative prices 
weight color’ (GIA terms) January* June” December® 
0.25 G VS1 $1,300 $1,300 $1,495 
Do. G VS2 1,200 1,200 1,350 
Do. G SI 1,100 1,100 1,200 
Do. H VS1 1,150 1,150 1,400 
Do. H VS2 1,050 1,050 1,300 
Do. H SI 1,000 1,000 1,070 
0.50 G VS1 3,200 3,200 3,200 
Do. G VS2 2,800 2,800 2,800 
Do. G SI 2,400 2,400 2,400 
Do. H VS1 2,800 2,800 2,800 
Do. H VS2 2,400 2,400 2,400 
Do. H Sil 2,200 2,200 2,200 
0.75 G VS1 3,800 3,800 3,800 
Do. G VS2 3,600 3,600 3,600 
Do. G Sil 3,300 3,300 3,300 
Do. H VSI 3,500 3,500 3,500 
Do. H VS2 3,300 3,300 3,300 
Do. H Sul 3,000 3,000 3,000 
1.00 G VS1 6,500 6,500 6,500 
Do. G VS2 6,100 6,100 6,100 
Do. G SI 5,000 5,000 5,000 
Do. H VSI 5,500 5,500 5,500 
Do. H VS2 5,300 5,300 5,300 
Do. H SI 4,600 4,600 4,600 
Do.Ditto. 


'Data are rounded to no more than three significant digits. 

*Gemological Institute of America (GIA) color grades: D-colorless; E-rare white; G, H, I-traces of color. 
*Clarity: IF—no blemishes; VVS 1—very, very slightly included; VS 1—very slightly included; VS2—-very 
slightly included, but not visible; SI1—slightly included. 

*Source: Jewelers’ Circular Keystone, v. 178, no. 2, February 2007, p. 127. 

*Source: Jewelers’ Circular Keystone, v. 178, no. 7, July 2007, p. 157. 

Source: Jewelers’ Circular Keystone, v. 179, no. 1, January 2008, p. 139. 
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TABLE 5 
PRICES PER CARAT OF U.S. CUT COLORED GEMSTONES IN 2007 


Price range per carat 


Gemstone January’ December 
Amethyst $7-$15 $7-$15 
Blue sapphire 700—1,375 700—1,375 
Blue topaz 5-10 5-10 
Emerald 2,400-4,000 2,400-4,000 
Green tourmaline 45-60 45-60 
Cultured saltwater pearl® 5 5 
Pink tourmaline 60-125 60-125 
Rhodolite garnet 18-30 18-30 
Ruby 1,725—2,000 1,725—2,000 
Tanzanite 300-450 300-450 


‘Source: The Guide, spring/summer 2007, p. 22, 37, 51, 65, 74, 85, 96, 
98, 104, and 119. These figures are approximate current wholesale 


purchase prices paid by retail jewelers on a per stone basis for 1 to <2 
carat, fine-quality stones. 

Source: The Guide, fall/winter 2007-2008, p. 22, 37, 51, 65, 74, 85, 96, 
98, 104, and 119. These figures are approximate current wholesale 
purchase prices paid by retail jewelers on a per stone basis for 1 to <2 


carat, fine-quality stones. 


*Prices are per 4.5 to 5-millimeter pearl. 
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TABLE 6 


U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF INDUSTRIAL 


DIAMOND), BY COUNTRY’ 


2006 
Quantity Value” Quantity Value” 
Country (carats) (millions) (carats) (millions) 
Exports: 
Australia 50,100 $19 65,000 $18 
Belgium 2,480,000 725 3,510,000 891 
Canada 82,900 90 82,400 81 
Costa Rica 67,700 7 82,200 7 
France 189,000 64 192,000 168 
Hong Kong 1,620,000 419 1,460,000 529 
India 706,000 232 714,000 502 
Israel 3,820,000 1,700 4,500,000 2,390 
Japan 74,900 43 131,000 46 
Mexico 864,000 129 907,000 128 
Netherlands 27,600 6 9,790 2 
Netherlands Antilles 15,500 51 14,900 43 
Singapore 83,300 14 125,000 18 
South Africa 32,000 13 48,400 12 
Switzerland 142,000 129 203,000 149 
Taiwan 21,800 4 34,400 6 
Thailand 121,000 34 177,000 49 
United Arab Emirates 226,000 61 287,000 107 
United Kingdom 88,600 66 146,000 52 
Other 220,000 74 225,000 105 
Total 10,900,000 3,890 =: 12,900,000 5,310 
Reexports: 

Armenia 54,300 5 4,760 (3) 
Australia 16,500 6 30,200 9 
Belgium 4,340,000 1,070 4,540,000 1,260 
Canada 260,000 162 241,000 155 
Dominican Republic 107,000 15 48,700 6 
France 11,500 1 11,200 2 
Guatemala 96,800 10 89,000 9 
Hong Kong 3,470,000 771 3,900,000 1,030 
India 1,910,000 369 2,080,000 et | 
Israel 8,770,000 Z010 9,700,000 2,470 
Japan 91,700 Zo 125,000 aT 

Malaysia 28,100 6 37,000 

Mexico 31,500 7 33,700 
Singapore 173,000 37 199,000 26 
South Africa 396,000 55 86,400 62 
Switzerland 453,000 345 519,000 523 
Thailand 243,000 62 205,000 39 
United Arab Emirates 513,000 131 671,000 112 
United Kingdom 525,000 213 513,000 186 
Other 176,000 58 184,000 70 
Total 21,700,000 5,660 23,200,000 6,510 
Grand total 32,600,000 9,540 36,100,000 11,800 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


3 
Customs value. 


Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 7 


U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY’ 


2006 2007 
Quantity Value” Quantity Value” 
Kind, range, and country of origin (carats) (millions) (carats) (millions) 
Rough or uncut, natural: 7 
Angola 42,600 $34 8,850 $43 
Australia 1,350 1 228 1 
Botswana 172,000 162 207,000 126 
Brazil 5,840 5 31,100 5 
Canada 45,300 41 45,200 56 
Congo (Kinshasa) 45,800 66 37,400 147 
Ghana 38,700 1 7,480 1 
Guyana 24,500 3 3,890 1 
India 12,300 1 228,000 1 
Namibia 4,050 2 6,530 1 
Russia 443,000 27 551,000 a1 
South Africa 332,000 384 213,000 360 
Other 31,900 74 26,000 75 
Total 1,200,000 801 1,370,000 848 
Cut but unset, not more than 0.5 carat: 
Belgium 526,000 203 494,000 203 
Canada 10,500 14 8,350 9 
China 62,600 16 68,300 35 
Dominican Republic 64,200 6 60,500 5 
Hong Kong 390,000 70 132,000 33 
India 8,560,000 1,780 7,390,000 1,660 
Israel 843,000 426 696,000 380 
Mauritius 5,070 11 6,540 13 
Mexico 453,000 58 407,000 at 
Singapore 979 1 631 1 
South Africa 3,350 2 4,350 2 
Switzerland 53,800 25 L290 1 
Thailand 102,000 21 105,000 25 
United Arab Emirates 131,000 35 122,000 25 
Other 65,000 26 39,900 16 
Total 11,300,000 2,690 9,540,000 2,460 
Cut but unset, more than 0.5 carat: 
Belgium 1,120,000 2,600 982,000 2,800 
Canada 18,800 66 14,700 51 
Hong Kong 65,600 154 31,000 87 
India 1,390,000 1,480 1,690,000 2,030 
Israel 2,870,000 8,140 2,850,000 9,100 
Mexico 9,480 1 39,900 6 
Russia 53,600 132 73,200 184 
South Africa 78,200 559 84,900 712 
Switzerland 11,000 191 12,800 238 
Thailand 16,900 24 15,800 19 
United Arab Emirates 82,500 111 53,600 78 
Other 83,000 298 100 352 
Total 5,790,000 13,800 5,840,000 15,700 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


2 
Customs value. 


Includes some natural advanced diamond. 


Source: U.S. Census Bureau. 
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TABLE 8 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 
DIAMOND, BY KIND AND COUNTRY! 


2006 2007 
Quantity Value” Quantity Value” 
Kind and country (carats) (millions) (carats) (millions) 
Emerald: 
Argentina -- -- -- -- 
Belgium 137,000 $1 1,310 $1 
Brazil 206,000 8 1,090,000 6 
Canada 993 (3) 2,200 1.0 
China 5,000 (3) 25,900 1.0 
Colombia 1,020,000 86 918,000 120 
France 1,020 2 1,020 1 
Germany 12,400 49,300 
Hong Kong 439,000 2 161,000 8 
India 1,450,000 19 1,210,000 22 
Israel 138,000 22 135,000 a2 
Italy 7,590 s) 3,070 2 
Namibia -- -- -- -- 
Switzerland 28,200 19 6,690 8 
Thailand 420,000 7 612,000 14 
United Kingdom 1,320 1 771 2 
Other 37,400 (3) 66 4 
Total 3,910,000 175 4,220,000 218 
Ruby: 
Belgium 1,760 1 6,640 1 
China 17,000 (3) 2,930 1 
Dominican Republic 15,700 (3) 2,340 (3) 
France 2,840 4 2,580 1 
Germany 9,590 2 21,100 2 
Hong Kong 129,000 6 181,000 3 
India 1,930,000 3 2,100,000 6 
Israel 4,810 1 7,760 1 
Italy 3,280 1 1,010 3 
Kenya 2,000 (3) 9,550 1 
Sri Lanka 2,120 1 4,300 1 
Switzerland 15,000 12 9,710 23 
Thailand 1,510,000 53 2,380,000 70 
United Arab Emirates 2,220 (3) 157,000 1 
Other 24,600 3 66,400 3 
Total 3,680,000 87 4,960,000 114 
Sapphire: 
Australia 2,100 (3) 4,460 2 
Austria 3,060 (3) 32,800 it 
Belgium 2,860 1 3,910 1 
China 35,000 (3) 311,000 1 
Dominican Republic 44,300 (3) 3,670 (3) 
Germany 119,000 3 65,100 3 
Hong Kong 336,000 255,000 z 
India 1,680,000 5 1,740,000 7 
Israel 26,700 23,800 3 
Italy 2,860 (3) 3,650 if 
Singapore 2,840 (3) 3,630 (3) 
Sri Lanka 363,000 49 378,000 50 
Switzerland 43,200 10 21,800 21 
Thailand 4,150,000 i, 3,740,000 76 
United Arab Emirates 6,130 $1 4,460 $1 


See footnotes at end of table. 
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TABLE 8—Continued 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 


DIAMOND, BY KIND AND COUNTRY’ 


2006 2007 
Quantity Value’ Quantity Value” 
Kind and country (carats) (millions) (carats) (millions) 
Sapphire—Continued: 
United Kingdom 4,220 1 9,310 2 
Other 39,500 6 63,500 6 
Total 6,860,000 162 6,670,000 177 
Other: 
Rough, uncut: 
Australia NA 5 NA 4 
Brazil NA ils NA Bl 
Canada NA 4 NA 3 
China NA 4 NA 4 
Colombia NA 2 NA 3 
Czech Republic NA 2 NA 2 
Germany NA 1 NA 1 
India NA 7 NA 3 
Japan NA 1 NA if 
Mexico NA (3) NA (3) 
Netherlands NA (3) NA (3) 
Pakistan NA 2 NA (3) 
South Africa NA (3) NA (3) 
Tanzania NA 1 NA 2 
United Kingdom NA (3) NA (3) 
Other NA 13 NA 5 
Total NA 52 NA 39 
Cut, set and unset: 
Australia NA 13 NA 14 
Austria NA 2 NA 4 
Brazil NA 18 NA 18 
Canada NA 1 NA 1 
China NA 71 NA 55 
France NA 4 NA 2 
Germany NA 44 NA 40 
Hong Kong NA 50 NA 48 
India NA 86 NA 97 
Israel NA 6 NA 5 
Italy NA 1 NA 
South Africa NA 3 NA 7 
Sri Lanka NA 11 NA 10 
Switzerland NA 13 NA 4 
Taiwan NA 2 NA 
Tanzania NA 6 NA 7 
Thailand NA af NA 74 
United Arab Emirates NA 1 NA 1 
United Kingdom NA 2 NA it 
Other NA 14 NA 11 
Total NA 405 NA 402 


See footnotes at end of table. 
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TABLE 8—Continued 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 


DIAMOND, BY KIND AND COUNTRY’ 


NA Not available. -- Zero. 

'Data are rounded to no more than three significant digits; may not add to totals shown. 
Customs value. 

“Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 9 


VALUE OF U.S. IMPORTS OF LABORATORY-CREATED 


AND IMITATION GEMSTONES, BY COUNTRY"? 


(Thousand dollars) 
Country 2006 2007 
Laboratory-created, cut but unset: 
Austria 882 3,420 
Brazil 361 ba 
Canada 124 158 
China 14,900 12,800 
Cyprus (3) “- 
Czech Republic 112 107 
France 354 272 
Germany 12,700 12,800 
Hong Kong 1,830 1,530 
India 1,000 1,190 
Ireland (3) -- 
Italy 51 ee 
Japan 75 176 
Korea, Republic of 468 368 
Netherlands 436 119 
South Africa (3) fi 
Sri Lanka 2,210 3,260 
Switzerland 4,550 989 
Taiwan 197 187 
Thailand 778 885 
United Arab Emirates 60 83 
Other 1,170 2,530 
Total 42,300 41,300 
Imitation:* 
Austria 72,600 72,400 
Brazil 12 18 
China 3,850 3,090 
Czech Republic 9,250 8,510 
France 118 8 
Germany 1,760 1,260 
Hong Kong 250 104 
India 434 142 
Italy 214 262 
Japan 269 10 
Korea, Republic of 689 439 
Philippines (3) -- 
Russia 7 5 
Spain 170 -- 
Taiwan 66 q 
Thailand 49 15 
United Kingdom 139 4 
Other 135 305 
Total 90,100 86,600 
-- Zero. 


'Data are rounded to no more than three significant digits; may not 


add to totals shown. 


?Customs value. 
Less than % unit. 


“Includes pearls. 


Source: U.S. Census Bureau. 
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TABLE 10 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES’ 


(Thousand carats and thousand dollars) 


2006 2007 
Stones Quantity Value? Quantity Value” 
Diamonds: 
Rough or uncut 1,200 801,000 1,370,000 848,000 
Cut but unset 17,100 16,400,000 15,400 = 18,100,000 
Emeralds, cut but unset 3,910 175,000 4,220 218,000 
Coral and similar materials, unworked 5,600 24,900 6,300 16,800 
Rubies and sapphires, cut but unset 10,500 249,000 11,600 291,000 
Pearls: 
Natural NA 23,600 NA 23,100 
Cultured NA 44,300 NA 55,200 
Imitation NA 4,100 NA 4,280 
Other precious and semiprecious stones: 
Rough, uncut 2,270,000 31,400 1,260,000 26,400 
Cut, set and unset NA 363,000 NA 361,000 
Other NA 9,250 NA 9,510 
Laboratory-created: 
Cut but unset 194,000 42,300 163,000 41,300 
Other NA 11,400 NA 11,400 
Imitation gemstone® NA 90,100 NA 86,600 
Total XX 18,300,000 XX =. 20,100,000 
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NA Not available. XX Not applicable. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


2 
Customs value. 


*Does not include pearls. 


Source: U.S. Census Bureau. 
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TABLE 11 
NATURAL DIAMOND: WORLD PRODUCTION, BY COUNTRY AND TYPE!” ? 


(Thousand carats) 


Country and type* 2003 2004 2005 2006 2007 
Gemstones: 
Angola" 5,130 5,490 6,400 * 8,300 * 8,700 
Australia 13,981 6,058 8,577 7,305 231 
Botswana® 22,800 23,300 23,900 24,000 25,000 
Brazil‘ 400 300 ° 300 300 300 
Canada 10,756 12,618 12,314* 13,278 * 17,998 
Central African Republic® 250 263 300 ' 340 ' 370 
China“ 100 100 100 100 100 
Congo (Kinshasa) 5,400 * 5,900 * 7,000 * 5,700 ° 5,400 
Cote d'Ivoire® 154 > 201 210° 210° 210 
Ghana 724 725 810° 780 720 
Guinea 500 555 440 ' 380 ' 815 © 
Guyana 413 445 357 341 © 350 
Liberia® 26 7 7 I 13 
Namibia 1,481 2,004 1,902 2,400 ° 2,200 
Russia 20,000 23,700 ° 23,000 23,400 23,300 
Sierra Leone® 233 318 395 360 ° 360 
South Africa® 5,144.° 5,800 6,400 6,100 ' 6,100 
Tanzania® 2012 258 185 230 * 230 
Venezuela” 1 a 40 46 45 45 
Other® 145 335° 262 * 223° 152 
Total 87,800 88,400 * 92,900 * 93,800 * 92,600 
Industrial: 
Angola® 570 610 680 * 880 * 970 
Australia 17,087 18,172 25,730 21,915 18,960 
Botswana*® 7,600 7,800 8,000 8,000 8,000 
Brazil 600 600 600 600 600 
Central African Republic® 83 88 80° 85° 47 
China‘ 955 960 960 965 970 
Congo (Kinshasa) 21,600 23,600 * 28,200 * 22,800 * 21,800 
Cote d'Ivoire® T° 99 90 ' 90° 90 
Ghana® 180 180 200 ' 190 180 
Guinea 167 185 100 * 95° 200 * 
Liberia® 14 4 4 4 9 
Russia“ 13,000 15,200 ' 15,000 15,000 15,000 
Sierra Leone 274 ° 374 ° 274 252 240 
South Africa 7,540? 8,500 9,400 9,100 ° 9,100 
Tanzania" 36 46 35 42" 40 
Venezuela” 24° 60 69 70 70 
Other’ 2 * 191° 990 ' 163° 463 
Total 69,900 76,700 90,400 ' 80,300 * 76,700 
Grand total 158,000 165,000" 183,000 174,000° 169,000 


“Estimated. ‘Revised. 

'World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
*Table includes data available through May 22, 2008. 

*In addition to the countries listed, Nigeria and the Republic of Korea produce natural diamond and synthetic 
diamond, respectively, but information is inadequate to formulate reliable estimates of output levels. 

“Includes near-gem and cheap-gem qualities. 

Reported figure. 

Includes Cameroon, Congo (Brazzaville), Gabon (unspecified), India, Indonesia, Togo (unspecified), and Zimbabwe. 


"Includes Congo (Brazzaville), India, Indonesia, and Zimbabwe. 
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GEMSTONES? 


(Data in million dollars unless otherwise noted) 


Domestic Production and Use: The combined value of U.S. natural and synthetic gemstone output decreased by 
6% in 2006 from that of 2005. The value of natural gemstone production decreased by 1% during 2006. Domestic 
gemstone production included agate, amber, beryl, coral, garnet, jade, jasper, opal, pearl, quartz, sapphire, shell, 
topaz, tourmaline, turquoise, and many other gem materials. In decreasing order, Tennessee, Oregon, Arizona, 
California, Arkansas, Montana, and Nevada produced 81% of U.S. natural gemstones. The value of laboratory- 
created (synthetic) gemstones production decreased by more than 7% during the year. Laboratory-created 
gemstones were manufactured by four firms in North Carolina, Florida, Massachusetts, and Arizona, in decreasing 
order of production. Major gemstone uses were jewelry, carvings, and gem and mineral collections. 


Salient Statistics—United States: 2002 2003 2004 2005 2006° 
Production: 
Natural 12.6 125 14.5 13.4 1353 
Laboratory-created (synthetic) 18.1 33.4 30.7 51.1 47.4 
Imports for consumption 12,800 13,600 15,400 17,200 18,300 
Exports, including reexports 4,880 5,490 7,230 8,850 9,930 
Consumption, apparent? 7,950 8,160 8,220 8,410 8,430 


Price 


Variable, depending on size, type, and quality 


Employment, mine, number® 1,200 1,200 1,200 1,200 1,200 
Net import reliance’ as a percentage 
of apparent consumption 99 99 99 99 99 


Recycling: Insignificant. 


Import Sources (2002-05 by value): Israel, 46%; India, 20%; Belgium, 18%; South Africa, 4%; and other, 12%. 
Diamond imports accounted for 94% of the total value of gem imports. 


Tariff: Item Number Normal Trade Relations 
12-31-06 

Diamond, unworked or sawn 7102.31.0000 Free. 
Diamond, *2 carat or less 7102.39.0010 Free. 
Diamond, cut, more than % carat 7102.39.0050 Free. 
Precious stones, unworked 7103.10.2000 Free. 
Precious stones, simply sawn 7103.10.4000 10.5% ad val. 
Rubies, cut 7103.91.0010 Free. 
Sapphires, cut 7103.91.0020 Free. 
Emeralds, cut 7103.91.0030 Free. 
Other precious stones, cut but not set 7103.99.1000 Free. 


7103.99.5000 


10.5% ad val. 


Other precious stones 


Imitation precious stones 7018.10.2000 Free. 
Synthetic, cut but not set 7104.90.1000 Free. 
Pearls, natural 7101.10.0000 Free. 
Pearls, cultured 7101.21.0000 Free. 


Pearls, imitation, not strung 7018.10.1000 4.0% ad val. 


Depletion Allowance: 14% (Domestic and foreign). 
Government Stockpile: The National Defense Stockpile (NDS) does not contain an inventory of gemstones. 
However, a very small portion of the industrial diamond stone inventory is of near-gem quality. Additionally, the beryl 


and quartz crystal inventories contain some gem-quality material that could be used by the gem industry. The U.S. 
Department of Defense is currently selling some NDS materials that may be near-gem quality. 


Prepared by Donald W. Olson [(703) 648-7721, dolson@usgs.gov, fax: (703) 648-7975] 
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Events, Trends, and Issues: In 2006, the U.S. market for unset gem-quality diamonds was estimated to have 
exceeded $16.2 billion, accounting for more than an estimated 35% of world demand. The domestic market for 
natural, unset nondiamond gemstones was estimated to be about $996 million. The United States is expected to 
dominate global gemstone consumption throughout this decade. 


Canada’s Ekati Mine completed its seventh full year in 2005, with diamond production of 3.23 million carats. The 
Diavik Diamond Mine completed its third full year in 2005, with diamond production of 8.3 million carats. Diamond 
exploration is continuing in Canada, and many new deposits have been found. Canada produced about 7% of the 
world’s natural gemstone diamond production in 2005. The success of Canadian diamond mines has stimulated 
interest in exploration for commercially feasible diamond deposits in the United States. Currently, there are no 
operating commercial diamond mines in the United States. 


Mine production in 2006 for Angola, Botswana, Canada, the Central African Republic, Congo (Kinshasa), Céte 
d'Ivoire, Guinea, Guyana, Sierra Leone, South Africa, and Tanzania increased, while production for Russia 
decreased, and production in Australia, Brazil, China, and Namibia remained the same compared with that of 2005, 
based on submissions from country sources. 


World Mine Production,’ Reserves, and Reserve Base: 


Mine production Reserves and reserve base® 
2005 2006° 

United States (°) (°) World reserves and reserve base of 
Angola 5,580 7,900 diamond-bearing deposits are 
Australia 20,000 20,000 substantial. No reserves or reserve 
Botswana 23,900 24,000 base data are available for other 
Brazil 300 300 gemstones. 
Canada 12,300 12,600 
Central African Republic 265 400 
China 100 100 
Congo (Kinshasa) 6,300 6,600 
Céte d’lvoire 201 300 
Ghana 760 850 
Guinea 411 600 
Guyana 357 1,600 
Namibia 1,900 1,900 
Russia 23,000 22,400 
Sierra Leone 318 650 
South Africa 5,780 6,400 
Tanzania 175 180 
Other countries "” 175 175 

World total (rounded) 102,000 107,000 


World Resources: Most diamond-bearing ore bodies have a diamond content that ranges from less than 1 carat per 
ton to about 6 carats per ton. The major gem diamond reserves are in southern Africa, Australia, Canada, and 
Russia. 


Substitutes: Plastics, glass, and other materials are substituted for natural gemstones. Synthetic gemstones 
(manufactured materials that have the same chemical and physical properties as gemstones) are common 
substitutes. Simulants (materials that appear to be gems, but differ in chemical and physical characteristics) also are 
frequently substituted for natural gemstones. 


“Estimated. 

‘Excludes industrial diamond and garnet. See Diamond (Industrial) and Garnet (Industrial). 

“Estimated minimum production. 

‘Includes production of freshwater shell. 

“Reexports account for about 78% of the totals. 

*If reexports were not considered, apparent consumption would be significantly greater. 

°Defined as imports — exports and reexports + adjustments for Government and industry stock changes. 
‘Data in thousands of carats of gem diamond. 

°See Appendix C for definitions. 

‘Less than % unit. 

In addition to countries listed, Gabon, India, Indonesia, Liberia, and Venezuela are known to produce gem diamonds. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2007 
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GEMSTONES 
By Donald W. Olson 


Domestic survey data and tables were prepared by Connie Lopez, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


In 2008, the estimated value of natural gemstones produced 
in the United States was more than $11.5 million, and the 
estimated value of U.S. laboratory-created gemstone production 
was more than $51.4 million. The total estimated value of U.S. 
gemstone production was almost $62.9 million. The value of 
U.S. gemstone imports was $20.9 billion, and the value of 
combined U.S. gemstone exports and reexports was estimated to 
be $15.3 billion. 

In this report, the terms “gem” and “gemstone” mean any 
mineral or organic material (such as amber, pearl, petrified 
wood, and shell) used for personal adornment, display, or object 
of art because it possesses beauty, durability, and rarity. Of 
more than 4,000 mineral species, only about 100 possess all 
these attributes and are considered to be gemstones. Silicates 
other than quartz are the largest group of gemstones in terms 
of chemical composition; oxides and quartz are the second 
largest (table 1). Gemstones are subdivided into diamond and 
colored gemstones, which in this report designates all natural 
nondiamond gems. In addition, laboratory-created gemstones, 
cultured pearls, and gemstone simulants are discussed but are 
treated separately from natural gemstones (table 2). Trade data 
in this report are from the U.S. Census Bureau. All percentages 
in the report were computed using unrounded data. Current 
information on industrial-grade diamond and industrial-grade 
garnet can be found in the U.S. Geological Survey (USGS) 
Minerals Yearbook, volume I, Metals and Minerals chapters on 
industrial diamond and industrial garnet, respectively. 

Gemstones have fascinated humans since prehistoric times. 
They have been valued as treasured objects throughout history 
by all societies in all parts of the world. Amber, amethyst, coral, 
diamond, emerald, garnet, jade, jasper, lapis lazuli, pearl, rock 
crystal, ruby, serpentine, and turquoise are some of the first 
stones known to have been used for making jewelry. These 
stones served as symbols of wealth and power. Today, gems are 
worn more for pleasure or in appreciation of their beauty than to 
demonstrate wealth. In addition to jewelry, gemstones are used 
for collections, decorative art objects, and exhibits. 


Legislation and Government Programs 


Congress has authorized the sale of all diamond in the 
National Defense Stockpile (NDS), which is managed by the 
Defense National Stockpile Center (DNSC), Defense Logistics 
Agency. Many of the industrial diamond stones in the NDS were 
determined to be lower gemstone quality diamonds during an 
evaluation of the stockpiled diamonds that was conducted in 
the mid-1990s. The entire remaining inventory of the stockpiled 
diamond stones was authorized for sale in the NDS’s fiscal 
year 2008 annual plan. This was accomplished in one sale that 
was held in July in which 473,000 carats of diamond were sold 
for $8.22 million (Lough, 2008). At yearend 2008, the DNSC 
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reported no remaining inventory of industrial diamond stone in 
the NDS. 

Most U.S. producers of laboratory-created or synthetic 
gemstones prefer calling their gems “cultured” rather than 
laboratory-created, referring to the fact that the gems are 
grown much like a cultured pearl is grown. The Jewelers 
Vigilance Committee along with 10 other jewelry industry trade 
associations filed a petition with the Federal Trade Commission 
(FTC) in December 2006, requesting the Guides for the 
Jewelry, Precious Metals, and Pewter Industries be amended 
to prohibit the use of the term “cultured” to describe these 
laboratory-created gemstones. It was the position of the trade 
associations that the term was deceptive, misleading, and unfair. 
However, the FTC denied the petition by unanimous vote in July 
2008 (Federal Trade Commission, 2008). 

In December 2007, both houses of the U.S. Congress passed 
the Burma Jade Act of 2008, and it was signed into law by 
the President on July 29, 2008. The Act became Public Law 
110-286 (122 Stat. 2632), which imposes sanctions to prohibit 
the U.S. importation of gemstones (specifically rubies and 
jadeite) and hardwoods from Burma (Myanmar). This Act was 
to promote a coordinated international effort to restore civilian 
democratic rule to Burma. The Act did not prevent the export 
of Burmese gems from the United States nor did it prevent 
U.S. sales of Burmese gems already in the United States (JCK 
Online, 2008; U.S. Congress, 2008). 


Production 


U.S. gemstone production data were based on a survey of 
more than 230 domestic gemstone producers conducted by the 
USGS. The survey provided a foundation for projecting the 
scope and level of domestic gemstone production during the 
year. However, the USGS survey did not represent all gemstone 
activity in the United States, which includes thousands of 
professional and amateur collectors. Consequently, the USGS 
supplemented its survey with estimates of domestic gemstone 
production from related published data, contacts with gemstone 
dealers and collectors, and information gathered at gem and 
mineral shows. 

Commercial mining of gemstones has never been extensive 
in the United States. More than 60 varieties of gemstones have 
been produced commercially from domestic mines, but most of 
the deposits are relatively small compared with those of other 
mining operations. In the United States, much of the current 
gemstone mining is conducted by individual collectors, gem 
clubs, and hobbyists rather than by businesses. 

The commercial gemstone industry in the United 
States consists of individuals and companies that mine 
gemstones or harvest shell and pearl, firms that manufacture 
laboratory-created gemstones, and individuals and companies 
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that cut and polish natural and laboratory-created gemstones. 
The domestic gemstone industry is focused on the production 
of colored gemstones and on the cutting and polishing of 
large diamond stones. Industry employment is estimated to 
range from 1,000 to 1,500 workers (U.S. International Trade 
Commission, 1997, p. 1). 

Most natural gemstone producers in the United States 
are small businesses that are widely dispersed and operate 
independently. The small producers probably have an average 
of less than three employees, including those who only work 
part time. The number of gemstone mines operating from 
year to year fluctuates because the uncertainty associated with 
the discovery and marketing of gem-quality minerals makes 
it difficult to obtain financing for developing and sustaining 
economically viable operations (U.S. International Trade 
Commission, 1997, p. 23). 

The total value of natural gemstones produced in the United 
States during 2008 was estimated to be about $11.5 million 
(table 3). This production value was a 4% decrease from that of 
2007, owing to a 32% decrease in shell production. 

Natural gemstone materials indigenous to the United States 
are collected, produced, and/or marketed in every State. 
During 2008, all 50 States produced at least $1,300 worth of 
gemstone materials. Nine States accounted for 80% of the total 
value, as reported by survey respondents. These States were, 
in descending order of production value, Tennessee, Arizona, 
Oregon, Utah, California, North Carolina, Arkansas, Idaho, 
and Colorado. Some States were known for the production of 
a single gemstone material—Tennessee for freshwater pearls, 
for example. Other States produced a variety of gemstones; for 
example, Arizona’s gemstone deposits included agate, amethyst, 
azurite, chrysocolla, garnet, jade, jasper, malachite, obsidian, 
onyx, opal, peridot, petrified wood, smithsonite, and turquoise. 
There is also a wide variety of gemstones found and produced in 
California, Idaho, Montana, and North Carolina. 

In 2008, the United States had only one active operation in a 
known diamond-bearing area in Crater of Diamonds State Park 
near Murfreesboro in Pike County, AR. The State of Arkansas 
maintains a dig-for-fee operation for tourists and rockhounds 
at the park; Crater of Diamonds is the only diamond mine in 
the world that is open to the public. The diamonds occur in a 
lamproite breccia tuff associated with a volcanic pipe and in 
the soil developed from the lamproite breccia tuff. In 2008, 
946 diamond stones with an average weight of 0.204 carats 
were recovered at the Crater of Diamonds State Park. Of the 
946 diamond stones recovered, 27 weighed more than 1 carat. 
Since the diamond-bearing pipe and the adjoining area became 
a State park in 1972, 27,827 diamond stones with a total carat 
weight of 5,517.25 have been recovered (Waymon Cox, park 
interpreter, Crater of Diamonds State Park, written commun., 
January 22, 2009). Exploration has demonstrated that there is 
about 78.5 million metric tons (Mt) of diamond-bearing rock in 
this diamond deposit (Howard, 1999, p. 62). An Arkansas law 
enacted early in 1999 prohibits commercial diamond mining in 
the park (Diamond Registry Bulletin, 1999). 

There have been no commercially operated diamond mines 
in the United States since 2002. Diamond was produced 
at the Kelsey Lake diamond mine, located close to the 


29.2 [ADVANCE RELEASE] 


Colorado-Wyoming State line near Fort Collins, CO, for several 
years until April 2002. The Kelsey Lake property has now been 
fully reclaimed. 

Canadian diamond mining industry success stimulated some 
interest in exploration for diamond deposits in areas of the 
United States with similar geologic settings and terrain. The 
States where these areas are located are Alaska, Colorado, 
Minnesota, Montana, and Wyoming (Associated Press, 2002, 
2004; Diamond Registry Bulletin, 2005a). Although exploration 
and field studies have found a number of large diamond 
deposits, thus far none have attracted long-term investors and 
have been able to open a commercially feasible mine. 

In addition to natural gemstones, laboratory-created 
gemstones and gemstone simulants are produced in the 
United States. Laboratory-created or synthetic gemstones 
have the same chemical, optical, and physical properties as 
the natural gemstones. Simulants have an appearance similar 
to that of a natural gemstone material, but they have different 
chemical, optical, and physical properties. Laboratory-created 
gemstones that have been produced in the United States 
include alexandrite, diamond, emerald, garnet, moissanite, 
ruby, sapphire, spinel, turquoise, and zirconia. However, during 
2008, only cubic zirconia, diamond, moissanite, and turquoise 
were produced commercially. Simulants of coral, lapis lazuli, 
malachite, and turquoise also are manufactured in the United 
States. In addition, certain colors of laboratory-created sapphire 
and spinel, used to represent other gemstones, are classified as 
simulants. 

Laboratory-created gemstone production in the United States 
was valued at more than $51.4 million during 2008, which 
was a 30% decrease compared with that of 2007. This was 
owing to a very large decrease in laboratory-created moissanite 
production. The value of U.S. simulant gemstone output was 
estimated to be more than $100 million. Five companies in five 
States, representing virtually the entire U.S. laboratory-created 
gemstone industry, reported production to the USGS. The States 
with reported laboratory-created gemstone production were, in 
descending order of production value, North Carolina, Florida, 
New York, Massachusetts, and Arizona. 

Since the 1950s, when scientists manufactured the first 
laboratory-created bits of diamond grit using a high-pressure, 
high-temperature (HPHT) method, this method of growing 
diamonds has become relatively commonplace in the world 
as a technology for laboratory-created diamonds, so much so 
that thousands of small plants throughout China were using 
the HPHT method and producing laboratory-created diamonds 
suitable for cutting as gemstones. Gem-quality diamonds of one 
carat or more are harder to manufacture because at that size it 
is difficult to consistently produce diamonds of high quality, 
even in the controlled environment of a lab using the HPHT 
method. But after 50 years of development, that situation is 
changing, and several laboratory-created diamond companies 
are producing high-quality diamonds that equal those produced 
from mines (Park, 2007). 

Gemesis Corp. in Sarasota, FL, consistently produced 
gem-quality laboratory-created diamond and reported a ninth 
year of production in 2008. The laboratory-created diamonds are 
produced using equipment, expertise, and technology developed 
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by a team of scientists from Russia and the University of 
Florida. The weight of the laboratory-created diamond 

stones ranges from 1% to 2 carats, and most of the stones are 
yellow, brownish yellow, colorless, and green. Gemesis uses 
diamond-growing machines, each machine capable of growing 
3-carat rough diamonds by generating HPHT conditions that 
recreate the conditions in the Earth’s mantle where natural 
diamonds form (Davis, 2003). Gemesis could be producing as 
much as 30,000 to 40,000 stones each year, and annual revenues 
may reach $70 million to $80 million. Gemesis diamonds 

are available for retail purchase in jewelry stores and on the 
Internet, and the prices of the Gemesis laboratory-created 
diamonds are 30% to 50% less than those of comparable natural 
diamond but above the prices of simulated diamond (Gemesis 
Corp., 2010). 

Apollo Diamond, Inc. near Boston, MA, developed and 
patented a method for growing extremely pure, gem-quality 
diamond with flawless crystal structure by chemical vapor 
deposition (CVD). The CVD technique transforms carbon 
into plasma, which is then precipitated onto a substrate as 
diamond. CVD has been used for more than a decade to 
cover large surfaces with microscopic diamond crystals, but 
until this process, no one had discovered the temperature, gas 
composition, and pressure combination that resulted in the 
growth of a single diamond crystal. CVD diamond precipitates 
as nearly 100% pure, almost flawless diamond and therefore 
may not be distinguishable from natural diamond by some tests 
(Davis, 2003). In 2007, Apollo Diamond produced laboratory- 
created stones that ranged from 1 to 2 carats and expected to 
expand to larger stones in the future. Growth of CVD diamonds 
is limited only by the size of the seed placed in the diamond 
growing chamber. Late in 2006, Apollo started selling jewelry 
directly to consumers through a jeweler in Boston. In 2008, 
the company increased its production of large stones and was 
selling online through an Apollo Diamond Web store. Apollo 
diamonds sell at costs that average 15% less than those of 
comparable natural diamonds (Apollo Diamond, Inc., 2008). 
Besides when used as gemstones, CVD diamond is most highly 
valued as a material for high-tech uses. CVD diamond could 
be used to make extremely powerful lasers; to create cellular 
telephones that fit into a watch and storage devices for MP3 
players that could store 10,000 movies, not just 10,000 songs; to 
create frictionless medical replacement joints; to create windows 
on spacecraft; to create surgical diamond blades and scalpels; 
to create tweeters for audio equipment; or as coatings for cars 
that would not scratch or wear out. The greatest potential use for 
CVD diamond is in computers and other electronic devices that 
utilize processors (Maney, 2005; Park, 2007). 

Both Apollo and Gemesis prefer to call their diamonds 
“cultured” rather than laboratory-created, referring to the fact 
that the diamonds are grown much like a cultured pearl is 
grown. 

The Carnegie Institution of Washington Geophysical 
Laboratory and the University of Alabama jointly developed 
and patented the CVD process and apparatus to produce 
Y4-inch-thick 10-carat single diamond crystals at very rapid 
growth rates (100 micrometers per hour). This faster CVD 
method uses microwave plasma technology and allows multiple 
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crystals to be grown simultaneously. This size is about five times 
that of commercially available laboratory-created diamonds 
produced by HPHT methods and other CVD techniques. A 
researcher at the Carnegie Institution stated, “High-quality 
crystals over 3 carats are very difficult to produce using the 
conventional approach. Several groups have begun to grow 
diamond single crystals by CVD, but large, colorless, and 
flawless ones remain a challenge. Our fabrication of 10-carat, 
half-inch CVD diamonds is a major breakthrough” (Willis, 
2004; Carnegie Institution of Washington, 2005; Science Blog, 
2005). Apollo and the Carnegie Institution have noted that 
diamonds produced by the CVD method are harder than natural 
diamonds and diamonds produced by HPHT methods. 

In 2008, Charles & Colvard, Ltd. in North Carolina entered 
its 11th year of producing and marketing moissanite, a 
gem-quality laboratory-created silicon carbide. Moissanite is 
also an excellent diamond simulant, but it is being marketed for 
its own gem qualities. Moissanite exhibits a higher refractive 
index (brilliance) and higher luster than diamond. Its hardness is 
between those of corundum (ruby and sapphire) and diamond, 
which gives it durability (Charles & Colvard, Ltd., 2007). 

U.S. shell production decreased by 32% in 2008 compared 
with that of 2007. U.S. mussel shells are used as a source of 
mother-of-pearl and as seed material for culturing pearls. Pearl 
producers in Japan have begun using manmade seed materials 
or seed materials from China and other sources in addition to 
the stockpiled material. There also has been an increase in the 
popularity of darker and colored pearls and freshwater pearls 
that do not use U.S. seed material. In some regions of the United 
States, shell from mussels was being used more as a gemstone 
based on its own merit rather than as seed material for pearls. 
This shell material was being processed into mother-of-pearl 
and used in beads, jewelry, and watch faces. 


Consumption 


Although the United States accounted for little of the 
total global gemstone production, it was the world’s leading 
gemstone market. It was estimated that U.S. gemstone markets 
accounted for more than 35% of world gemstone demand in 
2008. The U.S. market for unset gem-quality diamond during 
the year was estimated to be about $19.7 billion, an increase of 
4% compared with that of the previous year. Domestic markets 
for natural, unset nondiamond gemstones totaled approximately 
$1.12 billion in 2008, which was an 8% decrease from that of 
2007. 

In the United States, about two-thirds of domestic consumers 
designate diamond as their favorite gemstone when surveyed 
(Wade, 2006). The popularity of colored gemstones, colored 
laboratory-created gemstones, and “fancy” colored diamonds 
remained high in 2008, but the values of the domestic markets 
for almost all types of colored natural, unset nondiamond 
gemstones decreased from 2007 values (table 10) owing 
to the impact of the recession on luxury spending. Colored 
stone popularity also was evidenced by their share of overall 
gemstone sales remaining constant in 2008 (Yonick, 2008). 
The largest demand for colored stones was in the American and 
Asian colored diamond markets with strong sales of champagne, 


cognac, grey, black, pink, orange, and yellow stones (Diamond 
Registry Bulletin, 2007). 


Prices 


Gemstone prices are governed by many factors and qualitative 
characteristics, including beauty, clarity, defects, demand, 
durability, and rarity. Diamond pricing, in particular, is complex; 
values can vary significantly depending on time, place, and the 
subjective valuations of buyers and sellers. There are more than 
14,000 categories used to assess rough diamond and more than 
100,000 different combinations of carat, clarity, color, and cut 
values used to assess polished diamond (Pearson, 1998). 

Colored gemstone prices are generally influenced by market 
supply and demand considerations, and diamond prices are 
supported by producer controls on the quantity and quality of 
supply. Values and prices of gemstones produced and/or sold 
in the United States are listed in tables 3 through 5. In addition, 
customs values for diamonds and other gemstones imported, 
exported, or reexported are listed in tables 6 through 10. 

De Beers Group companies remain a significant force 
affecting the price of gem-quality diamond worldwide because 
they mine a significant portion of the world’s gem-quality 
diamond produced each year, and they also purchase diamonds 
from Russia. In 2008, De Beers companies produced 48.1 
million carats, down from 2007 production of 51.1 million 
carats. De Beers companies also sorted and valuated a large 
portion (by value) of the world’s annual supply of rough 
diamond through De Beers’ subsidiary Diamond Trading Co. 
(DTC), which had marketing agreements with other producers. 
In 2008, DTC had diamond sales of $5.93 billion, which was 
a slight increase from diamond sales of $5.92 billion in 2007 
(De Beers Group, 2008, p. 27; 2009, p. 17). There were about 
200,000 diamond jewelry retail outlets worldwide. From these 
retail outlets, about 45% of diamond jewelry was sold in the 
United States, 33% in Asia, and 11% in Europe. There were an 
estimated 32,000 retail outlets specializing in fine jewelry in the 
United States. Of these jewelry-only retailers, 79% are small, 
independent businesses that are highly competitive in their local 
markets. The remaining 21% are major national and regional 
chains and online retailers. The estimated U.S. retail jewelry 
sales were $60 billion in 2008, down slightly from the prior 
year’s sales (IDEX Magazine, 2009). The market shares by type 
of outlet, in descending order of value, were local independents, 
21%; national and regional chains, 15%; department stores, 
13%; television shopping networks, 11%; Internet auction sites, 
11%; discount chains, 8%; Internet jewelry sites, 6%; and others 
(catalogs, boutiques, and other outlets), 15% (Profile America, 
Inc., 2008). 


Foreign Trade 


During 2008, total U.S. gemstone trade with all countries 
and territories was valued at about $36.2 billion, which was 
an increase of 11% from that of 2007. Diamond accounted 
for about 97% of the 2008 gemstone trade total. In 2008, U.S. 
exports and reexports of diamond were shipped to 76 countries 
and territories, and imports of all gemstones were received from 
95 countries and territories (tables 6-10). In 2008, U.S. import 
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quantities in cut diamond decreased by 16%, compared with 
those of 2007. U.S. imports in rough and unworked diamond 
decreased by 47%, owing to decreases of 45% or more in the 
quantities imported from Botswana, Brazil, Canada, Ghana, 
India, Russia, and South Africa (table 7). The United States 
remained the world’s leading diamond importer and was a 
significant international diamond transit center as well as the 
world’s leading gem-quality diamond market. In 2008, U.S. 
export quantities of gem-grade diamond decreased by 29% 
compared with those of 2007. The large volume of reexports 
shipped to other centers revealed the significance that the United 
States had in the world’s diamond supply network (table 6). 
Imports of laboratory-created gemstone decreased by 17% 
for the United States in 2008 compared with trade in 2007. 
Laboratory-created gemstone imports from Austria, Brazil, 
China, Germany, Hong Kong, India, Sri Lanka, Switzerland, 
and Thailand, with more than $500,000 in imports each, made 
up about 90% (by value) of the total domestic imports of 
laboratory-created gemstones during the year (table 9). Prices 
of certain imported laboratory-created gemstones, such as 
amethyst, were very competitive. The marketing of imported 
laboratory-created gemstones and enhanced gemstones as 
natural gemstones and the mixing of laboratory-created 
materials with natural stones in imported parcels continued to be 
problems for some domestic producers in 2008. There also were 
continuing problems with some simulants being marketed as 
laboratory-created gemstones during the year. 


World Review 


The gemstone industry worldwide has two distinct sectors— 
diamond mining and marketing and colored gemstone 
production and sales. Most diamond supplies are controlled by a 
few major mining companies; prices are supported by managing 
the quality and quantity of the gemstones relative to demand, a 
function performed by De Beers through DTC. Unlike diamond, 
colored gemstones are primarily produced at relatively small, 
low-cost operations with few dominant producers; prices are 
influenced by consumer demand and supply availability. 

In 2008, world natural diamond production totaled about 
159 million carats—87.0 million carats gem quality and 71.8 
million carats industrial grade (table 11). Most production 
was concentrated in a few regions—Africa [Angola, 

Botswana, Congo (Kinshasa), Namibia, and South Africa], 
Asia (northeastern Siberia and Yakutia in Russia), Australia, 
North America (Northwest Territories in Canada), and South 
America (Brazil and Venezuela). In 2008, Russia led the world 
in total natural diamond output quantity (combined gemstone 
and industrial) with 23% of the world estimated production. 
Botswana was the world’s leading gemstone diamond producer, 
followed by Russia, Canada, Angola, Congo (Kinshasa), South 
Africa, Guinea, and Namibia in descending order of quantity. 
These eight countries produced 97% (by quantity) of the world’s 
gemstone diamond output in 2008. 

In 2002, the international rough-diamond certification 
system, the Kimberley Process Certification Scheme (KPCS), 
was agreed upon by United Nations (UN) member nations, the 
diamond industry, and involved nongovernmental organizations. 
The KPCS includes the following key elements: the use of 
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forgery-resistant certificates and tamper-proof containers for 
shipments of rough diamonds; internal controls and procedures 
that provide credible assurance that conflict diamonds do not 
enter the legitimate diamond market; a certification process 

for all exports of rough diamonds; the gathering, organizing, 
and sharing of import and export data on rough diamonds with 
other participants of relevant production; credible monitoring 
and oversight of the international certification scheme for 
rough diamonds; effective enforcement of the provisions of 

the certification scheme through dissuasive and proportional 
penalties for violations; self regulation by the diamond industry 
that fulfills minimum requirements; and sharing information 
with all other participants on relevant rules, procedures, and 
legislation as well as examples of national certificates used to 
accompany shipments of rough diamonds (Weldon, 2001). In 
2008, India assumed the chair of KPCS for the period from 
January 1 through December 31, 2008. India was one of the 
founding members of the KPCS and was the sixth in succession 
to hold the chair after South Africa, Canada, Russia, Botswana, 
and the European Commission (Kimberley Process, 2008). The 
list of participating countries expanded to include 50 nations 
plus the rough diamond-trading entity of Taipei. Out of these 
50 countries, Cote d’ Ivoire was under UN sanctions and was 
not trading in rough diamonds, and Venezula had voluntarily 
suspended exports and imports of rough diamonds until further 
notice. The KPCS was implemented to solve the problem 

of conflict diamonds. The participating nations in the KPCS 
account for approximately 98% of the global production and 
trade of rough diamonds (Diamond Registry Bulletin, 2005b; 
Kimberley Process, 2009). 

Globally, the value of production of natural gemstones other 
than diamond was estimated to be about $2 billion in 2008. 
Most nondiamond gemstone mines are small, low-cost, and 
widely dispersed operations in remote regions of developing 
nations. Foreign countries with major gemstone deposits other 
than diamond are Afghanistan (aquamarine, beryl, emerald, 
kunzite, lapis lazuli, ruby, and tourmaline), Australia (beryl, 
opal, and sapphire), Brazil (agate, amethyst, beryl, ruby, 
sapphire, topaz, and tourmaline), Burma (beryl, jade, ruby, 
sapphire, and topaz), Colombia (beryl, emerald, and sapphire), 
Kenya (beryl, garnet, and sapphire), Madagascar (beryl, rose 
quartz, sapphire, and tourmaline), Mexico (agate, opal, and 
topaz), Sri Lanka (beryl, ruby, sapphire, and topaz), Tanzania 
(garnet, ruby, sapphire, tanzanite, and tourmaline), and Zambia 
(amethyst and beryl). In addition, pearls are cultured throughout 
the South Pacific and in other equatorial waters; Australia, 
China, French Polynesia, and Japan are key producers. 

Worldwide in 2008, 18 diamond projects containing at least 
1 million carats in resources were explored and developed. 
However, because of global economic turmoil in late 2008 and 
into 2009, almost all of these were undergoing review as the 
mining companies attempted to conserve funds and survive until 
the market improved (Metals Economics Group, 2009). 

Botswana.—The Lerala Mine owned by DiamonEx Ltd. 
started mine production in October. The mine was expected 
to produce 330,000 carats per year. In early November, the 
company held its first sale of 10,600 carats. However, in 
January 2009, DiamonEx placed the Lerala Mine on care-and- 
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maintenance status owing to difficult market conditions (Metals 
Economics Group, 2009). 

Brazil.—The Duas Barras Mine, a placer mine located in 
Minas Gerais and wholly owned by Vaaldiam Resources Ltd., 
had reached commercial production level in September 2007 
and completed its first diamond sale in January 2008. In 2008, 
Vaaldiam’s production increased to 50,000 carats per year from 
25,000 carats per year (Metals Economics Group, 2008). 

Canada.—Canadian diamond production was 14.8 million 
carats during 2008, a decrease of about 14% compared with that 
of the previous year. Diamond exploration continued in Canada, 
with several commercial diamond projects and additional 
discoveries in Alberta, British Columbia, the Northwest 
Territories, Nunavut, Ontario, and Quebec. In 2008, Canadian 
production accounted for 9.3% of the world’s combined natural 
gemstone and industrial diamonds. 

The Ekati Diamond Mine, Canada’s first operating 
commercial diamond mine, completed its 10th full year of 
production in 2008. Ekati produced 3.6 million carats of 
diamond from 4.43 million metric tons (Mt) of ore. BHP 
Billiton Ltd. has an 80% controlling ownership in Ekati, which 
is in the Northwest Territories. Ekati has estimated remaining 
reserves of 44.1 Mt of ore in kimberlite pipes that contain 23.3 
million carats of diamond. BHP Billiton projected the remaining 
mine life to be 14 years (BHP Billiton Ltd., 2009, p. 10; Perron, 
2009, p. 17.1). 

The Diavik Diamond Mine, Canada’s second diamond mine, 
also located in the Northwest Territories, completed its sixth 
full year of production. In 2008, Diavik produced 9.2 million 
carats of diamond, a decrease of 23% from the previous year’s 
production. At yearend 2008, Diavik Diamond Mine Inc. 
estimated the mine’s remaining proven and probable reserves to 
be 20 Mt of ore in kimberlite pipes containing 62 million carats 
of diamond and projected the total mine life to be 16 to 22 years 
(Diavik Diamond Mine Dialogue, 2007; Perron, 2009, p. 17.2). 
The mine is an unincorporated joint venture between Diavik 
Diamond (60%) and Harry Winston Diamond Mines Ltd. (40%). 
In response to the downturn in the economy in the last quarter of 
2008, Diavik announced that the mine would cease production 
between July 14 and August 24, 2009, and be placed on a care- 
and-maintenance schedule (Perron, 2009, p. 17.2). 

Canada’s third diamond mine, the Jericho Diamond Mine, is 
located in Nunavut and is a wholly owned by Tahera Diamond 
Corp. Tahera estimated Jericho’s reserves to be 2.6 Mt of ore 
and 3.11 million carats of diamond (Tahera Diamond Corp., 
2007). The mine experienced startup problems related to ore 
mining and processing, and suffered financial problems owing 
to the cost of transporting supplies to the mine site, higher than 
anticipated operational costs, higher than expected oil prices, 
and appreciation of the Canadian dollar versus the American 
dollar. All these problems combined to force the company to 
enter into protection under Canada’s Companies’ Creditors 
Arrangement Act on January 16, 2008, and the mine suspended 
production on February 6. At yearend, the company was still 
trying to reach an agreement with its creditors. As a result, the 
mine’s 2008 production was only 118,000 carats (Perron, 2009, 
p: 17.3). 


The Snap Lake Mine, which is wholly owned by De Beers 
Canada Inc., is located in the Northwest Territories. The Snap 
Lake deposit is a tabular-shaped kimberlite dyke rather than the 
typical kimberlite pipe. The dyke is 2.7 meters thick and dips 
at a 15 degree angle. It is being mined using a modified room- 
and-pillar underground mining method. The mine started mining 
operations in October 2007, reached commercial production 
levels in the first quarter of 2008, and officially opened on June 
25. The mine was expected to produce 1.4 million carats per 
year, and the mine life was expected to be about 20 years. De 
Beers announced plans to suspend production for 6 weeks in 
July and August 2009 to align production with market demand 
(Perron, 2009, p. 17.3). 

The Victor Mine, which also is wholly owned by De Beers 
Canada, is in northern Ontario on the James Bay coast. The 
Victor kimberlite consists of two pipes with surface area of 15 
hectares (37.1 acres). The mine initiated mining operations at 
the end of December 2007 and was officially opened on July 
26, 2008. In 2008, the mine produced 730,000 carats valued 
at $307 million. The mine has 27.4 Mt of ore with average ore 
grade of 0.23 carat per metric ton estimated minable reserves. 
The open pit mine was expected to produce 600,000 carats per 
year, and the mine life was expected to be about 12 years. De 
Beers announced that the mine would suspend production for 6 
weeks in July and August 2009 to align production with market 
demand (Perron, 2009, p. 17.3). 

South Africa.—The Savanna Mine, a placer mine located in 
North-West, started production during the last quarter of 2008. 
The mine was expected to reach a production level of 18,000 
carats per year. The mine is owned by Bonaparte Diamond 
Mines Ltd. (Metals Economics Group, 2009). 

The Voorspoed Mine, located near Kroonstad, officially 
opened in November. The mine is 74% owned by De Beers 
Consolidated and 26% by Ponahalo Capital Ltd. and was 
expected to produce 800,000 carats per year for 12 to 16 years 
(Metals Economics Group, 2009). 


Outlook 


Historically, diamond gemstones have proven to hold their 
value despite wars or economic depressions (Schumann, 1998, 
p. 8), but this did not hold true for the worldwide economic 
downturn in 2008. Gemstone production, trade, market trends, 
and consumption demonstrated significant decreases during 
2008, mostly concentrated in the last third of the year. There 
were no indications that this was likely to change during 2009. 
In 2008, total online sales rose by 7% compared with those of 
2007. However, online retail jewelry sales decreased by 12% 
from levels of the previous year, making jewelry one of the 
poorer performing categories (JCK Online, 2009). These trends 
in U.S. gemstone markets were a reflection of the impact of the 
global recession on luxury spending. 

Once the economy improves, Internet sales of diamonds, 
gemstones, and jewelry were expected to continue to grow and 
increase in popularity, as were other forms of e-commerce that 
emerge to serve the diamond and gemstone industry. This is 
likely to take place as the gemstone industry and its customers 
become more comfortable with and learn the applications of 
new e-commerce tools (Profile America, Inc., 2008). 
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Independent producers, such as Ekati and Diavik in Canada, 
will likely continue to bring a greater measure of competition to 
global markets. More competition presumably will bring more 
supplies and lower prices. Further consolidation of diamond 
producers and larger amounts of rough diamond being sold 
outside DTC is expected to continue as the diamond industry 
adjusts to De Beers’ reduced influence on the industry. 

More laboratory-created gemstones, simulants, and treated 
gemstones are likely to enter the marketplace and necessitate 
more transparent trade industry standards to maintain customer 
confidence. 
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TABLE 2 
LABORATORY-CREATED GEMSTONE PRODUCTION METHODS 


Gemstone Production method Company/producer Date of first production 
Alexandrite Flux Creative Crystals Inc. 1970s. 
Do. Melt pulling J.O. Crystal Co., Inc. 1990s. 
Do. do. Kyocera Corp. 1980s. 
Do. Zone melt Seiko Corp. Do. 
Cubic zirconia Skull melt Various producers 1970s. 
Emerald Flux Chatham Created Gems 1930s. 
Do. do. Gilson 1960s. 
Do. do. Kyocera Corp. 1970s. 
Do. do. Lennix 1980s. 
Do. do. Russia Do. 
Do. do. Seiko Corp. Do. 
Do. Hydrothermal Biron Corp. Do. 
Do. do. Lechleitner 1960s 
Do. do. Regency 1980s 
Do. do. Russia Do. 
Ruby Flux Chatham Created Gems 1950s 
Do. do. Douras 1990s 
Do. do. J.O. Crystal Co., Inc. 1980s 
Do. do. Kashan Created Ruby 1960s 
Do. Melt pulling Kyocera Corp. 1970s 
Do. Verneuil Various producers 1900s 
Do. Zone melt Seiko Corp. 1980s 
Sapphire Flux Chatham Created Gems 1970s 
Do. Melt pulling Kyocera Corp. 1980s 
Do. Verneuil Various producers 1900s 
Do. Zone melt Seiko Corp. 1980s 
Star ruby Melt pulling Kyocera Corp. Do. 
Do. do. Nakazumi Earth Crystals Co. Do. 
Do. Verneuil Linde Air Products Co. 1940s 
Star sapphire do. do. Do. 


Do., do., Ditto. 
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TABLE 3 
VALUE OF U.S. NATURAL GEMSTONE PRODUCTION, BY TYPE! 


(Thousand dollars) 
Gem materials 2007 2008 
Beryl 18 18 
Coral, all types 150 150 
Diamond (2) (2) 
Garnet 67 130 
Gem feldspar 1,330 916 
Geode/nodules oie. O1 
Opal 328 357 
Quartz: 
Macrocrystalline® 215 334 
Cryptocrystalline* 300 344 
Sapphire/ruby 283 556 
Shell 3,070 2,290 
Topaz (2) (2) 
Tourmaline 39 112 
Turquoise 475 508 
Other 5,260 5,670 
Total 11,900 11,500 


‘Data are rounded to no more than three significant digits; may not add 

to totals shown. 

“Included with “Other.” 

°Macrocrystalline quartz (crystals recognizable with the naked eye) includes 
amethyst, aventurine, blue quartz, citrine, hawk’s eye, pasiolite, prase, 
quartz cat’s eye, rock crystal, rose quartz, smoky quartz, and tiger’s eye. 

“Cryptocrystalline quartz (microscopically small crystals) includes agate, 
camelian, chalcedony, chrysoprase, fossilized wood, heliotrope, 

jasper, moss agate, onyx, and sard. 
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TABLE 4 
PRICES PER CARAT OF U.S. CUT ROUND DIAMONDS, BY SIZE AND QUALITY IN 2008 


Carat Description, Clarity” Representative prices 
weight color’ (GIA terms) January” June* December” 
0.25 G VS1 $1,495 $1,495 $1,495 
Do. G VS2 1,350 1,350 1,350 
Do. G Sil 1,200 1,200 1,200 
Do. H VS1 1,400 1,400 1,400 
Do. H VS2 1,300 1,300 1,300 
Do. H Sil 1,070 1,070 1,070 
0.50 G VS1 3,200 3,200 3,200 
Do. G VS2 2,800 2,800 2,800 
Do. G Sil 2,400 2,400 2,400 
Do. H VS1 2,800 2,800 2,800 
Do. H VS2 2,400 2,400 2,400 
Do. H Sil 2,200 2,200 2,200 
1.00 G VS1 6,500 6,500 6,500 
Do. G VS2 6,100 6,100 6,100 
Do. G SI1 5,000 5,000 5,000 
Do. H VS1 5,900 5,900 5,900 
Do. H VS2 5,300 5,300 5,300 
Do. H Sil 4,600 4,600 4,600 
2.00 G VS1 12,300 12,300 12,300 
Do. G VS2 10,900 10,900 10,900 
Do. G Sil 9,400 9,400 9,400 
Do. H VS1 10,200 10,200 10,200 
Do. H VS2 9,400 9,400 9,400 
Do. H Sil 7,900 7,900 7,900 
Do.Ditto. 


‘Gemological Institute of America (GIA) color grades: D-colorless; E-rare white; G, H, I-traces of color. 
*Clarity: IF—no blemishes; VVS1—very, very slightly included; VS1—very slightly included; VS2—very 
slightly included, but not visible; Si—slightly included. 

Source: Jewelers’ Circular Keystone, v. 179, no. 2, February 2008, p. 120. 

4Source: Jewelers’ Circular Keystone, v. 179, no. 7, July 2008, p. 64. 

Source: Jewelers’ Circular Keystone, v. 180, no. 1, January 2009, p. 52. 
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TABLE 5 
PRICES PER CARAT OF U.S. CUT COLORED GEMSTONES IN 2008 


Price range per carat 


Gemstone January: December* 
Amethyst $10-22 $10-22 
Blue sapphire 770-1,500 825-1,650 
Blue topaz 5-10 5-10 
Emerald 2,400—4,000 2,400—4,000 
Green tourmaline 45-60 50—70 
Cultured saltwater pearl’ s) 9 
Pink tourmaline 60-125 60-135 
Rhodolite garnet 20-35 20-35 
Ruby 1,850-2,200 1,850-2,200 
Tanzanite 300-450 300-475 


‘Source: The Guide, spring/summer 2008, p. 22, 37, 51, 65, 74, 85, 96, 
98, 104, and 119. These figures are approximate current wholesale 


purchase prices paid by retail jewelers on a per stone basis for 1-to-less than 
carat, fine-quality stones. 

“Source: The Guide, fall/winter 2008-09, p. 22, 37, 51, 65, 74, 85, 96, 

98, 104, and 119. These figures are approximate current wholesale 
purchase prices paid by retail jewelers on a per stone basis for 1-to-less than 
carat, fine-quality stones. 


*Prices are per 4.5 to 5-millimeter pearl. 
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TABLE 6 


U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF INDUSTRIAL 


DIAMOND), BY COUNTRY’ 


2007 
Quantity Value? Quantity Value? 
Country (carats) (millions) (carats) (millions) 
Exports: 
Australia 65,000 $18 103,000 $18 
Belgium 3,510,000 891 1,600,000 685 
Canada 82,400 81 79,700 116 
Costa Rica 82,200 7 55,200 6 
France 192,000 168 136,000 136 
Hong Kong 1,460,000 B29 1,340,000 814 
India 714,000 502 1,480,000 1,220 
Israel 4,500,000 2,390 2,650,000 2,130 
Japan 131,000 46 54,800 12 
Mexico 907,000 128 678,000 110 
Netherlands 9,790 2 19,000 3 
Netherlands Antilles 14,900 43 16,200 35 
Singapore 125,000 18 98,500 19 
South Africa 48,400 12 31,400 4 
Switzerland 203,000 149 99,400 270 
Taiwan 34,400 6 15,000 12 
Thailand 177,000 49 226,000 54 
United Arab Emirates 287,000 107 165,000 115 
United Kingdom 146,000 52 121,000 84 
Other 225,000 105 248,000 103 
Total 12,900,000 5,210 9,210,000 5,940 
Reexports: 

Armenia 4,760 (3) 13,400 (3) 
Australia 30,200 9 33,800 14 
Belgium 4,540,000 1,260 5,790,000 1,890 
Canada 241,000 155 230,000 195 
Dominican Republic 48,700 6 61,400 12 
France 11,200 2 30,500 23 
Guatemala 89,000 ) 104,000 14 
Hong Kong 3,900,000 1,030 2,680,000 1,350 
India 2,080,000 511 2,250,000 482 
Israel 9,700,000 2,470 10,200,000 3,400 
Japan 125,000 37 178,000 30 
Malaysia 37,000 2 20,100 =) 
Mexico 33,700 5 4,590 2 
Singapore 199,000 26 190,000 22 
South Africa 86,400 62 65,700 108 
Switzerland 519,000 523 530,000 Sol 
Thailand 205,000 0 152,000 26 
United Arab Emirates 671,000 112 1,390,000 250 
United Kingdom 513,000 186 499,000 229 
Other 184,000 70 331,000 134 
Total 23,200,000 6,510 24,800,000 8,750 
Grand total 36,100,000 11,800 34,000,000 14,700 


"Data are rounded to no more than three significant digits; may not add to totals shown. 


*Customs value. 
3Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 7 
U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY’ 
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2007 2008 
Quantity Value Quantity Value 
Kind, range, and country of origin (carats) (millions) (carats) (millions) 
Rough or uncut, natural:? 
Angola 8,850 $43 62,300 $34 
Australia 228 1 1,620 ih 
Botswana 207,000 126 108,000 147 
Brazil 31,100 5 760 il 
Canada 45,200 56 19,900 eal 
Congo (Kinshasa) 37,400 147 37,100 138 
Ghana 7,480 1,400 2 
Guyana 3,890 6,590 1 
India 228,000 120,000 4 
Namibia 6,530 6,550 5 
Russia 551,000 31 90,200 19 
South Africa 213,000 360 119,000 296 
Other 26,000 75 153,000 73 
Total 1,370,000 848 725,000 752 
Cut but unset, not more than 0.5 carat: 
Belgium 494,000 203 295,000 118 
Canada 8,350 9 10,900 13 
China 68,300 36° 110,000 34 
Dominican Republic 60,500 6° 65,800 20 
Hong Kong 132,000 33 157,000 25 
India 7,390,000 1,660 6,520,000 1,430 
Israel 696,000 380 512,000 267 
Mauritius 6,540 14° 8,410 14 
Mexico 407,000 57 52,600 10 
Singapore 631 (3) 7 32 (3) 
South Africa 4,350 2 12,400 4 
Switzerland 1,750 1 760 1 
Thailand 105,000 25 72,200 21 
United Arab Emirates 122,000 25 69,400 18 
Other 39,900 16 71,500 24 
Total 9,540,000 2,460" 7,960,000 2,000 
Cut but unset, more than 0.5 carat: 
Belgium 982,000 2,800 * 929,000 3,130 
Canada 14,700 51 22,800 78 
Hong Kong 31,000 a7 76,800 361 
India 1,690,000 2,030 1,440,000 2,450 
Israel 2,850,000 9,100 2,210,000 9,120 
Mexico 39,900 6 389 (3) 
Russia 73,200 165 * 57,600 178 
South Africa 84,900 712 55,200 759 
Switzerland 12,800 238 19,200 383 
Thailand 15,800 20 ' 11,700 22 
United Arab Emirates 53,600 79° 33,100 124 
Other 100 So2 101,000 400 
Total 5,840,000 15,700 4,960,000 17,000 
"Revised. 


"Data are rounded to no more than three significant digits; may not add to totals shown. 


2 
Customs value. 


3Includes some natural advanced diamond. 


Source: U.S. Census Bureau. 
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TABLE 8 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 
DIAMOND, BY KIND AND COUNTRY’ 


2007 2008 
Quantity Value? Quantity Value’ 
Kind and country (carats) (millions) (carats) (millions) 
Emerald: 
Belgium L310 $1 529 $2 
Brazil 1,090,000 6 106,000 6 
Canada 2,200 (3) 7 2,830 (3) 
China 25,900 @)* 2,210 (3) 
Colombia 918,000 120 530,000 155 
France 1,020 130,000 9 
Germany 49,300 13,800 3 
Hong Kong 161,000 877,000 10 
India 1,210,000 22 1,800,000 29 
Israel 135,000 32 162,000 25 
Italy 3,070 4,240 2 
Switzerland 6,690 23,900 24 
Thailand 612,000 14 564,000 13 
United Kingdom 77h 2 1,050 2 
Other 66 4 83,300 7 
Total 4,220,000 222° 4,300,000 297 
Ruby: 
Belgium 6,640 1 FS) (3) 
China 2,930 @)? 7,360 1 
Dominican Republic 2,340 (3) 994 (3) 
France 2,080 1 1,210 1 
Germany 21,100 2 12,400 1 
Hong Kong 181,000 3 851,000 10 
India 2,100,000 6 2,350,000 
Israel 7,760 1 1,370 
Italy 1,010 3 6,030 
Kenya 9,550 1 (3) (3) 
Sri Lanka 4,300 1 7,260 1 
Switzerland 9,710 23 10,600 11 
Thailand 2,380,000 70 1,980,000 bo 
United Arab Emirates 157,000 (3) 1,760 Ht 
Other 66,400 3 43,300 8 
Total 4,960,000 114 5,280,000 100 
Sapphire: 
Australia 4,460 2 1,550 (3) 
Austria 32,800 @)" 124 (3) 
Belgium 3,910 (3) * 110 iN 
China 311,000 1 269,000 2 
Dominican Republic 3,670 (3) 882 (3) 
Germany 65,100 3 36,200 5 
Hong Kong 255,000 7 972,000 9 
India 1,740,000 7 1,150,000 12 
Israel 23,800 5 28,800 4 
Italy 3,650 it 2,340 2 
Singapore 3,630 (3) 3,630 (3) 
Sri Lanka 378,000 50 316,000 46 
Switzerland 21,800 21 17,800 19 
Thailand 3,740,000 76 2,900,000 75 


See footnotes at end of table. 


GEMSTONES—2008 [ADVANCE RELEASE] 


29.49 


29.20 [ADVANCE RELEASE] 


TABLE 8—Continued 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 
DIAMOND, BY KIND AND COUNTRY' 


2007 2008 
Quantity Value* Quantity Value* 
Kind and country (carats) (millions) (carats) (millions) 
Sapphire—Continued: 
United Arab Emirates 4,460 ey 8,140 $5 
United Kingdom 9,310 2 1,100 4 
Other 63,500 6 384,000 Z 
Total 6,670,000 178" 6,090,000 191 
Other: 
Rough, uncut: 
Australia NA 4 NA 3 
Brazil NA 11 NA 7 
Canada NA 3 NA ih 
China NA 4 NA 3 
Colombia NA a NA ih 
Czech Republic NA 2 NA 2 
Germany NA i NA i 
India NA 3 NA 2 
Japan NA 1 NA it 
Pakistan NA 2 NA 2 
Tanzania NA 2 NA 3 
Other NA al NA 16 
Total NA 47 NA 42 
Cut, set and unset: 
Australia NA 14 NA 15 
Austria NA 4 NA 4 
Brazil NA 18 NA 19 
Canada NA 1 NA 1 
China NA 5D NA 35 
France NA 2 NA 1 
Germany NA 40 NA 34 
Hong Kong NA 48 NA a2 
India NA 97 NA 74 
Israel NA 5 NA 8 
Italy NA 1 NA fh 
South Africa NA Zz NA 1 
Sri Lanka NA 10 NA 5 
Switzerland NA NA 8 
Taiwan NA NA 1 
Tanzania NA NA 5 
Thailand NA 74 NA 58 
United Arab Emirates NA 1 NA 1 
United Kingdom NA 1 NA 
Other NA 11 NA 15 
Total NA 402 NA 319 


“Customs value. 
3Less than % unit. 


"Revised. NA Not available. 
‘Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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TABLE 9 


VALUE OF U.S. IMPORTS OF LABORATORY-CREATED 
AND IMITATION GEMSTONES, BY COUNTRY ”” 


(Thousand dollars) 
Country 2007 2008 
Laboratory-created, cut but unset: 
Austria 3,420 2,330 
Brazil 350 645 
Canada 158 24 
China 12,800 9,860 
Czech Republic 107 55 
France 272 298 
Germany 12,800 ' 12,700 
Hong Kong 1,530 898 
India 1,190 1,040 
Italy 32 48 
Japan 176 251 
Korea, Republic of 368 207 
Netherlands 119 5 
South Africa 7 281 
Sri Lanka 3,260 1,300 
Switzerland 989 620 
Taiwan 187 174 
Thailand 885 1,330 
United Arab Emirates 83 146 
Other 2,530 1,960 
Total 41,300 34,200 
Imitation:” 
Austria 72,400 * 73,100 
Brazil 17° 25 
China 3,090 21,000 
Czech Republic 8,910 7,910 
France 8 25 
Germany 1,260 72a 
Hong Kong 104 46 
India 142 83 
Italy 262 148 
Japan 10 58 
Korea, Republic of 439 198 
Russia 5 15 
Taiwan 7 183 
Thailand 15 10 
United Kingdom 4 193 
Other 305 275 
Total 86,600 104,000 
‘Revised. 


"Data are rounded to no more than three significant digits; may not 


add to totals shown. 


*Customs value. 
*Includes pearls. 


Source: U.S. Census Bureau. 
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TABLE 10 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES' 


(Thousand carats and thousand dollars) 
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2007 2008 
Stones Quantity Value? Quantity Value* 
Diamonds: 
Rough or uncut 1,370,000 848,000 725,000 752,000 
Cut but unset 15,500 18,100,000 12,900 19,000,000 
Emeralds, cut but unset 4,280 ' 222,000 * 4,300 297,000 
Coral and similar materials, unworked 6,300 16,800 5,320 12,200 
Rubies and sapphires, cut but unset 11,600 291,000 11,400 291,000 
Pearls: 
Natural NA 23,100 NA 14,100 
Cultured NA 55,200 * NA 34,600 
Imitation NA 4,280 NA 4,190 
Other precious and semiprecious stones: 
Rough, uncut 1,260,000 26,400 1,100,000 18,800 
Cut, set and unset NA 361,000 NA 285,000 
Other NA 9,510 NA 9,200 
Laboratory-created: 
Cut but unset 163,000 41,300 60,300 34,200 
Other NA 11,400 NA 13,500 
Imitation gemstone” NA 86,600 NA 104,000 
Total XX 20,100,000 XX 20,900,000 


"Revised. NA Not available. XX Not applicable. 
‘Data are rounded to no more than three significant digits; may not add to totals shown. 


*Customs value. 
*Does not include pearls. 


Source: U.S. Census Bureau. 
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TABLE 11 
NATURAL DIAMOND: WORLD PRODUCTION, BY COUNTRY AND TYPE””® 


(Thousand carats) 


Country and type* 2004 2005 2006 2007 2008 
Gemstones: 
Angola 5,490 * 6,371 * 8,258 * 8,732 * 8,100 ° 
Australia 6,058 8,577 705 231 273 
Botswana‘ 23,300 23,900 24,000 25,000 25,000 
Brazil® 300 ° 208 ' 181 ' 182 ' 200 P 
Canada 12,618 12,314 13,278 17,144 ° 14,803 P 
Central African Republic® 263 300 340 370 400 
China‘® 100 100 100 100 100 
Congo (Kinshasa) 5,900 7,000 5,700 5,300 * 5,400 
Céte d’Ivoire® 201 210 210 210 210 
Ghana 725 810 780 720 * 520 * 
Guinea 555 440 380 815.* 2,500 ° 
Guyana 445° Bo7 341 * 269 ' 269 P 
Namibia 2,004 1,902 2,400 2,200 * 1,500 
Russia® 23,700 23,000 23,400 23,300 21,925 ° 
Sierra Leone 318 B95 401° 360 ° 220 * 
South Africa® 5,800 6,400 6,100 6,100 5,200 
Tanzania® 258 185 230 209 * 190 
Venezuela® 40 46 45 45 45 
Zimbabwe® 151 160 160 100 100 
Other® 191° 109" 70" 65° 82 
Total 88,400 92,800 * 93,700 * 91,500°* 87,000 
Industrial: 
Angola® 610 708 * 918° 970 900 
Australia 18,172 25,730 21,915 18,960 15,400 
Botswana’ 7,800 8,000 8,000 8,000 8,000 
Brazil® 600 600 600 600 600 
Central African Republic® 88 80 85 937 80 
China‘® 960 960 965 970 1,000 
Congo (Kinshasa) 23,600 28,200 22,800 21,300 * 21,600 
Céte d’Ivoire® 99 90 90 90 90 
Ghana‘ 180 200 190 180 120 
Guinea 185 100 95 200'* 600 
Russia‘ 15,200 15,000 15,000 15,000 15,000 
Sierra Leone 374-5 274 252 240 150 
South Africa® 8,500 9,400 9,100 9,100 7,700 
Tanzania’ 46 35 42 AA? 34 
Venezuela® 60 69 70 70 70 
Zimbabwe 100 900 100 400 400 
Other’ 95° 94° 67° 72* 97 
Total 76,700 90,400 80,300 76,300 * 71,800 
Grand total 165,000 183,000 174,000 168,000" 159,000 — 


“Estimated. Preliminary. ‘Revised. 

‘World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to 
totals shown. 

“Table includes data available through May 19, 2009. 

*In addition to the countries listed, Nigeria and the Republic of Korea produce natural diamond and synthetic 
diamond, respectively, but information is inadequate to formulate reliable estimates of output levels. 

“Includes near-gem and cheap-gem qualities. 

Reported figure. 

“Includes Cameroon, Congo (Brazzaville), Gabon (unspecified), India, Indonesia, Liberia, and Togo (unspecified). 
“Includes Congo (Brazzaville), India, Indonesia, and Liberia. 
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(Data in million dollars unless otherwise noted) 


Domestic Production and Use: The combined value of U.S. natural and synthetic gemstone output increased 
slightly in 2007 from that of 2006. The value of natural gemstone production increased by about 6% during 2007. 
Domestic gemstone production included agate, beryl, coral, garnet, jade, jasper, opal, pearl, quartz, sapphire, shell, 
topaz, tourmaline, turquoise, and many other gem materials. In decreasing order, Tennessee, Oregon, Arizona, 
California, Arkansas, Alabama, Montana, Idaho, and Nevada produced 83% of U.S. natural gemstones. The value of 
laboratory-created (synthetic) gemstones production increased slightly during the year. Laboratory-created 
gemstones were manufactured by five firms in North Carolina, Florida, Massachusetts, Michigan, and Arizona, in 
decreasing order of production. Major gemstone uses were jewelry, carvings, and gem and mineral collections. 


Salient Statistics—United States: 2003 2004 2005 2006 2007° 
Production: 
Natural® 12.5 14.5 13.4 11.3 12.0 
Laboratory-created (synthetic) 33.4 30.7 51.1 5251 52.3 
Imports for consumption 13,600 15,500 17,200 18,300 19,600 
Exports, including reexports 5,490 7,230 8,850 9,930 11,400 
Consumption, apparent? 8,160 8,220 8,410 8,430 8,260 
Price Variable, depending on size, type, and quality 
Employment, mine, number® 1,200 1,200 1,200 1,200 1,200 
Net import reliance’ as a percentage 
of apparent consumption 99 99 99 99 99 


Recycling: Insignificant. 


Import Sources (2003-06 by value): Israel, 47%; India, 19%; Belgium, 17%; South Africa, 5%; and other, 12%. 
Diamond imports accounted for 95% of the total value of gem imports. 


Tariff: Item Number Normal Trade Relations 
12-31-07 

Imitation precious stones 7018.10.2000 Free. 
Pearls, imitation, not strung 7018.10.1000 4.0% ad val. 
Pearls, natural 7101.10.0000 Free. 
Pearls, cultured 7101.21.0000 Free. 
Diamond, unworked or sawn 7102.31.0000 Free. 
Diamond, *2 carat or less 7102.39.0010 Free. 
Diamond, cut, more than *% carat 7102.39.0050 Free. 
Precious stones, unworked 7103.10.2000 Free. 
Precious stones, simply sawn 7103.10.4000 10.5% ad val. 
Rubies, cut 7103.91.0010 Free. 
Sapphires, cut 7103.91.0020 Free. 
Emeralds, cut 7103.91.0030 Free. 
Other precious stones, cut but not set 7103.99.1000 Free. 


7103.99.5000 10.5% ad val. 
7104.90.1000 Free. 


Other precious stones 
Synthetic, cut but not set 


Depletion Allowance: 14% (Domestic and foreign). 
Government Stockpile: The National Defense Stockpile (NDS) does not contain an inventory of gemstones. 
However, a very small portion of the industrial diamond stone inventory is of near-gem quality. Additionally, the beryl 


and quartz crystal inventories contain some gem-quality material that could be used by the gem industry. The U.S. 
Department of Defense is currently selling some NDS materials that may be near-gem quality. 


Prepared by Donald W. Olson [(703) 648-7721, dolson@usgs.gov, fax: (703) 648-7975] 
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Events, Trends, and Issues: In 2007, the U.S. market for unset gem-quality diamonds was estimated to have 
exceeded $17.7 billion, accounting for more than an estimated 35% of world demand. The domestic market for 
natural, unset nondiamond gemstones was estimated to be about $1.03 billion. The United States is expected to 
dominate global gemstone consumption throughout this decade. 


Canada’s Ekati Mine completed its eighth full year in 2006, with diamond production of 2.52 million carats. The Diavik 
Diamond Mine completed its fourth full year in 2006, with diamond production of 9.8 million carats. Canada’s third 
diamond mine, the Jericho Diamond Mine, began production of rough diamonds during the first quarter of 2006 and 
declared commercial production on July 1, 2006. The Jericho mine’s production for the year was 296,000 carats. 
Diamond exploration is continuing in Canada, and many new deposits have been found. Canada produced about 
14% of the world’s natural gemstone diamond production in 2006. The success of Canadian diamond mines has 
stimulated interest in exploration for commercially feasible diamond deposits in the United States. Currently, there are 
no operating commercial diamond mines in the United States. 


Mine production of diamond in 2007 for Canada, Congo (Kinshasa), and Russia increased, while production for South 
Africa decreased, and production in Angola, Australia, Botswana, Brazil, the Central African Republic, China, Céte 
d'Ivoire, Ghana, Guinea, Guyana, Namibia, Sierra Leone, and Tanzania remained the same compared with that of 
2006, based on submissions from country sources. 


World Mine Production,’ Reserves, and Reserve Base: 


Mine production Reserves and reserve base® 
2006 2007° 

Angola 7,000 7,000 World reserves and reserve base of 
Australia 7,310 7,300 diamond-bearing deposits are 
Botswana 24,000 24,000 substantial. No reserves or reserve 
Brazil 300 300 base data are available for other 
Canada 12,400 12,600 gemstones. 
Central African Republic 315 320 
China 100 100 
Congo (Kinshasa) 5,600 5,780 
Céte d’lvoire 200 200 
Ghana 780 780 
Guinea 355 360 
Guyana 300 300 
Namibia 2,200 2,200 
Russia 23,400 35,800 
Sierra Leone 360 360 
South Africa 6,240 6,080 
Tanzania 195 200 
Other countries” 245 250 

World total (rounded) 91,300 104,000 


World Resources: Most diamond-bearing ore bodies have a diamond content that ranges from less than 1 carat per 
ton to about 6 carats per ton. The major gem diamond reserves are in southern Africa, Australia, Canada, and 
Russia. 


Substitutes: Plastics, glass, and other materials are substituted for natural gemstones. Synthetic gemstones 
(manufactured materials that have the same chemical and physical properties as gemstones) are common 
substitutes. Simulants (materials that appear to be gems, but differ in chemical and physical characteristics) also are 
frequently substituted for natural gemstones. 


“Estimated. 

‘Excludes industrial diamond and garnet. See Diamond (Industrial) and Garnet (Industrial). 

“Estimated minimum production. 

*Includes production of freshwater shell. 

“Reexports account for about 78% of the totals. 

*Reexports excluded from apparent consumption calculation. 

°Defined as imports — exports and reexports + adjustments for Government and industry stock changes. 
‘Data in thousands of carats of gem diamond. 


®See Appendix C for definitions. 
*In addition to countries listed, Gabon, India, Indonesia, Liberia, and Venezuela are known to produce gem diamonds. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2008 
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Domestic survey data and tables were prepared by Connie Lopez, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


In 2009, the estimated value of natural gemstones produced 
in the United States was more than $8.41 million, and the 
estimated value of U.S. laboratory-created gemstone production 
was more than $27.2 million. The total estimated value of U.S. 


gemstone production was about $35.6 million. The value of U.S. 


gemstone imports was $13.3 billion, and the value of combined 
U.S. gemstone exports and reexports was estimated to be $10.5 
billion. 

In this report, the terms “gem” and “gemstone” mean any 
mineral or organic material (such as amber, pearl, petrified 
wood, and shell) used for personal adornment, display, or object 
of art because it possesses beauty, durability, and rarity. Of 
more than 4,000 mineral species, only about 100 possess all 
these attributes and are considered to be gemstones. Silicates 
other than quartz are the largest group of gemstones in terms 
of chemical composition; oxides and quartz are the second 
largest (table 1). Gemstones are subdivided into diamond and 
colored gemstones, which in this report designates all natural 
nondiamond gems. In addition, laboratory-created gemstones, 
cultured pearls, and gemstone simulants are discussed but are 
treated separately from natural gemstones (table 2). Trade data 
in this report are from the U.S. Census Bureau. All percentages 
in the report were computed using unrounded data. Current 
information on industrial-grade diamond and industrial-grade 
garnet can be found in the U.S. Geological Survey (USGS) 
Minerals Yearbook, volume I, Metals and Minerals, chapters on 
industrial diamond and industrial garnet, respectively. 

Gemstones have fascinated humans since prehistoric times. 
They have been valued as treasured objects throughout history 
by all societies in all parts of the world. Amber, amethyst, coral, 
diamond, emerald, garnet, jade, jasper, lapis lazuli, pearl, rock 
crystal, ruby, serpentine, and turquoise are some of the first 
stones known to have been used for making jewelry. These 
stones served as symbols of wealth and power. Today, gems are 
worn more for pleasure or in appreciation of their beauty than to 
demonstrate wealth. In addition to jewelry, gemstones are used 
for collections, decorative art objects, and exhibits. 


Legislation and Government Programs 


No industrial diamond remained in the National Defense 
Stockpile (NDS), which is managed by the Defense National 
Stockpile Center (DNSC), Defense Logistics Agency. The last 
stocks of industrial diamond stones were completely sold during 
2008 (Lough, 2008). At yearend 2009, DNSC had no plans to 
stockpile any inventory of industrial diamond in the NDS. 


Production 


U.S. gemstone production data were based on a survey of 
more than 230 domestic gemstone producers conducted by the 
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USGS. The survey provided a foundation for projecting the 
scope and level of domestic gemstone production during the 
year. However, the USGS survey did not represent all gemstone 
activity in the United States, which includes thousands of 
professional and amateur collectors. Consequently, the USGS 
supplemented its survey with estimates of domestic gemstone 
production from related published data, contacts with gemstone 
dealers and collectors, and information gathered at gem and 
mineral shows. 

Commercial mining of gemstones has never been extensive 
in the United States. More than 60 varieties of gemstones have 
been produced commercially from domestic mines, but most of 
the deposits are relatively small compared with those of other 
mining operations. In the United States, much of the current 
gemstone mining is conducted by individual collectors, gem 
clubs, and hobbyists rather than by businesses. 

The commercial gemstone industry in the United States 
consists of individuals and companies that mine gemstones 
or harvest shell and pearl, firms that manufacture laboratory- 
created gemstones, and individuals and companies that cut and 
polish natural and laboratory-created gemstones. The domestic 
gemstone industry is focused on the production of colored 
gemstones and on the cutting and polishing of large diamond 
stones. Industry employment is estimated to be between 1,000 
and 1,200. 

Most natural gemstone producers in the United States 
are small businesses that are widely dispersed and operate 
independently. The small producers probably have an average 
of less than three employees, including those who only work 
part time. The number of gemstone mines operating from 
year to year fluctuates because the uncertainty associated with 
the discovery and marketing of gem-quality minerals makes 
it difficult to obtain financing for developing and sustaining 
economically viable operations. 

The total value of natural gemstones produced in the United 
States during 2009 was estimated to be about $8.41 million 
(table 3). This production value was a 27% decrease from that of 
2008, owing to a 69% decrease in shell production. 

Natural gemstone materials indigenous to the United States 
are collected, produced, and (or) marketed in every State. 
During 2009, all 50 States produced at least $1,330 worth of 
gemstone materials. There were 10 States that accounted for 
79% of the total value, as reported by survey respondents. These 
States were, in descending order of production value, Arizona, 
Oregon, Utah, California, Idaho, Colorado, Arkansas, Montana, 
North Carolina, and Tennessee. Some States were known for 
the production of a single gemstone material—Tennessee for 
freshwater pearls, for example. Other States produced a variety 
of gemstones; for example, Arizona’s gemstone deposits 
included agate, amethyst, azurite, chrysocolla, garnet, jade, 


jasper, malachite, obsidian, onyx, opal, peridot, petrified wood, 
smithsonite, and turquoise. There was also a wide variety of 
gemstones found and produced in California, Idaho, Montana, 
and North Carolina. 

In August 2009, a 310-carat emerald crystal was found at 
Adams Emerald Mine, Hiddenite District, North Carolina. A 
64.83-carat gem, named the Carolina Emperor, was cut from 
the crystal. The Carolina Emperor is North America’s largest 
faceted emerald, and its value was estimated to be more than 
$1.5 million. Of all emeralds found in North America, the 20 
largest were found in North Carolina, and the emeralds that 
have been found in North Carolina are the most valuable that 
have been found in North America (McClatchy-Tribune News 
Service, 2010; Speer, 2011). 

In 2009, the United States had only one active operation in a 
known diamond-bearing area in Crater of Diamonds State Park 
near Murfreesboro in Pike County, AR. The State of Arkansas 
maintains a dig-for-fee operation for tourists and rockhounds 
at the park; Crater of Diamonds is the only diamond mine in 
the world that is open to the public. The diamonds occur in a 
lamproite breccia tuff associated with a volcanic pipe and in 
the soil developed from the lamproite breccia tuff. In 2009, 
918 diamond stones with an average weight of 0.199 carats 
were recovered at the Crater of Diamonds State Park. Of the 
918 diamond stones recovered, 29 weighed more than 1 carat. 
Since the diamond-bearing pipe and the adjoining area became 
a State park in 1972, 28,745 diamond stones with a total carat 
weight of 5,700.22 have been recovered (Waymon Cox, park 
interpreter, Crater of Diamonds State Park, written commun., 
July 19, 2010). Exploration has demonstrated that there is 
about 78.5 million metric tons (Mt) of diamond-bearing rock in 
this diamond deposit (Howard, 1999, p. 62). An Arkansas law 
enacted early in 1999 prohibits commercial diamond mining in 
the park (Diamond Registry Bulletin, 1999). 

No diamond mines have operated commercially in the United 
States since 2002. Diamond was produced at the Kelsey Lake 
diamond mine, located close to the Colorado-Wyoming State 
line near Fort Collins, CO, for several years until April 2002. 
The Kelsey Lake property has been fully reclaimed. 

There has been some interest in exploration for diamond 
deposits in areas of the United States with geologic settings 
and terrain that are similar to Canadian diamond mining areas. 
These areas are in Alaska, Colorado, Minnesota, Montana, and 
Wyoming (Associated Press, 2002, 2004; Diamond Registry 
Bulletin, 2005). Even though some exploration has taken place 
in these States, they remain largely underexplored for diamonds 
(Iron Range Resources & Rehabilitation Board, 2010). Although 
exploration and field studies have found many diamond 
indicators and a number of large diamond deposits, none have 
attracted long-term investors or been opened as commercially 
feasible mines thus far. 

In addition to natural gemstones, laboratory-created 
gemstones and gemstone simulants were produced in the United 
States in 2009. Laboratory-created or synthetic gemstones 
have the same chemical, optical, and physical properties as 
the natural gemstones. Simulants have an appearance similar 
to that of a natural gemstone material, but they have different 
chemical, optical, and physical properties. Laboratory-created 


29.2 [ADVANCE RELEASE] 


gemstones that have been produced in the United States 
include alexandrite, diamond, emerald, garnet, moissanite, 
ruby, sapphire, spinel, turquoise, and zirconia. However, during 
2009, only cubic zirconia, diamond, moissanite, and turquoise 
were produced commercially. Simulants of coral, lapis lazuli, 
malachite, and turquoise also are manufactured in the United 
States. In addition, certain colors of laboratory-created sapphire 
and spinel, used to represent other gemstones, are classified as 
simulants. 

Laboratory-created gemstone production in the United States 
was valued at more than $27.2 million during 2009, which 
was a 47% decrease compared with that of 2008. This was 
owing to a very large decrease in laboratory-created moissanite 
production. The value of U.S. simulant gemstone output was 
estimated to be more than $100 million. Five companies in five 
States, representing virtually the entire U.S. laboratory-created 
gemstone industry, reported production to the USGS. The States 
with reported laboratory-created gemstone production were, 
in descending order of production value, Florida, New York, 
Massachusetts, North Carolina, and Arizona. 

Since the 1950s, when scientists manufactured the first 
laboratory-created bits of diamond grit using a high-pressure, 
high-temperature (HPHT) method, this method of growing 
diamonds has become relatively commonplace in the world 
as a technology for laboratory-created diamonds, so much so 
that thousands of small plants throughout China were using 
the HPHT method and producing laboratory-created diamonds 
suitable for cutting as gemstones. Gem-quality diamonds of 
one carat or more are harder to manufacture because at that 
size it is difficult to consistently produce diamonds of high 
quality, even in the controlled environment of a lab using the 
HPHT method. After more than 50 years of development, that 
situation has changed, and several laboratory-created diamond 
companies were producing high-quality diamonds that equal 
those produced from mines (Park, 2007). 

Gemesis Corp., Sarasota, FL, consistently produced 
gem-quality laboratory-created diamond and reported a 10th 
year of production in 2009. The laboratory-created diamonds are 
produced using equipment, expertise, and technology developed 
by a team of scientists from Russia and the University of 
Florida. The weight of the laboratory-created diamond 
stones ranges from 1% to 2 carats, and most of the stones are 
yellow, brownish yellow, colorless, and green. Gemesis uses 
diamond-growing machines, each machine capable of growing 
3-carat rough diamonds by generating HPHT conditions that 
recreate the conditions in the Earth’s mantle where natural 
diamonds form (Davis, 2003). Gemesis could be producing as 
many as 30,000 to 40,000 stones each year, and annual revenues 
may reach $70 million to $80 million. Gemesis diamonds 
are available for retail purchase in jewelry stores and on the 
Internet, and the prices of the Gemesis laboratory-created 
diamonds are 30% to 50% less than those of comparable natural 
diamond but above the prices of simulated diamond (Gemesis 
Corp., 2010). 

In the early 2000s, Apollo Diamond, Inc., near Boston, 

MA, developed and patented a method for growing single, 
extremely pure, gem-quality diamond crystals by chemical 
vapor deposition (CVD). The CVD technique transforms 
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carbon into plasma, which is then precipitated onto a substrate 
as diamond. CVD had been used for more than a decade to 
cover large surfaces with microscopic diamond crystals, but 

in developing this process Apollo discovered the temperature, 
gas composition, and pressure combination that resulted in 

the growth of a single diamond crystal. These CVD diamonds 
may not be distinguishable from natural diamond by some 

tests (Davis, 2003). In 2007, Apollo Diamond produced 
laboratory-created stones that ranged from 1 to 2 carats and 
expected to expand to larger stones in the future. Growth of 
CVD diamonds is limited only by the size of the seed placed in 
the diamond growing chamber. In 2008, the company increased 
its production of large stones. Apollo diamonds sell at prices that 
average 15% less than those of comparable natural diamonds 
(Apollo Diamond, Inc., 2008). Both Apollo and Gemesis prefer 
to call their diamonds “cultured” rather than laboratory-created, 
referring to the fact that the diamonds are grown much like a 
cultured pearl is grown. In addition to their use as gemstones, 
CVD diamond could be used to make extremely powerful 
lasers; to create frictionless medical replacement joints; to create 
windows on spacecraft; to create surgical diamond blades and 
scalpels; or as coatings for car parts that would not scratch or 
wear out. The greatest potential use for CVD diamond is as a 
material for high-tech uses in computers and other electronic 
devices that utilize processors (Maney, 2005; Park, 2007). 

In the mid-2000s, the Cammegie Institution of Washington 
Geophysical Laboratory and the University of Alabama jointly 
developed and patented a faster CVD process and apparatus to 
produce '%-inch thick 10-carat single diamond crystals using 
microwave plasma technology. This method has up to 100 times 
faster growth rates (averaging 100 micrometers per hour) than 
previous CVD methods and allows multiple crystals to be grown 
simultaneously. This crystal size is about five times that of 
commercially available laboratory-created diamonds produced 
by HPHT methods and other CVD techniques (Willis, 2004; 
Carnegie Institution of Washington, 2005; Science Blog, 2005). 
Apollo and the Carnegie Institution have noted that diamonds 
produced by the CVD method are harder than natural diamonds 
and diamonds produced by HPHT methods. 

Research at the Carnegie Institution continued improving 
the microwave plasma CVD method, developing a process to 
anneal the diamonds at temperatures up to 2000 °C using a 
microwave plasma below atmospheric pressure. In this process, 
the diamond crystals, which are originally yellow-brown if 
produced at very high growth rates, are turned colorless or light 
pink. This low-pressure/high-temperature annealing process 
enhances the optical properties of this rapid-grown CVD single 
crystal diamond, and the size of the crystals that can be treated 
is not limited. This process is thought to produce better synthetic 
diamonds for high pressure devices and window materials with 
improved optical properties in the ultraviolet to infrared range. 
These high-quality, single-crystal diamonds likely will have a 
variety of applications in addition to their use as gems, such as 
using the diamond crystals as anvils in high-pressure research or 
optical uses that take advantage of the outstanding transparency 
of diamond. Another application might be in quantum 
computing, by utilizing vacancy centers in the diamond’s crystal 
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lattice for storing quantum information (Carnegie Institution for 
Science, 2008). 

In 2009, Charles & Colvard, Ltd. in North Carolina entered 
its 12th year as the world’s only manufacturer of moissanite, a 
gem-quality laboratory-created silicon carbide. Moissanite is 
also an excellent diamond simulant, but it is being marketed for 
its own gem qualities. Moissanite exhibits a higher refractive 
index (brilliance) and higher luster than diamond. Its hardness is 
between those of corundum (ruby and sapphire) and diamond, 
which gives it durability (Charles & Colvard, Ltd., 2010b). 
Charles & Colvard reported that production and sales were 
down in 2009 compared with those of the previous year as a 
result of the effects of the economic recession. However, this 
trend did begin to reverse in the fourth quarter and net sales 
increased 10% compared with net sales in the third quarter of 
2009 (Charles & Colvard, Ltd., 2010a). 

U.S. shell production decreased by 69% in 2009 compared 
with that of 2008. U.S. mussel shells are used as a source of 
mother-of-pearl and as seed material for culturing pearls. Pearl 
producers in Japan have begun using manmade seed materials 
or seed materials from China and other sources in addition to 
stockpiled material. In addition, the popularity of darker and 
colored pearls and freshwater pearls that do not use U.S. seed 
material has increased. In some regions of the United States, 
shell from mussels was being used more as a gemstone based on 
its own merit rather than as seed material for pearls. This shell 
material was being processed into mother-of-pearl and used in 
beads, jewelry, and watch faces. 


Consumption 


Historically, diamond gemstones have proven to hold their 
value despite wars or economic depressions (Schumann, 1998, 
p. 8), but this did not hold true during the recent worldwide 
economic recession. Diamond and colored gemstones value 
and sales decreased during the economic downturn in 2008 
and continued into 2009. Gemstone production, trade, and 
consumption demonstrated significant decreases during 2008, 
mostly concentrated in the last 4 months of the year, and 
continued through most of 2009. U.S. gemstone consumption 
and sales increased in December 2009. 

Although the United States accounted for little of the 
total global gemstone production, it was the world’s leading 
diamond and nondiamond gemstone market. It was estimated 
that U.S. gemstone markets accounted for more than 35% of 
world gemstone demand in 2009. The U.S. market for unset 
gem-quality diamond during the year was estimated to be about 
$12.7 billion, a decrease of 35% compared with that of 2008. 
Domestic markets for natural, unset nondiamond gemstones 
totaled approximately $779 million in 2009, which was a 30% 
decrease from that of 2008. These large declines in domestic 
markets were a reflection of the impact of the global recession 
on luxury spending. 

In the United States, about two-thirds of domestic consumers 
designate diamond as their favorite gemstone when surveyed 
(Wade, 2006). The popularity of diamonds with domestic 
consumers is also evidenced by the U.S. diamond market 
making up 94% of the total U.S. gemstone market. Colored 


natural gemstones, colored laboratory-created gemstones, and 
“fancy” colored diamonds remained popular in 2009, but the 
values of the domestic markets for almost all types of colored 
natural, unset nondiamond gemstones decreased from the 2008 
values (table 10), also owing to the impact of the recession on 
luxury spending. The largest demand for colored stones was in 
the American and Asian colored diamond markets with strong 
sales of champagne, cognac, grey, black, pink, orange, and 
yellow stones (Diamond Registry Bulletin, 2007). This trend 
was first evident in 2007 and has remained through the present. 

There were about 200,000 diamond jewelry retail outlets 
worldwide in 2009. From these retail outlets, about 45% of 
diamond jewelry was sold in the United States, 33% in Asia, 
and 11% in Europe. An estimated 32,000 retail outlets specialize 
in fine jewelry in the United States. The estimated U.S. retail 
jewelry sales were $59 billion in 2009, down slightly from sales 
of $60 billion in 2008 (National Jeweler, 2010c). U.S. jewelry 
sales showed an increase of 5.6% more than that of the previous 
year during the 2009 holiday shopping season (National Jeweler, 
2009). 


Prices 


Gemstone prices are governed by many factors and qualitative 
characteristics, including beauty, clarity, defects, demand, 
durability, and rarity. Diamond pricing, in particular, is complex; 
values can vary significantly depending on time, place, and the 
subjective valuations of buyers and sellers. There are more than 
14,000 categories used to assess rough diamond and more than 
100,000 different combinations of carat, clarity, color, and cut 
values used to assess polished diamond. 

Colored gemstone prices are generally influenced by market 
supply and demand considerations, and diamond prices are 
supported by producer controls on the quantity and quality of 
supply. Values and prices of gemstones produced and (or) sold 
in the United States are listed in tables 3 through 5. In addition, 
customs values for diamonds and other gemstones imported, 
exported, or reexported are listed in tables 6 through 10. 

De Beers Group companies remain a significant force, 
influencing the price of about 40% of gem-quality diamond 
sales worldwide during 2009 because the companies mine a 
significant portion of the world’s gem-quality diamond produced 
each year, and they also purchase diamonds from Russia. In 
2009, De Beers companies produced 23.6 million carats, a 
49% decrease from 2008 production. De Beers companies also 
sorted and valuated a large portion (by value) of the world’s 
annual supply of rough diamond through De Beers’ subsidiary 
Diamond Trading Co. (DTC), which had marketing agreements 
with other producers. In 2009, De Beers had diamond sales of 
$3.84 billion, which was a decrease of 44.3% from diamond 
sales of $6.89 billion in 2008 (De Beers Group, 2009, p. 17; 
2010; National Jeweler, 2010a). 


Foreign Trade 


During 2009, total U.S. gemstone trade with all countries 
and territories was valued at about $23.8 billion, which was 
a decrease of 34% from that of 2008. Diamond accounted for 
about 94% of the 2009 gemstone trade total. In 2009, U.S. 
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exports and reexports of diamond were shipped to 94 countries 
and territories, and imports of all gemstones were received 
from 100 countries and territories (tables 6-10). In 2009, U.S. 
import quantities in cut diamond decreased by 16%, compared 
with those of 2008. U.S. imports in rough and unworked 
diamond decreased by 4% (table 7). The United States remained 
the world’s leading diamond importer and was a significant 
international diamond transit center as well as the world’s 
leading gem-quality diamond market. In 2009, U.S. export 
quantities of gem-grade diamond decreased by 54% compared 
with those of 2008. The large volume of reexports shipped to 
other centers revealed the significance that the United States 
had in the world’s diamond supply network (table 6). These 
decreases in trade were owing to the impact of the recession on 
luxury spending. 

Import values of laboratory-created gemstone decreased by 
21% for the United States in 2009 compared with those of 2008 
(table 10). Again, this decrease in imports was owing to the 
impact of the recession on luxury spending. 

Laboratory-created gemstone imports from Austria, China, 
Germany, India, Switzerland, and Thailand, with more than 
$500,000 in imports each, made up about 82% (by value) of the 
total domestic imports of laboratory-created gemstones during 
the year (table 9). The marketing of imported laboratory-created 
gemstones and enhanced gemstones as natural gemstones, and 
the mixing of laboratory-created materials with natural stones in 
imported parcels, continued to be problems for some domestic 
producers in 2009. There also were continuing problems with 
some simulants being marketed as laboratory-created gemstones 
during the year. 


World Review 


The gemstone industry worldwide has two distinct sectors— 
diamond mining and marketing and colored gemstone 
production and sales. Most diamond supplies are controlled by a 
few major mining companies; prices are supported by managing 
the quality and quantity of the gemstones relative to demand, a 
function performed by De Beers through DTC. Unlike diamond, 
colored gemstones are primarily produced at relatively small, 
low-cost operations with few dominant producers; prices are 
influenced by consumer demand and supply availability. 

In 2009, world natural diamond production totaled about 
129 million carats—74.1 million carats gem quality and 54.6 
million carats industrial grade (table 11). Most production 
was concentrated in a few regions—Arfrica [ Angola, 

Botswana, Congo (Kinshasa), Namibia, and South Africa], 
Asia (northeastern Siberia and Yakutia in Russia), Australia, 
North America (Northwest Territories in Canada), and South 
America (Brazil and Venezuela). In 2009, Russia led the world 
in total natural diamond output quantity (combined gemstone 
and industrial) with 25% of the world estimated production. 
Botswana was the world’s leading gemstone diamond producer, 
followed by Russia, Canada, Angola, Congo (Kinshasa), 
Guinea, South Africa, and Namibia in descending order of 
quantity. These eight countries produced 96% (by quantity) of 
the world’s gemstone diamond output in 2009. 

In 2002, the international rough-diamond certification 
system, the Kimberley Process Certification Scheme (KPCS), 
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was agreed upon by United Nations (UN) member nations, the 
diamond industry, and involved nongovernmental organizations 
to prevent the shipment and sale of conflict diamonds. Conflict 
diamonds are diamonds that originate from areas controlled 

by forces or factions opposed to legitimate and internationally 
recognized governments, and are used to fund military action 
in opposition to those governments, or in contravention of the 
decisions of the U.N. Security Council. The KPCS includes 

the following key elements: the use of forgery-resistant 
certificates and tamper-proof containers for shipments of rough 
diamonds; internal controls and procedures that provide credible 
assurance that conflict diamonds do not enter the legitimate 
diamond market; a certification process for all exports of rough 
diamonds; the gathering, organizing, and sharing of import 

and export data on rough diamonds with other participants of 
relevant production; credible monitoring and oversight of the 
international certification scheme for rough diamonds; effective 
enforcement of the provisions of the certification scheme 
through dissuasive and proportional penalties for violations; 
self regulation by the diamond industry that fulfills minimum 
requirements; and sharing information with all other participants 
on relevant rules, procedures, and legislation as well as 
examples of national certificates used to accompany shipments 
of rough diamonds (Weldon, 2001). Namibia assumed the chair 
of KPCS for the period from January 1 through December 31, 
2009. Namibia was the seventh in succession to hold the chair 
after India, South Africa, Canada, Russia, Botswana, and the 
European Commission (Kimberley Process, 2008a; 2008b). The 
list of 49 participants, represented 75 nations (including the 27 
member nations of the European Community) plus the rough 
diamond-trading entity of Taipei. During 2009, Cote d’ Ivoire 
was under UN sanctions and was prohibited from trading in 
rough diamonds; and Venezula voluntarily separated from the 
KPCS and ceased certification for export of its rough diamonds. 
In 2009, the KPCS also monitored the diamond sector in 
Zimbabwe after a diamond rush in 2007 threatened the country’s 
KPCS system, and there were indications of smuggling and 
reports of violence. The KPCS had engaged Zimbabwean 
authorities and were working with them to strengthen their 
certification scheme and help Zimbabwe meet their obligations 
to the KPCS. The participating nations in the KPCS account for 
approximately 98% of the global production and trade of rough 
diamonds (Kimberley Process, 2009a; 2009b). 

Globally, the value of production of natural gemstones other 
than diamond was estimated to be about $2 billion in 2009. 
Most nondiamond gemstone mines are small, low-cost, and 
widely dispersed operations in remote regions of developing 
nations. Foreign countries with major gemstone deposits other 
than diamond are Afghanistan (aquamarine, beryl, emerald, 
kunzite, lapis lazuli, ruby, and tourmaline), Australia (beryl, 
opal, and sapphire), Brazil (agate, amethyst, beryl, ruby, 
sapphire, topaz, and tourmaline), Burma (beryl, jade, ruby, 
sapphire, and topaz), Colombia (beryl, emerald, and sapphire), 
Kenya (beryl, garnet, and sapphire), Madagascar (beryl, rose 
quartz, sapphire, and tourmaline), Mexico (agate, opal, and 
topaz), Sri Lanka (beryl, ruby, sapphire, and topaz), Tanzania 
(garnet, ruby, sapphire, tanzanite, and tourmaline), and Zambia 
(amethyst and beryl). In addition, pearls are cultured throughout 
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the South Pacific and in other equatorial waters; Australia, 
China, French Polynesia, and Japan were key producers in 2009. 

Worldwide in 2009, three small diamond mines and two 
expansion projects started up. Three of the startups were in 
Russia, and two were in Guinea (Metals Economics Group, 
2010, p. 14). 

Burma.—Gemstone sanctions against Burma by the 
international community, which began in 2008, seemed to be 
having an effect. Total Burmese gemstone production in 2009 
was reported to have decreased by 46% from that of 2008. 
There was not an increase in gem production in any category 
except for pearls. Burmese jade production decreased 18% 
in 2009 from that of 2008, pearl production increased by 5%, 
peridot production decreased by 66%, ruby decreased by 10%, 
sapphire decreased by 30%, and spinel decreased by 48%. 
Gemstone trade was down with all countries participating in 
the sanctions. Burmese gemstone trade with China, which was 
not participating in the sanctions, increased in 2009 by 10% 
from that of 2008. In the United States, the Burmese gemstone 
sanctions were brought about by the Burma Jade Act of 2008, 
which was enacted and reported on in the 2008 Gemstone 
Minerals Yearbook report (Sapora, 2010). 

Canada.—Canadian diamond production was more than 10.9 
million carats (Mct) with an estimated value of $1.7 billion 
during 2009, a decrease of about 26% compared with that of 
2008. Diamond exploration continued in Canada, with several 
commercial diamond projects and additional discoveries in 
Alberta, British Columbia, the Northwest Territories, Nunavut, 
Ontario, and Quebec. In 2009, Canada produced 15% of the 
world’s natural gemstone diamond output. 

The Ekati Diamond Mine, Canada’s first operating 
commercial diamond mine, completed its 11th full year of 
production in 2009. Ekati produced 4.2 Mct of diamond from 
5.10 million metric tons (Mt) of ore. BHP Billiton Ltd. has an 
80% controlling ownership in Ekati, which is in the Northwest 
Territories. Ekati has estimated remaining reserves of 38.5 Mt 
of ore in kimberlite pipes that contain 18.3 Mct of diamond. 
BHP Billiton projected the remaining mine life to be 13 years. 
Approximately 79% of the Ekati 2009 diamond production was 
gem-grade material (BHP Billiton Ltd., 2010, p. 10; Perron, 
2011, p. 1). 

The Diavik Diamond Mine, Canada’s second diamond 
mine, also located in the Northwest Territories, completed its 
seventh full year of production. In 2009, Diavik produced 5.6 
million carats of diamond, a decrease of 40% from the previous 
year’s production. This lower production was a consequence 
of a reduced operating level at the mine intended to balance 
production with lower market demand that resulted from the 
downturn in the economy that began in mid-2008. Diavik 
reacted by temporarily ceasing diamond production at the 
Diavik Mine between July 14 and August 24, 2009. During 
this time period, the Diavik Mine was placed on a care-and- 
maintenance schedule. At yearend 2009, Diavik Diamond 
Mines estimated the mine’s remaining proven and probable 
reserves to be 19.7 Mt of ore in kimberlite pipes containing 
59.1 million carats of diamond and projected the total mine life 
to be 16 to 22 years. During 2009, Diavik began developing an 
underground mine, and construction on the underground project 
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was substantially completed during 2009. First ore was expected 
during the first quarter of 2010, with full production expected 

in 2013. The mine is an unincorporated joint venture between 
Diavik Diamond Mines Inc. (60%) and Harry Winston Diamond 
Mines Ltd. (40%) (Diavik Diamond Mines Inc., 2010; Perron, 
2011, p. 2). 

Canada’s third diamond mine, the Jericho Diamond Mine, 
is located in Nunavut and was owned by Tahera Diamond 
Corp. Tahera estimated the Jericho Diamond Mine’s reserves 
to be about 5.5 Mt of ore grading 0.85 carats per ton. The 
Jericho Diamond Mine experienced startup problems related 
to ore mining and processing. The mine also suffered financial 
problems owing to the cost of transporting supplies to the 
mine site, higher operational costs, higher oil prices, and 
appreciation of the Canadian dollar versus the U.S. dollar. All 
of these problems combined to force the company to enter into 
protection under Canada’s “Companies’ Creditors Arrangement 
Act” on January 16, 2008, and the mine suspended production 
on February 6, 2008. As a result, the mine’s 2008 production 
was only 118,000 carats. At yearend 2009, Tahera was finalizing 
arrangements to sell all its Jericho mine assets (Perron, 2011, 

p. 2). 

The Snap Lake Mine, which is wholly owned by De Beers 
Canada Inc., is in the Northwest Territories. The Snap Lake 
deposit is a tabular-shaped kimberlite dyke rather than the 
typical kimberlite pipe. The dyke is 2.7 meters thick and dips 
at an angle of 15°. The deposit was mined using a modified 
room and pillar underground mining method in 2009. The Snap 
Lake Mine started mining operations in October 2007, reached 
commercial production levels in the first quarter of 2008, and 
officially opened June 25, 2008. The mine was expected to 
produce 1.4 Mct per year of diamond, and the mine life was 
expected to be about 20 years. De Beers suspended production 
for 6 weeks in July and August 2009. This production 
suspension was scheduled to align production levels with market 
demand. The mine’s production for the year was 440,000 carats, 
for a recovered grade of 1.25 carats per ton (Perron, 2011, 

p. 2-3). 

The Victor Mine, which also is wholly owned by De Beers 
Canada, is in northern Ontario on the James Bay coast. The 
Victor kimberlite consists of two pipes with surface area of 
15 hectares (37.1 acres). The Victor Mine initiated mining 
operations at the end of December 2007 and officially opened 
on July 26, 2008. The Victor deposit reportedly holds 27.4 Mt 
of ore with average ore grade of 0.23 carats per ton. At full 
capacity, the open pit mine was expected to produce 600,000 
carats per year, and the mine life was expected to be about 12 
years. De Beers also suspended production at this mine for 
6 weeks in July and August. In 2009, the mine’s production 
was 696,000 carats valued at $244 million and had an average 
recovery grade of 0.33 carats per ton (Perron, 2011, p. 3). 

China.—During 2009, China became the world’s second 
largest diamond market, following the United States and 
replacing Japan. The Chinese Government reported that 2009 
diamond imports were more than $1.5 billion (National Jeweler, 
2010b). 

Guinea.—The Mandala alluvial mine, owned by Stellar 
Diamonds Plc, was producing with positive cash flow at 60% of 
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capacity by yearend 2009. During 2010, the mine’s output was 
expected to be 140,000 carats. Stellar estimated that the deposit 
contains 536,000 carats of diamond in 1.41 Mt of resources, 
grading 0.38 carats per ton (Metals Economics Group, 2010, 

p. 14-15). 

Another alluvial mine, Bomboko, owned by West African 
Diamonds Plc, had increased production to 1,500 carats per 
month from 35,000 tons per month of ore by October 2009. 
Visual inspection of stones produced indicated that about 60% 
was gem quality and 40% was industrial grade. West African 
estimated that the deposit contains 750,000 carats of diamond 
in 25 Mt of resources grading 0.03 carats per ton (Metals 
Economics Group, 2010, p. 14-15). 

Russia.—In 2009, Russia was again the world’s leading 
producer of combined natural gemstone and industrial diamonds 
as it has been every year since 2004. Russian natural diamond 
production was 32.8 Mct with an estimated value of $2.34 
billion, a decrease of about 11% compared with that of the 
previous year (Metals Economics Group, 2011, p. 12). 

The largest mine that came online in 2009 was the 
underground development of the Arkangelskaya pipe at the 
Lomonosov Mine in northwestern Russia. Lomonosov started 
mining the Arkangelskaya pipe in September at 1 million tons 
per year (Mt/yr) of ore and was estimated to have an optimum 
production capacity of 4 Mt/yr of ore. Lomonosov is 95% 
owned by ALROSA Co. Ltd. and 5% owned by the Government 
of Russia. Lomonosov was estimated to have 27.3 Mct of 
diamonds contained in 54.8 Mt of ore, grading at an estimated 
0.5 carats per ton. The estimated mine life was 17 years, with 
materials coming from the Arkangelskaya and Karpinskogo-1 
pipes (Metals Economics Group, 2010, p. 14-15). 

The Mirny Division of Alrosa in Yakutia officially opened 
the Mir underground mine in August. The Mir was expected to 
yield 500,000 carats of diamonds from 1 Mt/yr of ore during 
a projected 50-year mine life. Alrosa had future plans for two 
additional underground operations parallel to Mir, that would 
provide an additional 4.5 Mt/yr of ore (Metals Economics 
Group, 2010, p. 14—15). 

A third new mine owned by Alrosa was the Aikhal 
underground mine in Yakutia. Aikhal began commercial 
production in December 2009. The mine was estimated to 
contain 1.25 Mct of diamonds in 12.5 Mt of ore grading 0.10 
carats per ton. Aikhal had an estimated 25-year mine life 
(Metals Economics Group, 2010, p. 14-15). 

South Africa.—On September 24, 2009, a rough 507.55-carat 
(just more than 100 grams) white diamond was mined at the 
historic Cullinan Mine, where the famous Cullinan diamond (the 
largest diamond found in recorded history) was discovered in 
1905. The Cullinan Mine is owned by Petra Diamonds Cullinan 
Consortium, whose spokesman said that the gemstone was 
among the world’s 20 largest diamonds ever discovered. Initial 
examinations of the stone indicated that it is of exceptional color 
and clarity, and most likely a Type I diamond. The diamond 
was found with three other exceptionally valuable diamonds, 

a 168-carat gemstone and two other stones that weighed 58.5 
and 53.3 carats. The Cullinan Mine is also the world’s primary 
source for blue diamonds. In May 2009, a fancy vivid blue 
diamond weighing 7.03 carats (cut from 26.58-carat rough 
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diamond) found at the Cullinan Mine sold for $9.4 million. This 


was the highest price ever paid for a gemstone sold at auction 
(Maclean, 2009; Reinke, 2009). 


Outlook 


As the domestic and global economy improves, Internet 
sales of diamonds, gemstones, and jewelry were expected to 
continue to grow and increase in popularity, as were other forms 
of e-commerce that emerge to serve the diamond and gemstone 
industry. This is likely to take place as the gemstone industry 
and its customers become more comfortable with and learn the 
applications of new e-commerce tools (Profile America, Inc., 
2008). 

Independent producers, such as Ekati and Diavik in Canada, 
will likely continue to bring a greater measure of competition to 
global markets. More competition presumably will bring more 
supplies and lower prices. Further consolidation of diamond 
producers and larger quantities of rough diamond being sold 
outside DTC is expected to continue as the diamond industry 
adjusts to De Beers’ reduced influence on the industry. 

More laboratory-created gemstones, simulants, and treated 
gemstones are likely to enter the marketplace and necessitate 
more transparent trade industry standards to maintain customer 
confidence. 
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TABLE 2 


LABORATORY-CREATED GEMSTONE PRODUCTION METHODS 


Gemstone Production method Company/producer Date of first production 
Alexandrite Flux Creative Crystals Inc. 1970s. 
Do. Melt pulling J.O. Crystal Co., Inc. 1990s. 
Do. do. Kyocera Corp. 1980s. 
Do. Zone melt Seiko Corp. Do. 
Cubic zirconia Skull melt Various producers 1970s. 
Emerald Flux Chatham Created Gems 1930s. 
Do. do. Gilson 1960s. 
Do. do. Kyocera Corp. 1970s. 
Do. do. Lennix 1980s. 
Do. do. Russia Do. 
Do. do. Seiko Corp. Do. 
Do. Hydrothermal Biron Corp. Do. 
Do. do. Lechleitner 1960s 
Do. do. Regency 1980s 
Do. do. Russia Do. 
Ruby Flux Chatham Created Gems 1950s 
Do. do. Douras 1990s 
Do. do. J.O. Crystal Co., Inc. 1980s 
Do. do. Kashan Created Ruby 1960s 
Do. Melt pulling Kyocera Corp. 1970s 
Do. Verneuil Various producers 1900s 
Do. Zone melt Seiko Corp. 1980s 
Sapphire Flux Chatham Created Gems 1970s 
Do. Melt pulling Kyocera Corp. 1980s 
Do. Verneuil Various producers 1900s 
Do. Zone melt Seiko Corp. 1980s 
Star ruby Melt pulling Kyocera Corp. Do. 
Do. do. Nakazumi Earth Crystals Co. Do. 
Do. Verneuil Linde Air Products Co. 1940s 
Star sapphire do. do. Do. 
Do., do. Ditto. 


GEMSTONES—2009 [ADVANCE RELEASE] 


29.15 


TABLE 3 
ESTIMATED VALUE OF U.S. NATURAL GEMSTONE PRODUCTION, 


BY GEM TYPE’ 
(Thousand dollars) 
Gem materials 2008 2009 
Beryl 18 18 
Coral, all types 150 150 
Diamond (2) (2) 
Garnet 130 148 
Gem feldspar 916 858 
Geode/nodules a1 105 
Opal Jor 225 
Quartz: 
Macrocrystalline” 334 231 
Cryptocrystalline” 344 216 
Sapphire/ruby 556 256 
Shell 2,290 alee! 
Topaz (2) (2) 
Tourmaline 112 112 
Turquoise 508 bol 
Other 5,670 4,850 
Total 11,500 8,410 


"Data are rounded to no more than three significant digits; may not add to 
totals shown. 

“Included with “Other.” 

°Macrocrystalline quartz (crystals recognizable with the naked eye) 
includes amethyst, aventurine, blue quartz, citrine, hawk’s eye, pasiolite, 
prase, quartz cat’s eye, rock crystal, rose quartz, smoky quartz, and 
tiger’s eye. 

“Cryptocrystalline quartz (microscopically small crystals) includes agate, 
camelian, chalcedony, chrysoprase, fossilized wood, heliotrope, 

jasper, moss agate, onyx, and sard. 
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TABLE 4 
PRICES PER CARAT OF U.S. CUT ROUND DIAMONDS, BY SIZE AND QUALITY IN 2009 


Carat Description, Clarity” Representative prices 
weight color’ (GIA terms) January” June“ December” 
0.25 G VSl $1,495 $1,430 $1,430 
Do. G VS2 iso0 1325 1325 
Do. G SI 1,200 15125 1,125 
Do. H VS1 1,400 1,300 1,300 
Do. H VS2 1,300 1,190 1,150 
Do. H SI 1,070 1,050 1,050 
0.50 G VS1 3,200 2,779 2,/73 
Do. G VS2 2,800 2,300 2,300 
Do. G SI 2,400 1,875 1,875 
Do. H Vsl 2,800 2,400 2,400 
Do. H VS2 2,400 2,050 2,050 
Do. H Sf 2,200 1,725 1,725 
1.00 G Vol 6,500 6,075 6,075 
Do. G VS2 6,100 5,400 5,400 
Do. G SI 5,000 4,575 4,575 
Do. H VS1 D000 5,100 5,100 
Do. H WS2 5,300 4,650 4,650 
Do. H SI 4,600 4,350 4,350 
2.00 G Vol 12,300 12,300 12,300 
Do. G VS2 10,900 10,900 10,900 
Do. G SI 9,400 9,400 9,400 
Do. H Vsl1 10,200 10,200 10,200 
Do. H VS2 9,400 9,400 9,400 
Do. H SI 7,900 7,900 7,900 
Do. Ditto. 


‘Gemological Institute of America (GIA) color grades: D-colorless; E-rare white; G, H, I-traces of color. 


*Clarity: IF—no blemishes; VVS1—very, very slightly included; VS1—very slightly included; VS2—very 
slightly included, but not visible; S—slightly included. 


*Source: Jewelers’ Circular Keystone, v. 180, no. 2, February 2009, p. 59. 
“Source: Jewelers’ Circular Keystone, v. 180, no. 7, July 2009, p. 41. 


Source: Jewelers’ Circular Keystone, v. 181, no. 1, January 2010, p. 54. 
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TABLE 5 
PRICES PER CARAT OF U.S. CUT COLORED GEMSTONES IN 2009 


Price range per carat 


Gemstone January’ December* 
Amethyst $10—25 $10—25 
Blue sapphire 825-1,650 900—1,650 
Blue topaz 5-10 5-10 
Emerald 2,400—4,000 2,400—4,000 
Green tourmaline 50-70 50-70 
Cultured saltwater pearl” S) 5 
Pink tourmaline 60-135 70-150 
Rhodolite garnet 20—40 20—40 
Ruby 1,850—2,200 1,850—2,200 
Tanzanite 300-475 300-375 


‘Source: The Gem Guide—Color, spring/summer 2009, p. 22, 37, 51, 65, 
74, 85, 96, 98, 104, and 119. These figures are approximate wholesale 
purchase prices paid by retail jewelers on a per stone basis for 

1-to-less than 1 carat, fine-quality stones. 

*Source: The Gem Guide, November/December 2009, p. 44, 47, 51, 55, 
57, 59, 62, 63, 64, and 65. These figures are approximate wholesale 
purchase prices paid by retail jewelers on a per stone basis for 

1-to-less than 1 carat, fine-quality stones. 


*Prices are per 4.5 to 5-millimeter pearl. 
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TABLE 6 


U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF INDUSTRIAL 


DIAMOND), BY COUNTRY' 


2008 2009 
Quantity Value Quantity Value 
Country (carats) (millions) (carats) (millions) 
Exports: 
Australia 103,000 $18 37,600 $21 
Belgium 1,600,000 685 300,000 150 
Canada 79,700 116 46,600 70 
Costa Rica 55,200 6 8,470 2 
France 136,000 136 49,200 25 
Hong Kong 1,340,000 814 807,000 380 
India 1,480,000 1,220 962,000 477 
Israel 2,650,000 2,130 960,000 482 
Japan 54,800 12 17,800 2) 
Mexico 678,000 110 504,000 79 
Netherlands 19,000 3 561 1 
Netherlands Antilles 16,200 35 10,600 23 
Singapore 98,500 19 31,200 13 
South Africa 31,400 4 829 2 
Switzerland 99,400 270 152,000 146 
Taiwan 15,000 12 12,900 5 
Thailand 226,000 54 86,700 40 
United Arab Emirates 165,000 115 108,000 46 
United Kingdom 121,000 84 27,400 58 
Other 248,000 103 156,000 133 
Total 9,210,000 5,940 4,280,000 2,160 
Reexports: 

Armenia 13,400 (3) 1,670 (3) 
Australia 33,800 14 59,600 19 
Belgium 5,790,000 1,890 4,130,000 1,110 
Canada 230,000 195 139,000 127 
Dominican Republic 61,400 12 15,300 3 
France 30,500 23 80,800 43 
Guatemala 104,000 14 50,300 5 
Hong Kong 2,680,000 1,350 3,220,000 1,190 
India 2,250,000 482 2,350,000 959 
Israel 10,200,000 3,400 6,940,000 2,750 
Japan 178,000 39 117,000 24 

Malaysia 20,100 9,860 
Mexico 4,590 2 2,990 2 
Singapore 190,000 22 193,000 50 
South Africa 65,700 108 66,500 55 
Switzerland 530,000 551 584,000 492 
Thailand 152,000 26 145,000 29 
United Arab Emirates 1,390,000 250 749,000 198 
United Kingdom 499,000 229 383,000 204 
Other 331,000 134 1,710,000 534 
Total 24,800,000 8,750 20,900,000 7,780 
Grand total 34,000,000 14,700 25,200,000 9,940 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 
“Customs value. 


3Less than % unit. 


Source: U.S. Census Bureau. 


GEMSTONES—2009 [ADVANCE RELEASE] 20.19 


TABLE 7 
U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY" 


2008 2009 
Quantity Value” Quantity Value” 
Kind, range, and country of origin (carats) (millions) (carats) (millions) 
Rough or uncut, natural:* 
Angola 62,300 $34 359,000 $48 
Australia 1,620 1 17,700 2 
Botswana 108,000 147 88,100 25 
Brazil 760 1 443 (4) 
Canada 19,900 31 27,300 32 
Congo (Kinshasa) 37,100 138 11,600 7 
Ghana 1,400 2 250 (4) 
Guyana 6,590 | 212 (4) 
India 120,000 4 32,700 i 
Namibia 6,550 5 10,000 
Russia 90,200 19 16,500 3 
South Africa 119,000 296 104,000 112 
Other 153,000 73° 32,000 43 
Total 725,000 752 700,000 289 
Cut but unset, not more than 0.5 carat: 
Belgium 295,000 118 344,000 127 
Canada 10,900 13 7,910 7 
China 110,000 34 25,800 18 
Dominican Republic 65,800 20 38,200 10 
Hong Kong 157,000 25 239,000 24 
India 6,520,000 1,430 5,760,000 1,150 
Israel 512,000 267 400,000 198 
Mauritius 8,410 14 6,920 15 
Mexico 52,600 10 65,900 10 
South Africa 12,400 4 1,780 10 
Thailand 72,200 21 60,800 ile 
United Arab Emirates 69,400 18 153,000 30 
Other 72,400 25 57,400 38 
Total 7,960,000 2,000 7,160,000 1,650 
Cut but unset, more than 0.5 carat: 
Belgium 929,000 3,130 640,000 2,130 
Canada 22,800 78 20,200 60 
Hong Kong 76,800 361 26,800 76 
India 1,440,000 2,450 1,110,000 1,930 
Israel 2,210,000 9,120 1,670,000 5,350 
Mexico 389 (4) 1,810 | 
Russia 57,600 178 57,800 137 
South Africa 55,200 759 34,700 seh. 
Switzerland 19,200 383 23,500 238 
Thailand 11,700 22 3,980 9 
United Arab Emirates 33,100 124 33,900 60 
Other 101,000 400 53,200 256 
Total 4,960,000 17,000 3,670,000 10,800 
‘Revised. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 
“Customs value. 
“Includes some natural advanced diamond. 


‘Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 8 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 
DIAMOND, BY KIND AND COUNTRY’ 


2008 2009 
Quantity Value” Quantity Value” 
Kind and country (carats) (millions) (carats) (millions) 
Emerald: 
Belgium 529 $2 1,980 $1 
Brazil 106,000 6 500,000 7 
Canada 2,830 (3) 434 (3) 
China 2,210 (3) 4,150 (3) 
Colombia 530,000 155 314,000 120 
France 130,000 9 315 2 
Germany 13,800 3 8,470 2 
Hong Kong 877,000 10 334,000 23 
India 1,800,000 29 2,410,000 18 
Israel 162,000 25 181,000 20 
Italy 4,240 2 2,380 1 
Switzerland 23,900 24 7,980 8 
Thailand 564,000 13 292,000 8 
United Kingdom 1,050 2 356 i 
Other 83,300 ‘ley 38,000 3 
Total 4,300,000 297 4,090,000 214 
Ruby: 
Belgium 9 (3) 10 6) 
China 7,360 il 2,100 (3) 
Dominican Republic 994 (3) -- 
France 1,210 1 37 (3) 
Germany 12,400 1 8,370 (3) 
Hong Kong 851,000 10 420,000 
India 2,350,000 2,500,000 2 
Israel 1,370 5,960 
Italy 6,030 1,330 (3) 
Kenya (3) (3) 16,700 (3) 
Sri Lanka 7,260 1 2,020 1 
Switzerland 10,600 11 933 3 
Thailand 1,980,000 59 1,750,000 14 
United Arab Emirates 1,760 1 64 2 
Other 43,300 8 179,000 13 
Total 5,280,000 100 4,880,000 a7 
Sapphire: 
Australia 1,550 (3) 2,340 (3) 
Austria 124 (3) 472 (3) 
Belgium 110 1 283 i] 
China 269,000 2 122,000 1 
Dominican Republic 882 (3) 600 (3) 
Germany 36,200 fs) 33,200 a 
Hong Kong 972,000 9 610,000 13 
India 1,150,000 12 2,140,000 6 
Israel 28,800 4 9,780 
Italy 2,340 2 15,000 1 
Singapore 3,630 (3) 3,010 (3) 
Sri Lanka 316,000 46 240,000 al 
Switzerland 17,800 19 14,700 14 
Thailand 2,900,000 75 1,730,000 48 


See footnotes at end of table. 
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TABLE 8—Continued 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 
DIAMOND, BY KIND AND COUNTRY’ 


2008 2009 
Quantity Value” Quantity Value” 
Kind and country (carats) (millions) (carats) (millions) 
Sapphire—Continued: 
United Arab Emirates 8,140 $5 2,530 $2 
United Kingdom 1,100 4 504 1 
Other 384,000 7 68,200 3 
Total 6,090,000 191 4,990,000 127 
Other: 
Rough, uncut: 
Australia NA 3 NA (3) 
Brazil NA Z NA (3) 
Canada NA 1 NA il 
China NA 3 NA 1 
Colombia NA 1 NA -- 
Czech Republic NA 2 NA 
Germany NA 1 NA 
India NA 2 NA 
Japan NA 1 NA 
Pakistan NA 2 NA (3) 
Tanzania NA 3 NA (3) 
Other NA 16 NA il 
Total NA 42 NA 8 
Cut, set and unset: 
Australia NA 15 NA (3) 
Austria NA 4 NA 1 
Brazil NA 19 NA (3) 
Canada NA 1 NA (3) 
China NA 35 NA 8 
France NA il NA (3) 
Germany NA 34 NA 1 
Hong Kong NA 32 NA il 
India NA 74 NA 2 
Israel NA 8 NA (3) 
Italy NA | NA (3) 
South Africa NA 1 NA -- 
Sri Lanka NA 5 NA (3) 
Switzerland NA 8 NA 1 
Taiwan NA 1 NA (3) 
Tanzania NA 5 NA 1 
Thailand NA 58 NA i. 
United Arab Emirates NA 1 NA (3) 
United Kingdom NA 1 NA -- 
Other NA 15 NA 3 
Total NA 319 NA 29 


NA Not available. -- Zero. 


"Data are rounded to no more than three significant digits; may not add to totals shown. 


2 
Customs value. 


3Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 9 


VALUE OF U.S. IMPORTS OF LABORATORY-CREATED 


AND IMITATION GEMSTONES, BY COUNTRY”? 


(Thousand dollars) 
Country 2008 2009 
Laboratory-created, cut but unset: 
Austria 2,330 1,430 
Brazil 645 374 
Canada 24 9 
China 9,860 7,600 
Czech Republic 95 42 
France 298 284 
Germany 12,700 11,100 
Hong Kong 898 455 
India 1,040 2,180 
Italy 48 95 
Japan 251 61 
Korea, Republic of 207 46 
Netherlands 5 5 
South Africa 281 -- 
Sri Lanka 1,300 ils! 
Switzerland 620 797 
Taiwan 174 161 
Thailand 1330 o75 
United Arab Emirates 146 98 
Other 1,960 3,490 
Total 34,200 29,500 
Imitation:” 
Austria 73,100 47,100 
Brazil 25 2 
China 21,000 13,300 
Czech Republic 7,910 5,080 
France 25 -- 
Germany 72a 5966 
Hong Kong 46 358 
India 83 302 
Italy 148 123 
Japan 58 -- 
Korea, Republic of 198 131 
Russia 15 -- 
Taiwan 183 -- 
Thailand 10 ag 
United Kingdom 193 a 
Other 275 208 
Total 104,000 67,200 
-- Zero. 


"Data are rounded to no more than three significant digits; may not 


add to totals shown. 


2 
Customs value. 


"Includes pearls. 


Source: U.S. Census Bureau. 
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TABLE 10 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES' 


(Thousand carats and thousand dollars) 


2008 2009 
Stones Quantity Value? Quantity Value’ 
Diamonds: 
Rough or uncut #25 $752,000 700 $289,000 
Cut but unset 12,900 19,000,000 10,800 12,400,000 
Emeralds, cut but unset 4,300 297,000 4,090 214,000 
Coral and similar materials, unworked 5,320 12,200 4,430 10,500 
Rubies and sapphires, cut but unset 11,400 291,000 9,880 164,000 
Pearls: 
Natural NA 14,100 NA 21,100 
Cultured NA 34,600 NA 26,900 
Imitation NA 4,190 NA 4,150 
Other precious and semiprecious stones: 
Rough, uncut 1,620,000 20,900: * 1,080,000 15,000 
Cut, set and unset NA 285,000 NA NA 
Other NA 9,200 NA NA 
Laboratory-created: 
Cut but unset 60,300 34,200 8,730 29,500 
Other NA 13,500 NA 8,240 
Imitation gemstone” NA 104,000 NA 67,200 
Total XX 20,900,000 XX = 13,300,000 


"Revised. NA Not available. XX Not applicable. 
"Data are rounded to no more than three significant digits; may not add to totals shown. 
“Customs value. 


*Does not include pearls. 


Source: U.S. Census Bureau. 
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TABLE 11 
NATURAL DIAMOND: WORLD PRODUCTION, BY COUNTRY AND TYPE””’®* 


(Thousand carats) 


Country and type” 2005 2006 2007 2008 2009 
Gemstones: 
Angola 6,371 8,258 8,732 8,016 * 8,100 
Australia 8,577 7,305 231 273 60 © 
Botswana® 23,900 24,000 25,000 25,000 24,000 
Brazil® 208 181 182 182 ' 182° 
Canada 12,314 13,278 17,144 14,803 10,946 
Central African Republic* 300 340 evA0) 302 ' 300 
China® 100 100 100 100 100 
Congo (Kinshasa) 7,000 5,800 * 5,700 * 4,200 * 3,600 
Céte d’ Ivoire" 210 210 210 210 210 
Ghana 810 780 720 © 520 © 500 © 
Guinea 440 380 815 2,500 2,400 
Guyana 357 341 269 169 ' 179 
Lesotho 52 2aL 454 450 450 ° 
Namibia 1,902 2,400 2,266 * 2,435." 2,300 
Russia’ 23,000 23,400 23,300 21,925 ° 17,791 ° 
Sierra Leone 401 ° 362 ' 362 ' 223° 200 © 
South Africa® 6,400 6,100 6,100 5,200 2,400 
Tanzania‘® 185 230 239 202 ' 150 
Venezuela® 46 45 45 45 45 
Zimbabwe® 160 160 100 100 100 
Other” 109 70 65 105 ' 126 
Total 92,800 94,000 ° 92,400 ° 87,000 74,100 
Industrial: 
Angola® 708 918 970 900 900 
Australia 25,730 21,915 18,960 15,397 ° 10,700 
Botswana® 8,000 8,000 8,000 8,000 7,000 
Brazil® 600 600 600 600 600 
Central African Republic* 80 85 93 75 60 
China® 960 965 970 1,000 1,000 
Congo (Kinshasa) 28,200 23,100 * 22,600 * 16,700 * 14,400 
Céte d’Ivoire® 90 90 90 90 90 
Ghana® 200 190 180 130 120 
Guinea 100 95 200 600 600 * 
Russia® 15,000 15,000 15,000 15,000 15,000 
Sierra Leone 267 241° 241 ' 149 ' 100 ° 
South Africa® 9,400 9,100 9,100 7,700 3,100 
Tanzania‘® 35 42 44 a * 27 
Venezuela® 69 70 70 70 70 
Zimbabwe® 900 900 ' 600 ' 700 700 
Other’ 94 67 72 115° 140 
Total 90,400 81,400 ° 77,800 * 67,300 ° 54,600 
Grand total 183,000. 175,000" 170,000" 154,000" 129,000 


“Estimated. ‘Revised. 

‘World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
“Table includes data available through May 19, 2010. 

*In addition to the countries listed, Nigeria and the Republic of Korea produce natural diamond and synthetic 
diamond, respectively, but information is inadequate to formulate reliable estimates of output levels. 

“Includes near-gem and cheap-gem qualities. 

Reported figure. 

*Includes Cameroon, Congo (Brazzaville), Gabon (unspecified), India, Indonesia, Liberia, and Togo (unspecified). 
“Includes Congo (Brazzaville), India, Indonesia, and Liberia. 
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(Data in million dollars unless otherwise noted) 


Domestic Production and Use: The combined value of U.S. natural and synthetic gemstone output decreased by 
35% in 2008 from that of 2007. The natural gemstone production value increased about 10% from that of 2007. 
Domestic gemstone production included agate, beryl, coral, garnet, jade, jasper, opal, pearl, quartz, sapphire, shell, 
topaz, tourmaline, turquoise, and many other gem materials. In decreasing order, Oregon, Tennessee, Arizona, 
California, North Carolina, Arkansas, Alabama, Montana, Idaho, and Maine produced 87% of U.S. natural gemstones. 
The production value of laboratory-created (synthetic) gemstones decreased 42% from that of the previous year. This 
drop in production resulted from a large decrease in Moissanite production value. Laboratory-created gemstones 
were manufactured by four firms in North Carolina, Florida, Massachusetts, and Arizona, in decreasing order of 
production. Major gemstone uses were carvings, gem and mineral collections, and jewelry. 


Salient Statistics—United States: 2004 2005 2006 2007 2008° 
Production:” 
Natural® 14.5 13.4 11.3 11.9 13.0 
Laboratory-created (synthetic) 30.7 51.1 52.1 73:5 42.8 
Imports for consumption 15,500 17,200 18,300 20,100 22,/00 
Exports, including reexports* 7,230 8,850 9,930 12,300 16,400 
Consumption, apparent? 8,220 8,410 8,430 7,880 6,420 
Price Variable, depending on size, type, and quality 
Employment, mine, number® 1,200 1,200 1,200 1,200 1,200 
Net import reliance’ as a percentage 
of apparent consumption 99 99 99 99 99 


Recycling: Insignificant. 


Import Sources (2004-07 by value): Israel, 47%; India, 19%; Belgium, 16%; South Africa, 5%; and other, 13%. 
Diamond imports accounted for 95% of the total value of gem imports. 


Tariff: Item Number Normal Trade Relations 
12-31-08 

Imitation precious stones 7018.10.2000 Free. 
Pearls, imitation, not strung 7018.10.1000 4.0% ad val. 
Pearls, natural 7101.10.0000 Free. 
Pearls, cultured 7101.21.0000 Free. 
Diamond, unworked or sawn 7102.31.0000 Free. 
Diamond, 2 carat or less 7102.39.0010 Free. 
Diamond, cut, more than % carat 7102.39.0050 Free. 
Precious stones, unworked 7103.10.2000 Free. 
Precious stones, simply sawn 7103.10.4000 10.5% ad val. 
Rubies, cut 7103.91.0010 Free. 
Sapphires, cut 7103.91.0020 Free. 
Emeralds, cut 7103.91.0030 Free. 
Other precious stones, cut but not set 7103.99.1000 Free. 
Other precious stones 7103.99.5000 10.5% ad val. 
Synthetic, cut but not set 7104.90.1000 Free. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: The National Defense Stockpile (NDS) does not contain an inventory of gemstones. 
However, a very small portion of the industrial diamond stone inventory is of near-gem quality. Additionally, the beryl 
and quartz crystal inventories contain some gem-quality material that could be used by the gem industry. The U.S. 
Department of Defense is currently selling some NDS materials that may be near-gem quality. 


Prepared by Donald W. Olson [(703) 648-7721, dolson@usgs.gov, fax: (703) 648-7757] 
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Events, Trends, and Issues: In 2008, the U.S. market for unset gem-quality diamonds was estimated to have 
exceeded $19.0 billion, accounting for more than an estimated 35% of world demand. The domestic market for 
natural, unset nondiamond gemstones was estimated to be about $1.15 billion. The United States is expected to 
continue dominating global gemstone consumption. 


Canadian diamond production continued increasing in 2008 to about 18 million carats. Diamond exploration also 
continued in Canada, and many new deposits have been found. Canada produced more than 19% of the world’s 
natural gemstone diamonds in 2008. The success of the Canadian gem diamond industry has stimulated interest in 
exploration for commercially feasible diamond deposits in the United States; however, at present, there are no 
operating commercial diamond mines in the United States. 


Mine production of diamond in 2008 increased for Angola, the Central African Republic, Guinea, and Sierra Leone, 
while production decreased for Brazil, and production in Australia, Botswana, Canada, China, Congo (Kinshasa), 
Cdte d’lvoire, Ghana, Guyana, Namibia, Russia, South Africa, and Tanzania remained the same compared with that 
of 2007, based on submissions from country sources. 


World Gem Diamond Mine Production,’ Reserves, and Reserve Base: 


Mine production Reserves and reserve base® 
2007 2008° 

Angola 8,700 10,000 World reserves and reserve base of 
Australia 231 230 diamond-bearing deposits are 
Botswana 25,000 25,000 substantial. No reserves or reserve 
Brazil 300 200 base data are available for other 
Canada 18,000 18,000 gemstones. 
Central African Republic 370 470 
China 100 100 
Congo (Kinshasa) 5,400 5,400 
Cédte d’lvoire 210 210 
Ghana 720 720 
Guinea 815 1,100 
Guyana 350 350 
Namibia 2,200 2,200 
Russia 23,300 23,300 
Sierra Leone 360 600 
South Africa 6,100 6,100 
Tanzania 230 230 
Other countries” 210 210 

World total (rounded) 93,000 94,000 


World Resources: Most diamond-bearing ore bodies have a diamond content that ranges from less than 1 carat per 
ton to about 6 carats per ton. The major gem diamond reserves are in southern Africa, Australia, Canada, and 
Russia. 


Substitutes: Plastics, glass, and other materials are substituted for natural gemstones. Synthetic gemstones 
(manufactured materials that have the same chemical and physical properties as gemstones) are common 
substitutes. Simulants (materials that appear to be gems, but differ in chemical and physical characteristics) also are 
frequently substituted for natural gemstones. 


“Estimated. 

‘Excludes industrial diamond and garnet. See Diamond (Industrial) and Garnet (Industrial). 

“Estimated minimum production. 

*Includes production of freshwater shell. 

“Reexports account for about 78% of the totals. 

*Reexports excluded from apparent consumption calculation. 

°Defined as imports — exports and reexports + adjustments for Government and industry stock changes. 
‘Data in thousands of carats of gem diamond. 


®See Appendix C for definitions. 
*In addition to countries listed, Gabon, India, Indonesia, Liberia, and Venezuela are known to produce gem diamonds. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2009 
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In 2010, the estimated value of natural gemstones produced in 
the United States was more than $10.0 million, and the estimated 
value of U.S. laboratory-created gemstone production was more 
than $30.8 million. The total estimated value of U.S. gemstone 
production was about $40.8 million. The value of U.S. gemstone 
imports was $19.6 billion, and the value of combined U.S. 
gemstone exports and reexports was estimated to be $14.9 billion. 

In this report, the terms “gem” and “gemstone” mean any 
mineral or organic material (such as amber, pearl, petrified 
wood, and shell) used for personal adornment, display, or object 
of art because it possesses beauty, durability, and rarity. Of 
more than 4,000 mineral species, only about 100 possess all 
these attributes and are considered to be gemstones. Silicates 
other than quartz are the largest group of gemstones in terms 
of chemical composition; oxides and quartz are the second 
largest (table 1). Gemstones are subdivided into diamond and 
colored gemstones, which in this report designates all natural 
nondiamond gems. In addition, laboratory-created gemstones, 
cultured pearls, and gemstone simulants are discussed but are 
treated separately from natural gemstones (table 2). Trade data 
in this report are from the U.S. Census Bureau. All percentages 
in the report were computed using unrounded data. Current 
information on industrial-grade diamond and industrial-grade 
garnet can be found in the U.S. Geological Survey (USGS) 
Minerals Yearbook, volume I, Metals and Minerals, chapters on 
industrial diamond and industrial garnet, respectively. 

Gemstones have fascinated humans since prehistoric times. 
They have been valued as treasured objects throughout history 
by all societies in all parts of the world. Amber, amethyst, coral, 
diamond, emerald, garnet, jade, jasper, lapis lazuli, pearl, rock 
crystal, ruby, serpentine, and turquoise are some of the first 
stones known to have been used for making jewelry. These 
stones served as symbols of wealth and power. Today, gems are 
worn more for pleasure or in appreciation of their beauty than to 
demonstrate wealth. In addition to jewelry, gemstones are used 
for collections, decorative art objects, and exhibits. 


Production 


U.S. gemstone production data were based on a survey of 
more than 240 domestic gemstone producers conducted by the 
USGS. The survey provided a foundation for projecting the 
scope and level of domestic gemstone production during the 
year. However, the USGS survey did not represent all gemstone 
activity in the United States, which includes thousands of 
professional and amateur collectors. Consequently, the USGS 
supplemented its survey with estimates of domestic gemstone 
production from related published data, contacts with gemstone 
dealers and collectors, and information gathered at gem and 
mineral shows. 
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Commercial mining of gemstones has never been extensive 
in the United States. More than 60 varieties of gemstones have 
been produced commercially from domestic mines, but most of 
the deposits are relatively small compared with those of other 
mining operations. In the United States, much of the current 
gemstone mining is conducted by individual collectors, gem 
clubs, and hobbyists rather than by businesses. 

The commercial gemstone industry in the United States 
consists of individuals and companies that mine gemstones or 
harvest shell and pearl, firms that manufacture laboratory-created 
gemstones, and individuals and companies that cut and polish 
natural and laboratory-created gemstones. The domestic gemstone 
industry is focused on the production of colored gemstones and 
on the cutting and polishing of large diamond stones. Industry 
employment is estimated to be between 1,000 and 1,200. 

Most natural gemstone producers in the United States 
are small businesses that are widely dispersed and operate 
independently. The small producers probably have an average 
of less than three employees, including those who only work 
part time. The number of gemstone mines operating from 
year to year fluctuates because the uncertainty associated with 
the discovery and marketing of gem-quality minerals makes 
it difficult to obtain financing for developing and sustaining 
economically viable operations. 

The total value of natural gemstones produced in the United 
States during 2010 was estimated to be about $10.0 million 
(table 3). This production value was an 8% increase from that of 
2009. 

Natural gemstone materials indigenous to the United States 
are collected or produced in every State. During 2010, all 50 
States produced at least $1,360 worth of gemstone materials. 
There were 10 States that accounted for 85% of the total value, 
as reported by survey respondents. These States were, in 
descending order of production value, North Carolina, Arizona, 
Oregon, Utah, California, Tennessee, Montana, Colorado, Idaho, 
and Arkansas. Some States were known for the production of 
a single gemstone material—Tennessee for freshwater pearls, 
for example. Other States produced a variety of gemstones; for 
example, Arizona’s gemstone deposits included agate, amethyst, 
azurite, chrysocolla, garnet, jade, jasper, malachite, obsidian, 
onyx, opal, peridot, petrified wood, smithsonite, and turquoise. 
There was also a wide variety of gemstones found and produced 
in California, Idaho, Montana, and North Carolina. 

In 2010, the United States had only one active operation in a 
known diamond-bearing area in Crater of Diamonds State Park 
near Murfreesboro in Pike County, AR. The State of Arkansas 
maintains a dig-for-fee operation for tourists and rockhounds 
at the park; Crater of Diamonds is the only diamond mine in 
the world that is open to the public. The diamonds occur in a 


lamproite breccia tuff associated with a volcanic pipe and in 
the soil developed from the lamproite breccia tuff. In 2010, 
601 diamond stones with an average weight of 0.218 carat 
were recovered at the Crater of Diamonds State Park. Of the 
601 diamond stones recovered, 23 weighed more than 1 carat. 
Since the diamond-bearing pipe and the adjoining area became 
a State park in 1972, 29,906 diamond stones with a total carat 
weight of 5,981.1 have been recovered (Margi Jenks, park 
interpreter, Crater of Diamonds State Park, written commun., 
September 22, 2011). Exploration has demonstrated that this 
diamond deposit contains about 78.5 million metric tons (Mt) of 
diamond-bearing rock (Howard, 1999, p. 62). An Arkansas law 
enacted early in 1999 prohibits commercial diamond mining in 
the park (Diamond Registry Bulletin, 1999). 

A few companies have expressed interest in exploration for 
diamond deposits in areas of Alaska, Colorado, Minnesota, 
Montana, and Wyoming with geologic settings and terrain that 
are similar to Canadian diamond mining areas. Even though 
some exploration has taken place in these States, they remain 
largely unexplored for diamonds (Iron Range Resources & 
Rehabilitation Board, 2012). Although exploration and field 
studies have found many diamond indicators and a number of 
large diamond deposits, none have attracted long-term investors 
or been operated commercially. 

In addition to natural gemstones, laboratory-created 
gemstones and gemstone simulants were produced in the United 
States in 2010. Laboratory-created or synthetic gemstones 
have the same chemical, optical, and physical properties as 
the natural gemstones. Simulants have an appearance similar 
to that of a natural gemstone material, but they have different 
chemical, optical, and physical properties. Laboratory-created 
gemstones that have been produced in the United States 
include alexandrite, cubic zirconia, diamond, emerald, garnet, 
moissanite, ruby, sapphire, spinel, and turquoise. However, 
during 2010, only cubic zirconia, diamond, moissanite, and 
turquoise were produced commercially. Simulants of amber, 
chrysocolla, coral, lapis lazuli, malachite, travertine, and 
turquoise also were manufactured in the United States. In 
addition, certain colors of laboratory-created sapphire and 
spinel, used to represent other gemstones, are classified as 
simulants. 

Laboratory-created gemstone production in the United States 
was valued at more than $30.8 million during 2010, which was 
a 13% increase compared with that of 2009. The value of U.S. 
simulant gemstone output was estimated to be more than 
$100 million. Five companies in five States, representing 
virtually the entire U.S. laboratory-created gemstone industry, 
reported production to the USGS. The States with reported 
laboratory-created gemstone production were, in descending 
order of production value, Florida, New York, Massachusetts, 
North Carolina, and Arizona. 

Since the 1950s, when scientists manufactured the first 
laboratory-created bits of diamond grit using a high-pressure, 
high-temperature (HPHT) method, this method of growing 
diamonds has become relatively commonplace in the world 
as a technology for laboratory-created diamonds, so much so 
that thousands of small plants throughout China were using 
the HPHT method and producing laboratory-created diamonds 
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suitable for cutting as gemstones. Gem-quality diamonds of 

1 carat or more are harder to manufacture because at that size, 
it is difficult to consistently produce diamonds of high quality, 
even in the controlled environment of a laboratory using the 
HPHT method. After more than 50 years of development, that 
situation has changed, and several laboratory-created diamond 
companies were producing high-quality diamonds that equal 
those produced from mines (Park, 2007). 

Gemesis Corp. (Sarasota, FL) consistently produced 
gem-quality laboratory-created diamond and reported an 11th 
year of production in 2010. The laboratory-created diamonds are 
produced using equipment, expertise, and technology developed 
by a team of scientists from Russia and the University of Florida. 
The weight of the laboratory-created diamond stones ranges 
from 1% to 2 carats, and most of the stones are brownish yellow, 
colorless, green, and yellow. Gemesis uses diamond-growing 
machines, each machine capable of growing 3-carat rough 
diamonds by generating HPHT conditions that recreate the 
conditions in the Earth’s mantle where natural diamonds form 
(Davis, 2003). Gemesis could be producing as many as 30,000 to 
40,000 stones each year, and annual revenues may reach 
$70 million to $80 million. Gemesis diamonds are available for 
retail purchase in jewelry stores and on the Internet, and the prices 
of the Gemesis laboratory-created diamonds are 30% to 50% 
lower than those of comparable natural diamond but above the 
prices of simulated diamond (Gemesis Corp., 2010). 

In the early 2000s, Apollo Diamond, Inc., near Boston, MA, 
developed and patented a method for growing single, extremely 
pure, gem-quality diamond crystals by chemical vapor deposition 
(CVD). The CVD technique transforms carbon into plasma, 
which is then precipitated onto a substrate as diamond. CVD 
had been used for more than a decade to cover large surfaces 
with microscopic diamond crystals, but in developing this 
process, Apollo Diamond discovered the temperature, gas 
composition, and pressure combination that resulted in the growth 
of a single diamond crystal. These CVD diamonds may not be 
distinguishable from natural diamond by some tests (Davis, 
2003). Apollo Diamond produced laboratory-created stones that 
ranged from 1 to 2 carats. Growth of CVD diamonds is limited 
only by the size of the seed placed in the diamond-growing 
chamber. In 2008, the company increased its production of large 
stones and sold the diamonds at prices that averaged 15% less 
than those of comparable natural diamonds on the company Web 
site and through select jewelers (Apollo Diamond, Inc., 2008). 
Both Apollo Diamond and Gemesis prefer to call their diamonds 
“cultured” rather than laboratory-created, referring to the fact that 
the diamonds are grown much like a cultured pearl is grown. 

In 2010, Charles & Colvard, Ltd. in North Carolina entered 
its 13th year as the world’s only manufacturer of moissanite, a 
gem-quality laboratory-created silicon carbide. Moissanite is 
also an excellent diamond simulant, but it is being marketed for 
its own gem qualities. Moissanite exhibits a higher refractive 
index (brilliance) and higher luster than diamond. Its hardness is 
between those of corundum (ruby and sapphire) and diamond, 
which gives it durability (Charles & Colvard, Ltd., 2010). 
Charles & Colvard reported that moissanite sales increased by 
53% to $12.7 million in 2010 compared with $8.3 million in 
2009 (Charles & Colvard, Ltd., 2011). 
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U.S. mussel shells are used as a source of mother-of-pearl 
and as seed material for culturing pearls. U.S. shell production 
increased by 15% in 2010 compared with that of 2009 as were 
a reflection of the recovery from the impacts of the global 
recession on luxury spending. This increase was in spite of 
decreased demands for U.S. shell materials caused by the use 
of manmade seed materials and seed materials from China and 
other sources by pearl producers in Japan. The popularity of 
darker and colored pearls and freshwater pearls that do not use 
U.S. seed material has also contributed decreased demands for 
U.S. shell materials. In some regions of the United States, shell 
from mussels was being used more as a gemstone based on its 
own merit rather than as seed material for pearls. This shell 
material was being processed into mother-of-pearl and used in 
beads, jewelry, and watch faces. 


Consumption 


Historically, diamond gemstones have proven to hold their 
value despite wars or economic depressions, but this did not 
hold true during the recent worldwide economic recession. 
Diamond and colored gemstones value and sales decreased 
during the economic downturn in 2008 and continued into 
2009, but during 2010 U.S. gemstone consumption and sales 
increased. 

Although the United States accounted for little of the 
total global gemstone production, it was the world’s leading 
diamond and nondiamond gemstone market. It was estimated 
that U.S. gemstone markets accounted for more than 35% of 
world gemstone demand in 2010. The U.S. market for unset 
gem-quality diamond during the year was estimated to be about 
$18.6 billion, an increase of 46% compared with that of 2009. 
Domestic markets for natural, unset nondiamond gemstones 
totaled approximately $959 million in 2010, which was a 23% 
increase from that of 2009. These large increases in domestic 
markets were a reflection of the recovery from the impacts of 
the global recession on luxury spending. 

In the United States, a majority of domestic consumers 
designate diamond as their favorite gemstone. This popularity 
of diamonds is evidenced by the U.S. diamond market making 
up 95% of the total U.S. gemstone market. Colored natural 
gemstones, colored laboratory-created gemstones, and “fancy” 
colored diamonds were popular in 2010, with the values of the 
domestic markets for almost all types of colored natural, unset 
nondiamond gemstones increased from the 2009 values 
(table 10), also owing to recovery from the impact of the 
recession on luxury spending. 

The estimated U.S. retail jewelry sales were $63.4 billion in 
2010, an increase of 7.7% from sales of $58.8 billion in 2009 
(Gassman, 2011). Twenty-five percent of all U.S. jewelers 
reported jewelry sales increased 20% or more from that of the 
previous year during the 2010 holiday shopping season 
(Graff, 2011). 


Prices 


Gemstone prices are governed by many factors and qualitative 
characteristics, including beauty, clarity, defects, demand, 
durability, and rarity. Diamond pricing, in particular, is complex; 
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values can vary significantly depending on time, place, and the 
subjective valuations of buyers and sellers. There are more than 
14,000 categories used to assess rough diamond and more than 
100,000 different combinations of carat, clarity, color, and cut 
values used to assess polished diamond. 

Colored gemstone prices are generally influenced by market 
supply and demand considerations, and diamond prices are 
supported by producer controls on the quantity and quality of 
supply. Values and prices of gemstones produced and (or) sold 
in the United States are listed in tables 3 through 5. In addition, 
customs values for diamonds and other gemstones imported, 
exported, or reexported are listed in tables 6 through 10. 

De Beers Group companies remain a significant force, 
influencing the price of gem-quality diamond sales worldwide 
during 2010 because the companies mine a significant portion of 
the world’s gem-quality diamond produced each year. In 2010, 
De Beers produced 33 million carats from its independently 
owned and joint-venture operations in Botswana, Canada, 
Namibia, and South Africa. De Beers companies also sorted and 
valuated a large portion (by value) of the world’s annual supply 
of rough diamond through De Beers’ subsidiary Diamond 
Trading Co. (DTC). DTC sales of rough diamonds totaled $5.08 
billion during 2010—up $1.85 billion from 2009. DTC rough 
diamond average prices increased by 27% from those of 2009. 
In 2010, De Beers had diamond sales of $5.88 billion, which 
was an increase of 53% from diamond sales of 2009. These 
increases were driven by strong demand in Chinese and Indian 
markets (Lee, 2011). 


Foreign Trade 


During 2010, total U.S. gemstone trade with all countries 
and territories was valued at about $34.5 billion, which was 
a increase of 43% from that of 2009. Diamond accounted for 
about 95% of the 2010 gemstone trade total. In 2010, U.S. 
exports and reexports of diamond were shipped to 95 countries 
and territories, and imports of all gemstones were received from 
99 countries and territories (tables 6-10). In 2010, U.S. import 
quantities in cut diamond increased by 24% compared with 
those of 2009, and their value increased by 45%. U.S. import 
quantities in rough and unworked diamond decreased by 44%, 
although their value increased by 81% (table 7). The United 
States remained the world’s leading diamond importer and 
was a Significant international diamond transit center as well 
as the world’s leading gem-quality diamond market. In 2010, 
U.S. export quantities of gem-grade diamond increased by 80% 
compared with those of 2009, and their value increased by 33%. 
The large volume of reexports revealed the significance that the 
United States had in the world’s diamond supply network 
(table 6). These increases in trade were owing to recovery from 
the impact of the recession on luxury spending. 

Import values of laboratory-created gemstone increased by 
10% for the United States in 2010 compared with those of 2009 
(table 10). Again, this increase in imports was owing to recovery 
from the impact of the recession on luxury spending. 

Laboratory-created gemstone imports from Austria, China, 
Germany, Hong Kong, India, Switzerland, and Thailand, with 
more than $500,000 in imports each, made up about 91% 

(by value) of the total domestic imports of laboratory-created 
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gemstones during the year (table 9). The marketing of imported 
laboratory-created gemstones and enhanced gemstones as 
natural gemstones, and the mixing of laboratory-created 
materials with natural stones in imported parcels, continued to 
be problems for some domestic producers in 2009. There also 
were continuing problems with some simulants being marketed 
as laboratory-created gemstones during the year. 


World Review 


The gemstone industry worldwide has two distinct sectors— 
diamond mining and marketing and colored gemstone 
production and sales. Most diamond supplies are controlled by a 
few major mining companies; prices are supported by managing 
the quality and quantity of the gemstones relative to demand, a 
function performed by De Beers through DTC. Unlike diamond, 
colored gemstones are primarily produced at relatively small, 
low-cost operations with few dominant producers; prices are 
influenced by consumer demand and supply availability. 

In 2010, world natural diamond production totaled about 
144 million carats—79.9 million carats gem quality and 
63.8 million carats industrial grade (table 11). Most production 
was concentrated in a few regions—Africa [Angola, Botswana, 
Congo (Kinshasa), Namibia, and South Africa], Asia 
(northeastern Siberia and Yakutia in Russia), Australia, North 
America (Northwest Territories in Canada), and South America 
(Brazil and Venezuela). In 2010, Russia led the world in total 
natural diamond output quantity (combined gemstone and 
industrial) with 23% of the world estimated production. Botswana 
was the world’s leading gemstone diamond producer with 31%; 
followed by Russia, 22%; Angola, 16%; Canada, 15%; Congo 
(Kinshasa), 7%; South Africa, 4%; Namibia, 2%; and Guinea, 
1%. These eight countries produced 97% (by quantity) of the 
world’s gemstone diamond output in 2010. 

In 2002, the international rough-diamond certification 
system, the Kimberley Process Certification Scheme (KPCS), 
was agreed upon by United Nations (UN) member nations, the 
diamond industry, and involved nongovernmental organizations 
to prevent the shipment and sale of conflict diamonds. Conflict 
diamonds are diamonds that originate from areas controlled 
by forces or factions opposed to legitimate and internationally 
recognized governments, and are used to fund military action 
in opposition to those governments, or in contravention of the 
decisions of the UN Security Council. The KPCS includes 
the following key elements: the use of forgery-resistant 
certificates and tamper-proof containers for shipments of rough 
diamonds; internal controls and procedures that provide credible 
assurance that conflict diamonds do not enter the legitimate 
diamond market; a certification process for all exports of rough 
diamonds; the gathering, organizing, and sharing of import 
and export data on rough diamonds with other participants 
of relevant production; credible monitoring and oversight of 
the international certification scheme for rough diamonds; 
effective enforcement of the provisions of the certification 
scheme through dissuasive and proportional penalties for 
violations; self regulation by the diamond industry that fulfills 
minimum requirements; and sharing information with all other 
participants on relevant rules, procedures, and legislation as 
well as examples of national certificates used to accompany 
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shipments of rough diamonds. Israel assumed the chair of KPCS 
for January 1 through December 31, 2010, the eighth country or 
organization in succession to hold the chair after Namibia, India, 
South Africa, Canada, Russia, Botswana, and the European 
Commission. The 50 participants represented 76 nations 
(including the 27 member nations of the European Community) 
plus the rough diamond-trading entity of Taipei. During 2010, 
Cote d’Ivoire continued to be under UN sanctions and was not 
trading in rough diamonds, and Venezuela voluntarily suspended 
exports and imports of rough diamonds until further notice. The 
participating nations in the KPCS account for approximately 
99.8% of the global production and trade of rough diamonds 
(Kimberley Process, undated). 

Globally, the value of production of natural gemstones other 
than diamond was estimated to be more than $2.5 billion in 
2010. Most nondiamond gemstone mines are small, low-cost, 
and widely dispersed operations in remote regions of developing 
nations. Foreign countries with major gemstone deposits other 
than diamond are Afghanistan (aquamarine, beryl, emerald, 
kunzite, lapis lazuli, ruby, and tourmaline), Australia (beryl, 
opal, and sapphire), Brazil (agate, amethyst, beryl, ruby, 
sapphire, topaz, and tourmaline), Burma (beryl, jade, ruby, 
sapphire, and topaz), Colombia (beryl, emerald, and sapphire), 
Kenya (beryl, garnet, and sapphire), Madagascar (beryl, rose 
quartz, sapphire, and tourmaline), Mexico (agate, opal, and 
topaz), Sri Lanka (beryl, ruby, sapphire, and topaz), Tanzania 
(garnet, ruby, sapphire, tanzanite, and tourmaline), and Zambia 
(amethyst and beryl). In addition, pearls are cultured throughout 
the South Pacific and in other equatorial waters; Australia, 
China, French Polynesia, and Japan were key producers in 2010. 

Worldwide diamond exploration allocations decreased by 
9% in 2010, to $357 million spent by 99 companies compared 
with $393 million by 113 companies during 2009. This lowered 
the diamond share of overall worldwide mineral exploration 
spending to 3% during 2010. Planned diamond exploration 
spending in 2010 was at its lowest value since 2003. Africa was 
the most popular diamond exploration location for the seventh 
year in a row, although Africa’s share of overall exploration 
spending decreased to 35% in 2010 from almost 50% in 2009. 
Canada’s share of total diamond exploration budgets increased 
to 29% in 2010 from 18% in 2009. De Beers Group dropped 
from the position of top diamond explorer that it had held for 
more than a decade and was replaced by ALROSA Co. Ltd. 
ALROSA, De Beers Group, and Rio Tinto plc were the three 
leading diamond exploration companies, accounting for 57% 
of the estimated $357 million total global diamond exploration 
budget in 2010 (Metals Economics Group, 2010, p. 8—9; 2011, 
p43). 

Worldwide in 2010, diamond prices recovered strongly from 
the downturn caused by the global recession. The recovery was 
led by an upturn in the U.S. markets; this was demonstrated by 
increasing quantity and value of diamond imports in 2010 and 
improved sales in North America overall (Metals Economics 
Group, 2011, p. 10). 

Worldwide in 2010, three diamond mines started up, including 
one mine reopening. One of the startups was in Botswana, 
one in Brazil, and the reopening was in South Africa (Metals 
Economics Group, 2011, p. 15). 
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Botswana.—Firestone Diamonds plc received a license for 
mining the BK11 Mine in July 2010, and began operating phase 
I of the production plant. Work on phase 2 was completed in 
the third quarter of 2010, increasing the ore production rate to 
1.5 million metric tons (Mt) per year. The mine reached full 
production of 150,000 carats per year in the fourth quarter of 
2010. The BK11 Mine is an open pit operation, which is 90% 
owned by Firestone Diamonds plc and 10% by a local company. 
Firestone estimated the BK11 Mine’s reserves to be 18.0 Mt at 
startup (Metals Economics Group, 2011, p. 15). 

Brazil.—During the third quarter of 2010, Vaaldiam Mining 
Inc. started production at its Duas Barras alluvial mining 
operation. Diamond recovery during the quarter was 643 carats 
from ore grading 0.03 carat per cubic meter. The ore grade 
improved after September with the opening of a second mining 
front that exposed large amounts of better quality gravels. The 
recovered diamond grade was approximately 0.16 carat per 
cubic meter. Vaaldiam estimated the reserves for Duas Barras at 
2.3 Mt (Metals Economics Group, 2011, p. 15). 

Canada.—Canadian diamond production was about 
11.8 million carats (Mct) during 2010, an increase of about 8% 
compared with that of 2009. Diamond exploration continued 
in Canada, with several commercial diamond projects and 
additional discoveries in Alberta, British Columbia, the 
Northwest Territories, the Nunavut Territory, Ontario, and 
Quebec. In 2010, Canada produced 8.2% of the world’s 
combined natural gemstone and industrial diamond output. 

The Diavik Diamond Mine in the Northwest Territories 
completed its eighth full year of production. In 2010, Diavik 
produced 6.5 Mct of diamond, an increase of 16% from the 
previous year’s production. At yearend 2010, Diavik estimated 
the mine’s remaining proven and probable reserves to be 18 Mt 
of ore in kimberlite pipes containing 52.2 Mct of diamond and 
projected the total mine life to be 16 to 22 years. Diavik began 
developing an underground mine and substantially completed 
construction on the project during 2009, and the first ore was 
produced during the first quarter of 2010, with full production 
expected in 2013. The mine is an unincorporated joint venture 
between Diavik Diamond Mine Inc. (60%) and Harry Winston 
Diamond Mines Ltd. (40%) (Diavik Diamond Mine Inc., 2011; 
Perron, 2011, p. 2). 

The Ekati Diamond Mine completed its twelfth full year 
of production in 2010. Ekati produced 2.89 Mct of diamond 
from 4.85 Mt of ore. BHP Billiton Ltd. has an 80% controlling 
ownership in Ekati, which also is in the Northwest Territories. 
Ekati has estimated remaining reserves of 38.5 Mt of ore in 
kimberlite pipes that contain 18.3 Mct of diamond. BHP Billiton 
projected the remaining mine life to be 12 years. Approximately 
21% of the Ekati 2010 production is industrial-grade diamond 
(BHP Billiton Ltd., 2011, p. 10; Perron, 2011, p. 1). 

The Jericho Diamond Mine is in Nunavut and was originally 
owned by Tahera Diamond Corp. Tahera estimated Jericho 
Diamond Mine’s reserves to be about 5.5 Mt of ore grading 
0.85 carat per ton. In 2008, the Jericho Diamond Mine 
experienced startup problems related to ore mining and 
processing. The mine also suffered financial problems owing 
to the cost of transporting supplies to the mine site, high 
operational costs, high oil prices, and appreciation of the 
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Canadian dollar versus the U.S. dollar. All of these problems 
combined to force the company to enter into protection under 
Canada’s “Companies’ Creditors Arrangement Act” on 

January 16, 2008, and the mine suspended production on 
February 6, 2008. At yearend 2009, Tahera was finalizing 
arrangements to sell all of its Jericho Mine assets (Perron, 2011, 
p. 2). In July 2010, Shear Minerals Ltd. (now known as Shear 
Diamonds Ltd.) announced that it had entered into a purchase 
agreement with Tahera and Benachee Resources Inc. to acquire 
a 100% interest in the Jericho Diamond Mine, the mine’s 
processing facilities, and all supporting exploration assets in the 
Kitikmeot region of Nunavut (Shear Minerals Ltd., 2010). Shear 
Minerals completed the acquisition of the Jericho Diamond 
Mine in August 2010 with the intention of bringing the mine 
back into production (Shear Minerals Ltd., 2011). 

The Snap Lake Mine, which is wholly owned by De Beers 
Canada Inc., is in the Northwest Territories. The Snap Lake 
deposit is a tabular-shaped kimberlite dyke rather than the 
typical kimberlite pipe. The dyke is 2.5 meters thick and dips at 
an angle of 12° to 15°. The deposit was mined using a modified 
room and pillar underground mining method in 2010. The Snap 
Lake Mine started mining operations in October 2007, reached 
commercial production levels in the first quarter of 2008, and 
officially opened on June 25, 2008. The mine was expected to 
produce 1.4 Mct per year of diamond, and the mine life was 
expected to be about 20 years. The mine’s production for 2010 
was 926,000 carats for a recovered grade of 1.2 carats per metric 
ton (De Beers Canada Inc., 2011; Perron, 2011, p. 2-3). 

The Victor Mine, which also is wholly owned by De Beers 
Canada, is in northern Ontario on the James Bay coast. The 
Victor kimberlite consists of two pipes with surface area of 
15 hectares (37.1 acres). The Victor Mine initiated mining 
operations at yearend 2007 and was officially opened on 
July 26, 2008. The Victor Mine reportedly has 27.4 Mt of ore 
with average ore grade of 0.23 carat per metric ton estimated 
minable reserves. At full capacity, the open pit mine was 
expected to produce 600,000 carats per year, and the mine 
life was expected to be about 12 years. In 2010, the mine’s 
production was 826,000 carats recovered from 2.67 Mt of ore 
(De Beers Canada Inc., undated; Perron, 2011, p. 3). 

South Africa.—Petra Diamonds Ltd. has operated the Kimberley 
Underground Mines under care-and-maintenance status since 2007. 
De Beers had closed the mines in August 2005. In September 2007, 
Petra Diamonds began the process of purchasing De Beers interests 
in the mines and began rehabilitating the deep underground 
diamond mines. Petra Diamonds purchased the Kimberley diamond 
operations from De Beers for $11 million, and Petra Diamonds was 
given approval to operate the mines under De Beers’ licence. After 
completing the mine rehabilitation, Petra Diamonds reopened the 
underground mine in September 2010. Petra had been producing 
from tailings and stockpile for the previous few years. During the 
fourth quarter of 2010, Kimberley produced 25,000 carats grading 
0.14 carat per metric ton, and sold 17,300 carats at an average 
price of $285 per carat. The Kimberley Mines are 74% owned by 
Petra Diamonds and 26% by Sedibeng Mining (Pty) Ltd. Petra 
Diamonds estimated the Kimberley Mine’s reserves to be 57.0 Mt. 
Kimberley’s annual production was expected to be 100,000 carats 


from the processing of 1 Mt per year of ore (Metals Economics 
Group, 2011, p. 15; Petra Diamonds Ltd., undated). 


Outlook 


As the domestic and global economy improves, Internet 
sales of diamonds, gemstones, and jewelry were expected to 
continue to expand and increase in popularity, as were other 
forms of e-commerce that emerge to serve the diamond and 
gemstone industry. Internet sales are expected to add to and 
partially replace “brick-and-mortar” sales. This is likely to take 
place as the gemstone industry and its customers become more 
comfortable with and learn the applications of new e-commerce 
tools, such as sales Web sites and online social networking Web 
sites (Dayrit, 2011). 

As more independent producers, such as Ekati and Diavik 
in Canada, come online they will bring a greater measure of 
competition to global markets that presumably will bring more 
supplies and lower prices. Further consolidation of diamond 
producers and larger quantities of rough diamond being sold 
outside DTC is expected to continue as the diamond industry 
adjusts to De Beers’ reduced influence on the industry. 

More laboratory-created gemstones, simulants, and treated 
gemstones are likely to enter the marketplace and necessitate 
more transparent trade industry standards to maintain customer 
confidence. 
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TABLE 2 


LABORATORY-CREATED GEMSTONE PRODUCTION METHODS 


Gemstone Production method Company/producer Date of first production 
Alexandrite Flux Creative Crystals Inc. 1970s. 
Do. Melt pulling J.O. Crystal Co., Inc. 1990s. 
Do. do. Kyocera Corp. 1980s. 
Do. Zone melt Seiko Corp. Do. 
Cubic zirconia Skull melt Various producers 1970s. 
Emerald Flux Chatham Created Gems 1930s. 
Do. do. Gilson 1960s. 
Do. do. Kyocera Corp. 1970s. 
Do. do. Lennix 1980s. 
Do. do. Russia Do. 
Do. do. Seiko Corp. Do. 
Do. Hydrothermal Biron Corp. Do. 
Do. do. Lechleitner 1960s 
Do. do. Regency 1980s 
Do. do. Russia Do. 
Ruby Flux Chatham Created Gems 1950s 
Do. do. Douras 1990s 
Do. do. J.O. Crystal Co., Inc. 1980s 
Do. do. Kashan Created Ruby 1960s 
Do. Melt pulling Kyocera Corp. 1970s 
Do. Verneuil Various producers 1900s 
Do. Zone melt Seiko Corp. 1980s 
Sapphire Flux Chatham Created Gems 1970s 
Do. Melt pulling Kyocera Corp. 1980s 
Do. Verneuil Various producers 1900s 
Do. Zone melt Seiko Corp. 1980s 
Star ruby Melt pulling Kyocera Corp. Do. 
Do. do. Nakazumi Earth Crystals Co. Do. 
Do. Verneuil Linde Air Products Co. 1940s 
Star sapphire do. do. Do. 
Do., do. Ditto. 
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TABLE 3 


ESTIMATED VALUE OF U.S. NATURAL GEMSTONE PRODUCTION, 


BY GEM TYPE’ 
(Thousand dollars) 
Gem materials 2009 2010 
Beryl 918° 1,700 
Coral, all types 150 150 
Diamond (2) (2) 
Garnet 148 149 
Gem feldspar 858 693 
Geode/nodules 105 110 
Opal 225 189 
Quartz: 
Macrocrystalline” 2a), 273 
Cryptocrystalline" 216 208 
Sapphire/ruby 256 344 
Shell 713 821 
Topaz (2) (2) 
Tourmaline 112 95 
Turquoise Sal 449 
Other 4,850 4,840 
Total 9.3110 * 10,000 
‘Revised. 


"Data are rounded to no more than three significant digits; may not add to 


totals shown. 


*Less than % unit. 


°*Macrocrystalline quartz (crystals recognizable with the naked eye) includes 


amethyst, aventurine, blue quartz, citrine, hawk’s eye, pasiolite, prase, 


quartz cat’s eye, rock crystal, rose quartz, smoky quartz, and tiger’s eye. 


“Cryptocrystalline quartz (microscopically small crystals) includes agate, 


camelian, chalcedony, chrysoprase, fossilized wood, heliotrope, 


jasper, moss agate, onyx, and sard. 
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TABLE 4 


PRICES PER CARAT OF U.S. CUT ROUND DIAMONDS, BY SIZE AND QUALITY IN 2010 


Carat Description, Clarity’ Representative prices 
weight color (GIA terms) January” June* December” 
0.25 G VS1 $1,400 $1,400 $1,400 
Do. G VS2 1,300 1,300 1,300 
Do. G Si 1,200 1,200 1,200 
Do. H VS1 1,350 1,350 1,350 
Do. H VS2 1,250 1250 1,250 
Do. H SIi 1,150 1,150 1,150 
0.50 G VSi 2,650 2,650 2,650 
Do. G VS2 2,200 2,200 2,200 
Do. G SI1 1,900 1,900 1,900 
Do. H VS1 2,350 2,350 2,350 
Do. H VS2 2,150 2,150 2,150 
Do. H Si 1,800 1,800 1,800 
1.00 G VS 6,400 6,400 6,400 
Do. G VS2 5,450 5,450 5,450 
Do. G SI 4,650 4,650 4,650 
Do. H VS1 5,300 5,300 5,300 
Do. H VS2 4,800 4,800 4,800 
Do. H SIi 4,225 4,225 4,225 
2.00 G VSi 11,400 11,900 12,100 
Do. G VS2 10,900 11,200 11,500 
Do. G SI1 8,800 8,800 9,100 
Do. H VS1 9,300 9,300 9,500 
Do. H VS2 9,000 9,000 9,100 
Do. H Sit 8,000 8,000 8,250 
Do. Ditto. 


‘Clarity: IF—no blemishes; VVS1—very, very slightly included; VS1—very slightly included; VS2—very 
slightly included, but not visible; S11—slightly included. 


*Gemological Institute of America (GIA) color grades: D—colorless; E—rare white; G, H, I—traces of color. 
Source: The Gem Guide, v. 29, no. 1, January/February 2010, p. 20-22. 
“Source: The Gem Guide, v. 29, no. 4, July/August 2010, p. 20-22. 

Source: The Gem Guide, v. 29, no. 6, November/December 2010, p. 20-22. 


TABLE 5 


PRICES PER CARAT OF U.S. CUT COLORED GEMSTONES IN 2010 


Price range per carat 


January" December® 
Amethyst $10—25 $10—25 
Blue sapphire 900-1,650 950—1,800 
Blue topaz 5-10 5-10 
Emerald 2,400—4,000 2,400—4,000 
Green tourmaline 50-70 50-70 
Cultured saltwater pearl’ a 5 
Pink tourmaline 70-150 70-150 
Rhodolite garnet 20-40 22-45 
Ruby 1,850—2,200 1,850—2,200 
Tanzanite 300-375 300-375 


"Source: The Gem Guide, v. 29, no. 1, January/February 2010, p. 48, 51, 
55, 59, 61, 63, and 66-69. These figures are approximate wholesale 


purchase prices paid by retail jewelers on a per stone basis for 1 to less 


than 1 carat fine-quality stones. 
*Source: The Gem Guide, v. 29, no. 6, November/December 2010, p. 50, 
53, 57, 61, 63, 65, and 68—71. These figures are approximate 

wholesale purchase prices paid by retail jewelers on a per-stone basis for 


1 to less than 1 carat fine-quality stones. 


*Prices are per 4.5—5-millimeter pearl. 
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TABLE 6 


DIAMOND), BY COUNTRY : 


U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF INDUSTRIAL 


2009 2010 
Quantity Value Quantity Value 
Country (carats) (millions) (carats) (millions) 
Exports: 
Australia 37,600 $21 33,000 $34 
Belgium 300,000 150 346,000 396 
Canada 46,600 70 52,000 87 
Costa Rica 8,470 2 9,430 2 
France 49,200 25 33,000 94 
Hong Kong 807,000 380 1,910,000 448 
India 962,000 477 1,300,000 825 
Israel 960,000 482 419,000 365 
Japan 17,800 fs) 3,400 9 
Mexico 504,000 7 561,000 84 
Netherlands 561 1 1,150 9 
Netherlands Antilles 10,600 23 12,700 34 
Singapore 31,200 13 8,690 10 
South Africa 829 2 636 7 
Switzerland 152,000 146 147,000 77 
Taiwan 12,900 5 9,080 4 
Thailand 86,700 40 92,500 14 
United Arab Emirates 108,000 46 193,000 68 
United Kingdom 27,400 58 325,000 58 
Other 156,000 133 2,250,000 139 
Total 4,280,000 2,160 7,710,000 2,860 
Reexports: 

Armenia 1,670 (3) 1,880 (3) 
Australia 59,600 19 16,300 16 
Belgium 4,130,000 L110 2,410,000 1,600 
Canada 139,000 127 143,000 144 
Dominican Republic 15,300 3 10,500 1 
France 80,800 43 47,900 78 
Guatemala 50,300 5 46,000 5 
Hong Kong 3,220,000 1,190 4,340,000 1,820 
India 2,350,000 O59 2,730,000 1,900 
Israel 6,940,000 2,750 4,390,000 4,110 
Japan 117,000 24 98,200 32 
Malaysia 9,860 2,480 2 

Mexico 2,990 2 5,780 
Singapore 193,000 50 65,500 24 
South Africa 66,500 55 29,300 45 
Switzerland 584,000 492 429,000 565 
Thailand 145,000 29 160,000 31 
United Arab Emirates 749,000 198 338,000 188 
United Kingdom 383,000 204 166,000 269 
Other 1,710,000 534 598,000 407 
Total 20,900,000 7,780 16,000,000 11,200 
Grand total 25,200,000 9,940 23,700,000 14,100 


*Customs value. 


3Less than % unit. 


Source: U.S. Census Bureau. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 


U.S. GEOLOGICAL SURVEY MINERALS YEARBOOK—2010 


TABLE 7 


U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY ' 


2009 2010 
Quantity Value Quantity Value” 
Kind, range, and country of origin (carats) (millions) (carats) (millions) 
Rough or uncut, natural:” 
Angola 359,000 $48 67,000 $132 
Australia 17,700 2 8,060 1 
Botswana 88,100 35 81,500 68 
Brazil 443 (4) -- -- 
Canada 27,300 32 35,500 43 
Congo (Kinshasa) 11,600 Z 6,650 7 
Ghana 250 (4) 135 (4) 
Guyana 212 (4) 534 (4) 
India 32,700 1 12,900 1 
Namibia 10,000 6 7,450 9 
Russia 16,500 3 37,500 8 
South Africa 104,000 112 102,000 223 
Other 32,000 43 29,400 eal 
Total 700,000 289 389,000 524 
Cut but unset, not more than 0.5 carat: 
Belgium 344,000 7 281,000 106 
Canada 7,910 7 13,000 9 
China 25,800 18 37,500 pall 
Dominican Republic 38,200 10 7,290 2 
Hong Kong 239,000 24 180,000 25 
India 5,760,000 1,150 7,310,000 1,560 
Israel 400,000 198 433,000 207 
Mauritius 6,920 IS 5,780 15 
Mexico 65,900 10 92,300 21 
South Africa 1,780 10 9,440 13 
Thailand 60,800 17 93,400 14 
United Arab Emirates 153,000 30 77,100 17 
Other 57,400 39 63,900 49 
Total 7,160,000 1,650 8,610,000 2,060 
Cut but unset, more than 0.5 carat: 
Belgium 640,000 2,130 706,000 2,900 
Canada 20,200 60 23,300 83 
Hong Kong 26,800 76 42,200 102 
India 1,110,000 1,930 1,900,000 3,610 
Israel 1,670,000 5,200 2,000,000 7,930 
Mexico 1,810 =) 1,250 1 
Russia 57,800 137 25,300 98 
South Africa 34,700 520 63,000 892 
Switzerland 23,500 238 11,300 391 
Thailand 3,980 9 5,910 13 
United Arab Emirates 33,900 60 10,100 42 
Other 53,200 256 73,800 343 
Total 3,670,000 10,800 4,860,000 16,000 


‘Revised. -- Zero. 

"Data are rounded to no more than three significant digits; may not add to totals shown. 
*Customs value. 

“Includes some natural advanced diamond. 


‘Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 8 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 


DIAMOND, BY KIND AND COUNTRY’ 


2009 2010 
Quantity Value Quantity Value 
Kind and country (carats) (millions) (carats) (millions) 
Emerald: 
Belgium 1,980 $1 1,340 (3) 
Brazil 500,000 Z 120,000 $7 
Canada 434 (3) 4 (3) 
China 4,150 (3) 13,800 1 
Colombia 314,000 120 406,000 131 
France 315 2 1,480 2 
Germany 8,470 2 94,000 2 
Hong Kong 334,000 23 246,000 17 
India 2,410,000 18 1,810,000 a7 
Israel 181,000 20 172,000 7 
Italy 2,380 1 2,880 (3) 
Switzerland 7,980 8 6,290 13 
Thailand 292,000 8 487,000 10 
United Kingdom 356 1 1,550 2 
Other 38,000 3 89,400 15 
Total 4,090,000 214 3,410,000 254 
Ruby: 
Belgium 10 (3) 16 (3) 
China 2,100 (3) 19,200 (3) 
France 37 (3) 1730 (3) 
Germany 8,370 (3) 10,900 (3) 
Hong Kong 420,000 1 201,000 1 
India 2,500,000 Z 2,310,000 6 
Israel 5,960 1 22,300 (3) 
Italy 1,330 (3) 4,300 (3) 
Kenya 16,700 (3) 1,810 (3) 
Sri Lanka 2,020 1 3,800 (3) 
Switzerland 933 s) 129 2 
Thailand 1,750,000 14 1,880,000 22 
United Arab Emirates 64 2 210 (3) 
Other 179,000 13 168,000 1 
Total 4,880,000 oF 4,630,000 42 
Sapphire: 
Australia 2,340 (3) 1,190 (3) 
Austria 472 (3) 3,380 (3) 
Belgium 283 1 2,420 1 
China 122,000 | 56,700 a 
Dominican Republic 600 (3) -- -- 
Germany 33,200 5 123,000 4 
Hong Kong 610,000 13 536,000 9 
India 2,140,000 6 2,570,000 20 
Israel 9,780 | 19,300 2 
Italy 15,000 1 5,440 
Singapore 3,010 (3) -- -- 
Sri Lanka 240,000 31 309,000 66 
Switzerland 14,700 14 13,700 20 
Thailand 1,730,000 48 2,630,000 78 
United Arab Emirates 2,530 2 319 (3) 
United Kingdom 504 1 610 1 


See footnotes at end of table. 
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TABLE 8—Continued 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 


DIAMOND, BY KIND AND COUNTRY’ 


2009 2010 
Quantity Value Quantity Value’ 

Kind and country (carats) (millions) (carats) (millions) 
Sapphire—Continued: 

Other 68,200 3 44,800 8 

Total 4,990,000 127 6,320,000 214 

Other: 

Rough, uncut, all countries NA 8 NA 15 

Total NA 8 NA 15 

Cut, set and unset, all countries NA 29 NA 32 

Total NA 29 NA a2 


NA Not available. -- Zero. 
‘Data are rounded to no more than three significant digits; may not add to totals shown. 
*Customs value. 


3Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 9 
VALUE OF U.S. IMPORTS OF LABORATORY-CREATED 


AND IMITATION GEMSTONES, BY COUNTRY”? 


(Thousand dollars) 
Country 2009 2010 
Laboratory-created, cut but unset: 
Austria 1,430 1,950 
Brazil 374 96 
Canada 9 -- 
China 7,600 5,700 
Czech Republic 42 118 
France 284 232 
Germany 11,100 10,100 
Hong Kong 455 549 
India 2,180 9,870 
Italy 95 78 
Japan 61 25 
Korea, Republic of 46 So) 
Netherlands 5 29 
Sri Lanka 315 35 
Switzerland 797 500 
Taiwan 161 186 
Thailand 975 723 
United Arab Emirates 98 -- 
Other 3,390 2,050 
Total 29,500 32,300 
Imitation:° 
Austria 47,100 51,400 
Brazil 2 -- 
China 13,300 13,300 
Czech Republic 5,080 5,070 
France -- 5 
Germany 566 726 
Hong Kong 358 158 
India 302 125 
Italy 3 164 
Korea, Republic of 131 282 
Taiwan -- 25 
Thailand ag 28 
United Kingdom 3 -- 
Other 208 406 
Total 67,200 71,700 
-- Zero. 


‘Data are rounded to no more than three significant digits; may not 
add to totals shown. 


2 
Customs value. 


"Includes pearls. 


Source: U.S. Census Bureau. 
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TABLE 10 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES' 


(Thousand carats and thousand dollars) 


2009 2010 
Stones Quantity Value” Quantity Value” 
Coral and similar materials, unworked 4,430 10,500 5,760 12,000 
Diamonds: 
Cut but unset 10,800 12,400,000 * 13,500 18,100,000 
Rough or uncut 700 289,000 389 524,000 
Emeralds, cut but unset 4,090 214,000 3,140 254,000 
Pearls: 
Cultured NA 26,900 NA 15,800 
Imitation NA 4,150 NA 5,100 
Natural NA 21,100 NA 22,900 
Rubies and sapphires, cut but unset 9,880 164,000 10,900 256,000 
Other precious and semiprecious stones: 
Rough, uncut 1,080,000 15,000 1,400,000 30,700 
Cut, set and unset NA 247,000 NA 276,000 
Other 91,100 11,600 78,100 11,300 
Laboratory-created: 
Cut but unset 8,730 29,500 6,800 32,300 
Other NA 8,240 NA 14,600 
Imitation gemstone” NA 67,200 NA 66,600 
Total 1,200,000 13,500,000 " 1,520,000 19,600,000 


"Revised. NA Not available. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 


2 
Customs value. 


*Does not include pearls. 


Source: U.S. Census Bureau. 
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TABLE 11 
NATURAL DIAMOND: WORLD PRODUCTION, BY COUNTRY AND TYPE ””* 


(Thousand carats) 


Country and type* 2006 2007 2008 2009 2010 
Gemstones: 
Angola 8,258 8,732 8,016 12,445 12 500:* 
Armenia 184 123 101 50 50 ° 
Australia 7,305 231 273 220 ** 100 * 
Botswana 24,000 25,000 25,000 24,000 25,000 
Brazil® 181 182 182 200 ©° 200 
Canada 13,278 17,144 14,803 10,946 11,773 
Central African Republic® 340 370 302 %° 249 »° 250 
China*® 100 100 100 100 100 
Congo (Kinshasa) 5,800 5,700 4,200 3,700 ' 5,500 
Céte d’ Ivoire” --" --' --' --' -- 
Ghana 768 671 478 301 ' 300 ° 
Guinea 355 815 2,900 557 * 5590 
Guyana 341 269 169 144 144 © 
Lesotho 231 454 450 * 450 * 460 
Namibia 2,400 2,266 2,435 1 Ao2 * 1,200.* 
Russia‘ 23,400 23,300 21,925 ° 17,791 ° 17,800 
Sierra Leone 362 362 223 241 ' 2A * 
South A frica® 6,100 6,100 5,200 2,500 ' 3,500 
Tanzania‘ 230 239 202 155° 77 
Venezuela® 45 45 45 45 45 
Zimbabwe 160 100 100 100 50 
Other® 70 75" js 79 70 
Total 93,900 * 92,300 * 86,800 ' 75,500 ' 79,900 
Industrial: 
Angola® 918 970 900 1,383." 1,300 
Australia 21,915 18,960 15,397 10,700 9,900 
Botswana 8,000 8,000 8,000 7,000 7,000 
Brazil* 600 600 600 600 600 
Central African Republic* 85 93 74° bree 60 
China*® 965 970 1,000 1,000 1,000 
Congo (Kinshasa) 23,100 22,600 16,700 14,600 * 22,200 
Céte d’Ivoire --" --' --' --' -- 
Ghana 192 168 120 lo To” 
Guinea 118 200 600 139 ' 130 
Russia® 15,000 15,000 15,000 15,000 15,000 
Sierra Leone 241 241 149 160 * 160 * 
South A frica® 9,100 9,100 7,700 3,600 * 5,400 
Tanzania‘ 42 44 36° 27 14 
Venezuela” 70 70 70 70 70 
Zimbabwe 900 600 700 850 ' 800 
Other’ 67 84° 145° 115° 118 
Total 81,300 * 77,700 * 67,200 ' 55,400 ' 63,800 
Grand total 175,000 ' 170,000 * 154,000 ' 131,000 ' 144,000 


“Estimated. ‘Revised. -- Zero. 
‘World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
Table includes data available through June 2, 2011. 


*In addition to the countries listed, Nigeria and the Republic of Korea produce natural diamond and synthetic 
diamond, respectively, but information is inadequate to formulate reliable estimates of output levels. 
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TABLE 11—Continued 
NATURAL DIAMOND: WORLD PRODUCTION, BY COUNTRY AND TYPE noe 


“Includes near-gem and cheap-gem qualities. 
Reported figure. 
*Includes Cameroon, Congo (Brazzaville), Gabon (unspecified), India, Indonesia, Liberia, and Togo (unspecified). 


“Includes Congo (Brazzaville), India, Indonesia, and Liberia. 
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(Data in million dollars unless otherwise noted) 


Domestic Production and Use: The combined value of U.S. natural and synthetic gemstone output decreased by 
11% in 2009 from that of 2008. The natural gemstone production value decreased slightly from that of 2008, while 
synthetic gemstone production decreased 33% over the same period. Domestic gemstone production included agate, 
beryl, coral, garnet, jade, jasper, opal, pearl, quartz, sapphire, shell, topaz, tourmaline, turquoise, and many other 
gem materials. In decreasing order, Tennessee, Oregon, Arizona, Utah, California, North Carolina, Idaho, Arkansas, 
Colorado, Alabama, and Montana produced 86% of U.S. natural gemstones. The production value of laboratory- 
created (synthetic) gemstones decreased 33% from that of the previous year. This drop in production resulted from a 
large decrease in Moissanite production value. Laboratory-created gemstones were manufactured by five firms in 
Florida, New York, North Carolina, Massachusetts, and Arizona, in decreasing order of production. Major gemstone 
uses were carvings, gem and mineral collections, and jewelry. 


Salient Statistics—United States: 2005 2006 2007 2008 2009° 
Production: 
Natural? 13.4 11.3 11.9 11.5 11.2 
Laboratory-created (synthetic) 51.1 52.1 US 51.4 34.3 
Imports for consumption 17,200 18,300 20,100 20,900 14,500 
Exports, including reexports* 8,850 9,930 12,300 15,300 9,950 
Consumption, apparent 8,410 8,430 7,880 5,670 4,610 
Price Variable, depending on size, type, and quality 
Employment, mine, number® 1,200 1,200 1,200 1,200 1,200 
Net import reliance’ as a percentage 
of apparent consumption 99 99 99 99 99 


Recycling: Gemstones are often recycled by being resold as estate jewelry, reset, or recut, but this report does not 
account for those stones. 


Import Sources (2005-08 by value): Israel, 48%; India, 20%; Belgium, 15%; South Africa, 5%; and other, 12%. 
Diamond imports accounted for 95% of the total value of gem imports. 


Tariff: Item Number Normal Trade Relations 
12-31-09 

Pearls, imitation, not strung 7018.10.1000 4.0% ad val. 
Imitation precious stones 7018.10.2000 Free. 
Pearls, natural 7101.10.0000 Free. 
Pearls, cultured 7101.21.0000 Free. 
Diamond, unworked or sawn 7102.31.0000 Free. 
Diamond, 2 carat or less 7102.39.0010 Free. 
Diamond, cut, more than *% carat 7102.39.0050 Free. 
Precious stones, unworked 7103.10.2000 Free. 
Precious stones, simply sawn 7103.10.4000 10.5% ad val. 
Rubies, cut 7103.91.0010 Free. 
Sapphires, cut 7103.91.0020 Free. 
Emeralds, cut 7103.91.0030 Free. 
Other precious stones, cut but not set 7103.99.1000 Free. 
Other precious stones 7103.99.5000 10.5% ad val. 
Synthetic, cut but not set 7104.90.1000 Free. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: The National Defense Stockpile (NDS) does not contain an inventory of gemstones. 
However, a very small portion of the industrial diamond stone inventory is of near-gem quality. Additionally, the beryl 
and quartz crystal inventories contain some gem-quality material that could be used by the gem industry. The U.S. 
Department of Defense is currently selling some NDS materials that may be near-gem quality. 


Prepared by Donald W. Olson [(703) 648-7721, dolson@usgs.gov, fax: (703) 648-7757] 
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Events, Trends, and Issues: In 2009, the U.S. market for unset gem-quality diamonds was estimated to have 
exceeded $13.7 billion, accounting for more than an estimated 35% of world demand. This was a decrease of about 
30% compared with that of 2008. The domestic market for natural, unset nondiamond gemstones was estimated to 
be about $787 million, which was a decrease of 32% from that of 2008. These decreases in the U.S. gemstone 
markets are a reflection of the impact of the global recession on luxury spending. The United States is expected to 
continue dominating global gemstone consumption. 


Canadian diamond production decreased in 2009 to about 12 million carats. Diamond exploration also continued in 
Canada, and many new deposits have been found. Canada produced more than 13% of the world’s natural gemstone 
diamonds in 2009. The success of the Canadian gem diamond industry has stimulated interest in domestic 
exploration for commercial diamond deposits; however, at present, there are no operating commercial diamond mines 
in the United States. 


World Gem Diamond Mine Production® and Reserves: 


Mine production Reserves’ 
2008 2009° 

Angola 8,100 8,000 World reserves of diamond-bearing 
Australia 273 260 deposits are substantial. No reserves 
Botswana 25,000 32,000 data are available for other gemstones. 
Brazil 200 200 
Canada 14,800 12,000 
Central African Republic 400 350 
China 100 100 
Congo (Kinshasa) 5,400 5,400 
Céte d’lvoire 210 — 
Ghana 520 500 
Guinea 2,500 2,000 
Guyana 269 269 
Namibia 1,500 2,000 
Russia 21,900 21,900 
Sierra Leone 220 300 
South Africa 5,200 5,200 
Tanzania 190 190 
Other countries” 218 218 

World total (rounded) 87,000 90,900 


World Resources: Most diamond-bearing ore bodies have a diamond content that ranges from less than 1 carat per 
ton to about 6 carats per ton. The major gem diamond reserves are in southern Africa, Australia, Canada, and 
Russia. 


Substitutes: Plastics, glass, and other materials are substituted for natural gemstones. Synthetic gemstones 
(manufactured materials that have the same chemical and physical properties as gemstones) are common 
substitutes. Simulants (materials that appear to be gems, but differ in chemical and physical characteristics) also are 
frequently substituted for natural gemstones. 


“Estimated. — Zero. 

‘Excludes industrial diamond and garnet. See Diamond (Industrial) and Garnet (Industrial). 

“Estimated minimum production. 

‘Includes production of freshwater shell. 

“Reexports account for about 78% of the totals. 

Defined as imports — exports and reexports + adjustments for Government and industry stock changes. 

°Data in thousands of carats of gem diamond. 

‘See Appendix C for definitions. Reserve base estimates were discontinued in 2009; see Introduction. 

*In addition to countries listed, Gabon, India, Indonesia, Liberia, and Venezuela are known to produce gem diamonds. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2010 
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In 2011, the estimated value of natural gemstones produced 
in the United States was more than $11.0 million, and the 
estimated value of U.S. laboratory-created gemstone production 
was more than $31.9 million. The total estimated value of U.S. 


gemstone production was about $43.0 million. The value of U.S. 


gemstone imports was $23.5 billion, and the value of combined 
U.S. gemstone exports and reexports was estimated to be $18.2 
billion. In 2011, world natural diamond production totaled 
almost 135 million carats, of which an estimated 74.0 million 
carats was gem quality. 

In this report, the terms “gem” and “gemstone” mean any 
mineral or organic material (such as amber, pearl, petrified 
wood, and shell) used for personal adornment, display, or object 
of art because it possesses beauty, durability, and rarity. Of 
more than 4,000 mineral species, only about 100 possess all 
these attributes and are considered to be gemstones. Silicates 
other than quartz are the largest group of gemstones in terms 
of chemical composition; oxides and quartz are the second 
largest (table 1). Gemstones are subdivided into diamond and 
colored gemstones, which in this report designates all natural 
nondiamond gems. In addition, laboratory-created gemstones, 
cultured pearls, and gemstone simulants are discussed but are 
treated separately from natural gemstones (table 2). Trade data 
in this report are from the U.S. Census Bureau. All percentages 
in the report were computed using unrounded data. Current 
information on industrial-grade diamond and industrial-grade 
garnet can be found in the U.S. Geological Survey (USGS) 
Minerals Yearbook, volume I, Metals and Minerals, chapters on 
industrial diamond and industrial garnet, respectively. 

Gemstones have fascinated humans since prehistoric times. 
They have been valued as treasured objects throughout history 
by all societies in all parts of the world. Amber, amethyst, coral, 
diamond, emerald, garnet, jade, jasper, lapis lazuli, pearl, rock 
crystal, ruby, serpentine, and turquoise are some of the first 
stones known to have been used for making jewelry. These 
stones served as symbols of wealth and power. Today, gems are 
worn more for pleasure or in appreciation of their beauty than to 
demonstrate wealth. In addition to jewelry, gemstones are used 
for collections, decorative art objects, and exhibits. 


Production 


U.S. gemstone production data were based on a survey of 
more than 250 domestic gemstone producers conducted by the 
USGS. The survey provided a foundation for projecting the 
scope and level of domestic gemstone production during the 
year. However, the USGS survey did not represent all gemstone 
activity in the United States, which includes thousands of 
professional and amateur collectors. Consequently, the USGS 
supplemented its survey with estimates of domestic gemstone 
production from related published data, contacts with gemstone 
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dealers and collectors, and information gathered at gem and 
mineral shows. 

Commercial mining of gemstones has never been extensive 
in the United States. More than 60 varieties of gemstones have 
been produced commercially from domestic mines, but most of 
the deposits are relatively small compared with those of other 
mining operations. In the United States, much of the current 
gemstone mining is conducted by individual collectors, gem 
clubs, and hobbyists rather than by businesses. 

The commercial gemstone industry in the United States 
consists of individuals and companies that mine gemstones 
or harvest shell and pearl, firms that manufacture 
laboratory-created gemstones, and individuals and companies 
that cut and polish natural and laboratory-created gemstones. 
The domestic gemstone industry is focused on the production of 
colored gemstones and on the cutting and polishing of large 
diamond stones. Industry employment is estimated to be 
between 1,000 and 1,200. 

Most natural gemstone producers in the United States 
are small businesses that are widely dispersed and operate 
independently. The small producers probably have an average 
of less than three employees, including those who only work 
part time. The number of gemstone mines operating from 
year to year fluctuates because the uncertainty associated with 
the discovery and marketing of gem-quality minerals makes 
it difficult to obtain financing for developing and sustaining 
economically viable operations. 

The total value of natural gemstones produced in the United 
States was estimated to be about $11.0 million during 2011 
(table 3). This production value was a 10% increase from that of 
2010. 

Natural gemstone materials indigenous to the United States 
are collected or produced in every State. During 2011, all 50 
States produced at least $1,390 worth of gemstone materials. 
There were 11 States that accounted for 90% of the total value, 
as reported by survey respondents. These States were, in 
descending order of production value, Arizona, North Carolina, 
Oregon, Utah, California, Tennessee, Montana, Arkansas, 
Colorado, Idaho, and Maine. Some States were known for 
the production of a single gemstone material—Tennessee for 
freshwater pearls, for example. Other States produced a variety 
of gemstones; for example, Arizona’s gemstone deposits 
included agate, amethyst, azurite, chrysocolla, garnet, jade, 
jasper, malachite, obsidian, onyx, opal, peridot, petrified wood, 
smithsonite, and turquoise. A wide variety of gemstones also 
was found and produced in California, Idaho, Montana, and 
North Carolina. 

In 2011, the United States had only one active operation in a 
known diamond-bearing area in Crater of Diamonds State Park 
near Murfreesboro in Pike County, AR. The State of Arkansas 


ps 


maintains a dig-for-fee operation for tourists and rockhounds 

at the park; Crater of Diamonds is the only diamond mine in 
the world that is open to the public. The diamonds occur in a 
lamproite breccia tuff associated with a volcanic pipe and in 
the soil developed from the lamproite breccia tuff. In 2011, 560 
diamond stones with an average weight of 0.267 carat were 
recovered at the Crater of Diamonds State Park. Of the 560 
diamond stones recovered, 30 weighed more than | carat. Since 
the diamond-bearing pipe and the adjoining area became a State 
park in 1972 through yearend 2011, 29,906 diamond stones 
with a total carat weight of 5,981.1 have been recovered (Margi 
Jenks, park interpreter, Crater of Diamonds State Park, written 
commun., January 22, 2013). Exploration has demonstrated 
that this diamond deposit contains about 78.5 million metric 
tons (Mt) of diamond-bearing rock (Howard, 1999, p. 62). 

An Arkansas law enacted early in 1999 prohibits commercial 
diamond mining in the park (Diamond Registry Bulletin, 1999). 
A few companies have expressed interest in exploration for 

diamond deposits in areas of Alaska, Colorado, Minnesota, 
Montana, and Wyoming with geologic settings and terrain that 
are similar to Canadian diamond mining areas. Even though 
some exploration has taken place in these States, they remain 
largely unexplored for diamonds (Iron Range Resources & 
Rehabilitation Board, 2012). Although exploration and field 
studies have found many diamond indicators and a number of 
large diamond deposits, none have attracted long-term investors 
or been operated commercially. 

In addition to natural gemstones, laboratory-created 
gemstones and gemstone simulants were produced in the United 
States in 2011. Laboratory-created or synthetic gemstones have 
the same chemical, optical, and physical properties as natural 
gemstones. Simulants have an appearance similar to that of a 
natural gemstone material, but they have different chemical, 
optical, and physical properties. Laboratory-created gemstones 
that have been produced in the United States include alexandrite, 
cubic zirconia, diamond, emerald, garnet, moissanite, ruby, 
sapphire, spinel, and turquoise. However, during 2011, only 
cubic zirconia, diamond, moissanite, and turquoise were 
produced commercially. Simulants of amber, chrysocolla, 
coral, lapis lazuli, malachite, travertine, and turquoise also were 
manufactured in the United States. In addition, certain colors of 
laboratory-created sapphire and spinel, used to represent other 
gemstones, are classified as simulants. 

Laboratory-created gemstone production in the United States 
was valued at more than $31.9 million during 2011, which 
was a 4% increase compared with that of 2010. The value 
of U.S. simulant gemstone output was estimated to be more 
than $100 million. Five companies in five States, representing 
virtually the entire U.S. laboratory-created gemstone industry, 
reported production to the USGS. The States with reported 
laboratory-created gemstone production were, in descending 
order of production value, Florida, New York, Massachusetts, 
North Carolina, and Arizona. 

Since the 1950s, when scientists manufactured the first 
laboratory-created bits of diamond grit using a high-pressure, 
high-temperature (HPHT) method, this method of growing 
diamonds has become relatively commonplace in the world 
as a technology for laboratory-created diamonds, so much so 
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that thousands of small plants throughout China were using 

the HPHT method and producing laboratory-created diamonds 
suitable for cutting as gemstones. Gem-quality diamonds of 1 
carat or more are harder to manufacture because at that size, it is 
difficult to consistently produce diamonds of high quality, even 
in the controlled environment of a laboratory using the HPHT 
method. After more than 50 years of development, that situation 
changed, and several laboratory-created diamond companies 
were able to produce high-quality diamonds that equaled those 
produced from mines (Park, 2007). 

Gemesis Corp. (Sarasota, FL) consistently produced gem- 
quality laboratory-created diamond and reported production 
in 2011. The weight of the laboratory-created diamond 
stones ranges from 1’ to 2 carats, and most of the stones are 
brownish yellow, colorless, green, and yellow. Gemesis uses 
diamond-growing machines capable of growing 3-carat rough 
diamonds by generating HPHT conditions that recreate the 
conditions in the Earth’s mantle where natural diamonds form 
(Davis, 2003). The prices of the Gemesis laboratory-created 
diamonds are 30% to 50% lower than those of comparable 
natural diamond but above the prices of simulated diamond 
(Gemesis Corp., 2010). 

In the early 2000s, Apollo Diamond, Inc., near Boston, MA, 
developed and patented a method for growing single, extremely 
pure, gem-quality diamond crystals by chemical vapor 
deposition (CVD). The CVD technique transforms carbon into 
plasma, which is then precipitated onto a substrate as diamond. 
CVD had been used for more than a decade to cover large 
surfaces with microscopic diamond crystals, but in developing 
this process, Apollo Diamond discovered the temperature, gas 
composition, and pressure combination that resulted in the 
growth of a single diamond crystal. Apollo Diamond produced 
laboratory-created stones that ranged from | to 2 carats. 
Beginning in 2008, Apollo Diamond increased its production 
of large stones and sold the diamonds at prices that averaged 
15% less than those of comparable natural diamonds (Apollo 
Diamond, Inc., 2008). Apollo Diamond and Gemesis prefer to 
call their diamonds “cultured” rather than laboratory-created, 
referring to the fact that the diamonds are grown much like a 
cultured pearl is grown. 

During 2011, Apollo Diamond ceased manufacture of 
single-crystal CVD diamond for gemstone and industrial use. 
On August 31, 2011, SCIO Diamond Technology Corp. acquired 
the diamond growing machines and the related intellectual 
property rights from Apollo Diamond and on June 5, 2012, 
acquired the remainder of the assets including cultured diamond 
gemstone-related technology, inventory, and various intellectual 
property rights. SCIO Diamond Technology transferred all 
diamond growing equipment to their labs in Greenville, SC, and 
planned to begin manufacturing single-crystal CVD diamonds 
during 2012 (Yahoo Finance, 2012). 

Charles & Colvard, Ltd. in North Carolina was the world’s 
only manufacturer of moissanite, a gem-quality laboratory- 
created silicon carbide. Moissanite is an excellent diamond 
simulant, but it is being marketed for its own gem qualities. 
Moissanite exhibits a higher refractive index (brilliance) and 
higher luster than diamond. Its hardness is between those of 
corundum (ruby and sapphire) and diamond, which gives it 
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durability (Charles & Colvard, Ltd., 2010). Charles & Colvard 
reported that moissanite sales increased by 26% to just more 
than $16 million in 2011 compared with $12.7 million in 2010 
(Bracken, 2012). 

U.S. mussel shells are used as a source of mother-of-pearl 
and as seed material for culturing pearls. U.S. shell production 
increased slightly in 2011 compared with that of 2010. This 
increase was in spite of decreased demands for U.S. shell 
materials caused by the use of manmade seed materials and 
seed materials from China and other sources by pearl producers 
in Japan. The popularity of darker and colored pearls and 
freshwater pearls that do not use U.S. seed material has also 
contributed decreased demands for U.S. shell materials. In some 
regions of the United States, shell from mussels was being used 
more as a gemstone based on its own merit rather than as seed 
material for pearls. This shell material was being processed into 
mother-of-pearl and used in beads, jewelry, and watch faces. 


Consumption 


Historically, diamond gemstones have proven to hold their 
value despite wars or economic depressions, but this did not 
hold true during the recent worldwide economic recession. 
Diamond and colored gemstones value and sales decreased 
during the economic downturn in 2008 and continued into 2009, 
but during 2010 and 2011 U.S. gemstone consumption and sales 
increased. 

Although the United States accounted for little of the 
total global gemstone production, it was the world’s leading 
diamond and nondiamond gemstone market. It was estimated 
that U.S. gemstone markets accounted for more than 35% of 
world gemstone demand in 2011. The U.S. market for unset 
gem-quality diamond during the year was estimated to be about 
$22.3 billion, an increase of 20% compared with that of 2010. 
Domestic markets for natural, unset nondiamond gemstones 
totaled approximately $1.19 billion in 2011, which was a 24% 
increase from that of 2010. These large increases in domestic 
markets were a reflection of the recovery from the impacts of 
the global recession on luxury spending. 

In the United States, a majority of domestic consumers 
designate diamond as their favorite gemstone. This popularity 
of diamonds is evidenced by the U.S. diamond market making 
up 95% of the total U.S. gemstone market. Colored natural 
gemstones, colored laboratory-created gemstones, and “fancy” 
colored diamonds were popular in 2011, with the values of the 
domestic markets for almost all types of colored natural, unset 
nondiamond gemstones increased from the 2010 values 
(table 10), also owing to recovery from the impact of the 
recession on luxury spending. 

The estimated U.S. retail jewelry sales were $68.3 billion 
in 2011, an increase of 11% from sales of $61.5 billion in 
2010 (Gassman, 2012). Fifty-nine percent of all U.S. jewelers 
reported jewelry sales increased during the holiday shopping 
season from that of the previous year holiday shopping season 
(Graff, 2012). 
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Prices 


Gemstone prices are governed by many factors and qualitative 
characteristics, including beauty, clarity, defects, demand, 
durability, and rarity. Diamond pricing, in particular, is complex; 
values can vary significantly depending on time, place, and the 
subjective valuations of buyers and sellers. More than 14,000 
categories are used to assess rough diamond and more than 
100,000 different combinations of carat, clarity, color, and cut 
values can be used to assess polished diamond. 

Colored gemstone prices are generally influenced by market 
supply and demand considerations, and diamond prices are 
supported by producer controls on the quantity and quality of 
supply. Values and prices of gemstones produced and (or) sold 
in the United States are listed in tables 3 through 5. In addition, 
customs values for diamonds and other gemstones imported, 
exported, or reexported are listed in tables 6 through 10. 

De Beers Group companies remain a significant force, 
influencing the price of gem-quality diamond sales worldwide 
during 2011 because the companies mine a significant portion 
of the world’s gem-quality diamond produced each year. In 
2011, De Beers production from its independently owned 
and joint-venture operations in Botswana, Canada, Namibia, 
and South Africa decreased 5% to 31.3 million carats (Mct), 
compared with that of 2010. De Beers companies also sorted 
and valuated a large portion (by value) of the world’s annual 
supply of rough diamond through De Beers’ subsidiary 
Diamond Trading Co. (DTC). DTC sales of rough diamonds 
increased 27% during 2011 compared with those of 2010 and 
totaled $6.5 billion during 2011. DTC rough diamond average 
prices increased by 29% from those of 2010. In 2011, De Beers 
had total diamond and jewelry sales of $7.4 billion, which was 
an increase of 26% compared with those of 2010 (DeMarco, 
2012). 


Foreign Trade 


During 2011, total U.S. gemstone trade with all countries 
and territories was valued at about $41.7 billion, which was 
an increase of 24% from that of 2010. Diamond accounted for 
about 97% of the 2011 gemstone trade total value. In 2011, U.S. 
exports and reexports of diamond were shipped to 92 countries 
and territories, and imports of all gemstones were received from 
97 countries and territories (tables 6—10). In 2011, U.S. import 
quantities in cut diamond decreased slightly compared with 
those of 2010, and their value increased by 20%. U.S. import 
quantities in rough and unworked diamond increased by 81%, 
although their value increased by 20% (table 7). The United 
States remained the world’s leading diamond importer and was 
a significant international diamond transit center as well as the 
world’s leading gem-quality diamond market. In 2011, U.S. 
export and reexports quantities of gem-grade diamond decreased 
by 32% compared with those of 2010, and their value increased 
by 29%. The large volume of reexports revealed the significance 
of the United States in the world’s diamond supply network 
(table 6). 


Import values of laboratory-created gemstone increased by 
27% for the United States in 2011 compared with those of 2010 
(table 10). This increase in imports was owing to recovery from 
the impact of the recession on luxury spending. 

Laboratory-created gemstone imports from Austria, Belgium, 
China, Germany, India, and Malaysia, with more than $33 
million in imports, accounted for about 90% (by value) of the 
total domestic imports of laboratory-created gemstones during 
the year (table 9). The marketing of imported laboratory-created 
gemstones and enhanced gemstones as natural gemstones, and 
the mixing of laboratory-created materials with natural stones in 
imported parcels, continued to be problems for some domestic 
producers in 2011. Problems continued with some simulants 
being marketed as laboratory-created gemstones during the year. 


World Review 


The gemstone industry worldwide has two distinct sectors— 
diamond mining and marketing and colored gemstone 
production and sales. Most diamond supplies are controlled by a 
few major mining companies; prices are supported by managing 
the quality and quantity of the gemstones relative to demand, a 
function performed by De Beers through DTC. Unlike diamond, 
colored gemstones are primarily produced at relatively small, 
low-cost operations with few dominant producers; prices are 
influenced by consumer demand and supply availability. 

In 2011, world natural diamond production totaled about 
135 Mct—74.0 Mct gem quality and 60.5 Mct industrial grade 
(table 11). Most production was concentrated in a few regions— 
Africa [Angola, Botswana, Congo (Kinshasa), Namibia, 
and South Africa], Asia (northeastern Siberia and Yakutia in 
Russia), Australia, North America (Northwest Territories in 
Canada), and South America (Brazil and Venezuela). In 2011, 
Russia led the world in total natural diamond output quantity 
(combined gemstone and industrial) with 25% of the estimated 
world production. Botswana was the world’s leading gemstone 
diamond producer with 34%; followed by Russia, 25%; Canada, 
15%; Angola, 11%; Congo (Kinshasa), 5%; South Africa, 4%; 
Namibia, 2%; and Zimbabwe and Lesotho, with 1% each. 

These nine countries produced 98% (by quantity) of the world’s 
gemstone diamond output in 2011. 

In 2002, the international rough-diamond certification 
system, the Kimberley Process Certification Scheme (KPCS), 
was agreed upon by United Nations (UN) member nations, the 
diamond industry, and involved nongovernmental organizations 
to prevent the shipment and sale of conflict diamonds. Conflict 
diamonds are diamonds that originate from areas controlled 
by forces or factions opposed to legitimate and internationally 
recognized governments, and are used to fund military action 
in opposition to those governments, or in contravention of the 
decisions of the UN Security Council. The KPCS includes 
the following key elements: the use of forgery-resistant 
certificates and tamper-proof containers for shipments of rough 
diamonds; internal controls and procedures that provide credible 
assurance that conflict diamonds do not enter the legitimate 
diamond market; a certification process for all exports of rough 
diamonds; the gathering, organizing, and sharing of import 
and export data on rough diamonds with other participants 
of relevant production; credible monitoring and oversight of 
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the international certification scheme for rough diamonds; 
effective enforcement of the provisions of the certification 
scheme through dissuasive and proportional penalties for 
violations; self regulation by the diamond industry that fulfills 
minimum requirements; and sharing information with all other 
participants on relevant rules, procedures, and legislation as 
well as examples of national certificates used to accompany 
shipments of rough diamonds. Congo (Kinshasa) assumed the 
chair of KPCS for January 1 through December 31, 2011, the 
ninth country or organization in succession to hold the chair 
after Israel, Namibia, India, South Africa, Canada, Russia, 
Botswana, and the European Commission. The 54 participants 
represented 80 nations (including the 27 member nations of the 
European Community) plus the rough diamond-trading entity 
of Taipei. During 2011, Céte d’ Ivoire continued to be under UN 
sanctions and was not trading in rough diamonds, and Venezuela 
voluntarily suspended exports and imports of rough diamonds 
until further notice. The participating nations in the KPCS 
account for approximately 99.8% of the global production and 
trade of rough diamonds (Kimberley Process, undated). 

Globally, the value of production of natural gemstones other 
than diamond was estimated to be more than $2.5 billion in 
2011. Most nondiamond gemstone mines are small, low-cost, 
and widely dispersed operations in remote regions of developing 
nations. Foreign countries with major gemstone deposits other 
than diamond are Afghanistan (aquamarine, beryl, emerald, 
kunzite, lapis lazuli, ruby, and tourmaline), Australia (beryl, 
opal, and sapphire), Brazil (agate, amethyst, beryl, ruby, 
sapphire, topaz, and tourmaline), Burma (beryl, jade, ruby, 
sapphire, and topaz), Colombia (beryl, emerald, and sapphire), 
Kenya (beryl, garnet, and sapphire), Madagascar (beryl, rose 
quartz, sapphire, and tourmaline), Mexico (agate, opal, and 
topaz), Sri Lanka (beryl, ruby, sapphire, and topaz), Tanzania 
(garnet, ruby, sapphire, tanzanite, and tourmaline), and Zambia 
(amethyst and beryl). In addition, pearls are cultured throughout 
the South Pacific and in other equatorial waters; Australia, 
China, French Polynesia, and Japan were key producers in 2011. 

Worldwide diamond exploration allocations increased in 2011 
after 3 years of declines with 70 companies allocating $449 
million, compared with 99 companies allocating $357 million 
during 2010. This made the diamond share of overall worldwide 
exploration spending 3%. Africa no longer was the most popular 
diamond exploration location, after 7 years in a row of being the 
leading exploration spending spot (Metals Economics 
Group, 2011). 

Worldwide in 2011, average diamond values increased 10% 
to $97.67 per carat from the 2010 average value of $88.79 
per carat. This increase was reflected in increases in the U.S. 
markets, which demonstrated increasing quantity and value of 
diamond imports in 2011 compared with those of 2010, and 
improved sales in North America overall (Metals Economics 
Group, 2012). 

Despite higher diamond prices, only two new projects 
were commissioned in 2011. The Kao Mine in Lesotho began 
operation, and the expansion of the Williamson Mine in 
Tanzania was commissioned in December 2011 
(Metals Economics Group, 2012). 
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Canada.—Canadian diamond production was about 10.8 
Mct during 2011, a decrease of about 8% compared with that 
of 2010. Diamond exploration continued in Canada, with 
several commercial diamond projects and additional discoveries 
in Alberta, British Columbia, the Northwest Territories, the 
Nunavut Territory, Ontario, and Quebec. In 2011, Canada 
produced 8% of the world’s combined natural gemstone and 
industrial diamond output. 

The Ekati Diamond Mine, Canada’s first operating 
commercial diamond mine, completed its 13th full year of 
production in 2011. Ekati produced 2.07 Mct of diamond from 
4.60 Mt of ore. BHP Billiton Ltd. has an 80% controlling 
ownership in Ekati, which is in the Northwest Territories. Ekati 
has estimated remaining reserves of 33.9 Mt of ore in kimberlite 
pipes that contain 16.2 Mct of diamond. BHP Billiton projected 
the remaining mine life to be 11 years. Approximately 21% of 
the Ekati 2011 diamond production is industrial-grade material 
(Perron, 2011, p. 1; BHP Billiton Ltd., 2012, p. 10). 

The Diavik Diamond Mine, Canada’s second diamond mine, 
also located in the Northwest Territories, completed its ninth 
full year of production. Diavik produces an average of 2 million 
metric tons per year (Mt/yr), grading an average of 3.1 carats 
per ton. At yearend 2011, Diavik estimated the mine’s remaining 
proven and probable reserves to be 18.9 Mt of ore in kimberlite 
pipes containing 58.9 Mct of diamond and projected the total 
mine life to be 16 to 22 years. Diavik began developing an 
underground mine and substantially completed construction on 
the project during 2009. The first ore was produced from the 
underground mine during the first quarter of 2010, with full 
production expected in 2013. The mine is an unincorporated 
joint venture between Diavik Diamond Mine Inc. (60%) and 
Harry Winston Diamond Mines Ltd. (40%) (Perron, 2011, p. 2; 
Diavik Diamond Mine Inc., 2012, p. 5). 

Canada’s third diamond mine, the Jericho Diamond Mine 
in Nunavut, was originally owned by Tahera Diamond Corp. 
Tahera estimated the Jericho Diamond Mine’s reserves to be 
about 5.5 Mt of ore grading 0.85 carats per ton. The Jericho 
Diamond Mine experienced startup problems related to ore 
mining and processing. The mine also suffered financial 
problems owing to the cost of transporting supplies to the mine 
site, high operational costs, high oil prices, and appreciation of 
the Canadian dollar versus the U.S. dollar. All of these problems 
combined to force the company to enter into protection under 
Canada’s “Companies’ Creditors Arrangement Act” on 
January 16, 2008, and the mine suspended production on 
February 6, 2008. At yearend 2009, Tahera was finalizing 
arrangements to sell all of its Jericho Diamond Mine assets 
(Perron, 2011, p. 2). In July 2010, Shear Minerals Ltd. (now 
known as Shear Diamonds Ltd.) announced that it had entered 
into a purchase agreement with Tahera and Benachee Resources 
Inc. to acquire a 100% interest in the Jericho Diamond Mine, 
the mine’s processing facilities, and all supporting exploration 
assets in the Kitikmeot region of Nunavut (Shear Minerals Ltd., 
2010). Shear Minerals completed the acquisition of the Jericho 
Diamond Mine in August 2010 with the intention of bringing 
the mine back into production during 2012 (Shear Minerals Ltd., 
Z01 1). 
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The Snap Lake Mine, in the Northwest Territories, is wholly 
owned by De Beers Canada Inc. The Snap Lake deposit is a 
tabular-shaped kimberlite dyke rather than the typical kimberlite 
pipe. The dyke is 2.5 meters thick and dips at an angle of 12° to 
15°. The deposit was mined using a modified room and pillar 
underground mining method in 2011. The Snap Lake Mine 
started mining operations in October 2007, reached commercial 
production levels in the first quarter of 2008, and officially 
opened June 25, 2008. The mine was expected to produce 1.4 
Mct per year of diamond, and the mine life was expected to be 
about 20 years. The mine’s production for 2011 amounted to 
881,000 carats for a recovered grade of 1.2 carats per ton (De 
Beers Canada Inc., 2011; Perron, 2011, p. 2-3; De Beers Group 
Ine, 2012); 

The Victor Mine, in northern Ontario on the James Bay 
coast, also is wholly owned by De Beers Canada. The Victor 
kimberlite consists of two pipes with surface area of 15 
hectares. The Victor Mine initiated mining operations at yearend 
2007 and was officially opened on July 26, 2008. The Victor 
reportedly has 27.4 Mt of ore with average ore grade of 0.23 
carats per ton estimated minable reserves. At full capacity, the 
open pit mine was expected to produce 600,000 carats per year, 
and the mine life was expected to be about 12 years. In 2011, the 
mine’s production was 779,000 carats recovered from 2.67 Mt 
of ore (Perron, 2011, p. 3; De Beers Group Inc., 2012; De Beers 
Canada Inc., undated). 

Lesotho.—The Kao Mine, owned by Namakwa Batla 
Diamonds Co., began processing kimberlite ore in late 
November 2011 and began commercial production in March 
2012. Namakwa expected production of 170,000 carats for 2012 
(Metals Economics Group, 2012). 

Tanzania.—Refurbishing of the plant at the Williamson 
Mine began in December 2011. The Williamson Mine is 75% 
owned by Petra Diamond Ltd. and 25% by the Government 
of Tanzania. Petra began operating the newly rebuilt plant in 
March 2012, but was waiting for a secure electrical supply 
before committing to the full expansion to mining 10 Mt/yr of 
ore (Metals Economics Group, 2012, p. 24). 


Outlook 


As the domestic and global economy improves, Internet 
sales of diamonds, gemstones, and jewelry were expected to 
continue to expand and increase in popularity, as were other 
forms of e-commerce that emerge to serve the diamond and 
gemstone industry. Internet sales are expected to add to and 
partially replace “brick-and-mortar” sales. This is likely to take 
place as the gemstone industry and its customers become more 
comfortable with and learn the applications of new e-commerce 
tools, such as sales Web sites and online social networking Web 
sites (Dayrit, 2011). 

As more independent producers, such as Ekati and Diavik 
in Canada, come online they will bring a greater measure of 
competition to global markets that presumably will bring more 
supplies and lower prices. Further consolidation of diamond 
producers and larger quantities of rough diamond being sold 
outside DTC is expected to continue as the diamond industry 
adjusts to De Beers’ reduced influence on the industry. 


More laboratory-created gemstones, simulants, and treated 
gemstones are likely to enter the marketplace and necessitate 
more transparent trade industry standards to maintain customer 
confidence. 
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GEMSTONES—2011 [ADVANCE RELEASE] 


TABLE 2 
LABORATORY-CREATED GEMSTONE PRODUCTION METHODS 


Gemstone Production method Company/producer Date of first production 
Alexandrite Flux Creative Crystals Inc. 1970s. 
Do. Melt pulling J.O. Crystal Co., Inc. 1990s. 
Do. do. Kyocera Corp. 1980s. 
Do. Zone melt Seiko Corp. Do. 
Cubic zirconia Skull melt Various producers 1970s. 
Emerald Flux Chatham Created Gems 1930s. 
Do. do. Gilson 1960s. 
Do. do. Kyocera Corp. 1970s. 
Do. do. Lennix 1980s. 
Do. do. Russia Do. 
Do. do. Seiko Corp. Do. 
Do. Hydrothermal Biron Corp. Do. 
Do. do. Lechleitner 1960s. 
Do. do. Regency 1980s. 
Do. do. Russia Do. 
Ruby Flux Chatham Created Gems 1950s. 
Do. do. Douras 1990s. 
Do. do. J.O. Crystal Co., Inc. 1980s. 
Do. do. Kashan Created Ruby 1960s. 
Do. Melt pulling Kyocera Corp. 1970s. 
Do. Verneuil Various producers 1900s. 
Do. Zone melt Seiko Corp. 1980s. 
Sapphire Flux Chatham Created Gems 1970s. 
Do. Melt pulling Kyocera Corp. 1980s. 
Do. Verneuil Various producers 1900s. 
Do. Zone melt Seiko Corp. 1980s. 
Star ruby Melt pulling Kyocera Corp. Do. 
Do. do. Nakazumi Earth Crystals Co. __ Do. 
Do. Verneuil Linde Air Products Co. 1940s. 
Star sapphire do. do. Do. 
Do., do. Ditto. 
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TABLE 3 
ESTIMATED VALUE OF U.S. NATURAL GEMSTONE PRODUCTION, 


BY GEM TYPE! 
(Thousand dollars) 
Gem materials 2010 2011 
Beryl 1,700 1,740 
Coral, all types 150 150 
Diamond (2) (2) 
Garnet 149 110 
Gem feldspar 693 756 
Geode/nodules 110 110 
Opal 189 71 
Quartz: 
Macrocrystalline® 273 333 
Cryptocrystalline* 208 248 
Sapphire/ruby 344 343 
Shell 821 832 
Topaz (2) (2) 
Tourmaline 95 73 
Turquoise 449 1,330 
Other 4,840 4,950 
Total 10,000 11,000 


'Data are rounded to no more than three significant digits; may not add 
to totals shown. 

*Less than ¥% unit. 

*Macrocrystalline quartz (crystals recognizable with the naked eye) 
includes amethyst, aventurine, blue quartz, citrine, hawk’s eye, pasiolite, 
prase, quartz cat’s eye, rock crystal, rose quartz, smoky quartz, and 
tiger’s eye. 

“Cryptocrystalline quartz (microscopically small crystals) includes agate, 
carnelian, chalcedony, chrysoprase, fossilized wood, heliotrope, 

jasper, moss agate, onyx, and sard. 
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TABLE 4 
PRICES PER CARAT OF U.S. CUT ROUND DIAMONDS, BY SIZE AND QUALITY IN 2011 


Carat Description, Clarity” Representative prices 
weight color’ (GIA terms) January” June" December” 
0.25 G VSI $1,400 $1,650 $1,650 
Do. G VS2 1,300 1,600 1,600 
Do. G SI 1,200 1,250 1,250 
Do. H VSI 1,350 1,600 1,600 
Do. H VS2 1,250 1,500 1,500 
Do. H Sil 1,150 1,200 1,200 
0.50 G VSI 2,650 3,600 3,600 
Do. G VS2 2,200 3,100 3,100 
Do. G Sil 1,900 2,500 2,500 
Do. H VSI 2,350 3,170 3,170 
Do. H VS2 2,150 2,750 2,750 
Do. H Sil 1,800 2,250 2,250 
1.00 G VSI 6,400 8,500 8,500 
Do. G VS2 5,450 8,000 8,000 
Do. G Sil 4,650 6,500 6,500 
Do. H VSI 5,300 7,700 7,700 
Do. H VS2 4,800 7,200 7,200 
Do. H Sil 4,225 5,900 5,900 
2.00 G VSI 12,100 15,500 15,500 
Do. G VS2 11,500 13,200 13,200 
Do. G Sil 9,100 11,200 11,200 
Do. H VSI 9,500 13,300 13,300 
Do. H VS2 9,100 11,700 11,700 
Do. H SI 8,250 10,300 10,300 
Do. Ditto. 


‘Gemological Institute of America (GIA) color grades: D—colorless; E—rare white; G, H, traces of color. 
*Clarity: IF—no blemishes; VVS1—very, very slightly included; VS1—very slightly included; VS2—very 
slightly included, but not visible; SI1—slightly included. 

*Source: The Gem Guide, v. 30, no. 1, January/February 2011, p. 20-22. 

“Source: The Gem Guide, v. 30, no. 4, July/August 2011, p. 20-22. 

°Source: The Gem Guide, v. 30, no. 6, November/December 2011, p. 20—22. 


TABLE 5 
PRICES PER CARAT OF U.S. CUT COLORED GEMSTONES IN 2011 


Price range per carat 


Gemstone January’ December” 
Amethyst $10—25 $10—25 
Blue sapphire 950—1,800 950—1,900 
Blue topaz 5—10 5—10 
Emerald 2,400—4,000 2,600—4,400 
Green tourmaline 50-70 50-70 
Cultured saltwater pearl’ 5 5 
Pink tourmaline 70-150 65-170 
Rhodolite garnet 22-45 22-45 
Ruby 1,850—2,200 2,200—2,600 
Tanzanite 300-375 300-375 


'Source: The Gem Guide, v. 30, no. 1, January/February 2011, p. 50, 53, 
57, 61, 63, 65, and 68-71. These figures are approximate wholesale 
purchase prices paid by retail jewelers on a per stone basis for 1-to-less 
than 1 carat, fine-quality stones. 

*Source: The Gem Guide, v. 30, no. 6, November/December 2011, p. 50, 
53, 57, 61, 63, 65, and 68—71. These figures are approximate 

wholesale purchase prices paid by retail jewelers on a per-stone basis for 
1-to-less than | carat, fine-quality stones. 


*Prices are per 4.5 to 5-millimeter pearl. 
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TABLE 6 


U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF INDUSTRIAL 


DIAMOND), BY COUNTRY’ 


2010 2011 
Quantity Value” Quantity Value” 
Country (carats) (millions) (carats) (millions) 
Exports: 
Aruba 5,460 $9 3,390 $11 
Australia 33,000 34 11,700 25 
Austria 440 2 544 1 
Bahamas, The 870 3 852 5 
Belgium 346,000 396 269,000 370 
Belize 371 1 142 (3) 
Brazil 20,200 3 7,130 2 
Canada 52,000 87 52,400 96 
Cayman Islands 1,240 5 1,190 6 
China 23,300 34 13,900 39 
Costa Rica 9,430 2 7,760 1 
Curacao -- -- 6,150 17 
Denmark 368 1 190 (3) 
Dominican Republic 1,680,000 10 44,300 11 
France 33,000 94 1,200 34 
Germany 3,720 4 22,500 4 
Honduras 300 1 113 (3) 
Hong Kong 1,910,000 448 2,320,000 522 
India 1,300,000 825 768,000 579 
Ireland 10,000 39 895 5 
Israel 419,000 365 293,000 756 
Italy 1,600 3 3,020 15 
Jamaica 179 (3) 440 2 
Japan 3,400 9 6,830 3 
Lebanon 1,410 2 4,800 5 
Malaysia 505 2 253 (3) 
Mexico 561,000 84 604,000 97 
Netherlands 1,150 9 474 1 
Netherlands Antilles (former) 12,700 34 5,860 is 
New Zealand 630 2 429 2 
Panama 443 (3) 609 2 
Qatar 4,370 gd -- -- 
Russia 460,000 2 639 3 
Singapore 8,690 10 6,050 i) 
South Africa 636 7 510 4 
Sweden 145 (3) 2,510 7 
Switzerland 147,000 V7? 190,000 257 
Taiwan 9,080 4 497 2 
Thailand 92,500 14 168,000 22 
United Arab Emirates 193,000 68 131,000 66 
United Kingdom 325,000 58 492,000 76 
Vietnam 2,610 2 564 (3) 
Other 27,500 7 12,500 5 
Total 7,710,000 2,860 5,450,000 3,070 
Reexports: 

Armenia 1,880 (3) 11,000 5 
Aruba 3,320 3 2,290 4 
Australia 16,300 16 2,980 18 
Austria 4,500 (3) 301 3 
Belgium 2,410,000 1,600 956,000 2,240 
Botswana 370 vs 7 (3) 
Canada 143,000 144 129,000 150 
China 28,700 18 32,900 43 
France 47,900 78 6,560 126 
Germany 5,820 2 2,230 3 
Guatemala 46,000 5 52,600 4 
Hong Kong 4,340,000 1,820 2,830,000 2,470 
India 2,730,000 1,900 3,510,000 2,940 


See footnotes at end of table. 
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TABLE 6—Continued 


U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF INDUSTRIAL 
DIAMOND), BY COUNTRY’ 


2010 2011 
Quantity Value’ Quantity Value’ 

Country (carats) (millions) (carats) (millions) 

Israel 4,390,000 $4,110 2,000,000 $5,140 
Italy 24,900 5 daa 3 
Japan 98,200 32 47,200 34 
Laos 4,260 4,850 3 
Lebanon 7,860 5 3,040 5 
Malaysia 2,480 2 376 4 
Mexico 5,780 1 2,900 3 
Namibia 6,180 10 4,450 11 
Netherlands 458,000 304 108,000 365 
Netherlands Antilles (former) 16,100 38 4,360 16 
Saint Kitts and Nevis 424 1 333 (3) 
Singapore 65,500 24 5,080 4] 
South Africa 29,300 45 8,040 76 
Spain 2,600 3 207 (3) 
Switzerland 429,000 565 83,500 604 
Taiwan 17,900 6 18,000 15 
Thailand 160,000 31 178,000 60 
United Arab Emirates 338,000 188 511,000 aa2 
United Kingdom 166,000 269 31,500 309 
Other 27,300 * 10* 17,300 24 
Total 16,000,000 11,200 10,600,000 15,100 
Grand total 23,700,000 14,100 16,000,000 18,200 


"Revised. -- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


Customs value. 
3Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 7 
U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY’ 


2010 2011 
Quantity Value’ Quantity Value’ 
Kind, range, and country of origin (carats) (millions) (carats) (millions) 
Rough or uncut, natural:* 
Angola 67,000 $132 26,700 $168 
Belgium 114 (4) 2,640 4 
Botswana 81,500 68 84,100 159 
Brazil -- -- 110 2 
Canada 35,300 43 20,100 37 
Central African Republic 669 a 394 (4) 
Congo (Kinshasa) 6,650 a 6,460 8 
India 12,900 1 170,000 Z 
Israel 10,000 2 1,030 2 
Lesotho 488 18 932 40 
Namibia 7,450 9 3,820 4 
Russia 37,500 8 118,000 18 
Sierra Leone 4,100 4 3,180 10 
South Africa 102,000 223 199,000 173 
Other 22,700 * 27 68,200 3 
Total 389,000 524 704,000 630 
Cut but unset, not more than 0.5 carat: 
Australia 5,690 3 4,110 4 
Belgium 281,000 106 277,000 102 
Botswana 8,240 13 6,890 18 
Brazil 238 (4) 4,470 1 
Canada 13,000 9 23,600 8 
China 37,500 21 34,300 31 
Dominican Republic 7,250 2 3,430 1 
Hong Kong 180,000 25 197,000 30 
India 7,310,000 1,560 6,990,000 1,850 
Israel 433,000 207 414,000 236 
Mauritius 5,780 15 6,220 17 
Mexico 92,300 21 76,300 21 
Namibia 3,220 7 2,060 5 
Russia 2,470 2 585 1 
South Africa 9,440 13 4,910 a 
Sri Lanka 1,020 (4) 2,980 1 
Switzerland 807 (4) 40,600 2 
Thailand 93,400 14 93,000 13 
United Arab Emirates 77,100 17 112,000 42 
United Kingdom 2,790 1 24,700 4 
Vietnam 27,100 21 30,400 29 
Other 12,400 * 2 11,600 3 
Total 8,610,000 2,060 8,360,000 2,430 
Cut but unset, more than 0.5 carat: 
Armenia 430 (4) 3,170 3 
Australia 6,600 37 4,710 Al 
Belgium 706,000 2,900 733,000 3,550 
Botswana 12,500 54 11,200 63 
Brazil 424 4 294 7 
Canada 23,300 83 16,200 67 
Central African Republic 4 (4) Efe) 2 
China 19,300 60 35,000 102 
Costa Rica 31 1 5 (4) 
France 1,650 26 1,240 23 
Germany 662 8 3,050 13 
Hong Kong 42,200 102 48,500 107 
India 1,900,000 3,610 1,970,000 4,410 
Indonesia 44 3 41 1 
Israel 2,000,000 7,530 1,970,000 8,950 
Italy 5,260 16 3,320 11 
Japan 395 2 1,380 2 
Lebanon 1,150 2 1,470 3 


See footnotes at end of table. 
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TABLE 7—Continued 
U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY! 


2010 2011 
Quantity Value’ Quantity Value’ 

Kind, range, and country of origin (carats) (millions) (carats) (millions) 
Lesotho -- -- 136 $28 
Madagascar 55 $1 -- -- 
Mauritius 3,220 18 2,720 16 
Mexico 1,250 1 465 2 
Namibia 9,620 35 16,800 89 
Netherlands 244 3 284 5 
Philippines 868 1 145 1 
Russia 25,300 98 17,100 100 
Singapore 1,710 2 245 1 
South Africa 63,000 892 42,700 900 
Sri Lanka 1,130 8 3,920 4 
Switzerland 11,300 391 18,900 541 
Tanzania 66 1 -- -- 
Thailand 5,910 13 11,200 26 
United Arab Emirates 10,100 42 38,400 100 
United Kingdom 3,550 53 3,880 85 
Vietnam 3,410 4 1,920 2 
Other 1,260 * 137° 1,750 yi, 

Total 4,860,000 16,000 4,970,000 19,300 


‘Revised. -- Zero. 

'Data are rounded to no more than three significant digits; may not add to totals shown. 
*Customs value. 

*Includes some natural advanced diamond. 

“Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 8 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 


DIAMOND, BY KIND AND COUNTRY’ 


2010 2011 
Quantity Value’ Quantity Value’ 
Kind and country (carats) (millions) (carats) (millions) 
Emerald: 
Belgium 1,340 (3) 737 $1 
Brazil 120,000 $7 186,000 9 
Canada 4 (3) 1,390 -- 
China 13,800 1 34,100 -- 
Colombia 406,000 131 365,000 161 
France 1,480 2 152 2 
Germany 54,000 2 9,940 3 
Hong Kong 246,000 17 118,000 11 
India 1,810,000 37 1,400,000 57 
Israel 172,000 17 138,000 15 
Italy 2,880 (3) 9,050 6 
Switzerland 6,290 13 71,900 61 
Thailand 487,000 10 374,000 11 
United Kingdom 1,550 2 760 1 
Other 89,400 15 43,400 10 
Total 3,410,000 254 2,760,000 348 
Ruby: 
Belgium 16 (3) 41 (3) 
China 19,200 (3) 730 (3) 
France 1,730 (3) 15 1 
Germany 10,900 (3) 14,000 (3) 
Hong Kong 201,000 1 137,000 4 
India 2,310,000 6 2,020,000 4 
Israel 22,300 (3) 4,570 (3) 
Italy 4,300 (3) 9,910 1 
Kenya 1,810 (3) 1,050 (3) 
Sri Lanka 3,800 (3) 633 (3) 
Switzerland 129 2 55,900 4 
Thailand 1,880,000 22 1,640,000 23 
United Arab Emirates 210 (3) -- -- 
Other 168,000 11+ 45,100 7 
Total 4,630,000 42 3,920,000 45 
Sapphire: 
Belgium 2,420 1 1,720 2 
China 56,700 3 163,000 5 
France 1,160 2 2,460 2 
Germany 123,000 4 32,200 11 
Hong Kong 536,000 9 237,000 15 
India 2,570,000 20 2,970,000 18 
Israel 19,300 2 13,000 3 
Italy 5,440 1 93,200 6 
Madagascar 2,940 4 31,700 3 
South Africa 33,700 1 3,680 1 
Sri Lanka 309,000 66 256,000 rei 
Switzerland 13,700 20 91,800 26 
Thailand 2,630,000 78 3,050,000 109 
United Kingdom 610 1 1,040 =] 
Other 11,900 * 2 40,500 1 
Total 6,320,000 214 6,980,000 282 
Other: 
Rough, uncut, all countries NA 15 NA 23 
Cut, set and unset, all countries NA 32 NA 37 


"Revised. NA Not available. -- Zero. 

'Data are rounded to no more than three significant digits; may not add to totals shown. 
Customs value. 

*Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 9 
VALUE OF U.S. IMPORTS OF LABORATORY-CREATED 
AND IMITATION GEMSTONES, BY COUNTRY”? 


(Thousand dollars) 
Country 2010 2011 
Laboratory-created, cut but unset: 
Austria 1,950 2,340 
Belgium 1,320 882 
China 5,700 4,770 
Germany 10,100 9,970 
India 9,870 11,900 
Malaysia (3) 3.120 
Other 3,350 * 3,710 
Total 32,300 36,700 
Imitation: 
Austria 51,400 48,300 
China 13,300 19,500 
Czech Republic 5,070 5,540 
Other 1,920 * 2,010 
Total 71,700 75,400 
"Revised. 


'Data are rounded to no more than three significant digits; may not 
add to totals shown. 


Customs value. 
3Less than % unit. 
“Includes pearls. 


Source: U.S. Census Bureau. 


TABLE 10 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES' 


(Thousand carats and thousand dollars) 


2010 2011 
Stones Quantity Value” Quantity Value? 
Coral and similar materials, unworked 5,760 12,000 5,370 11,800 
Diamonds: 
Cut but unset 13,500 18,100,000 13,300 21,700,000 
Rough or uncut 389 524,000 704 630,000 
Emeralds, cut but unset 3,140 254,000 2,760 348,000 
Pearls: 
Cultured NA 15,800 NA 27,300 
Imitation NA 5,100 NA 5,930 
Natural NA 22,900 NA 18,600 
Rubies and sapphires, cut but unset 10,900 256,000 10,900 328,000 
Other precious and semiprecious stones: 
Rough, uncut 1,400,000 30,700 1,670,000 15,000 
Cut, set and unset NA 276,000 NA 301,000 
Other 78,100 11,300 33,600 7,240 
Laboratory-created: 
Cut but unset 6,800 32,300 6,230 36,700 
Other NA 14,600 NA 22,800 
Imitation gemstone” NA 66,600 NA 69,400 
Total 1,520,000 19,600,000 1,740,000 23,500,000 
NA Not available. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
*Customs value. 
*Does not include pearls. 


Source: U.S. Census Bureau. 
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TABLE 11 
NATURAL DIAMOND: WORLD PRODUCTION, BY COUNTRY AND TYPE"** 


(Thousand carats) 


Country and type’ 2007 2008 2009 2010 2011 
Gemstones: 
Angola 8,732 8,016 12,445 7,600 * 8,100 
Armenia 123 101 50 50 ° 80 
Australia 231 273 220 ° 100 ° 86 
Botswana’ 25,000 25,000 24,000 25,000 25,000 
Brazil 182 © (ile 21? 25° 25 F 
Canada 17,144 14,803 10,946 11,773 10,795 
Central African Republic® 370 302° 249 > 240 * 250 
China® 100 100 100 100 100 
Congo (Kinshasa) 5,700 4,200 3,700 3,400 * 3,900 
Ghana 671 478 301 267 * 300 © 
Guinea 815 2,500 S57 280 * 300 © 
Guyana 269 169° 144 50 50 
Lesotho* 454° 450 450 460 450 
Namibia 2,266 2,435 1,192 1,693 ° 1,700 ° 
Russia® 23,300 21025 2 17,791" 17,800 18,500 
Sierra Leone 362 223 241 306 * 280 ° 
South A frica® 6,100 5,200 2,500 3,500 2,800 
Tanzania® 239 202 155 a 51 
Venezuela® 45 45 45 45 45 
Zimbabwe" 100 100 100 900° 1,000 
Other® 75 121 79 o217 221 
Total 92,300 86,700 * 75,300 * 73,900 * 74,000 
Industrial: 
Angola* 970 900 1,383 ° 900° 900 
Australia 18,960 15,397 10,700 9,900 ° 7,500 ° 
Botswana® 8,000 8,000 7,000 7,000 7,000 
Brazil 600 600 600 600 600 
Central African Republic* 93 74° 62° 62° 62 
China® 970 1,000 1,000 1,000 1,000 
Congo (Kinshasa) 22,600 16,700 14,600 13,400 * 15,600 
Ghana 168 120 75 67" 67 ° 
Guinea 200 600 139 94° 95 ° 
Russia® 15,000 15,000 15,000 15,000 15,000 
Sierra Leone 241 149 160 131 * 120 ° 
South Africa® 9,100 7,700 3,600 5,400 4,200 
Tanzania’ 44 36 27 14 9 
Venezuela® 70 70 70 70 70 
Zimbabwe” 600 700 850 7,500 8,000 
Other’ 84 145 115 2857 285 
Total 77,700 67,200 55,400 61,400 * 60,500 
Grand total 170,000 154,000 131,000 135,000 * 135,000 


“Estimated. Preliminary. ‘Revised. 

'World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
“Table includes data available through June 2, 2012. 

*In addition to the countries listed, Nigeria and the Republic of Korea produce natural diamond, but information is 
inadequate to formulate reliable estimates of output levels. 

“Includes near-gem and cheap-gem qualities. 

Reported figure. 

‘Includes Cameroon, Congo (Brazzaville), Gabon (unspecified), India, Indonesia, Liberia, and Togo (unspecified). 
Includes Congo (Brazzaville), India, Indonesia, and Liberia. 
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(Data in million dollars unless otherwise noted) 


Domestic Production and Use: The combined value of U.S. natural and synthetic gemstone output increased by 7% 
in 2010 from that of 2009. The natural gemstone production value increased slightly from that of 2009, while synthetic 
gemstone production value increased 9% over the same period. Domestic gemstone production included agate, 
beryl, coral, garnet, jade, jasper, opal, pearl, quartz, sapphire, shell, topaz, tourmaline, turquoise, and many other 
gem materials. In decreasing order, Arizona, Oregon, Utah, California, Idaho, Colorado, Arkansas, Montana, North 
Carolina, Maine, and Tennessee produced 84% of U.S. natural gemstones. The increase in total synthetic gemstone 
production value resulted from an increase in Moissanite production value. Laboratory-created gemstones were 
manufactured by five firms in Florida, New York, Massachusetts, North Carolina, and Arizona, in decreasing order of 
production. Major gemstone uses were carvings, gem and mineral collections, and jewelry. 


Salient Statistics—United States: 2006 2007 2008 2009 2010° 
Production: 
Natural 11.3 11.9 11.5 8.4 8.5 
Laboratory-created (synthetic) 52.1 73.5 51.4 27.2 30.0 
Imports for consumption 18,300 20,100 20,900 13,300 19,000 
Exports, including reexports* 9,930 12,300 15,300 10,500 15,000 
Consumption, apparent 8,430 7,880 5,670 2,820 4,400 


Price 


Variable, depending on size, type, and quality 


Employment, mine, number® 1,200 1,200 1,200 1,000 1,100 
Net import reliance” as a percentage 
of apparent consumption 99 99 99 99 99 


Recycling: Gemstones are often recycled by being resold as estate jewelry, reset, or recut, but this report does not 


account for those stones. 


Import Sources (2006-09 by value): Israel, 48%; India, 20%; Belgium, 16%; South Africa, 5%; and other, 11%. 
Diamond imports accounted for 95% of the total value of gem imports. 


Tariff: Item Number Normal Trade Relations 
12-31-10 

Pearls, imitation, not strung 7018.10.1000 4.0% ad val. 
Imitation precious stones 7018.10.2000 Free. 
Pearls, natural 7101.10.0000 Free. 
Pearls, cultured 7101.21.0000 Free. 
Diamond, unworked or sawn 7102.31.0000 Free. 
Diamond, ’ carat or less 7102.39.0010 Free. 
Diamond, cut, more than *% carat 7102.39.0050 Free. 
Precious stones, unworked 7103.10.2000 Free. 
Precious stones, simply sawn 7103.10.4000 10.5% ad val. 
Rubies, cut 7103.91.0010 Free. 
Sapphires, cut 7103.91.0020 Free. 
Emeralds, cut 7103.91.0030 Free. 
Other precious stones, cut but not set 7103.99.1000 Free. 
Other precious stones 7103.99.5000 10.5% ad val. 
Synthetic, cut but not set 7104.90.1000 Free. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: None. 


Prepared by Donald W. Olson [(703) 648-7721, dolson@usgs.gov, fax: (703) 648-7757] 
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Events, Trends, and Issues: In 2010, the U.S. market for gem-quality diamonds was estimated to be about $18 
billion, accounting for more than 35% of world demand. This was an increase of about 42% compared with that of 
2009. The domestic market for natural, nondiamond gemstones was estimated to be about $946 million, which was 
an increase of 21% from that of 2009. These increases in the U.S. gemstone markets are a reflection of 
improvements in the economy since the global recession, and its impact on luxury spending. The United States is 
expected to continue dominating global gemstone consumption. 


World Gem Diamond Mine Production’ and Reserves: 


Mine production Reserves’ 
2009 2010° 

Angola 8,100 8,100 World reserves of diamond-bearing 
Australia 60 60 deposits are substantial. No reserves 
Botswana 24,000 24,000 data are available for other gemstones. 
Brazil 182 180 
Canada 10,900 11,000 
Central African Republic 300 300 
China 100 100 
Congo (Kinshasa) 3,600 3,600 
Céte d’lvoire 210 210 
Ghana 500 500 
Guinea 2,400 2,400 
Guyana 179 180 
Lesotho 450 450 
Namibia 2,300 2,300 
Russia 17,800 18,000 
Sierra Leone 200 200 
South Africa 2,400 2,400 
Tanzania 150 150 
Other countries® 270 270 

World total (rounded) 74,100 74,000 


World Resources: Most diamond-bearing ore bodies have a diamond content that ranges from less than 1 carat per 
ton to about 6 carats per ton. The major gem diamond reserves are in southern Africa, Australia, Canada, and 
Russia. 


Substitutes: Plastics, glass, and other materials are substituted for natural gemstones. Synthetic gemstones 
(manufactured materials that have the same chemical and physical properties as gemstones) are common 
substitutes. Simulants (materials that appear to be gems, but differ in chemical and physical characteristics) also are 
frequently substituted for natural gemstones. 


“Estimated. 

‘Excludes industrial diamond and garnet. See Diamond (Industrial) and Garnet (Industrial). 

"Estimated minimum production. 

’Includes production of freshwater shell. 

“Reexports account for about 78% of the totals. 

Defined as imports — exports and reexports + adjustments for Government and industry stock changes. 


°Data in thousands of carats of gem diamond. 
7 


See Appendix C for resource/reserve definitions and information concerning data sources. 
8In addition to countries listed, Cameroon, Congo (Brazzaville), Gabon, India, Indonesia, Liberia, Togo, Venezuela, and Zimbabwe are known to 
produce gem diamonds. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2011 
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Domestic survey data and tables were prepared by Connie Lopez, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


In 2012, the estimated value of natural gemstones produced in 
the United States was $11.3 million (table 3) and the estimated 
value of U.S. laboratory-created gemstone production was 
$31.2 million. The total estimated value of U.S. gemstone 
production was $42.6 million. The value of U.S. gemstone 
imports was $21.3 billion (table 10) and the value of combined 
U.S. gemstone exports and reexports was estimated to be 
$16.9 billion (table 6). In 2012, world natural diamond 
production totaled 128 million carats, of which an estimated 
92 million carats were gem quality (table 11). 

In this report, the terms “gem” and “gemstone” mean any 
mineral or organic material (such as amber, pearl, petrified 
wood, and shell) used for personal adornment, display, or object 
of art because it possesses beauty, durability, and rarity. Of 
more than 4,000 mineral species, only about 100 possess all 
these attributes and are considered to be gemstones. Silicates 
other than quartz are the largest group of gemstones in terms 
of chemical composition; oxides and quartz are the second 
largest (table 1). Gemstones are subdivided into diamond and 
colored gemstones, which in this report designates all natural 
nondiamond gems. In addition, laboratory-created gemstones, 
cultured pearls, and gemstone simulants are discussed but are 
treated separately from natural gemstones (table 2). Trade data 
in this report are from the U.S. Census Bureau. All percentages 
in the report were computed using unrounded data. Current 
information on industrial-grade diamond and industrial-grade 
garnet can be found in the U.S. Geological Survey (USGS) 
Minerals Yearbook, volume I, Metals and Minerals, chapters on 
industrial diamond and industrial garnet, respectively. 

Gemstones have fascinated humans since prehistoric times. 
They have been valued as treasured objects throughout history 
by all societies in all parts of the world. Amber, amethyst, coral, 
diamond, emerald, garnet, jade, jasper, lapis lazuli, pearl, rock 
crystal, ruby, serpentine, and turquoise are some of the first 
stones known to have been used for making jewelry. These 
stones served as symbols of wealth and power. Today, gems are 
worn more for pleasure or in appreciation of their beauty than to 
demonstrate wealth. In addition to jewelry, gemstones are used 
for collections, decorative art objects, and exhibits. 


Production 


U.S. gemstone production data were based on a survey of 
more than 250 domestic gemstone producers conducted by the 
USGS. The survey provided a foundation for projecting the 
scope and level of domestic gemstone production during the 
year. However, the USGS survey did not represent all gemstone 
activity in the United States, which includes thousands of 
professional and amateur collectors. Consequently, the USGS 
supplemented its survey with estimates of domestic gemstone 
production from related published data, contacts with gemstone 
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dealers and collectors, and information gathered at gem and 
mineral shows. 

Commercial mining of gemstones has never been extensive 
in the United States. More than 60 varieties of gemstones have 
been produced commercially from domestic mines, but most of 
the deposits are relatively small compared with those of other 
mining operations. In the United States, much of the current 
gemstone mining is conducted by individual collectors, gem 
clubs, and hobbyists rather than by businesses. 

The commercial gemstone industry in the United States 
consists of individuals and companies that mine gemstones 
or harvest shell and pearl, firms that manufacture laboratory- 
created gemstones, and individuals and companies that cut and 
polish natural and laboratory-created gemstones. The domestic 
gemstone industry is focused on the production of colored 
gemstones and on the cutting and polishing of large diamond 
stones. Industry employment is estimated to be between 1,200 
and 1,500 individuals. 

Most natural gemstone producers in the United States 
are small businesses that are widely dispersed and operate 
independently. The small producers probably have an average 
of three employees, including those who only work part time. 
The number of gemstone mines operating from year to year 
fluctuates because the uncertainty associated with the discovery 
and marketing of gem-quality minerals makes it difficult to 
obtain financing for developing and sustaining economically 
viable operations. 

The total value of natural gemstones produced in the United 
States was estimated to be $11.3 million during 2012 (table 3). 
This production value was a 3% increase from that of 2011. 

Natural gemstone materials indigenous to the United 
States are collected or produced in every State. During 2012, 
each of the 50 States produced at least $1,410 worth of 
gemstone materials. There were 11 States that accounted for 
90% of the total value, as reported by survey respondents. 
These States were, in descending order of production value, 
Arizona, North Carolina, Oregon, California, Utah, Tennessee, 
Montana, Colorado, Arkansas, Idaho, and Maine. Some 
States were known for the production of a single gemstone 
material—Tennessee for freshwater pearls, for example. 

Other States produced a variety of gemstones; for example, 
Arizona’s gemstone deposits included agate, amethyst, azurite, 
chrysocolla, garnet, jade, jasper, malachite, obsidian, onyx, 
opal, peridot, petrified wood, smithsonite, and turquoise. A wide 
variety of gemstones also was found and produced in California, 
Idaho, Montana, and North Carolina. 

In 2012, the United States had only one active operation in a 
known diamond-bearing area in Crater of Diamonds State Park 
near Murfreesboro in Pike County, AR. The State of Arkansas 
maintains a dig-for-fee operation for tourists and amateur 


collectors at the park; Crater of Diamonds is the only diamond 
mine in the world that is open to the public. The diamonds 
occur in a lamproite breccia tuff associated with a volcanic 
pipe and in the soil developed from the lamproite breccia 

tuff. In 2012, 530 diamond stones with an average weight of 
0.180 carat were recovered at the Crater of Diamonds State 
Park. Of the 530 diamond stones recovered, 13 weighed more 
than | carat. Since the diamond-bearing pipe and the adjoining 
area became a State park in 1972 through yearend 2012, 
30,436 diamond stones with a total weight of 6,076.5 carats 
have been recovered (Margi Jenks, park interpreter, Crater of 
Diamonds State Park, written commun., January 22, 2013). 
Exploration has demonstrated that this diamond deposit contains 
about 78.5 million metric tons (Mt) of diamond-bearing rock 
(Howard, 1999, p. 62). An Arkansas law enacted early in 1999 
prohibits commercial diamond mining in the park. 

In addition to natural gemstones, laboratory-created 
gemstones and gemstone simulants were produced in the United 
States in 2012. Laboratory-created or synthetic gemstones have 
the same chemical, optical, and physical properties as natural 
gemstones. Simulants have an appearance similar to that of a 
natural gemstone material, but they have different chemical, 
optical, and physical properties. Laboratory-created gemstones 
that have been produced in the United States include alexandrite, 
cubic zirconia, diamond, emerald, garnet, moissanite, ruby, 
sapphire, spinel, and turquoise. However, during 2012, only 
cubic zirconia, diamond, moissanite, and turquoise were 
produced commercially. Simulants of amber, chrysocolla, 
coral, lapis lazuli, malachite, travertine, and turquoise also were 
manufactured in the United States. In addition, certain colors of 
laboratory-created sapphire and spinel, used to represent other 
gemstones, are classified as simulants. 

Laboratory-created gemstone production in the United 
States was valued at $31.2 million during 2012, which was 
a slight decrease compared with that of 2011. The value of 
U.S. simulant gemstone output was estimated to be more than 
$100 million. Five companies in five States, representing 
virtually the entire U.S. laboratory-created gemstone industry, 
reported production to the USGS. The States with reported 
laboratory-created gemstone production were, in descending 
order of production value, Florida, New York, North Carolina, 
South Carolina, and Arizona. 

Since the 1950s, when scientists manufactured the first 
laboratory-created bits of diamond grit using a high-pressure, 
high-temperature (HPHT) method, this method of growing 
diamonds has become relatively commonplace in the world 
as a technology for laboratory-created diamonds, so much so 
that thousands of small plants throughout China were using 
the HPHT method and producing laboratory-created diamonds 
suitable for cutting as gemstones. Gem-quality diamonds of 1 
carat or more are harder to manufacture because at that size, it is 
difficult to consistently produce diamonds of high quality, even 
in the controlled environment of a laboratory using the HPHT 
method. After more than 50 years of development, several 
laboratory-created diamond companies were able to produce 
relatively large high-quality diamonds that equaled those 
produced from mines (Park, 2007). 
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Gemesis Corp. (Sarasota, FL) reported production of gem- 
quality laboratory-created diamond in 2012. The weight of 
the laboratory-created diamond stones ranged from 1.5 to 2 
carats, and most of the stones were brownish yellow, colorless, 
green, or yellow. Gemesis uses diamond-growing machines 
capable of growing 3-carat rough diamonds by generating 
HPHT conditions that recreate the conditions in the Earth’s 
mantle where natural diamonds form (Davis, 2003). The prices 
of the Gemesis laboratory-created diamonds are lower than 
those of comparable natural diamond but above the prices of 
simulated diamond. 

In the early 2000s, Apollo Diamond, Inc., near Boston, MA, 
developed and patented a method for growing single, extremely 
pure, gem-quality diamond crystals by chemical vapor 
deposition (CVD). The CVD technique transforms carbon into 
plasma, which is then precipitated onto a substrate as diamond. 
CVD had been used for more than a decade to cover large 
surfaces with microscopic diamond crystals, but in developing 
this process, Apollo Diamond discovered the temperature, gas 
composition, and pressure combination that resulted in the 
growth of a single diamond crystal. Apollo Diamond was able 
to produce laboratory-created stones that ranged from | to 
2 carats. During 2011, Apollo Diamond ceased manufacture 
of single-crystal CVD diamond for gemstone and industrial 
use. During 2011 and 2012, SCIO Diamond Technology Corp. 
(Greenville, SC) acquired all diamond growing equipment 
and machines, cultured diamond gemstone-related technology, 
inventory, and various intellectual property rights from Apollo 
Diamond (SCIO Diamond Technology Corp., 2012). SCIO 
Diamond Technology Corp. and Gemesis Corp. prefer to call 
their diamonds “cultured” rather than laboratory-created, 
referring to the fact that the diamonds are grown much like a 
cultured pearl is grown. Scio Diamond designed and built a 
new production facility in Greenville, SC, and relocated all 
production equipment from Massachusetts to South Carolina. 
Production began in July 2012, and over the next 6 months, 
Scio Diamond produced more than 15,000 carats of laboratory- 
created single crystal rough diamond. Scio Diamond began 
shipping laboratory-created CVD rough diamonds in September 
2012 (SCIO Diamond Technology Corp., 2013). 

Charles & Colvard, Ltd. in North Carolina was the world’s 
only manufacturer of moissanite, a gem-quality laboratory- 
created silicon carbide. Moissanite is an excellent diamond 
simulant, but it is being marketed for its own gem qualities. 
Moissanite exhibits a higher refractive index (brilliance) and 
higher luster than diamond. Its hardness is between those of 
corundum (ruby and sapphire) and diamond, which gives it 
durability (Charles & Colvard, Ltd., 2010). Charles & Colvard 
reported that moissanite sales increased by 40% to just more 
than $22.4 million in 2012 compared with $16.0 million in 2011 
(Charles & Colvard, Ltd., 2013). 

U.S. mussel shells are used as a source of mother-of-pearl 
and as seed material for culturing pearls. U.S. shell production 
decreased slightly in 2012 compared with that of 2011. This 
decrease was owing to decreased demand for U.S. shell 
materials that was caused by the use of manmade seed materials 
and seed materials from China and other sources by pearl 
producers in Japan. The popularity of darker and colored pearls 
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and freshwater pearls that do not use U.S. seed material has 
also contributed to decreased demand for U.S. shell materials. 
In some regions of the United States, shell from mussels was 
being used more as a gemstone based on its own merit rather 
than as seed material for pearls. This shell material was being 
processed into mother-of-pearl and used in beads, jewelry, and 
watch faces. 


Consumption 


Historically, diamond gemstones have proven to hold their 
value despite wars or economic depressions, but this did not 
hold true during the recent worldwide economic recession. 
Diamond and colored gemstones value and sales in the United 
States decreased during the economic downturn in 2008 and 
continued into 2009, returned to pre-downturn levels during 
2010, and again declined by about 10% from 2010 to 2012. 

Although the United States accounted for little of the 
total global gemstone production, it was the world’s leading 
diamond and nondiamond gemstone market. It was estimated 
that U.S. gemstone markets accounted for more than 35% of 
world gemstone demand in 2012. The U.S. market for unset 
gem-quality diamond during the year was estimated to be 
$20.2 billion, a decrease of 10% compared with that of 2011. 
Domestic markets for natural, unset nondiamond gemstones 
totaled $772 million in 2012, which was a 35% decrease from 
that of 2011. 

In the United States, the majority of domestic consumers 
designate diamond as their favorite gemstone. This popularity 
of diamonds is evidenced by the diamond market accounting 


for 96% of the total value of the U.S. gemstone market. Colored 


natural gemstones, colored laboratory-created gemstones, and 
“fancy” colored diamonds were popular in 2012, although the 
values of the domestic consumption for almost all types of 
colored natural, unset nondiamond gemstones decreased from 
the 2011 values. 

The estimated U.S. retail jewelry sales were a record 
$71.3 billion in 2012, an increase of 5.9% from sales of 
$67.3 billion in 2011 (Gassman, 2013). U.S. jewelers reported 


jewelry sales during the 2012 holiday shopping season increased 
8.9% to $20.6 billion from $18.9 billion in sales during the 2011 


holiday shopping season (IDEX Magazine, 2013). 


Prices 


Gemstone prices are governed by many factors and qualitative 


characteristics, including beauty, clarity, defects, demand, 


durability, and rarity. Diamond pricing, in particular, 1s complex; 


values can vary significantly depending on time, place, and the 
subjective valuations of buyers and sellers. More than 14,000 
categories are used to assess rough diamond and more than 
100,000 different combinations of carat, clarity, color, and cut 
values can be used to assess polished diamond. 

Colored gemstone prices are generally influenced by market 
supply and demand considerations, and diamond prices are 
supported by producer controls on the quantity and quality of 
supply. Values and prices of gemstones produced and (or) sold 


customs values for diamonds and other gemstones imported, 
exported, or reexported are listed in tables 6 through 10. 

De Beers Group companies remained a significant force, 
influencing the price of gem-quality diamond sales worldwide 
during 2012 because the companies mine a significant portion of 
the world’s gem-quality diamond produced each year. In 2012, 
De Beers production from its independently owned and joint- 
venture operations in Botswana, Canada, Namibia, and South 
Africa decreased 10.9% to 27.9 million carats (Mct), compared 
with 31.3 Mct in 2011. De Beers companies also sorted and 
valuated a large portion (by value) of the world’s annual supply 
of rough diamond through De Beers’ subsidiary Diamond 
Trading Co. (DTC). DTC sales of rough diamonds decreased 
by 15% during 2012 to $5.5 billion compared with $6.5 billion 
during 2011. In 2012, De Beers had total diamond and jewelry 
sales of $6.1 billion, which was a decrease of 16% compared 
with those of 2011 (Greve, 2013). 


Foreign Trade 


During 2012, total U.S. gemstone trade with all countries 
and territories was valued at about $38.3 billion, which was 
a decrease of 8% from that of 2011. Diamond accounted 
for about 97% of the 2012 gemstone trade total value. In 
2012, U.S. exports and reexports of diamond were shipped 
to 90 countries and territories, and imports of all gemstones 
were received from 95 countries and territories (tables 6—10). 
In 2012, U.S. import quantities in cut diamond decreased by 
10% compared with those of 2011, and their value decreased 
by 9%. U.S. import quantities in rough and unworked diamond 
increased by 15%, although their value decreased by 13% 
(table 7, 10). The United States remained the world’s leading 
diamond importer and was a significant international diamond 
transit center as well as the world’s leading gem-quality 
diamond market. In 2012, U.S. export and reexport quantities 
of gem-grade diamond increased by 43% compared with those 
of 2011, but their value decreased by 7%. The large volume of 
reexports revealed the significance of the United States in the 
world’s diamond supply network (table 6). 

Import values of laboratory-created gemstone decreased 
slightly for the United States in 2012 compared with those of 
2011 (table 10). Laboratory-created gemstone imports from 
Austria, Belgium, China, Germany, India, and Malaysia, with 
more than $26.7 million in imports, accounted for about 80% 
(by value) of total domestic imports of laboratory-created 
gemstones during the year (table 9). The marketing of imported 
laboratory-created gemstones and enhanced gemstones as 
natural gemstones and the mixing of laboratory-created 
materials with natural stones in imported parcels continued to 
be an issue for some domestic producers in 2012. In addition, 
problems continued with some simulants being marketed as 
laboratory-created gemstones during the year. 


World Review 


The worldwide gemstone industry has two distinct sectors— 
diamond mining and marketing and colored gemstone 


in the United States are listed in tables 3 through 5. In addition, production and sales. Most diamond supplies are controlled by a 


few major mining companies; prices are supported by managing 
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the quality and quantity of the gemstones relative to demand, a 
function performed by De Beers through DTC. Unlike diamond, 
colored gemstones are primarily produced at relatively small, 
low-cost operations with few dominant producers; prices are 
influenced by consumer demand and supply availability. 

In 2012, world natural diamond production totaled 128 Mct— 
92 Mct gem quality and 36 Mct industrial grade (table 11). Most 
production was concentrated in a few regions—Africa [Angola, 
Botswana, Congo (Kinshasa), Namibia, and South Africa], 

Asia (northeastern Siberia and Yakutia in Russia), Australia, 
North America (Northwest Territories in Canada), and South 
America (Brazil and Venezuela). In 2012, Russia led the world 
in total natural diamond output quantity (combined gemstone 
and industrial) with 27.3% of the estimated world production. 
Congo (Brazzaville) was the world’s leading gemstone diamond 
producer with 23.4%; followed by Russia, 22.5%; Botswana, 
15.6%; Zimbabwe, 11.9%; Canada, 11.3%; Angola, 8.1%; 
South Africa, 3.1%; and Namibia, 1.8%. These eight countries 
produced 98% (by quantity) of the world’s gemstone diamond 
output in 2012. 

In 2002, the international rough-diamond certification 
system, the Kimberley Process Certification Scheme (KPCS), 
was agreed upon by United Nations (UN) member nations, the 
diamond industry, and involved nongovernmental organizations 
to prevent the shipment and sale of conflict diamonds. Conflict 
diamonds are diamonds that originate from areas controlled 
by forces or factions opposed to legitimate and internationally 
recognized governments, and are used to fund military action 
in opposition to those governments, or in contravention of the 
decisions of the UN Security Council. The KPCS includes 
the following key elements: the use of forgery-resistant 
certificates and tamper-proof containers for shipments of rough 
diamonds; internal controls and procedures that provide credible 
assurance that conflict diamonds do not enter the legitimate 
diamond market; a certification process for all exports of rough 
diamonds; the gathering, organizing, and sharing of import 
and export data on rough diamonds with other participants 
of relevant production; credible monitoring and oversight of 
the international certification scheme for rough diamonds; 
effective enforcement of the provisions of the certification 
scheme through dissuasive and proportional penalties for 
violations; self regulation by the diamond industry that fulfills 
minimum requirements; and sharing information with all other 
participants on relevant rules, procedures, and legislation as 
well as examples of national certificates used to accompany 
shipments of rough diamonds. The United States assumed the 
chair of KPCS for January 1 through December 31, 2012, the 
tenth country or organization in succession to hold the chair 
after Congo (Kinshasa), Israel, Namibia, India, South Africa, 
Canada, Russia, Botswana, and the European Commission. The 
54 participants represented 80 nations (including the 27 member 
nations of the European Community) plus the rough diamond- 
trading entity of Taipei. During 2012, Cote d’Ivoire continued to 
be under UN sanctions and was not trading in rough diamonds, 
and Venezuela voluntarily suspended exports and imports 
of rough diamonds until further notice. The participating 
nations in the KPCS account for approximately 99.8% of the 
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global production and trade of rough diamonds (Kimberley 
Process, undated). 

Globally, the value of production of natural gemstones other 
than diamond was estimated to be more than $2.5 billion in 
2012. Most nondiamond gemstone mines are small, low-cost, 
and widely dispersed operations in remote regions of developing 
nations. Foreign countries with major gemstone deposits other 
than diamond are Afghanistan (aquamarine, beryl, emerald, 
kunzite, lapis lazuli, ruby, and tourmaline), Australia (beryl, 
opal, and sapphire), Brazil (agate, amethyst, beryl, ruby, 
sapphire, topaz, and tourmaline), Burma (beryl, jade, ruby, 
sapphire, and topaz), Colombia (beryl, emerald, and sapphire), 
Kenya (beryl, garnet, and sapphire), Madagascar (beryl, rose 
quartz, sapphire, and tourmaline), Mexico (agate, opal, and 
topaz), Sri Lanka (beryl, ruby, sapphire, and topaz), Tanzania 
(garnet, ruby, sapphire, tanzanite, and tourmaline), and Zambia 
(amethyst and beryl). In addition, pearls are cultured throughout 
the South Pacific and in other equatorial waters; Australia, 
China, French Polynesia, and Japan were key producers in 2012. 

Worldwide diamond exploration spending increased 16% 
in 2012 with 65 companies allocating $520 million, compared 
with 70 companies allocating $449 million during 2011. The 
diamond share of overall worldwide mineral exploration 
spending was 2.5%. Africa was the leading diamond exploration 
location (SNL Metals Economics Group, 2012). 

Worldwide in 2012, average diamond values decreased 
13.9% to $100.00 per carat from the 2011 average value of 
$116.19 per carat. This decrease was influenced the first half of 
the year by fears of global recession stalling demand in the Far 
East and India. The second half of the year was influenced by 
slow growth in China and more declines in India (SNL Metals 
Economics Group, 2013). 

Two new diamond projects were commissioned in 2012. The 
Karowe Mine in Botswana began operation, and the expansion 
of the Koidu Mine in Sierra Leone was commissioned in early 
2012 (SNL Metals Economics Group, 2013). 

Botswana.—Commissioning of the Karowe Mine, owned by 
Lucara Diamond Corp. was completed in May and commercial 
production began in July. During 2012, production was 
303,060 carats, and when ramped up to full capacity in 2013, 
production was expected to be 400,000 carats per year (SNL 
Metals Economics Group, 2013). 

Canada.—Canadian diamond production was 10.5 Mct 
during 2012, a decrease of 3% compared with that of 2011. 
Diamond exploration continued in Canada, with several 
commercial diamond projects and additional discoveries in 
Alberta, British Columbia, the Northwest Territories, the 
Nunavut Territory, Ontario, and Quebec. In 2012, Canada 
produced 8% of the world’s combined natural gemstone and 
industrial diamond output. 

The Ekati Diamond Mine, Canada’s first operating 
commercial diamond mine, completed its 14th full year of 
production in 2012. Ekati produced 1.45 Mct of diamond 
from 4.24 Mt of ore. This was a 29% decrease compared with 
that of 2011. Approximately 21% of the Ekati 2011 diamond 
production was industrial-grade material (BHP Billiton Ltd., 
2013, p. 10). During 2012, Harry Winston Diamond Corp. 
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entered into an agreement with BHP Billiton Canada Inc. to 
purchase BHP Billiton’s diamond assets, which included its 80% 
controlling interest in the Ekati Diamond Mine and its diamond 
sorting and sales facilities for $500 million (DeMarco, 2012). 

The Diavik Diamond Mine, Canada’s second diamond mine, 
also located in the Northwest Territories, completed its 10th full 
year of production. Diavik produces an average of 2 Mt of ore 
annually, grading an average of 3.1 carats per ton. During 2012, 
Diavik produced 7.2 Mct of rough diamond. At yearend 2012, 
Diavik estimated the mine’s remaining proven and probable 
reserves to be 18.3 Mt of ore in kimberlite pipes containing 
2.9 carats of diamond per ton and projected the total mine life 
to be 16 to 22 years. Diavik began developing an underground 
mine and substantially completed construction on the project 
during 2009. The first ore was produced from the underground 
mine during the first quarter of 2010, with full production 
expected in 2013. The mine is an unincorporated joint venture 
between Diavik Diamond Mine Inc. (60%) and Harry Winston 
Diamond Mines Ltd. (40%) (Diavik Diamond Mine Inc., 

2013, p. 6). 

The Snap Lake Mine, in the Northwest Territories, is wholly 
owned by De Beers Canada Inc. The Snap Lake deposit is a 
tabular-shaped kimberlite dyke rather than the typical kimberlite 
pipe. The dyke is 2.5 meters thick and dips at an angle of 12° to 
15°. The deposit was mined using a modified room and pillar 
underground mining method in 2012. The Snap Lake Mine 
started mining operations in October 2007, reached commercial 
production levels in the first quarter of 2008, and officially 
opened June 25, 2008. The mine was expected to produce 
1.4 Mct per year of diamond, and the mine life was expected 
to be about 20 years. The mine’s production for 2012 was 
870,000 carats (De Beers Canada Inc., 2011; De Beers Group 
Ines 2013, p..23), 

The Victor Mine, in northern Ontario on the James Bay 
coast, also is wholly owned by De Beers Canada. The Victor 
kimberlite consists of two pipes with a total surface area of 
15 hectares. The Victor Mine initiated mining operations at 
yearend 2007 and was officially opened on July 26, 2008. The 
Victor Mine has 27.4 Mt of reserves with average ore grade 
of 0.23 carat per ton. At full capacity, the open pit mine was 
expected to produce 600,000 carats per year, and the mine 
life was expected to be about 12 years. In 2012, the mine’s 
production was 690,000 carats (De Beers Group Inc., 2013, 
p.23; De Beers Canada Inc., undated). 

Sierra Leone.—An expansion of the Koidu Mine, which 
is wholly owned by Koidu Holdings SA, involved the 
redevelopment of the K1 kimberlite pipe and commissioning 
of a new plant to increase capacity to 500,000 carats per year 
from 120,000 carats per year. The plant was commissioned in 
September 2012 (SNL Metals Economics Group, 2013, p. 26). 


Outlook 


As the domestic and global economies improve, Internet 
sales of diamonds, gemstones, and jewelry were expected to 
continue to expand and increase in popularity, as were other 
forms of e-commerce that emerge to serve the diamond and 
gemstone industry. Internet sales are expected to add to and 
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partially replace “brick-and-mortar” sales. This is likely to take 
place as the gemstone industry and its customers become more 
comfortable with and learn the applications of new e-commerce 
tools, such as sales Web sites and online social networking Web 
sites (PR Newsline Services, 2012). 
As more independent producers, such as Ekati and Diavik 
in Canada, come online they will bring a greater measure of 
competition to global markets that presumably will result in 
increased supply and lower prices. Further consolidation of 
diamond producers and larger quantities of rough diamond 
being sold outside DTC is expected to continue as the diamond 
industry adjusts to De Beers’ reduced influence on the industry. 
More laboratory-created gemstones, simulants, and treated 
gemstones are likely to enter the marketplace and necessitate 
more transparent trade industry standards to maintain 
customer confidence. 
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TABLE 2 
LABORATORY-CREATED GEMSTONE PRODUCTION METHODS 


Gemstone Production method Company/producer Date of first production 
Alexandrite Flux Creative Crystals Inc. 1970s. 
Do. Melt pulling J.O. Crystal Co., Inc. 1990s. 
Do. do. Kyocera Corp. 1980s. 
Do. Zone melt Seiko Corp. Do. 
Cubic zirconia Skull melt Various producers 1970s. 
Emerald Flux Chatham Created Gems 1930s. 
Do. do. Gilson 1960s. 
Do. do. Kyocera Corp. 1970s. 
Do. do. Lennix 1980s. 
Do. do. Russia Do. 
Do. do. Seiko Corp. Do. 
Do. Hydrothermal Biron Corp. Do. 
Do. do. Lechleitner 1960s. 
Do. do. Regency 1980s. 
Do. do. Russia Do. 
Ruby Flux Chatham Created Gems 1950s. 
Do. do. Douras 1990s. 
Do. do. J.O. Crystal Co., Inc. 1980s. 
Do. do. Kashan Created Ruby 1960s. 
Do. Melt pulling Kyocera Corp. 1970s. 
Do. Verneuil Various producers 1900s. 
Do. Zone melt Seiko Corp. 1980s. 
Sapphire Flux Chatham Created Gems 1970s. 
Do. Melt pulling Kyocera Corp. 1980s. 
Do. Verneuil Various producers 1900s. 
Do. Zone melt Seiko Corp. 1980s. 
Star ruby Melt pulling Kyocera Corp. Do. 
Do. do. Nakazumi Earth Crystals Co. Do. 
Do. Verneuil Linde Air Products Co. 1940s. 
Star sapphire do. do. Do. 
Do., do. Ditto. 


29.12 [ADVANCE RELEASE] U.S. GEOLOGICAL SURVEY MINERALS YEARBOOK—2012 


TABLE 3 
ESTIMATED VALUE OF U.S. NATURAL GEMSTONE PRODUCTION, 


BY GEM TYPE! 
(Thousand dollars) 
Gem materials 2011 2012 
Beryl 1,740 1,790 
Coral, all types 150 150 
Diamond (2) (2) 
Garnet 110 98 
Gem feldspar 756 757 
Geode/nodules 110 89 
Opal 71 74 
Quartz: 
Macrocrystalline® 433 383 
Cryptocrystalline* 248 261 
Sapphire/ruby 343 360 
Shell 832 810 
Topaz (2) (2) 
Tourmaline 73 99 
Turquoise 1,330 1,320 
Other 4,950 5,140 
Total 11,000 ~—- 11,300 


'Data are rounded to no more than three significant digits; may not add to 
totals shown. 

*Less than % unit. 

*Macrocrystalline quartz (crystals recognizable with the naked eye) includes 
amethyst, aventurine, blue quartz, citrine, hawk's eye, pasiolite, prase, 
quartz cat's eye, rock crystal, rose quartz, smoky quartz, and tiger's eye. 
“Cryptocrystalline quartz (microscopically small crystals) includes agate, 
carnelian, chalcedony, chrysoprase, fossilized wood, heliotrope, jasper, 
moss agate, onyx, and sard. 
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TABLE 4 


PRICES PER CARAT OF U.S. CUT ROUND DIAMONDS, BY SIZE AND QUALITY IN 2012 


Carat Description, Clarity” Representative prices 
weight color’ (GIA terms) January June* December” 
0.25 G VSI $1,650 $1,650 $1,650 
Do. G VS2 1,600 1,600 1,600 
Do. G Su 1,250 1,250 1,250 
Do. H VSI 1,600 1,600 1,600 
Do. H VS2 1,500 1,500 1,500 
Do. H su 1,200 1,200 1,200 
0.50 G VSI 3,600 3,600 3,600 
Do. G VS2 3,100 3,100 3,100 
Do. G SI 2,500 2,500 2,500 
Do. H VS1 3,170 3,170 3,170 
Do. H VS2 2,750 2,750 2,750 
Do. H Su 2,250 2,250 2,250 
1.00 G VSI 8,500 8,000 7,810 
Do. G VS2 8,000 7,500 6,800 
Do. G SI 6,500 6,200 6,205 
Do. H VSI 7,700 7,700 6,885 
Do. H VS2 7,200 7,200 6,300 
Do. H Sil 5,900 5,900 5,780 
2.00 G VSI 15,500 15,500 14,870 
Do. G VS2 13,200 13,200 12,880 
Do. G su 11,200 11,200 10,660 
Do. H VSI 13,300 13,300 12,710 
Do. H VS2 11,700 11,700 10,800 
Do. H SI 10,300 10,300 9,950 
Do. Ditto. 


‘Gemological Institute of America (GIA) color grades: D—colorless; E—rare white; G, H, traces of color. 


*Clarity: IF—no blemishes; VVS1—very, very slightly included; VS1—very slightly included; VS2—very 
slightly included, but not visible; SI11—slightly included. 
*Source: The Gem Guide, v. 31, no. 1, January/February 2012, p. 20-22. 
“Source: The Gem Guide, v. 31, no. 4, July/August 2012, p. 20-22. 

Source: The Gem Guide, v. 31, no. 6, November/December 2012, p. 20-22. 
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TABLE 5 


PRICES PER CARAT OF U.S. CUT COLORED GEMSTONES IN 2012 


Price range per carat 


Gemstone January’ December” 
Amethyst $10—25 $10—25 
Blue sapphire 950-1,900 1,000—1,900 
Blue topaz 5—10 5—10 
Emerald 2,600-4,400 2,600-4,400 
Green tourmaline 50-70 50-70 
Cultured saltwater pearl’ 5 5 
Pink tourmaline 65-170 65-170 
Rhodolite garnet 22-45 22-45 
Ruby 2,200—2,600 2,200—2,600 
Tanzanite 300-375 300-375 


'Source: The Gem Guide, v. 31, no. 1, January/February 2012, p. 50, 53, 57, 61, 63, 
65, and 68-71. These figures are approximate wholesale purchase prices paid by 


retail jewelers on a per stone basis for 1 to less than | carat, fine-quality stones. 


Source: The Gem Guide, v. 31, no. 6, November/December 2012, p. 50, 
53, 57, 61, 63, 65, and 68—71. These figures are approximate wholesale purchase 


prices paid by retail jewelers on a per stone basis for 1 to less than | carat, 


fine-quality stones. 
*Prices are per 4.5—5-millimeter pearl. 
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TABLE 6 


U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF INDUSTRIAL 
DIAMOND), BY COUNTRY’ 


2011 2012 
Quantity Value Quantity Value” 
Country (carats) (millions) (carats) (millions) 
Exports: 
Aruba 3,390 $11 851 $3 
Australia 11,700 25 14,100 21 
Austria 544 1 114 1 
Bahamas, The 852 5) 753 3 
Belgium 269,000 370 393,000 210 
Belize 142 1 140 (3) 
Brazil 7,130 2 31,100 9 
Canada 52,400 96 48,600 114 
Cayman Islands 1,190 6 731 2 
China 13,900 39 21,500 22 
Costa Rica 7,760 1 4,800 2 
Curacao 6,150 17 13,700 42 
Denmark 190 (3) pe | 1 
Dominican Republic 44,300 11 34,500 14 
France 1,200 34 869 32 
Germany 22,500 4 838 3 
Honduras 113 (3) 199 1 
Hong Kong 2,320,000 522 2,390,000 411 
India 768,000 579 526,000 262 
Ireland 895 5 12,100 fu 
Israel 293,000 756 575,000 1,530 
Italy 3,020 15 3,000 2 
Jamaica 440 479 2 
Japan 6,830 3 13,800 es 
Lebanon 4,800 5 3,330 3 
Malaysia 255 1 156 1 
Mexico 604,000 97 469,000 88 
Netherlands 474 1 233 1 
Netherlands Antilles (former) 5,860 15 as -- 
New Zealand 429 2 668 2 
Panama 609 2 158 (3) 
Qatar -- ~~ 117 7 
Russia 639 3 He -- 
Singapore 6,050 3 3,600 11 
South Africa 510 36,800 22 
Sweden 2,510 7 179 1 
Switzerland 190,000 257 9,320 34 
Taiwan 497 2 430 2 
Thailand 168,000 22 116,000 39 
United Arab Emirates 131,000 66 45,100 55 
United Kingdom 492,000 76 8,680 67 
Vietnam 564 1° 6,990 10 
Other 12,500 5 10,700 19 
Total 5,450,000 3,070 4,790,000 3,130 
Reexports: 

Armenia 11,000 5 1,980 
Aruba 2,290 2,680 5 
Australia 2,980 18 7,410 23 
Austria 301 3 1,680 3 
Belgium 956,000 2,240 816,000 2,330 
Botswana 7 (3) 886 1 
Canada 129,000 150 129,000 176 
China 32,900 43 25,100 30 
France 6,560 126 7,740 177 
Germany 2,230 3 1,560 5 


See footnotes at end of table. 
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TABLE 6—Continued 
U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF INDUSTRIAL 
DIAMOND), BY COUNTRY’! 


2011 2012 
Quantity Value” Quantity Value’ 

Country (carats) (millions) (carats) (millions) 
Guatemala 52,600 4 16,100 1 
Hong Kong 2,830,000 2,470 2,820,000 2,480 
India 3,510,000 2,940 3,320,000 2,340 
Israel 2,000,000 5,140 1,350,000 3,780 
Italy 7,270 3 8,960 15 
Japan 47,200 34 32,100 40 
Laos 4,850 3 9,700 2 
Lebanon 3,040 5 4,450 3 
Malaysia 376 4 368 5 
Mexico 2,900 3 2,780 6 
Namibia 4,450 11 3,660 9 
Netherlands 108,000 365 116,000 288 
Netherlands Antilles (former) 4,360 16 oe -- 
Saint Kitts and Nevis 333 (3) -- a 
Singapore 5,080 41 17,700 90 
South Africa 8,040 76 10,900 4] 
Spain 207 i 89 1 
Switzerland 83,500 604 117,000 957 
Taiwan 18,000 15 1,330 60 
Thailand 178,000 60 215,000 76 
United Arab Emirates 511,000 322 492,000 441 
United Kingdom 31,500 399 32,100 312 
Other 17,300 24 8,560,000 13,701 
Total 10,600,000 15,100 18,100,000 13,800 
Grand total 16,000,000 18,200 22,900,000 16,900 


‘Revised. -- Zero. 

'Data are rounded to no more than three significant digits; may not add to totals shown. 
“Customs value. 

“Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 7 


U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY’ 


2011 2012 
Quantity Value’ Quantity Value’ 
Kind, range, and country of origin (carats) (millions) (carats) (millions) 
Rough or uncut, natural:° 
Angola 26,700 $168 15,900 $84 
Belgium 2,640 4 2,160 é) 
Botswana 84,100 159 56,800 108 
Brazil 110 2 1,880 1 
Canada 20,100 37 30,800 52 
Central African Republic 394 1 98 1 
Congo (Kinshasa) 6,460 8 5,200 i 
India 170,000 i! 339,000 2 
Israel 1,030 2 7,110 12 
Lesotho 932 40 418 9 
Namibia 3,820 4 7,970 27 
Russia 118,000 18 55,400 x7 
Sierra Leone 3,180 10 978 3 
South Africa 199,000 173 248,000 171 
Other 68,200 3 41,500 8 
Total 704,000 631 813,000 553 
Cut but unset, not more than 0.5 carat: 
Australia 4,110 4 8,150 4 
Belgium 277,000 102 402,000 134 
Botswana 6,890 18 5,420 19 
Brazil 4,470 1 2,860 2 
Canada 23,600 8 7,980 6 
China 34,300 31 56,900 60 
Dominican Republic 3,430 1 6,960 1 
Hong Kong 197,000 30 273,000 49 
India 6,990,000 1,850 5,860,000 2 
Israel 414,000 236 394,000 209 
Mauritius 6,220 17 4,700 16 
Mexico 76,300 21 114,000 30 
Namibia 2,060 5 3,920 11 
Russia 585 1 171 (4) 
South Africa 4,910 7 7,710 18 
Sri Lanka 2,980 1 -- -- 
Switzerland 40,600 2 947 3 
Thailand 93,000 13 72,300 9 
United Arab Emirates 112,000 42 132,000 38 
United Kingdom 24,700 4 45,000 6 
Vietnam 30,400 29 46,700 66 
Other 11,600 5 29,400 1,510 
Total 8,360,000 2,430 7,470,000 2,190 
Cut but unset, more than 0.5 carat: 
Armenia 3,170 3 212 1 
Australia 4,710 41 5,790 37 
Belgium 733,000 3,550 707,000 3,370 
Botswana 11,200 63 9,410 54 
Brazil 294 7 1,390 4 
Canada 16,200 67 18,000 74 
Central African Republic 35 2 = -- 
China 35,000 102 64,100 306 
Costa Rica > (4) =e -- 
France 1,240 23 844 20 
Germany 3,050 12 3,680 13 
Hong Kong 48,500 107 58,400 144 
India 1,970,000 4,410 1,680,000 3,900 
Indonesia 41 1 D2 1 
Israel 1,970,000 8,950 1,830,000 7,990 


See footnotes at end of table. 
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TABLE 7—Continued 
U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY! 


2011 2012 
Quantity Value Quantity Value’ 

Kind, range, and country of origin (carats) (millions) (carats) (millions) 
Italy 3,320 11 3,520 11 
Japan 1,380 2 666 8 
Lebanon 1,470 3 173 1 
Lesotho 136 28 -- -- 
Mauritius 2,720 16 1,910 11 
Mexico 465 2 1,270 1 
Namibia 16,800 89 14,200 79 
Netherlands 284 5 146 2 
Philippines 145 1 as -- 
Russia 17,100 100 19,200 93 
Singapore 245 1 26,800 1s 
South Africa 42,700 900 22,600 625 
Sri Lanka 3,920 4 ve) (4) 
Switzerland 18,900 541 8,460 380 
Thailand 11,200 26 12,100 33 
United Arab Emirates 38,400 100 44,300 164 
United Kingdom 3,880 85 4,740 84 
Vietnam 1,920 2 2,230 3 
Other 1,750 7 4,240 22 
Total 4,970,000 19,300 4,550,000 17,400 


"Revised. -- Zero. 

'Data are rounded to no more than three significant digits; may not add to totals shown. 
Customs value. 

*Includes some natural advanced diamond. 

“Less than 4 unit. 


Source: U.S. Census Bureau. 
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TABLE 8 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 


DIAMOND, BY KIND AND COUNTRY’ 


2011 2012 
Quantity Value’ Quantity Value 
Kind and country (carats) (millions) (carats) (millions) 
Emerald: 
Belgium 737 $1 2,150 $4 
Brazil 186,000 9 136,000 13 
Canada 1,390 (3) 3,340 (3) 
China 34,100 (3) 4,660 (3) 
Colombia 365,000 161 201,000 172 
France 12 2 163 1 
Germany 9,940 3 9,190 3 
Hong Kong 118,000 11 147,000 49 
India 1,400,000 37 1,650,000 54 
Israel 138,000 15 144,000 38 
Italy 9,050 6 7,790 1 
Switzerland 71,900 61 8,460 20 
Thailand 374,000 11 334,000 17 
United Kingdom 760 1 314 2 
Other 43,400 10 252,000 34 
Total 2,760,000 348 2,890,000 408 
Ruby: 
Belgium 41 (3) 252 1 
China 730 (3) 2,900 (3) 
France 15 1 238 ) 
Germany 14,000 (3) 37,700 1 
Hong Kong 137,000 4 64,400 16 
India 2,020,000 4 2,600,000 4 
Israel 4,570 (3) 4,580 7 
Italy 9,910 1 15,200 (3) 
Kenya 1,050 (3) 54 (3) 
Sri Lanka 633 (3) 10,100 3 
Switzerland 55,900 4 1,870 2 
Thailand 1,640,000 23 1,420,000 44 
United Arab Emirates -- = 974 (3) 
Other 45,100 7 110,000 31 
Total 3,920,000 45 4,260,000 114 
Sapphire: 
Belgium 1,720 2 1,780 4 
China 163,000 S 41,100 1 
France 2,460 2 6,480 2 
Germany 32,200 11 146,000 3 
Hong Kong 237,000 15 333,000 36 
India 2,970,000 18 1,990,000 ibs 
Israel 13,000 3 9,760 2 
Italy 93,200 15,900 
Madagascar 31,700 3 14,300 5 
South Africa 3,680 14,400 (3) 
Sri Lanka 256,000 77 332,000 87 
Switzerland 91,800 26 16,600 31 
Thailand 3,050,000 109 2,990,000 719 
United Kingdom 1,040 3 769 1 
Other 40,500 1 38,900 2 
Total 6,980,000 282 5,940,000 269 


See footnotes at end of table. 
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TABLE 8—Continued 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 
DIAMOND, BY KIND AND COUNTRY’ 


2011 2012 
Quantity Value’ Quantity Value 
Kind and country (carats) (millions) (carats) (millions) 
Other: 
Rough, uncut, all countries NA 23 NA 25 
Cut, set and unset, all countries NA 37 NA 33 


"Revised. NA Not available. -- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


Customs value. 
3Less than 4 unit. 


Source: U.S. Census Bureau. 


TABLE 9 


VALUE OF U.S. IMPORTS OF LABORATORY-CREATED 
AND IMITATION GEMSTONES, BY COUNTRY” 


(Thousand dollars) 

Country 2011 2012 

Laboratory-created, cut but unset: 
Austria 2,340 2,640 
Belgium 882 1,310 
China 4,770 7,170 
Germany 9,970 9,320 
India 11,900 5,380 
Malaysia 3,120 822 
Other 3,710 6,570 
Total 36,700 33,200 

Imitation: 

Austria 48,300 47,600 
China 19,500 11,700 
Czech Republic 5,540 3,890 
Other 2,010 1,680 
Total 75,400 64,800 


'Data are rounded to no more than three significant digits; may not 


add to totals shown. 
*Customs value. 
*Includes pearls. 


Source: U.S. Census Bureau. 
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TABLE 10 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES' 


(Thousand carats and thousand dollars) 


2011 2012 
Stones Quantity Value” Quantity Value’ 
Coral and similar materials, unworked 5,370 11,800 6,340 13,400 
Diamonds: 
Cut but unset 13,300 21,700,000 12,000 19,600,000 
Rough or uncut 704 630,000 813 551,000 
Emeralds, cut but unset 2,760 348,000 2,900 408,000 
Pearls: 
Cultured NA 27,300 NA 31,800 
Imitation NA 5,930 NA 7,310 
Natural NA 18,600 NA 30,200 
Rubies and sapphires, cut but unset 10,900 328,000 10,200 383,000 
Other precious and semiprecious stones: 
Rough, uncut 1,670,000 15,000 2,160,000 15,300 
Cut, set and unset NA 301,000 -- -- 
Other 33,600 7,240 9,710 153,000 
Laboratory-created: 
Cut but unset 6,230 36,700 9,160 33,200 
Other NA 22,800 NA 25,400 
Imitation gemstone’ NA 69,400 NA 57,500 
Total 1,740,000 23,500,000 2,200,000 21,300,000 


NA Not available. -- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


*Customs value. 
*Does not include pearls. 


Source: U.S. Census Bureau. 
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TABLE 11 
NATURAL DIAMOND: WORLD PRODUCTION, BY COUNTRY AND TYPE"’*> 


(Thousand carats) 


Country and type 2008 2009 2010 2011 2012 
Gemstones: 
Angola® 8,020 * 8,310 * 70307 7,500 * 7,500 
Australia® 149" 156 * 100 78° 92 
Botswana® 22,600 * 12,400 * 15,400 * 16,000 * 14,400 
Brazil, unspecified* ° 80° aA 25 46° 46 
Canada, unspecified” > 14,803 10,946 11,804 ° 10,795 10,451 
Central African Republic® 302 249 241 * 250 * 293 
China, unspecified” ° 69 * 46° 17° (6) ' 2 
Congo (Brazzaville) > 22° 14° 76 * i 10 
Congo (Kinshasa)° 33,402 21,298 20,166 19,249 21,524 
Ghana, unspecified” ° 643 * 376 ' 334 * 302° 233 
Guinea® 2,480 * Sa7 299 * 243 * 213 
Guyana, unspecified” ° 193° 97° 46" si? 44 
India® -- 2 5 3 7 
Indonesia“ 24 9 <= es eg 
Lesotho, unspecified*° 233" 92 * 109 * 224" 479 
Liberia, unspecified” ° 47 28 27 42 42 
Namibia, unspecified* ° 2,435 1,192 1,693 1,256" 1,629 
Russia° 21,900 * 20,600 * 20,700 * 20,900 * 20,700 
Sierra Leone’ 223 241 263 ' 214° 406 
South Africa® 5,160 * 2,460 * 20507 2,820 ' 2,830 
Tanzania® 202 135 60 * 357 108 
Togo, unspecified” ° 2 (6) (6) (6) (6) 
Venezuela® 4° 3° 1 a ess 
Zimbabwe (fee 876 * 7,670 * 7,730 * 11,000 
Total, gem 114,000 * 80,200 * 90,100 * 87,800 * 92,000 
Industrial:° 

Angola 891 * 924 * 836 * 833 ° 833 
Australia 14,800 ° 15,400 * 9,880 * 7,750 * 9,090 
Botswana 9,680 * 5,320 * 6,610 * 6,870 * 6,170 
Central African Republic fe ae 62 60 * 65° fe 
Congo (Kinshasa) 88 * 54° 305 * 61° 41 
Guinea 620 * 139 fied 61° 53 
India -- i 13 9 20 
Indonesia 6 2 = - Be 
Russia 15,000 14,100 * 14,200 * 14,300 * 14,200 
Sierra Leone* 149 160 175* 143° 135 
South Africa 7,740 * 3,680 * 3,420" 4,230° 4,246 
Tanzania 36 2] 11° 6° 19 
Venezuela 6 5 1 --t = 
Zimbabwe ee es 88 ° 768 * 774° 1,100 
Total, industrial 49,100 * 40,000 * 38,200 * 35,100 * 36,000 
Grand total’ 163,000 * 120,000 * 128,000 * 123,000 * 128,000 


“Estimated. ‘Revised. -- Zero. 

‘Estimated data and subtotals are rounded to no more than three significant digits; may not add to unrounded, reported grand totals shown. 
Source: Kimberley Process Certification Scheme. 

*Subcategory estimates are based on reported country totals, in carats. Includes data available through June 19, 2014. 

*In addition to the countries listed, Belarus, Germany, Ireland, Nigeria, the Republic of Korea, and Sweden produced natural diamond, but 
information is inadequate to formulate reliable estimates of output levels. 

“Includes near-gem and cheap-gem qualities. 

Reported figure. 

SLess than % unit. 
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TABLE 1 1—Continued 
NATURAL DIAMOND: WORLD PRODUCTION, BY COUNTRY AND TYPE!*? 


(Thousand carats) 


"From 2008 to 2011, production was estimated to be about 60% gem quality. In 2012, production is estimated to be about 75% gem quality. 
‘From 2008 to 2011, production was estimated to be about 40% industrial quality. In 2012, production is estimated to be about 25% industrial 
quality. 

*Grand totals are reported and not rounded to three significant digits. Source: Kimberley Process Certification Scheme and United States 
Geological Survey. 
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(Data in million dollars unless otherwise noted) 


Domestic Production and Use: The combined value of U.S. natural and synthetic gemstone output increased by 
about 4% in 2011 from that of 2010. The natural gemstone production value increased by 6% from that of 2010, while 
synthetic gemstone production value increased nearly 4% during the same period. Domestic gemstone production 
included agate, beryl, coral, garnet, jade, jasper, opal, pearl, quartz, sapphire, shell, topaz, tourmaline, turquoise, and 
many other gem materials. In decreasing order, Arizona, North Carolina, Oregon, Utah, California, Tennessee, 
Montana, Colorado, Arkansas, and Idaho produced 86% of U.S. natural gemstones. Laboratory-created gemstones 
were manufactured by five firms in Florida, New York, Massachusetts, North Carolina, and Arizona, in decreasing 
order of production. Major gemstone uses were carvings, gem and mineral collections, and jewelry. The apparent 
consumption for 2011 in the table below is much lower than the actual consumption, owing to the exports, including 
reexports, which increased significantly during 2011 compared with those of previous years. 


Salient Statistics—United States: 2007 2008 2009 2010 2011° 
Production:@ 
Natural? 11.9 11.5 9.3 10.0 11 
Laboratory-created (synthetic) 73.5 51.4 27.2 30.8 32 
Imports for consumption 20,100 20,900 13,600 19,600 22,000 
Exports, including reexports” 12,300 15,300 10,500 14,900 20,000 
Consumption, apparent 7,880 5,670 3,080 4,720 1,900 
Price Variable, depending on size, type, and quality 
Employment, mine, number® 1,200 1,200 1,000 1,100 1,100 
Net import reliance’ as a percentage 
of apparent consumption 99 99 99 99 98 


Recycling: Gemstones are often recycled by being resold as estate jewelry, reset, or recut, but this report does not 
account for those stones. 


Import Sources (2007-10 by value): Israel, 46%; India, 23%; Belgium, 17%; South Africa, 6%; and other, 8%. 
Diamond imports accounted for 95% of the total value of gem imports. 


Tariff: Item Number Normal Trade Relations 
12-31-11 

Pearls, imitation, not strung 7018.10.1000 4.0% ad val. 
Imitation precious stones 7018.10.2000 Free. 

Pearls, natural 7101.10.0000 Free. 

Pearls, cultured 7101.21.0000 Free. 
Diamond, unworked or sawn 7102.31.0000 Free. 
Diamond, 1% carat or less 7102.39.0010 Free. 
Diamond, cut, more than % carat 7102.39.0050 Free. 

Precious stones, unworked 7103.10.2000 Free 


Precious stones, simply sawn 


7103.10.4000 


10.5% ad val. 


Rubies, cut 7103.91.0010 Free. 
Sapphires, cut 7103.91.0020 Free. 
Emeralds, cut 7103.91.0030 Free. 
Other precious stones, cut but not set 7103.99.1000 Free. 
Other precious stones 7103.99.5000 10.5% ad val. 
Synthetic, cut but not set 7104.90.1000 Free. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: None. 


Prepared by Donald W. Olson [(703) 648-7721, dolson@usgs.gov] 
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Events, Trends, and Issues: In 2011, the U.S. market for gem-quality diamonds was estimated to be about $20.8 
billion, accounting for more than 35% of world demand. This was an increase of about 12% compared with that of 
2010. The domestic market for natural, nondiamond gemstones was estimated to be about $995 million, which was a 
slight decrease from that of 2010. The United States is expected to continue dominating global gemstone 
consumption. 


World Gem Diamond Mine Production® and Reserves: 


Mine production Reserves’ 
2010 2011° 
Angola 12,500 12,500 World reserves of diamond-bearing 
Australia 100 100 deposits are substantial. No reserve 
Botswana 25,000 25,000 data are available for other gemstones. 
Brazil 200 200 
Canada 11,773 11,800 
Central African Republic 250 250 
China 100 100 
Congo (Kinshasa) 5,500 5,500 
Ghana 300 300 
Guinea 550 550 
Guyana 144 144 
Lesotho 460 460 
Namibia 1,200 1,200 
Russia 17,800 17,800 
Sierra Leone 240 240 
South Africa 3,500 3,500 
Tanzania 77 77 
Other countries® 180 180 
World total (rounded) 79,900 80,000 


World Resources: Most diamond-bearing ore bodies have a diamond content that ranges from less than 1 carat per 
ton to about 6 carats per ton. The major gem diamond reserves are in southern Africa, Australia, Canada, and 
Russia. 


Substitutes: Plastics, glass, and other materials are substituted for natural gemstones. Synthetic gemstones 
(manufactured materials that have the same chemical and physical properties as gemstones) are common 
substitutes. Simulants (materials that appear to be gems, but differ in chemical and physical characteristics) also are 
frequently substituted for natural gemstones. 


“Estimated. 

“excludes industrial diamond and garnet. See Diamond (Industrial) and Garnet (Industrial). 

*Estimated minimum production. 

‘Includes production of freshwater shell. 

“Reexports account for about 78% of the totals. 

*Defined as imports — exports and reexports + adjustments for Government and industry stock changes. 

°Data in thousands of carats of gem diamond. 

'See Appendix C for resource/reserve definitions and information concerning data sources. 

*In addition to countries listed, Armenia, Cameroon, Congo (Brazzaville), Gabon, India, Indonesia, Liberia, Togo, Venezuela, and Zimbabwe are 
known to produce gem diamonds. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2012 


a USGS 


a changing world 


2013 Minerals Yearbook 
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GEMSTONES 
By Donald W. Olson 


Domestic survey data and tables were prepared by Connie Lopez, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


In 2013, the estimated value of natural gemstones produced 
in the United States was $9.57 million (table 3), and the 
estimated value of U.S. synthetic gemstone production was 
$56.9 million. The total estimated value of U.S. gemstone 
production was $66.5 million. The value of U.S. gemstone 
imports was $24.7 billion (table 10), and the value of combined 
U.S. gemstone exports and reexports was estimated to be 
$19.4 billion. In 2013, world production of natural diamond 
totaled 130 million carats, of which an estimated 70.6 million 
carats were gem quality (table 11). During 2013, worldwide 
average diamond values decreased by 4% to $95.00 per carat 
(SNL Metals Economics Group, 2014). 

In this report, the terms “gem” and “gemstone” mean any 
mineral or organic material (such as amber, pearl, petrified 
wood, and shell) used for personal adornment, display, or object 
of art because it possesses beauty, durability, and rarity. Of 
more than 4,000 mineral species, only about 100 possess all 
these attributes and are considered to be gemstones. Silicates 
other than quartz are the largest group of gemstones in terms 
of chemical composition; oxides and quartz are the second 
largest (table 1). Gemstones are subdivided into diamond and 
colored gemstones, which in this report designates all natural 
nondiamond gems. In addition, synthetic gemstones, cultured 
pearls, and gemstone simulants are discussed but are treated 
separately from natural gemstones (table 2). Trade data in 
this report are from the U.S. Census Bureau. All percentages 
in the report were computed using unrounded data. Current 
information on industrial-grade diamond and industrial-grade 
garnet can be found in the U.S. Geological Survey (USGS) 
Minerals Yearbook, volume I, Metals and Minerals, chapters on 
industrial diamond and industrial garnet, respectively. 

Gemstones have fascinated humans since prehistoric times. 
They have been valued as treasured objects throughout history 
by all societies in all parts of the world. Amber, amethyst, coral, 
diamond, emerald, garnet, jade, jasper, lapis lazuli, pearl, rock 
crystal, ruby, serpentine, and turquoise are some of the first 
stones known to have been used for making jewelry. In addition 
to jewelry, gemstones are used for collections, decorative art 
objects, and exhibits. 


Production 


U.S. gemstone production data were based on a survey of 
more than 250 domestic gemstone producers conducted by the 
USGS. The survey provided a foundation for projecting the 
scope and level of domestic gemstone production during the 
year. However, the USGS survey did not represent all gemstone 
activity in the United States, which includes thousands of 
professional and amateur collectors. Consequently, the USGS 
supplemented its survey with estimates of domestic gemstone 
production from related published data, contacts with gemstone 
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dealers and collectors, and information gathered at gem and 
mineral shows. 

Commercial mining of gemstones has never been extensive 
in the United States. More than 60 varieties of gemstones have 
been produced commercially from domestic mines, but most 
of the deposits are small compared with those of other mining 
operations. In the United States, much of the current gemstone 
mining is conducted by individual collectors, gem clubs, and 
hobbyists rather than by commercial operations. 

The commercial gemstone industry in the United States consists 
of individuals and companies that mine gemstones or harvest 
shell and pearl, firms that manufacture synthetic gemstones, 
and individuals and companies that cut and polish natural and 
synthetic gemstones. The domestic gemstone industry is focused 
on the production of colored gemstones and on the cutting and 
polishing of large diamond stones. Industry employment is 
estimated to be between 1,200 and 1,500 individuals. 

Most natural gemstone producers in the United States 
are small businesses that are widely dispersed and operate 
independently. The small producers probably have an average 
of three employees, including those who only work part time. 
The number of gemstone mines operating from year to year 
fluctuates because the uncertainty associated with the discovery 
and marketing of gem-quality minerals makes it difficult to 
obtain financing for developing and sustaining economically 
viable operations. 

The total value of natural gemstones produced in the United 
States was estimated to be $9.57 million during 2013 (table 3). 
This production value was a 16% decrease from that of 2012. 

Natural gemstone materials indigenous to the United States 
are collected or produced in every State. During 2013, each of 
the 50 States produced at least $1,440 worth of gemstone 
materials. The leading 11 States accounted for 90% of the total 
value, as reported by survey respondents. These States were, in 
descending order of production value, Arizona, California, 
Oregon, Utah, Montana, Tennessee, Colorado, Arkansas, North 
Carolina, Idaho, and Maine. Some States were known for the 
production of a single gemstone material—Tennessee for 
freshwater pearls, for example. Other States produced a variety 
of gemstones; for example, Arizona’s gemstone deposits 
included agate, amethyst, azurite, chrysocolla, garnet, jade, 
jasper, malachite, obsidian, onyx, opal, peridot, petrified 
wood, smithsonite, and turquoise. A wide variety of gemstones 
also was found and produced in California, Idaho, Montana, 
and North Carolina. 

In 2013, the United States had only one active operation in a 
known diamond-bearing area in Crater of Diamonds State Park 
near Murfreesboro in Pike County, AR. The State of Arkansas 
maintains a dig-for-fee operation for tourists and amateur 
collectors at the park; Crater of Diamonds is the only diamond 


ps 


mine in the world that is open to the public for collecting 
diamonds. The diamonds occur in a lamproite breccia tuff 
associated with a volcanic pipe and in the soil developed 

from the lamproite breccia tuff. In 2013, 455 diamond stones 
with an average weight of 0.213 carat were recovered at the 
Crater of Diamonds State Park. Of the 455 diamond stones 
recovered, 17 weighed more than | carat. Since the diamond- 
bearing pipe and the adjoining area became a State park in 
1972 through yearend 2013, 30,891 diamond stones with a total 
weight of 6,173.18 carats have been recovered (James Howell, 
Park Superintendent, Crater of Diamonds State Park, written 
commun., January 14, 2014). Exploration has demonstrated 
that this diamond deposit contains about 78.5 million metric 
tons (Mt) of diamond-bearing rock (Howard, 1999, p. 62). 

An Arkansas law enacted early in 1999 prohibits commercial 
diamond mining in the park. 

In addition to natural gemstones, synthetic gemstones and 
gemstone simulants were produced in the United States in 2013. 
Cultured or laboratory-created also are terms used to refer to 
synthetic gemstones. Synthetic gemstones have the same 
chemical, optical, and physical properties as their natural 
gemstone counterparts. Simulants have an appearance 
similar to that of a natural gemstone material, but they have 
different chemical, optical, and physical properties. Synthetic 
gemstones that have been produced in the United States 
include alexandrite, cubic zirconia, diamond, emerald, garnet, 
moissanite, ruby, sapphire, spinel, and turquoise. However, 
during 2013, only cubic zirconia, diamond, moissanite, and 
turquoise were produced commercially. Simulants of amber, 
chrysocolla, coral, lapis lazuli, malachite, travertine, and 
turquoise also were manufactured in the United States. In 
addition, certain colors of synthetic sapphire and spinel, used 
to represent other gemstones, are classified as simulants. 

Synthetic gemstone production in the United States was 
valued at $56.9 million during 2013, which was an 82% increase 
compared with that of 2012. This increase was the result of 
increased moissanite production by Charles & Colvard, Ltd. and 
increased diamond production by Scio Diamond Technology 
Corp. Five companies in five States, representing virtually the 
entire U.S. synthetic gemstone industry, reported production 
to the USGS. The States with reported synthetic gemstone 
production were, in descending order of production value, North 
Carolina, Florida, New York, South Carolina, and Arizona. The 
value of U.S. simulant gemstone output was estimated to be 
more than $100 million. 

Since the 1950s, when scientists manufactured the first 
synthetic bits of diamond grit using a high-pressure, high- 
temperature (HPHT) method, this method of growing diamonds 
has become relatively commonplace in the world as a 
technology for synthetic diamonds, so much so that thousands 
of small plants throughout China were using the HPHT method 
and producing synthetic diamonds suitable for cutting as 
gemstones. Gem-quality diamonds of | carat or more are harder 
to manufacture because, at that size, it is difficult to consistently 
produce diamonds of high quality, even in the controlled 
environment of a laboratory using the HPHT method. After 
more than 50 years of development, several synthetic diamond 
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companies were able to produce relatively large high-quality 
diamonds that equaled those produced from mines (Park, 2007). 

In the early 2000s, technology was developed for a method for 
growing single, extremely pure, gem-quality diamond crystals 
by chemical vapor deposition (CVD). The CVD technique 
transforms carbon into plasma, which is then precipitated onto a 
substrate as diamond. CVD had been used for more than a decade 
to cover large surfaces with microscopic diamond crystals, but in 
developing this process, synthetic diamond producers discovered 
the temperature, gas composition, and pressure combination that 
resulted in the growth of a single diamond crystal and were able 
to produce synthetic stones that ranged from | to 2 carats. 

Gemesis Diamond Co. (Lakewood Ranch, FL) reported 
production of gem-quality synthetic diamond in 2013. The weight 
of the majority of synthetic diamond stones ranged from 0.4 to 2 
carats, and most of the stones were brownish yellow, colorless, 
green, or yellow. Gemesis used diamond-growing machines 
capable of growing up to 3-carat rough diamonds by generating 
HPHT conditions that recreate the conditions in the Earth’s mantle 
where natural diamonds form. Beginning in 2012, Gemesis 
manufactured some of its synthetic diamonds using a CVD 
process, which is a less expensive process than the HPHT process 
(Lord, 2013). Gemesis began marketing its synthetic diamonds 
over its own Web site in March 2012. The prices of the Gemesis 
synthetic diamonds are lower than those of comparable natural 
diamond but above the prices of simulated diamond. For example, 
Gemesis listed a 1.04-carat, J color, VS1 clarity, very good round- 
cut synthetic diamond with an International Gemological Institute 
report for $4,434, about 35% less than a similar Gemological- 
Institute-of-America-certified natural stone listed for $6,916 (Bates, 
2012). In April 2013, Gemesis offered what the company referred 
to as the world’s largest, whitest synthetic diamond, a 1.29-carat, 

E color, VVS2 clarity, emerald-cut synthetic diamond. The stone 
was listed on Gemesis.com, and the diamond’s retail value was 
reported as $7,633.64 (Diamonds.Net, 2013). 

During 2013, Scio Diamond Technology Corp. (Greenville, 
SC) used CVD technology to produce synthetic single-crystal 
diamond stones that ranged from | to 2 carats for gemstone and 
industrial use. Scio Diamond Technology and Gemesis prefer to 
call their diamonds “cultured” rather than synthetic, referring to 
the fact that the diamonds are grown much like a cultured pearl is 
grown. Scio Diamond Technology reported that for the fiscal year 
ending March 31, 2014, the company had manufactured more 
than 23,000 carats of rough diamond. This production was a 49% 
increase over the previous fiscal year’s production (Scio Diamond 
Technology Corp., 2014). 

Charles & Colvard, Ltd. in North Carolina was the only U.S. 
manufacturer of moissanite. The manufacturing process uses 
patented technology. Moissanite is gem-quality synthetic silicon 
carbide and an excellent diamond simulant, but it is being 
marketed for its own gem qualities. Moissanite exhibits a higher 
refractive index (brilliance) and higher luster than diamond. Its 
hardness is between that of corundum (ruby and sapphire) and 
that of diamond, which gives it durability (Charles & Colvard, 
Ltd., 2010). Charles & Colvard reported that moissanite sales 
increased by 27% to $28.5 million in 2013 compared with 
$22.4 million in 2012 (Charles & Colvard, Ltd., 2014). 
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U.S. mussel shells are used as a source of mother-of-pearl 
and as seed material for culturing pearls. U.S. shell production 
decreased by 14% in 2013 compared with that of 2012 (table 3) 
owing to decreased demand for U.S. shell materials that was 
caused by the use of manmade seed materials and seed materials 
from China and other sources by pearl producers in Japan. 

The popularity of darker and colored pearls and freshwater 
pearls that do not use U.S. seed material has also contributed to 
decreased demand for U.S. shell materials. In some regions of 
the United States, shell from mussels was being used more as a 
gemstone based on its own merit rather than as seed material for 
pearls. This shell material was being processed into mother-of- 
pearl and used in beads, jewelry, and watch faces. 


Consumption 


Historically, diamonds and nondiamond gemstones have 
usually held their value despite wars or economic depressions, 
but this did not hold true during the recent worldwide economic 
recession. Diamond and nondiamond gemstones value and sales 
in the United States decreased during the economic downturn 
in the second half of 2008 and continued decreasing into 2009, 
dropping 35%. Values and sales returned to near pre-recession 
levels during 2010, and have generally increased by 10% to 
20% in all years since with the exception of 2012 when values 
decreased by an estimated 9%. 

Although the United States accounted for only a small portion 
of total global gemstone production, it was the world’s leading 
diamond and nondiamond gemstone market, accounting for 
more than 35% of world gemstone demand in 2013. The U.S. 
market for unset gem-quality diamond during the year was 
estimated to be $23.3 billion, an increase of 16% compared with 
that of 2012. Domestic markets for natural, unset nondiamond 
gemstones totaled $1.40 billion in 2013, which was a 10% 
increase from that of 2012. 

In the United States, the majority of domestic consumers 
designate diamond as their favorite gemstone. This popularity 
of diamonds is evidenced by the diamond market accounting 
for 94% of the total value of the U.S. gemstone market. Colored 
natural gemstones, colored synthetic gemstones, and “fancy” 
colored diamonds were popular in 2013, as was demonstrated 
by the values of domestic consumption for almost all types of 
colored, natural, unset nondiamond gemstones increasing from 
2012 values. 

U.S. fine jewelry and watch retail sales, most of which 
included gemstones, were a record $80.1 billion in 2013, an 
increase of 12.4% from sales of $71.3 billion in 2012. Of this 
$80.1 billion, fine jewelry retail sales were a record $70.7 billion 
in 2013, an increase of 6.7% from sales of $66.2 billion in 2012. 
During 2013, each U.S. household spent a record average $434 
on fine jewelry alone. Total U.S. jewelry and watch sales for 
December holiday shopping during the 2013 increased by 6.6% 
to nearly $17 billion from sales during December 2012. Of these 
total sales, jewelry store sales in December increased slightly to 
$6.54 billion from $6.44 billion the previous year (Golan, 2015; 
Munn, 2014). 
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Prices 


Gemstone prices are governed by many factors and qualitative 
characteristics, including beauty, clarity, defects, demand, 
durability, and rarity. Diamond pricing, in particular, 1s complex; 
values can vary significantly depending on time, place, and the 
subjective valuations of buyers and sellers. More than 14,000 
categories are used to assess rough diamond and more than 
100,000 different combinations of carat, clarity, color, and cut 
values can be used to assess polished diamond. 

Colored gemstone prices are generally influenced by market 
supply and demand considerations, and diamond prices are 
supported by producer controls on the quantity and quality of 
supply. Values and prices of gemstones produced and (or) sold 
in the United States are listed in tables 3 through 5. In addition, 
customs values for diamonds and other gemstones imported, 
exported, or reexported are listed in tables 6 through 10. 

De Beers Group companies remained a significant force, 
influencing the price of gem-quality diamond sales worldwide 
during 2013 because the companies mine a significant portion of 
the world’s gem-quality diamond produced each year. In 2013, 
De Beers production from its independently owned and joint- 
venture operations in Botswana, Canada, Namibia, and South 
Africa increased by 12% to 31.2 million carats, compared with 
27.9 million carats in 2012 (Taylor, 2014). 

Since 2000, De Beers gradually has been losing and giving 
up its control of world diamond pricing. Instead, flexible 
pricing mechanisms have been created that set the stage for 
new methods of rough diamond sales. During 2013, new rough 
diamond sales methods were used in addition to diamonds being 
sold through a limited number of sightholder sales, the method 
used for years by De Beers. In 2013, rough diamonds were also 
sold by term contracts, placed sales, auctions, and tender sales 
(De Beers Group Inc., 2014, p. 39). 


Foreign Trade 


During 2013, total U.S. gemstone trade with all countries 
and territories was valued at about $44.1 billion, which was 
an increase of 15% from that of 2012. Diamond accounted for 
about 95% of the 2013 gemstone trade total value. In 2013, U.S. 
exports and reexports of diamond were shipped to 90 countries 
and territories, and imports of all gemstones were received from 
115 countries and territories (tables 6—10). In 2013, U.S. import 
quantities of cut diamond increased by 3% compared with those 
of 2012, and the value increased by 16%. U.S. import quantities 
of rough and unworked diamond decreased by 15%, and the 
value decreased by 4% (table 7, 10). The United States remained 
the world’s leading diamond importer and was a significant 
international diamond transit center as well as the world’s 
leading gem-quality diamond market. In 2013, U.S. export and 
reexport quantities of gem-grade diamond increased by 3% 
compared with those of 2012, but the value increased by 15%. 
The large volume of reexports revealed the significance of the 
United States in the world’s diamond supply network (table 6). 


Import values of synthetic gemstone increased by 6% in 
value for the United States in 2013 compared with those of 
2012 (tables 9, 10). Synthetic gemstone imports from Austria, 
Belgium, China, Germany, Hong Kong, and India, with more 
than $32.4 million in imports, accounted for about 92% 

(by value) of total domestic imports of synthetic gemstones 
during the year (table 9). The marketing of imported synthetic 
gemstones and enhanced gemstones as natural gemstones and 
the mixing of synthetic materials with natural stones in imported 
parcels continued to be an issue for some domestic producers in 
2013. In addition, some simulants were marketed as natural or 
synthetic gemstones during the year as in previous years. 


World Review 


The worldwide gemstone industry has two distinct sectors— 
diamond mining and marketing and colored gemstone 
production and sales. Most diamond supplies are controlled by 
a few major mining companies; prices are influenced by 
consumer demand and supply availability and, to a lesser extent, 
by managing the quality and quantity of the gemstones relative 
to demand, a function that has been performed by De Beers 
Group sightholder sales. Unlike diamond, colored gemstones 
are primarily produced at relatively small, low-cost operations 
with few dominant producers; prices are influenced only by 
consumer demand and supply availability. 

De Beers’ gradual loss and giving up of its control of world 
production and sale of rough diamonds began during 2000 when 
De Beers started restructuring its operations and strategic role 
in the diamond market, and the company closed its African 
buying offices. In 2002, De Beers made an agreement with the 
European Monopolies and Mergers Commission to phase out 
its marketing of Russia’s diamond production over a 7-year 
period. De Beers sold its diamond stockpile and curtailed its 
market custodianship by declining to limit sales during periods 
of lower demand. De Beers contributed to the rough diamond 
market’s fragmentation by transferring many of its aging South 
African mines to smaller companies. The company sold the 
Premier Mine (now known as the Cullinan Mine), the Finsch 
Mine, its Kimberley operations, and several smaller prospects 
to Petra Diamonds Ltd., and its Namaqualand properties 
went to Trans Hex Group. These changes reduced De Beers’ 
market share and diminished De Beers’ ability to control rough 
diamond prices. In 2003, De Beers’ mines, which it owned 
outright or in partnership with the Governments of Botswana 
and Namibia, produced about 43.9 million carats, and De Beers 
controlled a 65% market share by value and 55% by volume. 
By 2012, De Beers’ production had declined to 27.9 million 
carats; with no contract sales; the company’s share of the rough 
diamond market was approximately 40% by value and 29% 
by volume. Consequently, within a decade, the production and 
sale of rough diamonds passed from the control of De Beers 
Group of Companies, with a stated priority of maintaining price 
stability to a multichannel environment, with major companies 
such as Rio Tinto plc, BHP Billiton Ltd., and Petra Diamonds 
Ltd. (Shor, 2014). In 2013, the new rough diamond sales 
methods used were term contracts, placed sales, auctions, and 
tender, in addition to diamond sales through a limited number 
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of sightholder sales, as had been the method used for years by 
De Beers (De Beers Group Inc., 2014, p. 39). 

In 2013, world natural rough diamond production totaled 
130 million carats—70.6 million carats gem quality and 
59.9 million carats industrial grade (table 11). Most production 
was concentrated in a few regions—Africa [Angola, Botswana, 
Congo (Kinshasa), Namibia, and South Africa], Asia 
(northeastern Siberia and Yakutia in Russia), Australia, North 
America (Northwest Territories in Canada), and South America 
(Brazil). In 2013, Russia led the world in total natural rough 
diamond output quantity (combined gemstone and industrial) 
with 29% of the estimated world production. Russia also was 
the world’s leading gemstone diamond producer with 30%; 
followed by Botswana, 23%; Canada, 15%; Angola, 12%; 
South Africa, 9%; Congo (Kinshasa), 4%; Namibia, 2%; and 
Zimbabwe, 1.5%. These eight countries produced 97% (by 
quantity) of the world’s gemstone diamond output in 2013. 

During 2013, De Beers and OJSC ALROSA continued to 
be the two leading diamond-producing groups by quantity and 
value. De Beers’ production was 21% of total global quantity 
and 33% of total global value; ALROSA’s production was 25% 
of total global quantity and 26% of total global value. The 
third-leading company was Rio Tinto, which produced 11% 
of total global production quantity and approximately 5% of 
global production value. Another leading producer was Angola’s 
Catoca Mine, generating approximately 5% of both total global 
production quantity and value. The companies that operated 
the alluvial fields of Chiadzwa in Zimbabwe contributed an 
estimated 8% of total global production quantity and 4% of 
value (De Beers Group Inc., 2014). 

In 2002, the international rough-diamond certification 
system, the Kimberley Process Certification Scheme (KPCS), 
was agreed upon by United Nations (UN) member nations, 
the diamond industry, and involved nongovernmental 
organizations to prevent the shipment and sale of conflict 
diamonds. Conflict diamonds are diamonds that originate from 
areas controlled by forces or factions opposed to legitimate 
and internationally recognized Governments, and are used to 
fund military action in opposition to those Governments, or in 
contravention of the objectives of the UN Security Council. 
The KPCS includes the following key elements: the use of 
forgery-resistant certificates and tamper-proof containers for 
shipments of rough diamonds; internal controls and procedures 
that provide credible assurance that conflict diamonds do not 
enter the legitimate diamond market; a certification process 
for all exports of rough diamonds; the gathering, organizing, 
and sharing of import and export data on rough diamonds with 
other participants of relevant production; credible monitoring 
and oversight of the international certification scheme for 
rough diamonds; effective enforcement of the provisions of 
the certification scheme through dissuasive and proportional 
penalties for violations; self regulation by the diamond industry 
that fulfills minimum requirements; and sharing information 
with all other participants on relevant rules, procedures, and 
legislation as well as examples of national certificates used to 
accompany shipments of rough diamonds. South Africa assumed 
the chair of KPCS for a second term from January | through 
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December 31, 2013. As of August 2, 2013, the 54 participants 
represented 81 nations (including the 28 member nations of the 
European Community) plus the rough-diamond-trading entity 
of Taipei (Taiwan). During 2013, the Central African Republic 
was under a temporary suspension of exports and imports 

of rough diamonds, Cote d’Ivoire continued to be under UN 
sanctions and was not trading in rough diamonds, and Venezuela 
voluntarily suspended exports and imports of rough diamonds 
until further notice. The participating nations in the KPCS 
account for approximately 99.8% of the global production and 
trade of rough diamonds (Kimberley Process, undated). 

Globally, the value of production of natural gemstones other 
than diamond was estimated to be more than $2.5 billion in 
2013. Most nondiamond gemstone mines are small, low- 
cost, and widely dispersed operations in remote regions of 
developing nations. Foreign countries with major gemstone 
deposits other than diamond are Afghanistan (aquamarine, beryl, 
emerald, kunzite, lapis lazuli, ruby, and tourmaline), Australia 
(beryl, opal, and sapphire), Brazil (agate, amethyst, beryl, ruby, 
sapphire, topaz, and tourmaline), Burma (beryl, jade, ruby, 
sapphire, and topaz), Colombia (beryl, emerald, and sapphire), 
Kenya (beryl, garnet, and sapphire), Madagascar (beryl, rose 
quartz, sapphire, and tourmaline), Mexico (agate, opal, and 
topaz), Sri Lanka (beryl, ruby, sapphire, and topaz), Tanzania 
(garnet, ruby, sapphire, tanzanite, and tourmaline), and Zambia 
(amethyst and beryl). In addition, pearls are cultured throughout 
the South Pacific and in other equatorial waters; Australia, 
China, French Polynesia, and Japan were key producers in 2013. 

Worldwide diamond exploration spending decreased by 6% in 
2013 with 47 companies allocating $489 million compared with 
65 companies allocating $520 million during 2012. The 
diamond share of overall worldwide mineral exploration 
spending was 3.4%. Africa was the leading diamond exploration 
location (SNL Metals Economics Group, 2013). 

Worldwide in 2013, average diamond values decreased by 
4% to $95.00 per carat from the 2012 average value of 
$98.81 per carat. The major reasons for this decrease was lower 
demand in China and India in 2013 compared with 2012. During 
the first half of the year, price decreases were moderated by 
steady demand in the United States (SNL Metals Economics 
Group, 2014). 

Four new diamond projects started production in 2013. 

The Grib Pipe Mine in Russia, and three other much smaller 
mines—the Merlin Mine in Australia, the Mobilong Diamond 
Mine in Cameroon, and the Saxendrift Mine in South Africa 
(SNL Metals Economics Group, 2014). 

Australia.—Diamond production in Australia was 11.7 million 
carats during 2013, a 27.8% increase compared with that of 2012, 
accounting for 9.0% of total global production. 

The Merlin Mine, in the Northern Territory, was a 
redevelopment project. The Merlin Mine, originally owned 
by Rio Tinto Group, closed after exhausting its reserves in 
2003. Merlin Diamonds Ltd. acquired the mine in 2004 and 
subsequently determined that the deposit contained 2.9 million 
carats in proven reserves and an additional 4.6 million carats 
in inferred resources. Merlin Diamonds expected to produce 
250,000 carats per year (SNL Metals Economics Group, 2014). 
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In April 2013, Rio Tinto announced the official opening of 
the new Argyle underground diamond mine, in the region of 
Western Australia east of Kimberley. The Argyle Mine had been 
operating as an open pit mine since 1983 and had produced 
more than 800 million carats of rough diamonds. It has been 
one of the world’s leading suppliers of diamonds and the 
world’s largest supplier of natural colored diamonds. Rio Tinto 
projected that the move from open pit mining to an underground 
operation would extend the life of the Argyle Mine until at least 
2020. The $2.2 billion underground mine used the most up-to- 
date block caving technology and was the first of its kind in 
Western Australia. Rio Tinto estimated that the average annual 
production over the life of the underground mine was likely to 
be 20 million carats per year (Rio Tinto Group, 2013). 

Canada.—Diamond production in Canada was 10.6 million 
carats during 2013, a slight increase compared with that of 2012, 
accounting for 8.1% of the world’s combined natural gemstone 
and industrial diamond output. Diamond exploration continued 
in Canada, with several commercial diamond projects and 
additional discoveries in Alberta, British Columbia, the Northwest 
Territories, the Nunavut Territory, Ontario, and Quebec. 

The Ekati Diamond Mine, Canada’s first operating commercial 
diamond mine, completed its 15th full year of production in 2013 
under new ownership. On April 10, 2013, Dominion Diamond 
Corp., formerly Harry Winston Diamond Corp., finalized its 
acquisition of an 80% controlling interest in the Ekati Diamond 
Mine and its diamond sorting and sales facilities from BHP 
Billiton Canada Inc. for $553 million (Dominion Diamond Corp., 
2014b). Ekati produced 1.17 million carats of diamond from 
2.44 Mt of ore during the period from April 10, 2013, through 
December 31, 2013 (Dominion Diamond Corp., 2014a). 

Cameroon.—Diamond production in Cameroon was about 
3,000 carats during 2013. In mid-2013, C and K Mining, Inc. 
began production at the Mobilong Diamond Mine. C and K 
Mining, which is a joint venture between the Governments of 
Cameroon and the Republic of Korea, intended to increase 
production from an initial 50,000 carats per year to 800,000 
carats per year (SNL Metals Economics Group, 2014). 

Russia.—Diamond production in Russia was 37.9 million 
carats during 2013, an 8.5% increase compared with that of 
2012, accounting for 29.0% of total global production. 

In October 2013, the Government of Russia privatized 16% 
of its stake in ALROSA, by way of an initial public offering, for 
$1.3 billion (De Beers Group Inc., 2014). 

OAO LUKOIL brought its wholly owned Grib Pipe Mine in 
the Arkhangelsk Region of Russia into production at the end 
of 2013. The mine started production as an open pit that was 
expected to produce about 58 million carats during its projected 
16-year mine life and then transition to an underground mine 
to produce a further 40 million carats. Production was expected 
to be 3 to 4 million carats per year. Initial development of the 
open pit mine was projected to cost $850 million; no capital cost 
estimate for the underground mine was available. Grib Pipe has 
unclassified reserves containing 98.5 million carats (SNL Metals 
Economics Group, 2014). 


South Africa.—Diamond production in South Africa was 
8.1 million carats during 2013, a 15.1% increase compared with 
that of 2012, accounting for 6.2% of total global production. 

Rockwell Diamonds Inc. began production at the 
Saxendrift Mine with estimated output of 10,000 carats per 
year. The Saxendrift is an alluvial mine, 74% owned by 
Rockwell Diamonds and 26% owned by BEE Group. The 
mine was adjacent to the Middle Orange River approximately 
160 kilometers southwest of Kimberley. The plant was 
commissioned with a capacity of 115,000 cubic meters 
per month and was expected to increase to full capacity of 
200,000 cubic meters per month. The alluvial deposit hosted 
11.9 million cubic meters grading 0.005 carat per cubic meter 
(SNL Metals Economics Group, 2014). 


Outlook 


As the domestic and global economies improve, Internet sales 
of diamonds, gemstones, and jewelry are expected to continue 
to expand and increase in popularity, as are other forms of 
e-commerce that emerge to serve the diamond and gemstone 
industry. Internet sales are expected to add to and partially 
replace store sales. 

Diamond production is expected to decline gradually, and 
operating costs will continue increasing. Global diamond 
production is expected to increase over the next few years, as a 
result of new projects coming onstream. A number of projects 
are underway to increase diamond production. By 2020, about 
25% of diamond production will come from projects that are 
currently being developed, but much of the increase in output 
will come from expected expansions at currently operating 
mines, such as Rio Tinto’s Argyle Mine in Australia. The largest 
newly developed mines are ALROSA’s Botuobinskaya, Lukoil’s 
Grib, and De Beers’ and Mountain Province Diamonds’ Gahcho 
Kué projects (De Beers Group Inc., 2014). 

More synthetic gemstones, simulants, and treated 
gemstones are likely to enter the marketplace and necessitate 
more transparent trade industry standards to maintain 
customer confidence. 
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TABLE 2 


LABORATORY-CREATED GEMSTONE PRODUCTION METHODS 


Gemstone Production method Company/producer Date of first production 
Alexandrite Flux Creative Crystals Inc. 1970s. 
Do. Melt pulling J.O. Crystal Co., Inc. 1990s. 
Do. do. Kyocera Corp. 1980s. 
Do. Zone melt Seiko Corp. Do. 
Cubic zirconia Skull melt Various producers 1970s. 
Emerald Flux Chatham Created Gems, Inc. 1930s. 
Do. do. Gilson 1960s. 
Do. do. Kyocera Corp. 1970s. 
Do. do. Lennix 1980s. 
Do. do. Russia Do. 
Do. do. Seiko Corp. Do. 
Do. Hydrothermal Biron Corp. Do. 
Do. do. Lechleitner 1960s 
Do. do. Regency 1980s 
Do. do. Russia Do. 
Ruby Flux Chatham Created Gems, Inc. 1950s 
Do. do. Douras 1990s 
Do. do. J.O. Crystal Co., Inc. 1980s 
Do. do. Kashan Created Ruby 1960s 
Do. Melt pulling Kyocera Corp. 1970s 
Do. Verneuil Various producers 1900s 
Do. Zone melt Seiko Corp. 1980s 
Sapphire Flux Chatham Created Gems, Inc. 1970s 
Do. Melt pulling Kyocera Corp. 1980s 
Do. Verneuil Various producers 1900s 
Do. Zone melt Seiko Corp. 1980s 
Star ruby Melt pulling Kyocera Corp. Do. 
Do. do. Nakazumi Earth Crystals Co. Do. 
Do. Verneuil Linde Air Products Co. 1940s 
Star sapphire do. do. Do. 
Do., do. Ditto. 
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TABLE 3 
ESTIMATED VALUE OF U.S. NATURAL GEMSTONE PRODUCTION, 


BY GEM TYPE! 
(Thousand dollars) 
Gem materials 2012 2013 
Beryl 1,790 191 
Coral, all types 150 138 
Diamond (2) (2) 
Garnet 98 92 
Gem feldspar Tot 698 
Geode/nodules 89 89 
Opal 74 93 
Quartz: 
Macrocrystalline® 383 384 
Cryptocrystalline* 261 199 
Sapphire/ruby 360 266 
Shell 810 695 
Topaz (2) (2) 
Tourmaline O98 94 
Turquoise 1,320 1,310 
Other” 5,140 5,330 
Total 11,300 9,570 


'Data are rounded to no more than three significant digits; may not add to 
totals shown. 

“Less than % unit. 

*Macrocrystalline quartz (crystals recognizable with the naked eye) includes 
amethyst, aventurine, blue quartz, citrine, hawk’s eye, pasiolite, prase, quartz 
cat’s eye, rock crystal, rose quartz, smoky quartz, and tiger’s eye. 
“Cryptocrystalline quartz (microscopically small crystals) includes agate, 
camelian, chalcedony, chrysoprase, fossilized wood, heliotrope, jasper, moss 
agate, onyx, and sard. 

“Includes jade, pearl, and many other gemstone types. 
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TABLE 4 
PRICES PER CARAT OF U.S. CUT ROUND DIAMONDS, BY SIZE AND QUALITY IN 2013 


Carat Description, Clarity” Representative prices 
weight color! (GIA terms) January” June" December” 
0.25 G VSI $1,650 $1,650 $1,650 
Do. G VS2 1,600 1,600 1,580 
Do. G Su 1,250 1,250 1,250 
Do. H VSI 1,600 1,600 1,600 
Do. H VS2 1,500 1,500 1,500 
Do. H Su 1,200 1,200 1,200 
0.50 G VSI 2,400 2,400 2,400 
Do. G VS2 2,100 2,100 2,100 
Do. G Su 1,850 1,850 1,850 
Do. H VSI 2,200 2,200 2,200 
Do. H VS2 1,850 1,850 1,850 
Do. H su 1,700 1,700 1,700 
1.00 G VSI 7,810 7,650 7,650 
Do. G VS2 6,800 6,900 6,900 
Do. G SU 5,840 5,920 5,920 
Do. H VSI 6,890 6,700 6,700 
Do. H VS2 6,300 6,150 6,150 
Do. H Su 5,470 5,750 5,750 
2.00 G VSI 14,900 14,900 14,900 
Do. G VS2 12,900 12,900 12,900 
Do. G SH 10,700 10,700 10,700 
Do. H VSI 12,700 12,700 12,700 
Do. H VS2 10,800 10,800 10,800 
Do. H Su 9,950 9,950 9,950 
Do. Ditto. 


‘Gemological Institute of America (GIA) color grades: D—colorless; E—rare white; G, H, 
I—traces of color. 

*Clarity: IF—no blemishes; VVS1—very, very slightly included; VS1—-very slightly included; 
VS2—very slightly included, but not visible; SI11—slightly included. 

Source: The Gem Guide, v. 32, no. 1, January/February 2013, p. 20-22. 

“Source: The Gem Guide, v. 32, no. 4, July/August 2013, p. 20-22. 

°Source: The Gem Guide, v. 32, no. 6, November/December 2013, p. 20—22. 


GEMSTONES—2013 [ADVANCE RELEASE] 29.15 


29.16 [ADVANCE RELEASE] 


TABLE 5 


PRICES PER CARAT OF U.S. CUT COLORED GEMSTONES IN 2013 


Price range per carat 


Gemstone January! December” 
Amethyst $10—25 $17—25 
Aquamarine 80-300 205-300 
Citrine 7-20 13-20 
Emerald 2,600—-4,400 2,600—4,400 
Opal, fire 110-250 180-250 
Opal, white (also jelly opal) 55-80 65-80 
Pearl, cultured saltwater* 5 2 
Peridot 60-95 120-150 
Rhodolite garnet 22-45 32-45 
Ruby 2,200—2,600 2,400—2,600 
Sapphire, blue 1,000—1,900 1,450—1,900 
Tanzanite 300-375 335-375 
Topaz, blue 5—10 7-10 
Topaz, golden-yellow 75—225 150-225 
Tourmaline, green 50-70 60—70 
Tourmaline, pink 65-170 155—200 


‘Source: The Gem Guide, v. 32, no. 1, January/February 2013, p. 49, 50, 53, 57, 61, 
63-65, 68-71, and 78. These figures are approximate wholesale purchase prices paid 
by retail jewelers on a per stone basis for 1 to less than 1 carat, fine-quality stones. 
Source: The Gem Guide, v. 32, no. 6, November/December 2013, p. 49, 50, 53, 57, 61, 
63-65, 68-71, and 78. These figures are approximate wholesale purchase prices paid 


by retail jewelers on a per stone basis for 1 to less than 1 carat, fine-quality stones. 


*Prices are per 4.5—5-millimeter pearl. 
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TABLE 6 


U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF 
INDUSTRIAL DIAMOND), BY COUNTRY! 


2012 2013 
Quantity Value Quantity Value’ 
Country (carats) (millions) (carats) (millions) 
Exports: 
Aruba 851 $3 110,000 $3 
Australia 14,100 21 10,600 32 
Austria 114 (4) 7 120 1 
Bahamas, The 753 3 582 2 
Belgium 393,000 210 90,900 142 
Belize 140 (4) 176 (4) 
Brazil 31,100 9 32,800 11 
Canada 48,200 ' 114 54,200 100 
Cayman Islands 731 2 664 1 
China 21,500 22 8,980 33 
Costa Rica 4,800 2 4,420 1 
Curacao 13,700 42 15,700 42 
Denmark 271 (4) 7 861 1 
Dominican Republic 34,500 14 37,300 i 
France 869 32 10,800 5 
Germany 838 3 2,410 4 
Honduras 199 1 i335 1 
Hong Kong 2,390,000 411 2,140,000 458 
India 525,000 ' 261 * 489,000 163 
Ireland 12,100 78° 13,100 77 
Israel 576,000 ' 1,540 * 346,000 491 
Italy 3,000 2 2,860 2 
Jamaica 479 2 474 2 
Japan 13,800 4? 3,110 5 
Lebanon 3,330 2° 1,670 (4) 
Malaysia 156 1 2,500 1 
Mexico 473,000 ' 88 420,000 fi 
Netherlands 233 1 405 2 
New Zealand 668 2 1,320 3 
Panama 158 (4) 12 (4) 
Qatar 117 7 -- -- 
Russia -- = 62 4 
Singapore 3,600 11 1,910 12 
South Africa 36,800 22 6,320 9 
Sweden 179 1 253 1 
Switzerland 9,320 34 10,800 68 
Taiwan 430 2 211 1 
Thailand 116,000 39 154,000 21 
United Arab Emirates 45,100 55 49,100 54 
United Kingdom 8,680 67 19,700 38 
Vietnam 6,990 10 4,600 9 
Other 10,700 11? 13,200 27 
Total 4,800,000 * 3,130 4,060,000 1,920 
Reexports:° 

Armenia 1,980 3,350 2 
Aruba 2,680 5 4,480 7 
Australia 7,410 23 3,790 24 
Austria 1,680 4? 208 1 
Belgium 816,000 2,330 1,050,000 2,620 
Botswana 886 1 -- -- 
Canada 130,000 ' jae 142,000 181 
China 25,100 30 43,500 28 
France 7,740 177 7,580 136 
Germany 1,560 4° 4,700 7 


See footnotes at end of table. 
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TABLE 6—Continued 


U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF 
INDUSTRIAL DIAMOND), BY COUNTRY! 


2012 2013 
Quantity Value” Quantity Value” 
Country (carats) (millions) (carats) (millions) 
Reexports:'-—Continued 

Guatemala 16,100 1 2,210 (4) 
Hong Kong 2,820,000 2,480 3,760,000 2,560 
India 3,310,000 * 2,330 ° 3,270,000 3,700 
Israel 1,350,000 3,780 1,370,000 5,200 
Italy 8,960 15 13,700 13 
Japan 32,100 40 68,300 fe) 
Laos 10,100 ' 5 5,640 3 
Lebanon 4,450 4° 8,660 3 
Malaysia 368 5 (72 2 
Mexico 2,780 o* 8,330 7 
Namibia 3,660 9 4,110 8 
Netherlands 116,000 289 ' 66,300 266 
Singapore 17,700 90 8,260 102 
South Africa 10,900 4l 21,300 125 
Spain 89 1 869 (4) 
Switzerland 117,000 956° 117,000 1,430 
Taiwan 1,330 60 1,850 8 
Thailand 215,000 coe 113,000 113 
United Arab Emirates 492,000 440 549,000 466 
United Kingdom 32,100 313° 43,400 291 
Other 65,500 ' 120 * 88,200 116 
Total 9,630,000 * 13,800 10,800,000 17,500 
Grand total 14,400,000 * 16,900 14,800,000 19,400 


"Revised. -- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals 


shown. 
2 
Customs value. 


*Export and reexport data are for Harmonized Tariff Schedule of the United States 
codes 7102.31.000, 7102.39.0010, 7102.39.0050. 


‘Less than 4 unit. 


Source: U.S. Census Bureau and the U.S. International Trade Commission. 
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TABLE 7 
U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY’ 


2012 2013 
Quantity Value’ Quantity Value” 
Kind, range, and country of origin (carats) (millions) (carats) (millions) 
Rough or uncut, natural:** 
Angola 15,900 $84 4,820 $16 
Australia 1,050 1 105,000 1 
Belgium 2,160 3 3,250 13 
Botswana 56,800 112° 109,000 133 
Brazil 1,880 1 12,500 4 
Canada 30,800 a2 18,100 35 
Central African Republic 98 1 7 2 
Congo (Kinshasa) 5,250 15 2,610 1 
India 304,000 * 2 86,300 2 
Israel 7,110 12 1,600 5 
Lesotho 418 9 907 28 
Namibia 7,970 pa 4,220 6 
Russia 55,400 S72 40,100 56 
Sierra Leone 978 3 11,800 6 
South Africa 252,000 ' 171 234,000 221 
Other 5.550" 4° 3,800 5 
Total 748,000 * 556° 638,000 534 
Cut but unset, not more than 0.5 carat: 
Australia 8,150 4 4,850 2 
Belgium 402,000 134 186,000 111 
Botswana 5,420 19 20,500 17 
Brazil 2,860 2 1,440 1 
Canada 7,980 6 7,240 6 
China 56,900 60 45,000 a2 
Dominican Republic 6,960 1 3,100 1 
Hong Kong 273,000 49 112,000 33 
India 5,860,000 1,500 5,730,000 1,760 
Israel 394,000 209 539,000 242 
Mauritius 4,530 * 16 10,200 37 
Mexico 114,000 30 83,500 18 
Namibia 3,920 11 5,080 16 
Russia 171 (6) 13] (6) 
South Africa qa lO 18 9,370 12 
Sri Lanka we = 1,440 1 
Switzerland 947 3 3,020 13 
Thailand 72,300 9 90,600 15 
United Arab Emirates 132,000 38 81,700 22 
United Kingdom 45,000 6 31,200 8 
Vietnam 46,700 66 22,900 29 
Other 29,400 8 31,500 10 
Total 7,470,000 2,190 7,020,000 2,410 
Cut but unset, more than 0.5 carat:” 
Armenia 212 1 683 1 
Australia 5,790 37 6,630 42 
Belgium 707,000 3,380 691,000 3,930 
Botswana 9,410 54 13,600 103 
Brazil 1,380 7 4 472 3 
Canada 18,000 74 28,900 125 
China 64,100 306 43,300 235 
France 1,120° 20 2,010 19 
Germany 3,680 13 3,390 9 
Hong Kong 42,800 * 144 62,700 253 
India 1,680,000 3,900 2,320,000 5,640 
Indonesia a2 1 233 6 
Israel 1,830,000 7,990 1,950,000 8,540 


See footnotes at end of table. 
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TABLE 7—Continued 
U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY! 


2012 2013 
Quantity Value’ Quantity Value” 
Kind, range, and country of origin (carats) (millions) (carats) (millions) 
Cut but unset, more than 0.5 carat:’—Continued 

Italy 3,520 11 4,000 15 
Japan 666 8 1,290 fi 
Lebanon 173 1 540 4 
Lesotho -- = 11 1 
Mauritius 1,890 ' 11 4,340 31 
Mexico 1,270 1 7,390 7 
Namibia 14,200 79 15,700 81 
Netherlands 146 2 362 2 
Russia 19,200 93 19,400 114 
Singapore 26,800 15 11,900 fi 
South Africa 22,600 625 43,000 649 
Sri Lanka 75 (6) 438 3 
Switzerland 8,460 380 11,400 350 
Thailand 12,100 33 16,800 pai 
United Arab Emirates 44,300 164 17,000 87 
United Kingdom 4,740 84 13,400 89 
Vietnam 2,230 3 3,090 2 
Other 4,240 23° 3,470 12 
Total 4,530,000 * 17,400 5,300,000 20,400 


"Revised. -- Zero. 

'Data are rounded to no more than three significant digits; may not add to totals shown. 
"Customs value. 

*Includes some natural advanced diamond. 

“Rough or uncut, natural data are for Harmonized Tariff Schedule of the United States 

code 7102.31.0000. 

Cut but unset, not more than 0.5 carat data are for Harmonized Tariff Schedule of the United States 
code 7102.39.0010. 

SLess than % unit. 

7Cut but unset, more than 0.5 carat data are for Harmonized Tariff Schedule of the United States 
code 7102.39.0050. 


Source: U.S. Census Bureau and the U.S. International Trade Commission. 
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TABLE 8 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 
DIAMOND, BY KIND AND COUNTRY’ 


2012 2013 
Quantity Value” Quantity Value” 
Kind and country (carats) (millions) (carats) (millions) 
Emerald:* 
Belgium 2,150 $4 3,630 $5 
Brazil 136,000 13 140,000 20 
Canada 3,340 (4) 3,000 (4) 
China 4,660 (4) 28,700 (4) 
Colombia 201,000 172 275,000 176 
France 163 1 1,590 3 
Germany 9,190 3 15,400 2 
Hong Kong 147,000 49 145,000 16 
India 1,650,000 54 1,630,000 85 
Israel 144,000 38 151,000 49 
Italy 7,790 1 3,070 1 
South Africa 81,100 4 99,300 14 
Switzerland 8,470 * 22 3,330 13 
Thailand 334,000 17 436,000 22 
United Kingdom 314 Z 696 3 
Zambia 95,800 27 87,800 15 
Other 75,000 * 4 12,300 6 
Total 2,890,000 410 3,040,000 431 
Ruby:° 
Belgium Zoe 1 1,150 1 
China 2,900 (4) 13,200 (4) 
France 238 3 432 4 
Germany 37,700 1 3,920 (4) 
Hong Kong 64,400 16 21,500 6 
India 2,600,000 4 2,170,000 11 
Israel 4,580 7 2,080 3 
Italy 15,200 (4) 3,920 (4) 
Madagascar 7,750 (4) 2,280 (4) 
Mozambique 37,500 3 20,900 16 
South Africa 18,700 2 39,800 2 
Sri Lanka 10,100 3 6,340 1 
Switzerland 1,870 2 2,180 6 
Thailand 1,420,000 44 1,460,000 88 
Other 47,500 * 26 12,400 9 
Total 4,260,000 114 3,760,000 146 
Sapphire:° 
Belgium 1,780 4 5,060 2 
China 41,100 1 41,900 2 
France 6,480 2 1,100 6 
Germany 146,000 3 28,600 3 
Hong Kong 333,000 36 138,000 34 
India 1,990,000 15 2,400,000 24 
Israel 9,760 2 18,900 5 
Italy 15,900 1 7,380 1 
Madagascar 14,300 5 7,990 2 
South Africa 14,400 (4) 17,700 8 
Sri Lanka 331,000 * 87 358,000 91 
Switzerland 16,600 31 20,300 37 
Thailand 2,990,000 79 3,710,000 102 
United Kingdom 769 1 11,900 4 
Other 38,900 2 44,500 6 
Total 5,940,000 269 6,810,000 330 


See footnotes at end of table. 
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TABLE 8—Continued 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 
DIAMOND, BY KIND AND COUNTRY! 


2012 2013 
Quantity Value’ Quantity Value” 
Kind and country (carats) (millions) (carats) (millions) 
Other: 
Rough, uncut, all countries’ 2,180,000 * 137 2,540,000 14 
Cut, set and unset, all countries® NA 310° NA 340 


"Revised. NA Not available. 

'Data are rounded to no more than three significant digits; may not add to totals shown. 

*Customs value. 

*Emerald data are for Harmonized Tariff Schedule of the United States code 7103.91.0030. 

“Less than % unit. 

Ruby data are for Harmonized Tariff Schedule of the United States code 7103.91.0010. 

°Sapphire data are for Harmonized Tariff Schedule of the United States code 7103.91.0020. 

"Rough, uncut data are for Harmonized Tariff Schedule of the United States code 7103.10.4080. 
‘Cut, set and unset data are for Harmonized Tariff Schedule of the United States code 7103.99.1080. 


Source: U.S. Census Bureau and the U.S. International Trade Commission. 


TABLE 9 
VALUE OF U.S. IMPORTS OF SYNTHETIC 
AND IMITATION GEMSTONES, BY COUNTRY”’” 


(Thousand dollars) 

Country 2012 2013 

Synthetic, cut but unset:* 
Austria 2,610 * 1,910 
Belgium 1,310 1,110 
China 71907 9,060 
Germany 9,320 9,180 
Hong Kong 321 6,440 
India 5,390 * 4,740 
Malaysia 822 -- 
Other 6,250 * 2,750 
Total 33,200 35,200 

Imitation: > 

Austria 3,010* 2,460 
China 23,000 * 22,600 
Czech Republic 41° 94 
Other 4,350" 3,560 
Total 30,400 * 28,700 


"Revised. -- Zero. 

'Data are rounded to no more than three significant digits; may not 
add to totals shown. 

“Customs value. 

*Synthetic, cut but unset data are for Harmonized Tariff Schedule 
of the United States code 7104.90.1000. 


“Imitation data are for Harmonized Tariff Schedule of the United States 
code 7018.10.2000. 

“Includes pearls data that are for Harmonized Tariff Schedule of the United 
States code 7018.10.1000. 


Source: U.S. Census Bureau and the U.S. International Trade Commission. 
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TABLE 10 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES’ 


(Thousand carats and thousand dollars) 


2012 2013 
Stones Quantity Value” Quantity Value’ 
Coral and similar materials, unworked* 6,340 $13,400 5,960 $13,700 
Diamonds: 
Cut but unset* 12,000 19,600,000 12,300 22,800,000 
Rough or uncut? 748° 556,000 * 638 534,000 
Emeralds, cut but unset® 2,890" 410,000 ' 3,040 431,000 
Pearls: 
Cultured’ NA 31,800 NA 18,500 
Imitation® NA 7,290 ' NA 5,520 
Natural NA 30,200 NA 29,100 
Rubies, cut but unset’ 4,260 114,000 3,760 146,000 
Sapphires, cut but unset” 5,940 269,000 6,810 330,000 
Other precious and semiprecious stones: 
Rough, uncut!’ 2,180,000 * 14,800" 2,540,000 13,800 
Cut, set and unset!” NA' 310,000 * NA 340,000 
Other’ NA' 8,040 * NA 9,060 
Synthetic: 
Cut but unset 9,170" 33,200 16,700 35,200 
Other NA‘ 4,110" NA 4,670 
Imitation gemstone’ WA” 23,100 * NA 23,200 
Total 2,220,000" 21,500,000" 2,590,000 24,700,000 


"Revised. NA Not available. 

'Data are rounded to no more than three significant digits; may not add to totals shown. 

*Customs value. 

’Coral and similar materials, unworked data are for Harmonized Tariff of the United States code 
0508.00.0000. 

“Cut but unset data are for Harmonized Tariff of the United States codes 7102.39.0010, 7102.39.0050. 
Rough or uncut data are for Harmonized Tariff of the United States code 7102.31.0000. 

°Emeralds, cut but unset data are for Harmonized Tariff Schedule of the United States code 7103.91.0030. 
7Cultured data are for Harmonized Tariff Schedule of the United States code 7101.21.0000. 

‘Imitation data are for Harmonized Tariff Schedule of the United States code 7018.10.1000. 

Rubies, cut but unset data are for Harmonized Tariff Schedule of the United States code 7103.91.0010. 
'°Sapphires, cut but unset data are for Harmonized Tariff Schedule of the United States code 
7103.91.0020. 

"Rough, uncut data are for Harmonized Tariff Schedule of the United States codes 7103.10.2020 and 
7103.10.2080. 

Cut, set and unset data are for Harmonized Tariff Schedule of the United States code 7103.99.1080. 
"Other data are for Harmonized Tariff Schedule of the United States code 7103.99.5080. 

‘Does not include pearls. 


Source: U.S. Census Bureau and the U.S. International Trade Commission. 
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TABLE 11 
DIAMOND (NATURAL): ESTIMATED WORLD PRODUCTION, BY COUNTRY AND TYPE!” 


(Thousand carats) 


Country and type’ 2009 2010 2011 2012 2013 
Gemstones: 
Angola* 8,310 7,530 7,500 7,500 8,420 
Australia” 312% 200 * 7 184° 235 
Botswana° 12,400 15,400 16,000 14,400 16,200 
Brazil, unspecified’ 21 25 46 46 49 
Cameroon, unspecified -- -- -- -- 3% 
Canada, unspecified 10,900 * 11,800 * 10,800 * 10,500 * 10,600 
Central African Republic” '° 249 241 299 293 -- 
China, unspecified 46 17 (11) 2 1 
Congo (Brazzaville), unspecified 68 * 381° i ee 32” 56 
Congo (Kinshasa) 4,260 ' 4,030 ' 3,850 * 4,300 ' 3,140 
Ghana, unspecified 376 334 302 oe) 169 
Guinea’? 557 299 243 213 162 
Guyana 97 46 51 44 60 
India’ 3% 5 3 7 10 
Indonesia“ 2° -- -- -- os 
Lesotho, unspecified 92 109 224 479 414 
Liberia’ 17* 16 * a5? a5" 32 
Namibia, unspecified 1,190 1,690 1,260 1,630 1,690 
Russia’® 19,500 * 19,500 * 19,700 * 19,600 * 21,200 
Sierra Leone’’ 241 263 214 406 457 
South Africa’? 4,910° 7,090 * 5,640 * 5,660 * 6,510 
Tanzania 155 60 35 108 153 
Togo, unspecified (11) (11) (11) (11) (11) 
Venezuela” 3 1 -- -- = 
Zimbabwe” 96° 844° 850° 1210* 1,040 
Total 63,800 * 69,900 * 67,200 * 66,800 * 70,600 
Industrial: 
Angola* 924 836 833 833 936 
Australia” 15,300 * 9,800 * 7,700 * 9,000 * 11,500 
Botswana® 5,320 6,610 6,870 6,170 6,960 
Central African Republic'® 62 60 65 v6: -- 
Congo (Kinshasa) !* 17,000 * 16,100 * 15,400 * 17,200 * 12,500 
Guinea’? 139 oh 61 53 40 
India®® q 13 9 20 aT 
Indonesia“ O° -- -- -- -- 
Liberia’ 11 ll 17 17 21 
Russia’® 15,300 * 15,300 ' 15,500 * 15,400 ' 16,700 
Sierra Leone’! 160 175 143 135 152 
South Africa’? 1,230' 1.770 * 1,410 ° 1,420° 1,630 
Tanzania oid, 11 6 19 27 
Venezuela” 5 1 -- -- -- 
Zimbabwe” 867° 7,590 * 7,650 * 10,900 * 9,370 
Total 56,400 * 58,400 * 55,600 * 61,200 * 59,900 
Grand total, unrounded 120.224 + «=«=«}©= 128317.-—s—~<‘(i«tC«<C2SiWBDW.’—~sS—-—s«~—~«é‘i27z«GSD’s—“‘<+wr~s~«~*«*«~*SAD 


‘Revised. -- Zero. 
'Estimated data are rounded to no more than three significant digits; may not add to totals shown. Includes data available through 
August 15, 2014. 


*Grand totals reported by Kimberley Process Certification Scheme. Country divisions into gemstones and industrial categories estimat« 
with input from U.S. Geological Survey country specialists. 


3In addition to countries listed, Belarus, Germany, Ireland, Nigeria, the Republic of Korea, and Sweden produced natural diamond, but 
information is inadequate to formulate reliable estimates of output levels. 


“About 90% gem quality and 10% industrial quality. 
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TABLE 11—Continued 
DIAMOND (NATURAL): ESTIMATED WORLD PRODUCTION, BY COUNTRY AND TYPE! . 


>About 2% gem quality and 98% industrial quality. 
About 70% gem and near gem quality and 30% industrial quality. 
"Figures represent officially reported diamond output plus official Brazilian estimates of output by nonreporting miners. 


‘From Mobilong Diamond Mine and artisanal mining. 
"Includes artisanal mining. 

' About 80% gem quality and 20% industrial quality. 
"Less than % unit. 

'? About 20% gem quality and 80% industrial quality. 
About 27% gem quality and 73% industrial quality. 
'4About 17% gem quality and 83% industrial quality. 
'S About 60% gem quality. 


16 ; 
About 56% gem quality. 
"From 2009 to 2011, production was estimated to be about 60% gem quality and 40% industrial quality. In 2012 and 2013, 


production is estimated to be about 75% gem quality and 25% industrial quality. 
'S About 85% gem quality and 15% industrial quality. 
" About 40% gem quality and 60% industrial quality. 
About 10% gem quality and 90% industrial quality. 
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(Data in million dollars unless otherwise noted) 


Domestic Production and Use: The combined value of U.S. natural and synthetic gemstone output decreased by 
about 3% in 2012 from that of 2011. The natural gemstone production value increased slightly from that of 2011, 
while synthetic gemstone production value decreased by nearly 5% during the same period. Domestic gemstone 
production included agate, beryl, coral, garnet, jade, jasper, opal, pearl, quartz, sapphire, shell, topaz, tourmaline, 
turquoise, and many other gem materials. In decreasing order, Arizona, North Carolina, Oregon, Utah, California, 
Tennessee, Montana, Colorado, Arkansas, and Idaho produced 87% of U.S. natural gemstones. Laboratory-created 
gemstones were manufactured by five firms in Florida, New York, Massachusetts, North Carolina, and Arizona, in 
decreasing order of production. Major gemstone uses were carvings, gem and mineral collections, and jewelry. The 
apparent consumption in the table below is much lower than the actual consumption, owing to the exports, including 
reexports. 


Salient Statistics—United States: 2008 2009 2010 2011 2012° 
Production:@ 
Natural° 11.5 9.3 10.0 11.0 ila 
Laboratory-created (synthetic) 51.4 27.2 30.8 31.9 30 
Imports for consumption 20,900 13,600 19,600 23,500 22,000 
Exports, including reexports* 15,300 10,500 14,100 18,200 18,000 
Consumption, apparent 5,670 3,080 5,910 5,360 4,300 
Price Variable, depending on size, type, and quality 
Employment, mine, number® 1,200 1,000 1,100 1,100 1,100 
Net import reliance’ as a percentage 
of apparent consumption 99 99 99 99 99 


Recycling: Gemstones are often recycled by being resold as estate jewelry, reset, or recut, but this report does not 
account for those stones. 


Import Sources (2008-11 by value): Israel, 44%; India, 25%; Belgium, 17%; South Africa, 5%; and other, 9%. 
Diamond imports accounted for 95% of the total value of gem imports. 


Tariff: Item Number Normal Trade Relations 
12-31-12 

Pearls, imitation, not strung 7018.10.1000 4.0% ad val. 
Imitation precious stones 7018.10.2000 Free. 
Pearls, natural 7101.10.0000 Free. 
Pearls, cultured 7101.21.0000 Free. 
Diamond, unworked or sawn 7102.31.0000 Free. 
Diamond, ?2 carat or less 7102.39.0010 Free. 
Diamond, cut, more than % carat 7102.39.0050 Free. 
Precious stones, unworked 7103.10.2000 Free. 
Precious stones, simply sawn 7103.10.4000 10.5% ad val. 
Rubies, cut 7103.91.0010 Free. 
Sapphires, cut 7103.91.0020 Free. 
Emeralds, cut 7103.91.0030 Free. 
Other precious stones, cut but not set 7103.99.1000 Free. 
Other precious stones 7103.99.5000 10.5% ad val. 
Synthetic, cut but not set 7104.90.1000 Free. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: None. 


Prepared by Donald W. Olson [(703) 648-7721, dolson@usgs.gov] 
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Events, Trends, and Issues: In 2012, the U.S. market for gem-quality diamonds was estimated to be about $22 
billion, accounting for more than 35% of world demand. This was an increase of about 20% compared with that of 
2011. The domestic market for natural, nondiamond gemstones was estimated to be about $1 billion, which was a 
20% increase from that of 2011. The United States is expected to continue dominating global gemstone consumption. 


World Gem Diamond Mine Production’ and Reserves: 


Mine production Reserves’ 
2011 2012° 
Angola 7,500 7,200 World reserves of diamond-bearing 
Australia 86 70 deposits are substantial. No reserve 
Botswana 22,900 24,000 data are available for other gemstones. 
Brazil 25 25 
Canada 10,800 10,500 
Central African Republic 240 200 
China 100 100 
Congo (Kinshasa) 3,900 3,900 
Ghana 240 180 
Guinea 230 200 
Guyana 50 50 
Lesotho 450 450 
Namibia 1,130 1,400 
Russia 17,800 18,500 
Sierra Leone 280 300 
South Africa 2,800 2,800 
Tanzania 51 51 
Other countries 1,350 1,350 
World total (rounded) 69,900 71,000 


World Resources: Most diamond-bearing ore bodies have a diamond content that ranges from less than 1 carat per 
ton to about 6 carats per ton. The major gem diamond reserves are in southern Africa, Australia, Canada, and 
Russia. 


Substitutes: Plastics, glass, and other materials are substituted for natural gemstones. Synthetic gemstones 
(manufactured materials that have the same chemical and physical properties as gemstones) are common 
substitutes. Simulants (materials that appear to be gems, but differ in chemical and physical characteristics) also are 
frequently substituted for natural gemstones. 


“Estimated. 

“Excludes industrial diamond and garnet. See Diamond (Industrial) and Garnet (Industrial). 
“Estimated minimum production. 

‘Includes production of freshwater shell. 

“Reexports account for between 78% and 83% of the totals. 

Defined as imports — exports and reexports. 

°Data in thousands of carats of gem diamond. 


"See Appendix C for resource/reserve definitions and information concerning data sources. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2013 
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Domestic survey data and tables were prepared by Connie Lopez and Chanda C. Williams, statistical assistants, and the 
author. The world production table was prepared by Glenn J. Wallace, international data coordinator. 


In 2014, the estimated value of natural gemstones produced 
in the United States was $9.49 million (table 3), and the 
estimated value of U.S. synthetic gemstone production was 
$51.0 million. The total estimated value of U.S. gemstone 
production was $60.5 million. The value of U.S. gemstone 
imports was $26.4 billion (table 10), and the value of combined 
U.S. gemstone exports and reexports was estimated to be 
$23.0 billion. In 2014, world production of natural diamond 
totaled 125 million carats, of which an estimated 72.0 million 
carats were gem quality (table 11). During 2014, worldwide 
average diamond values increased by 5% to $135.77 per 
carat from the 2013 average value of $128.82 per carat 
(Diamond Shades, 2017). 

In this report, the terms “gem” and “gemstone” mean any 
mineral or organic material (such as amber, pearl, petrified 
wood, and shell) used for personal adornment, display, or object 
of art because it possesses beauty, durability, and rarity. Of 
more than 4,000 mineral species, only about 100 possess all 
these attributes and are considered to be gemstones. Silicates 
other than quartz are the largest group of gemstones in terms 
of chemical composition; oxides and quartz are the second 
largest (table 1). Gemstones are subdivided into diamond and 
colored gemstones, which in this report designates all natural 
nondiamond gems. In addition, synthetic gemstones, cultured 
pearls, and gemstone simulants are discussed but are treated 
separately from natural gemstones (table 2). Trade data in 
this report are from the U.S. Census Bureau. All percentages 
in the report were calculated using unrounded data. Current 
information on industrial-grade diamond and industrial-grade 
garnet can be found in the U.S. Geological Survey (USGS) 
Minerals Yearbook, volume I, Metals and Minerals chapters on 
industrial diamond and industrial garnet, respectively. 

Gemstones have fascinated humans since prehistoric times. 
They have been valued as treasured objects throughout history 
by all societies in all parts of the world. Amber, amethyst, 
coral, diamond, emerald, garnet, jade, jasper, lapis lazul1, 
pearl, rock crystal, ruby, serpentine, and turquoise are some of 
the first stones known to have been used for making jewelry. 
In addition to jewelry, gemstones are used for collections, 
decorative art objects, and exhibits. 


Production 


U.S. gemstone production data were based on a survey of 
more than 250 domestic gemstone producers conducted by the 
USGS. The survey provided a foundation for projecting the 
scope and level of domestic gemstone production during the 
year. However, the USGS survey did not represent all gemstone 
activity in the United States, which includes thousands of 
professional and amateur collectors. Consequently, the USGS 
supplemented its survey with estimates of domestic gemstone 
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production from related published data, contacts with gemstone 
dealers and collectors, and information gathered at gem and 
mineral shows. 

Commercial mining of gemstones has never been extensive 
in the United States. More than 60 varieties of gemstones have 
been produced commercially from domestic mines, but most 
of the deposits are small compared with those of other mining 
operations. In the United States, much of the current gemstone 
mining is conducted by individual collectors, gem clubs, and 
hobbyists rather than by commercial operations. 

The commercial gemstone industry in the United States consists 
of individuals and companies that mine gemstones or harvest 
shell and pearl, firms that manufacture synthetic gemstones, 
and individuals and companies that cut and polish natural and 
synthetic gemstones. The domestic gemstone industry is focused 
on the production of colored gemstones and on the cutting and 
polishing of large diamond stones. Industry employment is 
estimated to be between 1,200 and 1,500 individuals. 

Most natural gemstone producers in the United States 
are small businesses that are widely dispersed and operate 
independently. The small producers may have an average 
of three employees, including those who only work part 
time. The number of gemstone mines operating from year to 
year fluctuates because the uncertainty associated with the 
discovery and marketing of gem-quality minerals makes it 
difficult to obtain financing for developing and sustaining 
economically viable operations. 

The total value of natural gemstones produced in the 
United States was estimated to be $9.49 million during 
2014 (table 3). This production value was a slight decrease 
from that of 2013. 

Natural gemstone materials indigenous to the United States 
are collected or produced in every State. During 2014, each 
of the 50 States produced at least $1,470 worth of gemstone 
materials. The leading 11 States accounted for 90% of the total 
value, as reported by survey respondents. These States were, 
in descending order of production value, Arizona, California, 
Oregon, Utah, Montana, Tennessee, Colorado, Arkansas, 
Idaho, Maine, and North Carolina. Some States were known 
for the production of a single gemstone material—Tennessee 
for freshwater pearls, for example. Other States produced a 
variety of gemstones; for example, Arizona’s gemstone deposits 
included agate, amethyst, azurite, chrysocolla, garnet, jade, 
jasper, malachite, obsidian, onyx, opal, peridot, petrified wood, 
smithsonite, and turquoise. A wide variety of gemstones also 
were found and produced in California, Idaho, Montana, and 
North Carolina. 

In 2014, the United States had only one active operation in a 
known diamond-bearing area in Crater of Diamonds State Park 
near Murfreesboro in Pike County, AR. The State of Arkansas 


ps 


maintains a dig-for-fee operation for tourists and amateur 
collectors at the park; Crater of Diamonds is the only diamond 
mine in the world that is open to the public for collecting 
diamonds. The diamonds occur in a lamproite breccia tuff 
associated with a volcanic pipe and in the soil developed from 
the lamproite breccia tuff. During 2014, 585 diamond stones 
with an average weight of 0.207 carat were recovered at the 
Crater of Diamonds State Park. Of the 585 diamond stones 
recovered, 17 weighed more than 1 carat. The largest diamond 
found during the year was a 6.19-carat white diamond. Since 
the diamond-bearing pipe and the adjoining area became a State 
park in 1972 through yearend 2014, 31,476 diamond stones 
with a total weight of 6,294.20 carats have been recovered 
(James Howell, Park Superintendent, Crater of Diamonds 
State Park, written commun., January 14, 2015). Exploration 
has demonstrated that this diamond deposit contained about 
78.5 million metric tons (Mt) of diamond-bearing rock 
(Howard, 1999, p. 62). An Arkansas law prohibits commercial 
diamond mining in the park. 

In addition to natural gemstones, synthetic gemstones and 
gemstone simulants (or imitation gemstones) were produced 
in the United States in 2014. Cultured or laboratory-created 
also are terms used to refer to synthetic gemstones. Synthetic 
gemstones have the same chemical, optical, and physical 
properties as their natural gemstone counterparts. Simulants 
have an appearance similar to that of a natural gemstone 
material, but they have different chemical, optical, and 
physical properties. Synthetic gemstones that have been 
produced in the United States include alexandrite, cubic 
zirconia, diamond, emerald, garnet, moissanite, ruby, sapphire, 
spinel, and turquoise. However, during 2014, only cubic 
zirconia, diamond, moissanite, and turquoise were produced 
commercially. Simulants of amber, chrysocolla, coral, 
lapis lazuli, malachite, travertine, and turquoise also were 
manufactured in the United States. In addition, certain colors of 
synthetic sapphire and spinel, used to represent other gemstones, 
are Classified as simulants. 

Synthetic gemstone production in the United States was valued 
at $51.0 million in 2014, which was a 5% decrease compared 
with that of 2013. Five companies in five States, representing 
virtually the entire U.S. synthetic gemstone industry, reported 
production to the USGS. The States with reported synthetic 
gemstone production were, in descending order of production 
value, North Carolina, Florida, New York, South Carolina, 
and Arizona. The value of U.S. simulant gemstone output was 
estimated to be more than $100 million. 

Since the 1950s, when scientists manufactured the 
first synthetic bits of diamond grit using a high-pressure, 
high-temperature (HPHT) method, this method of growing 
diamonds has become relatively commonplace in the world as 
a technology for synthetic diamonds, so much so that thousands 
of small plants throughout China were using the HPHT method 
and producing synthetic diamonds suitable for cutting as 
gemstones. Gem-quality diamonds of | carat or more are harder 
to manufacture because, at that size, it is difficult to consistently 
produce diamonds of high quality, even in the controlled 
environment of a laboratory using the HPHT method. After 
more than 50 years of development, several synthetic diamond 
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companies were able to produce relatively large high-quality 
diamonds that equaled those produced from mines. 

In the early 2000s, technology was developed for a method for 
growing single, extremely pure, gem-quality diamond crystals 
by chemical vapor deposition (CVD). The CVD technique 
transforms carbon into plasma, which is then precipitated onto a 
substrate as diamond. CVD had been used for more than a decade 
to cover large surfaces with microscopic diamond crystals, but in 
developing this process, synthetic diamond producers discovered 
the temperature, gas composition, and pressure combination that 
resulted in the growth of a single diamond crystal and were able 
to produce synthetic stones that ranged from 1 to 2 carats. 

Gemesis Inc. (Lakewood Ranch, FL) reported production 
of gem-quality synthetic diamond in 2014. The weight of the 
majority of synthetic diamond stones ranged from 0.4 to 2 carats, 
and most of the stones were brownish yellow, colorless, green, 
or yellow. Gemesis used diamond-growing machines capable 
of growing up to 3-carat rough diamonds by generating HPHT 
conditions that recreate the conditions in the Earth’s mantle 
where natural diamonds form. Beginning in 2012, Gemesis 
manufactured some of its synthetic diamonds using a CVD 
process, which was a less expensive process than the HPHT 
process (Lord, 2013). Gemesis began marketing its synthetic 
diamonds through its Web site in March 2012. The prices of 
these synthetic diamonds were lower than those of comparable 
natural diamond but above the prices of stimulated diamond. For 
example, Gemesis listed a 1.04-carat, J color, VS1 clarity, very 
good round cut with an International Gemological Institute report 
for $4,434, about 36% less than a similar Gemological-Institute- 
of-America-certified natural stone listed for $6,916 (Bates, 2012). 
In June 2014, Gemesis announced that the company was 
rebranding itself as Pure Grown Diamonds Inc., which would 
be a privately held company based in New York, NY, with 
its diamond growing facility located in Lakewood Ranch, FL 
(Pure Grown Diamonds Inc., 2014). 

During 2014, Scio Diamond Technology Corp. (Greenville, SC) 
used CVD technology to produce synthetic single crystal diamond 
stones that ranged from | to 2 carats for gemstone and industrial 
use. Scio Diamond Technology reported that for the fiscal year 
ending March 31, 2015, the company had manufactured more 
than 39,300 carats of rough diamond. This production was a 71% 
increase over the previous fiscal year’s production. During the 
year, the average size of synthetic diamond crystals more than 
doubled (Scio Diamond Technology Corp., 2015). 

Charles & Colvard, Ltd. in North Carolina was the only 
U.S. manufacturer of moissanite and used proprietary patented 
technology. Moissanite is gem-quality synthetic silicon carbide 
and an excellent diamond simulant, but it is being marketed for 
its own gem qualities. Moissanite exhibits a higher refractive 
index (brilliance) and higher luster than diamond. Its hardness 
is between that of corundum (ruby and sapphire) and that 
of diamond, which gives it durability (Charles & Colvard, 

Ltd., 2016). Charles & Colvard reported that moissanite sales 
decreased by 10% to $25.6 million in 2014 compared with 
$28.5 million in 2013 (Charles & Colvard, Ltd., 2015). 

U.S. mussel shells are used as a source of mother-of-pearl 
and as seed material for culturing pearls. United States shell 
production decreased slightly in 2014 compared with that of 
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2013 (table 3) owing to decreased demand for United States 
shell materials that was caused by the use of seed materials from 
China, manmade seed materials, and other sources by pearl 
producers in Japan. The popularity of darker and colored pearls 
and freshwater pearls that do not use U.S. seed material has 
also contributed to decreased demand for U.S. shell materials. 
In some regions of the United States, shell from mussels was 
being used more as a gemstone based on its own merit rather 
than as seed material for pearls. This shell material was being 
processed into mother-of-pearl and used in beads, jewelry, 

and watch faces. 


Consumption 


Although the United States accounted for only a small portion 
of total global gemstone production, it was the world’s leading 
diamond and nondiamond gemstone market, accounting for 
more than 35% of world gemstone demand in 2014. The U.S. 
market for unset gem-quality diamond during the year was 
estimated to be $24.6 billion, an increase of 6% compared 
with $23.3 billion in 2013. Domestic markets for natural, unset 
nondiamond gemstones totaled $1.80 billion in 2014, which was 
a 26% increase from $1.43 billion in 2013. 

In the United States, the majority of domestic consumers 
designate diamond as their favorite gemstone. This popularity 
of diamonds is evidenced by the diamond market accounting 
for 93% of the total value of the U.S. gemstone market. 

Colored natural gemstones, colored synthetic gemstones, 

and “fancy” colored diamonds were popular in 2014, as was 
demonstrated by the values of domestic consumption for almost 
all types of colored, natural, unset nondiamond gemstones 
increasing from 2013 values. 

U.S. fine jewelry and watch retail sales, most of which 
included gemstones, were $78.1 billion in 2014, a slight increase 
from sales of 2013. Of this $78.1 billion, fine jewelry retail 
sales were a record $68.8 billion in 2014, a slight increase from 
sales of 2013. During 2014, an average $434 per household was 
spent on fine jewelry alone. Total U.S. jewelry and watch sales 
during the 2014 November-December holiday shopping season 
decreased slightly to $21.7 billion from holiday sales during 
2013. One reason for this decline may have been a shift in 
purchasing habits—more jewelry was purchased throughout the 
year, which de-emphasized the importance of the holiday season 
for jewelry sales for jewelry retailers (Golan, 2015). 


Prices 


Gemstone prices are governed by many factors and qualitative 
characteristics, including beauty, clarity, defects, demand, 
durability, and rarity. Diamond pricing, in particular, 1s complex; 
values can vary significantly depending on time, place, and 
the subjective valuations of buyers and sellers. More than 
14,000 categories are used to assess rough diamond and more 
than 100,000 different combinations of carat, clarity, color, and 
cut values can be used to assess polished diamond. 

Colored gemstone prices are generally influenced by market 
supply and demand considerations, and diamond prices are 
supported by producer controls on the quantity and quality of 
supply. Values and prices of gemstones produced and (or) sold 
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in the United States are listed in tables 3 through 5. In addition, 
customs values for diamonds and other gemstones imported, 
exported, or reexported are listed in tables 6 through 10. 

De Beers Group companies remained a significant force, 
influencing the price of gem-quality diamond sales worldwide 
during 2014 because the companies mine a significant portion 
of the world’s gem-quality diamond produced each year. In 
2014, De Beers production from its independently owned and 
joint-venture operations in Botswana, Canada, Namibia, and 
South Africa increased by 5% to 32.6 million carats, compared 
with 31.2 million carats in 2013 (Krawitz, 2015). 

Since 2000, De Beers gradually has been losing and giving 
up its control of world diamond pricing. Instead, flexible 
pricing mechanisms have been created that set the stage for new 
methods of rough-diamond sales in addition to rough diamonds 
being sold through a limited number of sightholder sales, the 
method used for years by De Beers. Rough diamonds were also 
sold by term contracts, placed sales, auctions, and tender sales 
(De Beers Group Inc., 2014, p. 39). 


Foreign Trade 


During 2014, total U.S. gemstone trade with all countries 
and territories was valued at about $48.0 billion, which was 
an increase of 9% from that of 2013. Diamond accounted for 
about 96% of the 2014 gemstone trade total value. In 2014, U.S. 
exports and reexports of diamond were shipped to 92 countries 
and territories, and imports of all gemstones were received from 
112 countries and territories (tables 6—10). In 2014, U.S. import 
quantities of cut diamond decreased by 4% compared with those 
of 2013, and the value increased by 5%. U.S. import quantities 
of rough and unworked diamond decreased by 33%, but the 
value increased by 3% (table 7, 10). The United States remained 
the world’s leading diamond importer and was a significant 
international diamond transit center as well as the world’s 
leading gem-quality diamond market. In 2014, U.S. export and 
reexport quantities of gem-grade diamond decreased slightly 
compared with those of 2013, but the value increased by 10%. 
The large quantity of reexports illustrated the significance of the 
United States in the world’s diamond supply network (table 6). 

Imports of synthetic gemstone decreased by 34% in value 
for the United States in 2014 compared with those of 2013 
(tables 9, 10). This decrease was due to large decreases in 
synthetic gemstone imports from China, Hong Kong, and 
India. Synthetic gemstone imports from Austria, Belgium, 
China, Germany, Hong Kong, and India, totaling more than 
$19.0 million in imports, accounted for about 82% (by value) 
of total domestic imports of synthetic gemstones during the 
year (table 9). The marketing of imported synthetic gemstones 
and enhanced gemstones as natural gemstones and the mixing 
of synthetic materials with natural stones in imported parcels 
continued to be an issue for some domestic producers in 
2014. In addition, some simulants were marketed as natural or 
synthetic gemstones during the year as in previous years. 


World Review 


The worldwide gemstone industry has two distinct 
sectors—diamond mining and marketing and colored gemstone 


22.0 


production and sales. Most diamond supplies are controlled 

by a few major mining companies; prices are influenced by 
consumer demand and supply availability and, to a lesser extent, 
by managing the quality and quantity of the gemstones relative 
to demand, a function that has been performed by De Beers 
Group sightholder sales. Unlike diamond, colored gemstones are 
primarily produced at relatively small, low-cost operations with 
few dominant producers; prices are influenced only by consumer 
demand and supply availability. 

In 2014, world natural rough-diamond production decreased 
by 4% in 2014 to 125 million carats from 130 million carats in 
2013 and consisted of 72.0 million carats of gem-quality and 
52.8 million carats of industrial-grade diamonds (table 11). Most 
production was concentrated in a few regions—Africa [Angola, 
Botswana, Congo (Kinshasa), Namibia, and South Africa], 

Asia (northeastern Siberia and Yakutia in Russia), Australia, 
North America (Northwest Territories in Canada), and 

South America (Brazil). In 2014, Russia led the world in total 
quantity of natural rough-diamond output (combined gemstone 
and industrial) with 31% of the estimated world production. 
Russia also was the world’s leading gemstone diamond 
producer with 30%; followed by Botswana, 24%; Canada, 
17%; Angola, 11%; South Africa, 8%; Congo (Kinshasa), 
4%; and Namibia, 3%. These seven countries produced 97% 
(by quantity) of the world’s gemstone diamond output in 
2014. Rough-diamond production was valued at more than 
$19 billion, an increase of almost 6% compared with that of 
2013 (De Beers Group Inc., 2015, p. 18). 

During 2014, ALROSA Group and De Beers Group Inc. 
remained the two leading diamond producers by quantity and 
value. ALROSA’s production was 29% of total global quantity 
and 29% of total global value; De Beers’ production was 26% 
of total global quantity and 38% of total global value. The third- 
ranked company was Rio Tinto Ltd., which produced 13% of 
total global production quantity and approximately 5% of global 
production value (Diamond Shades, 2017). 

In 2002, the international rough-diamond certification 
system, the Kimberley Process Certification Scheme (KPCS), 
was agreed upon by United Nations (UN) member nations, the 
diamond industry, and involved nongovernmental organizations 
to prevent the shipment and sale of conflict diamonds. Conflict 
diamonds are diamonds that originate from areas controlled 
by forces or factions opposed to legitimate and internationally 
recognized Governments and are used to fund military action 
in opposition to those Governments or in contravention of the 
objectives of the UN Security Council. The KPCS monitors 
rough-diamond trade in both gemstone and industrial diamond. 
The KPCS includes the following key elements: the use of 
forgery-resistant certificates and tamper-proof containers for 
shipments of rough diamonds; internal controls and procedures 
that provide credible assurance that conflict diamonds do not 
enter the legitimate diamond market; a certification process 
for all exports of rough diamonds; the gathering, organizing, 
and sharing of import and export data on rough diamonds with 
other participants of relevant production; credible monitoring 
and oversight of the international certification scheme for 
rough diamonds; effective enforcement of the provisions of 
the certification scheme through dissuasive and proportional 
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penalties for violations; self-regulation by the diamond industry 
that fulfills minimum requirements; and sharing information 
with all other participants on relevant rules, procedures, and 
legislation as well as examples of national certificates used to 
accompany shipments of rough diamonds. China assumed the 
chair of KPCS from January 1 through December 31, 2014. 

As of December 31, 2014, the 54 participants represented 

81 nations (including the 28 member nations of the European 
Union counted as a single participant) plus the rough-diamond- 
trading entity of Taipei (Taiwan). During 2014, the Central 
African Republic was under a temporary suspension of exports 
and imports of rough diamonds, and Venezuela voluntarily 
suspended exports and imports of rough diamonds until further 
notice. The participating nations in the KPCS account for 
approximately 99.8% of the global production and trade of 
rough diamonds (Kimberley Process, 2014). 

Globally, the value of production of natural gemstones other 
than diamond was estimated to be more than $2.5 billion in 
2014. Most nondiamond gemstone mines are small, low-cost, 
and widely dispersed operations in remote regions of developing 
nations. Foreign countries with major gemstone deposits other 
than diamond are Afghanistan (aquamarine, beryl, emerald, 
kunzite, lapis lazuli, ruby, and tourmaline), Australia (beryl, 
opal, and sapphire), Brazil (agate, amethyst, beryl, ruby, 
sapphire, topaz, and tourmaline), Burma (beryl, jade, ruby, 
sapphire, and topaz), Colombia (beryl, emerald, and sapphire), 
Kenya (beryl, garnet, and sapphire), Madagascar (beryl, rose 
quartz, sapphire, and tourmaline), Mexico (agate, opal, and 
topaz), Sri Lanka (beryl, ruby, sapphire, and topaz), Tanzania 
(garnet, ruby, sapphire, tanzanite, and tourmaline), and Zambia 
(amethyst and beryl). In addition, pearls are cultured throughout 
the South Pacific and in other equatorial waters; Australia, 
China, French Polynesia, and Japan were key producers in 2014. 

Worldwide diamond exploration spending decreased by 9% in 
2014 with 48 companies allocating $447 million, compared with 
47 companies allocating $489 million during 2013. The diamond 
share of overall worldwide mineral exploration spending was 
4.2% (SNL Metals Economics Group, 2014a, p. 20). 

In 2014, the worldwide average unit value of diamond 
increased by 5% to $135.77 per carat from the 2013 average 
value of $128.82 per carat (Diamond Shades, 2017). 

Three new diamond mines started production in 2014: the Grib 
Mine and the Karpinskogo-1 Mine in western Russia and the 
Ghaghoo Mine in Botswana (De Beers Group Inc., 2015, p. 20). 

Botswana.—Diamond production in Botswana was 
24.7 million carats during 2014, a 6% increase compared with 
that of 2013, accounting for 20% of the world’s combined 
natural gemstone and industrial diamond output. 

The Ghaghoo Mine began production during the second half 
of 2014. The mine was operated by Gem Diamonds Ltd. and 
was the first underground diamond mine in Botswana. At full 
production, Ghaghoo was expected to produce 750,000 carats 
per year (De Beers Group Inc., 2015, p. 20; Zimnisky, 2014). 

Canada.—Diamond production in Canada was 12.0 million 
carats in 2014, a 14% increase compared with that of 2013, 
accounting for 10% of the world’s combined natural gemstone 
and industrial diamond output. Diamond exploration continued 
in Canada, with several commercial diamond projects and 
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additional discoveries in Alberta, British Columbia, Northwest 
Territories, Nunavut, Ontario, and Quebec. 

One of the world’s most anticipated diamond development 
projects was the Gahcho Kué diamond mine, 280 kilometers 
northeast of Yellowknife, Northwest Territories. Gahcho 
Kué continued moving forward with permitting approval in 
the second half of 2014, and mechanical completion of the 
processing plant and cold commissioning was expected to 
start in 2015. At full production, Gahcho Kué was expected to 
produce 5 million carats of diamonds per year, with an estimated 
15-year mine life. Ownership of the Gahcho Kué Mine was 
De Beers Canada, 51%, and Mountain Province Diamonds, 49% 
(Zimnisky, 2014). 

Russia.—Diamond production in Russia was 38.3 million 
carats during 2014, a slight increase compared with that of 2013, 
accounting for 31% of total global production. 

The Grib Mine in the Arkhangelsk Region of western Russia 
was wholly owned by OAO LUKOIL and had its first full year of 
production in 2014. The mine started production as an open pit 
that was expected to produce about 58 million carats during its 
projected 19-year mine life and, after transition to an underground 
mine, was expected to produce an additional 40 million carats. 
Production was expected to be 3 to 4 million carats per year. 
Initial development of the open pit mine was projected to cost 
$850 million; no capital cost estimate for the underground 
mine was available. The Grib Mine had reserves containing 
98.5 million carats (SNL Metals Economics Group, 2014b, p. 8; 
Zimnisky, 2014). 

The Karpinskogo-1 Mine, also located in the Arkhangelsk 
Region of western Russia, was wholly owned and operated by 
ALROSA. It was estimated that the mine would have a 16-year 
mine life with production expected to be 2 million carats per year 
(De Beers Group Inc., 2015, p. 20; Zimnisky, 2014). 


Outlook 


As the domestic and global economies improve, internet sales 
of diamonds, gemstones, and jewelry are expected to continue 
to expand and increase in popularity, as are other forms of 
e-commerce that emerge to serve the diamond and gemstone 
industry. Internet sales are expected to add to and partially 
replace store sales. 

Global diamond production is expected to increase during the 
next few years, as a result of new projects coming onstream. 

A number of projects are underway to increase diamond 
production. By 2020, about 25% of diamond production 

will come from projects that are currently being developed, 
but additional increase in output will come from expected 
expansions at currently operating mines, such as Rio Tinto’s 
Argyle Mine in Australia. The largest newly developed mines 
are ALROSA’s Botuobinskaya, LUKOIL’s Grib, and De Beers’ 
and Mountain Province Diamonds’ Gahcho Kué projects 

(De Beers Group Inc., 2014). 

More synthetic gemstones, simulants, and treated gemstones 
are likely to enter the marketplace and necessitate more 
transparent industry trade standards to maintain customer 
confidence. 
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TABLE 1 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size! Cost” Mohs gravity Refraction index confused with characteristics 
Amber Hydrocarbon Yellow, red, green, blue Any Low to 2.0—2.5 1.0-1.1 Single 1.54 Synthetic or pressed Fossil resin, color, low 
medium plastics, kaurigum density, soft, insects. 
Apatite Chlorocalcium Colorless, pink, yellow, Small Low 5.0 3.16-3.23 Double 1.63-1.65 Amblygonite, andalusite, Crystal habit, color, 
phosphate green, blue, violet brazilianite, precious hardness, appearance. 
beryl, titanite, topaz, 
tourmaline 
Azurite Copper carbonate Azure, dark blue, pale Small to do. 3.54.0 3.7-3.9 do. 1.72-1.85 Dumortierite, hauynite, Color, softness, crystal 
hydroxide blue medium lapis lazuli, lazulite, habits, associated 
sodalite minerals. 
Benitoite Barium titanium Blue, purple, pink, do. High 6.0-6.5 3.64-3.68 do. 1.76-1.80 Sapphire, tanzanite, Strong blue in ultraviolet 
silicate colorless blue diamond, blue light. 
tourmaline, cordierite 
Beryl: 

Aquamarine Beryllium aluminum Blue-green to light blue Any Medium to 7.5-8.0  2.63—2.80 do. 1.58 Synthetic spinel, blue Double refraction, 

silicate high topaz refractive index. 

Bixbite do. Red Small Veryhigh 7.5-8.0  2.63—2.80 do. 1.58 Pressed plastics, Refractive index. 

tourmaline 

Emerald, natural do. Green Medium do. 75 2.63—2.80 do. 1.58 Fused emerald, glass, Emerald filter, dichroism, 

tourmaline, peridot, refractive index. 
green garnet doublets 

Emerald, synthetic do. do. Small High 7.5-8.0  2.63—2.80 do. 1.58 Genuine emerald Lack of flaws, brilliant 

fluorescence in 
ultraviolet light. 

Golden (heliodor) do. Yellow to golden Any Low to 7.5-8.0  2.63-2.80 do. 1.58 Citrine, topaz, glass, Weak-colored. 

medium doublets 

Goshenite do. Colorless do. Low 7.5-8.0  2.63-2.80 do. 1.58 Quartz, glass, white Refractive index. 

sapphire, white topaz 

Morganite do. Pink to rose do. do. 7.5-8.0  2.63—2.80 do. 1.58 Kunzite, tourmaline, Do. 

pink sapphire 
Calcite: 

Marble Calcium carbonate White, pink, red, blue, do. do. 3.0 2.72 Double 1.49-1.66 Silicates, banded agate, Translucent. 
green, or brown (strong) alabaster gypsum 

Mexican onyx do. do. do. do. 30 2.12 do. 1.60 do. Banded, translucent. 

Charoite Hydrated sodium Lilac, violet, or white Small to do. 5.0-6.0 2.54-2.78 XX 1.55-1.56 Purple marble Color, locality. 
calcium hydroxi- medium 
fluoro-silicate 

Chrysoberyl: 

Alexandrite Beryllium aluminate Green by direct sunlight, or do. High 8.5 3.50-3.84 Double 1.75 Synthetic Strong dichroism, color 
incandescent light, red by varies from red to 
indirect sunlight or green, hardness. 
fluorescent light 

Cat’s eye do. Greenish to brownish Small to do. 8.5  3.50—-3.84 do. 1.75 Synthetic, shell Density, translucence, 

large chatoyance. 


See footnotes at end of table. 
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TABLE 1—Continued 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size! Cost” Mohs gravity Refraction index confused with characteristics 
Chrysoberyl 
—Continued: 
Chrysolite do. Yellow, green, and (or) Medium Medium 8.5  3.50-3.84 do. 1.75 Tourmaline, peridot Refractive index, silky. 
brown 
Chrysocolla Hydrated copper Green, blue Any Low 2.0-4.0 2.0-2.4 XX 1.46-1.57 Azurite, dyed Lack of crystals, color, 
silicate chalcedony, malachite, fracture, low density, 
turquoise, variscite softness. 
Coral Calcium carbonate Orange, red, white, black, Branching, do. 3.54.0 2.6-2.7 Double 1.49-1.66 False coral Dull translucent. 
purple, or green medium 
Corundum: 
Ruby Aluminum oxide Rose to deep purplish red Small Very high 9.0 3.95-4.10 do. 1.78 Synthetics, including Inclusions, fluorescence. 
spinel, garnet 
Sapphire, blue do. Blue Medium High 9.0 3.95-4.10 do. 1.78 do. Inclusions, double 
refraction, dichroism. 
Sapphire, fancy do. Yellow, pink, colorless, Medium to Medium 9.0 3.95-4.10 do. 1.78 Synthetics, glass and Inclusions, double 
orange, green, or violet large doublets, morganite refraction, refractive 
index. 
Sapphire or ruby, do. Red, pink, violet, blue, or do. High to low 9.0 3.95-4.10 do. 1.78 Star quartz, synthetic Shows asterism, color 
stars gray stars side view. 
Sapphire or ruby, do. Yellow, pink, blue, green, Up to 20 Low 9.0 3.95-4.10 do. 1.78 Synthetic spinel, glass Curved striae, bubble 
synthetic orange, violet, or red carats inclusions. 
Cubic zirconia Zirconium and Colorless, pink, blue, Small do. 8.25-8.5 5.8 Single 2.17 Diamond, zircon, titania, Hardness, density, lack 
yttrium oxides lavender, yellow moissanite of flaws and inclusions, 
refractive index. 
Diamond Carbon White, blue-white, Any Very high 10.0 3.516—3.525 do. 2.42 Zircon, titania, cubic High index, dispersion, 
yellow, brown, green, zirconia, moissanite hardness, luster. 
red, pink, blue 
Feldspar: 
Amazonite Alkali aluminum Green-blue Large Low 6.0-6.5 2.56 XX 1.52 Jade, turquoise Cleavage, sheen, vitreous 
silicate to pearly, opaque, grid. 
Labradorite do. Gray with blue and do. do. 6.0-6.5 2.56 XX 1.56 do. Do. 
bronze sheen color play 
(schiller) 
Moonstone do. Colorless, white, gray, do. do. 6.0—6.5 2.77 XX 1.52-1.54 Glass, chalcedony, opal Pale sheen, opalescent. 
or yellow with white, 
blue, or bronze schiller 
Sunstone do. Orange, red brown, Small to do. 6.0-6.5 2.77 XX 1.53-1.55 Aventurine, glass Red glittery schiller. 
colorless with gold or medium 
red glittery schiller 
Garnet Complex silicate Brown, black, yellow, do. Low to high 6.5-7.5  3.15-4.30 Single 1.79-1.98 Synthetics, spinel, Single refraction, 
green, red, or orange strained glass anomalous strain. 
Hematite Iron oxide Black, black-gray, Medium to Low 5.5-6.5 §.12-5.28 XX 2.94-3.22 Davidite, cassiterite, Crystal habit, streak, 
brown-red large magnetite, neptunite, hardness. 


pyrolusite, wolframite 


See footnotes at end of table. 
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TABLE 1—Continued 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size! Cost? Mohs gravity Refraction index confused with characteristics 
Jade: 
Jadeite Complex silicate Green, yellow, black, Large Low to very 6.5—7.0 3.3-3.5  Crypto- 1.65-1.68 Nephrite, chalcedony, Luster, spectrum, 
white, or mauve high crystalline onyx, bowenite, translucent to opaque. 
vesuvianite, 
grossularite 
Nephrite Complex hydrous do. do. do. 6.0-6.5 2.96-3.10 do. 1.61-1.63 Jadeite, chalcedony, Do. 
silicate onyx, bowenite, 
vesuvianite, 
grossularite 
Jet (gagate) Lignite Deep black, dark brown do. Low 2.54.0 1.19-1.35 XxX 1.64-1.68 Anthracite, asphalt, Luster, color. 
cannel coal, onyx, 
schorl, glass, rubber 
Lapis lazuli Sodium calcium Dark azure-blue to do. do. 5.0-6.0 2.50-3.0 XX 1.50 Azurite, dumortierite, Color, crystal habit, 
aluminum silicate bright indigo blue or dyed howlite, lazulite, associated minerals, 
even a pale sky blue sodalite, glass luster, localities. 
Malachite Hydrated copper Light to black-green do. do. 3.5-4.0 3.25-4.10 XX 1.66—1.91 Brochantite, chrysoprase, Color banding, softness, 
carbonate banded opaque green associated minerals. 
gemstones 
Moissanite Silicon carbide Colorless and pale shades Small Low to 9.25 3.21 Double 2.65—2.69 Diamond, zircon, titania, Hardness, dispersion, lack 
of green, blue, yellow medium cubic zirconia of flaws and inclusions, 
refractive index. 
Obsidian Amorphous, Black, gray, brown, Large Low 5.0-5.5  2.35-2.60 XX 1.45-1.55 Aegirine-augite, Color, conchoidal 
variable (usually dark green, white, gadolinite, gagate, fracture, flow bubbles, 
felsic) transparent hematite, pyrolusite, softness, lack of 
wolframite crystal faces. 
Opal Hydrated silica Reddish orange, colors do. Low to high 5.5—6.5 1.9-2.3 Single 1.45 Glass, synthetics, Color play (opalescence). 
flash in white gray, triplets, chalcedony 
black, red, or yellow 
Peridot Iron magnesium Yellow and (or) green Any Medium 6.5-7.0  3.27-3.37 Double 1.65—1.69 Tourmaline, chrysoberyl Strong double refraction, 
silicate (strong) low dichroism. 
Quartz: 
Agate Silicon dioxide Any Large Low 7.0 2.58-2.64 XxX XX Glass, plastic, Mexican Cryptocrystalline, 
onyx irregularly banded, 
dendritic inclusions. 
Amethyst do. Purple do. Medium 7.0 2.65-2.66 Double 1.55 Glass, plastic, fluorite Macrocrystalline, color, 
refractive index, 
transparent, hardness. 
Aventurine do. Green, red-brown, do. Low 7.0 2.64-2.69 do. 1.54-1.55 Iridescent analcime, Macrocrystalline, color, 
gold-brown, with metallic aventurine feldspar, metallic iridescent flake 
iridescent reflection emerald, aventurine reflections, hardness. 
glass 
Cairngorm do. Smoky orange or yellow do. do. 7.0 2.65—2.66 do. 1.55 do. Macrocrystalline, color, 


refractive index, 
transparent, hardness. 


See footnotes at end of table. 
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Practical Specific Refractive May be Recognition 
Name Composition Color size! Cost? Mohs gravity Refraction index confused with characteristics 
Quartz—Continued: 

Camelian do. Flesh red to brown red do. do. 6.5-7.0  2.58-2.64 do. 1.53-1.54 Jasper Cryptocrystalline, color, 
hardness. 

Chalcedony do. Bluish, white, gray do. do. 6.5-7.0  2.58-2.64 do. 1.53-1.54 Tanzanite Do. 

Chrysoprase do. Green, apple-green do. do. 6.5-7.0  2.58-2.64 do. 1.53-1.54 Chrome chalcedony, Do. 

jade, prase opal, 
prehnite, smithsonite, 
variscite, artificially 
colored green 
chalcedony 

Citrine do. Yellow do. do. 7.0 2,652.66 do. L355 do. Macrocrystalline, color, 
refractive index, 
transparent, hardness. 

Jasper do. Any, striped, spotted, or do. do. 7.0 2.58-2.66 XX XX do. Cryptocrystalline, 

sometimes uniform opaque, vitreous luster, 
hardness. 

Onyx do. Many colors do. do. 7.00 2.58-2.64 XX XX do. Cryptocrystalline, 
uniformly banded, 
hardness. 

Petrified wood do. Brown, gray, red, yellow do. do. 6.5-7.0  2.58-2.91 Double 1.54 Agate, jasper Color, hardness, wood 
grain. 

Rock crystal do. Colorless do. do. 7.0  2.65-2.66 do. 1.55 Topaz, colorless Do. 

sapphire 

Rose do. Pink, rose red do. do. 7.0 2.65-2.66 do. 1.55 do. Macrocrystalline, color, 
refractive index, 
transparent, hardness. 

Tiger’s eye do. Golden yellow, brown, do. do. 6.5-7.0 2.58-2.64 XX 1.53-1.54 XxX Macrocrystalline, color, 

red, blue-black hardness, chatoyancy. 
Rhodochrosite Manganese carbonate —__Rose-red to yellowish, do. Low 4.0 3.45-3.7. Double 1.6-1.82 Fire opal, rhodonite, Color, crystal habit, 
stripped tugtupite, tourmaline reaction to acid, perfect 
rhombohedral cleavage. 
Rhodonite Manganese iron Dark red, flesh red, with do. do. 5.5—6.5 3.40-3.74 do. 1.72-1.75 Rhodochrosite, thulite, Color, black inclusions, 
calcium silicate dendritic inclusions of hessonite, spinel, lack of reaction to acid, 
black manganese oxide pyroxmangite, hardness. 
spessartine, tourmaline 
Shell: 
Mother-of-pearl Calcium carbonate White, cream, green, Small do. 3.5 2.6-2.85 XX XX Glass and plastic Luster, iridescent play 
blue-green, with imitation of color. 
iridescent play of color 
Pearl do. White, cream to black, do. Low to high 2.5—4.5 2.6-2.85 XX XX Cultured and glass or Luster, iridescence, 
sometimes with hint of plastic imitation x-ray of internal structure. 
pink, green, purple 
Spinel, natural Magnesium Any Small to Medium 8.0 3.5-3.7 Single 1.72 Synthetic, garnet Refractive index, single 
aluminum oxide medium refraction, inclusions. 


See footnotes at end of table. 
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TABLE 1—Continued 
GUIDE TO SELECTED GEMSTONES AND GEM MATERIALS USED IN JEWELRY 


Practical Specific Refractive May be Recognition 
Name Composition Color size! Cost” Mohs gravity Refraction index confused with characteristics 
Spinel, synthetic do. do. Up to 40 Low 8.0 3.5-3.7. Double 1.73 Spinel, corundum, beryl, Weak double refraction, 
carats topaz, alexandrite curved striae, bubbles. 
Spodumene: 
Hiddenite Lithium aluminum Yellow to green Medium Medium 6.5-7.0  3.13-3.20 do. 1.66 Synthetic spinel Refractive index, color, 
silicate pleochroism. 
Kunzite do. Pink to lilac do. do. 6.5-7.0  3.13-3.20 do. 1.66 Amethyst, morganite Do. 
Tanzanite Complex silicate Blue to lavender Small High 6.0—7.0 3.30 do. 1.69 Sapphire, synthetics Strong trichroism, color. 
Topaz do. White, blue, green, pink, Medium Low to 8.0 3.4-3.6 do. 1.62 Beryl, quartz Color, density, hardness, 
yellow, gold medium refractive index, perfect 
in basal cleavage. 
Tourmaline do. Any, including mixed do. do. 7.0-7.5 2.98-3.20 do. 1.63 Peridot, beryl, garnet Double refraction, color, 
corundum, glass refractive index. 
Turquoise Copper aluminum Blue to green with black, Large Low 6.0  2.60—2.83 do. 1.63 Chrysocolla, dyed Difficult if matrix not 
phosphate brown-red inclusions howlite, dumortierite, present, matrix usually 
glass, plastics, variscite limonitic. 
Unakite Granitic rock, Olive green, pink, do. do. 6.0-7.0 2.60-3.20 XX XX XX Olive green, pink, gray- 
feldspar, epidote, and blue-gray blue colors. 
quartz 
Zircon Zirconium silicate White, blue, brown, yellow, Small to Low to 6.0-7.5 4.0-4.8 Double 1.79-1.98 Diamond, synthetics, Double refraction, 
or green medium medium (strong) topaz, aquamarine strongly dichroic, wear 


on facet edges. 


Do., do. Ditto. XX Not applicable. 


‘Small, up to 5 carats; medium, 5 to 50 carats; large, more than 50 carats. 


*Low, up to $25 per carat; medium, up to $200 per carat; high, more than $200 per carat. 


TABLE 2 


LABORATORY-CREATED GEMSTONE PRODUCTION METHODS 


Gemstone Production method Company/producer Date of first production 
Alexandrite Flux Creative Crystals Inc. 1970s. 
Do. Melt pulling J.O. Crystal Co., Inc. 1990s. 
Do. do. Kyocera Corp. 1980s. 
Do. Zone melt Seiko Corp. Do. 
Cubic zirconia Skull melt Various producers 1970s. 
Emerald Flux Chatham Created Gems, Inc. 1930s. 
Do. do. Gilson 1960s. 
Do. do. Kyocera Corp. 1970s. 
Do. do. Lennix 1980s. 
Do. do. Russia Do. 
Do. do. Seiko Corp. Do. 
Do. Hydrothermal Biron Corp. Do. 
Do. do. Lechleitner 1960s 
Do. do. Regency 1980s 
Do. do. Russia Do. 
Ruby Flux Chatham Created Gems, Inc. 1950s 
Do. do. Douras 1990s 
Do. do. J.O. Crystal Co., Inc. 1980s 
Do. do. Kashan Created Ruby 1960s 
Do. Melt pulling Kyocera Corp. 1970s 
Do. Verneuil Various producers 1900s 
Do. Zone melt Seiko Corp. 1980s 
Sapphire Flux Chatham Created Gems, Inc. 1970s 
Do. Melt pulling Kyocera Corp. 1980s 
Do. Verneuil Various producers 1900s 
Do. Zone melt Seiko Corp. 1980s 
Star ruby Melt pulling Kyocera Corp. Do. 
Do. do. Nakazumi Earth Crystals Co. Do. 
Do. Verneuil Linde Air Products Co. 1940s 
Star sapphire do. do. Do. 
Do., do. Ditto. 
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TABLE 3 
ESTIMATED VALUE OF U.S. NATURAL GEMSTONE PRODUCTION, 


BY GEM TYPE! 
(Thousand dollars) 
Gemstone 2013 2014 
Beryl 19] 128 
Coral, all types 138 13D 
Diamond 49* 61 
Garnet 92 81 
Gem feldspar 698 684 
Geode/nodules 89 82 
Opal 93 88 
Quartz: 
Macrocrystalline” 384 287 
Cryptocrystalline® 199 226 
Sapphire/ruby 266 262 
Shell 695 693 
Topaz gt 7 
Tourmaline 94 74 
Turquoise 1,310 1,300 
Other 5,270 5,380 
Total 9,570 9,490 
"Revised. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
*Macrocrystalline quartz (crystals recognizable with the naked eye) includes amethyst, aventurine, 
blue quartz, citrine, hawk’s eye, pasiolite, prase, quartz, cat’s eye, rock crystal, rose quartz, 
smoky quartz, and tiger’s eye. 

*Cryptocrystalline quartz (microscopically small crystals) includes agate, carnelian, chalcedony, 
chrysoprase, fossilized wood, heliotrope, jasper, moss agate, onyx, and sard. 
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TABLE 4 
PRICES PER CARAT OF U.S. CUT ROUND DIAMONDS, BY SIZE AND QUALITY IN 2014 


Carat Description, Clarity” Representative prices 
weight color’ (GIA terms) January June* December” 
0.25 G VS1 $1,650 $1,650 $1,650 
Do. G VS2 L375 aye) L375 
Do. G Sul 1,250 1,250 1,250 
Do. H VS1 1,600 1,600 1,600 
Do. H VS2 1,500 1,500 1,500 
Do. H Sil 1,200 1,200 1,200 
0.50 G VSI 2,400 2,600 2,600 
Do. G VS2 2,100 2,400 2,400 
Do. G Sil 1,850 2,080 2,080 
Do. H VSI 2,200 2,390 2,390 
Do. H VS2 1,850 2,320 2,320 
Do. H Sul 1,700 1,910 1,910 
1.00 G VSI 7,650 7,280 7,280 
Do. G VS2 6,900 7,100 7,100 
Do. G Sil 5,920 6,400 6,400 
Do. H VSI 6,700 6,500 6,500 
Do. H VS2 6,150 6,300 6,300 
Do. H Sil 5,750 5,750 5,750 
2.00 G VSI 14,870 14,870 14,870 
Do. G VS2 12,880 12,880 12,880 
Do. G Sil 10,660 10,660 10,660 
Do. H VS1 12,710 12,710 12,710 
Do. H VS2 10,800 10,800 10,800 
Do. H Sil 9,950 9,950 9,950 
Do. Ditto. 


‘Gemological Institute of America (GIA) color grades: G, H—traces of color. 

*Clarity: VS1—very slightly included; VS2—-very slightly included, but not visible; SI1—slightly included. 
3Source: The Gem Guide, v. 33, no. 1, January/February 2014, p. 24-26. 

“Source: The Gem Guide, v. 33, no. 4, July/August 2014, p. 24-26. 

Source: The Gem Guide, v. 33, no. 6, November/December 2014, p. 24-26. 
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TABLE 5 
PRICES PER CARAT OF U.S. CUT COLORED GEMSTONES IN 2014 


Price range per carat 


Gemstone January’ December” 
Amethyst $17-25 $30-35 
Aquamarine 205-300 275-365 
Citrine 13-22 13—22 
Emerald 2,800—4,750 3,000—4,000 
Opal, fire 180-250 180-250 
Opal, white (also jelly opal) 65-80 65—80 
Pearl, cultured saltwater® 5 5 
Peridot 120-150 150-200 
Rhodolite garnet 35-65 50-75 
Ruby 2,400—2,600 2,200—3,000 
Sapphire, blue 1,450—-1,900 1,450-1,900 
Tanzanite 335-375 400-425 
Topaz, blue 7-10 7-10 
Topaz, yellow 150-235 150-235 
Tourmaline, green 60—70 125-175 
Tourmaline, pink 155-200 175-215 


‘Source: The Gem Guide, v. 33, no. 1, January/February 2014, p. 53-54, 57-58, 61, 65, 67-69, 72—75, and 82. 

These figures are approximate wholesale purchase prices paid by retail jewelers on a per stone basis for | to less 
than 1 carat, fine-quality stones. 

*Source: The Gem Guide, v. 33, no. 6, November/December 2014, p. 53-54, 57, 61, 66-68, 70, 72—75, and 82. 

These figures are approximate wholesale purchase prices paid by retail jewelers on a per stone basis for | to less 
than | carat, fine-quality stones. 


*Prices are per 4.5—5-millimeter pearl. 
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TABLE 6 
U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF 
INDUSTRIAL DIAMOND), BY COUNTRY’ 


2013 2014 
Quantity Value’ Quantity Value’ 
Country (carats) (millions) (carats) (millions) 
Exports: 

Aruba 110,000 $3 954 $2 
Australia 10,600 32 30,500 32 
Austria 120 1 122 1 
Bahamas, The 582 2. 480 1 
Belgium 90,900 142 55,600 79 
Belize 176 (4) 190 (4) 
Brazil 32,800 ie 30,700 6 
Canada 54,200 100 50,200 91 
Cayman Islands 664 1 547 1 
China 8,980 33 6,740 26 
Costa Rica 4,420 1 1,770 (4) 
Curacao 15,300 41 12,900 41 
Denmark 861 1 3,420 1 
Dominican Republic 37,300 15 32,300 12 
France 10,800 5 3,250 5 
Germany 2,410 4 21,200 12 
Honduras 155 1 12 1 
Hong Kong 2,140,000 458 1,980,000 5a 
India 489,000 163 381,000 120 
Ireland 13,100 77 12,800 83 
Israel 346,000 491 78,500 234 
Italy 2,860 2 6,930 1 
Jamaica 474 2: 477 2 
Japan 3,110 5 3,090 8 
Lebanon 1,670 (4) 28,000 2 
Malaysia 2,500 1 202 2 
Mexico 420,000 7 416,000 67 
Netherlands 405 2 212 1 
New Zealand 1,320 3 578 2 
Panama 12 (4) 262 1 
Qatar -- -- 2 (4) 
Russia 62 4 179 3 
Singapore 1,910 12 3,910 28 
South Africa 6,320 9 16,800 3 
Sweden 253 1 183 1 
Switzerland 10,800 68 2,150 37 
Taiwan 211 1 1,610 3 
Thailand 154,000 21 153,000 21 
United Arab Emirates 49,100 54 88,700 67 
United Kingdom 19,700 38 26,300 85 
Vietnam 4,600 9 4,190 6 
Other 13,200 28 12,100 9 

Total 4,060,000 1,920 3,470,000 1,630 

Reexports:* 

Armenia 3,350 2 4,940 2 
Aruba 4,480 7 3,290 5 
Australia 3,790 24 12,600 43 
Austria 208 1 285 (4) 
Belgium 1,050,000 2,620 927,000 3,600 
Canada 142,000 181 103,000 156 
China 43,500 28 30,300 22 
France 7,580 136 10,000 159 
Germany 4,700 7 10,600 4 
Guatemala 2,210 (4) -- -- 
Hong Kong 3,760,000 2,560 2,850,000 2,920 


See footnotes at end of table. 
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TABLE 6—Continued 
U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF 
INDUSTRIAL DIAMOND), BY COUNTRY! 


2013 2014 
Quantity Value’ Quantity Value” 
Country (carats) (millions) (carats) (millions) 
Reexports—Continued:* 

India 3,270,000 3,700 3,560,000 3,630 
Israel 1,370,000 5,200 1,850,000 6,480 
Italy 13,700 13 14,400 41 
Japan 68,300 73 48,300 78 
Laos 5,640 3 5,740 3 
Lebanon 8,660 3 1,200 3 
Malaysia 172 2 8,230 6 
Mexico 8,330 7 4,700 8 
Namibia 4,110 8 6,290 5 
Netherlands 66,300 266 53 (4) 
Singapore 8,260 102 13,000 83 
South Africa 21,300 125 56,300 170 
Spain 869 (4) 1,050 2 
Switzerland 117,000 1,430 88,700 1,250 
Taiwan 1,850 8 34,800 16 
Thailand 113,000 113 194,000 76 
United Arab Emirates 549,000 466 1,030,000 389 
United Kingdom 43,400 291 53,900 381 
Other 88,200 116 121,000 149 

Total 10,800,000 17,500 11,000,000 19,700 
Grand total 14,800,000 19,400 14,500,000 21,300 


‘Revised. -- Zero. 

'Data are rounded to no more than three significant digits; may not add to totals shown. 

*Customs value. 

*Export and reexport data are for Harmonized Tariff Schedule of the United States codes 7102.31.0000, 7102.39.0010, and 
7102.39.0050. 


“Less than 4 unit. 
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TABLE 7 


U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY! 


2013 2014 
Quantity Value’ Quantity Value? 
Kind, range, and country of origin (carats) (millions) (carats) (millions) 
Rough or uncut, natural:* * 
Angola 4,820 $16 415 $6 
Australia 105,000 1 36,100 3 
Belgium 3,250 13 -- -- 
Botswana 109,000 133 69,300 127 
Brazil 12,500 4 5,150 3 
Canada 18,100 35 11,700 17 
Central African Republic 77 2 3 1 
Congo (Kinshasa) 2,610 1 2,430 1 
India 86,300 2 35,300 (5) 
Israel 1,600 5 41 1 
Lesotho 907 28 1,080 69 
Namibia 4,220 6 4,830 a 
Russia 40,100 56 51,700 52 
Sierra Leone 11,800 6 1,150 5 
South Africa 234,000 221 204,000 251 
Other 3,800 5 2,210 4 
Total 638,000 534 425,000 547 
Cut but unset, not more than 0.5 carat:° 
Australia 4,850 2 35,000 4 
Belgium 186,000 111 169,000 107 
Botswana 20,500 17 7,780 23 
Brazil 1,440 1 208 (5) 
Canada 7,240 6 9,410 10 
China 45,000 52 60,700 93 
Dominican Republic 3,100 1 2,370 (5) 
Hong Kong 112,000 33 182,000 43 
India 5,730,000 1,760 5,320,000 1,810 
Israel 539,000 242 633,000 253 
Mauritius 10,200 37 18,000 49 
Mexico 83,500 18 74,400 16 
Namibia 5,080 16 10,200 35 
Russia 131 (5) 379 1 
South Africa 9,370 12 25,400 26 
Sri Lanka 1,440 1 9,660 10 
Switzerland 3,020 13 1,960 3 
Thailand 90,600 15 58,600 12 
United Arab Emirates 81,700 22 23,300 7 
United Kingdom 31,200 8 29,100 5 
Vietnam 22,900 29 52,400 64 
Other 31,500 10 52,800 9 
Total 7,020,000 2,410 6,770,000 2,580 
Cut but unset, more than 0.5 carat: 
Armenia 683 1 1,480 1 
Australia 6,630 42 3,330 65 
Belgium 691,000 3,930 588,000 3,810 
Botswana 13,600 103 24,000 139 
Brazil 472 3 760 5 
Canada 28,900 125 61,100 219 
China 43,300 235 66,400 296 
France 2,010 19 2,200 27 
Germany 3,390 9 2,510 7 
Hong Kong 62,700 253 40,500 294 
India 2,320,000 5,640 2,300,000 5,810 
Indonesia 253 6 58 1 
Israel 1,950,000 8,540 1,800,000 9,000 
Italy 4,000 15 1,180 13 


See footnotes at end of table. 
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TABLE 7—Continued 


U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY’ 


2013 2014 
Quantity Value” Quantity Value’ 
Kind, range, and country of origin (carats) (millions) (carats) (millions) 
Cut but unset, more than 0.5 carat—Continued:’ 

Japan 1,290 7 1,670 8 
Lebanon 540 4 313 1 
Lesotho iE 1 14 1 
Mauritius 4,340 31 6,910 47 
Mexico 7,390 7 19,300 5 
Namibia 15,700 81 11,400 60 
Netherlands 362 2 94 1 
Russia 19,400 114 16,000 109 
Singapore 11,900 7 2,200 B) 
South Africa 43,000 649 38,600 864 
Sri Lanka 438 3 1,790 16 
Switzerland 11,400 350 7,520 440 
Thailand 16,800 27 13,200 10 
United Arab Emirates 17,000 87 9,210 64 
United Kingdom 13,400 89 9,140 100 
Vietnam 3,090 2 307 (5) 
Other 3,470 12 5,260 13 

Total 5,300,000 20,400 5,040,000 21,400 

-- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


?Customs value. 
Includes some natural advanced diamond. 


“Rough or uncut, natural data are for Harmonized Tariff Schedule of the United States code 7102.31.0000. 


Less than % unit. 


°Cut but unset, not more than 0.5 carat data are for Harmonized Tariff Schedule of the United States code 7102.39.0010. 
Cut but unset, more than 0.5 carat data are for Harmonized Tariff Schedule of the United States code 7102.39.0050. 
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TABLE 8 
U.S. IMPORTS FOR CONSUMPTION OF NATURAL GEMSTONES, OTHER THAN 
DIAMOND, BY KIND AND COUNTRY’ 


2013 2014 
Quantity Value” Quantity Value” 
Kind and country (carats) (millions) (carats) (millions) 
Emerald:* 
Belgium 3,630 $5 2120 $5 
Brazil 140,000 20 148,000 IS 
Canada 3,000 (4) 2,710 (4) 
China 28,700 (4) 10,000 (4) 
Colombia 275,000 176 339,000 286 
France 1,590 3 731 3 
Germany 15,400 2. 38,100 4 
Hong Kong 145,000 16 90,500 30 
India 1,630,000 85 1,580,000 122 
Israel 151,000 49 183,000 54 
Italy 3,070 1 5,790 2 
South Africa 99,300 14 16,300 4 
Switzerland 3,330 13 5,320 49 
Thailand 436,000 22 418,000 18 
United Kingdom 696 3 3,960 bs) 
Zambia 87,800 15 311,000 29 
Other 12,300 6 31,900 8 
Total 3,040,000 431 3,180,000 644 
Ruby: 
Belgium 1,150 1 138 : 
China 13,200 (4) 1,410 (4) 
France 432 4 690 (4) 
Germany 3,920 (4) 15,700 1 
Hong Kong 21,500 6 24,800 5 
India 2,170,000 11 1,830,000 12 
Israel 2,080 3 7,470 6 
Italy 3,920 (4) 5,750 (4) 
Madagascar 2,280 (4) 40,400 2 
Mozambique 20,900 16 45,500 28 
South Africa 39,800 2 37,000 3 
Sri Lanka 6,340 1 74,200 4 
Switzerland 2,180 6 1,210 3 
Thailand 1,460,000 88 1,550,000 59 
Other 12,400 9 35,300 4 
Total 3,760,000 146 3,660,000 129 
Sapphire:° 
Belgium 5,060 3 487 4 
China 41,900 2 21,300 1 
France 1,100 6 246 4 
Germany 28,600 3 45,700 2 
Hong Kong 138,000 34 72,500 39 
India 2,400,000 24 2,110,000 40 
Israel 18,900 =) 21,500 7 
Italy 7,380 1 8,700 6 
Madagascar 7,990 2 13,300 3 
South Africa 17,700 8 207,000 3 
Sri Lanka 358,000 91 478,000 117 
Switzerland 20,300 a7 13,000 a 
Thailand 3,710,000 102 2,960,000 108 
United Kingdom 11,900 4 674 2 
Other 44,500 6 91,800 26 
Total 6,810,000 330 6,050,000 418 
Other: 
Rough, uncut, all countries’ 2,540,000 14 53,400,000 474 
Cut, set and unset, all countries® NA 340 NA 435 


See footnotes at end of table. 
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TABLE &8—Continued 
U.S. IMPORTS FOR CONSUMPTION OF NATURAL GEMSTONES, OTHER THAN 
DIAMOND, BY KIND AND COUNTRY’ 


NA Not available. 

'Data are rounded to no more than three significant digits; may not add to totals shown. 

“Customs value. 

*Emerald data are for Harmonized Tariff Schedule of the United States code 7103.91.0030. 

“Less than % unit. 

Ruby data are for Harmonized Tariff Schedule of the United States code 7103.91.0010. 

°Sapphire data are for Harmonized Tariff Schedule of the United States code 7103.91.0020. 

"Rough, uncut data are for Harmonized Tariff Schedule of the United States code 7103.10.4080. 
‘Cut, set and unset data are for Harmonized Tariff Schedule of the United States code 7103.99.1080. 


Sources: U.S. Census Bureau and the U.S. International Trade Commission. 
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TABLE 9 
VALUE OF U.S. IMPORTS OF SYNTHETIC 
AND IMITATION GEMSTONES, BY COUNTRY”? 


(Thousand dollars) 

Country 2013 2014 

Synthetic, cut but unset:* 
Austria 1,910 1,420 
Belgium 1,110 dao 
China 9,060 5,210 
Germany 9,180 9,190 
Hong Kong 6,440 189 
India 4,740 2,280 
Malaysia -- 3 
Other 2,750 4,200 
Total 35,200 23,200 

Imitation:* 
Austria 46,100 36,800 
China 8,370 8,910 
Czech Republic 1,120 1,550 
Other 1,520 1,460 
Total 57,100 48,700 
-- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
*Customs value. 


*Synthetic, cut but unset data are for Harmonized Tariff Schedule of the United States code 
7104.90.1000. 


“Imitation data are for Harmonized Tariff Schedule of the United States code 7018.10.2000. 


Sources: U.S. Census Bureau and the U.S. International Trade Commission. 
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TABLE 10 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES! 


(Thousand carats and thousand dollars) 


2013 2014 
Stones Quantity Value” Quantity Value” 

Coral and similar materials, unworked* 5,960 $13,700 7,780 $16,000 
Diamonds: 

Cut but unset* 12,300 22,800,000 11,800 24,000,000 

Rough or uncut? 638 534,000 425 547,000 
Emeralds, cut but unset® 3,040 431,000 3,180 644,000 
Pearls: 

Cultured’ NA 18,500 NA 24,400 

Imitation® NA 5,520 NA 4,680 

Natural NA 29,100 NA 20,600 
Rubies, cut but unset’ 3,760 146,000 3,670 132,000 
Sapphires, cut but unset!? 6,810 330,000 6,050 415,000 
Other precious and semiprecious stones: 

Rough, uncut!’ 2,540,000 13,800 3,170,000 24,100 

Cut, set and unset” NA 340,000 NA 435,000 

Other’ NA 9,060 NA 8,160 
Synthetic: 

Cut but unset 16,700 35,200 55,400 23,200 

Other NA 4,670 NA 8,710 
Imitation gemstone’* NA 57,100 NA 48,700 

Total 2,590,000 24,800,000 3,250,000 26,400,000 
NA Not available. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


2 
Customs value. 


3Coral and similar materials, unworked data are for Harmonized Tariff Schedule of the United States code 0508.00.0000. 


*Cut but unset data are for Harmonized Tariff Schedule of the United States codes 7102.39.0010, 7102.39.0050. 


Rough or uncut data are for Harmonized Tariff Schedule of the United States code 7102.3 1.0000. 


Emeralds, cut but unset data are for Harmonized Tariff Schedule of the United States code 7103.91.0030. 
Cultured data are for Harmonized Tariff Schedule of the United States code 7101.21.0000. 
‘Imitation data are for Harmonized Tariff Schedule of the United States code 7018.10.1000. 


Rubies, cut but unset data are for Harmonized Tariff Schedule of the United States code 7103.91.0010. 


'°Sapphires, cut but unset data are for Harmonized Tariff Schedule of the United States code 7103.91.0020. 
"Rough, uncut data are for Harmonized Tariff Schedule of the United States codes 7103.10.2020 and 7103.10.2080. 


Cut, set and unset data are for Harmonized Tariff Schedule of the United States code 7103.99.1080. 


'30ther data are for Harmonized Tariff Schedule of the United States code 7103.99.5080. 
4) nitation data are for Harmonized Tariff Schedule of the United States code 7018.10.2000. 


Sources: U.S. Census Bureau and the U.S. International Trade Commission. 
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TABLE 11 
DIAMONDS (NATURAL): WORLD PRODUCTION, BY COUNTRY AND TYPE” 


(Thousand carats) 


Country and type® 2010 2011 2012 2013 2014 
Gemstones: 
Angola‘ 7,526 ' 7,496 ' 7,498 * 8,424 ' 7,912 
Australia” 200 157 184 235 186 
Botswana° 15,413 ° 16,033 * 14,388 ' 16,231 ' 17,268 
Brazil, unspecified’ 25 46 46 49 57 
Cameroon, unspecified -- = = 3° ae 
Canada, unspecified 11,804 * 10,795 * 10,451 * 10,562 * 12,012 
Central African Republic” '° 241 259 293 = = 
China, unspecified 17 (11) 2 1 -- 
Congo (Brazzaville), unspecified 381 77 32 56 | 
Congo (Kinshasa) 7 4,033 ' 3,850" 4,305 ° 3,136" 3,130 
Cote d’Ivoire, unspecified Ze we = re 1 
Ghana, unspecified 334 302 233 169 242 
Guinea’? 299 243 213 162 131 
Guyana 46 51 44 60 100 
India”? 5 3 7 10 10 
Lesotho, unspecified 109 224 479 414 346 
Liberia'* 16 25 25 32 39 
Namibia, unspecified 1,693 * 1,256" 1,629 1,689 * 1,918 
Russia’ 19,520 ' 19,678 ' 19,559 * 21213" 21,450 
Sierra Leone’® 263 214 433 ° 487 * 496 
South Africa’? 7,090 * 5,636 ' 5,662 ' 6,515 ° 5,945 
Tanzania’ ’ 5 * 31:7 O57 135" 190 
Togo, unspecified (11) (11) (11) (11) (11) 
Venezuela'® 1 -- -- -- = 
Zimbabwe’ 844 850 1,206 * 1,041 * 477 
Total, gemstones 69,900 67,200 66,800 70,600 72,000 
Industrial: Te 
Angola’ 836 833 833 936 879 
Australia” 9,777 ' 7,673 ' 8,997 ' 11,494 ' 9,102 
Botswana° 6,605 * 68717 6,166 ' 6,956 * 7,400 
Central African Republic'® 60 65 73 -- -- 
Congo (Kinshasa)'” 16,133 " 15,399 * 17,219 * 12,546 ' 12,522 
Guinea’? 75 61 53 40 33 
India” 13 9 20 ol pal 
Liberia'* i iF 17 21 26 
Russia’” 15,337° 15,462 ° 15,368 * 16,669 * 16,854 
Sierra Leone!® 175 143 108 122" 124 
South Africa’® 1773" 1,409 * 1.415? 1,629 1,486 
Tanzania’ ’ 18° 10° 32° 45° 63 
Venezuela!® 1 -- -- -- = 
Zimbabwe” 7,592 ' 7,652 * 10,854 " 9,371 ° 4,294 
Total, industrial” 58,400 55,600 61,200 59,900 52,800 
Grand total, unrounded ~-(198.317.—s—=<“‘<«*‘«<2D;«SGD.—s—~—“i«‘iTz«GHD~—s—“‘<i«é‘COé‘wZO‘B2«*OO*«dID;«SZGC#*# 


‘Revised. -- Zero. 

'Gem and industrial quantities are estimated from reported country totals; may not add to totals shown. 

“Includes data available through October 2, 2015. 

*In addition to the countries listed, Belarus and Nigeria produced natural diamond, but information is inadequate to formulate reliable estimates 
of output levels. 

“About 90% gem quality and 10% industrial quality. 

>About 2% gem quality and 98% industrial quality. 

*About 70% gem and near gem quality and 30% industrial quality. 

"Figures represent officially reported diamond output plus official Brazilian estimates of output by nonreporting miners. 
‘From artisanal mining. 

"Includes artisanal mining. 

"About 80% gem quality and 20% industrial quality. 
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TABLE 11—Continued 
DIAMONDS (NATURAL): WORLD PRODUCTION, BY COUNTRY AND TYPE)? 


"Less than %4 unit. 

"About 20% gem quality and 80% industrial quality. 

' About 27% gem quality and 73% industrial quality. 

'* About 60% gem quality and 40% industrial quality. 

' About 56% gem quality and 44% industrial quality. 

‘Tm 2010 and 2011, production was estimated to be about 60% gem quality; and in 2012—14, production is estimated to be 
about 80% gem quality. 

'7About 85% gem quality and 15% industrial quality. 

'S About 40% gem quality and 60% industrial quality. 

About 10% gem quality and 90% industrial quality. 


Source: Kimberley Process Certification Scheme. 
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U.S. Department of the Interior 
U.S. Geological Survey 


MINERAL COMMODITY 


SUMMARIES 2014 


Abrasives 
Aluminum 
Antimony 
Arsenic 
Asbestos 
Barite 
Bauxite 
Beryllium 
Bismuth 
Boron 
Bromine 
Cadmium 
Cement 
Cesium 
Chromium 
Clays 
Cobalt 
Copper 
Diamond 
Diatomite 
Feldspar 


Fluorspar 
Gallium 
Garnet 
Gemstones 
Germanium 
Gold 
Graphite 
Gypsum 
Hafnium 
Helium 
Indium 
lodine 

lron and Steel 
Iron Ore 
Iron Oxide Pigments 
Kyanite 
Lead 

Lime 
Lithium 
Magnesium 
Manganese 


Mercury 
Mica 
Molybdenum 
Nickel 
Niobium 
Nitrogen 

Peat 

Perlite 
Phosphate Rock 
Platinum 
Potash 
Pumice 
Quartz Crystal 
Rare Earths 
Rhenium 
Rubidium 
Salt 

Sand and Gravel 
Scandium 
Selenium 
Silicon 


Silver 

Soda Ash 
Stone 
Strontium 
Sulfur 

Tale 
Tantalum 
Tellurium 
Thallium 
Thorium 
Tin 
Titanium 
Tungsten 
Vanadium 
Vermiculite 
Wollastonite 
Yttrium 
Zeolites 
Zinc 
Zirconium 


USGS 


science for a changing world 
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(Data in million dollars unless otherwise noted) 


Domestic Production and Use: The combined value of U.S. natural and synthetic gemstone output remained almost 
the same in 2013 as that of 2012. Domestic gemstone production included agate, beryl, coral, garnet, jade, jasper, 
opal, pearl, quartz, sapphire, shell, topaz, tourmaline, turquoise, and many other gem materials. In decreasing order 
of production value, Arizona, North Carolina, Oregon, California, Utah, Tennessee, Montana, Colorado, Arkansas, 
and Idaho produced 87% of U.S. natural gemstones. Laboratory-created gemstones were manufactured by five firms 
in Florida, New York, North Carolina, South Carolina, and Arizona, in decreasing order of production. Major gemstone 
uses were Carvings, gem and mineral collections, and jewelry. The apparent consumption in the table below is much 
lower than the actual consumption, owing to the exports, including reexports. 


Salient Statistics—United States: 2009 2010 2011 2012 2013° 
Production:* 
Natural® 9.3 10.0 11.0 11.3 11 
Laboratory-created (synthetic) 27.2 30.8 31.9 31.2 31 
Imports for consumption 13,600 19,600 23,500 21,000 24,700 
Exports, including reexports 10,500 14,100 18,200 16,900 19,800 
Consumption, apparent 3,080 5,510 5,360 4,070 4,930 


Price 


Variable, depending on size, type, and quality 


Employment, mine, number® 1,000 1,100 1,100 1,100 1,100 
Net import reliance’ as a percentage 
of apparent consumption 99 99 99 99 99 


Recycling: Gemstones are often recycled by being resold as estate jewelry, reset, or recut, but this report does not 


account for those stones. 


Import Sources (2009-12 by value): Israel, 41%; India, 24%; Belgium, 19%; South Africa, 5%; and other, 11%. 
Diamond imports accounted for 95% of the total value of gem imports. 


Tariff: Item Number Normal Trade Relations 
12-31-13 

Pearls, imitation, not strung 7018.10.1000 4.0% ad val. 
Imitation precious stones 7018.10.2000 Free. 
Pearls, natural 7101.10.0000 Free. 
Pearls, cultured 7101.21.0000 Free. 
Diamond, unworked or sawn 7102.31.0000 Free. 
Diamond, ’ carat or less 7102.39.0010 Free. 
Diamond, cut, more than % carat 7102.39.0050 Free. 
Precious stones, unworked 7103.10.2000 Free. 
Precious stones, simply sawn 7103.10.4000 10.5% ad val. 
Rubies, cut 7103.91.0010 Free. 
Sapphires, cut 7103.91.0020 Free. 
Emeralds, cut 7103.91.0030 Free. 
Other precious stones, cut but not set 7103.99.1000 Free. 
Other precious stones 7103.99.5000 10.5% ad val. 
Synthetic, cut but not set 7104.90.1000 Free. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: None. 


Prepared by Donald W. Olson [(703) 648-7721, dolson@usgs.gov] 
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Events, Trends, and Issues: In 2013, the U.S. market for gem-quality diamonds was estimated to be about $23.2 
billion, accounting for more than 35% of world demand. The domestic market for natural, nondiamond gemstones was 
estimated to be about $1.5 billion. The United States is expected to continue dominating global gemstone 
consumption. 


World Gem Diamond Mine Production® and Reserves: 


Mine production Reserves’ 
2012 2013° 
Angola 7,500 7,900 World reserves of diamond-bearing 
Australia 92 70 deposits are substantial. No reserve 
Botswana 14,400 14,000 data are available for other gemstones. 
Brazil 46 30 
Canada 10,500 10,800 
Central African Republic 293 200 
Congo (Brazzaville) 21,500 21,500 
Congo (Kinshasa) 10 10 
Guinea 213 200 
Guyana 44 52 
Lesotho 479 480 
Namibia 1,630 1,500 
Russia 20,700 20,700 
Sierra Leone 325 300 
South Africa 2,830 2,800 
Tanzania 108 170 
Zimbabwe 11,000 11,000 
Other countries 51 50 
World total (rounded) 91,700 91,800 


World Resources: Most diamond-bearing ore bodies have a diamond content that ranges from less than 1 carat per 
ton to about 6 carats per ton. The major gem diamond reserves are in southern Africa, Australia, Canada, and 
Russia. 


Substitutes: Plastics, glass, and other materials are substituted for natural gemstones. Synthetic gemstones 
(manufactured materials that have the same chemical and physical properties as gemstones) are common 
substitutes. Simulants (materials that appear to be gems, but differ in chemical and physical characteristics) also are 
frequently substituted for natural gemstones. 


“Estimated. 

‘Excludes industrial diamond and garnet. See Diamond (Industrial) and Garnet (Industrial). 
Estimated minimum production. 

’Includes production of freshwater shell. 

“Reexports account for between 78% and 83% of the totals. 

Defined as imports — exports and reexports. 

°Data in thousands of carats of gem diamond. 

‘See Appendix C for resource/reserve definitions and information concerning data sources. 


U.S. Geological Survey, Mineral Commodity Summaries, February 2014 
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Domestic survey data and tables were prepared by Connie Lopez and Chanda C. Williams, statistical assistants, and the 
authors. The world production table was prepared by Glenn J. Wallace, international data coordinator. 


In 2015, the estimated value of natural gemstones produced 
in the United States was $8.54 million (table 3), and the 
estimated value of U.S. production of synthetic gemstones 
was $55.1 million. The total estimated value of U.S. gemstone 
production was $63.6 million. The value of U.S. gemstone 
imports was $25.1 billion (table 10), and the value of combined 
U.S. gemstone exports and reexports was estimated to be 
$21.1 billion. In 2015, world production of natural diamond 
totaled 127 million carats, of which an estimated 70.9 million 
carats were gem quality (table 11). The value of diamond 
imported into the United States in 2015 exceeded $23.3 billion. 
This value was the combination of $20.6 billion of cut but unset 
diamonds more than 0.5 carat, $2.37 billion of cut but unset 
diamonds less than one-half carat, and $305 million of rough or 
uncut natural diamonds (table 7). 

In this chapter, the terms “gem” and “gemstone” mean any 
mineral or organic material (such as amber, pearl, petrified 
wood, and shell) used for personal adornment, display, or object 
of art because it possesses beauty, durability, and rarity. Of 
more than 4,000 mineral species, only about 100 possess all 
these attributes and are considered to be gemstones. Silicates 
other than quartz are the largest group of gemstones in terms 
of chemical composition; oxides and quartz are the second 
largest (table 1). Gemstones are subdivided into diamond 
and colored gemstones, which in this chapter designates all 
natural nondiamond gems. In addition, synthetic gemstones 
and gemstone simulants are discussed but are treated separately 
from natural gemstones (table 2). Cultured and laboratory- 
created are terms also used to refer to synthetic gemstones. 
Imitation gemstones is a term also used to refer to gemstone 
simulants. Synthetic gemstones have the same chemical, optical, 
and physical properties as their natural gemstone counterparts. 
Simulants have appearances similar to those of natural 
gemstone materials, but they have different chemical, optical, 
and physical properties. Trade data in this chapter are from 
the U.S. Census Bureau. All percentages in the chapter were 
calculated using unrounded data. Information on industrial- 
grade diamond and industrial-grade garnet can be found in the 
U.S. Geological Survey (USGS) Minerals Yearbook, volume I, 
Metals and Minerals, chapters on industrial diamond and 
industrial garnet, respectively. 

Gemstones have fascinated humans since prehistoric times. 
They have been valued as treasured objects throughout history 
by all societies in all parts of the world. Amber, amethyst, coral, 
diamond, emerald, garnet, jade, jasper, lapis lazuli, pearl, rock 
crystal, ruby, serpentine, and turquoise are some of the first 
stones known to have been used for making jewelry. In addition 
to jewelry, gemstones are used for collections, decorative art 
objects, and exhibits. 
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Production 


U.S. gemstone production data were based on a survey of 
more than 250 domestic gemstone producers conducted by the 
USGS. The survey provided a foundation for projecting the 
scope and level of domestic gemstone production during the 
year. However, the USGS survey did not represent all gemstone 
activity in the United States, which includes thousands of 
professional and amateur collectors. Consequently, the USGS 
supplemented its survey with estimates of domestic gemstone 
production from related published data, contacts with gemstone 
dealers and collectors, and information gathered at gem and 
mineral shows. 

Commercial mining of gemstones has never been extensive 
in the United States. More than 60 varieties of gemstones have 
been produced commercially from domestic mines, but most 
of the deposits are small compared with those of other mining 
operations. In the United States, much of the current gemstone 
mining is conducted by individual collectors, gem clubs, and 
hobbyists rather than by commercial operations. 

The commercial gemstone industry in the United States 
consists of individuals and companies that mine gemstones 
or harvest shell and pearl, firms that manufacture synthetic 
gemstones, and individuals and companies that cut and polish 
natural and synthetic gemstones. The domestic gemstone 
industry is focused on the production of colored gemstones 
and on the cutting and polishing of large diamond stones. 
Industry employment is estimated to be between 1,200 and 
1,500 individuals. 

Most natural gemstone producers in the United States 
are small businesses that are widely dispersed and operate 
independently. The small producers probably have an average 
of three employees, including those who only work part time. 
The number of gemstone mines operating from year to year 
fluctuates because the uncertainty associated with the discovery 
and marketing of gem-quality minerals makes it difficult to 
obtain financing for developing and sustaining economically 
viable operations. 

The total value of natural gemstones produced in the United 
States was estimated to be $8.54 million during 2015 (table 3). 
This production value was a 10% decrease from that of 2014. 

Natural gemstone materials indigenous to the United States 
are collected or produced in every State. During 2015, each 
of the 50 States produced at least $1,500 worth of gemstone 
materials. The leading 12 States accounted for 91% of the 
total value, as reported by survey respondents. These States 
were, in descending order of production value, Idaho, Arizona, 
Oregon, California, Montana, Arkansas, Maine, Colorado, North 
Carolina, Nevada, Texas, and Utah. Some States were known for 


the production of a single gemstone material—Hawaui for coral, 
for example. Other States produced a variety of gemstones; for 
example, Arizona’s gemstone deposits included agate, amethyst, 
azurite, chrysocolla, garnet, jade, jasper, malachite, obsidian, 
onyx, opal, peridot, petrified wood, smithsonite, and turquoise. 
A wide variety of gemstones also was found and produced in 
California, Idaho, Montana, and North Carolina. 

In 2015, the United States had only one active operation in a 
known diamond-bearing area, Crater of Diamonds State Park 
near Murfreesboro, AR. The State of Arkansas maintains a dig- 
for-fee operation for tourists and amateur collectors at the park; 
Crater of Diamonds is the only diamond mine in the world that 
is open to the public for collecting diamonds. The diamonds 
occur in a lamproite breccia tuff associated with a volcanic pipe 
and in the soil developed from the lamproite breccia tuff. During 
2015, 467 diamond stones with an average weight of 0.212 carat 
were recovered at Crater of Diamonds. Of the 467 diamond 
stones recovered, 12 weighed more than 1 carat. The largest 
diamond found during the year was an 8.52-carat white 
diamond. Since the diamond-bearing pipe and the adjoining area 
became a State park in 1972, 31,943 diamond stones with a total 
weight of 6,393.4 carats have been recovered (James Howell, 
Park Superintendent, Crater of Diamonds State Park, written 
commun., January 13, 2016). Exploration has demonstrated 
that this diamond deposit contains about 78.5 million metric 
tons (Mt) of diamond-bearing rock (Howard, 1999, p. 62). An 
Arkansas law prohibits commercial diamond mining in the park. 

In addition to natural gemstones, synthetic gemstones and 
gemstone simulants were produced in the United States in 
2015. Synthetic gemstones that have been produced in the 
United States include alexandrite, cubic zirconia, diamond, 
emerald, garnet, moissanite, ruby, sapphire, spinel, and 
turquoise. However, during 2015, only cubic zirconia, diamond, 
moissanite, and turquoise were produced commercially. 
Simulants of amber, chrysocolla, coral, lapis lazuli, malachite, 
travertine, and turquoise also were manufactured in the 
United States. In addition, certain colors of synthetic sapphire 
and spinel, used to represent other gemstones, are classified 
as simulants. 

Synthetic gemstone production in the United States was 
valued at $55.1 million in 2015, which was an 8% increase 
compared with that of 2014. Five companies in five States, 
representing virtually the entire U.S. synthetic gemstone 
industry, reported production to the USGS. The States with 
reported synthetic gemstone production were, in descending 
order of production value, North Carolina, New York, Michigan, 
South Carolina, and California. The value of U.S. simulant 
gemstone output was estimated to be more than $100 million. 

Since the 1950s, when scientists manufactured the first 
synthetic bits of diamond grit using a high-pressure, high- 
temperature (HPHT) method, this method of growing diamonds 
has become relatively commonplace in the world as a 
technology for synthetic diamonds, so much so that thousands 
of small plants throughout China were using the HPHT method 
and producing synthetic diamonds suitable for cutting as 
gemstones. Gem-quality diamonds of | carat or more are harder 
to manufacture because, at that size, it is difficult to consistently 
produce diamonds of high quality, even in the controlled 
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environment of a laboratory using the HPHT method. After 
more than 50 years of development, several synthetic diamond 
companies were able to produce relatively large high-quality 
diamonds that equaled those produced from mines. 

In the early 2000s, technology was developed for a method for 
growing single, extremely pure, gem-quality diamond crystals 
by chemical vapor deposition (CVD). The CVD technique 
transforms carbon into plasma, which is then precipitated onto 
a substrate as diamond. CVD had been used for more than 
a decade to cover large surfaces with microscopic diamond 
crystals, but in developing this process, synthetic diamond 
producers discovered the temperature, gas composition, and 
pressure combination that resulted in the growth of a single 
diamond crystal and were able to produce synthetic stones that 
ranged from | to 2 carats. 

Beginning in 2015, Pure Grown Diamonds Inc. (formerly 
Gemesis Corp.; Lakewood Ranch, FL) moved its diamond 
production to Singapore (Singapore Business News, 2015). 
During 2015, Scio Diamond Technology Corp. (Greenville, 
SC) increased its capacity to produce colorless single-crystal 
diamonds at a higher quality and volume than the previous 
year. In 2014, Scio Diamond used CVD technology to produce 
synthetic single-crystal diamond stones that ranged from 
1 to 2 carats for gemstone and industrial use. Scio Diamond 
reported that for the fiscal year ending March 31, 2015, the 
company had a 71% increase in production compared with 
that of the previous fiscal year. The average size of synthetic 
diamond crystals more than doubled in 2015 (Scio Diamond 
Technology Corp., 2015a, b). 

Charles & Colvard, Ltd. in North Carolina was the only U.S. 
manufacturer of moissanite, a gem-quality synthetic silicon 
carbide and an excellent diamond simulant. The company used 
a proprietary patented technology. Moissanite was marketed 
for its own gem qualities; it exhibits a higher refractive index 
(brilliance) and higher luster than diamond. Its hardness is 
between that of corundum (ruby and sapphire) and that of 
diamond, which gives it durability. Charles & Colvard reported 
that moissanite sales increased by 20% to $30.8 million in 2015 
compared with $25.6 million in 2014 (Charles & Colvard, Ltd., 
2016, p: 3): 

U.S. mussel shells are used as a source of mother-of-pearl 
and as seed material for culturing pearls. The value of U.S. 
shell production decreased by 64% in 2015 compared with that 
of 2014 (table 3) owing to decreased demand for U.S. shell 
materials. This decrease in demand was caused by the use of 
man-made seed materials and seed materials from China and 
other sources, such as pearl producers in Japan. The popularity 
of darker and colored pearls and freshwater pearls that do not 
use U.S. seed material has also contributed to decreased demand 
for U.S. shell materials. In some regions of the United States, 
shell from mussels was being used more as a gemstone based on 
its own merit rather than as seed material for pearls. This shell 
material was being processed into mother-of-pearl and used in 
beads, jewelry, and watch faces. 


Consumption 


Although the United States accounted for only a small portion 
of total global gemstone production, it was the world’s leading 
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diamond and nondiamond gemstone market, accounting for 
more than 35% of world gemstone demand in 2015. In the 
United States, the majority of domestic consumers designated 
diamond as their favorite gemstone. This popularity of diamonds 
is evidenced by the diamond market accounting for 93% of the 
total value of the U.S. gemstone market. The U.S. market for 
unset gem-quality diamond during the year was estimated to 
be $19.2 billion, a decrease of 9% compared with $21.1 billion 
in 2014. Domestic markets for natural, unset nondiamond 
gemstones totaled $1.52 billion in 2015, which was a 14% 
increase from $1.33 billion in 2014. 

U.S. fine jewelry and watch retail sales, most of which 
included gemstones, were $75.4 billion in 2015, a slight increase 
from sales in 2014. Of this $75.4 billion, fine jewelry retail sales 
were $66.6 billion in 2015, a slight increase from those of 2014 
(Gassman, 2016). 


Prices 


Gemstone prices are governed by many factors and qualitative 
characteristics, including beauty, clarity, defects, demand, 
durability, and rarity. Diamond pricing, in particular, is complex; 
values can vary significantly depending on time, place, and 
the subjective valuations of buyers and sellers. More than 
14,000 categories are used to assess rough diamond, and more 
than 100,000 different combinations of carat, clarity, color, and 
cut values can be used to assess polished diamond. 

Colored gemstone prices are generally influenced by market 
supply and demand considerations, and diamond prices are 
supported by producer controls on the quantity and quality 
of supply. Value of production and prices of gemstones 
produced and (or) sold in the United States are listed in 
tables 3, 4, and 5. In addition, customs values for diamonds and 
other gemstones imported, exported, or reexported are listed in 
tables 6 through 10. 

De Beers Group companies remained a significant force, 
influencing the price of gem-quality diamond sales worldwide 
during 2015. De Beers companies constituted 20% of the total 
global diamond production and 31% of the total global diamond 
value (De Beers UK Ltd., 2016, p. 26, 28). 

Since 2000, De Beers’ control of world diamond pricing 
has gradually decreased. Instead, flexible pricing mechanisms 
have set the stage for new methods of rough diamond sales in 
addition to rough diamonds being sold through a limited number 
of sightholder sales, the method used for years by De Beers. 
Rough diamonds were also sold by auctions, placed sales, tender 
sales, and term contracts (De Beers UK Ltd., 2014, p. 39). 


Foreign Trade 


During 2015, total U.S. natural gemstone trade with all 
countries and territories was valued at about $43.4 billion, 
which was a decrease of 9% from that of 2014. Diamond 
accounted for about 96% of the 2015 gemstone trade total value. 
In 2015, U.S. exports and reexports of diamond were shipped 
to 93 countries and territories, and imports of all gemstones 
were received from 79 countries and territories (tables 6—10). 

In 2015, U.S. import quantities of cut diamond decreased by 
5% compared with those of 2014, and the value also decreased 
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by 5%. U.S. import quantities of rough and unworked diamond 
decreased slightly, but the value decreased by 44% (table 10). 
The United States remained the world’s leading diamond 
importer and was a significant international diamond transit 
center as well as the world’s leading gem-quality diamond 
market. In 2015, U.S. export and reexport quantities of gem- 
grade diamond decreased by 16% compared with those of 2014, 
and the value decreased by 13%. The large quantity of reexports 
revealed the significance of the United States in the world’s 
diamond supply network (table 6). 

Import values of natural gemstones decreased by 20% to 
$25 million for the United States in 2015 compared with those 
of 2014. Import values of synthetic gemstone increased by 
22% to $28.3 million for the United States in 2015 compared 
with those of 2014 (table 9). This increase was owing to large 
increases in synthetic gemstone imports from India. Synthetic 
gemstone imports from Austria, China, Germany, India, Russia, 
and Singapore, with more than $24.7 million in imports, 
accounted for about 87% (by value) of total domestic imports 
of synthetic gemstones during 2015 (table 9). The marketing 
of imported synthetic gemstones and enhanced gemstones as 
natural gemstones and the mixing of synthetic materials with 
natural stones in imported parcels continued to be an issue 
for some domestic jewelers and sales companies in 2015. In 
addition, some simulants were marketed as natural or synthetic 
gemstones during the year, as in previous years. 


World Review 


The worldwide gemstone industry has two distinct sectors— 
diamond mining and marketing and colored gemstone 
production and sales. Most diamond supplies are controlled 
by a few major mining companies; prices are influenced by 
consumer demand and supply availability and, to a lesser 
extent, by managing the quality and quantity of the gemstones 
relative to demand, a function that has been performed by De 
Beers sightholder sales. Unlike diamond, colored gemstones are 
primarily produced at relatively small, low-cost operations with 
few dominant producers; prices are influenced only by consumer 
demand and supply availability. 

In 2015, world natural rough diamond production increased 
slightly to 127 million carats from 125 million carats in 2014. 
The 127 million carats of rough diamond produced included 
70.9 million carats of gem-quality and 56.5 million carats of 
industrial-grade diamond (table 11). Most production was 
concentrated in a few regions—A frica [Angola, Botswana, 
Congo (Kinshasa), Namibia, and South Africa], Asia 
(northeastern Siberia and Yakutia in Russia), Australia, North 
America (Northwest Territories in Canada), and South America 
(Brazil). In 2015, Russia led the world in total quantity of 
natural rough diamond output (combined gemstone and 
industrial) with 33% of the estimated world production. Russia 
also was the world’s leading gemstone diamond producer with 
33%; followed by Botswana, 21%; Canada, 16%; Angola, 

11%; South Africa, 8%; Congo (Kinshasa), 5%; and Namibia, 
3%. These seven countries produced 97% (by quantity) of the 
world’s gemstone diamond output in 2015. Rough diamond 
production was valued at more than $17.5 billion, a decrease 


of 10% compared with that of 2014 (De Beers UK Ltd., 
2016, p. 28). 

During 2015, ALROSA Group and De Beers Group remained 
the two leading diamond producers by quantity and value. 
ALROSA’s production was 27% of total global quantity and 
25% of total global value; De Beers’ production was 20% 
of total global quantity and 31% of total global value. More 
rough diamonds were being sold locally owing to De Beers’ 
10-year agreement with the Namibian Government for sorting, 
valuing, and sales of production from Namdeb Holdings (Pty) 
Ltd. Because of this deal, the Namibia Diamond Trading Co. 
expected sales of $430 million of rough diamonds annually to 
benefit the country domestically. The third-ranked company was 
Rio Tinto Ltd., which produced 12% of total global production 
quantity and approximately 5% of global production value 
(De Beers UK Ltd., 2016, p. 26, 28). 

In 2002, the international rough-diamond certification 
system, the Kimberley Process Certification Scheme (KPCS), 
was agreed upon by United Nations (UN) member nations, the 
diamond industry, and involved nongovernmental organizations 
to prevent the shipment and sale of conflict diamonds. Conflict 
diamonds are diamonds that originate from areas controlled 
by forces or factions opposed to legitimate and internationally 
recognized governments and are used to fund military action 
in opposition to those governments or in contravention of the 
objectives of the UN Security Council. The KPCS monitors 
rough-diamond trade in both gemstone and industrial diamond. 
The KPCS includes the following key elements: the use of 
forgery-resistant certificates and tamper-proof containers for 
shipments of rough diamonds; internal controls and procedures 
that provide credible assurance that conflict diamonds do not 
enter the legitimate diamond market; a certification process 
for all exports of rough diamonds; the gathering, organizing, 
and sharing of import and export data on rough diamonds with 
other participants of relevant production; credible monitoring 
and oversight of the international certification scheme for 
rough diamonds; effective enforcement of the provisions of 
the certification scheme through dissuasive and proportional 
penalties for violations; self-regulation by the diamond industry 
that fulfills minimum requirements; and sharing information 
with all other participants on relevant rules, procedures, and 
legislation as well as examples of national certificates used to 
accompany shipments of rough diamonds. Angola assumed the 
chair of KPCS from January 1 through December 31, 2015. 

As of December 31, 2015, the 54 participants represented 

81 nations (including the 28 member nations of the European 
Union counted as a single participant) plus the rough-diamond- 
trading entity of Taipei (Tatwan). The temporary suspension of 
the Central African Republic’s exports and imports of rough 
diamonds was lifted in July 2015. Venezuela continued its 
voluntary suspension of exports and imports of rough diamonds 
with no indication of when it planned to re-enter the market. The 
participating nations in the KPCS account for approximately 
99.8% of the global production and trade of rough diamonds 
(Kimberley Process, 2017). 

Globally, the value of production of natural gemstones other 
than diamond was estimated to be more than $2.5 billion in 
2015. Most nondiamond gemstone mines are small, low-cost, 
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and widely dispersed operations that are often in remote regions. 
Foreign countries with major gemstone deposits other than 
diamond are Afghanistan (aquamarine, beryl, emerald, kunzite, 
lapis lazuli, ruby, and tourmaline), Australia (beryl, opal, and 
sapphire), Brazil (agate, amethyst, beryl, ruby, sapphire, topaz, 
and tourmaline), Burma (beryl, jade, ruby, sapphire, and topaz), 
Colombia (beryl, emerald, and sapphire), Kenya (beryl, garnet, 
and sapphire), Madagascar (beryl, rose quartz, sapphire, and 
tourmaline), Mexico (agate, opal, and topaz), Sri Lanka (beryl, 
ruby, sapphire, and topaz), Tanzania (garnet, ruby, sapphire, 
tanzanite, and tourmaline), and Zambia (amethyst and beryl). In 
addition, pearls are cultured throughout the South Pacific and in 
other equatorial waters; Australia, China, French Polynesia, and 
Japan were key producers in 2015. 

Worldwide diamond exploration spending decreased by 18% 
in 2015 with 52 companies allocating $367 million, compared 
with 48 companies allocating $447 million during 2014. The 
diamond share of overall worldwide mineral exploration 
spending remained 4.2% (SNL Metals Economics Group, 2015, 
p. 20). In 2015, worldwide average diamond values decreased 
by 6% to $108.96 per carat from the 2014 average value of 
$116.17 per carat (Danilov, 2016). 

Russia.—Diamond production in Russia was 41.9 million 
carats during 2015, a 9% increase compared with that of 2014. 
Russia accounted for 33% of total global diamond production. 
Two new diamond mines started production in 2015 in Russia, 
the Botuobinskaya Mine and the Karpinsky-1 Mine (De Beers 
UK Ltd., 2014, p. 45). 

The Botuobinskaya Mine in the Nakyn ore field in Yakutia, 
Russia, was wholly owned by ALROSA and began production 
in 2015. Beginning as an open pit, the mine was expected 
to produce more than 2 million carats per year during its 
projected 40-year mine life. The Botuobinskaya Mine was 
expected to offset the anticipated decrease in production of 
the Nyurbinskaya pipe 3 kilometers away. Together, these 
operations were expected to sustain the production of 7.5 million 
carats of rough diamond per year. The Botuobinskaya Mine 
reserves were estimated to contain 93 million carats of rough 
diamond, with an average diamond grade of 5.65 carats per ton 
(OJSC ALROSA, 2015). 

The Karpinsky-1 Mine in Russia’s Lomonosov diamond field 
was owned and operated by PJSC Severalmaz, a subsidiary 
of ALROSA, and had its first full year of production in 2015. 
Production was expected to be about 3 million carats per year 
after reaching full working capacity in 2015 (Klein, 2014; 
Mackenzie, 2014). 


Outlook 


As the domestic and global economies improve, internet sales 
of diamonds, gemstones, and jewelry are expected to continue 
to expand and increase in popularity, as are other forms of 
e-commerce that emerge to serve the diamond and gemstone 
industry. Internet sales are expected to add to and partially 
replace store sales. 

Global diamond production is expected to increase during 
the next few years as a result of new projects coming onstream. 
By 2020, about 25% of diamond production will come from 
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projects that are currently being developed, but additional 
increases in output will come from expected expansions 
at currently operating mines, such as Rio Tinto’s Argyle 
Mine in Australia. Mountain Province Diamonds Inc. 1s 
partnering with De Beers to open the Gahcho Kué Mine in 
the Northwest Territories of Canada. The mine is expected to 
produce 4.5 million carats per year when it is fully operational. 
Stornoway Diamond Corp. plans to open its Renard Mine in 
Quebec, Canada, where it expects to produce 1.6 million carats 
per year. Firestone Diamonds plc’s main treatment plant, which 
is expected to produce | million carats per year, was under 
construction at the Liqhobong deposit in Lesotho (De Beers UK 
Lid., 2016, p.29). 

More synthetic gemstones, simulants, and treated gemstones are 
likely to enter the marketplace and necessitate more transparent 
industry trade standards to maintain customer confidence. 
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TABLE 2 


LABORATORY-CREATED GEMSTONE PRODUCTION METHODS! 


Gemstone Production method Company or producer Date of first production 
Alexandrite Flux Creative Crystals Inc. 1970s. 
Do. Melt pulling J.O. Crystal Co., Inc. 1990s. 
Do. do. Kyocera Corp. 1980s. 
Do. Zone melt Seiko Corp. Do. 
Cubic zirconia Skull melt Various producers 1970s. 
Diamond HPHT method’ General Electric Co. 1950s. 
Do. CVD method? Apollo Diamond Inc. 2000s. 
Do. MPCVD method’ CIW & UA 2000s. 
Emerald Flux Chatham Created Gems, Inc. 1930s. 
Do. do. Gilson 1960s. 
Do. do. Kyocera Corp. 1970s. 
Do. do. Lennix 1980s. 
Do. do. Russia Do. 
Do. do. Seiko Corp. Do. 
Do. Hydrothermal Biron Corp. Do. 
Do. do. Lechleitner 1960s 
Do. do. Regency 1980s 
Do. do. Russia Do. 
Moissanite Sublimation method Cree Research 1980s 
Ruby Flux Chatham Created Gems, Inc. 1950s 
Do. do. Douras 1990s 
Do. do. J.O. Crystal Co., Inc. 1980s 
Do. do. Kashan Created Ruby 1960s 
Do. Melt pulling Kyocera Corp. 1970s 
Do. Verneuil Various producers 1900s 
Do. Zone melt Seiko Corp. 1980s 
Sapphire Flux Chatham Created Gems, Inc. 1970s 
Do. Melt pulling Kyocera Corp. 1980s 
Do. Verneuil Various producers 1900s 
Do. Zone melt Seiko Corp. 1980s 
Star ruby Melt pulling Kyocera Corp. Do. 
Do. do. Nakazumi Earth Crystals Co. Do. 
Do. Verneuil Linde Air Products Co. 1940s 
Star sapphire do. do. Do. 
Do., do. Ditto. 


‘Gemstones produced by proprietary methods include gems such as garnet, opal, and turquoise. Gemstone 
amethyst, citrine, and other quartz minerals are produced by the hydrothermal method. 


"High-pressure, high-temperature (HPHT). 
Chemical vapor deposition (CVD). 


“Microwave plasma chemical vapor deposition (MPCVD). 
The Carnegie Institution of Washington Geophysical Laboratory and the University of Alabama. 
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TABLE 3 
ESTIMATED VALUE OF U.S. NATURAL GEMSTONE PRODUCTION, 


BY GEM TYPE! 
(Thousand dollars) 
Gem materials 2014 2015 

Beryl 128 177 
Coral, all types [39 101 
Diamond 61 72 
Garnet 81 66 
Gem feldspar 684 730 
Geodes and nodules 82 eu 
Opal 88 143 
Quartz: 

Macrocrystalline” 287 251 

Cryptocrystalline® 226 59 
Sapphire and ruby 262 313 
Shell 693 250 
Topaz - 3 
Tourmaline 74 77 
Turquoise 1,300 1,330 
Other 5,380 4,820 

Total 9,490 8,540 


'Data are rounded to no more than three significant digits; may not add to totals shown. 

*Macrocrystalline quartz (crystals recognizable with the naked eye) includes amethyst, aventurine, blue quartz, 
citrine, hawk’s eye, prasiolite, prase, quartz, cat’s eye, rock crystal, rose quartz, smoky quartz, and tiger’s eye. 
*Cryptocrystalline quartz (microscopically small crystals) includes agate, carnelian, chalcedony, 

chrysoprase, fossilized wood, heliotrope, jasper, moss agate, onyx, and sard. 
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TABLE 4 


PRICES PER CARAT OF U.S. CUT ROUND DIAMONDS, BY SIZE AND QUALITY IN 2015 


Weight Description, Clarity” Representative prices 
(carats) color! (GIA terms) January” June* December” 
0.25 G VSI $1,650 $1,650 $1,650 
Do. do. VS2 Fess 1,575 es 
Do. do. Sil 1,250 1,250 1,250 
Do. H VSI 1,600 1,600 1,600 
Do. do. VS2 1,500 1,500 1,500 
Do. do. Sil 1,200 1,200 1,200 
0.50 G VSI 2,600 2,600 2,600 
Do. do. VS2 2,400 2,400 2,400 
Do. do. Sil 2,080 2,080 2,080 
Do. H VS1 2,390 2,390 2,390 
Do. do. VS2 220 2,320 2020 
Do. do. Sil 1,910 1910 1,910 
1.00 G VSI 7,500 7,500 7,060 
Do. do. VS2 7,140 7,140 6,600 
Do. do. Sil 6,400 6,400 6,000 
Do. H VS1 6,800 6,800 6,450 
Do. do. VS2 6,080 6,080 6,000 
Do. do. Sil 5,750 3,750 5,425 
2.00 G VSI 14,870 13,690 13,690 
Do. do. VS2 12,880 12,250 12,250 
Do. do. SI 10,660 10,660 10,660 
Do. H VSI 12,710 11,620 11,620 
Do. do. VS2 10,800 10,450 10,450 
Do. do. Sil 9,950 9,950 9,950 
Do., do. Ditto. 


‘Gemological Institute of America (GIA) color grades: D—colorless; E—rare white; G, H, traces of color. 
*Clarity: IF—no blemishes; VVS1—very, very slightly included; VS1—-very slightly included; VS2—-very 


slightly included, but not visible; S11—slightly included. 

*Source: The Gem Guide, v. 34, no. 1, January/February 2015, p. 20-22. 
“Source: The Gem Guide, v. 34, no. 4, July/August 2015, p. 24-26. 

Source: The Gem Guide, v. 34, no. 6, November/December 2015, p. 22—24. 


TABLE 5 


PRICES PER CARAT OF U.S. CUT COLORED GEMSTONES IN 2015 


Price range per carat 


Gemstone J anuary’ December” 
Amethyst $30-35 $30-35 
Aquamarine 275-365 325-375 
Citrine 13-22 13-22 
Emerald 3,000—4,000 3,000—4,000 
Opal, fire 375-500 375-500 
Opal, white (also jelly opal) 65—80 65—80 
Pearl, cultured saltwater® 5 5 
Peridot 150-200 150-200 
Rhodolite garnet 50-75 55-80 
Ruby 2,200—3,000 2,640-—3 ,600 
Sapphire, blue 1,450—1,900 1,200—1,900 
Tanzanite 400-425 375-395 
Topaz, blue 7-10 7-10 
Topaz, yellow 150-235 175-250 
Tourmaline, green 125-175 135—200 
Tourmaline, pink IVS3-215 175-200 


‘Source: The Gem Guide, v. 34, no. 1, January/February 2015, p. 49-50, 53, 57, 62-64, 66, 68-71, and 78. 
These figures are approximate wholesale purchase prices paid by retail jewelers on a per stone basis for | to 


than 1 carat, fine-quality stones. 


Source: The Gem Guide, v. 34, no. 6, November/December 2015, p. 51-52, 55, 59, 64-66, 68, 69-73, and 80. 
These figures are approximate wholesale purchase prices paid by retail jewelers on a per stone basis for | to 


than | carat, fine-quality stones. 
*Prices are per 4.5- to 5-millimeter pearl. 
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TABLE 6 
U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF 
INDUSTRIAL DIAMOND), BY COUNTRY! 


2014 2015 
Quantity Value” Quantity Value” 
Country (carats) (thousands) (carats) (thousands) 
Exports: 

Aruba 954 $1,970 1,050 $4,320 
Australia 30,500 32,100 30,600 32,900 
Austria 122 872 738 756 
Belgium 55,600 78,700 187,000 304,000 
Brazil 30,700 5,910 10,600 3,080 
Canada 50,200 91,400 38,600 70,600 
China 6,740 25,600 1,370 4,900 
Costa Rica 1,770 (4) 3,530 (4) 
Denmark 3,420 1,270 596 1,010 
Dominican Republic 32,300 12,300 30,800 12,200 
France 3,250 4,930 67,100 24,600 
Germany 21,200 12,500 9,790 9,760 
Hong Kong 1,980,000 531,000 1,660,000 671,000 
India 381,000 120,000 672,000 238,000 
Ireland 12,800 83,400 16,900 90,300 
Israel 78,500 234,000 243,000 608,000 
Italy 6,930 1,110 75,200 10,000 
Japan 3,090 8,110 9,320 8,970 
Jordan 1,000 (4) 2 (4) 
Laos 29 (4) 48 (4) 
Lebanon 28,000 1,730 1,580 1.230 
Malaysia 202 1,600 10,000 (4) 
Mauritius 324 (4) 2,400 765 
Mexico 416,000 67,200 316,000 71,600 
Namibia 22 (4) = -- 
New Zealand S77 * 1,990 2,560 2,300 
Panama 262 541 883 822 
Peru 1,830 (4) 314 (4) 
Singapore 3,910 27,600 6,780 9,960 
Sint Maarten 12,800 40,000 7,320 26,000 
South Africa 16,800 2,540 69 810 
Sri Lanka 5,810 1,110 1,540 (4) 
Switzerland 2,150 37,200 12,300 97,700 
Taiwan 1,610 3,120 10,500 4,800 
Thailand 153,000 21,200 146,000 24,000 
United Arab Emirates 88,700 66,700 391,000 153,000 
United Kingdom 26,300 85,200 6,670 41,500 
Vietnam 4,190 6,150 43,900 33,500 
Other 5.2007 18,600 5,760 21,900 

Total 3,470,000 1,630,000 4,020,000 2,590,000 

Reexports:° 

Armenia 4,970 * 1,740 17,200 4,890 
Aruba 3,290 5,070 3,240 6490 
Australia 12,600 43,000 2,950 49,300 
Austria 285 (4) 984 2,000 
Belgium 927,000 3,600,000 635,000 2,590,000 
Brazil 11,600 3,800 2,940 1,050 
Canada 103,000 156,000 105,000 141,000 
China 30,300 21,900 28,100 36,700 
Costa Rica 22,200 (4) 12,600 (4) 
Denmark 155 595 37 (4) 
France 10,000 159,000 3,550 163,000 
Germany 10,600 4,430 3,070 5,470 
Hong Kong 2,850,000 2,920,000 2,470,000 2,310,000 
India 3,560,000 3,630,000 2,760,000 3,510,000 
Ireland 9 (4) 11 (4) 
Israel 1,850,000 6,480,000 990,000 4,710,000 


See footnotes at end of table. 
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TABLE 6—Continued 


U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF 


INDUSTRIAL DIAMOND), BY COUNTRY! 


2014 2015 
Quantity Value? Quantity Value” 
Country (carats) (thousands) (carats) (thousands) 
Reexports: —Continued 

Italy 14,400 41,400 72,000 35,100 
Japan 48,300 78,000 33,800 61,300 
Jordan 792 (4) 297 (4) 
Laos 5,740 3,420 7,970 4,810 
Lebanon 1,200 2,830 4,180 9,080 
Malaysia 8,230 6,490 85,300 1,510 
Mauritius 583 (4) 778 564 
Mexico 4,700 7,980 3,590 8,050 
Namibia 7,030 * 8,210 ° 12,200 7,820 
New Zealand 279 859 132 (4) 
Panama 1,970 1,570 30,900 12,200 
Peru 4,220 (4) 28 (4) 
Singapore 13,000 82,800 9,140 44,400 
Sint Maarten 16,500 42,000 14,800 41,800 
South Africa 56,300 170,000 13,100 141,000 
Sri Lanka 1,870 15,600 311 710 
Switzerland 88,700 1,250,000 158,000 1,180,000 
Taiwan 34,800 15,900 26,100 6,020 
Thailand 194,000 76,100 172,000 59,300 
United Arab Emirates 1,030,000 389,000 402,000 398,000 
United Kingdom 53,900 381,000 54,500 363,000 
Vietnam 42,900 42,200 3,910 4,840 
Other 12,100 ° 40,800 ° 2,790 22,500 

Total 11,000,000 19,700,000 * 8,150,000 15,900,000 
Grand total 14,500,000 21,300,000 * 12,200,000 18,500,000 


"Revised. -- Zero. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 


*Values are free alongside ship. 


*Export and reexport data are for Harmonized Tariff Schedule of the United States codes 7102.31.0000, 7102.39.0010, 


7102.39.0050. 
“Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 7 
U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY' 


2014 2015 
Quantity Value” Quantity Value’ 
Kind, range, and country of origin (carats) (thousands) (carats) (thousands) 
Rough or uncut, natural: * 

Angola 415 $5,590 23,400 $70,500 
Australia 36,100 2,570 2,710 1,120 
Botswana 69,300 127,000 55,100 61,300 
Brazil 5,150 2,540 4,170 3,970 
Canada 11,700 17,500 105,000 7,380 
Congo (Kinshasa) 2,430 1,010 11,900 (5) 
Guinea 199 1,570 29 760 
India 35,300 (5) 1,520 (5) 
Lesotho 1,080 69,000 1,760 27,900 
Liberia 580 701 226 2,190 
Namibia 4,830 7,440 2,810 5,040 
Russia 51,700 51,600 64,200 23,100 
Sierra Leone 1,150 4,710 748 2,020 
South Africa 204,000 251,000 141,000 97,000 
Tanzania 67 2,540 1,060 (5) 
Other 1,410° 2,380 * 2,220 2,340 

Total 425,000 547,000 418,000 305,000 

Cut but unset, not more than 0.5 carat:° 

Armenia 328 (5) 3,400 2,380 
Australia 35,000 4,120 1,240 1,100 
Belgium 169,000 107,000 190,000 101,000 
Botswana 7,780 22,500 6,600 22,900 
Brazil 208 (5) 940 611 
Cambodia -- -- 7,030 6,280 
Canada 9,410 10,400 12,600 10,600 
China 60,700 93,000 37,100 44,600 
Dominican Republic 2,370 (5) 3,680 (5) 
France 498 (5) 2,370 803 
Germany 3,380 1,360 3,720 981 
Hong Kong 182,000 43,300 121,000 35,500 
India 5,320,000 1,810,000 5,240,000 1,600,000 
Israel 633,000 253,000 641,000 260,000 
Italy 16,500 3,640 7,290 2,080 
Japan 4,270 1,590 1,840 888 
Laos -- -- 2,230 2,610 
Mauritius 18,000 49,100 15,800 49,100 
Mexico 74,400 16,300 83,400 20,500 
Namibia 10,200 34,700 4,200 14,100 
Panama 1,280 (5) 1,140 (5) 
Singapore 20,200 623 2,610 1,600 
South Africa 25,400 25,900 20,500 90,300 
Spain 3,010 554 2,050 (5) 
Sri Lanka 9,660 9,530 3,830 3,710 
Switzerland 1,960 3,360 1,310 5,900 
Thailand 58,600 11,600 40,200 12,100 
United Arab Emirates 23,300 7,110 5,700 2,710 
United Kingdom 29,100 4,670 22,400 4,450 
Vietnam 52,400 63,500 58,800 68,700 
Other 3,810 * 3,210 * 1,880 3,900 

Total 6,770,000 2,580,000 6,540,000 2,370,000 


See footnotes at end of table. 
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TABLE 7—Continued 
U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY! 


2014 2015 
Quantity Value” Quantity Value’ 
Kind, range, and country of origin (carats) (thousands) (carats) (thousands) 
Cut but unset, more than 0.5 carat: 

Armenia 1,480 1,200 3,870 2,630 
Australia 3,330 65,500 3,460 59,300 
Belgium 588,000 3,810,000 591,000 3,600,000 
Botswana 24,000 139,000 28,300 118,000 
Brazil 760 5,390 726 6,670 
Canada 61,100 219,000 40,700 114,000 
China 66,400 296,000 50,800 233,000 
Dominican Republic 1,020 (5) 563 (5) 
France 2,200 26,800 1,910 79,300 
Germany 2,510 7,140 2,440 5,730 
Hong Kong 40,500 294,000 62,900 262,000 
India 2,300,000 5,810,000 2,200,000 6,180,000 
Israel 1,800,000 9,000,000 1,530,000 8,410,000 
Italy 1,180 14,700 1,480 11,700 
Japan 1,670 8,260 2,000 5,820 
Lebanon 313 590 1,280 6,900 
Mauritius 6,910 47,400 9,140 53,900 
Mexico 19,300 4,710 6,880 2,480 
Namibia 11,400 59,700 12,000 47,000 
Russia 16,000 109,000 10,100 90,500 
Singapore 2,200 4,700 11,400 24,700 
South Africa 38,600 864,000 37,000 583,000 
Spain 1,400 3,200 1,270 2,540 
Sri Lanka 1,790 15,800 216 730 
Switzerland 7,520 440,000 8,100 403,000 
Thailand 13,200 18,000 * 24,200 34,300 
United Arab Emirates 9,210 64,500 8,880 56,700 
United Kingdom 9,140 100,000 4,260 145,000 
Other 3,310* 12,600 * 2,720 17,300 

Total 5,040,000 21,400,000 4,650,000 20,600,000 


‘Revised. -- Zero. 

'Data are rounded to no more than three significant digits; may not add to totals shown. 

"Customs value. 

*Includes some natural advanced diamond. 

“Rough or uncut, natural data are for Harmonized Tariff Schedule of the United States (HTS) code 7102.31.0000. 
>Less than 4 unit. 

°Cut but unset, not more than 0.5 carat data are for HTS code 7102.39.0010. 

7Cut but unset, more than 0.5 carat data are for HTS code 7102.39.0050. 


Source: U.S. Census Bureau. 
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TABLE 8 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 
DIAMOND, BY KIND AND COUNTRY' 


2014 2015 
Quantity Value’ Quantity Value” 
Kind and country (carats) (thousands) (carats) (thousands) 
Emerald:* 

Belgium 2,120 $4,950 825 $3,490 
Brazil 148,000 15,100 234,000 16,800 
Canada 2,710 (4) 2,210 (4) 
China 10,000 (4) 9,570 906 
Colombia 339,000 286,000 393,000 248,000 
France 731 3,140 2,180 16,900 
Germany 38,100 3,580 4,290 1,710 
Hong Kong 90,500 30,000 92,300 30,200 
India 1,580,000 122,000 1,910,000 137,000 
Israel 183,000 54,200 188,000 56,300 
Italy 5,790 2,190 815 3,710 
Japan 5,300 (4) 1,180 (4) 
Lebanon 1,640 (4) 59 (4) 
Madagascar 5,070 (4) 83 (4) 
Malaysia 8,610 (4) 5,170 (4) 
Mozambique -- -- 661 (4) 
Singapore -- -- 808 500 
South Africa 16,300 3,590 9,670 1,790 
Sri Lanka 5,180 5,690 2,410 1,150 
Switzerland 5,320 49,400 5,030 20,500 
Tanzania 3,600 (4) 6 (4) 
Thailand 418,000 17,700 406,000 15,300 
Turkey 1,370 (4) = -- 
United Arab Emirates 1,000 1,310 13,100 13,200 
United Kingdom 3,960 14,700 794 4,490 
Zambia 311,000 28,800 361,000 43,800 
Other 156° 1,000 * 6,030 1,000 

Total 3,180,000 644,000 3,650,000 617,000 

Ruby: 

Afghanistan 6 ER 3,180 (4) 
Brazil 89 (4) 6,930 (4) 
China 1,410 (4) 7,070 (4) 
Germany 15,700 569 14,900 1,640 
Hong Kong 24,800 4,690 16,800 11,400 
India 1,830,000 11,600 1,310,000 14,800 
Israel 7,470 5,580 3,660 5,180 
Italy 5,750 (4) 317 1,520 
Kenya -- -- 7,840 (4) 
Madagascar 40,400 1,830 174,000 6,510 
Mozambique 45,500 28,300 70,100 25,400 
South Africa 37,000 2,950 13,000 4,450 
Sri Lanka 74,200 4,230 2,200 1,290 
Switzerland 1,210 3,270 678 1,310 
Tanzania 2,000 949 30,800 (4) 
Thailand 1,550,000 59,400 2,000,000 63,900 
Turkey 16,700 (4) 2,750 (4) 
United Arab Emirates 3,060 (4) 365 2,430 
United Kingdom 1,200 1,220 2,020 1,670 
Vietnam 2,100 (4) 1,400 1,490 
Zambia 405 (4) 1,150 (4) 
Other 10,500 * 7,160 * 2,780 6,040 

Total 3,660,000 132,000 3,680,000 149,000 


See footnotes at end of table. 


29.18 [ADVANCE RELEASE] 


U.S. GEOLOGICAL SURVEY MINERALS YEARBOOK—2015 


TABLE 8—Continued 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 
DIAMOND, BY KIND AND COUNTRY’ 


2014 2015 
Quantity Value? Quantity Value” 
Kind and country (carats) (thousands) (carats) (thousands) 
Sapphire:° 

Australia 6,820 (4) 4,520 591 
Austria 45,900 (4) -- -- 
Belgium 487 3,940 2,610 3,090 
Brazil 23,100 593 35,100 (4) 
Canada 1,040 (4) 881 (4) 
China 21,300 1,080 16,800 968 
France 246 4,260 3,100 19,900 
Germany 45,700 1,660 39,100 3,140 
Hong Kong 72,500 39,100 251,000 77,800 
India 2,130,000 40,500 1,880,000 49,800 
Israel 21,500 6,900 15,500 7,880 
Italy 8,700 6,060 3,930 5,370 
Japan 4,160 (4) 1,380 (4) 
Madagascar 13,300 3,320 288,000 6,730 
Mauritius 1,190 (4) 58 (4) 
Mozambique 2,100 (4) 7,600 1,260 
South Africa 207,000 3,420 7,940 (4) 
Sri Lanka 478,000 117,000 361,000 89,800 
Switzerland 13,000 54,600 16,000 78,900 
Tanzania 1,690 (4) 38 (4) 
Thailand 2,960,000 108,000 3,690,000 104,000 
Turkey 1,380 (4) 4,410 (4) 
United Arab Emirates 248 700 3,880 (4) 
United Kingdom 674 2,350 3,470 11,000 
Zambia 2,890 (4) 1,720 (4) 
Other 1,250°* 22,100 * 1,910 3,330 

Total 6,070,000 * 416,000 * 6,640,000 464,000 

Other: 

Rough, uncut, all countries’ 68,800,000 * 538 * 137,000,000 1,360 
Cut, set and unset, all countries® NA 435,000 NA 471,000 


"Revised. NA Not available. -- Zero. 

‘Data are rounded to no more than three significant digits; may not add to totals shown. 

*Customs value. 

*Emerald data are for Harmonized Tariff Schedule of the United States (HTS) code 7103.91.0030. 
“Less than % unit. 

Ruby data are for HTS code 7103.91.0010. 

°Sapphire data are for HTS code 7103.91.0020. 

"Rough, uncut data are for HTS code 7103.10.4080. 

‘Cut, set and unset data are for HTS code 7103.99.1080. 


Source: U.S. Census Bureau. 


GEMSTONES—2015 [ADVANCE RELEASE] 29.19 


TABLE 9 


VALUE OF U.S. IMPORTS OF SYNTHETIC 
AND IMITATION GEMSTONES, BY COUNTRY"? 


(Thousand dollars) 
Country 2014 2015 
Synthetic, cut but unset:* 

Austria 1,420 1,410 
Belgium foo 281 
Brazil 109 154 
China 5,210 5,190 
Czech Republic 128 115 
France 569 423 
Germany 9,190 9,080 
Hong Kong 189 281 
India 2,280 6,590 
Netherlands 103 106 
Russia 5 892 
Singapore 1,700 1,580 
South Africa -- 243 
Sri Lanka 318 308 
Switzerland 179 146 
Thailand 739 882 
Other a7o* 661 

Total 23,300 * 28,300 

Imitation:* 

Brazil 57 1 
Canada 12 83 
China 18,500 20,000 
France 23 -- 
Germany 20 33 
Hong Kong 102 90 
India 15 44 
Italy 24 40 
Japan 31 2 
Korea, Republic of 211 232 
Pakistan 195 97 
Spain 7 30 
Taiwan 1,150 1,290 
Thailand 276 194 
United Kingdom 530 a7 
Other 19° 18 

Total 21,200 * 22,200 


"Revised. -- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
*Customs value. 
*Synthetic, cut but unset; data are for Harmonized Tariff Schedule of the United States (HTS) code 
7104.90.1000. 


“Imitation gemstones, does not include pearls; data are for HTS code 3926.90.4000. 


Source: U.S. Census Bureau. 
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TABLE 10 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES' 


(Thousand carats and thousand dollars) 


2014 2015 
Stones Quantity Value” Quantity Value” 
Coral and similar materials, unworked* 7,780 $16,000 8,190 $16,500 
Diamonds: 
Cut but unset* 11,800 24,000,000 * 11,200 22,900,000 
Rough or uncut” 425 547,000 418 305,000 
Emeralds, cut but unset® 3,180 644,000 3,650 617,000 
Pearls: 
Cultured’ NA 24,400 NA 22,100 
Imitation® NA 53,400 * NA 43,200 
Natural NA 20,600 NA 23,700 
Rubies, cut but unset’ 3,670 132,000 3,680 149,000 
Sapphires, cut but unset!” 6,070 ' 416,000 * 6,640 464,000 
Other precious and semiprecious stones: 
Rough, uncut!’ 3,140,000 * 24,000 * 2,520,000 38,600 
Cut, set and unset’ NA 435,000 NA 471,000 
Other’? NA 8,130" NA 11,400 
Synthetic: 
Cut but unset!* 55,500 * 23,300 * 50,400 28,300 
Other’ NA 8,720" NA 3,380 
Imitation gemstone’ NA 21,200 ' NA 22,200 
Total 3,230,000 26,400,000 2,600,000 25,100,000 


"Revised. NA Not available. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


2 
Customs value. 


*Coral and similar materials, unworked; data are for Harmonized Tariff Schedule of the United States (HTS) code 0508.00.0000. 
*Cut but unset; data are for HTS codes 7102.39.0010, 7102.39.0050. 


Rough or uncut; data are for HTS code 7102.31.0000. 


Emeralds, cut but unset; data are for HTS code 7103.91.0030. 


7Cultured data are for HTS code 7101.21.0000. 


‘Imitation data are for HTS codes 7018.10.1000, 7018.10.2000 


Rubies, cut but unset; data are for HTS code 7103.91.0010. 


'°Sapphires, cut but unset; data are for HTS code 7103.91.0020. 
"Rough, uncut; data are for HTS codes 7103.10.2020, 7103.10.2080. 


Cut, set and unset; data are for HTS code 7103.99.1080. 

Other data are for HTS code 7103.99.5080. 

‘Reconstructed, cut but unset synthetic; data are for HTS code 7104.90.1000. 
'SReconstructed, worked but unset synthetic; data are for HTS code 7104.90.5000. 
Imitation gemstones, does not include pearls; data are for HTS code 3926.90.4000. 


Source: U.S. Census Bureau. 
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TABLE 11 
NATURAL DIAMOND: WORLD PRODUCTION, BY COUNTRY AND TYPE! 


(Thousand carats) 


Country and type” 2011 2012 2013 2014 2015 
Gemstones: 
Angola® 7,500 7,500 7,740 * 7,910 8,120 
Australia” 157 184 235 186 271 
Botswana” 16,000 14,400 16,200 17,300 14,500 
Brazil, unspecified® 46 49° 49 57 32 
Cameroon, unspecified’ es Le 2 4 2 
Canada, unspecified 10,795 10,451 10,600 * 12,012 11,677 
Central African Republic® 259 293 65 =" --? --° 
China, unspecified (10) 2 1 Ee = 
Congo (Brazzaville), unspecified ad 32 56 53 40 
Congo (Kinshasa)!" 3,850 4,300 3,140 3,130 3,200 
Céte d’ Ivoire, unspecified Oe = a 1 15 
Ghana, unspecified 302 233 169 242 174 
Guinea’ 243 pa 162 131 134 
Guyana, unspecified 51 44 60 100 118 
India” 3 7 10 10 9 
Lesotho, unspecified 224 479 414 346 304 
Liberia’ 25 25 a2 39 41 
Namibia, unspecified 1,256 1,629 1,689 1,918 2,053 
Russia’ 19,700 19,600 21,200 21,500 23,500 
Sierra Leone® 286 * 433 ' 487" 496* 400 
South Africa® 5,640 5,660 6,520 5,950 5,780 
Tanzania’® 35° 108 * 153% 2157 184 
Togo, unspecified (10) (10) (10) (10) (10) 
Zimbabwe’ 850 1,210 1,040 477 349 
Total 67,300 * 66,800 70,000 * 72,000 70,900 
Industrial: 
Angola® 833 833 860 * 879 902 
Australia’ 7,670 9,000 11,500 9,100 13,300 
Botswana” 6,870 6,170 6,960 7,400 6,230 
Central African Republic® 65 73 16°? “eo aa 
Congo (Kinshasa)!’ 15,400 17,200 12,500 12,500 12,800 
Guinea’ 61 53 40 33 33 
India’ 9 20 27 27 24 
Liberia’ 17 17 21 26 27 
Russia’ 15,500 15,400 16,700 16,900 18,400 
Sierra Leone® 71” 108 122 124 100 
South Africa® 1,410 1,420 1,630 1,490 1,440 
Tanzania ° 6° 1 27? 38° 33 
Zimbabwe’ 7,650 10,900 9,370 4,290 3,140 
Total 55,500 ° 61,100 * 59,800 * 52,800 56,500 
Grand total, unrounded 122,829 —st=i«*227,98H®——~*«~i2*9*=8HA® Sd‘. «=—~~S~SC«*WM‘D7,399 


Preliminary. ‘Revised. -- Zero. 

'Gem and industrial diamond quantities except “unspecified” are estimated from reported country totals using percentages noted. 

Totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. Reported values for countries 
for which proportions of gem and industrial qualities were not known are listed as “unspecified” under “Gemstones.” Includes data 
available through January 17, 2018. 

“In addition to the countries listed, Nigeria produced natural diamond, but information was inadequate to make reliable estimates of output. 
*About 90% gem quality and 10% industrial quality. 

“About 2% gem quality and 98% industrial quality. 

>About 70% gem and near-gem quality and 30% industrial quality. 

°Private sector and artisanal mining. Includes near-gem and cheap-gem qualities. 

"From artisanal mining. 

‘About 80% gem quality and 20% industrial quality. 

From May 2013 through 2015, the Central African Republic was under a temporary suspension from the Kimberley Process 
Certification Scheme and was not trading in rough diamond. 
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TABLE 11—Continued 
NATURAL DIAMOND: WORLD PRODUCTION, BY COUNTRY AND TYPE! 


(Thousand carats) 


"Less than % unit. 

"About 20% gem quality and 80% industrial quality; the majority of production was from artisanal mining. 
"tn 2011-13, Céte d’Ivoire was under United Nations sanctions and was not trading in rough diamond. 
About 27% gem quality and 73% industrial quality. 

' About 60% gem quality and 40% industrial quality. 

'S About 56% gem quality and 44% industrial quality. 

'® About 85% gem quality and 15% industrial quality. 

'7About 10% gem quality and 90% industrial quality. 


Source: Kimberley Process Certification Scheme. 
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INSTANT INFORMATION 


Information about the U.S. Geological Survey, its programs, staff, and products is available from the Internet at 
<http://www.usgs.gov> or by calling (888) ASK—USGS [(888) 275-8747]. 


This publication has been prepared by the National Minerals Information Center. Information about the Center and its 
products is available from the Internet at <http://minerals.usgs.gov/minerals> or by writing to Director, National 
Minerals Information Center, 988 National Center, Reston, VA 20192. 


KEY PUBLICATIONS 


Minerals Yearbook—These annual publications review the mineral industries of the United States and of more than 
180 other countries. They contain statistical data on minerals and materials and include information on economic and 
technical trends and developments. The three volumes that make up the Minerals Yearbook are Volume I, Metals and 
Minerals; Volume II, Area Reports, Domestic; and Volume III, Area Reports, International. 


Mineral Commodity Summaries—Published on an annual basis, this report is the earliest Government publication to 
furnish estimates covering nonfuel mineral industry data. Data sheets contain information on the domestic industry 
structure, Government programs, tariffs, and 5-year salient statistics for more than 90 individual minerals and 
materials. 


Mineral Industry Surveys—These periodic statistical and economic reports are designed to provide timely statistical 
data on production, distribution, stocks, and consumption of significant mineral commodities. The surveys are issued 
monthly, quarterly, or at other regular intervals. 


Metal Industry Indicators—This monthly publication analyzes and forecasts the economic health of three metal 
industries (primary metals, steel, and copper) using leading and coincident indexes. 


Nonmetallic Mineral Products Industry Indexes—This monthly publication analyzes the leading and coincident 
indexes for the nonmetallic mineral products industry (NAICS 327). 


Materials Flow Studies—These publications describe the flow of materials from source to ultimate disposition to help 
better understand the economy, manage the use of natural resources, and protect the environment. 


Recycling Reports—These materials flow studies illustrate the recycling of metal commodities and identify recycling 
trends. 


Historical Statistics for Mineral and Material Commodities in the United States (Data Series 140)—This report 
provides a compilation of statistics on production, trade, and use of approximately 90 mineral commodities since as 
far back as 1900. 


WHERE TO OBTAIN PUBLICATIONS 


e Mineral Commodity Summaries and the Minerals Yearbook are sold by the U.S. Government Printing Office. 
Orders are accepted over the Internet at <http://oookstore.gpo.gov>, by telephone toll free (866) 512-1800; 
Washington, DC area (202) 512-1800, by fax (202) 512-2104, or through the mail (P.O. Box 979050, St. Louis, 
MO 63197-9000). 


e All current and many past publications are available in PDF format (and some are available in XLS format) 
through <http://minerals.usgs.gov/minerals>. 


INTRODUCTION 


Each chapter of the 2015 edition of the U.S. Geological Survey (USGS) Mineral Commodity Summaries (MCS) 
includes information on events, trends, and issues for each mineral commodity as well as discussions and tabular 
presentations on domestic industry structure, Government programs, tariffs, 5-year salient statistics, and world 
production and resources. The MCS is the earliest comprehensive source of 2014 mineral production data for the 
world. More than 90 individual minerals and materials are covered by two-page synopses. 


For mineral commodities for which there is a Government stockpile, detailed information concerning the stockpile 
status is included in the two-page synopsis. 


Abbreviations and units of measure, and definitions of selected terms used in the report, are in Appendix A and 
Appendix B, respectively. “Appendix C—Reserves and Resources” includes “Part A—Resource/Reserve 
Classification for Minerals” and “Part B—Sources of Reserves Data.” A directory of USGS minerals information 
country specialists and their responsibilities is Appendix D. 


The USGS continually strives to improve the value of its publications to users. Constructive comments and 
suggestions by readers of the MCS 2015 are welcomed. 
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The leading indexes historically give signals several months in advance of major changes in 
the corresponding coincident index, which measures current industry activity. The growth rates, 
which can be viewed as trends, are expressed as compound annual rates based on the ratio of 
the current month's index to its average level during the preceding 12 months. 


Sources: U.S. Geological Survey, Metal Industry Indicators and Nonmetallic Mineral Products Industry Indexes. 


NET EXPORTS OF MINERAL 
RAW MATERIALS 


be eet ati a THE ROLE OF NONFUEL MINERALS IN 


CONCENTRATES, ETC. THE U.S. ECONOMY 
Imports: $7.9 billion (ESTIMATED VALUES IN 2014) 


Exports: $10.6 billion 
Net exports: $2.7 billion 


MINERAL MATERIALS 
PROCESSED 
DOMESTIC MINERAL RAW DOMESTICALLY 
MATERIALS FROM MINING 
ALUMINUM, BRICK, CEMENT, 
COPPER, FERTILIZERS, 


STEEL, ETC. 


COPPER ORES, IRON ORE, 
SAND AND GRAVEL, 


STONE, ETC. VALUE ADDED TO 


Value of shipments: GROSS DOMESTIC 

$697 billion PRODUCT BY MAJOR 
INDUSTRIES THAT 
CONSUME PROCESSED 
MINERAL MATERIALS’ 


ba U.S. ECONOMY 
Value: $77.6 billion 
Gross Domestic 
Product: 
$17,400 billion 


METALS AND MINERAL 
PRODUCTS RECYCLED 
DOMESTICALLY 


NET IMPORTS OF Value: $2,530 billion 
PROCESSED MINERAL 
MATERIALS 


ALUMINUM, GLASS, STEEL, 
ETC. 


METALS, CHEMICALS, ETC. 


Imports: $149 billion 


Exports: $108 billion 
Net imports: $41 billion 


Value of old scrap: $31.3 billion 


NET EXPORTS OF OLD 
SCRAP 


GOLD, STEEL, ETC. 
Imports: $6.4 billion 1 Major consuming industries of processed mineral materials are construction, durable goods manufacturers, and some 


Exports: $18.7 billion nondurable goods manufacturers. The value of shipments for processed mineral materials cannot be directly related to 
Net exports: $12.3 billion gross domestic product. 


Sources: U.S. Geological Survey and the U.S. Department of Commerce 


2014 U.S. NET IMPORT RELIANCE" 


Commodity Percent Major import sources (2010-13)? 
ARSENIC 100 Morocco, China, Belgium 
ASBESTOS 100 Brazil, Canada 


BAUXITE 100 Jamaica, Brazil, Guinea, Australia 
CESIUM 100 Canada 

FLUORSPAR 100 Mexico, China, South Africa, Mongolia 
GRAPHITE (natural) 100 China, Mexico, Canada, Brazil 

INDIUM 100 China, Canada, Belgium, Japan 
IODINE 100 Chile, Japan 

MANGANESE 100 South Africa, Gabon, Australia, Georgia 


MICA, sheet (natural) 100 India, China 

NIOBIUM (columbium) 100 Brazil, Canada 

QUARTZ CRYSTAL (industrial) 100 China, Japan, Romania, United Kingdom 
RUBIDIUM 100 Canada 

SCANDIUM 100 China 

STRONTIUM 100 Mexico, Germany, China 


TANTALUM 100 
THALLIUM 100 
THORIUM 100 
VANADIUM 100 


China, Germany, Kazakhstan, Russia 
Germany, Russia 

India, France 

Czech Rep., Canada, Rep. of Korea, Austria 


GALLIUM 99 Germany, United Kingdom, China, Ukraine 
GEMSTONES Israel, India, Belgium, South Africa 
GERMANIUM China, Belgium, Russia, Canada 

BISMUTH China, Belgium, Peru, United Kingdom 
TITANIUM MINERAL CONCENTRATES 91 South Africa, Australia, Canada, Mozambique 
DIAMOND (dust grit, and powder) China, Ireland, Rep. of Korea, Romania 
PLATINUM Germany, South Africa, United Kingdom, Canada 
ANTIMONY China, Belgium, Mexico, Bolivia 

POTASH Canada, Russia, Israel, Chile 

GARNET (industrial) Australia, India, China 

RHENIUM Chile, Poland, United Kingdom 

STONE (dimension) China, Brazil, Italy, Turkey 

ZINC 81 Canada, Mexico, Peru 

BARITE China, India, Morocco, Mexico 

SILICON CARBIDE (crude) China, South Africa, Netherlands, Romania 
COBALT China, Norway, Russia, Finland 

TIN Peru, Bolivia, Indonesia, Malaysia 
CHROMIUM 72 South Africa, Kazakhstan, Russia, Mexico 
PALLADIUM Russia, South Africa, United Kingdom, Norway 
PEAT Canada 

SILVER Mexico, Canada, Poland, Peru 

RARE EARTHS* China, France, Japan, Estonia 

NICKEL Canada, Russia, Australia, Norway 


TITANIUM (sponge) 
MAGNESIUM COMPOUNDS 


Japan, Kazakhstan, China 
China, Brazil, Australia, Canada 


TUNGSTEN China, Bolivia, Canada, Germany 

SILICON Russia, Brazil, Canada, Venezuela 
NITROGEN (fixed)—AMMONIA Trinidad and Tobago, Canada, Russia, Ukraine 
ALUMINUM Canada, Russia, United Arab Emirates, China 
COPPER Chile, Canada, Mexico, Peru 

MICA, scrap and flake (natural) Canada, China, Finland, Mexico 

LEAD Canada, Mexico, Australia 

MAGNESIUM METAL Israel, Canada, China, United Kingdom 

SALT Canada, Chile, Mexico, The Bahamas 
VERMICULITE South Africa, Brazil, China 

PERLITE Greece 


IRON and STEEL 
PHOSPHATE ROCK 


Canada, Mexico, Rep. of Korea, Brazil 
Morocco, Peru 


PUMICE Greece, Iceland, Mexico 

TALC China, Canada, Pakistan 

BERYLLIUM Russia, Kazakhstan, China, Japan 
SULFUR Canada, Mexico, Venezuela 

GYPSUM Canada, Mexico, Spain 

IRON and STEEL SLAG Canada, Japan, Spain, Italy 

CEMENT Canada, Rep. of Korea, China, Greece 


‘Not all mineral commodities covered in this publication are listed here. Those not shown include mineral commodities for which the 
United States is a net exporter (for example, molybdenum) or less than 5% import reliant (for example, lime). For some mineral 
commodities (for example, hafnium), not enough information is available to calculate the exact percentage of import reliance; for others 
(for example, tellurium), exact percentages may have been rounded to avoid disclosing company proprietary data. 

In descending order of import share. 

’Data include lanthanides and yttrium but exclude most scandium. 


SIGNIFICANT EVENTS, TRENDS, AND ISSUES 


In 2014, the estimated value of total nonfuel mineral 
production increased in the United States. The quantity 
of production increased for most mineral commodities 
mined in the United States. Prices increased for the 
majority of mineral commodities, but notable exceptions 
were the declines in prices for most precious metals. 
Minerals remained fundamental to the U.S. economy, 
contributing to the real gross domestic product (GDP) at 
several levels, including mining, processing, and 
manufacturing finished products. Following the 
reduction in construction activity that began with the 
2008-09 recession and continued through 2011, the 
construction industry continued to expand in 2014, with 
increased production and consumption of cement, 
construction sand and gravel, crushed stone, and 
gypsum, mineral commodities that are used almost 
exclusively in construction. 


The figure on page 4 shows that the primary metals 
industry and the nonmetallic minerals products industry 
are fundamentally cyclical. Growth rates are directly 
affected by the U.S. business cycle as well as by global 
economic conditions. The U.S. Geological Survey 
(USGS) generates composite indexes to measure 
economic activity in these industries. The coincident 
composite indexes describe the current situation using 
production, employment, and shipments data. The 
leading composite indexes signal major changes in the 
industry’s direction by such variables as stock prices, 
commodity prices, new product orders, and other 
indicators, which are combined into one gauge. For 
each of the indexes, a growth rate is calculated to 
measure its change relative to the previous 12 months. 
The primary metals leading index growth rate started 
slowly in 2014, mainly because of the effect that severe 
weather had on U.S. business activity. It accelerated 
through mid-year; however, it turned down and settled in 
negative territory by yearend. U.S. economic growth 
supported the domestic primary metals industry; 
however, weak global economic growth and the strong 
U.S. dollar limited U.S. exports. Meanwhile, low-priced 
metal imports increased during most of 2014. Metals 
consumption in the manufacturing sector increased 
during the year; however, decreased new orders for 
durable goods in the latter part of the year will likely 
reduce metals demand in this sector in 2015. A rise in 
nonresidential construction projects also increased 
metals demand in 2014. One of the largest 
nonresidential construction activities in 2014 was 
manufacturing plant building. The nonmetallic mineral 
products industry also benefitted from this increase in 
construction spending in 2014. This offset some of the 
slower growth in the residential construction industry in 
2014. However, in 2015, residential construction 
indicators, such as housing starts and building permits, 
point to increases in single-family home building, which 
is the largest portion of residential construction activity. 
The nonmetallic mineral products leading index growth 
rate ended 2014 indicating slow growth in the 
nonmetallic mineral products industry in 2015. 


As shown in the figure on page 5, the estimated value of 
mineral raw materials produced at mines in the United 
States in 2014 was $77.6 billion, a 3.5% increase from 
$75.0 billion in 2013. Net exports of mineral raw 
materials and old scrap contributed an additional $15.0 
billion to the U.S. economy. Domestic raw materials and 
domestically recycled materials were used to process 
mineral materials worth $697 billion. These mineral 
materials, including aluminum, brick, copper, fertilizers, 
and steel, and net imports of processed materials (worth 
about $41 billion) were, in turn, consumed by 
downstream industries with a value added of an 
estimated $2.53 trillion in 2014. 


The estimated value of U.S. metal mine production in 
2014 was $31.5 billion (table 1), slightly less than that of 
2013. Principal contributors to the total value of metal 
mine production in 2014 were copper (32%), gold 
(27%), iron ore (16%), molybdenum (10%), and zinc 
(6%). Changes in average prices for domestically mined 
metals were mixed in 2014. After increased yearly 
average prices from 2002-12, gold prices decreased for 
the second consecutive year. The estimated value of 
U.S. industrial minerals mine production in 2014 was 
$46.1 billion, about 7% more than that of 2013. The 
value of industrial minerals mine production in 2013 was 
dominated by crushed stone (28%), cement (17%), and 
construction sand and gravel (15%). In general, 
industrial minerals prices increased slightly. 


Mine production of 14 mineral commodities was worth 
more than $1 billion each in the United States in 2014. 
These were, in decreasing order of value, crushed 
stone, copper, gold, cement, construction sand and 
gravel, iron ore (shipped), industrial sand and gravel, 
molybdenum concentrates, phosphate rock, lime, salt, 
zinc, soda ash, and clays (all types). 


The figure on page 6 illustrates the reliance of the 
United States on foreign sources for raw and processed 
mineral materials. In 2014, the supply for more than 
one-half of U.S. apparent consumption of 43 mineral 
commodities shown in the figure came from imports, 
and the United States was 100% import reliant for 19 of 
those. U.S. import reliance has increased significantly 
since 1978, the year that this information was first 
reported. At that time, the United States was 100% 
import reliant for 7 mineral commodities, and more than 
50% import reliant for 25 mineral commodities. In 2014, 
the United States was a net exporter of 17 mineral 
commodities, meaning more of those domestically 
produced mineral commodities were exported than 
imported. That figure has remained relatively stable, 
with net exports of 18 mineral commodities in 1978. 


In 2014, 12 States each produced more than $2 billion 
worth of nonfuel mineral commodities. These States 
were, in descending order of value—Arizona, Nevada, 
Minnesota, Texas, Utah, California, Alaska, Florida, 
Missouri, Michigan, Wyoming, and Colorado. The 
mineral production of these States accounted for 62% of 
the U.S. total output value (table 3) 


TABLE 1.—U.S. MINERAL INDUSTRY TRENDS 
2010 2011 2012 201 2014° 
Total mine production (million dollars): 


Metals 30,300 36,000 34,700 32,100 31,500 
Industrial minerals 36,200 38,800 40,900 42,900 46,100 
Coal 38,600 44,900 40,600 36,600 37,700 
Employment (thousands of production workers): 
Coal mining 70 78 74 68 67 
Metal mining 29 198 101 1100 1100 
Industrial minerals, except fuels 71 2NA 2NA 2NA 2NA 
Chemicals and allied products 474 480 491 490 497 
Stone, clay, and glass products 283 278 273 275 283 
Primary metal industries 275 301 317 306 312 
Average weekly earnings of production workers (dollars): 
Coal mining 1,365 1,404 1,348 1,361 1,440 
Chemicals and allied products 888 911 910 919 918 
Stone, clay, and glass products 727 767 766 782 827 
Primary metal industries 880 889 907 960 989 


“Estimated. NA Not available. 
‘Metal mining and industrial minerals (except fuel), combined. 
"Because of changes to U.S. Department of Labor reports, these data are no longer available. 


Sources: U.S. Geological Survey, U.S. Department of Energy, U.S. Department of Labor. 


TABLE 2.—U.S. MINERAL-RELATED ECONOMIC TRENDS 
2010 2011 2012 2013 2014° 


Gross domestic product (billion dollars) 14,964 15,518 16,163 16,768 17,393 
Industrial production (2007=100): 
Total index 91 94 97 100 104 
Manufacturing: 87 90 94 96 100 
Nonmetallic mineral products 69 70 71 74 78 
Primary metals: 91 97 100 101 106 
lron and steel 89 98 101 100 103 
Aluminum 92 98 103 103 105 
Nonferrous metals (except aluminum) 112 114 112 120 129 
Chemicals 86 86 86 88 90 
Mining: 101 107 114 119 130 
Coal 94 95 88 86 85 
Oil and gas extraction 110 115 127 137 154 
Metals 96 98 99 99 100 
Nonmetallic minerals 73 15 76 78 83 
Capacity utilization (percent): 
Total industry: 74 76 17 78 79 
Mining: 84 86 87 87 89 
Metals 74 74 72 72 15 
Nonmetallic minerals 70 75 78 82 86 
Housing starts (thousands) 586 612 784 930 1,004 
Light vehicle sales (thousands)' 8,620 9,760 11,200 12,200 13,200 
Highway construction, value, put in place (billion dollars) 82 80 80 81 83 
“Estimated. 


‘Excludes imports. 


Sources: U.S. Department of Commerce, Federal Reserve Board, Autodata Corp., and U.S. Department of Transportation. 
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in the NDS. Of the remaining material, some was being 
held in reserve, some was offered for sale, and sales of 
some of the materials were suspended. Additional 
detailed information can be found in the “Government 
Stockpile” sections in the mineral commodity chapters 
that follow. Under the authority of the Defense 
Production Act of 1950, the U.S. Geological Survey 
advises the DLA on acquisition and disposals of NDS 
mineral materials. 


The Defense Logistics Agency (DLA) Strategic Materials 
is responsible for providing safe, secure, and 
environmentally sound stewardship for strategic and 
critical materials in the U.S. National Defense Stockpile 
(NDS). DLA Strategic Materials stores 27 commodities 
at 9 locations in the United States. In fiscal year 2014, 
DLA Strategic Materials sold $68 million of excess 
mineral materials from the NDS. At the end of the fiscal 
year, mineral materials valued at $1.5 billion remained 


TABLE 3.—VALUE OF NONFUEL MINERAL PRODUCTION IN THE UNITED STATES AND PRINCIPAL NONFUEL 
MINERALS PRODUCED IN 2014?:' 


Percent 
Value of U.S. 
State (thousands) Rank total Principal minerals, in order of value 

Alabama $1,080,000 24 1.39 Cement (portland), stone (crushed), lime, sand and gravel 
(construction), cement (masonry). 

Alaska 3,510,000 7 4.52 Zinc, gold, lead, silver, sand and gravel (construction). 

Arizona 8,060,000 1 10.38 Copper, molybdenum concentrates, sand and gravel 
(construction), cement (portland), stone (crushed). 

Arkansas 1,030,000 26 1.33 Cement (portland), stone (crushed), bromine, sand and gravel 
(industrial), sand and gravel (construction). 

California 3,510,000 6 4.53 Sand and gravel (construction), cement (portland), boron 
minerals, stone (crushed), gold. 

Colorado 2,320,000 12 2.99 Molybdenum concentrates, sand and gravel (construction), 
cement (portland), gold, stone (crushed). 

Connecticut? 202,000 43 0.26 Stone (crushed), sand and gravel (construction), clays (common), 
gemstones (natural). 

Delaware? 14,400 50 0.02 Sand and gravel (construction), magnesium compounds, stone 
(crushed), gemstones (natural). 

Florida 2,990,000 8 3.86 Phosphate rock, stone (crushed), cement (portland), sand and 
gravel (construction), cement (masonry). 

Georgia 1,600,000 15 2.06 Clays (kaolin), stone (crushed), cement (portland), clays (fuller's 
earth), sand and gravel (construction). 

Hawaii 107,000 47 0.14 Stone (crushed), sand and gravel (construction), gemstones 
(natural). 

Idaho 1,200,000 21 1.55 Molybdenum concentrates, phosphate rock, sand and gravel 
(construction), silver, lead. 

Illinois 1,460,000 17 1.88 Sand and gravel (industrial), stone (crushed), sand and gravel 
(construction), cement (portland), tripoli. 

Indiana 818,000 30 1.05 Stone (crushed), cement (portland), lime, sand and gravel 
(construction), cement (masonry). 

lowa 757,000 31 0.98 Stone (crushed), cement (portland), sand and gravel (industrial), 
sand and gravel (construction), lime. 

Kansas 1,030,000 27 1.33 Helium (Grade—A), cement (portland), salt, stone (crushed), 
helium (crude). 

Kentucky 857,000 29 1.10 Stone (crushed), lime, cement (portland), sand and gravel 
(construction), sand and gravel (industrial). 

Louisiana? 554,000 34 0.71 Salt, sand and gravel (construction), stone (crushed), sand and 
gravel (industrial), lime. 

Maine? 95,000 48 0.12 Sand and gravel (construction), cement (portland), stone 
(crushed), stone (dimension), cement (masonry). 

Maryland? 277,000 41 0.36 Cement (portland), stone (crushed), sand and gravel 
(construction), cement (masonry), stone (dimension). 

Massachusetts? 293,000 39 0.38 Stone (crushed), sand and gravel (construction), stone 
(dimension), lime, clays (common). 

Michigan 2,410,000 10 3.11. Iron ore (usable shipped), cement (portland), sand and gravel 
(construction), stone (crushed), salt. 

Minnesota? 4,710,000 3 6.07 Iron ore (usable shipped), sand and gravel (industrial), sand and 
gravel (construction), stone (crushed), stone (dimension). 

Mississippi 192,000 44 0.25 Sand and gravel (construction), stone (crushed), clays (fuller's 


See footnotes at end of table. 


earth), clays (ball), clays (bentonite). 
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TABLE 3.—VALUE OF NONFUEL MINERAL PRODUCTION IN THE UNITED STATES AND PRINCIPAL NONFUEL 
MINERALS PRODUCED IN 2014”: '—Continued 


Percent 
Value of U.S. 
State (thousands) Rank ___ total Principal minerals, in order of value 
Missouri 2,480,000 9 3.19 Cement (portland), stone (crushed), lead, lime, sand and gravel 
(industrial). 
Montana 1,320,000 19 1.70 Palladium metal, copper, molybdenum concentrates, platinum 
metal, gold. 
Nebraska 326,000 37 0.42 Cement (portland), stone (crushed), sand and gravel 
(construction), sand and gravel (industrial), lime. 
Nevada 7,490,000 2 9.66 Gold, copper, silver, lime, diatomite. 
New Hampshire 111,000 46 0.14 Sand and gravel (construction), stone (crushed), stone 
(dimension), gemstones (natural). 
New Jersey? 288,000 40 0.37 Stone (crushed), sand and gravel (construction), sand and gravel 
(industrial), greensand marl, peat. 
New Mexico 1,870,000 13 2.40 Copper, potash, sand and gravel (construction), molybdenum 
concentrates, stone (crushed). 
New York 1,370,000 18 1.76 Salt, stone (crushed), sand and gravel (construction), cement 
(portland), wollastonite. 
North Carolina 1,290,000 20 1.66 Stone (crushed), phosphate rock, sand and gravel (construction), 
sand and gravel (industrial), clays (common). 
North Dakota? 232,000 42 0.30 Sand and gravel (construction), lime, stone (crushed), clays 
(common), sand and gravel (industrial). 
Ohio? 1,150,000 22 1.48 Stone (crushed), salt, sand and gravel (construction), lime, 
cement (portland). 
Oklahoma 734,000 32 0.94 Stone (crushed), cement (portland), sand and gravel (industrial), 
sand and gravel (construction), helium (Grade-—A). 
Oregon 357,000 36 0.46 Stone (crushed), sand and gravel (construction), cement 
(portland), diatomite, perlite (crude). 
Pennsylvania? 1,560,000 16 2.01 Stone (crushed), cement (portland), lime, sand and gravel 
(construction), sand and gravel (industrial). 
Rhode Island? 69,200 49 0.09 Sand and gravel (construction), stone (crushed), sand and gravel 
(industrial), gemstones (natural). 
South Carolina? 581,000 33 0.75 Cement (portland), stone (crushed), sand and gravel 
(construction), sand and gravel (industrial), cement (masonry). 
South Dakota 311,000 38 0.40 Gold, cement (portland), stone (crushed), sand and gravel 
(construction), lime. 
Tennessee 1,070,000 25 1.38 Stone (crushed), zinc, cement (portland), sand and gravel 
(construction), sand and gravel (industrial). 
Texas 4,240,000 4 5.39 Stone (crushed), cement (portland), sand and gravel 
(construction), sand and gravel (industrial), salt. 
Utah 4,180,000 5 5.38 Copper, gold, molybdenum concentrates, magnesium metal, 
potash. 
Vermont? 128,000 45 0.16 Stone (crushed), sand and gravel (construction), stone 
(dimension), talc (crude), gemstones (natural). 
Virginia 1,110,000 23 1.43 Stone (crushed), cement (portland), lime, sand and gravel 
(construction), sand and gravel (industrial). 
Washington 890,000 28 1.15 Sand and gravel (construction), stone (crushed), gold, cement 
(portland), diatomite. 
West Virginia 371,000 35 0.48 Stone (crushed), cement (portland), lime, sand and gravel 
(industrial), cement (masonry). 
Wisconsin? 1,780,000 14 2.29 Sand and gravel (industrial), sand and gravel (construction), stone 
(crushed), lime, stone (dimension). 
Wyoming 2,350,000 11 3.03 Soda ash, helium (Grade—A), clays (bentonite), sand and gravel 
(construction), cement (portland). 
Undistributed 871,000 XX 1.12 
Total 77,600,000 XX 100.00 


PPreliminary. XX Not applicable. 
‘Data are rounded to no more than three significant digits; may not add to totals shown. 
Partial total; excludes values that must be concealed to avoid disclosing company proprietary data. Concealed values included with “Undistributed.” 


ee 


) Mg 
P2 | Bt 


P2 B1 | Be 


1,000 Kilometers 


MAJOR METAL-PRODUCING AREAS 


ann 


B2, 


AUN 
y 


\ BA \ 


| 
| 
| 
cota d) 
| 
| 
| 
| 
| 
| 
| 
4] 
| 
| 
| 
| 
-——___ 
| 
i 
| 
| 
| 
| 
| 
| 
| 
| 
| 
ee | 
/ 
y, 
gn SS 
d 


0 250 


( 
Ae ) 
\ 
i See ey, \ 
\ ) \ 
~ f \ 
S| ey 

NY a ae 4 / 

\ KL / 

\ : ve 

r y 
\ Z 
4 \ | 
é a 2 \ | 
—— oe \ \ 
\ { \ 
eet \ | | 
? XS \ \ 
\ \ { a 
Xs \ \ Pea N 
| x oe / ? 
( rd 
Ne lee 
~ 
B3 2 3 
¢ ( = 


Fs 
( 
¢ —~ 
ae VO ate \, aN \ 
< ~ t \ 
| ' \ ~ 
|} | 
le } ; 
| | | ( 
yy ) 
\ 


500 Kilometers 


500 Kilometers 


SYMBOLS 


Au 
B1 


B2 
B3 


B4 


Be 


Gold 
Copper and molybdenum 
+/- gold, silver 
Copper +/- gold, silver 
Lead, zinc +/- copper 
+/- gold +/- silver 
Zinc and silver 
+ lead and gold 
Beryllium 
lron 
Magnesium 
Molybdenum 
Nickel + copper + cobalt 
Silver +/- base metals 
Gold and silver 
Gold and silver +/- 
base metals 
Platinum and palladium 
Rare earths 
Tungsten 
Zinc 
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14 
ABRASIVES (MANUFACTURED) 


(Fused aluminum oxide and silicon carbide) 
(Data in metric tons unless otherwise noted) 


Domestic Production and Use: Fused aluminum oxide was produced by two companies at three plants in the 
United States and Canada. Production of regular-grade fused aluminum oxide had an estimated value of $2 million. 
Silicon carbide was produced by two companies at two plants in the United States. Domestic production of crude 
silicon carbide had an estimated value of about $26 million. Bonded and coated abrasive products accounted for most 


abrasive uses of fused aluminum oxide and silicon carbide. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production,’ United States and Canada (crude): 
Fused aluminum oxide, regular 10,000 10,000 10,000 10,000 10,000 
Silicon carbide 35,000 35,000 35,000 35,000 35,000 
Imports for consumption (U.S. ): 
Fused aluminum oxide 185,000 223,000 231,000 184,000 150,000 
Silicon carbide 143,000 129,000 100,000 119,000 139,000 
Exports (U.S.): 
Fused aluminum oxide 20,000 19,900 19,100 22,000 20,000 
Silicon carbide 23,100 27,800 20,000 18,400 21,100 
Consumption, apparent (U.S.): 
Fused aluminum oxide NA NA NA NA NA 
Silicon carbide 155,000 136,000 115,000 136,000 153,000 
Price, value of imports, dollars per ton (U.S.): 
Fused aluminum oxide, regular 555 627 560 661 670 
Fused aluminum oxide, high-purity 1,300 1,360 1,080 1,660 1,410 
Silicon carbide 793 1,260 877 638 641 
Net import reliance’ as a percentage 
of apparent consumption (U.S.): 
Fused aluminum oxide NA NA NA NA NA 
Silicon carbide 77 74 70 74 if 


Recycling: Up to 30% of fused aluminum oxide may be recycled, and about 5% of silicon carbide is recycled. 


Import Sources (2010—13): Fused aluminum oxide, crude: China, 79%; Venezuela, 12%; Canada, 6%; and other, 
3%. Fused aluminum oxide, grain: Germany, 19%; Brazil, 18%; Austria, 16%; Canada, 13%; and other, 34%. Silicon 
carbide, crude: China, 60%; South Africa, 17%; the Netherlands, 7%; Romania, 7%; and other, 9%. Silicon carbide, 
grain: China, 43%; Brazil, 24%; Russia, 10%; Norway, 7%; and other, 16%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Fused aluminum oxide, crude 2818.10.1000 Free. 
White, pink, ruby artificial 

corundum, greater than 97.5% 

fused aluminum oxide, grain 2818.10.2010 1.3% ad val. 
Artificial corundum, not elsewhere 

specified or included, fused 

aluminum oxide, grain 2818.10.2090 1.3% ad val. 
Silicon carbide, crude 2849.20.1000 Free. 
Silicon carbide, grain 2849.20.2000 0.5% ad val. 


Depletion Allowance: None. 
Government Stockpile: None. 


Prepared by Donald W. Olson [(703) 648-7721, dolson@usgs.gov] 
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ABRASIVES (MANUFACTURED) 


Events, Trends, and Issues: In 2014, China was the world’s leading producer of abrasive fused aluminum oxide and 
abrasive silicon carbide, with production nearly at capacity. Imports and higher operating costs than in China 
continued to challenge abrasives producers in the United States and Canada. Foreign competition, particularly from 
China, is expected to persist and continue to limit production in North America. Abrasives markets are greatly 
influenced by activity in the manufacturing sector in the United States. During 2014, these manufacturing sectors 
included the aerospace, automotive, furniture, housing, and steel industries, all of which experienced increased 
production. The U.S. abrasive markets also are influenced by economic and technological trends. 


World Production Capacity: 


Fused aluminum oxide Silicon carbide 
2013 2014° 2013 2014° 
United States and Canada 60,400 60,400 42,600 42,600 
Argentina — — 5,000 5,000 
Australia 50,000 50,000 — — 
Austria 60,000 60,000 — — 
Brazil 50,000 50,000 43,000 43,000 
China 700,000 800,000 455,000 455,000 
France 40,000 40,000 16,000 16,000 
Germany 80,000 80,000 36,000 36,000 
India 40,000 40,000 5,000 5,000 
Japan 25,000 25,000 60,000 60,000 
Mexico — — 45,000 45,000 
Norway — — 80,000 80,000 
Venezuela — — 30,000 30,000 
Other countries 80,000 80,000 190,000 190,000 
World total (rounded) 1,190,000 1,290,000 1,010,000 1,010,000 


World Resources: Although domestic resources of raw materials for the production of fused aluminum oxide are 
rather limited, adequate resources are available in the Western Hemisphere. Domestic resources are more than 
adequate for the production of silicon carbide. 


Substitutes: Natural and manufactured abrasives, such as garnet, emery, or metallic abrasives, can be substituted 
for fused aluminum oxide and silicon carbide in various applications. 


“Estimated. NA Not available. — Zero. 
‘Rounded to the nearest 5,000 tons to protect proprietary data. 
“Defined as imports — exports. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2015 


16 
ALUMINUM‘ 


(Data in thousand metric tons of metal unless otherwise noted) 


Domestic Production and Use: |n 2014, three companies operated nine primary aluminum smelters operating in six 
States, primarily east of the Mississippi River; four smelters were closed for the entire year. Two smelters were 
permanently shut down during 2014. Based on published market prices, the value of primary metal production was 
$3.97 billion. Aluminum consumption was centered in the East Central United States. Transportation accounted for an 
estimated 38% of domestic consumption; the remainder was used in packaging, 22%; building, 13%; electrical, 9%; 
machinery, 8%; consumer durables, 7%; and other, 3%. 


Salient Statistics—United States: 2010 2011 2012 201 2014° 
Production: 
Primary 1,726 1,986 2,070 1,946 1,720 
Secondary (from old scrap) 1,250 1,470 1,440 1,630 1,700 
Imports for consumption (crude and semimanufactures) 3,610 3,710 3,760 4,160 4,150 
Exports, total 3,040 3,420 3,480 3,390 3,260 
Consumption, apparent? 3,460 3,570 3,950 4,530 5,090 
Price, ingot, average U.S. market (spot), 
cents per pound 104.4 116.1 101.0 94.2 104.6 
Stocks: 
Aluminum industry, yearend 1,010 1,060 1,140 1,130 1,100 
LME, U.S. warehouses, yearend® 2,230 2,360 2,120 1,950 1,200 
Employment, number“ 29,200 30,300 31,500 30,100 29,000 
Net import reliance’ as a percentage of 
apparent consumption 14 3 11 21 33 


Recycling: In 2014, aluminum recovered from purchased scrap in the United States was about 3.63 million tons, of 
which about 53% came from new (manufacturing) scrap and 47% from old scrap (discarded aluminum products). 
Aluminum recovered from old scrap was equivalent to about 33% of apparent consumption. 


Import Sources (2010—13): Canada, 63%; Russia, 5%; United Arab Emirates, 5%; China, 4%; and other, 23%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Unwrought (in coils) 7601.10.3000 2.6% ad val. 

Unwrought (other than aluminum alloys) 7601.10.6000 Free. 

Unwrought (billet) 7601.20.9045 Free. 

Waste and scrap 7602.00.0000 Free. 


Depletion Allowance: Not applicable. 
Government Stockpile: None. 


Events, Trends, and Issues: One of the smelters that produced primary aluminum during 2014 was permanently 
shut down in May, although the owner planned to build a new smelter at the site in Massena, NY. In March, two 
potlines with a combined capacity of 84,000 tons per year were permanently shut down. One other 42,000-ton-per- 
year potline at the smelter had been permanently shut down in August 2013. A new smelter was being built at 
Massena as required by the terms of a power contract; however, construction was suspended on account of market 
conditions. Another smelter in Hannibal, OH, that was temporarily idled in 2013 during Chapter 10 bankruptcy 
proceedings was acquired by a new owner in June. In October, the new owner announced the shutdown would be 
permanent, citing high power costs. In September, a 269,000-ton-per-year smelter in Evansville, IN, temporarily shut 
down a 54,000-ton-per-year potline after an electrical fire. By November of 2014, domestic smelters operated at about 
71% of rated or engineered capacity. World primary aluminum production increased by about 3% in 2014 compared 
with production in 2013. New capacity built in recent years in China, where production increased by 5%, accounted 
for most of the increased production. 


Import reliance increased in 2014, as an increase in consumption by U.S. manufacturers was supplied by a 
drawdown of domestic stocks and decreased exports, while primary production declined and imports remained 
unchanged. Canada, Russia, and the United Arab Emirates accounted for about 73% of total U.S. imports. Total 
aluminum exports (crude, semimanufactures, and scrap) from the United States decreased by 4% in 2014 compared 
with those in 2013. Imports of crude aluminum (metal and alloys) in 2014 were 3% lower than the amount imported in 
2013, but imports of semimanufactures and scrap were 13% and 3% higher, respectively, than those in 2013. 


Prepared by E. Lee Bray [(703) 648—4979, Ibray@usgs.gov] 
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ALUMINUM 


The London Metal Exchange (LME) proposed rule changes to increase the allowable outflows of aluminum stored in 
LME-bonded warehouses. The proposed changes were struck down by a court in the United Kingdom in March, but 
that ruling was overturned on appeal in October. Aluminum stocks at LME-bonded warehouses in the United States 
dropped from 1.95 million tons at yearend 2013 to 1.37 million tons by mid-October, and the downward trend was 
expected to continue through yearend. Global inventories of primary aluminum metal held by LME-bonded 
warehouses decreased during the year to 4.51 million tons in mid-October from 5.45 million tons at yearend 2013. 
Despite the decline in LME inventories, world inventories of metal held by producers, as reported by the International 
Aluminium Institute, increased gradually to about 2.48 million tons at the end of August from about 2.17 million tons at 
yearend 2013. 


The monthly average U.S. market price for primary ingot quoted by Platts Metals Week started the year at $0.959 per 
pound and generally increased to $0.977 per pound in May. The monthly average price then trended upward ata 
faster rate to $1.020 per pound in June and $1.116 per pound in September. Prices on the LME generally followed 
the trend of U.S. market prices. However, the U.S. market price averaged about 23% higher than the LME price from 
January through September; in 2013, the average annual U.S. market price was 13% higher than that of the LME 
price. The increase in the U.S. market price premium was attributed to uncertainty about the proposed LME 
warehouse rules. 


World Smelter Production and Capacity: 


Production Yearend capacity 

2013 2014° 2013 2014° 

United States 1,946 1,720 2,700 2,330 
Argentina 425 425 455 455 
Australia 1,780 1,680 1,820 1,630 
Bahrain 913 930 970 970 
Brazil 1,300 960 1,700 1,700 
Canada 2,970 2,940 3,020 2,990 
China 22,100 23,300 32,000 32,500 
Germany 492 500 620 620 
Iceland 800 810 840 840 
India 1,700 2,100 2,580 2,890 
Mozambique 570 560 570 570 
Norway 1,100 1,200 1,230 1,230 
Qatar 600 610 610 610 
Russia 3,720 3,500 4,040 4,180 
Saudi Arabia 190 500 740 740 
South Africa 822 735 810 715 
United Arab Emirates 1,860 2,400 1,900 2,400 
Other countries 4,290 4,440 6,330 6,280 
World total (rounded) 47,600 49,300 62,900 63,700 


World Resources: Global resources of bauxite are estimated to be between 55 to 75 billion tons. Domestic 
resources are generally not suitable for aluminum production and therefore domestic aluminum requirements cannot 
be met by domestic bauxite resources. Domestic nonbauxitic aluminum resources are abundant and could meet 
domestic aluminum demand. A process for recovering alumina from clay was being tested in Canada to determine if it 
would be economically competitive with the processes now used for recovering alumina from bauxite. Processes for 
using other aluminum-bearing resources have not been proven to be economically competitive with those now used 
for bauxite. The world reserves for bauxite are sufficient to meet world demand for metal well into the future. 


Substitutes: Composites can substitute for aluminum in aircraft fuselages and wings. Glass, paper, plastics, and 
steel can substitute for aluminum in packaging. Magnesium, steel, and titanium can substitute for aluminum in ground 
transportation and structural uses. Composites, steel, vinyl, and wood can substitute for aluminum in construction. 
Copper can replace aluminum in electrical and heat-exchange applications. 


“Estimated. 

‘See also Bauxite and Alumina. 

Defined as domestic primary metal production + recovery from old aluminum scrap + net import reliance; excludes imported scrap. 

‘Includes aluminum alloy. 

“Alumina and aluminum production workers (North American Industry Classification System—3313). Source: U.S. Department of Labor, Bureau of 
Labor Statistics. 

Defined as imports — exports + adjustments for Government and industry stock changes. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2015 
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ANTIMONY 


(Data in metric tons of antimony content unless otherwise noted) 


Domestic Production and Use: In 2014, no marketable antimony was mined in the United States. A company in 
Nevada was developing a mine that had the potential to produce antimony. Primary antimony metal and oxide was 
produced by one company in Montana, using imported feedstock. Secondary antimony production was derived mostly 
from antimonial lead recovered from spent lead-acid batteries. The estimated value of secondary antimony produced 
in 2014, based on the average New York dealer price, was about $33 million. Recycling supplied only a minor portion 
of estimated domestic consumption, and the remainder came from imports. The value of antimony consumption in 
2014, based on the average New York dealer price, was about $209 million. The estimated domestic distribution of 
primary antimony consumption was as follows: nonmetal products, including ceramics and glass and rubber products, 
42%; flame retardants, 32%; and metal products, including antimonial lead and ammunition, 26%. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production: 
Mine (recoverable antimony) — — — — — 
Smelter: 
Primary W W W W W 
Secondary 2,630 2,860 3,050 4,400 3,500 
Imports for consumption, ores and 
concentrates, oxide, and metal 26,200 23,500 22,600 24,700 22,000 
Exports of metal, alloys, oxide, 
and waste and scrap’ 2,040 4,170 4,710 3,980 3,500 
Consumption, apparent 26,100 22,300 21,000 25,100 22,000 
Price, metal, average, cents per pound® 401 650 565 463 431 
Stocks, yearend 1,560 1,430 1,430 1,470 1,450 
Employment, plant, number (yearend)° 27 24 24 24 24 
Net import reliance’ as a percentage of 
apparent consumption 90 87 85 82 84 


Recycling: Traditionally, the bulk of secondary antimony has been recovered at secondary lead smelters as 
antimonial lead, most of which was generated by, and then consumed by, the lead-acid battery industry. In 2014, 12 
secondary lead smelters (with production capacity greater than 10,000 tons per year) operated in the United States. 


Import Sources (2010-13): Metal: China, 73%; India, 11%; Mexico, 5%; and other, 11%. Ore and concentrate: Italy, 
67%; China, 22%; Bolivia, 4%; and other, 7%. Oxide: China, 68%; Belgium, 9%; Bolivia, 8%; Mexico, 6%; Thailand, 
5% and other, 4%. Total: China, 73%; Belgium, 7%; Mexico, 6%; Bolivia, 5%; and other, 9%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Ore and concentrates 2617.10.0000 Free. 
Antimony oxide 2825.80.0000 Free. 
Antimony and articles thereof: 

Unwrought antimony; powder 8110.10.0000 Free. 

Waste and scrap 8110.20.0000 Free. 

Other 8110.90.0000 Free. 


Depletion Allowance: 22% (Domestic), 14% (Foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: U.S. Antimony Corp. (USAC) in Montana processed imported concentrates and oxides 
to make antimony products, and during the first half of 2014, produced 238 tons of antimony metal, 7% more than 
during the same period in 2013. USAC was increasing its antimony production capacity in Mexico by acquiring and 
expanding historically productive antimony mines and reaching supply agreements to acquire feedstock for its 
expanding mills and smelter. The company’s goal was to produce more than 900 tons of antimony metal at its 
facilities in the United States and Mexico in 2014 compared with about 716 tons produced in 2013. 


Prepared by David E. Guberman [(703) 648—4977, dguberman@usgs.gov] 


19 
ANTIMONY 


In late 2013, a producer that restarted a historically productive antimony mine, about 194 kilometers northeast of 
Reno, NV, began mining stibnite (antimony trisulfide) ore for upgrade and sale. By late 2014, about 800 tons of raw 
ore had been produced. In late 2014, the company acquired a 50% interest in a mill in central Nevada that would 
enable it to process stibnite ore and produce a marketable antimony concentrate. 


The price of antimony metal was relatively flat during the first three quarters of 2014, averaging $4.35 per pound in 
the first quarter and declining to $4.31 per pound during the third quarter. The average price during the first 9 months 
of 2014 was about 7% less than that during the same period of 2013, and 34% lower than the peak annual price in 
2011. 


China was the leading global antimony producer. China’s Government considered antimony to be one of the 
protected and strategic minerals, and mine production of antimony was controlled. For 2014, the Ministry of Land and 
Resources (MLR) cancelled its mine production quota for antimony for the first time since 2009. Owing to antimony 
price declines during the previous 3 years, it was unclear if the cancellation would lead to an increase in mine 
production. Some antimony producers in China halted production earlier in 2014 and cited price declines as a 
contributing factor. The MLR has reportedly refused any exploration or new mining applications related to antimony 
since 2009. Owing to the mining restrictions and increased smelting capacity, China’s imports of antimony 
concentrates have increased substantially since 2009. China’s export quota for antimony and its products was 59,400 
tons in 2014, unchanged from that in 2013. 


Several new antimony mine projects were being evaluated and developed in Armenia, Australia, Burma, Canada, 
China, Georgia, Italy, Laos, Russia, South Africa, and Turkey. In Oman, a producer announced plans to construct an 
antimony smelter that would have the capacity to produce 20,000 tons per year of antimony metal and oxide and was 
expected to be completed in 2016. 


Global antimony consumption was reduced owing to antimony trioxide consumers opting for substitute materials that 
were less expensive. The flame retardant industry, which was estimated to consume the majority of global primary 
antimony production, began substituting for antimony trioxide in 2011 following a significant increase in price. 
Although prices declined from 2012 to 2014, it was unclear if consumers that had substituted other materials for 
antimony trioxide would switch back. 


World Mine Production and Reserves: 


Mine production Reserves’ 
2013 2014° 

United States W W NA 
Bolivia 5,000 5,000 310,000 
Burma 9,000 9,000 NA 
China 120,000 125,000 950,000 
Russia (recoverable) 7,000 7,000 350,000 
South Africa 3,100 3,100 27,000 
Tajikistan 4,700 4,700 50,000 
Other countries 5,200 5,200 150,000 
World total (rounded) 154,000 160,000 1,800,000 


World Resources: U.S. resources of antimony are mainly in Alaska, Idaho, Montana, and Nevada. Principal 
identified world resources are in Bolivia, China, Mexico, Russia, South Africa, and Tajikistan. Additional antimony 
resources may occur in Mississippi Valley-type lead deposits in the Eastern United States. 


Substitutes: Selected organic compounds and hydrated aluminum oxide are widely accepted substitutes as flame 
retardants. Compounds of chromium, tin, titanium, zinc, and zirconium substitute for antimony chemicals in enamels, 
paint, and pigments. Combinations of calcium, copper, selenium, sulfur, and tin are commonly used as substitutes for 
alloys used in lead-acid batteries. 


“Estimated. NA Not available. W Withheld to avoid disclosing company proprietary data. — Zero. 

‘Gross weight, for metal, alloys, waste, and scrap. 

?Domestic mine production + secondary production from old scrap + net import reliance. 

’New York dealer price for 99.5% to 99.6% metal, c.i.f. U.S. ports. 

“Defined as imports - exports + adjustments for Government and industry stock changes. 

°U.S. Antimony Corp., 2014, Antimony, gold and silver, zeolite production information: Thompson Falls, MT, U.S. Antimony Corp. (Accessed 
October 7, 2014, at http://www.usantimony.com/2013_production.htm.) 

°See Appendix C for resource/reserve definitions and information concerning data sources. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2015 


20 
ARSENIC 


(Data in metric tons of arsenic unless otherwise noted) 


Domestic Production and Use: Arsenic trioxide and primary arsenic metal have not been produced in the United 
States since 1985. However, limited quantities of arsenic metal have been recovered from gallium-arsenide (GaAs) 
semiconductor scrap. The principal use for arsenic trioxide was for the production of arsenic acid used in the 
formulation of chromated copper arsenide (CCA) preservatives for the pressure treating of lumber used primarily in 
nonresidential applications. Three companies produced CCA preservatives in the United States. Ammunition used by 
the U.S. military was hardened by the addition of less than 1% arsenic metal, and the grids in lead-acid storage 
batteries were strengthened by the addition of arsenic metal. Arsenic metal was also used as an antifriction additive 
for bearings, to harden lead shot, and in clip-on wheel weights. Arsenic compounds were used in herbicides and 
insecticides. High-purity arsenic (99.9999%) was used by the electronics industry for GaAs semiconductors that are 
used for solar cells, space research, and telecommunication. Arsenic was also used for germanium-arsenide-selenide 
specialty optical materials. Indium-gallium-arsenide was used for short-wave infrared technology. The value of arsenic 
compounds and metal imported domestically in 2013 was estimated to be about $5.9 million. 


Salient Statistics—United States: 2010 2011 2012 201 2014° 
Imports for consumption: 
Metal 769 628 883 514 650 
Compounds 4,530 4,990 5,740 6,310 5,300 
Exports, metal’ 481 705 439 1,630 3,200 
Estimated consumption? 5,300 5,620 6,620 6,820 5,950 
Value, cents per pound, average” 
Metal (China) 72 74 75 72 79 
Trioxide (Morocco) 20 22 24 27 30 
Net import reliance’ as a percentage of 
estimated consumption 100 100 100 100 100 


Recycling: Arsenic metal was recycled from GaAs semiconductor manufacturing. Arsenic contained in the process 
water at wood treatment plants where CCA was used was also recycled. Although electronic circuit boards, relays, 
and switches may contain arsenic, no arsenic was recovered from them during recycling to recover other contained 
metals. No arsenic was recovered domestically from arsenic-containing residues and dusts generated at nonferrous 
smelters in the United States. 


Import Sources (2010-13): Metal: China, 87%; Japan, 11%; and other, 2%. Arsenic trioxide: Morocco, 61%; China 
(including Hong Kong), 27%; Belgium, 12%; and other, less than 1%. 


Tariff: Item Number Normal Trade Relations 
12-31-13 

Metal 2804.80.0000 Free. 

Acid 2811.19.1000 2.3% ad val. 

Trioxide 2811.29.1000 Free. 

Sulfide 2813.90.1000 Free. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Human health and environmental concerns continued to limit the demand for arsenic 
compounds. A voluntary ban on the use of CCA wood preservatives in most residential applications, effective yearend 
2003, significantly reduced demand in wood preservative applications. Owing to the residential ban, imports of 
arsenic trioxide declined to an average of 6,900 tons per year gross weight during 2009 to 2013, from an average of 
almost 28,000 tons per year during 1999 to 2003. Concern over the adverse effects of arsenic from natural and 
anthropogenic sources in the human food chain has led to numerous studies of arsenic in fruit juices and rice. In July 
2013, the U.S. Food and Drug Administration (FDA) issued a proposed action level of 10 parts per billion for inorganic 
arsenic in apple juice, the same level set by the U.S. Environmental Protection Agency for arsenic in drinking water. . 
In September 2013, the U.S. FDA released the results of a sampling study of arsenic contained in rice, a crop that is 
grown in water and that is susceptible to arsenic uptake. Pending further analysis of the risks posed by the contained 
arsenic, the FDA recommended that consumers vary their grain intake. In November 2014, Consumer Reports 
published an analysis of FDA data on arsenic in rice-containing food products and an independent analysis of rice 
samples that indicated significant variability in the arsenic content of rice, depending on type and region of growth. 
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ARSENIC 


Because of toxicity and carcinogenic concerns, the U.S. Geological Survey has been studying the natural occurrence 
of arsenic in groundwater as part of its National Water Quality Assessment Program. Arsenic in groundwater is largely 
the result of minerals dissolving from weathered rocks and soils. Information on USGS maps and related studies on 
arsenic in groundwater may be accessed at http://water.usgs.gov/nawgqa/trace/arsenic/index.html. 


Given that arsenic metal has not been produced domestically since 1985, it is likely that only a small portion of the 
material reported by the U.S. Census Bureau as arsenic metal exports was pure arsenic metal, and most of the 
material that has been reported under this category reflects the gross weight of compounds, alloys, and residues 
containing arsenic. Therefore, the estimated consumption reported under salient U.S. statistics reflects only imports of 
arsenic products. 


High-purity (99.9999%) arsenic metal was used to produce gallium-arsenide (GaAs), indium-arsenide, and indium 
gallium-arsenide semiconductors that were used in biomedical, communications, computer, electronics, and 
photovoltaic applications. In 2014, global GaAs device demand increased by about 6% to $6.25 billion, primarily 
owing to a growing wireless infrastructure in Asia, and increased use of feature-rich, application-intensive, third- and 
fourth-generation “smartphones,” which employ up to 10 times the amount of GaAs as standard cellular handsets. 
Based on the reported consumption of gallium, about 34 metric tons of arsenic was consumed domestically to 
produce GaAs integrated circuits and optoelectronic devices in 2014. See the “Gallium” chapter for additional details. 


World Production and Reserves: 


Production Reserves” 
(arsenic trioxide) 
2013 2014° 
United States — = 
Belgium 1,000 1,000 
Chile 10,000 10,000 Detailed world reserves data are 
China 25,000 25,000 unavailable but thought to be at 
Morocco 7,500 8,000 least 20 times world production. 
Russia 1,500 1,500 
Other countries® 200 200 
World total (rounded) 45,200 46,000 


World Resources: Arsenic may be obtained from copper, gold, and lead smelter flue dust as well as from roasting 
arsenopyrite, the most abundant ore mineral of arsenic. Arsenic has been recovered from realgar and orpiment in 
China, Peru, and the Philippines; from copper-gold ores in Chile; and was associated with gold occurrences in 
Canada. Orpiment and realgar from gold mines in Sichuan Province, China, were stockpiled for later recovery of 
arsenic. Arsenic also may be recovered from enargite, a copper mineral. Global resources of copper and lead contain 
approximately 11 million tons of arsenic. 


Substitutes: Substitutes for CCA in wood treatment include alkaline copper quaternary, ammoniacal copper 
quaternary, ammoniacal copper zinc arsenate, copper azole, and copper citrate. Treated wood substitutes include 
concrete, steel, plasticized wood scrap, or plastic composite material. 


“Estimated. — Zero. 

‘Most of the materials reported to the U.S. Census Bureau as arsenic metal exports are probably arsenic-containing compounds and metal. 
Estimated to be the same as imports. Previously reported to be equal to net imports. 

Calculated from U.S. Census Bureau import data. 

“Defined as imports. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 

®Includes Bolivia, Japan, and Portugal. Mexico and Peru were significant producers of arsenic trioxide, but have reported no production in recent 
years. 
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ASBESTOS 


(Data in metric tons unless otherwise noted) 


Domestic Production and Use: Asbestos has not been mined in the United States since 2002 because of the 
decline in the U.S. asbestos markets associated with health and liabilities issues. The United States is dependent on 
imports to meet manufacturing needs. Asbestos consumption in the United States was estimated to be 400 tons, 
based on asbestos imports through July 2014. The chloralkali industry accounted for an estimated 88% of U.S. 
consumption. The remainder was used in coatings and compounds, plastics, roofing products, and unknown 
applications. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production (sales), mine — — — — — 
Imports for consumption 1,040 1,180 1,610 772 201 
Exports’ 171 169 47 27 _ 
Consumption, estimated 1,040 1,180 1,020 772 400 
Price, average value, dollars per ton? 786 931 1,570 1,508 1,560 
Net import reliance’ as a percentage of 

estimated consumption 100 100 100 100 100 


Recycling: None. 
Import Sources (2010-13): Brazil, 57%; Canada, 42%; and other, 1%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Crocidolite 2524.10.0000 Free. 
Amosite 2524.90.0010 Free. 
Chrysotile: 

Crudes 2524.90.0030 Free. 

Milled fibers, group 3 grades 2524.90.0040 Free. 

Milled fibers, group 4 and 5 grades 2524.90.0045 Free. 

Other 2524.90.0055 Free. 
Other, asbestos 2524.90.0060 Free. 


Depletion Allowance: 22% (Domestic), 10% (Foreign). 


Government Stockpile: None. 
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ASBESTOS 


Events, Trends, and Issues: Domestic use of asbestos continued to decline from the record high of 803,000 tons in 
1973. In 2014, estimated apparent consumption was 400 tons, a level not seen since the 1800s. The decline has 
occurred because asbestos substitutes, alternative materials, and new technology displaced asbestos from the 
traditional domestic asbestos markets. The chloralkali industry, currently the leading domestic consumer of asbestos, 
gained a greater share of the U.S. asbestos market as other uses declined. Use of asbestos by the chloralkali 
industry, however, may decline as the industry makes greater use of nonasbestos diaphragms and membrane cell 
technology, both of which do not use asbestos. Globally, asbestos-cement products are expected to be the leading 
asbestos-based market. World production is likely to remain at approximately 2.0 Mt for the near future because of 
continued demand for asbestos products in many regions of the world. 


In 2014, U.S. imports decreased by 74% and estimated consumption of asbestos decreased by 48%. Consumption 
decreased because of reduced demand by the chloralkali and other miscellaneous industries in 2014. Imports 
decreased significantly in 2014 because domestic demand decreased and domestic companies supplemented 
imported asbestos with asbestos from industry stocks. In 2014, all asbestos imported and used in the United States 
was chrysotile, sourced from Australia (5%) and Brazil (95%). Imports from Australia were either from stocks or 
transshipments because Australia no longer mines asbestos. The average unit value of imports increased by 3% in 
2014. 


World Mine Production and Reserves: 


Mine production Reserves’ 
2013 2014° 

United States — — Small 
Brazil 307,000 291,000 11,000,000 
China 420,000 400,000 Large 
Kazakhstan 242,000 240,000 Large 
Russia 1,050,000 1,050,000 Large 
Other countries 340 300 Moderate 
World total (rounded) 2,020,000 1,980,000 Large 


World Resources: The world has 200 million tons of identified resources of asbestos. U.S. resources are large but 
are composed mostly of short-fiber asbestos, for which use in asbestos-based products is more limited than long-fiber 
asbestos. 


Substitutes: Numerous materials substitute for asbestos. Substitutes include calcium silicate, carbon fiber, cellulose 
fiber, ceramic fiber, glass fiber, steel fiber, wollastonite, and several organic fibers, such as aramid, polyethylene, 
polypropylene, and polytetrafluoroethylene. Several nonfibrous minerals or rocks, such as perlite, serpentine, silica, 
and talc, are considered to be possible asbestos substitutes for products in which the reinforcement properties of 
fibers were not required. For the chloralkali industry, membrane cell technology is one alternative to asbestos 
diaphragms. 


“Estimated. — Zero. 

‘Thought to include nonasbestos materials and reexports. 

“Average Customs value for U.S. chrysotile imports, all grades combined. Prices for individual commercial products are not published. 
Defined as imports — exports. 

“See Appendix C for resource/reserve definitions and information concerning data sources. 
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BARITE 


(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: |In 2014, about 720,000 tons of crude barite was sold or used for grinding. The value 
of the ground barite was estimated to be $90 million. Most of the production came from four mines in Nevada; a 
significantly smaller sales volume came from a single mine in Georgia. An estimated 3.42 million tons of barite (from 
domestic production and imports) was sold by crushers and grinders operating in eight States. Nearly 95% of the 
barite sold in the United States was used as a weighting agent in fluids used in the drilling of oil and natural gas wells. 
The majority of Nevada crude barite was ground in Nevada and then sold primarily to exploration companies drilling in 
Colorado, New Mexico, North Dakota, Utah, and Wyoming. Crude barite was shipped to a Canadian grinding mill in 
Lethbridge, Alberta, which supplied the western Canada drilling mud market. The barite imported to Louisiana and 
Texas mostly went to offshore drilling operations in the Gulf of Mexico and to onshore drilling operations in Louisiana, 
Oklahoma, and Texas. 


Barite also is used as a filler, extender, or weighting agent in products such as paints, plastics, and rubber. Some 
specific applications include use in automobile brake and clutch pads, automobile paint primer for metal protection 
and gloss, and to add weight to rubber mudflaps on trucks and to the cement jacket around underwater petroleum 
pipelines. In the metal-casting industry, barite is part of the mold-release compounds. Because barite significantly 
blocks x-ray and gamma-ray emissions, it is used as aggregate in high-density concrete for radiation shielding around 
x-ray units in hospitals, nuclear powerplants, and university nuclear research facilities. Ultrapure barite consumed as 
liquid is used as a contrast medium in medical x-ray examinations. 


Salient Statistics—United States: 2010 2011 2012 2013° 2014° 
Sold or used, mine 662 710 666 700 720 
Imports for consumption 2,110 2,320 2,920 2,240 2,900 
Exports 109 98 151 200 200 
Consumption, apparent’ (crude and ground) 2,660 2,930 3,430 2,740 3,420 
Consumption? (ground and crushed) 2,070 2,910 3,310 2,700 3,400 
Estimated price, average value, 

dollars per ton, f.o.b. mine 83 94 107 116 125 
Employment, mine and mill, number® 379 461 554 624 625 
Net import reliance’ as a percentage of 

apparent consumption 15 76 81 74 79 


Recycling: None. 
Import Sources (2010-13): China, 80%; India, 11%; Morocco, 4%; Mexico, 3%; and other, 2%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Ground barite 2511.10.1000 Free. 

Crude barite 2511.10.5000 $1.25 per metric ton. 

Oxide, hydroxide, and peroxide 2816.40.2000 2% ad val. 

Other chlorides 2827 .39.4500 4.2% ad val. 

Other sulfates of barium 2833.27.0000 0.6% ad val. 

Carbonate 2836.60.0000 2.3% ad val. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: None. 
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BARITE 


Events, Trends, and Issues: Because oil and gas drilling is the dominant use of barite in the United States, the 
count of operating drill rigs exploring for oil and gas is a good barometer of barite consumption or industry stockpiling. 
During 2014, the number of drill rigs operating in the United States rose steadily—from 1,757 at yearend 2013 to 
1,918 in October 2014. Estimated 2014 barite imports increased by more than 29% compared with those of 2013, 
indicating increased demand for barite in the drilling sector. 


The dependency on a few major exporting countries and rising prices has led to increased interest in diversifying 
barite supply. In the United States, this is evidenced by a notable decrease in barite imports from China. The 4-year 
average of barite imports from China peaked during the years 2006-09, representing 95% of the total. By the end of 
2013, this percentage had dropped to 80%. 


Globally, there is ongoing interest in developing new sources of barite. Barite mining projects in various stages of 


development were underway in Canada, Georgia, Guatemala, Kazakhstan, Liberia, Mexico, Nigeria, Zimbabwe, and 
possibly in other countries. 


World Mine Production and Reserves: Reserves data for India were revised based on Government information. 


Mine production Reserves’ 
2013° 2014° 

United States 700 720 15,000 
China 4,000 4,100 100,000 
India 1,740 1,600 32,000 
lran 270 270 NA 
Kazakhstan 250 250 85,000 
Mexico 344 400 7,000 
Morocco 1,000 1,000 10,000 
Pakistan 118 15 1,000 
Turkey 250 270 35,000 
Other countries 558 575 66,000 
World total (rounded) 9,230 9,260 350,000 


World Resources: In the United States, identified resources of barite are estimated to be 150 million tons, and 
undiscovered resources include an additional 150 million tons. The world’s barite resources in all categories are about 
2 billion tons, but only about 740 million tons is identified resources. 


Substitutes: In the drilling mud market, alternatives to barite include celestite, ilmenite, iron ore, and synthetic 
hematite that is manufactured in Germany. None of these substitutes, however, has had a major impact on the barite 
drilling mud industry. 


“Estimated. NA Not available. 

‘Defined as sold or used by domestic mines + imports — exports. 

Imported and domestic barite, crushed and ground, sold or used by domestic grinding establishments. 
Defined as imports — exports. 

“See Appendix C for resource/reserve definitions and information concerning data sources. 
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BAUXITE AND ALUMINA" 


(Data in thousand metric dry tons unless otherwise noted) 


Domestic Production and Use: In 2014, bauxite consumption was estimated to be 9.6 million tons, nearly all of 
which was imported, worth an estimated 269 million dollars. More than 95% of the bauxite was converted to alumina, 
and the remaining 5% went to nonmetallurgical products, such as abrasives, chemicals, proppants, and refractories. 
There were four domestic Bayer process refineries with a combined alumina production capacity of 5.6 million tons 
per year. Three of the refineries operated throughout the year. One, which was shut down during the fourth quarter of 
2013, was restarted by the beginning of 2014 and ramped up to full production during the first half of the year. About 
90% of the alumina produced went to primary aluminum smelters and the remaining 10% went to nonmetallurgical 
products, such as abrasives, ceramics, chemicals, and refractories. 


Salient Statistics—United States: 2010 2011 2012 201 2014° 
Production, bauxite, mine NA NA NA NA NA 
Production, alumina, refinery 3,470 3,790 4,370 4,390 4,200 
Imports of bauxite for consumption” 9,310 10,200 11,100 10,800 9,600 
Imports of alumina’ 1,720 2,160 1,790 2,050 1,700 
Exports of bauxite’ 54 76 42 21 18 
Exports of alumina® 1,520 1,660 1,720 2,300 2,200 
Consumption, apparent, bauxite and alumina 

(in aluminum equivalents)” 2,580 2,250 2,870 2,380 2,300 
Price, bauxite, average value U.S. imports (f.a.s.) 

dollars per ton 27 30 28 27 28 
Price, alumina, average value U.S. imports (f.a.s.) 

dollars per ton 365 413 372 368 370 
Stocks, bauxite, industry, yearend? 95 272 440 540 600 
Net import reliance,’ bauxite, as a percentage of 

apparent consumption 100 100 100 100 100 
Net import reliance, alumina, as a percentage of 

apparent consumption 2 E 13 E 5 


Recycling: None. 


Import Sources (201 0-13):° Bauxite: Jamaica, 45%; Guinea, 24%; Brazil, 22%; Guyana, 4%; and other, 5%. 
Alumina: Suriname, 34%; Australia, 33%; Brazil, 12%; Jamaica, 10%; and other, 11%. Total: Jamaica, 29%; Brazil, 
18%; Guinea, 18%; Australia, 11%; and other, 24%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Bauxite, calcined (refractory grade) 2606.00.0030 Free. 

Bauxite, calcined (other) 2606.00.0060 Free. 

Bauxite, crude dry (metallurgical grade) 2606.00.0090 Free. 

Alumina 2818.20.0000 Free. 

Aluminum hydroxide 2818.30.0000 Free. 


Depletion Allowance: 22% (Domestic), 14% (Foreign). 


Government Stockpile: None 


Events, Trends, and Issues: In February 2013, the owner of the 540,000-ton-per-year Burnside, LA, alumina 
refinery filed for chapter 11 bankruptcy protection, citing high power prices, low aluminum prices, high debt levels, and 
legacy costs. In August 2013, the company shut down 360,000 tons per year of capacity at the refinery and the 
remaining capacity was shut down in October. In December 2013, the refinery was sold to a new owner and 
reopened. The refinery was modified to produce chemical-grade alumina with a capacity of 500,000 tons per year. In 
October 2014, a labor dispute at a 1,600,000-ton-per-year alumina refinery in Corpus Christi, TX, resulted in an 
employee lockout. Production continued using management employees and temporary workers. 


The estimated annual average price (free alongside ship) for U.S. imports for consumption of metallurgical-grade 
alumina was $369 per ton. During the first 9 months of the year, the price ranged between $350 per ton and $510 per 
ton. According to production data from the International Aluminium Institute, world alumina production through 
September 2013 increased slightly compared with that of the same period in 2013. 
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BAUXITE AND ALUMINA 


Bauxite prices are generally negotiated through long-term contracts, and a significant portion of bauxite consumed at 
alumina refineries in the United States was produced at mines owned by the refinery owners. The estimated annual 
average price (free alongside ship) for U.S. imports for consumption of crude-dry bauxite was $28 per ton. 


Global bauxite production decreased by 17% from that of 2013, principally owing to lower production in Indonesia. In 
response to a Government ban on exporting bauxite and other unprocessed mineral ores that took effect on January 
12, 2014, bauxite mines throughout Indonesia shut down and production decreased from 55.7 million tons in 2013 to 
an estimated 500,000 tons in 2014. The ban was part of a mining law that was instituted in 2009 to increase 
development of downstream processing facilities in Indonesia. In response, several companies were planning to build 
alumina refineries in Indonesia, including companies based in China, where the Government was encouraging 
investment in power-intensive industries in other countries. In anticipation of the export ban, many refineries in China 
stockpiled imported bauxite in 2013 and bauxite production in China increased in 2014. Stockpiling by alumina 
refineries in China was attributed for bauxite production in Indonesia increasing to 55.7 million tons in 2013 from 31.4 
million tons in 2012. Total imports of bauxite to China from January 2014 through August 2014 were 46% lower than 
in the same period in 2013, but alumina production through August was 5% higher than in the same period of 2013. 


World Bauxite Mine Production and Reserves: 


Mine production Reserves’ 
2013 2014° 

United States NA NA 20,000 
Australia 81,100 81,000 6,500,000 
Brazil 32,500 32,500 2,600,000 
China 46,000 47,000 830,000 
Greece 2,100 2,100 600,000 
Guinea 18,800 19,300 7,400,000 
Guyana 1,710 1,800 850,000 
India 15,400 19,000 540,000 
Indonesia 55,700 500 1,000,000 
Jamaica 9,440 9,800 2,000,000 
Kazakhstan 5,400 5,500 160,000 
Russia 5,320 5,300 200,000 
Suriname 2,700 2,100 580,000 
Venezuela 2,160 2,200 320,000 
Vietnam 250 1,000 2,100,000 
Other countries 4,570 4,760 2,400,000 
World total (rounded) 283,000 234,000 28,000,000 


World Resources: Bauxite resources are estimated to be 55 to 75 billion tons, in Africa (32%), Oceania (23%), South 
America and the Caribbean (21%), Asia (18%), and elsewhere (6%). Domestic resources of bauxite are inadequate to 
meet long-term U.S. demand, but the United States and most other major aluminum-producing countries have 
essentially inexhaustible subeconomic resources of aluminum in materials other than bauxite. 


Substitutes: Bauxite is the only raw material used in the production of alumina on a commercial scale in the United 
States. However, the vast U.S. and global resources of clay are technically feasible sources of alumina. Other 
domestic raw materials, such as alunite, anorthosite, coal wastes, and oil shales, offer additional potential alumina 
sources. Although it would require new plants using different technology, these nonbauxitic materials could satisfy the 
demand for alumina. Some refineries in China recover alumina from coal ash. Processes for recovering alumina from 
clay were being tested in Australia and Canada to determine if they would be economically competitive with the 
processes now used for recovering alumina from bauxite. Processes for using other aluminum-bearing resources 
have not yet been proven to be economically competitive with those now used for bauxite. Synthetic mullite, produced 
from kyanite and sillimanite, substitutes for bauxite-based refractories. Although more costly, silicon carbide and 
alumina-zirconia can substitute for bauxite-based abrasives. 


“Estimated. E Net exporter. NA Not available. 

‘See also Aluminum. As a general rule, 4 tons of dried bauxite is required to produce 2 tons of alumina, which, in turn, produces 1 ton of aluminum. 
“Includes all forms of bauxite, expressed as dry equivalent weights. 

°Calcined equivalent weights. 

“The sum of U.S. bauxite production and net import reliance. 

“Defined as imports — exports + adjustments for Government and industry stock changes (all in aluminum equivalents). 

°Based on aluminum equivalents. 

’See Appendix C for resource/reserve definitions and information concerning data sources. 
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BERYLLIUM 


(Data in metric tons of beryllium content unless otherwise noted) 


Domestic Production and Use: One company in Utah mined bertrandite ore, which it converted, along with imported 
beryl, into beryllium hydroxide. Some of the beryllium hydroxide was shipped to the company’s plant in Ohio, where it 
was converted into beryllium-copper master alloy, metal, and oxide—some of which was sold. Estimated beryllium 
consumption of 270 tons was valued at about $121 million, based on the estimated unit value for beryllium in 
imported beryllium-copper master alloy. Based on sales revenues, 31% of beryllium alloy strip and bulk products was 
estimated to be used in industrial components and commercial aerospace applications, 20% in consumer electronics 
applications, 17% in automotive electronics applications, 12% in energy applications, 11% in telecommunications 
infrastructure applications, 7% in appliance applications, and 2% in defense and medical applications. Based on sales 
revenues, 55% of beryllium metal and beryllium composite products was estimated to be used in defense and science 
applications, 25% in industrial components and commercial aerospace applications, 9% in telecommunications 
infrastructure applications, 6% in medical applications, and 5% in other applications. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production, mine shipments 180 235 225 235 240 
Imports for consumption’ 271 92 100 5/7 62 
Exports* 39 21 55 35 28 
Government stockpile releases” 29 22 (*) 10 (*) 
Consumption: 
Apparent? 456 333 265 262 270 
Reported, ore 200 250 220 250 260 
Unit value, annual average, beryllium-copper master 
alloy, dollars per pound contained beryllium® 228 203 204 208 204 
Stocks, ore, consumer, yearend 15 10 15 20 25 
Net import reliance’ as a percentage 
of apparent consumption 61 29 15 10 11 


Recycling: Beryllium was recovered from new scrap generated during the manufacture of beryllium products and 
from old scrap. Detailed data on the quantities of beryllium recycled are not available but may account for as much as 
20% to 25% of total beryllium consumption. The leading U.S. beryllium producer established a comprehensive 
recycling program for all of its beryllium products, and indicated a 40% recovery rate of its beryllium alloy new and old 
scrap. Beryllium manufactured from recycled sources requires only 20% of the energy as that of beryllium 
manufactured from virgin sources. 


Import Sources (201 0-13): Russia, 39%; Kazakhstan, 28%; China, 8%; Japan, 4%; and other, 21%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 
Beryllium ores and concentrates 2617.90.0030 Free. 
Beryllium oxide and hydroxide 2825.90.1000 3.7% ad val. 
Beryllium-copper master alloy 7405.00.6030 Free. 
Beryllium: 
Unwrought, including powders 8112.12.0000 8.5% ad val. 
Waste and scrap 8112.13.0000 Free. 
Other 8112.19.0000 5.5% ad val. 


Depletion Allowance: 22% (Domestic), 14% (Foreign). 


Government Stockpile: The Defense Logistics Agency Strategic Materials had a goal of retaining 45 tons of hot- 
pressed beryllium powder in the National Defense Stockpile. 


Stockpile Status—9-30-14° 


Disposal Plan Disposals 
Material Inventory FY 2014 FY 2014 
Beryl ore 1 — — 
Metal Tf 16 — 
Structured powder 2 — — 
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BERYLLIUM 


Events, Trends, and Issues: Apparent demand for beryllium-based products increased slightly in 2014. During the 
first 9 months of 2014, the leading U.S. beryllium producer reported the volume of shipments of strip and bulk 
beryllium-copper alloy products to be slightly higher than those during the first 9 months of 2013. Sales of beryllium- 
copper alloy products for industrial components and commercial aerospace and telecommunications remained 
relatively unchanged from sales in the first 9 months of 2013, while sales for consumer electronics, energy, and 
beryllium hydroxide were greater. Sales of beryllium-copper alloy products for automotive electronics were lower. 
Sales of beryllium metal and beryllium composite products increased about 19% during the first 9 months of 2014 
from those in the same period of 2013, with sales for medical and science uses up approximately 24% and 15%, 
respectively. Sales of beryllium metal and beryllium composite products for the largest application, defense, remained 
relatively unchanged. 


The leading U.S. beryllium producer increased beryllium hydroxide production capacity at its operation in Delta, UT. 
The company anticipated that global demand for beryllium would exceed production during the next 3 years and 
global inventories would be drawn down. 


Because of the toxic nature of beryllium, various international, national, and State guidelines and regulations have 
been established regarding beryllium in air, water, and other media. Industry is required to carefully control the 
quantity of beryllium dust, fumes, and mists in the workplace. 


World Mine Production and Reserves: 


Mine production Reserves” 
2013° 2014° 
United States 235 240 The United States has very little beryl that can be 
China 20 20 economically handsorted from pegmatite deposits. 
Mozambique 6 6 The Spor Mountain area in Utah, an epithermal 
Other countries 1 AN deposit, contains a large bertrandite resource, 
World total (rounded) 260 270 which was being mined. Proven bertrandite reserves 


in Utah total about 15,000 tons of contained 
beryllium. World beryllium reserves are not available. 


World Resources: World identified resources of beryllium have been estimated to be more than 80,000 tons. About 
65% of these resources is in nonpegmatite deposits in the United States—the Gold Hill and Spor Mountain areas in 
Utah and the Seward Peninsula in Alaska account for most of the total. 


Substitutes: Because the cost of beryllium is high compared with that of other materials, it is used in applications in 
which its properties are crucial. ln some applications, certain metal matrix or organic composites, high-strength 
grades of aluminum, pyrolytic graphite, silicon carbide, steel, or titanium may be substituted for beryllium metal or 
beryllium composites. Copper alloys containing nickel and silicon, tin, titanium, or other alloying elements or phosphor 
bronze alloys (copper-tin-phosphorus) may be substituted for beryllium-copper alloys, but these substitutions can 
result in substantially reduced performance. Aluminum nitride or boron nitride may be substituted for beryllium oxide. 


“Estimated. — Zero. 

‘Includes estimated beryllium content of imported ores and concentrates, oxide and hydroxide, unwrought metal (including powders), beryllium 
articles, waste and scrap, and beryllium-copper master alloy. 

“Includes estimated beryllium content of exported unwrought metal (including powders), beryllium articles, and waste and scrap. 
*Change in total inventory level from prior yearend inventory. 

“Less than % unit. 

“The sum of U.S. mine shipments and net import reliance. 

Calculated from gross weight and customs value of imports; beryllium content estimated to be 4%. 

‘Defined as imports — exports + adjustments for Government and industry stock changes. 

®See Appendix B for definitions. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 
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BISMUTH 


(Data in metric tons of bismuth content unless otherwise noted) 


Domestic Production and Use: The United States ceased production of primary refined bismuth in 1997 and is 
highly import dependent for its supply. A small amount of bismuth is recycled by some domestic firms. Bismuth is 
contained in some lead ores mined domestically, but the bismuth-containing residues are not processed domestically 
and may be exported. In 2014, the value of reported consumption of bismuth was approximately $23 million. 


Chemical production accounted for about two thirds of domestic bismuth consumption, principally in pharmaceutical 
applications. Bismuth use in pharmaceuticals included bismuth salicylate (the active ingredient in over-the-counter 
stomach remedies) and other bismuth medicinal compounds used to treat burns, intestinal disorders, and stomach 
ulcers in humans and animals. Other applications of bismuth chemicals and compounds included uses in 
superconductors and pearlescent pigments for cosmetics and paints. Bismuth has a wide variety of metallurgical 
applications, including use as a nontoxic replacement for lead in brass, free-machining steels, and solders. Bismuth is 
used as an additive to enhance metallurgical quality in the foundry industry, as a triggering mechanism for fire 
sprinklers, and in holding devices for grinding optical lenses. 


Salient Statistics—United States: 2010 2011 2012 201 2014° 
Production: 
Refinery — — — — — 
Secondary (old scrap)° 80 80 80 80 80 
Imports for consumption, metal 1,620 1,750 1,700 1,710 2,100 
Exports, metal, alloys, and scrap 1,040 628 764 816 600 
Consumption: 
Reported*® 636 696 647 774 900 
Apparent 660 1,200 1,020 1,060 1,380 
Price, average, domestic dealer, dollars per pound 8.76 11.47 10.10 8.71 11.39 
Stocks, yearend, consumer 133 138 134 50 250 
Net import reliance’ as a percentage of 
apparent consumption 88 93 93 92 94 


Recycling: All types of bismuth-containing new and old alloy scrap were recycled and contributed less than 10% of 
U.S. bismuth consumption, or about 80 tons. 


Import Sources (2010—13): China, 59%; Belgium, 34%; Peru, 2%; United Kingdom, 2%; and other, 3%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 
Bismuth and articles thereof, including waste 
and scrap 8106.00.0000 Free. 


Depletion Allowance: 22% (Domestic), 14% (Foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: The Safe Drinking Water Act Amendment of 1996, which required that all new and 
repaired fixtures and pipes for potable water supply be lead free after August 1998, opened a wider market for 
bismuth as a metallurgical additive to lead-free pipe fittings, fixtures, and water meters. Another application is the use 
of a bismuth-tellurium oxide alloy film paste for use in the manufacture of semiconductor devices. Bismuth also was 
used domestically in the manufacture of ceramic glazes, crystal ware, and pigments, and as an additive to free- 
machining steels and malleable iron castings. An emerging application is in display panels where lead will be 
replaced by bismuth metal. Researchers in China developed a low-melting-point bismuth-indium-tin-zinc alloy that 
allows the liquid alloy to be squeezed through tubes that could be used in the 3D printing of electronic components. 
The new alloy’s low melting point requires little cooling, allowing for faster printing than is currently possible with 
higher melting point metals currently in use. 


Prepared by Florence C. Katrivanos [(703) 648-6782, fkatrivanos@usgs.gov] 
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A global increase in bismuth demand in 2014 was likely the result of consumer anticipation of higher prices owing to 
the creation of China’s “rare metals” Fanya Metal Exchange, which began trading in Bismuth in March 2013. Buyers 
purchased bismuth as Chinese prices rose owing to investment demand on the Fanya Metal Exchange. Fanya has 
over 100,000 members and, during the first half of 2014, bismuth inventory rose by more than 120% to 11,500 tons. 
By early November, Fanya warehouses reportedly held about 17,000 tons of bismuth, more than a year’s worth of 
global consumption. Concerns over availability and higher prices may have encouraged stockpiling by U.S. and 
European consumers. The large increase in the calculated U.S. apparent consumption in 2014 may reflect an 
increase in unreported domestic inventories, including underestimation of the increase in consumer stocks. 


In July, Fortune Minerals Ltd fulfilled all permits allowing it to proceed with building the NICO gold-cobalt-bismuth- 
copper mine and concentrator in the Northwest Territories, Canada. In Peru, La Oroya Metallurgical complex, which 
had been shuttered in 2009 owing to financial and environmental problems and restarted zinc and lead operations in 
2012, halted operations in May 2014 for a month owing to a shortage of concentrate. Following the announcement 
that creditors had plans to put the zinc-lead smelter up for sale by December, workers called an indefinite strike over 
disputed unpaid wages. La Oroya complex had been a significant producer of bismuth. 


The U.S. domestic dealer price of bismuth, which had trended upward in 2013, started 2014 at $9.30 per pound, 
increased steadily throughout the year, and ended October at $12.67 per pound. In 2014, the estimated average price 
of bismuth was about 31% higher than that in 2013. Industry analysts attributed the sharp increase in price to the rise 
in inventory on the Fanya Metal Exchange that has tightened supply and encouraged consumer buying in anticipation 
of higher prices. 


World Mine Production and Reserves: 


Mine production Reserves” 
2013 2014° 

United States — — — 
Bolivia 10 10 10,000 
Canada 35 35 5,000 
China 7,500 7,600 240,000 
Mexico 824 824 10,000 
Russia 40 40 NA 
Other countries — — 50,000 
World total (rounded) 8,400 8,500 320,000 


World Resources: Bismuth, at an estimated 8 parts per billion by weight, ranks 69th in elemental abundance in the 
Earth’s crust and is about twice as abundant as gold. World reserves of bismuth are usually based on bismuth 
content of lead resources because bismuth production is most often a byproduct of processing lead ores; in China, 
bismuth production is a byproduct of tungsten and other metal ore processing. Bismuth minerals rarely occur in 
sufficient quantities to be mined as principal products; the Tasna Mine in Bolivia and a mine in China are the only 
mines that produced bismuth from bismuth ore. 


Substitutes: Bismuth can be replaced in pharmaceutical applications by alumina, antibiotics, and magnesia. Titanium 
dioxide-coated mica flakes and fish-scale extracts are substitutes in pigment uses. Indium can replace bismuth in low- 
temperature solders. Resins can replace bismuth alloys for holding metal shapes during machining, and glycerine- 
filled glass bulbs can replace bismuth alloys in triggering devices for fire sprinklers. Free-machining alloys can contain 
lead, selenium, or tellurium as a replacement for bismuth. 


Bismuth is an environmentally friendly substitute for lead in plumbing and many other applications, including fishing 
weights, hunting ammunition, lubricating greases, and soldering alloys. 


“Estimated. — Zero. 
‘Defined as imports — exports + adjustments for Government and industry stock changes. 
?See Appendix C for resource/reserve definitions and information concerning data sources. 
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BORON 


(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: Two companies in southern California produced borates in 2014, and most of the 
boron products consumed in the United States were manufactured domestically. To avoid disclosing company 
proprietary data, U.S. boron production and consumption were withheld. The leading boron producer mined borate 
ores containing kernite, tincal, and ulexite by open pit methods and operated associated compound plants. The 
kernite was used for boric acid production, tincal was used as a feedstock for sodium borate production, and ulexite 
was used as a primary ingredient in the manufacture of a variety of specialty glasses and ceramics. A second 
company produced borates from brines extracted through solution mining techniques. Boron minerals and chemicals 
were principally consumed in the North Central and the Eastern United States. In 2014, the glass and ceramics 
industries remained the leading domestic users of boron products, consuming an estimated 80% of total borates 
consumption. Boron also was used as a component in abrasives, cleaning products, insecticides, and in the 
production of semiconductors. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production W W W W W 
Imports for consumption, gross weight: 
Borax (‘) 2 2 2 2 
Boric acid 50 57 55 53 63 
Colemanite 50 20 28 5 41 
Ulexite 1 5 12 13 13 
Exports, gross weight: 
Boric acid 264 235 190 232 215 
Refined sodium borates 423 492 457 514 631 
Consumption: 
Apparent W W W W W 
Reported W W W W W 
Price, average value of mineral imports 
at port of exportation, dollars per ton 485 579 569 615 630 
Employment, number 1,220 1,180 1,180 1,180 1,180 
Net import reliance’ as a percentage of 
apparent consumption E E E E E 


Recycling: Insignificant. 
Import Sources (2010-13): Borates: Turkey, 81%; China, 3%; Argentina, 3%; Austria, 2%; and other, 11%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 
Natural borates: 
Sodium 2528.00.0005 Free. 
Calcium 2528.00.0010 Free. 
Other 2528.00.0050 Free. 
Boric acids 2810.00.0000 1.5% ad val. 
Borates: 
Refined borax: 
Anhydrous 2840.11.0000 0.3% ad val. 
Other 2840.19.0000 0.1% ad val. 
Other 2840.20.0000 3.7% ad val. 
Perborates: 
Sodium 2840.30.0010 3.7% ad val. 
Other 2840.30.0050 3.7% ad val. 


Depletion Allowance: Borax, 14% (Domestic and foreign). 


Government Stockpile: None. 
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BORON 


Events, Trends, and Issues: Elemental boron is a metalloid that has limited commercial applications. Although the 
term “boron” is commonly referenced, it does not occur in nature in an elemental state. Boron combines with oxygen 
and other elements to form boric acid, or inorganic salts called borates. Boron compounds, chiefly borates, are 
commercially important; therefore, boron products were priced and sold based on their boric oxide content (B2O3), 
varying by ore and compound and by the absence or presence of calcium and sodium. The four borate minerals— 
colemanite, kernite, tincal, and ulexite—make up 90% of the borate minerals used by industry worldwide. Although 
borates were used in more than 300 applications, more than three-quarters of the world’s supply is consumed in 
ceramics, detergents, fertilizer, and glass. 


Consumption of borates is expected to increase in 2014 and the coming years, spurred by demand in the Asian and 
South American agricultural, ceramic, and glass markets. Demand for borates was expected to shift slightly away 
from detergents and soaps toward glass and ceramics. 


Canada, China, Korea, Malaysia, and The Netherlands are the countries that imported the largest quantities of mined 
borates from the United States in 2014. Because China has low-grade boron reserves and demand for boron is 
anticipated to rise in that country, imports to China from Chile, Russia, Turkey, and the United States were expected 
to increase during the next several years. In Europe and developing countries, more stringent building standards with 
respect to heat conservation were being enacted. Consequently, increased consumption of borates for fiberglass 
insulation was expected. Continued investment in new refineries and technologies and the continued rise in demand 
were expected to fuel growth in world production during the next several years. 


World Production and Reserves: 


Production—All forms* Reserves’ 
2013 2014° 

United States W W 40,000 
Argentina 500 500 2,000 
Bolivia 150 150 NA 
Chile 581 580 35,000 
China 160 165 32,000 
Kazakhstan 30 30 NA 
Peru 100 220 4,000 
Russia 250 300 40,000 
Turkey 1,770 1,770 60,000 
World total (rounded) °3,540 °3,720 210,000 


World Resources: Deposits of borates are associated with volcanic activity and arid climates, with the largest 
economically viable deposits located in the Mojave Desert of the United States, the Alpide belt in southern Asia, and 
the Andean belt of South America. U.S. deposits consist primarily of tincal, kernite, and borates contained in brines, 
and to a lesser extent ulexite and colemanite. About 70% of all Turkish deposits are colemanite. Small deposits are 
being mined in South America. At current levels of consumption, world resources are adequate for the foreseeable 
future. 


Substitutes: The substitution of other materials for boron is possible in detergents, enamel, insulation, and soaps. 
Sodium percarbonate can replace borates in detergents and requires lower temperatures to undergo hydrolysis, 
which is an environmental consideration. Some enamels can use other glass-producing substances, such as 
phosphates. Insulation substitutes include cellulose, foams, and mineral wools. In soaps, sodium and potassium salts 
of fatty acids can act as cleaning and emulsifying agents. 


“Estimated. E Net exporter. NA Not available. W Withheld to avoid disclosing company proprietary data. 
‘Less than % unit. 

Defined as imports — exports. 

°Gross weight of ore in thousand metric tons. 

“See Appendix C for resource/reserve definitions and information concerning data sources. 

*Excludes U.S. production. 
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BROMINE 


(Data in metric tons of bromine content unless otherwise noted) 


Domestic Production and Use: Bromine was recovered from underground brines by two companies in Arkansas. 
Bromine often is the leading mineral commodity, in terms of value, produced in Arkansas. The two bromine 
companies in the United States accounted for about one-third of world production capacity. 


Primary uses of bromine compounds are in flame retardants, drilling fluids, brominated pesticides (mostly methyl 
bromide), and water treatment. Bromine also is used in the manufacture of dyes, insect repellents, perfumes, 
pharmaceuticals, and photographic chemicals. Other bromine compounds are used in a variety of applications, 
including chemical synthesis, control of mercury emissions from coal-fired powerplants, and paper manufacturing. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production W W W W W 
Imports for consumption, elemental 

bromine and compounds’ 45,400 47,300 53,600 36,300 50,000 
Exports, elemental bromine and compounds 8,150 7,150 6,430 7,970 7,100 
Consumption, apparent W W W W W 
Employment, number® 950 950 950 950 950 
Net import reliance’ as a percentage 

of apparent consumption <25 <25 <25 <25 <25 


Recycling: Some bromide solutions were recycled to obtain elemental bromine and to prevent the solutions from 
being disposed of as hazardous waste. Hydrogen bromide is emitted as a byproduct in many organic reactions. This 
byproduct waste is recycled with virgin bromine brines and is a major source of bromine production. Plastics 
containing bromine flame retardants can be incinerated as solid organic waste, and the bromine can be recovered. 
This recycled bromine is not included in the virgin bromine production reported to the U.S. Geological Survey by 
companies but is included in data collected by the U.S. Census Bureau. 


Import Sources (2010-13): Israel, 81%; China, 9%; Germany, 4%; and other, 6%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Bromine 2801.30.2000 5.5% ad val. 
Hydrobromic acid 2811.19.3000 Free. 
Potassium or sodium bromide 2827.51.0000 Free. 
Ammonium, calcium, or zinc bromide 2827 .59.2500 Free. 
Other bromides and bromide oxides 2827.59.5100 3.6% ad val. 
Potassium bromate 2829.90.0500 Free. 
Sodium bromate 2829.90.2500 Free. 
Ethylene dibromide 2903.31.0000 5.4% ad val. 
Methyl bromide 2903.39.1520 Free. 
Bromochloromethane 2903.79.1000 Free. 
Tetrabromobisphenol A 2908.19.2500 5.5% ad val. 
Decabromodiphenyl and 

octabromodiphenyl oxide 2909.30.0700 5.5% ad val. 


Depletion Allowance: Brine wells, 5% (Domestic and foreign). 


Government Stockpile: None. 


Prepared by Joyce A. Ober [Contact Emily K. Schnebele, (703) 648—4945, eschnebele@usgs.gov] 
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BROMINE 


Events, Trends, and Issues: The United States maintained its position as one of the leading bromine producers in 
the world. U.S. imports of bromine compounds increased in 2014 in response to increased domestic demand. China, 
Israel, and Jordan are also major producers of elemental bromine. 


U.S. companies did not announce prices for bromine and bromine compounds in 2014, and domestic prices were 
thought to have remained relatively stable. Trade publications reported that U.S. bromine prices ranged from about 
$3,500 to $3,900 per ton during the year. The bromine company in Israel announced price increases of about 20% 
near yearend. In addition to increased bromine prices, prompted by new tax proposals in Israel, the bromine company 
announced workforce reductions to decrease operating costs. Although the cutbacks were not targeted at bromine 
facilities, workers protested the cutbacks by disrupting bromine operations. 


The leading use of bromine is in flame retardants; this use, however, is in decline because of the environmental 
considerations and potential health effects related to specific bromine flame-retardant compounds. In 2014, one U.S. 
bromine chemical producer and its counterpart from Israel announced a collaborative effort to produce a polymeric 
flame retardant to replace hexabromocyclododecane, which has been the leading flame retardant in some 
polystyrene foam applications, but was being phased out in the European Union (EU), Japan, and other countries. 
The joint venture will operate flame retardant plants in Israel and the Netherlands. 


The use of bromine to mitigate mercury emissions at powerplants continued to expand. Bromine compounds bond 
with mercury in flue gases from coal-fired powerplants creating mercuric bromide, a substance that is more easily 

captured in flue-gas scrubbers than the mercuric chloride that is produced at many facilities. Other growth markets 
included oilfield chemicals, which use bromine brines in offshore deep-water drilling applications. 


World Production and Reserves: 


Production Reserves” 
2013 2014° 

United States W W 11,000,000 
Azerbaijan 3,500 3,500 300,000 
China 110,000 110,000 NA 
Germany 1,500 1,500 NA 
India 1,700 1,700 NA 
Israel 172,000 180,000 NA 
Japan 30,000 30,000 NA 
Jordan 80,000 80,000 NA 
Turkmenistan 500 500 700,000 
Ukraine 4,100 4,100 NA 
World total (rounded) 4403,000 4411,000 Large 


World Resources: Bromine is found principally in seawater, evaporitic (salt) lakes, and underground brines 
associated with petroleum deposits. In the Middle East, the Dead Sea is estimated to contain 1 billion tons of 
bromine. Seawater contains about 65 parts per million of bromine, or an estimated 100 trillion tons. Bromine is also 
recovered from seawater as a coproduct during evaporation to produce salt. 


Substitutes: Chlorine and iodine may be substituted for bromine in a few chemical reactions and for sanitation 
purposes. There are no comparable substitutes for bromine in various oil and gas well completion and packer 
applications. Because plastics have a low ignition temperature, alumina, magnesium hydroxide, organic chlorine 
compounds, and phosphorus compounds can be substituted for bromine as fire retardants in some uses. Bromine 
compounds and bromine acting as a synergist are used as fire retardants in plastics, such as those found in 
electronics. 


“Estimated. NA Not available. W Withheld to avoid disclosing company proprietary data. 
‘Imports calculated from items shown in Tariff section. 

Defined as imports — exports. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 
“Excludes U.S. production. 
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CADMIUM 


(Data in metric tons of cadmium content unless otherwise noted) 


Domestic Production and Use: Three companies in the United States produced refined cadmium in 2014. One 
company, operating in Tennessee, recovered primary refined cadmium as a byproduct of zinc leaching from roasted 
sulfide concentrates. The other two companies, operating in Ohio and Pennsylvania, recovered secondary cadmium 
metal from spent nickel-cadmium (NiCd) batteries and other cadmium-bearing scrap. Domestic production and 
consumption of cadmium from 2011 to 2014 were withheld to avoid disclosing company proprietary data. Cadmium 
metal and compounds are mainly consumed for alloys, coatings, NiCd batteries, pigments, and plastic stabilizers. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production, refined’ 637 W W Ww W 
Imports for consumption: 
Unwrought cadmium and powders 216 201 170 284 100 
Wrought cadmium and other articles (gross weight) 5 9 21 104 10 
Cadmium waste and scrap (gross weight) (*) (°) 1 (°) (°) 
Exports: 
Unwrought cadmium and powders ree) 63 253 131 140 
Wrought cadmium and other articles (gross weight) 231 204 378 266 100 
Cadmium waste and scrap (gross weight) — 5 — 20 — 
Consumption of metal, apparent? 703 W W W W 
Price, metal, annual average, dollars per kilogram 3.90 2.16 2.03 1.92 1.94 
Stocks, yearend, producer and distributor 102 W W W W 
Net import reliance’ as a percentage of 
apparent consumption 9% <25% E <25% E 


Recycling: Secondary cadmium is mainly recovered from spent consumer and industrial NiCd batteries. Other waste 
and scrap from which cadmium can be recovered includes copper-cadmium alloy scrap, some complex nonferrous 
alloy scrap, and cadmium-containing dust from electric arc furnaces (EAF). The amount of cadmium recovered from 
secondary sources in 2014 was withheld to avoid disclosing company proprietary data. 


Import Sources (201 0-13):° Canada, 25%; Australia, 20%; Mexico, 14%; China, 11%; and other, 30%. 


Tariff: Item Number Normal Trade Relations’ 
12-31-14 

Cadmium oxide 2825.90.7500 Free. 
Cadmium sulfide 2830.90.2000 3.1% ad val. 
Pigments and preparations based 

on cadmium compounds 3206.49.6010 3.1% ad val. 
Unwrought cadmium and powders 8107.20.0000 Free. 
Cadmium waste and scrap 8107.30.0000 Free. 
Wrought cadmium and other articles 8107.90.0000 4.4% ad val. 


Depletion Allowance: 22% (Domestic), 14% (Foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Most of the world’s primary cadmium metal was produced in Asia. The leading global 
producers were China, the Republic of Korea, and Japan. Secondary production accounted for about 20% of global 
production. 


Cadmium was primarily consumed in China, Belgium, and Japan. NiCd battery production accounted for more than 
80% of global cadmium consumption, and the remainder was used, in order of descending consumption, in pigments, 
coatings and plating, stabilizers for plastics, nonferrous alloys, and other specialized uses (including photovoltaic 
devices). The share of cadmium consumed globally for NiCd battery production has been increasing, while the shares 
for the traditional end uses of cadmium—specifically coatings, pigments, and stabilizers—have gradually decreased 
owing to environmental and health concerns. 
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The Platts U.S. market price for 99.95%-purity cadmium metal remained level during the first three quarters of 2014, 
averaging $1.94 per kilogram. The Metal Bulletin free market price range for 99.95%-purity cadmium metal began the 
year at $1.71 to $1.94 per kilogram and decreased through April to $1.65 to $1.87 per kilogram, where it remained 
through July. The price range then increased through September to reach $1.76 to $1.98 per kilogram. 


World Refinery Production and Reserves: 


Refinery production Reserves® 
2013 2014° 
United States W W Quantitative estimates of reserves are 
Australia 380 380 not available. The cadmium content of 
Bulgaria 400 400 __ typical zinc ores averages about 0.03%. 
Canada 1,400 1,270 See the Zinc chapter for zinc reserves. 
China 7,000 7,300 
India 450 450 
Japan 1,830 1,790 
Kazakhstan 1,200 1,200 
Korea, Republic of 4,000 4,090 
Mexico 1,490 1,440 
Netherlands 560 570 
Peru 695 710 
Poland 400 400 
Russia 1,200 1,200 
Other countries 1,020 1,000 
World total (rounded) 922,000 922,200 


World Resources: Cadmium is generally recovered from zinc ores and concentrates. Sphalerite, the most 
economically significant zinc mineral, commonly contains minor amounts of cadmium, which shares certain similar 
chemical properties with zinc and often substitutes for zinc in the sphalerite crystal lattice. The cadmium mineral 
greenockite is frequently associated with weathered sphalerite and wurtzite. Zinc-bearing coals of the Central United 
States and Carboniferous age coals of other countries also contain large subeconomic resources of cadmium. 


Substitutes: Lithium-ion and nickel-metal hydride batteries are replacing NiCd batteries in some applications. 
However, the higher cost of these alternatives restricts their use in less-expensive products. Except where the surface 
characteristics of a coating are critical (for example, fasteners for aircraft), coatings of zinc or vapor-deposited 
aluminum can be substituted for cadmium in many plating applications. Cerium sulfide is used as a replacement for 
cadmium pigments, mostly in plastics. Barium/zinc or calcium/zinc stabilizers can replace barium/cadmium stabilizers 
in flexible polyvinylchloride applications. 


“Estimated. E Net exporter. W Withheld to avoid disclosing company proprietary data. — Zero. 

‘Cadmium metal produced as a byproduct of zinc refining plus metal from recycling. 

Less than % unit. 

’Defined as domestic refined production + imports of unwrought metal and metal powders — exports of unwrought metal and metal powders + 
adjustments for industry stock changes. 

“Average New York dealer price for 99.95% purity in 5-short-ton lots. Source: Platts Metals Week. 

Defined as imports of unwrought metal and metal powders — exports of unwrought metal and metal powders + adjustments for Government and 
industry stock changes. 

°Imports for consumption of unwrought metal and metal powders (Tariff no. 8107.20.0000). 

’No tariff for Australia, Canada, Mexico, and Peru for items shown. 

®See Appendix C for resource/reserve definitions and information concerning data sources. 

*Does not include production in Italy and the United States. 
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CEMENT 


(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: Domestic production of cement in 2014 increased to about 80.5 million tons of 
portland cement and 2.2 million tons of masonry cement; output was from 97 plants in 34 States. Cement also was 
produced at two plants in Puerto Rico. Production continued to be well below the record level of 99 million tons in 
2005, and reflected continued full-time idle status at several plants, underutilized capacity at many others, and plant 
closures in recent years. Cement sales were markedly higher in 2014, but were about 41 million tons below the 
record volume in 2005. The overall value of sales was about $8.9 billion. Most of the sales of cement were to make 
concrete, worth at least $48 billion. As in recent years, about 70% of cement sales went to ready-mixed concrete 
producers, 11% to concrete product manufacturers, 9% to contractors (mainly road paving), 4% each to oil and gas 
well drillers and to building materials dealers, and 2% to others. Texas, California, Missouri, Florida, and Michigan 
were, in descending order, the five leading cement-producing States and accounted for 53% of U.S. production. 


Salient Statistics—United States: ' 2010 2011 2012 2013 2014° 
Production: 
Portland and masonry cement* 66,447 67,895 74,151 76,804 82,700 
Clinker 59,802 61,241 67,173 69,394 72,300 
Shipments to final customers, includes exports 71,169 73,402 79,951 83,291 89,100 
Imports of hydraulic cement for consumption 6,013 5,812 6,107 6,289 7,200 
Imports of clinker for consumption 613 606 786 806 720 
Exports of hydraulic cement and clinker 1,178 1,414 1,749 1,670 1,300 
Consumption, apparent? 71,200 72,200 77,900 81,700 89,100 
Price, average mill value, dollars per ton 92.00 89.50 89.50 95.00 98.50 
Stocks, cement, yearend 6,180 6,270 6,920 6,580 6,100 
Employment, mine and mill, number® 12,000 11,500 10,500 10,300 10,000 
Net import reliance’ as a percentage of 
apparent consumption 8 7 7 7 7 


Recycling: Cement kiln dust is routinely recycled to the kilns, which also can make use of a variety of waste fuels 
and recycled raw materials such as slags and fly ash. Various secondary materials can be incorporated as 
supplementary cementitious materials (SCMs) in blended cements and in the cement paste in concrete. Cement is 
not directly recycled, but there is significant recycling of concrete for use as construction aggregate. 


Import Sources (201 0-13):° Canada, 51%; Republic of Korea, 18%; China, 8%; Greece, 5%; and other, 18%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Cement clinker 2523.10.0000 Free. 

White portland cement 2523.21.0000 Free. 

Other portland cement 2523.29.0000 Free. 

Aluminous cement 2523.30.0000 Free. 

Other hydraulic cement 2523.90.0000 Free. 


Depletion Allowance: Not applicable. Certain raw materials for cement production have depletion allowances. 


Government Stockpile: None. 


Events, Trends, and Issues: Sales of cement continued to increase in 2014 owing to higher spending levels for new 
residential construction and for nonresidential buildings. Public sector construction spending remained relatively 
weak, but was expected to gradually increase as property tax revenues to the States continued to increase. Imports 
of cement increased, but several major cement-dedicated import terminals remained idle. Cement production 
remained well below capacity levels and some multikiln plants continued to operate only one kiln in 2014. No new 
plants opened in 2014, although a number of plant upgrades were underway, including conversions of some wet kilns 
to more energy-efficient dry, precalciner technology. No plant closures were announced during the year. In 2014, two 
of the world’s largest cement companies announced their planned merger; this would create the highest capacity 
cement company in the world. Although granted in the European Union, approval of the merger had not been given in 
the United States as of yearend but was anticipated to require the sale of certain U.S. assets, although overlap in 
cement production capacity by the two companies existed in only one State. 
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The manufacture of clinker for cement releases a great deal of carbon dioxide. Carbon dioxide reduction strategies by 
the cement industry were mainly aimed at reducing emissions per ton of cement product rather than by cement plant. 
Approaches include installation of more fuel-efficient kilns, partial substitution of noncarbonate sources of calcium 
oxide in the kiln raw materials, and partial substitution of SCMs, such as pozzolans, for portland cement in the 
finished cement products and in concrete. Because SCMs do not require the energy-intensive clinker manufacturing 
(kiln) phase of cement production, their use, and the use of inert additives or extenders, reduces the unit costs and 
emissions of the cement component of concrete. The ASTM C-595 standard for blended cement allows for the 
addition of up to 15% limestone in some blends, but widespread use of limestone addition was still not evident in 
2014. Research continued toward developing cements that require less energy to manufacture than portland cement, 
and (or) that use raw materials that result in reduced emissions. 


The cement industry was granted a delay until 2015 in the implementation of the 2010 National Emissions Standards 
for Hazardous Air Pollutants (NESHAP) protocol for cement plants. The protocol would significantly lower the 
acceptable emissions levels of mercury and certain other pollutants. Mercury scrubbing technology was being 
installed at a number of plants, but it remained unclear how many plants could afford the technology. The mercury 
limits were expected to make it difficult for cement plants to continue to burn fly ash as a raw material for clinker 
manufacture. 


World Production and Capacity: 


Cement production Clinker capacity 

2013° 2014° 2013° 2014° 

United States (includes Puerto Rico) 77,400 83,300 104,300 104,300 
Brazil 70,000 72,000 60,000 60,000 
China 2,420,000 2,500,000 1,900,000 2,000,000 
Egypt 50,000 50,000 46,000 46,000 
Germany 31,300 31,000 31,000 31,000 
India 280,000 280,000 280,000 280,000 
Indonesia 56,000 60,000 51,000 50,000 
lran 72,000 75,000 80,000 80,000 
Italy 22,000 22,000 46,000 46,000 
Japan 57,400 58,000 55,000 55,000 
Korea, Republic of 47,300 47,700 50,000 50,000 
Mexico 34,600 35,000 42,000 42,000 
Pakistan 31,000 32,000 43,400 44,000 
Russia 66,400 69,000 80,000 80,000 
Saudi Arabia 57,000 63,000 55,000 55,000 
Thailand 42,000 42,000 50,000 50,000 
Turkey 71,300 75,000 68,500 69,000 
Vietnam 58,000 60,000 80,000 80,000 
Other countries (rounded) 536,000 925,000 348,000 349,000 
World total (rounded) 4,080,000 4,180,000 3,470,000 3,570,000 


World Resources: Although individual plant reserves are subject to exhaustion, cement raw materials, especially 
limestone, are geologically widespread and abundant, and overall shortages are unlikely in the future. 


Substitutes: Most portland cement is used in making concrete or mortars and, as such, competes in the construction 
sector with concrete substitutes, such as aluminum, asphalt, clay brick, rammed earth, fiberglass, glass, steel, stone, 
and wood. A number of materials, especially fly ash and ground granulated blast furnace slag, develop good hydraulic 
cementitious properties by reacting with the lime released by the hydration of portland cement. Where not constrained 
in supply, these SCMs are increasingly being used as partial substitutes for portland cement in many concrete 
applications, and are components of finished blended cements. 


“Estimated. 

‘Portland plus masonry cement unless otherwise noted; excludes Puerto Rico. 

7Includes cement made from imported clinker. 

’Production of cement (including from imported clinker) + imports (excluding clinker) — exports + adjustments for stock changes. 
“Defined as imports (cement and clinker) — exports. 

Hydraulic cement and clinker. 
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CESIUM 


(Data in metric tons of cesium oxide unless otherwise noted) 


Domestic Production and Use: In 2014, there was no domestic production of cesium and the United States was 
100% import reliant for cesium minerals. The principal cesium mineral, pollucite, is known to occur in pegmatites in 
Alaska, Maine, and South Dakota. The United States sources the majority of pollucite from the largest known North 
American deposit at Bernic Lake, Manitoba, Canada. 


Cesium, in the form of chemical compounds, is the principal end use of cesium ore. By gross weight, formate brines 
for high-pressure/high-temperature oil and gas drilling and exploration are the primary applications for cesium. 
Cesium nitrate is used as a colorant and oxidizer in the pyrotechnic industry, in petroleum cracking, in scintillation 
counters, and in x-ray phosphors. Cesium chloride is used in analytical chemistry applications as a reagent, cesium 
metal production, high-temperature solders, isopycnic centrifugation, nuclear medicine, repellents, specialty glasses, 
and spectrometers. Cesium carbonate is used in the N-alkylation of compounds and in energy conversion devices, 
such as fuel cells, magneto-hydrodynamic generators, and polymer solar cells. Cesium bromide is used in infrared 
detectors, optics, photoelectric cells, scintillation counters, and spectrophotometers. Cesium hydroxide is used as an 
electrolyte in alkaline storage batteries. Cesium iodide is used in fluoroscopy equipment, Fourier Transform Infrared 
spectrometers, as the input phosphor of x-ray image intensifier tubes, and scintillators. 


Cesium isotopes, which can be obtained as a fission by-product in nuclear fission or formed from other isotopes such 
as barium-131, are used in electronic, medical, and research applications. Cesium isotopes are used as an atomic 
resonance frequency standard in atomic clocks, playing a vital role in global positioning satellites, Internet and cellular 
telephone transmissions, and aircraft guidance systems. Cesium clocks monitor the cycles of microwave radiation 
emitted by cesium’s electrons and use these cycles as a time reference. Owing to the high accuracy of the cesium 
atomic clock, the international definition of a second is based on the cesium atom. The U.S. civilian time and 
frequency standard is based on a cesium fountain clock at the National Institute of Standards and Technology in 
Boulder, CO. The U.S. military frequency standard, the United States Naval Observatory Time Scale, is based on 48 
weighted atomic clocks, including 25 cesium fountain clocks. 


Fission byproducts cesium-131 and cesium-137 are used primarily to treat cancer. One company in Richland, WA, 
produced a range of cesium-131 medical products for treatment of various cancers. Cesium-137 also is widely used 
in industrial gauges, in mining and geophysical instruments, and for sterilization of food, sewage, and surgical 
equipment. Cesium can be used in metallurgy to remove gases and other impurities, and as a “getting” agent in 
vacuum tubes. 


Salient Statistics—United States: Consumption, import, and export data for cesium have not been available since 
the late 1980s. Because cesium metal is not traded in commercial quantities, a market price is unavailable. Only a 
few thousand kilograms of cesium are consumed in the United States every year. In 2014, one company offered 1- 
gram ampoules of 99.8% (metal basis) cesium for $59.70 each and 99.98% (metal basis) cesium for $73.40, an 
increase of 3.9% and 4.1%, respectively, from those of 2013. The price for 50 grams of 99.8% (metals basis) cesium 
was $736.00, and 100 grams of 99.98% (metal basis) cesium was priced at $2,020.00, an increase of 3.8% and 
3.9%, respectively, from those of 2013 for both products. 


Recycling: Cesium formate brines are typically rented by oil and gas exploration clients. After completion of the well, 
the used cesium formate is returned and reprocessed for subsequent drilling operations. Approximately 85% of the 
cesium formate can be retrieved and recycled for further use. Cesium formate production from Canada was estimated 
at 5,630 tons per year, to include 3,890 tons of cesium from 17,300 tons of pollucite ore, with a recovery rate of 85%. 


Import Sources (2010—13): Canada is the chief source of pollucite concentrate imported by the United States. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Alkali metals, other 2805.19.9000 5.5% ad val. 
Chlorides, other 2827 .39.9000 3.7% ad val. 
Bromides, other 2827 .59.5100 3.6% ad val. 
Nitrates, other 2834.29.5100 3.5% ad val. 
Carbonates, other 2836.99.5000 3.7% ad val. 
Cesium-137, other 2844.40.0021 Free 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: None. 
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CESIUM 


Events, Trends, and Issues: Domestic cesium occurrences will likely remain uneconomic unless market conditions 
change. Cesium can be produced as a byproduct of lithium production. No known human health issues are 
associated with naturally occurring cesium, and its use has minimal environmental impact. Radioactive isotopes of 
cesium have been known to cause adverse health effects. 


As reported in 2014, one underground mining operation at Bernic Lake, Manitoba, Canada, experienced a fall of 
ground in early 2013 following a similar event in 2010. Monitoring equipment was installed at the site that indicated 
good structural stability; however, the mines stability may be at risk for near-term deterioration and flooding. 
Development alternatives were assessed for continuity of operations. The company increased production to assure 
cesium ore inventory would meet customer needs in the event they would be unable to continue mining or unwilling to 
incur costs needed to further develop the mine. In Argentina, one company began bulk sampling and drilling to 
determine resource estimates for a cesium and rubidium deposit. The deposit underwent prefeasibility studies and 
expected reserve estimates to be complete by yearend 2014. Initial studies indicated a cesium to rubidium ratio of 
8:1. 


In 2014, one company in Richland, WA, announced improved results and FDA approval for using cesium-131 seeds 
for the treatment of gynecologic cancers, instead of gold-198, owing to its blend of high energy and 9.7-day half-life. 
Another company, in Austin, TX, was awarded a $1.1 million grant by the Department of Energy for the development 
and marketing of a Self-Contained Blood Irradiator, a replacement for radioactive isotope irradiators that contain 
cesium-137. A policy statement from the Nuclear Regulatory Commission encouraged the replacement of cesium-137 
chloride in devices, as well as a long-term strategy for its storage and disposal, owing to the potential for use in a 
radiological dispersal device. 


In April, the National Institute of Standards and Technology launched the NIST-F2, a new type of cesium fountain 
clock that utilizes a colder environment, tripling the accuracy over its predecessor, NIST-F1. The NIST-F2 became the 
world’s most accurate time standard and will now serve as the U.S. civilian time and frequency standard. The agency 
utilizes over 300 atomic clocks across the world to establish the Coordinated Universal Time (UTC), the international 
standard of time. In September, Kazakhstan’s National Security Committee reported a container of cesium, most 
likely originating from a medical facility, had gone missing in the western region of Kazahkstan. A vanadosilicate was 
developed in Seoul, South Korea, that can remove cesium-137 from contaminated coolant water, liquid nuclear 
waste, and contaminated water sources more effectively than conventional sorbents. 


World Mine Production and Reserves: Pollucite, mainly formed in association with lithium-rich, lepidolite-bearing or 
petalite-bearing zoned granite pegmatites, is the principal cesium ore mineral. Cesium reserves are therefore 
estimated based on the occurrence of pollucite, which is mined as a byproduct of the lithium mineral lepidolite. Most 
pollucite contains 5% to 32% Cs.O. Data on cesium resources, other than those listed, are either limited or not 
available. The main pollucite zone at Bernic Lake in Canada contains approximately 120,000 tons of pollucite, with 
pre-mining average Cs2O grades of 23.3%. Sites near Lake Ontario have identified cesium resources; exploration of 
those deposits began in the last quarter of 2013. Zimbabwe and Namibia produced cesium in small quantities as a 
byproduct of lithium mining operations. 


Reserves’ 

Canada 120,000 
Namibia 30,000 
Zimbabwe 60,000 
Other countries NA 
World total (rounded) 210,000 


World Resources: World resources of cesium have not been estimated. Cesium is associated with lithium-bearing 
pegmatites worldwide, and cesium resources have been identified in the United States, Canada, Namibia, and 
Zimbabwe. Lower concentrations are also known in brines in Chile and China and in geothermal systems in 
Germany, India, and Tibet. China was believed to have cesium-rich deposits of pollucite, lepidolite, and geyserite, 
with concentrations highest in Yichun, Jiangxi, China, although no resource or production estimates were available. 


Substitutes: Cesium and rubidium can be used interchangeably in many applications because they have similar 


physical properties and atomic radii. Cesium, however, is more electropositive than rubidium, making it a preferred 
material for some applications. 


NA Not available. 
'See Appendix C for resource/reserve definitions and information concerning data sources. 
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CHROMIUM 


(Data in thousand metric tons of chromium content unless otherwise noted) 


Domestic Production and Use: In 2014, the United States was expected to consume about 5% of world chromite 
ore production in various forms of imported materials, such as chromite ore, chromium chemicals, chromium 
ferroalloys, chromium metal, and stainless steel. One U.S. company mined chromite ore in Oregon from which it 
produced foundry sand. Imported chromite ore was consumed by one chemical firm to produce chromium chemicals. 
One company produced chromium metal. Stainless- and heat-resisting-steel producers were the leading consumers 
of ferrochromium. Stainless steels and superalloys require chromium. The value of chromium material consumption in 
2013 was $687 million as measured by the value of net imports, excluding stainless steel, and was expected to be 
about $690 million in 2014. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production: 
Mine — — NA NA NA 
Recycling’ 144 147 146 150 155 
Imports for consumption 499 531 554 475 631 
Exports 274 232 234 235 226 
Government stockpile releases 15 4 4 10 10 
Consumption: 
Reported (includes recycling) 396 400 401 402 414 
Apparent* (includes recycling) 384 450 471 400 560 
Unit value, average annual import (dollars per metric ton): 
Chromite ore (gross quantity) 212 355 392 310 223 
Ferrochromium (chromium content) 2,064 2,603 2,362 2,156 2,190 
Chromium metal (gross quantity) 11,323 14,090 13,333 11,147 10,866 
Stocks, yearend, held by U.S. consumers v4 8 8 8 8 
Net import reliance’ as a percentage of 
apparent consumption 63 67 69 63 72 


Recycling: In 2014, recycled chromium (contained in reported stainless steel scrap receipts) accounted for 36% of 
apparent consumption. 


Import Sources (2010—13): Chromite mineral: South Africa, 100%. Chromium-containing scrap: Canada, 54%; 
Mexico, 41%; and other, 5%. Chromium primary metal: South Africa, 31%; Kazakhstan, 19%; Russia, 11%; China, 
5%; and other 34%. Total imports: South Africa, 38%; Kazakhstan, 16%; Russia, 9%; Mexico, 6%; and other, 31%. 


Tariff:’ Item Number Normal Trade Relations 
12-31-14 
Ore and concentrate 2610.00.0000 Free. 
Ferrochromium: 
Carbon more than 4% 7202.41.0000 1.9% ad val. 
Carbon more than 3% 7202.49.1000 1.9% ad val. 
Other: 
Carbon more than 0.5% 7202.49.5010 3.1% ad val. 
Other 7202.49.5090 3.1% ad val. 
Ferrochromium silicon 7202.50.0000 10% ad val. 
Chromium metal: 
Unwrought, powder 8112.21.0000 3% ad val. 
Waste and scrap 8112.22.0000 Free. 
Other 8112.29.0000 3% ad val. 


Depletion Allowance: 22% (Domestic), 14% (Foreign). 


Government Stockpile: For FY 2015, the Defense Logistics Agency Strategic Materials announced maximum 
disposal limits for chromium materials of about 21,300 t of ferrochromium and 136 t of chromium metal. 
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Stockpile Status—9-30-14° 


Disposal Plan Disposals 
Material Inventory FY 2014 FY 2014 
Ferrochromium: 
High-carbon 74.9 °88.0 11.3 
Low-carbon 37.0 — 8.15 
Chromium metal 3.96 0.5 0.13 


Events, Trends, and Issues: China is the leading chromium-consuming and ferrochromium-producing country and 
the leading stainless steel producer. Chromium is consumed in the form of ferrochromium to produce stainless steel. 
South Africa was the leading chromite ore and a leading ferrochromium producer upon whom world stainless steel 
producers depend directly or indirectly for chromium supply. South Africa’s electrical power generating group declared 
an emergency because of the country’s constrained electrical power supply. Ferrochromium production is electrical 
energy intensive, so constrained electrical power supply means constrained ferrochromium production. DLA Strategic 
Materials planned to continue selling ferrochromium in fiscal year 2015 until it reaches its limit; however, DLA 
Strategic Materials would need congressional authority to continue sales into the next fiscal year. 


World Mine Production and Reserves: 


Mine production’ Reserves® 
2013 2014° (shipping grade)° 

United States NA NA 620 
India 2,950 3,000 54,000 
Kazakhstan 3,700 4,000 230,000 
South Africa 13,700 15,000 200,000 
Turkey 3,300 2,400 NA 
Other countries 5,150 4,600 NA 
World total (rounded) 28,800 29,000 >480,000 


World Resources: World resources are greater than 12 billion tons of shipping-grade chromite, sufficient to meet 
conceivable demand for centuries. About 95% of the world’s chromium resources is geographically concentrated in 
Kazakhstan and southern Africa; U.S. chromium resources are mostly in the Stillwater Complex in Montana. 


Substitutes: Chromium has no substitute in stainless steel, the leading end use, or in superalloys, the major strategic 
end use. Chromium-containing scrap can substitute for ferrochromium in some metallurgical uses. 


“Estimated. NA Not available. — Zero. 

‘Recycling production is based on reported stainless steel scrap receipts. 

Defined as production (from mines and recycling) + imports — exports + adjustments for Government and industry stock changes. 

°Defined as imports — exports + adjustments for Government and industry stock changes. 

“In addition to the tariff items listed, certain imported chromium materials (see 26 U.S.C. sec. 4661, 4662, and 4672) are subject to excise tax. 
°See Appendix B for definitions. 

High-carbon and low-carbon ferrochromium, combined. 

‘Mine production units are thousand metric tons, gross weight, of marketable chromite ore. 

®See Appendix C for resource/reserve definitions and information concerning data sources. 

Reserves units are thousand metric tons of shipping-grade chromite ore, which is deposit quantity and grade normalized to 45% Cr2O3. 
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CLAYS 


(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: In 2014, production (sales or use) was estimated to be 24.7 million tons valued at 
$1.55 billion. Clay and shale production was reported in 37 States. About 160 companies operated approximately 725 
clay pits or quarries. The leading 20 firms supplied about 57% of the tonnage and 79% of the value for all types of 
clay sold or used in the United States. The United States probably accounted for 15% to 25% of the global production 
of refined clays, excluding common clay and shale. Uses for specific clays were estimated to be as follows: ball 
clay—39% floor and wall tile, 17% sanitaryware, and 44% other uses; bentonite—26% absorbents, 24% drilling mud, 
15% foundry sand bond, 11% iron ore pelletizing, and 24% other uses; common clay—39% brick, 31% cement, 23% 
lightweight aggregate, and 7% other uses; fire clay—34% heavy clay products and 66% refractory products and other 
uses; fuller’s earth—70% absorbent uses and 30% other uses; and kaolin—47% paper and 53% other uses, including 
lightweight ceramic proppants, which have become a significant market for kaolin. 


In 2014, the United States exported 880,000 tons of bentonite mainly for pet waste absorbent, drilling mud, foundry 
sand bond, and iron ore pelletizing applications, with Japan being the leading destination. About 2.6 million tons of 
kaolin were exported mainly as a paper coating and filler, a component in ceramic bodies, and fillers and extenders in 
paint, plastic, and rubber products, with China being the leading destination. Lesser amounts of ball clay, fire clay, 


and fuller’s earth were exported for ceramic, refractory, and absorbent uses, respectively. 


Salient Statistics—United States: 
Production (sold or used): 
Ball clay 
Bentonite 
Common clay 
Fire clay 
Fuller’s earth* 
Kaolin 
Total” ° 
Imports for consumption: 
Artificially activated clay and earth 
Kaolin 
Other 
Total® 
Exports: 
Ball clay 
Bentonite 
Fire clay 
Fuller’s earth 
Kaolin 
Clays, not elsewhere classified 
Total® 
Consumption, apparent 
Price, average, dollars per ton: 
Ball clay 
Bentonite 
Common clay 
Fire clay 
Fuller’s earth? 
Kaolin 
Employment, number: 
Mine 
Mill 


Net import reliance’ as a percentage of 


apparent consumption 


Recycling: Insignificant. 


2010 


912 
4,600 
11,900 
216 
2,050 
5,950 
25,600 


28 
510 
a1 
555 


45 

953 
404 
100 
2,470 
382 
4,360 
21,800 


45 
58 
12 
28 
98 
137 


2011 


886 
4,990 
11,700 
215 
1,950 
5,950 
25,700 


31 
549 
_13 
593 


49 
1,020 
371 
102 
2,490 
209 
4,240 
22,100 


46 
61 
12 
30 
100 
143 


2012 


973 
4,980 
11,900 
183 
1,980 
5,900 
25,900 


31 
472 
_21 
524 


77 
1,030 
289 
107 
2,450 
315 
4,270 
22,200 


46 
62 
10 
27 
92 
149 


Import Sources (2010-13): Brazil, 83%; Canada, 6%; Mexico, 4%; and other, 7%. 
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2014° 


1,030 
4,660 
10,900 
174 
2,070 
5,830 
24,700 


23 
440 
_16 
480 


50 

880 
250 

95 
2,980 
290 
4,150 
21,000 


43 
65 
12 
23 
91 
150 
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CLAYS 
Tariff: Item Number Normal Trade Relations 
12-31-14 

Kaolin and other kaolinitic clays, 

whether or not calcined 2507.00.0000 Free. 
Bentonite 2508.10.0000 Free. 
Fire clay 2508.30.0000 Free. 
Common blue clay and other ball clays 2508.40.0110 Free. 
Decolorizing and fuller’s earths 2508.40.0120 Free. 
Other clays 2508.40.0150 Free. 
Chamotte or dina’s earth 2508.70.0000 Free. 
Activated clays and earths 3802.90.2000 2.5% ad val. 
Expanded clays and other mixtures 6806.20.0000 Free. 


Depletion Allowance: Ball clay, bentonite, fire clay, fuller’s earth, and kaolin, 14% (Domestic and foreign); clay used 
in the manufacture of common brick, lightweight aggregate, and sewer pipe, 7.5% (Domestic and foreign); clay used 
in the manufacture of drain and roofing tile, flower pots, and kindred products, 5% (Domestic and foreign); clay from 
which alumina and aluminum compounds are extracted, 22% (Domestic); and ball clay, bentonite, china clay, sagger 
clay, and clay used or sold for use dependent on its refractory properties, 14% (Domestic). 


Government Stockpile: None. 


Events, Trends, and Issues: Increased commercial and residential housing construction may result in slightly 
increased sales of common clay for heavy clay products and ball clay for ceramic tile and sanitaryware manufacture. 
For bentonite, sales increased for drilling mud, foundry sand bond, and civil-engineering applications. Sales of fuller’s 
earth increased slightly, mainly because of a slight increase in sales for pet litters and fluid purification applications. 
Decreased kaolin sales for paper markets were somewhat balanced by increased sales for ceramic proppants. 


World Mine Production and Reserves:° Global reserves are large, but country-specific data are not available. 


Mine production 


Bentonite Fuller’s earth Kaolin 

2013 2014° 2013 2014° 2013 2014° 

United States (sales) 4,350 4,660 4,990 2,070 5,950 5,830 
Brazil (beneficiated) 513 500 — — 2,200 1,800 
Czech Republic (crude) 226 230 — — 3,110 3,110 
Germany (sales) 375 350 — — 4,900 4,500 
Greece (crude) 1,000 1,000 — — — — 
Italy 110 100 3 3 640 640 
Mexico 618 620 108 100 163 160 
Spain 115 100 593 590 303 250 
Turkey 1,100 1,100 — — 3,800 3,800 
Ukraine (crude) 210 180 — — 1,100 1,100 
United Kingdom (sales) — — — — 900 900 
Uzbekistan (crude) 25 25 — — 7,500 7,000 
Other countries 3,360 3,300 306 270 9,730 11,000 
World total (rounded) 12,000 12,200 “3,000 “3,000 40,300 41,000 


World Resources: Resources of all clays are extremely large. 


Substitutes: Clays compete with calcium carbonate in filler and extender applications; diatomite, organic litters, 
polymers, silica gel, and zeolites as absorbents; and various siding and roofing types in building construction. 


“Estimated. E Net exporter. — Zero. 

‘Excludes Puerto Rico. 

Excludes attapulgite. 

’Data may not add to totals shown because of independent rounding. 

“Also includes refractory-grade kaolin. 

Defined as imports — exports. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 
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COBALT 


(Data in metric tons of cobalt content unless otherwise noted) 


Domestic Production and Use: A nickel-copper mine in Michigan began production and shipped cobalt-bearing 
nickel concentrate in late 2014. Most U.S. supply comprised imports and secondary (scrap) materials. The sole U.S. 
producer of extra-fine cobalt powder, in Pennsylvania, used cemented carbide scrap as feed. Seven companies were 
known to produce cobalt compounds. About 47% of the cobalt consumed in the United States was used in 
superalloys, mainly in aircraft gas turbine engines; 9% in cemented carbides for cutting and wear-resistant 
applications; 17% in various other metallic applications; and 27% in a variety of chemical applications. The total 
estimated value of cobalt consumed in 2014 was $275 million. 


Salient Statistics—United States: 2010 2011 2012 201 2014° 
Production: 
Mine — — — — NA 
Secondary 2,000 2,210 2,160 2,160 2,200 
Imports for consumption 11,100 10,600 11,100 10,500 11,700 
Exports 2,640 3,390 3,760 3,850 4,800 
Shipments from Government stockpile excesses. -8 — — — — 
Consumption: 
Reported (includes secondary) 8,130 9,180 8,660 8,090 8,200 
Apparent* (includes secondary) 10,300 9,230 9,520 8,670 9,200 
Price, average, dollars per pound: 
Spot, cathode” 20.85 17.99 14.07 12.89 14.40 
London Metal Exchange (LME), cash XX 16.01 13.06 12.26 14.00 
Stocks, yearend: 
Industry 880 1,040 970 1,070 1,040 
LME, U.S. warehouse 23 43 51 41 10 
Net import reliance’ as a percentage of 
apparent consumption 81 76 a 15 76 


Recycling: In 2014, cobalt contained in purchased scrap represented an estimated 27% of cobalt reported 
consumption. 


Import Sources (2010—13): Cobalt contained in metal, oxide, and salts: China, 21%; Norway, 11%; Russia, 10%; 
Finland, 9%; and other, 49%. 


Tariff: Item Number Normal Trade Relations” 
12-31-14 

Cobalt ores and concentrates 2605.00.0000 Free. 
Chemical compounds: 

Cobalt oxides and hydroxides 2822.00.0000 0.1% ad val. 

Cobalt chlorides 2827 .39.6000 4.2% ad val. 

Cobalt sulfates 2833.29.1000 1.4% ad val. 

Cobalt carbonates 2836.99.1000 4.2% ad val. 

Cobalt acetates 2915.29.3000 4.2% ad val. 
Unwrought cobalt, alloys 8105.20.3000 4.4% ad val. 
Unwrought cobalt, other 8105.20.6000 Free. 
Cobalt mattes and other intermediate 

products; cobalt powders 8105.20.9000 Free. 

Cobalt waste and scrap 8105.30.0000 Free. 
Wrought cobalt and cobalt articles 8105.90.0000 3.7% ad val. 


Depletion Allowance: 22% (Domestic), 14% (Foreign). 


Government Stockpile: 
Stockpile Status—9—30-14° 


Disposal Plan Disposals 


Material Inventory FY 2014 FY 2014 
Cobalt 301 — — 
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Events, Trends, and Issues: In recent years, global production of refined cobalt has been higher than consumption, 
resulting in a market surplus and downward pressure on prices. This trend is expected to continue in the near-term as 
production from new projects and expansions to existing operations add to supply of mined and refined cobalt. China 
was the world’s leading producer of refined cobalt and the leading supplier of cobalt imports to the United States. 
Much of China’s production was from ore and partially refined cobalt imported from Congo (Kinshasa). In recent 
years, China has been drawing down significant stocks of cobalt feed that had accumulated from 2009 through 2011. 


During the first 6 months of 2014, world availability of refined cobalt (as measured by production) was 10% higher 
than that of the same period in 2013. China showed a large increase in production of refined cobalt; significant 
increases in production in Finland, Japan, and Madagascar also contributed to supply. Worldwide cobalt inventories 
in London Metal Exchange (LME) warehouses decreased to 491 tons at the end of October 2014 from 560 tons at 
yearend 2013. 


World Mine Production and Reserves: Reserves for Australia, Brazil, Canada, the United States, and “Other 
countries” were revised based on company or Government reports. 


7 


Mine production Reserves 
2013 2014° 

United States — NA 37,000 
Australia 6,400 6,500 ®4 400,000 
Brazil 3,000 3,000 85,000 
Canada 6,920 7,000 250,000 
China 7,200 7,200 80,000 
Congo (Kinshasa) 54,000 56,000 3,400,000 
Cuba 4,200 4,200 500,000 
New Caledonia’ 3,190 2,800 200,000 
Philippines 3,000 3,700 270,000 
Russia 6,300 6,300 250,000 
South Africa 3,000 3,000 32,000 
Zambia 5,200 3,100 270,000 
Other countries 8,000 9,500 750,000 
World total (rounded) 110,000 112,000 7,200,000 


World Resources: Identified cobalt resources of the United States are estimated to be about 1 million tons. Most of 
these resources are in Minnesota, but other important occurrences are in Alaska, California, Idaho, Michigan, 
Missouri, Montana, Oregon, and Pennsylvania. With the exception of resources in Idaho and Missouri, any future 
cobalt production from these deposits would be as a byproduct of another metal. Identified world terrestrial cobalt 
resources are about 25 million tons. The vast majority of these resources are in sediment-hosted stratiform copper 
deposits in Congo (Kinshasa) and Zambia; nickel-bearing laterite deposits in Australia and nearby island countries 
and Cuba; and magmatic nickel-copper sulfide deposits hosted in mafic and ultramafic rocks in Australia, Canada, 
Russia, and the United States. More than 120 million tons of cobalt resources have been identified in manganese 
nodules and crusts on the floor of the Atlantic, Indian, and Pacific Oceans. 


Substitutes: In some applications, substitution for cobalt would result in a loss in product performance. Potential 
substitutes include barium or strontium ferrites, neodymium-iron-boron, or nickel-iron alloys in magnets; cerium, iron, 
lead, manganese, or vanadium in paints; cobalt-iron-copper or iron-copper in diamond tools; copper-iron-manganese 
for curing unsaturated polyester resins; iron, iron-cobalt-nickel, nickel, cermets, or ceramics in cutting and wear- 
resistant materials; iron-phosphorous, manganese, nickel-cobalt-aluminum, or nickel-cobalt-manganese in lithium-ion 
batteries; nickel-based alloys or ceramics in jet engines; nickel in petroleum catalysts; and rhodium in 
hydroformylation catalysts. 


“Estimated. NA Not available. XX Not applicable. — Zero. 

‘Negative numbers are the result of inventory adjustments. 

The sum of U.S. net import reliance and secondary production, as estimated from consumption of purchased scrap. 
°As reported by Platts Metals Daily (formerly Platts Metals Week). 

“Defined as imports — exports + adjustments for Government and industry stock changes for refined cobalt. 

“Tariffs for certain countries and items may be eliminated under special trade agreements. 

°See Appendix B for definitions. 

"See Appendix C for resource/reserve definitions and information concerning data sources. 

®For Australia, Joint Ore Reserves Committee (JORC)-compliant reserves were about 390,000 tons. 

Overseas territory of France. 
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(Data in thousand metric tons of copper content unless otherwise noted) 


Domestic Production and Use: In 2014, U.S. mine production of copper increased by 10% to about 1.37 million 
tons, and was valued at about $9.7 billion. Arizona, Utah, New Mexico, Nevada, and Montana—in descending order 
of production—accounted for more than 99% of domestic mine production; copper also was recovered in Idaho and 
Missouri. Twenty-seven mines recovered copper, 17 of which accounted for about 99% of production. Three primary 
smelters, 3 electrolytic and 4 fire refineries, and 14 electrowinning facilities operated during 2014. Refined copper and 
scrap were consumed at about 30 brass mills, 15 rod mills, and 500 foundries and miscellaneous consumers. Copper 
and copper alloys products were used in building construction, 43%; electric and electronic products, 19%; 
transportation equipment, 19%; consumer and general products, 12%; and industrial machinery and equipment, 7%. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production: 
Mine 1,110 1,110 1,170 1,250 1,370 
Refinery: 
Primary 1,060 992 962 993 1,070 
Secondary 38 37 39 47 50 
Copper from all old scrap 143 153 164 180 180 
Imports for consumption: 
Ores and concentrates 1 15 6 3 (*) 
Refined 605 670 630 734 600 
General imports, refined 583 649 628 730 590 
Exports: 
Ores and concentrates 137 252 301 348 390 
Refined 78 40 159 113 100 
Consumption: 
Reported, refined 1,760 1,760 1,760 1,820 1,830 
Apparent, unmanufactured® 1,760 1,730 1,770 1,770 1,810 
Price, average, cents per pound: 
Domestic producer, cathode 348.3 405.9 367.3 339.9 322 
London Metal Exchange, high-grade 341.7 399.8 360.6 332.3 315 
Stocks, yearend, refined, held by U.S. 
producers, consumers, and metal exchanges 384 409 236 258 190 
Employment, mine and mill, thousands 9.5 10.6 bs Bre) 12.1 11.9 
Net import reliance’ as a percentage of 
apparent consumption 32 34 36 34 31 


Recycling: Old scrap, converted to refined metal and alloys, provided 180,000 tons of copper, equivalent to 10% of 
apparent consumption. Purchased new scrap, derived from fabricating operations, yielded 640,000 tons of contained 
copper. Of the total copper recovered from scrap (including aluminum- and nickel-based scrap), brass mills recovered 
75%; miscellaneous manufacturers, foundries, and chemical plants, 10%; ingot makers,10%; and copper smelters 
and refiners, 5%. Copper in all scrap contributed about 32% of the U.S. copper supply. 


Import Sources (2010—13): Unmanufactured: Chile, 51%; Canada, 26%; Mexico, 13%; Peru, 6%; and other, 4%. 
Refined copper accounted for 87% of unmanufactured copper imports. 


Tariff: Item Number Normal Trade Relations” 
12-31-14 

Copper ores and concentrates 2603.00.0000 1.7¢/kg on lead content. 

Unrefined copper anode 7402.00.0000 Free. 

Refined and alloys; unwrought 7403.00.0000 1.0% ad val. 

Copper wire (rod) 7408.11.6000 3.0% ad val. 


Depletion Allowance: 15% (Domestic), 14% (Foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: The COMEX spot copper price began 2014 at $3.36 per pound of copper. Although 
fluctuating through several cycles, copper prices on average trended downward during the year in large part owing to 
reduced demand growth from slower economic growth in China and expectations that the U.S. Federal Reserve 
would continue cutting its bond purchases during 2014. At the end of August, domestic stocks of refined copper were 
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22% lower than those at yearend 2013. The International Copper Study Group (ICSG)° projected that in 2014, global 
refined copper consumption would exceed production by about 310,000 tons. Global production of refined copper was 
projected to increase by 2.6% and consumption was projected to increase by 5.2%. 


U.S. mine production increased by about 14% in 2014, mainly owing to significant increases in production in Arizona, 
New Mexico, and Utah. Copper production at the Bingham Canyon Mine in Utah increased following recovery from a 
pit-wall failure in 2013, and in May, a 100,000-metric-ton-per-year expansion of copper in concentrate was completed 
at the Morenci Mine in Arizona. Total U.S. refined production increased by about 8% owing to across-the-board 
production increases at electrolytic refineries. In 2015, domestic mine and refined production of copper were expected 
to increase moderately, and according to ICSG projections, global refined-copper output was expected to exceed 
demand owing to lower demand growth in China and a 4.3% growth in global refined production. 


World Mine Production and Reserves: Reserves for the United States were revised owing to general reserves 
depletion and revised estimates for companies that did not report reserves. Reserves for Australia, Canada, Chile, 
Peru, and Poland were revised based on new information from the Governments of those countries. Reserves for 
Indonesia and Kazakhstan were revised based on reported company data. 


Mine production Reserves’ 
2013 2014° 

United States 1,250 1,370 35,000 
Australia 990 1,000 °93,000 
Canada 632 680 11,000 
Chile 5,780 5,800 209,000 
China 1,600 1,620 30,000 
Congo (Kinshasa) 970 1,100 20,000 
Indonesia 504 400 25,000 
Kazakhstan 446 430 6,000 
Mexico 480 520 38,000 
Peru 1,380 1,400 68,000 
Poland 429 425 28,000 
Russia 833 850 30,000 
Zambia 760 730 20,000 
Other countries 2,200 2,400 90,000 
World total (rounded) 18,300 18,700 700,000 


World Resources: A 1998 USGS assessment estimated 550 million tons of copper contained in identified and 
undiscovered resources in the United States.” A 2014 USGS global assessment of copper deposits indicated that 
known resources contain about 2.1 billion tons of copper (porphyry deposits accounted for 1.8 billion tons of those 
resources), and undiscovered resources contain an estimated 3.5 billion tons."° (For a listing of USGS regional copper 
resource assessments, go to http://minerals.usgs.gov/global.) 


Substitutes: Aluminum substitutes for copper in power cable, electrical equipment, automobile radiators, and cooling 
and refrigeration tube; titanium and steel are used in heat exchangers; optical fiber substitutes for copper in 
telecommunications applications; and plastics substitute for copper in water pipe, drain pipe, and plumbing fixtures. 


“Estimated. 

‘Some electrical components are included in each end use. Distribution for 2013 by the Copper Development Association, Inc., 2014. 

Less than % unit. 

’Defined as primary refined production + copper from old scrap converted to refined metal and alloys + refined imports — refined exports + changes 
in refined stocks. General imports were used to calculate apparent consumption. 

“Defined as imports — exports + adjustments for Government and industry stock changes for refined copper. 

°No tariff for Canada, Chile, Mexico, and Peru for items shown. Tariffs for other countries may be eliminated under special trade agreements. 
*International Copper Study Group, 2014, Forecast 2014—2015: Lisbon, Portugal, International Copper Study Group press release, October 14, 1 p. 
"See Appendix C for resource/reserve definitions and information concerning data sources. 

® For Australia, Joint Ore Reserves Committee (JORC)-compliant reserves were about 25 million tons. 

°U.S. Geological Survey National Mineral Resource Assessment Team, 2000, 1998 assessment of undiscovered deposits of gold, silver, copper, 
lead, and zinc in the United States: U.S. Geological Survey Circular 1178, 21 p. 

‘Johnson, K.M., and others, 2014, Estimate of undiscovered copper resources of the world, 2013: U.S. Geological Survey Fact Sheet 2014-3004, 
3 p., http://dx.doi.org/10.3133/fs20143004. 
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(Data in million carats unless otherwise noted) 


Domestic Production and Use: In 2014, total domestic production of industrial diamond was estimated to be 108 
million carats with a value of $73.2 million. The United States was one of the world’s leading markets. Domestic 
output was synthetic grit, powder, and stone. Two firms, one in Pennsylvania and another in Ohio, accounted for all of 
the production. Nine firms produced polycrystalline diamond from diamond powder. Three companies recovered used 
industrial diamond as one of their principal operations. Total domestic secondary production of industrial diamond 
was estimated to be 38.4 million carats. The following industry sectors were the major consumers of industrial 
diamond: computer chip production, construction, machinery manufacturing, mining services (drilling for mineral, 
natural gas, and oil exploration), stone cutting and polishing, and transportation systems (infrastructure and vehicles). 
Stone cutting and highway building, milling, and repair consumed most of the industrial diamond stone. About 97% of 
the U.S. industrial diamond market now uses synthetic industrial diamond because its quality can be controlled and its 
properties can be customized to fit specific requirements. 


Salient Statistics—United States: 2010 2011 2012 201 2014° 
Bort, grit, and dust and powder; natural and synthetic: 
Production: 
Manufactured diamond* 39.3 41.5 43.7 45.7 47.9 
Secondary 33.4 34.7 36.5 38.1 44.1 
Imports for consumption 596 726 595 728 716 
Exports 113 148 155 134 152 
Consumption, apparent 556 654 520 678 656 
Price, value of imports, dollars per carat 0.14 0.13 0.13 0.11 0.11 
Net import reliance’ as a percentage of 
apparent consumption 87 88 85 88 86 
Stones, natural and synthetic: 
Production: 
Manufactured diamond* 53.7 56.7 59.7 62.5 65.5 
Secondary 0.46 0.31 0.33 0.34 0.39 
Imports for consumption? 1.72 2.46 2.33 1.94 2.53 
Exports — — — — — 
Sales from Government stockpile excesses — — — — — 
Consumption, apparent 55.9 59.4 62.3 64.8 68.4 
Price, value of imports, dollars per carat 18.78 19.67 15.30 15.50 12.30 
Net import reliance’ as a percentage of 
apparent consumption 3 4 4 3 4 


Recycling: In 2014, the amount of diamond bort, grit, and dust and powder recycled was estimated to be 44.1 million 
carats. Lower prices of newly produced industrial diamond appear to be reducing the number and scale of diamond 
stone recycling operations. In 2014, it was estimated that 390,000 carats of diamond stone was recycled. 


Import Sources (2010-13): Bort, grit, and dust and powder; natural and synthetic: China, 79%; Ireland, 9%; Republic 
of Korea, 4%; Romania, 3%; and other, 5%. Stones, primarily natural: Botswana, 26%; South Africa, 25%; India, 24%; 
Namibia, 7%; and other, 18%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 
Industrial Miners’ diamonds, carbonados 7102.21.1010 Free. 
Industrial Miners’ diamonds, other 7102.21.1020 Free. 
Industrial diamonds, simply sawn, 
cleaved, or bruted 7102.21.3000 Free. 
Industrial diamonds, not worked 7102.21.4000 Free. 
Industrial diamonds, other 7102.29.0000 Free. 
Grit or dust and powder of natural 
or synthetic diamonds 7105.10.0000 Free. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: None. 
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Events, Trends, and Issues: In 2014, China was the world’s leading producer of synthetic industrial diamond, with 
annual production exceeding 4 billion carats. The United States is likely to continue to be one of the world’s leading 
markets for industrial diamond into the next decade and likely will remain a significant producer and exporter of 
synthetic industrial diamond as well. U.S. demand for industrial diamond is likely to continue in the construction sector 
as the United States continues building, milling, and repairing the Nation’s highway system. Industrial diamond coats 
the cutting edge of saws used to cut cement in highway construction and repair work. 


Demand for synthetic diamond grit and powder is expected to remain greater than that for natural diamond material. 
Constant-dollar prices of synthetic diamond products probably will continue to decline as production technology 
becomes more cost effective; the decline is even more likely if competition from low-cost producers in China and 
Russia continues to increase. 


World Mine Production and Reserves:” Reserves for Australia were revised based on new Government 
information. 


Mine production Reserves’ 
2013 2014° 

United States — — NA 
Australia 11 10 250 
Botswana 7 7 130 
Congo (Kinshasa) 13 18 150 
Russia 17 15 40 
South Africa 2 5 70 
Other countries 10 10 _90 
World total (rounded) 60 65 730 


World Resources: Natural diamond resources have been discovered in more than 35 countries. Natural diamond 
accounts for about 1% of all industrial diamond used; synthetic diamond accounts for the remainder. At least 15 
countries have the technology to produce synthetic diamond. 


Substitutes: Materials that can compete with industrial diamond in some applications include manufactured 
abrasives, such as cubic boron nitride, fused aluminum oxide, and silicon carbide. Globally, synthetic diamond rather 
than natural diamond is used for about 99% of industrial applications. 


“Estimated. NA Not available. — Zero. 

‘Defined as imports — exports + adjustments for Government and industry stock changes. 

*May include synthetic miners’ diamond. 

’Natural industrial diamond only. Note that synthetic diamond production far exceeds natural industrial diamond output. Worldwide production of 
manufactured industrial diamond totaled at least 4.4 billion carats in 2014; the leading producers included Belarus, China, Ireland, Japan, Russia, 
South Africa, Sweden, and the United States. 

“See Appendix C for resource/reserve definitions and information concerning data sources. 
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(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: In 2014, production of diatomite was estimated at 800,000 tons with an estimated 
processed value of $240 million, f.o.b. plant. Six companies produced diatomite at 11 mining areas and 9 processing 
facilities in California, Nevada, Oregon, and Washington. Diatomite is used in filter aids, 58%; absorbents, 14%; 
cement, 14%; fillers, 13%; and 1% for other applications, including specialized pharmaceutical and biomedical uses. 
The unit value of diatomite varied widely in 2014, from approximately $10 per ton for use as a lightweight aggregate in 
portland cement to more than $400 per ton for limited specialty markets, including art supplies, cosmetics, and DNA 
extraction. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production’ 595 813 735 782 800 
Imports for consumption 1 2 3 1 3 
Exports 86 106 96 92 87 
Consumption, apparent 510 709 642 691 716 
Price, average value, dollars per ton, f.o.b. plant 299 269 286 293 300 
Stocks, producer, yearend® 40 40 40 40 40 
Employment, mine and plant, number® 660 660 660 660 660 
Net import reliance’ as a percentage 

of apparent consumption E E E E E 


Recycling: None. 
Import Sources (20010—13): Mexico, 36%; France, 33%; China, 10%; and others, 21%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 
Siliceous fossil meals, including diatomite 2512.00.0000 Free. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: None. 
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Events, Trends, and Issues: The amount of domestically produced diatomite sold or used by producers in 2014 
increased by 3% compared with that of 2013. Apparent domestic consumption increased by 4% in 2014; exports 
decreased by 5%. Filtration (including the purification of beer, liquors, and wine and the cleansing of greases and oils) 
continued to be the largest end use for diatomite, also Known as diatomaceous earth. Domestically, production of 
diatomite used as an absorbent was the next largest use. An important application for diatomite is the removal of 
microbial contaminants, such as bacteria, protozoa, and viruses in public water systems. Other applications for 
diatomite include filtration of human blood plasma, pharmaceutical processing, and use as a nontoxic insecticide. 


World Mine Production and Reserves: 


Mine production Reserves° 
2013 2014° 

United States’ 782 800 250,000 
Argentina 55 55 NA 
China 420 430 110,000 
Denmark* (processed) 335 325 NA 
France 75 75 NA 
Japan 90 100 NA 
Mexico 86 86 NA 
Peru 81 130 NA 
Russia 70 70 NA 
Spain 50 50 NA 
Turkey 100 100 NA 
Other countries 131 138 NA 
World total (rounded) 2,270 2,360 Large 


World Resources: World resources of crude diatomite are adequate for the foreseeable future. 


Substitutes: Many materials can be substituted for diatomite. However, the unique properties of diatomite assure its 
continuing use in many applications. Expanded perlite and silica sand compete for filtration. Synthetic filters, notably 
ceramic, polymeric, or carbon membrane filters and filters made with cellulose fibers, are becoming competitive as 
filter media. Alternate filler materials include clay, ground limestone, ground mica, ground silica sand, perlite, talc, and 
vermiculite. For thermal insulation, materials such as various clays, exfoliated vermiculite, expanded perlite, mineral 
wool, and special brick can be used. Transportation costs will continue to determine the maximum economic distance 
that most forms of diatomite may be shipped and still remain competitive with alternative materials. 


“Estimated. E Net exporter. NA Not available. 

‘Processed ore sold and used by producers. 

Defined as imports — exports + adjustments for Government and industry stock changes. 
°See Appendix C for resource/reserve definitions and information concerning data sources. 
“Includes sales of moler production. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2015 
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(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: U.S. feldspar production in 2014 had an estimated value of $40 million. The three 
leading producers accounted for about 79% of production, with four other companies supplying the remainder. 
Producing States were North Carolina, Idaho, California, Virginia, Oklahoma, Georgia, and South Dakota, in 
descending order of estimated tonnage. Feldspar processors reported coproduct recovery of mica and silica sand. 


Feldspar is ground to about 20 mesh for glassmaking and to 200 mesh or finer for most ceramic and filler 
applications. It was estimated that feldspar was transported by ship, rail, or truck to at least 30 States and to foreign 
destinations, including Canada and Mexico. In pottery and glass, feldspar functions as a flux. The estimated 2014 
end-use distribution of domestic feldspar was glass, 60%, and ceramic tile, pottery, and other uses, 40%. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production, marketable® 500 580 560 550 560 
Imports for consumption 2 2 2 4 8 
Exports 17 17 13 18 16 
Consumption, apparent® 485 565 549 536 552 
Price, average value, marketable production, 

dollars per ton 75 78 66 73 71 
Employment, mine, preparation plant, 

and office, number* 340 400 380 380 380 
Net import reliance’ as a percentage 

of apparent consumption E E E E E 


Recycling: Feldspar is not recycled by producers; however, glass container producers use cullet (recycled glass), 
thereby reducing feldspar consumption. 


Import Sources (2010—13): Mexico, 50%; Turkey, 33%; Germany, 12%; and other, 5%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 
Feldspar 2529.10.0000 Free. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Glass, including beverage containers and fiberglass insulation for housing and building 
construction, continued to be the leading end use of feldspar in the United States. Most feldspar consumed by the 
glass industry is for the manufacture of container glass. The glass container industry was moderately stable, although 
the trend in recent years to import less-expensive containers from China continued to present challenges to the 
industry. Additionally, the use of cullet, especially from ongoing growth in post-consumer “bottle-to-bottle” recycling 
programs, continued to compete as a substitute for primary raw materials such as feldspar, and tended to decrease 
the demand for them in the manufacture of glass containers. 


In 2014, domestic production and sales of feldspar increased slightly from those of 2013. In Europe, consumption 
declined, mostly owing to continued sluggishness in the region’s construction industry; moderate to strong growth in 
consumption continued in Asia. Domestically, residential construction, in which feldspar is a raw material used in the 
production of glass and ceramic tiles, increased in 2014. Consumption of flat glass for residential construction and 
window replacement in existing housing continued to increase. Housing starts and completions rose by about 7% and 
15%, respectively, compared with those of the same period in 2013, and increases were expected to continue in 
2015. 


Spending on residential construction increased by 6% during the first 9 months of 2014 compared with the same 
period in 2013. Spending on nonresidential construction, which accounted for about 55% of construction 
expenditures, also increased by 6% in the first 9 months of 2014 compared with the same period in 2013. Increased 
residential and nonresidential construction could lead to an increase in feldspar consumption in this sector. 
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Imports of nepheline syenite, which may be substituted for feldspar in some glass and ceramics manufacture 
applications, increased slightly in 2014, virtually all coming from Canada. 


Fiberglass consumption for thermal insulation was expected to continue to increase in line with housing and 
commercial building construction in the United States through 2015. Increases in spending on private and public 
nonresidential construction that took place in 2014 were expected to continue in 2015. Domestic feldspar 
consumption has been gradually shifting from ceramics toward glass markets. A growing segment in the glass 
industry was solar glass, used in the production of solar cells. 


World Mine Production and Reserves: Reserves for India and Venezuela were revised based on new Government 
information. 


Mine production Reserves” 
2013 2014° 

United States° 550 560 NA 
Argentina 230 215 NA 
Brazil 335 330 320,000 
China 2,100 2,100 NA 
Czech Republic 450 440 25,000 
Egypt 400 400 5,000 
France 650 650 NA 
Germany 205 200 NA 
India 1,200 1,300 45,000 
Iran 580 600 NA 
Italy 4,700 4,700 NA 
Japan 105 100 NA 
Korea, Republic of 350 350 NA 
Malaysia 450 350 NA 
Mexico 380 380 NA 
Poland 380 400 14,000 
Portugal 113 110 11,000 
Russia 240 240 NA 
Saudi Arabia 168 168 NA 
South Africa 191 200 NA 
Spain 530 530 NA 
Thailand 1,100 1,100 NA 
Turkey 5,000 5,000 240,000 
Venezuela 170 500 110,000 
Other countries 580 600 NA 
World total (rounded) 21,200 21,500 Large 


World Resources: Identified and hypothetical resources of feldspar are more than adequate to meet anticipated 
world demand. Quantitative data on resources of feldspar existing in feldspathic sands, granites, and pegmatites 
generally have not been compiled. Ample geologic evidence indicates that resources are large, although not always 
conveniently accessible to the principal centers of consumption. 


Substitutes: Imported nepheline syenite was the major alternative material. Feldspar also can be replaced in some 
of its end uses by clays, electric furnace slag, feldspar-silica mixtures, pyrophyllite, soodumene, or talc. 


“Estimated. E Net exporter. NA Not available. 
‘Defined as imports — exports. 
?See Appendix C for resource/reserve definitions and information concerning data sources. 
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FLUORSPAR 


(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: In 2014, minimal fluorspar (calcium fluoride) was produced in the United States. 
One company sold fluorspar from stockpiles produced as a byproduct of its limestone quarrying operation in Cave-in- 
Rock, IL. This company also continued development work and stockpiling of ore for future processing at the Klonkide 
Il fluorspar mine in Kentucky. Synthetic fluorspar was recovered as a byproduct of petroleum alkylation, stainless 
steel pickling, and uranium processing. However, no data were collected from any of these operations. 


U.S. consumption was supplied by imports and small amounts of byproduct synthetic fluorspar. Domestically, 
production of hydrofluoric acid (HF) in Louisiana and Texas was by far the leading use for acid-grade fluorspar. HF is 
the primary feedstock for the manufacture of virtually all fluorine-bearing chemicals and is also a key ingredient in the 
processing of aluminum and uranium. Fluorspar was also used in iron and steel casting, primary aluminum 
production, glass manufacture, enamels, welding rod coatings, cement production, as a flux in steelmaking and in 
other applications. 


An estimated 74,000 tons of fluorosilicic acid (equivalent to about 131,000 tons of 92% fluorspar) was recovered from 
five phosphoric acid plants processing phosphate rock. Fluorosilicic acid was used primarily in water fluoridation. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production: 
Finished, all grades NA NA NA NA NA 
Fluorspar equivalent from phosphate rock 128 124 130 131 131 
Imports for consumption: 
Acid grade 442 560 464 512 350 
Metallurgical grade 97 167 156 130 130 
Total fluorspar imports 539 727 620 643 480 
Hydrofluoric Acid 135 132 133 119 130 
Cryolite 5 10 8 19 14 
Exports 18 24 24 16 15 
Consumption: 
Apparent’ 492 672 525 548 578 
Reported 503 456 416 441 440 
Price?, acid grade, yearend, dollars per ton: 
Filtercake 260-290 400-450 400-450 350 310-350 
Arsenic <5 parts per million 280-320 540-550 540-550 540-550 400-450 
Stocks, yearend, consumer and dealer® 131 162 234 313 200 
Employment, mine, number® 4 11 5 6 6 
Net import reliance’ as a percentage of 
apparent consumption 100 100 100 100 100 


Recycling: A few thousand tons per year of synthetic fluorspar are recovered—primarily from uranium enrichment, 
but also from petroleum alkylation and stainless steel pickling. Primary aluminum producers recycle HF and fluorides 
from smelting operations. HF is recycled in the petroleum alkylation process. 


Import Sources (2010-13): Mexico, 75%; China, 15%; South Africa, 7%; Mongolia, 3%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Metallurgical grade (less than 97% CaFz2) 2529.21.0000 Free 

Acid grade (97% or more CaF) 2529.22.0000 Free 

Natural Cryolite 2530.90.1000 Free 

Hydrogen Fluoride (Hydrofluoric Acid) 2811.11.0000 Free 

Synthetic Cryolite 2826.30.0000 Free 


Depletion Allowance: 22% (Domestic), 14% (Foreign). 


Government Stockpile: The last of the Government stocks of fluorspar officially were sold in fiscal year 2007. 


Prepared by Michele E. McRae [(703) 648-7743, mmcrae@usgs.gov] 


o/ 
FLUORSPAR 


Events, Trends, and Issues: Fluorspar prices, particularly those for acid grade fluorspar, continued to decline in 
2014. Prices of metallurgical grade fluorspar remained stable. Price declines were largely the consequence of 
continued global surplus in fluorspar stocks and downstream fluorochemicals. Several leading chemical companies 
also reported that the weak market had adverse effects on earnings. However, industry analysts reported that the 
fluorochemicals market will probably rebound in the coming years as new applications for fluoropolymers are 
developed and the demand for refrigerants in developing countries increases. 


Exploration and development work continued at fluorspar projects in Canada, Mongolia, South Africa, the United 
States, and Vietnam. The status of the projects varied from exploration drilling to mine startups. 


World Mine Production and Reserves: Production estimates for individual countries were made using country or 
company-specific data where available; other estimates were made based on general knowledge of end-use markets. 
The reserves information for Kenya has been revised based on company sources. Spain’s reserves were revised to 
match previously reported estimates. 


Mine production Reserves” ° 
2013 2014° 

United States NA NA 4,000 
Bulgaria 60 50 NA 
China 4,400 4,400 24,000 
Germany sis) 50 NA 
lran 70 70 NA 
Kazakhstan 65 65 NA 
Kenya 49 90 5,000 
Mexico 1,230 1,200 32,000 
Mongolia 226 340 22,000 
Morocco 76 70 NA 
Namibia 50 40 NA 
Russia 80 20 NA 
South Africa 175 230 41,000 
Spain 117 107 6,000 
United Kingdom 45 45 NA 
Other countries 13 70 110,000 
World total (rounded) 6,770 6,850 240,000 


World Resources: Identified world fluorspar resources were approximately 500 million tons of contained fluorspar. 
Additionally, there are enormous quantities of fluorine present in phosphate rock. Current U.S. reserves of phosphate 
rock are estimated to be 1.1 billion tons, which at 3.5% fluorine would contain about 79 million tons of fluorspar 
equivalent. World reserves of phosphate rock are estimated to be 67 billion tons, equivalent to about 4.8 billion tons of 
100% fluorspar equivalent. 


Substitutes: Aluminum smelting dross, borax, calcium chloride, iron oxides, manganese ore, silica sand, and 
titanium dioxide have been used as substitutes for fluorspar fluxes. Byproduct fluorosilicic acid has been used as a 
substitute in aluminum fluoride production and also has the potential to be used as a substitute in HF production. 


“Estimated. NA Not available. 

‘Excludes fluorspar production withheld for proprietary reasons and fluorspar equivalent of fluorosilicic acid, hydrofluoric acid, and cryolite. 
Free on board (f.0.b.), Tampico, Mexico. Source: Industrial Minerals. 

‘Industry stocks for two leading consumers and fluorspar distributors. 

“Defined as imports — exports + adjustments for Government and industry stock changes. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 

°Measured as 100% calcium fluoride. 
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GALLIUM 


(Data in kilograms of gallium content unless otherwise noted) 


Domestic Production and Use: No domestic primary (crude, unrefined) gallium has been recovered since 1987. 
Globally, primary gallium is recovered as a byproduct of processing bauxite and zinc ores. One company in Utah 
recovered and refined gallium from imported primary gallium metal and new scrap. Imports of gallium, which supplied 
most of U.S. gallium consumption, were valued at about $21 million. Gallium arsenide (GaAs) and gallium nitride 
(GaN) wafers used in integrated circuits (ICs) and optoelectronic devices accounted for approximately 80% of 
domestic gallium consumption. Trimethyl gallium and triethyl gallium, metalorganic sources of gallium used in the 
epitaxial layering process for the production of light-emitting diodes (LEDs), accounted for most of the remainder. 
About 74% of the gallium consumed was used in ICs. Optoelectronic devices, which include laser diodes, LEDs, 
photodetectors, and solar cells, accounted for nearly all of the remaining gallium consumption. Optoelectronic devices 
were used in aerospace applications, consumer goods, industrial equipment, medical equipment, and 
telecommunications equipment. Uses of ICs included defense applications, high-performance computers, and 
telecommunications equipment. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production, primary — — — — — 
Imports for consumption 59,200 85,700 58,200 35,400 57,000 
Exports NA NA NA NA NA 
Consumption, reported 33,500 35,300 34,400 37,800 40,000 
Price, yearend, dollars per kilogram’ 600 688 529 502 362 
Stocks, consumer, yearend 4,970 6,850 6,220 5,470 4,800 
Net import reliance” as a percentage 

of reported consumption 99 99 99 99 99 


Recycling: Old scrap, none. Substantial quantities of new scrap generated in the manufacture of GaAs-based 
devices were reprocessed to recover high-purity gallium at one facility in Utah. 


Import Sources (2010—13): Germany, 36%; United Kingdom, 24%; China, 23%; Ukraine, 6%; and other, 11%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Gallium arsenide wafers, undoped 2853.00.0010 2.8% ad val. 

Gallium arsenide wafers, doped 3818.00.0010 Free. 

Gallium metal 8112.92.1000 3.0% ad val. 


Depletion Allowance: Not applicable. 
Government Stockpile: None. 


Events, Trends, and Issues: Imports of gallium and GaAs wafers continued to supply almost all U.S. demand for 
gallium. Gallium prices decreased throughout 2014, continuing the more than 2-year decline, as significant increases 
in China’s low-grade (99.99%-pure) gallium production continued to exceed increases in worldwide consumption. In 
January, the price for low-grade gallium in Asia averaged $270 per kilogram. By September, the price had decreased 
to $240 per kilogram. China’s low-grade gallium production capacity has expanded tremendously in recent years, 
from 140 metric tons per year in 2010 to approximately 550 metric tons per year in 2014 on the expectations of 
increases in LED-based backlighting and general lighting demand. China accounted for 80% of worldwide low-grade 
gallium capacity. 


Global demand for GaAs- and GaN-based products increased in 2014. GaAs device demand increased by about 6% 
to $6.25 billion owing to a growing wireless infrastructure in Asia, and growth of feature-rich, application-intensive, 
third- and fourth-generation “smartphones,” which employ up to 10 times the amount of GaAs as standard cellular 
handsets. Worldwide sales of smartphones exceeded those of standard cellular telephones for the first time in 2013. 
In 2014, smartphones were estimated to account for 65% of all worldwide cellular telephone sales. 


Owing to the large power-handling capabilities, high-switching frequencies, and higher voltage capabilities of GaN 
technology, GaN-based products, which historically have been used in defense and military applications, have begun 
to gain acceptance in cable television transmission, commercial wireless infrastructure, power electronics, and 
satellite markets. The GaN power-device market was forecast to increase at an average annual rate of nearly 29%, to 
reach $178 million in 2015. 


Prepared by Brian W. Jaskula [(703) 648-4908, bjaskula@usgs.gov] 
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During the last several years, significant expansion of worldwide LED manufacturing capacity took place, much of it 
owing to government-instituted incentives to increase LED production, and LED production costs and prices declined. 
With the rate of adoption of LEDs in television backlighting slowing, however, the LED industry was expected to focus 
on general lighting applications for the rest of the decade. The highest growth rate in the lighting industry was forecast 
to be in LED-based tubes to replace fluorescent tubes used in commercial applications, as well as LED-based street 
lights and LED luminaires of varying sizes. Global shipments of GaN LEDs increased about 7% in 2014, to reach 
about $13 billion. 


In 2014, scientists in Germany achieved a record 21.7% efficiency for a copper-indium-gallium diselenide (CIGS) thin- 
film solar cell. However, owing to a complicated manufacturing process that has kept the cost of production high, and 
declining prices for silicon-based solar cells, consumption of CIGS cells have declined. A large oversupply of CIGS 
modules caused prices to decline by 20% in 2011 and to remain at the lower level into 2014. 


World Production and Reserves:” In 2014, world primary gallium production was estimated to be 440 metric tons— 
26% more than the revised 2013 world primary production of 350 metric tons. By yearend, some primary gallium 
producers may have reduced output owing to a large surplus of primary gallium. China, Germany, Japan, and Ukraine 
were the leading producers; countries with lesser output were Hungary, the Republic of Korea, and Russia. 
Kazakhstan, which had been a leading producer in 2012, did not produce any primary gallium in 2013, and it was 
uncertain if it had production in 2014. Refined gallium production in 2014 was estimated to be about 170 metric tons. 
China, Japan, the United Kingdom, the United States, and possibly Slovakia were the principal producers of refined 
gallium. Gallium was recycled from new scrap in Canada, Germany, Japan, the United Kingdom, and the United 
States. World primary gallium production capacity in 2014 was estimated to be 680 metric tons; refinery capacity, 230 
metric tons; and secondary capacity, 200 metric tons. 


Gallium occurs in very small concentrations in ores of other metals. Most gallium is produced as a byproduct of 
treating bauxite, and the remainder is produced from zinc-processing residues. Only part of the gallium present in 
bauxite and zinc ores is recoverable, and the factors controlling the recovery are proprietary. Therefore, an estimate 
of current reserves comparable to the definition of reserves of other minerals cannot be made. 


World Resources: The average gallium content of bauxite is 50 parts per million (ppm). U.S. bauxite deposits consist 
mainly of subeconomic resources that are not generally suitable for alumina production owing to their high silica 
content. Recovery of gallium from these deposits is therefore unlikely. Some domestic zinc ores contain as much as 
50 ppm gallium and could be a significant resource, although no gallium is currently recovered from domestic ore. 
Gallium contained in world resources of bauxite is estimated to exceed 1 million metric tons, and a considerable 
quantity could be contained in world zinc resources. However, only a small percentage of the gallium in bauxite and 
zinc resources is potentially recoverable. 


Substitutes: Liquid crystals made from organic compounds are used in visual displays as substitutes for LEDs. 
Researchers also are working to develop organic-based LEDs that may compete with GaAs in the future. Silicon- 
based complementary metal-oxide semiconductor (CMOS) power amplifiers compete with GaAs power amplifiers in 
mid-tier 3G cellular handsets. Indium phosphide components can be substituted for GaAs-based infrared laser diodes 
in some specific-wavelength applications, and helium-neon lasers compete with GaAs in visible laser diode 
applications. Silicon is the principal competitor with GaAs in solar-cell applications. GaAs-based ICs are used in many 
defense-related applications because of their unique properties, and no effective substitutes exist for GaAs in these 
applications. GaAs in heterojunction bipolar transistors is being challenged in some applications by silicon- 
germanium. 


“Estimated. NA Not available. — Zero. 

‘Estimated based on the average values of U.S. imports for 99.9999%- and 99.99999%-pure gallium. 
"Defined as imports — exports + adjustments for Government and industry stock changes. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 
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GARNET (INDUSTRIAL)‘ 


(Data in metric tons of garnet unless otherwise noted) 


Domestic Production and Use: Garnet for industrial use was mined in 2014 by three firms—one in Idaho and two in 
New York. The estimated value of crude garnet production was about $5.48 million, and refined material sold or used 
had an estimated value of $8.83 million. Major end uses for garnet were waterjet cutting, 35%; abrasive blasting 
media, 30%; water filtration, 20%; abrasive powders, 10%; and other end uses, 5%. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production (crude) 52,600 56,400 46,900 33,900 32,200 
Production (refined, sold or used) 28,900 33,700 25,800 32,600 30,900 
Imports for consumption® 79,700 116,000 166,000 148,000 177,000 
Exports° 11,700 14,500 14,600 14,400 15,700 
Consumption, apparent® 121,000 158,000 199,000 167,000 193,000 
Employment, mine and mill, number® 160 160 160 160 150 
Net import reliance’ as a percentage 

of apparent consumption 56 64 76 80 83 


Recycling: Small amounts of garnet reportedly are recycled. 
Import Sources (2010—13):° Australia, 45%; India, 43%; China, 10%; and other, 2%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 
Emery, natural corundum, natural garnet, 
and other natural abrasives, crude 2513.20.1000 Free. 
Emery, natural corundum, natural 
garnet, and other natural abrasives, 


other than crude 2513.20.9000 Free. 
Natural abrasives on woven textile 6805.10.0000 Free. 
Natural abrasives on paper or paperboard 6805.20.0000 Free. 
Natural abrasives sheets, strips, 

disks, belts, sleeves, or similar form 6805.30.1000 Free. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: None. 
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GARNET (INDUSTRIAL) 


Events, Trends, and Issues: During 2014, domestic U.S. production of crude garnet concentrates decreased 5% 
compared with production of 2013. U.S. garnet production was 2% of total global garnet production. U.S. garnet 
consumption increased 16% compared with that of 2013. The United States consumed about 12% of global garnet 
production. In 2014, imports were estimated to have increased by 20% compared with those of 2013, and exports 
were estimated to have increased by 9% from those of 2013. The 2014 estimated domestic sales or use of refined 
garnet decreased by 5% compared with sales in 2013. In 2014, the United States remained a net importer. Garnet 
imports have supplemented U.S. production in the domestic market; Australia, Canada, China, and India were major 
garnet suppliers. 


Garnet prices during 2014 varied over a wide range per metric ton, depending on the amount of processing and 
refining, degree of fracturing, garnet mineral type, quality, and quantity purchased. Most crude garnet concentrate is 
priced $75 to $210 per ton, and most refined material is $200 to $335 per ton. 


The garnet market is very competitive. To increase profitability and remain competitive with foreign imported material, 
production may be restricted to only high-grade garnet ores or other salable mineral products that occur with garnet, 
such as kyanite, marble, mica minerals, sillimanite, staurolite, wollastonite, or metallic ores. 

World Mine Production and Reserves: 


4 


Mine production Reserves 
2013 2014° 

United States 33,900 32,200 5,000,000 
Australia 263,000 260,000 Moderate to Large 
China 510,000 520,000 Moderate to Large 
India 800,000 800,000 6,700,000 
Other countries 90,000 90,000 6,500,000 
World total (rounded) 1,660,000 1,660,000 Moderate to Large 


World Resources: World resources of garnet are large and occur in a wide variety of rocks, particularly gneisses and 
schists. Garnet also occurs in contact-metamorphic deposits in crystalline limestones, pegmatites, serpentinites, and 
vein deposits. In addition, alluvial garnet is present in many heavy-mineral sand and gravel deposits throughout the 
world. Large domestic resources of garnet also are concentrated in coarsely crystalline gneiss near North Creek, NY; 
other significant domestic resources of garnet occur in Idaho, Maine, Montana, New Hampshire, North Carolina, and 
Oregon. In addition to those in the United States, major garnet deposits exist in Australia, Canada, China, and India, 
where they are mined for foreign and domestic markets; deposits in Russia and Turkey also have been mined in 
recent years, primarily for internal markets. Additional garnet resources are in Chile, Czech Republic, Pakistan, South 
Africa, Spain, Thailand, and Ukraine; small mining operations have been reported in most of these countries. 


Substitutes: Other natural and manufactured abrasives can substitute to some extent for all major end uses of 
garnet. In many cases, however, the substitutes would entail sacrifices in quality or cost. Fused aluminum oxide and 
staurolite compete with garnet as a sandblasting material. Ilmenite, magnetite, and plastics compete as filtration 
media. Diamond, corundum, and fused aluminum oxide compete for lens grinding and for many lapping operations. 
Emery is a substitute in nonskid surfaces. Quartz sand, silicon carbide, and fused aluminum oxide compete for the 
finishing of plastics, wood furniture, and other products. 


“Estimated. 

‘Excludes gem and synthetic garnet. 

Defined as crude production — exports + imports. 

Defined as imports — exports. 

“See Appendix C for resource/reserve definitions and information concerning data sources. 
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GEMSTONES‘ 


(Data in million dollars unless otherwise noted) 


Domestic Production and Use: The combined value of U.S. natural and synthetic gemstone output in 2014 
increased slightly compared with that of 2013. Domestic gemstone production included agate, beryl, coral, garnet, 
jade, jasper, opal, pearl, quartz, sapphire, shell, topaz, tourmaline, turquoise, and many other gem materials. In 
decreasing order of production value, Arizona, California, Oregon, Utah, Montana, Tennessee, Colorado, Arkansas, 
North Carolina, and Idaho produced 86% of U.S. natural gemstones. Laboratory-created gemstones were 
manufactured by five firms in North Carolina, Florida, New York, South Carolina, and Arizona, in decreasing order of 
production value. Major gemstone uses were carvings, gem and mineral collections, and jewelry. The apparent 
consumption in the table below is much lower than the actual consumption, owing to the exports values, including 
reexports values. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production: 
Natural® 10.0 11.0 11.3 9.6 9.6 
Laboratory-created (synthetic) 30.8 31.9 31.2 56.9 57.0 
Imports for consumption 19,600 23,500 21,500 24,800 24,300 
Exports, including reexports’ 14,100 18,200 16,900 19,400 21,900 
Consumption, apparent 5,510 5,360 4,570 5,410 2,470 
Price Variable, depending on size, type, and quality 
Employment, mine, number® 1,100 1,100 1,100 1,100 1,100 
Net import reliance” as a percentage 
of apparent consumption 99 99 99 99 97 


Recycling: Gemstones are often recycled by being resold as estate jewelry, reset, or recut, but this report does not 
account for those stones. 


Import Sources (2010-13 by value): Israel, 39%; India, 26%; Belgium, 19%; South Africa, 5%; and other, 11%. 
Diamond imports accounted for 93% of the total value of gem imports. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Coral and similar materials, unworked 0508.00.0000 Free. 
Imitation gemstones 3926.90.4000 2.8% ad val. 
Pearls, imitation, not strung 7018.10.1000 4.0% ad val. 
Pearls, natural, graded, temporarily strung 7101.10.3000 Free. 
Pearls, natural, not elsewhere specified 

or included 7101.10.6000 Free. 
Pearls, cultured 7101.21.0000 Free. 
Diamond, unworked or sawn 7102.31.0000 Free. 
Diamond, ’% carat or less 7102.39.0010 Free. 
Diamond, cut, more than % carat 7102.39.0050 Free. 
Jadeite, unworked 7103.10.2020 Free. 
Other gemstones, unworked 7103.10.2040 Free. 
Rubies, cut 7103.91.0010 Free. 
Sapphires, cut 7103.91.0020 Free. 
Emeralds, cut 7103.91.0030 Free. 
Jadeite, cut but not set 7103.99.1020 Free. 
Other gemstones, cut but not set 7103.99.1080 Free. 
Jadeite, otherwise worked 7103.99.5020 10.5% ad val. 
Other gemstones, otherwise worked 7103.99.5080 10.5% ad val. 
Synthetic gemstones, cut but not set 7104.90.1000 Free. 
Synthetic gemstones, other 7104.90.5000 6.5% ad val. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: None. 
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GEMSTONES 


Events, Trends, and Issues: In 2014, the U.S. market for gem-quality diamonds was estimated to be about $22.5 
billion compared with $23.3 billion in 2013. This accounted for more than 35% of world demand. The domestic market 
for natural, nondiamond gemstones was estimated to be about $1.78 billion compared with $1.40 billion in 2013. The 
United States is expected to continue dominating global gemstone consumption. 


World Gem Diamond Mine Production and Reserves: 


Mine production® Reserves’ 
2013 2014° 
Angola 8,420 8,400 World reserves of diamond-bearing 
Australia 235 235 deposits are substantial. No reserve 
Botswana 16,231 16,000 data are available for other gemstones. 
Brazil 49 48 
Canada 10,600 11,600 
Congo (Brazzaville) 56 60 
Congo (Kinshasa) 3,140 4,400 
Guinea 162 160 
Guyana 60 60 
Lesotho 414 410 
Namibia 1,690 1,500 
Russia 21,200 23,000 
Sierra Leone 457 300 
South Africa 6,520 6,500 
Tanzania 153 180 
Zimbabwe 1,040 1,000 
Other countries 215 200 
World total (rounded) 70,600 74,100 


World Resources: Most diamond-bearing ore bodies have a diamond content that ranges from less than 1 carat per 
ton to about 6 carats per ton. The major gem diamond reserves are in southern Africa, Australia, Canada, and 
Russia. 


Substitutes: Plastics, glass, and other materials are substituted for natural gemstones. Synthetic gemstones 
(manufactured materials that have the same chemical and physical properties as gemstones) are common 
substitutes. Simulants (materials that appear to be gems, but differ in chemical and physical characteristics) also are 
frequently substituted for natural gemstones. 


“Estimated. 

‘Excludes industrial diamond and garnet. See Diamond (Industrial) and Garnet (Industrial). 
Estimated minimum production. 

’Includes production of freshwater shell. 

“Reexports account for between 67% and 90% of the totals. 

°Defined as imports — exports and reexports. 

°Data in thousands of carats of gem diamond. 

’See Appendix C for resource/reserve definitions and information concerning data sources. 
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GERMANIUM 


(Data in kilograms of germanium content unless otherwise noted) 


Domestic Production and Use: Germanium production in the United States comes from either the processing of 
imported germanium compounds or recycling domestic industry-generated scrap. Germanium for domestic 
consumption also was obtained from materials imported in chemical form and either directly consumed or consumed 
in the production of other germanium compounds. Germanium was recovered from zinc concentrates produced at a 
mine in Alaska and exported to Canada for processing. A zinc smelter in Clarksville, Tennessee, produced and 
exported germanium leach concentrates recovered from processing zinc concentrates from its Middle Tennessee 
Mines. A germanium refinery in Utica, NY, produced germanium tetrachloride for optical fiber production. Another 
refinery in Quapaw, OK, produced refined germanium and compounds from scrap and imported materials for the 
production of fiber optics, infrared devices, and substrates for electronic devices. The worldwide end-use pattern of 
germanium was estimated to be: fiber optics, 30%; infrared optics, 20%; polymerization catalysts, 20%; electronics 
and solar applications, 15%; and other uses (such as phosphors, metallurgy, and chemotherapy), 15%. The domestic 
end-use distribution was different and was estimated to be: fiber-optic systems, 40%; infrared optics, 30%; electronics 
and solar applications, 20%; and other uses, 10%. Germanium was not used in polymerization catalysts in the United 
States. In 2014, domestic consumption of germanium for fiber-optic systems increased compared with that in 2013 
but use in infrared optics declined. The estimated value of germanium metal consumed in 2014, based on the annual 
average producer price, was about $67 million. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production, refinery® 3,000 3,000 W W W 
Total imports’ 44,700 38,500 48,500 45,700 45,000 
Total exports’ 8,000 5,900 15,300 12,500 11,000 
Shipments from Government stockpile excesses — — — — — 
Consumption, estimated 40,000 36,000 38,000 38,000 35,000 
Price, producer, yearend, dollars per kilogram: 
Zone refined 1,200 1,450 1,640 1,900 1,900 
Dioxide, electronic grade 720 1,250 1,360 1,230 1,300 
Stocks, producer, yearend NA NA NA NA NA 
Net import reliance’ as a percentage of 
estimated consumption 90 90 85 85 95 


Recycling: Worldwide, about 30% of the total germanium consumed is produced from recycled materials. During the 
manufacture of most optical devices, more than 60% of the germanium metal used is routinely recycled as new scrap. 
Germanium scrap was also recovered from the window blanks in decommissioned tanks and other military vehicles. 


Import Sources (201 0-13):° China, 65%; Belgium, 15%; Russia, 11%; Canada, 4%; and other, 5%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 
Germanium oxides 2825.60.0000 3.7% ad val. 
Metal, unwrought 8112.92.6000 2.6% ad val. 
Metal, powder 8112.92.6500 4.4% ad val. 
Metal, wrought 8112.99.1000 4.4% ad val. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: In fiscal year 2012, the Defense Logistics Agency Strategic Materials awarded two contracts 
to convert 3,000 kg of the germanium ingots held in the stockpile to epitaxial wafers for use as substrates required by 
National Security Space Strategy photovoltaic solar cell applications. As of October 2014, the germanium was 
converted to 101,939 germanium epitaxial wafers and held for the stockpile at private warehouses. 


Stockpile Status—9-30-14° 
Disposal Plan Disposals 


Material Inventory FY 2015 FY 2015 
Germanium 13,364 — — 
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Events, Trends, and Issues: In 2014, a zinc mine in Washington that was placed on temporary care-and- 
maintenance status in February 2009 was reopened. The operator began ramping up operations and planned to 
produce the first concentrates by yearend 2014. It was estimated that at full capacity, the mine could produce 5 to 6 
metric tons of germanium per year. Concentrates from the mine would be processed at the company’s metallurgical 
plant in Canada. 


Germanium dioxide prices were relatively stable during the first three quarters of 2014, remaining close to 2013 
levels, and nearly double those in 2010. Germanium metal began the year at about $1,900 per kilogram, increased to 
$1,950 per kilogram in March, and was about $1,900 per kilogram by late October. At current price levels, some 
consumers were finding it cheaper to purchase germanium metal instead of dioxide owing to the lower unit cost of the 
germanium contained in metal. Stockpiling in China may have contributed to global germanium metal price increases. 


Germanium consumption is heavily reliant on military use and consumption declined in 2014 owing to cuts in defense- 
related spending. Outside of China, less germanium was used for infrared optics, substrates for terrestrial-based solar 
cells, and light-emitting diodes than in 2013. Germanium consumption increased for use in fiber optics. 


In 2014, China remained the leading global consumer and producer of germanium. A handful of leading 
manufacturers in China account for most of global production. Stockpiling activities in China have contributed to 
global price increases since 2010 by limiting the amount of germanium that is available to consumers. In 2014, 
China’s State Reserve Bureau purchased 30 metric tons of germanium for its national stockpile (20 metric tons was 
stockpiled in 2013) and analysts expected that China would continue to stockpile germanium during the next several 
years. The Fanya Metal Exchange in China, established for investing in “rare” metals, had more than 91 metric tons 
of germanium in warehouses as of late November and had the capacity to hold 200 metric tons. National and 
Provincial governments in China encouraged producers to integrate operations and focus on producing value-added 
products. China’s trade policies during recent years, such as a 5% export tax placed on germanium dioxide, have 
been aimed at reducing exports of minor metals and encouraging the export of downstream products. China’s exports 
of germanium metal during the first 10 months of 2014 declined by 52% from those in the same period of 2013. 


World Refinery Production and Reserves: 


Refinery production® Reserves” 
2013 2014 
United States W W__ Data on the recoverable content of zinc 
China 110,000 120,000 __—iores are not available. 
Russia 5,000 5,000 
Other countries 40,000 40,000 
World total °455,000 °465,000 


World Resources: The available resources of germanium are associated with certain zinc and lead-zinc-copper 
sulfide ores. Substantial U.S. reserves of recoverable germanium are contained in zinc deposits in Alaska and 
Tennessee. Based on an analysis of zinc concentrates, U.S. reserves of zinc may contain as much as 2,500 metric 
tons of germanium. Because zinc concentrates are shipped globally and blended at smelters, however, the 
recoverable germanium in zinc reserves cannot be determined. On a global scale, as little as 3% of the germanium 
contained in zinc concentrates is recovered. Significant amounts of germanium are contained in ash and flue dust 
generated in the combustion of certain coals for power generation. 


Substitutes: Silicon can be a less-expensive substitute for germanium in certain electronic applications. Some 
metallic compounds can be substituted in high-frequency electronics applications and in some light-emitting-diode 
applications. Zinc selenide and germanium glass substitute for germanium metal in infrared applications systems but 
often at the expense of performance. Antimony and titanium are substitutes for use as polymerization catalysts. 


“Estimated. NA Not available. W Withheld to avoid disclosing company proprietary data. — Zero. 

‘In addition to the gross weight of wrought and unwrought germanium and waste and scrap that comprise these figures, this series includes 
estimated germanium content of germanium dioxide. This series does not include germanium tetrachloride and other germanium compounds for 
which data are not available. 

“Defined as imports — exports + adjustments for Government stock changes; rounded to nearest 5%. 

‘Imports are based on the gross weight of wrought and unwrought germanium and waste and scrap, but not germanium tetrachloride and other 
germanium compounds for which data are not available. 

“See Appendix B for definitions. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 

°Excludes U.S. production. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2015 
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GOLD 


(Data in metric tons’ of gold content unless otherwise noted) 


Domestic Production and Use: In 2014, domestic gold mine production was estimated to be about 211 tons, 8% 
less than in 2013, and the value was estimated to be about $8.6 billion. Gold was produced at about 45 lode mines, a 
few large placer mines (all in Alaska), and numerous smaller placer mines (mostly in Alaska and in the Western 
States). In addition, 7% of domestic gold was recovered as a byproduct of processing domestic base metals, chiefly 
copper. Thirty operations yielded more than 99% of the gold produced in the United States. Commercial-grade refined 
gold came from about two dozen producers. A few dozen companies, out of several thousand companies and 
artisans, dominated the fabrication of gold into commercial products. U.S. jewelry manufacturing was heavily 
concentrated in the New York, NY, and Providence, RI, areas, with lesser concentrations in California, Florida, and 
Texas. Estimated domestic uses were jewelry; 41% electrical and electronics, 35%; official coins, 18%; dental, 4%; 
and other, 2%. 


Salient Statistics—United States: 2010 2011 2012 201 2014° 
Production: 
Mine 231 234 235 230 211 
Refinery: 
Primary 175 220 222 223 200 
Secondary (new and old scrap) 198 263 215 210 200 
Imports for consumption? 616 550 326 315 315 
Exports? 383 644 695 691 430 
Consumption, reported 180 168 147 160 165 
Stocks, yearend, Treasury” 8,140 8,140 8,140 8,140 8,140 
Price, dollars per troy ounce* 1,228 1,572 1,673 1,415 1,270 
Employment, mine and mill, number? 10,300 11,100 12,700 12,958 12,500 
Net import reliance’ as a percentage of 
apparent consumption (") (") () (") (") 


Recycling: In 2014, 200 tons of new and old scrap was recycled, more than the reported consumption. 
Import Sources (2010-13):” Mexico, 52%; Canada, 17%; Colombia, 11%; Peru, 7%; and other, 13%. 
Tariff: Most imports of unwrought gold, including bullion and doré, enter the United States duty free. 
Depletion Allowance: 15% (Domestic), 14% (Foreign). 


Government Stockpile: The U.S. Department of the Treasury maintains stocks of gold (see salient statistics above), 
and the U.S. Department of Defense administers a Governmentwide secondary precious-metals recovery program. 


Events, Trends, and Issues: The estimated gold price in 2014 was 10% lower than the price in 2013 and was down 
by 24% from the record-high annual price in 2012. The Engelhard daily price of gold in 2014 fluctuated through 
several cycles. The gold price began the year at $1,226.73 per troy ounce and increased to $1,387 per troy ounce on 
March 14, the highest level of the year. The price trended downward to $1,247.77 per troy ounce on June 3 and then 
rebounded to $1,343.53 per troy ounce on July 10. The price then trended downward, ending October at $1,166.83 
per troy ounce, the lowest price since July 2010. Many believe that the average gold price decreased owing to the 
lack of confidence in gold as an investment. 


The decrease in domestic mine production was attributed to lower ore grades at the two leading producers in Nevada. 
These decreases were partly offset by one mine in Utah, which continued to recover following a massive landslide in 
April 2013. 


In 2014, worldwide gold production was 2% more than that in 2013 owing to increases in production from Australia, 
Canada, China, the Dominican Republic, and Russia, which more than offset production decreases in Peru, 
Tanzania, South Africa, and the United States. Gold production in China continued to increase, and the country 
remained the leading gold-producing nation, followed by Australia, Russia, the United States, Peru, and Canada. 
Following the decline in price, the domestic and global supply of gold from recycling continued to decline from the 
high level in 2011 to nearer the long-term average. 
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In 2014, domestic consumption of gold used in the production of jewelry and electronics increased because of the 
lower price of gold and improved economic environment. Consumption of gold used in manufacturing jewelry in Asia 
and the Middle East, however, was significantly lower; consumption in 2013 had been significantly higher than prior 
years’ levels. Domestic and global investment demand for gold decreased because of the lower price, especially in 
China and India. Gold stored in the exchange-traded funds has also decreased in the last 2 years, while Central 
Banks continue to purchased gold bullion. 


Gold mining has been identified as a potential source of funding for armed groups engaged in civil unrest in Congo 
(Kinshasa) (DRC) and surrounding countries. The United States, through the enactment of Section 1502 of the Dodd- 
Frank Wall Street Reform and Consumer Protection Act (Dodd-Frank Act) on July 21, 2010, made it a statutory 
obligation for all companies registered with the U.S. Securities and Exchange Commission (SEC) to perform due 
diligence to determine whether the products they manufacture, or the components of the products they manufacture, 
contain tantalum, tin, tungsten and gold (3TG) minerals and if so, to determine whether these minerals were sourced 
from the DRC and (or) its bordering countries. 


World Mine Production and Reserves: Reserves for Australia, Canada, and Peru were revised based on 
information from the respective country Governments. 


Mine production Reserves® 
2013 2014° 

United States 230 211 3,000 
Australia 265 270 9,800 
Brazil 71 70 2,400 
Canada 124 160 2,000 
Chile 51 50 3,900 
China 430 450 1,900 
Ghana 90 90 2,000 
Indonesia 61 65 3,000 
Mexico 98 92 1,400 
Papua New Guinea 57 60 1,200 
Peru 151 150 2,100 
Russia 230 245 5,000 
South Africa 160 150 6,000 
Uzbekistan 98 102 1,700 
Other countries 684 695 10,000 
World total (rounded) 2,800 2,860 55,000 


World Resources: An assessment of U.S. gold resources indicated 33,000 tons of gold in identified (15,000 tons) 
and undiscovered (18,000 tons) resources.” Nearly one-quarter of the gold in undiscovered resources was estimated 
to be contained in porphyry copper deposits. The gold resources in the United States, however, are only a small 
portion of global gold resources. 


Substitutes: Base metals clad with gold alloys are widely used in electrical and electronic products, and in jewelry to 
economize on gold; many of these products are continually redesigned to maintain high-utility standards with lower 
gold content. Generally, palladium, platinum, and silver may substitute for gold. 


“Estimated. 

‘One metric ton (1,000 kilograms) = 32,150.7 troy ounces. 

“Refined bullion, doré, ores, concentrates, and precipitates. Excludes: Waste and scrap, official monetary gold, gold in fabricated items, gold in 
coins, and net bullion flow (in tons) to market from foreign stocks at the New York Federal Reserve Bank: 0 (2010), -4 (2011), 0 (2012), 5 (2013), 
and 70 (2014, estimate). 

‘Includes gold in Exchange Stabilization Fund. Stocks were valued at the official price of $42.22 per troy ounce. 

“Engelhard’s average gold price quotation for the year. In 2014, the price was estimated by the USGS based on monthly data from January through 
October. 

Data from Mine Safety and Health Administration. 

°Defined as imports — exports + adjustments for Government and industry stock changes. 

“In recent years, the United States has been a net exporter; however, large unreported investor stock changes preclude calculation of a meaningful 
net import reliance. 

®See Appendix C for resource/reserve definitions and information concerning data sources. 

°U.S. Geological Survey National Mineral Resource Assessment Team, 2000, 1998 assessment of undiscovered deposits of gold, silver, copper, 
lead, and zinc in the United States: U.S. Geological Survey Circular 1178, 21 p. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2015 
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GRAPHITE (NATURAL) 


(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: Although natural graphite was not produced in the United States in 2014, 
approximately 90 U.S. firms, primarily in the Northeastern and Great Lakes regions, consumed 53,200 tons valued at 
$57.5 million. The major uses of natural graphite in 2014 were brake linings, foundry operations, lubricants, refractory 
applications, and steelmaking. During 2014, U.S. natural graphite imports were 62,400 tons, which were 65% flake 
and high-purity graphite and 35% amorphous graphite. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production, mine — — — — — 
Imports for consumption 65 72 o/ 61 62 
Exports 6 6 6 9 9 
Consumption, apparent. 60 66 50 52 53 
Price, imports (average dollars per ton at foreign ports): 
Flake 720 1,180 1,370 1,330 1,540 
Lump and chip (Sri Lankan) 1,700 1,820 1,960 1,720 1,890 
Amorphous 257 301 339 375 364 
Net import reliance’ as a percentage 
of apparent consumption 100 100 100 100 100 


Recycling: Refractory brick and linings, alumina-graphite refractories for continuous metal castings, magnesia- 
graphite refractory brick for basic oxygen and electric arc furnaces, and insulation brick led the way in recycling of 
graphite products. The market for recycled refractory graphite material is growing, with material being recycled into 
products such as brake linings and thermal insulation. 


Recovering high-quality flake graphite from steelmaking kish is technically feasible, but not practiced at the present 
time. The abundance of graphite in the world market inhibits increased recycling efforts. Information on the quantity 
and value of recycled graphite is not available. 


Import Sources (2010—13): China, 45%; Mexico, 28%; Canada, 17%; Brazil, 6%; and other, 4%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Crystalline flake (not including flake dust) 2504.10.1000 Free. 

Powder 2504.10.5000 Free. 

Other 2504.90.0000 Free. 


Depletion Allowance: 22% (Domestic lump and amorphous), 14% (Domestic flake), and 14% (Foreign). 


Government Stockpile: None. 
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Events, Trends, and Issues: Worldwide demand for graphite steadily increased throughout 2012, 2013, and into 
2014. This increase resulted from the improvement of global economic conditions and its impact on industries that 
use graphite. Principal import sources of natural graphite were, in descending order of tonnage, Mexico, China, 
Canada, Brazil, and Madagascar, which combined, accounted for 96% of the tonnage and 89% of the value of total 
imports. Mexico provided all the amorphous graphite, and Sri Lanka provided all the lump and chippy dust variety. 
China, Canada, and Madagascar were, in descending order of tonnage, the major suppliers of crystalline flake and 
flake dust graphite. 


During 2014, China produced 67% of the world’s graphite and consumed 35%. Graphite production increased in 
Canada, China, Madagascar, Mexico, Turkey, and Zimbabwe from that of 2013, and production decreased in Brazil 
from 2013 production levels. 


North America only produced 2% of the world’s graphite supply with production in Canada and Mexico. No production 
of natural graphite was reported in the United States, but three companies recently have been exploring for and 
developing graphite projects in the United States. Alabama Graphite Corp. was developing the Coosa Graphite 
Project in Alabama, and Graphite One Resources Inc. was developing the Graphite Creek Project in Alaska. National 
Graphite Corp. had been developing the Chedic Graphite Project in Nevada, but abandoned that project. 


One U.S. auto maker was building a large plant to manufacture lithium-ion electric vehicle batteries. The plant’s 
projected completion was expected by 2020, and it would require 93,000 tons of flake graphite for use as anode 
material. Advances in thermal technology and acid-leaching techniques that enable the production of higher purity 
graphite powders are likely to lead to development of new applications for graphite in high-technology fields. Such 
innovative refining techniques have enabled the use of improved graphite in carbon-graphite composites, electronics, 
foils, friction materials, and special lubricant applications. Flexible graphite product lines, such as graphoil (a thin 
graphite cloth), are likely to be the fastest growing market. Large-scale fuel-cell applications are being developed that 
could consume as much graphite as all other uses combined. 


World Mine Production and Reserves: The reserves data for Brazil were revised based on information reported by 
the Government of Brazil. 


Mine production Reserves” 
2013 2014° 

United States — — — 
Brazil 95 80 40,000 
Canada 20 30 (°) 
China 750 780 55,000 
India 170 170 11,000 
Korea, North 30 30 (°) 
Madagascar 4 5 940 
Mexico i 8 3,100 
Norway 2 2 (°) 
Russia 14 14 (°) 
Sri Lanka 4 4 (°) 
Turkey 5 30 (°) 
Ukraine 6 6 (°) 
Zimbabwe 4 6 (°) 
Other countries 1 1 (°) 
World total (rounded) 1,110 1,170 110,000 


World Resources: Domestic resources of graphite are relatively small, but the rest of the world’s inferred resources 
exceed 800 million tons of recoverable graphite. 


Substitutes: Synthetic graphite powder, scrap from discarded machined shapes, and calcined petroleum coke 
compete for use in iron and steel production. Synthetic graphite powder and secondary synthetic graphite from 
machining graphite shapes compete for use in battery applications. Finely ground coke with olivine is a potential 
competitor in foundry facing applications. Molybdenum disulfide competes as a dry lubricant but is more sensitive to 
oxidizing conditions. 


“Estimated. — Zero. 

‘Defined as imports — exports. 

?See Appendix C for resource/reserve definitions and information concerning data sources. 
’Included with “World total.” 


U.S. Geological Survey, Mineral Commodity Summaries, January 2015 
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GYPSUM 


(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: |In 2014, domestic production of crude gypsum was estimated to be 17.1 million tons 
with a value of about $154 million. The leading crude gypsum-producing States were, in descending order, Texas, 
Oklahoma, Kansas, Nevada, Indiana, and California, which together accounted for 69% of total output. Overall, 47 
companies produced or processed gypsum in the United States at 118 mines and plants in 17 States. Approximately 
90% of domestic consumption, which totaled approximately 29 million tons, was accounted for by manufacturers of 
wallboard and plaster products. Approximately 1.5 million tons of gypsum used in cement production and agricultural 
applications and small amounts of high-purity gypsum in a wide range of industrial processes accounted for the 
remaining tonnage. At the beginning of 2014, the production capacity of operating wallboard plants in the United 
States was about 33 billion square feet' per year. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production: 
Crude 10,200 10,500 15,800 16,300 17,100 
Synthetic? 10,700 11,800 12,100 12,800 13,200 
Calcined® 12,400 11,900 12,800 14,600 15,300 
Wallboard products sold (million square feet’) 17,100 17,200 18,900 21,800 22,000 
Imports, crude, including anhydrite 3,330 3,330 3,250 3,290 3,500 
Exports, crude, not ground or calcined 360 316 408 142 70 
Consumption, apparent’ 23,900 25,300 30,700 32,200 33,700 
Price: 
Average crude, f.o.b. mine, dollars per metric ton 6.90 8.20 7.70 8.83 9.00 
Average calcined, f.o.b. plant, dollars per metric ton 29.70 28.70 28.70 27.60 28.00 
Employment, mine and calcining plant, number® 4,500 4,500 4,500 4,500 4,500 
Net import reliance’ as a percentage 
of apparent consumption 12 12 9 10 10 


Recycling: Some of the more than 4 million tons of gypsum scrap that was generated by wallboard manufacturing, 
wallboard installation, and building demolition was recycled. The recycled gypsum was used primarily for agricultural 
purposes and feedstock for the manufacture of new wallboard. Other potential markets for recycled gypsum include 
athletic field marking, cement production as a stucco additive, grease absorption, sludge drying, and water treatment. 


Import Sources (20010-—13): Canada, 42%; Mexico, 39%; and Spain, 18%; and other, 1%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 
Gypsum; anhydrite 2520.10.0000 Free. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: U.S. gypsum production increased by 5% compared with that of 2013 because the 
housing and construction markets increased in activity and almost reached productions not seen since 2007. 
Apparent consumption increased by 5% compared with that of 2013. The world’s leading gypsum producer, China, 
produced about eight times the amount produced in the United States. Iran, ranked third in world production, supplied 
much of the gypsum needed for construction in the Middle East. Spain, the leading European producer, ranked fifth in 
the world and supplied crude gypsum and gypsum products to much of Western Europe. An increased use of 
wallboard in Asia, coupled with new gypsum product plants, spurred increased production in that region. As wallboard 
becomes more widely used in other regions, worldwide production of gypsum is expected to increase. 


Demand for gypsum depends principally on the strength of the construction industry, particularly in the United States 
where about 95% of gypsum consumed is used for building plasters, the manufacture of portland cement, and 
wallboard products. If the construction of wallboard manufacturing plants designed to use synthetic gypsum from coal 
flue gas desulfurization (FGD) units as feedstock continues, this could result in less mining of natural gypsum. The 
availability of inexpensive natural gas, however, may limit the increase of future FGD units and, therefore, the 
production of synthetic gypsum. Gypsum imports increased by 6% compared with those of 2013. Exports, although 
very low compared with imports and often subject to wide fluctuations, decreased by 51%. 
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GYPSUM 

World Mine Production and Reserves: 

Mine production Reserves’ 
2013 2014° 

United States 16,300 17,100 700,000 
Algeria 1,700 2,100 NA 
Argentina 1,440 1,400 NA 
Australia 3,500 3,500 NA 
Brazil 3,750 3,700 230,000 
Canada 2,650 1,800 450,000 
China 129,000 132,000 NA 
France 2,300 2,300 NA 
Germany 1,950 1,900 NA 
India 3,540 3,500 69,000 
lran 15,000 13,000 NA 
Italy 4,100 4,100 NA 
Japan 5,500 5,500 NA 
Mexico 5,090 5,000 NA 
Oman 2,790 3,000 NA 
Poland 1,270 1,300 55,000 
Russia 5,100 5,300 NA 
Saudi Arabia 2,400 2,400 NA 
Spain 6,400 6,400 NA 
Thailand 6,300 6,300 NA 
Turkey 8,300 8,300 NA 
United Kingdom 1,700 1,700 NA 
Other countries 14,500 14,500 NA 
World total (rounded) 245,000 246,000 Large 


World Resources: Reserves are large in major producing countries, but data for most are not available. Domestic 
gypsum resources are adequate but unevenly distributed. Large imports from Canada augment domestic supplies for 
wallboard manufacturing in the United States, particularly in the eastern and southern coastal regions. Imports from 
Mexico supplement domestic supplies for wallboard manufacturing along portions of the U.S. western seaboard. 
Large gypsum deposits occur in the Great Lakes region, the midcontinent region, and several Western States. 
Foreign resources are large and widely distributed; 90 countries produced gypsum in 2014. 


Substitutes: In such applications as stucco and plaster, cement and lime may be substituted for gypsum; brick, 
glass, metallic or plastic panels, and wood may be substituted for wallboard. Gypsum has no practical substitute in 
the manufacturing of portland cement. Synthetic gypsum generated by various industrial processes, including FGD of 
smokestack emissions, is very important as a substitute for mined gypsum in wallboard manufacturing, cement 
production, and agricultural applications (in descending tonnage order). In 2014, synthetic gypsum accounted for 
approximately 50% of the total domestic gypsum supply. 


“Estimated. NA Not available. 

‘The standard unit used in the U.S. wallboard industry is square feet; multiply square feet by 9.29 x 107 to convert to square meters. Source: The 
Gypsum Association. 

Data refer to the amount sold or used, not produced. 

’From domestic crude and synthetic. 

“Defined as crude production + total synthetic reported used + imports — exports. 

Defined as imports — exports. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2015 
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HELIUM 


(Data in million cubic meters of contained helium gas’ unless otherwise noted) 


Domestic Production and Use: The estimated value of Grade-A helium (99.997% or better) extracted domestically 
during 2014 by private industry was about $930 million. Ten plants (five in Kansas, four in Texas, and one in 
Wyoming) extracted helium from natural gas and produced only a crude helium product that varied from 50% to 99% 
helium. Two plants (one in Colorado and one in Wyoming) extracted helium from natural gas and produced a Grade- 
A helium product. Six plants (four in Kansas, one in Oklahoma, and one in Texas) accepted a crude helium product 
from other producers and the Bureau of Land Management (BLM) pipeline and purified it to a Grade-A helium 
product. Estimated 2014 domestic consumption of helium was 34 million cubic meters (1.2 billion cubic feet) and was 
used for cryogenic applications, 32%; for pressurizing and purging, 18%; for controlled atmospheres, 18%; for 
welding cover gas, 13%; leak detection, 4%; breathing mixtures, 2%; and other, 13%. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Helium extracted from natural gas” ies) 71 13 69 73 
Withdrawn from storage” 50 59 60 49 30 
Grade-A helium sales 128 130 133 118 103 
Imports for consumption — — — — — 
Exports" 77 82 85 81 69 
Consumption, apparent” 51 48 48 37 34 
Net import reliance’ as a percentage 

of apparent consumption E E E E E 


Price: In fiscal year (FY) 2014, the price for crude helium to Government users was $2.49 per cubic meter ($69.00 per 
thousand cubic feet) and to nongovernment users was $3.43 per cubic meter ($95.00 per thousand cubic feet). The 
price for Government-owned helium is mandated by the Helium Privatization Act of 1996 (Public Law 104-273). The 
estimated price range for private industry's Grade-A gaseous helium was about $7.21 per cubic meter ($200 per 
thousand cubic feet), with some producers posting surcharges to this price. 


Recycling: In the United States, helium used in large-volume applications is seldom recycled. Some low-volume or 
liquid boil-off recovery systems are used. In the rest of the world, helium recycling is more common. 


Import Sources (2010-13): None. 


Tariff: Item Number Normal Trade Relations 
12-31-14 
Helium 2804.29.0010 3.7% ad val. 


Depletion Allowance: Allowances are applicable to natural gas from which helium is extracted, but no allowance is 
granted directly to helium. 


Government Stockpile: Under Public Law 113-40, the BLM manages the Federal Helium Program, which includes 
all operations of the Cliffside Field helium storage reservoir, in Potter County, Texas, and the Government’s crude 
helium pipeline system. Private firms that sell Grade-A helium to Federal agencies are required to purchase a like 
amount of (in-kind) crude helium from the BLM. The Helium Stewardship Act of 2013 mandated that the BLM sell 
Federal Conservation helium stored in Bush Dome at the Cliffside Field annually at sale and auction. The amounts 
sold are to be approximately equal to the amount the Federal helium system can produce each year. By 2021, or 
when the remaining conservation helium is less than 83 million cubic meters, the Federal Government is to dispose of 
all helium related-assets. 


In FY 2014, privately owned companies purchased about 42.3 million cubic meters (83 million cubic feet) of in-kind 
crude helium. In addition to this, privately owned companies also purchased 16.9 million cubic meters (610 million 
cubic feet) of open market sales helium. During FY 2014, the BLM’s Amarillo Field Office, Helium Operations 
(AMFO), accepted about 10.7 million cubic meters (387 million cubic feet) of private helium for storage and 
redelivered nearly 43.2 million cubic meters (1,558 million cubic feet). As of September 30, 2014, about 50.6 million 
cubic meters (1,826 million cubic feet) of privately owned helium remained in storage at Cliffside Field. 


Stockpile Status—9-30-14° 


Authorized Disposal plan Disposals 
Material Inventory for disposal FY 2014 FY 2014 
Helium 251.1 251.1 38.8 30.5 
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Events, Trends, and Issues: In 2014, as part of the implementation of the Helium Stewardship Act of 2013, the BLM 
began an auction process to price helium more closely to the open market value. The average price of helium sold to 
private buyers as a result of this process was $3.82 per cubic meter ($106 per thousand cubic feet). By the end of the 
decade, international helium extraction facilities are likely to become the main source of supply for world helium 
users. Seven international helium plants are in operation and more are planned for the next 3 to 5 years. Expansions 
to facilities have been completed as planned in Algeria and Qatar. In 2014, demand for helium worldwide increased, 
but domestic demand continued to decrease. Additionally in 2014, new domestic production began in Wyoming and 
more production was expected to start in southwest Colorado in 2015. As a result, demand for the Government's 
helium production has decreased by 50% over the past 2 years. 


World Production and Reserves: 


Production Reserves® 
2013° 2014° 

United States (extracted from natural gas) 69 73 3,900 
United States (from Cliffside Field) 49 30 : 
Algeria 17 25 1,800 
Australia 6 6 NA 
Canada NA NA NA 
China NA NA NA 
Poland 3 3 25 
Qatar 25 40 NA 
Russia 6 5 1,700 
Other countries NA NA NA 
World total (rounded) 175 180 NA 


World Resources: As of December 31, 2006, the total helium reserves and resources of the United States were 
estimated to be 20.6 billion cubic meters (744 billion cubic feet). This includes 4.25 billion cubic meters (153.2 billion 
cubic feet) of measured reserves, 5.33 billion cubic meters (192.2 billion cubic feet) of probable resources, 5.93 billion 
cubic meters (213.8 billion cubic feet) of possible resources, and 5.11 billion cubic meters (184.4 billion cubic feet) of 
speculative resources. Included in the measured reserves are 0.67 billion cubic meters (24.2 billion cubic feet) of 
helium stored in the Cliffside Field Government Reserve, and 0.065 billion cubic meters (2.3 billion cubic feet) of 
helium contained in Cliffside Field native gas. The depleting fields from which most U.S.-produced helium is extracted 
are Hugoton in Kansas, Oklahoma, and Texas; Panhandle West in Texas; Panoma in Kansas; Riley Ridge in 
Wyoming; and Cliffside in Texas. These fields contained an estimated 3.9 billion cubic meters (140 billion cubic feet) 
of helium. 


Helium resources of the world, exclusive of the United States, were estimated to be about 31.3 billion cubic meters 
(1.13 trillion cubic feet). The locations and volumes of the major deposits, in billion cubic meters, are Qatar, 10.1; 
Algeria, 8.2; Russia, 6.8; Canada, 2.0; and China, 1.1. As of December 31, 2010, the AMFO had analyzed about 
22,000 gas samples from 26 countries and the United States, in a program to identify world helium resources. 


Substitutes: There is no substitute for helium in cryogenic applications if temperatures below —429 °F are required. 
Argon can be substituted for helium in welding, and hydrogen can be substituted for helium in some lighter-than-air 
applications in which the flammable nature of hydrogen is not objectionable. Hydrogen is also being investigated as a 
substitute for helium in deep-sea diving applications below 1,000 feet. 


“Estimated. E Net exporter. NA Not available. — Zero. 

‘Measured at 101.325 kilopascals absolute [14.696 pounds per square inch absolute (psia)] and 15 °C; 27.737 cubic meters of helium = 1 Mcf of 
helium at 70 °F and 14.7 psia. 

Both Grade-A and crude helium. 

Extracted from natural gas in prior years. 

“Grade-A helium. 

Defined as imports — exports + adjustments for Government and industry stock changes. 

°See Appendix B for definitions. 

‘Team Leader, Resources and Evaluation Group, Bureau of Land Management, Amarillo Field Office, Helium Operations, Amarillo, TX. 
®See Appendix C for resource/reserve definitions and information concerning data sources. 

‘Included in United States (extracted from natural gas) reserves. 
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INDIUM 


(Data in metric tons unless otherwise noted) 


Domestic Production and Use: Indium was not recovered from ores in the United States in 2014. Several 
companies produced indium products—including alloys, compounds, high-purity metal, and solders—from imported 
indium metal. Production of indium tin oxide (ITO) continued to account for most of global indium consumption. ITO 
thin-film coatings were primarily used for electrical conductive purposes in a variety of flat-panel displays—most 
commonly liquid crystal displays (LCDs). Other indium end uses included alloys and solders, compounds, electrical 
components and semiconductors, and research. Based on recent annual import levels, estimated domestic 
consumption ranges between 100 and 150 tons. The estimated value of primary indium metal consumed domestically 
in 2014, based on the average New York dealer price, was between $69.5 million and $104 million. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production, refinery — — — — — 
Imports for consumption 117 146 109 97 120 
Exports NA NA NA NA NA 
Price, annual average, dollars per kilogram: 
U.S. producer’ 565 720 650 615 735 
New York dealer 552 685 540 570 695 
99.99% c.i.f. Japan® 546 680 510 575 700 
Net import reliance’ as a percentage of 
estimated consumption 100 100 100 100 100 


Recycling: Data on the quantity of secondary indium recovered from scrap were not available. Indium is most 
commonly recovered from ITO scrap in Japan and the Republic of Korea. 


Import Sources (2010-13): China, 21%; Canada, 21%; Belgium, 14%; Japan, 11%; and other, 33%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 
Unwrought indium, including powders 8112.92.3000 Free. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: The estimated annual average New York dealer price of indium was $695 per kilogram, 
22% more than that of 2013. The New York dealer price range for indium began the year at $670 to $700 per 
kilogram and increased through the first half of the year, reaching $710 to $750 per kilogram in mid-July. Prices then 
trended downward, falling to $645 per kilogram to $685 per kilogram in early October. The U.S. producer price for 
indium began the year at $680 per kilogram and increased to $745 per kilogram in February, where it remained 
through October. 


According to market reports, global indium consumption increased slightly in 2014 from that of 2013 to about 1,500 
tons. Japan and the Republic of Korea were thought to have accounted for most of global consumption for the 
production of ITO. Increased indium consumption was reportedly driven by increased demand for LCD televisions in 
developing countries and for smartphones and tablets, which use small LCD panels, in developed countries. 


A Japanese company was in the process of constructing its fourth copper-indium-gallium-selenide (CIGS) solar cell 
production plant in the Tohoku region of Japan. The plant was expected to begin production in 2015. The company 
was reportedly the only mass producer of CIGS solar cells and consumed about 20 tons per year of indium at its 
three other CIGS solar cell production plants in Miyazaki (Kyushu region). 
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INDIUM 


In China, two large-scale ITO projects were under development and expected to begin production in late 2014 or 
2015. Once onstream, they would increase China’s indium consumption, which was reported to be about 70 tons in 
2013. One of the plants, located in Quingyuan, would have an ITO production capacity of 200 tons per year. The 
other plant did not release capacity information. 


Reported inventories of indium held in China’s Fanya Nonferrous Metals Exchange approved warehouses increased 
by 1,240 tons in the first 9 months of 2014 to 3,240 tons. Some market participants questioned the magnitude of the 
reported increase, considering that the amount was about triple China’s annual indium production in 2013 and that 
imports of indium in 2014 were relatively low. During the first 8 months of 2014, China imported 27 tons of unwrought 
indium, 72% less than the amount imported during the corresponding period of 2013. 


World Refinery Production and Reserves: 


Refinery production Reserves” 
2013 2014° 

United States — — Quantitative estimates of reserves are not 

Belgium 30 30 available. 

Canada 65 65 

China 415 420 

France 33 48 

Germany 10 10 

Japan 72 72 

Korea, Republic of 150 150 

Peru 11 11 

Russia 13 _13 

World total (rounded) 799 820 


World Resources: Indium is most commonly recovered from the zinc-sulfide ore mineral sphalerite. The indium 
content of zinc deposits from which it is recovered ranges from less than 1 part per million to 100 parts per million. 
Although the geochemical properties of indium are such that it occurs in trace amounts in other base-metal sulfides— 
particularly chalcopyrite and stannite—most deposits of these metals are subeconomic for indium. 


Substitutes: Indium’s price volatility and various supply concerns associated with the metal have spurred the 
development of ITO substitutes—antimony tin oxide coatings have been developed as an alternative to ITO coatings 
in LCDs and have been successfully annealed to LCD glass; carbon nanotube coatings have been developed as an 
alternative to ITO coatings in flexible displays, solar cells, and touch screens; and poly(3,4-ethylene dioxythiophene) 
(PEDOT) has also been developed as a substitute for ITO in flexible displays and organic light-emitting diodes. 
Graphene has been developed to replace ITO electrodes in solar cells and also have been explored as a replacement 
for ITO in flexible touchscreens. Researchers have developed a more adhesive zinc oxide nanopowder to replace 
ITO in LCDs. Gallium arsenide can substitute for indium phosphide in solar cells and in many semiconductor 
applications. Hafnium can replace indium in nuclear reactor control rod alloys. 


“Estimated. NA Not available. — Zero. 

‘Indium Corp.’s price for 99.97%-purity metal, free on board. Source: Platts Metals Week, Metal Bulletin. 

“Price is based on 99.99%-minimum-purity indium at warehouse (Rotterdam); cost, insurance, and freight (in minimum lots of 50 kilograms). 
Source: Platts Metals Week. 

’Price is based on 99.99%-purity indium, primary or secondary, shipped to Japan. Source: Platts Metals Week. 

“Defined as imports — exports. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 
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IODINE 


(Data in metric tons elemental iodine unless otherwise noted) 


Domestic Production and Use: lodine was produced from brines in 2014 by two companies operating in Oklahoma, 
and one company operating in Kentucky, Montana, Oklahoma, and Texas. Production in 2014 was estimated to have 
increased from that of 2013. To avoid disclosing company proprietary data, U.S. iodine production in 2014 was 
withheld. Prices for iodine have continued to decline in 2014 owing to the surplus of iodine in the market. The average 
cost, insurance, and freight value of iodine imports in 2014 was estimated to be $39.00 per kilogram. 


Domestic and imported iodine were used by downstream manufacturers to produce many intermediate iodine 
compounds, making it difficult to establish an accurate end-use pattern. Of the consumers that participate in an 
annual U.S. Geological Survey canvass, 12 plants reported consumption of iodine in 2013. lodine and iodine 
compounds reported were ethyl and methyl iodide, 49%; potassium iodide, 16%; povidine-iodine, 5%; crude iodine, 
ethylenediamine dihydroiodide, and hydriodic acid, 4% each; potassium iodate, resublimed iodine, sodium iodide, 1% 
each; and other inorganic compounds, 15%. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production W W W W W 
Imports for consumption, crude content 5,710 6,590 5,960 5,960 5,340 
Exports 1,070 900 1,040 1,150 1,010 
Consumption: 
Apparent W W W W W 
Reported 4,640 4,740 4,880 4,020 3,980 
Price, average c.i.f. value, dollars per kilogram, 
crude 24.39 38.13 41.97 42.51 38.44 
Employment, number® 30 30 30 30 40 
Net import reliance’ as a percentage 
of reported consumption 100 100 100 100 100 


Recycling: Small amounts of iodine were recycled, but no data were reported. 


Import Sources (2010-13): Chile, 87%; Japan, 12%; and other, 1%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

lodine, crude 2801 .20.0000 Free. 

lodide, calcium or copper 2827 .60.1000 Free. 

lodide, potassium 2827 .60.2000 2.8% ad val. 

lodides and iodide oxides, other 2827 .60.5100 4.2% ad val. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: None. 
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IODINE 


Events, Trends, and Issues: The 2014 iodine price decreased from the historically high levels of 2012 and early 
2013. lodine prices steadily declined throughout 2014. Spot prices of iodine crystal, according to Industrial Minerals, 
averaged around $50 per kilogram at the beginning of 2014 and decreased continuously to an average of around $37 
per kilogram in September 2014. According to industry sources, the decline in prices was attributed to the decrease in 
demand from downstream specialty chemical consumers combined with a faster than anticipated rampup of 
production by suppliers in Chile. Owing to the price decreases, some producers, most notably in Chile, have 
announced temporary reduction of iodine production. 


As in recent years, Chile was the world’s leading producer of iodine, followed by Japan and the United States. Chile 
accounted for more than 66% of world production in 2014, having two of the leading iodine producers in the world. 
The Chilean producers were operating close to capacity and were expected to adjust production in response to 
changes in demand. 


World Mine Production and Reserves: 


Mine production Reserves” 
2013 2014° 

United States W W 250,000 
Azerbaijan 350 350 170,000 
Chile 20,700 21,000 1,800,000 
China NA NA 4,000 
Indonesia 15 15 100,000 
Japan 9,500 9,500 5,000,000 
Russia 200 200 120,000 
Turkmenistan 500 500 70,000 
World total (rounded) 331,300 331,600 7,500,000 


World Resources: In addition to the reserves shown above, seawater contains 0.06 parts per million iodine, or 
approximately 90 billion tons. Seaweeds of the Laminaria family are able to extract and accumulate up to 0.45% 
iodine on a dry basis. Although not as economical as the production of iodine as a byproduct of gas, nitrate, and oil, 
the seaweed industry represented a major source of iodine prior to 1959 and remains a large resource. 


Substitutes: No comparable substitutes exist for iodine in many of its principal applications, such as in animal feed, 
catalytic, nutritional, pharmaceutical, and photographic uses. Bromine and chlorine could be substituted for iodine in 
biocide, colorant, and ink, although they are usually considered less desirable than iodine. Antibiotics can be used as 
a substitute for iodine biocides. 


“Estimated. NA Not available. W Withheld to avoid disclosing company proprietary data. 
‘Defined as imports — exports + adjustments for Government and industry stock changes. 
?See Appendix C for resource/reserve definitions and information concerning data sources. 
Excludes U.S. production. 
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IRON AND STEEL’ 


(Data in million metric tons of metal unless otherwise noted) 


Domestic Production and Use: The iron and steel industry and ferrous foundries produced goods in 2014 with an 
estimated value of about $113 billion. Pig iron was produced by 4 companies operating integrated steel mills in 11 
locations. About 59 companies produce raw steel at about 113 minimills. Combined production capability was about 
114 million tons. Indiana accounted for 25% of total raw steel production, followed by Ohio, 13%; Michigan, 6%; and 
Pennsylvania, 6%. The distribution of steel shipments was estimated to be warehouses and steel service centers, 
25%; construction, 18%; transportation (predominantly automotive), 16%; cans and containers, 2%; and other, 39%. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Pig iron production? 26.8 30.2 30.1 30.3 29 
Steel production 80.5 86.4 88.7 86.9 88 
Basic oxygen furnaces, percent 38.7 39.7 40.9 39.4 37 
Electric arc furnaces, percent 61.3 60.3 59.1 60.6 63 
Continuously cast steel, percent 97.4 98.0 98.6 98.8 99 
Shipments: 
Steel mill products 75.7 83.3 87.0 86.6 89 
Steel castings® ° 0.4 0.4 0.4 0.4 0.4 
lron castings” ° 4.0 4.0 4.0 4.0 4.0 
Imports of steel mill products 21.7 25.9 30.4 29.2 39 
Exports of steel mill products 11.0 12.2 12.5 11.5 11 
Apparent steel consumption* 80 90 98 100 102 
Producer price index for steel mill products 
(1982=100)° 191.7 216.2 208.0 195.0 200 
Steel mill product stocks at service centers 
yearend® 7.0 7.6 7.8 7.6 7 
Total employment, average, number 
Blast furnaces and steel mills 137,000 148,000 152,000 149,000 149,000 
lron and steel foundries® 64,000 69,000° 69,000° 69,000° 69,000 
Net import reliance’ as a percentage of 
apparent consumption 6 7 11 12 17 


Recycling: See Iron and Steel Scrap and Iron and Steel Slag. 


Import Sources (2010-13): Canada, 20%; Mexico, 10%; the Republic of Korea, 10%; Brazil, 10%; and other, 50%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 
Carbon steel: 
Semifinished 7207.00.0000 Free. 
Sheets, hot-rolled 7208.10.0000 Free. 
Hot-rolled, pickled 7208.10.1500 Free. 
Cold-rolled 7209.00.0000 Free. 
Galvanized 7210.00.0000 Free. 
Bars, hot-rolled 7213.00.0000 Free. 
Structural shapes 7216.00.0000 Free. 
Stainless steel: 
Semifinished 7218.00.0000 Free. 
Cold-rolled sheets 7219.31.0000 Free. 
Bars, cold-finished 7222.20.0000 Free. 


Depletion Allowance: Not applicable. 


Government Stockpile: None. 
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IRON AND STEEL 


Events, Trends, and Issues: The expansion or contraction of gross domestic product (GDP) may be considered a 
predictor of the health of the steelmaking and steel manufacturing industries, worldwide and domestically. The World 
Bank’s (WB) forecast of global GDP growth for 2014, 2015, and 2016 was 2.8%, 3.4%, and 3.5%, respectively. The 
U.S. Federal Reserve's projections for the U.S. 2014 GDP growth rate was between 2.8% and 3.0%, between 3.0% 
and 3.2% for 2015, and between 2.5% and 3.0% for 2016. Manufacturing expanded in August 2014; the Institute of 
Supply Management’s Purchasing Managers Index (PMI) registered 59%, which is the highest reading since March 
2011 when the PMI registered 59.1%. PMI in excess of 43.2%, over a period of time generally indicates an expansion 
of the overall economy. Therefore, the August PMI indicates growth for the 63rd consecutive month in the overall 
economy, and indicates expansion in the manufacturing sector for the 15th consecutive month. 


While the global economy struggled during 2009-13 to recover from the recession, the global steel industry, rather 
than consolidating and becoming more efficient, built more production capacity despite weak demand growth. An 
estimated 100 new mills are expected to be built by 2016. Much of this overcapacity was attributed to China, the 
world’s leading steel producer, which accounted for about 49% of global output and had 6 of the world’s 10 largest 
steelmakers. China’s total estimated capacity reached about 1,025 Mt, with a net capacity addition of about 65 Mt in 
2013, but operated at only about 76% of capacity in 2012. During 2013, China added at least 58 new steel-making 
furnaces. China had, during 2013, 35% —40% more steel-making capacity than it needed. This surplus steel has been 
exported to other steel-making countries, including the United States. 


The International Energy Agency predicted that the United States could become the world’s leading oil producer by 
2020. As oil and gas production increases, so will the demand for steel pipe and tube used in drilling operations and 
transportation of products. A Mexico-based company is constructing a state-of-the-art steel mill at Bryan, TX, that will 
be producing about 270,000 metric tons of electric resistance welded pipe and tube for the oil and gas industry. The 
plant will employ 300 to 500 workers and is expected to result in increased employment in local trucking, machine 
shop, and coating service businesses. Also, a Dubai-based company is planning to build a $102 million plant in 
Buffalo, NY, that will make as much as 136,000 metric tons annually of high-grade alloy pipes. 


World Production: 


Pig iron Raw steel 

2013 2014° 2013 2014° 

United States 30 29 87 88 
Brazil 26 26 35 34 
China 709 710 779 820 
France 10 11 16 17 
Germany 27 28 43 44 
India 50 54 81 83 
Japan 84 84 111 111 
Korea, Republic of 41 47 81 65 
Russia 51 51 69 71 
Ukraine 29 25 33 26 
United Kingdom 10 10 12 12 
Other countries 113 119 273 274 
World total (rounded) 1,180 1,190 1,620 1,650 


World Resources: Not applicable. See Iron Ore. 


Substitutes: lron is the least expensive and most widely used metal. In most applications, iron and steel compete 
either with less expensive nonmetallic materials or with more expensive materials that have a performance 
advantage. Iron and steel compete with lighter materials, such as aluminum and plastics, in the motor vehicle 
industry; aluminum, concrete, and wood in construction; and aluminum, glass, paper, and plastics in containers. 


“Estimated. 

‘Production and shipments data source is the American Iron and Steel Institute; see also Iron Ore and Iron and Steel Scrap. 
More than 95% of iron made is transported in molten form to steelmaking furnaces located at the same site. 

U.S. Census Bureau. 

“Defined as steel shipments + imports - exports + adjustments for industry stock changes - semifinished steel product imports. 
°U.S. Department of Labor, Bureau of Labor Statistics. 

Metals Service Center Institute. 

‘Defined as imports — exports + adjustments for Government and industry stock changes. 
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IRON AND STEEL SCRAP" 


(Data in million metric tons of metal unless otherwise noted) 


Domestic Production and Use: Total value of domestic purchases (receipts of ferrous scrap by all domestic 
consumers from brokers, dealers, and other outside sources) and exports was estimated to be $26.1 billion in 2014, 
slightly less than that of 2013. U.S. apparent steel consumption, an indicator of economic growth, increased to about 
108 million tons in 2014. Manufacturers of pig iron, raw steel, and steel castings accounted for about 88% of scrap 
consumption by the domestic steel industry, using scrap together with pig iron and direct-reduced iron to produce 
steel products for the appliance, construction, container, machinery, oil and gas, transportation, and various other 
consumer industries. The ferrous castings industry consumed most of the remaining 12% to produce cast iron and 
steel products, such as motor blocks, pipe, and machinery parts. Relatively small quantities of scrap were used for 
producing ferroalloys, for the precipitation of copper, and by the chemical industry; these uses collectively totaled less 
than 1 million tons. 


During 2014, raw steel production was about 88 million tons, up slightly from that of 2013; annual steel mill capability 
utilization was about 78% compared with 77% for 2013. Net shipments of steel mill products were about 90 million 
tons, up 4.0% from those in 2013. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production: 
Home scrap 10 10 10 8 8 
Purchased scrap’ 66 72 70 77 73 
Imports for consumption® 4 4 4 4 4 
Exports® 21 24 21 18 15 
Consumption, reported 60 63 63 59 52 


Price, average, dollars per metric ton delivered, 
No. 1 Heavy Melting composite price, Iron Age 


Average, Pittsburgh, Philadelphia, Chicago 319 392 360 341 352 
Stocks, consumer, yearend 3.3 4.0 4.2 4.2 4.2 
Employment, dealers, brokers, processors, number“ 30,000 30,000 30,000 30,000 30,000 
Net import reliance’ as a percentage of 

reported consumption E E E E E 


Recycling: Recycled iron and steel scrap is a vital raw material for the production of new steel and cast iron 
products. The steel and foundry industries in the United States have been structured to recycle scrap, and, as a 
result, are highly dependent upon scrap. 


In the United States, the primary source of old steel scrap was the automobile. The recycling rate for automobiles in 
2013, the latest year for which statistics were available, was about 85%. In 2013, the automotive recycling industry 
recycled more than 14 million tons of steel from end-of-life vehicles through more than 300 car shredders, the 
equivalent of nearly 12 million automobiles. More than 7,000 vehicle dismantlers throughout North America resell 
parts. 


The recycling rates for appliances and steel cans in 2013 were 82% and 70%, respectively; this was the latest year 
for which statistics were available. Recycling rates for construction materials in 2013 were, as in 2012, about 98% for 
plates and beams and 72% for rebar and other materials. The recycling rates for appliance, can, and construction 
steel are expected to increase not only in the United States, but also in emerging industrial countries at an even 
greater rate. Public interest in recycling continues, and recycling is becoming more profitable and convenient as 
environmental regulations for primary production increase. 


Recycling of scrap plays an important role in the conservation of energy because the remelting of scrap requires 
much less energy than the production of iron or steel products from iron ore. Also, consumption of iron and steel 
scrap by remelting reduces the burden on landfill disposal facilities and prevents the accumulation of abandoned steel 
products in the environment. Recycled scrap consists of approximately 59% post-consumer (old, obsolete) scrap, 
23% prompt scrap (produced in steel-product manufacturing plants), and 18% home scrap (recirculating scrap from 
current operations). 


Import Sources (2010-13): Canada, 79%; Mexico, 9%; United Kingdom, 4%; Sweden, 3%; and other, 5%. 
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IRON AND STEEL SCRAP 
Tariff: Item Number Normal Trade Relations 
12-31-14 
lron and steel waste and scrap: 
No. 1 Bundles 7204.41.0020 Free. 
No. 1 Heavy Melting 7204.49.0020 Free. 
No. 2 Heavy Melting 7204.49.0040 Free. 
Shredded 7204.49.0070 Free. 


Depletion Allowance: Not applicable. 
Government Stockpile: None. 


Events, Trends, and Issues: During 2014, hot-rolled steel prices decreased from $765 per ton in January to a low of 
$621 per ton in March and then increased to $628 per ton in November. Prices of hot-rolled steel ended the year 
slightly lower than those in 2013. The producer price index for steel mill products increased to 222 in May 2011 from 
153 in May 2009 and then reached an estimated high of 202 in August 2014. Steel mill production capability utilization 
peaked at 80.9% in April 2012 from 40.8% in April 2009, decreased to a low for the year of 68% in October 2012, and 
then rose to 79.6% in July 2014. World steel consumption was expected to increase by 2.0% to 1.6 billion tons in 
2014 and by 2.0% to 1.6 billion tons in 2015. 


Scrap prices fluctuated during the first 9 months of 2014, between about $352 and $389 per ton. Composite prices 
published by Scrap Price Bulletin for No. 1 Heavy Melting steel scrap delivered to purchasers in Chicago, IL, 
Philadelphia, PA, and Pittsburgh, PA, averaged about $370 per ton during the first 9 months of 2014. As reported by 
Scrap Price Bulletin, the average price for nickel-bearing stainless steel scrap delivered to purchasers in Pittsburgh 
was about $1,732 per ton during the first 11 months of 2014, which was about 15% higher than the 2013 average 
price of $1,511 per ton. Exports of ferrous scrap decreased in 2014 to an estimated 15 million tons from 18 million 
tons during 2013, mainly to Turkey, Taiwan, the Republic of Korea, and China, in descending order of export tonnage. 
The value of exported scrap decreased from $7.6 billion in 2013 to an estimated $6.3 billion in 2014. 


During 2014, the U.S. ferrous scrap industry was adversely affected by the continuing global economic slow down, 
which began in December 2007; the devaluation of foreign currencies relative to the U.S. dollar; unusually harsh 
winter weather in the eastern half of the United States; and logistical restraints related to the development of new 
shale oil reserves in the United States. Countries that have been significant consumers of U.S. ferrous scrap 
continued to experience financial difficulties, showing no signs of recovering from the recession. Thus, demand for 
U.S. scrap was weak throughout 2014. Scrap exports during 2011 were at a high of about 24 million tons, whereas 
2014 exports may be only an estimated 15 million tons. Policies of the U.S. Federal Reserve Bank, designed to 
improve the U.S. economy, caused devaluation of the currencies of many nations, such as Turkey, which has been 
the largest consumer of U.S. ferrous scrap exports in recent years. The strengthening of the U.S. dollar made sales of 
exported U.S. scrap difficult at other than discount prices. An early winter and unusually harsh winter conditions 
caused scrap dealers to experience slower than normal delivery of rail cars for their scrap. Also, the need to ship oil 
east from North Dakota because of the lack of pipelines diverted hundreds of locomotives that normally would have 
been used to haul scrap for export. The United States will likely continue exporting valuable ferrous scrap for at least 
another decade, and Turkey and the Republic of Korea will likely remain large importers of scrap at least through 
2020. 


World Mine Production and Reserves: Not applicable. 


World Resources: Not applicable. 


Substitutes: About 4.8 million tons of direct-reduced iron was used in the United States in 2014 as a substitute for 
iron and steel scrap, up from 4.5 million tons in 2013. 


“Estimated. E Net exporter. 

‘See also Iron and Steel and Iron Ore. 

Receipts — shipments by consumers + exports — imports. 

‘Includes used rails for rerolling and other uses, and ships, boats, and other vessels for scrapping. 
“Estimated, based on 2002 Census of Wholesale Trade for 2007 through 2012. 

Defined as imports — exports + adjustments for Government and industry stock changes. 
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IRON AND STEEL SLAG 


(Data in million metric tons unless otherwise noted) 


Domestic Production and Use: Ferrous slags are produced during the making of iron and steel and, after cooling 
and processing, are sold primarily to the construction industry. Data on actual U.S. slag production are unavailable, 
but it is estimated to have been in the range of 16 to 22 million tons in 2014. Domestic slag sales' in 2014 amounted 
to an estimated 16 million tons, valued at about $270 million (f.o.b. plant). Iron (blast furnace) slag accounted for 
about 45% of the tonnage sold and had a value of about $210 million; nearly 85% of this value was from sales of 
granulated slag. Steel slag produced from basic oxygen and electric arc furnaces accounted for the remainder.’ Slag 
was processed by about 25 companies servicing active iron and (or) steel facilities or reprocessing old slag piles at 
about 140 processing plants in 32 States; included in this tally are a number of facilities that grind and sell ground 
granulated blast furnace slag (GGBFS) based on imported unground feed. 


The prices listed in the table below are weighted, but rounded, averages for iron and steel slags sold for a variety of 
applications. Actual prices per ton ranged widely in 2014, from nil to a few cents for some steel slags at a few 
locations to about $100 for some GGBFS. Air-cooled iron slag and steel slag are used primarily as aggregates in 
concrete (air-cooled iron slag only), asphaltic paving, fill, and road bases; both slag types also can be used as a feed 
for cement kilns. Virtually all GGBFS is used as a partial substitute for portland cement in concrete mixes or in 
blended cements. Pelletized slag is generally used for lightweight aggregate but can be ground into material similar to 
GGBFS. Owing to low unit values, most slag types can be shipped by truck only over short distances, but rail and 
waterborne transportation allow greater distances. The much higher unit value of GGBFS likewise permits long 
distance transportation, including from overseas. 


Salient Statistics—United States: 2010 2011 2012 2013° 2014° 
Production, marketed" ° 15.8 15.4 16.0 15.5 16.0 
Imports for consumption’ 1.4 1.6 1.2 1.3 £3 
Exports 0.1 (°) (°) (°) >) 
Consumption, apparent” © 15.8 15.4 16.0 15.5 16.0 
Price average value, dollars per ton, f.o.b. plant’ 17.00 17.00 17.00 17.00 17.00 
Employment, number® 2,100 2,000 1,800 1,700 1,700 
Net import reliance® as a percentage of 

apparent consumption 8 9 i 8 8 


Recycling: Slag is commonly returned to the blast and steel furnaces as ferrous and flux feed, but data on these 
returns are incomplete. Entrained metal, particularly in steel slag, is routinely recovered during slag processing for 
return to the furnaces, but data on metal returns are unavailable. 


Import Sources (2010—13): Granulated blast furnace slag (mostly unground) is the dominant ferrous slag imported, 
but official import data in some years include significant tonnages of nonslag materials (such as cenospheres, fly ash, 
and silica fume) and slags or other residues of various metallurgical industries (such as copper slag) whose unit 
values are outside the range expected for granulated slag. The official data appear to have underreported the 
granulated slag imports in some recent years, but likely not in 2011-12. Based on official data, the principal country 
sources for 2010—13 were Canada, 38%; Japan, 35%; Spain, 7%; Italy, 6%, but likely underreported; and other, 14%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 
Granulated slag 2618.00.0000 Free. 
Slag, dross, scale, from 
manufacture of iron and steel 2619.00.3000 Free. 


Depletion Allowance: Not applicable. 
Government Stockpile: None. 
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Events, Trends, and Issues: The availability of blast furnace slag is becoming problematic in the United States 
because of the closure and (or) continued idling of a number of active U.S. blast furnaces in recent years, the lack of 
construction of new furnaces, and the depletion of old slag piles. At yearend 2014, granulation cooling was available 
at only three active U.S. blast furnaces and was unlikely to be installed at any other sites. Pelletized blast furnace slag 
was in very limited supply (one site only), and it was uncertain if any additional pelletizing capacity was being 
planned. Basic oxygen furnace steel slags have become less available recently because of the closure of several 
integrated iron and steel complexes, thus, the long-term supply of steel slag will be increasingly reliant on electric arc 
furnaces. Where slag availability has not been a problem, slag (as aggregate) sales to the construction sector have 
sometimes been less volatile than those of natural aggregates. Domestic and import supply constraints appear to 
have limited U.S. demand for GGBFS in recent years, and sales have failed to match the relative volume and price 
increases that have characterized the overall U.S. cement market since 2010. Long-term demand for GGBFS likely 
will increase because its use in concrete yields a superior product in many applications and reduces the unit carbon 
dioxide (CO) emissions footprint of the concrete related to the portland cement content. Recent draft regulations to 
restrict emissions of CO and mercury by coal-fired power plants, together with the plant closures or switchover at 
many such plants to low-cost natural gas, have led to a reduction in the supply of fly ash in some areas, including that 
of material for use as cementitious additive for concrete. This has the potential to increase future demand for GGBFS. 
Long-term growth in the supply of GGBFS will mainly depend on imports, either of ground or unground material. 
Imports may be constrained by increasing international demand for the same material and because not all granulated 
slag produced overseas is of high quality. New restrictions on mercury emissions by cement plants will likely reduce 
demand for fly ash as a raw material for clinker manufacture, and this could lead to use of air-cooled and steel slags 
as replacement raw materials. 


World Mine Production and Reserves: Slag is not a mined material and thus the concept of reserves does not 

apply to this mineral commodity. Slag production data for the world are unavailable, but it is estimated that annual 
world iron slag output in 2014 was on the order of 310 to 370 million tons, and steel slag about 170 to 250 million 
tons, based on typical ratios of slag to crude iron and steel output. 


World Resources: Not applicable. 


Substitutes: Ferrous slags compete with crushed stone and sand and gravel as aggregates in the construction 
sector but are far less widely available than the natural materials. Fly ash, natural pozzolans, and silica fume are 
common alternatives to GGBFS as cementitious additives in blended cements and concrete, and in this respect also 
compete with portland cement itself. Slags (especially steel slag) can be used as a partial substitute for limestone and 
some other natural raw materials for clinker (cement) manufacture. Some other metallurgical slags, such as copper 
slag, can compete with ferrous slags in some specialty markets but are generally in much more restricted supply than 
ferrous slags. 


“Estimated. 

‘Data are from an annual survey of slag processors and pertain to the quantities of processed slag sold rather than that processed or produced 
during the year. The data exclude any entrained metal that may be recovered during slag processing and returned to iron and, especially, steel 
furnaces, and are incomplete regarding slag returns to the furnaces. 

"There were very minor sales of open hearth furnace steel slag from stockpiles but no domestic production of this slag type in 2010-14. 

‘Data include sales of imported granulated blast furnace slag, either after domestic grinding or still unground, and exclude sales of pelletized slag 
(proprietary but very small). Overall, actual production of blast furnace slag may be estimated as equivalent to 25% to 30% of crude (pig) iron 
production and steel furnace slag as about 10% to 15% of crude steel output. 

“Based on official (U.S. Census Bureau) data. Comparisons with unofficial import data suggest that the official data may have understated the true 
imports of granulated slag, at least prior to 2010, by amounts of up to about 1 million tons per year; the apparent underreporting was relatively 
small for 2011-12, but is estimated at 0.4 million tons in 2013. The U.S. Geological Survey canvass captures only part of the imported slag. 
*Less than 0.05 million tons. 

°Although definable as total sales of slag (including those from imported feed) minus exports, apparent consumption of slag does not significantly 
differ from total sales owing to the very small export tonnages. 

‘Rounded to the nearest $1.00 per metric ton; component data include a large proportion of estimates. 

®Defined as total imports of slag minus exports of slag. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2015 
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IRON ORE’ 


(Data in million metric tons gross weight unless otherwise noted) 


Domestic Production and Use: In 2014, mines in Michigan and Minnesota shipped 93% of the usable iron ore 


products in the United States, with an estimated value of $5.1 billion. Twelve iron ore mines (9 open pits and 3 


reclamation operations), 9 concentration plants, 10 pelletizing plants, 2 direct-reduced iron (DRI) plants, and 1 iron 
nugget plant operated during the year. Almost all ore was concentrated before shipment. Eight of the mines, operated 
by three companies, accounted for the majority of production. The United States was estimated to have produced and 


consumed 2% of the world’s iron ore output. 


Salient Statistics—United States: 
Production“ 
Shipments 
Imports for consumption 
Exports 
Consumption: 
Reported (ore and total agglomerate)° 
Apparent 
Price,’ U.S. dollars per metric ton 
Stocks, mine, dock, and consuming 
plant, yearend, excluding byproduct ore 
Employment, mine, concentrating and 
pelletizing plant, number 
Net import reliance’ as a percentage of 
apparent consumption (iron in ore) 


Recycling: None (see Iron and Steel Scrap section). 


Import Sources (2010-13): Canada, 71%; Brazil, 12%; Russia, 3.0%; Venezuela, 3.0%; and other, 11%. 


Tariff: Item Number 

Concentrates 2601.11.0030 
Coarse ores 2601.11.0060 
Fine ores 2601.11.0090 
Pellets 2601.12.0030 
Briquettes 2601.12.0060 
Sinter 2601.12.0090 


Roasted Iron Pyrites 2601.20.0000 


Depletion Allowance: 15% (Domestic), 14% (Foreign). 


Government Stockpile: None. 


2010 
49.9 
50.6 

6.4 
10.0 


42.3 
47.9 
98.79 
3.47 
4,780 


E 


2012 
94.0 
52.9 

5.2 


11.2 


46.9 
48.1 
98.16 


Normal Trade Relations 
12-31-14 


Free. 
Free. 
Free. 
Free. 
Free. 
Free. 
Free. 


2013 
53.0 
52.7 

3.2 
11.0 


48.8 
47.1 
104.90 


2014° 
D/5 
94.2 
5.5 
13.0 


49.5 
47.8 
101.00 
4.50 
5,750 


E 


Events, Trends, and Issues: U.S. iron ore production was expected to increase in 2014 and 2015 from that of 2013 
owing to new production that began in late 2013 and 2014. In December 2013, one company in Louisiana began 
producing DRI pellets from imported iron ore concentrates. The facility was the largest of its kind in the world, with a 


2.5 million-ton-per-year capacity, although equipment failure, upgrades, and repairs temporarily idled the plant 
periodically during the year. In September, Reynolds Pellet Plant began operations in Indiana using iron ore 


concentrates from Minnesota reclamation operations. The plant was designed to produce 3 million tons per year of 
high-quality flux pellets to feed blast furnaces in Ohio and Kentucky. Mesabi Chief Plant Four, a 2-million-ton-per-year 
iron ore reclamation plant, was set to begin operations in the first quarter of 2015. 


In February, it was announced that the Empire Mine would remain open through January 2017 following an extension 


of supply and joint-operating agreements. Production rates reached 2 million tons per year for the Comstock 
Mountain Lion Mine in Utah, which produces concentrates for export. One company’s project in Minnesota to 


construct a 7-million-ton-per-year open-pit iron ore mine, concentrator, pelletizing plant, and DRI plant was expected 
to begin in the second half of 2015 after receiving financing needed to complete the project. Construction began on a 
2-million-ton-per-year DRI plant in Texas, expected to be operational by yearend 2015. Weather-related delays on the 


Great Lakes reduced shipments from January through April; however, record-high shipments of iron ore were 


recorded during the summer months. 


Prepared by Christopher A. Tuck [(703) 648-4912, ctuck@usgs.gov] 


85 
IRON ORE 


Following the completion of several infrastructure improvement and capacity projects by the three largest iron ore 
miners in Western Australia, regional shipments increased to record levels. Additional projects in Australia were 
aimed at increasing capacity in 2015 and could put as much as 100 million tons of additional product on the market 
annually. Increased production in Australia and lower than expected consumption in China moved the market into 
oversupply. Spot market prices per dry metric ton of fines at 62% iron content fell to nearly $80 in October from a high 
of $154 in 2013. Global mine closures were attributed to sustained reductions in spot market prices. 


In eastern Canada, the Wabush Scully Mine was closed and the Pointe-Noire Pellet Plant was idled indefinitely, which 
could lead to increased domestic exports to Canada in 2014. Three mines in Australia were closed or idled in late 
2014. An estimated 20% to 30% of iron mines in China were closed or idled in 2014. Production, by iron content, of 
iron ore in China was estimated to decline by 16% to 310 million tons in 2014 and projected to decline to 275 million 
tons in 2015. China’s Ministry of Industry Information and Technology announced they would close an additional 19 
million tons per year of iron ore capacity and 29 million tons per year of steelmaking capacity by yearend 2014. 


World Mine Production and Reserves: Mine production for China is based on crude ore, rather than usable ore, 
which is reported for the other countries. 


Mine production Reserves’ 
2013 2014° Crude ore Iron content 
United States 53 58 6,900 2,100 
Australia 609 660 53,000 23,000 
Brazil 317 320 31,000 16,000 
Canada 43 41 6,300 2,300 
China 1,450 1,500 23,000 7,200 
India 150 150 8,100 5,200 
Iran 50 45 2,500 1,400 
Kazakhstan 26 26 2,500 900 
Russia 105 105 25,000 14,000 
South Africa 72 78 1,000 650 
Sweden 26 26 3,500 2,200 
Ukraine 82 82 °6 500 ®9 300 
Other countries 127 131 18,000 9,500 
World total (rounded) 3,110 3,220 190,000 87,000 


World Resources: U.S. resources are estimated to be about 27 billion tons of iron contained within 110 billion tons of 
iron ore. U.S. resources are mainly low-grade taconite-type ores from the Lake Superior district that require 
beneficiation and agglomeration prior to commercial use. World resources are estimated to exceed 230 billion tons of 
iron contained within greater than 800 billion tons of crude ore. 


Substitutes: The only source of primary iron is iron ore, used directly as direct-shipping ore or converted to 
briquettes, concentrates, DRI, iron nuggets, sinter, or pellets. At some blast furnace operations, ferrous scrap may 
constitute as much as 7% of the blast furnace feedstock. Scrap, DRI, and iron nuggets are extensively used for 
steelmaking in electric arc furnaces and in iron and steel foundries, but scrap availability can be limited. Technological 
advancements have been made, which allow hematite to be recovered from tailings basins and pelletized. 


“Estimated. E Net exporter. 

‘See also Iron and Steel and Iron and Steel Scrap. 

7Includes agglomerates, concentrates, DRI, direct-shipping ore, iron nuggets, pellets, and byproduct ore for consumption. 
‘Includes weight of lime, flue dust, and other additives in sinter and pellets for blast furnaces. 

“Defined as production + imports — exports + adjustments for industry stock changes. 

Estimated from reported value of ore at mines. 

°Defined as imports — exports + adjustments for Government and industry stock changes. 

"See Appendix C for resource/reserve definitions and information concerning data sources. 

*For Ukraine, reserves consist of the A+B categories of the former Soviet Union’s reserves classification system. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2015 
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IRON OXIDE PIGMENTS 


(Data in metric tons unless otherwise noted) 


Domestic Production and Use: Iron oxide pigments (lIOPs) are mined by two companies in two States in the United 
States. Production, which was withheld by the U.S. Geological Survey to avoid disclosing company proprietary data, 
decreased slightly in 2014 from that of 2013. Six companies, including the two producers of natural |OPs, processed 
and sold about 49,000 tons of finished natural and synthetic IOPs at an estimated value of $80 million. Although sales 
by those companies increased by about 4% in 2014 from those of 2013, they remained well below the sales peak of 
88,100 tons in 2007. About 60% of natural and synthetic finished IOPs were used in concrete and other construction 
materials, 25% in coatings and paints, 5% in foundry uses, and more than 2% each in animal food, industrial 
chemicals, magnetic ink and tape, and other uses. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production, mine W W W W W 
Production, finished natural and synthetic IOP 54,700 48,000 48,400 47,200 49,000 
Imports for consumption 151,000 158,000 151,000 165,000 170,000 
Exports, pigment grade 8,750 8,660 8,950 8,170 8,900 
Consumption, apparent’ 197,000 197,000 190,000 204,000 210,000 
Price, average value, dollars per kilogram 1.48 1.54 1.61 1.60 1.60 
Employment, mine and mill 60 58 58 58 60 
Net import reliance’ as a percentage of 
apparent consumption >50% >50% >50% >50% >50% 


Recycling: None. 


Import Sources (2010—13): Natural: Cyprus, 77%; Austria and Germany, 6% each; Spain, 5%; and other, 6%. 
Synthetic: China, 51%; Germany, 26%; Brazil and Canada, 7% each; and other, 9%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 
Natural: 
Micaceous iron oxides 2530.90.2000 2.9% ad val. 
Earth colors 2530.90.8015 Free. 


lron oxides and hydroxides containing 
more than 70% Fe,O3: 


Synthetic: 
Black 2821.10.0010 3.7% ad val. 
Red 2821.10.0020 3.7% ad val. 
Yellow 2821.10.0030 3.7% ad val. 
Other 2821.10.0040 3.7% ad val. 
Earth colors 2821.20.0000 5.5% ad val. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: In 2014, domestic production and sales of crude natural IOPs decreased slightly for the 
second year. In Europe, consumption of |OPs declined, mostly owing to continued sluggishness in the region’s 
construction industry; moderate to strong growth continued in Asia. Domestically, residential construction, in which 
l|OPs are commonly used to color concrete block and brick, ready-mixed concrete, and roofing tiles, increased in the 
first half of 2014. Housing starts and completions each rose by about 7% and 15%, respectively, compared with those 
of the same period in 2013, and increases were expected to continue in 2015. 


Spending on residential construction increased by more than 7% during the first 8 months of 2014 compared with the 
same period in 2013. Spending on nonresidential construction, which accounted for about 62% of construction 
expenditures, increased by 6% in the first 8 months of 2014 compared with the same period in 2013. Increased 
residential and nonresidential construction could lead to an increase in IOP consumption in this sector. 
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Exports of pigment-grade IOPs increased by 9% during 2014 compared with those of 2013, with exports going to a 
variety of countries. Exports of other grades of |OPs and hydroxides increased by 8% during 2014 compared with 
2013, mostly owing to a substantial increase in exports to China and Spain and smaller increases to Australia, 
Germany, Israel, and Thailand. Total imports of natural and synthetic |OPs increased slightly during 2014 compared 
with those in 2013. 


A Texas-based specialty chemical company completed the purchase of a major pigment producer with iron oxide 
pigment facilities in California, Georgia, Maryland, Missouri, and Pennsylvania. 

A company in Utah began production of a high-purity “advanced natural” "iron oxide, mostly composed of goethite 
and hematite. The company intended to compete in synthetic and natural IOP markets. 


Three leading producers of finished natural and synthetic IOPs continued construction of synthetic IOP production 
plants in Augusta, GA; Anhui, China; and Ningbo, China. The startup of the advanced technology facility in Georgia— 
the first new IOP production plant built in the United States in nearly 35 years—was expected to begin early in 2015. 
The plants in China, one owned by a Hong Kong-based company and the other owned by a German chemical 
company, had similar timelines for startup. 


World Mine Production and Reserves: The reserves data for India were revised based on information reported by 
the Government of India. 


Mine production Reserves’ 
2013 2014° 

United States W W Moderate 
Austria (micaceous IOP) 3,500 4,200 NA 
Cyprus (umber) 4,000 4,100 Moderate 
France 18,000 18,000 NA 
Germany” 205,000 210,000 Moderate 
India (ochre) 1,400,000 1,400,000 55,000,000 
Pakistan 45,000 45,000 Moderate 
Spain 16,400 17,000 Large 
World total SNA SNA Large 


World Resources: Domestic and world resources for production of |OPs are adequate. Adequate resources are 
available worldwide for the manufacture of synthetic IOPs. 


Substitutes: |OPs are probably the most commonly used of the natural minerals suitable for use as pigments after 
milling. Because IOPs are color stable, low cost, and nontoxic, they can be economically used for imparting black, 
brown, red, and yellow coloring in large and relatively low-value applications. Other minerals may be used as 
colorants, but they generally cannot compete with IOPs because of the limited tonnages available. Synthetic IOPs are 
widely used as colorants and compete with natural IOPs in many color applications. Organic colorants are used for 
some colorant applications, but several of the organic compounds fade over time from exposure to sunlight. 


“Estimated. NA Not available. W Withheld to avoid disclosing company proprietary data. 

‘Defined as production of finished natural and synthetic l|OPs + imports — exports. 

*Unit value for finished iron oxide pigments sold or used by U.S. producers. 

Defined as imports — exports. 

“See Appendix C for resource/reserve definitions and information concerning data sources. 

*Includes natural and synthetic iron oxide pigment. 

°A significant number of other countries are thought to produce IOPs, but output is not reported and no basis is available to formulate estimates of 
output levels, which likely is substantial. Such countries include Azerbaijan, China, Honduras, Kazakhstan, Russia, Turkey, and Ukraine. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2015 
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KYANITE AND RELATED MINERALS 


(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: One firm in Virginia with integrated mining and processing operations produced 
kyanite from two hard-rock open pit mines and mullite by calcining kyanite. Another company produced synthetic 
mullite in Georgia from materials mined from two domestic sites, one in Alabama and the other in Georgia. 
Commercially produced synthetic mullite is made by sintering or fusing such feedstock materials as kyanite or bauxitic 
kaolin. Natural mullite occurrences typically are rare and uneconomic to mine. Of the kyanite-mullite output, 90% was 
estimated to have been used in refractories and 10% in other uses, including abrasive products such as motor vehicle 
brake shoes and pads and grinding and cutting wheels; ceramic products, such as electrical insulating porcelains, 
sanitaryware, and whiteware; foundry products and precision casting molds; and other products. An estimated 60% to 
65% of the refractory usage was used by the iron and steel industries and the remainder was used by industries that 
manufacture chemicals, glass, nonferrous metals, and other materials. Andalusite was commercially mined in North 
Carolina as part of a mineral mixture of high-purity silica and alumina for use in a variety of refractory mineral 
products for the foundry and ceramics industries. 


Salient Statistics—United States: 2010 2011 2012 201 2014° 
Production: 
Mine’ 93 98 99 110 100 
Synthetic mullite® 40 40 40 40 50 
Imports for consumption (andalusite) 2 5 3 4 3 
Exports 38 38 36 42 38 
Consumption, apparent® 97 105 105 112 115 
Price, average, dollars per metric ton: 
U.S. kyanite, raw concentrate 283 335 340 300 310 
U.S. kyanite, calcined 422 503 513 448 460 
Andalusite, Transvaal, South Africa 336 300 300 348 350 
Employment, kyanite mine, office, and plant, number*® 115 120 125 135 150 
Employment, mullite plant, office, and plant, number® ° 170 180 200 205 210 
Net import reliance’ as a percentage of 
apparent consumption E E E E E 


Recycling: Insignificant. 
Import Sources (2010—13): South Africa, 79%; France, 9%; Peru, 9%; and other, 3%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Andalusite, kyanite, and sillimanite 2508.50.0000 Free. 

Mullite 2508.60.0000 Free. 


Depletion Allowance: 22% (Domestic), 14% (Foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Crude steel production in the United States, which ranked third in the world, increased 
by 1.5% in the first 8 months of 2014 compared with that of the same period in 2013, indicating a potential increase in 
consumption of kyanite-mullite refractories if the trend continues. Mostly as the result of increases in steel production 
in Asia, total world steel production rose by 3.7% during the first 8 months of 2014 compared with 2.9% in the same 
period in 2013. Of the total world refractories market, estimated to be approximately 40 million metric tons, crude steel 
manufacturing consumed more than 70% of refractories production. 


Slow growth in world steel production during 2014 was, in part, the result of a sluggish economy in Western Europe 
and slower-than-expected economic growth in Eastern Europe and the United States. With steel production 
continuing to expand in Asia, andalusite and mullite could receive increasing consideration as alternative 
aluminosilicate refractory minerals to refractory bauxite owing to a continuing lack of readily available, inexpensive 
refractory-grade bauxite from China, which accounted for about three-quarters of market share worldwide. 
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China is expected to continue to be the largest market for refractories, comprising the majority of global demand. 
Slowing, but still above-average, growth is expected in India. Eastern Europe, North America, and Western Europe 
are expected to continue to have significant refractory demand because of their large industrial bases. North America 
and Western Europe are expected to continue to increase slowly in the near term with recovery in manufacturing and 
steel production, but may lag behind the worldwide average in the longer term with steel production increasing in and 
shifting to less-developed countries. Demand for refractories in iron and steel production is expected to have greater 
increases in countries with higher rates of growth in steel production. Increased demand also is anticipated for 
refractories used to produce other metals and in the industrial mineral market because of increasing production of 
cement, ceramics, glass, and other mineral products. 


Andalusite projects in Peru progressed. One facility increased production capacity by 50% and planned an increase 
of nearly as much for 2015. Exploration continued at another deposit and development of a processing operation was 
planned with production to begin in 2016. Large resources of kyanite were discovered in the far northwest region of 
Russia. 


World Mine Production and Reserves: 


Mine production Reserves” 

2013 2014° 
United States® 110 100 Large 
France 70 70 NA 
India 63 65 1,600 
South Africa 220 170 NA 
Other countries 234. 15 NA 
World total (rounded) 464 420 NA 


World Resources: Large resources of kyanite and related minerals are known to exist in the United States. The chief 
resources are in deposits of micaceous schist and gneiss, mostly in the Appalachian Mountains and in Idaho. Other 
resources are in aluminous gneiss in southern California. These resources are not economical to mine at present. 
The characteristics of kyanite resources in the rest of the world are thought to be similar to those in the United States. 
Significant resources of andalusite are known to exist in China, France, Peru, and South Africa; kyanite, in Brazil and 
India; and sillimanite, in India. 


Substitutes: Two types of synthetic mullite (fused and sintered), superduty fire clays, and high-alumina materials are 
substitutes for kyanite in refractories. Principal raw materials for synthetic mullite are bauxite, kaolin and other clays, 
and silica sand. 


“Estimated. E Net exporter. NA Not available. 

“Source: Virginia Department of Mines, Minerals and Energy. 

“Source: Average of prices reported in Industrial Minerals. 

‘Includes mine, mill, and office employment. Source: Mine Safety and Health Administration. 
“Defined as imports — exports. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2015 
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(Data in thousand metric tons of lead content unless otherwise noted) 


Domestic Production and Use: The value of recoverable mined lead in 2014, based on the average North American 
Market price, was about $827 million. Six lead mines in Missouri, plus four mines in Alaska and Idaho that produced 
lead as a coproduct, accounted for all domestic mine production. Of the plants that produced secondary lead at 
yearend 2014, 12 plants having capacities of at least 30,000 tons per year of refined lead accounted for more than 
95% of secondary production. Lead was consumed at more than 70 manufacturing plants. The lead-acid battery 
industry accounted for about 90% of the reported U.S. lead consumption during 2014. Lead-acid batteries were 
primarily used as starting-lighting-ignition (SLI) batteries for automobiles and trucks and as industrial-type batteries for 
standby power for computer and telecommunications networks and for motive power. During the first 9 months of 
2014, 93.5 million lead-acid automotive batteries were shipped by North American producers, a slight increase from 
those shipped in the same period of 2013. 


Salient Statistics—United States: 2010 2011 2012 201 2014° 
Production: 
Mine, lead in concentrates 369 342 345 340 355 
Primary refinery 115 118 111 114 1 
Secondary refinery, old scrap 1,140 1,130 1,110 1,150 1,150 
Imports for consumption: 
Lead in concentrates (") (‘) (‘) (‘) (') 
Refined metal, wrought and unwrought 273 316 351 487 550 
Exports: 
Lead in concentrates 299 223 214 210 300 
Refined metal, wrought and unwrought 85 47 53 48 55 
Consumption: 
Reported 1,430 1,410 1,350 1,390 1,350 
Apparent* 1,440 1,540 1,500 1,700 1,660 
Price, average, cents per pound: 
North American Producer 109 122 114 115 NA 
North American Market NA NA NA NA 107 
London Metal Exchange 97.4 109 93.5 97.2 86 
Stocks, metal, producers, consumers, yearend 65 48 72 70 60 
Employment: 
Mine and mill (average), number” 1,590 1,700 1,660 1,690 1,650 
Primary smelter, refineries 290 290 290 290 15 
Secondary smelters, refineries 1,600 1,600 1,700 1,700 1,700 
Net import reliance’ as a percentage of 
apparent consumption 13 19 18 26 30 


Recycling: In 2014, about 1.15 million tons of secondary lead was produced, an amount equivalent to 70% of 
apparent domestic lead consumption. Nearly all secondary lead was recovered from old (post-consumer) scrap at 
secondary smelters. 


Import Sources (2010—13): Metal, wrought and unwrought: Canada, 68%; Mexico, 18%; Australia, 5%; and other, 


9%. 

Tariff: Item Number Normal Trade Relations” 
12-31-14 

Unwrought (refined) 7801.10.0000 2.9% ad val. 

Antimonial lead 7801.91.0000 2.5% ad val. 

Alloys of lead 7801.99.9030 2.5% ad val. 


Depletion Allowance: 22% (Domestic), 14% (Foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Lead stocks held in global London Metal Exchange (LME) warehouses increased to 
226,550 tons by the end of October from 213,950 tons at yearend 2013. LME stocks held in domestic warehouses 
declined to 725 tons from 2,175 tons during that time period. LME lead cash prices averaged $2,148 per metric ton in 
January, peaked at $2,236 in August, and declined to $2,037 per metric ton in October. Domestic mine production in 
2014 increased from that in the previous year owing to increases in all of the lead-producing States. 
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The Herculaneum, Missouri lead smelter, the only domestic primary lead smelter, closed at yearend 2013, per an 
agreement with the U.S. Environmental Protection Agency. In 2014, the plant processed a small amount of residual 
lead during demolition of the site. Following closure, the owner exported concentrates produced at its six mines in 
Missouri, contributing to the increase in lead exports in 2014. Most of the increase in refined lead imports in 2014 was 
attributable to the loss of domestic primary production; it was thought that some of the imports were held by traders. 


In 2014, total secondary lead production in the United States was expected to be essentially unchanged from that in 
2013. Increased production at a couple of secondary smelters was expected to be offset by temporary closure of one 
smelter. In mid-March, a producer temporarily shut down operations of a lead smelter in Vernon, CA (90,000-metric- 
ton-per-year capacity) owing to environmental concerns from State regulators. The company was making required 
improvements to the plant and intended to restart operations in 2015. 


Increased exports of spent lead-acid batteries during the past few years (the majority of which went to Mexico) have 
reduced the amount of scrap available to secondary smelters. During the first 9 months of the year, 22.4 million spent 
SLI lead-acid batteries, containing an estimated 220,000 tons of lead, were exported. 


Global mine production of lead was expected to be about 5.50 million tons in 2014, with production increases in 
Australia, China, and the United States. The International Lead and Zinc Study Group (ILZSG) forecast global refined 
lead production to increase slightly from that in 2013, to 11.3 million tons, primarily driven by increases in Australia, 
Belgium, China, India, Italy, and the Republic of Korea. ILZSG projected global lead consumption to increase slightly 
in 2014 from that in 2013, to 11.3 million tons, partially owing to an increase in China, and that global refined lead 
production would exceed consumption by 38,000 tons. 


World Mine Production and Reserves: Reserves estimates for Australia, Canada, and Peru were revised based on 
information from Government and industry sources. 


Mine production Reserves 
2013 2014° 

United States 340 355 5,000 
Australia 711 720 35,000 
Bolivia 82 15 1,600 
Canada 20 4 247 
China 2,900 2,950 14,000 
India 106 110 2,600 
lreland 51 40 600 
Mexico 210 220 5,600 
Peru 266 270 7,000 
Poland 90 40 1,700 
Russia 195 195 9,200 
South Africa 53 27 300 
Sweden 62 62 1,100 
Turkey 78 65 NA 
Other countries 324 324 3,000 
World total (rounded) 5,490 5,460 87,000 


World Resources: Identified world lead resources total more than 2 billion tons. In recent years, significant lead 
resources have been demonstrated in association with zinc and (or) silver or copper deposits in Australia, China, 
lreland, Mexico, Peru, Portugal, Russia, and the United States (Alaska). 


Substitutes: Substitution of plastics has reduced the use of lead in cable covering and cans. Tin has replaced lead in 
solder for potable water systems. In the electronics industry, there has been a move toward lead-free solders and flat 
panel displays that do not require lead shielding. Steel and zinc are common substitutes for lead in wheel weights. 


“Estimated. NA Not available. 

‘Less than % unit. 

“Defined as primary refined production + secondary refined production + refined imports — refined exports + adjustments for Government and 
industry stock changes. 

3Includes lead and zinc-lead mines for which lead was either a principal product or significant byproduct. 

“Defined as imports — exports + adjustments for Government and industry stock changes; includes trade in refined lead. 

°No tariff for Canada, Mexico, and Peru for item shown. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 
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(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: In 2014, an estimated 19 million tons (21 million short tons) of quicklime and hydrate 
was produced (excluding commercial hydrators), valued at about $2.2 billion. At yearend, 31 companies were 
producing lime, which included 20 companies with commercial sales and 11 companies that produced lime strictly for 
internal use (for example, sugar companies). These companies had 76 primary lime plants (plants operating lime 
kilns) in 29 States and Puerto Rico. The 4 leading U.S. lime companies produced quicklime or hydrate in 24 States 
and accounted for about 75% of U.S. lime production. Principal producing States were, in descending order of 
production, Missouri, Kentucky, Alabama, Ohio, and Texas. Major markets for lime were, in descending order of 
consumption, steelmaking, flue gas desulfurization, water treatment, construction, mining, paper and pulp, and 
precipitated calcium carbonate. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production“ 18,300 19,100 18,800 19,200 19,000 
Imports for consumption 445 512 468 394 380 
Exports 215 231 212 270 270 
Consumption, apparent” 18,500 19,400 19,100 19,300 19,100 
Quicklime average value, dollars per ton at plant 103.70 107.90 115.40 117.80 116.00 
Hydrate average value, dollars per ton at plant 124.70 130.90 136.90 140.60 139.00 
Employment, mine and plant, number 5,000 5,100 5,100 5,100 5,100 
Net import reliance’ as a percentage of 

apparent consumption 1 1 1 1 1 


Recycling: Large quantities of lime are regenerated by paper mills. Some municipal water-treatment plants 
regenerate lime from softening sludge. Quicklime is regenerated from waste hydrated lime in the carbide industry. 
Data for these sources were not included as production in order to avoid duplication. 


Import Sources (2010-13): Canada, 94%; Mexico, 5%; and other, 1%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Calcined dolomite 2518.20.0000 3% ad. val. 

Quicklime 2522.10.0000 Free. 

Slaked lime 2522.20.0000 Free. 

Hydraulic lime 2522.30.0000 Free. 


Depletion Allowance: Limestone produced and used for lime production, 14% (Domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: 

In 2014, domestic lime production was expected to decrease slightly, owing to decreased consumption by the 
nonferrous metallurgical industry (primarily gold). As a result, national lime prices decreased slightly compared with 
those in 2013. 


One company based in St. Louis, MO, acquired another lime producer in Huron, OH. Companies continued with 
construction projects in Pennsylvania and Virginia, which involved installation of new natural-gas-fired vertical-shaft 
kilns. Low interest rates and low energy prices have provided opportunities for lime companies to add new capacity or 
replace existing old capacity with natural-gas-fired kilns. Plans were underway in 2014 to construct a new, more 
energy-efficient lime plant in Florida. The new Florida plant, expected to become operational in 2015, would consist of 
two vertical kilns that are designed to consume much less fuel using multiple energy sources, including biomass, coal, 
lignite, natural gas, and petroleum coke. 
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World Lime Production and Limestone Reserves: Lime production data for the Republic of Korea is no longer 
reported, as information is inadequate on which to formulate reliable estimates of output. 


Production Reserves” 

2013 2014° 

United States 19,200 19,000 Adequate for all 

Australia 2,100 2,100 countries listed. 
Belgium 2,400 2,000 
Brazil 8,350 8,300 
Bulgaria 1,400 1,700 
Canada 1,800 1,900 
China 230,000 230,000 
France 3,900 4,000 
Germany 6,700 6,800 
India 16,000 16,000 
Iran 2,800 3,000 
Italy® 6,200 6,300 
Japan (quicklime only) 7,600 7,600 
Poland 1,670 1,800 
Romania 2,000 2,000 
Russia 10,800 11,000 
Slovenia 1,400 1,400 
South Africa (sales) 1,300 1,300 
Spain 1,900 1,900 
Turkey (sales) 4,500 4,500 
Ukraine 4,200 3,600 
United Kingdom 1,500 1,600 
Vietnam 1,500 1,500 
Other countries 14,100 15,000 
World total (rounded) 353,000 350,000 


World Resources: Domestic and world resources of limestone and dolomite suitable for lime manufacture are very 
large. 


Substitutes: Limestone is a substitute for lime in many applications, such as agriculture, fluxing, and sulfur removal. 
Limestone, which contains less reactive material, is slower to react and may have other disadvantages compared with 
lime, depending on the application; however, limestone is considerably less expensive than lime. Calcined gypsum is 
an alternative material in industrial plasters and mortars. Cement, cement kiln dust, fly ash, and lime kiln dust are 
potential substitutes for some construction uses of lime. Magnesium hydroxide is a substitute for lime in pH control, 
and magnesium oxide is a substitute for dolomitic lime as a flux in steelmaking. 


“Estimated. 

‘Data are for quicklime, hydrated lime, and refractory dead-burned dolomite. Includes Puerto Rico. 

Sold or used by producers. 

3Includes some double counting based on nominal, undifferentiated reporting of company export sales as U.S. production. 
“Defined as imports — exports. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 

‘Includes hydraulic lime. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2015 


94 
LITHIUM 


(Data in metric tons of lithium content unless otherwise noted) 


Domestic Production and Use: The only lithium mine operating in the United States was a brine operation in 
Nevada. Two companies produced a large array of downstream lithium compounds in the United States from 
domestic or South American lithium carbonate, lithium chloride, and lithium hydroxide. Domestic production was not 
published to protect proprietary data. A U.S. recycling company produced a small quantity of lithium carbonate from 
solutions recovered during the recycling of lithium-ion batteries. 


Although lithium markets vary by location, global end-use markets are estimated as follows: ceramics and glass, 35%; 
batteries, 31%; lubricating greases, 8%; continuous casting mold flux powders, 6%; air treatment, 5%; polymer 
production, 5%; primary aluminum production, 1%; and other uses, 9%. Lithium consumption for batteries has 
increased significantly in recent years because rechargeable lithium batteries are used extensively in the growing 
market for portable electronic devices and increasingly are used in electric tools, electric vehicles, and grid storage 
applications. Lithium minerals were used directly as ore concentrates in ceramics and glass applications worldwide. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production W W W 870 W 
Imports for consumption 1,960 2,850 2,/60 2,210 2,100 
Exports 1,410 1,310 1,300 1,230 1,300 
Consumption: 
Apparent W W W W W 
Estimated 1,100 *2,000 *2,000 1,800 *2,000 
Price, annual average, battery-grade lithium 
carbonate, dollars per metric ton” 5,180 5,180 6,060 6,800 6,600 
Employment, mine and mill, number 70 70 70 70 70 
Net import reliance’ as a percentage of 
apparent consumption >50% >80% >60% >50% >50% 


Recycling: Historically, lithium recycling has been insignificant but has increased steadily owing to the growth in 
consumption of lithium batteries. One U.S. company has recycled lithium metal and lithium-ion batteries since 1992 at 
its facility in British Columbia, Canada. In 2009, the U.S. Department of Energy awarded the company $9.5 million to 
construct the first U.S. recycling facility for lithium-ion batteries, which was still under construction in 2014. 


Import Sources (2010-13): Chile, 50%; Argentina, 46%; China, 3%; and other, 1%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 
Other alkali metals 2805.19.9000 5.5% ad val. 
Lithium oxide and hydroxide 2825.20.0000 3.7% ad val. 
Lithium carbonate: 
U.S.P. grade 2836.91.0010 3.7% ad val. 
Other 2836.91.0050 3.7% ad val. 


Depletion Allowance: 22% (Domestic), 14% (Foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Worldwide lithium production increased by about 6% in 2014. Production from 
Argentina and Chile increased approximately 15% each in response to increased lithium demand for battery 
applications. Also, in 2013, weather-related complications had reduced production for Argentina’s major lithium 
producer. Lithium production in Australia and China also increased. Major lithium producers expected worldwide 
consumption of lithium in 2014 to be approximately 33,000 tons, an increase of 10% from that of 2013. Despite the 
increased lithium demand in 2014, worldwide lithium prices, on average, remained unchanged owing to the near 
balanced increase in worldwide lithium consumption and supply. Industrial Minerals reported a slight decrease in 
United States lithium carbonate prices. 


In the late 1990s, subsurface brines became the dominant raw material for lithium carbonate production worldwide 
because of lower production costs compared with the mining and processing of hard-rock ores. Owing to growing 
lithium demand from China in the past several years, however, mineral-sourced lithium regained market share and 
was estimated to account for one-half of the world’s lithium supply in 2014. Two brine operations in Chile and a 
spodumene operation in Australia accounted for the majority of world production. Argentina produced lithium 
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carbonate and lithium chloride from brines. China produced lithium carbonate, lithium chloride, and lithium hydroxide 
from domestic brines and, increasingly, domestic and imported spodumene. In the United States, the brine operation 
in Nevada doubled production capacity in 2013. A new brine operation in Argentina was expected to be 
commissioned by yearend 2014. 


Recent years have seen consolidation among the handful of major lithium producers. In 2013, China’s leading lithium 
chemical producer acquired Australia’s leading spodumene producing facility, having a capacity of 110,000 tons per 
year of lithium carbonate equivalent. In 2014, the United States-based parent company of one of Chile’s brine 
operations acquired 49% of the Australian spoodumene operation from the Chinese chemical producer, and effectively 
became the world’s leading lithium producer. Later in 2014, a U.S. bromine products manufacturer agreed to 
purchase the U.S. lithium producer for $6.2 billion to create one of the world’s largest speciality chemicals 
businesses. 


Lithium supply security has become a top priority for Asian technology companies. Strategic alliances and joint 
ventures have been, and are continuing to be, established with lithium exploration companies to ensure a reliable, 
diversified supply of lithium for Asia’s battery suppliers and vehicle manufacturers. Several brine operations were 
under development in Argentina, Bolivia, and Chile; soodumene mining operations were under development in 
Australia, Canada, China, and Finland; and a jadarite mining operation was under development in Serbia. Additional 
exploration for lithium continued, with numerous claims having been leased or staked worldwide. 


Rechargeable batteries was the largest potential growth area for lithium compounds. Demand for rechargeable lithium 
batteries exceeds that of other rechargeable batteries. Automobile companies were developing lithium batteries for 
electric and hybrid electric vehicles. A leading electric car manufacturer announced plans to construct an immense 
lithium-ion battery plant in the United States capable of producing up to 500,000 lithium-ion vehicle batteries per year 
by 2020. The plant was expected to be vertically integrated, capable of producing finished battery packs directly from 
raw materials. 


World Mine Production and Reserves: The reserves estimates for Australia and Brazil have been revised based on 
new information from Government and industry sources. 


Mine production Reserves” 
2013 2014° 

United States 870 W 38,000 
Argentina 2,000 2,900 850,000 
Australia 12,700 13,000 1,500,000 
Brazil 400 400 48,000 
Chile 11,200 12,900 7,500,000 
China 4,700 5,000 3,500,000 
Portugal 570 570 60,000 
Zimbabwe 1,000 1,000 23,000 
World total (rounded) 34,000 ®36,000 13,500,000 


World Resources: Identified lithium resources in the United States total 5.5 million tons and approximately 34 million 
tons in other countries. Identified lithium resources for Bolivia and Chile are 9 million tons and more than 7.5 million 
tons, respectively. Identified lithium resources for major producing countries are: Argentina, 6.5 million tons; Australia, 
1.7 million tons; and China, 5.4 million tons. In addition, Canada, Congo (Kinshasa), Russia, and Serbia have 
resources of approximately 1 million tons each. Identified lithium resources for Brazil total 180,000 tons. 


Substitutes: Substitution for lithium compounds is possible in batteries, ceramics, greases, and manufactured glass. 
Examples are calcium and aluminum soaps as substitutes for stearates in greases; calcium, magnesium, mercury, 
and zinc as anode material in primary batteries; and sodic and potassic fluxes in ceramics and glass manufacture. 
Lithium carbonate is not considered to be an essential ingredient in aluminum potlines. Substitutes for aluminum- 
lithium alloys in structural materials are composite materials consisting of boron, glass, or polymer fibers in resins. 


“Estimated. W Withheld to avoid disclosing company proprietary data. 

‘Source: Rockwood Holdings, Inc., 2013 annual report: Princeton, NJ, Rockwood Holdings, Inc., p. 16. 

7Rounded to one significant figure to avoid disclosing company proprietary data. 

Source: Industrial Minerals, IM prices: Lithium carbonate, large contracts, delivered continental United States, annual average. 
“Defined as imports — exports + adjustments for Government and industry stock changes. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 

°Excludes U.S. production. 
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(Data in thousand metric tons of magnesium content unless otherwise noted) 


Domestic Production and Use: Seawater and natural brines accounted for about 69% of U.S. magnesium 
compounds production in 2014. Magnesium compound production was valued at $251 million. Magnesium oxide and 
other compounds were recovered from seawater by one company in California and another company in Delaware; 
from well brines by one company in Michigan; and from lake brines by two companies in Utah. Magnesite was mined 
by one company in Nevada, and olivine was mined by one company in Washington. About 52% of the magnesium 
compounds consumed in the United States was used in agricultural, chemical, construction, environmental, and 
industrial applications. The remaining 48% was used for refractories. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production 261 306 244 297 320 
Imports for consumption 279 316 260 230 270 
Exports 16 20 19 21 24 
Consumption, apparent 524 602 485 506 570 
Stocks, producer, yearend NA NA NA NA NA 
Employment, plant, number® 300 300 275 250 250 
Net import reliance’ as a percentage 

of apparent consumption 50 49 50 41 43 


Recycling: Some magnesia-based refractories are recycled, either for reuse as refractory material or for use as 
construction aggregate. 


Import Sources (2010-13): China, 54%; Brazil, 11%; Australia, 8%; Canada, 8%; and other, 19%. 


Tariff:* Item Number Normal Trade Relations 
12-31-14 

Crude magnesite 2519.10.0000 Free. 
Dead-burned and fused magnesia 2519.90.1000 Free. 
Caustic-calcined magnesia 2519.90.2000 Free. 

Kieserite 2530.20.1000 Free. 

Epsom salts 2530.20.2000 Free. 
Magnesium hydroxide 2816.10.0000 3.1% ad val. 
Magnesium chloride 2827.31.0000 1.5% ad val. 
Magnesium sulfate (synthetic) 2833.21.0000 3.7% ad val. 


Depletion Allowance: Brucite, 10% (Domestic and foreign); dolomite, magnesite, and magnesium carbonate, 14% 
(Domestic and foreign); magnesium chloride (from brine wells), 5% (Domestic and foreign); and olivine, 22% 
(Domestic) and 14% (Foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Historically, the majority of magnesium compounds consumed in the United States was 
for refractory products. Since 2013, however, refractories have accounted for less than 50% of magnesium 
compounds consumed. Although steel production in the United States increased slightly in 2014, the use of higher 
quality fused-magnesia refractories resulted in decreased refractory consumption per unit of steel produced. 
Increased consumption of magnesium compounds for animal feed supplements, deicing, dust control, fertilizer, flue 
gas treatment, and waste water treatment also contributes to the shift in end use distribution. 


Global consumption of all refractories was 10% lower in 2013 than that in 2011. Magnesia brick consumption in China 
in 2013 was 16% lower than that in 2012. The decrease in consumption was partially attributed to slower economic 
growth in China and the Government of China ordering older, inefficient capacity in the steel, cement, and glass 
industries to be shut down. In addition, production of higher quality refractories that last longer also decreased 
consumption of magnesia. Dead-burned magnesia was being replaced with fused magnesia in some steel furnaces. 
Fused magnesia has superior properties to dead-burned magnesia in some refractory applications, owing to higher 
magnesia content, higher density, and larger crystal size. 
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sources of magnesia in recent years. Further consumer acquisitions of raw-material suppliers were expected. New or 


reopened production capacity has provided consumers with an alternative to fused magnesia produced in China. A 
magnesite mine in Greece that had been shut down for about 15 years was reopened in late 2013 and began 
shipping magnesite in 2014. The plant had a capacity to produce 15,000 metric tons per year of caustic calcined 
magnesia and was building a 60,000-ton-per-year kiln. In Russia, the leading magnesia producer commissioned a 
new fused magnesia furnace with a capacity of 50,000 tons per year. 


World Magnesite Mine Production and Reserves: 


United States 


Australia 
Austria 
Brazil 
China 
Greece 
India 


Korea, North 


Russia 
Slovakia 
Spain 
Turkey 


Other countries 
World total (rounded) 


In addition to magnesite, there are vast reserves of well and lake brines and seawater from which magnesium 
compounds can be recovered. 


World Resources: Resources from which magnesium compounds can be recovered range from large to virtually 
unlimited and are globally widespread. Identified world resources of magnesite total 12 billion tons, and of brucite, 


Mine production 


2013 
W 
130 
220 
140 
4,900 
100 
60 

70 
370 
200 
280 
300 
130 
°6,910 


2014° 
Ww 
130 
200 
150 
4,900 
115 
60 

80 
400 
200 
280 
300 
150 
°6,970 


Reserves’ 


10,000 
95,000 
15,000 
86,000 
500,000 
80,000 
20,000 
450,000 
650,000 
35,000 
10,000 
49,000 
390,000 
2,400,000 


several million tons. Resources of dolomite, forsterite, magnesium-bearing evaporite minerals, and magnesia-bearing 


brines are estimated to constitute a resource in billions of tons. Magnesium hydroxide can be recovered from 


seawater. 


Substitutes: Alumina, chromite, and silica substitute for magnesia in some refractory applications. 


“Estimated. NA Not available. W Withheld to avoid disclosing company proprietary data. 
'See also Magnesium Metal. 

Defined as imports — exports + adjustments for Government and industry stock changes. 
*Tariffs are based on gross weight. 

“See Appendix C for resource/reserve definitions and information concerning data sources. 
*Excludes U.S. production. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2015 


98 
MAGNESIUM METAL’ 


(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: In 2014, primary magnesium was produced by one company in Utah at an 
electrolytic process plant that recovered magnesium from brines from the Great Salt Lake. The leading use for 
primary magnesium metal was aluminum-base alloys that were used for packaging, transportation, and other 
applications, which accounted for 35% of apparent consumption. Use as a reducing agent for the production of 
titanium and other metals accounted for 30% of primary magnesium consumption. Structural uses of magnesium 
(castings and wrought products) accounted for 15% of primary metal consumption, desulfurization of iron and steel, 
10%, and other uses, 10%. 


Salient Statistics—United States: 2010 2011 2012 201 2014° 
Production: 
Primary W W W W W 
Secondary (new and old scrap) 72 67 77 79 82 
Imports for consumption 53 48 51 46 55 
Exports 15 12 18 16 18 
Consumption: 
Reported, primary 57 81 72 69 80 
Apparent? 100 110 110 120 120 
Price, yearend: 
U.S. spot Western, dollars per pound, average 2.43 2.13 2.20 2.13 2.15 
China free market, dollars per metric ton, average 2,925 3,025 3,170 2,090 2,000 
Stocks, producer and consumer, yearend W W W W W 
Employment, number® 400 400 420 420 420 
Net import reliance’ as a percentage of 
apparent consumption 38 33 29 27 30 


Recycling: In 2014, about 25,000 tons of secondary magnesium was recovered from old scrap and 57,000 tons were 
recovered from new scrap. Aluminum-base alloys accounted for 75% of the secondary magnesium recovered. 
Magnesium chloride produced as a waste product of titanium sponge production at a plant in Utah is returned to the 
primary magnesium supplier where it is reduced to produce metallic magnesium; however, this metal is not included 
in the secondary magnesium statistics. 


Import Sources (2010-13): Israel, 33%; Canada, 23%; China, 8%; United Kingdom, 7%; and others, 29%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Unwrought metal 8104.11.0000 8.0% ad val. 

Unwrought alloys 8104.19.0000 6.5% ad val. 

Wrought metal 8104.90.0000 14.8¢/kg on Mg content + 3.5% ad val. 


Depletion Allowance: Dolomite, 14% (Domestic and foreign); magnesium chloride (from brine wells), 5% (Domestic 
and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Several projects under development could significantly increase primary magnesium 
metal capacity in North America. In February 2014, the sole U.S. primary magnesium producer announced plans to 
expand capacity to 76,500 tons per year from 63,500 tons per year by yearend 2015. Engineering studies were 
completed for a proposal to expand the plant capacity to 90,000 tons per year, although a proposed construction 
schedule for that expansion was not released. Net import reliance as a percentage of apparent magnesium 
consumption has gone down to 30% in 2014 from 61% in 2004, even though apparent consumption has gone down 
by about 15% during the same time owing to recent expansions by this producer. The company and the union which 
represents its workers signed a 5-year labor contract that took effect at the end of August. In Nevada, a company was 
proposing to build a plant to produce magnesium from dolomite. A preliminary economic assessment of the dolomite 
deposit was completed in 2012, but permits have not been issued for the project. In Quebec, Canada, a company 
was building a pilot plant to test production of magnesium from tailings from asbestos mining. If the pilot plant proves 
the company’s process to be economically feasible, the company planned to build a 50,000-ton-per-year plant. 
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The use of magnesium in automobile parts was expected to continue to increase as automobile manufactures seek to 
decrease vehicle weight to comply with fuel efficiency standards. In September, an expansion project started ata 
plant in Mexico, MO, which manufactures die-cast magnesium parts for the automotive industry. The capacity of the 
plant and the expansion project were not released, but employment at the plant was expected to increase by about 
30% when completed in September 2015. Consumption of magnesium in the production of titanium metal by the Kroll 
process was expected to increase as the use of titanium increases in aerospace applications. 


In China, expansion of capacity to produce magnesium metal continued in areas adjacent to sources of dolomite or 
lake brines and coking operations. Although much of the newer capacity is in locations with lower costs, such as 
Shaanxi Province, older capacity was still producing at reduced rates and could increase output if prices supported it. 
A company in Norway was building a 15,000-ton-per-year plant to produce magnesium from olivine. The plant was 
expected to be completed at mid-year 2015. It would also include secondary magnesium capacity. 


The U.S. Department of Energy's (DOE) Advanced Research Projects Agency-Energy was funding a project to 
develop a method of recovering magnesium from seawater using less energy than current production methods. The 
3-year project conducted at DOE’s Pacific Northwest National Laboratory in Richland, WA, was started in January 
2014, and funded for $2.7 million. Two corporate partners were also participating in the research project. 


World Primary Production and Reserves: 


Primary production Reserves’ 

2013 2014° 
United States W W Magnesium metal is derived from seawater, natural 
Brazil 16 16 brines, dolomite, and other minerals. The reserves 
China 770 800 for this metal are sufficient to supply current and 
Israel 28 30 future requirements. To a limited degree, natural 
Kazakhstan 23 21 brines may be considered to be a renewable 
Korea, Republic of 8 10 resource wherein any magnesium removed by 
Malaysia 1 0 humans may be renewed by nature in a short span 
Russia 32 28 of time. 

World total’ (rounded) 878 907 


World Resources: Resources from which magnesium may be recovered range from large to virtually unlimited and 
are globally widespread. Resources of dolomite and magnesium-bearing evaporite minerals are enormous. 
Magnesium-bearing brines are estimated to constitute a resource in the billions of tons, and magnesium could be 
recovered from seawater along world coastlines. 


Substitutes: Aluminum and zinc may substitute for magnesium in castings and wrought products. For iron and steel 
desulfurization, calcium carbide may be used instead of magnesium. Magnesium’s light weight is an advantage over 
aluminum and zinc in castings and wrought products; however, its high cost is a disadvantage relative to these 
substitutes. Magnesium is preferred to calcium carbide for desulfurization of iron and steel because calcium carbide 
produces acetylene in the presence of water. 


“Estimated. W Withheld to avoid disclosing company proprietary data. 

'See also Magnesium Compounds. 

?Rounded to two significant digits to protect proprietary data. 

Defined as imports — exports + adjustments for Government and industry stock changes. 
“See Appendix C for resource/reserve definitions and information concerning data sources. 
°Excludes U.S. production. 
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MANGANESE 


(Data in thousand metric tons gross weight unless otherwise specified) 


Domestic Production and Use: Manganese ore containing 20% or more manganese has not been produced 
domestically since 1970. Manganese ore was consumed mainly by eight firms with plants principally in the East and 
Midwest. Most ore consumption was related to steel production, either directly in pig iron manufacture or indirectly 
through upgrading the ore to ferroalloys. Additional quantities of ore were used for such nonmetallurgical purposes as 
production of dry cell batteries, in plant fertilizers and animal feed, and as a brick colorant. Manganese ferroalloys 
were produced at two smelters. Construction, machinery, and transportation end uses accounted for about 33%, 
13%, and 10%, respectively, of manganese consumption. Most of the rest went to a variety of other iron and steel 
applications. In 2014, the value of domestic consumption, estimated from foreign trade data, was about $1.2 billion. 


Salient Statistics—United States: " 2010 2011 2012 2013 2014° 
Production, mine = = == = 
Imports for consumption: 


Manganese ore 489 552 506 549 430 

Ferromanganese 326 348 401 331 360 

Silicomanganese” 297 348 348 329 450 
Exports: 

Manganese ore 14 1 2 1 1 

Ferromanganese 19 5 5 2 Yi 

Silicomanganese 9 8 6 6 2 
Shipments from Government stockpile excesses: 

Manganese ore — -75 — — — 

Ferromanganese 29 10 6 1 20 
Consumption, reported:° 

Manganese ore® 450 532 538 523 500 

Ferromanganese 292 303 382 368 370 

Silicomanganese 97 106 150 152 150 
Consumption, apparent, manganese’ 721 699 843 794 840 


Price, average, 46% to 48% Mn metallurgical ore, 
dollars per metric ton unit, contained Mn: 


Cost, insurance, and freight (c.i.f.), U.S. ports® 8.45 6.67 4.97 4.61 4.30 
CNF’ China, CRU Ryan’s Notes 7.23 5.72 4.84 5.29 95.01 
Stocks, producer and consumer, yearend: 
Manganese ore® 168 250 203 217 200 
Ferromanganese 32 25 31 27 27 
Silicomanganese 28 22 19 6 15 
Net import reliance’° as a percentage of 
apparent consumption 100 100 100 100 100 


Recycling: Manganese was recycled incidentally as a constituent of ferrous and nonferrous scrap; however, scrap 
recovery specifically for manganese was negligible. Manganese is recovered along with iron from steel slag. 


Import Sources (2010—13): Manganese ore: Gabon, 61%; Australia, 16%; South Africa, 14%; Ghana, 4%; and other, 
5%. Ferromanganese: South Africa, 57%; Norway, 9%; Ukraine, 8%; Republic of Korea, 7%; and other, 19%. 
Manganese contained in principal manganese imports: '' South Africa, 32%; Gabon, 22%; Australia, 12%: Georgia, 
8%; and other, 26%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Ore and concentrate 2602.00.0040/60 Free. 

Manganese dioxide 2820.10.0000 4.7% ad val. 

High-carbon ferromanganese 7202.11.5000 1.5% ad val. 

Silicomanganese 7202.30.0000 3.9% ad val. 

Metal, unwrought 8111.00.4700/4900 14% ad val. 


Depletion Allowance: 22% (Domestic), 14% (Foreign). 
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Government Stockpile: 
Stockpile Status—9-30-14 7 


Disposal Plan Disposals 
Material Inventory FY 2014 FY 2014 
Manganese ore”™ 292 91 — 
Ferromanganese, high-carbon* 329 91 17 


Events, Trends, and Issues: U.S. manganese apparent consumption was projected to increase by 5% to 840,000 
metric tons in 2014 compared to that in 2013. This happened despite a significant (22%) decrease in domestic 
manganese ore consumption during 2014 that resulted from a 6-month curtailment in production at one U.S. 
silicomanganese plant. Greater ferromanganese and silicomanganese imports and excess high-carbon 
ferromanganese shipments from the Government stockpile in 2014 led to the increased U.S. apparent consumption. 
The annual average domestic manganese ore contract price followed the 7% decrease in the average Chinese spot 
market price for metallurgical-grade ore in 2014. 


World Mine Production and Reserves (metal content): Reserves for India have been revised based on the 


average metal content of manganese ore produced from 2009-13. 


Mine production Reserves“ 
2013 2014° 

United States — — — 
Australia 2,980 3,100 97,000 
Brazil 1,120 1,100 54,000 
Burma 157 200 NA 
China 3,000 3,200 44,000 
Gabon 1,970 2,000 24,000 
Ghana 533 540 NA 
India 920 940 52,000 
Kazakhstan 390 390 5,000 
Malaysia 430 440 NA 
Mexico 212 220 5,000 
South Africa 4,300 4,700 150,000 
Ukraine 300 300 140,000 
Other countries 597 650 Small 
World total (rounded) 16,900 18,000 570,000 


World Resources: Land-based manganese resources are large but irregularly distributed; those in the United States 
are very low grade and have potentially high extraction costs. South Africa accounts for about 75% of the world’s 
identified manganese resources, and Ukraine accounts for 10%. 


Substitutes: Manganese has no satisfactory substitute in its major applications. 


“Estimated. NA Not available. — Zero. 

‘Manganese content typically ranges from 35% to 54% for manganese ore and from 74% to 95% for ferromanganese. 

Excludes insignificant quantities of low-grade manganiferous ore. 

‘Imports more nearly represent amount consumed than does reported consumption. 

“Net quantity, in manganese content, defined as stockpile shipments — receipts. 

*Manganese consumption cannot be estimated as the sum of manganese ore and ferromanganese consumption because so doing would count 
manganese in ore used to produce ferromanganese twice. 

°Consumers only, exclusive of ore consumed at iron and steel plants. 

‘Thousand metric tons, manganese content; based on estimated average content for all components except imports, for which content is reported. 
Cost and freight (CNF) represents the costs paid by a seller to ship manganese ore by sea to a Chinese port; excludes insurance. 

*Average weekly price through September 2014. 

"Defined as imports — exports + adjustments for Government and industry stock changes. 

"Includes imports of ferromanganese, manganese ore, silicomanganese, synthetic manganese dioxide, and unwrought manganese metal. 
"?See Appendix B for definitions. 

'SMetallurgical grade. 

“4See Appendix C for resource/reserve definitions and information concerning data sources. 
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MERCURY 


(Data in metric tons of mercury content unless otherwise noted) 


Domestic Production and Use: Mercury has not been produced as a principal mineral commodity in the United 
States since 1992. In 2014, mercury was recovered as a byproduct from processing gold-silver ore at several mines 
in Nevada; however, production data were not reported. Secondary, or recycled, mercury was recovered from 
batteries, compact and traditional fluorescent lamps, dental amalgam, medical devices, and thermostats, as well as 
mercury-contaminated soils. It was estimated that less than 50 metric tons per year of mercury was consumed 
domestically. The leading domestic end users of mercury were the chlorine-caustic soda, electronics, and fluorescent- 
lighting industries. With the conversion of one chloralkali mercury cell plant in Tennessee to membrane technology in 
2013, and the closure of a mercury cell chloralkali unit in Georgia in 2012, only two mercury cell chloralkali plants 
operated in the United States in 2014. Until December 31, 2012, domestic- and foreign-sourced mercury was refined 
and then exported for global use, primarily for small-scale gold mining in many parts of the world. Beginning January 
1, 2013, export of elemental mercury from the United States was banned, with some exceptions, under the Mercury 
Export Ban Act of 2008. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production: 
Mine (byproduct) NA NA NA NA NA 
Secondary NA NA NA NA NA 
Imports for consumption (gross weight), metal 294 110 249 38 50 
Exports (gross weight), metal 459 133 103 (‘) — 
Price, average value, dollars per flask, free market”° 1,076 1,850 1,850 1,850 1,850 
Net import reliance’ as a percentage of 
apparent consumption E E E NA NA 


Recycling: In 2014, six companies in the United States accounted for the majority of secondary mercury production. 
Mercury-containing automobile convenience switches, barometers, compact and traditional fluorescent lamps, 
computers, dental amalgam, medical devices, thermostats, and some mercury-containing toys were collected by as 
many as 50 smaller companies and shipped to the refining companies for retorting to reclaim the mercury. In addition, 
many collection companies recovered mercury when retorting was not required. The increased use of nonmercury 
substitutes has resulted in a shrinking reservoir of mercury-containing products for recycling. 


Import Sources (2010-13): Chile, 45%; Peru, 22%; Argentina, 15%; Canada, 10%; and other, 8%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 
Mercury 2805.40.0000 1.7% ad val. 


Depletion Allowance: 22% (Domestic), 14% (Foreign). 


Government Stockpile: An inventory of 4,436 tons of mercury was held in storage at the Hawthorne Army Depot, 
Hawthorne, NV. About 1,200 tons of mercury also was held by the U.S. Department of Energy, Oak Ridge, TN. Sales 
of mercury from the National Defense Stockpile remained suspended. 


Stockpile Status—9-30-14° 


Disposal Plan Disposals 
Material Inventory FY 2014 FY 2014 
Mercury 4,440 = = 


Events, Trends, and Issues: The average monthly price of one flask of domestic mercury and free market mercury 
was unchanged at $1,850 per flask throughout the year. Imports increased but were still significantly below the 
average imports for the last 10 years. 


Owing to mercury toxicity and concerns for the environment and human health, overall mercury use has declined in 
the United States. Mercury has been released to the environment from numerous sources, including mercury- 
containing car switches when automobiles are scrapped for recycling, coal-fired powerplant emissions, and 
incinerated mercury-containing medical devices. Mercury is no longer used in batteries and paints manufactured in 
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the United States. Some button-type batteries, cleansers, fireworks, folk medicines, grandfather clocks, pesticides, 
and some skin-lightening creams and soaps may contain mercury. Global consumption of mercury was estimated to 
be less than 2,000 tons per year, and approximately 50% of this consumption was as mercury compounds used as 
catalysts in the coal-based manufacture of vinyl chloride monomer in China. Conversion to nonmercury technology for 
chloralkali production and the ultimate closure of the world’s mercury-cell chloralkali plants may release a large 
quantity of mercury to the global market for recycling, sale, or, owing to export bans in Europe and the United States, 
storage. 


Globally, the number of operating primary mercury mines was uncertain; however, the majority was located in China, 
Kyrgyzstan, or Russia. Byproduct mercury production is expected to continue from large-scale domestic and foreign 
gold-silver mining and processing, as is secondary production of mercury from an ever-diminishing supply of mercury- 
containing products. The quantity of byproduct mercury entering the global supply from foreign gold-silver processing 
may fluctuate dramatically from year to year because mercury is frequently stockpiled in producing countries until 
sufficient material is available for export. Domestic mercury consumption will continue to decline as increasing usage 
of compact fluorescent and fluorescent light bulbs, which use a small amount of mercury, will be offset by increasing 
use of nonmercury-containing products, such as digital thermometers, are substituted for mercury-containing 
products. 


World Mine Production and Reserves: Data on reserves of mercury are out of date, not available, or not disclosed 
due to the hazardous nature of the mineral. 


Mine production Reserves’ 
2013 2014° 

United States NA NA Quantitative estimates 
Chile (byproduct) 50 50 of reserves are not available. 
China 1,600 1,600 China, Kyrgyzstan, and Peru are 
Kyrgyzstan 100 100 thought to contain the largest 
Mexico (byproduct) NA NA reserves. 
Peru (exports) 45 40 
Russia 50 50 
Tajikistan _ 32 _ 30 

World Total (rounded) 1,880 1,870 


World Resources: China, Kyrgyzstan, Mexico, Peru, Russia, Slovenia, Spain, and Ukraine have most of the world’s 
estimated 600,000 tons of mercury resources. Mexico reclaims mercury from Spanish Colonial silver mining waste. In 
Peru, mercury production from the Santa Barbara Mine (Huancavelica) stopped in the 1990s; however, Peru 
continues to be an important source of byproduct mercury imported into the United States. Spain, once a leading 
producer of mercury from its centuries-old Almaden Mine, stopped mining in 2003. In the United States, there are 
mercury occurrences in Alaska, Arkansas, California, Nevada, and Texas; however, mercury has not been mined as 
a principal mineral commodity since 1992. The declining consumption of mercury, except for small-scale gold mining, 
indicates that these resources are sufficient for another century or more of use. 


Substitutes: For aesthetic or human health concerns, natural-appearing ceramic composites substitute for the dark- 
gray mercury-containing dental amalgam. “Galistan,” an alloy of gallium, indium, and tin, replaces the mercury used in 
traditional mercury thermometers, and digital thermometers have replaced traditional thermometers. At chloralkali 
plants around the world, mercury-cell technology is being replaced by newer diaphragm and membrane cell 
technology. Light-emitting diodes that contain indium substitute for mercury-containing fluorescent lamps. Lithium, 
nickel-cadmium, and zinc-air batteries replace mercury-zinc batteries in the United States; indium compounds 
substitute for mercury in alkaline batteries; and organic compounds have been substituted for mercury fungicides in 
latex paint. 


“Estimated. E Net exporter. NA Not available. — Zero. 

‘Less than % unit. 

Some international data and dealer prices are reported in flasks. One metric ton (1,000 kilograms) = 29.0082 flasks, and 1 flask = 76 pounds, or 
34.5 kilograms, or 0.035 ton. 

‘Platts Metals Week average mercury price quotation for the year. Actual prices may vary significantly from quoted prices. 

“Defined as imports — exports + adjustments for Government and industry stock changes. 

°See Appendix B for definitions. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 
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MICA (NATURAL) 


(Data in metric tons unless otherwise noted) 


Domestic Production and Use: Scrap and flake mica production, excluding low-quality sericite, was estimated to be 


49,500 tons valued at $6.0 million. Mica was mined in Georgia, North Carolina, South Dakota, and Virginia. Scrap 
mica was recovered principally from mica and sericite schist and as a byproduct from feldspar, kaolin, and industrial 


sand beneficiation. Seven companies produced 80,000 t of ground mica from domestic and imported scrap and flake 
mica valued at $24 million. The majority of domestic production was processed into small particle-size mica by either 


wet or dry grinding. Primary uses were joint compound, oil-well-drilling additives, paint, roofing, and rubber products. 


A minor amount of sheet mica was produced as incidental production from feldspar mining in the Spruce Pine area of 
North Carolina. The domestic consuming industry was dependent upon imports to meet demand for sheet mica. Most 


sheet mica was fabricated into parts for electronic and electrical equipment. 


Salient Statistics—United States: 
Scrap and flake: 
Production:" 2 
Mine 
Ground 
Imports, mica powder and mica waste 
Exports, mica powder and mica waste 
Consumption, apparent 


Price, average, dollars per metric ton, reported: 


Scrap and flake 
Ground: 
Dry 
Wet 
Employment, mine, number 
Net import reliance’ as a percentage of 
apparent consumption 


Sheet: 
Production, mine® 
Imports, plates, sheets, strips; worked mica; 
split block; splittings; other >$1.00/kg 
Exports, plates, sheets, strips; worked mica; 


crude and rifted into sheet or splittings >$1.00/kg 
Shipments from Government stockpile excesses 


Consumption, apparent 
Price, average value, dollars per kilogram, 
muscovite and phlogopite mica, reported: 
Block 
Splittings 
Stocks, fabricator and trader, yearend 
Net import reliance’ as a percentage of 
apparent consumption 


Recycling: None. 


100 


100 


100 


2014° 


49,500 
80,000 
29,800 

7,950 
71,400 


120 
279 
360 

NA 


31 


Import Sources (2010—13): Scrap and flake: Canada, 42%; China, 27%; Finland, 8%; Mexico, 7%; and other, 16%. 


Sheet: India, 94%; China, 5%; and other, 1%. 
Tariff: Item 


Split block mica 

Mica splittings 

Unworked—other 

Mica powder 

Mica waste 

Plates, sheets, and strips of agglomerated or 
reconstructed mica 

Worked mica and articles of mica—other 
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Number 


2525.10.0010 
2525.10.0020 
2525.10.0050 
2525.20.0000 
2525.30.0000 


6814.10.0000 
6814.90.0000 


Normal Trade Relations 


12-31-14 


Free. 
Free. 
Free. 
Free. 
Free. 


2.1% ad val. 
2.6% ad val. 
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Depletion Allowance: 22% (Domestic), 14% (Foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Domestic production and consumption of scrap and flake mica were estimated to have 
increased in 2014. Apparent consumption of scrap and flake mica decreased slightly in 2014 because of an estimated 
27% increase in exports. Apparent consumption of sheet mica increased in 2014. No environmental concerns are 
associated with the manufacture and use of mica products. 


Significant stocks of sheet mica previously sold from the National Defense Stockpile (NDS) to domestic and foreign 
mica traders, brokers, and processors were exported, possibly resulting in understating apparent consumption in 
2006 through 2009. The NDS has not held mica since 2008, when the last stocks of muscovite block were sold. 
Future supplies for U.S. consumption were expected to come increasingly from imports, primarily from Brazil, China, 
India, and Russia. 


World Mine Production and Reserves: 


Scrap and flake Sheet 
Mine production® Reserves’ Mine production® Reserves’ 
2013 2014 2013 2014 
All types: 

United States’ 48,100 49,500 Large (°) (°) Very small 
Argentina 10,000 10,000 Large — — NA 
Canada 22,000 16,000 Large — — NA 
China 780,000 800,000 Large — — NA 
Finland 53,400 53,400 Large NA 
France 20,000 20,000 Large — — NA 
India 14,300 14,700 Large 2,000 1,260 Very large 
Korea, Republic of 30,000 30,000 Large — — NA 
Russia 100,000 100,000 Large 1,500 1,500 Moderate 
Other countries 42,500 36,800 Large 200 200 Moderate 
World total (rounded) 1,120,000 1,130,000 Large 3,700 2,960 Very large 


World Resources: Resources of scrap and flake mica are available in clay deposits, granite, pegmatite, and schist, 
and are considered more than adequate to meet anticipated world demand in the foreseeable future. World resources 
of sheet mica have not been formally evaluated because of the sporadic occurrence of this material. Large deposits of 
mica-bearing rock are known to exist in countries such as Brazil, India, and Madagascar. Limited resources of sheet 
mica are available in the United States. Domestic resources are uneconomic because of the high cost of hand labor 
required to mine and process sheet mica from pegmatites. 


Substitutes: Some lightweight aggregates, such as diatomite, perlite, and vermiculite, may be substituted for ground 
mica when used as filler. Ground synthetic fluorophlogopite, a fluorine-rich mica, may replace natural ground mica for 
uses that require thermal and electrical properties of mica. Many materials can be substituted for mica in numerous 
electrical, electronic, and insulation uses. Substitutes include acrylic, cellulose acetate, fiberglass, fishpaper, nylatron, 
nylon, phenolics, polycarbonate, polyester, styrene, vinyl-PVC, and vulcanized fiber. Mica paper made from scrap 
mica can be substituted for sheet mica in electrical and insulation applications. 


“Estimated. NA Not available. — Zero. 

‘Sold or used by producing companies. 

“Excludes low-quality sericite used primarily for brick manufacturing. 

’Based on scrap and flake mica mine production. 

“Defined as imports — exports + adjustments for Government and industry stock changes. 
Less than % unit. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 
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MOLYBDENUM 


(Data in metric tons of molybdenum content unless otherwise noted) 


Domestic Production and Use: In 2014, molybdenum, valued at about $1.8 billion (based on an average oxide 
price), was produced at 13 mines. Molybdenum ore was produced as a primary product at three mines—two in 
Colorado, and one in Idaho—whereas ten copper mines (six in Arizona, one each in Montana, Nevada, New Mexico, 
and Utah) recovered molybdenum as a byproduct. Three roasting plants converted molybdenite concentrate to 
molybdic oxide, from which intermediate products, such as ferromolyobdenum, metal powder, and various chemicals, 
were produced. Iron and steel and superalloy producers accounted for about 74% of the molybdenum consumed. 


Salient Statistics—United States: 
Production, mine 
Imports for consumption 
Exports 
Consumption: 

Reported’ 

Apparent* 
Price, average value, dollars per kilogram® 
Stocks, consumer materials 
Employment, mine and plant, number 
Net import reliance’ as a percentage of 

apparent consumption 


2010 
59,400 
19,700 
49,900 


19,200 
28,200 
34.83 
1,630 
940 


E 


2011 
63,700 
21,100 
56,700 


19,100 
26,100 
34.34 
1,810 
940 


E 


2012 2013 2014° 
61,500 60,700 65,500 
19,800 20,200 23,600 
48,900 53,100 55,300 
19,400 18,600 19,000 
33,100 29,500 33,900 

28.09 22.85 26.90 

1,770 1,820 1,830 

940 960 1,000 
E E E 


Recycling: Molybdenum is recycled as a component of catalysts, ferrous scrap, and superalloy scrap. Ferrous scrap 
is comprised of revert scrap, and new and old scrap. Revert scrap refers to remnants manufactured in the 
steelmaking process. New scrap is generated by steel mill customers and recycled by scrap collectors and 
processors. Old scrap is largely molyodenum-bearing alloys recycled after serving their useful life. The amount of 
molybdenum recycled as part of new and old steel and other scrap may be as much as 30% of the apparent supply of 
molybdenum. There are no processes for the separate recovery and refining of secondary molybdenum from its 
alloys. Molybdenum is not recovered separately from recycled steel and superalloys, but the molybdenum content of 
the recycled alloys is significant, and the molybdenum content is reutilized. Recycling of molybdenum-bearing scrap 
will continue to be dependent on the markets for the principal alloy metals of the alloys in which molybdenum is found, 


such as iron, nickel, and chromium. 


Import Sources (2010—13): Ferromolybdenum: Chile, 79%; Canada, 9%; United Kingdom, 6%; and other, 6%. 
Molybdenum ores and concentrates: Canada, 44%; Mexico, 28%; Peru, 22%; Chile, 5%; and other, 1%. 


Tariff: Item 
Molybdenum ore and concentrates, roasted 
Molybdenum ore and concentrates, other 
Molybdenum chemicals: 

Molybdenum oxides and hydroxides 

Molybdates of ammonium 

Molybdates, all others 
Molybdenum pigments, molybdenum orange 
Ferroalloys, ferromolybdenum 
Molybdenum metals: 

Powders 

Unwrought 

Wrought bars and rods 

Wrought plates, sheets, strips, etc. 

Wire 

Waste and scrap 

Other 


Number 


2613.10.0000 
2613.90.0000 


2825.70.0000 
2841.70.1000 
2841.70.5000 
3206.20.0020 
7202.70.0000 


8102.10.0000 
8102.94.0000 
8102.95.3000 
8102.95.6000 
8102.96.0000 
8102.97.0000 
8102.99.0000 


Depletion Allowance: 22% (Domestic); 14% (Foreign). 


Government Stockpile: None. 
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Normal Trade Relations 
12-31-14 
12.8¢/kg + 1.8% ad val. 
17.8¢/kg. 


3.2% ad val. 
4.3% ad val. 
3.7% ad val. 
3.7% ad val. 
4.5% ad val. 


9.1¢/kg + 1.2% ad val. 
13.9¢/kg + 1.9% ad val. 
6.6% ad val. 
6.6% ad val. 
4.4% ad val. 
Free. 
3.7% ad val. 
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Events, Trends, and Issues: U.S. estimated mine output of molybdenum in concentrate in 2014 increased 8% from 
that of 2013. U.S. imports for consumption increased by 17% from those of 2013, and U.S. exports increased by 4% 
from those of 2013. Reported U.S. consumption of primary molybdenum products slightly increased from that of 2013. 
Apparent consumption of roasted molybdenum concentrates increased by 4% from that of 2013. 


The average molybdenum price for 2014 was higher than that of 2013. Most byproduct and primary molybdenum 
mines maintained high production levels in 2014. Primary molybdenum production continued at the Climax Mine in 
Lake County and Summit County, CO, but primary production at the Ashdown Mine in Humboldt County, NV, and at 
the Questa Mine in Taos County, NM, continued to be suspended. The Thompson Creek Mine in Custer County, ID, 
was expected to be put on care and maintenance at yearend 2014. Both the Mission Mine in Pima County, AZ, and 
the Pinto Valley Mine in Gila County, AZ, restarted their molybdenum circuits in 2014. 


In November, China cancelled export quotas (25,000 t) for molybdenum for 2015. This comes after a World Trade 
Organization panel concluded in March that China violated the organization’s membership obligation by restricting 


exports of molybdenum. 


World Mine Production and Reserves: Reserves for Australia were updated with data from Geoscience Australia. 


Mine production Reserves” 
2013 2014° (thousand metric tons) 

United States 60,700 65,500 2,700 
Armenia 6,700 6,700 150 
Australia — — 200 
Canada 7,620 9,500 260 
Chile 38,700 39,000 1,800 
China 101,000 100,000 4,300 
Iran 4,000 6,300 50 
Kazakhstan — — 130 
Kyrgyzstan NA NA 100 
Mexico 12,100 11,000 130 
Mongolia 1,900 2,000 160 
Peru 18,100 18,100 450 
Russia® 4,800 4,800 250 
Turkey 1,500 2,800 100 
Uzbekistan® 530 550 60 

World total (rounded) 258,000 266,000 11,000 


World Resources: Identified resources of molybdenum in the United States are about 5.4 million tons, and in the rest 
of the world, about 14 million tons. Molybdenum occurs as the principal metal sulfide in large low-grade porphyry 
molybdenum deposits and as an associated metal sulfide in low-grade porphyry copper deposits. Resources of 
molybdenum are adequate to supply world needs for the foreseeable future. 


Substitutes: There is little substitution for molybdenum in its major application as an alloying element in steels and 
cast irons. In fact, because of the availability and versatility of molybdenum, industry has sought to develop new 
materials that benefit from the alloying properties of the metal. Potential substitutes for molybdenum include boron, 
chromium, niobium (columbium), and vanadium in alloy steels; tungsten in tool steels; graphite, tantalum, and 
tungsten for refractory materials in high-temperature electric furnaces; and cadmium-red, chrome-orange, and 
organic-orange pigments for molybdenum orange. 


“Estimated. E Net exporter. NA Not available. — Zero. 

‘Reported consumption of primary molybdenum products. 

?Apparent consumption of molybdenum concentrates roasted to make molybdenum oxide. 

’Time-weighted average price per kilogram of molybdenum contained in technical-grade molybdic oxide, as reported by Ryan’s Notes. 
“Defined as imports — exports + adjustments for Government and industry stock changes. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 
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NICKEL 


(Data in metric tons of nickel content unless otherwise noted) 


Domestic Production and Use: The United States had only one active nickel mine—the underground Eagle Mine in 
Michigan. The new chalcopyrite-pentlandite mine was commissioned in April 2014, returning the United States to the 
family of nickel producing countries after an absence of 18 years. Three mining projects were in varying stages of 
development in northeastern Minnesota. The principal nickel-consuming State was Pennsylvania, followed by 
Kentucky, Illinois, New York, and North Carolina. Approximately 45% of the primary nickel consumed went into 
stainless and alloy steel production, 43% into nonferrous alloys and superalloys, 7% into electroplating, and 5% into 
other uses. End uses were as follows: transportation and defense, 34%; fabricated metal products, 20%; electrical 
equipment, 13%; chemical and petroleum industries, 7% each; construction, household appliances, and industrial 


machinery, 5% each; and other, 4%. The estimated value of apparent primary consumption was $2.50 billion. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production: 
Mine — — — — 3,600 
Refinery, byproduct W W W W W 
Shipments of purchased scrap’ 139,000 132,000 130,000 124,000 119,000 
Imports: 
Primary 129,000 138,000 133,000 126,000 158,000 
Secondary 23,800 21,300 22,300 26,300 39,500 
Exports: 
Primary 12,600 12,400 9,100 10,600 10,300 
Secondary 80,300 64,800 59,800 61,200 57,500 
Consumption: 
Reported, primary 100,000 110,000 114,000 114,000 148,000 
Reported, secondary 81,900 88,800 92,400 88,800 102,000 
Apparent, primary 114,000 125,000 125,000 110,000 148,000 
Total’ 196,000 213,000 218,000 199,000 250,000 
Price, average annual, London Metal Exchange: 
Cash, dollars per metric ton 21,804 22,890 17,533 15,018 16,863 
Cash, dollars per pound 9.890 10.383 7.953 6.812 7.649 
Stocks: 
Consumer, yearend 16,800 18,100 16,600 18,500 20,900 
Producer, yearend 6,240 6,610 6,380 9,730 7,640 
Net import reliance’ as a percentage of 
apparent consumption 41 48 49 46 54 


Recycling: About 102,000tons of nickel was recovered from purchased scrap in 2014. This represented about 41% 
of reported secondary plus apparent primary consumption for the year. 


Import Sources (2010—13): Canada, 36%; Russia, 14%; Australia, 11%; Norway, 10%; and other, 29%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Nickel oxides, chemical grade 2825.40.0000 Free. 

Ferronickel 7202.60.0000 Free. 

Unwrought nickel, not alloyed 7502.10.0000 Free. 


Depletion Allowance: 22% (Domestic), 14% (Foreign). 


Government Stockpile: The U.S. Government sold the last of the nickel in the National Defense Stockpile in 1999. 
The U.S. Department of Energy is holding 8,800 tons of nickel ingot contaminated by low-level radioactivity at 
Paducah, KY, plus 5,080 tons of contaminated shredded nickel scrap at Oak Ridge, TN. Ongoing decommissioning 
activities at former nuclear defense sites are expected to generate an additional 20,000 tons of nickel in scrap. 


Events, Trends, and Issues: The U.S. steel industry produced 1.64million tons of austenitic (nickel-bearing) 
stainless steel in 2014—up 8% from 2013,and 39% greater than the reduced output of 1.18million tons in 2009. 
Stainless steel has traditionally accounted for two-thirds of primary nickel use worldwide, with more than one-half of 
the steel going into the construction, food processing, and transportation sectors. China, the world’s leading steel 
producer, cast a record-high 16.7million tons of austenitic stainless steel in 2014. 
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Nickel prices increased by 12% in 2014 despite weak economic conditions in some developing countries and parts of 
the European Union. In May 2014, the London Metal Exchange (LME) cash mean for 99.8%-pure nickel peaked 
briefly at $19,434 per metric ton after partially recovering from a downturn in mid-2013. However, the cash price 
started contracting again in the fourth quarter of 2014 as manufacturing cutbacks in the euro area, related economic 
problems, and the threat of deflation helped to depress prices. By October, the cash price had fallen to $15,765 per 
metric ton and was accompanied by the gradual buildup of stocks in LME warehouses to record high levels. At the 
end of October, LME warehouses held more than 385,000 tons of nickel metal. 


Despite current weak prices and an oversupply of the metal, mining companies continue to bring on new nickel 
projects in anticipation of a turnaround in the global economy. Global production of austenitic stainless steel continues 
to increase and was at an all-time high in 2014, with China accounting for more than one-half of the year’s output. 
Demand for nickel-base superalloys is also increasing and has been especially strong in the aerospace and power- 
generation sectors. In January 2014, the Government of Indonesia banned the export of direct shipping ores of nickel, 
hoping to encourage the construction of additional ferronickel and nickel pig iron production facilities in the 
archipelago. In May, the world’s leading producer of nickel announced that it would focus on its core operations in 
Russia and began selling off assets in Australia, Botswana, and South Africa. 


World Mine Production and Reserves: Reserves data for Australia, Brazil, Canada, the Dominican Republic, 
Indonesia, the Philippines, and Russia were revised based on new information from company or Government reports. 


Mine production Reserves” 
2013 2014° 

United States — 3,600 160,000 
Australia 234,000 220,000 °49,000,000 
Brazil 138,000 126,000 9,100,000 
Canada 223,000 233,000 2,900,000 
China 95,000 100,000 3,000,000 
Colombia 75,000 75,000 1,100,000 
Cuba 66,000 66,000 5,500,000 
Dominican Republic 15,800 — 930,000 
Indonesia 440,000 240,000 4,500,000 
Madagascar 29,200 37,800 1,600,000 
New Caledonia’ 164,000 165,000 12,000,000 
Philippines 446,000 440,000 3,100,000 
Russia 275,000 260,000 7,900,000 
South Africa 51,200 54,700 3,700,000 
Other countries 377,000 410,000 6,500,000 
World total (rounded) 2,630,000 2,400,000 81,000,000 


World Resources: Identified land-based resources averaging 1% nickel or greater contain at least 130 million tons of 
nickel. About 60% is in laterites and 40% is in sulfide deposits. Extensive resources of nickel are also found in 
manganese crusts and nodules covering large areas of the ocean floor. The long-term decline in discovery of new 
sulfide deposits in traditional mining districts has forced exploration teams to shift to more challenging locations like 
east-central Africa and the Subarctic. Development of awaruite deposits in Canada may help alleviate projected 
shortages of nickel concentrate. Awaruite, a natural iron-nickel alloy, is easier to concentrate than pentlandite. 


Substitutes: Low-nickel, duplex, or ultrahigh-chromium stainless steels are being substituted for austenitic grades in 
construction. Nickel-free specialty steels are sometimes used in place of stainless steel in the power-generating and 
petrochemical industries. Titanium alloys can substitute for nickel metal or nickel-based alloys in corrosive chemical 

environments. Lithium-ion batteries instead of nickel-metal hydride may be used in certain applications. 


“Estimated. W Withheld to avoid disclosing company proprietary data. — Zero. 

‘Scrap receipts — shipments by consumers + exports — imports + adjustments for consumer stock changes. 
Apparent primary consumption + reported secondary consumption. 

°Stocks of producers, agents, and dealers held only in the United States. 

“Defined as imports — exports + adjustments for industry stock changes. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 

°For Australia, Joint Ore Reserves Committee (SORC)-compliant reserves were about 8.3 million tons. 
‘Overseas territory of France. 
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NIOBIUM (COLUMBIUM) 


(Data in metric tons of niobium content unless otherwise noted) 


Domestic Production and Use: Significant U.S. niobium mine production has not been reported since 1959. 
Domestic niobium resources are of low grade, some are mineralogically complex, and most are not commercially 
recoverable. Forty-three companies in the United States produced niobium-containing materials from imported 
niobium minerals, oxides, and ferroniobium. Niobium was consumed mostly in the form of ferroniobium by the steel 
industry and as niobium alloys and metal by the aerospace industry. Major end-use distribution of reported niobium 
consumption was as follows: steels, 79%; and superalloys, 21%. In 2014, the estimated value of niobium 
consumption was $500 million, as measured by the value of imports. 


Salient Statistics—United States: 2010 2011 2012 201 2014° 
Production: 
Mine — — — — — 
Recycling NA NA NA NA NA 
Imports for consumption™ ’ 8,490 9,520 10,100 8,580 11,000 
Exports® ' 281 363 385 435 1,000 


Government stockpile releases” * = ae ae ne as. 
Consumption: 


Apparent 8,210 9,160 9,730 8,140 10,000 
Reported® 5,590 9,060 7,460 7,500 8,000 
Unit value, ferroniobium, dollars per metric ton* 37,781 41,825 43,658 43,415 42,000 
Net import reliance’ as a percentage of 
apparent consumption 100 100 100 100 100 


Recycling: Niobium was recycled when niobium-bearing steels and superalloys were recycled; scrap recovery 
specifically for niobium content was negligible. The amount of niobium recycled is not available, but it may be as 
much as 20% of apparent consumption. 


Import Sources (2010—13): Niobium ore and concentrate: Brazil, 30%; Canada, 18%; Australia, 11%; Rwanda, 8%; 
and other, 33%. Niobium metal and oxide: Brazil, 84%; Canada, 11%; and other, 5%. Total imports: Brazil, 84%; 
Canada, 11%; and other, 5%. Of the U.S. niobium material imports, 95% (by gross mass) was niobium metal and 
oxide. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Synthetic tantalum-niobium concentrates 2615.90.3000 Free. 

Niobium ores and concentrates 2615.90.6030 Free. 

Niobium oxide 2825.90.1500 3.7% ad val. 


Ferroniobium: 
Less than 0.02% of PorS, 


or less than 0.4% of Si 7202.93.4000 5.0% ad val. 
Other 7202.93.8000 5.0% ad val. 
Niobium, unwrought: 
Waste and scrap° 8112.92.0600 Free. 
Alloys, metal, powders 8112.92.4000 4.9% ad val. 
Niobium, other® 8112.99.9000 4.0% ad val. 


Depletion Allowance: 22% (Domestic), 14% (Foreign). 


Government Stockpile: In the annual materials plan for FY 2015, the Defense Logistics Agency Strategic Materials 
announced a 2015-18 maximum acquisition limit of 104.5 t for ferroniobium. 
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Stockpile Status—9-30-14’ 


Disposal Plan Disposals 
Material Inventory FY 2014 FY 2014 
Niobium metal 10.0 — — 


Events, Trends, and Issues: Niobium principally was imported in the form of ferroniobium and niobium unwrought 
metal, alloy, and powder. U.S. niobium import dependence was expected to be the same in 2014 as in 2013, when 
Brazil was the leading niobium supplier. Based on data for part of 2014, U.S. niobium apparent consumption 
(measured in contained niobium) was estimated at 10,000 metric tons, 23% more than that of 2013. The unit value of 
U.S. imported ferroniobium between 1990 and 2005 declined from about $20,000 per ton to about $13,000 per ton. It 
then rose steadily to about $44,000 per ton in 2012, and then declined to $40,000 per ton in 2014, interrupted only in 
2008-09 as a result of the global economic downturn. During the initial part of the value increase (2006-08), CBMM, 
the leading world ferroniobium producer, doubled its niobium production capacity. The value increase that started in 
2006 appears to have been a market adjustment to structural undervaluing of ferroniobium. The price of ferroniobium 
appears to be demand inelastic as demonstrated by the minimal effect of global economic downturn on price in 2009. 


Brazil is the world’s leading niobium producer with 90% of production followed by Canada with 9%. Niobec mine, the 
sole niobium producer in Canada, was sold to a group of companies led by Magris Resources Inc (Hong Kong) 
[owned 50% by Cheung Kong (Holdings) Ltd and 50% by the Canadian Imperial Bank of Commerce] and Temasek 
(Singapore) for about $500 million. 


World Mine Production and Reserves: 


Mine production Reserves® 

2013 2014° 
United States — — — 
Brazil 53,100 53,000 4,100,000 
Canada 5,260 5,000 200,000 
Other countries 1,000 1,000 NA 
World total (rounded) 59,400 59,000 >4,300,000 


World Resources: World resources of niobium are more than adequate to supply projected needs. Most of the 
world’s identified resources of niobium occur as pyrochlore in carbonatite (igneous rocks that contain more than 50% 
by volume carbonate minerals) deposits and are outside the United States. The United States has approximately 
150,000 tons of niobium-identified resources, all of which were considered uneconomic at 2013 prices for niobium. 


Substitutes: The following materials can be substituted for niobium, but a performance or cost penalty may ensue: 
molybdenum and vanadium, as alloying elements in high-strength low-alloy steels; tantalum and titanium, as alloying 
elements in stainless and high-strength steels; and ceramics, molybdenum, tantalum, and tungsten in high- 
temperature applications. 


“Estimated. NA Not available. — Zero. 

‘Imports and exports include the estimated niobium content of niobium and tantalum ores and concentrates, niobium oxide, ferroniobium, niobium 
unwrought alloys, metal, and powder. 

*Government stockpile inventory reported by DLA Strategic Materials is the basis for estimating Government stockpile releases. 

‘Includes ferroniobium and nickel niobium. 

“Unit value is mass-weighted average U.S. import value of ferroniobium assuming 65% niobium content. To convert dollars per metric ton to dollars 
per pound, divide by 2,205. 

Defined as imports — exports + adjustments for Government and industry stock changes. 

°This category includes other than niobium-containing material. 

"See Appendix B for definitions. 

®See Appendix C for resource/reserve definitions and information concerning data sources. 
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NITROGEN (FIXED)—AMMONIA 


(Data in thousand metric tons of nitrogen unless otherwise noted) 


Domestic Production and Use: Ammonia was produced by 13 companies at 29 plants in 15 States in the United 
States during 2014; 2 additional plants were idle for the entire year. About 60% of total U.S. ammonia production 
Capacity was centered in Louisiana, Oklahoma, and Texas because of their large reserves of natural gas, the 
dominant domestic feedstock. In 2014, U.S. producers operated at about 80% of rated capacity. The United States 
was one of the world’s leading producers and consumers of ammonia. Urea, ammonium nitrate, ammonium 
phosphates, nitric acid, and ammonium sulfate were the major derivatives of ammonia in the United States, in 
descending order of importance. 


Approximately 88% of apparent domestic ammonia consumption was for fertilizer use, including anhydrous ammonia 
for direct application, urea, ammonium nitrates, ammonium phosphates, and other nitrogen compounds. Ammonia 
also was used to produce plastics, synthetic fibers and resins, explosives, and numerous other chemical compounds. 


Salient Statistics—United States: ' 2010 2011 2012 2013 2014° 
Production *8,290 °9,350 “8,730 “9,170 9,200 
Imports for consumption 5,540 5,600 5,170 4,960 5,160 
Exports 36 26 31 196 95 
Consumption, apparent 13,800 14,900 13,900 13,900 14,300 
Stocks, producer, yearend 165 178 180 4240 190 
Price, dollars per ton, average, f.o.b. Gulf Coast” 396 531 579 541 530 
Employment, plant, number? 1,050 1,050 1,100 1,200 1,200 
Net import reliance’ as a percentage 

of apparent consumption 40 37 37 34 36 


Recycling: None. 
Import Sources (2010—13): Trinidad and Tobago, 60%; Canada, 17%; Russia, 7%; Ukraine, 7%; and other, 9%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Ammonia, anhydrous 2814.10.0000 Free. 

Urea 3102.10.0000 Free. 

Ammonium sulfate 3102.21.0000 Free. 

Ammonium nitrate 3102.30.0000 Free. 


Depletion Allowance: Not applicable. 
Government Stockpile: None. 


Events, Trends, and Issues: The Henry Hub spot natural gas price ranged between $3.60 and $7.00 per million 
British thermal units for most of the year, with an average of about $4.40 per million British thermal units. Natural gas 
prices in 2014 were relatively stable; slightly higher prices were a result of increased demand for natural gas owing to 
unseasonable cold and high temperatures and associated increased demand for power generation. The average Gulf 
Coast ammonia price gradually increased from $450 per short ton at the beginning of 2014 to around $565 per short 
ton in September. The average ammonia price for the year was estimated to be about $530 per short ton. The U.S. 
Department of Energy, Energy Information Administration, projected that Henry Hub natural gas spot prices would 
average $3.83 per million British thermal units in 2015. 


A long period of stable and low natural gas prices in the United States has made it economical for companies to 
upgrade existing plants and plan for the construction of new nitrogen projects. During the next 4 years, it is expected 
that about 4.4 million tons of annual production capacity will be added in the United States. The additional capacity 
will reduce but likely not eliminate nitrogen imports. 


Global ammonia capacity is expected to increase by 16% during the next 4 years. Additions in capacity are expected 
in Asia, Africa, the Middle East, and Latin America. The largest growth is expected in China and Indonesia. 
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According to the U.S. Department of Agriculture, U.S. corn growers planted 38 million hectares of corn in the 2014 
crop year (July 1, 2013, through June 30, 2014), which would be 4% less than the area planted in 2013. Corn 
acreage was expected to increase in a few States in the 2015 crop year because of anticipated higher net returns 
from corn compared to other commodities. Overall corn acreage in the United States was expected to remain high 
owing in part to continued U.S. ethanol production and U.S. corn exports in response to a strong global demand for 
feed grains. 


Nitrogen fertilizers were an environmental concern. Overfertilization and the subsequent runoff of excess fertilizer 
may contribute to nitrogen accumulation in watersheds. Nitrogen in excess fertilizer runoff was suspected to be a 
cause of the hypoxic zone that arises in the Gulf of Mexico during the summer. A hypoxic zone happens where water 
near the bottom of an affected area in a large body of water, such as the Gulf of Mexico, contains less than 2 parts 
per million of dissolved oxygen. This may cause stress or death in bottom-dwelling organisms that cannot move out of 
the hypoxic zone. Scientists continued to study the effects of fertilization on the Nation’s environmental health. 


World Ammonia Production and Reserves: 


Plant production Reserves’ 
2013 2014° 

United States 9,170 9,200 Available atmospheric nitrogen and sources 
Australia 1,250 1,300 of natural gas for production of ammonia 
Canada 3,840 3,900 are considered adequate for all listed 
China 47,300 48,000 countries. 
Egypt 2,660 2,600 
France 2,640 2,600 
Germany 2,820 2,800 
India 12,000 12,000 
Indonesia 5,200 5,200 
lran 2,500 2,500 
Japan 1,150 1,200 
Malaysia 1,000 1,000 
Netherlands 1,800 1,800 
Oman 1,100 1,100 
Pakistan 2,000 2,600 
Poland 2,100 2,100 
Qatar 2,600 3,000 
Russia 10,300 10,300 
Saudi Arabia 3,700 3,700 
Trinidad and Tobago 4,640 4,600 
Ukraine 4,200 4,200 
United Kingdom 1,100 1,100 
Uzbekistan 1,300 1,300 
Venezuela 1,200 1,200 
Other countries 15,000 15,000 

World total (rounded) 143,000 144,000 


World Resources: The availability of nitrogen from the atmosphere for fixed nitrogen production is unlimited. 
Mineralized occurrences of sodium and potassium nitrates, found in the Atacama Desert of Chile, contribute minimally 
to global nitrogen supply. 


Substitutes: Nitrogen is an essential plant nutrient that has no substitute. No practical substitutes for nitrogen 
explosives and blasting agents are known. 


“Estimated. 

'U.S. Department of Commerce (DOC) data unless otherwise noted. 

Annual and preliminary data as reported in Current Industrial Reports MQ325B (DOC). 

°Source: U.S. Census Bureau and The Fertilizer Institute; data adjusted by the U.S. Geological Survey. 
“Source: The Fertilizer Institute as adjusted by the U.S. Geological Survey. 

°Source: Green Markets. 

°Defined as imports — exports + adjustments for Government and industry stock changes. 

’See Appendix C for resource/reserve definitions and information concerning data sources. 
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(Data in thousand metric tons unless otherwise noted)’ 


Domestic Production and Use: The estimated f.o0.b. plant value of marketable peat production in the conterminous 
United States was $13.0 million in 2014. Peat was harvested and processed by about 31 companies in 12 of the 
conterminous States. The Alaska Department of Natural Resources, which conducted its own canvass of producers, 
estimated 93,000 cubic meters of peat was produced in 2013; output was reported only by volume.” A production 
estimate was unavailable for Alaska for 2014. Florida and Minnesota were the leading producing States, in order of 
quantity harvested. Reed-sedge peat accounted for approximately 88% of the total volume produced followed by 
sphagnum moss with 10%. About 89% of domestic peat was sold for horticultural use, including general soil 
improvement, nurseries, and potting soils. Other applications included earthworm culture medium, golf course 
construction, mixed fertilizers, mushroom culture, packing for flowers and plants, seed inoculants, and vegetable 
cultivation. In the industrial sector, peat was used as an oil absorbent and as an efficient filtration medium for the 
removal of waterborne contaminants in mine waste streams, municipal storm drainage, and septic systems. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production 628 568 488 465 510 
Commercial sales 605 595 484 453 530 
Imports for consumption 947 982 909 915 920 
Exports 69 49 75 41 30 
Consumption, apparent? 1,560 1,470 1,240 1,380 1,400 
Price, average value, f.o.b. mine, dollars per ton 24.39 22.13 24.44 25.37 25.00 
Stocks, producer, yearend 100 133 218 174 150 
Employment, mine and plant, number® 610 600 580 560 550 
Net import reliance’ as a percentage of 

apparent consumption 60 61 61 66 64 


Recycling: None. 
Import Sources (2010-13): Canada, 97%; and other, 3%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 
Peat 2703.00.0000 Free. 


Depletion Allowance: 5% (Domestic). 
Government Stockpile: None. 
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Events, Trends, and Issues: Peat is an important component of plant-growing media, and the demand for peat 
generally follows that of horticultural applications. In the United States, the short-term outlook is for production to 
average about 500,000 tons per year and imported peat from Canada to account for more than 60% of domestic 


consumption. 


The 2014 peat harvest season was shorter across most of Canada’s production regions as a result of adverse 
weather conditions. In Eastern Canada, the largest producing region had a weather-delayed start to the harvest 
season combined with a wet summer. The Prairie Provinces also had below-average peat harvest. Good weather; 
however, in midsummer to late summer in Quebec’s North Shore was favorable for an above-average harvest. 


World Mine Production and Reserves: Countries that reported by volume only and had insufficient data for 


conversion to tons were combined and included with “Other countries.” 


Mine production 

2013 2014° 

United States 465 510 
Belarus 2,970 3,000 
Canada 1,300 1,100 
Estonia 927 930 
Finland 7,470 7,500 
Germany 3,000 3,000 
lreland *6,600 *4 200 
Latvia 1,380 1,380 
Lithuania 386 390 
Moldova 475 480 
Norway 475 480 
Poland 760 760 
Russia 1,500 1,500 
Sweden 3,300 3,600 
Ukraine 380 380 
Other countries 730 700 
World total (rounded) *32,100 *29,900 


World Resources: Peat is a renewable resource, continuing to accumulate on 60% of global peatlands. However, 
the volume of global peatlands has been decreasing at a rate of 0.05% annually owing to harvesting and land 
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development. Many countries evaluate peat resources based on volume or area because the variations in densities 


and thickness of peat deposits make it difficult to estimate tonnage. Volume data have been converted using the 
average bulk density of peat produced in that country. Reserves data were estimated based on data from 


International Peat Society publications and the percentage of peat resources available for peat extraction. More than 
50% of the U.S. peatlands are located in undisturbed areas of Alaska. Total world resources of peat were estimated 


to be between 5 trillion and 6 trillion tons, covering about 400 million hectares.’ 


Substitutes: Natural organic materials such as composted yard waste and coir (coconut fiber) compete with peat in 
horticultural applications. Shredded paper and straw are used to hold moisture for some grass-seeding applications. 


The superior water-holding capacity and physiochemical properties of peat limit substitution alternatives. 


“Estimated. 

‘See Appendix A for conversion to short tons. 

*Harbo, L.A., Mineral Specialist, Alaska Office of Economic Development, oral commun., August 12, 2014 
°Defined as production + imports — exports + adjustments for industry stock changes. 

“Defined as imports — exports + adjustments for Government and industry stock changes. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 

®Included with “Other countries.” 

‘Lappalainen, Eino, 1996, Global peat resources: Jyvaskyla, Finland, International Peat Society, p. 55. 
“Corrections posted February 4, 2015. 
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(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: In 2014, domestic production of crude perlite was estimated to be 440,000 tons with 
a value of $24.2 million. Crude ore production was from nine mines operated by seven companies in six Western 
States. New Mexico continued to be the leading producing State. Processed crude perlite was expanded at 48 plants 
in 27 States. Domestic consumption was 576,000 tons. The applications were building construction products, 51%; 
fillers, 15%; horticultural aggregate, 14%; and filter aid, 10%. The remaining 10% included specialty insulations, 
miscellaneous uses, and estimated expanded perlite consumption. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production’ 414 420 393 419 440 
Imports for consumption® 174 193 150 187 183 
Exports® 42 36 38 51 47 
Consumption, apparent 546 577 505 555 576 
Price, average value, dollars per ton, f.o.b. mine 52 56 52 55 55 
Employment, mine and mill 102 95 95 117 119 
Net import reliance’ as a percentage of 

apparent consumption 24 27 22 25 24 


Recycling: Not available. 
Import Sources (2010—13): Greece, 100%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 
Vermiculite, perlite and 
chlorites, unexpanded 2530.10.0000 Free. 


Depletion Allowance: 10% (Domestic and foreign). 


Government Stockpile: None. 
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Events, Trends, and Issues: Perlite is a siliceous volcanic rock that expands up to 20 times its original volume when 
quickly heated and provides moisture retention and aeration when added to soil. Construction applications for perlite 
are vast because it is light weight, fire resistant and an excellent insulator. The amount of processed crude perlite sold 
or used from U.S. mines increased by 5% in 2014 compared with that reported for 2013. Imports decreased slightly 
as production met increased demand for perlite-based construction products, fillers, and filter aids over the previous 2 
years. 


The quantities of processed crude perlite sold or used each year began an upward trend in 2010, and in 2014, nearly 
reached levels last seen in 2006. With the exception of 2012, crude perlite has seen modest annual increases after 
the 20% market drop in 2009. Because the bulk of perlite consumption is tied directly to the construction industry, the 
increase was owing to the increase in building material sales. Green roofing, where perlite is used as the sole growing 
medium for plants on roofs, has become a more popular trend, and offers a unique sustainable way to insulate a roof 
while adding foliage to the surface. A previously closed perlite mine reopened in late 2014 as the result of increased 
demand for crude perlite for construction materials. 


According to reported figures the world’s leading producers are listed as Greece, Turkey, and the United States with 
38%, 21%, and 21% of the world production, respectively. China exported nearly 10% of the world’s processed crude 
perlite; however, complete production data for China and several other countries are unavailable to verify these 
figures. 


Perlite mining generally takes place in remote areas, and its environmental impact is not severe. The mineral fines, 
overburden, and reject ore produced during ore mining and processing are used to reclaim the mined-out areas, and, 
therefore, little waste remains. Airborne dust is captured by baghouses, and there is practically no runoff to contribute 
to water pollution. 


World Processed Perlite Production and Reserves: 


Production Reserves” 
2013 2014° 

United States 419 440 50,000 
Greece 760 800 50,000 
Hungary 72 70 NA 
Italy 60 60 NA 
Japan 190 200 NA 
Turkey 400 450 NA 
Other countries 67 70 NA 
World total (rounded) 1,970 2,090 NA 


World Resources: Insufficient information is available to make reliable estimates of resources in perlite-producing 
countries. 


Substitutes: In construction applications, diatomite, expanded clay and shale, pumice, and slag can be substituted 
for perlite. For horticultural uses, vermiculite and pumice are alternative soil additives or are sometimes used in 
conjunction with perlite. 


“Estimated. NA Not available. 

‘Processed perlite sold and used by producers. 

Defined as imports - exports. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 
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PHOSPHATE ROCK 


(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: Phosphate rock ore was mined by 5 firms at 11 mines in 4 States and processed 
into to an estimated 27.1 million tons of marketable product valued at $2.4 billion, f.o.b. mine. Florida and North 
Carolina accounted for about 80% of total domestic output; the remainder was produced in Idaho and Utah. 
Marketable product refers to beneficiated phosphate rock with phosphorus pentoxide (P2O;) content suitable for 
phosphoric acid or elemental phosphorus production. More than 95% of the U.S. phosphate rock mined was used to 
manufacture wet-process phosphoric acid and superphosphoric acid, which were used as intermediate feedstocks in 
the manufacture of granular and liquid ammonium phosphate fertilizers and animal feed supplements. Approximately 
45% of the wet-process phosphoric acid produced was exported in the form of upgraded granular diammonium and 
monoammonium phosphate (DAP and MAP, respectively) fertilizer, and merchant-grade phosphoric acid. The 
balance of the phosphate rock mined was for the manufacture of elemental phosphorus, which was used to produce 
phosphorus compounds for a variety of food-additive and industrial applications. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production, marketable 25,800 28,100 30,100 31,200 27,100 
Used by producers 28,100 28,600 27,300 28,800 28,100 
Imports for consumption 2,400 3,350 3,080 2,060 2,070 
Consumption’ 30,500 32,000 30,400 31,300 30,600 
Price, average value, dollars per ton, f.o.b. mine? 76.69 96.64 102.54 91.11 90.00 
Stocks, producer, yearend 5,620 4,580 6,700 9,000 6,800 
Employment, mine and beneficiation plant, number® 2,300 2,260 2,230 2,170 2,100 
Net import reliance’ as a percentage of 

apparent consumption 16 13 3 1 15 


Recycling: None. 
Import Sources (2010—13): Morocco, 74%; and Peru, 26%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 
Natural calcium phosphates: 
Unground 2510.10.0000 Free. 
Ground 2510.20.0000 Free. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: U.S. phosphate rock production was estimated to have been lower in 2014 compared 
with that of 2013, owing to producers drawing from higher than average inventories and the closure of a mine in 
Florida. Domestic consumption decreased because of lower phosphoric acid and fertilizer production. World 
production was estimated to be slightly lower in 2014 because of lower output from China. 


The leading U.S. phosphate rock producer completed its acquisition of the phosphate assets of another producer in 
central Florida, adding a fertilizer plant, mine, and processing facility to its assets. The company also closed the last 
phosphate rock mine in Polk County, FL, in June. This reduced U.S. phosphate rock annual production capacity from 
34.7 million tons to 32.7 million tons at 10 active mines. A new mine opened in Idaho in late 2013 as replacement for 
a mine that had been exhausted. The two other active phosphate rock companies in Idaho are developing new mines 
to replace existing mines that will be mined out over the next several years. The new mines will be located near the 
existing facilities in Caribou County, ID. 


A Canadian company continued development of a new underground phosphate rock mine in Bear Lake County in 


southeastern Idaho at the site of several underground phosphate rock mines that operated intermittently from 1907— 
76. The company expected to begin production in 2015, with an annual production capacity of 900,000 tons. 
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PHOSPHATE ROCK 


World phosphate rock production capacity was projected to increase gradually from 225 Mt in 2014 to 258 Mt in 2018. 
Most of the increase was planned to occur from expansion of existing mines in Morocco and development of a new 
mine in Saudi Arabia. The rest of the increase was expected from expansion of existing mines in Jordan, Kazakhstan, 
Peru, Russia, and Tunisia. 


World consumption of P20; contained in fertilizers was projected to increase from 42.2 Mt in 2014 to 45.9 Mt in 2018, 
with the largest growth occurring in Asia and South America. 


World Mine Production and Reserves: Reserves for Australia were revised by Geoscience Australia to include new 
mines under development. Reserves for Egypt were revised based on information reported by producers. Canadian 
reserves were revised to include a new mine under development in Quebec. 


Mine production Reserves’ 
2013 2014° 

United States 31,200 27,100 1,100,000 
Algeria 1,500 1,500 2,200,000 
Australia 2,600 2,600 1,030,000 
Brazil 6,000 6,750 270,000 
Canada 400 -- 76,000 
China” 108,000 100,000 3,700,000 
Egypt 6,500 6,000 715,000 
India 1,270 2,100 35,000 
Iraq 250 250 430,000 
Israel 3,500 3,600 130,000 
Jordan 5,400 6,000 1,300,000 
Kazakhstan 1,600 1,600 260,000 
Mexico 1,760 1,700 30,000 
Morocco and Western Sahara 26,400 30,000 50,000,000 
Peru 2,580 2,600 820,000 
Russia 10,000 10,000 1,300,000 
Saudi Arabia 3,000 3,000 211,000 
Senegal 800 700 50,000 
South Africa 2,300 2,200 1,500,000 
Syria 500 1,000 1,800,000 
Togo 1,110 1,200 30,000 
Tunisia 3,500 5,000 100,000 
Vietnam 2,310 2,400 30,000 
Other countries 2,580 2,600 300,000 
World total (rounded) 225,000 220,000 67,000,000 


World Resources: Some world reserves were reported only in terms of ore and grade. Phosphate rock resources 
occur principally as sedimentary marine phosphorites. The largest sedimentary deposits are found in northern Africa, 
China, the Middle East, and the United States. Significant igneous occurrences are found in Brazil, Canada, Finland, 
Russia, and South Africa. Large phosphate resources have been identified on the continental shelves and on 
seamounts in the Atlantic Ocean and the Pacific Ocean. Dredge mining of phosphate rock deposits offshore of 
Namibia and New Zealand were planned to start before 2020. World resources of phosphate rock are more than 300 
billion tons. 


Substitutes: There are no substitutes for phosphorus in agriculture. 


“Estimated. 

‘Defined as phosphate rock sold or used + imports. 

?Marketable phosphate rock, weighted value, all grades. 

Defined as imports — exports + adjustments for Government and industry stock changes. 
“See Appendix C for resource/reserve definitions and information concerning data sources. 
Production data for large mines only. 
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PLATINUM-GROUP METALS 


(Platinum, palladium, rhodium, ruthenium, iridium, osmium) 
(Data in kilograms unless otherwise noted) 


Domestic Production and Use: In 2014, platinum-group metals (PGMs), with an estimated value of nearly $495 
million, were produced by one domestic mining company from its Stillwater and East Boulder Mines in south-central 
Montana. Small quantities of PGMs were also recovered as byproducts of copper refining. The leading demand for 
PGMs continued to be catalytic converters to decrease harmful emissions from automobiles. PGMs are also used in 
the glass industry; in jewelry; in the chemical industry for catalysts in nitric acid and other bulk-chemical production, 
for refining petroleum, and for fabricating laboratory equipment; and in the electronics industry in computer hard disks 
to increase storage capacity, in multilayer ceramic capacitors, and in hybridized integrated circuits. Platinum and 
palladium, along with gold-silver-copper-zinc alloys, are used as dental restorative materials. Platinum, palladium, and 
rhodium are used as investment in the form of exchange-traded products, as well as physical bars and coins. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Mine production: ' 
Platinum 3,450 3,700 3,670 3,720 3,650 
Palladium 11,600 12,400 12,300 12,600 12,200 
Imports for consumption: 
Platinum 152,000 129,000 172,000 116,000 130,000 
Palladium 70,700 98,900 80,100 83,100 99,000 
Rhodium 12,800 13,100 12,800 11,100 11,000 
Ruthenium 14,100 13,300 10,200 15,300 11,000 
Iridium 3,530 2,790 1,230 1,720 2,000 
Osmium 76 48 130 77 235 
Exports: 
Platinum 16,900 11,300 8,630 11,200 16,000 
Palladium 38,100 32,000 32,200 25,900 24,000 
Rhodium 2,320 1,370 1,040 1,220 700 
Other PGMs 3,720 1,150 1,640 1,320 1,000 
Price,” dollars per troy ounce: 
Platinum 1,615.56 1,724.51 1,555.39 1,489.57 1,440.00 
Palladium 530.61 738.51 649.27 729.58 830.00 
Rhodium 2,459.07 2,204.35 1,274.98 1,069.10 1,180.00 
Ruthenium 198.45 165.85 112.26 75.63 67.00 
Iridium 642.15 1,035.87 1,066.23 826.45 573.00 
Employment, mine, number’ 1,350 1,570 1,660 1,770 1,660 


Net import reliance’ as a percentage of 
apparent consumption® 
Platinum 91 89 90 84 85 
Palladium 49 64 57 60 65 


Recycling: An estimated 155,000 kilograms of platinum, palladium and rhodium was recovered globally from new 
and old scrap in 2014, including about 50,000 kilograms recovered from automobile catalytic converters in the United 
States. 


Import Sources (2010-13): Platinum: Germany, 16%; South Africa, 16%; United Kingdom, 8%; Canada, 7%; and 
other, 53%. Palladium: Russia, 31%; South Africa, 28%; United Kingdom, 23%; Norway, 5%; and other, 13%. 


Tariff: All unwrought and semimanufactured forms of PGMs can be imported duty free. 
Depletion Allowance: 22% (Domestic), 14% (Foreign). 


Government Stockpile: Sales of iridium and platinum from the National Defense Stockpile remained suspended 
through FY 2014. Iridium inventory decreased by 3 kg from FY13 owing to losses resulting from purity upgrading. 


Stockpile Status—9—30-14* 


Disposal Plan Disposals 
Material Inventory FY 2014 FY 2014 
Platinum 261 — — 
Iridium 15 — — 
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PLATINUM-GROUP METALS 


Events, Trends, and Issues: Workers at the three leading platinum mining companies in South Africa were on strike 
to demand higher wages. The strike, which lasted from January until June, was the longest in South Africa’s mining 
history. At least 70,000 workers participated in the strike, which, according to the mining companies, resulted in lost 
production of about 33,600 kilograms of platinum and lost revenue of about $2.3 billion. Rampup to full production 
levels was expected to be completed by December. In an effort to return to profitability in the face of increased 
expenses, one of the PGM producers planned to sell four of its mines. 


Production began on schedule in July at one of the expansion projects adjacent to the only U.S. PGM mining 
company’s existing mines. The company entered into a 5-year contract with a refiner whereby the refiner will process 
all of the PGM filter cake produced and had exclusive rights to purchase all of the mined palladium and a portion of 
the mined platinum. The mining company scaled back its spending and suspended the review process on its 
Canadian PGM project owing to an unacceptable rate of return at current metal prices. 


A new domestic nickel-copper mine in Michigan began production in September and was expected to produce 
byproduct PGMs. 


Prices of platinum fluctuated during the year, and were not markedly affected by the strikes in South Africa because 
producers processed PGMs from stocks. In contrast, prices of palladium steadily increased throughout the year, 
reaching $900 per troy ounce in August for the first time since 2001. Palladium prices were supported by the political 
crisis in Ukraine, which led to concerns that economic sanctions might be enforced against Russia, the world’s 
leading producer of palladium, and that supply disruptions might occur. Prices for rhodium fluctuated in the first half of 
the year and spiked in August, when prices were briefly higher than those for platinum for the first time since 
December 2011, owing to increased investor and industrial demand. Prices for iridium increased throughout the year 
but the average annual prices for both iridium and ruthenium were below those for 2013. 


Automobile production levels were expected to climb, particularly in developing countries, and this was expected to 
result in increased demand for palladium, platinum, and rhodium, which are used in catalytic converters. Prices were 
expected to be supported by the robust automobile and industrial demand. 


World Mine Production and Reserves: 


Mine production PGMs 
Platinum Palladium Reserves” 
2013 2014° 2013 2014° 

United States 3,720 3,650 12,600 12,200 900,000 
Canada 7,000 7,200 16,500 17,000 310,000 
Russia 25,500 25,000 80,000 81,000 1,100,000 
South Africa 131,000 110,000 75,000 60,000 63,000,000 
Zimbabwe 12,400 11,000 9,600 10,000 (°) 
Other countries 3,780 3,800 8,900 10,000 800,000 
World total (rounded) 183,000 161,000 203,000 190,000 66,000,000 


World Resources: World resources of PGMs are estimated to total more than 100 million kilograms. The largest 
reserves are in the Bushveld Complex in South Africa. 


Substitutes: Less-expensive palladium has been substituted for platinum in most gasoline-engine catalytic 
converters. About 25% palladium can routinely be substituted for platinum in diesel catalytic converters; the 
proportion can be as much as 50% in some applications. For some industrial end uses, one PGM can substitute for 
another, but with losses in efficiency. 


“Estimated. — Zero. 

‘Estimates from published sources. 

Engelhard Corporation unfabricated metal. 

° Defined as imports — exports + adjustments for Government and industry stock changes. 
“See Appendix B for definitions. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 
*Included with “Other countries.” 
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POTASH 


(Data in thousand metric tons of K20 equivalent unless otherwise noted) 


Domestic Production and Use: In 2014, the production value of marketable potash, f.o.b. mine, was about $700 
million. Potash was produced in New Mexico and Utah. Most of the production was from southeastern New Mexico, 
where two companies operated four mines. New Mexico sylvinite and langbeinite ores were beneficiated by flotation, 
dissolution-recrystallization, heavy-media separation, or combinations of these processes, and provided more than 
75% of total U.S. producer sales. In Utah, which has three operations, one company extracted underground sylvinite 
ore by deep-well solution mining. Solar evaporation crystallized the sylvinite ore from the brine solution, and a 
flotation process separated the potassium chloride (muriate of potash or MOP) from byproduct sodium chloride. Two 
companies processed surface and subsurface brines by solar evaporation and flotation to produce MOP, potassium 
sulfate (sulfate of potash or SOP), and byproducts. 


The fertilizer industry used about 85% of U.S. potash sales, and the chemical industry used the remainder. More than 
60% of the potash produced was MOP. Potassium magnesium sulfate (sulfate of potash-magnesia or SOPM) and 
SOP, which are required by certain crops and soils, also were produced. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production, marketable’ 930 1,000 900 960 850 
Sales by producers, marketable’ 1,000 990 980 880 950 
Imports for consumption 4,760 4,980 4,240 4,650 4,600 
Exports 297 202 234 289 100 
Consumption:" 5,500 5,800 5,000 5,200 5,500 
Price, dollars per metric ton of KO, 
average, muriate, f.o.b. mine” 630 745 765 720 730 
Employment, number: 
Mine 650 660 750 750 740 
Mill 700 620 740 740 720 
Net import reliance’ as a percentage of 
apparent consumption 83 83 82 82 84 


Recycling: None. 
Import Sources (2010—13): Canada, 85%; Russia, 10%; Israel, 2%; Chile, 2%; and other, 1%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Potassium nitrate 2834.21.0000 Free. 

Potassium chloride 3104.20.0000 Free. 

Potassium sulfate 3104.30.0000 Free. 

Potassic fertilizers, other 3104.90.0100 Free. 

Potassium-sodium nitrate mixtures 3105.90.0010 Free. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: In 2014, domestic and world consumption, sales, and trade increased from those of 
2013. Asia and South America were the regions that showed the highest increases in consumption. World production 
was estimated to have increased owing primarily to increased production in Belarus and Russia. Production in the 
United States was lower because of the closure of a mine in Michigan in late 2013 and lower production in New 
Mexico. 


A producer in New Mexico announced plans to stop production of MOP in late 2014, because of decreasing ore 
quality and the age of the processing facility. The company would continue to produce SOPM in New Mexico. 


The other active producer in New Mexico began production from a new solar solution mine in 2014. The company 
planned to ramp up to full production levels of 150,000 to 200,000 tons per year in 2015. 


A Canadian company received approval from the U.S. Bureau of Land Management to begin construction of a new 
underground potash mine in southeastern New Mexico that would produce SOP only. The company planned to begin 
production in 2017 or 2018, with an annual production capacity of 714,000 tons of SOP. 
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POTASH 


In 2014, development of new mines and expansions of existing facilities continued in Argentina, Brazil, Canada, 
Congo (Brazzaville), Eritrea, Ethiopia, Russia, Turkmenistan, the United Kingdom, and Uzbekistan. Many projects 
however have been delayed to beyond 2018 because of excess production capacity and lower prices. World potash 
production capacity was projected to increase to about 61 million tons in 2018 from 55 million tons in 2015. Most of 
the increases would be from new mines in Canada and Russia and expansions of mines in Belarus, Canada, China, 
and Russia. Consumption of potash for all uses was projected to increase to 38 million tons in 2018 from 36 million 
tons in 2015. 


Following the dissolution of the marketing agreement between potash producers from Belarus and Russia in July 
2013, world potash prices decreased gradually from around $400 per ton MOP to around $300 per ton MOP in April 
2014. The price remained level until the fourth quarter of 2014, when prices began to increase slightly. 


World Mine Production and Reserves: Reserves for Belarus are from official Government sources and may not be 
comparable to the reserves definition in Appendix C. Reserves for Brazil, Canada, Russia, the United Kingdom, and 
the United States were from company reports. Reserves for other countries were revised to include Argentina, Congo 
(Brazzaville), Ethiopia, Laos, and Uzbekistan. The previous report contained reserves data in either recoverable ore 
or K2O content, depending on the source. To remain consistent with previously reported data, recoverable ore data 
and KO equivalent are included in reserves when available. Some countries only publish data as K,O equivalent. 


Mine production Reserves” 

2013 2014° Recoverable ore K2O equivalent 

United States’ 960 850 1,700,000 200,000 
Belarus 4,240 4,300 3,300,000 750,000 
Brazil 430 350 300,000 50,000 
Canada 10,100 9,800 4,700,000 1,100,000 
Chile 1,050 1,100 NA 150,000 
China 4,300 4,400 NA 210,000 
Germany 3,200 3,000 NA 150,000 
Israel 2,100 2,500 NA °40,000 
Jordan 1,080 1,100 NA °40,000 
Russia 6,100 6,200 2,800,000 600,000 
Spain 420 420 NA 20,000 
United Kingdom 470 470 NA 70,000 
Other countries — 150 250,000 90,000 
World total (rounded) 34,500 35,000 NA 3,500,000 


World Resources: Estimated domestic potash resources total about 7 billion tons. Most of these lie at depths 
between 1,800 and 3,100 meters in a 3,110-square-kilometer area of Montana and North Dakota as an extension of 
the Williston Basin deposits in Manitoba and Saskatchewan, Canada. The Paradox Basin in Utah contains resources 
of about 2 billion tons, mostly at depths of more than 1,200 meters. The Holbrook Basin of Arizona contains resources 
of about 0.7 to 2.5 billion tons. A large potash resource lies about 2,100 meters under central Michigan and contains 
more than 75 million tons. Estimated world resources total about 250 billion tons. 


Substitutes: No substitutes exist for potassium as an essential plant nutrient and an essential nutritional requirement 
for animals and humans. Manure and glauconite (greensand) are low-potassium-content sources that can be 
profitably transported only short distances to the crop fields. 


“Estimated. NA. Not available. — Zero. 

‘Data are rounded to no more than two significant digits to avoid disclosing company proprietary data. 

Defined as sales + imports — exports. 

Average prices based on actual sales; excludes soluble and chemical muriates. 

“Defined as imports — exports. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 

°Total reserves in the Dead Sea are arbitrarily divided equally between Israel and Jordan for inclusion in this tabulation. 
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PUMICE AND PUMICITE 


(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: In 2014, domestic production of pumice and pumicite was estimated to be 285,000 
tons with an estimated processed value of about $9.98 million, f.o.b. plant. Production took place at 10 operations in 6 
States. Pumice and pumicite were mined in Idaho, Oregon, California, New Mexico, Kansas, and Oklahoma, in 
descending order of production. About 56% of mined pumice was used in the production of construction building 
block; horticulture consumed 18%; concrete admixture and aggregate, 12%; abrasives, 10%; and the remaining 4% 
was used for absorbent, filtration, laundry stone washing, and other applications. 


Salient Statistics—United States: 2010 
Production, mine’ 241 
Imports for consumption 34 
Exports° 13 
Consumption, apparent 262 
Price, average value, dollars per ton, f.o.b. 

mine or mill 28.00 
Employment, mine and mill, number 145 
Net import reliance’ as a percentage of 

apparent consumption 8 


Recycling: Not available. 


2011 2012 2013 2014° 
343 338 269 285 
23 67 72 57 

14 12 12 15 
352 393 329 327 
30.60 31.90 34.60 35.00 
140 140 140 140 
3 14 18 13 


Import Sources (2010-13): Greece, 93%; Iceland, 4%; Mexico, 2%; and other, 1%. 


Tariff: Item Number 
Pumice, crude or in irregular 
pieces, including crushed 

Pumice, other 


2513.10.0010 
2513.10.0080 


Depletion Allowance: 5% (Domestic and foreign). 


Government Stockpile: None. 


Normal Trade Relations 
12-31-14 


Free. 
Free. 
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PUMICE AND PUMICITE 


Events, Trends, and Issues: The amount of domestically produced pumice and pumicite sold or used in 2014 
increased to 285,000 tons, compared with 269,000 tons in 2013. Exports increased and imports decreased compared 
with those of 2013. Approximately 99% of pumice imports originated from Greece and Mexico in 2014, and primarily 
supplied markets in the eastern and gulf coast regions of the United States. Turkey and Italy are the leading 
producers of pumice and pumicite. 


Although pumice and pumicite are plentiful in the Western United States, legal challenges and public land 
designations could limit access to Known deposits. Pumice and pumicite production is sensitive to mining and 
transportation costs. An increase in fuel prices would likely lead to increases in production expenditures; imports and 
competing materials could become attractive substitutes for domestic products. 


All known domestic pumice and pumicite mining in 2014 was accomplished through open pit methods, generally in 
remote areas where land-use conflicts were not severe. Although the generation and disposal of reject fines in mining 
and milling resulted in local dust issues at some operations, the environmental impact was restricted to a relatively 
small geographic area. 


World Mine Production and Reserves: 


Mine production Reserves’ 
2013 2014° 
United States’ 269 285 Large in the United States. Quantitative 
Algeria’ 338 350 estimates of reserves for most countries 
Cameroon’ 500 600 are not available. 
Chile* 830 830 
Ecuador" 675 675 
Ethiopia 300 300 
France* 276 280 
Greece* 420 450 
Guadaloupe 200 200 
Italy’ 3,030 3,000 
Saudi Arabia‘ 1,000 1,100 
Spain 195 200 
Syria* 500 1,000 
Turkey 5,700 5,700 
Other countries* 2,400 2,400 
World total (rounded) 16,600 17,400 


World Resources: The identified U.S. resources of pumice and pumicite are concentrated in the Western States and 
estimated to be more than 25 million tons. The estimated total resources (identified and undiscovered) in the Western 
and Great Plains States are at least 250 million tons and may total more than 1 billion tons. Large resources of 
pumice and pumicite have been identified on all continents. 


Substitutes: The costs of transportation determine the maximum economic distance pumice and pumicite can be 
shipped and still remain competitive with alternative materials. Competitive resources that may be substituted for 
pumice and pumicite include crushed aggregates, diatomite, expanded shale and clay, and vermiculite. 


“Estimated. 

‘Quantity sold and used by producers. 

Defined as imports — exports. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 
“Includes pozzolan and (or) volcanic tuff. 
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QUARTZ CRYSTAL (INDUSTRIAL) 


(Data in kilograms unless otherwise noted) 


Domestic Production and Use: Cultured quartz crystal production exists in the United States, but production 
statistics were not available. Two companies produced cultured quartz crystal. One of these companies uses 
cultured quartz crystal that has been rejected owing to crystallographic imperfections as feed material. In the past 
several years, cultured quartz crystal was increasingly produced overseas, primarily in Asia. Electronic applications 
accounted for most industrial uses of quartz crystal; other uses included special optical applications. Lascas' mining 
and processing in Arkansas ended in 1997. 


Virtually all quartz crystal used for electronics was cultured rather than natural crystal. Electronic-grade quartz crystal 
was essential for making filters, frequency controls, and timers in electronic circuits employed for a wide range of 
products, such as communications equipment, computers, and many consumer goods, such as electronic games and 
television receivers. 


Salient Statistics—United States: The U.S. Census Bureau, which is the primary Government source of U.S. trade 
data, does not provide specific import or export statistics on lascas. The U.S. Census Bureau collects import and 
export statistics on electronic and optical-grade quartz crystal; however, the quartz crystal import and export 
quantities and values reported were predominantly fused mullite and fused zirconia that was inadvertently reported to 
be quartz crystal, not including mounted piezoelectric crystals. The price of as-grown cultured quartz was estimated to 
be $200 per kilogram in 2014. The price of lumbered quartz, which is as-grown quartz that has been processed by 
sawing and grinding, was estimated to be $400 per kilogram in 2014; however, prices ranged from $20 per kilogram 
to more than $900 per kilogram, depending on the application. Other salient statistics were not available. 


Recycling: An unspecified amount of rejected cultured quartz crystal was used as feed material for the production of 
cultured quartz crystal. 


Import Sources (2010-13): Although no definitive data exist listing import sources for cultured quartz crystal, 
imported material is thought to be mostly from China, Japan, Romania, and the United Kingdom. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Quartz (including lascas) 2506.10.0050 Free. 

Piezoelectric quartz 7104.10.0000 3% ad val. 


Depletion Allowance: 22% (Domestic), 14% (Foreign). 


Government Stockpile: As of September 30, 2014, the National Defense Stockpile (NDS) contained 7,134 kilograms 
of natural quartz crystal. The stockpile has 11 weight classes for natural quartz crystal that range from 0.2 kilogram to 
more than 10 kilograms. The stockpiled crystals, however, are primarily in the larger weight classes. The larger 
pieces are suitable as seed crystals, which are very thin crystals cut to exact dimensions, to produce cultured quartz 
crystal. In addition, many of the stockpiled crystals could be of interest to the specimen and gemstone industry. Little, 
if any, of the stockpiled material is likely to be used in the same applications as cultured quartz crystal. No natural 
quartz crystal was sold from the NDS in 2014. Previously, only individual crystals in the stockpile that weighed 10 
kilograms or more and could be used as seed material were sold. 


Stockpile Status—9-30-14° 
Disposal Plan Disposals 


Material Inventory FY 2014 FY 2014 
Quartz crystal 7,130 — — 


Prepared by Thomas P. Dolley [(703) 648-7710, tdolley@usgs.gov] 


127 
QUARTZ CRYSTAL (INDUSTRIAL) 


Events, Trends, and Issues: Demand for quartz crystal for frequency-control oscillators and frequency filters in a 
variety of electronic devices should remain stable. However, silicon has replaced quartz crystal in two very important 
markets—cellular telephones and automotive stability control applications. Future capacity increases to grow quartz 
crystal may be negatively impacted by this development. Growth of the consumer electronics market (for products 
such as personal computers, electronic games, and tablet computers) is likely to continue to sustain global production 
of quartz crystal. 


World Mine Production and Reserves:® This information is unavailable, but the global reserves for lascas are 
thought to be large. 


World Resources: Limited resources of natural quartz crystal suitable for direct electronic or optical use are available 
throughout the world. World dependence on these resources will continue to decline because of the increased 
acceptance of cultured quartz crystal as an alternative material; however, use of cultured quartz crystal will mean an 
increased dependence on lascas for growing cultured quartz. 


Substitutes: Quartz crystal is the best material for frequency-control oscillators and frequency filters in electronic 
circuits. Other materials, such as aluminum orthophosphate (the very rare mineral berlinite), langasite, lithium niobate, 
and lithium tantalate, which have larger piezoelectric coupling constants, have been studied and used. The cost 
competitiveness of these materials, as opposed to cultured quartz crystal, is dependent on the type of application the 
material is used for and the processing required. 


— Zero. 

‘Lascas is a nonelectronic-grade quartz used as a feedstock for growing cultured quartz crystal and for production of fused quartz. 
?See Appendix B for definitions. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 
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RARE EARTHS’ 


[Data in metric tons of rare-earth oxide (REO) equivalent content unless otherwise noted] 


Domestic Production and Use: Rare earths were mined by one company in 2014. Bastnasite, a fluorocarbonate 
mineral, was mined and processed into concentrates and rare-earth compounds at Mountain Pass, CA. The United 
States continued to be a net importer of rare-earth products in 2014. The estimated value of rare-earth metals and 
compounds imported by the United States in 2014 was $210 million, a decrease from $256 million imported in 2013. 
The estimated distribution of rare earths by end use was as follows, in decreasing order: catalysts, 60%; metallurgical 
applications and alloys, 10%; permanent magnets, 10%; glass polishing, 10%; and other, 10%. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production, bastnasite concentrates — — 3,000 5,500 7,000 
Imports: 
Compounds: 
Cerium compounds 1,770 1,120 1,390 1,160 1,500 
Other rare earth compounds 10,500 6,020 3,900 8,080 10,000 
Metals: 
Rare-earth metals, scandium, and yttrium 525 468 240 393 310 
Ferrocerium, alloys 131 186 267 313 360 
Exports: 
Compounds: 
Cerium compounds 1,350 1,640 992 734 640 
Other rare-earth compounds 1,690 3,620 1,830 5,570 5,600 
Metals: 
Rare-earth metals, scandium, and yttrium 1,380 3,030 2,080 1,040 160 
Ferrocerium, alloys 3,460 2,010 951 1,420 2,100 
Consumption, estimated 15,000 11,000 15,000 15,000 17,000 
Price, dollars per kilogram, yearend’: 
Cerium oxide, 99% minimum 60-62 40-45 10-12 5-6 4-5 
Dysprosium oxide, 99% minimum 285-305 1,400-1,420 600-630 440-490 320-360 
Europium oxide, 99.9% minimum 620-640 3,780-3,800 1,500-1,600 950-1,000 680-730 
Lanthanum oxide, 99% minimum 59-61 50-52 9-11 6 5 
Mischmetal, 65% cerium, 35% lanthanum 57-60 47-49 14-16 9-10 9-10 
Neodymium oxide, 99% minimum 86-89 190-200 75-80 65-70 56-60 
Terbium oxide, 99% minimum 595-615 2,800-2,820 1,200-—1,300 800-850 590-640 
Employment, mine and mill, annual average 98 146 275 380 394 
Net import reliance’ as a percentage of 
estimated consumption*® 100 100 80 63 59 


Recycling: Limited quantities, from batteries, permanent magnets, and fluorescent lamps. 


Import Sources (2010—13): Rare-earth compounds and metals: China, 75%; France, 6%; Japan, 6%; Estonia, 4%; 
and other, 9%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 
Rare-earth metals, scandium and yttrium 
whether or not intermixed or interalloyed 2805.30.0000 5.0% ad val. 
Cerium compounds 
Oxides 2846.10.0010 5.5% ad val. 
Other 2846.10.0050 5.5% ad val. 
Other rare-earth compounds 
Lanthanum oxides 2846.90.2005 Free. 
Other oxides 2846.90.2040 Free. 
Lanthanum carbonates 2846.90.8070 3.7% ad val. 
Other carbonates 2846.90.8075 3.7% ad val. 
Other rare-earth compounds 2846.90.8090 3.7% ad val. 
Ferrocerium and other pyrophoric alloys 3606.90.3000 5.9% ad val. 


Depletion Allowance: Monazite, 22% on thorium content and 14% on rare-earth content (Domestic), 14% (Foreign); 
bastnasite and xenotime, 14% (Domestic and foreign). 


Prepared by Joseph Gambogi [(703) 648-7718, jgambogi@usgs.gov] 
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RARE EARTHS 


Government Stockpile: None. 


Events, Trends, and Issues: In 2014, increased domestic consumption of rare earths was stimulated by lower prices 
and increased availability of rare-earth compounds. Increased domestic production of separated rare-earth products 
was hampered by technical difficulties in the rampup of new production capacity. Despite increased global demand 
for rare earths in the permanent magnet and catalyst industries, prices for most rare-earth compounds declined in 
2014 owing to an excess of inventory in the market. Consumption of rare-earths in the phosphor industry decreased 
owing to the increased use of LED lighting, which requires less rare earths than fluorescent lighting. 


Global consumption of rare earths was expected to increase at a compound annual growth rate in excess of 5% from 
2014 through 2020. China continued to dominate the global supply of rare earths. In 2014, China’s rare-earth export 
quotas were 31,000 tons, including 27,383 tons for light rare earths and 3,617 tons for heavy rare earths. In August, 
the World Trade Organization upheld a ruling in favor of the United States, the European Union, and Japan’s claims 
that China violated trade rules with respect to the unfair imposition of export restrictions on rare earths despite 
China’s claims that the controls were aimed at protecting the environment and conserving resources. China continued 
efforts to consolidate its rare-earths industry and clamp down on illegal production and exports. China’s State Bureau 
of Material Reserve continued to expand its stockpile of rare earths. 


Exploration efforts to develop rare-earth projects continued in 2014. Exploration and development assessments in the 
United States included Bear Lodge, WY; Bokan Mountain, AK; Diamond Creek, ID; Elk Creek, NE; La Paz, AZ; Lemhi 
Pass, ID-MT; Pea Ridge, MO; Round Top, TX; and Thor, NV. Additional projects were underway in Australia, Brazil, 
Canada, China, Finland, Greenland, India, Kyrgyzstan, Madagascar, Malawi, Mozambique, Namibia, South Africa, 
Sweden, Tanzania, Turkey, and Vietnam. 


World Mine Production and Reserves: U.S. reserves were revised to include only those reserves compliant with 
recognized standards. This resulted in a large reduction in the U.S. reserves reported in 2015 compared to previous 
years. Domestic reserves include an estimated 1.5 million tons at Mountain Pass that were compliant with the 
Securities and Exchange Commission's Industry Guide 7 and 390,000 tons of reserves at the Bear Lodge deposit in 
Wyoming compliant with Canada’s National Instrument 43-101 standard. The reserves reported for other countries 
will transition to stricter standards as better information becomes available. 


Mine production*® Reserves” 

2013 2014 
United States 5,500 7,000 1,800,000 
Australia 2,000 2,500 °3 200,000 
Brazil 330 — 22,000,000 
China 95,000 95,000 55,000,000 
India 2,900 3,000 3,100,000 
Malaysia 180 200 30,000 
Russia 2,500 2,500 (") 
Thailand 800 1,100 NA 
Vietnam 220 200 (") 
Other countries NA NA 41,000,000 
World total (rounded) 110,000 110,000 130,000,000 


World Resources: Rare earths are relatively abundant in the Earth’s crust, but discovered minable concentrations 
are less common than for most other ores. U.S. and world resources are contained primarily in bastnasite and 
monazite. Bastnasite deposits in China and the United States constitute the largest percentage of the world’s rare- 
earth economic resources, and monazite deposits constitute the second largest segment. 


Substitutes: Substitutes are available for many applications but generally are less effective. 


“Estimated. NA Not available. — Zero. 

‘Data include lanthanides and yttrium but exclude most scandium. See also Scandium and Yttrium. 

7REO equivalent or contents of various materials were estimated. Source: U.S. Census Bureau. 

*Price range from Metal-Pages Ltd. 

“Defined as estimated consumption — production. Insufficient data were available to determine stock changes and unattributed imports and exports 
of rare-earth materials. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 

°For Australia, Joint Ore Reserves Committee (SORC)-compliant reserves were about 2.2 million tons. 

“Included with “Other countries.” 


U.S. Geological Survey, Mineral Commodity Summaries, January 2015 
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RHENIUM 


(Data in kilograms of rhenium content unless otherwise noted) 


Domestic Production and Use: During 2014, ores containing rhenium were mined at seven operations (four in 
Arizona, and one each in Montana, New Mexico, and Utah). Rhenium compounds are included in molybdenum 
concentrates derived from porphyry copper deposits, and rhenium is recovered as a byproduct from roasting such 
molybdenum concentrates. Rhenium-containing products included ammonium perrhenate (APR), metal powder, and 
perrhenic acid. The major use of rhenium were in superalloys used in high-temperature turbine engine components 
and in petroleum-reforming catalysts, representing an estimated 70% and 20%, respectively, of end uses. Bimetallic 
platinum-rhenium catalysts were used in petroleum-reforming for the production of high-octane hydrocarbons, which 
are used in the production of lead-free gasoline. Rhenium improves the high-temperature (1,000° C) strength 
properties of some nickel-based superalloys. Rhenium alloys were used in crucibles, electrical contacts, 
electromagnets, electron tubes and targets, heating elements, ionization gauges, mass spectrographs, metallic 
coatings, semiconductors, temperature controls, thermocouples, vacuum tubes, and other applications. The 
estimated value of rhenium consumed in 2014 was about $90 million. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production’ 6,100 8,610 7,910 7,100 7,900 
Imports for consumption 33,600 33,500 40,200 35,300 37,500 
Exports NA NA NA NA NA 
Consumption, apparent 39,700 42,100 48,100 42,400 45,400 


Price,” average value, dollars per kilogram, 
gross weight: 


Metal pellets, 99.99% pure 4,720 4,670 4,040 3,160 3,000 
Ammonium perrhenate 4,630 4,360 3,990 3,400 3,100 
Employment, number Small Small Small Small Small 
Net import reliance’ as a percentage of 
apparent consumption 85 80 84 83 83 


Recycling: Molybdenum-rhenium and tungsten-rhenium scrap continued to be processed by a growing number of 
companies, mainly in the United States and Germany. All spent platinum-rhenium catalysts were recycled. 


Import Sources (2010-13): Rhenium metal powder: Chile, 88%; Poland, 7%; United Kingdom, 2%; and other, 3%. 
Ammonium perrhenate: Republic of Korea, 39%; Kazakhstan, 31%; Germany, 8%; Poland, 6%; and other, 16%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 
Salts of peroxometallic acids, other— 
ammonium perrhenate 2841.90.2000 3.1% ad val. 
Rhenium, etc., (metals) waste and scrap 8112.92.0600 Free. 
Rhenium, (metals) unwrought; powders 8112.92.5000 3% ad val. 
Rhenium, etc., (metals) wrought; etc. 8112.99.9000 4% ad val. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: None. 
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Events, Trends, and Issues: During 2014, the United States continued to rely on imports for much of its supply of 
rhenium, and Chile, Kazakhstan, and the Republic of Korea supplied most of the imported rhenium. Rhenium imports 
for consumption increased by 6% from those of 2013. Primary rhenium production in the United States increased 
11% from that of 2013. Kazakhstan’s only current rhenium producer, Kazakhmys plc, temporarily suspended its 
operations in mid-2013 at its Zhezkazgan smelter and refinery. The company expected to upgrade the facility to 
process copper-molybdenum ore from the newly developed Bozshakol mining and concentrating complex in 
Kazakhstan. 


In 2014, the average catalytic-grade APR price remained at $3,150 per kilogram until July, when the price further 
decreased to an average of $3,000 per kilogram and remained at that level until yearend. Average rhenium metal 
pellet price remained at $3,000 per kilogram during 2014. 


Consumption of catalyst-grade APR by the petroleum industry was expected to remain at high levels. Demand for 
rhenium in the aerospace industry, although more unpredictable, was expected to continue to increase. However, the 
major aerospace companies were expected to continue testing superalloys that contain one-half the rhenium used in 
currently designed engine blades, as well as testing rhenium-free alloys for other engine components. New 
technology continued to be developed to allow recycling of superalloy scrap. Secondary rhenium recycling rates 
continued to increase worldwide. 


World Mine Production and Reserves: 


Mine production’ Reserves’ 
2013 2014° 

United States 7,100 7,900 390,000 
Armenia 300 300 95,000 
Canada — — 32,000 
Chile® 25,000 26,000 1,300,000 
Kazakhstan 2,500 — 190,000 
Peru — — 45,000 
Poland 7,530 7,600 NA 
Russia NA NA 310,000 
Uzbekistan 5,500 5,000 NA 
Other countries 1,000 2,000 91,000 
World total (rounded) 48,900 48,800 2,500,000 


World Resources: Most rhenium occurs with molybdenum in porphyry copper deposits. Identified U.S. resources are 
estimated to be about 5 million kilograms, and the identified resources of the rest of the world are approximately 6 
million kilograms. Rhenium is also associated with copper minerals in sedimentary deposits in Armenia, Kazakhstan, 
Poland, Russia, and Uzbekistan, where ore is processed for copper recovery, and the rhenium-bearing residues are 
recovered at the copper smelter. 


Substitutes: Substitutes for rhenium in platinum-rhenium catalysts are being evaluated continually. Iridium and tin 
have achieved commercial success in one such application. Other metals being evaluated for catalytic use include 
gallium, germanium, indium, selenium, silicon, tungsten, and vanadium. The use of these and other metals in 
bimetallic catalysts might decrease rhenium’s share of the existing catalyst market; however, this would likely be 
offset by rhenium-bearing catalysts being considered for use in several proposed gas-to-liquid projects. Materials that 
can substitute for rhenium in various end uses are as follows: cobalt and tungsten for coatings on copper x-ray 
targets, rhodium and rhodium-iridium for high-temperature thermocouples, tungsten and platinum-ruthenium for 
coatings on electrical contacts, and tungsten and tantalum for electron emitters. 


“Estimated. NA Not available. — Zero. 

‘Based on 80% recovery of estimated rhenium contained in MoS,2 concentrates. 

“Average price per kilogram of rhenium in pellets or catalytic-grade ammonium perrhenate, from Metal Bulletin. 
Defined as imports — exports + adjustments for Government and industry stock changes. 

“Estimated amount of rhenium recovered in association with copper and molybdenum production. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 

Estimated rhenium recovered from roaster residues from Belgium, Chile, and Mexico. 
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RUBIDIUM 


(Data in metric tons of rubidium oxide unless otherwise noted) 


Domestic Production and Use: Rubidium is not actively mined in the United States; however, occurrences are 
known in Alaska, Arizona, Idaho, Maine, South Dakota, and Utah. Rubidium is also associated with some evaporate 
mineral occurrences in other States. One company recovered and stockpiled for sale approximately 200 tons of 
rubidium as part of ongoing reclamation projects in Arizona, Idaho, and Utah. Rubidium is not a major constituent of 
any mineral; it is produced in small quantities as a byproduct of cesium, lithium, and strontium mining. Rubidium 
concentrate is produced as a byproduct of pollucite and lepidolite mining and is imported from other countries for 
processing in the United States. The United States sources the majority of pollucite from the largest Known North 
American deposit at Bernic Lake, Manitoba, Canada. 


Applications for rubidium and its compounds include biomedical research, electronics, specialty glass, and 
pyrotechnics. Specialty glasses are the leading market for rubidium; rubidium carbonate is used to reduce electrical 
conductivity, which improves stability and durability in fiber optic telecommunications networks. Biomedical 
applications include rubidium salts, used in the treatment of epilepsy, thyroid disorder, and antishock agents; 
rubidium-82, a radioactive isotope, is used as a blood-flow tracer in positron emission tomographic imaging; and 
rubidium chloride is used as an antidepressant. Rubidium atoms are used in academic research, including the 
development of quantum mechanics-based computing devices, a future application with potential for relatively high 
consumption. Quantum computing research uses ultracold rubidium atoms in a variety of applications. Quantum 
computers, which have the ability to perform more complex computational tasks than traditional computers by 
calculating in two quantum states simultaneously, were expected to be in prototype phase within a decade. 


Rubidium’s photo emissive properties make it ideal for electrical-signal generators in motion-sensor devices, night- 
vision devices, photoelectric cells (solar panels), and photomultiplier tubes. Rubidium is used as an atomic 
resonance-frequency-reference oscillator for telecommunications network synchronization, playing a vital role in 
global positioning systems (GPS). Rubidium-rich feldspars are used in ceramic applications for spark plugs and 
electrical insulators because of their high dielectric capacity. Rubidium hydroxide is used in fireworks to oxidize 
mixtures and produce violet hues. The U.S. military frequency standard, the United States Naval Observatory (USNO) 
Time Scale, is based on 48 weighted atomic clocks, including four USNO rubidium fountain clocks. 


Salient Statistics—United States: U.S. salient statistics, such as consumption, exports, and imports, are not 
available. Some concentrate, which was sourced primarily from Canada, was exported to the United States for further 
processing. Industry information during the last decade suggests an annual domestic consumption rate of 
approximately 2,000 kg. 


No market price for rubidium is published because the metal is not traded in commercial quantities. In 2014, one 
company offered 1-gram ampoules of 99.75%-grade rubidium (metal basis) for $80.30 and 100 grams ampoules of 
the same material for $1,472.00, a 4% increase from that of 2013. The price for 10-gram ampoules of 99.8% rubidium 
formate hydrate (metal basis) was $56.20, a 4% increase from that of 2013. The price for 10-gram ampoules of 
99.8% and 99.975% rubidium chloride (metal basis) was $55.10 and $209.00, respectively. 


Recycling: None. 


Import Sources (2010-13): The United States is 100% import reliant on byproduct rubidium-concentrate imports, 
most of which was thought to be imported from Canada. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Alkali metals, other 2805.19.9000 5.5% ad val. 

Chlorides, other 2827 .39.9000 3.7% ad val. 

Bromides, other 2827 .59.5100 3.6% ad val. 

Nitrates, other 2834.29.5100 3.5% ad val. 

Carbonates, other 2836.99.5000 3.7% ad val. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: None. 


Prepared by Christopher A. Tuck [(703) 648-4912, ctuck@usgs.gov] 


133 
RUBIDIUM 


Events, Trends, and Issues: Domestic rubidium occurrences will remain uneconomic unless market conditions 
change, such as the discovery of new end uses or increased consumption for existing end uses, which in turn would 
lead to increased prices. No known human health issues are associated with naturally occurring rubidium, and its use 
has minimal environmental impact. 


As reported in 2014, one underground mining operation at Bernic Lake, Manitoba, Canada, experienced a fall of 
ground in early 2013, in the area of the mine’s crowning pillar, following a similar event in 2010. A site review was 
conducted in April 2013, by a third-party engineering consulting service, which indicated the crown pillar had a 55% 
probability of substantive, progressive failure within the next year and a 25% probability failure occurring in the next 6 
months. Monitoring equipment had been installed to monitor the mines stability. Development alternatives that could 
require 2 to 3 years to complete were being assessed to allow for continued long-term mining operations. Collapse of 
the mine would result in enduring mining delays and, potentially, mine closure. In Argentina, one company began bulk 
sampling and drilling to determine resource estimates for a cesium and rubidium deposit. The deposit underwent pre- 
feasibility studies with expected reserves estimates to be complete by yearend 2014. Initial studies indicated a 
cesium-to-rubidium ratio of 8:1. 


Developments continued in quantum computing and related fields of research, including a method for connecting 
particles, which would be used as a switch in computing processes and internet connections. The process involves a 
photon of light and a rubidium atom altering the quantum state of one another, a substantial discovery integral in 
moving quantum computers towards the prototype stage. The National Institute of Standards and Technology 
developed a microfluid chip that produces and detects xenon gasses, using rubidium atoms to polarize the xenon 
atoms and enhance the signal strength. The chip could be used as a smaller and cheaper replacement for some 
instruments, like magnetic resonance imaging, which rely on nuclear magnetic resonance. 


An accelerometer, based on the quantum interference of rubidium utlracold atoms, was being developed for use on 
submarines in the Royal Navy, among similar developments in other countries. The device would allow submarines to 
track their own locations within a 1-meter error in a 24-hour period; submarines can currently only navigate using 
traditional GPS, which requires surfacing. The technology, upon miniaturization, could also be adapted for use to 
explore oil or mineral deposits and as gravity scanners, which can create density maps of an object’s contents. 


World Mine Production and Reserves: One mine in Canada produced rubidium ore as a byproduct, which was 
processed as concentrate; however, production data for that mine are not available. The principal sources of global 
rubidium reserves, lepidolite and pollucite, can contain up to 3.5% rubidium oxide and 1.5%, respectively. The 
rubidium-bearing mineral reserves are found in zoned pegmatites, which are exceptionally coarse-grained plutonic 
rocks that formed late in the crystallization of a silicic magma. Mineral reserves exist globally, but extraction and 
concentration are cost prohibitive. Production is known to occur periodically in Canada, Namibia, and Zimbabwe but 
production data were not available. Rubidium is also mined in China, but information regarding reserves and 
production is unavailable. 


Reserves’ 

Canada 12,000 
Namibia 50,000 
Zimbabwe 10,000 
Other countries 8,000 
World total 80,000 


World Resources In addition to several significant rubidium-bearing zoned pegmatites in Canada, similar pegmatite 
occurrences have been identified in Afghanistan, China, Denmark, Germany, Japan, Kazakhstan, Namibia, Peru, 
Russia, the United Kingdom, and the United States, and Zambia. Minor amounts of rubidium are reported in brines in 
northern Chile and China and in evaporites in France, Germany, and the United States (New Mexico and Utah). 


Substitutes: Rubidium and cesium can be used interchangeably in many applications because they have similar 


physical properties and atomic radii. Cesium, however, is more electropositive than rubidium, making it a preferred 
material for some applications. 


‘See Appendix C for resource/reserve definitions and information concerning data sources. 
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SALT 


(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: Domestic production of salt increased by 9% in 2014 to 44.1 million tons. The total 
value was estimated to be about $2.2 billion. Twenty-eight companies operated 61 plants in 16 States. Five of the 
seven leading States were, in descending order of total salt sold or used, Louisiana with 33%; Texas, 18%; New York, 
17%; Kansas, 6%; and Utah, 5%. Ohio and Michigan were among the top seven leading States in total salt sold or 
used but their rankings are withheld to protect proprietary data. The estimated percentage of salt sold or used was, by 
type, rock salt, 42%; salt in brine, 40%; vacuum pan, 10%; and solar salt, 8%. 


Highway deicing consumed about 43% of total salt. The chemical industry accounted for about 38% of total salt sales 
with salt in brine accounting for 91% of the salt used for chemical feedstock. The chlorine and caustic soda 
manufacturing sector was the main consumer within the chemical industry. The remaining markets for salt were, in 
declining order, distributors, 8%; food processing, 4%; agricultural, 3%; general industrial, 2%; and other uses 
combined with exports and primary water treatment, 1% each. 


Salient Statistics—United States:' 2010 2011 2012 2013 2014° 
Production 43,300 45,000 37,200 40,300 44,100 
Sold or used by producers 43,500 45,500 34,900 43,400 44,500 
Imports for consumption 12,900 13,800 9,880 11,900 18,000 
Exports 595 846 809 525 850 
Consumption: 

Reported 48,600 48,000 36,900 47,600 54,000 

Apparent’ 55,800 58,500 44,000 54,800 61,600 


Price, average value of bulk, pellets and packaged 
salt, dollars per ton, f.o.b. mine and plant: 


Vacuum and open pan salt 180.08 174.00 169.93 178.65 180.00 
Solar salt 57.41 51.19 71.87 81.36 83.00 
Rock salt 35.67 38.29 36.89 47.24 55.00 
Salt in brine 7.49 8.14 8.44 8.49 8.50 
Employment, mine and plant, number® 4,100 4,100 4,100 4,100 4,200 
Net import reliance’ as a percentage of 
apparent consumption 24 22 22 21 28 


Recycling: None. 
Import Sources (2010-13): Canada, 38%; Chile, 36%; Mexico, 11%; The Bahamas, 5%; and other, 10%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 
Salt (sodium chloride) 2501.00.0000 Free. 


Depletion Allowance: 10% (Domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: The 2013-14 winter was colder than the 2012-13 winter, and the amount of frozen 
precipitation and the number of winter weather events were above normal in many parts of the United States, 
requiring more salt for highway deicing. Rock salt production and imports in 2014 increased significantly from the 
levels in 2013 because many municipalities and local and State transportation departments reported low levels of 
rock salt inventories at the end of the last winter season. Many contracts between salt suppliers and consumers 
require that the customer take delivery of at least 80 percent of its order, and because of the greatly increased 
demand for deicing salt, many buyers were experiencing double-digit percentage increases in rock salt prices in these 
contracts. Salt purchasers without contracts are subject to substantial spikes in pricing if they require an emergency 
salt allocation. 
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The majority of local and State governments in cold regions reportedly had stockpiled some supplies of rock salt for 
the winter of 2014—15, but many had less than was typical and some were struggling to find supplies even as winter 
weather arrived early in many parts of the United States. The National Oceanic and Atmospheric Administration 
predicted that the likelihood of a repeat of the previous harsh winter was unlikely. The forecast for the traditional 
snowbelt in the northern tier of the United States was uncertain, with an above- or below-average winter equally likely. 
However, the southern part of the United States was expected to be cooler than average, and the West and New 
England were likely to be warmer than average. It was anticipated that the domestic salt industry would be able to 
provide adequate salt supplies from domestic and foreign sources for emergency use in the event of adverse winter 
weather. 


World Production and Reserves: 


Production Reserves’ 
2013 2014° 

United States’ 40,300 44,100 Large. Economic and subeconomic 
Australia 11,000 11,000 deposits of salt are substantial in 
Brazil 7,500 7,500 principal salt-producing countries. 
Canada 12,200 13,300 The oceans contain a virtually 
Chile 6,580 8,000 inexhaustible supply of salt. 
China 70,000 71,000 
France 6,100 6,000 
Germany 11,900 12,000 
India 16,000 17,000 
Mexico 10,800 9,500 
Poland 4,430 4,400 
Spain 4,440 4,500 
Turkey 5,300 5,400 
Ukraine 6,200 5,400 
United Kingdom 6,700 6,800 
Other countries 42,200 43,400 

World total (rounded) 262,000 269,000 


World Resources: World continental resources of salt are practically unlimited, and the salt content in the oceans is 
virtually inexhaustible. Domestic resources of rock salt and salt from brine are primarily in the States of Kansas, 
Louisiana, Michigan, New York, Ohio, and Texas. Saline lakes and solar evaporation salt facilities are in the States of 
Arizona, California, Nevada, New Mexico, Oklahoma, and Utah. Almost every country in the world has salt deposits or 
solar evaporation operations of various sizes. 


Substitutes: No economic substitutes or alternatives for salt exist in most applications. Calcium chloride and calcium 
magnesium acetate, hydrochloric acid, and potassium chloride can be substituted for salt in deicing, certain chemical 
processes, and food flavoring, but at a higher cost. 


“Estimated. 

‘Excludes production from Puerto Rico. 

? Defined as sold or used by producers + imports — exports. 

Defined as imports — exports. 

“See Appendix C for resource/reserve definitions and information concerning data sources. 
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SAND AND GRAVEL (CONSTRUCTION) 


(Data in million metric tons unless otherwise noted)? 


Domestic Production and Use: Construction sand and gravel valued at $7 billion was produced by an estimated 
4,100 companies and government agencies from about 6,600 operations in 50 States. Leading producing States 
were, in order of decreasing tonnage, Texas, California, Minnesota, Washington, Michigan, Colorado, Arizona, North 
Dakota, Wisconsin, and Ohio, which together accounted for about 55% of total output. It is estimated that about 44% 
of construction sand and gravel was used as concrete aggregates; 25% for road base and coverings and road 
stabilization; 13% as asphaltic concrete aggregates and other bituminous mixtures; 12% as construction fill; 1% each 
for concrete products, such as blocks, bricks, and pipes; plaster and gunite sands; and snow and ice control; and the 
remaining 3% for filtration, golf courses, railroad ballast, roofing granules, and other miscellaneous uses. 


The estimated output of construction sand and gravel in the United States, 657 million tons shipped for consumption 
in the first 9 months of 2014, was 8% higher than the 596 million tons estimated for the same period in 2013. 
Additional production information by quarter for each State, geographic region, and the United States is published by 
the U.S. Geological Survey (USGS) in its quarterly Mineral Industry Surveys for Crushed Stone and Sand and Gravel. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production 807 808 812 “847 911 
Imports for consumption 3 3 4 3 3 
Exports (*) (°) (°) (°) (°) 
Consumption, apparent 809 811 816 “850 914 
Price, average value, dollars per ton 7.30 7.43 7.74 “7.58 7.70 
Employment, mines, mills, and shops, number 29,500 29,800 30,600 30,000 30,500 
Net import reliance’ as a percentage 

of apparent consumption (°) (°) (°) (°) (°) 


Recycling: Recycling of asphalt road surface layers, cement concrete surface layers, and concrete structures was 
increasing, although it was still a small percentage of aggregates consumption. 


Import Sources (2010-13): Canada, 79%; Mexico, 7%; The Bahamas, 5%; and other, 9%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Sand, silica and quartz, less than 95% silica 2505.10.5000 Free. 

Sand, other 2505.90.0000 Free. 

Pebbles and gravel 2517.10.0015 Free. 


Depletion Allowance: Common varieties, 5% (Domestic and foreign). 


Government Stockpile: None. 


Prepared by Shawnna M. Bennett [(703) 648-7715, smbennett@usgs.gov] 
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SAND AND GRAVEL (CONSTRUCTION) 


Events, Trends, and Issues: With U.S. economic activity gradually improving, construction sand and gravel output 
for 2014 increased about 8% compared with that of 2013. According to the U.S. Census Bureau of the Department of 
Commerce, construction spending in the United States for the first 10 months of 2014 increased by about 3% 
compared to the same period in 2013. These numbers are also reflected in the quarterly reports with a steady 
increase over the last five quarters in sand and gravel sales, but levels still have not reached those in 2008. 


The construction sand and gravel industry remained concerned with environmental, health, permitting, safety, and 
zoning regulations. Movement of sand and gravel operations away from densely populated regions was expected to 
continue, driven by regulations and local sentiment. Resultant regional shortages of construction sand and gravel 
could thus result in higher-than-average price increases in industrialized and urban areas. 


World Mine Production and Reserves: 


Mine production Reserves” 
2013° 2014° 
United States 847 911 Reserves are controlled largely by land 
Other countries® _NA _NA use and (or) environmental concerns. 
World total NA NA 


World Resources: Sand and gravel resources of the world are plentiful. However, because of environmental 
restrictions, geographic distribution, and quality requirements for some uses, sand and gravel extraction is 
uneconomic in some cases. The most important commercial sources of sand and gravel have been glacial deposits, 
river channels, and river flood plains. Use of offshore deposits in the United States is mostly restricted to beach 
erosion control and replenishment. Other countries routinely mine offshore deposits of aggregates for onshore 
construction projects. 


Substitutes: Crushed stone, the other major construction aggregate, is often substituted for natural sand and gravel, 
especially in more densely populated areas of the Eastern United States. Crushed stone remains the dominant choice 
for construction aggregate use. Increasingly, recycled asphalt and portland cement concretes are being substituted 
for virgin aggregate, although the percentage of total aggregate supplied by recycled materials remained small in 
2014. 


“Estimated. NA Not available. 

'See also Sand and Gravel (Industrial) and Stone (Crushed). 

?See Appendix A for conversion to short tons. 

SLess than % unit. 

“Defined as imports — exports. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 

°No reliable production information is available for most countries owing to the wide variety of ways in which countries report their sand and gravel 
production. Some countries do not report production for this mineral commodity. Production information for some countries is available in the 
country chapters of the USGS Minerals Yearbook. 
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SAND AND GRAVEL (INDUSTRIAL)' 


(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: In 2014, industrial sand and gravel valued at about $4.2 billion was produced by 118 
companies from 183 operations in 33 States. The value of production of industrial sand and gravel in 2014 increased 
by 20% over the previous year. Leading States were, in order of tonnage produced, Wisconsin, Illinois, Texas, 
Minnesota, Arkansas, Oklahoma, Missouri, and lowa. Combined production from these States accounted for 78% of 
the domestic total. About 72% of the U.S. tonnage was used as hydraulic fracturing sand and well-packing and 
cementing sand, 13% as glassmaking sand, 6% as foundry sand, 3% as whole-grain fillers and building products, 2% 
as other whole-grain silica, 2% as ground and unground sand for chemicals, and 2% for other uses. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production 32,300 43,800 50,600 62,100 75,000 
Imports for consumption 132 316 306 160 280 
Exports 3,950 4,330 4,360 2,960 3,000 
Consumption, apparent 28,500 39,800 46,600 59,300 72,300 
Price, average value, dollars per ton 35.63 45.74 52.80 55.80 56.00 
Employment, quarry and mill, number® 3,000 3,000 3,500 3,800 4,000 
Net import reliance? as a percentage 

of apparent consumption E E E E E 


Recycling: Some foundry sand is recycled, and recycled cullet (pieces of glass) represents a significant proportion of 
reused silica. About 34% of glass containers are recycled. 


Import Sources (2010-13): Canada, 77%; Mexico, 18%; and other, 5%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Sand containing 95% or more silica 

and not more than 0.6% iron oxide 2505.10.1000 Free. 


Depletion Allowance: Industrial sand or pebbles, 14% (Domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: U.S. apparent consumption of industrial sand and gravel was about 72.3 million tons in 
2014, a 22% increase from that of the previous year. Mine output was sufficient to accommodate many uses, which 
included ceramics, chemicals, fillers (ground and whole grain), container, filtration, flat and specialty glass, foundry, 
hydraulic fracturing, and recreational uses. Strong demand for hydraulic fracturing sand to support production of 
natural gas and petroleum from shale deposits has led to production capacity upgrades and ongoing permitting and 
opening of new mines. New and more efficient hydraulic fracturing techniques, which require more silica sand use per 
well, will further increase demand for hydraulic fracturing sand. Although the United States remains a net exporter of 
industrial sand and gravel, imports in 2014 increased to about 280,000 tons from 160,000 tons in 2013. Imports of 
silica are generally of two types—small shipments of very high-purity silica or a few large shipments of lower grade 
silica shipped only under special circumstances (for example, very low freight rates). Exports of industrial sand and 
gravel increased slightly in 2014 compared with those of 2013. 


Prepared by Thomas P. Dolley [(703) 648-7710, tdolley@usgs.gov] 
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SAND AND GRAVEL (INDUSTRIAL) 


The United States was the world’s leading producer and consumer of industrial sand and gravel based on estimated 
world production figures. It was difficult to collect definitive data on silica sand and gravel production in most nations 
because of the wide range of terminology and specifications from country to country. The United States remained a 
major exporter of silica sand and gravel, shipping it to almost every region of the world. The high level of exports was 
attributed to the high-quality and advanced processing techniques used in the United States for many grades of silica 
sand and gravel, meeting virtually every specification. 


The industrial sand and gravel industry continued to be concerned with safety and health regulations and 
environmental restrictions in 2014, especially those concerning crystalline silica exposure. The Occupational Safety 
and Health Administration was formulating new regulations to further restrict exposure to crystalline silica at mine 
sites, to be implemented in the near future. Local shortages of industrial sand and gravel were expected to continue 
to increase owing to local zoning regulations and land development alternatives, including ongoing development and 
permitting of operations producing hydraulic fracturing sand. Natural gas and petroleum operations that use hydraulic 
fracturing may also undergo increased scrutiny. These situations are expected to cause future sand and gravel 
operations to be located farther from high-population centers. 


World Mine Production and Reserves: 


Mine production® Reserves® 
2013 2014 
United States 62,100 75,000 
Australia 5,500 5,500 Large. Industrial sand and gravel deposits 
Canada 1,690 1,800 are widespread. 
Chile 1,360 1,400 
Czech Republic 1,340 1,340 
Finland 2,400 2,400 
France 6,290 6,300 
Germany 7,500 7,500 
India 1,210 1,200 
Italy 16,400 16,400 
Japan 3,000 3,000 
Malaysia 1,000 1,000 
Mexico 3,590 3,590 
Moldova 3,000 3,000 
Norway 1,000 1,000 
Poland 2,300 2,300 
Saudi Arabia 1,400 1,400 
South Africa 2,110 2,100 
Spain 3,400 3,400 
Turkey 15,000 15,000 
United Kingdom 3,760 3,800 
Other countries 6,690 7,000 
World total (rounded) 152,000 165,000 


World Resources: Sand and gravel resources of the world are large. However, because of their geographic 
distribution, environmental restrictions, and quality requirements for some uses, extraction of these resources is 
sometimes uneconomic. Quartz-rich sand and sandstones, the main sources of industrial silica sand, occur 
throughout the world. 


Substitutes: Alternative materials that can be used for glassmaking and for foundry and molding sands are chromite, 
olivine, staurolite, and zircon sands. Although more costly, alternative materials that can be used as proppants are 
sintered bauxite and kaolin-based ceramic proppants. 


“Estimated. E Net exporter. 

'See also Sand and Gravel (Construction). 

Defined as imports — exports + adjustments for Government and industry stock changes. 
°See Appendix C for resource/reserve definitions and information concerning data sources. 
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SCANDIUM"' 


(Data in kilograms of scandium oxide content unless otherwise noted) 


Domestic Production and Use: Domestically, scandium-bearing minerals have been neither mined nor recovered 
from mine tailings in 2014. Domestic capacity to produce ingot and distilled scandium metal was at three facilities in 
Ames, IA; Phoenix, AZ; and Urbana, IL. The principal source for scandium metal and scandium compounds was 
imports from China. 


The principal uses for scandium in 2014 were in solid oxide fuel cells (SOFCs) and aluminum-scandium alloys. Other 
uses for scandium included ceramics, electronics, lasers, lighting, and radioactive isotopes. In SFOCs, electricity is 
generated directly from oxidizing a fuel. Scandium is added to a zirconia-base electrolyte to improve the power 
density and lower the reaction temperature of the cell. For metal applications, scandium metal is typically produced by 
reducing scandium fluoride with calcium metal. Scandium-aluminum alloys are produced for sporting goods, 
aerospace, and other high-performance applications. Scandium is used in small quantities in a number of electronic 
applications. Some lasers that contain scandium are used in defense applications and in dental treatments. In 
lighting, scandium iodide is used in mercury vapor high-intensity lights to simulate natural light. Scandium isotopes 
were used as a tracing agent in oil refining. 


Salient Statistics—United States: 2010 2011 2012 201 2014° 
Price, yearend, dollars: 
Compounds, per gram: 


Acetate, 99.9% purity, 5-gram sample size” 47.00 48.40 50.10 51.90 43.00 
Chloride, 99.9% purity, 5-gram sample size? 62.40 138.00 143.00 148.00 123.00 
Fluoride, 99.9% purity, 5-gram sample size? 229.00 235.80 244.00 253.00 263.00 
lodide, 99.999% purity, 5-gram sample size” 207.00 213.00 220.00 228.00 187.00 
Oxide, 99.99% purity, 5-kilogram lot size° 1.62 4.70 4.70 5.00 NA 
Metal: 
Scandium, distilled dendritic, per gram, 
2-gram sample size® 193.00 199.00 206.00 213.00 221.00 
Scandium, ingot, per gram, 
5-gram sample size 158.00 163.00 169.00 175.00 134.00 
Scandium-aluminum alloy, per kilogram, 
metric-ton lot size” 74.00 220.00 220.00 155.00 NA 
Net import reliance’ as a percentage of 
apparent consumption 100 100 100 100 100 


Recycling: None. 


Import Sources (2010-13): Although no definitive data exist listing import sources, imported material is mostly from 
China. 


Tariff: Item Number Normal Trade Relations 
12-31-14 
Rare-earth metals, scandium and yttrium, 
whether or not intermixed or interalloyed, 
including scandium 2805.30.0000 5.0% ad val. 
Compounds of rare-earth metals: 
Mixtures of oxides of yttrium or scandium as the 


predominant metal 2846.90.2015 Free 
Mixtures of chlorides of yttrium or scandium as the 

predominant metal 2846.90.2082 Free 
Mixtures of rare-earth carbonates, other, 

including scandium 2846.90.8075 3.7% ad val. 
Other rare-earth compounds, including scandium 2846.90.8090 3.7% ad val. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: None. 


Prepared by Joseph Gambogi [(703) 648-7718, jgambogi@usgs.gov] 
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SCANDIUM 


Events, Trends, and Issues: The global supply and consumption of scandium was estimated to be about 10 to 15 
tons per year. Consumption of scandium contained in SOFCs was reported to be increasing. Prices for small samples 
of scandium metal and scandium compounds varied significantly, but generally decreased compared with those in 
2013. Published prices for scandium oxide and scandium-aluminum alloys were not available. The global scandium 
market remained very small relative to most other metals. 


In New South Wales, Australia, a preliminary economic assessment of the Nyngan scandium project was completed. 
The assessment concluded the project had the potential to produce 36 metric tons of scandium oxide per year using 
high pressure acid leach and solvent extraction techniques. In Northern Queensland, Australia, measured and 
indicated resources of a scandium-cobalt-nickel deposit near Greenvale were estimated to include 3,970 tons of 
scandium oxide, using a 1% nickel-equivalent cut-off grade. If developed, the deposit could become a leading source 
of scandium. 


In Japan, efforts were underway to recover scandium and other metals from a titanium dioxide pigment production 
facility. If a pilot-plant study is successful, the proprietary technology could be scaled up and employed on other 
titanium dioxide production facilities. 


In the Philippines, a 10-kilogram-per-month pilot-plant study planned to recover scandium oxide following the leaching 
of nickel laterite for nickel-cobalt sulfide. A commercial scale plant was contemplated for 2015. 


In Russia, an aluminum producer was conducting a pilot-plant study to produce scandium concentrate from red mud 
(a residue generated during the production of aluminum). The plant was reported to be capable of producing 2.5 tons 
per year of concentrate. Additional plans called for an additional 500-kilogram-per-year pilot plant to process the 
scandium concentrate into scandium oxide. In Lermontov, Kurgan region, a pilot study was underway to recover 
scandium as a byproduct of uranium production. 


World Mine Production and Reserves:” No scandium was mined in the United States. As a result of its low 
concentration, scandium is produced exclusively as a byproduct during processing of various ores or recovered from 
previously processed tailings or residues. In recent years, scandium was produced as byproduct material in China 
(titanium and rare earths), Kazakhstan (uranium), Russia (apatite), and Ukraine (uranium). Foreign mine production 
data in 2014 were not available. 


World Resources: Resources of scandium are abundant in relation to demand. Scandium is rarely concentrated in 
nature because of its lack of affinity for the common ore-forming anions. It is widely dispersed in the lithosphere and 
forms solid solutions in more than 100 minerals. 


Scandium that was previously produced domestically was primarily from the scandium-yttrium silicate mineral 
thortveitite and from byproduct leach solutions from uranium operations. One of the principal domestic scandium 
resources is the fluorite tailings from the mined-out Crystal Mountain deposit near Darby, MT. Resources also are 
contained in the tantalum residues previously processed at Muskogee, OK. Smaller resources are associated with 
molybdenum, titanium, and tungsten minerals in Colorado and in scandium-bearing aluminum phosphate minerals in 
Utah. Other lower grade domestic resources are present in ores of aluminum, cobalt, iron, molybdenum, nickel, 
phosphate, tantalum, tin, titanium, tungsten, zinc, and zirconium. There are identified scandium resources in 
Australia, China, Kazakhstan, Madagascar, Norway, Russia, and Ukraine. 


Substitutes: Titanium and aluminum high-strength alloys, as well as carbon fiber materials, may substitute in high- 
performance scandium-alloy applications. Light-emitting diodes, also Known as LEDs, displace halide and fluorescent 
lighting in industrial and residential applications. In some applications that rely on scandium’s unique properties, 
substitution is not possible. 


“Estimated. NA Not available. 

‘See also Rare Earths. 

“Prices from Alfa Aesar, a Johnson Matthey company. 

’Prices from Stanford Materials Corp. 

“Defined as imports — exports + adjustments for stock changes. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 
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SELENIUM 


(Data in metric tons of selenium content unless otherwise noted) 


Domestic Production and Use: Primary selenium was refined from anode slimes recovered from the electrolytic 
refining of copper. Of the three electrolytic refineries operating in the United States, one in Texas reported production 
of primary selenium, one exported semirefined selenium for toll refining in Asia, and one generated selenium- 
containing slimes that were exported for processing. 


In glass manufacturing, selenium is used to decolorize the green tint caused by iron impurities in container glass and 
other soda-lime silica glass and is used in architectural plate glass to reduce solar heat transmission. Cadmium 
sulfoselenide pigments are used in plastics, ceramics, and glass to produce a ruby-red color. Selenium is used in 
catalysts to enhance selective oxidation; in plating solutions, where it improves appearance and durability; in blasting 
caps and gun bluing; in rubber compounding chemicals; in the electrolytic production of manganese to increase 
yields; and in brass alloys to improve machinability. It is used as a metallurgical additive to improve machinability of 
copper, lead, and steel alloys, and in thin-film photovoltaic copper indium gallium diselenide (CIGS) solar cells. 


Selenium is used as a human dietary supplement and in antidandruff shampoos. The leading agricultural uses are as 
a dietary supplement for livestock and as a fertilizer additive to enrich selenium-poor soils. 


Estimates for world consumption are as follows: metallurgy, 40%; glass manufacturing, 25%; agriculture, 10%; 
chemicals and pigments, 10%; electronics, 10%; and other uses, 5%. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production, refinery W W W W W 
Imports for consumption, metal and dioxide 480 601 460 442 520 
Exports, metal, waste and scrap 857 1,350 952 648 500 
Consumption, apparent W W W W W 
Price, dealers, average, dollars per pound, 

100-pound lots, refined 37.83 66.35 54.47 36.17 27.00 
Stocks, producer, refined, yearend W W W W W 
Net import reliance’ as a percentage of 

apparent consumption E E E E 


Recycling: Domestic production of secondary selenium was estimated to be very small because most scrap from 
older plain paper photocopiers and electronic materials was exported for recovery of the contained selenium. 


Import Sources (2010-13): Japan, 18%; China, 18%; Belgium, 17%; Philippines, 10%; and other, 37%. 


Tariff: Item Number Normal Trade Relations 
12-31-13 

Selenium metal 2804.90.0000 Free. 

Selenium dioxide 2811.29.2000 Free. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: None. 


Prepared by C. Schuyler Anderson [(703) 648-4985, csanderson@usgs.gov] 
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SELENIUM 


Events, Trends, and Issues: The supply of selenium is directly affected by the supply of the materials from which it 
is a byproduct—copper, and to a lesser extent, nickel. In the first 9 months of 2014, the price of selenium remained 
relatively stagnant, ranging from $24.0 per pound to $27.5 per pound. The estimated annual average price of $27.0 
per pound is a 75% decline from its all-time high value of $80 per pound in 2011. China’s manganese industry, the 
leading consumer of selenium, remained stagnant, and operated at about a 40% utilization rate. 


In China, the Fanya Metal Exchange, the leading global exchange for rare metals, started trading selenium (99.9% 
grade) on April 21, 2014. Following the start of trading, the reported dealer price rose slightly; however, by July, it had 
returned to its previous level. Domestic and global use of selenium in glass remained unchanged because of stagnant 
glass production. The use of selenium in fertilizers and supplements in the plant-animal food chain and as a human 
vitamin supplement also was unchanged. Selenium consumption in CIGS solar cells decreased in 2014, owing to 
improvements in silicon-based solar panels that continued to make them more cost effective than CIGS solar cells. 
As of the beginning of October, the Fanya warehouses held about 205 metric tons of selenium, and had a storage 
capacity of 1,000 metric tons. 


World Refinery Production and Reserves: Selenium reserves in China were estimated based on selenium content 
of Chinese copper reserves; however, production estimates for China were not available. 


Refinery production’ Reserves” 

2013 2014° 
United States W W 10,000 
Belgium 200 200 — 
Canada 159 150 6,000 
Chile 75 70 25,000 
China NA NA 26,000 
Finland 100 75 — 
Germany 700 700 — 
Japan 760 760 — 
Peru 50 40 13,000 
Poland 90 80 3,000 
Russia 150 150 20,000 
Other countries “50 “50 21,000 
World total (rounded) °NA °NA 120,000 


World Resources: Reserves for selenium are based on identified copper deposits. Coal generally contains between 
0.5 and 12 parts per million of selenium, or about 80 to 90 times the average for copper deposits. The recovery of 
selenium from coal, although technically feasible, does not appear likely to be economical in the foreseeable future. 


Substitutes: High-purity silicon has replaced selenium in high-voltage rectifiers. Silicon is also the major substitute 
for selenium in low- and medium-voltage rectifiers and solar photovoltaic cells. Organic pigments have been 
developed as substitutes for cadmium sulfoselenide pigments. Other substitutes include cerium oxide as either a 
colorant or decolorant in glass; tellurium in pigments and rubber; bismuth, lead, and tellurium in free-machining alloys; 
and bismuth and tellurium in lead-free brasses. Sulfur dioxide can be used as a replacement for selenium dioxide in 
the production of electrolytic manganese metal. 


The selenium-tellurium photoreceptors used in some plain paper copiers and laser printers have been replaced by 
organic photoreceptors in newer machines. Amorphous silicon and cadmium telluride are the two principal 
competitors with CIGS in thin-film photovoltaic power cells. 


“Estimated. E Net exporter. NA Not available. W Withheld to avoid disclosing company proprietary data. — Zero. 

‘Defined as imports — exports + adjustments for Government and industry stock changes. 

“Insofar as possible, data relate to refinery output only; thus, countries that produced selenium contained in copper ores, copper concentrates, 
blister copper, and (or) refinery residues but did not recover refined selenium from these materials indigenously were excluded to avoid double 
counting. 

*Appendix C for resource/reserve definitions and information concerning data sources. 

“Includes India, Serbia, and Sweden. 

*Australia, China, Iran, Kazakhstan, Mexico, the Philippines, and Uzbekistan are known to produce refined selenium, but output is not reported, and 
information is inadequate for formulation of reliable production estimates. Total world production is not shown because of the lack of data from 
China and other major world producers. 
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SILICON 


(Data in thousand metric tons of silicon content unless otherwise noted) 


Domestic Production and Use: Estimated value of silicon alloys and metal produced in the United States in 2014 
was $1.24 billion. Four companies produced silicon materials in seven plants, all east of the Mississippi River. 
Ferrosilicon and metallurgical-grade silicon metal were produced in four and five plants, respectively. Two companies 
produced both products at two plants. Most ferrosilicon was consumed in the ferrous foundry and steel industries, 
predominantly in the eastern United States, and was sourced primarily from domestic quartzite (silica). The main 
consumers of silicon metal were producers of aluminum and aluminum alloys and the chemical industry. The 
semiconductor and solar energy industries, which manufacture chips for computers and photovoltaic cells from high- 
purity silicon, respectively, accounted for only a small percentage of silicon demand. 


Salient Statistics—United States: 2010 2011 2012 201 2014° 
Production: 

Silicon alloys and metal W 326 383 365 359 
Imports for consumption: 

Ferrosilicon, all grades’ 157 156 173 159 163 

Silicon metal 171 187 136 118 121 
Exports: 

Ferrosilicon, all grades’ 15 20 12 10 9 

Silicon metal 65 79 75 38 42 
Consumption, apparent: 

Ferrosilicon, all grades’ 312 W W W W 

Silicon metal’ W W W W W 

Total W 564 601 599 599 

Price,” average, cents per pound Si: 

Ferrosilicon, 50% Si 109 111 100 103 109 

Ferrosilicon, 75% Si 97.2 102 91.7 94.3 98.3 

Silicon metal? 140 158 127 122 121 
Stocks, producer, yearend: 

Silicon alloys and metal W 30 34 29 29 


Net import reliance’ as a percentage 
of apparent consumption: 


Ferrosilicon, all grades’ 44 <50 <50 <50 <45 
Silicon metal? <50 <40 <25 <30 <40 
Total W 42 36 39 40 


Recycling: Insignificant. 


Import Sources (2010-13): Ferrosilicon: Russia, 45%; China, 23%; Canada, 12%; Venezuela, 12%; and other, 8%. 
Silicon metal: Brazil, 36%; South Africa, 21%; Canada, 14%; Australia, 9%; and other, 20%. Total: Russia, 24%; 
Brazil, 18%; Canada, 14%; Venezuela, 11%; and other, 33%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Silicon, more than 99.99% Si 2804.61.0000 Free. 
Silicon, 99.00%—99.99% Si 2804.69.1000 5.3% ad val. 
Silicon, other 2804.69.5000 5.5% ad val. 
Ferrosilicon, 55%—80% Si: 

More than 3% Ca 7202.21.1000 1.1% ad val. 

Other 7202.21.5000 1.5% ad val. 
Ferrosilicon, 80%—90% Si 7202.21.7500 1.9% ad val. 
Ferrosilicon, more than 90% Si 7202.21.9000 5.8% ad val. 
Ferrosilicon, other: 

More than 2% Mg 7202.29.0010 Free. 

Other 7202.29.0050 Free. 
Ferrosilicon manganese 7202.30.0000 3.9% ad val. 
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Depletion Allowance: Quartzite, 14% (Domestic and foreign); gravel, 5% (Domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Combined domestic ferrosilicon and silicon metal production in 2014, expressed in 
terms of contained silicon, was expected to decrease slightly from that of 2013. Annual average U.S. ferrosilicon spot 
market prices in 2014 were expected to increase 5.1% for 50%-grade ferrosilicon and 4.3% for 75%-grade 
ferrosilicon, despite a slight decrease in crude steel production. 


Demand for silicon metal comes primarily from the aluminum and chemical industries, with more than 75% of silicon 
metal typically consumed by the chemical industry. The annual average silicon metal spot market price was expected 
to decrease by about 8.2% in 2014 from that in 2013. 


Moderate increases in silicon materials production capacity occurred worldwide in 2014. Annual production capacity 
(gross weight) was expected to increase in Iceland by 87,000 tons in 2015; however, global silicon capacity was 
expected to remain about the same owing to the closing of production facilities in Ukraine. However, world production 
of silicon materials was expected to decrease in 2014 from that in 2013, owing to less raw steel production throughout 
the Commonwealth of Independent States, Europe, and North America. 


World Production and Reserves: 


Production® ° Reserves® 
2013 2014 

United States 365 359 The reserves in most major producing 
Bhutan’ 54 54 countries are ample in relation to 
Brazil 230 230 demand. Quantitative estimates are 
Canada 60 60 not available. 
China 5,200 5,000 
France 130 131 
Iceland 15 15 
India’ 86 86 
Norway 362 369 
Russia 733 699 
South Africa 84 86 
Ukraine’ 96 89 
Venezuela’ 48 49 
Other countries 359 389 

World total (rounded) 7,880 7,680 


Ferrosilicon accounts for about 95% of world silicon production on a gross-weight basis and 77% on a silicon-content 
basis. The leading countries for ferrosilicon production were, in descending order and on a gross-weight basis, China, 
Russia, Norway, the United States, and Ukraine, and for silicon metal production were China, the United States, 
Norway, Brazil, and France. China was by far the leading producer of ferrosilicon (6,000,000 tons) and silicon metal 
(1,300,000 tons) in 2014. 


World Resources: World and domestic resources for making silicon metal and alloys are abundant and, in most 
producing countries, adequate to supply world requirements for many decades. The source of the silicon is silica in 
various natural forms, such as quartzite. 


Substitutes: Aluminum, silicon carbide, and silicomanganese can be substituted for ferrosilicon in some applications. 
Gallium arsenide and germanium are the principal substitutes for silicon in semiconductor and infrared applications. 


“Estimated. W Withheld to avoid disclosing company proprietary data. 

'Ferrosilicon grades include the two standard grades of ferrosilicon—50% and 75% silicon—plus miscellaneous silicon alloys. 
*Metallurgical-grade silicon metal. 

’Based on U.S. dealer import price. 

“Defined as imports — exports + adjustments for Government and industry stock changes. 

°Production quantities are combined totals of estimated silicon content for ferrosilicon and silicon metal, as applicable, except as noted. 
°See Appendix C for resource/reserve definitions and information concerning data sources. 

‘Ferrosilicon only. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2015 


146 
SILVER 


(Data in metric tons’ of silver content unless otherwise noted) 


Domestic Production and Use: In 2014, the United States produced approximately 1,170 tons of silver with an 
estimated value of $718 million. Silver was produced at 3 silver mines and as a byproduct or coproduct from 39 
domestic base- and precious-metal mines. Alaska continued as the country’s leading silver-producing State, followed 
by Nevada. There were 24 U.S. refiners that indicated production of commercial-grade silver, with an estimated total 
output of 2,200 tons from domestic and foreign ores and concentrates, and from old and new scrap. The physical 
properties of silver include high ductility, electrical conductivity, malleability, and reflectivity. In 2014, the estimated 
uses for silver were electrical and electronics, 42%; coins and medals, 35%; photography, 13%; jewelry and 
silverware, 7%; and other, 3%. Other applications for silver include use in bandages and pharmaceuticals for wound 
care, batteries, bearings, brazing and soldering, catalytic converters in automobiles, cell phone covers to reduce the 
spread of bacteria, clothing to minimize odor, electroplating, inks, mirrors, solar cells, water purification, and wood 
treatment. An emerging use of silver is in athletic clothing where biosensing silver fibers may be woven directly into 
the fabric. This athletic clothing transmits biometric data such as the wearer’s real-time heartbeat to a sensor that 
displays the data. Silver metal in fine powder form is also being used in 3D printing to make jewelry and various other 
items. Silver was used for miniature antennas in radio frequency identification devices that were used in casino chips, 
toll road transponders, gasoline speed purchase devices, passports, and on packages to keep track of inventory 
shipments. Mercury and silver, the main components of dental amalgam, are biocides, and their use in amalgam 
inhibits recurrent decay. 


Salient Statistics—United States: 2010 2011 2012 201 2014° 
Production: 
Mine 1,280 1,120 1,060 1,040 1,170 
Refinery: 
Primary 819 790 796 800 800 
Secondary (new and old scrap) 1,330 1,710 1,660 1,700 1,400 
Imports for consumption” 5,370 6,410 5,070 5,030 4,900 
Exports” 709 904 946 409 300 
Consumption, apparent? 7,530 7,920 5,930 6,620 6,900 
Price average, dollars per troy ounce* 20.20 35.26 31.21 23.80 19.03 
Stocks, yearend: 
Industry 123 150 109 110 120 
Treasury Department? 498 498 498 498 498 
COMEX 3,260 3,650 4,610 5,350 5,610 
Employment, mine and mill,° number 814 632 709 819 792 
Net import reliance’ as a percentage 
of apparent consumption 65 64 54 59 63 


Recycling: In 2014, approximately 1,400 tons of silver was recovered from new and old scrap, about 20% of 
apparent consumption. 


Import Sources (201 0-13):” Mexico, 53%; Canada, 28%; Poland, 6%; Peru, 3%; and other, 10%. 
Tariff: No duties are imposed on imports of unrefined silver or refined bullion. 


Depletion Allowance: 15% (Domestic), 14% (Foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: In October 2014, the silver price averaged $17.16 per troy ounce, 22% lower than the 
average October 2013 price. The overall decline in silver prices corresponded to a small drop in global industrial 
consumption owing to slower economic growth, particularly the eurozone, and to substitution and thrifting. Demand 
for silver by investors continued to increase as they sought safe-haven investments and as the price of silver 
decreased. On November 7, a group of 16 silver exchange traded funds (ETFs) held about 20,200 tons of silver, 
slightly higher than the 19,680 tons held at yearend 2013. In November, Thomson Reuters reported that the U.S. Mint 
had temporarily sold out of silver eagle coins owing to an increase in demand. Demand for coins was expected to 
increase in the fourth quarter. 
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Global demand for silver in photography continued to decline, and in the United States, demand fell to about 498 
tons, compared with a high of about 2,000 tons in 2000. Since 2000, demand for silver in photographic applications 
has steadily declined owing to increasing popularity of digital cameras. Improvements in the cameras of smartphones 
and tablets have contributed to the growth in digital photography. Although silver was still used in x-ray films, imaging 
facilities have been transitioning to digital imaging systems. Demand for silver in jewelry, electronic applications, and 
other industrial applications declined, while the use of silver in brazing alloys, coins, silverware, and solders 
increased. The use of trace amounts of silver in bandages and pharmaceuticals for wound care and minor skin 
infections was also increasing. 


World silver mine production increased slightly to 26,100 tons, principally as a result of increased production from 
mines in Australia, Bolivia, China, and Peru. Domestic silver mine production rose slightly as the Lucky Friday Mine 
(silver-lead-zinc) in ldaho’s Coeur d'Alene mining district continued to ramp up production to levels exceeding 
preclosure levels. The Lucky Friday Mine was closed at yearend 2011 following an accident and rock burst, and 
reopened in the first quarter of 2013. The Pinto Valley Mine, a copper mine in Arizona, ceased recovering byproduct 
silver and the Hollister Mine, a gold-silver mine in Nevada, ceased production. 


World Mine Production and Reserves: Reserves for Australia and Peru were revised based on new information 
from Government and industry sources. 


Mine production Reserves® 
2013° 2014° 

United States 1,040 1,170 25,000 
Australia 1,840 1,900 85,000 
Bolivia 1,290 1,300 22,000 
Canada 627 646 7,000 
Chile 1,170 1,200 77,000 
China 4,100 4,200 43,000 
Mexico 4,860 4,700 37,000 
Peru 3,670 3,700 98,900 
Poland 1,200 1,200 85,000 
Russia 1,720 1,700 NA 
Other countries 4,440 4,400 50,000 

World total (rounded) 26,000 26,100 530,000 


World Resources: Although silver was a principal product at several mines, silver was primarily obtained as a 
byproduct from lead-zinc mines, copper mines, and gold mines, in descending order of production. The polymetallic 
ore deposits from which silver was recovered account for more than two-thirds of U.S. and world resources of silver. 
Most recent silver discoveries have been associated with gold occurrences; however, copper and lead-zinc 
occurrences that contain byproduct silver will continue to account for a significant share of future reserves and 
resources. 


Substitutes: Digital imaging, film with reduced silver content, silverless black-and-white film, and xerography 
substitute for silver that has traditionally been used in black-and-white as well as color photographic applications. 
Surgical pins and plates may be made with tantalum and titanium in place of silver. Stainless steel may be substituted 
for silver flatware. Nonsilver batteries may replace silver batteries in some applications. Aluminum and rhodium may 
be used to replace silver that was traditionally used in mirrors and other reflecting surfaces. Silver may be used to 
replace more costly metals in catalytic converters for off-road vehicles. 


“Estimated. NA Not available. 

‘One metric ton (1,000 kilograms) = 32,150.7 troy ounces. 

Ores and concentrates, refined bullion, and doré; excludes coinage, and waste and scrap material. 

Defined as mine production + secondary production + imports — exports + adjustments for Government and industry stock changes. 

“Handy & Harman quotations. 

Balance in U.S. Mint only, includes deep storage and working stocks. 

°Source: U.S. Department of Labor, Mine Safety and Health Administration. Only includes mines where silver is the primary product; Greens Creek 
Mine is included under zinc. 

‘Defined as imports — exports + adjustments for Government and industry stock changes. 

®See Appendix C for resource/reserve definitions and information concerning data sources. 
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SODA ASH 


(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: The total value of domestic natural soda ash (sodium carbonate) produced in 2014 
was estimated to be about $1.7 billion.’ U.S. production of 11.6 million tons was slightly higher than in 2013 but about 
one million tons higher than production in 2010. The U.S. soda ash industry comprised four companies in Wyoming 
operating five plants, one company in California with one plant, and one company with one mothballed plant in 
Colorado that owned one of the Wyoming plants. The five producers have a combined annual nameplate capacity of 
14.5 million tons. Salt, sodium sulfate, and borax were produced as coproducts of sodium carbonate production in 
California. Sodium bicarbonate, sodium sulfite, and chemical caustic soda were manufactured as coproducts at 
several of the Wyoming soda ash plants. Sodium bicarbonate was produced at the Colorado operation using soda 
ash feedstock shipped from the company’s Wyoming facility. 


Based on 2014 quarterly reports, the estimated 2014 distribution of soda ash by end use was glass, 47%; chemicals, 
30%; soap and detergents, 7%; distributors, 6%; flue gas desulfurization and miscellaneous uses, 4% each; pulp and 
paper, and water treatment, 1% each. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production“ 10,600 10,700 11,100 11,500 11,600 
Imports for consumption 20 27 13 13 15 
Exports 5,390 5,470 6,110 6,470 6,670 
Consumption: 

Reported 5,270 5,150 5,060 5,120 5,100 

Apparent 5,200 5,220 4,980 4,990 4,970 
Price: 


Quoted, yearend, soda ash, dense, bulk: 
F.o.b. Green River, WY, dollars per short ton 260.00 260.00 275.00 275.00 290.00 
Average sales value (natural source), 


f.o.b. mine or plant, dollars per short ton 116.47 133.57 141.90 133.18 138.00 
Stocks, producer, yearend 220 282 338 348 315 
Employment, mine and plant, number 2,400 2,400 2,400 2,000 2,900 
Net import reliance’ as a percentage 

of apparent consumption E E E E E 


Recycling: No soda ash was recycled by producers; however, glass container producers are using cullet glass, 
thereby reducing soda ash consumption. 


Import Sources (2010—13): Canada, 22%; Italy, 20%; Turkey, 14%; United Kingdom, 11%; and other, 33%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 
Disodium carbonate 2836.20.0000 1.2% ad val. 


Depletion Allowance: Natural, 14% (Domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Relatively low production costs and more favorable environmental impacts provide 
natural soda ash producers some advantage over producers of synthetic soda ash. The production of synthetic soda 
ash normally consumes more energy and releases more carbon dioxide than natural soda ash. U.S. producers of 
natural soda ash were able to expand their markets when several synthetic soda ash plants were closed or idled 
around the world. Cessation of production has been reported in recent years in Australia, Brazil, China, Japan, South 
Korea, and the United Kingdom. Some production in Kenya was curtailed owing to high production costs, especially 
fuel costs. 
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A State-owned corporation in Tanzania continued to seek a partner to develop soda ash facilities at Lake Natron, a 
salt lake in northern Tanzania and another operation in the Engaruka Basin, south of Lake Natron. The Lake Natron 
project is controversial because Lake Natron is the breeding ground for approximately one-third of the world’s Lesser 
Flamingos. 


In June, one of the major Wyoming soda ash producers announced soda ash price increases effective July 1, 2014, 
or as contracts permitted. Other producers followed with similar announcements. The increases were necessary to 
recover production cost increases and assist in continued investments in the operations. 


Three groups dominate production and have become the world’s leading suppliers of soda ash—ANSAC of the 
United States (which represented three of the five domestic producers in 2014), multiple producers in China, and 
Solvay S.A. of Belgium. If the U.S. and world economy improves and export sales increase, U.S. production may be 
higher in 2014 and 2015. The United States likely will continue to compete with producers in China in the Far East 
markets. Asia and South America remain the most likely areas for increased soda ash consumption in the near future. 
Several private sector forecasters suggest that world soda ash production (including natural and synthetic) could 
approach 65 million tons by 2020. 


World Production and Reserves: 


Mine Production Reserves’ ° 
Natural: 2013 2014° 

United States 11,500 11,600 °23,000,000 
Botswana 290 250 400,000 
Kenya 500 420 7,000 
Mexico 290 290 200,000 
Turkey 1,900 2,000 200,000 
Uganda NA NA 20,000 
Other countries — — 260,000 
World total, natural (rounded) 14,400 14,600 24,000,000 
World total, synthetic (rounded) 36,900 37,000 XX 
World total (rounded) 51,300 51,600 XX 


World Resources: Soda ash is obtained from trona and sodium carbonate-rich brines. The world’s largest deposit of 
trona is in the Green River Basin of Wyoming. About 47 billion tons of identified soda ash resources could be 
recovered from the 56 billion tons of bedded trona and the 47 billion tons of interbedded or intermixed trona and halite 
that are in beds more than 1.2 meters thick. Underground room-and-pillar mining, using conventional and continuous 
mining, is the primary method of mining Wyoming trona ore. This method has an average 45% mining recovery, 
whereas average recovery from solution mining is 30%. Improved solution-mining techniques, such as horizontal 
drilling to establish communication between well pairs, could increase this extraction rate and entice companies to 
develop some of the deeper trona beds. Wyoming trona resources are being depleted at the rate of about 15 million 
tons per year (8.3 million tons of soda ash). Searles Lake and Owens Lake in California contain an estimated 815 
million tons of soda ash reserves. At least 95 natural sodium carbonate deposits have been identified in the world, 
only some of which have been quantified. Although soda ash can be manufactured from salt and limestone, both of 
which are practically inexhaustible, synthetic soda ash is more costly to produce and generates environmentally 
deleterious wastes. 


Substitutes: Caustic soda can be substituted for soda ash in certain uses, particularly in the pulp and paper, water 
treatment, and certain chemical sectors. Soda ash, soda liquors, or trona can be used as feedstock to manufacture 
chemical caustic soda, which is an alternative to electrolytic caustic soda. 


“Estimated. E Net exporter. NA Not available. XX Not applicable. — Zero. 

‘Does not include values for soda liquors and mine waters. 

*Natural only. 

Defined as imports — exports + adjustments for Government and industry stock changes. 

“The reported quantities are sodium carbonate only. About 1.8 tons of trona yields 1 ton of sodium carbonate. 
°See Appendix C for resource/reserve definitions and information concerning data sources. 

°From trona, nahcolite, and dawsonite sources. 
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STONE (CRUSHED)' 


(Data in million metric tons unless otherwise noted)’ 


Domestic Production and Use: In 2014, 1.26 billion metric tons of Crushed stone valued at more than $12.8 billion 
was produced by 1,550 companies operating 4,000 quarries, 91 underground mines, and 210 sales/distribution yards 
in 50 States. Leading States were, in descending order of production, Texas, Pennsylvania, Missouri, Ohio, Florida, 
Illinois, Kentucky, North Carolina, Georgia, and Virginia, which together accounted for more than one-half of the total 
crushed stone output. Of the total domestic crushed stone produced in 2014, about 69% was limestone and dolomite; 
14%, granite; 7%, traprock; 5%, miscellaneous stone; 4%, sandstone and quartzite; and the remaining 1% was 
divided, in descending order of tonnage, among marble, volcanic cinder and scoria, slate, shell, and calcareous marl. 
It is estimated that of the 1.31 billion tons of crushed stone consumed in the United States in 2014, 46% was reported 
by use, 27% was reported for unspecified uses, and 27% of the total consumed was estimated for nonrespondents to 
the U.S. Geological Survey (USGS) canvasses. Of the 600 million tons reported by use, 82% was used as 
construction material, mostly for road construction and maintenance; 10%, for cement manufacturing; 2% each, for 
lime manufacturing and for agricultural uses; and 4%, for special and miscellaneous uses and products. To provide a 
more accurate estimate of the consumption patterns for crushed stone, the “unspecified uses—reported and 
estimated,” as defined in the USGS Minerals Yearbook, are not included in the above percentages. 


The estimated output of crushed stone in the 48 conterminous States shipped for consumption in the first 9 months of 
2014 was 955 million tons, an increase of 8% compared with that of the same period of 2013. Third quarter shipments 
for consumption increased by 9% compared with those of the same period of 2013. Additional production information, 
by quarter for each State, geographic division, and the United States, is reported in the USGS quarterly Mineral 
Industry Surveys for Crushed Stone and Construction Sand and Gravel. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production 1,160 1,150 1,170 1,180 1,260 
Recycled material 26 27 30 35 35 
Imports for consumption 15 15 15 18 20 
Exports 1 1 1 (°) (°) 
Consumption, apparent 1,200 1,200 1,220 1,230 1,310 
Price, average value, dollars per metric ton 9.57 9.65 9.75 9.99 10.15 
Employment, quarry and mill, number* 67,600 67,000 66,200 65,900 66,000 
Net import reliance® as a percentage of 

apparent consumption 1 1 1 1 1 


Recycling: Road surfaces made of asphalt and crushed stone and, to a lesser extent, portland cement concrete 
surface layers and structures were recycled on a limited but increasing basis in most States. Asphalt road surfaces 
and concrete were recycled in all 50 States. The amount of material reported to be recycled increased slightly in 2014 
compared with that of the previous year. 


Import Sources (2010—2013): Mexico, 67%; The Bahamas, 19%; Canada, 9%; Honduras, 4%; and other, 1%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 
Crushed stone 2517.10.00 Free. 


Depletion Allowance: (Domestic) 14% for some special uses; 5%, if used as ballast, concrete aggregate, riprap, 
road material, and similar purposes. 


Government Stockpile: None. 
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Events, Trends, and Issues: Crushed stone production was about 1.26 billion tons in 2014, an increase of 7% 
compared with that of 2013. Apparent consumption also increased to about 1.31 billion tons. Demand for crushed 
stone was higher in 2014 because of increased demand every quarter since the second quarter of 2013, which offset 
the slowdown in activity that some of the principal construction markets had experienced during the previous years. 
With this significantly stronger construction activity across the country in 2014, recovery in the private sector and 
residential construction experiencing a level of growth not seen since late 2005, consumption of construction 
aggregates is likely to continue to increase. It is expected that the increased consumption in 2014 from that in 2013 
will reach or exceed the historical annual average of the past 50 years, which was a 2% to 4% increase per year. 
The underlying factors that would support a rise in prices of crushed stone are expected to be present in 2014, 
especially in and near metropolitan areas. 


World Mine Production and Reserves: 


Mine production Reserves® 
2013 2014° 
United States 1,180 1,260 Adequate except where special 
Other countries’ NA NA types are needed or where 
World total NA NA local shortages exist. 


World Resources: Stone resources of the world are very large. Supply of high-purity limestone and dolomite suitable 
for specialty uses is limited in many geographic areas. The largest resources of high-purity limestone and dolomite in 
the United States are in the central and eastern parts of the country. 


Substitutes: Crushed stone substitutes for roadbuilding include sand and gravel, and iron and steel slag. Substitutes 
for crushed stone used as construction aggregates include sand and gravel, iron and steel slag, sintered or expanded 
clay or shale, and perlite or vermiculite. 


“Estimated. NA Not available. 

'See also Stone (Dimension). 

?See Appendix A for conversion to short tons. 

‘Less than % unit. 

“Including office staff. Source: Mine Safety and Health Administration. 

Defined as imports — exports. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 

‘Consistent production information is not available for other countries owing to a wide variety of ways in which countries report their crushed stone 
production. Some countries do not report production for this mineral commodity. Production information for some countries is available in the 
country chapters of the USGS Minerals Yearbook. 
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STONE (DIMENSION)' 


(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: Approximately 2.25 million tons of dimension stone, valued at $451 million, was sold 
or used by U.S. producers in 2014. Dimension stone was produced by 208 companies, operating 274 quarries, in 33 
States. Leading producer States were, in descending order by tonnage, Texas, Wisconsin, Massachusetts, Indiana, 
and Georgia. These five States accounted for about 66% of the production and contributed about 60% of the value of 
domestic production. Approximately 45%, by tonnage, of dimension stone sold or used was limestone, followed by 
granite (22%), sandstone (16%), miscellaneous stone (14%), marble (2%), and slate (1%). By value, the leading 
sales or uses were for limestone (39%), followed by granite (29%), miscellaneous stone (13%), sandstone (12%), 
marble (4%), and slate (3%). Rough stone represented 58% of the tonnage and 46% of the value of all the dimension 
stone sold or used by domestic producers, including exports. The leading uses and distribution of rough stone, by 
tonnage, were in building and construction (50%), and in irregular-shaped stone (33%). Dressed stone mainly was 
sold for ashlars and partially squared pieces (44%), curbing (21%), and flagging (10%), by tonnage. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Sold or used by producers: 
Tonnage 1,670 1,850 2,150 2,270 2,250 
Value, million dollars 323 395 452 458 451 
Imports for consumption, value, million dollars 1,500 1,590 1,740 2,100 2,200 
Exports, value, million dollars 55 66 65 61 61 
Consumption, apparent, value, million dollars 1,770 1,910 2,130 2,000 2,990 
Price Variable, depending on type of product 
Employment, quarry and mill, number® 3,200 3,600 3,200 4,000 4,700 
Net import reliance* as a percentage of 
apparent consumption (based on value) 82 80 79 82 83 
Granite only: 
Production 699 462 499 498 500 
Exports (rough and finished) 96 80 77 85 85 
Price Variable, depending on type of product 
Employment, quarry and mill, number® 2,000 1,300 700 880 1,000 


Recycling: Small amounts of dimension stone were recycled, principally by restorers of old stone work. 


Import Sources (2010—13 by value): All dimension stone: China, 26%; Brazil, 26%; Italy, 23%; Turkey, 16%; and 
other, 9%. Granite only: Brazil, 45%; China, 23%; India, 14%; Italy, 12%; and other, 6%. 


Tariff: Dimension stone tariffs ranged from free to 6.5% ad valorem, according to type, degree of preparation, shape, 
and size, for countries with normal trade relations in 2014. Most crude or rough trimmed stone was imported at 3.0% 
ad valorem or less. 

Depletion Allowance: 14% (Domestic and foreign); slate used or sold as sintered or burned lightweight aggregate, 
7.5% (Domestic and foreign); dimension stone used for rubble and other nonbuilding purposes, 5% (Domestic and 
foreign). 


Government Stockpile: None. 
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Events, Trends, and Issues: The United States is the world’s leading market for dimension stone. Imports of 
dimension stone increased in value to about $2.2 billion compared with $2.1 billion in 2013. Slow growth in the U.S. 
economy coupled with decreases in new residential construction starts of smaller houses, particularly in the 
midwestern and northeastern United States, resulted in a slight decrease in domestic production of dimension stone. 
Dimension stone for construction and refurbishment was used in commercial and residential markets; in 2014, 
refurbishment and remodeling activity of existing homes increased compared with those of 2013. These factors 
contributed to a steady rise in dimension stone imports. Dimension stone exports remained static at about $61 million. 
Apparent consumption, by value, was estimated to be $2.59 billion in 2014—a $93 million increase from that of 2013. 


World Mine Production and Reserves: 


Mine production Reserves’ 
2013 2014° 
United States 2,270 2,290 Adequate except for certain 
Other countries NA NA special types and local 
World total NA NA shortages. 


World Resources: Dimension stone resources of the world are sufficient. Resources can be limited on a local level 
or occasionally on a regional level by the lack of a particular kind of stone that is suitable for dimension purposes. 


Substitutes: Substitutes for dimension stone include aluminum, brick, ceramic tile, concrete, glass, plastics, resin- 
agglomerated stone, and steel. 


“Estimated. NA Not available. 

'See also Stone (Crushed). 

?Includes Puerto Rico. 

Excluding office staff. 

“Defined as imports — exports. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 
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(Data in metric tons of strontium content' unless otherwise noted) 


Domestic Production and Use: Although deposits of strontium minerals occur widely throughout the United States, 
strontium minerals have not been mined in the United States since 1959. Domestic production of strontium carbonate, 
the principal strontium compound, ceased in 2006. A few domestic companies produce small quantities of 
downstream strontium chemicals from imported strontium carbonate. Estimates for end uses of strontium compounds 
in the United States were pyrotechnics and signals, 30%; ceramic ferrite magnets, 30%; master alloys, 10%; 
pigments and fillers, 10%; electrolytic production of zinc, 10%; and other applications, including glass, 10%. 

It is thought that virtually all of the strontium minerals consumed in the United States since 2006 was used in drilling 
fluids for oil and natural gas wells. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production — — — — — 
Imports for consumption: 
Strontium minerals 2,370 7,320 8,660 21,900 25,000 
Strontium compounds 8,640 10,000 8,150 7,190 7,700 
Exports, compounds 72 18 71 37 84 
Consumption, apparent, minerals and compounds 10,900 17,300 16,700 29,000 33,000 
Price, average value of mineral imports 
at port of exportation, dollars per ton 45 46 50 50 50 
Net import reliance’ as a percentage of 
apparent consumption 100 100 100 100 100 


Recycling: None. 


Import Sources (2010-13): Strontium minerals: Mexico, 100%. Strontium compounds: Mexico, 83%; Germany, 11%; 
China, 5%; and other, 1%. Total imports: Mexico, 89%; Germany, 7%; China, 3%; and other, 1%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 
Celestite 2530.90.8010 Free. 
Strontium metal 2805.19.1000 3.7% ad val. 
Compounds: 
Strontium oxide, hydroxide, peroxide 2816.40.1000 4.2% ad val. 
Strontium nitrate 2834.29.2000 4.2% ad val. 
Strontium carbonate 2836.92.0000 4.2% ad val. 


Depletion Allowance: 22% (Domestic), 14% (Foreign). 


Government Stockpile: None. 
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STRONTIUM 


Events, Trends, and Issues: Imports of celestite, the most commonly used strontium mineral, have increased every 
year since 2010, with virtually all of the material coming from Mexico. Celestite is typically used as the raw material for 
the production of strontium compounds; however, these imports are thought to be used in drilling fluids for oil and 
natural gas exploration and production. As such, celestite is ground, but undergoes no chemical processing. 


Consumption of strontium compounds was thought to be approximately equal in the production of ceramic ferrite 
magnets and pyrotechnics and signals. Strontium carbonate is sintered with iron oxide to produce permanent ceramic 
ferrite magnets. Strontium nitrate contributes a brilliant red color to fireworks and signal flares. Smaller quantities of 
strontium compounds were consumed in several other applications, including glass production, electrolytic production 
of zinc, master alloys, and pigments and fillers. Strontium may be ingested by humans as a dietary supplement, as an 
active ingredient in toothpastes, and as a pain reliever for some types of cancer. Although specific information is not 
available, these uses likely consume very small quantities of strontium Compounds, but the compounds must be 
extremely pure, and thus are of high unit value. 


With expected improvements to global economic conditions, consumption of strontium compounds is expected to 
increase. Little information is available about the potential for celestite consumption in drilling fluids, but if oil and gas 
drilling continues to increase, celestite consumption may increase as well. 


In descending order of production, Spain, China, and Mexico are the world’s leading producers of celestite. China 
also is a major importer of celestite. 


World Mine Production and Reserves:° 


Mine production Reserves’ 
2013 2014° 
United States — — — 
Argentina 5,000 5,000 All other: 
China 120,000 100,000 6,800,000 
Mexico 40,000 45,000 
Morocco 2,900 2,000 
Spain 165,000 165,000 
World total (rounded) 333,000 318,000 6,800,000 


World Resources: World resources of strontium are thought to exceed 1 billion tons. 


Substitutes: Barium can be substituted for strontium in ferrite ceramic magnets; however, the resulting barium 
composite will have reduced maximum operating temperature when compared with that of strontium composites. 
Substituting for strontium in pyrotechnics is hindered by difficulty in obtaining the desired brilliance and visibility 
imparted by strontium and its compounds. In the drilling mud market, barite is the preferred material, but celestite may 
substitute for barite, especially when barite prices are high. 


“Estimated. — Zero. 

‘The strontium content of celestite is 43.88%; this factor was used to convert units of celestite to strontium content. 
Defined as imports — exports. 

°Gross weight of strontium minerals in metric tons. 

“See Appendix C for resource/reserve definitions and information concerning data sources. 
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SULFUR 


(Data in thousand metric tons of sulfur unless otherwise noted) 


Domestic Production and Use: In 2014, recovered elemental sulfur and byproduct sulfuric acid were produced at 
103 operations in 27 States. Total shipments were valued at about $927 million. Elemental sulfur production was 9.0 
million tons; Louisiana and Texas accounted for about 54% of domestic production. Elemental sulfur was recovered, 
in descending order of tonnage, at petroleum refineries, natural-gas-processing plants, and coking plants by 39 
companies at 96 plants in 26 States. Byproduct sulfuric acid, representing about 7% of production of sulfur in all 
forms, was recovered at seven nonferrous smelters in five States by five companies. Domestic elemental sulfur 
provided 63% of domestic consumption, and byproduct acid accounted for about 6%. The remaining 31% of sulfur 
consumed was provided by imported sulfur and sulfuric acid. About 90% of sulfur consumed was in the form of 
sulfuric acid. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production 
Recovered elemental 8,320 8,230 8,410 8,600 9,040 
Other forms 791 720 986 616 730 
Total (rounded) 9,110 8,950 9,000 9,210 9,770 
Shipments, all forms 9,170 8,930 9,030 9,200 9,760 
Imports for consumption: 
Recovered, elemental® 2,950 3,270 2,930 2,990 2,400 
Sulfuric acid, sulfur content 690 872 933 972 1,030 
Exports: 
Recovered, elemental 1,450 1,310 1,850 1,750 2,100 
Sulfuric acid, sulfur content 4 109 53 54 50 
Consumption, apparent, all forms 11,300 11,700 11,000 11,400 11,000 
Price, reported average value, dollars per ton 
of elemental sulfur, f.o.b., mine and (or) plant 70.16 159.88 123.54 68.83 95.00 
Stocks, producer, yearend 166 175 132 161 175 
Employment, mine and (or) plant, number 2,600 2,600 2,600 2,600 2,000 
Net import reliance’ as a percentage of 
apparent consumption 19 23 18 19 11 


Recycling: Typically, between 2.5 million and 5 million tons of spent sulfuric acid is reclaimed from petroleum refining 
and chemical processes during any given year. 


Import Sources (2010-13): Elemental: Canada, 81%; Mexico, 12%; Venezuela, 3%; and other, 4%. Sulfuric acid: 
Canada, 66%; Mexico, 16%; and other, 18%. Total sulfur imports: Canada, 78%; Mexico, 13%; Venezuela, 2%; and 
other, 7%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Sulfur, crude or unrefined 2503.00.0010 Free. 

Sulfur, all kinds, other 2503.00.0090 Free. 

Sulfur, sublimed or precipitated 2802.00.0000 Free. 

Sulfuric acid 2807 .00.0000 Free. 


Depletion Allowance: 22% (Domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Total U.S. sulfur production and shipments increased by about 6% compared with 
those of 2013. Domestic production of elemental sulfur from petroleum refineries and recovery from natural gas 
operations increased by 5%. Domestically, refinery sulfur production is expected to continue to increase a result of 
processing more Canadian bituminous crude, sulfur from natural gas processing is expected to remain stable, and 
byproduct sulfuric acid is expected to remain relatively stable, unless one or more of the remaining nonferrous 
smelters close. 
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SULFUR 


World sulfur production increased slightly and is likely to steadily increase for the foreseeable future. Significantly 
increased production is expected from sulfur recovery at liquefied natural gas operations in the Middle East and 
expanded oil sands operations in Canada, unless a downturn in the world economy limits investments in those areas. 


The contract sulfur prices in Tampa, FL, began 2014 at around $75 per ton. The price increased to $136 per ton at 
the end of July and remained at that level through late-October when prices decreased to $129 per ton. Export prices 
were higher than domestic prices. In the past few years, sulfur prices have been variable a result in the volatility of the 
demand for sulfur. The price increase seen in 2014 is reflected in China’s demand for sulfur. 


Domestic phosphate rock consumption was slightly lower in 2014 than in 2013, which resulted in decreased demand 
for sulfur to process the phosphate rock into phosphate fertilizers. 


World Production and Reserves: 


Production—All forms Reserves” 
2013 2014° 

United States 9,210 9,770 Reserves of sulfur in crude oil, natural gas, 
Australia 860 900 and sulfide ores are large. Because most 
Brazil 545 550 sulfur production is a result of the processing 
Canada 6,370 6,000 of fossil fuels, supplies should be adequate 
Chile 1,700 1,700 for the foreseeable future. Because 
China 10,500 12,000 petroleum and sulfide ores can be processed 
Finland 740 740 long distances from where they are 
France 650 650 produced, sulfur production may not be in the 
Germany 3,880 3,900 country to which the reserves were 
India 2,430 2,430 attributed. For instance, sulfur from Saudi 
lran 1,890 1,900 Arabian oil may be recovered at refineries in 
Italy 740 740 the United States. 
Japan 3,300 3,300 
Kazakhstan 2,850 2,850 
Korea, Republic of 1,300 1,300 
Kuwait 820 820 
Mexico 1,810 1,810 
Netherlands 515 515 
Poland 1,080 1,100 
Qatar 850 850 
Russia 7,250 7,300 
Saudi Arabia 3,900 4,000 
South Africa 270 290 
Spain 270 270 
United Arab Emirates 2,000 2,000 
Uzbekistan 560 560 
Venezuela 800 800 
Other countries 3,360 3,360 

World total (rounded) 70,400 72,400 


World Resources: Resources of elemental sulfur in evaporite and volcanic deposits and sulfur associated with 
natural gas, petroleum, tar sands, and metal sulfides amount to about 5 billion tons. The sulfur in gypsum and 
anhydrite is almost limitless, and 600 billion tons of sulfur is contained in coal, oil shale, and shale rich in organic 
matter, but low-cost methods have not been developed to recover sulfur from these sources. The domestic sulfur 
resource is about one-fifth of the world total. 


Substitutes: Substitutes for sulfur at present or anticipated price levels are not satisfactory; some acids, in certain 
applications, may be substituted for sulfuric acid. 


“Estimated. 
‘Defined as imports — exports + adjustments for Government and industry stock changes. 
?See Appendix C for resource/reserve definitions and information concerning data sources. 
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TALC AND PYROPHYLLITE' 


(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: Domestic talc production in 2014 was estimated to be 535,000 tons valued at $21 
million. Four companies operated six talc-producing mines in four States in 2014. The top three companies accounted 
for more than 99% of the U.S. talc production. One company in California shipped from stocks. Montana was the 
leading producer State, followed by Texas, Vermont, and Virginia. Sales of talc were estimated to be 554,000 tons 
valued at $90 million. Talc produced and sold in the United States was used for ceramics, 26%; paper, 21%; paint, 
19%; roofing, 9%; plastics, 8%; rubber, 4%; cosmetics, 3%; and other, 10%. About 260,000 tons of talc was imported; 
more than 75% of the imported talc was used in cosmetics, paint, and plastic markets. The end use ranking in the 
United States, when including imported talc and in decreasing order by tonnage, was plastics, ceramics, paint, paper, 
roofing, cosmetics, rubber, and other. One company in North Carolina mined pyrophyllite. Production of pyrophyllite 
increased from that of 2013 and consumption was, in decreasing order by tonnage, in refractory products, ceramics, 
and paint. 


Salient Statistics—United States: 2010 2011 2012 201 2014° 
Production, mine 604 616 515 542 535 
Sold by producers 567 567 575 560 554 
Imports for consumption 242 285 350 269 260 
Exports 240 223 270 189 190 
Shipments from Government stockpile 

excesses — — — — — 
Consumption, apparent 606 678 595 622 605 
Price, average, processed, dollars per metric ton 150 155 152 163 163 
Employment, mine and mill 280 290 310 280 250 
Net import reliance’ as a percentage of 

apparent consumption 1 9 13 13 12 


Recycling: Insignificant. 
Import Sources (2010-13): China, 30%; Canada, 29%; Pakistan, 23%; and other, 18%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Not crushed, not powdered 2526.10.0000 Free. 

Crushed or powdered 2526.20.0000 Free. 

Cut or sawed 6815.99.2000 Free. 


Depletion Allowance: Block steatite talc: 22% (Domestic), 14% (Foreign). Other: 14% (Domestic and foreign). 


Government Stockpile: 


Stockpile Status—9-30-14° 
(Metric tons) 


Disposal Plan Disposals 
Material Inventory FY 2014 FY 2014 
Talc, block and lump 480 “907 “876 


Talc, ground 132 — — 
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TALC AND PYROPHYLLITE 


Events, Trends, and Issues: Since 1994, talc production and apparent consumption decreased by 44% and 34%, 
respectively. The decline can be attributed to many factors. Ceramic tile and sanitaryware formulations and the 
technology for firing ceramic tile changed during that time, reducing the amount of talc required for the manufacture of 
some ceramic products. Also, because ceramic tile imports increased, many domestic ceramic-tile manufacturing 
plants were closed, and a major domestic talc supplier to the ceramic tile industry ceased operations in 2009. For 
paint, the industry shifted more of its production to water-based paint from oil-based paint to reduce volatile 
emissions. That reduced the use of talc, which repels water. For cosmetics, manufacturers of body dusting powders 
shifted some of their production from talc-based to corn starch-based products. Paper manufacturing decreased from 
the 1990s and use of chemical pitch control agents increased, reducing the demand for talc for pitch control. Other 
markets remained relatively constant during the 20-year period. Talc use in plastics, particularly automotive plastic 
components, increased, but a significant share of the increase in demand appears to have been met through the use 
of imported talc. 


Domestic talc production and sales decreased slightly in 2014. U.S. exports increased slightly from those of 2013, 
with Canada and Mexico receiving more than 70% of U.S. talc exports. U.S. imports decreased slightly from those of 
2013. In 2014, Canada and China remained the lead suppliers of talc to the United States, accounting for 37% and 
40% of U.S. talc imports, respectively. 


The Board of Governors of the Federal Reserve System reported a 5.6% increase in manufacturing of durable goods, 
including an 8.1% growth in automobile and truck manufacture and a 7.7% growth in plastics and rubber components 
from August 2013 to August 2014. The U.S. Census Bureau reported that housing starts increased by 8% between 
August 2013 and August 2014. These trends could lead to increased consumption of talc, if they are sustained, 
because talc is used in manufacturing catalytic converter bodies (ceramics), automotive and truck body and 
underhood components (plastics), paint and coatings (fillers and extenders), and plastics and rubber (fillers and 
extenders in plastic products, tires, and other rubber components). Talc is used to manufacture such construction 
products as adhesives, caulks, ceramics, joint compounds, paint, and roofing. 


Sales of pyrophyllite increased in 2014. Sales to industries that use pyrophyllite to manufacture ceramics and paints 
increased slightly in 2014 owing to the continued recovery of those sectors of the economy. 


World Mine Production and Reserves: 


Mine production Reserves’ 
2013 2014° 

United States 542 535 140,000 
Brazil® 550 500 45,000 
China 2,200 2,200 Large 
Finland 440 360 Large 
France 420 420 Large 
India® 663 660 75,000 
Japan® 376 380 100,000 
Korea, Republic of® 520 540 11,000 
Other countries® 1,190 1,350 Large 
World total (rounded)° 6,900 6,950 Large 


World Resources: The United States is self-sufficient in most grades of talc and related minerals. Domestic and 
world resources are estimated to be approximately five times the quantity of reserves. 


Substitutes: Substitutes for talc include bentonite, chlorite, kaolin, and pyrophyllite in ceramics; chlorite, kaolin, and 
mica in paint; calcium carbonate and kaolin in paper; bentonite, kaolin, mica, and wollastonite in plastics; and kaolin 
and mica in rubber. 


“Estimated. — Zero. 

‘Excludes pyrophyllite, unless noted. 

“Defined as imports — exports + adjustments for Government stock changes. 

°See Appendix B for definitions. 

“Included talc, block and lump, and talc, ground. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 
‘Includes pyrophyllite. 
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TANTALUM 


(Data in metric tons of tantalum content unless otherwise noted) 


Domestic Production and Use: No significant U.S. tantalum mine production has been reported since 1959. 
Domestic tantalum resources are of low grade, some mineralogically complex, and most are not commercially 
recoverable. Companies in the United States produced tantalum alloys, compounds, and metal from imported 
tantalum-containing materials, and metal and alloys were recovered from foreign and domestic scrap. Tantalum was 
consumed mostly in the form of alloys, compounds, fabricated forms, ingot, and metal powder. Tantalum capacitors 
were estimated to account for more than 60% of tantalum use, internationally. Major end uses for tantalum capacitors 
include automotive electronics, personal computers, and celular telephones. The value of tantalum consumed in 2014 
was expected to exceed $250 million as measured by the value of imports. 


Salient Statistics—United States: 2010 2011 2012 201 2014° 
Production: 
Mine — — — — — 
Secondary NA NA NA NA NA 
Imports for consumption” : 1,600 1,850 1,010 1,100 921 
Exports® | 438 648 577 844 782 
Government stockpile releases® — — — — — 
Consumption, apparent 1,160 1,210 437 260 139 
Price, tantalite, dollars per pound of TazO; content? 54 125 108 118 110 
Net import reliance’ as a percentage 
of apparent consumption 100 100 100 100 100 


Recycling: Tantalum was recycled mostly from new scrap that was generated during the manufacture of tantalum- 
containing electronic components and from tantalum-containing cemented carbide and superalloy scrap. 


Import Sources (2010—13): Tantalum minerals: Brazil, 31%; Canada, 19%; Australia, 12%; and other, 38%. 
Tantalum metal: China, 28%; Kazakhstan, 27%; Thailand, 14%; Germany, 13%; and other, 18%. Tantalum waste and 
scrap: Estonia, 20%; Russia, 13%; China, 12%; and other 55%. Tantalum contained in niobium (columbium) and 
tantalum ore and concentrate; tantalum metal; and tantalum waste and scrap: China, 21%; Germany, 12%; 
Kazakhstan, 10%; Russia, 7%; and other, 50%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Synthetic tantalum-niobium concentrates 2615.90.3000 Free. 
Tantalum ores and concentrates 2615.90.6060 Free. 
Tantalum oxide® 2825.90.9000 3.7% ad val. 
Potassium fluorotantalate® 2826 .90.9000 3.1% ad val. 
Tantalum, unwrought: 

Powders 8103.20.0030 2.5% ad val. 

Alloys and metal 8103.20.0090 2.5% ad val. 
Tantalum, waste and scrap 8103.30.0000 Free. 
Tantalum, other 8103.90.0000 4.4% ad val. 


Depletion Allowance: 22% (Domestic), 14% (Foreign). 


Government Stockpile: 
Stockpile Status—9—30-14° 


Disposal Plan Disposals 
Material Inventory FY 2014 FY 2014 
Tantalum carbide powder 1.71 — — 
Tantalum metal scrap 0.09 — — 


Prepared by John F. Papp [(703) 648-4963, jpapp@usgs.gov] 


161 
TANTALUM 


Events, Trends, and Issues: U.S. tantalum apparent consumption in 2014 was estimated to have decreased to 
about 53% of that of 2013. Tantalum waste and scrap was the leading imported tantalum material, accounting for 
about 48% of tantalum imports. In 2014, the average price per month of tantalum ore fell from about $116.5 in 
January to about $92.5 in August. Tantalum is one of the minerals covered by the Dodd-Frank Act. As a result, 
companies listed by the Securities and Exchange Commission (SEC) were obligated to file a special document form 
with the SEC describing their source(s) of tantalum from conflict areas or to perform due diligence to make sucha 
determination. Congo (Kinshasa) accounts for about 21% of tantalum world production; the Congo geographic area 
(Burundi, Congo, and Rwanda), about 53%. Three tantalum mining companies have stopped production since the 
2008/2009 world economic slowdown; Morropino (Mozambique), Tanco (Canada), and Wodgina (Australia). In 
addition, Kenticha (Ethiopia) suspended production while renovating and expanding its operation. Before the 
economic slowdown, the price of tantalite was $30 to $40 per pound of Ta2O; content; since them, the price has risen 
to $110 to $120 per pound. Since 2008/2009, world tantalum mine production has actually declined while prices 
increased; suggesting that increased production to meet higher market demand is coming from undocumented 
sources or that stocks are being drawn down. Tantalum use has been estimated at more than 50% for electronics 
applications of which capacitors are the leading end use. Tantalum oxide is used in glass lenses to get lighter weight 
lenses that produce a brighter image. Tantalum carbide is used in cutting tools. 


World Mine Production and Reserves: 


Mine production’ Reserves® 
2013 2014° 

United States — — — 
Australia = = °67,000 
Brazil 98 98 36,000 
Burundi 20 14 NA 
Canada 5 — NA 
China 60 60 NA 
Congo (Kinshasa) *200 *200 NA 
Ethiopia 8 40 NA 
Mozambique 115 85 NA 
Nigeria 60 60 NA 
Rwanda *600 *600 NA 
World total (rounded) *1,170 *1,200 >100,000 


World Resources: Identified resources of tantalum, most of which are in Australia, Brazil, and Canada, are 
considered adequate to meet projected needs. The United States has about 1,500 tons of tantalum resources in 
identified deposits, all of which are considered uneconomic at 2014 prices. 


Substitutes: The following materials can be substituted for tantalum, but usually with less effectiveness: niobium in 
carbides; aluminum and ceramics in electronic capacitors; glass, niobium, platinum, titanium, and zirconium in 
corrosion-resistant applications; and hafnium, iridium, molybdenum, niobium, rhenium, and tungsten in high- 
temperature applications. 


“Estimated. NA Not available. — Zero. 

‘Imports and exports include the estimated tantalum content of niobium and tantalum ores and concentrates, unwrought tantalum alloys and 
powder, tantalum waste and scrap, and other tantalum articles. 

“Government stockpile inventory reported by DLA Strategic Materials is the basis for estimating Government stockpile releases. 

*Price is annual average price reported in Ryan's Notes. 

“Defined as imports — exports + adjustments for Government and industry stock changes. 

“This category includes other than tantalum-containing material. 

°See Appendix B for definitions. 

‘Excludes production of tantalum contained in tin slags. Number represents tantalum in ore only; does not include alloys, powder, waste, scrap, or 
other tantalum articles. 

®See Appendix C for resource/reserve definitions and information concerning data sources. 

*For Australia, Joint Ore Reserves Committee (JORC)-compliant reserves were 29,000 tons. 

*Revisions based on new data posted on May 14, 2015. 
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TELLURIUM 


(Data in metric tons of tellurium content unless otherwise noted) 


Domestic Production and Use: |n 2014, one firm in Texas produced commercial-grade tellurium from domestic 
copper anode slimes and lead refinery skimmings. Primary and intermediate producers further refined domestic and 
imported commercial-grade metal and tellurium dioxide, producing high-purity tellurium and tellurium compounds for 
specialty applications. 


Tellurium was used in the production of cadmium-tellurium-based solar cells, which was the major end use for 
tellurium in the United States. Other uses were as an alloying additive in steel to improve machining characteristics, 
as a minor additive in copper alloys to improve machinability without reducing conductivity, in lead alloys to improve 
resistance to vibration and fatigue, in cast iron to help control the depth of chill, and in malleable iron as a carbide 
stabilizer. It was used in the chemical industry as a vulcanizing agent and accelerator in the processing of rubber and 
as a component of catalysts for synthetic fiber production. Other uses included those in photoreceptor devices and as 
a pigment to produce various colors in glass and ceramics. 


Global consumption estimates for the end use of tellurium are as follows: 40% solar, 30% thermo electric production, 
15% metallurgy, 5% rubber applications, and 10% other. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production, refinery W W W W W 
Imports for consumption, unwrought, waste and scrap 42 71 36 64 68 
Exports 59 39 47 42 44 
Consumption, apparent W W W W W 
Price, dollars per kilogram, 99.95% minimum’ 221 349 150 112 117 
Stocks, producer, refined, yearend W W W W W 
Net import reliance’ as a percentage of 

apparent consumption >60% <50% >60% >80% >80% 


Recycling: For traditional metallurgical and chemical uses, there was little or no old scrap from which to extract 
secondary tellurium because these uses of tellurium are highly dispersive or dissipative. A very small amount of 
tellurium was recovered from scrapped selenium-tellurium photoreceptors employed in older plain paper copiers in 
Europe. A plant in the United States recycled tellurium from cadmium-tellurium-based solar cells; however, most of 
this was new scrap because cadmium-tellurium-based solar cells were relatively new and had not reached the end of 
their useful life. 


Import Sources (2010-13): Canada, 46%; China, 17%; Philippines, 13%; Belgium, 10%; and other, 14%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 
Tellurium 2804 .50.0020 Free. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: None. 
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TELLURIUM 


Events, Trends, and Issues: In 2014, estimated domestic tellurium production was less than production in 2013, due 
to anode slimes, previously processed domestically, being shipped to Mexico for treatment and refining. Although 
detailed information on the world tellurium market was not available, world tellurium consumption was estimated to 
have increased in 2014. The price of tellurium continued to exhibit a seasonal price fluctuation during 2014, with the 
peak price occurring in the summer months due to China’s increased demand for thermoelectrics. Canada remained 
the leading source of US imports of tellurium, nearly tripling their exports to the United States, and outpacing the next 
largest supplier (Belgium), by nearly 20 times. China, a historically large supplier of tellurium to the United States, 
supplied less than one percent of the tellurium consumed to the United States. Although not a major domestic use, in 
China, tellurium is used with bismuth in thermoelectric cooling devices, such as refrigerators and water dispensers 
because of increased energy efficiency. 


In solar cells, tellurium is mostly used in Cadmium Telluride (CdTe) thin film technologies. In 2013, thin film solar cells 
constituted about 9% of photovoltaic (PV) module shipments, down significantly from 2012, and CdTe PV module 
production declined, accounting for 1.4% of the total world PV module production. 


A leading producer of high-purity tellurium metals and dioxides in the Philippines shut down their tellurium production, 
ending 25 years of tellurium production. China’s Fanya minor metals exchange began trading tellurium in 2014. By 
October, 135 metric tons (t) of tellurium were held in Fanya warehouses, which have a total capacity of 1,000(t). 


World Refinery Production and Reserves: The figures shown for reserves include only tellurium contained in 
copper reserves. These estimates assume that more than one-half of the tellurium contained in unrefined copper 
anodes is recoverable. 


Refinery production Reserves” 

2013 2014° 
United States W W 3,500 
Canada 12 10 800 
Japan 48 45 — 
Peru — — 3,600 
Russia 35 40 NA 
Other countries* NA NA 16,000 
World total (rounded) NA NA 24,000 


World Resources: Data on tellurium resources were not available. More than 90% of tellurium has been produced 
from anode slimes collected from electrolytic copper refining, and the remainder was derived from skimmings at lead 
refineries and from flue dusts and gases generated during the smelting of bismuth, copper, and lead-zinc ores. In 
copper production, tellurium was recovered only during electrolytic refining of smelted copper. Other potential sources 
of tellurium include bismuth telluride, gold telluride, and lead-zinc ores. 


Substitutes: Several materials can replace tellurium in most of its uses, but usually with losses in production 
efficiency or product characteristics. Bismuth, calcium, lead, phosphorus, selenium, and sulfur can be used in place of 
tellurium in many free-machining steels. Several of the chemical process reactions catalyzed by tellurium can be 
carried out with other catalysts or by means of noncatalyzed processes. In rubber compounding, sulfur and (or) 
selenium can act as vulcanization agents in place of tellurium. The selenides and sulfides of niobium and tantalum 
can serve as electrically conducting solid lubricants in place of tellurides of those metals. 


The selenium-tellurium photoreceptors used in some plain paper photocopiers and laser printers have been replaced 
by organic photoreceptors in newer devices. Amorphous silicon and copper indium gallium selenide were the two 
principal competitors to CdTe in thin-film PV power cells. 


“Estimated. NA Not available. W Withheld to avoid disclosing company proprietary data. — Zero. 

‘Average price published by Metal-Pages for 99.95% tellurium. 

“Defined as imports — exports + adjustments for Government and industry stock changes. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 

“In addition to the countries listed, Australia, Belgium, Chile, China, Colombia, Germany, India, Kazakhstan, Mexico, the Philippines, Poland, and 
Sweden produce refined tellurium, but output was not reported, and available information was inadequate for formulation of reliable production and 
detailed reserve estimates. 
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(Data in kilograms of thallium content unless otherwise noted) 


Domestic Production and Use: Thallium has not been recovered in the United States since 1981. Consumption of 
thallium metal and thallium compounds was valued at $972,000. The primary end uses included the following: 
radioactive thallium-201 used for medical purposes in cardiovascular imaging; thallium as an activator (Sodium iodide 
crystal doped with thallium) in gamma radiation detection equipment (scintillometer); thallium-barium-calcium-copper 
oxide high-temperature superconductor (HTS) used in filters for wireless communications; thallium in lenses, prisms, 
and windows for infrared detection and transmission equipment; thallium-arsenic-selenium crystal filters for light 
diffraction in acousto-optical measuring devices; and thallium as an alloying component with mercury for low- 
temperature measurements. Other uses included as an additive in glass to increase its refractive index and density, a 
catalyst for organic compound synthesis, and a component in high-density liquids for sink-float separation of minerals. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production, refinery 
Imports for consumption: 


Unwrought and powders 2,000 1,300 — — 50 
Other 200 200 685 209 150 
Total 2,200 1,500 685 209 200 
Exports: 
Unwrought and powders 45 34 21 3 — 
Waste and scrap 55 42 26 11 S) 
Other 835 469 31 8 60 
Total 935 545 78 22 65 
Consumption*® 1,270 955 607 187 135 
Price, metal, dollars per kilogram? 5,930 6,000 6,800 6,990 7,200 
Net import reliance’ as a percentage of 
estimated consumption 100 100 100 100 100 


Recycling: None. 
Import Sources (2010—13): Germany, 73%; Russia, 26%; and other, 1%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Unwrought and powders 8112.51.0000 4.0% ad val. 

Waste and scrap 8112.52.0000 Free. 

Other 8112.59.0000 4.0% ad val. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: In 2014, the price for thallium metal continued to increase for the fifth consecutive year 
as global supply continued to be relatively constrained. Price increases for thallium in recent years were attributed to 
the limited availability of thallium produced in China. In 2014, China maintained its policy of eliminating toll-trading tax 
benefits on exports of thallium that began in 2006, thus contributing to reduced supply conditions on the world market. 
In July 2010, China canceled a 5% value-added-tax rebate on exports of many minor metals, including fabricated 
thallium products. Higher internal demand for many metals has prompted China to begin importing greater quantities 
of thallium. 


U.S. imports decreased by 91% during the last 5 years and estimated consumption declined by 89% during that time 
period. Demand for thallium for use in cardiovascular imaging applications has declined owing to price increases and 
superior performance and availability of alternatives, such as the medical isotope technetium-99. A global shortage of 
technetium-99 from 2009 to 2011 had been attributed to an increase in thallium consumption during that time period. 
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In late 2011, a Brazilian minerals exploration company discovered a substantial thallium deposit in northwest Bahia, 
Brazil. According to the company, the deposit was unique because it was the only known occurrence in the world in 
which thallium had been found with cobalt and manganese. In 2014, the company continued exploration activities and 
investigated partnerships with other firms to help finance the project. Exploration of the site was expected to conclude 
by yearend 2015. The company had tested a hydrometallurgical process that could be used to extract thallium from 
manganese ore. The potential construction of a production plant to produce thallium was dependent on obtaining 
licenses for operation and finding investment partners. 


Two of the leading global markets of thallium were the producers of glass lenses, prisms, and windows for the fiber 
optics and digital camera industries, and the majority of these producers were in China, Japan, and the Republic of 
Korea. 


In 2014, researchers at Brigham Young University successfully converted natural gas into liquid alcohol using lead 
and thallium. The conversion took place at a temperature that is lower than that used in current industry practices, 
owing to the relatively low melting points of lead and thallium. The development had the potential to benefit the 
growing natural gas industry because the process is cheaper and simpler than current conversion methods. The liquid 
alcohol produced can be used as fuel, potentially reducing dependence on petroleum. 


Thallium metal and its compounds are highly toxic materials and are strictly controlled to prevent harm to humans and 
the environment. Thallium and its compounds can be absorbed into the human body by skin contact, ingestion, or 
inhalation of dust or fumes. The leading sources of thallium released into the environment are coal-burning 
powerplants and smelters of copper, lead, and zinc ores. The major sources of thallium in drinking water are ore- 
processing sites and discharges from electronics, drugs, and glass factories. Under its national primary drinking water 
regulations for public water supplies, the EPA has set an enforceable Maximum Contaminant Level for thallium at 2 
parts per billion. 


World Refinery Production and Reserves: There are only a few countries where thallium is obtained commercially 
as a byproduct in the roasting of copper, lead, and zinc ores or is collected from flue dust. Because most producers 
withhold thallium production data, estimating global production is challenging. In 2014, global production of thallium 
was estimated to be less than 10,000 kilograms. China, Kazakhstan, and Russia were believed to be leading 
producers of primary thallium. Since 2005, substantial thallium-rich deposits have been identified in China, 
Macedonia, and Russia. 


World Resources: Although the metal is reasonably abundant in the Earth's crust at a concentration estimated to be 
about 0.7 part per million, it exists mostly in association with potassium minerals in clays, granites, and soils, and it is 
not generally considered to be commercially recoverable from those forms. The major source of recoverable thallium 
is the trace amounts found in copper, lead, zinc, and other sulfide ores. Quantitative estimates of reserves are not 
available owing to the difficulty in identifying deposits where thallium can be extracted economically. Previous 
estimates of reserves were based on thallium content of zinc ores. World resources of thallium contained in zinc 
resources could be as much as 17 million kilograms; most are in Canada, Europe, and the United States. An 
additional 630 million kilograms is in world coal resources. 


Substitutes: Although other materials and formulations can substitute for thallium in gamma radiation detection 
equipment and optics used for infrared detection and transmission, thallium materials are presently superior and more 
cost effective for these very specialized uses. The medical isotope technetium-99 can be used in cardiovascular 
imaging applications instead of thallium. 


Nonpoisonous substitutes such as tungsten compounds are being marketed as substitutes for thallium in high-density 
liquids for sink-float separation of minerals. 


“Estimated. — Zero. 

‘Thallium content was estimated by the U.S. Geological Survey. 

Estimated price of 99.99%-pure granules or rods in 100- to 250-gram or larger lots. 

Defined as imports — exports + adjustments for Government and industry stock changes. Consumption and exports of unwrought thallium were 
from imported material or from a drawdown in unreported inventories. 
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(Data in metric tons of thorium oxide (ThO2) equivalent unless otherwise noted) 


Domestic Production and Use: The world’s primary source of thorium is the rare-earth and thorium phosphate 
mineral monazite. Monazite itself may be recovered as a byproduct of processing heavy-mineral sands for titanium 
and zirconium minerals. In 2014, monazite was not recovered domestically as a salable product. Essentially all 
thorium compounds and alloys consumed by the domestic industry were derived from imports. Less than ten 
companies processed or fabricated various forms of thorium for uses such as catalysts, high-temperature ceramics, 
and welding electrodes. Thorium’s use in most products has generally decreased because of concerns over its 
naturally occurring radioactivity. 


Imports of of thorium compounds are sporadic owing to changes in consumption and fluctuations in consumer 
inventory levels. The estimated value of thorium compounds imported for consumption by the domestic industry in 
2014 was $302,000. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production, mineral concentrate refinery‘ — — — — — 
Imports for consumption: 
Thorium ore and concentrates (monazite), gross weight — 30 43 — — 
Thorium compounds (oxide, nitrate, etc.), gross weight? 3.03 5.71 4.40 2.83 4.00 
Thorium compounds (oxide, nitrate, etc.), ThO- content” ° 2.24 4.22 3.26 2.09 3.00 
Exports: 
Thorium ore and concentrates (monazite), gross weight 1 — — — — 
Thorium compounds (oxide, nitrate, etc.), gross weight? 1.50 4.28 3.16 1.01 3.50 
Thorium compounds (oxide, nitrate, etc.), ThO- content” ° 1.11 3:17 2.34 0.74 2.60 
Consumption, apparent? 1.13 1.05 0.92 1.35 0.40 
Price, thorium compounds, gross weight, dollars per kilogram: 5 
France 131 158 153 NA NA 
India 58 58 60 65 75 
Net import reliance’ as a percentage of 
apparent consumption" 100 100 100 100 100 


Recycling: None. 


Import Sources (2010-13): Monazite: United Kingdom, 100%. Thorium compounds: India, 92%; and France, 8%. 
U.S. imports of monazite from the United Kingdom were from previously stockpiled imports. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Thorium ores and concentrates (monazite) 2612.20.0000 Free. 

Thorium compounds 2844 .30.1000 5.5% ad val. 


Depletion Allowance: Monazite, 22% on thorium content, and 14% on rare-earth and yttrium content (Domestic); 
14% (Foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Domestic demand for thorium alloys, compounds, and metals has exhibited a long- 
term declining trend. Domestic mine production of thorium-bearing monazite ceased at the end of 1994 as world 
demand for ores containing naturally occurring radioactive thorium declined. Imports and existing stocks supplied 
essentially all thorium consumed in the United States in 2014. 


On the basis of data through September 2014, the average value of imported thorium compounds increased to $75 
per kilogram from the 2013 average of $65 per kilogram (gross weight). The increase was primarily caused by a small 
quantity of high-unit-value imports from the United Kingdom valued at $3,830 per kilogram. The average value of 
exported thorium compounds decreased to $482 per kilogram based on data through September 2014, compared 
with $520 per kilogram for all of 2013. The change was attributed to variations in the type and purity of compounds 
exported in each year. 
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Globally, monazite was produced primarily for its rare-earth element content, and only a small fraction of the 
byproduct thorium produced was consumed. India was the leading producer of monazite. Thorium consumption 
worldwide is relatively small compared with that of most other mineral commodities. Issues associated with thorium’s 
natural radioactivity represented a significant cost to those companies involved in its mining, processing, 
manufacture, transport, and use. 


Interest in thorium as an energy source continued worldwide, as various countries continued research and 
development of thorium-fueled nuclear power as an alternative to uranium. The Chinese Academy of Sciences 
continued a research initiative to develop thorium molten-salt reactor technologies. India continued research and 
development of thorium-related reactor technologies. According to India’s Atomic Energy Commission, the process of 
selection of a site for construction of an advanced heavy-water reactor (AHWR) is in an advanced stage. The AHWR 
is a nuclear reactor that burns thorium in its fuel core. In Norway, a testing program backed by an international 
consortium of utilities, industry, and research organizations was planning to demonstrate that thorium-mixed oxide 
fuel could operate safely in a commercial reactor. 


In 2014, exploration and development of rare-earth projects associated with thorium were underway in Australia, 
Brazil, Canada, Greenland, India, Russia, South Africa, the United States, and Vietnam. 


World Refinery Production and Reserves: Production and reserves are associated with the recovery of monazite 
in heavy-mineral sands deposits. Without demand for the rare earths, monazite would probably not be recovered for 
its thorium content. In 2014, in descending order, India, Malaysia, Vietnam, and Brazil led global production of 
monazite. Other ore minerals with higher thorium contents, such as thorite, would be available if demand significantly 
increased. 


World Resources:” The world’s leading thorium resources are found in placer, carbonatite, and vein-type deposits. 
According to a 2014 report by the Organization for Economic Co-operation and Development and International Atomic 
Energy, worldwide thorium resources from major deposit types are estimated to total more than 6 million tons of 
thorium. 


Thorium resources are found throughout the world and are led by India, Brazil, and Australia. India’s Department of 
Atomic Energy estimated 12 million tons of monazite were contained in heavy-mineral sands. India’s monazite was 
reported to have an average thorium oxide content of 9-10%. Geoscience Australia estimated its resources of 
thorium at about 0.6 million tons of thorium. Most of the known thorium resources in Australia are within heavy- 
mineral sand deposits. None of Australia’s thorium resources were classified as economically recoverable. Brazil’s 
thorium resources were estimated to be 0.6 million tons. 


Substitutes: Nonradioactive substitutes have been developed for many applications of thorium. Yttrium Compounds 
have replaced thorium compounds in incandescent lamp mantles. A magnesium alloy containing lanthanides, yttrium, 
and zirconium can substitute for magnesium-thorium alloys in aerospace applications. 


“Estimated. NA Not available. — Zero. 

‘All domestically consumed thorium was derived from imported materials. 

?Apparent consumption calculation excludes ore and concentrates. 

’Based on U.S. Census Bureau customs value. 

“Defined as imports — exports + adjustments for Government and industry stock changes. 
°See Appendix C for resource/reserve definitions and information concerning data sources. 
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(Data in metric tons of tin content unless otherwise noted) 


Domestic Production and Use: Tin has not been mined or smelted in the United States since 1993 and 1989, 
respectively. Twenty-five firms accounted for about 90% of the primary tin consumed domestically in 2014. The major 
uses for tin were cans and containers, 23%; construction, 18%; transportation, 17%; electrical, 12%; and other, 30%. 
Based on the average Platts Metals Week New York Dealer price for tin, the value of imported refined tin was $830 
million, and the value of old scrap recovered domestically was $310 million. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production, secondary: 
Old scrap° 11,100 11,000 11,200 11,100 11,200 
New scrap 2,680 2,030 2,440 2,700 2,800 
Imports for consumption, refined tin 35,300 34,200 36,900 34,900 37,300 
Exports, refined tin and tin alloys 5,630 5,450 5,560 5,870 5,800 


Shipments from Government stockpile — — — — = 
Consumption, reported: 


Primary 25,300 25,200 24,500 26,500 23,300 
Secondary 4,820 3,280 3,240 3,260 2,800 
Consumption, apparent’ 41,400 40,300 42,300 39,900 42,300 
Price, average, cents per pound: 
New York dealer 954 1,216 990 1,041 1,010 
Platts Metals Week composite 1,240 1,575 1,283 1,352 NA 
London Metal Exchange, cash 925 1,184 957 1,002 980 
Kuala Lumpur 922 1,188 958 1,012 980 
Stocks, consumer and dealer, yearend 6,410 5,880 6,140 6,500 6,900 
Net import reliance’ as a percentage of 
apparent consumption 73 73 74 72 74 


Recycling: About 14,000 tons of tin from old and new scrap was recycled in 2014. Of this, about 11,200 tons was 
recovered from old scrap at 2 detinning plants and about 75 secondary nonferrous metal-processing plants. 


Import Sources (2010-13): Peru, 40%; Bolivia, 17%; Indonesia, 15%; Malaysia, 12%; and other, 16%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 
Unwrought tin: 
Tin, not alloyed 8001.10.0000 Free. 
Tin alloys, containing, by weight: 
5% or less of lead 8001.20.0010 Free. 
More than 5% but not more than 25% of lead 8001.20.0050 Free. 
More than 25% of lead 8001.20.0090 Free. 
Tin waste and scrap 8002.00.0000 Free. 


Depletion Allowance: 22% (Domestic), 14% (Foreign). 


Government Stockpile: 
Stockpile Status—9-30-14° 


Disposal Plan Disposals 
Material Inventory FY 2014 FY 2014 
Tin 4,020 *804 — 
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Events, Trends, and Issues: Apparent consumption of tin in the United States increased by 6% in 2014 compared 
with consumption in 2013. Peru remained the primary supplier of tin to the United States, and recycling rates of tin 
remained unchanged from those in 2013. While the estimated annual prices for tin declined slightly, they continued to 
fluctuate through several cycles. The New York dealer price averaged 1,028 cents per pound in January and, 
coinciding with new export restrictions in Indonesia, rose to an average of 1,095 cents per pound in April, the highest 
monthly level since August 2011. By October, however, the average price had fallen back below 1,000 cents per 
pound as supply shortages failed to materialize. Platts Metals Composite prices for tin were discontinued in 2014, and 
the U.S. Geological Survey will use the New York Dealer price for future calculations. 


In 2013, Indonesia, the world’s leading exporter of tin, created the Indonesia Tin Exchange (ICDX) to allow tin to be 
traded within Indonesia, and also reduce reliance on foreign trading houses for prices. In 2014, Indonesia modified 
their new regulations of tin exports involving the ICDX. The primary modification was restricting tin content in solder to 
a maximum of 99.9% tin, preventing pure tin ingots being sold as solder. This regulation is an attempt to ensure that 
correct taxes and fees are applied to tin exports from Indonesia and the ICDX. This regulation had the dual effect of 
raising tin solder prices, and improving tracking of exports from Indonesia. However, the London Metal Exchange 
remains the largest market for tin options and futures, and it continues to influence the price of tin, dampening the 
impact of the new ICDX regulations. 


World Mine Production and Reserves: Reserves figures were revised for Brazil based on new data from the 
Instituto Brasileiro de Mineragao. Reserves figures for Peru were revised based on data from the Ministerio de 
Energia y Minas del Peru. Reserves figures for Australia were revised based on data from Geoscience Australia. 


Mine production Reserves’ 
2013 2014° 

United States — — — 
Australia 6,470 6,100 370,000 
Bolivia 19,300 18,000 400,000 
Brazil 12,000 12,000 700,000 
Burma 11,000 11,000 NA 
China 110,000 125,000 1,500,000 
Congo (Kinshasa) 3,000 3,000 NA 
Indonesia 95,200 84,000 800,000 
Laos 800 800 NA 
Malaysia 3,700 3,500 250,000 
Nigeria 570 500 NA 
Peru 23,700 23,700 80,000 
Russia 420 600 350,000 
Rwanda 1,900 2,000 NA 
Thailand 200 200 170,000 
Vietnam 5,400 5,400 NA 
Other countries 100 100 180,000 
World total (rounded) 294,000 296,000 4,800,000 


World Resources: U.S.-identified resources of tin, primarily in Alaska, were insignificant compared with those of the 
rest of the world. World resources, principally in western Africa, southeastern Asia, Australia, Bolivia, Brazil, China, 
Indonesia, and Russia, are extensive and, if developed, could sustain recent annual production rates well into the 
future. 


Substitutes: Aluminum, glass, paper, plastic, or tin-free steel substitute for tin in cans and containers. Other 
materials that substitute for tin are epoxy resins for solder; aluminum alloys, copper-base alloys, and plastics for 
bronze; plastics for bearing metals that contain tin; and compounds of lead and sodium for some tin chemicals. 


“Estimated. NA Not available. — Zero. 

‘Defined as old scrap + imports — exports + adjustments for Government and industry stock changes. 
Defined as imports - exports + adjustments for Government and industry stock changes. 

°See Appendix B for definitions. 

“See Appendix C for resource/reserve definitions and information concerning data sources. 
*Correction posted February 4, 2015. 
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TITANIUM AND TITANIUM DIOXIDE’ 


(Data in metric tons unless otherwise noted) 


Domestic Production and Use: Titanium sponge metal was produced by three operations in Nevada and Utah, and 
titanium ingot was produced by 10 operations in 8 states. Domestic and imported ingot was consumed by numerous 
firms to produce wrought products and castings. In 2014, an estimated 75% of titanium metal was used in aerospace 
applications. The remaining 25% was used in armor, chemical processing, marine hardware applications, medical 
implants, power generation, sporting goods, and other applications. Assuming an average purchase price of $11.20 
per kilogram, the value of sponge metal consumed was about $280 million. 


In 2014, titanium dioxide (TiO2) pigment, which was produced by four companies at six facilities in five States, was 
valued at about $4.4 billion. The estimated end-use distribution of TiO. pigment consumption was paint (includes 
lacquers and varnishes), 62%; plastic, 24%; paper, 11%; and other, 3%. Other uses of TiO included catalysts, 
ceramics, coated fabrics and textiles, floor coverings, printing ink, and roofing granules. 


Salient Statistics—United States: 
Titanium sponge metal: 
Production 
Imports for consumption 
Exports 
Consumption, reported 
Price, dollars per kilogram, yearend 
Stocks, industry yearend® 
Employment, number® 
Net import reliance’ as a percentage of 
reported consumption 
Titanium dioxide: 
Production 
Imports for consumption 
Exports 
Consumption, apparent® 
Producer price index, yearend 
Employment, number® 
Net import reliance’ as a percentage of 
apparent consumption 


2010 2011 

W W 
20,500 33,800 
293 256 
34,900 48,400 
9.62 10.35 
10,500 10,800 
300 300 

72 69 
1,320,000 1,290,000 
204,000 200,000 
758,000 789,000 
767,000 706,000 
194 268 
3,400 3,400 

E E 


2012 201 
W W 
33,600 19,900 
1,420 1,860 
35,100 24,600 
11.78 11.57 
18,100 25,200 
300 300 
71 44 
1,140,000 1,280,000 
203,000 213,000 
624,000 670,000 
722,000 826,000 
268 236 
3,400 3,400 
E E 


2014° 


W 
15,300 
2,490 
25,000 
11.20 
24,300 
300 


51 


1,310,000 
235,000 
685,000 
860,000 

237 
3,400 


E 


Recycling: About 50,000 tons of scrap metal was recycled by the titanium industry in 2014. Estimated use of titanium 
scrap by the steel industry was about 11,000 tons; by the superalloy industry, 1,100 tons; and in other industries, 


1,000 tons. 


Import Sources (2010—13): Sponge metal: Japan, 54%; Kazakhstan, 24%; China; 12%; and other, 10%. Titanium 


dioxide pigment: Canada, 39%; China, 19%; Germany, 7%; and other, 35%. 


Tariff: Item 


Titanium oxides (unfinished TiO, pigments) 
TiOz pigments, 80% or more TiO. 

TiO» pigments, other 

Ferrotitanium and ferrosilicon titanium 
Unwrought titanium metal 

Titanium waste and scrap metal 

Other titanium metal articles 

Wrought titanium metal 


Depletion Allowance: Not applicable. 
Government Stockpile: None. 
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Number 


Normal Trade Relations 
12-31-14 


2823.00.0000 
3206.11.0000 
3206.19.0000 
7202.91.0000 
8108.20.0000 
8108.30.0000 
8108.90.3000 
8108.90.6000 


5.5% ad val. 
6.0% ad val. 
6.0% ad val. 
3.7% ad val. 


15.0% ad val. 


Free. 
5.5% ad val. 


15.0% ad val. 
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Events, Trends, and Issues: Domestic production of TiO2 pigment was 1.31 million tons, a 2% increase compared 
with that in 2013. Domestic consumption was estimated to have increased by 5% in 2014 due to increased housing 
starts and new home sales. In China, a new chloride-route pigment plant was scheduled to begin production in the 
first quarter of 2015 with a capacity of 100,000 tons per year. In Mexico, a new chloride-route pigment plant was 
scheduled to begin production in 2016 with a capacity of 200,000 tons per year. 


Domestic consumption of titanium sponge in 2014 was estimated to be essentially unchanged from that of 2013. 
Although titanium sponge consumption and end-of-year stocks in 2014 remained at levels close to those in 2013, 
imports of titanium sponge decreased by about 23% from those in 2012 owing to a slowdown in aircraft production. 
Due to progress made in certifying the titanium sponge product at its new plant in Rowley, UT, one of the three U.S. 
producers of titanium sponge permanently closed its older titanium sponge plant in Albany, OR, which had been idle 
since 2009, the same year the new plant in Rowley became operational. The completion of the premium quality 
certification process at Rowley was expected to be complete in 2015 and would enable the plant to produce titanium 
sponge for use in rotating jet engine parts. 


Excluding domestic production, global production of titanium sponge in 2014 was estimated to have decreased by 8% 
owing to overcapacity and increased inventories. One of the two Japanese sponge producers announced joint 
venture plans with a Saudi Arabia-based pigment company to construct a new titanium sponge plant in Yanbu, Saudi 
Arabia. The plant, located adjacent to a titanium dioxide pigment plant, was expected to begin production in 2017 and 
have a capacity of 15,600 tons per year. 


World Sponge Metal Production and Sponge and Pigment Capacity: 


Sponge production Capacity 2014° 

2013 2014° Sponge Pigment 

United States W W 24,000 1,470,000 
Australia — — — 280,000 
Belgium — — — 74,000 
Canada — — — 100,000 
China® 105,000 110,000 114,000 2,000,000 
Finland — — — 130,000 
France — — — 125,000 
Germany — — — 440,000 
Italy — — — 80,000 
Japan® 42,000 25,000 57,000 310,000 
Kazakhstan® 12,000 9,000 27,000 1,000 
Mexico — — — 130,000 
Russia® 44,000 42,000 46,500 20,000 
Spain — — — 80,000 
Ukraine® 6,300 6,000 10,000 120,000 
United Kingdom — — — 300,000 
Other countries — — — 900,000 
World total (rounded) °209,000 °192,000 279,000 6,560,000 


World Resources:° Resources and reserves of titanium minerals are discussed under Titanium Mineral 
Concentrates. The commercial feedstocks for titanium are ilmenite, leucoxene, rutile, slag, and synthetic rutile. 


Substitutes: Few materials possess titanium metal’s strength-to-weight ratio and corrosion resistance. In high- 
strength applications, titanium competes with aluminum, composites, intermetallics, steel, and superalloys. Aluminum, 
nickel, specialty steels, and zirconium alloys may be substituted for titanium for applications that require corrosion 
resistance. Ground calcium carbonate, precipitated calcium carbonate, kaolin, and talc compete with titanium dioxide 
as a white pigment. 


“Estimated. E Net exporter. W Withheld to avoid disclosing company proprietary data. — Zero. 
‘See also Titanium Mineral Concentrates. 

Defined as imports — exports. 

Defined as production + imports — exports. 

“Yearend operating capacity. 

°Excludes U.S. production. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 
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TITANIUM MINERAL CONCENTRATES’ 


(Data in thousand metric tons of contained TiO, unless otherwise noted) 


Domestic Production and Use: Two firms produced ilmenite and rutile concentrates from surface-mining operations 
in Florida and Virginia. Based on reported data through October 2014, the estimated value of titanium mineral 
concentrates consumed in the United States in 2014 was $835 million. Zircon was a coproduct of mining from ilmenite 
and rutile deposits. About 95% of titanium mineral concentrates was consumed by domestic titanium dioxide (TiO2) 
pigment producers. The remaining 5% was used in welding-rod coatings and for manufacturing carbides, chemicals, 
and metal. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production* (rounded) 200 300 300 200 100 
Imports for consumption 1,040 1,010 1,110 1,190 1,050 
Exports,” all forms 11 16 24 7 2 
Consumption, estimated 1,230 1,300 1,390 1,390 1,150 
Price, dollars per metric ton: 
IImenite, bulk, minimum 54% TiOs, f.o.b. Australia® 15 195 300 265 165 
Rutile, bulk, minimum 95% TiQOs, f.o.b. Australia” 780 1,350 2,200 1,250 975 
Slag, 80%—95% TiO," 431-451 463-489 694-839 538-777 699-774 
Employment, mine and mill, number® 178 195 195 195 236 
Net import reliance’ as a percentage of 
apparent consumption 65 77 78 86 91 


Recycling: None. 
Import Sources (2010—13): South Africa, 40%; Australia, 21%; Canada, 18%; Mozambique, 4%; and others, 17%. 


Tariff: Item Number Normal Trade Relations 
12-31-13 

Synthetic rutile 2614.00.3000 Free. 

Ilmenite and ilmenite sand 2614.00.6020 Free. 

Rutile concentrate 2614.00.6040 Free. 

Titanium slag 2620.99.5000 Free. 


Depletion Allowance: Ilmenite and rutile; 22% (Domestic), 14% (Foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Consumption of titanium mineral concentrates is tied to production of TiOz pigments 
that are primarily used in paint, paper, and plastics. Domestic consumption of titanium mineral concentrates was 
estimated to have decreased by 8% in 2014 compared with that in 2013. Employment at domestic mining operations 
increased, however, due to development of a new heavy-mineral mine in Georgia. 


Domestic production of titanium mineral concentrates continued at one operation near Starke, FL, and two near Stony 
Creek, VA. In May, a new heavy-mineral mine started up in Charlton County, GA, and a second mine in Brantley 
County, GA, was expected to begin production in the fourth quarter 2015. A mineral sands plant in Pierce County, 
GA, was being constructed to process the heavy minerals from the two new mines and was expected to be completed 
in the second quarter 2015. Mining at one of the two Virginia operations was halted in April, and the associated 
mineral separation plant operated at reduced capacity, in order to draw down existing inventories. The operator of the 
two mines in Virginia announced the decision to mine out deposits at both Virginia operations without further 
investment and was expected to compete mining and processing activities at these locations at the end of 2015. 


Globally, three heavy-mineral concentrate prospects began production in 2014. In South Africa, the Tormin project 
began production of zircon and rutile concentrates in January and was expected to produce 48,000 tons per year of 
nonmagnetic concentrate grading 81% zircon and 11.6% rutile over a 4-year mine life. In Kenya, production of 
titanium mineral concentrates at the Kwale project began in February. Production of ilmenite and rutile was expected 
to be 360,000 tons per year and 80,000 tons per year, respectively, during a mine life of 13 years. In Senegal, 
production began at the Grande Cote in March 2014 with the first shipment of ilmenite made in August. At full 
production capacity the Grand Cote project was expected to produce about 575,000 tons per year of ilmenite during a 
mine life of more than 20 years. Heavy-mineral exploration and mining projects were also underway in Australia, 
Brazil, Madagascar, Mozambique, Tanzania, and Sri Lanka. 
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World Mine Production and Reserves: Reserves for Australia were revised based on a Geoscience Australia 
publication. 


Mine production Reserves’ 
2013 2014° 
Ilmenite: 
United States” ’200 "100 2,000 
Australia 960 1,100 170,000 
Brazil 100 70 43,000 
Canada® 770 900 31,000 
China 1,020 1,000 200,000 
India 340 340 85,000 
Madagascar 264 340 40,000 
Mozambique 430 500 14,000 
Norway 498 400 37,000 
South Africa® 1,190 1,100 63,000 
Sri Lanka 32 32 NA 
Ukraine 150 210 5,900 
Vietnam 720 500 1,600 
Other countries 60 90 26,000 
World total (ilmenite, rounded) 6,730 6,680 720,000 
Rutile: 

United States (°) (°) (°) 
Australia 423 480 28,000 
India 24 26 7,400 
Madagascar 8 7 NA 
Malaysia 14 14 NA 
Sierra Leone 81 120 NA 
South Africa 59 65 8,300 
Ukraine 50 50 2,500 
Other countries 8 8 400 
World total (rutile, rounded) °667 °770 47,000 
World total (ilmenite and rutile, rounded) 7,400 7,450 770,000 


World Resources: IIlmenite accounts for about 92% of the world’s consumption of titanium minerals. World resources 
of anatase, ilmenite, and rutile total more than 2 billion tons. 


Substitutes: Ilmenite, leucoxene, rutile, slag, and synthetic rutile compete as feedstock sources for producing TiO2 
pigment, titanium metal, and welding-rod coatings. 


“Estimated. NA Not available. 

"See also Titanium and Titanium Dioxide. 

7Rounded to one significant digit to avoid disclosing company proprietary data. 

Source: Industrial Minerals; yearend average of high-low price. 

“Landed duty-paid value based on U.S. imports for consumption. Data series revised to reflect annual average price range of significant importing 
countries. 

Defined as imports — exports. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 
“Includes rutile. 

Mine production is primarily used to produce titaniferous slag. 

°U.S. rutile production and reserves data are included with ilmenite. 
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TUNGSTEN 


(Data in metric tons of tungsten content unless otherwise noted) 


Domestic Production and Use: A tungsten mine in California produced concentrates in 2014. Approximately seven 
companies in the United States processed tungsten concentrates, ammonium paratungstate, tungsten oxide, and (or) 
scrap to make tungsten powder, tungsten carbide powder, and (or) tungsten chemicals. Nearly 60% of the tungsten 
consumed in the United States was used in cemented carbide parts for cutting and wear-resistant materials, primarily 
in the construction, metalworking, mining, and oil- and gas-drilling industries. The remaining tungsten was consumed 
to make tungsten heavy alloys for applications requiring high density; electrodes, filaments, wires, and other 
components for electrical, electronic, heating, lighting, and welding applications; steels, superalloys, and wear- 
resistant alloys; and chemicals for various applications. The estimated value of apparent consumption in 2014 was 
approximately $800 million. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production: 

Mine NA NA NA NA NA 

Secondary 5,680 11,000 9,180 8,610 8,300 
Imports for consumption: 

Concentrate 2,740 3,640 3,650 3,690 4,100 

Other forms 9,690 9,600 8,060 8,480 8,900 
Exports: 

Concentrate 276 169 203 1,060 1,500 

Other forms 4,350 6,960 6,530 6,670 5,800 
Government stockpile shipments: 

Concentrate 2,060 1,180 1,780 2,100 280 

Other forms (') 46 (*) — — 
Consumption: 

Reported, concentrate 4,820 W W W W 

Apparent,” ° all forms 15,500 18,100 15,000 14,700 14,500 
Price, concentrate, dollars per mtu WOs,” average, 

U.S. spot market, Platts Metals Week 183 248 358 358 350 
Stocks, industry, yearend: 

Concentrate W W W W W 

Other forms 2,930 W W W W 
Net import reliance’ as a percentage of 

apparent consumption 63 40 39 41 43 


Recycling: In 2014, the estimated tungsten contained in scrap consumed by processors and end users represented 
53% of apparent consumption of tungsten in all forms. 


Import Sources (2010-13): Tungsten contained in ores and concentrates, intermediate and primary products, 
wrought and unwrought tungsten, and waste and scrap: China, 43%; Bolivia, 8%; Canada, 6%; Germany, 5%; and 
other, 38%. 


Tariff: Item Number Normal Trade Relations® 
12-31-14 

Ores 2611.00.3000 Free. 
Concentrates 2611.00.6000 37.5¢/kg tungsten content. 
Tungsten oxides 2825.90.3000 5.5% ad val. 
Ammonium tungstates 2841.80.0010 5.5% ad val. 
Tungsten carbides 2849.90.3000 5.5% ad val. 
Ferrotungsten 7202.80.0000 5.6% ad val. 
Tungsten powders 8101.10.0000 7.0% ad val. 


Depletion Allowance: 22% (Domestic), 14% (Foreign). 


Government Stockpile: 
Stockpile Status—9-30-14’ 


Disposal Plan Disposals 
Material Inventory FY 2014 FY 2014 
Metal powder 125 *90 — 
Ores and concentrates 11,600 3,580 322 
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Events, Trends, and Issues: World tungsten supply was dominated by Chinese production and exports. China was 
also the world’s leading tungsten consumer. China’s Government has regulated its tungsten industry by limiting the 
number of exploration, mining, and export licenses; limiting or forbidding foreign investment; imposing constraints on 
mining and processing; establishing quotas on production and exports; adjusting export quotas to favor value-added 
downstream materials and products; and imposing export taxes on tungsten materials. As a result of a World Trade 
Organization (WTO) ruling that China’s export restraints were inconsistent with its WTO obligations, China canceled 
its tungsten export quota for 2015, but vowed to strengthen its control and regulation of tungsten mining, production, 
and distribution. 


In the next few years, mine production from outside China is expected to increase. Numerous companies worked to 
develop tungsten deposits, produce tungsten concentrate from stockpiled tailings, or restart production from inactive 
mines in Asia, Australia, Europe, North America, and South America. The amount, location, and timing of future 
production will depend on the companies’ abilities to acquire funding. Increased production capacity for ammonium 
paratungstate is also planned. Scrap will continue to be an important source of raw material for the tungsten industry, 
worldwide. 


World Mine Production and Reserves: 


Mine production Reserves® 
2013 2014° 

United States NA NA 140,000 
Australia 320 600 160,000 
Austria 850 850 10,000 
Bolivia 1,250 1,300 53,000 
Canada 2,130 2,200 290,000 
China 68,000 68,000 1,900,000 
Congo (Kinshasa) 830 800 NA 
Portugal 692 700 4,200 
Russia 3,600 3,600 250,000 
Rwanda 730 700 NA 
Vietnam 1,660 2,000 87,000 
Other countries 1,290 1,700 360,000 
World total (rounded) °81,400 °82,400 3,300,000 


World Resources: World tungsten resources are geographically widespread. China ranks first in the world in terms 
of tungsten resources and reserves and has some of the largest deposits. Canada, Kazakhstan, Russia, and the 
United States also have significant tungsten resources. 


Substitutes: Potential substitutes for cemented tungsten carbides include cemented carbides based on molybdenum 
carbide and titanium carbide, ceramics, ceramic-metallic composites (cermets), and tool steels. Potential substitutes 
for other applications are as follows: molybdenum for certain tungsten mill products; molybdenum steels for tungsten 
steels; lighting based on carbon nanotube filaments, induction technology, and light-emitting diodes for lighting based 
on tungsten electrodes or filaments; depleted uranium or lead for tungsten or tungsten alloys in applications requiring 
high-density or the ability to shield radiation; and depleted uranium alloys or hardened steel for cemented tungsten 
carbides or tungsten alloys in armor-piercing projectiles. In some applications, substitution would result in increased 
cost or a loss in product performance. 


“Estimated. NA Not available. W Withheld to avoid disclosing company proprietary data. — Zero. 

‘Less than % unit. 

The sum of U.S. net import reliance and secondary production. 

‘Does not include U.S. mine production. 

“A metric ton unit (mtu) of tungsten trioxide (WOs) contains 7.93 kilograms of tungsten. 

Defined as imports — exports + adjustments for Government and industry stock changes. 

°No tariff for Canada. Tariffs for other countries for some items may be eliminated under special trade agreements. 
"See Appendix B for definitions. 

®See Appendix C for resource/reserve definitions and information concerning data sources. 

“Correction posted February 4, 2015. 
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VANADIUM 


(Data in metric tons of vanadium content unless otherwise noted) 


Domestic Production and Use: |n 2014, seven U.S. firms that compose most of the domestic vanadium industry 
produced ferrovanadium, vanadium pentoxide, vanadium metal, and vanadium-bearing chemicals or specialty alloys 
by processing materials such as petroleum residues, spent catalysts, utility ash, and vanadium-bearing pig iron slag. 
In 2009-2013, small amounts of vanadium were produced as a coproduct from the mining of uraniferous sandstones 
on the Colorado Plateau. All coproduct vanadium production for 2014 was suspended. Metallurgical use, primarily as 
an alloying agent for iron and steel, accounted for about 93% of the domestic vanadium consumption in 2014. Of the 
other uses for vanadium, the major nonmetallurgical use was in catalysts for the production of maleic anhydride and 
sulfuric acid. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production, mine, mill 1,060 590 106 591 — 
Imports for consumption: 
Ferrovanadium 1,340 2,220 4,190 3,710 4,200 
Vanadium pentoxide, anhydride 4,000 2,810 1,640 2,040 3,400 
Oxides and hydroxides, other 167 886 905 205 200 
Aluminum-vanadium master alloys (gross weight) 63 86 115 169 180 
Ash and residues 1,010 1,510 2,210 4,190 3,500 
Sulfates 48 42 29 30 32 
Vanadates 158 303 280 276 300 
Vanadium metal, including waste & scrap (gross weight) 10 44 154 35 22 
Exports: 
Ferrovanadium 611 314 337 259 350 
Vanadium pentoxide, anhydride 140 98 62 77 120 
Oxides and hydroxides, other 1,100 254 287 358 280 
Aluminum-vanadium master alloys (gross weight) 133 318 432 347 300 
Vanadium metal, including waste & scrap (gross weight) 21 102 26 52 50 
Consumption: 
Apparent 5,940 7,580 8,540 10,200 10,800 
Reported 5,030 4,140 3,980 3,980 4,000 
Price, average, dollars per pound V20-; 6.46 6.76 6.49 6.04 5.80 
Stocks, consumer, yearend 248 493 '223 '220 '235 
Net import reliance? as a percentage of 
apparent consumption 82 92 99 94 100 


Recycling: The quantity of vanadium recycled from spent chemical process catalysts was significant and may 
compose as much as 40% of total supply. Some tool steel scrap was recycled primarily for its vanadium content but 
this only accounted for a small percentage of total vanadium used. 


Import Sources (2010—13): Ferrovanadium: Czech Republic, 39%; Canada, 23%; Republic of Korea, 19%; Austria, 
17%; and other, 2%. Vanadium pentoxide: Russia, 42%; South Africa, 38%; China, 15%; and other, 5%. 


Tariff: Ash, residues, slag, and waste and scrap enter duty-free. 


Item Number Normal Trade Relations 
12-31-14 
Vanadium pentoxide anhydride 2825.30.0010 5.5% ad val. 
Vanadium oxides and hydroxides, other 2825.30.0050 5.5% ad val. 
Vanadates 2841.90.1000 5.5% ad val. 
Ferrovanadium 7202.92.0000 4.2% ad val. 
Vanadium and articles thereof* 8112.99.2000 2.0% ad val. 


Depletion Allowance: 22% (Domestic), 14% (Foreign). 


Government Stockpile: None. 
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Events, Trends, and Issues: U.S. reported consumption of vanadium in 2014 was about the same as that of 2013. 
Among the major uses for vanadium, production of carbon, full-alloy, and high-strength low-alloy steels accounted for 
15%, 43%, and 35%, respectively, of domestic consumption. U.S. imports for consumption of vanadium in 2014 
increased by 11% from those of the previous year. U.S. exports increased slightly from those of the previous year. 


Vanadium pentoxide (V2Os) prices stayed at $5.80 per pound from January 2014 through June 2014. U.S. 
ferrovanadium (FeV) prices slowly increased starting in November 2013 and continued to increase into 2014. In June 
2014, prices averaged $19.06 per pound of FeV. 


World Mine Production and Reserves: Reserves for Australia were updated with data from Geoscience Australia. 


Mine production Reserves’ 
2013 2014° (thousand metric tons) 

United States 591 — 45 
Australia 400 — 1,800 
China 41,000 41,000 5,100 
Russia 15,000 15,000 5,000 
South Africa 21,000 21,000 3,500 
Other countries 600 600 NA 
World total (rounded) 79,000 78,000 15,000 


World Resources: World resources of vanadium exceed 63 million tons. Vanadium occurs in deposits of phosphate 
rock, titaniferous magnetite, and uraniferous sandstone and siltstone, in which it constitutes less than 2% of the host 
rock. Significant amounts are also present in bauxite and carboniferous materials, such as coal, crude oil, oil shale, 
and tar sands. Because vanadium is typically recovered as a byproduct or coproduct, demonstrated world resources 
of the element are not fully indicative of available supplies. While domestic resources and secondary recovery are 
adequate to supply a large portion of domestic needs, a substantial part of U.S. demand is currently met by foreign 
sources. 


Substitutes: Steels containing various combinations of other alloying elements can be substituted for steels 
containing vanadium. Certain metals, such as manganese, molybdenum, niobium (columbium), titanium, and 
tungsten, are to some degree interchangeable with vanadium as alloying elements in steel. Platinum and nickel can 
replace vanadium compounds as catalysts in some chemical processes. Currently, no acceptable substitute for 
vanadium is available in aerospace titanium alloys. 


“Estimated. NA Not available. — Zero. 

‘Does not include vanadium pentoxide. 

Defined as imports — exports + adjustments for Government and industry stock changes. 
’Aluminum-vanadium master alloy consisting of 35% aluminum and 64.5% vanadium. 
“See Appendix C for resource/reserve definitions and information concerning data sources. 
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VERMICULITE 


(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: Two companies with mining and processing facilities in South Carolina and Virginia 
produced vermiculite concentrate and reported production of approximately 100,000 tons. Most of the vermiculite 
concentrate was shipped to 18 exfoliating plants in 11 States. The end uses for exfoliated vermiculite were estimated 
to be agriculture/horticulture, 50%; lightweight concrete aggregates (including cement premixes, concrete, and 
plaster), 20%; insulation, 5%; and other, 25%. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production® ' 100 100 100 100 100 
Imports for consumption® 29 53 57 36 38 
Exports* 2 2 2 2 2 
Consumption, apparent, concentrate® 130 150 160 130 140 
Consumption, exfoliated® 67 62 59 64 65 
Price, range of value, concentrate, 

dollars per ton, ex-plant* 100-400 115-460 145-525 145-565 150-580 
Employment, number® 80 80 75 70 75 
Net import reliance’ as a percentage of 

apparent consumption 20 30 35 25 25 


Recycling: Insignificant. 
Import Sources (2010-13): South Africa, 44%; Brazil, 28%; China, 26%; and other, 2%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 
Vermiculite, perlite and chlorites, unexpanded 2530.10.0000 Free. 
Exfoliated vermiculite, expanded clays, foamed 
slag, and similar expanded materials 6806.20.0000 Free. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: U.S. exports and imports of vermiculite are not collected as a separate category by the 
U.S. Census Bureau. However, according to an independent industry trade information source, U.S. exports were 
about the same in 2014 as those of 2013. U.S. imports, excluding any material from Canada and Mexico, were 
estimated to be about 38,000 tons in 2014, slightly more than in 2013. Supplies of coarse grades remained tight, and 
prices rose slightly in 2014. 
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An Australian company postponed reopening its East African Namekara vermiculite mine in Uganda. The delay was 
the result of an oversupply of the medium-to-finer grades in the world market; sluggish market conditions in Europe, 
its largest market; and transportation and related infrastructure-improvement issues. Although no vermiculite was 
produced, removal of overburden continued. The Namekara deposit has sufficient resources for more than 50 years 
of production and is a portion of the larger East African vermiculite project, which has about 55 million tons of inferred 
resources and is considered to be one of the world’s largest deposits. 


In July, the sale of the leading vermiculite producer in South Africa was completed to a consortium of South African 
and Chinese parastatal and private companies. Reserves identified on properties adjacent to and near ongoing 
vermiculite mining operations could enable increased vermiculite production and extend the mine’s current expected 
24-year mine life. 


A Brazilian company, which expanded production capacity at its vermiculite mine in central Brazil in 2013, was 
developing another deposit near Brasilia. The new operation would bring the company’s total production capacity to 
200,000 tons per year by 2016. 


World Mine Production and Reserves: The estimates of reserves were revised for Brazil based on new information 
from official Government sources. 


Mine production Reserves’ 

2013 2014° 
United States® ' 100 100 25,000 
Brazil 55 50 13,100 
Bulgaria 19 20 NA 
China 15 50 NA 
India 11 15 1,700 
Russia 20 25 NA 
South Africa 128 130 14,000 
Other countries _10 _10 15,000 
World total 358 400 NA 


World Resources: Marginal reserves of vermiculite in Colorado, Nevada, North Carolina, Texas, and Wyoming are 
estimated to be 2 million to 3 million tons. Reserves have been reported in Australia, Brazil, China, Russia, South 
Africa, Uganda, the United States, Zimbabwe, and some other countries. However, reserve information comes from 
many sources, and in most cases, it is not clear whether the numbers refer to vermiculite alone or vermiculite plus 
host rock and overburden. 


Substitutes: Expanded perlite is a substitute for vermiculite in lightweight concrete and plaster. Other more dense 
but less costly material substitutes in these applications are expanded clay, shale, slag, and slate. Alternate materials 
for loosefill fireproofing insulation include fiberglass, perlite, and slag wool. In agriculture, substitutes include bark and 
other plant materials, peat, perlite, sawdust, and synthetic soil conditioners. 


“Estimated. NA Not available. 

‘Concentrate sold and used by producers. Data are rounded to one significant digit to avoid disclosing company proprietary data. 
7Excludes Canada and Mexico. 

’Rounded to two significant digits to protect proprietary data. 

“Source: Mining Engineering. 

“Defined as imports — exports. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 
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WOLLASTONITE 


(Data in metric tons unless otherwise noted) 


Domestic Production and Use: Wollastonite was mined by two companies in New York. Domestic deposits of 
wollastonite have been identified in Arizona, California, Idaho, Nevada, New Mexico, New York, and Utah, but New 
York is the only State where long-term continuous mining has taken place. 


The USGS does not collect consumption statistics for wollastonite. Plastics and rubber markets (thermoplastic and 
thermoset resins and elastomer compounds), were estimated to have accounted for more than 25% of U.S. use of 
wollastonite, followed by ceramics (frits, sanitaryware, and tile), paint (architectural and industrial paints), metallurgical 
applications (flux and conditioner), friction products (primarily brake linings), and miscellaneous uses (including 
adhesives, concrete, glass, and sealants). Globally, ceramics were estimated to account for more than 30% of sales, 
followed by polymers and paint. Lesser global uses for wollastonite also included miscellaneous construction 
products, friction materials, and metallurgical applications. 


In ceramics, wollastonite decreases shrinkage and gas evolution during firing; increases green and fired strength; 
maintains brightness during firing; permits fast firing; and reduces crazing, cracking, and glaze defects. In 
metallurgical applications, wollastonite serves as a flux for welding, a source for calcium oxide, a slag conditioner, and 
protects the surface of molten metal during the continuous casting of steel. As an additive in paint, it improves the 
durability of the paint film, acts as a pH buffer, improves its resistance to weathering, reduces gloss, reduces pigment 
consumption, and acts as a flatting and suspending agent. In plastics, wollastonite improves tensile and flexural 
strength, reduces resin consumption, and improves thermal and dimensional stability at elevated temperatures. 
Surface treatments are used to improve the adhesion between the wollastonite and the polymers to which it is added. 
As a substitute for asbestos in floor tiles, friction products, insulating board and panels, paint, plastics, and roofing 
products, wollastonite is resistant to chemical attack, inert, stable at high temperatures, and improves flexural and 
tensile strength. 


Salient Statistics—United States: U.S. production was withheld to protect company proprietary data. In 2014, U.S. 
production and apparent consumption increased compared with those in 2013. Comprehensive trade data are not 
available (the United States was a net exporter of wollastonite). Exports were estimated to be less than 8,000 tons 
and imports probably were less than 4,000 tons in 2014. Prices for wollastonite were reported in the trade literature to 
range from $80 to $440 per metric ton. Products with finer grain sizes and acicular (highly elongated) particles sold for 
higher prices. Surface treatment, when necessary, also increased the selling price. 


Recycling: None. 


Import Sources (2010—13): Comprehensive trade data are not available, but wollastonite was imported from China, 
Finland, India, and Mexico. 


Tariff: Item Number Normal Trade Relations 
12-31-14 


Mineral substances not elsewhere 
specified or included 2530.90.8050 Free. 


Depletion Allowance: 10% (Domestic and foreign). 


Government Stockpile: None. 
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Events, Trends, and Issues: U.S. production and consumption of wollastonite increased in 2014. Exports probably 
increased slightly and imports may have declined slightly in 2014. Sales to domestic construction-related markets, 
such as adhesives, caulks, cement board, ceramic tile, paints, stucco, and wallboard, were likely to have increased in 
2014 because of growth in residential and commercial construction. With increased domestic manufacturing, sales of 
wollastonite to the manufacturing industries, such as metal casting and processing, paint, plastics, and rubber, 
probably increased in 2014. In Western Europe, demand for wollastonite may have increased just slightly in 2014 
because of the effect of economic uncertainties on construction and manufacturing. Consumption in Asia continued to 
increase, although at a slower pace than in 2013. 


Despite receiving voter approval for a State proposition to allow the leading U.S. producer of wollastonite to explore 
and mine 81 hectares of land in the Adirondack Forest Preserve adjacent to its current mine, a restraining order was 
issued by the Albany County (New York) Supreme Court suspending any exploration activity, pending further review. 


World Mine Production and Reserves: Production data for wollastonite are not available for many countries. 


Mine production Reserves. 
2013° 2014° 

United States W W 
China 300,000 300,000 World reserves of wollastonite were estimated 
Finland 11,500 11,500 to exceed 90 million tons. Many deposits, however, 
India 160,000 145,000 have not been surveyed, making accurate reserve 
Mexico 55,000 55,000 estimates unavailable. 
Other countries 8,000 8,000 

World total (rounded)* ° 535,000 520,000 


World Resources: World resources have not been estimated for wollastonite. Large deposits of wollastonite were in 
China, Finland, India, Mexico, and the United States. Smaller, but significant, deposits were in Canada, Chile, Kenya, 
Namibia, South Africa, Spain, Sudan, Tajikistan, Turkey, and Uzbekistan. 


Substitutes: The acicular nature of many wollastonite products allows it to compete with other acicular materials, 
such as ceramic fiber, glass fiber, steel fiber, and several organic fibers, such as aramid, polyethylene, polypropylene, 
and polytetrafluoroethylene, in products where improvements in dimensional stability, flexural modulus, and heat 
deflection are sought. Wollastonite also competes with several nonfibrous minerals or rocks, such as kaolin, mica, 
and talc, which are added to plastics to increase flexural strength, and such minerals as barite, calcium carbonate, 
gypsum, and talc, which impart dimensional stability to plastics. In ceramics, wollastonite competes with carbonates, 
feldspar, lime, and silica as a source of calcium and silica. Its use in ceramics depends on the formulation of the 
ceramic body and the firing method. 


“Estimated. W Withheld to avoid disclosing company proprietary data. 

‘See Appendix C for resource/reserve definitions and information concerning data sources. 
Excludes U.S. production. 

’Refined concentrate production. 
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YTTRIUM" 


[Data in metric tons of yttrium oxide (Y203) content unless otherwise noted] 


Domestic Production and Use: Rare earths were mined by one U.S. company in 2014. Bastnasite, a rare-earth 
fluorocarbonate mineral, was mined as a primary product at Mountain Pass, CA. Domestic production of rare-earth 
oxide mineral concentrate in 2014 was estimated to be 5,000 tons in 2014, up from an estimated 3,500 tons in 2013. 
Yttrium was estimated to represent 0.12 percent of the rare-earth elements in the Mountain Pass bastnasite ore. 


The leading end uses of yttrium, in decreasing order, were in phosphors, ceramics, and metallurgy. Yttrium was used 
in phosphor compounds for flat panel displays and various lighting applications. In ceramic applications, yttrium 
compounds were used in abrasives, bearings and seals, high-temperature refractories for continuous-casting nozzles, 
jet-engine coatings, oxygen sensors in automobile engines, and wear-resistant and corrosion-resistant cutting tools. 
In metallurgical applications, yttrium was used as a grain refining additive and as a deoxidizer. Yttrium was used in 
heating-element alloys, high-temperature superconductors, and superalloys. In electronics, yttrium-iron garnets were 
components in microwave radar to control high-frequency signals. Yttrium was an important component in yttrium- 
aluminum-garnet laser crystals used in dental and medical surgical procedures, digital communications, distance and 
temperature sensing, industrial cutting and welding, nonlinear optics, photochemistry, and photoluminescence. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production, mine“ — — NA NA NA 
Imports for consumption: 

Yttrium, alloys, compounds, and metal® ° 670 550 160 200 200 
Exports, in ore and concentrate NA NA NA NA NA 
Consumption, estimated* 670 550 160 200 200 
Price,” dollars: 

Yttrium oxide, per kilogram, minimum 99.999 purity” 25-27 136-141 86-91 23-27 15-17 


Yttrium metal, per kilogram, minimum 99.9% purity” 50-60 162-172 141-151 60-70 55-65 
Net import reliance® ®7 asa percentage of 
apparent consumption 100 100 >95 >95 >95 


Recycling: Small quantities, primarily from phosphors. 


Import Sources (2010-13): Yttrium compounds, greater than 19% to less than 85% weight percent yttrium oxide 
equivalent: China, 62%; Japan, 15%; Germany, 12%; Austria, 4%; and other, 7%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Rare-earth metals, scandium and yttrium, 

whether or not intermixed or interalloyed 2805.30.0000 5.0% ad val. 
Yttrium-bearing materials and compounds 

containing by weight >19% to <85% Y203 2846.90.4000 Free. 
Other rare-earth compounds, including yttrium 

oxide >85% Y.O3 and other compounds 2846.90.8000 3.7% ad val. 


Depletion Allowance: Monazite, thorium content, 22% (Domestic), 14% (Foreign); yttrium, rare-earth content, 14% 
(Domestic and foreign); and xenotime, 14% (Domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: China produced most of the world’s supply of yttrium, from its weathered clay ion- 
adsorption ore deposits in the southern Provinces, primarily Fujian, Guangdong, and Jiangxi, and from a lesser 
number of deposits in Guangxi and Hunan. Processing was primarily at facilities in Guangdong, Jiangsu, and Jiangxi 
Provinces. 
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YTTRIUM 


Globally, yttrium was mainly consumed in the form of high-purity oxide compounds for phosphors. Lesser amounts 
were consumed in ceramics, electronic devices, lasers, and metallurgical applications. Global consumption of yttrium 
oxide was estimated to be 6,000 tons. Owing to abundant supply and shrinking demand in some markets, prices for 
yttrium metal and oxide decreased significantly in 2014, returning prices to levels prior to all-time highs reached in 
2011. According to industry reports, increasing popularity of light-emitting-diode (LED) lighting over traditional 
fluorescent lighting has reduced the consumption of yttrium-based phosphors. 


No imports of yttrium-bearing thorium ores and concentrates were reported through September 2014. The most 
recent reported imports of thorium ores and concentrates occurred in 2012. 


According to China’s preliminary export statistics, yttrium oxide exports increased in 2014. During the first three 
quarters of 2014, China exported 718 tons of yttrium oxide, primarily to Japan (53%), Italy (16%), and the United 
States (10%). Exports to the United States were nearly unchanged compared with those in 2013. 


In 2014, the Defense Logistics Agency (DLA) Strategic Materials was seeking to identify sources for yttrium oxide 
suitable for use by domestic industries. Based on the information collected and other market research, DLA Strategic 
Materials may release a Solicitation for the acquisition of 25 tons of yttrium oxide, which was expected to meet the 
stockpile requirements to mitigate against a potential supply chain disruption. 


In China, according to media reports, the government was reported to be building a national stockpile of rare earths. 
In 2014, China was expected to add 10,000 tons of rare earths, including 2,500 tons of yttrium oxide. China continued 
to struggle with illegal mining, processing, and smuggling of rare earths. In India, a processing plant was being 
commissioned to produce several thousand metric tons of rare-earth compounds derived from monazite. India’s 
monazite was produced at Manavalakurichi (Tamil Nadu), Chavara (Kerala), and Chatrapur (Odisha). 


World Mine Production and Reserves:° World production of yttrium was based almost entirely in China. In 2014, 
world production was estimated to be 7,000 t. Mine production of rare-earth oxides in Australia, including yttrium 
oxide, was estimated to be 2,500 tons in 2014 compared with 2,000 tons in 2013. The yttrium oxide content of the 
rare-earth oxides in Australia’s Central Lanthanide deposit was estimated to be 0.76%. Reserves of yttrium are 
associated with those of rare earths. Global reserves of yttrium oxide were estimated to be more than 500,000 tons”. 
The leading countries for these reserves included Australia, Brazil, China, India, and the United States. 


World Resources: The world’s resources of yttrium are probably very large. Yttrium is associated with most rare- 
earth deposits. It occurs in various minerals in differing concentrations and occurs in a wide variety of geologic 
environments, including alkaline granites and intrusives, carbonatites, hydrothermal deposits, laterites, placers, and 
vein-type deposits. Although reserves may be sufficient to satisfy near-term demand at current rates of production, 
economics, environmental issues, and permitting and trade restrictions could affect the mining or availability of many 
of the rare-earth elements, including yttrium. Large resources of yttrium in monazite and xenotime are available 
worldwide in placer deposits, carbonatites, uranium ores, and weathered clay deposits (ion-adsorption ore). Additional 
resources of yttrium occur in apatite-magnetite-bearing rocks, deposits of niobium-tantalum minerals, non-placer 
monazite-bearing deposits, sedimentary phosphate deposits, and uranium ores. 


Substitutes: Substitutes for yttrium are available for some applications but generally are much less effective. In most 
uses, especially in electronics, lasers, and phosphors, yttrium is not subject to substitution by other elements. As a 
stabilizer in zirconia ceramics, yttria (yttrium oxide) may be substituted with calcia (calcium oxide) or magnesia 
(magnesium oxide), but the substitutes generally impart lower toughness. 


“Estimated. NA Not available. — Zero. 

'See also Rare Earths; trade data for yttrium are included in the data shown for rare earths. 

“Includes yttrium contained in rare-earth ores and mineral concentrates. 

’Based on data from the U.S. Census Bureau and the Port Import/Export Reporting Service, JOC Group Inc. 
“Essentially, all yttrium consumed domestically was imported or refined from imported materials. 

Free on board China from Metal-Pages Ltd., Teddington, United Kingdom. 

°Defined as imports — exports + adjustments for Government and industry stock changes. Insufficient data were available to determine exports and 
stocks changes and were excluded from the calculation. 

“Includes yttrium contained in rare-earth ores and concentrates. 

®See Appendix C for resource/reserve definitions and information concerning data sources. 

*Correction posted on March 12, 2015. 
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ZEOLITES (NATURAL) 


(Data in metric tons unless otherwise noted) 


Domestic Production and Use: Natural zeolites were mined by nine companies in the United States. About 67,000 
tons of natural zeolites were produced in 2014. Chabazite was mined in Arizona; clinoptilolite was mined in California, 
Idaho, New Mexico, Oregon, and Texas. New Mexico was the leading zeolite-producing State in 2014, followed by 
Texas, Idaho, Arizona, California, and Oregon. 


In 2014, about 65,400 tons of natural zeolites were consumed in the United States. Domestic uses for natural zeolites 
were, in decreasing order by tonnage, animal feed, pet litter, odor control, cement (primarily down-hole cement 
applications by the drilling industry), water purification, wastewater treatment, fertilizer carrier, fungicide or pesticide 
carrier, gas absorbent (and air filtration), oil absorbent, desiccant, aquaculture, and catalyst. The five leading uses 
accounted for more than 70% of the domestic natural zeolite sales tonnage. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production 61,300 65,400 74,000 69,500 67,600 
Sales, mill 60,000 65,200 70,500 68,300 65,400 
Imports for consumption® 150 150 5 6) 5 
Exports® 400 1,100 750 200 200 
Consumption, apparent® ' 59,800 64,200 69,800 68,100 65,200 
Price, range of value, dollars per metric ton? 30-900 40-800 50-800 50-800 50-800 
Net import reliance’ as a percentage of 

estimated consumption E E E E E 


Recycling: Natural zeolites used for such applications as desiccants, gas absorbents, wastewater cleanup, or water 
purification may be reused after reprocessing of the spent zeolites. 


Import Sources (2010—13): Comprehensive trade data are not available for natural zeolites. Nearly all exports and 
imports were synthetic zeolites. 


Tariff: Item Number Normal Trade Relations 
12-31-14 
Mineral substances not elsewhere 
specified or included 2530.90.8050 Free. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: U.S. consumption of natural zeolites decreased by 3% in 2014. Because of the 
markets served by the natural zeolite producers, sales do not always follow economic trends, which have improved in 
the past 3 years. During the past 20 years, the greatest increase in market sales have been for animal feed, the 
leading market in 2014. Sales of natural zeolites for cement, odor control, wastewater treatment, and water treatment 
applications have increased in the past 10 years, although expansion of those markets has not been as great as with 
animal feed. Sales for pet litter declined during the past 20 years because of competition from other products and 
shifting of some pet litter sales to other zeolite markets. Although specific data are not available on U.S. trade of 
natural zeolites, the United States was believed to be a net exporter of natural Zeolites in 2014. 
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ZEOLITES (NATURAL) 


World Mine Production and Reserves: Natural zeolite production data are not available for most countries. 
Countries mining large tonnages of zeolites typically use them in low-value applications. The ready availability of 
zeolite-rich rock at low cost and the shortage of competing minerals and rocks are probably the most important 
factors encouraging its large-scale use. It is also likely that a significant percentage of the material sold as zeolites in 
some countries is ground or sawn volcanic tuff that contains only a small amount of zeolites. Examples of such usage 
are dimension stone (as an altered volcanic tuff), lightweight aggregate, pozzolanic cement, and soil conditioners. 


World reserves of natural zeolites have not been estimated. Deposits occur in many countries, but companies rarely, 
if ever, publish reserves data. Further complicating estimates of reserves is the fact that much of the reported world 
production includes altered volcanic tuffs that contain low to moderate concentrations of zeolites. These typically are 
used in high-volume construction applications, and therefore some deposits should be excluded from reserves 
estimates because it is the rock itself and not its zeolite content that makes the deposit valuable. 


Mine production Reserves’ 
2013 2014° 

United States 69,500 67,600 
China” 2,000,000 2,000,000 World reserves are 
Jordan 15,000 13,000 not determined but are 
Korea, Republic of 230,000 230,000 estimated to be large. 
Turkey 50,000 70,000 
Other countries” 350,000 350,000 

World total (rounded) 2,710,000 2,730,000 


World Resources: World resources have not been estimated for natural zeolites. An estimated 120 million tons of 
clinoptilolite, chabazite, erionite, mordenite, and phillipsite is present in near-surface deposits in the Basin and Range 
province in the United States. Resources in the United States may approach 10 trillion tons for zeolite-rich deposits. 


Substitutes: For pet litter, natural zeolites compete with other mineral-based litters, such as those manufactured 
using attapulgite, bentonite, diatomite, fuller’s earth, and sepiolite; organic litters made from shredded corn stalks and 
paper, straw, and wood shavings; and litters made using silica gel. Diatomite, perlite, pumice, vermiculite, and 
volcanic tuff compete with natural zeolite as lightweight aggregate. Zeolite desiccants compete against such products 
aS magnesium perchlorate and silica gel. Zeolites compete with bentonite, gypsum, montmorillonite, peat, perlite, 
silica sand, and vermiculite in various soil amendment applications. Carbon, diatomite, or silica sand may substitute 
for zeolites in water purification applications. As an oil absorbent, zeolites compete mainly with bentonite, diatomite, 
fuller’s earth, sepiolite, and a variety of polymer and natural organic products. In animal feed, zeolites compete with 
bentonite, diatomite, fuller’s earth, kaolin, talc, and silica as anticaking and flow-control agents. 


“Estimated. E Net exporter. 

‘Defined as sales, mill + imports — exports. 

Estimate based on values reported by U.S. producers and prices published in the trade literature. Bulk shipments typically range from $100 to 
$230 per ton. 

Defined as imports — exports. 

“See Appendix C for resource/reserve definitions and information concerning data sources. 

“Includes materials appropriate for pozzolan applications. 
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ZINC 


(Data in thousand metric tons of zinc content unless otherwise noted) 


Domestic Production and Use: The value of zinc mined in 2014, based on zinc contained in concentrate, was about 
$1.94 billion. Zinc was mined in 4 States at 14 mines operated by 4 companies. Four facilities, one primary and three 
secondary, operated by three companies produced commercial-grade zinc metal. Of the total reported zinc 
consumed, about 80% was used in galvanizing, 6% in brass and bronze, 5% in zinc-base alloys, and 9% in other 
uses. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production: 
Mine, zinc in concentrate 748 769 738 784 820 
Metal production 
At primary smelters 120 110 114 106 115 
At secondary smelters 129 138 147 127 70 
Imports for consumption: 
Zinc in ore and concentrate 32 27 6 3 — 
Refined zinc 671 716 655 713 810 
Exports: 
Zinc in ore and concentrate 752 653 591 669 650 
Refined zinc 4 18 14 12 15 
Shipments from Government stockpile — — — — _ 
Consumption, apparent, refined zinc’ 907 939 891 940 990 
Price, average, cents per pound: 
North American? 102.0 106.2 95.8 95.6 107.5 
London Metal Exchange (LME), cash 98.0 99.5 88.3 86.6 98.5 
Reported producer and consumer stocks, refined zinc, 
yearend 108 145 156 150 140 
Employment: 
Mine and mill, number® 1,790 2,240 2,310 2,060 2,600 
Smelter, primary, number 255 244 252 257 257 
Net import reliance as a percentage of 
apparent consumption (refined zinc) 73 74 71 15 81 


Recycling: In 2014, about 52% (95,000 tons) of the refined zinc produced in the United States was recovered from 
secondary materials at both primary and secondary smelters. Secondary materials included galvanizing residues and 
crude zinc oxide recovered from electric arc furnace dust. 


Import Sources (2010-13): Ore and concentrate: Peru, 74%; Canada, 16%; Mexico, 8%; and Turkey%. Refined 
metal: Canada, 69%; Mexico, 13%; Peru, 8%; Australia, 4%; and other, 6%. Waste and scrap: Canada, 69%; Mexico, 
28%; Dominican Republic, 2%; and other, 1%. Combined total: Canada, 68%; Mexico, 13%; Peru, 9%; and other, 
10%. 


Tariff: Item Number Normal Trade Relations” 
12-31-14 
Zinc ores and concentrates, Zn content 2608.00.0030 Free. 
Zinc oxide and zinc peroxide 2817.00.0000 Free. 
Unwrought zinc, not alloyed: 
Containing 99.99% or more zinc 7901.11.0000 1.5% ad val. 
Containing less than 99.99% zinc: 
Casting-grade 7901.12.1000 3% ad val. 
Other 7901.12.5000 1.5% ad val. 
Zinc alloys 7901.20.0000 3% ad val. 


Depletion Allowance: 22% (Domestic), 14% (Foreign). 


Government Stockpile: 
Stockpile Status—9—30-14° 


Disposal Plan Disposals 
Material Inventory FY 2014 FY 2014 
Zinc 7 — — 
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ZINC 


Events, Trends, and Issues: Global zinc mine production in 2014 was 13.3 million tons, essentially unchanged from 
that of 2013. According to the International Lead and Zinc Study Group, refined zinc production in 2014 increased by 
3% to 13.25 million tons, and metal consumption rose by 5% to 13.65 million tons, resulting in a production-to- 
consumption deficit of about 400,000 tons of refined zinc. Domestic zinc mine production increased by 5% in 2014 
from that of 2013 owing to increased production at the Red Dog Mine in Alaska; mill throughput at the mine rose 
significantly as a result of processing softer ores from the Aqqaluk deposit. The Pend Oreille Mine in Washington 
reopened in 2014 and began shipping concentrates by yearend. At full production, the mine could produce zinc in 
concentrate at a rate of 44,000 tons per year. Zinc metal production decreased by 20% owing to a decline in 
secondary production; a zinc-recycling company closed its smelter in Pennsylvania coincident with the startup of its 
new 140,000-metric-ton-per-year recycling facility in North Carolina in the second quarter. Technical issues, however, 
delayed rampup efforts at the new facility in the latter half of the year. Apparent zinc consumption increased by 5% in 
2014 as reflected by a rise in net imports of unwrought zinc and a decline in yearend industry stocks. Increased 
consumption was attributed to increased U.S. residential construction and infrastructure development. 


North American Special High Grade (SHG) zinc prices averaged $1.01 per pound in the first quarter of 2014, $1.03 
per pound in the second quarter, and $1.14 per pound during the third quarter. North American SHG zinc premiums 
began the year at about 9.3 cents per pound and remained around that level through April, after which they declined 
to just under 9 cents per pound by October. 


In November, the U.S. Senate Permanent Subcommittee on Investigations released a report revealing that several 
financial holding companies used their physical commodity activities to gain access to commercially valuable 
nonpublic information and thus gained unfair trading advantages in these markets. Two banks owned and operated a 
network of metal warehouses in the United States that stored LME-registered metal, including zinc, during the year. 


World Mine Production and Reserves: Reserves estimates for Bolivia, Canada, Ireland, Mexico, and other 
countries were revised based on company data. The reserves estimates for Australia and Peru were revised based 
on data from Government reports. 


Mine production’ Reserves® 
2013 2014° 

United States 784 820 10,000 
Australia 1,520 1,500 °62,000 
Bolivia 407 410 4,500 
Canada 426 350 5,900 
China 5,000 5,000 43,000 
India 793 700 11,000 
lreland 327 300 1,100 
Kazakhstan 362 330 10,000 
Mexico 643 700 16,000 
Peru 1,350 1,300 29,000 
Other countries 1,800 1,900 42,000 
World total (rounded) 13,400 13,300 230,000 


World Resources: Identified zinc resources of the world are about 1.9 billion metric tons. 


Substitutes: Aluminum and plastics substitute for galvanized sheet in automobiles; and aluminum alloy, cadmium, 
paint, and plastic coatings replace zinc coatings in other applications. Aluminum- and magnesium-based alloys are 
major competitors for zinc-based die-casting alloys. Many elements are substitutes for zinc in chemical, electronic, 
and pigment uses. 


“Estimated. — Zero. 

‘Apparent consumption in 2010 and 2011 does not necessarily reflect reported industry stock changes. Stocks increased during these years owing 
to an increased response rate from industry. 

“Platts Metals Week price for North American SHG zinc; based on the LME cash price plus premium. 

‘Includes mine and mill employment at all zinc-producing mines. Source: Mine Safety and Health Administration. 

“Defined as imports — exports + adjustments for Government and industry stock changes. The net import reliance from 2009 to 2011 does not 
necessarily reflect reported industry stock changes. Stocks increased during these years owing to an increased response rate from industry. 
°No tariff for Canada, Mexico, and Peru for items shown. 

°See Appendix B for definitions. 

‘Zinc content of concentrate and direct shipping ore. 

®See Appendix C for resource/reserve definitions and information concerning data sources. 

*For Australia, Joint Ore Reserves Committee (JORC)-compliant reserves were 28.9 million tons. 
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ZIRCONIUM AND HAFNIUM 


(Data in metric tons unless otherwise noted) 


Domestic Production and Use: In 2014, three firms mined zircon from surface-mining operations in Florida, 
Georgia, and Virginia. Zirconium metal and hafnium metal were produced from zirconium chemical intermediates by 
two domestic producers, one in Oregon and the other in Utah. The zirconium-silicate mineral zircon is produced as a 
coproduct from the mining and processing of heavy minerals. Typically, zirconium and hafnium are contained in 
zircon at a ratio of about 50 to 1. Zirconium chemicals were produced by the metal producer in Oregon and by at least 
10 other companies. Ceramics, foundry applications, opacifiers, and refractories are the leading end uses for zircon. 
Other end uses of zircon include abrasives, chemicals, metal alloys, and welding rod coatings. The leading 
consumers of zirconium metal and hafnium metal are the nuclear energy and chemical process industries. 


Salient Statistics—United States: 2010 2011 2012 2013 2014° 
Production, zircon W W W W W 
Imports: 
Zirconium, ores and concentrates (ZrO. content) 14,900 17,200 16,700 8,050 28,300 
Zirconium, unwrought, powder, and waste and scrap 726 487 279 395 805 
Zirconium, wrought 423 396 288 319 307 
Hafnium, unwrought, powder, and waste and scrap 6 10 23 10 21 
Exports: 
Zirconium ores and concentrates (ZrO. content) 30,800 15,800 13,000 19,000 5,490 
Zirconium, unwrought, powder, and waste and scrap 503 677 554 600 640 
Zirconium, wrought 1,530 1,330 1,250 1,140 952 
Consumption, zirconium ores and concentrates, 
apparent (ZrO. content) W W W W W 
Prices: 
Zircon, dollars per metric ton (gross weight): 
Domestic’ 860 2,650 2,650 1,050 1,050 
Imported* 1,093 2,122 2,033 996 1,106 
Zirconium, unwrought, import, France, dollars per kilogram® 74 64 91 15 97 
Hafnium, unwrought, import, France, dollars per kilogram® 453 544 503 578 568 


Net import reliance’ as a percentage of 
apparent consumption: 
Zirconium E <10% <10% E <20% 
Hafnium NA NA NA NA NA 


Recycling: Companies in Oregon and Utah recycled zirconium from scrap generated during metal production and 
fabrication. Scrap zirconium metal and alloys were recycled by companies in California and Oregon. Zircon foundry 
mold cores and spent or rejected zirconia refractories are often recycled. Hafnium metal recycling was insignificant. 


Import Sources (2010-13): Zirconium mineral concentrates: South Africa, 60%; Australia, 35%; and other, 5%. 
Zirconium, unwrought, including powder: Japan, 49%; Germany, 31%; China, 8%; France, 6%; and other, 6%. 
Hafnium, unwrought: France, 50%; Australia, 23%; Germany, 21%; and other, 6%. 


Tariff: Item Number Normal Trade Relations 
12-31-14 

Zirconium ores and concentrates 2615.10.0000 Free. 
Germanium oxides and zirconium dioxide 2825.60.0000 3.7% ad val. 
Ferrozirconium 7202.99.1000 4.2% ad val. 
Zirconium, unwrought and zirconium powder 8109.20.0000 4.2% ad val. 
Zirconium waste and scrap 8109.30.0000 Free. 

Other zirconium articles 8109.90.0000 3.7% ad val. 
Hafnium, unwrought, powder, and waste and scrap 8112.92.2000 Free. 


Depletion Allowance: 22% (Domestic), 14% (Foreign). 


Government Stockpile: None. 
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ZIRCONIUM AND HAFNIUM 


Events, Trends, and Issues: Domestic production of zirconium ores and concentrates continued at two mines near 
Stony Creek, VA, and one near Starke, FL. Operations at one of the Virginia mines were idled in April, and the 
associated mineral separation plant operated at reduced capacity in order to draw down existing inventories. Prices 
for zircon concentrates were also down from the all-time high prices of 2011 and 2012. U.S. imports increased by 
about 350% and exports decreased by about 71% owing to reduced domestic production and pent-up demand from 
the steel refractory and industrial consumers that deferred buying during the period of high prices. 


In May, a new zircon mine started up in Charlton County, GA, and a second mine in Brantley County, GA, was 
expected to begin production in the fourth quarter 2015. A mineral sands plant in Pierce County, GA, was being 
constructed to process the heavy minerals from the two new mines and was expected to be completed in the second 
quarter 2015. The operator of the two mines in Virginia announced the decision to mine out deposits at both Virginia 
operations without further investment and was expected to compete mining and processing activities at these 
locations at the end of 2015. 


Three significant heavy-mineral concentrate projects began production in 2014. In South Africa, the Tormin project 
began production of zircon and rutile concentrates in January and was expected to produce 48,000 tons per year of 
nonmagnetic concentrate grading 81% zircon and 11.6% rutile over a 4-year mine life. In Kenya, zircon production at 
the Kwale project began in February. Production of zircon was expected to be 30,000 tons per year during a mine life 
of 13 years. In Senegal, production began at the Grande Cote project in March 2014 with the first shipment of zircon 
made in August. At full production capacity, Grand Cote was expected to produce about 80,000 tons per year of 
zircon during a mine life of more than 20 years. Heavy-mineral exploration and mining projects were also underway in 
Australia, Madagascar, Mozambique, Tanzania, and Sri Lanka. 


World Mine Production and Reserves: World primary hafnium production data are not available. Although hafnium 
occurs with zirconium in the minerals zircon and baddeleyite, quantitative estimates of hafnium reserves are not 
available. 


Zirconium mine production Zirconium reserves” 
(thousand metric tons) (thousand metric tons, ZrQ2) 
2013 2014° 
United States W W 500 
Australia 850 900 51,000 
China 150 140 500 
India 41 40 3,400 
Indonesia 110 120 NA 
Mozambique 47 56 1,100 
South Africa 170 170 14,000 
Other countries 140 110 7,200 
World total (rounded) 4.510 4 540 78,000 


World Resources: Resources of zircon in the United States included about 14 million tons associated with titanium 
resources in heavy-mineral sand deposits. Phosphate rock and sand and gravel deposits could potentially yield 
substantial amounts of zircon as a byproduct. World resources of hafnium are associated with those of zircon and 
baddeleyite. Quantitative estimates of hafnium resources are not available. 


Substitutes: Chromite and olivine can be used instead of zircon for some foundry applications. Dolomite and spinel 
refractories can also substitute for zircon in certain high-temperature applications. Niobium (columbium), stainless 
steel, and tantalum provide limited substitution in nuclear applications, while titanium and synthetic materials may 
substitute in some chemical processing plant applications. Silver-cadmium-indium control rods are used in lieu of 
hafnium at numerous nuclear powerplants. Zirconium can be used interchangeably with hafnium in certain 
superalloys. 


“Estimated. E Net exporter. NA Not available. W Withheld to avoid disclosing company proprietary data. 
"Source: Industrial Minerals, yearend average of high-low price range. 

*Unit value based on U.S. imports for consumption from Australia and South Africa. 

°Unit value based on U.S. imports for consumption from France. 

“Defined as imports — exports. 

°See Appendix C for resource/reserve definitions and information concerning data sources. 

°Excludes U.S. production. 
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APPENDIX A 
Abbreviations and Units of Measure 
1 carat (metric) (diamond) = 200 milligrams 
1 flask (fl) = 76 pounds, avoirdupois 
1 karat (gold) = one twenty-fourth part 
1 kilogram (kg) = 2.2046 pounds, avoirdupois 


1 long ton (It) 

1 long ton unit (Itu) 
long calcined ton (Ict) 
long dry ton (Idt) 

Mcf 


2,240 pounds, avoirdupois 

1% of 1 long ton or 22.4 pounds avoirdupois 
excludes water of hydration 

excludes excess free moisture 

1,000 cubic feet 

2,204.6 pounds, avoirdupois or 1,000 kilograms 


1 metric ton (t) 


1 metric ton (t) = 1.1023 short ton 
1 metric ton unit (mtu) = 1% of 1 metric ton or 10 kilograms 
metric dry ton (mdt) = excludes excess free moisture 
1 pound (lb) = 453.6 grams 
1 short ton (st) = 2,000 pounds, avoirdupois 
1 short ton unit (stu) = 1% of 1 short ton or 20 pounds, avoirdupois 
short dry ton (sat) = excludes excess free moisture 
1 troy ounce (tr oz) = 1.09714 avoirdupois ounces or 31.103 grams 
1 troy pound = 12 troy ounces 
APPENDIX B 


Definitions of Selected Terms Used in This Report 
Terms Used for Materials in the National Defense Stockpile and Helium Stockpile 


Inventory refers to the quantity of mineral materials held in the National Defense Stockpile or in the Federal Helium 
Reserve. Nonstockpile-grade materials may be included in the table; where significant, the quantities of these 
stockpiled materials will be specified in the text accompanying the table. 


Authorized for disposal refers to quantities that are in excess of the stockpile goal for a material, and for which 
Congress has authorized disposal over the long term at rates designed to maximize revenue but avoid undue 
disruption to the usual markets and financial loss to the United States. 


Disposal plan FY 2014 indicates the total amount of a material in the National Defense Stockpile that the U.S. 
Department of Defense is permitted to sell under the Annual Materials Plan approved by Congress for the fiscal year. 
FY 2014 (fiscal year 2014 is the period October 1, 2013, through September 30, 2014). For mineral commodities that 
have a disposal plan greater than the inventory, actual quantity will be limited to remaining disposal authority or 
inventory. Note that, unlike the National Defense Stockpile, helium stockpile sales by the Bureau of Land 
Management under the Helium Privatization Act of 1996 are permitted to exceed disposal plans. 


Disposals FY 2014 refers to material sold or traded from the stockpile in FY 2014. 


Depletion Allowance 


The depletion allowance is a business tax deduction analogous to depreciation, but which applies to an ore reserve 
rather than equipment or production facilities. Federal tax law allows this deduction from taxable corporate income, 
recognizing that an ore deposit is a depletable asset that must eventually be replaced. 
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APPENDIX C—Reserves and Resources 


Reserves data are dynamic. They may be reduced as 
ore is mined and/or the extraction feasibility diminishes, 
or more commonly, they may continue to increase as 
additional deposits (known or recently discovered) are 
developed, or currently exploited deposits are more 
thoroughly explored and/or new technology or economic 
variables improve their economic feasibility. Reserves 
may be considered a working inventory of mining 
companies’ supply of an economically extractable 
mineral commodity. As such, the magnitude of that 
inventory is necessarily limited by many considerations, 
including cost of drilling, taxes, price of the mineral 
commodity being mined, and the demand for it. 
Reserves will be developed to the point of business 
needs and geologic limitations of economic ore grade 
and tonnage. For example, in 1970, identified and 
undiscovered world copper resources were estimated to 
contain 1.6 billion metric tons of copper, with reserves of 
about 280 million metric tons of copper. Since then, 
almost 480 million metric tons of copper have been 
produced worldwide, but world copper reserves in 2014 
were estimated to be 700 million metric tons of copper, 


more than double those in 1970, despite the depletion 
by mining of more than the original estimated reserves. 


Future supplies of minerals will come from reserves and 
other identified resources, currently undiscovered 
resources in deposits that will be discovered in the 
future, and material that will be recycled from current in- 
use stocks of minerals or from minerals in waste 
disposal sites. Undiscovered deposits of minerals 
constitute an important consideration in assessing future 
supplies. USGS reports provide estimates of 
undiscovered mineral resources using a three-part 
assessment methodology (Singer and Menzie, 2010). 
Mineral-resource assessments have been carried out 
for small parcels of land being evaluated for land 
reclassification, for the Nation, and for the world. 


Reference Cited 
Singer, D.A., and Menzie, W.D., 2010, Quantitative mineral resource 


assessments—An integrated approach: Oxford, United Kingdom, 
Oxford University Press, 219 p. 


Part A—Resource/Reserve Classification for Minerals’ 


INTRODUCTION 


Through the years, geologists, mining engineers, and 
others operating in the minerals field have used various 
terms to describe and classify mineral resources, which 
as defined herein include energy materials. Some of 
these terms have gained wide use and acceptance, 
although they are not always used with precisely the 
same meaning. 

The USGS collects information about the quantity 
and quality of all mineral resources. In 1976, the USGS 
and the U.S. Bureau of Mines developed a common 
classification and nomenclature, which was published as 
USGS Bulletin 1450-A—“Principles of the Mineral 
Resource Classification System of the U.S. Bureau of 
Mines and U.S. Geological Survey.” Experience with this 
resource classification system showed that some 
changes were necessary in order to make it more 
workable in practice and more useful in long-term 
planning. Therefore, representatives of the USGS and 
the U.S. Bureau of Mines collaborated to revise Bulletin 
1450-A. Their work was published in 1980 as USGS 
Circular 831—“Principles of a Resource/Reserve 
Classification for Minerals.” 

Long-term public and commercial planning must be 
based on the probability of discovering new deposits, on 
developing economic extraction processes for currently 
unworkable deposits, and on knowing which resources 
are immediately available. Thus, resources must be 
continuously reassessed in the light of new geologic 
knowledge, of progress in science and technology, and 
of shifts in economic and political conditions. To best 
serve these planning needs, known resources should be 
classified from two standpoints: (1) purely geologic or 
physical/chemical characteristics—such as grade, 
quality, tonnage, thickness, and depth—of the material 
in place; and (2) profitability analyses based on costs of 
extracting and marketing the material in a given 


economy at a given time. The former constitutes 
important objective scientific information of the resource 
and a relatively unchanging foundation upon which the 
latter more valuable economic delineation can be based. 

The revised classification system, designed generally 
for all mineral materials, is shown graphically in figures 1 
and 2; its components and their usage are described in 
the text. The classification of mineral and energy 
resources is necessarily arbitrary because definitional 
criteria do not always coincide with natural boundaries. 
The system can be used to report the status of mineral 
and energy-fuel resources for the Nation or for specific 
areas. 


RESOURCE/RESERVE DEFINITIONS 


A dictionary definition of resource, “something in 
reserve or ready if needed,” has been adapted for 
mineral and energy resources to comprise all materials, 
including those only surmised to exist, that have present 
or anticipated future value. 

Resource.—A concentration of naturally occurring solid, 
liquid, or gaseous material in or on the Earth's crust 
in such form and amount that economic extraction of 
a commodity from the concentration is currently or 
potentially feasible. 

Original Resource.—The amount of a resource before 
production. 

Identified Resources.—Resources whose location, 
grade, quality, and quantity are known or estimated 
from specific geologic evidence. Identified resources 
include economic, marginally economic, and 
subeconomic components. To reflect varying degrees 
of geologic certainty, these economic divisions can 
be subdivided into measured, indicated, and inferred. 


‘Based on U.S. Geological Survey Circular 831, 1980. 
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Demonstrated.—A term for the sum of measured 
plus indicated. 

Measured.—Quantity is computed from 
dimensions revealed in outcrops, trenches, 
workings, or drill holes; grade and(or) quality 
are computed from the results of detailed 
sampling. The sites for inspection, sampling, 
and measurements are spaced so closely and 
the geologic character is so well defined that 
size, shape, depth, and mineral content of the 
resource are well established. 

Indicated.—Quantity and grade and(or) quality 
are computed from information similar to that 
used for measured resources, but the sites for 
inspection, sampling, and measurement are 
farther apart or are otherwise less adequately 
spaced. The degree of assurance, although 
lower than that for measured resources, is high 
enough to assume continuity between points of 
observation. 

Inferred.—Estimates are based on an assumed 
continuity beyond measured and(or) indicated 
resources, for which there is geologic evidence. 
Inferred resources may or may not be supported 
by samples or measurements. 


Reserve Base.—That part of an identified resource that 


meets specified minimum physical and chemical 
criteria related to current mining and production 
practices, including those for grade, quality, 
thickness, and depth. The reserve base is the in- 
place demonstrated (measured plus indicated) 
resource from which reserves are estimated. It may 
encompass those parts of the resources that have a 
reasonable potential for becoming economically 
available within planning horizons beyond those that 
assume proven technology and current economics. 
The reserve base includes those resources that are 
currently economic (reserves), marginally economic 
(marginal reserves), and some of those that are 
currently subeconomic (Subeconomic resources). The 
term “geologic reserve” has been applied by others 
generally to the reserve-base category, but it also 
may include the inferred-reserve-base category; it is 
not a part of this classification system. 


Inferred Reserve Base.—The in-place part of an 


identified resource from which inferred reserves are 
estimated. Quantitative estimates are based largely 
on knowledge of the geologic character of a deposit 
and for which there may be no samples or 
measurements. The estimates are based on an 
assumed continuity beyond the reserve base, for 
which there is geologic evidence. 


Reserves.—That part of the reserve base which could 


be economically extracted or produced at the time of 
determination. The term reserves need not signify 
that extraction facilities are in place and operative. 
Reserves include only recoverable materials; thus, 
terms such as “extractable reserves” and 
“recoverable reserves” are redundant and are nota 
part of this classification system. 


Marginal Reserves.—That part of the reserve base 


which, at the time of determination, borders on being 
economically producible. Its essential characteristic is 
economic uncertainty. Included are resources that 
would be producible, given postulated changes in 
economic or technological factors. 


Economic.—This term implies that profitable extraction 


or production under defined investment assumptions 
has been established, analytically demonstrated, or 
assumed with reasonable certainty. 


Subeconomic Resources.—The part of identified 


resources that does not meet the economic criteria of 
reserves and marginal reserves. 


Undiscovered Resources.—Resources, the existence 


of which are only postulated, comprising deposits that 

are separate from identified resources. Undiscovered 

resources may be postulated in deposits of such 
grade and physical location as to render them 
economic, marginally economic, or subeconomic. To 
reflect varying degrees of geologic certainty, 
undiscovered resources may be divided into two 
parts: 

Hypothetical Resources.—Undiscovered resources 
that are similar to known mineral bodies and that 
may be reasonably expected to exist in the same 
producing district or region under analogous 
geologic conditions. If exploration confirms their 
existence and reveals enough information about 
their quality, grade, and quantity, they will be 
reclassified as identified resources. 

Speculative Resources.—Undiscovered resources 
that may occur either in known types of deposits in 
favorable geologic settings where mineral 
discoveries have not been made, or in types of 
deposits as yet unrecognized for their economic 
potential. If exploration confirms their existence 
and reveals enough information about their 
quantity, grade, and quality, they will be 
reclassified as identified resources. 


Restricted Resources/Reserves.—That part of any 


resource/reserve category that is restricted from 
extraction by laws or regulations. For example, 
restricted reserves meet all the requirements of 
reserves except that they are restricted from 
extraction by laws or regulations. 


Other Occurrences.—Materials that are too low grade 


or for other reasons are not considered potentially 
economic, in the same sense as the defined 
resource, may be recognized and their magnitude 
estimated, but they are not classified as resources. A 
separate category, labeled other occurrences, is 
included in figures 1 and 2. In figure 1, the boundary 
between subeconomic and other occurrences is 
limited by the concept of current or potential feasibility 
of economic production, which is required by the 
definition of a resource. The boundary is obviously 
uncertain, but limits may be specified in terms of 
grade, quality, thickness, depth, percent extractable, 
or other economic-feasibility variables. 


Cumulative Production.—The amount of past 


cumulative production is not, by definition, a part of 
the resource. Nevertheless, a knowledge of what has 
been produced is important in order to understand 
current resources, in terms of both the amount of past 
production and the amount of residual or remaining 
in-place resource. A separate space for cumulative 
production is shown in figures 1 and 2. Residual 
material left in the ground during current or future 
extraction should be recorded in the resource 
category appropriate to its economic-recovery 
potential. 


193 
Figure 1.—Major Elements of Mineral-Resource Classification, Excluding 
Reserve Base and Inferred Reserve Base 
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Part B—Sources of Reserve Data 


National information on reserves for most mineral 
commodities found in this report, including those for the 
United States, is derived from a variety of sources. The 
ideal source of such information would be 
comprehensive evaluations that apply the same criteria 
to deposits in different geographic areas and report the 
results by country. In the absence of such evaluations, 
national reserve estimates compiled by countries for 
selected mineral commodities are a primary source of 
national reserves information. Lacking national 
assessment information by governments, sources such 
as academic articles, company reports, presentations by 
company representatives, and trade journal articles, or a 
combination of these, serve as the basis for national 
information on reserves reported in the mineral 
commodity sections of this publication. 


A national estimate may be assembled from the 
following: historically reported reserve information 
carried for years without alteration because no new 
information is available, historically reported reserves 
reduced by the amount of historical production, and 
company reported reserves. International minerals 
availability studies conducted by the U.S. Bureau of 
Mines before 1996 and estimates of identified resources 
by an international collaborative effort (the International 
Strategic Minerals Inventory) are the bases for some 
reserve estimates. The USGS collects information about 
the quantity and quality of mineral resources but does 
not directly measure reserves, and companies or 
governments do not directly report reserves to the 
USGS. Reassessment of reserves is a continuing 
process, and the intensity of this process differs for 
mineral commodities, countries, and time period. 


Some countries have specific definitions for reserve 
data, and reserves for each country are assessed 
separately, based on reported data and definitions. An 
attempt is made to make reserves consistent among 
countries for a mineral commodity and its byproducts. 
For example, the Australasian Joint Ore Reserves 
Committee (JORC) established the Australasian Code 
for Reporting of Exploration Results, Mineral Resources 
and Ore Reserves (the JORC Code) that sets out 
minimum standards, recommendations, and guidelines 
for public reporting in Australasia of exploration results, 
mineral resources, and ore reserves. Companies listed 
on the Australian Securities Exchange and the New 
Zealand Stock Exchange are required to report publicly 
on ore reserves and mineral resources under their 
control, using the JORC Code (http://www.jorc.org/). 


Data reported for individual deposits by mining 
companies are compiled in Geoscience Australia’s 
national mineral resources database and used in the 
preparation of the annual national assessments of 
Australia’s mineral resources. Because of its specific 
use in the JORC Code, the term “reserves” is not used 
in the national inventory, where the highest category is 
“Economic Demonstrated Resources” (EDR). In 
essence, EDR combines the JORC Code categories 
proved reserves and probable reserves, plus measured 


resources and indicated resources. This is considered 
to provide a reasonable and objective estimate of what 
is likely to be available for mining in the long term. 
Accessible Economic Demonstrated Resources 
represent the resources within the EDR category that 
are accessible for mining. Reserves for Australia in 
Mineral Commodity Summaries 2015 are Accessible 
EDR. For more information, see Australia’s Identified 
Mineral Resources 2013 
(http://www.ga.gov.au/corporate_data/78988/78988 Al 
MR_2013.pdf). 


In Canada, the Canadian Institute of Mining, Metallurgy, 
and Petroleum (CIM) provides definition standards for 
the classification of mineral resources and mineral 
reserves estimates into various categories. The 
category to which a resource or reserve estimate is 
assigned depends on the level of confidence in the 
geologic information available on the mineral deposit, 
the quality and quantity of data available on the deposit, 
the level of detail of the technical and economic 
information that has been generated about the deposit, 
and the interpretation of the data and information. For 
more information on the CIM definition standards, see 
http://www.cim.org/en/News-and- 
Events/News/2014/CIM-Definition-Standards-and- 
Guidance-updated. 


Russian reserves for most minerals, which had been 
withheld, have been released with increasing frequency 
within the past few years and can appear in a number of 
sources, although no systematic list of Russian reserves 
is published. Russian reserve data for various minerals 
appear at times in journal articles, such as those in the 
journal Mineral’nye Resursy Rossii [Mineral Resources 
of Russia (MRR)], which is published by the Russian 
Ministry of Natural Resources. Russian reserve data are 
often published according to the Soviet reserves 
classification system, which is still used in many 
countries of the former Soviet Union but also at times 
published according to the JORC system based on 
analyses made by Western firms. It is sometimes not 
clear if the reserves are being reported in ore or mineral 
content. It is also in many cases not clear which 
definition of reserves is being used, as the system 
inherited from the former Soviet Union has a number of 
ways in which the term reserves is defined, and these 
definitions qualify the percentage of reserves that are 
included. For example, the Soviet reserves classification 
system, besides the categories A, B, C1, and C2, which 
represent progressively detailed knowledge of a mineral 
deposit based on exploration data, has other 
subcategories cross-imposed upon the system. Under 
the broad category reserves (Zapasy), there are 
subcategories that include balance reserves (economic 
reserves or balansovye zapasy) and outside the 
balance reserves (uneconomic reserves or 
zabalansovye zapasy), as well as categories that 
include explored, industrial, and proven reserves, and 
the reserves totals can vary significantly, depending on 
the specific definition of reserves being reported. 


APPENDIX D 


Country Specialists Directory 
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Minerals information country specialists at the U.S. Geological Survey collect and analyze information on the mineral 
industries of more than 170 nations throughout the world. The specialists are available to answer minerals-related 
questions concerning individual countries. 


Africa and the Middle East 


Algeria 

Angola 

Bahrain 

Benin 

Botswana 
Burkina Faso 
Burundi 
Cameroon 

Cabo Verde 
Central African Republic 
Chad 

Comoros 

Congo (Brazzaville) 
Congo (Kinshasa) 
Céte d'Ivoire 
Djibouti 

Egypt 

Equatorial Guinea 
Eritrea 

Ethiopia 

Gabon 

The Gambia 
Ghana 

Guinea 
Guinea-Bissau 
lran 

lraq 

Israel 

Jordan 

Kenya 

Kuwait 

Lebanon 

Lesotho 

Liberia 

Libya 
Madagascar 
Malawi 

Mali 

Mauritania 
Mauritius 


Morocco & Western Sahara 


Mozambique 
Namibia 
Niger 
Nigeria 
Oman 

Qatar 
Reunion 
Rwanda 
Sao Tomé & Principe 
Saudi Arabia 
Senegal 
Seychelles 
Sierra Leone 
Somalia 


Mowafa Taib 

Omayra Bermudez-Lugo 
Waseem Abdulameer 
Philip M. Mobbs 
Thomas R. Yager 
Omayra Bermudez-Lugo 
Thomas R. Yager 

Philip M. Mobbs 

Philip M. Mobbs 
Omayra Bermudez-Lugo 
Philip M. Mobbs 

Philip M. Mobbs 

Philip M. Mobbs 
Thomas R. Yager 
Omayra Bermudez-Lugo 
Mowafa Taib 

Mowafa Taib 

Philip M. Mobbs 
Thomas R. Yager 
Thomas R. Yager 
Waseem Abdulameer 
Philip M. Mobbs 
Omayra Bermudez-Lugo 
Omayra Bermudez-Lugo 
Philip M. Mobbs 

Philip M. Mobbs 
Waseem Abdulameer 
Thomas R. Yager 
Mowafa Taib 

Thomas R. Yager 
Waseem Abdulameer 
Mowafa Taib 

Philip M. Mobbs 
Omayra Bermudez-Lugo 
Mowafa Taib 

Thomas R. Yager 
Thomas R. Yager 
Omayra Bermudez-Lugo 
Mowafa Taib 

Philip M. Mobbs 

Mowafa Taib 

Thomas R. Yager 
Omayra Bermudez-Lugo 
Omayra Bermudez-Lugo 
Philip M. Mobbs 
Waseem Abdulameer 
Waseem Abdulameer 
Philip M. Mobbs 
Thomas R. Yager 

Philip M. Mobbs 
Waseem Abdulameer 
Omayra Bermudez-Lugo 
Philip M. Mobbs 
Omayra Bermudez-Lugo 
Thomas R. Yager 


South Africa 
South Sudan 
Sudan 
Swaziland 
Syria 
Tanzania 
Togo 
Tunisia 
Uganda 
United Arab Emirates 
Yemen 
Zambia 
Zimbabwe 


Asia and the Pacific 


Afghanistan 
Australia 
Bangladesh 
Bhutan 

Brunei 

Burma (Myanmar) 
Cambodia 
China 

East Timor 

Fiji 

India 

Indonesia 

Japan 

Korea, North 
Korea, Republic of 
Laos 

Malaysia 
Mongolia 

Nauru 

Nepal 

New Caledonia 
New Zealand 
Pakistan 

Papua New Guinea 
Philippines 
Singapore 
Solomon Islands 
Sri Lanka 
Taiwan 

Thailand 
Vietnam 


Europe and Central Eurasia 


Albania 

Armenia‘ 

Austria 

Azerbaijan’ 

Belarus 

Belgium? 

Bosnia and Herzegovina 


Thomas R. Yager 
Thomas R. Yager 
Mowafa Taib 

Philip M. Mobbs 
Mowafa Taib 

Thomas R. Yager 
Omayra Bermudez-Lugo 
Mowafa Taib 

Thomas R. Yager 
Waseem Abdulameer 
Waseem Abdulameer 
Philip M. Mobbs 
Philip M. Mobbs 


Karine Renaud 
Pui-Kwan Tse 
Yolanda Fong-Sam 
Yolanda Fong-Sam 
Pui-Kwan Tse 
Yolanda Fong-Sam 
Yolanda Fong-Sam 
Pui-Kwan Tse 
Pui-Kwan Tse 

Lin Shi 

Karine Renaud 
Susan Wacaster 
Susan Wacaster 
Susan Wacaster 
Susan Wacaster 
Yolanda Fong-Sam 
Pui-Kwan Tse 

Lin Shi 

Pui-Kwan Tse 
Yolanda Fong-Sam 
Susan Wacaster 
Pui-Kwan Tse 
Karine Renaud 
Susan Wacaster 
Yolanda Fong-Sam 
Pui-Kwan Tse 
Karine Renaud 
Karine Renaud 
Pui-Kwan Tse 
Yolanda Fong-Sam 
Yolanda Fong-Sam 


Sinan Hastorun 
Elena Safirova 
Sinan Hastorun 
Elena Safirova 
Elena Safirova 
Alberto A. Perez 
Sean Xun 
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Europe and Central Eurasia—continued 


Bulgaria® 
Croatia 

Cyprus” 

Czech Republic” 


Denmark, Faroe Islands, 


and Greenland 
Estonia® 
Finland 
France? 
Georgia 
Germany’ 
Greece 
Hungary” 
Iceland 
lreland? 
Italy’ 
Kazakhstan’ 
Kosovo 
Kyrgyzstan’ 
Latvia? 
Lithuania’ 
Luxembourg’ 
Macedonia 
Malta? 
Moldova’ 
Montenegro 
Netherlands? 
Norway 
Poland 
Portugal? 
Romania’ 
Russia 
Serbia 
Slovakia? 
Slovenia” 
Spain? 
Sweden? 
Switzerland 
Tajikistan 
Turkey 
Turkmenistan’ 


Country specialist 


Waseem Abdulameer 
Omayra Bermudez-Lugo 


Yolanda Fong-Sam 
Sinan Hastorun 
Philip M. Mobbs 
Alberto A. Perez 
Karine Renaud 
Elena Safirova 

Lin Shi 

Yadira Soto-Viruet 
Mowafa Taib 
Pui-Kwan Tse 
Susan Wacaster 
Sean Xun 
Thomas R. Yager 


Sean Xun 
Sinan Hastorun 
Sinan Hastorun 
Sean Xun 


Alberto A. Perez 
Lin Shi 

Alberto A. Perez 
Alberto A. Perez 
Elena Safirova 
Alberto A. Perez 
Lin Shi 

Sinan Hastorun 
Alberto A. Perez 
Alberto A. Perez 
Alberto A. Perez 
Elena Safirova 
Sinan Hastorun 
Karine Renaud 
Lin Shi 

Lin Shi 

Alberto A. Perez 
Sean Xun 

Sinan Hastorun 
Elena Safirova 
Sinan Hastorun 
Alberto A. Perez 
Alberto A. Perez 
Sean Xun 

Sean Xun 

Sean Xun 

Elena Safirova 
Sean Xun 

Lin Shi 

Sean Xun 
Yadira Soto-Viruet 
Alberto A. Perez 
Sinan Hastorun 
Karine Renaud 
Sinan Hastorun 
Karine Renaud 


Telephone 


(703) 648-7747 
(703) 648-4946 
(703) 648-7756 
(703) 648-7744 
(703) 648-7740 
(703) 648-7749 
(703) 648--7748 
(703) 648-7731 
(703) 648-7994 
(703) 648-4957 
(703) 648-4986 
(703) 648-7750 
(703) 648-7785 
(703) 648--7746 
(703) 648-7739 


Ukraine’ Elena Safirova 
United Kingdom? Alberto A. Perez 
Uzbekistan Elena Safirova 


North America, Central America, and the Caribbean 


Aruba Yadira Soto-Viruet 
Belize Susan Wacaster 
Bermuda Yadira Soto-Viruet 
Canada Philip M. Mobbs 
Costa Rica Susan Wacaster 
Cuba Yadira Soto-Viruet 
Dominican Republic Yadira Soto-Viruet 
El Salvador Susan Wacaster 
Guatemala Susan Wacaster 
Haiti Yadira Soto-Viruet 
Honduras Susan Wacaster 
Jamaica Yadira Soto-Viruet 
Mexico Yadira Soto-Viruet 
Nicaragua Susan Wacaster 
Panama Susan Wacaster 


Trinidad and Tobago 


South America 


Yadira Soto-Viruet 


Argentina Susan Wacaster 
Bolivia Susan Wacaster 
Brazil Yadira Soto-Viruet 
Chile Susan Wacaster 
Colombia Susan Wacaster 
Ecuador Susan Wacaster 
French Guiana Philip M. Mobbs 
Guyana Philip M. Mobbs 
Paraguay Yadira Soto-Viruet 
Peru Yadira Soto-Viruet 
Suriname Philip M. Mobbs 
Uruguay Yadira Soto-Viruet 
Venezuela Yadira Soto-Viruet 


‘Member of Commonwealth of Independent States. 
*Member of European Union. 


E-mail 


wabdulameer@usgs.gov 
obermude@usgs.gov 
yfong-sam@usgs.gov 
shastorun@usgs.gov 
pmobbs@usgs.gov 
aperez@usgs.gov 
krenaud@usgs.gov 
esafirova@usgs.gov 
Ishi@usgs.gov 
ysoto-viruet@usgs.gov 
mtaib@usgs.gov 
ptse@usgs.gov 
swacaster@usgs.gov 
sxun@usgs.gov 
tyager@usgs.gov 
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Domestic survey data and tables were prepared by Chanda C. Williams, statistical assistant, and the author. 


In 2016, the estimated value of natural gemstones produced 
in the United States was $11.7 million (table 1), and the 
estimated value of U.S. production of synthetic gemstones 
was $54.9 million. The total estimated value of U.S. gemstone 
production was $66.6 million. The value of U.S. gemstone 
imports was $25.2 billion (table 8), and the value of combined 
U.S. gemstone exports and reexports was estimated to be 
$22.7 billion. In 2016, world production of natural diamond 
totaled 134 million carats, of which an estimated 73.2 million 
carats were gem quality (table 11). The value of diamond 
imported into the United States in 2016 exceeded $23.2 billion. 
This value was the combination of $20.1 billion of cut but unset 
diamonds more than 0.5 carat, $2.24 billion of cut but unset 
diamonds less than 0.5 carat, and $860 million of rough or uncut 
natural diamonds (table 5). 

In this chapter, the terms “gem” and “gemstone” mean any 
mineral or organic material (such as amber, pearl, petrified wood, 
and shell) used for personal adornment, display, or object of art 
because it possesses beauty, durability, and rarity. Of more than 
4,000 mineral species, only about 100 possess all these attributes 
and are considered to be gemstones. Silicates other than 
quartz are the largest group of gemstones in terms of chemical 
composition; oxides and quartz are the second largest (table 9). 
Gemstones are subdivided into diamond and colored gemstones, 
which in this chapter designates all natural nondiamond gems. 
In addition, synthetic gemstones and gemstone simulants (also 
known as imitation gemstones) are discussed but are treated 
separately from natural gemstones (tables 1, 7, 8, 10). Synthetic 
gemstones have the same chemical, optical, and physical 
properties as their natural gemstone counterparts. Cultured 
and laboratory-created are terms also used to refer to synthetic 
gemstones. Gemstone simulants have appearances like those of 
natural gemstone materials, but they have different chemical, 
optical, and physical properties. Trade data in this chapter are 
from the U.S. Census Bureau. All percentages in the chapter 
were calculated using unrounded data. Revisions were made 
to 2015 trade data, which caused some of the 2015 data to 
be revised from those in the 2015 Gemstones chapter of the 
U.S. Geological Survey (USGS) Minerals Yearbook, volume I, 
Metals and Minerals. Information on industrial-grade diamond 
and industrial-grade garnet can be found in the USGS Minerals 
Yearbook, volume I, Metals and Minerals, chapters on industrial 
diamond and industrial garnet, respectively. 

Gemstones have captured the attention of humans since 
prehistoric times. They have been valued as treasured objects 
throughout history by all societies in all parts of the world. 
Amber, amethyst, coral, diamond, emerald, garnet, jade, jasper, 
lapis lazuli, pearl, rock crystal, ruby, serpentine, and turquoise 
are some of the first stones known to have been used for 
making jewelry. In addition to jewelry, gemstones are used for 
collections, decorative art objects, and exhibits. 
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Production 


U.S. gemstone production data were based on a survey of 
more than 250 domestic gemstone producers conducted by the 
USGS. The survey provided a foundation for projecting the 
scope and level of domestic gemstone production during the 
year. However, the USGS survey did not represent all gemstone 
activity in the United States, which includes thousands of 
professional and amateur collectors. Consequently, the USGS 
supplemented its survey with estimates of domestic gemstone 
production from related published data, contacts with gemstone 
dealers and collectors, and information gathered at gem and 
mineral shows. 

Commercial mining of gemstones has never been extensive 
in the United States. More than 60 varieties of gemstones have 
been produced commercially from domestic mines, but most 
of the deposits are small compared with those of other mining 
operations. In the United States, much of the current gemstone 
mining 1s conducted by individual collectors, gem clubs, and 
hobbyists rather than by commercial operations. 

The commercial gemstone industry in the United States consists 
of individuals and companies that mine gemstones or harvest 
shell and pearl, firms that manufacture synthetic gemstones, 
and individuals and companies that cut and polish natural and 
synthetic gemstones. The domestic gemstone industry is focused 
on the production of colored gemstones and on the cutting and 
polishing of large diamond stones. Industry employment is 
estimated to be between 1,200 and 1,500 individuals. 

Most natural gemstone producers in the United States 
are small businesses that are widely dispersed and operate 
independently. The small producers probably have an average 
of three employees, including those who only work part time. 
The number of gemstone mines operating from year to year 
fluctuates because the uncertainty associated with the discovery 
and marketing of gem-quality minerals makes it difficult to 
obtain financing for developing and sustaining economically 
viable operations. 

The total value of natural gemstones produced in the 
United States was estimated to be $11.7 million during 
2016 (table 1). This production value was a 37% increase 
from that of 2015. 

Natural gemstone materials indigenous to the United States 
are collected or produced in every State. During 2016, each 
of the 50 States produced at least $1,530 worth of gemstone 
materials. The leading 11 States accounted for 92% of the total 
value, as reported by survey respondents. These States were, 
in descending order of production value, Oregon, Arizona, 
Idaho, Colorado, California, Montana, North Carolina, 
Nevada, Utah, Arkansas, and Maine. Some States were known 
to produce a single gemstone material—Hawaui produced 
coral and Tennessee produced freshwater pearls, for example. 
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Other States produced a variety of gemstones; for example, 
Arizona’s gemstone deposits included agate, amethyst, azurite, 
chrysocolla, garnet, jade, jasper, malachite, obsidian, onyx, 
opal, peridot, petrified wood, smithsonite, and turquoise. A wide 
variety of gemstones also was found and produced in California, 
Idaho, Montana, and North Carolina. 

In 2016, the United States had only one active operation in a 
known diamond-bearing area, Crater of Diamonds State Park 
near Murfreesboro, AR. The State of Arkansas maintains a dig- 
for-fee operation for tourists and amateur collectors at the park; 
Crater of Diamonds is the only diamond mine in the world that 
is open to the public for collecting diamonds. The diamonds 
occur in a lamproite breccia tuff associated with a volcanic pipe 
and in the soil developed from the lamproite breccia tuff. The 
largest diamond found during the year was a 2.1-carat white 
diamond (Easterling, 2017). During 2016, 501 diamond stones 
with an average weight of 0.193 carat were recovered at Crater 
of Diamonds. Of the 501 diamond stones recovered, 17 weighed 
more than 1| carat. Since the diamond-bearing pipe and the 
adjoining area became a State park in 1972, 32,444 diamond 
stones with a total weight of 6,490.0 carats have been recovered 
(Waymon Cox, Park Interpreter, Crater of Diamonds State 
Park, written commun., August 27, 2018). Exploration 
has demonstrated that this diamond deposit contains about 
78.5 million metric tons of diamond-bearing rock (Howard, 
1999, p. 62). An Arkansas law prohibits commercial diamond 
mining in the park. 

In addition to natural gemstones, synthetic gemstones and 
gemstone simulants were produced in the United States in 
2016. Synthetic gemstones that have been produced in the 
United States include alexandrite, cubic zirconia, diamond, 
emerald, garnet, moissanite, ruby, sapphire, spinel, and 
turquoise. However, during 2016, only cubic zirconia, diamond, 
moissanite, and turquoise were produced commercially. 
Gemstone simulants of amber, chrysocolla, coral, lapis lazuli, 
malachite, travertine, and turquoise also were manufactured 
in the United States. In addition, certain colors of synthetic 
sapphire and spinel, used to represent other gemstones, are 
classified as gemstone simulants. 

Synthetic gemstone production in the United States was 
valued at $54.9 million in 2016, which was a slight decrease 
compared with that of 2015 (table 1). Five companies in five 
States, representing virtually the entire U.S. synthetic gemstone 
industry, reported production to the USGS. The States with 
reported synthetic gemstone production were, in descending 
order of production value, North Carolina, New York, California, 
South Carolina, and Arizona. The value of U.S. gemstone 
simulant output was estimated to be more than $100 million. 

Since the 1950s, when scientists manufactured the first 
synthetic bits of diamond grit using a high-pressure, high- 
temperature (HPHT) method, this method of growing 
diamonds has become relatively commonplace in the world 
as a technology for synthetic diamonds, so much so that 
thousands of small plants throughout China were using the 
HPHT method and producing synthetic diamonds suitable for 
cutting as gemstones. Gem-quality diamonds of 1 carat or more 
are harder to manufacture because, at that size, it is difficult 
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to consistently produce diamonds of high quality, even in the 
controlled environment of a laboratory using the HPHT method. 
After more than 50 years of development, several synthetic 
diamond companies were able to produce relatively large high- 
quality diamonds that equaled those produced from mines. 

The chemical vapor deposition (CVD) method of producing 
synthetic diamond was also developed and used during the 
1950s. The CVD method was only capable of producing 
diamond films and small polycrystalline diamonds, which 
were unsuitable for jewelry. CVD has been used for more than 
a decade to cover large surfaces with microscopic diamond 
crystals and thereby add hardness to the surface. 

In the early 2000s, Apollo Diamond Inc. (Boston, MA) 
further developed CVD technology as a method for growing 
single, extremely pure, gem-quality diamond crystals that were 
large and suitable for use in jewelry. The CVD technique uses 
high-energy microwaves in a chamber to energize a methane 
gas into plasma, which then precipitates carbon atoms onto flat 
diamond wafer seeds as diamond. In developing this process, 
synthetic diamond producers discovered the temperature, gas 
composition, and pressure combination that resulted in the 
growth of a single diamond crystal and were able to produce 
synthetic stones that ranged from 1 to 2 carats. The size of the 
diamonds produced was limited only by the size of the diamond 
seeds and the growing chamber (table 10). 

In 2011, Scio Diamond Technology Corp. (Greenville, SC) 
acquired the diamond growing process patents and equipment 
from Apollo Diamond (Sim, 2016). During 2015, the average 
size of synthetic diamond crystals grown by Scio Diamond 
more than doubled (Scio Diamond Technology Corp., 2015). In 
2016, Scio Diamond Technology Corp. increased its capacity 
to produce colorless single-crystal diamonds at a higher quality 
and volume than the previous year. In 2016, Scio Diamond used 
CVD technology to produce synthetic single-crystal diamond 
stones for finished sizes that averaged from 0.75 to 2 carats 
for jewelry. These CVD diamonds were also appropriate for 
industrial uses (Bailey, 2016; Sim, 2016). 

Charles & Colvard, Ltd. in North Carolina was the only U.S. 
manufacturer of moissanite, a gem-quality synthetic silicon 
carbide and an excellent diamond simulant. The company used 
a proprietary patented technology. Moissanite was marketed 
for its own gem qualities; it exhibits a higher refractive index 
(brilliance) and higher luster than diamond. Its hardness is 
between that of corundum (ruby and sapphire) and that of 
diamond, which gives it durability. Charles & Colvard reported 
that moissanite sales increased by 12% to $29.2 million in 2016 
compared with $25.7 million in 2015 (Charles & Colvard, Ltd., 
2017, p. 27). 

U.S. mussel shells are used as a source of mother-of-pearl 
and as seed material for culturing pearls. The value of U.S. shell 
production increased 36% to $340,000 in 2016 compared with 
$250,000 in 2015 (table 1). This mussel shell data includes only 
freshwater mussel shells. In some regions of the United States, 
shell from mussels was being used more as a gemstone based on 
its own merit rather than as seed material for pearls. This shell 
material was being processed into mother-of-pearl and used in 
beads, jewelry, and watch faces. 
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Consumption 


Although the United States accounted for only a small portion 
of total global gemstone production, it was the world’s leading 
diamond and nondiamond gemstone market, accounting for 
more than 35% of world gemstone consumption in 2016. In the 
United States, the majority of domestic consumers designated 
diamond as their favorite gemstone. This popularity of diamonds 
is evidenced by the diamond market accounting for 94% of the 
total value of the U.S. gemstone apparent consumption. The 
U.S. apparent consumption for unset gem-quality diamond 
during the year was estimated to be $20.7 billion, a slight 
increase compared with $20.6 billion in 2015. Domestic markets 
for natural, unset nondiamond gemstones totaled $1.23 billion in 
2016, which was a 9% increase from $1.12 billion in 2015. 

U.S. specialty jewelry store retail sales increased to 
$31.4 billion for the year in 2016, a 3.8% increase compared 
with retail sales in 2015. There was a sharp increase in sales 
at the end of the year, with December 2016 sales increasing 
6.9% to $6.21 billion compared with sales of December 2015 
(Rapaport, 2017). 


Prices 


Gemstone prices are governed by many factors and qualitative 
characteristics, including beauty, clarity, defects, demand, 
durability, and rarity. Diamond pricing, in particular, is complex; 
values can vary significantly depending on time, place, and 
the subjective valuations of buyers and sellers. More than 
14,000 categories are used to assess rough diamond, and more 
than 100,000 different combinations of carat, clarity, color, and 
cut values can be used to assess polished diamond. 

Colored gemstone prices are generally influenced by market 
supply and demand considerations, and diamond prices are 
supported by producer controls on the quantity and quality of 
supply. Value of production and prices of gemstones produced 
and (or) sold in the United States are listed in tables 1, 2, and 3. 
In addition, customs values for diamonds and other gemstones 
imported, exported, or reexported are listed in tables 4 through 8. 

De Beers Group companies remained a significant force, 
influencing the price of gem-quality diamond sales worldwide 
during 2016. De Beers companies produced about 18% of total 
global quantity and 30% of total global value (De Beers Group 
UK Ltd., 2017, p. 7). 

Since 2000, De Beers’ control of world diamond pricing 
has gradually decreased. Instead, flexible pricing mechanisms 
have set the stage for new methods of rough diamond sales in 
addition to rough diamonds being sold through a limited number 
of sightholder sales, the method used for years by De Beers. 
Rough diamonds were also sold by auctions, placed sales, tender 
sales, and term contracts (De Beers Group UK Ltd., 2014, p. 39). 


Foreign Trade 


During 2016, total U.S. natural gemstone trade with all 
countries and localities was valued at about $47.9 billion, which 
was a slight decrease from that of 2015. Total U.S. natural 
gemstone trade with all countries and localities, excluding 
reexports, was valued at about $28.6 billion. Diamond 
accounted for about 89% of the 2016 gemstone trade total value. 
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In 2016, U.S. exports and reexports of diamond were shipped 
to 93 countries and localities, and imports of all gemstones 
were received from 79 countries and localities (tables 4-8). In 
2016, U.S. import quantities of cut diamond decreased slightly 
compared with those of 2015, and the value decreased by 3%. 
U.S. import quantities of rough and unworked diamond in 2016 
increased 47% compared with the previous year, and the value 
increased by 182% compared with that of 2015 (table 8). The 
United States remained the world’s leading diamond importer 
and was a significant international diamond transit center as 
well as the world’s leading gem-quality diamond market. In 
2016, U.S. export and reexport quantities of gem-grade diamond 
decreased by 5% compared with those of 2015, and the value 
increased by 5%. The large quantity of reexports revealed the 
significance of the United States in the world’s diamond supply 
network (table 4). 

Import values of natural gemstones increased slightly to $25.2 
billion for the United States in 2016 compared with $25.0 billion 
in 2015. Import values of synthetic gemstone more than 
doubled to $74.2 million in 2016 compared with $31.6 million 
2015 (tables 7-8). This increase was due to large increases in 
synthetic gemstone imports from China and India. Synthetic 
gemstone imports from India, China, Russia, Germany, Hong 
Kong, Belgium, and Austria had a value of about $66.6 million 
and accounted for about 94% (by value) of total domestic 
imports of synthetic gemstones during 2016 (table 7). The 
marketing of imported synthetic gemstones and enhanced 
gemstones as natural gemstones and the mixing of synthetic 
materials with natural stones in imported parcels continued to 
be an issue for some domestic jewelers and sales companies in 
2016. In addition, some simulants were marketed as natural or 
synthetic gemstones during the year, as in previous years. 


World Review 


The worldwide gemstone industry has two distinct sectors— 
diamond mining and marketing and colored gemstone 
production and sales. Most diamond supplies are controlled 
by a few major mining companies; prices are influenced by 
consumer demand and supply availability and, to a lesser extent, 
by managing the quality and quantity of the gemstones relative 
to demand, a function that has been performed by De Beers 
sightholder sales. Unlike diamond, colored gemstones are 
primarily produced at relatively small, low-cost operations with 
few dominant producers; prices are influenced only by consumer 
demand and supply availability. 

In 2016, world natural rough diamond production increased 
by 5% to 134 million carats from 127 million carats in 2015. 
The 134 million carats of rough diamond produced included 
73.2 million carats (55% of total diamond production) of 
gem-quality and 60.8 million carats (45% of total diamond 
production) of industrial-grade diamond (table 11). Most 
production was concentrated in a few regions—Africa [Angola, 
Botswana, Congo (Kinshasa), Namibia, and South Africa], 

Asia (northeastern Siberia and Yakutia in Russia), Australia, 
North America (Northwest Territories in Canada), and South 
America (Brazil). The world’s rough diamond producers were 
as follows: Russia, producing 40.3 million carats or 30% of total 
world production; Congo (Kinshasa), with 23.2 million carats 
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(17%); Botswana, with 20.5 million carats (15%); Australia, 
with 14.0 million carats (10%); Canada, with 13.0 million carats 
(9.7%); Angola, with 9.02 million carats (6.7%); South Africa, 
with 8.31 million carats (6.2%); and other countries, with 

5.7 million carats (4.3%). During 2016, the value of worldwide 
rough diamond production decreased by 12% to $15.4 billion 
from the 2015 value of $17.5 billion (De Beers Group UK 
Ltd., 2017, p. 7). In 2016, Russia also was the world’s leading 
gemstone diamond producer with 31%; followed by Botswana, 
20%; Canada, 18%; Angola, 11%; South Africa, 9%; Congo 
(Kinshasa), 6%; and Namibia, 2%. These seven countries 
produced 97% (by quantity) of the world’s gemstone diamond 
output in 2016 (table 11). 

During 2016, OJSC ALROSA and De Beers Group remained 
the two leading diamond producers by quantity and value. 
ALROSA’s production was about 26% of total global quantity 
and 25% of total global value; De Beers’ production was 
about 18% of total global quantity and 30% of total global 
value. The third-ranked company was Rio Tinto Ltd., which 
produced about 12% of total global production quantity and 
approximately 4% of global production value (De Beers Group 
UK Ltd. 2017, p: 7). 

In 2002, the international rough diamond certification system, 
the Kimberley Process Certification Scheme (KPCS), was 
agreed upon by United Nations (UN) member nations, the 
diamond industry, and involved nongovernmental organizations 
to prevent the shipment and sale of conflict diamonds. Conflict 
diamonds are diamonds that originate from areas controlled 
by forces or factions opposed to legitimate and internationally 
recognized governments and are used to fund military action 
in opposition to those governments or in contravention of the 
objectives of the UN Security Council. The KPCS monitors 
rough diamond trade in both gemstone and industrial diamond. 
The KPCS includes the following key elements: the use of 
forgery-resistant certificates and tamper-proof containers for 
shipments of rough diamonds; internal controls and procedures 
that provide credible assurance that conflict diamonds do not 
enter the legitimate diamond market; a certification process 
for all exports of rough diamonds; the gathering, organizing, 
and sharing of import and export data on rough diamonds with 
other participants of relevant production; credible monitoring 
and oversight of the international certification scheme for 
rough diamonds; effective enforcement of the provisions of 
the certification scheme through dissuasive and proportional 
penalties for violations; self-regulation by the diamond industry 
that fulfills minimum requirements; and sharing information 
with all other participants on relevant rules, procedures, and 
legislation as well as examples of national certificates used 
to accompany shipments of rough diamonds. The United 
Arab Emirates assumed the chair of KPCS from January 1 
through December 31, 2016. As of December 31, 2016, the 
54 participants represented 81 nations (including the 28 member 
nations of the European Union counted as a single participant) 
plus the rough diamond trading entity of Taipei (Taiwan). The 
participating nations in the KPCS account for approximately 
99.8% of the global production and trade of rough diamonds 
(Kimberley Process, 2018). 
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Globally, the value of production of natural gemstones other 
than diamond was estimated to be more than $2.5 billion in 
2016. Most nondiamond gemstone mines are small, low-cost, 
and widely dispersed operations that are often in remote regions. 
Foreign countries with major gemstone deposits other than 
diamond are Afghanistan (aquamarine, beryl, emerald, kunzite, 
lapis lazuli, ruby, and tourmaline), Australia (beryl, opal, and 
sapphire), Brazil (agate, amethyst, beryl, ruby, sapphire, topaz, 
and tourmaline), Burma (beryl, jade, ruby, sapphire, and topaz), 
Colombia (beryl, emerald, and sapphire), Kenya (beryl, garnet, 
and sapphire), Madagascar (beryl, rose quartz, sapphire, and 
tourmaline), Mexico (agate, opal, and topaz), Sri Lanka (beryl, 
ruby, sapphire, and topaz), Tanzania (garnet, ruby, sapphire, 
tanzanite, and tourmaline), and Zambia (amethyst and beryl). In 
addition, pearls are cultured throughout the South Pacific and in 
other equatorial waters; Australia, China, French Polynesia, and 
Japan were key producers in 2016. 

Worldwide diamond exploration spending decreased by 21% 
in 2016 with 45 companies allocating $290 million, compared 
with 52 companies allocating $367 million during 2015. The 
diamond share of overall worldwide mineral exploration spending 
remained at 4.2% (SNL Metals & Mining, 2016, p. 1, 12—13). 

Botswana.—Diamond production in Botswana was 
20.5 million carats during 2016, a slight decrease compared with 
that of 2015, accounting for 15% of total global production. 

The Jwaneng diamond mine in the Kalahari Desert of south- 
central Botswana was wholly owned by Debswana Diamond 
Co. (Pty.) Ltd. The company began the Cut-8 project during 
2016, and production from the project was expected to begin in 
2017 (De Beers Group UK Ltd., 2017, p. 7). 

Canada.—Diamond production in Canada was 13.0 million 
carats during 2016, a 12% increase compared with that of 2015, 
accounting for 9.7% of total global production. 

The Diavik Diamond Mine in the Northwest Territories began 
an extension project of the A21 kimberlite pipe pit during 2016. 
Diavik is jointly owned by Rio Tinto Group (60%) and Dominion 
Diamond Corp. (40%). Production from this project was expected 
to begin in 2018 (De Beers Group UK Ltd., 2017, p. 7). 

The Gahcho Kué Mine in the Northwest Territories began 
production in 2016. The mine is jointly owned by De Beers 
Canada, Inc. (51%) and Mountain Province Diamonds Inc. 
(49%). The mine owners anticipated average annual diamond 
production of 4.5 million carats (De Beers Group UK Ltd., 
2017, D7), 

The Renard Mine in Quebec began production in 2016. The 
mine is wholly owned by Stornoway Diamond Corp. Stornoway 
anticipated average annual diamond production of 1.6 million 
carats (De Beers Group UK Ltd., 2017, p. 7). 

Lesotho.—Diamond production in Lesotho was 
342,000 carats during 2016, a 13% increase compared with that 
of 2015, accounting for 0.3% of total global production. 

The Liqhobong Diamond Mine in the Maluti Mountains 
of northern Lesotho began production in 2016. The mine is 
owned by Firestone Diamonds ple (75%) and the Government 
of Lesotho (25%). The mine owners anticipated average annual 
diamond production of 1.0 million carats (De Beers Group UK 
Lid., 2017, p.-7): 
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Russia.—Diamond production in Russia was 40.3 million 
carats during 2016, a 4% decrease compared with that of 2015, 
accounting for 30% of total global production. The Verkhne- 
Munskoe Mine project in Yakutia, Russia, was started during 
2016. The mine is owned by OJSC ALROSA. The project 
completion and mine startup were expected during 2018 
(De Beers Group UK Ltd., 2017, p. 7). 


Outlook 


As domestic and global luxury spending increase, sales of 
gemstones and jewelry are expected to increase also. As the 
gemstone and jewelry industries and their consumers become 
more comfortable with the internet and other forms of 
e-commerce, sales of diamonds, gemstones, and jewelry 
over the internet are expected to continue to increase. 

Internet sales are expected to add to and partially replace 
“brick-and-mortar” store sales. 

Global diamond production is expected to increase during 
the next few years as a result of new projects coming onstream. 
By 2020, about 25% of diamond production will come from 
projects that are currently being developed, but additional 
increases in output will come from expected expansions at 
currently operating mines (De Beers Group UK Ltd., 2016, p. 29). 

More synthetic gemstones, simulants, and treated 
gemstones are likely to enter the marketplace and necessitate 
more transparent industry trade standards to maintain 
customer confidence. 
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TABLE 1 
ESTIMATED VALUE OF U.S. GEMSTONE PRODUCTION, 


BY GEM TYPE! 
(Thousand dollars) 
Natural gems Synthetic gems 
Gem materials 2015 2016 2015 2016 
Beryl 177 360 -- -- 
Coral, all types 101 68 -- -- 
Cubic zirconia XX XX 12,000 12,000 
Diamond 72 70 2,250 13,600 
Garnet 66 53 10,000 -- 
Gem feldspar 730 1,730 -- -- 
Geodes and nodules 51 69 -- -- 
Moissanite XX XX 30,800 29,200 
Opal 143 138 -- -- 
Quartz: -- -- 
Macrocrystalline” 251 496 =e a 
Cryptocrystalline® a0 604 -- -- 
Sapphire and ruby 313 331 -- -- 
Shell 250 340 -- -- 
Topaz 3 13 -- -- 
Tourmaline ty 43 -- -- 
Turquoise 1,330 2,280 75 75 
Other 4,820 5,140 -- -- 
Total 8,540 11,700 55,100 54,900 


XX Not applicable. -- Zero. 

'Table includes data available through September 21, 2018. Data are rounded to no more than three significant digits; may 
not add to totals shown. 

*Macrocrystalline quartz (crystals recognizable with the naked eye) includes amethyst, aventurine, blue quartz, citrine, 
hawk’s eye, prasiolite, prase, quartz, cat’s eye, rock crystal, rose quartz, smoky quartz, and tiger’s eye. 

*Cryptocrystalline quartz (microscopically small crystals) includes agate, carnelian, chalcedony, chrysoprase, fossilized 
wood, heliotrope, jasper, moss agate, onyx, and sard. 
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TABLE 2 
PRICES PER CARAT OF U.S. CUT ROUND DIAMONDS, BY SIZE AND QUALITY IN 2016 


Carat Representative prices 
weight Color’ Clarity” January” June* December” 
0.25 G VSI $1,650 $1,650 $1,650 
Do. do. VS2 175 L373 175 
Do. do. Sil L250 1,250 L250 
Do. H VS1 1,600 1,600 1,600 
Do. do. VS2 1,500 1,500 1,500 
Do. do. Sil 1,200 1,200 1,200 
0.50 G VSI 2,600 2,600 2,600 
Do. do. VS2 2,400 2,400 2,400 
Do. do. Sil 2,080 2,080 2,080 
Do. H VS1 2,390 2,390 2,390 
Do. do. VS2 2,320 2,320 2,320 
Do. do. Sil 1,910 L510 1,910 
1.00 G VSI 7,060 7,060 7,060 
Do. do. VS2 6,600 6,600 6,600 
Do. do. Sil 6,000 6,000 6,000 
Do. H VSI 6,450 6,450 6,450 
Do. do. VS2 6,000 6,000 6,000 
Do. do. Sil 5,425 5,200 5,200 
2.00 G VSI 13,690 13,690 13,690 
Do. do. VS2 12,250 12,250 {2,250 
Do. do. Sil 10,660 10,660 10,660 
Do. H VS1 11,620 11,620 11,620 
Do. do. VS2 10,450 10,450 10,450 
Do. do. Sil 9,950 9,950 9,950 
Do., do. Ditto. 


‘Gemological Institute of America (GIA) color grades: D—colorless; E—rare white; G, H, traces of color. 
"GIA clarity terms: IF—no blemishes; VVS1—very, very slightly included; VS1—very slightly included; 
VS2—very slightly included, but not visible; SI11—slightly included. 

*Source: The Gem Guide, v. 35, no. 1, January/February 2016, p. 24-26. 

“Source: The Gem Guide, v. 35, no. 4, July/August 2016, p. 22—24. 

>Source: The Gem Guide, v. 35, no. 6, November/December 2016, p. 24-26. 
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TABLE 3 
PRICES PER CARAT OF U.S. CUT COLORED GEMSTONES IN 2016 


Price range per carat 


Gemstone J anuary’ December 
Amethyst $30-35 $30-35 
Aquamarine 275-365 3259-345 
Citrine 13-22 13-22 
Emerald 3,250—4,500 3,250-4,500 
Opal, fire 375-500 375-500 
Opal, white (also jelly opal) 120-180 65—80 
Pearl, cultured saltwater 5 5 
Peridot 150-200 165-200 
Rhodolite garnet 55—80 55—80 
Ruby 2,640—3,600 2,640—3 600 
Sapphire, blue 1,200—1,900 1,200—1,900 
Tanzanite 375-395 313-395 
Topaz, blue 7-10 7-10 
Topaz, yellow 175-250 175-250 
Tourmaline, green 135—200 135-200 
Tourmaline, pink 175-200 175-200 


"Source: The Gem Guide, v. 35, no. 1, January/February 2016, p. 53-54, 57, 61, 66-68, 70, 72—75, and 82. 
These figures are approximate wholesale purchase prices paid by retail jewelers on a per stone basis for 1 to 
less than | carat, fine-quality stones. 

*Source: The Gem Guide, v. 35, no. 6, November/December 2016, p. 53-54, 57, 61, 66—68, 70, 72—75, and 
82. These figures are approximate wholesale purchase prices paid by retail jewelers on a per stone basis for 1 
to less than | carat, fine-quality stones. 

*Prices are per 4.5—5-millimeter pearl. 
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TABLE 4 
U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF 
INDUSTRIAL DIAMOND), BY COUNTRY OR LOCALITY’ 


2015 2016 
Quantity Value” Quantity Value” 
Country or locality (carats) (thousands) (carats) (thousands) 
Exports: 

Aruba 1,050 $4,320 1,220 $2,350 
Australia 30,600 32,900 19,000 20,700 
Belgium 187,000 304,000 564,000 407,000 
Brazil 10,600 3,080 15,500 5,110 
Canada 38,600 70,600 38,300 66,600 
China 1,370 4,900 1,290 2,770 
Costa Rica 3,530 304 12 11 
Dominican Republic 30,800 12,200 7,180 3,540 
El Salvador 529 215 427 241 
France 67,100 24,600 9,410 26,200 
Germany 9,790 9,760 1,590 6,350 
Hong Kong 1,660,000 671,000 1,170,000 597,000 
India 672,000 238,000 669,000 293,000 
Ireland 16,900 90,300 7,950 37,200 
Israel 243,000 608,000 184,000 601,000 
Italy 75,200 10,000 24,900 14,700 
Japan 9,320 8,970 2,610 13,500 
Lebanon 1,580 1,230 1,560 1,620 
Macau 838 4,240 1,710 8,570 
Malaysia 10,000 242 54 184 
Mauritius 2,400 765 557 183 
Mexico 316,000 71,600 331,000 71,300 
New Zealand 2,560 2,300 603 1,160 
Panama 883 822 17,600 2,800 
Poland 6 ao 2,290 154 
Singapore 6,780 9,960 5,050 14,100 
Sint Maarten 7,320 26,000 12,700 17,400 
Sri Lanka 1,540 301 22 87 
Switzerland 12,300 * 97,800 * 44,200 58,500 
Taiwan 10,500 4,800 5,310 3,110 
Thailand 146,000 24,000 148,000 11,300 
United Arab Emirates 391,000 153,000 408,000 113,000 
United Kingdom 6,670 41,500 49,700 19,900 
Vietnam 43,900 33,500 36,900 45,600 
Other 6,160 ' 19,100 ° 6,260 17,800 

Total 4,020,000 2,590,000 3,790,000 2,480,000 

Reexports: 

Armenia 17,200 4,890 27,500 4,860 
Aruba 3,240 6,490 2,530 5,380 
Australia 2,950 49,300 7,560 41,900 
Belgium 635,000 2,590,000 664,000 2,740,000 
Brazil 2,940 1,050 1,190 106 
Canada 105,000 * 141,000 99,700 142,000 
China 28,100 36,700 45,200 42,100 
Costa Rica 12,600 279 776 284 
Dominican Republic -- -- 17,200 6,830 
Ecuador 274 111 2,680 42 
France 3,550 163,000 3,910 217,000 
Germany 3,070 5,470 30,800 2,190 
Hong Kong 2,470,000 2,310,000 2,300,000 2,440,000 
India 2,760,000 3,510,000 2,640,000 4,510,000 
Israel 990,000 4,710,000 1,050,000 4,370,000 
Italy 72,000 35,100 11,100 34,400 
Japan 33,800 61,300 27,700 63,600 
Jordan 297 55 1,640 742 
Laos 7,970 4,810 8,640 4,780 
Lebanon 4,180 9,080 1,180 2,870 
Malaysia 85,300 1,510 426 795 


See footnotes at end of table. 
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TABLE 4—Continued 
U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF 
INDUSTRIAL DIAMOND), BY COUNTRY OR LOCALITY! 


2015 2016 
Quantity Value” Quantity Value” 
Country or locality (carats) (thousands) (carats) (thousands) 
Reexports:—Continued 

Mauritius 778 564 1,650 930 
Mexico 3,590 8,050 10,000 10,700 
Namibia 12,200 7,820 20,600 10,400 
Panama 30,900 12,200 1,350 2,120 
Singapore 9,140 44,400 6,780 41,400 
Sint Maarten 14,800 41,800 20,600 41,600 
South Africa 13,100 141,000 7,740 94,500 
Sri Lanka 311 710 1,930 659 
Switzerland 158,000 1,180,000 96,300 1,030,000 
Taiwan 26,100 6,020 704 4,800 
Thailand 172,000 59,300 130,000 88,000 
Trinidad and Tobago 251 103 1,300 3 
United Arab Emirates 402,000 398,000 432,000 539,000 
United Kingdom 54,500 363,000 53,700 454,000 
Vietnam 3,910 4,840 7,130 7,530 
Other 3,460 * 23,900 * 13,400 9,230 

Total 8,140,000 * 15,900,000 7,750,000 17,000,000 
Grand total 12,200,000 18,500,000 11,500,000 19,400,000 


"Revised. -- Zero. 


'Table includes data available through September 21, 2018. Data are rounded to no more than three significant digits; 
may not add to totals shown. Export and reexport data are for Harmonized Tariff Schedule of the United States codes 


7102.31.0000, 7102.39.0010, and 7102.39.0050. 
*Values are free alongside ship. 


Source: U.S. Census Bureau. 
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TABLE 5 
U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY OR LOCALITY! 


2015 2016 
Quantity Value” Quantity Value” 
Kind, weight, and country or locality (carats) (thousands) (carats) (thousands) 
Rough or uncut, natural:° 
Angola 23,400 $70,500 34,000 $232,000 
Australia 2,710 1,120 18,500 1,540 
Botswana 55,100 61,300 63,700 318,000 
Brazil 4,170 3,970 5,830 20,600 
Canada 105,000 7,380 112,000 26,400 
Congo (Brazzaville) 947 413 2,210 25 
Congo (Kinshasa) 11,900 456 1,340 6,390 
Guyana 969 433 7,510 1,950 
India 1,520 484 4,470 3,260 
Lesotho 1,760 27,900 407 13,400 
Namibia 2,810 5,040 18,300 23,100 
Russia 64,200 23,100 173,000 21,800 
South Africa 141,000 97,000 173,000 139,000 
Tanzania 1,060 403 147 50,200 
Other 1,300 5,120 ° 1,080 2,740 
Total 418,000 305,000 616,000 860,000 
Cut but unset, not more than 0.5 carat: 
Armenia 3,400 2,380 6,850 3,390 
Australia 1,240 1,100 1,300 1,860 
Belgium 190,000 101,000 154,000 99,800 
Botswana 6,600 22,900 5,610 14,400 
Brazil 940 611 1,050 866 
Cambodia 7,030 6,280 22,200 17,300 
Canada 12,600 10,600 20,200 12,600 
China 37,100 44,600 34,500 29,300 
Dominican Republic 3,680 436 1,090 176 
France 2,370 803 533 1,030 
Germany 3,720 981 5,110 1,640 
Hong Kong 121,000 35,500 164,000 28,800 
India 5,240,000 1,600,000 5,070,000 1,560,000 
Israel 641,000 260,000 761,000 285,000 
Italy 7,290 2,080 19,600 4,170 
Japan 1,840 888 1,290 579 
Laos 2,230 2,610 8,030 9,290 
Mauritius 15,800 49,100 16,100 30,400 
Mexico 83,400 20,500 70,600 15,400 
Namibia 4,200 14,100 2120 6,060 
Panama 1,140 409 -- -- 
Singapore 2,610 1,600 4,000 3,600 
South Africa 20,500 90,300 28,100 40,600 
Spain 2,050 44] 531 189 
Sri Lanka 3,830 3,710 3,480 3,660 
Switzerland 1,310 5,900 572 335 
Thailand 40,200 12,100 44,600 11,300 
United Arab Emirates 5,700 2,710 16,100 3,670 
United Kingdom 22,400 4,450 24,300 2,960 
Vietnam 58,800 68,700 49,500 44,500 
Other 1,880 2,610 7,950 2,930 
Total 6,540,000 2,370,000 6,540,000 2,240,000 
Cut but unset, more than 0.5 carat: 
Armenia 3,870 2,630 2,210 1,600 
Australia 3,460 59,300 3,570 95,800 
Belgium 591,000 3,600,000 479,000 3,180,000 
Botswana 28,300 118,000 24,900 94,800 
Brazil 726 6,670 658 3,700 
Canada 40,700 114,000 34,000 129,000 
China 50,800 233,000 25,100 181,000 
France 1,910 79,300 1,520 58,200 


See footnotes at end of table. 
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TABLE 5—Continued 
U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY OR LOCALITY! 


2015 2016 
Quantity Value’ Quantity Value’ 
Kind, weight, and country or locality (carats) (thousands) (carats) (thousands) 
Cut but unset, more than 0.5 carat:°—Continued 

Germany 2,440 5,730 1,480 3,580 
Hong Kong 62,900 262,000 29,100 149,000 
India 2,200,000 6,180,000 2,430,000 7,510,000 
Israel 1,530,000 8,410,000 1,350,000 7,150,000 
Italy 1,480 11,700 815 14,100 
Japan 2,000 5,820 3,430 6,760 
Lebanon 1,280 6,900 57 401 
Mauritius 9,140 53,900 7,450 28,200 
Mexico 6,880 2,480 (ee) 769 
Namibia 12,000 47,000 10,300 31,700 
Russia 10,100 90,500 14,600 61,500 
Singapore 11,400 24,700 11,000 20,300 
South Africa 37,000 583,000 27,500 692,000 
Spain 1,270 2,540 696 2,500 
Switzerland 8,100 403,000 9,050 409,000 
Thailand 24,200 34,300 8,730 39,100 
United Arab Emirates 8,880 56,700 7,720 62,400 
United Kingdom 4,260 145,000 6,730 78,700 
Vietnam 531 2,790 2,410 7,270 
Other 2,960 * 15,300 * 8,250 93,300 

Total 4,650,000 20,600,000 4,500,000 20,100,000 


‘Revised. -- Zero. 

'Table includes data available through September 21, 2018. Data are rounded to no more than three significant digits; may not add 
to totals shown. 

*Customs value. 

*Harmonized Tariff Schedule of the United States (HTS) code 7102.31.0000. 

“HTS code 7102.39.0010. 

°HTS code 7102.39.0050. 


Source: U.S. Census Bureau. 
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TABLE 6 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 
DIAMOND, BY KIND AND COUNTRY OR LOCALITY’ 


2015 2016 
Quantity Value” Quantity Value” 
Kind and country or locality (carats) (thousands) (carats) (thousands) 
Emerald:* 
Belgium 825 $3,490 1,220 $4,530 
Brazil 234,000 16,800 113,000 17,000 
Canada 2,210 198 1,140 414 
China 9,570 906 22,100 464 
Colombia 393,000 248,000 285,000 233,000 
France 2,180 16,900 4,480 33,800 
Germany 4,290 1,710 14,000 1,300 
Hong Kong 92,300 30,200 217,000 29,700 
India 1,910,000 137,000 1,090,000 134,000 
Israel 188,000 56,300 180,000 60,000 
Italy 815 3,710 5,790 13,000 
Japan 1,180 31 1,070 117 
Lebanon 59 9 1,450 235 
Malaysia 5,170 198 6,500 27 
Mozambique 661 347 4,320 1,150 
South Africa 9,670 1,790 8,830 1,790 
Sri Lanka 2,410 1,150 7,500 3,270 
Switzerland 5,030 20,500 8,550 30,100 
Thailand 406,000 15,300 525,000 17,500 
United Arab Emirates 13,100 13,200 12,200 1,650 
United Kingdom 794 4,490 2,170 7,510 
Zambia 361,000 43,800 291,000 35,700 
Zimbabwe -- -- 3,400 300 
Other 6,930 1,110 1,590 3,180 
Total 3,650,000 617,000 2,810,000 630,000 
Ruby:* 
Afghanistan 3,180 250 1,280 1,730 
Belgium 89 1,450 348 1,320 
Brazil 6,930 24 1,960 14 
Burma -- -- 1,750 6,630 
Canada 113 45 1,790 61 
China 7,070 91 8,950 118 
France 857 3,470 1,010 2,990 
Germany 14,900 1,640 6,260 357 
Hong Kong 16,800 11,400 357,000 11,000 
India 1,310,000 14,800 1,570,000 21,000 
Israel 3,660 5,180 1,190 4,070 
Italy 317 1,520 1,770 1,690 
Kenya 7,840 53 7,860 81 
Madagascar 174,000 6,510 127,000 6,470 
Malaysia 1,230 15 11,500 12 
Mozambique 70,100 25,400 95,000 36,700 
South Africa 13,000 4,450 11,300 1,450 
Sri Lanka 2,200 1,290 2,680 1,810 
Switzerland 678 1,310 6,320 4,320 
Tanzania 30,800 290 954 5,510 
Thailand 2,000,000 63,900 1,980,000 70,300 
United Kingdom 2,020 1,670 200 897 
Vietnam 1,400 1,490 85 152 
Zambia 1,150 284 Tad 362 
Other 3,610 * 2,500 628 1,330 
Total 3,680,000 149,000 4,200,000 180,000 
Sapphire: 
Australia 4,520 591 1,570 186 
Belgium 2,610 3,090 716 5,050 
Brazil 35,100 63 16,600 463 
Burma 64 1,120 20,400 6,730 


See footnotes at end of table. 
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TABLE 6—Continued 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 
DIAMOND, BY KIND AND COUNTRY OR LOCALITY! 


2015 2016 
Quantity Value” Quantity Value” 
Kind and country or locality (carats) (thousands) (carats) (thousands) 
Sapphire: —Continued 

Canada 881 370 1,520 224 
China 16,800 968 120,000 1,400 
France 3,100 19,900 5,080 37,300 
Germany 39,100 3,140 42,400 1,440 
Hong Kong 251,000 77,800 173,000 42,400 
India 1,880,000 49,800 1,550,000 38,300 
Israel 15,500 7,880 13,500 8,640 
Italy 3,930 5,370 5,870 8,370 
Japan 1,380 209 2,060 160 
Kenya 3 2 3,690 102 
Madagascar 288,000 6,730 220,000 6,080 
Mozambique 7,600 1,260 11,800 663 
Pakistan 316 37 4,100 988 
South Africa 7,940 281 10,400 1,820 
Sri Lanka 361,000 89,800 1,080,000 96,300 
Switzerland 16,000 78,900 7,920 52,900 
Thailand 3,690,000 104,000 4,060,000 111,000 
Turkey 4,410 76 928 95 
United Arab Emirates 3,880 275 270 705 
United Kingdom 3,470 11,000 995 11,900 
Zambia 1,720 126 220 88 
Other 1,620 * 1,080 * 2,450 1,470 

Total 6,640,000 464,000 7,360,000 435,000 

Other: 

Rough, uncut, all countries and (or) localities® 137,000,000 * 1,350 * 224,000,000 2,180 
Cut, set and unset, all countries and (or) localities’ NA 472,000 * NA 516,000 


"Revised. NA Not available. -- Zero. 

'Table includes data available through September 21, 2018. Data are rounded to no more than three significant digits; may not add to 
totals shown. 

*Customs value. 

*Harmonized Tariff Schedule of the United States (HTS) code 7103.91.0030. 

“HTS code 7103.91.0010. 

°HTS code 7103.91.0020. 

°HTS code 7103.10.4080. 

"HTS code 7103.99.1080. 


Source: U.S. Census Bureau. 
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TABLE 7 
VALUE OF U.S. IMPORTS OF SYNTHETIC 
AND IMITATION GEMSTONES, BY COUNTRY OR LOCALITY'”” 


(Thousand dollars) 
Country or locality 2015 2016 
Synthetic, cut but unset:” 

Austria 1,410 1,370 
Belgium 281 1,780 
Brazil 131° 12 
China 5,190 15,600 
Czechia 115 51 
France 423 403 
Germany 9,080 8,180 
Hong Kong 281 2,850 
India 6,650 24,900 
Israel 64 950 
Mexico 63 240 
Netherlands 106 330 
Russia 892 11,800 
Singapore 1,580 489 
South Africa 243 -- 
Sri Lanka 308 431 
Switzerland 146 68 
Taiwan 54 41 
Thailand 882 735 
United Arab Emirates 4 423 
Other 475 * 452 

Total 28,400 * 71,200 

Gemstone simulants:* 

Brazil 1 25 
Canada 83 26 
China 20,000 18,500 
Germany 33 4 
Hong Kong 90 34 
India 44 7 
Italy 40 1 
Japan Z 47 
Korea, Republic of 208 199 
Netherlands -- 19 
Pakistan 97 106 
Spain 30 2 
Taiwan 1,290 1,040 
Thailand 194 122 
United Kingdom a7 10 
Other 18 80 

Total 22,200 20,200 


"Revised. -- Zero. 

'Table includes data available through September 21, 2018. Data are rounded to no more 
than three significant digits; may not add to totals shown. 

Customs value. 

*Harmonized Tariff Schedule of the United States (HTS) code 7104.90.1000. 

“Does not include pearls; HTS code 3926.90.4000. 


Source: U.S. Census Bureau. 
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TABLE 8 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES! 


(Thousand carats and thousand dollars) 


2015 2016 
Stones Quantity Value’ Quantity Value? 
Coral and similar materials, unworked* 8,190 16,500 7,480 15,100 
Diamonds: 
Cut but unset* 11,200 22,900,000 11,000 22,300,000 
Rough or uncut” 418 305,000 616 860,000 
Emeralds, cut but unset® 3,650 617,000 2,810 630,000 
Pearls: 
Cultured’ NA 22,100 NA 23,500 
Simulant® NA 43,200 NA 39,500 
Natural NA 23,700 NA 41,400 
Rubies, cut but unset’ 3,680 149,000 4,200 180,000 
Sapphires, cut but unset” 6,640 464,000 7,360 435,000 
Other precious and semiprecious stones: 
Rough, uncut!’ 2,520,000 38,600 1,820,000 49,300 
Cut, set and unset!” NA 472,000 ' NA 516,000 
Other’? NA 11,300 * NA 15,600 
Synthetic: 
Cut but unset’ 50,400 28,400 * 41,000 71,200 
Other’? NA 3,270 * NA 2,960 
Gemstone simulants’° NA 22,200 NA 20,200 
Total 2,600,000 25,100,000 1,890,000 25,200,000 


"Revised. NA Not available. 


'Table includes data available through September 21, 2018. Data are rounded to no more than three significant digits; may not 


add to totals shown. 
2 
Customs value. 


*Harmonized Tariff Schedule of the United States (HTS) code 0508.00.0000. 


“ATS codes 7102.39.0010 and 7102.39.0050. 
HTS code 7102.31.0000. 

HTS code 7103.91.0030. 

"HTS code 7101.21.0000. 

‘HTS codes 7018.10.1000 and 7018.10.2000. 
"HTS code 7103.91.0010. 

' HTS code 7103.91.0020. 

"HTS codes 7103.10.2020 and 7103.10.2080. 
"HTS code 7103.99.1080. 

HTS code 7103.99.5080. 

'4HTS code 7104.90.1000. 

'SHTS code 7104.90.5000. 


‘Does not include simulant pearls; HTS code 3926.90.4000. 


Source: U.S. Census Bureau. 
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TABLE 10 
SYNTHETIC GEMSTONE PRODUCTION METHODS' 


Gemstone Production method Company or producer Date of first production 
Alexandrite Flux Creative Crystals Inc. 1970s. 
Do. Melt pulling J.O. Crystal Co., Inc. 1990s. 
Do. do. Kyocera Corp. 1980s. 
Do. Zone melt Seiko Corp. Do. 
Cubic zirconia Skull melt Various producers 1970s. 
Diamond HPHT? General Electric Co. 1950s. 
Do. CVD? Apollo Diamond Inc. 2000s. 
Do. MPCVD* CIW & UA° 2000s. 
Emerald Flux Chatham Created Gems, Inc. 1930s. 
Do. do. Gilson 1960s. 
Do. do. Kyocera Corp. 1970s. 
Do. do. Lennix 1980s. 
Do. do. Russia Do. 
Do. do. Seiko Corp. Do. 
Do. Hydrothermal Biron Corp. Do. 
Do. do. Lechleitner 1960s 
Do. do. Regency 1980s 
Do. do. Russia Do. 
Moissanite Sublimation Cree Research 1980s 
Ruby Flux Chatham Created Gems, Inc. 1950s 
Do. do. Douras 1990s 
Do. do. J.O. Crystal Co., Inc. 1980s 
Do. do. Kashan Created Ruby 1960s 
Do. Melt pulling Kyocera Corp. 1970s 
Do. Verneuil Various producers 1900s 
Do. Zone melt Seiko Corp. 1980s 
Sapphire Flux Chatham Created Gems, Inc. 1970s 
Do. Melt pulling Kyocera Corp. 1980s 
Do. Verneuil Various producers 1900s 
Do. Zone melt Seiko Corp. 1980s 
Star ruby Melt pulling Kyocera Corp. Do. 
Do. do. Nakazumi Earth Crystals Co. Do. 
Do. Verneuil Linde Air Products Co. 1940s 
Star sapphire do. do. Do. 
Do., do. Ditto. 


‘Gemstones that are also synthesized, but for which the production methods are proprietary, include gems such as 
garnet, opal, and turquoise. Gemstone amethyst, citrine, and other quartz minerals are produced by the 
hydrothermal method. 


"High-pressure, high-temperature (HPHT). 
Chemical vapor deposition (CVD). 


“Microwave plasma chemical vapor deposition (MPCVD). 
The Carnegie Institution of Washington Geophysical Laboratory and the University of Alabama. 
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NATURAL DIAMOND: WORLD PRODUCTION, BY TYPE AND COUNTRY OR LOCALITY! 


TABLE 11 


(Thousand carats) 


Type and country or locality” 2012 2013 2014 2015 2016 
Gemstones: 
Angola®* 7,500 7,740 7,910 8,120 8,120 
Australia®* 184 235 186 271 279 
Botswana” ° 14,400 16,200 17,300 14,500 14,400 
Brazil, gem, unspecified® 46° 49 St 32 184 
Cameroon, gem, unspecified’ 1 5 4 2 -- 
Canada, gem, unspecified 10,451 10,600 12,012 11,677 13,036 
Central African Republic® ® 293 65° -- -- 9 
China, gem, unspecified 2 1 “ ae (10) 
Congo (Brazzaville), gem, unspecified 52 56 53 40 12 
Congo (Kinshasa)* |! 4,310" 3,140 3,130 3,200 4,640 
Céte d’Ivoire, gem, unspecified nee ee 1 Bs 20 
Ghana, gem, unspecified 233 169 242 174 142 
Guinea, gemstones® * 213 162 131 134 90 
Guyana, gem, unspecified 44 60 100 118 140 
India® 7 10 10 9 9 
Lesotho, gem, unspecified 479 414 346 304 342 
Liberia” '* 25 32 39 41 63 
Namibia, gem, unspecified 1,629 1,689 1,918 2,053 1,718 
Russia® '° 19,600 21,200 21,500 23,500 22,600 
Sierra Leone® ® 433 487 496 400 439 
South Africa® ® 5,660 6,520 5,950 5,780 6,650 
Tanzania® '° 108 153 215 184 205 
Togo, gem, unspecified (10) (10) (10) (10) (10) 
Zimbabwe® |’ 1,210 1,040 477 349 210 
Total® 66,800 70,100 72,000 70,900 73,200 
Industrial:“ 

Angola’ 833 860 879 902 902 
Australia‘ 9,000 11,500 9,100 13,300 13,700 
Botswana” 6,170 6,960 7,400 6,230 6,150 
Central African Republic® fe 16° -- -- 2 
Congo (Kinshasa)!' 17,200 12,500 12,500 12,800 18,600 
Guinea® 53 40 33 33 23 
India” 20 27 27 24 24 
Liberia’ 17 21 26 27 42 
Russia’® 15,400 16,700 16,900 18,400 17,700 
Sierra Leone® 108 122 124 100 110 
South Africa® 1,420 1,630 1,490 1,440 1,660 
Tanzania’® 19 27 38 33 37 
Zimbabwe’ 10,900 9,370 4,290 3,140 2,000 
Total 61,200 * 59,800 52,800 56,500 60,800 
Grand total 128,000 ° 130,000 * 125,000 * 127,000 * 134,000 


“Estimated. "Revised. -- Zero. 


'Table includes data available through November 22, 2017. All data are reported unless otherwise noted. Totals, U.S. data, and estimated 
data are rounded to no more than three significant digits; may not add to totals shown. Estimated gem and industrial diamond quantities 


are calculated from reported country or locality totals using percentages noted. 
“In addition to the countries and (or) localities listed, Nigeria produced natural diamond, but information was inadequate to make 


reliable estimates of output levels. 
About 90% gem quality and 10% industrial quality. 
“About 2% gem quality and 98% industrial quality. 


>About 70% gem and near-gem quality and 30% industrial quality. 


*Private sector and artisanal mining. Includes near-gem and cheap-gem qualities. 


"From artisanal mining. 
‘About 80% gem quality and 20% industrial quality. 


From May 2013-15, the Central African Republic was under a temporary suspension from the Kimberley Process Certification Scheme 


and was not trading in rough diamond. 
Less than % unit. 


"About 20% gem quality and 80% industrial quality; the majority of production was from artisanal mining. 
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2225 


TABLE 1 1—Continued 
NATURAL DIAMOND: WORLD PRODUCTION, BY TYPE AND COUNTRY OR LOCALITY! 


(Thousand carats) 


"From 2011-13, Céte d’Ivoire was under United Nations sanctions and was not trading in rough diamond. 
About 27% gem quality and 73% industrial quality. 
'* About 60% gem quality and 40% industrial quality. 
'S About 56% gem quality and 44% industrial quality. 
'® About 85% gem quality and 15% industrial quality. 
'7About 10% gem quality and 90% industrial quality. 


Source: Kimberley Process Certification Scheme. 
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(Data in million dollars unless otherwise noted) 


Domestic Production and Use: The combined value of U.S. natural and synthetic gemstone output in 2015 
increased slightly compared with that of 2014. Domestic gemstone production included agate, beryl, coral, garnet, 
jade, jasper, opal, pearl, quartz, sapphire, shell, topaz, tourmaline, turquoise, and many other gem materials. In 
decreasing order of production value, Arizona, California, Oregon, Utah, Montana, Tennessee, Colorado, Arkansas, 
Idaho, Maine, and North Carolina produced 90% of U.S. natural gemstones. Laboratory-created gemstones were 
manufactured by five firms in North Carolina, Florida, New York, South Carolina, and Arizona, in decreasing order of 
production value. Major gemstone uses were carvings, gem and mineral collections, and jewelry. The apparent 
consumption in the table below is much lower than the actual consumption because the value of exports includes the 
value of reexports. 


Salient Statistics—United States: 2011 2012 2013 2014 2015° 
Production: 
Natural° 11.0 11.3 9.6 9.5 9.6 
Laboratory-created (synthetic) 31.9 31.2 56.9 51.0 52.4 
Imports for consumption 23,500 21,500 24,700 26,400 25,700 
Exports, including reexports” 18,200 16,900 19,400 21,300 19,000 
Consumption, apparent 5,360 4,570 5,400 5,120 6,/70 
Price Variable, depending on size, type, and quality 
Employment, mine, number® 1,100 1,100 1,100 1,100 1,100 
Net import reliance’ as a percentage 
of apparent consumption 99 99 99 99 99 


Recycling: Gemstones are often recycled by being resold as estate jewelry, reset, or recut, but this report does not 
account for those stones. 


Import Sources (2011-14 by value): Israel, 38%; India, 27%; Belgium, 19%; South Africa, 4%; and other, 12%. 
Diamond imports accounted for 93% of the total value of gem imports. 


Tariff: Item 


Coral and similar materials, unworked 

Imitation gemstones 

Pearls, imitation, not strung 

Pearls, natural, graded, temporarily strung 

Pearls, natural, not elsewhere specified 
or included 

Pearls, cultured 

Diamond, unworked or sawn 

Diamond, % carat or less 

Diamond, cut, more than % carat 

Jadeite, unworked 

Other gemstones, unworked 

Rubies, cut 

Sapphires, cut 

Emeralds, cut 

Jadeite, cut but not set 

Other gemstones, cut but not set 

Jadeite, otherwise worked 

Other gemstones, otherwise worked 

Synthetic gemstones, cut but not set 

Synthetic gemstones, other 


Number 


0508.00.0000 
3926.90.4000 
7018.10.1000 
7101.10.3000 


7101.10.6000 
7101.21.0000 
7102.31.0000 
7102.39.0010 
7102.39.0050 
7103.10.2020 
7103.10.2080 
7103.91.0010 
7103.91.0020 
7103.91.0030 
7103.99.1020 
7103.99.1080 
1103.99.5020 
7103.99.5080 
7104.90.1000 
7104.90.5000 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: None. 


Normal Trade Relations 
12-31-15 
Free. 
2.8% ad val. 
4.0% ad val. 
Free. 


Free. 
Free. 
Free. 
Free. 
Free. 
Free. 
Free. 
Free. 
Free. 
Free. 
Free. 
Free. 
10.5% ad val. 
10.5% ad val. 
Free. 
6.4% ad val. 


Prepared by Donald W. Olson [(703) 648-7721, dolson@usgs.gov] 
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Events, Trends, and Issues: In 2015, the U.S. market for gem-quality diamonds was estimated to be about $23.8 
billion compared with $24.6 billion in 2014. This accounted for more than 35% of world demand. The domestic market 
for natural, nondiamond gemstones was estimated to be about $1.89 billion compared with $1.78 billion in 2014. The 
United States is expected to continue to dominate global gemstone consumption. 


World Gem Diamond Mine Production and Reserves: 


Mine production® Reserves’ 
2014 2015° 
Angola 7,100 7,100 World reserves of diamond-bearing 
Australia 186 190 deposits are substantial. No reserve 
Botswana 17,300 17,300 data are available for other gemstones. 
Brazil 57 60 
Canada 12,000 12,000 
Congo (Brazzaville) 53 55 
Congo (Kinshasa) 3,130 3,150 
Ghana 242 240 
Guinea 131 130 
Guyana 100 100 
Lesotho 346 350 
Namibia 1,920 1,920 
Russia 21,500 21,500 
Sierra Leone 496 500 
South Africa 5,950 6,000 
Tanzania 190 200 
Zimbabwe 477 500 
Other countries 44 45 
World total (rounded) 71,200 71,300 


World Resources: Most diamond-bearing ore bodies have a diamond content that ranges from less than 1 carat per 
ton to about 6 carats per ton of ore. The major gem diamond reserves are in southern Africa, Australia, Canada, and 
Russia. 


Substitutes: Plastics, glass, and other materials are substituted for natural gemstones. Synthetic gemstones 
(manufactured materials that have the same chemical and physical properties as gemstones) are common 
substitutes. Simulants (materials that appear to be gems, but differ in chemical and physical characteristics) also are 
frequently substituted for natural gemstones. 


“Estimated. 

“Excludes industrial diamond and garnet. See Diamond (Industrial) and Garnet (Industrial). 
“Estimated minimum production. 

‘Includes production of freshwater shell. 

“Reexports account for between 67% and 90% of the totals. 

Defined as imports — exports and reexports. 

°Data in thousands of carats of gem diamond. 

’See Appendix C for resource/reserve definitions and information concerning data sources. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2016 
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GEMSTONES 
By Donald W. Olson 


Domestic survey data and tables were prepared by Chanda C. Williams, statistical assistant, and the author. 


In 2017, the estimated value of natural gemstones produced 
in the United States was $9.23 million, and the estimated value 
of U.S. production of synthetic gemstones was $55.1 million 
(table 1). The total estimated value of U.S. gemstone production 
was $64.3 million. The value of U.S. gemstone imports was 
$25.1 billion (table 8), and the value of combined U.S. gemstone 
exports and reexports was estimated to be $23.2 billion. In 2017, 
world production of natural diamond totaled 151 million carats, 
of which an estimated 87.9 million carats were gem quality 
(table 11). The value of diamond imported into the United States 
in 2017 exceeded $22.7 billion. This value was the combination 
of $19.8 billion of cut but unset diamonds more than 0.5 carat, 
$1.84 billion of cut but unset diamonds less than 0.5 carat, and 
$1.06 billion of rough or uncut natural diamonds (table 5). 

In this chapter, the terms “gem” and “gemstone” mean any 
mineral or organic material (such as amber, pearl, petrified 
wood, and shell) used for personal adornment, display, or object 
of art because it possesses beauty, durability, and rarity. Of 
more than 4,000 mineral species, only about 100 possess all 
these attributes and are considered to be gemstones. Silicates 
other than quartz are the largest group of gemstones in terms 
of chemical composition; oxides and quartz are the second 
largest (table 9). Gemstones are subdivided into diamond 
and colored gemstones, which in this chapter designates all 
natural nondiamond gems. In addition, synthetic gemstones 
and gemstone simulants are discussed but are treated separately 
from natural gemstones (tables 1, 7, 8, 10). Synthetic gemstones 
have the same chemical, optical, and physical properties as their 
natural gemstone counterparts. Cultured and laboratory-created 
are terms also used to refer to synthetic gemstones. Simulants 
(also known as imitation gemstones) have appearances like 
those of natural gemstone materials, but they have different 
chemical, optical, and physical properties. Trade data in this 
chapter are from the U.S. Census Bureau. All percentages in 
the chapter were calculated using unrounded data. Information 
on industrial-grade diamond and industrial-grade garnet can 
be found in the U.S. Geological Survey (USGS) Minerals 
Yearbook, volume I, Metals and Minerals, chapters on industrial 
diamond and industrial garnet, respectively. 

Gemstones have captured the attention of humans since 
prehistoric times. They have been valued as treasured objects 
throughout history by all societies in all parts of the world. 
Amber, amethyst, coral, diamond, emerald, garnet, jade, jasper, 
lapis lazuli, pearl, rock crystal, ruby, serpentine, and turquoise 
are some of the first stones known to have been used for 
making jewelry. In addition to jewelry, gemstones are used for 
collections, decorative art objects, and exhibits. 


Production 


U.S. gemstone production data were based on a USGS survey 
of more than 250 domestic gemstone producers. The survey 
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provided a foundation for projecting the scope and level of 
domestic gemstone production during the year. However, the 
USGS survey did not represent all gemstone activity in the 
United States, which includes thousands of professional and 
amateur collectors. Consequently, the USGS supplemented its 
survey with estimates of domestic gemstone production from 
related published data, contacts with gemstone dealers and 
collectors, and information gathered at gem and mineral shows. 

Commercial mining of gemstones has never been extensive 
in the United States. More than 60 varieties of gemstones have 
been produced commercially from domestic mines, but most 
of the deposits are small compared with those of other mining 
operations. In the United States, much of the current gemstone 
mining is conducted by individual collectors, gem clubs, and 
hobbyists rather than by commercial operations. 

The commercial gemstone industry in the United States consists 
of individuals and companies that mine gemstones or harvest 
shell and pearl, firms that manufacture synthetic gemstones, 
and individuals and companies that cut and polish natural and 
synthetic gemstones. The domestic gemstone industry is focused 
on the production of colored gemstones and on the cutting and 
polishing of large diamond stones. Industry employment is 
estimated to be between 1,200 and 1,500 individuals. 

Most natural gemstone producers in the United States are small 
businesses that are widely dispersed and operate independently. 
The small producers probably have an average of three 
employees, including those who only work part time. The number 
of gemstone mines operating from year to year fluctuates because 
the uncertainty associated with the discovery and marketing of 
gem-quality minerals makes it difficult to obtain financing for 
developing and sustaining economically viable operations. 

The total value of natural gemstones produced in the 
United States was estimated to be $9.23 million during 2017 
(table 1). This production value was a 21% decrease from 
that of 2016. 

Natural gemstone materials indigenous to the United States 
are collected or produced in every State. During 2017, each 
of the 50 States produced at least $1,560 worth of gemstone 
materials. The leading 13 States accounted for 95% of the total 
value, as reported by survey respondents. These States were, in 
descending order of production value, Arizona, Oregon, Nevada, 
California, Montana, Maine, Arkansas, Colorado, Idaho, 

Utah, Tennessee, North Carolina, and New York. Some States 
were known to produce a single gemstone material—Hawaii 
produced coral and Tennessee produced freshwater pearls, for 
example. Other States produced a variety of gemstones; for 
example, Arizona’s gemstone deposits included agate, amethyst, 
azurite, chrysocolla, garnet, jade, jasper, malachite, obsidian, 
onyx, opal, peridot, petrified wood, smithsonite, and turquoise. 

A wide variety of gemstones also was found and produced in 
California, Idaho, Montana, Nevada, North Carolina, and Oregon. 
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In 2017, the United States had only one active operation in a 
known diamond-bearing area, Crater of Diamonds State Park 
near Murfreesboro, AR. The State of Arkansas maintains a dig- 
for-fee operation for tourists and amateur collectors at the park; 
Crater of Diamonds is the only diamond mine in the world that is 
open to the public for collecting diamonds. The diamonds occur 
in a lamproite breccia tuff associated with a volcanic pipe and in 
the soil developed from the lamproite breccia tuff. The largest 
diamond found during the year was a 7.44-carat brown diamond 
(Rued, 2017). During 2017, 445 diamond stones with an average 
weight of 0.232 carat were recovered at Crater of Diamonds. 

Of the 445 diamond stones recovered, 15 weighed more than 

1 carat. Since the diamond-bearing pipe and the adjoining area 
became a State park in 1972, 32,889 diamond stones with a 
total weight of 6,593.36 carats have been recovered (Waymon 
Cox, Park Interpreter, Crater of Diamonds State Park, written 
commun., August 27, 2018). Exploration has demonstrated that 
this diamond deposit contains about 78.5 million metric tons of 
diamond-bearing rock (Howard, 1999, p. 62). An Arkansas law 
prohibits commercial diamond mining in the park. 

In addition to natural gemstones, synthetic gemstones and 
gemstone simulants were produced in the United States in 
2017. Synthetic gemstones that have been produced in the 
United States include alexandrite, cubic zirconia, diamond, 
emerald, garnet, moissanite, ruby, sapphire, spinel, and 
turquoise. However, during 2017, only cubic zirconia, diamond, 
moissanite, and turquoise were produced commercially. 
Simulants of amber, azurite, chrysocolla, coral, lapis lazuli, 
malachite, travertine, and turquoise also were manufactured 
in the United States. In addition, certain colors of synthetic 
sapphire and spinel, used to represent other gemstones, are 
classified as simulants. 

Synthetic gemstone production in the United States was 
valued at $55.1 million in 2017, which was a slight increase 
compared with that of 2016 (table 1). Five companies in five 
States, representing virtually the entire U.S. synthetic gemstone 
industry, reported production to the USGS. The States with 
reported synthetic gemstone production were, in descending 
order of production value, North Carolina, California, New 
York, South Carolina, and Arizona. The value of U.S. gemstone 
simulant output was estimated to be more than $100 million. 

In 1954, scientists at General Electric Co. manufactured the 
first synthetic bits of diamond grit using a high-pressure, high- 
temperature (HPHT) method. In 1956, the first commercially 
available synthetic diamond was produced by HPHT at General 
Electric. This method of growing diamonds has become 
relatively commonplace in the world as a technology for 
synthetic diamonds, so much so that thousands of small plants 
throughout China were using the HPHT method and producing 
synthetic diamonds suitable for cutting as gemstones. Diamonds 
of 1 carat or more are harder to manufacture because that 
size high-quality diamond 1s difficult to consistently produce, 
even in the controlled environment of a laboratory using the 
HPHT method. After more than 60 years of development, 
several synthetic diamond companies were able to produce 
relatively large high-quality industrial diamonds that equaled 
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those produced from mines, and billions of carats of synthetic 
diamonds were manufactured annually by the HPHT process, 
mostly for industrial applications (Linares, 2013). 

In 1954, a patent was issued for a chemical vapor deposition 
(CVD) type of diamond growth technique. The CVD technique 
transforms carbon into plasma, which is then precipitated onto 
a substrate as diamond. Initially, gem-quality CVD synthetic 
diamond were not possible, but in the mid-1980s, scientists 
discovered how to reproducibly grow films of microscopic 
diamond crystals to cover surfaces and small polycrystalline 
diamonds, which were unsuitable for jewelry, using the CVD 
process (Linares, 2013). In the early 2000s, Apollo Diamond 
Inc. (Boston, MA) further developed CVD technology as 
a method for growing single, extremely pure, gem-quality 
diamond crystals that were large and suitable for use in jewelry. 
The CVD technique uses high-energy microwaves in a chamber 
to energize a methane gas into plasma, which then precipitates 
carbon atoms onto flat diamond wafer seeds as diamond. 

In developing this process, synthetic diamond producers 
discovered the temperature, gas composition, and pressure 
combination that resulted in the growth of a single diamond 
crystal and were able to produce synthetic stones that ranged 
from | to 2 carats. The size of the diamonds produced was 
limited only by the size of the diamond seeds and the growing 
chamber (table 10). 

In 2011, Scio Diamond Technology Corp. (Greenville, SC) 
acquired the diamond-growing process patents and equipment 
from Apollo Diamond (Sim, 2016). During 2015, the average size 
of synthetic diamond crystals grown by Scio Diamond more than 
doubled, and it produced synthetic single-crystal diamond stones 
for finished sizes that averaged from 0.75 to 2 carats for jewelry. 
These CVD diamonds were also appropriate for industrial uses 
(Scio Diamond Technology Corp., 2015; Bailey, 2016). Scio 
Diamond continued producing synthetic single-crystal diamond 
stones until the end of 2016 when they shut down their production 
facility (Scio Diamond Technology Corp., 2017). 

Charles & Colvard, Ltd. in North Carolina was the only U.S. 
manufacturer of moissanite, a gem-quality synthetic silicon 
carbide and an excellent diamond simulant. The company used a 
proprietary patented technology. Moissanite was marketed for its 
own gem qualities; it exhibits a higher refractive index (brilliance) 
and higher luster than diamond. Its hardness is between that 
of corundum (ruby and sapphire) and that of diamond, which 
gives it durability. Charles & Colvard reported that moissanite 
sales decreased by 7% to $27.0 million in 2017 compared with 
$29.2 million in 2016 (Charles & Colvard, Ltd., 2018, p. 2-3). 

U.S. mussel shells are used as a source of mother-of-pearl 
and as seed material for culturing pearls. The value of U.S. 
shell production decreased slightly to $337,000 in 2017 
compared with $340,000 in 2016 (table 1). This mussel shell 
data includes only freshwater mussel shells. In some regions of 
the United States, shell from mussels was being used more as a 
gemstone based on its own merit rather than as seed material for 
pearls. This shell material was being processed into mother-of- 
pearl and used in beads, jewelry, and watch faces. 
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Consumption 


Although the United States accounted for only a small 
portion of total global gemstone production, it was the world’s 
leading diamond and nondiamond gemstone market, accounting 
for more than 35% of world gemstone consumption in 2017. 
In the United States, the majority of domestic consumers 
designated diamond as their favorite gemstone. This popularity 
of diamonds is evidenced by the diamond market accounting 
for 95% of the $22.0 billion total value of the U.S. gemstone 
apparent consumption. The U.S. apparent consumption for 
unset gem-quality diamond during the year was estimated to 
be $21.0 billion, a slight increase compared with $20.7 billion 
in 2016. Domestic markets for natural, unset nondiamond 
gemstones totaled $1.01 billion in 2017, which was a 18% 
decrease from $1.23 billion in 2016. 

U.S. specialty jewelry store retail sales increased to 
$34.6 billion for the year in 2017, a 5.2% increase compared 
with retail sales in 2016. End of year sales were higher than 
anticipated: November 2017 U.S. fine jewelry and watch 
sales increased by 8.4% over those of November 2016, and 
December 2017 sales increased to $6.57 billion compared with 
sales of $6.50 billion in December 2016 (Munn, 2018). 


Prices 


Gemstone prices are governed by many factors and qualitative 
characteristics, including beauty, clarity, defects, demand, 
durability, and rarity. Diamond pricing, in particular, is complex; 
values can vary significantly depending on time, place, and 
the subjective valuations of buyers and sellers. More than 
14,000 categories are used to assess rough diamond, and more 
than 100,000 different combinations of carat, clarity, color, and 
cut values can be used to assess polished diamond. 

Colored gemstone prices are generally influenced by market 
supply and demand considerations, and diamond prices are 
supported by producer controls on the quantity and quality of 
supply. Value of production and prices of gemstones produced 
and (or) sold in the United States are listed in tables 1, 2, and 3. 
In addition, customs values for diamonds and other gemstones 
imported, exported, or reexported are listed in tables 4 through 8. 

De Beers Group companies remained a significant force, 
influencing the price of gem-quality diamond sales worldwide 
during 2017. De Beers companies produced about 20% of total 
global quantity and 33% of total global value (De Beers UK 
Ltd., 2018, p. 7). 

Since 2000, De Beers’ control of world diamond pricing 
has gradually decreased. Instead, flexible pricing mechanisms 
have set the stage for new methods of rough diamond sales in 
addition to rough diamonds being sold through a limited number 
of sightholder sales, the method used for years by De Beers. 


Rough diamonds were also sold by auctions, placed sales, tender 


sales, and term contracts (De Beers UK Ltd., 2014, p. 39). 
Foreign Trade 


During 2017, total U.S. natural gemstone trade with all 
countries and localities was valued at about $48.3 billion, which 
was a slight increase from that of 2016. Total U.S. natural 
gemstone trade with all countries and localities, excluding 
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reexports, was valued at about $28.1 billion. Diamond 
accounted for about 87% of the 2017 gemstone trade total value, 
excluding reexports. In 2017, U.S. import quantities of cut 
diamond decreased by 10% compared with those of 2016, and 
the value decreased by 3%. U.S. import quantities of rough and 
unworked diamond in 2017 decreased by 5% compared with 
the previous year, and the value increased by 23% compared 
with that of 2016 (table 8). The United States remained the 
world’s leading diamond importer and was a significant 
international diamond transit center as well as the world’s 
leading gem-quality diamond market. In 2017, U.S. export and 
reexport quantities of gem-grade diamond decreased by 4% 
compared with those of 2016, and the value decreased by 3%. 
The large quantity of reexports revealed the significance of the 
United States in the world’s diamond supply network (table 4). 
Import values of natural gemstones decreased slightly to 
$24.9 billion for the United States in 2017 compared with 
$25.2 billion in 2016. Import values of synthetic gemstone 
more than doubled to $195 million in 2017 compared with 
$74.2 million 2016 (tables 7-8). This increase was due to large 
increases in synthetic gemstone imports from Canada, India, 
Hong Kong, Mexico, and Singapore. Synthetic gemstone 
imports from China, Germany, Hong Kong, India, Mexico, 
Russia, and Singapore with a value of about $178 million 
accounted for about 94% (by value) of total domestic imports 
of synthetic gemstones during 2017 (table 7). The marketing 
of imported synthetic gemstones and enhanced gemstones as 
natural gemstones and the mixing of synthetic materials with 
natural stones in imported parcels continued to be an issue 
for some domestic jewelers and sales companies in 2017. In 
addition, some simulants were marketed as natural or synthetic 
gemstones during the year, as in previous years. 


World Review 


The worldwide gemstone industry has two distinct sectors— 
diamond mining and marketing and colored gemstone 
production and sales. Most diamond supplies are controlled 
by a few major mining companies; prices are influenced by 
consumer demand and supply availability and, to a lesser extent, 
by managing the quality and quantity of the gemstones relative 
to demand, a function that has been performed by De Beers 
sightholder sales. Unlike diamond, colored gemstones are 
primarily produced at relatively small, low-cost operations with 
few dominant producers; prices are influenced only by consumer 
demand and supply availability. 

In 2017, global natural rough diamond production increased 
by 19% to 151 million carats from 127 million carats in 2016. 
Of the 151 million carats of total natural diamond production, 
87.9 million carats (58% of total diamond production) was 
gemstone diamond and 63.0 million carats (42% of total 
diamond production) was industrial diamond (table 11). Most 
production was concentrated in a few regions—Africa [Angola, 
Botswana, Congo (Kinshasa), Namibia, and South Africa], 

Asia (northeastern Siberia and Yakutia in Russia), Australia, 
North America (Northwest Territories in Canada), and South 
America (Brazil). The world’s leading rough diamond producers 
were as follows: Russia, producing 42.6 million carats (28% of 
total world production); Canada, with 23.2 million carats (15%); 
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Botswana, with 22.9 million carats (15%); Congo (Kinshasa), 
with 18.9 million carats (13%); Australia, with 17.1 million 
carats (11%); South Africa, with 9.68 million carats (6.4%); 
and Angola, with 9.44 million carats (6.3%); other countries 
produced 6.95 million carats (4.6%). During 2017, the value 

of worldwide rough diamond production increased by 15% to 
$14.1 billion from the 2016 value of $12.3 billion (Kimberley 
Process, 2017, 2018). In 2017, Russia also was the world’s 
leading gemstone diamond producer with 27%; followed by 
Canada, 26%; Botswana, 18%; Angola, 10%; South Africa, 9%; 
Congo (Kinshasa), 4%; and Namibia, 2%. These seven countries 
produced 97% (by quantity) of the world’s gemstone diamond 
output in 2017 (table 11). 

During 2017, OJSC ALROSA and De Beers Group remained 
the two leading diamond producers by quantity and value. 
ALROSA’s production was about 24% of total global quantity 
and 24% of total global value; De Beers’ production was 
about 20% of total global quantity and 33% of total global 
value. The third-ranked company was Rio Tinto Ltd., which 
produced about 13% of total global production quantity and 
approximately 12% of global production value (De Beers UK 
Ltd., 2018, p. 7). 

In 2002, the international rough diamond certification system, 
the Kimberley Process Certification Scheme (KPCS), was 
agreed upon by United Nations (UN) member nations, the 
diamond industry, and involved nongovernmental organizations 
to prevent the shipment and sale of conflict diamonds. Conflict 
diamonds are diamonds that originate from areas controlled 
by forces or factions opposed to legitimate and internationally 
recognized Governments and are used to fund military action 
in opposition to those Governments or in contravention of the 
objectives of the UN Security Council. The KPCS monitors 
rough diamond trade in both gemstone and industrial diamond. 
The KPCS includes the following key elements: the use of 
forgery-resistant certificates and tamper-proof containers for 
shipments of rough diamonds; internal controls and procedures 
that provide credible assurance that conflict diamonds do not 
enter the legitimate diamond market; a certification process 
for all exports of rough diamonds; the gathering, organizing, 
and sharing of import and export data on rough diamonds 
with other participants of relevant production; credible 
monitoring and oversight of the international certification 
scheme for rough diamonds; effective enforcement of the 
provisions of the certification scheme through dissuasive and 
proportional penalties for violations; self-regulation by the 
diamond industry that fulfills minimum requirements; and 
sharing information with all other participants on relevant 
rules, procedures, and legislation as well as examples of 
national certificates used to accompany shipments of rough 
diamonds. Australia assumed the chair of KPCS from January | 
through December 31, 2017. As of December 31, 2017, the 
54 participants represented 81 nations (including the 28 member 
nations of the European Union counted as a single participant) 
plus the rough-diamond-trading entity of Taipei (Taiwan). The 
participating nations in the KPCS account for approximately 
99.8% of the global production and trade of rough diamonds 
(Kimberley Process, 2019). 
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Globally, the value of production of rough natural gemstones 
other than diamond was estimated to be more than $1.15 billion 
in 2017, based on total value of world rough nondiamond 
gemstone exports. Most nondiamond gemstone mines are 
small, low-cost, and widely dispersed operations that are often 
in remote regions. Foreign countries with major gemstone 
deposits other than diamond are Afghanistan (aquamarine, beryl, 
emerald, kunzite, lapis lazuli, ruby, and tourmaline), Australia 
(beryl, opal, and sapphire), Brazil (agate, amethyst, beryl, ruby, 
sapphire, topaz, and tourmaline), Burma (beryl, jade, ruby, 
sapphire, and topaz), Colombia (beryl, emerald, and sapphire), 
Kenya (beryl, garnet, and sapphire), Madagascar (beryl, rose 
quartz, sapphire, and tourmaline), Mexico (agate, opal, and 
topaz), Sri Lanka (beryl, ruby, sapphire, and topaz), Tanzania 
(garnet, ruby, sapphire, tanzanite, and tourmaline), and Zambia 
(amethyst and beryl). In addition, pearls are cultured throughout 
the South Pacific and in other equatorial waters; Australia, 
China, French Polynesia, and Japan were key producers in 2017. 

Worldwide diamond exploration spending decreased by 28% 
during 2017 from that of 2016 and by 60% since 2012. In 2017, 
the global diamond exploration budget was approximately 
$208 million, which was less than 3% of the total spent on all 
mineral exploration. The three leading countries for diamond 
exploration were, in descending order of 2017 budget, Russia, 
Canada, and Botswana. Their combined budgets accounted for 
about 79% of the global diamond exploration budget (Wilburn 
and Karl, 2018, p. 34-35). 

Botswana.—Rough diamond production in Botswana was 
22.9 million carats during 2017, a 9% increase compared with 
that of 2016, accounting for 15% of total global production. This 
diamond production was valued at $3.33 billion, a 17% increase 
compared with that of 2016 (Kimberley Process, 2017, 2018). 

The Jwaneng diamond mine in the Kalahari Desert of south- 
central Botswana was wholly owned by Debswana Diamond 
Co. (Pty.) Ltd. The company began the Cut 8 project at Jwaneng 
in 2016, and production began in 2017 (De Beers UK Ltd., 
2017p: 7): 

Canada.—Rough diamond production in Canada was 
23.2 million carats during 2017, a 78% increase compared with 
that of 2016, accounting for 15% of total global production. This 
diamond production was valued at $2.06 billion, a 47% increase 
compared with that of 2016 (Kimberley Process, 2017, 2018). 
Canada was the main driver of the increase in global rough 
diamond production, overtaking Botswana as the second-leading 
diamond producing country by volume. 

The Diavik Diamond Mine in the Northwest Territories began 
an extension project of the A21 kimberlite pipe pit during 2016 
and continued the project during 2017 with production expected 
to begin in 2018. Diavik was jointly owned by Rio Tinto Group 
(60%) and Dominion Diamond Corp. (40%) (De Beers UK Ltd., 
2017p. 722018, p. 7). 

The Gahcho Kué Mine in the Northwest Territories entered 
full production late in 2016 and had its first full year of 
production in 2017. The mine was jointly owned by De Beers 
Canada, Inc. (51%) and Mountain Province Diamonds Inc. 
(49%). The mine owners anticipated average annual diamond 
production of 4.5 million carats (De Beers UK Ltd., 2017, p. 7; 
Diamond Loupe, The, 2018). 
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The Renard Mine in Quebec also entered full production 
late in 2016 and had its first full year of production in 2017. 
The mine was wholly owned by Stornoway Diamonds Corp. 
Stornoway anticipated average annual diamond production 
of 1.6 million carats (De Beers UK Ltd., 2017, p. 7; 
Diamond Loupe, The, 2018). 
Lesotho.—Rough diamond production in Lesotho was 
1.13 million carats during 2017, more than triple that of 2016, 
but accounting for less than 1% of total global production. This 
diamond production had a value of $343 million, a 6% decrease 
compared with that of 2016 (Kimberley Process, 2017, 2018). 
The Liqhobong Diamond Mine in the Maluti Mountains of 
northern Lesotho began ramping up production in 2016 and 
reached full commercial production in 2017. The 2017 reported 
production was 366,000 carats (Mining Data Online, 2020). 
The mine was owned by Firestone Diamonds ple (75%) and the 
Government of Lesotho (25%). The mine owners anticipated 
average annual diamond production of 1.0 million carats 
(De Beers UK Ltd., 2017, p. 7). 
Russia.—Rough diamond production in Russia was 
42.6 million carats during 2017, a 6% increase compared with 
that of 2016, accounting for 28% of total global production. This 
diamond production was valued at $4.11 billion, a 15% increase 
compared with that of 2016 (Kimberley Process, 2017, 2018). 
ALROSA started construction of the Verkhne-Munskoe project 
in Yakutia, during 2016. Project completion and mine startup 
were expected in 2018 (De Beers UK Ltd., 2017, p. 7; 2018, p. 7). 


Outlook 


As domestic and global luxury spending increase, sales 
of gemstones and jewelry are expected to increase also. As 
the gemstone and jewelry industries and their consumers 
become more comfortable with the internet and other forms of 
e-commerce, internet sales of diamonds, gemstones, and jewelry 
are expected to continue expanding and increasing in popularity. 
Internet sales are expected to add to and partially replace “brick- 
and-mortar” store sales. 

Global diamond production is expected to increase during 
the next few years as a result of new projects coming onstream. 
By 2020, about 25% of diamond production will come from 
projects that are currently being developed, but additional 
increases in output will come from expected expansions at 
currently operating mines (De Beers UK Ltd., 2016, p. 29; 2017, 
p. 72015, p. 7} 

More synthetic gemstones, simulants, and treated gemstones are 
likely to enter the marketplace and necessitate more transparent 
industry trade standards to maintain customer confidence. 
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TABLE 1 
ESTIMATED VALUE OF U.S. NATURAL GEMSTONE PRODUCTION, 
BY GEM TYPE! 
(Thousand dollars) 
Natural gems Synthetic gems 
Gem materials 2016 2017 2016 2017 
Beryl 360 141 de a 
Coral, all types 68 10 -- -- 
Cubic zirconia XX XX 12,000 12,000 
Diamond 70 52 13,600 16,000 
Garnet 53 34 -- -- 
Gem feldspar 1,730 776 -- -- 
Geodes and nodules 69 54 -- -- 
Moissanite XX XX 29,200 27,000 
Opal 138 113 -- -- 
Quartz: 
Macrocrystalline” 496 585 Se = 
Cryptocrystalline® 604 608 Be - 
Sapphire and ruby 331 268 -- -- 
Shell 340 aa1 -- -- 
Topaz 13 10 -- -- 
Tourmaline 43 245 -- -- 
Turquoise 2,280 793 7 iis 
Other 5,140 5,200 -- -- 
Total 11,700 9,230 54,900 55,100 


XX Not applicable. -- Zero. 


'Table includes data available through June 3, 2020. Data are rounded to no more than three significant digits; may not add to 


totals shown. 


*Macrocrystalline quartz (crystals recognizable with the naked eye) includes amethyst, aventurine, blue quartz, citrine, hawk’s 
eye, prasiolite, prase, quartz, cat’s eye, rock crystal, rose quartz, smoky quartz, and tiger’s eye. 
*Cryptocrystalline quartz (microscopically small crystals) includes agate, carnelian, chalcedony, chrysoprase, fossilized wood, 


heliotrope, jasper, moss agate, onyx, and sard. 


29.6 [ADVANCE RELEASE] 


U.S. GEOLOGICAL SURVEY MINERALS YEARBOOK—2017 


TABLE 2 


PRICES PER CARAT OF U.S. CUT ROUND DIAMONDS, BY SIZE AND QUALITY IN 2017 


Weight Representative price per carat 
(carats) Color’ Clarity” J anuary* June" December” 
0.25 G VS1 $1,650 $1,650 $1,650 
Do. do. VS2 1375 L575 1379 
Do. do. Sil 1,250 1.250 1,250 
Do. H VSI 1,600 1,600 1,600 
Do. do. VSs2 1,500 1,500 1,500 
Do. do. Sil 1,200 1,200 1,200 
0.50 G VSI 2,600 2,600 2,600 
Do. do. VS2 2,400 2,400 2,400 
Do. do. Sil 2,080 2,080 2,080 
Do. H VSI 2,390 2,390 2,390 
Do. do. VS2 2,320 2,320 2,320 
Do. do. Sil 1,910 1,910 1,910 
1.00 G VSI 7,060 7,060 6,710 
Do. do. VS2 6,600 6,600 6,200 
Do. do. Sil 6,000 6,000 5,600 
Do. H VSI 6,450 6,450 6,080 
Do. do. VS2 6,000 6,000 5,600 
Do. do. Sil 5,200 5,200 5,070 
2.00 G VS1 13,690 13,690 12,950 
Do. do. VS2 12,250 12,250 11,310 
Do. do. Sil 10,660 10,660 9,625 
Do. H VS1 11,620 11,620 11,200 
Do. do. VS2 10,450 10,450 10,000 
Do. do. Sil 9,950 9,950 9,020 
Do., do. Ditto. 


‘Gemological Institute of America (GIA) color grades: D—colorless; E—rare white; G, H, traces of color. 
°GIA clarity terms: IF—no blemishes; VVS1—very, very slightly included; VS1—very slightly included; 


VS2—-very slightly included, but not visible; S11—slightly included. 
*Source: The Gem Guide, v. 36, no. 1, January/February 2017, p. 2426. 
“Source: The Gem Guide, v. 36, no. 4, July/August 2017, p. 26-28. 

Source: The Gem Guide, v. 36, no. 6, November/December 2017, p. 26-28. 


TABLE 3 


PRICES PER CARAT OF U.S. CUT COLORED GEMSTONES IN 2017 


Price range per carat 


Gemstone January’ August’ December* 
Amethyst $30-35 $30-35 $30-35 
Aquamarine 325-375 325-375 323-375 
Citrine 13—22 13-22 13-22 
Emerald 3,250—4,500 3,250—-4,500 3,250—-4,500 
Opal, fire 180-250 180-250 180-250 
Opal, white (also jelly opal) 65-80 65-80 65-80 
Pearl, cultured saltwater" 5 5 5 
Peridot 165-200 165-180 165-180 
Rhodolite garnet 55-80 55—80 55-80 
Ruby 2,500—3,400 2,640—3,600 2,640—3,600 
Sapphire, blue 1,080—1,700 1,080—1,900 1,080—1,900 
Tanzanite 375-395 375-395 375=395 
Topaz, blue 7-10 7-8 7-8 
Topaz, yellow 175-250 175-250 175-250 
Tourmaline, green 135-200 135-200 135-200 
Tourmaline, pink 175-200 170-200 170-200 


'Source: The Gem Guide, v. 36, no. 1, January/February 2017, p. 53-54, 57, 61, 66-68, 70, 72—75, and 82. These figures are 
approximate wholesale purchase prices paid by retail jewelers on a per stone basis for | to less than 1 carat, fine-quality stones. 
Source: The Gem Guide, v. 36, no. 4, July/August 2017, p. 54-55, 60, 64, 72-74, 77, 80-83, and 90. These figures are approximate 
wholesale purchase prices paid by retail jewelers on a per stone basis for 1 to less than 1 carat, fine-quality stones. 

Source: The Gem Guide, v. 36, no. 6, November/December 2017, p. 54-55, 60, 64, 72-74, 77—78, 80-83, and 90. These figures are 
approximate wholesale purchase prices paid by retail jewelers on a per stone basis for 1 to less than 1 carat, fine-quality stones. 


“Prices are per 4.5—5-millimeter pearl. 
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TABLE 4 
U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF 
INDUSTRIAL DIAMOND), BY COUNTRY OR LOCALITY” 


2016 2017 
Quantity Value® Quantity Value® 
Country or locality (carats) (thousands) (carats) (thousands) 
Exports: 

Armenia 618 $67 568 $100 
Aruba 1,220 2,350 1,300 3,580 
Australia 19,000 20,700 11,500 11,900 
Belgium 564,000 407,000 85,700 232,000 
Brazil 15,500 5,110 32,800 6,830 
Canada 38,100 * 66,600 42,100 77,000 
China 1,290 2,770 1,410 12,700 
Dominican Republic 7,180 3,540 49 229 
France 9,410 26,200 892 17,100 
Germany 1,590 6,350 1,540 2,040 
Hong Kong 1,170,000 597,000 1,420,000 491,000 
India 669,000 293,000 561,000 343,000 
Ireland 7,950 37,200 332 1,450 
Israel 184,000 601,000 61,000 253,000 
Italy 24,900 14,700 4,350 3,240 
Japan 2,610 13,500 13,200 2,820 
Laos 28 12 -- -- 
Lebanon 1,560 1,620 496 1,190 
Macau 1,710 8,570 103 629 
Malaysia 54 184 22 105 
Mexico 331,000 71,300 609,000 61,000 
Namibia 136 25 -- -- 
Netherlands 217 790 7,530 10,400 
Panama 17,600 2,800 22,500 1,080 
Singapore 5,050 14,100 1,060 13,000 
Sint Maarten 12,700 17,400 3,910 11,900 
South Africa 316 2,650 276 3,110 
Switzerland 44,200 58,500 22,800 36,300 
Taiwan 5,310 3,110 1,100 309 
Thailand 148,000 11,300 96,400 20,000 
United Arab Emirates 408,000 113,000 97,300 40,100 
United Kingdom 49,700 19,900 6,410 13,200 
Vietnam 36,900 45,600 14,500 18,800 
Other 8,850 ° 16,100 ° 11,200 13,600 

Total 3,790,000 2,480,000 3,130,000 1,700,000 

Reexports: 

Armenia 27,500 4,860 27,500 5,900 
Aruba 2,530 5,380 2,980 6,070 
Australia 7,560 41,900 10,600 53,900 
Belgium 664,000 2,740,000 621,000 2,460,000 
Brazil 1,190 106 24,700 2,690 
Canada 99,900 * 143,000 ° 93,000 125,000 
China 45,200 42,100 33,800 44,700 
Dominican Republic 17,200 6,830 19,100 6,320 
France 3,910 217,000 2,130 121,000 
Germany 30,800 2,190 19,400 5,930 
Hong Kong 2,300,000 2,440,000 2,410,000 2,900,000 
India 2,640,000 4,510,000 2,610,000 3,800,000 
Ireland 140 587 14,500 10,100 
Israel 1,050,000 4,370,000 984,000 4,620,000 
Italy 11,100 34,400 61,900 59,300 
Japan 27,700 63,600 40,900 66,900 
Laos 8,640 4,780 7,280 4,080 
Lebanon 1,180 2,870 1,470 3,750 
Macau a 28 ey 120 
Malaysia 426 795 5,280 1,740 
Mexico 10,000 10,700 8,720 11,500 
Namibia 20,600 10,400 9,580 6,410 


See footnotes at end of table. 
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TABLE 4—Continued 
U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF 
INDUSTRIAL DIAMOND), BY COUNTRY OR LOCALITY” 


2016 2017 
Quantity Value® Quantity Value® 
Country or locality (carats) (thousands) (carats) (thousands) 
Reexports:—Continued 

Japan 27,700 63,600 40,900 66,900 
Laos 8,640 4,780 7,280 4,080 
Lebanon 1,180 2,870 1,470 3,750 
Macau 2) 28 a7 120 
Malaysia 426 795 5,280 1,740 
Mexico 10,000 10,700 8,720 11,500 
Namibia 20,600 10,400 9,580 6,410 
Netherlands 428 1,840 2,320 1,640 
Panama 1,350 2,120 1,070 791 
Singapore 6,780 41,400 2,780 45,200 
Sint Maarten 20,600 41,600 14,300 36,600 
South Africa 7,740 94,500 8,360 116,000 
Switzerland 96,300 1,030,000 104,000 1,260,000 
Taiwan 704 4,800 6,290 4,870 
Thailand 130,000 88,000 113,000 81,300 
United Arab Emirates 432,000 539,000 583,000 788,000 
United Kingdom 53,700 454,000 55,900 361,000 
Vietnam 7,130 7,530 38,200 44,200 
Other 22,800 * 9,430 * 25,200 40,300 

Total 7,750,000 17,000,000 * 7,960,000 17,100,000 
Grand total 11,500,000 19,400,000 * 11,100,000 18,800,000 


"Revised. -- Zero. 


'Table includes data available through June 3, 2020. Data are rounded to no more than three significant digits; may not 


add to totals shown. 


“Export and reexport data are for Harmonized Tariff Schedule of the United States codes 7102.31.0000, 7102.39.0010, 


and 7102.39.0050. 
*Values are free alongside ship. 


Source: U.S. Census Bureau. 
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TABLE 5 
U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY OR LOCALITY! 


2016 2017 
Quantity Value” Quantity Value” 
Kind, weight, and country or locality (carats) (thousands) (carats) (thousands) 
Rough or uncut, natural:* * 
Angola 34,000 $232,000 19,300 $132,000 
Australia 18,500 1,540 4,170 463 
Botswana 63,700 318,000 231,000 629,000 
Brazil 5,830 20,600 2,340 13,400 
Canada 112,000 26,400 131,000 59,400 
Congo (Brazzaville) 2,210 25 -- -- 
Congo (Kinshasa) 1,340 6,390 6,270 991 
Guyana 7,510 1,950 3,440 1,540 
India 4,470 3,260 21,500 162 
Lesotho 407 13,400 510 15,600 
Namibia 18,300 23,100 22,500 29,700 
Russia 173,000 21,800 23,500 20,200 
Sierra Leone 466 1,290 2,130 12,600 
South Africa 173,000 139,000 118,000 143,000 
Tanzania 147 50,200 208 102 
Other 614 1,450 504 2,400 
Total 616,000 860,000 587,000 1,060,000 
Cut but unset, not more than 0.5 carat: 
Armenia 6,850 3,390 3,130 1,550 
Australia 1,300 1,860 3,550 543 
Belgium 154,000 99,800 164,000 84,100 
Botswana 5,610 14,400 5,070 10,600 
Brazil 1,050 866 1,870 542 
Cambodia 22,200 17,300 22,800 16,900 
Canada 20,200 12,600 8,510 8,150 
China 34,500 29,300 58,400 31,000 
France 533 1,030 300 452 
Germany 5,120 1,650 * 3,050 1,100 
Hong Kong 164,000 28,800 211,000 40,300 
India 5,070,000 1,560,000 4,060,000 1,260,000 
Israel 761,000 285,000 742,000 267,000 
Italy 19,600 4,170 2,240 805 
Japan 1,290 579 1,270 417 
Laos 8,030 9,290 5,970 6,120 
Mauritius 16,100 30,400 21,300 33,200 
Mexico 70,600 15,400 13,900 3,740 
Mozambique 4,380 960 2,470 45 
Namibia 2,120 6,060 189 453 
Nigeria 1,880 659 -- -- 
Singapore 4,000 3,600 235 175 
South Africa 28,100 40,600 4,010 3,810 
Sri Lanka 3,480 3,660 6,570 6,360 
Thailand 44,600 11,300 16,900 5,910 
United Arab Emirates 16,100 3,670 6,740 2,380 
United Kingdom 24,300 2,960 20,400 3,640 
Vietnam 49,500 44,500 73,900 42,100 
Other 3,880 2,010 * 5,660 3,750 
Total 6,540,000 2,240,000 5,460,000 1,840,000 
Cut but unset, more than 0.5 carat:° 
Armenia 2,210 1,600 2,850 1,920 
Australia 3,570 95,800 3,280 159,000 
Belgium 479,000 3,180,000 385,000 2,930,000 
Botswana 24,900 94,800 25,500 125,000 
Brazil 658 3,700 840 36,100 
Canada 34,000 129,000 24,800 88,000 
China 25,100 181,000 27,200 178,000 
France 1,520 58,200 1,880 57,300 
Germany 1,480 3,580 560 4,110 


See footnotes at end of table. 
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TABLE 5—Continued 


U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY OR LOCALITY! 


2016 2017 
Quantity Value’ Quantity Value’ 
Kind, weight, and country or locality (carats) (thousands) (carats) (thousands) 
Cut but unset, more than 0.5 carat:°—Continued 

Hong Kong 29,100 149,000 51,900 281,000 
India 2,430,000 7,510,000 2,450,000 7,290,000 
Indonesia 4,170 21,400 15 269 
Israel 1,350,000 7,150,000 1,320,000 7,170,000 
Italy 818 * 14,100 2,450 23,400 
Japan 3,430 6,760 1,750 4,760 
Mauritius 7,450 28,200 7,410 24,600 
Namibia 10,300 31,700 15,700 57,200 
Russia 14,600 61,500 6,920 50,200 
Singapore 11,000 20,300 1,290 14,400 
South Africa 27,500 692,000 39,300 617,000 
Spain 696 2,500 857 16,100 
Switzerland 9,050 409,000 7,060 430,000 
Thailand 8,730 39,100 17,800 25,300 
Ukraine 758 1,110 2,540 2,840 
United Arab Emirates 7,720 62,400 5,080 38,200 
United Kingdom 6,730 78,700 11,400 134,000 
Vietnam 2,410 7,270 4,810 12,600 
Other 4,110° 72,000 * 16,300 57,600 

Total 4,500,000 20,100,000 4,430,000 19,800,000 


"Revised. -- Zero. 


'Table includes data available through June 3, 2020. Data are rounded to no more than three significant digits; may not add to totals 


shown. 
Customs value. 
Includes some natural advanced diamond. 


“Harmonized Tariff Schedule of the United States (HTS) code 7102.31.0000. 


HTS code 7102.39.0010. 
°HTS code 7102.39.0050. 


Source: U.S. Census Bureau. 
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TABLE 6 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 
DIAMOND, BY KIND AND COUNTRY OR LOCALITY! 


2016 2017 
Quantity Value” Quantity Value” 
Kind and country or locality (carats) (thousands) (carats) (thousands) 
Emerald:* 

Belgium 1,220 $4,530 4,580 $4,870 
Brazil 113,000 17,000 132,000 18,000 
Burma -- -- 1,360 140 
Canada 1,140 414 724 93 
China 22,100 464 7,470 253 
Colombia 285,000 233,000 334,000 209,000 
France 4,480 33,800 8,700 60,000 
Germany 14,000 1,300 16,700 4,110 
Hong Kong 217,000 29,700 424,000 158,000 
India 1,090,000 134,000 1,040,000 131,000 
Israel 180,000 60,000 223,000 70,600 
Italy 5,790 13,000 26,900 20,700 
Japan 1,070 117 587 72 
Lebanon 1,450 235 5 9 
Madagascar 19 140 36,500 1,070 
Malaysia 6,500 27 97 46 
Mozambique 4,320 1,150 4,260 1,590 
South Africa 8,830 1,790 10,300 3,160 
Sri Lanka 7,500 3,270 841 1,780 
Switzerland 8,550 30,100 9,480 56,400 
Thailand 525,000 17,500 540,000 20,100 
United Arab Emirates 12,200 1,650 8,020 1,150 
United Kingdom 2,170 7.010 3,660 30,200 
Zambia 291,000 35,700 307,000 37,100 
Zimbabwe 3,400 300 -- -- 
Other LS70* 3,040 * 548 641 

Total 2,810,000 630,000 3,140,000 830,000 

Ruby: 

Afghanistan 1,280 1,730 -- -- 
Belgium 348 1,320 627 4,350 
Brazil 1,960 14 3,400 181 
Burma 1,750 6,630 26,600 8,250 
Canada 1,790 61 75 132 
China 8,950 118 72,000 1,660 
France 1,010 2,990 6,380 26,900 
Germany 6,260 357 8,640 3,610 
Hong Kong 357,000 11,000 440,000 27,800 
India 1,570,000 21,000 1,410,000 24,200 
Israel 1,190 4,070 10,400 4,700 
Italy 1,770 1,690 5,660 12,500 
Kenya 7,860 81 4,700 159 
Madagascar 127,000 6,470 34,600 5,860 
Malaysia 11,500 12 12,500 21 
Mozambique 95,000 36,700 123,000 46,100 
South Africa 11,300 1,450 6,000 3,150 
Sri Lanka 2,680 1,810 2,500 1,060 
Switzerland 6,320 4,320 2,660 29,100 
Tanzania 954 5,510 1,540 19,700 
Thailand 1,980,000 70,300 2,180,000 130,000 
United Arab Emirates 100 696 4,230 4 
United Kingdom 200 897 1,330 5,640 
Other 1,350 * 1.1350 3,040 1,190 

Total 4,200,000 180,000 4,360,000 356,000 


See footnotes at end of table. 
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TABLE 6—Continued 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 


DIAMOND, BY KIND AND COUNTRY OR LOCALITY! 


2016 2017 
Quantity Value” Quantity Value” 
Kind and country or locality (carats) (thousands) (carats) (thousands) 
Sapphire: 

Australia 1,570 186 6,100 262 
Belgium 716 5,050 1,390 2,070 
Brazil 16,600 463 12,100 559 
Burma 20,400 6,730 17,200 2,920 
Canada 1,520 224 459 277 
China 120,000 1,400 81,100 192 
France 5,080 37,300 15,200 47,200 
Germany 42,400 1,440 30,100 7,270 
Gibraltar -- -- 10,000 100 
Hong Kong 173,000 42,400 429,000 73,700 
India 1,550,000 38,300 1,420,000 27,300 
Israel 13,500 8,640 18,200 15,000 
Italy 5,870 8,370 6,580 8,340 
Japan 2,060 160 2,820 334 
Kenya 3,690 102 1,690 40 
Madagascar 220,000 6,080 113,000 6,240 
Mozambique 11,800 663 5,710 451 
Pakistan 4,100 988 -- -- 
South Africa 10,400 1,820 2,180 207 
Sri Lanka 1,080,000 96,300 426,000 104,000 
Switzerland 7,920 52,900 21,200 53,500 
Thailand 4,060,000 111,000 3,810,000 121,000 
Turkey 928 95 137 2 
United Arab Emirates 270 705 1,720 377 
United Kingdom 995 11,900 5,880 10,300 
Zambia 220 88 2,030 22 
Other 2,450 1,470 5,230 4,470 

Total 7,360,000 435,000 6,440,000 486,000 

Other precious and semiprecious 

nondiamond gemstones: 
Rough, uncut, all countries® 1,820,000,000 49,300 724,000,000 16,500 
Cut, set and unset, all countries’ NA 517,000 * NA 361,000 


"Revised. NA Not available. -- Zero. 


'Table includes data available through June 3, 2020. Data are rounded to no more than three significant digits; 


may not add to totals shown. 
*Customs value. 


*Emerald data are for Harmonized Tariff Schedule of the United States (HTS) code 7103.91.0030. 


“Ruby data are for HTS code 7103.91.0010. 
Sapphire data are for HTS code 7103.91.0020. 


Rough, uncut; data are for HTS codes 7103.10.2020 and 7103.10.2080. 


"Cut, set and unset; data are for HTS code 7103.99.1080. 


Source: U.S. Census Bureau. 
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TABLE 7 


VALUE OF U.S. IMPORTS OF SYNTHETIC 
AND IMITATION GEMSTONES, BY COUNTRY OR LOCALITY"? 


(Thousand dollars) 
Country or locality 2016 2017 
Synthetic, cut but unset:* 
Austria 1,370 1,250 
Belgium 1,810 ° 2,190 
Canada 65 1,570 
China 15,600 19,300 
Germany 8,180 8,560 
Hong Kong 2,850 23,100 
India 24,900 78,100 
Israel 950 2,360 
Mexico 240 2,980 
Russia 11,900 * 10,300 
Singapore 489 36,000 
South Africa -- 30 
Sri Lanka 431 319 
Thailand 735 1,230 
Other 1,720 ' 2,470 
Total 71,200 190,000 
Imitation:* 

Brazil 25 -- 
Canada 26 18 
China 18,500 17,600 
Germany 4 29 
Hong Kong 34 20 
India 7 84 
Italy 1 of 
Japan 47 130 
Korea, Republic of 199 148 
Netherlands 19 -- 
Pakistan 106 49 
Spain 2 -- 
Taiwan 1,040 482 
Thailand 122 in| 
United Kingdom 10 11 
Other 80 104 
Total 20,200 18,700 


"Revised. -- Zero. 
'Table includes data available through June 3, 2020. Data are rounded to no more than three significant 
digits; may not add to totals shown. 


2 
Customs value. 


*Harmonized Tariff Schedule of the United States (HTS) code 7104.90.1000. 
“HTS code 3926.90.4000. 


Source: U.S. Census Bureau. 
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TABLE 8 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES! 


(Thousand carats and thousand dollars) 


2016 2017 
Stones Quantity Value’ Quantity Value’ 

Coral and similar materials, unworked* 7,480 15,100 6,930 15,400 
Diamonds: 

Cut but unset* 11,000 22,300,000 9,890 21,700,000 

Rough or uncut” 616 860,000 587 1,060,000 
Emeralds, cut but unset® 2,810 630,000 3,140 830,000 
Pearls: 

Cultured’ NA 23,500 NA 18,300 

Imitation® NA 39,500 NA 36,400 

Natural” NA 41,400 NA 12,900 
Rubies, cut but unset'® 4,200 180,000 4,360 356,000 
Sapphires, cut but unset'! 7,360 435,000 6,440 486,000 
Other precious and semiprecious nondiamond gemstones: 

Rough, uncut!” 1,820,000 49,300 724,000 16,500 

Cut, set and unset’® NA 517,000 ' NA 361,000 

Other’ NA 15,300 * NA 9,580 

Synthetic: 

Cut but unset!” 41,000 71,200 36,100 190,000 
Other’® NA 2,950 * NA 4,740 
Imitation gemstone'’ NA 20,200 NA 18,700 
Total 1,890,000 25,200,000 791,000 25,100,000 


"Revised. NA Not available. 


'Table includes data available through June 3, 2020. Data are rounded to no more than three significant digits; may not add to totals 


shown. 
2 
Customs value. 


*Coral and similar materials, unworked; data are for Harmonized Tariff of the United States (HTS) code 0508.00.0000. 
“Diamonds, cut but unset; data are for HTS codes 7102.39.0010 and 7102.39.0050. 


Diamond, rough or uncut; data are for HTS code 7102.31.0000. 
Emeralds, cut but unset; data are for HTS code 7103.91.0030. 
’Cultured pearl data are for HTS code 7101.21.0000. 


‘Imitation pearl data are for HTS codes 7018.10.1000 and 7018.10.2000. 


*Natural pearl data are for HTS code 7101.10.0000. 
Rubies, cut but unset; data are for HTS code 7103.91.0010. 
"'Sapphires, cut but unset; data are for HTS code 7103.91.0020. 


"Other precious and semiprecious nondiamond gemstones, rough, uncut; data are for HTS codes 7103.10.2020 and 7103.10.2080. 
Other precious and semiprecious nondiamond gemstones, cut, set and unset; data are for HTS code 7103.99.1080. 


Other precious and semiprecious nondiamond gemstones, other data are for HTS code 7103.99.5080. 


"Reconstructed, cut but unset synthetic gemstones; data are for HTS code 7104.90.1000. 
‘Reconstructed, worked but unset synthetic gemstones; data are for HTS code 7104.90.5000. 


"Imitation gemstones, excluding pearls; data are for HTS code 3926.90.4000. 


Source: U.S. Census Bureau. 
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TABLE 10 


LABORATORY-CREATED GEMSTONE PRODUCTION METHODS! 


Gemstone Production method Company or producer Date of first production 
Alexandrite Flux Creative Crystals Inc. 1970s. 
Do. Melt pulling J.O. Crystal Co., Inc. 1990s. 
Do. do. Kyocera Corp. 1980s. 
Do. Zone melt Seiko Corp. Do. 
Cubic zirconia Skull melt Various producers 1970s. 
Diamond HPHT’? General Electric Co. 1950s. 
Do. CVD? Apollo Diamond Inc. 2000s. 
Do. MPCVD* CIW & UA° 2000s. 
Emerald Flux Chatham Created Gems, Inc. 1930s. 
Do. do. Gilson 1960s. 
Do. do. Kyocera Corp. 1970s. 
Do. do. Lennix 1980s. 
Do. do. Russia Do. 
Do. do. Seiko Corp. Do. 
Do. Hydrothermal Biron Corp. Do. 
Do. do. Lechleitner 1960s 
Do. do. Regency 1980s 
Do. do. Russia Do. 
Moissanite Sublimation Cree Research 1980s 
Ruby Flux Chatham Created Gems, Inc. 1950s 
Do. do. Douras 1990s 
Do. do. J.O. Crystal Co., Inc. 1980s 
Do. do. Kashan Created Ruby 1960s 
Do. Melt pulling Kyocera Corp. 1970s 
Do. Verneuil Various producers 1900s 
Do. Zone melt Seiko Corp. 1980s 
Sapphire Flux Chatham Created Gems, Inc. 1970s 
Do. Melt pulling Kyocera Corp. 1980s 
Do. Verneuil Various producers 1900s 
Do. Zone melt Seiko Corp. 1980s 
Star ruby Melt pulling Kyocera Corp. Do. 
Do. do. Nakazumi Earth Crystals Co. Do. 
Do. Verneuil Linde Air Products Co. 1940s 
Star sapphire do. do. Do. 
Do., do. Ditto. 


‘Gemstones that are also synthesized but for which the production methods are proprietary include gems such as 
garnet, opal, and turquoise. Gemstone amethyst, citrine, and other quartz minerals are produced by the 
hydrothermal method. 


“High-pressure, high-temperature (HPHT). 
*Chemical vapor deposition (CVD). 


“Microwave plasma chemical vapor deposition (MPCVD). 
>The Carnegie Institution of Washington Geophysical Laboratory and the University of Alabama. 
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TABLE 11 
DIAMOND (NATURAL): WORLD PRODUCTION, BY COUNTRY OR LOCALITY AND TYPE! 


(Thousand carats) 


Country or locality” 2013 2014 2015 2016 2017 
Gemstones: 
Angola®* 7,740 7,910 8,120 8,100 * 8,500 
Australia® 235 186 271 279 343 
Botswana” > 16,200 17,300 14,500 14,500 * 16,000 
Brazil, unspecified® 49 7 32 184 255 
Cameroon, unspecified’ . 4 2 1° 2 
Canada, unspecified 10,600 12,012 11,677 13,036 23,234 
Central African Republic” ® 65 -- -- 9 38 
China, unspecified LOS 7" Ig" iso" | -- 
Congo (Brazzaville) 56 53 40 12 47 
Congo (Kinshasa) ” 3,400 * 2,900 ' 3,300 * 3,100" 3,780 
Cote d’Ivoire, unspecified -- 1 15 20 7 
Ghana, unspecified 169 242 174 142 82 
Guinea® * 162 131 134 90 145 
Guyana, unspecified 64 * 100 118 140 52 
India® '° 10 10 9 9 11 
Lesotho, unspecified 414 346 304 342 1,126 
Liberia® |! 32 39 Al 38° 38 
Namibia, unspecified 1,689 1,918 2,053 1,718 1,948 
Russia® '* 21,200 21,500 23,500 22,600 23,800 
Sierra Leone” ” 487 496 400 439 231 
South Africa® *'° 6,520 5,950 5,780 6,650 7,750 
Tanzania” '“ 145° 215 185° 205 260 
Togo, unspecified (15) (15) at ae (15) 
Zimbabwe” '° 1,040 477 349 210 251 
Total 70,400 * 72,000 71,200 * 72,000 * 87,900 
Industrial: 

Angola” * 860 879 902 902 940 
Australia® * 11,500 9,100 13,300 13,700 16,800 
Botswana” > 6,960 7,400 6,230 6,500 * 6,900 
Central African Republic® ® 16 -- -- 2 10 
Congo (Kinshasa)*” 13,500 * 12,000 * 12,500 * 12,500 * 15,100 
Guinea® * 40 33 33 23 36 
India® '° id | 27 24 24 30 
Indonesia 7 7 we Se = 
Liberia® |! 21 26 oa Ses 25 
Russia” 16,700 16,900 18,400 17,700 18,800 
Sierra Leone” 122 124 100 110 58 
South Africa’ *"° 1,630 1,490 1,440 1,660 1,940 
Tanzania” '“ 26" 38 31° 35° 44 
Zimbabwe® '° 9,370 4,290 3,140 1,890 ° 2,260 
Total 60,800 * 52,300 * 56,100 * 55,100 * 63,000 
Grand total 131,000 * 124,000 * 127,000 127,000 * 151,000 


“Estimated. ‘Revised. -- Zero. 

'Table includes data available through October 24, 2018. All data are reported unless otherwise noted. Totals and estimated 
data are rounded to no more than three significant digits; may not add to totals shown. 

“In addition to the countries and (or) localities listed, Belarus, Germany, Ireland, Nigeria, the Republic of Korea, and 
Sweden may have produced natural diamond, but available information was inadequate to make reliable estimates of output. 
*About 90% gem quality and 10% industrial quality. 

“About 2% gem quality and 98% industrial quality. 

>About 70% gem and near-gem quality and 30% industrial quality. 

*Private sector and artisanal mining. Includes near-gem and cheap-gem qualities. 

"From artisanal mining. 

‘About 80% gem quality and 20% industrial quality. 

” About 20% gem quality and 80% industrial quality; the majority of production is from artisanal mining. 

' About 27% gem quality and 73% industrial quality. 

'T About 60% gem quality and 40% industrial quality. 

' About 56% gem quality and 44% industrial quality. 
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TABLE 11—Continued 
DIAMOND (NATURAL): WORLD PRODUCTION, BY COUNTRY OR LOCALITY AND TYPE! 


Includes artisanal mining. 

' About 85% gem quality and 15% industrial quality. 
'SLess than % unit. 

"About 10% gem quality and 90% industrial quality. 
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(Data in million dollars unless otherwise noted) 


Domestic Production and Use: The combined value of U.S. natural and synthetic gemstone output in 2016 was an 
estimated $65.9 billion, a 4% increase compared with that of 2015. Domestic gemstone production included agate, 
beryl, coral, diamond, garnet, jade, jasper, opal, pearl, quartz, sapphire, shell, topaz, tourmaline, turquoise, and many 
other gem materials. In decreasing order of production value, Idaho, Arizona, Oregon, California, Montana, Arkansas, 
Maine, Colorado, North Carolina, Nevada, Texas, and Utah produced 90% of U.S. natural gemstones. Synthetic 
gemstones were manufactured by six firms in North Carolina, New York, Michigan, South Carolina, California, and 
Arizona, in decreasing order of production value. Major gemstone uses were carvings, gem and mineral collections, 
and jewelry. The apparent consumption in the table below is much lower than the actual consumption because the 
value of exports includes the value of reexports. 


Salient Statistics—United States: 2012 2013 2014 2015 2016° 
Production:7 
Natural® 11.3 9.6 9.5 8.5 8.5 
Laboratory-created (synthetic) 31.2 56.9 51.0 55.1 57.3 
Imports for consumption 21,500 24,700 26,400 25,100 25,600 
Exports, including reexports” 16,900 19,400 21,300 18,500 19,500 
Consumption, apparent 4,640 5,400 5,160 6,660 6,170 
Price Variable, depending on size, type, and quality 
Employment, mine, number® 1,100 1,100 1,100 1,100 1,100 
Net import reliance” as a percentage 
of apparent consumption 99 99 99 99 99 


Recycling: Gemstones are often recycled by being resold as estate jewelry, reset, or recut, but this report does not 
account for those stones. 


Import Sources (2012-15 by value): Israel, 37%; India, 29%; Belgium, 19%; South Africa, 4%; and other, 11%. 
Diamond imports accounted for 92% of the total value of gem imports. 


Tariff: Item 


Coral and similar materials, unworked 

Imitation gemstones 

Pearls, imitation, not strung 

Pearls, Imitation, glass beads 

Pearls, natural, graded, temporarily strung 

Pearls, natural, not elsewhere specified 
or included 

Pearls, cultured 

Diamond, unworked or sawn 

Diamond, ’”% carat or less 

Diamond, cut, more than % carat 

Jadeite, unworked 

Other gemstones, unworked 

Other gemstones, other 

Rubies, cut 

Sapphires, cut 

Emeralds, cut 

Jadeite, cut but not set 

Other gemstones, cut but not set 

Jadeite, otherwise worked 

Other gemstones, otherwise worked 

Synthetic gemstones, cut but not set 

Synthetic gemstones, other 


Number 


0508.00.0000 
3926.90.4000 
7018.10.1000 
7018.10.2000 
7101.10.3000 


7101.10.6000 
7101.21.0000 
7102.31.0000 
7102.39.0010 
7102.39.0050 
7103.10.2020 
7103.10.2080 
7103.10.4080 
7103.91.0010 
7103.91.0020 
7103.91.0030 
7103.99.1020 
7103.99.1080 
7103.99.5020 
7103.99.5080 
7104.90.1000 
7104.90.5000 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: None. 


Normal Trade Relations 
12-31-16 
Free. 
2.8% ad val. 
4.0% ad val. 
Free. 
Free. 


Free. 
Free. 
Free. 
Free. 
Free. 
Free. 
Free. 
10.5% ad val. 
Free. 
Free. 
Free. 
Free. 
Free. 
10.5% ad val. 
10.5% ad val. 
Free. 
6.4% ad val. 


Prepared by Donald W. Olson [(703) 648-7721, dolson@usgs.gov] 
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Events, Trends, and Issues: In 2016, the U.S. market for gem-quality diamonds was estimated to be about $23.5 
billion, which was a slight increase compared with $23.2 billion in 2015. The domestic market for natural, nondiamond 
gemstones was estimated to be about $2.18 billion, which was an 11% increase compared with $1.97 billion in 2015. 
The United States accounted for more than 35% of the world’s diamond consumption and is expected to continue to 
dominate global gemstone demand. 


Increases in U.S. synthetic gemstone production are the result of the addition of a new synthetic diamond 
manufacturing firm and the reopening of a synthetic gemstone manufacturing firm in California. A South Carolina 
synthetic diamond manufacturing firm added new manufacturing equipment that greatly increased its capacity. The 
synthetic diamond manufacturing firm that was in Florida moved its production facilities offshore to Singapore and its 
offices to New Jersey. 


During 2016, several new diamond mines opened globally. Among them were two in Canada, the Gahcho Kué Mine 
in the Northwest Territories, which is expected to be one of the world’s largest diamond mines, and the Renard Mine 
in Quebec. Four new mines opened in Lesotho—the Liqhobong, Mothae, Kolo, and Lemphane Mines. 


World Gem Diamond Mine Production and Reserves: 


Mine production® Reserves’ 
2015 2016° 
United States (°) (°) World reserves of diamond-bearing 
Angola 8,110 8,100 deposits are substantial. No reserve 
Australia 271 270 data are available for other gemstones. 
Botswana 14,500 15,000 
Brazil 32 32 
Canada 11,700 13,000 
Congo (Brazzaville) 40 40 
Congo (Kinshasa) 3,200 2,800 
Ghana 174 170 
Guinea 134 134 
Guyana 118 118 
Lesotho 304 304 
Namibia 2,050 2,050 
Russia 23,500 23,500 
Sierra Leone 400 400 
South Africa 5,770 2,800 
Tanzania 163 163 
Zimbabwe 349 350 
Other countries 75 940 
World total (rounded) 70,900 70,000 


World Resources: Most diamond-bearing ore bodies have a diamond content that ranges from less than 1 carat per 
ton to about 6 carats per ton of ore. The major gem diamond reserves are in southern Africa, Australia, Canada, and 
Russia. 


Substitutes: Plastics, glass, and other materials are substituted for natural gemstones. Synthetic gemstones 
(manufactured materials that have the same chemical and physical properties as gemstones) are common 
substitutes. Simulants (materials that appear to be gems, but differ in chemical and physical characteristics) also are 
frequently substituted for natural gemstones. 


“Estimated. 

‘Excludes industrial diamond and garnet. See Diamond (Industrial) and Garnet (Industrial). 
Estimated minimum production. 

’Includes production of freshwater shell. 

“Reexports account for between 67% and 92% of the totals. 

Defined as imports — exports and reexports. 

°Data in thousands of carats of gem diamond. 

"See Appendix C for resource and reserve definitions and information concerning data sources. 
Less than % unit. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2017 
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GEMSTONES 
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Domestic survey data and tables were prepared by Chanda C. Williams, statistical assistant, and the author. 


In 2018, the estimated value of natural gemstones produced 
in the United States was $9.47 million, and the estimated value 
of U.S. production of synthetic gemstones was $65.0 million 
(table 1). The total estimated value of U.S. gemstone production 
was $74.5 million. The value of U.S. gemstone imports was 
$27.7 billion (table 8), and the value of U.S. gemstone exports 
and reexports (combined) was estimated to be $22.4 billion. In 
2018, world production of natural diamond totaled 147 million 
carats, of which an estimated 85.1 million carats were gem 
quality (table 11). The value of diamond imported into the 
United States in 2018 was $25.1 billion. This value was the 
combination of $22.4 billion of cut but unset diamonds greater 
than 0.5 carat, $2.07 billion of cut but unset diamonds less than 
0.5 carat, and $609 million of rough or uncut natural diamonds 
(table 5). 

In this chapter, the terms “gem” and “gemstone” refer to 
mineral or organic material (such as amber, pearl, petrified 
wood, and shell) used for personal adornment, display, or 
object of art because they possess beauty, durability, and 
(or) rarity. Of more than 4,000 mineral species, only about 
100 possess all these attributes and are considered gemstones. 
Silicates other than quartz are the largest group of gemstones 
in terms of chemical composition; oxides and quartz are the 
second largest (table 9). Gemstones are subdivided into natural 
diamond and natural nondiamond gems. In addition, synthetic 
gemstones and gemstone simulants are discussed but listed 
separately from natural gemstones (tables 1, 7, 8, 10). Synthetic 
gemstones have the same chemical, optical, and physical 
properties as their natural gemstone counterparts. “Cultured” 
and “laboratory-created” are also terms used to refer to synthetic 
gemstones. Simulants have appearances like those of natural 
gemstone materials, but have different chemical, optical, and 
physical properties. 

Trade data in this chapter are from the U.S. Census Bureau. All 
percentages in the chapter were calculated using unrounded data. 
Information on industrial-grade diamond and industrial-grade 
garnet can be found in the U.S. Geological Survey (USGS) 
Minerals Yearbook, volume I, Metals and Minerals, chapters on 
industrial diamond and industrial garnet, respectively. 

Gemstones have captured the attention of humans since 
prehistoric times. They have been valued as treasured objects 
throughout history by all societies in all parts of the world. 
Amber, amethyst, coral, diamond, emerald, garnet, jade, jasper, 
lapis lazuli, pearl, rock crystal, ruby, serpentine, and turquoise 
are some of the first stones known to have been used for 
making jewelry. In addition to jewelry, gemstones are used for 
collections, decorative art objects, and exhibits. 


Production 


U.S. gemstone production data were based on a survey 
conducted by the USGS of more than 250 domestic gemstone 
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producers. The survey provided a foundation for estimating the 
scope and level of domestic gemstone production during the 
year. However, the USGS survey did not represent all gemstone 
activity in the United States, which included thousands of 
professional and amateur collectors. Consequently, the USGS 
supplemented its survey with estimates of domestic gemstone 
production from related published data, contacts with gemstone 
dealers and collectors, and information gathered at gem and 
mineral shows. 

Commercial mining of gemstones has never been extensive 
in the United States. More than 60 varieties of gemstones have 
been produced commercially from domestic mines, but most of 
the deposits are small compared with those of other domestic 
mining operations. In the United States, much of the current 
gemstone mining is conducted by individual collectors, gem 
clubs, and hobbyists rather than by commercial operations. 

The commercial gemstone industry in the United States 
consists of individuals and companies that mine gemstones 
or harvest shell and pearl, firms that manufacture synthetic 
gemstones, and individuals and companies that cut and polish 
natural and synthetic gemstones. The domestic gemstone 
industry was focused on the production of nondiamond 
gemstones and the cutting and polishing of large diamond 
stones. Gemstone industry employment was estimated to be 
between 1,200 and 1,500 individuals. 

Most natural gemstone producers in the United States 
are small businesses that are widely dispersed and operate 
independently from each other. The small producers have an 
average of three employees, including those who work part 
time. The number of gemstone mines operating from year to 
year fluctuates because the uncertainty associated with the 
discovery and marketing of gem-quality minerals makes it 
difficult to obtain financing for developing and sustaining 
economically viable operations. 

The total value of natural gemstones produced in the 
United States was estimated to be $9.47 million during 
2018 (table 1). This production value was a 3% increase 
from that in 2017. 

Natural gemstone materials indigenous to the United States 
were collected or produced in every State. In 2018, there was 
production of at least $1,590 worth of gemstone materials 
in every State. The leading 13 States accounted for 95% 
of the total value of gemstones produced, as reported by 
survey respondents. These States were, in descending order 
of production value, Arizona, Oregon, Nevada, California, 
Montana, Maine, Arkansas, Colorado, Idaho, Utah, North 
Carolina, Tennessee, and New York. Some States were known 
to produce a single gemstone material—Hawaii produced 
coral and Tennessee produced freshwater pearls, for example. 
Other States produced a variety of gemstones—for example, 
Arizona’s gemstone deposits included agate, amethyst, azurite, 
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chrysocolla, garnet, jade, jasper, malachite, obsidian, onyx, 
opal, peridot, petrified wood, smithsonite, and turquoise. A wide 
variety of gemstones also was found and produced in California, 
Idaho, Montana, Nevada, North Carolina, and Oregon. 

In 2018, the United States had only one active operation 
in a known diamond-bearing area, Crater of Diamonds State 
Park near Murfreesboro, AR. The State of Arkansas maintains 
a dig-for-fee operation for tourists and amateur collectors at 
the park; Crater of Diamonds is the only diamond mine in the 
world that is open to the public for collecting diamonds. The 
diamonds occur in a lamproite breccia tuff associated with a 
volcanic pipe and in the soil developed from the lamproite 
breccia tuff. The largest diamond found in 2018 was a 2.63-carat 
white diamond (Crater of Diamonds State Park, 2018). During 
2018, 405 diamonds having an average weight of 0.190 carat 
were recovered at Crater of Diamonds. Of the 405 diamond 
stones recovered, 8 weighed more than | carat. Since the 
diamond-bearing pipe and the adjoining area became a State 
park in 1972, 33,294 diamond stones with a total weight of 
6,670.48 carats have been recovered (Waymon Cox, Park 
Interpreter, Crater of Diamonds State Park, written commun., 
June 11, 2020). Exploration has demonstrated that this diamond 
deposit contains an estimated 78.5 million metric tons of 
diamond-bearing rock (Howard, 1999, p. 62). An Arkansas law 
prohibits commercial diamond mining in the park. 

During 2018, there were many dig-for-fee operations and 
locations for mining and collecting gemstones across the 
country. Many of them were known for a particular gem type. 
Arizona had collecting locations for copper minerals, peridot, 
and turquoise; California had tourmaline collecting operations; 
Colorado had dig-for-fee amazonite, amethyst, aquamarine, 
smoky quartz, topaz, and turquoise locations; Idaho had garnet 
and opal mines; Montana had dig-for fee garnet locations and 
sapphire mines; Nevada had many dig-for-fee opal mines; 
North Carolina had emerald collecting locations; Oregon had 
many sunstone mines; and Virginia had collecting locations for 
amazonite, beryl, garnet, and staurolite. 

In addition to natural gemstones, synthetic gemstones and 
gemstone simulants were produced in the United States in 
2018. Synthetic gemstones that have been produced in the 
United States include alexandrite, azurite, chrysocolla, cubic 
zirconia, diamond, emerald, garnet, malachite, moissanite, 
ruby, sapphire, spinel, and turquoise. However, during 2018, 
only cubic zirconia, diamond, moissanite, and turquoise 
were produced commercially. Simulants of amber, azurite, 
chrysocolla, coral, lapis lazuli, malachite, travertine, and 
turquoise also were manufactured in the United States. In 
addition, certain colors of synthetic sapphire and spinel, used to 
represent other gemstones, are classified as simulants. 

Synthetic gemstone production in the United States was 
valued at $65.0 million in 2018, which was an 18% increase 
compared with that in 2017 (table 1). Five companies in five 
States, representing virtually the entire U.S. synthetic gemstone 
industry, reported production to the USGS. Production estimates 
were made for companies that did not report production based 
on related published data, contacts with gemstone collectors, 
dealers and other synthetic producers, and information gathered 
at gem and mineral shows. The States with reported synthetic 
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gemstone production were, in descending order of production 
value, North Carolina, California, New York, Maryland, and 
Arizona. The value of U.S. stmulant gemstone output was 
estimated to be more than $100 million in 2018. 

In 1954, scientists at General Electric Co. manufactured 
the first synthetic diamond grit using a high-pressure, high- 
temperature (HPHT) method. In 1956, the first commercially 
available synthetic diamond was produced by the HPHT method 
at General Electric. This method of growing diamonds has 
become relatively commonplace in the world as a technology 
for synthetic diamonds, so much so that thousands of small 
plants throughout China were using the HPHT method and 
producing synthetic diamonds suitable for cutting as gemstones. 
Diamonds of | carat or more are harder to manufacture 
because larger high-quality diamonds are difficult to produce 
consistently, even in the controlled environment of a laboratory 
using the HPHT method (Linares, 2013). After more than 
60 years of development, several synthetic diamond companies 
were able to produce relatively large high-quality industrial 
diamonds that had the same characteristics and properties as 
mined diamonds, and billions of carats of synthetic diamonds 
were manufactured annually by the HPHT process, mostly for 
industrial applications. 

In 1954, a patent was issued for a diamond growth technique 
using chemical vapor deposition (CVD). The CVD technique 
transforms carbon into plasma, which is then precipitated onto 
a substrate as diamond. Initially, gem-quality CVD synthetic 
diamond was not possible, but in the mid-1980s, scientists 
discovered how to reproducibly grow small polycrystalline 
diamonds and films of microscopic diamond crystals to cover 
surfaces using the CVD process (Linares, 2013). 

In the early 2000s, Apollo Diamond Inc. (Boston, MA) 
further developed CVD technology as a method for growing 
single, extremely pure, gem-quality diamond crystals that were 
large and suitable for use in jewelry. The CVD technique uses 
high-energy microwaves in a chamber to energize a methane 
gas into plasma, which then precipitates carbon atoms onto flat 
diamond wafer seeds as diamond. In developing this process, 
synthetic diamond producers discovered the temperature, gas 
composition, and pressure combination that resulted in the 
growth of a single diamond crystal and were able to produce 
synthetic stones that ranged from 1 to 2 carats (Wang and others, 
2003, p. 268-272). The size of the diamonds produced was 
limited only by the size of the diamond seeds and the growing 
chamber (table 10). 

Scio Diamond Technology Corp. (Greenville, SC) acquired 
the diamond growing process patents and equipment from 
Apollo Diamond in 2011 (Sim, 2016). The average size of 
synthetic diamond crystals grown by Scio Diamond more 
than doubled, and Scio Diamond produced synthetic single- 
crystal diamonds for finished sizes that averaged from 0.75 to 
2 carats for jewelry. These CVD diamonds were appropriate 
also for industrial uses because they were free of defects 
and could be grown along a specific crystallographic plane 
(Scio Diamond Technology Corp., 2015; Bailey, 2016). Scio 
Diamond continued producing synthetic single-crystal diamond 
stones until the end of 2016, when they shut down their 
production facility owing to financial difficulties (Scio Diamond 
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Technology Corp., 2017). The company did not report any 
production during 2018. In November 2018, Scio was sold to 
Adamas One Corp., a Nevada-based company, and the sale was 
completed in December (Bates, 2019a, b). 

Charles & Colvard, Ltd., in North Carolina, was the only U.S. 
manufacturer of moissanite, a gem-quality synthetic silicon 
carbide and an excellent diamond simulant. The company used 
a proprietary patented technology. Moissanite was marketed 
for its own gem qualities; it exhibits a higher refractive index 
(brilliance) and higher luster than diamond. Moissanite’s 
hardness is between that of corundum (ruby and sapphire) 
and that of diamond, which makes it very durable. Charles 
& Colvard reported that moissanite sales increased by 3% to 
$27.9 million in 2018 compared with $27.0 million in 2017 
(Charles & Colvard, Ltd., 2018a, p. 2-3; 2018b; 2019). 

U.S. mussel shells are used as a source of mother-of-pearl 
and as seed material for culturing pearls. The value of U.S. shell 
production decreased by 4% to $325,000 in 2018 compared with 
$337,000 in 2017 (table 1). These mussel shell data include only 
freshwater mussel shells. In some regions of the United States, 
shell from mussels was used more as a gemstone based on its 
own merit rather than as seed material for pearls. This shell 
material was processed into mother-of-pearl and used in beads, 
jewelry, and watch faces. 


Consumption 


Although the United States accounted for only a small portion 
of total global gemstone production, it was the world’s leading 
diamond and nondiamond gemstone market, accounting for 
more than 35% of world gemstone consumption in 2018. In the 
United States, the majority of domestic consumers designated 
diamond as their favorite gemstone. The popularity of diamonds 
is evidenced by the diamond market accounting for 92% of the 
total value of the U.S. gemstone apparent consumption. The 
total value of U.S. apparent consumption for all gemstones 
during the year was estimated to be $26.0 billion, an 18% 
increase compared with $22.0 billion in 2017. The U.S. apparent 
consumption for unset gem-quality diamond during the year 
was estimated to be $23.9 billion, a 14% increase compared 
with $21.0 billion in 2017. Domestic markets for natural, unset 
nondiamond gemstones totaled $2.07 billion in 2018, which was 
more than double the $1.01 billion in 2017. 

U.S. jewelry store annual diamond retail sales increased 
to $39.7 billion in 2018 from retail sales of $34.6 billion in 
2017. U.S. retail holiday season sales in fine jewelry increased 
to $6.3 billion, an increase of $0.2 billion from that in 2017. 
During 2018, e-commerce sales showed strong growth, which 
extended to jewelry markets. This trend was demonstrated by 
the 2018 jewelry sales of Blue Nile Inc., an online jewelry 
retailer that reported that global net sales had increased to 
$539.9 million (Munn, 2019, p. 12). 


Prices 


Gemstone prices are influenced by many factors including 
qualitative characteristics such as beauty, but also quantitative 
characteristics such as clarity, defects, demand, durability, and 
rarity. Diamond pricing is complex; values can vary significantly 
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depending on time, place, and the subjective valuations of 
buyers and sellers. More than 14,000 categories are used 

to assess rough diamond and more than 100,000 different 
combinations of carat, clarity, color, and cut values can be used 
to assess polished diamond. 

Colored gemstone prices are generally influenced by market 
supply and demand considerations and diamond prices are 
supported by producer controls on the quantity and quality of 
supply. Value of production and prices of gemstones produced 
and (or) sold in the United States are listed in tables 1, 2, and 3. 
Customs values for diamond and other gemstones imported, 
exported, or reexported are listed in tables 4 through 8. 

De Beers Group UK Ltd. (London, United Kingdom) 
companies remained a significant force in the diamond market, 
influencing the price of gem-quality diamond sales worldwide in 
2018, with an estimated 34.5% share of global rough diamond 
sales. De Beers companies produced 23% of total global 
diamond quantity and 33% of total global diamond value. Since 
2000, De Beers’ control of world diamond pricing has decreased 
gradually. Flexible pricing mechanisms have set the stage for 
new methods of rough diamond sales in addition to rough 
diamonds being sold through a limited number of sightholder 
sales, the method used for years by De Beers. Rough diamonds 
also were sold by auctions, placed sales, tender sales, and term 
contracts (De Beers Group UK Ltd., 2019, p. 7). 


Foreign Trade 


During 2018, total U.S. natural gemstone trade with all 
countries and localities was valued at $47.4 billion, which was 
a 9% increase from that in 2017. Total U.S. natural gemstone 
trade with all countries and localities, excluding reexports, 
was valued at $28.6 billion. Diamond accounted for 92% of 
the 2018 gemstone trade total value, excluding reexports. In 
2018, U.S. the quantity of cut diamond imports increased by 
8% compared with that in 2017, and the value decreased by 
13% (table 5). U.S. import quantities of rough and unworked 
diamond in 2018 increased by 59% and the value decreased by 
43% compared with those in 2017 (table 8). These decreases in 
value were due in part to excess supplies of both cut and rough 
diamond stones. The United States remained the world’s leading 
diamond importer and was a significant international diamond 
transit center as well as the world’s leading gem-quality 
diamond market. In 2018, U.S. export and reexport quantities 
of gem-grade diamond decreased by 5% compared with 2017, 
and the value increased by 6%. The large quantity of reexports 
revealed the significance of the United States in the world’s 
diamond supply network (table 4). 

Import values of natural gemstone increased by 11% to 
$27.4 billion for the United States in 2018 compared with 
$24.7 billion in 2017. This increase was due to large increases 
in cut diamond and cut nondiamond gemstone import values. 
The largest import value increases were for those from Lesotho 
and Russia, with a total value of $131 million or 22% (by 
value) of uncut diamond imports, and those from India, Israel, 
and South Africa, with a total value of $11.3 billion or 46% 
(by value) of cut diamond imports. Import values of synthetic 
gemstone increased by 35% to $263 million in 2018 compared 
with $194 million 2017 (tables 7, 8). This increase was owing 
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to large increases in synthetic gemstone imports from Belgium, 
China, Hong Kong, India, Israel, and the United Arab Emirates 
with a combined value of $236 million accounting for 90% 

(by value) of total domestic imports of synthetic gemstones in 
2018 (table 7). The marketing of imported synthetic gemstones 
and enhanced gemstones as natural gemstones and the mixing 
of synthetic materials with natural stones in imported parcels 
continued to be an issue for some domestic jewelers and 

sales companies in 2018. In addition, some simulants were 
marketed as natural or synthetic gemstones during the year, as in 
previous years. 


World Review 


The worldwide gemstone industry had two distinct sectors— 
diamond mining and marketing and nondiamond gemstone 
production and sales. Most diamond supplies were controlled 
by a few major mining companies; prices were influenced by 
consumer demand and supply availability and, to a lesser extent, 
by controlling the quality and quantity of the diamonds relative 
to demand, a function that had been performed by De Beers 
sightholder sales. Unlike diamond, nondiamond gemstones 
were primarily produced at relatively small, low-cost operations 
with few dominant producers; prices were influenced only by 
consumer demand and supply availability. 

In 2018, global natural rough diamond production decreased 
by 3% to 147 million carats from 151 million carats in 2017. 
The value of worldwide rough diamond production increased 
by 3% to $14.5 billion from the 2017 value of $14.1 billion 
(Kimberley Process, The, 2018, 2019). Of the 147 million carats 
of total natural diamond production, 85.1 million carats (58%) 
were gem diamond, and 62.2 million carats (42%) was industrial 
diamond (table 11). Most production was concentrated in a 
few regions—Africa [Angola, Botswana, Congo (Kinshasa), 
Namibia, and South Africa], Asia (northeastern Siberia and 
Yakutia in Russia), Australia, North America (Northwest 
Territories in Canada), and South America (Brazil). The world’s 
leading rough diamond producers, in descending order by 
quantity, were as follows: Russia, producing 43.2 million carats 
or 29% of total world production; Botswana, with 24.4 million 
carats (17%); Canada, with 23.2 million carats (16%); Congo 
(Kinshasa), with 15.1 million carats (10%); Australia, with 
14.1 million carats (10%); South Africa, with 9.91 million carats 
(7%); and Angola, with 8.41 million carats (6%); other countries 
produced 9.02 million carats (6%) (table 11). In 2018, Russia 
was the world’s leading gem diamond producer with 28%; 
followed by Canada, 27%; Botswana, 20%; Angola, 9%; South 
Africa, 5%; Congo (Kinshasa), 4%; and Namibia, 3%. These 
seven countries produced 96% (by quantity) of the world’s 
gemstone diamond output in 2018 (table 11). 

During 2018, PJSC ALROSA (Moscow, Russia) and De Beers 
Group remained the two leading diamond producers in terms 
of quantity and value. ALROSA’s production was 24% of 
total global quantity and 22% of total global value. De Beers’ 
production was 23% of total global quantity and 33% of total 
global value from mines in Botswana, Canada, Namibia, and 
South Africa. The third-ranked company was Rio Tinto Group 
(Melbourne, Victoria, Australia), which produced 12% of total 
global production quantity and approximately 5% of global 
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production value from a mine in Australia and a partial share of 
a mine in Canada (De Beers Group UK Ltd., 2019, p. 7). 

In 2002, the Kimberley Process Certification Scheme (KPCS), 
an international rough diamond certification system, was agreed 
upon by United Nations (UN) member nations, the diamond 
industry, and related nongovernmental organizations to prevent 
the shipment and sale of conflict diamonds. Conflict diamonds 
are diamonds that originate from areas controlled by forces or 
factions opposed to legitimate and internationally recognized 
Governments and are used to fund military action in opposition 
to those Governments or in contravention of the objectives of 
the UN Security Council. The KPCS monitors rough diamond 
trade in both gemstone and industrial diamond. The KPCS 
includes the following key elements: the use of forgery-resistant 
certificates and tamper-proof containers for shipments of rough 
diamonds; internal controls and procedures that provide credible 
assurance that conflict diamonds do not enter the legitimate 
diamond market; a certification process for all exports of rough 
diamonds; the gathering, organizing, and sharing of import 
and export data on rough diamonds with other participants 
of relevant production; credible monitoring and oversight of 
the international certification scheme for rough diamonds; 
effective enforcement of the provisions of the certification 
scheme through dissuasive and proportional penalties for 
violations; self-regulation by the diamond industry that fulfills 
minimum requirements; and sharing of information with all 
participants on relevant rules, procedures, and legislation and 
examples of national certificates used to accompany shipments 
of rough diamonds. The European Union assumed the chair of 
the KPCS from January 1 through December 31, 2018. As of 
December 31, 2018, the 56 participants represented 82 countries 
(including the 28 member countries of the European Union 
counted as a single participant). The participating countries 
in the KPCS account for approximately 99.8% of the global 
production and trade of rough diamonds (Kimberley Process, 
The, 2020). 

Globally, the production value of rough natural gemstones 
other than diamond was estimated to be more than $1.15 billion 
in 2018, based on total value of world rough nondiamond 
gemstone exports. Most nondiamond gemstone mines are 
small, low-cost, and widely dispersed operations that are often 
in remote regions. Foreign countries with major gemstone 
deposits other than diamond are Afghanistan (aquamarine, beryl, 
emerald, kunzite, lapis lazuli, ruby, and tourmaline), Australia 
(beryl, opal, and sapphire), Brazil (agate, amethyst, beryl, ruby, 
sapphire, topaz, and tourmaline), Burma (beryl, jade, ruby, 
sapphire, and topaz), Colombia (beryl, emerald, and sapphire), 
Kenya (beryl, garnet, and sapphire), Madagascar (beryl, rose 
quartz, sapphire, and tourmaline), Mexico (agate, opal, and 
topaz), Sri Lanka (beryl, ruby, sapphire, and topaz), Tanzania 
(garnet, ruby, sapphire, tanzanite, and tourmaline), and Zambia 
(amethyst and beryl). In addition, pearls are cultured throughout 
the South Pacific; Australia, China, French Polynesia, and Japan 
were key producers in 2018. 

Worldwide diamond exploration spending increased by 
43% to $297 million in 2018 from $208 million in 2017. This 
$297 million global diamond exploration budget was 3% of the 
$9.62 billion global nonferrous mineral exploration budget. The 
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success rate in diamond exploration has been estimated to be less 
than 1%, and no major new deposits have been discovered in 
more than 20 years (Kumar, 2019; Petra Diamonds Ltd., undated). 

Botswana.—Rough diamond production in Botswana was 
24.4 million carats during 2018, a 6% increase compared with 
23.0 million carats in 2017, accounting for 17% of total global 
production. This Botswana diamond production was valued 
at $3.53 billion, a 6% increase compared with that in 2017 
(Kimberley Process, The, 2018, 2019). 

The Jwaneng diamond mine in the Kalahari Desert of south- 
central Botswana was wholly owned by Debswana Diamond 
Co. (Pty.) Ltd. (a joint venture of the Government of Botswana 
and De Beers). The company was planning the Cut 9 expansion 
project to extend the mine life by 11 years and extract an 
additional 50 million carats. During 2018, the company was 
conducting feasibility studies for the project (Motsoeneng, 2018). 

Canada.—Rough diamond production in Canada was 
23.2 million carats in 2018, about the same as that in 2017, 
accounting for 16% of total global production. Diamond 
production in Canada was valued at $2.10 billion, a slight 
increase compared with that in 2017 (Kimberley Process, 

The, 2018, 2019). 

The Diavik Diamond Mine in the Northwest Territories 
was jointly owned by Rio Tinto Group (60%) and Dominion 
Diamond Corp. (40%). The Diavik Diamond Mine was 
Canada’s largest diamond mine in terms of carat production. The 
mine plan was built on four diamond-bearing kimberlite pipes. 
Four very high grade kimberlite pipes—A21, A154 South, A154 
North, and A418—were mined in 2018. The Diavik Diamond 
Mine began an extension project of the A21 kimberlite pipe pit 
in 2016 that was in development during 2017 and 2018. The 
first kimberlite ore from the A21 kimberlite pipe was delivered 
in March 2018. The mine was expected to continue production 
into 2025 (De Beers Group UK Ltd., 2017, p. 7; 2018b, p. 7; 
Rio Tinto Group, 2020). 

The Gahcho Kué Mine in the Northwest Territories 
commenced commercial production in March 2017 and 
continued to produce throughout 2018. The mine, with an 
approximate mine life of 12 years, was jointly owned by 
De Beers Canada, Inc. (51%) and Mountain Province Diamonds 
Inc. (49%). The mine owners anticipated average annual 
diamond production of 4.5 million carats (Diamond Loupe, The, 
2018; De Beers Group UK Ltd., 2020). 

Quebec’s first diamond mine, the Renard Mine, was wholly 
owned by Stornoway Diamond Corp. The mine had a 14-year 
mine life and an expected average annual diamond production 
of 1.6 million carats. Stornoway announced in September 2018 
that it had completed rampup of its planned sustainable 
underground mine production (Diamond Loupe, The, 2018; 
Stornoway Diamond Corp., 2018). 

Lesotho.—Rough diamond production in Lesotho was 
1.29 million carats during 2018, a 15% increase from that in 
2017, but accounted for less than 1% of total global production. 
Diamond production in Lesotho had a value of $377 million, a 
10% increase compared with that in 2017 (Kimberley Process, 
The, 2018, 2019). 

The Liqhobong diamond mine in the Maluti Mountains of 
northern Lesotho began ramping up production in late 2016 and 
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had its first full year of commercial production in 2018, when 
reported production was 836,000 carats. The mine was owned 
by Firestone Diamonds plc (75%, London, United Kingdom) 
and the Government of Lesotho (25%) (De Beers Group UK 
Ltd., 2017, p. 7; Firestone Diamonds plc, 2018). 
Russia.—Rough diamond production in Russia was 
43.2 million carats during 2018, a slight increase compared with 
that in 2017, accounting for 29% of total global production. 
Diamond production in Russia was valued at $3.98 billion, a 
3% decrease compared with that in 2017 (Kimberley Process, 
The, 2018, 2019). 
ALROSA officially commissioned and began mining 
the Verkhne-Munskoe diamond field in Yakutia on 
October 31, 2018. The Zapolyarnaya, Deimos, Novinka, and 
Komsomolskaya-Magnitnaya kimberlite pipes were explored 
during the last quarter of 2018. ALROSA estimated that the 
deposit would yield 1.8 million carats of rough diamonds per 
year, and they estimated reserves of the Verkhne-Munskoe 
diamond field were sufficient to operate for more than 20 years. 
The development of the Verkhne-Munskoe diamond deposit was 
ALROSA’s largest investment project (PJSC ALROSA, 2018). 
South Africa.—Rough diamond production in South Africa 
was 9.91 million carats during 2018, a slight increase compared 
with that in 2017, accounting for 7% of total global production. 
Production in South Africa was valued at $1.23 billion, a 6% 
decrease compared with that in 2017 (Kimberley Process, 
The, 2018, 2019). 
In July 2018, De Beers proceeded with the responsible 
closure and rehabilitation of the Voorspoed Mine in Free 
State Province following an unsuccessful attempt to identify a 
suitable operator to acquire the mine. De Beers safely closed the 
mine in December 2018, but the South African Department of 
Mineral Resources continued looking for an operator capable 
of purchasing the mine (De Beers Group UK Ltd., 2018a; Petra 
Diamonds Ltd., undated). De Beers also operated the Venetia 
Mine in Limpopo Province, where it was conducting a $2 billion 
project to take the mine underground and extend its operating 
life into the 2040s (DeBeers Group UK Ltd., 2018a). 


Outlook 


As domestic and global luxury spending increases, sales of 
gemstones and jewelry are expected to increase as well. As the 
gemstone and jewelry industries and their consumers become 
more comfortable with e-commerce, internet sales of diamonds, 
gemstones, and jewelry are expected to continue expanding. 
Internet sales are expected to add to and partially replace 
“brick-and-mortar” store sales. 

Global diamond production is expected to continue declining 
in terms of quantity as several mines are depleted and closed. 
The Victor Mine (Canada) is expected to reach its end of life in 
2019, the Argyle Mine (Australia) in 2020, the Komsomolskaya 
Mine (Russia) in 2021, and the Diavik Mine (Canada) in 2025. 
The Argyle Mine is a large producer of small diamonds, and 
it is expected to take up to 14 million carats of smaller sized 
diamonds out of the market when it closes. By 2020, about 25% 
of diamond production will come from new projects or mine 
expansions that are currently being developed, but the expected 
production from these is not likely to be enough to offset the 
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losses from expected mine closures (De Beers Group UK Ltd., 
2017, p. 7; 2018b, p. 7; 2019, p..7). 

Synthetic diamonds and other gemstones are likely to 
continue affecting the natural gemstone industry in unexpected 
ways. New regulations, increased industry acceptance, and 
increased consumer acceptance of synthetic gemstones are likely 
and will have a great effect on the industry. More synthetic 
gemstones, simulants, and treated gemstones are likely to enter 
the marketplace and necessitate more transparent industry trade 
standards to maintain customer confidence. 
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TABLE 1 
ESTIMATED VALUE OF U.S. NATURAL GEMSTONE PRODUCTION, 
BY GEM TYPE! 
(Thousand dollars) 
Natural gems Synthetic gems 
Gem materials 2017 2018 2017 2018 

Beryl 141 162 = a 
Coral, all types 10 10 -- -- 
Cubic zirconia XX XX 12,000 12,000 
Diamond 52 39 16,000 25,000 
Garnet 34 36 -- -- 
Gem feldspar 7716 45] be = 
Geodes and nodules 54 63 -- -- 
Moissanite XX XX 27,000 £27,900 
Opal 113 | -- -- 
Quartz: 

Macrocrystalline” 585 591 -- a 

Cryptocrystalline® 608 817 - = 
Sapphire and ruby 268 483 -- -- 
Shell 337 325 -- -- 
Topaz 10 15 -- -- 
Tourmaline 245 252 -- -- 
Turquoise 793 755 (5) is 
Other 5,200 5,360 -- -- 

Total 9,230 9,470 55,100 65,000 


XX Not applicable. -- Zero. 

'Table includes data available through April 29, 2021. Data are rounded to no more than three significant digits; may 
not add to totals shown. 

*Macrocrystalline quartz (crystals recognizable with the naked eye) includes amethyst, aventurine, blue quartz, citrine, 
hawk’s eye, prasiolite, prase, quartz, cat’s eye, rock crystal, rose quartz, smoky quartz, and tiger’s eye. 
*Cryptocrystalline quartz (microscopically small crystals) includes agate, carnelian, chalcedony, chrysoprase, fossilized 
wood, heliotrope, jasper, moss agate, onyx, and sard. 
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TABLE 2 


PRICES PER CARAT OF U.S. CUT ROUND DIAMONDS, BY SIZE AND QUALITY IN 2018 


Weight Representative price per carat 
(carats) Color! Clarity” January’ June* December” 
0.25 G VS1 $1,650 $1,650 $1,650 
Do. do. VS2 LIS 1,575 1,575 
Do. do. sul L250 1,250 1,250 
Do. H VS1 1,600 1,600 1,600 
Do. do. VS2 1,500 1,500 1,500 
Do. do. Sil 1,200 1,200 1,200 
0.50 G VS1 2,600 2,600 2,600 
Do. do. VS2 2,400 2,400 2,400 
Do. do. Sil 2,080 2,080 2,080 
Do. H VS1 2,390 2,390 2,390 
Do. do. VS2 2,020 2,320 2,320 
Do. do. sul 1,910 1,910 1,910 
1.00 G VSI 6,710 6,610 6,610 
Do. do. VS2 6,200 6,200 6,200 
Do. do. Sil 5,600 5,550 5,550 
Do. H VSI 6,080 6,050 6,000 
Do. do. VS2 5,600 5,600 5,600 
Do. do. Sil 5,070 5,070 5,070 
2.00 G VSI 12,950 (2,720 12,480 
Do. do. VS2 11,200 11,250 11,310 
Do. do. Sil 8,400 8,900 9,400 
Do. H VSI 11,200 11,060 10,920 
Do. do. VS2 10,000 9,880 9,750 
Do. do. sil 9,020 8,870 8,720 
Do., do. Ditto. 


‘Gemological Institute of America (GIA) color grades: D—colorless; E—rare white; G, H, traces of color. 
*GIA clarity terms: IF—no blemishes; VVS1—very, very slightly included; VS1—very slightly included; VS2—-very slightly 


included, but not visible; S11—slightly included. 

Source: The Gem Guide, v. 37, no. 1, January/February 2018, p. 26-28. 
“Source: The Gem Guide, v. 37, no. 4, July/August 2018, p. 26-28. 

Source: The Gem Guide, v. 37, no. 6, November/December 2018, p. 26-28. 


TABLE 3 


PRICES PER CARAT OF U.S. CUT COLORED GEMSTONES IN 2018 


Price range per carat 


Gemstone J anuary’ December 
Amethyst $30-35 $30-35 
Aquamarine S20-3 15 329-319 
Citrine 13-22 13—22 
Emerald 3,250—4,500 3,250—-4,500 
Opal, fire 180-250 180-250 
Opal, white (also jelly opal) 65—80 65—80 
Pearl, cultured saltwater® 5 5 
Peridot 165-180 165-180 
Rhodolite garnet 55—80 65—90 
Ruby 2,640—3,600 2,640—3,600 
Sapphire, blue 1,080—1,900 950—1,700 
Tanzanite 375-395 350-395 
Topaz, blue 7-8 7-8 
Topaz, yellow 175-250 175-250 
Tourmaline, green 135-200 135—200 
Tourmaline, pink 170-200 170-200 


'Source: The Gem Guide, v. 37, no. 1, January/February 2018, p. 54-55, 60, 64, 72-74, 77, 80-83, and 90. 
These figures are approximate wholesale purchase prices paid by retail jewelers on a per stone basis for | to 


less than | carat, fine-quality stones. 


*Source: The Gem Guide, v. 37, no. 6, November/December 2018, p. 54—55, 60, 64, 72-74, 77, 80—83, and 
90. These figures are approximate wholesale purchase prices paid by retail jewelers on a per stone basis for 


1 to less than 1 carat, fine-quality stones. 
*Prices are per 4.5—5-millimeter pearl. 
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TABLE 4 
U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF 
INDUSTRIAL DIAMOND), BY COUNTRY OR LOCALITY"? 


2017 2018 
Quantity Value® Quantity Value® 
Country or locality (carats) (thousands) (carats) (thousands) 
Exports: 

Aruba 1,300 $3,580 1,350 $4,150 
Australia 11,500 11,900 73,900 6,630 
Belgium 85,700 232,000 14,100 74,800 
Brazil 32,800 6,830 33,100 9,720 
Canada 42,200 * 77,000 41,500 64,700 
Cayman Islands 322 647 3,760 1,420 
China 1,410 12,700 1,040 2,270 
Denmark 2,410 1,080 1,750 1,180 
France 892 17,100 22,400 13,600 
Germany 1,540 2,040 1,780 968 
Hong Kong 1,420,000 491,000 761,000 182,000 
India 561,000 343,000 620,000 412,000 
Indonesia 1,070 186 1,930 343 
Israel 61,000 253,000 54,800 177,000 
Italy 4,350 3,240 24,800 6,390 
Japan 13,200 2,820 2,990 1,480 
Mexico 609,000 61,000 253,000 114,000 
Netherlands 7,530 10,400 124 302 
Panama 22,500 1,080 5,550 12,800 
Singapore 1,060 13,000 6,680 492 
Sint Maarten 3,960 * 12,100 * 5,990 15,700 
South Africa 276 3,110 2,160 1,580 
Switzerland 22,800 36,300 5,860 25,400 
Taiwan 1,100 309 2,150 3,160 
Thailand 96,400 20,000 56,500 13,600 
United Arab Emirates 97,300 40,100 183,000 11,700 
United Kingdom 6,410 13,200 21,900 11,900 
Vietnam 14,500 18,800 885 876 
Other 8,950 * 15,400 * 12,900 14,200 

Total 3,130,000 1,700,000 2,220,000 1,180,000 

Reexports: 

Armenia 27,500 5,900 35,300 6,640 
Aruba 2,980 6,070 2,400 6,470 
Australia 10,600 53,900 5,250 68,000 
Austria 137 11,100 309 23,700 
Belgium 621,000 2,460,000 691,000 2,900,000 
Botswana 1,860 5,030 2,580 8,240 
Brazil 24,700 2,690 11,300 2,900 
Canada 93,000 125,000 93,100 134,000 
China 33,800 44,700 54,200 60,800 
Dominican Republic 19,100 6,320 15,400 6,390 
France 2,130 121,000 4,290 133,000 
Germany 19,400 5,930 18,500 9,000 
Hong Kong 2,410,000 2,900,000 2,390,000 3,040,000 
India 2,610,000 3,800,000 2,910,000 4,820,000 
Indonesia 5 40 8,790 303 
Ireland 14,500 10,100 2,870 10,800 
Israel 984,000 4,620,000 911,000 4,550,000 
Italy 61,900 59,300 60,800 78,600 
Japan 40,900 66,900 39,200 56,200 
Korea, Republic of 8,450 153 562 ae 
Laos 7,280 4,080 2,230 1,450 
Lebanon 1,470 3,750 2,900 2,570 
Malaysia 5,280 1,740 10,400 2,180 
Mexico 8,720 11,500 16,200 11,600 
Namibia 9,530 * 6,180 * 10,600 8,660 
Netherlands 2,320 1,640 342 1,870 
Panama 1,070 791 60 477 


See footnotes at end of table. 
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TABLE 4—Continued 
U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF 
INDUSTRIAL DIAMOND), BY COUNTRY OR LOCALITY"? 


2017 2018 
Quantity Value? Quantity Value? 
Country or locality (carats) (thousands) (carats) (thousands) 
Reexports:—Continued 
Russia 76 11,400 4,010 40,700 
Singapore 2,780 45,200 23,200 64,900 
Sint Maarten 14,300 36,600 16,700 38,300 
South Africa 8,360 116,000 15,100 95,900 
Switzerland 104,000 1,260,000 111,000 1,270,000 
Taiwan 6,290 4,870 25,300 4,160 
Thailand 113,000 81,300 134,000 121,000 
Ukraine 2,580 766 8,990 2,570 
United Arab Emirates 583,000 788,000 596,000 762,000 
United Kingdom 55,900 361,000 37,200 357,000 
Vietnam 38,700 * 45,100 * 46,100 59,200 
Other 12,100 * 12,000 * 9,120 10,700 
Total 7,960,000 17,100,000 8,320,000 18,800,000 
Grand total 11,100,000 18,800,000 10,500,000 20,000,000 
‘Revised. 


'Table includes data available through April 29, 2021. Data are rounded to no more than three significant digits; may 


not add to totals shown. 


*Harmonized Tariff Schedule of the United States codes 7102.31.0000, 7102.39.0010, and 7102.39.0050. 


*Values are free alongside ship. 


Source: U.S. Census Bureau. 
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TABLE 5 
U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY OR LOCALITY’ 


2017 2018 
Quantity Value’ Quantity Value’ 
Kind, weight, and country or locality (carats) (thousands) (carats) (thousands) 
Rough or uncut, natural:** 
Angola 19,300 $132,000 12,200 $43,800 
Australia 4,170 463 4,430 2,980 
Botswana 231,000 629,000 483,000 251,000 
Brazil 2,340 13,400 5,510 5,060 
Canada 131,000 59,400 156,000 32,200 
Congo (Kinshasa) 6,270 991 1,890 1,950 
Guyana 3,440 1,540 6,880 1,980 
India 21,500 162 20,000 58 
Lesotho 510 15,600 2,610 90,600 
Namibia 22,500 29,700 45,200 34,700 
Russia 23,500 20,200 30,900 40,600 
Sierra Leone 2,130 12,600 374 973 
South Africa 118,000 143,000 165,000 100,000 
Other aes 2,510 1,430 3,050 
Total 587,000 1,060,000 935,000 609,000 
Cut but unset, not more than 0.5 carat:° 
Armenia 3,130 1,550 2,120 985 
Australia 3,550 543 2,340 1,630 
Belgium 164,000 84,100 141,000 89,100 
Botswana 5,070 10,600 16,000 18,900 
Brazil 1,870 542 2,000 1,440 
Cambodia 22,800 16,900 29,500 18,900 
Canada 8,510 8,150 13,300 11,100 
China 58,400 31,000 83,900 38,600 
Germany 3,050 1,100 1,160 400 
Hong Kong 211,000 40,300 139,000 22,300 
India 4,060,000 1,260,000 4,400,000 1,430,000 
Israel 742,000 267,000 789,000 295,000 
Italy 2,240 805 7,070 1,160 
Laos 5,970 6,120 11,100 11,300 
Mauritius 21,300 33,200 19,700 32,000 
Mexico 13,900 3,740 38,500 4,860 
Russia 699 1,330 3,460 6,530 
South Africa 4,010 3,810 15,100 11,100 
Sri Lanka 6,570 6,360 9,650 8,710 
Thailand 16,900 5,910 49,200 7,470 
United Arab Emirates 6,740 2,380 2,850 1,690 
United Kingdom 20,400 3,640 17,100 3,020 
Vietnam 73,900 42,100 57,200 46,600 
Other 9,420 3,960 7,250) 4,060 
Total 5,460,000 1,840,000 5,860,000 2,070,000 
Cut but unset, more than 0.5 carat:° 
Angola 75 6,000 1,050 201,000 
Armenia 2,850 1,920 6,950 3,360 
Australia 3,280 159,000 6,370 65,800 
Belgium 385,000 2,930,000 305,000 3,060,000 
Botswana 25,500 125,000 28,700 210,000 
Brazil 840 36,100 556 26,400 
Canada 24,800 88,000 22,700 101,000 
China 27,200 178,000 37,000 222,000 
Colombia 1,440 6,010 236 337 
Congo (Kinshasa) 40 8,620 242 4,400 
France 1,880 57,300 1,890 56,400 
Germany 560 4,110 364 4,180 
Guinea 11,200 16,600 20 45 
Hong Kong 51,900 281,000 42,300 149,000 
India 2,450,000 7,290,000 2,790,000 8,460,000 
Israel 1,320,000 7,170,000 1,410,000 7,600,000 
Italy 2,450 23,400 1,660 29,200 


See footnotes at end of table. 


GEMSTONES—2018 [ADVANCE RELEASE] 


29.11 


TABLE 5—Continued 
U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY OR LOCALITY! 


2017 2018 
Quantity Value’ Quantity Value’ 
Kind, weight, and country or locality (carats) (thousands) (carats) (thousands) 
Cut but unset, more than 0.5 carat:°—Continued 

Japan 1,750 4,760 654 2,280 
Lesotho 9 328 98 15,300 
Mauritius 7,410 24,600 11,400 46,800 
Namibia 15,700 57,200 18,600 78,900 
Russia 6,920 50,200 51,700 274,000 
Singapore 1,290 14,400 134 857 
South Africa 39,300 617,000 34,500 1,120,000 
Spain 857 16,100 707 6,940 
Switzerland 7,060 430,000 6,970 356,000 
Thailand 17,800 25,300 24,900 58,800 
Ukraine 2,540 2,840 2,440 2,640 
United Arab Emirates 5,080 38,200 6,490 106,000 
United Kingdom 11,400 134,000 6,430 135,000 
Vietnam 4,810 12,600 4,080 16,100 
Other 3 550* 20,400 * 7,200 20,500 

Total 4,430,000 19,800,000 4,840,000 22,400,000 


"Revised. 

'Table includes data available through April 29, 2021. Data are rounded to no more than three significant digits; may not add to 
totals shown. 

*Customs value. 

“Includes some natural partially worked or shaped diamond. 

“Harmonized Tariff Schedule of the United States (HTS) code 7102.31.0000. 

°HTS code 7102.39.0010. 

°HTS code 7102.39.0050. 


Source: U.S. Census Bureau. 
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TABLE 6 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 
DIAMOND, BY KIND AND COUNTRY OR LOCALITY! 


2017 2018 
Quantity Value? Quantity Value’ 
Kind and country or locality (carats) (thousands) (carats) (thousands) 
Emerald:° 

Afghanistan 75 $97 14,700 $5,100 
Belgium 4,580 4,870 892 2,140 
Brazil 132,000 18,000 132,000 19,300 
Burma 1,360 140 121 310 
Canada 724 93 1,250 331 
China 7,470 255 18,000 2,340 
Colombia 334,000 209,000 398,000 205,000 
France 8,700 60,000 11,200 74,400 
Germany 16,700 4,110 39,100 3,350 
Hong Kong 424,000 158,000 96,600 30,500 
India 1,040,000 131,000 1,740,000 140,000 
Israel 223,000 70,600 190,000 102,000 
Italy 26,900 20,700 46,100 34,800 
Japan 587 79 639 312 
Madagascar 36,500 1,070 4 7 
Mozambique 4,260 1,590 2,520 194 
South Africa 10,300 3,160 22,400 3,260 
Sri Lanka 841 1,780 2,370 211 
Switzerland 9,480 56,400 9,630 53,100 
Tanzania 10 3 3,000 60 
Thailand 540,000 20,100 666,000 26,500 
United Arab Emirates 8,020 1,150 6,280 3,560 
United Kingdom 3,660 30,200 3,360 23,700 
Zambia 307,000 37,100 478,000 67,200 
Other 565° 596 1,360 2,740 

Total 3,140,000 830,000 3,880,000 801,000 

Ruby: 

Afghanistan -- -- 5,010 90 
Belgium 627 4,350 3,060 1,720 
Brazil 3,400 181 3 5 
Burma 26,600 8,250 17,600 61,300 
Canada 75 132 354 283 
China 72,000 1,660 21,000 1,080 
France 6,380 26,900 7,180 40,900 
Germany 8,640 3,610 38,900 1,570 
Hong Kong 440,000 27,800 66,200 18,400 
India 1,410,000 24,200 1,340,000 35,800 
Israel 10,400 4,700 20,900 3,980 
Italy 5,660 12,500 6,230 19,300 
Kenya 4,700 159 1250 Zo 
Madagascar 34,600 5,860 13,200 2,310 
Malaysia 12,500 21 -- -- 
Mauritania -- -- 2,350 50 
Mozambique 123,000 46,100 78,700 46,700 
Nigeria 1,070 4 1,700 14 
South Africa 6,000 3,150 18,700 1,250 
Sri Lanka 2,500 1,060 2,060 6,980 
Switzerland 2,660 29,100 3,280 34,900 
Tanzania 1,540 19,700 > 6 
Thailand 2,180,000 130,000 2,330,000 94,400 
United Arab Emirates 4,230 4 1,990 5,140 
United Kingdom 1,330 5,640 1,320 12,100 
Zambia 132 23 2,360 257 
Other 1.220* 1,160 ° 2,320 1,310 

Total 4,360,000 356,000 3,990,000 390,000 


See footnotes at end of table. 
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TABLE 6—Continued 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 
DIAMOND, BY KIND AND COUNTRY OR LOCALITY! 


2017 2018 
Quantity Value” Quantity Value” 
Kind and country or locality (carats) (thousands) (carats) (thousands) 
Sapphire:° 

Australia 6,100 262 10,600 334 
Austria -- -- 1,570 37 
Belgium 1,390 2,070 1,690 5,010 
Brazil 12,100 559 4,480 61 
Burma 17,200 2,920 3,100 8,120 
China 81,100 192 78,200 555 
Colombia 444 2,650 23 550 
France 15,200 47,200 11,100 68,400 
Germany 30,100 7,270 84,800 2,520 
Gibraltar 10,000 100 -- -- 
Hong Kong 429,000 73,700 166,000 39,500 
India 1,420,000 27,300 1,880,000 52,300 
Israel 18,200 15,000 31,600 8,810 
Italy 6,580 8,340 16,700 10,200 
Japan 2,820 334 68,700 293 
Madagascar 113,000 6,240 81,300 8,620 
Moldova 3,190 32 186 4 
Mozambique 5,710 451 3,460 432 
Nigeria 101 50 21,700 411 
South Africa 2,180 207 11,000 304 
Sri Lanka 426,000 104,000 354,000 86,200 
Switzerland 21,200 53,500 20,200 78,000 
Taiwan 126 28 3,170 1,490 
Thailand 3,810,000 121,000 3,880,000 104,000 
United Arab Emirates 1,720 377 2,700 1,190 
United Kingdom 5,880 10,300 3,160 8,040 
Zambia 2,030 22 21,900 114 
Other 3,650 * 2,030 * 5,790 1,460 

Total 6,440,000 486,000 6,770,000 487,000 

Other precious and semiprecious 

nondiamond gemstones: 
Rough, uncut, all countries® 1,650,000,000 ° 34,700" 1,540,000,000 55,300 
Cut, unset, all countries’ NA 196,000 * NA 520,000 


"Revised. NA Not available. -- Zero. 

'Table includes data available through April 29, 2021. Data are rounded to no more than three significant 
digits; may not add to totals shown. 

*Customs value. 

*Harmonized Tariff Schedule of the United States (HTS) code 7103.91.0030. 

“HTS code 7103.91.0010. 

°HTS code 7103.91.0020. 

HTS codes 7103.10.2000, 7103.10.2080, and 7103.10.4000. 

"HTS code 7103.99.1000. 


Source: U.S. Census Bureau. 
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TABLE 7 
VALUE OF U.S. IMPORTS OF SYNTHETIC 
AND IMITATION GEMSTONES, BY COUNTRY OR LOCALITY"? 


(Thousand dollars) 
Country or locality 2017 2018 
Synthetic, cut but unset® and worked, not for jewelry:* 
Austria 1,290 ° 1,440 
Belgium 2,250 * 4,060 
China 20,500 * 50,300 
Germany 8,810 * 9,650 
Hong Kong 23,200 * 71,200 
India 78,500 ° 101,000 
Israel 2,500 ' 3,820 
Japan 449 709 
Russia 10,400 8,350 
Singapore 36,000 1,050 
South Africa 30 407 
Sri Lanka 336 * 605 
Switzerland 1,100 883 
Thailand 1,290 * 939 
United Arab Emirates 627 5,470 
United Kingdom 325 1,090 
Other 6,830 * 2,010 
Total 194,000 ° 263,000 
Imitation:° 

Australia 8 284 
Austria 26,000 30,000 
Canada 18 19 
China 22,400 * 21,900 
Czechia 2,150 1,550 
El Salvador 67 37 
Germany 222. 240 
Hong Kong oo" 141 
India 279 310 
Italy 102 ° oa 
Japan 161 ° 35 
Korea, Republic of 284 * 263 
Lithuania 46 114 
Mexico 19 4 
Pakistan 112” 213 
Taiwan 487 * 2,320 
Thailand 256 * 92 
United Kingdom |i Cee 
Vietnam -- 88 
Other 54° 107 
Total 52,700 * 57,800 


"Revised. -- Zero. 

'Table includes data available through April 29, 2021. Data are rounded to no more 
than three significant digits; may not add to totals shown. 

*Customs value. 

*Harmonized Tariff Schedule of the United States (HTS) code 7104.90.1000. 

“HTS code 7104.90.5000. 

HTS codes 3926.90.4000 and 7018.10.2000. 


Source: U.S. Census Bureau. 
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TABLE 8 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES! 


(Thousand carats and thousand dollars) 


2017 2018 
Stones Quantity Value* Quantity Value” 

Coral and similar materials, unworked* 6,930 15,400 6,570 16,900 
Diamond: 

Cut but unset* 9,890 21,700,000 10,700 24,500,000 

Rough or uncut” 587 1,060,000 935 609,000 
Emerald, cut but unset® 3,140 830,000 3,880 801,000 
Pearl: 

Cultured’ NA 18,300 NA 19,700 

Imitation* NA 2,240" NA 1,960 

Natural’ NA 12,900 NA 8,850 
Ruby, cut but unset'® 4,360 356,000 3,990 390,000 
Sapphire, cut but unset!’ 6,440 486,000 6,770 487,000 
Other precious and semiprecious nondiamond gemstone: 

Rough, uncut’ 1,400,000 ' 33,500" 1,450,000 54,500 

Rough, simply sawn" 243,000 1,180 90,900 881 

Gemstones, cut but unset!* NA 196,000 NA 520,000 

Gemstones, worked, not for jewelry’ NA 12,000 NA 20,200 
Synthetic, cut but unset'® and worked, not for jewelry’’ NA 194,000 NA 263,000 
Imitation'® NA 52,700 * NA 57,800 

Total 1,680,000  24,900,000° 1,570,000 27,700,000 


"Revised. NA Not available. 

'Table includes data available through April 29, 2021. Data are rounded to no more than three significant digits; may 
not add to totals shown. 

Customs value. 

*Harmonized Tariff Schedule of the United States (HTS) code 0508.00.0000. 
“ATS codes 7102.39.0010 and 7102.39.0050. 

HTS code 7102.31.0000. 

HTS code 7103.91.0030. 

"HTS code 7101.21.0000. 

‘HTS code 7018.10.1000. 

"HTS codes 7101.10.3000 and 7101.10.6000. 

'PHTS code 7103.91.0010. 

"HTS code 7103.91.0020. 

"HTS codes 7103.10.2000 and 7103.10.2080. 

'SHTS code 7103.10.4000. 

'4HTS code 7103.99.1000. 

'SHTS code 7103.99.5000. 

'SHTS code 7104.90.1000. 

"HTS code 7104.90.5000. 

'SHTS codes 3926.90.4000 and 7018.10.2000. 


Source: U.S. Census Bureau. 
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TABLE 10 


LABORATORY-CREATED GEMSTONE PRODUCTION METHODS' 


Gemstone Production method Company or producer Date of first production 
Alexandrite Flux Creative Crystals Inc. 1970s. 
Do. Melt pulling J.O. Crystal Co., Inc. 1990s. 
Do. do. Kyocera Corp. 1980s. 
Do. Zone melt Seiko Corp. Do. 
Cubic zirconia Skull melt Various producers 1970s. 
Diamond HPHT? General Electric Co. 1950s. 
Do. CVD? Apollo Diamond Inc. 2000s. 
Do. MPCVD* CIW & UA° Do. 
Emerald Flux Chatham Created Gems, Inc. 1930s. 
Do. do. Gilson 1960s. 
Do. do. Kyocera Corp. 1970s. 
Do. do. Lennix 1980s. 
Do. do. Government of Russia Do. 
Do. do. Seiko Corp. Do. 
Do. Hydrothermal Biron Corp. Do. 
Do. do. Lechleitner 1960s 
Do. do. Regency 1980s 
Do. do. Government of Russia Do. 
Moissanite Sublimation Cree Research 1980s 
Ruby Flux Chatham Created Gems, Inc. 1950s 
Do. do. Douras 1990s 
Do. do. J.O. Crystal Co., Inc. 1980s 
Do. do. Kashan Created Ruby 1960s 
Do. Melt pulling Kyocera Corp. 1970s 
Do. Verneuil Various producers 1900s 
Do. Zone melt Seiko Corp. 1980s 
Sapphire Flux Chatham Created Gems, Inc. 1970s 
Do. Melt pulling Kyocera Corp. 1980s 
Do. Verneuil Various producers 1900s 
Do. Zone melt Seiko Corp. 1980s 
Star ruby Melt pulling Kyocera Corp. Do. 
Do. do. Nakazumi Earth Crystals Co. Do. 
Do. Verneuil Linde Air Products Co. 1940s 
Star sapphire do. do. Do. 
Do., do. Ditto. 


‘Gemstones that are also synthesized but for which production methods are proprietary include gems such as 


azurite, garnet, malachite, opal, and turquoise. Gemstone amethyst, citrine, and other quartz minerals are produced 
by the hydrothermal method. 

*High-pressure, high-temperature (HPHT). 

Chemical vapor deposition (CVD). 

“Microwave plasma chemical vapor deposition (MPCVD). 

The Carnegie Institution of Washington Geophysical Laboratory and the University of Alabama. 
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DIAMOND (NATURAL): WORLD PRODUCTION, BY COUNTRY OR LOCALITY AND TYPE! 


TABLE 11 


(Thousand carats) 


Country or locality and type’ 2014 2015 2016 2017 2018 
Gemstones: 
Angola® 7,910 8,110° 8,120" 8,490 * 7,570 
Australia® * 186 271 279 343 281 
Botswana”> 17,300 14,500 14,400 * 16,100 * 17,100 
Brazil, unspecified® 71 32 184 255 251 
Cameroon, unspecified’ 4 2 1 2 2 
Canada, unspecified 12,012 11,677 13,036 23,234 23,194 
Central African Republic® -- -- 9° 38 ° 11 
China, unspecified 150 © 150 © 127 * 230)" 99 
Congo (Brazzaville) 53 40 12 47 48 
Congo (Kinshasa)*° 3,030" 3,190 * 3,160" 3,800 * 3,030 
Céte d’Ivoire, unspecified 1 15 20 7 6 
Ghana, unspecified 242 174 142 82 54 
Guinea® * 131 134 90 145 234 
Guyana, unspecified 100 118 140 a2 62 
India’? 10° 9° 9 1 11 
Lesotho, unspecified 346 304 342 1,126 1,294 
Liberia’! 39 Al 38 43 ne 48 
Namibia, unspecified 1,918 2,053 1,718 1,948 2,397 
Russia® ” 21,500 23,500 22,600 23,900 * 24,200 
Sierra Leone® ® 496 400 439 231 593 
South Africa® '* 4 3,220 ° 3,290 ' 3,320" 3,880 * 3,960 
Tanzania® ' 215 1347 205 259° 328 
Togo, unspecified (16) -- -- (16) -- 
Zimbabwe” |’ ATT 349 210 251 326 
Total 69,400 * 68,500 * 68,600 * 84,500 * 85,100 
Industrial: 

Angola” * 879 902 902 944" 841 
Australia® * 9,100 13,300 13,700 16,800 13,800 
Botswana”> 7,400 6,320 * 6,150" 6,890 * 7,310 
Central African Republic® -- -- 2° 1 3 
Congo (Kinshasa)*” 11,900 * 12,600 * 12,400 * 15,300 * 12,100 
Guinea® 33 33 23 36 59 
India® '° 27 25° 24 30 29 
Indonesia 7 Be Su - = 
Liberia! 26 27 25 a9 32 
Russia® 16,900 18,400 17,700 18,800 19,000 
Sierra Leone® ® 124 100 110 58 148 
South Africa® !* '4 4,840 * 4,940 * 4,980 * 5,820 * 5,950 
Tanzania® '° 38 33° 36° 46° 58 
Zimbabwe’! 4,290 © 3,140 ° 1,890 © 2,260 ° 2,930 
Total 55,600 * 59,800 * 57,900 * 67,000 * 62,200 
Grand total 125,000 * 128,000 * 127,000 151,000 147,000 


See footnotes at end of table. 
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TABLE 1 1—Continued 
DIAMOND (NATURAL): WORLD PRODUCTION, BY COUNTRY OR LOCALITY AND TYPE! 


(Thousand carats) 


“Estimated. "Revised. -- Zero. 

'Table includes data available through October 11, 2019. All data are reported unless otherwise noted. Grand totals and estimated 
data are rounded to no more than three significant digits; may not add to totals shown. 

“In addition to the countries and (or) localities listed, Belarus, Germany, Ireland, the Republic of Korea, Nigeria, and Sweden may 
have produced natural diamond, but available information was inadequate to make reliable estimates of output. 

* Approximately 90% gem quality and 10% industrial quality. 

“Approximately 2% gem quality and 98% industrial quality. 

> Approximately 70% gem and near-gem quality and 30% industrial quality. 

°Private sector and artisanal mining. Includes near-gem and cheap-gem qualities. 

Artisanal mining. 

* Approximately 80% gem quality and 20% industrial quality. 

” Approximately 20% gem quality and 80% industrial quality; the majority of production is artisanal mining’ 

'° Approximately 27% gem quality and 73% industrial quality. 

'' Approximately 60% gem quality and 40% industrial quality. 

'? Approximately 56% gem quality and 44% industrial quality. 

‘Includes artisanal mining. 

'* Approximately 40% gem quality and 60% industrial quality. 

'S Approximately 85% gem quality and 15% industrial quality. 

‘Less than 4 unit. 

'7 Approximately 10% gem quality and 90% industrial quality. 
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(Data in million dollars unless otherwise noted) 


Domestic Production and Use: The combined value of U.S. natural and synthetic gemstone output in 2017 was an 
estimated $71 million, a 6% increase compared with that of 2016. Domestic gemstone production included agate, 
beryl, coral, diamond, garnet, jade, jasper, opal, pearl, quartz, sapphire, shell, topaz, tourmaline, turquoise, and many 
other gem materials. In decreasing order of production value, Oregon, Arizona, Idaho, Nevada, Colorado, California, 
Montana, North Carolina, Arkansas, Utah, and Maine produced 92% of U.S. natural gemstones. Synthetic gemstones 
were manufactured by five firms in North Carolina, California, New York, South Carolina, and Arizona, in decreasing 
order of production value. Major gemstone uses were carvings, gem and mineral collections, and jewelry. The 
apparent consumption in the table below is much lower than the actual consumption because the value of exports 
includes the value of reexports. 


Salient Statistics—United States: 2013 2014 2015 2016 2017° 
Production:* 
Natural° 9.6 9.5 8.5 Lay 13.0 
Laboratory-created (synthetic) 56.9 51.0 55.1 54.9 58.0 
Imports for consumption 24,700 26,400 25,100 25,200 25,100 
Exports, including reexports” 19,400 21,300 18,500 19,500 19,000 
Consumption, apparent 5,370 5,160 6,660 5,/70 6,170 
Price Variable, depending on size, type, and quality 
Employment, mine, number® 1,100 1,100 1,100 1,120 1,120 
Net import reliance’ as a percentage 
of apparent consumption 99 99 99 99 99 


Recycling: Gemstones are often recycled by being resold as estate jewelry, reset, or recut, but this report does not 
account for those stones. 


Import Sources (2013-16 by value): Israel, 36%; India, 34%; Belgium, 16%; South Africa, 4%; and other, 10%. 
Diamond imports accounted for 90% of the total value of gem imports. 


Tariff: Item Number Normal Trade Relations 
12-31-17 

Coral and similar materials, unworked 0508.00.0000 Free. 
Imitation gemstones 3926.90.4000 2.8% ad val. 
Pearls, imitation, not strung 7018.10.1000 4.0% ad val. 
Pearls, Imitation, glass beads 7018.10.2000 Free. 
Pearls, natural, graded, temporarily strung 7101.10.3000 Free. 
Pearls, natural, not elsewhere specified 

or included 7101.10.6000 Free. 
Pearls, cultured 7101.21.0000 Free. 
Diamond, unworked or sawn 7102.31.0000 Free. 
Diamond, '% carat or less 7102.39.0010 Free. 
Diamond, cut, more than % carat 7102.39.0050 Free. 
Other gemstones, unworked 7103.10.2000 Free. 
Other gemstones, other 7103.10.4000 10.5% ad val. 
Rubies, cut 7103.91.0010 Free. 
Sapphires, cut 7103.91.0020 Free. 
Emeralds, cut 7103.91.0030 Free. 
Other gemstones, otherwise worked 7103.99.5000 10.5% ad val. 
Synthetic gemstones, cut but not set 7104.90.1000 Free. 
Synthetic gemstones, other 7104.90.5000 6.4% ad val. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: None. 
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Events, Trends, and Issues: In 2017, the U.S. imports for consumption for gem-quality diamonds were estimated to 
be about $22.6 billion, which was a 3% decrease compared with $23.2 billion in 2016. U.S. imports for consumption 
for natural, nondiamond gemstones was estimated to be about $2.50 billion, which was a 23% increase compared 
with $2.0 billion in 2016. The United States accounted for more than 35% of the world’s diamond consumption and is 
expected to continue to dominate global gemstone demand. 


Increases in U.S. synthetic gemstone production were the result of a new synthetic diamond manufacturing firm in 
California reaching full-scale production and having a full year of production. A South Carolina synthetic diamond 
manufacturing firm added new manufacturing equipment that greatly increased its capacity in 2016, which was in 
operation for its first full year during 2017. 


A Canada-based company was expected to resume mining off the coast of Namibia in 2018. The Ministry of Mines 
and Energy of Namibia renewed the license for a period of 10 years. Marine diamond production has exceeded land- 
based diamond mining in Namibia in recent years. In 2016, Namibia produced 1.72 million carats of which only 
403,000 carats were produced on land. 


World Gem Diamond Mine Production and Reserves: 


Mine production’ Reserves® 
2016 2017° 
United States (°) (°) World reserves of diamond-bearing 
Angola 8,120 8,100 deposits are substantial. No reserve 
Australia 280 280 data are available for other gemstones. 
Botswana 14,400 14,000 
Brazil 184 180 
Canada 13,000 13,000 
Congo (Kinshasa) 4,640 4,600 
Ghana 142 140 
Guinea 90 90 
Guyana 140 140 
Lesotho 342 340 
Namibia 1,720 1,700 
Russia 22,600 23,000 
Sierra Leone 439 440 
South Africa 6,650 6,700 
Tanzania 205 210 
Zimbabwe 210 210 
Other countries 230 230 
World total (rounded) 73,400 73,000 


World Resources: Most diamond-bearing ore bodies have a diamond content that ranges from less than 1 carat per 
ton to about 6 carats per ton of ore. The major gem diamond reserves are in southern Africa, Australia, Canada, and 
Russia. 


Substitutes: Glass, plastics, and other materials are substituted for natural gemstones. Synthetic gemstones 
(manufactured materials that have the same chemical and physical properties as gemstones) are common 
substitutes. Simulants (materials that appear to be gems, but differ in chemical and physical characteristics) also are 
frequently substituted for natural gemstones. 


“Estimated. 

“excludes industrial diamond and garnet. See Diamond (Industrial) and Garnet (Industrial). 
“Estimated minimum production. 

‘Includes production of freshwater shell. 

“Reexports account for between 67% and 92% of the totals. 

*Defined as production (natural and synthetic) + imports — exports (including reexports). 
°Defined as imports — exports and reexports. 

‘Data in thousands of carats of gem diamond. 

®See Appendix C for resource and reserve definitions and information concerning data sources. 
*Less than % unit. 
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(Data in million dollars unless otherwise noted) 


Domestic Production and Use: The combined value of U.S. natural and synthetic gemstone output in 2018 was an 
estimated $53 million, a 18% decrease compared with that of 2017. Domestic gemstone production included agate, 
beryl, coral, diamond, garnet, jade, jasper, opal, pearl, quartz, sapphire, shell, topaz, tourmaline, turquoise, and many 
other gem materials. In decreasing order of production value, Arizona, Oregon, Nevada, California, Montana, Maine, 
Arkansas, Colorado, Utah, Idaho, Tennessee, North Carolina, and New York produced 95% of U.S. natural 
gemstones. Synthetic gemstones were manufactured by four firms in North Carolina, California, South Carolina, and 
Arizona, in decreasing order of production value. Major gemstone uses were carvings, gem and mineral collections, 
and jewelry. The apparent consumption in the table below is much lower than the actual consumption because the 
value of exports includes the value of reexports. 


Salient Statistics—United States: 2014 2015 2016 2017 2018° 
Production:2 
Natural® 9.5 8.5 11.7 9.2 10 
Laboratory-created (synthetic) 51.0 55.1 54.9 55-1 43 
Imports for consumption 26,400 25,100 25,200 25,100 28,000 
Exports, including reexports* 21,300 18,500 19,500 21,100 23,000 
Consumption, apparent® 5,160 6,660 5,770 4,060 5,100 
Price Variable, depending on size, type, and quality 
Employment, mine, number? 1,100 1,100 1,120 1,120 1,120 
Net import reliance® as a percentage 
of apparent consumption 99 99 99 99 99 


Recycling: Gemstones are often recycled by being resold as estate jewelry, reset, or recut, but this report does not 
account for those stones. 


Import Sources (2014—17 by value): India, 35%; Israel, 35%; Belgium, 15%; South Africa, 4%; and other, 11%. 
Diamond imports accounted for 91% of the total value of gem imports. 


Tariff: Item Number Normal Trade Relations 
12-31-18 

Coral and similar materials, unworked 0508.00.0000 Free. 
Imitation gemstones 3926.90.4000 2.8% ad val. 
Pearls, imitation, not strung 7018.10.1000 4.0% ad val. 
Pearls, imitation, glass beads 7018.10.2000 Free. 
Pearls, natural 7101.10.0000 Free. 
Pearls, cultured 7101.21.0000 Free. 
Diamonds, unworked or sawn 7102.31.0000 Free. 
Diamonds, ’ carat or less 7102.39.0010 Free. 
Diamonds, cut, more than % carat 7102.39.0050 Free. 
Other nondiamond gemstones, unworked 7103.10.2000 Free. 
Other nondiamond gemstones, uncut 7103.10.4000 10.5% ad val. 
Rubies, cut 7103.91.0010 Free. 
Sapphires, cut 7103.91.0020 Free. 
Emeralds, cut 7103.91.0030 Free. 
Other nondiamond gemstones, cut 7103.99.1000 Free. 
Other nondiamond gemstones, worked 7103.99.5000 10.5% ad val. 
Synthetic gemstones, cut but not set 7104.90.1000 Free. 
Synthetic gemstones, other 7104.90.5000 6.4% ad val. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: None. 
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Events, Trends, and Issues: In 2018, U.S. imports for consumption for gem-quality diamonds were estimated to be 
about $26 billion, which was a 13% increase compared with $22.7 billion in 2017. U.S. imports for consumption for 
natural, nondiamond gemstones was estimated to be about $2.0 billion, which was a 14% decrease compared with 
$2.30 billion in 2017. U.S. synthetic gemstone production decreased by 22% compared with that in 2017. Decreases 
in U.S. synthetic gemstone production were because the only U.S. cubic zirconia producer stopped producing at its 
U.S. production facility in November 2017. 


The United States accounted for more than 35% of the world’s diamond consumption and was once again the fastest- 
growing market in terms of consumer demand. The United States is expected to continue to dominate global 
gemstone demand. Demand also increased in China, but growth in the other main markets declined. 


During the first half of 2018, worldwide rough diamond sales to cutting centers were higher than during the same 
period in 2017. Total world diamond production during 2018 fell slightly from 2017 levels, owing to a suspension of 
operations at a mine in Russia and reduced production in Canada. Production is expected to continue to decline, and 
new projects and expansions will not replace the output lost from closing mines. By 2025, several large mines are 
expected to reach the end of their mine life, and only a few new projects are in the pipeline. 


World Gem Diamond Mine Production and Reserves: 


Mine production’ Reserves® 
2017 2018° 

United States (9) (2) World reserves of diamond-bearing 
Angola 8,500 8,500 deposits are substantial. No reserves 
Australia 343 340 data are available for other gemstones. 
Botswana 16,000 16,000 
Brazil 255 250 
Canada 23,200 23,000 
China 230 230 
Congo (Kinshasa) 3,780 3,700 
Guinea 145 140 
Lesotho 1,130 1,100 
Namibia 1,950 1,900 
Russia 23,800 23,000 
Sierra Leone 231 230 
South Africa 7,750 7,700 
Tanzania 260 260 
Zimbabwe 251 250 
Other countries 217 480 

World total (rounded) 88,100 87,000 


World Resources: Most diamond-bearing ore bodies have a diamond content that ranges from less than 1 carat per 
ton to about 6 carats per ton of ore. The major gem diamond reserves are in southern Africa, Australia, Canada, and 
Russia. 


Substitutes: Glass, plastics, and other materials are substituted for natural gemstones. Synthetic gemstones 
(manufactured materials that have the same chemical and physical properties as gemstones) are common 
substitutes. Simulants (materials that appear to be gems but differ in chemical and physical characteristics) also are 
frequently substituted for natural gemstones. 


“Estimated. 

‘Excludes industrial diamond and industrial garnet. See Diamond (Industrial) and Garnet (Industrial). 
7Estimated minimum production. 

3Includes production of freshwater shell. 

4Reexports account for between 67% and 92% of the totals. 

°Defined as production (natural and synthetic) + imports — exports (including reexports). 

6Defined as imports — exports (including reexports). 

‘Data in thousands of carats of gem diamond. 

8See Appendix C for resource and reserve definitions and information concerning data sources. 
°Less than % unit. 


U.S. Geological Survey, Mineral Commodity Summaries, February 2019 
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(Data in million dollars unless otherwise noted) 


Domestic Production and Use: The combined value of U.S. natural and synthetic gemstone output in 2019 was an 
estimated $65 million, a 9% increase compared with that of 2018. Domestic gemstone production included agate, 
beryl, coral, diamond, garnet, jade, jasper, opal, pearl, quartz, sapphire, shell, topaz, tourmaline, turquoise, and many 
other gem materials. In decreasing order of production value, Arizona, Oregon, Nevada, California, Montana, Maine, 
Arkansas, Colorado, Utah, Idaho, North Carolina, Tennessee, and New York produced 96% of U.S. natural 
gemstones. Synthetic gemstones were manufactured by four firms in North Carolina, California, Maryland, and 
Arizona, in decreasing order of production value. Major gemstone uses were carvings, gem and mineral collections, 
and jewelry. 


Salient Statistics—United States: 2015 2016 2017 2018 2019° 
Production:2 
Natural 8.5 11.7 9.2 9.5 10 
Laboratory-created (synthetic) 55.1 54.9 55.1 50.0 55 
Imports for consumption 25,100 25,200 24,900 27,700 26,000 
Exports, excluding reexports 3,030 2,940 2,440 1,850 1,200 
Consumption, apparent* 22,100 22,300 22,500 25,900 25,000 
Price Variable, depending on size, type, and quality 
Employment, mine, number® 1,100 1,120 1,120 1,120 1,120 
Net import reliance® as a percentage 
of apparent consumption 99 99 99 99 99 


Recycling: Gemstones are often recycled by being resold as estate jewelry, reset, or recut, but this report does not 
account for those stones. 


Import Sources (2015—18 by value): Diamond: India, 37%; Israel, 33%; Belgium, 14%; South Africa, 4%; and other, 
12%. Typically, diamond imports account for 90% to 95% of the total value of gem imports. 


Tariff: Item Number Normal Trade Relations 
12-31-19 

Coral and similar materials, unworked 0508.00.0000 Free. 
Imitation gemstones 3926.90.4000 2.8% ad val. 
Pearls, imitation, pearl beads, not strung 7018.10.1000 4.0% ad val. 
Imitation gemstones, glass beads 7018.10.2000 Free. 
Pearls, natural, graded and temporarily strung 7101.10.3000 Free. 
Pearls, natural, other 7101.10.6000 Free. 
Pearls, cultured 7101.21.0000 Free. 
Diamonds, unworked or sawn 7102.31.0000 Free. 
Diamonds, ’% carat or less 7102.39.0010 Free. 
Diamonds, cut, more than % carat 7102.39.0050 Free. 
Other nondiamond gemstones, unworked 7103.10.2000 Free. 
Other nondiamond gemstones, uncut 7103.10.4000 10.5% ad val. 
Rubies, cut 7103.91.0010 Free. 
Sapphires, cut 7103.91.0020 Free. 
Emeralds, cut 7103.91.0030 Free. 
Other nondiamond gemstones, cut 7103.99.1000 Free. 
Other nondiamond gemstones, worked 7103.99.5000 10.5% ad val. 
Synthetic gemstones, cut but not set 7104.90.1000 Free. 
Synthetic gemstones, other 7104.90.5000 6.4% ad val. 


Depletion Allowance: 14% (Domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: In 2019, U.S. imports for consumption of gem-quality diamonds were estimated to be 
about $23 billion, which was an 8% decrease compared with $25.1 billion in 2018. U.S. imports for consumption of 
natural, nondiamond gemstones were estimated to be about $3.0 billion, which was a 14% increase compared with 
$2.64 billion in 2018. U.S. synthetic gemstone production increased by 10% compared with that in 2018. The increase 
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in synthetic production was because of the combination of a 5% increase in the value of U.S. synthetic diamond 
production and a 16% increase in the value of U.S. synthetic moissanite production compared with those of 2018. No 
synthetic diamond production was reported in South Carolina during 2019. 


The United States accounted for more than 35% of the world’s diamond consumption and was once again the leading 
global market in terms of consumer demand. The United States is expected to continue to dominate global gemstone 
demand. Consumption also increased in Asia. During the first three quarters of 2019, globally, the leading gemstone 
sales by value were diamond, emerald, ruby, sapphire, and tanzanite. Worldwide rough gem-grade diamond sales 
decreased by 39% during the first three quarters compared with the same period of 2018. 


Total world diamond production during 2019 increased slightly from 2018 levels. Production is expected to continue to 
remain steady in the near term and then decline slightly, until 2025, when several large mines are expected to reach 
the end of their mine life, and only a few new projects are being developed. 


World Gem Diamond Mine Production and Reserves: 


Mine production® Reserves’ 
2018 2019° 

United States (8) (8) World reserves of diamond-bearing 
Angola 7,970 7,500 deposits are substantial. No reserves 
Australia 281 280 data are available for other gemstones. 
Botswana 17,100 18,000 
Brazil 251 250 
Canada 23,200 23,000 
China 99 100 
Congo (Kinshasa) 3,030 3,000 
Guinea 234 240 
Lesotho 1,290 1,300 
Namibia 2,400 2,000 
Russia 24,200 25,000 
Sierra Leone 590 600 
South Africa 7,930 8,000 
Tanzania 328 400 
Zimbabwe 326 400 
Other countries 242 400 

World total (rounded) 89,000 91,000 


World Resources: Most diamond-bearing ore bodies have a diamond content that ranges from less than 1 carat per 
ton to about 6 carats per ton of ore. The major diamond reserves are in southern Africa, Australia, Canada, and 
Russia. 


Substitutes: Glass, plastics, and other materials are substituted for natural gemstones. Synthetic gemstones 
(manufactured materials that have the same chemical and physical properties as natural gemstones) are common 
substitutes. Simulants (materials that appear to be gems but differ in chemical and physical characteristics) also are 
frequently substituted for natural gemstones. 


“Estimated. 

‘Excludes industrial diamond and industrial garnet. See Diamond (Industrial) and Garnet (Industrial). 
?Estimated minimum production. 

3Includes production of freshwater shell. 

“Defined as production (natural and synthetic) + imports — exports (excluding reexports). 

°Defined as imports — exports (excluding reexports). 

Data in thousands of carats of gem diamond. 

“See Appendix C for resource and reserve definitions and information concerning data sources. 
8Less than % unit. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2020 
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Domestic Production and Use: The combined value of U.S. natural and synthetic gemstone output in 2020 was an 
estimated $99 million, a 4% decrease compared with that of 2019. Domestic gemstone production included agate, 
beryl, coral, diamond, garnet, jade, jasper, opal, pearl, quartz, sapphire, shell, topaz, tourmaline, turquoise, and many 
other gem materials. In descending order of production value, Arizona, Oregon, California, Nevada, Montana, Maine, 
Arkansas, Colorado, Utah, Idaho, Tennessee, North Carolina, and New York produced 95% of U.S. natural 
gemstones. Synthetic gemstones were manufactured by five companies in California, North Carolina, New York, 
Maryland, and Arizona, in decreasing order of production value. U.S. synthetic gemstone production decreased by 
4% compared with that in 2019. Major gemstone end uses were carvings, gem and mineral collections, and jewelry. 


Salient Statistics—United States: 2016 2017 2018 2019 2020° 
Production:2 

Natural? 11.7 9.2 9.5 9.2 8.8 

Laboratory-created (synthetic) 54.9 55.1 65 94 90 
Imports for consumption 25,200 24,900 27,700 24,400 #17,000 
Exports, excluding reexports 2,940 2,440 1,850 1,050 1,500 
Consumption, apparent? 22,300 22,500 25,900 23,500 16,000 
Price Variable, depending on size, type, and quality 
Employment, mine, number® 1,120 1,120 1,120 1,120 1,120 
Net import reliance® as a percentage 

of apparent consumption 99 99 99 99 99 


Recycling: Gemstones are often recycled by being resold as estate jewelry, reset, or recut, but this report does not 
account for those stones. 


Import Sources (2016-19, by value): Diamond: India, 39%; Israel, 32%; Belgium, 13%; South Africa, 4%; and other, 
12%. Diamond imports accounted for an average of 90% of the total value of gem imports. 


Tariff: Item Number Normal Trade Relations 
12-31-20 

Coral and similar materials, unworked 0508.00.0000 Free. 
Imitation gemstones 3926.90.4000 2.8% ad val. 
Pearls, imitation, pearl beads, not strung 7018.10.1000 4.0% ad val. 
Imitation gemstones, glass beads 7018.10.2000 Free. 
Pearls, natural, graded and temporarily strung 7101.10.3000 Free. 
Pearls, natural, other 7101.10.6000 Free. 
Pearls, cultured 7101.21.0000 Free. 
Diamonds, unworked or sawn 7102.31.0000 Free. 
Diamonds, % carat or less 7102.39.0010 Free. 
Diamonds, cut, more than % carat 7102.39.0050 Free. 
Other nondiamond gemstones, unworked 7103.10.2000 Free. 
Other nondiamond gemstones, uncut 7103.10.4000 10.5% ad val. 
Rubies, cut 7103.91.0010 Free. 
Sapphires, cut 7103.91.0020 Free. 
Emeralds, cut 7103.91.0030 Free. 
Other nondiamond gemstones, cut 7103.99.1000 Free. 
Other nondiamond gemstones, worked 7103.99.5000 10.5% ad val. 
Synthetic gemstones, cut but not set 7104.90.1000 Free. 
Synthetic gemstones, other 7104.90.5000 6.4% ad val. 


Depletion Allowance: 14% (domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: During 2020, the global COVID-19 pandemic affected the U.S. gemstone and jewelry 
industries. As the restrictions, lockdowns, and store closings were imposed, many jewelry stores initially saw reduced 
sales but later in the year successfully shifted sales to their websites. Monthly U.S. gemstone imports declined from 
March through August, with the largest decrease year-on-year of 96% happening in April. U.S. apparent consumption 
of gemstones decreased by 32%. All major U.S. gemstone trade shows were canceled from March through August. 
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In 2020, U.S. imports for consumption of gem-quality diamonds were estimated to be about $15 billion, which was a 
31% decrease compared with $21.7 billion in 2019. U.S. imports for consumption of natural, nondiamond gemstones 
were estimated to be about $2.1 billion, which was a 22% decrease compared with $2.7 billion in 2019. Despite the 
COVID-19 pandemic, the United States was once again the leading global market in terms of consumer demand. The 
United States is expected to continue to dominate global gemstone demand. 


During 2020, the COVID-19 pandemic affected the global diamond industry with temporary diamond mine closings 
around the world and disruptions of the supply chain. Demand for diamonds plummeted during the pandemic, halting 
sales. Only demand for large, high-quality diamonds remained stable, and their prices increased steadily during the 
year. The pandemic forced mining companies to cancel or delay sales, and major diamond trade shows were 
canceled owing to health and travel restrictions. Rough diamond prices declined by between 15% and 27% at the few 
sales that took place, and the rough diamond market was not operating normally during the second quarter. In India, 
where about 80% of the world’s diamonds are polished, cutting centers experienced major disruptions as gem 
workers contracted the virus. Imports of rough diamonds in India decreased from $1.5 billion in February to $1 million 
in April. Antwerp experienced a 20% drop in rough imports and a 46% decline in exports of polished diamonds. 
Worldwide, many temporary mine closures resulting from the pandemic, had yet to reopen and were at risk of 
becoming permanent. Many mining companies sought credit protection or were restructuring their credit. The global 
diamond jewelry market had an estimated value of $80 billion in 2019 and was expected to decline by 19% in 2020. 


Total world diamond production during 2020 decreased by 10% from 2019 levels. This decline was attributed to 
pandemic mine closures and mines becoming depleted. 


World Gem Diamond Mine Production and Reserves: 


Mine production® Reserves’ 
2019 2020° 
United States — — World reserves of diamond-bearing 
Angola 8,230 8,000 deposits are substantial. No reserves 


Australia 260 200 data are available for other gemstones. 
Botswana 16,600 13,000 
Brazil 166 100 
Canada 18,600 17,000 
Congo (Kinshasa) 2,670 3,000 
Guinea 183 150 
Lesotho 1,110 1,000 
Namibia 2,020 1,900 
Russia 25,400 24,000 
Sierra Leone 649 550 
South Africa 5,740 4,000 
Tanzania 313 300 
Zimbabwe 211 200 
Other countries 224 230 
World total (rounded) 82,400 74,000 


World Resources:’ Most diamond ore bodies have a diamond content that ranges from less than 1 carat per ton to 
about 6 carats per ton of ore. The major diamond reserves are in southern Africa, Australia, Canada, and Russia. 


Substitutes: Glass, plastics, and other materials are substituted for natural gemstones. Synthetic gemstones 
(manufactured materials that have the same chemical and physical properties as natural gemstones) are common 
substitutes. Simulants (materials that appear to be gems but differ in chemical and physical characteristics) also are 
frequently substituted for natural gemstones. 


“Estimated. — Zero. 

‘Excludes industrial diamond and industrial garnet. See Diamond (Industrial) and Garnet (Industrial). 
7Estimated minimum production. 

3Includes production of freshwater shell. 

4Defined as production (natural and synthetic) + imports — exports (excluding reexports). 

°Defined as imports — exports (excluding reexports). 

6Data in thousands of carats of gem diamond. 

’See Appendix C for resource and reserve definitions and information concerning data sources. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2021 
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Abrasives 
Aluminum 
Antimony 
Arsenic 
Asbestos 
Barite 
Bauxite 
Beryllium 
Bismuth 
Boron 
Bromine 
Cadmium 
Cement 
Cesium 
Chromium 
Clays 
Cobalt 
Copper 
Diamond 
Diatomite 
Feldspar 


Fluorspar 
Gallium 
Garnet 
Gemstones 
Germanium 
Gold 
Graphite 
Gypsum 
Hafnium 
Helium 
Indium 
lodine 


lron and Steel 


Iron Ore 


lron Oxide Pigments 


Kyanite 
Lead 

Lime 
Lithium 
Magnesium 
Manganese 


USGS 
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Mercury 
Mica 
Molybdenum 
Nickel 
Niobium 
Nitrogen 
Palladium 
Peat 

Perlite 
Phosphate Rock 
Platinum 
Potash 
Pumice 
Quartz Crystal 
Rare Earths 
Rhenium 
Rubidium 
Salt 
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GEMSTONES? 


(Data in million dollars unless otherwise noted) 


Domestic Production and Use: The combined value of U.S. natural and synthetic gemstone output in 2021 was an 
estimated $95 million, a 25% increase compared with that in 2020. Domestic gemstone production included agate, 
beryl, coral, diamond, garnet, jade, jasper, opal, pearl, quartz, sapphire, shell, topaz, tourmaline, turquoise, and many 
other gem materials. In descending order of production value, Arizona led the Nation in natural gemstone production 
and Oregon was second. The other top producing States were Arkansas, California, Colorado, Idaho, Maine, 
Montana, Nevada, New York, North Carolina, Tennessee, and Utah. These 13 States produced 96% of U.S. natural 
gemstones. Synthetic gemstones were manufactured by five companies in California, North Carolina, New York, 
Maryland, and Arizona, in decreasing order of production value. U.S. synthetic gemstone production increased by 
29% compared with that in 2020. Major gemstone end uses were carvings, gem and mineral collections, and jewelry. 


Salient Statistics—United States: 
Production:@ 

Natural? 

Laboratory-created (synthetic) 
Imports for consumption 
Exports, excluding reexports 
Consumption, apparent? 
Price 
Employment, mine, number® 


2018 2019 2020 2021° 


oa) D2 9.8 10 
65 94 66 85 


24,900 27,700 24,400 16,300 24,000 


1,850 1,020 1,320 900 


22,500 25,900 23,500 15,100 23,000 
Variable, depending on size, type, and quality 


Net import reliance® as a percentage of apparent consumption 


1,120 1,120 1,100 1,100 
99 99 99 99 


Recycling: Gemstones are often recycled by being resold as estate jewelry, reset, or recut, but this report does not 


account for those stones. 


Import Sources (2017-20, by value): Diamond: India, 41%; Israel, 31%; Belgium, 12%; South Africa, 4%; and other, 
12%. Diamond imports accounted for an average of 90% of the total value of gem imports. 


Tariff: Item 


Coral and similar materials, unworked 
Imitation gemstones 

Pearls, imitation, pearl beads, not strung 
Imitation gemstones, glass beads 

Pearls, natural, graded and temporarily strung 
Pearls, natural, other 

Pearls, cultured 

Diamonds, unworked or sawn 

Diamonds, % carat or less 

Diamonds, cut, more than % carat 

Other nondiamond gemstones, unworked 
Other nondiamond gemstones, uncut 
Rubies, cut 

Sapphires, cut 

Emeralds, cut 

Other nondiamond gemstones, cut 

Other nondiamond gemstones, worked 
Synthetic gemstones, cut but not set 
Synthetic gemstones, other 


Depletion Allowance: 14% (domestic and foreign). 


Government Stockpile: None. 


Number 


0508.00.0000 
3926.90.4000 
7018.10.1000 
7018.10.2000 
7101.10.3000 
7101.10.6000 
7101.21.0000 
7102.31.0000 
7102.39.0010 
7102.39.0050 
7103.10.2000 
7103.10.4000 
7103.91.0010 
7103.91.0020 
7103.91.0030 
7103.99.1000 
1103.99.5000 
7104.90.1000 
1104.90.5000 


Prepared by Donald W. Olson [(703) 648-7721, dolson@usgs.gov] 


Normal Trade Relations 
12—31-21 
Free. 

2.8% ad valorem. 
4.0% ad valorem. 
Free. 

Free. 

Free. 

Free. 

Free. 

Free. 

Free. 

Free. 
10.5% ad valorem. 
Free. 

Free. 

Free. 

Free. 
10.5% ad valorem. 
Free. 

6.4% ad valorem. 


GEMSTONES 


Events, Trends, and Issues: During 2021, the U.S. and global gemstone and jewelry industries began recovering 
from the effects of the COVID-19 pandemic restrictions, lockdowns, and temporary mine and store closings. The 
largest production decreases in 2020 were from Australia, Botswana, Canada, and Russia. Total world diamond 
production during 2021 increased slightly from 2020 levels and was driven by the reopening of profitable mines that 
were suspended in 2020. Production would need to increase by up to 2% per year during the next 3 to 5 years to 
allow the market to fully rebalance. 


New sales platforms were established during 2020 and remained in place during 2021 in the rough diamond market 
to overcome travel constraints and streamline the journey from the mine to the jeweler. Online auctions gained a 
higher share of rough diamond sales and offset deficits in traditional sales channels. Many jewelry stores successfully 
shifted sales to their websites. Global gemstone sales are expected to increase at a steady rate over the next 5 years. 


In 2021, U.S. imports for consumption of gemstones were about $24 billion, which was a 49% increase compared 
with $16.3 billion in 2020. These imports consisted of about $21 billion in gem-quality diamonds, which was a 49% 
increase compared with $14.3 billion in 2020, and about $2.9 billion in nondiamond gemstones, which was a 51% 
increase compared with $1.9 billion in 2020. The increase in U.S. gem production combined with the growth in U.S. 
gem imports and the decrease in gem exports produced a 52% increase in apparent consumption to a value of 
$23 billion. The United States was the leading global market in terms of sales. The United States is expected to 
continue to dominate global gemstone demand. 


World Gem Diamond Mine Production and Reserves: 


Mine production® Reserves’ 
2020 2021° 

United States — — World reserves of diamond- 
Angola 6,960 7,100 bearing deposits are substantial. 
Australia 219 220 No reserves data are available 
Botswana 11,900 12,000 for other gemstones. 
Brazil 125 130 
Canada 13,100 13,000 
Congo (Kinshasa) 2,550 2,600 
Guinea 103 100 
Lesotho 481 490 
Namibia 1,550 1,600 
Russia 17,500 18,000 
Sierra Leone 513 520 
South Africa 6,780 6,900 
Tanzania 110 110 
Zimbabwe 267 270 
Other countries 142 140 

World total (rounded) 62,300 63,000 


World Resources:’ Most diamond ore bodies have a diamond content that ranges from less than 1 carat per ton to 
about 6 carats per ton of ore. The major diamond reserves are in southern Africa, Australia, Canada, and Russia. 


Substitutes: Glass, plastics, and other materials are substituted for natural gemstones. Synthetic gemstones 
(manufactured materials that have the same chemical and physical properties as natural gemstones) are common 
substitutes. Simulants (materials that appear to be gems but differ in chemical and physical characteristics) also are 
frequently substituted for natural gemstones. 


“Estimated. 

‘Excludes industrial diamond and industrial garnet. See Diamond (Industrial) and Garnet (Industrial). 
7Estimated minimum production. 

3Includes production of freshwater shell. 

4Defined as production (natural and synthetic) + imports — exports (excluding reexports). 

‘Defined as imports — exports (excluding reexports). 

6Data in thousands of carats of gem diamond. 

’See Appendix C for resource and reserve definitions and information concerning data sources. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2022 
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Cover. Cross section of a superconducting electromagnet used in the Large Hadron Collider (LHC), the world’s 
largest and most powerful particle accelerator, at the European Organization for Nuclear Research (CERN)’s 
accelerator complex. The superconducting properties of the magnet are achieved using copper-clad niobium- 
titanium (NbTi) coils, which surround the particle beam pipes. The particle beams travel in an ultrahigh vacuum at 
close to the speed of light, and huge forces are needed to guide them around the 27-kilometer-long ring of the 
LHC. NbTi magnets are used to bend, flatten, and focus the particle beams along the way. Photograph by 
Abraham J. Padilla, U.S. Geological Survey. 
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INSTANT INFORMATION 


Information about the U.S. Geological Survey, its programs, staff, and products is available from the internet at 
https://www.usgs.gov or by calling (888) ASK—USGS [(888) 275-8747]. 


This publication has been prepared by the National Minerals Information Center (NMIC). Information about NMIC and 
its products is available from the internet at https://www.usgs.gov/centers/national-minerals-information-center or by 
writing to Director, National Minerals Information Center, 988 National Center, Reston, VA 20192. 


KEY PUBLICATIONS 


Minerals Yearbook—These annual publications review the mineral industries of the United States and of more than 
180 other countries. They contain statistical data on minerals and materials and include information on economic and 
technical trends and developments and are available at https://www.usgs.gov/centers/national-minerals-information- 
center/publications. The three volumes that make up the Minerals Yearbook are volume I, Metals and Minerals; 
volume II, Area Reports—Domestic; and volume III, Area Reports—International. 


Mineral Commodity Summaries—Published on an annual basis, this report is the earliest Government publication to 
furnish estimates covering nonfuel mineral industry data and is available at https://www.usgs.gov/centers/national- 
minerals-information-center/mineral-commodity-summaries. Data sheets contain information on the domestic industry 
structure, Government programs, tariffs, and 5-year salient statistics for more than 90 individual minerals and 
materials. 


Mineral Industry Surveys—These periodic statistical and economic reports are designed to provide timely statistical 
data on production, shipments, stocks, and consumption of significant mineral commodities and are available at 
https://www.usgs.gov/centers/national-minerals-information-center/mineral-industry-surveys. The surveys are issued 
monthly, quarterly, or at other regular intervals. 


Materials Flow Studies—These publications describe the flow of minerals and materials from extraction to ultimate 
disposition to help better understand the economy, manage the use of natural resources, and protect the environment 
and are available at https://www.usgs.gov/centers/national-minerals-information-center/materials-flow. 


Recycling Reports—These studies illustrate the recycling of metal commodities and identify recycling trends and are 
available at https://www.usgs.gov/centers/national-minerals-information-center/recycling-statistics-and-information. 


Historical Statistics for Mineral and Material Commodities in the United States (Data Series 140)—This report 
provides a compilation of statistics on production, trade, and use of approximately 90 mineral commodities since as 
far back as 1900 and is available at https://www.usgs.gov/centers/national-minerals-information-center/historical- 
statistics-mineral-and-material-commodities. 


WHERE TO OBTAIN PUBLICATIONS 


e Mineral Commodity Summaries and the Minerals Yearbook are sold by the U.S. Government Publishing Office. 
Orders are accepted over the internet at https://oookstore.gpo.gov, by email at ContactCenter@gpo.gov, by 
telephone toll free (866) 512-1800; Washington, DC, area (202) 512—1800, by fax (202) 512-2104, or through 
the mail (P.O. Box 979050, St. Louis, MO 63197-9000). 


e All current and many past publications are available as downloadable Portable Document Format (PDF) files 
through https://www.usgs.gov/centers/national-minerals-information-center. 


INTRODUCTION 


Each mineral commodity chapter of the 2023 edition of the U.S. Geological Survey (USGS) Mineral Commodity 
Summaries (MCS) includes information on events, trends, and issues for each mineral commodity as well as 
discussions and tabular presentations on domestic industry structure, Government programs, tariffs, 5-year salient 
statistics, and world production, reserves, and resources. The MCS is the earliest comprehensive source of 2022 
mineral production data for the world. More than 90 individual minerals and materials are covered by 2-page 
synopses. 


For mineral commodities for which there is a Government stockpile, detailed information concerning the stockpile 
status is included in the 2-page synopsis. 


Abbreviations and units of measure and definitions of selected terms used in the report are in Appendix A and 
Appendix B, respectively. Reserves and resources information is in Appendix C, which includes “Part A—Resource 
and Reserve Classification for Minerals” and “Part B—Sources of Reserves Data.” A directory of USGS minerals 
information country specialists and their responsibilities is in Appendix D. 


The USGS continually strives to improve the value of its publications to users. Constructive comments and 
suggestions by readers of the MCS 2023 are welcomed. 


Figure 1.—The Role of Nonfuel Mineral Commodities in the U.S. Economy 
(Estimated values in 2022) 
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Consume Processed 
Mineral Materials‘ 


Value: $98.2 billion 


Value: $3,640 billion 


Domestically Recycled 
Metals and Mineral 
Products 


Net Imports of 
Processed Mineral 
Materials 


Aluminum, Glass, Steel, and so 
forth 


Metals, Chemicals, and so forth 


Imports: $235 billion 
Exports: 117 billion 
Net imports:$1 18 billion 


Value of old scrap: $42 billion 


1Major consuming industries of processed mineral materials are construction, durable goods manufacturers, and some 
nondurable goods manufacturers. The value of shipments for processed mineral materials cannot be directly related to 
gross domestic product. 


Sources: U.S. Geological Survey and U.S. Department of Commerce. 


SIGNIFICANT EVENTS, TRENDS, AND ISSUES 


In 2022, the estimated total value of nonfuel mineral 
production in the United States was $98.2 billion, an 
increase of 4% from the revised total of $94.6 billion in 
2021. The estimated value of metals production 
decreased by 6% to $34.7 billion from a revised total of 
$36.9 billion in 2021. The total value of industrial 
minerals production was $63.5 billion, a 10% increase 
from that in 2021 (table 1). Of this total, $31.4 billion was 
construction aggregates production (construction sand 
and gravel and crushed stone). Crushed stone was the 
leading nonfuel mineral commodity in 2022 with a 
production value of $21 billion and accounted for 21% of 
the total value of U.S. nonfuel mineral production. 


Increases in production of nonfuel mineral commodities 
and increases in prices of some industrial minerals and 
minerals used to make batteries contributed to the total 
value of nonfuel mineral production increasing in 2022. 
For the metals sector, there was reduced production for 
several metals owing to reduced ore grades and 
weather-related issues. Gold, iron ore, magnesium 
metal, palladium, platinum, silver, and titanium had some 
of the largest percentage decreases in production value. 
For the industrial minerals sector, increased construction 
and materials for energy and infrastructure projects as 
well as other manufacturing sectors led to increased 
production value. The largest percentage increases in 
production value were in barite, bromine, feldspar, 
helium, iodine, lithium, potash, pumice, and sand and 
gravel (industrial). 


The U.S. Geological Survey (USGS) published the “2022 
Final List of Critical Minerals” in the Federal Register 
(87 FR 10381). The 2022 list of critical minerals, which 
revised the U.S. critical minerals list (CML) published in 
2018 (83 FR 23295), included 50 mineral commodities 
instead of 35 mineral commodities or mineral groups. 
There were also many initiatives, projects, and 
legislation passed that focused on securing American 
supply chains and supporting domestic production 
projects. Please refer to the “U.S. Critical Minerals 
Update” section for more details. 


Foreign Trade 


Presidential Proclamation 10328 of December 27, 2021, 
established a tariff rate quota for member countries of 
the European Union (EU) and provided for quarterly 
limits on imports of certain steel commodities that could 
be imported without being subject to the 25% ad valorem 
tariffs imposed in 2018 under section 232 of the Trade 
Expansion Act of 1962. Additionally, the proclamation 
authorized the U.S. Department of Commerce to renew 
all EU exclusions utilized in fiscal year 2021 for a period 
of 2 years from the date of the proclamation. 


In February 2022, it was announced that the United 
States and Japan had reached an agreement for the 
quota of steel that could be imported without being 
subject to the 25% ad valorem tariffs under section 232 
of the Trade Expansion Act of 1962 that were put in 


place in 2018. The additional 10% ad valorem tariff on 
aluminum remained in place. 


In March 2022, it was announced that the United States 
and the United Kingdom reached an agreement on 
import quotas of steel and aluminum products that would 
not be subject to the ad valorem tariffs. However, certain 
requirements had to be met including a certificate of 
analysis and the imported items could not contain 
primary material from Belarus, China, or Russia. 


In February 2022, Executive Order 14065 "Blocking 
Property of Certain Persons and Prohibiting Certain 
Transactions With Respect to Continued Russian Efforts 
to Undermine the Sovereignty and Territorial Integrity of 
Ukraine” was issued outlining certain prohibitions on 
investments; exportation and importation of goods, 
services, or technology to or from covered regions; and 
financing. 


In September 2022, the Office of the United States 
Trade Representative (USTR) published a Federal 
Register notice (87 FR 55073) that announced that the 
USTR was keeping the additional tariffs placed on 
imports from China while the USTR was conducting its 
4-year review of the actions imposed under 

section 301(b) of the Trade Act of 1974, (19 U.S.C. 
2411, as amended): China’s acts, policies, and practices 
related to technology transfer, intellectual property, and 
innovation. The decision incorporated public comments 
that had been received from a prior notice published in 
May soliciting input on whether to retain or terminate the 
additional 25% ad valorem duty for products imported 
from China (Lists 1, 2, and 3) and an additional tariff for 
List 4 items that had been put in place in July and 
August 2018. In October, the USTR issued a Federal 
Register notice (87 FR 62914) seeking public comment 
on the effectiveness of the actions taken under section 
301 in achieving the objectives and any other actions 
that could be taken. 


U.S. Production and Consumption 


As shown in figure 1, minerals remained fundamental to 
the U.S. economy, contributing to the real gross 
domestic product at several levels, including mining, 
processing, and manufacturing finished products. The 
estimated value of nonfuel minerals produced at mines 
in the United States in 2022 was $98.2 billion. The value 
of net exports of mineral raw materials decreased by 4% 
to $4.9 billion from a revised $5.1 billion in 2021. The 
value of net exports of old scrap decreased to 

$15 billion. The value of domestically recycled products 
totaled $42 billion, and iron and steel scrap contributed 
$18 billion to that total. Domestic raw materials and 
domestically recycled materials were used to produce 
mineral materials worth $810 billion. These mineral 
materials as well as $118 billion of imports of processed 
mineral materials were, in turn, consumed by 
downstream industries creating an estimated value of 
$3.64 trillion in 2022, a 9% increase from that in 2021. 


6 
Figure 2 illustrates the reliance of the United States on 


foreign sources for raw and processed mineral materials. 


In 2022, imports made up more than one-half of the U.S. 
apparent consumption for 51 nonfuel mineral 
commodities, and the United States was 100% net 
import reliant for 15 of those. Of the 50 mineral 
commodities identified in the “2022 Final List of Critical 
Minerals,” the United States was 100% net import reliant 
for 12, and an additional 31 critical mineral commodities 
(including 14 lanthanides, which are listed under rare 
earths) had a net import reliance greater than 50% of 
apparent consumption. Additional information regarding 
critical minerals in the United States can be found in the 
“U.S. Critical Minerals Update” section. 


Figure 3 shows the countries that were sources of 
nonfuel mineral commodities for which the United States 
was greater than 50% net import reliant in 2022 and the 
number of mineral commodities for which each 
highlighted country was a leading supplier. China and 
Canada supplied the largest number of these nonfuel 
mineral commodities. The countries that were the 
leading sources of imported mineral commodities with 
greater than 50% net import reliance were: China, 26 
mineral commodities; Canada, 20 mineral commodities; 
Germany, 14 mineral commodities; Brazil, 11 mineral 
commodities; South Africa, 10 mineral commodities; and 
Mexico, 9 mineral commodities. 


The estimated value of U.S. metal mine production in 
2022 was $34.7 billion, 6% lower than the revised value 
in 2021 (table 1). In 2022, the capacity utilization for the 
metals mining industry was 61%, less than the 63% 
capacity utilization in 2021 (table 2). Principal 
contributors to the total value of metal mine production in 
2022 were copper, 33%; gold, 28%; iron ore, 15%; zinc, 
9%; and molybdenum, 5%. 


The estimated value of U.S. industrial minerals 
production in 2022, including construction aggregates, 
was $63.5 billion, about 10% more than the revised 
value of 2021 (table 1). In 2022, the capacity utilization 
for the nonmetallic minerals mining industry was 88%, 
slightly more than the 87% capacity utilization in 2021 
(table 2). The value of industrial minerals production in 
2022 was dominated by crushed stone, 33%; cement 
(masonry and portland), 18%; construction sand and 
gravel, 16%; and industrial sand and gravel, 9%. 


In 2022, U.S. production of 13 mineral commodities was 
valued at more than $1 billion each. These commodities 
were, in decreasing order of value, crushed stone, 
cement, copper, construction sand and gravel, gold, 
industrial sand and gravel, iron ore, zinc, salt, lime, 
phosphate rock, molybdenum, and soda ash. 


In 2022, 9 States had more than $3 billion worth of 
publishable nonfuel mineral commodities production 


value and another 12 States had more than $1.5 billion 
(fig. 4). 


The top 10 ranked States (based on total value including 
withheld values) were, in descending order of production 
value, Arizona, Nevada, Texas, California, Minnesota, 
Alaska, Florida, Utah, Michigan, and Missouri (table 3). 


The West region was the leading region in the 
production of the metals and metallic minerals with an 
estimated value of $27 billion in 2022 (fig. 5). 


The South region was the leading region in the 
production of other industrial minerals (excludes 
construction sand and gravel and crushed stone 
production) with an estimated value of $13.2 billion in 
2022 (fig. 6). 


In 2022, there were seven States that produced more 
than $1 billion worth of crushed stone. These States 
were, in descending order of production value, Texas, 
Florida, Pennsylvania, North Carolina, Georgia, Virginia, 
and Tennessee. There were another nine States with 
more than $500 million worth of crushed stone 
production (fig. 7). 


Construction sand and gravel was produced in every 
State. California was the only State that produced more 
than $1 billion worth of construction sand and gravel in 
2022 but three other States, in descending order of 
production value, Texas, Arizona, and Washington, 
produced more than $500 million. Florida, Colorado, 
New York, Ohio, Utah, and Michigan, in descending 
order of production value, were the other top 

10 producing States (fig. 8). 


The Defense Logistics Agency Strategic Materials (DLA 
Strategic Materials) is responsible for the operational 
oversight of the National Defense Stockpile (NDS) of 
strategic and critical materials. Managing the security, 
environmentally sound stewardship, and ensuring the 
readiness of all NDS stocks is the mission of the DLA 
Strategic Materials. The NDS currently contains 

47 unique commodities stored at nine locations within 
the continental United States. In fiscal year 2022, the 
NDS added one material along with additional quantities 
of eight other materials and approximately $103 million 
of excess materials were sold. Revenue from the 
Stockpile Sales Program fund the operation of the NDS 
and the acquisition of new stocks. For reporting 
purposes, NDS stocks are categorized as held in 
reserve or available for sale. The majority of stocks are 
held in reserve. Additional detailed information can be 
found in the “Government Stockpile” sections in the 
mineral commodity chapters that follow. Under the 
authority of the Defense Production Act of 1950 (Public 
Law 81-774), the USGS advises the DLA Strategic 
Materials on acquisitions and disposals of NDS mineral 
materials. 


Figure 2.—2022 U.S. Net Import Reliance’ 


Net import reliance as a percentage of apparent 


Commodity consumption Major import sources (2018-21 y 
ARSENIC, all forms 100 China, Morocco, Belgium 
ASBESTOS 100 Brazil, Russia 
CESIUM 100 Germany 
FLUORSPAR 100 Mexico, Vietnam, South Africa, Canada 
GALLIUM 100 China, Germany, Japan, Ukraine 
GRAPHITE (NATURAL) 100 China, Mexico, Canada, Madagascar 
INDIUM 100 Republic of Korea, Canada, China, France 
MANGANESE 100 Gabon, South Africa, Australia, Georgia 
MICA (NATURAL), sheet 100 China, Brazil, Belgium, Austria 
NIOBIUM (COLUMBIUM) 100 Brazil, Canada 
RUBIDIUM 100 Germany 
SCANDIUM 100 Europe, China, Japan, Philippines 
STRONTIUM 100 Mexico, Germany, China 
TANTALUM 100 China, Germany, Australia, Indonesia 
YTTRIUM 100 China, Germany, Republic of Korea, Japan 
GEMSTONES 99 | India, Israel, Belgium, South Africa 
BISMUTH 96 | |China, Republic of Korea, Mexico, Belgium 
NEPHELINE SYENITE >95 | Canada 
RARE EARTHS,” compounds and metals | |China, Malaysia, Estonia, Japan 
TITANIUM, sponge metal >95 | |Japan, Kazakhstan, Ukraine 
POTASH 94 | |Canada, Russia, Belarus 
DIAMOND (INDUSTRIAL), stones 89 | _ |South Africa, Congo (Kinshasa), India, Sierra Leone 
IRON OXIDE PIGMENTS, natural and synthetic 87 | __|China, Germany, Brazil, Canada 
ANTIMONY, metal and oxide 83 | ___{China, Belgium, India 
CHROMIUM, all forms 83 | __ |South Africa, Kazakhstan, Russia, Germany 


STONE (DIMENSION) 82 |__| Brazil, China, Italy, India 

PEAT 81 | ss |Canada 

TITANIUM MINERAL CONCENTRATES 81 |_| South Africa, Australia, Madagascar, Canada 
ABRASIVES, silicon carbide 79 | ___|China, Brazil, Netherlands, South Africa 
TIN, refined 77 f Peru, Indonesia, Bolivia, Malaysia 
COBALT 76 | __|Norway, Canada, Finland, Japan 

ZINC, refined 76 | «Canada, Mexico, Peru, Spain 
ABRASIVES, fused aluminum oxide >75 fF China, Canada, Brazil, Austria 

BARITE >75 /_- I China, India, Morocco, Mexico 
BAUXITE >75 | Jamaica, Brazil, Guyana, Turkey 
TELLURIUM >75 | ——s«|Canada, Germany, China, Philippines 
GARNET (INDUSTRIAL) 69 | «| South Africa, China, India, Australia 


RHENIUM 69 || Chile, Canada, Germany, Kazakhstan 
SILVER 69 | | Mexico, Canada, Poland, Chile 
PLATINUM 66 | | South Africa, Germany, Switzerland, Italy 
DIAMOND (INDUSTRIAL), bort, grit, dust, and powder 62 | China, Republic of Korea, Ireland, Russia 


ALUMINA 59 | sO Braazil, Australia, Jamaica, Canada 
NICKEL 56 | sd Caanada, Norway, Australia, Finland 


ALUMINUM 54 | ss Canada, United Arab Emirates, Russia, China 


VANADIUM 54 | «Canada, China, Brazil, South Africa 
MAGNESIUM COMPOUNDS 53 | «China, Israel, Canada, Brazil 
GERMANIUM | «China, Belgium, Germany, Russia 
IODINE >50 fs Chile, Japan 

MAGNESIUM METAL | Ss Caan, Israel, Mexico, Taiwan 
SELENIUM | «Philippines, Mexico, Germany, China 
TUNGSTEN | «China, Germany, Bolivia, Vietnam 
ZIRCONIUM, ores and concentrates | Ss South Africa, Senegal, Australia, Russia 
SILICON, metal and ferrosilicon | su sia, Brazil, Canada, Norway 
LEAD, refined | Canada, Mexico, Republic of Korea 
COPPER, refined | Chile, Canada, Mexico 


FELDSPAR PT rkey, Mexico 

SALT Po Chile, Canada, Mexico, Egypt 
PERLITE Po Greece, China, Mexico 
PALLADIUM 26 Po Jussi, South Africa, Italy, Germany 
LITHIUM >25 Po Argentina, Chile, China, Russia 
BROMINE Pot Israel, Jordan, China 

CADMIUM, unwrought <25 Po Astral, Germany, China, Peru 


MICA (NATURAL), scrap and flake 24 Po Canada, China, India, Finland 
CEMENT 21 Po Canada, Turkey, Greece, Mexico 
VERMICULITE 20 Po South Africa, Brazil 


‘Not all mineral commodities covered in this publication are listed here. Those not shown include mineral commodities for which the United States is a net exporter 
(abrasives, metallic; boron; clays; diatomite; gold; helium; iron and steel scrap; iron ore; kyanite; molybdenum; rare earths, mineral concentrates; sand and gravel, 
industrial; soda ash; titanium dioxide pigment; wollastonite; zeolites; and zinc, ores and concentrates) or less than 20% net import reliant (beryllium; gypsum; iron and steel; 
iron and steel slag; lime; nitrogen (fixed)—ammonia; phosphate rock; pumice and pumicite; sand and gravel, construction; stone, crushed; sulfur; and talc and pyrophyllite). 
For some mineral commodities (hafnium; mercury; quartz crystal, industrial; thallium; and thorium), not enough information is available to calculate the exact percentage of 
import reliance. 


7Listed in descending order of import share. 
’Data include lanthanides. 


Figure 3.—Mayjor Import Sources of Nonfuel Mineral Commodities 
for Which the United States was Greater Than 50% Net Import Reliant in 2022 
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Table 1.—U.S. Mineral Industry Trends 


Total mine production (million dollars): 
Metals 
Industrial minerals 
Coal 
Employment (thousands of workers): 
Coal mining, all employees 
Nonfuel mineral mining, all employees 
Chemicals and allied products, production workers 
Stone, clay, and glass products, production workers 
Primary metal industries, production workers 
Average weekly earnings of workers (dollars): 
Coal mining, all employees 
Chemicals and allied products, production workers 
Stone, clay, and glass products, production workers 
Primary metal industries, production workers 
“Estimated. 


2018 


28,000 
56,000 
27,200 


52 
140 
546 
311 
295 


1,546 
1,071 

945 
1,038 


Sources: U.S. Geological Survey, U.S. Department of Energy, and U.S. Department of Labor. 


2019 


26,900 
56,000 
25,500 


51 
140 
558 
312 
301 


1,617 
1,065 

968 
1,026 


2020 


27,700 
53,000 
16,800 


40 
136 
537 
296 
272 


1,518 
1,065 

981 
1,008 


Table 2.—U.S. Mineral-Related Economic Trends 


Gross domestic product (billion dollars) 


Industrial production (201 7=100): 
Total index: 
Manufacturing: 
Nonmetallic mineral products 
Primary metals: 
lron and steel 
Aluminum 
Nonferrous metals (except aluminum) 
Chemicals 
Mining: 
Coal 
Oil and gas extraction 
Metals 
Nonmetallic minerals 
Capacity utilization (percent): 
Total industry: 
Mining: 
Metals 
Nonmetallic minerals 


Housing starts (thousands) 


Light vehicle sales (thousands) 


Highway construction, value, put in place (billion dollars) 


Estimated. 


Sources: U.S. Department of Commerce and Federal Reserve Board. 


2018 
20,533 


103 
101 
100 
103 
103 
106 
102 

99 
113 

98 
116 

98 
104 


79 
87 
70 
89 


1,247 
17,225 
91 


2019 
21,381 


102 
100 
101 
97 
95 
102 
102 
97 
121 
92 
130 
96 
106 


78 
87 
68 
90 


1,291 
16,961 
99 


2020 
21,061 


25) 
93 
97 
86 
86 
90 
94 
95 
103 
69 
122 
92 
100 


73 
72 
66 
83 


1,395 
14,472 
103 


2021 


36,900 
57,700 
21,000 


37 
138 
540 
298 
269 


1,619 
1,104 
1,017 
1,074 


2021 
23,315 


100 
99 
98 
97 

102 

104 
95 

100 

106 
75 

122 
91 

105 


77 
81 
63 
87 


1,605 
14,947 
101 


2022° 


34,700 
63,500 
21,300 


38 
140 
570 
310 
280 


1,800 
1,100 
1,100 
1,200 


2022° 
25,461 


100 
100 
100 
97 
96 
110 
110 
100 
110 
78 
130 
88 
110 


80 
87 
61 
88 


1,570 
13,800 
110 


Table 3.—Value of Nonfuel Mineral Production in the United States and 
Principal Nonfuel Mineral Commodities Produced in 2022”: 12 


State 


Alabama 


Alaska 
Arizona 


Arkansas 
California® 
Colorado 
Connecticut 
Delaware’ 
Florida® ’ 
Georgia® 


Hawaii 
Idaho 


Illinois’ 
Indiana 
lowa 
Kansas’ 
Kentucky’ 
Louisiana 
Maine’ 
Maryland’ 
Massachusetts’ 
Michigan 
Minnesota’ 


Mississippi 


Missouri 


Montana 


Value 
(millions) 
$1,920 


4,510 
10,100 


1,100 
5,610 
1,870 
194 
25 
2,810 
2,320 


156 
371 


1,250 
1,380 
846 
1,170 
806 
1,030 
100 
414 
206 
3,360 
4,780 


225 


3,150 


1,600 


See footnotes at end of table. 


Rank? 
17 


6 
1 


29 


43 


50 


Percent of 
U.S. total* 


1.96 


4.59 
10.31 


1.12 


5.71 


0.16 
0.38 


1.27 
1.40 
0.86 
1.19 
0.82 
1.05 
0.10 
0.42 
0.21 
3.42 
4.86 


0.23 


3.21 


1.63 


Principal nonfuel mineral commodities® 


Cement, lime, sand and gravel (construction), sand and gravel 
(industrial), stone (crushed). 

Gold, lead, sand and gravel (construction), silver, zinc. 

Cement, copper, molybdenum mineral concentrates, sand and 
gravel (construction), stone (crushed). 

Bromine, cement, sand and gravel (construction), sand and 
gravel (industrial), stone (crushed). 

Boron minerals, cement, rare earths, sand and gravel 
(construction), stone (crushed). 

Cement, gold, molybdenum mineral concentrates, sand and 
gravel (construction), stone (crushed). 

Sand and gravel (construction), stone (crushed), stone 
(dimension). 

Magnesium compounds, sand and gravel (construction), stone 
(crushed). 

Cement, clay (attapulgite and kaolin), phosphate rock, sand and 
gravel (construction), stone (crushed). 

Cement, clay (kaolin and montmorillonite), sand and gravel 
(construction), sand and gravel (industrial), stone (crushed). 

Sand and gravel (construction), stone (crushed). 

Lead, phosphate rock, sand and gravel (construction), silver, 
zinc. 

Cement, magnesium compounds, sand and gravel 
(construction), sand and gravel (industrial), stone (crushed). 
Cement, lime, sand and gravel (construction), stone (crushed), 

stone (dimension). 

Cement, lime, sand and gravel (construction), sand and gravel 
(industrial), stone (crushed). 

Cement, helium (Grade-A), salt, sand and gravel (construction), 
stone (crushed). 

Cement, clay (Common clay), lime, sand and gravel 
(construction), stone (crushed). 

Clay (common clay), salt, sand and gravel (construction), sand 
and gravel (industrial), stone (crushed). 

Cement, peat, sand and gravel (construction), stone (crushed), 
stone (dimension). 

Cement, sand and gravel (construction), stone (crushed), stone 
(dimension). 

Clay (common clay), lime, sand and gravel (construction), stone 
(crushed), stone (dimension). 

Cement, iron ore, magnesium compounds, nickel sulfide 
concentrates, salt. 

lron ore, sand and gravel (construction), sand and gravel 
(industrial), stone (crushed), stone (dimension). 

Clay (ball clay, bentonite, common clay, montmorillonite), sand 
and gravel (construction), sand and gravel (industrial), stone 
(crushed). 

Cement, lead, lime, sand and gravel (industrial), stone 
(crushed). 

Copper, molybdenum mineral concentrates, palladium, platinum, 
sand and gravel (construction). 


Table 3.—Value of Nonfuel Mineral Production in the United States and 
Principal Nonfuel Mineral Commodities Produced in 2022”: 1: 2—Continued 


State 


Nebraska’ 
Nevada 

New Hampshire’ 
New Jersey 
New Mexico 
New York 


North Carolina 


North Dakota’ 
Ohio’ 
Oklahoma 
Oregon 
Pennsylvania’ 
Rhode Island’ 
South Carolina’ 
South Dakota 
Tennessee 
Texas 


Utah 
Vermont? 


Virginia 
Washington 


West Virginia’ 
Wisconsin’ 


Wyoming 


Undistributed 
Total 


Value 
(millions) 


$256 
8,930 

135 

425 
1,470 
1,950 
1,900 


105 
1,490 
1,030 

693 
2,060 

88 
1,160 

475 
1,940 
8,030 


3,600 
136 


1,530 
901 


204 
1,720 


2,480 


4,21 


_4,210 


98,200 


PPreliminary. XX Not applicable. 


‘Includes data available through December 14, 2022. 


Rank? 


39 

2 
45 
38 


Xx 
XX 


Percent of 
U.S. total* 


0.26 
9.09 
0.14 
0.43 
1.49 
1.98 
1.93 


0.11 


100.0 


io) 


Principal nonfuel mineral commodities® 


Cement, lime, sand and gravel (construction), sand and gravel 
(industrial), stone (crushed). 

Copper, diatomite, gold, and sand gravel (construction), stone 
(crushed). 

Sand and gravel (construction), stone (crushed), stone 
(dimension). 

Sand and gravel (construction), sand and gravel (industrial), 
stone (crushed). 

Cement, copper, potash, sand and gravel (construction), stone 
(crushed). 

Cement, salt, sand and gravel (construction), stone (crushed), 
zinc. 

Clay (common clay and fire clay), phosphate rock, sand and 
gravel (construction), sand and gravel (industrial), stone 
(crushed). 

Lime, sand and gravel (construction), sand and gravel 
(industrial), stone (crushed). 

Cement, lime, salt, sand and gravel (construction), stone 
(crushed). 

Cement, iodine, sand and gravel (construction), sand and gravel 
(industrial), stone (crushed). 

Cement, diatomite, pumice and pumicite, sand and gravel 
(construction), stone (crushed). 

Cement, lime, sand and gravel (construction), sand and gravel 
(industrial), stone (crushed). 

Sand and gravel (construction), sand and gravel (industrial), 
stone (crushed). 

Cement, gold, sand and gravel (construction), sand and gravel 
(industrial), stone (crushed). 

Cement, gold, lime, sand and gravel (construction), stone 
(crushed). 

Cement, sand and gravel (construction), sand and gravel 
(industrial), stone (crushed), zinc. 

Cement, lime, sand and gravel (construction), sand and gravel 
(industrial), stone (crushed). 

Copper, gold, potash, salt, sand and gravel (construction). 

Sand and gravel (construction), stone (crushed), stone 
(dimension), talc (crude). 

Cement, kyanite, lime, sand and gravel (construction), stone 
(crushed). 

Cement, diatomite, sand and gravel (construction), sand and 
gravel (industrial), stone (crushed). 

Cement, lime, salt, sand and gravel (industrial), stone (crushed). 

Lime, sand and gravel (construction), sand and gravel 
(industrial), stone (crushed), stone (dimension). 

Cement, clay (bentonite and common clay), helium (Grade-A), 
sand and gravel (construction), soda ash. 

XX 


?Data are rounded to no more than three significant digits; may not add to totals shown. 
3Rank based on total, unadjusted State values. 


"Percent of U.S. total" calculated to two decimal places. 


Listed in alphabetical order. 
California also produces significant quantities of titanium mineral concentrates and Florida and Georgia produce significant quantities of rare earths 

and titanium and zirconium mineral concentrates. Breakdown by State is not included in State total to avoid disclosure of company proprietary data. 
‘Partial total; excludes values that must be withheld to avoid disclosing company proprietary data, which are included with "Undistributed." 
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Figure 4.—Value of Nonfuel Minerals Produced in 2022, by State 
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Figure 5.—Value of Metals and Metallic Minerals Produced in 2022, by Region 
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Magnesium REE Rare-earth elements 
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Figure 6.—Value of Other Industrial Minerals Produced in 2022, by Region 
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Figure 7.—Value of Crushed Stone Produced in 2022, by State 
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Figure 8.—Value of Construction Sand and Gravel Produced in 2022, by State 
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Table 4.—The 2022 U.S. Critical Minerals List’ 


Aluminum 
are 
Arsenic 
Barite 
Beryllium 
Bismuth 
Cerium’ 
Cesium 
Chromium 
Cobalt 
; 

Erbium? 
Europiun 
ers 
Gadolinium? 
Galium 
Germanium 
Graphite 
Hatium 
Holmium’ 
num 
rium? 
anthanun? 
thio 
utetiur 
Ta 
Mensanees 
: 

Nickel 
Niobium 
Platinum’ 
um 

Rhodium’ 
Rubidium 
Samarium’ 
Scandium 
Tantalum 
Tellurium 
Terbiur’ 
Thulin? 
Titania 
Tungsten 
Vanadium 
Yiterbium’ 
Yet 
TE 
Zirconium 


'The 2022 Final List of Critical Minerals published February 24, 2022 by U.S. Geological Survey (87 FR 10381). 
“Included in the Rare Earths chapter. 


5 


Palladium 


*Included in the Platinum-Group Metals chapter. 
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U.S. CRITICAL MINERALS UPDATE 


The U.S. Critical Minerals List 


On February 24, 2022, pursuant to section 7002 of the 
Energy Act of 2020 (Public Law 116—260) and using the 
definition of “critical mineral” and the criteria specified 
therein, the U.S. Geological Survey (USGS) published 
the “2022 Final List of Critical Minerals” in the Federal 
Register (87 FR 10381). The 2022 list of critical 
minerals, which revised the U.S. critical minerals list 
(CML) published in 2018 (83 FR 23295), included 50 
mineral commodities instead of 35 mineral commodities 
or mineral groups (table 4). The changes in the 2022 
CML from the prior 2018 CML were the addition of nickel 
and zinc, listing out individual platinum-group metals and 
rare-earth elements, and the removal of helium, potash, 
rhenium, strontium, and uranium. The CML is to be 
updated at least every 3 years and revised as necessary 
consistent with available data. 


On May 7, 2021, Open-File Report 2021-1045, 
“Methodology and Technical Input for the 2021 Review 
and Revision of the U.S. Critical Minerals List” was 
published by the USGS as required by section 7002 of 
title VII of the Energy Act of 2020. The report 
documented the updated evaluation methodology and 
the resultant updated draft list of minerals recommended 
for inclusion in the CML. Uranium was excluded by its 
definition as mineral fuels in the Mining and Minerals 
Policy Act of 1970 [30 U.S.C. 21(a)]. 


On November 9, 2021, a proposed revised U.S. CML 
was published in the Federal Register (86 FR 62199). 
Following adjudication of public comments, the new CML 
was published in February 2022 (87 FR 10381). 


Background 


A series of actions by the Government in recent years 
have addressed domestic supply chain vulnerabilities, 
beginning with Executive Order 13817, “A Federal 
Strategy to Ensure Secure and Reliable Supplies of 
Critical Minerals,” which was issued on December 26, 
2017, and initiated a whole-of-government call to action 
to identify critical minerals and develop a strategy to 
address U.S. supply-chain vulnerabilities. Subsequently, 
there have been additional actions including: (1) the 
2018 CML was published by the USGS; (2) the 2019 
Federal Strategy to Ensure Secure and Reliable 
Supplies of Critical Minerals was published by the 
Department of Commerce with interagency input; (3) 
several Presidential determinations were issued 
directing the use of Defense Production Act (DPA) Title 
Ill authorities to strengthen the U.S. industrial base for 
rare-earth magnets; (4) Executive Order 13953, 
Addressing the Threat to the Domestic Supply Chain 
Reliance on Critical Minerals from Foreign Adversaries 
and Supporting the Domestic Mining and Processing 
Industries was issued; and (5) the Energy Act of 2020 
was passed by Congress and signed into law. 


Most recently, actions were taken to accomplish the 
objectives outlined in Executive Order 14017, “America’s 
Supply Chains,” issued in February 2021, that directed 
the Executive Branch agencies to launch an immediate 
100-day review and strategy development process to 
identify and address vulnerabilities in the supply chains 
of four key product sectors: semiconductors 
manufacturing and advanced packaging, high-capacity 
batteries, including electric-vehicle batteries, critical and 
strategic minerals and materials, and pharmaceuticals 
and active pharmaceutical ingredients. The reports 
outlining strategies for the four sectors were released in 
June 2021. 


In November 2021, Congress passed and the President 
signed the $1.2 trillion Bipartisan infrastructure Law 
(Infrastructure Investment and Jobs Act, H.R. 3684, 
Public Law 117-58) (BIL). The law outlined investments 
for bridges, roads, telecommunications broadband 
networks, water, energy systems, and ports and rail 
improvements for efficient transport of goods and 
produce across the country. It also provided funding for 
research and development of clean energy projects, 
domestic production of batteries, critical mineral 
recycling, reclamation and domestic critical minerals 
production and supply-chain projects including $320 
million over 5 years for the USGS Earth Mapping 
Resources Initiative (Earth MRI). 


Supply Chain Security and U.S. Government Critical 
Minerals Initiatives in 2022 


In 2022, many Executive Branch and Congressional 
actions were taken to support and enhance America’s 
supply chains in the areas of focus identified in 
Executive Order 14017. 


On March 31, 2022, a Presidential determination was 
signed requiring the use of DPA title III authorities to 
strengthen the U.S. industrial base for large-capacity 
batteries and specifically increasing domestic mining and 
processing of critical materials for the large-capacity 
battery supply chain such as cobalt, graphite, lithium, 
and nickel. The determination directed the Secretary of 
Defense to support (1) feasibility studies for “mature 
mining, beneficiation, and value-added processing 
projects” for such critical materials; (2) byproduct and 
coproduct production at existing mining and other 
industrial facilities; and (3) improvements to increase 
productivity, workforce safety, and sustainability in 
critical minerals mining, beneficiation, and processing. 


On May 21, 2022, the Ukraine Supplemental 
Appropriations Act of 2022 provided $600 million for 
DPA title Ill funds for missiles and munitions in support 
of Ukraine and strategic and critical materials to expand 
domestic capacity. The areas of interest for funding for 
critical materials included feasibility studies, byproduct 
and coproduct extraction, modernization and productivity 


improvements, recycling and reclamation, and industrial 
resources. 


On August 9, 2022, the CHIPS and Science Act of 2022 
(Public Law 117-167) was signed into law; it provided 
$280 billion in funding over the next 10 years for 
domestic research, commercialization, and 
manufacturing of semiconductors as well next 
generation technology and workforce development. The 
goals of the law are to enhance domestic capability in 
several areas: reduce the likelihood that shocks abroad 
might disrupt the supply of semiconductor chips; create 
domestic jobs; improve international competitiveness; 
and ensure a secure supply of semiconductors to limit 
manufacturing vulnerabilities. 


On August 16, 2022, the Inflation Reduction Act of 2022 
(Public Law 117-169) was signed into law with the aim 
to reduce inflation. Specifically related to critical 
minerals, it authorized $391 billion in funding for climate 
change and domestic energy production. The legislation 
included targeted tax incentives aimed at manufacturing 
U.S.-sourced materials such as batteries, electric 
vehicles, solar, and wind parts and technologies like 
carbon capture systems. The legislation also includes 
key requirements around domestic sourcing—for 
example, for use of domestic steel in wind projects. 


In October 2022, the “American Battery Materials 
Initiative” was launched, which will be led by a White 
House steering committee and coordinated by the U.S. 
Department of Energy (DOE) with support from the U.S. 
Department of the Interior. The initiative will work 
through the Partnership for Global Infrastructure and 
Investment and leverage ongoing work by the U.S. 
Department of State, to work with partners and allies to 
strengthen critical mineral supply chains globally, and it 
will leverage and maximize ongoing efforts throughout 
the U.S. government to meet resource requirements and 
bolster energy security. 


In December 2022, the $858 billion National Defense 
Authorization Act was signed into law, which included a 
provision requiring a Federal strategy be developed to 
recycle and recover critical minerals from batteries used 
in the Federal electric vehicle fleet. 


Critical Minerals Investments in 2022 


On February 22, 2022, the U.S. Department of Defense 
(DOD) awarded a $35 million contract to a company to 
design and build a facility to process heavy rare-earth 
elements (HREEs) in California. The project would 
establish the first processing and separation facility for 
HREEs in the United States. Including this project, the 
DOD had invested over $100 million in enhancing 
America’s rare-earth supply-chain resiliency and 
expanding domestic rare-earth magnet processing 
capabilities and capacity. 


In July 2022, the USGS Earth MRI, a collaborative 
project between the USGS and State geological surveys 
to collect and modernize the Nation’s geologic mapping 
and data resources, released two reports. Open-File 
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Report 2019-1023-D, “Focus Areas for Data Acquisition 
for Potential Domestic Resources of 13 Critical Minerals 
in the Conterminous United States and Puerto Rico— 
Antimony, Barite, Beryllium, Chromium, Fluorspar, 
Hafnium, Helium, Magnesium, Manganese, Potash, 
Uranium, Vanadium, and Zirconium,” defined focus 
areas for future data collection for resources for the 
13 critical minerals evaluated in the conterminous United 
States and Puerto Rico during phase 3 of the study. 
Phases 1 and 2 of the Earth MRI addressed aluminum, 
cobalt, graphite, lithium, niobium, platinum-group 
elements (PGEs), rare-earth elements (REEs), tantalum, 
tin, titanium, and tungsten. The second report, Open-File 
Report 2019-—1023-E, “Alaska Focus Area Definition for 
Data Acquisition for Potential Domestic Sources of 
Critical Minerals in Alaska for Antimony, Barite, 
Beryllium, Chromium, Fluorspar, Hafnium, Magnesium, 
Manganese, Uranium, Vanadium, and Zirconium,” 
similarly defined focus areas for further investigation into 
critical mineral resources in Alaska. 


In August 2022, the Defense Advanced Research 
Projects Agency (DARPA) partnered with the USGS to 
launch the Artificial Intelligence for Critical Mineral 
Assessment Competition. The goal of the competition 
was to develop methods to reduce the time required to 
complete parts of the resource assessment using 
artificial intelligence and machine learning to automate 
key processes. The partnership will help the USGS 
conduct assessments for more than 50 critical mineral 
resources to aid in economic planning and land-use 
decision making. The USGS has over a century of 
accumulated data, contained mostly within 

100,000 geologic maps and many reports that provide 
the fundamental basis for these resource assessments. 
Only about 5% of the materials were fully digitized vector 
files which are needed for analysis and the rest were 
scanned images of paper maps. In December 2022, 
winners of the competition were announced: a Canadian 
company received top prize for automated 
georeferencing and a United States university 
partnership received top prize for legend-based feature 
extraction. 


On October 19, 2022, the DOE announced the first set 
of projects funded by the Bipartisan Infrastructure Law to 
expand domestic manufacturing of batteries for electric 
vehicles (EVs) and the electrical grid including 

$2.8 billion for 20 manufacturing and processing 
companies in 12 States—Alabama, Georgia, Kentucky, 
Louisiana, Missouri, Nevada, New York, North Carolina, 
North Dakota, Ohio, Tennessee, and Washington. When 
matched by recipients, the funding will leverage a total of 
more than $9 billion to boost American production of EV 
batteries. 


In October 2022, the USGS announced a $3.2 million 
project to collect geophysical data to improve mapping of 
critical mineral resources in parts of lowa, Minnesota, 
Nebraska, and South Dakota. Substantial funding for the 
project came from the USGS Earth MRI using 
supplemental appropriation from the BIL. 
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In November 2022, the USGS announced a 

$1.45 million project to conduct geologic mapping, 
airborne geophysical surveying and geochemical 
sampling in support of critical mineral resource studies in 
Nevada and Oregon. Substantial funding for the project 
came from the USGS Earth MRI using supplemental 
appropriation from the BIL. 


In December 2022, the DOD announced its first critical 
minerals award using Ukraine Supplemental 

Appropriations funds to a stibnite-gold project in Idaho 
for completing environmental and engineering studies. 


Other information regarding individual projects and new 
production facilities can be found within each critical 
mineral chapter in this publication (p. 28—203). 


U.S. Production and Consumption of Critical 
Minerals in 2022 


In 2022, the value of domestic primary mine production 
of critical minerals was $5.4 billion. A total of 

14 individual mineral commodities and the rare-earths 
group of minerals (without specification of the specific 
lanthanides) were produced in the United States. 


The United States was 100% net import reliant for 12 of 
the 50 individually listed critical minerals and was more 
than 50% net import reliant for an additional 31 critical 
mineral commodities (including 14 lanthanides, which 
are listed under rare earths (fig. 2, tables 4, 5). The 
United States had secondary production for 14 critical 
minerals which resulted in net import reliance being less 
than 100%. Recycling provided the only source of 
domestic supply for antimony, bismuth, chromium, 
germanium, tin, tungsten, and vanadium (table 5). 


China was the leading producing nation for 30 of the 

50 critical minerals (including 14 lanthanides, which are 
listed under rare earths). The other leading producers of 
Critical minerals were Australia and South Africa with 
three critical minerals each and Congo (Kinshasa) with 
two critical minerals (table 5). For 30 critical minerals, 
production was highly concentrated (50% or more) ina 
single country, of which 5 critical minerals had 80% or 
more of global production dominated by one country, 17 
(including 14 lanthanides, which are listed under rare 
earths) with 70% to less than 80% of global production 
dominated by one country, 4 with 60% to less than 70% 
of global production dominated by one country, and 4 
with 50% to less than 60% of global production 
dominated by one country. 


Figure 9 shows the trends in net import reliance for 
critical minerals over the past 20 years. For most critical 


minerals, the United States is heavily reliant on foreign 
sources for its consumption requirements; exceptions 
include beryllium, magnesium, and zirconium. 


Figure 10 shows both the 1-year percent change in 
prices of critical minerals between 2021 and 2022 and 
the 5-year compound annual growth rate (CAGR) in the 
prices of critical minerals from 2018 to 2022. In 2022, the 
1-year percent change in the prices of lithium, 
neodymium, and yttrium were all above 100% (double) 
compared with their respective prices in 2021. The 
CAGR for most critical minerals has been positive over 
the past 5 years, reflecting a trend of increasing prices 
for these commodities. 


All supply chains, from mine to final distribution and 
retail, were affected when the coronavirus disease 2019 
(COVID-19) emerged and became a global pandemic. 
For the United States, the 2020 consumption of most 
nonfuel mineral commodities decreased relative to that 
in 2019. Of the critical mineral commodities, 

16 experienced decreases in consumption during that 
time period, whereas 6 experienced increases. The 
markets for mineral commodities vary such that the 
trends can differ significantly for the different 
commodities depending on their unique market 
situations. For example, gold, platinum, and silver, 
precious metals perceived as investment metals, 
experienced large increases in consumption between 
2019 and 2020 (fig. 11). 


Mineral commodity markets can be quite volatile, but the 
nonfuel mineral commodity mining and refining sectors 
did experience significant disruptions, especially in the 
first half of 2020. However, the second half of 2020 and 
2021 were characterized by a rebound in demand and 
prices, so the overall effect of the disruptions between 
2020 and 2021 were dampened (fig. 12). In 2022, 
consumption for many mineral commodities continued to 
increase and began to approach or exceed pre- 
pandemic levels, and consumption of most commodities 
in 2022 increased from that in 2021 (fig. 13). 


Figure 14 shows the relationship between primary 
metals and byproduct or companion metals. As 
discussed in Open-File Report 2021-1045, 
“Methodology and Technical Input for the 2021 Review 
and Revision of the U.S. Critical Minerals List,” the 
degree to which a metal is obtained largely or entirely as 
a byproduct of one or more host metals from geologic 
ores may complicate the supply of these commodities. 
Of the 50 critical minerals, only aluminum, nickel, 
platinum, tin, titanium, and zinc are primary metals. 


Critical mineral 


Aluminum (bauxite) 
Antimony 
Arsenic 

Barite 

Beryllium 
Bismuth® 
Chromium 
Cobalt 

Fluorspar 
Gallium 
Germanium® 
Graphite (natural) 
Indium® 

Lithium 
Magnesium® 
Manganese 
Nickel 

Niobium 
Palladium 
Platinum 

Rare Earths (compounds and metals 
Scandium 
Tantalum 
Tellurium® 

Tin 

Titanium (metal)® 
Tungsten 
Vanadium 
Yttrium 

Zinc® 

Zirconium (ores and concentrates) 


NA Not available. W Withheld to avoid disclosing company proprietary data. — Zero. 
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Table 5.—Estimated Salient Critical Minerals Statistics in 2022' 


(Metric tons, mine production, unless otherwise specified) 


Primary 
production 


NA 


920,000 
<100,000 


Secondary 
production 


("’) 
NA 


United States 


Apparent 
consumption 


?2,900,000 
497,000 
°5,300 
W 

180 
2,000 
590,000 
7,800 
500,000 
248 

630 
72,000 
°160 

63 000 
60,000 
890,000 
°220,000 
7,600 
68 

42 
9,300 
NA 
1,200 
W 
43,000 
28,000 
W 
9,500 
1,000 
910,000 
<100,000 


Net import reliance as a percentage of 
apparent consumption 


Primary import 
source (2018-21) 


Jamaica 
China? 
China? 
China? 

Kazakhstan 
China? 
South Africa 
Norway 
Mexico 
China 

China 
China? 
Republic of Korea 
Argentina 
Israel 
Gabon 
Canada 
Brazil 
Russia 
South Africa 
China? 
Europe 
China? 
Canada 
Peru 

Japan 
China? 
Canada 
China? 
Canada 
South Africa 


Leading 
producing 
country 
Australia 
China 
Peru 
India 
United States 
China 
South Africa 
Congo (Kinshasa) 
China 
China 
China 
China 
China 
Australia 
China 
South Africa 
Indonesia 
Brazil 
Russia 
South Africa 
China 
China 
Congo (Kinshasa) 
China 
China 
China 
China 
China 
China 
NA 
Australia 


World 


Production in Percentage of 


leading country —_ world total 
100,000,000 26 
60,000 55 
’28,000 46 
2,600,000 33 
180 64 
16,000 80 
18,000,000 44 
130,000 68 
5,700,000 69 
540 98 
NA NA 
850,000 65 
530 59 
61,000 47 
900,000 90 
7,200,000 36 
1,600,000 48 
71,000 90 
88 42 
140 74 
210,000 70 
NA NA 
860 43 
340 53 
95,000 31 
150,000 58 
71,000 85 
70,000 70 
NA NA 
NA NA 
500,000 36 


World 
production 
total 


380,000,000 
110,000 
761,000 

37,900,000 
280 
20,000 
41,000,000 
190,000 
8,300,000 
550 

NA 
1,300,000 
900 
430,000 
34 000,000 
20,000,000 
3,300,000 
79,000 
210 

190 
300,000 
NA 

2,000 
3640 
310,000 
260,000 
84,000 
100,000 
NA 

NA 

34 400,000 


‘Critical minerals as published in the Federal Register on February 24, 2022 (87 FR 10381). Not all critical minerals are listed here. Cesium, hafnium,iridium, rhodium, rubidium, and ruthenium are not shown because available information is insufficient 


to make estimates of U.S. or world production. 


?Reported consumption. 
Excludes U.S. production. 


“Antimony in oxide and unwrought metal, powder. 


“Includes Hong Kong. 
°Estimated consumption. 
“Arsenic trioxide. 
8Refinery production. 


°Nickel in primary metal and secondary scrap. 


1D ata include lanthanides. 


“Primary production includes both primary and secondary metal production. 


Le 


Figure 9.—20-Year Trend of U.S. Net Import Reliance for Critical Minerals 


EXPLANATION 


Atomic number : _ 
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NA, not available LW 
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Time series 


*Blue graphs show elements 
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For elements of the periodic table associated with mineral commodities identified as critical in 2022 (87 FR 10381), the figure displays the U.S. net 
import reliance (NIR) as a percent of apparent consumption from 2002 through 2022. Barite is listed under barium (Ba). Bauxite is listed under 
aluminum (Al). Fluorspar is listed under fluorine (F). Graphite (natural) is listed under carbon (C). Rare earths are listed under lanthanides (La—Lu). 
Net import reliance data are not available for hafnium, iridium, and rhodium for 2002 through 2022 and for germanium prior to 2004; data were 
withheld for tellurium prior to 2010 and titanium for 2008 and 2009. For some years, the NIR for antimony, barite, bauxite, germanium, lithium 
magnesium, rare earths, tellurium, titanium, tungsten, yttrium, and zirconium are rounded to avoid disclosing company proprietary data. 
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Figure 10.—Estimated 1-Year Percent Change and 5-Year Compound Annual Growth Rate (CAGR) 


in Prices of Critical Minerals‘ 

_ 1 year percent change (2021 to 2022) SOO POSS Critical mineral (price source)? ae = year CAGR gor to 2022) _ 

Aluminum, bauxite 

Antimony, metal 

Arsenic, metal (Rotterdam) 

Barite 

Beryllium® 

Bismuth 

Cerium, oxide 99.5% minimum 

Chromium, chromite ore? 

Cobalt (U.S. spot cathode) 

Dysprosium, oxide 99.5% minimum 

Europium, oxide 99.99% minimum 

Fluorspar, acid grade” 

Fluorspar, metallurgical grade® 

Gallium, high purity refined® 

Germanium, metal 

Graphite, natural, flake® 

Indium (Rotterdam) 

Iridium 

Lanthanum, oxide 99.5% minimum 

Lithium, battery grade 


Magnesium, metal (U.S. spot Western) 
Manganese 

Neodymium, oxide 99.5% minimum 
Nickel (LME) 

Niobium, ferroniobium® 

Palladium 


Platinum 

Rhodium 

Ruthenium 

Scandium, ingot 

Tantalum 

Tellurium (Europe) 

Terbium, oxide 99.99% minimum 
Tin (New York delear) 

Titanium, sponge” 

Tungsten, concentrate (Rotterdam) 
Vanadium, vanadium pentoxide 
Yttrium, oxide 

Zinc (LME) 

Zirconium, ores and concentrates (China) 


LME London Metals Exchange. 

‘Critical minerals as published in the Federal Register on February 24, 2022 (87 FR 10381). Not all critical minerals are listed here. Cesium, erbium, gadolinium, hafnium, holmium, 
lutetium, praseodymium, rubidium, samarium, thulium, and ytterbium are not shown because there was not enough information available regarding prices. 

*Price source is only included for those commodities that have multiple price sources in their Salient table. For those commodities with a single price source, please refer to that 
commodity chapter's Salient table. 

’Average annual unit value of imports. 
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Figure 11.—Change in U.S. Consumption of Nonfuel Mineral Commodities 


From 2019 to 2020 


80 


z 
Oo 
— 
<x 
z 
 § 
| 
a 
>< 
fr 


@ Critical minerals 


60 


G Other minerals 


40 


oO 
N 


aHueud 1Uu90J8q4 


-20 


-40 


-60 


WNWA 

JONIIS 

WINUI}e|d 

wunuepgAjoy\ 

PIO 

Jedsion|4 

WINIpu| 

Jedd 

wuni|Aleg 

Sed 

OIUBSIY 

s]U9sWbid apIxo UOJ] 
SHWO}e!G 

ANJINS 

SPIXOlp WNIUE}! | 
(uolonJ}jsuOd) jaAes6h pue pues 
wini|jes) 

Yse}o0d 

eluoWWWe-(pexiJ) UBBOJIN 
yusWag 

S}|NOIWWS/\ 

WINIYW] 

WINI|SH 

sojsoqsy 

(peysnid) au0}s 

yooy a}yeydsoud 
(jesnyeu) Saz1]0987Z 

ske|9 

uunsdAgy 

eyoiluund pue soiwind 
jeyow winiseubey| 

HeS 

WINIPe||ed 

oul] 

yse epos 

ull 

desos |ea}S pue UOL| 
OuIZ 

UODI|IS 

Jedspje 4 

jeddog 

spunodwoo wniseubey| 
auxneg 

peo) 

Auowluy 

JO49IN 

winyeuL 

uunjejue | 

wInIwosUD 

esouebuey| 

J@9a}S pue UOL| 
an||AydosAd pue oye 
BUILUNIY 

Be|s j99}S pue uOl| 

Bol 

uinipeue/ 

Wwnulwinyy 

(@piqued UODI|IS) SAAISeIgY 
yynwsig 

(jel4jsnpul) |aAeID pue pues 
S9}e4JUSOUOD |eJOUIW LUNUe} | 
(jeunjyeu) syydesisg 
yeqod 

(WuniquuN|od) WNIGOIN 
(jeLysnpul) yeueS 
(9pixo LuNUILUN|e) SBAISeIgy 
uuniueyy 

S9UO}JSWI9S) 

syyes qey 

WINI}UOL}S 


Nonfuel mineral commodity 


Figure 12.—Change in U.S. Consumption of Nonfuel Mineral Commodities 


From 2020 to 2021 
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Figure 13.—Change in U.S. Consumption of Nonfuel Mineral Commodities 


From 2021 to 2022 
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Figure 14.—Relation Between Byproduct Elements and Host Metals 


The principal host metals form the inner circle. Byproduct elements are in the outer circle at distances 
proportional to the percentage of their primary production (from 100% to 0%) that originates with the host 
metal indicated. Source: Nassar, N.T., Graedel, T.E., and Harper, E.M., 2015, By-product metals are 
technologically essential but have problematic supply: ScienceAdvances, v. 1, no. 3, article E1400180. 
(Accessed January 19, 2023, at https://doi.org/10.1126/sciadv. 1400180.) 
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ABRASIVES (MANUFACTURED) 


(Fused aluminum oxide, silicon carbide, and metallic abrasives) 
(Data in metric tons unless otherwise noted) 


Domestic Production and Use: In 2022, fused aluminum oxide was produced by two companies at three plants in 
the United States and Canada. Production of crude fused aluminum oxide had an estimated value of $3.0 million. 
Silicon carbide was produced by two companies at two plants in the United States. Production of crude silicon carbide 
had an estimated value of about $30 million. Metallic abrasives were produced by 11 companies in eight States. 
Production of metallic abrasives had an estimated value of about $160 million, and metallic abrasive shipments were 
valued at $190 million. Bonded and coated abrasive products accounted for most abrasive uses of fused aluminum 
oxide and silicon carbide. Metallic abrasives are used primarily for steel shot and grit and cut wire shot, which are 


used for sandblasting, peening, and stonecutting applications. 


Salient Statistics—United States: 2018 201 2020 2021 2022° 
Production: 

Fused aluminum oxide, crude’: 2 10,000 10,000 10,000 10,000 #£10,000 

Silicon carbide? 35,000 35,000 35,000 35,000 35,000 

Metallic abrasives 180,000 177,000 176,000 176,000 180,000 
Shipments, metallic abrasives 196,000 195,000 194,000 193,000 190,000 
Imports for consumption: 

Fused aluminum oxide 192,000 184,000 120,000 159,000 200,000 

Silicon carbide 146,000 131,000 88,400 125,000 140,000 

Metallic abrasives 29,900 27,900 25,800 26,400 21,000 
Exports: 

Fused aluminum oxide 20,100 18400 11,400 13,500 £17,000 

Silicon carbide 10,100 11,500 8,310 12,000 12,000 

Metallic abrasives 33,600 31,200 18,100 20,200 22,000 
Consumption, apparent: 

Fused aluminum oxide? 172,000 166,000 109,000 146,000 180,000 

Silicon carbide* 171,000 155,000 115,000 148,000 160,000 

Metallic abrasives® 192,000 192,000 202,000 199,000 190,000 
Price, average unit value of imports, dollars per ton: 

Fused aluminum oxide, crude 681 716 666 674 800 

Fused aluminum oxide, ground and refined 1,290 1,250 1,180 1,290 1,500 

Silicon carbide, crude 670 701 628 587 1,000 

Metallic abrasives 1,180 1,310 1,130 1,510 2,100 
Net import reliance® as a percentage of apparent consumption: 

Fused aluminum oxide >75 >75 >75 >75 >75 

Silicon carbide 80 77 70 76 79 

Metallic abrasives E E 4 3 E 


Recycling: Up to 30% of fused aluminum oxide may be recycled, and about 5% of silicon carbide is recycled. 


Import Sources (2018-21): Fused aluminum oxide, crude: China,’ 93%; Bahrain, 3%; Russia, 2%; Canada, 1%; and 
other, 1%. Fused aluminum oxide, ground and refined: Canada, 25%; Brazil, 19%; Austria, 15%; China,’ 13%; and 
other, 28%. Total fused aluminum oxide: China,’ 63%; Canada, 10%; Brazil, 7%; Austria, 5%; and other, 15%. Silicon 
carbide, crude: China,’ 90%; Netherlands and South Africa, 3% each; Luxembourg, 1%; and other 3%. Silicon 
carbide, ground and refined: China,’ 48%; Brazil, 21%; Canada, 9%; Russia, 7%; and other, 15%. Total silicon 
carbide: China,’ 79%; Brazil, 6%; Netherlands and South Africa, 3%, each; and other, 9%. Metallic abrasives: 


Canada, 33%; Turkey, 16%; China,’ 12%; Thailand, 9%; and other, 30%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Artificial corundum, crude 2818.10.1000 Free. 


White, pink, ruby artificial corundum, greater than 2818.10.2010 1.3% ad valorem. 
97.5% aluminum oxide, grain 
Artificial corundum, not elsewhere specified or 


included, fused aluminum oxide, grain 


2818.10.2090 1.3% ad valorem. 


Silicon carbide, crude 2849.20.1000 Free. 
Silicon carbide, grain 2849.20.2000 0.5% ad valorem. 
lron, pig iron, or steel granules 7205.10.0000 Free. 


Prepared by Donald W. Olson [(703) 648-7721, dolson@usgs.gov] 
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ABRASIVES (MANUFACTURED) 


Depletion Allowance: None. 
Government Stockpile: None. 


Events, Trends, and Issues: In 2022, China was the world’s leading manufacturer of abrasive fused aluminum oxide 
and abrasive silicon carbide. Imports from China, where production costs were lower, continued to challenge 
abrasives manufacturers in the United States and Canada. China accounted for 93% of United States imports of 
crude fused aluminum oxide, 13% of ground and refined fused aluminum oxide imports, 90% of crude silicon carbide 
imports, and 48% of ground and refined silicon carbide imports. Foreign competition is expected to persist and 
continue to limit production in North America. The import quantity and value of abrasive fused aluminum oxide (crude 
and ground and refined) in 2022 were 26% and 44% higher, respectively, than those in 2021. The import quantity and 
value of abrasive silicon carbide (crude and ground and refined) in 2022 were 9% and 76% higher, respectively, than 
those in 2021. 


The United States returned to being a net exporter of metallic abrasives in 2022 as compared with being a net 
importer in 2020 and 2021. Canada was the leading supplier of metallic abrasive imports. 


The consumption of abrasives in the United States is influenced by activity in the manufacturing sectors that use 
them, particularly the aerospace, automotive, furniture, housing, and steel industries. The U.S. abrasive markets also 
are influenced by technological trends. Imports and exports continued to recover from the negative effects from the 
global coronavirus disease 2019 (COVID-19) pandemic, and they have returned to pre-pandemic levels. 


World Production Capacity: 


Fused aluminum oxide® Silicon carbide® 

2021 2022 2021 2022 

United States — — 40,000 40,000 
United States and Canada 60,000 60,000 — — 
Australia 50,000 50,000 — — 
Austria 60,000 60,000 — — 
Brazil 50,000 50,000 40,000 40,000 
China 800,000 800,000 450,000 450,000 
France 40,000 40,000 20,000 20,000 
Germany 80,000 80,000 35,000 35,000 
India 40,000 40,000 5,000 5,000 
Japan 15,000 15,000 60,000 60,000 
Mexico — — 45,000 45,000 
Norway — — 80,000 80,000 
Venezuela — — 30,000 30,000 
Other countries 80,000 80,000 200,000 200,000 
World total (rounded) 1,300,000 1,300,000 1,000,000 1,000,000 


World Resources:® Although domestic resources of raw materials for fused aluminum oxide production are limited, 
adequate resources are available in the Western Hemisphere. Domestic resources are more than adequate for silicon 
carbide production. 


Substitutes: Natural and manufactured abrasives, such as garnet, emery, metallic abrasives, or staurolite, can be 
substituted for fused aluminum oxide and silicon carbide in various applications. 


°Estimated. E Net exporter. — Zero. 

‘Production data for fused aluminum oxide are combined data from the United States and Canada to avoid disclosing company proprietary data. 
?Rounded to the nearest 5,000 tons to avoid disclosing company proprietary data. 

3Defined as imports — exports because production includes data from Canada; actual consumption is higher than that shown. 

“Defined as production + imports — exports. 

°Defined as shipments + imports — exports. 

6Defined as imports — exports. 

“Includes Hong Kong. 

8See Appendix C for resource and reserve definitions and information concerning data sources. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2023 
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ALUMINUM! 
(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: In 2022, three companies operated six primary aluminum smelters in five States. 
Two of these six smelters operated at full capacity throughout the year. The other four smelters operated at reduced 
capacity and one of these four smelters began a temporary shutdown in June. A seventh smelter remained on 
standby throughout the year. Domestic smelters were operating at about 52% of capacity of 1.64 million tons per year 
at yearend 2022. Estimated primary production decreased by 3% compared with that in 2021 but estimated 
secondary production from new and old scrap increased by 3% compared with that in 2021. Based on published 
prices, the value of primary aluminum production was about $2.90 billion, 7% more than the $2.71 billion in 2021. The 
average annual U.S. market price increased by about 8% from that in 2021. Transportation applications accounted for 
35% of domestic consumption; the remainder was used in packaging, 23%; building, 16%; electrical, 10%; machinery, 
7%; consumer durables, 6%; and other, 3%. 


Salient Statistics—United States: 2018 201 2020 2021 2022° 
Production: 

Primary 891 1,093 1,012 889 860 

Secondary (from old scrap) 1,570 1,540 1,420 1,520 1,500 

Secondary (from new scrap) 2,140 1,920 1,630 1,780 1,900 
Imports for consumption: 

Crude and semimanufactures 5,550 5,280 4,260 4,830 5,900 

Scrap 695 596 542 680 640 
Exports: 

Crude and semimanufactures 1,310 1,110 906 851 1,000 

Scrap 1,760 1,860 1,840 2,100 2,100 
Consumption, apparent? 4,900 4,980 3,930 4,080 5,100 
Supply, apparent? 7,040 6,910 5,560 5,860 7,000 
Price, ingot, average U.S. market (spot), cents per pound* 114.7 99.5 89.7 138.5 150 
Stocks, yearend: 

Aluminum industry 1,570 1,600 1,490 1,870 2,000 

London Metal Exchange (LME), U.S. warehouses® 186 120 235 69 17 
Employment, number® 31,600 32,900 30,100 28,900 28,000 
Net import reliance’ as a percentage of apparent consumption 50 47 38 41 54 


Recycling: In 2022, aluminum recovered from purchased scrap in the United States was about 3.4 million tons, of 
which about 56% came from new (manufacturing) scrap and 44% from old scrap (discarded aluminum products). 
Aluminum recovered from old scrap was equivalent to about 29% of apparent consumption. 


Import Sources (2018-21): Canada, 50%; United Arab Emirates, 9%; Russia, 5%; China,® 4%; and other, 32%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 

Aluminum, not alloyed: 

Unwrought (in coils) 7601.10.3000 2.6% ad valorem. 

Unwrought (other than aluminum alloys) 7601.10.6000 Free. 
Aluminum alloys, unwrought (billet) 7601.20.9045 Free. 
Aluminum scrap: 

Used beverage container scrap 7602.00.0030 Free. 

Industrial process scrap 7602.00.0091 Free. 


Depletion Allowance: Not applicable." 
Government Stockpile: None. 


Events, Trends, and Issues: In June, a 250,000-ton-per-year primary aluminum smelter in Hawesville, KY, idled its 
full production for an estimated 9 to 12 months owing to high energy costs. In July, a 161,000-ton-per-year primary 
aluminum smelter in Newburgh, IN, curtailed one of three operating aluminum smelting lines, citing operational 
challenges. In July, force majeure was declared at a rolling mill and aluminum packaging products manufacturer in 
Newburgh, IN, that produced approximately 310,000 tons per year of rolled aluminum. A shortage of magnesium, an 
essential component of aluminum packaging products, was cited for the declaration. Production at the plant was 
reduced by up to 50% before the declaration was lifted in September. In August, low local demand led to the 
permanent closure of aluminum beverage can manufacturing facilities in Phoenix, AZ, and St. Paul, MN. 


Prepared by Adam M. Merrill [(703) 648-7715, amerrill@usgs.gov] 


ALUMINUM 


In October, construction began on a $2.5 billion aluminum recycling and rolling plant in Bay Minette, AL. When 
completed in 2025, the plant was expected to produce 600,000 tons per year of finished products, including beverage 
cans. Prices for aluminum increased through March, then generally trended downward throughout 2022 in the 

United States and in world markets. 


In June, a tariff-rate quota system began that exempted certain aluminum imports from the United Kingdom from the 
10% tariff imposed since 2018 under the authority of section 232 of the Trade Expansion Act of 1962. The quota 
system consisted of quantity limits during two periods in 2022 and the requirement that imports of aluminum articles 
be accompanied by a certificate of analysis for the smelted primary aluminum contained within in the articles. To be 
eligible for the tariff exemption, imports could not contain primary aluminum from Belarus, China, or Russia. 


In April, a 447,000-ton-per-year primary aluminum smelter in Sao Luis, Brazil, restarted operations with full production 
expected by yearend. Several European aluminum producers announced production curtailments owing to high 
energy costs. In August, a 175,000-ton-per-year primary aluminum smelter in Slovakia ceased production, and a 
94,000-ton-per-year primary aluminum smelter in Norway curtailed operation of a single potline. In September, a 
70,000-ton-per-year primary aluminum smelter in Germany reduced production by 50%, and a 290,000-ton-per-year 
primary aluminum smelter in France reduced production by 22%. By yearend, a Norwegian primary aluminum smelter 
reduced production across two facilities by 110,000 to 130,000 tons per year. These facilities have annual capacities 
of 197,000 tons per year and 270,000 tons per year of primary aluminum. 


World Smelter Production and Capacity: Capacity data for China were revised based on company and 
Government reports. 


Smelter production Yearend capacity 

2021 2022° 2021 2022° 

United States 889 860 1,640 1,600 
Australia 1,570 1,500 1,720 1,700 
Bahrain 1,560 1,600 1,550 1,600 
Canada 3,140 3,000 3,270 3,300 
China 38,900 40,000 42,300 44,000 
Iceland °750 750 890 900 
India 3,970 4,000 4,060 4,100 
Norway ®1,400 1,400 1,430 1,400 
Russia 3,640 3,700 4,020 4,000 
United Arab Emirates 2,040 2,700 2,780 2,800 
Other countries 9,140 9,100 12,300 12,000 
World total (rounded) 67,500 69,000 76,000 77,000 


World Resources:? Global resources of bauxite are estimated to be between 55 billion and 75 billion tons and are 
sufficient to meet world demand for metal well into the future. 


Substitutes: Composites can substitute for aluminum in aircraft fuselages and wings. Glass, paper, plastics, and 
steel can substitute for aluminum in packaging. Composites, magnesium, steel, and titanium can substitute for 
aluminum in ground transportation uses. Composites, steel, vinyl, and wood can substitute for aluminum in 
construction. Copper can replace aluminum in electrical and heat-exchange applications. 


°Estimated. 

'See also the Bauxite and Alumina chapter. 

?Defined as primary production + secondary production from old scrap + imports — exports + adjustments for stock changes; excludes imported 
scrap. 

3Defined as primary production + secondary production + imports — exports + adjustments for stock changes; excludes imported scrap. 
“Source: S&P Global Platts Metals Week. 

Includes aluminum alloy. Starting with 2019, also includes off-warrant stocks of primary and alloyed aluminum; estimated for 2019. 

6Alumina and aluminum production workers (North American Industry Classification System—3313). Source: U.S. Department of Labor, Bureau of 
Labor Statistics. 

‘Defined as imports — exports + adjustments for industry stock changes; excludes imported scrap. 

Includes Hong Kong. 

°See Appendix C for resource and reserve definitions and information concerning data sources. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2023 
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ANTIMONY 
(Data in metric tons of contained antimony unless otherwise noted) 


Domestic Production and Use: In 2022, no marketable antimony was mined in the United States. A mine in Nevada 
that had extracted about 800 tons of stibnite ore from 2013 through 2014 was placed on care-and-maintenance status 
in 2015 and had no reported production in 2022. Primary antimony metal and oxide were produced by one company 
in Montana using imported feedstock. Secondary antimony production was derived mostly from antimonial lead 
recovered from spent lead-acid batteries. The estimated value of secondary antimony produced in 2022 was about 
$60 million. Recycling supplied about 15% of estimated domestic consumption, and the remainder came mostly from 
imports. In the United States, the leading uses of antimony were as follows: flame retardants, 40%; metal products, 
including antimonial lead and ammunition, 36%; and nonmetal products, including ceramics and glass and rubber 
products, 24%. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production: 
Mine (recoverable antimony) — — — — — 
Smelter: 
Primary 331 377 254 379 400 
Secondary 4,090 4,140 °4,250 °4,250 4,200 
Imports for consumption: 
Ore and concentrates 96 121 105 31 30 
Oxide 19,200 17,200 15,000 19,100 19,000 
Unwrought, powder 5,/60 6,030 5,200 6,970 6,500 
Waste and scrap’ 202 17 6 13 60 
Exports: 
Ore and concentrates’ 38 9 10 9 67 
Oxide 1,750 1,570 1,230 1,530 2,100 
Unwrought, powder 313 296 296 824 1,300 
Waste and scrap’ 9 14 11 136 35 
Consumption, apparent? 27,300 25,900 23,200 28,300 27,000 
Price, metal, average, dollars per pound? 3.81 3.04 2.67 5.31 6.30 
Net import reliance* as a percentage of apparent consumption 84 83 81 84 83 


Recycling: The bulk of secondary antimony is recovered at secondary lead smelters as antimonial lead, most of 
which was generated by, and then consumed by, the lead-acid battery industry. 


Import Sources (2018-21): Ore and concentrates: China, 46%; Italy, 34%; India, 12%; Belgium, 5%; and other, 3%. 
Oxide: China,° 74%; Belgium, 10%; Bolivia, 5%; Thailand, 3%; and other, 8%. Unwrought metal and powder: China,° 
30%; India, 28%; Vietnam, 13%; Burma, 12%; and other, 17%. Total metal and oxide: China,° 63%; Belgium, 8%; 
India, 7%; and other, 22%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Ore and concentrates 2617.10.0000 Free. 
Antimony oxide 2825.80.0000 Free. 
Antimony and articles thereof: 
Unwrought antimony; powder 8110.10.0000 Free. 
Waste and scrap 8110.20.0000 Free. 
Other 8110.90.0000 Free. 


Depletion Allowance: 22% (domestic), 14% (foreign). 


Government Stockpile:® 


FY 2022 FY 2023 
Inventory Potential Potential Potential Potential 
Material as of 9-30-22 acquisitions disposals acquisitions disposals 
Antimony 90.16 1,100 — 1,100 — 


Prepared by Elizabeth S. Sangine [Contact Kateryna Klochko, (703) 648-4977, kklochko@usgs.gov] 


ANTIMONY 


Events, Trends, and Issues: China continued to be the leading global antimony producer in 2022 and accounted for 
55% of global mine production. The supply of antimony raw materials and downstream production of antimony 
products was constrained in 2022 as a result of various temporary mine shutdowns to mitigate the spread of the 
coronavirus disease 2019 (COVID-19). The antimony price reached a high of $7.03 per pound in March 2022 and the 
estimated average price was $6.30 per pound in 2022 compared with the annual average price of $5.31 per pound in 
2021. 


World Mine Production and Reserves: Reserves for Australia and China were revised based on Government 
reports. 


Mine production Reserves’ 
2021 2022° 

United States — — 860,000 
Australia 4,000 4,000 2120,000 
Bolivia 2,600 2,500 310,000 
Burma 4,600 4,000 140,000 
Canada 2 2 78,000 
China 61,000 60,000 350,000 
Guatemala 80 80 NA 
Iran 400 400 NA 
Kazakhstan 100 100 NA 
Kyrgyzstan — — 260,000 
Mexico 750 800 18,000 
Pakistan 66 70 26,000 
Russia (recoverable) 20,000 20,000 350,000 
Tajikistan 16,800 17,000 50,000 
Turkey 1,300 1,300 100,000 
Vietnam 310 300 NA 
World total (rounded)'° 112,000 110,000 >1,800,000 


World Resources:’ U.S. resources of antimony are mainly in Alaska, Idaho, Montana, and Nevada. Principal 
identified world resources are in Australia, Bolivia, Burma, China, Mexico, Russia, South Africa, and Tajikistan. 
Additional antimony resources may occur in Mississippi Valley-type lead deposits in the Eastern United States. 


Substitutes: Selected organic compounds and hydrated aluminum oxide are substitutes as flame retardants. 
Chromium, tin, titanium, zinc, and zirconium compounds substitute for antimony chemicals in enamels, paint, and 
pigments. Combinations of calcium, copper, selenium, sulfur, and tin are substitutes for alloys in lead-acid batteries. 


°Estimated. NA Not available. — Zero. 

‘Gross weight. 

?Defined as primary production + secondary production from old scrap + imports of antimony in oxide and unwrought metal, powder — exports of 
antimony in oxide and unwrought metal, powder + adjustments for Government stock changes. 

3Antimony minimum 99.65%, cost, insurance, and freight. Source: Argus Media group, Argus Metals International. 

“Defined as imports of antimony in oxide and unwrought metal, powder — exports of antimony in oxide and unwrought metal, powder + adjustments 
for Government stock changes. 

*Includes Hong Kong. 

6See Appendix B for definitions. 

“See Appendix C for resource and reserve definitions and information concerning data sources. 

8Company-reported probable reserves for the Stibnite Gold Project in Idaho. 

°For Australia, Joint Ore Reserves Committee-compliant or equivalent reserves were 22,000 tons. 

‘In addition to the countries listed, antimony may have been produced in other countries, but available information was inadequate to make 
reliable estimates of output. 
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ARSENIC 
(Data in metric tons of contained arsenic’ unless otherwise noted) 


Domestic Production and Use: Arsenic trioxide and primary arsenic metal have not been produced in the 

United States since 1985. The principal use for arsenic compounds was in herbicides and insecticides. Arsenic 
trioxide was predominantly used for the production of arsenic acid, which is a key ingredient in the production of 
chromated copper arsenate (CCA) preservatives. CCA preservatives are used for the pressure treating of lumber for 
primarily nonresidential applications such as light poles, marine applications, and retaining walls. Seven companies 
produced CCA-treated wood in the United States in 2022. High-purity (99.9999%) arsenic metal was used to produce 
gallium-arsenide (GaAs) semiconductors for solar cells, space research, and telecommunications. High-purity arsenic 
also was used for germanium-arsenide-selenide specialty optical materials. Indium-gallium-arsenide (InGaAs) was 
used for short-wave infrared technology. The grids in lead-acid storage batteries were strengthened by the addition of 
arsenic metal. Arsenic metal also was used as an antifriction additive for bearings, to harden lead shot, and in clip-on 
wheel weights. The value of arsenic compounds and metal imported domestically in 2022 was estimated to be about 
$8 million. Given that arsenic metal has not been produced domestically since 1985, it is likely that only a small 
portion of the material reported by the U.S. Census Bureau as arsenic exports was pure arsenic metal, and most of 
the material that was reported under this category reflects the gross weight of alloys, compounds, residues, scrap, 
and waste containing arsenic. Therefore, the estimated consumption reported under U.S. salient statistics reflects 
only imports of arsenic products. Globally, the leading uses of arsenic were as follows: herbicides and insecticides, 
45%; wood preservatives, 29%; electronics, 8%; and other, 18%. 


Salient Statistics—United States: 2018 201 2020 2021 2022° 
Imports for consumption:2 
Arsenic metal 929 391 522 835 790 
Compounds 5,540 7,050 7,750 4,760 4,600 
Total 6,470 7,440 8,270 5,600 5,400 
Exports, all forms of arsenic (gross weight) 107 56 29 31 100 
Consumption, estimated, all forms of arsenic? 6,470 7,440 8270 £5,600 5,300 
Price, metal, annual average,’ dollars per pound: 
Rotterdam 1.10 1.03 0.94 1.34 1.5 
U.S. warehouse 0.97 1.01 1.08 1.11 1.8 
Net import reliance® as a percentage of estimated 100 100 100 100 100 


consumption, all forms of arsenic 


Recycling: Arsenic metal was contained in new scrap recycled during GaAs semiconductor manufacturing. Arsenic- 
containing process water was internally recycled at wood treatment plants where CCA was used. Although scrap 
electronic circuit boards, relays, and switches may contain arsenic, no arsenic was known to have been recovered 
during the recycling process to recover other contained metals. No arsenic was recovered domestically from arsenic- 
containing residues and dusts generated at nonferrous smelters in the United States. 


Import Sources (2018—21):? Arsenic acid: Malaysia, 82%; Hungary, 11%; and China, 7%. Arsenic metal: China,® 
94%; Japan, 5%; and Germany, 1%. Arsenic trioxide: China, 54%; Morocco, 39%; Belgium, 5%; Germany, 1%; and 
other, 1%. All forms of arsenic: China,® 57%; Morocco, 35%; Belgium, 4%; and other, 4%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 

Arsenic metal 2804 .80.0000 Free. 

Arsenic acid 2811.19.1000 2.3% ad valorem. 

Arsenic trioxide 2811.29.1000 Free. 

Arsenic sulfide 2813.90.1000 Free. 


Depletion Allowance: 14% (domestic and foreign). 


Government Stockpile: None. 
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ARSENIC 


Events, Trends, and Issues: Peru, China, and Morocco, in descending order, continued to be the leading global 
producers of arsenic trioxide, accounting for about 93% of estimated world production in 2022. China and Morocco 
continued to supply about 93% of United States imports of arsenic trioxide in 2022. China was the leading world 
producer of arsenic metal and supplied about 97% of United States arsenic metal imports in 2022. 


High-purity arsenic metal was used to produce GaAs, indium-arsenide, and InGaAs semiconductors that were used in 
biomedical, communications, computer, electronics, and photovoltaic applications. Total revenues from GaAs devices 
increased in 2022 because of fifth-generation (5G) technology that became standard for broadband cellular 5G 
networks and consumer devices. A variety of GaAs wafer manufacturers ranging from large, multinational 
corporations to small, privately owned companies competed in this industry, but the top six producers accounted for 
more than 75% of the market. 


World Production and Reserves: 
Production® ’ Reserves® 


(arsenic trioxide, 
gross weight) 


2021 2022 

United States — — World reserves data are unavailable 
Belgium 1,000 1,000 but are estimated to be more than 
Bolivia 120 140 20 times world production. 
China 24,000 24,000 
Japan 40 45 
Morocco °6,880 6,900 
Peru 27,000 28,000 
Russia 1,000 1,000 

World total (rounded) 60,000 61,000 


World Resources:® Arsenic may be obtained from copper, gold, and lead smelter flue dust, as well as from roasting 
arsenopyrite, the most abundant ore mineral of arsenic. Arsenic has been recovered from orpiment and realgar in 
China, Peru, and the Philippines and from copper-gold ores in Chile, and arsenic is associated with gold occurrences 
in Canada. Orpiment and realgar from gold mines in Sichuan Province, China, were stockpiled for later recovery of 
arsenic. Arsenic also may be recovered from enargite, a copper mineral. Arsenic trioxide was produced at the 
hydrometallurgical complex of Guemassa, near Marrakech, Morocco, from cobalt-arsenide ore from the Bou Azzer 
Mine. 


Substitutes: Substitutes for CCA in wood treatment include alkaline copper quaternary, ammoniacal copper 
quaternary, ammoniacal copper zinc arsenate, alkaline copper quaternary boron-based preservatives, copper azole, 
copper citrate, and copper naphthenate. Treated wood substitutes include concrete, plastic composite material, 
plasticized wood scrap, or steel. Silicon-based complementary metal-oxide semiconductor power amplifiers compete 
with GaAs power amplifiers in midtier third-generation cellular handsets. Indium phosphide components can be 
substituted for GaAs-based infrared laser diodes in some specific-wavelength applications, and helium-neon lasers 
compete with GaAs in visible laser diode applications. Silicon is the principal competitor with GaAs in solar-cell 
applications. In many defense-related applications, GaAs-based integrated circuits are used because of their unique 
properties, and no effective substitutes exist for GaAs in these applications. In heterojunction bipolar transistors, 
GaAs is being replaced in some applications by silicon-germanium. 


“Estimated. — Zero. 

‘Arsenic content of arsenic metal is 100%; arsenic content of arsenic compounds is 77.7% for arsenic acids, 60.7% for arsenic sulfides, and 
75.71% for arsenic trioxide. 

Arsenic content estimated from the reported gross weight of imports. 

3Estimated to be the same as total imports. 

4Minimum 99% arsenic. Source Argus Media group, Argus Metals International. 

°Defined as imports. 

Includes Hong Kong. 

“Includes calculated arsenic trioxide equivalent of output of elemental arsenic compounds other than arsenic trioxide; inclusion of such materials 
would not duplicate reported arsenic trioxide production. Chile and Mexico were thought to be significant producers of commercial-grade arsenic 
trioxide but have reported no production in recent years: 

8See Appendix C for resource and reserve definitions and information concerning data sources. 

°Reported. 
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ASBESTOS 
(Data in metric tons unless otherwise noted) 


Domestic Production and Use: The last U.S. producer of asbestos ceased operations in 2002 as a result of the 
decline in domestic and international asbestos markets associated with health and liability issues. The United States 
has since been wholly dependent on imports to meet manufacturing needs. All of the unmanufactured asbestos fiber 
imported into and used within the United States has consisted of chrysotile since no later than 1999. In 2022, U.S. 
consumption of chrysotile was estimated to be 260 tons, and all imports originated from Brazil, based on data 
available through July. The chloralkali industry, which uses chrysotile to manufacture nonreactive semipermeable 
diaphragms that prevent chlorine generated at the anode of an electrolytic cell from reacting with sodium hydroxide 
generated at the cathode, has accounted for 100% of domestic asbestos fiber consumption since 2015. In addition to 
unmanufactured asbestos fiber, a small, but unknown, quantity of asbestos is imported annually within manufactured 
products. According to the U.S. Environmental Protection Agency (EPA), the only imported items known to contain 
asbestos as of 2020 were brake blocks for use in the oil industry, preformed gaskets used in the exhaust system of a 
specific type of utility vehicle, rubber sheets for gasket fabrication (primarily used to create a chemical containment 
seal in the production of titanium dioxide), and some vehicle friction products.‘ 


Salient Statistics—United States: 2018 201 2020 2021 2022° 
Imports for consumption? 681 172 305 41 4100 
Exports® — — — — — 
Consumption, estimated® 500 450 450 310 260 
Price, average U.S. customs unit value of imports, dollars per ton 1,670 1,570 2,110 1,880 1,900 
Net import reliance’ as a percentage of estimated consumption 100 100 100 100 100 


Recycling: None. 


Import Sources (2018-21): Brazil, 75%; and Russia, 25%. The U.S. Census Bureau reported imports from China in 
2021, but bill of lading information and data reported by the Government of China suggest that shipments from China 
were misclassified. 


Tariff: Item Number Normal Trade Relations 
12-31-22 

Crocidolite 2524.10.0000 Free. 
Amosite 2524.90.0010 Free. 
Chrysotile: 

Crudes 2524 .90.0030 Free. 

Milled fibers, group 3 grades 2524.90.0040 Free. 

Milled fibers, group 4 and 5 grades 2524.90.0045 Free. 

Other 2524.90.0055 Free. 
Other, asbestos 2524.90.0060 Free. 


Depletion Allowance: 22% (domestic), 10% (foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Consumption of unmanufactured asbestos fiber in the United States has decreased 
during the past several decades, falling from a record high of 803,000 tons in 1973 to 500 tons or less in each year 
since 2018. This decline has taken place as a result of health and liability issues associated with asbestos use, 
leading to the displacement of asbestos from traditional domestic markets by substitutes, alternative materials, and 
new technology. The chloralkali industry is the only remaining domestic consumer of asbestos in mineral form. As of 
yearend 2022, asbestos diaphragms were used in nine chloralkali plants in the United States and accounted for about 
one-third of U.S. chlorine production. 


In April 2022, the EPA proposed a rule that would ban the commercial use, distribution in commerce, import, 
manufacturing, and processing of chrysotile for all chrysotile-containing products that are still used in the United 
States: aftermarket automotive brakes and linings and other vehicle friction products, diaphragms used in the 
chloralkali industry, oilfield brake blocks, and sheet and other gaskets. The prohibitions on asbestos diaphragms and 
sheet gaskets would take effect 2 years after the effective date of the final rule, and the prohibitions on other items 
would take effect 180 days after finalization. The EPA had not issued the final rule as of the end of September 2022. 
In 2019, the EPA banned all discontinued uses of asbestos from restarting without the EPA having an opportunity to 
evaluate each intended use and take any necessary regulatory action. If finalized, the rule proposed in April 2022 
would effectively prohibit all uses of asbestos in the United States. 
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ASBESTOS 


Estimated worldwide consumption of unmanufactured asbestos fiber ranged from 1.1 to 1.3 million tons per year from 
2015 through 2021, a significant decrease from approximately 2 million tons in 2000. Global demand for asbestos will 
likely continue for the foreseeable future, particularly for use in cement pipe, roofing sheets, and other construction 
materials in Asia. 


The Supreme Federal Court of Brazil enacted a national ban on asbestos in November 2017. With the exception of 
an approximately 2-week pause because of a legal challenge in 2021, the only asbestos producer in the country has 
operated its mine continuously since November 2020 under the authority of a State law that permits the extraction 
and processing of asbestos in the State of Goias for export purposes only. 


One company in Zimbabwe began producing asbestos in 2019 from tailings of its former mines, with an average 
monthly output of 500 tons as of August 2019. In 2020, the company was attempting to acquire funds to potentially 
restart operations at the King Mine (part of the Gaths mining complex) in Mashava and the Shabanie Mine in 
Zvishavane. Information on the status of asbestos production from tailings was unavailable in 2022, but local media 
reports suggested that the company lacked the capital required to return the mines to production. In addition to the 
financial challenges, critical areas of the mines were inaccessible because of flooding and rockfalls. 


World Mine Production and Reserves: Reserves for China were revised based on Government reports. 


Mine production 


2021 2022° Reserves® 

United States — — Small 
Brazil 9154,000 190,000 11,000,000 
China ®130,000 130,000 15,000,000 
Kazakhstan 250,000 230,000 Large 
Russia 699,000 700,000 110,000,000 
Zimbabwe €10,000 — Large 
World total (rounded) 1,240,000 1,300,000 Large 


World Resources:?® Reliable evaluations of global asbestos resources have not been published recently, and 
available information was insufficient to make accurate estimates for many countries. However, world resources are 
large and more than adequate to meet anticipated demand in the foreseeable future. Resources in the United States 
are composed mostly of short-fiber asbestos for which use in asbestos-based products is more limited than long-fiber 
asbestos. 


Substitutes: Numerous materials substitute for asbestos, including calcium silicate, carbon fiber, cellulose fiber, 
ceramic fiber, glass fiber, steel fiber, wollastonite, and several organic fibers, such as aramid, polyethylene, 
polypropylene, and polytetrafluoroethylene. Several nonfibrous minerals or rocks, such as perlite, serpentine, silica, 
and talc, are also considered to be possible asbestos substitutes for products in which the reinforcement properties of 
fibers are not required. Membrane cells and mercury cells are alternatives to asbestos diaphragms used in the 
chloralkali industry. 


“Estimated. — Zero. 

‘Source: U.S. Environmental Protection Agency, 2020, Risk evaluation for asbestos part I—Chrysotile asbestos: Washington, DC, EPA Document 
no. EPA-740-R1-8012, December, 352 p. 

Includes unmanufactured asbestos fiber (chrysotile) only; excludes asbestos contained in manufactured products. 


3Modified from reported U.S. Census Bureau data. Small quantities of additional chrysotile imports from Italy and Japan were reported in 2018, but 
existing asbestos bans suggest that these shipments were misclassified. Significant additional imports from China were reported in 2021 and 2022, 


but bill of lading information and data reported by the Government of China suggest that these shipments were also misclassified. 


“According to the U.S. Census Bureau, chrysotile imports from Brazil totaled 50 tons through July. Final 2022 imports may differ significantly from 
the provided estimate because chrysotile imports typically do not follow a predictable pattern throughout the year. 

°Exports of unmanufactured asbestos fiber reported by the U.S. Census Bureau were 235 tons in 2018, 2 tons in 2019, 1 ton in 2020, 461 tons in 
2021, and 134 tons through July 2022. These shipments likely consisted of materials misclassified as asbestos, reexports, and (or) waste products 
because asbestos has not been mined in the United States since 2002. 


®To account for year-to-year fluctuations in chrysotile imports owing to cycles of companies replenishing and drawing down stockpiles, consumption 
is estimated as a 5-year rolling average of imports for consumption. Information regarding the quantity of industry stocks was unavailable. 7pefineg 


as imports — exports. The United States has been 100% import reliant since 2002. All domestic consumption of unmanufactured asbestos fiber was 
from imports and unreported inventories. 


8See Appendix C for resource and reserve definitions and information concerning data sources. 
°Asbestos production in Brazil is permitted for export purposes only. The value shown represents reported country exports of asbestos. 
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BARITE 
(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: In 2022, three companies mined barite in Nevada. Two mines resumed production 
after having been idle for years, one since 2016 and one since 2020. Mine production increased, but data were 
withheld to avoid disclosing company proprietary data. The barite assets (two mines and one grinding plant) of a 
fourth company in Nevada were acquired by a gold-mining company that bought the properties for water and rail 
access but did not intend to resume barite production. An estimated 2.1 million tons of barite (from domestic 
production and imports) was sold by crushers and grinders operating in nine States. A company based in Turkey 
invested $10 million to construct a new grinding plant in Moundsville, WV. 


Typically, more than 90% of the barite sold in the United States is used as a weighting agent in fluids used in the 
drilling of oil and natural gas wells. The majority of Nevada crude barite was ground in Nevada and then sold to 
companies drilling in the Central and Western United States. Because of the higher cost of rail and truck 
transportation compared to ocean freight, offshore drilling operations in the Gulf of Mexico and onshore drilling 
operations in other regions primarily used imported barite. 


Barite also is used as a filler, extender, or weighting agent in products such as paints, plastics, and rubber. Some 
specific applications include use in automobile brake and clutch pads, in automobile paint primer for metal protection 
and gloss, as a weighting agent in rubber, and in the cement jacket around underwater petroleum pipelines. In the 
metal-casting industry, barite is part of the mold-release compounds. Because barite significantly blocks X-ray and 
gamma-ray emissions, it is used as aggregate in high-density concrete for radiation shielding around X-ray units in 
hospitals, nuclear powerplants, and university nuclear research facilities. Ultrapure barite is used as a contrast 
medium in X-ray and computed tomography examinations of the gastrointestinal tract. 


Salient Statistics—United States: 2018 201 2020 2021 2022° 
Production: 

Sold or used, mine 366 414 W W W 

Ground and crushed" 2,420 2,350 1,410 1,670 2,100 
Imports for consumption? 2,460 2,500 1,480 1,660 2,300 
Exports? 67 38 48 62 89 
Consumption, apparent (crude and ground)* 2,/60 2,880 W W W 
Price, average unit value, ground, ex-works, dollars per metric ton 176 179 183 167 170 
Employment, mine and mill, number® 520 480 350 330 360 
Net import reliance® as a percentage of apparent consumption 87 86 >75 >75 >75 


Recycling: None. 
Import Sources (2018-21): China,® 38%; India, 29%; Morocco, 16%; Mexico, 13%; and other, 4%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Ground barite 2511.10.1000 Free. 
Crude barite 2511.10.5000 $1.25 per metric ton. 
Barium compounds: 
Barium oxide, hydroxide, and peroxide 2816.40.2000 2% ad valorem. 
Barium chloride 2827 .39.4500 4.2% ad valorem. 
Barium sulfate, precipitated 2833.27.0000 0.6% ad valorem. 
Barium carbonate, precipitated 2836.60.0000 2.3% ad valorem. 


Depletion Allowance: 14% (domestic and foreign). 


Government Stockpile: None. 
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BARITE 


Events, Trends, and Issues: Historically, rig counts have been a good barometer of barite consumption. In 2022, the 
monthly average rig count in all regions except for Europe generally increased throughout the year. Through October, 
the world annual average rig count excluding the United States was 1,050, an increase of 15% compared with that in 
2021. In all regions except for Canada, the average annual rig count remained below averages in 2019, before the 
coronavirus disease 2019 (COVID-19) pandemic. Increases in worldwide rig counts contributed to an estimated 17% 
increase in world barite production. In the United States, the annual average rig count increased by nearly 50% in 
2022. This trend was reflected in domestic sales of ground barite, which were estimated to have increased by 26%. In 
addition to increased rig counts, barite consumption in the United States was likely supported by a decrease in the 
number of drilled-but-uncompleted (DUC) wells, which the U.S. Energy Information Administration began tracking in 
2014. The number of DUC wells reached its highest level in June 2020, but by September 2022 had reached its 
lowest level since the inception of the count. 


In April, the leading barite mining company in India completed its barite tender that is held every 3 years. Buyers 
compete for the company’s barite production, which is offered in several grades—A-grade with a minimum specific 
gravity of 4.2, B-grade with a minimum specific gravity of 4.1, and C-, D-, and W-grades, with no guarantee as to 
specific gravity, but which typically exceeded 3.9. Prices for A- and B-grades increased by about 30% to 45%, or 
approximately $25 per metric ton. Three U.S. companies reportedly signed agreements to purchase a total of 

1.6 million tons of barite. 


World Mine Production and Reserves: In response to concerns about dwindling global reserves of 4.2-specific- 
gravity barite used by the oil- and gas-drilling industry, the American Petroleum Institute issued an alternate 
specification for 4.1-specific-gravity weighting agents in 2010. Estimated reserves data were included only if 
developed since the adoption of the 4.1-specific-gravity standard. Reserves for China were revised based on 
information from Government reports. 


Mine production Reserves’ 
2021 2022° 

United States W W NA 
China 2,100 1,900 37,000 
India 1,600 2,600 51,000 
lran 224 220 100,000 
Kazakhstan 450 500 85,000 
Mexico 321 320 NA 
Morocco 1,100 1,300 NA 
Russia 150 150 12,000 
Turkey 258 300 35,000 
Other countries 528 580 70,000 
World total (rounded) 86,730 87,900 NA 


World Resources:’ In the United States, identified resources of barite are estimated to be 150 million tons, and 
undiscovered resources contribute an additional 150 million tons. The world’s barite resources in all categories are 
about 2 billion tons, but only about 740 million tons are identified resources. 


Substitutes: In the oil- and gas-well-drilling industry, alternatives to barite include celestite, ilmenite, iron ore, and 
synthetic hematite that is manufactured in Germany. However, substitutes have been used in relatively small 
amounts, and barite remains the preferred choice for drilling applications. 


°Estimated. NA Not available. W Withheld to avoid disclosing company proprietary data. 

‘Imported and domestic barite, crushed and ground, sold or used by domestic grinding establishments. 

?Includes data for the following Harmonized Tariff Schedule of the United States codes: 2511.10.1000, 2511.10.5000, and 2833.27.0000. 
3Includes data for the following Schedule B codes: 2511.10.1000 and 2833.27.0000. 

“Defined as mine production (sold or used) + imports — exports. 

°Defined as imports — exports. 

Includes Hong Kong. 

“See Appendix C for resource and reserve definitions and information concerning data sources. 

8Excludes U.S. production. 
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BAUXITE AND ALUMINA" 
(Data in thousand metric dry tons unless otherwise noted) 


Domestic Production and Use: In 2022, a limited amount of bauxite and bauxitic clay was produced for 
nonmetallurgical use in Alabama, Arkansas, and Georgia. Production statistics for bauxite were withheld to avoid 
disclosing company proprietary data. In 2022, the reported quantity of bauxite consumed was estimated to be 

2.9 million tons, 4% more than that reported in 2021, with an estimated value of about $87 million. About 76% of the 
bauxite was refined by the Bayer process for alumina or aluminum hydroxide, and the remainder went to products 
such as abrasives, cement, chemicals, proppants, and refractories, and as a slag adjuster in steel mills. Alumina 
production was estimated to be 1.2 million tons, slightly more than that in 2021. About 63% of the alumina produced 
went to primary aluminum smelters, and the remainder went to nonmetallurgical products, such as abrasives, 
ceramics, chemicals, and refractories. 


Salient Statistics—United States: 2018 201 2020 2021 2022° 
Bauxite: ” = . seer 
Production, mine W W W W W 
Imports for consumption? 3,980 4,620 3,760 3,880 3,600 
Exports? 16 15 15 12 12 
Stocks, industry, yearend® 2 600 300 250 200 200 
Consumption: 
Apparent? W W W WwW W 
Reported 4,460 3,680 3,330 2,790 2,900 
Price, average unit value of imports, free alongside ship (f.a.s.), 31 32 30 31 30 
dollars per metric ton 
Net import reliance* as a percentage of apparent consumption >75 >/5 >/5 >/5 >75 
Alumina: 
Production, refinery® 1,570 1,410 1,340 1,180 1,200 
Imports for consumption® 1,530 1,930 1,340 1,550 2,000 
Exports® 288 200 153 180 160 
Stocks, industry, yearend® 275 275 234 202 300 
Consumption, apparent? 2,800 3,140 2,070 2,080 2,900 
Price, average unit value of imports, f.a.s., dollars per metric ton 592 472 394 462 550 
Net import reliance* as a percentage of apparent consumption 44 55 48 54 59 


Recycling: None. 


Import Sources (2018-21): Bauxite:? Jamaica, 63%; Brazil, 9%; Guyana and Turkey, 8% each; and other, 12%. 
Alumina:° Brazil, 59%; Australia and Jamaica, 14% each; Canada, 5%; and other, 8%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 

Bauxite, calcined (refractory grade) 2606.00.0030 Free. 

Bauxite, calcined (other) 2606.00.0060 Free. 

Bauxite, crude dry (metallurgical grade) 2606.00.0090 Free. 

Aluminum oxide (alumina) 2818.20.0000 Free. 

Aluminum hydroxide 2818.30.0000 Free. 


Depletion Allowance: 22% (domestic), 14% (foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: In 2022, one domestic alumina refinery produced alumina from imported bauxite. A 
1.2-million-ton-per-year alumina refinery in Gramercy, LA, produced alumina for aluminum smelting and specialty- 
grade alumina. A 500,000-ton-per-year alumina refinery in Burnside, LA, was temporarily shut down in August 2020 
and remains idle. No plans were announced regarding its reopening. The average prices, f.a.s., for U.S. imports for 
consumption of crude dry bauxite and metallurgical-grade alumina during the first 9 months of 2022 were $30 per 
ton and $553 per ton, a slight decrease and 25% more than those in the same period of 2021, respectively. 
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BAUXITE AND ALUMINA‘ 


The conflict between Russia and Ukraine led to the closure of a 1.7-million-ton-per-year alumina refinery in Ukraine. 
High energy costs in Europe caused a 600,000-ton-per-year alumina refinery in Romania to temporarily shutter and a 
1.7-million-ton-per-year alumina refinery in Spain to curtail production by up to 60%. Additionally, several primary 
aluminum smelters and aluminum product manufacturers throughout Europe announced shutdowns or partial 
curtailments. In August, a 1.4-million-ton-per-year alumina refinery in Jamaica resumed operations after a fire in 2021 
caused a year-long production stoppage. Operations at a 650,000-ton-per-year alumina refinery in Jamaica were 
suspended by the National Environment and Planning Agency for polluting a nearby river. A United States-based 
mining company that mines nonmetallurgical bauxite in Guyana acquired a United States proppant manufacturer with 
two manufacturing facilities located in Georgia. 


World Alumina Refinery and Bauxite Mine Production and Bauxite Reserves: Reserves for Australia, China, and 
Indonesia were revised based company and Government reports. 


Alumina production® Bauxite production Bauxite reserves® 
2021 2022° 2021 2022° 

United States 1,180 1,200 W W 20,000 
Australia 20,400 20,000 103,000 100,000 75,100,000 
Brazil ©12,000 11,000 ©33,000 33,000 2,700,000 
Canada 1,360 1,300 — — — 
China 75,200 76,000 €90,000 90,000 710,000 
Germany ®900 750 — — — 
Guinea 414 440 ®86,000 86,000 7,400,000 
India ®7,000 7,400 ©17,400 17,000 660,000 
Indonesia ©1000 1,100 €21,000 21,000 1,000,000 
lreland 1,880 1,800 — — — 
Jamaica 1,160 480 5,950 3,900 2,000,000 
Kazakhstan ©1400 1,400 4,370 4,400 160,000 
Russia 3,050 3,100 5,680 5,000 500,000 
Saudi Arabia 1,920 2,000 4,780 4,800 180,000 
Spain 1,540 1,700 — — — 
Ukraine 1,770 740 — — — 
United Arab Emirates 2,300 2,300 — — — 
Vietnam 1,456 1,500 €3,830 3,800 5,800,000 
Other countries 2,620 2,200 9 330 8,900 5,100,000 
World total (rounded) 139,000 140,000 8384,000  8%380,000 31,000,000 


World Resources:® Bauxite resources are estimated to be between 55 billion and 75 billion tons, distributed in Africa 
(32%), Oceania (23%), South America and the Caribbean (21%), Asia (18%), and elsewhere (6%). Domestic 
resources of bauxite are inadequate to meet long-term U.S. demand, but the United States and most other major 
aluminum-producing countries have essentially inexhaustible subeconomic resources of aluminum in materials other 
than bauxite. 


Substitutes: Bauxite is the only raw material used in the production of alumina on a commercial scale in the 

United States. Although currently not economically competitive with bauxite, vast resources of clay are technically 
feasible sources of alumina. Other raw materials, such as alunite, anorthosite, coal wastes, and oil shales, offer 
additional potential alumina sources. Synthetic mullite, produced from kaolin, bauxitic kaolin, kyanite, and sillimanite, 
substitutes for bauxite-based refractories. Silicon carbide and alumina zirconia can substitute for alumina and bauxite 
in abrasives but cost more. 


°Estimated. W Withheld to avoid disclosing company proprietary data. — Zero. 

'See also the Aluminum chapter. As a general rule, 4 tons of dried bauxite is required to produce 2 tons of alumina, which, in turn, can be used to 
produce 1 ton of aluminum. 

7Includes all forms of bauxite, expressed as dry equivalent weights. 

3Defined as production + imports — exports + adjustments for industry stock changes. 

“Defined as imports — exports + adjustments for industry stock changes. 

°Calcined equivalent weights. 

6See Appendix C for resource and reserve definitions and information concerning data sources. 

‘For Australia, Joint Ore Reserves Committee-compliant or equivalent reserves were 1.7 billion tons. 

8Excludes U.S. production. 
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BERYLLIUM 
(Data in metric tons of contained beryllium unless otherwise noted) 


Domestic Production and Use: One company in Utah mined bertrandite ore and converted it, along with imported 
beryl, into beryllium hydroxide. Some of the beryllium hydroxide was shipped to the company’s plant in Ohio, where it 
was converted into metal, oxide, and downstream beryllium-copper master alloy, and some was sold. Estimated 
beryllium apparent consumption in 2022 was 180 tons and was valued at about $130 million based on the most 
recent beryllium price estimate. Based on sales revenues, approximately 24% of beryllium products were used in 
industrial components, 21% in automotive electronics, 17% in aerospace and defense applications, 10% in 
telecommunications infrastructure, 8% in consumer electronics, 5% in energy applications, 2% in semiconductor 
applications, and 13% in other applications. Beryllium alloy strip and bulk products, the most common forms of 
processed beryllium, were used in all application areas. Most unalloyed beryllium metal and beryllium composite 
products were used in defense and scientific applications. To ensure current and future availability of high-quality 
domestic beryllium to meet critical defense needs, the U.S. Department of Defense, under the Defense Production 
Act, Title Ill, invested in a public-private partnership with the leading U.S. beryllium producer to build a primary 
beryllium facility in Ohio. Construction of the facility was completed in 2011. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production, mine shipments 165 160 165 175 180 
Imports for consumption’ 67 49 48 49 41 
Exports? 30 37 25 30 47 
Shipments from Government stockpile? — — 3 7 7 
Consumption: 
Apparent* 202 167 196 196 180 
Reported, ore 170 160 170 170 180 
Price, annual average unit value, beryllium-copper master alloy,° 590 620 620 680 730 
dollars per kilogram of contained beryllium 
Stocks, ore, consumer, yearend 30 35 30 35 35 
Net import reliance® as a percentage of apparent consumption 18 4 16 11 1 


Recycling: Beryllium was recovered from new scrap generated during the manufacture of beryllium products and 
from old scrap. Detailed data on the quantities of beryllium recycled are not available but may account for as much as 
20% to 25% of total beryllium consumption. The leading U.S. beryllium producer established a comprehensive 
recycling program for all of its beryllium products, recovering approximately 40% of the beryllium content of the new 
and old beryllium alloy scrap. 


Import Sources (2018—21):' Kazakhstan, 43%; Japan, 15%; Latvia, 15%; Brazil, 10%; and other, 17%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Beryllium ores and concentrates 2617.90.0030 Free. 
Beryllium oxide and hydroxide 2825.90.1000 3.7% ad valorem. 
Beryllium-copper master alloy 7405.00.6030 Free. 
Beryllium-copper plates, sheets, and strip: 
Thickness of 5 millimeters (mm) or more 7409.90.1030 3% ad valorem. 
Thickness of less than 5 mm: 
Width of 500 mm or more 7409.90.5030 1.7% ad valorem. 
Width of less than 500 mm 7409.90.9030 3% ad valorem. 
Beryllium: 
Unwrought, including powders 8112.12.0000 8.5% ad valorem. 
Waste and scrap 8112.13.0000 Free. 
Other 8112.19.0000 5.5% ad valorem. 


Depletion Allowance: 22% (domestic), 14% (foreign). 
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BERYLLIUM 


Government Stockpile:’ The Defense Logistics Agency Strategic Materials had a goal of retaining 47 tons of 
beryllium metal in the National Defense Stockpile. 


FY 2022 FY 2023 
Inventory Potential Potential Potential Potential 
Material as of 9-30-22 acquisitions disposals acquisitions disposals 
Beryl ore (gross weight) 1 — — — — 
Metal (all types) 50 — 7 — 7 
Structured powder v4 — — — — 


Events, Trends, and Issues: Apparent consumption in 2022 decreased by 8% from that in 2021 owing primarily to a 
16% decrease in estimated beryllium imports and a 57% increase estimated exports. During the first 6 months of 
2022, the leading U.S. beryllium producer reported that net sales of its beryllium alloy strip and bulk products and 
beryllium metal and composite products were 27% higher than those during the first 6 months of 2021. Net sales of 
beryllium products increased primarily in the aerospace and defense, energy, and industrial components markets. 


Because of the toxic nature of beryllium, various international, national, and State guidelines and regulations have 
been established regarding beryllium in air, water, and other media. Industry is required to carefully control the 
quantity of beryllium dust, fumes, and mists in the workplace. 


World Mine Production and Reserves: 


Mine production® ° Reserves’? 
2021 2022° 
United States 175 180 The United States has very little beryl that 
Brazil 3 3 can be economically hand sorted from 
China eT 70 pegmatite deposits. An epithermal deposit in 
Madagascar 24 1 the Spor Mountain area in Utah is a large 
Mozambique 13 13 bertrandite resource, which is being mined. 
Nigeria of 1 Proven and probable bertrandite reserves in 
Rwanda ef 1 Utah total about 19,000 tons of contained 
Uganda or _7 beryllium. World beryllium reserves are not 
World total (rounded) 272 280 available. 


World Resources:'® The world’s identified resources of beryllium have been estimated to be more than 100,000 tons. 
About 60% of these resources are in the United States; by tonnage, the Spor Mountain area in Utah, the McCullough 
Butte area in Nevada, the Black Hills area in South Dakota, the Sierra Blanca area in Texas, the Seward Peninsula in 
Alaska, and the Gold Hill area in Utah account for most of the total. 


Substitutes: Because the cost of beryllium is high compared with that of other materials, it is used in applications in 
which its properties are crucial. In some applications, certain metal matrix or organic composites, high-strength 
grades of aluminum, pyrolytic graphite, silicon carbide, steel, or titanium may be substituted for beryllium metal or 
beryllium composites. Copper alloys containing nickel and silicon, tin, titanium, or other alloying elements or phosphor 
bronze alloys (copper-tin-phosphorus) may be substituted for beryllium-copper alloys, but these substitutions can 
result in substantially reduced performance. Aluminum nitride or boron nitride may be substituted for beryllium oxide. 


°Estimated. — Zero. 

‘Includes estimated beryllium content of imported ores and concentrates, oxide and hydroxide, unwrought metal (including powders), beryllium 
articles, waste and scrap, beryllium-copper master alloy, and beryllium-copper plates, sheets, and strip. 

?Includes estimated beryllium content of exported unwrought metal (including powders), beryllium articles, and waste and scrap. 

3Change in total inventory from prior yearend inventory. If negative, increase in inventory. 

‘Defined as production + imports — exports + adjustments for Government and industry stock changes. 

°Calculated from gross weight and customs value of imports; beryllium content estimated to be 4%. Rounded to two significant figures. 
®Defined as imports — exports + adjustments for Government and industry stock changes. 

’See Appendix B for definitions. 

8In addition to the countries listed, Kazakhstan and Portugal may have produced beryl ore, but available information was inadequate to make 
reliable estimates of output. Other nations that produced gemstone beryl ore may also have produced some industrial beryl ore. 

°Based on a beryllium content of 4% from bertrandite and beryl sources. 

10See Appendix C for resource and reserve definitions and information concerning data sources. 
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BISMUTH 
(Data in metric tons, gross weight, unless otherwise noted) 


Domestic Production and Use: The United States ceased production of primary refined bismuth in 1997 and is 
highly import reliant. Bismuth is contained in some lead ores mined domestically. However, the last domestic primary 
lead smelter closed at yearend 2013; since then, all lead concentrates have been exported for smelting. 


About 64% of domestic bismuth consumption was for chemicals used in cosmetic, industrial, laboratory, and 
pharmaceutical applications. Bismuth use in pharmaceuticals included bismuth subsalicylate (the active ingredient in 
over-the-counter stomach remedies) and other compounds used to treat burns, intestinal disorders, and stomach 
ulcers. Bismuth is also used in industrial applications for the manufacture of ceramic glazes, crystalware, and 
pearlescent pigments. 


Bismuth has a wide variety of metallurgical applications, including use as an additive to improve metal integrity of 
malleable cast iron in the foundry industry and as a nontoxic replacement for lead in brass, free-machining steels, and 
solders. The use of bismuth in brass for pipe fittings, fixtures, and water meters increased after 2014 when the 
definition of “lead-free” under the Safe Drinking Water Act was modified to reduce the maximum lead content of “lead- 
free” pipes and plumbing fixtures to 0.25% from 8%. The melting point of bismuth is relatively low at 271 degrees 
Celsius, and it is an important component of various fusible alloys, some of which have melting points below that of 
boiling water. These bismuth-containing alloys can be used in holding devices for grinding optical lenses, as plugs for 
abandoned oil wells, as a temporary filler to prevent damage to tubes in bending operations, as a triggering 
mechanism for fire sprinklers, and in other applications in which a low melting point is ideal. Bismuth-tellurium-oxide 
alloy film paste is used in the manufacture of semiconductor devices. 


Salient Statistics—United States: 2018 201 2020 2021 2022° 
Production: 

Refinery — — — — = 

Secondary (scrap)° 80 80 80 80 80 
Imports for consumption, metal, alloys, and scrap’ 2,470 2,340 1,650 1,980 2,800 
Exports, metal, alloys, and scrap? 653 636 699 1,010 670 
Consumption: 

Apparent? 2,040 1,690 1,210 1,030 2,000 

Reported 570 548 513 597 600 
Price, average,‘ dollars per pound 4.61 3.18 2.72 3.74 3.90 
Stocks, yearend, consumer, bismuth metal 346 443 271 297 500 
Net import reliance® as a percentage of apparent consumption 96 95 93 92 96 


Recycling: Recycled bismuth-containing alloy scrap was thought to compose 4% to 8% of U.S. bismuth apparent 
consumption for the years 2018-22. 


Import Sources (2018-21): China,® 65%; Republic of Korea, 19%; Mexico, 5%; Belgium, 3%; and other, 8%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Bismuth and articles thereof, including waste and 
scrap: 
Containing more than 99.99% of bismuth, 8106.10.0000 Free. 
by weight 
Other 8106.90.0000 Free. 


Depletion Allowance: 22% (domestic), 14% (foreign). 


Government Stockpile: None. 
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BISMUTH 


Events, Trends, and Issues: The estimated annual average domestic dealer price for bismuth in 2022 was an 
estimated $3.90 per pound, a 4% increase from that in 2021 and the highest annual average price since 2018. 
Globally, excess stocks continued to keep prices low compared with those in 2007 through 2014, when the average 
annual dealer price was above $7.84 per pound. Global primary refined production was estimated to remain 
unchanged from that in 2021 and increased by 3% from that in 2019, before the coronavirus disease 2019 
(COVID-19) pandemic. Exports from China through August 2022 remained flat compared with those during the same 
period in 2021 but increased by 76% from those in 2019. The increase was attributed to the stockpiling of supplies by 
foreign buyers avoiding shipping disruptions owing to concerns about COVID-19 pandemic-related production 
interruptions in China and global shipping issues. 


U.S. trade data through July 2022 were mixed when compared with the same period in 2021—whereas bismuth 


imports for consumption increased, exports decreased. In the long term, bismuth demand from the alloying, chemical, 
and metallurgical industries was expected to remain stable. 


World Refinery Production and Reserves: 


Refinery production® Reserves’ 
2021 2022 
United States — — Quantitative estimates of 
Bolivia 60 60 reserves were not available. 
Bulgaria 50 50 
Canada 50 50 
China 16,000 16,000 
Japan 500 480 
Kazakhstan 230 220 
Korea, Republic of 1,000 950 
Laos 82.070 2,000 
Mexico 10 10 
World total (rounded) 20,000 20,000 


World Resources:’ World reserves of bismuth are usually estimated based on the bismuth content of lead resources 
because bismuth production is most often a byproduct of processing lead ores. In China and Vietnam, bismuth 
production is a byproduct or coproduct of tungsten and other metal ore processing. In Japan and the Republic of 
Korea, bismuth production is a byproduct or coproduct of zinc ore processing. Bismuth minerals rarely occur in 
sufficient quantities to be mined as principal products; the Tasna Mine in Bolivia and a mine in China are the only 
mines where bismuth has been the primary product. The Tasna Mine has been inactive since 1996. 


Substitutes: Bismuth compounds can be replaced in pharmaceutical applications by alumina, antibiotics, calcium 
carbonate, and magnesia. Titanium dioxide-coated mica flakes and fish-scale extracts are substitutes in pigment 
uses. Cadmium, indium, lead, and tin can partially replace bismuth in low-temperature solders. Resins can replace 
bismuth alloys for holding metal shapes during machining, and glycerine-filled glass bulbs can replace bismuth alloys 
in triggering devices for fire sprinklers. Free-machining alloys can contain lead, selenium, or tellurium as a 
replacement for bismuth. Bismuth is an environmentally friendly substitute for lead in plumbing and many other 
applications, including fishing weights, hunting ammunition, lubricating greases, and soldering alloys. 


“Estimated. — Zero. 

‘Includes data for the following Harmonized Tariff Schedule of the United States codes: 8106.00.0000 (for the years 2018-21), and 8106.10.0000 
and 8106.90.0000 (for the year 2022). 

7Includes data for the following Schedule B numbers: 8106.00.0000 (for the years 2018-21), and 8106.10.0000 and 8106.90.0000 (for the year 
2022). 

3Defined as secondary production + imports — exports + adjustments for industry stock changes. 

4Prices are based on 99.99%-purity metal at warehouse (Rotterdam) in minimum lots of 1 ton. Source: Fastmarkets AMM. 

°Defined as imports — exports + adjustments for industry stock changes. 

Includes Hong Kong. 

“See Appendix C for resource and reserve definitions and information concerning data sources. 

SReported. 
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BORON 
(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: Two companies in southern California produced borates in 2022, and most of the 
boron products consumed in the United States were manufactured domestically. Estimated boron production 
increased in 2022 compared with 2021 production. U.S. boron production and consumption data were withheld to 
avoid disclosing company proprietary data. The leading boron producer mined borate ores, which contain the 
minerals kernite, tincal, and ulexite, by open pit methods and operated associated compound plants. Kernite was 
used to produce boric acid, tincal was used to produce sodium borate, and ulexite was used as a primary ingredient 
in the manufacture of a variety of specialty glasses and ceramics. A second company produced borates from brines 
extracted through solution-mining techniques. Boron minerals and chemicals were principally consumed in the 
north-central and eastern United States. In 2022, the glass and ceramics industries remained the leading domestic 
users of boron products, accounting for an estimated 65% of total borates consumption. Boron also was used as a 
component in abrasives, cleaning products, insecticides, and insulation and in the production of semiconductors. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production W W W W W 
Imports for consumption: 
Refined borax 133 161 174 232 160 
Boric acid 51 41 39 54 53 
Colemanite (calcium borates) 73 42 18 3 1 
Ulexite (sodium borates) 34 38 41 49 36 
Exports: 
Boric acid 251 251 257 280 250 
Refined borax 610 598 594 607 610 
Consumption, apparent’ W W W W W 
Price, average unit value of imports, cost, insurance, and freight, 404 373 380 394 430 
dollars per metric ton 
Employment, number 1,350 1,370 1,330 1,330 1,370 
Net import reliance? as a percentage of apparent consumption E E E E E 


Recycling: Insignificant. 
Import Sources (2018-21): All forms: Turkey, 90%; Bolivia, 5%; Chile, 2%; and other, 3%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Natural borates: 
Sodium (ulexite) 2528.00.0005 Free. 
Calcium (colemanite) 2528.00.0010 Free. 
Boric acids 2810.00.0000 1.5% ad valorem. 
Borates, refined borax: 
Anhydrous 2840.11.0000 0.3% ad valorem. 
Non-anhydrous 2840.19.0000 0.1% ad valorem. 


Depletion Allowance: Borax, 14% (domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Elemental boron is a metalloid with limited commercial applications. Although the term 
“boron” is commonly referenced, it does not occur in nature in an elemental state. Boron combines with oxygen and 
other elements to form boric acid or inorganic salts called borates. Boron compounds, chiefly borates, are 
commercially important; therefore, boron products are priced and sold based on their boric oxide (B2Os) content, 
varying by ore and compound and by the absence or presence of calcium and sodium. Four borate minerals— 
colemanite, kernite, tincal, and ulexite—account for 90% of the borate minerals used by industry worldwide. Although 
borates were used in more than 300 applications, more than three-quarters of world consumption was used in 
ceramics, detergents, fertilizers, and glass. 
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China, Malaysia, Canada, Mexico, India, and Indonesia, in decreasing order of tonnage, are the countries that 
imported the largest quantities of refined borates from the United States in 2022. Domestic shipments of boric acid 
were sent to China, the Netherlands, the Republic of Korea, Japan, and Malaysia, in decreasing order of tonnage. 
Because China has low-grade boron reserves and demand for boron is anticipated to rise in that country, imports 
from Chile, Russia, Turkey, and the United States were expected to remain steady during the next several years. 


Continued investment in new borate refineries and the continued rise in demand were expected to fuel growth in 
world production for the next few years. An Australian-British multinational mining corporation completed and 
successfully produced battery-grade lithium from waste rock at its Boron Mine’s lithium demonstration plant in 2021. 
The demonstration will be used as the basis for a feasibility assessment. The California mine site could help create an 
additional revenue stream from almost a century of waste rock once the project is completed. Initial capacity was 
expected to be 5,000 tons per year. Two Australian-based mine developers previously confirmed that production of 
high-quality boron products would be possible from their projects in California and Nevada, respectively. These 
companies continued to make progress on their respective projects by acquiring some of the permits and funding 
necessary to begin and continue construction. The project in California began construction in April and was expected 
to have a focus on specialty boron products for industries related to global decarbonization and food security once 
production starts. The Nevada project was expected to begin production by 2025. These companies have the 
potential to become substantial boron producers when their projects are fully developed. 


World Production and Reserves: Reserves for China were revised based on Government reports. 


Production—All forms® Reserves? 
2021 2022 

United States W W 40,000 
Argentina, crude ore 130 130 NA 
Bolivia, ulexite 200 200 NA 
Chile, ulexite 290 300 35,000 
China, boric oxide equivalent 380 300 21,000 
Germany, compounds 60 60 NA 
Peru, crude borates 4246 250 4,000 
Russia, datolite ore 80 80 40,000 
Turkey, refined borates 1,700 1,700 1,200,000 
World total® XX XX XX 


World Resources:? Deposits of borates are associated with volcanic activity and arid climates, with the largest 
economically viable deposits in the Mojave Desert of the United States, the Alpide belt along the southern margin of 
Eurasia, and the Andean belt of South America. U.S. deposits consist primarily of tincal, kernite, and borates 
contained in brines, and to a lesser extent, ulexite and colemanite. About 70% of all deposits in Turkey are 
colemanite, primarily used in the production of heat-resistant glass. At current levels of consumption, world resources 
are adequate for the foreseeable future. 


Substitutes: The substitution of other materials for boron is possible in detergents, enamels, insulation, and soaps. 
Sodium percarbonate can replace borates in detergents and requires lower temperatures to undergo hydrolysis, 
which is an environmental consideration. Some enamels can use other glass-producing substances, such as 
phosphates. Insulation substitutes include cellulose, foams, and mineral wools. In soaps, sodium and potassium salts 
of fatty acids can act as cleaning and emulsifying agents. 


“Estimated. E Net exporter. NA Not available. W Withheld to avoid disclosing company proprietary data. XX Not applicable. 
‘Defined as production + imports — exports. 

?Defined as imports — exports. 

3See Appendix C for resource and reserve definitions and information concerning data sources. 

4Reported. 

*World totals cannot be calculated because production and reserves are not reported in a consistent manner by all countries. 
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BROMINE 
(Data in metric tons of contained bromine unless otherwise noted) 


Domestic Production and Use: Bromine was recovered from underground brines by two companies in Arkansas. 
Bromine is one of the leading mineral commodities, in terms of value, produced in Arkansas. The two bromine 
companies in the United States account for a large percentage of world production capacity. 


The leading global applications of bromine are for the production of brominated flame retardants (BFRs) and clear 
brine drilling fluids. Bromine compounds are also used in a variety of other applications, including industrial uses, as 
intermediates, and for water treatment. U.S. apparent consumption of bromine in 2022 was estimated to be greater 
than that in 2021. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production W W W W W 
Imports for consumption, elemental bromine and compounds’ 56,200 56,300 30,700 27,200 27,000 
Exports, elemental bromine and compounds? 21,900 29,300 36,600 27,900 18,000 
Consumption, apparent? W W W W W 
Price, average unit value of imports (cost, insurance, and freight), 2.21 2.31 2.67 2.85 3.5 
dollars per kilogram 
Employment, number® 1,050 1,050 1,050 1,050 1,050 
Net import reliance* as a percentage of apparent consumption <25 <25 E E <25 


Recycling: Some bromide solutions were recycled to obtain elemental bromine and to prevent the solutions from 
being disposed of as hazardous waste. For example, hydrogen bromide is emitted as a byproduct of many organic 
reactions; this byproduct can be recycled with virgin bromine brines and used as a source of bromine production. 
Bromine contained in plastics, such as BFRs, can be difficult and costly to remove; therefore, bromine-containing 
polymers will often be recycled with the virgin polymer and used again in new products. Bromine used in zinc-bromine 
batteries can be removed and completely recovered as bromine at the battery’s end of life, purified, and used for new 
batteries. Available information was insufficient to estimate the quantity of bromine recovered and recycled. 


Import Sources (2018—21):° Israel, 80%; Jordan, 12%; China,® 4%; and other, 4%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 

Bromine 2801.30.2000 5.5% ad valorem. 
Hydrobromic acid 2811.19.3000 Free. 
Potassium or sodium bromide 2827.51.0000 Free. 
Ammonium, calcium, or zinc bromide 2827 .59.2500 Free. 
Potassium bromate 2829.90.0500 Free. 
Sodium bromate 2829.90.2500 Free. 
Methyl bromide’ 2903.61.0000 Free. 
Ethylene dibromide® 2903.62.1000 5.4% ad valorem. 
Dibromoneopentylglycol 2905.59.3000 Free. 
Tetrabromobisphenol A 2908.19.2500 5.5% ad valorem. 
Decabromodiphenyl and octabromodiphenyl oxide 2909.30.0700 5.5% ad valorem. 


Depletion Allowance: Brine wells, 5% (domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: The United States maintained its position as one of the leading bromine producers in 
the world along with China, Israel, and Jordan. In 2022, the leading source of imports of bromine and bromide 
compounds (gross weight) was Israel. The average import value of bromine and bromine compounds was estimated 
to have increased by over 20% in 2022 compared with that in 2021. Together, the leading imported bromine products 
in terms of both gross weight and bromine content were bromides and bromide oxides of ammonium, calcium, or zinc 
and bromides of sodium or potassium (over 90%). Estimated total imports of bromine and bromine compounds 
(bromine content) decreased slightly, whereas estimated total exports decreased by over 30% compared with those 
in 2021. 
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BROMINE 


In 2021, the U.S. Environmental Protection Agency issued a final rule to reduce the exposure to decabromodiphenyl| 
ether (decaBDE), a BFR considered to be persistent, bioaccumulative, and toxic. The rule prohibited the manufacture, 
processing, distribution, or importing of decaBDE or products containing decaBDE. The importing, manufacturing, and 
processing of decaBDE and products to which decaBDE had been added was prohibited effective March 2021, and 
distribution prohibitions started in January 2022. Longer compliance dates or exclusions were set for certain uses 
such as aerospace vehicle parts, hospitality curtains, and wire and cable insulation used in nuclear power facilities. 
Because of health concerns, some States have established their own policies restricting the use of BFRs. 


Globally, bromine selling prices were higher in 2022 compared with those in 2021. Domestic sale volumes of bromine 
and bromine compounds also increased in 2022 compared with those in 2021 owing primarily to sales of BFRs. BFR 
sales were driven by strong demand for appliance, automotive, construction, and electronic industries. Sales of clear 
brine drilling fluids, the second leading use of bromine, also increased compared with those in the previous year. 


World Production and Reserves: 


Production® Reserves? 
2021 2022 

United States WwW W 11,000,000 
Azerbaijan — — 300,000 
China 70,000 70,000 NA 
India 5,000 5,000 NA 
Israel 104 82,000 180,000 Large 
Japan 18,000 20,000 NA 
Jordan 110,000 110,000 Large 
Ukraine 4,500 4,500 NA 
World total (rounded) 11390,000 ‘11390,000 Large 


World Resources:? Bromine is found principally in seawater, evaporitic (salt) lakes, and underground brines 
associated with petroleum deposits. The Dead Sea, in the Middle East, is estimated to contain 1 billion tons of 
bromine. Seawater contains about 65 parts per million bromine, or an estimated 100 trillion tons. Bromine is also 
recovered from seawater as a coproduct during evaporation to produce salt. 


Substitutes: Chlorine and iodine may be substituted for bromine in a few chemical reactions and for sanitation 
purposes. There are no comparable substitutes for bromine in various oil- and gas-well-completion and packer 
applications. Because plastics have a low ignition temperature, aluminum hydroxide, magnesium hydroxide, organic 
chlorine compounds, and phosphorus compounds can be substituted for bromine as fire retardants in some uses. 


“Estimated. E Net exporter. NA Not available. W Withheld to avoid disclosing company proprietary data. — Zero. 
‘Includes data for the Harmonized Tariff Schedule of the United States codes shown in the “Tariff” section. 
Includes data for the following Schedule B numbers: 2801.30.2000, 2827.51.0000, 2827.59.0000, 2903.31.0000, and 2903.39.1520 (for the years 
2018-2021), and 2903.61.0000 and 2903.62.1000 (for the year 2022). 

3Defined as production (sold or used) + imports — exports. 

“Defined as imports — exports. 

°Calculated using the gross weight of imports. 

Includes Hong Kong. 

‘Prior to 2022, was listed under Harmonized Tariff Schedule of the United States code 2903.39.1520. 

8Prior to 2022, was listed under Harmonized Tariff Schedule of the United States code 2903.31.0000. 

°See Appendix C for resource and reserve definitions and information concerning data sources. 

‘Reported. 

“Excludes U.S. production. 
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CADMIUM 
(Data in metric tons unless otherwise noted) 


Domestic Production and Use: Two companies in the United States produced cadmium metal in 2022. One 
company, operating in Tennessee, recovered primary refined cadmium as a byproduct of zinc leaching from roasted 
sulfide concentrates that would otherwise need to be disposed of as waste. The other company, operating in Ohio, 
recovered secondary cadmium metal from spent nickel-cadmium (NiCd) batteries. A cadmium concentrate was 
produced by one company in North Carolina that in late 2019 restarted zinc production from recycled electric-arc- 
furnace dust obtained from steel mills. Cadmium metal and compounds are mainly consumed for NiCd batteries, but 
also for alloys, coatings, and pigments. For the past 5 years, the United States has been a net exporter of wrought 
cadmium products and of cadmium pigments and preparations based on cadmium. 


Salient Statistics—United States: 2018 201 2020 2021 2022° 
Production: 
Primary, refined’ 73 131 211 241 250 
Secondary W W W W W 
Imports for consumption: 
Unwrought cadmium and powders 273 385 282 155 21 
Wrought cadmium and other articles 1 21 3 2 1 
Cadmium waste and scrap 20 86 90 85 35 
Cadmium oxide 51 33 28 14 21 
Cadmium pigments and preparations based on cadmium 310 108 69 101 170 
compounds 
Exports: 
Unwrought cadmium and powders 40 32 4 51 2 
Wrought cadmium and other articles 99 84 482 217 90 
Cadmium waste and scrap (7) 6 (7) — 4 
Cadmium pigments and preparations based on cadmium 565 795 2,120 550 510 
compounds 
Consumption of metal, apparent? W W W W W 
Price, metal, annual average,’ dollars per kilogram 2.89 2.67 2.29 2.56 3.3 
Net import reliance® as a percentage of apparent consumption <75 <75 <75 <50 <25 


Recycling: Secondary cadmium is mainly recovered from spent consumer and industrial NiCd batteries. Other waste 
and scrap from which cadmium can be recycled includes copper-cadmium alloy scrap, some complex nonferrous 
alloy scrap, cadmium-containing dust from electric-arc furnaces, and cadmium telluride (CdTe) solar panels. 


Import Sources (2018—21):® Australia, 27%; Germany, 23%; China,’ 20%; Peru, 12%; and other, 18%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 

Cadmium oxide 2825.90.7500 Free. 

Cadmium sulfide 2830.90.2000 3.1% ad valorem. 
Pigments and preparations based on cadmium 3206.49.6010 3.1% ad valorem. 

compounds 

Cadmium waste and scrap 8112.61.0000 Free. 
Unwrought cadmium and powders 8112.69.1000 Free. 

Wrought cadmium and other articles 8112.69.9000 4.4% ad valorem. 


Depletion Allowance: 22% (domestic), 14% (foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Most of the world’s primary cadmium metal was produced in Asia, and leading global 
producers, in descending order of production, were China and the Republic of Korea, followed by Japan and Canada. 
A smaller amount of secondary cadmium metal was recovered from recycling NiCd batteries. Although detailed data 
on the global consumption of primary cadmium were not available, NiCd battery production was thought to have 
continued to account for most global cadmium consumption. Other end uses for cadmium and cadmium compounds 
included alloys, anticorrosive coatings, pigments, and semiconductors for solar cells and for radiation-detecting 
imaging equipment; research into substitutions for cadmium in uses such as coatings continued. 
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The average monthly cadmium price was $2.92 per kilogram in January and increased to $3.58 per kilogram in May 
and $3.60 per kilogram in September after a decrease earlier in the year. The average prices reflected seasonal 
buying patterns in India; as a major consumer of cadmium but without significant production, India was an important 


determinant of cadmium prices in the spot market. 


In August 2022, the U.S. Department of Energy announced the formation of a 3-year consortium among academic 
institutions, industry, and Government in support of the goals of its Cadmium Telluride Photovoltaics (PV) Accelerator 
program that was initiated in 2021. These goals included enabling solar cell efficiencies above 24% by 2025 and 
above 26% by 2030, while steadily reducing the per-watt cost of manufacturing by 60% within 10 years. 


In response to the Inflation Reduction Act of 2022, which included incentives for transitioning to renewable energy 
sources, a major United States-based CdTe thin-film solar-cell producer announced plans to build a fourth domestic 
manufacturing facility by 2025 and expand capacity at its two existing plants and at a third facility which was 
scheduled to begin production in 2023. According to the consortium, administered by the National Renewable Energy 
Laboratory, CdTe solar panels supply 40% of the U.S. utility-scale solar market and 5% of the world market. 


World Refinery Production and Reserves: 


Refinery production® Reserves? 
2021 2022 

United States’ 241 250 Quantitative estimates of reserves 
Australia 402 400 were not available. The cadmium 
Bulgaria 310 310 content of typical zinc ores 
Canada 1,800 1,800 averages about 0.03%. See the 
China 10,000 10,000 Zinc chapter for zinc reserves. 
Germany 417 420 
Japan 1,900 1,900 
Kazakhstan 1,200 1,200 
Korea, Republic of 4,000 4,000 
Mexico 859 1,200 
Netherlands 854 500 
Norway 350 350 
Peru 600 300 
Poland 500 500 
Russia 1,000 1,000 
Uzbekistan 300 300 

World total (rounded) 24,700 24,000 


World Resources:® Cadmium is generally recovered from zinc ores and concentrates. Sphalerite, the most 
economically significant zinc ore mineral, commonly contains minor amounts of cadmium, which shares certain 
similar chemical properties with zinc and often substitutes for zinc in the sphalerite crystal lattice. The cadmium 
mineral greenockite is frequently associated with weathered sphalerite and wurtzite. 


Substitutes: Batteries with other chemistries, particularly lithium-ion, can replace NiCd batteries in many 
applications. Except where the surface characteristics of a coating are critical (for example, fasteners for aircraft), 
coatings of aluminum, zinc, or zinc alloys such as tin-zinc and zinc-nickel can be substituted for cadmium in many 
plating applications. Cerium sulfide is used as a replacement for cadmium pigments, mostly in plastics. Barium-zinc or 
calcium-zinc stabilizers can replace barium-cadmium stabilizers in flexible polyvinyl chloride (PVC) applications. 
Amorphous silicon and copper-indium-gallium-selenide photovoltaic cells compete with CdTe in the thin-film solar-cell 
market. A new thin-film technology based on perovskite material continued to be researched as a potential substitute. 


°Estimated. W Withheld to avoid disclosing company proprietary data. — Zero. 

‘Cadmium metal produced as a byproduct of zinc refining. 

7Less than % unit. 

3Defined as primary production + secondary production + imports of unwrought cadmium and powders — exports of unwrought cadmium and 
powders. 

“Average free market price for 99.95% purity in 10-ton lots; cost, insurance, and freight; global ports. Source: Fastmarkets MB. 

°Defined as imports of unwrought cadmium and powders — exports of unwrought cadmium and powders. 

6Unwrought cadmium and powders; Harmonized Tariff Schedule of the United States code 8107.20.0000 prior to 2022 and 8112.69.1000 in 2022. 
“Includes Hong Kong. 

8See Appendix C for resource and reserve definitions and information concerning data sources. 
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CEMENT 
(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: |n 2022, U.S. portland cement production increased slightly to an estimated 

92 million tons, and masonry cement production increased to an estimated 2.5 million tons. Cement was produced at 
96 plants in 34 States, and at 2 plants in Puerto Rico. Texas, Missouri, California, and Florida were, in descending 
order of production, the four leading cement-producing States and accounted for approximately 43% of U.S. 
production. Overall, the U.S. cement industry's growth continued to be constrained by closed or idle plants, 
underutilized capacity at others, production disruptions from plant upgrades, and relatively inexpensive imports. In 
2022, shipments of cement were estimated to have increased by about 3% from those in 2021 and were valued at 
$14.6 billion. In 2022, an estimated 70% to 75% of sales were to ready-mixed concrete producers, 11% to concrete 
product manufacturers, 8% to 10% to contractors, and 5% to 12% to other customer types. 


Salient Statistics—United States:' 2018 201 2020 2021 2022° 
Production: 

Portland and masonry cement? 86,400 87,600 89,300 °93,000 95,000 

Clinker 77,112 78,858 78,951 79,000 80,000 
Shipments to final customers, includes exports 99,419 102,823 104,645 109,000 110,000 
Imports for consumption: 

Hydraulic cement 13,693 14,836 15,531 19,937 24,000 

Clinker 967 997 1,204 1,563 1,100 
Exports of hydraulic cement and clinker 919 1,024 884 940 900 
Consumption, apparent? 98,500 102,000 105,000 °110,000 120,000 
Price, average mill unit value, dollars per metric ton 121 124 125 €130 130 
Stocks, cement, yearend 8,580 7,990 7,180 ®7,000 7,500 
Employment, mine and mill, number® 12,300 12,500 12,200 12,300 13,000 
Net import reliance* as a percentage of apparent consumption 14 15 15 18 21 


Recycling: Cement is not recycled, but significant quantities of concrete are recycled for use as a construction 
aggregate. Cement kilns can use waste fuels, recycled cement kiln dust, and recycled raw materials such as slags 
and fly ash. Various secondary materials can be incorporated as supplementary cementitious materials (SCMs) in 
blended cements and in the cement paste in concrete. 


Import Sources (2018—21):° Canada, 30%; Turkey, 26%; Greece, 11%; Mexico, 8%; and other, 25%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 

Cement clinker 2523.10.0000 Free. 

White portland cement 2523.21.0000 Free. 

Other portland cement 2523.29.0000 Free. 

Aluminous cement 2523.30.0000 Free. 

Other hydraulic cement 2523.90.0000 Free. 


Depletion Allowance: Not applicable. Certain raw materials for cement production have depletion allowances. 


Government Stockpile: None. 


Events, Trends, and Issues: The value of total construction put in place in the United States increased by 11% 
during the first 9 months of 2022 compared with that in the same period in 2021. Residential construction spending 
increased more than nonresidential construction spending. Despite increased prices owing to increased costs of 
production, cement shipments increased by about 4% during the first 9 months of 2022 compared with those in the 
same period in 2021. The leading cement-consuming States continued to be Texas, California, and Florida, in 
descending order by tonnage. 


Increased cement apparent consumption in 2022 resulted from continued economic recovery from the effects of the 
global coronavirus disease 2019 (COVID-19) pandemic, and the November 2021 passage of the Bipartisan 
Infrastructure Law. In 2022, regulators implemented new measures designed to aid industry decarbonization efforts, 
including green procurement strategies and research investments. However, cement industry growth continued to be 
constrained by increased costs for energy, material, and service inputs; labor and production shortages; and ongoing 
supply chain disruptions. 
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Company merger-and-acquisition activity continued in 2022, including the sale of a United States-based cement 
company’s plant in California to a Japan-based cement company. The Japanese cement company also entered into 
an agreement to purchase a second cement plant in California from the United States cement company, pending 
regulatory approval. 


Upgrades at a cement plant in Alabama were completed and the facility restarted production in mid-2022. An upgrade 
of a cement plant in Indiana progressed toward its expected completion date in early 2023. A plant upgrade to 
increase cement production at a site in Arizona was completed in 2022. Plans to increase capacity at a cement plant 
in Texas were announced, with completion expected in mid-2025. Upgrades at a terminal in Florida were completed 
in 2022, and work began to increase capacity at a terminal in Virginia. Plans for new cement terminals in Georgia and 
Texas were announced. Several minor upgrades were ongoing at some other domestic plants and a few other 
cement terminals. A Spain-based company reported plans to open a specialty cement facility in Louisiana in 2023. 


Numerous companies continued to make announcements aligned with the industry’s commitment to sustainability, 
such as new blended cement product lines, renewable energy plans, decarbonization research initiatives, and other 
innovations. Following widespread acceptance of portland-limestone cement (PLC) blended cement by various 
authorities, several cement plants announced their transition to PLC (Type IL). Additionally, some plants reported 
increased alternative fuel substitution, new carbon capture, utilization and storage projects, usage of new 
technologies, and (or) business diversification efforts. Many plants have installed emissions-reduction equipment to 
comply with the 2010 National Emissions Standards for Hazardous Air Pollutants (NESHAP). It remained possible 
that some kilns could be shut, idled, or used at reduced capacity to comply with NESHAP, which would constrain U.S. 
clinker capacity. In 2022, cement plant closures were announced at cement plants in California and New York. 


World Production and Capacity: 


Cement production® Clinker capacity® 

2021 2022 2021 2022 

United States (includes Puerto Rico) 93,000 95,000 100,000 100,000 
Brazil 66,000 65,000 60,000 60,000 
China 2,400,000 2,100,000 2,000,000 2,000,000 
Egypt 50,000 51,000 48,000 48,000 
India 350,000 370,000 280,000 290,000 
Indonesia 65,000 64,000 79,000 79,000 
Iran 62,000 62,000 81,000 81,000 
Japan 50,000 50,000 54,000 54,000 
Korea, Republic of 50,000 50,000 62,000 62,000 
Mexico 52,000 50,000 42,000 42,000 
Russia 61,000 62,000 80,000 80,000 
Saudi Arabia 54,000 54,000 75,000 75,000 
Turkey 82,000 85,000 92,000 92,000 
Vietnam 110,000 120,000 90,000 100,000 
Other countries (rounded) 850,000 850,000 600,000 600,000 
World total (rounded) 4,400,000 4,100,000 3,700,000 3,800,000 


World Resources: See the Lime and Stone (Crushed) chapters for cement raw-material resources. 


Substitutes: Most portland cement is used to make concrete, mortars, or stuccos, and competes in the construction 
sector with concrete substitutes, such as aluminum, asphalt, clay brick, fiberglass, glass, gypsum (plaster), steel, 
stone, and wood. Certain materials, especially fly ash and ground granulated blast furnace slag, develop good 
hydraulic cementitious properties by reacting with lime, such as that released by the hydration of portland cement. 
Where readily available (including as imports), these SCMs are increasingly being used as partial substitutes for 
portland cement in many concrete applications and are components of finished blended cements. 


“Estimated. 

‘Portland cement plus masonry cement unless otherwise noted; excludes Puerto Rico unless otherwise noted. 

Includes cement made from imported clinker. 

3Defined as production of cement (including from imported clinker) + imports (excluding clinker) — exports + adjustments for stock changes. 
‘Defined as imports (cement and clinker) — exports. 

°Hydraulic cement and clinker; includes imports into Puerto Rico. 
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CESIUM 
(Data in metric tons of cesium oxide unless otherwise noted) 


Domestic Production and Use: |In 2022, no cesium was mined domestically, and the United States was 100% net 
import reliant for cesium minerals. Pollucite, mainly found in association with lithium-rich, lepidolite-bearing or petalite- 
bearing zoned granite pegmatites, is the principal cesium ore mineral. Cesium minerals are used as feedstocks to 
produce a variety of cesium compounds and cesium metal. The primary application for cesium, by gross weight, is in 
cesium formate brines used for high-pressure, high-temperature well drilling for oil and gas exploration and 
production. With the exception of cesium formate, cesium is used in relatively small-scale applications, using only a 
few grams for most applications. Owing to the lack of global availability of cesium, many applications have used 
mineral substitutes and the use of cesium in any particular application may no longer be viable. 


Cesium metal may be used in the production of cesium compounds and photoelectric cells. Cesium bromide may be 
used in infrared detectors, optics, photoelectric cells, scintillation counters, and spectrophotometers. Cesium 
carbonate may be used in the alkylation of organic compounds and in energy conversion devices, such as fuel cells, 
magneto-hydrodynamic generators, and polymer solar cells. Cesium chloride may be used in analytical chemistry 
applications as a reagent, in high-temperature solders, as an intermediate in cesium metal production, in isopycnic 
centrifugation, as a radioisotope in nuclear medicine, as an insect repellent in agricultural applications, and in 
specialty glasses. Cesium hydroxide may be used as an electrolyte in alkaline storage batteries. Cesium iodide may 
be used in fluoroscopy equipment—Fourier-transform infrared spectrometers—as the input phosphor of X-ray image 
intensifier tubes, and in scintillators. Cesium nitrate may be used as a colorant and oxidizer in the pyrotechnic 
industry, in petroleum cracking, in scintillation counters, and in X-ray phosphors. Cesium sulfates are often used as 
an intermediate form of cesium and may be used in water treatment, fuel cells, and to improve optical quality for 
scientific instruments. 


Cesium isotopes, which are obtained as a byproduct in nuclear fission or formed from other isotopes, such as 
barium-131, may be used in electronic, medical, metallurgical, and research applications. Cesium isotopes are used 
as an atomic resonance frequency standard in atomic clocks, playing a vital role in aircraft guidance systems, global 
positioning satellites, and internet and cellular telephone transmissions. Cesium clocks monitor the cycles of 
microwave radiation emitted by cesium’s electrons and use these cycles as a time reference. Owing to the high 
accuracy of the cesium atomic clock, the international definition of 1 second is based on the cesium atom. The U.S. 
civilian time and frequency standard is based on a cesium fountain clock at the National Institute of Standards and 
Technology in Boulder, CO. The U.S. military frequency standard, the United States Naval Observatory (USNO) 
timescale, is based on 48 weighted atomic clocks, including 25 USNO cesium fountain clocks. 


A company in Richland, WA, produced a range of cesium-131 medical products for treatment of various cancers. 
Cesium-137 may be used in industrial gauges, in mining and geophysical instruments, and for sterilization of food, 
sewage, and surgical equipment. Because of the danger posed by the radiological properties of cesium-137, efforts to 
find substitutes in its applications continued. 


Salient Statistics—United States: Consumption, import, and export data for cesium have not been available since 
the late 1980s. Because cesium metal is not traded in commercial quantities, a market price is unavailable. No more 
than a few thousand kilograms of cesium chemicals are thought to be consumed in the United States every year. The 
United States was 100% net import reliant for its cesium needs. 


In 2022, one company offered 1-gram ampoules of 99.8% (metal basis) cesium for $76.97 and 99.98% (metal basis) 
cesium for $97.86, 10% increases from $69.90 and $88.90 in 2021, respectively. In 2022, the prices for 50 grams of 
99.9% (metal basis) cesium acetate, cesium bromide, cesium carbonate, 99.99% (metal basis) cesium chloride, and 
cesium iodide were $134.62, $82.43, $118.66, $119.70, and $137.34, respectively, with increases ranging from 3% to 
9% from prices in 2021. 


The price for a cesium-plasma standard solution (10,000 micrograms per milliliter) in 2022 was $84.53 for 50 milliliters 
and $129.15 for 100 milliliters, increases of 8% from $78.60 and $120.00 in 2021, respectively. The price for 
25 grams of 98% (metal basis) cesium formate was $46.10, an 8% increase from $42.60 in 2021. 


Recycling: Cesium formate brines are typically rented by oil and gas exploration clients. After completion of the well, 


the used cesium formate brine is returned and reprocessed for subsequent drilling operations. Cesium formate brines 
are recycled, recovering nearly 85% of the brines for recycling to be reprocessed for further use. 
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Import Sources (2018-21): No reliable data have been available to determine the source of cesium ore imported by 
the United States since 1988. Prior to 2016, Canada was thought to be the primary supplier of cesium ore and refined 
chemicals. Based on recent import data, it is thought that Germany was a source of refined cesium chemicals. 


Tariff: Item Number Normal Trade Relations 
12-31-22 

Alkali metals, other 2805.19.9000 5.5% ad valorem. 
Chlorides, other 2827 .39.9000 3.7% ad valorem. 
Bromides, other 2827 .59.5100 3.6% ad valorem. 
lodides, other 2827 .60.5100 4.2% ad valorem. 
Sulfates, other 2833.29.5100 3.7% ad valorem. 
Nitrates, other 2834 .29.5100 3.5% ad valorem. 
Carbonates, other 2836 .99.5000 3.7% ad valorem. 
Cesium-137, other 2844 .43.0021 Free. 


Depletion Allowance: 14% (domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Domestic cesium occurrences will likely remain subeconomic unless market conditions 
change. No known human health issues are associated with exposure to naturally occurring cesium, and its use has 
minimal environmental impact. Manufactured radioactive isotopes of cesium have been known to cause adverse 
health effects. Certain cesium compounds may be toxic if consumed. Food that has been irradiated using the 
radioisotope cesium-137 has been found to be safe by the U.S. Food and Drug Administration. 


During 2022, no primary cesium mine production was reported globally but cesium was thought to have been mined 
in China. Mine production of cesium from all countries, excluding China, ceased within the past two decades. Mining 
of cesium in Namibia ceased in the early 2000s. Potential extraction of cesium from pollucite mining at the Tanco 
Mine in Canada ended in 2015. The Bikita Mine in Zimbabwe was depleted of pollucite ore reserves in 2018. The 
Sinclair Mine in Australia completed the mining and shipments of all economically recoverable pollucite ore in 2019. 
Recent reports indicate that, with current processing rates, the world’s commercial stockpiles of cesium ore, excluding 
those in China, may be depleted in the near future. 


Throughout 2022, multiple projects that would produce cesium through lepidolite, pollucite, soodumene, and 
zinnwaldite mining, focused primarily on lithium or cesium extraction, were in the feasibility and exploration stage, and 
one company was working on mine development. Beginning in late 2021 and early 2022, pollucite ore from the Tanco 
Mine was being shipped to China for lithium recovery. 


World Mine Production and Reserves:' There were no official sources for cesium production data in 2022. Cesium 
reserves are, therefore, estimated based on the occurrence of pollucite, a primary lithium-cesium-rubidium mineral. 
Most pollucite contains 5% to 32% cesium oxide. No reliable data were available to determine reserves for specific 
countries; however, Australia, Canada, China, and Namibia were thought to have reserves totaling less than 
200,000 tons. Existing stockpiles at multiple former mine sites have continued feeding downstream refineries, though 
recent reports have indicated stockpiles will be depleted within a few years. 


World Resources:' Cesium is associated with lithium-bearing pegmatites worldwide, and cesium resources have 
been identified in Australia, Canada, Namibia, the United States, and Zimbabwe. In the United States, pollucite 
occurs in pegmatites in Alaska, Maine, and South Dakota. Lower concentrations occur in brines in Chile and China 
and in geothermal systems in China, Germany, and India. China was thought to have cesium-rich deposits of 
geyserite, lepidolite, and pollucite, with concentrations highest in Yichun, Jiangxi Province, although no resource, 
reserve, or production estimates were available. 


Substitutes: Cesium and rubidium can be used interchangeably in many applications because they have similar 
physical properties and atomic radii. Cesium, however, is more electropositive than rubidium, making it a preferred 
material for some applications. However, rubidium is mined from similar deposits, in relatively smaller quantities, as a 
byproduct of cesium production in pegmatites and as a byproduct of lithium production from lepidolite (hard-rock) 
mining and processing, making it no more readily available than cesium. 


‘See Appendix C for resource and reserve definitions and information concerning data sources. 
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Domestic Production and Use: In 2022, the United States consumed an estimated 5% of world chromite ore 
production in various forms of imported materials, such as chromite ore, chromium chemicals, chromium ferroalloys, 
chromium metal, and stainless steel. Imported chromite ore was consumed by one chemical company to produce 
chromium chemicals. Stainless-steel and heat-resisting-steel producers were the leading consumers of 
ferrochromium. Stainless steels and superalloys require the addition of chromium via ferrochromium or chromium- 
containing scrap. The value of chromium material consumption was expected to be about $1.5 billion in 2022, as 
measured by the value of net imports, excluding stainless steel, which was a 75% increase from $874 million in 2021. 


Salient Statistics—United States: 201 2019 2020 2021 2022° 
Production: 

Mine — — — — — 

Recycling! 139 137 119 114 100 
Imports for consumption? 651 530 457 607 620 
Exports? 212 149 138 114 140 
Shipments from Government stockpile? 4 4 s) 7 5 
Consumption (includes recycling): 

Reported 459 482 386 375 310 

Apparent* 583 521 442 614 590 
Price, average unit value of imports, dollars per metric ton: 

Chromite ore (gross weight) 279 248 179 197 340 

Ferrochromium (chromium content)° 2,049 2,094 1,878 2,837 6,800 

Chromium metal (gross weight) 11,344 10,393 7,931 8,757 21,000 
Stocks, consumer, yearend 5 5 6 6 6 
Net import reliance® as a percentage of apparent consumption 76 74 73 81 83 


Recycling: In 2022, recycled chromium (contained in reported stainless-steel scrap receipts) accounted for 17% of 
apparent consumption. 


Import Sources (2018-21): Chromite (ores and concentrates): South Africa, 97%; Canada, 2%; and other, 1%. 
Chromium-containing scrap:’ Canada, 48%; Mexico, 42%; Netherlands, 4%; and other, 6%. 

Chromium (primary metal): South Africa, 30%; Kazakhstan, 13%; Russia, 9%; Germany, 7%; and other, 41%. 
Chromium-containing chemicals: China,? 23%; Germany, 20%; Kazakhstan, 19%; and other, 38%. Total imports: 
South Africa, 37%; Kazakhstan, 10%; Russia, 7%; Germany, 6%; and other, 40%. 


Tariff:'° Item Number Normal Trade Relations 
12-31-22 
Chromium ores and concentrates: 
Not more than 40% chromic oxide (Cr2O3) 2610.00.0020 Free. 
More than 40% but less than 46% Cr203 2610.00.0040 Free. 
More than or equal to 46% Cr203 2610.00.0060 Free. 
Ferrochromium: 
More than 4% carbon 7202.41.0000 1.9% ad valorem. 
More than 3% but less than 4% carbon 7202.49.1000 1.9% ad valorem. 
More than 0.5% but less than 3% carbon 7202.49.5010 3.1% ad valorem. 
Not more than 0.5% carbon 7202.49.5090 3.1% ad valorem. 
Ferrosilicon chromium 7202.50.0000 10% ad valorem. 
Chromium metal: 
Unwrought, powder 8112.21.0000 3% ad valorem. 
Waste and scrap 8112.22.0000 Free. 
Other 8112.29.0000 3% ad valorem. 


Depletion Allowance: 22% (domestic), 14% (foreign). 


Prepared by Ruth F. Schulte [(703) 648—4963, rschulte@usgs.gov] 


CHROMIUM 
Government Stockpile:": ‘2 
FY 2022 FY 2023 
Inventory Potential Potential Potential Potential 

Material as of 9-30-22 acquisitions disposals acquisitions disposals 
Ferrochromium: 

High carbon 17.2 — 1321.8 — 1321.8 

Low carbon 26.6 — — — — 
Chromium metal 3.47 — 0.454 — 0.454 


Events, Trends, and Issues: South Africa was the leading chromite ore producer. Global chromite ore mine 
production was estimated to have decreased slightly in 2022, owing to constraints from operational challenges in 
some countries, slow global economic growth, and increasing labor costs. China was the leading ferrochromium- and 
stainless-steel-producing country and the leading chromium-consuming country. Coronavirus disease 2019 
(COVID-19) pandemic-related lockdowns, tight financial conditions, and a decrease in demand could affect 
ferrochromium and stainless-steel production in China. The Bipartisan Infrastructure Law provided funding for a 
critical minerals mapping project, which includes chromium, that the U.S. Geological Survey will undertake as part of 
its Earth Mapping Resources Initiative. 


From September 2021 to September 2022, the monthly average high-carbon ferrochromium price increased by 85%. 
The price of chromium metal increased by 36% in September 2022 compared with the monthly average price in 
September 2021. 


World Mine Production and Reserves: Reserves for the United States were revised based on industry information. 
Reserves for Finland were revised based on Government reports. 


Mine production” Reserves'® 
2021 2022° (shipping grade)‘® 

United States — — 630 
Finland 2,210 2,200 8,300 
India 4,250 4,200 100,000 
Kazakhstan® 6,500 6,500 230,000 
South Africa 18,600 18,000 200,000 
Turkey 6,960 6,900 26,000 
Other countries 3,620 3,000 NA 

World total (rounded) 42,200 41,000 560,000 


World Resources:'* World resources are greater than 12 billion tons of shipping-grade chromite, sufficient to meet 
conceivable demand for centuries. World chromium resources are heavily geographically concentrated (95%) in 
Kazakhstan and southern Africa; United States chromium resources are mostly in the Stillwater Complex in Montana. 


Substitutes: Chromium has no substitute in stainless steel, the leading end use, or in superalloys, the major strategic 
end use. Chromium-containing scrap can substitute for ferrochromium in some metallurgical uses. 


“Estimated. NA Not available. — Zero. 

‘Recycling production is based on reported receipts of all types of stainless-steel scrap. 

Includes chromium chemicals, chromium metal, chromite ores, ferrochromium, and stainless-steel products and scrap. 

3Defined as change in total inventory from prior yearend inventory. If negative, increase in inventory. 

“Defined as production (from mines and recycling) + imports — exports + adjustments for Government and industry stock changes. 

°Excludes ferrochromium silicon. 

6Defined as imports — exports + adjustments for Government and industry stock changes. 

“Includes chromium metal scrap and stainless-steel scrap. 

8Includes chromium metal, ferrochromium, and stainless steel. 

*Includes Hong Kong. 

‘In addition to the tariff items listed, certain imported chromium materials (see 26 U.S.C., sec. 4661, 4662, and 4672) are subject to excise tax. 
See Appendix B for definitions. 

'2Units are thousand metric tons, gross weight. 

'SHigh-carbon and low-carbon ferrochromium, combined. 

“4Units are thousand metric tons, gross weight, of marketable chromite ore. 

'SSee Appendix C for resource and reserve definitions and information concerning data sources. 

'6Units are thousand metric tons of shipping-grade chromite ore, which is deposit quantity and grade normalized to 45% Cr2O3, except for the 
United States, where grade is normalized to 7% Cr2O3, and Finland, where grade is normalized to 26% Cr2Os. 
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CLAYS 
(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: Production of clays (sold or used) in the United States was estimated to be 26 
million tons valued at $1.7 billion in 2022, with about 120 companies operating clay and shale mines in 38 States. The 
leading 20 companies produced approximately 69% of the U.S. tonnage and 83% of the value for all types of clay. 
Principal domestic uses for specific clays were estimated to be as follows: ball clay—52% floor and wall tile and 19% 
sanitaryware; bentonite—49% pet waste absorbents and 23% drilling mud; common clay—46% brick, 26% 
lightweight aggregate, and 23% cement; fuller’s earth—83% absorbents (including oil and grease absorbents, pet 
waste absorbents, and miscellaneous absorbents); and kaolin—52% fillers, extenders, and binders and 25% 
ceramics. Fire clay uses were withheld to avoid disclosing company proprietary data. 


Exports of clay and shale were estimated to have decreased by 4% in 2022 from those in 2021 after increasing by 
18% in 2021 from exports in 2020. In 2022, the United States exported an estimated 890,000 tons of bentonite; 
Canada, Japan, and Mexico, in decreasing order, were the leading destinations. About 2.1 million tons of kaolin was 
exported mainly as a paper coating and filler; a component in ceramic bodies; and fillers and extenders in paint, 
plastic, and rubber products; Mexico, China, and Japan, in decreasing order, were the leading destinations. Lesser 
quantities of ball clay, fire clay, and fuller’s earth were exported for ceramic, refractory, and absorbent uses, 
respectively. 


Salient Statistics—United States: 2018 201 2020 2021 2022° 
Production (sold or used): 
Ball clay 1,110 °1,060 1,090 °1,200 1,200 
Bentonite 4,570 4,520 4,250 4,590 4,500 
Common clay 13,300 13,300 13,000 12,800 13,000 
Fire clay 567 603 635 675 720 
Fuller’s earth® ' 1,880 1,990 1,980 2,130 2,100 
Kaolin® 9,350 _5,060 _4570 4300 4,600 
Total" 2 26,800 26,500 25,500 25,700 26,000 
Imports for consumption: 
Artificially activated clays and earths 23 31 31 41 59 
Kaolin 330 293 224 149 170 
Other _68 _66 _28 _47 _61 
Total? 421 389 284 237 290 
Exports: 
Artificially activated clays and earths 149 138 127 140 130 
Ball clay 90 85 68 139 170 
Bentonite 845 906 728 862 890 
Clays, not elsewhere classified 244 204 185 186 200 
Fire clay? 250 194 190 210 180 
Fuller's earth 70 73 77 83 84 
Kaolin 2,390 2,280 1,990 2,340 2,100 
Total? 4,030 3,880 3,360 3,960 3,800 
Consumption, apparent* 23,200 23,000 22,400 22,000 22,000 
Price, average unit value, ex-works, dollars per metric ton: 
Ball clay 55 56 58 58 58 
Bentonite 98 98 97 100 97 
Common clay 17 18 17 17 17 
Fire clay 12 14 12 12 12 
Fuller's earth’ 88 88 89 88 92 
Kaolin 160 162 160 154 160 
Employment (excludes office workers), number:¢ 
Mine (may not include contract workers) 1,110 1,110 1,060 1,060 # 1,100 
Mill 4,310 4,310 4,260 4,240 4,300 
Net import reliance® as a percentage of apparent consumption E E E E = 


Recycling: Insignificant. 
Import Sources (2018-21): All clay types combined: Brazil, 68%; Mexico, 12%; China, 5%; and other, 15%. 


Prepared by Kristi J. Simmons [(703) 648-7962, kjsimmons@usgs.gov] 


CLAYS 
Tariff: Item Number Normal Trade Relations 
12-31-22 

Kaolin and other kaolinic clays, whether or not 

calcined 2507 .00.0000 Free. 
Bentonite 2508.10.0000 Free. 
Fire clay 2508.30.0000 Free. 
Common blue clay and other ball clays 2508.40.0110 Free. 
Decolorizing earths and fuller’s earth 2508.40.0120 Free. 
Other clays 2508.40.0150 Free. 
Chamotte or dinas earth 2508.70.0000 Free. 
Activated clays and activated earths 3802.90.2000 2.5% ad valorem. 
Expanded clays and other mixtures 6806.20.0000 Free. 


Depletion Allowance: Ball clay, bentonite, fire clay, fuller’s earth, and kaolin, 14% (domestic and foreign); clay used 
in the manufacture of common brick, lightweight aggregate, and sewer pipe, 7.5% (domestic and foreign); clay used 
in the manufacture of drain and roofing tile, flowerpots, and kindred products, 5% (domestic and foreign); clay from 
which alumina and aluminum compounds are extracted, 22% (domestic). 


Government Stockpile: None. 


Events, Trends, and Issues: In March 2022, a Georgia kaolin producer completed the sale of certain North 
American assets and mining resources that support the paper and packaging markets to another kaolin producer with 
headquarters in Georgia. Additionally, another kaolin producer with North American headquarters in Georgia 
completed an acquisition in September 2022, which included four production sites and related mines, reserves, and 
two processing facilities in central Georgia. 


World Mine Production and Reserves:® Global reserves are large, but country-specific data were not available. 


Mine production 


Bentonite Fuller’s earth Kaolin 

2021 2022° 2021 2022° 2021 2022° 

United States 4,590 4,500 12.130 12,100 4,300 4,600 
Brazil (beneficiated) 220 220 — — 1,200 1,200 
China 2,100 2,100 — — 8,400 8,400 
Czechia 230 230 — — 73,100 73,100 
Denmark 1,000 1,000 — — — — 
Greece 71,300 71,300 34 34 — — 
India 3,000 3,000 730 730 78,400 78,400 
Iran 700 700 — — 1,900 1,900 
Mexico 79 79 110 110 240 240 
Senegal — — 117 120 — — 
Spain 210 210 560 560 7270 7270 
Turkey 2,020 2,000 112 110 1,750 1,700 
Ukraine 180 180 — — 2,330 600 
Uzbekistan 50 50 — — 5,000 5,000 
Other countries 3,300 3,300 252 250 12,500 13,000 
World total (rounded)? 19,000 19,000 14,040 14,000 49,300 48,000 


World Resources:® Resources of all clays are extremely large. 


Substitutes: Clays compete with calcium carbonate in filler and extender applications; diatomite, organic pet litters, 
polymers, silica gel, and zeolites as absorbents; and various siding and roofing types in building construction. 


“Estimated. E Net exporter. — Zero. 

‘Does not include U.S. production of attapulgite. 

?Data may not add to totals shown because of independent rounding. 

3Includes refractory-grade kaolin. 

‘Defined as production (sold or used) + imports — exports. 

°Defined as imports — exports. 

6See Appendix C for resource and reserve definitions and information concerning data sources. 
“Includes production of crude ore. 
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COBALT 
(Data in metric tons of contained cobalt unless otherwise noted) 


Domestic Production and Use: In 2022, the nickel-copper Eagle Mine in Michigan produced cobalt-bearing nickel 
concentrate. In Missouri, a company produced nickel-copper-cobalt concentrate from historic mine tailings and was 
building a hydrometallurgical processing plant near the mine site. In October, commissioning began at a cobalt- 
copper-gold mine and mill in Idaho, where cobalt concentrate will be produced. This mine and one in Morocco are the 
only mines in the world where cobalt is the principal product. Most U.S. cobalt supply consisted of imports and 
secondary (scrap) materials. About six companies in the United States produced cobalt chemicals. An estimated 40% 
of the cobalt consumed in the United States was used in superalloys, mainly in aircraft gas turbine engines; 35% in a 
variety of chemical applications; 15% in various other metallic applications; and 10% in cemented carbides for cutting 
and wear-resistant applications. The total estimated value of cobalt consumed in 2022 was $530 million. 


Salient Statistics—United States: 2018 201 2020 2021 2022° 
Production:¢ 

Mine 480 500 600 650 800 

Secondary’ 2,750 2,750 2,010 1,800 # 1,900 
Imports for consumption 11,900 13,900 9,740 9,800 11,000 
Exports 6,980 4,080 3,430 4,930 5,100 
Consumption (includes secondary): 

Estimated? 9290 9,050 7,260 7,200 # £7,800 

Apparent® ° 7,680 12,500 8,470 6,600 7,800 
Price, average, dollars per pound: 

U.S. spot, cathode* 37.43 16.95 15.70 24.21 31 

London Metal Exchange (LME), cash 32.94 14.88 14.21 23.17 29 
Stocks, yearend: 

Industry® 2° 1,060 1,090 952 1,010 1,000 

LME, U.S. warehouse 130 102 82 50 30 
Net import reliance® as a percentage of apparent consumption 64 78 76 73 76 


Recycling: In 2022, cobalt contained in purchased scrap represented an estimated 24% of estimated cobalt 
consumption. 


Import Sources (2018-21): Cobalt contained in metal, oxide, and salts: Norway, 22%; Canada, 16%; Finland, 12%; 
Japan, 12%; and other, 38%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 

Cobalt ores and concentrates 2605.00.0000 Free. 
Chemical compounds: 

Cobalt oxides and hydroxides 2822.00.0000 0.1% ad valorem. 

Cobalt chlorides 2827 .39.6000 4.2% ad valorem. 

Cobalt sulfates 2833.29.1000 1.4% ad valorem. 

Cobalt carbonates 2836.99.1000 4.2% ad valorem. 

Cobalt acetates 2915.29.3000 4.2% ad valorem. 
Unwrought cobalt, alloys 8105.20.3000 4.4% ad valorem. 
Unwrought cobalt, other 8105.20.6000 Free. 
Cobalt mattes and other intermediate products; 

cobalt powders 8105.20.9000 Free. 
Cobalt waste and scrap 8105.30.0000 Free. 
Wrought cobalt and cobalt articles 8105.90.0000 3.7% ad valorem. 


Depletion Allowance: 22% (domestic), 14% (foreign). 


Government Stockpile:’ See the Lithium chapter for statistics on lithium-cobalt oxide and lithium-nickel-cobalt- 
aluminum oxide. 


FY 2022 FY 2023 
Inventory Potential Potential Potential Potential 
Material as of 9—30—22 acquisitions disposals acquisitions disposals 
Cobalt 302 — — — — 
Cobalt alloys, gross weight® 14 50 — — — 


Prepared by Kim B. Shedd [(703) 648-4974, kshedd@usgs.gov] 


COBALT 


Events, Trends, and Issues: Global cobalt mine and refinery production were forecast to increase to record-high 
levels in 2022. The increase in mine production was mainly in Congo (Kinshasa) and in Indonesia, where new mining 
and processing projects were starting production. Congo (Kinshasa) continued to be the world’s leading source of 
mined cobalt, accounting for about 70% of world cobalt mine production. With the exception of some production in the 
United States, production in Morocco, and artisanally mined cobalt in Congo (Kinshasa), most cobalt is mined as a 
byproduct of copper or nickel. China was the world’s leading producer of refined cobalt, most of which was produced 
from partially refined cobalt imported from Congo (Kinshasa). China was the world’s leading consumer of cobalt, with 
about 80% of its consumption used by the rechargeable battery industry. 


World Mine Production and Reserves: Reserves for Australia, China, and Congo (Kinshasa) were revised based 
on company and Government reports. 


Mine production Reserves? 
2021 2022° 

United States ®650 800 69,000 
Australia 5,295 5,900 104 500,000 
Canada 4,361 3,900 220,000 
China ©2,200 2,200 140,000 
Congo (Kinshasa) ®119,000 130,000 4,000,000 
Cuba £4,000 3,800 500,000 
Indonesia ®2,700 10,000 600,000 
Madagascar °2,800 3,000 100,000 
Morocco °2,300 2,300 13,000 
Papua New Guinea 2,953 3,000 47,000 
Philippines ®3,600 3,800 260,000 
Russia €8,000 8,900 250,000 
Turkey ©2,400 2,700 36,000 
Other countries 4,567 5,200 610,000 
World total (rounded) 165,000 190,000 8,300,000 


World Resources:? Identified cobalt resources of the United States are estimated to be about 1 million tons. Most of 
these resources are in Minnesota, but other important occurrences are in Alaska, California, Idaho, Michigan, 
Missouri, Montana, Oregon, and Pennsylvania. With the exception of resources in Idaho and Missouri, any future 
cobalt production from these deposits would be as a byproduct of another metal. Identified world terrestrial cobalt 
resources are about 25 million tons. The vast majority of these resources are in sediment-hosted stratiform copper 
deposits in Congo (Kinshasa) and Zambia; nickel-bearing laterite deposits in Australia and nearby island countries 
and Cuba; and magmatic nickel-copper sulfide deposits hosted in mafic and ultramafic rocks in Australia, Canada, 
Russia, and the United States. More than 120 million tons of cobalt resources have been identified in polymetallic 
nodules and crusts on the floor of the Atlantic, Indian, and Pacific Oceans. 


Substitutes: Depending on the application, substitution for cobalt could result in a loss in product performance or an 
increase in cost. The cobalt contents of lithium-ion batteries, the leading global use for cobalt, are being reduced; 
potential commercially available cobalt-free substitutes use iron and phosphorus. Potential substitutes in other 
applications include barium or strontium ferrites, neodymium-iron-boron alloys, or nickel-iron alloys in magnets; 
cerium, iron, lead, manganese, or vanadium in paints; cobalt-iron-copper or iron-copper in diamond tools; copper- 
iron-manganese for curing unsaturated polyester resins; iron, iron-cobalt-nickel, nickel, ceramic-metallic composites 
(cermets), or ceramics in cutting and wear-resistant materials; nickel-base alloys or ceramics in jet engines; nickel in 
petroleum catalysts; rhodium in hydroformylation catalysts; and titanium-base alloys in prosthetics. 


“Estimated. — Zero. 

‘Estimated from consumption of purchased scrap. 

?Includes reported data and U.S. Geological Survey estimates. 

3Defined as secondary production + imports — exports + adjustments for Government and industry stock changes for refined cobalt. 
“Source: Platts Metals Week. Cobalt cathode is refined cobalt metal produced by an electrolytic process. 

°Stocks held by consumers and processors; excludes stocks held by trading companies and held for investment purposes. 
6Defined as imports — exports + adjustments for Government and industry stock changes for refined cobalt. 

’See Appendix B for definitions. 

8Inventory is cobalt alloys; potential acquisitions are samarium-cobalt alloy; excludes potential disposals of aerospace alloys. 
°See Appendix C for resource and reserve definitions and information concerning data sources. 

'°For Australia, Joint Ore Reserves Committee-compliant or equivalent reserves were 670,000 tons. 
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COPPER 
(Data in thousand metric tons of contained copper unless otherwise noted) 


Domestic Production and Use: In 2022, the recoverable copper content of U.S. mine production was an estimated 
1.3 million tons, an increase of 6% from that in 2021, and was valued at an estimated $11 billion, 6% less than 
$11.7 billion in 2021. Arizona was the leading copper-producing State and accounted for approximately 70% of 
domestic output; copper was also mined in Michigan, Missouri, Montana, Nevada, New Mexico, and Utah. Copper 
was recovered or processed at 25 mines (17 of which accounted for more than 99% of mine production), 2 primary 
smelters, 2 electrolytic refineries, and 14 electrowinning facilities. An additional primary smelter and electrolytic 
refinery have been closed indefinitely since October 2019, and a new secondary smelter was in the process of 
starting up as of September. Refined copper and scrap were consumed at about 30 brass mills, 14 rod mills, and 
500 foundries and miscellaneous manufacturers. Copper and copper alloy products were used in building 
construction, 46%; electrical and electronic products, 21%; transportation equipment, 16%; consumer and general 
products, 10%; and industrial machinery and equipment, 7%." 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production: 
Mine, recoverable copper content 1,220 1,260 1,200 1,230 # 1,300 
Refinery: 
Primary (from ore) 1,070 985 874 922 960 
Secondary (from scrap) 41 44 43 49 40 
Copper recovered from old (post-consumer) scrap? 141 166 160 ®170 160 
Imports for consumption: 
Ore and concentrates 32 27 2 11 15 
Refined 778 663 676 919 810 
Exports: 
Ore and concentrates 253 356 383 347 330 
Refined 190 125 41 48 30 
Consumption: 
Reported, refined metal 1,820 1,810 1,770 1,770 1,800 
Apparent, primary refined and old scrap? 1,820 1,820 1,660 1,960 1,900 
Price, annual average, cents per pound: 
U.S. producer, cathode (COMEX + premium) 298.7 279.6 286.7 432.3 410 
COMEX, high-grade, first position 292.66 272.3 279.9 424.3 400 
London Metal Exchange, grade A, cash 296.0 272.4 279.8 422.5 400 
Stocks, refined, held by U.S. producers, consumers, and metal 244 110 118 117 120 
exchanges, yearend 
Employment, mine and plant, number 11,700 12,000 11,000 11,400 12,000 
Net import reliance* as a percentage of apparent consumption 33 37 38 44 41 


Recycling: Old (post-consumer) scrap, converted to refined metal, alloys, and other forms, provided an estimated 
160,000 tons of copper in 2022, and an estimated 670,000 tons of copper was recovered from new (manufacturing) 
scrap derived from fabricating operations. Of the total copper recovered from scrap, brass and wire-rod mills 
accounted for approximately 85%; smelters, refiners, and ingot makers, 10%; and chemical plants, foundries, and 
miscellaneous manufacturers, 5%. Copper recovered from scrap contributed 32% of the U.S. copper supply.°® 


Import Sources (2018-21): Copper content of blister and anodes: Finland, 90%; and other, 10%. Copper content of 
matte, ash, and precipitates: Canada, 34%; Belgium, 17%; Japan, 15%; Mexico, 11%; and other, 23%. Copper 
content of ore and concentrates: Mexico, 82%; Canada, 18%; and other, <1%. Copper content of scrap: Canada, 
51%; Mexico, 37%; and other, 12%. Refined copper: Chile, 64%; Canada, 20%; Mexico, 11%; and other, 5%. Refined 
copper accounted for 86% of all unmanufactured copper imports. 


Tariff: Item Number Normal Trade Relations 
12-31-22 

Copper ore and concentrates, copper content 2603.00.0010 1.7¢/kg on lead content. 

Unrefined copper anodes 7402.00.0000 Free. 

Refined copper and alloys, unwrought 7403.00.0000 1% ad valorem. 

Copper wire rod 7408.11.0000 1% or 3% ad valorem. 


Depletion Allowance: 15% (domestic), 14% (foreign). 


Government Stockpile: None. 
Prepared by Daniel M. Flanagan [(703) 648-7726, dflanagan@usgs.gov] 
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COPPER 


Events, Trends, and Issues: In 2022, the largest increase in mined copper output in the United States was at the 
Bingham Canyon Mine in Utah, where ore grades and recovery rates were higher than those in 2021 following the 
transition to mining a new area of the open pit. Copper production also rose significantly at the Morenci and Safford 
Mines in Arizona, reflecting increased mining, milling, and (or) leaching rates. Owing to labor shortages and lower 
copper ore grades, the most significant decrease in mined copper output was at the Mission Mine in Arizona. The 
rampups of the Gunnison Mine in Arizona and the Pumpkin Hollow Mine in Nevada continued to be delayed by 
technical issues. Refined copper production in the United States increased by an estimated 3% in 2022 compared 
with that in 2021 because of a greater supply of copper concentrates to the Miami smelter in Arizona, which was 
partially offset by unplanned stoppages and labor shortages at the Garfield smelter in Utah. A new smelter in North 
Carolina designed to produce copper anodes from scrap was in the process of ramping up as of September, and at 
least five other domestic facilities that would recover copper from scrap were expected to begin operating within the 
next few years. In August, a leading copper wire-rod plant in Amarillo, TX, was indefinitely shut down owing to high 
production costs, maintenance issues, and labor shortages. 


The annual average COMEX copper price was projected to be about $4 per pound in 2022, 6% less than that in 
2021. Analysts attributed the decreased price primarily to widespread global expectations for reduced economic 
growth and lower demand for copper in the near future, coronavirus disease 2019 (COVID-19) mitigation measures in 
China, and increased strength of the United States dollar relative to other currencies. 


World Mine and Refinery Production and Reserves: Reserves for Australia, Canada, Chile, China, Peru, Poland, 
the United States, and Zambia were revised based on company and Government reports. 


Mine production Refinery production Reserves® 
2021 2022° 2021 2022° 

United States 1,230 1,300 971 1,000 44,000 
Australia 813 830 385 380 797,000 
Canada 550 530 287 310 7,600 
Chile 5,620 5,200 2,270 2,100 190,000 
China 1,910 1,900 10,500 11,000 27,000 
Congo (Kinshasa) 1,740 2,200 1,450 1,700 31,000 
Germany — — 615 620 — 
Indonesia 731 920 290 300 24,000 
Japan — — 1,510 1,600 — 
Kazakhstan 510 580 500 510 20,000 
Korea, Republic of — — 647 660 — 
Mexico 734 740 473 470 53,000 
Peru 2,300 2,200 336 290 81,000 
Poland 391 390 578 590 30,000 
Russia £940 1,000 981 1,100 62,000 
Zambia 842 770 354 350 19,000 
Other countries 2,850 3,400 3,170 3,000 200,000 
World total (rounded) 21,200 22,000 25,300 26,000 890,000 


World Resources:® A U.S. Geological Survey study of global copper deposits indicated that, as of 2015, identified 
resources contained 2.1 billion tons of copper, and undiscovered resources contained an estimated 3.5 billion tons.® 


Substitutes: Aluminum substitutes for copper in automobile radiators, cooling and refrigeration tube, electrical 
equipment, and power cable. Titanium and steel are used in heat exchangers. Optical fiber substitutes for copper in 
telecommunications applications, and plastics substitute for copper in drain pipe, plumbing fixtures, and water pipe. 


°Estimated. — Zero. 

‘Distribution reported by the Copper Development Association. 

?Copper converted to refined metal, alloys, and other forms by brass and wire-rod mills, foundries, refineries, and other manufacturers. 
3Primary refined production + copper recovered from old scrap + refined imports — refined exports + refined copper stock change. 
“Defined as refined imports — refined exports + refined copper stock change. 

°Primary refined production + copper recovered from old and new scrap + refined imports — refined exports + refined copper stock change. 
6See Appendix C for resource and reserve definitions and information concerning data sources. 

‘For Australia, Joint Ore Reserves Committee-compliant or equivalent reserves were 23 million tons. 

8Source: Hammarstrom, J.M., Zientek, M.L., Parks, H.L., Dicken, C.L., and the U.S. Geological Survey Global Copper Mineral Resource 
Assessment Team, 2019, Assessment of undiscovered copper resources of the world, 2015 (ver.1.1, May 24, 2019): U.S. Geological Survey 
Scientific Investigations Report 2018-5160, 619 p., https://doi.org/10.3133/sir20185160. 
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DIAMOND (INDUSTRIAL)' 
(Data in million carats unless otherwise noted) 


Domestic Production and Use: In 2022, total domestic primary production of manufactured industrial diamond bort, 
grit, and dust and powder was estimated to be 150 million carats with a value of $48 million, a 14% increase in 
quantity and value compared with that in 2021. No industrial diamond stone was produced domestically. One 
company with facilities in Florida and Ohio and a second company in Pennsylvania accounted for all domestic primary 
production. At least four companies produced polycrystalline diamond from diamond powder. At least two companies 
recovered used industrial diamond material from used diamond drill bits, diamond tools, and other diamond- 
containing wastes for recycling. The major consuming sectors of industrial diamond are computer chip production; 
construction; drilling for minerals, natural gas, and oil; machinery manufacturing; stone cutting and polishing; and 
transportation (infrastructure and vehicles). Highway building, milling, and repair and stone cutting consumed most of 
the industrial diamond stone. About 99% of U.S. industrial diamond apparent consumption was synthetic industrial 
diamond because its quality can be controlled, and its properties can be customized. 


Salient Statistics—United States: 2018 201 2020 2021 2022° 
Bort, grit, and dust and powder; natural and synthetic: 
Production: 
Manufactured diamond® 184 114 130 132 150 
Secondary 32 36 35 1.2 1.2 
Imports for consumption 574 310 190 261 340 
Exports 139 114 90 99 100 
Consumption, apparent? 652 347 265 295 390 
Price, unit value of imports, dollars per carat 0.12 0.14 0.19 0.18 0.19 
Net import reliance? as a percentage of apparent consumption 67 57 38 55 62 
Stones, natural and synthetic: 
Production: 
Manufactured diamond® — — — — — 
Secondary 0.13 0.10 0.10 0.08 0.08 
Imports for consumption 2.52 1.07 0.51 0.33 0.64 
Exports — — 0.02 — (4) 
Consumption, apparent? 2.65 1.17 0.59 0.41 0.71 
Price, unit value of imports, dollars per carat 2.96 5.82 8.41 13.0 10 
Net import reliance?’ as a percentage of apparent consumption 95 91 83 81 89 


Recycling: In 2022, the amount of diamond bort, grit, and dust and powder recycled was estimated to be 1.2 million 
carats with an estimated value of $400,000. It was estimated that 75,000 carats of diamond stone were recycled with 
an estimated value of $110,000. 


Import Sources (2018-21): Bort, grit, and dust and powder; natural and synthetic: China,® 81%; Republic of Korea, 
6%; Ireland, 5%; Russia, 4%; and other, 4%. Stones, primarily natural: South Africa, 22%; Congo (Kinshasa), 19%; 
India, 17%; Sierra Leone, 10%; and other, 32%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Industrial Miners’ diamonds: 
Carbonados 7102.21.1010 Free. 
Other 7102.21.1020 Free. 
Industrial diamonds: 
Simply sawn, cleaved, or bruted 7102.21.3000 Free. 
Not worked 7102.21.4000 Free. 
Grit or dust and powder of natural diamonds: 
80 mesh or finer 7105.10.001 1 Free. 
Over 80 mesh 7105.10.0015 Free. 
Grit or dust and powder of synthetic diamonds: 
Coated with metal 7105.10.0020 Free. 
Not coated with metal, 80 mesh or finer 7105.10.0030 Free. 
Not coated with metal, over 80 mesh 7105.10.0050 Free. 


Prepared by Donald W. Olson [(703) 648-7721, dolson@usgs.gov] 


DIAMOND (INDUSTRIAL) 
Depletion Allowance: 14% (domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Most natural industrial diamond is produced as a byproduct of mining gem-quality 
diamond. Global natural industrial diamond production was essentially the same in 2022 as in the previous year. 
Russia, the leading country in the production of natural industrial diamond, produced 17 million carats or 37% of total 
world production, followed by Congo (Kinshasa), 11 million carats (24%); Botswana, 7 million carats (15%); South 
Africa, 6 million carats (13%); and Zimbabwe, 4 million carats (9%). These five countries produced 98% of the world’s 
natural industrial diamond. In recent years, mines have closed and output has been lower as mines approach the 
ends of their lives. The world’s largest diamond mines have matured and are past their peak production levels, and 
several of the largest diamond mines are expected to close by the end of 2025. As these mines are depleted, global 
production is expected to decline in quantity. 


In 2022, U.S. synthetic-industrial-diamond producers did not manufacture any diamond stone, and the combined 
apparent consumption of all types of industrial diamond increased. Domestic and global consumption of synthetic 
diamond grit and powder is expected to remain greater than that of natural diamond material. Imports of all types of 
natural and synthetic industrial diamond imports increased by 29%. In 2022, China was the leading producing country 
of synthetic industrial diamond, followed by the United States, Russia, Ireland, and South Africa, in descending order 
of quantity. These five countries produced about 99% of the world’s synthetic industrial diamond. Synthetic diamond 
accounted for more than 99% of global industrial diamond production and consumption. Worldwide production of 
manufactured industrial diamond totaled more than 15.4 billion carats. 


The United States is likely to continue to be one of the world’s leading markets for industrial diamond into the next 
decade and is expected to remain a significant producer and exporter of synthetic industrial diamond as well. U.S. 
demand for industrial diamond is likely to be strong in the construction sector as the United States continues building, 
milling, and repairing the Nation’s highway system. Industrial diamond is impregnated in or coats the cutting edge of 
saws used to cut concrete in highway construction and repair work. 


World Natural Industrial Diamond Mine Production and Reserves: Reserves for Russia were revised based on 
company and Government reports. 


Mine production Reserves® 
2021 2022° 

United States — — NA 
Australia — — 711 
Botswana 7 7 300 
Congo (Kinshasa) 11 11 150 
Russia 17 17 600 
South Africa 6 6 120 
Zimbabwe 4 4 NA 
Other countries 1 oa 120 
World total (rounded) 46 46 1,300 


World Resources:® Natural diamond deposits have been discovered in more than 35 countries. Natural diamond 
accounts for about 4% of all industrial diamond used; synthetic diamond accounts for the remainder. At least 
15 countries have the technology to produce synthetic diamond. 


Substitutes: Materials that can compete with industrial diamond in some applications include manufactured 
abrasives, such as cubic boron nitride, fused aluminum oxide, and silicon carbide. Globally, synthetic diamond, rather 
than natural diamond, is used for about 99% of industrial applications. 


“Estimated. NA Not available. — Zero. 

‘See the Gemstones chapter for information on gem-quality diamond. 

?Defined as manufactured diamond production + secondary diamond production + imports — exports. 
3Defined as imports — exports. 

‘Less than 500 carats. 

*Includes Hong Kong. 

6See Appendix C for resource and reserve definitions and information concerning data sources. 

‘For Australia, Joint Ore Reserves Committee-compliant or equivalent reserves were 10 million carats. 
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DIATOMITE 
(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: In 2022, production of diatomite, also known as diatomaceous earth, was estimated 
to be 1.1 million tons with an estimated processed value of $450 million, free on board (f.o.b.) plant. Six companies 
produced diatomite at 12 mining areas and 9 processing facilities in California, Nevada, Oregon, and Washington. 
Approximately 55% of diatomite is used in filtration products. The remaining 45% is used in absorbents, fillers, 
lightweight aggregates, and other applications. A small amount, less than 1%, is used for specialized pharmaceutical 
and biomedical purposes. The unit value of diatomite varied widely in 2022, from approximately $10 per ton when 
used as a lightweight aggregate in portland cement concrete to more than $1,000 per ton for limited specialty 
markets, including art supplies, cosmetics, and deoxyribonucleic acid (DNA) extraction. The price for diatomite used 
for filtration was approximately $550 per ton. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production‘ 957 768 822 998 1,100 
Imports for consumption 9 10 14 14 13 
Exports 68 66 66 68 60 
Consumption, apparent? 898 712 770 944 81,100 
Price, average value, f.o.b. plant, dollars per ton 330 340 330 410 430 
Employment, mine and plant, number® 370 370 370 370 370 
Net import reliance? as a percentage of apparent consumption E E E E E 


Recycling: None. 
Import Sources (2018-21): Canada, 62%; Mexico, 13%; Germany, 10%; Argentina, 5%; Japan, 5%; and other, 5%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Siliceous fossil meals, including diatomite 2512.00.0000 Free. 


Depletion Allowance: 14% (domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: The amount of domestically produced diatomite sold or used by producers in 2022 was 
10% higher than that in 2021. Apparent domestic consumption in 2022 was estimated at 1.1 million tons, 17% more 
than that in 2021. Exports were estimated to have decreased by 12%. The United States remained the leading global 
producer and consumer of diatomite. Filtration (including the purification of beer, liquors, and wine and the cleansing 
of greases and oils) continued to be the leading end use for diatomite. An important application for diatomite is the 
removal of microbial contaminants, such as bacteria, protozoa, and viruses in public water systems. Domestically, 
diatomite used in the production of cement was the second-ranked use. Other applications for diatomite include 
filtration of human blood plasma, pharmaceutical processing, and use as a nontoxic insecticide. 
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In 2022, the United States accounted for an estimated 44% of total world production; followed by Denmark with 16%; 
China with 6%; and Argentina, Mexico, and Turkey, each with 4%. Smaller quantities of diatomite were mined in 
21 additional countries. The production of diatomite in 2022 remained about the same as that in 2021. 


World Mine Production and Reserves: Reserves for China and the Republic of Korea were revised based on 
Government reports. 


Mine production® Reserves‘ 
2021 2022 

United States" 998 1,100 250,000 
Argentina 100 100 NA 
China 140 140 150,000 
Denmark® (processed) 420 400 NA 
France 75 80 NA 
Germany 50 50 NA 
Japan 40 40 NA 
Korea, Republic of 65 65 2,300 
Mexico 96 100 NA 
New Zealand 40 40 NA 
Peru 85 85 NA 
Russia 51 50 NA 
Spain 50 50 NA 
Turkey 100 100 44,000 
Other countries 140 140 NA 
World total (rounded) 2,450 2,900 Large 


World Resources:* Diatomite deposits form from an accumulation of amorphous hydrous silica cell walls of dead 
diatoms in oceanic and fresh waters. Diatomite is also known as kieselguhr (Germany), tripolite (after an occurrence 
near Tripoli, Libya), and moler (an impure Danish form). Because U.S. diatomite occurrences are at or near Earth’s 
surface, recovery from most deposits is achieved through low-cost, open pit mining. Outside the United States, 
however, underground mining is fairly common owing to deposit location and topographic constraints. World 
resources of crude diatomite are adequate for the foreseeable future. 


Substitutes: Many materials can be substituted for diatomite. However, the unique properties of diatomite assure its 
continued use in many applications. Expanded perlite and silica sand compete for filtration. Filters made from 
manufactured materials, notably ceramic, polymeric, or carbon membrane filters and filters made with cellulose fibers, 
are becoming competitive as filter media. Alternate filler materials include clay, ground limestone, ground mica, 
ground silica sand, perlite, talc, and vermiculite. For thermal insulation, materials such as various clays, exfoliated 
vermiculite, expanded perlite, mineral wool, and special brick can be used. Transportation costs will continue to 
determine the maximum economic distance that most forms of diatomite may be shipped and still remain competitive 
with alternative materials. 


“Estimated. E Net exporter. NA Not available. 

‘Processed ore sold or used by producers. 

?Defined as production + imports — exports. 

3Defined as imports — exports. 

4See Appendix C for resource and reserve definitions and information concerning data sources. 
‘Includes sales of moler production. 
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FELDSPAR AND NEPHELINE SYENITE 
(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: U.S. feldspar production in 2022 had an estimated value of $45 million. Feldspar 
was produced by seven companies in California, Idaho, North Carolina, Oklahoma, South Dakota, and Virginia. 
Feldspar processors reported joint product recovery of mica and silica sand. One company produced nepheline 
syenite in the United States as a flux, but production data were not available. 


Feldspar is ground to about 20 mesh for glassmaking and to 200 mesh or finer for most ceramic and filler 
applications. It was estimated that domestically produced feldspar was transported by ship, rail, or truck to at least 
30 States and to foreign destinations, including Canada and Mexico. In pottery and glass, feldspar and nepheline 
syenite function as a flux. Glass manufacturing accounted for an estimated 47% of the 2022 end-use distribution of 
domestic feldspar and nepheline, and ceramic tile, pottery, and other uses, accounted for the remaining 53%. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production, feldspar, marketable’ 550 450 430 340 420 
Imports for consumption: 

Feldspar 181 64 43 169 270 

Nepheline syenite 1,070 508 503 529 500 
Exports, feldspar 4 4 3 4 3 
Consumption, apparent:" 2 

Feldspar only 730 510 470 510 690 

Feldspar and nepheline syenite 1,800 1,000 970 1,000 1,200 
Price, average unit value, dollars per metric ton: 

Feldspar only, marketable production 97 107 108 110 110 

Nepheline syenite, imports 76 156 163 164 180 
Employment, mine, preparation plant, and office, number® 240 240 240 220 220 
Net import reliance? as a percentage of apparent consumption: 

Feldspar 24 12 8 33 39 

Nepheline syenite >95 >95 >95 >95 >95 


Recycling: Feldspar and nepheline syenite are not recycled by producers; however, glass container producers use 
cullet (recycled container glass), thereby reducing feldspar and nepheline syenite consumption. 


Import Sources (2018-21): Feldspar: Turkey, 94%; Mexico, 4%; and other, 2%. Nepheline syenite: Canada, 100%. 


Tariff: Item Number Normal Trade Relations 

12-31-22 
Feldspar 2529.10.0000 Free. 
Nepheline syenite 2529.30.0010 Free. 


Depletion Allowance: 14% (domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: In 2022, estimated domestic production and sales of feldspar increased by about 24%, 
and the average unit value of sales was essentially unchanged compared with that in 2021. Estimated imports of 
feldspar increased by 60% compared with those in 2021, whereas nepheline syenite imports decreased by an 
estimated 5% in 2022 from those in 2021. Imports of nepheline syenite reported by the U.S. Census Bureau in 2018 
were unusually high. 
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In the United States, residential construction, in which feldspar is a raw material commonly used in the manufacture of 
plate glass, ceramic tiles and sanitaryware, and insulation, was unchanged during the first 10 months of 2022 
compared with that in the same period in 2021. Glass—including beverage containers (more than one-half of the 
feldspar consumed by the glass industry), plate glass, and fiberglass insulation for housing and building 
construction—accounted for nearly one-half of all end uses of feldspar in the United States. Production and sales of 
feldspar were expected to increase into 2023, owing in part to an increase in demand for automotive glass 
manufacturing and for solar glass, used in the production of solar panels. 


A company based in Canada continued development of a feldspar-quartz-kaolin project in Idaho that contains high- 
grade potassium feldspar. Production was expected to be about 30,000 tons per year of potassium feldspar during a 
25-year mine life. For several years, the operation has produced a feldspathic sand product with low-iron and low- 
trace-element concentrations from old mine tailings, which was sold to ceramic tile producers. 


World Mine Production and Reserves:* Reserves for China were revised based on Government reports. 


Mine production Reserves?® 

2021 2022° 
United States’ 340 420 NA 
Brazil (beneficiated, marketable) 491 630 150,000 
China ®2,500 2,400 130,000 
Czechia °450 460 22,000 
India ®6,600 6,600 320,000 
Iran ®2,000 2,000 630,000 
Italy 2,200 2,200 NA 
Korea, Republic of 987 1,000 180,000 
Mexico 356 320 NA 
Pakistan &440 360 NA 
Saudi Arabia 549 820 NA 
Spain (includes pegmatites) ®800 800 NA 
Thailand ®4,200 1,300 220,000 
Turkey 6,100 6,200 240,000 
Other countries 2,610 2,600 NA 
World total (rounded) 27,600 28,000 Large 


World Resources:? Identified and undiscovered resources of feldspar are more than adequate to meet anticipated 
world demand. Quantitative data on resources of feldspar existing in feldspathic sands, granites, and pegmatites 
generally have not been compiled. Ample geologic evidence indicates that resources are large, although not always 
conveniently accessible to the principal centers of consumption. 


Substitutes: Imported nepheline syenite was the major alternative material for feldspar. Feldspar can be replaced in 
some of its end uses by clays, electric furnace slag, feldspar-silica mixtures, pyrophyllite, soodumene, or talc. 


“Estimated. NA Not available. 

‘Rounded to two significant digits to avoid disclosing company proprietary data. 

?Defined as production + imports — exports. 

3Defined as imports — exports. 

4Feldspar only. 

°See Appendix C for resource and reserve definitions and information concerning data sources. 
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FLUORSPAR 
(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: In 2022, minimal fluorspar (calcium fluoride, CaFz2) was produced in the 

United States. One company sold fluorspar from stockpiles produced as a byproduct of its limestone quarrying 
operation in Cave-In-Rock, IL. A second company, which was developing a mine in Utah, received a $5 million loan 
from the U.S. Department of Agriculture which it expected would be used to fund completion of a metallurgical-grade 
fluorspar-processing plant, rail spur, and tailings dam. An estimated 40,000 tons of fluorosilicic acid (FSA), equivalent 
to about 65,000 tons of fluorspar grading 100% CaF2, was recovered from three phosphoric acid plants processing 
phosphate rock. A company in Aurora, NC, continued construction on a plant to produce hydrofluoric acid (HF) from 
FSA. The U.S. Department of Energy continued to produce aqueous HF as a byproduct of the conversion of depleted 
uranium hexafluoride to depleted uranium oxide at plants in Paducah, KY, and Portsmouth, OH; the aqueous HF was 
sold into the commercial market. 


U.S. fluorspar consumption was satisfied by imports. Domestically, production of HF in Louisiana and Texas was by 
far the leading use for acid-grade fluorspar. Hydrofluoric acid is the primary feedstock for the manufacture of virtually 
all fluorine-bearing chemicals, particularly refrigerants and fluoropolymers, and is also a key ingredient in the 
processing of aluminum and uranium. Fluorspar was also used in cement production, in enamels, as a flux in 
steelmaking, in glass manufacture, in iron and steel casting, and in welding rod coatings. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production: 
Finished, metallurgical grade NA NA NA NA NA 
Fluorosilicic acid from phosphate rock 33 29 22 40 40 
Imports for consumption: 
Acid grade 381 346 427 391 450 
Metallurgical grade 78 _59 _65 _59 _80 
Total fluorspar imports 459 405 492 451 530 
Hydrofluoric acid 122 124 103 103 110 
Aluminum fluoride 25 38 21 28 22 
Cryolite 17 21 26 42 29 
Exports, fluorspar, all grades’ 9 8 9 15 27 
Consumption, apparent? 450 398 483 436 500 


Price, average unit value of imports, cost, insurance, and freight, 
dollars per metric ton: 


Acid grade 276 304 309 322 360 
Metallurgical grade 258 292 149 151 140 
Employment, mine, number® 18 14 16 17 17 
Net import reliance? as a percentage of apparent consumption 100 100 100 100 100 


Recycling: Synthetic fluorspar may be produced from neutralization of waste in the enrichment of uranium, petroleum 
alkylation, and stainless-steel pickling; however, undesirable impurities constrain use. Primary aluminum producers 
recycle HF and fluorides from smelting operations. 


Import Sources (2018-—21):° Mexico, 66%; Vietnam, 16%; South Africa, 7%; Canada, 7%; and other, 4%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Metallurgical grade (97% or less CaF 2) 2529.21.0000 Free. 
Acid grade (more than 97% CaFz) 2529.22.0000 Free. 
Natural cryolite 2530.90.1000 Free. 
Hydrogen fluoride (hydrofluoric acid) 2811.11.0000 Free. 
Aluminum fluoride 2826.12.0000 Free. 
Sodium hexafluoroaluminate (synthetic cryolite) 2826.30.0000 Free. 


Depletion Allowance: 22% (domestic), 14% (foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: World production of fluorspar was estimated to have decreased in 2022. Global 
fluorspar supply, which is highly concentrated, was constrained by the bankruptcy and subsequent idling of a 
fluorspar mine in Canada and the declaration of force majeure for supply contracts by the world’s leading exporting 
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FLUORSPAR 


mine in Mexico. Although prices from leading exporting countries such as Mexico, South Africa, and Vietnam 
reportedly increased, overall adverse impacts to supply appear to have been more than offset by decreased 
consumption in China. Overall, China decreased its fluorspar trade deficit. Chinese exports, including to the United 
States, increased. Chinese imports also decreased substantially, particularly from Mongolia, which likely contributed 
to a significant decrease in Mongolia’s fluorspar production. 


In September, the United States became the 137th country to ratify the Kigali Amendment to the Montreal Protocol on 
Substances that Deplete the Ozone Layer. The goal of the amendment is to reduce production and consumption of 
hydrofluorocarbon (HFC) gases, commonly used as aerosols, refrigerants, and solvents, by 80% over the next 

30 years and which is expected to reduce projected global warming by as much as 0.5 degree Celsius by the end of 
the century. The American Innovation and Manufacturing Act of 2020 essentially established all of the HFC 
phasedown provisions and enforcement mechanisms needed to comply with the Kigali Amendment. 


The U.S. Department of Energy awarded $2.8 billion funding from the Bipartisan Infrastructure Law to stimulate 
domestic development of raw materials used in the production of electric-vehicle batteries. Nearly $280 million in 
funding was awarded for the construction of a new facility in Louisiana to produce lithium hexafluorophosphate (LiPFe) 
and for the expansion of polyvinylidene difluoride (PVDF) production capacity in Georgia. LiPFe is the main salt used 
in lithium-ion battery electrolytes; PVDF is used as a binder and separator coating. Additionally, more than 

$500 million was allocated to facilities that were likely to consume fluorochemicals in the processing of spherical 
graphite and the production of separator materials. 


World Mine Production and Reserves: Reserves for China and Morocco were revised based on company and 
Government reports. 


Mine production Reserves* 

2021 2022° 
United States NA NA 4,000 
Canada 140 18 NA 
China 5,700 5,700 49,000 
Germany 65 65 NA 
lran 50 50 3,400 
Kazakhstan 67 67 NA 
Mexico 1,000 970 68,000 
Mongolia 650 350 22,000 
Morocco 77 77 NA 
Pakistan 65 65 NA 
South Africa 403 420 41,000 
Spain 155 160 10,000 
Vietnam 215 220 5,000 
Other countries 93 98 55,000 
World total (rounded) 8,680 8,300 260,000 


World Resources:* ® Large quantities of fluorine are present in phosphate rock. Current U.S. reserves of phosphate 
rock are estimated to be 1 billion tons, containing about 72 million tons of 100% fluorspar equivalent assuming an 
average fluorine content of 3.5% in the phosphate rock. World reserves of phosphate rock are estimated to be 

71 billion tons, containing about 5 billion tons of 100% fluorspar equivalent. 


Substitutes: FSA has been used as an alternative to fluorspar in the production of aluminum fluoride (AIF3) and HF. 
Because of differing physical properties, AIF3 produced from FSA is not readily substituted for AIFs produced from 
fluorspar. In 2022, a company in Australia was finalizing the design of a pilot plant to recover fluorine from aluminum 
smelter bath and then produce AIF3 using either bauxite or aluminum smelting dross. Aluminum smelting dross, 
borax, calcium chloride, iron oxides, manganese ore, silica sand, and titanium dioxide have been used as substitutes 
for fluorspar fluxes. 


“Estimated. NA Not available. 

‘Includes data for the following Schedule B codes: 2529.21.0000 and 2529.22.0000. 

Defined as total fluorspar imports — exports. 

3Includes data for the following Harmonized Tariff Schedule of the United States codes: 2529.21.0000 and 2529.22.0000. 
4See Appendix C for resource and reserve definitions and information concerning data sources. 

6Measured as 100% CaFo. 
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GALLIUM 
(Data in kilograms of contained gallium unless otherwise noted) 


Domestic Production and Use: No domestic primary (low-purity, unrefined) gallium has been recovered since 1987. 
Globally, primary gallium is recovered as a byproduct of processing bauxite and zinc ores. One company in New York 
recovered and refined high-purity gallium from imported primary low-purity gallium metal and new scrap. Imports of 
gallium metal and gallium arsenide (GaAs) wafers were valued at about $5 million and $220 million, respectively. 
GaAs was used to manufacture compound semiconductor wafers used in integrated circuits (ICs) and optoelectronic 
devices, which include laser diodes, light-emitting diodes (LEDs), photodetectors, and solar cells. Gallium nitride 
(GaN) principally was used to manufacture optoelectronic devices. ICs accounted for 74% of domestic gallium 
consumption, optoelectronic devices accounted for 25%, and research and development accounted for 1%. About 
77% of the gallium consumed in the United States was in GaAs, GaN, and gallium phosphide wafers. Gallium metal, 
triethyl gallium, and trimethyl gallium, used in the epitaxial layering process to fabricate epiwafers for the production of 
ICs and LEDs, accounted for most of the remainder. Optoelectronic devices were used in aerospace applications, 
consumer goods, industrial equipment, medical equipment, and telecommunications equipment. Uses of ICs included 
defense applications, high-performance computers, and telecommunications equipment. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production, primary — — 
Imports for consumption: 

Metal 32,000 5,740 4,430 8,890 12,000 


Gallium arsenide wafers (gross weight) 444,000 272,000 178,000 306,000 550,000 
Exports NA NA NA NA NA 
Consumption, reported 15,000 14,900 15,700 17,100 18,000 
Price, average unit value of imports, dollars per kilogram: 

High-purity, refined’ 508 573 596 625 640 

Low-purity, primary? 185 153 163 254 420 
Stocks, consumer, yearend 2,920 2,850 2,920 2,810 2,800 
Net import reliance? as a percentage of reported consumption 100 100 100 100 100 


Recycling: Old scrap, none. Substantial quantities of new scrap generated in the manufacture of GaAs-based 
devices were reprocessed to recover high-purity gallium at one facility in New York. 


Import Sources (2018-21): Metal: China, 53%; Germany and Japan, 13% each; Ukraine, 5%; and other, 16%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 

Gallium arsenide wafers, doped 3818.00.0010 Free. 

Gallium metal 8112.92.1000 3% ad valorem. 


Depletion Allowance: 14% (domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Imports of gallium metal, GaAs wafers, and GaN wafers continued to account for all 
U.S. consumption of gallium. In 2022, gallium metal imports increased by an estimated 34% from those in 2021 owing 
to increased imports from Canada, China, Slovakia, and the United Kingdom. Beginning in 2019, U.S. gallium metal 
imports decreased substantially from those in previous years because higher tariffs were placed on China’s gallium 
exports to the United States. 


Primary low-purity (99.99%-pure) gallium prices in China averaged $510 per kilogram in June 2022, an increase of 
34% from $380 per kilogram in January. This followed a 36% increase in China’s primary low-purity gallium in 2021, 
to $375 per kilogram in December from $275 per kilogram in January. The increases in China’s gallium prices 
resulted from several issues. Environmental restrictions placed on Chinese bauxite production in 2019 compelled the 
country’s alumina refineries to import bauxite with lower gallium content from abroad, which increased gallium 
extraction costs. When the economic impact of the global coronavirus disease 2019 (COVID-19) pandemic reduced 
gallium demand in early to mid-2020, Chinese gallium producers slowed or shut down operations. Chinese gallium 
supply was scarce when gallium demand recovered in the second half of 2020 owing increasingly to gallium 
consumption in fifth-generation (5G) telecommunications networks and neodymium-iron-boron (NdFeB) magnets in 
China for electric vehicles. Gallium prices increased significantly in the last quarter of 2020, continuing through 

June 2022. By October, gallium prices in China decreased by 33% to $340 per kilogram owing to reduced demand for 
NdFeB magnets and an increase in China’s primary low-purity gallium production capacity. 
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China’s primary low-purity gallium production capacity increased by 100,000 kilograms per year in 2022 to 

750,000 kilograms per year. This latest increase followed a series of expansions from a capacity of 140,000 kilograms 
per year in 2010. China accounted for approximately 86% of worldwide primary low-purity gallium production capacity 
of an estimated 870,000 kilograms per year. China accounted for 98% of worldwide primary low-purity gallium 
production. 


The remaining primary low-purity gallium producers outside of China most likely restricted output owing to China’s 
dominant production capacity. These producers included Japan, the Republic of Korea, Russia, and Ukraine. 
Germany, Hungary, and Kazakhstan ceased primary production in 2016, 2015, and 2013, respectively. However, 
owing to the increase in gallium prices, Germany announced that it would eventually restart primary gallium 
production. 


High-purity refined gallium production in 2022 was estimated to be about 290,000 kilograms, a 16% increase from the 
revised estimated figure of 250,000 kilograms in 2021. Canada, China, Japan, Slovakia, and the United States were 
the known principal producers of high-purity refined gallium. The United Kingdom ceased high-purity refined gallium 
production in 2018. Gallium was recovered from new scrap in Canada, China, Japan, Slovakia, and the 

United States. World high-purity refined gallium production capacity was an estimated 320,000 kilograms per year, 
and secondary high-purity gallium production capacity was an estimated 300,000 kilograms per year. 


Beginning in 2002, Northrop Grumman has been awarded Defense Advanced Research Project Agency (DARPA) 
contracts by the U.S. Department of Defense to develop GaN Monolithic Microwave Integrated Circuits for military 
and commercial uses. 


World Production and Reserves: Quantitative estimates of reserves were not available. 


Primary production Production capacity 

2021 2022° 2022 

United States — — — 
China 4423,000 540,000 750,000 
Japan 3,000 3,000 ®10,000 
Korea, Republic of 2,000 2,000 ©16,000 
Russia 5,000 5,000 ®10,000 
Ukraine 1,000 1,000 ®15,000 
Other countries® — — °73,000 
World total (rounded) 434,000 550,000 ®870,000 


World Resources:® Gallium occurs in very small concentrations in ores of other metals. Most gallium is produced as 
a byproduct of processing bauxite, and the remainder is produced from zinc-processing residues. The average 
gallium content of bauxite is 50 parts per million. U.S. bauxite deposits consist mainly of subeconomic resources that 
are not generally suitable for alumina production owing to their high silica content. Some domestic zinc ores contain 
up to 50 parts per million gallium and could be a significant resource, although no gallium is currently recovered from 
domestic ores. Gallium contained in world resources of bauxite is estimated to exceed 1 million tons, anda 
considerable quantity could be contained in world zinc resources. However, less than 10% of the gallium in bauxite 
and zinc resources is potentially recoverable. 


Substitutes: Liquid crystals made from organic compounds are used in visual displays as substitutes for LEDs. 
Silicon-based complementary metal-oxide semiconductor power amplifiers compete with GaAs power amplifiers in 
midtier third-generation (3G) cellular handsets. Indium phosphide components can be substituted for GaAs-based 
infrared laser diodes in some specific-wavelength applications, and helium-neon lasers compete with GaAs in visible 
laser diode applications. Silicon is the principal competitor with GaAs in solar-cell applications. In many defense- 
related applications, GaAs-based ICs are used because of their unique properties, and no effective substitutes exist 
for GaAs in these applications. In heterojunction bipolar transistors, GaAs is being replaced in some applications by 
silicon-germanium. 


“Estimated. NA Not available. — Zero. 

‘Estimated based on the average unit values of U.S. imports for 99.999%- and 99.99999%-pure gallium 

7Estimated based on the average unit values of U.S. imports for 99.99%-pure gallium. 

3Defined as imports — exports. Excludes gallium arsenide wafers. 

4Reported. 

°Other countries thought to still have primary low-purity gallium production capacity include Germany, Hungary, and Kazakhstan. 
6See Appendix C for resource and reserve definitions and information concerning data sources. 
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GARNET (INDUSTRIAL)' 
(Data in metric tons of garnet unless otherwise noted) 


Domestic Production and Use: In 2022, garnet for industrial use was mined by four companies—one in Idaho, one 
in Montana, and two in New York. One processing facility operated in Oregon and another operated in Pennsylvania. 
The estimated value of crude garnet production was about $17 million, and refined material sold or used had an 
estimated value of $52 million. The major end uses of garnet were, in descending percentage of consumption, for 
abrasive blasting, water-filtration media, water-jet-assisted cutting, and other end uses, such as in abrasive powders, 
nonslip coatings, and sandpaper. Domestic industries that consume garnet include aircraft and motor vehicle 
manufacturers, ceramics and glass producers, electronic component manufacturers, filtration plants, glass polishing, 
the petroleum industry, shipbuilders, textile stonewashing, and wood-furniture-finishing operations. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production: 

Crude 101,000 104,000 101,000 81,700 76,000 

Refined, sold or used 166,000 147,000 146,000 127,000 120,000 
Imports for consumption? 265,000 208,000 115,000 144,000 190,000 
Exports 18,900 16,700 18,200 20,300 24,000 
Consumption, apparent? 347,000 296,000 198,000 205,000 240,000 
Price, average import unit value, dollars per ton 215 214 250 280 200 
Employment, mine and mill, number® 170 160 130 120 110 
Net import reliance* as a percentage of apparent consumption 71 65 49 60 69 


Recycling: Garnet was recycled at a plant in Oregon with a recycling capacity of 16,000 tons per year and at a plant 
in Pennsylvania with a recycling capacity of 25,000 tons per year. Garnet can be recycled multiple times without 
degradation of its quality. Most recycled garnet is from blast cleaning and water-jet-assisted cutting operations. 


Import Sources (2018-—21):* South Africa, 48%; China,° 18%; India, 18%; Australia, 11%; and other, 5%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Emery, natural corundum, natural garnet, and 
other natural abrasives: 
Crude 2513.20.1000 Free. 
Other than crude 2513.20.9000 Free. 


Depletion Allowance: 14% (domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: During 2022, estimated domestic production of crude garnet concentrates decreased 
by 7% compared with production in 2021. This decrease was due to the closing of the Emerald Creek Garnet Mine in 
Idaho in July 2022. U.S. garnet production was estimated to be about 8% of total global garnet production. The 2022 
estimated domestic sales or use of refined garnet decreased by about 6% compared with sales in 2021. 


Garnet imports in 2022 were estimated to have increased by 32% compared with those in 2021. This increase was 
attributed to increased imports of garnet from Australia, India, and South Africa. In 2022, the average unit value of 
garnet imports was $200 per ton, a decrease of 29% compared with the average unit value in 2021. In the 

United States, most domestically produced crude garnet concentrate was priced at about $220 per ton. U.S. exports 
in 2022 were estimated to have increased by 18%. During 2022, the United States consumed an estimated 

240,000 tons of garnet. This was a 17% increase from that in 2021. 
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GARNET (INDUSTRIAL) 


The U.S. natural gas and petroleum industry is one of the leading garnet-consuming industries, using garnet for 
cleaning drill pipes and well casings. Natural gas and petroleum producers also use garnet as a reservoir-fracturing 
proppant, alone or mixed with other proppants. At the end of September 2022, the number of drill rigs operating in the 
United States was 765 rigs, an increase of 237 rigs over the end of September 2021, likely indicating that more garnet 
was consumed in well drilling.® 


The garnet market is very competitive. To increase profitability and remain competitive with imported material, 
production may be restricted to only high-grade garnet ores or as a byproduct of other salable mineral products that 
occur with garnet, such as kyanite, marble, metallic ore minerals, mica minerals, sillimanite, staurolite, or wollastonite. 


Garnet production in India is still recovering from the effects of the global coronavirus disease 2019 (COVID-19) 
pandemic and has not yet returned to pre-pandemic levels. 


World Mine Production and Reserves: Reserves data for China was revised based on Government reports. 


Mine production Reserves’ 
2021 2022° 

United States 81,700 76,000 5,000,000 
Australia 321,000 370,000 Moderate to large 
China ®310,000 310,000 2,200,000 
India 12,000 15,000 13,000,000 
South Africa £140,000 150,000 NA 
Other countries 60,000 60,000 6,500,000 
World total (rounded) 925,000 980,000 Moderate to large 


World Resources:’ World resources of garnet are large and occur in a wide variety of rocks, particularly gneisses 
and schists. Garnet also occurs in contact-metamorphic deposits in crystalline limestones, pegmatites, and 
serpentinites and in vein deposits. In addition, alluvial garnet is present in many heavy-mineral sand and gravel 
deposits throughout the world. Large domestic resources of garnet also are concentrated in coarsely crystalline 
gneiss near North Creek, NY; other significant domestic resources of garnet occur in Idaho, Maine, Montana, New 
Hampshire, North Carolina, and Oregon. In addition to those in the United States, major garnet deposits exist in 
Australia, Canada, China, India, and South Africa, where they are mined for foreign and domestic markets; deposits 
in Russia and Turkey also have been mined in recent years, primarily for internal markets. Additional garnet 
resources are in Chile, Czechia, Pakistan, Spain, Thailand, and Ukraine; small mining operations have been reported 
in most of these countries. 


Substitutes: Other natural and manufactured abrasives can substitute to some extent for all major end uses of 
garnet. In many cases, however, using the substitutes would entail sacrifices in quality or cost. Fused aluminum oxide 
and staurolite compete with garnet as a sandblasting material. IImenite, magnetite, and plastics compete as filtration 
media. Corundum, diamond, and fused aluminum oxide compete for lens grinding and for many lapping operations. 
Emery is a substitute in nonskid surfaces. Fused aluminum oxide, quartz sand, and silicon carbide compete for the 
finishing of plastics, wood furniture, and other products. 


“Estimated. NA Not available. 

‘Excludes gem and synthetic garnet. 

?Sources: U.S. Census Bureau and Trade Mining, LLC; data adjusted by the U.S. Geological Survey. 

3Defined as crude production + imports — exports. 

4Defined as imports — exports. 

*Includes Hong Kong. 

6Source: Baker Hughes Co., 2022, Rig count overview & summary count: Baker Hughes Co., accessed October 4, 2022, at 
https://bakerhughesrigcount.gcs-web.com/. 

“See Appendix C for resource and reserve definitions and information concerning data sources. 
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GEMSTONES! 
(Data in million dollars unless otherwise noted) 


Domestic Production and Use: The combined value of U.S. natural and synthetic gemstone output in 2022 was an 
estimated $95 million, a 7% increase compared with that in 2021. Domestic gemstone production included agate, 
beryl, coral, diamond, garnet, jade, jasper, opal, pearl, quartz, sapphire, shell, topaz, tourmaline, turquoise, and many 
other gem materials. In descending order of production value, Arizona led the Nation in natural gemstone production, 
followed by Oregon and Nevada. These three States accounted for 47% of the natural gemstone production in the 
United States. Other top producing States, in descending order of production value, were California, Montana, Maine, 
Colorado, Arkansas, Utah, and Idaho. Synthetic gemstones were manufactured by eight companies in North Carolina, 
California, Oregon, Maryland, New York, South Carolina, Wisconsin, and Arizona, in descending order of production 
value. U.S. synthetic gemstone production increased by 7% compared with that in 2021. Major gemstone end uses 
were carvings, gem and mineral collections, and jewelry. 


Salient Statistics—United States: 2018 201 2020 2021 2022° 
Production:2 

Natural? 9.47 9.22 9.82 9.48 9.5 

Laboratory-created (synthetic) 64.9 94.3 55.0 79.3 85 
Imports for consumption 27,700 24,400 16,300 24,600 30,000 
Exports, excluding reexports 1,850 1,020 1,330 977 1,600 
Consumption, apparent* 25,900 23,500 15,000 23,700 28,000 
Price Variable, depending on size, type, and quality 
Employment, mine, number® 1,120 1,120 1,100 1,100 1,100 
Net import reliance® as a percentage of apparent consumption 99 99 99 99 


Recycling: Gemstones are often recycled by being resold as estate jewelry, reset, or recut, but this report does not 


account for those stones. 


Import Sources (2018-21, by value): Diamond: India, 45%; Israel, 28%; Belgium, 11%; South Africa, 5%; and other, 
11%. Diamond imports accounted for an average of 89% of the total value of gem imports during the period 2018 to 


2021. 


Tariff: Item Number 

0508.00.0000 
3926.90.4000 
7018.10.1000 
7018.10.2000 
7101.10.3000 
7101.10.6000 
7101.21.0000 
7102.31.0000 
7102.39.0010 
7102.39.0050 
7103.10.2000 
7103.10.4000 
7103.91.0010 
7103.91.0020 
7103.91.0030 
7103.99.1000 
7103.99.5000 
7104.91.1000 
7104.99.1000 
7104.99.5000 


Coral and similar materials, unworked 

Imitation gemstones 

Imitation pearls and imitation pearl beads, not strung 
Imitation gemstones 

Pearls, natural, graded and temporarily strung 
Pearls, natural, other 

Pearls, cultured 

Diamonds, unworked or sawn 

Diamonds, cut, 0.5 carat or less 

Diamonds, cut, more than 0.5 carat 

Other nondiamond gemstones, unworked 
Other nondiamond gemstones, uncut 

Rubies, cut 

Sapphires, cut 

Emeralds, cut 

Other nondiamond gemstones, cut 

Other nondiamond gemstones, worked 
Synthetic diamonds, cut but not set 

Synthetic gemstones, worked or cut but not set 
Synthetic gemstones, other 


Depletion Allowance: 14% (domestic and foreign). 


Government Stockpile: None. 
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12-31-22 
Free. 
2.8% ad valorem. 
4% ad valorem. 
Free. 
Free. 
Free. 
Free. 
Free. 
Free. 
Free. 
Free. 


10.5% ad valorem. 


Free. 
Free. 
Free. 
Free. 


10.5% ad valorem. 


Free. 
Free. 
6.4% ad valorem. 


Normal Trade Relations 
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GEMSTONES 


Events, Trends, and Issues: In 2022, the U.S. gemstone and jewelry industries had recovered for the most part from 
the effects of the coronavirus disease 2019 (COVID-19) pandemic-related restrictions, lockdowns, and temporary 
mine and store closings. 


Total world diamond production during 2022 was estimated to have increased slightly from 2021 levels. The largest 
production increases in 2022 were in Angola, Botswana, and Namibia. The largest production decreases in 2022 were 
in Canada, Congo (Kinshasa), Lesotho, and Russia. Production would need to increase by about 2% per year during 
the next 5 years to allow the market to fully rebalance after the COVID-19 pandemic. 


Online auctions gained a higher share of rough diamond sales and offset deficits in traditional sales channels. Many 
jewelry stores successfully shifted sales to their websites; online diamond jewelry sales exceeded 25% of 2022 sales. 
Global gemstone sales are expected to increase at a steady rate over the next 5 years. 


In 2022, U.S. imports for consumption of gemstones were about $30 billion, which was a 22% increase compared 
with $24.6 billion in 2021. These imports consisted of about $26 billion in gem-quality diamonds, which was an 18% 
increase compared with $21.8 billion in 2021, and about $4.3 billion in nondiamond gemstones, which was a 49% 
increase compared with $2.88 billion in 2021. The increase in U.S. gemstone production combined with the increase 
in U.S. gemstone imports and the increase in gemstone exports produced a 19% increase in apparent consumption 
to a value of $28 billion. This apparent consumption consisted of $24 billion in gem-quality diamond and $4 billion in 
nondiamond gemstones. The United States was one of the leading global markets in terms of sales and is expected 
to continue to dominate global gemstone consumption. 


World Gem-Quality Diamond Mine Production and Reserves: 


Mine production® Reserves’ 
2021 2022° 

United States — — World reserves of diamond-bearing 
Angola 7,850 10,000 deposits are substantial. No 
Botswana 16,000 18,000 reserves data were available for 
Brazil 143 150 other gemstones. 
Canada 17,600 16,000 
Central African Republic 73 73 
Congo (Kinshasa) 2,820 2,000 
Ghana 55 57 
Guinea 219 220 
Lesotho 339 230 
Namibia 1,760 2,300 
Russia 21,900 21,000 
Sierra Leone 671 680 
South Africa 3,890 3,900 
Zimbabwe 423 470 
Other countries 139 130 

World total (rounded) 73,900 76,000 


World Resources:’ Most diamond ore bodies have a diamond content that ranges from less than 1 carat to about 
6 carats per ton of ore. The major diamond reserves are in southern Africa, Australia, Canada, and Russia. 


Substitutes: Glass, plastics, and other materials are substituted for natural gemstones. Synthetic gemstones 
(manufactured materials that have the same chemical and physical properties as natural gemstones) are common 
substitutes. Simulants (materials that appear to be gems but differ in chemical and physical characteristics) also are 
frequently substituted for natural gemstones. 


“Estimated. 

‘Excludes industrial diamond and industrial garnet. See also the Diamond (Industrial) and Garnet (Industrial) chapters. 
7Estimated minimum production. 

3Includes production of freshwater shell. 

“Defined as production (natural and synthetic) + imports — exports (excluding reexports). 

°Defined as imports — exports (excluding reexports). 

Data in thousands of carats of gem-quality diamond. 

“See Appendix C for resource and reserve definitions and information concerning data sources. 
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GERMANIUM 
(Data in kilograms of contained germanium unless otherwise noted) 


Domestic Production and Use: In 2022, zinc concentrates containing germanium were produced at mines in Alaska 
and Tennessee. Germanium-containing concentrates in Alaska were exported to a refinery in Canada for processing 
and germanium recovery. A zinc smelter in Clarksville, TN, produced germanium leach concentrates recovered from 
processing zinc concentrates from the Middle Tennessee Zinc Complex. Germanium in the form of compounds and 
metal was imported into the United States for further processing by industry. A company in Utah produced germanium 
wafers for solar cells used in satellites from imported and recycled germanium. A refinery in Oklahoma recovered 
germanium from industry-generated scrap and produced germanium tetrachloride for the production of fiber optics. 
The estimated value of germanium consumed in 2022, based on the annual average germanium metal price, was $39 
million, 10% more than that in 2021. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production, refinery: 

Primary — — — — — 

Secondary W W W W W 
Imports for consumption:® 1 

Germanium metal 10,000 14,000 14,000 13,000 14,000 

Germanium dioxide 12,000 21,000 12,000 17,000 15,000 
Exports, germanium metal and dioxide® ‘ 3,600 4,500 4,800 7,500 £5,800 
Shipments from Government stockpile? — — — — — 
Consumption, estimated? 30,000 30,000 30,000 30,000 30,000 
Price, annual average, dollars per kilogram:4 

Germanium metal 1,543 1,236 1,046 1,187 1,300 

Germanium dioxide 1,084 913 724 770 840 
Net import reliance® as a percentage of estimated consumption >50 >50 >50 >50 >50 


Recycling: During the manufacture of most optical devices, more than 60% of the germanium metal used is routinely 
recycled as new scrap. Germanium scrap is also recovered from the windows in decommissioned tanks and other 
military vehicles. The United States has the capability to recycle new and old scrap. 


Import Sources (2018-21): © Germanium metal: China, 54%; Belgium, 27%; Germany, 9%; Russia, 8%; and 
other, 2%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Germanium oxides and zirconium dioxide 2825.60.0000 3.7% ad valorem. 
Metal, unwrought 8112.92.6000 2.6% ad valorem. 
Metal, powder 8112.92.6500 4.4% ad valorem. 
Metal, wrought 8112.99.1000 4.4% ad valorem. 


Depletion Allowance: 14% (domestic and foreign). 


Government Stockpile:’ 


FY 2022 FY 2023 
Inventory Potential Potential Potential Potential 
Material as of 9-30-22 acquisitions disposals acquisitions disposals 
Germanium metal 14,000 — 5,000 — 5,000 
Germanium scrap (gross weight) 6,910 — — — — 
Germanium wafers (each) 68,700 — — — — 
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GERMANIUM 


Events, Trends, and Issues: The major global end uses for germanium were electronics and solar applications, 
fiber-optic systems, infrared optics, and polymerization catalysts. Other uses included chemotherapy, metallurgy, and 
phosphors. 


The prices for germanium metal and germanium dioxide (Europe, minimum 99.999% purity) increased from January 
to May and then decreased through late October. The price for germanium metal increased from $1,380 per kilogram 
to $1,470 per kilogram and then decreased to $1,100 per kilogram. The price for germanium dioxide increased from 
$885 per kilogram to $970 per kilogram and then decreased to $705 per kilogram. 


The Defense Logistics Agency Strategic Materials initiated a program to recycle germanium scrap recovered from 
decommissioned military equipment. The recycling program was expected to produce up to 3,000 kilograms per year 
of high-purity germanium ingot that could be consumed for night-vision and thermal-sensing devices and other 
military uses. 


The owner of a zinc smelter in Clarksville, TN, planned to construct a new $90 million gallium and germanium 
processing plant at the site, according to local news sources. The plant could potentially recover an estimated 
40,000 kilograms per year of germanium. 


China was a leading global producer and exporter of germanium in 2022. Exports of unwrought germanium, 
germanium powders, and germanium waste and scrap (China’s export code 8112.99.10) for the year through August 
were 23,100 kilograms, 7% less than exports in the same period in 2021. More than 90% of exports were sent to 
Germany, Hong Kong, Japan, Belgium, the United States, and Russia, in descending order of quantity. 


World Refinery Production and Reserves: 


Refinery production® ® Reserves? 
2021 2022 
United States W W Data on the recoverable 
China NA NA germanium content of zinc 
Russia NA NA ores were not available. 
Other countries NA NA 
World total (rounded) NA NA 


World Resources:? The available resources of germanium are associated with certain zinc and lead-zinc-copper 
sulfide ores. Substantial U.S. reserves of recoverable germanium are contained in zinc deposits in Alaska, 
Tennessee, and Washington. Based on an analysis of zinc concentrates, U.S. reserves of zinc may contain as much 
as 2,500 tons of germanium. Because zinc concentrates are shipped globally and blended at smelters, however, the 
recoverable germanium in zinc reserves cannot be determined. On a global scale, as little as 3% of the germanium 
contained in zinc concentrates is recovered. Significant amounts of germanium are contained in ash and flue dust 
generated in the combustion of certain coals for power generation. 


Substitutes: Silicon can be a less-expensive substitute for germanium in certain electronic applications. Some 
metallic compounds can be substituted in high-frequency electronics applications and in some light-emitting-diode 
applications. Zinc selenide and germanium glass substitute for germanium metal in infrared applications systems, but 
often at the expense of performance. Antimony and titanium are substitutes for use as polymerization catalysts. 


“Estimated. NA Not available. W Withheld to avoid disclosing company proprietary data. — Zero. 

‘Data have been adjusted to exclude low-value shipments. 

?Defined as change in total inventory from prior yearend inventory. If negative, increase in inventory. 

3Estimated consumption of germanium contained in metal and germanium dioxide. 

“Average European price for minimum 99.999% purity. Source: Argus Media group, Argus Metals International. 

°Defined as imports — exports + adjustments for Government stock changes. 

SImport sources are based on gross weight of wrought and unwrought germanium metal and germanium metal powders. 
“See Appendix B for definitions. 

8Available information was inadequate to make reliable estimates of world production of germanium. 

°See Appendix C for resource and reserve definitions and information concerning data sources. 
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GOLD 
(Data in metric tons! of contained gold unless otherwise noted) 


Domestic Production and Use: |In 2022, domestic gold mine production was estimated to be 170 tons, 9% less than 
that in 2021, and the value was estimated to be $10 billion. Gold was produced at more than 40 lode mines in 

11 States, at several large placer mines in Alaska, and at numerous smaller placer mines (mostly in Alaska and in the 
Western States). Nevada was the leading gold-producing State, accounting for about 72% of total domestic 
production. About 6% of domestic gold was recovered as a byproduct of processing domestic base-metal ores, chiefly 
copper ores. The top 28 operations yielded about 98% of the mined gold produced in the United States. Commercial- 
grade gold was produced at 15 refineries. A few dozen companies, out of several thousand companies and artisans, 
dominated the fabrication of gold into commercial products. U.S. jewelry manufacturing was heavily concentrated in 
the New York, NY, and Providence, RI, areas, with lesser concentrations in California, Florida, and Texas. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production: 
Mine 226 201 193 187 170 
Refinery: 
Primary 205 205 181 ©170 160 
Secondary (new and old scrap) 117 116 92 92 90 
Imports for consumption? 213 199 545 192 140 
Exports? 474 360 297 386 430 
Consumption, reported? 154 151 187 266 250 
Stocks, Treasury, yearend* 8,130 8,130 8130 8,130 8,130 
Price, dollars per troy ounce® 1,272 1,395 1,774 1,801 1,800 
Employment, mine and mill, number® 11,400 11,600 12,000 12,200 12,000 
Net import reliance’ as a percentage of apparent consumption® E E 47 E E 


Recycling: In 2022, an estimated 90 tons of new and old scrap was recycled, equivalent to about 36% of reported 
consumption. The domestic supply of gold from recycling decreased slightly compared with that in 2021. 


Import Sources (2018-21): Ores and concentrates: Canada, 89%; Greece, 9%; and Germany, 2%. Dore: Mexico, 
45%; Colombia, 12%; Peru, 8%; Nicaragua, 7%; and other, 28%. Bullion: Switzerland, 38%; Canada, 23%; Australia 
and South Africa, 7% each; and other, 25%. Total: Switzerland, 24%; Mexico, 20%; Canada, 15%; Colombia, 6%; 
and other, 35%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Precious metal ore and concentrates: 
Gold content of silver ores 2616.10.0080 0.8 ¢/kg on lead content. 
Gold content of other ores 2616.90.0040 1.7 ¢/kg on lead content. 
Gold bullion 7108.12.1013 Free. 
Gold dore 7108.12.1020 Free. 
Gold scrap 7112.91.0100 Free. 


Depletion Allowance: 15% (domestic), 14% (foreign). 


Government Stockpile: The U.S. Department of the Treasury maintains stocks of gold (see salient statistics above) 
and the U.S. Department of Defense administers a Governmentwide secondary precious-metals recovery program. 


Events, Trends, and Issues: The estimated gold price in 2022 was unchanged from the previous record-high annual 
price in 2021. The Engelhard daily price of gold in 2022 increased in the first quarter, decreased in the second 
quarter, and fluctuated in the third quarter. Several factors were reported to have caused the increase in the gold 
price: gold demand for safe-haven buying increased owing to the continued coronavirus disease 2019 (COVID-19) 
pandemic, and global investor uncertainty. 


In 2022, worldwide gold mine production was estimated to be unchanged compared with that in 2021. Production 


decreases in Papua New Guinea and the United States were more than offset by production increases in Colombia, 
Indonesia, and Burkina Faso. 


Prepared by Kristin N. Sheaffer [(703) 648-4954, ksheaffer@usgs.gov] 


GOLD 


Estimated global gold consumption was in jewelry, 47%; physical bars, 17%; central banks and other institutions, 
20%; official coins and medals and imitation coins, 9%; electrical and electronics, 6%; and other, 1%. In the first 

9 months of 2022, global consumption of gold in physical bars decreased by 3%, jewelry increased by 5%, electronics 
decreased by 4%, other industrial applications were essentially unchanged, and coins and medals increased by 15% 
compared with those in the first 9 months of 2021. Global investments in gold-based exchange-traded funds 
decreased twofold, while gold holdings in central banks increased by 62% during the same period. Total global 
consumption in the first 9 months of 2022 increased by 18% compared with that in the first 9 months of 2021.9 


World Mine Production and Reserves: Reserves for Australia, Canada, China, and Peru were revised based on 
company and Government reports. 


Mine production Reserves” 
2021 2022° 

United States 187 170 3,000 
Australia 315 320 118 400 
Brazil 61 60 2,400 
Burkina Faso 67 70 NA 
Canada 223 220 2,300 
China 329 330 1,900 
Colombia 55 60 NA 
Ghana 88 90 1,000 
Indonesia ®66 70 2,600 
Kazakhstan 116 120 1,000 
Mali ©51 50 800 
Mexico €120 120 1,400 
Papua New Guinea °54 50 1,100 
Peru ©Q7 100 2,900 
Russia 320 320 6,800 
South Africa ©107 110 5,000 
Sudan 50 50 NA 
Tanzania 60 60 NA 
Uzbekistan 100 100 1,800 
Other countries 626 620 9,200 
World total (rounded) 3,090 3,100 52,000 


World Resources:'® An assessment of U.S. gold resources indicated 33,000 tons of gold in identified (15,000 tons) 
and undiscovered (18,000 tons) resources.’ Nearly one-quarter of the gold in undiscovered resources was estimated 
to be contained in porphyry copper deposits. The gold resources in the United States, however, are only a small 
portion of global gold resources. 


Substitutes: Base metals clad with gold alloys are widely used to economize on gold in electrical and electronic 
products and in jewelry; many of these products are continually redesigned to maintain high-utility standards with 
lower gold content. Generally, palladium, platinum, and silver may substitute for gold. 


“Estimated. E Net exporter. NA Not available. 

‘One metric ton (1,000 kilograms) = 32,150.7 troy ounces. 

?Includes refined bullion, dore, ores, concentrates, and precipitates. Excludes waste and scrap, official monetary gold, gold in fabricated items, gold 
in coins, and net bullion flow (in tons) to market from foreign stocks at the New York Federal Reserve Bank. 

3Includes gold used in the production of consumer purchased bars, coins, and jewelry. Excludes gold as an investment (except consumer 
purchased bars and coins). Source: World Gold Council. 

‘Includes gold in the Exchange Stabilization Fund. Stocks were valued at the official price of $42.22 per troy ounce. 

’Engelhard’s average gold price quotation for the year. In 2022, the price was estimated by the U.S. Geological Survey based on data from 
January through November. 

6Data from the Mine Safety and Health Administration. 

‘Defined as imports — exports. 

8Defined as mine production + secondary production + imports — exports. 

°Source: World Gold Council. 

'0See Appendix C for resource and reserve definitions and information concerning data sources. 

“For Australia, Joint Ore Reserves Committee-compliant or equivalent reserves were 4,200 tons. 

'2Source: U.S. Geological Survey National Mineral Resource Assessment Team, 2000, 1998 assessment of undiscovered deposits of gold, silver, 
copper, lead, and zinc in the United States: U.S. Geological Survey Circular 1178, 21 p. 
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GRAPHITE (NATURAL) 
(Data in metric tons unless otherwise noted) 


Domestic Production and Use: In 2022, natural graphite was not produced in the United States; however, 
approximately 95 U.S. companies, primarily in the Great Lakes and Northeast regions, consumed 72,000 tons valued 
at an estimated $140 million. The major uses of natural graphite were batteries, brake linings, lubricants, powdered 
metals, refractory applications, and steelmaking. During 2022, U.S. natural graphite imports were an estimated 
82,000 tons, consisting of about 77% flake and high-purity, 22% amorphous, and 1% lump and chip graphite. 


Graphite consumption is expected to continue to increase, owing largely to growth from the electric-vehicle market. 
The battery end-use market for graphite has grown by 250% globally since 2018. In the United States, 4 lithium-ion 
battery manufacturing plants are currently in operation, with an additional 21 in development. At full capacity, these 
plants are expected to require approximately 1.2 million tons per year of spherical purified graphite, with an estimated 
40% to 60% coming from synthetic graphite. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production, mine — — — — — 
Imports for consumption 70,700 50,100 36,000 53,100 82,000 
Exports 9,950 5,890 5,930 8,670 9,600 
Consumption, apparent! 60,700 44,200 30,000 44,400 72,000 


Price, average unit value of imports, dollars per metric ton at 
foreign ports: 


Flake 1,520 1,340 1,340 1,390 1,300 
Lump and chip (Sri Lanka) 1,890 2,380 2,940 2,010 2,500 
Amorphous 319 511 567 622 560 
Net import reliance’ as a percentage of apparent consumption 100 100 100 100 100 


Recycling: Refractory brick and linings, alumina-graphite refractories for continuous metal castings, magnesia- 
graphite refractory brick for basic oxygen and electric arc furnaces, and insulation brick led the way in the recycling of 
graphite products. Recycling of refractory graphite material is increasing, with material being recycled into products 
such as brake linings and thermal insulation. Recovering high-quality flake graphite from steelmaking kish is 
technically feasible, but currently not practiced. The abundance of graphite in the world market inhibits increased 
recycling efforts. Information on the quantity and value of recycled graphite is not available. 


Import Sources (2018-21): China,° 33%; Mexico, 18%; Canada, 17%; Madagascar, 10%; and other, 22%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 

Crystalline flake (not including flake dust) 2504.10.1000 Free. 

Powder 2504.10.5000 Free. 

Other 2504 .90.0000 Free. 


Depletion Allowance: Lump and amorphous, 22% (domestic) and flake, 14% (domestic); 14% (foreign). 


Government Stockpile: 


FY 2022 FY 2023 
Inventory Potential Potential Potential Potential 


Material as of 9—30-—22 acquisitions disposals acquisitions disposals 
Graphite — 900 — — — 


Events, Trends, and Issues: U.S. natural graphite imports decreased by 29% and 28% in 2019 and 2020, 
respectively, and then increased by 48% in 2021, and by 55% in 2022. U.S. imports for consumption and U.S. 
apparent consumption increased by 16% and 19%, respectively, for the 5-year period of 2018 to 2022. The increase 
in consumption is likely due to rising demand from the lithium-ion battery industry. 


In 2022, China was the world’s leading graphite producer, producing an estimated 65% of total world production. 
Approximately 24% of graphite produced in China was amorphous and about 76% was flake. China produced some 
large flake graphite, but much of its flake graphite production was very small, in the +200-mesh range. China also 
processed most of the world’s spherical graphite. 


Prepared by Andrew A. Stewart [(703) 648-7723, astewart@usgs.gov] 


GRAPHITE (NATURAL) 


North America produced only 1.2% of the world’s graphite supply with production in Canada and Mexico. Three 


companies were developing graphite-mining projects in the United States—two in Alabama and one in Alaska. Two 


spherical graphite plants were in construction during 2022, located in Kellyton, AL, and Vidalia, LA, with production 
expected to begin during 2023. In 2022, the Vidalia project was awarded a grant of up to $220 million under the 


Bipartisan Infrastructure Law towards expanding the production capacity to 45,000 tons per year. 


Africa has been a recent focus for graphite exploration, with projects under development in Madagascar, 
Mozambique, Namibia, and Tanzania. Additional projects were in advanced development stages in Australia, 


Canada, and Sweden. A Canadian company and an Australian company continued to construct mines in Madagascar 


and Tanzania, respectively, with production expected to begin by 2023. In 2022, an Australian company 
commissioned a graphite anode plant in Sweden, becoming the first commercial plant operating in Europe. 


In February, Ukraine halted graphite production, citing Russian military action. Operations recommenced in August, 


although future production was uncertain as the conflict continued. Additionally, the United States and many other 
countries have suspended normal trade relations with Russia, removing supplies of Russian graphite from much of 
the global market. Leading up to the conflict, Russia and Ukraine were considered among the top 10 producers of 


graphite. 


World Mine Production and Reserves: Reserves for Brazil, China, and Russia were revised based on company 


and Government reports. 


Mine production Reserves? 
2021 2022° 

United States — — (4) 
Austria 500 500 ‘ 
Brazil 82,000 87,000 74,000,000 
Canada 12,000 15,000 (4) 
China 820,000 850,000 52,000,000 
Germany 250 250 (4) 
India 7,000 8,300 8,000,000 
Korea, North 8,100 8,100 2,000,000 
Korea, Republic of 10,500 17,000 1,800,000 
Madagascar 70,000 110,000 26,000,000 
Mexico 2,100 1,900 3,100,000 
Mozambique 72,000 170,000 25,000,000 
Norway 6,290 10,000 600,000 
Russia 15,000 15,000 14,000,000 
Sri Lanka 3,000 3,000 1,500,000 
Tanzania — 8,000 18,000,000 
Turkey 2,700 2,900 90,000,000 
Ukraine 10,000 3,000 . 
Uzbekistan 110 — 7,600,000 
Vietnam 5,000 5,000 (4) 
World total (rounded) 1,130,000 1,300,000 330,000,000 


World Resources:* Domestic resources of graphite are relatively small, but the rest of the world’s resources exceed 
800 million tons of recoverable graphite. 


Substitutes: Synthetic graphite powder, scrap from discarded machined shapes, and calcined petroleum coke 
compete for use in iron and steel production. Synthetic graphite powder and secondary synthetic graphite from 
machining graphite shapes compete for use in battery applications. Finely ground coke with olivine is a potential 
competitor in foundry-facing applications. Molybdenum disulfide competes as a dry lubricant but is more sensitive to 
oxidizing conditions. 


“Estimated. — Zero. 

‘Defined as imports — exports. 

2See Appendix B for definitions. 

3See Appendix C for resource and reserve definitions and information concerning data sources. 
4Included in “World total.” 

*Includes Hong Kong. 
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GYPSUM 
(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: |In 2022, domestic production of crude gypsum was estimated to be 21 million tons 
with a value of about $250 million. The leading crude-gypsum-producing States were estimated to be California, lowa, 
Kansas, Nevada, Oklahoma, and Texas. Overall, 47 companies produced or processed gypsum in the United States 
at 52 mines in 16 States. The majority of domestic consumption, which totaled approximately 42 million tons, was 
used by agriculture, cement production, and manufacturers of wallboard and plaster products. Small quantities of 
high-purity gypsum, used in a wide range of industrial processes, accounted for the remaining tonnage. At the 
beginning of 2022, the production capacity of 63 operating gypsum panel manufacturing plants in the United States 
was about 34 billion square feet’ per year. Total wallboard sales in 2022 were estimated to be 28 billion square feet. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production: 

Crude 21,100 21,700 21,500 21,300 21,000 

Synthetic? 16,600 14,400 13,000 13,000 14,000 

Calcined? 17,500 17,900 17,900 18,600 20,000 
Wallboard products sold, million square feet’ 23,700 25,900 26,200 27,300 28,000 
Imports, crude, including anhydrite 5,210 6,140 6,030 6,520 £6,800 
Exports, crude, not ground or calcined 36 37 32 42 40 
Consumption, apparent?* 42,900 42,200 40,500 40,800 42,000 
Price, average, dollars per metric ton: 

Crude, free on board (f.o.b.) mine 8.3 8.6 8.6 11 12 

Calcined, f.o.b. plant 32 34 35 42 44 
Employment, mine and calcining plant, number? 4,500 4,500 4,500 4,500 £4,500 
Net import reliance® as a percentage of apparent consumption 12 15 15 16 16 


Recycling: Approximately 700,000 tons per year of gypsum scrap that was generated by wallboard manufacturing 
was recycled onsite. The recycling of wallboard from new construction and demolition sources also took place, 
although those amounts are unknown. Recycled gypsum was used primarily for agricultural purposes and feedstock 
for the manufacture of new wallboard. Other potential markets for recycled gypsum include athletic-field marking, 
cement production (as a stucco additive), grease absorption, sludge drying, and water treatment. 


Import Sources (2018-21): Mexico, 35%; Spain, 33%; Canada, 28%; and other, 4%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Gypsum, anhydrite 2520.10.0000 Free. 


Depletion Allowance: 14% (domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: U.S. crude gypsum production was estimated to have decreased slightly, whereas 
apparent consumption increased by 3% compared with that in 2021. U.S. gypsum imports increased by an estimated 
4% compared with those in 2021. Exports, although very low compared with imports and often subject to wide 
fluctuations, decreased by an estimated 5%. 


Demand for gypsum depends principally on construction industry activity, particularly in the United States, where the 
majority of gypsum consumed is used for agriculture, building plasters, the manufacture of portland cement, and 
wallboard products. Despite disruptions caused by the global coronavirus disease 2019 (COVID-19) pandemic, the 
production of gypsum was not affected. 


Prepared by Robert D. Crangle, Jr. [(703) 648-6410, rcrangle@usgs.gov] 


GYPSUM 


The United States, the world’s leading crude gypsum producer, produced an estimated 21 million tons. Iran was the 
second-leading producer with an estimated 16 million tons of crude production, followed by China with 13 million tons. 
Increased use of wallboard in Asia, coupled with new gypsum product plants, spurred increased production in the 


region. As wallboard becomes more widely used, worldwide gypsum production is expected to increase. 


World Mine Production and Reserves: Reserves for China were revised based on Government reports. 


Mine production Reserves® 
2021 2022° 

United States 21,300 21,000 700,000 
Algeria ®2,500 2,000 NA 
Brazil ®2,000 2,000 450,000 
Canada ®2,400 2,400 450,000 
China 12,600 13,000 1,500,000 
France 1,950 2,000 350,000 
Germany 5,200 5,200 NA 
India £4,300 4,300 37,000 
Iran €16,000 16,000 NA 
Japan °4,300 4,300 NA 
Mexico ®5,400 5,400 NA 
Oman 12,300 12,000 NA 
Pakistan 1,820 1,800 6,000 
Russia ®4,100 4,100 NA 
Saudi Arabia 3,990 4,000 NA 
Spain ®11,000 11,000 NA 
Thailand €9,300 9,300 1,700 
Turkey €9,300 9,300 200,000 
Uzbekistan 2,200 2,200 NA 
Other countries 21,000 22,000 NA 
World total (rounded) 153,000 150,000 Large 


World Resources:® Reserves are large in major producing countries, but data for most are not available. Domestic 
gypsum resources are adequate but unevenly distributed. Large imports from Canada augment domestic supplies for 
wallboard manufacturing in the United States, particularly in the eastern and southern coastal regions. Imports from 
Mexico supplement domestic supplies for wallboard manufacturing along portions of the United States western 
seaboard. Large gypsum deposits occur in the Great Lakes region, the midcontinent region, and several Western 
States. Foreign resources are large and widely distributed; 81 countries were estimated to produce gypsum in 2022. 


Substitutes: In such applications as stucco and plaster, cement and lime may be substituted for gypsum; brick, 
glass, metallic or plastic panels, and wood may be substituted for wallboard. Gypsum has no practical substitute in 
the manufacturing of portland cement. Synthetic gypsum generated by various industrial processes, including flue gas 
desulfurization of smokestack emissions, is very important as a substitute for mined gypsum in wallboard 
manufacturing, cement production, and agricultural applications (in descending order by tonnage). In 2022, synthetic 
gypsum was estimated to account for about 25% of the total domestic gypsum supply. 


“Estimated. NA Not available. 

‘The standard unit used in the U.S. wallboard industry is square feet; multiply square feet by 0.0929 to convert to square meters. Source: The 
Gypsum Association. 

Synthetic gypsum used; the majority of these data were obtained from the American Coal Ash Association. 

3From domestic crude gypsum and synthetic gypsum. 

‘Defined as crude gypsum production + synthetic gypsum used + imports — exports. 

°Defined as imports — exports. 

6See Appendix C for resource and reserve definitions and information concerning data sources. 


U.S. Geological Survey, Mineral Commodity Summaries, January 2023 


86 


HELIUM 
(Data in million cubic meters of contained helium gas’ unless otherwise noted) 


Domestic Production and Use: The estimated value of Grade-A helium (99.997% helium or greater) sold during 
2022 by private industry was about $820 million. Five plants (three in Texas and two in Kansas) extracted helium from 
natural gas and produced crude helium that ranged from 50% to 80% helium. Five plants (two in Kansas, one each in 
Arizona, New Mexico, and Oklahoma) produced gaseous helium that ranged from 95% to 99.5% helium. Four plants 
(two in Colorado and one each in Utah and Wyoming) extracted helium from natural gas and produced Grade-A 
helium. Three plants in Kansas and one in Oklahoma accepted crude helium from other producers and the Bureau of 
Land Management (BLM) pipeline and purified it to Grade-A helium. In 2022, estimated domestic apparent 
consumption of Grade-A helium was 43 million cubic meters (1.5 billion cubic feet), and it was used for, in descending 
order by estimated quantity, magnetic resonance imaging, lifting gas, analytical and laboratory applications, 
electronics and semiconductor manufacturing, welding, engineering and scientific applications, and various other 
minor applications. 


Salient Statistics—United States: 2018 201 2020 2021 2022° 
Helium extracted from natural gas? 62 72 76 69 60 
Withdrawn from storage® 28 17 ri 7 15 
Grade-A helium sales 90 89 83 76 75 
Imports for consumption 8 i i 9 8 
Exports 458 58 52 47 40 
Consumption, apparent® 40 38 38 38 43 
Net import reliance® as a percentage of apparent consumption E E E E E 


The estimated price for private industry’s Grade-A helium was about $11 per cubic meter ($310 per thousand cubic 
feet) in 2022, with some producers posting surcharges to this price. 


Recycling: In the United States, helium used in large-volume applications is seldom recycled. Some low-volume or 
liquid boil-off recovery systems are used. In the rest of the world, helium recycling is more common. 


Import Sources (2018-21): Qatar, 53%; Canada, 20%; Algeria, 15%; Russia, 5%; and other, 7%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Helium 2804 .29.0010 3.7% ad valorem. 


Depletion Allowance: Allowances are applicable to natural gas from which helium is extracted, but no allowance is 
granted directly to helium. 


Government Stockpile:’ Under the Helium Stewardship Act of 2013, the BLM manages the Federal Helium 
Program, which includes all operations of the BLM Crude Helium Enrichment Unit, Cliffside Field helium storage 
reservoir, in Potter County, TX, and the Government's crude helium pipeline system. Private firms that sell Grade-A 
helium to Federal agencies are required to purchase a like amount of (in-kind) crude helium from the BLM. The law 
mandated that the BLM sell at auction Federal Conservation Helium stored in Bush Dome at the Cliffside Field. The 
last auction was completed in summer 2018. As of the end of fiscal year (FY) 2022, the remaining conservation 
helium is about 60.7 million cubic meters (2.19 billion cubic feet). The BLM will continue to deliver helium from private 
storage until all Cliffside Field assets are sold or disposed of. It is expected that all Cliffside Field assets will be 
disposed of in FY 2023. In FY 2022, privately owned companies purchased about 5.10 million cubic meters 

(185 million cubic feet) of in-kind crude helium. During FY 2022, the BLM’s Amarillo Field Office, Helium Operations, 
accepted about 9.2 million cubic meters (331 million cubic feet) of private helium for storage and redelivered nearly 
17.8 million cubic meters (640 million cubic feet). As of September 30, 2022, about 57.2 million cubic meters 

(2.06 billion cubic feet) of privately owned helium remained in storage at Cliffside Field. 


Inventory Authorized Disposal plan 
Material as of 9—30—22 for disposal FY 2023 
Helium 60.7 60.7 60.7 


Prepared by John E. Hamak?® and Robert C. Goodin [(703) 648-7710, rgoodin@usgs.gov] 
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HELIUM 


Events, Trends, and Issues: Helium sales in 2022 decreased slightly in the United States owing to several 
unplanned shutdowns taking place, including the BLM Crude Helium Enrichment Unit, which was not operational from 
mid-January 2022 through late June 2022. World helium production, excluding the United States, decreased owing to 
delays of added production capacity in Russia, helium plant shutdowns in Qatar, reduced separation of helium from 
natural gas in Algeria, and constraints on transportation for helium products. 


World Mine Production and Reserves: Reserves for the United States were revised based on Government reports. 


Mine production Reserves? 

2021 2022° 
United States (extracted from natural gas) 69 60 8,500 
United States (from Cliffside Field) 7 15 61 
Algeria e414 9 ®1,800 
Australia e4 4 NA 
Canada 21 2 NA 
China a 1 NA 
Poland e1 1 24 
Qatar °61 60 *Large 
Russia 20 5 ®4,700 
South Africa i #1) 1 NA 
World total (rounded) °164 160 NA 


World Resources:? Section 16 of Public Law 113-40 required the U.S. Geological Survey (USGS) to complete a 
national helium gas assessment. The USGS and the BLM coordinated efforts to complete this assessment, which 
was published by the USGS in fall 2021.'° The mean volume of recoverable helium within the known geologic natural 
gas reservoirs in the United States was estimated to be 8,490 million cubic meters (306 billion cubic feet). This does 
not include the remaining 60.7 million cubic meters (2.19 billion cubic feet) in the Federal helium inventory. The 
estimated mean for the Midcontinent region was 4,330 million cubic meters (156 billion cubic feet); the Rocky 
Mountain region, 4,110 million cubic meters (148 billion cubic feet); the North Central region, 52.7 million cubic meters 
(1.9 billion cubic feet); the Gulf Coast region, 12.5 million cubic meters (0.45 billion cubic feet); and the Alaska region, 
1.11 million cubic meters (0.04 billion cubic feet). 


Helium resources of the world, exclusive of the United States, were estimated to be about 31.3 billion cubic meters 
(1.13 trillion cubic feet). The locations and volumes of the major deposits, in billion cubic meters, are Qatar, 10.1; 
Algeria, 8.2; Russia, 6.8; Canada, 2.0; and China, 1.1. 


Substitutes: Nothing substitutes for helium in cryogenic applications if temperatures below —429 degrees Fahrenheit 
are required. Argon can be substituted for helium in welding, and hydrogen can be substituted for helium in some 
lighter-than-air applications in which the flammable nature of hydrogen is not objectionable. Hydrogen is also being 
investigated as a substitute for helium in deep-sea diving applications below 305 meters (1,000 feet). 


“Estimated. E Net exporter. NA Not available. 

‘Measured at 101.325 kilopascals absolute (14.696 pounds per square inch [psia]) and 15 degrees Celsius (°C) [59 degrees Fahrenheit (°F)]; 
27.737 cubic meters of helium = 1,000 cubic feet of helium at 101.325 kilopascals absolute (14.696 psia) and 21.1 °C (70 °F). 

?Both Grade-A and crude helium. 

3Extracted from natural gas in prior years. 

“Exports were adjusted by the U.S. Geological Survey for 2018 as the data reported by the U.S. Census Bureau were unusually high and may have 
contained misclassified items. 

°Grade-A helium. Defined as sales + imports — exports. 

6Defined as imports — exports. 

“See Appendix B for definitions. 

8General Engineer (contractor), Bureau of Land Management, Amarillo Field Office—Helium Operations, Amarillo, TX. 

°See Appendix C for resource and reserve definitions and information concerning data sources. 

0Brennan, S.T., Rivera, J.L., Varela, B.A., and Park, A.J., 2021, National assessment of helium resource within known natural gas reservoirs: U.S. 
Geological Survey Scientific Investigations Report 2021-5085, 5 p., https://doi.org/10.3133/sir20215085. 
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INDIUM 
(Data in metric tons unless otherwise noted) 


Domestic Production and Use: Indium was not recovered from ores in the United States in 2022. Several 
companies produced indium products—including alloys, compounds, high-purity metal, and solders—from imported 
indium metal. Production of indium tin oxide (ITO) continued to account for most global indium consumption. ITO thin- 
film coatings were primarily used for electrically conductive purposes in a variety of flat-panel displays—most 
commonly liquid crystal displays (LCDs). Other indium end uses included alloys and solders, compounds, electrical 
components and semiconductors, and research. Estimated domestic consumption of refined indium was 160 tons in 
2022 and was based on the annual estimated import quantity. There were no readily available recycling or end-use 
data available for indium. The estimated value of refined indium consumed domestically in 2022, based on the 
average U.S. warehouse price, was about $40 million. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production, refinery — — — — — 
Imports for consumption 125 95 115 158 160 
Exports NA NA NA NA NA 
Consumption, estimated" 125 95 115 158 160 
Price, annual average, dollars per kilogram: 

New York dealer? 375 390 395 NA NA 

U.S. warehouse, free on board* 285 182 161 223 250 

Rotterdam, duties unpaid‘ 281 177 158 217 250 
Net import reliance® as a percentage of estimated consumption 100 100 100 100 100 


Recycling: Indium is most commonly recovered from ITO scrap in Japan and the Republic of Korea. Indium-containing 
scrap was recycled domestically; however, data on the quantity of indium recovered from scrap were not available. 


Import Sources (2018-21): Republic of Korea, 32%; Canada, 22%; China,® 18%; France, 9%; and other, 19%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Unwrought indium, including powders 8112.92.3000 Free. 


Depletion Allowance: 14% (domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: In 2022, the estimated annual average U.S. warehouse price (free on board) was 
$250 per kilogram, 12% greater than the reported average price 2021. The U.S. price, as reported by Argus Media 
group, Argus Metals International, began the year at $275 per kilogram and generally trended downward for most of 
the year to $240 per kilogram at the end of September. 


A leading manufacturer of indium products in the United States invested $10 million to expand operations at its facility 
in Rome, NY. According to the company, the plant produced solder fabrications that were primarily used in advanced 
electronics, and the expansion would increase the number of manufacturing processes at the plant to 25. 


The Utah Geological Survey received a Federal grant to research the genesis and geology of the zinc-copper-indium 
West Desert deposit in Juab County, UT. The funding was awarded under the U.S. Geological Survey’s Earth 
Mapping Resource Initiative (Earth MRI) program. The research would focus on the spatial and mineralogical 
distribution of indium throughout the deposit and exploration indicators to help identify similar deposits. 


Prepared by Amy C. Tolcin [(703) 648-4940, atolcin@usgs.gov] 


INDIUM 


An indium-producing zinc smelter in Auby, France, was placed on care-and-maintenance status in January owing to 
high power prices. The smelter resumed production at a reduced rate in March. Annual indium production at the 
smelter was last reported in 2018 at 43 tons. 


China, the leading producer and exporter of indium globally, exported 421 tons of indium in the first 8 months of 2022, 
a 13% increase compared with exports in the same period in 2021. Exports were primarily sent to the Republic of 
Korea, 55%; Singapore, 14%; and Hong Kong, 12%. Some zinc smelters in Sichuan and Yunnan Provinces 
temporarily cut production during the year in response to power supply issues, according to news sources; however, 
the extent of the cuts and their effect on related byproduct metal production, including indium, could not be quantified. 


World Refinery Production and Reserves: 


Refinery production® ’ Reserves® 
2021 2022 
United States — — Quantitative estimates of 
Belgium 20 20 reserves were not available. 
Canada 60 55 
China 540 530 
France 38 20 
Japan 66 66 
Korea, Republic of 190 200 
Peru 12 — 
Russia 5 5 
Uzbekistan 4 park 
World total (rounded) 932 900 


World Resources:® Indium is most commonly recovered from the zinc-sulfide ore mineral sphalerite. The indium 
content of zinc deposits from which it is recovered ranges from less than 1 part per million to 100 parts per million. 
Although the geochemical properties of indium are such that it occurs in trace amounts in other base-metal sulfides— 
particularly chalcopyrite and stannite—indium recovery from most deposits of these minerals was not economic. 


Substitutes: Antimony tin oxide coatings have been developed as an alternative to ITO coatings in LCDs and have 
been successfully annealed to LCD glass; carbon nanotube coatings have been developed as an alternative to ITO 
coatings in flexible displays, solar cells, and touch screens; poly (3,4-ethylene dioxythiophene) (PEDOT) has also 
been developed as a substitute for ITO in flexible displays and organic light-emitting diodes; and copper or silver 
nanowires have been explored as a substitute for ITO in touch screens. Graphene has been developed to replace 
ITO electrodes in solar cells and also has been explored as a replacement for ITO in flexible touch screens. 
Researchers have developed a more adhesive zinc oxide nanopowder to replace ITO in LCDs. Hafnium can replace 
indium in nuclear reactor control rod alloys. 


°Estimated. NA Not available. — Zero. 

‘Estimated to equal imports. 

Price is based on 99.99%-minimum-purity indium, delivered duty paid by U.S. buyers, in minimum lots of 50 kilograms. Source: S&P Global Platts 
Metals Week; price was discontinued as of September 11, 2020. 

3Price is based on 99.99%-minimum-purity indium, free on board U.S. warehouse. Source: Argus Media group, Argus Metals International. 
‘Price is based on 99.99%-minimum-purity indium, duties unpaid in warehouse (Rotterdam). Source: Argus Media group, Argus Metals 
International. 

°Defined as imports — exports. 

Includes Hong Kong. 

‘Refinery production data for indium were limited or unavailable for most countries. Estimates were derived from trade data, production capacity, 
and (or) changes in related lead and zinc smelter production. 

8See Appendix C for resource and reserve definitions and information concerning data sources. 
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IODINE 
(Data in metric tons of elemental iodine unless otherwise noted) 


Domestic Production and Use: lodine was produced from brines in 2022 by three companies operating in 
Oklahoma. U.S. iodine production in 2022 was withheld to avoid disclosing company proprietary data but was 
estimated to have increased from that in 2021. The annual average cost, insurance, and freight unit value of iodine 
imports in 2022 was estimated to be $41 per kilogram, about 26% more than that in 2021. 


Because domestic and imported iodine was used by downstream manufacturers to produce many intermediate iodine 
compounds, it was difficult to establish an accurate end-use pattern. Crude iodine and inorganic iodine compounds 
were thought to account for more than 50% of domestic iodine consumption in 2022. Worldwide, the leading uses of 
iodine and its compounds were X-ray contrast media, pharmaceuticals, liquid crystal displays (LCDs), and iodophors, 
in descending order of quantity consumed. Other applications of iodine included animal feed, biocides, fluoride 
derivatives, food supplements, and nylon. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production W W W W W 
Imports for consumption 4930 4,300 4,570 4,120 £4,600 
Exports 1,190 1,230 1,130 1,280 1,000 
Consumption: 
Apparent! WwW W W W W 
Reported 4,620 4,000 3,750 3,720 £4,000 
Price, crude iodine, average unit value of imports (cost, insurance, 22.46 26.38 31.57 32.72 41 
and freight), dollars per kilogram 
Employment, number® 60 60 60 60 60 
Net import reliance? as a percentage of reported consumption >50 >50 >50 >50 >50 


Recycling: Small amounts of iodine were recycled. 


Import Sources (2018-21): Chile, 89%; Japan, 10%; and other, 1%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
lodine, crude 2801.20.0000 Free. 


Depletion Allowance: 14% (domestic and foreign). 


Government Stockpile: None. 
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IODINE 


Events, Trends, and Issues: According to trade publications, spot prices for iodine crystal averaged about $67 per 
kilogram during the first 9 months of 2022. This was about 77% more than the 2021 annual average of $37.83 per 
kilogram. lodine price increases were attributed to strong global demand, particularly in Asia. 


In the latter part of 2022, some countries in Europe began distributing and stockpiling potassium iodide tablets amid 
concerns over the possible use of nuclear weapons by Russia in Ukraine as well as concerns regarding the security 
of the Zaporizhzhia nuclear powerplant in Ukraine. Potassium iodide tablets can be taken to prevent radioactive 
iodine from accumulating in the thyroid gland following exposure to nuclear radiation. 


As in recent years, Chile was the world’s leading producer of iodine, followed by Japan and the United States. 
Excluding production in the United States, Chile accounted for about two-thirds of world production in 2022. Most of 
the world’s iodine supply comes from three areas: the Chilean desert nitrate mines, the gasfields and oilfields in 
Japan, and the iodine-rich brine wells in northwestern Oklahoma. 


World Mine Production and Reserves: China also produces crude iodine, but output is not officially reported, and 
available information was inadequate to make reliable estimates of output. Available information was inadequate to 
make an estimate of iodine reserves in Indonesia for 2022. 


Mine production® Reserves? 
2021 2022 

United States W W 250,000 
Azerbaijan 190 200 170,000 
Chile 22,000 22,000 610,000 
Indonesia 436 40 NA 
lran 700 700 NA 
Japan 8,900 9,000 4,900,000 
Russia 3 3 120,000 
Turkmenistan 700 700 70,000 
World total (rounded) 532,500 533,000 6,100,000 


World Resources:* Seawater contains 0.06 part per million iodine, and the oceans are estimated to contain 
approximately 90 billion tons of iodine. Seaweeds of the Laminaria family are able to extract and accumulate up to 
0.45% iodine on a dry basis. Although not as economical as the production of iodine as a byproduct of gas, nitrates, 
and oil, the seaweed industry represented a major source of iodine prior to 1959 and remains a large resource. 


Substitutes: No comparable substitutes exist for iodine in many of its principal applications, such as in animal feed, 
catalytic, nutritional, pharmaceutical, and photographic uses. Bromine and chlorine could be substituted for iodine in 
biocide, colorant, and ink, although they are usually considered less desirable than iodine. Antibiotics can be used as 
a substitute for iodine biocides. 


“Estimated. W Withheld to avoid disclosing company proprietary data. NA Not available. 
‘Defined as production + imports — exports. 

?Defined as imports — exports. 

3See Appendix C for resource and reserve definitions and information concerning data sources. 
4Reported. 

*Excludes U.S. production. 
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IRON AND STEEL! 
(Data in million metric tons of metal unless otherwise noted) 


Domestic Production and Use: The U.S. iron and steel industry produced raw steel in 2022 with an estimated value 
of about $132 billion, a 13% increase from $118 billion in 2021. Pig iron and raw steel were produced by three 
companies operating integrated steel mills in 11 locations. Raw steel was produced by 50 companies at 101 minimills. 
Combined production capacity was about 106 million tons per year. Indiana accounted for an estimated 26% of total 
raw steel production, followed by Ohio, 12%; Pennsylvania and Illinois, 5% each; Texas, 4%; and Michigan, 3%; with 
no other State having more than 3% of total domestic raw steel production. Construction accounted for an estimated 
46% of total domestic shipments by market classification, followed by transportation (predominantly automotive), 
26%; machinery and equipment, 8%; energy, 6%; appliances, 5%; and other applications, 9%. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Pig iron production? 24.1 22.3 18.3 22.2 21 
Raw steel production 86.6 87.8 72.7 85.8 82 
Distribution of raw steel production, percent: 

Basic oxygen furnaces 32 30 29 29 29 

Electric arc furnaces 68 70 71 71 72 
Continuously cast steel, percent 98.2 99.8 99.8 99.8 99.8 
Shipments, steel mill products 86.4 87.3 73.5 85.9 82 
Imports, steel mill products: 

Finished 23.3 19.1 14.6 20.6 22 

Semifinished 7.3 6.2 53 79 _8 

Total 30.6 25.3 20.0 28.5 30 

Exports, steel mill products: 

Finished 7.9 6.6 6.7 7.4 8 

Semifinished 0.1 0.1 0.1 0.1 0.1 

Total 8.0 6.7 6.8 7.5 8 

Stocks, service centers, yearend? 7.3 7.4 5.8 5.8 5.8 
Consumption, apparent (steel mill products)* 102 100 82.1 98.9 96 
Producer price index for steel mill products (1982=100)° 211 204 184 351 400 
Employment, average, number: 

lron and steel mills® 82,100 85,700 83,200 78,300 75,000 

Steel product manufacturing® 56,700 57,800 54,900 52,700 50,000 
Net import reliance’ as a percentage of apparent consumption 15 12 12 13 14 


Recycling: See the Iron and Steel Scrap and Iron and Steel Slag chapters. 


Import Sources (2018-21): Canada, 21%; Brazil, 15%; Mexico, 14%; Republic of Korea, 9%; and other, 41%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Carbon steel: 
Semifinished 7207.00.0000 Free. 
Flat, hot-rolled 7208.00.0000 Free. 
Flat, cold-rolled 7209.00.0000 Free. 
Galvanized 7210.00.0000 Free. 
Bars and rods, hot-rolled 7213.00.0000 Free. 
Structural shapes 7216.00.0000 Free. 
Stainless steel: 
Semifinished 7218.00.0000 Free. 
Flat-rolled sheets 7219.00.0000 Free. 
Bars and rods 7222.00.0000 Free. 


Depletion Allowance: Not applicable. 
Government Stockpile: None. 
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IRON AND STEEL 


Events, Trends, and Issues: The World Steel Association® forecast global finished steel consumption to decrease by 
2.3% in 2022 and increase by 1.0% in 2023. End-use consumption of steel products was expected to decline in 2022 
following concurrent events affecting consumer demand, including the conflict in Ukraine, continuing coronavirus 
disease 2019 (COVID-19) mitigation measures in China, rising energy costs and interest rates, and global inflation. In 
the United States, the apparent consumption of finished steel products was estimated to have increased by 2% in 
2022 owing to strong economic recovery from COVID-19 supply disruptions. The Infrastructure Investment and Jobs 
Act was expected to spur growth in the energy and construction sectors. 


The economic conditions in China significantly affected steel production, with finished steel production decreasing by 
4% in 2022 and expected to remain unchanged in 2023 owing to extended COVID-19 mitigation strategies that led to 
decreased demand for real estate and construction investments. In Japan and the Republic of Korea, steel demand 
was estimated to be lower in 2022 owing to decreases in the construction sector. Production of finished steel products 
in India was expected to increase by 6% in 2022 owing to infrastructure spending, strong demand for consumer 
goods, and increased demand in the automotive sector. 


World Production: 


Pig iron Raw steel 

2021 2022° 2021 2022° 

United States 22 21 86 82 
Brazil 28 26 36 33 
China 869 830 1,030 990 
Germany 26 24 40 38 
India 78 83 118 130 
lran 3 3 28 29 
Italy 4 4 24 24 
Japan 70 71 96 97 
Korea, Republic of 46 45 71 69 
Mexico 3 3 18 17 
Russia 54 50 76 71 
Taiwan 15 15 23 23 
Turkey 10 10 40 39 
Ukraine 21 19 21 19 
Vietnam 15 15 23 23 
Other countries 81 88 216 230 
World total (rounded) 1,350 1,300 1,950 1,900 


World Resources: Not applicable. See the Iron Ore chapter for steelmaking raw-material resources. 


Substitutes: lron is the least expensive and most widely used metal. In most applications, iron and steel compete 
either with less expensive nonmetallic materials or with more expensive materials that have a performance 
advantage. Iron and steel compete with lighter materials, such as aluminum and plastics in the automotive industry; 
aluminum, concrete, and wood in construction; and aluminum, glass, paper, and plastics in containers. 


“Estimated. 

‘U.S. production and shipments data source is the American Iron and Steel Institute; see also the Iron and Steel Scrap and Iron Ore chapters. 
?More than 95% of pig iron production is transported in molten form to steelmaking furnaces at the same site. 

3Steel mill products. Source: Metals Service Center Institute, September 2021. 

‘Defined as steel mill product shipments + imports of finished steel mill products — exports of steel mill products + adjustments for industry stock 
changes. 

°Source: U.S. Department of Labor, Bureau of Labor Statistics, North American Industry Classification System Code 331100. 

®Source: U.S. Department of Labor, Bureau of Labor Statistics, North American Industry Classification System Code 332100. 

‘Defined as imports of finished steel mill products — total exports + adjustments for industry stock changes. 

8Source: World Steel Association, 2022, Short range outlook October 2022: Brussels, Belgium, World Steel Association press release, October 19, 6 p. 
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IRON AND STEEL SCRAP‘ 
(Data in million metric tons of metal unless otherwise noted) 


Domestic Production and Use: In 2022, the total value of domestic purchases of iron and steel scrap (receipts of 
ferrous scrap by all domestic consumers from brokers, dealers, and other outside sources) and exports was 
estimated to be $23 billion, a 5% decrease from the $24.3 billion in 2021 and 74% more than the $13.2 billion in 2020. 
U.S. apparent consumption of steel, the leading end use for iron and steel scrap, was estimated to have decreased 
by 3% to 96 million tons in 2022 from 98.9 million tons in 2021. Manufacturers of pig iron, raw steel, and steel 
castings accounted for almost all scrap consumption by the domestic steel industry, using scrap together with pig iron 
and direct-reduced iron to produce steel products for the appliance, construction, container, machinery, oil and gas, 
transportation, and various other consumer industries. The ferrous castings industry consumed most of the remaining 
scrap to produce cast iron and steel products. Relatively small quantities of steel scrap were used for producing 
ferroalloys, for the precipitation of copper, and by the chemical industry; these uses collectively totaled less than 

1 million tons. 


In 2022, estimated raw steel production decreased by 4% to 82 million tons from 85.8 million tons in 2021, and net 
shipments of steel mill products were an estimated 82 million tons, down by 5% from 85.9 million tons in 2021. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production: 
Home scrap 5.8 5.3 5.1 4.7 4.7 
Purchased scrap? 59 55 50 52 49 
Imports for consumption? 5.0 4.3 4.5 5.3 4.8 
Exports? 17 18 15 16 13 
Consumption: 
Reported 52 47 45 46 44 
Apparent* 52 48 45 46 46 
Price, average, delivered, No. 1 heavy melting composite price, 326 249 228 418 415 
dollars per metric ton® 
Stocks, consumer, yearend 5.1 3.9 3.9 4.4 4.6 
Employment, dealers, brokers, processors, number? 27,000 26,000 24,500 25,300 24,000 
Net import reliance® as a percentage of reported consumption E E E E E 


Recycling: Recycled iron and steel scrap is a vital raw material for the production of new steel and cast-iron 
products. The steel and foundry industries in the United States have been structured to recycle scrap and, as a result, 
are highly dependent upon scrap. Recycling 1 ton of steel conserves 1.1 tons of iron ore, 0.6 ton of coking coal, and 
0.05 ton of limestone. Recycling of scrap also conserves energy because the remelting of scrap requires much less 
energy than the production of iron or steel products from iron ore. 


Overall, the scrap recycling rate in the United States has averaged between 80% and 90% during the past decade, 
with automobiles making up the primary source of old steel scrap. Recycling of automobiles is nearly 100% each 
year, with rates fluctuating slightly owing to the rate of new vehicle production and general economic trends. More 
than 15 million tons of steel is recycled from automobiles annually, the equivalent of approximately 12 million cars, 
from more than 7,000 vehicle dismantlers and 350 car shredders in North America. The recycling of steel from 
automobiles is estimated to save the equivalent energy necessary to power 18 million homes every year. 


Recycling rates, which fluctuate annually, were estimated to be 98% for structural steel from construction, 88% for 
appliances, 71% for rebar and reinforcement steel, and 70% for steel packaging. The recycling rates for appliance, 
can, and construction steel are expected to increase in the United States and in emerging industrial countries at an 
even greater rate. Public interest in recycling continues, and recycling is becoming more profitable and convenient as 
environmental regulations for primary production increase. Also, consumption of iron and steel scrap by remelting 
reduces the burden on landfill disposal facilities and prevents the accumulation of abandoned steel products in the 
environment 


Recycled scrap consists of approximately 58% post-consumer (old, obsolete) scrap, 24% new scrap (produced in 
steel-product manufacturing plants), and 18% home scrap (recirculating scrap from current operations). 


Import Sources (2018-21): Canada, 73%; Mexico, 12%; Netherlands, 5%; United Kingdom, 5%; and other, 5%. 
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IRON AND STEEL SCRAP 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Ferrous waste and scrap: 
Stainless steel 7204.21.0000 Free. 
Turnings, shavings, chips, milling waste, 
sawdust, filings, trimmings, and stampings: 


No. 1 bundles 7204.41.0020 Free. 
No. 2 bundles 7204.41.0040 Free. 
Borings, shovelings, and turnings 7204.41.0060 Free. 
Other 7204.41.0080 Free. 
Other: 
No. 1 heavy melting 7204.49.0020 Free. 
No. 2 heavy melting 7204.49.0040 Free. 
Cut plate and structural 7204.49.0060 Free. 
Shredded 7204.49.0070 Free. 
Remelting scrap ingots 7204.50.0000 Free. 
Powders, of pig iron, spiegeleisen, iron, or steel: 
Alloy steel 7205.21.0000 Free. 
Other 7205.29.0000 Free. 


Depletion Allowance: Not applicable. 
Government Stockpile: None. 


Events, Trends, and Issues: In 2022, steel mills maintained normal operating rates of 76% to 82% of production 
capacity utilization, as compared with the low monthly rate of 54.6% in May 2020. Rates fluctuated slightly from 
79.8% in January to 81.9% in April before slowly declining to 76.4% in September. Average composite prices 
published for No. 1 heavy melting steel scrap increased from the previous high rate in 2021 of $457.66 per ton in 
November and December to the high for 2022 of $523.27 per ton in March, after which prices declined. The annual 
average price delivered in the first 9 months of 2022 decreased to $405.35 per ton compared with the full-year annual 
average of $408.34 per ton in 2021 and contributed to the 5% decrease in the total estimated value of domestic 
purchases and exports of iron and steel scrap in 2022. 


In the first 9 months of 2022, Turkey was the primary destination for exports of ferrous scrap, by tonnage, accounting 
for 22% of total exports, followed by Mexico, 19%; Bangladesh, 12%; and India and Taiwan, 7% each. The value of 
exported scrap decreased to an estimated $5.8 billion in 2022 from $6.7 billion in 2021. In the first 9 months of 2022, 
Canada was the leading source of imports of ferrous scrap, by tonnage, accounting for 73% of total imports, followed 
by Mexico, 13%; the Netherlands and Sweden, 4% each; and the United Kingdom, 3%. 


The World Steel Association’ forecast global finished steel consumption to decrease by 2.3% in 2022 and increase by 
1.0% in 2023. End-use consumption of steel products was expected to decline in 2022 following concurrent events 
affecting consumer demand, including the conflict in Ukraine, continuing coronavirus disease 2019 (COVID-19) 
mitigation measures in China, rising energy costs and interest rates, and global inflation. 


World Production and Reserves: Because scrap is not mined, the concept of reserves does not apply. World 
production data for scrap were not available. See the Iron and Steel and Iron Ore chapters. 


World Resources: Not applicable. See the Iron Ore chapter. 


Substitutes: An estimated 4.9 million tons of direct-reduced iron was consumed in the United States in 2022 as a 
substitute for iron and steel scrap, down from 5.0 million tons in 2021. 


“Estimated. E Net exporter. 

'See also the Iron and Steel, Iron and Steel Slag, and Iron Ore chapters. 

?Defined as net receipts + exports — imports. 

3Excludes used rails for rerolling and other uses, and ships, boats, and other vessels for scrapping. 

“Defined as home scrap + purchased scrap + imports — exports + adjustments for industry stock changes. 

°Source: Fastmarkets AMM. 

6Defined as imports — exports + adjustments for industry stock changes. 

“Source: World Steel Association, 2022, Short range outlook October 2022: Brussels, Belgium, World Steel Association press release, October 19, 6 p. 
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IRON AND STEEL SLAG 
(Data in million metric tons unless otherwise noted) 


Domestic Production and Use: Iron and steel (ferrous) slags are formed by the combination of slagging agents and 
impurities during the production of crude (or pig) iron and crude steel. The slags are tapped separately from the 
metals, then cooled and processed, and are primarily used in the construction industry. Data were unavailable on 
actual U.S. ferrous slag production, but domestic slag sales’ in 2022 were estimated to be 15 million tons valued at 
about $795 million. Blast furnace slag was about 49% of the tonnage sold and accounted for 87% of the total value of 
slag, most of which was granulated. Steel slag produced from basic oxygen and electric arc furnaces accounted for 
the remainder of sales. Slag was processed by 25 companies servicing active iron and steel facilities or reprocessing 
old slag piles at about 123 processing plants (including some iron and steel plants with more than one slag- 
processing facility) in 33 States, including facilities that import and grind unground slag to sell as ground granulated 
blast furnace slag (GGBFS). 


Air-cooled iron slag and steel slag are used primarily as aggregates in concrete (air-cooled iron slag only); asphaltic 
paving, fill, and road bases; both slag types also can be used as a feed for cement kilns. Almost all GGBFS is used 
as a partial substitute for portland cement in concrete mixes or in blended cements. Pelletized slag is generally used 
for lightweight aggregate but can be ground into material similar to GGBFS. Actual prices per ton ranged from a few 
cents for some steel slags at a few locations to about $120 or more for some GGBFS in 2022. Owing to low unit 
values, most slag types can be shipped only short distances by truck, but rail and waterborne transportation allow for 
greater travel distances. Because much higher unit values make it economical to ship GGBFS longer distances, much 
of the GGBFS consumed in the United States is imported. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production (sales)® 1: 2 16.8 16.3 13.4 15.7 15 
Imports for consumption® * 2.6 2.1 2.3 2.4 2.0 
Exports (*) (*) (*) (*) (*) 
Consumption, apparent® > 17 16 13 16 15 
Price, average unit value, free on board plant, dollars per metric ton® 26.50 28.50 31.00 40.50 53 
Employment, number® 1,500 1,500 1,500 1,500 1,500 
Net import reliance’ as a percentage of apparent consumption 13 10 14 15 13 


Recycling: Following removal of entrained metal, slag can be returned to the blast and steel furnaces as ferrous and 
flux feed, but data on these returns are incomplete. Entrained metal, particularly in steel slag, is routinely recovered 
during slag processing for return to the furnaces and is an important revenue source for slag processors; data on 
metal returns are unavailable. 


Import Sources (2018-21): Japan, 46%; Brazil, 17%; China, 15%; and other, 22%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Granulated slag 2618.00.0000 Free. 


Slag, dross, scalings, and other waste from 
manufacture of iron and steel: 
Ferrous scale 2619.00.3000 Free. 
Other 2619.00.9000 Free. 
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IRON AND STEEL SLAG 


Depletion Allowance: Not applicable. 
Government Stockpile: None. 


Events, Trends, and Issues: The availability of steel slag is tied closely to the rates of raw steel production and the 
cost consideration of recovering slag for use in low-value downstream applications. The majority of U.S. steel slag 
production is from electric arc furnaces, which accounted for an estimated 72% of U.S. steel production in 2022 owing 
to the overall cost advantages of environmental factors, such as less feedstock and power consumption and the price 
and availability of ferrous scrap feedstock. In recent years, the percentage of basic oxygen furnace steel production 
has continued to decline as capacity has idled or closed; however, slag stockpiling at furnaces allows for processing 
of slag for years after closures. The World Steel Association® forecast global finished steel consumption to decrease 
by 2.3% in 2022 and increase by 1.0% in 2023. The U.S. iron and steel industry produced raw steel in 2022 with an 
estimated value of about $132 billion, a 13% increase from $118 billion in 2021. Pig iron production in the 

United States was estimated to have decreased by 5% to 21 million tons in 2022 from 22.2 million tons in 2021. 


During 2022, domestic GGBFS remained in limited supply because granulation cooling was known to be available at 
only two active U.S. blast furnaces while, elsewhere, only one domestic plant produced pelletized slag in limited 
supply. Grinding of granulated blast furnace slag was only done domestically by cement companies. 


The domestic supply of fly ash, which is used as an additive in concrete production, rebounded from low production 
levels in 2020; however, supply remained constrained and was expected to decrease in upcoming years owing to 
restrictions of mercury and carbon dioxide (COz) emissions at coal-fired powerplants, powerplant closures, and 
conversion of powerplants to natural gas. Demand for GGBFS is likely to increase because its use in cement yields a 
beneficial product in many applications and reduces the unit COz emissions in the production of the cement. 


World Production and Reserves: Because slag is not mined, the concept of reserves does not apply. World 
production data for slag were not available, but iron slag from blast furnaces may be estimated to be 25% to 30% of 
crude (pig) iron production, and steel furnace slag may be estimated to be 10% to 15% of raw steel production. In 
2022, world iron slag production was estimated to be between 330 million and 390 million tons, and steel slag 
production was estimated to be between 190 million and 290 million tons. 


World Resources: Not applicable. 


Substitutes: In the construction sector, ferrous slags compete with natural aggregates (crushed stone and 
construction sand and gravel) but are far less widely available than the natural materials. As a cementitious additive in 
blended cements and concrete, GGBFS mainly competes with fly ash, metakaolin, and volcanic ash pozzolans. In 
this respect, GGBFS reduces the amount of portland cement per ton of concrete, thus allowing more concrete to be 
made per ton of portland cement. Slags (especially steel slag) can be used as a partial substitute for limestone and 
some other natural raw materials for clinker (cement) manufacture and compete in this use with fly ash and bottom 
ash. Some other metallurgical slags, such as copper slag, can compete with ferrous slags in some specialty markets, 
such as a ferrous feed in clinker manufacture, but are generally in much more restricted supply than ferrous slags. 


“Estimated. 

‘Processed slag sold during the year, excluding entrained metal. 

Data include sales of domestic and imported granulated blast furnace slag and exclude sales of pelletized slag. 

3U.S. Census Bureau data adjusted by the U.S. Geological Survey to remove nonslag materials (such as cenospheres, fly ash, and silica fume) 
and slags or other residues of other metallurgical industries (especially copper slag), whose unit values are outside the range expected for 
granulated slag. In some years, tonnages may be underreported. 

4Less than 50,000 tons. 

“Defined as sales — exports. 

6Rounded to the nearest $0.50 per ton. 

‘Defined as imports — exports. 

8Source: World Steel Association, 2022, Short range outlook October 2022: Brussels, Belgium, World Steel Association press release, October 19, 6 p. 
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IRON ORE’ 
(Data in thousand metric tons of usable ore unless otherwise noted) 


Domestic Production and Use: In 2022, seven open pit iron ore mines (each with associated concentration and 
pelletizing plants) in Michigan and Minnesota shipped 98% of domestic usable iron ore products, which were 
consumed in the steel industry in the United States. The remaining 2% of domestic iron ore products were consumed 
in nonsteel end uses. In 2022, the United States produced iron ore with an estimated value of $5.2 billion, a 22% 
decrease from $6.7 billion in 2021. Four iron metallic plants—one direct-reduced iron (DRI) plant in Louisiana and 
three hot-briquetted iron (HBI) plants in Indiana, Ohio, and Texas—operated during the year to supply steelmaking 
raw materials with an estimated value of $1.3 billion. The United States was estimated to have produced 1.8% and 
consumed 1.5% of the world’s iron ore output. 


Salient Statistics—United States: 2018 201 2020 2021 2022° 
Production: 

lron ore 49,500 46,900 38,100 47,500 46,000 

lron metallics 3,560 3,660 3,500 5,010 4,900 
Shipments 50,400 47,000 38,000 43,400 46,000 
Imports for consumption 3,/90 3,980 3,240 3,740 3,200 
Exports 12,700 11,400 10,400 14,300 9,400 
Consumption: 

Reported 36,600 34,800 NA NA NA 

Apparent? 41,400 39,100 31,100 36,800 40,000 
Price, average unit value reported by mines, dollars per metric ton 93.00 92.94 91.27 141.75 114 
Stocks, mine, dock, and consuming plant, yearend 3,100 3,470 3,290 3,170 2,800 
Employment, mine, concentrating and pelletizing plant, number 4,860 4,960 4,300 4,980 4,900 
Net import reliance* as a percentage of apparent consumption E E E E E 


Recycling: None. See the Iron and Steel Scrap chapter. 
Import Sources (2018-21): Brazil, 57%; Canada, 22%; Sweden, 8%; and other, 13%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
lron ores and concentrates: 
Concentrates 2601.11.0030 Free. 
Coarse ores 2601.11.0060 Free. 
Other ores 2601.11.0090 Free. 
Pellets 2601.12.0030 Free. 
Briquettes 2601.12.0060 Free. 
Sinter 2601.12.0090 Free. 
Roasted iron pyrites 2601.20.0000 Free. 


Depletion Allowance: 15% (domestic), 14% (foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Slight decreases in production and trade in 2022 were due to rising global inflation, 
which resulted in decreased steel demand and consumption. Domestic iron ore production was estimated to be 

46 million tons in 2022, a 3% decrease from 47.5 million tons in 2021. Total raw steel production was estimated to 
have decreased to 82 million tons in 2022 from 85.5 million tons in 2021. The World Steel Association’ forecast global 
finished steel consumption to decrease by 2.3% in 2022 and increase by 1.0% in 2023. End-use consumption of steel 
products was expected to decline in 2022 following concurrent events affecting consumer demand, including the 
conflict in Ukraine, continuing coronavirus disease 2019 (COVID-19) mitigation measures in China, and rising energy 
costs and interest rates. 


Overall, global prices tended downward to an average year-to-date unit value of $128.65 per ton in the first 9 months 
of 2022, a 28% decrease from the 2021 average year-to-date unit value of $178.27 per ton, but the 2022 average 
year-to-date unit value was a 28% increase from the 2020 average year-to-date unit value of $100.83 per ton. Based 
on reported prices for iron ore fines (62% iron content) imported into China (cost, insurance, and freight into Tianjin 
Port), the highest monthly average price during the first 9 months of 2022 was $152.07 per ton in March compared 
with the high of $214.43 per ton in June 2021. The lowest monthly average price during the same period in 2022 was 
$99.80 per ton in September compared with the low of $96.24 per ton in November 2021. 


Prepared by Cris Candice Tuck [(703) 648-4912, ctuck@usgs.gov] 


IRON ORE 


In November, one company petitioned the Minnesota Supreme Court for a review of State mineral leases that were 
terminated by the Minnesota Department of Natural Resources. In October, another company began construction on 
a $150 million project to build a direct-reduced grade pellet plant that could be sold or feed a potential future DRI or 
HBI plant. An iron ore mine in northern Minnesota was expected to deplete its reserves of iron ore around 2025, and 
the company’s leadership was seeking the land and mineral rights to a nearby deposit where construction of a new 
mine and facility was stalled and the mineral leases were expected to be reassigned in the near future. 


World Mine Production and Reserves: Reserves for Australia, Peru, and Russia were revised based on company 
and Government reports. 


Mine production 


Reserves” 


Usable ore Iron content (million metric tons) 

2021 2022° 2021 2022° Crude ore Iron content 

United States 47,500 46,000 30,100 29,000 3,000 1,000 
Australia 912,000 880,000 565,000 540,000 651,000 627,000 
Brazil 431,000 410,000 273,000 260,000 34,000 15,000 
Canada 57,500 58,000 34,500 35,000 6,000 2,300 
Chile 17,700 16,000 11,200 10,000 NA NA 
China 394,000 380,000 246,000 240,000 20,000 6,900 
India 273,000 290,000 169,000 180,000 5,500 3,400 
Iran 72,900 75,000 47,900 49,000 2,700 1,500 
Kazakhstan 64,100 66,000 13,100 14,000 2,500 900 
Mauritania 12,800 13,000 8,000 8,100 NA NA 
Mexico 10,800 11,000 6,810 6,900 NA NA 
Peru 18,100 17,000 12,100 11,000 2,600 1,200 
Russia 96,000 90,000 66,700 63,000 29,000 14,000 
South Africa 73,100 76,000 46,500 48,000 1,000 670 
Sweden 40,200 39,000 28,600 28,000 1,300 600 
Turkey 16,100 17,000 9,710 10,000 130 38 
Ukraine 83,800 76,000 52,400 47,000 76,500 72,300 
Other countries 56,700 59,000 4,900 5,000 18,000 9,500 
World total (rounded) 2,680,000 2,600,000 1,630,000 1,600,000 180,000 85,000 


World Resources:® U.S. resources are estimated to be 110 billion tons of iron ore containing about 27 billion tons of 
iron. U.S. resources are mainly low-grade taconite-type ores from the Lake Superior district that require beneficiation 
and agglomeration prior to commercial use. World resources are estimated to be greater than 800 billion tons of 
crude ore containing more than 230 billion tons of iron. 


Substitutes: The only source of primary iron is iron ore, used directly as direct-shipping ore or converted to 
briquettes, concentrates, DRI, iron nuggets, pellets, or sinter. DRI, iron nuggets, and scrap are extensively used for 
steelmaking in electric arc furnaces and in iron and steel foundries. Technological advancements have been made 
that allow hematite to be recovered from tailings basins and pelletized. 


“Estimated. E Net exporter. NA Not available. 


‘Data are for iron ore used as a raw material in steelmaking—excluding iron metallics such as DRI, HBI, and iron nuggets—unless otherwise noted. 


See also the Iron and Steel and Iron and Steel Scrap chapters. 

?Defined as production + imports — exports + adjustments for industry stock changes. 

3Defined as imports — exports + adjustments for industry stock changes. 

“Source: World Steel Association, 2022, Short range outlook October 2022: Brussels, Belgium, World Steel Association press release, October 19, 6 p. 
°See Appendix C for resource and reserve definitions and information concerning data sources. 

°For Australia, Joint Ore Reserves Committee-compliant or equivalent reserves were 23 billion tons of crude ore and 10 billion tons of iron content. 
‘For Ukraine, reserves consist of the A and B categories of the Soviet reserves classification system. 
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IRON OXIDE PIGMENTS 


(Data in metric tons unless otherwise noted) 


Domestic Production and Use: Iron oxide pigments (lIOPs) were mined domestically by two companies in Alabama 
and Georgia. Mine production, which was withheld to avoid disclosing company proprietary data, was slightly higher 
in 2022 compared with that in 2021. Five companies, including the two producers of natural |OPs, processed and sold 
about 29,000 tons of finished natural and synthetic |OPs with an estimated value of $29 million. About 50% of natural 
and synthetic finished IOPs were used in concrete and other construction materials; 15% each in industrial chemicals 
and in foundry sands and other foundry uses; 5% each in animal feed and in paint and coatings; 3% each in plastics 


and in glass and ceramics; and the remaining 4% in other uses. 


Salient Statistics—United States: 2018 
Mine production, crude W 
Sold or used, finished natural and synthetic |OPs 48,200 
Imports for consumption 179,000 
Exports, pigment grade 11,100 
Consumption, apparent’ 216,000 
Price, average unit value, dollars per kilogram? 1.58 
Employment, mine and mill, number 60 
Net import reliance? as a percentage of apparent consumption 78 


Recycling: None. 


2019 2020 2021 2022° 

W W W W 
19,200 18,300 26,900 29,000 
159,000 173,000 192,000 200,000 
11,000 9,120 9,910 12,000 
167,000 182,000 200,000 220,000 


0.69 0.72 0.70 0.75 
55 47 95 55 
89 90 87 87 


Import Sources (2018-21): Natural: Cyprus, 40%; Spain, 30%; France, 14%; Austria, 13%; and other, 3%. 
Synthetic: China,4 43%; Germany, 34%; Brazil, 8%; and other, 15%. Total: China, 42%; Germany, 33%; Brazil, 7%; 


Canada, 5%; and other, 13%. 


Tariff: Item Number 
Natural: 
Micaceous iron oxides 2530.90.2000 
Earth colors 2530.90.8015 


lron oxides and hydroxides containing 70% or 
more by weight Fe2Os: 


Synthetic: 
Black 2821.10.0010 
Red 2821.10.0020 
Yellow 2821.10.0030 
Other 2821.10.0040 
Earth colors 2821 .20.0000 


Depletion Allowance: 14% (domestic and foreign). 


Government Stockpile: None. 


Normal Trade Relations 
12-31-22 


2.9% ad valorem. 
Free. 


3.7% ad valorem. 
3.7% ad valorem. 
3.7% ad valorem. 
3.7% ad valorem. 
5.5% ad valorem. 


Prepared by Elizabeth S. Sangine [Contact Ji-Eun Kim (703) 648-7717, ji-eunkim@usgs.gov] 
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IRON OXIDE PIGMENTS 


Events, Trends, and Issues: In the United States, residential construction, in which IOPs are commonly used to 
color concrete block and brick, ready-mixed concrete, and roofing tiles, increased slightly during the first 9 months of 
2022 compared with that in the same period in 2021. lIOPs are also used in paints and coatings for the aerospace, 
automotive, and marine industries. Vehicle production in the United States through August 2022 was 4.9% higher 
than that in 2021. |OPs’ characteristics of chemical and thermal stability, color strength, low cost, and weather 
resistance make IOPs a primary choice for colorant for coatings and construction materials. 


Imports of natural and synthetic pigments were estimated to have increased by 4% in 2022. Exports of pigment-grade 
lIOPs were estimated to have increased by 21% in 2022 compared with those in 2021, mostly owing to an increase in 
exports to Chile, China, France, and the United Kingdom. Approximately 49% of pigment-grade IOPs exports went to 
Mexico; the other leading countries for exports were China (21%), Belgium (10%), and Chile (5%). 


lIOPs are produced by several companies, but the three largest producers with facilities in multiple countries account 
for approximately 50% of the global IOP production capacity, with other companies in China accounting for a majority 
of the rest of the capacity. Some expansions of IOP production capacity in China were announced in early 2022. 


World Mine Production and Reserves: Reserves for Pakistan were revised based on company reports. 


Mine production® Reserves? 
2021 2022 

United States W W Moderate 
Cyprus (umber) 3,100 3,500 Moderate 
France 5,000 5,000 NA 
Germany® 400,000 400,000 Moderate 
India (ocher) 3,000,000 2,700,000 37,000,000 
Italy 33,000 30,000 NA 
Pakistan (ocher) 100,000 100,000 Large 
Spain (ocher and red iron oxide) 9,000 9,000 Large 
World total (rounded) “NA “NA Large 


World Resources:° Domestic and world resources for production of IOPs are adequate. Adequate resources are 
available worldwide for the manufacture of synthetic IOPs. 


Substitutes: Milled |OPs are thought to be the most commonly used natural minerals for pigments. Because IOPs 
are color stable, low cost, and nontoxic, they can be economically used for imparting black, brown, red, and yellow 
coloring in large and relatively low-value applications. Other minerals may be used as colorants, but they generally 
cannot compete with IOPs because of their higher costs and more limited availability. Synthetic |OPs are widely used 
as colorants and compete with natural IOPs in many color applications. Organic colorants are used for some colorant 
applications, but many of the organic compounds fade over time from exposure to sunlight. 


°Estimated. NA Not available. W Withheld to avoid disclosing company proprietary data. 

‘Defined as sold or used, finished natural and synthetic iron oxide pigments + imports — exports. 

?Average unit value for finished iron oxide pigments sold or used by U.S. producers. 

3Defined as imports — exports. 

“Includes Hong Kong. 

°See Appendix C for resource and reserve definitions and information concerning data sources. 

Includes natural and synthetic iron oxide pigments. 

‘A significant number of other countries, including Austria, Azerbaijan, Brazil, China, Honduras, Iran, Kazakhstan, Lithuania, Paraguay, Russia, 
South Africa, Turkey, Ukraine, and the United Kingdom, may produce iron oxide pigments, but available information was inadequate to make 
reliable estimates of output. 
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KYANITE AND RELATED MINERALS 
(Data in metric tons unless otherwise noted) 


Domestic Production and Use: In Virginia, one firm with integrated mining and processing operations produced an 
estimated 100,000 tons of kyanite worth $40 million from two hard-rock open pit mines and synthetic mullite by 
calcining kyanite. Two other companies, one in Alabama and another in Georgia, produced synthetic mullite from 
materials mined from four sites; each company sourced materials from one site in Alabama and one site in Georgia. 
Synthetic mullite production data were withheld to avoid disclosing company proprietary data. Commercially produced 
synthetic mullite is made by sintering or fusing such feedstock materials as kyanite, kaolin, bauxite, or bauxitic kaolin. 
Natural mullite occurrences typically are rare and not economical to mine. 


Of the kyanite-mullite output, 90% was estimated to have been used in refractories and 10% in other uses, including 
abrasive products, such as motor vehicle brake shoes and pads and grinding and cutting wheels; ceramic products 
such as electrical insulating porcelains, sanitaryware, and whiteware; foundry products and precision casting molds; 
and other products. An estimated 60% to 70% of the refractory use was by the iron and steel industries, and the 
remainder was by industries that manufacture cement, chemicals, glass, nonferrous metals, and other materials. 


Andalusite was commercially mined from an andalusite-pyrophyllite-sericite deposit in North Carolina and processed 
as a blend of primarily andalusite for use by producers of refractories in making firebrick. Another company mined 
mineral sands within the southeastern United States; product blends that included kyanite and (or) sillimanite were 
marketed to the abrasive, foundry, and refractory industries. 


Salient Statistics—United States: 2018 201 2020 2021 2022° 
Production: 

Kyanite, mine 189,200 191,300 ‘167,100 ‘105,000 100,000 

Synthetic mullite W W W W W 
Imports for consumption (andalusite) 8,590 6,960 714 1,390 6,200 
Exports (kyanite) 43,000 40,100 37,400 48,000 46,000 
Consumption, apparent? W W W W W 
Price, average unit value of exports (free alongside ship),* 4 347 358 369 369 400 


dollars per metric ton 
Employment, number:® © 


Kyanite, mine, office, and plant 150 150 140 140 140 
Synthetic mullite, office and plant 200 200 200 200 200 
Net import reliance® as a percentage of apparent consumption E E E E E 


Recycling: Insignificant. 
Import Sources (2018—21):* South Africa, 72%; Peru, 14%; France, 9%; United Kingdom, 5%; and other, <1%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 

Andalusite, kyanite, and sillimanite 2508.50.0000 Free. 

Mullite 2508.60.0000 Free. 


Depletion Allowance: 22% (domestic), 14% (foreign). 


Government Stockpile: None. 


Prepared by Ashley K. Hatfield [(703) 648-7751, ahatfield@usgs.gov] 
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KYANITE AND RELATED MINERALS 


Events, Trends, and Issues: Crude steel production in the United States, which ranked fourth in the world, 
decreased by about 4% in the first 8 months of 2022 compared with that in the same period in 2021, indicating a 
similar change in consumption of kyanite-mullite refractories. Total world steel production decreased by about 5% 
during the first 8 months of 2022 compared with that in the same period in 2021. The decrease in world steel 
production during the first 8 months of 2022 was the result of ongoing logistical issues and high input costs. The steel 
industry continued to be the largest consumer of refractories. 


A company in South Africa that accounted for nearly one-third of global andalusite output remained in business 
rescue status. In mid-2019, the company entered into business rescue proceedings attributed to financial problems 
but was expected to emerge from business rescue status and be transferred to a new owner. In January 2021, the 
company announced that a new investor and owner had been approved. 


Andalusite production in 2022 remained constrained by challenges that disrupted market conditions. Andalusite mines 
in South Africa were adversely affected by electricity supply issues, flooding, and shipping problems. Andalusite 
output from Peru was expected to remain significantly higher than that in 2020 but was not expected to meet overall 
market demand. Andalusite exports from France were higher than those from Peru, but reported production statistics 
remained unavailable. In India, mining of new groups of minerals, including andalusite, was approved, but some 
sillimanite mines had previously been reclassified as beach sand minerals mines and, as a result, those mines were 
no longer considered sillimanite-producing mines. Additional factors that contributed to market uncertainty included 
the conflict in Ukraine, increased costs for raw materials, increased rates for freight, and higher sales prices. If 
andalusite producers are unable to meet demand, market participants may consider alternatives such as bauxite and 
mullite. Development of and production from new bauxite sources in Brazil and Guyana continued to progress in 
2022. 


World Mine Production and Reserves: 


Mine production Reserves’ 
2021 2022° 

United States (kyanite) 1405,000 100,000 Large 
France (andalusite) ®65,000 65,000 NA 
India (kyanite and sillimanite) ©15,000 15,000 7,200,000 
Peru (andalusite) °42,000 42,000 NA 
South Africa (andalusite) °170,000 160,000 NA 
World total (rounded) 8NA 8NA NA 


World Resources:’ Large resources of kyanite and related minerals are known to exist in the United States. The 
chief resources are in deposits of micaceous schist and gneiss, mostly in the Appalachian Mountains and in Idaho. 
Other resources are in aluminous gneiss in southern California. These resources are not economical to mine at 
present. The characteristics of kyanite resources in the rest of the world are thought to be similar to those in the 
United States. Significant resources of andalusite are known to exist in China, France, Peru, and South Africa; kyanite 
resources have been identified in Brazil, India, and Russia; and sillimanite has been identified in India. 


Substitutes: Two types of synthetic mullite (fused and sintered), superduty fire clays, and high-alumina materials are 
substitutes for kyanite in refractories. Principal raw materials for synthetic mullite are bauxite, kaolin and other clays, 
and silica sand. 


°Estimated. E Net exporter. NA Not available. W Withheld to avoid disclosing company proprietary data. 

‘Source: Virginia Department of Energy. 

?Defined as production + imports — exports. 

3Calculated from U.S. Census Bureau export data. 

‘Includes data for the following Harmonized Tariff Schedule of the United States code: 2508.50.0000. 

°Estimated based on data from the U.S. Department of Labor, Mine Safety and Health Administration. 

6Defined as imports — exports. 

“See Appendix C for resource and reserve definitions and information concerning data sources. 

8In addition to the countries and (or) localities listed, Brazil and China may have produced kyanite and related minerals, but information was not 
available to make reliable estimates of output. 
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LEAD 


(Data in thousand metric tons of contained lead unless otherwise noted) 


Domestic Production and Use: Lead was produced domestically by five lead mines in Missouri plus as a byproduct 
at two zinc mines in Alaska and two silver mines in Idaho. The value of the lead in concentrates of ore mined in 2022 
was an estimated $710 million, 3% less than that in 2021. Nearly all lead concentrate production has been exported 
since the last primary lead refinery closed in 2013. The value of the secondary lead produced in 2022 was 

$2.4 billion, essentially unchanged from that in 2021. The lead-acid battery industry accounted for an estimated 92% 
of reported U.S. lead consumption during 2022. Lead-acid batteries were primarily used as starting-lighting-ignition 
(SLI) batteries for automobiles, as industrial-type batteries for standby power for computer and telecommunications 


networks, and for motive power. 


Salient Statistics—United States: 
Production: 

Mine, lead in concentrates 

Primary refinery 

Secondary refinery, old scrap 
Imports for consumption: 

Lead in concentrates 

Refined metal, unwrought 
Exports: 

Lead in concentrates 

Refined metal, unwrought (gross weight) 
Consumption, apparent? 
Price, average, cents per pound:? 

North American market 

London Metal Exchange (LME), cash 
Employment, mine and mill (average), number* 
Net import reliance® as a percentage of apparent consumption, 

refined metal 


2018 


280 


201 2020 2021 2022° 


274 306 294 280 


1,070 1,030 975 950 


(") (") 1 (") 
501 382 613 700 
259 265 262 270 

25 17 22 25 

1,550 1,400 1,570 1,600 


99.9 91.2 113.0 115 


90.6 82.7 100.0 97 
1,770 1,750 1,860 1,900 
31 26 38 42 


Recycling: In 2022, an estimated 950,000 tons of secondary lead was produced, an amount equivalent to 59% of 
apparent domestic consumption. Nearly all secondary lead was recovered from old scrap, mostly lead-acid batteries. 


Import Sources (2018-21): Refined metal: Canada, 42%; Mexico, 18%; Republic of Korea, 14%; and other, 26%. 


Tariff: Item Number 

Lead ores and concentrates, lead content 2607 .00.0020 
Refined lead 7801.10.0000 
Antimonial lead 7801.91.0000 
Alloys of lead 7801.99.9030 
Other unwrought lead 7801.99.9050 


Depletion Allowance: 22% (domestic), 14% (foreign). 


Government Stockpile: None. 


Normal Trade Relations 
12-31-22 
1.1¢/kg on lead content. 
2.5% on the value of the lead content. 
2.5% on the value of the lead content. 
2.5% on the value of the lead content. 
2.5% on the value of the lead content. 


Prepared by Amy C. Tolcin [Contact Kateryna Klochko, (703) 648-4977, kklochko@usgs.gov] 
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LEAD 


Events, Trends, and Issues: During the first 10 months of 2022, the average LME cash price for lead was 97 cents 
per pound, essentially unchanged from the annual average price in 2021. Global stocks of lead in LME-approved 
warehouses were 27,625 tons at the end of October, which was 49% less than those at yearend 2021. 


In 2022, domestic mine production and production of secondary lead decreased by an estimated 5% and 3%, 
respectively, from that in 2021. U.S. apparent consumption of refined lead increased slightly from that in 2021, and 
the net import reliance increased to 42% from 38%. In the first 9 months of 2022, 24.6 million spent SLI lead-acid 
batteries were exported, 4% less than exports in the same period in 2021. 


According to the International Lead and Zinc Study Group,® global refined lead production in 2022 was forecast to 
decrease by 0.3% to 12.34 million tons and refined lead consumption to increase by 0.8% to 12.42 million tons. 


World Mine Production and Reserves: Reserves estimates for China, Peru, Russia, Sweden, and the United States 
were revised based on new information from company or Government reports. 


Mine production Reserves’ 

2021 2022° 
United States 294 280 4,600 
Australia 485 440 837,000 
Bolivia 93 90 1,600 
China 1,960 2,000 12,000 
India 215 240 2,500 
lran &50 50 2,000 
Mexico 272 270 5,600 
Peru 264 250 5,300 
Russia ©€200 200 6,000 
Sweden 65 65 1,700 
Tajikistan °56 55 NA 
Turkey ©75 15 860 
Other countries 510 510 5,900 
World total (rounded) 4,550 4,500 85,000 


World Resources:’ Identified world lead resources total more than 2 billion tons. In recent years, significant lead 
resources have been identified in association with zinc and (or) silver or copper deposits in Australia, China, Ireland, 
Mexico, Peru, Portugal, Russia, and the United States (Alaska). 


Substitutes: Substitution by plastics has reduced the use of lead in cable covering and cans. Tin has replaced lead 
in solder for potable water systems. The electronics industry has moved toward lead-free solders and flat-panel 
displays that do not require lead shielding. Steel and zinc are common substitutes for lead in wheel weights. 
Lithium-ion, nickel-cadmium, and nickel-metal hydride batteries are common alternatives to lead-acid batteries in 
certain applications. Currently, most all-electric vehicles and plug-in hybrid electric vehicles use lithium-ion batteries. 


“Estimated. NA Not available. — Zero. 

‘Less than % unit. 

?Defined as primary refined production + secondary refined production from old scrap + refined imports — refined exports. 

3Source: S&P Global Platts Metals Week. 

‘Includes lead and zinc-lead mines for which lead was either a principal product or significant byproduct. Data from the Mine Safety and Health 
Administration. 

°Defined as refined imports — refined exports. 

6Source: International Lead and Zinc Study Group, 2022, ILZSG session/forecasts: Lisbon, Portugal, International Lead and Zinc Study Group 
press release, October 24, [4] p. 

’See Appendix C for resource and reserve definitions and information concerning data sources. 

8For Australia, Joint Ore Reserves Committee-compliant or equivalent reserves were 12 million tons. 
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LIME’ 
(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: In 2022, an estimated 17 million tons of quicklime and hydrated lime was produced 
(excluding independent commercial hydrators*), valued at about $2.3 billion. Lime was produced by 28 companies— 
18 with commercial sales and 10 that produced lime strictly for internal use (for example, sugar companies). These 
companies had 73 primary lime plants (plants operating quicklime kilns) in 28 States and Puerto Rico. One primary 
lime plant was idle in 2022. Of the 28 companies, 5 operated only hydrating plants in nine States. In 2022, the five 
leading U.S. lime companies produced quicklime or hydrated in 22 States and accounted for about 79% of U.S. lime 
production. Principal producing States were Kentucky, Missouri, Ohio, and Texas. Major markets for lime were, in 
descending order of consumption, steelmaking, chemical and industrial applications (such as the manufacture of 
fertilizer, glass, paper and pulp, and precipitated calcium carbonate, and in sugar refining), flue gas treatment, 
construction, water treatment, and nonferrous-metal mining. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production? ° 18,000 16,900 15,800 16,800 17,000 
Imports for consumption 370 342 308 323 350 
Exports 424 347 266 335 300 
Consumption, apparent* 18,000 16,900 15,900 16,800 17,000 
Price, average value, dollars per ton at plant: 

Quicklime 125.2 128.3 131.4 133.4 140 

Hydrated 151.6 154.6 156.0 159.6 160 
Net import reliance® as a percentage of apparent consumption E E <1 E <1 


Recycling: Large quantities of lime are regenerated by paper mills. Some municipal water-treatment plants 
regenerate lime from softening sludge. Quicklime is regenerated from waste hydrated lime in the carbide industry. 
Data for these sources were not included as production in order to avoid double counting. 


Import Sources (2018-21): Canada, 90%; Mexico, 7%; and other, 3%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 

Calcined dolomite 2518.20.0000 3% ad valorem. 

Quicklime 2522.10.0000 Free. 

Slaked lime 2522.20.0000 Free. 

Hydraulic lime 2522.30.0000 Free. 


Depletion Allowance: Limestone produced and used for lime production, 14% (domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: In 2022, domestic lime production was estimated to be essentially unchanged from that 
in 2021. In 2020, a decline in lime production was a result of plants temporarily closing owing to the global 
coronavirus disease 2019 (COVID-19) pandemic. As the economy continues to rebound from the effects of the 
pandemic, so does the lime industry. However, some of the lime producers have increased product pricing owing to 
increased costs of production. In 2022, a total of 73 quicklime plants were in operation along with 10 hydrating plants. 
Hydrated lime is a dry calcium hydroxide powder made from reacting quicklime with a controlled amount of water in a 
hydrator. It is used in chemical and industrial, construction, and environmental applications. 


Prepared by Lori E. Apodaca [(703) 648-7724, lapodaca@usgs.gov] 
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LIME 
World Lime Production and Limestone Reserves: 
Production® Reserves’ 
2021 2022° 
United States 16,800 17,000 Adequate for all countries listed. 
Australia 2,000 2,000 
Belgium® 1,500 1,500 
Brazil 8,400 8,400 
Bulgaria 1,520 1,500 
Canada (shipments) 1,590 1,600 
China 310,000 310,000 
France 2,600 2,600 
Germany 5,600 5,600 
India 16,000 16,000 
Iran 3,900 3,900 
ltaly® 3,600 3,600 
Japan (quicklime only) 6,650 7,000 
Korea, Republic of 5,200 5,200 
Malaysia 1,500 1,500 
Poland (hydrated and quicklime) 1,700 1,700 
Romania 1,430 1,400 
Russia (industrial and construction) 11,400 11,000 
Slovenia 1,120 1,200 
South Africa 1,000 1,000 
Spain 1,800 1,800 
Turkey 4,800 4,800 
Ukraine 2,350 2,000 
United Kingdom 1,500 1,500 
Other countries 15,600 16,000 
World total (rounded) 430,000 430,000 


World Resources:’ Domestic and world resources of limestone and dolomite suitable for lime manufacture are very 
large. 


Substitutes: Limestone is a substitute for lime in many applications, such as agriculture, fluxing, and sulfur removal. 
Limestone, which contains less reactive material, is slower to react and may have other disadvantages compared with 
lime, depending on the application; however, limestone is considerably less expensive than lime. Calcined gypsum is 
an alternative material in industrial plasters and mortars. Cement, cement kiln dust, fly ash, and lime kiln dust are 
potential substitutes for some construction uses of lime. Magnesium hydroxide is a substitute for lime in pH control, 
and magnesium oxide is a substitute for dolomitic lime as a flux in steelmaking. 


*Estimated. E Net exporter. 

‘Data are for quicklime, hydrated lime, and refractory dead-burned dolomite. Includes Puerto Rico. 

?To avoid double counting quicklime production, excludes independent commercial hydrators that purchase quicklime for hydration. 

3Sold or used by producers. 

‘Defined as production + imports — exports. Includes some double counting based on nominal, undifferentiated reporting of company export sales 
as U.S. production. 

°Defined as imports — exports. 

6Only countries that produced 1 million tons of lime or more are listed separately. 

“See Appendix C for resource and reserve definitions and information concerning data sources. 

8Includes hydraulic lime. 
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LITHIUM 
(Data in metric tons of contained lithium unless otherwise noted) 


Domestic Production and Use: Commercial-scale lithium production in the United States was from one continental 
brine operation in Nevada. Lithium was also commercially produced from the brine-sourced waste tailings of a Utah- 
based magnesium producer. Two companies produced a wide range of downstream lithium compounds in the 
United States from domestic or imported lithium carbonate, lithium chloride, and lithium hydroxide. Domestic 
production data were withheld to avoid disclosing company proprietary data. 


Although lithium markets vary by location, global end-use markets were estimated as follows: batteries, 80%; 
ceramics and glass, 7%; lubricating greases, 4%; continuous casting mold flux powders, 2%; air treatment, 1%; 
medical, 1%; and other uses, 5%. Lithium consumption for batteries increased significantly in recent years because 
rechargeable lithium batteries have been used extensively in the growing market for electric vehicles and portable 
electronic devices, and increasingly have been used in electric tools, and grid storage applications. Lithium minerals 
were used directly as ore concentrates in ceramics and glass applications. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production W W W W W 
Imports for consumption 3,420 2,620 2,460 2,640 3,400 
Exports 1,660 1,660 1,200 1,870 2,700 
Consumption, estimated’ 3,000 2,000 2,000 2,000 3,000 


Price, annual average-nominal, battery-grade lithium carbonate, 16,000 11,700 8,400 12,600 37,000 
dollars per metric ton? 

Employment, mine and mill, number 70 70 70 70 70 

Net import reliance? as a percentage of estimated consumption >50 >25 >50 >25 >25 


Recycling: Construction of lithium battery recycling plants increased at a rapid pace. As of November 2022, about 
44 companies in Canada and the United States and 47 companies in Europe recycled lithium batteries or planned to 
do so. Automobile companies and battery recyclers partnered to supply the automobile industry with a source of 
battery materials. 


Import Sources (2018-21): Argentina, 51%; Chile, 40%; China, 4%; Russia, 3%; and other, 2%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Lithium oxide and hydroxide 2825.20.0000 3.7% ad valorem. 
Lithium carbonate: 
U.S. pharmaceutical grade 2836.91.0010 3.7% ad valorem. 
Other 2836.91.0050 3.7% ad valorem. 


Depletion Allowance: 22% (domestic), 14% (foreign). 


Government Stockpile:* > 


FY 2022 FY 2023 
Inventory Potential Potential Potential Potential 
Material as of 9-30-22 acquisitions disposals acquisitions disposals 
Lithium-cobalt oxide 152 — — — — 
Lithium-nickel-cobalt-aluminum oxide 2,698 — — — — 


Events, Trends, and Issues: Excluding U.S. production, worldwide lithium production in 2022 increased by 21% to 
approximately 130,000 tons from 107,000 tons in 2021 in response to strong demand from the lithium-ion battery 
market and increased prices of lithium. Global consumption of lithium in 2022 was estimated to be 134,000 tons, a 
41% increase from 95,000 tons in 2021. 


Spot lithium carbonate prices in China (cost, insurance, and freight [c.i.f.]) increased from approximately $35,000 per 
ton in January to about $67,000 per ton in November. For fixed contracts, the annual average U.S. lithium carbonate 
price was $37,000 per ton in 2022, almost three times higher than that in 2021. Spot lithium hydroxide prices in China 
(free on board) increased from approximately $35,300 per ton in January to about $78,000 per ton in November. Spot 
spodumene (6% lithium oxide) prices in China (c.i.f.) increased from approximately $4,900 per ton in January to about 
$5,800 per ton in November. 
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Six mineral operations in Australia, one mineral tailings operation in Brazil, two brine operations each in Argentina 
and Chile, and three mineral and two brine operations in China accounted for the majority of world lithium production. 
Additionally, smaller operations in Brazil, Canada, China, Portugal, the United States, and Zimbabwe also contributed 
to world lithium production. Owing to the rapid increase in demand and prices of lithium in 2022, established lithium 
operations worldwide increased or were in the process of increasing production capacity. 


The U.S. Department of Energy selected 12 lithium-based projects funded with $1.6 billion from the 2022 U.S. 
Bipartisan Infrastructure Law to support new commercial-scale domestic facilities to extract and process lithium, 
manufacture battery components, recycle batteries, and develop new technologies to increase U.S. lithium reserves. 


Lithium supply security has become a top priority for technology companies in Asia, Europe, and North America. 
Strategic alliances and joint ventures among technology companies and exploration companies continued to be 
established to ensure a reliable, diversified supply of lithium for battery suppliers and vehicle manufacturers. Brine- 
based lithium sources were in various stages of development or exploration in Argentina, Bolivia, Chile, China, and 
the United States; mineral-based lithium sources were in various stages of development or exploration in Australia, 
Austria, Brazil, Canada, China, Congo (Kinshasa), Czechia, Ethiopia, Finland, Germany, Ghana, Kazakhstan, Mali, 
Namibia, Nigeria, Peru, Portugal, Russia, Serbia, Spain, Thailand, the United States, and Zimbabwe; lithium-clay 
sources were in various stages of development or exploration in Mexico and the United States. 


World Mine Production and Reserves: Reserves for Argentina, Australia, Brazil, Canada, Chile, China, the United 
States, Zimbabwe, and “Other countries” were revised based on information from company and Government reports. 


Mine production Reserves® 
2021 2022° 

United States WwW WwW 1,000,000 
Argentina 5,970 6,200 2,700,000 
Australia 55,300 61,000 76,200,000 
Brazil €1,700 2,200 250,000 
Canada — 500 930,000 
Chile 28,300 39,000 9,300,000 
China ©14,000 19,000 2,000,000 
Portugal ©900 600 60,000 
Zimbabwe °710 800 310,000 
Other countries® — — 3,300,000 
World total (rounded) 2107,000 9130,000 26,000,000 


World Resources:® Owing to continuing exploration, identified lithium resources have increased substantially 
worldwide and total about 98 million tons. Identified lithium resources in the United States—from continental brines, 
claystone, geothermal brines, hectorite, oilfield brines, and pegmatites—are 12 million tons. Identified lithium 
resources in other countries have been revised to 86 million tons. Identified lithium resources are distributed as 
follows: Bolivia, 21 million tons; Argentina, 20 million tons; Chile, 11 million tons; Australia, 7.9 million tons; China, 
6.8 million tons; Germany, 3.2 million tons; Congo (Kinshasa), 3 million tons; Canada, 2.9 million tons; Mexico, 

1.7 million tons; Czechia, 1.3 million tons; Serbia, 1.2 million tons; Russia, 1 million tons; Peru, 880,000 tons; Mali, 
840,000 tons; Brazil, 730,000 tons; Zimbabwe, 690,000 tons; Spain, 320,000 tons; Portugal, 270,000 tons; Namibia; 
230,000 tons; Ghana, 180,000 tons; Finland, 68,000 tons; Austria, 60,000 tons; and Kazakhstan, 50,000 tons. 


Substitutes: Substitution for lithium Compounds is possible in batteries, ceramics, greases, and manufactured glass. 
Examples are calcium, magnesium, mercury, and zinc as anode material in primary batteries; calcium and aluminum 
soaps as substitutes for stearates in greases; and sodic and potassic fluxes in ceramics and glass manufacture. 


°Estimated. W Withheld to avoid disclosing company proprietary data. — Zero. 

‘Defined as production + imports — exports + adjustments for Government and industry stock changes. Rounded to one significant digit to avoid 
disclosing company proprietary data. 

7Lithium carbonate price assessments for spot and long-term contracts. Source: Benchmark Mineral Intelligence Ltd. 

3Defined as imports — exports + adjustments for Government and industry stock changes. 

4See Appendix B for definitions. 

Units are kilograms, gross weight. 

6See Appendix C for resource and reserve definitions and information concerning data sources. 

“For Australia, Joint Ore Reserves Committee-compliant or equivalent reserves were 3.8 million tons. 

8Other countries with reported reserves: Austria, Congo (Kinshasa), Czechia, Finland, Germany, Ghana, Mali, Mexico, Namibia, Serbia, and Spain. 
°Excludes U.S. production. 
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MAGNESIUM COMPOUNDS" 
[Data in thousand metric tons of contained magnesium oxide (MgO) unless otherwise noted]? 


Domestic Production and Use: Seawater and natural brines accounted for about 67% of U.S. magnesium 
compound production in 2022. The value of shipments of all types of magnesium compounds was estimated to be 
$460 million, a 5% increase from the revised value in 2021. Magnesium compounds were recovered from seawater 
by one company in California and another company in Delaware, from well brines by one company in Michigan, and 
from lake brines by two companies in Utah. Magnesite was mined by one company in Nevada. 


In the United States, about 75% of magnesium compounds were consumed in the form of caustic-calcined magnesia, 
magnesium chloride, magnesium hydroxide, and magnesium sulfates across the following industries and uses, in 
descending order of quantity, environmental, chemical, agricultural, and deicing. The remaining magnesium 
compounds were consumed for refractories in the form of dead-burned magnesia, fused magnesia, and olivine. 
Across all industries, the leading magnesium compounds consumed, in descending order of quantity, were 
magnesium oxide (caustic-calcined magnesia, dead burned magnesia, and fused magnesia), magnesium hydroxide, 
magnesium chloride, and magnesium sulfate. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production 405 376 363 432 450 
Shipments (gross weight) 610 563 547 634 660 
Imports for consumption 551 564 480 655 640 
Exports 116 88 66 86 140 
Consumption, apparent? 840 852 777 ~—s: 1,001 950 
Employment, plant, number® 270 270 260 270 280 
Net import reliance* as a percentage of apparent consumption 52 56 53 57 53 


Recycling: Some magnesia-based refractories are recycled, either for reuse as refractory material or for use as 
construction aggregate. 


Import Sources (2018-21): Caustic-calcined magnesia: China,° 74%; Canada, 20%; Israel, 3%; and other, 3%. 
Crude magnesite: China,° 87%; Singapore, 10%; and other, 3%. Dead-burned and fused magnesia: China,° 68%; 
Brazil, 16%; Turkey, 5%; Mexico, 3%; and other, 8%. Magnesium chloride: Israel, 60%; Netherlands, 26%; China,°® 
5%; and other, 9%. Magnesium hydroxide: Mexico, 57%; Netherlands, 15%; Israel, 11%; Austria, 7%; and other, 
10%. Magnesium sulfates: China,° 58%; India, 15%; Germany, 10%; Vietnam, 4%; and other, 13%. Total imports: 
China,° 61%; Israel, 10%; Canada, 7%; Brazil, 6%; and other, 16%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 

Crude magnesite 2519.10.0000 Free. 
Dead-burned and fused magnesia 2519.90.1000 Free. 
Caustic-calcined magnesia 2519.90.2000 Free. 

Kieserite 2530.20.1000 Free. 

Epsom salts 2530.20.2000 Free. 
Magnesium hydroxide and peroxide 2816.10.0000 3.1% ad valorem. 
Magnesium chloride 2827.31.0000 1.5% ad valorem. 
Magnesium sulfate (synthetic) 2833.21.0000 3.7% ad valorem. 


Depletion Allowance: Brucite, 10% (domestic and foreign); dolomite, magnesite, and magnesium carbonate, 14% 
(domestic and foreign); magnesium chloride (from brine wells), 5% (domestic and foreign); and olivine, 22% 
(domestic) and 14% (foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: In 2022, consumption of dead-burned and fused magnesia is expected to decrease in 
the United States and globally by an estimated 4% and 5%, respectively, compared with that in 2021 based on steel 
production data through August. Coronavirus disease 2019 (COVID-19) pandemic-related shutdowns in China, 
especially in manufacturing dominated Provinces and port cities, contributed to the decrease in consumption of 
magnesium compounds. Domestic consumption for all magnesium compounds has somewhat followed the general 
trend of the performance of the U.S. manufacturing industry. Globally, China is the leading producer of magnesia and 
magnesite and remains the principal exporter of magnesia to the United States and much of the world. 
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In August 2022, a China-based magnesia and refractories producer commenced operations in Mayfield, KY. The new 
plant was designed to produce between 50,000 and 60,000 tons per year of refractory products. Feed material for the 


plant was sourced from company-owned mines located overseas. Products produced by the plant included resin 
bonded magnesia-carbon and magnesia-alumina-carbon refractory bricks for use in furnaces servicing the steel 


industry. 


In the third quarter of 2022, North America’s largest producer of epsom salts opened a bulk production facility in 


Hazelwood, NC. In spring 2023, an Austria-based magnesia and refractories producer plans to open its North 


American corporate headquarters in Tampa, FL. 


World Magnesite Mine Production and Reserves:® In addition to magnesite reserves, vast reserves of magnesium 
exist in well and lake brines and seawater from which magnesium compounds can be recovered. Reserves for China 


were revised based on company and Government reports. 


Mine production® 

2021 2022 

United States W W 
Australia 2,100 2,600 
Austria 800 800 
Brazil 1,600 1,500 
Canada 190 180 
China 18,000 17,000 
Greece 540 510 
India 99 100 
lran 200 190 
Russia 1,000 950 
Slovakia 500 480 
Spain 650 620 
Turkey 1,900 1,800 
Other countries 400 400 
World total (rounded) 929,000 927,000 


World Resources:’ Resources from which magnesium compounds can be recovered range from large to virtually 
unlimited and are globally widespread. Identified world magnesite and brucite resources total 13 billion tons and 
several million tons, respectively. Resources of dolomite, forsterite, magnesium-bearing evaporite minerals, and 
magnesia-bearing brines are estimated to constitute a resource of billions of tons. Magnesium hydroxide can be 
recovered from seawater. Serpentine could be used as a source of magnesia but global resources, including in 


tailings of asbestos mines, have not been quantified but are thought to be very large. 


Substitutes: Alumina, chromite, and silica substitute for magnesia in some refractory applications. 


“Estimated. W Withheld to avoid disclosing company proprietary data. 
‘See also the Magnesium Metal chapter. 


Reserves’ 


6,800,000 


?Reported as magnesium content through Mineral Commodity Summaries 2016. Based on input from consumers, producers, and others involved in 


the industry, reporting magnesium compound data in terms of contained magnesium oxide was determined to be more useful than reporting in 
terms of magnesium content. Calculations were made using the following magnesium oxide (MgO) contents: magnesite, 47.8%; magnesium 


chloride, 42.3%; magnesium hydroxide, 69.1%; and magnesium sulfate, 33.5%. 

3Defined as production + imports — exports. 

“Defined as imports — exports. 

*Includes Hong Kong. 

6Gross weight of magnesite (magnesium carbonate) in thousand tons. 

“See Appendix C for resource and reserve definitions and information concerning data sources. 

8For Australia, Joint Ore Reserves Committee-compliant or equivalent reserves were 37 million tons. 
°Excludes U.S. production. 
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METAL" 


(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: In 2022, primary magnesium 


was produced by one company in Utah at an 


electrolytic process smelter that recovered magnesium from brines from the Great Salt Lake. Secondary magnesium 
was recovered from scrap at smelters that produced magnesium ingot and castings and from aluminum alloy scrap at 
secondary aluminum smelters. Primary magnesium production in 2022 was estimated to have decreased significantly 
from that in 2021. Information regarding U.S. primary magnesium production was withheld to avoid disclosing 
company proprietary data. The leading use for primary magnesium metal, which accounted for 58% of reported 
consumption, was in castings, principally used for the automotive industry. Aluminum-base alloys that were used for 
packaging, transportation, and other applications accounted for 20% of primary magnesium metal consumption; 
desulfurization of iron and steel, 14%; and all other uses, 8%. About 35% of the secondary magnesium was 
consumed for structural uses, and about 65% was used in aluminum alloys. 


Salient Statistics—United States: 
Production: 

Primary 

Secondary (new and old scrap) 
Imports for consumption 
Exports 
Consumption: 

Reported, primary 

Apparent? 
Price, annual average:? 

U.S. spot Western, dollars per pound 

European free market, dollars per metric ton 
Stocks, producer, yearend 
Employment, number® 


Net import reliance* as a percentage of apparent consumption 


2018 201 2020 2021 2022° 
W W W W W 
109 103 95 103 120 
47 59 61 50 97 
12 10 15 8 s) 
56 57 54 51 50 
W W W W W 


ZAL 2.45 2.49 3.55 7.60 
2,950 2,425 2,149 5,008 5,500 
W W W W W 
400 400 400 400 400 
>25 >25 >25 >25 >50 


Recycling: In 2022, about 37,000 tons of secondary magnesium was recovered from old scrap and 83,000 tons was 
recovered from new scrap. Aluminum-base alloys accounted for about 58% of the secondary magnesium recovered, 
and magnesium-based castings, ingot, and other materials accounted for about 42%. 


Import Sources (2018-21): Magnesium metal (99.8% purity): 


Israel, 31%; Russia, 29%; Turkey, 27%; Canada, 6%; 


and other, 7%. Magnesium alloys (magnesium content): Taiwan, 28%; Czechia, 16%; Germany and Israel, 14% 
each; and other, 28%. Sheet, powder, and other (magnesium content): Austria, China,> and Mexico, 20% each; 
Canada, 17%; and other, 23%. Scrap: Canada, 38%; Mexico, 19%; China,° 14%; Taiwan, 6%; and other, 23%. 
Combined total (includes magnesium content of alloys, metal, powder, and other): Canada, 21%; Israel, 11%; Mexico, 


10%; Taiwan, 9%; and other, 49%. 


Tariff: Item Number 

Unwrought metal 8104.11.0000 
Unwrought alloys 8104.19.0000 
Waste and scrap 8104.20.0000 
Powders and granules 8104.30.0000 
Wrought metal 8104.90.0000 


Depletion Allowance: Dolomite, 14% (domestic and foreign); 
and foreign). 


Government Stockpile: None. 


Normal Trade Relations 
12-31-22 
8% ad valorem. 
6.5% ad valorem. 
Free. 
4.4% ad valorem. 
14.8¢/kg on magnesium content + 3.5% ad valorem. 


magnesium chloride (from brine wells), 5% (domestic 


Events, Trends, and Issues: Production issues continued throughout the year at the only U.S. primary magnesium 
smelter. On September 29, 2021, the producer of primary magnesium in Utah declared force majeure on supply 
contracts, citing equipment failures. Details on the amount of capacity affected and the expected restart date were not 
reported by the company. In 2022, some customers reported temporarily shutting down some facilities citing 
magnesium shortages including a facility in Indiana that produces aluminum can sheet which shut down some 


capacity in July until September when an alternative source of 


magnesium was obtained. The shutdown of capacity in 


Utah was cited as the reason why the average annual U.S. spot Western price nearly doubled from the annual 
average price in 2021. In August, the producer applied for a permit to extend the brine intake canals on the Great Salt 
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Lake into deeper water, but in December the permit was denied by State regulators. The producer stated that the 
declining water level after several years of drought threatened to disrupt production. 


Magnesium prices in Europe decreased significantly during the first half of the year compared with those of the last 
quarter of 2021 when they reached record highs. By the end of January 2022, the price range in Europe was 

$8,400 to $8,700 per metric ton and it continued to decline, reaching a range of $3,700 to $3,900 per metric ton at the 
end of July. For the remainder of the year, the price range in Europe declined, reaching a range of $3,400 to $3,550 
per metric ton at the end of November, a price range not observed since May 2021. The 2022 annual average price 
range for magnesium in Europe was 10% higher than that for 2021. 


One company planned to build a pilot plant in Ohio to test magnesium production from dolomite. A company in 
Quebec, Canada, planned to construct a primary magnesium smelter to produce magnesium from serpentine-bearing 
asbestos tailings. In Australia, a company started construction of a 1,000-ton-per-year demonstration plant to recover 
magnesium from coal fly ash, with production scheduled to start by the end of June 2023. 


The use of magnesium in automobile parts continued to increase as automobile manufacturers sought to decrease 
vehicle weight for increased fuel efficiency. Magnesium castings have substituted for aluminum, iron, and steel in 
some automobiles. The substitution of aluminum for steel in automobile sheet continued to increase consumption of 
magnesium in aluminum alloy sheet. A shortage of computer chips was cited for some automobile manufacturers 
decreasing production despite strong demand, resulting in some diecasters decreasing magnesium consumption. 


World Primary Production and Reserves: 


Smelter production Reserves® 

2021 2022° 
United States W W Magnesium metal can be derived from 
Brazil 20 20 seawater, natural brines, dolomite, 
China £930 900 serpentine, and other minerals. The 
Israel 18 20 reserves for this metal are sufficient to 
Kazakhstan 16 15 supply current and future requirements. 
Russia £58 50 
Turkey 13 13 
Ukraine 10 2 

World total (rounded)? 1,070 1,000 


World Resources:® Resources from which magnesium may be recovered range from large to virtually unlimited and 
are globally widespread. Resources of dolomite, serpentine, and magnesium-bearing evaporite minerals are 
enormous. Magnesium-bearing brines are estimated to constitute a resource in the billions of tons, and magnesium 
could be recovered from seawater along world coastlines. 


Substitutes: Aluminum and zinc may substitute for magnesium in castings and wrought products. The relatively light 
weight of magnesium is an advantage over aluminum and zinc in castings and wrought products in most applications; 
however, its high cost is a disadvantage relative to these substitutes. For iron and steel desulfurization, calcium 
carbide may be used instead of magnesium. Magnesium is preferred to calcium carbide for desulfurization of iron and 
steel because calcium carbide produces acetylene in the presence of water. 


°Estimated. W Withheld to avoid disclosing company proprietary data. 

‘See also the Magnesium Compounds chapter. 

?Defined as primary production + secondary production from old scrap + imports — exports + adjustments for industry stock changes. 
3Source: S&P Global Platts Metals Week. 

“Defined as imports — exports + adjustments for industry stock changes. 

*Includes Hong Kong. 

6See Appendix C for resource and reserve definitions and information concerning data sources. 

“Excludes U.S. production. 
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MANGANESE 
(Data in thousand metric tons, gross weight, unless otherwise noted) 


Domestic Production and Use: Manganese ore containing 20% or more manganese has not been produced 
domestically since 1970. Manganese ore was consumed mainly by five companies at six facilities with plants 
principally in the Eastern and Midwestern States. Most ore consumption was related to steel production, either directly 
in pig iron manufacture or indirectly through upgrading the ore to ferroalloys. Additional quantities of ore were used for 
nonmetallurgical purposes, such as in the production of animal feed, brick colorant, dry cell batteries, and fertilizers. 
Manganese ferroalloys were produced at two plants. 


Salient Statistics—United States:' 2018 2019 2020 2021 2022° 
Production, mine = 
Imports for consumption: 


Manganese ores and concentrates 440 434 367 497 650 

Ferromanganese 427 332 223 329 330 

Silicomanganese 412 351 269 313 420 
Exports: 

Manganese ores and concentrates 3 1 1 1 1 

Ferromanganese 10 5 5 9 2 

Silicomanganese 4 2 2 5 4 
Shipments from Government stockpile: 

Manganese ore — — — 2 — 

Ferromanganese and manganese metal, electrolytic 13 10 54 21 11 
Consumption, reported: 

Manganese ore? 369 442 378 399 370 

Ferromanganese 348 336 325 335 340 

Silicomanganese 4139 4143 229 237 240 
Consumption, apparent, manganese content? 796 748 621 717 890 
Price, average, manganese content, cost, insurance, and freight, 7.16 5.63 4.59 5.27 6.50 


China, dollars per metric ton unit® 
Stocks, producer and consumer, yearend: 


Manganese ore? 191 175 143 220 230 
Ferromanganese 27 44 35 40 40 
Silicomanganese 21 39 31 34 34 
Net import reliance’ as a percentage of apparent consumption, 100 100 100 100 100 


manganese content 


Recycling: Manganese was recycled incidentally as a constituent of ferrous and nonferrous scrap; however, scrap 
recovery specifically for manganese was negligible. Manganese is recovered along with iron from steel slag. 


Import Sources (2018-21): Manganese ore: Gabon, 67%; South Africa, 19%; Mexico, 12%; and other, 2%. 
Ferromanganese: Australia, 19%; Malaysia, 18%; South Africa, 17%; Norway, 15%; and other, 31%. 
Silicomanganese: Georgia, 28%; South Africa, 22%; Australia, 21%; and other, 29%. Manganese contained in 
principal manganese imports:? Gabon, 25%; South Africa, 19%; Australia, 12%; Georgia, 8%; and other, 36%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 

Ores and concentrates: 

Containing less than 47% manganese 2602.00.0040 Free. 

Containing 47% or more of manganese 2602.00.0060 Free. 
Manganese dioxide 2820.10.0000 4.7% ad valorem. 
High-carbon ferromanganese 7202.11.5000 1.5% ad valorem. 
Ferrosilicon manganese (silicomanganese) 7202.30.0000 3.9% ad valorem. 
Metal, unwrought: 

Flake containing at least 99.5% manganese 8111.00.4700 14% ad valorem. 

Other 8111.00.4900 14% ad valorem. 


Depletion Allowance: 22% (domestic), 14% (foreign). 


Prepared by Emily K. Schnebele [Contact Ji-Eun Kim (703) 648-7717, ji-eunkim@usgs.gov] 


115 
MANGANESE 


Government Stockpile:° 


FY 2022 FY 2023 
Inventory Potential Potential Potential Potential 
Material as of 9-30-22 acquisitions disposals acquisitions disposals 
Manganese ore, metallurgical grade 291 — 292 — 151 
Ferromanganese, high carbon 104 — 45 — 45 
Manganese metal, electrolytic — o — 5 — 


Events, Trends, and Issues: Global production of steel, the leading use of manganese, decreased in 2022 
compared with production in 2021 owing to supply chain disruptions resulting from the conflict between Russia and 
Ukraine and intermittent coronavirus disease 2019 (COVID-19) pandemic-related lockdowns in China. Global 
production of manganese ore was estimated to be unchanged from that in 2021. The leading countries for 
manganese ore production were, in descending order on a contained-weight basis, South Africa, Gabon, and 
Australia. On a contained-weight basis, total U.S. manganese imports were estimated to have increased by almost 
20% in 2022 compared with those in 2021. By September 2022, average spot market prices for manganese ore, 44% 
grade, from China had increased by 23% compared with the annual average spot price in 2021. 


World Mine Production (manganese content) and Reserves: Reserves for China were revised based on 


Government reports. 


Mine production Reserves’? 
2021 2022° 

United States — — — 
Australia 3,260 3,300 11270,000 
Brazil 542 400 270,000 
Burma 206 200 NA 
China 991 990 280,000 
Céte d’lvoire 362 360 NA 
Gabon 4,340 4,600 61,000 
Georgia 224 220 NA 
Ghana 940 940 13,000 
India 453 480 34,000 
Kazakhstan, concentrate 90 110 5,000 
Malaysia 356 360 NA 
Mexico 226 230 5,000 
South Africa 7,200 7,200 640,000 
Ukraine, concentrate 600 400 140,000 
Vietnam 146 150 NA 
Other countries 150 150 Small 
World total (rounded) 20,100 20,000 1,700,000 


World Resources:'? Land-based manganese resources are large but irregularly distributed; those in the 
United States are very low grade and have potentially high extraction costs. South Africa accounts for an estimated 
70% of the world’s manganese resources. 


Substitutes: Manganese has no satisfactory substitute in its major applications. 


“Estimated. NA Not available. — Zero. 

‘Manganese content typically ranges from 35% to 54% for manganese ore and from 74% to 95% for ferromanganese. 

?Defined as change in total inventory from prior yearend inventory. If negative, increase in inventory. 

3Exclusive of ore consumed directly at iron and steel plants and associated yearend stocks. 

4Imports more nearly represent amount consumed than does reported consumption. 

°Defined as imports — exports + adjustments for Government and industry stock changes. Manganese content based on estimates of average 
content for all significant components—including ferromanganese, manganese dioxide, manganese ore, manganese waste and scrap, 
silicomanganese, unwrought manganese metal, and wrought manganese metal. 

6For average metallurgical-grade ore containing 44% manganese. Source: CRU Group. 

‘Defined as imports — exports + adjustments for Government and industry stock changes. 

8Includes imports of ferromanganese, manganese dioxide, manganese ore, silicomanganese, and unwrought manganese metal. 

°See Appendix B for definitions. 

10See Appendix C for resource and reserve definitions and information concerning data sources. 

“For Australia, Joint Ore Reserves Committee-compliant or equivalent reserves were 135 million tons. 
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MERCURY 
(Data in metric tons of contained mercury unless otherwise noted) 


Domestic Production and Use: Mercury has not been produced as a principal mineral commodity in the 

United States since 1992. In 2022, mercury was recovered as a byproduct from processing gold-silver ore at several 
mines in Nevada; however, production data were not reported. Secondary, or recycled, mercury was recovered from 
batteries, compact and traditional fluorescent lamps, dental amalgam, medical devices, and thermostats, as well as 
mercury-contaminated soils. The U.S. Environmental Protection Agency reported a revised domestic production of 
45 tons in 2018 (the last year for which data were available), and about 82 tons of mercury was stored by 
manufacturers or producers. The reported domestic consumption of mercury and mercury in compounds in products 
was 16 tons. The leading domestic end uses of mercury and mercury compounds were dental amalgam, 43%; relays, 
sensors, switches, and valves, 41%; bulbs, lamps, and lighting, 8%; formulated products (buffers, catalysts, fixatives, 
and vaccination uses), 7%; and batteries and other end uses, 1%. A large quantity of mercury (about 245 tons) is 
used domestically in manufacturing processes such as catalysts or as a cathode in the chlorine-caustic soda 
(chloralkali) process. Almost all the mercury is reused in the process. The leading manufacturing processes that use 
mercury are mercury-cell chloralkali plants. In 2022, only one mercury-cell chloralkali plant operated in the 

United States. Until December 31, 2012, domestic- and foreign-sourced mercury was refined and then exported for 
global use, primarily for small-scale gold mining in many parts of the world. Beginning January 1, 2013, export of 
elemental mercury from the United States was banned, with some exceptions, under the Mercury Export Ban Act of 
2008. Effective January 1, 2020, exports of five mercury compounds were added to that ban. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production: 

Mine (byproduct) NA NA NA NA NA 

Secondary NA NA NA NA NA 
Imports for consumption, metal (gross weight) 6 9 3 1 2 
Exports, metal (gross weight) — — — — — 
Price, average unit value of imports, dollars per kilogram rg 23 26 29 33 
Net import reliance’ as a percentage of apparent consumption NA NA NA NA NA 


Recycling: In 2022, eight facilities operated by six companies in the United States accounted for most of the 
secondary mercury produced and were authorized by the U.S. Department of Energy (DOE) to temporarily store 
mercury until the DOE’s long-term facility opens. Mercury-containing automobile convenience switches, barometers, 
compact and traditional fluorescent bulbs, computers, dental amalgam, medical devices, and thermostats were 
collected by smaller companies and shipped to the refining companies for retorting to reclaim the mercury. In addition, 
many collection companies recovered mercury when retorting was not required. With the rapid replacement of 
compact and traditional fluorescent lighting by light-emitting-diode (LED) lighting, more mercury was being recycled. 


Import Sources (2018-21): Canada, 69%; China, 31%; and other, <1%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 

Mercury 2805.40.0000 1.7% ad valorem. 

Amalgams 2843.90.0000 3.7% ad valorem. 


Depletion Allowance: 22% (domestic), 14% (foreign). 


Government Stockpile:* The Defense Logistics Agency Strategic Materials held and managed an inventory of 
4,437 tons of mercury in storage at the Hawthorne Army Depot in Hawthorne, NV. On December 3, 2019, the DOE 
selected a site near Andrews, TX, to store up to 6,800 tons of mercury. Sales of mercury from the stockpiles 
remained suspended. 


FY 2022 FY 2023 
Inventory Potential Potential Potential Potential 


Material as of 9-30-22 acquisitions disposals acquisitions disposals 
Mercury 4,437 — = as = 
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MERCURY 


Events, Trends, and Issues: Owing to mercury toxicity and concerns for the environment and human health, overall 
mercury use has declined in the United States and worldwide. According to the United Nations Environment 
Programme (UNEP) Global Mercury Partnership 2018 report, the top five leading sources of anthropogenic mercury 
emissions were artisanal and small-scale gold mining (37.7%), stationary combustion of coal (21.3%), nonferrous- 
metal production (14.7%), cement production (10.5%), and waste from products (6.6%). Mercury is no longer used in 
most batteries and paints manufactured in the United States. Some button-type batteries, cleansers, fireworks, folk 
medicines, grandfather clocks, pesticides, and skin-lightening creams and soaps may still contain mercury. Mercury 
compounds were used as catalysts in the coal-based manufacture of vinyl chloride monomer in China. In some parts 
of the world, mercury was used in the recovery of gold in artisanal and small-scale mining operations. Conversion to 
nonmercury technology for chloralkali production and the ultimate closure of the world’s mercury-cell chloralkali plants 
may release a large quantity of mercury to the global market for recycling, sale, or, owing to export bans in Europe 
and the United States, long-term storage. 


Byproduct mercury production is expected to continue from large-scale domestic and foreign gold-silver mining and 
processing, as is secondary production of mercury from an ever-diminishing supply of mercury-containing products. 
Domestic mercury consumption will continue to decline owing to increased use of LED lighting and consequent 
reduced use of conventional fluorescent tubes and compact fluorescent bulbs and continued substitution of 
non-mercury-containing products in control, dental, and measuring applications. 


World Mine Production and Reserves: 


Mine production® Reserves? 
2021 2022 
United States NA NA Quantitative estimates of 
China 2,000 2,000 reserves were not available. 
Kyrgyzstan 20 6 China, Kyrgyzstan, and Peru 
Mexico (net exports) 39 40 have the largest reserves. 
Morocco 2 2 
Norway 20 20 
Peru (exports) 30 30 
Tajikistan 120 120 
World total (rounded)* 2,200 2,200 


World Resources:* China, Kyrgyzstan, Mexico, Peru, Russia, Slovenia, Spain, and Ukraine have most of the world’s 
estimated 600,000 tons of mercury resources. Mexico reclaims mercury from Spanish colonial silver-mining waste. In 
Spain, once a leading producer of mercury, mining at its centuries-old Almaden Mine stopped in 2003. In the 

United States, mercury occurrences are in Alaska, Arkansas, California, Nevada, and Texas. The declining consumption 
of mercury, except for small-scale gold mining, indicates that these resources are sufficient for centuries of use. 


Substitutes: Ceramic composites substitute for the dark-gray mercury-containing dental amalgam. “Galinstan,” an 
alloy of gallium, indium, and tin, replaces the mercury used in traditional mercury thermometers, and digital 
thermometers have replaced traditional thermometers. At chloralkali plants around the world, mercury-cell technology 
is being replaced by newer diaphragm and membrane-cell technology. LEDs that contain indium substitute for 
mercury-containing fluorescent lamps. Lithium, nickel-cadmium, and zinc-air batteries replace mercury-zinc batteries 
in the United States; indium compounds substitute for mercury in alkaline batteries; and organic compounds are being 
used instead of mercury fungicides in latex paint. 


*Estimated. NA Not available. — Zero. 

‘Defined as imports — exports + adjustments for Government stock changes. 

?See Appendix B for definitions. 

3See Appendix C for resource and reserve definitions and information concerning data sources. 
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MICA (NATURAL) 
(Data in metric tons unless otherwise noted) 


Domestic Production and Use: Scrap and flake mica production, excluding low-quality sericite, was estimated to be 
42,000 tons valued at $4.2 million. Mica was mined in Georgia, North Carolina, and South Dakota. Scrap mica was 
recovered principally from mica and sericite schist and as a byproduct from the production of feldspar and kaolin and 
the beneficiation of industrial sand. Eight companies produced an estimated 67,000 tons of ground mica valued at 
about $21 million from domestic and imported scrap and flake mica. Most of the domestic production was processed 
into small-particle-size mica by either wet or dry grinding. Primary uses were joint compound, oil-well-drilling 
additives, paint, roofing, and rubber products. 


A minor amount of sheet mica has been produced as incidental production from feldspar mining in North Carolina in 
the past several years. Data on sheet mica production were not available in 2022. The domestic consuming industry 
was dependent on imports to meet demand for sheet mica. Most sheet mica was fabricated into parts for electrical 
and electronic equipment. 


Salient Statistics—United States: 2018 201 2020 2021 2022° 
Scrap and flake: 
Production:® 4 


Sold and used 42,000 40,100 34,600 40,600 42,000 
Ground 68,400 61,300 59,900 66,800 67,000 
Imports? 28,100 27,300 20,400 24,100 21,000 
Exports? 6,030 5,500 3,980 4,850 £7,600 
Consumption, apparent® + 64,100 61,900 50,000 59,900 55,000 
Price, average, dollars per metric ton:® 
Scrap and flake 116 105 120 100 100 
Ground: 
Dry 308 316 303 299 300 
Wet 422 394 337 336 340 
Net import reliance® as a percentage of apparent consumption 34 35 31 32 24 
Sheet: 
Sold and used W W W NA NA 
Imports® 1,890 3,150 2,840 3,980 4,200 
Exports’ 686 779 528 633 950 
Consumption, apparent® + 1,200 2,370 2,310 3,350 3,300 


Price, average value, muscovite and phlogopite mica, 
dollars per kilogram:¢® 


Block W W W W W 
Splittings 1.65 1.66 1.57 1.88 1.80 
Net import reliance® as a percentage of apparent consumption 100 100 100 100 100 


Recycling: None. 


Import Sources (2018-21): Scrap and flake: Canada, 39%; China, 38%; India, 8%; Finland, 4%; and other, 11%. 
Sheet: China, 72%; Brazil, 9%; Belgium, 4%, Austria, 3%, and other, 12%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 

Split block mica 2525.10.0010 Free. 

Mica splittings 2525.10.0020 Free. 
Unworked, other 2525.10.0050 Free. 

Mica powder 2525.20.0000 Free. 

Mica waste 2525.30.0000 Free. 

Plates, sheets, and strips of agglomerated or 6814.10.0000 2.7% ad valorem. 

reconstituted mica 
Worked mica and articles of mica, other 6814.90.0000 2.6% ad valorem. 
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MICA (NATURAL) 


Depletion Allowance: 22% (domestic), 14% (foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Domestic production of scrap and flake mica was estimated to have increased by 3% 
in 2022 compared with that in 2021. Apparent consumption of scrap and flake mica decreased by 8% owing to higher 
exports of mica powder in 2022. Apparent consumption of sheet mica was estimated to have been essentially 
unchanged from that in 2021. No environmental concerns are associated with the manufacture and use of mica 
products. Supplies of sheet mica for United States consumption were expected to continue to be from imports, 
primarily from China with some imports from Brazil. 


World Mine Production and Reserves: World production of sheet mica has remained steady; however, reliable 
production data for some countries that were thought to be major contributors to the world total were unavailable. 


Scrap and flake Sheet 
Mine production® Reserves® Mine production® Reserves® 

2021 2022 2021 2022 
United States 40,600 42,000 Large W NA Very small 
Canada 15,000 16,000 Large NA NA NA 
China 100,000 100,000 Large NA NA NA 
Finland 255,900 60,000 Large NA NA NA 
France 19,000 19,000 Large NA NA NA 
India 16,000 16,000 Large 1,000 1,000 110,000 
Korea, Republic of 211,000 13,000 11,000,000 — — NA 
Madagascar 70,000 65,000 Large — — NA 
Turkey 91,670 1,700 620,000 — — NA 
Other countries 95,000 54,000 Large 200 200 Moderate 
World total (rounded) 384,000 390,000 Large NA NA NA 


World Resources:® Resources of scrap and flake mica are available in clay deposits, granite, pegmatite, and schist, 
and are considered more than adequate to meet anticipated world demand in the foreseeable future. World resources 
of sheet mica have not been formally evaluated because of the sporadic occurrence of this material. Large deposits of 
mica-bearing rock are known to exist in countries such as Brazil, India, and Madagascar. Limited resources of sheet 
mica are available in the United States. Domestic resources were subeconomic because of the high cost of the hand 
labor required to mine and process sheet mica from pegmatites. 


Substitutes: Some lightweight aggregates, such as diatomite, perlite, and vermiculite, may be substituted for ground 
mica when used as filler. Ground synthetic fluorophlogopite, a fluorine-rich mica, may replace natural ground mica for 
uses that require the thermal and electrical properties of mica. Many materials can be substituted for mica in 
numerous electrical, electronic, and insulation uses. Substitutes include acrylic, cellulose acetate, fiberglass, 
fishpaper, nylatron, nylon, phenolics, polycarbonate, polyester, styrene, polyvinyl chloride, and vulcanized fiber. Mica 
paper made from scrap mica can be substituted for sheet mica in electrical and insulation applications. 


“Estimated. NA Not available. W Withheld to avoid disclosing company proprietary data. — Zero. 

‘Excludes low-quality sericite used primarily for brick manufacturing. 

?Includes data for the following Harmonized Tariff Schedule of the United States codes: 2525.10.0050, <$6.00 per kilogram; 2525.20.0000; and 
2525.30.0000. 

3Includes data for the following Schedule B codes: 2525.10.0000, <$6.00 per kilogram; 2525.20.0000; and 2525.30.0000. 

‘Defined as sold or used by producing companies + imports — exports. 

°Defined as imports — exports. 

Includes data for the following Harmonized Tariff Schedule of the United States codes: 2525.10.0010; 2525.10.0020; 2525.10.0050, >$6.00 per 
kilogram; 6814.10.0000; and 6814.90.0000. 

‘Includes data for the following Schedule B codes: 2525.10.0000, >$6.00 per kilogram; 6814.10.0000; and 6814.90.0000. 

8See Appendix C for resource and reserve definitions and information concerning data sources. 

°Reported. 
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MOLYBDENUM 


(Data in metric tons of contained molybdenum unless otherwise noted) 


Domestic Production and Use: Total U.S. mine production of molybdenum concentrate increased slightly to 
42,000 tons of contained molybdenum in 2022 compared with 41,100 tons in 2021. Molybdenum concentrate 
production at primary molybdenum mines continued at two U.S. operations in Colorado, accounting for 33% of total 
U.S. molybdenum concentrate production. Molybdenum concentrate production from mines where molybdenum was 
a byproduct continued at seven U.S. operations (four in Arizona and one each in Montana, Nevada, and Utah), 
accounting for 67% of total U.S. molybdenum concentrate production. Three roasting plants converted molybdenite 
concentrate to molybdic oxide, from which intermediate products, such as ferromolybdenum, metal powder, and 


various chemicals, were produced. 


Salient Statistics—United States: 
Production, mine 
Imports for consumption 
Exports 
Consumption: 
Reported’ 
Apparent? 
Price, average value, dollars per kilogram? 
Stocks, consumer materials 
Employment, mine and plant, number 


Net import reliance* as a percentage of apparent consumption 


2018 
41,400 
37,300 
48,200 


16,700 
31,300 
27.04 
1,940 
940 

E 


2019 2020 2021 2022° 
43,600 51,100 41,100 42,000 
34,200 24,700 30,200 33,000 
67,200 62,500 60,000 53,000 
16,400 15,800 15,900 16,000 
10,400 13,100 11,100 22,000 

26.50 19.90 35.30 39.25 

1,980 1,980 2,020 2,100 

950 950 940 940 
E E E E 


Recycling: Molybdenum is recycled as a component of catalysts, ferrous scrap, and superalloy scrap. Ferrous scrap 
consists of revert, new, and old scrap. Revert scrap refers to remnants manufactured in the steelmaking process. 
New scrap is generated by steel mill customers and recycled by scrap collectors and processors. Old scrap is largely 
molybdenum-bearing alloys recycled after serving their useful life. The amount of molybdenum recycled as part of 
new and old steel and other scrap may be as much as 30% of the apparent supply of molybdenum. There are no 
processes for the separate recovery and refining of secondary molybdenum from its alloys. Molybdenum is not 
recovered separately from recycled steel and superalloys, but the molybdenum content of the recycled alloys is 
significant, and the molybdenum content is reused. Recycling of molybdenum-bearing scrap will continue to be 
dependent on the markets for the principal alloy metals in which molybdenum is contained, such as iron, nickel, and 


chromium. 


Import Sources (2018-21): Ferromolybdenum: Chile, 69%; Republic of Korea, 26%; and other, 5%. Molybdenum 
ores and concentrates: Peru, 60%; Mexico, 15%; Chile, 14%; and other, 11%. Total: Peru, 40%; Chile, 28%; Mexico, 


10%; Canada, 9%; and other, 13%. 
Tariff: Item 
Molybdenum ore and concentrates, roasted 


Molybdenum ore and concentrates, other 
Molybdenum chemicals: 
Molybdenum oxides and hydroxides 
Molybdates of ammonium 
Molybdates, all others 
Molybdenum pigments, molybdenum orange 
Ferroalloys, ferromolybdenum 
Molybdenum metals: 
Powders 


Unwrought 


Wrought bars and rods 

Wrought plates, sheets, strips, and so forth 
Wire 

Waste and scrap 

Other 


Number 
2613.10.0000 
2613.90.0000 


2825.70.0000 
2841.70.1000 
2841.70.5000 
3206.20.0020 
7202.70.0000 


8102.10.0000 
8102.94.0000 


8102.95.3000 
8102.95.6000 
8102.96.0000 
8102.97.0000 
8102.99.0000 


Prepared by Désirée E. Polyak [(703) 648-4909, dpolyak@usgs.gov] 


Normal Trade Relations 
12-31-22 
12.8¢/kg on molybdenum content + 
1.8% ad valorem. 
17.8¢/kg on molybdenum content. 


3.2% ad valorem. 
4.3% ad valorem. 
3.7% ad valorem. 
3.7% ad valorem. 
4.5% ad valorem. 


9.1¢/kg on molybdenum content + 
1.2% ad valorem. 
13.9¢/kg on molybdenum content + 
1.9% ad valorem. 

6.6% ad valorem. 

6.6% ad valorem. 

4.4% ad valorem. 

Free. 

3.7% ad valorem. 
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Depletion Allowance: 22% (domestic), 14% (foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: In 2022, the estimated average molybdic oxide price increased by 11% compared with 
that in 2021. Molybdenum prices have not reached this high of a level since 2008. Estimated U.S. imports for 
consumption increased by 8% compared with those in 2021. U.S. exports decreased by 12% from those in 2021. 
Estimated apparent consumption in 2022 increased by 96% compared with that in 2021. 


Global molybdenum production in 2022 was essentially unchanged compared with that in 2021. In descending order 
of production, China, Chile, the United States, Peru, and Mexico provided 93% of total global production. 
Molybdenum producers in China continued to face difficulties owing to tightening of environmental regulations making 
it more difficult to obtain mining permits. Molybdenum prices in China reached decade-high levels as molybdenum- 
bearing steel consumption remained high. In Chile, molybdenum producers continued to struggle with persistently 
lower ore grades. However, molybdenum was expected to continue to make strong contributions in global power 
generation and infrastructure projects as countries begin to prioritize climate change. 


World Mine Production and Reserves: Reserves for Canada, China, the Republic of Korea, Peru, and Uzbekistan 
were revised based on company and Government reports. 


Mine production Reserves® 
2021 2022° (thousand metric tons) 

United States 41,100 42,000 2,700 
Argentina — — 100 
Armenia 7,760 7,800 150 
Canada 1,390 970 72 
Chile 49,400 44,000 1,400 
China 95,300 100,000 3,700 
lran 3,100 3,500 43 
Korea, Republic of 408 400 8 
Mexico 16,300 16,000 130 
Mongolia 2,970 2,300 NA 
Peru 34,100 32,000 2,400 
Russia ®1,700 1,700 430 
Turkey — — 360 
Uzbekistan ©4600 1,600 21 

World total (rounded) 255,000 250,000 12,000 


World Resources: Identified resources of molybdenum in the United States are about 5.4 million tons, and in the 
rest of the world, about 20 million tons. Molybdenum occurs as the principal metal sulfide in large low-grade porphyry 
molybdenum deposits and as an associated metal sulfide in low-grade porphyry copper deposits. Resources of 
molybdenum are adequate to supply world needs for the foreseeable future. 


Substitutes: There is little substitution for molybdenum in its major application in steels and cast irons. In fact, 
because of the availability and versatility of molybdenum, industry has sought to develop new materials that benefit 
from its alloying properties. Potential substitutes include boron, chromium, niobium (columbium), and vanadium in 
alloy steels; tungsten in tool steels; graphite, tantalum, and tungsten for refractory materials in high-temperature 
electric furnaces; and cadmium-red, chrome-orange, and organic-orange pigments for molybdenum orange. 


“Estimated. E Net exporter. NA Not available. — Zero. 

‘Reported consumption of primary molybdenum products. 

?Defined as production + imports — exports + adjustments for industry stock changes. 

3Time-weighted average price per kilogram of molybdenum contained in technical-grade molybdic oxide. Source: CRU Group. 
“Defined as imports — exports + adjustments for industry stock changes. 

°See Appendix C for resource and reserve definitions and information concerning data sources. 
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NICKEL 
(Data in metric tons of contained nickel unless otherwise noted) 


Domestic Production and Use: |n 2022, the underground Eagle Mine in Michigan produced approximately 

18,000 tons of nickel in concentrate, which was exported to smelters in Canada and overseas. Nickel in crystalline 
sulfate was produced as a byproduct of smelting and refining platinum-group-metal ores mined in Montana. In 
Missouri, a Company produced nickel-copper-cobalt concentrate from historic mine tailings and was building a 
hydrometallurgical processing plant near the mine site. A nickel beneficiation project was to be built in North Dakota 
using $115 million awarded from the Bipartisan Infrastructure Law. In the United States, the leading uses for primary 
nickel are alloys and steels, electroplating, and other uses including catalysts and chemicals. Stainless and alloy steel 
and nickel-containing alloys typically account for more than 85% of domestic consumption. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production: 

Mine 17,600 13,500 16,700 18,400 18,000 

Refinery, byproduct W W W W W 
Imports: 

Ores and concentrates 3 4 95 18 — 

Primary 144,000 119,000 105,000 108,000 130,000 

Secondary 45,100 37,700 31,800 34,400 34,000 
Exports: 

Ores and concentrates 18,000 14,300 13,400 14,900 18,000 

Primary 9,780 12,800 11,300 11,600 11,000 

Secondary 59,400 47,800 46,300 29,100 43,000 
Consumption: 

Reported, primary 107,000 105,000 €85,000 ©€77 ,000 80,000 

Reported, secondary, purchased scrap 123,000 111,000 °100,000 °100,000 96,000 

Apparent, primary’ 136,000 106,000 ©94,000 ©98,000 120,000 

Apparent, total? 259,000 217,000 °200,000 °200,000 220,000 
Price, average annual, London Metal Exchange 

(LME), cash: 

Dollars per metric ton 13,114 13,903 13,772 18,476 25,000 

Dollars per pound 5.948 6.306 6.25 8.38 11 
Stocks, yearend: 

Consumer 16,300 13,400 °14,000 €14,000 14,000 

LME U.S. warehouses 2,268 1,974 1,734 1,296 6 
Net import reliance? 4+ as a percentage of total 52 49 48 49 56 


apparent consumption 


Recycling: Most secondary nickel was in the form of nickel content of stainless-steel scrap. Nickel in alloyed form 


was recovered from the processing of nickel-containing waste. Most recycled nickel was used to produce new alloys 


and stainless steel. In 2022, as part of the Bipartisan Infrastructure Law, more than $600 million was allocated to 
projects to recover nickel from spent lithium-ion batteries and for the synthesis of nickel-containing precursor and 
cathode active materials. In 2022, recycled nickel in all forms accounted for approximately 56% of apparent 


consumption. 


Import Sources (2018-21): Primary nickel: Canada, 45%; Norway, 9%; Australia, 8%; Finland, 7%; and other, 31%. 


Nickel-containing scrap, including nickel content of stainless-steel scrap: Canada, 38%; Mexico, 26%; United 


Kingdom, 9%; and other, 27%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 

Nickel ores and concentrates, nickel content 2604.00.0040 Free. 

Ferronickel 7202.60.0000 Free. 

Unwrought nickel, not alloyed 7502.10.0000 Free. 

Nickel waste and scrap 7503.00.0000 Free. 


Depletion Allowance: 22% (domestic), 14% (foreign). 


Government Stockpile:* The U.S. Department of Energy is holding nickel ingot contaminated by low-level 
radioactivity at Paducah, KY, and shredded nickel scrap at Oak Ridge, TN. See the Lithium chapter for statistics on 
lithium-nickel-cobalt-aluminum oxide. 


Prepared by Michele E. McRae [(703) 648-7743, mmcrae@usgs.gov] 
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NICKEL 
FY 2022 FY 2023 
Inventory Potential Potential Potential Potential 
Material as of 9—30—22 acquisitions disposals acquisitions disposals 


Nickel alloys, gross weight 759 


Events, Trends, and Issues: In 2022, the annual average LME nickel cash price was estimated to have increased 
by 35% compared with that in 2021 which was attributed to increasing use of nickel in electric vehicle batteries and 
continued strong demand for stainless steel. Nickel prices were particularly volatile early in the year. In March, after 
the onset of the conflict between Russia and Ukraine, prices surged, which disrupted nickel trading on the LME for 
approximately two weeks. Monthly average prices peaked in March, but began to decline through July, and stabilized 
for the remainder of the year. 


Estimated global nickel mine production increased by about 20%, with almost all of the increased production 
attributed to Indonesia. The largest share of the increase was facilitated by the ongoing commissioning of integrated 
nickel pig iron and stainless-steel projects. In addition, several companies continued to develop projects to produce 
intermediate matte or mixed nickel-cobalt hydroxide that were intended to be used as feedstock to produce battery- 
grade nickel sulfate. 


On February 24, 2022, a U.S. critical minerals list was published in the Federal Register (87 FR 10381). The changes 
in the 2022 list from the prior list published in 2018 (83 FR 23295) were the addition of nickel and zinc and the 
removal of helium, potash, rhenium, strontium, and uranium. The list is to be updated every 3 years and revised as 
necessary consistent with available data. 


World Mine Production and Reserves: Reserves for Canada, China, New Caledonia, and the United States were 
revised based on company and Government reports. 


Mine production Reserves® 
2021 2022° 

United States 18,400 18,000 7370,000 
Australia 151,000 160,000 821,000,000 
Brazil 76,000 83,000 16,000,000 
Canada 134,000 130,000 2,200,000 
China 109,000 110,000 2,100,000 
Indonesia 1,040,000 1,600,000 21,000,000 
New Caledonia? 186,000 190,000 7,100,000 
Philippines 387,000 330,000 4,800,000 
Russia 205,000 220,000 7,500,000 
Other countries 429,000 440,000 20,000,000 
World total (rounded) 2,730,000 3,300,000 >100,000,000 


World Resources:® Identified land-based resources averaging approximately 0.5% nickel or greater contain at least 
300 million tons of nickel, with about 60% in laterites and 40% in sulfide deposits. Extensive nickel resources also are 
found in manganese crusts and nodules on the ocean floor. 


Substitutes: Low-nickel, duplex, or ultrahigh-chromium stainless steels have been substituted for austenitic grades in 
construction. Nickel-free specialty steels are sometimes used in place of stainless steel in the power-generating and 
petrochemical industries. Titanium alloys can substitute for nickel metal or nickel-base alloys in corrosive chemical 
environments. 


“Estimated. NA Not available. W Withheld to avoid disclosing company proprietary data. — Zero. 

‘Defined as primary imports — primary exports + adjustments for industry stock changes, excluding secondary consumer stocks. 

?Defined as apparent primary consumption + reported secondary consumption. 

3Defined as imports — exports + adjustments for consumer stock changes. 

“The calculation of net import reliance includes the nickel content of stainless steel and alloy scrap. Excluding scrap, net import reliance would be 
nearly 100%. 

°See Appendix B for definitions. 

6See Appendix C for resource and reserve definitions and information concerning data sources. 

‘Includes reserve data for three projects. An additional three domestic projects have defined resources but have not yet defined reserves. 
For Australia, Joint Ore Reserves Committee-compliant or equivalent reserves were 9.5 million tons. 

°Overseas Territory of France. 
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NIOBIUM (COLUMBIUM) 


(Data in metric tons of contained niobium unless otherwise noted) 


Domestic Production and Use: Significant U.S. niobium mine production has not been reported since 1959. 
Companies in the United States produced niobium-containing materials from imported niobium concentrates, oxides, 
and ferroniobium. Niobium was consumed mostly in the form of ferroniobium by the steel industry and as niobium 
alloys and metal by the aerospace industry. Major end-use distribution of domestic niobium consumption was 
estimated as follows: steels, about 75%, and superalloys, about 25%. The estimated value of niobium consumption 
was $440 million, as measured by the value of imports. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production, mine — — — — — 
Imports for consumption’ 11,200 10,100 7,200 8,290 8,800 
Exports’ 955 668 793 1,010 1,200 
Shipments from Government stockpile? -76 -84 -88 =1 0 
Consumption:¢ 

Apparent? 10,100 9,360 6,320 7,280 #£7,600 

Reported* 6,850 6,680 6,040 6,140 5,600 
Price, average unit value, ferroniobium, dollars per kilogram? 21 22 20 20 24 
Net import reliance? as a percentage of apparent consumption 100 100 100 100 100 


Recycling: Niobium was recycled when niobium-bearing steels and superalloys were recycled; scrap recovery, 
specifically for niobium content, was negligible. The amount of niobium recycled is not available, but it may be as 
much as 20% of apparent consumption. 


Import Sources (2018-21): Niobium and tantalum ores and concentrates: Australia, 42%; Rwanda, 21%; Congo 
(Kinshasa), 12%; Mozambique, 7%; and other, 18%. Niobium oxide: Brazil, 72%; Estonia, 5%; China, 2%; Germany, 
1%; and other, 20%. Ferroniobium and niobium metal: Brazil, 67%; Canada, 28%; Russia, 3%, Germany, 1%, and 
other, 1%. Total imports: Brazil, 66%; Canada, 25%; and other, 9%. Of U.S. niobium material imports (by contained 
weight), 74% was ferroniobium, 16% was niobium metal, 9% was niobium oxide, and 1% was niobium ores and 
concentrates. 


Tariff: Item Number Normal Trade Relations 
12-31-22 

Synthetic tantalum-niobium concentrates 2615.90.3000 Free. 
Niobium ores and concentrates 2615.90.6030 Free. 
Niobium oxide 2825.90.1500 3.7% ad valorem. 
Ferroniobium: 

Less than 0.02% phosphorus or sulfur, or 7202.93.4000 5% ad valorem. 

less than 0.4% silicon 

Other 7202.93.8000 5% ad valorem. 
Niobium: 

Waste and scrap® 8112.92.0700 Free. 

Powders and unwrought metal 8112.92.4000 4.9% ad valorem. 

Other® 8112.99.9100 4% ad valorem. 


Depletion Allowance: 22% (domestic), 14% (foreign). 


Government Stockpile:’ 


FY 2022 FY 2023 
Inventory Potential Potential Potential Potential 
Material as of 9-30-22 acquisitions disposals acquisitions disposals 
Ferroniobium (gross weight) 544 — — — — 
Niobium metal (gross weight) 10 — — — — 
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NIOBIUM (COLUMBIUM) 


Events, Trends, and Issues: In 2022, U.S. niobium apparent consumption (measured in niobium content) was 
estimated to be 7,600 tons, a 4% increase from that in 2021. One domestic company developing its Elk Creek project 
in Nebraska announced the results of its 2022 feasibility study. According to the study, the mining and processing 
operation is expected to produce 7,350 tons per year of ferroniobium, 102 tons per year of scandium trioxide, and 
12,060 tons per year of titanium dioxide over a 38-year mine life. The project would be the only niobium mine and 
primary niobium-processing facility in the United States, with construction to begin after financing is received as 
required permits have been obtained. 


Brazil continued to be the world’s leading niobium producer, accounting for approximately 89% of global production, 
followed by Canada with about 8%. According to international trade statistics under the Harmonized Tariff Schedule 
of the United States code 7202.93 (ferroniobium), Brazil’s total exports were 56,700 tons from January through 
August 2022, 6% less than during the same period in 2021. Most of Brazil's exports were sent to China, followed by 
the Netherlands and Singapore. 


In 2022, a leading niobium producer in Brazil announced plans to invest $1.7 billion in its production assets to double 
its sales volume by 2030. The company completed its most recent facility upgrades in late 2021, increasing its total 
production capacity of ferroniobium to 150,000 metric tons per year (approximately 98,000 tons per year of niobium 
content). The completion of those projects would provide a significant increase in production in Brazil over the next 
decade. 


World Mine Production and Reserves: Reserves for the United States were revised based on company reports. 


Mine production Reserves® 

2021 2022° 
United States — — 210,000 
Brazil 78,700 71,000 16,000,000 
Canada 7,500 6,500 1,600,000 
Congo (Kinshasa) 580 600 NA 
Russia 450 450 NA 
Rwanda 158 210 NA 
Other countries 170 190 NA 
World total (rounded) 87,600 79,000 >17,000,000 


World Resources:® World resources of niobium are more than adequate to supply projected needs. Most of the 
world’s identified resources of niobium occur as pyrochlore in carbonatite (igneous rocks that contain more than 
50%-by-volume carbonate minerals) deposits and are outside the United States. 


Substitutes: The following materials can be substituted for niobium, but a performance loss or higher cost may 
ensue: ceramic matrix composites, molybdenum, tantalum, and tungsten in high-temperature (superalloy) 
applications; molybdenum, tantalum, and titanium as alloying elements in stainless and high-strength steels; and 
molybdenum and vanadium as alloying elements in high-strength low-alloy steels. 


“Estimated. NA Not available. — Zero. 

‘Imports and exports include the estimated niobium content of ferroniobium, niobium and tantalum ores and concentrates, niobium oxide, and 
niobium powders and unwrought metal. 

?Defined as change in total inventory from prior yearend inventory. If negative, increase in inventory. 

3Defined as imports — exports + adjustments for Government stock changes. 

4Only includes ferroniobium and nickel niobium. 

°Unit value is weighted average unit value of gross weight of U.S. ferroniobium trade (imports plus exports.) 

This category includes niobium-containing material and other material. 

7See Appendix B for definitions. 

8See Appendix C for resource and reserve definitions and information concerning data sources. 
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NITROGEN (FIXED)—AMMONIA 
(Data in thousand metric tons contained nitrogen unless otherwise noted) 


Domestic Production and Use: Ammonia was produced by 16 companies at 35 plants in 16 States in the United 
States during 2022; 2 additional plants were idle for the entire year. About 60% of total U.S. ammonia production 
capacity was in Louisiana, Oklahoma, and Texas because of their large reserves of natural gas, the dominant 
domestic feedstock for ammonia. In 2022, U.S. producers operated at about 86% of rated capacity. The United States 
was one of the world’s leading producers and consumers of ammonia. Urea, ammonium nitrate, nitric acid, 
ammonium phosphates, and ammonium sulfate were, in descending order of quantity produced, the major derivatives 
of ammonia produced in the United States. 


Approximately 88% of apparent domestic ammonia consumption was for fertilizer use, including anhydrous ammonia 
for direct application, urea, ammonium nitrates, ammonium phosphates, and other nitrogen compounds. Ammonia 
also was used to produce explosives, plastics, synthetic fibers and resins, and numerous other chemical compounds. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production‘ 13,100 13,500 14,000 12,700 13,000 
Imports for consumption 2,030 2,020 1,990 2,080 2,100 
Exports 224 338 369 231 700 
Consumption, apparent? 15,300 15,200 15,700 14,600 14,000 
Stocks, producer, yearend 490 420 310 270 390 
Price, average, free on board gulf coast, dollars per short ton 281 232 213 578 ~=1,100 
Employment, plant, number® 1,00 1,600 1,600 1,600 1,600 
Net import reliance* as a percentage of apparent consumption 14 11 11 13 9 


Recycling: None. 
Import Sources (2018-21): Trinidad and Tobago, 58%; Canada 40%; Venezuela, 1%; and other, 1%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 

Ammonia, anhydrous 2814.10.0000 Free. 

Urea 3102.10.0000 Free. 

Ammonium sulfate 3102.21.0000 Free. 

Ammonium nitrate 3102.30.0000 Free. 


Depletion Allowance: Not applicable. 
Government Stockpile: None. 


Events, Trends, and Issues: The Henry Hub spot natural gas price ranged between $3.58 and $9.85 per million 
British thermal units for most of the year, with an average of about $6.63 per million British thermal units. Natural gas 
prices in 2022 were higher than those in 2021—a result of below-average storage levels of natural gas and strong 
demand for U.S. liquified natural gas. The Energy Information Administration, U.S. Department of Energy, projected 
that Henry Hub natural gas spot prices would average around $6.00 per million British thermal units in 2023. 


The weekly average gulf coast ammonia price was $1,030 per short ton at the beginning of 2022 and increased to 


$1,150 per short ton in late October. The average ammonia price for 2022 was estimated to be $1,100 per short ton. 
In 2022, high natural gas prices resulted in higher ammonia prices. 
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NITROGEN (FIXED)—AMMONIA 


A long period of stable and low natural gas prices in the United States made it economical for companies to upgrade 
existing ammonia plants and construct new nitrogen facilities. The additional capacity has reduced ammonia imports. 
Expansion in the ammonia industry took place throughout the past 5 years; however, no additional U.S. ammonia 
Capacity increases have been announced. 


Global ammonia capacity is expected to increase by a total of 4% during the next 4 years. About one-third of the 
Capacity additions were expected to take place in Belarus and Russia. As part of the capacity increase, several 
countries have proposed decarbonized ammonia plants. Consumption of ammonia for fertilizer is expected to 
increase by 1% per year depending on availability and cost with the largest increases expected in Latin America. 


Large corn plantings maintain the continued demand for nitrogen fertilizers in the United States. According to the U.S. 
Department of Agriculture, U.S. corn growers planted 36.2 million hectares of corn in crop-year 2022 (July 1, 2021, 
through June 30, 2022), which was 4% less than the area planted in crop-year 2021. Corn acreage in crop-year 2023 
is expected to increase because of anticipated higher returns for corn compared with those of other crops. 


World Ammonia Production and Reserves: 


Plant production Reserves® 
2021 2022° 

United States 12,700 13,000 Available atmospheric nitrogen and 
Algeria 2,600 2,600 sources of natural gas for production 
Australia 1,700 1,700 of ammonia were considered 
Canada 3,760 3,800 adequate for all listed countries. 
China 42,000 42,000 
Egypt 4,000 4,000 
Germany 2,290 2,000 
India 12,100 12,000 
Indonesia 6,000 6,000 
Iran 4,000 4,000 
Malaysia 1,400 1,400 
Netherlands 2,000 2,000 
Nigeria 1,100 1,100 
Oman 1,730 1,700 
Pakistan 3,400 3,400 
Poland 2,100 2,100 
Qatar 3,270 3,300 
Russia 16,300 16,000 
Saudi Arabia 4,300 4,300 
Trinidad and Tobago 4,050 4,200 
Ukraine 2,170 2,000 
Uzbekistan 1,200 1,100 
Vietnam 1,050 1,200 
Other countries 14,500 13,000 

World total (rounded) 150,000 150,000 


World Resources:® The availability of nitrogen from the atmosphere for fixed nitrogen production is unlimited. 
Mineralized occurrences of sodium and potassium nitrates, such as those found in the Atacama Desert of Chile, 
contribute minimally to the global nitrogen supply. 


Substitutes: Nitrogen is an essential plant nutrient that has no substitute. No practical substitutes for nitrogen 
explosives and blasting agents are known. 


“Estimated. 

‘Source: The Fertilizer Institute; data adjusted by the U.S. Geological Survey. 

?Defined as production + imports — exports + adjustments for industry stock changes. 

3Source: Green Markets. 

“Defined as imports — exports + adjustments for industry stock changes. 

°See Appendix C for resource and reserve definitions and information concerning data sources. 
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PEAT 
(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: The estimated free on board (f.o.b.) mine value of marketable peat sold by 
producers in the conterminous United States was approximately $10 million in 2022. Peat was harvested and 
processed by 28 companies in 11 of the conterminous United States. Florida was the leading producing State. The 
other leading producing States were Illinois, Maine, Michigan, and Minnesota, and these top five States accounted for 
98% of peat sold. Reed-sedge peat accounted for approximately 87% of the total volume produced, followed by 
sphagnum moss with 10%. Domestic peat applications included earthworm culture medium, golf course construction, 
mixed fertilizers, mushroom culture, nurseries, packing for flowers and plants, seed inoculants, and vegetable 
cultivation. In the industrial sector, peat was used as an oil absorbent and as an efficient filtration medium for the 
removal of waterborne contaminants in mine waste streams, municipal storm drainage, and septic systems. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production 389 366 354 324 340 
Sales by producers 409 420 386 386 350 
Imports for consumption 1,200 1,160 1,390 1,630 1,500 
Exports 37 46 46 37 37 
Consumption, apparent’ 1,580 1,400 1,690 1,970 1,700 
Price, average unit value, f.o.b. mine, dollars per metric ton 27.53 25.77 26.25 38.52 28 
Stocks, producer, yearend 196 280 288 235 290 
Employment, mine and plant, number® 520 520 510 510 510 
Net import reliance? as a percentage of apparent consumption 75 74 79 84 81 


Recycling: None. 
Import Sources (2018-21): Canada, 96%; and other, 4%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Peat 2703.00.0000 Free. 


Depletion Allowance: 5% (domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Peat is an important component of plant-growing media, and the demand for peat 
generally follows that of horticultural applications. In the United States, the short-term outlook was for production to 
average about 350,000 tons per year, and imported peat from Canada was expected to continue to account for more 
than 80% of domestic consumption. Imports for 2022 were estimated to have decreased to 1.5 million tons from 

1.6 million tons in 2021, and exports were estimated to have remained about the same as those in 2021 at 

37,000 tons. In 2022, peat stocks were estimated to have increased to approximately 290,000 tons from 235,000 tons 
in 2021. Based on estimated world production for 2022, the world’s leading peat producers were, in descending order 
of production, Finland, Germany, Sweden, Latvia, Belarus, and Canada. 


In many parts of the world, concerns about climate change prompted several countries to plan to decrease or 
eliminate the use of peat, owing to peatland’s ability to act as a carbon sink. Ireland’s peat production ended in 2021, 
as the country transitioned to alternative fuel sources. Ireland continued to produce peat briquettes but was expected 
to stop by 2024. Irish horticultural growers are importing peat to compensate for the lack of a domestic supply. Peat 
alternatives are currently not able to provide comparable crop yields in terms of growing quality and quantity. 


Finland continued to work toward its goal of becoming carbon neutral by 2035. To achieve this, peat production was 
to be phased out in favor of other forms of noncarbon energy. In 2022, only about 14% of Finland’s energy 
consumption was supplied by peat and other fossil fuels. About 53% of Finland’s energy supply was generated using 
renewable energy sources, whereas 33% was produced by nuclear energy. Several European countries, including 
Belarus, Ireland, Scotland, and Sweden, were planning or implementing peatland restoration projects to help combat 
greenhouse-gas emissions and restore wildlife habitats. In August 2022, the United Kingdom announced a ban on 
peat sales to amateur gardeners by 2024 in an effort to protect peatlands. These initiatives were expected to 
decrease peat production across Europe in the future. 
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World Mine Production and Reserves: Reserves for countries that reported by volume only and had insufficient 
data for conversion to tonnage were combined and included with “Other countries.” 


Mine production Reserves? 

2021 2022° 
United States 324 340 150,000 
Belarus 1,720 1,700 2,600,000 
Canada 1,650 1,700 720,000 
Estonia 347 350 570,000 
Finland 5,430 5,400 6,000,000 
Germany 2,600 2,600 (4) 
Ireland — — (4) 
Latvia 2,000 2,000 150,000 
Lithuania 479 480 210,000 
Poland 1,100 1,000 (4) 
Russia 1,250 1,200 1,000,000 
Sweden 2,320 2,300 (4) 
Ukraine 441 440 (4) 
Other countries® 340 440 1,400,000 
World total (rounded) 20,000 20,000 13,000,000 


World Resources:? Peat is a renewable resource, continuing to accumulate on 60% of global peatlands. However, 
the volume of global peatlands has been decreasing at a rate of 0.05% per year owing to harvesting and land 
development. Many countries evaluate peat resources based on volume or area because the variations in densities 
and thickness of peat deposits make it difficult to estimate tonnage. Volume data have been converted using the 
average bulk density of peat produced in each of those countries. More than 50% of the U.S. peat resources are 
located in undisturbed areas of Alaska. 


Substitutes: Natural organic materials, such as composted yard waste and coir (coconut fiber), compete with peat in 
horticultural applications. Shredded paper and straw are used to hold moisture for some grass-seeding applications. 
The superior water-holding capacity and physiochemical properties of peat limit substitution alternatives in most 
applications. 


“Estimated. — Zero. 

‘Defined as production + imports — exports + adjustments for industry stock changes. 

?Defined as imports — exports + adjustments for industry stock changes. 

3See Appendix C for resource and reserve definitions and information concerning data sources. 
4Included with “Other countries.” 
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PERLITE 
(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: In 2022, the quantity of domestic processed crude perlite sold and used was 
estimated to be 520,000 tons with a value of $34 million. Crude ore production was from nine mines operated by six 
companies in six Western States. New Mexico continued to be the leading producing State. Domestic apparent 
consumption of crude perlite was estimated to be 720,000 tons. Processed crude perlite was expanded at 51 plants in 
27 States. The applications for expanded perlite were building construction products, 44%; horticultural aggregate, 
19%; fillers, 15%; filter aids, 14%; and other, 8%. Other applications included specialty insulation and miscellaneous 
uses. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Mine production, crude ore 504 629 845 884 880 
Sold and used, processed crude perlite 444 397 493 496 520 
Imports for consumption’ 200 180 160 170 230 
Exports’ 16 19 25 27 29 
Consumption, apparent? 630 560 630 640 720 
Price, average value, free on board mine, dollars per ton 69 64 61 64 66 
Employment, mine and mill, number 130 140 140 150 150 
Net import reliance? as a percentage of apparent consumption 30 29 21 23 28 


Recycling: Not available. 
Import Sources (2018-21): Greece, 92%; China, 5%; Mexico, 2%; and other, 1%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Vermiculite, perlite, and chlorites, unexpanded 2530.10.0000 Free. 


Depletion Allowance: 10% (domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Perlite is a siliceous volcanic glass that expands up to 20 times its original volume 
when rapidly heated. In horticultural uses, expanded perlite is used to provide moisture retention and aeration without 
compaction when added to soil. Horticultural perlite is useful to both commercial growers and hobby gardeners. 
Owing primarily to cost, some commercial greenhouse growers in the United States have recently switched to a wood 
fiber material instead of perlite. Perlite, however, remained a preferred soil amendment for segments of greenhouse 
growers because it does not degrade or compact over lengthy growing times and is inert. Construction applications 
for expanded perlite are numerous because it is fire resistant, an excellent insulator, and lightweight. Novel and small 
markets for perlite have increased during the past 10 years; cosmetics, environmental remediation, and personal care 
products have become increasing markets for perlite. 
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The value of total construction put in place in the United States increased by about 11% during the first 6 months of 
2022 compared with that of the same period in 2021, indicating a similar change in consumption of perlite. 
Construction products remained the largest domestic market for perlite. Increased interest in commercial greenhouse 
and hobby gardening may also correspond to increased consumption of horticultural-grade perlite. 


Based on estimated world production for 2022, the world’s leading producers were, in descending order of production, 
China, Turkey, Greece, and the United States, accounting for about 35%, 26%, 17%, and 12%, respectively, of world 
production. Although China was the leading producer, most of its perlite production was thought to be consumed 
internally. Greece and Turkey remained the leading exporters of perlite. 


World Mine Production and Reserves: Reserves data for China were revised based on Government reports. 


Production Reserves‘ 
2021 2022° 

United States 5496 5520 50,000 
Argentina® 18 20 NA 
Armenia® 80 180 NA 
China® 1,500 1,500 78,000 
Greece® 700 710 120,000 
Hungary® 77 80 49,000 
lran® 32 30 73,000 
Mexico® 24 20 NA 
New Zealand® 18 20 NA 
Slovakia® 37 40 NA 
Turkey® 1,100 1,100 57,000 
Other countries® 70 40 NA 
World total (rounded) 4,150 4,300 NA 


World Resources:* Perlite occurrences in Arizona, California, Idaho, Nevada, New Mexico, and Oregon may contain 
large resources. Significant deposits have been reported in China, Greece, Turkey, and a few other countries. 
Available information was insufficient to make reliable estimates of resources in many perlite-producing countries. 


Substitutes: In construction applications, diatomite, expanded clay and shale, pumice, and slag can be substituted 
for perlite. For horticultural uses, coco coir, pumice, vermiculite, and wood pulp are alternative soil additives and are 
sometimes used in conjunction with perlite. 


“Estimated. NA Not available. 

‘Exports and imports were estimated by the U.S. Geological Survey from U.S. Census Bureau combined data for vermiculite, perlite, and chlorites, 
unexpanded. Data are rounded to two significant digits. 

?Defined as processed crude perlite sold and used + imports — exports. Data are rounded to two significant digits. 

3Defined as imports — exports. 

“See Appendix C for resource and reserve definitions and information concerning data sources. 

°Processed ore sold and used by producers. 
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PHOSPHATE ROCK 
(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: In 2022, phosphate rock ore was mined by five companies at nine mines in 

four States and processed into an estimated 21 million tons of marketable product, valued at $1.9 billion, free on 
board (f.o.b.) mine. Florida and North Carolina accounted for more than 75% of total domestic output; the remainder 
was produced in Idaho and Utah. Marketable product refers to beneficiated phosphate rock with phosphorus 
pentoxide (P20s) content suitable for phosphoric acid or elemental phosphorus production. More than 95% of the 
phosphate rock mined in the United States was used to manufacture wet-process phosphoric acid and 
superphosphoric acid, which were used as intermediate feedstocks in the manufacture of granular and liquid 
ammonium phosphate fertilizers and animal feed supplements. About 25% of the wet-process phosphoric acid 
produced was exported in the form of upgraded granular diammonium phosphate (DAP) and monoammonium 
phosphate (MAP) fertilizer and merchant-grade phosphoric acid. The balance of the phosphate rock mined was for 
the manufacture of elemental phosphorus, which was used to produce phosphorus compounds for industrial 
applications, primarily glyphosate herbicide. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production, marketable 25,800 23,300 23,500 21,600 21,000 
Sold or used by producers 23,300 23,400 22,600 21,900 21,000 
Imports for consumption 2,/70 2,140 2,520 2,460 2,400 
Consumption, apparent! 26,000 25,500 25,100 24,400 24,000 
Price, average value, f.o.b. mine,? dollars per metric ton 70.80 68.00 75.90 83.10 90 
Stocks, producer, yearend 10,600 9,830 11,000 10,700 10,000 
Employment, mine and beneficiation plant, number® 1,900 1,900 1,800 2,000 2,000 
Net import reliance? as a percentage of apparent consumption 2 11 5 11 12 


Recycling: None. 
Import Sources (2018-21): Peru, 95%; and Morocco, 5%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Natural calcium phosphates: 
Unground 2510.10.0000 Free. 
Ground 2510.20.0000 Free. 


Depletion Allowance: 14% (domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Domestic production and consumption of phosphate rock were lower in 2022, owing to 
slightly lower production of elemental phosphorus and phosphoric acid. Domestic fertilizer production and 
consumption also were lower because of adverse weather conditions in some areas of the United States during the 
spring planting season, rail delays, high fertilizer costs, and hurricane damage to some production facilities. In Idaho, 
all three producers continued to develop new mines that will replace existing mines within the next decade. 


World production of phosphate rock was estimated to have been slightly lower in 2022. The conflict between Russia 
and Ukraine caused some reduction of exports of phosphate rock and fertilizers from Russia. Although fertilizer 
materials were exempt from sanctions, some countries did not allow Russian ships in their ports. 


In 2022, the global phosphate fertilizer market experienced supply disruptions, high fertilizer prices in the first half of 
the year, and lower consumption in some regions. The most significant supply disruption was from China placing 
restrictions on exports of DAP and MAP. This reduced Chinese exports by about 5 million tons. Other countries 
increased exports but were unable to compensate for the loss to the world market. Global consumption of P20s 
contained in fertilizers was estimated to have decreased slightly to about 48 million tons in 2022. 
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World Mine Production and Reserves: Reserves for China and Tunisia were revised based on Government 
reports. Reserves for Israel were revised based on company reports. 


Mine production Reserves* 
2021 2022° 

United States 21,600 21,000 1,000,000 
Algeria ©1,400 1,800 2,200,000 
Australia ®2,500 2,500 51,100,000 
Brazil ®6,000 5,500 1,600,000 
China® £90,000 85,000 1,900,000 
Egypt ®5,000 5,000 2,800,000 
Finland 990 1,000 1,000,000 
India ®1,400 1,400 46,000 
Israel 2,430 3,000 60,000 
Jordan 10,000 10,000 1,000,000 
Kazakhstan ®4,500 1,500 260,000 
Mexico 488 450 30,000 
Morocco 38,100 40,000 50,000,000 
Peru 4,200 4,200 210,000 
Russia ®14,000 13,000 600,000 
Saudi Arabia °9,200 9,000 1,400,000 
Senegal ®2,100 2,600 50,000 
South Africa 2,130 1,600 1,600,000 
Togo ®41,000 1,500 30,000 
Tunisia 3,730 4,000 2,500,000 
Turkey ®600 800 50,000 
Uzbekistan €900 900 100,000 
Vietnam €4,500 4,500 30,000 
Other countries 1,950 1,600 2,600,000 
World total (rounded) 226,000 220,000 72,000,000 


World Resources:* Some world reserves were reported only in terms of ore tonnage and grade. Phosphate rock 
resources occur principally as sedimentary marine phosphorites. The largest sedimentary deposits are found in 
northern Africa, the Middle East, China, and the United States. Significant igneous occurrences are found in Brazil, 
Canada, Finland, Russia, and South Africa. Large phosphate resources have been identified on the continental 
shelves and on seamounts in the Atlantic Ocean and the Pacific Ocean. World resources of phosphate rock are more 
than 300 billion tons. There are no imminent shortages of phosphate rock. 


Substitutes: There are no substitutes for phosphorus in agriculture. 


“Estimated. 

‘Defined as phosphate rock sold or used by producers + imports. U.S. producers stopped exporting phosphate rock in 2003. 
?Marketable phosphate rock, weighted value, all grades. 

3Defined as imports + adjustments for industry stock changes. 

4See Appendix C for resource and reserve definitions and information concerning data sources. 

°For Australia, Joint Ore Reserves Committee-compliant or equivalent reserves were 124 million tons. 

6Production data for large mines only, as reported by the National Bureau of Statistics of China. 
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PLATINUM-GROUP METALS 


(Palladium, platinum, iridium, osmium, rhodium, and ruthenium) 
[Data in kilograms of contained platinum-group metals (PGMs) unless otherwise noted] 


Domestic Production and Use: One company in Montana produced PGMs with an estimated value of about 

$880 million. Small quantities of primary PGMs also were recovered as byproducts of copper-nickel mining in 
Michigan; however, this material was sold to foreign companies for refining. The leading domestic use for PGMs was 
in catalytic converters to decrease harmful emissions from automobiles. PGMs are also used in catalysts for bulk- 
chemical production and petroleum refining; dental and medical devices; electronic applications, such as in computer 
hard disks, hybridized integrated circuits, and multilayer ceramic capacitors; glass manufacturing; investment; jewelry; 
and laboratory equipment. 


Salient Statistics—United States: 2018 201 2020 2021 2022° 
Mine production:' 
Palladium 14,300 14,300 14,600 13,700 11,000 
Platinum 4,160 4,150 4,200 4,020 3,300 
Imports for consumption: 
Palladium 92,900 84,300 76,400 72,600 63,000 
Platinum 58,500 42,300 64,800 67,900 56,000 
PGM waste and scrap 40,700 35,200 185,000 185,000 49,000 
Iridium 1,020 875 1,620 2,310 1,700 
Osmium 25 (3) 1 1 — 
Rhodium 14,500 15,000 20,700 16,500 13,000 
Ruthenium 17,900 11,200 13,900 18,000 15,000 
Exports:4 
Palladium 52,900 55,500 48,600 43,900 45,000 
Platinum 18,900 17,400 28,900 29,400 28,000 
PGM waste and scrap 31,700 20,800 33,200 37,800 38,000 
Rhodium 2,010 1,210 1,480 1,350 720 
Other PGMs 2,500 1,330 1,440 2,180 1,200 
Consumption, apparent:> © 
Palladium 96,300 85,100 80,300 81,400 68,000 
Platinum 53,700 37,000 48,200 53,500 42,000 
Price, dollars per troy ounce:’ 
Palladium 1,036.43 1,544.31 2,205.27 2,419.18 2,200 
Platinum 882.66 866.94 886.02 1,094.31 980 
Iridium 1,293.27 1,485.80 1,633.51 5,158.40 4,700 
Rhodium 2,225.30 3,918.78 11,205.06 20,254.10 17,000 
Ruthenium 244.41 262.59 271.83 576.12 600 
Employment, mine, number 1,242 1,379 1,475 1,598 1,600 
Net import reliance® ® as a percentage of apparent 
consumption: 
Palladium 42 34 35 35 26 
Platinum 74 67 75 72 66 


Recycling: About 110,000 kilograms of palladium and platinum was recovered globally from new and old scrap in 
2022, including about 40,000 kilograms of palladium and 11,000 kilograms of platinum recovered from automobile 
catalytic converters in the United States. 


Import Sources (2018-21): Palladium: Russia, 34%; South Africa, 30%; Italy, 8%, Germany, 8%; and other, 20%. 
Platinum: South Africa, 34%; Germany, 18%; Switzerland, 14%; Italy, 7%; and other, 27%. 


Tariff: All unwrought and semimanufactured forms of PGMs are imported duty free. See footnotes for specific 
Harmonized Tariff Schedule of the United States codes. 


Depletion Allowance: 22% (domestic), 14% (foreign). 


Prepared by Ruth F. Schulte [(703) 648—4963, rschulte@usgs.gov] 
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PLATINUM-GROUP METALS 


Government Stockpile:° 


FY 2022 FY 2023 
Inventory Potential Potential Potential Potential 
Material as of 9-30-22 acquisitions disposals acquisitions disposals 
Iridium 15 — 15 — 15 
Platinum 261 — 261 — 261 


Events, Trends, and Issues: Production at a domestic mine continued but was constrained owing to operational 
challenges and flooding that took place in June 2022. Production of PGMs in South Africa, the world’s leading 
producer of PGM-containing mined material, decreased compared with that in 2021 owing to operational challenges at 
some mines, including disruptions to the supply of electricity, temporary closures of processing facilities, and scheduled 
maintenance of smelters. A slow economic recovery from coronavirus disease 2019 (COVID-19) pandemic shutdowns 
and declining capital investments also negatively affected production. Constrained automobile production owing to 
semiconductor chip shortages, declining diesel passenger vehicle production, inflation, and slow economic growth are 
expected to result in decreased demand for palladium, platinum, and rhodium used in catalytic converters. Demand 
could be offset, however, by the development of PGM-based proton-exchange membrane fuel cells (also known as 
polymer electrolyte membrane fuel cells) used in hydrogen storage and transportation technologies. 


The estimated annual average price of ruthenium in 2022 increased by 4% compared with that in 2021, whereas the 
estimated prices for rhodium, platinum, palladium, and iridium decreased by 16%, 10%, 9%, and 9%, respectively. 


World Mine Production and Reserves: 


Mine production PGM reserves’° 
Palladium Platinum 
2021 2022° 2021 2022° 

United States 13,700 11,000 4,020 3,300 900,000 
Canada 15,000 15,000 6,000 6,000 310,000 
Russia ©86,000 88,000 €21,000 20,000 5,500,000 
South Africa 84,300 80,000 142,000 140,000 63,000,000 
Zimbabwe 12,400 12,000 14,700 15,000 1,200,000 
Other countries 2,040 2,000 4,270 4,200 NA 
World total (rounded) 214,000 210,000 192,000 190,000 70,000,000 


World Resources:'° World resources of PGMs are estimated to total more than 100 million kilograms. The largest 
resources and reserves are in the Bushveld Complex in South Africa. 


Substitutes: Palladium has been substituted for platinum in most gasoline-engine catalytic converters because of the 
historically lower price for palladium relative to that of platinum. About 25% of palladium can routinely be substituted 
for platinum in diesel catalytic converters; the proportion can be as much as 50% in some applications. For some 
industrial end uses, one PGM can substitute for another, but with losses in efficiency. 


“Estimated. NA Not available. — Zero. 

‘Estimated from published sources. 

?Includes data for the following Harmonized Tariff Schedule of the United States codes: 7110.11.0010, 7110.11.0020, 7110.11.0050, 
7110.19.0000, 7110.21.0000, 7110.29.0000, 7110.31.0000, 7110.39.0000, 7110.41.0010, 7110.41.0020, 7110.41.0030, 7110.49.0010, 


7112.92.0000, 7112.92.0100, and 7118.90.0020. 

3Less than % unit. 

‘Includes data for the following Schedule B codes: 7110.11.0000, 7110.19.0000, 7110.21.0000, 7110.29.0000, 7110.31.0000, 7110.39.0000, 
7110.41.0000, 7110.49.0000, 7112.92.0000, and 7112.92.0100. 

°Defined as primary production + secondary production + imports — exports. 

SExcludes imports and (or) exports of waste and scrap. 

“Engelhard Corp. unfabricated metal. 

8Defined as imports — exports. 

°See Appendix B for definitions. 

'0See Appendix C for resource and reserve definitions and information concerning data sources. 
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POTASH 


[Data in thousand metric tons of potassium oxide (K2O) equivalent unless otherwise noted] 


Domestic Production and Use: In 2022, the estimated sales value of marketable potash, free on board (f.o.b.) mine, 
was $760 million, which was 38% higher than that in 2021. The majority of U.S. production was from southeastern 
New Mexico, where two companies operated two underground mines and one deep-well solution mine. Sylvinite and 
langbeinite ores in New Mexico were beneficiated by flotation, dissolution-recrystallization, heavy-media separation, 
solar evaporation, and (or) combinations of these processes. In Utah, two companies operated three facilities. One 
company extracted underground sylvinite ore by deep-well solution mining. Solar evaporation crystallized the sylvinite 
ore from the brine solution, and a flotation process separated the muriate of potash (MOP) from byproduct sodium 
chloride. The firm also processed subsurface brines by solar evaporation and flotation to produce MOP at its other 
facility. Another company processed brine from the Great Salt Lake by solar evaporation to produce potassium sulfate 
or sulfate of potash (SOP) and other byproducts. 


Potash denotes a variety of mined and manufactured salts that contain the element potassium in water-soluble form. 
In agriculture, the term potash refers to potassic fertilizers, which are potassium chloride (KCI), SOP, and potassium 
magnesium sulfate (SOPM) or langbeinite. MOP is an agriculturally acceptable mix of KCI (95% pure or greater) and 
sodium chloride for fertilizer use. The fertilizer industry used about 85% of U.S. potash sales, and the remainder was 
used for chemical and industrial applications. About 70% of the potash produced was SOPM and SOP, which are 
required to fertilize certain chloride-sensitive crops. The remainder of production was MOP and was used for 
agricultural and chemical applications. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production, marketable’ 520 510 460 480 440 
Sales by producers, marketable’ 520 480 500 490 440 
Imports for consumption 5,/10 5,150 5,370 6,480 7,000 
Exports 105 145 147 112 300 
Consumption, apparent: 2 6,100 5,500 5,700 6,900 7,100 
Price, average, f.o.b. mine, dollars per ton of K2O equivalent: 

All products? 750 820 850 1,120 1,700 

MOP 440 480 450 650 += 1,000 
Employment, mine and mill, number 900 900 900 900 900 
Net import reliance* as a percentage of apparent consumption 92 91 92 93 94 


Recycling: None. 
Import Sources (2018-21): Canada, 79%; Russia, 9%; Belarus, 7%; and other, 5%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 

Potassium nitrate 2834.21.0000 Free. 

Potassium chloride 3104.20.0000 Free. 

Potassium sulfate 3104.30.0000 Free. 

Potassic fertilizers, other 3104.90.0100 Free. 


Depletion Allowance: 14% (domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: |In 2022, U.S. consumption was estimated to have increased by about 3% compared 
with that in 2021. World potash supply was affected by economic sanctions on Belarus and Russia and resulted in 
higher prices and lower consumption. World potash consumption in 2022 for fertilizers was estimated to have 
decreased to between 35 to 39 million tons from 40.6 million tons in 2021. In January 2022, the Government of 
Lithuania, citing national security concerns, cancelled the rail transport contract that allowed the state-run producer in 
Belarus to ship potash from the port of Klaipeda on the Baltic Sea, its only marine export facility. This followed the 
enactment of economic sanctions on Belarus in 2021 by the European Union (EU) and the United States, which 
banned the import of potash. Belarus was the third-leading potash supplier prior to 2022, shipping more than 6 million 
tons per year of K2O equivalent. Some Belarus potash was shipped by rail through Russia to other countries in the 
region and from a Russian port later in the year, but exports and production of potash were significantly lower in 2022. 


Prepared by Stephen M. Jasinski [(703) 648-7711, sjasinsk@usgs.gov] 
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POTASH 


Following Russian troops taking control of parts of eastern Ukraine in February, the EU, the United States, and other 
countries placed economic sanctions on Russia. Fertilizer products, including potash, were exempt; however, the EU 
placed import quotas on potash from Russia. United States sanctions on certain Russian companies, financial 
institutions, and individuals limited the amount of potash that could be imported. Russia responded by suspending 
fertilizer exports to countries that it deemed unfriendly. Russia continued exports to China, India, and some countries 
in Africa and South America, but its exports were about 30% lower in 2022 compared with those in 2021. As a result 
of the reduction in world supplies of potash, producers in Canada announced production increases over the next year 
by more than 600,000 tons of K2O equivalent. Canadian production capacity was planned to increase by more than 

3 million tons per year of K2O equivalent by 2025. Production in other exporting countries was expected to increase 
as well. 


A new potash mine was in the development stage in Osceola County, MI. The proposed solution mine would have an 
initial production capacity of 650,000 tons per year of MOP and was planned to increase up to 1 million tons per year 
of MOP. The company planned to start production in 2025. 


World annual potash production capacity was projected to increase to about 66 million tons in 2025 from 64 million 
tons in 2022. Most of the increase would be MOP from new mines and expansion projects in Belarus, Canada, and 
Russia. New SOP mines were planned in Australia and Eritrea, and a polyhalite mine in the United Kingdom would 
also contribute to the capacity growth. New MOP mines in Brazil, Canada, Ethiopia, Morocco, Spain, and the 
United States were planned to begin operation past 2025. 


World Mine Production and Reserves: Reserves for China were revised based on Government reports. 


Mine production Reserves?® 
2021 2022° Recoverable ore K2O equivalent 
United States’ 480 440 970,000 220,000 
Belarus ©7630 3,000 3,300,000 750,000 
Brazil 270 270 10,000 2,300 
Canada 14,200 16,000 4,500,000 1,100,000 
Chile 858 850 NA 100,000 
China ®6,000 6,000 NA 170,000 
Germany €2,800 2,800 NA 150,000 
Israel 2,380 2,500 NA 6Large 
Jordan 1,560 1,700 NA 6Large 
Laos &260 600 500,000 75,000 
Russia 9,100 5,000 NA 400,000 
Spain 365 450 NA 68,000 
Other countries 350 350 1,500,000 300,000 
World total (rounded) 46,300 40,000 >11,000,000 >3,300,000 


World Resources:*° Estimated domestic potash resources total about 7 billion tons. Most of these lie at depths 
between 1,800 and 3,100 meters in a 3,110-square-kilometer area of Montana and North Dakota as an extension of 
the Williston Basin deposits in Manitoba and Saskatchewan, Canada. The Paradox Basin in Utah contains resources 
of about 2 billion tons, mostly at depths of more than 1,200 meters. The Holbrook Basin of Arizona contains resources 
of about 0.7 to 2.5 billion tons. A large potash resource lies about 2,100 meters under central Michigan and contains 
more than 75 million tons. Estimated world resources total about 250 billion tons. 


Substitutes: No substitutes exist for potassium as an essential plant nutrient and as an essential nutritional requirement 
for animals and humans. Manure and glauconite (greensand) are low-potassium-content materials that can be 
profitably transported only short distances to crop fields. Glauconite is used as a potassium source for organic farming. 


“Estimated. NA Not available. 

‘Data are rounded to no more than two significant digits to avoid disclosing company proprietary data. 

?Defined as sales + imports — exports. 

3Includes MOP, SOP, and SOPM. Does not include other chemical compounds that contain potassium. 
“Defined as imports — exports. 

°See Appendix C for resource and reserve definitions and information concerning data sources. 

®Israel and Jordan recover potash from the Dead Sea, which contains nearly 2 billion tons of potassium chloride. 
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PUMICE AND PUMICITE 
(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: In 2022, 10 operations in five States produced pumice and pumicite. Estimated 
production’ was 510,000 tons with an estimated processed value of about $30 million, free on board (f.o.b.) plant. 
That represented an increase in both quantity and value from the 2021 reported production of 504,000 tons valued at 
$23.2 million. Pumice and pumicite were mined in California, Idaho, Kansas, New Mexico, and Oregon. The porous, 
lightweight properties of pumice are well suited for its main uses. Mined pumice was used in the production of 
abrasives, concrete admixtures and aggregates, lightweight building blocks, horticultural purposes, and other uses, 
including absorbent, filtration, laundry stone washing, and road use. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production, mine’ 496 565 578 504 510 
Imports for consumption 159 136 90 87 100 
Exports 11 11 8 11 15 
Consumption, apparent? 644 690 660 581 600 
Price, average unit value, f.o.b. mine or mill, dollars per metric ton 32 28 31 46 50 
Employment, mine and mill, number 140 140 140 140 140 
Net import reliance? as a percentage of apparent consumption 23 18 12 13 14 


Recycling: Little to no Known recycling. 
Import Sources (2018-21): Greece, 92%; Iceland, 5%; and other, 3%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Pumice, crude or in irregular pieces, including 2513.10.0010 Free. 
crushed 
Pumice, other 2513.10.0080 Free. 


Depletion Allowance: 5% (domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: The amount of domestically produced pumice and pumicite sold or used in 2022 was 
estimated to be slightly more than that in 2021. Imports and exports were estimated to have increased compared with 
those in 2021. Almost all imported pumice originated from Greece in 2022 and primarily supplied markets in the 
eastern and gulf coast regions of the United States. 


Pumice and pumicite are plentiful in the Western States, but legal challenges and public land designations could limit 
access to known deposits. Production of pumice and pumicite is sensitive to mining and transportation costs. 


All known domestic pumice and pumicite mining in 2022 was accomplished through open pit methods, generally in 
remote areas away from major population centers. Although the generation and disposal of reject fines in mining and 
milling may result in local dust issues at some operations, such environmental impacts were thought to be restricted 
to relatively small geographic areas. 


Prepared by Robert D. Crangle, Jr. [(703) 648-6410, rcrangle@usgs.gov] 


PUMICE AND PUMICITE 


World production of pumice and related material was estimated to be 15 million tons in 2022, which was essentially 


unchanged from that in 2021. Turkey, followed by Uganda, was the leading global producer of pumice and pumicite. 


Pumice is used more extensively as a building material outside the United States, which explained the large global 
production of pumice relative to that of the United States. In Europe, basic home construction uses stone and 
concrete as the preferred building materials. Prefabricated lightweight concrete walls, which may contain pumice as 
lightweight aggregate, are often produced and shipped to construction locations. Because of their cementitious 
properties, light weight, and strength, pumice and pumicite perform well in European-style construction. 


World Mine Production and Reserves: 


Mine production 


2021 

United States’ 5504 
Algeria® 900 
Cameroon® 110 
Chile® 670 
Ecuador® 800 
Ethiopia 510 
France® 280 
Greece® 960 
Guadeloupe 200 
Guatemala 570 
Iceland 100 
Jordan 900 
Saudi Arabia® 550 
Spain 240 
Syria® 200 
Tanzania 160 
Turkey 5,400 
Uganda 1,130 
Other countries® 710 
World total (rounded) 14,900 


World Resources:* The identified U.S. resources of pumice and pumicite, estimated to be more than 25 million tons, 


2022° 


510 
900 
110 
670 
800 
510 
300 
960 
200 
570 
100 
900 
550 
240 
200 
160 
5,400 
1,100 
820 
15,000 


Reserves’ 


Large in the United States. 
Quantitative estimates of reserves for 
most countries were not available. 


are concentrated in the Western States. The estimated total resources (identified and undiscovered) in the Western 
and Great Plains States are at least 250 million tons and may total more than 1 billion tons. Large resources of 


pumice and pumicite have been identified on all continents. 


Substitutes: The costs of transportation determine the maximum economic distance pumice and pumicite can be 
shipped and still remain competitive with alternative materials. Competitive materials that may be substituted for 
pumice and pumicite include crushed aggregates, diatomite, expanded shale and clay, and vermiculite. 


“Estimated. 

‘Quantity sold and used by producers. 
?Defined as production + imports — exports. 
3Defined as imports — exports. 


4See Appendix C for resource and reserve definitions and information concerning data sources. 


"Reported. 
Includes pozzolan and (or) volcanic tuff. 
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QUARTZ CRYSTAL (INDUSTRIAL) 
(Data in kilograms unless otherwise noted) 


Domestic Production and Use: Industrial cultured quartz crystal is electronic-grade quartz crystal that is 
manufactured, not mined. In the past, cultured quartz crystal was primarily produced using lascas' as raw quartz feed 
material. Lascas mining and processing in Arkansas ended in 1997. In 2022, two companies produced cultured 
quartz crystal in the United States. However, production data were withheld in order to avoid disclosing company 
proprietary data. In addition to lascas, these companies may use cultured quartz crystal that has been rejected during 
the manufacturing process, owing to crystallographic imperfections, as feed material. The companies likely use a mix 
of cultured quartz and imported lascas as feed material. In the past several years, cultured quartz crystal has been 
increasingly produced overseas, primarily in Asia. Electronic applications accounted for most industrial uses of quartz 
crystal; other uses included special optical applications. 


Virtually all quartz crystal used for electronics was cultured, rather than natural, crystal. Electronic-grade quartz 
crystal is used to make frequency controls, frequency filters, and timers in electronic circuits employed for a wide 
range of products, such as communications equipment, computers, and many consumer goods, such as electronic 
games and television receivers. 


Salient Statistics—United States: 2018 201 2020 2021 2022° 
Production: 

Mine (lascas) — — — — — 

Cultured quartz crystal W W W W W 
Imports for consumption: 

Quartz (lascas) NA NA NA NA NA 

Piezoelectric quartz, unmounted 16,100 54,800 114,000 69,300 83,000 
Exports: 

Quartz (lascas) NA NA NA NA NA 

Piezoelectric quartz, unmounted 43,400 40,900 37,100 39,300 760,000 
Price, dollars per kilogram:® ° 

As-grown cultured quartz 300 200 200 200 200 

Lumbered quartz‘ 500 500 400 300 300 
Net import reliance® as a percentage of apparent consumption NA NA NA NA NA 


Recycling: An unspecified amount of rejected cultured quartz crystal was used as feed material for the production of 
cultured quartz crystal. 


Import Sources (2018-21): Import statistics specific to lascas are not available because they are combined with 
other types of quartz. Cultured quartz crystal (piezoelectric quartz, unmounted): China,® 90%; Japan, 3%; Russia, 2%; 
and other, 5%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 

Quartz (including lascas) 2506.10.0050 Free. 

Piezoelectric quartz, unmounted 7104.10.0000 3% ad valorem. 
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QUARTZ CRYSTAL (INDUSTRIAL) 
Depletion Allowance: 22% (domestic), 14% (foreign). 


Government Stockpile:’ The National Defense Stockpile contains 11 weight classes for natural quartz crystal that 
range from 0.2 kilogram to more than 10 kilograms. The stockpiled crystals, however, are primarily in the larger 
weight classes. The larger pieces are suitable as seed crystals, which are very thin crystals cut to exact dimensions, 
to produce cultured quartz crystal. In addition, many of the stockpiled crystals could be of interest to the specimen 
and gemstone industry. Little, if any, of the stockpiled material is likely to be used in the same applications as cultured 
quartz crystal. 


FY 2022 FY 2023 
Inventory Potential Potential Potential Potential 
Material as of 9-30-22 acquisitions disposals acquisitions disposals 
Quartz crystal 7,127 — 7,148 — 7,148 


Events, Trends, and Issues: Increased imports of piezoelectric quartz in the past several years are likely the result 
of increased demand for frequency-control oscillators and vibration sensors for aerospace, automotive, and 
telecommunication applications. Growth of the consumer electronics market (for example, communications 
equipment, electronic games, personal computers, and tablet computers) is also likely to remain a factor in sustaining 
global production of cultured quartz crystal. 


World Mine Production and Reserves: This information is unavailable, but the global reserves for lascas are 
thought to be large. 


World Resources:® Limited resources of natural quartz crystal suitable for direct electronic or optical use are 
available throughout the world. World dependence on these resources will continue to decline because of the 
increased acceptance of cultured quartz crystal as an alternative material. Additionally, techniques using rejected 
cultured quartz crystal as feed material may result in decreased dependence on lascas for growing cultured quartz. 


Substitutes: Silicon is increasingly being used as a substitute for quartz crystal for frequency-control oscillators in 
electronic circuits. Other materials, such as aluminum orthophosphate (the very rare mineral berlinite), langasite, 
lithium niobate, and lithium tantalate, which have larger piezoelectric coupling constants, have been studied and 
used. Centrosymmetric materials that have induced piezoelectricity have also been studied. The cost competitiveness 
of these materials, as opposed to cultured quartz crystal, is dependent on the type of application that the material is 
used for and the processing required. 


“Estimated. NA Not available. W Withheld to avoid disclosing company proprietary data. — Zero. 

‘Lascas is a nonelectronic-grade quartz used as a feedstock for growing cultured quartz crystal and for production of fused quartz. 

7Export data were adjusted by the U.S. Geological Survey. The U.S. Census Bureau reported 193,000 kilograms of exports through August 2022. 
The data were being reviewed by the U.S. Census Bureau for errors. 

3Price is estimated from a combination of reported prices, trade data prices, and industry trends. 

4As-grown cultured quartz that has been processed by sawing and grinding. 

°Defined as imports — exports. 

Includes Hong Kong. 

’See Appendix B for definitions. 

8See Appendix C for resource and reserve definitions and information concerning data sources. 
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RARE EARTHS‘ 


[Data in metric tons of rare-earth-oxide (REO) equivalent unless otherwise noted] 


Domestic Production and Use: Rare earths were mined domestically in 2022. Bastnaesite (or bastnasite), a rare- 


earth fluorocarbonate mineral, was mined as a primary product at a mine in Mountain Pass, CA. Monazite, a 


phosphate mineral, was produced as a separated concentrate or included as an accessory mineral in heavy-mineral- 
sand concentrates in the southeastern United States. Mixed rare-earth compounds were also produced in the western 
United States. The estimated value of rare-earth compounds and metals imported by the United States in 2022 was 
$200 million, a 25% increase from $160 million in 2021. The estimated leading domestic end use of rare earths was 
catalysts. A significant amount of rare earths are imported as permanent magnets embedded in finished goods. Other 


end uses were ceramics and glass, metallurgical applications and alloys, and polishing. 


Salient Statistics—United States: 
Production:® 
Mineral concentrates 
Compounds and metals 
Imports:® 2 
Compounds 
Metals: 
Ferrocerium, alloys 
Rare-earth metals, scandium, and yttrium 
Exports:® 2 
Ores and compounds 
Metals: 
Ferrocerium, alloys 
Rare-earth metals, scandium, and yttrium 
Consumption, apparent, compounds and metals* 
Price, average, dollars per kilogram:4 
Cerium oxide, 99.5% minimum 
Dysprosium oxide, 99.5% minimum 
Europium oxide, 99.99% minimum 
Lanthanum oxide, 99.5% minimum 
Mischmetal, 65% cerium, 35% lanthanum 
Neodymium oxide, 99.5% minimum 
Terbium oxide, 99.99% minimum 
Employment, mine and mill, annual average, number 
Net import reliance® as a percentage of apparent consumption:® 
Compounds and metals 
Mineral concentrates 


2018 


14,000 


10,800 


297 
526 


2019 


28,000 


12,200 


330 
627 


45 
507 
202 


100 
E 


2020 


39,000 


6,510 


271 
363 


40,000 


625 
25 
5,400 


2 
261 
31 
2 

fs) 
49 
670 
185 


100 
E 


2022° 


43,000 
250 


11,000 


420 
520 


Recycling: Limited quantities of rare earths are recovered from batteries, permanent magnets, and fluorescent lamps. 


Import Sources (2018—21): Rare-earth compounds and metals: China,’ 74%; Malaysia, 8%; Estonia and Japan, 5% 
each; and other, 8%. Compounds and metals imported from Estonia, Japan, and Malaysia were derived from mineral 
concentrates and chemical intermediates produced in Australia, China, and elsewhere. 


Tariff: Item 
Rare-earth metals 
Cerium compounds 
Other rare-earth compounds: 
Oxides or chlorides 
Carbonates 
Ferrocerium and other pyrophoric alloys 


Number 


2805.30.0000 
2846.10.0000 


2846.90.2000 
2846.90.8000 
3606.90.3000 


12-31-22 


5% ad valorem. 
5.5% ad valorem. 


Free. 


3.7% ad valorem. 
5.9% ad valorem. 


Normal Trade Relations 


Depletion Allowance: Monazite, 22% on thorium content and 14% on rare-earth content (domestic), 14% (foreign); 


bastnasite and xenotime, 14% (domestic and foreign). 
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Government Stockpile:® In the addition to the materials listed below, the FY 2022 and FY 2023 potential acquisitions 


include cerium, 550 tons; lanthanum, 1,300 tons; neodymium, 600 tons; praseodymium, 70 tons; rare-earth magnet 


block, 100 tons; and samarium cobalt alloy, 50 tons. 


Material 
Dysprosium 


Europium (gross weight) 
Ferrodysprosium 


Yttrium 


FY 2022 
Inventory Potential Potential 
as of 9-30-22 acquisitions disposals 
0.2 20 — 
35.8 — — 
0.5 — — 
25 25 — 


FY 2023 
Potential Potential 


acquisitions 


Events, Trends, and Issues: Global mine production was estimated to have increased to 300,000 tons of REO 
equivalent. China’s Ministry of Industry and Information Technology raised 2022 quotas for rare-earth mining and 
separation to 210,000 tons and 202,000 tons of REO equivalent, respectively. The mine production quota was 


allocated to 190,850 tons of light rare earths and 19,150 tons of ion-adsorption clays. 


World Mine Production and Reserves: Reserves for Australia and the United States were revised based on 


company and Government reports. 


United States 


Australia 
Brazil 
Burma 
Burundi 
Canada 
China 
Greenland 
India 


Madagascar 


Russia 
South Africa 
Tanzania 
Thailand 
Vietnam 


Other countries 
World total (rounded) 


Mine production 


2021 
42,000 
°24,000 
°500 
°35,000 
£200 


468,000 


°2,900 
°6,800 
°2,600 


°8,200 
400 

60 
290,000 


2022° 


210,000 


2,900 
960 


300,000 


Reserves? 


2,300,000 
104,200,000 
21,000,000 

NA 

NA 
830,000 
44,000,000 
1,500,000 
6,900,000 
NA 
21,000,000 
790,000 
890,000 
NA 
22,000,000 


280,000 
130,000,000 


World Resources:? Rare earths are relatively abundant in the Earth’s crust, but minable concentrations are less 
common than for most other mineral commodities. In North America, measured and indicated resources of rare 
earths were estimated to include 3.6 million tons in the United States and more than 14 million tons in Canada. 


Substitutes: Substitutes are available for many applications but generally are less effective. 


°Estimated. E Net exporter. NA Not available. — Zero. 
‘Data include lanthanides and yttrium but exclude most scandium. See also the Scandium and Yttrium chapters. 
?REO equivalent or content of various materials were estimated. Source: U.S. Census Bureau. 


3Defined as production + imports — exports. 


“Source: Argus Media group, Argus Metals International. 


°Defined as imports — exports. 

In 2018-2020, all domestic production of mineral concentrates was exported or held in inventory, and all compounds and metals consumed were 
assumed to be imported material. 

“Includes Hong Kong. 


8Gross weight. See Appendix B for definitions. 
°See Appendix C for resource and reserve definitions and information concerning data sources. 

‘For Australia, Joint Ore Reserves Committee-compliant or equivalent reserves were 2.98 million tons. 
“Production quota; does not include undocumented production. 


disposals 
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RHENIUM 
(Data in kilograms of contained rhenium unless otherwise noted) 


Domestic Production and Use: During 2022, rhenium-containing products including ammonium perrhenate (APR), 
metal powder, and perrhenic acid were produced as byproducts from roasting molybdenum concentrates from 
porphyry copper-molybdenum deposits in Arizona and Montana. U.S. primary production was approximately 

9,000 kilograms in 2022, a 3% decrease from that in 2021. The United States continued to be a leading producer of 
secondary rhenium, recovering rhenium from nickel-base superalloy scrap, spent oil-refining catalysts, and foundry 
revert. The major uses of rhenium were in superalloys used in high-temperature turbine engine components and in 
petroleum-reforming catalysts, representing an estimated 80% and 15%, respectively, of end uses. Bimetallic 
platinum-rhenium catalysts were used in petroleum reforming for the production of high-octane hydrocarbons, which 
are used in the production of lead-free gasoline. Rhenium improves the high-temperature (>1,000 degrees Celsius) 
strength properties of some nickel-base superalloys. Rhenium alloys were used in crucibles, electrical contacts, 
electromagnets, electron tubes and targets, heating elements, ionization gauges, mass spectrographs, metallic 
coatings, semiconductors, temperature controls, thermocouples, vacuum tubes, and other applications. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production‘ 8,220 8360 8,830 9,290 9,000 
Imports for consumption 

Rhenium, unwrought and powders? 32,000 31,500 15,900 15,900 10,000 

Ammonium perrhenate® 7,400 12,800 9,320 6,000 10,000 
Exports NA NA NA NA 360 
Consumption, apparent* 47,600 52,600 34,000 31,200 29,000 
Price, average value, gross weight, dollars per kilogram: 

Metal pellets, 99.99% pure 1,470 1,300 1,030 977 1,100 

Ammonium perrhenate 1,410 1,280 1,090 866 910 
Employment, number Small Small Small Small = Small 
Net import reliance® as a percentage of apparent consumption 83 84 74 70 69 


Recycling: Nickel-base superalloy scrap and scrapped turbine blades and vanes continued to be recycled 
hydrometallurgically to produce rhenium metal for use in new superalloy melts. The scrapped parts were also 
processed to generate engine revert—a high-quality, lower cost superalloy meltstock—by an increasing number of 
companies, mainly in Canada, Estonia, France, Germany, Japan, Poland, Russia, and the United States. Rhenium- 
containing catalysts were also recycled. The rhenium recycled from spent catalysts was either returned to the oil 
companies or to the catalyst producer for production of new catalysts in what is considered a closed-loop system. 


Import Sources (2018-21): Ammonium perrhenate: Kazakhstan, 27%; Poland, 16%; Canada, 15%; Germany, 15%; 
and other, 27%. Rhenium metal powder: Chile, 84%; Canada, 8%; Germany, 6%; and other, 2%. Total imports: Chile, 
63%; Canada, 10%; Germany, 8%; Kazakhstan, 7%; and other, 12%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 

Salts of peroxometallic acids, other, ammonium perrhenate 2841.90.2000 3.1% ad valorem. 

Rhenium, unwrought, waste and scrap; powders 8112.41.0000 Free. 

Rhenium, unwrought, waste and scrap 8112.41.1000 Free. 

Rhenium, unwrought and powders 8112.41.5000 3% ad valorem. 

Rhenium, unwrought and powders 8112.92.5000 3% ad valorem. 

Rhenium (and other metals), wrought 8112.99.9100 4% ad valorem. 


Depletion Allowance: 14% (domestic and foreign). 


Government Stockpile: None. 
Events, Trends, and Issues: In 2022, the price of catalytic-grade APR averaged $910 per kilogram, a 6% increase 


from the annual average price in 2021. The rhenium metal pellet price averaged $1,100 per kilogram in 2022, a 15% 
increase from the annual average price in 2021. 
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In 2022, apparent consumption in the United States was 8% less than that in 2021. During 2022, the United States 
continued to rely on imports for much of its supply of rhenium. Canada, Chile, Germany, Kazakhstan, and Poland 
supplied most of the imported rhenium. Imports of APR increased by 66% in 2022 compared with those in the 
previous year. Imports of rhenium metal decreased by 37% in 2022 compared with those in the previous year. World 
rhenium production in 2022 decreased slightly compared with that in 2021. 


The United States and Germany continued to be the leading secondary rhenium producers. Secondary rhenium 
production also took place in Canada, Estonia, France, Japan, Poland, and Russia. Available information was 
insufficient to make U.S. secondary production estimates; however, industry sources estimated that U.S. capacity 
was between 18,000 and 20,000 kilograms per year of rhenium. Industry sources estimated that approximately 
25,000 kilograms of secondary rhenium was produced worldwide in 2022. There were no primary rhenium projects in 
2022 that were expected to significantly contribute to rhenium availability in the near future. 


On February 24, 2022, a final U.S. critical minerals list was published in the Federal Register (87 FR 10381). The 
2022 critical minerals list was an update of the list of critical minerals published in 2018 in the Federal Register 

(83 FR 23295). The 2022 critical minerals list contained 50 individual mineral commodities instead of 35 minerals and 
mineral groups. The changes in the 2022 list from the prior list were the addition of nickel and zinc and the removal of 
helium, potash, rhenium, strontium, and uranium. The list is to be updated every 3 years and revised as necessary 
consistent with available data. 


World Mine Production and Reserves: 


Mine production®’ Reserves? 
2021 2022 

United States 9,290 9,000 400,000 
Armenia 260 260 95,000 
Chile? 30,000 29,000 1,300,000 
China 2,500 2,500 NA 
Kazakhstan 500 500 190,000 
Korea, Republic of 2,800 2,800 NA 
Poland 9,290 9,500 NA 
Russia NA NA 310,000 
Uzbekistan 4,900 4,900 NA 
World total (rounded) 59,500 58,000 Large 


World Resources:® Most rhenium occurs with molybdenum in porphyry copper deposits. Identified U.S. resources 
are estimated to be about 7 million kilograms. Rhenium also is associated with copper minerals in sedimentary 
deposits in Armenia, Kazakhstan, Poland, Russia, and Uzbekistan, where ore is processed for copper recovery and 
the rhenium-bearing residues are recovered at copper smelters. 


Substitutes: Substitutes for rhenium in platinum-rhenium catalysts are continually being evaluated. Iridium and tin 
have achieved commercial success in one such application. Other metals being evaluated for catalytic use include 
gallium, germanium, indium, selenium, silicon, tungsten, and vanadium. The use of these and other metals in 
bimetallic catalysts might decrease rhenium’s share of the existing catalyst market; however, this would likely be 
offset by rhenium-bearing catalysts being considered for use in several proposed gas-to-liquid projects. Materials that 
can substitute for rhenium in various end uses are as follows: cobalt and tungsten for coatings on copper X-ray 
targets, rhodium and rhodium-iridium for high-temperature thermocouples, tungsten and platinum-ruthenium for 
coatings on electrical contacts, and tungsten and tantalum for electron emitters. 


“Estimated. NA Not available. 

‘Based on 80% recovery of estimated rhenium contained in molybdenum disulfide concentrates. Secondary rhenium production not included. 
Includes Harmonized Tariff Schedule of the United States (HTS) code 8112.92.5000 (2018-2021) and HTS code 8112.41.5000 (2022). Does not 
include wrought forms or waste and scrap. 

3The rhenium content of ammonium perrhenate is 69.42%. 

4Defined as production + imports — exports. 

°Average price per kilogram of rhenium in pellets or catalytic-grade ammonium perrhenate. Source: Argus Media group, Argus Metals International. 
6Defined as imports — exports. 

‘Estimated amount of rhenium recovered in association with copper and molybdenum production. Secondary rhenium production not included. 
8See Appendix C for resource and reserve definitions and information concerning data sources. 

°Estimated rhenium recovered from roaster residues from Belgium, Chile, Mexico, and Peru. 
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RUBIDIUM 
(Data in metric tons of rubidium oxide unless otherwise noted) 


Domestic Production and Use: In 2022, no rubidium was mined in the United States; however, occurrences of 
rubidium-bearing minerals are known in Alaska, Arizona, Idaho, Maine, South Dakota, and Utah. Rubidium is also 
associated with some evaporate mineral occurrences in other States. Rubidium is not a major constituent of any 
mineral. Rubidium concentrate is produced as a byproduct of pollucite (cesium) and lepidolite (lithium) mining and is 
imported from other countries for processing in the United States. 


Applications for rubidium and its compounds include biomedical research, electronics, pyrotechnics, and specialty 
glass. Specialty glasses are the leading market for rubidium; rubidium carbonate may be used to reduce electrical 
conductivity, which improves stability and durability in fiber-optic telecommunications networks. Biomedical 
applications may include rubidium salts used in antishock agents and the treatment of epilepsy and thyroid disorder; 
rubidium-82, a radioactive isotope may be used as a blood-flow tracer in positron emission tomographic imaging; and 
rubidium chloride may be used as an antidepressant. Rubidium atoms are used in academic research, including the 
development of quantum-mechanics-based computing devices, a future application with potential for relatively high 
consumption of rubidium. Quantum computing research uses ultracold rubidium atoms in a variety of applications. 
Quantum computers, which have the ability to perform more complex computational tasks than traditional computers 
by calculating in two quantum states simultaneously, were under development with potential for entering the 
experimental phase by 2025. 


Rubidium’s photoemissive properties make it useful for electrical-signal generators in motion-sensor devices, night- 
vision devices, photoelectric cells (solar panels), and photomultiplier tubes. Rubidium may be used as an atomic 
resonance-frequency-reference oscillator for telecommunications network synchronization, playing a vital role in 
global positioning systems. Rubidium-rich feldspars may be used in ceramic applications for spark plugs and 
electrical insulators because of their high dielectric constant. Rubidium hydroxide may be used in fireworks to oxidize 
mixtures of other elements and produce violet hues. The U.S. military frequency standard, the United States Naval 
Observatory (USNO) timescale, is based on 48 weighted atomic clocks, including 4 USNO rubidium fountain clocks. 


Salient Statistics—United States: Consumption, export, and import data were not available. Some concentrate was 
imported to the United States in prior years for further processing. Industry information during the past decade 
suggests a domestic consumption rate of less than 2,000 kilograms per year. The United States was 100% import 
reliant for rubidium minerals. 


In 2022, one company offered 1-gram ampoules of 99.75% (metal basis) rubidium for $100.80, an 8% increase from 
$93.40 in 2021, and 100-gram ampoules of the same material for $1,818.60, a 9% increase from $1,673.00 in 2021. 
The price for 10-gram ampoules of 99.8% (metal basis) rubidium formate hydrate was $278.25. 


In 2022, the prices for 10 grams of 99.8% (metal basis) rubidium acetate, rubidium bromide, rubidium carbonate, 
rubidium chloride, and rubidium nitrate were $54.81, $77.70, $52.71, $67.10, and $52.50, respectively. The price for a 
rubidium-plasma standard solution (10,000 micrograms per milliliter) was $61.53 for 50 milliliters and $109.20 for 

100 milliliters, a 7% and 17% increase, respectively, from those in 2021. 


Recycling: None. 


Import Sources (2018-21): No reliable data have been available to determine the source of rubidium ore or 
compounds imported by the United States since 1988. Prior to 2016, Canada was thought to be the primary supplier 
of rubidium ore. 
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RUBIDIUM 
Tariff: Item Number Normal Trade Relations 
12-31-22 
Alkali metals, other 2805.19.9000 5.5% ad valorem. 
Chlorides, other 2827 .39.9000 3.7% ad valorem. 
Bromides, other 2827 .59.5100 3.6% ad valorem. 
lodides, other 2827 .60.5100 4.2% ad valorem. 
Sulfates, other 2833.29.5100 3.7% ad valorem. 
Nitrates, other 2834 .29.5100 3.5% ad valorem. 
Carbonates, other 2836 .99.5000 3.7% ad valorem. 


Depletion Allowance: 14% (domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Domestic rubidium occurrences will remain subeconomic unless market conditions 
change, such as the development of new end uses or increased consumption for existing end uses, which in turn 
could lead to increased prices. No known human health issues are associated with exposure to naturally occurring 
rubidium, and its use has minimal environmental impact. 


During 2022, no rubidium production was reported globally but rubidium was thought to have been produced in China. 
Production of rubidium from all countries, excluding China, ceased within the past two decades. Mining of rubidium in 
Namibia ceased in the early 2000s. Pollucite mining at the Tanco Mine in Canada (with the potential extraction of 
byproduct rubidium) ended in 2015. The Bikita Mine in Zimbabwe was depleted of pollucite ore reserves in 2018. The 
Sinclair Mine in Australia completed the mining and shipments of all economically recoverable pollucite ore in 2019. 
Recent reports indicate that with current processing rates, the world’s commercial stockpiles of rubidium ore, excluding 
those in China, may be depleted in the near future. 


Throughout 2022, multiple projects that could produce rubidium as a byproduct of lepidolite, pollucite, soodumene, or 
zinnwaldite mining, focused primarily on lithium or cesium extraction, were in the exploration and feasibility stages, 
and one company was working on mine development. Beginning in late 2021 and early 2022, pollucite ore from the 
Tanco Mine was being shipped to China for lithium recovery. 


World Mine Production and Reserves:' There were no official sources for rubidium production data in 2022. 
Lepidolite and pollucite, the principal rubidium-containing minerals in global rubidium reserves, can contain up to 
3.5% and 1.5% rubidium oxide, respectively. Rubidium-bearing mineral resources are found in zoned pegmatites. 
Mineral resources exist globally, but extraction and concentration are mostly cost prohibitive. No reliable data were 
available to determine reserves for specific countries; however, Australia, Canada, China, and Namibia were thought 
to have reserves totaling less than 200,000 tons. Existing stockpiles at multiple former mine sites have continued 
feeding downstream refineries. 


World Resources:' Significant rubidium-bearing pegmatite occurrences have been identified in Afghanistan, 
Australia, Canada, China, Denmark, Germany, Japan, Kazakhstan, Namibia, Peru, Russia, the United Kingdom, the 
United States, and Zambia. Minor quantities of rubidium are reported in brines in northern Chile and China and in 
evaporites in the United States (New Mexico and Utah), France, and Germany. 


Substitutes: Rubidium and cesium can be used interchangeably in many applications because they have similar 


physical properties and atomic radii. Cesium, however, is more electropositive than rubidium, making it a preferred 
material for some applications. 


1See Appendix C for resource and reserve definitions and information concerning data sources. 
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SALT 


(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: Domestic production of salt was estimated at 42 million tons in 2022, essentially 
unchanged compared with that in 2021. The total value of salt sold or used was estimated to be $2.5 billion, a slight 
increase from $2.4 billion in 2021. Salt was produced by 26 companies that operated 64 plants in 16 States. The top 


producing States were Kansas, Louisiana, Michigan, New York, Ohio, Texas, and Utah. These seven States 


produced about 94% of the salt in the United States in 2022. The estimated percentage of salt sold or used was, by 
type, rock salt, 43%; salt in brine, 40%; vacuum pan salt, 9%; and solar salt, 8%. 


Highway deicing accounted for about 42% of total salt consumed. The chemical industry accounted for about 39% of 
total salt sales, with salt in brine accounting for 91% of the salt used for chemical feedstock. Chlorine and caustic 
soda manufacturers were the main consumers within the chemical industry. The remaining markets for salt were 
distributors, 9%; food processing, 4%; agricultural, 3%; general industrial, 2%; and primary water treatment, 1%. 


Salient Statistics—United States:' 
Production 
Sold or used by producers 
Imports for consumption 
Exports 
Consumption: 
Apparent? 
Reported 
Price, average unit value of bulk, pellets and packaged salt, free on 
board (f.o.b.) mine and plant, dollars per metric ton: 
Vacuum and open pan salt 
Solar salt 
Rock salt 
Salt in brine 
Employment, mine and plant, number® 
Net import reliance? as a percentage of apparent consumption 


Recycling: None. 


Import Sources (2018-21): Chile, 29%; Canada, 28%; Mexico, 13%; Egypt, 11%; and other, 19%. 


Tariff: Item 
Salt (sodium chloride) 


Depletion Allowance: 10% (domestic and foreign). 


Government Stockpile: None. 


2018 
43,900 
44,200 
17,900 

986 


61,100 
53,000 


214.12 
114.32 
60.78 
8.30 
4,100 
28 


Number 


2501 .00.0000 


2019 
°45,000 
°45,000 

18,700 
1,020 


62,500 
51,800 


211.57 
126.18 
59.90 
7.56 
4,100 
28 


2020 
°43,000 
°43,000 

15,800 
1,250 


£58,000 
°49,000 


°215 
®120 
°58 
°8.00 
4,000 
25 


2021 
°42,000 
£42,000 

18,100 
1,060 


£59,000 
°50,000 


£220 
°129 
°5/ 
£8.00 
4,100 
29 


12-31-22 


Free. 


2022° 
42,000 
42,000 
18,000 
700 


59,000 
49,000 


230 
130 
60 
8.50 
4,000 
29 


Normal Trade Relations 


Events, Trends, and Issues: Demand for salt in 2022 remained lower than 2019 levels after the coronavirus disease 
2019 (COVID-19) pandemic affected production and consumption of salt throughout the world in 2020 and 2021. 
Increased energy costs also negatively affected salt markets as increased processing and especially transportation 
costs negatively affected the ability to import and export salt at competitive prices for some international transactions. 


For much of the 2021—22 winter, temperatures were near or above average with lower or average precipitation 
throughout most of the traditional U.S. snowbelt. The number of winter weather events including freezing rain, sleet, 
and snow is a better predictor of demand for rock salt than total snowfall. Several low snowfall or icing events usually 
require more salt for highway deicing than a single large snowfall event. Rock salt production and imports in 2022 
were estimated to be near or slightly less than those in 2021 because demand from many local and State 


transportation departments were essentially unchanged from the previous year. 
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For the 2022-23 winter, the National Oceanic and Atmospheric Administration predicted a La Niha weather pattern 
for the third consecutive year. A strong La Nifa historically favors an average to warmer temperature pattern, but a 
moderate La Nifa favors a colder winter. Based on several factors, the forecasts slightly favor higher precipitation 
winter than a normal winter for the Midwest, interior Northeast along the Canadian border, and northwestern area of 
the United States. Within this area, only the upper Midwest and the northwestern area of the United States were 
predicted to experience below-average temperatures. A warmer and drier pattern than average was predicted for the 
southern area of the United States. These forecasts would indicate that demand for rock salt could increase slightly in 
the upper the Midwest and northwestern areas of the United States but decrease in the northeastern United States. 


Demand for salt brine used in the chloralkali industry was expected to increase in 2023 as demand for caustic soda 
and polyvinyl chloride increases globally, especially in Asia. Salt exports from Australia and especially India have 
increased in recent years to meet the increasing demand in China, but tensions between China and both countries 
could affect trade. 


World Production and Reserves: 


Mine production Reserves‘ 
2021 2022° 

United States" £42,000 42,000 Large. Economic and subeconomic 
Australia 12,200 13,000 deposits of salt are substantial in 
Brazil °7,400 7,400 principal salt-producing countries. 
Canada 11,800 11,000 The oceans contain a virtually 
Chile 8,570 9,000 inexhaustible supply of salt. 
China °64,000 64,000 
France 5,400 5,500 
Germany €15,000 15,000 
India ®45,000 45,000 
lran ®2,700 2,/00 
Italy 1,900 2,000 
Mexico °9,000 9,000 
Netherlands 6,120 6,200 
Pakistan &3,000 3,300 
Poland °4,000 4,000 
Russia °6,500 6,000 
Saudi Arabia 2,330 2,400 
Spain °4,200 4,200 
Turkey °6,900 6,900 
Ukraine ®4,800 1,000 
United Kingdom ®2,400 2,800 
Other countries €31,000 32,000 

World total (rounded) 294,000 290,000 


World Resources:* World continental resources of salt are vast, and the salt content in the oceans is nearly 
unlimited. Domestic resources of rock salt and salt from brine are primarily in Kansas, Louisiana, Michigan, New York, 
Ohio, and Texas. Saline lakes and solar evaporation salt facilities are in Arizona, California, Nevada, New Mexico, 
Oklahoma, and Utah. Almost every country in the world has salt deposits or solar evaporation operations of various 
sizes. 


Substitutes: No economic substitutes or alternatives for salt exist in most applications. Calcium chloride and calcium 
magnesium acetate, hydrochloric acid, and potassium chloride can be substituted for salt in deicing, certain chemical 
processes, and food flavoring, but at a higher cost. 


“Estimated. 

‘Excludes production from Puerto Rico. 

?Defined as sold or used by producers + imports — exports. 

3Defined as imports — exports. 

4See Appendix C for resource and reserve definitions and information concerning data sources. 
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SAND AND GRAVEL (CONSTRUCTION)! 
(Data in million metric tons unless otherwise noted) 


Domestic Production and Use: In 2022, 960 million tons of construction sand and gravel valued at $10 billion was 
produced by an estimated 3,300 companies operating 6,200 pits and 200 sales and (or) distribution yards in 

50 States. Leading producing States were, in order of decreasing tonnage, California, Texas, Arizona, Minnesota, 
Washington, Utah, Michigan, Colorado, Ohio, and New York, which together accounted for about 53% of total output. 
An estimated 42% of construction sand and gravel was used as portland cement concrete aggregates, 26% for road 
base and coverings, 13% for construction fill, 10% for asphaltic concrete aggregate and for other bituminous mixtures, 
and 6% for other miscellaneous uses. The remaining 3% was used for concrete products, filtration, golf course 
maintenance, plaster and gunite sands, railroad ballast, road stabilization, roofing granules, and snow and ice control. 


The estimated output of construction sand and gravel in the United States shipped for consumption in the first 

9 months of 2022 was 724 million tons, a slight increase compared with that in the same period in 2021. Third-quarter 
shipments for consumption increased slightly compared with those in the same period in 2021. Additional production 
information, by quarter, for each State, geographic division, and the United States is reported by the U.S. Geological 
Survey in its quarterly Mineral Industry Surveys for construction sand and gravel and crushed stone. 


Salient Statistics—United States: 201 2019 2020 2021 2022° 
Production 912 914 888 942 960 
Imports for consumption 6 5) 5 S) 4 
Exports (7) (7) (7) (7) (7) 
Consumption, apparent? 918 919 893 946 960 
Price, average unit value, dollars per metric ton 9.18 9.65 9.93 10.36 11 
Employment, mine and mill, number* 38,600 39,600 37,900 37,800 37,000 
Net import reliance® as a percentage of apparent consumption 1 1 1 (7) (2) 


Recycling: Road surfaces made of asphalt concrete and portland cement concrete surface layers, which contain 
sand and gravel aggregate, were recycled on a limited but increasing basis in most States. In 2022, asphalt and 
portland cement concrete road surfaces were recycled in all 50 States. 


Import Sources (2018-21): Canada, 95%; Mexico, 2%; and other, 3%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 

Sand, other 2505.90.0000 Free. 

Pebbles and gravel 2517.10.0015 Free. 


Depletion Allowance: Common varieties, 5% (domestic and foreign). 


Government Stockpile: None. 
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Events, Trends, and Issues: U.S. construction sand and gravel production was about 960 million tons in 2022, a 
slight increase compared with that in 2021. Apparent consumption also increased to 960 million tons. Consumption of 
construction sand and gravel increased in 2022 because of growth in the private and public construction markets. 
Usually, commercial and heavy-industrial construction activity, infrastructure funding, labor availability, new single- 
family housing unit starts, and weather affect growth in construction sand and gravel production and consumption. 
Long-term increases in construction aggregates demand are influenced by activity in the public and private 
construction sectors, as well as by construction work related to infrastructure improvements around the Nation. The 
underlying factors that would support a rise in prices of construction sand and gravel are expected to be present in 
2023, especially in and near metropolitan areas. 


The construction sand and gravel industry continued to be concerned with environmental, health, permitting, safety, 
and zoning regulations. On November 15, 2021, the Infrastructure Investment and Jobs Act was signed into law. The 
legislation reauthorizes surface transportation programs for 5 years and invests $110 billion in additional funding to 
repair roads and bridges and support major, transformational projects. Movement of sand and gravel operations away 
from densely populated regions was expected to continue where zoning regulations and local sentiment discouraged 
them. Resultant regional shortages of construction sand and gravel and higher fuel costs could result in higher-than- 
average price increases in industrialized and urban areas. 


World Mine Production and Reserves: 


Mine production Reserves® 
2021 2022° 
United States 942 960 Reserves are controlled largely by land 
Other countries’ NA NA use and (or) environmental concerns. 
World total NA NA 


World Resources:® Sand and gravel resources are plentiful throughout the world. However, because of 
environmental regulations, geographic distribution, and quality requirements for some uses, sand and gravel 
extraction is uneconomical in some cases. The most important commercial sources of sand and gravel have been 
glacial deposits, river channels, and river flood plains. Use of offshore deposits in the United States is mostly 
restricted to beach erosion control and replenishment. Other countries routinely mine offshore deposits of aggregates 
for onshore construction projects. 


Substitutes: Crushed stone, the other major construction aggregate, is often substituted for natural sand and gravel, 

especially in more densely populated areas of the Eastern United States. Crushed stone remains the dominant choice 
for construction aggregate use. Increasingly, recycled asphalt and portland cement concretes are being substituted for 
virgin aggregate, although the percentage of total aggregate supplied by recycled materials remained very small in 2022. 


°Estimated. NA Not available. 

‘See also the Sand and Gravel (Industrial) and Stone (Crushed) chapters. 

7Less than % unit. 

3Defined as production + imports — exports. 

‘Including office staff. Source: Mine Safety and Health Administration. 

°Defined as imports — exports. 

6See Appendix C for resource and reserve definitions and information concerning data sources. 

‘No reliable production information is available for most countries owing to the wide variety of ways in which countries report their sand and gravel 
production. Some countries do not report production for this mineral commodity. Production information for some countries is available in the 

U.S. Geological Survey Minerals Yearbook, volume III, Area Reports—International. 
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SAND AND GRAVEL (INDUSTRIAL)' 
(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: |n 2022, industrial sand and gravel production was an estimated 97 million tons 
valued at an estimated $5.7 billion. The quantity of industrial sand and gravel sold or used increased by 30% and the 
value increased by 78% compared with that in 2021. Industrial sand and gravel was produced by 122 companies from 
201 operations in 32 States. The leading producing States were, in descending order of production, Texas, 
Wisconsin, Illinois, Louisiana, Missouri, Oklahoma, Arkansas, Alabama, California, and Tennessee. Combined 
production from these States accounted for about 87% of total domestic sales and use. Approximately 75% of the 
U.S. tonnage was used as hydraulic-fracturing sand (frac sand) and well-packing and cementing sand; and 10% as 
glassmaking sand. Other common uses were, in decreasing quantity of use, foundry sand, whole grain fillers for 
building products, filtration sand, and recreational sand, which accounted for 9%, combined. Other minor uses were, 
in decreasing quantity of use, chemicals, abrasives, roofing granules, silicon and ferrosilicon, ceramics, fillers, 
filtration gravel, traction, and metallurgic flux, which accounted for 3%, combined. Other unspecified uses accounted 
for 3%, combined. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Sold or used 126,000 108,000 75,800 74,600 97,000 
Imports for consumption 392 389 417 350 350 
Exports 6,550 5,620 4,070 5,430 6,400 
Consumption, apparent? 120,000 103,000 72,100 69,500 91,000 
Price, average value, dollars per metric ton 56.10 46.10 29.50 42.40 58 
Employment, quarry and mill, number® 8,000 7,500 4,500 5,300 6,000 
Net import reliance? as a percentage of apparent consumption E E E E E 


Recycling: Recycled cullet (pieces of glass) represents a significant proportion of reused silica. About 33% of glass 
containers are recycled. Some abrasive, foundry, frac sands are recycled or reclaimed. 


Import Sources (2018-21): Canada, 87%; Vietnam, 3%; Brazil, Taiwan, and Turkey, 2% each; and other, 4%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Sand containing 95% or more silica and 2505.10.1000 Free. 


not more than 0.6% iron oxide 


Depletion Allowance: Industrial sand or pebbles, 14% (domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: U.S. apparent consumption of industrial sand and gravel was estimated to be 91 million 
tons in 2022, a 31% increase from that in 2021. The most important driving force in the industrial sand and gravel 
industry remained the production and sale of hydraulic-fracturing sand. For several years, the consumption of frac 
sand increased as hydrocarbon exploration in the United States transitioned to natural gas and petroleum extracted 
from shale deposits. However, industrial sand and gravel consumption decreased in recent years, primarily as a result 
of decreased natural-gas- and petroleum-well drilling in North America and oil well completion activity. These 
decreases were exacerbated by restrictions imposed as the result of the global coronavirus disease 2019 (COVID-19) 
pandemic. These restrictions resulted in a significant decline in consumption of petroleum products, which in turn 
prompted a decrease in demand for frac sand. In 2022, industrial sand and gravel consumption increased as demand 
for frac sand increased. The increased demand for frac sand also led to higher prices for frac sand. Imports of 
industrial sand and gravel in 2022 were an estimated 350,000 tons, unchanged from those in 2021. Imports of silica 
are generally of two types—small shipments of very high purity silica or a few large shipments of lower grade silica 
shipped only under special circumstances (for example, very low freight rates). The United States remained a net 
exporter of industrial sand and gravel; U.S. exports of industrial sand and gravel were an estimated 6,400,000 tons, 
an 18% increase from those in 2021. 


The United States was the world’s leading producer and consumer of industrial sand and gravel based on estimated 
world production figures. Collecting definitive data on industrial sand and gravel production for most nations is difficult 
because of the wide range of terminology and specifications used by different countries. The United States remained 
a major exporter of industrial sand and gravel, shipping it to almost every region of the world. High global demand for 
U.S. industrial sand and gravel is attributed to its high quality and to the advanced processing techniques used in the 
United States for many grades of industrial sand and gravel, meeting specifications for virtually any use. 
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The industrial sand and gravel industry continued to be concerned with safety and health regulations and 
environmental restrictions in 2022, especially those concerning crystalline silica exposure. In 2016, the Occupational 
Safety and Health Administration (OSHA) finalized regulations to further restrict exposure to crystalline silica at quarry 
sites and in other industries that use materials containing it. 


Local shortages of industrial sand and gravel were expected to continue to increase owing to land development 
priorities, local zoning regulations, and logistical issues, including ongoing development and permitting of operations 


producing hydraulic-fracturing sand. These factors may result in future sand and gravel operations being located 
farther from high-population centers. Increased efforts to reduce cost, emissions, and the risk of exposure to 


crystalline silica have led to an increase of undried “wet sand” being sold or used as frac sand instead of conventional 


“dry sand.” Industrial sand was used for commercial thermal energy storage for the first time in 2022. 


World Mine Production and Reserves: 


Mine production Reserves‘ 
2021 2022° 
United States 74,600 97,000 Large. Industrial sand and gravel 
Argentina €3,600 3,900 deposits are widespread. 
Australia °4,000 4,000 
Bulgaria £8,150 8,600 
Canada 4,650 5,000 
China °87,700 88,000 
France ®11,000 12,000 
Germany °9,870 11,000 
India ®11,900 12,000 
Indonesia £3,540 3,500 
Italy €13,000 14,000 
Malaysia £3,900 4,500 
Mexico ®2,500 2,700 
Netherlands °54,000 54,000 
Poland °5,180 5,500 
Russia °7,300 7,300 
South Africa ®2,080 2,300 
Spain £5,990 6,000 
Turkey 11,200 11,000 
United Kingdom £5,300 5,300 
Other countries £23,200 25,000 
World total (rounded) 353,000 380,000 


World Resources:* Sand and gravel resources of the world are large. However, because of their geographic 
distribution, environmental restrictions, and quality requirements for some uses, extraction of these resources is 
sometimes uneconomical. Quartz-rich sand and sandstone, the main sources of industrial silica sand, occur 
throughout the world. 


Substitutes: Alternative materials that can be used for glassmaking and for foundry and molding sands are chromite, 
olivine, staurolite, and zircon sands. Although costlier and mostly used in deeper wells, alternative materials that can 
be used as proppants are sintered bauxite and kaolin-based ceramic proppants. 


“Estimated. E Net exporter. 

‘See also the Sand and Gravel (Construction) chapter. 

?Defined as production (sold or used) + imports — exports. 

3Defined as imports — exports. 

4See Appendix C for resource and reserve definitions and information concerning data sources. 
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SCANDIUM"' 


(Data in metric tons of scandium oxide equivalent unless otherwise noted) 


Domestic Production and Use: Domestically, scandium was neither mined nor recovered from process streams or 
mine tailings in 2022. Scandium was last produced domestically in 1969 primarily from the scandium-yttrium silicate 
mineral thortveitite and from byproduct leach solutions from uranium operations. Limited capacity to produce ingot 
and distilled scandium metal existed at facilities in Ames, IA; Tolleson, AZ; and Urbana, IL. The principal uses for 
scandium in 2022 were in aluminum-scandium alloys and solid oxide fuel cells (SOFCs). Other uses for scandium 
included ceramics, electronics, lasers, lighting, and radioactive isotopes. 


Salient Statistics—United States: 2018 201 2020 2021 2022° 
Price, yearend: 
Compounds, dollars per gram: 


Acetate, 99.9% purity, 5-gram lot size? 44 45 45 43 46 
Chloride, 99.9% purity, 5-gram lot size? 125 129 133 137 140 
Fluoride, 99.9% purity (99.99% purity in 2022), 1- to 5-gram lot size? 206 209 214 216 250 
lodide, 99.999% purity, 5-gram lot size? 165 157 161 161 170 
Oxide, 99.99% purity, 5-kilogram lot size 4.6 3.9 3.8 2.2 2.1 
Metal: 
Scandium, dollars per gram:? 
Distilled dendritic, 2-gram lot size 226 233 233 238 260 
Ingot, 5-gram lot size 132 134 134 137 150 
Scandium-aluminum alloy, dollars per kilogram:* 
1-kilogram lot size 360 300 340 350 350 
1,000-kilogram lot size NA NA NA NA 98 
Net import reliance® as a percentage of apparent consumption 100 100 100 100 100 


Recycling: None. 


Import Sources (2018-21): Although no definitive data exist listing import sources, imported material was mostly 
from Europe, China, Japan, and the Philippines. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Rare-earth metals: 
Unspecified, not alloys 2805.30.0050 5% ad valorem. 
Unspecified, alloyed 2805.30.0090 5% ad valorem. 
Compounds of rare-earth metals: 
Mixtures of oxides of yttrium or scandium as 2846.90.2015 Free. 
the predominant metal 
Mixtures of chlorides of yttrium or scandium as 2846.90.2082 Free. 
the predominant metal 
Mixtures of other rare-earth carbonates, 2846.90.8075 3.7% ad valorem. 
including scandium 
Mixtures of other rare-earth compounds, 2846.90.8090 3.7% ad valorem. 


including scandium 
Depletion Allowance: 14% (domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: The global supply and consumption of scandium oxide was estimated to be about 20 to 
30 tons per year with a global capacity estimate of 80 tons per year. Scandium was recovered from titanium, 
zirconium, cobalt, and nickel process streams. China, the Philippines, and Russia were the leading producers. Prices 
quoted for scandium oxide in the United States in 2022 continued to decrease over a 5-year period. 


In the United States, a metallurgical testing program with the goal of production of scandium from the polymetallic Elk 
Creek project in Nebraska continued, and additional financing for the project was announced. Probable reserves were 
estimated to be 36 million tons containing 70.2 parts per million (2,600 tons) of scandium. Plans for the project 
included downstream production of ferroniobium, titanium dioxide, and scandium oxide. At the La Paz Scandium and 
Rare Earths project in Arizona, efforts were ongoing—metallurgical test work was completed, and drilling continued in 
2022. 
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The Defense Logistics Agency-sponsored Small Business Innovative Research program is supporting business 
development to produce high-purity scandium from titanium dioxide acid waste and support commercial-scale efforts. 
In September, the Department of Defense through the Defense Manufacturing Community Support Program awarded 
over $4 million to the Supply Chain of Recovered Elements Consortium (SCORE) to utilize mine and industrial waste 
to extract scandium which would then go into the domestic aluminum alloys supply chain. Research continued to 
develop methods for separating scandium from coal and coal byproducts. SOFC sourcing of scandium was 
expanding beyond China to include Japan and the Philippines. 


A global mining and polymetallic metal producer completed commissioning of a 3-ton-per-year nameplate capacity 
scandium commercial-scale plant at its metallurgical complex in Sorel-Tracy, Quebec, Canada, making it the first 
North American producer of high-purity scandium oxide that will be used to make an aluminum alloy. High-grade 
scandium resources in Crater Lake, Quebec, exceed 20 million tons according to a Preliminary Economic 
Assessment. 


In Australia, several polymetallic projects were under development and seeking permitting, financing, and offtake 
agreements including the Sunrise, Nyngan, and Owendale projects. Sunrise Energy Metals in New South Wales has 
been granted Major Project Status. Additional exploration began at the Sconi project in Queensland. 


In the Philippines, the Taganito high-pressure acid-leach nickel commercial plant is recovering 7 to 8 tons per year of 
scandium oxide. Scandium oxalate production in 2021 was 16 tons, and production in 2022 through June was 
9.7 tons. 


In Russia, high-purity scandium oxide was recovered from red mud at an industrial site at the Ural Aluminum Smelter 
by using new process technology. In Greece, a pilot-scale plant demonstrated scandium extraction from bauxite 
residue using sulfuric acid leaching and selective-ion recovery producing a concentrate containing 22% scandium by 
weight. 


In China, a large state-owned enterprise in Shanghai had 50 tons per year of scandium oxide production capacity with 
a long-term plan to increase to 100 tons per year. Another company in Henan Province had a 10-ton-per-year 
scandium oxide capacity with plans to increase output to 20 tons per year. 


World Mine Production and Reserves:® No scandium was recovered from mining operations in the United States. 
As a result of its low concentration, scandium is produced exclusively as a byproduct during processing of various 
ores or recovered from previously processed tailings or residues. Historically, scandium was produced as byproduct 
material in China (iron ore, rare earths, titanium, and zirconium), Kazakhstan (uranium), the Philippines (nickel), 
Russia (apatite and uranium), and Ukraine (uranium). Foreign mine production data for 2021 and 2022 were not 
available. 


World Resources:® Resources of scandium were abundant. Scandium’s crustal abundance is greater than that of 
lead. Scandium lacks affinity for the common ore-forming anions; therefore, it is widely dispersed in the lithosphere 
and forms solid solutions with low concentrations in more than 100 minerals. Scandium resources have been 
identified in Australia, Canada, China, Finland, Guinea, Kazakhstan, Madagascar, Norway, the Philippines, Russia, 
South Africa, Ukraine, and the United States. 


Substitutes: Titanium and aluminum high-strength alloys as well as carbon-fiber materials may substitute in high- 
performance scandium-alloy applications. Under certain conditions, light-emitting diodes may displace mercury-vapor 
high-intensity lamps that contain scandium iodide. In some applications that rely on scandium’s unique properties, 
substitution is not possible. 


“Estimated. 

‘See also the Rare Earths chapter. Scandium is one of the 17 rare-earth elements. 

Source: Alfa Aesar, a part of Thermo Fisher Scientific Inc. 

3Source: Sigma-Aldrich, a part of MilliporeSigma. 

4Source: Stanford Materials Corp. 

°Defined as imports — exports. Quantitative data were not available. 

6See Appendix C for resource and reserve definitions and information concerning data sources. 
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SELENIUM 
(Data in metric tons of contained selenium unless otherwise noted) 


Domestic Production and Use: Selenium is primarily recovered as a byproduct of the electrolytic refining of copper, 
where it accumulates in the residues of copper anodes. In 2022, two electrolytic copper refineries operated in the 
United States, one in Texas and one in Utah, and produced selenium-bearing anode slimes. Domestic selenium 
production, consumption, and stocks were withheld to avoid disclosing company proprietary data. 


Selenium is used as an active ingredient in antidandruff shampoos; in agriculture as a fertilizer additive to increase 
plant tolerance to environmental stressors; in blasting caps to control delays; in catalysts to enhance selective 
oxidation; in copper, lead, and steel alloys to improve machinability; in the electrolytic production of manganese metal 
to increase yields; in glass manufacturing to decolorize the green tint caused by iron impurities in container glass and 
other soda-lime silica glass; in gun bluing to improve cosmetic appearance and provide corrosion resistance; in 
photocells and solar cells used in electronics for its photovoltaic and photoconductive properties; in pigments to 
produce a red color; in plating solutions to improve appearance and durability; in rubber compounding chemicals to 
act as a vulcanizing agent; and in thin-film photovoltaic copper-indium-gallium-diselenide (CIGS) solar cells. Selenium 
is also an essential micronutrient and is used as a dietary supplement for humans and livestock. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production, refinery’ WwW W W W W 
Imports for consumption: 

Selenium 445 465 366 346 360 

Selenium dioxide 12 5 18 71 10 
Exports? 158 361 147 227 270 
Consumption, apparent? W W W W W 
Price, average, dollars per pound: 

United States* 16.85 9.15 6.61 8.25 10.00 

Europe® 17.68 9.27 6.67 8.38 9.00 
Stocks, producer, yearend W W W W W 
Net import reliance® as a percentage of apparent consumption >75 >50 >75 >50 >50 


Recycling: Domestic production of secondary selenium was estimated to be very small because most scrap from 
older photocopiers and electronic materials was exported for recovery of the contained selenium. 


Import Sources (2018-21): Selenium: Philippines, 21%; Mexico, 15%; Germany, 13%; China,’ 9%; and other, 42%. 
Selenium dioxide: Republic of Korea, 79%; China, 8%; Germany, 6%; Philippines, 5%; and other, 2%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 

Selenium 2804 .90.0000 Free. 

Selenium dioxide 2811.29.2000 Free. 


Depletion Allowance: 14% (domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: The selenium content of domestic copper anode slimes was estimated to have 
increased in 2022. The annual average price for selenium in the United States was an estimated $10 per pound, an 
increase of 21% from that in 2021. Producers in China, which accounted for about 40% of estimated global output of 
refined selenium in 2022, raised their price offers for selenium to counteract increasing production costs. The supply 
of selenium is directly affected by the supply of the materials from which it is a byproduct, primarily copper. 


In China, coronavirus disease 2019 (COVID-19) pandemic lockdowns throughout the country affected the demand for 
selenium from the ceramics, glass, and manganese industries, and multiple leading manganese producers in the 
country reportedly reduced output. The leading global end use for selenium in 2022 was estimated to be for the 
production of electrolytic manganese in China. In June 2022, the Government of China released a development plan 
for renewable energy and set goals of generating 25% of energy consumption and installing 1.2 million megawatts of 
capacity for wind and solar power by 2030. If realized, the proposals would likely increase the demand for selenium 
from the solar industry for thin-film CIGS solar panels. End uses for selenium in global consumption were, in 
descending order by estimated quantity, metallurgy (including electrolytic manganese metal production), glass 
manufacturing, agriculture, chemicals and pigments, electronics, and other applications. 
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World Refinery Production and Reserves: The values shown for reserves are the estimated selenium content of 
copper reserves, with the exception of China. Reserves for China were revised based on Government reports, and 
reserves for India and Sweden were revised based on company reports. 


Refinery production® ® Reserves? 
2021 2022 

United States W W 10,000 
Belgium 200 200 — 
Canada 57 65 6,000 
China 1,260 1,300 6,100 
Finland 80 65 NA 
Germany 300 300 — 
India 14 15 500 
Japan 720 730 — 
Peru 36 40 13,000 
Poland 74 75 3,000 
Russia 300 350 20,000 
Sweden 5 5 500 
Turkey 50 50 NA 
Other countries" 21 25 22,000 
World total (rounded)" 3,100 3,200 81,000 


World Resources:? Reserves for selenium are based on identified copper deposits and average selenium content. 
Other potential sources of selenium include lead, nickel, and zinc ores. Coal generally contains between 0.5 and 

12 parts per million selenium, or about 80 to 90 times the average for copper deposits. The recovery of selenium from 
coal fly ash, although technically feasible, does not appear likely to be economical in the foreseeable future. 


Substitutes: Amorphous silicon and cadmium telluride are the two principal competitors with CIGS in thin-film 
photovoltaic solar cells. Organic pigments have been developed as substitutes for cadmium sulfoselenide pigments. 
Silicon is the major substitute for selenium in low- and medium-voltage rectifiers. Sulfur dioxide can be used as a 
replacement for selenium dioxide in the production of electrolytic manganese metal but is not as energy efficient. 
Other substitutes include bismuth, lead, and tellurium in free-machining alloys; bismuth and tellurium in lead-free 
brasses; cerium oxide as either a colorant or decolorant in glass; and tellurium in pigments and rubber. 


“Estimated. NA Not available. W Withheld to avoid disclosing company proprietary data. — Zero. 

‘Selenium content of copper anode slimes. 

Includes Schedule B code 2804.90.0000 (selenium) only because there is no exclusive Schedule B code for selenium dioxide. 

3Production + imports (excluding selenium dioxide) — exports + adjustments for industry stock changes. 

“Average annual price for selenium powder, free on board, U.S. warehouse, 99.5% minimum purity. Source: Argus Media group, Argus Metals 
International. 


°Average annual price for selenium powder, in warehouse, Rotterdam, 99.5% minimum purity. Source: Argus Media group, Argus Metals 
International. 

®Defined as imports (excluding selenium dioxide) — exports + adjustments for industry stock changes. 

‘Includes Hong Kong. 

SInsofar as possible, data include refinery output only; countries that produced selenium contained in blister copper, copper concentrates, copper 
ores, and (or) refinery residues but did not recover refined selenium from these materials were excluded to avoid double counting. 

°See Appendix C for resource and reserve definitions and information concerning data sources. 

'0Refinery production data include Serbia, South Africa, and Uzbekistan. Australia, Iran, Kazakhstan, Mexico, and the Philippines may also have 
produced refined selenium, but output was not reported, and available information was inadequate to make reliable production estimates. 


“Excludes U.S. production. 
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SILICON 
(Data in thousand metric tons of contained silicon unless otherwise noted) 


Domestic Production and Use: Silicon materials were produced at six facilities in 2022, all east of the Mississippi 
River. Most ferrosilicon was consumed in the ferrous foundry and steel industries, predominantly in the Eastern 
United States, and was sourced primarily from domestic quartzite (silica). The main consumers of silicon metal were 
producers of aluminum alloys and the chemical industry, in particular for the manufacture of silicones. The 
semiconductor and solar energy industries, which manufacture chips for computers and photovoltaic cells from high- 
purity silicon, respectively, also consumed silicon metal. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production, ferrosilicon’ and silicon metal? 430 310 277 313 310 
Imports for consumption: 

Ferrosilicon, all grades 140 127 140 125 200 

Silicon metal 116 124 97 96 120 
Exports: 

Ferrosilicon, all grades 12 8 4 7 8 

Silicon metal 45 40 31 53 49 
Consumption, apparent, ferrosilicon’ and silicon metal? 637 517 481 475 570 
Price, average, cents per pound of silicon: 

Ferrosilicon, 50% silicon* 104.24 102.35 103.38 137.94 NA 

Ferrosilicon, 75% silicon® 107.58 89.15 87.40 192.28 350 

Silicon metal? ° 134.15 105.70 96.84 220.31 400 
Stocks, producer, ferrosilicon’ and silicon metal,? yearend 19 15 12 11 17 
Net import reliance® as a percentage of apparent consumption: 

Ferrosilicon, all grades <50 <50 >50 <50 >50 

Silicon metal? <25 <50 <50 <25 <50 

Total 32 40 42 34 45 


Recycling: Insignificant. 


Import Sources (2018-21): Ferrosilicon: Russia, 40%; Canada, 14%; Brazil, 12%; Malaysia, 9%; and other, 25%. 
Silicon metal: Brazil, 31%; Canada, 24%; Norway, 14%; Thailand, 7%; and other, 24%. Total: Russia, 22%; Brazil, 
20%; Canada, 18%; Norway, 8%; and other, 32%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Silicon: 
More than or equal to 99.99% silicon 2804.61.0000 Free. 
More than or equal to 99.00% but less than 99.99% silicon 2804.69.1000 5.3% ad valorem. 
Other 2804.69.5000 5.5% ad valorem. 
Ferrosilicon: 
More than 55% but less than or equal to 80% silicon: 
More than 3% calcium 7202.21.1000 1.1% ad valorem. 
Other 7202.21.5000 1.5% ad valorem. 
More than 80% but less than or equal to 90% silicon 7202.21.7500 1.9% ad valorem. 
More than 90% silicon 7202.21.9000 5.8% ad valorem. 
Other: 
More than 2% magnesium 7202.29.0010 Free. 
Other 7202.29.0050 Free. 


Depletion Allowance: Quartzite, 14% (domestic and foreign); gravel, 5% (domestic and foreign). 


Government Stockpile: None. 
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Events, Trends, and Issues: Combined domestic ferrosilicon and silicon metal production in 2022, expressed in 
terms of contained silicon, was unchanged from that in 2021. One producer restarted a silicon metal production 
facility in early 2022 owing to increased demand for silicon metal in North America. By August 2022, average U.S. 
spot market prices increased by over 80% for both 75%-grade ferrosilicon and silicon metal compared with the annual 
averages in 2021. 


Excluding the United States, ferrosilicon accounted for over 60% of world silicon production on a silicon-content basis 
in 2022. The leading countries for ferrosilicon production were, in descending order on a silicon-content basis, China, 
Russia, and Norway. For silicon metal, the leading producers were, in descending order on a silicon-content basis, 
China, Brazil, and Norway. China accounted for almost 70% of total global estimated production of silicon materials in 
2022. Global production of silicon materials, on a silicon-content basis, was estimated to be about 4% less than that 
in 2021. Global production of steel, the leading use of ferrosilicon, decreased in 2022 compared with production in 
2021 owing to supply chain disruptions resulting from the conflict between Russia and Ukraine and intermittent 
coronavirus disease 2019 (COVID-19) pandemic-related lockdowns in China. 


In August, the President signed the Creating Helpful Incentives to Produce Semiconductors and Science (CHIPS) Act 
of 2022: the Act supports an increase in U.S. semiconductor manufacturing by providing grants for semiconductor 
manufacturing, grants for research investments, and tax incentives for chip manufacturing. 


World Production and Reserves: 


Production® ’ Reserves? 
2021 2022 

United States 313 310 The reserves in most major 
Australia 50 50 producing countries are ample in 
Bhutan? 85 85 relation to demand. Quantitative 
Brazil 389 400 estimates were not available. 
Canada 49 49 
China 6,400 6,000 
France 127 120 
Germany 63 63 
Iceland 111 110 
India? 59 59 
Kazakhstan 122 120 
Malaysia? 85 92 
Norway 362 360 
Poland? 49 49 
Russia 644 640 
Spain 60 57 
Ukraine? 49 19 
Other countries 128 210 

World total (rounded) 9,150 8,800 


World Resources:® World and domestic resources for making silicon metal and alloys are abundant and, in most 
producing countries, adequate to supply world requirements for many decades. The source of the silicon is silica in 
various natural forms, such as quartzite. 


Substitutes: Aluminum, silicon carbide, and silicomanganese can be substituted for ferrosilicon in some applications. 
Gallium arsenide and germanium are the principal substitutes for silicon in semiconductor and infrared applications. 


°Estimated. NA Not available. 

‘Ferrosilicon grades include the two standard grades of ferrosilicon—50% silicon and 75% silicon—plus miscellaneous silicon alloys. 
?Metallurgical-grade silicon metal. 

3Defined as production + imports — exports + adjustments for industry stock changes. 

“Source: CRU Group, transaction prices based on weekly averages. Average spot prices for ferrosilicon, 50% grade, were discontinued in 
April 2022. 

°Source: S&P Global Platts Metals Week, mean import prices based on monthly averages. 

6Defined as imports — exports + adjustments for industry stock changes. 

‘Production quantities are the silicon content of combined totals for ferrosilicon and silicon metal, except as noted. 

8See Appendix C for resource and reserve definitions and information concerning data sources. 

°Silicon content of ferrosilicon only. 
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SILVER 
(Data in metric tons’ of contained silver unless otherwise noted) 


Domestic Production and Use: In 2022, U.S. mines produced approximately 1,100 tons of silver with an estimated 
value of $720 million. Silver was produced at 4 silver mines and as a byproduct or coproduct from 31 domestic base- 
and precious-metal operations. Alaska continued as the country’s leading silver-producing State, followed by Nevada. 
There were 24 U.S. refiners that reported production of commercial-grade silver with an estimated total output of 
2,700 tons from domestic and foreign ores and concentrates and from new and old scrap. The physical properties of 
silver include high ductility, electrical conductivity, malleability, and reflectivity. In 2022, the estimated domestic uses 
for silver were physical investment (bars), 34%; electrical and electronics, 27%; coins and medals, 13%; photovoltaics 
(PV), 10%; jewelry and silverware, 6%; brazing and solder, 3%; and other industrial uses and photography, 7%. Other 
applications for silver include use in antimicrobial bandages, clothing, pharmaceuticals, and plastics; batteries; 
bearings; brazing and soldering; catalytic converters in automobiles; electroplating; inks; mirrors; photography; 
photovoltaic solar cells; water purification; and wood treatment. Mercury and silver, the main components of dental 
amalgam, are biocides, and their use in amalgam inhibits recurrent decay. 


Salient Statistics—United States: 2018 201 2020 2021 2022° 
Production: 
Mine 934 981 1,080 1,020 £1,100 
Refinery: 
Primary 1,420 1,360 1,400 1,920 £1,800 
Secondary (new and old scrap) 632 627 582 908 900 
Imports for consumption? 4,840 4,760 6,730 6,160 4,600 
Exports? 604 220 140 137 230 
Consumption, apparent? 5,/80 6,270 8,250 7,950 #£6,400 
Price, bullion, average, dollars per troy ounce* 15.73 16.24 20.58 25.23 21 
Stocks, yearend: 
Industry 170 52 55 56 50 
Treasury® 498 498 498 498 498 
New York Commodities Exchange—COMEX 9,150 9860 12,334 11,064 9,200 
Employment, mine and mill, number® 971 995 1,180 1,440 1,300 
Net import reliance’ as a percentage of apparent consumption 73 74 80 76 69 


Recycling: In 2022, approximately 900 tons of silver was recovered from new and old scrap, accounting for about 
14% of apparent consumption. 


Import Sources (2018-—21):2 Mexico, 47%; Canada, 21%; Poland, 5%; Chile, 4%; and other, 23%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 

Silver ores and concentrates 2616.10.0040 0.8 ¢/kg on lead content. 

Bullion 7106.91.1010 Free. 

Dore 7106.91.1020 Free. 


Depletion Allowance: 15% (domestic), 14% (foreign). 

Government Stockpile: The U.S. Department of the Treasury maintains stocks of silver (see salient statistics above). 
Events, Trends, and Issues: The estimated average silver price in 2022 was $21 per troy ounce, 17% lower than 
the average price in 2021. The price began the year at $22.80 per troy ounce, increased to a high of $26.45 per troy 


ounce on March 8, then decreased to a low of $17.85 per troy ounce on September 1. The price of silver began to 
increase in September into December. 


Prepared by Micheal W. George [Contact Anne M. Hartingh, (703) 648-4985, ahartingh@usgs.gov] 
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SILVER 


In 2022, global consumption of silver was estimated to have reached 38,000 tons, a new record and a 16% increase 
from that in 2021. Coin and bar consumption increased by 18% in 2022, increasing for the sixth year in a row. 
Physical investment in India nearly doubled compared with that in 2021. In 2022, consumption of silver for industrial 
uses was estimated to have increased by 5% compared with that in 2021 owing to the installation of fifth-generation 
(5G) telecommunications infrastructure, increased production of PV, increased production of light duty vehicles 
(LDVs), and more silver used in newer LDVs. Consumption of silver in jewelry and silverware was estimated to have 
increased by 29% and 72%, respectively.® 


World silver mine production increased by 4% in 2022 to an estimated 26,000 tons, principally as a result of increased 
production from mines in Chile and other countries as silver mines were still recovering from shutdowns in 2020 in 
response to the coronavirus disease 2019 (COVID-19) pandemic. Domestic silver mine production was estimated to 
have increased by 8% in 2022 to 1,100 tons compared with 1,020 tons produced in 2021. 


World Mine Production and Reserves: Reserves for Australia, China, Peru, and Poland were revised based on 
Government reports. Reserves for Argentina and the United States were revised based on company reports. 


Mine production Reserves? 

2021 2022° 
United States 1,020 1,100 23,000 
Argentina °720 840 6,500 
Australia 1,360 1,400 1092000 
Bolivia 1,290 1,300 22,000 
Chile 1,280 1,600 26,000 
China 3,500 3,600 71,000 
India °610 630 7,200 
Mexico 6,110 6,300 37,000 
Peru 3,310 3,100 98,000 
Poland 1,300 1,300 65,000 
Russia 1,320 1,200 45,000 
Other countries 3,200 3,500 97,000 
World total (rounded) 25,000 26,000 550,000 


World Resources:? Although silver was a principal product at several mines, silver was primarily obtained as a 
byproduct from lead-zinc, copper, and gold mines, in descending order of silver production. The polymetallic ore 
deposits from which silver was recovered account for more than two-thirds of U.S. and world resources of silver. Most 
recent silver discoveries have been associated with gold occurrences; however, copper and lead-zinc occurrences 
that contain byproduct silver will continue to account for a significant share of reserves and resources in the future. 


Substitutes: Digital imaging, film with reduced silver content, silverless black-and-white film, and xerography 
substitute for traditional photographic applications for silver. Surgical pins and plates may be made with stainless 
steel, tantalum, and titanium in place of silver. Stainless steel may be substituted for silver flatware. Nonsilver 
batteries may replace silver batteries in some applications. Aluminum and rhodium may be used to replace silver that 
was traditionally used in mirrors and other reflecting surfaces. Silver may be used to replace more costly metals in 
catalytic converters for off-road vehicles. 


“Estimated. 

‘One metric ton (1,000 kilograms) = 32,150.7 troy ounces. 

Silver content of base metal ores and concentrates, ash and residues, refined bullion, and dore; excludes coinage and waste and scrap material. 
3Defined as mine production + secondary production + imports — exports + adjustments for Government and industry stock changes. 
“Engelhard’s industrial bullion quotations. Source: S&P Global Platts Metals Week. 

°Source: U.S. Mint. Balance in U.S. Mint only; includes deep storage and working stocks. 

6Source: U.S. Department of Labor, Mine Safety and Health Administration (MSHA). Only includes mines where silver is the primary product. 
‘Defined as imports — exports + adjustments for Government and industry stock changes. 

8Source: DiRienzo, Michael, and Newman, Philip, 2022, Global silver demand rising to a new high in 2022: Silver Institute press release, November 17. 
°See Appendix C for resource and reserve definitions and information concerning data sources. 

'0For Australia, Joint Ore Reserves Committee-compliant or equivalent reserves were 27,000 tons. 
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SODA ASH 
(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: The total value of domestic natural soda ash (sodium carbonate) produced in 2022 
was an estimated $1.4 billion’ and the quantity produced was an estimated 11 million tons, slightly less than that in 
2021. The U.S. soda ash industry comprised four companies in Wyoming operating five plants and one company in 
California operating one plant. The five producing companies have a combined nameplate capacity of 13.9 million 
tons per year (15.3 million short tons per year). Borax, salt, and sodium sulfate were produced as coproducts of 
sodium carbonate production in California. Chemical caustic soda, sodium bicarbonate, and sodium sulfite were 
manufactured as coproducts at several of the Wyoming soda ash plants. Sodium bicarbonate was produced at an 
operation in Colorado using soda ash feedstock shipped from the company’s Wyoming facility. 


Based on 2022 quarterly reports, the estimated distribution of soda ash by end use was glass, 48%; chemicals, 28%; 
miscellaneous uses, 8%; distributors, 5%; soap and detergents, 5%; flue gas desulfurization, 4%; pulp and paper, 
1%; and water treatment, 1%. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production? 11,900 11,700 9,990 11,300 11,000 
Imports for consumption 51 115 °98 ®130 100 
Exports 6,960 7,020 5,590 6,900 6,400 
Consumption: 
Apparent? 4,980 4,810 °4,480 °4,450 £4,600 
Reported 4,850 4,720 4,440 4,640 £4,600 


Price, average unit value of sales (natural source), free on board 
(f.0.b.) mine or plant: 


Dollars per metric ton 148.69 153.24 140.70 133.37 140 
Dollars per short ton 134.89 139.02 127.64 120.99 130 
Stocks, producer, yearend 297 289 305 278 260 
Employment, mine and plant, number® 2,600 2,600 2,400 2,400 2,400 
Net import reliance* as a percentage of apparent consumption E E E E E 


Recycling: No soda ash was recycled by producers; however, glass container producers use cullet glass, thereby 
reducing soda ash consumption. 


Import Sources (2018-21): Turkey, 89%; Bulgaria, 3%; Mexico, 2%; and other, 6%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Disodium carbonate 2836.20.0000 1.2% ad valorem. 


Depletion Allowance: Natural, 14% (domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Production, exports, and consumption in 2022 continued at similar levels as seen 

before the global coronavirus disease 2019 (COVID-19) pandemic. More than one-half of U.S. production of soda ash 
was exported, but exports for 2022 were estimated to have decreased by 7% compared with those in 2021. Domestic 
consumption reported by producers and apparent consumption in 2022 were close to the amounts consumed in 2021. 


China produced an estimated 27 million tons of mostly synthetic soda ash in 2022 and was the leading producing 


country followed by, in descending order, the United States and Turkey. Other countries annually producing 1 million 
tons or more were France, Germany, Italy, Poland, and Russia. 


Prepared by Wallace P. Bolen [(703) 648-7727, whbolen@usgs.gov] 
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SODA ASH 


Relatively low production costs and lower environmental impacts provide U.S. natural soda ash producers some 
advantage over producers of synthetic soda ash. The production of synthetic soda ash normally consumes more 
energy and releases more carbon dioxide than that of natural soda ash. 


After increasing capacity of natural soda ash during recent years, total production capacity in Turkey was estimated to 
be between 4 million and 5 million tons per year, and soda ash shipments in Turkey, especially for export, have 
increased during the past few years. Total United States imports, mostly from Turkey, have recently been about 
100,000 tons per year, which was more than double the average quantity of annual imports during the past decade. 
World Mine Production and Reserves: 


Mine production 


2021 2022° Reserves® © 

Natural: 
United States 11,300 11,000 723,000,000 
Botswana 262 260 400,000 
Ethiopia £18 20 400,000 
Kenya £250 250 7,000 
Turkey €4,200 4,400 880,000 
Other countries® NA NA 280,000 
World total, natural 16,000 16,000 25,000,000 
World total, synthetic 40,100 42,000 XX 
World total, natural and synthetic 56,100 58,000 XX 


World Resources:°® Natural soda ash is obtained from trona and sodium carbonate-rich brines. The world’s largest 
deposit of trona is in the Green River Basin of Wyoming. About 47 billion tons of identified soda ash resources could 
be recovered from the 56 billion tons of bedded trona and the 47 billion tons of interbedded or intermixed trona and 
halite, which are in beds more than 1.2 meters thick. Underground room-and-pillar mining, using conventional and 
continuous mining, is the primary method of mining Wyoming trona ore. This method has an average 45% mining 
recovery, whereas average recovery from solution mining is 30%. Improved solution-mining techniques, such as 
horizontal drilling to establish communication between well pairs, could increase this extraction rate and enable 
companies to develop some of the deeper trona beds. Wyoming trona resources are being depleted at the rate of 
about 15 million tons per year (8.3 million tons of soda ash). Searles Lake and Owens Lake in California contain an 
estimated 810 million tons of soda ash reserves. At least 95 natural sodium carbonate deposits have been identified 
in the world, the resources of only some of which have been quantified. Although soda ash can be manufactured from 
salt and limestone, both of which are practically inexhaustible, synthetic soda ash is costlier to produce and generates 
environmental wastes. 


Substitutes: Caustic soda can be substituted for soda ash in certain uses, particularly in the pulp and paper, water 
treatment, and certain chemical sectors. Soda ash, soda liquors, or trona can be used as feedstock to manufacture 
chemical caustic soda, which is an alternative to electrolytic caustic soda. 


“Estimated. E Net exporter. NA Not available. XX Not applicable. 

‘Does not include values for soda liquors and mine waters. 

Natural only. 

3Defined as production + imports — exports + adjustments for industry stock changes. 

“Defined as imports — exports + adjustments for industry stock changes. 

°The reported quantities are sodium carbonate only. About 1.8 tons of trona yield 1 ton of sodium carbonate. 

6See Appendix C for resource and reserve definitions and information concerning data sources. 

‘From trona, nahcolite, and dawsonite deposits. 

8China is thought to produce natural trona but because the majority of soda ash production is synthetic, China’s production is included in “World 
total, synthetic’. 
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STONE (CRUSHED)' 
(Data in million metric tons unless otherwise noted) 


Domestic Production and Use: |n 2022, 1.5 billion tons of crushed stone valued at more than $21 billion was 
produced by an estimated 1,340 companies operating 3,290 quarries and 170 sales and (or) distribution yards in 

50 States. Leading States were, in descending order of production, Texas, Florida, Missouri, Pennsylvania, Ohio, 
Georgia, North Carolina, Tennessee, Kentucky, and Indiana, which together accounted for about 55% of total crushed 
stone output. Of the total domestic crushed stone produced in 2022, about 70% was limestone and dolomite; 15%, 
granite; 6%, traprock; 5%, miscellaneous stone; 3%, sandstone and quartzite; and the remaining 1% was divided, in 
descending order of tonnage, among marble, volcanic cinder and scoria, calcareous marl, slate, and shell. An 
estimated 74% of crushed stone was used as a construction aggregate, mostly for road construction and 
maintenance; 17% for cement manufacturing; 5% for lime manufacturing; 1% for agricultural uses; and the remaining 
3% for other chemical, special, and miscellaneous uses and products. 


The output of crushed stone in the United States shipped for consumption in the first 9 months of 2022 was 

1.14 billion tons, an increase of 3% compared with that in the same period in 2021. Third-quarter shipments for 
consumption increased by 3% compared with those in the same period in 2021. Additional production information, by 
quarter, for each State, geographic division, and the United States is reported by the U.S. Geological Survey in its 
quarterly Mineral Industry Surveys for construction sand and gravel and crushed stone. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production 1,390 1,460 1,440 1,500 # 1,500 
Recycled material 30 31 32 33 33 
Imports for consumption 21 24 20 19 18 
Exports (*) (*) (7) (7) (*) 
Consumption, apparent? 1.440 1,510 1,490 1,550 1,600 
Price, average unit value, dollars per metric ton 11.61 12.33 12.69 13.21 14.00 
Employment, quarry and mill, number 68,500 69,000 68,000 68,900 69,000 
Net import reliance® as a percentage of apparent consumption 1 2 1 1 1 


Recycling: Road surfaces made of asphalt concrete and portland cement concrete surface layers, which contain 
crushed stone aggregate, were recycled on a limited but increasing basis in most States. In 2022, asphalt and 
portland cement concrete road surfaces were recycled in all 50 States. 


Import Sources (2018-21): Mexico, 53%; Canada, 28%; The Bahamas, 13%; Honduras, 5%; and other, 1%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Chalk: 
Crude 2509.00.1000 Free. 
Other 2509.00.2000 Free. 
Limestone, except pebbles and gravel 2517.10.0020 Free. 
Crushed or broken stone 2517.10.0055 Free. 
Marble granules, chippings and powder 2517.41.0000 Free. 
Stone granules, chippings and powders 2517.49.0000 Free. 
Limestone flux; limestone and other calcareous stone 2521.00.0000 Free. 


Depletion Allowance: For some special uses, 14% (domestic and foreign); if used as ballast, concrete aggregate, 
riprap, road material, and similar purposes, 5% (domestic and foreign). 


Government Stockpile: None. 


Prepared by Jason Christopher Willett [(703) 648-6473, jwillett@usgs.gov] 
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STONE (CRUSHED) 


Events, Trends, and Issues: U.S. crushed stone production was about 1.50 billion tons in 2022, essentially 
unchanged compared with 1.50 billion tons in 2021. Apparent consumption increased to 1.6 billion tons. Consumption 
of crushed stone increased in 2022 because of growth in the private and public construction markets. Usually, 
commercial and heavy-industrial construction activity, infrastructure funding, labor availability, new single-family 
housing unit starts, and weather affect rates of crushed stone production and consumption. Long-term increases in 
construction aggregates demand are influenced by activity in the public and private construction sectors, as well as by 
construction work related to infrastructure improvements around the Nation. The underlying factors that would support 
a rise in prices of crushed stone are expected to be present in 2023, especially in and near metropolitan areas. 


The crushed stone industry continued to be concerned with environmental, health, safety, and zoning regulations. On 
November 15, 2021, the Infrastructure Investment and Jobs Act was signed into law. The legislation reauthorizes 
surface transportation programs for 5 years and invests $110 billion in additional funding to repair roads and bridges 
and support major, transformational projects. Shortages in some urban and industrialized areas are expected to 
continue to increase owing to local zoning regulations and land-development alternatives. These issues are expected 
to continue and to cause new crushed stone quarries to be located away from large population centers. Resultant 
regional shortages of crushed stone and higher fuel costs could result in higher-than-average price increases in 
industrialized and urban areas. 


World Mine Production and Reserves: 


Mine production Reserves® 
2021 2022° 
United States 1,500 1,500 Adequate, except where special 
Other countries’ NA NA types are needed or where local 
World total NA NA shortages exist. 


World Resources:® Stone resources are plentiful throughout the world. The supply of high-purity limestone and 
dolomite suitable for specialty uses is limited in many geographic areas. The largest resources of high-purity 
limestone and dolomite in the United States are in the central and eastern parts of the country. 


Substitutes: Crushed stone substitutes for roadbuilding include sand and gravel, and iron and steel slag. Substitutes 
for crushed stone used as construction aggregates include construction sand and gravel, iron and steel slag, sintered 
or expanded clay or shale, perlite, or vermiculite. Increasingly, recycled asphalt and portland cement concretes are 
being substituted for virgin aggregate, although the percentage of total aggregate supplied by recycled materials 
remained very small in 2022. 


*Estimated. NA Not available. 

'See also the Sand and Gravel (Construction) and Stone (Dimension) chapters. 

7Less than % unit. 

3Defined as production + recycled material + imports — exports. 

“Including office staff. Source: Mine Safety and Health Administration. 

°Defined as imports — exports. 

6See Appendix C for resource and reserve definitions and information concerning data sources. 

’No reliable production information is available for most countries owing to the wide variety of ways in which countries report their crushed stone 
production. Some countries do not report production for this mineral commodity. Production information for some countries is available in the 
U.S. Geological Survey Minerals Yearbook, volume III, Area Reports—International. 
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STONE (DIMENSION)! 
(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: Approximately 2.5 million tons of dimension stone, valued at $520 million, was sold 
or used by U.S. producers in 2022. Dimension stone was produced by approximately 200 companies operating 

231 quarries in 34 States. Leading producing States were, in descending order by tonnage, Texas, Wisconsin, 
Indiana, and Vermont. These four States accounted for about 68% of the production quantity and contributed about 
58% of the value of domestic production. Approximately 49%, by tonnage, of dimension stone sold or used was 
limestone, followed by granite (19%), sandstone (18%), dolomite and slate (4% each), and the remaining 6% was 
divided, in descending order of tonnage, among marble, traprock, miscellaneous stone, and quartzite. By value, the 
leading sales or uses were for limestone (47%), followed by granite (26%), sandstone (10%), and marble and slate 
(5% each); the remaining 7% was divided, in descending order of total value, among dolomite, traprock, quartzite, 
and miscellaneous stone. Rough stone represented 59% of the tonnage and 56% of the value of all the dimension 
stone sold or used by domestic producers, including exports. The leading uses and distribution of rough stone, by 
tonnage, were in building and construction (66%) and in irregular-shaped stone (26%). The leading uses and 
distribution of dressed stone, by tonnage, were in ashlars and partially squared pieces (43%), curbing (13%), slabs 
and blocks for building and construction (10%), and flagging (9%). 


Salient Statistics—United States: 2018 201 2020 2021 2022° 
Sold or used by producers: 

Quantity 2,660 2,520 2,130 2,330 2,500 

Value, million dollars 437 415 414 466 520 
Imports for consumption, value, million dollars 2,090 1,890 1,750 2,200 2,400 
Exports, value, million dollars 70 59 47 47 49 
Consumption, apparent, value, million dollars? 2,460 2,250 2,120 2,620 2,900 
Price Variable, depending on type of product 
Employment, quarry and mill, number* 3,900 3,900 3,800 3,700 £3,800 
Net import reliance® as a percentage of apparent consumption 82 82 80 82 82 


(based on value) 
Granite only, sold or used by producers: 


Quantity 484 430 436 464 470 
Value, million dollars 108 105 110 128 130 
Imports, value, million dollars 915 862 794 903 910 
Exports, value, million dollars 19 17 13 11 13 
Consumption, apparent, value, million dollars* 1,000 950 892 1,020 1,000 
Price Variable, depending on type of product 

Employment, quarry and mill, number* 800 800 800 800 800 
Net import reliance® as a percentage of apparent consumption 89 89 88 87 87 


(based on value) 
Recycling: Small amounts of dimension stone were recycled, principally by restorers of old stone work. 


Import Sources (2018-21, by value): All dimension stone: Brazil, 23%; China,® 22%; Italy, 18%; India, 14%; and 
other, 23%. Granite only: Brazil, 44%; India, 21%; China,® 19%; Italy, 6%; and other, 10%. 


Tariff: Dimension stone tariffs ranged from free to 6.5% ad valorem, according to type, degree of preparation, shape, 


and size, for countries with normal trade relations in 2022. Most crude or roughly trimmed stone was imported at 3.7% 
ad valorem or less. 


Prepared by Andrew A. Stewart [Contact Jason R. Williams (703) 648-7740, jrwilliams@usgs.gov] 


STONE (DIMENSION) a 


Depletion Allowance: All dimension stone, 14% (domestic and foreign); slate used or sold as sintered or burned 
lightweight aggregate, 7.5% (domestic and foreign); dimension stone used for rubble and other nonbuilding purposes, 
5% (domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: The United States remained one of the world’s leading markets for dimension stone. In 
2022, total imports of dimension stone increased in value by about 9% compared with those in 2021. The dimension 
stone market continued to recover to pre-coronavirus disease 2019 (COVID-19) pandemic levels, with production 
having steadily increased since 2020. In 2022, dimension stone exports increased by 4% to about $49 million. 
Apparent consumption, by value, was estimated to be $2.9 billion in 2022—an 11% increase compared with that in 
2021. 


The dimension stone industry continued to be concerned with safety and health regulations and environmental 
restrictions in 2022, especially those concerning crystalline silica exposure. In 2016, the Occupational Safety and 
Health Administration finalized new regulations to further restrict exposure to crystalline silica at quarry sites and other 
industrial operations that use materials containing it. Final implementation of the new regulations took effect in 2021, 
affecting various industries that use materials containing silica. Most provisions of the new regulations became 
enforceable on June 23, 2018, for general industry and maritime operations. 


World Mine Production and Reserves: 


Mine production Reserves’ 
2021 2022° 
United States 2,330 2,900 Adequate, except for certain 
Other countries NA NA special types and local shortages. 
World total NA NA 


World Resources:’ Dimension stone resources of the world are sufficient. Resources can be limited on a local level 
or occasionally on a regional level by the lack of a particular kind of stone that is suitable for dimension purposes. 


Substitutes: Substitutes for dimension stone include aluminum, brick, ceramic tile, concrete, glass, plastics, resin- 
agglomerated stone, and steel. 


“Estimated. NA Not available. 

‘See also the Stone (Crushed) chapter. 

?Includes granite, limestone, and other types of dimension stone. 

3Defined as sold or used + imports — exports. 

“Excludes office staff. 

°Defined as imports — exports. 

Includes Hong Kong. 

’See Appendix C for resource and reserve definitions and information concerning data sources. 
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STRONTIUM 
(Data in metric tons of contained strontium unless otherwise noted) 


Domestic Production and Use: Although deposits of strontium minerals occur widely throughout the United States, 
none have been mined in the United States since 1959. Domestic production of strontium carbonate, the principal 
strontium compound, ceased in 2006. Virtually all the strontium mineral celestite consumed in the United States since 
2006 is thought to have been used as an additive in drilling fluids for oil and natural-gas wells. A few domestic 
companies produced small quantities of downstream strontium chemicals from imported strontium carbonate. 


Based on import data, the estimated end-use distribution in the United States for strontium, including celestite and 
strontium compounds, was drilling fluids, 65%; ceramic ferrite magnets and pyrotechnics and signals, 13% each; and 
other uses, including electrolytic production of zinc, master alloys, pigments and fillers, and other applications, 
including glass, accounted for the remaining 9%. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production — — — — — 
Imports for consumption: 
Celestite’ 16,900 7,960 1,060 106 7,200 
Strontium compounds? 6,350 5,560 4,440 5,020 5,100 
Exports, strontium compounds? 32 20 32 6 13 
Consumption, apparent:4 
Celestite 16,900 7,960 1,060 106 7,200 
Strontium compounds 6.320 5,540 4410 5,010 _5,100 
Total 23,200 13,500 5,470 5,120 12,000 
Price, average unit value of celestite imports at port of exportation, 78 82 89 209 140 
dollars per ton 
Net import reliance* as a percentage of apparent consumption 100 100 100 100 100 


Recycling: None. 


Import Sources (2018-21): Celestite: Mexico, 100%. Strontium compounds: Germany, 47%; Mexico, 45%; China, 
4%; and other, 4%. Total imports: Mexico, 75%; Germany, 21%; China, 2%; and other, 2%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 

Celestite 2530.90.8010 Free. 

Strontium compounds: 
Strontium metal 2805.19.1000 3.7% ad valorem. 
Strontium oxide, hydroxide, peroxide 2816.40.1000 4.2% ad valorem. 
Strontium nitrate 2834 .29.2000 4.2% ad valorem. 
Strontium carbonate 2836 .92.0000 4.2% ad valorem. 


Depletion Allowance: 22% (domestic), 14% (foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Apparent consumption of total strontium increased significantly in 2022. Apparent 
consumption of strontium compounds increased slightly, but apparent consumption of celestite increased to within 
10% of that in 2019. The increase in 2022 was likely the result of improved economic conditions following the 
economic downturn attributed to the global coronavirus disease 2019 (COVID-19) pandemic in 2020, and the 
prolonged economic recovery period in 2021. World celestite production in 2022 was estimated to have remained 
essentially unchanged from that in 2021. 


On February 24, 2022, a final U.S. critical minerals list was published in the Federal Register (87 FR 10381). The 
2022 critical minerals list was an update of the list of critical minerals published in 2018 in the Federal Register 

(83 FR 23295). The 2022 critical minerals list contained 50 individual mineral commodities instead of 35 minerals and 
mineral groups. The changes in the 2022 list from the prior list were the addition of nickel and zinc and the removal of 
helium, potash, rhenium, strontium, and uranium. The list is to be updated every 3 years and revised as necessary 
consistent with available data. 
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169 
STRONTIUM 


Imports of celestite increased significantly 2022, likely the result of increased use of celestite in natural-gas- and oil- 
well-drilling fluids. Drilling activity increased by nearly 60% in the first 8 months of 2022 compared with that in the 
same period in 2021, but still remained about 30% below that seen in the same period in 2019 before the pandemic. 
In recent years, nearly all celestite imports were from Mexico and were thought to be used as additives in drilling 
fluids for oil and natural gas exploration and production. For these applications, celestite is ground but undergoes no 
chemical processing. A small quantity of high-value celestite imports were reported; these were most likely mineral 
specimens. Although no strontium carbonate was produced in the United States, celestite is the raw material from 
which strontium carbonate and other strontium compounds are produced. 


Strontium carbonate is the most commonly traded strontium compound and is used as the raw material from which 
other strontium Compounds are derived. Strontium carbonate is sintered with iron oxide to produce permanent 
ceramic ferrite magnets. Strontium nitrate, the second most commonly traded strontium compound, contributes a 
brilliant red color to fireworks and signal flares. Smaller quantities of these and other strontium compounds and 
strontium metal were consumed in several other applications, including electrolytic production of zinc, glass 
production, master alloys, and pigments and fillers. Imports of strontium compounds were estimated to have 
increased slightly in 2022. 


World Mine Production and Reserves:* Reserves for China were revised based on Government reports. 


Mine production Reserves® 

2021 2022° 
United States — — NA 
Argentina °700 700 NA 
China £80,000 80,000 16,000,000 
lran ®110,000 110,000 NA 
Mexico 21,400 22,000 NA 
Spain ©130,000 130,000 NA 
World total (rounded) ®340,000 340,000 Large 


World Resources:® World resources of strontium may exceed 1 billion tons. 


Substitutes: Barium can be substituted for strontium in ferrite ceramic magnets; however, the resulting barium 
composite will have a reduced maximum operating temperature when compared with that of strontium composites. 
Substituting for strontium in pyrotechnics is hindered by difficulty in obtaining the desired brilliance and visibility 
imparted by strontium and its compounds. In drilling mud, barite is the preferred material, but celestite may substitute 
for some barite, especially when barite prices are high. 


“Estimated. NA Not available. — Zero. 

‘The strontium content of celestite is 43.88%, assuming an ore grade of 92%, which was used to convert units of celestite to strontium content. 
Strontium compounds (with their respective strontium contents) include metal (100.00%); oxide, hydroxide, and peroxide (70.00%); carbonate 
(59.35%); and nitrate (41.40%). These factors were used to convert gross weight of strontium compounds to strontium content. 

3Calculated from Schedule B of the United States code 2836.92.0000 for strontium carbonate. Other strontium compounds exports are not included 
because these shipments likely consisted of materials misclassified as strontium Compounds. 

“Defined as imports — exports. 

°Gross weight of celestite in metric tons. 

6See Appendix C for resource and reserve definitions and information concerning data sources. 
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SULFUR 
(Data in thousand metric tons of contained sulfur unless otherwise noted) 


Domestic Production and Use: In 2022, recovered elemental sulfur and byproduct sulfuric acid were produced at 93 
operations in 27 States. Total shipments were valued at about $1.3 billion. Elemental sulfur production was estimated 
to be 8.0 million tons; Louisiana and Texas accounted for about 46% of domestic production. Elemental sulfur was 
recovered, in descending order of tonnage, at petroleum refineries, natural-gas-processing plants, and coking plants 
by 34 companies at 88 plants in 26 States. Byproduct sulfuric acid, representing about 7% of production of sulfur in all 
forms, was recovered at five nonferrous-metal smelters in four States by four companies. Domestic elemental sulfur 
accounted for 65% of domestic consumption, and byproduct sulfuric acid accounted for about 5%. The remaining 
30% of sulfur consumed was provided by imported sulfur and sulfuric acid. About 90% of sulfur consumed was in the 
form of sulfuric acid. 


Salient Statistics—United States: 2018 201 2020 2021 2022° 
Production: 

Recovered elemental 9000 8,110 7,310 7,470 8,000 

Other forms 672 996 08 1 600 600 

Total (rounded) 9,670 8,710 7,890 8,070 8,600 

Shipments, all forms 9690 8,700 7,900 8,060 8,500 
Imports for consumption: 

Recovered elemental 2,230 1,840 2,230 2,370 1,900 

Sulfuric acid 996 971 1,190 1,070 1,100 
Exports: 

Recovered elemental 2,390 2,200 1,310 1,900 # 1,600 

Sulfuric acid 112 72 64 129 100 
Consumption, apparent, all forms’ 10,400 9,240 9,950 9,470 £9,800 
Price, average unit value, free on board, mine and (or) plant, dollars 

per metric ton of elemental sulfur 81.20 51.10 2460 92.30 150 
Stocks, producer, yearend 118 124 109 113 120 
Employment, mine and (or) plant, number 2,400 2,400 2,400 2,400 2,400 
Net import reliance? as a percentage of apparent consumption 7 6 21 15 13 


Recycling: Typically, between 2.5 million and 5 million tons of spent sulfuric acid is reclaimed from petroleum refining 
and chemical processes during any given year. 


Import Sources (2018-21): Elemental: Canada, 72%; Russia, 15%; Kazakhstan, 10%; and other, 3%. Sulfuric acid: 
Canada, 59%; Mexico, 19%; Spain, 7%; Germany, 4%; and other, 11%. Total sulfur imports: Canada, 68%; Russia, 
10%; Kazakhstan, 7%; Mexico, 6%; and other, 9%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 

Sulfur, crude or unrefined 2503.00.0010 Free. 

Sulfur, all kinds, other 2503.00.0090 Free. 

Sulfur, sublimed or precipitated 2802.00.0000 Free. 

Sulfuric acid 2807 .00.0000 Free. 


Depletion Allowance: 22% (domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Total U.S. sulfur production in 2022 was estimated to have increased by 7% from that 
in 2021, and shipments increased by 5% from those in 2021. Domestic production of elemental sulfur from petroleum 
refineries and recovery from natural gas operations increased by 7%. Domestically, refinery sulfur production is 
expected to remain about the same as refining utilization remains high. Domestic byproduct sulfuric acid is expected 
to remain relatively constant, unless one or more of the remaining nonferrous-metal smelters close. 
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Domestic phosphate rock consumption in 2022 was estimated to have decreased from that in 2021, which resulted in 
the lower consumption of sulfur to process the phosphate rock into phosphate fertilizers. New sulfur demand 
associated with phosphate fertilizer projects is expected mostly in Africa and east Asia. 


World sulfur production was unchanged compared with that in 2021. In 2022, world sulfur supplies were hampered by 
a decrease in the sulfur trade in part related to sanctions on Russia. However, sulfur production from the Middle East 
will increase sulfur availability. Also, an increase in nickel production to produce battery materials will increase sulfur 
demand. 


Contract sulfur prices in Tampa, FL, began 2022 at around $282 per long ton. The sulfur price increased to $481 per 
long ton in early April, and then decreased to $352 per long ton in mid-July. Fourth-quarter 2022 prices were $90 per 
long ton. In the past few years, sulfur prices have been variable, a result of the volatility in the demand for sulfur. High 
sulfur prices in 2022 were a result of supply issues. 


World Production and Reserves: 


Production, all forms Reserves? 

2021 2022° 
United States 8,070 8,600 Reserves of sulfur in crude oil, natural gas, 
Australia 900 900 and sulfide ores are large. Because most 
Canada 4,880 4,900 sulfur production is a result of the 
Chile 1,500 1,500 processing of fossil fuels, supplies are 
China* 18,800 18,000 expected to be adequate for the foreseeable 
Finland 712 710 future. Because petroleum and sulfide ores 
Germany 592 600 can be processed long distances from 
India 3,540 3,500 where they are produced, sulfur production 
Iran 2,200 2,200 may not be in the country to which the 
Japan 3,150 3,200 reserves were attributed. For instance, 
Kazakhstan 4,600 4,600 sulfur from Saudi Arabian oil may be 
Korea, Republic of 3,080 3,100 recovered at refineries in the United States. 
Kuwait 620 600 
Poland 995 1,000 
Qatar 1,700 2,000 
Russia 7,530 7,300 
Saudi Arabia 7,000 7,000 
Turkmenistan 700 700 
United Arab Emirates 5,200 6,000 
Other countries 5,600 5,600 
World total (rounded) 81,400 82,000 


World Resources:? Resources of elemental sulfur in evaporite and volcanic deposits, and sulfur associated with 
natural gas, petroleum, tar sands, and metal sulfides, total about 5 billion tons. The sulfur in gypsum and anhydrite is 
almost limitless, and 600 billion tons of sulfur is contained in coal, oil shale, and shale that is rich in organic matter. 
Production from these sources would require development of low-cost methods of extraction. The domestic sulfur 
resource is about one-fifth of the world total. 


Substitutes: Substitutes for sulfur at present or anticipated price levels are not satisfactory; some acids, in certain 
applications, may be substituted for sulfuric acid, but usually at a higher cost. 


“Estimated. 

‘Defined as shipments + imports — exports + adjustments for industry stock changes. 

?Defined as imports — exports + adjustments for industry stock changes. 

3See Appendix C for resource and reserve definitions and information concerning data sources. 

4Sulfur production in China includes byproduct elemental sulfur recovered from natural gas and petroleum, the estimated sulfur content of 
byproduct sulfuric acid from metallurgy, and the sulfur content of sulfuric acid from pyrite. 
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TALC AND PYROPHYLLITE!' 
(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: Three companies operated five talc-producing mines in three States during 2022, 
and domestic production of crude talc was estimated to be nearly unchanged at 580,000 tons valued at $26 million. 
Talc was mined in Montana, Texas, and Vermont. Total sales (domestic and export) of talc by U.S. producers were 
estimated to be 560,000 tons valued at about $180 million. Talc produced and sold in the United States was used in 
paper, 23%; ceramics (including automotive catalytic converters), 18%; plastics, 18%; paint, 16%; rubber, 4%; and 
roofing, 2%. The remaining 19% was for agriculture, cosmetics, export, insecticides, and other miscellaneous uses. 


One company in North Carolina mined and processed pyrophyllite in 2021. Domestic production data were withheld 
to avoid disclosing company proprietary data and were estimated to have increased from those in 2021. Pyrophyllite 
was sold for refractory, paint, and ceramic products. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production, mine 648 578 491 577 580 
Sold by producers 537 515 461 556 560 
Imports for consumption 313 280 189 278 330 
Exports 260 229 186 232 200 
Consumption, apparent? 590 566 464 602 690 
Price, average, milled, dollars per metric ton® 227 240 265 321 320 
Employment, mine and mill, number:4 

Talc 208 202 187 154 150 

Pyrophyllite 30 31 31 32 30 
Net import reliance® as a percentage of apparent consumption 9 9 1 8 19 


Recycling: Insignificant. 


Import Sources (2018—21): Pakistan, 44%; Canada, 28%; China,° 15%; and other, 13%. Large quantities of crude 
talc were thought to have been mined in Afghanistan before being milled in and exported from Pakistan. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Natural steatite and talc: 
Not crushed, not powdered 2526.10.0000 Free. 
Crushed or powdered 2526.20.0000 Free. 
Talc, steatite, and soapstone; cut or sawed 6815.99.2000 Free. 


Depletion Allowance: Block steatite talc, 22% (domestic), 14% (foreign); other talc and pyrophyllite, 14% (domestic 
and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Canada, China, and Pakistan were the principal sources for United States talc imports 
in recent years. Imports from Pakistan have increased in recent years and accounted for nearly one-half of total 
imports. Imports from Canada have supplied nearly one-third of the total, wnereas imports from China have increased 
recently to about 15% of total imports. Belgium and Malaysia were the primary destinations for United States talc 
exports, collectively receiving about one-half of exports. Imports of talc and related materials were estimated to have 
increased by about 19% in 2022 compared with those in 2021, whereas exports were estimated to have decreased 
by at least 10%. U.S. talc consumption, imports, production, and sales increased in 2022, with estimated mine 
production returning to 2019 levels. Apparent consumption of talc increased as trade continued to rebound in 2022 
following a decrease caused by the global coronavirus disease 2019 (COVID-19) pandemic. 


Prepared by Amanda S&S. Brioche [(703) 648-7747, abrioche@usgs.gov] 
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formulations and the technology for firing ceramic tile changed over recent decades, reducing the amount of talc 
required for the manufacture of some ceramic products. For paint, the industry shifted its focus to production of water- 
based paint (a product for which talc is not well suited because it is hydrophobic) from oil-based paint in order to 
reduce volatile emissions. The amount of talc used for paper manufacturing began to decrease beginning in the 


1990s, and some talc used for pitch control was replaced by chemical agents. For cosmetics, manufacturers of body 
dusting powders shifted much of their production from talc-based to corn-starch-based products. 


World Mine Production and Reserves: Reserves for China were revised based on Government reports. 


United States (crude) 
Afghanistan 

Brazil (crude and beneficiated)? 
Canada (unspecified minerals) 
China (unspecified minerals) 


Finland 


France (crude) 


India? 


Italy (includes steatite) 


Japan? 


Korea, Republic of? 


Pakistan 
Turkey? 


Other countries (includes crude)? 
World total (rounded) 


World Resources:’ The United States is self-sufficient in most grades of talc and related minerals, but lower priced 


Mine production® 


2021 
8577 
628 
660 
150 
1,100 
10297 
350 
1,750 
165 
160 
10355 
140 
10220 
690 
87 240 


2022 
8580 
600 
660 
150 
1,100 
300 
350 
1,750 
165 
160 
300 
230 
220 
690 
87 300 


Reserves’ 


140,000 
Large 
45,000 
NA 
56,000 
Large 
Large 
110,000 
NA 
100,000 
81,000 
NA 

NA 


Large 
Large 


imports have replaced domestic minerals for some uses. Talc occurs in the United States from New England to 


Alabama in the Appalachian Mountains and the Piedmont region, as well as in California, Montana, Nevada, Texas, 


Aes 


and Washington. Domestic and world identified resources are estimated to be approximately five times the quantity of 


reserves. 


Substitutes: Substitutes for talc include bentonite, chlorite, feldspar, kaolin, and pyrophyllite in ceramics; chlorite, 


kaolin, and mica in paint; calcium carbonate and kaolin in paper; bentonite, kaolin, mica, and wollastonite in plastics; 
and kaolin and mica in rubber. 


Estimated. NA Not available. 


‘All statistics exclude pyrophyllite unless otherwise noted. 


?Defined as sold by producers + imports — exports. 
3Average ex-works unit value of milled talc sold by U.S. producers, based on data reported by companies. 


‘Includes only companies that mine talc or pyrophyllite. Excludes office workers and mills that process imported or domestically purchased 


material. 


°Defined as imports — exports. 

Includes Hong Kong. 

7See Appendix C for resource and reserve definitions and information concerning data sources. 
SExcludes U.S. production of pyrophyllite. 

*Includes pyrophyllite. 

Reported. 
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TANTALUM 
(Data in metric tons of contained tantalum unless otherwise noted) 


Domestic Production and Use: Significant U.S. tantalum mine production has not been reported since 1959. 
Domestic tantalum resources are of low grade, some are mineralogically complex, and most are not commercially 
recoverable. Companies in the United States produced tantalum alloys, capacitors, carbides, compounds, and 
tantalum metal from imported tantalum ores and concentrates and tantalum-containing materials. Tantalum metal and 
alloys were recovered from foreign and domestic scrap. Domestic tantalum consumption was not reported by 
consumers. Major end uses for tantalum included alloys for gas turbines used in the aerospace and oil and gas 
industries; tantalum capacitors for automotive electronics, mobile accessories, and personal computers; tantalum 
carbides for cutting and boring tools; and tantalum oxide (TazOs) was used in glass lenses to make lighter weight 
camera lenses that produce a brighter image. The value of tantalum consumed in 2022 was estimated to exceed 
$320 million as measured by the value of imports. 


Salient Statistics—United States: 2018 201 2020 2021 2022° 
Production: 

Mine — — — — — 

Secondary NA NA NA NA NA 
Imports for consumption’ 1,660 1,380 1,230 1,380 1,700 
Exports! 681 423 417 628 480 
Shipments from Government stockpile? — — -16 -10 — 
Consumption, apparent? 975 956 814 740 = 1,200 
Price, tantalite, annual average, dollars per kilogram of TazOs content* 214 161 158 158 150 
Net import reliance® as a percentage of apparent consumption 100 100 100 100 100 


Recycling: Tantalum was recycled mostly from new scrap that was generated during the manufacture of tantalum- 
containing electronic components and from tantalum-containing cemented carbide and superalloy scrap. The amount 
of tantalum recycled was not available, but it may account for as much as 30% of consumption by domestic primary 
processors. 


Import Sources (2018-21): Tantalum ores and concentrates: Australia, 43%; Rwanda, 21%; Congo (Kinshasa), 
12%; Mozambique, 7%; and other, 17%. Tantalum metal and powder: China,®° 42%; Germany, 23%; Kazakhstan, 
12%; Thailand, 9%; and other, 14%. Tantalum waste and scrap: Indonesia, 23%; China,® 17%; Japan, 15%; and 
other, 45%. Total: China,° 24%; Germany, 12%; Australia, 10%; Indonesia, 8%; and other, 46%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 

Synthetic tantalum-niobium concentrates 2615.90.3000 Free. 
Niobium ores and concentrates 2615.90.6030 Free. 
Tantalum ores and concentrates 2615.90.6060 Free. 
Tantalum oxide’ 2825.90.9000 3.7% ad valorem. 
Potassium fluorotantalate’ 2826 .90.9000 3.1% ad valorem. 
Tantalum, unwrought: 

Powders 8103.20.0030 2.5% ad valorem. 

Alloys and metal 8103.20.0090 2.5% ad valorem. 
Tantalum, waste and scrap 8103.30.0000 Free. 
Tantalum, other 8103.99.0000 4.4% ad valorem. 


Depletion Allowance: 22% (domestic), 14% (foreign). 


Government Stockpile:® 


FY 2022 FY 2023 
Inventory Potential Potential Potential Potential 

Material as of 9-30-22 acquisitions disposals acquisitions disposals 
Tantalum carbide powder — — 1.71 — — 
Tantalum niobium concentrate 

(gross weight) 92 — — — — 
Tantalum metal? (gross weight) 0.085 — 0.09 — 0.09 
Tantalum alloy (gross weight) 0.0015 — — — — 
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Events, Trends, and Issues: U.S. tantalum apparent consumption was estimated to have increased by 66% from 
that in 2021. In 2022, estimated U.S. imports for consumption increased by 25%. The tantalum imported was in the 
form of waste and scrap (42%), metal and powder (37%), and ores and concentrates (21%). Waste and scrap imports 
had the most significant increase, more than doubling from those in 2021. Estimated U.S. exports decreased by 24% 
in 2022. In 2022, the average monthly price of tantalum ore was valued at $150 per kilogram of TazOs content, a 
decrease of 5% compared with that in 2021. 


Global tantalum production and consumption were estimated to have increased in 2022 as steel production in most 
countries continued to rebound from decreases owing to the global coronavirus disease 2019 (COVID-19) pandemic. 
Buyers sought more raw material supplies after maintaining low stocks in 2021 and there was increased demand from 
the electronics industry. In 2022, China remained the leading export destination and accounted for approximately 20% 
of tantalum ores and concentrates, waste and scrap, and metal consumption. Brazil, Congo (Kinshasa), Nigeria, and 
Rwanda accounted for about 85% of estimated global tantalum production in 2022. 


World Mine Production and Reserves: Reserves for Australia and China were revised based on Government 
reports. 


Mine production Reserves"? 

2021 2022° 
United States — — — 
Australia 44 57 1199 000 
Bolivia 1 1 NA 
Brazil ®360 370 40,000 
Burundi 39 39 NA 
China °76 78 180,000 
Congo (Kinshasa) 790 860 NA 
Ethiopia 32 24 NA 
Mozambique 37 34 NA 
Nigeria 110 110 NA 
Russia &39 39 NA 
Rwanda 269 350 NA 
Uganda 38 38 NA 
World total (rounded) 1,840 2,000 NA 


World Resources:"° Identified world resources of tantalum, most of which are in Australia, Brazil, Canada, and China 
are considered adequate to supply projected needs. The United States has about 55,000 tons of tantalum resources 
in identified deposits, most of which were considered subeconomic at 2022 prices for tantalum. 


Substitutes: The following materials can be substituted for tantalum, but a performance loss or higher costs may 
ensue: niobium and tungsten in carbides; aluminum, ceramics, and niobium in electronic capacitors; glass, 
molybdenum, nickel, niobium, platinum, stainless steel, titanium, and zirconium in corrosion-resistant applications; 
and hafnium, iridium, molybdenum, niobium, rhenium, and tungsten in high-temperature applications. 


“Estimated. NA Not available. — Zero. 

‘Imports and exports include the estimated tantalum content of synthetic tantalum-niobium concentrates, niobium and tantalum ores and 
concentrates, tantalum waste and scrap, unwrought tantalum alloys and powder, and other tantalum articles. Synthetic concentrates and niobium 
ores and concentrates were assumed to contain 32% Taz2Os. Tantalum ores and concentrates were assumed to contain 37% TazOs. TazOs is 
81.897% tantalum. 

?Defined as change in total inventory from prior yearend inventory. If negative, increase in inventory. 

3Defined as production + imports — exports + adjustments for Government stock changes. 

“Source: CRU Group. The estimate for 2022 includes data available through April 2022. 

°Defined as imports — exports + adjustments for Government stock changes. 

Includes Hong Kong. 

‘This category includes tantalum-containing material and other material. 

8See Appendix B for definitions. 

°Potential disposals are for tantalum scrap in the Government stockpile. 

10See Appendix C for resource and reserve definitions and information concerning data sources. 

"For Australia, Joint Ore Reserves Committee-compliant or equivalent reserves were 39,000 tons. 
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TELLURIUM 
(Data in metric tons of contained tellurium unless otherwise noted) 


Domestic Production and Use: Tellurium is primarily recovered as a byproduct of the electrolytic refining of copper, 
where it accumulates in the residues of copper anodes. In 2022, two electrolytic copper refineries operated in the 
United States, one in Texas and one in Utah, and produced copper telluride from tellurium-bearing anode slimes. 
Copper telluride from the Utah facility was processed by another company in Utah, and copper telluride from the 
Texas facility was thought to have been exported. Downstream companies refined imported commercial-grade 
tellurium to produce high-purity tellurium, tellurium compounds for specialty applications, and tellurium dioxide. 
Domestic tellurium production, consumption, and stocks were withheld to avoid disclosing company proprietary data. 


Tellurium was predominantly used in the production of cadmium telluride (CdTe) for thin-film solar cells. Another 
important end use was for the production of bismuth telluride (BiTe), which is used in thermoelectric devices for both 
cooling and energy generation. Metallurgical uses were as an alloying additive in steel to improve machining 
characteristics, as a minor additive in copper alloys to improve machinability without reducing conductivity, in lead 
alloys to improve resistance to vibration and fatigue, in cast iron to help control the depth of chill, and in malleable iron 
as a carbide stabilizer. It was used in the chemical industry as a vulcanizing agent and accelerator in the processing 
of rubber and as a component of catalysts for synthetic fiber production. Other uses included those in photoreceptor 
and thermoelectric devices, blasting caps, and as a pigment to produce various colors in glass and ceramics. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production, refinery‘ W W W W WwW 
Imports for consumption 192 59 12 42 50 
Exports 4 1 (7) 2 (7) 
Consumption, apparent? W W W W W 
Price, average, dollars per kilogram: 

United States* 79.55 68.11 59.37 69.72 70 

Europe® 73.67 60.45 56.05 67.26 66 
Stocks, producer, yearend W W W W W 
Net import reliance® as a percentage of apparent consumption >95 >95 >95 >95 >75 


Recycling: For traditional metallurgical and chemical uses, there was little or no scrap from which to extract 
secondary tellurium because these uses of tellurium are highly dispersive or dissipative. A very small amount of 
tellurium was recovered from scrapped selenium-tellurium photoreceptors employed in older photocopiers in Europe. 
A plant in the United States recycled tellurium from CdTe solar cells, but the amount recycled was limited because 
most CdTe solar cells were relatively new and had not reached the end of their useful life. 


Import Sources (2018-21): Canada, 52%; Germany, 24%; China,’ 12%; Philippines, 8%; and other, 4%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Tellurium 2804 .50.0020 Free. 


Depletion Allowance: 14% (domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: The estimated tellurium content of copper telluride recovered from domestic copper 
anode slimes increased in 2022. In May, a company in the United States began operating a new tellurium circuit with 
an annual production capacity of 20 tons at its electrolytic copper refinery in Utah. The company produced copper 
telluride that was processed by another company in Utah and primarily supplied to the U.S. solar industry. The 
leading U.S. manufacturer of solar modules announced plans to expand the capacity of its existing production 
facilities and to build a fourth facility, contingent upon permitting and regulatory approvals. The company expected to 
increase its total annual capacity in the United States to approximately 10 gigawatts of solar modules by 2025. 


In 2022, the annual average price for tellurium in the United States was an estimated $70 per kilogram, essentially 
unchanged from $69.72 per kilogram in 2021. Production costs for tellurium increased from those in 2021, but the 

higher costs were likely partially offset by increased supply in the United States. The supply of tellurium is directly 

affected by the supply of the materials from which it is a byproduct, primarily copper. 
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TELLURIUM 


In June 2022, the Government of China released a development plan for renewable energy and set goals of 
generating 25% of energy consumption and installing 1.2 billion kilowatts of capacity for wind and solar power by 
2030. If realized, the proposals would likely increase the demand for tellurium from the solar industry for thin-film 
CdTe solar panels. China was the leading producer of refined tellurium in 2022 and accounted for 53% of estimated 
global output. Estimated end uses for tellurium in global consumption were solar power cells, 40%; thermoelectric 
production, 30%; metallurgy, 15%; rubber applications, 5%; and other, 10%. 


World Refinery Production and Reserves: The values shown for reserves reflect the estimated tellurium content of 
copper reserves, with the exception of China and Sweden. Reserves for Sweden were reported by the only tellurium 
producer in the country. Reserves for China were revised based on Government reports, and reserves for Russia and 
South Africa were revised based on company reports. These estimates assume that more than one-half of the 
tellurium contained in unrefined copper anodes is recoverable. 


Refinery production® ® Reserves? 
2021 2022 

United States W W 3,500 
Bulgaria 4 4 NA 
Canada 44 50 800 
China 330 340 3,000 
Japan 68 70 — 
Russia 70 80 4,500 
South Africa 4 4 800 
Sweden 1044 40 670 
Uzbekistan 48 50 NA 
Other countries" NA NA 19,000 
World total (rounded)'2 610 640 32,000 


World Resources:? Reserves for tellurium are based on identified copper deposits and average tellurium content. 
More than 90% of tellurium has been produced from anode slimes as a byproduct of electrolytic copper refining, and 
the remainder was derived from skimmings at lead refineries and from flue dusts and gases generated during the 
smelting of bismuth, copper, and lead-zinc ores. Other potential sources of tellurium include bismuth telluride and 
gold telluride ores. 


Substitutes: Several materials can replace tellurium in most of its uses, but usually with losses in efficiency or 
product characteristics. Amorphous silicon and copper-indium-gallium selenide are the two principal competitors of 
CdTe in thin-film photovoltaic solar cells. Bismuth selenide and organic polymers can be used to substitute for some 
BiTe thermal devices. Bismuth, calcium, lead, phosphorus, selenium, and sulfur can be used in place of tellurium in 
many free-machining steels. Several of the chemical process reactions catalyzed by tellurium can be carried out with 
other catalysts or by means of noncatalyzed processes. In rubber compounding, sulfur and (or) selenium can act as 
vulcanization agents in place of tellurium. The selenides and sulfides of niobium and tantalum can serve as electrical- 
conducting solid lubricants in place of tellurides of those metals. 


“Estimated. NA Not available. W Withheld to avoid disclosing company proprietary data. — Zero. 

‘Refined tellurium production and estimated tellurium content of copper telluride recovered from copper anode slimes. 

7Less than % unit. Export data reported by the U.S. Census Bureau in 2020 were adjusted by the U.S. Geological Survey. 

3Production + imports — exports + adjustments for industry stock changes. 

4Average annual price for 99.95%-minimum-purity tellurium, free on board, U.S. warehouse. Source: Argus Media group, Argus Metals 
International. 

°Average annual price for 99.99%-maximum-purity tellurium, in warehouse, Rotterdam. Source: Argus Media group, Argus Metals International. 
6Defined as imports — exports + adjustments for industry stock changes. 

“Includes Hong Kong. 

8Insofar as possible, data relate to refinery output only; countries that produced tellurium contained in blister copper, copper concentrates, copper 
ores, and (or) refinery residues but did not recover refined tellurium from these materials were excluded to avoid double counting. 

°See Appendix C for resource and reserve definitions and information concerning data sources. 

‘Reported. 

“In addition to the countries listed, Australia, Belgium, Chile, Colombia, Germany, Kazakhstan, Mexico, the Philippines, and Poland may have 
produced refined tellurium, but output was not reported, and available information was inadequate to make reliable production estimates. 
'12Excludes U.S. production. 
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THALLIUM 


(Data in kilograms unless otherwise noted) 


Domestic Production and Use: There has been no domestic production of thallium since 1981. Small quantities of 
thallium are consumed annually, but variations in pricing and value data make it difficult to estimate the value of 
consumption. The primary end uses included the following: radioisotope thallium-201 used for medical purposes in 
cardiovascular imaging; thallium used as an activator (sodium iodide crystal doped with thallium) in gamma radiation 
detection equipment; thallium-barium-calcium-copper-oxide high-temperature superconductors; thallium used in 
lenses, prisms, and windows for infrared detection and transmission equipment; thallium-arsenic-selenium crystal 
filters used for light diffraction in acousto-optical measuring devices; and thallium used in mercury alloys for low- 
temperature measurements. Other uses include as an additive in glass to increase its refractive index and density, a 
catalyst for organic compound synthesis, and a component in high-density liquids for gravity separation of minerals. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production, refinery — — — — 
Imports for consumption: 


Unwrought metal and metal powders — — o/ — — 

Waste and scrap 23 27 — — 13 

Other articles 41 38 — 7 — 
Exports: 

Unwrought metal and powders 100 290 300 190 — 

Waste and scrap 853 133 359 — — 

Other articles 131,400 179,100 580 378 400 
Consumption, estimated? 64 65 57 7 13 
Price, metal, dollars per kilogram® 3 NA 7,600 8,200 8,400 9,400 
Net import reliance* as a percentage of estimated consumption NA NA NA NA NA 


Recycling: None. 
Import Sources (2018-2021): China, 40%; Russia, 30%; Norway, 14%; United Kingdom, 12%; and Israel, 4%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 

Unwrought and powders 8112.51.0000 4% ad valorem. 

Waste and scrap 8112.52.0000 Free. 

Other 8112.59.0000 4% ad valorem. 


Depletion Allowance: 14% (domestic and foreign). 


Government Stockpile: None. 
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Events, Trends, and Issues: Despite there having been no domestic production of thallium since 1981, exports of 
thallium have outweighed imports in recent years, which dwindled to near zero in most recent years particularly for 
unwrought metal and powders. As of September 2022, however, there were no exports of unwrought metal and 
powders, either a result of inventory depletion or because of reduced worldwide demand. This inventory was thought 
to be the result of unusually high import quantities from 2008 to 2011, in part because of a global shortage of 
technetium-99m, which is used as a replacement for thallium in most medical imaging. Data on inventory drawdown 
of thallium for domestic use were not available. In 2022, estimated exports of thallium articles remained comparable 
to those in 2021. In 2018 and 2019, reported exports of thallium articles had been unusually high in quantity; these 
exports had likely been misclassified material. The minor quantities of imports suggests that inventories of thallium 
remain adequate for domestic needs and for production of articles for export. 


The leading global uses for thallium were gamma radiation detection equipment, high-temperature superconductors, 
infrared optical materials, low-melting glasses, photoelectric cells, and radioisotopes. Demand for thallium for use in 
medical nuclear-imaging applications declined owing to superior performance and availability of alternatives, such as 
the medical isotope technetium-99m, although thallium continued to be used in cardiovascular stress testing. 
Because of thallium’s unique properties, new uses for thallium continued to be investigated. In 2022, ongoing 
research included improvements in scintillators (for radiation detection) that contain thallium as a key component for 
increased efficiency, and new thallium compounds for use in optoelectronics. 


Thallium metal and its compounds are highly toxic materials and are strictly controlled to prevent harm to humans and 
the environment. Thallium and its compounds can be absorbed into the human body by skin contact, ingestion, or 
inhalation of dust or fumes. Under its national primary drinking water regulations for public water supplies, the U.S. 
Environmental Protection Agency has set an enforceable Maximum Contaminant Level of 2 parts per billion thallium 
in drinking water. 


World Refinery Production and Reserves:® Thallium is produced commercially in only a few countries as a 
byproduct recovered from flue dust in the roasting of copper, lead, and zinc ores. Because most producers withhold 
thallium production data, global production data were limited. In 2022, global production of thallium was estimated to 
be about 10,000 kilograms. China, Kazakhstan, and Russia were thought to be leading producers of primary thallium. 
Since 2005, substantial thallium-rich deposits have been identified in Brazil, China, North Macedonia, and Russia. 
Quantitative estimates of reserves were not available, owing to the difficulty in identifying deposits where thallium can 
be extracted economically. Previous estimates of reserves were based on the thallium content of zinc ores. 


World Resources:? Although thallium is reasonably abundant in the Earth’s crust, estimated at about 0.7 part per 
million, it exists mostly in association with potassium minerals in clays, granites, and soils, and it is not generally 
considered to be commercially recoverable from those materials. The major source of recoverable thallium is trace 
amounts found in sulfide ores of copper, lead, zinc, and other metallic elements. As such, world resources of thallium 
are adequate to supply world requirements. 


Substitutes: Although other materials and formulations can substitute for thallium in gamma radiation detection 
equipment and optics used for infrared detection and transmission, thallium materials are presently superior and more 
cost effective for these very specialized uses. The medical isotope technetium-99m can be used in cardiovascular- 
imaging applications instead of thallium. Nontoxic substitutes, such as tungsten compounds, are being marketed as 
substitutes for thallium in high-density liquids for gravity separation of minerals. 


“Estimated. NA Not available. — Zero. 

‘Includes material that may have been misclassified. 

?Estimated to be equal to imports. 

3Estimated price of 99.99%-pure granules in 100-gram lots. 

‘Defined as imports — exports. Consumption and exports of unwrought thallium were from imported material or from a drawdown in unreported 
inventories. 


°See Appendix C for resource and reserve definitions and information concerning data sources. 
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THORIUM 


(Data in kilograms, gross weight, unless otherwise noted) 


Domestic Production and Use: The world’s primary source of thorium is the rare-earth and thorium phosphate 
mineral monazite. In 2022, monazite may have been produced as a separated concentrate or included as an 
accessory mineral in heavy-mineral concentrates, but thorium was not separated or recovered by any domestic 
facility. Essentially, all thorium compounds and alloys consumed by the domestic industry were derived from imports. 
The number of companies that processed or fabricated various forms of thorium for commercial use was not 
available. Thorium’s use in most products was generally limited because of concerns over its naturally occurring 
radioactivity. Imports of thorium compounds are sporadic owing to changes in consumption and fluctuations in 
consumer inventory levels. The estimated value of thorium compounds imported for consumption by the domestic 
industry in 2022 was $85,000 (based on data through August 2022), compared with $175,200 in 2021. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production, mine (monazite)' 2520,000 71,700,000 7960,000 W W 
Imports for consumption: 
Ore and concentrates (monazite) 1,000 — 3,000 16,000 — 
Compounds (oxide, nitrate, and so forth) 9,000 3,970 1,920 5,790 2,900 
Exports: 
Ore and concentrates (monazite) 520,000 1,700,000 960,000 W W 
Compounds (oxide, nitrate, and so forth)? 21,000 154,000 60,000 46,000 31,000 
Consumption, apparent:4 
Ore and concentrates (monazite) 1,000 — 3,000 W W 
Compounds (oxide, nitrate, and so forth) NA NA NA NA NA 


Price, average unit value of imports, compounds, 
dollars per kilogram:°® 


India 72 72 NA NA NA 
France 29 29 29 29 26 

Net import reliance® as a percentage of apparent NA NA NA NA NA 
consumption 


Recycling: None. 


Import Sources (2018-21): Ores and concentrates (monazite): China, 80%; United Kingdom, 15%; and Canada, 
5%. Thorium compounds: France, 56%; India, 43%; and other, 1%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 

Thorium ore and concentrates (monazite) 2612.20.0000 Free. 

Thorium compounds 2844 .30.1000 5.5% ad valorem. 


Depletion Allowance: Monazite, 22% on thorium content and 14% on rare-earth and yttrium content (domestic); 
14% (foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Domestic demand for thorium alloys, compounds, and metals was limited. In addition 
to research purposes, various commercial uses of thorium included catalysts, high-temperature ceramics, 
magnetrons in microwave ovens, metal-halide lamps, nuclear medicine, optical coatings, tungsten filaments, and 
welding electrodes. 
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Exports of unspecified thorium compounds were 20,300 kilograms through August 2022. About one-half of the 
exports had a unit value of less than $50 per kilogram, so it is possible that they were misclassified. Owing to 
potentially misclassified material and variations in the type and purity of thorium compounds, the unit value of exports 
can vary widely by month and by exporting customs district. 


Globally, monazite was produced primarily for its rare-earth-element content, and only a small fraction of the 
byproduct thorium was recovered and consumed. Thailand was the leading producer of monazite. Thorium 
consumption worldwide is relatively small compared with that of most other mineral commodities. In international 
trade, China was the leading importer of monazite; Thailand, Madagascar, Vietnam and Nigeria were China’s leading 
import sources, in descending order of quantity. 


The Eneabba mineral sands project (Australia) was producing monazite concentrates for export and, in April 2022, it 
completed a feasibility study for construction of a fully integrated rare-earths refinery. Monazite is a featured product 
at the Moma Mine (Mozambique); monazite resources were greater than 100 times the current mining rate (the mine 
increased production in the third quarter of 2022). The license application of the Kvanefjeld project (Greenland) is in 
arbitration. The Steenkampskraal Mine (South Africa) obtained a favorable ruling regarding its current mining rights 
and obtained substantial investment to progress mining activities. 


Several companies and countries were active in the pursuit of commercializing a new generation of nuclear reactors 
that would use thorium as a fuel material. Thorium-based nuclear research and development programs have been or 
were underway in Australia, Belgium, Brazil, Canada, China, Czechia, Denmark, Finland, France, Germany, India, 
Israel, Italy, Japan, the Republic of Korea, the Netherlands, Norway, Russia, the United Kingdom, and the 

United States. 


World Mine Production and Reserves:’ Production and reserves are associated with the recovery of monazite in 
heavy-mineral-sand deposits. Without demand for the rare earths, monazite likely would not be recovered for its 
thorium content under current market conditions. 


World Resources:’ The world’s leading thorium resources are found in placer, carbonatite, and vein-type deposits. 
Thorium is found in several minerals, including monazite, thorite, and thorianite. According to the World Nuclear 
Association,® worldwide identified thorium resources were an estimated 6.4 million tons of thorium. Thorium resources 
are found throughout the world, most notably in Australia, Brazil, India, and the United States. India has the largest 
resources (850,000 tons), followed by Brazil (630,000 tons) and Australia and the United States (600,000 tons each). 


Substitutes: Nonradioactive substitutes have been developed for many applications of thorium. Yttrium Compounds 
have replaced thorium compounds in incandescent lamp mantles. A magnesium alloy containing lanthanides, yttrium, 
and zirconium can substitute for magnesium-thorium alloys in aerospace applications. Cerium, lanthanum, yttrium, 
and zirconium oxides can substitute for thorium in welding electrodes. Several replacement materials (Such as yttrium 
fluoride and proprietary materials) are in use as optical coatings instead of thorium fluoride. 


°Estimated. NA Not available. W Withheld to avoid disclosing company proprietary data. — Zero. 

‘Monazite may have been produced as a separate concentrate or included as an accessory mineral in heavy-mineral concentrates. 
7Estimated to be equal to exports. 

3Includes material that may have been misclassified. 

“Defined as production + imports — exports. Production is only for ore and concentrates. Monazite is produced for the production of rare-earth 
compounds and not for thorium recovery. The apparent consumption calculation for thorium compounds results in a negative value for thorium 
compounds. 

°Calculated from U.S. Census Bureau import data. 

6Defined as imports — exports; however, a meaningful net import reliance could not be calculated owing to uncertainties in the classification of 
material being imported and exported. 

“See Appendix C for resource and reserve definitions and information concerning data sources. 

8Source: World Nuclear Association, 2017, Thorium: London, United Kingdom, World Nuclear Association, February. 
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TIN 


(Data in metric tons of contained tin unless otherwise noted) 


Domestic Production and Use: Tin has not been mined or smelted in the United States since 1993 or 1989, 
respectively. Twenty-five firms accounted for over 95% of the primary tin consumed domestically in 2022. The major 
uses for tin in the United States were chemicals, 23%; tinplate, 22%; alloys, 11%; solder, 10%; babbitt, brass and 
bronze, and tinning, 7%; bar tin, 2%; and other, 25%. Based on the average S&P Global Platts Metals Week New 
York dealer price for tin, the estimated value of imported refined tin in 2022 was $1.3 billion, and the estimated value 
of tin recovered from old scrap domestically in 2022 was $330 million. 


Salient Statistics—United States: 2018 201 2020 2021 2022° 
Production, secondary:° 

Old scrap 9,890 10,500 9,550 9,030 10,000 

New scrap 8,100 8,100 8,000 7,600 8,000 
Imports for consumption: 

Refined 36,800 34,100 31,600 38,100 34,000 

Tin alloys, gross weight 1,430 1,020 843 1,100 720 

Tin waste and scrap, gross weight 47,700 30,400 20,700 18,600 11,000 
Exports: 

Refined 941 1,300 519 1,290 1,400 

Tin alloys, gross weight 885 1,200 1,130 630 470 

Tin waste and scrap, gross weight 5,980 2,470 1,200 2,800 2,900 
Shipments from Government stockpile, gross weight! 13 18 -/ 437 — 
Consumption, apparent, refined? 42,300 43,200 40,600 47,800 43,000 
Price, average, cents per pound:? 

New York dealer 936 868 799 1,580 1,600 

London Metal Exchange (LME), cash 914 846 T/T 1,478 1,500 
Stocks, consumer and dealer, yearend 10,100 10,300 10,400 8,900 8,600 
Net import reliance* as a percentage of apparent consumption, 77 76 76 81 77 

refined 


Recycling: About 18,000 tons of tin from old and new scrap was estimated to have been recycled in 2022. Of this, 
about 10,000 tons was recovered from old scrap at 1 detinning plant and about 22 secondary nonferrous-metal- 
processing plants, accounting for 22% of apparent consumption. 


Import Sources (2018-21): Refined tin: Peru, 25%; Indonesia, 24%; Bolivia, 17%; Malaysia, 16%; and other, 18%. 
Waste and scrap: Canada, 98%; Mexico, 1%; and other, 1%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Unwrought tin: 
Tin, not alloyed 8001.10.0000 Free. 
Tin alloys, containing, by weight: 
5% or less lead 8001.20.0010 Free. 
More than 5% but not more than 25% lead 8001.20.0050 Free. 
More than 25% lead 8001.20.0090 Free. 
Tin waste and scrap 8002.00.0000 Free. 


Depletion Allowance: 22% (domestic), 14% (foreign). 


Government Stockpile:° 


FY 2022 FY 2023 
Inventory Potential Potential Potential Potential 
Material as of 9-30-22 acquisitions disposals acquisitions disposals 
Tin (gross weight) 3,578 — 4,000 — 688 


Events, Trends, and Issues: The estimated amount of tin recycled domestically in 2022 increased by 8% compared 
with that in 2021. The estimated annual average New York dealer price for refined tin in 2022 was 1,600 cents per 
pound, a slight increase compared with that in 2021. The estimated annual average LME cash price for refined tin in 
2022 was 1,500 cents per pound, unchanged from that in 2021. In 2022, the monthly average New York dealer tin 
price decreased from March to October. 
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In May, a copper products manufacturer based in Germany purchased a United States metals recycling company 
capable of processing scrap, including tin, at the rate of 100,000 tons per year. Also in May, a company announced 
plans to build a $340 million electronic-waste and nonferrous-metals recycling plant in Fort Wayne, IN. The facility will 
have the capacity to recycle up to 45,000 tons per year of feedstock; construction was expected to begin in 2023 and 
conclude by 2025. In June, construction began on a secondary smelter for complex recyclable materials in Richmond 
County, GA. The facility will have the capacity to process up to 90,000 tons per year of recyclables and will recover 
multiple metals, including tin. The facility, which would cost approximately $320 million to construct, was expected to 
begin operations in the first half of 2024. 


Throughout the year, smelters were temporarily closed in China owing to coronavirus disease 2019 (COVID-19) 
pandemic-related mitigation measures and annual maintenance. Intermittent truck driver strikes in Spain caused 
disruptions and halted shipments of tin and tungsten concentrates. In 2022, mining began from a new pit at the 
Penouta Mine in northwestern Spain, a deposit containing a measured and indicated resource of 76.3 million tons at 
443 parts per million tin. In March, the indicated and inferred resources at the Mpama South deposit in Congo 
(Kinshasa) were updated to 105,000 tons of contained tin. Additionally, the company mining the deposit announced 
an expansion to begin in late 2023 that would increase its tin production to approximately 20,000 tons per year. 


World Mine Production and Reserves: Reserves for Australia, China, Malaysia, Peru, and Russia were revised 
based on company and Government reports. 


Mine production Reserves® 

2021 2022° 
United States — — — 
Australia 8,772 9,700 7570,000 
Bolivia 19,628 18,000 400,000 
Brazil 15,517 18,000 420,000 
Burma ©36,900 31,000 700,000 
China ©90,000 95,000 720,000 
Congo (Kinshasa) £16,700 20,000 130,000 
Indonesia ©70,000 74,000 800,000 
Laos &1 980 1,900 NA 
Malaysia 5,000 5,000 NA 
Nigeria ®1,600 1,700 NA 
Peru 26,995 29,000 130,000 
Russia 3,000 2,/00 430,000 
Rwanda &2,000 2,200 NA 
Vietnam &5 400 5,200 11,000 
Other countries 1,180 1,100 310,000 
World total (rounded) 305,000 310,000 4,600,000 


World Resources:® Identified resources of tin in the United States, primarily in Alaska, were insignificant compared 
with those of the rest of the world. World resources, principally in western Africa, southeastern Asia, Australia, Bolivia, 
Brazil, Indonesia, and Russia, are extensive and, if developed, could sustain recent annual production rates well into 
the future. 


Substitutes: Aluminum, glass, paper, plastic, or tin-free steel substitute for tin in cans and containers. Other materials 
that substitute for tin are epoxy resins for solder; aluminum alloys, alternative copper-base alloys, and plastics for 
bronze; plastics for bearing metals that contain tin; and compounds of lead and sodium for some tin chemicals. 


“Estimated. NA Not available. — Zero. 

‘Defined as change in total inventory from prior yearend inventory. If negative, increase in inventory. 

?Defined as production from old scrap + refined tin imports — refined tin exports + adjustments for Government and industry stock changes. 
3Source: S&P Global Platts Metals Week. 

“Defined as refined imports — refined exports + adjustments for Government and industry stock changes. 

°See Appendix B for definitions. 

6See Appendix C for resource and reserve definitions and information concerning data sources. 

"For Australia, Joint Ore Reserves Committee-compliant or equivalent reserves were 300,000 tons. 
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TITANIUM AND TITANIUM DIOXIDE’ 


(Data in metric tons unless otherwise noted) 


Domestic Production and Use: Titanium sponge metal was produced by one operation in Utah. Production data 
were withheld to avoid disclosing company proprietary data. The facility in Salt Lake City, UT, with an estimated 
capacity of 500 tons per year, produced titanium that was further refined for use in electronics. A second sponge 
facility in Henderson, NV, with an estimated capacity of 12,600 tons per year, was idled since 2020 owing to market 
conditions. A third facility, in Rowley, UT, with an estimated capacity of 10,900 tons per year, has remained on care- 
and-maintenance status since 2016. 


Although detailed 2022 consumption data were withheld to avoid disclosing proprietary data, the majority of titanium 
metal was used in aerospace applications, and the remainder was used in armor, chemical processing, marine 

hardware, medical implants, power generation, and consumer other applications. The value of imported sponge was 
about $250 million, a significant increase compared with $148 million in 2021. 


In 2022, titanium dioxide (TiOz) pigment production, by four companies operating five facilities in four States, was 
valued at about $3.4 billion. The leading uses of TiOz pigment were, in descending order, paints (including lacquers 
and varnishes), plastics, and paper. Other uses of TiOz pigment included catalysts, ceramics, coated fabrics and 
textiles, floor coverings, printing ink, and roofing granules. 


2020 2021 2022° 
W W W 
19,200 16,000 28,000 
711 117 120 

W 316,000 $28,000 

W W W 
10.60 11.20 11 
W W W 

150 20 20 
>50 >95 >95 


1,150,000 1,000,000 1,000,000 1,100,000 1,100,000 
268,000 226,000 262,000 251,000 260,000 


Salient Statistics—United States: 2018 201 

Titanium sponge metal: 
Production W W 
Imports for consumption® 23,/00 30,000 
Exports 533 869 
Consumption, apparent? Ww WwW 
Consumption, reported 35,200 W 
Price, dollars per kilogram‘ 10.70 10.70 
Stocks, industry, yearend® 10,700 W 
Employment, number® 150 150 
Net import reliance® as a percentage of >50 >50 

apparent consumption 

TiO2 pigment: 
Production 
Imports for consumption 
Exports 


Consumption, apparent? 


528,000 401,000 386,000 494,000 420,000 
890,000 825,000 876,000 857,000 940,000 


Price, dollars per metric ton* 2,730 2,/50 
Producer price index (1982=100), yearend® 205 NA 
Employment, number® 3,050 3,050 
Net import reliance® as a percentage of E E 


apparent consumption 


2,/10 2,920 3,400 
NA NA NA 
3,100 3,200 3,200 
E E E 


Recycling: Owing to limited responses from voluntary surveys, consumption data of titanium scrap metal for the 
titanium metal industry were withheld. Consumption data of titanium scrap for the steel, superalloy, and other 


industries were not available. 


Import Sources (2018-21): Sponge metal: Japan, 89%; Kazakhstan, 9%; Ukraine, 1%, and other, 1%. TiO2z pigment: 
Canada, 42%; China, 16%; Germany, 10%; Belgium, 5%; and other, 27%. 


Tariff: Item 


Number 


Titanium oxides (unfinished TiOz pigments) 2823.00.0000 


TiO2z pigments, 80% or more TiO2 


TiO2z pigments, other 


3206.11.0000 
3206.19.0000 


Ferrotitanium and ferrosilicon titanium 7202.91.0000 


Unwrought titanium metal 


Titanium waste and scrap metal 


Other titanium metal articles 
Wrought titanium metal 


8108.20.0000 
8108.30.0000 
8108.90.3000 
8108.90.6000 


Depletion Allowance: Not applicable. 
Prepared by Joseph Gambogi [(703) 648-7718, jgambogi@usgs.gov] 


Normal Trade Relations 
12-31-22 
5.5% ad valorem. 

6% ad valorem. 

6% ad valorem. 
3.7% ad valorem. 
15% ad valorem. 

Free. 
5.5% ad valorem. 

15% ad valorem. 
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Government Stockpile: None. 


Events, Trends, and Issues: The 500-ton-per-year Salt Lake City, UT, plant was the only active domestic producer 
of titanium sponge, and the Salt Lake City operations primarily supported the production of electronic-grade materials. 
Consequently, U.S. producers of titanium ingot and downstream products were reliant on imports of titanium sponge 
and scrap. Rebounding demand from the aerospace and other industries resulted in a 75% increase in imports of 
titanium sponge compared with those in 2021. Japan (82%), Kazakhstan (9%), and Saudi Arabia (7%) were the 
leading import sources for titanium sponge in 2022. U.S. imports of titanium scrap were about 17,000 tons. The 
United Kingdom and Germany (14% each), France (11%), Canada (10%), and Japan (9%) were the leading import 
sources for titanium waste and scrap in 2022. In 2022, the annual average duty-paid unit value of scrap imports was 
about $7.50 per kilogram compared with $4.80 per kilogram in 2021. In 2022, several companies were planning to 
expand domestic downstream production capacity. In Pennsylvania, one company was adding 7,300 metric tons per 
year of ingot melting capacity as well as additional forging capabilities. Another company planned to construct a new 
melt facility in West Virginia, although the annual capacity was not yet available. A third company expected to 
complete an initial 125 tons per year of titanium powder capacity using new technology and recycled metal feedstock. 
Following the onset of the conflict between Russia and Ukraine, major European and domestic aerospace consumers 
of titanium were seeking alternative sources of supply. Prior to the conflict, Ukraine was the leading source of titanium 
mineral concentrates suppling Russia’s titanium metal industry. 


Domestic production of TiOz pigment in 2022 was an estimated 1.1 million tons. Although heavily reliant on imports of 


titanium mineral concentrates, the United States was a net exporter of TiOz pigments. Exports of TiOz pigments 
decreased in 2022 while imports increased. 


World Sponge Metal Production and Sponge and Pigment Capacity: 


Sponge production® Capacity, 2022’ 

2021 2022 Sponge Pigment 

United States W W 500 1,370,000 
Australia — — — 260,000 
Canada — — — 104,000 
China 140,000 150,000 181,000 5,000,000 
Germany — — — 472,000 
India 250 250 500 108,000 
Japan 49,200 50,000 68,800 322,000 
Kazakhstan 15,000 16,000 26,000 1,000 
Mexico — — — 300,000 
Russia 27,000 25,000 46,500 55,000 
Saudi Arabia 5,700 11,000 15,600 210,000 
Ukraine 6,100 1,000 12,000 120,000 
United Kingdom — — — 315,000 
Other countries — — — 784,000 
World total (rounded) 8240,000 8260,000 350,000 9,400,000 


World Resources:? Resources of titanium minerals are discussed in the Titanium Mineral Concentrates chapter. 


Substitutes: Few materials possess titanium metal’s strength-to-weight ratio and corrosion resistance. In high- 
strength applications, titanium competes with aluminum, composites, intermetallics, steel, and superalloys. Aluminum, 
nickel, specialty steels, and zirconium alloys may be substituted for titanium for applications that require corrosion 
resistance. Ground calcium carbonate, precipitated calcium carbonate, kaolin, and talc compete with titanium dioxide 
as a white pigment. 


°Estimated. E Net exporter. NA Not available. W Withheld to avoid disclosing company proprietary data. — Zero. 
‘See also the Titanium Mineral Concentrates chapter. 

?Defined as production + imports — exports. 

3Excludes domestic production of sponge in Utah. 

‘Landed duty-paid value based on U.S. imports for consumption. 

°Defined as imports — exports. 

®Source: U.S. Department of Labor, Bureau of Labor Statistics. 

’Yearend operating capacity. 

8Excludes U.S. production. 

°See Appendix C for resource and reserve definitions and information concerning data sources. 
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TITANIUM MINERAL CONCENTRATES' 
[Data in thousand metric tons of contained titanium dioxide (TiOz) unless otherwise noted] 


Domestic Production and Use: In 2022, one company recovered ilmenite and rutile concentrates from its surface- 
mining operations near Nahunta, GA, and Starke, FL. A second company processed existing mine tailings to recover 
a mixed heavy-mineral concentrate in California. Based on reported data through September, the estimated value of 
titanium mineral and synthetic concentrates imported into the United States in 2022 was $780 million. Abrasive 
sands, monazite, and zircon were coproducts of domestic titanium minerals mining operations. More than 95% of 
titanium mineral concentrates were consumed by domestic TiOz pigment producers. The remainder was used in 
welding-rod coatings and for manufacturing carbides, chemicals, and titanium metal. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production? 100 100 100 100 200 
Imports for consumption 1,090 1,160 807 969 950 
Exports, all forms® 32 8 18 30 120 
Consumption, apparent* 3 1,200 1,300 900 1,000 1,000 


Price, dollars per metric ton: 
Rutile, bulk, minimum 95% TiOz, free on board (f.o.b.) Australia? 1,025 1,150 1,175 1,450 1,500 


Ilmenite and leucoxene, bulk, f.o.b. Australia® 407 478 459 595 580 
Ilmenite, average unit value of imports® 219 186 215 240 290 
Slag, 80%—95% TiO2, average unit value of imports® 738 792 757 774 830 
Employment, mine and mill, number 296 310 315 290 330 
Net import reliance’ as a percentage of apparent consumption 91 92 89 90 81 


Recycling: None. 
Import Sources (2018-21): South Africa, 39%; Australia, 15%; Madagascar, 14%; Canada, 10%; and other, 22%. 


Tariff: Item Number Normal Trade Relations 
12—31—22 

Synthetic rutile 2614.00.3000 Free. 

IImenite and ilmenite sand 2614.00.6020 Free. 

Rutile concentrate 2614.00.6040 Free. 

Titanium slag 2620.99.5000 Free. 


Depletion Allowance: IImenite and rutile, 22% (domestic), 14% (foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Consumption of titanium mineral concentrates is tied to production of TiOz pigments 
that are primarily used in paint, paper, and plastics. Demand for these primary uses is related to changes in the gross 
domestic product. Domestic apparent consumption of titanium mineral concentrates in 2022 was estimated to have 
been unchanged from that in 2021. Inventory changes were not included in the apparent consumption calculation. 
Exports of titanium mineral concentrates increased significantly owing to increased recovery from mine tailings. 


In 2022, as of September, South Africa (37%), Madagascar (16%), Mozambique (15%), and Australia (9%) were the 
leading sources of titanium mineral concentrates imports to the United States. Mining and heavy-mineral-sand- 
processing operations were expanded near Starke, FL, and preliminary technical and economic study studies were 
completed at a heavy-mineral-sands project near Camden, TN. The project plans also included production of 
synthetic rutile from ilmenite using a proprietary process. 


In 2022, China continued to be the leading producer and consumer of titanium mineral concentrates, accounting for 
more than one-third of global production of ilmenite. Mozambique and South Africa also were leading producers of 
titanium mineral concentrates. China’s imports of titanium mineral concentrates were about 3.4 million tons in gross 
weight, a decrease of 10% compared with those in 2021. As of October, Mozambique (47%), Kenya (9%), and 
Vietnam (8%) were the leading sources of titanium mineral concentrates to China. In Saudi Arabia, commissioning of 
a project to produce up to 500,000 tons per year of titanium slag resumed in 2022 after being delayed in 2021. 
Exploration projects for heavy-mineral sands were being developed in Australia, Brazil, Canada, China, Finland, 
Greenland, Kenya, Malawi, Mozambique, Norway, Papua New Guinea, Russia, Senegal, and Tanzania. 
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World Mine Production and Reserves: Reserves for China, Madagascar, and “Other countries” were revised based 
on company and Government reports. 


Mine production 


2021 2022° 
IImenite: 
United States? ? 100 200 
Australia 600 660 
Brazil 33 32 
Canada" 430 470 
China 3,400 3,400 
India 204 200 
Kenya 181 180 
Madagascar" 414 300 
Mozambique 1,100 1,200 
Norway 468 430 
Senegal 482 520 
South Africa" 900 900 
Ukraine 316 200 
Vietnam 122 160 
Other countries 137 77 
World total (ilmenite, rounded)? 8,900 8,900 
Rutile: 

United States (°) (°) 
Australia 190 190 
India 12 11 
Kenya 72 73 
Madagascar — — 
Mozambique 8 8 
Senegal 9 9 
Sierra Leone 123 130 
South Africa 95 95 
Tanzania — — 
Ukraine 95 57 
Other countries 14 14 
World total (rutile, rounded)? 618 590 
World total (ilmenite and rutile, rounded) 9,500 9,500 


World Resources:? IImenite accounts for about 90% of the world’s consumption of titanium minerals. World 


resources of anatase, ilmenite, and rutile total more than 2 billion tons. 


Reserves® 


2,000 


1°460,000 


43,000 
31,000 
190,000 


14,000 
650,000 


9 


1031,000 
7,400 
170 

520 

890 


49,000 
700,000 


Substitutes: IImenite, leucoxene, rutile, slag, and synthetic rutile compete as feedstock sources for 
producing TiOz pigment, titanium metal, and welding-rod coatings. 


“Estimated. NA Not available. — Zero. 


'See also the Titanium and Titanium Dioxide chapter. 

?Rounded to the nearest 100,000 tons to avoid disclosing company proprietary data. 

3Defined as production + imports — exports. 

“Source: Fast Markets IM; average of yearend price. 

°Source: Zen Innovations AG, Global Trade Tracker. 

SLanded duty-paid unit value based on U.S. imports for consumption. Source: U.S. Census Bureau. 


‘Defined as imports — exports. 


8See Appendix C for resource and reserve definitions and information concerning data sources. 
°U.S. rutile production and reserves data are included with ilmenite. 


'°For Australia, Joint Ore Reserves Committee-compliant or equivalent reserves for ilmenite and rutile were estimated to be 37 million and 


9.2 million tons, respectively. 


“Mine production of titaniferous magnetite is primarily used to produce titaniferous slag. 
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TUNGSTEN 
(Data in metric tons of contained tungsten unless otherwise noted) 


Domestic Production and Use: No domestic production of commercial tungsten concentrates has been reported 
since 2015. Approximately six U.S. companies had the capability to convert tungsten concentrates, ammonium 
paratungstate (APT), tungsten oxide, and (or) scrap to tungsten metal powder, tungsten carbide powder, and (or) 
tungsten chemicals. An estimated 60% of the tungsten consumed in the United States was used in cemented carbide 
parts for cutting and wear-resistant applications, primarily in the construction, metalworking, mining, and oil- and gas- 
drilling industries. The remainder was used to make various alloys and specialty steels; electrodes, filaments, wires, 
and other components for electrical, electronic, heating, lighting, and welding applications; and chemicals for various 
applications. The estimated value of apparent consumption in 2022 was approximately $800 million. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production: 

Mine — — — — — 

Secondary W W W W W 
Imports for consumption: 

Ores and concentrates 4,050 2,760 2,020 1,590 2,000 

Other forms’ 10,400 11,100 8,660 10,400 12,000 
Exports: 

Ores and concentrates 284 583 480 441 600 

Other forms? 3,210 2,780 2,470 2,970 £4,200 
Shipments from Government stockpile:? 

Concentrate 1,180 663 728 ~=1,030 700 

Other forms — — 34 93 — 
Consumption: 

Reported, concentrate W W W W W 

Apparent,? all forms WwW W WwW W W 
Price,° concentrate, average in-warehouse Rotterdam, dollars per 

dry metric ton unit of tungsten trioxide® 261 198 172 225 270 
Stocks, industry, concentrate and other forms, yearend W W W W W 
Net import reliance’ as a percentage of apparent consumption >50 >50 >50 >50 >50 


Recycling: The estimated quantity of secondary tungsten produced and the amount consumed from secondary 
sources by processors and end users in 2022 were withheld to avoid disclosing company proprietary data. 


Import Sources (2018-21): Tungsten contained in ores, concentrates, and other forms:' China,® 29%; Germany, 
11%; Bolivia, 9%; Vietnam, 6%; and other, 45%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Ores 2611.00.3000 Free. 
Concentrates 2611.00.6000 37.5¢/kg on tungsten content. 
Tungsten oxides 2825.90.3000 5.5% ad valorem. 
Ammonium tungstates 2841.80.0010 5.5% ad valorem. 
Tungsten carbides 2849.90.3000 5.5% ad valorem. 
Ferrotungsten 7202.80.0000 5.6% ad valorem. 
Tungsten powders 8101.10.0000 7% ad valorem. 
Tungsten waste and scrap 8101.97.0000 2.8% ad valorem. 


Depletion Allowance: 22% (domestic), 14% (foreign). 


Government Stockpile:° 


FY 2022 FY 2023 
Inventory Potential Potential Potential Potential 
Material as of 9-30-22 acquisitions disposals acquisitions disposals 
Metal powder — — 125 — — 
Ores and concentrates 6,000 — 1,360 — 1,130 
Tungsten alloys, gross weight'? 5 — — — — 
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TUNGSTEN 


Events, Trends, and Issues: World tungsten supply was dominated by production in China and exports from China. 
China’s Government regulated its tungsten industry by prohibiting foreign investment in exploration and mining, 
limiting the number of mining and export licenses and imposing quotas on concentrate production and processing. 
Production of tungsten concentrate outside China was estimated to have increased in 2022 but remained less than 
20% of world production. The increase was from existing operations. Additional production, primarily from reopened 
mines in Australia, the Republic of Korea, and the United Kingdom, was forecast to begin in 2023. Scrap continued to 
be an important source of raw material for the world tungsten industry. 


Tungsten consumption is strongly influenced by economic conditions and industrial activity. China continued to be the 
world’s leading tungsten consumer. In 2022, China’s tungsten consumption by vehicle and other manufacturing 
industries was negatively affected by lockdowns to control coronavirus disease 2019 (COVID-19) pandemic 
outbreaks. In the United States, increased oil and gas drilling and a recovery of the aerospace industry resulted in an 
estimated increase in tungsten consumption. Potential areas of future growth in tungsten consumption include new 
applications such as powders for additive manufacturing and the use of tungsten in lithium-ion batteries. 


World Mine Production and Reserves: Reserves for China, Portugal, Spain, and “Other countries” were revised 
based on company and Government reports. 


Mine production Reserves"! 

2021 2022° 
United States — — NA 
Austria °900 900 10,000 
Bolivia 1,563 1,400 NA 
China °71,000 71,000 1,800,000 
Portugal 502 500 3,100 
Russia €2,300 2,300 400,000 
Rwanda 1,340 1,100 NA 
Spain °400 700 56,000 
Vietnam 4,800 4,800 100,000 
Other countries 973 1,400 1,400,000 
World total (rounded) 83,800 84,000 3,800,000 


World Resources:'' World tungsten resources are geographically widespread. China ranks first in the world in terms 
of tungsten resources and reserves and has some of the largest deposits. Significant tungsten resources have been 
identified on every continent except Antarctica. 


Substitutes: Potential substitutes for cemented tungsten carbides include cemented carbides based on molybdenum 
carbide, niobium carbide, or titanium carbide; ceramics; ceramic-metallic composites (cermets); and tool steels. Most 
of these options reduce, rather than replace, the amount of tungsten used. Potential substitutes for other applications 
are as follows: molybdenum for certain tungsten mill products; molybdenum steels for tungsten steels, although most 
molybdenum steels still contain tungsten; lighting based on carbon nanotube filaments, induction technology, and 
light-emitting diodes for lighting based on tungsten electrodes or filaments; depleted uranium or lead for tungsten or 
tungsten alloys in applications requiring high density or the ability to shield radiation; and depleted uranium alloys or 
hardened steel for cemented tungsten carbides or tungsten alloys in armor-piercing projectiles. In some applications, 
substitution would result in increased cost or a loss in product performance. 


“Estimated. NA Not available. W Withheld to avoid disclosing company proprietary data. — Zero. 

‘Includes ammonium and other tungstates; ferrotungsten; tungsten carbides; tungsten metal powders; tungsten oxides, chlorides, and other 
tungsten compounds; unwrought tungsten; wrought tungsten forms; and tungsten waste and scrap. 

Includes ammonium and other tungstates, ferrotungsten, tungsten carbides, tungsten metal powders, unwrought tungsten, wrought tungsten 
forms, and tungsten waste and scrap. 

3Defined as change in total inventory from prior yearend inventory. If negative, increase in inventory. 

“Defined as mine production + secondary production + imports — exports + adjustments for Government and industry stock changes. 
°Source: Argus Media Group, Argus Metals International. 

SA metric ton unit of tungsten trioxide contains 7.93 kilograms of tungsten. 

‘Defined as imports — exports + adjustments for Government and industry stock changes. 

8Includes Hong Kong. 

°See Appendix B for definitions. 

°Tungsten-rhenium ingot. 

“See Appendix C for resource and reserve definitions and information concerning data sources. 
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VANADIUM 
(Data in metric tons of contained vanadium unless otherwise noted) 


Domestic Production and Use: Vanadium production in Utah from the mining of uraniferous sandstones on the 
Colorado Plateau ceased in early 2020 and was not restarted in 2022. Secondary vanadium production continued in 
Arkansas, Ohio, and Pennsylvania where processed waste materials (petroleum residues, spent catalysts, utility ash) 
were used to produce ferrovanadium, vanadium-bearing chemicals or specialty alloys, and vanadium pentoxide. 
Metallurgical use, primarily as an alloying agent for iron and steel, accounted for about 94% of domestic reported 
vanadium consumption in 2022. Of the other uses for vanadium, the major nonmetallurgical use was in catalysts to 
produce maleic anhydride and sulfuric acid. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production from primary ore and concentrate — 460 17 — — 
Production from ash, residues, and spent catalysts® 2,600 3,000 2,900 3,200 4,400 
Imports for consumption: 
Aluminum-vanadium master alloy 281 222 101 35 30 
Ash and residues! 2 2,810 2,120 1,550 1,680 1,800 
Ferrovanadium 2,970 2,280 1,360 2,170 2,700 
Oxides and hydroxides, other 98 105 67 69 100 
Vanadium chemicals? 992 733 942 957 790 
Vanadium metal# 28 45 (°) 1 2 
Vanadium ores and concentrates’ 330 108 2 4 67 
Vanadium pentoxide 4,600 3,620 1,670 1,740 1,500 
Exports: 
Aluminum-vanadium master alloy 90 29 13 72 40 
Ash and residues! 1,430 1,280 503 930 910 
Ferrovanadium 975 295 210 173 220 
Oxides and hydroxides, other 53 750 51 235 400 
Vanadium metal* 39 27 1 4 10 
Vanadium ores and concentrates" 48 95 92 81 140 
Vanadium pentoxide 563 423 50 17 170 
Consumption: 
Apparent® 11,900 9,790 7,670 8,340 9,500 
Reported 9,280 9,900 7,920 8,030 8,400 
Price, average, vanadium pentoxide,’ dollars per pound 16.40 12.17 6.68 8.17 9.20 
Stocks, yearend® 250 257 269 271 270 
Net import reliance’ as a percentage of apparent consumption 78 65 62 62 54 


Recycling: Recycling of vanadium is mainly associated with reprocessing vanadium catalysts into new catalysts. The 
range in vanadium content in spent catalysts varies depending on the crude oil feedstock and the uncertainty 
associated with the quantity of vanadium recycled from spent chemical process catalysts was significant. 


Import Sources (2018-21): Ferrovanadium: Austria, 38%; Canada, 38%; Russia, 10%; Japan, 4%; and other, 10%. 
Vanadium pentoxide: Brazil, 50%; South Africa, 32%; China, 6%; Russia, 4%; and other, 8%. Total: Canada, 31%; 
China, 13%; Brazil, 8%; South Africa, 7%; and other, 41%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Vanadium ores and concentrates 2615.90.6090 Free. 
Vanadium-bearing ash and residues 2620.40.0030 Free. 
Vanadium-bearing ash and residues, other 2620.99.1000 Free. 
Vanadium pentoxide, anhydride 2825.30.0010 5.5% ad valorem. 
Vanadium oxides and hydroxides, other 2825.30.0050 5.5% ad valorem. 
Ferrovanadium 7202.92.0000 4.2% ad valorem. 
Vanadium metal 8112.92.7000 2% ad valorem. 
Vanadium and articles thereof"? 8112.99.2000 2% ad valorem. 
Vanadium chemicals (3) 5.5% ad valorem. 


Depletion Allowance: 22% (domestic), 14% (foreign). 


Government Stockpile: None. 
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VANADIUM 


Events, Trends, and Issues: Estimated U.S. apparent consumption of vanadium in 2022 increased by 11% from that 
in 2021. The estimated average Chinese vanadium pentoxide price in 2022 increased by 12% compared with the 
2021 price, and the estimated United States ferrovanadium price increased by 55% to $24.00 per pound in 2022 
compared with that in 2021. 


China continued to be the world’s top vanadium producer, producing the majority of its vanadium from vanadiferous 
iron ore processed for steel production. In the first half of 2022, a rise in coronavirus disease 2019 (COVID-19) cases 
led the Chinese Government to impose COVID-19 restrictions, causing a decrease in China’s steel production. The 
vanadium market had anticipated vanadium disruptions owing to the ongoing conflict between Russia and Ukraine. 
However, according to analysts, vanadium pentoxide trade flows between Russia and Czechia have been relatively 
unaffected by the conflict and Czechian ferrovanadium exports to customers in China, India, Japan, the Netherlands, 
Turkey, Ukraine, and the United States have also had limited disruptions. Uncertainty surrounding the supply of 
Russian material was expected to continue. 


Vanadium redox flow battery (VRFB) technology continued to be an increasingly important part of large-scale energy 
storage as it allows for high-safety, large-scale, environmentally friendly, medium- and long-term energy storage. 
Installations of VRFB projects increased worldwide as energy companies looked to support renewable energy 
projects as many countries attempt to lower their carbon emissions. 


World Mine Production and Reserves: Reserves for Australia were revised based on company and Government 
reports. 


Mine production Reserves" 
2021 2022° (thousand metric tons) 
United States — — 45 
Australia — — 127 400 
Brazil 5,780 6,200 120 
China 70,300 70,000 9,500 
Russia 20,100 17,000 5,000 
South Africa 8,800 9,100 3,500 
World total (rounded) 105,000 100,000 26,000 


World Resources:"' World resources of vanadium exceed 63 million tons. Vanadium occurs in deposits of 
phosphate rock, titaniferous magnetite, and uraniferous sandstone and siltstone, in which it constitutes less than 2% 
of the host rock. Significant quantities are also present in bauxite and carboniferous materials, such as coal, crude oil, 
oil shale, and tar sands. Because vanadium is typically recovered as a byproduct or coproduct, demonstrated world 
resources of the element are not fully indicative of available supplies. 


Substitutes: Steels containing various combinations of other alloying elements can be substituted for steels 
containing vanadium. Certain metals, such as manganese, molybdenum, niobium (columbium), titanium, and 
tungsten, are to some degree interchangeable with vanadium as alloying elements in steel. Platinum and nickel can 
replace vanadium compounds as catalysts in some chemical processes. Currently, no acceptable substitute for 
vanadium is available for use in aerospace titanium alloys. 


“Estimated. — Zero. 

‘Reported by the U.S. Census Bureau as metric tons of vanadium pentoxide. To convert vanadium pentoxide content to vanadium content multiply 
by 0.56. 

Includes estimates for data suppressed by U.S. Census Bureau in the years 2020 through 2022. 

3Includes Harmonized Tariff Schedule of the United States codes for chloride oxides and hydroxides of vanadium (2827.49.1000), hydrides and 
nitrides of vanadium (2850.00.2000), vanadium sulfates (2833.29.3000), vanadium chlorides (2827.39.1000) and vanadates (2841.90.1000). 
4Includes waste and scrap. 

*Less than % unit. 

SDefined as primary production + secondary production + imports — exports + adjustments for industry stock changes. 

‘Chinese annual average vanadium pentoxide prices. Source: CRU Group. 

8Includes ferrovanadium, vanadium-aluminum alloy, other vanadium alloys, vanadium metal, vanadium pentoxide, and other specialty chemicals. 
°Defined as imports — exports + adjustments for industry stock changes. 

'0Aluminum-vanadium master alloy consisting of 35% aluminum and 64.5% vanadium and is the main master alloy for the vanadium industry. 
Unwrought aluminum-vanadium master alloy (Harmonized Tariff Schedule of the United States code 7601.20.9030) was not included. 

See Appendix C for resource and reserve definitions and information concerning data sources. 

'2For Australia, Joint Ore Reserves Committee or equivalent reserves were 1.7 million tons. 
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VERMICULITE 
(Data in thousand metric tons unless otherwise noted) 


Domestic Production and Use: One company located in Virginia produced approximately 100,000 tons of 
vermiculite concentrate; data have been rounded to the nearest hundred thousand tons to avoid disclosing company 
proprietary data. Flakes of raw vermiculite concentrate are micaceous in appearance and contain interlayer water in 
their structure. When the flakes are heated rapidly to a temperature above 870 degrees Celsius, the water flashes 
into steam, and the flakes expand into accordionlike particles. This process is called exfoliation or expansion, and the 
resulting ultralightweight material is chemically inert, fire resistant, and odorless. Most vermiculite concentrate, 
whether produced in the United States or imported, was shipped to 15 exfoliating plants in nine States. The end uses 
for exfoliated vermiculite were estimated to be agriculture and horticulture, 32%; lightweight concrete aggregates 
(including cement premixes, concrete, and plaster), 25%; insulation, 13%; and other, 30%. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production’: 2 100 100 100 100 100 
Imports for consumption® 37 39 40 33 30 
Exports’ 13 8 8 10 7 
Consumption: 

Apparent, concentrate® ° 120 130 130 120 120 

Reported, exfoliated 79 79 81 78 80 
Price, range of value, concentrate, ex-plant, dollars per 

metric ton 140-575 NA NA NA NA 
Employment, number® 70 70 70 70 50 
Net import reliance* as a percentage of apparent 

consumption® ° 20 20 20 20 20 


Recycling: Insignificant. 
Import Sources (2018-21): South Africa, 64%; Brazil, 35%; and other, 1%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Vermiculite, perlite, and chlorites, unexpanded 2530.10.0000 Free. 
Exfoliated vermiculite, expanded clays, foamed 
slag, and similar expanded materials 6806.20.0000 Free. 


Depletion Allowance: 14% (domestic and foreign). 


Government Stockpile: None. 
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VERMICULITE 


Events, Trends, and Issues: In recent years, two companies mined crude vermiculite domestically; however, a 
company with operations in South Carolina did not expect to produce vermiculite in 2022. Data for U.S. exports and 
imports of vermiculite were combined with data for other mineral products by the U.S. Census Bureau. U.S. imports 
were estimated to be about 30,000 tons in 2022, a decrease which could be related to disruptions in the global supply 
chain. Most imports came from Brazil and South Africa in 2022. Historically, South Africa was the leading principal 
source of imports; however, in 2022, Brazil supplied more imports than South Africa. 


Exploration and development of vermiculite deposits containing medium, large, and premium (coarser) grades 
(greater than 5-millimeter particle size) are likely to continue because of the higher demand for those grades. Demand 
for vermiculite remains strong. With less domestic production, as well as global supply issues, vermiculite exfoliation 
operations are experiencing difficulties obtaining crude vermiculite (especially medium and coarse grade), which is 
increasing lead times and could result in consumers using substitute materials. Producers will continue to investigate 
ways to increase the use of the finer grades in existing products and as a substitute for coarser vermiculite while 
continuing to develop new and innovative applications. 


World Mine Production and Reserves: Reserves data for China were revised based on Government reports. 


Mine production Reserves® 
2021 2022° 

United States 1.2400 1.2100 25,000 
Brazil 60 60 6,600 
Bulgaria 10 10 NA 
China 39 39 340 
India 1 3 1,600 
Mexico (7) (“) NA 
Russia 29 29 NA 
South Africa 160 160 14,000 
Turkey 19 19 NA 
Uganda 14 14 NA 
Uzbekistan 2 2 NA 
Zimbabwe _30 _30 NA 
World total (rounded) 464 470 NA 


World Resources:® In addition to the producing mine in Virginia, there are vermiculite occurrences in Colorado, 
Nevada, North Carolina, South Carolina, Texas, and Wyoming that contain estimated resources of 2 million to 3 
million tons. Significant deposits have been reported in Australia, Russia, Uganda, and some other countries, but 
reserve and resource information comes from many sources, and in most cases, it is not clear whether the numbers 
refer to vermiculite alone or vermiculite plus other minerals and host rock and overburden. 


Substitutes: Expanded perlite is a substitute for exfoliated vermiculite in lightweight concrete and plaster. Other 
denser but less costly alternatives in these applications include expanded clay, shale, slag, and slate. Alternate 
materials for loose-fill fireproofing insulation include fiberglass, perlite, and slag wool. In agriculture, substitutes 
include bark and other plant materials, peat, perlite, sawdust, and synthetic soil conditioners. 


“Estimated. NA Not available. 

‘Concentrate sold or used by producers. 

?Data are rounded to the nearest hundred thousand tons to avoid disclosing company proprietary data. 
3Defined as concentrate sold or used by producers + imports — exports. 

“Defined as imports — exports. 

‘Data are rounded to one significant digit to avoid disclosing company proprietary data. 

®See Appendix C for resource and reserve definitions and information concerning data sources. 

‘Less than % unit. 
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WOLLASTONITE 


(Data in metric tons unless otherwise noted) 


Domestic Production and Use: Wollastonite was mined by two companies in New York during 2022. U.S. 
production of wollastonite (sold or used by producers) was withheld to avoid disclosing company proprietary data but 
was estimated to have increased from that in 2021. Economic resources of wollastonite typically form as a result of 
thermal metamorphism of siliceous limestone during regional deformation or chemical alteration of limestone by 
siliceous hydrothermal fluids along faults or contacts with magmatic intrusions. Deposits of wollastonite have been 
identified in Arizona, California, Idaho, Nevada, New Mexico, New York, and Utah; however, New York is the only 
State where long-term continuous mining has taken place. 


The U.S. Geological Survey does not collect consumption statistics for wollastonite, but consumption was estimated 
to have increased slightly in 2022 compared with that in 2021. Ceramics (frits, sanitaryware, and tile), friction products 
(primarily brake linings), metallurgical applications (flux and conditioner), paint (architectural and industrial paints), 
plastics and rubber markets (thermoplastic and thermoset resins and elastomer compounds), and miscellaneous uses 
(including adhesives, concrete, glass, and sealants) accounted for wollastonite sales in the United States. 


In ceramics, wollastonite decreases shrinkage and gas evolution during firing; increases green and fired strength; 
maintains brightness during firing; permits fast firing; and reduces crazing, cracking, and glaze defects. In 
metallurgical applications, wollastonite serves as a flux for welding, a source for calcium oxide, a slag conditioner, and 
protects the surface of molten metal during the continuous casting of steel. As an additive in paint, it improves the 
durability of the paint film, acts as a pH buffer, improves resistance to weathering, reduces gloss and pigment 
consumption, and acts as a flatting and suspending agent. In plastics, wollastonite improves tensile and flexural 
strength, reduces resin consumption, and improves thermal and dimensional stability at elevated temperatures. 
Surface treatments are used to improve the adhesion between wollastonite and the polymers to which it is added. As 
a substitute for asbestos in floor tiles, friction products, insulating board and panels, paint, plastics, and roofing products, 
wollastonite is resistant to chemical attack, stable at high temperatures, and improves flexural and tensile strength. 


Salient Statistics—United States: The United States was thought to be a net exporter of wollastonite in 2022. 
Comprehensive trade data were not available for wollastonite because it is imported and exported under generic 
Harmonized Tariff Schedule of the United States and Schedule B codes, respectively, that include multiple mineral 
commodities. Prices for domestically produced wollastonite were estimated to be between $340 to $370 per metric 
ton. Price data for globally produced wollastonite were unavailable. Products with finer grain sizes and acicular (highly 
elongated) particles sold for higher prices. Surface treatment, when necessary, also increased the selling price. 
Approximately 60 people were employed at wollastonite mines and mills in 2022 (excluding office workers) in the 
United States. 


Recycling: None. 


Import Sources (2018-21): Comprehensive trade data were not available, but wollastonite was primarily imported 
from Canada and Mexico. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Mineral substances not elsewhere specified or 
included 2530.90.8050 Free. 
Depletion Allowance: 10% (domestic and foreign). 


Government Stockpile: None. 
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WOLLASTONITE 


Events, Trends, and Issues: Construction starts of new housing units through August 2022 increased by 2.7% 
compared with those during the same period in 2021 with the largest increase in starts being in two- to four-unit 
dwellings. Sales of wollastonite to domestic construction-related markets, such as adhesives, caulks, cement board, 
ceramic tile, paints, stucco, and wallboard, were thought to have increased. However, sales of wollastonite were 
thought to be slightly lower for primary iron and steel production, which decreased by 3% in the first 7 months of 2022 
compared with production during the same period of 2021. The production of motor vehicles and parts, which contain 
wollastonite in friction products and plastic and rubber components, increased by 3% in the first 7 months of 2022. 
Plastics production was expected to be slightly higher in 2022 than that in 2021. 


Globally, ceramics, paint, and polymers (such as plastics and rubber) accounted for most wollastonite sales. Lesser 
global uses for wollastonite included miscellaneous construction products, friction materials, metallurgical 
applications, and paper. Several research projects continued in Canada, India, and the United States to evaluate the 
efficacy of wollastonite in carbon dioxide sequestration. Studies were being conducted to evaluate wollastonite’s 
ability to capture atmospheric carbon dioxide when added to crop fields and its ability to enhance crop productivity. 
Wollastonite’s ability to reduce carbon dioxide emissions in cement production by lowering kiln temperatures needed 
to produce cement and absorbing carbon dioxide in the process was being evaluated. Global sales of wollastonite 
were estimated to be in the range of 900,000 to 1,000,000 tons, higher than those in 2021. 


World Mine Production and Reserves: More countries than those listed may produce wollastonite; however, many 
countries do not publish wollastonite production data. 


Mine production® Reserves! 
2021 2022 

United States W W World resources of wollastonite are 
Canada 20,000 20,000 thought to exceed 100 million tons. 
China 890,000 900,000 Many deposits have been identified 
India 110,000 120,000 but have not been surveyed 
Mexico 103,000 100,000 sufficiently to quantify their reserves. 
Other countries 15,000 20,000 

World total (rounded)? 1,140,000 1,200,000 


World Resources:' Reliable estimates of wollastonite resources do not exist for most countries. Large deposits of 
wollastonite have been identified in China, Finland, India, Mexico, and the United States. Smaller, but significant, 
deposits have been identified in Canada, Chile, Kenya, Namibia, South Africa, Spain, Sudan, Tajikistan, Turkey, and 
Uzbekistan. 


Substitutes: The acicular nature of many wollastonite products allows wollastonite to compete with other acicular 
materials, such as ceramic fiber, glass fiber, steel fiber, and several organic fibers, such as aramid, polyethylene, 
polypropylene, and polytetrafluoroethylene, in products where improvements in dimensional stability, flexural 
modulus, and heat deflection are sought. Wollastonite also competes with several nonfibrous minerals or rocks, such 
as kaolin, mica, and talc, which are added to plastics to increase flexural strength, and such minerals as barite, 
calcium carbonate, gypsum, and talc, which impart dimensional stability to plastics. In ceramics, wollastonite 
competes with carbonates, feldspar, lime, and silica as a source of calcium and silica. Its use in ceramics depends on 
the formulation of the ceramic body and the firing method. 


“Estimated. W Withheld to avoid disclosing company proprietary data. 
‘See Appendix C for resource and reserve definitions and information concerning data sources. 
7Excludes U.S. production. 
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YTTRIUM" 
[Data in metric tons of yttrium oxide (Y2O3) equivalent unless otherwise noted] 


Domestic Production and Use: Yttrium is one of the rare-earth elements. Bastnaesite (or bastnasite), a rare-earth 
fluorocarbonate mineral, was mined in 2020 as a primary product at the Mountain Pass Mine in California, which was 
restarted in the first quarter of 2018 after being put on care-and-maintenance status in the fourth quarter of 2015. 
Yttrium was estimated to represent about 0.12% of the rare-earth elements in the Mountain Pass bastnaesite ore. 
Insufficient information was available to determine the yttrium content of mine production. Monazite, a rare-earth 
phosphate mineral, was produced as a separated concentrate that includes yttrium-rich xenotime. Both are accessory 
minerals in heavy-mineral-sand concentrates. There is no commercial separation facility in the United States, and 
rare-earth concentrates were exported for processing. 


The leading end uses of yttrium were in catalysts, ceramics, electronics, lasers, metallurgy, and phosphors. In 
ceramic applications, yttrium Compounds were used in abrasives, bearings and seals, high-temperature refractories 
for continuous-casting nozzles, jet-engine coatings, oxygen sensors in automobile engines, and wear-resistant and 
corrosion-resistant cutting tools. In electronics, yttrium-iron garnets were components in microwave radar to control 
high-frequency signals. Yttrium was an important component in yttrium-aluminum-garnet laser crystals used in dental 
and medical surgical procedures, digital communications, distance and temperature sensing, industrial cutting and 
welding, nonlinear optics, photochemistry, and photoluminescence. In metallurgical applications, yttrium was used as 
a grain-refining additive and as a deoxidizer. Yttrium was used in heating-element alloys, high-temperature 
superconductors, and superalloys. Yttrium was used in phosphor compounds for flat-panel displays and various 
lighting applications. 


Salient Statistics—United States: 2018 2019 2020 2021 #£2022° 
Production, mine NA NA NA NA NA 
Imports for consumption, yttrium, alloys, compounds, and metal® 2 450 360 650 670 1,000 
Exports, compounds® 3 14 6 1 9 4 
Consumption, apparent® + 400 400 600 700 =1,000 
Price, average, dollars per kilogram:° 

Y203, minimum 99.999% purity 3 3 3 6 13 

Yttrium metal, minimum 99.9% purity 36 34 34 39 43 
Net import reliance® ’as a percentage of apparent consumption 100 100 100 100 100 


Recycling: Insignificant. 


Import Sources (2018—21):® Yttrium compounds: China,? 94%; Germany, 3%; Republic of Korea and Japan, 1% 
each; and other, 1%. Nearly all imports of yttrium metal and compounds are derived from mineral concentrates 
processed in China. Import sources do not include yttrium contained in value-added intermediates and finished 
products. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Rare-earth metals, unspecified: 
Not alloyed 2805.30.0050 5% ad valorem. 
Alloyed 2805.30.0090 5% ad valorem. 
Mixtures of rare-earth oxides containing yttrium 2846.90.2015 Free. 
or scandium as the predominant metal 
Mixtures of rare-earth chlorides containing 2846 .90.2082 Free. 
yttrium or scandium as the predominant metal 
Yttrium-bearing materials and compounds 2846.90.4000 Free. 
containing by weight >19% to <85% Y203 
Other rare-earth compounds, including yttrium 2846.90.8090 3.7% ad valorem. 


and other compounds 


Depletion Allowance: Monazite, thorium content, 22% (domestic), 14% (foreign); yttrium, rare-earth content, 14% 
(domestic and foreign); and xenotime, 14% (domestic and foreign). 
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YTTRIUM 
Government Stockpile:'° 
FY 2022 FY 2023 
Inventory Potential Potential Potential Potential 
Material as of 9-30-22 acquisitions disposals acquisitions disposals 
Yttrium 25 25 — — — 


Events, Trends, and Issues: China produced most of the world’s supply of yttrium from its weathered clay ion- 
adsorption ore deposits in the southern Provinces—primarily Fujian, Guangdong, and Jiangxi—and from a lesser 
number of deposits in Guangxi and Hunan. Yttrium also was produced from similar clay deposits in Burma. 


Globally, yttrium was mainly consumed in the form of oxide compounds for ceramics and phosphors. Lesser amounts 
were consumed in electronic devices, lasers, optical glass, and metallurgical applications. The average prices for 
yttrium metal and Y2O3 each increased compared with those in 2021. China’s Ministry of Industry and Information 
Technology raised quotas for rare-earth mining and separation to 210,000 tons and 202,000 tons of rare-earth-oxide 
equivalent, respectively. The yttrium content of the production quota was not specified. Mine production was allocated 
to 190,850 tons of light rare earths and 19,150 tons of ion-adsorption clays. 


In 2022, China’s exports of yttrium Compounds and metal were estimated to be 2,400 tons of Y2O3 equivalent, and the 
leading export destinations were, in descending order, Japan, the United States, the Republic of Korea, and 
Germany. In 2021, China’s exports of yttrium compounds were 2,100 tons of Y2O3 equivalent. 


World Mine Production and Reserves:" World mine production of yttrium contained in rare-earth mineral 
concentrates was estimated to be 10,000 to 15,000 tons. Most of this production took place in China and Burma. 
Global reserves of Y2O3 were not quantified; however, the leading countries for total rare-earth-oxide reserves 
included Australia, Brazil, China, Russia, and Vietnam. Although mine production in Burma was significant, 
information on reserves in Burma was not available. Global reserves may be adequate to satisfy near-term demand at 
current rates of production; however, recent high demand of ion-adsorption clay rare earths in Burma and China as 
well as changes in economic conditions, environmental issues, or permitting and trade restrictions could affect the 
availability and pricing of many of the rare-earth elements, including yttrium. 


World Resources:" Large resources of yttrium in monazite and xenotime are available worldwide in placer deposits, 
carbonatites, uranium ores, and weathered clay deposits (ion-adsorption ore). Additional resources of yttrium occur in 
apatite-magnetite-bearing rocks, deposits of niobium-tantalum minerals, non-placer monazite-bearing deposits, 
sedimentary phosphate deposits, and uranium ores. 


Substitutes: Substitutes for yttrium are available for some applications but generally are much less effective. In most 
uses, especially in electronics, lasers, and phosphors, yttrium is generally not subject to direct substitution by other 
elements. As a stabilizer in zirconia ceramics, Y203 may be substituted with calcium oxide or magnesium oxide, but 
the substitutes generally impart lower toughness. 


°Estimated. NA Not available. — Zero. 

'See also the Rare Earths chapter; trade data for yttrium are included in the data shown for rare earths. 

7Estimated from Trade Mining LLC and IHS Markit Ltd. shipping records. 

3Includes data for the following Schedule B code: 2846.90.2015. 

“Defined as imports — exports. Rounded to one significant digit. Yttrium consumed domestically was imported or refined from imported materials. 
*Free on board China. Source: Argus Media group, Argus Metals International. 

6Defined as imports — exports. 

“In 2018, 2019, 2020, 2021, and 2022, domestic production of mineral concentrates was stockpiled or exported. For 2018 to 2022, consumers of 
compounds and metals were reliant on imports and stockpiled inventory of compounds and metals. 

8Includes estimated Y2O3 equivalent from the following Harmonized Tariff Schedule of the United States codes: 2846.90.2015, 2846.90.2082, 
2846.90.4000, 2846.90.8050 (2018-2021), 2846.90.8060 (2018-2021), 2846.90.8075 (2022), and 2846.90.8090 (2022). 

*Includes Hong Kong. 

1°See Appendix B for definitions. 

See Appendix C for resource and reserve definitions and information concerning data sources. 
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ZEOLITES (NATURAL) 
(Data in metric tons unless otherwise noted) 


Domestic Production and Use: In 2022, seven companies operated 10 zeolite mines in six States and produced an 
estimated 86,000 tons of natural zeolites. Total production increased slightly compared with production in 2021. 
Chabazite was mined in Arizona, and clinoptilolite was mined in California, Idaho, New Mexico, Oregon, and Texas. 
Small quantities of erionite, ferrierite, mordenite, and phillipsite were likely also produced. The three leading 
companies accounted for approximately 80% of total domestic production. 


An estimated 79,000 tons of natural zeolites were sold in the United States during 2022, 6% more than the sales in 
2021. Domestic uses were, in descending order of estimated quantity, animal feed, odor control, water purification, 
unspecified end uses (such as ice melt, soil amendment, and synthetic turf), pet litter, fertilizer carrier, wastewater 
treatment, air filtration and gas absorbent, oil and grease absorbent, fungicide or pesticide carrier, aquaculture, and 
desiccant. Animal feed, odor control, and water purification applications accounted for about 70% of the domestic 
sales tonnage. 


Salient Statistics—United States: 2018 2019 2020 2021 2022° 
Production, mine 86,100 87,800 86,700 85,300 86,000 
Sales, mill 80,500 77,100 75,300 73,900 79,000 
Imports for consumption? <1,000 <1,000 <1,000 <1,000 <1,000 
Exports® <1,000 <1,000 <1,000 <1,000 <1,000 
Consumption, apparent! 80,500 77,100 75,300 74,000 79,000 
Price, range of value, dollars per metric ton® 2 50-300 50-300 50-300 50-300 50-300 
Employment, mine and mill, number® * 110 120 120 120 120 
Net import reliance* as a percentage of apparent consumption E E E E E 


Recycling: Zeolites used for desiccation, gas absorbance, wastewater cleanup, and water purification may be reused 
after reprocessing of the spent zeolites. Information about the quantity of recycled natural zeolites was unavailable. 


Import Sources (2018-21): Comprehensive trade data were not available for natural zeolite minerals because they 
were imported and exported under a generic Harmonized Tariff Schedule of the United States code and Schedule B 
number, respectively, that include multiple mineral commodities or under codes for finished products. Nearly all 
imports and exports were thought to be synthetic zeolites. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Mineral substances not elsewhere specified or 2530.90.8050 Free. 
included 


Depletion Allowance: 14% (domestic and foreign). 


Government Stockpile: None. 


Events, Trends, and Issues: Production almost tripled from 1992 through 2022 owing to increased sales for animal 
feed, odor control, and water purification applications. Domestic natural zeolite production has remained steady in 
recent years. However, sales for natural zeolites have waned over the last few years in pet litter and wastewater 
cleanup applications as a result of competition from other products such as clays and synthetic zeolites. Reported 
sales of natural zeolites products for the use of synthetic turf, pool filter media, and traction control have become 
more common within the past 5 years. The increase in sales in 2022 was the result of the expansion of natural 
zeolites into other applications. 


World Mine Production and Reserves: Many countries either do not report production of natural zeolites, report 
zeolites as part of a pooled group of mineral commodities often listed as “other,” or report production with a 2- to 3- 
year lag time. End uses for natural zeolites in countries that mine large tonnages of zeolite minerals typically include 
low-value, high-volume construction applications, such as dimension stone, lightweight aggregate, and pozzolanic 
cement. As a result, production data for some countries may not be comparable to U.S. production data, which are 
the quantities of natural zeolites used in high-value applications. 
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World reserves of natural zeolites have not been estimated. Deposits occur in many countries, but companies rarely 
publish reserves data. Further complicating estimates of reserves is the fact that much of the reported world 
production includes altered volcanic tuffs with low to moderate concentrations of zeolites that are typically used in 
high-volume construction applications. Some deposits should, therefore, be excluded from reserves estimates 
because it is the rock itself and not its zeolite content that makes these deposits valuable. 


Mine production® Reserves® 
2021 2022 

United States 685,300 86,000 Two of the leading companies in the 
China 52,000 52,000 United States reported combined 
Cuba 100,000 100,000 reserves of 80 million tons in 2022; 
Georgia 130,000 130,000 total U.S. reserves likely were 
Hungary 27,000 27,000 substantially larger. World data were 
Indonesia 130,000 130,000 unavailable, but reserves were 
Jordan 12,000 12,000 estimated to be large. 
Korea, Republic of 130,000 130,000 
New Zealand 100,000 100,000 
Russia 35,000 35,000 
Slovakia 150,000 150,000 
Turkey 46,000 50,000 
Other countries 9,000 6,000 

World total (rounded) 1,000,000 1,000,000 


World Resources:° Recent estimates for domestic and global resources of natural zeolites are not available. 
Resources of chabazite and clinoptilolite in the United States are sufficient to satisfy foreseeable domestic demand. 


Substitutes: For pet litter, zeolites compete with other mineral-based litters, such as those manufactured using 
bentonite, diatomite, fuller’s earth, and sepiolite; organic litters made from shredded corn stalks and paper, straw, and 
wood shavings; and litters made using silica gel. Diatomite, perlite, pumice, vermiculite, and volcanic tuff compete 
with natural zeolites as lightweight aggregate. Zeolite desiccants compete against such products as magnesium 
perchlorate and silica gel. Zeolites compete with bentonite, gypsum, montmorillonite, peat, perlite, silica sand, and 
vermiculite in various soil amendment applications. Activated carbon, diatomite, or silica sand may substitute for 
zeolites in water-purification applications. As an oil absorbent, zeolites compete mainly with bentonite, diatomite, 
fuller’s earth, sepiolite, and a variety of polymer and natural organic products. In animal feed, zeolites compete with 
bentonite, diatomite, fuller’s earth, kaolin, silica, and talc as anticaking and flow-control agents. 


*Estimated. E Net exporter. 

‘Defined as mill sales + imports — exports. Information about industry stocks was unavailable. 

?Range of ex-works mine and mill unit values for individual natural zeolite operations, based on data reported by U.S. producers and U.S. 
Geological Survey estimates. Average unit values per metric ton for the past 5 years were an estimated $125 in 2018, 2019, 2020, and 2021 and 
$130 in 2022. Prices vary with the percentage of zeolite present in the product, the chemical and physical properties of the zeolite mineral(s), 
particle size, surface modification and (or) activation, and end use. 

3Excludes administration and office staff. Estimates based on data from the Mine Safety and Health Administration. 

“Defined as imports — exports. 

°See Appendix C for resource and reserve definitions and information concerning data sources. 

SReported. 
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ZINC 
(Data in thousand metric tons of contained zinc unless otherwise noted) 


Domestic Production and Use: The estimated value of zinc mined in 2022 was about $3.2 billion. Zinc was mined in 
five States at seven mining operations by five companies. Three smelter facilities, one primary and two secondary, 
operated by three companies, produced commercial-grade zinc metal. Of the total reported zinc consumed, most was 
used to produce galvanized steel, followed by brass and bronze, zinc-base alloys, and other uses. 


Salient Statistics—United States: 2018 201 2020 2021 2022° 
Production: 

Zinc in ores and concentrates 824 753 723 704 770 

Refined zinc® ' 116 115 180 220 220 
Imports for consumption: 

Zinc in ores and concentrates (7) (2) 3 13 6 

Refined zinc 775 830 700 702 700 
Exports: 

Zinc in ores and concentrates 806 792 546 644 660 

Refined zinc 23 5 2 13 10 
Shipments from Government stockpile? — — — — 1 
Consumption, apparent, refined zinc* 868 939 878 908 910 
Price, average, cents per pound: 

North American® 141.0 124.1 110.8 145.8 190 

London Metal Exchange (LME), cash 132.7 115.6 102.7 136.3 160 
Stocks, reported producer and consumer, refined zinc, yearend 119 116 120 110 100 
Employment, number: 

Mine and mill® 2,630 2,470 2,360 2,470 2,600 

Smelter, primary 250 250 220 220 220 
Net import reliance’ as a percentage of apparent consumption: 

Ores and concentrates E E E E E 

Refined zinc 87 88 79 76 76 


Recycling: In 2022, an estimated 60% of the refined zinc produced in the United States was recovered from 
secondary materials at both primary and secondary smelters. Secondary materials included galvanizing residues and 
crude zinc oxide recovered from electric arc furnace dust. 


Import Sources (2018-21): Ores and concentrates: Peru, 71%; Canada, 15%; China, 7%, Taiwan, 4%; and other, 
3%. Refined metal: Canada, 66%; Mexico, 16%; Peru, 6%; Spain, 6%; and other, 6%. Waste and scrap (gross 
weight): Canada, 62%; Mexico, 36%; and other, 2%. Combined total (includes gross weight of waste and scrap): 
Canada, 66%; Mexico, 16%; Peru, 6%; Spain, 6%; and other, 6%. 


Tariff: Item Number Normal Trade Relations 
12-31-22 
Zinc ores and concentrates, zinc content 2608.00.0030 Free. 
Zinc oxide; zinc peroxide 2817.00.0000 Free. 
Zinc sulfate 2833.29.4500 1.6% ad valorem. 
Unwrought zinc, not alloyed: 
Containing 99.99% or more zinc 7901.11.0000 1.5% ad valorem. 
Containing less than 99.99% zinc: 
Casting-grade 7901.12.1000 3% ad valorem. 
Other 7901.12.5000 1.5% ad valorem. 
Zinc alloys 7901.20.0000 3% ad valorem. 
Zinc waste and scrap 7902.00.0000 Free. 


Depletion Allowance: 22% (domestic), 14% (foreign). 


Government Stockpile:® 


FY 2022 FY 2023 
Inventory Potential Potential Potential Potential 
Material as of 9—30-—22 acquisitions disposals acquisitions disposals 
Zinc 6.46 — 7.25 — 2.21 
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Events, Trends, and Issues: On February 24, 2022, a final U.S. critical minerals list was published in the Federal 
Register (87 FR 10381). The 2022 critical minerals list was an update of the list of critical minerals published in 2018 
in the Federal Register (83 FR 23295). The 2022 critical minerals list contained 50 individual mineral commodities 
instead of 35 minerals and mineral groups. The changes in the 2022 list from the prior list were the addition of nickel 
and zinc and the removal of helium, potash, rhenium, strontium, and uranium. The list is to be updated every 3 years 
and revised as necessary consistent with available data. 


U.S. zinc mine production increased by 9% in 2022 compared with that in 2021. Zinc production at the Red Dog zinc- 
lead mine in Alaska, the largest zinc mine in the United States, increased notably compared with that in 2021 owing to 
higher mill throughput and zinc ore grades. The owner of the Empire State zinc mine in New York received permitting 
to begin open pit mining activities. An open pit mine would operate alongside the active underground mine and was 
expected to contribute to an increase in mill throughput in the first half of 2023. Several other zinc exploration and 
mine expansion projects were in active development in the United States during 2022. The North American price for 
Special High Grade (SHG) zinc was estimated to have increased by 30% in 2022 from that in 2021. The North 
American premium to the LME cash price reached historical highs in 2022 amid decreasing stocks on the London 
Metal Exchange, reduced production by zinc smelters in Europe because of high energy costs, and the permanent 
closure of a zinc smelter in Canada. Other zinc smelters in Canada and Mexico reported equipment and operational 
issues that negatively affected production during the year. 


According to the International Lead and Zinc Study Group,’ estimated global refined zinc production in 2022 was 
forecast to decrease by 2.7% to 13.49 million tons and estimated metal consumption to decrease by 1.9% to 
13.79 million tons, resulting in a production-to-consumption deficit of 297,000 tons. 


World Mine Production and Reserves: Reserves for Australia, Bolivia, Canada, China, India, Kazakhstan, Mexico, 
Peru, Sweden, the United States, and “Other countries” were revised based on company and Government reports. 


Mine production”® Reserves" 
2021 2022° 

United States 704 770 7,300 
Australia 1,320 1,300 1266,000 
Bolivia 500 520 NA 
Canada 310 250 1,800 
China 4,140 4,200 31,000 
India 777 830 9,600 
Kazakhstan 194 200 7,400 
Mexico 124 740 12,000 
Peru 1,530 1,400 17,000 
Russia 280 280 22,000 
Sweden 234 240 4,000 
Other countries 1,960 2,000 30,000 
World total (rounded) 12,700 13,000 210,000 


World Resources:"° Identified zinc resources of the world are about 1.9 billion tons. 


Substitutes: Aluminum and plastics substitute for galvanized sheet in automobiles; aluminum alloys, cadmium, paint, and 
plastic coatings replace zinc coatings in other applications. Aluminum- and magnesium-base alloys are major substitutes 
for zinc-base diecasting alloys. Many elements are substitutes for zinc in chemical, electronic, and pigment uses. 


°Estimated. E Net exporter. NA Not available. — Zero. 

‘Includes primary and secondary zinc metal production. 

7Less than % unit. 

3Defined as changes in total inventory from prior yearend inventory. If negative, increase in inventory. 

“Defined as refined production + refined imports — refined exports + adjustments for Government stock changes. 

°Source: S&P Global Platts Metals Week, North American SHG zinc; based on the LME cash price plus premium. 

Includes mine and mill employment at zinc-containing deposits. Excludes office workers. Source: Mine Safety and Health Administration. 
‘Defined as imports — exports + adjustments for Government stock changes. 

8See Appendix B for definitions. 

°Source: International Lead and Zinc Study Group, 2022, ILZSG session/forecasts: Lisbon, Portugal, International Lead and Zinc Study Group 
press release, October 12, [4] p. 

107inc content of concentrates and direct shipping ores. 

See Appendix C for resource and reserve definitions and information concerning data sources. 

'2For Australia, Joint Ore Reserves Committee-compliant or equivalent reserves were 23 million tons. 
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ZIRCONIUM AND HAFNIUM 


(Data in metric tons unless otherwise noted) 


Domestic Production and Use: |In 2022, one company recovered zircon (zirconium silicate) from surface-mining 
operations in Florida and Georgia as a coproduct from the mining of heavy-mineral sands and the processing of 
titanium and zirconium mineral concentrates, and a second company processed existing mineral sands tailings in 
Florida. Zirconium metal and hafnium metal were produced from zirconium chemical intermediates by one producer in 
Oregon and one in Utah. Zirconium and hafnium are typically contained in zircon at a ratio of about 36 to 1. Zirconium 
chemicals were produced by the metal producer in Oregon and by at least 10 other companies. Ceramics, foundry 
sand, opacifiers, and refractories were the leading end uses for zircon. Other end uses of zircon include abrasives, 
chemicals (predominantly zirconium basic sulfate and zirconium oxychloride octohydrate as intermediate chemicals), 
metal alloys, and welding rod coatings. The leading consumers of zirconium metal are the chemical process and 
nuclear energy industries. The leading use of hafnium metal is in superalloys. 


Salient Statistics—United States: 

Production, zirconium ores and concentrates (ZrO2 
content)" 

Imports: 

Zirconium ores and concentrates (ZrO2 content)’ 

Zirconium, unwrought, powder, and waste and scrap 

Zirconium, wrought 

Hafnium, unwrought, powder, and waste and scrap 

Hafnium, wrought 

Exports: 

Zirconium ores and concentrates (ZrO2 content)! 

Zirconium, unwrought, powder, and waste and scrap 

Zirconium, wrought 

Consumption, apparent,° zirconium ores and 
concentrates (ZrOz2 content)’ 
Price: 

Zircon, dollars per metric ton (gross weight): 
Premium grade, cost, insurance, and freight, China‘ 
Imported® 

Zirconium, sponge, ex-works China,‘ dollars per 
kilogram 

Hafnium, unwrought,? dollars per kilogram 

Net import reliance® as a percentage of apparent 
consumption: 

Zirconium ores and concentrates 

Hafnium 


2018 
2100,000 


26,400 
1,880 
282 

42 

NA 


77,500 
556 
1,150 
2100,000 


NA 


2019 
<100,000 


22,600 
1,820 
289 

32 

NA 


40,500 
897 

816 
<100,000 


NA 


2020 
<100,000 


15,600 
2,030 
302 

16 

NA 


12,200 
664 

838 
<100,000 


1,843 
1,380 
21 


750 


<25 
NA 


2021 
<100,000 


18,500 
746 
265 

23 
NA 


10,000 
589 

966 
<100,000 


2,025 
1,380 
31 


950 


<25 
NA 


2022° 
<100,000 


35,000 
290 
300 

33 
2 


14,000 
1,200 
820 
<100,000 


2,270 
1,950 
29 


1,900 


<50 
NA 


Recycling: Companies in Oregon and Utah recycled zirconium from new scrap generated during metal production 
and fabrication and (or) from post-commercial old scrap. Zircon foundry mold cores and spent or rejected zirconia 


refractories are often recycled. Hafnium metal recycling was limited but could not be quantified. 


Import Sources (2018-21): Zirconium ores and concentrates: South Africa, 51%; Senegal, 25%; Australia, 21%; 
Russia, 2%; and other, 1%. Zirconium, unwrought, including powder: China, 89%; Germany, 8%; France, 1%; Japan, 
1%, and other, 1%. Zirconium, wrought: France, 62%; Germany, 19%; Belgium, 6%; Canada, 4%; and other, 9%. 
Hafnium, unwrought: Germany, 36%; France, 30%; China, 26%; Russia, 3%; and other, 5%. 


Tariff: Item 

Zirconium ores and concentrates 

Ferrozirconium 

Zirconium, unwrought and powder 

Zirconium waste and scrap 

Other zirconium articles 

Hafnium, unwrought, powder, and waste and scrap 
Hafnium, other 


Depletion Allowance: 22% (domestic), 14% (foreign). 


Number 


2615.10.0000 
7202.99.1000 
8109.20.0000 
8109.30.0000 
8109.90.0000 
8112.31.0000 
8112.39.0000 


Prepared by Joseph Gambogi [(703) 648-7718, jgambogi@usgs.gov] 


Normal Trade Relations 


12-31-22 


Free. 


4.2% ad valorem. 
4.2% ad valorem. 


Free. 


3.7% ad valorem. 


4% ad valorem. 


Free. 
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Government Stockpile: None. 


Events, Trends, and Issues: Global mine production of zirconium mineral concentrates increased slightly in 2022 
compared with that in 2021. Advanced exploration and development projects with planned production of zircon 
concentrates were ongoing in Australia, Madagascar, Mozambique, Senegal, Tanzania, and elsewhere. In the 

United States, mining and heavy-mineral-processing operations were expanded near Starke, FL, and at incorporated 
mobile mining units. Near Camden, TN, a pilot facility was commissioned at the Titan heavy-mineral-sands project to 
demonstrate mineral separations. U.S. imports and exports of zirconium ores and concentrates increased significantly 
in 2022. Australia, Senegal, and South Africa continued to be the leading import sources of zirconium ores and 
mineral concentrates. 


The leading global exporters of zirconium mineral concentrates were Australia, Senegal, and South Africa. The 
leading global importers were China, India, and Spain. Global producers of zirconium sponge included China, France, 
India, Russia, and the United States. The leading global exporters of zirconium metal including waste and scrap 
under the Harmonized System code 8109 were China, France, Germany, South Africa, and the United States. 
Vietnam and the United States led the global importers of zirconium metal. 


World Mine Production and Reserves: World primary hafnium production data were not available, and quantitative 
estimates of hafnium reserves were not available. Zirconium reserves for Australia, Senegal and “Other countries” 
were revised based on company and Government reports. 


Zirconium ores and zircon Zirconium reserves’ 
concentrates, mine production® (thousand metric tons, 
(thousand metric tons, gross weight) ZrO2 content)! 
2021 2022 
United States <100 <100 500 
Australia 500 500 848,000 
China 140 140 500 
Indonesia 55 60 NA 
Mozambique 100 100 1,800 
Senegal 64 70 2,600 
South Africa 320 320 5,900 
Other countries 150 160 8,500 
World total (rounded) 94,300 91,400 68,000 


World Resources:’ Resources of zircon in the United States included about 14 million tons associated with titanium 
resources in heavy-mineral-sand deposits. Phosphate rock and sand and gravel deposits could potentially yield 
substantial amounts of zircon as a byproduct. World resources of hafnium are associated with those of zircon and 
baddeleyite. Quantitative estimates of hafnium resources were not available. 


Substitutes: Chromite and olivine can be used instead of zircon for some foundry applications. Dolomite and spinel 
refractories can also substitute for zircon in certain high-temperature applications. Niobium (columbium), stainless 
steel, and tantalum provide limited substitution in nuclear applications, and titanium and synthetic materials may 
substitute in some chemical processing plant applications. Silver-cadmium-indium control rods are used in lieu of 
hafnium at numerous nuclear powerplants. Zirconium can be used interchangeably with hafnium in certain superalloys. 


°Estimated. E Net exporter. NA Not available. 

‘Calculated ZrO2 content as 65% of gross production. 

?Data are rounded to the nearest hundred thousand tons to avoid disclosing company proprietary data. 

3Defined as production + imports — exports. 

“Source: Argus Media group, Argus Metals International, average of yearend price. 

°Unit value based on annual United States imports for consumption from Australia, Senegal, and South Africa. 
6Defined as imports — exports. 

“See Appendix C for resource and reserve definitions and information concerning data sources. 

For Australia, Joint Ore Reserves Committee-compliant or equivalent reserves were 24 million tons, gross weight. 
°Excludes U.S. production. 
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APPENDIX A 


Abbreviations and Units of Measure 


1 carat (metric) (diamond) = 200 milligrams 

1 flask (fl) = 76 pounds, avoirdupois, or 34.47 kilograms 
1 karat (gold) = one twenty-fourth part 

1 kilogram (kg) 2.2046 pounds, avoirdupois 

1 long ton (It) 2,240 pounds, avoirdupois 


1 long ton unit (Itu) = 1% of 1 long ton, or 22.4 pounds, avoirdupois 
long calcined ton (Ict) = excludes water of hydration 
long dry ton (Idt) = excludes excess free moisture 
Mcf = 1,000 cubic feet 
1 metric ton (t) = 2,204.6 pounds, avoirdupois, or 1,000 kilograms 
1 metric ton (t) = 1.1023 short ton 


1 metric ton unit (mtu) 
metric dry ton (mdt) 


1% of 1 metric ton, or 10 kilograms 
excludes excess free moisture 


1 pound (Ib) 453.6 grams 
psia = pounds per square inch absolute 
1 short ton (st) = 2,000 pounds, avoirdupois 


1 short ton unit (stu) 
short dry ton (sdt) 


1% of 1 short ton, or 20 pounds, avoirdupois 
excludes excess free moisture 


1 troy ounce (tr oz) = 1.09714 avoirdupois ounces, or 31.103 grams 
1 troy pound = 12 troy ounces 
APPENDIX B 


Definitions of Selected Terms Used in This Report 
Terms Used for Materials in the National Defense Stockpile and Federal Helium Reserve 


Fiscal year for the U.S. Government is the period from October 1 through September 30. Fiscal year (FY) 2022 is 
from October 1, 2021, through September 30, 2022. FY 2023 is from October 1, 2022, through September 30, 2023. 


Inventory refers to the quantity of mineral materials held in the National Defense Stockpile or in the Federal Helium 
Reserve. Nonstockpile-grade materials may be included in the table; where significant, the quantities of these 
stockpiled materials are specified in the text accompanying the table. 


Potential disposals indicate the total amount of a material in the National Defense Stockpile that the U.S. 
Department of Defense is permitted to dispose of under the Annual Materials Plan approved by Congress for the 
fiscal year. Congress has authorized disposal over the long term at rates designed to maximize revenue but avoid 
undue disruption to the usual markets and financial loss to the United States. Disposals are defined as any disposal 
or sale of National Defense Stockpile stock. For mineral commodities that have a disposal plan greater than the 
inventory, the actual quantity will be limited to the remaining disposal authority or inventory. The Bureau of Land 
Management will continue to deliver helium from private storage until all Cliffside Field assets are sold or disposed of. 
It is expected that all Cliffside Field assets will be disposed of in FY 2023. 


Potential acquisitions indicate the maximum amount of a material that may be acquired by the U.S. Department of 
Defense for the National Defense Stockpile under the Annual Materials Plan approved by Congress for the fiscal year. 


Depletion Allowance 
The depletion allowance is a business tax deduction analogous to depreciation, but which applies to an ore reserve 


rather than equipment or production facilities. Federal tax law allows this deduction from taxable corporate income, 
recognizing that an ore deposit is a depletable asset that must eventually be replaced. 
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APPENDIX C 


Reserves and Resources 


Reserves data are dynamic. They may be reduced as 
ore is mined and (or) the feasibility of extraction 
diminishes, or more commonly, they may continue to 
increase as additional deposits (known or recently 
discovered) are developed, or currently exploited 
deposits are more thoroughly explored and (or) new 
technology or economic variables improve their 
economic feasibility. Reserves may be considered a 
working inventory of mining companies’ supplies of an 
economically extractable mineral commodity. As such, 
the magnitude of that inventory is necessarily limited by 
many considerations, including cost of drilling, taxes, 
price of the mineral commodity being mined, and the 
demand for it. Reserves will be developed to the point of 
business needs and geologic limitations of economic 
ore grade and tonnage. For example, in 1970, identified 
and undiscovered world copper resources were 
estimated to contain 1.6 billion metric tons of copper, 


with reserves of about 280 million tons of copper. Since 
then, about 650 million tons of copper have been 
produced worldwide, but world copper reserves in 2022 
were estimated to be 890 million tons of copper, more 
than triple those in 1970, despite the depletion by 
mining of much more than the 1970 estimated reserves. 


Future supplies of minerals will come from reserves and 
other identified resources, currently undiscovered 
resources in deposits that will be discovered in the 
future, and material that will be recycled from current 
in-use stocks of minerals or from minerals in waste 
disposal sites. Undiscovered deposits of minerals 
constitute an important consideration in assessing future 
supplies. Mineral-resource assessments have been 
carried out for small parcels of land being evaluated for 
land reclassification, for the Nation, and for the world. 


Part A—Resource and Reserve Classification for Minerals‘ 


Introduction 


Through the years, geologists, mining engineers, and 
others operating in the minerals field have used various 
terms to describe and classify mineral resources, which 
as defined herein include energy materials. Some of 
these terms have gained wide use and acceptance, 
although they are not always used with precisely the 
same meaning. 


The U.S. Geological Survey (USGS) collects information 
about the quantity and quality of all mineral resources. 
In 1976, the USGS and the U.S. Bureau of Mines 
developed a common classification and nomenclature, 
which was published as USGS Bulletin 1450-A— 
“Principles of the Mineral Resource Classification 
System of the U.S. Bureau of Mines and U.S. 
Geological Survey.” Experience with this resource 
classification system showed that some changes were 
necessary in order to make it more workable in practice 
and more useful in long-term planning. Therefore, 
representatives of the USGS and the U.S. Bureau of 
Mines collaborated to revise Bulletin 1450—A. Their work 
was published in 1980 as USGS Circular 831— 
“Principles of a Resource/Reserve Classification for 
Minerals.” 


Long-term public and commercial planning must be 
based on the probability of discovering new deposits, on 
developing economic extraction processes for currently 
unworkable deposits, and on knowing which resources 
are immediately available. Thus, resources must be 
continuously reassessed in the light of new geologic 
knowledge, of progress in science and technology, and 
of shifts in economic and political conditions. To best 
serve these planning needs, known resources should be 
classified from two standpoints: (1) purely geologic or 
physical and chemical characteristics—such as grade, 
quality, tonnage, thickness, and depth—of the material 


‘Based on U.S. Geological Survey Circular 831, 1980. 


in place; and (2) profitability analyses based on costs of 
extracting and marketing the material in a given 
economy at a given time. The former constitutes 
important objective scientific information of the resource 
and a relatively unchanging foundation upon which the 
latter more valuable economic delineation can be based. 


The revised classification system, designed generally for 
all mineral materials, is shown graphically in 

figures C1and C2; its components and their usage are 
described in the text. The classification of mineral and 
energy resources is necessarily arbitrary because 
definitional criteria do not always coincide with natural 
boundaries. The system can be used to report the status 
of mineral and energy-fuel resources for the Nation or 
for specific areas. 


Resource and Reserve Definitions 


A dictionary definition of resource, “something in reserve 
or ready if needed,” has been adapted for mineral and 
energy resources to comprise all materials, including 
those only surmised to exist, that have present or 
anticipated future value. 


Resource.—A concentration of naturally occurring solid, 
liquid, or gaseous material in or on the Earth’s crust 
in such form and amount that economic extraction of 
a commodity from the concentration is currently or 
potentially feasible. 

Original Resource.—The amount of a resource before 
production. 

Identified Resources.—Resources for which location, 
grade, quality, and quantity are known or estimated 
from specific geologic evidence. Identified resources 
include economic, marginally economic, and 
subeconomic components. To reflect varying degrees 
of geologic certainty, these economic divisions can 
be subdivided into measured, indicated, and inferred. 


Demonstrated.—A term for the sum of measured 
plus indicated resources. 

Measured.—Quantity is computed from 
dimensions revealed in outcrops, trenches, 
workings, or drill holes; grade and (or) quality 
are computed from the results of detailed 
sampling. The sites for inspection, sampling, 
and measurements are spaced so closely and 
the geologic character is so well defined that 
size, shape, depth, and mineral content of the 
resource are well established. 

Indicated.—Quantity and grade and (or) quality 
are computed from information similar to that 
used for measured resources, but the sites for 
inspection, sampling, and measurements are 
farther apart or are otherwise less adequately 
spaced. The degree of assurance, although 
lower than that for measured resources, is high 
enough to assume continuity between points of 
observation. 

Inferred.—Estimates are based on an assumed 
continuity beyond measured and (or) indicated 
resources, for which there is geologic evidence. 
Inferred resources may or may not be supported 
by samples or measurements. 


Reserve Base.—That part of an identified resource that 


meets specified minimum physical and chemical 
criteria related to current mining and production 
practices, including those for grade, quality, 
thickness, and depth. The reserve base is the 
in-place demonstrated (measured plus indicated) 
resource from which reserves are estimated. It may 
encompass those parts of the resources that have a 
reasonable potential for becoming economically 
available within planning horizons beyond those that 
assume proven technology and current economics. 
The reserve base includes those resources that are 
currently economic (reserves), marginally economic 
(marginal reserves), and some of those that are 


currently subeconomic (Subeconomic resources). The 


term “geologic reserve” has been applied by others 
generally to the reserve-base category, but it also 
may include the inferred-reserve-base category; it is 
not a part of this classification system. 


Inferred Reserve Base.—The in-place part of an 


identified resource from which inferred reserves are 
estimated. Quantitative estimates are based largely 
on knowledge of the geologic character of a deposit 
and for which there may be no samples or 
measurements. The estimates are based on an 
assumed continuity beyond the reserve base, for 
which there is geologic evidence. 


Reserves.—That part of the reserve base that could be 


economically extracted or produced at the time of 
determination. The term “reserves” need not signify 
that extraction facilities are in place and operative. 
Reserves include only recoverable materials; thus, 
terms such as “extractable reserves” and 
“recoverable reserves” are redundant and are not a 
part of this classification system. 


Marginal Reserves.—That part of the reserve base 


which, at the time of determination, borders on being 
economically producible. Its essential characteristic is 
economic uncertainty. Included are resources that 
would be producible, given postulated changes in 
economic or technological factors. 


Economic.—This term implies that profitable extraction 


or production under defined investment assumptions 
has been established, analytically demonstrated, or 
assumed with reasonable certainty. 


Subeconomic Resources.—The part of identified 


resources that does not meet the economic criteria of 
reserves and marginal reserves. 


Undiscovered Resources.—Resources, the existence 


of which are only postulated, comprising deposits that 

are separate from identified resources. Undiscovered 

resources may be postulated in deposits of such 
grade and physical location as to render them 
economic, marginally economic, or subeconomic. To 
reflect varying degrees of geologic certainty, 
undiscovered resources may be divided into two 
parts, as follows: 

Hypothetical Resources.—Undiscovered resources 
that are similar to Known mineral bodies and that 
may be reasonably expected to exist in the same 
producing district or region under analogous 
geologic conditions. If exploration confirms their 
existence and reveals enough information about 
their quality, grade, and quantity, they will be 
reclassified as identified resources. 

Speculative Resources.—Undiscovered resources 
that may occur either in Known types of deposits in 
favorable geologic settings where mineral 
discoveries have not been made, or in types of 
deposits as yet unrecognized for their economic 
potential. If exploration confirms their existence 
and reveals enough information about their 
quantity, grade, and quality, they will be 
reclassified as identified resources. 


Restricted Resources or Reserves.—That part of any 


resource or reserve category that is restricted from 
extraction by laws or regulations. For example, 
restricted reserves meet all the requirements of 
reserves except that they are restricted from 
extraction by laws or regulations. 


Other Occurrences.—Materials that are too low grade 


or for other reasons are not considered potentially 
economic, in the same sense as the defined 
resource, may be recognized and their magnitude 
estimated, but they are not classified as resources. A 
separate category, labeled “other occurrences,” is 
included in figures C1 and C2. In figure C1, the 
boundary between subeconomic and other 
occurrences is limited by the concept of current or 
potential feasibility of economic production, which is 
required by the definition of a resource. The boundary 
is obviously uncertain, but limits may be specified in 
terms of grade, quality, thickness, depth, extractable 
percentage, or other economic-feasibility variables. 


Cumulative Production.—The amount of past 


cumulative production is not, by definition, a part of 
the resource. Nevertheless, a knowledge of what has 
been produced is important in order to understand 
current resources, in terms of both the amount of past 
production and the amount of residual or remaining 
in-place resource. A separate space for cumulative 
production is shown in figures C1 and C2. Residual 
material left in the ground during current or future 
extraction should be recorded in the resource 
category appropriate to its economic-recovery 
potential. 


Figure C1.—Major Elements of Mineral-Resource Classification, Excluding 


Cumulative Production 


ECONOMIC 
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Figure C2.—Reserve Base and Inferred Reserve Base Classification Categories 
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Part B—Sources of Reserves Data 


National information on reserves for most mineral 
commodities found in this report, including those for the 
United States, is derived from a variety of sources. The 
ideal source of such information would be comprehensive 
evaluations that apply the same criteria to deposits in 
different geographic areas and report the results by 
country. In the absence of such evaluations, national 
reserves estimates compiled by countries for selected 
mineral commodities are a primary source of national 
reserves information. Lacking national assessment 
information by governments, sources such as academic 
articles, company reports, presentations by company 
representatives, and trade journal articles, ora 
combination of these, serve as the basis for national 
information on reserves reported in the mineral 
commodity sections of this publication. 


A national estimate may be assembled from the 
following: historically reported reserves information 
carried for years without alteration because no new 
information is available, historically reported reserves 
reduced by the amount of historical production, and 
company-reported reserves. International minerals 
availability studies conducted by the U.S. Bureau of 
Mines before 1996 and estimates of identified resources 
by an international collaborative effort (the International 
Strategic Minerals Inventory) are the bases for some 
reserves estimates. The USGS collects some qualitative 
information about the quantity and quality of mineral 
resources but does not directly measure reserves or 
resources, and companies or governments do not 
directly report information about reserves or resources 
to the USGS. Reassessment of reserves is a continuing 
process, and the intensity of this process differs by 
mineral commodity, country, and time period. 


Some countries have specific definitions for reserves 
data, and reserves for each country are assessed 
separately, based on reported data and definitions. An 
attempt is made to make reserves consistent among 
countries for a mineral commodity and its byproducts. 
For example, the Australasian Joint Ore Reserves 
Committee (JORC) established the Australasian Code 
for Reporting of Exploration Results, Mineral Resources 
and Ore Reserves (JORC Code) that sets out minimum 
standards, recommendations, and guidelines for public 
reporting in Australasia of exploration results, mineral 
resources, and ore reserves. Companies listed on the 
Australian Securities Exchange and the New Zealand 
Stock Exchange are required to report publicly on ore 
reserves and mineral resources under their control, 
using the JORC Code. 


Data reported for individual deposits by mining 
companies are compiled in Geoscience Australia’s 
national mineral resources database and used in the 
preparation of the annual national assessments of 
Australia’s mineral resources. Because of its specific 
use in the JORC Code, the term “reserves” is not used 
in the national inventory, where the highest category is 
“Economic Demonstrated Resources” (EDR). In 
essence, EDR combines the JORC Code categories 
“proved reserves’ and “probable reserves,” plus 
measured resources and indicated resources. This is 


considered to provide a reasonable and objective 
estimate of what is likely to be available for mining in the 
long term. Accessible Economic Demonstrated 
Resources represent the resources within the EDR 
category that are accessible for mining. Reserves for 
Australia in the Mineral Commodity Summaries 2023 
are Accessible EDR. For more information, see table 3 
in “Australia’s Identified Mineral Resources 2021” 
(https://doi.org/10.11636/1327-1466.2021). 


In Canada, the Canadian Institute of Mining, Metallurgy 
and Petroleum (CIM) provides definition standards for 
the classification of mineral resources and mineral 
reserves estimates into various categories. The 
category to which a resource or reserves estimate is 
assigned depends on the level of confidence in the 
geologic information available on the mineral deposit, 
the quality and quantity of data available on the deposit, 
the level of detail of the technical and economic 
information that has been generated about the deposit, 
and the interpretation of the data and information. For 
more information on the CIM definition standards, see 
https://mrmr.cim.org/en/standards/canadian-mineral- 
resource-and-mineral-reserve-definitions/. 


In Russia, reserves for most minerals can appear in a 
number of sources, although no comprehensive list of 
reserves is published. Reserves data for a limited set of 
mineral commodities are available in the annual report 
"Gosudarstvennyi Doklad o Sostoyanii i Ispol’Zovanii 
Mineral’no-Syryevyh Resursov Rossiyskoy Federatsii" 
(State Report on the State and Use of Mineral and Raw 
Materials Resources of the Russian Federation), which 
is published by Russia’s Ministry of Natural Resources 
and Environment. Reserves data for various minerals 
appear at times in journal articles, such as those in the 
journal "Mineral’nyye Resursy Rossii. Ekonomika i 
Upravleniye" (Mineral Resources of Russia. Economics 
and Management), which is published by the "OOO RG- 
Inform," a subsidiary of Rosgeologiya Holding. Also, 
reserves data for individual jurisdictions are available on 
the website of the Federal’noye Agenstvo po 
Nedropol’zovaniyu (Federal Agency for Subsoil Use). It 
is sometimes not clear if the reserves are being reported 
in ore or mineral content. It is also in many cases not 
clear which definition of reserves is being used, 
because the system inherited from the former Soviet 
Union has a number of ways in which the term 
“reserves” is defined, and these definitions qualify the 
percentage of resources that are included in a specific 
category. For example, the Soviet reserves 
Classification system, besides the categories A, B, C1, 
and C2, which represent progressively detailed 
knowledge of a mineral deposit based on exploration 
data, has other subcategories cross imposed upon the 
system. Under the broad category reserves (Zapasy), 
there are subcategories that include balance reserves 
(balansovyye Zapasy, or economic reserves) and 
outside-the-balance reserves (zabalansovye zapasy, or 
subeconomic reserves), as well as categories that 
include explored, industrial, and proven reserves, and 
the reserves totals can vary significantly, depending on 
the specific definition of reserves being reported. 
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Minerals information country specialists at the U.S. Geological Survey collect and analyze information on the mineral 
industries of more than 170 nations throughout the world. The specialists are available to answer minerals-related 
questions concerning individual countries. 


Africa and the Middle East 


Algeria 
Angola 
Bahrain 

Benin 
Botswana 
Burkina Faso 
Burundi 

Cabo Verde 
Cameroon 
Central African Republic 
Chad 
Comoros 
Congo (Brazzaville) 
Congo (Kinshasa) 
Céte d’lvoire 
Djibouti 

Egypt 
Equatorial Guinea 
Eritrea 
Eswatini 
Ethiopia 
Gabon 

The Gambia 
Ghana 

Guinea 
Guinea-Bissau 
lran 

lraq 

Israel 

Jordan 

Kenya 

Kuwait 
Lebanon 
Lesotho 
Liberia 

Libya 
Madagascar 
Malawi 

Mali 
Mauritania 
Mauritius 
Morocco 
Mozambique 
Namibia 

Niger 

Nigeria 

Oman 

Qatar 

Reunion 
Rwanda 

Sao Tomé & Principe 


Mowafa Taib 

Meralis Plaza-Toledo 
Philip A. Szczesniak 
Meralis Plaza-Toledo 
Thomas R. Yager 
Alberto A. Perez 
Thomas R. Yager 
Meralis Plaza-Toledo 
Philip A. Szczesniak 
Philip A. Szczesniak 
Meralis Plaza-Toledo 
Philip A. Szczesniak 
Philip A. Szczesniak 
Thomas R. Yager 
Alberto A. Perez 
Thomas R. Yager 
Mowafa Taib 

Meralis Plaza-Toledo 
Thomas R. Yager 
Philip A. Szczesniak 
Meralis Plaza-Toledo 
Alberto A. Perez 
Meralis Plaza-Toledo 
Meralis Plaza-Toledo 
Alberto A. Perez 
Meralis Plaza-Toledo 
Philip A. Szczesniak 
Philip A. Szczesniak 
Philip A. Szczesniak 
Mowafa Taib 
Thomas R. Yager 
Philip A. Szczesniak 
Mowafa Taib 

Philip A. Szczesniak 
Meralis Plaza-Toledo 
Mowafa Taib 
Thomas R. Yager 
Thomas R. Yager 
Alberto A. Perez 
Mowafa Taib 

Philip A. Szczesniak 
Mowafa Taib 

Meralis Plaza-Toledo 
Philip A. Szczesniak 
Alberto A. Perez 
Thomas R. Yager 
Philip A. Szczesniak 
Philip A. Szczesniak 
Philip A. Szczesniak 
Thomas R. Yager 
Meralis Plaza-Toledo 


Africa and the Middle East—Continued 


Saudi Arabia 
Senegal 
Seychelles 
Sierra Leone 
Somalia 
South Africa 
South Sudan 
Sudan 

Syria 
Tanzania 
Togo 
Tunisia 
Uganda 
United Arab Emirates 
Yemen 
Zambia 
Zimbabwe 


Asia and the Pacific 


Afghanistan 
Australia 
Bangladesh 
Bhutan 

Brunei 

Burma (Myanmar) 
Cambodia 
China 

Fiji 

India 

Indonesia 

Japan 

Korea, North 
Korea, Republic of 
Laos 

Malaysia 
Mongolia 

Nauru 

Nepal 

New Caledonia 
New Zealand 
Pakistan 

Papua New Guinea 
Philippines 
Singapore 
Solomon Islands 
Sri Lanka 
Taiwan 

Thailand 
Timor-Leste 
Vietnam 


Mowafa Taib 
Alberto A. Perez 
Philip A. Szczesniak 
Alberto A. Perez 
Philip A. Szczesniak 
Thomas R. Yager 
Alberto A. Perez 
Mowafa Taib 
Mowafa Taib 
Thomas R. Yager 
Alberto A. Perez 
Mowafa Taib 
Thomas R. Yager 
Philip A. Szczesniak 
Mowafa Taib 

Philip A. Szczesniak 
Philip A. Szczesniak 


Karine M. Renaud 
Ji Won Moon 
Keita F. DeCarlo 
Keita F. DeCarlo 
Ji Won Moon 

Ji Won Moon 

Ji Won Moon 

Ji Won Moon 
Jaewon Chung 
Karine M. Renaud 
Jaewon Chung 
Keita F. DeCarlo 
Jaewon Chung 
Jaewon Chung 
Ji Won Moon 
Jaewon Chung 
Jaewon Chung 
Ji Won Moon 
Keita F. DeCarlo 
Keita F. DeCarlo 
Ji Won Moon 
Keita F. DeCarlo 
Ji Won Moon 

Ji Won Moon 

Ji Won Moon 
Jaewon Chung 
Keita F. DeCarlo 
Jaewon Chung 
Ji Won Moon 
Jaewon Chung 
Ji Won Moon 


210 


Europe and Central Eurasia 


Albania 
Armenia 
Austria 
Azerbaijan 
Belarus 
Belgium 
Bosnia and Herzegovina 
Bulgaria 
Croatia 
Cyprus 
Czechia 
Denmark, Faroe Islands, 
and Greenland 
Estonia 
Finland 
France 
Georgia 
Germany 
Greece 
Hungary 
Iceland 
lreland 
Italy 
Kazakhstan 
Kosovo 
Kyrgyzstan 
Latvia 
Lithuania 
Luxembourg 
Malta 
Moldova 
Montenegro 
Netherlands 
North Macedonia 
Norway 
Poland 
Portugal 
Romania 
Russia 
Serbia 
Slovakia 
Slovenia 
Spain 


Country specialist 


Jaewon Chung 
Keita F. DeCarlo 
Yolanda Fong-Sam 
Joanna Goclawska 
Jesse J. Inestroza 
Ji Won Moon 
Alberto A. Perez 
Meralis Plaza- Toledo 
Karine M. Renaud 
Elena Safirova 
Yadira Soto-Viruet 
Philip A. Szczesniak 
Mowafa Taib 

Loyd M. Trimmer III 
Thomas R. Yager 


Jaewon Chung 
Elena Safirova 
Elena Safirova 
Elena Safirova 
Elena Safirova 
Loyd M. Trimmer III 
Karine M. Renaud 
Karine M. Renaud 
Karine M. Renaud 
Loyd M. Trimmer III 
Loyd M. Trimmer III 


Joanna Goclawska 
Joanna Goclawska 
Joanna Goclawska 
Keita F. DeCarlo 
Elena Safirova 
Elena Safirova 
Jaewon Chung 
Loyd M. Trimmer III 
Joanna Goclawska 
Joanna Goclawska 
Loyd M. Trimmer III 
Elena Safirova 
Karine M. Renaud 
Karine M. Renaud 
Joanna Goclawska 
Joanna Goclawska 
Keita F. DeCarlo 
Jaewon Chung 
Elena Safirova 
Jaewon Chung 
Loyd M. Trimmer III 
Karine M. Renaud 
Joanna Goclawska 
Joanna Goclawska 
Joanna Goclawska 
Keita F. DeCarlo 
Elena Safirova 
Karine M. Renaud 
Keita F. DeCarlo 
Loyd M. Trimmer III 
Loyd M. Trimmer III 


Telephone 


(703) 648-4793 
(703) 648-7716 
(703) 648-7756 
(703) 648-7973 
(703) 648-7779 
(703) 648-7791 
(703) 648-7749 
(703) 648-7759 
(703) 648-7748 
(703) 648-7731 
(703) 648-4957 
(703) 648-7728 
(703) 648-4986 
(703) 648-4983 
(703) 648-7739 


Europe and Central Eurasia—Continued 


Sweden 
Switzerland 
Tajikistan 
Turkey 
Turkmenistan 
Ukraine 

United Kingdom 
Uzbekistan 


North America, Central America, and the Caribbean 


Aruba 

The Bahamas 
Belize 

Canada 

Costa Rica 

Cuba 

Dominican Republic 
El Salvador 
Guatemala 

Haiti 

Honduras 

Jamaica 

Mexico 

Nicaragua 

Panama 

Trinidad and Tobago 


South America 


Argentina 
Bolivia 
Brazil 
Chile 
Colombia 
Ecuador 
French Guiana 
Guyana 
Paraguay 
Peru 
Suriname 
Uruguay 
Venezuela 


Email 


jchung@usgs.gov 
kdecarlo@usgs.gov 
yfong-sam@usgs.gov 
jgoclawska@usgs.gov 
jinestroza@usgs.gov 
jmoon@usgs.gov 
aperez@usgs.gov 
mplaza-toledo@usgs.gov 
krenaud@usgs.gov 
esafirova@usgs.gov 
ysoto-viruet@usgs.gov 
pszczesniak@usgs.gov 
mtaib@usgs.gov 
ltrimmer@usgs.gov 
tyager@usgs.gov 


Joanna Goclawska 
Keita F. DeCarlo 
Karine M. Renaud 
Karine M. Renaud 
Karine M. Renaud 
Elena Safirova 
Jaewon Chung 
Elena Safirova 


Yadira Soto-Viruet 
Yadira Soto-Viruet 
Jesse J. Inestroza 
Jesse J. Inestroza 
Jesse J. Inestroza 
Yadira Soto-Viruet 
Yadira Soto-Viruet 
Jesse J. Inestroza 
Jesse J. Inestroza 
Yadira Soto-Viruet 
Jesse J. Inestroza 
Yadira Soto-Viruet 
Alberto A. Perez 

Jesse J. Inestroza 
Jesse J. Inestroza 
Yadira Soto-Viruet 


Jesse J. Inestroza 
Yolanda Fong-Sam 
Yolanda Fong-Sam 
Yadira Soto-Viruet 
Jesse J. Inestroza 
Jesse J. Inestroza 
Yolanda Fong-Sam 
Yolanda Fong-Sam 
Yadira Soto-Viruet 
Yadira Soto-Viruet 
Yolanda Fong-Sam 
Yadira Soto-Viruet 
Yolanda Fong-Sam 


